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Foreword
“Climate Change 2007 – Mitigation”, the third volume of the
Fourth Assessment Report of the Intergovernmental Panel on Climate
&KDQJH ,3&& SURYLGHVDQLQGHSWKDQDO\VLVRIWKHFRVWVDQGEHQH¿WV
of different approaches to mitigating and avoiding climate change.
,QWKH¿UVWWZRYROXPHVRIWKH³&OLPDWH&KDQJH´$VVHVVPHQW
Report, the IPCC analyses the physical science basis of climate change
and the expected consequences for natural and human systems. The
third volume of the report presents an analysis of costs, policies and
technologies that could be used to limit and/or prevent emissions of
greenhouse gases, along with a range of activities to remove these gases
from the atmosphere. It recognizes that a portfolio of adaptation and
mitigation actions is required to reduce the risks of climate change. It
also has broadened the assessment to include the relationship between
sustainable development and climate change mitigation.
$W UHJXODU LQWHUYDOV RI ¿YH RU VL[ \HDUV WKH ,3&& SUHVHQWV
FRPSUHKHQVLYH VFLHQWL¿F UHSRUWV RQ FOLPDWH FKDQJH WKDW DVVHVV WKH
H[LVWLQJ VFLHQWL¿F WHFKQLFDO DQG VRFLRHFRQRPLF OLWHUDWXUH 7KH
rigorous multi-stage review process of the reports, the broad and
geographically-balanced participation of experts from all relevant
¿HOGVRINQRZOHGJHDQGWKHWKRXVDQGVRIFRPPHQWVWDNHQLQWRDFFRXQW
guarantee a transparent and unbiased result.
As an intergovernmental body established by the World
Meteorological Organization and the United Nations Environment
Programme, the IPCC has the responsibility of providing policymakers
ZLWKREMHFWLYHVFLHQWL¿FDQGWHFKQLFDO¿QGLQJVWKDWDUHSROLF\UHOHYDQW
but not policy prescriptive. This is especially evident in the Mitigation
report, which presents tools that governments can consider and
implement in their domestic policies and measures in the framework
of international agreements.
Hundreds of authors contributed to the preparation of this report.
They come from different backgrounds and possess a wide range of
expertise, from emissions modelling to economics, from policies to
technologies. They all dedicated a large part of their valuable time
to the preparation of the report. We would like to thank them all, in
particular the 168 Coordinating Lead Authors and Lead Authors most
closely engaged in the process.

The preparation of an IPCC Assessment Report is a complex and
absorbing process. We would like to express our gratitude to the
Technical Support Unit for its massive organizational efforts. We
would also like to thank the IPCC Secretariat for its dedication to the
HI¿FLHQWFRPSOHWLRQRIWKHUHSRUW
We express our appreciation to the Government of the Netherlands,
which hosted the Technical Support Unit; the Government of Thailand,
which hosted the plenary session for the approval of the report; the
Governments of China, Germany, New Zealand and Peru, which hosted
the Lead Authors’ meetings; and to all the countries that contributed to
,3&&ZRUNWKURXJK¿QDQFLDODQGORJLVWLFVXSSRUW
We wish to sincerely thank Dr Rajendra K. Pachauri, Chairman
of the IPCC, for his steady and discreet guidance and to express our
deep gratitude to Drs Ogunlade Davidson and Bert Metz, Co-Chairs
of Working Group III, who successfully led their team with positive,
HI¿FLHQWDQGFRQVWUXFWLYHGLUHFWLRQ

M. Jarraud
Secretary General
World Meteorological Organization

A. Steiner
Executive Director
United Nations Environment Programme
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Preface
The Fourth Assessment Report of IPCC Working Group III, “Mitigation
RI&OLPDWH&KDQJH´DLPVWRDQVZHUHVVHQWLDOO\¿YHTXHVWLRQVUHOHYDQW
to policymakers worldwide:
• What can we do to reduce or avoid climate change?
• What are the costs of these actions and how do they relate to the
costs of inaction?
• How much time is available to realise the drastic reductions needed
to stabilise greenhouse gas concentrations in the atmosphere?
• What are the policy actions that can overcome the barriers to
implementation?
• How can climate mitigation policy be aligned with sustainable
development policies?

The Summary for Policymakers was approved line by line, and the
main report and Technical Summary were accepted at the 9th session
of the IPCC Working Group III held in Bangkok, Thailand from 30
April to 4 May 2007.

A description of mitigation options for the various societal sectors that
contribute to emissions forms the core of this report. Seven chapters
cover mitigation options in energy supply, transport, buildings, industry,
agriculture, forestry and waste management, with one additional
chapter dealing with the cross-sectoral issues. The authors have
provided the reader with an up-to-date overview of the characteristics
of the various sectors, the mitigation measures that could be employed,
WKHFRVWVDQGVSHFL¿FEDUULHUVDQGWKHSROLF\LPSOHPHQWDWLRQLVVXHV
In addition, estimates are given of the overall mitigation potential and
costs per sector, and for the world as a whole. The report combines
information from bottom-up technological studies with results of topdown modelling exercises. Mitigation measures for the short term are
placed in the long-term perspective of realising stabilisation of global
average temperatures. This provides policy-relevant information on
the relation between the stringency of stabilisation targets and the
timing and amount of mitigation necessary. Policies and measures to
achieve mitigation action, both at national and international levels, are
covered in chapter 13; this is additional to what is included in the sector
chapters. The link between climate change mitigation, adaptation and
sustainable development has been further elaborated in the relevant
chapters of the report, with one chapter presenting an overview of the
connections between sustainable development and climate change
mitigation.

We are particularly grateful to the governments of Germany, Peru,
China and New Zealand, who, in collaboration with local institutions,
hosted the crucial lead author meetings in Leipzig (October 2004),
Lima (June 2005), Beijing (February 2006) and Christchurch (October
2006).

The process
After two scoping meetings to establish possible content, the formal
assessment production process got underway in 2003 with the approval
of the report outline by the IPCC at the Panel’s 21st session. Soon
after this, an author team of 168 lead authors (55 from developing
countries, 5 from EIT countries and 108 from OECD countries)
and 85 contributing authors was formed by the Working Group III
Bureau, based on nominations from governments and international
organisations. Thirty-six per cent of the lead authors came from
developing countries and countries with economies in transition. The
IPCC review procedure was followed, in which drafts produced by the
authors were subject to two reviews. Thousands of comments from
a total of 485 expert reviewers, and governments and international
organisations were processed. The processing into new drafts was
overseen by two review editors per chapter, who ensured that all
substantive comments received appropriate consideration.

Acknowledgements
Production of this report was a major enterprise, in which many people
all around the world delivered a wide variety of contributions. This
input could not have been made without the generous support from
the governments and institutions involved, which enabled the authors,
review editors and reviewers to participate in this process. To them,
our thanks.

Various countries and institutions supported expert meetings and
stakeholder consultations that have contributed to the depth and scope
of the report, namely:
• Adaptation, mitigation and sustainable development in La Réunion
(supported by the government of France)
• Emissions scenarios in Washington DC (supported by the US
Government)
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Japanese government) and Cape Town, South Africa (co-sponsored
by ESKOM), and
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like to express our appreciation of the expert reviewer inputs. Without
their comments, the report would not have achieved its current quality
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author team in dealing with the comments.
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This report is dedicated to
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Lead Author in Chapter 12
Gerhard Petschel-Held died unexpectedly on September 9, 2005, at the age of 41 years. He worked at the Potsdam
Institute for Climate Impact Research as head of the department Integrated Systems Analysis. He was an excellent
scientist and a wonderful person to work with.
%DVHGRQKLVVFLHQWL¿FFUHGHQWLDOVDQGKLVFDSDFLW\WRLQWHJUDWH*HUKDUG3HWVFKHO+HOGSOD\HGDNH\UROHLQVHYHUDO
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and to improve the world with the help of science.
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A.
1.



Introduction

The Working Group III contribution to the IPCC Fourth
Assessment Report (AR4) focuses on new literature on
WKHVFLHQWL¿FWHFKQRORJLFDOHQYLURQPHQWDOHFRQRPLFDQG
VRFLDO DVSHFWV RI PLWLJDWLRQ RI FOLPDWH FKDQJH SXEOLVKHG
VLQFH WKH ,3&& 7KLUG$VVHVVPHQW 5HSRUW 7$5  DQG WKH
Special Reports on CO2&DSWXUHDQG6WRUDJH 65&&6 DQG
RQ6DIHJXDUGLQJWKH2]RQH/D\HUDQGWKH*OREDO&OLPDWH
6\VWHP 652& 
7KHIROORZLQJVXPPDU\LVRUJDQLVHGLQWRVL[VHFWLRQVDIWHU
WKLVLQWURGXFWLRQ
v *UHHQKRXVHJDV *+* HPLVVLRQWUHQGV
v 0LWLJDWLRQLQWKHVKRUWDQGPHGLXPWHUPDFURVV
GLIIHUHQWHFRQRPLFVHFWRUV XQWLO 
v 0LWLJDWLRQLQWKHORQJWHUP EH\RQG
v 3ROLFLHV PHDVXUHV DQG LQVWUXPHQWV WR PLWLJDWH FOLPDWH
change
v 6XVWDLQDEOHGHYHORSPHQWDQGFOLPDWHFKDQJHPLWLJDWLRQ
v *DSVLQNQRZOHGJH

v

v

5HIHUHQFHV WR WKH FRUUHVSRQGLQJ FKDSWHU VHFWLRQV DUH
LQGLFDWHG DW HDFK SDUDJUDSK LQ VTXDUH EUDFNHWV $Q
H[SODQDWLRQ RI WHUPV DFURQ\PV DQG FKHPLFDO V\PEROV
XVHGLQWKLV630FDQEHIRXQGLQWKHJORVVDU\WRWKHPDLQ
UHSRUW

B.

Greenhouse gas emission trends

2. Global greenhouse gas (GHG) emissions have
grown since pre-industrial times, with an increase of
70% between 1970 and 2004 (high agreement, much
evidence)1.
v 6LQFH SUHLQGXVWULDO WLPHV LQFUHDVLQJ HPLVVLRQV RI
*+*V GXH WR KXPDQ DFWLYLWLHV KDYH OHG WR D PDUNHG
LQFUHDVH LQ DWPRVSKHULF *+* FRQFHQWUDWLRQV >
:RUNLQJ*URXS,630@
v %HWZHHQDQGJOREDOHPLVVLRQVRI&22&+4
N22 +)&V 3)&V DQG 6)6 ZHLJKWHG E\ WKHLU JOREDO
ZDUPLQJSRWHQWLDO *:3 KDYHLQFUHDVHGE\ 

1
2

3
4

5
6
7
8

v

v

EHWZHHQDQG IURPWR*LJDWRQQHV
RIFDUERQGLR[LGHHTXLYDOHQWV *W&22HT 2 (see Figure
630 7KH HPLVVLRQV RI WKHVH JDVHV KDYH LQFUHDVHG
DWGLIIHUHQWUDWHV&22HPLVVLRQVKDYHJURZQEHWZHHQ
DQGE\DERXW EHWZHHQDQG
 DQGUHSUHVHQWHGRIWRWDODQWKURSRJHQLF*+*
HPLVVLRQVLQ
The largest growth in global GHG emissions between
DQGKDVFRPHIURPWKHHQHUJ\VXSSO\VHFWRU
DQLQFUHDVHRI 7KHJURZWKLQGLUHFWHPLVVLRQV
IURP WUDQVSRUW LQ WKLV SHULRG ZDV  LQGXVWU\ 
DQGODQGXVHODQGXVHFKDQJHDQGIRUHVWU\ /8/8&) 4
5 %HWZHHQ  DQG  GLUHFW HPLVVLRQV IURP
DJULFXOWXUH JUHZ E\  DQG IURP EXLOGLQJV E\ 
DQGWKHODWWHUUHPDLQHGDWDSSUR[LPDWHO\DWOHYHOV
WKHUHDIWHU+RZHYHUWKHEXLOGLQJVVHFWRUKDVDKLJKOHYHO
RIHOHFWULFLW\XVHDQGKHQFHWKHWRWDORIGLUHFWDQGLQGLUHFW
HPLVVLRQVLQWKLVVHFWRULVPXFKKLJKHU  WKDQGLUHFW
HPLVVLRQV>)LJXUHVDQG@
7KHHIIHFWRQJOREDOHPLVVLRQVRIWKHGHFUHDVHLQJOREDO
HQHUJ\ LQWHQVLW\   GXULQJ  WR  KDV EHHQ
VPDOOHU WKDQ WKH FRPELQHG HIIHFW RI JOREDO SHU FDSLWD
LQFRPH JURZWK    DQG JOREDO SRSXODWLRQ JURZWK
  ERWK GULYHUV RI LQFUHDVLQJ HQHUJ\UHODWHG &22
HPLVVLRQV )LJXUH 630  7KH ORQJWHUP WUHQG RI D
GHFOLQLQJ FDUERQ LQWHQVLW\ RI HQHUJ\ VXSSO\ UHYHUVHG
DIWHU'LIIHUHQFHVLQWHUPVRISHUFDSLWDLQFRPHSHU
FDSLWDHPLVVLRQVDQGHQHUJ\LQWHQVLW\DPRQJFRXQWULHV
UHPDLQ VLJQL¿FDQW )LJXUH 630  ,Q  81)&&&
$QQH[,FRXQWULHVKHOGDVKDUHLQZRUOGSRSXODWLRQ
SURGXFHGRIZRUOG*URVV'RPHVWLF3URGXFWEDVHG
RQ3XUFKDVLQJ3RZHU3DULW\ *'3ppp)6DQGDFFRXQWHGIRU
RIJOREDO*+*HPLVVLRQV )LJXUH630 >@
7KH HPLVVLRQV RI R]RQH GHSOHWLQJ VXEVWDQFHV 2'6 
FRQWUROOHGXQGHUWKH0RQWUHDO3URWRFRO7ZKLFKDUHDOVR
*+*VKDYHGHFOLQHGVLJQL¿FDQWO\VLQFHWKHV%\
WKHHPLVVLRQVRIWKHVHJDVHVZHUHDERXWRI
WKHLUOHYHO>@
$UDQJHRISROLFLHVLQFOXGLQJWKRVHRQFOLPDWHFKDQJH
HQHUJ\ VHFXULW\ DQG VXVWDLQDEOH GHYHORSPHQW KDYH
EHHQHIIHFWLYHLQUHGXFLQJ*+*HPLVVLRQVLQGLIIHUHQW
VHFWRUVDQGPDQ\FRXQWULHV7KHVFDOHRIVXFKPHDVXUHV
KRZHYHU KDV QRW \HW EHHQ ODUJH HQRXJK WR FRXQWHUDFW
WKHJOREDOJURZWKLQHPLVVLRQV>@

Each headline statement has an “agreement/evidence” assessment attached that is supported by the bullets underneath. This does not necessarily mean that this level of
“agreement/evidence”applies to each bullet. Endbox 1 provides an explanation of this representation of uncertainty.
The deﬁnition of carbon dioxide equivalent (CO2-eq) is the amount of CO2 emission that would cause the same radiative forcing as an emitted amount of a well mixed greenhouse gas or a mixture of well mixed greenhouse gases, all multiplied with their respective GWPs to take into account the differing times they remain in the atmosphere [WGI
AR4 Glossary].
Direct emissions in each sector do not include emissions from the electricity sector for the electricity consumed in the building, industry and agricultural sectors or of the
emissions from reﬁnery operations supplying fuel to the transport sector.
The term “land use, land use change and forestry” is used here to describe the aggregated emissions of CO2, CH4, N2O from deforestation, biomass and burning, decay of
biomass from logging and deforestation, decay of peat and peat ﬁres [1.3.1]. This is broader than emissions from deforestation, which is included as a subset. The emissions
reported here do not include carbon uptake (removals).
This trend is for the total LULUCF emissions, of which emissions from deforestation are a subset and, owing to large data uncertainties, is signiﬁcantly less certain than for other
sectors. The rate of deforestation globally was slightly lower in the 2000-2005 period than in the 1990-2000 period [9.2.1].
The GDPppp metric is used for illustrative purposes only for this report. For an explanation of PPP and Market Exchange Rate (MER) GDP calculations, see footnote 12.
Halons, chloroﬂuorocarbons (CFCs), hydrochloroﬂuorocarbons (HCFCs), methyl chloroform (CH3CCl3), carbon tetrachloride (CCl4) and methyl bromide (CH3Br).
Energy security refers to security of energy supply.
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Figure SPM.1: Global Warming Potential (GWP) weighted global greenhouse gas
emissions 1970-2004. 100 year GWPs from IPCC 1996 (SAR) were used to convert
emissions to CO2-eq. (cf. UNFCCC reporting guidelines). CO2, CH4, N2O, HFCs, PFCs
and SF6 from all sources are included.
The two CO2 emission categories reﬂect CO2 emissions from energy production and
use (second from bottom) and from land use changes (third from the bottom) [Figure
1.1a].

Notes:
1. Other N2O includes industrial processes, deforestation/savannah burning,
waste water and waste incineration.
2. Other is CH4 from industrial processes and savannah burning.
3. Including emissions from bioenergy production and use
4. CO2 emissions from decay (decomposition) of above ground biomass that
remains after logging and deforestation and CO2 from peat ﬁres and decay of
drained peat soils.
5. As well as traditional biomass use at 10% of total, assuming 90% is from
sustainable biomass production. Corrected for 10% carbon of biomass that is
assumed to remain as charcoal after combustion.
6. For large-scale forest and scrubland biomass burning averaged data for
1997-2002 based on Global Fire Emissions Data base satellite data.
7. Cement production and natural gas ﬂaring.
8. Fossil fuel use includes emissions from feedstocks.
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3. With current climate change mitigation policies and
related sustainable development practices, global
GHG emissions will continue to grow over the next few
decades (high agreement, much evidence).
v The SRES (non-mitigation) scenarios project an increase
RI EDVHOLQH JOREDO *+* HPLVVLRQV E\ D UDQJH RI 
GtCO2HT WR  *W&22HT   EHWZHHQ 
DQG 9 %R[ 630 DQG )LJXUH 630  ,Q WKHVH
VFHQDULRV IRVVLO IXHOV DUH SURMHFWHG WR PDLQWDLQ WKHLU
GRPLQDQWSRVLWLRQLQWKHJOREDOHQHUJ\PL[WRDQG
EH\RQG+HQFH&22HPLVVLRQVEHWZHHQDQG
IURPHQHUJ\XVHDUHSURMHFWHGWRJURZWRRYHU
WKDWSHULRG7ZRWKLUGVWRWKUHHTXDUWHUVRIWKLVLQFUHDVH
LQHQHUJ\&22HPLVVLRQVLVSURMHFWHGWRFRPHIURPQRQ
$QQH[,UHJLRQVZLWKWKHLUDYHUDJHSHUFDSLWD HQHUJ\
CO2HPLVVLRQVEHLQJSURMHFWHGWRUHPDLQVXEVWDQWLDOO\
ORZHU W&22FDS WKDQWKRVHLQ$QQH[,UHJLRQV
 W&22FDS  E\  $FFRUGLQJ WR 65(6
VFHQDULRVWKHLUHFRQRPLHVDUHSURMHFWHGWRKDYHDORZHU
HQHUJ\XVHSHUXQLWRI*'3 ±0-86*'3 
WKDQWKDWRIQRQ$QQH[,FRXQWULHV ±0-86
*'3 >@

The SRES 2000 GHG emissions assumed here are 39.8 GtCO2-eq, i.e. lower than the emissions reported in the EDGAR database for 2000 (45 GtCO2-eq). This is mostly due to
differences in LULUCF emissions.
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Figure SPM.2: Relative global development of Gross Domestic Product measured in PPP (GDPppp), Total Primary Energy Supply (TPES), CO2 emissions (from fossil fuel burning,
gas ﬂaring and cement manufacturing) and Population (Pop). In addition, in dotted lines, the ﬁgure shows Income per capita (GDPppp/Pop), Energy Intensity (TPES/GDPppp), Carbon
Intensity of energy supply (CO2/TPES), and Emission Intensity of the economic production process (CO2/GDPppp) for the period 1970-2004. [Figure 1.5]

■

1,000

Latin
America
&
Carribean:
10.3%

Non-Annex I
East Asia: 17,3%

Average non-Annex I:
4,2 t CO2eq/cap
Africa: 7.8%

South Asia:13,1%

.
.
'
'
2,000
3,000
4,000
5,000
Cumulative population in million

.

6,000

J

GHG/GDP
kg CO2eq/US$
0.683
1.055

Other non-Annex I: 2.0%

1.0

I

Share in
global GDP
56.6%
43.4%

1.5

Other non-Annex I: 2.0%

l

Annex I
non-Annex I

Africa: 7.8%

Europe Annex II:
and M & T 11,4%

0~
'
0

r1

JANZ: 5.2%

5

►
Average Annex I:
16,1 t CO2eq/cap

EIT Annex I: 9.7%

10 -

2.5
2.0

'
USA & Canada: 19,4%

15

I

---------------

~

re:

25 ,~
20

Non-Annex I:
Population 80.3%

kg CO2eq/US$ GDPppp (2000)

0.5
~

7,000

Figure SPM.3a: Year 2004 distribution of regional per capita GHG emissions (all
Kyoto gases, including those from land-use) over the population of different country
groupings. The percentages in the bars indicate a regions share in global GHG emissions [Figure 1.4a].
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GHG emissions [Figure 1.4b].
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Figure SPM.4: Global GHG emissions for 2000 and projected baseline emissions10 for 2030 and 2100 from IPCC SRES and the post-SRES literature. The ﬁgure provides the
emissions from the six illustrative SRES scenarios. It also provides the frequency distribution of the emissions in the post-SRES scenarios (5th, 25th, median, 75th, 95th percentile),
as covered in Chapter 3. F-gases cover HFCs, PFCs and SF6 [1.3, 3.2, Figure 1.7].

4. Baseline emissions scenarios published since SRES10,
are comparable in range to those presented in the IPCC
Special Report on Emission Scenarios (SRES) (25- 135
GtCO2-eq/yr in 2100, see Figure SPM.4) (high agreement,
much evidence)
v 6WXGLHVVLQFH65(6XVHGORZHUYDOXHVIRUVRPHGULYHUV
IRUHPLVVLRQVQRWDEO\SRSXODWLRQSURMHFWLRQV+RZHYHU
IRU WKRVH VWXGLHV LQFRUSRUDWLQJ WKHVH QHZ SRSXODWLRQ
SURMHFWLRQVFKDQJHVLQRWKHUGULYHUVVXFKDVHFRQRPLF
JURZWK UHVXOWHG LQ OLWWOH FKDQJH LQ RYHUDOO HPLVVLRQ
OHYHOV (FRQRPLF JURZWK SURMHFWLRQV IRU$IULFD /DWLQ
$PHULFD DQG WKH 0LGGOH (DVW WR  LQ SRVW65(6
EDVHOLQH VFHQDULRV DUH ORZHU WKDQ LQ 65(6 EXW WKLV
KDVRQO\PLQRUHIIHFWVRQJOREDOHFRQRPLFJURZWKDQG
RYHUDOOHPLVVLRQV>@

v 5HSUHVHQWDWLRQ RI DHURVRO DQG DHURVRO SUHFXUVRU
HPLVVLRQV LQFOXGLQJ VXOSKXU GLR[LGH EODFN FDUERQ
DQGRUJDQLFFDUERQZKLFKKDYHDQHWFRROLQJHIIHFW11
KDVLPSURYHG*HQHUDOO\WKH\DUHSURMHFWHGWREHORZHU
WKDQUHSRUWHGLQ65(6>@
v $YDLODEOHVWXGLHVLQGLFDWHWKDWWKHFKRLFHRIH[FKDQJH
UDWHIRU*'3 0(5RU333 GRHVQRWDSSUHFLDEO\DIIHFW
WKH SURMHFWHG HPLVVLRQV ZKHQ XVHG FRQVLVWHQWO\12
7KH GLIIHUHQFHV LI DQ\ DUH VPDOO FRPSDUHG WR WKH
XQFHUWDLQWLHVFDXVHGE\DVVXPSWLRQVRQRWKHUSDUDPHWHUV
LQWKHVFHQDULRVHJWHFKQRORJLFDOFKDQJH>@

10 Baseline scenarios do not include additional climate policy above current ones; more recent studies differ with respect to UNFCCC and Kyoto Protocol inclusion.
11 See AR4 WG I report, Chapter 10.2.
12 Since TAR, there has been a debate on the use of different exchange rates in emission scenarios. Two metrics are used to compare GDP between countries. Use of MER is
preferable for analyses involving internationally traded products. Use of PPP, is preferable for analyses involving comparisons of income between countries at very different
stages of development. Most of the monetary units in this report are expressed in MER. This reﬂects the large majority of emissions mitigation literature that is calibrated in
MER. When monetary units are expressed in PPP, this is denoted by GDPppp.
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Box SPM.1: The emission scenarios of the IPCC Special Report on Emission Scenarios (SRES)
A1. The A1 storyline and scenario family describes a future world of very rapid economic growth, global population that
peaks in mid-century and declines thereafter, and the rapid introduction of new and more efﬁcient technologies. Major
underlying themes are convergence among regions, capacity building and increased cultural and social interactions, with
a substantial reduction in regional differences in per capita income. The A1 scenario family develops into three groups that
describe alternative directions of technological change in the energy system. The three A1 groups are distinguished by their
technological emphasis: fossil intensive (A1FI), non fossil energy sources (A1T), or a balance across all sources (A1B) (where
balanced is deﬁned as not relying too heavily on one particular energy source, on the assumption that similar improvement
rates apply to all energy supply and end use technologies).
A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is self reliance and
preservation of local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing population. Economic development is primarily regionally oriented and per capita economic growth and technological
change more fragmented and slower than other storylines.
B1. The B1 storyline and scenario family describes a convergent world with the same global population, that peaks in midcentury and declines thereafter, as in the A1 storyline, but with rapid change in economic structures toward a service and
information economy, with reductions in material intensity and the introduction of clean and resource efﬁcient technologies.
The emphasis is on global solutions to economic, social and environmental sustainability, including improved equity, but
without additional climate initiatives.
B2. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social
and environmental sustainability. It is a world with continuously increasing global population, at a rate lower than A2, intermediate levels of economic development, and less rapid and more diverse technological change than in the B1 and A1
storylines. While the scenario is also oriented towards environmental protection and social equity, it focuses on local and
regional levels.
An illustrative scenario was chosen for each of the six scenario groups A1B, A1FI, A1T, A2, B1 and B2. All should be considered equally sound.
The SRES scenarios do not include additional climate initiatives, which means that no scenarios are included that explicitly
assume implementation of the United Nations Framework Convention on Climate Change or the emissions targets of the
Kyoto Protocol.
This box summarizing the SRES scenarios is taken from the Third Assessment Report and has been subject to prior line by
line approval by the Panel.

Box SPM.2: Mitigation potential and analytical approaches
The concept of “mitigation potential” has been developed to assess the scale of GHG reductions that could be made, relative
to emission baselines, for a given level of carbon price (expressed in cost per unit of carbon dioxide equivalent emissions
avoided or reduced). Mitigation potential is further differentiated in terms of “market potential” and “economic potential”.
Market potential is the mitigation potential based on private costs and private discount rates13, which might be expected
to occur under forecast market conditions, including policies and measures currently in place, noting that barriers limit actual
uptake [2.4].

13 Private costs and discount rates reﬂect the perspective of private consumers and companies; see Glossary for a fuller description.
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(Box SPM.2 Continued)
Economic potential is the mitigation potential, which takes into account social costs and beneﬁts and social discount
rates14, assuming that market efﬁciency is improved by policies and measures and barriers are removed [2.4].
Studies of market potential can be used to inform policy makers about mitigation potential with existing policies and barriers,
while studies of economic potentials show what might be achieved if appropriate new and additional policies were put into
place to remove barriers and include social costs and beneﬁts. The economic potential is therefore generally greater than
the market potential.
Mitigation potential is estimated using different types of approaches. There are two broad classes – “bottom-up” and “topdown” approaches, which primarily have been used to assess the economic potential.
Bottom-up studies are based on assessment of mitigation options, emphasizing speciﬁc technologies and regulations.
They are typically sectoral studies taking the macro-economy as unchanged. Sector estimates have been aggregated, as in
the TAR, to provide an estimate of global mitigation potential for this assessment.
Top-down studies assess the economy-wide potential of mitigation options. They use globally consistent frameworks and
aggregated information about mitigation options and capture macro-economic and market feedbacks.
Bottom-up and top-down models have become more similar since the TAR as top-down models have incorporated more
technological mitigation options and bottom-up models have incorporated more macroeconomic and market feedbacks as
well as adopting barrier analysis into their model structures. Bottom-up studies in particular are useful for the assessment
of speciﬁc policy options at sectoral level, e.g. options for improving energy efﬁciency, while top-down studies are useful for
assessing cross-sectoral and economy-wide climate change policies, such as carbon taxes and stabilization policies. However, current bottom-up and top-down studies of economic potential have limitations in considering life-style choices, and
in including all externalities such as local air pollution. They have limited representation of some regions, countries, sectors,
gases, and barriers. The projected mitigation costs do not take into account potential beneﬁts of avoided climate change.

Box SPM.3: Assumptions in studies on mitigation portfolios and macro-economic costs
Studies on mitigation portfolios and macro-economic costs assessed in this report are based on top-down modelling. Most
models use a global least cost approach to mitigation portfolios and with universal emissions trading, assuming transparent
markets, no transaction cost, and thus perfect implementation of mitigation measures throughout the 21st century. Costs are
given for a speciﬁc point in time.
Global modelled costs will increase if some regions, sectors (e.g. land-use), options or gases are excluded. Global modelled
costs will decrease with lower baselines, use of revenues from carbon taxes and auctioned permits, and if induced technological learning is included. These models do not consider climate beneﬁts and generally also co-beneﬁts of mitigation
measures, or equity issues.

Box SPM.4: Modelling induced technological change
Relevant literature implies that policies and measures may induce technological change. Remarkable progress has been
achieved in applying approaches based on induced technological change to stabilisation studies; however, conceptual issues remain. In the models that adopt these approaches, projected costs for a given stabilization level are reduced; the
reductions are greater at lower stabilisation levels.

14 Social costs and discount rates reﬂect the perspective of society. Social discount rates are lower than those used by private investors; see Glossary for a fuller description.
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C.

v 6WXGLHV VXJJHVW WKDW PLWLJDWLRQ RSSRUWXQLWLHV ZLWK QHW
QHJDWLYHFRVWV15KDYHWKHSRWHQWLDOWRUHGXFHHPLVVLRQV
E\ DURXQG  *W&22HT\U LQ  5HDOL]LQJ WKHVH
UHTXLUHVGHDOLQJZLWKLPSOHPHQWDWLRQEDUULHUV>@
v 1R RQH VHFWRU RU WHFKQRORJ\ FDQ DGGUHVV WKH HQWLUH
PLWLJDWLRQ FKDOOHQJH $OO DVVHVVHG VHFWRUV FRQWULEXWH
WR WKH WRWDO VHH )LJXUH 630  7KH NH\ PLWLJDWLRQ
WHFKQRORJLHVDQGSUDFWLFHVIRUWKHUHVSHFWLYHVHFWRUVDUH
VKRZQLQ7DEOH630>
@

Mitigation in the short and medium
term (until 2030)

5. Both bottom-up and top-down studies indicate that
there is substantial economic potential for the mitigation
of global GHG emissions over the coming decades, that
could offset the projected growth of global emissions or
reduce emissions below current levels (high agreement,
much evidence).


Top-down studies:
v 7RSGRZQ VWXGLHV FDOFXODWH DQ HPLVVLRQ UHGXFWLRQ IRU
 DV SUHVHQWHG LQ 7DEOH 630 EHORZ DQG )LJXUH
630%7KHJOREDOHFRQRPLFSRWHQWLDOVIRXQGLQWKH
WRSGRZQVWXGLHVDUHLQOLQHZLWKERWWRPXSVWXGLHV VHH
%R[630 WKRXJKWKHUHDUHFRQVLGHUDEOHGLIIHUHQFHV
DWWKHVHFWRUDOOHYHO>@
v 7KH HVWLPDWHV LQ 7DEOH 630 ZHUH GHULYHG IURP
VWDELOL]DWLRQ VFHQDULRV LH UXQV WRZDUGV ORQJUXQ
VWDELOL]DWLRQRIDWPRVSKHULF*+*FRQFHQWUDWLRQ>@

8QFHUWDLQWLHV LQ WKH HVWLPDWHV DUH VKRZQ DV UDQJHV LQ WKH
WDEOHV EHORZ WR UHÀHFW WKH UDQJHV RI EDVHOLQHV UDWHV RI
WHFKQRORJLFDOFKDQJHDQGRWKHUIDFWRUVWKDWDUHVSHFL¿FWR
WKH GLIIHUHQW DSSURDFKHV )XUWKHUPRUH XQFHUWDLQWLHV DOVR
DULVHIURPWKHOLPLWHGLQIRUPDWLRQIRUJOREDOFRYHUDJHRI
FRXQWULHVVHFWRUVDQGJDVHV
Bottom-up studies:
v ,Q  WKH HFRQRPLF SRWHQWLDO HVWLPDWHG IRU WKLV
DVVHVVPHQW IURP ERWWRPXS DSSURDFKHV VHH %R[
630 LVSUHVHQWHGLQ7DEOH630EHORZDQG)LJXUH
630$)RUUHIHUHQFHHPLVVLRQVLQZHUHHTXDO
WR*W&22HT>@

Table SPM.1: Global economic mitigation potential in 2030 estimated from bottom-up studies.
Carbon price
(US$/tCO2-eq)

Economic potential
(GtCO2-eq/yr)

Reduction relative to SRES A1 B
(68 GtCO2-eq/yr)
(%)

Reduction relative to SRES B2
(49 GtCO2-eq/yr)
(%)

0

5-7

7-10

10-14

20

9-17

14-25

19-35

50

13-26

20-38

27-52

100

16-31

23-46

32-63

Economic potential
(GtCO2-eq/yr)

Reduction relative to SRES A1 B
(68 GtCO2-eq/yr)
(%)

Reduction relative to SRES B2
(49 GtCO2-eq/yr)
(%)

9-18

13-27

18-37

Table SPM.2: Global economic mitigation potential in 2030 estimated from top-down studies.
Carbon price
(US$/tCO2-eq)
20
50

14-23

21-34

29-47

100

17-26

25-38

35-53

15 In this report, as in the SAR and the TAR, options with net negative costs (no regrets opportunities) are deﬁned as those options whose beneﬁts such as reduced energy costs
and reduced emissions of local/regional pollutants equal or exceed their costs to society, excluding the beneﬁts of avoided climate change (see Box SPM.1).
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low end of range

□ <0 □ <20 ■ <50 ■ <100 US$/tCO2-eq
Figure SPM.5A: Global economic mitigation potential in 2030 estimated from
bottom-up studies (data from Table SPM.1)

high end of range

□ <20 ■ <50 ■ <100 US$/tCO2-eq
Figure SPM.5B: Global economic mitigation potential in 2030 estimated from
top-down studies (data from Table SPM.2)

Table SPM.3: Key mitigation technologies and practices by sector. Sectors and technologies are listed in no particular order. Non-technological practices, such as lifestyle
changes, which are cross-cutting, are not included in this table (but are addressed in paragraph 7 in this SPM).
Sector

Key mitigation technologies and
practices currently commercially available

Key mitigation technologies and
practices projected to be commercialized before 2030

Energy supply
[4.3, 4.4]

Improved supply and distribution efﬁciency; fuel switching
from coal to gas; nuclear power; renewable heat and power
(hydropower, solar, wind, geothermal and bioenergy);
combined heat and power; early applications of Carbon
Capture and Storage (CCS, e.g. storage of removed CO2
from natural gas).

CCS for gas, biomass and coal-ﬁred electricity generating
facilities; advanced nuclear power; advanced renewable
energy, including tidal and waves energy, concentrating solar,
and solar PV.

Transport
[5.4]

More fuel efﬁcient vehicles; hybrid vehicles; cleaner diesel
Second generation biofuels; higher efﬁciency aircraft;
vehicles; biofuels; modal shifts from road transport to rail and advanced electric and hybrid vehicles with more powerful
public transport systems; non-motorised transport (cycling,
and reliable batteries.
walking); land-use and transport planning.

Buildings
[6.5]

Efﬁcient lighting and daylighting; more efﬁcient electrical
appliances and heating and cooling devices; improved cook
stoves, improved insulation ; passive and active solar design
for heating and cooling; alternative refrigeration ﬂuids,
recovery and recycle of ﬂuorinated gases.

Integrated design of commercial buildings including
technologies, such as intelligent meters that provide
feedback and control; solar PV integrated in buildings.

Industry
[7.5]

More efﬁcient end-use electrical equipment; heat and power
recovery; material recycling and substitution; control of nonCO2 gas emissions; and a wide array of process-speciﬁc
technologies.

Advanced energy efﬁciency; CCS for cement, ammonia, and
iron manufacture; inert electrodes for aluminium manufacture.

Agriculture
[8.4]

Improved crop and grazing land management to increase
soil carbon storage; restoration of cultivated peaty soils and
degraded lands; improved rice cultivation techniques and
livestock and manure management to reduce CH4 emissions;
improved nitrogen fertilizer application techniques to reduce
N2O emissions; dedicated energy crops to replace fossil fuel
use; improved energy efﬁciency.

Improvements of crops yields.

Forestry/forests
[9.4]

Afforestation; reforestation; forest management; reduced
deforestation; harvested wood product management; use of
forestry products for bioenergy to replace fossil fuel use.

Tree species improvement to increase biomass productivity
and carbon sequestration. Improved remote sensing
technologies for analysis of vegetation/ soil carbon
sequestration potential and mapping land use change.

Waste
management
[10.4]

Landﬁll methane recovery; waste incineration with energy
recovery; composting of organic waste; controlled waste
water treatment; recycling and waste minimization.

Biocovers and bioﬁlters to optimize CH4 oxidation.
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Figure SPM.6: Estimated sectoral economic potential for global mitigation for different regions as a function of carbon price in 2030 from bottom-up studies, compared to
the respective baselines assumed in the sector assessments. A full explanation of the derivation of this ﬁgure is found in Section 11.3.
Notes:
1. The ranges for global economic potentials as assessed in each sector are shown by vertical lines. The ranges are based on end-use allocations of emissions,
meaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector.
2. The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels.
3. Sectors used different baselines. For industry the SRES B2 baseline was taken, for energy supply and transport the WEO 2004 baseline was used; the building
sector is based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving forces were used to construct a waste speciﬁc baseline, agriculture and
forestry used baselines that mostly used B2 driving forces.
4. Only global totals for transport are shown because international aviation is included [5.4].
5. Categories excluded are: non-CO2 emissions in buildings and transport, part of material efﬁciency options, heat production and cogeneration in energy supply,
heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewater treatment, emission reduction from coal
mines and gas pipelines, ﬂuorinated gases from energy supply and transport. The underestimation of the total economic potential from these emissions is of the
order of 10-15%.

6. In 2030 macro-economic costs for multi-gas mitigation,
consistent with emissions trajectories towards
stabilization between 445 and 710 ppm CO2-eq, are
estimated at between a 3% decrease of global GDP and
a small increase, compared to the baseline (see Table
630 +RZHYHUUHJLRQDOFRVWVPD\GLIIHUVLJQL¿FDQWO\
from global averages (high agreement, medium evidence)
(see Box SPM.3 for the methodologies and assumptions
of these results).
v 7KH PDMRULW\ RI VWXGLHV FRQFOXGH WKDW UHGXFWLRQ RI
*'3 UHODWLYH WR WKH *'3 EDVHOLQH LQFUHDVHV ZLWK WKH
VWULQJHQF\RIWKHVWDELOL]DWLRQWDUJHW
v 'HSHQGLQJ RQ WKH H[LVWLQJ WD[ V\VWHP DQG VSHQGLQJ
RI WKH UHYHQXHV PRGHOOLQJ VWXGLHV LQGLFDWH WKDW FRVWV
PD\ EH VXEVWDQWLDOO\ ORZHU XQGHU WKH DVVXPSWLRQ WKDW
UHYHQXHVIURPFDUERQWD[HVRUDXFWLRQHGSHUPLWVXQGHU
DQ HPLVVLRQ WUDGLQJ V\VWHP DUH XVHG WR SURPRWH ORZ
FDUERQWHFKQRORJLHVRUUHIRUPRIH[LVWLQJWD[HV>@

v 6WXGLHVWKDWDVVXPHWKHSRVVLELOLW\WKDWFOLPDWHFKDQJH
SROLF\ LQGXFHV HQKDQFHG WHFKQRORJLFDO FKDQJH DOVR
JLYH ORZHU FRVWV +RZHYHU WKLV PD\ UHTXLUH KLJKHU
XSIURQWLQYHVWPHQWLQRUGHUWRDFKLHYHFRVWVUHGXFWLRQV
WKHUHDIWHU VHH%R[630 >@
v $OWKRXJK PRVW PRGHOV VKRZ *'3 ORVVHV VRPH VKRZ
*'3 JDLQV EHFDXVH WKH\ DVVXPH WKDW EDVHOLQHV DUH
QRQRSWLPDO DQG PLWLJDWLRQ SROLFLHV LPSURYH PDUNHW
HI¿FLHQFLHV RU WKH\ DVVXPH WKDW PRUH WHFKQRORJLFDO
FKDQJHPD\EHLQGXFHGE\PLWLJDWLRQSROLFLHV([DPSOHV
RIPDUNHWLQHI¿FLHQFLHVLQFOXGHXQHPSOR\HGUHVRXUFHV
GLVWRUWLRQDU\WD[HVDQGRUVXEVLGLHV>@
v $ PXOWLJDV DSSURDFK DQG LQFOXVLRQ RI FDUERQ VLQNV
JHQHUDOO\UHGXFHVFRVWVVXEVWDQWLDOO\FRPSDUHGWR&22
HPLVVLRQDEDWHPHQWRQO\>@
v 5HJLRQDO FRVWV DUH ODUJHO\ GHSHQGHQW RQ WKH DVVXPHG
VWDELOL]DWLRQOHYHODQGEDVHOLQHVFHQDULR7KHDOORFDWLRQ
UHJLPH LV DOVR LPSRUWDQW EXW IRU PRVW FRXQWULHV WR D
OHVVHUH[WHQWWKDQWKHVWDELOL]DWLRQOHYHO>@
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Table SPM.4: Estimated global macro-economic costs in 2030a) for least-cost trajectories towards different long-term stabilization levels.b), c)
Stabilization levels
(ppm CO2-eq)

Median GDP reductiond)
(%)

Range of GDP reductiond), e)
(%)

Reduction of average annual
GDP growth ratesd), f)
(percentage points)

590-710

0.2

-0.6-1.2

<0.06

535-590

0.6

0.2-2.5

<0.1

445-535g)

not available

<3

<0.12

Notes:
a) For a given stabilization level, GDP reduction would increase over time in most models after 2030. Long-term costs also become more uncertain. [Figure 3.25]
b) Results based on studies using various baselines.
c) Studies vary in terms of the point in time stabilization is achieved; generally this is in 2100 or later.
d) This is global GDP based market exchange rates.
e) The median and the 10th and 90th percentile range of the analyzed data are given.
f) The calculation of the reduction of the annual growth rate is based on the average reduction during the period till 2030 that would result in the indicated GDP
decrease in 2030.
g) The number of studies that report GDP results is relatively small and they generally use low baselines.

v ,QFOXGLQJFREHQH¿WVRWKHUWKDQKHDOWKVXFKDVLQFUHDVHG
HQHUJ\ VHFXULW\ DQG LQFUHDVHG DJULFXOWXUDO SURGXFWLRQ
DQG UHGXFHG SUHVVXUH RQ QDWXUDO HFRV\VWHPV GXH WR
GHFUHDVHG WURSRVSKHULF R]RQH FRQFHQWUDWLRQV ZRXOG
IXUWKHUHQKDQFHFRVWVDYLQJV>@
v ,QWHJUDWLQJ DLU SROOXWLRQ DEDWHPHQW DQG FOLPDWH
FKDQJH PLWLJDWLRQ SROLFLHV RIIHUV SRWHQWLDOO\ ODUJH
FRVW UHGXFWLRQV FRPSDUHG WR WUHDWLQJ WKRVH SROLFLHV LQ
LVRODWLRQ>@

7. Changes in lifestyle and behaviour patterns can
contribute to climate change mitigation across all
sectors. Management practices can also have a positive
role (high agreement, medium evidence).
v /LIHVW\OHFKDQJHVFDQUHGXFH*+*HPLVVLRQV&KDQJHV
LQ OLIHVW\OHV DQG FRQVXPSWLRQ SDWWHUQV WKDW HPSKDVL]H
UHVRXUFH FRQVHUYDWLRQ FDQ FRQWULEXWH WR GHYHORSLQJ
D ORZFDUERQ HFRQRP\ WKDW LV ERWK HTXLWDEOH DQG
VXVWDLQDEOH>@
v (GXFDWLRQDQGWUDLQLQJSURJUDPPHVFDQKHOSRYHUFRPH
EDUULHUVWRWKHPDUNHWDFFHSWDQFHRIHQHUJ\HI¿FLHQF\
SDUWLFXODUO\LQFRPELQDWLRQZLWKRWKHUPHDVXUHV>7DEOH
@
v &KDQJHV LQ RFFXSDQW EHKDYLRXU FXOWXUDO SDWWHUQV DQG
FRQVXPHU FKRLFH DQG XVH RI WHFKQRORJLHV FDQ UHVXOW
LQ FRQVLGHUDEOH UHGXFWLRQ LQ &22 HPLVVLRQV UHODWHG WR
HQHUJ\XVHLQEXLOGLQJV>@
v 7UDQVSRUW'HPDQG0DQDJHPHQWZKLFKLQFOXGHVXUEDQ
SODQQLQJ WKDW FDQ UHGXFH WKH GHPDQG IRU WUDYHO  DQG
SURYLVLRQ RI LQIRUPDWLRQ DQG HGXFDWLRQDO WHFKQLTXHV
WKDW FDQ UHGXFH FDU XVDJH DQG OHDG WR DQ HI¿FLHQW
GULYLQJVW\OH FDQVXSSRUW*+*PLWLJDWLRQ>@
v ,QLQGXVWU\PDQDJHPHQWWRROVWKDWLQFOXGHVWDIIWUDLQLQJ
UHZDUG V\VWHPV UHJXODU IHHGEDFN GRFXPHQWDWLRQ
RI H[LVWLQJ SUDFWLFHV FDQ KHOS RYHUFRPH LQGXVWULDO
RUJDQL]DWLRQ EDUULHUV UHGXFH HQHUJ\ XVH DQG *+*
HPLVVLRQV>@

 /LWHUDWXUHVLQFH7$5FRQ¿UPVWKDWWKHUHPD\EHHIIHFWV
from Annex I countries’ action on the global economy
and global emissions, although the scale of carbon
leakage remains uncertain (high agreement, medium
evidence).
v )RVVLOIXHOH[SRUWLQJQDWLRQV LQERWK$QQH[,DQGQRQ
$QQH[,FRXQWULHV PD\H[SHFWDVLQGLFDWHGLQ7$516
ORZHU GHPDQG DQG SULFHV DQG ORZHU *'3 JURZWK GXH
WR PLWLJDWLRQ SROLFLHV 7KH H[WHQW RI WKLV VSLOO RYHU17
GHSHQGV VWURQJO\ RQ DVVXPSWLRQV UHODWHG WR SROLF\
GHFLVLRQVDQGRLOPDUNHWFRQGLWLRQV>@
v Critical uncertainties remain in the assessment of
carbon leakage0RVWHTXLOLEULXPPRGHOOLQJVXSSRUW
WKH FRQFOXVLRQ LQ WKH 7$5 RI HFRQRP\ZLGH OHDNDJH
IURP.\RWRDFWLRQLQWKHRUGHURIZKLFKZRXOG
EHOHVVLIFRPSHWLWLYHORZHPLVVLRQVWHFKQRORJLHVZHUH
HIIHFWLYHO\GLIIXVHG>@

8. While studies use different methodologies, in all
DQDO\]HG ZRUOG UHJLRQV QHDUWHUP KHDOWK FREHQH¿WV
from reduced air pollution as a result of actions to
reduce GHG emissions can be substantial and may
offset a substantial fraction of mitigation costs (high
agreement, much evidence).

10. New energy infrastructure investments in developing
countries, upgrades of energy infrastructure in
industrialized countries, and policies that promote
energy security, can, in many cases, create opportunities
to achieve GHG emission reductions19 compared to
EDVHOLQH VFHQDULRV$GGLWLRQDO FREHQH¿WV DUH FRXQWU\

16 See TAR WG III (2001) SPM paragraph 16.
17 Spill over effects of mitigation in a cross-sectoral perspective are the effects of mitigation policies and measures in one country or group of countries on sectors in other countries.
18 Carbon leakage is deﬁned as the increase in CO2 emissions outside the countries taking domestic mitigation action divided by the reduction in the emissions of these countries.
19 See table SPM.1 and Figure SPM.6
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VSHFL¿F EXW RIWHQ LQFOXGH DLU SROOXWLRQ DEDWHPHQW
balance of trade improvement, provision of modern
energy services to rural areas and employment (high
agreement, much evidence).
v )XWXUH HQHUJ\ LQIUDVWUXFWXUH LQYHVWPHQW GHFLVLRQV
H[SHFWHGWRWRWDORYHUWULOOLRQ86EHWZHHQQRZDQG
ZLOOKDYHORQJWHUPLPSDFWVRQ*+*HPLVVLRQV
EHFDXVHRIWKHORQJOLIHWLPHVRIHQHUJ\SODQWVDQGRWKHU
LQIUDVWUXFWXUHFDSLWDOVWRFN7KHZLGHVSUHDGGLIIXVLRQRI
ORZFDUERQWHFKQRORJLHVPD\WDNHPDQ\GHFDGHVHYHQ
LI HDUO\ LQYHVWPHQWV LQ WKHVH WHFKQRORJLHV DUH PDGH
DWWUDFWLYH ,QLWLDO HVWLPDWHV VKRZ WKDW UHWXUQLQJ JOREDO
HQHUJ\UHODWHG &22 HPLVVLRQV WR  OHYHOV E\ 
ZRXOGUHTXLUHDODUJHVKLIWLQWKHSDWWHUQRILQYHVWPHQW
DOWKRXJKWKHQHWDGGLWLRQDOLQYHVWPHQWUHTXLUHGUDQJHV
IURPQHJOLJLEOHWR>@
v ,W LV RIWHQ PRUH FRVWHIIHFWLYH WR LQYHVW LQ HQGXVH
HQHUJ\ HI¿FLHQF\ LPSURYHPHQW WKDQ LQ LQFUHDVLQJ
HQHUJ\ VXSSO\ WR VDWLVI\ GHPDQG IRU HQHUJ\ VHUYLFHV
(I¿FLHQF\LPSURYHPHQWKDVDSRVLWLYHHIIHFWRQHQHUJ\
VHFXULW\ORFDODQGUHJLRQDODLUSROOXWLRQDEDWHPHQWDQG
HPSOR\PHQW>@
v 5HQHZDEOH HQHUJ\ JHQHUDOO\ KDV D SRVLWLYH HIIHFW
RQ HQHUJ\ VHFXULW\ HPSOR\PHQW DQG RQ DLU TXDOLW\
*LYHQFRVWVUHODWLYHWRRWKHUVXSSO\RSWLRQVUHQHZDEOH
HOHFWULFLW\ZKLFKDFFRXQWHGIRURIWKHHOHFWULFLW\
VXSSO\ LQ  FDQ KDYH D  VKDUH RI WKH WRWDO
HOHFWULFLW\ VXSSO\ LQ  DW FDUERQ SULFHV XS WR 
86W&22HT>@
v 7KHKLJKHUWKHPDUNHWSULFHVRIIRVVLOIXHOVWKHPRUH
ORZFDUERQ DOWHUQDWLYHV ZLOO EH FRPSHWLWLYH DOWKRXJK
SULFH YRODWLOLW\ ZLOO EH D GLVLQFHQWLYH IRU LQYHVWRUV
+LJKHUSULFHGFRQYHQWLRQDORLOUHVRXUFHVRQWKHRWKHU
KDQGPD\EHUHSODFHGE\KLJKFDUERQDOWHUQDWLYHVVXFK
DVIURPRLOVDQGVRLOVKDOHVKHDY\RLOVDQGV\QWKHWLF
IXHOV IURP FRDO DQG JDV OHDGLQJ WR LQFUHDVLQJ *+*
HPLVVLRQVXQOHVVSURGXFWLRQSODQWVDUHHTXLSSHGZLWK
&&6>@
v *LYHQ FRVWV UHODWLYH WR RWKHU VXSSO\ RSWLRQV QXFOHDU
SRZHUZKLFKDFFRXQWHGIRURIWKHHOHFWULFLW\VXSSO\
LQFDQKDYHDQVKDUHRIWKHWRWDOHOHFWULFLW\
VXSSO\LQDWFDUERQSULFHVXSWR86W&22HT
EXWVDIHW\ZHDSRQVSUROLIHUDWLRQDQGZDVWHUHPDLQDV
FRQVWUDLQWV>@21
v &&6 LQ XQGHUJURXQG JHRORJLFDO IRUPDWLRQV LV D QHZ
WHFKQRORJ\ ZLWK WKH SRWHQWLDO WR PDNH DQ LPSRUWDQW
FRQWULEXWLRQWRPLWLJDWLRQE\7HFKQLFDOHFRQRPLF
DQG UHJXODWRU\ GHYHORSPHQWV ZLOO DIIHFW WKH DFWXDO
FRQWULEXWLRQ>@

11. There are multiple mitigation options in the transport
sector19, but their effect may be counteracted by growth
in the sector. Mitigation options are faced with many
barriers, such as consumer preferences and lack of policy
frameworks (medium agreement, medium evidence).
v ,PSURYHG YHKLFOH HI¿FLHQF\ PHDVXUHV OHDGLQJ WR IXHO
VDYLQJVLQPDQ\FDVHVKDYHQHWEHQH¿WV DWOHDVWIRU
OLJKWGXW\ YHKLFOHV  EXW WKH PDUNHW SRWHQWLDO LV PXFK
ORZHUWKDQWKHHFRQRPLFSRWHQWLDOGXHWRWKHLQÀXHQFH
RIRWKHUFRQVXPHUFRQVLGHUDWLRQVVXFKDVSHUIRUPDQFH
DQGVL]H7KHUHLVQRWHQRXJKLQIRUPDWLRQWRDVVHVVWKH
PLWLJDWLRQ SRWHQWLDO IRU KHDY\GXW\ YHKLFOHV 0DUNHW
IRUFHV DORQH LQFOXGLQJ ULVLQJ IXHO FRVWV DUH WKHUHIRUH
QRWH[SHFWHGWROHDGWRVLJQL¿FDQWHPLVVLRQUHGXFWLRQV
>@
v %LRIXHOV PLJKW SOD\ DQ LPSRUWDQW UROH LQ DGGUHVVLQJ
*+* HPLVVLRQV LQ WKH WUDQVSRUW VHFWRU GHSHQGLQJ RQ
WKHLUSURGXFWLRQSDWKZD\%LRIXHOVXVHGDVJDVROLQHDQG
GLHVHOIXHODGGLWLYHVVXEVWLWXWHVDUHSURMHFWHGWRJURZWR
RIWRWDOWUDQVSRUWHQHUJ\GHPDQGLQWKHEDVHOLQHLQ
7KLVFRXOGLQFUHDVHWRDERXWGHSHQGLQJRQ
IXWXUHRLODQGFDUERQSULFHVLPSURYHPHQWVLQ YHKLFOH
HI¿FLHQF\ DQG WKH VXFFHVV RI WHFKQRORJLHV WR XWLOLVH
FHOOXORVHELRPDVV>@
v 0RGDO VKLIWV IURP URDG WR UDLO DQG WR LQODQG DQG
FRDVWDO VKLSSLQJ DQG IURP ORZRFFXSDQF\ WR KLJK
RFFXSDQF\SDVVHQJHUWUDQVSRUWDWLRQ22DVZHOODVODQG
XVHXUEDQSODQQLQJDQGQRQPRWRUL]HGWUDQVSRUWRIIHU
RSSRUWXQLWLHVIRU*+*PLWLJDWLRQGHSHQGLQJRQORFDO
FRQGLWLRQVDQGSROLFLHV>@
v 0HGLXP WHUP PLWLJDWLRQ SRWHQWLDO IRU &22 emissions
IURPWKHDYLDWLRQVHFWRUFDQFRPHIURPLPSURYHGIXHO
HI¿FLHQF\ ZKLFK FDQ EH DFKLHYHG WKURXJK D YDULHW\
RI PHDQV LQFOXGLQJ WHFKQRORJ\ RSHUDWLRQV DQG DLU
WUDI¿FPDQDJHPHQW+RZHYHUVXFKLPSURYHPHQWVDUH
H[SHFWHGWRRQO\SDUWLDOO\RIIVHWWKHJURZWKRIDYLDWLRQ
HPLVVLRQV7RWDOPLWLJDWLRQSRWHQWLDOLQWKHVHFWRUZRXOG
DOVR QHHG WR DFFRXQW IRU QRQ&22 climate impacts of
DYLDWLRQHPLVVLRQV>@
v 5HDOL]LQJ HPLVVLRQV UHGXFWLRQV LQ WKH WUDQVSRUW VHFWRU
LVRIWHQDFREHQH¿WRIDGGUHVVLQJWUDI¿FFRQJHVWLRQDLU
TXDOLW\DQGHQHUJ\VHFXULW\>@
 (QHUJ\HI¿FLHQF\RSWLRQV19 for new and existing buildings
could considerably reduce CO2 emissions with net
HFRQRPLFEHQH¿W0DQ\EDUULHUVH[LVWDJDLQVWWDSSLQJ
WKLVSRWHQWLDOEXWWKHUHDUHDOVRODUJHFREHQH¿WV(high
agreement, much evidence)
v %\DERXWRIWKHSURMHFWHG*+*HPLVVLRQV
LQWKHEXLOGLQJVHFWRUFDQEHDYRLGHGZLWKQHWHFRQRPLF
EHQH¿W>@

20 20 trillion = 20000 billion= 20*1012.
21 Austria could not agree with this statement.
22 Including rail, road and marine mass transit and carpooling.
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v (QHUJ\HI¿FLHQWEXLOGLQJVZKLOHOLPLWLQJWKHJURZWKRI
CO2 HPLVVLRQV FDQ DOVR LPSURYH LQGRRU DQG RXWGRRU
DLUTXDOLW\LPSURYHVRFLDOZHOIDUHDQGHQKDQFHHQHUJ\
VHFXULW\>@
v 2SSRUWXQLWLHV IRU UHDOLVLQJ *+* UHGXFWLRQV LQ WKH
EXLOGLQJ VHFWRU H[LVW ZRUOGZLGH +RZHYHU PXOWLSOH
EDUULHUVPDNHLWGLI¿FXOWWRUHDOLVHWKLVSRWHQWLDO7KHVH
EDUULHUV LQFOXGH DYDLODELOLW\ RI WHFKQRORJ\ ¿QDQFLQJ
SRYHUW\KLJKHUFRVWVRIUHOLDEOHLQIRUPDWLRQOLPLWDWLRQV
LQKHUHQWLQEXLOGLQJGHVLJQVDQGDQDSSURSULDWHSRUWIROLR
RISROLFLHVDQGSURJUDPV>@
v 7KH PDJQLWXGH RI WKH DERYH EDUULHUV LV KLJKHU LQ WKH
GHYHORSLQJ FRXQWULHV DQG WKLV PDNHV LW PRUH GLI¿FXOW
IRUWKHPWRDFKLHYHWKH*+*UHGXFWLRQSRWHQWLDORIWKH
EXLOGLQJVHFWRU>@
13. The economic potential in the industrial sector19 is
predominantly located in energy intensive industries.
Full use of available mitigation options is not being
made in either industrialized or developing nations
(high agreement, much evidence 
v 0DQ\ LQGXVWULDO IDFLOLWLHV LQ GHYHORSLQJ FRXQWULHV DUH
QHZDQGLQFOXGHWKHODWHVWWHFKQRORJ\ZLWKWKHORZHVW
VSHFL¿F HPLVVLRQV +RZHYHU PDQ\ ROGHU LQHI¿FLHQW
IDFLOLWLHVUHPDLQLQERWKLQGXVWULDOL]HGDQGGHYHORSLQJ
FRXQWULHV 8SJUDGLQJ WKHVH IDFLOLWLHV FDQ GHOLYHU
VLJQL¿FDQWHPLVVLRQUHGXFWLRQV>@
v 7KHVORZUDWHRIFDSLWDOVWRFNWXUQRYHUODFNRI¿QDQFLDO
DQGWHFKQLFDOUHVRXUFHVDQGOLPLWDWLRQVLQWKHDELOLW\RI
¿UPVSDUWLFXODUO\VPDOODQGPHGLXPVL]HGHQWHUSULVHV
WR DFFHVV DQG DEVRUE WHFKQRORJLFDO LQIRUPDWLRQ DUH
NH\EDUULHUVWRIXOOXVHRIDYDLODEOHPLWLJDWLRQRSWLRQV
>@
 $JULFXOWXUDOSUDFWLFHVFROOHFWLYHO\FDQPDNHDVLJQL¿FDQW
contribution at low cost19 to increasing soil carbon
sinks, to GHG emission reductions, and by contributing
biomass feedstocks for energy use (medium agreement,
medium evidence).
v A large proportion of the mitigation potential of
DJULFXOWXUH H[FOXGLQJ ELRHQHUJ\  DULVHV IURP VRLO
FDUERQ VHTXHVWUDWLRQ ZKLFK KDV VWURQJ V\QHUJLHV
ZLWK VXVWDLQDEOH DJULFXOWXUH DQG JHQHUDOO\ UHGXFHV
YXOQHUDELOLW\WRFOLPDWHFKDQJH>@
v 6WRUHGVRLOFDUERQPD\EHYXOQHUDEOHWRORVVWKURXJK
ERWK ODQG PDQDJHPHQW FKDQJH DQG FOLPDWH FKDQJH
>@
v &RQVLGHUDEOHPLWLJDWLRQSRWHQWLDOLVDOVRDYDLODEOHIURP
UHGXFWLRQVLQPHWKDQHDQGQLWURXVR[LGHHPLVVLRQVLQ
VRPHDJULFXOWXUDOV\VWHPV>@

v 7KHUH LV QR XQLYHUVDOO\ DSSOLFDEOH OLVW RI PLWLJDWLRQ
SUDFWLFHVSUDFWLFHVQHHGWREHHYDOXDWHGIRULQGLYLGXDO
DJULFXOWXUDOV\VWHPVDQGVHWWLQJV>@
v %LRPDVV IURP DJULFXOWXUDO UHVLGXHV DQG GHGLFDWHG
HQHUJ\FURSVFDQEHDQLPSRUWDQWELRHQHUJ\IHHGVWRFN
EXWLWVFRQWULEXWLRQWRPLWLJDWLRQGHSHQGVRQGHPDQG
IRU ELRHQHUJ\ IURP WUDQVSRUW DQG HQHUJ\ VXSSO\ RQ
ZDWHUDYDLODELOLW\DQGRQUHTXLUHPHQWVRIODQGIRUIRRG
DQG ¿EUH SURGXFWLRQ :LGHVSUHDG XVH RI DJULFXOWXUDO
ODQGIRUELRPDVVSURGXFWLRQIRUHQHUJ\PD\FRPSHWH
ZLWK RWKHU ODQG XVHV DQG FDQ KDYH SRVLWLYH DQG
QHJDWLYH HQYLURQPHQWDO LPSDFWV DQG LPSOLFDWLRQV IRU
IRRGVHFXULW\>@
15. Forest-related mitigation activities can considerably
reduce emissions from sources and increase CO2
removals by sinks at low costs19, and can be designed
to create synergies with adaptation and sustainable
development (high agreement, much evidence)23.
v $ERXWRIWKHWRWDOPLWLJDWLRQSRWHQWLDO XSWR
86W&22HT LVORFDWHGLQWKHWURSLFVDQGDERXW
RIWKHWRWDOFRXOGEHDFKLHYHGE\UHGXFLQJHPLVVLRQV
IURPGHIRUHVWDWLRQ>@
v Climate change can affect the mitigation potential of
WKHIRUHVWVHFWRU LHQDWLYHDQGSODQWHGIRUHVWV DQGLV
H[SHFWHGWREHGLIIHUHQWIRUGLIIHUHQWUHJLRQVDQGVXE
UHJLRQVERWKLQPDJQLWXGHDQGGLUHFWLRQ>@
v )RUHVWUHODWHG PLWLJDWLRQ RSWLRQV FDQ EH GHVLJQHG
DQG LPSOHPHQWHG WR EH FRPSDWLEOH ZLWK DGDSWDWLRQ
DQG FDQ KDYH VXEVWDQWLDO FREHQH¿WV LQ WHUPV RI
HPSOR\PHQW LQFRPH JHQHUDWLRQ ELRGLYHUVLW\ DQG
ZDWHUVKHGFRQVHUYDWLRQUHQHZDEOHHQHUJ\VXSSO\DQG
SRYHUW\DOOHYLDWLRQ>@
16. Post-consumer waste24 is a small contributor to global
GHG emissions25 (<5%), but the waste sector can
positively contribute to GHG mitigation at low cost19
and promote sustainable development (high agreement,
much evidence).
v ([LVWLQJ ZDVWH PDQDJHPHQW SUDFWLFHV FDQ SURYLGH
HIIHFWLYHPLWLJDWLRQRI*+*HPLVVLRQVIURPWKLVVHFWRU
D ZLGH UDQJH RI PDWXUH HQYLURQPHQWDOO\ HIIHFWLYH
WHFKQRORJLHV DUH FRPPHUFLDOO\ DYDLODEOH WR PLWLJDWH
HPLVVLRQV DQG SURYLGH FREHQH¿WV IRU LPSURYHG
SXEOLF KHDOWK DQG VDIHW\ VRLO SURWHFWLRQ DQG SROOXWLRQ
SUHYHQWLRQDQGORFDOHQHUJ\VXSSO\>@
v :DVWH PLQLPL]DWLRQ DQG UHF\FOLQJ SURYLGH LPSRUWDQW
LQGLUHFWPLWLJDWLRQEHQH¿WVWKURXJKWKHFRQVHUYDWLRQRI
HQHUJ\DQGPDWHULDOV>@

23 Tuvalu noted difﬁculties with the reference to “low costs” as Chapter 9, page 15 of the WG III report states that: “the cost of forest mitigation projects rise signiﬁcantly when
opportunity costs of land are taken into account”.
24 Industrial waste is covered in the industry sector.
25 GHGs from waste include landﬁll and wastewater methane, wastewater N2O, and CO2 from incineration of fossil carbon.
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v 5HFHQWVWXGLHVXVLQJPXOWLJDVUHGXFWLRQKDYHH[SORUHG
ORZHUVWDELOL]DWLRQOHYHOVWKDQUHSRUWHGLQ7$5>@
v $VVHVVHGVWXGLHVFRQWDLQDUDQJHRIHPLVVLRQVSUR¿OHV
IRU DFKLHYLQJ VWDELOL]DWLRQ RI *+* FRQFHQWUDWLRQV27
0RVW RI WKHVH VWXGLHV XVHG D OHDVW FRVW DSSURDFK DQG
LQFOXGH ERWK HDUO\ DQG GHOD\HG HPLVVLRQ UHGXFWLRQV
)LJXUH630 >%R[630@7DEOH630VXPPDUL]HV
WKH UHTXLUHG HPLVVLRQV OHYHOV IRU GLIIHUHQW JURXSV
RI VWDELOL]DWLRQ FRQFHQWUDWLRQV DQG WKH DVVRFLDWHG
HTXLOLEULXPJOREDOPHDQWHPSHUDWXUHLQFUHDVHXVLQJ
WKH µEHVW HVWLPDWH¶ RI FOLPDWH VHQVLWLYLW\ VHH DOVR
)LJXUH 630 IRU WKH OLNHO\ UDQJH RI XQFHUWDLQW\ 29
6WDELOL]DWLRQ DW ORZHU FRQFHQWUDWLRQ DQG UHODWHG
HTXLOLEULXPWHPSHUDWXUHOHYHOVDGYDQFHVWKHGDWHZKHQ
HPLVVLRQVQHHGWRSHDNDQGUHTXLUHVJUHDWHUHPLVVLRQV
UHGXFWLRQVE\>@

v /DFNRIORFDOFDSLWDOLVDNH\FRQVWUDLQWIRUZDVWHDQG
ZDVWHZDWHU PDQDJHPHQW LQ GHYHORSLQJ FRXQWULHV DQG
FRXQWULHVZLWKHFRQRPLHVLQWUDQVLWLRQ/DFNRIH[SHUWLVH
RQVXVWDLQDEOHWHFKQRORJ\LVDOVRDQLPSRUWDQWEDUULHU
>@
17. Geo-engineering options, such as ocean fertilization to
remove CO2 directly from the atmosphere, or blocking
sunlight by bringing material into the upper
atmosphere, remain largely speculative and unproven,
and with the risk of unknown side-effects. Reliable cost
estimates for these options have not been published
(medium agreement, limited evidence)>@

D.

Mitigation in the long term (after 2030)

18. In order to stabilize the concentration of GHGs in the
atmosphere, emissions would need to peak and decline
thereafter. The lower the stabilization level, the more
quickly this peak and decline would need to occur.
Mitigation efforts over the next two to three decades
will have a large impact on opportunities to achieve
lower stabilization levels (see Table SPM.5, and Figure
SPM. 8)26 (high agreement, much evidence 

Table SPM.5: Characteristics of post-TAR stabilization scenarios [Table TS 2, 3.10]a)

Radiative
forcing
Category
(W/m2)

CO2
concentrationc)
(ppm)

CO2-eq
concentrationc)
(ppm)

Global mean temperature
increase above preindustrial at equilibrium,
using “best estimate”
climate sensitivityb), c)
(ºC)

Peaking
year for CO2
emissionsd)

Change in global
CO2 emissions in
2050
(% of 2000
emissions)d)

No. of
assessed
scenarios

I

2.5-3.0

350-400

445-490

2.0-2.4

2000-2015

-85 to -50

6

II

3.0-3.5

400-440

490-535

2.4-2.8

2000-2020

-60 to -30

18

III

3.5-4.0

440-485

535-590

2.8-3.2

2010-2030

-30 to +5

21

IV

4.0-5.0

485-570

590-710

3.2-4.0

2020-2060

+10 to +60

118

V

5.0-6.0

570-660

710-855

4.0-4.9

2050-2080

+25 to +85

9

VI

6.0-7.5

660-790

855-1130

4.9-6.1

2060-2090

+90 to +140

5

Total

177

a) The understanding of the climate system response to radiative forcing as well as feedbacks is assessed in detail in the AR4 WGI Report. Feedbacks between the
carbon cycle and climate change affect the required mitigation for a particular stabilization level of atmospheric carbon dioxide concentration. These feedbacks are
expected to increase the fraction of anthropogenic emissions that remains in the atmosphere as the climate system warms. Therefore, the emission reductions to
meet a particular stabilization level reported in the mitigation studies assessed here might be underestimated.
b) The best estimate of climate sensitivity is 3ºC [WG 1 SPM].
c) Note that global mean temperature at equilibrium is different from expected global mean temperature at the time of stabilization of GHG concentrations due to the
inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentrations occurs between 2100 and 2150.
d) Ranges correspond to the 15th to 85th percentile of the post-TAR scenario distribution. CO2 emissions are shown so multi-gas scenarios can be compared with CO2only scenarios.

26
27
28
29

Paragraph 2 addresses historical GHG emissions since pre-industrial times.
Studies vary in terms of the point in time stabilization is achieved; generally this is around 2100 or later.
The information on global mean temperature is taken from the AR4 WGI report, chapter 10.8. These temperatures are reached well after concentrations are stabilized.
The equilibrium climate sensitivity is a measure of the climate system response to sustained radiative forcing. It is not a projection but is deﬁned as the global average surface
warming following a doubling of carbon dioxide concentrations [AR4 WGI SPM].
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Figure SPM.7: Emissions pathways of mitigation scenarios for alternative categories of stabilization levels (Category I to VI as deﬁned in the box in each panel). The pathways are for CO2 emissions only. Light brown shaded areas give the CO2 emissions for the post-TAR emissions scenarios. Green shaded and hatched areas depict the range of
more than 80 TAR stabilization scenarios. Base year emissions may differ between models due to differences in sector and industry coverage. To reach the lower stabilization
levels some scenarios deploy removal of CO2 from the atmosphere (negative emissions) using technologies such as biomass energy production utilizing carbon capture and
storage. [Figure 3.17]

19. The range of stabilization levels assessed can be
achieved by deployment of a portfolio of technologies
that are currently available and those that are expected
to be commercialised in coming decades. This assumes
that appropriate and effective incentives are in place for
development, acquisition, deployment and diffusion of
technologies and for addressing related barriers (high
agreement, much evidence).
v 7KHFRQWULEXWLRQRIGLIIHUHQWWHFKQRORJLHVWRHPLVVLRQ
UHGXFWLRQVUHTXLUHGIRUVWDELOL]DWLRQZLOOYDU\RYHUWLPH
UHJLRQDQGVWDELOL]DWLRQOHYHO
R (QHUJ\ HI¿FLHQF\ SOD\V D NH\ UROH DFURVV PDQ\
VFHQDULRVIRUPRVWUHJLRQVDQGWLPHVFDOHV
16

R )RU ORZHU VWDELOL]DWLRQ OHYHOV VFHQDULRV SXW PRUH
HPSKDVLVRQWKHXVHRIORZFDUERQHQHUJ\VRXUFHV
VXFK DV UHQHZDEOH HQHUJ\ DQG QXFOHDU SRZHU DQG
the use of CO2FDSWXUHDQGVWRUDJH &&6 ,QWKHVH
VFHQDULRV LPSURYHPHQWV RI FDUERQ LQWHQVLW\ RI
HQHUJ\ VXSSO\ DQG WKH ZKROH HFRQRP\ QHHG WR EH
PXFKIDVWHUWKDQLQWKHSDVW
R ,QFOXGLQJ QRQ&22 DQG &22 ODQGXVH DQG IRUHVWU\
PLWLJDWLRQ RSWLRQV SURYLGHV JUHDWHU ÀH[LELOLW\
DQG FRVWHIIHFWLYHQHVV IRU DFKLHYLQJ VWDELOL]DWLRQ
0RGHUQ ELRHQHUJ\ FRXOG FRQWULEXWH VXEVWDQWLDOO\
WRWKHVKDUHRIUHQHZDEOHHQHUJ\LQWKHPLWLJDWLRQ
SRUWIROLR
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Figure SPM.8: Stabilization scenario categories as reported in Figure SPM.7 (coloured bands) and their relationship to equilibrium global mean temperature change above
pre-industrial, using (i) “best estimate” climate sensitivity of 3°C (black line in middle of shaded area), (ii) upper bound of likely range of climate sensitivity of 4.5°C (red line
at top of shaded area) (iii) lower bound of likely range of climate sensitivity of 2°C (blue line at bottom of shaded area). Coloured shading shows the concentration bands for
stabilization of greenhouse gases in the atmosphere corresponding to the stabilization scenario categories I to VI as indicated in Figure SPM.7. The data are drawn from AR4
WGI, Chapter 10.8.

R )RULOOXVWUDWLYHH[DPSOHVRISRUWIROLRVRIPLWLJDWLRQ
RSWLRQVVHH¿JXUH630>@
v ,QYHVWPHQWV LQ DQG ZRUOGZLGH GHSOR\PHQW RI ORZ
*+* HPLVVLRQ WHFKQRORJLHV DV ZHOO DV WHFKQRORJ\
LPSURYHPHQWV WKURXJK SXEOLF DQG SULYDWH 5HVHDUFK

Energy conservation
& efficiency

'HYHORSPHQW  'HPRQVWUDWLRQ 5' '  ZRXOG EH
UHTXLUHGIRUDFKLHYLQJVWDELOL]DWLRQWDUJHWVDVZHOODVFRVW
UHGXFWLRQ 7KHORZHUWKHVWDELOL]DWLRQOHYHOVHVSHFLDOO\
WKRVHRISSP&22HTRUORZHUWKHJUHDWHUWKHQHHG
IRUPRUHHI¿FLHQW5' 'HIIRUWVDQGLQYHVWPHQWLQQHZ
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Figure SPM.9: Cumulative emissions reductions for alternative mitigation measures for 2000 to 2030 (left-hand panel) and for 2000-2100 (right-hand panel). The ﬁgure
shows illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) aiming at the stabilization at 490-540 ppm CO2-eq and levels of 650 ppm CO2-eq, respectively.
Dark bars denote reductions for a target of 650 ppm CO2-eq and light bars the additional reductions to achieve 490-540 ppm CO2-eq. Note that some models do not consider
mitigation through forest sink enhancement (AIM and IPAC) or CCS (AIM) and that the share of low-carbon energy options in total energy supply is also determined by inclusion
of these options in the baseline. CCS includes carbon capture and storage from biomass. Forest sinks include reducing emissions from deforestation. [Figure 3.23]
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WHFKQRORJLHVGXULQJWKHQH[WIHZGHFDGHV7KLVUHTXLUHV
WKDW EDUULHUV WR GHYHORSPHQW DFTXLVLWLRQ GHSOR\PHQW
DQGGLIIXVLRQRIWHFKQRORJLHVDUHHIIHFWLYHO\DGGUHVVHG
v $SSURSULDWH LQFHQWLYHV FRXOG DGGUHVV WKHVH EDUULHUV
DQG KHOS UHDOL]H WKH JRDOV DFURVV D ZLGH SRUWIROLR RI
WHFKQRORJLHV>@

v ,QWHJUDWHG DVVHVVPHQW RI WKH HFRQRPLF FRVWV DQG
EHQH¿WVRIGLIIHUHQWPLWLJDWLRQSDWKZD\VVKRZVWKDWWKH
HFRQRPLFDOO\ RSWLPDO WLPLQJ DQG OHYHO RI PLWLJDWLRQ
GHSHQGVXSRQWKHXQFHUWDLQVKDSHDQGFKDUDFWHURIWKH
DVVXPHGFOLPDWHFKDQJHGDPDJHFRVWFXUYH7RLOOXVWUDWH
WKLVGHSHQGHQF\

20. In 205030 global average macro-economic costs for
multi-gas mitigation towards stabilization between 710
and 445 ppm CO2-eq, are between a 1% gain to a 5.5%
GHFUHDVHRIJOREDO*'3 VHH7DEOH630 )RUVSHFL¿F
countries and sectors, costs vary considerably from
the global average. (See Box SPM.3 and SPM.4 for the
methodologies and assumptions and paragraph 5 for
explanation of negative costs) (high agreement, medium
evidence)

R LI WKH FOLPDWH FKDQJH GDPDJH FRVW FXUYH JURZV
VORZO\ DQG UHJXODUO\ DQG WKHUH LV JRRG IRUHVLJKW
ZKLFKLQFUHDVHVWKHSRWHQWLDOIRUWLPHO\DGDSWDWLRQ 
ODWHU DQG OHVV VWULQJHQW PLWLJDWLRQ LV HFRQRPLFDOO\
MXVWL¿HG
R DOWHUQDWLYHO\ LI WKH GDPDJH FRVW FXUYH LQFUHDVHV
VWHHSO\RUFRQWDLQVQRQOLQHDULWLHV HJYXOQHUDELOLW\
WKUHVKROGVRUHYHQVPDOOSUREDELOLWLHVRIFDWDVWURSKLF
HYHQWV  HDUOLHU DQG PRUH VWULQJHQW PLWLJDWLRQ LV
HFRQRPLFDOO\MXVWL¿HG>@
v &OLPDWH VHQVLWLYLW\ LV D NH\ XQFHUWDLQW\ IRU PLWLJDWLRQ
VFHQDULRVWKDWDLPWRPHHWDVSHFL¿FWHPSHUDWXUHOHYHO
6WXGLHV VKRZ WKDW LI FOLPDWH VHQVLWLYLW\ LV KLJK WKHQ
WKH WLPLQJ DQG OHYHO RI PLWLJDWLRQ LV HDUOLHU DQG PRUH
VWULQJHQWWKDQZKHQLWLVORZ>@
v 'HOD\HG HPLVVLRQ UHGXFWLRQV OHDG WR LQYHVWPHQWV WKDW
ORFN LQ PRUH HPLVVLRQLQWHQVLYH LQIUDVWUXFWXUH DQG
GHYHORSPHQW SDWKZD\V 7KLV VLJQL¿FDQWO\ FRQVWUDLQV
WKH RSSRUWXQLWLHV WR DFKLHYH ORZHU VWDELOL]DWLRQ OHYHOV
DV VKRZQ LQ 7DEOH 630  DQG LQFUHDVHV WKH ULVN RI
PRUHVHYHUHFOLPDWHFKDQJHLPSDFWV>@

21. Decision-making about the appropriate level of
global mitigation over time involves an iterative risk
management process that includes mitigation and
adaptation, taking into account actual and avoided
FOLPDWH FKDQJH GDPDJHV FREHQH¿WV VXVWDLQDELOLW\
equity, and attitudes to risk. Choices about the scale
and timing of GHG mitigation involve balancing the
economic costs of more rapid emission reductions now
against the corresponding medium-term and long-term
climate risks of delay [high agreement, much evidence].
v /LPLWHG DQG HDUO\ DQDO\WLFDO UHVXOWV IURP LQWHJUDWHG
DQDO\VHVRIWKHFRVWVDQGEHQH¿WVRIPLWLJDWLRQLQGLFDWH
WKDWWKHVHDUHEURDGO\FRPSDUDEOHLQPDJQLWXGHEXWGR
QRWDV\HWSHUPLWDQXQDPELJXRXVGHWHUPLQDWLRQRIDQ
HPLVVLRQVSDWKZD\RUVWDELOL]DWLRQOHYHOZKHUHEHQH¿WV
H[FHHGFRVWV>@

Table SPM.6: Estimated global macro-economic costs in 2050 relative to the baseline for least-cost trajectories towards different long-term stabilization targetsa) [3.3, 13.3]
Stabilization levels
(ppm CO2-eq)

Median GDP reductionb)
(%)

Range of GDP reductionb), c)
(%)

Reduction of average annual
GDP growth ratesb), d)
(percentage points)

590-710

0.5

-1 - 2

<0.05

535-590

1.3

slightly negative - 4

<0.1

445-535e)

not available

<5.5

<0.12

Notes:
a) This corresponds to the full literature across all baselines and mitigation scenarios that provide GDP numbers.
b) This is global GDP based market exchange rates.
c) The median and the 10th and 90th percentile range of the analyzed data are given.
d) The calculation of the reduction of the annual growth rate is based on the average reduction during the period until 2050 that would result in the indicated GDP
decrease in 2050.
e) The number of studies is relatively small and they generally use low baselines. High emissions baselines generally lead to higher costs.

30 Cost estimates for 2030 are presented in paragraph 5.

18

1125
Summary for Policymakers

E.

Policies, measures and instruments
to mitigate climate change

22. A wide variety of national policies and instruments
are available to governments to create the incentives
for mitigation action. Their applicability depends on
national circumstances and an understanding of their
interactions, but experience from implementation in
various countries and sectors shows there are
advantages and disadvantages for any given
instrument (high agreement, much evidence).
v )RXU PDLQ FULWHULD DUH XVHG WR HYDOXDWH SROLFLHV
DQG LQVWUXPHQWV HQYLURQPHQWDO HIIHFWLYHQHVV FRVW
HIIHFWLYHQHVV GLVWULEXWLRQDO HIIHFWV LQFOXGLQJ HTXLW\
DQGLQVWLWXWLRQDOIHDVLELOLW\>@
v $OO LQVWUXPHQWV FDQ EH GHVLJQHG ZHOO RU SRRUO\ DQG
EHVWULQJHQWRUOD[,QDGGLWLRQPRQLWRULQJWRLPSURYH
LPSOHPHQWDWLRQLVDQLPSRUWDQWLVVXHIRUDOOLQVWUXPHQWV
*HQHUDO¿QGLQJVDERXWWKHSHUIRUPDQFHRISROLFLHVDUH
>@
o Integrating climate policies in broader development
policies PDNHV LPSOHPHQWDWLRQ DQG RYHUFRPLQJ
EDUULHUVHDVLHU
o Regulations and standards JHQHUDOO\ SURYLGH VRPH
FHUWDLQW\ DERXW HPLVVLRQ OHYHOV 7KH\ PD\ EH
preferable to other instruments when information
RU RWKHU EDUULHUV SUHYHQW SURGXFHUV DQG FRQVXPHUV
IURP UHVSRQGLQJ WR SULFH VLJQDOV +RZHYHU WKH\
PD\ QRW LQGXFH LQQRYDWLRQV DQG PRUH DGYDQFHG
WHFKQRORJLHV
o Taxes and charges FDQ VHW D SULFH IRU FDUERQ EXW
FDQQRW JXDUDQWHH D SDUWLFXODU OHYHO RI HPLVVLRQV
/LWHUDWXUH LGHQWL¿HV WD[HV DV DQ HI¿FLHQW ZD\ RI
LQWHUQDOL]LQJFRVWVRI*+*HPLVVLRQV
o Tradable permits ZLOO HVWDEOLVK D FDUERQ SULFH
7KHYROXPHRIDOORZHGHPLVVLRQVGHWHUPLQHVWKHLU
HQYLURQPHQWDOHIIHFWLYHQHVVZKLOHWKHDOORFDWLRQRI
SHUPLWVKDVGLVWULEXWLRQDOFRQVHTXHQFHV)OXFWXDWLRQ
LQWKHSULFHRIFDUERQPDNHVLWGLI¿FXOWWRHVWLPDWH
WKHWRWDOFRVWRIFRPSO\LQJZLWKHPLVVLRQSHUPLWV
o Financial incentives VXEVLGLHVDQGWD[FUHGLWV DUH
IUHTXHQWO\ XVHG E\ JRYHUQPHQWV WR VWLPXODWH WKH
GHYHORSPHQW DQG GLIIXVLRQ RI QHZ WHFKQRORJLHV
:KLOHHFRQRPLFFRVWVDUHJHQHUDOO\KLJKHUWKDQIRU
WKHLQVWUXPHQWVOLVWHGDERYHWKH\DUHRIWHQFULWLFDO
WRRYHUFRPHEDUULHUV
o Voluntary agreements EHWZHHQ LQGXVWU\ DQG
JRYHUQPHQWVDUHSROLWLFDOO\DWWUDFWLYHUDLVHDZDUHQHVV
DPRQJ VWDNHKROGHUV DQG KDYH SOD\HG D UROH LQ WKH
HYROXWLRQRIPDQ\QDWLRQDOSROLFLHV7KHPDMRULW\RI
DJUHHPHQWV KDV QRW DFKLHYHG VLJQL¿FDQW HPLVVLRQV
UHGXFWLRQVEH\RQGEXVLQHVVDVXVXDO+RZHYHUVRPH
UHFHQWDJUHHPHQWVLQDIHZFRXQWULHVKDYHDFFHOHUDWHG
WKHDSSOLFDWLRQRIEHVWDYDLODEOHWHFKQRORJ\DQGOHG
WRPHDVXUDEOHHPLVVLRQUHGXFWLRQV

o Information instruments HJDZDUHQHVVFDPSDLJQV 
PD\ SRVLWLYHO\ DIIHFW HQYLURQPHQWDO TXDOLW\
E\ SURPRWLQJ LQIRUPHG FKRLFHV DQG SRVVLEO\
FRQWULEXWLQJWREHKDYLRXUDOFKDQJHKRZHYHUWKHLU
LPSDFWRQHPLVVLRQVKDVQRWEHHQPHDVXUHG\HW
o RD&DFDQVWLPXODWHWHFKQRORJLFDODGYDQFHVUHGXFH
FRVWVDQGHQDEOHSURJUHVVWRZDUG
 VWDELOL]DWLRQ
v  6RPH FRUSRUDWLRQV ORFDO DQG UHJLRQDO DXWKRULWLHV
1*2VDQGFLYLOJURXSVDUHDGRSWLQJDZLGHYDULHW\RI
YROXQWDU\ DFWLRQV 7KHVH YROXQWDU\ DFWLRQV PD\ OLPLW
*+* HPLVVLRQV VWLPXODWH LQQRYDWLYH SROLFLHV DQG
HQFRXUDJH WKH GHSOR\PHQW RI QHZ WHFKQRORJLHV 2Q
WKHLU RZQ WKH\ JHQHUDOO\ KDYH OLPLWHG LPSDFW RQ WKH
QDWLRQDORUUHJLRQDOOHYHOHPLVVLRQV>@
v /HVVRQV OHDUQHG IURP VSHFL¿F VHFWRU DSSOLFDWLRQ RI
QDWLRQDO SROLFLHV DQG LQVWUXPHQWV DUH VKRZQ LQ 7DEOH
630
23. Policies that provide a real or implicit price of carbon
could create incentives for producers and consumers to
VLJQL¿FDQWO\LQYHVWLQORZ*+*SURGXFWVWHFKQRORJLHV
and processes. Such policies could include economic
instruments, government funding and regulation
(high agreement, much evidence 
v $QHIIHFWLYHFDUERQSULFHVLJQDOFRXOGUHDOL]HVLJQL¿FDQW
PLWLJDWLRQSRWHQWLDOLQDOOVHFWRUV>@
v 0RGHOOLQJ VWXGLHV FRQVLVWHQW ZLWK VWDELOL]DWLRQ DW
DURXQG  SSP &22HT E\  VHH %R[ 630 
VKRZ FDUERQ SULFHV ULVLQJ WR  WR  86W&22HT
E\DQGWR86W&22HTE\)RUWKH
VDPH VWDELOL]DWLRQ OHYHO VWXGLHV VLQFH 7$5 WKDW WDNH
LQWRDFFRXQWLQGXFHGWHFKQRORJLFDOFKDQJHORZHUWKHVH
SULFHUDQJHVWRWR86W&22HTLQDQGWR
86W&22HTLQ>@
v 0RVW WRSGRZQ DV ZHOO DV VRPH  ERWWRPXS
DVVHVVPHQWVVXJJHVWWKDWUHDORULPSOLFLWFDUERQSULFHV
RIWR86W&22HTVXVWDLQHGRULQFUHDVHGRYHU
GHFDGHVFRXOGOHDGWRDSRZHUJHQHUDWLRQVHFWRUZLWK
ORZ*+*HPLVVLRQVE\DQGPDNHPDQ\PLWLJDWLRQ
RSWLRQVLQWKHHQGXVHVHFWRUVHFRQRPLFDOO\
 DWWUDFWLYH>@
v Barriers to the implementation of mitigation options
DUH PDQLIROG DQG YDU\ E\ FRXQWU\ DQG VHFWRU 7KH\
FDQEHUHODWHGWR¿QDQFLDOWHFKQRORJLFDOLQVWLWXWLRQDO
LQIRUPDWLRQDO DQG EHKDYLRXUDO DVSHFWV >  
@
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Table SPM.7: Selected sectoral policies, measures and instruments that have shown to be environmentally effective in the respective sector in at least a number of national
cases.
Sector

Policiesa), measures and instruments shown to be
environmentally effective

Key constraints or opportunities

Energy supply
[4.5]

Reduction of fossil fuel subsidies

Resistance by vested interests may make them difﬁcult to
implement

Taxes or carbon charges on fossil fuels
Feed-in tariffs for renewable energy technologies

May be appropriate to create markets for low emissions
technologies

Renewable energy obligations
Producer subsidies
Transport [5.5]

Mandatory fuel economy, biofuel blending and CO2 standards for
road transport

Partial coverage of vehicle ﬂeet may limit effectiveness

Taxes on vehicle purchase, registration, use and motor fuels, road
and parking pricing

Effectiveness may drop with higher incomes

Inﬂuence mobility needs through land use regulations, and
infrastructure planning

Particularly appropriate for countries that are building up
their transportation systems

I

I

Investment in attractive public transport facilities and nonmotorised forms of transport
Buildings [6.8]

Industry [7.9]

Appliance standards and labelling

Periodic revision of standards needed

Building codes and certiﬁcation

Attractive for new buildings. Enforcement can be difﬁcult

Demand-side management programmes

Need for regulations so that utilities may proﬁt

Public sector leadership programmes, including procurement

Government purchasing can expand demand for energyefﬁcient products

Incentives for energy service companies (ESCOs)

Success factor: Access to third party ﬁnancing

Provision of benchmark information

May be appropriate to stimulate technology uptake.
Stability of national policy important in view of
international competitiveness

Performance standards
Subsidies, tax credits
Tradable permits

Predictable allocation mechanisms and stable price
signals important for investments

Voluntary agreements

Success factors include: clear targets, a baseline
scenario, third party involvement in design and review
and formal provisions of monitoring, close cooperation
between government and industry

Agriculture
[8.6, 8.7, 8.8]

Financial incentives and regulations for improved land
management, maintaining soil carbon content, efﬁcient use of
fertilizers and irrigation

May encourage synergy with sustainable development
and with reducing vulnerability to climate change, thereby
overcoming barriers to implementation

Forestry/
forests [9.6]

Financial incentives (national and international) to increase forest
area, to reduce deforestation, and to maintain and manage forests

Constraints include lack of investment capital and land
tenure issues. Can help poverty alleviation

I

Land use regulation and enforcement
Waste
management
[10.5]

Financial incentives for improved waste and wastewater
management

May stimulate technology diffusion

Renewable energy incentives or obligations

Local availability of low-cost fuel

Waste management regulations

Most effectively applied at national level with enforcement
strategies

I

Note:
a) Public RD & D investment in low emissions technologies have proven to be effective in all sectors

 *RYHUQPHQW VXSSRUW WKURXJK ¿QDQFLDO FRQWULEXWLRQV
tax credits, standard setting and market creation
is important for effective technology development,
innovation and deployment. Transfer of technology to
developing countries depends on enabling conditions
DQG¿QDQFLQJ (high agreement, much evidence).
v 3XEOLFEHQH¿WVRI5' 'LQYHVWPHQWVDUHELJJHUWKDQ
20

WKH EHQH¿WV FDSWXUHG E\ WKH SULYDWH VHFWRU MXVWLI\LQJ
JRYHUQPHQWVXSSRUWRI5' '
v *RYHUQPHQW IXQGLQJ LQ UHDO DEVROXWH WHUPV IRU PRVW
HQHUJ\UHVHDUFKSURJUDPPHVKDVEHHQÀDWRUGHFOLQLQJ
IRUQHDUO\WZRGHFDGHV HYHQDIWHUWKH81)&&&FDPH
LQWRIRUFH DQGLVQRZDERXWKDOIRIWKHOHYHO>
@

1127
Summary for Policymakers

v *RYHUQPHQWVKDYHDFUXFLDOVXSSRUWLYHUROHLQSURYLGLQJ
DSSURSULDWHHQDEOLQJHQYLURQPHQWVXFKDVLQVWLWXWLRQDO
SROLF\ OHJDO DQG UHJXODWRU\ IUDPHZRUNV  WR VXVWDLQ
LQYHVWPHQWÀRZVDQGIRUHIIHFWLYHWHFKQRORJ\WUDQVIHU
±ZLWKRXWZKLFKLWPD\EHGLI¿FXOWWRDFKLHYHHPLVVLRQ
UHGXFWLRQV DW D VLJQL¿FDQW VFDOH 0RELOL]LQJ ¿QDQFLQJ
of incremental costs of low-carbon technologies is
LPSRUWDQW ,QWHUQDWLRQDO WHFKQRORJ\ DJUHHPHQWV FRXOG
VWUHQJWKHQWKHNQRZOHGJHLQIUDVWUXFWXUH>@
v 7KH SRWHQWLDO EHQH¿FLDO HIIHFW RI WHFKQRORJ\ WUDQVIHU
WR GHYHORSLQJ FRXQWULHV EURXJKW DERXW E\ $QQH[ ,
FRXQWULHV DFWLRQ PD\ EH VXEVWDQWLDO EXW QR UHOLDEOH
HVWLPDWHVDUHDYDLODEOH>@
v )LQDQFLDOÀRZVWRGHYHORSLQJFRXQWULHVWKURXJK&OHDQ
'HYHORSPHQW 0HFKDQLVP &'0  SURMHFWV KDYH WKH
SRWHQWLDOWRUHDFKOHYHOVRIWKHRUGHURIVHYHUDOELOOLRQV
86SHU\HDUZKLFKLVKLJKHUWKDQWKHÀRZVWKURXJK
WKH*OREDO(QYLURQPHQW)DFLOLW\ *() FRPSDUDEOHWR
WKHHQHUJ\RULHQWHGGHYHORSPHQWDVVLVWDQFHÀRZVEXW
DWOHDVWDQRUGHURIPDJQLWXGHORZHUWKDQWRWDOIRUHLJQ
GLUHFW LQYHVWPHQW ÀRZV 7KH ¿QDQFLDO ÀRZV WKURXJK
&'0*()DQGGHYHORSPHQWDVVLVWDQFHIRUWHFKQRORJ\
WUDQVIHU KDYH VR IDU EHHQ OLPLWHG DQG JHRJUDSKLFDOO\
XQHTXDOO\GLVWULEXWHG>@
25. Notable achievements of the UNFCCC and its Kyoto
Protocol are the establishment of a global response to
the climate problem, stimulation of an array of
national policies, the creation of an international carbon
market and the establishment of new institutional
mechanisms that may provide the foundation for future
mitigation efforts (high agreement, much evidence).
v 7KH LPSDFW RI WKH 3URWRFRO¶V ¿UVW FRPPLWPHQW SHULRG
UHODWLYHWRJOREDOHPLVVLRQVLVSURMHFWHGWREHOLPLWHG,WV
HFRQRPLFLPSDFWV RQ SDUWLFLSDWLQJ$QQH[% FRXQWULHV
DUHSURMHFWHGWREHVPDOOHUWKDQSUHVHQWHGLQ7$5WKDW
VKRZHGORZHU*'3LQZLWKRXWHPLVVLRQV
WUDGLQJ DQG  ORZHU *'3 ZLWK HPLVVLRQV
WUDGLQJDPRQJ$QQH[%FRXQWULHV>@
 7KHOLWHUDWXUHLGHQWL¿HVPDQ\RSWLRQVIRUDFKLHYLQJ
reductions of global GHG emissions at the international
level through cooperation. It also suggests that successful
agreements are environmentally effective, cost-effective,
incorporate distributional
considerations and equity, and are institutionally
feasible (high agreement, much evidence).
v *UHDWHU FRRSHUDWLYH HIIRUWV WR UHGXFH HPLVVLRQV ZLOO
KHOSWRUHGXFHJOREDOFRVWVIRUDFKLHYLQJDJLYHQOHYHORI
PLWLJDWLRQRUZLOOLPSURYHHQYLURQPHQWDOHIIHFWLYHQHVV
>@
v ,PSURYLQJ DQG H[SDQGLQJ WKH VFRSH RI PDUNHW
PHFKDQLVPV VXFK DV HPLVVLRQ WUDGLQJ -RLQW

,PSOHPHQWDWLRQ DQG &'0  FRXOG UHGXFH RYHUDOO
PLWLJDWLRQFRVWV>@
v (IIRUWV WR DGGUHVV FOLPDWH FKDQJH FDQ LQFOXGH GLYHUVH
HOHPHQWVVXFKDVHPLVVLRQVWDUJHWVVHFWRUDOORFDOVXE
QDWLRQDO DQG UHJLRQDO DFWLRQV 5' ' SURJUDPPHV
DGRSWLQJFRPPRQSROLFLHVLPSOHPHQWLQJGHYHORSPHQW
RULHQWHG DFWLRQV RU H[SDQGLQJ ¿QDQFLQJ LQVWUXPHQWV
7KHVH HOHPHQWV FDQ EH LPSOHPHQWHG LQ DQ LQWHJUDWHG
IDVKLRQ EXW FRPSDULQJ WKH HIIRUWV PDGH E\ GLIIHUHQW
FRXQWULHVTXDQWLWDWLYHO\ZRXOGEHFRPSOH[DQGUHVRXUFH
LQWHQVLYH>@
v $FWLRQVWKDWFRXOGEHWDNHQE\SDUWLFLSDWLQJFRXQWULHV
FDQEHGLIIHUHQWLDWHGERWKLQWHUPVRIZKHQVXFKDFWLRQ
LV XQGHUWDNHQ ZKR SDUWLFLSDWHV DQG ZKDW WKH DFWLRQ
ZLOOEH$FWLRQVFDQEHELQGLQJRUQRQELQGLQJLQFOXGH
¿[HGRUG\QDPLFWDUJHWVDQGSDUWLFLSDWLRQFDQEHVWDWLF
RUYDU\RYHUWLPH>@

F.

Sustainable development and climate
change mitigation

27. Making development more sustainable by changing
development paths can make a major contribution to
climate change mitigation, but implementation may
require resources to overcome multiple barriers. There
is a growing understanding of the possibilities to choose
and implement mitigation options in several sectors
WR UHDOL]H V\QHUJLHV DQG DYRLG FRQÀLFWV ZLWK RWKHU
dimensions of sustainable development (high agreement,
much evidence).
v ,UUHVSHFWLYHRIWKHVFDOHRIPLWLJDWLRQPHDVXUHV
 DGDSWDWLRQPHDVXUHVDUHQHFHVVDU\>@
v $GGUHVVLQJ FOLPDWH FKDQJH FDQ EH FRQVLGHUHG DQ
LQWHJUDO HOHPHQW RI VXVWDLQDEOH GHYHORSPHQW SROLFLHV
1DWLRQDOFLUFXPVWDQFHVDQGWKHVWUHQJWKVRILQVWLWXWLRQV
GHWHUPLQH KRZ GHYHORSPHQW SROLFLHV LPSDFW *+*
HPLVVLRQV&KDQJHVLQGHYHORSPHQWSDWKVHPHUJHIURP
WKHLQWHUDFWLRQVRISXEOLFDQGSULYDWHGHFLVLRQSURFHVVHV
LQYROYLQJJRYHUQPHQWEXVLQHVVDQGFLYLOVRFLHW\PDQ\
RI ZKLFK DUH QRW WUDGLWLRQDOO\ FRQVLGHUHG DV FOLPDWH
SROLF\ 7KLV SURFHVV LV PRVW HIIHFWLYH ZKHQ DFWRUV
SDUWLFLSDWHHTXLWDEO\DQGGHFHQWUDOL]HGGHFLVLRQPDNLQJ
SURFHVVHVDUHFRRUGLQDWHG>@
v &OLPDWH FKDQJH DQG RWKHU VXVWDLQDEOH GHYHORSPHQW
SROLFLHV DUH RIWHQ EXW QRW DOZD\V V\QHUJLVWLF7KHUH LV
JURZLQJHYLGHQFHWKDWGHFLVLRQVDERXWPDFURHFRQRPLF
SROLF\ DJULFXOWXUDO SROLF\ PXOWLODWHUDO GHYHORSPHQW
EDQN OHQGLQJ LQVXUDQFH SUDFWLFHV HOHFWULFLW\ PDUNHW
UHIRUP HQHUJ\ VHFXULW\ DQG IRUHVW FRQVHUYDWLRQ IRU
H[DPSOH ZKLFK DUH RIWHQ WUHDWHG DV EHLQJ DSDUW IURP

31 See the IPCC Special Report on Methodological and Technological Issues in Technology Transfer.
32 Depends strongly on the market price that has ﬂuctuated between 4 and 26 US$/tCO2-eq and based on approximately 1000 CDM proposed plus registered projects likely to
generate more than 1.3 billion emission reduction credits before 2012.
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FOLPDWHSROLF\FDQVLJQL¿FDQWO\UHGXFHHPLVVLRQV2Q
WKHRWKHUKDQGGHFLVLRQVDERXWLPSURYLQJUXUDODFFHVV
WR PRGHUQ HQHUJ\ VRXUFHV IRU H[DPSOH PD\ QRW KDYH
PXFKLQÀXHQFHRQJOREDO*+*HPLVVLRQV>@
&OLPDWH FKDQJH SROLFLHV UHODWHG WR HQHUJ\ HI¿FLHQF\
DQG UHQHZDEOH HQHUJ\ DUH RIWHQ HFRQRPLFDOO\
EHQH¿FLDO LPSURYH HQHUJ\ VHFXULW\ DQG UHGXFH ORFDO
SROOXWDQW HPLVVLRQV 2WKHU HQHUJ\ VXSSO\ PLWLJDWLRQ
RSWLRQV FDQ EH GHVLJQHG WR DOVR DFKLHYH VXVWDLQDEOH
GHYHORSPHQW EHQH¿WV VXFK DV DYRLGHG GLVSODFHPHQW
RI ORFDO SRSXODWLRQV MRE FUHDWLRQ DQG KHDOWK EHQH¿WV
>@
5HGXFLQJERWKORVVRIQDWXUDOKDELWDWDQGGHIRUHVWDWLRQ
FDQ KDYH VLJQL¿FDQW ELRGLYHUVLW\ VRLO DQG ZDWHU
FRQVHUYDWLRQ EHQH¿WV DQG FDQ EH LPSOHPHQWHG LQ
D VRFLDOO\ DQG HFRQRPLFDOO\ VXVWDLQDEOH PDQQHU
)RUHVWDWLRQ DQG ELRHQHUJ\ SODQWDWLRQV FDQ OHDG WR
UHVWRUDWLRQ RI GHJUDGHG ODQG PDQDJH ZDWHU UXQRII
UHWDLQ VRLO FDUERQ DQG EHQH¿W UXUDO HFRQRPLHV EXW
FRXOGFRPSHWHZLWKODQGIRUIRRGSURGXFWLRQDQGPD\
EH QHJDWLYH IRU ELRGLYHUVLW\ LI QRW SURSHUO\ GHVLJQHG
>@
7KHUH DUH DOVR JRRG SRVVLELOLWLHV IRU UHLQIRUFLQJ
VXVWDLQDEOHGHYHORSPHQWWKURXJKPLWLJDWLRQDFWLRQVLQ
WKH ZDVWH PDQDJHPHQW WUDQVSRUWDWLRQ DQG EXLOGLQJV
VHFWRUV>@
0DNLQJGHYHORSPHQWPRUHVXVWDLQDEOHFDQHQKDQFHERWK
PLWLJDWLYHDQGDGDSWLYHFDSDFLW\DQGUHGXFHHPLVVLRQV
DQGYXOQHUDELOLW\WRFOLPDWHFKDQJH6\QHUJLHVEHWZHHQ
PLWLJDWLRQ DQG DGDSWDWLRQ FDQ H[LVW IRU H[DPSOH
SURSHUO\ GHVLJQHG ELRPDVV SURGXFWLRQ IRUPDWLRQ
RI SURWHFWHG DUHDV ODQG PDQDJHPHQW HQHUJ\ XVH LQ
EXLOGLQJV DQG IRUHVWU\ ,Q RWKHU VLWXDWLRQV WKHUH PD\
EH WUDGHRIIV VXFK DV LQFUHDVHG *+* HPLVVLRQV GXH
WRLQFUHDVHGFRQVXPSWLRQRIHQHUJ\UHODWHGWRDGDSWLYH
UHVSRQVHV>@

G.

Gaps in knowledge

28. There are still relevant gaps in currently available
knowledge regarding some aspects of mitigation of
climate change, especially in developing countries.
Additional research addressing those gaps would further
reduce uncertainties and thus facilitate decision-making
related to mitigation of climate change [TS.14].
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E
Endbox 1: Uncertainty representation
Uncertainty is an inherent feature of any assessment. The fourth assessment report clariﬁes the uncertainties associated with
essential statements.
Fundamental differences between the underlying disciplinary sciences of the three Working Group reports make a common approach impractical. The “likelihood” approach applied in “Climate change 2007, the physical science basis” and
the “conﬁdence” and “likelihood” approaches used in “Climate change 2007, impacts, adaptation, and vulnerability” were
judged to be inadequate to deal with the speciﬁc uncertainties involved in this mitigation report, as here human choices are
considered.
In this report a two-dimensional scale is used for the treatment of uncertainty. The scale is based on the expert judgment of
the authors of WGIII on the level of concurrence in the literature on a particular ﬁnding (level of agreement), and the number
and quality of independent sources qualifying under the IPCC rules upon which the ﬁnding is based (amount of evidence1)
(see Table SPM.E.1). This is not a quantitative approach, from which probabilities relating to uncertainty can be derived.
Table SPM.E.1: Qualitative deﬁnition of uncertainty

t
Level of agreement
(on a particular ﬁnding)

High agreement,
limited evidence

High agreement,
medium evidence

High agreement,
much evidence

Medium agreement,
limited evidence

Medium agreement,
medium evidence

Medium agreement,
much evidence

Low agreement,
limited evidence

Low agreement,
medium evidence

Low agreement,
much evidence

Amount of evidence33 (number and quality of independent sources)

►

Because the future is inherently uncertain, scenarios i.e. internally consistent images of different futures - not predictions of
the future - have been used extensively in this report.

33 “Evidence” in this report is deﬁned as: Information or signs indicating whether a belief or proposition is true or valid. See Glossary.
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1

Introduction

Structure of the report, the rationale behind it, the
role of cross-cutting themes and framing issues
The main aim of this report is to assess options for
mitigating climate change. Several aspects link climate change
with development issues. This report explores these links in
detail, and illustrates where climate change and sustainable
development are mutually reinforcing.
Economic development needs, resource endowments and
mitigative and adaptive capacities differ across regions. There
LVQRRQHVL]H¿WVDOODSSURDFKWRWKHFOLPDWHFKDQJHSUREOHP
DQG VROXWLRQV QHHG WR EH UHJLRQDOO\ GLIIHUHQWLDWHG WR UHÀHFW
different socio-economic conditions and, to a lesser extent,
geographical differences. Although this report has a global
focus, an attempt is made to differentiate the assessment of
VFLHQWL¿FDQGWHFKQLFDO¿QGLQJVIRUWKHYDULRXVUHJLRQV
*LYHQ WKDW PLWLJDWLRQ RSWLRQV YDU\ VLJQL¿FDQWO\ EHWZHHQ
economic sectors, it was decided to use the economic sectors
to organize the material on short- to medium-term mitigation
options. Contrary to what was done in the Third Assessment
Report, all relevant aspects of sectoral mitigation options,
such as technology, cost, policies etc., are discussed together,
to provide the user with a comprehensive discussion of the
sectoral mitigation options.
Consequently, the report has four parts. Part A (Chapters 1
and 2) includes the introduction and sets out the frameworks
to describe mitigation of climate change in the context of other
policies and decision-making. It introduces important concepts
(e.g., risk and uncertainty, mitigation and adaptation relationships,
distributional and equity aspects and regional integration) and
GH¿QHV LPSRUWDQW WHUPV XVHG WKURXJKRXW WKH UHSRUW 3DUW %
(Chapter 3) assesses long-term stabilization targets, how to get
there and what the associated costs are, by examining mitigation
scenarios for ranges of stability targets. The relation between
adaptation, mitigation and climate change damage avoided is also
discussed, in the light of decision-making regarding stabilization
(Art. 2 UNFCCC). Part C (Chapters 4–10) focuses on the detailed
description of the various sectors responsible for greenhouse gas
(GHG) emissions, the short- to medium-term mitigation options
and costs in these sectors, the policies for achieving mitigation,
the barriers to getting there and the relationship with adaptation
and other policies that affect GHG emissions. Part D (Chapters
11–13) assesses cross-sectoral issues, sustainable development
and national and international aspects. Chapter 11 covers the
aggregated mitigation potential, macro-economic impacts,
technology development and transfer, synergies, and trade-offs
ZLWK RWKHU SROLFLHV DQG FURVVERUGHU LQÀXHQFHV RU VSLOORYHU
effects). Chapter 12 links climate mitigation with sustainable
development. Chapter 13 assesses domestic climate policies
and various forms of international cooperation. This Technical
Summary has an additional Chapter 14, which deals with gaps
in knowledge.

Past, present and future: emission trends
Emissions of the GHGs covered by the Kyoto Protocol
increased by about 70% (from 28.7 to. 49.0 GtCO2-eq) from
1970–2004 (by 24% from 1990–2004), with carbon dioxide
(CO2) being the largest source, having grown by about 80% (see
Figure TS.1). The largest growth in CO2 emissions has come from
power generation and road transport. Methane (CH4) emissions
rose by about 40% from 1970, with an 85% increase from the
combustion and use of fossil fuels. Agriculture, however, is the
largest source of CH4 emissions. Nitrous oxide (N2O) emissions
grew by about 50%, due mainly to increased use of fertilizer
and the growth of agriculture. Industrial emission of N2O fell
during this period (high agreement, much evidence) [1.3].
Emissions of ozone-depleting substances (ODS) controlled
under the Montreal Protocol (which includes GHGs
FKORURÀXRURFDUERQV
&)&V 
K\GURFKORURÀXRURFDUERQV
(HCFCs)), increased from a low level in 1970 to about
7.5 GtCO2-eq in 1990 (about 20% of total GHG emissions,
not shown in the Figure TS.1), but then decreased to about
1.5 GtCO2-eq in 2004, and are projected to decrease further due
to the phase-out of CFCs in developing countries. Emissions
RIWKHÀXRULQDWHGJDVHV )JDVHV  K\GURÀXRURFDUERQV +)&V 
SHUÀXRURFDUERQV 3)&V DQG6)6) controlled under the Kyoto
Protocol grew rapidly (primarily HFCs) during the 1990s as
they replaced ODS to a substantial extent and were estimated
at about 0.5 GtCO2eq in 2004 (about 1.1% of total emissions
on a 100-year global warming potential (GWP) basis) (high
agreement, much evidence) [1.3].
Atmospheric CO2 concentrations have increased by almost
100 ppm since their pre-industrial level, reaching 379 ppm in
2005, with mean annual growth rates in the 2000-2005 period
higher than in the 1990s. The total CO2-equivalent (CO2-eq)
concentration of all long-lived GHGs is now about 455 ppm
CO2-eq. Incorporating the cooling effect of aerosols, other air
pollutants and gases released from land-use change into the
equivalent concentration, leads to an effective 311-435 ppm
CO2-eq concentration (high agreement, much evidence).
Considerable uncertainties still surround the estimates of
anthropogenic aerosol emissions. As regards global sulphur
emissions, these appear to have declined from 75 ± 10 MtS in
1990 to 55-62 MtS in 2000. Data on non-sulphur aerosols are
sparse and highly speculative. (medium agreement, medium
evidence).
In 2004, energy supply accounted for about 26% of GHG
emissions, industry 19%, gases released from land-use change
and forestry 17%, agriculture 14%, transport 13%, residential,
commercial and service sectors 8% and waste 3% (see Figure
76  7KHVH ¿JXUHV VKRXOG EH VHHQ DV LQGLFDWLYH DV VRPH
uncertainty remains, particularly with regards to CH4 and N2O
emissions (error margin estimated to be in the order of 30-50%)
and CO2 emissions from agriculture and forestry with an even
higher error margin (high agreement, medium evidence) [1.3].
27
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waste water and waste incineration.
2) Other is CH from industrial processes and savannah burning.
4
3) Including emissions from bioenergy production and use
4) CO emissions from decay (decomposition) of above ground biomass that
2
remains after logging and deforestation and CO2 from peat ﬁres and decay
of drained peat soils.
5) As well as traditional biomass use at 10% of total, assuming 90% is from
sustainable biomass production. Corrected for the 10% of carbon in biomass
that is assumed to remain as charcoal after combustion.
6) For large-scale forest and scrubland biomass burning averaged data for 19972002 based on Global Fire Emissions Data base satellite data.
7) Cement production and natural gas ﬂaring.
8) Fossil fuel use includes emissions from feedstocks.
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Figure TS.1a: Global anthropogenic greenhouse gas emissions,
1970–2004. One hundred year global warming potentials (GWPs) from IPCC 1996
(SAR) were used to convert emissions to CO2-eq. (see the UNFCCC reporting
guidelines).
Gases are those reported under UNFCCC reporting guidelines. The uncertainty in
the graph is quite large for CH4 and N2O (in the order of 30-50%) and even larger
for CO2 from agriculture and forestry. [Figure 1.1a].
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Figure TS.1b: Global anthropogenic greenhousegas emissions in 2004
[Figure 1.1b].
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Figure TS.2a: GHG emissions by sector in 1990 and 2004 100-year GWPs from
IPCC 1996 (Second Assessment Report (SAR)) were used to convert emissions to
CO2-eq. The uncertainty in the graph is quite large for CH4 and N2O (in the order
of 30–50%) and even larger for CO2 from agriculture and forestry. For large-scale
biomass burning, averaged activity data for 1997–2002 were used from Global Fire
Emissions Database based on satellite data. Peat (ﬁre and decay) emissions are
based on recent data from WL/Delft Hydraulics. [Figure 1.3a]
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Notes to Figure TS.2a and 2b:
1) Excluding reﬁneries, coke ovens etc., which are included in industry.
2) Including international transport (bunkers), excluding ﬁsheries. Excluding offroad agricultural and forestry vehicles and machinery.
3) Including traditional biomass use. Emissions in Chapter 6 are also reported on
the basis of end-use allocation (including the sector’s share in emissions caused
by centralized electricity generation) so that any mitigation achievements in the
sector resulting from lower electricity use are credited to the sector.
4) Including reﬁneries, coke ovens etc. Emissions reported in Chapter 7 are also
reported on the basis of end-use allocation (including the sector’s share in
emissions caused by centralized electricity generation) so that any mitigation
achievements in the sector resulting from lower electricity use are credited to
the sector.
5) Including agricultural waste burning and savannah burning (non-CO ). CO
2
2
emissions and/or removals from agricultural soils are not estimated in this
database.
6) Data include CO emissions from deforestation, CO emissions from decay
2
2
(decomposition) of above-ground biomass that remains after logging and
deforestation, and CO2 from peat ﬁres and decay of drained peat soils. Chapter
9 reports emissions from deforestation only.
7) Includes landﬁll CH , wastewater CH and N O, and CO from waste incineration
4
4
2
2
(fossil carbon only).
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Industry4)
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Residential and
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Figure TS.2b: GHG emissions by sector in 2004 [Figure 1.3b].
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)LJXUH76LGHQWL¿HVWKHLQGLYLGXDOFRQWULEXWLRQVWRHQHUJ\
related CO2 emissions from changes in population, income per
capita (gross domestic product (GDP) expressed in terms of
purchasing-power parity per person - GDPppp/cap1), energy
intensity (Total Primary Energy Supply (TPES)/GDPppp), and
carbon intensity (CO2/TPES). Some of these factors boost CO2
emissions (bars above the zero line), while others lower them
(bar below the zero line). The actual change in emissions per
decade is shown by the dashed black lines. According to Figure
TS.3, the increase in population and GDP-ppp/cap (and therefore
energy use per capita) have outweighed and are projected to
continue to outweigh the decrease in energy intensities (TPES/
GDPppp) and conceal the fact that CO2 emissions per unit of
GDPppp are 40% lower today than during the early 1970s and
have declined faster than primary energy per unit of GDPppp
or CO2 per unit of primary energy. The carbon intensity of
energy supply (CO2/TPES) had an offsetting effect on CO2
emissions between the mid 1980s and 2000, but has since been
increasing and is projected to have no such effect after 2010
(high agreement, much evidence) [1.3].
In 2004, Annex I countries had 20% of the world’s
population, but accounted for 46% of global GHG emissions,
and the 80% in Non-Annex I countries for only 54%. The
contrast between the region with the highest per capita GHG
emissions (North America) and the lowest (Non-Annex I
South Asia) is even more pronounced (see Figure TS.4a):
5% of the world’s population (North America) emits 19.4%,

14

while 30.3% (Non-Annex I South Asia) emits 13.1%.
A different picture emerges if the metric GHG emissions per
unit of GDPppp is used (see Figure TS.4b). In these terms,
Annex I countries generated 57% of gross world product with
a GHG intensity of production of 0.68 kg CO2-eq/US$ GDPppp
(non-Annex I countries 1.06 kg CO2-eq/US$ GDPppp) (high
agreement, much evidence) [1.3].
Global energy use and supply – the main drivers of GHG
emissions – is projected to continue to grow, especially as
developing countries pursue industrialization. Should there be
no change in energy policies, the energy mix supplied to run
the global economy in the 2025–30 timeframe will essentially
remain unchanged, with more than 80% of energy supply based
on fossil fuels with consequent implications for GHG emissions.
On this basis, the projected emissions of energy-related CO2
in 2030 are 40–110% higher than in 2000, with two thirds
to three quarters of this increase originating in non-Annex I
countries, though per capita emissions in developed countries
will remain substantially higher, that is 9.6 tCO2/cap to
15.1 tCO2/cap in Annex I regions versus 2.8 tCO2/cap to
5.1 tCO2/cap in non-Annex I regions (high agreement, much
evidence) [1.3].
For 2030, projections of total GHG emissions (Kyoto gases)
consistently show an increase of 25–90% compared with 2000,
with more recent projections higher than earlier ones (high
agreement, much evidence).
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Figure TS.3: Decomposition of global energy-related CO2 emission changes at the global scale for three past and three future decades [Figure 1.6].

1

30

The GDPppp metric is used for illustrative purposes only for this report.
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For 2100, the SRES2 range (a 40% decline to 250% increase
compared with 2000) is still valid. More recent projections tend
to be higher: increase of 90% to 250% compared with 2000
(see Figure TS.5). Scenarios that account for climate policies,
whose implementation is currently under discussion, also show
global emissions rising for many decades.
'HYHORSLQJFRXQWULHV HJ%UD]LO&KLQD,QGLDDQG0H[LFR 
that have undertaken efforts for reasons other than climate
change have reduced their emissions growth over the past three
decades by approximately 500 million tonnes CO2 per year; that
is, more than the reductions required from Annex I countries
by the Kyoto Protocol. Many of these efforts are motivated by
economic development and poverty alleviation, energy security
and local environmental protection. The most promising policy
approaches, therefore, seem to be those that capitalize on
natural synergies between climate protection and development
priorities to advance both simultaneously (high agreement,
medium evidence) [1.3].
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Figure TS.4a: Distribution of regional per capita GHG emissions (all Kyoto
gases including those from land-use) over the population of different country
groupings in 2004. The percentages in the bars indicate a region’s share in
global GHG emissions [Figure 1.4a].
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7KH ¿UVW DGGLWLRQ WR WKH WUHDW\ WKH .\RWR 3URWRFRO ZDV
adopted in 1997 and entered into force in February 2005. As
of February 2007, 168 states and the European Economic
&RPPXQLW\KDYHUDWL¿HGWKH3URWRFRO8QGHU$UWLFOHRIWKH
Kyoto Protocol, Annex I Parties in aggregate agreed to reduce

Africa: 7.8%
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t CO2eq/cap

The United Nations Framework Convention on Climate
Change (UNFCCC) is the main vehicle for promoting
international responses to climate change. It entered into force
LQ0DUFKDQGKDVDFKLHYHGQHDUXQLYHUVDOUDWL¿FDWLRQ±
of the 194 UN member states (December 2006). A Dialogue
on Long-Term Cooperation Action to Address Climate Change
by Enhancing Implementation of the Convention was set up at
CMP13 in 2005, taking the form of an open and non-binding
exchange of views and information in support of enhanced
implementation of the Convention.

EIT Annex I: 9.7%
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Figure TS.4b: Distribution of regional GHG emissions (all Kyoto gases including
those from land-use) per US$ of GDPppp over the GDP of different country groupings
in 2004. The percentages in the bars indicate a region’s share in global GHG
emissions [Figure 1.4b].

Note: Countries are grouped according to the classiﬁcation of the UNFCCC and its Kyoto Protocol; this means that countries that have joined the European Union since
then are still listed under EIT Annex I. A full set of data for all countries for 2004 was not available. The countries in each of the regional groupings include:
• EIT Annex I: Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Russian Federation, Slovakia, Slovenia, Ukraine
• Europe Annex II & M&T: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Liechtenstein, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, United Kingdom; Monaco and Turkey
• JANZ: Japan, Australia, New Zealand.
• Middle East: Bahrain, Islamic Republic of Iran, Israel, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria, United Arab Emirates, Yemen
• Latin America & the Caribbean: Antigua & Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican
Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Saint Lucia, St. Kitts-NevisAnguilla, St. Vincent-Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela
• Non-Annex I East Asia: Cambodia, China, Korea (DPR), Laos (PDR), Mongolia, Republic of Korea, Viet Nam.
• South Asia: Afghanistan, Bangladesh, Bhutan, Comoros, Cook Islands, Fiji, India, Indonesia, Kiribati, Malaysia, Maldives, Marshall Islands, Micronesia, (Federated
States of), Myanmar, Nauru, Niue, Nepal, Pakistan, Palau, Papua New Guinea, Philippine, Samoa, Singapore, Solomon Islands, Sri Lanka, Thailand, Timor-Leste,
Tonga, Tuvalu, Vanuatu
• North America: Canada, United States of America.
• Other non-Annex I: Albania, Armenia, Azerbaijan, Bosnia Herzegovina, Cyprus, Georgia, Kazakhstan, Kyrgyzstan, Malta, Moldova, San Marino, Serbia, Tajikistan,
Turkmenistan, Uzbekistan, Republic of Macedonia
• Africa: Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Congo, Democratic Republic of Congo,
Côte d’Ivoire, Djibouti, Egypt, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Libya, Madagascar,
Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, South
Africa, Sudan, Swaziland, Togo, Tunisia, Uganda, United Republic of Tanzania, Zambia, Zimbabwe.
2

3

SRES refers to scenarios described in the IPCC Special Report on Emission Scenarios (IPCC, 2000b). The A1 family of scenarios describes a future with very rapid economic growth,
low population growth and rapid introduction of new and more efﬁcient technologies. B1 describes a convergent world, with the same global population that peaks in mid century
and declines thereafter, with rapid changes in economic structures. B2 describes a world ‘in which emphasis is on local solutions to economic, social, and environmental sustainability’. It features moderate population growth, intermediate levels of economic development, and less rapid and more diverse technological change than the A1B scenario.
The Conference of the Parties (COP) is the supreme body of the Convention also serves as the Meeting of the Parties (MOP) for the Protocol. CMP1 is the ﬁrst meeting of the
Conference of the Parties acting as the Meeting of the Parties of the Kyoto Protocol.
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Figure TS.5: Global GHG emissions for 2000 and projected baseline emissions for 2030 and 2100 from IPCC SRES and the post-SRES literature. The ﬁgure provides
the emissions from the six illustrative SRES scenarios. It also provides the frequency distribution of the emissions in the post-SRES scenarios (5th, 25th, median, 75th,
95th percentile), as covered in Chapter 3. F-gases cover HFCs, PFCs and SF6 [Figure 1.7].

their overall GHG emissions to at least 5% below 1990 levels.
7KHHQWU\LQWRIRUFHRIWKH.\RWR3URWRFROPDUNVD¿UVWWKRXJK
modest, step towards achieving the ultimate objective of the
UFCCC to avoid dangerous anthropogenic interference with
the climate system. Its full implementation by all the Protocol
signatories, however, would still be far from reversing overall
global GHG-emission trends. The strengths of the Kyoto
Protocol are its provision for market mechanisms such as
GHG-emission trading and its institutional architecture. One
ZHDNQHVVRIWKH3URWRFROKRZHYHULVLWVQRQUDWL¿FDWLRQE\
VRPHVLJQL¿FDQW*+*HPLWWHUV$QHZ$G+RF:RUNLQJ*URXS
(AWG) on the Commitments of Annex I Countries under the
Kyoto Protocol beyond 2012 was set up at CMP1, and agreed at
CMP2 that the second review of Article 9 of the Kyoto Protocol
will take place in 2008.
There are also voluntary international initiatives to develop and implement new technologies to reduce GHG
emissions. These include: the Carbon Sequestration Leadership
Forum (promoting CO2 capture and storage); the Hydrogen
partnership; the Methane to Markets Partnership, and the Asia3DFL¿F3DUWQHUVKLSIRU&OHDQ'HYHORSPHQWDQG&OLPDWH  
which includes Australia, USA, Japan, China, India and SouthKorea. Climate change has also become an important growing
concern of the G8 since its meeting in Gleneagles, Scotland in
2005. At that meeting, a plan of action was developed which
WDVNHG WKH ,QWHUQDWLRQDO (QHUJ\$JHQF\ WKH :RUOG %DQN DQG
WKH5HQHZDEOH(QHUJ\DQG(QHUJ\(I¿FLHQF\3DUWQHUVKLSZLWK
supporting their efforts. Additionally, Gleneagles created a
Clean Energy, Climate Change and Sustainable Development
Dialogue process for the largest emitters. The International
(QHUJ\$JHQF\ ,($ DQGWKH:RUOG%DQNZHUHFKDUJHGZLWK
advising that dialogue process [1.4].
32

Article 2 of the Convention and mitigation
Article 2 of the UNFCCC requires that dangerous interference
with the climate system be prevented and hence the stabilization
of atmospheric GHG concentrations at levels and within a time
frame that would achieve this objective. The criteria in Article 2
that specify (risks of) dangerous anthropogenic climate change
include: food security, protection of ecosystems and sustainable
economic development. Implementing Article 2 implies dealing
with a number of complex issues:
What level of climate change is dangerous?
Decisions made in relation to Article 2 would determine the
level of climate change that is set as the goal for policy, and have
fundamental implications for emission-reduction pathways as
well as the scale of adaptation required. Choosing a stabilization
level implies balancing the risks of climate change (from
gradual change and extreme events, and irreversible change of
the climate, including those to food security, ecosystems and
sustainable development) against the risks of response measures
that may threaten economic sustainability. Although any
judgment on ‘dangerous interference’ is necessarily a social and
political one, depending on the level of risk deemed acceptable,
large emission reductions are unavoidable if stabilization is to
be achieved. The lower the stabilization level, the earlier these
large reductions have to be realized (high agreement, much
evidence) [1.2].
Sustainable development:
Projected anthropogenic climate change appears likely to
adversely affect sustainable development, with the effects
tending to increase with higher GHG concentrations (WGII
AR4, Chapter 19). Properly designed climate change responses
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can be an integral part of sustainable development and the two
can be mutually reinforcing. Mitigation of climate change can
conserve or enhance natural capital (ecosystems, the environment
as sources and sinks for economic activities) and prevent or
avoid damage to human systems and, thereby contribute to
the overall productivity of capital needed for socio-economic
development, including mitigative and adaptive capacity. In
turn, sustainable development paths can reduce vulnerability to
climate change and reduce GHG emissions (medium agreement,
much evidence) [1.2].

SUHYHQWLYHPLWLJDWLRQPHDVXUHVEDVHGRQWKHFRVWVDQGEHQH¿WV
of avoided climate change damage, taking into account
the (small) chance of worst-case outcomes (medium agreement,
medium evidence) [1.2].

Distributional issues:
Climate change is subject to a very asymmetric distribution
of present emissions and future impacts and vulnerabilities.
Equity can be elaborated in terms of distributing the costs of
mitigation or adaptation, distributing future emission rights
DQGHQVXULQJLQVWLWXWLRQDODQGSURFHGXUDOIDLUQHVV%HFDXVHWKH
industrialized nations are the source of most past and current
*+*HPLVVLRQVDQGKDYHWKHWHFKQLFDODQG¿QDQFLDOFDSDELOLW\
WRDFWWKH&RQYHQWLRQSODFHVWKHKHDYLHVWEXUGHQIRUWKH¿UVW
steps in mitigating climate change on them. This is enshrined
in the principle of ‘common but differentiated responsibilities’
(high agreement, much evidence) [1.2].

There is a two-way relationship between climate change and
development. On the one hand vulnerability to climate change
LVIUDPHGDQGVWURQJO\LQÀXHQFHGE\GHYHORSPHQWSDWWHUQVDQG
income levels. Decisions about technology, investment, trade,
poverty, community rights, social policies or governance, which
may seem unrelated to climate policy, may have profound
impacts on emissions, the extent of mitigation required, and the
FRVWDQGEHQH¿WVWKDWUHVXOW>@

Timing:
Due to the inertia of both climate and socio-economic
V\VWHPV WKH EHQH¿WV RI PLWLJDWLRQ DFWLRQV LQLWLDWHG QRZ PD\
UHVXOWLQVLJQL¿FDQWDYRLGHGFOLPDWHFKDQJHRQO\DIWHUVHYHUDO
decades. This means that mitigation actions need to start in the
VKRUWWHUPLQRUGHUWRKDYHPHGLXPDQGORQJHUWHUPEHQH¿WV
and to avoid lock-in of carbon-intensive technologies (high
agreement, much evidence) [1.2].
Mitigation and adaptation:
Adaptation and mitigation are two types of policy response
to climate change, which can be complementary, substitutable
or independent of each other. Irrespective of the scale of
mitigation measures, adaptation measures will be required
anyway, due to the inertia in the climate system. Over the next
20 years or so, even the most aggressive climate policy can
do little to avoid warming already ‘loaded’ into the climate
system. The EHQH¿WV of avoided climate change will only accrue
beyond that time. Over longer time frames, beyond the next
few decades, mitigation investments have a greater potential to
avoid climate change damage and this potential is larger than
the adaptation options that can currently be envisaged (medium
agreement, medium evidence) [1.2].
Risk and uncertainty:
An important aspect in the implementation of Article 2 is
the uncertainty involved in assessing the risk and severity of
climate change impacts and evaluating the level of mitigation
action (and its costs) needed to reduce the risk. Given
this uncertainty, decision-making on the implementation
RI $UWLFOH  ZRXOG EHQH¿W IURP WKH LQFRUSRUDWLRQ RI ULVN
management principles. A precautionary and anticipatory
risk-management approach would incorporate adaptation and

2

Framing issues

Climate change mitigation and sustainable
development

On the other hand, climate change itself, and adaptation
DQGPLWLJDWLRQSROLFLHVFRXOGKDYHVLJQL¿FDQWSRVLWLYHLPSDFWV
on development in the sense that development can be made
more sustainable. This leads to the notion that climate change
SROLFLHVFDQEHFRQVLGHUHG LQWKHLURZQULJKW µFOLPDWH¿UVW¶ 
or 2) as an integral element of sustainable-development policies
µGHYHORSPHQW ¿UVW¶  )UDPLQJ WKH GHEDWH DV D VXVWDLQDEOH
development problem rather than a solely environmental one
may better address the needs of countries, while acknowledging
that the driving forces for emissions are linked to the underlying
development path [2.2.3].
Development paths evolve as a result of economic and social
WUDQVDFWLRQV ZKLFK DUH LQÀXHQFHG E\ JRYHUQPHQW SROLFLHV
private sector initiatives and by the preferences and choices of
consumers. These include a broad number of policies related
to nature conservation, legal frameworks, property rights, rule
of law, taxes and regulation, production, security and safety of
food, consumption patterns, human and institutional capacity
EXLOGLQJHIIRUWV5 '¿QDQFLDOVFKHPHVWHFKQRORJ\WUDQVIHU
HQHUJ\ HI¿FLHQF\ DQG HQHUJ\ RSWLRQV 7KHVH SROLFLHV GR QRW
usually emerge and become implemented as part of a general
development-policy package, but are normally targeted towards
PRUH VSHFL¿F SROLF\ JRDOV OLNH DLUSROOXWLRQ VWDQGDUGV IRRG
security and health issues, GHG-emission reduction, income
JHQHUDWLRQE\VSHFL¿FJURXSVRUGHYHORSPHQWRILQGXVWULHVIRU
JUHHQWHFKQRORJLHV+RZHYHUVLJQL¿FDQWLPSDFWVFDQDULVHIURP
such policies on sustainability and greenhouse mitigation and
the outcomes of adaptation. The strong relationship between
mitigation of climate change and development applies in both
developed and developing countries. Chapter 12 and to some
extent Chapters 4–11 address these issues in more detail [2.2.5;
2.2.7].
(PHUJLQJOLWHUDWXUHKDVLGHQWL¿HGPHWKRGRORJLFDODSSURDFKHV
to identify, characterize and analyze the interactions between
sustainable development and climate change responses. Several
33
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authors have suggested that sustainable development can be
addressed as a framework for jointly assessing social, human,
environmental and economic dimensions. One way to address
these dimensions is to use a number of economic, environmental,
human and social indicators to assess the impacts of policies
on sustainable development, including both quantitative and
qualitative measurement standards (high agreement, limited
evidence) [2.2.4].
Decision-making, risk and uncertainty
Mitigation policies are developed in response to concerns
about the risk of climate change impacts. However, deciding
on a proper reaction to these concerns means dealing with
uncertainties. Risk refers to cases for which the probability
of outcomes and its consequences can be ascertained through
well-established theories with reliable, complete data, while
uncertainty refers to situations in which the appropriate data
may be fragmentary or unavailable. Causes of uncertainty
LQFOXGHLQVXI¿FLHQWRUFRQWUDGLFWRU\HYLGHQFHDVZHOODVKXPDQ
behaviour. The human dimensions of uncertainty, especially
coordination and strategic behaviour issues, constitute a major
part of the uncertainties related to climate change mitigation
(high agreement, much evidence) [2.3.3; 2.3.4].
Decision-support analysis can assist decision makers,
especially if there is no optimum policy that everybody can
agree on. For this, a number of analytical approaches are
available, each with their own strengths and weaknesses, which
help to keep the information content of the climate change
problem within the cognitive limits of the large number of
decision makers and support a more informed and effective
dialogue among the many parties involved. There are, however,

VLJQL¿FDQWSUREOHPVLQLGHQWLI\LQJPHDVXULQJDQGTXDQWLI\LQJ
the many variables that are important inputs to any decisionsupport analysis framework – particularly impacts on natural
systems and human health that do not have a market value, and
IRUZKLFKDOODSSURDFKHVDUHVLPSOL¿FDWLRQVRIWKHUHDOLW\(high
agreement, much evidence) [2.3.7].
When many decision makers with different value systems
are involved in a decision, it is helpful to be as clear as possible
about the value judgments underpinning any analytic outcomes
WKH\DUHH[SHFWHGWRGUDZRQ7KLVFDQEHSDUWLFXODUO\GLI¿FXOW
and subtle where analysis aims to illuminate choices associated
with high levels of uncertainty and risk (medium agreement,
medium evidence) [2.3.2; 2.3.7].
Integrated assessments can inform decision makers of the
relationship between geophysical climate change, climateimpact predictions, adaptation potentials and the costs of
HPLVVLRQUHGXFWLRQVDQGWKHEHQH¿WVRIDYRLGHGFOLPDWHFKDQJH
damage. These assessments have frameworks to deal with
incomplete or imprecise data.
To communicate the uncertainties involved, this report
uses the terms in Table TS.1 to describe the relative levels
of expert agreement on the respective statements in the light
of the underlying literature (in rows) and the number and
quality of independent sources qualifying under IPCC rules4
XSRQ ZKLFK D ¿QGLQJ LV EDVHG  LQ FROXPQV  7KH RWKHU
DSSURDFKHV RI µOLNHOLKRRG¶ DQG µFRQ¿GHQFH¶ DUH QRW XVHG
in this report as human choices are concerned, and none of
WKHRWKHUDSSURDFKHVXVHGSURYLGHVVXI¿FLHQWFKDUDFWHUL]DWLRQ
of the uncertainties involved in mitigation (high agreement,
much evidence) [2.4].

Table TS.1: Qualitative deﬁnition of uncertainty [Table 2.2].

t

Level of agreement
(on a particular ﬁnding)

High agreement,
limited evidence

High agreement,
medium evidence

High agreement,
much evidence

Medium agreement,
limited evidence

Medium agreement,
medium evidence

Medium agreement,
much evidence

Low agreement,
limited evidence

Low agreement,
medium evidence

Low agreement,
much evidence

Amount of evidence (number and quality of independent sources)

►

Note: This table is based on two dimensions of uncertainty: the amount of evidence5 and the level of agreement. The amount of evidence available about a given
technology is assessed by examining the number and quality of independent sources of information. The level of agreement expresses the subjective probability of the
results being in a certain realm.

4
5
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IPCC rules permit the use of both peer-reviewed literature and non-peer-reviewed literature that the authors deem to be of equivalent quality.
‘Evidence’ in this report is deﬁned as: Information or signs indicating whether a belief or proposition is true or valid. See Glossary.
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Costs, beneﬁts, concepts including private
and social cost perspectives and relationships
with other decision-making frameworks
7KHUHDUHGLIIHUHQWZD\VRIGH¿QLQJWKHSRWHQWLDOIRUPLWL
gation and it is therefore important to specify what potential
is meant. ‘Potential’ is used to express the degree of GHG
reduction that can be achieved by a mitigation option with a
given cost per tonne of carbon avoided over a given period,
compared with a baseline or reference case. The measure is
usually expressed as million tonnes carbon- or CO2-equivalent
emissions avoided compared with baseline emissions [2.4.3].
Market potential is the mitigation potential based on private
costs and private discount rates6, which might be expected
to occur under forecast market conditions, including policies
and measures currently in place, noting that barriers limit actual
uptake.
Economic potential is the amount of GHG mitigation, which
WDNHVLQWRDFFRXQWVRFLDOFRVWVDQGEHQH¿WVDQGVRFLDOGLVFRXQW
rates7DVVXPLQJWKDWPDUNHWHI¿FLHQF\LVLPSURYHGE\SROLFLHV
and measures and barriers are removed. However, current
bottom-up and top-down studies of economic potential have
limitations in considering life-style choices and in including all
externalities such as local air pollution.
Technical potential is the amount by which it is possible
to reduce GHG emissions by implementing a technology or
SUDFWLFHWKDWKDVDOUHDG\EHHQGHPRQVWUDWHG7KHUHLVQRVSHFL¿F
reference to costs here, only to ‘practical constraints’, although
implicit economic considerations are taken into account in some
cases. (high agreement, much evidence) [2.4.3].
Studies of market potential can be used to inform policy
makers about mitigation potential with existing policies and
barriers, while studies of economic potentials show what might
be achieved if appropriate new and additional policies were
put into place to remove barriers and include social costs and
EHQH¿WV7KHHFRQRPLFSRWHQWLDOLVWKHUHIRUHJHQHUDOO\JUHDWHU
than the market potential.
Mitigation potential is estimated using different types of
approaches. There are two broad classes – “bottom-up” and
“top-down” approaches, which primarily have been used to
assess the economic potential:
v Bottom-up studies are based on assessment of mitigation
RSWLRQVHPSKDVL]LQJVSHFL¿FWHFKQRORJLHVDQGUHJXODWLRQV
They are typically sectoral studies taking the macro-economy
as unchanged. Sector estimates have been aggregated, as
in the TAR, to provide an estimate of global mitigation
potential for this assessment.
v Top-down studies assess the economy-wide potential of
mitigation options. They use globally consistent frameworks
6
7

and aggregated information about mitigation options and
capture macro-economic and market feedbacks.
%RWWRPXSVWXGLHVLQSDUWLFXODUDUHXVHIXOIRUWKHDVVHVVPHQW
RI VSHFL¿F SROLF\ RSWLRQV DW VHFWRUDO OHYHO HJ RSWLRQV IRU
LPSURYLQJHQHUJ\HI¿FLHQF\ZKLOHWRSGRZQVWXGLHVDUHXVHIXO
for assessing cross-sectoral and economy-wide climate change
SROLFLHVVXFKDVFDUERQWD[HVDQGVWDELOL]DWLRQSROLFLHV%RWWRP
up and top-down models have become more similar since the
TAR as top-down models have incorporated more technological
mitigation options (see Chapter 11) and bottom-up models have
incorporated more macroeconomic and market feedbacks as
well as adopting barrier analysis into their model structures.
Mitigation and adaptation relationships;
capacities and policies
Climate change mitigation and adaptation have some
common elements, they may be complementary, substitutable,
independent or competitive in dealing with climate change, and
also have very different characteristics and timescales [2.5].
%RWK DGDSWDWLRQ DQG PLWLJDWLRQ PDNH GHPDQGV RQ WKH
capacity of societies, which are intimately connected to social
and economic development. The responses to climate change
depend on exposure to climate risk, society’s natural and manmade capital assets, human capital and institutions as well as
LQFRPH 7RJHWKHU WKHVH ZLOO GH¿QH D VRFLHW\¶V DGDSWLYH DQG
mitigative capacities. Policies that support development and
those that enhance its adaptive and mitigative capacities may,
but need not, have much in common. Policies may be chosen
to have synergetic impacts on the natural system and the
VRFLRHFRQRPLFV\VWHPEXWGLI¿FXOWWUDGHRIIVPD\VRPHWLPHV
have to be made. Key factors that determine the capacity of
individual stakeholders and societies to implement climate
change mitigation and adaptation include: access to resources;
PDUNHWV ¿QDQFH LQIRUPDWLRQ DQG D QXPEHU RI JRYHUQDQFH
issues (medium agreement, limited evidence) [2.5.2].
Distributional and equity aspects
Decisions on climate change have large implications for
local, national, inter-regional and intergenerational equity,
and the application of different equity approaches has major
implications for policy recommendations as well as for the
GLVWULEXWLRQRIWKHFRVWVDQGEHQH¿WVRIFOLPDWHSROLFLHV>@
Different approaches to social justice can be applied
to the evaluation of the equity consequences of climate change
policies. As the IPCC Third Assessment Report (TAR) suggested,
given strong subjective preferences for certain equity principles
among different stakeholders, it is more effective to look for
practical approaches that combine equity principles. Equity
approaches vary from traditional economic approaches to rights-

Private costs and discount rates reﬂect the perspective of private consumers and companies; see Glossary for a fuller description.
Social costs and discount rates reﬂect the perspective of society. Social discount rates are lower than those used by private investors; see Glossary for a fuller description.
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the uncertainty about the performance of individual options.
Climate policies are not the only determinant of technological
change. However, a review of future scenarios (see Chapter 3)
indicates that the overall rate of change of technologies in the
absence of climate policies might be as large as, if not larger
WKDQ WKH LQÀXHQFH RI WKH FOLPDWH SROLFLHV WKHPVHOYHV high
agreement, much evidence) [2.7.1].
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Figure TS.6: The technology development cycle and its main driving forces [Figure
2.3].
Note: important overlaps and feedbacks exist between the stylized technology
life-cycle phases illustrated here. The ﬁgure therefore does not suggest a ‘linear’
model of innovation. It is important to recognize the need for ﬁner terminological
distinction of ‘technology’, particularly when discussing different mitigation and
adaptation options.

based approaches. An economic approach would be to assess
welfare losses and gains to different groups and the society at
large, while a rights-based approach would focus on rights,
for example, in terms of emissions per capita or GDP allowed
for all countries, irrespective of the costs of mitigation or the
mitigative capacity. The literature also includes a capability
approach that puts the emphasis on opportunities and freedom,
which in terms of climate policy can be interpreted as the
capacity to mitigate or to adapt or to avoid being vulnerable to
climate change (medium agreement, medium evidence) [2.6.3].
Technology research, development, deployment,
diffusion and transfer
The pace and cost of any response to climate change
concerns will also depend critically on the cost, performance,
and availability of technologies that can lower emissions in
the future, although other factors such as growth in wealth and
population are also highly important [2.7].
7HFKQRORJ\VLPXOWDQHRXVO\LQÀXHQFHVWKHVL]HRIWKHFOLPDWH
change problem and the cost of its solution. Technology is
the broad set of competences and tools covering know-how,
experience and equipment, used by humans to produce services
and transform resources. The principal role of technology in
mitigating GHG emissions is in controlling the social cost
RI OLPLWLQJ WKH HPLVVLRQV 0DQ\ VWXGLHV VKRZ WKH VLJQL¿FDQW
economic value of the improvements in emission-mitigating
technologies that are currently in use and the development
and deployment of advanced emission-mitigation technologies
(high agreement, much evidence) [2.7.1].
A broad portfolio of technologies can be expected to play
a role in meeting the goal of the UNFCCC and managing the
risk of climate change, because of the need for large emission
reductions, the large variation in national circumstances and
36

Technological change is particularly important over the
long-term time scales characteristic of climate change. Decadeor century-long time scales are typical for the lags involved
between technological innovation and widespread diffusion and
of the capital turnover rates characteristic of long-lived energy
capital stock and infrastructures.
Many approaches are used to split up the process of
technological change into distinct phases. One is to consider
technological change as roughly a two-part process: 1)
conceiving, creating and developing new technologies or
enhancing existing technologies – advancing the ‘technological
frontier’; 2) the diffusion or deployment of these technologies.
Our understanding of technology and its role in addressing climate
change is improving continuously. The processes by which
technologies are created, developed, deployed and eventually
replaced, however, are complex (see Figure TS.6) and no simple
descriptions of these processes exist. Technology development
and deployment is characterized by two public goods problems.
First, the level of R&D is sub-optimal because private decisionmakers cannot capture the full value of private investments.
Second, there is a classical environmental externality problem, in
WKDWSULYDWHPDUNHWVGRQRWUHÀHFWWKHIXOOFRVWVRIFOLPDWHFKDQJH
(high agreement, much evidence) [2.7.2].
Three important sources of technological change are R&D,
learning and spill-overs.
v 5 'HQFRPSDVVHVDEURDGVHWRIDFWLYLWLHVLQZKLFK¿UPV
JRYHUQPHQWVRURWKHUHQWLWLHVH[SHQGUHVRXUFHVVSHFL¿FDOO\
to gain new knowledge that can be embodied in new or
improved technology.
v Learning is the aggregate outcome of complex underlying
sources of technology advance that frequently include
important contributions from R&D, spill-overs and
economies of scale.
v Spill-overs refer to the transfer of the knowledge or the
HFRQRPLFEHQH¿WVRILQQRYDWLRQIURPRQHLQGLYLGXDO¿UP
industry or other entity, or from one technology to another.
On the whole, empirical and theoretical evidence strongly
suggest that all three of these play important roles in technological
advance, and there is no compelling reason to believe that one
is broadly more important than the others. As spill-overs from
other sectors have had an enormous effect on innovation in the
energy sector, a robust and broad technological base may be
as important for the development of technologies pertinent to
climate change as explicit climate change or energy research.
A broad portfolio of research is needed, because it is not
possible to identify winners and losers ex-ante. The sources of
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technological change are frequently subsumed under the general
drivers ‘supply push’ (e.g., via R&D) or ‘demand pull’ (e.g.,
via learning). These are, however, not simply substitutes, but
may have highly complementary interactions (high agreement,
much evidence) [2.7.2].
2Q WHFKQRORJ\ WUDQVIHU WKH PDLQ ¿QGLQJV RI WKH ,3&&
Special Report on Methodological and Technological Issues
of Technology Transfer (2000) remain valid: that a suitable
enabling environment needs to be created in host and recipient
countries (high agreement, much evidence) [2.7.3].
Regional Dimensions
Climate change studies have used various different regional
GH¿QLWLRQVGHSHQGLQJRQWKHFKDUDFWHURIWKHSUREOHPFRQVLGHUHG
and differences in methodological approaches. The multitude
of possible regional representations hinders the comparability
and transfer of information between the various types of studies
GRQH IRU VSHFL¿F UHJLRQV DQG VFDOHV 7KLV UHSRUW ODUJHO\ KDV
chosen a pragmatic ways of analysing regional information and
SUHVHQWLQJ¿QGLQJV>@

3

Issues related to mitigation
in the long-term context

Baseline scenario drivers
Population projections are now generally lower than in the
IPCC Special Report on Emission Scenarios (SRES), based on
new data indicating that birth rates in many parts of the world
have fallen sharply. So far, these new population projections
have not been implemented in many of the new emissions
scenarios in the literature. The studies that have incorporated
them result in more or less the same overall emissions levels,
due to changes in other driving factors such as economic growth
(high agreement, much evidence) [3.2.1].

literature is very large, ranging from 17 to around 135 GtCO2-eq
(4.6-36.8 GtC)8, about the same as the SRES range (Figure TS.7).
Different reasons may contribute to the fact that emissions have not
declined despite somewhat lower projections for population and
GDP. All other factors being equal, lower population projections
would result in lower emissions. In the scenarios that use lower
projections, however, changes in other drivers of emissions have
partly offset the consequences of lower populations. Few studies
incorporated lower population projections, but where they did,
they showed that lower population is offset by higher rates of
economic growth, and/or a shift toward a more carbon-intensive
energy system, such as a shift to coal because of increasing oil
and gas prices. The majority of scenarios indicate an increase in
emissions during most of the century. However, there are some
baseline (reference) scenarios both in the new and older literature
where emissions peak and then decline (high agreement, much
evidence) [3.2.2].
%DVHOLQH ODQGUHODWHG *+* HPLVVLRQV DUH SURMHFWHG WR
increase with growing cropland requirements, but at a slower
rate than energy-related emissions. As far as CO2 emissions
from land-use change (mostly deforestation) are concerned,
post-SRES scenarios show a similar trend to SRES scenarios: a
slow decline, possibly leading to zero net emissions by the end
of the century.
Emissions of non-CO2 GHGs as a group (mostly from
agriculture) are projected to increase, but somewhat less rapidly
than CO2 emissions, because the most important sources of
CH4 and N2O are agricultural activities, and agriculture is
growing less than energy use. Emission projections from the
recent literature are similar to SRES. Recent non-CO2 GHG
emission baseline scenarios suggest that agricultural CH4
and N2O emissions will increase until the end of this century,
potentially doubling in some baselines. While the emissions of
VRPH ÀXRULQDWHG FRPSRXQGV DUH SURMHFWHG WR GHFUHDVH PDQ\
are expected to grow substantially because of the rapid growth
rate of some emitting industries and the replacement of ODS
with HFCs (high agreement, medium evidence) [3.2.2].

Economic growth perspectives have not changed much. There
is a considerable overlap in the GDP numbers published, with
a slight downwards shift of the median of the new scenarios by
about 7% compared with the median in the pre-SRES scenario
literature. The data suggest no appreciable change in the
distribution of GDP projections. Economic growth projections
for Africa, Latin America and the Middle East are lower than in
the SRES scenarios (high agreement, much evidence) [3.2.1].

Noticeable changes have occurred in projections of the
emissions of the aerosol precursors SO2 and NOx since SRES.
Recent literature shows a slower short-term growth of these
emissions than SRES. As a consequence also the long-term
ranges of both emissions sources are lower in the recent literature.
Recent scenarios project sulphur emissions to peak earlier and
at lower levels than in SRES. A small number of new scenarios
have begun to explore emission pathways for black and organic
carbon (high agreement, medium evidence) [3.2.2].

Baseline scenario emissions (all gases and sectors)
The resulting span of energy-related and industrial CO2
emissions in 2100 across baseline scenarios in the post-SRES

In general, the comparison of SRES and new scenarios in the
literature shows that the ranges of the main driving forces and
emissions have not changed very much.

8

This is the 5th to 95th percentile of the full distribution
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Figure TS.7: Comparison of the SRES and pre-SRES energy-related and industrial
CO2 emission scenarios in the literature with the post-SRES scenarios [Figure 3.8].
Note: Two vertical bars on the right extend from the minimum to maximum of
the distribution of scenarios and indicate the 5th, 25th, 50th, 75th and the 95th
percentiles of the distributions by 2100.

GDP metrics
For long-term scenarios, economic growth is usually reported
in the form of growth in GDP or gross national product (GNP).
To get a meaningful comparison of the real size of economic
activities over time and between countries, GDP is reported in
constant prices taken from a base year.
The choice of the conversion factor, Market Exchange Rate
(MER) or Purchasing Power Parity (PPP), depends on the
type of analysis being undertaken. However, when it comes to
calculating emissions (or other physical measures like energy),
the choice between MER and PPP-based representations of
GDP should not matter, since emission intensity will change (in
a compensating manner) when the GDP numbers change. Thus,
if a consistent set of metrics is employed, the choice of metric
VKRXOGQRWDSSUHFLDEO\DIIHFWWKH¿QDOHPLVVLRQOHYHO$QXPEHU
of new studies in the literature concur that the actual choice
of exchange rates does not itself have an appreciable effect
on long-term emission projections. In the case of SRES, the
emissions trajectories are the same whether economic activities
in the four scenario families are measured in MER or PPP.
7KHUH DUH VWXGLHV WKDW ¿QG VRPH GLIIHUHQFHV LQ HPLVVLRQ
levels between PPP and MER-based estimates. These results
depend critically on convergence assumptions, among other
things. In some of the short-term scenarios (with a horizon to
2030) a bottom-up approach is taken where assumptions about
productivity growth and investment/saving decisions are the
main drivers of growth in the models. In long-term scenarios,
a top-down approach is more commonly used where the
actual growth rates are more directly prescribed on the basis
of convergence or other assumptions about long-term growth
potentials. Different results can also be due to inconsistencies
LQDGMXVWLQJWKHPHWULFVRIHQHUJ\HI¿FLHQF\LPSURYHPHQWZKHQ
moving from MER to PPP-based calculations.
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Evidence from the limited number of new PPP-based
studies indicates that the choice of metric for GDP (MER or
PPP) does not appreciably affect the projected emissions, when
the metrics are used consistently. The differences, if any, are
small compared with the uncertainties caused by assumptions
on other parameters, for example, technological change. The
debate clearly shows, however, the need for modellers to be
more transparent in explaining conversion factors as well as
taking care in making assumptions on exogenous factors (high
agreement, much evidence) [3.2.1].
Stabilization scenarios
A commonly used target in the literature is stabilization of
CO2 concentrations in the atmosphere. If more than one GHG is
studied, a useful alternative is to formulate a GHG-concentration
target in terms of CO2-equivalent concentration or radiative
forcing, thereby weighting the concentrations of the different
gases by their radiative properties. Another option is to stabilize
or target global mean temperature. The advantage of radiativeforcing targets over temperature targets is that the calculation
of radiative forcing does not depend on climate sensitivity.
The disadvantage is that a wide range of temperature impacts
is possible for each radiative-forcing level. Temperature
targets, on the other hand, have the important advantage of
being more directly linked to climate change impacts. Another
approach is to calculate the risks or the probability of exceeding
particular values of global annual mean temperature rise since
SUHLQGXVWULDO WLPHV IRU VSHFL¿F VWDELOL]DWLRQ RU UDGLDWLYH
forcing targets.
There is a clear and strong correlation between the
CO2-equivalent concentrations (or radiative forcing) and
the CO2-only concentrations by 2100 in the published studies,
because CO2 is the most important contributor to radiative forcing.
%DVHGRQWKLVUHODWLRQVKLSWRIDFLOLWDWHVFHQDULRFRPSDULVRQDQG
assessment, stabilization scenarios (both multi-gas and CO2only studies) have been grouped into different categories that
vary in the stringency of the targets (Table TS.2).
(VVHQWLDOO\ DQ\ VSHFL¿F FRQFHQWUDWLRQ RU UDGLDWLYHIRUFLQJ
target requires emissions to fall to very low levels as the removal
processes of the ocean and terrestrial systems saturate. Higher
stabilization targets do push back the timing of this ultimate
result beyond 2100. However, to reach a given stabilization
target, emissions must ultimately be reduced well below
current levels. For achievement of the stabilization categories
I and II, negative net emissions are required towards the end of
the century in many scenarios considered (Figure TS. 8) (high
agreement, much evidence) [3.3.5].
The timing of emission reductions depends on the stringency
of the stabilization target. Stringent targets require an earlier
peak in CO2 emissions (see Figure TS.8). In the majority of the
scenarios in the most stringent stabilization category (I), emissions
are required to decline before 2015 and be further reduced to less
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Table TS.2: Classiﬁcation of recent (Post-Third Assessment Report) stabilization scenarios according to different stabilization targets and alternative stabilization metrics [Table 3.5].

Category

Additional
radiative
forcing
(W/m2)

CO2
concentration
(ppm)

CO2-eq
concentration
(ppm)

Global mean temperature
increase above pre-industrial
at equilibrium, using
“best estimate”
climate sensitivitya), b)
(ºC)

Peaking
year for CO2
emissionsc)

Change in global
CO2 emissions
in 2050
(% of 2000
emissions)c)

No. of
assessed
scenarios

I

2.5-3.0

350-400

445-490

2.0-2.4

2000 - 2015

-85 to -50

6

II

3.0-3.5

400-440

490-535

2.4-2.8

2000 - 2020

-60 to -30

18

III

3.5-4.0

440-485

535-590

2.8-3.2

2010 - 2030

-30 to +5

21

IV

4.0-5.0

485-570

590-710

3.2-4.0

2020 - 2060

+10 to +60

118

V

5.0-6.0

570-660

710-855

4.0-4.9

2050 - 2080

+25 to +85

9

VI

6.0-7.5

660-790

855-1130

4.9-6.1

2060 - 2090

+90 to +140

5
Total

177

Notes:
a)
Note that global mean temperature at equilibrium is different from expected global mean temperatures in 2100 due to the inertia of the climate system.
b)
The simple relationships Teq = T2×CO2 × ln([CO2]/278)/ln(2) and ¨Q = 5.35 × ln ([CO2]/278) are used. Non-linearities in the feedbacks (including e.g., ice cover and
carbon cycle) may cause time dependence of the effective climate sensitivity, as well as leading to larger uncertainties for greater warming levels. The best-estimate
climate sensitivity (3 ºC) refers to the most likely value, that is, the mode of the climate sensitivity PDF consistent with the WGI assessment of climate sensitivity and
drawn from additional consideration of Box 10.2, Figure 2, in the WGI AR4.
c)
Ranges correspond to the 15th to 85th percentile of the Post-Third Assessment Report (TAR) scenario distribution. CO2emissions are shown, so multi-gas scenarios
can be compared with CO2-only scenarios.
Note that the classiﬁcation needs to be used with care. Each category includes a range of studies going from the upper to the lower boundary. The classiﬁcation of studies
was done on the basis of the reported targets (thus including modelling uncertainties). In addition, the relationship that was used to relate different stabilization metrics
is also subject to uncertainty (see Figure 3.16).
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Figure TS.8: Emission pathways of mitigation scenarios for alternative categories of stabilization targets (Category I to VI as deﬁned in the box in each panel). Lightbrown shaded areas give the
CO2 emissions for the recent mitigation scenarios developed post-TAR. Green shaded and hatched areas depict the range of more than 80 TAR
stabilization scenarios (Morita et al., 2001). Category I and II scenarios explore stabilization targets below the lowest of TAR. Base year emissions may differ between models due to differences in
sector and industry coverage. To reach the lower stabilization levels some scenarios deploy removal of CO2 from the atmosphere (negative emissions)
using technologies such as biomass energy production utilizing carbon capture and storage [Figure 3.17].
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Figure TS.9: Relationship between the cost of mitigation and long-term stabilization targets (radiative forcing compared with pre-industrial level, W/m2 and CO2-eq concentrations) [Figure 3.25].
Notes: Panels give costs measured as percentage loss of GDP (top), and carbon price (bottom). Left-hand panels for 2030, middle panels for 2050 and right-hand panels
for 2100. Individual coloured lines denote selected studies with representative cost dynamics from very high to very low cost estimates. Scenarios from models sharing
similar baseline assumptions are shown in the same colour. The grey shaded range represents the 80th percentile of TAR and post-TAR scenarios. Solid lines show
representative scenarios considering all radiatively active gases. Dashed lines represent multi-gas scenarios where the target is deﬁned by the six Kyoto gases (other
multi-gas scenarios consider all radiatively active gases). CO2 stabilization scenarios are added based on the relationship between CO2 concentration and the radiativeforcing targets given in Figure 3.16.

than 50% of today’s emissions by 2050. For category III, global
emissions in the scenarios generally peak around 2010–2030,
followed by a return to 2000 levels on average around 2040. For
category IV, the median emissions peak around 2040 (Figure
TS.9) (high agreement, much evidence).
The costs of stabilization depend on the stabilization target
and level, the baseline and the portfolio of technologies
considered, as well as the rate of technological change. Global
mitigation costs9 rise with lower stabilization levels and
with higher baseline emissions. Costs in 2050 for multi-gas
stabilization at 650 ppm CO2-eq (cat IV) are between a 2%
loss or a one procent increase10 of GDP in 2050. For 550 ppm
CO2-eq (cat III) these costs are a range of a very small increase
to 4% loss of GDP11. For stabilization levels between 445 and
535 ppm CO2-eq. costs are lower than 5.5% loss of GDP, but
the number of studies is limited and they generally use low
baselines.

9

A multi-gas approach and inclusion of carbon sinks
generally reduces costs substantially compared with CO2
emission abatement only. Global average costs of stabilization
are uncertain, because assumptions on baselines and mitigation
options in models vary a lot and have a major impact. For
some countries, sectors or shorter time periods, costs could
vary considerably from the global and long-term average (high
agreement, much evidence) [3.3.5].
Recent stabilization studies have found that land-use
mitigation options (both non-CO2 and CO2) provide costHIIHFWLYH DEDWHPHQW ÀH[LELOLW\ LQ DFKLHYLQJ  VWDELOL]DWLRQ
targets. In some scenarios, increased commercial biomass
HQHUJ\ VROLG DQG OLTXLG IXHO  LV VLJQL¿FDQW LQ VWDELOL]DWLRQ
providing 5–30% of cumulative abatement and potentially 10–
25% of total primary energy over the century, especially as a net
negative emissions strategy that combines biomass energy with
CO2 capture and storage.

Studies on mitigation portfolios and macro-economic costs assessed in this report are based on a global least-cost approach, with optimal mitigation portfolios and without
allocation of emission allowances to regions. If regions are excluded or non-optimal portfolios are chosen, global costs will go up. The variation in mitigation portfolios and their
costs for a given stabilization level is caused by different assumptions, such as on baselines (lower baselines give lower costs), GHGs and mitigation options considered (more
gases and mitigation options give lower costs), cost curves for mitigation options and rate of technological change.
10 The median and the 10th–90th percentile range of the analysed data are given.
11 Loss of GDP of 4% in 2050 is equivalent to a reduction of the annual GDP growth rate of about 0.1 percentage points.
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The baseline choice is crucial in determining the nature and
FRVW RI VWDELOL]DWLRQ 7KLV LQÀXHQFH LV GXH PDLQO\ WR GLIIHUHQW
assumptions about technological change in the baseline scenarios.
The role of technologies
Virtually all scenarios assume that technological and
structural changes occur during this century, leading to relative
reduction of emissions compared with the hypothetical case
of attempting to ‘keep’ the emission intensities of GDP and
economic structures the same as today (see Chapter 2, Section
2.9.1.3].
%DVHOLQHVFHQDULRVXVXDOO\DVVXPHVLJQL¿FDQWWHFKQRORJLFDO
change and diffusion of new and advanced technologies. In
mitigation scenarios there is additional technological change
‘induced’ through various policies and measures. Long-term
stabilization scenarios highlight the importance of technology
improvements, advanced technologies, learning by doing
and endogenous technology change both for achieving
the stabilization targets and for cost reduction. While the
technology improvement and use of advanced technologies
have been introduced in scenarios largely exogenously in most
of the literature, new literature covers learning-by-doing and
endogenous technological change. These newer scenarios show
KLJKHU EHQH¿WV RI HDUO\ DFWLRQ DV PRGHOV DVVXPH WKDW HDUO\

Energy conservation
& efficiency

GHSOR\PHQW RI WHFKQRORJLHV OHDGV WR EHQH¿WV RI OHDUQLQJ DQG
cost reductions (high agreement, much evidence) [3.4].
7KH GLIIHUHQW VFHQDULR FDWHJRULHV DOVR UHÀHFW GLIIHUHQW
contributions of mitigation measures. However, all stabilization
scenarios concur that 60–80% of all reductions would come
from the energy and industry sectors. Non-CO2 gases and landuse would contribute the remaining 30–40% (see for illustrative
examples Figure TS. 10). New studies exploring more stringent
stabilization levels indicate that a wider portfolio of technologies
is needed. Those could include nuclear, carbon capture and
storage (CCS) and bio-energy with carbon capture and geologic
VWRUDJH %(&6) (high agreement, much evidence) [3.3.5].
Mitigation and adaptation in the light of climate change
impacts and decision-making under uncertainties
Concern about key vulnerabilities and notions of what is
dangerous climate change will affect decisions about long-term
climate change objectives and hence mitigation pathways. Key
vulnerabilities traverse different human and natural systems and
exist at different levels of temperature change. More stringent
stabilization scenarios achieve more stringent climate targets
and lower the risk of triggering key vulnerabilities related to
climate change. Using the ‘best estimate’ of climate sensitivity12,
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Figure TS.10: Cumulative emission reductions for alternative mitigation measures for 2000–2030 (left-hand panel) and for 2000–2100 (right-hand panel). The ﬁgure shows
illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) aiming at the stabilization at low (490–540 ppm CO2-eq) and intermediate levels (650 ppm CO2-eq)
respectively. Dark bars denote reductions for a target of 650 ppm CO2-eq and light bars the additional reductions to achieve 490–540 ppm CO2-eq. Note that some models do
not consider mitigation through forest sink enhancement (AIM and IPAC) or CCS (AIM) and that the share of low-carbon energy options in total energy supply is also determined
by inclusion of these options in the baseline. CCS includes carbon capture and storage from biomass. Forest sinks include reducing emissions from deforestation [Figure 3.23].

12

The equilibrium climate sensitivity is a measure of the climate system response to sustained radiative forcing. It is not a projection but is deﬁned as the global average surface
warming following a doubling of carbon dioxide concentrations [AR4 WGI SPM].
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Figure TS.11: Stabilization scenario categories as reported in Figure TS.8 (coloured bands) and their relationship to equilibrium global mean temperature change above
pre-industrial temperatures [Figure 3.38].
Notes: Middle (black) line – ‘best estimate’ climate sensitivity of 3°C; upper (red) line – upper bound of likely range of climate sensitivity of 4.5°C; lower (blue) line – lower
bound of likely range of climate sensitivity of 2°C. Coloured shading shows the concentration bands for stabilization of GHGs in the atmosphere corresponding to
the stabilization scenario categories I to VI as indicated in Table TS.2.

the most stringent scenarios (stabilizing at 445–490 ppm CO2eq) could limit global mean temperature increases to 2-2.4°C
above pre-industrial, at equilibrium, requiring emissions to
peak within 10 years and to be around 50% of current levels by
2050. Scenarios stabilizing at 535-590 ppm CO2-eq could limit
the increase to 2.8-3.2°C above pre-industrial and those at 590710 CO2-eq to 3.2-4°C, requiring emissions to peak within the
next 25 and 55 years respectively (see Figure TS.11) [3.3, 3.5].
The risk of higher climate sensitivities increases the
SUREDELOLW\ RI H[FHHGLQJ DQ\ WKUHVKROG IRU VSHFL¿F NH\
vulnerabilities. Emission scenarios that lead to temporary
overshooting of concentration ceilings can lead to higher rates
of climate change over the century and increase the probability
of exceeding key vulnerability thresholds. Results from studies
exploring the effect of carbon cycle and climate feedbacks
indicate that the above-mentioned concentration levels and the
associated warming of a given emissions scenario might be an
underestimate. With higher climate sensitivity, earlier and more
stringent mitigation measures are necessary to reach the same
concentration level.
Decision-making about the appropriate level of mitigation
is an iterative risk-management process considering investment
LQPLWLJDWLRQDQGDGDSWDWLRQFREHQH¿WVRIXQGHUWDNLQJFOLPDWH
change decisions and the damages due to climate change.
It is intertwined with decisions on sustainability, equity and
GHYHORSPHQW SDWKZD\V &RVWEHQH¿W DQDO\VLV DV RQH RI WKH
available tools, tries to quantify climate change damage in
monetary terms (as social cost of carbon (SCC) or timeGLVFRXQWHGGDPDJH 'XHWRODUJHXQFHUWDLQWLHVDQGGLI¿FXOWLHV
LQTXDQWLI\LQJQRQPDUNHWGDPDJHLWLVVWLOOGLI¿FXOWWRHVWLPDWH
6&& ZLWK FRQ¿GHQFH 5HVXOWV GHSHQG RQ D ODUJH QXPEHU RI
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normative and empirical assumptions that are not known with
any certainty. Limited and early analytical results from integrated
DQDO\VHV RI WKH FRVWV DQG EHQH¿WV RI PLWLJDWLRQ LQGLFDWH WKDW
these are broadly comparable in magnitude, but do not as yet
permit an unambiguous determination of an emissions pathway
RU VWDELOL]DWLRQ OHYHO ZKHUH EHQH¿WV H[FHHG FRVWV ,QWHJUDWHG
DVVHVVPHQW RI WKH HFRQRPLF FRVWV DQG EHQH¿WV RI GLIIHUHQW
mitigation pathways shows that the economically optimal timing
and level of mitigation depends upon the uncertain shape and
character of the assumed climate change damage cost curve.
To illustrate this dependency:
v if the climate change damage cost curve grows slowly and
regularly, and there is good foresight (which increases the
potential for timely adaptation), later and less stringent
PLWLJDWLRQLVHFRQRPLFDOO\MXVWL¿HG
v alternatively if the damage cost curve increases steeply, or
contains non-linearities (e.g. vulnerability thresholds or even
small probabilities of catastrophic events), earlier and more
VWULQJHQW PLWLJDWLRQ LV HFRQRPLFDOO\ MXVWL¿HG  high agreement, much evidence) [3.6.1].
Linkages between short term and long term
For any chosen GHG-stabilization target, near-term decisions
can be made regarding mitigation opportunities to help maintain
a consistent emissions trajectory within a range of long-term
stabilization targets. Economy-wide modelling of long-term
global stabilization targets can help inform near-term mitigation
choices. A compilation of results from short-and long-term
models using scenarios with stabilization targets in the 3–5 W/m2
range (category II to III), reveals that in 2030, for carbon prices
of less than 20 US$/tCO2-eq, emission reductions of in the
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range of 9-18 GtCO2-eq/yr across all GHGs can be expected.
For carbon prices less than 50 US$/tCO2-eq this range is 14–23
GtCO2-eq/yr and for carbon prices less than US$100/tCO2-eq it
is 17-26 GtCO2-eq/yr. (high agreement, much evidence).
Three important considerations need to be remembered with
regard to the reported marginal costs. First, these mitigation
VFHQDULRVDVVXPHFRPSOHWHµZKDW¶DQGµZKHUH¶ÀH[LELOLW\WKDW
is, there is full substitution among GHGs, and reductions take
place anywhere in the world as soon as the models begin their
analyses. Second, the marginal costs of realizing these levels of
mitigation increase in the time horizon beyond 2030. Third, at
the economic-sector level, emission-reduction potential for all
*+*VYDULHVVLJQL¿FDQWO\DFURVVWKHGLIIHUHQWPRGHOVFHQDULRV
(high agreement, much evidence) [3.6.2].
A risk management or ‘hedging’ approach can assist policymakers to advance mitigation decisions in the absence of a longterm target and in the face of large uncertainties related to the cost
RIPLWLJDWLRQWKHHI¿FDF\RIDGDSWDWLRQDQGWKHQHJDWLYHLPSDFWV
of climate change. The extent and the timing of the desirable
hedging strategy will depend on the stakes, the odds and societies’
attitudes to risks, for example, with respect to risks of abrupt
change in geophysical systems and other key vulnerabilities.
A variety of integrated assessment approaches exist to assess
PLWLJDWLRQEHQH¿WVLQWKHFRQWH[WRISROLF\GHFLVLRQVUHODWHGWR
such long-term climate goals. There will be ample opportunity
for learning and mid-course corrections as new information
becomes available. However, actions in the short term will
largely determine long-term global mean temperatures and thus
what corresponding climate change impacts can be avoided.
Delayed emission reductions lead to investments that lock in more
emission-intensive infrastructure and development pathways.
7KLVVLJQL¿FDQWO\FRQVWUDLQVWKHRSSRUWXQLWLHVWRDFKLHYHORZHU
stabilization levels and increases the risk of more severe climate
change impacts. Hence, analysis of near-term decisions should
not be decoupled from analysis that considers long-term climate
change outcomes (high agreement, much evidence) [3.6; 3.5.2].

4000
3500
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1500
1000
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0

North
Latin Europe EECCA Middle
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East

Asia

Note: EECCA = countries of Eastern Europe, the Caucasus and Central Asia.
1000 Mtoe = 42 EJ.

compromise energy access, equity and sustainable development
of the poorest countries and interfere with reaching povertyreduction targets that, in turn, imply improved access to
electricity, modern cooking and heating fuels and transportation
(high agreement, much evidence) [4.2.4].
Total fossil fuel consumption has increased steadily during
the past three decades. Consumption of nuclear energy has
continued to grow, though at a slower rate than in the 1980s.
Large hydro and geothermal energy are relatively static.
%HWZHHQDQGWKHVKDUHRIIRVVLOIXHOVGURSSHGIURP
86% to 81%. Wind and solar are growing most rapidly, but
from a very low base (Figure TS.13) (high agreement, much
evidence) [4.2].
Mtoe

Energy supply
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12000

Status of the sector and development until 2030

10000

Global energy demand continues to grow, but with regional
differences. The annual average growth of global primary energy
consumption was 1.4 % per year in the 1990–2004 period. This
was lower than in the previous two decades due to the economic
transition in Eastern Europe, the Caucasus and Central Asia,
but energy consumption in that region is now moving upwards
again (Figure TS.12) (high agreement, much evidence) [4.2.1].

8000

Rapid growth in energy consumption per capita is occurring
in many developing countries. Africa is the region with the
lowest per capita consumption. Increasing prices of oil and gas

Africa

Figure TS.12: Annual primary energy consumption, including traditional biomass,
1971 to 2003 [Figure 4.2].
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Figure TS.13: World primary energy consumption by fuel type. [Figure 4.5].
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0RVW EXVLQHVVDVXVXDO %$8  VFHQDULRV SRLQW WR FRQWLQued growth of world population (although at lower rates than
SUHGLFWHGGHFDGHVDJR DQG*'3OHDGLQJWRDVLJQL¿FDQWJURZWK
in energy demand. High energy-demand growth rates in Asia
(3.2% per year 1990–2004) are projected to continue and to
be met mainly by fossil fuels (high agreement, much evidence)
[4.2].
Absolute fossil fuel scarcity at the global level is not a
VLJQL¿FDQW IDFWRU LQ FRQVLGHULQJ FOLPDWH FKDQJH PLWLJDWLRQ
Conventional oil production will eventually peak, but it is
uncertain exactly when and what the repercussions will be. The
energy in conventional natural gas is more abundant than in
conventional oil but, like oil, is not distributed evenly around
the globe. In the future, lack of security of oil and gas supplies
for consuming nations may drive a shift to coal, nuclear power
and/or renewable energy. There is also a trend towards more
HI¿FLHQWDQGFRQYHQLHQWHQHUJ\FDUULHUV HOHFWULFLW\DQGOLTXLG
and gaseous fuels) instead of solids (high agreement, much
evidence) [4.3.1].
In all regions of the world, emphasis on security of supply
has grown since the Third Assessment Report (TAR). This is
coupled with reduced investments in infrastructure, increased
global demand, political instability in key areas and the
WKUHDWV RI FRQÀLFW WHUURULVP DQG H[WUHPH ZHDWKHU HYHQWV
New energy infrastructure investments in developing countries
and upgrades of capacity in developed countries opens a window
RI RSSRUWXQLW\ IRU H[SORLWLQJ WKH FREHQH¿WV RI FKRLFHV LQ
the energy mix in order to lower GHG emissions from what
they otherwise would be (high agreement, much evidence)
[4.2.4; 4.1].
The conundrum for many governments has become how best
to meet the ever growing demand for reliable energy services
while limiting the economic costs to their constituents, ensuring
energy security, reducing dependence on imported energy
sources and minimizing emissions of the associated GHGs and
other pollutants. Selection of energy-supply systems for each
region of the world will depend on their development, existing
infrastructure and the local comparative costs of the available
energy resources (high agreement, much evidence) [4.1].
If fossil fuel prices remain high, demand may decrease
temporarily until other hydrocarbon reserves in the form of oil
sands, oil shales, coal-to-liquids, gas-to-liquids etc. become
commercially viable. Should this happen, emissions will
increase further as the carbon intensity increases, unless carbon
dioxide capture and storage (CCS) is applied. Due to increased
energy security concerns and recent increases in gas prices,
WKHUH LV JURZLQJ LQWHUHVW LQ QHZ PRUH HI¿FLHQW FRDOEDVHG
power plants. A critical issue for future GHG emissions is how
quickly new coal plants are going to be equipped with CCS
technology, which will increase the costs of electricity. Whether
building ‘capture ready’ plants is more cost-effective than
UHWUR¿WWLQJSODQWVRUEXLOGLQJDQHZSODQWLQWHJUDWHGZLWK&&6
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depends on economic and technical assumptions. Continuing
high fossil fuel prices may also trigger more nuclear and/or
renewable energy, although price volatility will be a disincentive
for investors. Concerns about safety, weapons proliferation and
waste remain as constraints for nuclear power. Hydrogen may
also eventually contribute as an energy carrier with low carbon
emissions, dependent on the source of the hydrogen and the
successful uptake of CCS for hydrogen production from coal
or gas. Renewable energy must either be used in a distributed
manner or will need to be concentrated to meet the intensive
energy demands of cities and industries, because, unlike fossil
fuel sources, the sources of renewable energy are widely
distributed with low energy returns per exploited area (medium
agreement, medium evidence) [4.3].
If energy demand continues to grow along the current trajectory,
an improved infrastructure and conversion system will, by 2030,
require a total cumulative investment of over US$2005 20 trillion
(20 x 1012). For comparison, the total capital investment by the
global energy industry is currently around 300 billion US$ per
year (300 x 109) (medium agreement, medium evidence) [4.1].
Global and regional emission trends
With the exception of the countries in Eastern Europe, the
Caucasus and Central Asia (where emissions declined post-1990
but are now rising again) and Europe (currently stable), carbon
HPLVVLRQVKDYHFRQWLQXHGWRULVH%XVLQHVVDVXVXDOHPLVVLRQV
WR  ZLOO LQFUHDVH VLJQL¿FDQWO\ :LWKRXW HIIHFWLYH SROLF\
actions, global CO2 emissions from fossil fuel combustion are
predicted to rise at a minimum of more than 40%, from around
25 GtCO2-eq/yr (6.6 GtC-eq) in 2000 to 37-53 GtCO2-eq/yr
(10-14 GtC-eq) by 2030 [4.2.3].
In 2004, emissions from power generation and heat supply
alone were 12.7 GtCO2-eq (26% of total emissions) including
2.2 GtCO2eq from CH4. In 2030, according to the World
Energy Outlook 2006 baseline, these will have increased to
17.7 GtCO2-eq. (high agreement, much evidence) [4.2.2].
Description and assessment of mitigation
technologies and practices, options, potentials
and costs in the electricity generation sector
7KH HOHFWULFLW\ VHFWRU KDV D VLJQL¿FDQW PLWLJDWLRQ SRWHQWLDO
using a range of technologies (Table TS.3). The economic
potential for mitigation of each individual technology is
based on what might be a realistic deployment expectation of
the various technologies using all efforts, but given practical
constraints on rate of uptake, public acceptance, capacity
building and commercialization. Competition between options
DQGWKHLQÀXHQFHRIHQGXVHHQHUJ\FRQVHUYDWLRQDQGHI¿FLHQF\
improvement is not included [4.4].
A wide range of energy-supply mitigation options are
available and cost effective at carbon prices of <20US$/tCO2
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Table TS.3: Potential GHG emissions avoided by 2030 for selected electricity generation mitigation technologies (in excess of the IEA World Energy Outlook (2004) Reference
baseline) employed in isolation with estimated mitigation potential shares spread across each cost range (2006 US$/tCO2-eq) [Table 4.19].

Regional groupings

Mitigation potential;
total emissions saved
in 2030
(GtCO2-eq)

Mitigation potential (%) for speciﬁc carbon price ranges
(US$/tCO2-eq avoided)
<0

0-20

20-50

Fuel switch
and plant
efﬁciency

OECDa
EITb
Non-OECD
World

0.39
0.04
0.64
1.07

Nuclear

OECD
EIT
Non-OECD
World

0.93
0.23
0.72
1.88

50
50
50

50
50
50

Hydro

OECD
EIT
Non-OECD
World

0.39
0.00
0.48
0.87

85

15

25

35

40

Wind

OECD
EIT
Non-OECD
World

0.45
0.06
0.42
0.93

35
35
35

40
45
50

25
20
15

Bio-energy

OECD
EIT
Non-OECD
World

0.20
0.07
0.95
1.22

20
20
20

25
25
30

40
40
45

Geothermal

OECD
EIT
Non-OECD
World

0.09
0.03
0.31
0.43

35
35
35

40
45
50

25
20
15

Solar PV and
concentrated
solar power

OECD
EIT
Non-OECD
World

0.03
0.01
0.21
0.25

CCS + coal

OECD
EIT
Non-OECD
World

0.28
0.01
0.20
0.49

CCS + gas

OECD
EIT
Non-OECD
World

0.09
0.04
0.19
0.32

50-100

I

>100

I

100
100
100

15
15
5

20
20
25

80
80
75

100
100
100

30

100
70
100

Notes:
a)
Organization for Economic Cooperation and Development
b)
Economies in Transition

LQFOXGLQJ IXHO VZLWFKLQJ DQG SRZHUSODQW HI¿FLHQF\
improvements, nuclear power and renewable energy systems.
CCS will become cost effective at higher carbon prices. Other
options still under development include advanced nuclear
power, advanced renewables, second-generation biofuels and,
in the longer term, the possible use of hydrogen as an energy
carrier (high agreement, much evidence) [4.3, 4.4].
Since the estimates in Table TS.3 are for the mitigation
potentials of individual options without considering the actual
supply mix, they cannot be added. An additional analysis of the
supply mix to avoid double counting was therefore carried out.

For this analysis, it was assumed that the capacity of thermal
electricity generation capacity would be substituted gradually
and new power plants would be built to comply with demand,
under the following conditions:
1) Switching from coal to gas was assumed for 20% of the coal
plants, as this is the cheapest option.
2) The replacement of existing fossil fuel plants and the building of new plants up to 2030 to meet increasing power dePDQGZDVVKDUHGEHWZHHQHI¿FLHQWIRVVLOIXHOSODQWVUHQHZDEOHVQXFOHDUDQGFRDODQGJDV¿UHGSODQWVZLWK&&61R
early retirement of plants or stranded assets was assumed.
3) Low- or zero-carbon technologies are employed proportional
45
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Table TS.4: Projected power demand increase from 2010 to 2030 as met by new, more efﬁcient additional and replacement plants and the resulting mitigation potential above
the World Energy Outlook 2004 baseline [Table 4.20].

Power
plant
efﬁciencies
by 2030
(based on
IEA 2004a)a
(%)
OECD
Coal
Oil
Gas
Nuclear
Hydro
Biomass
Other
renewables
CCS

41
40
48
33
100
28
63

Economies In
Transition (EIT)
Coal
Oil
Gas
Nuclear
Hydro
Biomass
Other
renewables
CCS

32
29
39
33
100
48
36

Existing
mix of
power
generation
in 2010
( TWh)

Generation
from
additional
new plant
by 2030
(TWh)

Generation
from new
plant
replacing
old, existing
2010 plant
by 2030
(TWh)

11,302

2942

4521

4079
472
2374
2462
1402
237
276

657
–163C
1771
–325
127
168
707

1632
189
950
985
561
95
110

1746

722

698

381
69
652
292
338
4
10

13
–8
672
–20
35
7
23

152
28
261
117
135
2
4

Share of mix of generation
of total new and
replacement plant built
by 2030 including CCS at
various carbon prices
(US$/tCO2-eq)b
<20
US$/
TWh

<50
US$/
TWh

<100
US$/
TWh

7463
899
13
1793
2084
1295
263
1116
0

121
2
637
2084
1295
499
1544
1282

46
7
357
442
170
109
167
123

<20
US$/t

<50
US$/t

<100
US$/t

1.58

2.58

2.66

0.32

0.42

0.49

0
0
458
1777
1111
509
1526
2082

1420
72
11
537
442
170
47
142
0

Total GtCO2-eq avoided by
fuel switching, CCS and
displacing some fossil fuel
generation with low-carbon
options of wind, solar,
geothermal, hydro, nuclear
and biomass

29
4
240
442
170
121
191
222

Notes:
a)
Implied efﬁciencies calculated from WEO 2004 (IEA, 2004b) = Power output (EJ)/Estimated power input (EJ). See Appendix 1, Chapter 11.
b)
At higher carbon prices, more coal, oil and gas power generation is displaced by low- and zero-carbon options. Since nuclear and hydro are cost competitive
at <20US$/tCO2-eq in most regions (Chapter 4, Table 4.4.4), their share remains constant.
c)
Negative data depicts a decline in generation, which was included in the analysis.

to their estimated maximum shares in electricity generation
in 2030. These shares are based on the literature, taking into
account resource availability, relative costs and variability of
supply related to intermittency issues in the power grid, and
were differentiated according to carbon cost levels.
The resulting economic mitigation potential for the
energy-supply sector by 2030 from improved thermal powerSODQW HI¿FLHQF\ IXHO VZLWFKLQJ DQG WKH LPSOHPHQWDWLRQ RI
more nuclear, renewables, fuel switching and CCS to meet
growing demand is around 7.2 GtCO2-eq at carbon prices
<100 US$/tCO2-eq. At costs <20 US$/tCO2-eq the reduction
potential is estimated at 3.9 GtCO2-eq (Table TS.4). At this
carbon price level, the share of renewable energy in electricity
generation would increase from 20% in 2010 to about 30%
in 2030. At carbon prices <50 US$/tCO2-eq, the share would
increase to 35% of total electricity generation. The share of
nuclear energy would be about 18% in 2030 at carbon prices
<50 US$/tCO2-eq, and would not change much at higher prices
as other technologies would be competitive.
46

For assessment of the economic potential, maximum
technical shares for the employment of low- or zero-carbon
technologies were assumed and the estimate is therefore
at the high end of the wide range found in the literature.
If, for instance, only 70% of the assumed shares is reached, the
mitigation potential at carbon prices <100 US$/tCO2-eq would
be almost halved. Potential savings in electricity demand in
end-use sectors reduce the need for mitigation measures in the
power sector. When the impact of mitigation measures in the
building and industry sectors on electricity demand (outlined in
Chapter 11) is taken into account, a lower mitigation potential
IRUWKHHQHUJ\VXSSO\VHFWRUUHVXOWVWKDQWKHVWDQGDORQH¿JXUH
reported here (medium agreement, limited evidence) [4.4].
Interactions of mitigation options with vulnerability
and adaptation
Many energy systems are themselves vulnerable to climate
change. Fossil fuel based offshore and coastal oil and gas
extraction systems are vulnerable to extreme weather events.
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Cooling of conventional and nuclear power plants may
become problematic if river waters are warmer. Renewable
energy resources can also be affected adversely by climate
change (such as solar systems impacted by changes in cloud
FRYHU K\GURSRZHU JHQHUDWLRQ LQÀXHQFHG E\ FKDQJHV LQ ULYHU
GLVFKDUJH JODFLHUV DQG VQRZ PHOW ZLQGSRZHU LQÀXHQFHG E\
changing wind velocity; and energy crop yields reduced by
drought and higher temperatures). Some adaptation measures
to climate change, like air-conditioning and water pumps use
energy and may contribute to even higher CO2 emissions, and
thus necessitate even more mitigation (high agreement, limited
evidence) [4.5.5].
Effectiveness of and experience with climate
policies, potentials, barriers, opportunities and
implementation issues
The need for immediate short-term action in order to make
DQ\VLJQL¿FDQWLPSDFWLQWKHORQJHUWHUPKDVEHFRPHDSSDUHQWDV
has the need to apply the whole spectrum of policy instruments,
since no single instrument will enable a large-scale transition
in energy-supply systems on a global basis. Large-scale energy
conversion technologies have a life of several decades and
hence a turnover of only 1–3% per year. That means that policy
decisions taken today will affect the rate of deployment of
carbon-emitting technologies for several decades. They will
have profound consequences on development paths, especially
in a rapidly developing world [4.1].
Economic and regulatory instruments have been employed.
Approaches to encourage the greater uptake of low-carbon
energy-supply systems include reducing fossil fuel subsidies
DQGVWLPXODWLQJIURQWUXQQHUVLQVSHFL¿FWHFKQRORJLHVWKURXJK
active government involvement in market creation (such as in
Denmark for wind energy and Japan with solar photovoltaic
39  5HGXFLQJ IRVVLO IXHO VXEVLGLHV KDV EHHQ GLI¿FXOW DV LW
meets resistance by vested interests. In terms of support for
renewable-electricity projects, feed-in-tariffs have been more
HIIHFWLYHWKDQJUHHQFHUWL¿FDWHWUDGLQJV\VWHPVEDVHGRQTXRWDV
However, with increasing shares of renewables in the power
mix, the adjustment of such tariffs becomes an issue. Tradable
SHUPLWV\VWHPVDQGWKHXVHRIWKH.\RWRÀH[LEOHPHFKDQLVPV
are expected to contribute substantially to emission reductions
(medium agreement, medium evidence) [4.5].
Integrated and non-climate policies and co-beneﬁts
of mitigation policies
&REHQH¿WVRI*+*PLWLJDWLRQLQWKHHQHUJ\VXSSO\VHFWRU
can be substantial. When applying cost-effective energyHI¿FLHQF\PHDVXUHVWKHUHLVDQLPPHGLDWHHFRQRPLFEHQH¿WWR
FRQVXPHUVIURPORZHUHQHUJ\FRVWV2WKHUFREHQH¿WVLQWHUPVRI
energy supply security, technological innovation, air-pollution
abatement and employment also typically result at the local
scale. This is especially true for renewables which can reduce
import dependency and in many cases minimize transmission

losses and costs. Electricity, transport fuels and heat supplied
E\UHQHZDEOHHQHUJ\DUHOHVVSURQHWRSULFHÀXFWXDWLRQVEXWLQ
many cases have higher costs. As renewable energy technologies
can be more labour-intensive than conventional technologies
per unit of energy output, more employment will result. High
investment costs of new energy system infrastructures can,
however, be a major barrier to their implementation.
Developing countries that continue to experience high
HFRQRPLF JURZWK ZLOO UHTXLUH VLJQL¿FDQW LQFUHDVHV LQ HQHUJ\
services that are currently being met mainly by fossil fuels.
Increasing access to modern energy services can have multiple
EHQH¿WV7KHLUXVHFDQKHOSLPSURYHDLUTXDOLW\SDUWLFXODUO\LQ
large urban areas, and lead to a decrease in GHG emissions.
An estimated 2400 GW of new power plants plus the related
infrastructure will need to be built in developing countries
by 2030 to meet increased consumer demand, requiring an
investment of around 5 trillion US$ (5 x 1012). If well directed,
such large investments provide opportunities for sustainable
development. The integration of development policies with
GHG mitigation objectives can deliver the advantages mentioned
above and contribute to development goals pertaining to
employment, poverty and equity. Analysis of possible policies
VKRXOGWDNHLQWRDFFRXQWWKHVHFREHQH¿WV+RZHYHULWVKRXOG
EH QRWHG DJDLQ WKDW LQ VSHFL¿F FLUFXPVWDQFHV SXUVXLQJ DLU
pollution abatement or energy security aims can lead to more
energy use and related GHG emissions.
Liberalization and privatization policies to develop free
energy markets aim to provide greater competition and lower
consumer prices but have not always been successful in this
regard, often resulting in a lack of capital investment and
scant regard for environmental impacts (high agreement, much
evidence) [4.2.4; 4.5.2; 4.5.3; 4.5.4].
Technology research, development,
diffusion and transfer
Investment in energy technology R&D has declined overall
since the levels achieved in the late 1970s that resulted from the
RLOFULVLV%HWZHHQDQGSXEOLFHQHUJ\UHODWHG5 '
investment declined by 50% in real terms. Current levels have
risen, but may still be inadequate to develop the technologies
needed to reduce GHG emissions and meet growing energy
demand. Greater public and private investment will be required
for rapid deployment of low-carbon energy technologies.
Improved energy conversion technologies, energy transport
and storage methods, load management, co-generation and
community-based services will have to be developed (high
agreement, limited evidence) [4.5.6].
Long-term outlook
Outlooks from both the IEA and World Energy Council project
increases in primary energy demand of between 40 and 150% by
2050 over today’s demand, depending on the scenarios for popu47
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lation and economic growth and the rate of technology development.
Electricity use is expected to grow by between 110 and 260%.
%RWK RUJDQL]DWLRQV UHDOL]H WKDW EXVLQHVVDVXVXDO VFHQDULRV DUH
not sustainable. It is well accepted that even with good decisionmaking and co-operation between the public and private sectors,
the necessary transition will take time and the sooner it is begun the
lower the costs will be (high agreement, much evidence) [4.2.3].

5

Transport and its infrastructure

Status and development of the sector
Transport activity is increasing around the world as economies grow. This is especially true in many areas of the
developing world where globalization is expanding trade
ÀRZVDQGULVLQJSHUVRQDOLQFRPHVDUHDPSOLI\LQJGHPDQGIRU
motorized mobility. Current transportation activity is mainly
driven by internal combustion engines powered by petroleum
fuels (95% of the 83 EJ of world transport energy use in 2004).
As a consequence, petroleum use closely follows the growth in
transportation activity. In 2004, transport energy amounted to
26% of total world energy use. In the developed world, transport
energy use continues to increase at slightly more than 1% per year;

900

passenger transport currently consumes 60–75% of total transport
energy there. In developing countries, transport energy use is rising
faster (3 to 5% per year) and is projected to grow from 31% in
2002 to 43% of world transport energy use by 2025 [5.2.1, 5.2.2].
Transport activity is expected to grow robustly over the next
several decades. Unless there is a major shift away from current
patterns of energy use, projections foresee a continued growth in
world transportation energy use of 2% per year, with energy use
and carbon emissions about 80% above 2002 levels by 2030 [5.2.2].
In developed economies, motor vehicle ownership approaches
¿YH WR HLJKW FDUV IRU HYHU\ WHQ LQKDELWDQWV )LJXUH76  ,Q
the developing world, levels of vehicle ownership are much
ORZHU QRQPRWRUL]HG WUDQVSRUW SOD\V D VLJQL¿FDQW UROH DQG
there is a greater reliance on two- and three-wheeled motorized
vehicles and public transport. The motorization of transport in
the developing world is, however, expected to grow rapidly in
the coming decades. As incomes grow and the value of
travellers’ time increases, travellers are expected to choose
faster modes of transport, shifting from non-motorized to
automotive, to air and high-speed rail. Increasing speed
has generally led to greater energy intensity and higher
GHG emissions.
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Figure TS.14: Vehicle ownership and income per capita as a time line per country [Figure 5.2].
Note: data are for 1900–2002, but the years plotted vary by country, depending on data availability.
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In addition to GHG emissions, the motorization of transport
has created congestion and air-pollution problems in large cities
all around the world (high agreement, much evidence) [5.2.1;
5.2.2; 5.5.4].
Emission trends
In 2004, the contribution of transport to total energy-related
GHG emissions was about 23%, with emissions of CO2 and
N2O amounting to about 6.3-6.4 GtCO2-eq. Transport sector
CO2 emissions (6.2 GtCO2-eq. in 2004) have increased by
around 27% since 1990 and its growth rate is the highest among
the end-user sectors. Road transport currently accounts for 74%
of total transport CO2 emissions. The share of non-OECD
countries is 36% now and will increase rapidly to 46% by 2030
if current trends continue (high agreement, medium evidence)
[5.2.2].
The transport sector also contributes small amounts of CH4
and N2O emissions from fuel combustion and F-gases from
vehicle air-conditioning. CH4 emissions are between 0.1–0.3%
of total transport GHG emissions, N2O between 2.0 and 2.8%
DOO¿JXUHVEDVHGRQ86-DSDQDQG(8GDWDRQO\ (PLVVLRQV
of F gases (CFC-12 + HFC-134a + HCFC-22) worldwide in
2003 were 4.9% of total transport CO2 emissions (medium
agreement, limited evidence) [5.2.1].
Estimates of CO2 emissions from global aviation increased
by a factor of about 1.5, from 330 MtCO2/yr in 1990 to
480 MtCO2/yr in 2000, and accounted for about 2% of total
anthropogenic CO2 emissions. Aviation CO2 emissions are
projected to continue to grow strongly. In the absence of
additional measures, projected annual improvements in aircraft
IXHOHI¿FLHQF\RIWKHRUGHURI±ZLOOEHODUJHO\VXUSDVVHG
E\WUDI¿FJURZWKRIDURXQGHDFK\HDUOHDGLQJWRDSURMHFWHG
increase in emissions of 3–4% per year (high agreement, medium
evidence). Moreover, the overall climate impact of aviation is
much greater than the impact of CO2 alone. As well as emitting
CO2, aircraft contribute to climate change through the emission
of nitrogen oxides (NOx), which are particularly effective
in forming the GHG ozone when emitted at cruise altitudes.
Aircraft also trigger the formation of condensation trails, or
contrails, which are suspected of enhancing the formation
of cirrus clouds, which add to the overall global warming
effect. These effects are estimated to be about two to four
times greater than those of aviation’s CO2 alone, even without
considering the potential impact of cirrus cloud enhancement.
The environmental effectiveness of future mitigation policies
for aviation will depend on the extent to which these non-CO2
effects are also addressed (high agreement, medium evidence)
[5.2.1; 5.2.2].
All of the projections discussed above assume that world oil
supplies will be more than adequate to support the expected
growth in transport activity. There is ongoing debate, however,
about whether the world is nearing a peak in conventional oil
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Figure TS.15: Historical and projected CO2 emissions from transport [Figure 5.4].

SURGXFWLRQWKDWZRXOGUHTXLUHDVLJQL¿FDQWDQGUDSLGWUDQVLWLRQ
to alternative energy sources. There is no shortage of alternative
energy sources, including oil sands and oil shales, coal-toliquids, biofuels, electricity and hydrogen. Among these
alternatives, unconventional fossil carbon resources would
produce the least expensive fuels most compatible with the
existing transportation infrastructure. Unfortunately, tapping
into these fossil resources to power transportation would
increase upstream carbon emissions and greatly increase the
input of carbon into the atmosphere [5.2.2; 5.3].
Description and assessment of mitigation technologies and practices, options, potentials and costs
Transport is distinguished from other energy-using sectors
by its predominant reliance on a single fossil resource and by
the infeasibility of capturing carbon emissions from transport
vehicles with any known technologies. It is also important
to view GHG-emission reductions in conjunction with air pollution,
congestion and energy security (oil import) problems. Solutions
therefore have to try to optimize improvement of transportation
problems as a whole, not just GHG emissions [5.5.4].
7KHUH KDYH EHHQ VLJQL¿FDQW GHYHORSPHQWV LQ PLWLJDWLRQ
technologies since the Third Assessment Report (TAR),
DQG VLJQL¿FDQW UHVHDUFK GHYHORSPHQW DQG GHPRQVWUDWLRQ
programmes on hydrogen-powered fuel-cell vehicles have been
launched around the globe. In addition, there are still many
opportunities for improvement of conventional technologies.
%LRIXHOVFRQWLQXHWREHLPSRUWDQWLQFHUWDLQPDUNHWVDQGKDYH
much greater potential for the future. With regard to non-CO2
emissions, vehicle air-conditioning systems based on low GWP
refrigerants have been developed [5.3].
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5RDGWUDI¿FHI¿FLHQWWHFKQRORJLHVDQGDOWHUQDWLYHIXHOV
6LQFH WKH7$5 WKH HQHUJ\ HI¿FLHQF\ RI URDG YHKLFOHV KDV
improved by the market success of cleaner directed-injection
turbocharged (TDI) diesels and the continued market penetration
RI PDQ\ LQFUHPHQWDO HI¿FLHQF\ WHFKQRORJLHV K\EULG YHKLFOHV
have also played a role, though their market penetration is
currently small. Further technological advances are expected
for hybrid vehicles and TDI diesel engines. A combination of
these with other technologies, including materials substitution,
reduced aerodynamic drag, reduced rolling resistance, reduced
engine friction and pumping losses, has the potential to
approximately double the fuel economy of ‘new’ light-duty
vehicles by 2030, thereby roughly halving carbon emissions per
vehicle mile travelled (note that this is only for a new car and
QRW WKH ÀHHW DYHUDJH  (medium agreement, medium evidence)
[5.3.1].

wage countries (Figure TS.16) (medium agreement, medium
evidence) [5.3.1].

%LRIXHOV KDYH WKH SRWHQWLDO WR UHSODFH D VXEVWDQWLDO SDUW
but not all, petroleum use by transport. A recent IEA report
estimated that the share of biofuels could increase to about 10%
by 2030 at costs of 25 US$/tCO2-eq, which includes a small
contribution from biofuels from cellulosic biomass. The potential
VWURQJO\ GHSHQGV RQ SURGXFWLRQ HI¿FLHQF\ WKH GHYHORSPHQW
of advanced techniques such as conversion of cellulose by
HQ]\PDWLF SURFHVVHV RU E\ JDVL¿FDWLRQ DQG V\QWKHVLV FRVWV
and competition with other uses of land. Currently the cost and
performance of ethanol in terms of CO2 emissions avoided is
unfavourable, except for production from sugarcane in low-

7KHWRWDOPLWLJDWLRQSRWHQWLDOLQRIWKHHQHUJ\HI¿FLHQF\
options applied to light duty vehicles would be around 0.7–
0.8 GtCO2-eq in 2030 at costs lower than 100 US$/tCO2. Data
DUHQRWVXI¿FLHQWWRSURYLGHDVLPLODUHVWLPDWHIRUKHDY\GXW\
vehicles. The use of current and advanced biofuels, as mentioned
above, would give an additional reduction potential of another
600–1500 MtCO2-eq in 2030 at costs lower than 25 US$/tCO2
(low agreement, limited evidence) [5.4.2].

The economic and market potential of hydrogen vehicles
UHPDLQV XQFHUWDLQ (OHFWULF YHKLFOHV ZLWK KLJK HI¿FLHQF\
(more than 90%), but low driving range and short battery life
have a limited market penetration. For both options, the
emissions are determined by the production of hydrogen and
electricity. If hydrogen is produced from coal or gas with CCS
(currently the cheapest way) or from biomass, solar, nuclear
or wind energy, well-to-wheel carbon emissions could be
nearly eliminated. Further technological advances and/or cost
reductions would be required in fuel-cells, hydrogen storage,
hydrogen or electricity production with low- or zero-carbon
emissions, and batteries (high agreement, medium evidence)
[5.3.1].

A critical threat to the potential for future reduction of
CO2 emissions from use of fuel economy technologies is that
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Figure TS.16: Comparison between current and future biofuel production costs versus gasoline and diesel ex-reﬁnery (FOB) prices for a range of crude oil prices [Figure 5.9].
Note: prices exclude taxes.
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they can be used to increase vehicle power and size rather
than to improve the overall fuel economy and reduce carbon
emissions. The preference of the market for power and size has
consumed much of the potential for GHG mitigation reduction
achieved over the past two decades. If this trend continues, it
ZLOOVLJQL¿FDQWO\GLPLQLVKWKH*+*PLWLJDWLRQSRWHQWLDORIWKH
advanced technologies described above (high agreement, much
evidence) [5.2; 5.3].
$LUWUDI¿F
7KH IXHO HI¿FLHQF\ RI FLYLO DYLDWLRQ FDQ EH LPSURYHG
by a variety of means including technology, operation and
PDQDJHPHQW RI DLU WUDI¿F 7HFKQRORJ\ GHYHORSPHQWV PLJKW
RIIHU D  LPSURYHPHQW LQ IXHO HI¿FLHQF\ RYHU  OHYHOV
by 2015, with a 40–50% improvement likely by 2050. As
civil aviation continues to grow at around 5% each year, such
improvements are unlikely to keep carbon emissions from
global air travel from increasing. The introduction of biofuels
could mitigate some of aviation’s carbon emissions, if biofuels
FDQEHGHYHORSHGWRPHHWWKHGHPDQGLQJVSHFL¿FDWLRQVRIWKH
aviation industry, although both the costs of such fuels and the
emissions from their production process are uncertain at this
time (medium agreement, medium evidence) [5.3.3].
Aircraft operations can be optimized for energy use (with
minimum CO2HPLVVLRQV E\PLQLPL]LQJWD[LLQJWLPHÀ\LQJDW
RSWLPDOFUXLVHDOWLWXGHVÀ\LQJPLQLPXPGLVWDQFHJUHDWFLUFOH
routes, and minimizing holding and stacking around airports.
The GHG-reduction potential of such strategies has been
estimated at 6–12%. More recently, researchers have begun to
address the potential for minimizing the total climate impact
of aircraft operations, including ozone impacts, contrails and
nitrogen oxides emissions. The mitigation potential in 2030
for aviation is 280 MtCO2/yr at costs <100 US$/tCO2 (medium
agreement, medium evidence) [5.4.2].
Marine transport
Since the TAR, an International Maritime Organization
(IMO) assessment found that a combination of technical
measures could reduce carbon emissions by 4–20% in older
ships and 5–30% in new ships by applying state-of-the-art
knowledge, such as hull and propeller design and maintenance.
However, due to the long lifetime of engines, it will take
decades before measures on existing ships are implemented
RQDVLJQL¿FDQWVFDOH7KHVKRUWWHUPSRWHQWLDOIRURSHUDWLRQDO
measures, including route-planning and speed reduction, ranged
from 1–40%. The study estimated a maximum reduction of
HPLVVLRQVRIWKHZRUOGÀHHWRIDERXWE\DQGE\
2020, when all measures were to be implemented. The data do
QRWDOORZDQHVWLPDWHRIDQDEVROXWHPLWLJDWLRQSRWHQWLDO¿JXUH
DQGWKHPLWLJDWLRQSRWHQWLDOLVQRWH[SHFWHGWREHVXI¿FLHQWWR
offset the growth in shipping activity over the same period
(medium agreement, medium evidence) [5.3.4].

Rail transport
The main opportunities for mitigating GHG emissions
associated with rail transport are improving aerodynamics,
reduction of train weight, introducing regenerative braking and
on-board energy storage and, of course, mitigating the GHG
emissions from electricity generation. There are no estimates
available of total mitigation potential and costs [5.3.2].
Modal shifts and public transport
Providing public transports systems and their related
infrastructure and promoting non-motorized transport can
contribute to GHG mitigation. However, local conditions
determine how much transport can be shifted to less energyintensive modes. Occupancy rates and the primary energy
sources of the transport modes further determine the mitigation
potential [5.3.1].
The energy requirements of urban transport are strongly
LQÀXHQFHG E\ WKH GHQVLW\ DQG VSDWLDO VWUXFWXUH RI WKH EXLOW
environment, as well as by the location, extent and nature of the
transport infrastructure. Large-capacity buses, light-rail transit
and metro or suburban rail are increasingly being used for
WKH H[SDQVLRQ RI SXEOLF WUDQVSRUW %XV 5DSLG7UDQVLW V\VWHPV
have relatively low capital and operational costs, but it is
uncertain if they can be implemented in developing countries
with the same success as in South America. If the share of
buses in passenger transport were to increase by 5–10%, then
CO2 emissions would fall by 4-9% at costs in the order
of US$ 60-70/tCO2 [5.3.1].
More than 30% of the trips made by cars in Europe are for
OHVVWKDQNPDQGIRUOHVVWKDQNP$OWKRXJKWKH¿JXUHV
may differ for other continents, there is potential for mitigation
by shifting from cars to non-motorized transport (walking and
cycling), or preventing a growth of car transport at the expense
of non-motorized transport. Mitigation potentials are highly
dependent on local conditions, but there are substantial coEHQH¿WVLQWHUPVRIDLUTXDOLW\FRQJHVWLRQDQGURDGVDIHW\(high
agreement, much evidence) [5.3.1].
Overall mitigation potential in the transport sector
The overall potential and cost for CO2 mitigation can only be
partially estimated due to lack of data for heavy-duty vehicles,
rail transport, shipping and modal split change/ public transport
SURPRWLRQ7KHWRWDOHFRQRPLFSRWHQWLDOIRULPSURYHGHI¿FLHQF\
of light-duty vehicles and aeroplanes and substituting biofuels
for conventional fossil fuels, for a carbon price up to 100 US$/
tCO2-eq, is estimated to be about 1600–2550 MtCO2. This is an
underestimate of potential for mitigation in the transport sector
(high agreement, medium evidence) [5.4.2].
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Effectiveness of and experience with climate
policies, potentials, barriers and opportunities/
implementation issues
Policies and measures for surface transport
Given the positive effects of higher population densities on
public transport use, walking, cycling and CO2 emissions, better
integrated spatial planning is an important policy element in the
transportation sector. There are some good examples for large
cities in several countries. Transportation Demand Management
(TDM) can be effective in reducing private vehicle travel if
rigorously implemented and supported. Soft measures, such
as the provision of information and the use of communication
strategies and educational techniques have encouraged a
change in personal behaviour leading to a reduction in the
use of the car by 14% in an Australian city, 12% in a German
city and 13% in a Swedish city (medium agreement, medium
evidence) [5.5.1].
Fuel-economy standards or CO2 standards have been effective in reducing GHG emissions, but so far, transport growth
has overwhelmed their impact. Most industrialized and some
developing countries have set fuel-economy standards for new
light-duty vehicles. The forms and stringency of standards vary
widely, from uniform, mandatory corporate average standards,
through graduated standards by vehicle weight class or size,
to voluntary industry-wide standards. Fuel economy standards
have been universally effective, depending on their stringency,
LQ LPSURYLQJ YHKLFOH IXHO HFRQRP\ LQFUHDVLQJ RQURDG ÀHHW
average fuel economy and reducing fuel use and carbon
emissions. In some countries, fuel-economy standards have
been strongly opposed by segments of the automotive industry
RQDYDULHW\RIJURXQGVUDQJLQJIURPHFRQRPLFHI¿FLHQF\WR
VDIHW\7KHRYHUDOOHIIHFWLYHQHVVRIVWDQGDUGVFDQEHVLJQL¿FDQWO\
HQKDQFHG LI FRPELQHG ZLWK ¿VFDO LQFHQWLYHV DQG FRQVXPHU
information (high agreement, much evidence) [5.5.1].
Taxes on vehicle purchase, registration, use and motor fuels,
as well as road and parking pricing policies are important
determinants of vehicle-energy use and GHG emissions. They
are employed by different countries to raise general revenue,
to partially internalize the external costs of vehicle use or to
control congestion of public roads. An important reason for fuel
or CO2 tax having limited effects is that price elasticities tend to
be substantially smaller than the income elasticities of demand.
In the long run, the income elasticity of demand is a factor
1.5–3 higher than the price elasticity of total transport demand,
meaning that price signals become less effective with increasing
incomes. Rebates on vehicle purchase and registration taxes for
IXHOHI¿FLHQWYHKLFOHV KDYH EHHQ VKRZQ WR EH HIIHFWLYH 5RDG
and parking pricing policies are applied in several cities, with
PDUNHGHIIHFWVRQSDVVHQJHUFDUWUDI¿F high agreement, much
evidence) [5.5.1].
Many governments have introduced or are intending to
implement policies to promote biofuels in national emission
52

DEDWHPHQW VWUDWHJLHV 6LQFH WKH EHQH¿W RI ELRIXHOV IRU &22
mitigation comes mainly from the well-to-tank part, incentives
for biofuels are more effective climate policies if they are tied
to entire well-to-wheels CO2 HI¿FLHQFLHV 7KXV SUHIHUHQWLDO
tax rates, subsidies and quotas for fuel blending should be
FDOLEUDWHGWRWKHEHQH¿WVLQWHUPVRIQHW&22 savings over the
entire well-to-wheel cycle associated with each fuel. In order to
avoid the negative effects of biofuel production on sustainable
development (e.g., biodiversity impacts), additional conditions
could be tied to incentives for biofuels.
Policies and measures for aviation and marine transport
In order to reduce emissions from air and marine transport
resulting from the combustion of bunker fuels, new policy
IUDPHZRUNV QHHG WR EH GHYHORSHG %RWK WKH ,QWHUQDWLRQDO
Civil Aviation Organization (ICAO) and IMO have studied
options for limiting GHG emissions. However, neither has yet
been able to devise a suitable framework for implementing
policies. ICAO, however, has endorsed the concept of an open,
international emission-trading system implemented through a
voluntary scheme, or the incorporation of international aviation
into existing emission-trading systems.
For aviation, both fuel or emission charges and trading
would have the potential to reduce emissions considerably.
The geographical scope (routes and operators covered), the
amount of allowances to be allocated to the aviation sector and
the coverage of non-CO2 climate impacts will be key design
elements in determining the effectiveness of emissions trading
for reducing the impacts of aviation on climate. Emission
charges or trading would lead to an increase in fuel costs that
ZLOOKDYHDSRVLWLYHLPSDFWRQHQJLQHHI¿FLHQF\>@
Current policy initiatives in the shipping sector are mostly
EDVHG RQ YROXQWDU\ VFKHPHV XVLQJ LQGH[HV IRU WKH IXHO HI¿
ciency of ships. Environmentally differentiated port dues are
being used in a few places. Other policies to limit shipping
emissions would be the inclusion of international shipping
in international emissions-trading schemes, fuel taxes and
regulatory instruments (high agreement, medium evidence)
[5.5.2].
Integrated and non-climate policies affecting emissions of
*+*VDQGFREHQH¿WVRI*+*PLWLJDWLRQSROLFLHV
Transport planning and policy have recently placed more
weight on sustainable development aspects. This includes
reducing oil imports, improved air quality, reducing noise
pollution, increasing safety, reducing congestion and improving
access to transport facilities. Such policies can have important
synergies with reducing GHG emissions (high agreement,
medium evidence) [5.5.4; 5.5.5].
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Mitigation potential of the building sector
Substantial CO2 emission reduction from energy use in
buildings can be achieved over the coming years compared
with projected emissions. The considerable experience in a
wide variety of technologies, practices and systems for energy
HI¿FLHQF\ DQG DQ HTXDOO\ ULFK H[SHULHQFH ZLWK SROLFLHV DQG
SURJUDPPHV WKDW SURPRWH HQHUJ\ HI¿FLHQF\ LQ EXLOGLQJV OHQG
FRQVLGHUDEOH FRQ¿GHQFH WR WKLV YLHZ$ VLJQL¿FDQW SRUWLRQ RI
these savings can be achieved in ways that reduce life-cycle
costs, thus providing reductions in CO2 emissions that have a
net negative cost (generally higher investment cost but lower
operating cost) (high agreement, much evidence) [6.4; 6.5].

Measures to reduce GHG emissions from buildings fall into
one of three categories: 1) reducing energy consumption13 and
embodied energy in buildings; 2) switching to low-carbon fuels,
including a higher share of renewable energy; 3) controlling
emissions of non-CO2 GHG gases. Many current technologies
allow building energy consumption to be reduced through better
thermal envelopes14, improved design methods and building
RSHUDWLRQVPRUHHI¿FLHQWHTXLSPHQWDQGUHGXFWLRQVLQGHPDQG
for energy services. The relative importance of heating and
cooling depends on climate and thus varies regionally, while
the effectiveness of passive design techniques also depends
on climate, with important distinctions between hot-humid
and hot-arid regions. Occupant behaviour, including avoiding
unnecessary operation of equipment and adaptive rather than
invariant temperature standards for heating and cooling, is
DOVR D VLJQL¿FDQW IDFWRU LQ OLPLWLQJ EXLOGLQJ HQHUJ\ XVH high
agreement, much evidence) [6.4].

Mitigation technologies and practices

LQ6FHQDULR$% high agreement, medium evidence) [6.2,
6.3].

Figure TS.17: CO2 emissions (GtCO2) from buildings including emissions from the use of electricity, 1971–2030 [Figure 6.2].
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Future carbon emissions from energy use in buildings
The literature for the buildings sector uses a mixture of
baselines. Therefore, for this chapter, a building sector baseline
ZDVGH¿QHGVRPHZKHUHEHWZHHQ65(6%DQG$%2, with 14.3
GtCO2-eq GHG emissions (including emissions from electricity
XVH  LQ  7KH FRUUHVSRQGLQJ HPLVVLRQV LQ WKH 65(6 %
DQG$%VFHQDULRVDUHDQG*W&22,QWKH65(6%
scenario (Figure TS.17), which is based on relatively lower
economic growth, North America and Non-Annex I East Asia
account for the largest portion of the increase in emissions. In
WKH65(6$%VFHQDULRZKLFKVKRZVUDSLGHFRQRPLFJURZWK
all the CO2 emissions increase is in the developing world: Asia,
Middle East and North Africa, Latin America, and Sub-Saharan
Africa, in that order. Overall, average annual CO2 emission
JURZWK EHWZHHQ  DQG  LV  LQ 6FHQDULR % DQG

In 2004, direct GHG emissions from the buildings sector (excluding emissions from electricity use) were about 5 GtCO2eq/yr (3 GtCO2-eq/yr CO2; 0.1 GtCO2-eq/yr N2O; 0.4 GtCO2eq/yr CH4 and 1.5 GtCO2HT\U KDORFDUERQV  7KH ODVW ¿JXUH
includes F-gases covered by the Montreal protocol and about
0.1–0.2 GtCO2-eq/yr of HFCs. As mitigation in this sector
includes many measures aimed at saving electricity, the
mitigation potential is generally calculated including electricity
VDYLQJ PHDVXUHV )RU FRPSDULVRQ HPLVVLRQ ¿JXUHV RI WKH
building sector are often presented including emissions from
electricity use in the sector . When including the emissions
from electricity use, energy-related CO2 emissions from the
buildings sector were 8.6 Gt/yr, or 33% of the global total in
2004. Total GHG emissions, including the emissions from
electricity use, are then estimated at 10.6 Gt CO2eq/yr (high
agreement, medium evidence) [6.2].

Status of the sector and emission trends
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Table TS.5: GHG emissions reduction potential for the buildings stock in 2020a [Table 6.2].

Economic
region

Countries/country groups
reviewed for region

Potential as % of national
baseline for buildingsb

Measures covering the
largest potential

Measures providing the
cheapest mitigation
options

Developed
countries

USA, EU-15, Canada,
Greece, Australia, Republic
of Korea, United Kingdom,
Germany, Japan

Technical:
21%-54%c
Economic (<US$ 0/tCO2-eq):
12%-25%d
-Market:
15%-37%

1. Shell retroﬁt, inc.
insulation, esp. windows
and walls;
2. Space heating systems;
3. Efﬁcient lights, especially
shift to compact
ﬂuorescent lamps (CFL)
and efﬁcient ballasts.

1. Appliances such
as efﬁcient TVs and
peripherals (both on-mode
and standby), refrigerators
and freezers, ventilators
and air-conditioners;
2. Water heating equipment;
3. Lighting best practices.

Economies in
Transition

Hungary, Russia, Poland,
Croatia, as a group: Latvia,
Lithuania, Estonia, Slovakia,
Slovenia, Hungary, Malta,
Cyprus, Poland, the Czech
Republic

Technical:
26%-47%e
Economic (<US$ 0/tCO2eq):
13%-37%f
-Market:
14%

1. Pre- and post- insulation
and replacement of
building components, esp.
windows;
2. Efﬁcient lighting, esp. shift
to CFLs;
3. Efﬁcient appliances such
as refrigerators and water
heaters.

1. Efﬁcient lighting and its
controls;
2. Water and space heating
control systems;
3. Retroﬁt and replacement
of building components,
esp. windows.

Developing
countries

Myanmar, India, Indonesia,
Argentine, Brazil, China,
Ecuador, Thailand, Pakistan,
South Africa

Technical:
18%-41%
Economic (<US$ 0/tCO2eq):
13%-52%g
-Market:
23%

1. Efﬁcient lights, esp. shift
to CFLs, light retroﬁt, and
kerosene lamps;
2. Various types of improved
cooking stoves, esp.
biomass stoves, followed
by LPG and kerosene
stoves;
3. Efﬁcient appliances such
as air-conditioners and
refrigerators.

1. Improved lights, esp. shift
to CFLs light retroﬁt, and
efﬁcient kerosene lamps;
2. Various types of improved
cooking stoves, esp.
biomass based, followed
by kerosene stoves;
3. Efﬁcient electric
appliances such as
refrigerators and airconditioners.

I

-

I

Notes:
a)
Except for EU-15, Greece, Canada, India, and Russia, for which the target year was 2010, and Hungary, Ecuador and South Africa, for which the target was 2030.
b)
The fact that the market potential is higher than the economic potential for developed countries is explained by limitation of studies considering only one type
of potential, so information for some studies likely having higher economic potential is missing.
c)
Both for 2010, if the approximate formula of Potential 2020 = 1 – ( 1 – Potential 2010)20/10 is used to extrapolate the potential as percentage of the baseline into
the future (the year 2000 is assumed as a start year), this interval would be 38%–79%.
d)
Both for 2010, if suggested extrapolation formula is used, this interval would be 22%–44%.
e)
The last ﬁgure is for 2010, corresponds to 72% in 2020 if the extrapolation formula is used.
f)
The ﬁrst ﬁgure is for 2010, corresponds to 24% in 2020 if the extrapolation formula is used.
g)
The last ﬁgure is for 2030, corresponds to 38% in 2020 if the suggested extrapolation formula is applied to derive the intermediate potential.

These conclusions are supported by a survey of 80 studies
7DEOH 76  ZKLFK VKRZ WKDW HI¿FLHQW OLJKWLQJ WHFKQRORJLHV
are among the most promising GHG-abatement measures
in buildings in almost all countries, in terms of both costHIIHFWLYHQHVV DQG SRWHQWLDO VDYLQJV %\  DSSUR[LPDWHO\
760 Mt of CO2 emissions can be abated by the adoption of least
life-cycle cost lighting systems globally, at an average cost
of -160 US$/tCO2 LHDWDQHWHFRQRPLFEHQH¿W ,QWHUPVRI
the size of savings, improved insulation and district heating in
WKH FROGHU FOLPDWHV DQG HI¿FLHQF\ PHDVXUHV UHODWHG WR VSDFH
FRROLQJ DQG YHQWLODWLRQ LQ WKH ZDUPHU FOLPDWHV FRPH ¿UVW LQ
almost all studies, along with cooking stoves in developing
countries. Other measures that rank high in terms of savings
SRWHQWLDO DUH VRODU ZDWHU KHDWLQJ HI¿FLHQW DSSOLDQFHV DQG
energy-management systems.
$VIDUDVFRVWHIIHFWLYHQHVVLVFRQFHUQHGHI¿FLHQWFRRNLQJ
stoves rank second after lighting in developing countries, while
the measures in second place in the industrialized countries
54

differ according to climatic and geographic region. Almost
all the studies examining economies in transition (typically in
cooler climates) found heating-related measures to be the most
cost effective, including insulation of walls, roofs, windows
DQG ÀRRUV DV ZHOO DV LPSURYHG KHDWLQJ FRQWUROV IRU GLVWULFW
heating. In developed countries, appliance-related measures are
W\SLFDOO\LGHQWL¿HGDVWKHPRVWFRVWHIIHFWLYHZLWKXSJUDGHVRI
cooling-related equipment ranking high in warmer climates.
Air-conditioning savings can be more expensive than other
HI¿FLHQF\PHDVXUHVEXWFDQVWLOOEHFRVWHIIHFWLYHEHFDXVHWKH\
tend to displace more expensive peak power.
In individual new buildings, it is possible to achieve 75%
or more energy savings compared with recent current practice,
generally at little or no extra cost. Realizing these savings requires
an integrated design process involving architects, engineers,
contractors and clients, with full consideration of opportunities
for passively reducing the energy demands of buildings [6.4.1].
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Table TS.6: Global CO2 mitigation potential projections for 2020, as a function of costs [Table 6.3].

World
regions

Baseline
emissions
in 2020

CO2 mitigation potentials as share of the baseline
CO2 emission projections in cost categories in 2020
(costs in US$/tCO2-eq)

CO2 mitigation potentials in absolute values in cost
categories in 2020, GtCO2-eq
(costs in US$/tCO2-eq)

GtCO2-eq

<0

0-20

20-100

<100

<0

0-20

20-100

<100

11.1

29%

3%

4%

36%

3.2

0.35

0.45

4.0

OECD (EIT)

4.8

27%

3%

2%

32%

1.3

0.10

0.10

1.6

EIT

1.3

29%

12%

23%

64%

0.4

0.15

0.30

0.85

Non-OECD

5.0

30%

2%

1%

32%

1.5

0.10

0.05

1.6

Globe

I
I

Note: The aggregated global potential as a function of cost and region is based on 17 studies that reported potentials in detail as a function of costs.

Addressing GHG mitigation in buildings in developing
countries is of particular importance. Cooking stoves can be
PDGH WR EXUQ PRUH HI¿FLHQWO\ DQG FRPEXVW SDUWLFOHV PRUH
FRPSOHWHO\WKXVEHQH¿WLQJYLOODJHGZHOOHUVWKURXJKLPSURYHG
indoor-air quality, while reducing GHG emissions. Local
VRXUFHVRILPSURYHGORZ*+*PDWHULDOVFDQEHLGHQWL¿HG,Q
urban areas, and increasingly in rural ones, there is a need for
all the modern technologies used in industrialized countries to
reduce GHG emissions [6.4.3].
Emerging areas for energy savings in commercial buildings
include the application of controls and information technology
to continuously monitor, diagnose and communicate faults
in commercial buildings (‘intelligent control’); and systems
approaches to reduce the need for ventilation, cooling, and
GHKXPLGL¿FDWLRQ $GYDQFHG ZLQGRZV SDVVLYH VRODU GHVLJQ
techniques for eliminating leaks in buildings and ducts, energyHI¿FLHQW DSSOLDQFHV DQG FRQWUROOLQJ VWDQGE\ DQG LGOH SRZHU
consumption as well as solid-state lighting are also important in
both residential and commercial sectors (high agreement, much
evidence) [6.5].
Occupant behaviour, culture and consumer choice and use of
technologies are major determinants of energy use in buildings and
play a fundamental role in determining CO2 emissions. However,
the potential reduction through non-technological options is
rarely assessed and the potential leverage of policies over these is
poorly understood (high agreement, medium evidence).
There are opportunities to reduce direct emissions of
ÀXRULQDWHGJDVHVLQWKHEXLOGLQJVVHFWRUVLJQL¿FDQWO\WKURXJKWKH
global application of best practices and recovery methods, with
mitigation potential for all F-gases of 0.7 GtCO2-eq in 2015.
Mitigation of halocarbon refrigerants mainly involves avoiding
leakage from air conditioners and refrigeration equipment
(e.g., during normal use, maintenance and at end of life) and
reducing the use of halocarbons in new equipment. A key factor
determining whether this potential will be realized is the costs
associated with implementation of the measures to achieve the

HPLVVLRQUHGXFWLRQ7KHVHYDU\FRQVLGHUDEO\IURPDQHWEHQH¿W
to 300 US$/tCO2-eq. (high agreement, much evidence) [6.5].
Mitigation potential of the building sector
There is a global potential to reduce approximately 30%
of the projected baseline emissions from the residential and
commercial sectors cost effectively by 2020 (Table TS.6). At
least a further 3% of baseline emissions can be avoided at costs
up to 20 US$/tCO2-eq and 4% more if costs up to 100 US$/
tCO2-eq are considered. However, due to the large opportunities
at low costs, the high-cost potential has only been assessed to
DOLPLWHGH[WHQWDQGWKXVWKLV¿JXUHLVDQXQGHUHVWLPDWH8VLQJ
the global baseline emission projections for buildings15, these
estimates represent a reduction of about 3.2, 3.6, and 4.0 Gtons
of CO2-eq in 2020, at zero, 20 US$/tCO2-eq, and 100 US$/
tCO2-eq, respectively (high agreement, much evidence) [6.5].
The real potential is likely to be higher, because not all endXVH HI¿FLHQF\ RSWLRQV ZHUH FRQVLGHUHG E\ WKH VWXGLHV QRQ
WHFKQRORJLFDO RSWLRQV DQG WKHLU RIWHQ VLJQL¿FDQW FREHQH¿WV
ZHUH RPLWWHG DV ZHUH DGYDQFHG LQWHJUDWHG KLJKHI¿FLHQF\
buildings. However, the market potential is much smaller than
the economic potential.
 *LYHQ OLPLWHG LQIRUPDWLRQ IRU  WKH  ¿QGLQJV
for the economic potential to 2030 have been extrapolated
to enable comparisons with other sectors. The estimates are
given in Table TS.7. Extrapolation of the potentials to 2030
suggests that, globally, about 4.5, 5.0 and 5.6 GtCO2-eq/yr
could be reduced at costs of <0, <20 and <100 US$/tCO2eq respectively. This is equivalent to 30, 35, and 40% of the
SURMHFWHGEDVHOLQHHPLVVLRQV7KHVH¿JXUHVDUHDVVRFLDWHGZLWK
VLJQL¿FDQWO\ORZHUOHYHOVRIFHUWDLQW\WKDQWKHRQHVGXHWR
very limited research available for 2030 (medium agreement,
low evidence).
The outlook for the long-term future, assuming options in
the building sector with a cost up to US$ 25/tCO2HTLGHQWL¿HV
a potential of about 7.7 GtCO2eq reductions in 2050.

15 The baseline CO2 emission projections were calculated on the basis of the 17 studies used for deriving the global potential (if a study did not contain a baseline, projections
from another national mitigation report were used).
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Table TS.7: Global CO2 mitigation potential projections for 2030, as a function of cost, based on extrapolation from the 2020 numbers, in GtCO2 [Table 6.4].

Mitigation
option

Region

Baseline
projections
in 2030

Potential costs at below
100 US$/tCO2-eq

Potential in different cost categories
<0 US$/tCO2

0-20 US$/tCO2

20-100 US$/tCO2

<0 US$/tC

Low

High

0-73 US$/tC

73-367 US$/tC

Electricity
savingsa)

OECD
EIT
Non-OECD/EIT

3.4
0.40
4.5

0.75
0.15
1.7

0.95
0.20
2.4

0.85
0.20
1.9

0.0
0.0
0.1

0.0
0.0
0.1

Fuel
savings

OECD
EIT
Non-OECD/EIT

2.0
1.0
3.0

1.0
0.55
0.70

1.2
0.85
0.80

0.85
0.20
0.65

0.2
0.2
0.1

0.1
0.3
0.0

Total

OECD
EIT
Non-OECD/EIT
Global

5.4
1.4
7.5
14.3

1.8
0.70
2.4
4.8

2.2
1.1
3.2
6.4

1.7
0.40
2.5
4.5

0.2
0.2
0.1
0.5

0.1
0.3
0.0
0.7

I
I
I

Note:
a)
The absolute values of the potentials resulting from electricity savings in Table TS.8 and Chapter 11, Table 11.3 do not coincide due to application of different
baselines; however, the potential estimates as percentage of the baseline are the same in both cases. Also Table 11.3 excludes the share of emission reductions
which is already taken into account by the energy supply sector, while Table TS.7 does not separate this potential.

Interactions of mitigation options with vulnerability
and adaptation

Effectiveness of and experience with policies for
reducing CO2 emissions from energy use in buildings

If the world experiences warming, energy use for heating in
temperate climates will decline (e.g., Europe, parts of Asia and
North America), and for cooling will increase in most world
regions. Several studies indicate that, in countries with moderate
climates, the increase in electricity for additional cooling will
outweigh the decrease for heating, and in Southern Europe
D VLJQL¿FDQW LQFUHDVH LQ VXPPHU SHDN GHPDQG LV H[SHFWHG
Depending on the generation mix in particular countries, the net
effect of warming on CO2 emissions may be an increase even
ZKHUHRYHUDOOGHPDQGIRU¿QDOHQHUJ\GHFOLQHV7KLVFDXVHVD
positive feedback loop: more mechanical cooling emits more
GHGs, thereby exacerbating warming (medium agreement,
medium evidence).

Realizing such emissions reductions up to 2020 requires the
rapid design, implementation and enforcement of strong policies
SURPRWLQJ HQHUJ\ HI¿FLHQF\ IRU EXLOGLQJV DQG HTXLSPHQW
renewable energy (where cost-effective), and advanced design
techniques for new buildings (high agreement, much evidence)
[6.5].

Investments in the buildings sector may reduce the overall
cost of climate change by simultaneously addressing mitigation
and adaptation. The most important of these synergies includes
reduced cooling needs or energy use through measures such
as application of integrated building design, passive solar
FRQVWUXFWLRQ KHDW SXPSV ZLWK KLJK HI¿FLHQF\ IRU KHDWLQJ
DQG FRROLQJ DGDSWLYH ZLQGRZ JOD]LQJ KLJKHI¿FLHQF\ DSSOL
DQFHVHPLWWLQJOHVVZDVWHKHDWDQGUHWUR¿WVLQFOXGLQJLQFUHDVHG
LQVXODWLRQRSWLPL]HGIRUVSHFL¿FFOLPDWHVDQGVWRUPSURR¿QJ
Appropriate urban planning, including increasing green areas as
ZHOO DV FRRO URRIV LQ FLWLHV KDV SURYHG WR EH DQ HI¿FLHQW ZD\
of limiting the ‘heat island’ effect, thereby reducing cooling
QHHGV DQG WKH OLNHOLKRRG RI XUEDQ ¿UHV $GDSWLYH FRPIRUW
where occupants accept higher indoor (comfort) temperatures
when the outside temperature is high, is now often incorporated in
design considerations (high agreement, medium evidence) [6.9].
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There are, however, substantial barriers that need to be
overcome to achieve the high indicated negative and low cost
mitigation potential. These include hidden costs, mismatches
EHWZHHQ LQFHQWLYHV DQG EHQH¿WV HJ EHWZHHQ ODQGORUGV DQG
WHQDQWV OLPLWDWLRQVLQDFFHVVWR¿QDQFLQJVXEVLGLHVRQHQHUJ\
prices, as well as fragmentation of the industry and the design
process. These barriers are especially strong and diverse in
the residential and commercial sectors; overcoming them is
therefore only possible through a diverse portfolio of policy
instruments combined with good enforcement (high agreement,
medium evidence).
A wide range of policies has been shown in many countries
to be successful in cutting GHG emissions from buildings.
Table TS.8 summarizes the key policy tools applied and
compares them according to the effectiveness of the policy
instrument, based on selected best practices. Most instruments
UHYLHZHG FDQ DFKLHYH VLJQL¿FDQW HQHUJ\ DQG &22 savings. In
an evaluation of 60 policy evaluations from about 30 countries,
the highest CO2 emission reductions were achieved through
building codes, appliance standards and tax-exemption policies.
$SSOLDQFHVWDQGDUGVHQHUJ\HI¿FLHQF\REOLJDWLRQVDQGTXRWDV
demand-side management programmes and mandatory labelling were found to be among the most cost-effective policy
tools. Subsidies and energy or carbon taxes were the least costeffective instrument. Information programmes are also cost
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Table TS.8: The impact and effectiveness of selected policy instruments aimed at mitigating GHG emissions in the buildings sector using best practices [Table 6.6].

Policy instrument

Emission
reduction
effectivenessa

Costeffectivenessb

Special conditions for success, major strengths and limitations,
co-beneﬁts

Appliance standards

High

High

Factors for success: periodic update of standards, independent
control, information, communication and education.

Building codes

High

Medium

No incentive to improve beyond target. Only effective if enforced.

Public leadership
programmes, inc.
procurement regulations

High

High/Medium

Can be used effectively to demonstrate new technologies and
practices. Mandatory programmes have higher potential than
voluntary ones. Factor for success: ambitious energy efﬁciency
labelling and testing.

Energy efﬁciency
obligations and quotas

High

High

Continuous improvements necessary: new EE measures, short term
incentives to transform markets, etc.

Demand-side management
programmes

High

High

Tend to be more cost-effective for commercial sector than for
residences.

Energy performance
contracting/ESCO supportC

High

Medium

Strength: no need for public spending or market intervention, cobeneﬁt of improved competitiveness.

Energy efﬁciency certiﬁcate
schemes

Medium

Medium

No long-term experience. Transaction costs can be high. Institutional
structures needed. Profound interactions with existing policies.
Beneﬁts for employment.

Kyoto Protocol ﬂexible
mechanismsd

Low

Low

So far limited number of CDM &JI projects in buildings.

Taxation (on CO2 or fuels)

Low

Low

Effect depends on price elasticity. Revenues can be earmarked for
further efﬁciency. More effective when combined with other tools.

Tax exemptions/ reductions

High

High

If properly structured, stimulate introduction of highly efﬁcient
equipment and new buildings.

Capital subsidies, grants,
subsidised loans

High

Low

Positive for low-income households, risk of free-riders, may induce
pioneering investments.

Labelling and certiﬁcation
programmes

Medium/High

High

Mandatory programmes more effective than voluntary ones.
Effectiveness can be boosted by combination with other instruments
and regular updates.

Voluntary and negotiated
agreements

Medium/High

Medium

Can be effective when regulations are difﬁcult to enforce. Effective if
combined with ﬁnancial incentives, and threat of regulation.

Education and information
programmes

Low/Medium

High

More applicable in residential sector than commercial. Success
condition: best applied in combination with other measures.

Mandatory audit and energy
management requirement

High, but variable

Medium

Most effective if combined with other measures such as ﬁnancial
incentives.

Detailed billing and
disclosure programmes

Medium

Medium

Success conditions: combination with other measures and periodic
evaluation.

I

I

Notes:
a)
includes ease of implementation; feasibility and simplicity of enforcement; applicability in many locations; and other factors contributing to overall
magnitude of realized savings.
b)
Cost-effectiveness is related to speciﬁc societal cost per carbon emissions avoided.
c)
Energy service companies.
d)
Joint Implementation, Clean Development Mechanism, International Emissions Trading (includes the Green Investment Scheme).

effective, particularly when they accompany most other policy
measures (medium agreement, medium evidence) [6.8].
Policies and measures that aim at reducing leakage or
GLVFRXUDJH WKH XVH RI UHIULJHUDQWV FRQWDLQLQJ ÀXRULQH PD\
reduce emissions of F-gases substantially in future years (high
agreement, medium evidence) [6.8.4].
The limited overall impact of policies so far is due to several
factors: 1) slow implementation processes; 2) the lack of regular

updating of building codes (requirements of many policies are
often close to common practices, despite the fact that CO2QHXWUDOFRQVWUXFWLRQZLWKRXWPDMRU¿QDQFLDOVDFUL¿FHVLVDOUHDG\
possible) and appliance standards and labelling; 3) inadequate
IXQGLQJ LQVXI¿FLHQWHQIRUFHPHQW,QGHYHORSLQJFRXQWULHVDQG
HFRQRPLHV LQ WUDQVLWLRQ LPSOHPHQWDWLRQ RI HQHUJ\HI¿FLHQF\
policies is compromised by a lack of concrete implementation
combined with poor or non-existent enforcement mechanisms.
Another challenge is to promote GHG-abatement measures for
the building shell of existing buildings due to the long time
57
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SHULRGVEHWZHHQUHJXODUEXLOGLQJUHWUR¿WVDQGWKHVORZWXUQRYHU
of buildings in developed countries (high agreement, much
evidence) [6.8].
Co-beneﬁts and links to sustainable development
(QHUJ\ HI¿FLHQF\ DQG XWLOL]DWLRQ RI UHQHZDEOH HQHUJ\ LQ
buildings offer synergies between sustainable development
and GHG abatement. The most relevant of these for the least
GHYHORSHGFRXQWULHVDUHVDIHDQGHI¿FLHQWFRRNLQJVWRYHVWKDW
ZKLOHFXWWLQJ*+*HPLVVLRQVVLJQL¿FDQWO\UHGXFHPRUWDOLW\DQG
PRUELGLW\E\UHGXFLQJLQGRRUDLUSROOXWLRQ6DIHDQGHI¿FLHQW
cooking stoves also reduce the workload for women and
children who typically gather the fuel for traditional stoves and
decrease the demands on scarce natural resources. Reduction in
RXWGRRUDLUSROOXWLRQLVDQRWKHUVLJQL¿FDQWFREHQH¿W
In general, in developed and developing countries, improved
HQHUJ\HI¿FLHQF\LQEXLOGLQJVDQGWKHFOHDQDQGHI¿FLHQWXVHRI
locally available renewable energy resources results in:
v substantial savings in energy-related investment, since
HI¿FLHQF\LVOHVVFRVWO\WKDQQHZVXSSO\
v funds freed up for other purposes, such as infrastructure
investments;
v improved system reliability and energy security;
v increased access to energy services;
v reduced fuel poverty;
v improvement of local environmental quality;
v positive effects on employment, by creating new business
opportunities and through the multiplier effects of
spending money saved on energy costs in another way.
7KHUHLVLQFUHDVLQJHYLGHQFHWKDWZHOOGHVLJQHGHQHUJ\HI¿FLHQW
buildings often promote occupant productivity and health (high
agreement, medium evidence) [6.9].
Support from industrialized countries for the development
DQGLPSOHPHQWDWLRQRISROLFLHVWRLQFUHDVHHQHUJ\HI¿FLHQF\RI
buildings and equipment in developing countries and economies
in transition could contribute substantially to reductions in
the growth of CO2 emissions and improve the welfare of the
population. Devoting international aid or other public and private
IXQGVDLPHGDWVXVWDLQDEOHGHYHORSPHQWWRHQHUJ\HI¿FLHQF\DQG
renewable energy initiatives in buildings can achieve a multitude
of development objectives and result in long-lasting impacts. The
transfer of knowledge, expertise and know-how from developed
to developing countries can facilitate the adoption of photovoltaics
(PV), including PV-powered light emitting diode-based (LED)
OLJKWLQJKLJKLQVXODWLRQEXLOGLQJPDWHULDOVHI¿FLHQWDSSOLDQFHV
and lighting, integrated design, building energy-management
V\VWHPVDQGVRODUFRROLQJ+RZHYHUFDSLWDO¿QDQFLQJZLOODOVR
be needed [6.8.3].

Technology research, development, deployment,
diffusion and transfer
Although many practical and cost-effective technologies
and practices are available today, research and development is
needed in such areas as: high-performance control systems16;
advanced window glazing; new materials for insulated panels;
various systems to utilize passive and other renewable energy
sources; phase-change materials to increase thermal storage;
high-performance ground-source reversible heat pumps;
integrated appliances and other equipment to use waste heat;
novel cooling technologies, and the use of community-wide
networks to supply heating, cooling and electricity to buildings.
Demonstrations of these technologies and systems, and training
of professionals, are necessary steps toward bringing those new
technologies to market [6.8.3].
Long-term-outlook
Long-term GHG reduction in buildings needs to start soon
because of the slow turnover of the building stock. To achieve
large-scale savings in new buildings in the longer term, new
approaches to integrated design and operation of buildings
need to be taught, spread, and put into large-scale practice as
soon as possible. Such training is currently not available for the
PDMRULW\RISURIHVVLRQDOVLQWKHEXLOGLQJLQGXVWU\%HFDXVHRIWKH
important role of non-technological opportunities in buildings,
ambitious GHG reductions may require a cultural shift towards
a society that embraces climate protection and sustainable
development among its fundamental values, leading to social
pressure for building construction and use with much reduced
environmental footprints (high agreement, medium evidence)
[6.4.1; 6.8.1].

7

Industry

Status of the sector, development trends
and implications
Energy-intensive industries, iron and steel, non-ferrous
PHWDOVFKHPLFDOVDQGIHUWLOL]HUSHWUROHXPUH¿QLQJFHPHQWDQG
pulp and paper, account for about 85% of the industry sector’s
energy consumption in most countries. Since energy use in other
sectors grew faster, the sector’s share in global primary energy
use declined from 40% in 1971 to 37% in 2004 [7.1.3].
Much of this energy-intensive industry is now located in
developing countries. Overall, in 2003, developing countries
accounted for 42% of global steel production, 57% of
global nitrogen fertilizer production, 78% of global cement
manufacture, and about 50% of global aluminium production.
,QGHYHORSLQJFRXQWULHVDFFRXQWHGIRURI¿QDOHQHUJ\

16 Advanced control systems need to be created that permit the integration of all energy service functions in the design and subsequent operation of commercial buildings
(‘intelligent control’).
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Figure TS.18: Industrial sector energy-related CO2 emissions (GtCO2; including electricity use), 1971–2030. [Table 7.1, 7.2].
Note: Dark red – historic emissions; light red – projections according to SRES B2 scenario. Data extracted from Price et al. (2006).
EECCA = Countries of Eastern Europe, the Caucasus and Central Asia.

use by industry, developed country for 43% and economies in
transition for 11%. Many facilities (for aluminium, cement
and fertilizer industries) in developing nations are new and
LQFOXGHWKHODWHVWWHFKQRORJ\ZLWKORZHVWVSHFL¿FHQHUJ\XVH
+RZHYHUDVLQLQGXVWULDOL]HGFRXQWULHVPDQ\ROGHULQHI¿FLHQW
facilities remain. This creates a huge demand for investment in
GHYHORSLQJFRXQWULHVWRLPSURYHHQHUJ\HI¿FLHQF\DQGDFKLHYH
emission reductions. The strong growth of energy-intensive
industries during the 20th century is expected to continue as
population and GDP increase [7.1.2; 7.1.3].
Though large-scale production dominates these energyintensive industries globally, small- and medium-sized
HQWHUSULVHV 60(V KDYHVLJQL¿FDQWVKDUHVLQPDQ\GHYHORSLQJ
countries. While regulations and international competition
are moving large industrial enterprises towards the use of
environmentally sound technology, SMEs may not have the
economic or technical capacity to install the necessary control
equipment or are slower to innovate. These SME limitations
create special challenges for efforts to mitigate GHG emissions
(high agreement, much evidence) [7.1.1].
Emission trends (global and regional)
Direct GHG emissions from industry are currently about
7.2 GtCO2-eq. As the mitigation options discussed in this
chapter include measures aimed at reducing the industrial
use of electricity, emissions including those from electricity
use are important for comparison. Total industrial sector
GHG emissions were about 12 GtCO2-eq in 2004, about 25%
of the global total. CO2 emissions (including electricity use)
from the industrial sector grew from 6.0 GtCO2 in 1971
to 9.9 GtCO2 in 2004. In 2004, developed nations accounted
for 35% of total energy-related CO2 emissions, economies
in transition for 11% and developing nations for 53% (see
Figure TS.18). Industry also emits CO2 from non-energy
uses of fossil fuels and from non-fossil fuel sources. In 2000,

these were estimated to total 1.7 GtCO2 (high agreement,
much evidence) [7.1.3].
Industrial processes also emit other GHGs, including HFC23 from the manufacture of HCFC-22; PFCs from aluminium
smelting and semiconductor processing; SF6 IURP XVH LQ ÀDW
panel screens (liquid crystal display) and semi-conductors,
magnesium die casting, electrical equipment, aluminium
melting, and others, and CH4 and N2O from chemical industry
sources and food-industry waste streams. Total emission
from these sources was about 0.4 GtCO2-eq in 2000 (medium
agreement, medium evidence) [7.1.3].
The projections for industrial CO2 emissions for 2030
XQGHUWKH65(6%2 scenarios are around 14 GtCO2 (including
electricity use) (see Figure TS.18). The highest average growth
Table TS.9: Projected industrial sector emissions of non-CO2 GHGs, MtCO2-eq/yr
[Table 7.3].
Region

1990

2000

2010

2030

Paciﬁc OECD

38

53

47

49

North America

147

117

96

147

Western Europe

159

96

92

109

31

21

22

27

Central and Eastern Europe
EECCA

37

20

21

26

Developing Asia

34

91

118

230

Latin America

17

18

21

38

Sub Saharan Africa

6

10

11

21

Middle East and North
Africa

2

3

10

20

470

428

438

668

World

Note:
Emissions from refrigeration equipment used in industrial processes included;
emissions from all other refrigeration and air-conditioning applications excluded.
EECCA = the countries of Eastern Europe, the Caucasus and Central Asia.
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60

Energy efﬁciency

Benchmarking; Energy
management systems;
Efﬁcient motor systems,
boilers, furnaces, lighting
and heating/ventilation/air
conditioning;
Process integration

Smelt reduction, Near
net shape casting, Scrap
preheating, Dry coke
quenching

Inert anodes,
Efﬁcient cell designs

Membrane separations,
Reactive distillation

Membrane separation
Reﬁnery gas

Precalciner kiln, Roller mill,
ﬂuidized bed kiln

Cullet preheating
Oxyfuel furnace

Efﬁcient pulping, Efﬁcient
drying, Shoe press,
Condebelt drying

Efﬁcient drying, Membranes

Sector

Sector wide

Iron & steel

Non-ferrous
metals

Chemicals

Petroleum
reﬁning

Cement

Glass

Pulp and
paper

Food
Biogas,
Natural gas

Biomass,
Landﬁll gas

Natural gas

Waste fuels,
Biogas,
Biomass

Natural gas

Natural gas

Natural gas,
oil or plastic
injection into
the BF

Coal to natural
gas and oil

Fuel
switching

Anaerobic
digestion,
Gasiﬁcation

Black liquor
gasiﬁcation
combined
cycle

Air bottoming
cycle

Drying with
gas turbine,
power
recovery

Pressure
recovery
turbine,
hydrogen
recovery

Pre-coupled
gas turbine,
Pressure
recovery
turbine, H2
recovery

Top-gas
pressure
recovery,
By-product
gas combined
cycle

Cogeneration

Power
recovery
Renewables

Biomass,
By-products,
Solar drying

Biomass fuels
(bark, black
liquor)

n/a

Biomass fuels,
Biogas

Biofuels

Charcoal

Biomass,
Biogas, PV,
Wind turbines,
Hydropower

Recycling,
Non-wood
ﬁbres

Increased
cullet use

Slags,
pozzolanes

Bio-feedstock

Recycled
plastics, biofeedstock

Scrap

Scrap

Recycled
inputs

Feedstock
change

Fibre
orientation,
Thinner paper

High-strength
thin containers

Blended
cement
Geo-polymers

Linear low
density
polyethylene,
high-perf.
plastics

High strength
steel

Product
change

Reduction
process
losses, Closed
water use

Reduction
cutting and
process
losses

Recycling

(reduction in
transport not
included here)

Recycling,
Thinner ﬁlm
and coating,
Reduced
process
losses

Recycling,
thinner ﬁlm
and coating

Recycling,
High strength
steel,
Reduction
process
losses

Material
efﬁciency

Table TS.10: Examples of industrial technology for reducing GHG emissions (not comprehensive). Technologies in italics are under demonstration or development [Table 7.5].

n/a

n/a

n/a

Control
technology for
N2O/CH4

N2O, PFCs,
CFCs and
HFCs control

PFC/SF6
controls

n/a

Non-CO2
GHG

Oxyfuel
combustion in
lime kiln

OxyfuelL
combustion

Oxyfuel
combustion
in kiln

From
hydrogen
production

CO2 storage
from
ammonia,
ethylene oxide
processes

Hydrogen
reduction,
oxygen use in
blast furnaces

Oxy-fuel
combustion,
CO2
separation
from ﬂue gas

CO2
capture and
storage
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rates in industrial-sector CO2 emissions are projected for
developing countries. Growth in the regions of Central and
Eastern Europe, the Caucasus and Central Asia, and Developing
Asia is projected to slow in both scenarios for 2000–2030.
CO2 HPLVVLRQV DUH H[SHFWHG WR GHFOLQH LQ WKH 3DFL¿F 2(&'
1RUWK$PHULFDDQG:HVWHUQ(XURSHUHJLRQVIRU%DIWHU
For non-CO2 GHG emissions from the industrial sector,
emissions by 2030 are projected to increase globally by a
factor of 1.4, from 470 MtCO2-eq. (130 MtC-eq) in 1990
to 670 MtCO2-eq (180 MtC-eq.) in 2030 assuming no further
action is taken to control these emissions. Mitigation efforts
led to a decrease in non-CO2 GHG emissions between
1990 and 2000, and many programmes for additional control
are underway (see Table TS.9) (high agreement, medium
evidence) [7.1.3].
Description and assessment of mitigation
technologies and practices, options and potentials,
costs and sustainability
Historically, the industrial sector has achieved reductions
in energy intensity and emission intensity through adoption
RI HQHUJ\ HI¿FLHQF\ DQG VSHFL¿F PLWLJDWLRQ WHFKQRORJLHV
particularly in energy-intensive industries. The aluminium
industry reported >70% reduction in PFC-emission intensity over
the period 1990–2004 and the ammonia industry reported that
plants designed in 2004 have a 50% reduction in energy intensity
compared with those designed in 1960. Continuing to modernize
ammonia-production facilities around the world will result in
IXUWKHUHQHUJ\HI¿FLHQF\LPSURYHPHQWV5HGXFWLRQVLQUH¿QLQJ
energy intensity have also been reported [7.4.2, 7.4.3, 7.4.4].
The low technical and economic capacity of SMEs pose
challenges for the diffusion of sound environmental technology,
though some innovative R&D is taking place in SMEs.
A wide range of measures and technologies have the potential
to reduce industrial GHG emissions. These technologies can be
JURXSHGLQWRWKHFDWHJRULHVRIHQHUJ\HI¿FLHQF\IXHOVZLWFKLQJ
power recovery, renewables, feedstock change, product change
DQG PDWHULDO HI¿FLHQF\ 7DEOH 76  :LWKLQ HDFK FDWHJRU\
VRPH WHFKQRORJLHV VXFK DV WKH XVH RI PRUH HI¿FLHQW HOHFWULF
motors, are broadly applicable across all industries, while
others, such as top-gas pressure recovery in blast furnaces, are
SURFHVVVSHFL¿F
Later in the period to 2030, there will be a substantial additional
SRWHQWLDO IURP IXUWKHU HQHUJ\ HI¿FLHQF\ LPSURYHPHQWV DQG
application of Carbon Capture and Storage (CCS)17 and nonGHG process technologies. Examples of such new technologies
that are currently in the R&D phase include inert electrodes
for aluminium manufacture and hydrogen for metal production
(high agreement, much evidence) [7.2, 7.3, 7.4].

Mitigation potentials and costs in 2030 have been estimated
in an industry-by-industry assessment of energy-intensive
industries and an overall assessment of other industries. The
approach yielded mitigation potentials of about 1.1 GtCO2-eq
at a cost of <20 US$/tCO2 (74 US$/tC-eq); about 3.5 GtCO2eq at costs below <50 US$/tCO2 (180 US$/tC-eq); and about
4 GtCO2-eq/yr (0.60–1.4 GtC-eq/yr) at costs <US$100/tCO2-eq
86W&HT XQGHUWKH%VFHQDULR7KHODUJHVWPLWLJDWLRQ
potentials are in the steel, cement and pulp and paper industries,
and in the control of non-CO2 gases, and much of the potential
is available at <50 US$/tCO2-eq (<US$ 180/tC-eq). Application
of CCS technology offers a large additional potential, albeit at
higher cost.
A recently completed global study for nine groups of
technologies indicates a mitigation potential for the industrial
sector of 2.5-3.0 GtCO2-eq/yr (0.68-0.82 GtC-eq/yr) in 2030
at costs of <25 US$/tCO2 (< 92US$/tC) (2004$). While the
estimate of mitigation potential is in the range found in this
DVVHVVPHQW WKH HVWLPDWH RI PLWLJDWLRQ FRVW LV VLJQL¿FDQWO\
lower (medium agreement, medium evidence) [7.5].
Interaction of mitigation options with vulnerability
and adaptation
Linkages between adaptation and mitigation in the
industrial sector are limited. Many mitigation options (e.g.,
HQHUJ\HI¿FLHQF\KHDWDQGSRZHUUHFRYHU\UHF\FOLQJ DUHQRW
vulnerable to climate change and therefore create no adaptation
link. Others, such as fuels or feedstock switching (e.g. to
biomass or other renewable energy sources) may be vulnerable
to climate change [7.8].
Effectiveness of and experience with climate
policies, potentials, barriers and opportunities/
implementation issues
Full use of available mitigation options is not being made in
either industrialized or developing nations. In many areas of the
world, GHG mitigation is not demanded by either the market
or government regulation. In these areas, companies will invest
in GHG mitigation to the extent that other factors provide a
return for their investments. This return can be economic; for
H[DPSOHHQHUJ\HI¿FLHQF\SURMHFWVWKDWSURYLGHDQHFRQRPLF
pay-out, or can be in terms of achieving larger corporate goals,
for example, a commitment to sustainable development. The
economic potential as outlined above will only be realized if
policies and regulations are in place. Relevant in this respect
is that, as noted above, most energy-intensive industries are
located in developing countries. Slow rate of capital stock
turnover is also a barrier in many industries, as is the lack of
WKH ¿QDQFLDO DQG WHFKQLFDO UHVRXUFHV QHHGHG WR LPSOHPHQW
mitigation options, and limitations in the ability of industrial
¿UPV SDUWLFXODUO\ VPDOO DQG PHGLXPVL]HG HQWHUSULVHV WR

17 See IPCC Special Report on CO2 Capture and Storage
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access and absorb information about available options (high
agreement, much evidence) [7.9.1].

Integrated and non-climate policies affecting
emissions of greenhouse gases

Voluntary agreements between industry and government to
reduce energy use and GHG emissions have been used since
the early 1990s. Well-designed agreements, which set realistic
WDUJHWV DQG KDYH VXI¿FLHQW JRYHUQPHQW VXSSRUW RIWHQ DV SDUW
of a larger environmental policy package, and a real threat
of increased government regulation or energy/GHG taxes
if targets are not achieved, can provide more than businessas-usual energy savings or emission reductions. Some have
accelerated the application of best available technology and
led to reductions in emissions compared with the baseline,
particularly in countries with traditions of close cooperation
between government and industry. However, the majority of
YROXQWDU\ DJUHHPHQWV KDYH QRW DFKLHYHG VLJQL¿FDQW HPLVVLRQ
reductions beyond business-as-usual. Corporations, subnational governments, non-government organizations (NGOs)
and civil groups are adopting a wide variety of voluntary actions,
independent of government authorities, which may limit GHG
emissions, stimulate innovative policies, and encourage the
GHSOR\PHQWRIQHZWHFKQRORJLHV%\WKHPVHOYHVKRZHYHUWKH\
generally have limited impact.

Policies aimed at balancing energy security, environmental
protection and economic development can have a positive
or negative impact on mitigation. Sustainable development
SROLFLHV IRFXVLQJ RQ HQHUJ\ HI¿FLHQF\ GHPDWHULDOL]DWLRQ DQG
use of renewables support GHG mitigation objectives. Wastemanagement policies reduce industrial sector GHG emissions
by reducing energy use through the re-use of products. Airpollutant reduction measures can have synergy with GHGemissions reduction when reduction is achieved by shifting to
low-carbon fuels, but do not always reduce GHG emissions as
many require the use of additional energy.

Policies that reduce the barriers to adoption of cost-effective,
low-GHG emission technologies (e.g., lack of information,
DEVHQFHRIVWDQGDUGVDQGXQDYDLODELOLW\RIDIIRUGDEOH¿QDQFLQJ
IRU ¿UVW SXUFKDVHV RI PRGHUQ WHFKQRORJ\  FDQ EH HIIHFWLYH
0DQ\FRXQWULHVERWKGHYHORSHGDQGGHYHORSLQJKDYH¿QDQFLDO
schemes available to promote energy saving in industry.
According to a World Energy Council survey, 28 countries
provide some sort of grant or subsidy for industrial energyHI¿FLHQF\SURMHFWV)LVFDOPHDVXUHVDUHDOVRIUHTXHQWO\XVHGWR
stimulate energy savings in industry. However, a drawback to
¿QDQFLDOLQFHQWLYHVLVWKDWWKH\DUHRIWHQDOVRXVHGE\LQYHVWRUV
who would have made the investment without the incentive.
Possible solutions to improve cost-effectiveness are to restrict
VFKHPHV WR VSHFL¿F WDUJHW JURXSV DQGRU WHFKQLTXHV VHOHFWHG
lists of equipment, only innovative technologies), or use a direct
criterion of cost-effectiveness [7.9.3].
Several national, regional or sectoral CO2 emissions
trading systems either exist or are being developed. The
IXUWKHUUH¿QHPHQWRIWKHVHWUDGLQJV\VWHPVFRXOGEHLQIRUPHG
by evidence that suggests that in some important aspects,
SDUWLFLSDQWVIURPLQGXVWULDOVHFWRUVIDFHDVLJQL¿FDQWO\GLIIHUHQW
situation to those from the electricity sector. For instance,
responses to carbon emission price in industry tend to be slower
because of the more limited technology portfolio and absence
of short-term fuel-switching possibilities, making predictable
allocation mechanisms and stable price signals a more important
issue for industry [7.9.4].
As noted in the TAR, industrial enterprises of all sizes are
vulnerable to changes in government policy and consumer
preferences. That is why a stable policy regime is so important
for industry (high agreement, much evidence) [7.9].
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In addition to implementing the mitigation options discussed
above, achieving sustainable development will require
industrial development pathways that minimize the need for
future mitigation (high agreement, medium evidence). Large
companies have greater resources, and usually more incentives,
to factor environmental and social considerations into their
operations than small and medium enterprises (SMEs), but
SMEs provide the bulk of employment and manufacturing
capacity in many countries. Integrating SME development
strategy into broader national strategies for development is
consistent with sustainable development objectives. Energyintensive industries are now committing to a number of
measures towards human capital development, health and
safety, community development etc., which are consistent with
the goal of corporate social responsibility (high agreement,
much evidence) [7.7; 7.8].
Co-beneﬁts of greenhouse gas mitigation policies
7KHFREHQH¿WVRILQGXVWULDO*+*PLWLJDWLRQLQFOXGHUHGXFHG
emissions of air pollutants, and waste (which in turn reduce
environmental compliance and waste disposal costs), increased
production and product quality, lower maintenance and
operating costs, an improved working environment, and other
EHQH¿WVVXFKDVGHFUHDVHGOLDELOLW\LPSURYHGSXEOLFLPDJHDQG
worker morale, and delaying or reducing capital expenditures.
The reduction of energy use can indirectly contribute to reduced
health impacts of air pollutants particularly where no air-pollution
regulation exists (high agreement, much evidence) [7.10].
Technology research, development, deployment,
diffusion and transfer
Commercially available industrial technology provides
a very large potential to reduce GHG emissions. However,
even with the application of this technology, many industrial
processes would still require much more energy than the
thermodynamic ideal, suggesting a large additional potential for
HQHUJ\HI¿FLHQF\LPSURYHPHQWDQG*+*PLWLJDWLRQSRWHQWLDO
In addition, some industrial processes emit GHGs that are
independent of heat and power use. Commercial technology to
eliminate these emissions does not currently exist for some of
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these processes, for example, development of an inert electrode
to eliminate process emissions from aluminium manufacture
and the use of hydrogen to reduce iron and non-ferrous metal
ores. These new technologies must also meet a host of other
criteria, including cost competitiveness, safety and regulatory
requirements, as well as winning customer acceptance.
Industrial technology research, development, deployment and
diffusion are carried out both by governments and companies,
LGHDOO\LQFRPSOHPHQWDU\UROHV%HFDXVHRIWKHODUJHHFRQRPLF
risks inherent in technologies with GHG emission mitigation
as the main purpose, government programmes are likely to
EH QHHGHG LQ RUGHU WR IDFLOLWDWH D VXI¿FLHQW OHYHO RI UHVHDUFK
and development. It is appropriate for governments to identify
IXQGDPHQWDO EDUULHUV WR WHFKQRORJ\ DQG ¿QG VROXWLRQV WR
overcome these barriers, but companies should bear the risks
and capture the rewards of commercialization.

3URGXFWLRQRIIRRGDQG¿EUHKDVPRUHWKDQNHSWSDFHZLWK
the sharp increase in demand in a more populated world, so
that the global average daily availability of calories per capita
has increased, though with regional exceptions. However, this
growth has been at the expense of increasing pressure on the
environment and dwindling natural resources, and has not solved
problems of food security and widespread child malnutrition in
poor countries (high agreement, much evidence).

In addition, government information, energy audits, reporting,
and benchmarking programmes promote technology transfer and
diffusion. The key factors determining private-sector technology
deployment and diffusion are competitive advantage, consumer
DFFHSWDQFH FRXQWU\VSHFL¿F FKDUDFWHULVWLFV SURWHFWLRQ RI
intellectual property rights, and regulatory frameworks (medium
agreement, medium evidence) [7.11].

Economic growth and changing lifestyles in some developing
countries are causing a growing demand for meat and
dairy products. From 1967–1997, meat demand in developing
countries rose from 11 to 24 kg per capita per year, achieving an
annual growth rate of more than 5% by the end of that period.
Further increases in global meat demand (about 60% by 2020)
are projected, mostly in developing regions such as South and
Southeast Asia, and Sub-Saharan Africa (medium agreement,
much evidence) [8.2].

Long-term outlook
Many technologies offer long-term potential for mitigating
industrial GHG emissions, but interest has focused on three areas:
biological processing, use of hydrogen and nanotechnology.
Given the complexity of the industrial sector, achieving low
GHG emissions is the sum of many cross-cutting and individual
VHFWRUWUDQVLWLRQV%HFDXVHRIWKHVSHHGRIFDSLWDOVWRFNWXUQRYHU
in at least some branches of industry, inertia by ‘technology
ORFNLQ¶ PD\ RFFXU 5HWUR¿WWLQJ SURYLGHV RSSRUWXQLWLHV LQ WKH
meantime, but basic changes in technology occur only when
the capital stock is installed or replaced (high agreement, much
evidence) [7.12].

8

The absolute area of global arable land has increased to
about 1400 Mha, an overall increase of 8% since the 1960s (5%
decrease in developed countries and 22% increase in developing
countries). This trend is expected to continue into the future,
with a projected additional 500 Mha converted to agriculture
from 1997–2020, mostly in Latin America and Sub-Saharan
Africa (medium agreement, limited evidence).

Emission trends
For 2005, agriculture accounted for an estimated emission
of 5.1 to 6.1 GtCO2-eq (10–12% of total global anthropogenic
emissions of GHGs). CH4 contributed 3.3 GtCO2-eq and
N2O 2.8 GtCO2-eq. Of global anthropogenic emissions in
2005, agriculture accounted for about 60% of N2O and about
50% of CH4 (medium agreement, medium evidence). Despite
large annual exchanges of CO2 between the atmosphere and
DJULFXOWXUDOODQGVWKHQHWÀX[LVHVWLPDWHGWREHDSSUR[LPDWHO\
balanced, with net CO2 emissions of only around 0.04 GtCO2/
yr (emissions from electricity and fuel use in agriculture are
covered in the buildings and transport sector respectively) (low
agreement, limited evidence) [8.3].

Agriculture

Status of the sector, future trends in production and
consumption, and implications
Technological developments have allowed remarkable
progress in agricultural output per unit of land, increasing
per capita food availability despite a consistent decline in per
capita agricultural land area (high agreement, much evidence).
However, progress has been uneven across the world, with rural
poverty and malnutrition remaining in some countries. The
share of animal products in the diet has increased progressively
in developing countries, while remaining constant in the
developed world (high agreement, much evidence).

Trends in GHG emissions in agriculture are responsive to
global changes: increases are expected as diets change and
population growth increases food demand. Future climate
change may eventually release more soil carbon (though the
effect is uncertain as climate change may also increase soil
carbon inputs through high production). Emerging technologies
may permit reductions of emissions per unit of food produced,
but absolute emissions are likely to grow (medium agreement,
medium evidence).
Without additional policies, agricultural N2O and CH4
emissions are projected to increase by 35–60% and ~60%,
respectively, to 2030, thus increasing more rapidly than the
14% increase of non-CO2 GHG observed from 1990 to 2005
(medium agreement, limited evidence) [8.3.2].
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Figure TS.19: Historic and projected N2O and CH4 emissions (MtCO2-eq.) in the agricultural sector of ten world regions, 1990–2020 [Figure 8.2].
Note: EECCA=Countries of Eastern Europe, the Caucasus and Central Asia.

%RWK WKH PDJQLWXGH RI WKH HPLVVLRQV DQG WKH UHODWLYH
importance of the different sources vary widely among world
UHJLRQV )LJXUH 76  ,Q  WKH JURXS RI ¿YH UHJLRQV
consisting mostly of non-Annex I countries were responsible
for 74% of total agricultural emissions [8.3].
Mitigation technologies, practices, options,
potentials and costs
Considering all gases, the economic potentials for agricultural
mitigation by 2030 are estimated to be about 1600, 2700 and
4300 MtCO2-eq/yr at carbon prices of up to 20, 50 and 100 US$/
tCO2HTUHVSHFWLYHO\IRUD65(6%EDVHOLQH VHH7DEOH76 
(medium agreement, limited evidence) [8.4.3].
Improved agricultural management can reduce net GHG
emissions, often affecting more than one GHG. The effectiveness
of these practices depends on factors such as climate, soil type
and farming system (high agreement, much evidence).
About 90% of the total mitigation arises from sink enhancement
(soil C sequestration) and about 10% from emission reduction
(medium agreement, medium evidence). The most prominent
mitigation options in agriculture (with potentials shown in Mt

CO2eq/yr for carbon prices up to 100 US$/tCO2-eq by 2030) are
(see also Figure TS.20):
v restoration of cultivated organic soils (1260)
v improved cropland management (including agronomy,
nutrient management, tillage/residue management and
water management (including irrigation and drainage)
and set-aside / agro-forestry (1110)
v improved grazing land management (including grazing
intensity, increased productivity, nutrient management,
¿UHPDQDJHPHQWDQGVSHFLHVLQWURGXFWLRQ  
v restoration of degraded lands (using erosion control,
organic amendments and nutrient amendments (690).
Lower, but still substantial mitigation potential is provided by:
v rice management (210)
v livestock management (including improved feeding
practices, dietary additives, breeding and other structural
changes, and improved manure management (improved
storage and handling and anaerobic digestion) (260)
(medium agreement, limited evidence).
In addition, 770 MtCO2-eq/yr could be provided by 2030
E\LPSURYHGHQHUJ\HI¿FLHQF\LQDJULFXOWXUH7KLVDPRXQWLV
however, for a large part included in the mitigation potential of
buildings and transport [8.1; 8.4].

Table TS.11: Estimates of global agricultural economic GHG mitigation potential
(MtCO2-eq/yr) by 2030 under different assumed carbon prices for a SRES B2 baseline [Table 8.7].

Carbon price (US$/tCO2-eq)
Up to 20

Up to 50

Up to 100

OECD

330
(60-470)

540
(300-780)

870
(460-1280)

EIT

160
(30-240)

270
(150-390)

440
(230-640)

1140
(210-1660)

1880
(1040-2740)

3050
(1610-4480)

Non-OECD/
EIT

Note:
ﬁgures in brackets show standard deviation around the mean estimate, potential
excluding energy-efﬁciency measures and fossil fuel offsets from bio-energy.
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At lower carbon prices, low cost measures most similar
to current practice are favoured (e.g., cropland management
options), but at higher carbon prices, more expensive measures
with higher mitigation potentials per unit area are favoured
(e.g., restoration of cultivated organic / peaty soils; Figure
TS.20) (medium agreement, limited evidence) [8.4.3].
GHG emissions could also be reduced by substitution of
fossil fuels by energy production from agricultural feedstocks
(e.g., crop residues, dung, energy crops), which are counted
in energy end-use sectors (particularly energy supply and
transport). There are no accurate estimates of future agricultural
ELRPDVV VXSSO\ ZLWK ¿JXUHV UDQJLQJ IURP (-\U LQ 

1171
Technical Summary

1400

Mt CO2-eq/yr
□ up to 20 US$/tCO2-eq.

up to 50 US$/tCO2-eq.
up to 100 US$/tCO2-eq.

1200
1000
800
600
400
200

ma
na ma
ge nu
me re
nt

se
t-a
si
ag de,
ro LU
for C
es &
try

es
toc
k
liv

ma
na
ge ric
me e
nt

gr
ad re
ed st
lan ore
ds
de

g
ma raz
na ing
ge lan
me d
nt

ma c
na rop
ge lan
me d
nt

re

sto
re
or cu
ga ltiv
nic at
so ed
ils

0

Mitigation measure
Figure TS.20: Potential for GHG agricultural mitigation in 2030 at a range of carbon prices for a SRES B2 baseline [Figure 8.9].
Note: B2 scenario shown, though the pattern is similar for all SRES scenarios. Energy-efﬁciency measures (770 MtCO2-eq) are included in the mitigation
potential of the buildings and energy sector.

to more than 400 EJ/yr in 2050. The actual contribution of
agriculture to the mitigation potential by using bio-energy
depends, however, on the relative prices of fuels and the
balance of demand and supply. Top-down assessments
that include assumptions on such a balance estimate the
economic mitigation potential of biomass energy supplied
from agriculture to be 70–1260 MtCO2-eq/yr at up to 20 US$/
tCO2-eq, and 560–2320 MtCO2-eq/yr at up to 50 US$/tCO2eq. There are no estimates for the additional potential from
top-down models at carbon prices up to 100 US$/tCO2-eq,
but the estimate for prices above 100 US$/tCO2-eq
is 2720 MtCO2-eq/yr. These potentials represent mitigation of
5–80%, and 20–90% of all other agricultural mitigation measures
combined, at carbon prices of up to 20, and up to 50 US$/tCO2eq, respectively. Above the level where agricultural products
and residues form the sole feedstock, bio-energy competes with
other land-uses for available land, water and other resources
The mitigation potentials of bio-energy and improved energy
HI¿FLHQF\DUHQRWLQFOXGHGLQ7DEOH76RU)LJXUH76DV
the potential is counted in the user sectors, mainly transport
and buildings, respectively (medium agreement, medium
evidence) [8.4.4].
The estimates of mitigation potential in the agricultural
sector are towards the lower end of the ranges indicated in the
Second Assessment Report (SAR) and TAR. This is due mainly
to the different time scales considered (2030 here versus 2050
in TAR). In the medium term, much of the mitigation potential
is derived from removal of CO2 from the atmosphere and its

conversion to soil carbon, but the magnitude of this process will
diminish as soil carbon approaches maximum levels, and longterm mitigation will rely increasingly on reducing emissions
of N2O, CH4, and CO2IURPHQHUJ\XVHWKHEHQH¿WVRIZKLFK
SHUVLVWLQGH¿QLWHO\ high agreement, much evidence) [8.4.3].
Interactions of mitigation options with vulnerability
and adaptation
Agricultural actions to mitigate GHGs could: a) reduce
vulnerability (e.g. if soil carbon sequestration reduces the
impacts of drought) or b) increase vulnerability (e.g., if heavy
dependence on biomass energy makes energy supply more
sensitive to climatic extremes). Policies to encourage mitigation
and/or adaptation in agriculture may need to consider these
interactions (medium agreement, limited evidence). Similarly,
adaptation-driven actions may either a) favour mitigation (e.g.,
UHWXUQRIUHVLGXHVWR¿HOGVWRLPSURYHZDWHUKROGLQJFDSDFLW\
will also sequester carbon) or b) hamper mitigation (e.g., use
of more nitrogen fertilizer to overcome falling yields, leading
to increased N2O emissions). Strategies that simultaneously
increase adaptive capacity, reduce vulnerability and mitigate
climate change are likely to present fewer adoption barriers
WKDQ WKRVH ZLWK FRQÀLFWLQJ LPSDFWV )RU H[DPSOH LQFUHDVLQJ
soil organic matter content can both improve fertility and
reduce the impact of drought, improving adaptive capacity,
making agriculture less vulnerable to climate change, while also
sequestering carbon (medium agreement, medium evidence)
[8.5].
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Effectiveness of climate policies: opportunities,
barriers and implementation issues
Actual levels of GHG mitigation practices in the agricultural
sector are below the economic potential for the measures
reported above (medium agreement, limited evidence). Little
progress in implementation has been made because of the costs
of implementation and other barriers, including: pressure on
agricultural land, demand for agricultural products, competing
demands for water as well as various social, institutional and
educational barriers (medium agreement, limited evidence).
Soil carbon sequestration in European croplands, for instance,
LVOLNHO\WREHQHJOLJLEOHE\GHVSLWHVLJQL¿FDQWHFRQRPLF
potential. Many of these barriers will not be overcome without
policy/economic incentives (medium agreement, limited
evidence) [8.6].

Many agricultural mitigation activities show synergy with the
JRDOVRIVXVWDLQDELOLW\0LWLJDWLRQSROLFLHVWKDWHQFRXUDJHHI¿FLHQW
use of fertilizers, maintain soil carbon and sustain agricultural
production are likely to have the greatest synergy with sustainable
development (high agreement, medium evidence).
For example, increasing soil carbon can also improve food
security and economic returns. Other mitigation options have
less certain impacts on sustainable development. For example,
the use of some organic amendments may improve carbon
sequestration, but impacts on water quality may vary depending
RQ WKH DPHQGPHQW &REHQH¿WV RIWHQ DULVH IURP LPSURYHG
HI¿FLHQF\ UHGXFHG FRVW DQG HQYLURQPHQWDO FREHQH¿WV
Trade-offs relate to competition for land, reduced agricultural
productivity and environmental stresses (medium agreement,
limited evidence) [8.4.5].

Integrated and non-climate policies affecting
emissions of greenhouse gases

Technology research, development, deployment,
diffusion and transfer

The adoption of mitigation practices will often be driven
largely by goals not directly related to climate change.
This leads to varying mitigation responses among regions,
and contributes to uncertainty in estimates of future global
mitigation potential. Policies most effective at reducing
emissions may be those that also achieve other societal goals.
6RPH UXUDO GHYHORSPHQW SROLFLHV XQGHUWDNHQ WR ¿JKW SRYHUW\
such as water management and agro-forestry, are synergistic
with mitigation (medium agreement, limited evidence). For
example, agro-forestry undertaken to produce fuel wood
or to buffer farm incomes against climate variation may
also increase carbon sequestration. In many regions,
DJULFXOWXUDO PLWLJDWLRQ RSWLRQV DUH LQÀXHQFHG PRVW E\
non-climate policies, including macro-economic, agricultural
and environmental policies. Such policies may be based on UN
FRQYHQWLRQV HJ%LRGLYHUVLW\DQG'HVHUWL¿FDWLRQ EXWDUHRIWHQ
GULYHQE\QDWLRQDORUUHJLRQDOLVVXHV$PRQJWKHPRVWEHQH¿FLDO
non-climate policies are those that promote sustainable use of
soils, water and other resources in agriculture since these help
to increase soil carbon stocks and minimize resource (energy,
fertilizer) waste (high agreement, medium evidence) [8.7].

Many of the mitigation strategies outlined for the agriculture
sector employ existing technology. For example, reduction in
emissions per unit of production will be achieved by increases in
crop yields and animal productivity. Such increases in productivity
can occur through a wide range of practices better management,
JHQHWLFDOO\PRGL¿HGFURSVLPSURYHGFXOWLYDUVIHUWLOL]HUUHFRP
mendation systems, precision agriculture, improved animal
breeds, improved animal nutrition, dietary additives and growth
promoters, improved animal fertility, bio-energy feed stocks,
anaerobic slurry digestion and CH4 capture systems all of which
UHÀHFW H[LVWLQJ WHFKQRORJ\ high agreement, much evidence).
Some strategies involve new uses of existing technologies.
For example, oils have been used in animal diets for many
years to increase dietary energy content, but their role and
feasibility as a CH4VXSSUHVVDQWLVVWLOOQHZDQGQRWIXOO\GH¿QHG
For some technologies, more research and development will
be needed [8.9].

Co-beneﬁts of greenhouse gas mitigation policies
Some agricultural practices yield purely ‘win-win’ outcomes,
but most involve trade-offs. Agro-ecosystems are inherently
FRPSOH[ 7KH FREHQH¿WV DQG WUDGHRIIV RI DQ DJULFXOWXUDO
practice may vary from place to place because of differences in
climate, soil or the way the practice is adopted (high agreement,
medium evidence).
In producing bio-energy, for example, if the feedstock is crop
residues, soil organic matter may be depleted as less carbon is
returned, thus reducing soil quality; conversely, if the feedstock
is a densely-rooted perennial crop, soil organic matter may be
replenished, thereby improving soil quality.
66

Long-term outlook
Global food demand may double by 2050, leading to
LQWHQVL¿HGSURGXFWLRQSUDFWLFHV HJLQFUHDVLQJXVHRIQLWURJHQ
fertilizer). In addition, projected increases in the consumption
of livestock products will increase CH4 and N2O emissions if
livestock numbers increase, leading to growing emissions in
the baseline after 2030. (high agreement, medium evidence).
Agricultural mitigation measures will help to reduce GHG
emissions per unit of product, relative to the baseline. However,
until 2030 only about 10% of the mitigation potential is related
to CH4 and N2O. Deployment of new mitigation practices for
livestock systems and fertilizer applications will be essential to
prevent an increase in emissions from agriculture after 2030.
Projecting long-term mitigation potentials is also hampered
by other uncertainties. For example, the effects of climate
change are unclear: future climate change may reduce soil
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Table TS.12: Estimates of forest area, net changes in forest area (negative numbers indicating decrease), carbon stock in living biomass and growing stock in 1990, 2000
and 2005 [Table 9.1].
Forest area
(mill. ha)

Annual change
(mill. ha/yr)

Carbon stock in living biomass
(MtCO2)

Growing stock
in 2005

I
I

Region

2005

1990-2000

2000-2005

1990

2000

2005

(million m3)

Africa

635.412

-4.4

-4.0

241267

228067

222933

64957

571.577

-0.8

1.0

150700

130533

119533

47111

Asia
Europe

a)

1001.394

0.9

0.7

154000

158033

160967

107264

North and
Central
America

705.849

-0.3

-0.3

150333

153633

155467

78582

Oceania

206.254

-0.4

-0.4

42533

41800

41800

7361

South America
World

831.540

-3.8

-4.3

358233

345400

335500

128944

3952.026

-8.9

-7.3

1097067

1057467

1036200

434219

Note:
a)
including whole Russian Federation.

carbon-sequestration rates, or could even release soil carbon,
though the effect is uncertain as climate change may also
increase soil carbon inputs through higher plant production.
Some studies have suggested that technological improvements
could potentially counteract the negative impacts of climate
change on cropland and grassland soil carbon stocks, making
technological improvement a key factor in future GHG
mitigation. Such technologies could, for example, act through
increasing production, thereby increasing carbon returns to
the soil and reducing the demand for fresh cropland. (high
agreement, medium evidence) [8.10].

9

Forestry

Since the TAR, new mitigation estimates have become
available from the local scale to the global scale. Major economic
reviews and global assessments have become available.
There is early research into the integration of mitigation and
adaptation options and the linkages to sustainable development.
There is increased attention on reducing emissions from
deforestation as a low cost mitigation option, one that will
KDYH VLJQL¿FDQW SRVLWLYH VLGH HIIHFWV7KHUH LV VRPH HYLGHQFH
that climate change impacts can also constrain the mitigation
potential of forests.
Status of the sector, development trends including
production and consumption, and implications
Global forest cover is 3952 million ha (Table TS.12), about
30% of the world’s land area. Most relevant for the carbon cycle
is that between 2000 and 2005 gross deforestation continued at
a rate of 12.9 million ha/yr, mainly as a result of converting
forests to agricultural land, but also due to expansion of
settlements and infrastructure, often for logging. In the 1990s,
gross deforestation was slightly higher, 13.1 million ha/yr. Due

to afforestation, landscape restoration and natural expansion of
forests, the net loss of forest between 2000 and 2005 was 7.3
million ha/yr, with the largest losses in South America, Africa
and Southeast Asia. This net rate of loss was lower than the
8.9 million ha/yr loss in the 1990s (medium agreement, medium
evidence) [9.2.1].
Emission sources and sinks; trends
On the global scale, during the last decade of the 20th century,
deforestation in the tropics and forest regrowth in the temperate
zone and parts of the boreal zone remained the major factors
responsible for CO2 emissions and removals, respectively
(Table TS.12, Figure TS.21). Emissions from deforestation in
the 1990s are estimated at 5.8 GtCO2/yr.
However, the extent to which the loss of carbon due to
tropical deforestation is offset by expanding forest areas and
accumulating woody biomass in the boreal and temperate zone
is an area of disagreement between actual land observations
and estimates using top-down models. The top-down methods
based on inversion of atmospheric transport models estimate
the net terrestrial carbon sink for the 1990s, the balance of
sinks in northern latitudes and sources in the tropics, to be
about 9.5 GtCO2. The new estimates are consistent with the
increase previously found in the terrestrial carbon sink in the
1990s over the 1980s, but the new sink estimates and the rate of
increase may be smaller than previously reported. The residual
sink estimate resulting from inversion of atmospheric transport
PRGHOV LV VLJQL¿FDQWO\ KLJKHU WKDQ DQ\ JOREDO VLQN HVWLPDWH
based on land observations.
The growing understanding of the complexity of the effects
of land-surface change on the climate system shows the
LPSRUWDQFHRIFRQVLGHULQJWKHUROHRIVXUIDFHDOEHGRWKHÀX[HV
of sensible and latent heat, evaporation and other factors in
formulating policy for climate change mitigation in the forest
67
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Figure TS.21: Historical forest carbon balance (MtCO2) per region, 1855–2000 [Figure 9.2].
Notes: green = sink. EECCA =Countries of Eastern Europe, the Caucasus and Central Asia. Data averaged per 5-year period; year marks starting year of period.

sector. Complex modelling tools are needed to fully consider
the climatic effect of changing land surface and to manage
carbon stocks in the biosphere, but are not yet available. The
potential effect of projected climate change on the net carbon
balance in forests remains uncertain [9.3; 9.4].
As even the current functioning of the biosphere is
uncertain, projecting the carbon balance of the global forestry
VHFWRU UHPDLQV YHU\ GLI¿FXOW *HQHUDOO\ WKHUH LV D ODFN RI
widely accepted studies and thus a lack of baselines. Trends
for development in non-OECD countries, and thus of the
deforestation rate, are unclear. In OECD countries and in
economies in transition, development of management trends,
the wood market, and impacts of climate change remain unclear.
Long-term models as reported in Chapter 3, show baseline CO2
emissions from land-use change and forestry in 2030 that are
the same or slightly lower than in 2000 (medium agreement,
medium evidence) [9.3; 9.4].
Description and assessment of mitigation
technologies and practices, options and potentials,
costs and sustainability

v increasing off-site carbon stocks in wood products
and enhancing product and fuel substitution.
Each mitigation activity has a characteristic time sequence
RIDFWLRQVFDUERQEHQH¿WVDQGFRVWV )LJXUH76 5HODWLYH
to a baseline, the largest short-term gains are always achieved
through mitigation activities aimed at avoiding emissions
UHGXFHG GHIRUHVWDWLRQ RU GHJUDGDWLRQ ¿UH SURWHFWLRQ VODVK
burning, etc.).
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Options available to reduce emissions by sources and/or
increase removals by sinks in the forest sector are grouped into
four general categories:
v maintaining or increasing the forest area;
v maintaining or increasing the site-level carbon density;
v maintaining or increasing the landscape-level carbon
density and
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Terrestrial carbon dynamics are characterized by long periods
of small rates of carbon uptake per hectare, interrupted by short
periods of rapid and large releases of carbon during disturbances
or harvest. While individual stands in a forest may be sources or
sinks, the carbon balance of the forest is determined by the sum
of the net balance of all stands.
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Figure TS.22: Generalized summary of the options available in the forest
sector and their type and timing of effects on carbon stocks and the timing
of costs [Figure 9.4].
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All forest-management activities aimed at increasing site-level
and landscape-level carbon density are common practices that
are technically feasible, but the extent and area over which they
can be implemented could be increased considerably. Economic
considerations are typically the main constraint, because retaining
additional carbon on site delays revenues from harvest.
In the long term, a sustainable forest-management strategy
aimed at maintaining or increasing forest carbon stocks, while
SURGXFLQJDQDQQXDO\LHOGRIWLPEHU¿EUHRUHQHUJ\IURPWKH
IRUHVWZLOOJHQHUDWHWKHODUJHVWVXVWDLQHGPLWLJDWLRQEHQH¿W
Regional modelling assessments
%RWWRPXS UHJLRQDO VWXGLHV VKRZ WKDW IRUHVWU\ PLWLJDWLRQ
options have the economic potential (at costs up to 100 US$/
tCO2-eq) to contribute 1.3-4.2 MtCO2/yr (average 2.7 GtCO2/
yr) in 2030 excluding bio-energy. About 50% can be achieved at
a cost under 20 US$/tCO2 (1.6 GtCO2/yr) with large differences
between regions. The combined effects of reduced deforestation
and degradation, afforestation, forest management, agroforestry and bio-energy have the potential to increase from the
present to 2030 and beyond. This analysis assumes gradual
implementation of mitigation activities starting now (medium
agreement, medium evidence) [9.4.4].

assumptions). Further research is required to narrow the gap in
the estimates of mitigation potential from global and regional
assessments (medium agreement, medium evidence) [9.4.3].
The best estimate of the economic mitigation potential
for the forestry sector at this stage therefore cannot be more
certain than a range between 2.7 and 13.8 GtCO2/yr in 2030,
for costs <100 US$/tCO2; for costs <20 US$/tCO2 the range is
1.6 to 5 GtCO2/yr. About 65% of the total mitigation potential
(up to 100 US$/tCO2-eq) is located in the tropics and about
50% of the total could be achieved by reducing emissions from
deforestation (low agreement, medium evidence).
Forestry can also contribute to the provision of bio-energy from
forest residues. The potential of bio-energy, however, is counted in
the power supply, transportation (biofuels), industry and building
VHFWRUV VHH &KDSWHU  IRU DQ RYHUYLHZ  %DVHG RQ ERWWRPXS
studies of potential biomass supply from forestry, and assuming
that all of that will be used (which depends entirely on the cost of
forestry biomass compared with other sources) a contribution in
the order of 0.4 GtCO2/yr could come from forestry.
Global top-down models are starting to provide insight on
where and which of the carbon mitigation options can best be
allocated on the globe (Figure TS.24).

Global top-down models predict mitigation potentials of
13.8 GtCO2-eq/yr in 2030 at carbon prices less than or equal
to 100 US$/tCO2. The sum of regional predictions is 22% of
this value for the same year. Regional studies tend to use more
detailed data and consider a wider range of mitigation options,
DQG WKXV PD\ PRUH DFFXUDWHO\ UHÀHFW UHJLRQDO FLUFXPVWDQFHV
and constraints than simpler, more aggregated global models.
However, regional studies vary in model structure, coverage,
analytical approach and assumptions (including baseline
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Figure TS.23: Comparison of outcomes of economic mitigation potential at
<100 US$/tCO2-eq in 2030 in the forestry sector, as based on top-down global
models versus the regional modelling results [Figure 9.13].
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Figure TS.24: Allocation of global afforestation activities as given by two global
top-down models. Top: location of bio-energy and carbon plantations in the world in
2100; bottom: percentage of a grid cell afforested in 2100 [Figure 9.11].
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Interactions of mitigation options with vulnerability
and adaptation
Mitigation activities for forestry can be designed to be
compatible with adapting to climate change, maintaining biodiversity and promoting sustainable development. Comparing
HQYLURQPHQWDODQGVRFLDOFREHQH¿WVDQGFRVWVZLWKWKHFDUERQ
EHQH¿WZLOOKLJKOLJKWWUDGHRIIVDQGV\QHUJLHVDQGKHOSSURPRWH
sustainable development.
The literature on the interaction between forestry mitigation and
climate change is in its infancy. Forests are likely to be impacted
by climate change, which could reduce their mitigation potential.
A primary management adaptation option is to reduce as many
ancillary stresses on the forest as possible. Maintaining widely
dispersed and viable populations of individual species minimizes
the probability of localized catastrophic events causing species
extinction. Formation of protected areas or nature reserves is an
example of mitigation as well as adaptation. Protecting areas
(with corridors) also leads to conservation of biodiversity, in turn
reducing vulnerability to climate change.
)RUHVWU\PLWLJDWLRQ SURMHFWV SURYLGH DGDSWDWLRQ FREHQH¿WV
for other sectors. Examples include agro-forestry reducing the
vulnerability to drought of rain-fed crop income, mangroves
reducing the vulnerability of coastal settlements, and shelter belts
VORZLQJGHVHUWL¿FDWLRQ(medium agreement, medium evidence) [9.5].
Effectiveness of and experience with climate
policies, potentials, barriers and opportunities/
implementation issues
)RUHVWU\FDQPDNHDYHU\VLJQL¿FDQWFRQWULEXWLRQWRDORZ
cost global mitigation portfolio that provides synergies with
adaptation and sustainable development. Chapter 9 of this
UHSRUWLGHQWL¿HVDZKROHVHWRIRSWLRQVDQGSROLFLHVWRDFKLHYH
this mitigation potential. However, this opportunity has so far
not been taken because of the current institutional context, lack
of incentives for forest managers and lack of enforcement of
existing regulations. Without better policy instruments, only a
small portion of this potential is likely to be realized.
Realization of the mitigation potential requires institutional
capacity, investment capital, technology, R&D and transfer, as
well as appropriate (international) policies and incentives. In
many regions, their absence has been a barrier to implementation
of forestry-mitigation activities. Notable exceptions exist,
however, such as regional successes in reducing deforestation
rates and implementing afforestation programmes (high
agreement, much evidence).
0XOWLSOHDQGORFDWLRQVSHFL¿FVWUDWHJLHVDUHUHTXLUHGWRJXLGH
mitigation policies in the sector. The optimum choices depend
on the current state of the forests, the dominant drivers of forest
change, and the anticipated future dynamics of the forests within
each region. Participation of all stakeholders and policy-makers
70

is necessary to promote mitigation projects and design an optimal
mix of measures. Integration of mitigation in the forestry sector
into land-use planning could be important in this respect.
Most existing policies to slow tropical deforestation have had
minimal impact due to lack of regulatory and institutional capacity
RU FRXQWHUYDLOLQJ SUR¿WDELOLW\ LQFHQWLYHV ,Q DGGLWLRQ WR PRUH
dedicated enforcement of regulations, well-constructed carbon
markets or other environmental service payment schemes may
help overcome barriers to reducing deforestation by providing
SRVLWLYH¿QDQFLDOLQFHQWLYHVIRUUHWDLQLQJIRUHVWFRYHU
There have been several proposals to operationalize activities
post 2012, including market-based as well as non-market based
approaches; for example, through a dedicated fund to voluntarily
reduce emissions from deforestation. Policy measures such as
subsidies and tax exemptions have been used successfully to
encourage afforestation and reforestation both in developed and
developing countries. Care must be taken, however, to avoid
possible negative environmental and social impacts of largescale plantation establishment.
Despite relative low costs and many potential positive side
effects of afforestation and reforestation under the Clean
Development Mechanism (CDM), not many project activities
are yet being implemented due to a number of barriers, including
the late agreement on and complexity of the rules governing
afforestation and reforestation CDM project activities. The
requirements for forestry mitigation projects to become viable
on a larger scale include certainty over future commitments,
VWUHDPOLQHGDQGVLPSOL¿HGUXOHVDQGUHGXFWLRQVLQWUDQVDFWLRQ
costs. Standardization of project assessment can play an
important role in overcoming uncertainties among potential
buyers, investors and project participants (high agreement,
medium evidence) [9.6].
Forests and Sustainable Development
:KLOH WKH DVVHVVPHQW LQ WKH IRUHVWU\ FKDSWHU LGHQWL¿HV
remaining uncertainties about the magnitude of the mitigation
EHQH¿WVDQGFRVWVWKHWHFKQRORJLHVDQGNQRZOHGJHUHTXLUHGWR
implement mitigation activities exist today. Forestry can make
DVLJQL¿FDQWDQGVXVWDLQHGFRQWULEXWLRQWRDJOREDOPLWLJDWLRQ
portfolio, while also meeting a wide range of social, economic
DQGHFRORJLFDOREMHFWLYHV,PSRUWDQWFREHQH¿WVFDQEHJDLQHG
by considering forestry mitigation options as an element of
broader land-management plans.
Plantations can contribute positively, for example, to
employment, economic growth, exports, renewable energy
supply and poverty alleviation. In some instances, plantations
may also lead to negative social impacts such as loss of grazing
land and source of traditional livelihoods. Agro-forestry can
produce a wide range of economic, social and environmental
EHQH¿WV SUREDEO\ ZLGHU WKDQ ODUJHVFDOH DIIRUHVWDWLRQ Since
DQFLOODU\EHQH¿WVWHQGWREHORFDOUDWKHUWKDQJOREDOLGHQWLI\LQJ
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and accounting for them can reduce or partially compensate
the costs of the mitigation measures (high agreement, medium
evidence) [9.7].
Technology research, development, deployment,
diffusion and transfer
The deployment, diffusion and transfer of technologies
such as improved forest-management systems, forest practices
and processing technologies including bio-energy, are key to
improving the economic and social viability of the different
mitigation options. Governments could play a critical role in
SURYLGLQJ WDUJHWHG ¿QDQFLDO DQG WHFKQLFDO VXSSRUW SURPRWLQJ
the participation of communities, institutions and NGOs (high
agreement, much evidence) [9.8].
Long-term outlook
Uncertainties in the carbon cycle, the uncertain impacts of
climate change on forests and its many dynamic feedbacks,
time-lags in the emission-sequestration processes, as well as
uncertainties in future socio-economic paths (e.g., to what
extent deforestation can be substantially reduced in the coming
decades) cause large variations in future carbon balance
projections for forests.
Overall, it is expected that in the long-term, mitigation
activities will help increase the carbon sink, with the net
EDODQFH GHSHQGLQJ RQ WKH UHJLRQ %RUHDO SULPDU\ IRUHVWV ZLOO
either be small sources or sinks depending on the net effect of
enhancement of growth versus a loss of soil organic matter and
HPLVVLRQVIURPLQFUHDVHG¿UHV7HPSHUDWHIRUHVWVZLOOSUREDEO\
continue to be net carbon sinks, favoured also by enhanced
forest growth due to climate change. In the tropical regions,
human-induced land-use changes are expected to continue to
GULYHWKHG\QDPLFVIRUGHFDGHV%H\RQGGHSHQGLQJYHU\
particularly on the effectiveness of policies aimed at reducing
forest degradation and deforestation, tropical forests may
EHFRPHQHWVLQNVGHSHQGLQJRQWKHLQÀXHQFHRIFOLPDWHFKDQJH
Also, in the medium to long term, commercial bio-energy is
expected to become increasingly important.
Developing optimum regional strategies for climate change
mitigation involving forests will require complex analyses
of the trade-offs (synergies and competition) in land-use
between forestry and other land-uses, trade-offs between
forest conservation for carbon storage and other environmental
services such as biodiversity and watershed conservation and
sustainable forest harvesting to provide society with carbonFRQWDLQLQJ ¿EUH WLPEHU DQG ELRHQHUJ\ UHVRXUFHV DQG WUDGH
offs among utilization strategies of harvested wood products
aimed at maximizing storage in long-lived products, recycling,
and use for bio-energy [9.9].

10

Waste management

Status of the sector, development trends
and implications
:DVWH JHQHUDWLRQ LV UHODWHG WR SRSXODWLRQ DIÀXHQFH DQG
urbanization. Current global rates of post-consumer waste
generation are estimated to be 900-1300 Mt/yr. Rates have
been increasing in recent years, especially in developing
countries with rapid population growth, economic growth and
urbanization. In highly developed countries, a current goal is
to decouple waste generation from economic driving forces
such as GDP — recent trends suggest that per capita rates of
post-consumer waste generation may be peaking as a result
of recycling, re-use, waste minimization, and other initiatives
(medium agreement, medium evidence) [10.1, 10.2].
Post-consumer waste is a small contributor to global GHG
HPLVVLRQV   ZLWK ODQG¿OO &+4 accounting for >50%
of current emissions. Secondary sources of emissions are
wastewater CH4 and N2O; in addition, minor emissions of CO2
result from incineration of waste containing fossil carbon. In
JHQHUDOWKHUHDUHODUJHXQFHUWDLQWLHVZLWKUHVSHFWWRTXDQWL¿FDWLRQ
of direct emissions, indirect emissions and mitigation potentials
for the waste sector, which could be reduced by consistent
and coordinated data collection and analysis at the national
level. There are currently no inventory methods for annual
TXDQWL¿FDWLRQRI*+*HPLVVLRQVIURPZDVWHWUDQVSRUWQRUIRU
DQQXDOHPLVVLRQVRIÀXRULQDWHGJDVHVIURPSRVWFRQVXPHUZDVWH
(high agreement, much evidence) [10.3].
It is important to emphasize that post-consumer waste
FRQVWLWXWHV D VLJQL¿FDQW UHQHZDEOH HQHUJ\ UHVRXUFH WKDW FDQ
be exploited through thermal processes (incineration and
LQGXVWULDO FRFRPEXVWLRQ  ODQG¿OO JDV XWLOL]DWLRQ DQG XVH RI
anaerobic digester biogas. Waste has an economic advantage in
comparison to many biomass resources because it is regularly
collected at public expense. The energy content of waste can
EH PRVW HI¿FLHQWO\ H[SORLWHG XVLQJ WKHUPDO SURFHVVHV GXULQJ
combustion, energy is obtained directly from biomass (paper
products, wood, natural textiles, food) and from fossil carbon
sources (plastics, synthetic textiles). Assuming an average
heating value of 9 GJ/t, global waste contains >8 EJ of
available energy, which could increase to 13 EJ (nearly 2% of
primary energy demand) in 2030 (medium agreement, medium
evidence) [10.1]. Currently, more than 130 million tonnes/yr of
waste are combusted worldwide, which is equivalent to >1 EJ/yr.
7KHUHFRYHU\RIODQG¿OO&+4 as a source of renewable energy was
commercialized more than 30 years ago with a current energy
YDOXH RI !(-\U $ORQJ ZLWK WKHUPDO SURFHVVHV ODQG¿OO
gas and anaerobic digester gas can provide important local
sources of supplemental energy (high agreement, much evidence)
[10.1, 10.3].

71

1178
Technical Summary

%HFDXVH RI ODQG¿OO JDV UHFRYHU\ DQG FRPSOHPHQWDU\
PHDVXUHV LQFUHDVHGUHF\FOLQJDQGGHFUHDVHGODQG¿OOLQJWKURXJK
the implementation of alternative technologies), emissions of
CH4 IURP ODQG¿OOV LQ GHYHORSHG FRXQWULHV KDYH EHHQ ODUJHO\
stabilized. Choices for mature, large-scale waste management
technologies to avoid or reduce GHG emissions compared
ZLWK ODQG¿OOLQJ LQFOXGH LQFLQHUDWLRQ IRU ZDVWHWRHQHUJ\
and biological processes such as composting or mechanicalELRORJLFDOWUHDWPHQW 0%7 +RZHYHULQGHYHORSLQJFRXQWULHV
ODQG¿OO &+4 emissions are increasing as more controlled
DQDHURELF  ODQG¿OOLQJ SUDFWLFHV DUH EHLQJ LPSOHPHQWHG 7KLV
is especially true for rapidly urbanizing areas where engineered
ODQG¿OOV SURYLGH D PRUH HQYLURQPHQWDOO\ DFFHSWDEOH ZDVWH
disposal strategy than open dumpsites by reducing disease
vectors, toxic odours, uncontrolled combustion and pollutant
emissions to air, water and soil. Paradoxically, higher GHG
emissions occur as the aerobic production of CO2 (by burning
and aerobic decomposition) is shifted to anaerobic production
of CH4. To a large extent, this is the same transition to sanitary
ODQG¿OOLQJ WKDW RFFXUUHG LQ PDQ\ GHYHORSHG FRXQWULHV GXULQJ
1950–1970. The increased CH4 emissions can be mitigated by
accelerating the introduction of engineered gas recovery, aided
by Kyoto mechanisms such as CDM and Joint Implementation
-,  $V RI ODWH 2FWREHU  ODQG¿OO JDV UHFRYHU\ SURMHFWV
DFFRXQWHG IRU  RI WKH DYHUDJH DQQXDO &HUWL¿HG (PLVVLRQ
Reductions (CERs) under CDM. In addition, alternative waste
management strategies such as recycling and composting can be
implemented in developing countries. Composting can provide
DQ DIIRUGDEOH VXVWDLQDEOH DOWHUQDWLYH WR HQJLQHHUHG ODQG¿OOV
especially where more labour-intensive, lower-technology
strategies are applied to selected biodegradable waste streams
(high agreement, medium evidence) [10.3].
Recycling, re-use and waste minimization initiatives, both
public and private, are indirectly reducing GHG emissions by
decreasing the mass of waste requiring disposal. Depending on
regulations, policies, markets, economic priorities and local
constraints, developed countries are implementing increasingly
higher recycling rates to conserve resources, offset fossil fuel
XVH DQG DYRLG *+* JHQHUDWLRQ 4XDQWL¿FDWLRQ RI JOREDO
recycling rates is not currently possible because of varying
EDVHOLQHV DQG GH¿QLWLRQV KRZHYHU ORFDO UHGXFWLRQV RI !
have been achieved. Recycling could be expanded practically in
many countries to achieve additional reductions. In developing
countries, waste scavenging and informal recycling are common
practices. Through various diversion and small-scale recycling
activities, those who make their living from decentralized waste
PDQDJHPHQW FDQ VLJQL¿FDQWO\ UHGXFH WKH PDVV RI ZDVWH WKDW
requires more centralized solutions. Studies indicate that lowWHFKQRORJ\ UHF\FOLQJ DFWLYLWLHV FDQ DOVR JHQHUDWH VLJQL¿FDQW
HPSOR\PHQW WKURXJK FUHDWLYH PLFUR¿QDQFH DQG RWKHU VPDOO
scale investments. The challenge is to provide safer, healthier
working conditions than currently experienced by waste
scavengers at uncontrolled dumpsites (medium agreement,
medium evidence) [10.3].
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For wastewater, only about 60% of the global population
has sanitation coverage (sewerage). For wastewater treatment,
almost 90% of the population in developed countries but less
than 30% in developing countries has improved sanitation
(including sewerage and waste water treatment, septic tanks,
or latrines). In addition to GHG mitigation, improved sanitation
and wastewater management provide a wide range of health and
HQYLURQPHQWDO FREHQH¿WV (high agreement, much evidence)
[10.2, 10.3].
With respect to both waste and wastewater management
in developing countries, two key constraints to sustainable
GHYHORSPHQWDUHWKHODFNRI¿QDQFLDOUHVRXUFHVDQGWKHVHOHFWLRQ
of appropriate and truly sustainable technologies for a particular
VHWWLQJ,WLVDVLJQL¿FDQWDQGFRVWO\FKDOOHQJHWRLPSOHPHQWLQJ
waste and wastewater collection, transport, recycling, treatment
and residuals management in many developing countries.
However, the implementation of sustainable waste and
ZDVWHZDWHU LQIUDVWUXFWXUH \LHOGV PXOWLSOH FREHQH¿WV WR DVVLVW
with the implementation of Millennium Development Goals
(MDGs) via improved public health, conservation of water
resources, and reduction of untreated discharges to air, surface
water, groundwater, soils and coastal zones (high agreement,
much evidence) [10.4].
Emission trends
With total 2005 emissions of approximately 1300 MtCO2eq/yr, the waste sector contributes about 2–3% of total GHG
emissions from Annex I and EIT countries and 4–5% from nonAnnex I countries (see Table TS.13). For 2005–2020, businessDVXVXDO %$8  SURMHFWLRQV LQGLFDWH WKDW ODQG¿OO &+4 will
UHPDLQWKHODUJHVWVRXUFHDW±RIWKHWRWDO/DQG¿OO&+4
emissions are stabilizing and decreasing in many developed
FRXQWULHVDVDUHVXOWRILQFUHDVHGODQG¿OOJDVUHFRYHU\FRPELQHG
ZLWK ZDVWH GLYHUVLRQ IURP ODQG¿OOV WKURXJK UHF\FOLQJ ZDVWH
minimization and alternative thermal and biological waste
PDQDJHPHQW VWUDWHJLHV +RZHYHU ODQG¿OO &+4 emissions are
increasing in developing countries because of larger quantities of
municipal solid waste from rising urban populations, increasing
economic development and, to some extent, the replacement
RIRSHQEXUQLQJDQGGXPSLQJE\HQJLQHHUHGODQG¿OOV:LWKRXW
DGGLWLRQDOPHDVXUHVDLQFUHDVHLQODQG¿OO&+4 emissions
from 2005 to 2020 is projected, mainly from the Non-Annex
I countries. Wastewater emissions of CH4 and N2O from
developing countries are also rising rapidly with increasing
urbanization and population. Moreover, because the wastewater
emissions in Table TS.13 are based on human sewage only and
are not available for all developing countries, these emissions
are underestimated (high agreement, medium evidence) [10.1,
10.2, 10.3, 10.4].
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Table TS.13: Trends for GHG emissions from waste using 1996 and 2006 UNFCCC inventory guidelines, extrapolations and BAU projections (MtCO2-eq, rounded) [Table 10.3].

I Source

1990

1995

2000

2005

2010

2015

2020

Landﬁll CH4

550

585

590

635

700

795

910

Averaged using
1996/2006 guidelines

Wastewatera CH4

450

490

520

590

600

630

670

1996 guidelines

Wastewatera N2O

80

90

90

100

100

100

100

1996 guidelines
2006 guidelines

Incineration CO2
Total

40

40

50

50

50

60

60

1120

1205

1250

1375

1450

1585

1740

Notes

I

Note:
a)
wastewater emissions are underestimated - see text.

Description and assessment of mitigation
technologies and practices, options and potentials,
costs and sustainability
Existing waste management technologies can effectively
mitigate GHG emissions from this sector – a wide range
of mature, low- to high-technology, environmentallyeffective strategies are commercially available to mitigate
HPLVVLRQVDQGSURYLGHFREHQH¿WVIRULPSURYHGSXEOLFKHDOWK
and safety, soil protection, pollution prevention and local
energy supply. Collectively, these technologies can directly
UHGXFH *+* HPLVVLRQV WKURXJK ODQG¿OO &+4 recovery and
XWLOL]DWLRQLPSURYHGODQG¿OOSUDFWLFHVHQJLQHHUHGZDVWHZDWHU
management, utilization of anaerobic digester biogas) or avoid
VLJQL¿FDQW*+*JHQHUDWLRQ WKURXJKFRQWUROOHGFRPSRVWLQJRI
organic waste, state-of-the-art incineration, expanded sanitation
coverage). In addition, waste minimization, recycling and reuse represent an important and increasing potential for indirect
reduction of GHG emissions through the conservation of raw
PDWHULDOVLPSURYHGHQHUJ\DQGUHVRXUFHHI¿FLHQF\DQGIRVVLO
fuel avoidance. For developing countries, environmentally
responsible waste management at an appropriate level of
technology promotes sustainable development and improves
public health (high agreement, much evidence) [10.4].
%HFDXVH ZDVWH PDQDJHPHQW GHFLVLRQV DUH RIWHQ PDGH
ORFDOO\ ZLWKRXW FRQFXUUHQW TXDQWL¿FDWLRQ RI *+* PLWLJDWLRQ
the importance of the waste sector for reducing global GHG
emissions has been underestimated (high agreement, medium
evidence)>@)OH[LEOHVWUDWHJLHVDQG¿QDQFLDOLQFHQ
tives can expand waste management options to achieve GHG
mitigation goals – in the context of integrated waste management,
local technology decisions are a function of many competing
variables, including waste quantity and characteristics, cost
DQG ¿QDQFLQJ LVVXHV UHJXODWRU\ FRQVWUDLQWV DQG LQIUDVWUXFWXUH
requirements, including available land area and collection/
transportation considerations. Life-cycle assessment (LCA)
can provide decision-support tools (high agreement, much
evidence) [10.4].
/DQG¿OO &+4 emissions are directly reduced through
engineered gas extraction and recovery systems consisting

of vertical wells and/or horizontal collectors. In addition,
ODQG¿OO JDV RIIVHWV WKH XVH RI IRVVLO IXHOV IRU LQGXVWULDO RU
commercial process heating, onsite generation of electricity
or as a feedstock for synthetic natural gas fuels. Commercial
UHFRYHU\RIODQG¿OO&+4 has occurred at full scale since 1975
with documented utilization in 2003 at 1150 plants recovering
105 MtCO2±HT\U %HFDXVH WKHUH DUH DOVR PDQ\ SURMHFWV WKDW
ÀDUH JDV ZLWKRXW XWLOL]DWLRQ WKH WRWDO UHFRYHU\ LV OLNHO\ WR EH
DWOHDVWGRXEOHWKLV¿JXUH(high agreement, medium evidence)
[10.1; 10.4]. A linear regression using historical data from the
HDUO\ V WR  LQGLFDWHV D JURZWK UDWH IRU ODQG¿OO &+4
XWLOL]DWLRQRIDSSUR[LPDWHO\SHU\HDU,QDGGLWLRQWRODQG¿OO
gas recovery, the further development and implementation
RI ODQG¿OO µELRFRYHUV¶ FDQ SURYLGH DQ DGGLWLRQDO ORZ FRVW
ELRORJLFDO VWUDWHJ\ WR PLWLJDWH HPLVVLRQV VLQFH ODQG¿OO &+4
(and non-methane volatile organic compounds (NMVOCs))
emissions are also reduced by aerobic microbial oxidation in
ODQG¿OOFRYHUVRLOV(high agreement, much evidence) [10.4].
Incineration and industrial co-combustion for waste-to-energy
SURYLGH VLJQL¿FDQW UHQHZDEOH HQHUJ\ EHQH¿WV DQG IRVVLO IXHO
offsets at >600 plants worldwide, while producing very minor
*+*HPLVVLRQVFRPSDUHGZLWKODQG¿OOLQJ7KHUPDOSURFHVVHV
with advanced emission controls are a proven technology but
PRUHFRVWO\WKDQFRQWUROOHGODQG¿OOLQJZLWKODQG¿OOJDVUHFRYHU\
(high agreement, medium evidence) [10.4].
Controlled biological processes can also provide important
GHG mitigation strategies, preferably using source-separated waste
streams. Aerobic composting of waste avoids GHG generation
and is an appropriate strategy for many developed and developing
countries, either as a stand-alone process or as part of mechanicalbiological treatment. In many developing countries, notably China
and India, small-scale low-technology anaerobic digestion has also
been practised for decades. Since higher-technology incineration
and composting plants have proved unsustainable in a number of
developing countries, lower-technology composting or anaerobic
digestion can be implemented to provide sustainable waste
management solutions (high agreement, medium evidence) [10.4].
For 2030, the total economic reduction potential for CH4
HPLVVLRQV IURP ODQG¿OOHG ZDVWH DW FRVWV RI 86W&22-eq
73
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Table TS.14: Ranges for economic mitigation potential for regional landﬁll CH4 emissions at various cost categories in 2030, see notes [Table 10.5].
Economic mitigation potential (MtCO2-eq)
at various cost categories
(US$/tCO2-eq)

Region

Projected emissions
in 2030
(MtCO2-eq)

Total economic mitigation
potential at <100 US$/tCO2-eq
(MtCO2-eq)

<0

0-20

20-50

50-100

OECD

360

100-200

100-120

20-100

0-7

1

EIT

180

100

30-60

20-80

5

1-10

Non-OECD

960

200-700

200-300

30-100

0-200

0-70

1500

400-1000

300-500

70-300

5-200

10-70

Global

I
I

Notes:
1)
Costs and potentials for wastewater mitigation are not available.
2)
Regional numbers are rounded to reﬂect the uncertainty in the estimates and may not equal global totals.
3)
Landﬁll carbon sequestration not considered.
4)
The timing of measures limiting landﬁll disposal affects the annual mitigation potential in 2030. The upper limits assume that landﬁll disposal is limited in the
coming years to 15% of the waste generated globally. The lower limits reﬂect a more realistic timing for implementation of measures reducing landﬁll disposal.

ranges between 400 and 800 MtCO2-eq. Of this total, 300–
500 MtCO2-eq/yr has negative cost (Table TS.14). For the long
term, if energy prices continue to increase, there will be more
profound changes in waste management strategies related to
energy and materials recovery in both developed and developing
countries. Thermal processes, which have higher unit costs
WKDQODQG¿OOLQJEHFRPHPRUHYLDEOHDVHQHUJ\SULFHVLQFUHDVH
%HFDXVHODQG¿OOVFRQWLQXHWRSURGXFH&+4 for many decades,
both thermal and biological processes are complementary to
LQFUHDVHGODQG¿OOJDVUHFRYHU\RYHUVKRUWHUWLPHIUDPHV(high
agreement, limited evidence) [10.4].
For wastewater, increased levels of improved sanitation in
GHYHORSLQJ FRXQWULHV FDQ SURYLGH PXOWLSOH EHQH¿WV IRU *+*
mitigation, improved public health, conservation of water
resources and reduction of untreated discharges to water and soils.
Historically, urban sanitation in developed countries has focused
on centralized sewerage and wastewater treatment plants, which
are too expensive for rural areas with low population density
and may not be practical to implement in rapidly growing,
peri-urban areas with high population density. It has been
demonstrated that a combination of low cost technology with
concentrated efforts for community acceptance, participation
and management can successfully expand sanitation coverage.
Wastewater is also a secondary water resource in countries with
water shortages where water re-use and recyling could assist
many developing and developed countries with irregular water
supplies. These measures also encourage smaller wastewater
treatment plants with reduced nutrient loads and proportionally
lower GHG emissions. Estimates of global or regional mitigation
costs and potentials for wastewater are not currently available
(high agreement, limited evidence) [10.4].
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Effectiveness of and experience with climate
policies, potentials, barriers and opportunities/
implementation issues
%HFDXVHODQG¿OO&+4 is the dominant GHG from this sector,
a major strategy is the implementation of standards that
HQFRXUDJH RU PDQGDWH ODQG¿OO &+4 recovery. In developed
FRXQWULHV ODQG¿OO &+4 recovery has increased as a result of
GLUHFW UHJXODWLRQV UHTXLULQJ ODQG¿OO JDV FDSWXUH YROXQWDU\
PHDVXUHVLQFOXGLQJ*+*HPLVVLRQVFUHGLWVWUDGLQJDQG¿QDQFLDO
incentives (including tax credits) for renewable energy or green
SRZHU,QGHYHORSLQJFRXQWULHVLWLVDQWLFLSDWHGWKDWODQG¿OO&+4
recovery will increase during the next two decades as controlled
ODQG¿OOLQJ LV SKDVHG LQ DV D PDMRU ZDVWH GLVSRVDO VWUDWHJ\ -,
and the CDM have already proved to be useful mechanisms for
external investment from industrialized countries, especially
IRUODQG¿OOJDVUHFRYHU\SURMHFWVZKHUHWKHODFNRI¿QDQFLQJLV
D PDMRU LPSHGLPHQW7KH EHQH¿WV DUH WZRIROG UHGXFHG *+*
HPLVVLRQVZLWKHQHUJ\EHQH¿WVIURPODQG¿OO&+4 plus upgraded
ODQG¿OO GHVLJQ DQG RSHUDWLRQV &XUUHQWO\ ODWH 2FWREHU  
XQGHU WKH &'0 WKH DQQXDO DYHUDJH &(5V IRU WKH  ODQG¿OO
gas recovery projects constitute about 12% of the total. Most
of these projects (Figure TS.25) are located in Latin-American
FRXQWULHV  RI ODQG¿OO JDV &(5V  GRPLQDWHG E\ %UD]LO
(9 projects; 48% of CERs) (high agreement, medium evidence)
[10.4].
,Q WKH (8 ODQG¿OO JDV UHFRYHU\ LV PDQGDWHG DW H[LVWLQJ
VLWHVZKLOHWKHODQG¿OOLQJRIRUJDQLFZDVWHLVEHLQJSKDVHGRXW
YLD WKH ODQG¿OO GLUHFWLYH (& 7KLV GLUHFWLYH UHTXLUHV
by 2016, a 65% reduction relative to 1995 in the mass of
ELRGHJUDGDEOH RUJDQLF ZDVWH WKDW LV ODQG¿OOHG DQQXDOO\ $V D
result, post-consumer waste is being diverted to incineration and
WRPHFKDQLFDODQGELRORJLFDOWUHDWPHQW 0%7 EHIRUHODQG¿OOLQJ
to recover recyclables and reduce the organic carbon content.
In 2002, EU waste-to-energy plants generated about 40 million GJ
of electrical and 110 million GJ of thermal energy, while between
DQGODQG¿OO&+4 emissions in the EU decreased by
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Costa Rica
El Salvador
1%
2%
Projects <100,000 CER/yr
Tunesia
3%
3%
Mexico
3%
China
6%
Chile
7%
Brazil
48%
Argentina
11%

Armenia
16%
Figure TS.25: Distribution of landﬁll gas CDM projects based on average annual
CERs for registered projects late October, 2006 [Figure 10.9].
Note: Includes 11 MtCO2-eq/yr CERs for landﬁll CH4 out of 91 MtCO2-eq/yr
total. Projects <100,000 CERs/yr are located in Israel, Bolivia, Bangladesh
and Malaysia.

DOPRVW  GXH WR WKH ODQG¿OO GLUHFWLYH DQG UHODWHG QDWLRQDO
legislation (high agreement, much evidence) [10.4, 10.5].
Integrated and non-climate policies affecting emissions of
JUHHQKRXVHJDVHV*+*PLWLJDWLRQDVWKHFREHQH¿WRIZDVWH
policies and regulations; role of sustainable development
GHG mitigation is often not the primary driver, but is itself
DFREHQH¿WRISROLFLHVDQGPHDVXUHVLQWKHZDVWHVHFWRUWKDW
address broad environmental objectives, encourage energy
recovery from waste, reduce use of virgin materials, restrict
choices for ultimate waste disposal, promote waste recycling
and re-use and encourage waste minimization. Policies and
measures to promote waste minimization, re-use and recycling
indirectly reduce GHG emissions from waste. These measures
include Extended Producer Responsibility (EPR), unit pricing
RU 3$<7µ3D\ $V <RX 7KURZ¶  DQG ODQG¿OO WD[HV 2WKHU
PHDVXUHVLQFOXGHVHSDUDWHDQGHI¿FLHQWFROOHFWLRQRIUHF\FODEOHV
WRJHWKHUZLWKERWKXQLWSULFLQJDQGODQG¿OOWD[V\VWHPV6RPH
Asian countries are encouraging ‘circular economy’ or ‘sound
material-cycle society’ as a new development strategy whose
FRUH FRQFHSW LV WKH FLUFXODU FORVHG  ÀRZ RI PDWHULDOV DQG
the use of raw materials and energy through multiple phases.
%HFDXVHRIOLPLWHGGDWDGLIIHULQJEDVHOLQHVDQGRWKHUUHJLRQDO
conditions, it is not currently possible to quantify the global
effectiveness of these strategies in reducing GHG emissions
(medium agreement, medium evidence) [10.5].
In many countries, waste and wastewater management
policies are closely integrated with environmental policies

and regulations pertaining to air, water and soil quality as
well as to renewable energy initiatives. Renewable-energy
programmes include requirements for electricity generation
from renewable sources, mandates for utilities to purchase
power from small renewable providers, renewable energy tax
credits, and green power initiatives, which allow consumers to
choose renewable providers. In general, the decentralization
of electricity generation capacity via renewables can provide
VWURQJLQFHQWLYHVIRUHOHFWULFDOJHQHUDWLRQIURPODQG¿OO&+4 and
thermal processes for waste-to-energy (high agreement, much
evidence) [10.5].
Although policy instruments in the waste sector consist
mainly of regulations, there are also economic measures in a
number of countries to encourage particular waste management
technologies, recycling and waste minimization. These include
incinerator subsidies or tax exemptions for waste-to-energy.
7KHUPDOSURFHVVHVFDQPRVWHI¿FLHQWO\H[SORLWWKHHQHUJ\YDOXH
of post-consumer waste, but must include emission controls
to limit emissions of secondary air pollutants. Subsidies
for the construction of incinerators have been implemented
in several countries, usually combined with standards for
HQHUJ\ HI¿FLHQF\ 7D[ H[HPSWLRQV IRU HOHFWULFLW\ JHQHUDWHG
by waste incinerators and for waste disposal with energy
recovery have also been adopted (high agreement, much
evidence) [10.5].
7KH FREHQH¿WV RI HIIHFWLYH DQG VXVWDLQDEOH ZDVWH DQG
wastewater collection, transport, recycling, treatment and disposal
include GHG mitigation, improved public health, conservation
of water resources and reductions in the discharge of untreated
SROOXWDQWV WR DLU VRLO VXUIDFH ZDWHU DQG JURXQGZDWHU %HFDXVH
there are many examples of abandoned waste and wastewater
plants in developing countries, it must be stressed that a key
aspect of sustainable development is the selection of appropriate
WHFKQRORJLHV WKDW FDQ EH VXVWDLQHG ZLWKLQ WKH VSHFL¿F ORFDO
infrastructure (high agreement, medium evidence) [10.5].
Technology research, development and diffusion
In general, the waste sector is characterized by mature
technologies that require further diffusion in developing
countries. Advances under development include:
v /DQG¿OOLQJ ,PSOHPHQWDWLRQ RI RSWLPL]HG JDV FROOHFWLRQ
V\VWHPV DW DQ HDUO\ VWDJH RI ODQG¿OO GHYHORSPHQW WR
LQFUHDVH ORQJWHUP JDV FROOHFWLRQ HI¿FLHQF\ 2SWLPL]DWLRQ
RI ODQG¿OO ELRGHJUDGDWLRQ ELRUHDFWRUV  WR SURYLGH JUHDWHU
process control and shorter waste degradation lifetimes.
&RQVWUXFWLRQRIODQG¿OOµELRFRYHUV¶WKDWRSWLPL]HPLFURELDO
oxidation of CH4 and NMVOCs to minimize emissions.
v %LRORJLFDO SURFHVVHV )RU GHYHORSLQJ FRXQWULHV ORZHU
technology, affordable sustainable composting and anaerobic
digestion strategies for source-separated biodegradable
waste.
v Thermal processes: Advanced waste-to-energy technologies
WKDW FDQ SURYLGH KLJKHU WKHUPDO DQG HOHFWULFDO HI¿FLHQFLHV
75
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WKDQFXUUHQWLQFLQHUDWRUV ±QHWHOHFWULFDOHI¿FLHQF\ 
Increased implementation of industrial co-combustion using
feedstocks from various waste fractions to offset fossil fuels.
*DVL¿FDWLRQDQGS\URO\VLVRIVRXUFHVHSDUDWHGZDVWHIUDFWLRQV
in combination with improved, lower-cost separation
technologies for production of fuels and feedstocks.
v Recycling, re-use, waste minimization, pre-treatment (improved mechanical-biological treatment processes) Innovations
in recycling technology and process improvements resulting
in decreased use of virgin materials, energy conservation,
and fossil fuel offsets. Development of innovative but lowtechnology recycling solutions for developing countries.
v Wastewater: New low-technology ecological designs for
improved sanitation at the household and small community
OHYHO ZKLFK FDQ EH LPSOHPHQWHG VXVWDLQDEO\ IRU HI¿FLHQW
small-scale wastewater treatment and water conservation in
both developed and developing countries (high agreement,
limited evidence) [10.5; 10.6].
Long-term outlook, systems transitions
To minimize future GHG emissions from the waste sector,
it is important to preserve local options for a wide range of
integrated and sustainable management strategies. Furthermore,
primary reductions in waste generation through recycling, reXVH DQG ZDVWH PLQLPL]DWLRQ FDQ SURYLGH VXEVWDQWLDO EHQH¿WV
for the conservation of raw materials and energy. Over the long
WHUP EHFDXVH ODQG¿OOV FRQWLQXH WR SURGXFH &+4 for decades,
ODQG¿OOJDVUHFRYHU\ZLOOEHUHTXLUHGDWH[LVWLQJODQG¿OOVHYHQDV
PDQ\FRXQWULHVFKDQJHWRQRQODQG¿OOLQJWHFKQRORJLHVVXFKDV
incineration, industrial co-combustion, mechanical-biological
treatment, large-scale composting and anaerobic digestion. In
DGGLWLRQ WKH µEDFNXS¶ ODQG¿OO ZLOO FRQWLQXH WR EH D FULWLFDO
component of municipal solid waste planning. In developing
countries, investment in improved waste and wastewater
PDQDJHPHQWFRQIHUVVLJQL¿FDQWFREHQH¿WVIRUSXEOLFKHDOWKDQG
safety, environmental protection and infrastructure development.

11

Mitigation from a cross-sectoral
perspective

Mitigation options across sectors
While many of the technological, behavioural and policy
RSWLRQV PHQWLRQHGLQ &KDSWHUV ± FRQFHUQ VSHFL¿F VHFWRUV
some technologies and policies reach across many sectors;
for example, the use of biomass and the switch from highcarbon fuels to gas affect energy supply, transport, industry and
buildings. Apart from potentials for common technologies, these
examples also highlight possible competition for resources,
VXFKDV¿QDQFHDQG5 'VXSSRUW>@
The bottom-up compilation of mitigation potentials by
sector is complicated by interactions and spill-overs between
76

sectors, over time and over regions and markets. A series
of formal procedures has been used to remove potential
double counting, such as reduction of the capacity needed
in the power sector due to electricity saving in industry
and the buildings sector. An integration of sector potentials
in this way is required to summarize the sectoral assessments
RI&KDSWHUV±7KHXQFHUWDLQW\RIWKHRXWFRPHLVLQÀXHQFHG
by issues of comparability of sector calculations, difference in
coverage between the sectors (e.g., the transport sector) and
the aggregation itself, in which only the main and direct sector
interactions have been taken into account [11.3.1].
The top-down estimates were derived from stabilization
scenarios, i.e., runs towards long-term stabilization of
atmospheric GHG concentration [3.6].
Figure TS.26A and Table TS.15 show that the bottom-up
assessments emphasize the opportunities for no-regrets options
in many sectors, with a bottom-up estimate for all sectors by
2030 of about 6 GtCO2HTDWQHJDWLYHFRVWVWKDWLVQHWEHQH¿WV
A large share of the no-regrets options is in the building sector.
The total for bottom-up low cost options (no-regrets and other
options costing less than 20 US$/tCO2-eq) is around 13 GtCO2eq (ranges are discussed below). There are additional bottomup potentials of around 6 and 4 GtCO2-eq at additional costs
of <50 and 100 US$/tCO2-eq respectively (medium agreement,
medium evidence) [11.3.1].
7KHUHDUHVHYHUDOTXDOL¿FDWLRQVWRWKHVHHVWLPDWHVLQDGGLWLRQ
to those mentioned above. First, in the bottom-up estimates a
set of emission-reduction options, mainly for co-generation,
parts of the transport sector and non-technical options such
as behavioural changes, are excluded because the available
literature did not allow a reliable assessment. It is estimated
that the bottom-up potentials are therefore underestimated
by 10–15%. Second, the chapters identify a number of key
VHQVLWLYLWLHV WKDW KDYH QRW EHHQ TXDQWL¿HG UHODWLQJ WR HQHUJ\
prices, discount rates and the scaling-up of regional results for
the agricultural and forestry options. Third, there is a lack of
estimates for many EIT countries and substantial parts of the
non-OECD/EIT region [11.3.1].
The estimates of potentials at carbon prices <20 US$/tCO2eq are lower than the TAR bottom-up estimates that
were evaluated for carbon prices <27 US$/tCO2-eq, due
to better information in recent literature (high agreement,
much evidence).
Figure TS.15 and Table TS.16 show that the overall
bottom-up potentials are comparable with those of the 2030
results from top-down models, as reported in Chapter 3.
At the sectoral level, there are larger differences between
ERWWRPXSDQGWRSGRZQPDLQO\EHFDXVHWKHVHFWRUGH¿QLWLRQV
in top-down models often differ from those in bottom-up
assessments (table TS.17). Although there are slight differences

1183
Technical Summary

35

GtCO2-eq

35

30

30

25

25

20

20

15

15

10

10

5

5

0

GtCO2-eq

0

low end of range

high end of range

low end of range

<0
<20 ■ <50 ■ <100 US$/tCO2-eq
□□

high end of range

□ <20 ■ <50 ■ <100 US$/tCO2-eq

Figure TS.26A: Global economic mitigation potential in 2030 estimated
from bottom-up studies. Data from Table TS.15. [Figure 11.3].

Figure TS.26B: Global economic mitigation potential in 2030 estimated
from top-down studies. Data from Table TS.16. [Figure 11.3].

between the baselines assumed for top-down and bottom-up
assessments, the results are close enough to provide a robust
estimate of the overall economic mitigation potential by 2030.
The mitigation potential at carbon prices of <100 US$/tCO2-eq
is about 25–50% of 2030 baseline emissions (high agreement,
much evidence).

supply sector. However, for an end-use sector analysis as used
for the results in Figure TS.27, the highest potential lies in the
building and agriculture sectors. For agriculture and forestry,
top-down estimates are lower than those from bottom-up
studies. This is because these sectors are generally not well
covered in top-down models. The energy supply and industry
estimates from top-down models are generally higher than
those from bottom-up assessments (high agreement, medium
evidence) [11.3.1].

Table TS.17 shows that for point-of-emission analysis18 a
large part of the long-term mitigation potential is in the energy-

Table TS.15: Global economic mitigation potential in 2030 estimated from bottom-up studies [11.3].

I

Carbon price
(US$/tCO2-eq)

Economic potential
(GtCO2-eq/yr)

Reduction relative to SRES A1 B
(68 GtCO2-eq/yr)
(%)

Reduction relative to SRES B2
(49 GtCO2-eq/yr)
(%)

0

5-7

7-10

10-14

20

9-17

14-25

19-35

50

13-26

20-38

27-52

100

16-31

23-46

32-63

I

Table TS.16: Global economic mitigation potential in 2030 estimated from top-down studies [11.3].

I

Carbon price
(US$/tCO2-eq)

Economic potential
(GtCO2-eq/yr)

Reduction relative to SRES A1 B
(68 GtCO2-eq/yr)
(%)

Reduction relative to SRES B2
(49 GtCO2-eq/yr)
(%)

20

9-18

13-27

18-37

50

14-23

21-34

29-47

100

17-26

25-38

35-53

I

18 In a point-of-emission analysis, emissions from electricity use are allocated to the energy-supply sector. In an end-use sector analysis, emissions from electricity
are allocated to the respective end-use sector (particularly relevant for industry and buildings).
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Table TS.17: Economic potential for sectoral mitigation by 2030: comparison of bottom-up (from Table 11.3) and top-down estimates (from Section 3.6) [Table 11.5].
Economy-wide model (‘topdown’) snapshot of mitigation
by 2030
(GtCO2-eq/yr)

Sector-based (‘bottom-up’) potential by 2030
(GtCO2-eq/yr)
Sectors

End-use sector allocation
(allocation of electricity savings
to end-use sectors)

Point-of-emissions allocation
(emission reductions from end-use electricity savings allocated to
energy supply sector)
Carbon price <20 US$/tCO2-eq

Chapter
of report

Low

High

Low

High

Low

High

4

Energy supply &
conversion

1.2

2.4

4.4

6.4

3.9

9.7

5

Transport

1.3

2.1

1.3

2.1

0.1

1.6

6

Buildings

4.9

6.1

1.9

2.3

0.3

1.1

7

Industry

0.7

1.5

0.5

1.3

1.2

3.2

8

Agriculture

0.3

2.4

0.3

2.4

0..6

1.2

9

Forestry

0.6

1.9

0.6

1.9

0.2

0.8

10

Waste

0.3

0.8

0.3

0.8

0.7

0.9

11

Total

9.3

17.1

9.1

17.9

8.7

17.9

Carbon price <50 US$/tCO2-eq
4

Energy supply &
conversion

2.2

4.2

5.6

8.4

6.7

12.4

5

Transport

1.5

2.3

1.5

2.3

0.5

1.9

6

Buildings

4.9

6.1

1.9

2.3

0.4

1.3

7

Industry

2.2

4.7

1.6

4.5

2.2

4.3

8

Agriculture

1.4

3.9

1.4

3.9

0.8

1.4

9

Forestry

1.0

3.2

1.0

3.2

0.2

0.8

10

Waste

11

Total

4

0.4

1.0

0.4

1.0

0.8

1.0

13.3

25.7

13.2

25.8

13.7

22.6

Energy supply &
conversion

2.4

4.7

6.3

9.3

8.7

14.5

5

Transport

1.6

2.5

1.6

2.5

0.8

2.5

6

Buildings

5.4

6.7

2.3

2.9

0.6

1.5

7

Industry

2.5

5.5

1.7

4.7

3.0

5.0

8

Agriculture

2.3

6.4

2.3

6.4

0.9

1.5

I

I

Carbon price <100 US$/tCO2-eq

9

Forestry

1.3

4.2

1.3

4.2

0.2

0.8

10

Waste

0.4

1.0

0.4

1.0

0.9

1.1

11

Total

15.8

31.1

15.8

31.1

16.8

26.2

Sources: Tables 3.16, 3.17 and 11.3
See notes to Tables 3.16, 3.17 and 11.3, and Annex 11.1.

%LRHQHUJ\ RSWLRQV DUH LPSRUWDQW IRU PDQ\ VHFWRUV E\
2030, with substantial growth potential beyond, although no
complete integrated studies are available for supply-demand
balances. Key preconditions for such contributions are the
development of biomass capacity (energy crops) in balance
with investments in agricultural practices, logistic capacity and
markets, together with commercialization of second-generation
biofuel production. Sustainable biomass production and use
78

could ensure that issues in relation to competition for land and
food, water resources, biodiversity and socio-economic impacts
are not creating obstacles (high agreement, limited evidence)
[11.3.1.4].
Apart from the mitigation options mentioned in the sectoral
Chapters 4–10, geo-engineering solutions to the enhanced
greenhouse effect have been proposed. However, options
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7

GtCO2-eq/yr

6
5
4
3
2

Energy supply

Transport

Buildings
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Agriculture

0
<1
00

<5

<2
0

<5
0
<1
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0
<2

<1
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<5
0

<2
0

<5
0
<1
00

<2
0

<1
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<5
0

<2
0

00
<1

<5
0

<2
0

0
Forestry

<5
0
<1
00

1

<2
0

□ Non-OECD/EIT
EIT
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■ World total

US$/tCO2-eq

Waste

Figure TS.27: Estimated sectoral economic potential for global mitigation for different regions as a function of carbon price in 2030 from bottom-up studies,
compared to the respective baselines assumed in the sector assessments. A full explanation of the derivation of this ﬁgure is found in Section 11.3.
Notes:
1. The ranges for global economic potentials as assessed in each sector are shown by vertical lines. The ranges are based on end-use allocations of emissions,
meaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector.
2. The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels.
3. Sectors used different baselines. For industry the SRES B2 baseline was taken, for energy supply and transport the WEO 2004 baseline was used; the building
sector is based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving forces were used to construct a waste speciﬁc baseline, agriculture
and forestry used baselines that mostly used B2 driving forces.
4. Only global totals for transport are shown because international aviation is included [5.4].
5. Categories excluded are: non-CO2 emissions in buildings and transport, part of material efﬁciency options, heat production and cogeneration in energy supply,
heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewater treatment, emission reduction from coal
mines and gas pipelines, ﬂuorinated gases from energy supply and transport. The underestimation of the total economic potential from these emissions is of the
order of 10-15%.

to remove CO2 directly from the air, for example, by iron
fertilization of the oceans, or to block sunlight, remain largely
speculative and may have a risk of unknown side effects.
%ORFNLQJ VXQOLJKW GRHV QRW DIIHFW WKH H[SHFWHG HVFDODWLRQ LQ
atmospheric CO2 levels, but could reduce or eliminate the
associated warming. This disconnection of the link between
CO2FRQFHQWUDWLRQDQGJOREDOWHPSHUDWXUHFRXOGKDYHEHQH¿FLDO
consequences, for example, in increasing the productivity
of agriculture and forestry (in as far as CO2 fertilization is
effective), but they do not mitigate or address other impacts
VXFK DV IXUWKHU DFLGL¿FDWLRQ RI WKH RFHDQV 'HWDLOHG FRVW
estimates for these options have not been published and they
are without a clear institutional framework for implementation
(medium agreement, limited evidence) [11.2.2].
Mitigation costs across sectors and
macro-economic costs
The costs of implementing the Kyoto Protocol are estimated
to be much lower than the TAR estimates due to US rejection of
WKH3URWRFRO:LWKIXOOXVHRIWKH.\RWRÀH[LEOHPHFKDQLVPV
FRVWVDUHHVWLPDWHGDWOHVVWKDQRI$QQH[% ZLWKRXW86 
*'3 7$5$QQH[%± :LWKRXWÀH[LEOHPHFKDQLVPV

19

costs are now estimated at less than 0.1% (TAR 0.2–2%) (high
agreement, much evidence) [11.4].
Modelling studies of post-2012 mitigation have been
assessed in relation to their global effects on CO2 abatement
by 2030, the carbon prices required and their effects on GDP
or GNP (for the long-term effects of stabilization after 2030 see
Chapter 3). For Category IV19 pathways (stabilization around
650 ppm CO2-eq) with CO2 abatement less than 20% below
baseline and up to 25 US$/tCO2 carbon prices, studies suggest
that gross world product would be, at worst, some 0.7% below
baseline by 2030, consistent with the median of 0.2% and
the 10–90 percentile range of –0.6 to 1.2% for the full set of
scenarios given in Chapter 3.
Effects are more uncertain for the more stringent Category
III pathways (stabilization around 550 ppm CO2-eq) with CO2
abatement less than 40% and up to 50 US$/tCO2 carbon prices,
with most studies suggesting costs less than 1% of global gross
world product, consistent with the median of 0.6% and the
10–90 percentile range of 0 to 2.5% for the full set in Chapter
3. Again, the estimates are heavily dependent on approaches
and assumptions. The few studies with baselines that require

See Chapter 3 for the deﬁnition of Category III and IV pathways.
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higher CO2 reductions to achieve the targets require higher
carbon prices and most report higher GDP costs. For category
I and II studies (stabilization between 445 and 535 ppm CO2eq) costs are less than 3% GDP loss, but the number of studies
is relatively small and they generally use low baselines. The
lower estimates of the studies assessed here, compared with the
full set of studies reported in Chapter 3, are caused mainly by
a larger share of studies that allow for enhanced technological
innovation triggered by policies, particularly for more stringent
mitigation scenarios (high agreement, medium evidence) [11.4].
All approaches indicate that no single sector or technology
will be able to address the mitigation challenge successfully on
LWV RZQ VXJJHVWLQJ WKH QHHG IRU D GLYHUVL¿HG SRUWIROLR EDVHG
on a variety of criteria. Top-down assessments agree with the
bottom-up results in suggesting that carbon prices around 2050 US$/tCO2HT 86W&HT  DUH VXI¿FLHQW WR GULYH
large-scale fuel-switching and make both CCS and low-carbon
power sources economic as technologies mature. Incentives
of this order might also play an important role in avoiding
deforestation. The various short- and long-term models come
up with differing estimates, the variation of which can be
explained mainly by approaches and assumptions regarding
the use of revenues from carbon taxes or permits, treatment
of technological change, degree of substitutability between
internationally traded products, and the disaggregation of
product and regional markets (high agreement, much evidence)
[11.4, 11.5, 11.6].
The development of the carbon price and the corresponding
emission reductions will determine the level at which
atmospheric GHG concentrations can be stabilized. Models
suggest that a predictable and ongoing gradual increase in the
carbon price that would reach 20–50 $US/tCO2-eq by 2020–
2030 corresponds with Category III stabilization (550 ppm
CO2-eq). For Category IV (650 ppm CO2-eq), such a price
level could be reached after 2030. For stabilization at levels
between 450 and 550 ppm CO2-eq, carbon prices of up to
100 US$/tCO2-eq need to be reached by around 2030 (medium
agreement, medium evidence) [11.4, 11.5, 11.6].
In all cases, short-term pathways towards lower stabilization
levels, particularly for Category III and below, would require
PDQ\ DGGLWLRQDO PHDVXUHV DURXQG HQHUJ\ HI¿FLHQF\ ORZ
carbon energy supply, other mitigation actions and avoidance
of investment in very long-lived carbon-intensive capital stock.
Studies of decision-making under uncertainty emphasize the
need for stronger early action, particularly on long-lived
infrastructure and other capital stock. Energy sector
infrastructure (including power stations) alone is projected to
require at least US$ 20 trillion investment to 2030 and the options
for stabilization will be heavily constrained by the nature and
carbon intensity of this investment. Initial estimates for lower
carbon scenarios show a large redirection of investment, with
net additional investments ranging from negligible to less than
5% (high agreement, much evidence) [11.6].
80

As regards portfolio analysis of government actions, a
JHQHUDO ¿QGLQJ LV WKDW D SRUWIROLR RI RSWLRQV WKDW DWWHPSWV WR
balance emission reductions across sectors in a manner that
appears equitable (e.g., by equal percentage reduction), is
likely to be more costly than an approach primarily guided
by cost-effectiveness. Portfolios of energy options across
sectors that include low-carbon technologies will reduce risks
and costs, because fossil fuel prices are expected to be more
volatile relative to the costs of alternatives, in addition to the
XVXDOEHQH¿WVIURPGLYHUVL¿FDWLRQ$VHFRQGJHQHUDO¿QGLQJLV
that costs will be reduced if options that correct the two market
failures of climate change damages and technological innovation
EHQH¿WVDUHFRPELQHGIRUH[DPSOHE\UHF\FOLQJUHYHQXHVIURP
SHUPLW DXFWLRQV WR VXSSRUW HQHUJ\HI¿FLHQF\ DQG ORZFDUERQ
innovations (high agreement, medium evidence) [11.4].
Technological change across sectors
A major development since the TAR has been the inclusion
in many top-down models of endogenous technological change.
Using different approaches, modelling studies suggest that
allowing for endogenous technological change may lead to
substantial reductions in carbon prices as well as GDP costs,
compared with most of the models in use at the time of the
TAR (when technological change was assumed to be included
in the baseline and largely independent of mitigation policies
and action). Studies without induced technological change
show that carbon prices rising to 20 to 80 US$/tCO2-eq by
2030 and 30 to 155 US$/tCO2-eq by 2050 are consistent with
stabilization at around 550 ppm CO2-eq by 2100. For the same
stabilization level, studies since TAR that take into account
induced technological change lower these price ranges to 5 to
65 US$/tCO2eq in 2030 and 15 to 130 US$/tCO2-eq in 2050.
The degree to which costs are reduced hinges critically on the
assumptions about the returns from climate change mitigation
R&D expenditures, spill-overs between sectors and regions,
crowding-out of other R&D, and, in models including learningby-doing, learning rates (high agreement, much evidence) [11.5].
Major technological shifts like carbon capture and storage,
advanced renewables, advanced nuclear and hydrogen require
a long transition as learning-by-doing accumulates and markets
H[SDQG ,PSURYHPHQW RI HQGXVH HI¿FLHQF\ WKHUHIRUH RIIHUV
more important opportunities in the short term. This is illustrated
by the relatively high share of the buildings and industry sector
in the 2030 potentials (Table TS.17). Other options and sectors
PD\SOD\DPRUHVLJQL¿FDQWUROHLQWKHVHFRQGKDOIRIWKHFHQWXU\
(see Chapter 3) (high agreement, much evidence) [11.6].
Spill-over effects from mitigation in Annex I
countries on Non-Annex I countries
Spill-over effects of mitigation from a cross-sectoral
perspective are the effects of mitigation policies and measures
in one country or group of countries on sectors in other
countries. One aspect of spill-over is so-called ‘carbon leakage’:
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the increase in CO2 emissions outside the countries taking
domestic measures divided by the emission reductions within
these countries. The simple indicator of carbon leakage does
not cover the complexity and range of effects, which include
changes in the pattern and magnitude of global emissions.
Modelling studies provide wide-ranging outcomes on carbon
leakages depending on their assumptions regarding returns
to scale, behaviour in the energy-intensive industry, trade
elasticities and other factors. As in the TAR, the estimates of
carbon leakage from implementation of the Kyoto Protocol are
generally in the range of 5–20% by 2010. Empirical studies
on the energy-intensive industries with exemptions under the
EU Emission Trading Scheme (ETS) highlight that transport
costs, local market conditions, product variety and incomplete
information favour local production, and conclude that carbon
leakage is unlikely to be substantial (medium agreement,
medium evidence) [11.7].
Effects of existing mitigation actions on competitiveness
have been studied. The empirical evidence seems to indicate
that losses of competitiveness in countries implementing
.\RWRDUHQRWVLJQL¿FDQWFRQ¿UPLQJD¿QGLQJLQWKH7$57KH
SRWHQWLDOEHQH¿FLDOHIIHFWRIWHFKQRORJ\WUDQVIHUWRGHYHORSLQJ
countries arising from technological development brought
about by Annex I action may be substantial for energy-intensive
LQGXVWULHVEXWKDVQRWVRIDUEHHQTXDQWL¿HGLQDUHOLDEOHPDQQHU
(medium agreement, low evidence) [11.7].
Perhaps one of the most important ways in which spill-overs
from mitigation actions in one region affect others is through
the effect on world fossil fuel prices. When a region reduces its
fossil fuel demand because of mitigation policy, it will reduce
the world demand for that commodity and so put downward
pressure on the prices. Depending on the response of the fossil
fuel producers, oil, gas or coal prices may fall, leading to loss
of revenues by the producers, and lower costs of imports for
the consumers. As in the TAR, nearly all modelling studies that
have been reviewed show more pronounced adverse effects on
oil-producing countries than on most Annex I countries that are
taking the abatement measures. Oil-price protection strategies
may limit income losses in the oil-producing countries (high
agreement, limited evidence) [11.7].

,QDGGLWLRQWKHEHQH¿WVRIDYRLGHGHPLVVLRQVRIDLUSROOXWDQWV
have been estimated for agricultural production and the impact
of acid precipitation on natural ecosystems. Such near-term
EHQH¿WV SURYLGH WKH EDVLV IRU D QRUHJUHWV *+*UHGXFWLRQ
policy, in which substantial advantages accrue even if the impact
of human-induced climate change turns out to be less than
FXUUHQWSURMHFWLRQVVKRZ,QFOXGLQJFREHQH¿WVRWKHUWKDQWKRVH
for human health and agricultural productivity (e.g., increased
energy security and employment) would further enhance the cost
savings (high agreement, limited evidence) [11.8].
A wealth of new literature has pointed out that addressing
climate change and air pollution simultaneously through a single
set of measures and policies offers potentially large reductions in
the costs of air-pollution control. An integrated approach is needed
to address those pollutants and processes for which trade-offs
exist. This is, for instance, the case for NOx controls for vehicles
and nitric acid plants, which may increase N2O emissions, or
WKH LQFUHDVHG XVH RI HQHUJ\HI¿FLHQW GLHVHO YHKLFOHV ZKLFK
HPLW UHODWLYHO\ PRUH ¿QH SDUWLFXODWH PDWWHU WKDQ WKHLU JDVROLQH
equivalents (high agreement, much evidence) [11.8].
Adaptation and mitigation
There can be synergies or trade-offs between policy options that
can support adaptation and mitigation. The synergy potential is
high for biomass energy options, land-use management and other
land-management approaches. Synergies between mitigation
and adaptation could provide a unique contribution to rural
development, particularly in least-developed countries: many
actions focusing on sustainable natural resource management
FRXOGSURYLGHERWKVLJQL¿FDQWDGDSWDWLRQEHQH¿WVDQGPLWLJDWLRQ
EHQH¿WVPRVWO\LQWKHIRUPRIFDUERQVHTXHVWUDWLRQ+RZHYHU
in other cases there may be trade-offs, such as the growth of
energy crops that may affect food supply and forestry cover,
thereby increasing vulnerability to the impacts of climate change
(medium agreement, limited evidence) [11.9].

12

Sustainable development
and mitigation

Co-beneﬁts of mitigation
0DQ\UHFHQWVWXGLHVKDYHGHPRQVWUDWHGVLJQL¿FDQWEHQH¿WV
of carbon-mitigation strategies on human health, mainly
because they also reduce other airborne emissions, for example,
SO2, NOx and particulate matter. This is projected to result in
the prevention of tens of thousands of premature deaths in
Asian and Latin American countries annually, and several
thousands in Europe. However, monetization of mortality
risks remains controversial, and hence a large range of
EHQH¿W HVWLPDWHV FDQ EH IRXQG LQ WKH OLWHUDWXUH +RZHYHU DOO
VWXGLHV DJUHH WKDW WKH PRQHWL]HG KHDOWK EHQH¿WV PD\ RIIVHW D
substantial fraction of the mitigation costs (high agreement,
much evidence) [11.8].

Relationship between sustainable development
and climate change mitigation
The concept of sustainable development was adopted by
the World Commission on Environment and Development
and there is agreement that sustainable development involves
a comprehensive and integrated approach to economic, social
and environmental processes. Discussions on sustainable
development, however, have focused primarily on the
environmental and economic dimensions. The importance
of social, political and cultural factors is only now getting
more recognition. Integration is essential in order to articulate
81
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development trajectories that are sustainable, including
addressing the climate change problem [12.1].
Although still in the early stages, there is growing use
of indicators to measure and manage the sustainability of
development at the macro and sectoral levels, which is driven in
part by the increasing emphasis on accountability in the context
of governance and strategy initiatives. At the sectoral level,
progress towards sustainable development is beginning to be
measured and reported by industry and governments using,
inter alia, JUHHQ FHUWL¿FDWLRQ PRQLWRULQJ WRROV RU HPLVVLRQV
registries. Review of the indicators shows, however, that few
macro-indicators include measures of progress with respect to
climate change (high agreement, much evidence) [12.1.3].
&OLPDWHFKDQJHLVLQÀXHQFHGQRWRQO\E\WKHFOLPDWHVSHFL¿F
SROLFLHV WKDW DUH SXW LQ SODFH WKH µFOLPDWH ¿UVW DSSURDFK¶  EXW
also by the mix of development choices that are made and the
development trajectories that these policies lead to (the ‘developPHQW¿UVWDSSURDFK¶ DSRLQWUHLQIRUFHGE\JOREDOVFHQDULRDQDO\VLV
published since the TAR. Making development more sustainable
E\ FKDQJLQJ GHYHORSPHQW SDWKV FDQ WKXV PDNH D VLJQL¿FDQW
contribution to climate goals. It is important to note, however, that
changing development pathways is not about choosing a mappedout path, but rather about navigating through an uncharted and
evolving landscape (high agreement, much evidence) [12.1.1].
It has further been argued that sustainable development might
decrease the vulnerability of all countries, and particularly of
developing countries, to climate change impacts. Framing the
debate as a development problem rather than an environmental
one may better address the immediate goals of all countries,
particularly developing countries and their special vulnerability
to climate change, while at the same time addressing the
driving forces for emissions that are linked to the underlying
development path [12.1.2].
Making development more sustainable
Decision-making on sustainable development and climate
change mitigation is no longer solely the purview of governments.
The literature recognizes the shift to a more inclusive concept
of governance, which includes the contributions of various
levels of government, the private sector, non-governmental
actors and civil society. The more that climate change issues
are mainstreamed as part of the planning perspective at the
appropriate level of implementation, and the more all these
relevant parties are involved in the decision-making process
in a meaningful way, the more likely are they to achieve the
desired goals (high agreement, medium evidence) [12.2.1].
Regarding governments, a substantial body of political
WKHRU\LGHQWL¿HVDQGH[SODLQVWKHH[LVWHQFHRIQDWLRQDOSROLF\
styles or political cultures. The underlying assumption of this
work is that individual countries tend to process problems
LQ D VSHFL¿F PDQQHU UHJDUGOHVV RI WKH GLVWLQFWLYHQHVV RU
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VSHFL¿F IHDWXUHV RI DQ\ VSHFL¿F SUREOHP D QDWLRQDO µZD\ RI
doing things’. Furthermore, the choice of policy instruments
is affected by the institutional capacity of governments to
implement the instrument. This implies that the preferred mix of
policy decisions and their effectiveness in terms of sustainable
development and climate change mitigation depend strongly
on national characteristics (high agreement, much evidence).
However, our understanding of which types of policies will
work best in countries with particular national characteristics
remains sketchy [12.2.3].
The private sector is a central player in ecological and
sustainability stewardship. Over the past 25 years, there has
been a progressive increase in the number of companies that
DUHWDNLQJVWHSVWRDGGUHVVVXVWDLQDELOLW\LVVXHVDWHLWKHUWKH¿UP
or industry level. Although there has been progress, the private
sector has the capacity to play a much greater role in making
development more sustainable if awareness that this will
SUREDEO\ EHQH¿W LWV SHUIRUPDQFH JURZV medium agreement,
medium evidence) [12.2.3].
&LWL]HQJURXSVSOD\DVLJQL¿FDQWUROHLQVWLPXODWLQJVXVWDLQDEOH
development and are critical actors in implementing sustainable
development policy. Apart from implementing sustainable
development projects themselves, they can push for policy
reform by awareness-raising, advocacy and agitation. They can
DOVRSXOOSROLF\DFWLRQE\¿OOLQJWKHJDSVDQGSURYLGLQJSROLF\
services, including in the areas of policy innovation, monitoring
and research. Interactions can take the form of partnerships or be
through stakeholder dialogues that can provide citizens’ groups
with a lever for increasing pressure on both governments and
industry (high agreement, medium evidence) [12.2.3].
Deliberative public-private partnerships work most
effectively when investors, local governments and citizen groups
are willing to work together to implement new technologies,
and provide arenas to discuss such technologies that are locally
inclusive (high agreement, medium evidence) [12.2.3].
Implications of development choices for climate
change mitigation
In a heterogeneous world, an understanding of different
regional conditions and priorities is essential for mainstreaming
climate change policies into sustainable-development strategies.
5HJLRQ DQG FRXQWU\VSHFL¿F FDVH VWXGLHV GHPRQVWUDWH WKDW
different development paths and policies can achieve notable
emissions reductions, depending on the capacity to realize
sustainability and climate change objectives [12.3].
In industrialized countries, climate change continues to
be regarded mainly as a separate, environmental problem
WR EH DGGUHVVHG WKURXJK VSHFL¿F FOLPDWH FKDQJH SROLFLHV $
fundamental and broad discussion in society on the implications
of development pathways for climate change in general and
climate change mitigation in particular in the industrialized
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countries has not been seriously initiated. Priority mitigation
DUHDVIRUFRXQWULHVLQWKLVJURXSPD\EHLQHQHUJ\HI¿FLHQF\
renewable energy, CCS, etc. However, low-emission pathways
apply not only to energy choices. In some regions, land-use
GHYHORSPHQWSDUWLFXODUO\LQIUDVWUXFWXUHH[SDQVLRQLVLGHQWL¿HG
as a key variable determining future GHG emissions [12.2.1;
12.3.1].
Economies in transition as a single group no longer exist.
Nevertheless, Central and Eastern Europe and the countries of
Eastern Europe, the Caucasus and Central Asia (EECCA) do
share some common features in socio-economic development
and in climate change mitigation and sustainable development.
Measures to decouple economic and emission growth would be
especially important for this group [12.2.1; 12.3.1].
Some large developing countries are projected to increase
their emissions at a faster rate than the industrialized world and
the rest of developing nations as they are in the stage of rapid
industrialization. For these countries, climate change mitigation
and sustainable-development policies can complement one
DQRWKHU KRZHYHU DGGLWLRQDO ¿QDQFLDO DQG WHFKQRORJLFDO
resources would enhance their capacity to pursue a low-carbon
path of development [12.2.1; 12.3.1].
For most other developing countries, adaptive and mitigative
capacities are low and development aid can help to reduce their
vulnerability to climate change. It can also help to reduce their
emissions growth while addressing energy-security and energyDFFHVVSUREOHPV&'0FDQSURYLGH¿QDQFLDOUHVRXUFHVIRUVXFK
developments. Members of the Organization of the PetroleumExporting Countries (OPEC) are unique in the sense that they
may be adversely affected by development paths that reduce
WKHGHPDQGIRUIRVVLOIXHOV'LYHUVL¿FDWLRQRIWKHLUHFRQRPLHV
is high on their agenda [12.2.1; 12.3.1].
Some general conclusions emerge from the case studies
reviewed in this chapter on how changes in development
pathways at the sectoral level have (or could) lower emissions
(high agreement, medium evidence) [12.2.4]:
v *+*HPLVVLRQVDUHLQÀXHQFHGE\EXWQRWULJLGO\OLQNHGWR
economic growth: policy choices can make a difference.
v Sectors where effective production is far below the maximum
feasible production with the same amount of inputs – that
is, sectors that are far from their production frontier – have
opportunities to adopt ‘win-win-win’ policies, that is,
policies that free up resources and bolster growth, meet
other sustainable-development goals and also reduce GHG
emissions relative to baseline.
v Sectors where production is close to the optimal given
available inputs – i.e., sectors that are closer to the production
frontier – also have opportunities to reduce emissions by
meeting other sustainable development goals. However, the
closer one gets to the production frontier, the more tradeoffs are likely to appear.

v What matters is not only that a ‘good’ choice is made at
a certain point in time, but also that the initial policy is
sustained for a long time – sometimes several decades – to
really have effects.
v It is often not one policy decision, but an array of decisions
WKDWDUHQHHGHGWRLQÀXHQFHHPLVVLRQV7KLVUDLVHVWKHLVVXH
of coordination between policies in several sectors and at
various scales.
Mainstreaming requires that non-climate policies, programmes
and/or individual actions take climate change mitigation into
consideration, in both developing and developed countries.
However, merely piggybacking climate change on to an existing
SROLWLFDO DJHQGD LV XQOLNHO\ WR VXFFHHG7KH HDVH RU GLI¿FXOW\
with which mainstreaming is accomplished will depend on
both mitigation technologies or practices, and the underlying
GHYHORSPHQWSDWK:HLJKLQJRWKHUGHYHORSPHQWEHQH¿WVDJDLQVW
FOLPDWHEHQH¿WVZLOOEHDNH\EDVLVIRUFKRRVLQJGHYHORSPHQW
sectors for mainstreaming. Decisions about macro-economic
policy, agricultural policy, multilateral development bank
lending, insurance practices, electricity market reform, energy
security, and forest conservation, for example, which are often
treated as being apart from climate policy, can have profound
impacts on emissions, the extent of mitigation required, and the
FRVWVDQGEHQH¿WVWKDWUHVXOW+RZHYHULQVRPHFDVHVVXFKDV
shifting from biomass cooking to liquid petroleum gas (LPG)
in rural areas in developing countries, it may be rational to
disregard climate change considerations because of the small
increase in emissions when compared with its development
EHQH¿WV VHH7DEOH76  high agreement, medium evidence)
[12.2.4].
In general terms, there is a high level of agreement on the
TXDOLWDWLYH¿QGLQJVLQWKLVFKDSWHUDERXWWKHOLQNDJHVEHWZHHQ
mitigation and sustainable development: the two are linked,
DQG V\QHUJLHV DQG WUDGHRIIV FDQ EH LGHQWL¿HG +RZHYHU WKH
literature about the links and more particularly, about how
these links can be put into action in order to capture synergies
and avoid trade-offs, is as yet sparse. The same applies to good
practice guidance for integrating climate change considerations
into relevant non-climate policies, including analysis of the
roles of different actors. Elaborating possible development
paths that nations and regions can pursue – beyond more
narrowly conceived GHG emissions scenarios or scenarios
that ignore climate change – can provide the context for new
analysis of the links, but may require new methodological tools
(high agreement, limited evidence) [12.2.4].
Implications of mitigation choices for sustainable
development trajectories
There is a growing understanding of the opportunities to
choose mitigation options and their implementation in such a
ZD\WKDWWKHUHZLOOEHQRFRQÀLFWZLWKRUHYHQEHQH¿WVIRURWKHU
dimensions of sustainable development; or, where trade-offs are
inevitable, to allow rational choices to be made. A summary of
83

1190
Technical Summary

Table TS.18: Mainstreaming climate change into development choices – selected examples [Table 12.3].

Selected sectors

Non-climate policy
instruments and actions
that are candidates for
mainstreaming

Primary decisionmakers and actors

Global GHG emissions
by sector that could be
addressed by non-climate
policies (% of global GHG
emissions)a, d

Comments

Macro economy

Implement non-climate taxes/
State (governments at
subsidies and/or other ﬁscal and all levels)
regulatory policies that promote
SD

100

Total global GHG
emissions

Combination of economic,
regulatory, and infrastructure
non-climate policies could be
used to address total global
emissions.

Forestry

Adoption of forest conservation
and sustainable management
practices

State (governments
at all levels) and civil
society (NGOs)

7

GHG emissions from
deforestation

Legislation/regulations to halt
deforestation, improve forest
management, and provide
alternative livelihoods can
reduce GHG emissions and
provide other environmental
beneﬁts.

Electricity

Adoption of cost-effective
renewables, demand-side
management programmes, and
reduction of transmission and
distribution losses

State (regulatory
commissions),
market (utility
companies) and,
civil society (NGOs,
consumer groups)

20b

Electricity sector CO2
emissions (excluding
auto producers)

Rising share of GHG-intensive
electricity generation is a
global concern that can be
addressed through non-climate
policies.

Petroleum
imports

Diversifying imported and
domestic fuel mix and reducing
economy’s energy intensity to
improve energy security

State and market
(fossil fuel industry)

20b

CO2 emissions
associated with
global crude oil and
product imports

Diversiﬁcation of energy
sources to address oil security
concerns could be achieved
such that GHG emissions are
not increased.

Rural energy
in developing
countries

Policies to promote rural LPG,
kerosene and electricity for
cooking

State and
market (utilities
and petroleum
companies), civil
society (NGOs)

<2c

GHG emissions from
biomass fuel use, not
including aerosols

Biomass used for rural cooking
causes health impacts due
to indoor air pollution, and
releases aerosols that add to
global warming. Displacing all
biomass used for rural cooking
in developing countries with
LPG would emit 0.70 GtCO2eq., a relatively modest amount
compared with 2004 total
global GHG emissions.

Insurance
for building
and transport
sectors

Differentiated premiums, liability
insurance exclusions, improved
terms for green products

State and market
(insurance
companies)

20

Transport and
building sector GHG
emissions

Escalating damages due to
climate change are a source of
concern to insurance industry.
Insurance industry could
address these through the
types of policies noted here.

International
ﬁnance

Country and sector strategies
and project lending that reduces
emissions

State (international)
ﬁnancial institutions)
and market
(commercial banks)

25b

CO2 emissions from
developing countries
(non-Annex I)

International ﬁnancial institutions
can adopt practices so that
loans for GHG-intensive
projects in developing
countries that lock-in future
emissions are avoided.

Notes:
a) Data from Chapter 1 unless noted otherwise.
b) CO2 emissions from fossil fuel combustion only; IEA (2006).
c) CO2 emissions only. Authors estimate, see text.
d) Emissions indicate the relative importance of sectors in 2004. Sectoral emissions are not mutually exclusive, may overlap, and hence sum up to more than total
global emissions, which are shown in the Macro economy row.
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Table TS.19: Sectoral mitigation options and sustainable development (economic, local environmental and social) considerations: synergies and trade-offs [Table 12.4].
Sector and mitigation
options

Potential SD synergies and conditions for
implementation

Potential SD trade-offs

Energy supply and use: Chapters 4-7
Energy efﬁciency
improvement in all sectors
(buildings, transportation,
industry, and energy supply)
(Chapters 4-7)

- Almost always cost-effective, reduces or eliminates local
pollutant emissions and consequent health impacts,
improves indoor comfort and reduces indoor noise levels,
creates business opportunities and jobs and improves
energy security
- Government and industry programmes can help overcome
lack of information and principal agent problems
- Programmes can be implemented at all levels of
government and industry
- Important to ensure that low-income household energy
needs are given due consideration, and that the process
and consequences of implementing mitigation options are,
or the result is, gender-neutral

- Indoor air pollution and health impacts of
improving the thermal efﬁciency of biomass
cooking stoves in developing country rural areas
are uncertain

Fuel switching and other
options in the transportation
and buildings sectors
(Chapters 5 and 6)

- CO2 reduction costs may be offset by increased health
beneﬁts
- Promotion of public transport and non-motorized
transport has large and consistent social beneﬁts
- Switching from solid fuels to modern fuels for cooking
and heating indoors can reduce indoor air pollution and
increase free time for women in developing countries
- Institutionalizing planning systems for CO2 reduction
through coordination between national and local
governments is important for drawing up common
strategies for sustainable transportation systems

- Diesel engines are generally more fuel-efﬁcient
than gasoline engines and thus have lower CO2
emissions, but increase particle emissions.
- Other measures (CNG buses, hybrid dieselelectric buses and taxi renovation) may provide
little climate beneﬁt.

Replacing imported
fossil fuels with domestic
alternative energy sources
(DAES) (Chapter 4)

- Important to ensure that DAES is cost-effective
- Reduces local air pollutant emissions.
- Can create new indigenous industries (e.g., Brazil ethanol
programme) and hence generate employment

- Balance of trade improvement is traded off
against increased capital required for investment
- Fossil fuel-exporting countries may face
reduced exports
- Hydropower plants may displace local
populations and cause environmental damage to
water bodies and biodiversity

Replacing domestic
fossil fuel with imported
alternative energy sources
(IAES) (Chapter 4)

-

Almost always reduces local pollutant emissions
Implementation may be more rapid than DAES
Important to ensure that IAES is cost-effective
Economies and societies of energy-exporting countries
would beneﬁt

- Could reduce energy security
- Balance of trade may worsen but capital needs
may decline

Afforestation

- Can reduce wasteland, arrest soil degradation, and
manage water runoff
- Can retain soil carbon stocks if soil disturbance at
planting and harvesting is minimized
- Can be implemented as agroforestry plantations that
enhance food production
- Can generate rural employment and create rural industry
- Clear delineation of property rights would expedite
implementation of forestation programmes

- Use of scarce land could compete with
agricultural land and diminish food security while
increasing food costs
- Monoculture plantations can reduce biodiversity
and are more vulnerable to disease
- Conversion of ﬂoodplain and wetland could
hamper ecological functions

Avoided deforestation

- Can retain biodiversity, water and soil management
beneﬁts, and local rainfall patterns
- Reduce local haze and air pollution from forest ﬁres
- If suitably managed, it can bring revenue from ecotourism
and from sustainably harvested timber sales
- Successful implementation requires involving local
dwellers in land management and/or providing them
alternative livelihoods, enforcing laws to prevent migrants
from encroaching on forest land.

- Can result in loss of economic welfare for certain
stakeholders in forest exploitation (land owners,
migrant workers)
- Reduced timber supply may lead to reduced
timber exports and increased use of GHGintensive construction materials
- Can result in deforestation with consequent SD
implications elsewhere

Forest Management

- See afforestation

- Fertilizer application can increase N2O
production and nitrate runoff degrading local
(ground)water quality
- Prevention of ﬁres and pests has short term
beneﬁts but can increase fuel stock for later
ﬁres unless managed properly

Forestry sector: Chapter 9
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Table TS.19. Continued.
Sector and mitigation
options

Potential SD synergies and conditions for
implementation

Potential SD trade-offs

- Mostly positive when practised with crop residues
(shells, husks, bagasse and/or tree trimmings).
- Creates rural employment.
- Planting crops/trees exclusively for bio-energy
requires that adequate agricultural land and labour is
available to avoid competition with food production

- Can have negative environmental consequences
if practised unsustainably - biodiversity loss, water
resource competition, increased use of fertilizer and
pesticides.
- Potential problem with food security (locationspeciﬁc) and increased food costs.

Cropland management
(management of nutrients,
tillage, residues, and
agroforestry; water, rice,
and set-aside)

- Improved nutrient management can improve
groundwater quality and environmental health of the
cultivated ecosystem

- Changes in water policies could lead to clash of
interests and threaten social cohesiveness
- Could lead to water overuse

Grazing land management

- Improves livestock productivity, reduces
desertiﬁcation, and provide social security for the
poor
- Requires laws and enforcement to ban free grazing

Livestock management

- Mix of traditional rice cultivation and livestock
management would enhance incomes even in semiarid and arid regions

Bio-energy (chapter 8 en 9)
Bio-energy production

Agriculture: Chapter 8

Waste management: Chapter 10
Engineered sanitary
landﬁlling with landﬁll
gas recovery to capture
methane gas

- Can eliminate uncontrolled dumping and open
burning of waste, improving health and safety for
workers and residents.
- Sites can provide local energy beneﬁts and public
spaces for recreation and other social purposes within
the urban infrastructure.

- When done unsustainably can cause leaching that
leads to soil and groundwater contamination with
potentially negative health impacts

Biological
processes for waste and
wastewater (composting,
anaerobic digestion, aerobic
and anaerobic wastewater
processes)

- Can destroy pathogens and provide useful soil
amendments if properly implemented using sourceseparated organic waste or collected wastewater.
- Can generate employment
- Anaerobic processes can provide energy beneﬁts
from CH4 recovery and use.

- A source of odours and water pollution if not properly
controlled and monitored.

Incineration and other
thermal processes

- Obtain the most energy beneﬁt from waste.

- Expensive relative to controlled landﬁlling and
composting.
- Unsustainable in developing countries if technical
infrastructure not present.
- Additional investment for air pollution controls and
source separation needed to prevent emissions of
heavy metals and other air toxics.

Recycling, re-use, and
waste minimization

- Provide local employment as well as reductions in
energy and raw materials for recycled products.
- Can be aided by NGO efforts, private capital for
recycling industries, enforcement of environmental
regulations, and urban planning to segregate waste
treatment and disposal activities from community life.

- Uncontrolled waste scavenging results in severe
health and safety problems for those who make their
living from waste
- Development of local recycling industries requires
capital.

Note: Material in this table is drawn from the Chapters 4–11. Where new material is introduced, it is referenced in the accompanying text below, which describes the
SD implications of mitigation options in each sector.

86

1193
Technical Summary

the sustainable development implications of the main climate
change mitigation options is given in Table TS.19 [12.3].

National policy instruments, their implementation and
interactions

7KHVXVWDLQDEOHGHYHORSPHQWEHQH¿WVRIPLWLJDWLRQRSWLRQV
vary within a sector and between regions (high agreement,
much evidence):
v Generally, mitigation options that improve the productivity
of resource use, whether energy, water, or land, yield positive
EHQH¿WVDFURVVDOOWKUHHGLPHQVLRQVRIVXVWDLQDEOHGHYHORSPHQW
Other categories of mitigation options have a more uncertain
impact and depend on the wider socio-economic context
within which the option is being implemented.
v &OLPDWHUHODWHG SROLFLHV VXFK DV HQHUJ\ HI¿FLHQF\ DQG
UHQHZDEOHHQHUJ\DUHRIWHQHFRQRPLFDOO\EHQH¿FLDOLPSURYH
energy security and reduce local pollutant emissions. Many
energy-supply mitigation options can be designed to also
DFKLHYH VXVWDLQDEOH GHYHORSPHQW EHQH¿WV VXFK DV DYRLGHG
displacement of local populations, job creation and health
EHQH¿WV
v 5HGXFLQJ GHIRUHVWDWLRQ FDQ KDYH VLJQL¿FDQW ELRGLYHUVLW\
VRLODQGZDWHUFRQVHUYDWLRQEHQH¿WVEXWPD\UHVXOWLQDORVV
of economic welfare for some stakeholders. Appropriately
designed forestation and bio-energy plantations can lead to
restoration of degraded land, manage water runoff, retain soil
FDUERQDQGEHQH¿WUXUDOHFRQRPLHVEXWPD\FRPSHWHZLWK
land for food production and be negative for biodiversity.
v There are good possibilities for reinforcing sustainable
development through mitigation actions in most sectors, but
particularly in the waste management, transportation and
buildings sectors, notably through decreased energy use and
reduced pollution [12.3].

7KH OLWHUDWXUH FRQWLQXHV WR UHÀHFW WKDW D ZLGH YDULHW\ RI
national policies and measures are available to governments
to limit or reduce GHG emissions. These include: regulations
and standards, taxes and charges, tradable permits, voluntary
DJUHHPHQWV SKDVLQJ RXW VXEVLGLHV DQG SURYLGLQJ ¿QDQFLDO
incentives, research and development and information
instruments. Other policies, such as those affecting trade,
foreign direct investments and social development goals can
also affect GHG emissions. In general, climate change policies,
if integrated with other government polices, can contribute to
sustainable development in both developed and developing
countries (see Chapter 12) [13.1].

13

Policies, instruments and
co-operative agreements

Introduction
This chapter discusses national policy instruments and
their implementation, initiatives of the private sector, local
governments and non-governmental organizations, and
cooperative international agreements. Wherever feasible,
national policies and international agreements are discussed
in the context of four principle criteria by which they can
be evaluated; that is, environmental effectiveness, costeffectiveness, distributional considerations and institutional feasibility. There are a number of additional criteria
that could also be explicitly considered, such as effects
on competitiveness and administrative costs. Criteria may
be applied by governments in making ex-ante choices
among instruments and in ex-post evaluation of the performance
of instruments [13.1].

Reducing emissions across all sectors and gases requires a
SRUWIROLRRISROLFLHVWDLORUHGWR¿WVSHFL¿FQDWLRQDOFLUFXPVWDQFHV
:KLOHWKHOLWHUDWXUHLGHQWL¿HVDGYDQWDJHVDQGGLVDGYDQWDJHVIRU
any given instrument, the above-mentioned criteria are widely
used by policy makers to select and evaluate policies.

All instruments can be designed well or poorly, stringent or
lax. Instruments need to be adjusted over time and supplemented
with a workable system of monitoring and enforcement.
Furthermore, instruments may interact with existing institutions
and regulations in other sectors of society (high agreement,
much evidence) [13.1].
The literature provides a good deal of information to assess
how well different instruments meet the above-mentioned
criteria (see Table TS.20) [13.2]. Most notably, it suggests that:
v Regulatory measures and standards generally provide
environmental certainty. They may be preferable when lack
RILQIRUPDWLRQRURWKHUEDUULHUVSUHYHQW¿UPVDQGFRQVXPHUV
from responding to price signals. Regulatory standards
do not generally give polluters incentives to develop
new technologies to reduce pollution, but there are a few
examples whereby technology innovation has been spurred
by regulatory standards. Standards are common practice
in the building sector and there is strong innovation.
Although relatively few regulatory standards have been
adopted solely to reduce GHG emissions, standards have
UHGXFHGWKHVHJDVHVDVDFREHQH¿W high agreement, much
evidence) [13.2].
v Taxes and charges (which can be applied to carbon or all
GHGs) are given high marks for cost effectiveness since
they provide some assurance regarding the marginal cost
of pollution control. They cannot guarantee a particular
level of emissions, but conceptually taxes can be designed
to be environmentally effective. Taxes can be politically
GLI¿FXOWWRLPSOHPHQWDQGDGMXVW$VZLWKUHJXODWLRQVWKHLU
environmental effectiveness depends on their stringency.
As with nearly all other policy instruments, care is needed
to prevent perverse effects (high agreement, much evidence)
[13.2].
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Table TS.20: National environmental policy instruments and evaluative criteria [Table 13.1].

I

Criteria
Environmental
effectiveness

Cost-effectiveness

Regulations
and standards

Emission levels set directly,
though subject to exceptions
Depends on deferrals and
compliance

Depends on design; uniform
application often leads to
higher overall compliance
costs

Depends on level playing
ﬁeld; small/new actors may
be disadvantaged

Depends on technical
capacity; popular with
regulators, in countries with
weak functioning markets

Taxes and
charges

Depends on ability to set
tax at a level that induces
behavioural change

Better with broad application;
higher administrative costs
where institutions are weak

Regressive; can be improved
with revenue recycling

Often politically unpopular;
may be difﬁcult to enforce
with underdeveloped
institutions

Tradable
permits

Depends on emissions cap,
participation and compliance

Decreases with limited
participation and fewer
sectors

Depends on initial permit
allocation,
may pose difﬁculties for small
emitters

Requires well-functioning
markets and complementary
institutions

Voluntary
agreements

Depends on programme
design, including clear
targets, a baseline scenario,
third-party involvement
in design and review, and
monitoring provisions

Depends on ﬂexibility
and extent of government
incentives, rewards and
penalties

Beneﬁts accrue only to
participants

Often politically popular;
requires signiﬁcant number of
administrative staff

Subsidies
and other
incentives

Depends on programme
design; less certain than
regulations/ standards.

Depends on level and
programme design; can be
market-distorting

Beneﬁts selected
participants; possibly some
that do not need it

Popular with recipients;
potential resistance from
vested interests. Can be
difﬁcult to phase out

Research and
development

Depends on consistent
funding, when technologies
are developed, and polices
for diffusion. May have high
beneﬁts in long-term

Depends on programme
design and the degree of risk

Initially beneﬁts selected
participants, Potentially easy
for funds to be misallocated

Requires many separate
decisions; Depends on
research capacity and longterm funding

Instrument

Meets distributional
considerations

Institutional feasibility

I

Note: Evaluations are predicated on assumptions that instruments are representative of best practice rather than theoretically perfect. This assessment is based
primarily on experiences and literature from developed countries, since peer-reviewed articles on the effectiveness of instruments in other countries were limited.
Applicability in speciﬁc countries, sectors and circumstances – particularly developing countries and economies in transition – may differ greatly. Environmental
and cost effectiveness may be enhanced when instruments are strategically combined and adapted to local circumstances.

v Tradable permits are an increasingly popular economic
instrument to control conventional pollutants and GHGs
at the sectoral, national and international level. The
volume of emissions allowed determines the carbon price
and the environmental effectiveness of this instrument,
while the distribution of allowances has implications
for competitiveness. Experience has shown that banking
SURYLVLRQV FDQ SURYLGH VLJQL¿FDQW WHPSRUDO ÀH[LELOLW\
and that compliance provisions must be carefully designed,
if a permit system is to be effective (high agreement,
much evidence). Uncertainty in the price of emission
UHGXFWLRQV XQGHU D WUDGLQJ V\VWHP PDNHV LW GLI¿FXOW D
priori, to estimate the total cost of meeting reduction
targets [13.2].
v Voluntary agreements between industry and governments
and information campaigns are politically attractive, raise
awareness among stakeholders and have played a role in
the evolution of many national policies. The majority of
YROXQWDU\DJUHHPHQWVKDVQRWDFKLHYHGVLJQL¿FDQWHPLVVLRQ
reductions beyond business-as-usual. However, some
88

recent agreements in a few countries have accelerated
the application of best available technology and led to
measurable reductions of emissions compared with the
baseline (high agreement, much evidence). Success factors
include clear targets, a baseline scenario, third-party
involvement in design and review, and formal provisions
for monitoring [13.2].
v Voluntary actions: Corporations, sub-national governments,
NGOs and civil groups are adopting a wide variety of
voluntary actions, independent of government authorities,
which may limit GHG emissions, stimulate innovative
policies and encourage the deployment of new technologies.
%\ WKHPVHOYHV WKH\ JHQHUDOO\ KDYH OLPLWHG LPSDFW DW WKH
national or regional level [13.2].
v Financial incentives (subsidies and tax credits) are frequently
used by governments to stimulate the diffusion of new, less
GHG-emitting technologies. While the economic costs of
such programmes are often higher than for the instruments
listed above, they are often critical to overcome barriers to
the penetration of new technologies (high agreement, much
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evidence). As with other policies, incentive programmes
must be carefully designed to avoid perverse market
effects. Direct and indirect subsidies for fossil fuel use and
agriculture remain common practice in many countries,
although those for coal have declined over the past decade
in many OECD countries and in some developing countries
(See also Chapter 2, 7 and 11) [13.2].
v Government support for research and development
is a special type of incentive, which can be an important
instrument to ensure that low GHG-emitting technologies
will be available in the long-term. However, government
funding for many energy-research programmes dropped
after the oil crisis in the 1970s and stayed constant, even
DIWHU WKH 81)&&& ZDV UDWL¿HG 6XEVWDQWLDO DGGLWLRQDO
investments in, and policies for, R&D are needed to ensure
that technologies are ready for commercialization in order
to arrive at stabilization of GHGs in the atmosphere (see
Chapter 3), along with economic and regulatory instruments
to promote their deployment and diffusion (high agreement,
much evidence) [13.2.1].
v Information instruments – sometimes called public
disclosure requirements – may positively affect
environmental quality by allowing consumers to make
better-informed choices. There is only limited evidence
that the provision of information can achieve emissions
reductions, but it can improve the effectiveness of other
policies (high agreement, much evidence) [13.2].
Applying an environmentally effective and economically
HI¿FLHQW LQVWUXPHQW PL[ UHTXLUHV D JRRG XQGHUVWDQGLQJ RI WKH
environmental issue to be addressed, of the links with other policy
areas and the interactions between the different instruments in
the mix. In practice, climate-related policies are seldom applied
in complete isolation, as they overlap with other national
polices relating to the environment, forestry, agriculture, waste
management, transport and energy, and in many cases require more
than one instrument (high agreement, much evidence) [13.2].
Initiatives of sub-national governments, corporations
and non-governmental organizations
The preponderance of the literature reviews nationally based
governmental instruments, but corporations, local- and regional
authorities, NGOs and civil groups can also play a key role and are
adopting a wide variety of actions, independent of government
authorities, to reduce emissions of GHGs. Corporate actions
range from voluntary initiatives to emissions targets and, in a
few cases, internal trading systems. The reasons corporations
XQGHUWDNH LQGHSHQGHQW DFWLRQV LQFOXGH WKH GHVLUH WR LQÀXHQFH
RUSUHHPSWJRYHUQPHQWDFWLRQWRFUHDWH¿QDQFLDOYDOXHDQGWR
differentiate a company and its products. Actions by regional,
state, provincial and local governments include renewable
SRUWIROLR VWDQGDUGV HQHUJ\HI¿FLHQF\ SURJUDPPHV HPLVVLRQ
registries and sectoral cap-and-trade mechanisms. These
DFWLRQV DUH XQGHUWDNHQ WR LQÀXHQFH QDWLRQDO SROLFLHV DGGUHVV
stakeholder concerns, create incentives for new industries, or

FUHDWHHQYLURQPHQWDOFREHQH¿WV1*2VSURPRWHSURJUDPPHV
to reduce emissions through public advocacy, litigation and
stakeholder dialogue. Many of the above actions may limit
GHG emissions, stimulate innovative policies, encourage the
deployment of new technologies and spur experimentation
with new institutions, but by themselves generally have limited
LPSDFW7RDFKLHYHVLJQL¿FDQWHPLVVLRQUHGXFWLRQVWKHVHDFWLRQV
must lead to changes in national policies (high agreement, much
evidence) [13.4].
International agreements (climate change
agreements and other arrangements)
7KH81)&&&DQGLWV.\RWR3URWRFROKDYHVHWDVLJQL¿FDQW
precedent as a means of solving a long-term international
HQYLURQPHQWDO SUREOHP EXW DUH RQO\ WKH ¿UVW VWHSV WRZDUGV
implementation of an international response strategy to combat
climate change. The Kyoto Protocol’s most notable achievements
are the stimulation of an array of national policies, the creation
of an international carbon market and the establishment of
new institutional mechanisms. Its economic impacts on the
participating countries are yet to be demonstrated. The CDM,
in particular, has created a large project pipeline and mobilized
VXEVWDQWLDO¿QDQFLDOUHVRXUFHVEXWLWKDVIDFHGPHWKRGRORJLFDO
challenges regarding the determination of baselines and
additionality. The protocol has also stimulated the development
of emissions trading systems, but a fully global system has not
been implemented. The Kyoto Protocol is currently constrained
by the modest emission limits and will have a limited effect on
atmospheric concentrations. It would be more effective if the
¿UVWFRPPLWPHQWSHULRGZHUHWREHIROORZHGXSE\PHDVXUHV
to achieve deeper reductions and the implementation of policy
instruments covering a higher share of global emissions (high
agreement, much evidence) [13.3].
0DQ\ RSWLRQV DUH LGHQWL¿HG LQ WKH OLWHUDWXUH IRU DFKLHYLQJ
emission reductions both under and outside the Convention
and its Kyoto Protocol, for example: revising the form
and stringency of emission targets; expanding the scope of
sectoral and sub-national agreements; developing and adopting
common policies; enhancing international RD&D technology
programmes; implementing development-oriented actions,
DQG H[SDQGLQJ ¿QDQFLQJ LQVWUXPHQWV high agreement, much
evidence). Integrating diverse elements such as international
R&D cooperation and cap-and-trade programmes within an
agreement is possible, but comparing the efforts made by
different countries would be complex and resource-intensive
(medium agreement, medium evidence) [13.3].
There is a broad consensus in the literature that a successful
agreement will have to be environmentally effective, costeffective, incorporate distributional considerations and equity,
and be institutionally feasible (high agreement, much evidence)
[13.3].
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A great deal of new literature is available on potential
structures for and the substance of future international
agreements. As has been noted in previous IPCC reports, because
climate change is a globally common problem, any approach
that does not include a larger share of global emissions will be
more costly or less environmentally effective. (high agreement,
much evidence) (See Chapter 3) [13.3].

the action will be. States participating in the same ‘tier’ would
have the same (or broadly similar) types of commitments.
Decisions on how to allocate states to tiers can be based on
formalized quantitative or qualitative criteria, or be ‘ad hoc’.
Under the principle of sovereignty, states may choose the tier
into which they are grouped (high agreement, much evidence)
[13.3].

Most proposals for future agreements in the literature include
DGLVFXVVLRQRIJRDOVVSHFL¿FDFWLRQVWLPHWDEOHVSDUWLFLSDWLRQ
institutional arrangements, reporting and compliance provisions.
Other elements address incentives, non-participation and noncompliance penalties (high agreement, much evidence) [13.3].

An agreement can have static participation or may change
over time. In the latter case, states can ‘graduate’ from one
tier of commitments to another. Graduation can be linked to
passing of quantitative thresholds for certain parameters (or
FRPELQDWLRQVRISDUDPHWHUV WKDWKDYHEHHQSUHGH¿QHGLQWKH
agreement, such as emissions, cumulative emissions, GDP per
capita, relative contribution to temperature increase or other
measures of development, such as the human development
index (HDI) (high agreement, much evidence) [13.3].

Goals
7KH VSHFL¿FDWLRQ RI FOHDU JRDOV LV DQ LPSRUWDQW HOHPHQW
of any climate agreement. They can both provide a common
vision about the near-term direction and offer longer-term
certainty, which is called for by business. Goal-setting also
helps structure commitments and institutions, provides an
incentive to stimulate action and helps establish criteria against
which to measure the success in implementing measures (high
agreement, much evidence) [13.3].
7KHFKRLFHRIWKHORQJWHUPDPELWLRQVLJQL¿FDQWO\LQÀXHQFHV
the necessary short-term action and therefore the design of the
international regime. Abatement costs depend on the goal, vary
with region and depend on the allocation of emission allowances
among regions and the level of participation (high agreement,
much evidence) [13.3].
Options for the design of international regimes can
incorporate goals for the short, medium and long term. One
option is to set a goal for long-term GHG concentrations or
a temperature stabilization goal. Such a goal might be based
on physical impacts to be avoided or conceptually on the basis
of the monetary and non-monetary damages to be avoided.
$Q DOWHUQDWLYH WR DJUHHLQJ RQ VSHFL¿F &22 concentration or
WHPSHUDWXUHOHYHOVLVDQDJUHHPHQWRQVSHFL¿FORQJWHUPDFWLRQV
such as a technology R&D and diffusion target – for example,
‘eliminating carbon emissions from the energy sector by 2060’.
$QDGYDQWDJHRIVXFKDJRDOLVWKDWLWPLJKWEHOLQNHGWRVSHFL¿F
actions (high agreement, much evidence) [13.3].
Another option would be to adopt a ‘hedging strategy’,
GH¿QHGDVDVKRUWHUWHUPJRDORQJOREDOHPLVVLRQVIURPZKLFK
it is still possible to reach a range of desirable long-term goals.
Once the short-term goal is reached, decisions on next steps
can be made in light of new knowledge and decreased levels of
uncertainty (medium agreement, medium evidence) [13.3].
Participation
Participation of states in international agreements can
vary from very modest to extensive. Actions to be taken by
participating countries can be differentiated both in terms of
when such action is undertaken, who takes the action and what
90

Some argue that an international agreement needs to
include only the major emitters to be effective, since the
largest 15 countries (including the EU-25 as one) make up
80% of global GHG emissions. Others assert that those with
KLVWRULFDO UHVSRQVLELOLW\ PXVW DFW ¿UVW 6WLOO DQRWKHU YLHZ
holds that technology development is the critical factor for a
global solution to climate change, and thus agreements must
VSHFL¿FDOO\WDUJHWWHFKQRORJ\GHYHORSPHQWLQ$QQH[,FRXQWULHV
– which in turn could offset some or all emissions leakage in
Non-Annex I countries. Others suggest that a climate regime
is not exclusively about mitigation, but also encompasses
adaptation – and that a far wider array of countries is vulnerable
to climate change and must be included in any agreement (high
agreement, much evidence) [13.3].
Regime stringency: linking goals, participation and timing
Under most equity interpretations, developed countries as a
JURXSZRXOGQHHGWRUHGXFHWKHLUHPLVVLRQVVLJQL¿FDQWO\E\
(10–40% below 1990 levels) and to still lower levels by 2050
(40–95% below 1990 levels) for low to medium stabilization
levels (450–550ppm CO2-eq) (see also Chapter 3). Under most
of the regime designs considered for such stabilization levels,
developing-country emissions need to deviate below their
projected baseline emissions within the next few decades (high
agreement, much evidence). For most countries, the choice of
the long-term ambition level will be more important than the
design of the emission-reduction regime [13.3].
The total global costs are highly dependent on the baseline
scenario, marginal abatement cost estimates, the assumed
concentration stabilization level (see also Chapters 3 and 11)
and the level (size of the coalition) and degree of participation
(how and when allowances are allocated). If, for example some
major emitting regions do not participate in the reductions
immediately, the global costs of the participating regions will be
higher if the goal is maintained (see also Chapter 3). Regional
abatement costs are dependent on the allocation of emission
allowances to regions, particularly the timing. However, the
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assumed stabilization level and baseline scenario are more
important in determining regional costs [11.4; 13.3].
Commitments, timetables and actions
7KHUHLVDVLJQL¿FDQWERG\RIQHZOLWHUDWXUHWKDWLGHQWL¿HV
and evaluates a diverse set of options for commitments that
could be taken by different groups. The most frequently
evaluated type of commitment is the binding absolute emission
reduction cap as included in the Kyoto Protocol for Annex I
countries. The broad conclusion from the literature is that such
regimes provide certainty about future emission levels of the
participating countries (assuming caps are met). Many authors
SURSRVH WKDW FDSV EH UHDFKHG XVLQJ D YDULHW\ RI µÀH[LELOLW\¶
approaches, incorporating multiple GHGs and sectors as well
as multiple countries through emission trading and/or projectbased mechanisms (high agreement, much evidence) [13.3].
While a variety of authors propose that absolute caps be
applied to all countries in the future, many have raised concerns
that the rigidity of such an approach may unreasonably restrict
economic growth. While no consensus approach has emerged,
the literature provides multiple alternatives to address this
problem, including ‘dynamic targets’ (where the obligation
evolves over time), and limits on prices (capping the costs of
compliance at a given level – which while limiting costs, would
also lead to exceeding the environmental target). These options
aim at maintaining the advantages of international emissions
WUDGLQJ ZKLOH SURYLGLQJ PRUH ÀH[LELOLW\ LQ FRPSOLDQFH high
agreement, much evidence). However, there is a trade-off
between costs and certainty in achieving an emissions level.
[13.3]
Market mechanisms
International market-based approaches can offer a costeffective means of addressing climate change if they incorporate
a broad coverage of countries and sectors. So far, only a few
domestic emissions-trading systems are in place, the EU ETS
being by far the largest effort to establish such a scheme, with
over 11,500 plants allocated and authorized to buy and sell
allowances (high agreement, high evidence) [13.2].
Although the Clean Development Mechanism is developing
UDSLGO\WKHWRWDO¿QDQFLDOÀRZVIRUWHFKQRORJ\WUDQVIHUKDYHVR
far been limited. Governments, multilateral organizations and
SULYDWH ¿UPV KDYH HVWDEOLVKHG QHDUO\  ELOOLRQ86 LQ FDUERQ
funds for carbon-reduction projects, mainly through the CDM.
)LQDQFLDOÀRZVWRGHYHORSLQJFRXQWULHVWKURXJK&'0SURMHFWV
are reaching levels in the order of several billion US$/yr.
7KLVLVKLJKHUWKDQWKHÀRZVWKURXJKWKH*OREDO(QYLURQPHQW
Facility (GEF), comparable to the energy-oriented development
DVVLVWDQFHÀRZVEXWDWOHDVWDQRUGHURIPDJQLWXGHORZHUWKDQ
DOO IRUHLJQ GLUHFW LQYHVWPHQW )',  ÀRZV high agreement,
much evidence) [13.3].
Many have asserted that a key element of a successful
climate change agreement will be its ability to stimulate the

development and transfer of technology – without which it may
EHGLI¿FXOWWRDFKLHYHHPLVVLRQUHGXFWLRQVRQDVLJQL¿FDQWVFDOH
Transfer of technology to developing countries depends mainly
on investments. Creating enabling conditions for investments
and technology uptake and international technology agreements
are important. One mechanism for technology transfer is to
establish innovative ways of mobilizing investments to cover
the incremental cost of mitigating and adapting to climate
change. International technology agreements could strengthen
the knowledge infrastructure (high agreement, much evidence)
[13.3].
A number of researchers have suggested that sectoral
approaches may provide an appropriate framework for post.\RWR DJUHHPHQWV 8QGHU VXFK D V\VWHP VSHFL¿HG WDUJHWV
could be set, starting with particular sectors or industries that
are particularly important, politically easier to address, globally
homogeneous or relatively insulated from competition with
other sectors. Sectoral agreement may provide an additional
GHJUHHRISROLF\ÀH[LELOLW\DQGPDNHFRPSDULQJHIIRUWVZLWKLQD
sector between countries easier, but may be less cost-effective,
since trading within a single sector will be inherently more
costly than trading across all sectors (high agreement, much
evidence) [13.3].
Coordination/harmonization of policies
Coordinated policies and measures could be an alternative
to or complement internationally agreed targets for emission
reductions. A number of policies have been discussed in the
literature that would achieve this goal, including taxes (such
as carbon or energy taxes); trade coordination/liberalization;
R&D; sectoral policies and policies that modify foreign direct
investment. Under one proposal, all participating nations
– industrialized and developing alike – would tax their
domestic carbon usage at a common rate, thereby achieving
cost-effectiveness. Others note that while an equal carbon
SULFHDFURVVFRXQWULHVLVHFRQRPLFDOO\HI¿FLHQWLWPD\QRWEH
politically feasible in the context of existing tax distortions
(high agreement, much evidence) [13.3].
Non-climate policies and links to sustainable development
There is considerable interaction between policies and
measures taken at the national and sub-national level with
actions taken by the private sector and between climate change
mitigation and adaptation policies and policies in other areas.
There are a number of non-climate national policies that can
KDYH DQ LPSRUWDQW LQÀXHQFH RQ *+* HPLVVLRQV VHH &KDSWHU
12) (high agreement, much evidence). New research on future
international agreements could focus on understanding the interlinkages between climate policies, non-climate policies and
sustainable development, and how to accelerate the adoption of
existing technology and policy tools [13.3].
An overview of how various approaches to international
climate change agreements, as discussed above, perform
against the criteria, given in the introduction, is presented in
91
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Table TS.21: Assessment of international agreements on climate changea [Table 13.3].

I

Environmental
effectiveness

Approach

Cost effectiveness

Meets distributional
considerations

Institutional feasibility

National emission
targets and international
emission trading
(including offsets)

Depends on
participation, and
compliance

Decreases with limited
participation and
reduced gas and sector
coverage

Depends on initial
allocation

Depends on capacity to
prepare inventories and
compliance. Defections
weaken regime stability

Sectoral agreements

Not all sectors
amenable to such
agreements, limiting
overall effectiveness.
Effectiveness depends
on whether agreement is
binding or non-binding

Lack of trading across
sectors increases
overall costs, although
may be cost-effective
within individual sectors.
Competitive concerns
reduced within each
sector

Depends on
participation. Withinsector competitiveness
concerns alleviated if
treated equally at global
level

Requires many separate
decisions and technical
capacity. Each sector
may require crosscountry institutions to
manage agreements

Coordinated policies and
measures

Individual measures can
be effective; emission
levels may be uncertain;
success will be a
function of compliance

Depends on policy
design

Extent of coordination
could limit national
ﬂexibility; but may
increase equity

Depends on number
of countries; (easier
among smaller groups
of countries than at the
global level)

Cooperation on
Technology RD & Db

Depends on funding,
when technologies are
developed and policies
for diffusion

Varies with degree of
R&D risk Cooperation
reduces individual
national risk

Intellectual property
concerns may negate the
beneﬁts of cooperation

Requires many separate
decisions. Depends on
research capacity and
long-term funding

Development-oriented
actions

Depends on national
policies and design to
create synergies

Depends on the extent
of synergies with other
development objectives

Depends on
distributional effects of
development policies

Depends on priority
given to sustainable
development in national
policies and goals of
national institutions

Financial mechanisms

Depends on funding

Depends on country and
project type

Depends on project and
country selection criteria

Depends on national
institutions

Capacity building

Varies over time and
depends on critical mass

Depends on programme
design

Depends on selection of
recipient group

Depends on country and
institutional frameworks

a)

The table examines each approach based on its capacity to meet its internal goals – not in relation to achieving a global environmental goal. If such targets are to
be achieved, a combination of instruments needs to be adopted. Not all approaches have equivalent evaluation in the literature; evidence for individual elements
of the matrix varies.

Table TS.21. Future international agreements would have
stronger support if they meet these criteria (high agreement,
much evidence) [13.3].

14

Gaps in knowledge

Gaps in knowledge refer to two aspects of climate change
mitigation:
v Where additional data collection, modelling and analysis
could narrow knowledge gaps, and the resulting improved
knowledge and empirical experience could assist decision-making on climate change mitigation measures and
SROLFLHVWRVRPHH[WHQWWKHVHJDSVDUHUHÀHFWHGLQWKH
uncertainty statements in this report.
v Where research and development could improve mitigation technologies and/or reduce their costs. This important
aspect is not treated in this section, but is addressed in the
chapters where relevant.
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Emission data sets and projections
Despite a wide variety of data sources and databases
underlying this report, there are still gaps in accurate and reliable
HPLVVLRQGDWDE\VHFWRUDQGVSHFL¿FSURFHVVHVHVSHFLDOO\ZLWK
regard to non-CO2 GHGs, organic or black carbon, and CO2
from various sources, such as deforestation, decay of biomass
DQG SHDW ¿UHV &RQVLVWHQW WUHDWPHQW RI QRQ&22 GHGs in the
methodologies underlying scenarios for future GHG emissions
is often lacking [Chapters 1 and 3].
/LQNVEHWZHHQFOLPDWHFKDQJHDQGRWKHUSROLFLHV
A key innovation of this report is the integrated approach
between the assessment of climate change mitigation and
wider development choices, such as the impacts of (sustainable) development policies on GHG-emission levels and
vice versa.
However, there is still a lack of empirical evidence on the
magnitude and direction of the interdependence and interaction
of sustainable development and climate change, of mitigation
and adaptation relationships in relation to development aspects,
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and the equity implications of both. The literature on the linkages
between mitigation and sustainable development and, more
particularly, on how to capture synergies and minimize tradeoffs, taking into account state, market and civil society’s role, is
still sparse. New research is required into the linkages between
climate change and national and local policies (including but not
limited to energy security, water, health, air pollution, forestry,
agriculture) that might lead to politically feasible, economically
DWWUDFWLYH DQG HQYLURQPHQWDOO\ EHQH¿FLDO RXWFRPHV ,W ZRXOG
also be helpful to elaborate potential development paths
that nations and regions can pursue, which would provide
links between climate protection and development issues.
Inclusion of macro-indicators for sustainable development
that can track progress could support such analysis [Chapters
2, 12 and 13].
Studies of costs and potentials
The available studies of mitigation potentials and costs
differ in their methodological treatment and do not cover all
VHFWRUV*+*VRUFRXQWULHV%HFDXVHRIGLIIHUHQWDVVXPSWLRQV
IRU H[DPSOH ZLWK UHVSHFW WR WKH EDVHOLQH DQG GH¿QLWLRQV RI
potentials and costs, their comparability is often limited. Also,
the number of studies on mitigation costs, potentials and
instruments for countries belonging to Economies in Transition
and most developing regions is smaller than for developed and
selected (major) developing countries.
This report compares costs and mitigation potentials based on
bottom-up data from sectoral analyses with top-down costs and
potential data from integrated models. The match at the sectoral
level is still limited, partly because of lack of or incomplete data
IURPERWWRPXSVWXGLHVDQGGLIIHUHQFHVLQVHFWRUGH¿QLWLRQVDQG
baseline assumptions. There is a need for integrated studies that
combine top-down and bottom-up elements [Chapters 3, 4, 5,
6, 7, 8, 9 and 10].

Another important gap is the knowledge on spill-over
effects (the effects of domestic or sectoral mitigation measures
on other countries or sectors). Studies indicate a large range
(leakage effects20 from implementation of the Kyoto Protocol
of between 5 and 20% by 2010), but are lacking an empirical
basis. More empirical studies would be helpful [Chapter 11].
The understanding of future mitigation potentials and
costs depends not only on the expected impact of RD&D on
technology performance characteristics but also on ‘technology
learning’, technology diffusion and transfer which are often
not taken into account in mitigation studies. The studies on the
LQÀXHQFH RI WHFKQRORJLFDO FKDQJH RQ PLWLJDWLRQ FRVWV PRVWO\
KDYHDZHDNHPSLULFDOEDVLVDQGDUHRIWHQFRQÀLFWLQJ
Implementation of a mitigation potential may compete with
other activities. For instance, the biomass potentials are large,
but there may be trade-offs with food production, forestry or
nature conservation. The extent to which the biomass potential
can be deployed over time is still poorly understood.
In general, there is a continued need for a better understanding
of how rates of adoption of climate-mitigation technologies
are related to national and regional climate and non-climate
policies, market mechanisms (investments, changing consumer
preferences), human behaviour and technology evolution,
FKDQJHLQSURGXFWLRQV\VWHPVWUDGHDQG¿QDQFHDQGLQVWLWXWLRQDO
arrangements.

20 Carbon leakage is an aspect of spill-overs and is the increase in CO2 emissions outside countries taking domestic measures divided by the emission reductions
in these countries.
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Introduction

EXECUTIVE SUMMARY
The ultimate objective of the United Nations Framework
Convention on Climate Change (UNFCCC) is to achieve
the stabilization of greenhouse gas (GHG) concentrations
in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system. Such a
OHYHOVKRXOGEHDFKLHYHGZLWKLQDWLPHIUDPHVXI¿FLHQWWRDOORZ
ecosystems to adapt naturally to climate change, to ensure
that food production is not threatened and to enable economic
development to proceed in a sustainable manner (Article 2).
This Chapter discusses Article 2 of the Convention within the
framework of the main options and conditions under which it
LVWREHLPSOHPHQWHGUHÀHFWVRQSDVWDQGIXWXUH*+*HPLVVLRQ
trends, highlights the institutional mechanisms currently in
place for the implementation of climate change and sustainable
development objectives, summarizes changes from previous
assessments and provides a brief roadmap for the ‘Climate
Change 2007: Mitigation of Climate Change’ assessment.
'H¿QLQJ ZKDW LV GDQJHURXV DQWKURSRJHQLF LQWHUIHUHQFH
with the climate system and, consequently, the limits to be
set for policy purposes are complex tasks that can only be
SDUWLDOO\ EDVHG RQ VFLHQFH DV VXFK GH¿QLWLRQV LQKHUHQWO\
involve normative judegments. Decisions made in relation to
Article 2 will determine the level of GHG concentrations in the
atmosphere (or the corresponding climate change) that is set
as the goal for policy and have fundamental implications for
emission reduction pathways as well as the scale of adaptation
required. The choice of a stabilization level implies the balancing
of the risks of climate change (risks of gradual change and
of extreme events, risk of irreversible change of the climate,
including risks for food security, ecosystems and sustainable
development) against the risk of response measures that may
threaten economic sustainability. There is little consensus as to
what constitutes anthropogenic interference with the climate
system and, thereby, on how to operationalize Article 2 (high
agreement, much evidence).
$OWKRXJK DQ\ GH¿QLWLRQ RI µGDQJHURXV LQWHUIHUHQFH¶ LV E\
QHFHVVLW\ EDVHG RQ LWV VRFLDO DQG SROLWLFDO UDPL¿FDWLRQV DQG
as such, depends on the level of risk deemed acceptable,
deep emission reductions are unavoidable in order to achieve
stabilization. The lower the stabilization level, the earlier these
deep reductions have to be realized (high agreement, much
evidence).
At the present time total annual emissions of GHGs are
rising. Over the last three decades, GHG emissions have
increased by an average of 1.6% per year1 with carbon dioxide
(CO2) emissions from the use of fossil fuels growing at a rate
of 1.9% per year. In the absence of additional policy actions,

1

these emission trends are expected to continue. It is projected
that – with current policy settings – global energy demand and
associated supply patterns based on fossil fuels – the main
drivers of GHG emissions – will continue to grow. Atmospheric
CO2 concentrations have increased by almost 100 ppm in
comparison to its preindustrial level, reaching 379 ppm in 2005,
with mean annual growth rates in the 2000–2005 period that
were higher than those in the 1990s. The total CO2 equivalent
(CO2-eq) concentration of all long-lived GHGs is currently
estimated to be about 455 ppm CO2-eq, although the effect of
aerosols, other air pollutants and land-use change reduces the
net effect to levels ranging from 311 to 435 ppm CO2-eq (high
agreement, much evidence).
Despite continuous improvements in energy intensities,
global energy use and supply are projected to continue to grow,
especially as developing countries pursue industrialization.
Should there be no substantial change in energy policies, the
energy mix supplied to run the global economy in the 2025–2030
time frame will essentially remain unchanged – more than 80% of
the energy supply will be based on fossil fuels, with consequent
implications for GHG emissions. On this basis, the projected
emissions of energy-related CO2 in 2030 are 40–110 % higher
than in 2000 (with two thirds to three quarters of this increase
originating in non-Annex I countries), although per capita
emissions in developed countries will remain substantially
higher. For 2030, GHG emission projections (Kyoto gases)
consistently show a 25–90% increase compared to 2000, with
more recent projections being higher than earlier ones (high
agreement, much evidence).
The numerous mitigation measures that have been
undertaken by many Parties to the UNFCCC and the entry
into force of the Kyoto Protocol in February 2005 (all of
which are steps towards the implementation of Article 2) are
inadequate for reversing overall GHG emission trends. The
experience within the European Union (EU) has demonstrated
that while climate policies can be – and are being – effective,
WKH\DUHRIWHQGLI¿FXOWWRIXOO\LPSOHPHQWDQGFRRUGLQDWHDQG
require continual improvement in order to achieve objectives.
In overall terms, however, the impacts of population growth,
economic development, patterns of technological investment
and consumption continue to eclipse the improvement in
energy intensities and decarbonization. Regional differentiation
is important when addressing climate change mitigation
– economic development needs, resource endowments and
mitigative and adaptive capacities – are too diverse across
UHJLRQVIRUDµRQHVL]H¿WVDOO¶DSSURDFK high agreement, much
evidence).
Properly designed climate change policies can be part
and parcel of sustainable development, and the two can be
mutually reinforcing. Sustainable development paths can

Total GHG (Kyoto gases) emissions in 2004 amounted to 49.0 GtCO2-eq, which is up from 28.7 GtCO2-eq in 1970 – a 70% increase between 1970 and 2004. In 1990 global
GHG emissions were 39.4 GtCO2-eq.
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reduce GHG emissions and reduce vulnerability to climate
change. Projected climate changes can exacerbate poverty
and undermine sustainable development, especially in leastdeveloped countries. Hence, global mitigation efforts can
enhance sustainable development prospects in part by reducing
the risk of adverse impacts of climate change. Mitigation can
DOVR SURYLGH FREHQH¿WV VXFK DV LPSURYHG KHDOWK RXWFRPHV
Mainstreaming climate change mitigation is thus an integral
part of sustainable development (medium agreement, much
evidence).
This chapter concludes with a road map of this report.
Although the structure of this report (Fourth Assessment Report
(AR4)) resembles the Third Assessment Report (TAR), there
are distinct differences. The AR4 assigns greater weight to
(1) a more detailed resolution of sectoral mitigation options
and costs, (2) regional differentiation, (3) emphasizing crosscutting issues (e.g. risks and uncertainties, decision and policy
making, costs and potentials, biomass, the relationships
between mitigation, adaptation and sustainable development,
air pollution and climate, regional aspects and issues related
to the implementation of UNFCCC Article 2), and (4) the
integration of all these aspects.
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1.1

Introduction

The assessment ‘Climate Change 2007: Mitigation
of Climate Change’ is designed to provide authoritative,
timely information on all aspects of technologies and socioeconomic policies, including cost-effective measures to control
greenhouse gas (GHG) emissions. A thorough understanding of
future GHG emissions and their drivers, available mitigation
options, mitigation potentials and associated costs and ancillary
EHQH¿WVLVHVSHFLDOO\LPSRUWDQWWRVXSSRUWQHJRWLDWLRQVRQIXWXUH
reductions in global emissions.
This chapter starts with a discussion of the key issues involved
in Article 2 of the United Nations Framework Convention on
Climate Change (UNFCCC) and of the relationship of these
to emission pathways and broad mitigation options. The
VHFWLRQV WKDW IROORZ UHÀHFW RQ SDVW DQG IXWXUH *+* HPLVVLRQ
trends, highlight the institutional mechanisms in place for the
implementation of climate change and sustainable development
objectives, summarize changes from previous assessments and
provides a concise roadmap to the ‘Climate Change 2007:
Mitigation of Climate Change’ assessment.

1.2

Ultimate objective of the UNFCCC

The UNFCCC was adopted in May 1992 in New York
and opened for signature at the ‘Rio Earth Summit’ in Rio de
Janeiro a month later. It entered into force in March 1994 and
KDVDFKLHYHGQHDUXQLYHUVDOUDWL¿FDWLRQZLWKUDWL¿FDWLRQE\
countries of the 194 UN member states (December 2006)2.
1.2.1

Article 2 of the Convention

$UWLFOHRIWKH81)&&&VSHFL¿HVWKHXOWLPDWHREMHFWLYHRI
the Convention and states:
‘The ultimate objective of this Convention and any related
legal instruments that the Conference of the Parties may adopt
is to achieve, in accordance with the relevant provisions of the
Convention, stabilization of greenhouse gas concentrations
in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system. Such a
OHYHOVKRXOGEHDFKLHYHGZLWKLQDWLPHIUDPHVXI¿FLHQWWRDOORZ
ecosystems to adapt naturally to climate change, to ensure
that food production is not threatened and to enable economic
development to proceed in a sustainable manner’ (UN, 1992).
The criterion that relates to enabling economic development
to proceed in a sustainable manner is a double-edged sword.
Projected anthropogenic climate change appears likely to
adversely affect sustainable development, with adverse effects
tending to increase with higher levels of climate change and
2

GHG concentrations (IPCC, 2007b, SPM and Chapter 19).
Conversely, costly mitigation measures could have adverse
effects on economic development. This dilemma facing
policymakers results in (a varying degree of) tension that is
manifested in the debate over the scale of the interventions and
the balance to be adopted between climate policy (mitigation
and adaptation) and economic development.
The assessment of impacts, vulnerability and adaptation
potentials is likely to be important for determinating the levels
and rates of climate change which would result in ecosystems,
food production or economic development being threatened
WRDOHYHOVXI¿FLHQWWREHGH¿QHGDVGDQJHURXV9XOQHUDELOLWLHV
to anthropogenic climate change are strongly regionally
differentiated, with often those in the weakest economic and
political position being the most susceptible to damages (IPCC,
2007b, Chapter 19, Tables 19.1 and 19.3.3).
Limits to climate change or other changes to the climate
system that are deemed necessary to prevent dangerous
anthropogenic interference with the climate system can be
GH¿QHGLQWHUPVRIYDULRXV±DQGRIWHQTXLWHGLIIHUHQW±FULWHULD
such as concentration stabilization at a certain level, global mean
WHPSHUDWXUH RU VHD OHYHO ULVH RU OHYHOV RI RFHDQ DFLGL¿FDWLRQ
Whichever limit is chosen, its implementation would require
the development of consistent emission pathways and levels of
mitigation (Chapter 3).
1.2.2

What is dangerous interference with the
climate system?

'H¿QLQJ ZKDW LV GDQJHURXV LQWHUIHUHQFH ZLWK WKH FOLPDWH
system is a complex task that can only be partially supported
by science, as it inherently involves normative judgements.
7KHUH DUH GLIIHUHQW DSSURDFKHV WR GH¿QLQJ GDQJHU DQG DQ
LQWHUSUHWDWLRQRI$UWLFOHLVOLNHO\WRUHO\RQVFLHQWL¿FHWKLFDO
cultural, political and/or legal judgements. As such, the
agreement(s) reached among the Parties in terms of what may
constitute unacceptable impacts on the climate system, food
production, ecosystems or sustainable economic development
will represent a synthesis of these different perspectives.
Over the past two decades several expert groups have sought
WR GH¿QH OHYHOV RI FOLPDWH FKDQJH WKDW FRXOG EH WROHUDEOH RU
intolerable, or which could be characterized by different levels
of risk. In the late 1980s, the World Meteorological Organization
:02 ,QWHUQDWLRQDO &RXQFLO RI 6FLHQWL¿F 8QLRQV ,&68 
UN Environment Programme (UNEP) Advisory Group on
*UHHQKRXVH *DVHV $***  LGHQWL¿HG WZR PDLQ WHPSHUDWXUH
indicators or thresholds with different levels of risk (Rijsberman
and Swart, 1990). Based on the available knowledge at the time
a 2ºC increase was determined to be ‘an upper limit beyond
which the risks of grave damage to ecosystems, and of nonlinear responses, are expected to increase rapidly’. This early

http://unfccc.int/essential_background/convention/items/2627.php. 190 ratiﬁcations - one from the European Union.
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ZRUNDOVRLGHQWL¿HGWKHUDWHRIFKDQJHWREHRILPSRUWDQFHWR
determining the level of risk, a conclusion that has subsequently
EHHQ FRQ¿UPHG TXDOLWDWLYHO\ ,3&& E &KDSWHUV  DQG
  0RUH UHFHQWO\ RWKHUV LQ WKH VFLHQWL¿F FRPPXQLW\ KDYH
reached conclusions that point in a similar direction ‘that global
warming of more than 1°C, relative to 2000, will constitute
“dangerous” climate change as judged from likely effects on
sea level and extermination of species’ (Hansen et al., 2006).
Probabilistic assessments have also been made that demonstrate
KRZ VFLHQWL¿F XQFHUWDLQWLHV GLIIHUHQW QRUPDWLYH MXGJPHQWV
on acceptable risks to different systems (Mastrandrea and
Schneider, 2004) and/or interference with the climate system
(Harvey, 2007) affect the levels of change or interference set as
goals for policy (IPCC, 2007b, Chapter 19). From an economic
perspective, the Stern Review (Stern, 2006) found that in order
to minimise the most harmful consequences of climate change,
concentrations would need to be stabilized below 550 ppm
CO2-eq. The Review further argues that any delay in reducing
emissions would be ‘would be costly and dangerous’. This
latter conclusion is at variance with the conclusions drawn from
earlier economic analyses which support a slow ‘ramp up’ of
climate policy action (Nordhaus, 2006) and, it has been argued,
is a consequence of the approach taken by the Stern Review to
intergenerational equity (Dasgupta, 2006).
7KH ,3&& 7KLUG $VVHVVPHQW 5HSRUW 7$5  LGHQWL¿HG
¿YH EURDG FDWHJRULHV RI UHDVRQV IRU FRQFHUQ WKDW DUH UHOHYDQW
to Article 2: (1) Risks to unique and threatened systems, (2)
risks from extreme climatic events, (3) regional distribution of
impacts, (4) aggregate impacts and (5) risks from large-scale
discontinuities. The Fourth Assessment Report (AR4) focuses
RQ.H\9XOQHUDELOLWLHVUHOHYDQWWR$UWLFOHZKLFKDUHEURDGO\
categorized into biological systems, social systems, geophysical
systems, extreme events and regional systems (IPCC, 2007b,
Chapter 19). The implications of different interpretations of
dangerous anthropogenic interference for future emission
pathways are reviewed in IPCC (2007b), Chapter 9 and also
LQ&KDSWHURIWKLVUHSRUW7KHOLWHUDWXUHFRQ¿UPVWKDWFOLPDWH
policy can substantially reduce the risk of crossing thresholds
deemed dangerous (IPCC, 2007b, SPM and Chapter 19; Chapter
3, Section 3.5.2 of this report).
:KLOHWKHZRUNVFLWHGDERYHDUHSULQFLSDOO\VFLHQWL¿F H[SHUW
led) assessments, there is also an example of governments
VHHNLQJWRGH¿QHDFFHSWDEOHOHYHOVRIFOLPDWHFKDQJHEDVHGRQ
LQWHUSUHWDWLRQVRIVFLHQWL¿F¿QGLQJV,QWKH(8&RXQFLO
(25 Heads of Government of the European Union) agreed that –
with a view to achieving the ultimate objective of the Convention
– the global annual mean surface temperature increase should
not exceed 2ºC above pre-industrial levels (CEU, 2005).
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1.2.3

Issues related to the implementation of
Article 2

Decisions made in relation to Article 2 will determine the
level of climate change that is set as the goal for policy and have
fundamental implications for emission reduction pathways,
the feasibility, timing and scale of adaptation required and the
magnitude of unavoidable losses. The emission pathways which
correspond to different GHG or radiative forcing stabilization
levels and consequential global warming are reviewed in
Chapter 3 (see Tables 3.9 and 3.10). The potential consequences
of two hypothetical limits can provide an indication of the
differing scales of mitigation action that depend on Article 2
decisions: A 2ºC above pre-industrial limit on global warming
would implies that emissions peak within the next decade and
be reduced to less than 50% of the current level by 20503; a
4ºC limit would imply that emissions may not have to peak
until well after the middle of the century and could still be well
DERYHOHYHOVLQ,QUHODWLRQWRWKH¿UVWK\SRWKHWLFDO
limt, the latter would have higher levels of adaptation costs and
unavoidable losses, but carry lower mitigation costs.
Issues related to the mitigation, adaptation and sustainable
development aspects of the implementation of Article 2 thus
include, among others, the linkages between sustainable
development and the adverse effects climate change, the need
for equity and cooperation and the recognition of common but
differentiated responsibilities and respective capabilities as
well as the precautionary principle (see Section 1.4.1 for more
detail on relevant UNFCCC Articles that frame these issues). In
this context, risk management issues which take into account
several key aspects of the climate change problem, such as
inertia, irreversibility, the risk of abrupt or catastrophic changes
and uncertainty, are introduced in this section and discussed in
more detail in Chapters 2, 3 and 11.
1.2.3.1

Sustainable development

Sustainable development has environmental, economic
and social dimensions (see Chapter 2, Section 2.1). Properly
designed climate change responses can be part and parcel
of sustainable development, and the two can be mutually
reinforcing (Section 2.1). Mitigation, by limiting climate
change, can conserve or enhance natural capital (ecosystems,
the environment as sources and sinks for economic activities)
and prevent or avoid damage to human systems and, thereby,
contribute to the overall productivity of capital needed for
socio-economic development, including mitigative and adaptive
capacity. In turn, sustainable development paths can reduce
vulnerability to climate change and reduce GHG emissions.
The projected climate changes can exacerbate poverty and
thereby undermine sustainable development (see, for example,
IPCC, 2007b, Chapters 6, Section 9.7 and 20.8.3), especially in

For the best-guess climate sensitivity and the lowest range of multigas stabilization scenarios found in the literature which show a warming of about 2-2.4ºC above preindustrial
temperatures (Chapter 3, section 3.5.2 and Table 3.10).
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developing countries, which are the most dependent on natural
FDSLWDO DQG ODFN ¿QDQFLDO UHVRXUFHV VHH &KDSWHU  DQG 6WHUQ
(2006)). Hence global mitigation efforts can enhance sustainable
development prospects in part by reducing the risk of adverse
impacts of climate change (see also Chapter 12).
1.2.3.2

Adaptation and mitigation

Adaptation and mitigation can be complementary,
substitutable or independent of each other (see IPCC, 2007b,
Chapter 18). If complementary, adaptation reduces the costs
RI FOLPDWH FKDQJH LPSDFWV DQG WKXV UHGXFHV WKH EHQH¿WV
of mitigation. Although adaptation and mitigation may be
substitutable up to a certain point, they are never perfect
substitutes for each other since mitigation will always be required
to avoid ‘dangerous’ and irreversible changes to the climate
system. Irrespective of the scale of the mitigation measures that
are implemented in the next 10–20 years, adaptation measures
will still be required due to the inertia in the climate system. As
reported in IPCC, 2007b, Chapter 19 (and also noted in Stern
(2006)), changes in the climate are already causing setbacks to
economic and social development in some developing countries
with temperature increases of less than 1°C. Unabated climate
change would increase the risks and costs very substantially
(IPCC, 2007b, Chapter 19). Both adaptation and mitigation
depend on capital assets, including social capital, and both
affect capital vulnerability and GHG emissions (see Chapter 2,
Section 2.5.2). Through this mutual dependence, both are tied
to sustainable development (see Sections 2.5, 11.8 and 11.9,
12.2 and 12.3).
The stabilization of GHG concentrations and, in particular,
of the main greenhouse gas, CO2, requires substantial emission
reductions, well beyond those built into existing agreements
such as the Kyoto Protocol. The timing and rate of these
reductions depend on the level of the climate goal chosen (see
Chapter 3.3.5.1).
1.2.3.3

Inertia

Inertia in both the climate and socio-economic systems would
need to be taken into account when mitigation actions are being
FRQVLGHUHG0LWLJDWLRQDFWLRQVDLPHGDWVSHFL¿FFOLPDWHJRDOV
would need to factor in the response times of the climate system,
including those of the carbon cycle, atmosphere and oceans.
A large part of the atmospheric response to radiative forcing
occurs on decadal time scales, but a substantial component is
linked to the century time scales of the oceanic response to
the same forcing changes (Meehl et al., 2007). Once GHG
concentrations are stabilized global mean temperature would
very likely stabilize within a few decades, although a further
slight increase may still occur over several centuries (Meehl
et al., 2007). The rise in sea level, however, would continue
for many centuries after GHG stabilization due to both ongoing
heat uptake by the oceans and the long time scale of ice sheet
response to warming (Meehl et al., 2007). The time scales

for mitigation are linked to technological, social, economic,
demographic and political factors. Inertia is a characteristic
of the energy system with its long-life infrastructures, and this
inertia is highly relevant to how fast GHG concentrations can
be stabilized (Chapter 11.6.5). Adaptation measures similarly
exhibit a range of time scales, and there can be substantial
lead times required before measures can be implemented
and subsequently take effect, particularly when it involves
infrastructure (IPCC, 2007b, Chapter 17).
The consequence of inertia in both the climate and socioHFRQRPLF V\VWHPV LV WKDW EHQH¿WV IURP PLWLJDWLRQ DFWLRQV
LQLWLDWHG QRZ ± LQ WKH VKRUW WHUP ± ZRXOG OHDG WR VLJQL¿FDQW
changes in the climate being avoided several decades further on.
This means that mitigation actions need to be implemented in
WKHVKRUWWHUPLQRUGHUWRKDYHPHGLXPDQGORQJWHUPEHQH¿WV
and to avoid the lock in of carbon intensive technologies
(Chapter 11.6.5).
1.2.3.4

Uncertainty and risk

Uncertainty in knowledge is an important aspect in the
implementation of Article 2, whether it is assessing future
GHG emissions or the severity of climate change impacts
and regional changes, evaluating these impacts over many
generations, estimating mitigation costs or evaluating the level
of mitigation action needed to reduce risk. Notwithstanding
these uncertainties, mitigation will reduce the risk of both global
mean and regional changes and the risk of abrupt changes in the
climate system (see Chapter 2, Section 2.3).
There may be risks associated with rapid and/or abrupt
changes in the climate and the climate system as a result of
human interference (Solomon et al., 2007; IPCC, 2007b,
Chapter 19 Tables 19.1 and 19.3.5-7). These include changes in
climate variability (El Nino Southern Oscillation, monsoons); a
high likelihood that warming will lead to an increase in the risk
RIPDQ\H[WUHPHHYHQWVLQFOXGLQJÀRRGVGURXJKWVKHDWZDYHV
DQG¿UHVZLWKLQFUHDVLQJOHYHOVRIDGYHUVHLPSDFWVDULVNWKDW
a 1–2ºC sustained global warming (versus the temperature at
present) would lead to a commitment to a large sea-level rise
due to at least the partial deglaciation of both ice sheets; an
uncertain risk of a shutdown of the North Atlantic Meridional
Overturning Circulation; a large increase in the intensity of
tropical cyclones with increasing levels of adverse impacts as
temperatures increase; the risk that positive feedbacks from
warming may cause the release of CO2 or methane (CH4) from
the terrestrial biosphere and soils (IPCC, 2007b, Chapter 19
Tables 19.1 and 19.3.5-7). In the latter case, a positive climate–
carbon cycle feedback would reduce the land and ocean uptake
of CO2, implying a reduction of the allowable emissions
required to achieve a given atmospheric CO2 stabilization level
(Meehl et al., 2007, Executive Summary).
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Irreversibility

Irreversibility is an important aspect of the climate
change issue, with implications for mitigation and adaptation
responses. The response of the climate system to anthropogenic
forcing is likely to be irreversible over human time scales,
and much of the damage is likely to be irreversible even
over longer time scales. Mitigation and adaptation will often
require investments involving sunk (irreversible) costs in
new technologies and practices (Sections 2.2.3, 11.6.5; IPCC,
2007b, Chapter 17). Decision-makers will need to take into
account these environmental, socio-economic and technological
irreversibilities in deciding on the timing and scale of mitigation
action.
1.2.3.6

Public good

The climate system tends to be overused (excessive GHG
concentrations) because of its natural availability as a resource
whose access is open to all free of charge. In contrast, climate
SURWHFWLRQ WHQGV WR EH XQGHUSURYLGHG ,Q JHQHUDO WKH EHQH¿WV
of avoided climate change are spatially indivisible, freely
available to all (non-excludability), irrespective of whether one
LVFRQWULEXWLQJWRWKHUHJLPHFRVWVRUQRW$VUHJLPHEHQH¿WVE\
one individual (nation) do not diminish their availability to others
QRQULYDOU\ LWLVGLI¿FXOWWRHQIRUFHELQGLQJFRPPLWPHQWVRQ
the use of the climate system4 (Kaul et al., 1999; 2003). This
may result in ‘free riding’, a situation in which mitigation costs
are borne by some individuals (nations) while others (the ‘free
ULGHUV¶ VXFFHHGLQHYDGLQJWKHPEXWVWLOOHQMR\WKHEHQH¿WVRI
the mitigation commitments of the former.
The incentive to evade mitigation costs increases with
the degree of substitutability among individual mitigation
efforts (mitigation is largely additive) and with the inequality
RI WKH GLVWULEXWLRQ RI QHW EHQH¿WV DPRQJ UHJLPH SDUWLFLSDQWV
+RZHYHU LQGLYLGXDO PLWLJDWLRQ FRVWV GHFUHDVH ZLWK HI¿FLHQW
mitigation actions undertaken by others. Because mitigation
efforts are additive, the larger the number of participants, the
smaller the individual cost of providing the public good – in
this case, climate system stabilization. Cooperation requires the
sharing of both information on climate change and technologies
through technology transfers as well as the coordination of
national actions lest the efforts required by the climate regime
be underprovided.
1.3.3.7

Equity

Equity is an ethical construct that demands the articulation
and implementation of choices with respect to the distribution
RI ULJKWV WR EHQH¿WV DQG WKH UHVSRQVLELOLWLHV IRU EHDULQJ WKH
costs resulting from particular circumstances – for example,

4
5

climate change – within and among communities, including
future generations. Climate change is subject to a very
asymmetric distribution of present emissions and future
impacts and vulnerabilities. Equity can be elaborated in terms
of distributing the costs of mitigation or adaptation, distributing
future emission rights and ensuring institutional and procedural
fairness (Chapter 13, Section 13.3.4.3). Equity also exhibits
SUHYHQWDWLYH DYRLGDQFH RI GDPDJH LQÀLFWHG RQ RWKHUV 
retributive (sanctions), and corrective elements (e.g. ‘common
but differentiated responsibilities’) (Chapter 2, Section 2.6),
each of which has an important place in the international
response to the climate change problem (Chapter 13).

1.3 Energy, emissions and trends in
Research and Development – are we
on track?
1.3.1

Review of the last three decades

Since pre-industrial times, increasing emissions of GHGs due
to human activities have led to a marked increase in atmospheric
concentrations of the long-lived GHG gases carbon dioxide
(CO2), CH4, and nitrous oxide (N22 SHUÀXRURFDUERQV3)&V
K\GURÀXRURFDUERQV +)&V DQGVXOSKXUKH[DÀXRULGH 6)6) and
R]RQHGHSOHWLQJVXEVWDQFHV 2'6FKORURÀXRURFDUERQV &)&V 
K\GURFKORURÀXRURFDUERQV +&)&V  KDORQV  DQG WKH KXPDQ
induced radiative forcing of the Earth’s climate is largely due to
the increases in these concentrations. The predominant sources
of the increase in GHGs are from the combustion of fossil fuels.
Atmospheric CO2 concentrations have increased by almost 100
ppm in comparison to its preindustrial levels, reaching 379
ppm in 2005, with mean annual growth rates in the 2000–2005
period that were higher than those in the 1990s.
The direct effect of all the long-lived GHGs is substantial,
with the total CO2 equivalent concentration of these gases
currently being estimated to be around 455 ppm CO2-eq5
(range: 433–477 ppm CO2-eq). The effects of aerosol and landuse changes reduce radiative forcing so that the net forcing of
human activities is in the range of 311 to 435 ppm CO2-eq, with
a central estimate of about 375 ppm CO2-eq.
A variety of sources exist for determining global and regional
GHG and other climate forcing agent trends. Each source has
its strengths and weaknesses and uncertainties. The EDGAR
database (Olivier et al., 2005, 2006) contains global GHG
emission trends categorized by broad sectors for the period
1970–2004, and Marland et al. (2006) report CO2 emissions on
a global basis. Both databases show a similar temporal evolution
of emissions. Since 1970, the global warming potential (GWP)-

Resulting in a prisoners’ dilemma situation because of insufﬁcient incentives to cooperate.
Radiative forcing (Forster et al., 2007) is converted to CO2 equivalents using the inversion of the expression Q (W/m2) = 5.35 × ln (CO2/278) (see Solomon et al., 2007,
Table TS-2 footnote b).
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Figure 1.1a Global anthropogenic greenhouse gas trends, 1970–2004.
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One-hundred year global warming potentials (GWPs) from the Intergovernmental
Panel on Climate Change (IPCC) 1996 (SAR) were used to convert emissions
to CO2 equivalents (see the UNFCCC reporting guidelines). Gases are those
reported under UNFCCC reporting guidelines. The uncertainty in the graph is
quite large for CH4 and N2O (of the order of 30–50%) and even larger for CO2 from
agriculture and forestry.
Notes:
1.
Other N2O includes industrial processes, deforestation/savannah burning,
waste water and waste incineration.
2.
Other is CH4 from industrial processes and savannah burning.
3.
Including emissions from bio energy production and use.
4.
CO2 emissions from decay (decomposition) of above ground biomass that
remains after logging and deforestation and CO2 from peat ﬁres and decay
of drained peat soils.
5.
As well as traditional biomass use at 10% of total, assuming 90% is from
sustainable biomass production. Corrected for the 10% of carbon in
biomass that is assumed to remain as charcoal after combustion.
6.
For large-scale forest and scrubland biomass burning averaged data for
1997-2002 based on Global Fire Emissions Data base satellite data.
7.
Cement production and natural gas ﬂaring.
8.
Fossil fuel use includes emissions from feedstocks.
Source: Adapted from Olivier et al., 2005; 2006; Hooijer et al., 2006
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Figure 1.1b Global anthropogenic greenhouse gas emissions in 2004.
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weighted emissions of GHGs (not including ODS which are
controlled under the Montreal Protocol), have increased by
approximately 70%, (24% since 1990), with CO2 being the
largest source, having grown by approximately 80% (28%
since 1990) to represent 77% of total anthropogenic emissions
in 2004 (74% in 1990) (Figure 1.1). Radiative forcing as a
result of increases in atmospheric CO2 concentrations caused

Source: Adapted from Olivier et al., 2005, 2006

by human activities since the preindustrial era predominates
over all other radiative forcing agents (IPCC, 2007a, SPM).
Total CH4 emissions have risen by about 40% from 1970 (11%
from 1990), and on a sectoral basis there has been an 84% (12%
from 1990) increase from combustion and the use of fossil fuels,
while agricultural emissions have remained roughly stable
due to compensating falls and increases in rice and livestock
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Figure 1.2: Sources of global CO2 emissions, 1970–2004 (only direct emissions by sector).
1) Including fuelwood at 10% net contribution. For large-scale biomass burning, averaged data for 1997–2002 are based on the Global Fire Emissions Database satellite
data (van der Werf et al., 2003). Including decomposition and peat ﬁres (Hooijer et al., 2006). Excluding fossil fuel ﬁres.
2) Other domestic surface transport, non-energetic use of fuels, cement production and venting/ﬂaring of gas from oil production.
3) Including aviation and marine transport.

Source: Adapted from Olivier et al., 2005; 2006).

production, respectively. N2O emissions have grown by 50%
since 1970 (11% since 1990), mainly due to the increased use
of fertilizer and the aggregate growth of agriculture. Industrial
process emissions of N2O have fallen during this period.
7KH XVH DQG HPLVVLRQV RI DOO ÀXRULQDWHG JDVHV LQFOXGLQJ
those controlled under the Montreal Protocol) decreased
substantially during 1990–2004. The emissions, concentrations
DQGUDGLDWLYHIRUFLQJRIRQHW\SHRIÀXRULQDWHGJDVWKH+)&V
grew rapidly during this period as these replaced ODS; in 2004,
CFCs were estimated to constitute about 1.1% of the total GHG
emissions (100-year GWP) basis. Current annual emissions of
DOOÀXRULQDWHGJDVHVDUHHVWLPDWHGDW*W&22-eq, with HFCs
at 0.4 GtCO2-eq. The stocks of these gases are much larger and
currently represent about 21 GtCO2-eq.
The largest growth in CO2 emissions has come from the
power generation and road transport sectors, with the industry,
households and the service sector6 remaining at approximately
the same levels between 1970 and 2004 (Figure 1.2). By 2004,
CO2 emissions from power generation represented over 27%
of the total anthropogenic CO2 emissions and the power sector
was by far its most important source. Following the sectoral
breakdown adopted in this report (Chapters 4–10), in 2004
about 26% of GHG emissions were derived from energy supply
(electricity and heat generation), about 19% from industry, 14%

6
7
8

from agriculture7, 17% from land use and land-use change8,
13% from transport, 8% from the residential, commercial and
service sectors and 3% from waste (see Figure 1.3). These
values should be regarded as indicative only as some uncertainty
remains, particularly with regards to CH4 and N2O emissions,
for which the error margin is estimated to be in the order of
30–50%, and CO2 emissions from agriculture, which have an
even larger error margin.
Since 1970, GHG emissions from the energy supply sector
have grown by over 145%, while those from the transport sector
have grown by over 120%; as such, these two sectors show
the largest growth in GHG emissions. The industry sector’s
emissions have grown by close to 65%, LULUCF (land use,
land-use change and forestry) by 40% while the agriculture
sector (27%) and residential/commercial sector (26%) have
experienced the slowest growth between 1970 and 2004.
7KHODQGXVHFKDQJHDQGIRUHVWU\VHFWRUSOD\VDVLJQL¿FDQW
role in the overall carbon balance of the atmosphere. However,
data in this area are more uncertain than those for other sectors.
The Edgar database indicates that, in 2004, the share of CO2
emissions from deforestation and the loss of carbon from soil
decay after logging constituted approximately 7–16% of the
total GHG emissions (not including ODS) and between 11 and
28% of fossil CO2 emissions. Estimates vary considerably.

Direct emissions by sector; i.e., data do not include indirect emissions.
N2O and CH4 emissions (CO2 emissions are small; compare with Chapter 8) and not counting land clearance. The proportion of emissions of N2O and CH4 are higher – around
85 and 45% (±5%), respectively. Emissions from agricultural soils not related to land clearance are quite small – of an order of 40 MtCO2 per year in 2005 (Chapter 8).
Deforestation, including biofuel combustion, assuming 90% sustainable production, biomass burning, CO2 emissions from the decay of aboveground biomass after logging and
deforestation and from peat ﬁres and decay of peat soils.

104

1211
Chapter 1

14

Introduction

Gt CO2-eq.

□ F-gases
■ N2 O

12

■ CH4
■ CO2

10

8

6

4

2

0

1990 2004
Energy
supply 1)

1990 2004
Transport 2)

1990 2004
Residential
and
commercial
buildings 3)

1990 2004
Industry 4)

1990 2004
Agriculture 5)

1990 2004
LULUCF/
Forestry 6)

1990 2004
Waste and
wastewater 7)

Figure 1.3a: GHG emissions by sector in 1990 and 2004.
Source: Adapted from Olivier et al., 2005, 2006.
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One-hundred year GWPs from IPCC, 1996 (Second Assessment
Report) were used to convert emissions to CO2 equivalents. The
uncertainty in the graph is quite large for CH4 and N2O (of the order
of 30–50%) and even larger for CO2 from agriculture and forestry. For
large-scale biomass burning, averaged activity data for 1997–2002
were used from the Global Fire Emissions Database based on satellite
data. Peat (ﬁre and decay) emissions are based on recent data from
WL/Delft Hydraulics.
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Figure 1.3b: GHG emissions by sector in 2004.
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Source: Adapted from Olivier et al., 2005; 2006.
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Excluding reﬁneries, coke ovens which are included in industry.
Including international transport (bunkers), excluding ﬁsheries;
excluding off-road agricultural and forestry vehicles and machinery.
Including traditional biomass use. Emissions reported in Chapter
6 include the sector’s share in emissions caused by centralized
electricity generation so that any mitigation achievements in the
sector resulting from lower electricity use are credited to the sector.
Including reﬁneries and coke ovens. Emissions reported in Chapter
7 include the sector’s share in emissions caused by centralized
electricity generation so that any mitigation achievements in the
sector resulting from lower electricity use are credited to the sector.
Including agricultural waste burning and savannah burning (nonCO2). CO2 emissions and/or removals from agricultural soils are not
estimated in this database.
Data include CO2 emissions from deforestation, CO2 emissions from
decay (decomposition) of aboveground biomass that remains after
logging and deforestation and CO2 from peat ﬁres and decay of
drained peat soils. Chapter 9 reports emissions from deforestation
only.
Includes landﬁll CH4, wastewater CH4 and N2O, and CO2 from waste
incineration (fossil carbon only).
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Figure 1.4a: Distribution of regional per capita GHG emissions (all
Kyoto gases including those from land-use) over the population of different
country groupings in 2004. The percentages in the bars indicate a region’s
share in global GHG emissions.

Figure 1.4b: Distribution of regional GHG emissions (all Kyoto gases including
those from land-use) per USD of GDPppp over the GDP of different country groupings
in 2004. The percentages in the bars indicate a region’s share in global GHG
emissions.

Source: Adapted from Bolin and Khesgi, 2001) using IEA and EDGAR 3.2 database
information (Olivier et al., 2005, 2006).

Source: IEA and EDGAR 3.2 database information (Olivier et al., 2005, 2006).

Note: Countries are grouped according to the classiﬁcation of the UNFCCC and its Kyoto Protocol; this means that countries that have joined the European Union since
then are still listed under EIT Annex I. A full set of data for all countries for 2004 was not available. The countries in each of the regional groupings include:
•
EIT Annex I: Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Russian Federation, Slovakia, Slovenia, Ukraine
•
Europe Annex II & M&T: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Liechtenstein, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, United Kingdom; Monaco and Turkey
•
JANZ: Japan, Australia, New Zealand.
•
Middle East: Bahrain, Islamic Republic of Iran, Israel, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria, United Arab Emirates, Yemen
•
Latin America & the Caribbean: Antigua & Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican
Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Saint Lucia, St. Kitts-NevisAnguilla, St. Vincent-Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela
•
Non-Annex I East Asia: Cambodia, China, Korea (DPR), Laos (PDR), Mongolia, Republic of Korea, Viet Nam.
•
South Asia: Afghanistan, Bangladesh, Bhutan, Comoros, Cook Islands, Fiji, India, Indonesia, Kiribati, Malaysia, Maldives, Marshall Islands, Micronesia, (Federated
States of), Myanmar, Nauru, Niue, Nepal, Pakistan, Palau, Papua New Guinea, Philippine, Samoa, Singapore, Solomon Islands, Sri Lanka, Thailand, Timor-Leste,
Tonga, Tuvalu, Vanuatu
•
North America: Canada, United States of America.
•
Other non-Annex I: Albania, Armenia, Azerbaijan, Bosnia Herzegovina, Cyprus, Georgia, Kazakhstan, Kyrgyzstan, Malta, Moldova, San Marino, Serbia, Tajikistan,
Turkmenistan, Uzbekistan, Republic of Macedonia
•
Africa: Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Congo, Democratic Republic of Congo,
Côte d’Ivoire, Djibouti, Egypt, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Libya, Madagascar,
Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, South
Africa, Sudan, Swaziland, Togo, Tunisia, Uganda, United Republic of Tanzania, Zambia, Zimbabwe

There are large emissions from deforestation and other landuse change activities in the tropics; these have been estimated
in IPCC (2007a) for the 1990s to have been 5.9 GtCO2-eq, with
a large uncertainty range of 1.8–9.9 GtCO2-eq (Denman et al.,
2007). This is about 25% (range: 8–42%) of all fossil fuel and
cement emissions during the 1990s. The underlying factors
accounting for the large range in the estimates of tropical
deforestation and land-use changes emissions are complex and
not fully resolved at this time (Ramankutty et al., 2006). For the
Annex I Parties that have reported LULUCF sector data to the
UNFCCC (including agricultural soils and forests) since 1990,
the aggregate net sink reported for emissions and removals over
the period up to 2004 average out to approximately 1.3 GtCO2eq (range: –1.5 to –0.9 GtCO2-eq)9.
On a geographic basis, there are important differences
between regions. North America, Asia and the Middle East have

9

driven the rise in emissions since 1972. The former countries
RIWKH6RYLHW8QLRQKDYHVKRZQVLJQL¿FDQWUHGXFWLRQVLQ&22
emissions since 1990, reaching a level slightly lower than that
in 1972. Developed countries (UNFCCC Annex I countries)
hold a 20% share in the world population but account for
46.4% of global GHG emissions. In contrast, the 80% of the
world population living in developing countries (non-Annex I
countries) account for 53.6% of GHG emissions (see Figure
1.4a). Based on the metric of GHG emission per unit of
economic output (GHG/GDPppp)10, Annex I countries generally
display lower GHG intensities per unit of economic production
process than non-Annex I countries (see Figure 1.4b).
7KH SURPRWLRQ RI HQHUJ\ HI¿FLHQF\ LPSURYHPHQWV DQG
fuel switching are among the most frequently applied policy
measures that result in mitigation of GHG emissions. Although
they may not necessarily be targeted at GHG emission

Data for the Russian Federation is not included in the UNFCCC data set. Chapter 7 estimates the Russian sink for 1990–2000 to be 370–740 MtCO2/year, which would add up
to approximately 28–57% of the average sink reported here.
10 The GDPppp metric is used for illustrative purposes only for this report.
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mitigation, such policy measures do have a strong impact in
lowering the emission level from where it would be otherwise.
According to an analysis of GHG mitigation activities in
selected developing countries by Chandler et al. (2002), the
substitution of gasoline-fuelled cars with ethanol-fuelled cars
and that of conventional CHP (combined heat and power; also
cogeneration) plants with sugar-cane bagasse CHP plants in
Brazil resulted in an estimated carbon emission abatement of
23.5 MtCO2 in 2000 (actual emissions in 2000: 334 MtCO2).
According to the same study, economic and energy reforms in
China curbed the use of low-grade coal, resulting in avoided
emissions of some 366 MtCO2 (actual emissions: 3,100
MtCO2). In India, energy policy initiatives including demandVLGH HI¿FLHQF\ LPSURYHPHQWV DUH HVWLPDWHG WR KDYH UHGXFHG
emissions by 66 MtCO2 (compared with the actual emission
level of 1,060 MtCO2). In Mexico, the switch to natural gas, the
SURPRWLRQRIHI¿FLHQF\LPSURYHPHQWVDQGORZHUGHIRUHVWDWLRQ
are estimated to have resulted in 37 MtCO2 of emission
reductions, compared with actual emissions of 685 MtCO2.
For the EU-25 countries, the European Environment Agency
(EEA, 2006) provides a rough estimate of the avoided CO2
emissions from public electricity and heat generation due to
HI¿FLHQF\ LPSURYHPHQWV DQG IXHO VZLWFKLQJ ,I WKH HI¿FLHQF\
and fuel mix had remained at their 1990 values, emissions
in 2003 would have been some 34% above actual emissions,
KRZHYHUOLQNLQJWKHVHUHGXFWLRQVWRVSHFL¿FSROLFLHVZDVIRXQG
WR EH GLI¿FXOW )RU WKH 8. DQG *HUPDQ\ DERXW  RI WKH
reductions from 1990 to 2000 were found to be due to factors
other than the effects of climate-related policies (Eichhammer
et al., 2001, 2002).
Since 2000, however, many more policies have been put
into place, including those falling under the European Climate
&KDQJH3URJUDPPH (&&3 DQGVLJQL¿FDQWSURJUHVVKDVEHHQ
made, including the establishment of the EU Emissions Trading
Scheme (EU ETS) (CEC, 2006). A review of the effectiveness
RIWKH¿UVWVWDJHRIWKH(&&3UHSRUWHGWKDWDERXWRQHWKLUGRI
the potential reductions had been fully implemented by mid
200611. Overall EU-25 emissions in 2004 were 0.9% lower than
in the base year, and the European Commission (EC) assessed
the EC Kyoto target (8% reduction relative to the base year)
to be within reach under the conditions that (1) all additional
measures currently under discussion are put into force in time,
(2) Kyoto mechanisms are used to the full extent planned and
(3) removals from Articles 3.3 and 3.4 activities (carbon sinks)
contribute to the extent projected (CEC, 2006). Overall this
shows that climate policies can be effective, but that they are
GLI¿FXOWWRIXOO\LPSOHPHQWDQGUHTXLUHFRQWLQXDOLPSURYHPHQW
in order to achieve the desired objectives.

Introduction

1.3.1.1

Energy supply

Global primary energy use almost doubled from 5,363 Mtoe
(225 EJ) in 1970 to 11,223 Mtoe (470 EJ) in 2004, with an
average annual growth of 2.2% over this period. Fossil fuels
accounted for 81% of total energy use in 2004 – slightly down
from the 86% more than 30 years ago, mainly due to the increase
in the use of nuclear energy. Despite the substantial growth of
non-traditional renewable forms of energy, especially wind
power, over the last decade, the share of renewables (including
traditional biomass) in the primary energy mix has not changed
compared with 1970 (see Chapter 4, Section 4.2).
1.3.1.2

Intensities

The Kaya identity (Kaya, 1990) is a decomposition that
expresses the level of energy related CO2 emissions as the
product of four indicators: (1) carbon intensity (CO2 emissions
per unit of total primary energy supply (TPES)), (2) energy
intensity (TPES per unit of GDP), (3) gross domestic product
per capita (GDP/cap) and (4) population. The global average
growth rate of CO2 emissions between 1970 and 2004 of 1.9%
per year is the result of the following annual growth rates:
population 1.6%, GDP/cap12 1.8%, energy-intensity of –1.2%
and carbon-intensity –0.2% (Figure 1.5).
$GHFRPSRVLWLRQDQDO\VLVDFFRUGLQJWRWKHUH¿QHG/DVSH\HUHV
index method (Sun, 1998; Sun and Ang, 2000) is shown in
Figure 1.6. Each of the three stacked bars refers to 10-year
periods and indicates how the net change in CO2 emissions of
that decade can be attributed to the four indicators of the Kaya
identity. These contributions – to tonnes of CO2 emissions – can
be positive or negative, and their sum equals the net emission
change (shown for each decade by the black line).
GDP/capita and population growth were the main drivers of
the increase in global emissions during the last three decades
of the 20th century. However, consistently declining energy
intensities indicate structural changes in the global energy
system. The role of carbon intensity in offsetting emission growth
has been declining over the last two decades. The reduction in
carbon intensity of energy supply was the strongest between
1980 and 1990 due to the delayed effect of the oil price shocks
of the 1970s, and it approached zero towards the year 2000 and
reversed after 2000 At the global scale, declining carbon and
energy intensities have been unable to offset income effects and
population growth and, consequently, carbon emissions have
risen. Under the reference scenario of the International Energy
Agency (IEA, 2006a) these trends are expected to remain valid
until 2030; in particular, energy is not expected to be further
decarbonized under this baseline scenario.

11 See Table 1 of CEC (2006). Second stage ECCP (ECCP2) policies are being ﬁnalized.
12 Purchasing power parity (PPP) at 2000 prices and exchange rates.
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Figure 1.5: Intensities of energy use and CO2 emissions, 1970–2004.
Data Source: IEA data

Of the major countries and groups of countries – North
America, Western Europe, Japan, China, India, Brazil,
Transition Economies – only the Transition Economies (refers
to 1993–2003 only) and, to a lesser extent, the group of the
EU15 have reduced their CO2 emissions in absolute terms.

14

The decline of the carbon content of energy (CO2/TPES)
was the highest in Western Europe, but the effect led only to
a slight reduction of CO2 in absolute terms. Together with
Western Europe and the Transition Countries, USA/Canada,
Japan and – to a much lesser extent – Brazil have also reduced
their carbon intensity.
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Figure 1.6: Decomposition of global energy-related CO2 emission changes at the global scale for three historical and three future decades.
Sources: IEA data World Energy Outlook 2006 (IEA, 2006a)

108

1215
Chapter 1

Introduction

Declining energy intensities observed in China and India
have been partially offset by increasing carbon intensities (CO2/
TPES) in these countries. It appears that rising carbon intensities
accompany the early stages of the industrialization process,
which is closely linked to accelerated electricity generation
mainly based on fossil fuels (primarily coal). In addition, the
emerging but rapidly growing transport sector is fuelled by
oil, which further contributes to increasing carbon intensities.
Stepped-up fossil fuel use, GDP/capita growth and, to a lesser
extent, population growth have resulted in the dramatic increase
in carbon emissions in India and China.
The Transition Economies of Eastern Europe and the
former Soviet Union suffered declining per capita incomes
during the 1990s as a result of their contracting economies
and, concurrently, total GHG emissions were greatly reduced.
+RZHYHUWKHFRQWLQXHGORZOHYHORIHQHUJ\HI¿FLHQF\LQXVLQJ
coal, oil and gas has allowed only moderate improvements in
carbon and energy intensities. Despite the economic decline
during the 1990s, this group of countries accounted for 12% of
global CO2 emissions in 2003 (Marland et al., 2006).
The challenge – an absolute reduction of global GHG
emissions – is daunting. It presupposes a reduction of energy
and carbon intensities at a faster rate than income and population
growth taken together. Admittedly, there are many possible
combinations of the four Kaya identity components, but with the
scope and legitimacy of population control subject to ongoing
debate, the remaining two technology-oriented factors, energy
and carbon intensities, have to bear the main burden.
1.3.1.3

Energy security

:LWK LQWHUQDWLRQDO RLO SULFHV ÀXFWXDWLQJ DURXQG  86'
SHUEDUUHO %UHQW&UXGHLQWKH¿UVWKDOIRI(,$D 
and with prices of internationally traded natural gas, coal and
uranium following suit, concerns of energy supply security
are back on the agenda of many public and private sector
institutions. Consequently, there is renewed public interest in
alternatives to fossil fuels, especially to oil, resulting in new
technology initiatives to promote hydrogen, biofuels, nuclear
power and renewables (Section 1.3.1.3). Higher oil prices
also tend to open up larger markets for more carbon-intensive
liquid fuel production systems, such as shale oil or tar sands.
+RZHYHU ¿UVW DQG IRUHPRVW HQHUJ\ VHFXULW\ FRQFHUQV WHQG
to invigorate a higher reliance on indigenous energy supplies
and resources. Regions where coal is the dominant domestic
energy resource tend to use more coal, especially for electricity
generation, which increases GHG emissions. In recent years,
LQWHQVL¿HGFRDOXVHKDVEHHQREVHUYHGIRUDYDULHW\RIUHDVRQV
in developing Asian countries, the USA and some European
countries. In a number of countries, the changing relative prices
of coal to natural gas have changed the dispatch order in power
generation in favour of coal.

Energy security also means access to affordable energy
services by those people – largely in developing countries – who
currently lack such access. It is part and parcel of sustainable
development and plays a non-negligible role in mitigating
climate change. Striving for enhanced energy security can
impact GHG emissions in opposite ways. On the one hand, GHG
emissions may be reduced as the result of a further stimulation
RI UDWLRQDO HQHUJ\ XVH HI¿FLHQF\ LPSURYHPHQWV LQQRYDWLRQ
and the development of alternative energy technologies
ZLWK LQKHUHQW FOLPDWH EHQH¿WV 2Q WKH RWKHU KDQG PHDVXUHV
supporting energy security may lead to higher GHG emissions
due to stepped-up use of indigenous coal or the development of
lower quality and unconventional oil resources.
1.3.2

Future outlook

1.3.2.1

Energy supply

A variety of projections of the energy picture have been
made for the coming decades. These differ in terms of their
modelling structure and input assumptions and, in particular,
on the evolution of policy in the coming decades. For example,
the IEA’s World Energy Outlook 2006 reference case (IEA,
2006a) and the the International Energy Outlook of the Energy
Information Agency in the USA reference case (EIA, 2006b)
have both developed sets of scenarios; however, all of these
scenarios project a continued dependence on fossil fuels (see
Chapter 4 for past global energy mixes and future energy
demand and supply projections). Should there be no change
in energy policies, the energy mix supplied to run the global
economy in the 2025–2030 time frame will essentially remain
unchanged with about 80% (IEA, 2006a) of the energy supply
based on fossil fuels. In other words, the energy economy may
evolve, but not radically change unless policies change.
According to the IEA and EIA projections, coal (1.8–2.5%
per year), oil (1.3–1.4% per year) and natural gas (2.0–2.4% per
year) all continue to grow in the period up to 2030. Among the
non-fossil fuels, nuclear (0.7–1.0% per year), hydro (2.0% per
year), biomass and waste, including non-commercial biomass
(1.3% per year), and other renewables (6.6% per year)13 also
continue to grow over the projection period. The growth of
new renewables, while robust, starts from a relatively small
base. Sectoral growth in energy demand is principally in the
electricity generation and transport sectors, and together these
will account for 67% of the increase in global energy demand
up to 2030 (IEA 2006a).
1.3.2.2

CO2 emissions

*OREDOJURZWKLQIRVVLOIXHOGHPDQGKDVDVLJQL¿FDQWHIIHFW
on the growth of energy-related CO2 emissions: both the IEA
and the U.S. EIA project growth of more than 55% in their
respective forecast periods. The IEA projects a 1.7% per year

13 EIA reports only an aggregate annual growth rate for all renewables of about 2.4% per year.
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growth rate to 2030, while the U.S. EIA projects a 2.0% per
year rate in the absence of additional policies. According to
IEA projections, emissions will reach 40.4 GtCO2 in 2030, an
increase of 14.3 GtCO2 over the 2004 level. SRES14 (IPCC,
2000a) CO2 emissions from energy use for 2030 are in the
range 37.2–53.6 GtCO2, which is similar to the levels projected
in the EMF-2115 (EMF, 2004) scenarios reviewed in Chapter 3,
Section 3.2.2 (35.9–52.1 GtCO2). Relative to the approximately
25.5 GtCO2 emissions in 2000 (see Fig 1.1), fossil fuel-sourced
CO2 emissions are projected to increase by 40–110% by 2030
in the absence of climate policies in these scenarios (see Figure
1.7).
As the bulk of the growing energy demand occurs in
developing countries, the CO2 emission growth accordingly is
dominated by developing countries. The latter would contribute
two thirds to three quarters of the IEA-projected increase in
global energy-related emissions. Developing countries, which
accounted for 40% of total fossil fuel-related CO2 emissions in
2004, are projected to overtake the Organization for Economic
Co-operation and Development (OECD) as the leading
contributor to global CO2 fossil fuel emissions in the early part
of the next decade.
The CO2 emission projections account for both growth in
energy demand and changes in the fuel mix. The IEA projects
the share of total energy-related emissions accounted for by
gas to increase from 20% in 2004 to 22% in 2030, while the
share of coal increases from 41% to 43% and oil drops by
approximately 4%, from 39% to 35%, respectively, of the
total. On the basis of sectoral shares at the global level, power
generation grows from a 41% to a 44% share, while the 20%
share of transport is unchanged. The fastest emissions growth
rate is in power generation – at 2.0% per year – followed by
transport at 1.7% per year. The industry sector grows at 1.6%
per year, the residential/commercial sector at 1% per year and
international marine and aviation emissions at 0.7% per year.
The SRES range of energy-related CO2 emissions for 2100
is much larger, 15.8–111.2 GtCO2, while the EMF-21 scenario
range for 2100 is 53.6–101.4 GtCO2.
1.3.2.3

Non- CO2 gases

Methane. Atmospheric CH4 concentrations have increased
throughout most of the 20th century, but growth rates have been
close to zero over the 1999–2005 period (Solomon et al., 2007;
2.1.1) due to relatively constant emissions during this period
equaling atmospheric removal rates (Solomon et al., 2007;
2.1.1). Human emissions continue to dominate the total CH4
emissions budget (Solomon et al., 2007; 7.4.1). Agriculture
and forestry developments are assessed in Chapters 8 and 9,

respectively, in terms of their impact on the CH4 sink/source
balance and mitigation strategies; waste handling is likewise
assessed in Chapter 10.
The future increase in CH4 concentrations up to 2030
according to the SRES scenarios ranges from 8.1 GtCO2-eq to
10.3 GtCO2-eq (increase of 19–51% compared to 2000), and the
increase under the Energy Modeling Forum (EMF)-21 baseline
scenarios is quite similar (7.5 GtCO2-eq to 11.3 GtCO2-eq/yr).
By 2100, the projected SRES increase in CH4 concentrations
ranges from 5 GtCO2-eq to 18.7 GtCO2-eq (a change of –27%
to +175% compared to 2000) and that of the EMF-21 ranges
from 5.9 to 29.2 GtCO2-eq (a change of –2% to +390%).
Montreal gases. Emissions of ODS gases (also GHGs)
controlled under the Montreal Protocol (CFCs, HCFCs)
increased from a very low amount during the 1950–1960s to
a substantial percentage – approximately 20% – of total GHG
HPLVVLRQVE\7KLVSHUFHQWDJHÀXFWXDWHGVOLJKWO\GXULQJ
the period between 1975 and 1989, but once the phase-out of
CFCs was implemented, the ODS share in total GHG emissions
IHOOUDSLGO\¿UVWWR  DQGWKHQWR  5DGLDWLYH
forcing from these gases peaked in 2003 and is beginning to
decline (Forster et al., 2007).
After 2000, ODS contributed 3–4% to total GHG emissions
(Olivier et al., 2005, 2006). The ODS share is projected to
decrease yet further due to the CFC phase-out in developing
countries. Emissions of ODS are estimated at 0.5–1.15 Gt CO2eq for the year 2015, dependent on the scenario chosen (IPCC,
2005); this would be about 1–2% of total GHG emissions for
the year 2015, if emissions of all other GHGs are estimated
at about 55 Gt CO2-eq (for the year 2015). The percentage of
HCFC emissions in the total of CFC and HCFC emissions for
the year 2015 is projected to be about 70%, independent of the
scenario chosen.
Nitrous oxide. Atmospheric concentrations of N2O have
been continuously increasing at an approximately constant
growth rate since 1980 (IPCC, 2007a, SPM). Industrial sources,
agriculture, forestry and waste developments are assessed in
this report in terms of their impact on the N2O sink/source
balance and mitigation strategies. The SRES emissions for 2030
range from 3 GtCO2-eq to 5.3 GtCO2-eq (a change of –13% to
55% compared to 2000). For comparison, the recent EMF-21
baseline range for 2030 is quite close to this (2.8 GtCO2-eq
to 5.4 GtCO2-eq, an increase of –17% to 58% compared to
2000). By 2100, the range projected by the SRES scenarios is
2.6 GtCO2-eq to 8.1 GtCO2-eq (an increase of –23% to 140%
compared to 2000), whereas the EMF-21 range is a little higher
(3.2 GtCO2-eq to 11.5 GtCO2-eq, or an increase of –5% to
240% compared to 2000).

14 SRES is the IPCC Special Report on Emissions Scenarios (IPCC, 2000a). The ranges reported here are for the ﬁve SRES Marker scenarios.
15 EMF-21 Energy Modeling Forum Study 21: Multi-gas Mitigation scenarios (EMF, 2004)
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Figure 1.7 Global GHG emissions for 2000 and projected baseline emissions for 2030 and 2100 from IPCC SRES and the post-SRES literature. The ﬁgure provides the emissions from the six illustrative SRES scenarios. It also provides the frequency distribution of the emissions in the post-SRES scenarios (5th, 25th, median, 75th, 95th percentile),
as covered in Chapter 3. F-gases include HFCs, PFCs and SF6

Fluorinated gases. Concentrations of many of these gases
have increased by large factors (i.e., 1.3 and 4.3) between 1998
and 2005, and their radiative forcing is rapidly increasing (from
low levels) by roughly 10% per year (Forster et al., 2007). Any
projection of overall environmental impacts and emissions is
complicated by the fact that several major applications retain
WKH EXON RI WKHLU ÀXRULQDWHG JDVHV GXULQJ WKHLU UHVSHFWLYH OLIH
F\FOHVUHVXOWLQJLQWKHDFFXPXODWLRQRIVLJQL¿FDQWVWRFNVWKDW
need to be responsibly managed when these applications are
eventually decommissioned. A comprehensive review of such
assessments was published in an earlier IPCC Special Report
(IPCC, 2005). This review reported growth in HFC emissions
from about 0.4 GtCO2-eq in 2002 to 1.2 GtCO2-eq per year
in 2015. Chapter 3 also describes in some detail the results of
long-term GHG emissions scenarios. The range projected by
SRES scenarios for 2030 is 1.0–1.6 GtCO2-eq (increase of 190–
360% compared to 2000) and the EMF-21 baseline scenarios
are quite close to this (1.2–1.7 GtCO2-eq per year, an increase
of 115–240% compared to 2000). By 2100, the SRES range is
1.4–4 GtCO2-eq per year (an increase of 300% to more than
1000 % compared to 2000), whereas the new EMF-21 baseline
scenarios are higher still (1.9–6.3 GtCO2-eq).

radiative forcing. There has been a slowing in the growth of
sulphur emissions in recent decades, and more recent emission
scenarios show lower emissions than earlier ones (Chapter 3,
Section 3.2.2). Other air pollutants, such as NOx and black
and organic carbon, are also important climatologically and
adversely affect human health. The likely future development
of these emissions is described in Section 3.2.2.

Air pollutants and other radiative substances. As noted
above, some air pollutants, such as sulphur aerosol, have a
VLJQL¿FDQWHIIHFWRQWKHFOLPDWHV\VWHPDOWKRXJKFRQVLGHUDEOH
uncertainties still surround the estimates of anthropogenic
aerosol emissions. Data on non-sulphur aerosols are sparse and
highly speculative, but in terms of global sulphur emissions,
these appear to have declined from a range of 75 ± 10 MtS
in 1990 to 55–62 MtS in 2000. Sulphur emissions from fossil
fuel combustion lead to the formation of aerosols that affect
regional climate and precipitation patterns and also reduce

By 2100, the range in the GHG emission projections is much
wider from a 40% reduction to an increase of 250% compared
to 2000. Scenarios that account for climate policies currently
under discussion for implementation also show global emissions
rising for many decades. With the atmospheric concentrations
of GHGs thus unlikely to stabilize in this century (even for
the low SRES scenario) without major policy changes, from
an emissions perspective, we are not on track for meeting the
objectives of UNFCCC Article 2.

1.3.2.4

Total GHG emissions

Without additional policies global GHG emissions
(including those from deforestation) are projected to increase
between 25% and 90% by 2030 relative to 2000 (see Figure
1.7). Fossil fuel dominance is expected to continue up to 2030
and beyond; consequently, CO2 emissions from energy use tend
to grow faster than total GHGs, increasing by 1.2–2.5% over
that period. Two thirds to three quarters of the increase in CO2
emissions are projected to come from developing countries,
although the average per capita CO2 emissions in developing
country regions will remain substantially lower (2.8– 5.1 tCO2
per capita) than those in developed country regions (9.6–15.1
tCO2 per capita).
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Chapter 1

Technology research, development and
deployment: needs and trends
Research and development

Technology research and development (R&D) are important
for altering the emission trends shown in the previous sections.
In the absence of measures fostering the development of
climate-friendly technologies and/or a lack of incentives for
their deployment, however, it is not a priori obvious in which
GLUHFWLRQ 5 ' ZLOO LQÀXHQFH HPLVVLRQV %HFDXVH RI WKH
longevity of energy infrastructures (lock-in effect), it is the
near-term investment decisions in the development, deployment
and diffusion of technologies that will determine the long-term
development of the energy system and its emissions (Gritsevskyi
and Nakicenovic, 2002).

response from the latest price surges. A technology R&D
response to the challenge of climate mitigation has not occurred.
Energy technology R&D has remained roughly constant over
the last 15 years despite the fact that climate change has become
a focus of international policy development. Energy technology
R&D is one policy lever that governments have for encouraging
a more climate friendly capital, a strengthened publicly funded
commitment to technology development could play an important
role in altering the trends in GHG emissions.
,QWHUQDWLRQDO FRRSHUDWLRQ LQ WKH ¿HOG RI WHFKQRORJ\ 5 '
PD\SURYLGHWKHOHYHUDJHWRRWKHUZLVHLQVXI¿FLHQWQDWLRQDO5 '
budgets. Several international partnerships on the development
of cleaner technologies have been created (see Section 1.4.2).

1.4
Generally speaking, it would be economically impossible
without technology research, development, demonstration,
deployment and diffusion (RDDD&D) and induced technology
change (ITC), to stabilize GHG concentrations at a level that
would prevent dangerous anthropogenic interference with the
climate system. Government support is crucial at the development
stage, but private investment will gradually replace the former
for deployment (creating necessary market transformation) and
for diffusion (successful market penetration).
+RZHYHU 5''' ' DORQH LV LQVXI¿FLHQW DQG HIIHFWLYH
climate policies are also required (Baker et al., 2006). A recent
international modelling comparison exercise (Edenhofer et al.,
2006) has shown that ITC not only has the potential to reduce
mitigation costs substantially but that it is also essential to the
stabilization of concentration levels of CO2, avoiding dangerous
anthropogenic interference.
There are various types of technologies that can play
VLJQL¿FDQW UROHV LQ PLWLJDWLQJ FOLPDWH FKDQJH LQFOXGLQJ
HQHUJ\HI¿FLHQF\LPSURYHPHQWVWKURXJKRXWWKHHQHUJ\V\VWHP
HVSHFLDOO\DWWKHHQGXVHVLGH VRODUZLQGQXFOHDU¿VVLRQDQG
fusion and geothermal, biomass and clean fossil technologies,
including carbon capture and storage; energy from waste;
hydrogen production from non-fossil energy sources and fuel
cells (Pacala and Socolow, 2004; IEA, 2006b). Some are in
their infancy and require public RDDD&D support, while
others are more mature and need only market incentives for
their deployment and diffusion. Some also need persevering
efforts for public acceptance (Tokushige et al., 2006) as well as
the resolution of legal and liability issues.
1.3.3.2

Research and development expenditures

The most rapid growth in public-sector energy related
technology R&D16 occurred in the aftermath of the oil price
shocks of the 1970s. There is no evidence yet of a similar
16 Data for IEA member countries only.
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Institutional architecture

The institutional architecture for climate change, energy and
sustainable development in principal covers a wide range of
different entities and processes. At the international level, these
include the Millennium Development Goals, the World Summit
on Sustainable Development in 2002 and its Johannesburg
Plan for Implementation (JPOI) and the UN Commission on
Sustainable Development (CSD), all of which have broad
and important connections to climate change in the context of
sustainable development, energy and poverty eradication. Other
international fora that are important to advancing the agenda for
sustainable development and climate change include – but are
not limited to – the UN General Assembly, the G8 Dialogue on
Climate Change, Clean Energy and Sustainable Development,
OECD, the World Trade Organization (WTO; which pursues
trade liberalization, important for technology transfers), IEA
and the World Bank. More regional fora include regional banks,
WKH(8DQGWKH$VLD3DFL¿F3DUWQHUVKLSRQ&OHDQ'HYHORSPHQW
and Climate for transferring and deploying clean technologies
and building up human and institutional capacity. Chapter 2.1
discusses these issues in detail, and they are further evaluated in
&KDSWHU7KLVFKDSWHUIRFXVHVVSHFL¿FDOO\RQWKH81)&&&
and its Kyoto Protocol and with technology cooperation and
transfer.
1.4.1

UNFCCC and its Kyoto Protocol

The UNFCCC pursues its ultimate objective, Article 2
(Section 1.2.1), on the basis of several guiding principles laid
down in Article 3 of the Convention:
v Equity, which is expressed as “common but differentiated
responsibilities” that assigns the lead in mitigation to developed countries (Article 3.1) and that takes the needs and
special circumstances of developing countries into account
(Article 3.2).
v A precautionary principle, which says that “where there are

1219
Chapter 1

threats of serious or irreversible damage, lack of full scienWL¿FFHUWDLQW\VKRXOGQRWEHXVHGDVDUHDVRQIRUSRVWSRQLQJ
such measures, taking into account that policies and measures to deal with climate change should be cost-effective
VRDVWRHQVXUHJOREDOEHQH¿WVDWWKHORZHVWSRVVLEOHFRVW´
(Article 3.3).
v A right to and an obligation to promote sustainable development (Article 3.4).
v An obligation to cooperate in sharing information about
climate change, technologies through technology transfers,
and the coordination of national actions (Article 3.7)
Based on the principle of common but differentiated
responsibilities, Annex I countries are committed to adopt
policies and measures aimed at returning – individually or
jointly – their GHG emissions to earlier levels by the year 2000
$UWLFOH )ROORZLQJWKHGHFLVLRQRIWKH¿UVW&RQIHUHQFHRI
the Parties17 (COP1) in Berlin in 1995 that these commitments
were inadequate, the Kyoto Protocol was negotiated and
adopted by consensus at COP3, in Kyoto in 1997, and entered
into force on 16 February 2005. This was preceded by the
detailed negotiation of the implementing rules and agreements
for the Protocol – the Marrakech Accords – that were concluded
at COP7 in Marrakech and adopted in Montreal at CMP118.
$V RI 'HFHPEHU  WKH 3URWRFRO KDV EHHQ UDWL¿HG E\ 
countries. While Australia and the United States, both parties
to UNFCCC, signed the protocol, both have stated an intention
not to ratify.
Several key features of the Protocol are relevant to the issues
raised later in this report:
v Each Party listed in Annex B of the Protocol is assigned a
OHJDOO\ELQGLQJTXDQWL¿HG*+*HPLVVLRQOLPLWDWLRQDQGRU
reduction measured in CO2HTXLYDOHQWVIRUWKH¿UVWFRPPLWment period 2008–2012. In aggregate, these Parties are expected to reduce their overall GHG emissions by “at least 5
per cent below 1990 levels in the commitment period 2008
WR ´ $UWLFOH   6RPH ÀH[LELOLW\ LV VKRZQ WRZDUGV
economies in transition who may nominate a base year or
period other than 1990 (Article 3.5, 3.7).
v Six classes of gases are listed in Annex A of the Protocol:
CO2, CH4, N2O, HFCs, PFCs and SF6. Emissions from international aviation and maritime transport are not included.
v 7KHVRFDOOHG.\RWRÀH[LELOLW\PHFKDQLVPVDOORZ$QQH[%
Parties to obtain emission allowances achieved outside their
national borders but supplemental to domestic action, which
LVH[SHFWHGWREHD³VLJQL¿FDQWHOHPHQWRIWKHHIIRUW´ $UWLcle 6.1 (d), Article17, CMP119). These mechanisms are: an
international emission trading system, Joint Implementation
(JI) projects in Economies in Transition, projects undertaken as of year 2000 in developing (non-Annex I) countries
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under the Clean Development Mechanism (CDM) and carbon sink projects in Annex B countries.
v A set of procedures for emission monitoring, reporting, verL¿FDWLRQDQGFRPSOLDQFHKDVEHHQDGRSWHGDW&03XQGHU
Articles 5, 7, 8 and 18.
In accordance with Article 3.9, the Parties to the Protocol at
CMP1 began the process of negotiating commitments for the
Annex B Parties for the second commitment period, creating
– the ‘Ad Hoc Working Group on Further Commitments for
Annex I Parties under the Kyoto Protocol’ (AWG), with the
requirement that negotiations be completed so that that the
¿UVW DQG VHFRQG FRPPLWPHQW SHULRGV DUH FRQWLJXRXV :RUN
continued at CMP2 in Nairobi and in 2007 the AWG will
work on, amongst other thing, ranges of emission reduction
objectives of Annex I Parties with due attention to the conditions
mentioned in Article 2 of the Convention (see 1.2.1). The task is
to consider that “according to the scenarios of the TAR, global
emissions of carbon dioxide have to be reduced to very low
levels, well below half of levels in 2000, in order to stabilize
their concentrations in the atmosphere” (see Chapters 3 and
13).
In addition, CMP2 started preparations for the second
review of the Protocol under Article 9, which in principle
covers all aspects of the Protocol, and set 2008 as the date for
this review.
Under the UNFCCC, a Dialogue on Long-Term Cooperation
Action to Address Climate Change by Enhancing Implementation
of the Convention (the Dialogue) was established at COP11 in
2005, met during 2006 and is to conclude at COP13 in 2007.
The Dialogue is “without prejudice to any future negotiations,
commitments, process, framework or mandate under the
Convention, to exchange experiences and analyse strategic
approaches for long-term cooperative action to address climate
change”.
1.4.2

Technology cooperation and transfer

(IIHFWLYHDQGHI¿FLHQWPLWLJDWLRQRIFOLPDWHFKDQJHGHSHQGV
on the rate of global diffusion and transfer of new as well as
existing technologies. To share information and development
costs, international cooperation initiatives for RDDD&D,
such as the Carbon Sequestration Leadership Forum (CSLF),
the International Partnership for Hydrogen Economy (IPHE),
WKH *HQHUDWLRQ ,9 ,QWHUQDWLRQDO )RUXP *,)  WKH 0HWKDQH
to Markets Partnership and the Renewable Energy & Energy
(I¿FLHQF\ 3DUWQHUVKLS 5(((3  WKH *OREDO %LRHQHUJ\
Partnership and the ITER fusion project, were undertaken. Their
mandates range from basic R&D and market demonstration to
barrier removals for commercialization/diffusion. In addition,

17 The Conference of the Parties (COP), which is the supreme body of the Convention, also serves as the Meeting of the Parties (MOP) for the Protocol. Parties to the Convention
that are not Parties to the Protocol will be able to participate in Protocol-related meetings as observers (Article 13).
18 CMP1: First meeting of the Conference of the Parties acting as the Meeting of the Parties of the Kyoto Protocol.
19 Decisions can be found at http://unfccc.int/documentation/decisions/items/3597.php?dec=j&such=j&volltext=/CMP.1#beg
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there are 40 ‘implementing agreements’ facilitating international
cooperation on RDDD&D under IEA auspices, covering all of
the key new technologies of energy supply and end use with the
H[FHSWLRQRIQXFOHDU¿VVLRQ ,($ 
5HJLRQDOFRRSHUDWLRQPD\EHHIIHFWLYHDVZHOO$VLD3DFL¿F
Partnership of Clean Development and Climate (APPCDC),
which was established by Australia, China, India, Japan, Korea
and the USA in January 2006, aims to address increased energy
needs and associated challenges, including air pollution, energy
security, and climate change, by enhancing the development,
GHSOR\PHQWDQGWUDQVIHURIFOHDQHUPRUHHI¿FLHQWWHFKQRORJLHV
In September 2005, the EU concluded agreements with
India and China, respectively, with the aim of promoting the
development of cleaner technologies (India) and low carbon
technologies (China).
Bilateral sector-based cooperation agreements also exist.
2QHH[DPSOHLVWKH-DSDQ&KLQDDJUHHPHQWRQHQHUJ\HI¿FLHQF\
in the steel industry, concluded in July 2005 (JISF, 2005). These
sector-based initiatives may be an effective tool for technology
transfer and mitigating GHG emissions.
It is expected that CDM and JI under the Kyoto Protocol will
play important role for technology transfer as well.

1.5 Changes from previous assessments
and roadmap
1.5.1

Chapter 1

For the Third Assessment Report (TAR) (IPCC, 2001),
Working Groups II and III were again reorganized to deal
with adaptation and mitigation, respectively. The concept of
mitigative capacity was introduced, and the focus attention was
shifted to sustainability concerns (IPCC, 2001, Chapter 1.1).
)RXU FURVVFXWWLQJ LVVXHV ZHUH LGHQWL¿HG FRVWLQJ PHWKRGV
uncertainties, decision analysis frameworks and development,
equity and sustainability (IPCC, 2000b).
The Fourth Assessment Report (AR4) summarizes the
information contained in previous IPCC reports - including the
IPCC special reports on Carbon Dioxide Capture and Storage,
on Safeguarding the Ozone Layer and on the Global Climate
6\VWHP SXEOLVKHG VLQFH 7$5  DQG DVVHVVHV WKH VFLHQWL¿F
literature published since 2000.
Although the structure of AR4 resembles the macro-outline
of the TAR, there are distinct differences between them. The
AR4 assigns greater weight to (1) a more detailed resolution of
sectoral mitigation options and costs; (2) regional differentiation;
(3) emphasizing previous and new cross-cutting issues, such as
risks and uncertainties, decision- and policy-making, costs and
potentials and the relationships between mitigation, adaptation
and sustainable development, air pollution and climate, regional
aspects and the issues related to the implementation of UNFCCC
Article 2; and (4) the integration of all these aspects.
1.5.2

Roadmap

This report assesses options for mitigating climate change. It
has four major parts, A–D.

Previous assessments

The IPCC was set up in 1988 by UNEP and WMO with
WKUHHZRUNLQJJURXSVWRDVVHVVDYDLODEOHVFLHQWL¿FLQIRUPDWLRQ
on climate change (WGI), to assess environmental and socioeconomic impacts (WGII) and to formulate response strategies
(WGIII).
The First Assessment Report (FAR) (IPCC, 1991) dealt with
the anthropogenic alteration of the climate system through
CO2 emissions, potential impacts and available cost-effective
response measures in terms of mitigation, mainly in the form
of carbon taxes without much concern for equity issues (IPCC,
2001, Chapter 1).
For the Second Assessment Report (SAR), in 1996, Working
Groups II and III were reorganized (IPCC, 1996). WGII dealt
with adaptation and mitigation, and WGIII dealt with the
socio-economic cross-cutting issues related to costing climate
FKDQJH¶V LPSDFWV DQG SURYLGLQJ FRVWEHQH¿W DQDO\VLV &%$ 
for use in decision-making. The socio-institutional context was
emphasized as well as the issues of equity, development, and
sustainability (IPCC, 2001, Chapter 1).

Part A comprises Chapter 1, an Introduction and Chapter 2,
which is on ‘framing issues’. Chapter 2 introduces the report’s
cross-cutting themes, which are listed above, and outlines how
these themes are treated in subsequent chapters. It also introduces
LPSRUWDQW FRQFHSWV HJ FRVWEHQH¿W DQDO\VLV DQG UHJLRQDO
LQWHJUDWLRQ  DQG GH¿QHV LPSRUWDQW WHUPV XVHG WKURXJKRXW WKH
report.
Part B consists of one chapter, Chapter 3. This chapter
reviews and analyzes baseline (non-mitigation) and
stabilization scenarios in the literature that have appeared
since the publications of the IPCC SRES and the TAR. It pays
particular attention to the literature that criticizes the IPCC
SRES scenarios and concludes that uncertainties and baseline
emissions have not changed very much. It discusses the driving
forces for GHG emissions and mitigation in the short and
medium terms and emphasizes the role of technology relative
to social, economic and institutional inertia. It also examines
the relation between adaptation, mitigation and avoided climate
change damage in the light of decision-making on atmospheric
GHG concentrations (Article 2 UNFCCC).
Part C consists of seven chapters, each of which assesses
sequence mitigation options in different sectors. Chapter 4
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addresses the energy supply sector, including carbon capture
and storage; Chapter 5 transport and associated infrastructures;
Chapter 6 the residential, commercial and service sectors;
Chapter 7 the industrial sector, including internal recycling and
the reuse of industrial wastes; Chapters 8 and 9 the agricultural
and forestry sectors, respectively, including land use and
biological carbon sequestration; Chapter 10 waste management,
post-consumer recycling and reuse.
These seven chapters use a common template and cover
all relevant aspects of GHG mitigation, including costs,
mitigation potentials, policies, technology development,
technology transfer, mitigation aspects of the three dimensions
of sustainable development, system changes and long-term
options. They provide the integrated picture that was absent in
the TAR. Where supporting literature is available, they address
important differences across regions.
Part D comprises three chapters (11–13) that focus on
major cross-sectoral considerations. Chapter 11 assesses
the aggregated short-/medium-term mitigation potential,
macro-economic impacts, economic instruments, technology
GHYHORSPHQW DQG WUDQVIHU DQG FURVVERUGHU LQÀXHQFHV RU
spill-over effects). Chapter 12 links climate mitigation with
sustainable development and assesses the GHG emission
impacts of implementing the Millennium Development
Goals and other sustainable development policies and targets.
Chapter 13 assesses domestic climate policy instruments
and the interaction between domestic climate policies and
various forms of international cooperation and reviews climate
change as a global common issue in the context of sustainable
development objectives and policies. It summarizes relevant
treaties, cooperative development agreements, private–public
partnerships and private sector initiatives and their relationship
to climate objectives.
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EXECUTIVE SUMMARY
This chapter frames climate change mitigation policies in
the context of general development issues and recognizes
that there is a two-way relationship between climate change
and sustainable development. These relationships create a
wide potential for linking climate change and sustainable
GHYHORSPHQWSROLFLHVDQGDQHPHUJLQJOLWHUDWXUHKDVLGHQWL¿HG
PHWKRGRORJLFDO DSSURDFKHV DQG VSHFL¿F SROLFLHV WKDW FDQ
be used to explore synergies and tradeoffs between climate
change and economic, social, and environmental sustainability
dimensions.
Decision-making about climate change policies is a very
complex and demanding task since there is no single decisionmaker and different stakeholders assign different values
WR FOLPDWH FKDQJH LPSDFWV DQG WR WKH FRVWV DQG EHQH¿WV RI
policy actions. However, many new initiatives emerge from
governmental cooperation efforts, the business sector and
NGOs (non-governmental organizations), so various coalitions
presently play an increasing role. A large number of analytical
approaches can be used to support decision-making, and
progress has been made both in integrated assessment models,
policy dialogues and other decision support tools.
Like most policy-making, climate policy involves trading off
risks and uncertainties. Risks and uncertainties have not only
natural but also human and social dimensions. They arise from
missing, incomplete and imperfect evidence, from voluntary or
LQYROXQWDU\OLPLWVWRLQIRUPDWLRQPDQDJHPHQWIURPGLI¿FXOWLHV
in incorporating some variables into formal analysis, as well as
from the inherently unpredictable elements of complex systems.
An increasing international literature considers how the limits
of the evidence basis and other sources of uncertainties can be
estimated.
&RVWVDQGEHQH¿WVRIFOLPDWHFKDQJHPLWLJDWLRQSROLFLHVFDQ
be assessed (subject to the uncertainties noted above) at project,
¿UP WHFKQRORJ\ VHFWRUDO FRPPXQLW\ UHJLRQDO QDWLRQDO RU
PXOWLQDWLRQDO OHYHOV ,QSXWV FDQ LQFOXGH ¿QDQFLDO HFRQRPLF
HFRORJLFDO DQG VRFLDO IDFWRUV ,Q IRUPDO FRVWEHQH¿W DQDO\VHV
the discount rate is one major determinant of the present value
RI FRVWV DQG EHQH¿WV VLQFH FOLPDWH FKDQJH DQG PLWLJDWLRQ
adaptation measures all involve impacts spread over very long
time periods. Much of the literature uses constant discount
UDWHV DW D OHYHO HVWLPDWHG WR UHÀHFW WLPH SUHIHUHQFH UDWHV DV
used when assessing typical large investments. Some recent
literature also includes recommendations about using timeGHFUHDVLQJGLVFRXQWUDWHVZKLFKUHÀHFWXQFHUWDLQW\DERXWIXWXUH
economic growth, fairness and intra-generational distribution,
and observed individual choices. Based on this, some countries
RI¿FLDOO\UHFRPPHQGXVLQJWLPHGHFUHDVLQJGLVFRXQWUDWHVIRU
long time horizons.
The potential linkages between climate change mitigation
and adaptation policies have been explored in an emerging

literature. It is concluded that there is a number of factors that
condition societies’ or individual stakeholders’ capacity to
implement climate change mitigation and adaptation policies
including social, economic, and environmental costs, access to
resources, credit, and the decision-making capacity in itself.
Climate change has considerable implications for intragenerational and inter-generational equity, and the application
of different equity approaches has major implications for policy
recommendations, as well as for the implied distribution of costs
DQGEHQH¿WVRIFOLPDWHSROLFLHV'LIIHUHQWDSSURDFKHVWRVRFLDO
justice can be applied when evaluating equity consequences
of climate change policies. They span traditional economic
approaches where equity appears in terms of the aggregated
welfare consequences of adaptation and mitigation policies,
and rights-based approaches that argue that social actions are to
EHMXGJHGLQUHODWLRQWRWKHGH¿QHGULJKWVRILQGLYLGXDOV
The cost and pace of any response to climate change concerns
will critically depend on the social context, as well as the cost,
performance, and availability of technologies. Technological
change is particularly important over the long-term time
scales that are characteristic of climate change. Decade (or
longer) time scales are typical for the gaps involved between
technological innovation and widespread diffusion, and of the
capital turnover rates characteristic for long-term energy capital
stock and infrastructures. The development and deployment of
technology is a dynamic process that arises through the actions of
human beings, and different social and economic systems have
different proclivities to induce technological change, involving
a different set of actors and institutions in each step. The state
of technology and technology change, as well as human capital
DQG RWKHU UHVRXUFHV FDQ GLIIHU VLJQL¿FDQWO\ IURP FRXQWU\ WR
country and sector to sector, depending on the starting point of
infrastructure, technical capacity, the readiness of markets to
provide commercial opportunities and policy frameworks.
The climate change mitigation framing issues in general are
FKDUDFWHUL]HGE\KLJKDJUHHPHQWPXFKHYLGHQFHUHODWLQJWRWKH
range of theoretical and methodological issues that are relevant
in assessing mitigation options. Sustainable development
and climate change, mitigation and adaptation relationships,
and equity consequences of mitigation policies are areas
where there is conceptual agreement on the range of possible
approaches, but relatively few lessons can be learned from
studies, since these are still limited (high agreement, limited
evidence). Other issues, such as mitigation cost concepts and
technological change are very mature in the mitigation policy
OLWHUDWXUHDQGWKHUHLVKLJKDJUHHPHQWPXFKHYLGHQFHUHODWLQJ
to theory, modelling, and other applications. In the same way,
decision-making approaches and various tools and approaches
are characterized by high agreement on the range of conceptual
issues (high agreement, much evidence)EXWWKHUHLVVLJQL¿FDQW
divergence in the applications, primarily since some approaches
have been applied widely and others have only been applied to
119
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a more limited extent (high agreement, limited evidence). There
is some debate about which of these framing methodologies
and issues relating to mitigation options are most important,
UHÀHFWLQJ DPRQJVWRWKHUWKLQJV GLIIHUHQWHWKLFDOFKRLFHV±WR
this extent at least there is an irreducible level of uncertainty
(high agreement, limited evidence).
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2.1 Climate change and Sustainable
Development
2.1.1

Introduction

This section introduces the relationship between sustainable
development (SD) and climate change and presents a number
of key concepts that can be used to frame studies of these
relationships. Climate change and sustainable development are
considered in several places throughout this report. Chapter 12
SURYLGHVDJHQHUDORYHUYLHZRIWKHLVVXHVZKLOHPRUHVSHFL¿F
issues relating to short- and long-term mitigation issues are
addressed in Chapters 3 (Section 3.1) and 11 (Section 11.6).
Sectoral issues are covered in Chapters 4-10 (Sections 4.5.4,
5.5.5, 6.9.2, 7.7, 8.4.5, 9.7, and in 10.6). Furthermore, the IPCC
(2007b) addresses SD and climate change in Chapters 18 and
20.
2.1.2

Background

The IPCC’s Third Assessment Report (TAR; IPCC, 2001)
included considerations concerning SD and climate change.
These issues were addressed particularly by Working Group II
and III, as well as the Synthesis report. The TAR included a
rather broad treatment of SD (Metz et al., 2002). The report
QRWHGWKUHHEURDGFODVVHVRIDQDO\VHVRUSHUVSHFWLYHVHI¿FLHQF\
and cost-effectiveness, equity and sustainable development,
and global sustainability and societal learning.
Since the TAR, literature on sustainable development and
climate change has attempted to further develop approaches that
FDQEHXVHGWRDVVHVVVSHFL¿FGHYHORSPHQWDQGFOLPDWHSROLF\
options and choices in this context (Beg et al., 2002; Cohen et al.,
1998; Munasinghe and Swart, 2000; Schneider, 2001; Banuri et
al., 2001; Halsnæs and Verhagen, 2007; Halsnæs, 2002; Halsnæs
and Shukla, 2007, Markandya and Halsnæs, 2002a; Metz et al.
2002; Munasinghe and Swart, 2005; Najam and Rahman, 2003;
Smit et al., 2001; Swart et al.,. 2003; Wilbanks, 2003). These
have included discussions about how distinctions can be made
between natural processes and feedbacks, and human and social
LQWHUDFWLRQVWKDWLQÀXHQFHWKHQDWXUDOV\VWHPVDQGWKDWFDQEH
LQÀXHQFHG E\ SROLF\ FKRLFHV %DUNHU   7KHVH FKRLFHV
LQFOXGHLPPHGLDWHDQGYHU\VSHFL¿FFOLPDWHSROLF\UHVSRQVHV
as well as more general policies on development pathways and
the capacity for climate change adaptation and mitigation. See
also Chapter 12 of this report and Chapter 18 of IPCC (2007b)
for a more extensive discussion of these issues.
Policies and institutions that focus on development also
affect greenhouse gas (GHG) emissions and vulnerability.
Moreover, these same policies and institutions constrain or
facilitate mitigation and adaptation. These indirect effects can
be positive or negative, and several studies have therefore
suggested the integration of climate change adaptation and
mitigation perspectives into development policies, since
sustainable development requires coping with climate change

and thereby will make development more sustainable (Davidson
et al., 2003; Munasinghe and Swart, 2005; Halsnæs and Shukla,
2007).
Climate change adaptation and mitigation can also be the
focus of policy interventions and SD can be considered as an
LVVXHWKDWLVLQGLUHFWO\LQÀXHQFHG6XFKFOLPDWHSROLFLHVFDQWHQG
to focus on sectoral policies, projects and policy instruments,
which meet the adaptation and mitigation goals, but are not
necessarily strongly linked to all the economic, social, and
environmental dimensions of sustainable development. In
this case climate change policy implementation in practice
FDQ HQFRXQWHU VRPH FRQÀLFWV EHWZHHQ JHQHUDO GHYHORSPHQW
goals and the goal of protecting the global environment.
Furthermore, climate policies that do not take economic and
social considerations into account might not be sustainable in
the long run.
In conclusion, one might then distinguish between climate
change policies that emerge as an integrated element of general
VXVWDLQDEOHGHYHORSPHQWSROLFLHVDQGPRUHVSHFL¿FDGDSWDWLRQ
and mitigation policies that are selected and assessed primarily
in their capacity to address climate change. Examples of the
¿UVW FDWHJRU\ RI SROLFLHV FDQ EH HQHUJ\ HI¿FLHQF\ PHDVXUHV
energy access and affordability, water management systems,
DQG IRRG VHFXULW\ RSWLRQV ZKLOH H[DPSOHV RI PRUH VSHFL¿F
DGDSWDWLRQDQGPLWLJDWLRQSROLFLHVFDQEHÀRRGFRQWUROFOLPDWH
information systems, and the introduction of carbon taxes. It
is worth noticing that the impacts on sustainable development
and climate change adaptation and mitigation of all these policy
H[DPSOHVDUHYHU\FRQWH[WVSHFL¿FVRLWFDQQRWLQJHQHUDOEH
concluded whether a policy supports sustainable development
and climate change jointly or if there are serious tradeoffs
between economic and social perspectives and climate change
(see also Chapter 12 of this report and Chapter 18 of IPCC
(2007b) for a more extensive discussion).
2.1.3

The dual relationship between climate
change and Sustainable Development

There is a dual relationship between sustainable development
DQGFOLPDWHFKDQJH2QWKHRQHKDQGFOLPDWHFKDQJHLQÀXHQFHV
key natural and human living conditions and thereby also the
basis for social and economic development, while on the other
KDQGVRFLHW\¶VSULRULWLHVRQVXVWDLQDEOHGHYHORSPHQWLQÀXHQFH
both the GHG emissions that are causing climate change and
the vulnerability.
Climate policies can be more effective when consistently
embedded within broader strategies designed to make national
and regional development paths more sustainable. This occurs
because the impact of climate variability and change, climate
policy responses, and associated socio-economic development
will affect the ability of countries to achieve sustainable
development goals. Conversely, the pursuit of those goals will
in turn affect the opportunities for, and success of, climate
policies.
121
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Climate change impacts on development prospects have also
been described in an interagency project on poverty and climate
change as ‘Climate Change will compound existing poverty.
Its adverse impacts will be most striking in the developing
nations because of their dependence on natural resources, and
their limited capacity to adapt to a changing climate. Within
these countries, the poorest, who have the least resources and
the least capacity to adapt, are the most vulnerable’ (African
Development Bank et al., 2003).
Recognizing the dual relationship between SD and climate
change points to a need for the exploration of policies
that jointly address SD and climate change. A number of
international study programmes, including the Development
and Climate project (Halsnæs and Verhagen, 2007), and an
OECD development and environment directorate programme
(Beg et al., 2002) explore the potential of SD-based climate
change policies. Other activities include projects by the World
Resources Institute (Baumert et al., 2002), and the PEW Centre
(Heller and Shukla, 2003). Furthermore, the international
literature also includes work by Cohen et al., 1998; Banuri and
Weyant, 2001; Munasinghe and Swart 2000; Metz et al., 2002;
Munasinghe and Swart, 2005; Schneider et al., 2000; Najam
and Rahman, 2003; Smit et al., 2001; Swart et al., 2003; and
Wilbanks, 2003).
2.1.4

The Sustainable Development concept

Sustainable development (SD) has been discussed
extensively in the theoretical literature since the concept
was adopted as an overarching goal of economic and social
development by UN agencies, by the Agenda 21 nations, and
by many local governments and private-sector actors. The SD
literature largely emerged as a reaction to a growing interest
LQFRQVLGHULQJWKHLQWHUDFWLRQVDQGSRWHQWLDOFRQÀLFWVEHWZHHQ
HFRQRPLFGHYHORSPHQWDQGWKHHQYLURQPHQW6'ZDVGH¿QHG
by the World Commission on Environment and Development in
the report Our Common Future as ‘development that meets the
needs of the present without compromising the ability of future
generations to meet their own needs’ (WCED, 1987).
The literature includes many alternative theoretical and
DSSOLHGGH¿QLWLRQVRIVXVWDLQDEOHGHYHORSPHQW7KHWKHRUHWLFDO
work spans hundreds of studies that are based on economic
theory, complex systems approaches, ecological science and
other approaches that derive conditions for how development
paths can meet SD criteria. Furthermore, the SD literature
emphasizes a number of key social justice issues including
inter- and intra-generational equity. These issues are dealt with
in Section 2.6.
Since a comprehensive discussion of the theoretical literature
on sustainable development is beyond the scope of this report, a
pragmatic approach limits us to consider how development can
1
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be made more sustainable.
The debate on sustainability has generated a great deal of
research and policy discussion on the meaning, measurability
and feasibility of sustainable development. Despite the intrinsic
ambiguity in the concept of sustainability, it is now perceived
as an irreducible holistic concept where economic, social,
and environmental issues are interdependent dimensions that
PXVW EH DSSURDFKHG ZLWKLQ D XQL¿HG IUDPHZRUN +DUGL DQG
Barg, 1997; Dresner, 2002; Meadows, 1998). However, the
interpretation and valuation of these dimensions have given rise
to a diversity of approaches.
A growing body of concepts and models, which explores
reality from different angles and in a variety of contexts, has
emerged in recent years in response to the inability of normal
GLVFLSOLQDU\VFLHQFHWRGHDOZLWKFRPSOH[LW\DQGV\VWHPV±WKH
challenges of sustainability. The outlines of this new framework,
known under the loose term of ‘Systems Thinking’, are, by their
very nature, transdisciplinary and synthetic (Kay and Foster,
1999). An international group of ecologists, economists, social
scientists and mathematicians has laid the principles and basis
of an integrative theory of systems change (Holling 2001).
This new theory is based on the idea that systems of nature and
human systems, as well as combined human and nature systems
and social-ecological systems, are interlinked in never-ending
adaptive cycles of growth, accumulation, restructuring, and
renewal within hierarchical structures (Holling et al., 2002).
A core element in the economic literature on SD is the
focus on growth and the use of man-made, natural, and social
capital. The fact that there are three different types of capital
that can contribute to economic growth has led to a distinction
between weak and strong sustainability, as discussed by Pearce
and Turner (1990), and Rennings and Wiggering (1997). Weak
sustainability describes a situation where it is assumed that the
total capital is maintained and that the three different elements
of the capital stock can, to some extent, be used to substitute
each other in a sustainable solution. On the other hand, strong
sustainability requires each of the three types of capital to be
maintained in its own right, at least at some minimum level. An
example of an application of the strong sustainability concept
is Herman Daly’s criteria, which state that renewable resources
must be harvested at (or below) some predetermined stock level,
and renewable substitutes must be developed to offset the use
of exhaustible resources (Daly, 1990). Furthermore, pollution
emissions should be limited to the assimilative capacity of the
environment.
Arrow et al., 2004, in a joint authorship between leading
economists and ecologists, present an approach for evaluating
alternative criteria for consumption1, seen over time in
a sustainable development perspective. Inter-temporal
consumption and utility are introduced here as measurement

Consumption should here be understood in a broad sense as including all sorts of goods that are elements in a social welfare function.
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points for sustainable development. One of the determinants of
consumption and utility is the productive base of society, which
consists of capital assets such as manufactured capital, human
capital, and natural capital. The productive base also includes
the knowledge base of society and institutions.

maintenance of essential biophysical life support systems, more
universal participation in development processes and decisionmaking, and the achievement of an acceptable standard of
human well-being (Swart et al., 2003; Meadowcroft, 1997;
WCED, 1987).

Although institutions are often understood as part of the
capital assets, Arrow et al. (2004) only consider institutions in
their capacity as guiding the allocation of resources, including
capital assets. Institutions in this context include the legal
structure, formal and informal markets, various government
agencies, inter-personal networks, and the rules and norms that
guide their behaviour. Seen from an SD perspective, the issue
is then: how, and to what extent, can policies and institutional
IUDPHZRUNVIRUWKHVHLQÀXHQFHWKHSURGXFWLYHEDVLVRIVRFLHW\
and thereby make development patterns more sustainable.

,QWKHPRUHVSHFL¿FFRQWH[WRIFOLPDWHFKDQJHSROLFLHVWKH
controversy between different sustainability approaches has
shown up in relation to discussions on key vulnerabilities; see
Section 2.5.2 for more details.

The literature includes other views of capital assets that will
consider institutions and sustainable development policies as
being part of the social capital element in society’s productive
base. Lehtonen (2004) provides an overview of the discussion
on social capital and other assets. He concludes that despite
capabilities and social capital concepts not yet being at the
practical application stage, the concepts can be used as useful
metaphors, which can help to structure thoughts across different
disciplines. Lehtonen refers to analysis of social-environmental
dimensions by the OECD (1998) that addresses aspects such as
demography, health, employment, equity, information, training,
and a number of governance issues, as an example of a pragmatic
approach to including social elements in sustainability studies.
Arrow et al., (2004) summarize the controversy between
economists and ecologists by saying that ecologists have deemed
FXUUHQW FRQVXPSWLRQ SDWWHUQV WR EH H[FHVVLYH RU GH¿FLHQW LQ
relation to sustainable development, while economists have
focused more on the ability of the economy to maintain living
standards. It is concluded here that the sustainability criterion
implies that inter-temporal welfare should be optimized in order
to ensure that current consumption is not excessive.2 However,
the optimal level of current consumption cannot be determined
(i.e. due to various uncertainties). Theoretical considerations
therefore focus instead on factors that make current consumption
more or less sustainable. These factors include the relationship
between market rates of return on investments and social
discount rates, and the relationship between market prices of
consumption goods (including capital goods) and the social
costs of these commodities.
Some basic principles are therefore emerging from the
international sustainability literature, which helps to establish
commonly held principles of sustainable development. These
include, for instance, the welfare of future generations, the

2
3

2.1.5

Development paradigms

Assessment of SD and climate change in the context of this
report considers how current development can be made more
sustainable. The focus is on how development goals, such as
health, education, and energy, food, and water access can be
achieved without compromising the global climate.
When applying such a pragmatic approach to the concept
of SD it is important to recognize that major conceptual
understandings and assumptions rely on the underlying
development paradigms and analytical approaches that are
used in studies. The understanding of development goals and
the tradeoffs between different policy objectives depends
on the development paradigm applied, and the following
section will provide a number of examples on how policy
recommendations about SD and climate change depend on
alternative understandings of development as such.
A large number of the models that have been used for mitigation
studies are applications of economic paradigms. Studies that are
EDVHGRQHFRQRPLFWKHRU\W\SLFDOO\LQFOXGHDVSHFL¿FDWLRQRID
number of goals that are considered as important elements in
welfare or human wellbeing. Some economic paradigms focus
RQ WKH ZHOIDUH IXQFWLRQ RI WKH HFRQRP\ DVVXPLQJ HI¿FLHQW
resource allocation (such as in neoclassical economics), and do
not consider deviations from this state and ways to overcome
these. In terms of analyzing development and climate linkages,
this approach will see climate change mitigation as an effort
that adds a cost to the optimal economic state.3 However, there
is a very rich climate mitigation cost literature that concludes
that market imperfections in practice often create a potential for
PLWLJDWLRQ SROLFLHV WKDW FDQ KHOS WR LQFUHDVH WKH HI¿FLHQF\ RI
energy markets and thereby generate indirect cost savings that
can make mitigation policies economically attractive (IPCC,
1996, Chapters 8 and 9; IPCC, 2001, Chapters 7 and 8). The
character of such market imperfections is discussed further in
Section 2.4.
Other development paradigms based on institutional
economics focus more on how markets and other information-

Arrow et al. (2004) state that ‘actual consumption today is excessive if lowering it and increasing investment (or reducing disinvestment) in capital assets could raise future utility
enough to more than compensate (even after discounting) for the loss in current utility’.
Take the beneﬁts of avoided climate change into consideration.
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sharing mechanisms establish a framework for economic
interactions. Recent development research has included studies
on the role of institutions as a critical component in an economy’s
capacity to use resources optimally. Institutions are understood
here in a broad sense, as being a core allocation mechanism
and as the structure of society that organizes markets and other
information sharing (Peet and Hartwick, 1999).

See also Section 2.6, where the equity dimensions of basic needs
and well-being approaches are discussed in more detail.

In this context, climate policy issues can include
considerations about how climate change mitigation can be
integrated into the institutional structure of an economy. More
VSHFL¿FDOO\VXFKVWXGLHVFDQH[DPLQHYDULRXVPDUNHWDQGQRQ
market incentives for different actors to undertake mitigation
policies and how institutional capacities for these policies can
be strengthened. Furthermore, institutional policies in support
of climate change mitigation can also be related to governance
DQG SROLWLFDO V\VWHPV ± VHH D PRUH HODERUDWH GLVFXVVLRQ LQ
Chapter 12, Section 12.2.3.

The capability approaches taken by Sen and Dasgupta have
been extended by some authors from focusing on individuals
to also covering societies (Ballet et al., 2003; Lehtonen, 2004).
It is argued here that, when designing policies, one needs to
look at the effects of economic and environmental policies on
the social dimension, including individualistic as well as social
capabilities, and that these two elements are not always in
harmony.

Weak institutions have a lot of implications for the capacity
to adapt or mitigate to climate change, as well as in relation
to the implementation of development policies. A review of
the social capital literature related to economic aspects and the
implications for climate change mitigation policies concludes
that, in most cases, successful implementation of GHG emissionreduction options will depend on additional measures to increase
the potential market and the number of exchanges. This can
involve strengthening the incentives for exchange (prices,
capital markets, information efforts etc.), introducing new
actors (institutional and human capacity efforts), and reducing
the risks of participation (legal framework, information, general
policy context of market regulation). All these measures depend
on the nature of the formal institutions, the social groups of
society, and the interactions between them (Olhoff, 2002). See
also Chapter 12 of this report for a more extensive discussion of
the political science and sociological literature in this area.
Key theoretical contributions to the economic growth and
development debate also include work by A. Sen (1999) and
P. Dasgupta (1993) concerning capabilities and human wellbeing. Dasgupta, in his inquiry into well-being and destitution,
concludes that ‘our citizens’ achievements are the wrong things
to look at. We should be looking at the extent to which they enjoy
the freedom to achieve their ends, no matter what their ends
turn out to be. The problem is that the extent of such freedoms
depends upon the degree to which citizens make use of income
and basic needs’. (Dasgupta, 1993, pp. 54). Following this,
Dasgupta recommends studying the distribution of resources,
as opposed to outcomes (which, for example, can be measured
in terms of welfare). The access to income and basic needs are
seen as a fundamental basis for human well-being and these
needs include education, food, energy, medical care etc. that
individuals can use as inputs to meeting their individual desires.

4
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WEHAB stands for Water, Energy, Health, Agriculture, and Biodiversity.

In the context of capabilities and human well-being, climate
change policies can then include considerations regarding
the extent to which these policies can support the access of
LQGLYLGXDOVWRVSHFL¿FUHVRXUFHVDVZHOODVIUHHGRPV

2.1.6

International frameworks for evaluating
Sustainable Development and climate
change links

Studies that assess the sustainable development impacts
of climate change (and vice versa) when they are considering
short to medium-term perspectives will be dealing with a
number of key current development challenges. This section
provides a short introduction to international policy initiatives
and decisions that currently offer a framework for addressing
development goals.
A key framework that can be used to organize the evaluation
of SD and climate change linkages is the WEHAB4 framework
that was introduced by the World Summit on Sustainable
Development in 2002 (WSSD, 2002). The WEHAB sectors
UHÀHFWWKHDUHDVVHOHFWHGE\WKHSDUWLHVDWWKH:66'PHHWLQJ
to emphasize that particular actions were needed in order to
implement Agenda 21. Seen from a climate change policy
evaluation perspective it would be relevant to add a few
more sectors to the WEHAB group in order to facilitate a
comprehensive coverage of major SD and climate change
linkages. These sectors include human settlements tourism,
industry, and transportation. It would also be relevant to
consider demography, institutions and various cultural issues
and values as cross-cutting sectoral issues.
Climate change policy aspects can also be linked to the
Millennium Development Goals (MDG) that were adopted
as major policy targets by the WSSD. The MDGs include
nine general goals to eradicate poverty and hunger, health,
education, natural resource utilization and preservation, and
global partnerships that are formulated for the timeframe up to
2015 (UNDP, 2003a).
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A recent report by the CSD (Commission on Sustainable
Development) includes a practical plan for how to achieve the
Millennium Development Goals (CSD, 2005). Climate change
is explicitly mentioned in the CSD report as a factor that could
ZRUVHQWKHVLWXDWLRQRIWKHSRRUDQGPDNHLWPRUHGLI¿FXOWWR
meet the MDGs. Furthermore, CSD (2005) suggests adding
DQXPEHURIHQHUJ\JRDOVWRWKH0'*V LHWRUHÀHFWHQHUJ\
security and the role that energy access can play in poverty
alleviation). Adding energy as a separate component in the
MDG framework will establish a stronger link between MDGs
and climate change mitigation.
Several international studies and agency initiatives have
assessed how the MDGs can be linked to goals for energy, food-, and water access and to climate change impacts,
vulnerability, and adaptation (African Development Bank et al.,
2003), and an example of how the link between climate change
and MDGs can be further developed to include both adaptation
and mitigation is shown in Table 2.1. A linkage between MDGs
DQG GHYHORSPHQW JRDOV LV DOVR GHVFULEHG YHU\ VSHFL¿FDOO\ E\
Shukla (2003) and Shukla et al.  LQUHODWLRQWRWKHRI¿FLDO
Indian 10th SODQIRU±,QWKHVDPHZD\WKH0LOOHQLXP
Ecosystem Assessment (MEA) presents a global picture of
the relationship between the net gains in human well-being
and economic development based on a growing cost through
degradation of ecosystem services, and demonstrates how this
can pose a barrier to achieving the MDGs (MEA, 2005).
Measuring progress towards SD requires the development
and systematic use of a robust set of indicators and measures.
Agenda 21 (1992) explicitly recognizes in Chapter 40 that a
pre-requisite for action is the collection of data at various levels
(local, provincial, national and international), indicating the
status and trends of the planet’s ecosystems, natural resources,
pollution and socio-economy.
The OECD Ministerial Council decided in 2001 that the
regular Economic Surveys of OECD countries should include
an evaluation of SD dimensions, and a process for agreeing on
SD indicators. These will be used in regular OECD peer reviews
of government policies and performance. From the OECD
menu of SD issues, the approach is to select a few areas that
ZLOOEHH[DPLQHGLQGHSWKEDVHGRQVSHFL¿FFRXQWU\UHOHYDQFH
(OECD, 2003).
7KH ¿UVW 2(&' HYDOXDWLRQ RI WKLV NLQG ZDV VWUXFWXUHG
around three topics that member countries could select from the
following list of seven policy areas (OECD, 2004):
v Improving environmental areas:
- Reducing GHG emissions
- Reducing air pollutants
- Reducing water pollution
- Moving towards sustainable use of renewable and nonrenewable natural resources
- Reducing and improving waste management

Framing Issues

v Improving living standards in developing countries.
v Ensuring sustainable retirement income policies.
Most of the attention in the country choice was given to
the environmental areas, while evaluation of improving living
standards in developing countries was given relatively little
DWWHQWLRQLQWKLV¿UVWDWWHPSW
The use of SD indicators for policy evaluations has
been applied in technical studies of SD and climate change
(Munasinghe, 2002; Atkinson et al., 1997; Markandya et al.,
2002). These studies address SD dimensions based on a number
of economic, environmental, human and social indicators,
including both quantitative and qualitative measurement
standards. A practical tool applied in several countries, called
the Action Impact Matrix (AIM), has been used to identify,
prioritize, and address climate and development synergies and
tradeoffs (Munasinghe and Swart, 2005).
All together, it can be concluded that many international
institutions and methodological frameworks offer approaches
for measuring various SD dimensions, and that these have been
related to broader development and economic policies by CSD,
the WSSD, and the OECD. Many indexes and measurement
approaches exist but, until now, relatively few studies have
measured climate change in the context of these indexes. In
this way, there is still a relatively weak link between actual
measurements of and climate change links.
2.1.7

Implementation of Sustainable Development
and climate change policies

6'DQGFOLPDWHFKDQJHDUHLQÀXHQFHGE\DQXPEHURINH\
policy decisions related to economic, social and environmental
issues, as well as by business-sector initiatives, private
households and many other stakeholders, and these decisions
are again framed by government policies, markets, information
sharing, culture, and a number of other factors. Some of the
decisions that are critically important in this context are
investments, use of natural resources, energy consumption,
land use, technology choice, and consumption and lifestyle,
all of which can lead to both increasing and decreasing GHG
emission intensities, which again will have implications
for the scope of the mitigation challenge. Seen in a longerterm perspective these decisions are critical determinants for
development pathways.
There has been an evolution in our understanding of how
SD and climate change mitigation decisions are taken by
societies. In particular, this includes a shift from governments
WKDWDUHGH¿QHGE\WKHQDWLRQVWDWHWRDPRUHLQFOXVLYHFRQFHSW
of governance, which recognizes various levels of government
JOREDO WUDQVQDWLRQDOUHJLRQDO DQG ORFDO  DV ZHOO DV WKH
roles of the private sector, non-governmental actors and civil
society. Chapter 12, Section 12.2.3, includes a comprehensive
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Table 2.1: Relationship between MDGs, energy-, food-, and water access, and climate change

I MDG goals
To halve (between 1990 and 2015), the
proportion of the world’s population whose
income is below 1US$ a day

To reduce by two-thirds (between 1990 and
2015), the death rate for children under the
age of ﬁve years

To reduce by three-quarters (between 1990
and 2015) the rate of maternal mortality

Combat HIV/AIDS, malaria and other major
diseases

To stop the unsustainable exploitation of
natural resources

To halve (between 1990 and 2015), the proportion of people who are unable to reach
and afford safe drinking water

Sectoral themes
Energy:
Energy for local enterprises
Lighting to facilitate income generation
Energy for machinery
Employment related to energy provision

Climate change links
Energy:
GHG emissions.
Adaptive and mitigative capacity
increase due to higher income levels
and decreased dependence on natural
resources, production costs etc.

Food/water:
Increased food production
Improved water supply
Employment

Food/water:
GHG emissions
Increased productivity of agriculture can
reduce climate change vulnerability.
Improved water management and
effective use can help adaptation and
mitigation.
Increased water needs for energy
production
Energy:
GHG emissions

Energy:
Energy supply can support health clinics
Reduced air pollution from traditional fuels
Reduced time spent on fuel collection can increase the time spent on children’s health care
Food/water:
Improved health due to increased supply of highquality food and clean water
Reduced time spent on food and water provision
can increase the time spent on children’s health
care
Improved waste and wastewater treatment
Energy:
Energy provision for health clinics
Reduced air pollution from traditional fuels and
other health improvements.

Food/water:
Health improvements will decrease
vulnerability to climate change and the
adaptive capacity
Decreased methane and nitrous oxide
emissions

Food/water:
Improved health due to increased supply of highquality food and clean water
Time savings on food and water provision can increase the time spent on children’s health care
Energy:
Energy for health clinics
Cooling of vaccines and medicine

Food/water:
Health improvements will decrease
vulnerability to climate change and the
adaptive capacity

Food/water:
Health improvements from cleaner water supply
Food production practices that reduce malaria
potential

Food/water:
Health improvements will decrease
vulnerability to climate change and the
adaptive capacity

Energy:
Deforestation caused by woodfuel collection
Use of exhaustible resources

Energy:
GHG emissions
Carbon sequestration

Food/water:
Land degradation

Food/water:
Carbon sequestration
Improved production conditions for landuse activities will increase the adaptive
and mitigative capacity
Energy:
GHG emissions

Energy:
Energy for pumping and distribution systems, and
for desalination and water treatment
Water:
Improved water systems

Source: based on Davidson et al., (2003).
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Energy:
GHG emissions

Energy:
GHG emissions from increased health
clinic services, but health improvements
can also reduce the health service demand

Water:
Reduced vulnerability and enhanced
adaptive capacity

I
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assessment of how state, market, civil society and partnerships
play a role in sustainable development and climate change
policies.

2.2
2.2.1

Decision-making

The ‘public good’ character of climate
change

Mitigation costs are exclusive to the extent that they may be
borne by some individuals (nations) while others might evade
WKHP IUHHULGLQJ  RU PLJKW DFWXDOO\ JDLQ D WUDGHLQYHVWPHQW
EHQH¿WIURPQRWDFWLQJ FDUERQOHDNDJH 7KHLQFHQWLYHWRHYDGH
taking mitigation action increases with the substitutability of
individual mitigation efforts and with the inequality of the
GLVWULEXWLRQ RI QHW EHQH¿WV +RZHYHU LQGLYLGXDO PLWLJDWLRQ
HIIRUWV FRVWV  GHFUHDVH ZLWK HI¿FLHQW PLWLJDWLRQ DFWLRQV
undertaken by others.
7KHXQHTXDOGLVWULEXWLRQRIFOLPDWHEHQH¿WVIURPPLWLJDWLRQ
action, of the marginal costs of mitigation action and of the
ability to pay emission reduction costs raises equity issues and
LQFUHDVHV WKH GLI¿FXOW\ RI VHFXULQJ DJUHHPHQW ,Q D VWUDWHJLF
HQYLURQPHQW OHDGHUVKLS IURP D VLJQL¿FDQW *+* HPLWWHU PD\
provide an incentive for others to follow suit by lowering their
costs (Grasso, 2004; ODS, 2002).
Additional understandings come from political science,
which emphasizes the importance of analyzing the full range
of factors that have a bearing on decisions by nation states,
including domestic pressures from the public and affected
interest groups, the role of norms and the contribution of NGOs
to the negotiation processes. Case studies of many MEAs
(Multilateral Environmental Agreements) have provided
insights, particularly on the institutional, cultural, political and
KLVWRULFDO GLPHQVLRQV WKDW LQÀXHQFH RXWFRPHV &DLUQFURVV
2004). A weakness of this approach is that the conclusions can
differ depending on the choice of cases and the way in which
the analysis is implemented. However, such ex-post analysis of
the relevant policies often provides deep insights that are more
accessible to policymakers, rather than theoretical thinking or
numeric models.
2.2.2

Long time horizons

Climate policy raises questions of inter-generational equity
and changing preferences, which inevitably affect the social
weighting of environmental and economic outcomes, due to the
long-term character of the impacts (for a survey see Bromley
and Paavola, 2002).
However, studies traditionally assume that preferences will
be stable over the long time frames involved in the assessment
of climate policy options. To the extent that no value is

attached to the retention of future options, the preferences of
the present generation are implicitly given priority in much of
WKLVDQDO\VLV$VWLPHSDVVHVSUHIHUHQFHVZLOOEHLQÀXHQFHGE\
LQIRUPDWLRQ HGXFDWLRQ VRFLDO DQG RUJDQL]DWLRQDO DI¿OLDWLRQ
income distribution and a number of cultural values (PalaciosHuerta and Santos, 2002). Institutional frameworks are likely
to develop to assist groups, companies and individuals to form
preferences in relation to climate change policy options. The
institutions can include provision of information and general
education programmes, research and assessments, and various
frameworks that can facilitate collective decision-making that
recognizes the common ‘global good’ character of climate
change.
At an analytic level, the choice of discount rates can have
DSURIRXQGDIIHFWRQYDOXDWLRQRXWFRPHV±WKLVLVDQLPSRUWDQW
issue in its own right and is discussed in Section 2.4.1.
2.2.3

Irreversibility and the implications for
decision-making

Human impacts on the climate system through greenhouse gas
emissions may change the climate so much that it is impossible
RUH[WUHPHO\GLI¿FXOWDQGFRVWO\ WRUHWXUQLWWRLWVRULJLQDOVWDWH
±LQWKLVVHQVHWKHFKDQJHVDUHLUUHYHUVLEOH 6FKHIIHUet al., 2001;
Schneider, 2004). Some irreversibility will almost certainly
occur. For example, there is a quasi-certain irreversibility of
a millennia time scale in the presence, in the atmosphere, of
22% of the emitted CO2 (Solomon et al., 2007). However, the
speed and nature of these changes, the tipping point at which
change may accelerate and when environmentally, socially and
HFRQRPLFDOO\ VLJQL¿FDQW HIIHFWV EHFRPH LUUHYHUVLEOH DQG WKH
cost and effectiveness of mitigation and adaptation responses
are all uncertain, to a greater or lesser extent.
The combination of environmental irreversibility, together
with these uncertainties (Baker, 2005; Narain et al., 2004;
Webster, 2002; Epstein, 1980) means that decision-makers
have to think carefully about:
a) The timing and sequencing of decisions to preserve
options.
b) The opportunity to sequence decisions to allow for learning
about climate science, technology development and social
factors (Baker, 2005; Kansuntisukmongko, 2004).
c) Whether the damage caused by increases in greenhouse
concentrations in the atmosphere will increase proportionally
and gradually or whether there is a risk of sudden, nonlinear changes, and similarly whether the costs of reducing
emissions change uniformly with time and the depth of
reduction required, or are they possibly subject to thresholds
or other non-linear effects.
d) Whether the irreversible damages are clustered in particular
parts of the world or have a general effect, and
e) whether there is a potential that these irreversible damages
will be catastrophically severe for some, many or even all
communities (Cline, 2005).
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Just as there are risks of irreversible climate changes,
decisions to reduce GHG emissions can require actions that are
essentially irreversible. For example, once made, these longlived, large-scale investments in low-emission technologies are
irreversible. If the assumptions about future policies and the
directions of climate science on which these investments are
made prove to be wrong, they would become ‘stranded’ assets.
The risks (perceived by investors) associated with irreversibility
of this nature further complicate decision-making on abatement
action (Keller et al., 2004; Pindyck, 2002; Kolstad, 1996;
Sullivan et al., 2006; Hamilton and Kenber, 2006).
Without special actions by governments to overcome their
natural inertia, economic and social systems might delay too
long in reacting to climate risks, thus leading to irreversible
climate changes. Ambitious climate-protection goals would
require new investments (physical and intellectual) in climateIULHQGO\ WHFKQRORJLHV HI¿FLHQF\ LPSURYHPHQWV UHQHZDEOHV
nuclear power, carbon capture and storage), which are higher
in cost than current technologies or otherwise divert scarce
resources. From an economic point of view these investments
are essentially irreversible. As the scale of the investment and
the proportion of research and development costs increase, so
the private economic risks associated with irreversibility also
increase. Therefore, in the presence of uncertainty concerning
future policy towards GHG emission reduction, future carbon
prices or stabilization targets, investors are reluctant to undertake
large-scale irreversible investments (sunk costs) without some
form of upfront government support.
2.2.4

Risk of catastrophic or abrupt change

7KH SRVVLELOLW\ RI DEUXSW FOLPDWH FKDQJH DQGRU DEUXSW
changes in the earth system triggered by climate change, with
potentially catastrophic consequences, cannot be ruled out
(Meehl et al., 2007). Disintegration of the West Antarctic Ice
Sheet (See Meehl et al., 2007), if it occurred, could raise sea level
by 4-6 metres over several centuries. A shutdown of the North
Atlantic Thermohaline Circulation (See Meehl et al., 2007)
could have far-reaching, adverse ecological and agricultural
consequences (See IPCC, 2007b, Chapter 17), although some
studies raise the possibility that the isolated, economic costs of
this event might not be as high as assumed (See Meehl et al.,
2007). Increases in the frequency of droughts (Salinger, 2005)
or a higher intensity of tropical cyclones (See Meehl et al.,
2007) could occur. Positive feedback from warming may cause
the release of carbon or methane from the terrestrial biosphere
and oceans (See Meehl et al., 2007), which would add to the
mitigation required.
Much conventional decision-making analysis is based
on the assumption that it is possible to model and compare
all the outcomes from the full range of alternative climate
policies. It also assumes there is a smooth trade-off between
the different dimensions of each policy outcome; that a
probability distribution provides an expected value for each
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RXWFRPHDQGWKDWWKHUHLVDXQLTXHEHVWVROXWLRQ±WKHRQHZLWK
the highest expected value. Consequently, it could suggest that
a policy which risked a catastrophically bad outcome with a
very low probability might be valued higher than one which
completely avoided the possibility of catastrophe and produced
merely a bad outcome, but with a very high probability of
occurrence.
Assumptions that it is always possible to ‘trade off’ more of
one dimension (e.g. economic growth) for less of another (e.g.
VSHFLHVSURWHFWLRQ ±WKDWWKHUHLVDOZD\VDSULFHDWZKLFKZHDUH
comfortable to ‘dispense with’ a species in the wild (e.g. polar
bears), an ecological community or indigenous cultures are
problematic for many people. This also applies to assumptions
that decision-makers value economic (and other) gains and
ORVVHV V\PPHWULFDOO\ ± WKDW D GROODU JDLQHG VKRXOG DOZD\V
assumed to be valued equally to one that is lost, and that it is
possible and appropriate to assume that the current generation’s
preferences will remain stable over time.
Recent literature drawing on experimental economics and
behavioural sciences suggests that these assumptions are an
incomplete description of the way in which humans really
make decisions. This literature suggests that preferences may
be lexicographical (i.e. it is not possible to ‘trade off’ between
GLIIHUHQW GLPHQVLRQV RI DOWHUQDWLYH SRVVLEOH RXWFRPHV ± WKHUH
may be an aversion at any ‘price’ to losing particular species,
ecosystems or communities), that attitudes to gains and losses
might not be symmetrical (losses valued more highly than gains
of an equivalent magnitude), and that low-probability extreme
outcomes are overweighted when making choices (Tversky
and Kahneman, 1992; Quiggin, 1982). This literature suggests
that under these circumstances the conventional decision
axiom of choosing the policy set that maximizes the expected
(monetary) value of the outcomes might not be appropriate.
Non-conventional decision criteria (e.g. avoiding policy sets
which imply the possibility, even if at a very low probability,
RIVSHFL¿FXQDFFHSWDEOHRXWFRPHV PLJKWEHUHTXLUHGWRPDNH
robust decisions (Chichilnisky, 2000; Lempert and Schlesinger,
2000; Kriegler et al., 2006).
No one analytic approach is optimal. Decision-making
inevitably involves applying normative rules. Some normative
rules are described in Section 2.2.7 and in Section 2.6.
2.2.5

Sequential decision-making

Uncertainty is a steadfast companion when analyzing
the climate system, assessing future GHG emissions or the
severity of climate change impacts, evaluating these impacts
over many generations or estimating mitigation costs. The
typology of uncertainties is explored fully in Section 2.3 below.
Uncertainties of differing types exist in key socio-economic
IDFWRUVDQGVFLHQWL¿FSKHQRPHQD

1235
Chapter 2

Framing Issues

The climate issue is a long-term problem requiring longWHUP VROXWLRQV 3ROLF\PDNHUV QHHG WR ¿QG ZD\V WR H[SORUH
appropriate long-term objectives and to make judgments
about how compatible short-term abatement options are with
long-term objectives. There is an increased focus on nonconventional (robust) decision rules (see Section 2.2.7 below),
which preserve future options by avoiding unacceptable risks.
Climate change decision-making is not a once-and-for-all
event. Rather it is a process that will take place over decades
and in many different geographic, institutional and political
settings. Furthermore, it does not occur at discrete intervals but
LVGULYHQE\WKHSDFHRIWKHVFLHQWL¿FDQGSROLWLFDOSURFHVV6RPH
XQFHUWDLQWLHVZLOOGHFUHDVHZLWKWLPH±IRUH[DPSOHLQUHODWLRQ
to the effectiveness of mitigation actions and the availability
of low-emission technologies, as well as with respect to the
science itself. The likelihood that better information might
improve the quality of decisions (the value of information) can
support increased investment in knowledge accumulation and
LWVDSSOLFDWLRQDVZHOODVDPRUHUH¿QHGRUGHULQJRIGHFLVLRQV
through time. Learning is an integral part of the decisionmaking process. This is also referred to as ‘act then learn, then
act again’ (Manne and Richels, 1992; Valverde et al., 1999).
Uncertainties about climate policies at a decadal scale are a
source of concern for many climate-relevant investments in the
private sector (for example power generation), which have long
expected economic lives.
It is important to recognize, however, that some level of
uncertainty is unavoidable and that at times the acquisition of
knowledge can increase, not decrease, uncertainty. Decisions
will nevertheless have to be made.
2.2.6

Dealing with risks and uncertainty in
decision-making

Given the multi-dimensionality of risk and uncertainty
discussed in Section 2.3, the governance of these deep
uncertainties as suggested by Godard et al. (2002, p. 21) rests
on three pillars: precaution, risk hedging, and crisis prevention
and management.
The 1992 UNFCCC Article 3 (Principles) states that the
Parties should take precautionary measures to anticipate,
prevent or minimize the causes of climate change and mitigate
its adverse effects. Where there are threats of serious or
LUUHYHUVLEOHGDPDJHODFNRIIXOOVFLHQWL¿FFHUWDLQW\VKRXOGQRW
be used as a reason for postponing such measures, taking into
account that policies and measures to deal with climate change
VKRXOGEHFRVWHIIHFWLYHLQRUGHUWRHQVXUHJOREDOEHQH¿WVDWWKH
lowest possible cost.5

5

While the precautionary principle appears in many other
LQWHUQDWLRQDOWUHDWLHVIURPDVFLHQWL¿FSHUVSHFWLYHWKHFRQFHSW
of precaution is subject to a plurality of interpretations. To
frame the discussions on precaution, three key points should be
FRQVLGHUHG¿UVW
First, ‘precaution’ relates to decision-making in situations
RI GHHS XQFHUWDLQW\ ,W DSSOLHV LQ WKH DEVHQFH RI VXI¿FLHQW
data or conclusive or precise probabilistic descriptions of the
risks (Cheve and Congar, 2000; Henry and Henry, 2002) or in
circumstances where the possibility of unforeseen contingencies
or the possibility of irreversibility (Gollier et al., 2000) is
suspected.
6HFRQG LQ DGGLWLRQ WR WKDW XQFHUWDLQW\ULVN GLPHQVLRQ
there is also a time dimension of precaution: the precautionary
principle recognizes that policy action should not always wait
IRUVFLHQWL¿FFHUWDLQW\ VHHDOVRWKHFRVWVDQGGHFLVLRQPDNLQJ
sections of this chapter).
Third, the precautionary principle cuts both ways because in
many cases, as Graham and Wiener (1995) noted, environmental
choices are trade-offs between one risk and another risk.
For example, mitigating climate change may involve more
extensive use of nuclear power. Goklany (2002) has suggested
a framework for decision-making under the precautionary
principle that considers trade-offs between competing risks.
7KHUH LV QR VLQJOH DJUHHG GH¿QLWLRQ RI SUHFDXWLRQDU\
GHFLVLRQPDNLQJLQWKHVFLHQWL¿FOLWHUDWXUH
The risk of catastrophes is commercially important,
particularly for reinsurers that are large companies whose
business is to sell insurance to other insurance companies
(see IPCC, 2007b, Chapter 7, Box 7.2). In the context of
globalization and consolidation, many reinsurers are actively
developing new instruments to trade some of their risk on the
GHHSHU ¿QDQFLDO PDUNHWV 7KHVH LQVWUXPHQWV LQFOXGH RSWLRQV
swaps and catastrophe bonds.
At the same time, governments are also developing new
kinds of public-private partnership to cope with market failures,
uncertainties and really big cataclysms. On a global scale, it
can be argued that the best form of insurance is to increase
WKHV\VWHPLFUHVLOLHQFHRIWKHKXPDQVRFLHW\WKURXJKVFLHQWL¿F
research, technical, economic and social development. This
requires the broad participation of society in order to succeed.
Mills (2005) concludes that the future role of insurance
in helping society to cope with climate change is uncertain.
Insurers may rise to the occasion and become more proactive
players in improving the science and crafting responses, or they
may retreat from oncoming risks, thereby shifting a greater
burden to governments and individuals.

Section 2.6 discusses the ethical questions concerning burden and quantity of proof, as well as procedural issues.
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2.2.7

Decision support tools

Decisions concerning the appropriate responses to climate
risks require insights into a variety of possible futures over
short to very long time frames and into linkages between
biophysical and human systems, as well as ethical alternatives.
6WUXFWXUHG DQDO\VLV ± ERWK QXPHULFDO DQG FDVHEDVHG ± FDQ
‘aid understanding by managing and analyzing information
and alternatives’ (Arrow et al., 1996a, referenced in Bell et
al., 2001). Integrated Assessment Models (IAMs) in particular
have improved greatly in terms of the richness with which they
represent the biophysical, social and economic systems and the
feedbacks between them. They have increasingly explored a
variety of decision rules or other means of testing alternative
SROLFLHV:LWKRXWVWUXFWXUHGDQDO\VLVLWLVH[WUHPHO\GLI¿FXOWLI
not impossible, to understand the possible effects of alternative
policy choices that face decision-makers. Structured analysis can
assist choices of preferred policies within interests (for example
at the national level) as well as negotiating outcomes between
LQWHUHVWV E\PDNLQJUHJLRQDOFRVWVDQGEHQH¿WVFOHDUHU 
The use of projections and scenarios is one way to develop
understanding about choices in the context of unpredictability.
These are discussed in detail in Chapter 3.
A large number of analytical approaches can be used as a
support to decision-making. IPCC (2001) Chapter 10, provides
an extensive overview of decision-making approaches and
reviews their applicability at geopolitical levels and in climate
policy domains. The review includes decision analysis, costEHQH¿WDQDO\VLVFRVWHIIHFWLYHQHVVDQDO\VLVWROHUDEOHZLQGRZV
VDIHODQGLQJJXDUGUDLO DSSURDFKHV JDPH WKHRU\ SRUWIROLR
WKHRU\ SXEOLF¿QDQFHWKHRU\ HWKLFDODQG FXOWXUDOSUHVFULSWLYH
rules, and various policy dialogue exercises. Integrated
assessment, multi-attribute analysis and green accounting
approaches are also commonly used decision support tools in
climate change debates.
$ PDMRU GLVWLQFWLRQ EHWZHHQ FRVW EHQH¿WDQDO\VLV FRVW
effectiveness analysis, and multi-attribute analysis and different
applications of these relates to the extent in which monetary
YDOXHVDUHXVHGWRUHSUHVHQWWKHLPSDFWVFRQVLGHUHG&RVWEHQH¿W
analysis aims to assign monetary values to the full range of costs
DQGEHQH¿WV7KLVLQYROYHVDWOHDVWWZRLPSRUWDQWDVVXPSWLRQV
± WKDW LW LV SRVVLEOH WR µWUDGH RII¶ RU FRPSHQVDWH EHWZHHQ
impacts on different values in a way that can be expressed in
monetary values, and that it is possible to ascertain estimates
of these ‘compensation’ values for non-market impacts, such
DV  DLU SROOXWLRQ KHDOWK DQG ELRGLYHUVLW\ %\ GH¿QLWLRQ WKH
EHQH¿WVDQGFRVWVRIFOLPDWHFKDQJHSROLFLHVLQYROYHPDQ\RI
such issues, so climate change economic analysis embodies a
lot of complicated valuation issues. Section 2.4 goes more into
depth about approaches that can be used to value non-markets
impacts and the question of discounting.

Chapter 2

In multi-attribute analysis, instead of using values derived
from markets or from non-market valuation techniques,
GLIIHUHQWGLPHQVLRQV LPSDFWV DUHDVVLJQHGZHLJKWV±WKURXJKD
stakeholder consultation process, by engaging a panel of experts
or by the analyst making explicit decisions. This approach can
use quantitative data, qualitative information or a mixture of
both. Developing an overall score or ranking for each option
allows alternative policies to be assessed, even under conditions
of weak comparability. Different functional forms can be used
for the aggregation process.
Policy optimization models aim to support the selection of
SROLF\GHFLVLRQVWUDWHJLHVDQGFDQEHGLYLGHGLQWRDQXPEHURI
types:
v &RVWEHQH¿WDSSURDFKHVZKLFKWU\WREDODQFHWKHFRVWVDQG
EHQH¿WV RI FOLPDWH SROLFLHV LQFOXGLQJ PDNLQJ DOORZDQFHV
for uncertainties).
v Target-based approaches, which optimize policy responses,
given targets for emission or climate change impacts (again
in some instances explicitly acknowledging uncertainties).
v Approaches, which incorporate decision strategies (such as
sequential act-learn-act decision-making, hedging strategies
etc.) for dealing with uncertainty (often embedded in costEHQH¿WIUDPHZRUNV 
Another approach is to start with a policy or policies and
evaluate the implications of their application. Policy evaluation
approaches include:
v Deterministic projection approaches, in which each input
and output takes on a single value.
v A stochastic projection approach, in which at least some
inputs and outputs take on a range of value.
v Exploratory modelling.
v Public participation processes, such as citizens juries,
consultation, and polling.
IAMs aim to combine key elements of biophysical and
economic systems into a decision-making framework with
various levels of detail on the different sub-components and
systems. These models include all different variations on the
extent to use monetary values, the integration of uncertainty,
and on the formulation of the policy problem with regard to
optimization, policy evaluation and stochastic projections.
Current integrated assessment research uses one or more of the
following methods (Rotmans and Dowlatabadi, 1998):
v Computer-aided IAMs to analyze the behavior of complex
systems
v Simulation gaming in which complex systems are represented
by simpler ones with relevant behavioral similarity.
v Scenarios as tools to explore a variety of possible images of
the future.
v Qualitative integrated assessments based on a limited,
heterogeneous data set, without using any model.
$GLI¿FXOW\ZLWKODUJHJOREDOPRGHOVRUIUDPHZRUNVLVWKDWLW
LVQRWHDV\WRUHÀHFWUHJLRQDOLPSDFWVRUHTXLW\FRQVLGHUDWLRQV
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between regions or stakeholder groups. This is particularly
WUXHRIµJOREDO¶FRVWEHQH¿WDSSURDFKHVZKHUHLWLVSDUWLFXODUO\
GLI¿FXOW WR HVWLPDWH D PDUJLQDO EHQH¿W FXUYH DV UHJLRQDO
differences are likely to be considerable. Such approaches have
GLI¿FXOW\ LQ DVVLVWLQJ GHFLVLRQPDNLQJ ZKHUH WKHUH DUH PDQ\
decision-makers and multiple interests and values to be taken
into account.
9DULDQWV RI WKH VDIH ODQGLQJWROHUDEOH ZLQGRZVJXDUG UDLOV
DSSURDFK HPSKDVL]H WKH UROH RI UHJLRQDOQDWLRQDO GHFLVLRQ
makers by providing them the opportunity to nominate
perceived unacceptable impacts of climate change (for their
region or globally), and the limit to tolerable socio-economic
costs of mitigation measures they would be prepared to accept
to avoid that damage (e.g. Toth 2004). Modelling efforts (in
an integrated assessment model linking climate and economic
variables, and with explicit assumptions about burden sharing
through emissions allocations and trading) are then directed
DWLGHQWLI\LQJWKHVHWVRIIHDVLEOHPLWLJDWLRQSDWKV±NQRZQDV
µHPLVVLRQV FRUULGRUV¶  ± FRQVLVWHQW ZLWK WKHVH FRQVWUDLQWV 7R
the extent that there is some overlap between the acceptable
‘emissions corridors’, the conditions for agreement on
mitigation action do exist.
Green accounting attempts to integrate a broader set of
social welfare measures into macro-economic studies. These
measures can be related to a broad set of social, environmental,
and development-oriented policy aspects. The approach has
most commonly been used in order to integrate environmental
impacts, such as local air pollution, GHG emissions, waste
generation, and other polluting substances, into macroeconomic studies. Green accounting approaches include both
monetary valuation approaches that attempt to calculate a ‘green
national product’ (where the economic values of pollutants are
subtracted from the national product), and accounting systems
that include quantitative non-monetary pollution data.
Halsnæs and Markandya (2002) recognize that decision
analysis methods exhibit a number of commonalities in
assumptions. The standard approach goes through the selection
of GHG emission-reduction options, selection of impact areas
WKDW DUH LQÀXHQFHG E\ SROLFLHV DV IRU H[DPSOH FRVWV ORFDO DLU
SROOXWLRQHPSOR\PHQW*+*HPLVVLRQVDQGKHDOWKGH¿QLWLRQ
of baseline case, assessment of the impacts of implementing
the GHG emission-reduction policies under consideration,
and application of a valuation framework that can be used to
compare different policy impacts.
Sociological analysis includes the understanding of how
society operates in terms of beliefs, values, attitudes, behaviour,
social norms, social structure, regarding climate change. This
analysis includes both quantitative and qualitative approaches,
such as general surveys, statistics analysis, focus groups, public
participation processes, media content analysis, Delphi etc.

Framing Issues

All analytical approaches (explicitly or implicitly) have to
consider the described elements, whether this is done in order
to collect quantitative information that is used in formalized
approaches or to provide qualitative information and focus
for policy dialogues. Different decision-making approaches
will often involve very similar technical analysis in relation to
several elements. For example, multi-criteria-analysis, as well
DVFRVWEHQH¿WDQDO\VLV DVIRUH[DPSOHDSSOLHGLQLQWHJUDWHG
assessment optimization modelling frameworks) and green
accounting may use similar inputs and analysis for many model
components, but critically diverge when it comes to determining
the valuation approach applied to the assessment of multiple
policy impacts.

2.3
2.3.1

Risk and uncertainty

How are risk and uncertainty communicated
in this report?

&RPPXQLFDWLQJ DERXW ULVN DQG XQFHUWDLQW\ LV GLI¿FXOW
because uncertainty is multi-dimensional and there are different
practical and philosophical approaches to it. In this report, ‘risk’
is understood to mean the ‘combination of the probability of an
HYHQWDQGLWVFRQVHTXHQFHV¶DVGH¿QHGLQWKHULVNPDQDJHPHQW
VWDQGDUG ,62,(& *XLGH    7KLV GH¿QLWLRQ DOORZV D
variety of ways of combining probabilities and consequences,
RQH RI ZKLFK LV H[SHFWHG ORVV GH¿QHG DV WKH µSURGXFW RI
probability and loss’. The fundamental distinction between
‘risk’ and ‘uncertainty’ is as introduced by economist Frank
Knight (1921), that risk refers to cases for which the probability
of outcomes can be ascertained through well-established
theories with reliable complete data, while uncertainty refers to
situations in which the appropriate data might be fragmentary
or unavailable.
Dealing effectively with the communication of risk and
XQFHUWDLQW\ LV DQ LPSRUWDQW JRDO IRU WKH VFLHQWL¿F DVVHVVPHQW
of long-term environmental policies. In IPCC assessment
reports, an explicit effort is made to enhance consistency in the
treatment of uncertainties through a report-wide coordination
effort to harmonize the concepts and vocabulary used. The
Third Assessment Report common guidelines to describe levels
RIFRQ¿GHQFHZHUHHODERUDWHGE\0RVVDQG6FKQHLGHU  
The actual application of this framework differed across the
three IPCC working groups and across chapters within the
groups. It led to consistent treatment of uncertainties within
Working Group I (focusing on uncertainties and probabilities,
see Sommerville et al., 2007, Section 1.6) and Working
*URXS ,, IRFXVLQJ RQ ULVNV DQG FRQ¿GHQFH OHYHOV VHH ,3&&
2007b, Section 1.1), although consistency across these groups
was not achieved. The authors of Working Group III did not
systematically apply the guidelines.
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Box 2.1 Risk and uncertainty vocabulary used in this report
Uncertainty cannot always be quantiﬁed, and thus the vocabulary displayed in Table 2.2 is used to qualitatively describe the
degree of scientiﬁc understanding behind a ﬁnding or about an issue. See text for discussion of Table 2.2’s dimensions, the
amount of evidence and the level of agreement.
Tabel 2.2: Qualitative deﬁnition of uncertainty

i

Level of agreement (on a
particular ﬁnding)

High agreement,
limited evidence

High agreement,
medium evidence

High agreement,
much evidence

Medium agreement, limited
evidence

Medium agreement,
medium evidence

Medium agreement,
much evidence

Low agreement,
limited evidence

Low agreement,
medium evidence

Low agreement,
much evidence

Amount of evidence (number and quality of independent sources)
Source: IPCC Guidance Notes on risk and uncertainty (2005).

The most important insight arising from an interdisciplinary
assessment of uncertainty is its conceptual diversity. There
is no linear scale going from ‘perfect knowledge’ to ‘total
uncertainty’. The literature suggests a ‘pedigree’ approach
for characterizing the quality of information (for example the
NUSAP approach by Van der Sluijs et al., 2003). This involves
examining at least the amount and reliability of evidence6
supporting the information and the level of agreement of the
information sources.
The degree of consensus among the available studies is a
critical parameter for the quality of information. The level of
agreement UHJDUGLQJ WKH EHQH¿WV DQG GUDZEDFNV RI D FHUWDLQ
technology describes the extent to which the sources of
information point in the same direction. Table 2.2’s vocabulary
LVXVHGWRTXDOLI\,3&&¿QGLQJVDORQJWKHVHWZRGLPHQVLRQV
Because mitigation mostly involves the future of technical and
social systems, Table 2.2 is used here to qualify the robustness
RI¿QGLQJVDQGPRUHSUHFLVHH[SUHVVLRQVUHJDUGLQJTXDQWL¿HG
OLNHOLKRRGRUOHYHOVRIFRQ¿GHQFHDUHXVHGRQO\ZKHQWKHUHLV
high agreement and much evidence, such as converging results
IURPDQXPEHURIFRQWUROOHG¿HOGH[SHULPHQWV
:KHUH¿QGLQJVGHSHQGRQWKHIXWXUHRIDG\QDPLFV\VWHP
LW LV LPSRUWDQW WR FRQVLGHU WKH SRVVLELOLW\ RI H[WUHPH RUDQG
irreversible outcomes, the potential for resolution (or persistence)
of uncertainties in time, and the human dimensions. Rare events
ZLWK H[WUHPH DQGRU LUUHYHUVLEOH RXWFRPHV DUH GLI¿FXOW RU
impossible to assess with ordinary statistics, but receive special
attention in the literature.
6

2.3.2

Typologies of risk and uncertainty

The literature on risk and uncertainty offers many typologies,
often comprising the following classes:
Randomness: risk often refers to situations where there is a
well-founded probability distribution in typologies of uncertainty.
For example, assuming an unchanged climate, the potential
annual supply of wind, sun or hydropower in a given area is only
known statistically. In situations of randomness, expected utility
maximization is a standard decision-making framework.
Possibility: the degree of ‘not-implausibility’ of a future can
EHGH¿QHGULJRURXVO\XVLQJWKHQRWLRQRIDFFHSWDEOHRGGVVHH
'H)LQHWWL  DQG6KDFNOH  :KLOHLWLVVFLHQWL¿FDOO\
controversial to assign a precise probability distribution to a
variable in the far distant future determined by social choices
such as the global temperature in 2100, some outcomes are not
as plausible as others (see the controversy on scenarios in Box
2.2). There are few possibility models related to environmental
or energy economics.
Knightian or Deep Uncertainty: the seminal work by
Knight (1921) describes a class of situations where the list of
outcomes is known, but the probabilities are imprecise. Under
deep uncertainty, reporting a range of plausible values allows
decision-makers to apply their own views on precaution. Two
families of criteria have been proposed for decision-making in
this situation. One family associates a real-valued generalized
expected utility to each choice (see Ellesberg, 2001), while

“Evidence” in this report is deﬁned as: Information or signs indicating whether a belief or proposition is true or valid. See Glossary.
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the other discards the completeness axiom on the grounds that
under deep uncertainty alternative choices may sometimes be
incomparable (see Bewley, 2002; Walley, 1991). Results of
climate policy analysis under deep uncertainty with imprecise
probabilities (Kriegler, 2005; Kriegler et al. 2006) are consistent
ZLWKWKHSUHYLRXV¿QGLQJVXVLQJFODVVLFDOPRGHOV
Structural
uncertainty:
is
characterized
by
« unknown unknowns ». No model (or discourse) can include
all variables and relationships. In energy-economics models, for
example, there can easily be structural uncertainty regarding the
WUHDWPHQWRIWKHLQIRUPDOVHFWRUPDUNHWHI¿FLHQF\RUWKHFKRLFH
between a Keynesian or a neoclassical view of macro-economic
dynamics. Structural uncertainty is attenuated when convergent
results are obtained from a variety of different models using
different methods, and also when results rely more on direct
observations (data) rather than on calculations.
Fuzzyness or vagueness: describes the nature of things that
do not fall sharply into one category or another, such as the
meaning of ‘sustainable development’ or ‘mitigation costs’. One
way to communicate the fuzzyness of the variables determining
the ‘Reasons for concern’ about climate change is to use smooth
gradients of colours, varying continuously from green to red

(see IPCC, 2001a, Figure SPM 2, also known as the ‘burning
embers’ diagram). Fuzzy modelling has rarely been used in the
climate change mitigation literature so far.
Uncertainty is not only caused by missing information
about the state of the world, but also by human volition: global
environmental protection is the outcome of social interactions.
Not mentioning taboos, psychological and social aspects, these
include:
Surprise: which means a discrepancy between a stimulus
and pre-established knowledge (Kagan, 2002). Complex
systems, both natural and human, exhibit behaviour that was
not imagined by observers until it actually happened. By
allowing decision-makers to become familiar (in advance) with
a number of diverse but plausible futures, scenarios are one way
of reducing surprises.
Metaphysical: describes things that are not assigned a truth
OHYHOEHFDXVHLWLVJHQHUDOO\DJUHHGWKDWWKH\FDQQRWEHYHUL¿HG
such as the mysteries of faith, personal tastes or belief systems.
Such issues are represented in models by critical parameters,
VXFKDVGLVFRXQWUDWHVRUULVNDYHUVLRQFRHI¿FLHQWV:KLOHWKHVH
parameters cannot be judged to be true or false they can have

Box 2.2 The controversy on quantifying the beliefs in IPCC SRES scenarios
Between its Second and Third Assessment Reports, the Intergovernmental Panel on Climate Change elaborated long-term
greenhouse gas emissions scenarios, in part to drive global ocean-atmosphere general circulation models, and ultimately
to assess the urgency of action to prevent the risk of climatic change. Using these scenarios led the IPCC to report a range
of global warming over the next century from 1.4–5.8°C, without being able to report any likelihood considerations. This
range turned out to be controversial, as it dramatically revised the top-range value, which was previously 3.5°C. Yet some
combinations of values that lead to high emissions, such as high per-capita income growth and high population growth,
appear less likely than other combinations. The debate then fell into the ongoing controversy between the makers and the
users of scenarios.
Schneider (2001) and Reilly et al. (2001) argued that the absence of any probability assignment would lead to confusion, as
users select arbitrary scenarios or assume equi-probability. As a remedy, Reilly et al. estimated that the 90% conﬁdence
limits were 1.1–4.5°C. Using different methods, Wigley and Raper (2001) found 1.7–4.9°C for this 1990 to 2100 warming.
Grübler et al. (2002) and Allen et al. (2001) argued that good scientiﬁc arguments preclude determining objective probabilities
or the likelihood that future events will occur. They explained why it was the unanimous view of the IPCC report’s lead authors
that no method of assigning probabilities to a 100-year climate forecast was sufﬁciently widely accepted and documented
to pass the review process. They underlined the difﬁculty of assigning reliable probabilities to social and economic trends in
the latter half of the 21st century, the difﬁculty of obtaining consensus range for quintiles such as climate sensitivity, and the
possibility of a non-linear geophysical response.
Dessai and Hulme (2004) argued that scenarios could not be meaningfully assigned a probability, except relative to other
speciﬁc scenarios. While a speciﬁc scenario has an inﬁnitesimal probability given the inﬁnity of possible futures, taken
as a representative of a cluster of very similar scenarios, it can subjectively be judged more or less likely than another.
Nonetheless, a set of scenarios cannot be effectively used to objectively generate a probability distribution for a parameter
that is speciﬁed in each scenario.
In spite of the difﬁculty, there is an increasing tendency to estimate probability distribution functions for climate sensitivity,
discussed extensively in IPCC (2007a), see Chapter 9, Sections 9.6.2 and 9.6.3 and Chapter 10, Sections 10.5.2 and
10.5.4.
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a bearing on both behaviour and environmental policy-making.
Thompson and Raynor (1998) argue that, rather than being
obstacles to be overcome, the uneasy coexistence of different
conceptions of natural vulnerability and societal fairness is a
source of resilience and the key to the institutional plurality that
actually enables us to apprehend and adapt to our ever-changing
circumstances.
Strategic uncertainty: involves the fact that information
is a strategic tool for rational agents. The response to climate
change requires coordination at international and national level.
Strategic uncertainty is usually formalized with game theory,
assuming that one party in a transaction has more (or better)
information than the other. The informed party may thus be able
to extract a rent from this advantage. Information asymmetry is
DQLPSRUWDQWLVVXHIRUWKHUHJXODWLRQRI¿UPVE\JRYHUQPHQWV
and for international agreements. Both adverse selection and
PRUDOKD]DUGVDUHNH\IDFWRUVLQGHVLJQLQJHI¿FLHQWPHFKDQLVPV
to mitigate climate change.
2.3.3

Costs, beneﬁts and uncertainties

,QVSLWHRIVFLHQWL¿FSURJUHVVWKHUHLVVWLOOPXFKXQFHUWDLQW\
about future climate change and its mitigation costs. Given
observed risk attitudes, the desirability of preventive efforts
should be measured not only by the reduction in the expected
(average) damages, but also by the value of the reduced risks
DQGXQFHUWDLQWLHVWKDWVXFKHIIRUWV\LHOG7KHGLI¿FXOW\LVKRZ
WRYDOXHWKHVRFLHWDOEHQH¿WVLQFOXGHGLQWKHVHULVNUHGXFWLRQV
Uncertainty concerning mitigation costs adds an additional
OHYHO RI GLI¿FXOW\ LQ GHWHUPLQLQJ WKH RSWLPDO ULVNSUHYHQWLRQ
strategies, since the difference between two independent
uncertain quantities is relatively more uncertain than related to
the individual.
How can we decide whether a risk is acceptable to society?
&RVWEHQH¿W DQDO\VLV DORQH FDQQRW UHSUHVHQW DOO DVSHFWV RI
climate change policy evaluation, and Section 2.2 on Decisionmaking discusses a variety of tools. In the private sector,
another practical way to deal with these risks has been to pay
attention to the Value-At-Risk (VAR): in addition to using the
mean and the variance of the outcome, a norm is set on the
most unfavourable percentile (usually 0.05) of the distribution
of outcomes at a given future date.
+RZHYHU LQ WKH ODQJXDJH RI FRVWEHQH¿W DQDO\VLV DQ
DFFHSWDEOH ULVN PHDQV WKDW LWV EHQH¿WV WR VRFLHW\ H[FHHG LWV
costs. The standard rule used by public and private decisionPDNHUVLQDZLGHYDULHW\RI¿HOGV IURPURDGVDIHW\WRORQJWHUP
investments in the energy sector) is that a risk will be acceptable
if the expected net present value is positive. Arrow and Lind
 MXVWLI\WKLVFULWHULRQZKHQWKHSROLF\¶VEHQH¿WVDQGFRVWV
have known probabilities, and when agents can diversify their
own risk through insurance and other markets. For most of the
economic analysis of climate change, these assumptions are
disputable, and have been discussed in the economic literature.
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First, risks associated with climate change cannot easily
EH GLYHUVL¿HG XVLQJ LQVXUDQFH DQG ¿QDQFLDO LQVWUXPHQWV
Atmospheric events are faced by everyone at the same time
LQ WKH VDPH UHJLRQ 7KLV UHGXFHV WKH SRWHQWLDO EHQH¿W RI DQ\
mutual risk-sharing agreement. A solution would be to share
ULVNV LQWHUQDWLRQDOO\ EXW WKLV LV GLI¿FXOW WR LPSOHPHQW DQG
LWV HI¿FLHQF\ GHSHQGV XSRQ WKH FRUUHODWLRQ RI WKH UHJLRQDO
damages. Inability to diversify risks, combined with the risk
aversion observed in most public and private decision-makers,
LPSOLHVWKDWWKHUHLVDQDGGLWLRQDOEHQH¿WWRSUHYHQWLYHHIIRUWV
coming from the reduced variability of future damages. If these
monetized damages are expressed as a percentage of GDP, the
PDUJLQDOEHQH¿WRISUHYHQWLRQFDQEHHVWLPDWHGDVWKHPDUJLQDO
expected increase in GDP, with some adjustments for the
marginal reduction in the variance of damages.
Second, in most instances, objective probabilities are
GLI¿FXOWWRHVWLPDWH)XUWKHUPRUHDQXPEHURIFOLPDWHFKDQJH
impacts involve health, biodiversity, and future generations, and
WKHYDOXHRIFKDQJHVLQWKHVHDVVHWVLVGLI¿FXOWWRFDSWXUHIXOO\
LQ HVWLPDWHV RI HFRQRPLF FRVWV DQG EHQH¿WV VHH 6HFWLRQ 
on costs). Where we cannot measure risks and consequences
SUHFLVHO\ZHFDQQRWVLPSO\PD[LPL]HQHWEHQH¿WVPHFKDQLFDOO\
This does not mean that we should abandon the usefulness of
FRVWEHQH¿WDQDO\VLVEXWLWVKRXOGEHXVHGDVDQLQSXWDPRQJ
others in climate change policy decisions. The literature on how
to account for ambiguity in the total economic value is growing,
even if there is no agreed standard.
Finally, Gollier (2001) suggests that a sophisticated
interpretation of the Precautionary Principle is compatible with
HFRQRPLFSULQFLSOHVLQJHQHUDODQGZLWKFRVWEHQH¿WDQDO\VHVLQ
particular. The timing of the decision process and the resolution
of the uncertainty should be taken into account, in particular
when waiting before implementing a preventive action as an
option. Waiting, and thereby late reactions, yield a cost when
risks happen to be worse than initially expected, but yield an
option value and cost savings in cases where risks happen to
be smaller than expected. Standard dynamic programming
methods can be used to estimate these option values.

2.4 Cost and beneﬁt concepts, including
private and social cost perspectives
and relationships to other decisionmaking frameworks
2.4.1

Deﬁnitions

Mitigation costs can be measured at project, technology,
sector, and macro-economic levels, and various geographical
ERXQGDULHVFDQEHDSSOLHGWRWKHFRVWLQJVWXGLHV VHHDGH¿QLWLRQ
of geographical boundaries in Section 2.8).
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The project, technology, sector, and macro-economic levels
FDQEHGH¿QHGDVIROORZV
v Project: A project-level analysis considers a ‘stand-alone’
DFWLYLW\ WKDW LV DVVXPHG QRW WR KDYH VLJQL¿FDQW LQGLUHFW
economic impacts on markets and prices (both demand and
supply) beyond the activity itself. The activity can be the
LPSOHPHQWDWLRQRIVSHFL¿FWHFKQLFDOIDFLOLWLHVLQIUDVWUXFWXUH
demand-side regulations, information efforts, technical
standards, etc. Methodological frameworks to assess the
SURMHFWOHYHO LPSDFWV LQFOXGH FRVWEHQH¿W DQDO\VLV FRVW
effectiveness analysis, and lifecycle analysis.
v Technology: A technology-level analysis considers a
VSHFL¿F *+* PLWLJDWLRQ WHFKQRORJ\ XVXDOO\ ZLWK VHYHUDO
applications in different projects and sectors. The literature
on technologies covers their technical characteristics,
especially evidence on learning curves as the technology
diffuses and matures. The technology analysis can use
analytical approaches that are similar to project-level
analysis.
v Sector: Sector-level analysis considers sectoral policies in
a ‘partial-equilibrium’ context, for which other sectors and
macro-economic variables are assumed to be given. The
policies can include economic instruments related to prices,
WD[HVWUDGHDQG¿QDQFLQJVSHFL¿FODUJHVFDOHLQYHVWPHQW
projects, and demand-side regulation efforts. Methodological
frameworks for sectoral assessments include various partial
equilibrium models and technical simulation models for the
energy sector, agriculture, forestry, and the transportation
sector.
v Macro-economic: A macro-economic analysis considers
the impacts of policies across all sectors and markets.
The policies include all sorts of economic policies, such
DV WD[HV VXEVLGLHV PRQHWDU\ SROLFLHV VSHFL¿F LQYHVWPHQW
programmes, and technology and innovation policies.
Methodological frameworks include various macroeconomic models, such as general equilibrium models,
Keynesian econometric models, and Integrated Assessment
Models (IAMs), among others.
In comparing project, technology, sector, and macroeconomic cost estimates it is important to bear in mind that
cost estimates based on applying taxes in a macro-economic
model are not comparable with abatement costs calculated at
other assessment levels. This, for example, is because a carbon
tax will apply to all GHG emissions, while abatement costs at
SURMHFWWHFKQRORJ\RUVHFWRUOHYHOZLOORQO\UHÀHFWWKHFRVWVRI
emission reductions.
Private and social costs: Costs can be measured from a
private as well as from a social perspective. Individual decisionmakers (including both private companies and households) are
LQÀXHQFHGE\YDULRXVFRVWHOHPHQWVVXFKDVWKHFRVWVRILQSXW

7
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WRDSURGXFWLRQSURFHVVODERXUDQGODQGFRVWV¿QDQFLDOLQWHUHVW
rates, equipment costs, fuel costs, consumer prices etc., which
are key private cost components. However, the activities of
individuals may also cause externalities, for example emissions
WKDWLQÀXHQFHWKHXWLOLW\RIRWKHULQGLYLGXDOVEXWZKLFKDUHQRW
taken into consideration by the individuals causing them. A
social cost perspective includes the value of these externalities.
External costs: These typically arise when markets fail to
provide a link between the person who creates the ‘externality’
and the person who is affected by it, or more generally when
SURSHUW\ULJKWVIRUWKHUHOHYDQWUHVRXUFHVDUHQRWZHOOGH¿QHG7
In the case of GHG emissions, those who will eventually suffer
IURPWKHLPSDFWVRIFOLPDWHFKDQJHGRQRWKDYHDZHOOGH¿QHG
‘property right’ in terms of a given climate or an atmosphere
ZLWK JLYHQ *+* FRQFHQWUDWLRQV VR PDUNHW IRUFHV DQGRU
bargaining arrangements cannot work directly as a means to
EDODQFHWKHFRVWVDQGEHQH¿WVRI*+*HPLVVLRQVDQGFOLPDWH
change. However, the failure to take into account external costs,
in cases like climate change, may be due not only to the lack of
property rights, but also the lack of full information and nonzero transaction costs related to policy implementation.
3ULYDWH¿QDQFLDODQGVRFLDOFRVWVDUHHVWLPDWHGRQWKHEDVLV
of different prices. The private cost component is generally
based on market prices that face individuals. Thus, if a project
involves an investment of US$ 5 million, as estimated by the
LQSXWVRIODQGPDWHULDOVODERXUDQGHTXLSPHQWWKDW¿JXUHLV
used as the private cost. That may not be the full cost, however,
as far as the estimation of social cost is concerned, because
markets can be distorted by regulations and other policies as
ZHOODVE\OLPLWHGFRPSHWLWLRQWKDWSUHYHQWSULFHVIURPUHÀHFWLQJ
real resource scarcities. If, for example, the labour input is
being paid more than its value in alternative employment, the
private cost is higher than the social cost. Conversely, if market
SULFHVRISROOXWLQJIXHOVGRQRWLQFOXGHYDOXHVWKDWUHÀHFWWKH
environmental costs, these prices will be lower than the social
cost. Social costs should be based on market prices, but with
eventual adjustments of these with shadow prices, to bring
them into line with opportunity costs.
,QFRQFOXVLRQWKHNH\FRVWFRQFHSWVDUHGH¿QHGDVIROORZV
v Private costs are the costs facing individual decision-makers
based on actual market prices.
v Social costs are the private costs plus the costs of
externalities. The prices are derived from market prices,
where opportunity costs are taken into account.
Other cost concepts that are commonly used in the literature
DUH µ¿QDQFLDO FRVWV¶ DQG µHFRQRPLF FRVWV¶ )LQDQFLDO FRVWV LQ
line with private costs, are derived on the basis of market prices
that face individuals. Financial costs are typically used to assess

Coase, 1960, page 2 in his essay on The Problem of Social Cost, noted that externality problems would be solved in a ‘completely satisfactory manner: when the damaging
business has to pay for all damage caused and the pricing system works smoothly’ (strictly speaking, this means that the operation of a pricing system is without cost).
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WKH FRVWV RI ¿QDQFLQJ VSHFL¿F LQYHVWPHQW SURMHFWV (FRQRPLF
costs, like social costs, assess the costs based on market prices
adjusted with opportunity costs. Different from social costs, by
GH¿QLWLRQWKH\GRQRWWDNHDOOH[WHUQDOLWLHVLQWRDFFRXQW
2.4.2

Major cost determinants

A number of factors are critically important when determining
costs, and it is important to understand their character and role
when comparing mitigation costs across different studies, as
occurs in Chapters 3-11 of this report, which compares costs
across different models and which are based on different
approaches.
The critical cost factors are based on different theoretical
DQG PHWKRGRORJLFDO SDUDGLJPV DV ZHOO DV RQ VSHFL¿F
applications of approaches. This section considers a number of
IDFWRUV LQFOXGLQJ GLVFRXQWLQJ PDUNHW HI¿FLHQF\ DVVXPSWLRQV
the treatment of externalities, valuation issues and techniques
related to climate change damages8 and other policy impacts,
as well as implementation and transactions costs, and gives
guidance on how to understand and assess these aspects within
the context of climate change mitigation costing studies. For a
more in-depth review of these issues see IPCC, 2001, Chapters
7 and 8.
2.4.2.1

value of this amount is around US$ 52,000 if a 3% discount
rate is used, but only around US$ 3,000 if a discount rate of
6% is used.
The prescriptive approach applies to the so-called social
discount rate, which is the sum of the rate of pure time-preference
and the rate of increased welfare derived from higher percapita incomes in the future. The social discount rate can thus
be described by two parameters: a rate of pure preference for
the present (or rate of impatience, see Loewenstein and Prelec
(1992)) D, and a factor G WKDWUHÀHFWVWKHHODVWLFLW\RIPDUJLQDO
XWLOLW\WRFKDQJHVLQFRQVXPSWLRQ7KHVRFLDOO\HI¿FLHQWGLVFRXQW
rate r is linked to the rate of growth of GDP per capita, g in the
following formula:10

rD+Gg
Intuitively, as suggested by this formula, a larger growth
in the economy should induce us to make less effort for the
future. This is achieved by raising the discount rate. In an intergenerational framework, the parameter D characterizes our
ethical attitude towards future generations. Using this formula,
the SAR recommended using a discount rate of 2-4%. It is fair to
consider D =0 and a growth rate of GDP per capita of 1-2% per
year for developed countries and a higher rate for developing
countries that anticipate larger growth rates.

Discount rates

Climate change impacts and mitigation policies have longterm characters, and cost analysis of climate change policies
WKHUHIRUHLQYROYHDFRPSDULVRQRIHFRQRPLFÀRZVWKDWRFFXUDW
different points in time. The choice of discount rate has a very
ELJLQÀXHQFHRQWKHUHVXOWRIDQ\FOLPDWHFKDQJHFRVWDQDO\VLV
The debate on discount rates is a long-standing one. As the
SAR (Second Assessment Report) notes (IPCC, 1996, Chapter
4), there are two approaches to discounting: a prescriptive
approach9 based on what rates of discount should be applied,
and a descriptive approach based on what rates of discount
people (savers as well as investors) actually apply in their dayto-day decisions. Investing in a project where the return is less
than the standard interest rate makes the investor poorer. This
descriptive approach based on a simple arbitrage argument
MXVWL¿HV XVLQJ WKH DIWHUWD[ LQWHUHVW UDWH DV WKH GLVFRXQW UDWH
The SAR notes that the former leads to relatively low rates of
discount (around 2-3% in real terms) and the latter to relatively
higher rates (at least 4% after tax and, in some cases, very much
higher rates). The importance of choosing different levels of
discount rates can be seen, for example when considering the
value of US$ 1 million in 100 years from now. The present

8
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Portney and Weyant (1999) provide a good overview of
the literature on the issue of inter-generational equity and
discounting.
The descriptive approach takes into consideration the
market rate of return to safe investments, whereby funds can be
conceptually invested in risk-free projects that earn such returns,
with the proceeds being used to increase the consumption for
future generations. A simple arbitrage argument to recommend
the use of a real risk-free rate, such as the discount rate, is
proposed.
The descriptive approach relies on the assumption that
FUHGLWPDUNHWVDUHHI¿FLHQWVRWKDWWKHHTXLOLEULXPLQWHUHVWUDWH
UHÀHFWVERWKWKHUDWHRIUHWXUQRIFDSLWDODQGWKHKRXVHKROGHUV¶
willingness to improve their future. The international literature
includes several studies that recommend different discount rates
in accordance with this principle. One of them is Dimson et al.,
2000, that assesses the average real risk-free rate in developed
countries to have been below 2% per year over the 20th century,
and on this basis, suggests the use of a low discount rate. This
rate is not incompatible with the much larger rates of return
UHTXHVWHGE\VKDUHKROGHUVRQ¿QDQFLDOPDUNHWV ZKLFKFDQEH

Despite the fact that this report focuses on mitigation policies, many economic studies are structured as an integrated assessment of the costs of climate change mitigation
and the beneﬁts of avoided damages, and some of the issues related to valuation of climate change damages are therefore an integral part of mitigation studies and are brieﬂy
discussed as such in this chapter.
9 The prescriptive approach has often been termed the ‘ethical approach’ in the literature.
10 This formula is commonly known as the Ramsey rule.
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DVKLJKDV± EHFDXVHWKHVHUDWHVLQFOXGHDSUHPLXPWR
compensate for risk. However, the descriptive approach has
VHYHUDOGUDZEDFNV)LUVWLWUHOLHVRQWKHDVVXPSWLRQRIHI¿FLHQW
¿QDQFLDOPDUNHWVZKLFKLVQRWDFUHGLEOHDVVXPSWLRQERWKDVD
result of market frictions and the inability of future generations
WR SDUWLFLSDWH LQ ¿QDQFLDO PDUNHWV RYHU WKHVH WLPH KRUL]RQV
6HFRQG ¿QDQFLDO PDUNHWV GR QRW RIIHU OLTXLG ULVNOHVV DVVHWV
for time horizons exceeding 30 years, which implies that the
interest rates for most maturities relevant for the climate change
problem cannot be observed.
Lowering the discount rate, as in the precriptive approach,
LQFUHDVHV WKH ZHLJKW RI IXWXUH JHQHUDWLRQV LQ FRVWEHQH¿W
analyses. However, it is not clear that it is necessarily more
ethical to use a low (or lower) discount rate on the notion that
it protects future generations, because that could also deprive
FXUUHQW JHQHUDWLRQV IURP ¿[LQJ XUJHQW SUREOHPV LQ RUGHU WR
EHQH¿W IXWXUH JHQHUDWLRQV ZKR DUH PRUH OLNHO\ WR KDYH PRUH
resources available.
For discounting over very long time horizons (e.g. periods
beyond 30 years), an emerging literature suggests that the
discount rate should decrease over time. Different theoretical
positions advocate for such an approach based on arguments
concerning the uncertainty of future discount rates and economic
growth, future fairness and intra-generational distribution,
and on observed individual choices of discount rates (Oxera,
2002). The different theoretical arguments lead to different
recommendations about the level of discount rates.
Weitzman (2001) showed that if there is some uncertainty
on the future return to capital, and if society is risk-neutral,
the year-to-year discount rate should fall progressively to its
smallest possible value. Newell and Pizer (2004) arrived at a
similar conclusion. It is important to observe that this declining
rate comes on top of the variable short-term discount rate,
which should be frequently adapted to the conditions of the
market interest rate.
It is also important to link the long-term macro-economic
XQFHUWDLQW\ZLWKWKHXQFHUWDLQW\FRQFHUQLQJWKHIXWXUHEHQH¿WV
RIRXUFXUUHQWSUHYHQWLYHLQYHVWPHQWV2EYLRXVO\LWLVHI¿FLHQW
to bias our efforts towards investments that perform particularly
well in the worse states (i.e., states in which the economy
collapses). The standard approach to tackle this is to add a
ULVN SUHPLXP WR WKH EHQH¿WV RI WKHVH LQYHVWPHQWV UDWKHU WKDQ
to modify the discount rate, which should remain a universal
exchange rate between current and future sure consumption, for
WKHVDNHRIFRPSDUDELOLW\DQGWUDQVSDUHQF\RIWKHFRVWEHQH¿W
DQDO\VLV 8VLQJ VWDQGDUG ¿QDQFLDO SULFH PRGHOOLQJ WKLV ULVN
premium is proportional to the covariance between the future
EHQH¿WDQGWKHIXWXUH*'3
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Whereas it seems reasonable in the above formula to use
a rate of growth of GDP per capita of g=1-2% for the next
decade, there is much more uncertainty about which growth
rate to use for longer time horizons. It is intuitive that, in the
long run, the existence of an uncertain growth should reduce
the discount rates for these distant time horizons. Calibrating
a normative model on this idea, Gollier (2002a, 2002b, 2004)
recommended using a decreasing term structure of discount
rate, from 5% in the short term to 2% in the long term. In an
equivalent model, but with different assumptions on the growth
process, Weitzman (1998, 2004) proposed using a zero discount
rate for time horizons around 50 years, with the discount rate
being negative for longer time horizons. These models are
in line with the important literature on the term structure of
interest rates, as initiated by Vasicek (1977) and Cox, Ingersoll
and Ross (1985). The main difference is the time horizon under
scrutiny, with a longer horizon allowing considerable more
JHQHUDOVSHFL¿FDWLRQVIRUWKHVWRFKDVWLFSURFHVVWKDWGULYHVWKH
shape of the yield curve.
Despite theoretical disputes about the use of time-declining
GLVFRXQWUDWHVWKH8.JRYHUQPHQWKDVRI¿FLDOO\UHFRPPHQGHG
VXFK UDWHV IRU RI¿FLDO DSSURYDO RI SURMHFWV ZLWK ORQJWHUP
impacts. The recommendation here is to use a 3.5% rate for
1-30 years, a 3% rate for 31-75 years, a 2.5% rate for 76-125
years, a 2% rate for 125-200 years, 1.5% for 201-300 years, and
1% for longer periods (Oxera, 2002). Similarly, France decided
in 2004 to replace its constant discount rate of 8% with a 4%
discount rate for maturities below 30 years, and a discount rate
that decreases to 2% for longer maturities.11 Finally, the US
JRYHUQPHQW¶V2I¿FHRI0DQDJHPHQWDQG%XGJHWUHFRJQL]HVWKH
possibility of declining rates (see appendix D of US, 2003).
It is important to remember that these rates discount
FHUWDLQW\HTXLYDOHQWFDVKÀRZV7KLVGLVFXVVLRQGRHVQRWVROYH
the question of how to compute certainty equivalents when the
SURMHFW¶VFDVKÀRZVDUHXQFHUWDLQ)RUFOLPDWHFKDQJHLPSDFWV
the assumed long-term nature of the problem is the key issue
KHUH7KHEHQH¿WVRIUHGXFHG*+*HPLVVLRQVYDU\DFFRUGLQJ
to the time of emissions reduction, with the atmospheric GHG
concentration at the reduction time, and with the total GHG
concentrations more than 100 years after the emissions reduction.
%HFDXVHWKHVHEHQH¿WVDUHRQO\SUREDELOLVWLFWKHVWDQGDUGFRVW
EHQH¿W DQDO\VLV FDQ EH DGMXVWHG ZLWK D WUDQVIRUPDWLRQ RI WKH
UDQGRPEHQH¿WLQWRLWVFHUWDLQW\HTXLYDOHQWIRUHDFKPDWXULW\
,QDVHFRQGVWHSWKHÀRZRIFHUWDLQW\HTXLYDOHQWFDVKÀRZVLV
discounted at the rates recommended above.
For mitigation effects with a shorter time horizon, a country
must base its decisions (at least partly) on discount rates that
UHÀHFWWKHRSSRUWXQLW\FRVWRIFDSLWDO,QGHYHORSHGFRXQWULHV
UDWHVRIDURXQG±DUHSUREDEO\MXVWL¿HG5DWHVRIWKLVOHYHO

11 This should be interpreted as using a discount factor equaling (1.04)-t if the time horizon t is less than 30 years, and a discount rate equaling (1.04)-30(1.02)-(t-30) if t is more than
30 years.
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are in fact used for the appraisal of public sector projects in the
European Union (EU) (Watts, 1999). In developing countries,
WKHUDWHFRXOGEHDVKLJKDV±7KHLQWHUQDWLRQDOEDQNV
use these rates, for example, in appraising investment projects
in developing countries. It is more of a challenge, therefore,
to argue that climate change mitigation projects should face
different rates, unless the mitigation project is of very long
GXUDWLRQ7KHVHUDWHVGRQRWUHÀHFWSULYDWHUDWHVRIUHWXUQDQGWKH
discount rates that are used by many private companies, which
typically need to be considerably higher to justify investments,
and are potentially between 10% and 25%.


0DUNHWHI¿FLHQF\

The costs of climate change mitigation policies depend
RQ WKH HI¿FLHQF\ RI PDUNHWV DQG PDUNHW DVVXPSWLRQV DUH
important in relation to baseline cases, to policy cases, as well
as in relation to the actual cost of implementing policy options.
For example, the electricity market (and thereby the price of
electricity that private consumers and industry face) has direct
LPSOLFDWLRQV RQ WKH HI¿FLHQF\ DQG WKHUHE\ *+* HPLVVLRQV 
related to appliances and equipment in use.
In practice, markets and public-sector activities will always
exhibit a number of distortions and imperfections, such as lack
of information, distorted price signals, lack of competition,
DQGRU LQVWLWXWLRQDO IDLOXUHV UHODWHG WR UHJXODWLRQ LQDGHTXDWH
GHOLQHDWLRQ RI SURSHUW\ ULJKWV GLVWRUWLRQLQGXFLQJ ¿VFDO
V\VWHPVDQGOLPLWHG¿QDQFLDOPDUNHWV3URSHUPLWLJDWLRQFRVW
analysis should take these imperfections into consideration and
assess implementation costs that include these imperfections
VHH6HFWLRQIRUDGH¿QLWLRQRILPSOHPHQWDWLRQFRVWV 
Many project level and sectoral mitigation costing studies
KDYH LGHQWL¿HG D SRWHQWLDO IRU *+* UHGXFWLRQ RSWLRQV ZLWK D
QHJDWLYHFRVWLPSO\LQJWKDWWKHEHQH¿WVLQFOXGLQJFREHQH¿WV
of implementing these options are greater than the costs. Such
negative cost options are commonly referred to as ‘no-regret
options’.12
7KHFRVWVDQGEHQH¿WVLQFOXGHGLQWKHDVVHVVPHQWRIQRUHJUHW
options, in principle, are all impacts of the options including
externalities. External impacts can relate to environmental sideimpacts, and distortions in markets for labour, land, energy
resources, and various other areas. A presumption for the
existence of no-regret options is that there are:
v Market imperfections WKDW JHQHUDWH HI¿FLHQF\ ORVVHV
Reducing the existing market or institutional failures
and other barriers that impede adoption of cost-effective
emission reduction measures, can lower private costs
compared to current practice (Larson et al., 2003; Harris
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et al., 2000; Vine et al., 2003). This can also reduce private
costs overall.
v &REHQH¿WV: Climate change mitigation measures will have
effects on other societal issues. For example, reducing carbon
emissions will often result in the simultaneous reduction in
local and regional air pollution (Dessues and O’Connor,
2003; Dudek et al., 2003; Markandya and Rubbelke, 2004;
Gielen and Chen, 2001; O’Connor et al., 2003). It is likely
that mitigation strategies will also affect transportation,
agriculture, land-use practices and waste management and
will have an impact on other issues of social concern, such
as employment, and energy security. However, not all of
these effects will be positive; careful policy selection and
design can better ensure positive effects and minimize
negative impacts. In some cases, the magnitude of coEHQH¿WV RI PLWLJDWLRQ PD\ EH FRPSDUDEOH WR WKH FRVWV RI
the mitigating measures, adding to the no-regrets potential,
DOWKRXJKHVWLPDWHVDUHGLI¿FXOWWRPDNHDQGYDU\ZLGHO\13
v Double dividend: Instruments (such as taxes or auctioned
permits) provide revenues to the government. If used to
¿QDQFHUHGXFWLRQVLQH[LVWLQJGLVWRUWLRQDU\WD[HV µUHYHQXH
recycling’), these revenues reduce the economic cost of
achieving greenhouse gas reductions. The magnitude of
this offset depends on the existing tax structure, type of tax
cuts, labour market conditions, and method of recycling
(Bay and Upmann, 2004; Chiroleu-Assouline and Fodha,
2005; Murray, et al., 2005). Under some circumstances, it is
SRVVLEOHWKDWWKHHFRQRPLFEHQH¿WVPD\H[FHHGWKHFRVWVRI
mitigation. Contrary, it has also been argued that eventual
tax distortions should be eliminated anyway, and that the
EHQH¿WVRIUHGXFLQJWKHVHWKHUHIRUHFDQQRWEHDVVLJQHGDVD
EHQH¿WRI*+*HPLVVLRQUHGXFWLRQSROLFLHV
7KHH[LVWHQFHRIPDUNHWLPSHUIHFWLRQVRUFREHQH¿WV DQG
double dividends that are not integrated into markets are also
key factors explaining why no-regret actions are not taken.
The no-regret concept has, in practice, been used differently
in costing studies, and has usually not included all the external
costs and implementation costs associated with a given policy
strategy.14
2.4.2.3

Transaction and implementation costs

In practice, the implementation of climate change mitigation
policies requires some transaction and implementation costs.
The implementation costs relate to the efforts needed to change
existing rules and regulations, capacity-building efforts,
information, training and education, and other institutional
efforts needed to put a policy into place. Assuming that these
implementation requirements are in place, there might still
be costs involved in carrying through a given transaction,

12 By convention, when assessing the costs of GHG emission reductions, the beneﬁts do not include the impacts associated with avoided climate change damages.
13 It should be recognised that, under a variety of circumstances, it may be more efﬁcient to obtain air pollution reductions through controls targeted at such pollutants rather than
coupling them with efforts to reduce GHG emissions, even if the latter results in some air pollution reductions.
14 This is due to difﬁculties in assessing all external costs and implementation costs, and reﬂects the incompleteness of the elements that have been addressed in the studies.

138

1245
Chapter 2

Framing Issues

for example related to legal requirements of verifying and
certifying emission reduction, as in the case of CDM projects.
These costs are termed ‘transaction costs’. The transaction
FRVWV FDQ WKHUHIRUH EH GH¿QHG DV WKH FRVWV RI XQGHUWDNLQJ D
business activity or implementing a climate mitigation policy,
given that appropriate implementation efforts have been (or are
being) created to establish a benign market environment for this
activity.
Implementation policies and related costs include various
elements related to market creation and broader institutional
policies. In principle, mitigation studies (where possible)
should include a full assessment of the cost of implementation
requirements such as market reforms, information, establishment
of legal systems, tax and subsidy reforms, and institutional and
human capacity efforts.
In practice, few studies have included a full representation of
implementation costs. This is because the analytical approaches
applied cannot address all relevant implementation aspects, and
EHFDXVHWKHDFWXDOFRVWVRILPSOHPHQWLQJDSROLF\FDQEHGLI¿FXOW
to assess ex ante. However, as part of the implementation of the
emission reduction requirements of the Kyoto Protocol, many
countries have gained new experiences in the effectiveness of
implementation efforts, which can provide a basis for further
improvements of implementation costs analysis.
2.4.2.4

Issues related to the valuation of non-market
aspects

A basic problem in climate change studies is that a number
of social impacts are involved that go beyond the scope of what
LV UHÀHFWHG LQ FXUUHQW PDUNHW SULFHV 7KHVH LQFOXGH LPSDFWV
on human health, nature conservation, biodiversity, natural
and historical heritage, as well as potential abrupt changes
to ecosystems. Furthermore, complicated valuation issues
arise in relation to both market- and non-market areas, since
climate change policies involve impacts over very long time
horizons, where future generations are affected, as well as intragenerational issues, where relatively wealthy and relatively poor
FRXQWULHV IDFH GLIIHUHQW FRVWV DQG EHQH¿WV RI FOLPDWH FKDQJH
impacts, adaptation and mitigation policies. Valuation of climate
change policy outcomes therefore also involves assigning values
to the welfare of different generations and to individuals and
societies living at very different welfare levels today.
The valuation of inter-generational climate change policy
impacts involves issues related to comparing impacts occurring
at different points in time as discussed in Section 2.4.2.1 on
discount rates, as well as issues in relation to uncertainty about
the preferences of future generations. Since these preferences
DUHXQNQRZQWRGD\PDQ\VWXGLHVDVVXPHLQDVLPSOL¿HGZD\
that consumer preferences will stay unchanged over time. An
overview of some of the literature on the preferences of future
generations is given by Dasgupta et al., (1999).

Other limitations in the valuation of climate change policy
LPSDFWVDUHUHODWHGWRVSHFL¿FSUDFWLFDODQGHWKLFDODVSHFWVRI
valuing human lives and injuries. A number of techniques can be
XVHGWRYDOXHLPSDFWVRQKXPDQKHDOWK±WKHFRVWVRIPRUWDOLW\
for example, can be measured in relation to the statistical values
of life, the avoided costs of health care, or in relation to the
value of human capital on the labour market. Applications
of valuation techniques that involve estimating the statistical
YDOXHV RI OLIH ZLOO IDFH GLI¿FXOWLHV LQ GHWHUPLQLQJ YDOXHV WKDW
UHÀHFW SHRSOH LQ D IDLU DQG PHDQLQJIXO ZD\ HYHQ ZLWK YHU\
different income levels around the world. There are obviously
a lot of ethical controversies involved in valuing human health
impacts. In the Third Assessment Report the IPCC recognized
WKHVH GLI¿FXOWLHV DQG UHFRPPHQGHG WKDW VWXGLHV WKDW LQFOXGH
monetary values of statistical values of life should use uniform
average global per-capita income weights in order to treat all
human beings as equal (IPCC, 2001, Chapter 7).
2.4.3

Mitigation potentials and related costs

Chapters 3-11 report the costs of climate change mitigation
at global, regional, sectoral, and technology level and, in
order to ensure consistency and transparency across the cost
estimates reported in these chapters, it has been agreed to use
DQXPEHURINH\FRQFHSWVDQGGH¿QLWLRQVWKDWDUHRXWOLQHGLQ
this section. Furthermore, the following paragraphs also outline
how the concepts relate to mitigation cost concepts that have
been used in previous IPCC reports, in order to allow different
cost estimates to be compared and eventual differences to be
understood.
A commonly used output format for climate change
mitigation cost studies means reporting the GHG emission
reduction in quantitative terms that can be achieved at a given
cost. The potential terminology is often used in a very ‘loose’
ZD\ ZKLFK PDNHV LW GLI¿FXOW WR FRPSDUH QXPEHUV DFURVV
studies. The aim of the following is to overcome such lack
RI WUDQVSDUHQF\ LQ FRVW UHVXOWV EDVHG RQ D GH¿QLWLRQ RI PDMRU
cost and GHG emission reduction variables to be used when
estimating potentials.
The term ‘potential’ is used to report the quantity of GHG
mitigation compared with a baseline or reference case that
can be achieved by a mitigation option with a given cost (per
tonne) of carbon avoided over a given period. The measure is
usually expressed as million tonnes carbon- or CO2-equivalent
of avoided emissions, compared with baseline emissions. The
given cost per tonne (or ‘unit cost’) is usually within a range
of monetary values at a particular location (e.g. for windgenerated electricity), such as costs less than x US$ per tonne
of CO2 RU FDUERQHTXLYDOHQW UHGXFWLRQ 86W&HT  7KH
PRQHWDU\YDOXHVFDQEHGH¿QHGDVSULYDWHRUVRFLDOXQLWFRVWV
private unit costs are based on market prices, while social unit
FRVWVUHÀHFWPDUNHWSULFHVEXWDOVRWDNHH[WHUQDOLWLHVDVVRFLDWHG
with the mitigation into consideration. The prices are real prices
DGMXVWHGIRULQÀDWLRQUDWHV
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'H¿QLWLRQVRIEDUULHUVRSSRUWXQLWLHVDQG
potentials

The terms used in this assessment are those used in the Third
$VVHVVPHQW 5HSRUW 7$5  +RZHYHU WKH SUHFLVH GH¿QLWLRQV
are revised and explanations for the revisions are given in the
footnotes.
A ‘barrier’ to mitigation potential is any obstacle to reaching
a potential that can be overcome by policies and measures.
(From this point onwards, ‘policies’ will be assumed to include
policies, measures, programmes and portfolios of policies.) An
‘opportunity’ is the application of technologies or policies15
WR UHGXFH FRVWV DQG EDUULHUV ¿QG QHZ SRWHQWLDOV DQG LQFUHDVH
existing ones. Potentials, barriers and opportunities all tend to
EHFRQWH[WVSHFL¿FDQGYDU\DFURVVORFDOLWLHVDQGRYHUWLPH
‘Market potential’ indicates the amount of GHG mitigation
that might be expected to occur under forecast market conditions,
including policies and measures in place at the time.16 It is
based on private unit costs and discount rates, as they appear in
the base year and as they are expected to change in the absence
of any additional policies and measures. In other words, as in
the TAR, market potential is the conventional assessment of the
mitigation potential at current market price, with all barriers,
hidden costs, etc. in place. The baseline is usually historical
emissions or model projections, assuming zero social cost
of carbon and no additional mitigation policies. However, if
action is taken to improve the functioning of the markets, to
reduce barriers and create opportunities (e.g. policies of market
WUDQVIRUPDWLRQ WR UDLVH VWDQGDUGV RI HQHUJ\ HI¿FLHQF\ YLD
labelling), then mitigation potentials will become higher.
In order to bring in social costs, and to show clearly that
this potential includes both market and non-market costs,
‘economic potential’ LV GH¿QHG DV WKH SRWHQWLDO IRU FRVW
effective GHG mitigation when non-market social costs and
EHQH¿WVDUHLQFOXGHGZLWKPDUNHWFRVWVDQGEHQH¿WVLQDVVHVVLQJ
the options17 IRU SDUWLFXODU OHYHOV RI FDUERQ SULFHV LQ 86
tCO2 DQG 86W&HT DV DIIHFWHG E\ PLWLJDWLRQ SROLFLHV  DQG
when using social discount rates instead of private ones. This
LQFOXGHVH[WHUQDOLWLHV LHQRQPDUNHWFRVWVDQGEHQH¿WVVXFK
DVHQYLURQPHQWDOFREHQH¿WV 1RWHWKDWHVWLPDWHVRIHFRQRPLF
potential do not normally assume that the underlying structure
of consumer preferences has changed. This is the proper
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WKHRUHWLFDO GH¿QLWLRQ RI WKH HFRQRPLF SRWHQWLDO KRZHYHU DV
used in most studies, it is the amount of GHG mitigation that
is cost-effective for a given carbon price, based on social cost
pricing and discount rates (including energy savings but without
most externalities), and this is also the case for the studies that
were reported in the TAR (IPCC, 2001, Chapters 3, 8 and 9).
There is also a technical potential and a physical potential
WKDWE\GH¿QLWLRQDUHQRWGHSHQGHQWRQSROLFLHV
The ‘technical potential’ is the amount by which it is
possible to reduce greenhouse gas emissions or improve energy
HI¿FLHQF\ E\ LPSOHPHQWLQJ D WHFKQRORJ\ RU SUDFWLFH WKDW KDV
DOUHDG\ EHHQ GHPRQVWUDWHG 7KHUH LV QR VSHFL¿F UHIHUHQFH
to costs here, only to ‘practical constraints’, although in
some cases implicit economic considerations are taken into
account. Finally the ‘physical potential’ is the theoretical
(thermodynamic) and sometimes, in practice, rather uncertain
upper limit to mitigation, which also relies on the development
of new technologies.
A number of key assumptions are used to calculate potentials.
Some of the major ones are related to:
v 7UDQVIRUPDWLRQ RI HFRQRPLF ÀRZV WR QHW SUHVHQW YDOXHV
(NVP) or levelised costs. It is consistent here to use the
¿QDQFLDOUDWHRIUHWXUQLQWKHGLVFRXQWLQJRISULYDWHFRVWV
and a social discount rate in social cost calculations
v Treatment of GHG emission reductions that occur at
different points in time. Some studies add quantitative units
of GHG reductions over the lifetime of the policy, and others
apply discount rates to arrive at net present values of carbon
reductions.
The implementation of climate change mitigation policies
will involve the use of various economic instruments,
information efforts, technical standards, and other policies and
measures. Such policy efforts will all have impacts on consumer
preferences and taste as well as on technological innovations.
The policy efforts (in the short term) can be considered as an
implementation cost, and can also be considered as such in the
longer term, if transactions costs of policies are successfully
reduced, implying that market and social- and economic
potentials are increased at a given unit cost.

15 Including behaviour and lifestyle changes.
16 The TAR (IPCC, 2001), p. 352 deﬁnes market potential as ‘the amount of GHG mitigation that might be expected to occur under forecast market conditions, with no changes
in policy or implementation of measures whose primary purpose is the mitigation of GHGs’. This deﬁnition might be interpreted to imply that market potential includes no
implementation of GHG policies. However many European countries have already implemented mitigation policies. It is a substantial research exercise in counterfactual analysis
to untangle the effects of past mitigation policies in the current levels of prices and costs and hence mitigation potential. The proposed deﬁnition simply clariﬁes this point.
17 IPCC (2001), Chapter 5 deﬁnes ‘economic potential’ as ‘the level of GHG mitigation that could be achieved if all technologies that are cost-effective from the consumers’ point
of view were implemented’ (p. 352). This deﬁnition therefore introduces the concept of the consumer as distinct from the market. This is deeply confusing because it loses the
connection with market valuations without explanation. Who is to decide how the consumers’ point of view is different from the market valuation of costs? On what basis are
they to choose these costs? The deﬁnition also does not explicitly introduce the social cost of carbon and other non-market valuations necessary to account for externalities
and missing markets and it is not readily comparable with the IPCC (2001), Chapter 3 deﬁnition of economic potentials. The proposed deﬁnition for this report applies to the
large body of relevant literature that assesses mitigation potential at different values of the social cost of carbon, and clearly introduces non-market valuations for externalities
and time preferences. The proposed deﬁnition also matches that actually used in IPCC (2001) Chapter 3, where such potentials are discussed ‘at zero social cost’ (e.g. p. 203).
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2.5 Mitigation, vulnerability and
adaptation relationships
2.5.1

Integrating mitigation and adaptation in
a development context – adaptive and
mitigative capacities

The TAR (IPCC, 2001) introduced a new set of discussions
about the institutional and developmental context of climate
change mitigation and adaptation policies. One of the conclusions
from that discussion was that the capacity for implementing
VSHFL¿F PLWLJDWLRQ DQG DGDSWDWLRQ SROLFLHV GHSHQGV RQ PDQ
made and natural capital and on institutions. Broadly speaking,
institutions should be understood here as including markets and
other information-sharing mechanisms, legal frameworks, as
well as formal and informal networks.
Subsequent work by Adger (2001a) further emphasizes the
UROHRIVRFLDOFDSLWDOLQDGDSWDWLRQ$GJHUUHIHUVWRDGH¿QLWLRQE\
Woolcock and Narayan (2000, p. 226), which states that social
capital is made up of ‘the norms and networks that enable people
to act collectively’. According to Adger there are two different
views within the main areas of the international literature that
are important to climate change issues namely: 1) whether
social capital only exists outside the state, and 2) whether social
capital is a cause, or simply a symptom, of a progressive and
SHUKDSVÀH[LEOHDQGDGDSWLYHVRFLHW\7KH¿UVWLVVXHUHODWHVWR
how important planned adaptation and government initiatives
can be, and the second considers the macro-level functioning of
society and the implications for adaptive capacity.
Adger observes that the role that social capital, networks
and state-civil society linkages play in adaptive capacity can be
observed in historical and present-day contexts by examining
the institutions of resource management and collective action
in climate-sensitive sectors and social groups, highlighting a
number of such experiences in adaptation to climate change.
The examples include an assessment of the importance of
social contacts and socio-economic status in relation to excess
mortality due to extreme heating, coastal defence in the UK,
and coastal protection in Vietnam, where the adaptive capacity
in different areas is assessed within the context of resource
availability and the entitlements of individuals and groups
(Kelly and Adger, 1999). A literature assessment (IPCC, 2007b,
Chapter 20) includes a wider range of examples of historical
VWXGLHV RI GHYHORSPHQW SDWWHUQV WKXV FRQ¿UPLQJ WKDW VRFLDO
capital has played a key role in economic growth and stability.
IPCC (2001), Chapter 1 initiated a very preliminary
discussion about the concept of mitigative capacity. Mitigative
capacity (in this context) is seen as a critical component of a
country’s ability to respond to the mitigation challenge, and
WKHFDSDFLW\DVLQWKHFDVHRIDGDSWDWLRQODUJHO\UHÀHFWVPDQ
made and natural capital and institutions. It is concluded that
development, equity and sustainability objectives, as well as

past and future development trajectories, play critical roles
LQ GHWHUPLQLQJ WKH FDSDFLW\ IRU VSHFL¿F PLWLJDWLRQ RSWLRQV
Following that, it can be expected that policies designed to
SXUVXH GHYHORSPHQW HTXLW\ DQGRU VXVWDLQDELOLW\ REMHFWLYHV
might be very benign framework conditions for implementing
FRVWHIIHFWLYH FOLPDWH FKDQJH PLWLJDWLRQ SROLFLHV 7KH ¿QDO
conclusion is that, due to the inherent uncertainties involved in
climate change policies, enhancing mitigative capacity can be a
policy objective in itself.
It is important to recognize here that the institutional aspects
of the adaptive and mitigative capacities refer to a number of
elements that have a ‘public-good character’ as well as general
social resources. These elements will be common framework
conditions for implementing a broad range of policies,
including climate change and more general development issues.
This means that the basis for a nation’s policy-implementing
capacity exhibits many similarities across different sectors, and
that capacity-enhancing efforts in this area will have many joint
EHQH¿WV
There may be major differences in the character of the
adaptive and mitigative capacity in relation to sectoral focus
and to the range of technical options and policy instruments that
apply to adaptation and mitigation respectively. Furthermore,
DVVHVVLQJWKHHI¿FLHQF\DQGLPSOHPHQWDELOLW\RIVSHFL¿FSROLF\
options depends on local institutions, including markets and
human and social capital, where it can be expected that some
main strengths and weaknesses will be similar for different
sectors of an economy.
As previously mentioned, the responses to climate change
depend on the adaptive and mitigative capacities and on the
VSHFL¿F PLWLJDWLRQ DQG DGDSWDWLRQ SROLFLHV DGRSWHG 3ROLFLHV
that enhance adaptive and mitigative capacities can include a
wide range of general development policies, such as market
reforms, education and training, improving governance, health
services, infrastructure investments etc.
7KHDFWXDORXWFRPHRILPSOHPHQWLQJVSHFL¿FPLWLJDWLRQDQG
DGDSWDWLRQSROLFLHVLVLQÀXHQFHGE\WKHDGDSWLYHDQGPLWLJDWLYH
capacity, and the outcome of adaptation and mitigation policies
also depends on a number of key characteristics of the socioeconomic system, such as economic growth patterns, technology,
population, governance, and environmental policies.
It is expected that there may be numerous synergies and
tradeoffs between the adaptive and mitigative capacity elements
of the socio-economic and natural systems, as well as between
VSHFL¿F DGDSWDWLRQ DQG PLWLJDWLRQ SROLFLHV %XLOGLQJ PRUH
PRWRUZD\V IRU H[DPSOH FDQ JHQHUDWH PRUH WUDI¿F DQG PRUH
GHG emissions. However, the motorways can also improve
market access, make agriculture less vulnerable to climate
change, help in evacuation prior to big storms, and can support
general economic growth (and thereby investments in new
HI¿FLHQWSURGXFWLRQWHFKQRORJLHV 6LPLODUO\LQFUHDVHGIHUWLOLVHU
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use in agriculture can increase productivity and reduce climate
FKDQJHYXOQHUDELOLW\EXWLWFDQDOVRLQÀXHQFHWKHSRWHQWLDOIRU
carbon sequestration and can increase GHG emissions.

precautionary principles, including an insurance premium
system, hedging strategies, and inclusion of low-probability
events in risk assessments.

2.5.2

A common approach of many regional and national
developing country studies on mitigation and adaptation
SROLFLHVKDVEHHQWRIRFXVRQWKHDVVHVVPHQWRIFRQWH[WVSHFL¿F
vulnerabilities to climate change. Given this, a number of
studies and national capacity-building efforts have considered
how adaptation and mitigation policies can be integrated into
national development and environmental policies, and how they
FDQ EH VXSSRUWHG E\ ¿QDQFLDO WUDQVIHUV GRPHVWLF IXQGV DQG
linked to foreign direct investments (IINC, 2004; CINC, 2004).
The Danish Climate and Development Action Program aims
at a two-leg strategy, where climate impacts, vulnerabilities,
and adaptation are assessed as an integral part of development
plans and actions in Danish partner countries, and where GHG
emission impacts and mitigation options are considered as part
of policy implementation (Danida, 2005).

Mitigation, adaptation and climate change
impacts

The discussion on mitigation and adaptation policy portfolios
KDVDJOREDODVZHOODVDQDWLRQDOUHJLRQDOGLPHQVLRQ,WVKRXOG
be recognized that mitigation and adaptation are very different
UHJDUGLQJWLPHIUDPHDQGGLVWULEXWLRQRIEHQH¿WV'DQJet al.
(2003, Table 1) highlights a number of important commonalities
and differences between mitigation and adaptation policies.
Both policy areas can be related to sustainable development
JRDOVEXWGLIIHUDFFRUGLQJWRWKHGLUHFWEHQH¿WVWKDWDUHJOREDO
and long term for mitigation, while being local and shorter term
for adaptation. Furthermore adaptation can be both reactive (to
experienced climate change) and proactive, while mitigation
FDQ RQO\ EH SURDFWLYH LQ UHODWLRQ WR EHQH¿WV IURP DYRLGHG
climate change occurring over centuries. Dang et al. (2003,
7DEOH   DOVR SRLQWV RXW WKDW WKHUH FDQ EH FRQÀLFWV EHWZHHQ
adaptation and mitigation in relation to the implementation of
VSHFL¿F QDWLRQDO SROLF\ RSWLRQV )RU H[DPSOH LQVWDOOLQJ DLU
conditioning systems in buildings is an adaptation option, but
energy requirements can increase GHG emissions, and thus
climate change.
In relation to the trade-off between mitigation and adaptation,
Schneider (2004) points out that when long-term integrated
DVVHVVPHQWVWXGLHVDUHXVHGWRDVVHVVWKHQHWEHQH¿WVRIDYRLGHG
climate change (including adaptation options) versus the costs
of GHG emission reduction measures, the full range of possible
climate outcomes, including impacts that remain highly
uncertain such as surprises and other climate irreversibility,
should be included. Without taking these uncertain events into
consideration, decision-makers will tend to be more willing
to accept prospective future risks rather than attempt to avoid
them through abatement. It is worth noting here that,when
faced with the risk of a major damage, human beings may
make their judgment based on the consequences of the damage
rather than on probabilities of events. Schneider concludes
that it is not clear that climate surprises have a low probability,
they are just very uncertain at present, and he suggests taking
these uncertainties into consideration in integrated assessment
models, by adjusting the climate change damage estimates.
The adjustments suggested include using historical data for
estimating the losses of extreme events, valuing ecosystem
services, subjective probability assessments of monetary
damage estimates, and the use of a discount rate that decreases
over time in order to give high values to future generations.
In this way the issues of jointly targeting mitigation and
adaptation has an element of decision-making under uncertainty,
due to the complexity of the environmental and human systems
and their interactions. Kuntz-Duriseti (2004) suggests dealing
with this uncertainty by combining economic analysis and
142

Burton et al. (2002) suggest that research on adaptation
should focus on assessing the social and economic determinants
of vulnerability in a development context. The focus of the
vulnerability assessment according to this framework should
be on short-term impacts, i.e. should try to assess recent and
future climate variability and extremes, economic and noneconomic damages and the distribution of these. Based on this,
adaptation policies should be addressed as a coping strategy
against vulnerability and potential barriers, obstacles, and the
role of various stakeholders and the public sector should be
considered. Kelly and Adger (2000) developed an approach for
assessing vulnerabilities and concluded that the vulnerability
and security of any group is determined by resource availability
and entitlements. The approach is applied to impacts from
tropical storms in coastal areas inVietnam.
On a global scale, there is a growing recognition of the
VLJQL¿FDQW UROH WKDW GHYHORSLQJ FRXQWULHV SOD\ LQ GHWHUPLQLQJ
the success of global climate change policies, including
mitigation and adaptation policy options (Müller, 2002). Many
governments of developing countries have started to realize
that they should no longer discuss whether to implement any
measures against climate change, but how drastic these measures
should be, and how climate policies can be an integral part of
national sustainable development paths (SAINC, 2003; IINC,
2004; BINC, 2004; CINC, 2004; MOST, 2004).

2.6

Distributional and equity aspects

This section discusses how different equity concepts can be
applied to the evaluation of climate change policies and provides
examples on how the climate literature has addressed equity
issues. See also Chapter 20 in IPCC (2007b), and Chapters 12
and 13 of this report for additional discussions on the equity

1249
Chapter 2

Framing Issues

Table 2.3: Measures of Inter-country Equity

I

1980/90
2001
% Change Average
% Change Co. Var.

Average
3,764
7,350

GNI Per Capita US$
C.Var
4,915
10,217
95%
6%

Life Expectancy (LE) Years
Average
C.Var
61.2
0.18
65.1
0.21
6%
14%

Average
72.5
79.2

I
I

Literacy (ILL) %
C.Var
25.3
21.4
9%
-22%

Notes: Literacy rates are for 1990 and 2001. GNI and LE data are for 1980, 1990, and 2001. Ninety-nine countries are included in the sample. Coefﬁcient of variation is
the standard deviation of a series divided by the mean. The standard deviation is given by the formula:

~

i=1

_

i

I

− x )2

(n −1)

_

‘

s=

i= n

∑ (x

Where ‘x’ refers to the value of a particular observation, ‘x is the mean of the sample and ‘n’ is the number of observations.

Source: WB, 2005 (World Development Indicators)

dimensions of sustainable development and climate change
policies.

remains the case, however, that actual indicators of equity still
GRQRWFRYHUWKHEUHDGWKRIFRPSRQHQWVLGHQWL¿HGE\6HQ

2.6.1

The UNDP Human Development Index (HDI) is an
important attempt to widen the indicators of development, and
initially included per capita national income, life expectancy at
birth and the literacy rate. However, it is important to recognize
that no single all-encompassing indicator can be constructed,
will be understandable or useful to either policymakers or the
SXEOLFVRGLIIHUHQWLQGH[HVKDYHWREHXVHGWKDWUHÀHFWGLIIHUHQW
issues and purposes.

Development opportunities and equity

Traditionally, success in development has been measured in
HFRQRPLFWHUPV±LQFUHDVHLQ*URVV1DWLRQDO,QFRPH *1, per
capita remains the most common measure18. Likewise, income
distribution has been one of the key components in equity, both
within and between countries, and has been measured in terms
of inequalities of income, through measures such as the ‘GINI’
FRHI¿FLHQW19 20 Although a great deal has been written in
recent years on the components of well-being, the development
literature has been slow to adopt a broader set of indicators
of this concept, especially as far as equity in well-being is
concerned, despite the fact that some authors have argued that
absolute changes in income and other indicators of human wellbeing (e.g. education, mortality rates, water, sanitation etc.)
are just as important as the distribution within these indicators
(Maddison, 2003; Goklany, 2001).
Probably the most important and forceful critic of the
traditional indicators has been Sen (1992, 1999). Sen’s vision
of development encompasses not only economic goods and
services but also individuals’ health and life expectancy, their
education and access to public goods, the economic and social
security that they enjoy, and their freedom to participate freely
in economic interchange and social decision-making. While
his criticism is widely acknowledged as addressing important
shortcomings in the traditional literature, the ideas still have
not been made fully operational. Sen speaks of ‘substantive
freedoms’ and ‘capabilities’ rather than goods and services
as the key goals of development and provides compelling
examples of how his concepts can paint a different picture of
progress in development compared to that of changes in GNI. It

Rather than synthesizing these three components into a
single index, as the HDI has done, we can also look at changes
in the inter-country equity of the individual components. Table
2.321 SURYLGHV GDWD IRU WKH SHULRG ± IRU SHU FDSLWD
national income (GNI) and life expectancy at birth (LE) and
from 1990 to 2001 for the literacy rate (ILL). The increase in
average GNI has been much faster over this period than those
RIOLIHH[SHFWDQF\DQGOLWHUDF\UDWHV7KHLQFUHDVHLQFRHI¿FLHQW
of variations for GNI per capita (by 6%) and life expectancy (by
14%) therefore show an increase in dispersion over this period,
indicating a wider disparity of these parameters across countries.
However, literacy rates have become more equal, with a decline
LQWKHFRHI¿FLHQWRIYDULDWLRQE\ VHH7DEOH +RZHYHU
a study by Goklany (2002) concluded that inequality between
countries does not necessarily translate into inequality between
individuals.
$V6HQQRWHVWKHSUREOHPRILQHTXDOLW\EHFRPHVPDJQL¿HG
when attention is shifted from income inequality to inequality
of ‘substantive freedoms and capabilities’, as a result of a
µFRXSOLQJ¶ RI WKH GLIIHUHQW GLPHQVLRQV ± LQGLYLGXDOV ZKR DUH
likely to suffer from higher mortality and who are illiterate are
also likely to have lower incomes and a lower ability to convert

18 The Gross National Income measures the income of all citizens, including income from abroad. GDP is different to GNI as it excludes income from abroad.
19 The GINI coefﬁcient is a measurement standard for the total income that needs to be redistributed if all income was equally distributed. A 0 value means that all are equal, while
a 1 value implies considerable inequality.
20 When income distribution is used in equity assessments it is important to recognize that such measures do not include all aspects of justice and equity.
21 Ideally one should use purchasing power (PPP) adjusted GNI, but data on GNIppp is much more limited for the earlier period. For LE and ILL we also looked at a larger dataset of
142 countries, and found very similar results.
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incomes into capabilities and good standards of living. While
this is certainly true at the individual level, at the country level
the correlation appears to be declining.
This wider analysis of equity has important implications for
sharing the costs of mitigation and for assessing the impacts of
climate change (see Chapter 1 for a more detailed discussion
of climate change impacts and the reference to the UNFCCC
Article 2). As generally known, the impacts of climate change
are distributed very unequally across the planet, hurting the
vulnerable and poor countries of the tropics much more than
the richer countries in the temperate regions. Moreover, these
impacts do not work exclusively, or even mainly, through
changes in real incomes. The well-being of future generations
will be affected through the effects of climate change on health,
economic insecurity and other factors. As far as the costs of
actions to reduce GHGs are concerned, measures that may be
the least costly in overall terms are often not the ones that are
WKHPRVWHTXLWDEOH±VHH6HFWLRQVDQGIRUDIXUWKHU
discussion of the links between mitigation policy and equity.
2.6.2

Uncertainty as a frame for distributional and
equity aspects

Gollier, 2001 outlines a framework for assessing the equity
implications of climate change uncertainty, where he considers
risk aversion for different income groups. The proposition
(generally supported by empirical evidence) is that the relative
risk aversion of individuals decreases with increasing wealth
(Gollier, 2001), implying that the compensation that an
individual asks for in order to accept a risk decreases relative to
his income with increasing income. However, the absolute risk
DYHUVLRQ±RUWKHWRWDOFRPSHQVDWLRQUHTXLUHGLQRUGHUWRDFFHSW
DULVN±LQFUHDVHVZLWKZHDOWK,WPHDQVWKDWDJLYHQDEVROXWH
risk level is considered to be more important to poorer people
than to richer, and the comparatively higher risk aversion of
poorer people suggests that larger investments in climate
change mitigation and adaptation policies are preferred if these
risks are borne by the poor rather than the rich.
A similar argument can be applied in relation to the equity
consequences of increased climate variability and extreme
events. Climate change may increase the possibility of large,
abrupt and unwelcome regional or global climatic events. A
coping strategy against variability and extreme events can be
income-smoothing measures, where individuals even out their
income over time through savings and investments. Poorer
people with a lower propensity to save, and with less access to
credit makers, have smaller possibilities to cope with climate
variability and extreme events through such income-smoothing
measures, and they will therefore be more vulnerable.

Chapter 2

2.6.3

Alternative approaches to social justice

Widening our understanding of equity does not provide
us with a rule for ranking different outcomes, except to say
that, other things being equal, a less inequitable outcome
is preferable to a more inequitable one. But how should one
measure outcomes in terms of equity and what do we do when
other things are not equal?
The traditional economic approach to resource allocation has
been based on utilitarianism, in which a policy is considered
to be desirable if no other policy or action is feasible that
yields a higher aggregate utility for society. This requires three
underlying assumptions:
(a) All choices are judged in terms of their consequences, and
not in terms of the actions they entail.
(b) These choices are valued in terms of the utility they generate
to individuals and no attention is paid to the implications of
the choices for aspects such as rights, duties etc.
(c) The individual utilities are added up to give the sum of
utility for society as a whole.
In this way the social welfare evaluation relies on the assumption
that there is a net social surplus if the winners can compensate
the losers and still be better off themselves. It should be
UHFRJQL]HG KHUH WKDW SKLORVRSKHUV GLVSXWH WKDW HI¿FLHQF\ LV D
form of equity.
This approach has been the backbone of welfare economics,
LQFOXGLQJ WKH XVH RI FRVWEHQH¿W DQDO\VLV &%$  DV D WRRO
IRU VHOHFWLQJ EHWZHHQ RSWLRQV 8QGHU &%$ DOO EHQH¿WV DUH
DGGHGXSDVDUHWKHFRVWVDQGWKHQHWEHQH¿W±WKHGLIIHUHQFH
EHWZHHQWKHEHQH¿WVDQGFRVWV±LVFDOFXODWHG7KHRSWLRQZLWK
WKH KLJKHVW QHW EHQH¿W LV FRQVLGHUHG WKH PRVW GHVLUDEOH22 If
XWLOLWLHV ZHUH SURSRUWLRQDO WR PRQH\ EHQH¿WV DQG µGLVXWLOLWLHV¶
were proportional to money costs, this method would amount
to choosing to maximize utilities. Since most economists accept
that this proportionality does not hold, they extend the CBA
by either (a) asking the decision-maker to take account of the
distributional implications of the option as a separate factor, in
DGGLWLRQWRWKHFDOFXODWHGQHWEHQH¿WRU E ZHLJKWLQJFRVWVRU
EHQH¿WVE\DIDFWRUWKDWUHÀHFWVWKHUHODWLRQVKLSEHWZHHQXWLOLW\
DQGWKHLQFRPHRIWKHSHUVRQUHFHLYLQJWKDWFRVWRUEHQH¿W)RU
details of these methods in the context of climate change, see
Markandya and Halsnaes (2002b).23
An alternative approach to allocating resources, which is
derived from an ethical perspective and has existed for at least
as long as the utilitarian approach described above (which has
its modern origins in the late 18th century by Jeremy Bentham),
is based on the view that social actions are to be judged by
ZKHWKHURUQRWWKH\FRQIRUPWRDµVRFLDOFRQWUDFW¶WKDWGH¿QHV
the rights and duties of individuals in society. The view was

22 This is considerably simpliﬁed; ignoring the time dimension and market imperfections in valuing costs and beneﬁts but the principle remains valid.
23 The ability of CBA to combine equity and utility through these means has been challenged by philosophers who argue that there could be serious ethical problems with
combining the two when beneﬁts and costs are as hugely disaggregated, as is the case with climate change. See Brown, 2002.
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LQVSLUHG E\ WKH ZRUN RI .DQW DQG +HJHO DQG ¿QGV LWV JUHDWHU
articulation in the writing of Rousseau and the French 19th
century philosophers.24 In this position, for example, a society
may predetermine that an individual has the right to be protected
from serious negative health damage as a result of social actions.
Hence no action, even if it increased utility, could be tolerated if
it violated the rights and duties of individuals.
Modern philosophers who have developed the ‘rights’ view
include Rawls, who argued that it is not utilities that matter but
the distribution of ‘primary goods, which include, in addition
to income, “rights, liberties and opportunities and… the social
basis of self respect”’ (Rawls, 1971). Rawls argued further that
social justice demanded that society be judged in terms of the
level of well-being of its worst-off member. At the other end
of the political spectrum, Nozick and the modern libertarians
contend that personal liberties and property rights have (with
very few exceptions) absolute precedence over objectives such
as the reduction of poverty and deprivation (Nozick, 1974).
More recently, however, some ethical philosophers have
IRXQG IDXOW ZLWK ERWK WKH µPRGL¿HG¶ XWLOLWDULDQ YLHZ DQG
the rights-based approach, on a number of grounds. Sen, for
example, has argued that options should be judged not only in
terms of their consequences, but also in terms of procedures. He
advocates a focus on the capabilities of individuals to choose a
life that one has reason to value. A person’s capability refers to the
alternative combinations of ‘functionings’, where functionings
can be more popularly described as ‘lifestyles’ (Sen, 1999, pp.
74-75). What matters are not only the realized functionings,
but also the capability set of alternatives, differently from a
utilitarian-based approach that focuses only on the outcomes. In
particular, the freedom to make the choices and engage in social
and market transactions is worth something in its own right.
Sen criticizes the ‘rights-based’ equity approaches for not
taking into consideration the fact that individuals are different
DQGWKHDFWXDOFRQVHTXHQFHVRIJLYLQJWKHPVSHFL¿FULJKWVZLOO
vary between individuals, so rights should be seen in the context
of capabilities. Both apply, because individuals have different
preferences and thereby value primary inputs, for example,
differently, and because their capability to use different rights
also differ. Along these lines, Sen further argues that his
capability-based approach can facilitate easier inter-personal
comparisons than utilitarianism, since it does not suggest
aggregating all individuals, but rather presenting information
both on the capability sets available to individuals and their
actual achievements.
What implications does this debate have in the context of
climate change? One is that rights and capabilities need to be
viewed in an international context. An example of an approach
based on global equity would be to entitle every individual alive
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at a given date an equal per capita share in the intrinsic capacity
of the earth to absorb GHGs. Countries whose total emissions
exceeded this aggregate value would then compensate those
below the value. In accordance with a utilitarian approach this
compensation would be based on an estimate of the aggregate
economic welfare lost by countries due to climate change, seen
in relation to their own emissions. In contrast, the capabilitybased approach would argue for reduced capabilities associated
with climate change.
As suggested above, societies do not (in practice) follow
a strict utilitarian view of social justice and they do indeed
recognize that citizens have certain basic rights in terms of
housing, medical care etc. Equally, they do not subscribe to a
clear ‘rights’ view of social justice either. Social choices are
then a compromise between a utilitarian solution that focuses
on consequences and one that recognizes basic rights in a more
fundamental way. Much of the political and philosophical
GHEDWHLVDERXWZKLFKULJKWVDUHYDOLGLQWKLVFRQWH[W±DGHEDWH
that shows little sign of resolution. For climate change there
are many options that need to be evaluated, in terms of their
consequences for the lives of individuals who will be impacted
by them. It is perfectly reasonable for the policymakers to
exclude those that would result in major social disruptions, or
large number of deaths, without recourse to a CBA. Equally,
choices that avoid such negative consequences can be regarded
as essential, even if the case for them cannot be made on CBA
grounds. Details of where such rules should apply and where
choices can be left to the more conventional CBA have yet to
be worked out, and this remains an urgent part of the agenda for
climate change studies.
As an alternative to social-justice-based equity methods,
eco-centric approaches assign intrinsic value to nature as such
%RW]OHUDQG$UPVWURQJ 7KLVYDOXHFDQEHVSHFL¿HGLQ
terms of diversity, avoided damages, harmony, stability, and
beauty, and these values should be respected by human beings
in their interaction with nature. In relation to climate change
policies the issue here becomes one of specifying the value
RIQDWXUHVXFKWKDWLWFDQEHDGGUHVVHGDVVSHFL¿FFRQVWUDLQWV
WKDWDUHWREHUHVSHFWHGEH\RQGZKDWLVUHÀHFWHGLQHVWLPDWHVRI
FRVWVDQGEHQH¿WVDQGRWKHUVRFLDOLPSDFWV
2.6.4

Equity consequences of different policy
instruments

All sorts of climate change policies related to vulnerabilities,
adaptation, and mitigation will have impacts on intra- and intergenerational equity. These equity impacts apply at the global,
international, regional, national and sub-national levels.
Article 3 of the UNFCCC (1992, sometimes referred to
as ‘the equity article’) states that Parties should protect the

24 For a discussion of this debate in an economic context, see Phelps, 1973.
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climate system on the basis of equity and in accordance with
their common but differentiated responsibilities and respective
capabilities. Accordingly, the developed country Parties should
take the lead in combating climate change and the adverse
effects thereof. Numerous approaches exist in the climate change
discourse on how these principles can be implemented. Some
of these have been presented to policymakers (both formally
and informally) and have been subject to rigorous analysis by
academics, civil society and policymakers over long periods of
time.
The equity debate has major implications for how different
stakeholders judge different instruments for reducing
greenhouse gases (GHG) and for adapting to the inevitable
impacts of climate change.
With respect to the measures for reducing GHGs, the central
equity question has focused on how the burden should be shared
across countries (Markandya and Halsnaes, 2002b; Agarwal
and Narain, 1991; Baer and Templet, 2001; Shukla, 2005). On
a utilitarian basis, assuming declining marginal utility, the case
for the richer countries undertaking more of the burden is strong
±WKH\DUHWKHRQHVWRZKRPWKHRSSRUWXQLW\FRVWRIVXFKDFWLRQV
would have less welfare implications. However, assuming
constant marginal utility, one could come to the conclusion that
the costs of climate change mitigation that richer countries will
IDFHDUHYHU\ODUJHFRPSDUHGZLWKWKHEHQH¿WVRIWKHDYRLGHG
climate change damages in poorer countries. In this way,
utilitarian-based approaches can lead to different conclusions,
depending on how welfare losses experienced by poorer people
are represented in the social welfare function.
Using a ‘rights’ basisLWZRXOGEHGLI¿FXOWWRPDNHWKHFDVH
IRUWKHSRRUHUFRXQWULHVWREHDUDVLJQL¿FDQWVKDUHRIWKHEXUGHQ
of climate change mitigation costs. Formal property rights
IRU *+* HPLVVLRQV DOORZDQFHV DUH QRW GH¿QHG EXW EDVHG RQ
justice arguments equal allocation to all human beings has been
proposed. This would give more emissions rights to developing
FRXQWULHV±PRUHWKDQWKHOHYHORI*+*VWKH\FXUUHQWO\HPLW
Hence such a rights-based allocation would impose more
VLJQL¿FDQWFRVWVRQWKHLQGXVWULDOL]HGFRXQWULHVDOWKRXJKQRZ
as emissions in the developing world increased, they too, at
some point in time, would have to undertake some emissions
reductions.
The literature includes a number of comparative studies
on equity outcomes of different international climate change
agreements. Some of these studies consider equity in terms
of the consequences of different climate change policies,
while others address equity in relation to rights that nations or
individuals should enjoy in relation to GHG emission and the
global atmosphere.
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Equity concerns have also been addressed in a more pragmatic
way as a necessary element in international agreements in
order to facilitate consensus. Müller (2001) discusses fairness
of emission allocations and that of the burden distribution that
takes all climate impacts and reduction costs into consideration
and concludes that there is no solution that can be considered
as the right and fair one far out in the future. The issue is
rather to agree on an acceptable ‘fairness harmonization
procedure’, where an emission allocation is initially chosen
and compensation payments are negotiated once the costs and
EHQH¿WVDFWXDOO\RFFXU
Rose et al. (1998) provide reasons why equity considerations
are particularly important in relation to climate change
agreements. First, country contributions will depend on
voluntary compliance and it must therefore be expected that
countries will react according to what they consider to be fair,25
ZKLFK ZLOO EH LQÀXHQFHG E\ WKHLU XQGHUVWDQGLQJ RI HTXLW\
6HFRQGDSSHDOLQJWRJOREDOHFRQRPLFHI¿FLHQF\LVQRWHQRXJK
to get countries together, due to the large disparities in current
ZHOIDUH DQG LQ ZHOIDUH FKDQJHV LPSOLHG E\ HI¿FLHQW FOLPDWH
policies.
Studies that focus on the net costs of climate change
PLWLJDWLRQYHUVXVWKHEHQH¿WVRIDYRLGHGFOLPDWHFKDQJHJLYHD
major emphasis to the economic consequences of the policies,
while libertarian-oriented equity studies focus on emission
rights, rights of the global atmosphere, basic human living
conditions etc. (Wesley and Peterson, 1999). Studies that focus
on the net policy costs will tend to address equity in terms of
a total outcome of policies, while the libertarian studies focus
more on initial equity conditions that should be applied to ex
ante emission allocation rules, without explicitly taken equity
consequences into consideration.
Given the uncertainties inherent in climate change impacts
DQG WKHLU HFRQRPLF DQG VRFLDO LPSOLFDWLRQV LW LV GLI¿FXOW WR
conduct comprehensive and reliable consequence studies that
can be used for an ex ante determination of equity principles
for climate change agreements. Furthermore, social welfare
functions and other value functions, when applied to the
DVVHVVPHQWRIWKHFRVWVDQGEHQH¿WVRIJOREDOFOLPDWHFKDQJH
policies, run into a number of crucial equity questions. These
include issues that are related to the asymmetry between the
concentration of major GHG emission sources in industrialized
countries and the relatively large expected damages in
developing countries, the treatment of individuals with different
income levels in the social welfare function, and a number of
inter-generational issues.
Rights-based approaches have been extensively used as a
basis for suggestions on structuring international climate change

25 What countries consider as ‘fair’ may be in conﬂict with their narrow self-interest. Hence there is a problem with resolving the inﬂuence of these two determinants of national
contributions to reducing GHGs. One pragmatic element in the resolution could be that the difference between the long-term self interest and what is fair is much smaller than
that between narrow self-interest and fairness.
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agreements around emission allocation rules or compensation
mechanisms. Various allocation rules have been examined,
including emissions per capita principles, emissions per GDP,
grandfathering, liability-based compensation for climate
change damages etc. These different allocation rules have
been supported with different arguments and with reference
to equity principles. An overview and assessment of the
various rights-based equity principles and their consequences
on emission allocations and costs are included in Rose et al.
(1998), Valliancourt and Waaub (2004), Leimbach (2003), Tol
and Verheyen (2004) and Panayotou et al. (2002).
While there is consensus in the literature about how rules
VKRXOGEHDVVHVVHGLQUHODWLRQWRVSHFL¿FPRUDOFULWHULDWKHUH
is much less agreement on what criteria should apply (e.g.
should they be based on libertarian or egalitarian rights-based
approaches, or on utilitarian approaches).
$ SDUWLFXODU GLI¿FXOW\ LQ HVWDEOLVKLQJ LQWHUQDWLRQDO
agreements on emission allocation rules is that the application
of equity in this ex ante way can imply the very large transfer
of wealth across nations or other legal entities that are assigned
emission quotas, at a time where abatement costs, as well as
climate change impacts, are relatively uncertain (Halsnæs
DQG 2OKRII   7KHVH XQFHUWDLQWLHV PDNH LW GLI¿FXOW IRU
different parties to assess the consequences of accepting given
emission allocation rules and to balance emission allocations
against climate damages suffered in different parts of the world
(Panayotou et al., 2002).
Practical discussions about equity questions in international
FOLPDWH FKDQJH QHJRWLDWLRQV KDYH UHÀHFWHG WR D ODUJH H[WHQW
VSHFL¿F LQWHUHVWVRI YDULRXV VWDNHKROGHUV PRUH WKDQ SULQFLSDO
moral questions or considerations about the vulnerability
of poorer countries. Arguments concerning property rights,
for example, have been used by energy-intensive industries
to advocate emission allocations based on grandfathering
principles that will give high permits to their own stakeholders
(that are large past emitters), and population-rich countries
have, in some cases, advocated that fair emission allocation
rules imply equal per capita emissions, which will give them
high emission quotas.
Vaillancourt and Waaub (2004) suggest designing emission
allocation criteria on the basis of the involvement of different
decision-makers in selecting and weighing equity principles for
emission allocations, and using these as inputs to a multi-criteria
approach. The criteria include population basis, basic needs,
SROOXWHUSD\V*'3LQWHQVLW\HI¿FLHQF\DQGJHRJUDSKLFDOLVVXHV
ZLWKRXWDVSHFL¿HGVWUXFWXUHRQLQWHUUHODWLRQVKLSVEHWZHHQWKH
different areas. In this way, the approach primarily facilitates
the involvement of stakeholders in discussions about equity.
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2.6.5

Economic efﬁciency and eventual trade-offs
with equity

For more than a decade the literature has covered studies that
UHYLHZ WKH HFRQRPLF HI¿FLHQF\ RI FOLPDWH FKDQJH PLWLJDWLRQ
policies and, to some extent, also discuss different emission
allocation rules and the derived equity consequences (IPCC,
1996, Chapter 11; IPCC, 2001, Chapters 6 and 8). Given that
markets for GHG emission permits work well in terms of
competition, transparency and low transaction costs, trade-offs
EHWZHHQ HFRQRPLF HI¿FLHQF\ DQG HTXLW\ UHVXOWLQJ IURP WKH
distribution of emission rights) do not need to occur. In this
LGHDO FDVH HTXLW\ DQG HFRQRPLF HI¿FLHQF\ FDQ EH DGGUHVVHG
separately, where equity is taken care of in the design of
HPLVVLRQDOORFDWLRQUXOHVDQGHFRQRPLFHI¿FLHQF\LVSURPRWHG
by the market system.
In practice, however, emission markets do not live up to these
ideal conditions and the allocation of emission permits, both in
LQWHUQDWLRQDODQGGRPHVWLFVHWWLQJVZLOOKDYHDQLQÀXHQFHRQ
the structure and functioning of emission markets, so trade-offs
between what seems to be equitable emission allocations and
HFRQRPLFHI¿FLHQF\FDQRIWHQRFFXU 6KXNOD 6RPHRI
the issues that have been raised in relation to the facilitation
of equity concerns through initial emission permit allocations
include the large differences in emission permits and related
market power that different countries would have (Halsnæs and
Olhoff, 2005).

2.7

Technology

The cost and pace of any response to climate change
concerns will also depend critically on the cost, performance,
and availability of technologies that can lower emissions in
the future. These technologies include both end-use (demand)
as well as production (supply) technologies. Technological
change is particularly important over the long time scales
characteristic of climate change. Decade or century-long time
scales are typical for the lags involved between technological
innovation and widespread diffusion and of the capital turnover
rates characteristic for long-lived energy capital stock and
infrastructures (IPCC, 2001, 2002).
The development and deployment of technology is a dynamic
process involving feedbacks. Each phase of this process may
involve a different set of actors and institutions. The state of
WHFKQRORJ\ DQG WHFKQRORJ\ FKDQJH FDQ GLIIHU VLJQL¿FDQWO\
from country to country and sector to sector, depending on the
starting point of infrastructure, technical capacity, the readiness
of markets to provide commercial opportunities and policy
frameworks. This section considers foundational issues related
to the creation and deployment of new technology.
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‘Technology’ refers to more than simply devices. Technology
includes hardware (machines, devices, infrastructure networks
HWF  VRIWZDUH LH NQRZOHGJHURXWLQHV UHTXLUHG IRU WKH
production and use of technological hardware), as well as
RUJDQL]DWLRQDOLQVWLWXWLRQDO VHWWLQJV WKDW IUDPH LQFHQWLYHV DQG
deployment structures (such as standards) for the generation and
use of technology (for a review, compare Grubler, 1998).26 Both
the development of hybrid car engines and the development of
Internet retailing mechanisms represent technological changes.
Many frameworks have been developed to simplify the
process of technological change into a set of discrete phases.
$ FRPPRQ GH¿QLWLRQDO IUDPHZRUN IUHTXHQWO\ LQFOXGHV WKH
following phases:
(1) Invention (novel concept or idea, as a result of research,
development, and demonstration efforts).
 ,QQRYDWLRQ ¿UVWPDUNHWLQWURGXFWLRQRIWKHVHLGHDV 
(3) Niche markets (initial, small-scale applications that are
HFRQRPLFDOO\IHDVLEOHXQGHUVSHFL¿FFRQGLWLRQV 
(4) Diffusion (widespread adoption and the evolution into
mature markets, ending eventually in decline) (see Figure
2.3 below).
While the importance of technology to climate change
is widely understood, there are differing viewpoints on the
feasibility of current technology to address climate change
and the role of new technology. On the one hand, Hoffert
et al. (2002) and others have called for a major increase in
research funding now to develop innovative technological
options because, in this view, existing technologies cannot
achieve the deep emission cuts that could be needed to mitigate
future change. On the other hand, Pacala and Socolow (2004)
advance the view that a range of known current technologies
could be deployed, starting now and over the next 50 years, to
place society on track to stabilize CO2 concentrations at 500
± 50 parts per million. In their view, research for innovative
technology is needed but only to develop technologies that
might be used in the second half of the century and beyond.
Still a third viewpoint is that the matter is better cast in terms
of cost, in addition to technical feasibility (e.g. Edmonds et al.,
1997; Edmonds, 2004; Nakicenovic and Riahi, 2002) From this
YLHZSRLQW WRGD\¶V WHFKQRORJ\ LV LQGHHG VXI¿FLHQW WR EULQJ
about the requisite emissions reductions, but the underlying
question is not technical feasibility but the degree to which
resources would need to be reallocated from other societal
goals (e.g. health care, education) to accommodate emissions
mitigation. The role of new technology, in this view, is to lower
the costs to achieve societal goals.
From the perspective of (commercial) availability and costs
it is important to differentiate between the short-term and the
long-term, and between technical and economic feasibility. A
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technology, currently at a pilot plant development stage and
thus not available commercially, has no short-term potential
to reduce emissions, but might have considerable potential
once commercialized. Conversely, a technology, currently
available commercially, but only at high cost, might have a
short-term emission reduction potential in the (unlikely) case
of extremely strong short-term policy signals (e.g. high carbon
prices), but might have considerable potential in the long-term
if the costs of the technology can be reduced. Corresponding
mitigation technology assessments are therefore most useful
ZKHQWKH\GLIIHUHQWLDWHEHWZHHQVKRUWPHGLXPWHUPDQGORQJ
term technology options, (commercial) availability status,
costs, and the resulting (different) mitigation potentials of
individual technology options. Frequently, the resulting ranking
of individual technological options with respect to emissions
UHGXFWLRQ SRWHQWLDOV DQG FRVWV\LHOGV HPLVVLRQ DEDWHPHQW
‘supply curves’ illustrate how much emission reductions can be
achieved, at what costs, over the short- to medium-term as well
as in the longer-term.
2.7.1

Technology and climate change

Recognizing the importance of technology over the longterm introduces an important element of uncertainty into
the climate change debate, as direction and pace of future
technological change cannot be predicted. Technological
innovation and deployment are responsive to climate policy
signals, for example in form of carbon taxes, although the extent
and rate of this response can be as uncertain as the timing and
magnitude of the policy signal. Reducing such uncertainties,
for instance through long-term, predictable policy frameworks
and signals, are therefore important. The usual approach
consists of formulating alternative scenarios of plausible future
developments. These, however, are constrained by inherent
biases in technology assessment and uncertainties concerning
the response of technological change to climate policy. There
is also widespread recognition in the literature that it is highly
unlikely that a single ‘silver bullet’ technology exists that can
solve the climate problem, so the issue is not one of identifying
singular technologies, but rather ensembles, or portfolios of
technologies. This applies to both mitigation and adaptation
technologies. These technologies have inter-dependencies and
cross-enhancement (‘spillover’) potentials, which adds another
important element of uncertainty into the analysis. Despite these
problems of uncertainty and ignorance, insights are available
IURPPXOWLSOH¿HOGV
Extensive literature surveys on the importance of
technological change on the extent of possible climate change
and on feasibility and costs of climate policies are provided by
Clarke and Weyant (2002), Grubb et al. (2002), Grübler et al.
(1999), Jaffe et al. (2003) and Löschel (2002) among others.

26 It is also important to note that important linkages exist between technological and behavioural change. A frequently discussed phenomenon is so-called ‘take-back’ or
‘rebound’ effects, e.g. a change in consumption behaviour after the adoption of energy efﬁciency improvement measures (e.g. driving longer distances after purchasing a more
energy-efﬁcient car). Compare the review by Schipper and Grubb, 2000.
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Quantitative illustrations have been published in a number of
important scenario studies including the IPCC SAR (IPCC,
1996) and SRES (IPCC, 2000), the scenarios of the World
Energy Council (WEC, Nakicenovic et al., 1998a) as well
as from climate policy model inter-comparison projects such
as EMF-19 (Energy Modelling Forum) (Weyant, 2004b), the
EU-based Innovation Modeling Comparison Project (IMCP)
(Edenhofer et al., 2006) and the multi-model calculations of
climate ‘stabilization’ scenarios summarized in the TAR (IPCC,
2001). In a new development since the TAR, technology has
also moved to the forefront of a number of international and
national climate policy initiatives, including the Global Energy
Technology Strategy (GTSP, 2001), the Japanese ‘New Earth 21’
Project (RITE, 2003), the US 21 Technology Roadmap (NETL,
2004), or the European Union’s World Energy Technology
Outlook (WETO, 2003).
7KH VXEVHTXHQW UHYLHZ ¿UVW GLVFXVVHV WKH LPSRUWDQFH RI
technological change in ‘no-climate policy’ (or so-called
‘reference’ or ‘baseline’) scenarios, and hence the magnitude
of possible climate change. The review then considers the
role of alternative technology assumptions in climate policy
(‘stabilization’) scenarios. The review continues by presenting
a discussion of the multitude of mechanisms underlying
technological change that need to be considered when discussing
policy options to further the availability and economics of
mitigation and adaptation technologies.


7HFKQRORJLFDOFKDQJHLQQRFOLPDWHSROLF\
(reference) scenarios

The importance of technological change for future GHG
emission levels and hence the magnitude of possible climate
change has been recognized ever since the earliest literature
reviews (Ausubel and Nordhaus, 1983). Subsequent important
literature assessments (e.g. Alcamo et al., 1995; Nakicenovic et
al., 1998b; Edmonds et al., 1997; SRES, 2000) have examined
the impact of alternative technology assumptions on future
levels of GHG emissions. For instance, the SRES (2000)
report concluded technology to be of similar importance for
future GHG emissions as population and economic growth
combined. A conceptual simple illustration of the importance of
technology is provided by comparing individual GHG emission
scenarios that share comparable assumptions on population and
economic growth, such as in the Low Emitting Energy Supply
Systems (LESS) scenarios developed for the IPCC SAR (1996)
or within the IPCC SRES (2000) A1 scenario family, where for
a comparable level of energy service demand, the (no-climatepolicy) scenarios span a range of between 1038 (A1T) and
 $), *W&FXPXODWLYH  HPLVVLRQVUHÀHFWLQJ
different assumptions on availability and development of
low- versus high-emission technologies. Yet another way of
illustrating the importance of technology assumptions in baseline
scenarios is to compare given scenarios with a hypothetical
baseline in which no technological change is assumed to occur
at all. For instance, GTSP (2001) and Edmonds et al. (1997, see

also Figure 3.32 in Chapter 3) illustrate the effect of changing
reference case technology assumptions on CO2 emissions and
concentrations based on the IPCC IS92a scenario by holding
technology at 1990 levels to reveal the degree to which advances
in technology are already embedded in the non-climate-policy
UHIHUHQFH FDVH D FRQFOXVLRQ DOVR FRQ¿UPHG E\ *HUODJK DQG
Zwaan, 2004. As in the other scenario studies reviewed,
the degree to which technological change assumptions are
UHÀHFWHG LQ WKH VFHQDULR EDVHOLQH E\ IDU GRPLQDWHV IXWXUH
projected emission levels. The importance of technology is
IXUWKHU PDJQL¿HG ZKHQ FOLPDWH SROLFLHV DUH FRQVLGHUHG 6HH
for example, the stabilization scenarios reviewed in IPCC TAR
(2001) and also Figure 2.1 below.
3HUKDSV WKH PRVW H[KDXVWLYH H[DPLQDWLRQ RI WKH LQÀXHQFH
of technological uncertainty to date is the modelling study
reported by Gritsevskyi and Nakicenovic (2000). Their model
simulations, consisting of 130,000 scenarios that span a carbon
emission range of 6 to 33 GtC by 2100 (Figure 2.1), provided
a systematic exploration of contingent uncertainties of longterm technological change spanning a comparable range of
future emissions as almost the entirety of the no-climate policy
emissions scenario literature (see Chapter 3 for an update of
WKHVFHQDULROLWHUDWXUH 7KHVWXG\DOVRLGHQWL¿HGVRPH
scenarios (out of an entire scenario ensemble of 130,000)
regrouped into a set of 53 technology dynamics that are all
‘optimal’ in the sense that they satisfy the same cost minimum
in the objective function, but with a bimodal distribution in
terms of emissions outcomes. In other words, considering full
endogenous technological uncertainty produces a pattern of
‘technological lock-in’ into alternatively low or high emissions
futures that are equal in terms of their energy systems costs.
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Figure 2.1: Emission impacts of exploring the full spectrum of technological
uncertainty in a given scenario without climate policies. Relative frequency (percent)
of 130,000 scenarios of full technological uncertainty regrouped into 520 sets of
technology dynamics with their corresponding carbon emissions by 2100. Also
shown is a subset of 13,000 scenarios grouped into 53 sets of technology dynamics
that are all ‘optimal’ in the sense of satisfying a cost minimization criterion in the
objective function. See text for further discussion. 1 Gt C = 3.7 Gt CO2
Source: Adapted from Gritsevskyi and Nakicenovic, 2000.

149

1256
Framing Issues

7KLV ¿QGLQJ LV FRQVLVWHQW ZLWK WKH H[WHQVLYH OLWHUDWXUH RQ
technological ‘path dependency’ and ‘lock-in phenomena’ (e.g.
$UWKXU   DV DOVR LQFUHDVLQJO\ UHÀHFWHG LQ WKH VFHQDULR
literature (e.g. Nakicenovic et al., 1998b and the literature
review in Chapter 3). This casts doubts on the plausibility
of central tendency technology and emissions scenarios. It
also shows that the variation in baseline cases could generate
a distribution of minimum costs of the global energy system
where low-emission baseline scenarios could be as cheap as
their high-emission counterparts.
The results also illustrate the value of technology policy as
a hedging strategy aiming at lowering future carbon emissions,
even in the absence of directed climate policies, as the costs
of reducing emissions even further from a given baseline
are ceteris paribus proportionally lower with lower baseline
emissions.


7HFKQRORJLFDOFKDQJHLQFOLPDWHSROLF\VFHQDULRV

In addition to the technology assumptions that enter typical
‘no-climate policy’ baselines, technology availability and
the response of technology development and adoption rates
to a variety of climate policies also play a critical role. The
assessment of which alternative technologies are deployed in
meeting given GHG emission limitations or as a function of ex
ante assumed climate policy variables, such as carbon taxes,
again entails calculations that span many decades into the future
and typically rely on (no-climate policy) baseline scenarios
(discussed above).
Previous IPCC assessments have discussed in detail the
differences that have arisen with respect to feasibility and
costs of emission reductions between two broad categories of
modelling approaches: ‘bottom-up’ engineering-type models
versus ‘top-down’ macro-economic models. Bottom-up models
XVXDOO\WHQGWRVXJJHVWWKDWPLWLJDWLRQFDQ\LHOG¿QDQFLDODQG
HFRQRPLFEHQH¿WVGHSHQGLQJRQWKHDGRSWLRQRIEHVWDYDLODEOH
technologies and the development of new technologies.
Conversely, top-down studies have tended to suggest that
mitigation policies have economic costs because markets are
DVVXPHG WR KDYH DGRSWHG DOO HI¿FLHQW RSWLRQV DOUHDG\ 7KH
TAR offered an extensive analysis of the relationship between
technological, socio-economic, economic and market potential
of emission reductions, with some discussion of the various
barriers that help to explain the differences between the different
PRGHOLQJDSSURDFKHV$QHZ¿QGLQJLQWKHXQGHUO\LQJOLWHUDWXUH
(see, for example, the review in Weyant, 2004a) is that the
traditional distinction between ‘bottom-up’ (engineering) and
‘top down’ (macro-economic) models is becoming increasingly
blurred as ‘top down’ models incorporate increasing
technology detail, while ‘bottom up’ models increasingly
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incorporate price effects and macro-economic feedbacks, as
well as adoption barrier analysis, into their model structures.
The knowledge gained through successive rounds of model
inter-comparisons, such as implemented within the Energy
Modeling Forum (EMF) and similar exercises, has shown that
the traditional dichotomy between ‘optimistic’ (i.e. bottom-up)
and ‘pessimistic’ (i.e. top-down) views on feasibility and costs
of meeting alternative stabilization targets is therefore less an
issue of methodology, but rather the consequence of alternative
assumptions on availability and costs of low- and zero-GHGemitting technologies. However, in their meta-analysis of postSRES model results, Barker et al. (2002) have also shown that
model structure continues to be of importance.
Given the infancy of empirical studies and resulting models
that capture in detail the various inter-related inducement
mechanisms of technological change in policy models, salient
uncertainties continue to be best described through explorative
model exercises under a range of (exogenous) technology
development scenarios. Which mitigative technologies are
deployed, how much, when and where depend on three sets of
model and scenario assumptions. First, assumptions on which
technologies are used in the reference (‘no policy’) case, in
itself a complex result of scenario assumptions concerning
future demand growth, resource availability, and exogenous
WHFKQRORJ\VSHFL¿FVFHQDULRDVVXPSWLRQV6HFRQGWHFKQRORJ\
deployment portfolios depend on the magnitude of the emission
constraint, increasing with lower stabilization targets. Finally,
results depend critically on assumptions concerning future
availability and relative costs of mitigative technologies
that determine the optimal technology mix for any given
combination of baseline scenarios with alternative stabilization
levels or climate policy variables considered.
2.7.1.3

Technological change and the costs of achieving
climate targets

Rates of technological change are also critical determinants
of the costs of achieving particular environmental targets.
It is widely acknowledged that technological change has
been a critical factor in both cost reductions and quality
improvements of a wide variety of processes and products.27
Assuming that technologies in the future improve similarly to
that observed in the past enables experts to quantify the cost
impacts of technology improvements in controlled modeling
experiments. For instance, Edmonds et al. (1997, compare
Figure 3.36 in Chapter 3) analyzed the carbon implications
of technological progress consistent with historical rates of
HQHUJ\ WHFKQRORJ\ FKDQJH 2WKHU VWXGLHV KDYH FRQ¿UPHG
Edmonds’ (1997) conclusion on the paramount importance
of future availability and costs of low-emission technologies
DQGWKHVLJQL¿FDQWHFRQRPLFEHQH¿WVRILPSURYHGWHFKQRORJ\

27 Perhaps one of the most dramatic historical empirical studies is provided by Nordhaus (1997) who has analyzed the case of illumination since antiquity, illustrating that the costs
per lumen-hour have decreased by approximately a factor of 1,000 over the last 200 years. Empirical studies into computers and semiconductors indicate cost declines of up to
a factor of 100,000 (Victor and Ausubel, 2002; Irwin and Klenov, 1994). Comparable studies for environmental technologies are scarce.
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that, when compounded over many decades, can add up to
trillions of dollars. (For a discussion of corresponding ‘value
of technological innovation’ studies see Edmonds and Smith
(2006) and Section 3.4, particularly Figure 3.36 in Chapter 3).
However, to date, model calculations offer no guidance on the
likelihood or uncertainty of realizing ‘advanced technology’
scenarios. However, there is an increasing number of studies
(e.g. Gerlagh and Van der Zwaan, 2006) that explore the
mechanisms and policy instruments that would need to be set in
place in order to induce such drastic technological changes.
The treatment of technological change in an emissions
and climate policy modeling framework can have a huge
effect on estimates of the cost of meeting any environmental
target. Models in which technological change is dominated
by experience (learning) curve effects, show that the cost of
stabilizing GHG concentrations could be in the range of a few
tenths of a percent of GDP, or even lower (in some models
HYHQEHFRPLQJQHJDWLYH ± D ¿QGLQJ DOVR FRQ¿UPHGE\RWKHU
modelling studies (e.g. Rao et al., 2005) and consistent with
the results of the study by Gritsevskyi and Nakicenovic (2000)
reviewed above, which also showed identical costs of ‘high’
versus ‘low’ long-term emission futures. This contrasts with the
traditional view that the long-term costs28 of climate stabilization
could be very high, amounting to several percentage points of
economic output (see also the review in IPCC, 2001).
Given the persistent uncertainty of what constitutes
‘dangerous interference with the climate system’ and the
resulting uncertainty on ultimate climate stabilization targets,
DQRWKHU LPSRUWDQW ¿QGLQJ UHODWHG WR WHFKQRORJ\ HFRQRPLFV
emerges from the available literature. Differences in the
cost of meeting a prescribed CO2 concentration target across
alternative technology development pathways that could unfold
in the absence of climate policies are more important than cost
differences between alternative stabilization levels within
a given technology-reference scenario. In other words, the
overall ‘reference’ technology pathway can be equally, if not
more, important in determining the costs of a given scenario as
the stringency of the ultimate climate stabilization target chosen
(confer Figure 2.2).
In a series of alternative stabilization runs imposed on the
SRES A1 scenarios, chosen for ease of comparability as sharing
similar energy demands, Roehrl and Riahi (2000) confer also
IPCC (2001) have explored the cost differences between four
alternative baselines and their corresponding stabilization
targets, ranging from 750 ppmv all the way down to 450 ppmv.
In their calculations, the cost differences between alternative
baselines are also linked to differences in baseline emissions:
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Figure 2.2: The impacts of different technology assumptions on energy systems
costs and emissions (cumulative 1990–2100, systems costs (undiscounted) in
trillion US$) in no-climate policy baseline (reference) scenarios (based on the SRES
A1 scenario family that share identical population and GDP growth assumptions)
and in illustrative stabilization scenarios (750, 650, 550 and 450 ppm respectively).
For comparison: the total cumulative (undiscounted) GDP of the scenarios is around
30,000 trillion US$ over the 1990–2100 time period.
Source: Roehrl and Riahi (2000).

advanced post-fossil fuel technologies yield both lower overall
systems costs as well as lower baseline emissions and hence
ORZHU FRVWV RI PHHWLQJ D VSHFL¿HG FOLPDWH WDUJHW FRQIHU WKH
differences between the A1C and A1T scenarios in Figure 2.2).
7KHLU ¿QGLQJV DUH FRQVLVWHQW ZLWK WKH SDWWHUQ LGHQWL¿HG E\
Edmonds et al. (1997) and Gerlagh and Van der Zwaan (2003).
Cost differences are generally much larger between alternative
technology baselines, characterized by differing assumptions
concerning availability and costs of technologies, rather than
between alternative stabilization levels. The IEA (2004) World
(QHUJ\ 2XWORRN DOVR FRQ¿UPV WKLV FRQFOXVLRQ DQG KLJKOLJKWV
the differential investment patterns entailed by alternative
technological pathways.29 The results from the available
OLWHUDWXUH WKXV FRQ¿UP WKH YDOXH RI DGYDQFHV LQ WHFKQRORJ\
importance in lowering future ‘baseline’ emissions in order
WR HQKDQFH IHDVLELOLW\ ÀH[LELOLW\ DQG HFRQRPLFV RI PHHWLQJ
alternative stabilization targets, in lowering overall systems
costs, as well as in lowering the costs of meeting alternative
stabilization targets.
$UREXVWDQDO\WLFDO¿QGLQJDULVLQJIURPGHWDLOHGWHFKQRORJ\
VSHFL¿F VWXGLHV LV WKDW WKH HFRQRPLF EHQH¿WV RI WHFKQRORJ\
improvements (i.e. from cost reductions) are highly non-linear,
arising from the cumulative nature of technological change,
from interdependence and spillover effects, and from potential

28 Note here that this statement only refers to the (very) long term, i.e. a time horizon in which existing capital stock and technologies will have been turned over and replaced by
newer vintages. In the short term (and using currently or near-term available technologies) the costs of climate policy scenarios are invariably higher than their unconstrained
counterparts.
29 The IEA (2004) ‘alternative scenario’, while having comparable total systems costs, would entail an important shift in investments away from fossil-fuel-intensive energy supply
options towards energy efﬁciency improvements, a pattern also identiﬁed in the scenario study of Nakicenovic et al. (1998b).
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increasing returns to adoption (i.e. costs decline with increasing
market deployment of a given technology).30 (A detailed review
covering the multitude of sources of technological change,
including the aforementioned effects, is provided in Chapter
11, Section 11.5, discussing so-called ‘induced technological
change’ models).
2.7.2

Technological change

&KDQJHV LQ WHFKQRORJ\ GR QRW DULVH DXWRQRPRXVO\ ± WKH\
arise through the actions of human beings, and different social
and economic systems have different proclivities to induce
technological change. The range of actors participating in the
process of technological change spans the full range of those
that use technology, design and manufacture technology, and
create new knowledge.
7KH SURFHVV RI WHFKQRORJLFDO FKDQJH KDV VHYHUDO GH¿QLQJ
characteristics. First, the process is highly uncertain and
XQSUHGLFWDEOH )LUPV SODQQLQJ UHVHDUFK WRZDUG D ZHOOGH¿QHG
technical goal must plan without full knowledge regarding
the potential cost, time frame, and even the ultimate success.
Further, the history of technological development is rife with
small and large examples of serendipitous discoveries, (e.g.
7HÀRQ ZKRVHDSSOLFDWLRQLVIDUEH\RQGRUGLIIHUHQWWKDQWKHLU
intended use.
$ VHFRQG GH¿QLQJ FKDUDFWHULVWLF RI WHFKQRORJLFDO FKDQJH
is the transferable, public-good nature of knowledge. Once
FUHDWHG WKH YDOXH RI WHFKQRORJLFDO NQRZOHGJH LV GLI¿FXOW
to fully appropriate; some or all eventually spills over to
others, and in doing so the knowledge is not depleted. This
FKDUDFWHULVWLFRI NQRZOHGJH KDV ERWK EHQH¿WV DQG GUDZEDFNV
On the one hand, an important discovery by a single individual,
such as penicillin, can be utilized worldwide. Knowledge of
penicillin is a public good and therefore one person’s use of this
knowledge does not preclude another person from using this
VDPHNQRZOHGJH±XQOLNHIRUFDSLWDORUODERXUZKHUHXVHLQRQH
task precludes use in an alternative task. On the other hand, the
understanding by potential innovators that any new knowledge
PLJKW HYHQWXDOO\ VSLOO RYHU WR RWKHUV OLPLWV H[SHFWHG SUR¿WV
and therefore dampens private-sector innovative activity. Thus
intellectual property rights can serve both as a barrier and an
DLGLQWHFKQRORJ\FKDQJH$¿QDOWKLUGIHDWXUHRIWHFKQRORJLFDO
change is its cumulativeness, which is also frequently related to
spillover effects.
There are numerous paradigms used to separate the process
of technological change into distinct phases. One approach is
to consider technological change as roughly a two-part process,
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which includes:
(1) The process of conceiving, creating, and developing new
WHFKQRORJLHV RU HQKDQFLQJ H[LVWLQJ WHFKQRORJLHV ± WKH
process of advancing the ‘technological frontier’.
(2) The process of diffusing or deploying these technologies.
These two processes are inextricably tied. The set of available
WHFKQRORJ\ GH¿QHV ZKDW PLJKW EH GHSOR\HG DQG WKH XVH RI
technology affords learning that can guide R&D programmes
or directly improve technology through learning-by-doing. The
two processes are also linked temporally. The set of technologies
WKDW¿QGWKHLUZD\LQWRXVHQHFHVVDULO\ODJVWKHWHFKQRORJLFDO
IURQWLHU7KHXVHIXOOLIHRIWHFKQRORJLHV±WKHLUQDWXUDOWXUQRYHU
UDWH ± KHOSV WR GULYH WKH WLPH UHODWLRQVKLS &DU OLIHVSDQV FDQ
be in the order of 15 years, but the associated infrastructure
±URDGV¿OOLQJVWDWLRQVYHKLFOHPDQXIDFWXULQJIDFLOLWLHV±KDYH
VLJQL¿FDQWO\ ORQJHU OLIHVSDQV DQG HOHFWULF SRZHU SODQWV PD\
be used for a half-century or more; hence, the average car is
VXEVWDQWLDOO\ \RXQJHU WKDQ WKH DYHUDJH FRDO¿UHG SRZHU SODQW
and much of its associated infrastructure. The nature of the
FDSLWDOVWRFN HJÀH[LIXHOFDUVWKDWFDQXVHERWKFRQYHQWLRQDO
petrol and ethanol) is also important in determining diffusion
speed.
2.7.2.1

The sources of technological change

New technology arises from a range of interacting drivers.
The literature (for a review see, for example, Freeman, 1994,
and Grubler, 1998) divides these drivers into three broad,
overlapping categories: R&D, learning-by-doing, and spillovers.
These drivers are distinctly different31 from other mechanisms
WKDWLQÀXHQFHWKHFRVWVRIDJLYHQWHFKQRORJ\VXFKDVWKURXJK
economies of scale effects (see Box 2.3 below). Each of these
HQWDLOVGLIIHUHQWDJHQWVLQYHVWPHQWQHHGV¿QDQFLDOLQVWLWXWLRQV
DQG LV DIIHFWHG E\ WKH SROLF\ HQYLURQPHQW 7KHVH DUH EULHÀ\
discussed below, followed by a discussion of the empirical
evidence supporting the importance of these sources and the
linkages between them.
Research and Development (R&D): R&D encompasses a
EURDG VHW RI DFWLYLWLHV LQ ZKLFK ¿UPV JRYHUQPHQWV RU RWKHU
HQWLWLHVH[SHQGUHVRXUFHVVSHFL¿FDOO\WRLPSURYHWHFKQRORJ\RU
gain new knowledge. While R&D covers a broad continuum,
it is often parsed into two categories: applied R&D and
fundamental research, and entails both science and engineering
(and requires science and engineering education). Applied R&D
IRFXVHVRQLPSURYLQJVSHFL¿FZHOOGH¿QHGWHFKQRORJLHV HJ
fuel cells). Fundamental research focuses on broader and more
fundamental areas of understanding. Fundamental research
may be mission-oriented (e.g. fundamental biological research

30 This is frequently referred to as a ‘learning-by-doing’ phenomenon. However, the linkages between technology costs and market deployment are complex, covering a whole
host of inﬂuencing factors including (traditional) economics of larger market size, economies of scale in manufacturing, innovation-driven technology improvements, geographical and inter-industry spillover effects, as well as learning-by-doing (experience curve) phenomena proper. For (one of the few available) empirical studies analyzing the relative
contribution of their various effects on cost improvements see Nemet (2005). A more detailed discussion is provided in Chapter 11.
31 However, there are important relations between economies of scale and technological change in terms that scaling up usually also requires changes in manufacturing technologies, even if the technology manufactured remains unchanged.
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LQWHQGHGWRSURYLGHDORQJWHUPNQRZOHGJHEDVHWR¿JKWFDQFHU
or create fuels) or focus on new knowledge creation without
explicit consideration of use (see Stokes (1997) regarding this
distinction). Both applied R&D and fundamental research are
interactive: fundamental research in a range of disciplines or
research areas, from materials to high-speed computing, can
create a pool of knowledge and ideas that might then be further
developed through applied R&D. Obstacles in applied R&D can
also feed research priorities back to fundamental research. As a
rule of thumb, the private sector takes an increasingly prominent
role in the R&D enterprise the further along the process toward
commercial application. Similar terms found in the literature
include: Research, Development, and Demonstration (RD&D),
and Research, Development, Demonstration, and Deployment
(RDD&D or RD3). These concepts highlight the importance
of linking basic and applied research to initial applications of
new technologies that are an important feedback and learning
mechanism for R&D proper.
R&D from across the economic spectrum is important to
climate change. Energy-focused R&D, basic or applied, as well
as R&D in other climate-relevant sectors (e.g. agriculture) can
GLUHFWO\LQÀXHQFHWKHJUHHQKRXVHJDVHPLVVLRQVDVVRFLDWHGZLWK
these sectors (CO2, CH4). At the same time, R&D in seemingly
XQUHODWHGVHFWRUVPD\DOVRSURYLGHVSLOORYHUEHQH¿WVWRFOLPDWH
relevant sectors. For example, advances in computers over the
last several decades have enhanced the performance of the
majority of energy production and use technologies.
Learning-by-doing: Learning-by-doing refers to the
WHFKQRORJ\DGYDQFLQJ EHQH¿WV WKDW DULVH WKURXJK WKH XVH RU
production of technology, i.e. market deployment. The more that
an individual or an organization repeats a task, the more adept
RUHI¿FLHQWWKDWRUJDQL]DWLRQRULQGLYLGXDOEHFRPHVDWWKDWWDVN
In early descriptions (for example, Wright, 1936), learningby-doing referred to improvements in manufacturing labour
productivity for a single product and production line. Over
time, the application of learning-by-doing has been expanded
WRWKHOHYHORIODUJHUVFDOHRUJDQL]DWLRQVVXFKDVDQHQWLUH¿UP
producing a particular product. Improvements in coordination,
scheduling, design, material inputs, and manufacturing
technologies can increase labour productivity, and this broader
GH¿QLWLRQ RI OHDUQLQJE\GRLQJ WKHUHIRUH UHÀHFWV H[SHULHQFH
gained at all levels in the organization, including engineering,
management, and even sales and marketing (see, Hirsh, 1956;
Baloff, 1966; Yelle, 1979; Montgomery and Day, 1985; Argote
and Epple, 1990).
There are clearly important interactions between learningby-doing and R&D. The production and use of technologies
provides important feedbacks to the R&D process, identifying
key areas for improvement or important roadblocks. In
addition, the distinction between learning-by-doing and R&D is
blurred at the edges: for example, everyday technology design
improvements lie at the boundary of these two processes.

Framing Issues

Spillovers: Spillovers refer to the transfer of knowledge or
WKHHFRQRPLFEHQH¿WVRILQQRYDWLRQIURPRQHLQGLYLGXDO¿UP
industry, or other entity to another. The gas turbine in electricity
production, 3-D seismic imaging in oil exploration, oil platform
technologies and wave energy, and computers are all spillovers
in a range of energy technologies. For each of these obvious cases
of spillovers there are also innumerable, more subtle instances.
7KHDELOLW\WRLGHQWLI\DQGH[SORLWDGYDQFHVLQXQUHODWHG¿HOGVLV
one of the prime drivers of innovation and improvement. Such
advances draw from an enabling environment that supports
education, research and industrial capacity.
There are several dimensions to spillovers. Spillovers can
occur between:
(1) Firms within an industry in and within countries (intraindustry spillovers).
(2) Industries (inter-industry spillovers).
(3) Countries (international spillovers).
The latter have received considerable attention in the climate
literature (e.g. Grubb et al., 2002). Spillovers create a positive
externality for the recipient industry, sector or country, but
also limit (but not eliminate) the ability of those that create
new knowledge to appropriate the economic returns from
their efforts, which can reduce private incentives to invest
in technological advance (see Arrow, 1962), and is cited as a
SULPDU\MXVWL¿FDWLRQIRUJRYHUQPHQWLQWHUYHQWLRQLQPDUNHWVIRU
innovation.
6SLOORYHUVDUHQRWQHFHVVDULO\IUHH7KHEHQH¿WVRIVSLOORYHUV
PD\UHTXLUHHIIRUWRQWKHSDUWRIWKHUHFHLYLQJ¿UPVLQGXVWULHVRU
countries. Explicit effort is often required to exploit knowledge
that spills over, whether that knowledge is an explicit industrial
process or new knowledge from the foundations of science
(see Cohen and Levinthal, 1989). The opportunities created
by spillovers are one of the primary sources of knowledge
that underlies innovation (see Klevorick, et al., 1995). There
are different channels by which innovativions may spillover.
)RULQVWDQFHWKHSURGXFWLYLW\DFKLHYHGE\D¿UPRUDQLQGXVWU\
depends not only on its own R&D effort, but also on the pool
of general knowledge to which it has access. There are also
so-called ‘rent spillovers’, such as R&D leading to quality
changes embodied in new and improved outputs which not
necessarily yield higher prices. Finally, spillovers are frequent
for products with high market rivalry effects (e.g. through
reverse engineering or industrial espionage). However it is
LQKHUHQWO\GLI¿FXOWWRGLVWLQJXLVKFOHDUO\EHWZHHQWKHVHYDULRXV
channels of spillovers.
Over the last half century, a substantial empirical literature
has developed, outside the climate or energy contexts, which
explores the sources of technological advance. Because of the
complexity of technological advance and the sizable range of
forces and actors involved, this literature has proceeded largely
through partial views, considering one or a small number of
sources, or one or a small number of technologies. On the
whole, the evidence strongly suggests that all three of the
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Box 2.3 Economies of scale
Economies of scale refer to the decreases in the average cost of production that come with an increase in production levels,
assuming a constant level of technology. Economies of scale may arise, for example, because of ﬁxed production costs
that can be spread over larger and larger quantities as production increases, thereby decreasing average costs. Economies
of scale are not a source of technological advance, but rather a characteristic of production. However, the two concepts
are often intertwined, as increased production levels can bring down costs both through learning-by-doing and economies
of scale. It is for this reason that economies of scale have often been used as a justiﬁcation for using experience curves or
learning curves in integrated assessment models.

VRXUFHV KLJKOLJKWHG DERYH ± 5 ' OHDUQLQJE\GRLQJ DQG
VSLOORYHUV±SOD\LPSRUWDQWUROHVLQWHFKQRORJLFDODGYDQFHDQG
there is no compelling reason to believe that one is broadly
more important than the others. The evidence also suggests
that these sources are not simply substitutes, but may have
highly complementary interactions. For example, learning from
producing and using technologies provides important market
and technical information that can guide both public and private
R&D efforts.
Beginning with Griliches’s study of hybrid corn (see
Griliches, 1992), economists have conducted econometric
studies linking R&D to productivity (see Griliches, 1992,
Nadiri, 1993, and the Australian Industry Commission, 1995 for
reviews of this literature). These studies have used a wide range
of methodologies and have explored both public and private
R&D in several countries. As a body of work, the literature
strongly suggests substantial returns from R&D, social rates
well above private rates in the case of private R&D (implying
WKDW ¿UPV DUH XQDEOH WR IXOO\ DSSURSULDWH WKH EHQH¿WV RI WKHLU
5 ' DQGODUJHVSLOORYHUEHQH¿WV*ULOLFKHV  ZULWHVWKDW
µ« WKHUH KDYH EHHQ D VLJQL¿FDQW QXPEHU RI UHDVRQDEO\ ZHOO
done studies all pointing in the same direction: R&D spillovers
are present, their magnitude may be quite large, and social rates
RIUHWXUQUHPDLQVLJQL¿FDQWO\DERYHSULYDWHUDWHV¶
Since at least the mid-1930s (see Wright, 1936), researchers
have also conducted statistical analyses on ‘learning curves’
correlating increasing cumulative production volumes and
technological advance. Early studies focused heavily on military
applications, notably wartime ship and airframe manufacture (see
Alchian, 1963 and Rapping, 1965). From 1970 through to the
mid-1980s, use of experience curves was widely recommended
for corporate strategy development. More recently, statistical
analyses have been applied to emerging energy technologies
such as wind and solar power. (Good summaries of the
experience curve literature can be found in Yelle, 1979; Dutton
and Thomas, 1984. Energy technology experience curves
may be found in Zimmerman, 1982; Joskow and Rose, 1982;
Christiansson, 1995; McDonald and Schrattenholzer, 2001).
Based on the strength of these correlations, large-scale
energy and environmental models are increasingly using
‘experience curves’ or ‘learning curves’ to capture the response
of technologies to increasing use (e.g. Messner, 1997; IEA,
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2000; Rao et al., 2005; and the review by Clarke and Weyant,
2002). These curves correlate cumulative production volume to
per-unit costs or other measures of technological advance.
An important methodological issue arising in the use of
these curves is that the statistical correlations on which they
are based do not address the causal relationships underlying
the correlations between cumulative production and declining
costs, and few studies address the uncertainties inherent in any
learning phenomenon (including negative learning). Because
these curves often consider technologies over long time frames
and many stages of technology evolution, they must incorporate
the full range of sources that might affect technological advance
or costs and performance more generally, including economies
of scale, changes in industry structure, own-industry R&D,
and spillovers from other industries and from government
R&D. Together, these sources of advance reduce costs, open
up larger markets, and result in increasing cumulative volume
(see Ghemawat, 1985; Day and Montgomery, 1983; Alberts,
1989; Soderholm and Sundqvist, 2003). Hence, the causal
relationships necessarily operate both from cumulative volume
to technological advance and from technological advance to
cumulative volume.
A number of studies have attempted to probe more deeply
into the sources of advance underlying these correlations
(see, for example, Rapping, 1965; Lieberman, 1984; Hirsh,
1956; Zimmerman, 1982; Joskow and Rose, 1985; Soderholm
and Sundqvist, 2003, and Nemet, 2005). On the whole, these
studies continue to support the presence of learning-by-doing
effects, but also make clear that other sources can also be
LPSRUWDQWDQGFDQLQÀXHQFHWKHOHDUQLQJUDWH7KLVFRQFOXVLRQ
LVDOVRFRQ¿UPHGE\UHFHQWVWXGLHVIROORZLQJDVRFDOOHGµWZR
factor-learning-curve’ hypothesis that incorporates both R&D
and cumulative production volume as drivers of technological
advance within a production function framework (see, for
example, Kouvaritakis et al., 2000). However, Soderholm and
Sundqvist (2003) conclude that ‘the problem of omitted variable
bias needs to be taken seriously’ in this type of approach, in
DGGLWLRQ WR HPSLULFDO GLI¿FXOWLHV WKDW DULVH EHFDXVH RI WKH
DEVHQFHRISXEOLFDQGSULYDWHVHFWRUWHFKQRORJ\VSHFL¿F5 '
VWDWLVWLFVDQGGXHWRVLJQL¿FDQWFROLQHDULW\DQGDXWRFRUUHODWLRQ
of parameters (e.g. Miketa and Schrattenholzer, 2004).
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More broadly, these studies, along with related theoretical
work, suggest the need for further exploration of the drivers
behind technological advance and the need to develop more
explicit models of the interactions between sources. For
example, while the two-factor-learning-curves include both
R&D and cumulative volume as drivers, they often assume a
substitutability of the two forms of knowledge generation that
is at odds with the (by now widely accepted) importance of
feedback effects between ‘supply push’ and ‘demand pull’
drivers of technological change (compare Freeman, 1994).
Hence, while modelling paradigms such as two-factor-learningcurves might be valuable methodological steps on the modelling
front, they remain largely exploratory. For a (critical) discussion
and suggestion for an alternative approach see, for example,
Otto et al., 2005.
A range of additional lines of research has explored the
sources of technological advance. Authors have pursued the
impacts of ‘general-purpose technologies’, such as rotary motion
(Bresnahan and Trajtenberg, 1992), electricity and electric
motors (Rosenberg, 1982), chemical engineering (Rosenberg,
1998), and binary logic and computers (Bresnahan and
Trajtenberg, 1992). Klevorick et al. (1995) explored the sources
RI WHFKQRORJLFDO RSSRUWXQLW\ WKDW ¿UPV H[SORLW LQ DGYDQFLQJ
WHFKQRORJ\ ¿QGLQJ LPSRUWDQW UROHV IRU D UDQJH RI NQRZOHGJH
sources, depending on the industry and the application. A number
of authors (see, for example, Jaffe and Palmer 1996; Lanjouw
and Mody 1996; Taylor et al., 2003; Brunnermier and Cohen,
2003; Newell et al. 1998) have explored the empirical link
between environmental regulation and technological advance
in environmental technologies. This body of literature indicates
an important relationship between environmental regulation
and innovative activity on environmental technologies.
On the other hand, this literature also indicates that not all
technological advance can be attributed to the response to
environmental regulation. Finally, there has been a long line of
empirical research exploring whether technological advance is
induced primarily through the appearance of new technological
opportunities (technology-push) or through the response to
perceived market demand (market pull). (See, for example,
Schmookler, 1962; Langrish et al., 1972; Myers and Marquis,
1969; Mowery and Rosenberg, 1979; Rosenberg 1982; Mowery
and Rosenberg, 1989; Utterback, 1996; Rycroft and Kash 1999).
Over time, a consensus has emerged that ‘the old debate about
the relative relevance of “technology push” versus “market
pull” in delivering new products and processes has become an
DQDFKURQLVP,QPDQ\FDVHVRQHFDQQRWVD\ZLWKFRQ¿GHQFHWKDW
either breakthroughs in research “cause” commercial success
or that the generation of successful products or processes was
a predictable “effect” of having the capability to read user
demands or other market signals accurately’ (Rycroft and Kash,
1999).
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'HYHORSPHQWDQGFRPPHUFLDOL]DWLRQGULYHUV
EDUULHUVDQGRSSRUWXQLWLHV

Development and diffusion or commercialization of new
technology is largely a private-sector endeavour driven by
market incentives. The public sector can play an important
role in coordination and co-funding of these activities and
(through policies) in structuring market incentives. Firms
choose to develop and deploy new technologies to gain
PDUNHW DGYDQWDJHV WKDW OHDG WR JUHDWHU SUR¿WV 7HFKQRORJLFDO
change comprises a whole host of activities that include R&D,
innovations, demonstration projects, commercial deployment
and widespread use, and involves a wide range of actors
ranging from academic scientists and engineers, to industrial
UHVHDUFK ODEV FRQVXOWDQWV ¿UPV UHJXODWRUV VXSSOLHUV DQG
customers. When creating and disseminating revolutionary
(currently non-existent) technologies, the path to development
may proceed sequentially through the various phases, but for
existing technology, interactions can occur between all phases,
for example, studies of limitations in currently deployed
technologies may spark innovation in fundamental academic
research. The ability to identify and exploit advances in unrelated
¿HOGV DGYDQFHGGLDJQRVWLFVDQGSUREHVFRPSXWHUPRQLWRULQJ
and modelling, control systems, materials and fabrication) is
one of the prime drivers of innovation and improvement. Such
advances draw from an enabling environment that supports
education, research and industrial capacity.
7KH EHKDYLRXU RI FRPSHWLQJ ¿UPV SOD\V D NH\ UROH LQ WKH
innovation process. Especially in their efforts to develop and
introduce new non-commercial technology into a sustainable
FRPPHUFLDO RSHUDWLRQV ¿UPV UHTXLUH QRW RQO\ WKH DELOLW\ WR
LQQRYDWHDQGWR¿QDQFHFRVWO\KDUGZDUHEXWDOVRWKHPDQDJHULDO
and technical skills to operate them and successfully market the
products, particularly in the early stages of deployment and
diffusion. The development of proprietary intellectual property
and managerial know-how are key ingredients in establishing
competitive advantage with new technology, but they can be
FRVWO\DQGGLI¿FXOWWRVXVWDLQ
Several factors must therefore be considered prominently
with respect to the process of technology development and
commercialization. A detailed review of these factors is included
in the IPCC Special Report on Technology Transfer (SRTT) and
the discussion below provides a summary and update, which
draws on Flannery and Khesghi (2005) and OECD (2006).
Factors to consider in development and commercialization of
new technologies include:
v First, the lengthy timescale for deployment of advanced
energy technologies.
v Second, the range of barriers that innovative technologies
must successfully overcome if they are to enter into
widespread commercial use.
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v Third, the role of governments in creating an enabling
framework to enhance the dissemination of innovative
commercial technology created by private companies.
v Fourth, absorptive capacity and technological capabilities are
also important determinants of innovation and diffusion.
New technologies must overcome a range of technical
and market hurdles to enter into widespread commercial use.
Important factors include:
v Performance.
v Cost.
v Consumer acceptance.
v Safety.
v )LQDQFLDOULVNVDYDLODEOH¿QDQFLQJLQVWUXPHQWV
v Enabling infrastructure.
v ,QFHQWLYHVWUXFWXUHVIRU¿UPV HJOLFHQVLQJIHHVUR\DOWLHV
policy environment, etc.).
v Regulatory compliance.
v Environmental impacts.
The diffusion potential for a new technology depends on
all above factors. If a technology fails even in one of these
GLPHQVLRQV LW ZLOO QRW DFKLHYH VLJQL¿FDQW JOREDO SHQHWUDWLRQ
While reducing greenhouse gas emissions should be an
important objective in technological research, it is not the only
factor.
Another factor is that the lengthy timescale for deployment
of advanced energy technologies has a substantive impact on
private-sector behaviour. Even with successful innovation
in energy technology, the time necessary for new technology
to make a widespread global impact on emissions will be
lengthy. Timescales are long, both due to the long lifespan of
existing productive capital stock, and the major investment
LQ KDUGZDUH DQG LQIUDVWUXFWXUH WKDW LV UHTXLUHG IRU VLJQL¿FDQW
market penetration. During the time that advanced technology
is being deployed, both incremental and revolutionary changes
may occur in the technologies under consideration, and in those
that compete with them.
One consequence of the long time scales involved with energy
technology is that, at any point in time, there will inevitably
EH D VLJQL¿FDQW VSUHDG LQ WKH HI¿FLHQF\ DQG SHUIRUPDQFH
of the existing equipment deployed. While this presents an
opportunity for advanced technology to reduce emissions,
the overall investment required to prematurely replace a
VLJQL¿FDQWIUDFWLRQRIVXQNFDSLWDOFDQEHSURKLELWLYH$QRWKHU
consequence of the long time scale and high cost of equipment
LVWKDWLWLVGLI¿FXOWWRGLVFHUQORQJWHUPWHFKQRORJLFDOZLQQHUV
and losers in evolving markets.
A third factor is enabling infrastructure. Infrastructure can
be interpreted broadly. Key features have been described in
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numerous studies and assessments (e.g. IPIECA, 1995), and
include: rule of law, safety, secure living environment for
workers and communities, open markets, realization of mutual
EHQH¿WVSURWHFWLRQRILQWHOOHFWXDOSURSHUW\PRYHPHQWRIJRRGV
capital and people, and respect for the needs of host governments
and communities. These conditions are not unique for private
companies. Many of them also are essential for successful
public investment in technology and infrastructure.32


7KHSXEOLFVHFWRUUROHLQWHFKQRORJLFDOFKDQJH

Given the importance of technology in determining both the
magnitude of future GHG emission levels as well as feasibility
and costs of emission reduction efforts, technology policy
considerations are increasingly considered in climate policy
analyses. Ongoing debate centers on the relative importance
of two differing policy approaches: technology-push (through
efforts to stimulate research and development) and demand-pull
(through measures that demand reduced emissions or enhanced
HI¿FLHQF\  7HFKQRORJ\SXVK HPSKDVL]HV WKH UROH RI SROLFLHV
that stimulate research and development, especially those
aimed at lowering the costs of meeting long-term objectives
with technology that today is very far from economic in
existing markets. This might include such measures as publicfunded R&D or R&D tax credits. Demand-pull emphasizes the
use of instruments to enhance the demand for lower-emission
technologies, thereby increasing private incentives to improve
these technologies and inducing any learning-by-doing effects.
Demand-pull instruments might include emissions taxes or
more direct approaches, such as renewable portfolio standards,
adoption subsidies, or direct public-sector investments (see
Figure 2.3).
Two market failures are at issue when developing policies
WRVWLPXODWHWHFKQRORJ\GHYHORSPHQW7KH¿UVWLVWKHIDLOXUHWR
internalize the environmental costs of climate change, reducing
the demand for climate-friendly technologies and thereby
reducing private-sector innovation incentives and learning-bydoing. The second is a broad suite of private-sector innovation
market failures that hold back and otherwise distort privatesector investment in technological advance, irrespective of
environmental concerns (confer Jaffe et al., 2005). Chief among
WKHVHLVWKHLQDELOLW\WRDSSURSULDWHWKHEHQH¿WVRINQRZOHGJH
creation. From an economic standpoint, two market failures
require two policy instruments: addressing two market failures
with a single instrument will only lead to second-best solutions
(see, for example, Goulder and Schneider, 1999). Hence, it is well
understood that the optimal policy approach should include both
technology-push and demand-pull instruments. While patents
and various intellectual property protection (e.g. proprietary
know-how) seeks to reward innovators, such protection is
inherently imperfect, especially in global markets where such
protections are not uniformly enforced by all governments.

32 These and other issues required for successful dissemination of technology were the subject of an entire IPCC Special Report (IPCC, 2000)
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Irrespective of the mix between demand-pull and technologypush instruments, a number of strong conclusions have emerged
with respect to the appropriate policies to stimulate technological
DGYDQFH)LUVWLWLVZLGHO\XQGHUVWRRGWKDWÀH[LEOHLQFHQWLYH

innovation relies primarily on two lines of reasoning (Goulder
*UXEE 7KH¿UVWLVWKDWWKHDQWLFLSDWLRQRIIXWXUH
targets, based on a so-called announcement effect, will stimulate
¿UPVWRLQYHVWLQUHVHDUFKDQGGHYHORSPHQWDQGXOWLPDWHO\WR
invest in advanced, currently non-commercial technology (the
credibility and effectiveness of this effect, however, being
challenged by Montgomery and Smith, 2005). The second is
that early investment, perhaps through incentives, mandates, or
government procurement programmes, will initiate a cycle of
learning-by-doing that will ultimately promote innovation in
the form of continuous improvement, which will drive down the
cost of future investments in these technologies. This issue is
especially critical in the scaling up of niche-market applications
RIQHZWHFKQRORJLHV HJUHQHZDEOHV ZKHUHPRELOL]LQJ¿QDQFH
and lowering investment risks are important (see, for example,
IEA, 2003, or Hamilton, 2005). In their comparative analysis
of alternative policy instruments Goulder and Schneider (1999)
found that when comparing a policy with only R&D subsidies
to an emissions tax, the emissions-based policies performed
substantially better.
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33 However, there are many other factors, in addition to appropriating returns from innovation, that inﬂuence the incentive structure of ﬁrms, including ‘ﬁrst mover’ advantages,
market power, use of complementary assets, etc. (for a review see Levin et al., 1987).

The outstanding questions revolve around the relative
combinations of instruments and around how effective singlepolicy approaches might be. Within this context, a number
of authors (e.g. Montgomery and Smith, 2005) have argued
that fundamental long-term shifts in technology to mitigate
greenhouse gas emissions cannot be achieved through
emissions-constraining policies alone, and short-term cap and
WUDGHHPLVVLRQUHGXFWLRQSROLFLHVSURYLGHLQVXI¿FLHQWLQFHQWLYHV
for R&D into long-term technology options. Conversely, Popp
(2002) demonstrated how energy R&D is responsive to price
signals, suggesting that without emissions constraints R&D
into new low-emission technologies may face a serious lack
of incentives and credible policy signals. The argument that
emissions-based policies will induce long-term technology

Similarly, in the early adoption of technology learning-bydoing (by producers) or learning-by-using (by consumers) may
lower the cost to all future users, but in a way that may not fully
reward the frontrunners.33 Similarly, lack of information by
investors and potential consumers of innovative technologies
may slow the diffusion of technologies into markets. The ‘huge
uncertainties surrounding the future impacts of climate change,
the magnitude of the policy response, and thus the likely returns
to R&D investment’ exacerbate these technological spillover
problems (Jaffe et al., 2005).

Source: Adapted from Foxon (2003) and Grubb (2005).

Figure 2.3 : Technology development cycle and its main driving forces. Note that important overlaps and feedbacks exist between the stylized technology life-cycle phases
illustrated here and therefore the illustration does not suggest a ‘linear’ model of innovation.
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oriented policies are more likely to foster low-cost compliance
pathways than those that impose prescriptive regulatory
approaches (Jaffe et al., 2005). A second robust conclusion is the
need for public policy to promote a broad portfolio of research,
because results cannot be guaranteed since it is impossible to
ex ante identify
technical winners or losers (GTSP, 2001). A third conclusion
is that more than explicit climate change or energy research is
critical for the development of technologies pertinent to climate
change. Spillovers from non-energy sectors have had enormous
impacts on energy-sector innovation, implying that a broad and
robust technological base may be as important as applied energy
sector or similar R&D efforts. This robust base involves the full
‘national systems of innovation’34 involved in the development
and use of technological knowledge. Cost and availability of
enabling infrastructure can be especially important factors
that limit technology uptake in developing countries.35 Here
enabling infrastructure would include management and
regulatory capacity, as well as associated hardware and public
infrastructure.
2.7.3

The international dimension in technology
development and deployment:
technology transfer

Article 4.5 of the Convention states that developed country
Parties ‘shall take all practicable steps to promote, facilitate,
DQG ¿QDQFH DV DSSURSULDWH WKH WUDQVIHU RI RU DFFHVV WR
environmentally sound technologies and know-how to other
Parties, particularly developing country Parties, to enable them
to implement the provisions of the Convention’, and to ‘support
the development and enhancement of endogenous capacities
and technologies of developing country Parties’.
Similarly Article 10(c) of the Kyoto Protocol reiterated
that all Parties shall: ‘cooperate in the promotion of effective
modalities for the development, application, and diffusion of,
DQGWDNHDOOSUDFWLFDEOHVWHSVWRSURPRWHIDFLOLWDWHDQG¿QDQFH
as appropriate, the transfer of, or access to, environmentally
sound technologies, know-how, practices and processes
pertinent to climate change, in particular to developing countries,
including the formulation of policies and programmes for the
effective transfer of environmentally sound technologies that
are publicly owned or in the public domain and the creation of
an enabling environment for the private sector, to promote and
enhance the transfer of, and access to, environmentally sound
technologies’.
Technology transfer is particularly relevant because of the
great interest by developing countries in this issue. This interest
arises from the fact that many developing countries are in a
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phase of massive infrastructure build up. Delays in technology
transfer could therefore lead to a lock-in in high-emissions
systems for decades to come (e.g. Zou and Xuyan, 2005).
Progress on this matter has usually been linked to progress on
RWKHUPDWWHUVRIVSHFL¿FLQWHUHVWWRGHYHORSHGFRXQWULHV7KXV
Article 4.7 of the Convention is categorical that ‘the extent to
which developing country Parties will effectively implement
their commitments under the Convention will depend on the
effective implementation by developed country Parties of
WKHLU FRPPLWPHQWV XQGHU WKH &RQYHQWLRQ UHODWHG WR ¿QDQFLDO
resources and the transfer of technology’.
The IPCC Special Report on Methodological and Technological Issues on Technology Transfer (SRTT) (IPCC, 2000)
GH¿QHGWKHWHUPµWHFKQRORJ\WUDQVIHU¶DVDEURDGVHWRISURFHVVHV
FRYHULQJWKHÀRZVRINQRZKRZH[SHULHQFHDQGHTXLSPHQWIRU
mitigating and adapting to climate change amongst different
stakeholders. A recent survey of the literature is provided in
Keller (2004) and reviews with special reference to developing
countries are included in Philibert (2005) and Lefevre (2005).
7KH GH¿QLWLRQ RI WHFKQRORJ\ WUDQVIHU LQ WKH 6577 DQG WKH
relevant literature is wider than implied by any particular article
of the Convention or the Protocol. The term ‘transfer’ was
GH¿QHGWRµHQFRPSDVVGLIIXVLRQRIWHFKQRORJLHVDQGWHFKQRORJ\
cooperation across and within countries’. It also ‘comprises
the process of learning to understand, utilize and replicate the
technology, including the capacity to choose and adapt to local
conditions and integrate it with indigenous technologies’.
This IPCC report acknowledged that the ‘theme of technology transfer is highly interdisciplinary and has been approached
IURPDYDULHW\RISHUVSHFWLYHVLQFOXGLQJEXVLQHVVODZ¿QDQFH
micro-economics, international trade, international political
economy, environment, geography, anthropology, education,
communication, and labour studies’.
+DYLQJ GH¿QHG WHFKQRORJ\ WUDQVIHU VR EURDGO\ WKH UHSRUW
(IPCC, 2000, p. 17) concluded that ‘although there are
numerous frameworks and models put forth to cover different
aspects of technology transfer, there are no corresponding
overarching theories’ (emphasis added). Consequently there
LV QR IUDPHZRUN WKDW HQFRPSDVVHV VXFK D EURDG GH¿QLWLRQ RI
technology transfer.
7KH DIRUHPHQWLRQHG UHSRUW LGHQWL¿HG GLIIHUHQW VWDJHV RI
technology transfer and different pathways through which
it is accomplished. These stages of technology transfer are:
LGHQWL¿FDWLRQ RI QHHGV FKRLFH RI WHFKQRORJ\ DQG DVVHVVPHQW
of conditions of transfer, agreement and implementation.
Evaluation and adjustment or adaptation to local conditions, and
replication are other important stages. Pathways for technology

34 The literature on national innovation systems highlights in particular the institutional dimensions governing the feedback between supply-push and demand-pull, and the interaction between the public and private sectors that are distinctly different across countries. A detailed review of this literature is beyond the scope of this assessment. For an
overview see, for example Lundvall, 2002, and Nelson and Nelson, 2002.
35 In this context, the concept of technological ‘leapfrogging’ (Goldemberg, 1991), and the resulting requirements for an enabling environment for radical technological change, is
frequently discussed in the literature. For a critical review see, for example, Gallagher (2006).
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Figure 2.4: A general framework for factors affecting technology transfer and subsequent innovation.

transfer vary depending on the sector, technology type and
maturity and country circumstances. Given this variety and
complexity, the report concluded that there is no pre-set answer
to enhancing technology transfer.
7KHUHLVQRLQWHUQDWLRQDOGDWDEDVHWUDFNLQJWKHÀRZRI(67V
(environmentally sound technologies). Little is known about
how much climate-relevant equipment is transferred, and even
less about the transfer of know-how, practices and processes,
and most international analyses rely on proxy variables. It
LV ZHOO NQRZQ WKDW WKH QDWXUH RI ¿QDQFLDO ÀRZV IURP 2(&'
countries to developing countries has changed over the last 15
years. Overseas development assistance (ODA) has declined and
been overtaken by private sources of foreign direct investments
:',   ,QWHUQDWLRQDO ¿QDQFLDO VWDWLVWLFV RQO\ UHÀHFW WKH
quantity and not the quality of FDI. They also say nothing about
what fraction is a transfer of ESTs. Despite its decline, ODA
is still critical for the poorest countries, particularly when it is
aimed at developing basic capacities to acquire, adapt, and use
foreign technologies.
IPCC (2000, p. 22) summarized the historical experience
as a ‘failure of top-down, technology-focused development’.
Some developing country policymakers believe that payments
for technology are beyond their means and that international
technology transfer contributes little to technological
development in the recipient country (UNDP, 2000). Many
failures of technology transfer have resulted from an absence of
human and institutional capacity (IPCC, 2000, p. 118).
There are several modes to encourage technology transfer to
developing countries, from technical assistance and technology
grants, to capacity building and policy development cooperation.
The priorities for these modes shift as host countries develop
economically. Technology demonstration projects can play an
important role early in the industrialization process. As the
economy grows, policy development cooperation, such as
DVVLVWDQFH WR GHYHORS HQHUJ\HI¿FLHQF\ VWDQGDUGV RU WR FUHDWH
an enabling environment for technology diffusion, becomes

more important. Ohshita and Ortolano (2003) studied past
experiences of demonstration projects using cleaner energy
technologies in developing countries through assistance by
international organizations as well as developed countries.
They found that demonstration projects raised awareness of
cleaner energy technologies in the technology transfer process,
but were not very successful in diffusing the technologies
more widely in the target developing countries. For China in
particular, demonstration projects played an important role in
the past, when the economy began shifting from a centrally
planned system to a more open, market-based system. There is
increasing recognition that other modes of technology diffusion
may now be more suitable for China. Given the continued high
growth of the Chinese economy, donors have been shifting
their assistance programmes from technology demonstration to
policy development assistance (Ohsita, 2006).
Figure 2.4 shows one attempt to create a framework for all
forms of technology transfer. In all forms technology transfer,
especially across countries, at least seven characteristics are
important. These are:
1. The characteristics of the technology.
2. The characteristics of the originator of the transfer.
3. The enabling (or disabling) environment in the country of
origin.
4. The conditions of the transfer.
5. The characteristics of the recipient.
6. The enabling (or disabling) environment in the host
country.
7. The ultimately valuable post-transfer steps, i.e. assimilation,
replication and innovation.
Each of these characteristics are discussed below.
Characteristics of the originator of the transfer. Initially,
there was a widespread tendency to think of technology transfer
LQ VXSSO\VLGH WHUPV ± WKH LQLWLDO FKRLFH DQG DFTXLVLWLRQ RI
technology (Brooks, 1995) and a lack of corresponding focus
RQ WKH RWKHU IDFWRUV WKDW LQÀXHQFH WKH VXFFHVVIXO RXWFRPH RI
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technology transfer, such as enabling environment, institutions
DQG¿QDQFH
The environment in the country of origin can be conducive
or disabling for technology transfer. The public sector continues
to be an important driver in the development of ESTs. Of the
22 barriers listed in the technical summary of the IPCC Report
(2000) as barriers to technology transfer, 21 relate to the enabling
environment of recipient countries. Many governments transfer
or license the patents arising out of publicly funded efforts to
the private sector as a part of their industrial policy, and then
the transferred patents follow the rules of privately owned
technologies (IPCC, 2000, p. 25).
One should also consider the ‘imperfect’ nature of technology
markets:
(1) While some of the components of technology are of a
public-good nature, others have an important tacit nature.
(2) Technology markets are normally very concentrated on the
supply side, and bargaining power is unevenly distributed.
(3) The strategic nature of technologies normally includes
limiting clauses and other restrictions in transfer contracts
(for a discussion see Arora et al., 2001; Kumar, 1998).
Technology Denial Regimes36 in the country of origin also
sometimes constitute a barrier to technology transfer, especially
for multiple-use technologies. Thus supercomputers can be
used for climate modelling and global circulation models and
also to design missiles.
The conditions of the transfer. Most technologies are
WUDQVIHUUHG LQ VXFK D ZD\ WKDW WKH RULJLQDWRUV DOVR EHQH¿W
from the transfer and this helps to establish strong incentives
for proper management and maintenance of the technologies.
The conditions of the transfer will primarily depend on the
transfer pathway used, as mentioned above. Common pathways
include government assistance programmes, direct purchases,
trade, licensing, foreign direct investment, joint ventures,
cooperative research agreements, co-production agreements,
education and training and government direct investment.
Developing countries have argued for the transfer of ESTs and
corresponding know-how, on favourable, concessional and
preferential terms (Agenda 21, 1992, Chapter 34). There have
been instances in the pharmaceutical industry when certain
GUXJVEHQH¿WLQJGHYHORSLQJFRXQWULHVKDYHEHHQOLFHQVHGHLWKHU
free or on concessionary terms.
The characteristics of the recipient. The recipient must
understand local needs and demands; and must possess the
ability to assess, select, import, adapt, and adopt or utilize
appropriate technologies.
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The enabling (or disabling) environment in the host country.
Many of the barriers to technology transfer that are listed in
the IPCC Report (IPCC, 2000, p. 19) relate to the lack of an
enabling (or a disabling) environment in the recipient country
for the transfer of ESTs. A shift in focus, from technology
transfer per se to the framework represented in Figure 2.4,
leads to an equal emphasis on the human and institutional
capacity in the receiving country. A crucial dimension of the
enabling environment is an adequate science and educational
infrastructure. It must be recognized that capacity building to
develop this infrastructure is a slow and complex process, to
which long-term commitments are essential.
A recipient’s ability to absorb and use new technology
effectively also improves its ability to develop innovations.
Unfortunately, the capacity to innovate and replicate is poorly
developed in developing countries (STAP, 1996). However,
the engineering and management skills required in acquiring
the capacity to optimize and innovate are non-trivial. The
WHFKQRORJ\LPSRUWLQJ ¿UP QHHGV WR GLVSOD\ ZKDW KDV EHHQ
called ‘active technological behaviour’. Firms that do not do
this are left in a vicious circle of technological dependence and
stagnation (UNDP, 2000).

2.8

Climate change studies have used various different regional
GH¿QLWLRQVGHSHQGLQJRQWKHFKDUDFWHURIWKHSUREOHPFRQVLGHUHG
and differences in methodological approaches. Regional studies
can be organized according to geographical criteria, political
organizational structures, trade relations, climatic conditions,
stage of industrialization or other socio-economic criteria
relevant to adaptive and mitigative capacity (Duque and Ramos,
2004; Ott et al., 2004; Pan, 2004a).
6RPH FODVVL¿FDWLRQV DUH EDVHG RQ VRFDOOHG µQRUPDWLYH
criteria’ such as membership of countries in UN fora and
agreements. Differentiation into Annex-1 and non-Annex FRXQWULHV LV VSHFL¿HG LQ WKH 81)&&& DOWKRXJK WKH
FODVVL¿FDWLRQ RI FHUWDLQ FRXQWULHV KDV EHHQ D PDWWHU RI VRPH
dispute. Annex-1 countries are further sub-divided into those
that are undergoing a transition to market economies. Figure
13.2 in Chapter 13 shows the current country groupings under
the Climate Convention, OECD and the European Union. Some
Economies in Transition (Rabinovitch and Leitman, 1993) and
developing countries are members of the OECD, and some
developing countries have income levels that are higher than
developed nations (Baumert et al., 2004; Ott et al., 2004). Given
the complexities of the criteria used in country groupings, in
this report the terms ‘developed countries’, ‘economies in

36 Regulatory criteria denying access to certain technologies to individual countries or groups of countries.
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transition’ (together forming the industrialized countries) and
‘developing countries’ are commonly used; categories that are
primarily of a socio-economic nature.
In climate mitigation studies, there are often two types
RI UHJLRQDO EUHDNGRZQV XVHG ± SK\VLRJHRJUDSKLF RU VRFLR
economic. Data on insolation (relevant to solar power), rainfall
(relevant to hydrower), temperature, precipitation and soil type
(relevant to the potential for carbon sequestration) are examples
RI SK\VLRJHRJUDSKLF FODVVL¿FDWLRQV XVHIXO LQ FOLPDWH FKDQJH
mitigation studies.
The multitude of possible regional representations hinders the
comparability and transfer of information between the various
W\SHV RI VWXGLHV LPSOHPHQWHG IRU VSHFL¿F UHJLRQV DQG VFDOHV
Data availability also determines what kinds of aggregation
are possible. Proxies are used when data is not available. This
report has generally chosen a pragmatic way of analyzing
UHJLRQDO LQIRUPDWLRQ DQG SUHVHQWLQJ ¿QGLQJV 5HDGHUV VKRXOG
EHDULQPLQGWKDWDQ\UHJLRQDOFODVVL¿FDWLRQPDVNVVXEUHJLRQDO
differences.
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EXECUTIVE SUMMARY
This chapter documents baseline and stabilization scenarios
in the literature since the publication of the IPCC Special
Report on Emissions Scenarios (SRES) (Nakicenovic et al.,
2000) and Third Assessment Report (TAR, Morita et al., 2001).
It reviews the use of the SRES reference and TAR stabilization
scenarios and compares them with new scenarios that have
EHHQGHYHORSHGGXULQJWKHSDVW¿YH\HDUV2IVSHFLDOUHOHYDQFH
is how ranges published for driving forces and emissions in the
newer literature compare with those used in the TAR, SRES
DQG SUH65(6 VFHQDULRV 7KLV FKDSWHU IRFXVHV SDUWLFXODUO\
on the scenarios that stabilize atmospheric concentrations of
greenhouse gases (GHGs). The multi-gas stabilization scenarios
UHSUHVHQW D VLJQL¿FDQW FKDQJH LQ WKH QHZ OLWHUDWXUH FRPSDUHG
WR WKH 7$5 ZKLFK IRFXVHG PRVWO\ RQ FDUERQ GLR[LGH &22)
HPLVVLRQV7KH\DOVRH[SORUHORZHUOHYHOVDQGDZLGHUUDQJHRI
stabilization than in the TAR.
7KH IRUHPRVW ¿QGLQJ IURP WKH FRPSDULVRQ RI WKH 65(6
and new scenarios in the literature is that the ranges of main
GULYLQJIRUFHVDQGHPLVVLRQVKDYHQRWFKDQJHGYHU\PXFK(high
agreement, much evidence)2YHUDOOWKHHPLVVLRQUDQJHVIURP
VFHQDULRVZLWKRXWFOLPDWHSROLF\UHSRUWHGEHIRUHDQGDIWHUWKH
65(6KDYHQRWFKDQJHGDSSUHFLDEO\6RPHFKDQJHVDUHQRWHG
for population and economic growth assumptions. Population
scenarios from major demographic institutions are lower than
WKH\ZHUHDWWKHWLPHRIWKH65(6EXWVRIDUWKH\KDYHQRWEHHQ
IXOO\LPSOHPHQWHGLQWKHHPLVVLRQVVFHQDULRVLQWKHOLWHUDWXUH$OO
RWKHUIDFWRUVEHLQJHTXDOORZHUSRSXODWLRQSURMHFWLRQVDUHOLNHO\
to result in lower emissions. However, in the scenarios that used
lower projections, changes in other drivers of emissions have
offset their impact. Regional medium-term (2030) economic
SURMHFWLRQVIRUVRPHGHYHORSLQJFRXQWU\UHJLRQVDUHFXUUHQWO\
ORZHUWKDQWKHKLJKHVWVFHQDULRVXVHGLQWKH65(62WKHUZLVH
economic growth perspectives have not changed much, even
WKRXJKWKH\DUHDPRQJ WKH PRVW LQWHQVHO\GHEDWHGDVSHFWVRI
the SRES scenarios. In terms of emissions, the most noticeable
FKDQJHVRFFXUUHGIRUSURMHFWLRQVRI62[DQG12[ emissions. As
short-term trends have moved down, the range of projections
IRUERWKLVFXUUHQWO\ORZHUWKDQWKHUDQJHSXEOLVKHGEHIRUHWKH
65(6$VPDOOQXPEHURIQHZVFHQDULRVKDYHEHJXQWRH[SORUH
HPLVVLRQSDWKZD\VIRUEODFNDQGRUJDQLFFDUERQ
%DVHOLQH ODQGUHODWHG &22 DQG QRQ&22 GHG emissions
UHPDLQVLJQL¿FDQWZLWKFRQWLQXHGEXWVORZLQJODQGFRQYHUVLRQ
DQGLQFUHDVHGXVHRIKLJKHPLWWLQJDJULFXOWXUDOLQWHQVL¿FDWLRQ
practices due to rising global food demand and shifts in
GLHWDU\ SUHIHUHQFHV WRZDUGV PHDW FRQVXPSWLRQ 7KH SRVW
SRES scenarios suggest a degree of agreement that the decline
in annual land-use change carbon emissions will, over time,
EH OHVV GUDPDWLF VORZHU  WKDQ WKRVH VXJJHVWHG E\ PDQ\ RI
the SRES scenarios. Global long-term land-use scenarios
DUH VFDUFH LQ QXPEHUV EXW JURZLQJ ZLWK WKH PDMRULW\ RI WKH
QHZ OLWHUDWXUH VLQFH WKH 65(6 FRQWULEXWLQJ QHZ IRUHVWU\ DQG

ELRPDVVVFHQDULRV+RZHYHUWKHH[SOLFLWPRGHOOLQJRIODQGXVH
LQORQJWHUPJOREDOVFHQDULRVLVVWLOOUHODWLYHO\LPPDWXUHZLWK
VLJQL¿FDQWRSSRUWXQLWLHVIRULPSURYHPHQW
,QWKHGHEDWHRQWKHXVHRIH[FKDQJHUDWHVPDUNHWH[FKDQJH
rates (MER) or purchasing power parities (PPP), evidence from
the limited number of new PPP-based studies indicates that the
choice of metric for gross domestic product (GDP), MER or
333GRHVQRWDSSUHFLDEO\DIIHFWWKHSURMHFWHGHPLVVLRQVZKHQ
PHWULFVDUHXVHGFRQVLVWHQWO\7KHGLIIHUHQFHVLIDQ\DUHVPDOO
FRPSDUHGWRWKHXQFHUWDLQWLHVFDXVHGE\DVVXPSWLRQVRQRWKHU
parameters, e.g. technological change (high agreement, much
evidence).
7KH QXPHULFDO H[SUHVVLRQ RI *'3 FOHDUO\ GHSHQGV RQ
FRQYHUVLRQPHDVXUHVWKXV*'3H[SUHVVHGLQ333ZLOOGHYLDWH
IURP*'3H[SUHVVHGLQ0(5PRUHVRIRUGHYHORSLQJFRXQWULHV
The choice of conversion factor (MER or PPP) depends on the
W\SH RI DQDO\VLV RU FRPSDULVRQ EHLQJ XQGHUWDNHQ +RZHYHU
ZKHQ LW FRPHV WR FDOFXODWLQJ HPLVVLRQV RU RWKHU SK\VLFDO
PHDVXUHV VXFK DV HQHUJ\  WKH FKRLFH EHWZHHQ 0(5EDVHG
or PPP-based representations of GDP should not matter, since
emission intensities will change (in a compensating manner)
when the GDP numbers change. Thus, if a consistent set of
PHWULFV LV HPSOR\HG WKH FKRLFH RI 0(5 RU 333 VKRXOG QRW
DSSUHFLDEO\ DIIHFW WKH ¿QDO HPLVVLRQ OHYHOV (high agreement,
medium evidence). This supports the SRES in the sense that
WKHXVHRI0(5RU333GRHVQRWLQLWVHOIOHDGWRVLJQL¿FDQWO\
different emission projections outside the range of the literature
(high agreement, much evidence). In the case of the SRES, the
emissions trajectories were the same whether economic activities
in the four scenario families were measured in MER or PPP.
6RPH VWXGLHV ¿QG GLIIHUHQFHV LQ HPLVVLRQ OHYHOV EHWZHHQ
using PPP-based and MER-based estimates. These results
FULWLFDOO\ GHSHQG RQ DPRQJ RWKHU WKLQJV FRQYHUJHQFH
assumptions (high agreement, medium evidence). In some of
the short-term scenarios (with a horizon to 2030) a ‘bottomXS¶ DSSURDFK LV WDNHQ ZKHUH DVVXPSWLRQV DERXW SURGXFWLYLW\
growth and investment and saving decisions are the main
drivers of growth in the models. In long-term scenario models,
D µWRSGRZQ¶ DSSURDFK LV PRUH FRPPRQO\ XVHG ZKHUH WKH
DFWXDO JURZWK UDWHV DUH PRUH GLUHFWO\ SUHVFULEHG EDVHG RQ
convergence or other assumptions about long-term growth
potentials. Different results can also be due to inconsistencies
LQDGMXVWLQJWKHPHWULFVRIHQHUJ\HI¿FLHQF\LPSURYHPHQWZKHQ
moving from MER-based to PPP-based calculations.
There is a clear and strong correlation between the
&22-equivalent concentrations (or radiative forcing) of the
SXEOLVKHG VWXGLHV DQG WKH &22RQO\ FRQFHQWUDWLRQV E\ 
EHFDXVH &22 is the most important contributor to radiative
forcing. Based on this relationship, to facilitate scenario
comparison and assessment, stabilization scenarios (both multiJDVDQG&22RQO\VWXGLHV KDYHEHHQJURXSHGLQWKLVFKDSWHULQWR
GLIIHUHQWFDWHJRULHVWKDWYDU\LQWKHVWULQJHQF\RIWKHWDUJHWVIURP
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ORZ WR KLJK UDGLDWLYH IRUFLQJ &22-equivalent concentrations
DQG&22RQO\FRQFHQWUDWLRQVE\UHVSHFWLYHO\
(VVHQWLDOO\ DQ\ VSHFL¿F FRQFHQWUDWLRQ RU UDGLDWLYH IRUFLQJ
target, from the lowest to the highest, requires emissions to
HYHQWXDOO\IDOOWRYHU\ORZOHYHOVDVWKHUHPRYDOSURFHVVHVRI
WKHRFHDQDQGWHUUHVWULDOV\VWHPVVDWXUDWH)RUORZWRPHGLXP
WDUJHWVWKLVZRXOGQHHGWRRFFXUGXULQJWKLVFHQWXU\EXWKLJKHU
stabilization targets can push back the timing of such reductions
WREH\RQG+RZHYHUWRUHDFKDJLYHQVWDELOL]DWLRQWDUJHW
HPLVVLRQVPXVWXOWLPDWHO\EHUHGXFHGZHOOEHORZFXUUHQWOHYHOV
)RUDFKLHYHPHQWRIWKHYHU\ORZVWDELOL]DWLRQWDUJHWVIURPPDQ\
high baseline scenarios, negative net emissions are required
WRZDUGVWKHHQGRIWKHFHQWXU\0LWLJDWLRQHIIRUWVRYHUWKHQH[W
two or three decades will have a large impact on opportunities
to achieve lower stabilization levels (high agreement, much
evidence).
7KHWLPLQJRIHPLVVLRQUHGXFWLRQVGHSHQGVRQWKHVWULQJHQF\
of the stabilization target. Lowest stabilization targets require
DQ HDUOLHU SHDN RI &22 DQG &22-equivalent emissions. In the
PDMRULW\ RI WKH VFHQDULRV LQ WKH PRVW VWULQJHQW VWDELOL]DWLRQ
FDWHJRU\ DVWDELOL]DWLRQOHYHOEHORZSSPY&22-equivalent),
emissions are required to decline before 2015 and are further
UHGXFHG WR OHVV WKDQ  RI WRGD\¶V HPLVVLRQV E\  )RU
VRPHZKDW KLJKHU VWDELOL]DWLRQ OHYHOV HJ EHORZ  SSPY
&22HTXLYDOHQW  JOREDO HPLVVLRQV LQ WKH VFHQDULRV JHQHUDOO\
SHDNDURXQG±IROORZHGE\DUHWXUQWROHYHOVRQ
DYHUDJHDURXQG)RUKLJKVWDELOL]DWLRQOHYHOV HJEHORZ
SSPY&22-equivalent) the median emissions peak around
(high agreement, much evidence).
Long-term stabilization scenarios highlight the importance
RIWHFKQRORJ\LPSURYHPHQWVDGYDQFHGWHFKQRORJLHVOHDUQLQJ
E\GRLQJDQGLQGXFHGWHFKQRORJLFDOFKDQJHERWKIRUDFKLHYLQJ
the stabilization targets and cost reduction (high agreement,
much evidence):KLOHWKHWHFKQRORJ\LPSURYHPHQWDQGXVHRI
DGYDQFHGWHFKQRORJLHVKDYHEHHQHPSOR\HGLQVFHQDULRVODUJHO\
H[RJHQRXVO\ LQ PRVW RI WKH OLWHUDWXUH QHZ OLWHUDWXUH FRYHUV
OHDUQLQJE\GRLQJ DQG HQGRJHQRXV WHFKQRORJLFDO FKDQJH
7KH ODWWHU VFHQDULRV VKRZ GLIIHUHQW WHFKQRORJ\ G\QDPLFV DQG
ZD\V LQ ZKLFK WHFKQRORJLHV DUH GHSOR\HG ZKLOH PDLQWDLQLQJ
WKHNH\UROHRIWHFKQRORJ\LQDFKLHYLQJVWDELOL]DWLRQDQGFRVW
reduction.
'HFDUERQL]DWLRQ WUHQGV DUH SHUVLVWHQW LQ WKH PDMRULW\ RI
intervention and non-intervention scenarios (high agreement,
much evidence). The medians of scenario sets indicate
GHFDUERQL]DWLRQ UDWHV RI DURXQG  SUH7$5  DQG 
(post-TAR) compared to historical rates of about 0.3% per
\HDU ,PSURYHPHQWV RI FDUERQ LQWHQVLW\ RI HQHUJ\ VXSSO\ DQG
the whole economic need to be much faster than in the past
IRUWKHORZVWDELOL]DWLRQOHYHOV2QWKHXSSHUHQGRIWKHUDQJH
GHFDUERQL]DWLRQ UDWHV RI XS WR  SHU \HDU DUH REVHUYHG LQ
more stringent stabilization scenarios, where complete transition
DZD\IURPFDUERQLQWHQVLYHIXHOVLVFRQVLGHUHG
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The scenarios that report quantitative results with drastic
&22UHGXFWLRQWDUJHWVRI±LQ FRPSDUHGWRWRGD\¶V
HPLVVLRQOHYHOV UHTXLUHLQFUHDVHGUDWHVRIHQHUJ\LQWHQVLW\DQG
FDUERQ LQWHQVLW\ LPSURYHPHQW E\ ± WLPHV WKHLU KLVWRULFDO
levels. This is found to require different sets of mitigation
RSWLRQVDFURVVUHJLRQVZLWKYDU\LQJVKDUHVRIQXFOHDUHQHUJ\
FDUERQFDSWXUHDQGVWRUDJH &&6 K\GURJHQDQGELRPDVV
7KHFRVWVRIVWDELOL]DWLRQFUXFLDOO\GHSHQGRQWKHFKRLFHRI
the baseline, related technological change and resulting baseline
emissions; stabilization target and level; and the portfolio of
technologies considered (high agreement, much evidence).
Additional factors include assumptions with regard to the use
RIÀH[LEOHLQVWUXPHQWVDQGZLWKUHVSHFWWRUHYHQXHUHF\FOLQJ
6RPH OLWHUDWXUH LGHQWL¿HV ORZFRVW WHFKQRORJ\ FOXVWHUV WKDW
DOORZIRUHQGRJHQRXVWHFKQRORJLFDOOHDUQLQJZLWKXQFHUWDLQW\
7KLVVXJJHVWVWKDWDGHFDUERQL]HGHFRQRP\PD\QRWFRVWDQ\
more than a carbon-intensive one, if technological learning is
taken into account.
There are different metrics for reporting costs of emission
reductions, although most models report them in macroHFRQRPLFLQGLFDWRUVSDUWLFXODUO\*'3ORVVHV)RUVWDELOL]DWLRQ
DW ± :P2 RU a ± SSPY &22-equivalent) macroeconomic costs range from -1 to 2% of GDP below baseline in
)RUDPRUHVWULQJHQWWDUJHWRI±:P2 a±
SSPY &22HTXLYDOHQW  WKH FRVWV UDQJH IURP VOLJKWO\ QHJDWLYH
WR*'3ORVV(high agreement, much evidence). GDP losses
LQWKHORZHVWVWDELOL]DWLRQVFHQDULRVLQWKHOLWHUDWXUH 
SSPY &22HTXLYDOHQW  DUH JHQHUDOO\ EHORZ  E\ 
KRZHYHU WKH QXPEHU RI VWXGLHV DUH UHODWLYHO\ OLPLWHG DQG DUH
GHYHORSHGIURPSUHGRPLQDQWO\ORZEDVHOLQHV(high agreement,
medium evidence).
Multi-gas emission-reduction scenarios are able to meet
FOLPDWH WDUJHWV DW VXEVWDQWLDOO\ ORZHU FRVWV FRPSDUHG WR
&22RQO\ VWUDWHJLHV IRU WKH VDPH WDUJHWV high agreement,
much evidence ,QFOXVLRQRIQRQ&22 gases provides a more
GLYHUVL¿HGDSSURDFKWKDWRIIHUVJUHDWHUÀH[LELOLW\LQWKHWLPLQJ
of the reduction programme.
Including land-use mitigation options as abatement strategies
SURYLGHVJUHDWHUÀH[LELOLW\DQGFRVWHIIHFWLYHQHVVIRUDFKLHYLQJ
stabilization (high agreement, medium evidence). Even if
land activities are not considered as mitigation alternatives
E\ SROLF\ FRQVLGHUDWLRQ RI ODQG ODQGXVH DQG ODQG FRYHU  LV
FUXFLDO LQ FOLPDWH VWDELOL]DWLRQ IRU LWV VLJQL¿FDQW DWPRVSKHULF
inputs and withdrawals (emissions, sequestration, and albedo).
Recent stabilization studies indicate that land-use mitigation
RSWLRQV FRXOG SURYLGH ± RI WRWDO FXPXODWLYH DEDWHPHQW
RYHUWKHFHQWXU\$JULFXOWXUHDQGIRUHVWU\PLWLJDWLRQRSWLRQVDUH
projected to be cost-effective abatement strategies across the
HQWLUHFHQWXU\,QVRPHVFHQDULRVLQFUHDVHGFRPPHUFLDOELRPDVV
HQHUJ\ VROLGDQGOLTXLGIXHO LVDVLJQL¿FDQWDEDWHPHQWVWUDWHJ\
SURYLGLQJ ± RI FXPXODWLYH DEDWHPHQW DQG SRWHQWLDOO\
±RIWRWDOSULPDU\HQHUJ\RYHUWKHFHQWXU\
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Decision-making concerning the appropriate level of
PLWLJDWLRQ LQ D FRVWEHQH¿W FRQWH[W LV DQ LWHUDWLYH ULVN
management process that considers investment in mitigation and
DGDSWDWLRQFREHQH¿WVRIXQGHUWDNLQJFOLPDWHFKDQJHGHFLVLRQV
and the damages due to climate change. It is intertwined with
GHYHORSPHQWGHFLVLRQVDQGSDWKZD\V&RVWEHQH¿WDQDO\VLVWULHV
WRTXDQWLI\FOLPDWHFKDQJHGDPDJHVLQPRQHWDU\WHUPVDVWKH
social cost of carbon (SCC) or time-discounted damages. Due
WRFRQVLGHUDEOHXQFHUWDLQWLHVDQGGLI¿FXOWLHVLQTXDQWLI\LQJQRQ
PDUNHWGDPDJHVLWLVGLI¿FXOWWRHVWLPDWH6&&ZLWKFRQ¿GHQFH
Results depend on a large number of normative and empirical
DVVXPSWLRQV WKDW DUH QRW NQRZQ ZLWK DQ\ FHUWDLQW\ 6&&
HVWLPDWHV LQ WKH OLWHUDWXUH YDU\ E\ WKUHH RUGHUV RI PDJQLWXGH
2IWHQWKH\DUHOLNHO\WREHXQGHUVWDWHGDQGZLOOLQFUHDVHDIHZ
SHUFHQWSHU\HDU LHIRUFDUERQRQO\DQG±IRUWKH
social costs of other greenhouse gases (IPCC, 2007b, Chapter
  6&& HVWLPDWHV IRU  UDQJH EHWZHHQ  DQG  86
W&22-equivalent (IPCC, 2007b, Chapter 20), which compares
WR FDUERQ SULFHV EHWZHHQ  WR  86W&22-equivalent for
PLWLJDWLRQVVFHQDULRVVWDELOL]LQJEHWZHHQSSPY&22HTXLYDOHQW DQGWR86W&22-equivalent for scenarios
VWDELOL]LQJEHWZHHQSSPY&22HTXLYDOHQWUHVSHFWLYHO\
(high agreement, limited evidence).
)RU DQ\ JLYHQ VWDELOL]DWLRQ SDWKZD\ D KLJKHU FOLPDWH
VHQVLWLYLW\ UDLVHV WKH SUREDELOLW\ RI H[FHHGLQJ WHPSHUDWXUH
WKUHVKROGV IRU NH\ YXOQHUDELOLWLHV (high agreement, much
evidence) )RU H[DPSOH SROLF\PDNHUV PD\ ZDQW WR XVH WKH
KLJKHVW YDOXHV RI FOLPDWH VHQVLWLYLW\ LH &  ZLWKLQ WKH
µOLNHO\¶ UDQJH RI ±& VHW RXW E\ ,3&& D &KDSWHU
10) to guide decisions, which would mean that achieving a
WDUJHW RI & DERYH WKH SUHLQGXVWULDO OHYHO  DW HTXLOLEULXP
LV DOUHDG\ RXWVLGH WKH UDQJH RI VFHQDULRV FRQVLGHUHG LQ WKLV
FKDSWHUZKLOVWDWDUJHWRI& DERYHWKHSUHLQGXVWULDOOHYHO 
ZRXOG LPSO\ VWULQJHQW PLWLJDWLRQ VFHQDULRV ZLWK HPLVVLRQV
SHDNLQJZLWKLQ\HDUV8VLQJWKHµEHVWHVWLPDWH¶DVVXPSWLRQ
RIFOLPDWHVHQVLWLYLW\WKHPRVWVWULQJHQWVFHQDULRV VWDELOL]LQJ
DW ± SSPY &22-equivalent) could limit global mean
WHPSHUDWXUHLQFUHDVHVWR±&DERYHWKHSUHLQGXVWULDOOHYHO
at equilibrium, requiring emissions to peak before 2015 and to
EHDURXQGRIFXUUHQWOHYHOVE\6FHQDULRVVWDELOL]LQJ
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DW ± SSPY &22-equivalent could limit the increase to
±&DERYHWKHSUHLQGXVWULDOOHYHODQGWKRVHDW±
&22HTXLYDOHQWWR±&UHTXLULQJHPLVVLRQVWRSHDNZLWKLQ
WKHQH[WDQG\HDUVUHVSHFWLYHO\(high agreement, medium
evidence).
'HFLVLRQV WR GHOD\ HPLVVLRQ UHGXFWLRQV VHULRXVO\ FRQVWUDLQ
opportunities to achieve low stabilization targets (e.g. stabilizing
FRQFHQWUDWLRQVIURP±SSPY&22-equivalent), and raise
WKHULVNRISURJUHVVLYHO\PRUHVHYHUHFOLPDWHFKDQJHLPSDFWV
DQGNH\YXOQHUDELOLWLHVRFFXUULQJ
7KH ULVN RI FOLPDWH IHHGEDFNV LV JHQHUDOO\ QRW LQFOXGHG LQ
WKH DERYH DQDO\VLV )HHGEDFNV EHWZHHQ WKH FDUERQ F\FOH DQG
climate change affect the required mitigation for a particular
VWDELOL]DWLRQ OHYHO RI DWPRVSKHULF &22 concentration. These
IHHGEDFNVDUHH[SHFWHGWRLQFUHDVHWKHIUDFWLRQRIDQWKURSRJHQLF
HPLVVLRQVWKDWUHPDLQVLQWKHDWPRVSKHUHDVWKHFOLPDWHV\VWHP
warms. Therefore, the emission reductions to meet a particular
stabilization level reported in the mitigation studies assessed
here might be underestimated.
Short-term mitigation and adaptation decisions are related
to long-term climate goals (high agreement, much evidence). A
ULVNPDQDJHPHQWRUµKHGJLQJ¶DSSURDFKFDQDVVLVWSROLF\PDNHUV
to advance mitigation decisions in the absence of a long-term
target and in the face of considerable uncertainties relating
WR WKH FRVW RI PLWLJDWLRQ WKH HI¿FDF\ RI DGDSWDWLRQ DQG WKH
QHJDWLYHLPSDFWVRIFOLPDWHFKDQJH7KHH[WHQWDQGWKHWLPLQJ
RIWKHGHVLUDEOHKHGJLQJVWUDWHJ\ZLOOGHSHQGRQWKHVWDNHVWKH
RGGVDQGVRFLHWLHV¶DWWLWXGHVWRULVNVIRUH[DPSOHZLWKUHVSHFW
WRULVNVRIDEUXSWFKDQJHLQJHRSK\VLFDOV\VWHPVDQGRWKHUNH\
YXOQHUDELOLWLHV$YDULHW\RILQWHJUDWHGDVVHVVPHQWDSSURDFKHV
H[LVW WR DVVHVV PLWLJDWLRQ EHQH¿WV LQ WKH FRQWH[W RI SROLF\
decisions relating to such long-term climate goals. There will
EHDPSOHRSSRUWXQLW\IRUOHDUQLQJDQGPLGFRXUVHFRUUHFWLRQV
as new information becomes available. However, actions in the
VKRUW WHUP ZLOO ODUJHO\ GHWHUPLQH ZKDW IXWXUH FOLPDWH FKDQJH
LPSDFWVFDQEHDYRLGHG+HQFHDQDO\VLVRIVKRUWWHUPGHFLVLRQV
VKRXOGQRWEHGHFRXSOHGIURPDQDO\VLVWKDWFRQVLGHUVORQJWHUP
climate change outcomes (high agreement, much evidence).
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3.1 Emissions scenarios
The evolution of future greenhouse gas emissions and their
XQGHUO\LQJ GULYLQJ IRUFHV LV KLJKO\ XQFHUWDLQ DV UHÀHFWHG LQ
WKH ZLGH UDQJH RI IXWXUH HPLVVLRQV SDWKZD\V DFURVV PRUH
than 750) emission scenarios in the literature. This chapter
DVVHVVHV WKLV OLWHUDWXUH IRFXVLQJ HVSHFLDOO\ RQ QHZ PXOWLJDV
baseline scenarios produced since the publication of the IPCC
Special Report on Emissions Scenarios (SRES) (Nakicenovic
et al., 2000) and on new multi-gas mitigation scenarios in the
literature since the publication of the IPCC Third Assessment
Report (TAR, Working Group III, Chapter 2, Morita et al.,
2001). This literature is referred to as ‘post-SRES’ scenarios.
The SRES scenarios were representative of some 500
emissions scenarios in the literature, grouped as A1, A2, B1
DQG % DW WKH WLPH RI WKHLU SXEOLFDWLRQ LQ  2I VSHFLDO
relevance in this review is the question of how representative
the SRES ranges of driving forces and emission levels are of
the newer scenarios in the literature, and how representative the
TAR stabilization levels and mitigation options are compared
ZLWKWKHQHZPXOWLJDVVWDELOL]DWLRQVFHQDULRV2WKHULPSRUWDQW
aspects of this review include methodological, data and other
advances since the time the SRES scenarios were developed.
7KLV FKDSWHU XVHV WKH UHVXOWV RI WKH (QHUJ\ 0RGHOLQJ
)RUXP (0) VFHQDULRVDQGWKHQHZ,QQRYDWLRQ0RGHOOLQJ
Comparison Project (IMCP) network scenarios. In contrast
to SRES and post-SRES scenarios, these new modellingFRPSDULVRQ DFWLYLWLHV DUH QRW EDVHG RQ IXOO\ KDUPRQL]HG
baseline scenario assumptions, but rather on ‘modeller’s choice’
scenarios. Thus, further uncertainties have been introduced due
to different assumptions and different modelling approaches.
Another emerging complication is that even baseline (also called
UHIHUHQFH VFHQDULRVLQFOXGHVRPHH[SOLFLWSROLFLHVGLUHFWHGDW
HPLVVLRQVUHGXFWLRQQRWDEO\GXHWRWKH.\RWR3URWRFROHQWHULQJ
into force, and other climate-related policies that are being
LPSOHPHQWHGLQPDQ\SDUWVRIWKHZRUOG
$QRWKHUGLI¿FXOW\LQVWUDLJKWIRUZDUGFRPSDULVRQVLVWKDWWKH
information and documentation of the scenarios in the literature
YDULHVFRQVLGHUDEO\
3.1.1

The deﬁnition and purpose of scenarios

6FHQDULRVGHVFULEHSRVVLEOHIXWXUHGHYHORSPHQWV7KH\FDQ
EHXVHGLQDQH[SORUDWRU\PDQQHURUIRUDVFLHQWL¿FDVVHVVPHQW
LQRUGHUWRXQGHUVWDQGWKHIXQFWLRQLQJRIDQLQYHVWLJDWHGV\VWHP
(Carpenter et al., 2005).
,Q WKH FRQWH[W RI WKH ,3&& DVVHVVPHQWV VFHQDULRV DUH
GLUHFWHGDWH[SORULQJSRVVLEOHIXWXUHHPLVVLRQVSDWKZD\VWKHLU
PDLQXQGHUO\LQJGULYLQJIRUFHVDQGKRZWKHVHPLJKWEHDIIHFWHG
E\ SROLF\ LQWHUYHQWLRQV 7KH ,3&& HYDOXDWLRQ RI HPLVVLRQV
VFHQDULRV LQ  LGHQWL¿HG IRXU PDLQ SXUSRVHV RI HPLVVLRQV
scenarios (Alcamo et al 
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v To provide input for evaluating climatic and environmental
consequences of alternative future GHG emissions in the
DEVHQFH RI VSHFL¿F PHDVXUHV WR UHGXFH VXFK HPLVVLRQV RU
enhance GHG sinks.
v 7RSURYLGHVLPLODULQSXWIRUFDVHVZLWKVSHFL¿FDOWHUQDWLYH
SROLF\LQWHUYHQWLRQVWRUHGXFH*+*HPLVVLRQVDQGHQKDQFH
sinks.
v To provide input for assessing mitigation and adaptation
possibilities, and their costs, in different regions and
economic sectors.
v To provide input to negotiations of possible agreements to
reduce GHG emissions.
6FHQDULRGH¿QLWLRQVLQWKHOLWHUDWXUHGLIIHUGHSHQGLQJRQWKH
SXUSRVH RI WKH VFHQDULRV DQG KRZ WKH\ ZHUH GHYHORSHG 7KH
SRES report (Nakicenovic et al   GH¿QHV D VFHQDULR DV
a plausible description of how the future might develop, based
RQ D FRKHUHQW DQG LQWHUQDOO\ FRQVLVWHQW VHW RI DVVXPSWLRQV
µVFHQDULRORJLF¶ DERXWWKHNH\UHODWLRQVKLSVDQGGULYLQJIRUFHV
HJUDWHRIWHFKQRORJ\FKDQJHRUSULFHV 6RPHVWXGLHVLQWKH
OLWHUDWXUH DSSO\ WKH WHUP µVFHQDULR¶ WR µEHVWJXHVV¶ RU IRUHFDVW
W\SHV RI SURMHFWLRQV 6XFK VWXGLHV GR QRW DLP SULPDULO\ DW
H[SORULQJ DOWHUQDWLYH IXWXUHV EXW UDWKHU DW LGHQWLI\LQJ µPRVW
OLNHO\¶ RXWFRPHV 3UREDELOLVWLF VWXGLHV UHSUHVHQW D GLIIHUHQW
approach, in which the range of outcomes is based on a consistent
HVWLPDWH RI WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ 3')  IRU FUXFLDO
input parameters. In these cases, outcomes are associated with
DQH[SOLFLWHVWLPDWHRIOLNHOLKRRGDOEHLWRQHZLWKDVXEVWDQWLDO
VXEMHFWLYH FRPSRQHQW ([DPSOHV LQFOXGH SUREDELOLVWLF
SURMHFWLRQVIRUSRSXODWLRQ /XW]DQG6DQGHUVRQ DQG&22
emissions (Webster et al2¶1HLOO 
3.1.1.1

Types of scenarios

7KH VFHQDULR OLWHUDWXUH FDQ EH VSOLW LQWR WZR ODUJHO\ QRQ
overlapping streams – quantitative modelling and qualitative
narratives (Morita et al., 2001). This dualism mirrors the twin
FKDOOHQJHVRISURYLGLQJV\VWHPDWLFDQGUHSOLFDEOHTXDQWLWDWLYH
representation, on the one hand, and contrasting social visions
DQG QRQTXDQWL¿DEOH GHVFULSWRUV RQ WKH RWKHU 5DVNLQ et al.,
  ,W LV SDUWLFXODUO\ QRWHZRUWK\ WKDW UHFHQW GHYHORSPHQWV
LQ VFHQDULR DQDO\VLV DUH EHJLQQLQJ WR EULGJH WKLV GLI¿FXOW JDS
(Nakicenovic et al., 2000; Morita et al., 2001; and Carpenter
et al., 2005).
3.1.1.2

Narrative storylines and modelling

7KH OLWHUDWXUH EDVHG RQ QDUUDWLYH VWRU\OLQHV WKDW GHVFULEH
IXWXUHV LV ULFK JRLQJ EDFN WR WKH ¿UVW JOREDO VWXGLHV RI WKH
V HJ.DKQet al.DKQDQG:HLQHU DQGLV
also well represented in more recent literature (e.g. Peterson
DQG3HWHUVRQ*DOORSLQet al5DVNLQet al
*OHQQDQG*RUGRQ :HOONQRZQDUHWKH6KHOOVFHQDULRV
WKDWDUHSULQFLSDOO\EDVHGRQQDUUDWLYHVWRULHVZLWKLOOXVWUDWLYH
TXDQWL¿FDWLRQRIVDOLHQWGULYLQJIRUFHVDQGVFHQDULRRXWFRPHV
:DFNDE6FKZDUW]6KHOO 

1281
Chapter 3

Issues related to mitigation in the long-term context

&DWDVWURSKLF IXWXUHV IHDWXUH SURPLQHQWO\ LQ WKH QDUUDWLYH
VFHQDULRV OLWHUDWXUH 7KH\ W\SLFDOO\ LQYROYH ODUJHVFDOH
HQYLURQPHQWDO RU HFRQRPLF FROODSVH H[WUDSRODWLQJ FXUUHQW
XQIDYRXUDEOH FRQGLWLRQV DQG WUHQGV LQ PDQ\ UHJLRQV1  0DQ\
RIWKHVHVFHQDULRVVXJJHVWWKDWFDWDVWURSKLFGHYHORSPHQWVPD\
draw the world into a state of chaos within one or two decades.
Greenhouse-gas emissions might be low in such scenarios
EHFDXVHRIORZRUQHJDWLYHHFRQRPLFJURZWKEXWVHHPXQOLNHO\
WR UHFHLYH PXFK DWWHQWLRQ LQ DQ\ FDVH LQ WKH OLJKW RI PRUH
LPPHGLDWHSUREOHPV7KLVUHSRUWGRHVQRWDQDO\]HVXFKIXWXUHV
H[FHSWZKHUHFDVHVSURYLGHHPLVVLRQVSDWKZD\V
3.1.1.3

Global futures scenarios

*OREDO IXWXUHV VFHQDULRV DUH GHHSO\ URRWHG LQ WKH ORQJ
KLVWRU\ RI QDUUDWLYH VFHQDULRV &DUSHQWHU et al  81(3
  7KH GLUHFW DQWHFHGHQWV RI FRQWHPSRUDU\ VFHQDULRV
OLH ZLWK WKH IXWXUH VWXGLHV RI WKH V 5DVNLQ et al., 2005).
These responded to emerging concerns about the long-term
VXI¿FLHQF\ RI QDWXUDO UHVRXUFHV WR VXSSRUW H[SDQGLQJ JOREDO
SRSXODWLRQVDQGHFRQRPLHV7KLV¿UVWZDYHRIJOREDOVFHQDULRV
included ambitious mathematical simulation models (Meadows
et al0HVDURYLFDQG3HVWHO DVZHOODVVSHFXODWLYH
QDUUDWLYH .DKQ et al  $W WKLV WLPH VFHQDULR DQDO\VLV
ZDV¿UVWXVHGDW5R\DO'XWFK6KHOODVDVWUDWHJLFPDQDJHPHQW
WHFKQLTXH :DFNDE6FKZDUW] 
$ VHFRQG URXQG RI LQWHJUDWHG JOREDO DQDO\VLV EHJDQ
LQ WKH ODWH V DQG V SURPSWHG E\ FRQFHUQV ZLWK
climate change and sustainable development. These included
narratives of alternative futures ranging from ‘optimistic’ and
‘pessimistic’ worlds to consideration of ‘surprising’ futures
(Burrows et al  WKH &HQWUDO 3ODQQLQJ %XUHDX RI WKH
1HWKHUODQGV.DSODQ6YHGLQDQG$QLDQVVRQ
Toth et al 7KHORQJWHUPQDWXUHRIWKHFOLPDWHFKDQJH
issue introduced a new dimension and has resulted in a rich
new literature of global emissions scenarios, starting from the
,3&&,6VFHQDULRV 3HSSHUet al/HJJHWWet al 
DQGPRVWUHFHQWVFHQDULRFRPSDULVRQVSURMHFWV HJ(0)DQG
,0&3  7KH ¿UVW GHFDGHV RI VFHQDULR DVVHVVPHQW SDYHG WKH
ZD\E\VKRZLQJWKHSRZHU±DQGOLPLWV±RIERWKGHWHUPLQLVWLF
PRGHOOLQJDQGGHVFULSWLYHIXWXUHDQDO\VHV$FHQWUDOFKDOOHQJH
RIJOREDOVFHQDULRH[HUFLVHVWRGD\LVWRXQLI\WKHVHWZRDVSHFWV
E\EOHQGLQJWKHREMHFWLYLW\DQGFODULW\RITXDQWL¿FDWLRQZLWKWKH
richness of narrative (Raskin et al., 2005).
3.1.2

Introduction to mitigation and stabilization
scenarios

Climate change intervention, control, or mitigation scenarios
capture measures and policies for reducing GHG emissions with
UHVSHFWWRVRPHEDVHOLQH RUUHIHUHQFH VFHQDULR7KH\FRQWDLQ
HPLVVLRQSUR¿OHVDVZHOODVFRVWVDVVRFLDWHGZLWKWKHHPLVVLRQV

1

UHGXFWLRQ EXW RIWHQ GR QRW TXDQWLI\ WKH EHQH¿WV RI UHGXFHG
impacts from climate change. Stabilization scenarios are
PLWLJDWLRQVFHQDULRVWKDWDLPDWDSUHVSHFL¿HG*+*UHGXFWLRQ
SDWKZD\OHDGLQJWRVWDELOL]DWLRQRI*+*FRQFHQWUDWLRQVLQWKH
atmosphere.
)RU WKH SXUSRVHV RI WKLV FKDSWHU D VFHQDULR LV LGHQWL¿HG
as a mitigation or intervention scenario if it meets one of the
IROORZLQJWZRFRQGLWLRQV
v ,WLQFRUSRUDWHVVSHFL¿FFOLPDWHFKDQJHWDUJHWVZKLFKPD\
include absolute or relative GHG limits, GHG concentration
OHYHOV HJ &22 RU &22HTXLYDOHQW &22-eq) stabilization
VFHQDULRV RUPD[LPXPDOORZDEOHFKDQJHVLQWHPSHUDWXUH
or sea level.
v ,WLQFOXGHVH[SOLFLWRULPSOLFLWSROLFLHVDQGRUPHDVXUHVRI
ZKLFKWKHSULPDU\JRDOLVWRUHGXFH&22 or a broader range
RI*+*HPLVVLRQV HJDFDUERQWD[FDUERQFDSRUDSROLF\
HQFRXUDJLQJWKHXVHRIUHQHZDEOHHQHUJ\ 
6RPH VFHQDULRV LQ WKH OLWHUDWXUH DUH GLI¿FXOW WR FODVVLI\
as mitigation (intervention) or baseline (reference or nonintervention), such as those developed to assess sustainable
development (SD) paths. These studies consider futures that
UHTXLUH UDGLFDO SROLF\ DQG EHKDYLRXUDO FKDQJHV WR DFKLHYH D
WUDQVLWLRQ WR D SRVWXODWHG VXVWDLQDEOH GHYHORSPHQW SDWKZD\
*UHHQSHDFHIRUPXODWHGRQHRIWKH¿UVWVXFKVFHQDULRV /D]DUXV
et al 0DQ\VXVWDLQDEOHGHYHORSPHQWVFHQDULRVDUHDOVR
LQFOXGHGLQWKLVDVVHVVPHQW:KHUHWKH\GRQRWLQFOXGHH[SOLFLW
SROLFLHVDVLQWKHFDVHRI65(6VFHQDULRVWKH\FDQEHFODVVL¿HG
DV EDVHOLQH RU QRQLQWHUYHQWLRQ VFHQDULRV )RU H[DPSOH WKH
65(6 % IDPLO\ RI UHIHUHQFH VFHQDULRV FDQ EH FKDUDFWHUL]HG
DVKDYLQJPDQ\HOHPHQWVRIDVXVWDLQDELOLW\WUDQVLWLRQWKDWOHDG
WRJHQHUDOO\ORZ*+*HPLVVLRQVHYHQWKRXJKWKHVFHQDULRVGR
QRWLQFOXGHSROLFLHVRUPHDVXUHVH[SOLFLWO\GLUHFWHGDWHPLVVLRQV
mitigation.
$QRWKHUW\SHRIPLWLJDWLRQ LQWHUYHQWLRQRUFOLPDWHSROLF\ 
VFHQDULR DSSURDFK VSHFL¿HV IXWXUH µZRUOGV¶ WKDW DUH LQWHUQDOO\
FRQVLVWHQW ZLWK VRPH VSHFL¿HG FOLPDWH WDUJHW HJ D JOREDO
WHPSHUDWXUHLQFUHDVHRIQRPRUHWKDQ&E\ DQGWKHQ
works backwards to develop feasible emission trajectories
and emission driver combinations leading to these targets.
Such scenarios, also referred to as ‘safe landing’ or ‘tolerable
ZLQGRZ¶ VFHQDULRV LPSO\ WKH QHFHVVDU\ GHYHORSPHQW DQG
implementation of climate policies intended to achieve these
WDUJHWVLQWKHPRVWHI¿FLHQWZD\ 0RULWDet al., 2001). A number
of such new multi-gas stabilization scenarios are assessed in
this chapter.
Confusion can arise when the inclusion of ‘non-climaterelated’ policies in a reference (non-intervention) scenario
KDV WKH HIIHFW RI VLJQL¿FDQWO\ UHGXFLQJ *+* HPLVVLRQV )RU
H[DPSOH HQHUJ\ HI¿FLHQF\ RU ODQGXVH SROLFLHV WKDW UHGXFH

Prominent examples of such scenarios include the ‘Retrenchment’ (Kinsman, 1990), the ‘Dark Side of the Market World’ or ‘Change without Progress’ (Schwartz, 1991), the
‘Barbarization’ (Gallopin et al., 1997) and ‘A Passive Mean World’ (Glenn and Gordon, 1997).
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*+* HPLVVLRQV PD\ EH DGRSWHG IRU UHDVRQV WKDW DUH QRW
UHODWHGWRFOLPDWHSROLFLHVDQGPD\WKHUHIRUHEHLQFOXGHGLQD
QRQLQWHUYHQWLRQVFHQDULR6XFKDVFHQDULRPD\LQFOXGH*+*
emissions that are lower than some intervention scenarios. The
URRWFDXVHRIWKLVSRWHQWLDOFRQIXVLRQLVWKDWLQSUDFWLFHPDQ\
policies can both reduce GHG emissions and achieve other
JRDOV VRFDOOHGPXOWLSOHEHQH¿WV :KHWKHUVXFKSROLFLHVDUH
DVVXPHGWREHDGRSWHGIRUFOLPDWHRUQRQFOLPDWHSROLF\UHODWHG
UHDVRQVLVGHWHUPLQHGE\WKHVFHQDULRGHYHORSHUEDVHGRQWKH
XQGHUO\LQJVFHQDULRQDUUDWLYH:KLOHWKLVLVDSUREOHPLQWHUPV
of making a clear distinction between intervention and nonLQWHUYHQWLRQ VFHQDULRV LW LV DW WKH VDPH WLPH DQ RSSRUWXQLW\
%HFDXVHPDQ\GHFLVLRQVDUHQRWPDGHIRUUHDVRQVRIFOLPDWH
change alone, measures implemented for reasons other
WKDQ FOLPDWH FKDQJH FDQ KDYH D VLJQL¿FDQW LPSDFW RQ *+*
HPLVVLRQV RSHQLQJ XS PDQ\ QHZ SRVVLELOLWLHV IRU PLWLJDWLRQ
(Morita et al., 2001).
3.1.3

Development trends and the lock-in effect of
infrastructure choices

An important consideration in scenario generation is the
nature of the economic development process and whether (and to
ZKDWH[WHQW GHYHORSLQJFRXQWULHVZLOOIROORZWKHGHYHORSPHQW
SDWKZD\VRILQGXVWULDOL]HGFRXQWULHVZLWKUHVSHFWWRHQHUJ\XVH
and GHG emissions. The ‘lock-in’ effects of infrastructure,
WHFKQRORJ\DQGSURGXFWGHVLJQFKRLFHVPDGHE\LQGXVWULDOL]HG
FRXQWULHVLQWKHSRVW:RUOG:DU,,SHULRGRIORZHQHUJ\SULFHV
are responsible for the major recent increase in world GHG
HPLVVLRQV$VLPSOHPLPLFNLQJE\GHYHORSLQJFRXQWULHVRIWKH
GHYHORSPHQWSDUDGLJPHVWDEOLVKHGE\LQGXVWULDOL]HGFRXQWULHV
FRXOG OHDG WR D YHU\ ODUJH LQFUHDVH LQ JOREDO *+* HPLVVLRQV
VHH &KDSWHU   ,W PD\ EH QRWHG KRZHYHU WKDW HQHUJ\*'3
HODVWLFLWLHV LQ LQGXVWULDOL]HG FRXQWULHV KDYH ¿UVW LQFUHDVHG LQ
successive stages of industrialization, with acceleration during
WKH V DQG V EXW KDYH IDOOHQ VKDUSO\ VLQFH WKHQ GXH
to factors such as relative growth of services in GDP share,
WHFKQLFDO SURJUHVV LQGXFHG E\ KLJKHU RLO SULFHV DQG HQHUJ\
conservation efforts.
In developing countries, where a major part of the
LQIUDVWUXFWXUHQHFHVVDU\WRPHHWGHYHORSPHQWQHHGVLVVWLOOWREH
EXLOWWKHVSHFWUXPRIIXWXUHRSWLRQVLVFRQVLGHUDEO\ZLGHUWKDQ
LQLQGXVWULDOL]HGFRXQWULHV HJRQHQHUJ\VHH,($ 7KH
spatial distribution of the population and economic activities is
VWLOO QRW VHWWOHG RSHQLQJ WKH SRVVLELOLW\ RI DGRSWLQJ LQGXVWULDO
policies directed towards rural development and integrated
XUEDQUHJLRQDODQGWUDQVSRUWDWLRQSODQQLQJWKHUHE\DYRLGLQJ
XUEDQ VSUDZO DQG IDFLOLWDWLQJ PRUH HI¿FLHQW WUDQVSRUWDWLRQ
DQG HQHUJ\ V\VWHPV 7KH PDLQ LVVXH LV WKH PDJQLWXGH DQG
YLDELOLW\ WR WDS WKH SRWHQWLDO IRU WHFKQRORJLFDO µOHDSIURJJLQJ¶
ZKHUHE\ GHYHORSLQJ FRXQWULHV FDQ E\SDVV HPLVVLRQV
LQWHQVLYHLQWHUPHGLDWHWHFKQRORJ\DQGMXPSVWUDLJKWWRFOHDQHU
WHFKQRORJLHV7KHUHDUHWHFKQLFDOSRVVLELOLWLHVIRUOHVVHQHUJ\
intensive development patterns in the long run, leading to low
carbon futures in southern countries that are compatible with
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national objectives (see e.g. La Rovere and Americano, 2002).
Section 12.2 of Chapter 12 develops this argument further.
2QWKHRWKHUKDQGWKHEDUULHUVWRVXFKGHYHORSPHQWSDWKZD\V
VKRXOGQRWEHXQGHUHVWLPDWHGJRLQJIURP¿QDQFLDOFRQVWUDLQWV
to cultural behaviours in industrialized and developing
countries, including the lack of appropriate institution building.
2QHRIWKHNH\¿QGLQJVRIWKHUHYLHZHGOLWHUDWXUHLVWKHORQJ
term implications for GHG emissions of short- and mediumterm decisions concerning the building of new infrastructure,
SDUWLFXODUO\ LQ GHYHORSLQJ FRXQWULHV VHH HJ /D 5RYHUH DQG
$PHULFDQR,($ 
3.1.4

Economic growth and convergence

Determinants of long-term GDP per person include labour
IRUFHDQGLWVSURGXFWLYLW\SURMHFWLRQV/DERXUIRUFHXWLOL]DWLRQ
depends on factors such as the number of working-age people,
WKH OHYHO RI VWUXFWXUDO XQHPSOR\PHQW DQG KRXUV ZRUNHG SHU
worker. Demographic change is still the major determinant
RI WKH EDVHOLQH ODERXU VXSSO\ 0DUWLQV DQG 1LFROHWWL  
/RQJWHUPSURMHFWLRQVRIODERXUSURGXFWLYLW\SULPDULO\GHSHQG
RQ LPSURYHPHQWV LQ ODERXU TXDOLW\ FDSDFLW\ EXLOGLQJ  DQG
the pace of technical change associated with building up the
FDSLWDORXWSXWUDWLRDQGWKHTXDOLW\RIFDSLWDO
7KH OLWHUDWXUH H[DPLQLQJ SURGXFWLRQ IXQFWLRQV VKRZV
LQFUHDVLQJ UHWXUQV EHFDXVH RI DQ H[SDQGLQJ VWRFN RI KXPDQ
capital and, as a result of specialization and investment in
µNQRZOHGJH¶FDSLWDO 0HLHU$JKLRQDQG+RZLWW 
VXJJHVWV WKDW HFRQRPLF µFDWFKXS¶ DQG FRQYHUJHQFH VWURQJO\
depend on the forces of ‘technological congruence’ and ‘social
FDSDELOLW\¶ EHWZHHQ WKH SURGXFWLYLW\ OHDGHU DQG WKH IROORZHUV
(see the subsequent sub-section on institutional frameworks
DQG6HFWLRQRQWKHUROHRIWHFKQRORJLFDOFKDQJH 
7KH HFRQRPLF FRQYHUJHQFH OLWHUDWXUH $EUDPRYLW] 
%DXPRO XVLQJDVWDQGDUGQHRFODVVLFDOHFRQRPLFJURZWK
VHWXSIROORZLQJ6RORZ  IRXQGHYLGHQFHRIFRQYHUJHQFH
RQO\ EHWZHHQ WKH ULFKHVW FRXQWULHV 2WKHU UHVHDUFK HIIRUWV
documented ‘conditional convergence’ – meaning that countries
DSSHDUHG WR UHDFK WKHLU RZQ VWHDG\ VWDWHV DW D IDLUO\ XQLIRUP
UDWHRISHU\HDU %DUUR0DQNLZet al -RQHV
  IRXQG WKDW WKH IXWXUH VWHDG\VWDWH GLVWULEXWLRQ RI SHU
SHUVRQLQFRPHZLOOEHEURDGO\VLPLODUWRWKHGLVWULEXWLRQ
Important differences would continue to arise among the bottom
WZRWKLUGV RI WKH LQFRPH GLVWULEXWLRQ WKXV FRQ¿UPLQJ SDVW
WUHQGV7RWDOIDFWRUSURGXFWLYLW\ 7)3 OHYHOVDQGFRQYHUJHQFH
for the evolution of income distribution are also important.
([SHFWHGFDWFKXSDQGHYHQRYHUWDNLQJSHUSHUVRQLQFRPHVDV
well as changes in leaders in the world distribution of income,
DUHDPRQJVRPHRIWKH¿QGLQJVLQWKLVOLWHUDWXUH4XDK 
 IRXQGWKDWWKHZRUOGLVPRYLQJWRZDUGVDELPRGDOLQFRPH
distribution. Some recent assessments demonstrate divergence,
QRW FRQYHUJHQFH :RUOG %DQN  +DOOR\ DQG /RFNZRRG
816' 
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Convergence is limited for a number of reasons, such
DV LPSHUIHFW PRELOLW\ RI IDFWRUV QRWDEO\ ODERXU  GLIIHUHQW
HQGRZPHQWV QRWDEO\ KXPDQ FDSLWDO  PDUNHW VHJPHQWDWLRQ
QRWDEO\ VHUYLFHV  DQG OLPLWHG WHFKQRORJ\ GLIIXVLRQ 6RFLDO
inertia (as referred to in Chapter 2, see Section 2.2.3) also
FRQWULEXWHVWRGHOD\FRQYHUJHQFH7KHUHIRUHRQO\OLPLWHGFDWFK
XSFDQEHIDFWRUHGLQEDVHOLQHVFHQDULRVZKLOHFDSLWDOTXDOLW\
LV OLNHO\ WR SXVK XS SURGXFWLYLW\ JURZWK LQ PRVW FRXQWULHV
HVSHFLDOO\LQWKRVHODJJLQJEHKLQGODERXUTXDOLW\LVOLNHO\WRGUDJ
GRZQSURGXFWLYLW\JURZWKLQDQXPEHURIFRXQWULHVXQOHVVWKHUH
are massive investments in education. However, appropriate
SROLFLHV PD\ DFFHOHUDWH WKH DGRSWLRQ RI QHZ WHFKQRORJLHV
and create incentives for human capital formation and thus
accelerate convergence (Martins and Nicoletti, 2005). Nelson
DQG)DJHUEHUJDUJXLQJZLWKLQDQHYROXWLRQDU\SDUDGLJPKDYH
GLIIHUHQW SHUVSHFWLYHV RQ WKH FRQYHUJHQFH LVVXH )DJHUEHUJ
)DJHUEHUJDQG*RGLQKR81,'2 ,WVKRXOG
EH DFNQRZOHGJHG WKDW WKH ROG WKHRUHWLFDO FRQWURYHUV\ DERXW
VWHDG\VWDWH HFRQRPLFV DQG OLPLWV WR JURZWK VWLOO FRQWLQXHV
*HRUJHVFX5RHJHQ 
The above discussion provides the economic background
for the range of assumptions on the long-term convergence of
income between developing and developed countries (measured
E\*'3SHUSHUVRQ IRXQGLQWKHVFHQDULROLWHUDWXUH7KHDQQXDO
rate of income convergence between 11 world regions in the
SRES scenarios falls within the range of less than 0.5% in the
$ VFHQDULR IDPLO\ WR OHVV WKDQ  LQ$ ERWK LQ 333 DQG
MER metrics). The highest rate of income convergence in the
SRES is similar to the observed convergence, during the period
±RIUHJLRQVLQ(XURSH %DUURDQG6DODL0DUWLQ
  +RZHYHU *UEOHU et al   QRWH WKDW H[WHQGLQJ
FRQYHUJHQFH DQDO\VLV WR QDWLRQDO RU VXEQDWLRQDO OHYHO ZRXOG
suggest that income disparities are larger than suggested
E\ VLPSOH LQWHUUHJLRQDO FRPSDULVRQV DQG WKDW VFHQDULRV RI
UHODWLYH LQFRPHFRQYHUJHQFHDUHKLJKO\VHQVLWLYHWRWKHVSDWLDO
OHYHORIDJJUHJDWLRQXVHGLQWKHDQDO\VLV$QLPSRUWDQW¿QGLQJ
IURPWKHVHQVLWLYLW\DQDO\VLVSHUIRUPHGLVWKDWOHVVFRQYHUJHQFH
JHQHUDOO\ \LHOGV KLJKHU HPLVVLRQV *UEOHU et al   ,Q
B2, an income ratio (between 11 world regions, in market
H[FKDQJH UDWHV  RI VHYHQ FRUUHVSRQGV WR &22 emissions of
*W&LQZKLOHVKLIWLQJWKLVLQFRPHUDWLRWRZRXOG
OHDG WR &22 emissions of 15.5 GtC in 2100. Results pointing
in the same direction were also obtained for A2. This can be
H[SODLQHGE\VORZHU7)3JURZWKVORZHUFDSLWDOWXUQRYHUDQG
less ‘technological congruence’, leading to slower adoption
RIORZHPLVVLRQWHFKQRORJLHVLQGHYHORSLQJFRXQWULHV2QWKH
other hand, as climate stabilization scenarios require global
application of climate policies and convergence in the adoption
RI ORZHPLVVLRQ WHFKQRORJLHV WKH\ DUH OHVV FRPSDWLEOH ZLWK
low economic convergence scenarios.
3.1.5

Development pathways and GHG emissions

In the long run, the links between economic development and
*+*HPLVVLRQVGHSHQGQRWRQO\RQWKHJURZWKUDWH PHDVXUHG

in aggregate terms), but also on the nature and structure of this
JURZWK&RPSDUDWLYHVWXGLHVDLPLQJWRH[SODLQWKHVHGLIIHUHQFHV
KHOSWRGHWHUPLQHWKHPDLQIDFWRUVWKDWZLOOXOWLPDWHO\LQÀXHQFH
the amount of GHG emissions, given an assumed overall rate
RI HFRQRPLF JURZWK -XQJ et al  VHH DOVR H[DPSOHV
discussed in Section 12.2 of Chapter 12).
v 6WUXFWXUDOFKDQJHVLQWKHSURGXFWLRQV\VWHPQDPHO\WKHUROH
RIKLJKRUORZHQHUJ\LQWHQVLYHLQGXVWULHVDQGVHUYLFHV
v 7HFKQRORJLFDO SDWWHUQV LQ VHFWRUV VXFK DV HQHUJ\
WUDQVSRUWDWLRQ EXLOGLQJ ZDVWH DJULFXOWXUH DQG IRUHVWU\
± WKH WUHDWPHQW RI WHFKQRORJ\ LQ HFRQRPLF PRGHOV KDV
received considerable attention and triggered the most
GLI¿FXOWGHEDWHVZLWKLQWKHVFLHQWL¿FFRPPXQLW\ZRUNLQJLQ
WKLV¿HOG (GPRQGVDQG&ODUNH*UXEEet al., 2005;
6KXNOD:RUUHOO.|KOHUet al 
v Geographical distribution of activities encompassing both
KXPDQVHWWOHPHQWVDQGXUEDQVWUXFWXUHVLQDJLYHQWHUULWRU\
and its twofold impact on the evolution of land use, and on
PRELOLW\QHHGVDQGWUDQVSRUWDWLRQUHTXLUHPHQWV
v &RQVXPSWLRQ SDWWHUQV ± H[LVWLQJ GLIIHUHQFHV EHWZHHQ
FRXQWULHV DUH PDLQO\ GXH WR LQHTXDOLWLHV LQ LQFRPH
distribution, but for a given income per person, parameters
VXFK DV KRXVLQJ SDWWHUQV OHLVXUH VW\OHV RU WKH GXUDELOLW\
and rate of obsolescence of consumption goods will have a
FULWLFDOLQÀXHQFHRQORQJUXQHPLVVLRQSUR¿OHV
v Trade patterns – the degree of protectionism and the creation
RIUHJLRQDOEORFNVFDQLQÀXHQFHDFFHVVWRWKHEHVWDYDLODEOH
technologies, inter aliaDQGFRQVWUDLQWVRQ¿QDQFLDOÀRZV
FDQOLPLWWKHFDSDFLW\RIGHYHORSLQJFRXQWULHVWREXLOGWKHLU
infrastructure.
These different relationships between development
SDWKZD\V DQG *+* HPLVVLRQV PD\ RU PD\ QRW  EH FDSWXUHG
LQ PRGHOV XVHG IRU ORQJWHUP ZRUOG VFHQDULRV E\ FKDQJHV LQ
aggregated variables (e.g. per person income) or through more
disaggregated economic parameters, such as the structure of
H[SHQVHV GHYRWHG WR D JLYHQ QHHG HJ KHDWLQJ WUDQVSRUW RU
IRRGRUWKHVKDUHRIHQHUJ\DQGWUDQVSRUWDWLRQLQWKHSURGXFWLRQ
function of industrial sectors). This means that alternative
FRQ¿JXUDWLRQV RI WKHVH XQGHUO\LQJ IDFWRUV FDQ EH FRPELQHG
WR JLYH LQWHUQDOO\ FRQVLVWHQW VRFLRHFRQRPLF VFHQDULRV ZLWK
LGHQWLFDO UDWHV RI HFRQRPLF JURZWK ,W ZRXOG EH IDOVH WR VD\
WKDW FXUUHQW HFRQRPLF PRGHOV LJQRUH WKHVH IDFWRUV 7KH\ DUH
WR VRPH H[WHQW FDSWXUHG E\ FKDQJHV LQ HFRQRPLF SDUDPHWHUV
VXFKDVWKHVWUXFWXUHRIKRXVHKROGH[SHQVHVGHYRWHGWRKHDWLQJ
WUDQVSRUWDWLRQ RU IRRG WKH VKDUH RI HDFK DFWLYLW\ LQ WKH WRWDO
KRXVHKROGEXGJHWDQGWKHVKDUHRIHQHUJ\DQGWUDQVSRUWDWLRQ
costs in total costs in the industrial sector.
These parameters remain important, but the outcome in terms
RI*+*HPLVVLRQVZLOODOVRGHSHQGRQG\QDPLFOLQNVEHWZHHQ
WHFKQRORJ\ FRQVXPSWLRQ SDWWHUQV WUDQVSRUWDWLRQ DQG XUEDQ
infrastructure, urban planning, and rural-urban distribution of
WKHSRSXODWLRQ VHHDOVR&KDSWHUVDQGIRUPRUHH[WHQVLYH
discussions of some of these issues).
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3.1.6

Institutional frameworks

Recent research has included studies on the role of
LQVWLWXWLRQV DV D FULWLFDO FRPSRQHQW LQ DQ HFRQRP\¶V FDSDFLW\
WRXVHUHVRXUFHVRSWLPDOO\ 2VWURP2VWURPet al., 2002)
and interventions that alter institutional structure are among the
most accepted solutions in recent times for shaping economic
VWUXFWXUH DQG LWV DVVRFLDWHG HQHUJ\ XVH DQG HPLVVLRQV 7KUHH
LPSRUWDQWDVSHFWVRILQVWLWXWLRQDOVWUXFWXUHDUH
 7KHH[WHQWRIFHQWUDOL]DWLRQDQGSDUWLFLSDWLRQLQGHFLVLRQV
 7KH H[WHQW VSDQQLQJ IURP ORFDO WR JOREDO  DQG QDWXUH RI
decision mechanisms.
 3URFHVVHVIRUHIIHFWLYHLQWHUYHQWLRQV HJWKHPL[RIPDUNHW
DQGUHJXODWRU\SURFHVVHV 
,QVWLWXWLRQDO VWUXFWXUHV YDU\ FRQVLGHUDEO\ DFURVV QDWLRQV
even those with similar levels of economic development.
$OWKRXJKQRFRQVHQVXVH[LVWVRQWKHGHVLUDELOLW\RIDVSHFL¿F
W\SHRILQVWLWXWLRQDOIUDPHZRUNH[SHULHQFHVXJJHVWVWKDWPRUH
participative processes help to build trust and social capital
to better manage the environmental ‘commons’ (World Bank,
%HLHUOHDQG&D\IRUG2VWURPet al5\GLQ
  2WKHU UHOHYDQW GHYHORSPHQWV PD\ LQFOXGH JUHDWHU XVH
of market mechanisms and institutions to enhance global
FRRSHUDWLRQDQGPRUHHIIHFWLYHO\PDQDJHJOREDOHQYLURQPHQWDO
issues (see also Chapter 12).
$ ZHDN LQVWLWXWLRQDO VWUXFWXUH EDVLFDOO\ H[SODLQV ZK\
DQ HFRQRP\ FDQ EH LQ D SRVLWLRQ WKDW LV VLJQL¿FDQWO\ EHORZ
WKH WKHRUHWLFDOO\ HI¿FLHQW SURGXFWLRQ IURQWLHU ZLWK VHYHUDO
economists terming it as a ‘missing link’ in the production
IXQFWLRQ 0HLHU   )XUWKHUPRUH ZHDN LQVWLWXWLRQV DOVR
FDXVH IULFWLRQV LQ HFRQRPLF H[FKDQJH SURFHVVHV UHVXOWLQJ LQ
high transaction costs.
7KHH[LVWHQFHRIZHDN LQVWLWXWLRQVLQ GHYHORSLQJFRXQWULHV
KDV LPSOLFDWLRQV IRU WKH FDSDFLW\ WR DGDSW WR RU PLWLJDWH
climate change. A review of the social capital literature and the
implications for climate change mitigation policies concludes
that successful implementation of GHG emission-reduction
RSWLRQV ZLOO JHQHUDOO\ GHSHQG RQ DGGLWLRQDO PHDVXUHV WR
LQFUHDVHWKHSRWHQWLDOPDUNHWDQGWKHQXPEHURIH[FKDQJHV7KLV
FDQLQYROYHVWUHQJWKHQLQJWKHLQFHQWLYHVIRUH[FKDQJH SULFHV
capital markets, information efforts, etc.), introducing new
DFWRUV LQVWLWXWLRQDODQGKXPDQFDSDFLW\HIIRUWV DQGUHGXFLQJ
the risks of participating (legal framework, information, general
SROLF\FRQWH[WRIPDUNHWUHJXODWLRQ 7KHPHDVXUHVDOOGHSHQG
on the nature of the formal institutions, the social groups in
VRFLHW\ DQG WKH LQWHUDFWLRQ EHWZHHQ WKHP VHH &KDSWHU  DQG
Halsnaes, 2002).
6RPH RI WKH FOLPDWH FKDQJH SROLF\ UHFRPPHQGDWLRQV
WKDW DUH LQVSLUHG E\ LQVWLWXWLRQDO HFRQRPLFV LQFOXGH JHQHUDO
FDSDFLW\EXLOGLQJSURJUDPPHVDQGORFDOHQWHUSULVHDQG¿QDQFH
GHYHORSPHQWIRUH[DPSOHLQWKHIRUPRIVRIWORDQVLQDGGLWLRQ
to educational and training programmes (Halsnaes, 2002, see
also Chapters 2 and 12).
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,Q WRGD\¶V OHVV LQGXVWULDOL]HG UHJLRQV WKHUH LV D ODUJH DQG
UHODWLYHO\XQVNLOOHGSDUWRIWKHSRSXODWLRQWKDWLVQRW\HWLQYROYHG
LQWKHIRUPDOHFRQRP\,QPDQ\UHJLRQVLQGXVWULDOL]DWLRQOHDGV
to wage differentials that draw these people into the more
SURGXFWLYHIRUPDOHFRQRP\FDXVLQJDFFHOHUDWHGXUEDQL]DWLRQ
LQWKHSURFHVV7KLVLVZK\ODERXUIRUFHJURZWKLQWKHVHUHJLRQV
FRQWULEXWHVVLJQL¿FDQWO\WR*'3JURZWK7KHFRQFHUQVUHODWLQJ
WRWKHLQIRUPDOHFRQRP\DUHWZRIROG
1. Whether historical development patterns and relationships
DPRQJ NH\ XQGHUO\LQJ YDULDEOHV ZLOO KROG FRQVWDQW LQ WKH
projections period.
2. Whether there are important feedbacks between the
evolution of a particular sector and the overall development
pattern that would affect GHG emissions (Shukla, 2005).
Social and cultural processes shape institutions and the
ZD\ LQ ZKLFK WKH\ IXQFWLRQ 6RFLDO QRUPV RI RZQHUVKLS DQG
GLVWULEXWLRQKDYHDYLWDOLQÀXHQFHRQWKHVWUXFWXUHRISURGXFWLRQ
DQG FRQVXPSWLRQ DV ZHOO DV WKH TXDOLW\ DQG H[WHQW RI WKH
social ‘infrastructure’ sectors, such as education, which are
SDUDPRXQW WR FDSDFLW\ EXLOGLQJ DQG WHFKQRORJLFDO SURJUHVV
8QOLNHLQVWLWXWLRQVVRFLDODQGFXOWXUHSURFHVVHVDUHRIWHQPRUH
LQÀH[LEOHDQGGLI¿FXOWWRLQÀXHQFH+RZHYHUVSHFL¿FVHFWRUV
such as education, are amenable to interventions. Barring some
negative features, such as segregation, there is no consensus
DV WR WKH LQWHUYHQWLRQV WKDW DUH QHFHVVDU\ RU GHVLUDEOH WR DOWHU
VRFLDODQGFXOWXUDOSURFHVVHV2QWKHRWKHUKDQGXQGHUVWDQGLQJ
their role is crucial for assessing the evolution of the social
infrastructure that underpins technological progress and human
ZHOIDUH -XQJet al., 2000) as well as evolving perceptions and
VRFLDO XQGHUVWDQGLQJ RI FOLPDWH FKDQJH ULVN VHH 5D\QHU DQG
0DORQH'RXJODVDQG:LOGDYVN\6ORYLF 
While institutional arrangements are sometimes described as
SDUWRIVWRU\OLQHVVFHQDULRVSHFL¿FDWLRQVJHQHUDOO\GRQRWLQFOXGH
H[SOLFLWDVVXPSWLRQVDERXWWKHP7KHUROHRILQVWLWXWLRQVLQWKH
implementation of development choices and its implications to
climate change mitigation are discussed further in Section 12.2
of Chapter 12.

3.2
3.2.1

Baseline scenarios

Drivers of emissions

7UDMHFWRULHVRIIXWXUHHPLVVLRQVDUHGHWHUPLQHGE\FRPSOH[
G\QDPLF SURFHVVHV WKDW DUH LQÀXHQFHG E\ IDFWRUV VXFK DV
demographic and socio-economic development, as well as
WHFKQRORJLFDODQGLQVWLWXWLRQDOFKDQJH$QRIWHQXVHGLGHQWLW\WR
describe changes in some of these factors is based on the IPAT
LGHQWLW\ ,PSDFW 3RSXODWLRQ[$IÀXHQFH[7HFKQRORJ\±VHH
+ROGUHQ  (KUOLFK DQG +ROGUHQ   DQG LQ HPLVVLRQV
PRGHOOLQJLVRIWHQFDOOHGWKHµ.D\DLGHQWLW\¶ VHH6HFWLRQ
and Yamaji et al   7KHVH WZR UHODWLRQVKLSV VWDWH WKDW
HQHUJ\UHODWHGHPLVVLRQVDUHDIXQFWLRQRISRSXODWLRQJURZWK
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3.2.1.1

Population projections

&XUUHQWSRSXODWLRQSURMHFWLRQVUHÀHFWOHVVJOREDOSRSXODWLRQ
JURZWKWKDQZDVH[SHFWHGDWWKHWLPHWKH7$5ZDVSXEOLVKHG
6LQFHWKHHDUO\VGHPRJUDSKHUVKDYHUHYLVHGWKHLURXWORRN
RQ IXWXUH SRSXODWLRQ GRZQZDUG EDVHG PDLQO\ RQ QHZ GDWD
LQGLFDWLQJWKDWELUWKUDWHVLQPDQ\SDUWVRIWKHZRUOGKDYHIDOOHQ
VKDUSO\
Recent projections indicate a small downward revision to
the medium (or ‘best guess’) outlook and to the high end of
WKH XQFHUWDLQW\ UDQJH DQG D ODUJHU GRZQZDUG UHYLVLRQ WR WKH
ORZ HQG RI WKH XQFHUWDLQW\ UDQJH 9DQ 9XXUHQ DQG 2¶1HLOO
  7KLV JOREDO UHVXOW LV GULYHQ SULPDULO\ E\ FKDQJHV LQ
outlook for the Asia and the Africa-Latin America-Middle East
$/0 UHJLRQ2QDPRUHGHWDLOHGOHYHOWUHQGVDUHGULYHQE\
changes in the outlook for Sub-Saharan Africa, the Middle
East and North Africa region, and the East Asia region, where
UHFHQWGDWDVKRZORZHUWKDQH[SHFWHGIHUWLOLW\UDWHVDVZHOODV
D PXFK PRUH SHVVLPLVWLF YLHZ RQ WKH H[WHQW DQG GXUDWLRQ RI
WKH+,9$,'6FULVLVLQ6XE6DKDUDQ$IULFD,QFRQWUDVWLQWKH
2(&' UHJLRQ XSGDWHG SURMHFWLRQV DUH VRPHZKDW KLJKHU WKDQ
previous estimates. This comes from changes in assumptions
UHJDUGLQJPLJUDWLRQ LQWKHFDVHRIWKH81SURMHFWLRQV RUWR
D PRUH RSWLPLVWLF SURMHFWLRQ RI IXWXUH OLIH H[SHFWDQF\ LQ WKH
FDVH RI ,QWHUQDWLRQDO ,QVWLWXWH IRU $SSOLHG 6\VWHPV $QDO\VLV
(IIASA) projections). In the Eastern Europe and Central Asia
5HIRUPLQJ (FRQRPLF 5()  UHJLRQ SURMHFWLRQV KDYH EHHQ
UHYLVHG GRZQZDUG HVSHFLDOO\ E\ WKH 81 GULYHQ PDLQO\ E\
UHFHQWGDWDVKRZLQJYHU\ORZIHUWLOLW\OHYHOVDQGPRUWDOLW\UDWHV
that are quite high relative to other industrialized countries.
Lutz et al  81  DQG)LVKHUet al  KDYH
SURGXFHGXSGDWHGSURMHFWLRQVIRUWKHZRUOGWKDWH[WHQGWR
The most recent central projections for global population are
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*'3 SHU SHUVRQ FKDQJHV LQ HQHUJ\ LQWHQVLW\ DQG FDUERQ
LQWHQVLW\RIHQHUJ\FRQVXPSWLRQ7KHVHIDFWRUVDUHGLVFXVVHGLQ
Section 3.2.1 to describe new information published on baseline
VFHQDULRV VLQFH WKH 7$5 7KHUH DUH PRUH WKDQ  HPLVVLRQ
VFHQDULRVLQWKHOLWHUDWXUHLQFOXGLQJDOPRVWEDVHOLQH QRQ
LQWHUYHQWLRQ VFHQDULRV0DQ\RIWKHVHVFHQDULRVZHUHFROOHFWHG
during the IPCC SRES and TAR processes (Morita and Lee,
  DQG PDGH DYDLODEOH WKURXJK WKH ,QWHUQHW 6\VWHPDWLF
reviews of the baseline and mitigation scenarios were reported
in the SRES (Nakicenovic et al., 2000) and the TAR (Morita
et al   UHVSHFWLYHO\ 7KH FRUUHVSRQGLQJ GDWDEDVHV KDYH
EHHQXSGDWHGDQGH[WHQGHGUHFHQWO\ 1DNLFHQRYLFet al
Hanaoka et al 2 The recent scenario literature is discussed
and compared with the earlier scenarios in this section.

2100

Figure 3.1: Comparison of population assumptions in post-SRES emissions
scenarios with those used in previous scenarios. Blue shaded areas span the range
of 84 population scenarios used in SRES or pre-SRES emissions scenarios; individual
curves show population assumptions in 117 emissions scenarios in the literature
since 2000. The two vertical bars on the right extend from the minimum to maximum
of the distribution of scenarios by 2100. The horizontal bars indicate the 5th, 25th,
50th, 75th and the 95th percentiles of the distributions.
Data source: After Nakicenovic et al., 2006.

± ELOOLRQ ±  ORZHU WKDQ WKH PHGLXP SRSXODWLRQ
VFHQDULRRIELOOLRQXVHGLQWKH65(6%VFHQDULRV$VZDV
the case with the outlook for 2050, the long-term changes at the
JOREDOOHYHODUHGULYHQE\WKHGHYHORSLQJFRXQWU\UHJLRQV $VLD
DQG$/0  ZLWK WKH FKDQJHV SDUWLFXODUO\ ODUJH LQ &KLQD WKH
Middle East and North Africa, and Sub-Saharan Africa.
Most of the SRES scenarios still fall within the plausible range
of population outcomes, according to more recent literature
VHH)LJXUH +RZHYHUWKHKLJKHQGRIWKH65(6SRSXODWLRQ
range now falls above the range of recent projections from
,,$6$DQGWKH817KLVLVDSDUWLFXODUSUREOHPIRUSRSXODWLRQ
projections in East Asia, the Middle East, North Africa and the
)RUPHU6RYLHW8QLRQZKHUHWKHGLIIHUHQFHVDUHODUJHHQRXJKWR
VWUDLQFUHGLELOLW\ 9DQ9XXUHQDQG2¶1HLOO ,QDGGLWLRQ
WKHSRSXODWLRQDVVXPSWLRQVLQ65(6DQGWKHYDVWPDMRULW\RI
more recent emissions scenarios do not cover the low end of
the current range of population projections well. New scenario
H[HUFLVHV ZLOO QHHG WR WDNH WKH ORZHU SRSXODWLRQ SURMHFWLRQV
into account. All other factors being equal, lower population
SURMHFWLRQV DUH OLNHO\ WR UHVXOW LQ ORZHU HPLVVLRQV +RZHYHU
a small number of recent studies that have used updated and
lower population projections (Carpenter et al  9DQ
9XXUHQ et al., 2007; Riahi et al   LQGLFDWH WKDW FKDQJHV
LQRWKHUGULYHUVRIHPLVVLRQVPLJKWSDUWO\RIIVHWWKHLPSDFWRI
ORZHU SRSXODWLRQ DVVXPSWLRQV WKXV OHDGLQJ WR QR VLJQL¿FDQW
changes in emissions.

It should be noted that the sources of scenario data vary. For some scenarios the data comes directly from the modelling teams. In other cases it has been assembled from
the literature or from other scenario comparison exercises such as EMF-19, EMF-21, and IMCP. For this assessment the scenario databases from Nakicenovic et al. (2006) and
Hanaoka et al. (2006) were updated with the most recent information. The scenarios published before the year 2000 were retrieved from the database during SRES and TAR. The
databases from Nakicenovic et al. (2006) and Hanaoka et al. (2006) can be accessed on the following websites: http://iiasa.ac.at/Research/TNT/WEB/scenario_database.html and
www-cger.nies.go.jp/scenario.
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3.2.1.2

Economic development

Chapter 3

800

-

GDP (trillion US$1990)

Given that countries and regions use particular currencies,
DQRWKHUGLI¿FXOW\DULVHVLQDJJUHJDWLQJDQGFRPSDULQJHFRQRPLF
output across countries and world regions. There are two main
DSSURDFKHVXVLQJDQREVHUYHGPDUNHWH[FKDQJHUDWH 0(5 LQ
D¿[HG\HDURUXVLQJDSXUFKDVLQJSRZHUSDULW\UDWH 333  VHH
%R[ *'3WUDMHFWRULHVLQ WKH ODUJH PDMRULW\RI ORQJWHUP
scenarios in the literature are calibrated in MER. A few dozen
VFHQDULRVH[LVWWKDWXVH333H[FKDQJHUDWHVEXWPRVWRIWKHP
DUHVKRUWHUWHUPJHQHUDOO\UXQQLQJXQWLOWKH\HDU
3.2.1.3

GDP growth rates in the new literature

0DQ\RIWKHORQJWHUPHFRQRPLFSURMHFWLRQVLQWKHOLWHUDWXUH
KDYH EHHQ VSHFL¿FDOO\ GHYHORSHG IRU FOLPDWHUHODWHG VFHQDULR
ZRUN )LJXUH  FRPSDUHV WKH JOREDO *'3 UDQJH RI 
baseline scenarios from the pre-SRES and SRES literature with
130 new scenarios developed since SRES (post-SRES). There
is a considerable overlap in the GDP numbers published, with
DVOLJKWGRZQZDUGVKLIWRIWKHPHGLDQLQWKHQHZVFHQDULRV E\
about 7%) compared to the median in the pre-SRES scenario
literature. The data suggests no appreciable change in the
distribution of GDP projections.
A comparison of some recent shorter-term global GDP
SURMHFWLRQV XVLQJ WKH 65(6 VFHQDULRV LV LOOXVWUDWHG LQ )LJXUH
7KH 65(6 VFHQDULRV SURMHFW D YHU\ ZLGH UDQJH RI JOREDO
economic per-person growth rates from 1% (A2) to 3.1% (A1)
to 2030, both based on MER. This range is somewhat wider
WKDQWKDWFRYHUHGE\WKH86'2(  KLJKDQGORZVFHQDULRV
±  7KH FHQWUDO SURMHFWLRQV RI 86'2( ,($ DQG WKH
:RUOG%DQNDOOFRQWDLQJURZWKUDWHVRIDURXQG±WKXV
occurring in the middle of the range of the SRES scenarios.
2WKHUPHGLXPWHUPHQHUJ\VFHQDULRVDUHDOVRUHSRUWHGWRKDYH
JURZWKUDWHVLQWKLVUDQJH ,($ 
5HJLRQDOO\IRUWKH2(&'(DVWHUQ(XURSHDQG&HQWUDO$VLD
5()  UHJLRQV WKH FRUUHVSRQGHQFH EHWZHHQ 65(6 RXWFRPHV
DQG UHFHQW VFHQDULRV LV UHODWLYHO\ JRRG DOWKRXJK WKH 65(6
GDP growth rates are somewhat conservative. In the ASIA
region, the SRES range and its median value are just above that
of recent studies. The differences between the SRES outcomes
and more recent projections are largest in the ALM region
(covering Africa, Latin America and the Middle East). Here,
180
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(FRQRPLF DFWLYLW\ LV D GRPLQDQW GULYHU RI HQHUJ\ GHPDQG
DQGWKXVRIJUHHQKRXVHJDVHPLVVLRQV7KLVDFWLYLW\LVXVXDOO\
reported as gross domestic product (GDP), often measured in
per-person (per-capita) terms. To derive meaningful comparisons
over time, changes in price levels must be taken into account and
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EDVH\HDU2QHZD\RIUHGXFLQJWKHHIIHFWVRIGLIIHUHQWEDVH\HDUV
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for changes in economic output. Therefore, the focus below is
on real growth rates rather than on absolute numbers.
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Figure 3.2: Comparison of GDP projections in post-SRES emissions scenarios
with those used in previous scenarios. The median of the new scenarios is about 7%
below the median of the pre-SRES and SRES scenario literature. The two vertical
bars on the right extend from the minimum to maximum of the distribution of
scenarios by 2100. The horizontal bars indicate the 5th, 25th, 50th, 75th and the 95th
percentiles of the distributions.

WKH$DQG%VFHQDULRVFOHDUO\OLHDERYHWKHXSSHUHQGRIWKH
UDQJH RI FXUUHQW SURMHFWLRQV ±  ZKLOH$ DQG % IDOO
QHDUWKHFHQWUHRIWKHUDQJH ± 7KHUHFHQWVKRUWWHUP
projections reported here contain an assumption that current
barriers to economic growth in these regions will slow growth,
at least until 2015.
3.2.1.4

The use of MER in economic and emissions
scenarios modelling

The uses of MER-based economic projections in SRES have
UHFHQWO\EHHQFULWLFL]HG &DVWOHVDQG+HQGHUVRQDE
+HQGHUVRQ   7KH YDVW PDMRULW\ RI VFHQDULRV SXEOLVKHG
in the literature use MER-based economic projections. Some
H[FHSWLRQVH[LVWIRUH[DPSOH0(66$*(LQ65(6DQGPRUH
recent scenarios using the MERGE model (Manne and Richels,
2003), along with shorter term scenarios to 2030, including
WKH *&XEHG PRGHO 0F.LEELQ et al D E  WKH
,QWHUQDWLRQDO(QHUJ\2XWORRN 86'2( WKH,($:RUOG
(QHUJ\ 2XWORRN ,($   DQG WKH 32/(6 PRGHO XVHG E\
the European Commission (2003). The main criticism of the
MER-based models is that GDP data for world regions are not
corrected with respect to purchasing power parities (PPP) in
most of the model runs. The implied consequence is that the
HFRQRPLF DFWLYLW\ OHYHOV LQ QRQ2(&' FRXQWULHV JHQHUDOO\
DSSHDUWREHORZHUWKDQWKH\DFWXDOO\DUHZKHQPHDVXUHGLQ333
units. In addition, the high growth SRES scenarios (A1 and B1
IDPLOLHV DVVXPHWKDWUHJLRQVWHQGWRFRQGLWLRQDOO\FRQYHUJHLQ
terms of relative per-person income across regions (see Section
 $FFRUGLQJWRWKHFULWLFVWKHXVHRI0(5WRJHWKHUZLWK
the assumption of conditional convergence, lead to overstated
HFRQRPLFJURZWKLQWKHSRRUHUUHJLRQVDQGH[FHVVLYHJURZWKLQ
HQHUJ\GHPDQGDQGHPLVVLRQOHYHOV
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Figure 3.3: Comparison of global GDP growth per person in the SRES scenarios and more recent projections.
Notes: SRES = (Nakicenovic et al., 2000), WB = World Bank (World Bank, 2004), DoE = assumptions used by US Department of Energy (USDOE, 2004),
IEA assumptions used by IEA (IEA, 2002 and 2004); (Van Vuuren and O’Neill, 2006).

A team of SRES researchers responded to this criticism,
indicating that the use of MER or PPP data does not in itself
lead to different emission projections outside the range of the
OLWHUDWXUH ,Q DGGLWLRQ WKH\ VWDWHG WKDW WKH XVH RI 333 GDWD LQ
most scenarios models was (and still is) infeasible, due to lack
RIUHTXLUHGGDWDLQ333WHUPVIRUH[DPSOHSULFHHODVWLFLWLHVDQG
social accounting matrices (Nakicenovic et al*UEOHU
et al $JURZLQJQXPEHURIRWKHUUHVHDUFKHUVKDYHDOVR
LQGLFDWHGGLIIHUHQWRSLQLRQVRQWKLVLVVXHRUH[SORUHGLWLQDPRUH
TXDQWLWDWLYH VHQVH HJ 'L[RQ DQG 5LPPHU  1RUGKDXV
E 0DQQH DQG 5LFKHOV  0F.LEELQ et al D
E+ROWVPDUNDQG$OIVHQDE9DQ9XXUHQDQG
$OIVHQ 
7KHUH DUH DW OHDVW WKUHH VWUDQGV WR WKLV GHEDWH 7KH ¿UVW LV
whether economic projections based on MER are appropriate,
and thus whether the economic growth rates reported in the
SRES and other MER-based scenarios are reasonable and
UREXVW7KHVHFRQGLVZKHWKHUWKHFKRLFHRIWKHH[FKDQJHUDWH
matters when it comes to emission scenarios. The third is
whether it is possible, or practical, to develop robust scenarios
given the sparseness of relevant and required PPP data. While
the GDP data are available in PPP, other economic scenario
FKDUDFWHULVWLFVVXFK DV FDSLWDO DQG RSHUDWLRQDO FRVW RI HQHUJ\
IDFLOLWLHV DUH XVXDOO\ DYDLODEOH HLWKHU LQ GRPHVWLF FXUUHQFLHV
RU0(5)XOOPRGHOFDOLEUDWLRQLQ333IRUUHJLRQDODQGJOREDO
PRGHOVLVVWLOOGLI¿FXOWGXHWRWKHODFNRIXQGHUO\LQJGDWD7KLV
FRXOGEHRQHRIWKHUHDVRQVZK\DYDVWPDMRULW\RIORQJWHUP
emissions scenarios continues to be calibrated in MER.
2QWKHTXHVWLRQRIZKHWKHU333RU0(5VKRXOGEHHPSOR\HG
in economic scenarios, the general recommendations are to
use PPP where practical.3 7KLV LV FHUWDLQO\ QHFHVVDU\ ZKHQ

3

comparisons of income levels across regions are of concern.
2QWKHRWKHUKDQGPRGHOVWKDWDQDO\VHLQWHUQDWLRQDOWUDGHDQG
include trade as part of their economic projections, are better
VHUYHG E\ 0(5 GDWD JLYHQ WKDW WUDGH WDNHV SODFH EHWZHHQ
countries in actual market prices. Thus, the choice of conversion
IDFWRU GHSHQGV RQ WKH W\SH RI DQDO\VLV RU FRPSDULVRQ EHLQJ
undertaken.
)RU SULQFLSOH DQG SUDFWLFDO UHDVRQV 1RUGKDXV  
recommends that economic growth scenarios should be
FRQVWUXFWHG E\ XVLQJ UHJLRQDO RU QDWLRQDO DFFRXQWLQJ ¿JXUHV
(including growth rates) for each region, but using PPP
H[FKDQJHUDWHVIRUDJJUHJDWLQJUHJLRQVDQGXSGDWLQJRYHUWLPH
E\XVHRIDVXSHUODWLYHSULFHLQGH[,QFRQWUDVW7LPPHU  
DFWXDOO\SUHIHUVWKHXVHRI0(5GDWDLQORQJWHUPPRGHOOLQJ
DVVXFKGDWDDUHPRUHUHDGLO\DYDLODEOHDQGPDQ\LQWHUQDWLRQDO
UHODWLRQVZLWKLQWKHPRGHODUHEDVHGRQ0(52WKHUV HJ9DQ
9XXUHQDQG$OIVHQ DOVRDUJXHWKDWWKHXVHRI0(5GDWD
in long-term modelling is often preferable, given that model
SDUDPHWHUVDUHXVXDOO\HVWLPDWHGRQ0(5GDWDDQGLQWHUQDWLRQDO
trade within the models is based on MER. The real economic
FRQVHTXHQFHVRIWKHFKRLFHRIFRQYHUVLRQUDWHVZLOOREYLRXVO\
depend on how the scenarios are constructed, as well as on the
W\SH RI PRGHO XVHG IRU TXDQWLI\LQJ WKH VFHQDULRV ,Q VRPH RI
the short-term scenarios (with a horizon to 2030) a bottom-up
DSSURDFKLVWDNHQZKHUHDVVXPSWLRQVDERXWSURGXFWLYLW\JURZWK
DQGLQYHVWPHQWVDYLQJGHFLVLRQVDUHWKHPDLQGULYHUVRIJURZWK
LQ WKH PRGHOV HJ 0F.LEELQ et al. D E  ,Q ORQJ
WHUPVFHQDULRPRGHOVDWRSGRZQDSSURDFKLVPRUHFRPPRQO\
XVHGZKHUHWKHDFWXDOJURZWKUDWHVDUHSUHVFULEHGPRUHGLUHFWO\
based on convergence or other assumptions about long-term
growth potentials.

See, for example, UN (1993), (para 1.38): ‘When the objective is to compare the volumes of goods or services produced or consumed per head, data in national currencies must
be converted into a common currency by means of purchasing power parities and not exchange rates. It is well known that, in general, neither market nor ﬁxed exchange rates
reﬂect the relative internal purchasing powers of different currencies. When exchange rates are used to convert GDP, or other statistics, into a common currency the prices at
which goods and services in high-income countries are valued tend to be higher than in low-income countries, thus exaggerating the differences in real incomes between them.
Exchange rate converted data must not, therefore, be interpreted as measures of the relative volumes of goods and services concerned.’
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Box 3.1 Market Exchange Rates and Purchasing Power Parity
To aggregate or compare economic output from various countries, GDP data must be converted into a common unit. This
conversion can be based on observed market exchange (MER) rates or purchasing power parity (PPP) rates where, in the
latter, a correction is made for differences in price levels between countries. The PPP approach is considered to be the better
alternative if data is used for welfare or income comparisons across countries or regions. Market exchange rates usually
undervalue the purchasing power of currencies in developing countries, see Figure 3.4.
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Figure 3.4: Regional GDP per person, expressed in MER and PPP on the basis of World Bank data aggregated to 17 global regions.
Note: The left y-axis and columns compare absolute data, while the right y-axis and line graph compare the ratio between PPP and MER data.
EECCA = countries of Eastern Europe, the Caucasus and Central Asia.
Source: Van Vuuren and Alfsen, 2006.

Clearly, deriving PPP exchange rates requires analysis of a relatively large amount of data. Hence, methods have been
devised to derive PPP rates for new years on the basis of price indices. Unfortunately, there is currently no single method
or price index favoured for doing this, resulting in different sets of PPP rates (e.g. from the OECD, Eurostat, World Bank and
Penn World Tables) although the differences tend to be small.

When it comes to emission projections, it is important to note
WKDWLQDIXOO\GLVDJJUHJDWHG E\FRXQWU\ PXOWLVHFWRUHFRQRPLF
PRGHO RI WKH JOREDO HFRQRP\ DJJUHJDWH LQGH[ QXPEHUV SOD\
no role and the choice between PPP and MER conversion of
income levels does not arise. However, in an aggregated model
ZLWK FRQVLVWHQW VSHFL¿FDWLRQV LH ZKHUH PRGHO SDUDPHWHU
estimation and model calibrations are all carried out based on
consistent use of conversion factors), the effects of the choice of
FRQYHUVLRQPHDVXUHRQHPLVVLRQVVKRXOGDSSUR[LPDWHO\FDQFHO
RXW7KHUHDVRQFDQEHLOOXVWUDWHGE\XVLQJWKH.D\DLGHQWLW\
ZKLFKGHFRPSRVHVWKHHPLVVLRQVDVIROORZV
*+* 3RSXODWLRQ[*'3SHUSHUVRQ[(PLVVLRQVSHU*'3
RU

GHG = POP x

GHG
x
( GDP
POP ) ( GDP )

where GHG stands for greenhouse gas emissions, GDP
4

VWDQGVIRUHFRQRPLFRXWSXWDQG323VWDQGVIRUSRSXODWLRQ
size.
Given this relationship, emission scenarios can be
UHSUHVHQWHG H[SOLFLWO\ EDVHG RQ HVWLPDWHV RI SRSXODWLRQ
development, economic growth, and development of emission
LQWHQVLW\
Population is often projected to grow along a pre-described
H[RJHQRXV  SDWK ZKLOH HFRQRPLF DFWLYLW\ DQG HPLVVLRQ
intensities are projected based on differing assumptions from
scenario to scenario. The economic growth path can be based
on historical growth rates, convergence assumptions, or on
fundamental growth factors, such as saving and investment
EHKDYLRXUSURGXFWLYLW\FKDQJHVHWF6LPLODUO\IXWXUHHPLVVLRQ
LQWHQVLWLHV FDQ EH SURMHFWHG EDVHG RQ KLVWRULFDO H[SHULHQFH

Other components could be introduced in the identity, such as energy use, without changing the argument.
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In their modelling work, Manne and Richels (2003) and
0F.LEELQ et al D E  ¿QG VRPH GLIIHUHQFHV LQ
emission levels between using PPP-based and MER-based
HVWLPDWHV $QDO\VLV RI WKHLU ZRUN LQGLFDWHV WKDW WKHVH UHVXOWV
FULWLFDOO\ GHSHQG RQ DPRQJ RWKHU WKLQJV WKH FRPELQDWLRQ RI
FRQYHUJHQFHDVVXPSWLRQVDQGWKHPDWKHPDWLFDODSSUR[LPDWLRQ
used between MER-GDP and PPP-GDP. In the Manne and
5LFKHOVZRUNIRULQVWDQFHDXWRQRPRXVHI¿FLHQF\LPSURYHPHQW
(AEI) is determined as a percentage of economic growth and
estimated on the basis of MER data. In going from MER to
333WKHHFRQRPLFJURZWKUDWHGHFOLQHVDVH[SHFWHGOHDGLQJWR
DGHFOLQHLQWKHDXWRQRPRXVHI¿FLHQF\LPSURYHPHQW+RZHYHU
it is not clear whether it is realistic not to change the AEI
UDWH ZKHQ FKDQJLQJ FRQYHUVLRQ PHDVXUH 2Q WKH RWKHU KDQG
+ROWVPDUN DQG $OIVHQ D E  VKRZHG WKDW LQ WKHLU
simple model consistent replacement of the metric (PPP for
0(5 ±IRULQFRPHOHYHOVDVZHOODVIRUXQGHUO\LQJWHFKQRORJ\
relationships – leads to a full cancellation of the impact of
choice of metric on projected emission levels.
7R VXPPDUL]H DYDLODEOH HYLGHQFH LQGLFDWHV WKDW WKH
GLIIHUHQFHVEHWZHHQSURMHFWHGHPLVVLRQVXVLQJ0(5H[FKDQJH
UDWHV DQG 333 H[FKDQJH UDWHV DUH VPDOO LQ FRPSDULVRQ WR WKH
XQFHUWDLQWLHV UHSUHVHQWHG E\ WKH UDQJH RI VFHQDULRV DQG WKH
OLNHO\ LPSDFWV RI RWKHU SDUDPHWHUV DQG DVVXPSWLRQV PDGH
LQ GHYHORSLQJ VFHQDULRV IRU H[DPSOH WHFKQRORJLFDO FKDQJH
+RZHYHU WKH GHEDWH FOHDUO\ VKRZV WKH QHHG IRU PRGHOOHUV WR
EH PRUH WUDQVSDUHQW LQ H[SODLQLQJ FRQYHUVLRQ IDFWRUV DV ZHOO
DVWDNLQJFDUHLQGHWHUPLQLQJH[RJHQRXVIDFWRUVXVHGIRUWKHLU
economic and emission scenarios.
3.2.1.5

Energy use

)XWXUH HYROXWLRQ RI HQHUJ\ V\VWHPV LV D IXQGDPHQWDO
GHWHUPLQDQWRI*+*HPLVVLRQV,QPRVWPRGHOVHQHUJ\GHPDQG
JURZWKLVDIXQFWLRQRINH\GULYLQJIRUFHVVXFKDVGHPRJUDSKLF
change and the level and nature of human activities such as
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HFRQRPLF IDFWRUV VXFK DV ODERXU SURGXFWLYLW\ RU RWKHU NH\
IDFWRUV GHWHUPLQLQJ VWUXFWXUDO FKDQJHV LQ DQ HFRQRP\ RU
WHFKQRORJLFDOGHYHORSPHQW7KHQXPHULFDOH[SUHVVLRQRI*'3
FOHDUO\GHSHQGVRQFRQYHUVLRQPHDVXUHVWKXV*'3H[SUHVVHGLQ
333ZLOOGHYLDWHIURP*'3H[SUHVVHGLQ0(5SDUWLFXODUO\IRU
developing countries. However, when it comes to calculating
HPLVVLRQV RURWKHUSK\VLFDOPHDVXUHVVXFKDVHQHUJ\ WKH.D\D
LGHQWLW\ VKRZV WKDW WKH FKRLFH EHWZHHQ 0(5EDVHG RU 333
based representations of GDP will not matter, since emission
LQWHQVLW\ZLOOFKDQJH LQDFRPSHQVDWLQJPDQQHU ZKHQWKH*'3
numbers change. While using PPP values necessitates using
lower economic growth rates for developing countries under
WKHFRQYHUJHQFHDVVXPSWLRQLWLVDOVRQHFHVVDU\WRDGMXVWWKH
UHODWLRQVKLSEHWZHHQLQFRPHDQGGHPDQGIRUHQHUJ\ZLWKORZHU
HFRQRPLF JURZWK OHDGLQJ WR VORZHU LPSURYHPHQWV LQ HQHUJ\
LQWHQVLWLHV7KXVLIDFRQVLVWHQWVHWRIPHWULFVLVHPSOR\HGWKH
FKRLFHRIPHWULFVKRXOGQRWDSSUHFLDEO\DIIHFWWKH¿QDOHPLVVLRQ
level.

2100

Figure 3.5: Comparison of 153 SRES and pre-SRES baseline energy scenarios in
the literature compared with the 133 more recent, post-SRES scenarios. The ranges
are comparable, with small changes on the lower and upper boundaries.
Note: The two vertical bars on the right extend from the minimum to maximum
of the distribution of scenarios by 2100. The horizontal bars indicate the 5th,
25th, 50th, 75th and the 95th percentiles of the distributions.

PRELOLW\ LQIRUPDWLRQ SURFHVVLQJ DQG LQGXVWU\ 7KH W\SH RI
HQHUJ\FRQVXPHGLVDOVRLPSRUWDQW:KLOH&KDSWHUVWKURXJK
11 report on medium-term projections for different parts of
WKH HQHUJ\ V\VWHP ORQJWHUP HQHUJ\ SURMHFWLRQV DUH UHSRUWHG
KHUH)LJXUHFRPSDUHVWKHUDQJHRIWKH65(6DQGSUH
65(6 VFHQDULRV ZLWK  QHZ SRVW65(6 ORQJWHUP HQHUJ\
scenarios in the literature. The ranges are comparable, with
small changes on the lower and upper boundaries, and a shift
downwards with respect to the median development. In general,
WKH HQHUJ\ JURZWK REVHUYHG LQ WKH QHZHU VFHQDULRV GRHV QRW
GHYLDWH VLJQL¿FDQWO\ IURP WKH SUHYLRXV UDQJHV DV UHSRUWHG
in the SRES report. However, most of the scenarios reported
here have not adapted the lower population levels discussed in
Section 3.2.1.1.
,Q JHQHUDO WKLV VLWXDWLRQ DOVR H[LVWV IRU XQGHUO\LQJ WUHQGV
DV UHSUHVHQWHG E\ FKDQJHV LQ HQHUJ\ LQWHQVLW\ H[SUHVVHG DV
JLJDMRXOH *- *'3DQGFKDQJHLQWKHFDUERQLQWHQVLW\RIWKH
HQHUJ\V\VWHP &22*- DVVKRZQLQ)LJXUH,QDOOVFHQDULRV
HQHUJ\LQWHQVLW\LPSURYHVVLJQL¿FDQWO\DFURVVWKHFHQWXU\±ZLWK
DPHDQDQQXDOLQWHQVLW\LPSURYHPHQWRI7KHUDQJH
RIWKHDQQXDODYHUDJHLQWHQVLW\LPSURYHPHQWLVEHWZHHQ
DQG ZKLFKLVIDLUO\FRQVLVWHQWZLWKKLVWRULFYDULDWLRQLQ
WKLV IDFWRU $FWXDOO\ WKLV UDQJH LPSOLHV D GLIIHUHQFH LQ WRWDO
HQHUJ\FRQVXPSWLRQLQRIPRUHWKDQ±LQGLFDWLQJ
WKHLPSRUWDQFHRIWKHXQFHUWDLQW\DVVRFLDWHGZLWKWKLVUDWLR7KH
FDUERQLQWHQVLW\LVPRUHFRQVWDQWLQVFHQDULRVZLWKRXWFOLPDWH
SROLF\7KHPHDQDQQXDOORQJWHUPLPSURYHPHQWUDWHRYHUWKH
course of the 21stFHQWXU\LVZKLOHWKHXQFHUWDLQW\UDQJHLV
DJDLQUHODWLYHO\ODUJH IURPWR $WWKHKLJKHQGRIWKLV
UDQJHVRPHVFHQDULRVDVVXPHWKDWHQHUJ\WHFKQRORJLHVZLWKRXW
&22HPLVVLRQVEHFRPHFRPSHWLWLYHZLWKRXWFOLPDWHSROLF\DV
D UHVXOW RI LQFUHDVLQJ IRVVLO IXHO SULFHV DQG UDSLG WHFKQRORJ\
progress for carbon-free technologies. Scenarios with a low
FDUERQLQWHQVLW\ LPSURYHPHQW FRLQFLGH ZLWK VFHQDULRV ZLWK D
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Figure 3.6: Development of carbon intensity of energy (left) and primary energy intensity of GDP (right). Historical development and projections from SRES and pre-SRES
scenarios compared to post-SRES scenarios.
Note: The blue coloured range illustrates the range of 142 carbon intensity and 114 energy intensity – SRES and pre-SRES non-intervention scenarios.
Source: After Nakicenovic et al., 2006.

large fossil fuel base, less resistance to coal consumption or
ORZHU WHFKQRORJ\ GHYHORSPHQW UDWHV IRU IRVVLOIUHH HQHUJ\
technologies. The long-term historical trend is one of declining
carbon intensities. However, since 2000, carbon intensities are
LQFUHDVLQJVOLJKWO\SULPDULO\GXHWRWKHLQFUHDVLQJXVHRIFRDO
2QO\ D IHZ VFHQDULRV DVVXPH WKH FRQWLQXDWLRQ RI WKH SUHVHQW
WUHQG RI LQFUHDVLQJ FDUERQ LQWHQVLWLHV 2QH RI WKH UHDVRQV IRU
WKLVPD\EHWKDWMXVWDIHZRIWKHUHFHQWVFHQDULRVLQFOXGHWKH
effects of high oil prices.
3.2.1.6

Land-use change and land-use management

8QGHUVWDQGLQJ ODQGXVH DQG ODQGFRYHU FKDQJHV LV FUXFLDO
to understanding climate change. Even if land activities are not
FRQVLGHUHGDVVXEMHFWWRPLWLJDWLRQSROLF\WKHLPSDFWRIODQG
XVH FKDQJH RQ HPLVVLRQV VHTXHVWUDWLRQ DQG DOEHGR SOD\V DQ
LPSRUWDQWUROHLQUDGLDWLYHIRUFLQJDQGWKHFDUERQF\FOH
2YHU WKH SDVW VHYHUDO FHQWXULHV KXPDQ LQWHUYHQWLRQ KDV
PDUNHGO\ FKDQJHG ODQG VXUIDFH FKDUDFWHULVWLFV LQ SDUWLFXODU
WKURXJKODUJHVFDOHODQGFRQYHUVLRQIRUFXOWLYDWLRQ 9LWRXVHNet
al /DQGFRYHUFKDQJHVKDYHDQLPSDFWRQDWPRVSKHULF
FRPSRVLWLRQDQGFOLPDWHYLDWZRPHFKDQLVPVELRJHRSK\VLFDO
DQG ELRJHRFKHPLFDO %LRJHRSK\VLFDO PHFKDQLVPV LQFOXGH WKH
effects of changes in surface roughness, transpiration, and
albedo that, over the past millennium, are thought to have had
a global cooling effect (Brovkin et al %LRJHRFKHPLFDO
HIIHFWVUHVXOWIURPGLUHFWHPLVVLRQVRI&22 into the atmosphere
from deforestation. Cumulative emissions from historical landFRYHUFRQYHUVLRQIRUWKHSHULRG±KDYHEHHQHVWLPDWHG
WR EH EHWZHHQ  DQG  3J &22 (McGuire et al., 2001),
DQG DV PXFK DV  3J &22 for the entire industrial period
± URXJKO\ RQHWKLUG RI WRWDO DQWKURSRJHQLF FDUERQ
emissions over this period (Houghton, 2003). In addition, land
management activities (e.g. cropland fertilization and water
management, manure management and forest rotation lengths)
DOVRDIIHFWODQGEDVHGHPLVVLRQVRI&22DQGQRQ&22 GHGs,
184

where agricultural land management activities are estimated to
EHUHVSRQVLEOHIRUWKHPDMRULW\RIJOREDODQWKURSRJHQLFPHWKDQH
(CH DQGQLWURXVR[LGH 122 HPLVVLRQV)RUH[DPSOH86(3$
D HVWLPDWHGWKDWDJULFXOWXUDODFWLYLWLHVZHUHUHVSRQVLEOH
IRUDSSUR[LPDWHO\DQGRIJOREDODQWKURSRJHQLF&+
or N22 HPLVVLRQV UHVSHFWLYHO\ LQ WKH \HDU  ZLWK D QHW
FRQWULEXWLRQIURPQRQ&22*+*VRIRIDOODQWKURSRJHQLF
JUHHQKRXVHJDVHPLVVLRQVLQWKDW\HDU
3URMHFWHGFKDQJHVLQODQGXVHZHUHQRWH[SOLFLWO\UHSUHVHQWHG
LQFDUERQF\FOHVWXGLHVXQWLOUHFHQWO\3UHYLRXVVWXGLHVLQWRWKH
HIIHFWV RI IXWXUH ODQGXVH FKDQJHV RQ WKH JOREDO FDUERQ F\FOH
HPSOR\HGWUHQGH[WUDSRODWLRQV &UDPHUet al H[WUHPH
assumptions about future land-use changes (House et al., 2002),
RUGHULYHGWUHQGVRIODQGXVHFKDQJHIURPWKH65(6VWRU\OLQHV
/HY\et al +RZHYHUUHFHQWVWXGLHV HJ%URYNLQet al.,
0DWWKHZVet al*LW]DQG&LDLV KDYHVKRZQ
WKDW ODQG XVH DV ZHOO DV IHHGEDFNV LQ WKH VRFLHW\ELRVSKHUH
DWPRVSKHUH V\VWHP HJ 6WUHQJHUV et al   PXVW EH
considered in order to achieve realistic estimates of the future
GHYHORSPHQW RI WKH FDUERQ F\FOH WKHUHE\ SURYLGLQJ IXUWKHU
PRWLYDWLRQ IRU RQJRLQJ GHYHORSPHQW WR H[SOLFLWO\ PRGHO ODQG
and land-use drivers in global integrated assessment and climate
HFRQRPLF IUDPHZRUNV )RU H[DPSOH LQ D PRGHO FRPSDULVRQ
VWXG\RIVL[FOLPDWHPRGHOVRILQWHUPHGLDWHFRPSOH[LW\%URYNLQ
et al  FRQFOXGHGWKDWODQGXVHFKDQJHVFRQWULEXWHGWRD
decrease in global mean annual temperature in the range of
±&PDLQO\GXULQJWKHWKFHQWXU\DQGWKH¿UVWKDOI
of the 20thFHQWXU\ZKLFKLVLQOLQHZLWKFRQFOXVLRQVIURPRWKHU
studies, such as Matthews et al. (2003).
,Q JHQHUDO ODQGXVH GULYHUV LQÀXHQFH HLWKHU WKH GHPDQG
for land-based products and services (e.g. food, timber, bioHQHUJ\FURSVDQGHFRV\VWHPVHUYLFHV RUODQGXVHSURGXFWLRQ
SRVVLELOLWLHV DQG RSSRUWXQLW\ FRVWV HJ \LHOGLPSURYLQJ
technologies, temperature and precipitation changes, and
&22 fertilization). Non-market values – both use and non-use
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VXFK DV HQYLURQPHQWDO VHUYLFHV DQG VSHFLHV H[LVWHQFH YDOXHV
UHVSHFWLYHO\±ZLOODOVRVKDSHODQGXVHRXWFRPHV
)RRGGHPDQGLVDGRPLQDQWODQGXVHGULYHUDQGSRSXODWLRQ
DQG HFRQRPLF JURZWK DUH WKH PRVW VLJQL¿FDQW IRRG GHPDQG
drivers through per person consumption. Total world food
FRQVXPSWLRQ LV H[SHFWHG WR LQFUHDVH E\ RYHU  E\ 
%UXLQVPD 0RUHRYHUHFRQRPLFJURZWKLVH[SHFWHGWR
JHQHUDWHVLJQL¿FDQWVWUXFWXUDOFKDQJHLQFRQVXPSWLRQSDWWHUQV
with diets shifting to include more livestock products and fewer
staples such as roots and tubers. As a result, per person meat
FRQVXPSWLRQ LV H[SHFWHG WR VKRZ D VWURQJ JOREDO LQFUHDVH LQ
WKHRUGHURIE\ZLWKIDVWHUJURZWKLQGHYHORSLQJDQG
WUDQVLWLRQDOFRXQWULHVRIPRUHWKDQDQGUHVSHFWLYHO\
(Bruinsma, 2003; Cassman et al., 2003). The Millennium
(FRV\VWHP$VVHVVPHQW 0($ VFHQDULRVSURMHFWHGWKDWJOREDO
DYHUDJHPHDWFRQVXPSWLRQZRXOGLQFUHDVHIURPNJSHUVRQLQ
WR±NJSHUVRQE\ZLWKFRUUHVSRQGLQJLQFUHDVHV
in overall food and livestock feed demands (Carpenter et al.,
 $GGLWLRQDOFURSODQGLVH[SHFWHGWREHUHTXLUHGWRVXSSRUW
WKHVHSURMHFWHGLQFUHDVHVLQGHPDQG%H\RQGIRRGGHPDQG
LVH[SHFWHGWROHYHORIIZLWKVORZGRZQRISRSXODWLRQJURZWK
Technological change is also a critical driver of land use,
DQGDFULWLFDODVVXPSWLRQLQODQGXVHSURMHFWLRQV)RUH[DPSOH
6DQGVDQG/HLPEDFK  VXJJHVWWKDWJOREDOO\PLOOLRQ
KHFWDUHV RI FURSODQG H[SDQVLRQ FRXOG EH DYRLGHG ZLWK D 
DQQXDO JURZWK LQ FURS \LHOGV 6LPLODUO\ .XURVDZD  
HVWLPDWHV GHFUHDVHG FURSODQG UHTXLUHPHQWV RI  E\ 
relative to 2000, with 2% annual growth in global average crop
\LHOGV $OWHUQDWLYHO\ WKH 0($ VFHQDULRV LPSOHPHQW D PRUH
FRPSOH[ UHSUHVHQWDWLRQ RI \LHOG JURZWK SURMHFWLRQV WKDW LQ
DGGLWLRQWRDXWRQRPRXVWHFKQRORJLFDOFKDQJHUHÀHFWWKHFKDQJHV
LQ SURGXFWLRQ SUDFWLFHV LQYHVWPHQWV WHFKQRORJ\ WUDQVIHU
environmental degradation, and climate change. The net effect
LVSRVLWLYHEXWVKRZVGHFOLQLQJSURGXFWLYLW\JURZWKRYHUWLPH
for some commodities, due in large part to diminishing marginal
WHFKQLFDOSURGXFWLYLW\JDLQVDQGHQYLURQPHQWDOGHJUDGDWLRQ,Q
DOO WKHVH VWXGLHV LQFUHDVLQJ GHFUHDVLQJ  QHW SURGXFWLYLW\ SHU
hectare results in reduced (increased) cropland demand.
Also important to land-use projections are potential
FKDQJHVLQFOLPDWH)RULQVWDQFHULVLQJWHPSHUDWXUHVDQG&22
IHUWLOL]DWLRQPD\LPSURYHUHJLRQDOFURS\LHOGVLQWKHVKRUWWHUP
WKHUHE\UHGXFLQJSUHVVXUHIRUDGGLWLRQDOFURSODQGDQGUHVXOWLQJ
LQ LQFUHDVHG DIIRUHVWDWLRQ +RZHYHU PRGHOOLQJ WKH EHQH¿FLDO
LPSDFWV RI &22 fertilization is not as straightforward as once
WKRXJKW 5HFHQW UHVXOWV VXJJHVW ORZHU FURS SURGXFWLYLW\
LPSURYHPHQWV LQ WKH ¿HOG WKDQ VKRZQ SUHYLRXVO\ ZLWK
ODERUDWRU\ UHVXOWV HJ $LQVZRUWK DQG /RQJ   OLNHO\
increases in tropospheric ozone and smog associated with
KLJKHUWHPSHUDWXUHVWKDWZLOOGHSUHVVSODQWJURZWKDQGSDUWLDOO\
RIIVHW &22 IHUWLOL]DWLRQ H[SHFWHG LQFUHDVHV LQ WKH YDULDELOLW\
RIDQQXDO\LHOGV&22 effects favouring C3 plants (e.g. wheat,
EDUOH\SRWDWRHVULFH RYHU&SODQWV HJPDL]HVXJDUFDQH
VRUJKXP PLOOHW  ZKLOH WHPSHUDWXUH LQFUHDVHV IDYRXU & RYHU
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C3 plants; potential decreased nutritional content in plants
VXEMHFWHG WR &22 IHUWLOL]DWLRQ DQG LQFUHDVHG IUHTXHQF\ RI
WHPSHUDWXUH H[WUHPHV DQG LQFUHDVHV LQ IRUHVW GLVWXUEDQFH
IUHTXHQF\ DQG LQWHQVLW\ 6HH ,3&& E &KDSWHU   IRU DQ
overall discussion of these issues and this literature. Long-term
SURMHFWLRQVQHHGWRFRQVLGHUWKHVHLVVXHVDVZHOODVH[DPLQLQJ
the potential limitations or saturation points of plant responses.
However, to date, long-term scenarios from integrated
DVVHVVPHQWPRGHOVDUHRQO\MXVWEHJLQQLQJWRUHSUHVHQWFOLPDWH
IHHGEDFNVRQWHUUHVWULDOHFRV\VWHPVPXFKOHVVIXOO\DFFRXQWIRU
WKHPDQ\HIIHFWV&XUUHQWLQWHJUDWHGDVVHVVPHQWUHSUHVHQWDWLRQV
RQO\FRQVLGHU&22IHUWLOL]DWLRQDQGFKDQJHVLQ\HDUO\DYHUDJH
WHPSHUDWXUHLIWKH\FRQVLGHUFOLPDWHFKDQJHHIIHFWVDWDOO HJ
86&&639DQ9XXUHQet al., 2007).
2QO\DIHZJOREDOVWXGLHVKDYHIRFXVHGRQORQJWHUP FHQWXU\ 
land-use projections. The most comprehensive studies, in terms
RIVHFWRUDQGODQGW\SHFRYHUDJHDUHWKH65(6 1DNLFHQRYLFet
al., 2000), the SRES implementation with the IMAGE model
(Strengers et al WKHVFHQDULRVIURPWKH*OREDO6FHQDULRV
Group (Raskin et al   81(3¶V *OREDO (QYLURQPHQW
2XWORRN 81(3 WKH0LOOHQQLXP(FRV\VWHP$VVHVVPHQW
(Carpenter et al DQGVRPHRIWKH(0)6WXG\PRGHOV
.XURVDZD  9DQ 9XXUHQ et al D 5DR DQG 5LDKL
-DNHPDQDQG)LVKHU5LDKLet al9DQ9XXUHQ
et al 5HFHQWVHFWRUVSHFL¿FHFRQRPLFVWXGLHVKDYHDOVR
FRQWULEXWHG JOREDO ODQGXVH SURMHFWLRQV IRU FOLPDWH DQDO\VLV
HVSHFLDOO\ IRU IRUHVWU\ 6DQGV DQG /HLPEDFK  6RKQJHQ
DQG 0HQGHOVRKQ   6DWKD\H et al  6RKQJHQ
DQG6HGMR ,QJHQHUDOWKHSRVW65(6VFHQDULRVWKRXJK
scarce in number for agricultural land use, have projected
increasing global cropland areas, smaller forest-land areas,
DQGPL[HGUHVXOWVIRUFKDQJHVLQJOREDOJUDVVODQG )LJXUH 
8QOLNHWKH65(6ODQGXVHVFHQDULRVWKDWVSDQDEURDGHUUDQJH
ZKLOHUHSUHVHQWLQJGLYHUVHVWRU\OLQHVWKHSRVW65(6VFHQDULRV
IRUIRUHVWU\LQSDUWLFXODULOOXVWUDWHJUHDWHUFRQYHUJHQFHDFURVV
models on projected land-use change.
0RVW SRVW65(6 JOREDO VFHQDULRV SURMHFW VLJQL¿FDQW
FKDQJHV LQ DJULFXOWXUDO ODQG FDXVHG SULPDULO\ E\ UHJLRQDO
FKDQJHVLQIRRGGHPDQGDQGSURGXFWLRQWHFKQRORJ\6FHQDULRV
with larger amounts of land used for agriculture result from
assumptions about higher population growth rates, higher
food demands, and lower rates of technological improvement
WKDW JHQHUDWH QHJOLJLEOH LQFUHDVHV LQ FURS \LHOGV &RPELQHG
WKHVHHIIHFWVDUHSURMHFWHGWROHDGWRDVL]HDEOHH[SDQVLRQ XS
WR   RI DJULFXOWXUDO ODQG EHWZHHQ  DQG  )LJXUH
  &RQYHUVHO\ ORZHU SRSXODWLRQ JURZWK DQG IRRG GHPDQG
and more rapid technological change, are projected to result
in lower demand for agricultural land (as much as 20% less
JOREDO DJULFXOWXUDO DFUHDJH E\ WKH HQG RI WKH FHQWXU\  ,Q WKH
short-term, almost all scenarios suggest an increase in cropland
acreage and decline in forest land to meet projected increases
LQ IRRG IHHG DQG OLYHVWRFN JUD]LQJ GHPDQGV RYHU WKH QH[W
IHZGHFDGHV&URSODQGFKDQJHVUDQJHIURPWRE\
 UHODWLYH WR  IURP  WR  PLOOLRQ KHFWDUHV 
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(A)
1,6

DQGIRUHVWODQGFKDQJHVUDQJHIURPWR IURP
WRPLOOLRQKHFWDUHV E\7KHFKDQJHVLQJOREDOIRUHVW
JHQHUDOO\PLUURUWKHDJULFXOWXUDOVFHQDULRVWKHUHE\LOOXVWUDWLQJ
ERWKWKHSRVLWLYHDQGQHJDWLYHDVSHFWVRIVRPHH[LVWLQJJOREDO
land modelling. Most of the long-term scenarios assume
WKDW IRUHVW WUHQGV DUH GULYHQ DOPRVW H[FOXVLYHO\ E\ FURSODQG
H[SDQVLRQ RU FRQWUDFWLRQ DQG RQO\ GHDO VXSHU¿FLDOO\ ZLWK
driving forces, such as global trade in agricultural and forest
products and conservation demands.
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Figure 3.7: Global cropland (a), forest land (b) and grassland (c) projections.
Notes: shaded areas indicate SRES scenario ranges, post-SRES scenarios
denoted with solid lines. IMAGE-EMF21 = Van Vuuren et al. (2006a) scenario
from EMF-21 Study; IMAGE-MA-xx = Millennium Ecosystem Assessment
(Carpenter et al., 2005) scenarios from the IMAGE model for four storylines
(GO = Global Orchestration, OS = Order from Strength, AM = Adapting Mosaic,
TG = TechnoGarden); AgLU-x.x% = Sands and Leimbach (2003) scenarios with
x.x% annual growth in crop yield; GTM-2003 = Sohngen and Mendelsohn (2003)
global forest scenario; GTM-EMF21 = Sohngen and Sedjo (2006) global forest
scenario from EMF-21 Study; GCOMAP-EMF21 = Sathaye et al. (2006) global
forest scenario from EMF-21 Study; GRAPE-EMF21 = Kurosawa (2006) scenario
from EMF-21 Study.
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Emissions

7KHUHLVVWLOODODUJHVSDQRI&22 emissions across baseline
scenarios in the literature, with emissions in 2100 ranging from
 *W&22 WR DURXQG  *W&22. The wide range of future
emissions is a result of the uncertainties in the main driving
forces, such as population growth, economic development, and
HQHUJ\SURGXFWLRQFRQYHUVLRQDQGHQGXVHDVGHVFULEHGLQWKH
previous section.
3.2.2.1

Grasslands

1,6

0,4

Without incentives or technological innovation, biomass
FURSV DUH FXUUHQWO\ QRW SURMHFWHG WR DVVXPH D ODUJH VKDUH RI
JOREDOEXVLQHVVDVXVXDOODQGFRYHU±QRPRUHWKDQDERXW
E\8QWLOORQJUXQHQHUJ\SULFHH[SHFWDWLRQVULVH GXHWR
DFDUERQSULFHHFRQRPLFVFDUFLW\RURWKHUIRUFH ELRPDVVDQG
RWKHUOHVVHFRQRPLFDOHQHUJ\VXSSO\WHFKQRORJLHV VRPHZLWK
higher greenhouse gas emission characteristics than biomass),
DUHQRWH[SHFWHGWRDVVXPHPRUHVLJQL¿FDQWEDVHOLQHUROHV

CO2 emissions from energy and industry

7KLV FDWHJRU\ RI HPLVVLRQV HQFRPSDVVHV &22 emissions
from burning fossil fuels, and industrial emissions from cement
production and sometimes feedstocks.5 )LJXUH  FRPSDUHV
the range of the pre-SRES and SRES baseline scenarios with
WKH SRVW65(6 EDVHOLQH VFHQDULRV 7KH ¿JXUH VKRZV WKDW WKH
scenario range has remained almost the same since the SRES.
There seems to have been an upwards shift on the high and
low end, but careful consideration of the data shows that this is
FDXVHGE\RQO\YHU\IHZVFHQDULRVDQGWKHFKDQJHLVWKHUHIRUH
QRWVLJQL¿FDQW7KHPHGLDQRIWKHUHFHQWVFHQDULRGLVWULEXWLRQ
KDV VKLIWHG GRZQZDUGV VOLJKWO\ IURP  *W&22 E\ 
SUH65(6 DQG 65(6  WR DERXW  *W&22 (post SRES). The
PHGLDQRIWKHUHFHQWOLWHUDWXUHWKHUHIRUHFRUUHVSRQGVURXJKO\WR
emissions levels of the intermediate SRES-B2 scenarios. The
PDMRULW\RIVFHQDULRVERWKSUH65(6DQGSRVW65(6LQGLFDWH
DQLQFUHDVHLQHPLVVLRQVDFURVVPRVWRIWKHFHQWXU\UHVXOWLQJ
LQ D UDQJH RI  HPLVVLRQV RI ± *W&22 emissions
IURP HQHUJ\ DQG LQGXVWU\ th percentile of the full scenario
GLVWULEXWLRQ  $OVR WKH UDQJH RI HPLVVLRQV GHSLFWHG E\ WKH
SRES scenarios is consistent with the range of other emission

5

It should be noted, however, that there are sometimes considerable ambiguities on
what is actually included in emissions scenarios reported in the literature. Some of
the CO2 emissions paths included in the ranges may therefore also include
non-energy emissions such as those from land-use changes.
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Figure 3.8: Comparison of the SRES and pre-SRES energy-related and industrial
CO2 emissions scenarios in the literature with the post-SRES scenarios.
Note: The two vertical bars on the right extend from the minimum to maximum
of the distribution of scenarios and indicate the 5th, 25th, 50th, 75th and the 95th
percentiles of the distributions by 2100.
Source: After Nakicenovic et al., 2006

scenarios reported in the literature; both in the short and long
WHUP VHH9DQ9XXUHQDQG2¶1HLOO 
6HYHUDO UHDVRQV PD\ FRQWULEXWH WR WKH IDFW WKDW HPLVVLRQV
have not declined in spite of somewhat lower projections for
population and GDP. An important reason is that the lower
GHPRJUDSKLF SURMHFWLRQV DUH RQO\ UHFHQWO\ EHLQJ LQWHJUDWHG
into emission scenario literature. Second, indirect impacts
LQ WKH PRGHOV DUH OLNHO\ WR RIIVHW SDUW RI WKH GLUHFW LPSDFWV
)RU LQVWDQFH ORZHU HQHUJ\ GHPDQG OHDGV WR ORZHU IRVVLO IXHO
depletion, thus allowing for a higher share of fossil fuels in the
WRWDOHQHUJ\PL[RYHUDORQJHUSHULRGRIWLPH)LQDOO\LQUHFHQW
\HDUVWKHUHKDVEHHQLQFUHDVLQJDWWHQWLRQWRWKHLQWHUSUHWDWLRQRI
IRVVLOIXHOUHVHUYHVUHSRUWHGLQWKHOLWHUDWXUH6RPHPRGHOVPD\
KDYHGHFUHDVHGRLODQGJDVXVHLQWKLVFRQWH[WOHDGLQJWRKLJKHU
coal use (and thus higher emissions).

150

Gt CO2

$QDO\VLVRIVFHQDULROLWHUDWXUHXVLQJWKH.D\DLGHQWLW\VKRZV
that pre-SRES and post-SRES baseline scenarios indicate a
FRQWLQXRXVGHFOLQHRIWKHSULPDU\HQHUJ\LQWHQVLW\ (-*'3 
ZKLOHWKHFKDQJHLQFDUERQLQWHQVLW\ &22( LVPXFKVORZHU
± RU HYHQ VWDEOH VHH )LJXUH  DQG 6HFWLRQ   LQ WKH
post-SRES scenarios. In other words, in the absence of climate
SROLF\ VWUXFWXUDO FKDQJH DQG HQHUJ\ HI¿FLHQF\ LPSURYHPHQW
GR FRQWULEXWH WR ORZHU HPLVVLRQV EXW FKDQJHV LQ WKH HQHUJ\
PL[ KDYH D PXFK VPDOOHU RU HYHQ ]HUR  FRQWULEXWLRQ 7KLV
conclusion is true for both the pre-SRES, SRES, as well as the
post-SRES scenario literature.
%DVHOLQHRUUHIHUHQFHHPLVVLRQVSURMHFWLRQVJHQHUDOO\FRPH
IURPWKUHHW\SHVRIVWXGLHV
1. Studies meant to represent a ‘best-guess’ of what might
KDSSHQLISUHVHQWGD\WUHQGVDQGEHKDYLRXUFRQWLQXH
2. Studies with multiple baseline scenarios under
FRPSUHKHQVLYHO\GLIIHUHQWDVVXPSWLRQV VWRU\OLQHV 
3. Studies based on a probabilistic approach.
In literature, since the TAR, there has been some discussion
of the purpose of these approaches (see Schneider, 2001;
*UEOHU et al., 2002; Webster et al   )LJXUH  OHIW
panel) shows a comparison of the outcomes of some prominent
H[DPSOHV RI WKHVH DSSURDFKHV E\ FRPSDULQJ WKH RXWFRPH RI
EDVHOLQHV VFHQDULRV UHSRUWHG LQ WKH VHW RI (0) VFHQDULRV
representing the ‘best-guess’ approach, to the outcomes of the
65(6 VFHQDULRV UHSUHVHQWLQJ WKH VWRU\OLQH DSSURDFK ,Q WKH
right panel the SRES range is compared to the probabilistic
approach (see Webster et al., 2002; Richels et alIRUWKH
SUREDELOLW\VWXGLHV 
7KH ¿JXUH VKRZV WKDW WKH UDQJH RI GLIIHUHQW PRGHOV
SDUWLFLSDWLQJ LQ WKH (0) VWXG\ LV VRPHZKDW VPDOOHU WKDQ
those from SRES and the probabilistic approach. The range of
(0)VFHQDULRVUHVXOWIURPGLIIHUHQWPRGHOOLQJDSSURDFKHV
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Figure 3.9: Comparison of various long-term scenario studies for CO2 emissions. Left panel: IPCC SRES, EMF-21 range (grey area), indicating the range of the lowest and
highest reported values in the EMF-21 study (Weyant et al., 2006). Right panel: Webster et al. (2002) and Richels et al. (2004), indicating the mean (markers) and 95% intervals
of the reported ranges of these studies (for the latter, showing the 95% interval of the combined range for optimistic and pessimistic technology).

187

1294
Issues related to mitigation in the long-term context

DQGIURPPRGHOOHU¶VLQVLJKWVLQWRµWKHPRVWO\OLNHO\YDOXHV¶IRU
GULYLQJIRUFHV7KHWZRSUREDELOLVWLFVWXGLHVDQG65(6H[SOLFLWO\
assume more radical developments, but the number of studies
involved is smaller. This leads to the low end of scenarios
IRU WKH VHFRQG FDWHJRU\ KDYLQJ YHU\ VSHFL¿F DVVXPSWLRQV RQ
GHYHORSPHQWWKDWPD\OHDGWRORZJUHHQKRXVHJDVHPLVVLRQV
The range of scenarios in the probabilistic studies tends to be
EHWZHHQWKHVHH[WUHPHV2YHUDOOWKHWKUHHGLIIHUHQWDSSURDFKHV
VHHP WR OHDG WR FRQVLVWHQW UHVXOWV FRQ¿UPLQJ WKH UDQJH RI
HPLVVLRQVUHSRUWHGLQ)LJXUHDQGFRQ¿UPLQJWKHHPLVVLRQ
range of scenarios used for the TAR.
3.2.2.2

Anthropogenic land emissions and sequestration

6RPH RI WKH ¿UVW JOREDO LQWHJUDWHG DVVHVVPHQW VFHQDULR
DQDO\VHV WR DFFRXQW IRU ODQGXVHUHODWHG HPLVVLRQV ZHUH WKH
,6VFHQDULRVHW /HJJHWWet al DQGWKH65(6VFHQDULRV
(Nakicenovic et al   +RZHYHU RXW RI WKH VL[ 65(6
PRGHOVRQO\IRXUGHDOWZLWKODQGXVHVSHFL¿FDOO\ 0LQL&$0
MARIA, IMAGE 2.1, AIM), of which MiniCAM and MARIA
XVHGPRUHVLPSOL¿HGODQGXVHPRGXOHV$6)DQG0(66$*(
DOVR VLPXODWHG ODQGXVH HPLVVLRQV KRZHYHU $6) GLG QRW
KDYHDVSHFL¿FODQGXVHPRGXOHDQG0(66$*(LQFRUSRUDWHG
land-use results from the AIM model (Nakicenovic et al.,
2000). Although SRES was a seminal contribution to scenario
development, the treatment of land-use emissions was not
the focus of this assessment; and, therefore, neither was the
modelling of land-use drivers, land management alternatives,
DQGWKHPDQ\HPLVVLRQVVRXUFHVVLQNVDQG*+*VDVVRFLDWHG
with land.
:KLOH VRPH UHFHQW DVVHVVPHQWV VXFK DV 81(3¶V 7KLUG
*OREDO(QYLURQPHQW2XWORRN 81(3 DQGWKH0LOOHQQLXP
(FRV\VWHP$VVHVVPHQW &DUSHQWHUet al., 2005), have evaluated
land-based environmental outcomes (global environment
DQG HFRV\VWHP JRRGV DQG VHUYLFHV UHVSHFWLYHO\  WKH (QHUJ\
0RGHOOLQJ )RUXP¶V st 6WXG\ (0)  ZDV WKH ¿UVW ODUJH
VFDOHH[HUFLVHZLWKDVSHFLDOIRFXVRQODQGDVDFOLPDWHLVVXH
,Q (0) WKH LQWHJUDWHG DVVHVVPHQW PRGHOV LQFRUSRUDWHG
QRQ&22 greenhouse gases, such as those from agriculture,
DQG FDUERQ VHTXHVWUDWLRQ LQ PDQDJHG WHUUHVWULDO HFRV\VWHPV
.XURVDZD  9DQ 9XXUHQ et al D 5DR DQG 5LDKL
 -DNHPDQ DQG )LVKHU   $ IHZ DGGLWLRQDO SDSHUV
KDYH VXEVHTXHQWO\ LPSURYHG XSRQ WKHLU (0) ZRUN 5LDKL
et al9DQ9XXUHQet al., 2007). In general, the land-use
change carbon emissions scenarios since SRES project high
global annual net releases of carbon in the near future that
GHFOLQH RYHU WLPH OHDGLQJ WR QHW VHTXHVWUDWLRQ E\ WKH HQG RI
WKHFHQWXU\LQVRPHVFHQDULRV VHH)LJXUH 7KHFOXVWHULQJ
RI WKH QRQKDUPRQL]HG SRVW65(6 VFHQDULRV LQ )LJXUH 
VXJJHVWV D GHJUHH RI H[SHUW DJUHHPHQW WKDW WKH GHFOLQH LQ
annual land-use change carbon emissions over time will be
OHVV GUDPDWLF VORZHU  WKDQ VXJJHVWHG E\ PDQ\ RI WKH 65(6
VFHQDULRV0DQ\RIWKHSRVW65(6VFHQDULRVSURMHFWDGHFUHDVH
in net deforestation pressure over time, as population growth
VORZVDQGFURSDQGOLYHVWRFNSURGXFWLYLW\LQFUHDVHDQGGHVSLWH
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Figure 3.10: Baseline land-use change and forestry carbon net emissions.
Notes: MESSAGE-EMF21 = Rao and Riahi (2006) scenario from EMF-21
Study; GTEM-EMF21 = Jakeman and Fisher (2006) scenario from EMF-21
Study; MESSAGE-A2r = Riahi et al. (2006) scenario with revised SRES-A2
baseline; IMAGE 2.3 = Van Vuuren et al. (2007) scenario; see Figure 3.7 notes
for additional scenario references. The IMAGE 2.3 LUCF baseline scenario also
emits non-CO2 emissions (CH4 and N2O) of 0.26, 0.30, 0.16 GtCO2-eq in 2030,
2050, and 2100, respectively.

FRQWLQXHGSURMHFWHGORVVRIIRUHVWDUHDLQVRPHVFHQDULRV )LJXUH
3.7), carbon uptake from afforestation and reforestation result
in net sequestration.
7KHUHDOVRVHHPVWREHDFRQVHQVXVLQUHFHQWQRQ&22 GHG
emission baseline scenarios that agricultural CH and N22
HPLVVLRQVZLOOLQFUHDVHXQWLOWKHHQGRIWKLVFHQWXU\SRWHQWLDOO\
GRXEOLQJ LQ VRPH EDVHOLQHV VHH 7DEOH  .XURVDZD 
9DQ9XXUHQet alD5DRDQG5LDKL-DNHPDQDQG
)LVKHU  5LDKL et al  9DQ 9XXUHQ et al., 2007).
The modelling of agricultural emission sources varies across
VFHQDULRVZLWKOLYHVWRFNDQGULFHSDGG\PHWKDQHDQGFURSVRLO
QLWURXVR[LGHHPLVVLRQVFRQVLVWHQWO\UHSUHVHQWHG+RZHYHUWKH
handling of emissions from biomass burning and fossil fuel
combustion are inconsistent across models; and cropland soil
FDUERQ ÀX[HV DUH JHQHUDOO\ QRW UHSRUWHG SUREDEO\ GXH WR WKH
fact that soil carbon sequestration mitigation options are not
FXUUHQWO\UHSUHVHQWHGLQWKHVHPRGHOV
$VQRWHGLQ6HFWLRQFOLPDWHFKDQJHIHHGEDFNVFRXOG
KDYHDVLJQL¿FDQWLQÀXHQFHRQORQJWHUPODQGXVHDQGWRGDWH
DUH RQO\ SDUWLDOO\ UHSUHVHQWHG LQ ORQJWHUP PRGHOOLQJ RI ODQG
VFHQDULRV 6LPLODUO\ FOLPDWH IHHGEDFNV FDQ DOVR DIIHFW ODQG
EDVHG HPLVVLRQV )RU LQVWDQFH ULVLQJ WHPSHUDWXUHV DQG &22
IHUWLOL]DWLRQ FDQ LQÀXHQFH WKH DPRXQW RI FDUERQ WKDW FDQ EH
VHTXHVWHUHGE\ODQGDQGPD\DOVROHDGWRLQFUHDVHGDIIRUHVWDWLRQ
GXHWRKLJKHUFURS\LHOGV&OLPDWHIHHGEDFNVLQWKHFDUERQF\FOH
FRXOG EH H[WUHPHO\ LPSRUWDQW )RU LQVWDQFH /HHPDQV et al.
 VKRZHGWKDW&22 fertilization and soil respiration could
be as important as the socio-economic drivers in determining
the land-use emissions range.
,Q DGGLWLRQ SRWHQWLDOO\ LPSRUWDQW DGGLWLRQDO FOLPDWH IHHG
EDFNVLQWKHFDUERQFOLPDWHV\VWHPDUHFXUUHQWO\QRWDFFRXQWHG
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Table 3.1: Baseline global agricultural non-CO2 greenhouse gas emissions from various long-term stabilization scenarios (GtCO2-eq).
Non-CO2 GHG agricultural
emissions sources
represented*

Scenario

GtCO2-eq
N2O

CH4
2000

2020

2050

2070

2100

2000

2020

2050

2070

2100

GTEM-EMF21

Enteric, manure, paddy rice,
soil (N2O)

2.09

2.88

4.28

nm

nm

1.95

2.60

3.64

nm

nm

MESSAGEEMF21

Enteric, manure, paddy rice,
soil (N2O)

2.58

3.42

6.05

6.00

5.06

2.57

3.48

4.65

3.79

2.32

IMAGE-EMF21

Enteric, manure, paddy rice,
soil (N2O and CO2), biomass &
agriculture waste burning, land
clearing

3.07

4.15

4.34

4.37

4.55

2.02

2.75

3.11

3.23

3.27

GRAPE-EMF21

Enteric, manure, paddy rice,
soil (N2O), biomass & agricultural
waste burning

2.59

2.65

2.85

2.82

2.76

2.79

3.31

3.84

3.93

4.06

MESSAGE-A2r

Enteric, manure, paddy rice,
soil (N2O)

2.58

3.43

4.78

5.52

6.57

2.57

3.48

4.37

4.77

5.22

IMAGE 2.3

Enteric, manure, paddy rice,
soil (N2O and CO2), biomass &
agricultural waste burning, land
clearing

3.36

3.95

4.41

4.52

4.46

2.05

2.48

2.93

3.07

3.06

* CO2 emissions from fossil fuel combustion are tracked as well, but frequently reported (and mitigated) under other sector headings (e.g. energy, transportation).
Notes: SAR GWPs used to compute carbon equivalent emissions. nm = not modelled. The GTEM-EMF21 scenario ran through 2050. See Figure 3.7 and 3.10 notes for
the scenario references.

IRU LQ LQWHJUDWHG DVVHVVPHQW VFHQDULRV 6SHFL¿FDOO\ QHZ LQ
VLJKWVVXJJHVWWKDWVRLOGU\LQJDQGIRUHVWGLHEDFNPD\QDWXUDOO\
UHGXFH WHUUHVWULDO FDUERQ VHTXHVWUDWLRQ &R[ et al., 2000).
+RZHYHU WKHVH VWXGLHV DV ZHOO DV VWXGLHV WKDW WU\ WR FDSWXUH
changes in climate due to land-use change (Sitch et al., 2005)
KDYH WKXV IDU QRW EHHQ DEOH WR SURYLGH GH¿QLWLYH JXLGDQFH$
PRGHOOLQJV\VWHPWKDWIXOO\FRXSOHVODQGXVHFKDQJHVFHQDULRV
ZLWKDG\QDPLFFOLPDWHFDUERQV\VWHPLVUHTXLUHGLQWKHIXWXUH
for such an assessment.
3.2.2.3

Non-CO2 greenhouse gas emissions

The emissions scenario chapter in the TAR (Morita et al.,
2001) recommended that future research should include GHGs
RWKHUWKDQ&22 in new scenarios work. The reason was that, at
WKDWWLPHFHUWDLQO\UHJDUGLQJPLWLJDWLRQPRVWRIWKHVFHQDULRV
OLWHUDWXUH ZDV VWLOO SULPDULO\ IRFXVHG RQ &22 emissions from
HQHUJ\ 1HYHUWKHOHVV VRPH PXOWLJDV VFHQDULR ZRUN H[LVWHG
including the SRES baseline scenarios, but also some other
modelling efforts (Manne and Richels, 2001; Babiker et al.,
7RO 7KHPRVWLPSRUWDQWQRQ&22JDVHVLQFOXGH
methane (CH QLWURXVR[LGH 122 DQGDJURXSRIÀXRULQDWHG
FRPSRXQGV )JDVHVLH+)&V3)&VDQG6)). Since the TAR,
the number of modelling groups producing long-term emission
VFHQDULRVIRUQRQ&22JDVHVKDVGUDPDWLFDOO\LQFUHDVHG$VD
UHVXOWWKHTXDQWLW\DQGTXDOLW\RIQRQ&22 emissions scenarios
KDVLPSURYHGDSSUHFLDEO\
8QOLNH &22 where the main emissions-related sectors are
6

IHZ LH HQHUJ\ LQGXVWU\ DQG ODQG XVH  QRQ&22 emissions
originate from a larger and more diverse set of economic sectors.
Table 3.2 provides a list of the major GHG emitting sectors
and their corresponding emissions, estimated for 2000. Note
WKDWWKHUHLVVLJQL¿FDQWXQFHUWDLQW\FRQFHUQLQJHPLVVLRQVIURP
VRPHVRXUFHVRIWKHQRQ&22 gases, and the table summarizes
WKH FHQWUDO YDOXHV IURP:H\DQW et al   ZKLFK KDV EHHQ
XVHG LQ ORQJWHUP PXOWLJDV VFHQDULR VWXGLHV RI WKH (0)
7RPDNHWKHQRQ&22HPLVVLRQVFRPSDUDEOHWRWKRVHRI&22,
WKHFRPPRQSUDFWLFHLVWRFRPSDUHDQGDJJUHJDWHHPLVVLRQVE\
using global warming potentials (GWPs).
7KH PRVW LPSRUWDQW ZRUN RQ QRQ&22 GHG emissions
VFHQDULRV KDV EHHQ GRQH LQ WKH FRQWH[W RI (0) 'H OD
&KHVQD\H DQG :H\DQW   7KH (0) VWXG\ XSGDWHG
WKH FDSDELOLW\ RI ORQJWHUP LQWHJUDWHG DVVHVVPHQW PRGHOV IRU
PRGHOOLQJ QRQ&22 *+* HPLVVLRQV7KH UHVXOWV RI WKH VWXG\
DUHLOOXVWUDWHGLQ)LJXUH
Evaluating the long-term projections of anthropogenic
PHWKDQHHPLVVLRQVIURPWKH(0)GDWDVKRZVDVLJQL¿FDQW
range in the estimates, but this range is consistent with that
found in the SRES. The methane emission differences in the
65(6 DUH GXH WR WKH GLIIHUHQW VWRU\OLQHV 7KH GLIIHUHQFHV LQ
WKH(0)UHIHUHQFHFDVHVDUHPDLQO\GXHWRFKDQJHVLQWKH
HFRQRPLFDFWLYLW\OHYHOSURMHFWHGLQNH\VHFWRUVE\HDFKRIWKH
models7KLVFRXOGLQFOXGHIRUH[DPSOHLQFUHDVHGDJULFXOWXUH
SURGXFWLRQRULQFUHDVHGVXSSO\RIQDWXUDOJDVDQGEHORZJURXQG
FRDOLQWKHHQHUJ\VHFWRU,QDGGLWLRQGLIIHUHQWPRGHOOLQJJURXSV

In the EMF-21 study, reference case scenarios were considered to be ‘modeller’s choice’, where harmonization of input parameters and exogenous assumptions
was not sought.
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Table 3.2: Global Anthropogenic GHG Emissions for 2000 at sector level, as used in EMF-21 studies (MtCO2-eq/yr).
Sector sub-total & percent
of total

I

ENERGY

LUCFa and AGRICULTURE

9,543
25%
INDUSTRY

WASTE
1,448
4%

CH4

8,133
4,800

451
895

Petroleum syst.
Stationary/Mobile sources

10,476

62
59

LUCF and agriculture (net)
Soils

3,435

N2O

F-gases

I

224
2,607

Biomass
Enteric fermentation
Manure management
Rice

491
1,745
224
649

Cement

1,434
4%

Notes:

CO2

Coal
Natural gas
25,098
67%

Total all GHG

Sub-sectors

187
205
-

829

Adipic & nitric acid production
HFC-23
PFCs
SF6
Substitution of ODSb

158
95
106
55
191

Landﬁlls

781

Wastewater
Other

565
11

81
11

5,933

3,472

447

9%

1%

37,524

27,671

Gas as percent of total

74%

16%

a

LUCF is Land-use change and forestry.
HFCs are used as substitutes for ODSs in a range of applications
Sources: Weyant et al, 2006.
b

HPSOR\HGYDULRXVPHWKRGVRIUHSUHVHQWLQJPHWKDQHHPLVVLRQV
in their models and also made different assumptions about how
VSHFL¿F PHWKDQH HPLVVLRQ IDFWRUV IRU HDFK HFRQRPLF VHFWRU
FKDQJH RYHU WLPH )LQDOO\ WKH GHJUHH WR ZKLFK DJULFXOWXUDO
DFWLYLWLHVDUHUHSUHVHQWHGLQWKHPRGHOVGLIIHUVVXEVWDQWLDOO\)RU
H[DPSOHVRPHPRGHOVUHSUHVHQWDOODJULFXOWXUDORXWSXWDVRQH
ODUJHFRPPRGLW\µDJULFXOWXUH¶ZKLOHRWKHUVKDYHFRQVLGHUDEOH
GLVDJJUHJDWLRQ ,QWHUHVWLQJO\ WKH ODWWHU JURXS RI PRGHOV WHQG
WR¿QGVORZHUHPLVVLRQVJURZWKUDWHV VHH9DQ9XXUHQet al.,
E 

and magnesium production and processing), and the replacement
RIR]RQHGHSOHWLQJVXEVWDQFHV 2'6V ZLWK+)&V/RQJWHUP
SURMHFWLRQVRIWKHVHÀXRULQDWHG*+*VDUHJHQHUDWHGE\DIHZHU
number of models, but still show a wide range in the results over
WKHFHQWXU\7RWDOHPLVVLRQVRIQRQ&22 GHGs are projected to
LQFUHDVHEXWVRPHZKDWOHVVUDSLGO\WKDQ&22 emissions, due to
DJULFXOWXUDODFWLYLWLHVJURZLQJOHVVWKDQHQHUJ\XVH

The range of long-term projections of anthropogenic nitrous
R[LGH HPLVVLRQV LV ZLGHU WKDQ IRU PHWKDQH LQ WKH (0)
data. Note that for N22 EDVH \HDU HPLVVLRQV RI WKH GLIIHUHQW
PRGHOVGLIIHUVXEVWDQWLDOO\7ZRIDFWRUVPD\FRQWULEXWHWRWKLV
)LUVWGLIIHUHQWGH¿QLWLRQVH[LVWDVWRZKDWVKRXOGEHUHJDUGHG
as human-induced and natural emissions in the case of N22
emissions from soils. Second, some models do not include all
emission sources.

Sulphur dioxide emission scenarios
Sulphur emissions are relevant for climate change modelling
DV WKH\ FRQWULEXWH WR WKH IRUPDWLRQ RI DHURVROV ZKLFK DIIHFW
precipitation patterns and, taken together, reduce radiative
forcing. Sulphur emissions also contribute to regional and local
DLU SROOXWLRQ *OREDO VXOSKXU GLR[LGH HPLVVLRQV KDYH JURZQ
DSSUR[LPDWHO\ LQ SDUDOOHO ZLWK WKH LQFUHDVH LQ IRVVLO IXHO XVH
(Smith et al6WHUQ +RZHYHUVLQFHDURXQG
WKHODWHVWKHJURZWKLQHPLVVLRQVKDVVORZHGFRQVLGHUDEO\
*UEOHU ,PSOHPHQWDWLRQRIHPLVVLRQVFRQWUROVDVKLIW
to lower sulphur fuels in most industrialized countries, and the
HFRQRPLFWUDQVLWLRQSURFHVVLQ(DVWHUQ(XURSHDQGWKH)RUPHU
6RYLHW8QLRQKDYHFRQWULEXWHGWRWKHORZHULQJRIJOREDOVXOSKXU
emissions (Smith et al   &RQYHUVHO\ ZLWK DFFHOHUDWHG
economic development, the growth of sulphur emissions in
PDQ\SDUWVRI$VLDKDVEHHQKLJKLQUHFHQWGHFDGHVDOWKRXJK
JURZWK UDWHV KDYH PRGHUDWHG UHFHQWO\ 6WUHHWV et al., 2000;

7KHODVWJURXSRIQRQ&22JDVHVDUHÀXRULQDWHGFRPSRXQGV
ZKLFK LQFOXGH K\GURÀXRURFDUERQV +)&V  SHUÀXRURFDUERQV
3)&V  DQG VXOSKXU KH[DÀXRULGH 6)). The total global
HPLVVLRQVRIWKHVHJDVHVDUHDOPRVW0W&22HTRUVOLJKWO\
over 1% of all GHG for 2000. While the emissions of some
ÀXRULQDWHG FRPSRXQGV DUH SURMHFWHG WR GHFUHDVH PDQ\ DUH
H[SHFWHGWRJURZVXEVWDQWLDOO\EHFDXVHRIWKHUDSLGJURZWKUDWH
of some emitting industries (e.g. semiconductor manufacture
190
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Scenarios for air pollutants and other radiative
substances
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Figure 3.11: Development of baseline emissions in the EMF-21 scenarios (left) and comparison between EMF21 and SRES scenarios (right).
Source: De la Chesnaye and Weyant , 2006; see also Van Vuuren et al., 2006b
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Stern, 2005; Cofala et al6PLWKet al $UHYLHZ
RIWKHUHFHQWOLWHUDWXUHLQGLFDWHVWKDWWKHUHLVVRPHXQFHUWDLQW\
concerning present global anthropogenic sulphur emissions,
ZLWK HVWLPDWHV IRU WKH \HDU  UDQJLQJ EHWZHHQ  0W6
(Stern, 2005), 57.5 MtS (Cofala et al DQG0W6 6PLWK
et al 7

140

0DQ\ HPSLULFDO VWXGLHV KDYH H[SORUHG WKH UHODWLRQVKLS
between sulphur emissions and related drivers, such as economic
GHYHORSPHQW VHHIRUH[DPSOH6PLWKet al 7KHPDLQ
GULYLQJIDFWRUVWKDWKDYHEHHQLGHQWL¿HGDUHLQFUHDVLQJLQFRPH
FKDQJHVLQWKHHQHUJ\PL[DQGDJUHDWHUIRFXVRQDLUSROOXWLRQ
DEDWHPHQW DVDFRQVHTXHQFHRILQFUHDVLQJDIÀXHQFH 7RJHWKHU
WKHVHIDFWRUVPD\UHVXOWLQDQLQYHUWHG8VKDSHGSDWWHUQRI622
HPLVVLRQV ZKHUH HPLVVLRQV LQFUHDVH GXULQJ HDUO\ VWDJHV RI
industrialization, peak and then fall at higher levels of income,
IROORZLQJ D .X]QHWV FXUYH :RUOG %DQN  7KLV JHQHUDO
trend is also apparent in most of the recent emissions scenarios
in the literature.

60

2YHU WLPH QHZ VFHQDULRV KDYH JHQHUDOO\ SURGXFHG ORZHU
622 emissions projections. A comprehensive comparison of
the SRES and more recent sulphur-emission scenarios is given
LQ9DQ9XXUHQDQG2¶1HLOO  )LJXUHLOOXVWUDWHVWKDW
the resulting spread of sulphur emissions over the medium
WHUP XSWRWKH\HDU LVSUHGRPLQDQWO\GXHWRWKHYDU\LQJ
assumptions about the timing of future emissions control,
SDUWLFXODUO\ LQ GHYHORSLQJ FRXQWULHV. Scenarios at the lower
ERXQGDU\ DVVXPH WKH UDSLG LQWURGXFWLRQ RI VXOSKXUFRQWURO
technologies on a global scale, and hence, a reversal of historical
WUHQGVDQGGHFOLQLQJHPLVVLRQVLQWKHLQLWLDO\HDUVRIWKHVFHQDULR
&RQYHUVHO\WKHXSSHUERXQGDULHVRIHPLVVLRQVDUHFKDUDFWHUL]HG
E\DUDSLGLQFUHDVHRYHUFRPLQJGHFDGHVSULPDULO\GULYHQE\
WKH LQFUHDVLQJ XVH RI FRDO DQG RLO DW UHODWLYHO\ ORZ OHYHOV RI
sulphur control (SRES A1 and A2).
The comparison shows that overall the SRES scenarios are
IDLUO\ FRQVLVWHQW ZLWK UHFHQW SURMHFWLRQV FRQFHUQLQJ WKH ORQJ
WHUP XQFHUWDLQW\ UDQJH 6PLWK et al  VHH )LJXUH  
However, the emissions peak over the short-term of some
high emissions scenarios in SRES, which lie above the upper
ERXQGDU\HVWLPDWHVRIWKHUHFHQWVFHQDULRV7KHUHDUHWZRPDLQ
UHDVRQVIRUWKLVGLIIHUHQFH)LUVWUHFHQWVXOSKXULQYHQWRULHVIRU
WKH \HDU  KDYH VKLIWHG GRZQZDUG 6HFRQG DQG SHUKDSV
PRUH LPSRUWDQWO\ QHZ LQIRUPDWLRQ RQ SUHVHQW DQG SODQQHG
sulphur legislation in some developing countries, such as India
(Carmichael et al., 2002) and China (Streets et al., 2001) has
become available. Anticipating this change in legislation,
recent scenarios project sulphur emissions to peak earlier and at
ORZHUOHYHOVFRPSDUHGWRWKH65(6$OVRWKHORZHUERXQGDU\
projections of the recent literature have shifted downward
VOLJKWO\FRPSDUHGWRWKH65(6VFHQDULR

7
8

MtS
Smith et al. range

120
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A1
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80
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40
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Figure 3.12: Sulphur dioxide emission scenarios.
Notes: Thick coloured lines depict the four SRES marker scenarios and the
black dashed lines show the median, 5th and 95th percentile of the frequency
distribution for the full ensemble of all 40 SRES scenarios. The blue area (and
the thin dashed lines in blue) illustrates individual scenarios and the range of
Smith et al. (2004). Dotted lines indicate the minimum and maximum of sulphur
emissions scenarios developed pre-SRES.

NOx emission scenarios
7KHPRVWLPSRUWDQWVRXUFHVRI12[ emissions are fossil fuel
combustion and industrial processes, which combined with
other sources such as natural and anthropogenic soil release,
biomass burning, lightning, and atmospheric processes, amount
WR DURXQG  0W1 SHU \HDU &RQVLGHUDEOH XQFHUWDLQWLHV H[LVW
SDUWLFXODUO\ DURXQG WKH QDWXUDO VRXUFHV 3UDWKHU et al 
2OLYLHU et al  2OLYLHU DQG %HUGRZVNL  &RIDOD et
al   )RVVLO IXHO FRPEXVWLRQ LQ WKH HOHFWULF SRZHU DQG
WUDQVSRUWVHFWRUVLVWKHODUJHVWVRXUFHRI12[, with emissions
ODUJHO\EHLQJUHODWHGWRWKHFRPEXVWLRQSUDFWLFH,QUHFHQW\HDUV
emissions from fossil fuel use in North America and Europe are
either constant or declining. Emissions have been increasing
in most parts of Asia and other developing parts of the world,
PDLQO\GXHWRWKHJURZLQJWUDQVSRUWVHFWRU &RIDODet al
6PLWK  :%&6'   +RZHYHU LQ WKH ORQJHU WHUP
PRVWVWXGLHVSURMHFWWKDW12[ emissions in developing countries
ZLOOVDWXUDWHDQGHYHQWXDOO\GHFOLQHIROORZLQJWKHWUHQGLQWKH
developed world. However, the pace of this trend is uncertain.
Emissions are projected to peak in the developing world as
HDUO\DV :%&6'IRFXVLQJRQWKHWUDQVSRUWVHFWRU 
DQGLQZRUVWFDVHVDURXQGWKHHQGRIWKLVFHQWXU\ VHHWKHKLJK
emissions projection of Smith, 2005).
7KHUHKDYHEHHQYHU\IHZJOREDOVFHQDULRVIRU12[ emissions
VLQFH WKH HDUOLHU ,6 VFHQDULRV DQG WKH 65(6$Q LPSRUWDQW
FKDUDFWHULVWLFRIWKHVH EDVHOLQH VFHQDULRVLVWKDWWKH\FRQVLGHU
DLUSROOXWLRQOHJLVODWLRQ LQWKHDEVHQFHRIDQ\FOLPDWHSROLF\ 
6RPH VFHQDULRV VXFK DV WKRVH E\ %RXZPDQ DQG YDQ9XXUHQ
  DQG &ROOLQV et al   RIWHQ XVH ,6D DV D µORRVH¶
EDVHOLQHZLWKQHZDEDWHPHQWSROLFLHVDGGHG0DQ\VFHQDULRV

Note that the Cofala et al. (2006) inventory does not include emissions from biomass burning, international shipping and aircraft. In order to enhance comparability between the
inventories, emissions from these sources (6 MtS globally) have been added to the original Cofala et al. (2006) values.
The Amann (2002) projections were replaced by the recently updated IIASA-RAINS projection from Cofala et al. (2006).
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Figure 3.13: NOx emission scenarios.
Notes: Thick coloured lines depict the four SRES marker scenarios and the
black dashed lines show the median, 5th and 95th percentile of the frequency
distribution for the full ensemble of all 40 SRES scenarios. The blue area illustrates the range of the recent Smith (2005) projections.

UHSRUWULVLQJ12[HPLVVLRQVXSWRWKHV )LJXUH ZLWK
WKHORZHUERXQGDU\JLYHQE\WKHVKRUWWHUP&RIDODet al  
UHIHUHQFHVFHQDULRSURMHFWLQJHPLVVLRQVWRVWD\DWDERXWSUHVHQW
OHYHOV IRU WKH QH[W WZR WR WKUHH GHFDGHV ,Q WKH PRVW UHFHQW
ORQJHUWHUP VFHQDULRV 6PLWK   12[ emissions range
EHWZHHQ0W1DQG0W1E\ZKLFKFRUUHVSRQGVWR
DQLQFUHDVHLQHPLVVLRQVRIDURXQG±FRPSDUHGWR
7KH ORQJWHUP VSUHDG LV FRQVLGHUDEO\ ODUJHU UDQJLQJ IURP
 0W1 WR  0W1 E\  VHH )LJXUH   7KH PDMRULW\
of the SRES scenarios (70%) lie within the range of the new
Smith (2005) scenarios. However, the upper and lower
boundaries of the range of the recent projections have shifted
downward compared to the SRES.
Emission scenarios for black and organic carbon
%ODFNDQGRUJDQLFFDUERQHPLVVLRQV %&DQG2& DUHPDLQO\
IRUPHG E\ LQFRPSOHWH FRPEXVWLRQ DV ZHOO DV IURP JDVHRXV
precursors (Penner et al*UD\DQG&DVV 7KHPDLQ
VRXUFHVRI%&DQG2&HPLVVLRQVLQFOXGHIRVVLOIXHOFRPEXVWLRQ
LQ LQGXVWU\ SRZHU JHQHUDWLRQ WUDI¿F DQG UHVLGHQWLDO VHFWRUV
as well as biomass and agriculture waste burning. Natural
VRXUFHV VXFK DV IRUHVW ¿UHV DQG VDYDQQDK EXUQLQJ DUH RWKHU
PDMRU FRQWULEXWRUV 7KHUH KDV UHFHQWO\ EHHQ VRPH UHVHDUFK
VXJJHVWLQJWKDWFDUERQDFHRXVDHURVROVPD\FRQWULEXWHWRJOREDO

warming (Hansen et al$QGUDH-DFREVRQ
5DPDVZDP\et al +RZHYHUWKHXQFHUWDLQW\FRQFHUQLQJ
WKH HIIHFWV RI %& DQG 2& RQ WKH FKDQJH LQ UDGLDWLYH IRUFLQJ
DQGKHQFHJOREDOZDUPLQJLVVWLOOKLJK VHH-DFREVRQDQG
Penner et al 
,Q WKH SDVW %& DQG 2& HPLVVLRQV KDYH EHHQ SRRUO\
UHSUHVHQWHGLQHFRQRPLFDQGV\VWHPVHQJLQHHULQJPRGHOVGXH
WR XQDYDLODELOLW\ RI GDWD )RU H[DPSOH LQ WKH ,3&&¶V 7KLUG
$VVHVVPHQW5HSRUW%&DQG2&HVWLPDWHVZHUHGHYHORSHGE\
XVLQJ&2HPLVVLRQV ,3&&E 2QHRIWKHPDLQUHDVRQV
for this has been the lack of adequate global inventories for
different emission sources. However, some detailed global and
UHJLRQDO HPLVVLRQ LQYHQWRULHV RI %& DQG 2& KDYH UHFHQWO\
become available (Table 3.3). In addition, some detailed
regional inventories are also available including Streets et al.
  DQG .XSLDLQHQ DQG .OLPRQW   :KLOH PDQ\ RI
these are comprehensive with regard to detail, considerable
XQFHUWDLQW\ VWLOO H[LVWV LQ WKH LQYHQWRULHV PDLQO\ GXH WR WKH
YDULHW\ LQ FRPEXVWLRQ WHFKQLTXHV IRU GLIIHUHQW IXHOV DV ZHOO
as measurement techniques. In order to represent these
uncertainties, some studies, such as Bond et al  SURYLGH
high, low and ‘best-guess’ values.
The development in the inventories has resulted in the
SRVVLELOLW\RIHVWLPDWLQJIXWXUH%&DQG2&HPLVVLRQV6WUHHWV
et al   XVH WKH IXHOXVH LQIRUPDWLRQ DQG WHFKQRORJLFDO
change in the SRES scenarios to develop estimates of BC and
2&HPLVVLRQVIURPERWKFRQWDLQHGFRPEXVWLRQDVZHOODVQDWXUDO
sources for all the SRES scenarios until 2050. Rao et al. (2005)
DQG6PLWKDQG:LJOH\  HVWLPDWH%&DQG2&HPLVVLRQV
until 2100 for two IPCC SRES scenarios, with an assumption of
LQFUHDVLQJDIÀXHQFHOHDGLQJWRDQDGGLWLRQDOSUHPLXPRQORFDO
DLU TXDOLW\ /LRXVVH et al   XVH WKH IXHOPL[ DQG RWKHU
GHWDLOLQYDULRXVHQHUJ\VFHQDULRVDQGREWDLQFRUUHVSRQGLQJ%&
DQG2&HPLVVLRQV
The inclusion of technological development is an important
IDFWRULQHVWLPDWLQJIXWXUH%&DQG2&HPLVVLRQVEHFDXVHHYHQ
WKRXJK DEVROXWH IRVVLO IXHO XVH PD\ LQFUHDVH D FRPELQDWLRQ
of economic growth, increased environmental consciousness,
WHFKQRORJ\GHYHORSPHQWDQGOHJLVODWLRQFRXOGLPSO\GHFUHDVHG
SROOXWDQWHPLVVLRQV )LJXUH /LRXVVHet al. (2005) neglect
the effects of technological change leading to much higher

Table 3.3: Emission inventories for black and organic carbon (Tg/yr).
Source
Penner et al., 1993

Estimate year

Black carbon

Organic carbon

1980

13

-

Cooke and Wilson, 1996

1984

14a)

Cooke et al., 1999

1984

5-6.6a)

7-10a)

Bond et al., 2004

1996

4.7 (3-10)

8.9 (5-17)

12.3

81

5.7

9.5

Liousse et al.,1996
Junker and Liousse, 2006

1997

Note: a) Emissions from fossil-fuel use
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Figure 3.14: Total black carbon (left panel) and organic carbon (right panel) emission estimates in scenarios from different studies.
Notes: Rao et al., (2005) include emissions from contained combustion only. Liousse et al. (2005), A2 not included as 2100 value of 100 Tg lies way above range.

emission estimates for BC emissions in the long-term in some
cases, as compared to other studies such as Streets et al  
Rao et al  DQG6PLWKDQG:LJOH\  DOORIZKLFK
show declining emissions in the long-term. Another important
factor that Rao et al. (2005) also account for is current and
SURSRVHGHQYLURQPHQWDOOHJLVODWLRQ7KLVVXJJHVWVWKHQHFHVVLW\
IRU WHFKQRORJ\ULFK IUDPHZRUNV WKDW FDSWXUH VWUXFWXUDO DQG
WHFKQRORJLFDOFKDQJHDVZHOODVSROLF\G\QDPLFVLQWKHHQHUJ\
V\VWHPLQRUGHUWRHVWLPDWHIXWXUH%&DQG2&HPLVVLRQV
Both Streets et al   DQG 5DR et al. (2005) show a
JHQHUDOGHFOLQHLQ%&DQG2&HPLVVLRQVLQGHYHORSHGFRXQWULHV
as well as in regions such as East Asia (including China). In
other developing regions, such as Africa and South Asia, slower
WHFKQRORJ\ SHQHWUDWLRQ UDWHV OHDG WR PXFK ORZHU HPLVVLRQ
reductions. There is a large decline in emissions from the
residential sector in the developing countries, due to the gradual
replacement of traditional fuels and technologies with more
HI¿FLHQWRQHV7UDQVSRUWUHODWHGHPLVVLRQVLQERWKLQGXVWULDOL]HG
and developing countries decline in the long-term due to stringent
UHJXODWLRQVWHFKQRORJ\LPSURYHPHQWVDQGIXHOVZLWFKLQJ
To summarize, an important feature of the recent scenario
OLWHUDWXUHLVWKHORQJWHUPGHFOLQHLQ%&2&HPLVVLRQLQWHQVLWLHV
SHU XQLW RI HQHUJ\ XVH RU HFRQRPLF DFWLYLW\  7KH PDMRULW\
of the above studies thus indicate that the long-term BC and
2&HPLVVLRQVPLJKWEHGHFRXSOHGIURPWKHWUDMHFWRU\RI&22
emissions.

3.3
3.3.1

3.3.2

Deﬁnition of a stabilization target

0LWLJDWLRQ VFHQDULRV H[SORUH WKH IHDVLELOLW\ DQG FRVWV RI
DFKLHYLQJVSHFL¿HGFOLPDWHFKDQJHRUHPLVVLRQVWDUJHWVRIWHQLQ
FRPSDULVRQWRDFRUUHVSRQGLQJEDVHOLQHVFHQDULR7KHVSHFL¿HG
WDUJHWLWVHOILVDQLPSRUWDQWPRGHOOLQJDQGSROLF\LVVXH%HFDXVH
$UWLFOHRI8QLWHG1DWLRQV)UDPHZRUN&RQYHQWLRQRQ&OLPDWH
&KDQJH 81)&&&  VWDWHV DV LWV REMHFWLYH WKH µVWDELOL]DWLRQ
of greenhouse gas concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference
ZLWK WKH FOLPDWH V\VWHP¶ PRVW ORQJWHUP PLWLJDWLRQ VWXGLHV
have focused their efforts on GHG concentration stabilization
VFHQDULRV+RZHYHUVHYHUDORWKHUFOLPDWHFKDQJHWDUJHWVPD\
EHFKRVHQIRUH[DPSOHWKHUDWHRIWHPSHUDWXUHFKDQJHUDGLDWLYH
forcing, or climate change impacts (see e.g. Richels et al.,
9DQ9XXUHQ et al E &RUIHH0RUORW et al., 2005).
,QJHQHUDOVHOHFWLQJDFOLPDWHSROLF\WDUJHWHDUO\LQWKHFDXVH
effect chain of human activities to climate change impacts, such
DVHPLVVLRQVVWDELOL]DWLRQLQFUHDVHVWKHFHUWDLQW\RIDFKLHYLQJ
UHTXLUHGUHGXFWLRQPHDVXUHVZKLOHLQFUHDVLQJWKHXQFHUWDLQW\
RQFOLPDWHFKDQJHLPSDFWV VHH7DEOH 6HOHFWLQJDFOLPDWH
target further down the cause-effect chain (e.g. temperature
change, or even avoided climate impacts) provides for greater
VSHFL¿FDWLRQRIDGHVLUHGFOLPDWHWDUJHWEXWGHFUHDVHVFHUWDLQW\
of the emission reductions required to reach that target.

Mitigation scenarios

Introduction

This section contains a discussion of methodological
LVVXHV 6HFWLRQV± IROORZHGE\DIRFXVRQWKHPDLQ
194

characteristics of different groups of mitigation scenarios, with
VSHFL¿FDWWHQWLRQSDLGWRQHZOLWHUDWXUHRQQRQ&22 gases and land
XVH 6HFWLRQVDQG )LQDOO\VKRUWWHUPVFHQDULRV
ZLWKDUHJLRQDORUQDWLRQDOIRFXVDUHGLVFXVVHGLQ6HFWLRQ

$ FRPPRQO\ XVHG WDUJHW KDV EHHQ WKH VWDELOL]DWLRQ RI WKH
DWPRVSKHULF &22 concentration. If more than one GHG is
included, most studies use the corresponding target of stabilizing
UDGLDWLYHIRUFLQJ WKHUHE\ ZHLJKWLQJ WKH FRQFHQWUDWLRQV RI WKH
GLIIHUHQW JDVHV E\ WKHLU UDGLDWLYH SURSHUWLHV 7KH DGYDQWDJH
of radiative forcing targets over temperature targets is that
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Table 3.4: Advantages and disadvantages of using different stabilization targets.

ITarget

I

Advantages

Disadvantages

Mitigation costs

Lowest uncertainty on costs.

Very large uncertainty on global mean temperature
increase and impacts.
Very large uncertainty on global mean temperature
increase and impacts.
Either needs a different metric to allow for aggregating
different gases (e.g. GWPs) or forfeits opportunity of
substitution.

Emissions mitigation

Lower uncertainty on costs.

Does not allow for substitution among gases, thus losing
the opportunity for multi-gas cost reductions.
Indirect link to the objective of climate policy (e.g.
impacts).

Concentrations of
different greenhouse
gases

Can be translated relatively easily into emission proﬁles
(reducing uncertainty on costs).

Allows a wide range of CO2-only stabilization targets due
to substitutability between CO2 and non-CO2 emissions.

Radiative forcing

Easy translation to emission targets, thus not including
climate sensitivity in costs calculations.
Does allow for full ﬂexibility in substitution among gases.
Connects well to earlier work on CO2 stabilization.
Can be expressed in terms of CO2-eq concentration
target, if preferred for communication with policymakers.

Indirect link to the objective of climate policy (e.g.
impacts).

Global mean
temperature

Metric is also used to organize impact literature; and as
has shown to be a reasonable proxy for impacts

Large uncertainty on required emissions reduction as
result of the uncertainty in climate sensitivity and thus
costs.

Impacts

Direct link to objective of climate polices.

Very large uncertainties in required emission reductions
and costs.

Based on: Van Vuuren et al., 2006b.

the consequences for emission trajectories do not depend on
FOLPDWH VHQVLWLYLW\ ZKLFK DGGV DQ LPSRUWDQW XQFHUWDLQW\ 7KH
disadvantage is that a wide range of temperature impacts
LV SRVVLEOH IRU HDFK UDGLDWLYH IRUFLQJ OHYHO %\ FRQWUDVW
WHPSHUDWXUHWDUJHWVSURYLGHDPRUHGLUHFW¿UVWRUGHULQGLFDWRU
of potential climate change impacts, but are less practical to
LPSOHPHQWLQWKHUHDOZRUOGEHFDXVHRIWKHXQFHUWDLQW\DERXW
the required emissions reductions.
$QRWKHUDSSURDFKLVWRFDOFXODWHULVNVRUWKHSUREDELOLW\RI
H[FHHGLQJSDUWLFXODUYDOXHVRIJOREDODQQXDOPHDQWHPSHUDWXUH
ULVH VHH DOVR 7DEOH   )RU H[DPSOH 'HQ (O]HQ DQG
0HLQVKDXVHQ   DQG +DUH DQG 0HLQVKDXVHQ   XVHG
GLIIHUHQWSUREDELOLW\GHQVLW\IXQFWLRQVRIFOLPDWHVHQVLWLYLW\LQ
the MAGICC simple climate model to estimate relationships
EHWZHHQWKHSUREDELOLW\RIDFKLHYLQJFOLPDWHWDUJHWVDQGUHTXLUHG
HPLVVLRQUHGXFWLRQV6WXGLHVE\5LFKHOVet al  <RKHet
al   'HQ (O]HQ et al   .HSSR et al   DQG
.\SUHRV  KDYHXVHGDVLPLODUSUREDELOLVWLFFRQFHSWLQDQ
HFRQRPLFFRQWH[W7KHVWXGLHVDQDO\]HWKHUHODWLRQVKLSEHWZHHQ
SRWHQWLDO PLWLJDWLRQ FRVWV DQG WKH LQFUHDVH LQ SUREDELOLW\ RI
PHHWLQJVSHFL¿FWHPSHUDWXUHWDUJHWV
7KHFKRLFHRIGLIIHUHQWWDUJHWVLVQRWRQO\UHOHYDQWEHFDXVH
LWOHDGVWRGLIIHUHQWXQFHUWDLQW\UDQJHVEXWDOVREHFDXVHLWOHDGV
WRGLIIHUHQWVWUDWHJLHV6WDELOL]DWLRQRIRQHW\SHRIWDUJHWVXFK
DV WHPSHUDWXUH GRHV QRW LPSO\ VWDELOL]DWLRQ RI RWKHU SRVVLEOH
targets, such as rising sea levels, radiative forcing, concentrations
RU HPLVVLRQV )RU LQVWDQFH D FRVWHIIHFWLYH ZD\ WR VWDELOL]H

temperature is not radiative forcing stabilization, but rather
to allow radiative forcing to peak at a certain concentration,
and then decrease with additional emissions reductions so as
WRDYRLG GHOD\HG IXUWKHUZDUPLQJDQGVWDELOL]HJOREDOPHDQ
WHPSHUDWXUH VHH0HLQVKDXVHQ.KHVKJLet al., 2005; Den
Elzen et al )LQDOO\WDUJHWVFDQDOVREHGH¿QHGWROLPLW
a rate of change, such as the rate of temperature change. While
such targets have the advantage of providing a link to impacts
related to the rate of climate change, strategies to achieve them
PD\EHPRUHVHQVLWLYHWRXQFHUWDLQWLHVDQGWKXVUHTXLUHFDUHIXO
planning. The rate of temperature change targets, for instance,
PD\EHGLI¿FXOWWRDFKLHYHLQWKHVKRUWWHUPHYHQXVLQJPXOWL
JDVDSSURDFKHV 0DQQHDQG5LFKHOV9DQ9XXUHQet al.,
D 
3.3.3

How to deﬁne substitution among gases

In multi-gas studies, a method is needed to compare
different greenhouse gases with different atmospheric lifetimes
DQG UDGLDWLYH SURSHUWLHV ,GHDOO\ WKH PHWKRG ZRXOG DOORZ IRU
substitution between gases in order to achieve mitigation cost
UHGXFWLRQVDOWKRXJKLWPD\QRWEHVXLWDEOHWRHQVXUHHTXLYDOHQFH
LQPHDVXULQJFOLPDWHLPSDFW)XJOHVWYHGWet al. (2003) provide a
comprehensive overview of the different methods that have been
SURSRVHGDORQJZLWKWKHLUDGYDQWDJHVDQGGLVDGYDQWDJHV2QH
RIWKHVHPHWKRGV&22-eq emissions based on Global Warming
3RWHQWLDOV *:3 KDVEHHQDGRSWHGE\FXUUHQWFOLPDWHSROLFLHV
VXFKDVWKH.\RWR3URWRFRODQGWKH86FOLPDWHSROLF\ :KLWH
+RXVH 'HVSLWHWKHFRQWLQXLQJVFLHQWL¿FDQGHFRQRPLF
195
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■ Models using inter-temporal optimization (2)
■ Models using GWPs as basis for substitution (9)
Figure 3.15: Reduction of emissions in the stabilization strategies aiming for stabilization at 4.5 W/m2 (multi-gas strategies) in EMF-21.
Notes: Range for models using GWPs (blue; standard deviation) versus those not using them (purple; full range). For the ﬁrst group, all nine reporting long-term models
were used. For the second category, results of two of the three reporting models were used (the other model shows the same pattern with respect to the distribution
among gases, but has a far higher overall reduction rate and, as such, an outlier).
Data source: De la Chesnaye and Weyant, 2006.

GHEDWHRQWKHXVHRI*:3V LHWKH\DUHQRWEDVHGRQHFRQRPLF
FRQVLGHUDWLRQVDQGXVHDQDUELWUDU\WLPHKRUL]RQ WKHFRQFHSW
LVLQXVHXQGHUWKH81)&&&WKH.\RWR3URWRFRODQGWKH86
FOLPDWHSROLF\,QDGGLWLRQQRDOWHUQDWLYHPHDVXUHKDVDWWDLQHG
comparable status to date.
8VHIXORYHUYLHZVRIWKHPLWLJDWLRQDQGHFRQRPLFLPSOLFDWLRQ
RI VXEVWLWXWLRQ PHWULFV DUH SURYLGHG E\ %UDGIRUG   DQG
Godal (2003). Models that use inter-temporal optimization
FDQ DYRLG WKH XVH RI VXEVWLWXWLRQ PHWULFV VXFK DV *:3V  E\
RSWLPL]LQJWKHUHGXFWLRQVRIDOOJDVHVVLPXOWDQHRXVO\XQGHUD
chosen climate target. Inter-temporal optimization or perfect
foresight models assume that economic agents know future
prices and make decisions to minimize costs. Manne and
Richels (2001) show, using their model, that using GWPs as
the basis of substitution did not lead to the cost-optimal path
PLQLPL]LQJZHOIDUHORVVHV IRUWKHORQJWHUPWDUJHWVDQDO\]HG
,QSDUWLFXODUUHGXFLQJPHWKDQHHDUO\KDGQREHQH¿WIRUUHDFKLQJ
the long-term target, given its short lifespan in the atmosphere.
,QWKHUHFHQW(0)VWXG\VRPHPRGHOVYDOLGDWHGWKLVUHVXOW
VHH'HOD&KHVQD\HDQG:H\DQW )LJXUHVKRZVWKH
SURMHFWHG(0)&22, CH, N22DQG)JDVUHGXFWLRQVDFURVV
PRGHOVVWDELOL]LQJUDGLDWLYHIRUFLQJDW:P2. Most of the
(0) PRGHOV EDVHG VXEVWLWXWLRQ EHWZHHQ JDVHV RQ *:3V
However, three models substituted gases on the basis of intertemporal optimization. While (for most of the gases) there are
QR V\VWHPDWLF GLIIHUHQFHV EHWZHHQ WKH UHVXOWV IURP WKH WZR
JURXSVIRUPHWKDQHDQGVRPH)JDVHV QRWVKRZQ WKHUHDUH
FOHDUGLIIHUHQFHVUHODWHGWRWKHYHU\GLIIHUHQWOLIHVSDQVRIWKHVH
JDVHV7KHPRGHOVWKDWGRQRWXVH*:3VGRQRWVXEVWDQWLDOO\
reduce CH until the end of the time horizon. However, for
models using GWPs, the reduction of CH emissions in the
¿UVWWKUHHGHFDGHVLVVXEVWDQWLDOKHUH&+ reductions become
DFRVWHIIHFWLYHVKRUWWHUPDEDWHPHQWVWUDWHJ\GHVSLWHWKHVKRUW
OLIHVSDQ 9DQ9XXUHQet alE ,WVKRXOGEHQRWHGWKDWLI
196

a short-term climate target is selected (e.g. rate of temperature
change) then inter-temporal optimization models would also
IDYRXUHDUO\PHWKDQHUHGXFWLRQV
:KLOH*:3VGRQRWQHFHVVDULO\OHDGWRWKHPRVWFRVWHIIHFWLYH
VWDELOL]DWLRQVROXWLRQ JLYHQDORQJWHUPWDUJHW WKH\FDQVWLOO
EH D SUDFWLFDOFKRLFHLQ UHDOOLIHSROLFLHVDQ H[FKDQJH PHWULF
is needed to facilitate emissions trading between gases within
D VSHFL¿HG WLPH SHULRG$OORZLQJ VXFK H[FKDQJHV FUHDWHV WKH
RSSRUWXQLW\IRUFRVWVDYLQJVWKURXJKµZKDWDQGZKHUHÀH[LELOLW\¶
It is appropriate to ask what are the costs of using GWPs
versus not using them and whether other ‘real world’ metrics
H[LVWWKDWFRXOGSHUIRUPEHWWHU2¶1HLOO  DQG-RKDQVVRQ
et al  KDYHDUJXHGWKDWWKHGLVDGYDQWDJHVRI*:3VDUH
OLNHO\WREHRXWZHLJKHGE\WKHDGYDQWDJHVE\VKRZLQJWKDWWKH
FRVW GLIIHUHQFH EHWZHHQ D PXOWLJDV VWUDWHJ\ DQG D &22RQO\
VWUDWHJ\ LV PXFK ODUJHU WKDQ WKH GLIIHUHQFH EHWZHHQ D *:3
EDVHG PXOWLJDV VWUDWHJ\ DQG D FRVWRSWLPDO VWUDWHJ\$DKHLP
et al  IRXQGWKDWWKHFRVWRIXVLQJ*:3VFRPSDUHGWR
optimal weights, depends on the ambition of climate policies.
3RVWSRQLQJWKHHDUO\&+UHGXFWLRQVRIWKH*:3EDVHGVWUDWHJ\
DVLVVXJJHVWHGE\LQWHUWHPSRUDORSWLPL]DWLRQJHQHUDOO\OHDGV
to larger temperature increases during the 2000–2020 period.
7KLVLVEHFDXVHWKHLQFUHDVHGUHGXFWLRQRI&22IURPWKHHQHUJ\
sector also leads to reduction of sulphur emissions (hence the
cooling associated with sulphur-based aerosols) but allows the
SRWHQWLDOWREHXVHGODWHULQWKHFHQWXU\
3.3.4

Emission pathways

(PLVVLRQSDWKZD\VWXGLHVRIWHQIRFXVRQVSHFL¿FTXHVWLRQV
with respect to the consequences of timing (in terms of
environmental impacts) or overall reduction rates needed
IRU VSHFL¿F ORQJWHUP WDUJHWV HJ WKH HPLVVLRQ SDWKZD\V
GHYHORSHGE\:LJOH\et al. $VSHFL¿FLVVXHUDLVHGLQWKH
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OLWHUDWXUHRQHPLVVLRQSDWKZD\VVLQFHWKH7$5KDVFRQFHUQHG
DWHPSRUDU\RYHUVKRRWRIWKHWDUJHW FRQFHQWUDWLRQIRUFLQJRU
WHPSHUDWXUH 0HLQVKDXVHQ  XVHGDVLPSOHFDUERQF\FOH
model to illustrate that for low-concentration targets (i.e. below
:P2SSPY&22-eq) overshoot is inevitable, given the
IHDVLEOH PD[LPXP UDWH RI UHGXFWLRQ :LJOH\   DUJXHG
WKDWRYHUVKRRWSUR¿OHVPD\JLYHLPSRUWDQWHFRQRPLFEHQH¿WV
,Q UHVSRQVH 2¶1HLOO DQG 2SSHQKHLPHU   VKRZHG WKDW
WKH DVVRFLDWHG LQFUHPHQWDO ZDUPLQJ RI ODUJH RYHUVKRRWV PD\
VLJQL¿FDQWO\ LQFUHDVH WKH ULVNV RI H[FHHGLQJ FULWLFDO FOLPDWH
WKUHVKROGVWRZKLFKHFRV\VWHPVDUHNQRZQWREHDEOHWRDGDSW
2WKHUHPLVVLRQSDWKZD\VWKDWOHDGWROHVVH[WUHPHFRQFHQWUDWLRQ
RYHUVKRRWVPD\SURYLGHDVHQVLEOHFRPSURPLVHEHWZHHQWKHVH
WZR UHVXOWV )RU LQVWDQFH WKH µSHDNLQJ VWUDWHJLHV¶ FKRVHQ E\
Den Elzen et al  VKRZWKDWLWLVSRVVLEOHWRLQFUHDVHWKH
likelihood of meeting the long-term temperature target or to
reach targets with a similar likelihood at lower costs. Similar
DUJXPHQWV IRU DQDO\]LQJ RYHUVKRRW VWUDWHJLHV DUH PDGH E\
+DUYH\  DQG.KHVKJLet al. (2005).
3.3.5

Long-term stabilization scenarios

A large number of studies on climate stabilization have
been published since the TAR. Several model comparison
SURMHFWVFRQWULEXWHGWRWKHQHZOLWHUDWXUHLQFOXGLQJWKH(QHUJ\
0RGHOOLQJ )RUXP¶V (0) :H\DQW   DQG (0)
VWXGLHV 'H OD &KHVQD\H DQG :H\DQW   WKDW IRFXVHG RQ
WHFKQRORJ\ FKDQJH DQG PXOWLJDV VWXGLHV UHVSHFWLYHO\ WKH
IMCP (International Model Comparison Project), which
focused on technological change (Edenhofer et al DQG
WKH86&OLPDWH&KDQJH6FLHQFH3URJUDPPH 86&&63 
The updated emission scenario database (Hanaoka et al
Nakicenovic et al LQFOXGHVDWRWDORIQHZPLWLJDWLRQ
scenarios published since the SRES.
Comparison of mitigation scenarios is more complicated
QRZWKDQDWWKHWLPHRIWKH7$5EHFDXVH
v 3DUWV RI WKH PRGHOOLQJ FRPPXQLW\ KDYH H[SDQGHG WKHLU
DQDO\VLV WR LQFOXGH QRQ&22 gases, while others have
FRQWLQXHG WR IRFXV VROHO\ RQ &22. As discussed in the
previous section, multi-gas mitigation scenarios use different
targets, thus making comparison more complicated.
v Some recent studies have developed scenarios that do not
stabilize radiative forcing (or temperature) – but show a
peak before the end of the modelling time horizon (in most
cases 2100).
v $W WKH WLPH RI WKH 7$5 PDQ\ VWXGLHV XVHG WKH 65(6
VFHQDULRV DV EDVHOLQHV IRU WKHLU PLWLJDWLRQ DQDO\VHV
providing a comparable set of assumptions. Now, there is a
EURDGHUUDQJHRIXQGHUO\LQJDVVXPSWLRQV
7KLV VHFWLRQ LQWURGXFHV VRPH PHWULFV WR JURXS WKH &22RQO\ DQG PXOWLJDV VFHQDULRV VR WKDW WKH\ DUH UHDVRQDEO\
FRPSDUDEOH ,Q )LJXUH  WKH UHSRUWHG &22 concentrations
in 2100 are plotted against the 2100 total radiative forcing
UHODWLYH WR SUHLQGXVWULDO WLPHV  )LJXUH  VKRZV WKDW D
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Figure 3.16: Relationship of total radiative forcing vis-à-vis CO2 concentration
for the year 2100 (25 multi-gas stabilization scenarios for alternative stabilization
targets).

UHODWLRQVKLS H[LVWV EHWZHHQ WKH WZR LQGLFDWRUV 7KLV FDQ EH
H[SODLQHGE\WKHIDFWWKDW&22IRUPVE\IDUWKHPRVWLPSRUWDQW
FRQWULEXWRUWRUDGLDWLYHIRUFLQJ±DQGVXEVHTXHQWO\DUHGXFWLRQ
LQUDGLDWLYHIRUFLQJQHHGVWRFRLQFLGHZLWKDUHGXFWLRQLQ&22
FRQFHQWUDWLRQ7KHH[LVWLQJVSUHDGDFURVVWKHVWXGLHVLVFDXVHG
E\VHYHUDOIDFWRUVLQFOXGLQJGLIIHUHQFHVLQWKHDEDWHPHQWUDWH
DPRQJDOWHUQDWLYHJDVHVGLIIHUHQFHVLQVSHFL¿FIRUFLQJYDOXHV
IRU *+*V DQG RWKHU UDGLDWLYH JDVHV SDUWLFXODUO\ DHURVROV 
DQGGLIIHUHQFHVLQWKHDWPRVSKHULFFKHPLVWU\DQGFDUERQF\FOH
PRGHOVWKDWDUHXVHG+HUHWKHUHODWLRQVKLSLVXVHGWRFODVVLI\
WKHDYDLODEOHPLWLJDWLRQOLWHUDWXUHLQWRVL[FDWHJRULHVWKDWYDU\
LQ WKH VWULQJHQF\ RI WKH FOLPDWH WDUJHWV 7KH PRVW VWULQJHQW
group includes those scenarios that aim to stabilize radiative
IRUFLQJEHORZ:P27KLVJURXSDOVRLQFOXGHVDOO&22RQO\
VFHQDULRVWKDWVWDELOL]H&22FRQFHQWUDWLRQVEHORZSSPY,Q
contrast, the least stringent group of mitigation scenarios have a
UDGLDWLYHIRUFLQJLQDERYH:P2±DVVRFLDWHGZLWK&22
FRQFHQWUDWLRQVDERYHSSPY%\IDUWKHPRVWVWXGLHGJURXS
of scenarios are those that aim to stabilize radiative forcing at
±:P2RU±SSPY&22 (see Table 3.5).
7KH FODVVL¿FDWLRQ RI VFHQDULRV DV JLYHQ LQ 7DEOH 
SHUPLWVWKHFRPSDULVRQRIPXOWLJDVDQG&22RQO\VWDELOL]DWLRQ
scenarios according to groups of scenarios with comparable
OHYHORIPLWLJDWLRQVWULQJHQF\7KHVWXGLHVKDYHEHHQFODVVL¿HG
on the basis of the reported targets, using the relationship from
)LJXUHWRSHUPLWFRPSDUDELOLW\RIVWXGLHVXVLQJGLIIHUHQW
stabilization metrics. The following section uses these categories
, WR 9,  WR DQDO\]H WKH XQGHUO\LQJ G\QDPLFV RI VWDELOL]DWLRQ
scenarios as a function of the stabilization target. However, it
VKRXOGEHQRWHGWKDWWKHFODVVL¿FDWLRQLVVXEMHFWWRXQFHUWDLQW\
and should thus to be used with care.
3.3.5.1

Emission reductions and timing

)LJXUHVKRZVWKHSURMHFWHG&22 emissions associated
ZLWKWKHQHZPLWLJDWLRQVFHQDULRV,QDGGLWLRQWKH¿JXUHGHSLFWV
WKH UDQJH RI WKH 7$5 VWDELOL]DWLRQ VFHQDULRV PRUH WKDQ 
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Table 3.5: Classiﬁcation of recent (post-TAR) stabilization scenarios according to different stabilization targets and alternative stabilization metrics. Groups of stabilization
targets were deﬁned using the relationship in Figure 3.16.

Additional
radiative forcing

CO2
concentration

CO2-eq
Peaking year for Change in global emissions in 2050
concentration CO2 emissionsa
(% of 2000 emissions)1

W/m2

ppm

ppm

year

%

I

2.5-3.0

350-400

445-490

2000-2015

-85 to -50

II

3.0-3.5

400-440

490-535

2000-2020

-60 to -30

18

III

3.5-4.0

440-485

535-590

2010-2030

-30 to +5

21

IV

4.0-5.0

485-570

590-710

2020-2060

+10 to +60

118

V

5.0-6.0

570-660

710-855

2050-2080

+25 to +85

9

VI

6.0-7.5

660-790

855-1130

2060-2090

+90 to +140

Category

Total

No. of scenarios
6

5
177

Note: a Ranges correspond to the 15th to 85th percentile of the Post-TAR scenario distribution.
Note that the classiﬁcation needs to be used with care. Each category includes a range of studies going from the upper to the lower boundary. The classiﬁcation of
studies was done on the basis of the reported targets (thus including modeling uncertainties). In addition, also the relationship, which was used to relate different stabilization metrics, is subject to uncertainty (see Figure 3.16).

scenarios) (Morita et al., 2001). Independent of the stabilization
level, scenarios show that the scale of the emissions reductions,
relative to the reference scenario, increases over time. Higher
stabilization targets do push back the timing of most reductions,
HYHQEH\RQG
$Q LQFUHDVLQJ ERG\ RI OLWHUDWXUH DVVHVVHV WKH DWWDLQDELOLW\
RIYHU\ORZWDUJHWVRIEHORZSSPY&22 HJ9DQ9XXUHQ
et al., 2007; Riahi et al  7KHVH VFHQDULRV IURP FODVV ,
DQG,,H[WHQGWKHORZHUERXQGDU\EH\RQGWKHUDQJHRIWKH7$5
VWDELOL]DWLRQVFHQDULRVRISSPY&22 (see upper panels of
)LJXUH 7KHDWWDLQDELOLW\RIVXFKORZWDUJHWVLVVKRZQWR
GHSHQGRQ XVLQJDZLGHUDQJHRIGLIIHUHQWUHGXFWLRQRSWLRQV
DQG WKHWHFKQRORJ\µUHDGLQHVV¶RIDGYDQFHGWHFKQRORJLHVLQ
SDUWLFXODU WKH FRPELQDWLRQ RI ELRHQHUJ\ FDUERQ FDSWXUH DQG
JHRORJLF VWRUDJH %(&&6  ,I ELRPDVV LV JURZQ VXVWDLQDEO\
WKLV FRPELQDWLRQ PD\ OHDG WR QHJDWLYH HPLVVLRQV :LOOLDPV
+HU]RJet al 5DRDQG5LDKL  $]DUet al.
 DQG9DQ9XXUHQet al  DOO¿QGWKDWVXFKQHJDWLYH
HPLVVLRQV WHFKQRORJLHV PLJKW EH HVVHQWLDO IRU DFKLHYLQJ YHU\
stringent targets.
The emission range for the scenarios with low and
LQWHUPHGLDWH WDUJHWV EHWZHHQ  DQG  :P2 (scenarios in
FDWHJRULHV ,,, DQG ,9  DUH FRQVLVWHQW ZLWK WKH UDQJH RI WKH
 DQG  SSPY &22 scenarios in the TAR. Emissions in
WKLVFDWHJRU\WHQGWRVKRZSHDNHPLVVLRQVDURXQG±ZLWK
HPLVVLRQVLQVLPLODUWRRUVOLJKWO\EHORZHPLVVLRQVWRGD\
Although for these categories less rapid and forceful reductions
are required than for the more stringent targets, studies focusing
RQ WKHVH VWDELOL]DWLRQ FDWHJRULHV ¿QG WKDW D ZLGH SRUWIROLR RI
reduction measures would be needed to achieve such emission
SDWKZD\VLQDFRVWHIIHFWLYHZD\
7KHWZRKLJKHVWFDWHJRULHVRIVWDELOL]DWLRQVFHQDULRV 9DQG
9, RYHUODSZLWKORZPHGLXPFDWHJRU\EDVHOLQHVFHQDULRV VHH
9

6HFWLRQ 7KLVSDUWO\H[SODLQVWKHUHODWLYHO\VPDOOQXPEHURI
QHZVWXGLHVRQWKHVHFDWHJRULHV7KHHPLVVLRQSUR¿OHVRIWKHVH
scenarios are found to be consistent with the emissions ranges
as published in the TAR.
7KHUH LV D UHODWLYHO\ VWURQJ UHODWLRQVKLS EHWZHHQ WKH
FXPXODWLYH &22 emissions in the 2000–2100 period and the
VWULQJHQF\RIFOLPDWHWDUJHWV VHH)LJXUH 7KHXQFHUWDLQWLHV
DVVRFLDWHG ZLWK LQGLYLGXDO VWDELOL]DWLRQ OHYHOV VKRZQ E\ WKH
different percentiles DUHSULPDULO\GXHWRWKHUDQJHVDVVRFLDWHG
ZLWKLQGLYLGXDOVWDELOL]DWLRQFDWHJRULHVVXEVWLWXWDELOLW\RI&22
DQG QRQ&22-emissions, different model parameterizations of
WKH FDUERQ F\FOH EXW WKH\ DUH DOVR SDUWO\ GXH WR GLIIHUHQFHV
LQ HPLVVLRQV SDWKZD\V GHOD\HG UHGXFWLRQ SDWKZD\V FDQ
allow for somewhat higher cumulative emissions). In general,
VFHQDULRVDLPLQJIRUWDUJHWVEHORZ:P2 require cumulative
&22 HPLVVLRQV RI DURXQG  *W&22 UDQJH RI ±
*W&22  7KH FXPXODWLYH HPLVVLRQV LQFUHDVH IRU VXEVHTXHQWO\
OHVVVWULQJHQWWDUJHWV7KHPLGGOHFDWHJRU\ ±:P2) requires
HPLVVLRQVWREHLQWKHRUGHURI*W&22 UDQJHRI±
*W&22  7KH KLJKHVW FDWHJRU\ ! :P2  H[KLELWV HPLVVLRQV
RQDYHUDJHDURXQG*W&22 UDQJHRI±*W&22).
The timing of emission reductions also depends on the
VWULQJHQF\RIWKHVWDELOL]DWLRQWDUJHW7LPLQJRIFOLPDWHSROLF\
KDV DOZD\V EHHQ DQ LPSRUWDQW WRSLF LQ WKH VFHQDULR OLWHUDWXUH
:KLOHVRPHVWXGLHVDUJXHIRUHDUO\DFWLRQIRUVPRRWKWUDQVLWLRQV
DQG VWLPXODWLQJ WHFKQRORJ\ GHYHORSPHQW HJ $]DU DQG
'RZODWDEDGL  9DQ 9XXUHQ DQG 'H 9ULHV   RWKHUV
HPSKDVL]HGHOD\HGUHVSRQVHWREHQH¿WIURPEHWWHUWHFKQRORJ\
DQG KLJKHU &22 IHUWLOL]DWLRQ UDWHV IURP QDWXUDO V\VWHPV DW
ODWHU SRLQWV LQ WLPH HJ :LJOH\ et al  7RO  IRU
D PRUH HODERUDWH GLVFXVVLRQ RQ WLPLQJ VHH DOVR 6HFWLRQ  
This implies that a given stabilization target can be consistent
with a range of interim targets. Nevertheless, stringent targets
UHTXLUHDQHDUOLHUSHDNRI&22HPLVVLRQV VHH)LJXUHDQG

Note that the percentiles are used to illustrate the statistical properties of the scenario distributions, and should not be interpreted as likelihoods in any probabilistic context.
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Figure 3.17: Emissions pathways of mitigation scenarios for alternative groups of stabilization targets (Categories I to VI, see Table 3.5). The pink area gives the projected
CO2 emissions for the recent mitigation scenarios developed post-TAR. Green shaded areas depict the range of more than 80 TAR stabilization scenarios (Morita et al., 2001).
Category I and II scenarios explore stabilization targets below the lowest target of the TAR.
Source: After Nakicenovic et al., 2006, and Hanaoka et al., 2006
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Figure 3.18: Relationship between the scenario’s cumulative carbon dioxide
emissions (2000–2100) and the stabilization target (stabilization categories I to VI,
of Table 3.5).
Data source: After Nakicenovic et al., 2006, and Hanaoka et al., 2006

7DEOH ,QWKHPDMRULW\RIWKHVFHQDULRVFRQFHUQLQJWKHPRVW
VWULQJHQW JURXS  :P2), emissions start to decline before
 DQG DUH IXUWKHU UHGXFHG WR OHVV WKDQ  RI WRGD\¶V
HPLVVLRQV E\  7DEOH   7KH HPLVVLRQV SUR¿OHV RI
these scenarios indicate the need for short-term infrastructure
LQYHVWPHQWV IRU D FRPSDUDWLYHO\ HDUO\ GHFDUERQL]DWLRQ RI WKH
HQHUJ\ V\VWHP $FKLHYLQJ WKHVH ORZHPLVVLRQ WUDMHFWRULHV
requires a comprehensive global mitigation effort, including
D IXUWKHU WLJKWHQLQJ RI H[LVWLQJ FOLPDWH SROLFLHV LQ $QQH[ ,
countries, and simultaneous emission mitigation in developing
FRXQWULHVZKHUHPRVWRIWKHLQFUHDVHLQHPLVVLRQVLVH[SHFWHG
LQWKHFRPLQJGHFDGHV)RUWKHPHGLXPVWULQJHQF\JURXS 
:P2  WKH SHDN RI JOREDO HPLVVLRQV JHQHUDOO\ RFFXUV DURXQG
WRIROORZHGE\DUHWXUQWROHYHOVRQDYHUDJH
DURXQG  ZLWK WKH PDMRULW\ RI WKHVH VFHQDULRV UHWXUQLQJ
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WRHPLVVLRQVOHYHOVEHWZHHQDQG )RUWDUJHWV
EHWZHHQ±:P2, the median emissions peak around 2070.
7KH¿JXUHDOVRLQGLFDWHVWKDWWKHXQFHUWDLQW\UDQJHLVUHODWLYHO\
small for the more stringent targets, illustrating the reduced
ÀH[LELOLW\RIWKHHPLVVLRQVSDWKDQGWKHUHTXLUHPHQWIRUHDUO\
PLWLJDWLRQ7KHOHVVVWULQJHQWFDWHJRULHVDOORZPRUHÀH[LELOLW\LQ
WLPLQJ0RVWRIWKHVWULQJHQWVWDELOL]DWLRQVFHQDULRVRIFDWHJRU\
I (and some II scenarios) assume a temporal overshoot of the
stabilization target (GHG concentration, radiative forcing, or
temperature change) before the eventual date of stabilization
between 2100 and 2150. Recent studies indicate that while such
µRYHUVKRRW¶VWUDWHJLHVPLJKWEHLQHYLWDEOHIRUYHU\ORZWDUJHWV
JLYHQ WKH FOLPDWH V\VWHP DQG VRFLRHFRQRPLF LQHUWLD  WKH\
PLJKW DOVR SURYLGH LPSRUWDQW HFRQRPLF EHQH¿WV$W WKH VDPH
time, however, studies note that the associated rate of warming
IURP ODUJH RYHUVKRRWV PLJKW VLJQL¿FDQWO\ LQFUHDVH WKH ULVN RI
H[FHHGLQJ FULWLFDO FOLPDWH WKUHVKROGV )RU IXUWKHU GLVFXVVLRQ
VHH6HFWLRQ
7KH ULJKWKDQG SDQHO RI )LJXUH  LOOXVWUDWHV WKH WLPH DW
ZKLFK&22HPLVVLRQVZLOOKDYHWRUHWXUQWRSUHVHQWOHYHOV)RU
VWULQJHQWVWDELOL]DWLRQWDUJHWV EHORZ:P2FDWHJRU\,,,DQG
III) emissions return to present levels, on average, before the
PLGGOH RIWKLVFHQWXU\WKDW LV DERXW RQH WR WZR GHFDGHVDIWHU
WKH\HDULQZKLFKHPLVVLRQVSHDN,QPRVWRIWKHVFHQDULRVIRU
WKH KLJKHVW VWDELOL]DWLRQ FDWHJRU\ DERYH  :P2 FDWHJRU\
9,  HPLVVLRQV FRXOG VWD\ DERYH SUHVHQW OHYHOV WKURXJKRXW WKH
FHQWXU\
The absolute level of the required emissions reduction
GRHV QRW RQO\ GHSHQG RQ WKH VWDELOL]DWLRQ WDUJHW EXW DOVR RQ
the baseline emissions (see Hourcade and Shukla, 2001). This
LVFOHDUO\VKRZQLQWKHULJKWKDQGSDQHORI)LJXUHZKLFK
illustrates the relationship between the cumulative baseline
emissions and the cumulative emissions reductions for the
VWDELOL]DWLRQVFHQDULRV E\ ,QJHQHUDOVFHQDULRVZLWKKLJK
baseline emissions require a higher reduction rate to reach the

VDPHUHGXFWLRQWDUJHWWKLVLPSOLHVWKDWWKHGLIIHUHQWUHGXFWLRQ
FDWHJRULHV QHHG WR VKRZ XS DV GLDJRQDOV LQ ¿JXUH  7KLV
LV LQGHHG WKH FDVH IRU WKH UDQJH RI VWXGLHV DQG WKH µFDWHJRU\
DYHUDJHV¶ ODUJHWULDQJOHV $VLQGLFDWHGLQWKH¿JXUHDVFHQDULR
with high baseline emissions requires much deeper emission
reduction in order to reach a medium stabilization target
VRPHWLPHVPRUHWKDQ*W&22) than a scenario with low
baseline emissions to reach the most stringent targets (in some
FDVHVOHVVWKDQ*W&22 )RUWKHVDPHWDUJHW HJFDWHJRU\
,9 UHGXFWLRQPD\GLIIHUIURPWR*W&22. This comes
from the large spread of emissions in the baseline scenarios.
While scenarios for both stringent and less-stringent targets
have been developed from low and high baseline scenarios, the
data suggests that, on average, mitigation scenarios aimed at the
most stringent targets start from the lowest baseline scenarios.
In the short-term (2030), the relationship between emission
UHGXFWLRQDQGEDVHOLQHLVOHVVFOHDUJLYHQWKHÀH[LELOLW\LQWKH
WLPLQJRIHPLVVLRQUHGXFWLRQV OHIWKDQGSDQHOLQ)LJXUH 
While the averages of the various stabilization categories are
DOLJQHG LQ D VLPLODU ZD\ WR WKRVH GLVFXVVHG IRU  ZLWK
H[FHSWLRQ RI  FDWHJRU\ , IRU ZKLFK WKH VFHQDULR VDPSOH LV
VPDOOHU WKDQ IRU WKH RWKHU FDWHJRULHV  WKH XQFHUWDLQW\ UDQJHV
KHUHDUHYHU\ODUJH
3.3.5.2

GHG abatement measures

The abatement of GHG emissions can be achieved through a
ZLGHSRUWIROLRRIPHDVXUHVLQWKHHQHUJ\LQGXVWU\DJULFXOWXUDO
and forest sectors (see also Edmonds et alE3DFDODDQG
6RFRORZ  0HW] DQG 9DQ 9XXUHQ   0HDVXUHV IRU
UHGXFLQJ &22 emissions range from structural changes in the
HQHUJ\V\VWHPDQGUHSODFHPHQWRIFDUERQLQWHQVLYHIRVVLOIXHOV
E\FOHDQHUDOWHUQDWLYHV VXFKDVDVZLWFKIURPFRDOWRQDWXUDO
JDVRUWKHHQKDQFHGXVHRIQXFOHDUDQGUHQHZDEOHHQHUJ\ WR
GHPDQGVLGH PHDVXUHV JHDUHG WRZDUGV HQHUJ\ FRQVHUYDWLRQ
DQG HI¿FLHQF\ LPSURYHPHQWV ,Q DGGLWLRQ FDSWXULQJ FDUERQ
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Figure 3.19: Relationship between the stringency of the stabilization target (category I to VI) and 1) the time at which CO2 emissions have to peak (left-hand panel), and 2) the
year when emissions return to present (2000) levels.
Data source: After Nakicenovic et al., 2006, and Hanaoka et al., 2006.
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Figure 3.20: Relationship between required cumulative emissions reduction and carbon emissions in the baseline by 2030 (left-hand panel) and 2100 (right-hand panel).
Notes: Coloured rectangles denote individual scenarios for alternative stabilization targets (categories I to VI). The large triangles indicate the averages for each
category.
Data source: After Nakicenovic et al., 2006, and Hanaoka et al., 2006

GXULQJ HQHUJ\ FRQYHUVLRQ SURFHVVHV ZLWK VXEVHTXHQW VWRUDJH
in geological formations (CCS) provides an approach for
UHGXFLQJ HPLVVLRQV $QRWKHU LPSRUWDQW RSWLRQ IRU &22
emission reduction encompasses the enhancement of forest
sinks through afforestation, reforestation activities and avoided
deforestation.
,Q WKH HQHUJ\ VHFWRU WKH DIRUHPHQWLRQHG RSWLRQV FDQ EH
JURXSHG LQWR WZR SULQFLSDO PHDVXUHV IRU DFKLHYLQJ &22
UHGXFWLRQV
 ,PSURYLQJWKHHI¿FLHQF\RIHQHUJ\XVH RUPHDVXUHVJHDUHG
WRZDUGVHQHUJ\FRQVHUYDWLRQ 
 5HGXFLQJWKHHPLVVLRQVSHUXQLWRIHQHUJ\FRQVXPSWLRQ
The latter comprises the aggregated effect of structural
FKDQJHVLQWKHHQHUJ\V\VWHPVDQGWKHDSSOLFDWLRQRI&&6$
UHVSRQVH LQGH[ KDV EHHQ FDOFXODWHG EDVHG RQ WKH IXOO VHW RI
VWDELOL]DWLRQ VFHQDULRV IURP WKH GDWDEDVH  LQ RUGHU WR H[SORUH
WKHLPSRUWDQFHRIWKHVHWZRVWUDWHJLHV7KLVLQGH[LVHTXDOWR
WKHUDWLRRIWKHUHGXFWLRQVDFKLHYHGWKURXJKHQHUJ\HI¿FLHQF\
RYHUWKRVHDFKLHYHGE\FDUERQLQWHQVLW\LPSURYHPHQWV )LJXUH
3.21). Similar to Morita et al. (2001), it was discovered that
WKH PLWLJDWLRQ UHVSRQVH WR UHGXFH &22 emissions would
VKLIW RYHU WLPH IURP LQLWLDOO\ IRFXVLQJ RQ HQHUJ\ HI¿FLHQF\
reductions in the beginning of the 21stFHQWXU\WRPRUHFDUERQ
LQWHQVLW\ UHGXFWLRQ LQ WKH ODWWHU KDOI RI WKH FHQWXU\ )LJXUH
 7KHDPRXQWRIUHGXFWLRQVFRPLQJIURPFDUERQLQWHQVLW\
improvement is more important for the most stringent scenarios.
7KH PDLQ UHDVRQ LV WKDW LQ WKH VHFRQG KDOI RI WKH FHQWXU\
LQFUHDVLQJFRVWVRIIXUWKHUHQHUJ\HI¿FLHQF\LPSURYHPHQWVDQG
GHFUHDVLQJFRVWVRIORZFDUERQRUFDUERQIUHHHQHUJ\VRXUFHV
PDNHWKHODWWHUFDWHJRU\UHODWLYHO\PRUHDWWUDFWLYH7KLVWUHQGLV

also visible in the scenario results of model comparison studies
:H\DQW(GHQKRIHUet al 
,Q DGGLWLRQ WR PHDVXUHV IRU UHGXFLQJ &22 emissions from
HQHUJ\DQGLQGXVWU\HPLVVLRQUHGXFWLRQVFDQDOVREHDFKLHYHG
IURPRWKHUJDVHVDQGVRXUFHV)LJXUHLOOXVWUDWHVWKHUHODWLYH
contribution of measures towards achieving climate stabilization
IURPWKUHHPDLQVRXUFHV
 &22IURPHQHUJ\DQGLQGXVWU\
 &22 from land-use change.
 7KH IXOO EDVNHW RI QRQ&22 emissions from all relevant
sources.
7KH ¿JXUH FRPSDUHV WKH FRQWULEXWLRQ RI WKHVH PHDVXUHV
towards achieving stabilization for a wide range of targets
EHWZHHQDQG:P2E\ DQGEDVHOLQHVFHQDULRV$Q
important conclusion across all stabilization levels and baseline
VFHQDULRVLVWKHFHQWUDOUROHRIHPLVVLRQVUHGXFWLRQVLQWKHHQHUJ\
DQGLQGXVWU\VHFWRUV$OOVWDELOL]DWLRQVWXGLHVDUHFRQVLVWHQWLQ
WKDW LQGHSHQGHQW RI WKH EDVHOLQH RU WDUJHW XQFHUWDLQW\  PRUH
WKDQ  RI WRWDO HPLVVLRQV UHGXFWLRQ ZRXOG RFFXU LQ WKLV
VHFWRU7KHQRQ&22JDVHVDQGODQGXVHUHODWHG&22 emissions
(including forests) are seen to contribute together up to 35% of
total emissions reductions.10 However, as noted further above,
WKHPDMRULW\RIUHFHQWVWXGLHVLQGLFDWHWKHUHODWLYHLPSRUWDQFH
of the latter two sectors for the cost-effectiveness of integrated
PXOWLJDV*+*DEDWHPHQWVWUDWHJLHV VHHDOVR6HFWLRQ
RQ&22RQO\YHUVXVPXOWLJDVPLWLJDWLRQDQGRQODQG
use).
The strongest divergence across the scenarios concerns the
contribution of land-use-related mitigation. The results range

10 Most of the models include an aggregated representation of the forest sector comprising the joint effects of deforestation, afforestation and avoided deforestation.
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Figure 3.21: Response index to assess priority setting in energy-intensity reduction (more than 1) or in carbon-intensity reduction (less than 1) for post-TAR stabilization
scenarios.
Note: The panels show the development of the index for the years 2020, 2050, and 2100 (66, 77, and 59 scenarios, respectively, for which data on energy, GDP and
carbon emissions were available.
Data source: After Nakicenovic et al., 2006, and Hanaoka et al., 2006)

from negative contributions of land-use change to potential
HPLVVLRQV VDYLQJV RI PRUH WKDQ  *W&22 over the course
RIWKHFHQWXU\ )LJXUH 7KHSULPDU\UHDVRQIRUWKLVLVWKH
FRQVLGHUDEOHXQFHUWDLQW\ZLWKUHVSHFWWRIXWXUHFRPSHWLWLRQIRU
ODQG EHWZHHQ GHGLFDWHG ELRHQHUJ\ SODQWDWLRQV DQG SRWHQWLDO
gains from carbon savings in terrestrial sinks. Some scenarios,
IRU H[DPSOH SURMHFW PDVVLYH H[SDQVLRQ RI GHGLFDWHG ELR
HQHUJ\SODQWDWLRQVOHDGLQJWRDQLQFUHDVHLQHPLVVLRQVGXHWR
net deforestation (compared to the baseline).
$Q LOOXVWUDWLYH H[DPSOH IRU WKH IXUWKHU EUHDNGRZQ RI
PLWLJDWLRQRSWLRQVLVVKRZQLQ)LJXUH7KH¿JXUHVKRZV
VWDELOL]DWLRQ VFHQDULRV IRU D UDQJH RI WDUJHWV DERXW ±:
m2) based on four illustrative models (IMAGE, MESSAGE,
$,0DQG,3$& IRUZKLFKVXI¿FLHQWGDWDZHUHDYDLODEOH7KH
scenarios share similar stabilization targets, but differ with
respect to salient assumptions for technological change, longWHUPDEDWHPHQWSRWHQWLDOVDVZHOODVPRGHOPHWKRGRORJ\DQG
structure. The scenarios are also based on different baseline
VFHQDULRV )RU H[DPSOH FXPXODWLYH EDVHOLQH HPLVVLRQV RYHU
WKH FRXUVH RI WKH FHQWXU\ UDQJH EHWZHHQ  *W&22-eq in
0(66$*(DQG,3$&VFHQDULRVWRPRUHWKDQ*W&22-eq in
WKH,0$*(DQG$,0VFHQDULRV)LJXUHVKRZVWKHSULPDU\
HQHUJ\PL[RIWKHEDVHOLQHDQGWKHPLWLJDWLRQVFHQDULRV
,WVKRXOGEHQRWHGWKDWWKH¿JXUHVKRZVUHGXFWLRQRQWRSRI
WKHEDVHOLQH HJRWKHUUHQHZDEOHVPD\DOUHDG\PDNHDODUJH
EDVHOLQH FRQWULEXWLRQ  $ERYH DOO )LJXUH  LOOXVWUDWHV WKH
202

importance of using a wide portfolio of reduction measures, with
PDQ\ FDWHJRULHV RI PHDVXUHV VKRZLQJ FRQWULEXWLRQV RI PRUH
WKDQDIHZKXQGUHG*W&22RYHUWKHFRXUVHRIWKHFHQWXU\,Q
terms of the contribution of different options, there is agreement
for some options, while there is disagreement for others. The
FDWHJRU\ W\SHV WKDW KDYH D ODUJH SRWHQWLDO RYHU WKH ORQJ WHUP
± LQDWOHDVWRQHPRGHOLQFOXGHHQHUJ\FRQVHUYDWLRQ
FDUERQFDSWXUHDQGVWRUDJHUHQHZDEOHVQXFOHDUDQGQRQ&22
gases. These options could thus constitute an important part
of the mitigation portfolio. However, the differences between
the models also emphasize the impact of different assumptions
DQGWKHDVVRFLDWHGXQFHUWDLQW\ HJIRUUHQHZDEOHVUHVXOWVFDQ
YDU\ VWURQJO\ GHSHQGLQJ RQ ZKHWKHU WKH\ DUH DOUHDG\ XVHG LQ
WKHEDVHOLQHDQGKRZWKLVFDWHJRU\FRPSHWHVDJDLQVWRWKHU]HUR
or low-emission options in the power sector, such as nuclear
DQG&&6 7KH¿JXUHDOVRLOOXVWUDWHVWKDWWKHOLPLWDWLRQVRIWKH
mitigation portfolio with respect to CCS or forest sinks (AIM
DQG,3$& ZRXOGOHDGWRUHODWLYHO\KLJKHUFRQWULEXWLRQVRIRWKHU
options, in particular nuclear (IPAC) and renewables (AIM).
)LJXUHDOVRLOOXVWUDWHVWKHLQFUHDVHLQHPLVVLRQVUHGXFWLRQV
QHFHVVDU\ WR VWUHQJWKHQ WKH WDUJHW IURP  WR DERXW ±
:P2. Most of the mitigation options increase their contribution
VLJQL¿FDQWO\E\XSWRDIDFWRURIPRUHWKDQWZR7KLVHIIHFWLV
SDUWLFXODUO\VWURQJRYHUWKHVKRUWWHUP ± LQGLFDWLQJ
WKHQHHGIRUHDUO\DEDWHPHQWLQPHHWLQJVWULQJHQWVWDELOL]DWLRQ
WDUJHWV$QRWKHU LPSRUWDQW FRQFOXVLRQ IURP WKH ¿JXUH LV WKDW
&&6 DQG IRUHVW VLQN RSWLRQV DUH SOD\LQJ D UHODWLYHO\ PRGHVW
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As noted above, assumptions with regards to the baseline can
KDYHVLJQL¿FDQWLPSOLFDWLRQVIRUWKHFRQWULEXWLRQRILQGLYLGXDO
PLWLJDWLRQRSWLRQVLQDFKLHYLQJVWDELOL]DWLRQ)LJXUHFOHDUO\
shows that the baseline assumptions of the four models differ,
DQGWKDWWKHVHGLIIHUHQFHVSOD\DUROHLQH[SODLQLQJVRPHRIWKH
UHVXOWV)RULQVWDQFHWKH0(66$*(PRGHODOUHDG\LQFOXGHVD
ODUJHDPRXQWRIUHQHZDEOHVLQLWVEDVHOLQHDQGIXUWKHUH[SDQVLRQ
LVUHODWLYHO\FRVWO\1HYHUWKHOHVVVRPHFRPPRQWUHQGVDPRQJ
WKHPRGHOVPD\DOVREHREVHUYHG)LUVWRIDOODOPRVWDOOFDVHV
VKRZ D FOHDU UHGXFWLRQ LQ SULPDU\ HQHUJ\ XVH 6HFRQG LQ DOO
PRGHOVFRDOXVHLVVLJQL¿FDQWO\UHGXFHGXQGHUWKHFOLPDWHSROLF\
scenarios, compared to the baseline. It should be noted that in
those models that consider CCS, the remaining fossil fuel use is
PRVWO\LQFRPELQDWLRQZLWKFDUERQFDSWXUHDQGVWRUDJH,Q
RLOXVHLVRQO\PRGHVWO\UHGXFHGE\FOLPDWHSROLFLHV±WKLVDOVR
applies to natural gas use. In 2100, both oil and gas are reduced
FRPSDUHG WR WKH EDVHOLQH LQ PRVW PRGHOV )LQDOO\ UHQHZDEOH
HQHUJ\DQGQXFOHDUSRZHULQFUHDVHLQDOOPRGHOV±DOWKRXJKWKH
distribution across these two options differs.
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DOVR UHODWLYHO\ KLJKHU FDUERQ SULFHV VHH DOVR )LJXUH  RQ
increasing carbon prices over time).

□ Energy CO2
■ Land use CO2
□ Non-CO2

Figure 3.22: Cumulative contribution of alternative mitigation measures by source
(2000–2100)
Note: Contributions for a wide range of stabilization targets (2.6–5.3 W/m2),
indicated after the model name) and alternative baseline scenarios. Mitigation
scenarios using the same baseline are indicated for each model as (a) and (b)
reprectively.
Data source: EMF-21, Smith and Wigley., 2006; Van Vuuren et al., 2007; Riahi et al., 2006

3.3.5.3
UROHLQWKHVKRUWWHUPPLWLJDWLRQSRUWIROLRSDUWLFXODUO\IRUWKH
LQWHUPHGLDWH VWDELOL]DWLRQ WDUJHW  :P2). The results thus
LQGLFDWHWKDWWKHZLGHVSUHDGGHSOR\PHQWRIWKHVHRSWLRQVPLJKW
UHTXLUHUHODWLYHO\PRUHWLPHFRPSDUHGWRWKHRWKHURSWLRQVDQG

Energy conservation
& efficiency

Stabilization costs

Models use different metrics to report the costs of emission
reductions. Top-down general equilibrium models tend to report
*'3 ORVVHV ZKLOH V\VWHPHQJLQHHULQJ SDUWLDO HTXLOLEULXP

2000 - 2030

2000 - 2100

emissions reductions for 650 ppm

Fossil fuel switch

additional reductions for 490-540 ppm

Renewables
Nuclear
CCS
IMAGE MESSAGE AIM

Forest sinks

IPAC

Non-CO2
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Figure 3.23: Cumulative emissions reductions for alternative mitigation measures for 2000 to 2030 (left-hand panel) and for 2000-2100 (right-hand panel). The ﬁgure shows
illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) for stabilization levels of 490-540 ppmv CO2-eq and levels of 650 ppmv CO2-eq, respectively. Dark bars
denote reductions for a target of 650 ppmv CO2-eq and light bars the additional reductions to achieve 490-540 ppmv CO2-eq. Note that some models do not consider mitigation
through forest sink enhancement (AIM and IPAC) or CCS (AIM) and that the share of low-carbon energy options in total energy supply is also determined by inclusion of these
options in the baseline. CCS includes carbon capture and storage from biomass. Forest sinks include reducing emissions from deforestation.
Data source: Van Vuuren et al. (2007); Riahi et al. (2006); Hijioka, et al. (2006); Masui et al. (2006); Jiang et al. (2006).
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Figure 3.24: Primary energy mix for the years 2030 and 2100. Illustrative scenarios aim at stabilizing radiative forcing at low (3–3.6 W/m2) and intermediate levels
(4.5 W/m2) respectively.
Note: BL= Baseline. For the corresponding contribution of individual mitigation measures in (in GtCO2) see also Figure 3.23.

PRGHOVXVXDOO\UHSRUWWKHLQFUHDVHLQHQHUJ\V\VWHPFRVWVRUWKH
QHWSUHVHQWYDOXH 139 RIWKHDEDWHPHQWFRVWV$FRPPRQFRVW
LQGLFDWRULVDOVRWKHPDUJLQDOFRVWSULFHRIHPLVVLRQVUHGXFWLRQ
86W&RU86W&22).
)LJXUH  VKRZV WKH UHODWLRQVKLS EHWZHHQ VWDELOL]DWLRQ
targets and alternative measures of mitigation costs, comprising
GDP losses, net present value of abatement, and carbon price in
WHUPVRI86W&22-eq.
It is important to note that for the following reported cost
HVWLPDWHVWKHYDVWPDMRULW\RIWKHPRGHOVDVVXPHWUDQVSDUHQW
markets, no transaction costs, and thus perfect implementation
RI SROLF\ PHDVXUHV WKURXJKRXW WKH st FHQWXU\ OHDGLQJ WR
the universal adoption of cost-effective mitigation measures,
VXFK DV FDUERQ WD[HV RU XQLYHUVDO FDS DQG WUDGH SURJUDPPHV
7KHVH DVVXPSWLRQV JHQHUDOO\ UHVXOW LQ HTXDO FDUERQ SULFHV
across all regions and countries equivalent to global, least-cost
HVWLPDWHV 5HOD[DWLRQ RI WKHVH PRGHOOLQJ DVVXPSWLRQV DORQH
RU LQ FRPELQDWLRQ HJ PLWLJDWLRQRQO\ LQ$QQH[ , FRXQWULHV
QRHPLVVLRQVWUDGLQJRU&22RQO\PLWLJDWLRQ ZLOOOHDGWRDQ
appreciable increase in all cost categories.
7KH JUH\ VKDGHG DUHD LQ )LJXUH  LOOXVWUDWHV WKH th–
th percentile of the mitigation cost ranges of recent studies,
LQFOXGLQJ WKH 7$5 7KH DUHD LQFOXGHV RQO\ WKRVH UHFHQW
scenarios in the literature that report cost estimates based on a
FRPSUHKHQVLYHPLWLJDWLRQDQDO\VLVGH¿QHGDVWKRVHWKDWKDYH
D VXI¿FLHQWO\ ZLGH SRUWIROLR RI PLWLJDWLRQ PHDVXUHV11 The
VHOHFWLRQZDVPDGHRQDFDVHE\FDVHEDVLVIRUHDFKVFHQDULR
FRQVLGHUHG LQ WKLV DVVHVVPHQW 7KH )LJXUH DOVR VKRZV UHVXOWV
from selected illustrative studies (coloured lines). These
studies report costs for a range of stabilization targets and are

UHSUHVHQWDWLYH RI WKH RYHUDOO FRVW G\QDPLFV RI WKH IXOO VHW RI
VFHQDULRV7KH\VKRZFDVHVZLWKKLJKLQWHUPHGLDWHDQGORZ
FRVW HVWLPDWHV VRPHWLPHV H[FHHGLQJ WKH th (i.e. 10th±th)
SHUFHQWLOHUDQJHRQWKHXSSHUDQGORZHUERXQGDULHVRIWKHJUH\
shaded area). The colour coding is used to distinguish between
individual mitigation studies that are based on similar baseline
DVVXPSWLRQV *HQHUDOO\ PLWLJDWLRQ FRVWV IRU FRPSDUDEOH
stabilization targets) are higher from baseline scenarios with
UHODWLYHO\KLJKEDVHOLQHHPLVVLRQV EURZQDQGUHGOLQHV %\WKH
same token, intermediate or low baseline assumptions result in
UHODWLYHO\ORZHUFRVWHVWLPDWHV EOXHDQGJUHHQOLQHV 
 )LJXUH D VKRZV WKDW WKH PDMRULW\ RI VWXGLHV ¿QG WKDW
*'3 ORVVHV LQFUHDVH ZLWK WKH VWULQJHQF\ RI WKH WDUJHW HYHQ
WKRXJK WKHUH LV FRQVLGHUDEOH XQFHUWDLQW\ ZLWK UHVSHFW WR WKH
range of losses. Barker et al  IRXQGWKDWDIWHUDOORZLQJ
IRUEDVHOLQHHPLVVLRQVWKHGLIIHUHQFHVFDQEHH[SODLQHGE\
v The spread of assumptions in modelling-induced technical
change.
v 7KHXVHRIUHYHQXHVIURPWD[HVDQGSHUPLWDXFWLRQV
v 7KH XVH RI ÀH[LELOLW\ PHFKDQLVPV LH HPLVVLRQV WUDGLQJ
multi-gas mitigation, and banking).
v The use of backstop technologies.
v $OORZLQJIRUFOLPDWHSROLF\UHODWHGFREHQH¿WV
v 2WKHUVSHFL¿FPRGHOOLQJDVVXPSWLRQV
:H\DQW   OLVWV VLPLODU IDFWRUV EXW DOVR LQFOXGHV WKH
QXPEHU DQG W\SH RI WHFKQRORJLHV FRYHUHG DQG WKH SRVVLEOH
substitution between cost factors (elasticities). A limited set of
VWXGLHV¿QGVQHJDWLYH*'3ORVVHV HFRQRPLFJDLQV WKDWDULVH
from the assumption that a model’s baseline is assumed to be a
QRQRSWLPDOSDWKZD\DQGLQFRUSRUDWHVPDUNHWLPSHUIHFWLRQV,Q
these models, climate policies steer economies in the direction

11 The assessment of mitigation costs excludes stabilization scenarios that assume major limitation of the mitigation portfolio. For example, our assessment of costs does not include stabilization scenarios that exclude non-CO2 mitigation options for achieving multi-gas targets (for cost implications of CO2-only mitigation see also Section 3.3.5.4). The
assessment nevertheless includes CO2 stabilization scenarios that focus on single-gas stabilization of CO2 concentrations. The relationship between the stabilization metrics
given in Figure 3.16 is used to achieve comparability of multi-gas and CO2 stabilization scenarios.
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a) Selected studies reporting GDP losses
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Figure 3.25: Figure 3.25 Relationship between the cost of mitigation and long-term stabilization targets (radiative forcing compared to pre-industrial level, W/m2 and CO2-eq
concentrations).
Notes: These panels show costs measured as a % loss of GDP (top), net present value of cumulative abatement costs (middle), and carbon price (bottom). The
left-hand panels give costs for 2030, the middle panel for 2050, and the right-hand panel for 2100 repectively. Individual coloured lines denote selected studies with
representative cost dynamics from very high to very low cost estimates. Scenarios from models sharing similar baseline assumptions are shown in the same colour.
The grey-shaded range represents the 80th percentile of the TAR and post-TAR scenarios. NPV calculations are based on a discount rate of 5%. Solid lines show
representative scenarios considering all radiatively active gases. CO2 stabilization scenarios are added based on the relationship between CO2 concentration and the
radiative forcing targets shown in Figure 3.16. Dashed lines represent multi-gas scenarios, where the target is deﬁned by the six Kyoto gases (other multi-gas scenarios
consider all radiatively active gases).
Data sources: CCSP scenarios (USCCSP, 2006); IMCP scenarios (Edenhofer et al., 2006); Post-SRES (PS) scenarios (Morita et al., 2001); Azar et al., 2006; Riahi et al., 2006; Van Vuuren et al., 2007.

RI UHGXFLQJ WKHVH LPSHUIHFWLRQV IRU H[DPSOH E\ SURPRWLQJ
more investment into research and development and thus
DFKLHYLQJ KLJKHU SURGXFWLYLW\ SURPRWLQJ KLJKHU HPSOR\PHQW
UDWHVRUUHPRYLQJGLVWRUWLRQDU\WD[HV
7KHOHIWKDQGVLGHSDQHORI)LJXUHDVKRZVWKDWIRU
*'3ORVVHVLQWKHYDVWPDMRULW\RIWKHVWXGLHV PRUHWKDQRI
WKHVFHQDULRV DUHJHQHUDOO\EHORZIRUWKHWDUJHWFDWHJRULHV9
DQG9,$OVRLQWKHPDMRULW\RIWKHFDWHJRU\,,,DQG,9VFHQDULRV
(70% of the scenarios) GDP losses are below 1%. However, it is
LPSRUWDQWWRQRWHWKDWIRUFDWHJRULHV,,,DQG,9FRVWVDUHKLJKHU
RQDYHUDJHDQGVKRZDZLGHUUDQJHWKDQWKRVHIRUFDWHJRULHV9

DQG9,)RULQVWDQFHIRUFDWHJRU\,9WKHLQWHUYDOO\LQJEHWZHHQ
the 10th DQG th SHUFHQWLOH YDULHV IURP DERXW  JDLQ WR
DERXWORVV)RUFDWHJRU\,,,WKLVUDQJHLVVKLIWHGXSZDUGV
± 7KLV LV DOVR LQGLFDWHG E\ WKH PHGLDQ *'3 ORVVHV
E\  ZKLFK LQFUHDVHV IURP EHORZ  IRU FDWHJRULHV 9
DQG 9, WR DERXW  IRU WKH FDWHJRU\ ,9 VFHQDULRV DQG WR
DERXWIRUFDWHJRU\,,,VFHQDULRV*'3ORVVHVRIWKHORZHVW
VWDELOL]DWLRQ FDWHJRULHV ,  ,,  DUH JHQHUDOO\ EHORZ  E\
KRZHYHUWKHQXPEHURIVWXGLHVDUHUHODWLYHO\OLPLWHGDQG
LQWKHVHVFHQDULRVVWDELOL]DWLRQLVDFKLHYHGSUHGRPLQDQWO\IURP
ORZEDVHOLQHV7KHDEVROXWH*'3ORVVHVE\FRUUHVSRQGRQ
average to a reduction of the annual GDP growth rate of less
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WKDQ  SHUFHQWDJH SRLQWV IRU WKH VFHQDULRV RI FDWHJRU\ ,9
and less than 0.1 and 0.12 percentage points for the categories
,,,DQG, ,,UHVSHFWLYHO\
*'3 ORVVHV E\  PLGGOH SDQHO RI )LJXUH D  DUH
FRPSDUDWLYHO\KLJKHUWKDQWKHHVWLPDWHVIRU)RUH[DPSOH
IRUFDWHJRU\,9VFHQDULRVWKHUDQJHLVEHWZHHQDQG*'3
ORVVFRPSDUHGWREDVHOLQH PHGLDQ DQGIRUFDWHJRU\,,,
VFHQDULRVWKHUDQJHLVIURPVOLJKWO\QHJDWLYHWR PHGLDQ 
7KH 6WHUQ UHYLHZ   ORRNLQJ DW WKH FRVWV RI VWDELOL]DWLRQ
LQ  IRU D FRPSDUDEOH FDWHJRU\ ± &22-eq) found a
VLPLODUUDQJHRIEHWZHHQDQG)RUWKHVWXGLHVWKDWDOVR
H[SORUHGLIIHUHQWEDVHOLQHV LQDGGLWLRQWRPXOWLSOHVWDELOL]DWLRQ
OHYHOV  )LJXUH D DOVR VKRZV WKDW KLJK HPLVVLRQ EDVHOLQHV
(e.g. high SRES-A1 or A2 baselines) tend to lead to higher
FRVWV +RZHYHU WKH XQFHUWDLQW\ UDQJH DFURVV WKH PRGHOV LV DW
OHDVW RI D VLPLODU PDJQLWXGH *HQHUDOO\ PRGHOV WKDW FRPELQH
DVVXPSWLRQV RI YHU\ VORZ RU LQFUHPHQWDO WHFKQRORJLFDO FKDQJH
with high baseline emissions (e.g. IGSM-CCSP) tend to show the
UHODWLYHO\KLJKHVWFRVWV )LJXUHD *'3ORVVHVRIWKHORZHVW
VWDELOL]DWLRQ FDWHJRULHV ,  ,,  DUH JHQHUDOO\ EHORZ  E\
KRZHYHUWKHQXPEHURIVWXGLHVDUHUHODWLYHO\OLPLWHGDQGLQ
WKHVHVFHQDULRVVWDELOL]DWLRQLVDFKLHYHGSUHGRPLQDQWO\IURPORZ
baselines. The absolute GDP losses numbers for 2050 reported
above correspond on average to a reduction of the annual GDP
growth rate of less than 0.05 percentage points for the scenarios
RIFDWHJRU\,9DQGOHVVWKDQDQGSHUFHQWDJHSRLQWVIRU
WKHFDWHJRULHV,,,DQG, ,,UHVSHFWLYHO\
)LQDOO\WKHPRVWULJKWKDQGVLGHSDQHORI)LJXUHDVKRZV
that GDP losses show a bigger spread and tend to be somewhat
KLJKHU E\  *'3 ORVVHV DUH EHWZHHQ  DQG  IRU
FDWHJRU\ 9 VFHQDULRV DQG  WR DERXW  IRU FDWHJRU\ ,9
VFHQDULRV+LJKHVWFRVWVDUHJLYHQE\FDWHJRU\,,, IURPVOLJKWO\
QHJDWLYHFRVWVXSWR 7KHVDPSOHVL]HIRUFDWHJRU\,LVQRW
ODUJHHQRXJKIRUDVWDWLVWLFDODQDO\VLV6LPLODUO\IRUFDWHJRU\,,
scenarios, the range is not shown as the stabilization scenarios
RIFDWHJRU\,,DUHSUHGRPLQDQWO\EDVHGRQORZRULQWHUPHGLDWH
baselines, and thus the resulting range would not be comparable to
those from the other stabilization categories. However, individual
studies indicate that costs become higher for more stringent
WDUJHWV VHHIRUH[DPSOHVWXGLHVKLJKOLJKWHGLQJUHHQDQGEOXH
IRUWKHORZHVWVWDELOL]DWLRQFDWHJRULHVLQ)LJXUHD 12
The results for the net present value of cumulative abatement
FRVWV VKRZ D VLPLODU SLFWXUH )LJXUH E  +RZHYHU JLYHQ
WKH IDFW WKDW DEDWHPHQW FRVWV RQO\ FDSWXUH GLUHFW FRVWV WKLV
FRVWHVWLPDWHLVE\GH¿QLWLRQPRUHFHUWDLQ13 The interval from
the 10thWRWKHthSHUFHQWLOHLQUDQJHVIURPQHDUO\]HUR
WR DERXW  WULOOLRQ 86 7KH KLJKHVW OHYHO FRUUHVSRQGV WR
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DURXQG±RIWKH139RIJOREDO*'3RYHUWKHVDPHSHULRG
Again, on the basis of comparison across models, it is clear
that costs depend both on the stabilization level and baseline
emissions. In general, the spread of costs for each stabilization
FDWHJRU\VHHPVWREHRIDVLPLODURUGHUWRWKHGLIIHUHQFHVDFURVV
stabilization scenarios from different baselines. In 2030, the
LQWHUYDOFRYHULQJRIWKH139HVWLPDWHVUXQVIURPDURXQG
± WULOOLRQ IRU FDWHJRU\ ,9 VFHQDULRV 7KH PDMRULW\ RI WKH
PRUH VWULQJHQW FDWHJRU\ ,,,  VFHQDULRV UDQJH EHWZHHQ  WR
DERXWWULOOLRQ86,QW\SLFDOQXPEHUVIRUFDWHJRU\
,9 DUH DURXQG ± WULOOLRQ 86 DQG IRU FDWHJRU\ ,,, WKLV
LV±WULOOLRQ86 RUEHORZDERXWRIWKH139RI*'3 
%\WKH139HVWLPDWHVLQFUHDVHIXUWKHUZLWKWKHUDQJHXS
WRWULOOLRQIRUFDWHJRU\,9VFHQDULRVDQGXSWRWULOOLRQIRU
FDWHJRU\,,,VFHQDULRVUHVSHFWLYHO\7KHUHVXOWVRIWKHVHVWXGLHV
published since the TAR, are consistent with the numbers
SUHVHQWHGLQWKH7$5DOWKRXJKWKHQHZVWXGLHVH[WHQGUHVXOWV
WRVXEVWDQWLDOO\ORZHUVWDELOL]DWLRQOHYHOV
)LQDOO\ D VLPLODU WUHQG LV IRXQG IRU FDUERQ SULFH HVWLPDWHV
,Q  W\SLFDO FDUERQ SULFHV DFURVV WKH UDQJH RI PRGHOV DQG
EDVHOLQHVIRUD:P2VWDELOL]DWLRQWDUJHW FDWHJRU\,9 UDQJH
IURPDURXQG±86W&22 RIHVWLPDWHV ZLWKWKHPHGLDQ
RIDERXW86W&22)RUFDWHJRU\,,,WKHFRUUHVSRQGLQJSULFHV
DUHVRPHZKDWKLJKHUDQGUDQJHIURP±86W&22 (with the
PHGLDQRIWKHVFHQDULRVDURXQG86W&22). Most individual
VWXGLHVIRUWKHPRVWVWULQJHQWFDWHJRU\FOXVWHUDURXQGSULFHVRI
DERXW86W&22.&DUERQSULFHVE\DUHFRPSDUDWLYHO\
KLJKHUWKDQWKRVHLQ)RUH[DPSOHFRVWVRIFDWHJRU\,9
VFHQDULRVE\UDQJHEHWZHHQDQG86W&22, and those
IRUFDWHJRU\,,,UDQJHEHWZHHQDQG86W&22. Carbon
SULFHVLQYDU\RYHUDPXFKZLGHUUDQJH±PRVWO\UHÀHFWLQJ
XQFHUWDLQW\LQEDVHOLQHHPLVVLRQVDQGWHFKQRORJ\GHYHORSPHQW
)RU WKH PHGLXP WDUJHW RI  :P2 W\SLFDO FDUERQ SULFHV LQ
 UDQJH IURP ± 86W&22  RI HVWLPDWHV 7KLV
LVSULPDULO\DFRQVHTXHQFHRIWKHQDWXUHRIWKLVPHWULFZKLFK
RIWHQ UHSUHVHQWV FRVWV DW WKH PDUJLQ &RVWV WHQG WR VORZO\
increase for more stringent targets – with a range between the
10thDQGthSHUFHQWLOHRIPRUHWKDQWRDERXW86W&22
IRUFDWHJRU\,,,
3.3.5.4

The role of non-CO2 GHGs

$VDOVRLOOXVWUDWHGE\WKHVFHQDULRDVVHVVPHQWLQWKHSUHYLRXV
sections, more and more attention has been paid since the
7$5 WR LQFRUSRUDWLQJ QRQ&22 gases into climate mitigation
DQG VWDELOL]DWLRQ DQDO\VHV $V D UHVXOW WKHUH LV QRZ D ERG\
RI OLWHUDWXUH HJ 9DQ 9XXUHQ et al E 'H OD &KHVQD\H
DQG:H\DQW'HOD&KHVQD\Het al., 2007) showing that
PLWLJDWLRQFRVWVIRUWKHVHVHFWRUVFDQEHORZHUWKDQIRUHQHUJ\

12 If not otherwise mentioned, the discussion of the cost ranges (Figure 3.25) refers to the 80th percentile of the TAR and post-TAR scenario distribution (see the grey area in Figure
3.25).
13 NPV calculations are based on carbon tax projections of the scenarios, using a discount rate of 5%, and assuming that the average cost of abatement would be half the
marginal price of carbon. Some studies report abatement costs themselves, but for consistency this data was not used. The assumption of using half the marginal price of
carbon results in a slight overestimation.
14 Note that the scenarios of the lowest stabilization categories (I and II) are mainly based on intermediate and low baseline scenarios.
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UHODWHG &22 sectors. As a result, when all these options are
HPSOR\HGLQDPXOWLJDVPLWLJDWLRQSROLF\WKHUHLVDVLJQL¿FDQW
SRWHQWLDOIRUUHGXFHGFRVWVIRUDJLYHQFOLPDWHSROLF\REMHFWLYH
YHUVXV WKH VDPH SROLF\ ZKHQ &22 LV WKH RQO\ *+* GLUHFWO\
PLWLJDWHG7KHVHFRVWVDYLQJVFDQEHHVSHFLDOO\LPSRUWDQWZKHUH
FDUERQGLR[LGHLVQRWWKHGRPLQDQWJDVRQDSHUFHQWDJHEDVLV
for a particular economic sector and even for a particular region.
While the previous sections have focused on the joint assessment
RI&22DQGPXOWLJDVPLWLJDWLRQVFHQDULRVWKLVVHFWLRQH[SORUHV
WKHVSHFL¿FUROHRIQRQ&22 emitting sectors.15
$ QXPEHU RI SDUDOOHO QXPHULFDO H[SHULPHQWV KDYH EHHQ
FDUULHG RXW E\ WKH (QHUJ\ 0RGHOOLQJ )RUXP (0) 'H OD
&KHVQD\H DQG :H\DQW   7KH RYHUDOO FRQFOXVLRQ LV WKDW
HFRQRPLFEHQH¿WVRIPXOWLJDVVWUDWHJLHVDUHUREXVWDFURVVDOO
models. This is even true, despite the fact that different methods
ZHUHXVHGLQWKHVWXG\WRFRPSDUHWKHUHODWLYHFRQWULEXWLRQRI
WKHVHJDVHVLQFOLPDWHIRUFLQJ VHH6HFWLRQ 7KH(0)
VWXG\VSHFL¿FDOO\IRFXVHGRQFRPSDULQJVWDELOL]DWLRQVFHQDULRV
DLPLQJIRU:P2 compared to pre-industrial levels. There
ZHUHWZRFDVHVHPSOR\HGWRDFKLHYHWKHPLWLJDWLRQWDUJHW
 'LUHFWO\ PLWLJDWH &22 HPLVVLRQV IURP WKH HQHUJ\ VHFWRU
ZLWKVRPHLQGLUHFWUHGXFWLRQLQQRQ&22 gases).
2. Mitigate all available GHG in costs-effective approaches
XVLQJIXOOµZKDW¶ÀH[LELOLW\

Issues related to mitigation in the long-term context

$OWKRXJKWKHFRQWULEXWLRQVRIGLIIHUHQWJDVHVFKDQJHVKDUSO\
over time, there is a considerable spread among the different
PRGHOV0DQ\PRGHOVSURMHFWUHODWLYHO\HDUO\UHGXFWLRQVRIERWK
CHDQGWKHÀXRULQDWHGJDVHVXQGHUWKHPXOWLJDVFDVH+RZHYHU
the subset of models that does not use GWPs as the substitution
metric for the relative contributions of the different gases to
the overall target, but does assume inter-temporal optimization
in minimizing abatement costs, do not start to reduce CH
HPLVVLRQVVXEVWDQWLDOO\XQWLOWKHHQGRIWKHSHULRG7KHLQFUHDVHG
ÀH[LELOLW\ RI D PXOWLJDV PLWLJDWLRQ VWUDWHJ\ LV VHHQ WR KDYH
VLJQL¿FDQW LPSOLFDWLRQV IRU WKH FRVWV RI VWDELOL]DWLRQ DFURVV DOO
PRGHOVSDUWLFLSDWLQJLQWKH(0)7KHVHVFHQDULRVFRQFXUWKDW
PXOWLJDVPLWLJDWLRQLVVLJQL¿FDQWO\FKHDSHUWKDQ&22RQO\7KH
SRWHQWLDOUHGXFWLRQVRIWKH*+*SULFHUDQJHVLQWKHPDMRULW\RI
WKHVWXGLHVEHWZHHQDQG 6HH)LJXUH 
)LQDOO\ WKH (0) UHVHDUFK DOVR VKRZHG WKDW IRU VRPH
VRXUFHV RI QRQ&22 JDVHV WKH LGHQWL¿HG UHGXFWLRQ SRWHQWLDO
LV VWLOO YHU\ OLPLWHG HJ PRVW DJULFXOWXUDO VRXUFHV IRU 122
HPLVVLRQV )RUORQJWHUPVFHQDULRV DQGPRUHVWULQJHQWWDUJHWV 
LQ SDUWLFXODU LGHQWLI\LQJ KRZ WKLV SRWHQWLDO PD\ GHYHORS LQ
time is a crucial research question. Attempts to estimate the
PD[LPXPIHDVLEOHUHGXFWLRQV DQGWKHGHYHORSPHQWRISRWHQWLDO
RYHUWLPH KDYHEHHQPDGHLQ9DQ9XXUHQet al. (2007).
3.3.5.5

,QWKH&22RQO\PLWLJDWLRQVFHQDULRDOOPRGHOVVLJQL¿FDQWO\
UHGXFHG &22 HPLVVLRQV RQ DYHUDJH E\ DERXW  LQ 
compared to baseline scenarios. Models still indicated some
emission reductions for CH and N22 DV D UHVXOW RI V\VWHPLF
FKDQJHVLQWKHHQHUJ\V\VWHP(PLVVLRQVRI&+ were reduced
E\DERXWDQG122E\DERXW )LJXUH 
In the multi-gas mitigation scenario, all models found that
an appreciable percentage of the emission reductions occur
WKURXJK UHGXFWLRQV RI QRQ&22 gases, which then results in
VPDOOHUUHTXLUHGUHGXFWLRQVRI&22. The emission reduction for
&22LQWKHUHIRUHGURSV RQDYHUDJH IURPWR
7KLV SHUFHQWDJH LV VWLOO UDWKHU KLJK FDXVHG E\ WKH ODUJH VKDUH
RI&22LQWRWDOHPLVVLRQV RQDYHUDJHLQ DQGSDUWO\
GXHWRWKHH[KDXVWLRQRIUHGXFWLRQRSWLRQVIRUQRQ&22 gases.
The reductions of CH across the different models averages
around 50%, with remaining emissions coming from sources
IRU ZKLFK QR UHGXFWLRQ RSWLRQV ZHUH LGHQWL¿HG VXFK DV &+
HPLVVLRQV IURP HQWHULF IHUPHQWDWLRQ )RU 122 WKH LQFUHDVHG
UHGXFWLRQ LQ WKH PXOWLJDV VWUDWHJ\ LV QRW DV ODUJH DV IRU &+
DOPRVW 7KHPDLQUHDVRQLVWKDWWKHLGHQWL¿HGSRWHQWLDO
for emission reductions for the main sources of N22HPLVVLRQV
IHUWLOL]HUXVHDQGDQLPDOPDQXUHLVVWLOOOLPLWHG)LQDOO\IRUWKH
ÀXRULQDWHGJDVHVKLJKUHGXFWLRQUDWHV DERXW DUHIRXQG
across the different models.

Land use

Changes in land-use practices are regarded as an important
component of long-term strategies to mitigate climate change.
0RGL¿FDWLRQVWRODQGXVHDFWLYLWLHVFDQUHGXFHHPLVVLRQVRIERWK
&22DQGQRQ&22 gases (CH and N22 LQFUHDVHVHTXHVWUDWLRQ
RIDWPRVSKHULF&22 into plant biomass and soils, and produce
ELRPDVVIXHOVXEVWLWXWHVIRUIRVVLOIXHOV VHH&KDSWHUVDQG
of this report for discussions of detailed land-related mitigation
alternatives). Available information before the TAR suggested
that land has the technical potential to sequester up to an additional
 ELOOLRQ WRQQHV RI &22 *W&22  E\  LQ JOREDO IRUHVWV
DORQH ,3&& D ,3&&  ,3&& D  ,Q DGGLWLRQ
FXUUHQWWHFKQRORJLHVDUHFDSDEOHRIVXEVWDQWLDOO\UHGXFLQJ&+
and N22HPLVVLRQVIURPDJULFXOWXUH VHH&KDSWHU $QXPEHU
RIJOREDOELRPDVVHQHUJ\SRWHQWLDODVVHVVPHQWVKDYHDOVREHHQ
conducted (see Berndes et al. 2003 for an overview).
7KHH[SOLFLWPRGHOOLQJRIODQGEDVHGFOLPDWHFKDQJHPLWLJDWLRQ
LQ ORQJWHUP JOREDO VFHQDULRV LV UHODWLYHO\ QHZ DQG UDSLGO\
developing. As a result, assessment of the long-term role of global
ODQGEDVHGPLWLJDWLRQZDVQRWIRUPDOO\DGGUHVVHGE\WKH6SHFLDO
5HSRUWRQ/DQGXVH/DQGXVH&KDQJHDQG)RUHVWU\ ,3&& 
or the TAR. This section assesses the modelling of land in longterm climate stabilization and the relationship to detailed global
IRUHVWU\ PLWLJDWLRQ HVWLPDWHV IURP SDUWLDO HTXLOLEULXP VHFWRUDO
PRGHOVWKDWPRGHO\HDUFDUERQSULFHWUDMHFWRULHV

15 Note that the multi-gas stabilization scenarios, which consider only CO2 abatement options (discussed in this section), are not considered in the overall mitigation cost
assessment of Section 3.3.5.3.
16 Most of the assessments are conducted with large regional spatial resolutions; exceptions are Fischer and Schrattenholzer (2001), Sørensen (1999), and Hoogwijk et al. (2005).
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Figure 3.26: Reduction of emissions in the CO2-only versus multi-gas strategies.
Source: De la Chesnaye and Weyant, 2006 (see also Van Vuuren et al., 2006b)
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Carbon price of multi-gas scenarios as percent
of carbon price of CO2-only scenarios
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Figure 3.27: Reduction in GHG abatement price (%) in multi-gas stabilization
scenarios compared to CO2-only cases. Ranges correspond to alternative scenarios
for a stabilization target of 4.5 W/m2.
Data source: De la Chesnaye and Weyant, 2006

Development of, among other things, global sectoral land
PLWLJDWLRQ PRGHOV HJ 6RKQJHQ DQG 6HGMR   ERWWRP
XS DJULFXOWXUDO PLWLJDWLRQ FRVWV IRU VSHFL¿F WHFKQRORJLHV
HJ86(3$E DQGELRPDVVWHFKQLFDOSRWHQWLDOVWXGLHV
(e.g. Hoogwijk et al., 2005) has facilitated the formal incorporation of land mitigation in long-term integrated assessment of
climate change stabilization strategies. Hoogwijk et al. (2005),
IRUH[DPSOHHVWLPDWHGWKHSRWHQWLDORIDEDQGRQHGDJULFXOWXUDO
ODQGV IRU SURYLGLQJ ELRPDVV IRU SULPDU\ HQHUJ\ GHPDQG DQG
LGHQWL¿HGWKHWHFKQLFDOELRPDVVVXSSO\OLPLWVRIWKLVODQGW\SH
(e.g. under the SRES A2 scenario, abandoned agricultural lands
FRXOGSURYLGHIRURIWRWDOHQHUJ\GHPDQG 6DQGVDQG
/HLPEDFK  FRQGXFWHGRQHRIWKH¿UVWVWXGLHVWRH[SOLFLWO\
H[SORUHODQGEDVHGPLWLJDWLRQLQVWDELOL]DWLRQVXJJHVWLQJWKDW
WKHWRWDOFRVWRIVWDELOL]DWLRQFRXOGEHUHGXFHGE\LQFOXGLQJODQG
VWUDWHJLHVLQWKHVHWRIHOLJLEOHPLWLJDWLRQRSWLRQV HQHUJ\FURSV
LQWKLVFDVH 7KH(QHUJ\0RGHOOLQJ)RUXP6WXG\ (0)
'H OD &KHVQD\H DQG :H\DQW   ZDV WKH ¿UVW FRRUGLQDWHG
VWDELOL]DWLRQPRGHOOLQJHIIRUWWRLQFOXGHDQH[SOLFLWHYDOXDWLRQ
RI WKH UHODWLYH UROH RI ODQG LQ VWDELOL]DWLRQ KRZHYHU RQO\ D
IHZ PRGHOV SDUWLFLSDWHG %XLOGLQJ RQ WKHLU (0) HIIRUWV
some modelling teams have also generated even more recent
stabilization scenarios with revised land modelling. These
VWXGLHV DUH FRQVSLFXRXVO\ GLIIHUHQW LQ WKH VSHFL¿FV RI WKHLU
modelling of land and land-based mitigation (Rose et al., 2007).
'LIIHUHQFHVLQWKHW\SHVRIODQGFRQVLGHUHGHPLVVLRQVVRXUFHV
DQGPLWLJDWLRQDOWHUQDWLYHVDQGLPSOHPHQWDWLRQLPSO\GLIIHUHQW
RSSRUWXQLWLHVDQGRSSRUWXQLW\FRVWVIRUODQGUHODWHGPLWLJDWLRQ
and, therefore, different outcomes.
)RXURIWKHPRGHOOLQJWHDPVLQWKH(0)VWXG\GLUHFWO\
H[SORUHG WKH TXHVWLRQ RI WKH FRVWHIIHFWLYHQHVV RI LQFOXGLQJ
land-based mitigation in stabilization solutions and found that

LQFOXGLQJ WKHVH RSWLRQV ERWK QRQ&22 DQG &22) provided
JUHDWHU ÀH[LELOLW\ DQG ZDV FRVWHIIHFWLYH IRU VWDELOL]LQJ
UDGLDWLYH IRUFLQJ DW  :P2 .XURVDZD  9DQ 9XXUHQ
et alD5DRDQG5LDKL-DNHPDQDQG)LVKHU 
-DNHPDQDQG)LVKHU  IRUH[DPSOHIRXQGWKDWLQFOXGLQJ
ODQGXVH FKDQJH DQG IRUHVWU\ PLWLJDWLRQ RSWLRQV UHGXFHG WKH
emissions reduction burden on all other emissions sources
such that the projected decline in global real GDP associated
ZLWKDFKLHYLQJVWDELOL]DWLRQZDVUHGXFHGWRDW 
WULOOLRQ86 YHUVXVORVVHVRIDURXQG WULOOLRQ86 
DQG   WULOOLRQ 86  IRU WKH &22RQO\ DQG PXOWLJDV
VFHQDULRV UHVSHFWLYHO\17 8QIRUWXQDWHO\ QRQH RI WKH (0)
papers isolated the GDP effects associated with biomass fuel
VXEVWLWXWLRQ RU DJULFXOWXUDO QRQ&22 abatement. However,
given agriculture’s small estimated share of total abatement
(discussed below), the GDP savings associated with agricultural
QRQ&22 DEDWHPHQW FRXOG EH H[SHFWHG WR EH PRGHVW RYHUDOO
WKRXJKSRWHQWLDOO\VWUDWHJLFDOO\VLJQL¿FDQWWRWKHG\QDPLFVRI
PLWLJDWLRQSRUWIROLRV%LRPDVVRQWKHRWKHUKDQGPD\KDYHD
substantial abatement role and therefore a large effect on the
HFRQRPLFFRVWRIVWDELOL]DWLRQ1RWDEO\VWUDWHJLHVIRULQFUHDVLQJ
cropland soil carbon have not been incorporated to date into this
FODVVRIPRGHOV VHH&KDSWHUIRUDQHVWLPDWHRIWKHVKRUWWHUP
potential for enhancing agricultural soil carbon).
)LJXUHSUHVHQWVWKHSURMHFWHGPLWLJDWLRQIURPIRUHVWU\
DJULFXOWXUHDQGELRPDVVIRUWKH(0):P2 stabilization
VFHQDULRV DV ZHOO DV DGGLWLRQDO VFHQDULRV SURGXFHG E\ WKH
0(66$*( DQG ,0$*( PRGHOV ± DQ DSSUR[LPDWH  :P2
VFHQDULRIURP5DRDQG5LDKL  D:P2 scenario from
Riahi et al  DQGDSSUR[LPDWHO\DQG:P2
VFHQDULRVIURP9DQ9XXUHQet al. (2007) (see Rose et al., 2007,
IRU D V\QWKHVLV  :KLOH WKHUH DUH FOHDUO\ GLIIHUHQW ODQGEDVHG
PLWLJDWLRQ SDWKZD\V EHLQJ WDNHQ DFURVV PRGHOV IRU WKH VDPH
stabilization target, and across targets with the same model and
DVVXPSWLRQV VRPH JHQHUDO REVHUYDWLRQV FDQ EH PDGH )LUVW
IRUHVWU\ DJULFXOWXUH DQG ELRPDVV DUH FDOOHG XSRQ WR SURYLGH
VLJQL¿FDQW FRVWHIIHFWLYH PLWLJDWLRQ FRQWULEXWLRQV 5RVH et
al., 2007). In the short-term (2000–2030), forest, agriculture,
and biomass together could account for cumulative abatement
RI ± *W&22HT ZLWK ± RI WKH WRWDO DEDWHPHQW
FRQVLGHUHGE\WKHDYDLODEOHVWXGLHVDQGIRUHVWDJULFXOWXUDOQRQ
&22 abatement providing at least three quarters of total land
abatement.2YHUWKHHQWLUHFHQWXU\ ± FXPXODWLYH
ODQGEDVHG DEDWHPHQW RI DSSUR[LPDWHO\ ± *W&22-eq
LV HVWLPDWHG WR EH FRVWHIIHFWLYH DFFRXQWLQJ IRU ± RI
WRWDOFXPXODWLYHDEDWHPHQW)RUHVWU\DJULFXOWXUHDQGELRPDVV
DEDWHPHQW OHYHOV DUH HDFK SURMHFWHG WR JURZ DQQXDOO\ ZLWK
UHODWLYHO\VWDEOHDQQXDOLQFUHDVHVLQDJULFXOWXUDOPLWLJDWLRQDQG
JUDGXDO GHSOR\PHQW RI ELRPDVV PLWLJDWLRQ ZKLFK DFFHOHUDWHV
GUDPDWLFDOO\ LQ WKH ODVW KDOI RI WKH FHQWXU\ WR EHFRPH WKH
GRPLQDQWODQGPLWLJDWLRQVWUDWHJ\

17 All values here are given in constant US dollars at 2000 prices.
18 The high percentage arises because some scenarios project that the required overall abatement from 2000–2030 is modest, and forestry and agricultural abatement options
cost-effectively provide the majority of abatement.
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However, there are substantial uncertainties. There is little
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Figure 3.28: Cost-effective agriculture, forest, and commercial biomass annual
greenhouse gas emissions abatement from baselines from various 2100 stabilization
scenarios (note y-axes have different ranges).
Notes: The colour of the line indicates the 2100 stabilization target modelled:
green < 3.25 W/m2 (< 420 CO2 concentration, < 510 CO2-eq concentration), pink
3.25–4 (42–490, 510–590), and dark blue 4–5 (490–570, 59–710). The IMAGEEMF21 and IMAGE 2.3 forest results are net of deforestation carbon losses
induced by bio-energy crop extensiﬁcation. These carbon losses are accounted
for under forestry by the other scenarios. The MESSAGE-EMF21 results are
taken from the sensitivity analysis of Rao and Riahi (2006). The GTEM-EMF21
scenarios ran through 2050 and the GTEM agriculture mitigation results include
fossil fuel emissions reductions in agriculture (5-7% of the annual agricultural
abatement). Scenario references: IMAGE-EMF21 (Van Vuuren et al., 2006a);
MESSAGE-EMF21 (Rao and Riahi, 2006); MESSAGE-A2r (Riahi et al., 2006);
GRAPE-EMF21 (Kurosawa, 2006); GTEM-EMF21 (Jakeman and Fisher, 2006);
and IMAGE 2.3 (Van Vuuren et al., 2007).
Source: Rose et al. (2007)
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)LJXUHV  DQG  VKRZ WKDW DGGLWLRQDO ODQGEDVHG
DEDWHPHQW LV H[SHFWHG WR EH FRVWHIIHFWLYH ZLWK WLJKWHU
VWDELOL]DWLRQWDUJHWVDQGRUKLJKHUEDVHOLQHHPLVVLRQV HJVHH
the IMAGE 2.3 results for various stabilization targets and the
0(66$*(:P2VWDELOL]DWLRQUHVXOWVZLWK% (0) DQG
$UEDVHOLQHV %LRPDVVLVODUJHO\UHVSRQVLEOHIRUWKHDGGLWLRQDO
DEDWHPHQW KRZHYHU DJULFXOWXUDO DQG IRUHVWU\ DEDWHPHQW DUH
DOVR H[SHFWHG WR LQFUHDVH +RZ WKH\ PLJKW LQFUHDVH LV PRGHO
and time dependent. In general, the overall mitigation role of
agricultural abatement of rice methane, livestock methane,
QLWURXV R[LGH HQWHULF DQG PDQXUH  DQG VRLO QLWURXV R[LGH LV
projected to be modest throughout the time horizon, with some
VXJJHVWLRQRILQFUHDVHGLPSRUWDQFHLQHDUO\GHFDGHV

$QXPEHURIWKHUHFHQWVFHQDULRVVXJJHVWWKDWELRPDVVHQHUJ\
DOWHUQDWLYHVFRXOGEHHVVHQWLDOIRUVWDELOL]DWLRQHVSHFLDOO\DVD
PLWLJDWLRQ VWUDWHJ\ WKDW FRPELQHV WKH WHUUHVWULDO VHTXHVWUDWLRQ
PLWLJDWLRQEHQH¿WVDVVRFLDWHGZLWKELRHQHUJ\&22 capture and
VWRUDJH %(&&6  ZKHUH &22 emissions are captured during
ELRPDVVHQHUJ\FRPEXVWLRQIRUVWRUDJHLQJHRORJLFIRUPDWLRQV
HJ5DRDQG5LDKL5LDKLet al.XURVDZD
9DQ9XXUHQet al86&&63 %(&&6KDVDOVREHHQ
VXJJHVWHGDVDSRWHQWLDOUDSLGUHVSRQVHSUHYHQWLRQVWUDWHJ\IRU
abrupt climate change. Across stabilization scenarios, absolute
HPLVVLRQVUHGXFWLRQVIURPELRPDVVDUHSURMHFWHGWRJURZVORZO\
LQWKH¿UVWKDOIRIWKHFHQWXU\DQGWKHQUDSLGO\LQWKHVHFRQG
half, as new biomass processing and mitigation technologies
EHFRPHDYDLODEOH)LJXUHVXJJHVWVELRPDVVPLWLJDWLRQRIXS
WR*W&22\ULQDQG*W&22\ULQIRUFXPXODWLYH
DEDWHPHQW RYHU WKH FHQWXU\ RI ± *W&22 )LJXUH  
)LJXUHVKRZVWKHDPRXQWRIFRPPHUFLDOELRPDVVSULPDU\
HQHUJ\XWLOL]HGLQYDULRXVVWDELOL]DWLRQVFHQDULRV)RUH[DPSOHLQ
WKHDGGLWLRQDOELRPDVVHQHUJ\SURYLGHVDSSUR[LPDWHO\±
(-IRUDVWDELOL]DWLRQWDUJHWRI±:P2DQGDSSUR[LPDWHO\
±(-IRU±:P2, accounting for about 0–10 and 5–
RIWRWDOSULPDU\HQHUJ\UHVSHFWLYHO\ 86&&63
Rose et al   2YHU WKH FHQWXU\ WKH DGGLWLRQDO ELRHQHUJ\
DFFRXQWVIRU±(-IRUWDUJHWVRI±:P2DQG±
(-IRUWDUJHWVRI±:P2 ±DQG±RIWRWDO
SULPDU\HQHUJ\UHVSHFWLYHO\ .
0RUH ELRPDVV HQHUJ\ LV VXSSOLHG ZLWK WLJKWHU VWDELOL]DWLRQ
WDUJHWVEXWKRZPXFKLVUHTXLUHGIRUDQ\SDUWLFXODUWDUJHWGHSHQGV
RQWKHFRQÀXHQFHRIWKHPDQ\GLIIHUHQWPRGHOOLQJDVVXPSWLRQV
Modelled demands for biomass include electric power and
HQGXVH VHFWRUV WUDQVSRUWDWLRQ EXLOGLQJV LQGXVWU\ DQG QRQ
HQHUJ\ XVHV  &XUUHQW VFHQDULRV VXJJHVW WKDW HOHFWULFSRZHU LV
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Figure 3.29: Cumulative cost-effective agricultural, forestry, and biomass abatement 2000–2100 from various 2100 stabilization scenarios.
Source: Rose et al. (2007)

projected to dominate biomass demand in the initial decades
and, in general, with less stringent stabilization targets. Later
LQWKHFHQWXU\ DQGIRUPRUHVWULQJHQWWDUJHWV WUDQVSRUWDWLRQLV
projected to dominate biomass use. When biomass is combined
with BECCS, biomass mitigation shifts to the power sector late
LQWKHFHQWXU\WRWDNHDGYDQWDJHRIWKHQHWQHJDWLYHHPLVVLRQV
from the combined abatement option, such that BECCS could
represent a signifant share of cumulative biomass abatement
RYHUWKHFHQWXU\ HJ±RIWRWDOELRPDVVDEDWHPHQWIURP
0(66$*(LQ)LJXUH 

FKDQJHVLQJOREDOSK\VLFDODQGHFRQRPLFIRUFHV)RUH[DPSOH
5DR DQG 5LDKL   RIIHU LQWXLWLYH UHVXOWV RQ WKH SRWHQWLDO
UROHRIDJULFXOWXUDOPHWKDQHDQGQLWURXVR[LGHPLWLJDWLRQDFURVV
LQGXVWULDOL]HG DQG GHYHORSLQJ FRXQWU\ JURXSV ¿QGLQJ WKDW
DJULFXOWXUHLVH[SHFWHGWRIRUPDODUJHUVKDUHRIWKHGHYHORSLQJ
countries’ total mitigation portfolio; and, developing countries
200

EJ/yr

180
160

7RGDWHGHWDLOHGDQDO\VHVRIODUJHVFDOHELRPDVVFRQYHUVLRQ
ZLWK &22 capture and storage is scarce. As a result, current
integrated assessment BECCS scenarios are based on a limited
DQG XQFHUWDLQ XQGHUVWDQGLQJ RI WKH WHFKQRORJ\ ,Q JHQHUDO
IXUWKHUUHVHDUFKLVQHFHVVDU\WRFKDUDFWHUL]HELRPDVV¶ORQJWHUP
PLWLJDWLRQSRWHQWLDOHVSHFLDOO\LQWHUPVRIODQGDUHDDQGZDWHU
UHTXLUHPHQWVFRQVWUDLQWVDQGRSSRUWXQLW\FRVWVLQIUDVWUXFWXUH
possibilities, cost estimates (collection, transportation, and
processing), conversion and end-use technologies, and
HFRV\VWHP H[WHUQDOLWLHV ,Q SDUWLFXODU SUHVHQW VWXGLHV DUH
UHODWLYHO\ SRRU LQ UHSUHVHQWLQJ ODQG FRPSHWLWLRQ ZLWK IRRG
VXSSO\DQGWLPEHUSURGXFWLRQZKLFKKDVDVLJQL¿FDQWLQÀXHQFH
RQWKHHFRQRPLFSRWHQWLDORIELRHQHUJ\FURSV DQH[FHSWLRQLV
Sands and Leimbach, 2003).
7HUUHVWULDO PLWLJDWLRQ SURMHFWLRQV DUH H[SHFWHG WR EH
UHJLRQDOO\XQLTXHZKLOHVWLOOOLQNHGDFURVVWLPHDQGVSDFHE\
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Figure 3.30: Commercial biomass primary energy scenarios above baseline from
various 2100 stabilization scenarios.
Notes: The colour of the line indicates the 2100 stabilization target modelled:
green < 3.25 W/m2 (< 420 CO2 concentration, < 510 CO2-eq concentration),
pink 3.25–4 (420–490, 510–590), dark blue 4–5 (490–570, 590–710), and light
blue 5–6 (570–660, 710–860). Scenario references: IMAGE-EMF21 (Van Vuuren
et al., 2006a); MESSAGE-EMF21 (Rao and Riahi, 2006); MESSAGE-A2r (Riahi et
al., 2006); IMAGE 2.3 (Van Vuuren et al., 2007); IGSM and MiniCAM (USCCSP,
2006).
Source: Rose et al. (2007) ; USCCSP (2006)
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DUH OLNHO\ WR SURYLGH WKH YDVW PDMRULW\ RI JOREDO DJULFXOWXUDO
mitigation. Some aggregate regional forest mitigation results
DOVR DUH GLVFXVVHG EHORZ +RZHYHU JLYHQ WKH SDXFLW\ RI
published regional results from integrated assessment models,
LW LV FXUUHQWO\ QRW SRVVLEOH WR DVVHVV WKH UHJLRQDO ODQGXVH
DEDWHPHQW SRWHQWLDO LQ VWDELOL]DWLRQ )XWXUH UHVHDUFK VKRXOG
GLUHFWDWWHQWLRQWRWKLVLVVXHLQRUGHUWRPRUHIXOO\FKDUDFWHUL]H
mitigation potential.
In addition to the stabilization scenarios discussed thus far from
integrated assessment and climate economic models, the literature
includes long-term mitigation scenarios from global land sector
HFRQRPLFPRGHOV HJ6RKQJHQDQG6HGMR6DWKD\Het al.,
 6DQGV DQG /HLPEDFK   7KHUHIRUH D FRPSDULVRQ LV
SUXGHQW7KHVHFWRUDOPRGHOVXVHH[RJHQRXVFDUERQSULFHSDWKV
to simulate different climate policies and assumptions. It is
possible to compare the stabilization and sectoral scenarios using
WKHVH FDUERQ SULFH SDWKV 6WDELOL]DWLRQ HJ (0) GLVFXVVHG
above) and ‘optimal’ (e.g. Sohngen and Mendelsohn, 2003)
climate abatement policies suggest that carbon prices will rise
over time.7DEOHFRPSDUHVWKHIRUHVWPLWLJDWLRQRXWFRPHV
from stabilization and sectoral scenarios that have similar carbon
price trajectories (Rose et al., 2007).20 Rising carbon prices will
provide incentives for additional forest area, longer rotations, and
more intensive management to increase carbon storage. Higher
HIIHFWLYHHQHUJ\SULFHVPLJKWDOVRHQFRXUDJHVKRUWHUURWDWLRQVIRU
MRLQWSURGXFWLRQRIIRUHVWELRHQHUJ\IHHGVWRFNV
7DEOHVKRZVWKDWWKHYDVWPDMRULW\RIIRUHVWPLWLJDWLRQLV
SURMHFWHGWRRFFXULQWKHVHFRQGKDOIRIWKHFHQWXU\ZLWKWURSLFDO
UHJLRQVLQDOOEXWRQHVFHQDULRLQ7DEOHDVVXPLQJDODUJHU
VKDUH RI JOREDO IRUHVW VHTXHVWUDWLRQPLWLJDWLRQ WKDQ WHPSHUDWH
UHJLRQV 7KH ,0$*( UHVXOWV IURP (0) DUH GLVFXVVHG
VHSDUDWHO\EHORZ/RZHULQLWLDOFDUERQSULFHVVKLIWHDUO\SHULRG
mitigation to the temperate regions since, at that time, carbon
incentives are inadequate for arresting deforestation. The
sectoral models project that tropical forest mitigation activities
DUH H[SHFWHG WR EH KHDYLO\ GRPLQDWHG E\ ODQGXVH FKDQJH
activities (reduced deforestation and afforestation), while land
management activities (increasing inputs, changing rotation
OHQJWK DGMXVWLQJ DJH RU VSHFLHV FRPSRVLWLRQ  DUH H[SHFWHG
WR EH WKH VOLJKWO\ GRPLQDQW VWUDWHJLHV LQ WHPSHUDWH UHJLRQV
The current stabilization scenarios model more limited and
DJJUHJDWHG IRUHVWU\ *+* DEDWHPHQW WHFKQRORJLHV WKDW GR QRW
distinguish the detailed responses seen in the sectoral models.
The sectoral models, in particular, Sohngen and Sedjo
 VXJJHVWVXEVWDQWLDOO\PRUHPLWLJDWLRQLQWKHVHFRQGKDOI
RIWKHFHQWXU\FRPSDUHGWRWKHVWDELOL]DWLRQVFHQDULRV$QXPEHU
RI IDFWRUV DUH OLNHO\ WR EH FRQWULEXWLQJ WR WKLV GHYLDWLRQ IURP
WKH LQWHJUDWHG DVVHVVPHQW PRGHO UHVXOWV )LUVW DQG IRUHPRVW
LV WKDW 6RKQJHQ DQG 6HGMR H[SOLFLWO\ PRGHO IXWXUH PDUNHWV
ZKLFKQRQHRIWKHLQWHJUDWHGDVVHVVPHQWPRGHOVDUHFXUUHQWO\

Chapter 3

FDSDEOHRIGRLQJ7KHUHIRUHDORZFDUERQSULFHWKDWLVH[SHFWHG
WR LQFUHDVH UDSLGO\ UHVXOWV LQ D SRVWSRQHPHQW RI DGGLWLRQDO
sequestration actions in Sohngen and Sedjo until the price
EHQH¿W  RI VHTXHVWUDWLRQ LV JUHDWHU (QGRJHQRXVO\ PRGHOOLQJ
IRUHVWELRSK\VLFDODQGHFRQRPLFG\QDPLFVZLOOEHDVLJQL¿FDQW
IXWXUHFKDOOHQJHIRULQWHJUDWHGDVVHVVPHQWPRGHOV&RQYHUVHO\
WKHLQWHJUDWHGDVVHVVPHQWPRGHOVPD\EHSURGXFLQJDVRPHZKDW
PRUHPXWHGIRUHVWVHTXHVWUDWLRQUHVSRQVHJLYHQ
L  7KHLU H[SOLFLW FRQVLGHUDWLRQ RI FRPSHWLQJ PLWLJDWLRQ
alternatives across all sectors and regions, and, in some
cases, land-use alternatives.
(ii) Their more limited set of forest-related abatement
options, with all integrated assessment models modelling
DIIRUHVWDWLRQVWUDWHJLHVEXWRQO\VRPHFRQVLGHULQJDYRLGHG
deforestation, and none modelling forest management
options at this point.
(iii) Some integrated assessment models (including those in
7DEOH VHTXHQWLDOO\DOORFDWHODQGVDWLVI\LQJSRSXODWLRQ
IRRGDQGIHHGGHPDQGJURZWKUHTXLUHPHQWV¿UVW
(iv) Climate feedbacks in integrated assessment models can
lead to terrestrial carbon losses relative to the baseline.
7KH ,0$*( UHVXOWV LQ 7DEOH  SURYLGH D GUDPDWLF
illustration of the potential implications and importance of
some of these counterbalancing effects. Despite the planting of
additional forest plantations in the IMAGE scenario, net tropical
forest carbon stocks decline (relative to the baseline) due to
GHIRUHVWDWLRQLQGXFHGE\ELRHQHUJ\FURSH[WHQVL¿FDWLRQDVZHOO
DVUHGXFHG&22 fertilization that affects forest carbon uptake,
HVSHFLDOO\LQWURSLFDOIRUHVWVDQGGHFUHDVHVFURSSURGXFWLYLW\
ZKHUHWKHODWWHUHIIHFWLQGXFHVJUHDWHUH[SDQVLRQRIIRRGFURSV
RQWRIDOORZODQGVWKHUHE\GLVSODFLQJVWRUHGFDUERQ
,QDGGLWLRQWRUHGXFLQJXQFHUWDLQW\DERXWWKHPDJLQLWXGHDQG
timing of land-based mitigation, biomass potential, and regional
potential, there are a number of other important outcomes from
changes in land that should be tracked and reported in order
WR SURSHUO\ HYDOXDWH ORQJWHUP ODQG PLWLJDWLRQ 2I SDUWLFXODU
importance to climate stabilization are the albedo implications
of land-use change, which can offset emissions reducing
land-use change (Betts, 2000; Schaeffer et al DVZHOO
as the potential climate-driven changes in forest disturbance
IUHTXHQF\ DQG LQWHQVLW\ WKDW FRXOG DIIHFW WKH HIIHFWLYHQHVV RI
forest mitigation strategies. Non-climate implications should
DOVR EH FRQVLGHUHG $V VKRZQ LQ WKH 0LOOHQQLXP (FRV\VWHP
Assessment (Carpenter et al., 2005), land use has implications
IRU VRFLDO ZHOIDUH HJ IRRG VHFXULW\ FOHDQ ZDWHU DFFHVV 
HQYLURQPHQWDO VHUYLFHV ZDWHU TXDOLW\ VRLO UHWHQWLRQ  DQG
economic welfare (output prices and production).
$QXPEHURIUHOHYDQWNH\EDVHOLQHODQGPRGHOOLQJFKDOOHQJHV
KDYH DOUHDG\ EHHQ GLVFXVVHG LQ 6HFWLRQV  DQG 
Central to future long-term land mitigation modelling are

19 Optimal is deﬁned in economic terms as the equating of the marginal beneﬁts and costs of abatement.
20 Rose et al. (2007) report the carbon price paths from numerous stabilization and sectoral mitigation scenarios.
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Table 3.6: Cumulative forest carbon stock gains above baseline by 2020, 2050 and 2100, from long-term global forestry and stabilization scenarios (GtCO2).

I
I

2020

2050

2100

Sathaye et al., (2006)

World
Temperate
Tropics

na
na
na

91.3
25.3
55.1

353.8
118.8
242.0

Sohngen and Sedjo (2006)
original baseline

World
Temperate
Tropics

0.0
3.3
-3.3

22.7
8.1
14.7

537.5
207.9
329.6

Sohngen and Sedjo (2006)
accelerated deforestation baseline

World
Temperate
Tropics

1.5
1.1
0.7

15.0
12.1
2.9

487.3
212.7
275.0

2020

2050

2100

I
I

I
I

US$2.73/tCO2 (in 2010) + 5% per year

I
I

Stabilization at 4.5 W/m2 (~650 CO2-eq ppmv) by 2100

GRAPE-EMF21

World
Temperate
Tropics

-0.6
-0.2
-0.5

70.3
10.0
60.3

291.9
45.2
246.7

IMAGE-EMF21

World
Temperate
Tropics

-22.5
14.1
-36.6

-13.4
31.9
-45.3

10.4
78.3
-67.9

MESSAGE-EMF21*

World
Temperate
Tropics

0.0
0.0
0.0

3.5
0.1
3.4

152.5
23.4
129.1

Notes: * Results based on the 4.5 W/m2 MESSAGE scenario from the sensitivity analysis of Rao and Riahi (2006).
Tropics: Central America, South America, Sub-Saharian Africa, South Asia, Southeast Asia. Temperate: North America, Western and Central Europe, Former Soviet
Union, East Asia, Oceania, Japan. Na = data not available.
Source: Stabilization data assembled from Rose et al. (2007)

LPSURYHPHQWVLQWKHG\QDPLFPRGHOOLQJRIUHJLRQDOODQGXVHDQG
land-use competition and mitigation cost estimates, as well as
modelling of the implications of climate change for land-use and
ODQG PLWLJDWLRQ RSSRUWXQLWLHV 7KH WRWDO FRVW RI DQ\ ODQGEDVHG
PLWLJDWLRQVWUDWHJ\VKRXOGLQFOXGHWKHRSSRUWXQLW\FRVWVRIODQG
ZKLFKDUHG\QDPLFDQGUHJLRQDOO\XQLTXHIXQFWLRQVRIFKDQJLQJ
UHJLRQDOELRSK\VLFDODQGHFRQRPLFFLUFXPVWDQFHV,QDGGLWLRQWKH
results presented in this section do not consider climate shifts that
FRXOGGUDPDWLFDOO\DOWHUODQGXVHFRQGLWLRQVVXFKDVDSHUPDQHQW
(O1LQROLNHVWDWHLQWURSLFDOUHJLRQV &R[et al 
To summarize, recent stabilization studies have found
WKDW ODQGXVH PLWLJDWLRQ RSWLRQV ERWK QRQ&22 DQG &22)
SURYLGHFRVWHIIHFWLYHDEDWHPHQWÀH[LELOLW\LQDFKLHYLQJ
VWDELOL]DWLRQ WDUJHWV LQ WKH RUGHU RI ± *W&22-eq
± RIFXPXODWLYHDEDWHPHQWRYHUWKHFHQWXU\,QVRPH
VFHQDULRV LQFUHDVHG FRPPHUFLDO ELRPDVV HQHUJ\ VROLG DQG
OLTXLG IXHO  LV VLJQL¿FDQW LQ VWDELOL]DWLRQ SURYLGLQJ ±
*W&22HT ± RIFXPXODWLYHDEDWHPHQWDQG±(-
RI DGGLWLRQDO ELRHQHUJ\ DERYH WKH EDVHOLQH RYHU WKH FHQWXU\
SRWHQWLDOO\±RIWRWDOSULPDU\HQHUJ\ HVSHFLDOO\DVDQHW
QHJDWLYHHPLVVLRQVVWUDWHJ\WKDWFRPELQHVELRPDVVHQHUJ\ZLWK
&22 FDSWXUH DQG VWRUDJH$JULFXOWXUH DQG IRUHVWU\ PLWLJDWLRQ
options are projected to be cost effective short-term and longWHUP DEDWHPHQW VWUDWHJLHV *OREDO IRUHVWU\ PRGHOV SURMHFW
greater additional forest sequestration than found in stabilization
scenarios, a result attributable in part to differences in the
PRGHOOLQJRIIRUHVWG\QDPLFVDQGJHQHUDOHFRQRPLFIHHGEDFNV
2YHUDOO WKH H[SOLFLW PRGHOOLQJ RI ODQGEDVHG FOLPDWH FKDQJH

PLWLJDWLRQLQORQJWHUPJOREDOVFHQDULRVLVUHODWLYHO\LPPDWXUH
ZLWK VLJQL¿FDQW RSSRUWXQLWLHV IRU LPSURYLQJ EDVHOLQH DQG
mitigation land-use scenarios.


$LUSROOXWDQWVLQFOXGLQJFREHQH¿WV

4XDQWLWDWLYHDQDO\VLVRQDJOREDOVFDOHRQWKHLPSOLFDWLRQV
RIFOLPDWHPLWLJDWLRQIRUDLUSROOXWDQWVVXFKDV62212[&2
92& YRODWLOH RUJDQLF FRPSRXQGV  %& EODFN FDUERQ  DQG
2& RUJDQLFFDUERQ DUHUHODWLYHO\VFDUFH$LUSROOXWDQWVDQG
JUHHQKRXVH JDVHV DUH RIWHQ HPLWWHG E\ WKH VDPH VRXUFHV DQG
FKDQJHV LQ WKH DFWLYLW\ RI WKHVH VRXUFHV DIIHFW ERWK W\SHV RI
HPLVVLRQV 3UHYLRXV VWXGLHV KDYH IRFXVHG RQ SXUHO\ DQFLOODU\
EHQH¿WVWRDLUSROOXWLRQWKDWDFFUXHIURPDFOLPDWHPLWLJDWLRQ
REMHFWLYHEXWUHFHQWO\WKHUHLVDIRFXVRQLQWHJUDWLQJDLUTXDOLW\
DQG FOLPDWH FRQFHUQV WKXV DQDO\]LQJ WKH FREHQH¿WV RI VXFK
policies. Several recent reviews have summarized the issues
UHODWHG WR VXFK EHQH¿WV 2(&'    7KH\ FRYHU
DEVROXWH DLU SROOXWDQW HPLVVLRQ UHGXFWLRQV PRQHWDU\ YDOXH RI
reduced pollution, the climatic impacts of such reductions and
the improved health effects due to reduced pollution.
7KH PDJQLWXGH RI VXFK EHQH¿WV ODUJHO\ GHSHQGV RQ WKH
assumptions of future policies and technological change in
WKH EDVHOLQH DJDLQVW ZKLFK WKH\ DUH PHDVXUHG DV GLVFXVVHG
LQ0RUJHQVWHUQ  )RUH[DPSOH6PLWKet al. (2005) and
Rao et al. (2005) assume an overall growth in environmental
awareness and formulation of new environmental policies with
LQFUHDVHGDIÀXHQFHLQWKHEDVHOLQHVFHQDULRDQGWKXVUHGXFHG
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DLUSROOXWLRQHYHQLQWKHDEVHQFHRIDQ\FOLPDWHSROLFLHV7KH
SDFH RI WKLV WUHQG GLIIHUV VLJQL¿FDQWO\ DFURVV SROOXWDQWV DQG
EDVHOLQHVFHQDULRVDQGPD\RUPD\QRWKDYHDQREYLRXVHIIHFW
RQ JUHHQKRXVH JDVHV $Q DGGHG DVSHFW RI DQFLOODU\ EHQH¿W
measurement is the representation of technological options.
Some emission-control technologies reduce both air pollutants
DQG JUHHQKRXVH JDVHV VXFK DV VHOHFWLYH FDWDO\WLF UHGXFWLRQ
6&5  RQ JDV ERLOHUV ZKLFK UHGXFHV QRW RQO\ 12[, but also
N22&2DQG&+ ,3&& %XWWKHUHDUHDOVRH[DPSOHV
where, at least in principle, emission-control technologies
aimed at a certain pollutant could increase emissions of other
SROOXWDQWV)RUH[DPSOHVXEVWLWXWLQJPRUHIXHOHI¿FLHQWGLHVHO
HQJLQHVIRUSHWUROHQJLQHVPLJKWOHDGWRKLJKHU30EODFNFDUERQ
HPLVVLRQV .XSLDLQHQ DQG .OLPRQW   7KXV HVWLPDWLQJ
FREHQH¿WV RI FOLPDWH PLWLJDWLRQ VKRXOG LQFOXGH DGHTXDWH
sectoral representation of emission sources, a wide range of
substitution possibilities, assumptions on technological change
and a clear representation of current environmental legislation.
2QO\DIHZVWXGLHVKDYHH[SORUHGWKHORQJHUWHUPDQFLOODU\
EHQH¿WV RI FOLPDWH SROLFLHV $OFDPR   DQG 0D\HUKRIHU
et al. (2002) assess in detail the linkages between regional
DLU SROOXWLRQ DQG FOLPDWH FKDQJH LQ (XURSH 7KH\ HPSKDVL]H
LPSRUWDQWFREHQH¿WVEHWZHHQFOLPDWHSROLF\DQGDLUSROOXWLRQ
control but also indicate that, depending on assumptions, air
SROOXWLRQ SROLFLHV LQ (XURSH ZLOO SOD\ D JUHDWHU UROH LQ DLU
SROOXWDQW UHGXFWLRQV WKDQ FOLPDWH SROLF\ 6PLWK DQG :LJOH\
  VXJJHVW WKDW WKHUH ZLOO EH D VOLJKW UHGXFWLRQ LQ JOREDO
sulphur aerosols as a result of long-term multi-gas climate
stabilization. Rao et al   DQG 6PLWK DQG:LJOH\  
¿QG WKDW FOLPDWH SROLFLHV FDQ UHGXFH FXPXODWLYH %& DQG 2&
HPLVVLRQV E\ SURYLGLQJ WKH LPSHWXV IRU DGRSWLRQ RI FOHDQHU
fuels and advanced technologies. In addition, the inclusion of
FREHQH¿WVIRUDLUSROOXWLRQFDQKDYHVLJQL¿FDQWLPSDFWVRQWKH
FRVWHIIHFWLYHQHVVRIERWKWKHFOLPDWHSROLF\DQGDLUSROOXWLRQ
SROLF\XQGHUFRQVLGHUDWLRQ9DQ+DUPHOHQet al  ¿QGWKDW
WRFRPSO\ZLWKDJUHHGXSRQRUIXWXUHSROLFLHVWRUHGXFHUHJLRQDO
air pollution in Europe, mitigation costs are implied, but these
DUHUHGXFHGE\±IRU622DQGDURXQGIRU12[ when
FRPELQHG ZLWK *+* SROLFLHV 6LPLODUO\ LQ WKH VKRUWHUWHUP
9DQ 9XXUHQ et al F  ¿QG WKDW IRU WKH .\RWR 3URWRFRO
DERXWKDOIWKHFRVWVRIFOLPDWHSROLF\PLJKWEHUHFRYHUHGIURP
UHGXFHGDLUSROOXWLRQFRQWUROFRVWV7KHH[DFWEHQH¿WVKRZHYHU
FULWLFDOO\GHSHQGRQKRZWKH.\RWR3URWRFROLVLPSOHPHQWHG
The different spatial and temporal scale of greenhouse gases
DQG DLU SROOXWDQWV LV D PDMRU GLI¿FXOW\ LQ HYDOXDWLQJ DQFLOODU\
EHQH¿WV 6ZDUW et al   VWUHVV WKH QHHG IRU QHZ DQDO\WLFDO
bridges between these different spatial and temporal scales.
5\SGDOet al  VXJJHVWWKHSRVVLELOLW\RILQFOXGLQJVRPHORFDO
SROOXWDQWVVXFKDV&2DQG92&VLQJOREDOFOLPDWHDJUHHPHQW
ZLWKRWKHUV HJ12[ DQGDHURVROVEHLQJUHJXODWHGE\UHJLRQDO
agreements. It should be noted that some air pollutants, such
DV VXOSKDWH DQG FDUERQDFHRXV DHURVROV H[HUW UDGLDWLYH IRUFLQJ
and thus global warming, but their contribution is uncertain.
6PLWKDQG:LJOH\  ¿QGWKDWWKHDWWHQGDQWUHGXFHGDHURVRO
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cooling from sulphates can more than offset the reduction in
ZDUPLQJWKDWDFFUXHVIURPUHGXFHG*+*V2QWKHRWKHUKDQGDLU
SROOXWDQWVVXFKDV12[&2DQG92&VDFWDVLQGLUHFWJUHHQKRXVH
JDVHV KDYLQJ DQ LQÀXHQFH IRU H[DPSOH YLD WKHLU LPSDFW RQ 2+
K\GUR[LO UDGLFDOVDQGWKHUHIRUHWKHOLIHWLPHRIGLUHFWJUHHQKRXVH
JDVHV HJ PHWKDQH DQG +)&V  )XUWKHU WKH FOLPDWLF HIIHFWV RI
VRPHSROOXWDQWVVXFKDV%&DQG2&DHURVROVUHPDLQXQFOHDU
While there has been a lot of recent research in estimating
FREHQH¿WVRIMRLQW*+*DQGDLUSROOXWLRQSROLFLHVPRVWFXUUHQW
VWXGLHVGRQRWKDYHDFRPSUHKHQVLYHWUHDWPHQWRIFREHQH¿WV
in terms of reduction costs and the related health and climate
impacts in the long-term, thus indicating the need for more
research in this area.
3.3.6

Characteristics of regional and national
mitigation scenarios

Table 3.7 summarizes selected national mitigation scenarios.
7KHUH DUH EURDGO\ WZR W\SHV RI QDWLRQDO VFHQDULRV WKDW IRFXV
RQFOLPDWHPLWLJDWLRQ)LUVWWKHUHDUHWKHVFHQDULRVWKDWVWXG\
mitigation options and related costs under a given national
emissions cap and trade regime. The second are the national
scenarios that focus on evaluation of climate mitigation
PHDVXUHV DQG SROLFLHV LQ WKH DEVHQFH RI VSHFL¿F HPLVVLRQV
WDUJHWV7KHIRUPHUW\SHRIDQDO\VLVKDVEHHQPDLQO\XQGHUWDNHQ
LQWKHVWXGLHVLQWKH(XURSHDQ8QLRQDQG-DSDQ7KHODWWHUW\SH
KDVEHHQH[SORUHGLQWKH86$&DQDGDDQG-DSDQ7KHUHLVDOVR
DQLQFUHDVLQJERG\RIOLWHUDWXUHPDLQO\LQGHYHORSLQJFRXQWULHV
ZKLFK DQDO\VHV QDWLRQDO *+* HPLVVLRQV LQ WKH FRQWH[W RI
GRPHVWLFFRQFHUQVVXFKDVHQHUJ\VHFXULW\DQGHQYLURQPHQWDO
FREHQH¿WV0DQ\RIWKHVHGHYHORSLQJFRXQWU\DQDO\VHVGRQRW
H[SOLFLWO\ DGGUHVV HPLVVLRQV PLWLJDWLRQ ,Q FRQWUDVW WR JOREDO
VWXGLHVUHJLRQDOVFHQDULRDQDO\VHVKDYHIRFXVHGRQVKRUWHUWLPH
KRUL]RQVW\SLFDOO\XSWREHWZHHQDQG
A number of scenario studies have been conducted for various
FRXQWULHV ZLWKLQ (XURSH 7KHVH VWXGLHV H[SORUH D ZLGH UDQJH
of emission caps, taking into account local circumstances and
SRWHQWLDOVIRUWHFKQRORJ\LPSOHPHQWDWLRQ0DQ\RIWKHVHVWXGLHV
KDYHXVHGVSHFL¿FEXUGHQVKDULQJDOORFDWLRQVFKHPHVVXFKDV
the contraction and convergence (C&C) approach (GCI, 2005)
for calculating the allocation of worldwide emissions to estimate
QDWLRQDOHPLVVLRQVFHLOLQJV7KH8.¶V(QHUJ\:KLWH3DSHU '7,
 H[DPLQHGPHDVXUHVWRDFKLHYHDUHGXFWLRQLQ&22
HPLVVLRQV E\  DV FRPSDUHG WR WKH FXUUHQW OHYHO 6HYHUDO
VWXGLHVKDYHH[SORUHGUHQHZDEOHHQHUJ\RSWLRQVIRUH[DPSOH
WKHSRVVLELOLW\RIH[SDQGLQJWKHVKDUHRIUHQHZDEOHHQHUJ\DQG
WKH UHVXOWLQJ SURVSHFWV IRU FOHDQ K\GURJHQ SURGXFWLRQ IURP
UHQHZDEOHHQHUJ\VRXUFHVLQ*HUPDQ\ 'HXWVFKHU%XQGHVWDJ
 )LVFKHGLFN DQG 1LWVFK  )LVFKHGLFN et al., 2005).
$ (XURSHDQ VWXG\ WKH &22/ SURMHFW 7XLQVWUD et al., 2002;
Treffers et al KDVH[SORUHGWKHSRVVLELOLWLHVRIUHGXFLQJ
HPLVVLRQVLQWKH1HWKHUODQGVE\LQFRPSDUHGWR
OHYHOV,Q)UDQFHWKH,QWHU0LQLVWHULDO7DVN)RUFHRQ&OLPDWH
&KDQJH 0,(6   KDV H[DPLQHG PLWLJDWLRQ RSWLRQV WKDW
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Table 3.7: National scenarios with quantiﬁcation up to 2050 and beyond.

Country

Author/Agency

Model

Time horizon

Target
variables

Base year

Target of reduction to
the value of the base
year

USA

Hanson et al. (2004)

AMIGA1

2000-2050

-

2000

(about 44% in 2050)

Canada

Natural Resource
Canada (NRCan) (2000)

N.A.

2000-2050

GHG emissions

2000

(53% in 2050)

India

Nair et al. (2003)

Integrated
modelling
framework1,3

1995-2100

Cumulative
CO2 emissions

Shukla et al. (2006)

ERB2

1990-2095

CO2 emissions

Chen (2005)

MARKALMACRO2,3

2000-2050

CO2 emissions

Reference

5-45% in 2050

Van Vuuren et al. (2003)

IMAGE/TIMER2,4

1995-2050

GHG emissions

1995

-

Jiang and Xiulian (2003)

IPAC-emission2,3

1990-2100

GHG emissions

1990

-

1990-2050

GHG emissions

1990

80% in 2050

China
Netherlands

Tuinstra et al. (2002)
(COOL)

550 ppmv, 650 pmv

550 ppmv

Germany

Deutscher Bundestag
(2002)

WI4, IER

2000-2050

CO2 emissions

1990

80% in 2050

UK

Department of Trade
and Industry (DTI)
(2003)

MARKAL3

2000-2050

CO2 emissions

2000

45%, 60%, 70% in 2050

France

Interministerial Task
Force on Climate
Change (MIES) (2004)

N.A.

2000-2050

CO2 emissions

2000

0.5 tC/cap (70% in 2050)

Australia

Ahammad et al. (2006)

GTEM1

2000-2050

GHG emissions

1990

50% in 2050

Japan LCS Project
(2005)

AIM/Material1

2000-2050

CO2 emissions

1990

60-80% in 2050

Ministry of Economy,
Trade and Industry
(2005)

GRAPE3

2000-2100

CO2/GDP

2000

1/3 in 2050, 1/10 in 2100

Masui et al. (2006)

AIM/Material1

2000-2050

CO2 emissions

1990

74% in 2050

Akimoto et al. (2004)

Optimization
model3

2000-2050

CO2 emissions

2000

0.5% /yr (21% in 2050)

Japan Atomic Industrial
Forum (JAIF) (2004)

MARKAL3

2000-2050

CO2 emissions

2010
(1990)

40% in 2050

Japan

MENOCO4

Notes: model types: 1: CGE-type top-down model, 2: other type of top-down model, 3: bottom-up technology model with optimization, 4: bottom-up technology
model without optimization.

FRXOG OHDG WR VLJQL¿FDQW UHGXFWLRQV LQ SHU FDSLWD HPLVVLRQV
LQWHQVLW\ 6DYRODLQHQ et al. (2003) and Lehtila et al. (2005)
KDYHFRQGXFWHGDVHULHVRIVFHQDULRDQDO\VHVLQRUGHUWRDVVHVV
WHFKQRORJLFDO SRWHQWLDOV LQ )LQODQG IRU D QXPEHU RI RSWLRQV
WKDW LQFOXGH ZLQG SRZHU HOHFWULFLW\VDYLQJ SRVVLELOLWLHV LQ
KRXVHKROGV DQG RI¿FH DSSOLDQFHV DQG HPLVVLRQ DEDWHPHQW RI
ÀXRULQDWHG*+*V
6FHQDULRVWXGLHVLQWKH86$KDYHH[SORUHGWKHLPSOLFDWLRQV
RIFOLPDWHPLWLJDWLRQIRUHQHUJ\VHFXULW\ +DQVRQet al 
)RUH[DPSOH0LQW]HUet al. (2003) developed a set of scenarios
GHVFULELQJWKUHHGLYHUJHQWSDWKVIRU86HQHUJ\VXSSO\DQGXVH
IURPWKURXJK7KHVHVFHQDULRVZHUHXVHGWRLGHQWLI\
NH\ WHFKQRORJLHV LPSRUWDQW HQHUJ\ SROLF\ GHFLVLRQV DQG
VWUDWHJLFLQYHVWPHQWFKRLFHVWKDWPD\HQKDQFHHQHUJ\VHFXULW\
environmental protection, and economic development.

A wide range of scenario studies have also been conducted
to estimate potential emissions reductions and associated costs
IRU -DSDQ )RU H[DPSOH 0DVXL et al   GHYHORSHG D VHW
RIVFHQDULRVWKDWH[SORUHWKHLPSOLFDWLRQVRIVHYHUHHPLVVLRQV
FXWEDFNV RI EHWZHHQ  DQG  &22 E\  FRPSDUHG
WR   $QRWKHU LPSRUWDQW VWXG\ E\ $NLPRWR et al  
evaluates the possibilities of introducing the CCS option and its
HFRQRPLFLPSOLFDWLRQVIRU-DSDQ
National scenarios pertaining to developing countries such
DV&KLQDDQG,QGLDPDLQO\DQDO\]HIXWXUHHPLVVLRQWUDMHFWRULHV
under various scenarios that include considerations such as
HFRQRPLFJURZWKWHFKQRORJ\GHYHORSPHQWVWUXFWXUHFKDQJHV
globalization of world markets, and impacts of mitigation
RSWLRQV 8QOLNH WKH VFHQDULRV GHYHORSHG IRU WKH (XURSHDQ
FRXQWULHV PRVW RI WKH GHYHORSLQJFRXQWU\ VFHQDULRV GR QRW
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Table 3.8: Developed countries scenarios with more than 40% reduction (compared to 2000 emissions), and some Chinese scenarios: CO2 emission changes from 2000 to
2050; Energy intensity and carbon intensity in 2000, and their changes from 2000 up to 2050.
(A) CO2 emission changes, energy intensity, and carbon intensity in 2000.

CO2 emission change [%] (2000-2050)

Initial value (2000)

♦ : BaU scenarios
0 : Intervention scenarios (less than 40%)

Country
China

-74.2

Japan

I

li

-76.0
Germany
France
UK
USA

Energy intensity
[toe/1000 95$(MER)]

+ : Drastic reduction scenarios (equal and more than 40%)
''
59.5
'
''

...

-15.9 '

•

li

-69.8

'
''

- -

~

-

~

-

377.8

..,,

..,,

&

~

&

0.97

2.61

0.09

2.26

0.13

2.43

0.15

1.46

0.18

2.26

0.26

2.47

33.9

•

38.8

~
'

-11.3:

-69.9
I I

Carbon intensity
[ton CO2/ktoe]

1 ♦♦♦:

-46.2

''

65.7

~

(B) Changes in energy intensity and carbon intensity.

CO2 emission reduction factors
Energy intensity

Country
China
Japan
Germany
France
UK
USA

Carbon intensity
Annual change in carbon intensity
(including CCS)
(2000-2050) (%/year)

Annual change in energy intensity
(2000-2050) (%/year)
-4.02

-2.47

-1.04

-0.33

t-++-1

-2.82

-0.82

-1.87

"'

-2.83

-1.41
-2.26

-

-3.05 -2.52

-0.73

I li

"'

-1.33
"

-2.73

I

11

-2.39

++-+-I

0
+

36.9

-0.61
-1.29

-0.54

58.14

+--++
78.3 84.2
+-+

0
+

-1.75
..

-2.70 -2.20

0
+

0
+

-1.28

-2.65

Share of CCS in carbon intensity reduction
(2000-2050) (%)

61.4

4.1

100
79.9

38.8

65.5

ilt----+

Notes: Data sources: China: Jiang and Xulian (2003), Van Vuuren et al. (2003), Japan: Masui et al. (2006), Akimoto et al. (2004), JAIF (2004), Germany: Deutscher Bundestag (2002), France: MIES (2004), UK: DTI (2003), USA: Hanson et al. (2004). The coloured areas show the range of the global model results of EMF-21 with the target
of 4.5 W/m2. The range of EU-15 is shown for European countries

VSHFLI\OLPLWVRQHPLVVLRQV 9DQ9XXUHQet al-LDQJDQG
Xiulian, 2003). Chen (2005) shows that structural change can be
DPRUHLPSRUWDQWFRQWULEXWRUWR&22UHGXFWLRQWKDQWHFKQRORJ\
HI¿FLHQF\LPSURYHPHQW7KHVFHQDULRFRQVWUXFWLRQIRU,QGLDSD\V
VSHFL¿FDWWHQWLRQWRGHYHORSLQJFRXQWU\G\QDPLFVXQGHUO\LQJ
WKH PXOWLSOH VRFLRHFRQRPLF WUDQVLWLRQV GXULQJ WKH FHQWXU\
including demographic transitions (Shukla et al   1DLU
et al  VWXGLHGSRWHQWLDOVKLIWVDZD\IURPFRDOLQWHQVLYH
baselines to the use of natural gas and renewables.
7KHUH DUH VHYHUDO FRXQWU\ VFHQDULRV WKDW FRQVLGHU GUDVWLF
UHGXFWLRQ RI &22 emissions. In these studies, which consider
± UHGXFWLRQV RI &22 in 2050, rates of improvement in
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HQHUJ\LQWHQVLW\DQGFDUERQLQWHQVLW\LQFUHDVHE\DERXWWZRWR
WKUHHWLPHVWKHLUKLVWRULFDOOHYHOV .DZDVHet al 
7DEOH  VXPPDUL]HV VFHQDULRV ZLWK PRUH WKDQ  &22
reductions (2000–2050) in several developed countries. The
table also includes some Chinese scenarios with deep cuts
RI &22 HPLVVLRQV FRPSDUHG WR WKH UHIHUHQFH FDVHV 3K\VLFDO
LQGLFDWRUVRIWKH&KLQHVHHFRQRP\VKRZWKDWFXUUHQWHI¿FLHQF\
LV EHORZ WKH 2(&' DYHUDJH LQ PRVW VHFWRUV WKXV LQGLFDWLQJ
D JUHDWHU VFRSH IRU LPSURYHPHQW -LDQJ DQG ;LXOLDQ  
,W VKRXOG EH QRWHG WKDW FRPSDULQJ WKH HQHUJ\ LQWHQVLW\ RI WKH
&KLQHVH HFRQRP\ RQ WKH EDVLV RI PDUNHW H[FKDQJHV UDWHV WR
2(&' DYHUDJHV VXJJHVWV HYHQ ODUJHU GLIIHUHQFHV EXW WKLV LV
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(a) Developed countries

(b) Developing/Transition countries
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Figure 3.31: Relationship between carbon prices and CO2 reduction from baseline in 2050 in selected countries taken from the literature published since the TAR.
Note: The red box shows the range between the 25th and 75th percentile of the scenarios for each price range. EECCA= Countries of Eastern Europe, the Caucasus
and Central Asia.

misleading given the differences in purchasing power (PPPFRUUHFWHGHQHUJ\LQWHQVLW\GDWDJLYHVDVRPHZKDWEHWWHUEDVLV
IRUFRPSDULVRQEXWVWLOOVXIIHUVIURPXQFHUWDLQW\DERXWWKHGDWD
and different economic structures).

FDUERQLQWHQVLW\UHGXFWLRQLQWKH¿UVWKDOIRIWKHstFHQWXU\
EXWWKDWFDUERQLQWHQVLW\UHGXFWLRQEHFRPHVPRUHGRPLQDQWLQ
WKHODWWHUKDOIRIWKHFHQWXU\ +DQDRNDet al 

,Q WKH FRXQWULHV ZLWK ORZ HQHUJ\ LQWHQVLW\ OHYHOV LQ 
VXFK DV -DSDQ *HUPDQ\ DQG )UDQFH  WKH VFHQDULRV VSHFLI\
VROXWLRQV IRU PHHWLQJ ORQJWHUP GUDVWLF UHGXFWLRQ JRDOV E\
FDUERQ LQWHQVLW\ LPSURYHPHQW PHDVXUHV VXFK DV VKLIWLQJ WR
QDWXUDO JDV LQ WKH 8. UHQHZDEOH HQHUJ\ LQ WKH 1HWKHUODQGV
DQG&&6LQFHUWDLQVFHQDULRVLQ)UDQFH*HUPDQ\WKH8.DQG
WKH86$)UDQFHKDVDVFHQDULRZKHUH&&6DFFRXQWVIRU
RI FDUERQ LQWHQVLW\ LPSURYHPHQW 0RVW RI WKH VFHQDULRV ZLWK
GUDVWLF &22 UHGXFWLRQV IRU WKH 86$ DQG WKH 8. DVVXPH WKH
introduction of CCS.

3.3.6.1

7KHOLJKW\HOORZFRORXUHGDUHDLQ7DEOHVKRZVWKHUDQJHRI
WKHJOREDOPRGHOUHVXOWVRI(0)ZLWKWKHVWDELOL]DWLRQWDUJHW
RI :P2 0RVW FRXQWU\ UHVXOWV VKRZ WKH QHHG IRU JUHDWHU
LPSURYHPHQWLQFDUERQLQWHQVLW\GXULQJWRFRPSDUHG
WRWKHJOREDOUHVXOWV7KHUHVXOWVRIVFHQDULRDQDO\VLVVLQFHWKH
7$5 VKRZ WKDW HQHUJ\ LQWHQVLW\ LPSURYHPHQW LV VXSHULRU WR

Costs of mitigation in regional and country
scenarios

)LJXUHVKRZVWKHUHODWLRQVKLSEHWZHHQFDUERQSULFHVDQG
WKH&22 mitigation rates from the baseline in 2050 in some major
FRXQWULHV DQG UHJLRQV VXFK DV WKH 86$ -DSDQ (8 ,QGLD
&KLQD )RUPHU 6RYLHW 8QLRQ )68  DQG (DVWHUQ (XURSH WDNHQ
from the literature since the TAR (Hanaoka et al ,QWKH
GHYHORSLQJFRXQWULHVWKHUHDUHPDQ\VFHQDULRVZKHUHUHODWLYHO\
KLJK &22 reductions are projected even with low carbon
SULFHV:LWKKLJKSULFHVLQWKHUDQJHRI86W&22 (in
86GROODUV PRUH&22UHGXFWLRQVDUHH[SHFWHGLQ&KLQDDQG
India than in developed countries when the same level of carbon
price is applied.
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3.4 The role of technologies in long-term
mitigation and stabilization: research,
development, deployment, diffusion
and transfer
7HFKQRORJ\ LV DPRQJ WKH FHQWUDO GULYLQJ IRUFHV RI *+*
emissions. It is one of the main determinants of economic
development, consumption patterns and thus human well-being.
$WWKHVDPHWLPHWHFKQRORJ\DQGWHFKQRORJLFDOFKDQJHRIIHUWKH
main possibilities for reducing future emissions and achieving
the eventual stabilization of atmospheric concentrations of
GHGs (see Chapter 2, Section 2.7.1.2, which assesses the role
RI WHFKQRORJ\ LQ FOLPDWH FKDQJH PLWLJDWLRQ LQFOXGLQJ ORQJ
term emissions and stabilization scenarios).
7KHZD\VLQZKLFKWHFKQRORJ\UHGXFHVIXWXUH*+*HPLVVLRQV
LQORQJWHUPHPLVVLRQVFHQDULRVLQFOXGH
v ,PSURYLQJ WHFKQRORJ\ HI¿FLHQFLHV DQG WKHUHE\ UHGXFLQJ
emissions per unit service (output). These measures are
HQKDQFHGZKHQFRPSOHPHQWHGE\HQHUJ\FRQVHUYDWLRQDQG
UDWLRQDOXVHRIHQHUJ\
v 5HSODFLQJ FDUERQLQWHQVLYH VRXUFHV RI HQHUJ\ E\ OHVV
intensive ones, such as switching from coal to natural gas.
7KHVH PHDVXUHV FDQ DOVR EH FRPSOHPHQWHG E\ HI¿FLHQF\
LPSURYHPHQWV HJ FRPELQHG F\FOH QDWXUDO JDV SRZHU
SODQWV DUH PRUH HI¿FLHQW WKDQ PRGHUQ FRDO SRZHU SODQWV 
WKHUHE\IXUWKHUUHGXFLQJHPLVVLRQV
v Introducing carbon capture and storage to abate uncontrolled
emissions. This option could be applied at some time in
WKH IXWXUH LQ FRQMXQFWLRQ ZLWK HVVHQWLDOO\ DOO HOHFWULFLW\
JHQHUDWLRQ WHFKQRORJLHV PDQ\ RWKHU HQHUJ\ FRQYHUVLRQ
WHFKQRORJLHV DQG HQHUJ\LQWHQVLYH SURFHVVHV XVLQJ IRVVLO
HQHUJ\ VRXUFHV DV ZHOO DV ELRPDVV LQ ZKLFK FDVH LW
corresponds to net carbon removal from the atmosphere).
v ,QWURGXFLQJFDUERQIUHHUHQHZDEOHHQHUJ\VRXUFHVUDQJLQJ
IURPDODUJHUUROHIRUK\GURDQGZLQGSRZHUSKRWRYROWDLFV
and solar thermal power plants, modern biomass (that can
be carbon-neutral, resulting in zero net carbon emissions)
and other advanced renewable technologies.
v Enhancing the role of nuclear power as another carbonIUHHVRXUFHRIHQHUJ\7KLVZRXOGUHTXLUHDIXUWKHULQFUHDVH
LQ WKH QXFOHDU VKDUH RI JOREDO HQHUJ\ GHSHQGLQJ RQ WKH
GHYHORSPHQW RI µLQKHUHQWO\¶ VDIH UHDFWRUV DQG IXHO F\FOHV
resolution of the technical issues associated with long-term
VWRUDJHRI¿VVLOHPDWHULDOVDQGLPSURYHPHQWRIQDWLRQDODQG
international non-proliferation agreements.
v 1HZWHFKQRORJ\FRQ¿JXUDWLRQVDQGV\VWHPVHJK\GURJHQ
DVDFDUERQIUHHFDUULHUWRFRPSOHPHQWHOHFWULFLW\IXHOFHOOV
and new storage technologies.
v 5HGXFLQJ *+* DQG &22 emissions from agriculture and
ODQG XVH LQ JHQHUDO FULWLFDOO\ GHSHQGV RQ WKH GLIIXVLRQ RI
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new technologies and practices that could include less
fertilizer-intensive production and improvement of tillage
and livestock management.
9LUWXDOO\DOOVFHQDULRVDVVXPHWKDWWHFKQRORJLFDODQGVWUXFWXUDO
FKDQJHVRFFXUGXULQJWKLVFHQWXU\OHDGLQJWRUHODWLYHUHGXFWLRQV
LQHPLVVLRQVFRPSDUHGWRWKHK\SRWKHWLFDOFDVHRIDWWHPSWLQJ
to ‘keep’ emissions intensities of GDP and structure the same
DV WRGD\ VHH &KDSWHU  6HFWLRQ  ZKLFK GLVFXVVHV WKH
UROH RI WHFKQRORJ\ LQ EDVHOLQH VFHQDULRV  )LJXUH  VKRZV
VXFK D K\SRWKHWLFDO UDQJH RI FXPXODWLYH HPLVVLRQV XQGHU WKH
DVVXPSWLRQ RI µIUHH]LQJ¶ WHFKQRORJ\ DQG VWUXFWXUDO FKDQJH LQ
all scenarios at current levels, but letting populations change
and economies develop as assumed in the original scenarios
(Nakicenovic et al 7RVKRZWKLVWKHHQHUJ\LQWHQVLW\RI
*'3DQGWKHFDUERQLQWHQVLW\RIHQHUJ\DUHNHSWFRQVWDQW7KH
EDUVLQWKH¿JXUHLQGLFDWHWKHFHQWUDOWHQGHQFLHVRIWKHVFHQDULRV
LQ WKH OLWHUDWXUH E\ JLYLQJ WKH FXPXODWLYH HPLVVLRQV UDQJHV
between the 25th and the 75th percentile of the scenarios in the
scenario database.21 7KH K\SRWKHWLFDO FXPXODWLYH HPLVVLRQV
ZLWKRXW WHFKQRORJ\ DQG VWUXFWXUDO FKDQJH  UDQJH IURP DERXW
 th percentile) to 12000 (75th percentile), with a median
RIDERXW*W&22E\
7KH QH[W EDU LQ )LJXUH  VKRZV FXPXODWLYH HPLVVLRQV
E\NHHSLQJFDUERQLQWHQVLW\RIHQHUJ\FRQVWDQWZKLOHDOORZLQJ
HQHUJ\ LQWHQVLW\ RI *'3 WR HYROYH DV RULJLQDOO\ VSHFL¿HG LQ
WKHXQGHUO\LQJVFHQDULRV7KLVLQLWVHOIUHGXFHVWKHFXPXODWLYH
HPLVVLRQVVXEVWDQWLYHO\E\PRUHWKDQWRDOPRVW th
and 25th SHUFHQWLOHV UHVSHFWLYHO\  7KXV VWUXFWXUDO HFRQRPLF
FKDQJHV DQG PRUH HI¿FLHQW XVH RI HQHUJ\ OHDG WR VLJQL¿FDQW
UHGXFWLRQV RI HQHUJ\ UHTXLUHPHQWV DFURVV WKH VFHQDULRV DV
LQFRUSRUDWHGLQWKHEDVHOLQHVLQGLFDWLQJWKDWWKHEDVHOLQHDOUHDG\
includes vigorous carbon saving. In other words, this means that
PDQ\QHZWHFKQRORJLHVDQGFKDQJHVWKDWOHDGWRORZHUUHODWLYH
HPLVVLRQVDUHDVVXPHGLQWKHEDVHOLQH$Q\PLWLJDWLRQPHDVXUHV
DQGSROLFLHVQHHGWRJREH\RQGWKHVHEDVHOLQHDVVXPSWLRQV
7KH QH[W EDU LQ )LJXUH  DOVR DOORZV FDUERQ LQWHQVLWLHV
RI HQHUJ\ WR FKDQJH DV RULJLQDOO\ DVVXPHG LQ WKH XQGHUO\LQJ
scenarios. Again, the baseline assumptions lead to further and
VXEVWDQWLDOUHGXFWLRQVRIFXPXODWLYHHPLVVLRQVE\VRPH
to more than 20% (25th and 75th SHUFHQWLOH UHVSHFWLYHO\  or
less than half the emissions, as compared to the case of no
LPSURYHPHQW LQ HQHUJ\ RU FDUERQ LQWHQVLWLHV 7KLV UHVXOWV LQ
WKH RULJLQDO FXPXODWLYH HPLVVLRQV DV VSHFL¿HG E\ UHIHUHQFH
VFHQDULRVLQWKHOLWHUDWXUHIURP thSHUFHQWLOH WR
(75th SHUFHQWLOH  ZLWK D PHGLDQ RI  *W&22 E\  ,W
should be noted that this range is for the 25th to the 75th percentile
RQO\,QFRQWUDVWWKHIXOOUDQJHRIFXPXODWLYHHPLVVLRQVDFURVV
VFHQDULRVLQWKHGDWDEDVHLVIURPWR*W&22.22

21 The outliers, above the 75th and below the 25th percentile are discussed in more detail in the subsequent sections.
22 The cumulative emissions range represents a huge increase compared to the historical experience. Cumulative global emissions were about 1100 GtCO2 from the 1860s to
today, a very small fraction indeed of future expected emissions across the scenarios.
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Figure 3.32: Median, 25th and 75th percentile of global cumulative carbon
emissions by 2100 in the scenarios developed since 2001.
Note: The range labelled ‘frozen technology’ refers to hypothetical futures
without improvement in energy and carbon intensities in the scenarios; the
range labelled ‘frozen energy intensity’ refers to hypothetical futures where only
carbon intensity of energy is kept constant, while energy intensity of GDP is left
the same as originally assumed in scenarios; the range labelled CO2 baseline
refer to the 83 baseline scenarios in the database, while the region labelled CO2
intervention includes 211 mitigation and/or stabilization scenarios.
Source: After Nakicenovic et al. (2006)

7KH QH[W DQG ¿QDO VWHS LV WR FRPSDUH WKH FXPXODWLYH
emissions across baseline scenarios with those in the mitigation
DQG VWDELOL]DWLRQ YDULDQWV RI WKH VDPH VFHQDULRV )LJXUH 
VKRZV LQ WKH ODVW EDU  \HW DQRWKHU VLJQL¿FDQW UHGXFWLRQ RI
IXWXUHFXPXODWLYHHPLVVLRQVIURPWR FRUUHVSRQGLQJ
to the 25th to the 75th percentile of the full scenario range), with
DPHGLDQRI*W&22E\7KLVFRUUHVSRQGVWRDERXW
70% emissions reduction across mitigation scenarios, compared
WR WKH K\SRWKHWLFDO FDVH RI QR FKDQJHV LQ HQHUJ\ DQG FDUERQ
intensities and still a large, or about a 30%, reduction compared
to the respective baseline scenarios.23
7KLVLOOXVWUDWHVWKHLPSRUWDQFHRIWHFKQRORJ\DQGVWUXFWXUDO
changes, both in reference and mitigation scenarios. However,
this is an aggregated illustration across all scenarios and
different mitigation levels for cumulative emissions. Thus, it is
XVHIXOWRDOVRJLYHDPRUHVSHFL¿FLOOXVWUDWLYHH[DPSOH)LJXUH
 JLYHV VXFK DQ LOOXVWUDWLRQ E\ VKRZLQJ WKH LPSRUWDQFH
of technological change assumptions in both reference and
mitigation scenarios for a 550 ppmv concentration target
EDVHGRQIRXU65(6VFHQDULRV6XFKDQDO\VHVDUHLQFUHDVLQJO\
EHFRPLQJDYDLODEOH)RULQVWDQFH3ODFHWet al  SURYLGH
DGHWDLOHGVWXG\RISRVVLEOHWHFKQRORJ\GHYHORSPHQWSDWKZD\V
XQGHU FOLPDWH VWDELOL]DWLRQ IRU WKH 86 JRYHUQPHQW &OLPDWH
&KDQJH 7HFKQRORJ\ 3URJUDP 7R LOOXVWUDWH WKH LPSRUWDQFH RI
technological change, actual projected scenario values in the
RULJLQDO65(6QRFOLPDWHSROLF\VFHQDULRVDUHFRPSDUHGZLWKD
K\SRWKHWLFDOFDVHZLWKIUR]HQVWUXFWXUHVDQGWHFKQRORJLHV
IRU ERWK HQHUJ\ VXSSO\ DQG HQGXVH 7KH GLIIHUHQFH GHQRWHG
E\DJUH\VKDGHGDUHDLQ)LJXUH LOOXVWUDWHVWKHLPSDFWRI
WHFKQRORJLFDOFKDQJHZKLFKOHDGVWRLPSURYHGHI¿FLHQF\DQG
µGHFDUERQL]DWLRQ¶LQHQHUJ\V\VWHPVDOUHDG\LQFRUSRUDWHGLQWR
the baseline emission scenario.

The impacts of technological options leading to emission
UHGXFWLRQVDUHLOOXVWUDWHGE\WKHFRORXUVKDGHGDUHDVLQ)LJXUH
 UHJURXSHG LQWR WKUHH FDWHJRULHV GHPDQG UHGXFWLRQV
HJWKURXJKGHSOR\PHQWRIPRUHHI¿FLHQWHQGXVHWHFKQRORJLHV
such as lighting or vehicles), fuel switching (substituting
high-GHG-emitting technologies for low- or zero-emitting
WHFKQRORJLHVVXFKDVUHQHZDEOHVRUQXFOHDU DQG¿QDOO\&22
FDSWXUH DQG VWRUDJH WHFKQRORJLHV 7KH PL[ LQ WKH PLWLJDWLYH
WHFKQRORJ\ SRUWIROLR UHTXLUHG WR UHGXFH HPLVVLRQV IURP WKH
reference scenario level to that consistent with the illustrative
550 ppmv stabilization target varies as a function of the baseline
VFHQDULR XQGHUO\LQJ WKH PRGHO FDOFXODWLRQV VKRZQ LQ )LJXUH
 DVZHOODVZLWKWKHGHJUHHRIVWULQJHQF\RIWKHVWDELOL]DWLRQ
WDUJHWDGRSWHG QRWVKRZQLQ)LJXUH $QLQWHUHVWLQJ¿QGLQJ
from a large number of modelling studies is that scenarios with
KLJKHUGHJUHHVRIWHFKQRORJ\GLYHUVL¿FDWLRQ HJVFHQDULR$%
LQ)LJXUH DOVROHDGWRDKLJKHUGHJUHHRIÀH[LELOLW\ZLWK
respect of meeting alternative climate (e.g. stabilization) targets
DQG JHQHUDOO\ DOVR WR ORZHU RYHUDOO FRVWV FRPSDUHG ZLWK OHVV
GLYHUVL¿HGWHFKQRORJ\VFHQDULRV7KLVLOOXVWUDWLYHH[DPSOHDOVR
FRQ¿UPVWKHFRQFOXVLRQUHDFKHGLQ6HFWLRQWKDWZDVEDVHG
on a broader range of scenario literature.
7KLV EULHI DVVHVVPHQW RI WKH UROH RI WHFKQRORJ\ DFURVV
VFHQDULRV LQGLFDWHV WKDW WKHUH LV D VLJQL¿FDQW WHFKQRORJLFDO
change and diffusion of new and advanced technologies
DOUHDG\DVVXPHGLQWKHEDVHOLQHVDQGDGGLWLRQDOWHFKQRORJLFDO
change ‘induced’ through various policies and measures in
the mitigation scenarios. The newer literature on induced
technological change assessed in the previous sections, along
ZLWKRWKHUVFHQDULRV HJ*UEOHUet alDQG.|KOHUet al.,
VHHDOVR&KDSWHU DOVRDI¿UPVWKLVFRQFOXVLRQ
3.4.1
3.4.1.1

Carbon-free energy and decarbonization
Decarbonization trends

Decarbonization denotes the declining average carbon
LQWHQVLW\RISULPDU\HQHUJ\RYHUWLPH$OWKRXJKGHFDUERQL]DWLRQ
RIWKHZRUOG¶VHQHUJ\V\VWHPLVFRPSDUDWLYHO\VORZ SHU
\HDU WKHWUHQGKDVSHUVLVWHGWKURXJKRXWWKHSDVWWZRFHQWXULHV
1DNLFHQRYLF   7KH RYHUDOO WHQGHQF\ WRZDUGV ORZHU
carbon intensities is due to the continuous replacement of fuels
ZLWK KLJK FDUERQ FRQWHQW E\ WKRVH ZLWK ORZ FDUERQ FRQWHQW
KRZHYHULQWHQVLWLHVDUHFXUUHQWO\LQFUHDVLQJLQVRPHGHYHORSLQJ
regions. In short- to medium-term scenarios such a declining
WHQGHQF\IRUFDUERQLQWHQVLW\PD\QRWEHDVGLVFHUQDEOHDVDFURVV
WKH ORQJHUWHUP OLWHUDWXUH HJ LQ WKH :RUOG (QHUJ\ 2XWORRN
 ,($   WKH UHIHUHQFH VFHQDULR WR  VKRZV WKH
replacement of gas for other fossil fuels as well as cleaner fuels
GXHWROLPLWHGJURZWKRIQXFOHDUDQGELRHQHUJ\
$QRWKHUHIIHFWFRQWULEXWLQJWRZDUGVUHGXFHGFDUERQLQWHQVLW\
RIWKHHFRQRP\LVWKHGHFOLQLQJHQHUJ\UHTXLUHPHQWVSHUXQLW

23 In comparison, the full range of cumulative emissions from mitigation and stabilization scenarios in the database runs from 785 to 6794 GtCO2.
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Figure 3.33: Impact of technology on global carbon emissions in reference and climate mitigation scenarios.
Note: Global carbon emissions (GtC) in four scenarios developed within the IPCC SRES and TAR (A2, B2 top and bottom of left panel; A1FI and A1B top and bottom
of right panel). The grey-shaded area indicates the difference in emissions between the original no-climate policy reference scenario compared with a hypothetical
scenario assuming frozen 1990 energy efﬁciency and technology, illustrating the impact of technological change incorporated already into the reference scenario.
Colour-shaded areas show the impact of various additional technology options deployed in imposing a 550 ppmv CO2 stabilization constraint on the respective
reference scenario, including energy conservation (blue), substitution of high-carbon by low- or zero-carbon technologies (orange), as well as carbon capture and
sequestration (black). Of particular interest are the two A1 scenarios shown on the right-hand side of the panel that share identical (low) population and (high)
economic growth assumptions, thus making differences in technology assumptions more directly comparable.
Source: Adapted from Nakicenovic et al. (2000), IPCC (2001a), Riahi and Roehrl (2001), and Edmonds (2004).

RI*'3RUHQHUJ\LQWHQVLW\RI*'3*OREDOO\HQHUJ\LQWHQVLW\
KDVEHHQGHFOLQLQJPRUHUDSLGO\WKDQFDUERQLQWHQVLW\RIHQHUJ\
 SHU \HDU  GXULQJ WKH SDVW WZR FHQWXULHV 1DNLFHQRYLF
 &RQVHTXHQWO\FDUERQLQWHQVLW\RI*'3GHFOLQHGJOREDOO\
DWDERXWSHU\HDU
7KHFDUERQLQWHQVLW\RIHQHUJ\DQGHQHUJ\LQWHQVLWLHVRI*'3
ZHUHVKRZQLQ6HFWLRQRIWKLVFKDSWHU)LJXUHIRUWKH
full scenario sample in the scenario database compared to the
newer (developed after 2001) non-intervention scenarios. As in
Sections 3.2 and 3.3, the range of the scenarios in the literature
until 2001 is compared with recent projections from scenarios
developed after 2001 (Nakicenovic et al., 2005).
7KH PDMRULW\ RI WKH VFHQDULRV LQ WKH OLWHUDWXUH SRUWUD\ D
similar and persistent decarbonization trend as observed in the
past. In particular, the medians of the scenario sets indicate
HQHUJ\GHFDUERQL]DWLRQUDWHVRIDERXW SUHOLWHUDWXUH
PHGLDQ  DQG  SRVW PHGLDQ  SHU \HDU ZKLFK LV D
VLJQL¿FDQWO\ PRUH UDSLG GHFUHDVH FRPSDUHG WR WKH KLVWRULFDO
UDWHVRIDERXWSHU\HDU'HFDUERQL]DWLRQRI*'3LVDOVR
PRUHUDSLG DERXWSHU\HDUIRUERWKSUHDQGSRVW
220

literature medians) compared with the historical rates of about
SHU\HDU$VH[SHFWHGWKHLQWHUYHQWLRQDQGVWDELOL]DWLRQ
VFHQDULRVKDYHVLJQL¿FDQWO\KLJKHUGHFDUERQL]DWLRQUDWHVDQGWKH
SRVWVFHQDULRVLQFOXGHDIHZZLWKVLJQL¿FDQWO\PRUHUDSLG
GHFDUERQL]DWLRQ RI HQHUJ\ HYHQ H[WHQGLQJ LQWR WKH QHJDWLYH
UDQJH 7KLV PHDQV WKDW WRZDUGV WKH HQG RI WKH FHQWXU\ WKHVH
PRUH H[WUHPH GHFDUERQL]DWLRQ VFHQDULRV IRUHVHH QHW FDUERQ
removal from the atmosphere, e.g. through carbon capture and
VWRUDJHLQFRQMXQFWLRQZLWKODUJHDPRXQWVRIELRPDVVHQHUJ\
Such developments represent a radical paradigm shift compared
WR WKH FXUUHQW DQG PRUH VKRUWWHUP HQHUJ\ V\VWHPV LPSO\LQJ
VLJQL¿FDQWDQGUDGLFDOWHFKQRORJLFDOFKDQJHV
In contrast, the scenarios that are most intensive in the use of
IRVVLOIXHOVOHDGWRSUDFWLFDOO\QRUHGXFWLRQLQFDUERQLQWHQVLW\
RIHQHUJ\ZKLOHDOOVFHQDULRVSRUWUD\GHFDUERQL]DWLRQRI*'3
)RU H[DPSOH WKH XSSHU ERXQGDU\ RI WKH UHFHQW VFHQDULRV
GHYHORSHG DIWHU  GHSLFW VOLJKWO\ LQFUHDVLQJ DERXW 
SHU \HDU  FDUERQ LQWHQVLWLHV RI HQHUJ\ $ UHIHUHQFH VFHQDULR
0RUL  VHH)LJXUHFRPSDULQJFDUERQHPLVVLRQVDFURVV
VFHQDULRVLQWKHOLWHUDWXUHSUHVHQWHGLQ6HFWLRQ 0RVWQRWDEO\
a few scenarios developed before 2001 follow an opposite
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3.4.1.2

Key factors for carbon-free energy and
decarbonization development

All of the technological options assumed to contribute
towards further decarbonization and reduction of future GHG
emissions require further research and development (R&D) to
improve their technical performance, reduce costs and achieve
VRFLDODFFHSWDELOLW\,QDGGLWLRQGHSOR\PHQWRIFDUERQVDYLQJ
technologies needs to be applied at ever-larger scales in order
WR EHQH¿W IURP SRWHQWLDOV RI WHFKQRORJLFDO OHDUQLQJ WKDW FDQ
result in further improved costs and economic characteristics of
QHZ WHFKQRORJLHV 0RVW LPSRUWDQWO\ DSSURSULDWH LQVWLWXWLRQDO
DQG SROLF\ LQGXFHPHQWV DUH UHTXLUHG WR HQKDQFH ZLGHVSUHDG
diffusion and transfer of these technologies.
)XOO UHSODFHPHQW RI GRPLQDQW WHFKQRORJLHV LQ WKH HQHUJ\
V\VWHPVLVJHQHUDOO\DORQJSURFHVV,QWKHSDVWWKHPDMRUHQHUJ\
WHFKQRORJ\ WUDQVLWLRQV KDYH ODVWHG PRUH WKDQ KDOI D FHQWXU\
VXFKDVWKHWUDQVLWLRQIURPFRDODVWKHGRPLQDQWHQHUJ\VRXUFH
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7KHKLJKHVWUDWHVRIGHFDUERQL]DWLRQRIHQHUJ\ XSWR
SHU\HDUIRUWKHUHFHQWVFHQDULRV DUHIURPVFHQDULRVWKDWLQFOXGH
DFRPSOHWHWUDQVLWLRQLQWKHHQHUJ\V\VWHPDZD\IURPFDUERQ
LQWHQVLYH IRVVLO IXHOV &OHDUO\ WKH PDMRULW\ RI WKHVH VFHQDULRV
are intervention scenarios, although some non-intervention
VFHQDULRV VKRZ GUDVWLF UHGXFWLRQV LQ &22 intensities due to
reasons other than climate policies (e.g. the combination
RI VXVWDLQDEOH GHYHORSPHQW SROLFLHV DQG WHFKQRORJ\ SXVK
PHDVXUHV WR SURPRWH UHQHZDEOH K\GURJHQ V\VWHPV  7KH
UHODWLYHO\ IDVW GHFDUERQL]DWLRQ UDWH RI LQWHUYHQWLRQ VFHQDULRV
LVDOVRLOOXVWUDWHGE\WKHPHGLDQRIWKHSRVWLQWHUYHQWLRQ
scenarios, which depict an average rate of improvement of 1.1%
SHU\HDURYHUWKHFRXUVHRIWKHFHQWXU\FRPSDUHGWRMXVW
for the non-intervention scenarios. Note, nevertheless, that the
PRGHVW LQFUHDVH LQ FDUERQ LQWHQVLW\ RI HQHUJ\ LPSURYHPHQWV
in the intervention scenarios above the 75th percentile of the
GLVWULEXWLRQRIWKHUHFHQWVFHQDULRV7KHYDVWPDMRULW\RIWKHVH
VFHQDULRV UHSUHVHQW VHQVLWLYLW\ DQDO\VLV KDYH FOLPDWH SROLFLHV
IRUPLWLJDWLRQRIQRQ&22 greenhouse gas emissions (methane
HPLVVLRQVSROLFLHV5HLOO\et al RUKDYHFRPSDUDWLYHO\
PRGHVW &22 reductions measures, such as the implementation
RI D UHODWLYHO\ PLQRU FDUERQ WD[ RI  86W& DERXW 
86W&22  RYHU WKH FRXUVH RI WKH FHQWXU\ HJ .XURVDZD
 $OWKRXJK WKHVH VFHQDULRV DUH FDWHJRUL]HG DFFRUGLQJ WR
RXUGH¿QLWLRQDVLQWHUYHQWLRQVFHQDULRVWKH\GRQRWQHFHVVDULO\
OHDGWRWKHVWDELOL]DWLRQRIDWPRVSKHULF&22 concentrations.

pre-TAR + TAR Scenarios
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SDWK FRPSDUHG WR RWKHU VFHQDULRV GHFDUERQL]DWLRQ RI SULPDU\
HQHUJ\ZLWKGHFUHDVLQJHQHUJ\HI¿FLHQF\XQWLOIROORZHG
E\UDSLGO\LQFUHDVLQJUDWLRVRI&22SHUXQLWRISULPDU\HQHUJ\
DIWHU±LQRWKHUZRUGVUHFDUERQL]DWLRQ,QWKHORQJWHUP
WKHVH VFHQDULRV OLH ZHOO DERYH WKH UDQJH VSDQQHG E\ WKH QHZ
VFHQDULRVLQGLFDWLQJDVKLIWWRZDUGVPRUHUDSLG&22LQWHQVLW\
improvements in the recent literature (Nakicenovic et al 
,QFRQWUDVWWKHUHDUHMXVWDYHU\IHZVFHQDULRVLQWKHSRVW
OLWHUDWXUHWKDWHQYLVDJHLQFUHDVHVLQFDUERQLQWHQVLW\RIHQHUJ\

Figure 3.34: Deployment of primary energy technologies across pre-2001
scenarios by 2030 and 2100: Left-side ‘error’ bars show baseline (non-intervention)
scenarios and right-side ones show intervention and stabilization scenarios. The full
ranges of the distributions (full vertical line with two extreme tic marks), the 25th and
75th percentiles (blue area) and the median (middle tic mark) are also shown.

LQ WKH ZRUOG VRPH  \HDUV DJR WR WKH GRPLQDQFH RI FUXGH
RLOGXULQJWKHV$FKLHYLQJVXFKDWUDQVLWLRQLQWKHIXWXUH
towards lower GHG intensities is one of the major technological
challenges addressed in mitigation and stabilization scenarios.
)LJXUHVDQGVKRZWKHUDQJHVRIHQHUJ\WHFKQRORJ\
GHSOR\PHQW DFURVV VFHQDULRV E\  DQG  IRU EDVHOLQH
(non-intervention) and intervention (including stabilization)
VFHQDULRVUHVSHFWLYHO\7KHGHSOR\PHQWRIHQHUJ\WHFKQRORJLHV
LQJHQHUDODQGRIQHZWHFKQRORJLHVLQSDUWLFXODULVVLJQL¿FDQW
LQGHHGHYHQWKURXJKWKHSHULRGEXWHVSHFLDOO\E\
7KH GHSOR\PHQW UDQJHV VKRXOG EH FRPSDUHG ZLWK WKH FXUUHQW
WRWDO JOREDO SULPDU\ HQHUJ\ UHTXLUHPHQWV RI VRPH  (- LQ
&RDORLODQGJDVUHDFKPHGLDQGHSOR\PHQWOHYHOVUDQJLQJ
IURPVRPHWR(-E\7KHYDULDWLRQLVVLJQL¿FDQWO\
KLJKHUE\EXWHYHQPHGLDQVUHDFKOHYHOVRIFORVHWR
(-IRUFRDOLQUHIHUHQFHVFHQDULRVWKHUHE\H[FHHGLQJE\
WKH FXUUHQW GHSOR\PHQW RI DOO SULPDU\ HQHUJ\ WHFKQRORJLHV LQ
WKHZRUOG'HSOR\PHQWRIQXFOHDUDQGELRPDVVLVFRPSDUDWLYHO\
ORZHU LQ WKH UDQJH RI DERXW ± (- E\  DQG XS WR
WHQ WLPHV DV PXFK E\  7KLV DOO LQGLFDWHV WKDW UDGLFDO
technological changes occur across the range of scenarios.
7KHGHSOR\PHQWUDQJHVDUHODUJHIRUHDFKRIWKHWHFKQRORJLHV
but do not differ much when comparing the pre-2001 with post2001 scenarios over both time periods, up to 2030 and 2100.
7KXVZKLOHWHFKQRORJ\GHSOR\PHQWVDUHODUJHLQWKHPHDQDQG
variance, the patterns have changed little in the new (compared
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post-TAR Scenarios
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Figure 3.35: Deployment of primary energy technologies across post-2001
scenarios by 2030 and 2100: Left-side ‘error’ bars show baseline (non-intervention)
scenarios and right-side ones show intervention and stabilization scenarios. The full
ranges of the distributions (full vertical line with two extreme tic marks), the 25th and
75th percentiles (blue area) and the median (middle tic mark) are also shown.

ZLWK WKH ROGHU  VFHQDULRV :KDW LV VLJQL¿FDQW LQ ERWK VHWV RI
OLWHUDWXUH LV WKH UDGLFDOO\ GLIIHUHQW VWUXFWXUH DQG SRUWIROLR RI
technologies between baseline and stabilization scenarios.
0LWLJDWLRQ JHQHUDOO\ PHDQV VLJQL¿FDQWO\ OHVV FRDO VRPHZKDW
OHVV QDWXUDO JDV DQG FRQVLVWHQWO\ PRUH QXFOHDU DQG ELRPDVV
What cannot be seen from this comparison, due to the lack of
GDWDDQGLQIRUPDWLRQDERXWWKHVFHQDULRVLVWKHH[WHQWWRZKLFK
FDUERQFDSWXUHDQGVWRUDJHLVGHSOR\HGLQPLWLJDWLRQVFHQDULRV
+RZHYHU LW LV YHU\ OLNHO\ WKDW PRVW RI WKH FRDO DQG PXFK RI
WKHQDWXUDOJDVGHSOR\PHQWDFURVVVWDELOL]DWLRQVFHQDULRVRFFXUV
in conjunction with carbon capture and storage. The overall
conclusion is that mitigation and stabilization in emissions
VFHQDULRV KDYH D VLJQL¿FDQW LQGXFHPHQW RQ GLIIXVLRQ UDWHV RI
FDUERQVDYLQJDQG]HURFDUERQHQHUJ\WHFKQRORJLHV
3.4.2

7KXV VXI¿FLHQW LQYHVWPHQW ZLOO EH UHTXLUHG WR HQVXUH WKDW
WKHEHVWWHFKQRORJLHVDUHEURXJKWWRPDUNHWLQDWLPHO\PDQQHU
7KHVH LQYHVWPHQWV DQG WKH UHVXOWLQJ GHSOR\PHQW RI QHZ
technologies, provide an economic value. Model calculations
HQDEOHHFRQRPLVWVWRTXDQWLI\WKHYDOXHRILPSURYHGWHFKQRORJLHV
DVLOOXVWUDWHGIRUWZRWHFKQRORJLHVLQ)LJXUH
*HQHUDOO\ HFRQRPLF EHQH¿WV IURP LPSURYHG WHFKQRORJ\
LQFUHDVHQRQOLQHDUO\ZLWK
1. The distance to current economic characteristics (or the
ones assumed to be characteristic of the scenario baseline).
 7KHVWULQJHQF\RIHQYLURQPHQWDOWDUJHWV
 7KH FRPSUHKHQVLYHQHVV DQG GLYHUVLW\ RI D SDUWLFXODU
WHFKQRORJ\SRUWIROLRFRQVLGHUHGLQWKHDQDO\VLV
7KXV WKH ODUJHU WKH LPSURYHPHQW RI IXWXUH WHFKQRORJ\
characteristics compared to current ones, the lower the
stabilization target, and the more comprehensive the suite of
available technologies, the greater will be the economic value
RILPSURYHPHQWVLQWHFKQRORJ\
7KHVH UHVXOWV OHQG IXUWKHU FUHGHQFH WR WHFKQRORJ\ 5 '
DQG GHSOR\PHQW LQFHQWLYHV SROLFLHV IRU H[DPSOH SULFHV) as
‘hedging’ strategies addressing climate change. However,
JLYHQWKHFXUUHQWLQVXI¿FLHQWXQGHUVWDQGLQJRIWKHFRPSOH[LW\
RIGULYLQJIRUFHVXQGHUO\LQJWHFKQRORJLFDOLQQRYDWLRQDQGFRVW
LPSURYHPHQWVFRVWEHQH¿WRUHFRQRPLFµUHWXUQRQLQYHVWPHQW¶
calculations have (to date) not been attempted in the literature,
GXHDWOHDVWLQSDUWWRDSDXFLW\RIHPSLULFDOWHFKQRORJ\VSHFL¿F
GDWDRQ5 'DQGQLFKHPDUNHWGHSOR\PHQWH[SHQGLWXUHVDQG
the considerable uncertainties involved in linking ‘inputs’
5 ' DQG PDUNHW VWLPXODWLRQ FRVWV  WR µRXWSXWV¶ WHFKQRORJ\
improvements and cost reductions).
3.4.3

RD&D and investment patterns

As mentioned in Chapter 2, the private sector is leading
global research and development of technologies that are close
WRPDUNHWGHSOR\PHQWZKLOHSXEOLFIXQGLQJLVHVVHQWLDOIRUWKH
ORQJHUWHUPDQGEDVLFUHVHDUFK5 'HIIRUWVLQWKHHQHUJ\DUHD
DUHHVSHFLDOO\LPSRUWDQWIRU*+*HPLVVLRQVUHGXFWLRQ
$FFHOHUDWLQJ WKH DYDLODELOLW\ RI DGYDQFHG DQG QHZ
WHFKQRORJLHVZLOOEHFHQWUDOWRJUHDWO\UHGXFLQJ&22 emissions
24 See Newell et al., 1999.
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IURPHQHUJ\DQGRWKHUVRXUFHV,QQRYDWLRQLQHQHUJ\WHFKQRORJ\
will be integral to meeting the objective of emission reduction.
Investment and incentives will be needed for all components
RI WKH LQQRYDWLRQ V\VWHP ± UHVHDUFK DQG GHYHORSPHQW
(R&D), demonstration, market introduction and its feedback
WR GHYHORSPHQW ÀRZV RI LQIRUPDWLRQ DQG NQRZOHGJH DQG
WKH VFLHQWL¿F UHVHDUFK WKDW FRXOG OHDG WR QHZ WHFKQRORJLFDO
advances.

3.4.3.1

Dynamics and drivers of technological
change, barriers (timing of technology
deployment, learning)
Summary from the TAR

The IPCC-TAR concluded that reduction of greenhouse gas
HPLVVLRQVLVKLJKO\GHSHQGHQWRQERWKWHFKQRORJLFDOLQQRYDWLRQ
DQG LPSOHPHQWDWLRQ RI WHFKQRORJLHV D FRQFOXVLRQ EURDGO\
FRQ¿UPHG LQ &KDSWHU  6HFWLRQ   +RZHYHU WKH UDWH RI
introduction of new technologies, and the drivers for adoption
DUH GLIIHUHQW DFURVV GLIIHUHQW SDUWV RI WKH ZRUOG SDUWLFXODUO\
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Figure 3.36: The value of improved technology.
Note: Modelling studies enable experts to calculate the economic value of technology improvements that increase particularly drastically with increasing stringency of
stabilization targets (750, 650, 500, and 450 ppmv, respectively) imposed on a reference scenario (modelling after the IS92a scenario in this particular modelling study).
Detailed model representation of technological interdependencies and competition and substitution is needed for a comprehensive assessment of the economic value
of technology improvements. Left panel: cost savings (billions of 1996 US$) compared to the reference scenario when lowering the costs of solar photovoltaics (PV)
from a reference value of 9 US cents per kWh (top) by 1, 3, 4, and 6 cents/kWh, respectively. For instance, the value of reducing PV costs from 9 to 3 cents per kWh
could amount to up to 1.5 trillion US$ in an illustrative 550 ppmv stabilization scenario compared to the reference scenario in which costs remain at 9 cents/kWh).
Right panel: cost savings resulting from availability of an ever larger and diversiﬁed portfolio of carbon capture and sequestration technologies. For instance, adding
soil carbon sequestration to the portfolio of carbon capture and sequestration technology options (forest-sector measures were not included in the study) reduces
costs by 1.1 trillion US$ in an illustrative 450 ppmv stabilization scenario. Removing all carbon capture sequestration technologies would triple the costs of stabilization
for all concentration levels analyzed.
Source: GTSP, 2001.

in industrial market economies, economies in transition and
GHYHORSLQJFRXQWULHV7RVRPHH[WHQWWKLVLVUHÀHFWHGLQJOREDO
HPLVVLRQVVFHQDULRVDVWKH\RIWHQLQYROYHWHFKQRORJLFDOFKDQJH
DWDOHYHOWKDWLQFOXGHVDGR]HQRUVRZRUOGUHJLRQV7KLVXVXDOO\
LQYROYHVPDNLQJPRUHUHJLRQVSHFL¿FDVVXPSWLRQVDERXWIXWXUH
performance, costs and investment needs for new and lowcarbon technologies.
7KHUH DUH PXOWLSOH SROLF\ DSSURDFKHV WR HQFRXUDJH
technological innovation and change. Through regulation of
HQHUJ\ PDUNHWV HQYLURQPHQWDO UHJXODWLRQV HQHUJ\ HI¿FLHQF\
VWDQGDUGV ¿QDQFLDO DQG RWKHU PDUNHWEDVHG LQFHQWLYHV
VXFK DV HQHUJ\ DQG HPLVVLRQ WD[HV JRYHUQPHQWV FDQ LQGXFH
WHFKQRORJ\ FKDQJHV DQG LQÀXHQFH WKH OHYHO RI LQQRYDWLRQV
,Q HPLVVLRQV VFHQDULRV WKLV LV UHÀHFWHG LQ DVVXPSWLRQV DERXW
SROLF\LQVWUXPHQWVVXFKDVWD[HVHPLVVLRQVSHUPLWVWHFKQRORJ\
VWDQGDUGVFRVWVDQGORZHUDQGXSSHUERXQGDULHVRIWHFKQRORJ\
diffusion.
3.4.3.2

Dynamics of technology

R&D, technological learning, and spillovers are the three
broad categories of drivers behind technological change.
These are discussed in Chapter 2, Section 2.7, and Chapter 11,
Section 11.5. The main conclusion is that, on the whole, all

WKUHHRIWKHVRXUFHVRILQGXFHGWHFKQRORJLFDOFKDQJH ,7& SOD\
important roles in technological advance. Here, we focus on the
G\QDPLFVRIWHFKQRORJ\DQG,7&LQHPLVVLRQVDQGVWDELOL]DWLRQ
scenarios.
(PLVVLRQVVFHQDULRVJHQHUDOO\WUHDWWHFKQRORJLFDOFKDQJHDV
DQH[RJHQRXVDVVXPSWLRQDERXWFRVWVPDUNHWSHQHWUDWLRQDQG
RWKHUWHFKQRORJ\FKDUDFWHULVWLFVZLWKVRPHQRWDEOHH[FHSWLRQV
VXFKDVLQ*ULWVHYVN\LDQG1DNLFHQRYLF  +RXUFDGHDQG
Shukla (2001), in their review of scenarios from top-down
PRGHOV LQGLFDWH WKDW WHFKQRORJ\ DVVXPSWLRQV DUH D FULWLFDO
factor that affects the timing and cost of emission abatement in
WKHPRGHOV7KH\LGHQWLI\ZLGHO\GLIIHULQJFRVWVRIVWDELOL]DWLRQ
DWSSPYE\RIEHWZHHQDQGRI*'3PDLQO\
LQÀXHQFHGE\WKHVL]HRIWKHHPLVVLRQVLQWKHEDVHOLQH
The International Modelling Comparison Project (IMCP)
(Edenhofer et al   FRPSDUHG WKH WUHDWPHQW UHODWLQJ WR
WHFKQRORJLFDO FKDQJH LQ PDQ\ PRGHOV FRYHULQJ D ZLGH UDQJH
of approaches. The economies for technological change were
VLPXODWHGLQWKUHHJURXSVHIIHFWVWKURXJK5 'H[SHQGLWXUHV
OHDUQLQJE\GRLQJ /%'  RU VSHFLDOL]DWLRQ DQG VFDOH ,0&3
¿QGVWKDW,7&UHGXFHVFRVWVRIVWDELOL]DWLRQEXWLQDZLGHUDQJH
GHSHQGLQJRQWKHÀH[LELOLW\RIWKHLQYHVWPHQWGHFLVLRQVDQGWKH
range of mitigation options in the models. It should be noted,
223
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however, that induced technological change is not a ‘free lunch’,
DVLWUHTXLUHVKLJKHUXSIURQWLQYHVWPHQWDQGGHSOR\PHQWRIQHZ
technologies in order to achieve cost-reductions thereafter. This
can lead to lower overall mitigation costs.
All models indicate that real carbon prices for stabilization
WDUJHWV ULVH ZLWK WLPH LQ WKH HDUO\ \HDUV ZLWK VRPH PRGHOV
showing a decline in the optimal price after 2050 due to the
accumulated effects of LBD and positive spillovers on economic
growth. Another robust result is that ITC can reduce costs when
PRGHOVLQFOXGHORZFDUERQHQHUJ\VRXUFHV VXFKDVUHQHZDEOHV
QXFOHDUDQGFDUERQFDSWXUHDQGVHTXHVWUDWLRQ DVZHOODVHQHUJ\
HI¿FLHQF\ DQG HQHUJ\ VDYLQJV )LQDOO\ SROLF\ XQFHUWDLQW\ LV
seen as an issue. Long-term and credible abatement targets
and policies will reduce some of the uncertainties around the
investment decisions and are crucial to the transformation of
WKHHQHUJ\V\VWHP
,7&EURDGHQVWKHVFRSHRIWHFKQRORJ\UHODWHGSROLFLHVDQG
XVXDOO\LQFUHDVHVWKHEHQH¿WVRIHDUO\DFWLRQZKLFKDFFHOHUDWHV
GHSOR\PHQW DQG FRVWUHGXFWLRQV RI ORZFDUERQ WHFKQRORJLHV
(Barker et al6LMP*ULWVHYVN\LDQG1DNLFHQRYLF
2000). This is due to the cumulative nature of ITC as treated
LQWKHQHZPRGHOOLQJDSSURDFKHV(DUO\GHSOR\PHQWRIFRVWO\
WHFKQRORJLHV OHDGV WR OHDUQLQJ EHQH¿WV DQG ORZHU FRVWV DV
GLIIXVLRQ SURJUHVVHV ,Q FRQWUDVW VFHQDULRV ZLWK H[RJHQRXV
WHFKQRORJ\DVVXPSWLRQVLPSO\ZDLWLQJIRUEHWWHUWHFKQRORJLHV
WR DUULYH LQ WKH IXWXUH WKRXJK WKLV WRR PD\ UHVXOW LQ UHGXFHG
costs of emission reduction (European Commission, 2003).
2WKHUUHFHQWZRUNDOVRFRQ¿UPVWKHVH¿QGLQJV)RUH[DPSOH
0DQQHDQG5LFKHOV  DQG*RXOGHU  DOVRIRXQGWKDW
,7&ORZHUVPLWLJDWLRQFRVWVDQGWKDWPRUHH[WHQVLYHUHGXFWLRQV
LQ *+*V DUH MXVWL¿HG WKDQ ZLWK H[RJHQRXV WHFKQLFDO FKDQJH
Nakicenovic and Riahi (2003) noted how the assumption about
WKH DYDLODELOLW\ RI IXWXUH WHFKQRORJLHV ZDV D VWURQJ GULYHU RI
stabilization costs. Edmonds et al D VWXGLHGVWDELOL]DWLRQ
DWSSPY&22 in the SRES B2 world using the MiniCAM
model and showed a reduction in costs of a factor of 2.5 in 2100
using a baseline incorporating technical change. Edmonds et
alFRQVLGHUDGYDQFHGWHFKQRORJ\GHYHORSPHQWWREHIDUPRUH
LPSRUWDQWDVDGULYHURIHPLVVLRQUHGXFWLRQVWKDQFDUERQWD[HV
:H\DQW   FRQFOXGHG WKDW VWDELOL]DWLRQ ZLOO UHTXLUH WKH
ODUJHVFDOHGHYHORSPHQWRIQHZHQHUJ\WHFKQRORJLHVDQGWKDW
FRVWV ZRXOG EH UHGXFHG LI PDQ\ WHFKQRORJLHV DUH GHYHORSHG
LQSDUDOOHODQGWKHUHLVHDUO\DGRSWLRQRISROLFLHVWRHQFRXUDJH
WHFKQRORJ\GHYHORSPHQW
7KHUHVXOWVIURPWKHERWWRPXSDQGPRUHWHFKQRORJ\VSHFL¿F
PRGHOOLQJ DSSURDFKHV JLYH D GLIIHUHQW SHUVSHFWLYH )ROORZLQJ
the work of the IIASA in particular, models investigating
induced technical change emerged during the mid- and lateV7KHVHPRGHOVVKRZWKDW,7&FDQDOWHUUHVXOWVLQPDQ\
ZD\V,QWKHSUHYLRXVVHFWLRQVRIWKLVFKDSWHUWKHDXWKRUVKDYH
also illustrated that the baseline choice is crucial in determining
WKH QDWXUH DQG E\ LPSOLFDWLRQ DOVR WKH FRVW  RI VWDELOL]DWLRQ
224
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+RZHYHU WKLV LQÀXHQFH LV LWVHOI ODUJHO\ GXH WR WKH GLIIHUHQW
assumptions made about technological change in the baseline
VFHQDULRV*ULWVHYVN\LDQG1DNLFHQRYLF  LGHQWL¿HGVRPH
53 clusters of least-cost technologies, allowing for endogenous
WHFKQRORJLFDO OHDUQLQJ ZLWK XQFHUWDLQW\ 7KLV VXJJHVWV WKDW D
GHFDUERQL]HGHFRQRP\PD\QRWFRVWDQ\PRUHWKDQDFDUERQ
LQWHQVLYH RQH LI WHFKQRORJ\ OHDUQLQJ FXUYHV DUH WDNHQ LQWR
DFFRXQW 2WKHU NH\ ¿QGLQJV DUH WKDW WKHUH LV D ODUJH GLYHUVLW\
DFURVV DOWHUQDWLYH HQHUJ\ WHFKQRORJ\ VWUDWHJLHV D ¿QGLQJ WKDW
ZDVFRQ¿UPHGLQ,0&3 (GHQKRIHUet al 7KHVHUHVXOWV
suggest that it is not possible to choose an ‘optimal’ direction
IRU HQHUJ\ V\VWHP GHYHORSPHQW 6RPH PRGHOOLQJ UHSRUWHG
LQWKH7$5VXJJHVWVWKDWDUHGXFWLRQ XSWR*W&D\HDU E\
 VRPHRIEDVHOLQHSURMHFWLRQV PLJKWEHDFKLHYHGE\
current technologies, half of the reduction at no direct cost, the
RWKHU KDOI DW GLUHFW FRVWV RI OHVV WKDQ  86W&HTXLYDOHQW
86W&22-eq).
3.4.3.3

Barriers to technology transfer, diffusion and
deployment for long-term mitigation

Chapter 2, Section 2.7.2 includes a discussion of the barriers
to development and commercialization of technologies. Barriers
WR WHFKQRORJ\ WUDQVIHU YDU\ DFFRUGLQJ WR WKH VSHFL¿F FRQWH[W
IURPVHFWRUWRVHFWRUDQGFDQPDQLIHVWWKHPVHOYHVGLIIHUHQWO\
in developed and developing countries, and in economies-intransition (EITs). These barriers range from a lack of information;
LQVXI¿FLHQWKXPDQFDSDELOLWLHVSROLWLFDODQGHFRQRPLFEDUULHUV
(such as the lack of capital, high transaction costs, lack of full
FRVW SULFLQJ DQG WUDGH DQG SROLF\ EDUULHUV  LQVWLWXWLRQDO DQG
structural barriers; lack of understanding of local needs; business
OLPLWDWLRQV VXFK DV ULVN DYHUVLRQ LQ ¿QDQFLDO LQVWLWXWLRQV 
LQVWLWXWLRQDOOLPLWDWLRQV VXFKDVLQVXI¿FLHQWOHJDOSURWHFWLRQ 
and inadequate environmental codes and standards.
3.4.3.4

Dynamics in developing countries and timing of
technology deployment

1DWLRQDO SROLFLHV LQ GHYHORSLQJ FRXQWULHV QHFHVVDULO\
focus on more fundamental priorities of development, such as
SRYHUW\ DOOHYLDWLRQ DQG SURYLGLQJ EDVLF OLYLQJ FRQGLWLRQV IRU
WKHLU SRSXODWLRQV DQG LW LV XQOLNHO\ WKDW VKRUWWHUP QDWLRQDO
SROLFLHVZRXOGEHGULYHQE\HQYLURQPHQWDOFRQFHUQV1DWLRQDO
SROLFLHVGULYHQE\HQHUJ\VHFXULW\FRQFHUQVFDQKRZHYHUKDYH
strong alignment with climate goals. The success of policies
that address short-term development concerns will determine
WKHSDFHDWZKLFKWKHTXDOLW\RIOLIHLQWKHGHYHORSLQJDQGWKH
developed world converges over the long term.
,Q WKH ORQJ WHUP WKH NH\ GULYHUV RI WHFKQRORJLFDO FKDQJH
in developing countries will depend on three ‘changes’
WKDW DUH VLPXOWDQHRXV DQG LQVHSDUDEOH ZLWKLQ WKH FRQWH[W RI
GHYHORSPHQW H[RJHQRXV EHKDYLRXUDO FKDQJHV RU FKDQJHV
LQ VRFLDO LQIUDVWUXFWXUH HQGRJHQRXV SROLFLHV GULYHQ E\
µGHYHORSPHQW JRDOV¶ DQG DQ\ LQGXFHG FKDQJH IURP FOLPDWH
policies (Shukla et al 
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Previous IPCC reports conclude that climate change decisionmaking is not a once-and-for-all event, but an iterative riskPDQDJHPHQWSURFHVVWKDWLVOLNHO\WRWDNHSODFHRYHUGHFDGHV
where there will be opportunities for learning and mid-course
corrections in the light of new information ( Lempert et al.,
.HOOHUet al 
This iterative process can be described using a decision
WUHH )LJXUH ZKHUHWKHVTXDUHQRGHVUHSUHVHQWGHFLVLRQV
WKH FLUFOHV UHSUHVHQW WKH UHGXFWLRQ RI XQFHUWDLQW\ DQG WKH
arrows indicate the range of decisions and outcomes. Some
QRGHV VXPPDUL]H WRGD\¶V RSWLRQV ± KRZ PXFK VKRXOG EH
LQYHVWHG LQ PLWLJDWLRQ LQ DGDSWDWLRQ LQ H[SDQGLQJ PLWLJDWLYH
DQG DGDSWLYH FDSDFLW\ RU LQ UHVHDUFK WR UHGXFH XQFHUWDLQW\"
2WKHU QRGHV UHSUHVHQW RSSRUWXQLWLHV WR OHDUQ DQG PDNH PLG
course corrections. This picture is a caricature of real decision
processes, which are continuous, overlapping and iterative.
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$NH\TXHVWLRQIRUSROLF\LVZKDWFRPELQDWLRQRIVKRUWWHUP
and long-term actions will minimize the total costs of climate
FKDQJH LQ ZKDWHYHU IRUP WKHVH FRVWV DUH H[SUHVVHG DFURVV
mitigation, adaptation and the residual climate impacts that
VRFLHW\LVHLWKHUSUHSDUHGRUIRUFHGWRWROHUDWH$OWKRXJKWKHUH
DUH GLIIHUHQW YLHZV RQ WKH IRUP DQG G\QDPLFV RI VXFK WUDGH
RIIV LQ FOLPDWH SROLFLHV WKHUH LV D FRQVHQVXV WKDW WKH\ VKRXOG
be aligned with (sustainable) development policies, since the
ODWWHU GHWHUPLQH WKH FDSDFLW\ WR PLWLJDWH DQG WR DGDSW LQ WKH
IXWXUH 7$5+RXUFDGHDQG6KXNOD ,QDOOFDVHVSROLF\
decisions will have to be made with incomplete understanding
RI WKH PDJQLWXGH DQG WLPLQJ RI FOLPDWH FKDQJH RI LWV OLNHO\
consequences, and of the cost and effectiveness of response
measures.

Mitigation
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Technology
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dD
QD

The interaction between mitigation and
adaptation, an iterative climate policy
process

Responses to climate change include a portfolio of
PHDVXUHV
a. Mitigation – actions that reduce net carbon emissions and
limit long-term climate change.
E $GDSWDWLRQ±DFWLRQVWKDWKHOSKXPDQDQGQDWXUDOV\VWHPVWR
adjust to climate change.
c. Research on new technologies, on institutional designs
and on climate and impacts science, which should reduce
uncertainties and facilitate future decisions (Richels et al.,
&DOGHLUDet al., 2003; Yohe et al 
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Figure 3.37: The Iterative Nature of the Climate Policy Process.

+RZHYHULWLVXVHIXOWRFRQFHSWXDOO\SXWWKHPDQ\GHWHUPLQDQWV
RIDQ\VKRUWWHUPVWUDWHJ\LQDFRQWH[WRISURJUHVVLYHUHVROXWLRQ
RIXQFHUWDLQW\
3.5.1.2

Qualitative insights into interactions between
mitigaton, adaptation and development

8QWLO UHFHQWO\ D PDLQ IRFXV LQ WKH SROLF\ DQG LQWHJUDWHG
assessment literature has been on comparing mitigation costs
and avoided damages. Since the TAR, attention has shifted
towards the interaction between mitigation and adaptation in
reducing damages in a risk-management framework. This has
accompanied a growing realization that some climate change in
the coming decades is inevitable.
/LPLWHGWUHDWPHQWRIDGDSWDWLRQLQFOLPDWHSROLF\DVVHVVPHQWV
LVVWLOODSUREOHPDQGDQXPEHURIUHDVRQVH[SODLQWKLV)LUVW
the focus of the international climate change negotiations
KDV ODUJHO\ EHHQ RQ PLWLJDWLRQ SHUKDSV EHFDXVH DWWHQWLRQ WR
adaptation could be viewed as ‘giving up’ on mitigation) even
WKRXJKWKHLPSRUWDQFHRIDGDSWDWLRQLVXQGHUOLQHGLQ$UWLFOH
RIWKH81)&&&DQG$UWLFOHRIWKH.\RWR3URWRFRO6HFRQG
DGDSWDWLRQLVODUJHO\XQGHUWDNHQDWWKHORFDOVFDOHE\LQGLYLGXDO
households, farmers, companies or local governments; it is thus
GLI¿FXOWWRWDUJHWWKURXJKFRRUGLQDWHGLQWHUQDWLRQDOLQFHQWLYHV
DQG LV PRUH FRPSOLFDWHG WR KDQGOH TXDQWLWDWLYHO\ E\ PRGHOV
LQJOREDOVFHQDULRV7KLUGLWLVGLI¿FXOWWRJHQHUDOL]HWKHZD\V
WKDWLQGLYLGXDOVRUFRPPXQLWLHVDUHOLNHO\WRDGDSWWRVSHFL¿F
LPSDFWV+RZHYHUWKHOLWHUDWXUHLVHYROYLQJTXLFNO\DQGUHFHQW
ZRUNLVDYDLODEOHLQDQXPEHURIUHJLRQVIRUH[DPSOHLQ)LQODQG
(Carter et al WKH8. :HVWDQG*DZLWK &DQDGD
(Cohen et al DQGWKH86$ HJ&DOLIRUQLD+D\KRHet
al 
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'HVSLWHWKHVFDUFLW\RIJOREDOV\VWHPDWLFDVVHVVPHQWV 7RO
2005a), some interesting insights into the interaction between
adaptation and mitigation emerge from recent regional-scale
studies. Some adaptation measures are ‘no-regret’ measures
DQG VKRXOG EH XQGHUWDNHQ DQ\ZD\ $JUDZDOD   VXFK DV
preservation of mangroves in coastal zones, which provide a
EXIIHU IRU LQFUHDVHG FRDVWDO ÀRRG ULVN GXH WR FOLPDWH FKDQJH
DQG KHOS WR PDLQWDLQ KHDOWK\ PDULQH HFRV\VWHPV 1LFKROOV et
al $IHZPD\EHV\QHUJLVWLFZLWKPLWLJDWLRQ %RVHOOR
  VXFK DV LQYHVWLQJ LQ PRUH HI¿FLHQW EXLOGLQJV WKDW ZLOO
OLPLW KXPDQ YXOQHUDELOLW\ WR LQFUHDVLQJO\ IUHTXHQW KHDWZDYHV
DQG DOVR UHGXFH HQHUJ\ XVH KHQFH HPLVVLRQV %XW PDQ\
adaptation options involve net costs with a risk of committing
to irreversible and misplaced investment given the considerable
XQFHUWDLQW\ DERXW FOLPDWH FKDQJH DW D ORFDO VFDOH *LYHQ WKLV
XQFHUWDLQW\ DQG WKH IDFW WKDW OHDUQLQJ DERXW DGDSWDWLRQ WR
FOLPDWHFKDQJHLPSRVHVVRPHFRVWVDQGWDNHVWLPH .HOO\et al.,
 PLVDOORFDWLRQRILQYHVWPHQWVPD\RFFXURUWKHUDWHRI
ORQJWHUPLQYHVWPHQWLQDGDSWDWLRQVWUDWHJLHVPD\VORZ .RNLF
et al.HOO\et al., 2005).
)LQDOO\WKHLQWHUDFWLRQVEHWZHHQDGDSWDWLRQDQGPLWLJDWLRQ
DUH LQWHUWZLQHG ZLWK GHYHORSPHQW SDWKZD\V $ NH\ LVVXH LV
to understand at what point (over)investment in mitigation or
adaptation might limit funds available for development, and
WKXVUHGXFHIXWXUHDGDSWLYHFDSDFLW\ 6DFKV7ROD
7RO DQG <RKH   $QRWKHU LVVXH FRQFHUQV WKH SRLQW DW
which climate change damages, and the associated investment
in adaptation, could crowd out more productive investments
ODWHU DQG KDUP GHYHORSPHQW .HPIHUW  %RVHOOR DQG
=KDQJ  .HPIHUW DQG 6FKXPDFKHU   7KH DQVZHU
to these questions depends upon modelling assumptions that
GULYHUHSHUFXVVLRQVLQRWKHUVHFWRUVRIWKHHFRQRP\DQGRWKHU
regions and the potential impacts on economic growth. These
are ‘higher-order’ social costs of climate change from a series
RI FOLPDWHFKDQJHLQGXFHG VKRFNV WKH\ LQFOXGH WKH UHODWLYH
LQÀXHQFHRID WKHFURVVVHFWRUDOLQWHUDFWLRQVDFURVVDOOPDMRU
sectors and regions; b) a crowding out effect that slows down
FDSLWDO DFFXPXODWLRQ DQG WHFKQLFDO SURJUHVV HVSHFLDOO\ LI
technical change is endogenous. These indirect impacts reduce
GHYHORSPHQW DQG DGDSWLYH FDSDFLW\ DQG PD\ EH LQ WKH VDPH
order of magnitude, or greater than, the direct impact of climate
FKDQJH )DQNKDXVHU DQG 7RO  5RVRQ DQG 7RO 
.HPIHUW 
Both the magnitude and the sign of the indirect macroeconomic impacts of climate change are conditional upon the
JURZWKG\QDPLFVRIWKHFRXQWULHVFRQFHUQHG:KHQFRQIURQWHG
E\ WKH VDPH PLWLJDWLRQ SROLFLHV DQG WKH VDPH FOLPDWH FKDQJH
LPSDFWV HFRQRPLHV H[SHULHQFLQJ VWURQJ GLVHTXLOLEULXP
LQFOXGLQJ µSRYHUW\ WUDSV¶  DQG ODUJH PDUNHW DQG LQVWLWXWLRQDO
LPSHUIHFWLRQVZLOOQRWUHDFWLQWKHVDPHZD\DVFRXQWULHVWKDW
DUHRQDVWHDG\DQGKLJKHFRQRPLFJURZWKSDWKZD\7KHODWWHU
are near what economists call their ‘production frontier’ (the
PD[LPXP RI SURGXFWLRQ DWWDLQDEOH DW D JLYHQ SRLQW LQ WLPH 
WKHIRUPHUDUHPRUHYXOQHUDEOHWRDQ\FOLPDWLFVKRFNRUEDGO\
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FDOLEUDWHG PLWLJDWLRQ SROLFLHV EXW V\PPHWULFDOO\ RIIHU PRUH
RSSRUWXQLWLHVIRUV\QHUJLHVEHWZHHQPLWLJDWLRQDGDSWDWLRQDQG
development policies (Shukla et al 2QWKHDGDSWDWLRQ
VLGH IRU H[DPSOH 7RO DQG 'RZODWDEDGL   GHPRQVWUDWH
WKDWWKHUHLVVLJQL¿FDQWSRWHQWLDOWRUHGXFHYXOQHUDELOLW\WRWKH
spread of malaria in Africa. In some circumstances, mitigation
measures can be aligned with development policies and alleviate
LPSRUWDQW VRXUFHV RI YXOQHUDELOLW\ LQ WKHVH FRXQWULHV VXFK DV
GHSHQGHQF\RQRLOLPSRUWVRUORFDOSROOXWLRQ%XWWKLVLQYROYHV
WUDQVLWLRQFRVWVRYHUWKHFRPLQJ±\HDUV KLJKHUGRPHVWLF
HQHUJ\SULFHVKLJKHULQYHVWPHQWVLQWKHHQHUJ\VHFWRU ZKLFK
in turn suggests opportunities for international cooperative
mechanisms to minimize these costs.
%RVHOOR  VKRZVFRPSOHPHQWDULW\EHWZHHQDGDSWDWLRQ
mitigation and investment in R&D, whilst others consider
WKHVH DV VXEVWLWXWHV 7RO D  6FKQHLGHU DQG /DQH  
FRQVLGHUWKDWPLWLJDWLRQDQGDGDSWDWLRQRQO\WUDGHRIIIRUVPDOO
temperature increments where adaptation might be cheaper,
ZKHUHDVIRUODUJHUWHPSHUDWXUHLQFUHDVHVPLWLJDWLRQLV DOZD\V
WKH FKHDSHU RSWLRQ *RNODQ\   SURPRWHV WKH YLHZ WKDW
WKHFRQWULEXWLRQE\FOLPDWHFKDQJHWRKXQJHUPDODULDFRDVWDO
ÀRRGLQJDQGZDWHUVWUHVV DVPHDVXUHGE\SRSXODWLRQVDWULVN 
is small compared to that of non-climate-change-related factors,
DQG WKDW WKURXJK WKH V HIIRUWV WR UHGXFH YXOQHUDELOLW\
would be more cost-effective in reducing these problems than
PLWLJDWLRQ 7KLV DQDO\VLV QHJOHFWV FULWLFDO WKUHVKROGV DW WKH
UHJLRQDOOHYHO VXFKDVWKHWHPSHUDWXUHFHLOLQJRQIHDVLELOLW\RI
regional crop growth) and at the global level (such as the onset
of ice sheet melting or release of methane from permafrost),
DQG OLNH PDQ\ RWKHUV VWXGLHV LW QHJOHFWV WKH LPSDFWV RI
H[WUHPH ZHDWKHU HYHQWV ,W DOVR SURPRWHV D YHU\ RSWLPLVWLF
YLHZ RI DGDSWLYH FDSDFLW\ ZKLFK LV LQFUHDVLQJO\ FKDOOHQJHG
in the literature (Tompkins and Adger, 2005). An adaptationRQO\ SROLF\ VFHQDULR LQ WKH FRPLQJ GHFDGHV OHDGV WR DQ HYHQ
greater challenge for adaptation in decades to follow, owing to
WKHLQHUWLDRIWKHFOLPDWHV\VWHP,QWKHDEVHQFHRIPLWLJDWLRQ
temperature rises will be much greater than would otherwise
occur with pusuant impacts on economic development (IPCC,
E&KDSWHU6WHUQ +HQFHDGDSWDWLRQDORQHLV
LQVXI¿FLHQWWRDYRLGWKHVHULRXVULVNVGXHWRFOLPDWHFKDQJH VHH
7DEOHDOVR,3&&E&KDSWHU7DEOH 
7RVXPPDUL]HDGDSWDWLRQDQGPLWLJDWLRQDUHWKXVLQFUHDVLQJO\
YLHZHGDVFRPSOHPHQWDU\ RQWKHJOREDOVFDOH ZKLOVWORFDOO\
WKHUH DUH H[DPSOHV RI ERWK V\QHUJLHV DQG FRQÀLFWV EHWZHHQ
WKHWZR ,3&&E&KDSWHU /HVVDFWLRQRQPLWLJDWLRQ
raises the risk of greater climate-change-induced damages
WR HFRQRPLF GHYHORSPHQW DQG QDWXUDO V\VWHPV DQG LPSOLHV
a greater need for adaptation. Some authors maintain that
adaptation and mitigation are substitutes, because of competition
IRUIXQGVZKLOVWRWKHUVFODLPWKDWVXFKWUDGHRIIVRFFXURQO\DW
the margin when considering incremental temperature change
DQG LQFUHPHQWDO SROLF\ DFWLRQ EHFDXVH IRU ODUJH WHPSHUDWXUH
FKDQJHVPLWLJDWLRQLVDOZD\VFKHDSHUWKDQDGDSWDWLRQ
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Table 3.9: Global mean temperature increase at equilibrium, greenhouse gas concentration and radiative forcing. Equilibrium temperatures here are calculated using estimates

of climate sensitivity and do not take into account the full range of bio-geophysical feedbacks that may occur.
CO2-eq concentration and radiative forcing corresponding to best
estimate of climate sensitivity for warming level in column 11,2
CO2-equivalent
(ppm)

Radiative forcing
(W/m2)

CO2-eq concentration that
would be expected to limit
warming below level in column
1 with an estimated likelihood
of about 80% 3

0.6

319

0.7

305

1.6

402

2.0

356

2.0

441

2.5

378

2.6

507

3.2

415

3.0

556

3.7

441

3.6

639

4.5

484

4.0

701

4.9

515

4.6

805

5.7

565

Equilibrium temperature
increase in ºC above preindustrial temperature

5.0

883

6.2

601

5.6

1014

6.9

659

6.0

1112

7.4

701

6.6

1277

8.2

768

Note: see Figure 3.38 on page 228 for footnotes.

3.5.2

Linking emission scenarios to changes in
global mean temperature, impacts and key
vulnerabilities

,QDULVNPDQDJHPHQWIUDPHZRUND¿UVWVWHSWRXQGHUVWDQGLQJ
the environmental consequences of mitigation strategies
is to look at links between various stabilization levels for
concentrations of greenhouse gases in the atmosphere, and the
global mean temperature change relative to a particular baseline.
$VHFRQGVWHSLVWROLQNOHYHOVRIWHPSHUDWXUHFKDQJHDQGNH\
YXOQHUDELOLWLHV&OLPDWHPRGHOVLQGLFDWHVLJQL¿FDQWXQFHUWDLQW\
DW ERWK OHYHOV )LJXUH  VKRZV &22-eq concentrations that
would limit warming at equilibrium below the temperatures
indicated above pre-industrial levels, for ‘best estimate’ climate
VHQVLWLYLW\DQGIRUWKHOLNHO\UDQJHRIFOLPDWHVHQVLWLYLW\ VHH
Meehl et al6HFWLRQDQG7DEOHDQGWKHQRWHVWR
)LJXUH ,WDOVRVKRZVWKHFRUUHVSRQGLQJUDGLDWLYHIRUFLQJ
levels and their relationship to equilibrium temperature and
&22HTFRQFHQWUDWLRQV7KHWDEOHDQGWKH¿JXUHLOOXVWUDWHKRZ
lower temperature constraints require lower stabilization levels,
and also that, if the potential for climate sensitivities is higher
than the ‘best estimate’ and is taken into account, the constraint
becomes more stringent. These more stringent constraints lower
WKHULVNVRIH[FHHGLQJWKHWKUHVKROG
)LJXUH  DQG 7DEOH  SURYLGH DQ RYHUYLHZ RI KRZ
emission scenarios (Section 3.3) relate to different stabilization
WDUJHWVDQGWRWKHOLNHOLKRRGRIVWD\LQJEHORZFHUWDLQHTXLOLEULXP
ZDUPLQJ OHYHOV )RU H[DPSOH UHVSHFWLQJ FRQVWUDLQWV RI &
DERYH SUHLQGXVWULDO OHYHOV DW HTXLOLEULXP LV DOUHDG\ RXWVLGH
the range of scenarios considered in this chapter, if the higher
YDOXHVRIOLNHO\FOLPDWHVHQVLWLYLW\DUHWDNHQLQWRDFFRXQW UHG
FXUYH LQ )LJXUH   ZKLOVW D FRQVWUDLQW RI UHVSHFWLQJ &

above pre-industrial levels implies the most stringent of the
FDWHJRU\,VFHQDULRVZLWKHPLVVLRQVSHDNLQJLQQRPRUHWKDQ
WKHQH[W\HDUVDJDLQLIWKHKLJKHUOLNHO\YDOXHVRIFOLPDWH
VHQVLWLYLW\ DUH WDNHQ LQWR DFFRXQW 8VLQJ WKH µEHVW HVWLPDWH¶
RIFOLPDWHVHQVLWLYLW\ LHWKHHVWLPDWHGPRGH DVDJXLGHIRU
establishing targets, implies the need for less stringent emission
constraints. This ‘best estimate’ assumption shows that the
PRVW VWULQJHQW FDWHJRU\ ,  VFHQDULRV FRXOG OLPLW JOREDO PHDQ
WHPSHUDWXUHLQFUHDVHVWR&±&DERYHSUHLQGXVWULDOOHYHOV
DW HTXLOLEULXP UHTXLULQJ HPLVVLRQV WR SHDN ZLWKLQ  \HDUV
6LPLODUO\ OLPLWLQJ WHPSHUDWXUH LQFUHDVHV WR & DERYH SUH
LQGXVWULDOOHYHOVFDQRQO\EHUHDFKHGDWWKHORZHVWHQGRIWKH
FRQFHQWUDWLRQLQWHUYDOIRXQGLQWKHVFHQDULRVRIFDWHJRU\, LH
DERXW  SSPY &22-eq using ‘best estimate’ assumptions).
%\ FRPSDULVRQ XVLQJ WKH VDPH µEHVW HVWLPDWH¶ DVVXPSWLRQV
FDWHJRU\ ,, VFHQDULRV FRXOG OLPLW WKH LQFUHDVH WR &±&
above pre-industrial levels at equilibrium, requiring emissions
WRSHDNZLWKLQWKHQH[W\HDUVZKLOVWFDWHJRU\,9VFHQDULRV
FRXOG OLPLW WKH LQFUHDVH WR &±& DERYH SUHLQGXVWULDO DW
HTXLOLEULXP UHTXLULQJ HPLVVLRQV WR SHDN ZLWKLQ WKH QH[W 
\HDUV1RWHWKDW7DEOHFDWHJRU\,9VFHQDULRVFRXOGUHVXOW
LQWHPSHUDWXUHLQFUHDVHVDVKLJKDV&DERYHSUHLQGXVWULDO
OHYHOVZKHQWKHOLNHO\UDQJHIRUWKHYDOXHRIFOLPDWHVHQVLWLYLW\
LV WDNHQ LQWR DFFRXQW +HQFH VHWWLQJ SROLF\ RQ WKH EDVLV RI D
µEHVW HVWLPDWH¶ FOLPDWH VHQVLWLYLW\ DFFHSWV D VLJQL¿FDQW ULVN
RI H[FHHGLQJ WKH WHPSHUDWXUH WKUHVKROGV VLQFH WKH FOLPDWH
VHQVLWLYLW\FRXOGEHKLJKHUWKDQWKHEHVWHVWLPDWH
Table 3.11 highlights a number of climate change impacts
DQG NH\ YXOQHUDELOLWLHV RUJDQL]HG DV D IXQFWLRQ RI JOREDO
PHDQ WHPSHUDWXUH ULVH ,3&& E &KDSWHU   7KH WDEOH
KLJKOLJKWV D VHOHFWLRQ RI NH\ YXOQHUDELOLWLHV UHSUHVHQWDWLYH RI
FDWHJRULHVFRYHUHGLQ&KDSWHU 7DEOH LQ,3&& E 
227
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Equilibrium global mean temperature increase
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Figure 3.38: Relationship between global mean equilibrium temperature change and stabilization concentration of greenhouse gases using: (i) ‘best estimate’ climate sensitivity
of 3°C (black), (ii) upper boundary of likely range of climate sensitivity of 4.5°C (red), (iii) lower boundary of likely range of climate sensitivity of 2°C (blue) (see also Table 3.9).
Notes:
1. IPCC (2007a) ﬁnds that the climate sensitivity is likely to be in the range 2°C –4.5°C, with a ‘best estimate’ of about 3°C, very unlikely to be less than 1.5°C and
values substantially higher than 4.5°C ‘cannot be excluded’ (IPCC (2007a, SPM).
2. The simple relationship Teq = T2xCO2 x ln([CO2]/280)/ln(2) is used (see Meehl et al. (2007), Section 10.7, and Table 10.8), with upper and lower values of T2xCO2 of 2
and 4.5°C.
3. Non-linearities in the feedbacks (including e.g. ice cover and carbon cycle) may cause time dependence of the effective climate sensitivity, as well as leading to
larger uncertainties for greater warming levels. This likelihood level is consistent with the IPCC Working Group I assessment of climate sensitivity, see Note 1, and
drawn from additional consideration of Box 10.2, Figure 2, in IPCC (2007a).

The italic text in Table 3.11 highlights examples of avoided
impacts derived from ensuring that temperatures are constrained
WRDQ\SDUWLFXODUWHPSHUDWXUHUDQJHFRPSDUHGWRDKLJKHURQH
)RU H[DPSOH VLJQL¿FDQW EHQH¿WV UHVXOW IURP FRQVWUDLQLQJ
WHPSHUDWXUH FKDQJH WR QRW PRUH WKDQ &±& DERYH
SUHLQGXVWULDO OHYHOV 7KHVH EHQH¿WV ZRXOG LQFOXGH ORZHULQJ
ZLWK GLIIHUHQW OHYHOV RI FRQ¿GHQFH  WKH ULVN RI ZLGHVSUHDG
deglaciation of the Greenland Ice Sheet; avoiding large-scale
WUDQVIRUPDWLRQ RI HFRV\VWHPV DQG GHJUDGDWLRQ RI FRUDO UHHIV
preventing terrestrial vegetation becoming a carbon source;
FRQVWUDLQLQJVSHFLHVH[WLQFWLRQWREHWZHHQ±SUHVHUYLQJ
PDQ\XQLTXHKDELWDWV VHH,3&&E&KDSWHU7DEOH
DQG)LJXUH LQFOXGLQJPXFKRIWKH$UFWLFUHGXFLQJLQFUHDVHV
LQÀRRGLQJGURXJKWDQG¿UHUHGXFLQJZDWHUTXDOLW\GHFOLQHV
DQG SUHYHQWLQJ JOREDO QHW GHFOLQHV LQ IRRG SURGXFWLRQ 2WKHU
EHQH¿WVRIWKLVFRQVWUDLQWQRWVKRZQLQWKH7DEOHLQFOXGH
UHGXFLQJ WKH ULVNV RI H[WUHPH ZHDWKHU HYHQWV DQG RI DW OHDVW
partial deglaciation of the West Antarctic Ice Sheet (WAIS),
VHHDOVR,3&&E6HFWLRQ%\FRPSDULVRQIRUµEHVW
JXHVV¶ FOLPDWH VHQVLWLYLW\ DWWDLQLQJ WKHVH EHQH¿WV EHFRPHV
XQOLNHO\LIHPLVVLRQUHGXFWLRQVDUHSRVWSRQHGEH\RQGWKHQH[W
\HDUVWRDWLPHSHULRGEHWZHHQWKHQH[W±\HDUV6XFK
postponement also results in increasing risks of a breakdown
RIWKH0HULGLRQDO2YHUWXUQLQJ&LUFXODWLRQ ,3&&E7DEOH
 
(YHQIRUD&±&WHPSHUDWXUHULVHDERYHSUHLQGXVWULDO
OHYHOVWKHUHLVDOVRPHGLXPFRQ¿GHQFHLQQHWQHJDWLYHLPSDFWV
LQ PDQ\ GHYHORSHG FRXQWULHV ,3&& E 6HFWLRQ  
)RUHPLVVLRQUHGXFWLRQVFHQDULRVUHVXOWLQJLQOLNHO\WHPSHUDWXUH
228

LQFUHDVHV LQ H[FHVV RI & DERYH SUHLQGXVWULDO OHYHOV
VXFFHVVLYHO\ PRUH VHYHUH LPSDFWV UHVXOW /RZ WHPSHUDWXUH
FRQVWUDLQWV DUH QHFHVVDU\ WR DYRLG VLJQL¿FDQW LQFUHDVHV LQ WKH
impacts in less developed regions of the world and in polar
UHJLRQV VLQFH PDQ\ PDUNHW VHFWRUV LQ GHYHORSLQJ FRXQWULHV
DUH DOUHDG\ DIIHFWHG EHORZ & DERYH SUHLQGXVWULDO OHYHOV
,3&&E6HFWLRQ DQGLQGLJHQRXVSRSXODWLRQVLQ
KLJKODWLWXGHDUHDVDOUHDG\IDFHVLJQL¿FDQWDGYHUVHLPSDFWV
It is possible to use stablization metrics (i.e. global mean
WHPSHUDWXUH LQFUHDVH FRQFHQWUDWLRQV LQ SSPY &22-eq or
UDGLDWLYHIRUFLQJLQ:P LQFRPELQDWLRQZLWKWKHPLWLJDWLRQ
scenarios literature to assess the cost of alternative mitigation
SDWKZD\V WKDW UHVSHFW D JLYHQ HTXLOLEULXP WHPSHUDWXUH NH\
YXOQHUDELOLW\ .9  RU LPSDFW WKUHVKROG :KDWHYHU WKH WDUJHW
ERWKHDUO\DQGGHOD\HGDFWLRQPLWLJDWLRQSDWKZD\VDUHSRVVLEOH
LQFOXGLQJ µRYHUVKRRW¶ SDWKZD\V WKDW WHPSRUDULO\ H[FHHG WKLV
OHYHO$GHOD\HGPLWLJDWLRQUHVSRQVHOHDGVWRORZHUGLVFRXQWHG
costs of mitigation, but accelerates the rate of change and the
ULVNRIWUDQVLHQWO\RYHUVKRRWLQJSUHGHWHUPLQHGWDUJHWV ,3&&
E6HFWLRQ 
A strict comparison between mitigation scenarios and
.9VLVQRWIHDVLEOHDVWKH.9VLQ7DEOHUHIHUWRUHDOL]HG
transient temperatures in the 21stFHQWXU\UDWKHUWKDQHTXLOLEULXP
temperatures, but a less rigorous comparison is still useful.
$YRLGDQFHRIPDQ\.9VUHTXLUHVWHPSHUDWXUHFKDQJHLQWR
EHEHORZ&DERYHOHYHOV RU&DERYHSUHLQGXVWULDO
OHYHOV  8VLQJ HTXLOLEULXP WHPSHUDWXUH DV D JXLGH LPSDFWV
RU .9 FRXOG EH OHVV WKDQ H[SHFWHG IRU H[DPSOH LI LPSDFWV
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Table 3.10: Properties of emissions pathways for alternative ranges of CO2 and CO2-eq stabilization targets. Post-TAR stabilization scenarios in the scenario database (see
also Sections 3.2 and 3.3); data source: after Nakicenovic et al., 2006 and Hanaoka et al., 2006)

Class
I

Stabilization
Global mean
Likely range of
Anthropogenic
level for
temperature C
global mean
addition to
CO2 only,
increase above
temperature
radiative
Multi-gas
Number
pre-industrial at
C increase
consistent
concentration with multi-gas
of
equilibrium, using best above preforcing at
stabilization
level (ppmv
industrial at
level (ppmv scenario estimate of climate
(W/m2)
CO2-eq)
studies
sensitivityc)
equilibriuma)
CO2)
2.5-3.0
445-490
350-400
6
2.0-2.4
1.4-3.6

Peaking
year for CO2
emissionsb)
2000-2015

Change
in global
emissions
in 2050 (%
of 2000
emissions)b)
-85 to -50

II
III

3.0-3.5
3.5-4.0

490-535
535-590

400-440
440-485

18
21

2.4-2.8
2.8-3.2

1.6-4.2
1.9-4.9

2000-2020
2010-2030

-60 to -30
-30 to +5

IV
V
VI

4.0-5.0
5.0-6.0
6.0-7.5

590-710
710-855
855-1130

485-570
570-660
660-790

118
9
5

3.2-4.0
4.0-4.9
4.9-6.1

2.2-6.1
2.7-7.3
3.2-8.5

2020-2060
2050-2080
2060-2090

+10 to +60
+25 to +85
+90 to +140

Notes:
a. Warming for each stabilization class is calculated based on the variation of climate sensitivity between 2ºC –4.5ºC, which corresponds to the likely range of climate
sensitivity as deﬁned by Meehl et al. (2007,Chapter 10).
b. Ranges correspond to the 70% percentile of the post-TAR scenario distribution.
c. ‘Best estimate’ refers to the most likely value of climate sensitivity, i.e. the mode (see Meehl et al. (2007,Chapter 10) and Table 3.9

do not occur until the 22nd FHQWXU\ EHFDXVH WKHUH LV PRUH
WLPH IRU DGDSWDWLRQ 2U WKH\ PLJKW EH JUHDWHU WKDQ H[SHFWHG
as temperatures in the 21st FHQWXU\ PD\ WUDQVLHQWO\ RYHUVKRRW
the equilibrium, or stocks at risk (such as human populations)
PLJKWEHODUJHU6RPHVWXGLHVH[SORUHWKHOLQNEHWZHHQWUDQVLHQW
and equilibrium temperature change for alternative emission
SDWKZD\V 2¶1HLOO DQG 2SSHQKHLPHU  6FKQHLGHU DQG
0DVWUDQGUHD0HLQVKDXVHQ 
It is transient climate change, rather than equilibrium change,
that will drive impacts. More research is required to address the
TXHVWLRQRIHPLVVLRQSDWKZD\VDQGWUDQVLHQWFOLPDWHFKDQJHVDQG
their links to impacts.25 In the meantime, equilibrium temperature
FKDQJH PD\ EH LQWHUSUHWHG DV D JURVV LQGLFDWRU RI FKDQJH DQG
JLYHQ WKH FDYHDWV DERYH DV D URXJK JXLGH IRU SROLF\PDNHUV¶
FRQVLGHUDWLRQRI.9DQGPLWLJDWLRQRSWLRQVWRDYRLG.9
3.5.3

Information for integrated assessment of
response strategies

Based upon a better understanding of the links between
concentration levels, magnitude and rate of warming and
NH\ YXOQHUDELOLWLHV WKH QH[W VWHS LQ LQWHJUDWHG DVVHVVPHQW
LV WR PDNH LQIRUPHG GHFLVLRQV E\ FRPELQLQJ LQIRUPDWLRQ
RQ FOLPDWH VFLHQFH LPSDFW DQDO\VLV DQG HFRQRPLF DQDO\VLV
ZLWKLQDFRQVLVWHQWDQDO\WLFDOIUDPHZRUN7KHVHH[HUFLVHVFDQ
EH JURXSHG LQWR WKUHH PDLQ FDWHJRULHV GHSHQGLQJ RQ WKH ZD\
XQFHUWDLQW\LVGHDOWZLWKWKHGHJUHHRIFRPSOH[LW\DQGPXOWL
GLVFLSOLQDU\QDWXUHRIPRGHOVDQGRQWKHGHJUHHRIDPELWLRQLQ
WHUPVRIQRUPDWLYHLQVLJKWV
 $VVHVVPHQWDQGVHQVLWLYLW\DQDO\VLVRIFOLPDWHWDUJHWV
 ,QYHUVHDQDO\VHVWRGHWHUPLQHHPLVVLRQUHGXFWLRQFRUULGRUV
(trajectories) to avoid certain levels of climate change or of
climate impacts.

 0RQHWDU\DVVHVVPHQWRIFOLPDWHFKDQJHGDPDJHV
6HFWLRQ  GLVFXVVHV KRZ WKLV LQIRUPDWLRQ LV XVHG LQ
HFRQRPLFDQDO\VHVWRGHWHUPLQHRSWLPDOHPLVVLRQSDWKZD\V
3.5.3.1

Scenario and sensitivity analysis of climate targets

3UREDELOLVWLFVFHQDULRDQDO\VLVFDQEHXVHGWRDVVHVVWKHULVN
of overshooting some climate target or to produce probabilistic
SURMHFWLRQVWKDWTXDQWLI\WKHOLNHOLKRRGRIDSDUWLFXODURXWFRPH
7DUJHWVIRUVXFKDQDO\VLVFDQEHH[SUHVVHGLQVHYHUDOGLIIHUHQW
ZD\V DEVROXWH JOREDO PHDQ WHPSHUDWXUH ULVH E\  UDWH
RI FOLPDWH FKDQJH RWKHU WKUHVKROGV EH\RQG ZKLFK GDQJHURXV
DQWKURSRJHQLF LQWHUIHUHQFH '$,  PD\ RFFXU RU DGGLWLRQDO
QXPEHUV RI SHRSOH DW ULVN WR YDULRXV VWUHVVHV )RU H[DPSOH
Arnell et al. (2002) show that such stresses (conversion of
IRUHVWVWRJUDVVODQGVFRDVWDOÀRRGULVNZDWHUVWUHVV DUHIDUOHVV
at 550 ppmv than at 750 ppmv.
Recent Integrated Assessment Models (IAM) literature
UHÀHFWV D UHQHZHG DWWHQWLRQ WR FOLPDWH VHQVLWLYLW\ DV D NH\
GULYHU RI FOLPDWH G\QDPLFV 'HQ (O]HQ DQG 0HLQVKDXVHQ
 +DUH DQG 0HLQVKDXVHQ  +DUYH\  .HOOHU et
al0DVWUDQGUHDDQG6FKQHLGHU0HHKOet al., 2005;
Meinshausen et al  0HLQVKDXVHQ  2¶1HLOO DQG
2SSHLQKHLPHU6FKQHLGHUDQG/DQH:LJOH\
2005). The consideration of a full range of possible climate
VHQVLWLYLW\ LQFUHDVHV WKH SUREDELOLW\ RI H[FHHGLQJ WKUHVKROGV
IRUVSHFL¿F'$,,WDOVRPDJQL¿HVWKHFRQVHTXHQFHRIGHOD\LQJ
PLWLJDWLRQ HIIRUWV +DUH DQG 0HLQVKDXVHQ   HVWLPDWH
WKDW HDFK \HDU GHOD\ LQ PLWLJDWLRQ LPSOLHV DQ DGGLWLRQDO
&±&ZDUPLQJRYHUD±\HDUWLPHKRUL]RQ)RUD
FOLPDWHVHQVLWLYLW\RI&+DUYH\  VKRZVWKDWLPPHGLDWH
PLWLJDWLRQLVUHTXLUHGWRFRQVWUDLQWHPSHUDWXUHULVHWRURXJKO\

25 See IPCC (2007b, Section 19.4, Figure 19.2) and Meehl et al. (2007, Section 10.7) for further discussion of equilibrium and transient temperature increases in relation to
stabilization pathways
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Near-total deglaciation**

Commitment to
widespread** to near-total
deglaciation*
2-7 m sea level rise over
centuries to millennia

Lowers risk of near-total
deglaciation

Localized deglaciation
(already observed due
to local warming), extent
would increase with
temperature**

Lowers risk of
widespread** to near-total
deglaciation*

GMT range
relative to
1990 (preindustrial)

>4 (>4-6)

3-4 (3.6-4.6)

2-3 (2.6-3.6)

1-2 (1.6-2.6)

0-1 (0.6-1.6)

Reduces extinctions to
below 10-30%*; reduces
disturbance levels***

10-40% of species
committed to extinction*
Reduces extinctions to
below 20-50%*, prevents
vegetation becoming
carbon source*/**
Many ecosystems
already affected***

Increased ﬂooding and
drought severity**
Lowers risk of ﬂoods,
droughts, deteriorating
water quality*** and
reduced water supplied
for hundreds of millions
of people**

Hundreds of millions
people would face
reduced water supplies
(**)

Sea level rise will extend
areas of salinization of
ground water, decreasing
freshwater availability in
coastal areas***

Global vegetation
becomes net source of C
above 2-3ºC */**

Widespread disturbance,
sensitive to rate of
climate change and
land use*** 20 to 50%
species committed
to extinction* Avoids
widespread disturbance
to ecosystems and their
services***, and constrains
species losses

Severity of ﬂoods,
droughts, erosion, water
quality deterioration will
increase with increasing
climate change***

Global social systems
Example: waterc
(IPCC, 2007b: 3 ES;
3.4.3; 13.4.3)

Large-scale
transformation of
ecosystems and
ecosystem services**
At least 35% of species
committed to extinction
(3°C)**

Global biological systems
Example: terrestrial
ecosystemsb (IPCC,
2007b: 4.4.11; 1.3.4;
1.3.5)

Increased global
production o/*
Lowers risk of decrease
in global food production
and reduces regional
losses (or gains) o/*

Reduced low latitude
production*. Increased
high latitude production*
(1-3ºC)

Global food production
peaks and begins to
decrease o/* (1-3ºC)
Lowers risk of further
declines in global food
production associated
with higher temperatures*

Further declines in global
food production o/*

Global social systems
Example: food supplyc
(IPCC, 2007b: 5.6.1;
5.6.4)

Reduced loss of ice
cover and permafrost;
limits risk to Arctic
ecosystems and limits
disruption of traditional
ways of life**

Climate change
is already having
substantial impacts on
societal and ecological
systems***

While some economic
opportunities will open
up (e.g. shipping),
traditional ways of life will
be disrupted**

Continued warming
likely to lead to further
loss of ice cover and
permafrost**. Arctic
ecosystems further
threatened**, although net
ecosystem productivity
estimated to increase (o)

Regional systems
Example: Polar Regionsd
(IPCC, 2007b: 15.4.1;
15.4.2; 15.4.6; 15.4.7)

Lowers risk of more
frequent and more
intense ﬁres in many
areas**

Increased ﬁre frequency
and intensity in many
areas, particularly where
drought increases**

Frequency and intensity
likely to be greater,
especially in boreal
forests and dry peat
lands after melting of
permafrost**

Extreme events
Example: ﬁre riske
(IPCC, 2007a: 7.3; IPCC,
2007b; 1.3.6)

Issues related to mitigation in the long-term context

Notes:
Plain text shows predicted vulnerabilities in various temperature ranges for global annual mean temperature rise relative to 1990. Italic text shows beneﬁts (or damage avoided) upon constraining temperature
increase to lower compared to higher temperature ranges.
Conﬁdence symbol legend: o low conﬁdence; * medium conﬁdence; ** high conﬁdence; *** very high conﬁdence
Excerpts from IPCC, 2007b, Table 19.1;
a. Refer to IPCC (2007b, Table 19.1) for further information, also concerning bio-geochemical cycles, West Antarctic Ice Sheet and Meridional Overturning Circulation
b. Refer to IPCC (2007b, Table 19.1) for further information, also concerning marine and freshwater ecosystems
c. Refer to IPCC (2007b, Table 19.1) for further information, also concerning infrastructure, health, migration and conﬂict, and aggregate market impacts
d. Refer to IPCC (2007b, Table 19.1) for further information and also for other regions
e. Refer to IPCC (2007b, Table 19.1) for further information, also concerning tropical cyclones, ﬂooding, extreme heat, and drought

Geophysical systems
Example: Greenland ice
sheeta (IPCC, 2007b: 6.3;
19.3.5.2; IPCC, 2007a:
4.7.4; 6.4.3.3; 10.7.4.3;
10.7.4.4)

Table 3.11: Examples of key vulnerabilities (taken from IPCC, 2007b, Table 19.1).
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&DERYHSUHLQGXVWULDOOHYHOV2QO\LQWKHXQOLNHO\VLWXDWLRQ
ZKHUH FOLPDWH VHQVLWLYLW\ LV & RU ORZHU ZRXOG LPPHGLDWH
PLWLJDWLRQQRWEHQHFHVVDU\+DUYH\DOVRSRLQWVRXWWKDWHYHQ
LQ WKH FDVH RI D & WKUHVKROG DERYH SUHLQGXVWULDO OHYHOV 
DFLGL¿FDWLRQRIWKHRFHDQZRXOGVWLOORFFXUDQGWKDWWKLVPLJKW
not be considered safe.
$QRWKHUIRFXVRIVHQVLWLYLW\DQDO\VLVLVRQPLWLJDWLRQVFHQDULRV
WKDWRYHUVKRRWDQGHYHQWXDOO\UHWXUQWRDJLYHQVWDELOL]DWLRQRU
WHPSHUDWXUHWDUJHW .KHVKJL:LJOH\+DUYH\
,]UDHODQG6HPHQRY.KHVKJLet al., 2005; Meinshausen
et al 6FKQHLGHUDQG0DVWUDQGUHD  ¿QGWKDWWKLV
ULVNRIH[FHHGLQJDWKUHVKROGRI&DERYHSUHLQGXVWULDOOHYHOV
LVLQFUHDVHGE\IRUDQRYHUVKRRWVFHQDULRVWDELOL]LQJDW
SSPY&22-eq (as compared to a scenario stabilizing at 500 ppmv
&22HT 6XFKRYHUVKRRWVFHQDULRVDUHOLNHO\WREHQHFHVVDU\LI
there is a decision to achieve stablization of GHG concentrations
FORVHWR RUDW WRGD\¶VOHYHOV7KH\DUHLQGHHGOLNHO\WRORZHU
WKHFRVWVRIPLWLJDWLRQEXWLQWXUQUDLVHWKHULVNRIH[FHHGLQJ
VXFKWKUHVKROGV .HOOHUet al6FKQHLGHUDQG/DQH 
DQG PD\ OLPLW WKH DELOLW\ WR DGDSW E\ LQFUHDVLQJ WKH UDWH RI
FOLPDWH FKDQJH DW OHDVW WHPSRUDULO\ +DUH DQG 0HLQVKDXVHQ
 2¶1HLOODQG2SSHQKHLPHU  ¿QGWKDWWKHWUDQVLHQW
WHPSHUDWXUHXSWRLVHTXDOO\RUPRUHFRQWUROOHGE\WKH
SDWKZD\WRVWDELOL]DWLRQWKDQE\WKHVWDELOL]DWLRQWDUJHWDQGWKDW
overshooting can lead to a peak temperature increase that is
higher than in the long-term (equilibrium) warming.
The last and important contribution of this approach is to
WHVWWKHVHQVLWLYLW\RIUHVXOWVWRFDUERQF\FOHDQGFOLPDWHFKDQJH
IHHGEDFNV &R[et al)ULHGOLQJVWHLQet al., 2001; Matthews,
 DQGRWKHUIDFWRUVWKDWPD\DIIHFWFDUERQF\FOHG\QDPLFV
VXFKDVGHIRUHVWDWLRQ *LW]DQG&LDLV )RUH[DPSOHFDUERQ
F\FOHIHHGEDFNVDPSOLI\ZDUPLQJ 0HHKOet al., 2007) and are
omitted from most other studies that thus underestimate the risks
RIH[FHHGLQJ RURYHUVKRRWLQJ WHPSHUDWXUHWDUJHWVIRUDJLYHQ
HIIRUWRIPLWLJDWLRQLQWKHHQHUJ\VHFWRURQO\7KLVFRXOGLQFUHDVH
ZDUPLQJ E\ XS WR & LQ  DFFRUGLQJ WR D VLPSOH PRGHO
(Meehl et al   7KH DPSOL¿FDWLRQ WRJHWKHU ZLWK IXUWKHU
SRWHQWLDODPSOL¿FDWLRQGXHWRIHHGEDFNVRIXQFHUWDLQPDJQLWXGH
such as the potential release of methane from permafrost, peat
ERJV DQG VHDÀRRU FODWKUDWHV 0HHKO et al., 2007) are also not
LQFOXGHG LQ WKH DQDO\VLV SUHVHQWHG LQ )LJXUH  DQG 7DEOH
 7KLV DQDO\VLV UHÀHFWV RQO\ NQRZQ IHHGEDFNV IRU ZKLFK
the magnitude can be estimated and are included in General
&LUFXODWLRQ 0RGHOV *&0V  +HQFH VFHQDULR DQG VHQVLWLYLW\
DQDO\VLVVKRZVWKDWWKHULVNVRIH[FHHGLQJDJLYHQWHPSHUDWXUH
WKUHVKROGIRUDJLYHQWHPSHUDWXUHWDUJHWPD\EHKLJKHUWKDQWKDW
VKRZQLQ7DEOHDQG)LJXUH
3.5.3.2

Inverse modelling and guardrail analysis

Inverse modelling approachesVXFKDV6DIH/DQGLQJ$QDO\VLV
(Swart et al   DQG 7ROHUDEOH :LQGRZV$SSURDFK 7RWK

 DLPWRGH¿QHDJXDUGUDLORIDOORZDEOHHPLVVLRQVIRUVHWV
RI XQDFFHSWDEOH LPSDFWV RU LQWROHUDEOH PLWLJDWLRQ FRVWV7KH\
H[SORUHKRZWKHVHWRIYLDEOHHPLVVLRQVSDWKZD\VLVFRQVWUDLQHG
E\ SDUDPHWHUV VXFK DV WKH VWDUWLQJ GDWH WKH UDWH RI HPLVVLRQ
UHGXFWLRQV RU WKH HQYLURQPHQWDO FRQVWUDLQWV 7KH\ SURYLGH
LQVLJKWV LQWR WKH LQÀXHQFH RI VKRUWWHUP GHFLVLRQV RQ ORQJ
WHUP WDUJHWV E\ GHOLQHDWLQJ DOORZDEOH HPLVVLRQV FRUULGRU EXW
WKH\GRQRWSUHVFULEHXQLTXHHPLVVLRQVSDWKZD\VDVSHUFRVW
HIIHFWLYHQHVVRUFRVWVEHQH¿WDQDO\VLV
)RU H[DPSOH 7RWK et al. (2002) draw on climate impact
UHVSRQVHIXQFWLRQV &,5)V E\)VVHODQGYDQ0LQQHQ  
WKDW XVH GHWDLOHG ELRSK\VLFDO PRGHOV WR HVWLPDWH UHJLRQDOO\
VSHFL¿F QRQPRQHWL]HG LPSDFWV IRU GLIIHUHQW VHFWRUV LH
DJULFXOWXUDO SURGXFWLRQ IRUHVWU\ ZDWHU UXQRII DQG ELRPH
FKDQJHV  7KH\ VKRZ WKDW WKH EXVLQHVVDVXVXDO VFHQDULR RI
GHG emissions (which resembles the SRES A2 scenario)
WR  SUHFOXGHV WKH SRVVLELOLW\ RI OLPLWLQJ WKH ZRUOGZLGH
WUDQVIRUPDWLRQ RI HFRV\VWHPV WR  RU OHVV HYHQ ZLWK YHU\
KLJK ZLOOLQJQHVV WR SD\ IRU WKH PLWLJDWLRQ RI *+* HPLVVLRQV
DIWHUZDUGV6RPHDSSOLFDWLRQVRIJXDUGUDLODQDO\VHVDVVHVVWKH
UHODWLRQVKLS EHWZHHQ HPLVVLRQ SDWKZD\V DQG DEUXSW FKDQJH
such as thermohaline circulation (THC) collapse (Rahmstorf
DQG=LFNIHOG 7KHODWWHUVWXG\FRQFOXGHVWKDWVWULQJHQW
PLWLJDWLRQSROLF\UHGXFHVWKHSUREDELOLW\RI7+&FROODSVHEXW
FDQQRWHQWLUHO\DYRLGWKHULVNRIVKXWGRZQ
&RUIHH0RUORW DQG +|KQH   FRQFOXGH WKDW RQO\ ORZ
VWDELOL]DWLRQWDUJHWV HJSSPY&22RUSSPY&22-eq)
VLJQL¿FDQWO\UHGXFHWKHOLNHOLKRRGRIFOLPDWHFKDQJHLPSDFWV
7KH\ XVH DQ LQYHUVH DQDO\VLV WR FRQFOXGH WKDW PRUH WKDQ KDOI
of the SRES (baseline) emission scenarios leave this objective
YLUWXDOO\RXWRIUHDFKDVRI
0RUH JHQHUDOO\ UHIHUULQJ WR 7DEOH  LI WKH SHDNLQJ RI
JOREDO HPLVVLRQV LV SRVWSRQHG EH\RQG WKH QH[W  \HDUV WR D
WLPH SHULRG VRPHZKHUH EHWZHHQ WKH QH[W ± \HDUV WKHQ
FRQVWUDLQLQJJOREDOWHPSHUDWXUHULVHWREHORZ&DERYH
& DERYH SUHLQGXVWULDO OHYHOV  EHFRPHV XQOLNHO\ XVLQJ
µEHVWHVWLPDWH¶DVVXPSWLRQVRIFOLPDWHVHQVLWLYLW\ UHVXOWLQJLQ
increased risks of the impacts listed in Table 3.11 and discussed
in Section 3.5.2.


&RVWEHQH¿WDQDO\VLVGDPDJHFRVWHVWLPDWHVDQG
social costs of carbon

7KH DERYH DQDO\VLV SURYLGHV D PHDQV RI HOLPLQDWLQJ WKRVH
emissions scenarios that are outside sets of pre-determined
guardrails for climate protection and provides the raw material
IRU FRVWHIIHFWLYHQHVV DQDO\VLV RI RSWLPDO SDWKZD\V IRU *+*
HPLVVLRQV ,I RQH ZDQWV WR GHWHUPLQH WKHVH SDWKZD\V WKURXJK
D FRVWEHQH¿W DQDO\VLV LW LV QHFHVVDU\ WR DVVHVV WKH WUDGHRII
EHWZHHQPLWLJDWLRQDGDSWDWLRQDQGGDPDJHVDQGFRQVHTXHQWO\
WRPHDVXUHGDPDJHVLQWKHVDPHPRQHWDU\PHWULFDVPLWLJDWLRQ

26 This is below the range accepted by IPCC Working Group I.
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Values increase with Aggregation method changing from
output weighted....
Social cost of carbon: range of values

DQG DGDSWDWLRQ H[SHQGLWXUHV 6XFK DVVHVVPHQW FDQ EH FDUULHG
RXW GLUHFWO\ LQ WKH IRUP RI µZLOOLQJQHVV WR SD\ IRU¶ DYRLGLQJ
FHUWDLQSK\VLFDOFRQVHTXHQFHV

Chapter 3

.....to equity weighted

Factors that increase
SCC:
High climate sensitivity
Low adaptive capacity
Imperfect foresight
Coverage of abrupt change
Enduring damages
High value of life
High ecosystem value
Comprehensive impacts
Indirect & direct costs
High geographic detail

6RPHDUJXHWKDWLWLVQHFHVVDU\WRVSHFLI\PRUHSUHFLVHO\ZK\
FHUWDLQLPSDFWVDUHXQGHVLUDEOHDQGWRFRPSUHKHQVLYHO\LWHPL]H
WKH HFRQRPLF FRQVHTXHQFHV RI FOLPDWH FKDQJH LQ PRQHWDU\
WHUPV7KHFUHGLELOLW\RIVXFKHIIRUWVKDVRIWHQEHHQTXHVWLRQHG
JLYHQ WKH XQFHUWDLQW\ VXUURXQGLQJ FOLPDWH LPSDFWV DQG WKH
HI¿FDF\ RI VRFLHWDO UHVSRQVHV WR WKHP SOXV WKH FRQWURYHUVLDO
PHDQLQJ RI D PRQHWDU\ PHWULF DFURVV GLIIHUHQW UHJLRQV DQG
JHQHUDWLRQV -DFRE\ 7KLVH[SODLQVZK\IHZHFRQRPLVWV
have taken the step of monetizing global climate impacts. At
WKHWLPHRIWKH7$5RQO\WKUHHVXFKFRPSUHKHQVLYHVWXGLHVKDG
been published (Mendelsohn et al1RUGKDXVDQG%R\HU
2000; and Tol, 2002a, 2002b). Their estimates ranged from
negligible to 1.5% of the GDP for a global mean temperature
ULVH RI & DQG 1RUGKDXV DQG %R\HU FDUHIXOO\ ZDUQHG
µ$ORQJ WKH HFRQRPLFDOO\ HI¿FLHQW HPLVVLRQ SDWK WKH ORQJ
UXQJOREDODYHUDJHWHPSHUDWXUHDIWHU\HDUVLVSURMHFWHGWR
LQFUHDVH & RYHU WKH  JOREDO FOLPDWH :KLOH ZH KDYH
RQO\ WKH IRJJLHVW LGHD RI ZKDW WKLV ZRXOG LPSO\ LQ WHUPV RI
ecological, economic, and social outcomes, it would make the
most thoughtful people, even economists, nervous to induce
such a large environmental change. Given the potential for
XQLQWHQGHGDQGSRWHQWLDOO\GLVDVWURXVFRQVHTXHQFHV«¶

Figure 3.39: Factors inﬂuencing the social costs of carbon.

Progress has been made since the TAR in assessing the
impacts of climate change. Nonetheless, as noted in Watkiss
et al. (2005), estimates of the social costs of carbon (SCC)
LQ WKH UHFHQW OLWHUDWXUH VWLOO UHÀHFW DQ LQFRPSOHWH VXEVHW RI
UHOHYDQW LPSDFWV PDQ\ VLJQL¿FDQW LPSDFWV KDYH QRW \HW EHHQ
monetized (see also IPCC, 2007b; for SCC see IPCC (2007b,
6HFWLRQ DQGRWKHUVDUHFDOLEUDWHGLQQXPHUDLUHVWKDWPD\
GHI\PRQHWL]DWLRQIRUVRPHWLPHWRFRPH([LVWLQJUHYLHZVRI
DYDLODEOH 6&& HVWLPDWHV VKRZ WKDW WKH\ VSDQ VHYHUDO RUGHUV
RI PDJQLWXGH ± UDQJHV WKDW UHÀHFW XQFHUWDLQWLHV LQ FOLPDWH
VHQVLWLYLW\UHVSRQVHODJVGLVFRXQWUDWHVWKHWUHDWPHQWRIHTXLW\
the valuation of economic and non-economic impacts, and the
treatment of possible catastrophic losses (IPCC, 2007b, Chapter
 7KH PDMRULW\ RI DYDLODEOH HVWLPDWHV LQ WKH OLWHUDWXUH DOVR
FDSWXUHRQO\LPSDFWVGULYHQE\ORZHUOHYHOVRIFOLPDWHFKDQJH
HJ&DERYHOHYHOV ,3&& E KLJKOLJKWVDYDLODEOH
HVWLPDWHVRI6&&WKDWUXQIURPWR86W&22 from one
VXUYH\EXWDOVRQRWHWKDWDQRWKHUVXUYH\LQFOXGHVDIHZHVWLPDWHV
DV KLJK DV  86W&22 (IPCC, 2007b, Chapter 20, ES and
6HFWLRQ   +RZHYHU WKH ORZHU ERXQGDU\ RI WKLV UDQJH
includes studies where climate change is presumed to be low
DQGDJJUHJDWHEHQH¿WVDFFUXH0RUHRYHUQRQHRIWKHDJJUHJDWH
HVWLPDWHVUHÀHFWWKHVLJQL¿FDQWGLIIHUHQFHVLQLPSDFWVWKDWZLOO
EHIHOWDFURVVGLIIHUHQWUHJLRQVQRUGRWKH\FDSWXUHDQ\RIWKH
social costs of other greenhouse gases. A more recent estimate
E\6WHUQ  LVDWWKHKLJKHQGRIWKHVHHVWLPDWHV DW86
W&22 EHFDXVHDQH[WUHPHO\ORZGLVFRXQWUDWH RI LVXVHG
in calculating damages that include additional costs attributed
to abrupt change and increases in global mean temperature for

7KHRWKHUSDUDPHWHUVUHODWHWRWKHHPSLULFDOYDOLGLW\RIWKHLU
DVVHVVPHQWJLYHQWKHSRRUTXDOLW\RIGDWDDQGWKHGLI¿FXOW\RI
SUHGLFWLQJKRZVRFLHW\ZLOOUHDFWWRFOLPDWHLPSDFWVLQDJLYHQ
sector, at a given scale in future decades. Pearce (2003) suggests
WKDWFOLPDWHGDPDJHVDQG6&&PD\EHRYHUHVWLPDWHGGXHWR
WKHRPLVVLRQRISRVVLEOHDPHQLW\EHQH¿WVLQZDUPHUFOLPDWHVRU
high-latitude regions (Maddison 2001) and possible agricultural
EHQH¿WV+RZHYHURYHUDOOLWLVOLNHO\WKDWFXUUHQW6&&HVWLPDWHV
DUHXQGHUVWDWHGGXHWRWKHRPLVVLRQRIVLJQL¿FDQWLPSDFWVWKDW
KDYH QRW \HW EHHQ PRQHWL]HG ,3&& E &KDSWHUV  DQG
20; Watkiss et al., 2005).
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Factors that decrease
SCC:
Low climate sensitivity
High adaptive capacity
Perfect foresight
Omission of abrupt change
Short-lived damages
Low value of life
Low ecosystem value
Limited impact coverage
Direct costs only
Limited geographic detail

Values increase with decreasing discount rate

Source: Downing et al., 2005

VRPHVFHQDULRVLQH[FHVVRI& 1RUGKDXVD<RKH
7RODQG<RKH 7KHORQJWHUPKLJKWHPSHUDWXUHVFHQDULRV
are due to inclusion of feedback processes. IPCC (2007b) also
highlights the fact that the social costs of carbon and other
JUHHQKRXVHJDVHVFRXOGLQFUHDVHRYHUWLPHE\±SHU\HDU
,3&&E&KDSWHU(6DQG6HFWLRQ 
)RU D JLYHQ OHYHO RI FOLPDWH FKDQJH WKH GLVFUHSDQFLHV LQ
HVWLPDWHV RI WKH VRFLDO FRVWV RI FDUERQ FDQ EH H[SODLQHG E\
D QXPEHU RI SDUDPHWHUV KLJKOLJKWHG LQ )LJXUH  7KHVH
VWHP IURP WZR GLIIHUHQW W\SHV RI TXHVWLRQV QRUPDWLYH DQG
HPSLULFDO.H\QRUPDWLYHSDUDPHWHUVLQFOXGHWKHLQWHUWHPSRUDO
aggregation of damages through discount rates and aggregation
methods for impacts across diverse populations within the
same time period (Azar and Lindgren, 2003; Howarth, 2003;
0DVWUDQGUHDDQG6FKQHLGHU DQGDUHUHVSRQVLEOHIRUPXFK
of the variation.

.H\ HPSLULFDO SDUDPHWHUV WKDW LQFUHDVH WKH VRFLDO YDOXH RI
GDPDJHVLQFOXGH
v Climate sensitivity and response lag. Equilibrium
WHPSHUDWXUH ULVH IRU D GRXEOLQJ RI &22, and the modelled
response time of climate to such a change in forcing. Hope
  LQ KLV 3$*(  PRGHO IRXQG WKDW DV FOLPDWH
VHQVLWLYLW\ZDVYDULHGIURP±&WKHPRGHOLGHQWL¿HGD
strong correlation with SCC.
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v Coverage of abrupt or catastrophic changes, such as the
FURVVLQJRIWKH7+&WKUHVKROG .HOOHUet alDQG
0DVWUDQGUHDDQG6FKQHLGHU+DOODQG%HKO RU
the release of methane from permafrost and the weakening
RI FDUERQ VLQNV7KH 6WHUQ 5HYLHZ   ¿QGV WKDW VXFK
DEUXSWFKDQJHVPD\PRUHWKDQGRXEOHWKHPDUNHWGDPDJHV
(e.g. from 2.1% to 5% of global GDP) if temperatures were
WRULVHE\&LQ
v Inclusion and social value of non-market impacts ZKDW
value will future generations place on impacts, such as the
TXDOLW\RIODQGVFDSHRUELRGLYHUVLW\"
v Valuation methods for market impacts such as the value of
life.
v Adaptative capacityVRFLDOFRVWVZLOOEHPDJQL¿HGLIFOLPDWH
change impacts fall on fragile economies.
v Predictive capacity VWXGLHV ¿QGLQJ HI¿FLHQW DGDSWDWLRQ
assume that actors decide using perfect foresight (after a
OHDUQLQJ SURFHVV VHH 0HQGHOVRKQ DQG :LOOLDPV  
+LJKHU FRVWV DUH IRXQG LI RQH FRQVLGHUV WKH YRODWLOLW\ RI
FOLPDWH VLJQDOV DQG WUDQVDFWLRQ FRVWV )RU DJULFXOWXUH
3DUU\et al  VKRZVWKHFRVWVRIDPLVPDWFKEHWZHHQ
H[SHFWDWLRQVDQGUHDOFOLPDWHFKDQJH VXQNFRVWVYDOXHRI
real estates, and of capital stock).
v Geographic downscaling XVLQJ D JHRJUDSKLFHFRQRPLF
FURVVVHFWLRQDO   GDWDEDVH 1RUGKDXV D 
concludes that this downscaling leads to increased damage
costs, from previous 0.7% estimates to 3% of world output
IRUD&LQFUHDVHLQJOREDOPHDQWHPSHUDWXUH
v The propagation RI ORFDO HFRQRPLF DQG VRFLDO VKRFNV
this blurs the distinction between winners and losers. The
PDJQLWXGH RI WKLV W\SH RI LQGLUHFW LPSDFW GHSHQGV RQ WKH
H[LVWHQFH RI FRPSHQVDWLRQ PHFKDQLVPV LQFOXGLQJ GLUHFW
assistance and insurance as well as on how the crosssectoral interdependences and transition costs are captured
E\PRGHOV VHH6HFWLRQ 
7KHLQÀXHQFHRIWKLVVHWRISDUDPHWHUVZKLFKLVVHWGLIIHUHQWO\
LQYDULRXVVWXGLHVH[SODLQVWKHZLGHUDQJHRIHVWLPDWHVIRUWKH
SCC.
,Q DQ HFRQRPLFDOO\HI¿FLHQW PLWLJDWLRQ UHVSRQVH WKH
marginal costs of mitigation should be equated to the marginal
EHQH¿WV RI HPLVVLRQ UHGXFWLRQ 7KH PDUJLQDO EHQH¿WV DUH WKH
avoided damages for an additional tonne of carbon abated within
DJLYHQHPLVVLRQSDWKZD\DOVRNQRZQDVWKH6&&$VGLVFXVVHG
LQ6HFWLRQERWKVLGHVRIWKLVHTXDWLRQDUHXQFHUWDLQZKLFK
LV ZK\ D VHTXHQWLDO RU LWHUDWLYH GHFLVLRQPDNLQJ IUDPHZRUN
with progressive resolution of information, is needed. Despite a
SDXFLW\RIDQDO\WLFDOUHVXOWVLQWKLVDUHDLWLVSRVVLEOHWRGUDZRQ
WRGD\¶VOLWHUDWXUHWRPDNHD¿UVWFRPSDULVRQEHWZHHQWKHUDQJH
of SCC estimates and the range of marginal costs of mitigation
across different scenarios. IPCC (2007b, Chapter 20) reviews
ranges of SCC from available literature. Allowing for a range
RI 6&& EHWZHHQ ± 86W&22 ± 86W& IURP 7RO
E PHGLDQDQGth percentile estimates) and assuming a
SHU\HDULQFUHDVH ,3&&E&KDSWHU SURGXFHVD
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UDQJHRIHVWLPDWHVIRURI±86W&22. The mitigation
VWXGLHV LQ WKLV FKDSWHU VXJJHVW FDUERQ SULFHV LQ  RI ±
86W&22HTIRUFDWHJRU\,9VFHQDULRV±86W&22-eq for
FDWHJRU\,,,VFHQDULRVDQG±86W&22HTIRUFDWHJRU\,
DQG,,VFHQDULRV VHH6HFWLRQVDQG 

3.6 Links between short-term emissions
trends, envisaged policies and longterm climate policy targets
In selecting the most appropriate portfolio of policies to deal
with climate change, it is important to distinguish between the
FDVHRIµFHUWDLQW\¶ZKHUHWKHXOWLPDWHWDUJHWLVNQRZQIURPWKH
RXWVHW DQG D µSUREDELOLVWLF¶ FDVH ZKHUH WKHUH LV XQFHUWDLQW\
about the level of a ‘dangerous interference’ and about the costs
of greenhouse gas abatement.
,QWKHFDVHRIFHUWDLQW\WKHFKRLFHRIHPLVVLRQVSDWKZD\FDQ
be seen as a pure GHG budget problem, depending on a host
of parameters (discounting, technical change, socio-economic
LQHUWLDFDUERQF\FOHDQGFOLPDWHG\QDPLFVWRQDPHWKHPRVW
critical) that shape its allocation across time. The IPCC Second
DQG7KLUG$VVHVVPHQW5HSRUWVGHPRQVWUDWHGZK\WKLVDSSURDFK
LVDQRYHUVLPSOL¿FDWLRQDQGWKHUHIRUHPLVOHDGLQJ3ROLF\PDNHUV
are not required to make once-and-for-all decisions, binding
WKHLUVXFFHVVRUVRYHUYHU\ORQJWLPHKRUL]RQVDQGWKHUHZLOOEH
ample opportunities for mid-course adjustments in the light of
new information. The choice of short-term abatement rate (and
adaptation strategies) involves balancing the economic risks of
rapid abatement now and the reshaping of the capital stock that
FRXOG ODWHU EH SURYHQ XQQHFHVVDU\ DJDLQVW WKH FRUUHVSRQGLQJ
ULVNV RI GHOD\ 'HOD\ PD\ HQWDLO PRUH GUDVWLF DGDSWDWLRQ
measures and more rapid emissions reductions later to avoid
serious damages, thus necessitating premature retirement of
future capital stock or taking the risk of losing the option of
UHDFKLQJDFHUWDLQWDUJHWDOWRJHWKHU ,3&&E630 
The calculation of such short-term ‘optimal’ decisions in a
FRVWEHQH¿WIUDPHZRUNDVVXPHVWKHH[LVWHQFHRIDPHWDSKRULFDO
µEHQHYROHQW SODQQHU¶ PDQGDWHG E\ FRRSHUDWLYH VWDNHKROGHUV
7KH SODQQHU PD[LPL]HV WRWDO ZHOIDUH XQGHU JLYHQ HFRQRPLF
technical and climate conditions, given subjective visions of
FOLPDWHULVNVDQGDWWLWXGHVWRZDUGVULVNV$ULVNWDNLQJVRFLHW\
PLJKW FKRRVH WR GHOD\ DFWLRQ DQG WDNH WKH VPDOO  ULVN RI
WULJJHULQJ VLJQL¿FDQW DQG SRVVLEO\ LUUHYHUVLEOH DEUXSW FKDQJH
LPSDFWV RYHU WKH ORQJWHUP ,I VRFLHW\ LV DYHUVH WR ULVN ± WKDW
is, interested in avoiding worst-case outcomes – it would
SUHIHU KHGJLQJ EHKDYLRXU LPSO\LQJ PRUH LQWHQVH DQG HDUOLHU
mitigation efforts.
$ VLJQL¿FDQW DPRXQW RI PDWHULDO KDV EHHQ SURGXFHG VLQFH
the SAR and the TAR to upgrade our understanding of the
SDUDPHWHUV LQÀXHQFLQJ WKH GHFLVLRQV DERXW WKH DSSURSULDWH
timing of climate action in a hedging perspective. We review
233
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WKHVHUHFHQWGHYHORSPHQWVVWDUWLQJZLWKLQVLJKWVIURPDERG\
RI OLWHUDWXUH GUDZLQJ RQ DQDO\WLFDO PRGHOV RU FRPSDFW ,$0V
:H WKHQ DVVHVV WKH ¿QGLQJV IURP WKH OLWHUDWXUH IRU VKRUWWHUP
sectoral emission and mitigation estimates from top-down
HFRQRP\ZLGHPRGHOV
3.6.1

Insights into the choice of a short-term
hedging strategy in the context of long-term
uncertainty

7KHUH DUH WZR PDLQ ZD\V RI IUDPLQJ WKH GHFLVLRQPDNLQJ
approaches for addressing the climate change mitigation and
DGDSWDWLRQVWUDWHJLHV7KH\GHSHQGRQGLIIHUHQWPHWULFVXVHGWR
DVVHVVWKHEHQH¿WVRIFOLPDWHSROLFLHV
D $FRVWHIIHFWLYHQHVVDQDO\VLVWKDWPLQLPL]HVWKHGLVFRXQWHG
costs of meeting various climate constraints (concentration
ceiling, temperature targets, rate of global warming).
E $FRVWEHQH¿WDQDO\VLVWKDWHPSOR\VPRQHWDU\HVWLPDWHVRI
WKHGDPDJHVFDXVHGE\FOLPDWHFKDQJHDQG¿QGVWKHRSWLPDO
HPLVVLRQV SDWKZD\ E\ PLQLPL]LQJ WKH GLVFRXQWHG SUHVHQW
YDOXH RI DGDSWDWLRQ DQG PLWLJDWLRQ FRVWV FREHQH¿WV DQG
residual damages.
7KH FKRLFH EHWZHHQ LQGLFDWRUV RI WKH PLWLJDWLRQ EHQH¿WV
UHÀHFWVDMXGJPHQWRQWKHTXDOLW\RIWKHDYDLODEOHLQIRUPDWLRQ
DQGLWVDELOLW\WRVHUYHDVDFRPPRQEDVLVLQWKHGHFLVLRQPDNLQJ
SURFHVV$FWXDOO\WKHQHFHVVDU\WLPHWRREWDLQFRPSUHKHQVLYH
QRQFRQWURYHUVLDOHVWLPDWHVRIFOLPDWHSROLF\EHQH¿WVLPSRVHV
a trade-off between the measurement accuracy of indicators
GHVFULELQJ WKH EHQH¿WV RI FOLPDWH SROLFLHV ZKLFK GLPLQLVKHV
as one moves down the causal chain from global warming to
impacts and as one downscales simulation results) and their
relevance WKDW LV WKHLU FDSDFLW\ WR WUDQVODWH LQIRUPDWLRQ WKDW
SROLF\PDNHUV PD\ GHVLUH LGHDOO\ SULRU WR D IXOO\LQIRUPHG
GHFLVLRQ 8VLQJ D VHW RI HQYLURQPHQWDO FRQVWUDLQWV LV VLPSO\
DZD\RIFRQVLGHULQJWKDWEH\RQGVXFKFRQVWUDLQWVWKHWKUHDW
RIFOLPDWHFKDQJHPLJKWEHFRPHXQDFFHSWDEOHLQDPRQHWDU\
PHWULF RU YDOXDWLRQ DSSURDFK WKH VDPH H[SHFWDWLRQ FDQ EH
translated through using damage curves with dangerous
WKUHVKROGV7KHRQO\VHULRXVVRXUFHRIGLYHUJHQFHEHWZHHQWKH
two approaches is the discount rate. Within a cost-effectiveness
IUDPHZRUN HQYLURQPHQWDO FRQVWUDLQWV DUH QRW LQÀXHQFHG E\
GLVFRXQWLQJ &RQYHUVHO\ LQ D FRVWEHQH¿W IUDPHZRUN VRPH
EHQH¿WVRFFXUODWHUWKDQFRVWVDQGWKXVKDYHDORZHUZHLJKWLQJ
when discounted.


,QÀXHQFHRISDVVLQJIURPFRQFHQWUDWLRQWDUJHWV
to temperature targets in a cost-effectiveness
framework

New studies such as Den Elzen et al  FRQ¿UPSUHYLRXV
UHVXOWV7KH\ HVWDEOLVK WKDW UHDFKLQJ D FRQFHQWUDWLRQ WDUJHW DV
ORZDVSSPY&22-eq, under even optimistic assumptions of
IXOOSDUWLFLSDWLRQSRVHVVLJQL¿FDQWFKDOOHQJHVLQWKH±
WLPHIUDPH ZLWK UDSLGO\ LQFUHDVLQJ HPLVVLRQ UHGXFWLRQ UDWHV
and rising costs. In a stochastic cost-effectiveness framework,
234
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UHDFKLQJVXFKWDUJHWVUHTXLUHVDVLJQL¿FDQWDQGHDUO\HPLVVLRQV
reduction with respect to respective baselines.
But concentration ceilings are a poor surrogate for climate
FKDQJH ULVNV WKH\ E\SDVV PDQ\ OLQNV IURP DWPRVSKHULF
FKHPLVWU\ WR XOWLPDWH GDPDJHV DQG WKH\ RQO\ UHIHU WR ORQJ
WHUPLPSOLFDWLRQVRIJOREDOZDUPLQJ$EHWWHUSUR[\RIFOLPDWH
FKDQJH LPSDFWV FDQ EH IRXQG LQ JOREDO PHDQ WHPSHUDWXUH
HYHU\UHJLRQDODVVHVVPHQWRIFOLPDWHFKDQJHLPSDFWVUHIHUVWR
this parameter, making it easier for stakeholders to grasp the
stakes of global warming for their region; one can also take
into account the rate of climate change, a major determinant of
impacts and damages.
7KHUHIRUHZLWKDQRWLFHDEOHDFFHOHUDWLRQLQWKHODVWIHZ\HDUV
WKHVFLHQWL¿FFRPPXQLW\KDVFRQFHQWUDWHGRQDVVHVVLQJFOLPDWH
SROLFLHVLQWKHFRQWH[WRIFOLPDWHVWDELOL]DWLRQDURXQGYDULRXV
WHPSHUDWXUHWDUJHWV7KHVHFRQWULEXWLRQVKDYHPDLQO\H[DPLQHG
WKH LQÀXHQFH RI WKH XQFHUWDLQW\ DERXW FOLPDWH VHQVLWLYLW\ RQ
the allowable (short-term) GHGs emissions budget and on the
FRUUHVSRQGLQJ VWULQJHQF\ RI WKH FOLPDWLF FRQVWUDLQWV HLWKHU
WKURXJK VHQVLWLYLW\ DQDO\VHV %|KULQJHU et al  &DOGHLUD
et al'HQ(O]HQDQG0HLQVKDXVHQ5LFKHOVet al.,
 RUZLWKLQDQRSWLPDOFRQWUROIUDPHZRUN $PEURVLet al.,
2003; Yohe et al 
2Q WKH ZKROH WKHVH VWXGLHV UHDFK VLPLODU FRQFOXVLRQV
RXWOLQLQJWKHVLJQL¿FDQFHRIXQFHUWDLQW\DERXWFOLPDWHVHQVLWLYLW\
Ambrosi et al. (2003) demonstrates the information value of
FOLPDWHVHQVLWLYLW\EHIRUHJLYHQWKHVLJQL¿FDQWHFRQRPLF
UHJUHWVIURPDSUHFDXWLRQDU\FOLPDWHSROLF\LQWKHSUHVHQFHRI
XQFHUWDLQW\DERXWWKLVSDUDPHWHU6XFKLQIRUPDWLRQPLJKWQRWEH
DYDLODEOHVRRQ LHDWOHDVW\HDUVFRXOGEHQHFHVVDU\±.HOO\
et al., 2000). Yohe et al   WKXV FRQFOXGH µXQFHUWDLQW\
DERXWFOLPDWHVHQVLWLYLW\ LVWKHUHDVRQIRUDFWLQJLQWKHQHDU
WHUPDQGXQFHUWDLQW\FDQQRWEHXVHGDVDMXVWL¿FDWLRQIRUGRLQJ
nothing’.
$ IHZ DXWKRUV DQDO\]H WKH WUDGHRII EHWZHHQ D FRVWO\
DFFHOHUDWLRQRIPLWLJDWLRQFRVWVDQGD WHPSRUDU\ RYHUVKRRWRI
targets, and the climate impacts of this overshoot. Ambrosi et al.
 GLGVRWKURXJKDZLOOLQJQHVVWRSD\IRUQRWLQWHUIHULQJZLWK
WKHFOLPDWHV\VWHP7KH\VKRZWKDWDOORZLQJIRURYHUVKRRWRIDQ
ex-anteWDUJHWVLJQL¿FDQWO\GHFUHDVHVWKHUHTXLUHGDFFHOHUDWLRQ
of decarbonization and the peak of abatement costs, but does
QRWGUDVWLFDOO\FKDQJHWKHOHYHORIDEDWHPHQWLQWKH¿UVWSHULRG
+RZHYHU WKH RYHUVKRRW PD\ VLJQL¿FDQWO\ LQFUHDVH FOLPDWH
change damages as discussed above (see Section 3.5). Another
UHVXOW LV WKDW KLJKHU FOLPDWH VHQVLWLYLW\ PDJQL¿HV WKH UDWH RI
ZDUPLQJZKLFKLQWXUQH[DFHUEDWHVDGDSWDWLRQGLI¿FXOWLHVDQG
OHDGV WR VWULQJHQW DEDWHPHQW SROLF\ UHFRPPHQGDWLRQV IRU WKH
coming decades (Ambrosi, 2007). This result is robust for the
FKRLFH RI GLVFRXQW UDWH XQFHUWDLQW\ DERXW WKH UDWH FRQVWUDLQW
is proven to be more important for short-term decisions than
XQFHUWDLQW\ DERXW WKH PDJQLWXGH RI ZDUPLQJ 7KHUHIRUH
UHVHDUFKVKRXOGEHDLPHGDWEHWWHUFKDUDFWHUL]LQJHDUO\FOLPDWH
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change risks with a view to helping decision-makers in agreeing
on a safe guardrail to limit the rate of global warming.

H[DPSOHRQHFKDOOHQJHLVWRDYRLGIXUWKHUEXLOGXSRIFDUERQ
intensive capital stock.

3.6.1.2

3.6.2

Implications of assumptions concerning damage
IXQFWLRQVLQFRVWEHQH¿WDQDO\VLV

:KDW LV UHPDUNDEOH LQ FRVWEHQH¿W VWXGLHV RI WKH RSWLPDO
timing of mitigation is that the shape (or curvature) of the
damage function matters even more than the ultimate level of
GDPDJHV±DIDFWORQJHVWDEOLVKHGE\3HFNDQG7HLVEHUJ  
:LWKGDPDJHIXQFWLRQVH[KLELWLQJVPRRWKDQGUHJXODUGDPDJHV
VXFKDVSRZHUIXQFWLRQVZLWKLQWHJHUH[SRQHQWVRUSRO\QRPLDO
functions), GHG abatement is postponed. This is because,
for several decades, the temporal rate of increase in marginal
climate change damage remains low enough to conclude that
investments to accelerate the rate of economic growth are more
VRFLDOO\SUR¿WDEOHWKDWLQYHVWLQJLQDEDWHPHQW
This result changes if singularities in the damage curve
represent non-linear events. Including even small probabilities
RIFDWDVWURSKLFµQDVW\VXUSULVHV¶PD\VXEVWDQWLDOO\DOWHURSWLPDO
VKRUWWHUP FDUERQ WD[HV 0DVWUDQGHD DQG 6FKQHLGHU 
$]DU DQG /LQGJUHQ   0DQ\ RWKHU DXWKRUV UHSRUW VLPLODU
¿QGLQJV $]DU DQG 6FKQHLGHU  +RZDUWK  'XPDV
and Ha-Duong, 2005; Baranzini et al., 2003), whilst Hall and
%HKO   VXJJHVW D GDPDJH IXQFWLRQ UHÀHFWLQJ FOLPDWH
LQVWDELOLW\ QHHGV WR LQFOXGH GLVFRQWLQXLWLHV LQ FDSLWDO VWRFN
DQGWKHUDWHRIUHWXUQRQFDSLWDODQGK\VWHUHVLVZLWKUHVSHFWWR
KHDWLQJ DQG FRROLQJ ± UHVXOWLQJ LQ D QRQFRQYH[ RSWLPL]DWLRQ
function such that economic optimization models can provide
QRVROXWLRQ%XWWKHVHVXUSULVHVPD\EHFDXVHGE\IRUFHVRWKHU
WKDQODUJHFDWDVWURSKLFHYHQWV7KH\PD\DOVREHWULJJHUHGE\
VPRRWK FOLPDWH FKDQJHV WKDW H[FHHG D YXOQHUDELOLW\ WKUHVKROG
HJ VKRFNV WR DJULFXOWXUDO V\VWHPV LQ GHYHORSLQJ FRXQWULHV
OHDGLQJWRVWDUYDWLRQ RUE\SROLFLHVWKDWOHDGWRPDODGDSWDWLRQV
to climate change.
,Q WKH FDVH RI DQ LUUHYHUVLEOH 7+& FROODSVH .HOOHU et al.
  SRLQW RXW DQRWKHU VHHPLQJO\ SDUDGR[LFDO UHVXOW LI D
FOLPDWH FDWDVWURSKH VHHPV YHU\ OLNHO\ ZLWKLQ D VKRUWWHUP
WLPH KRUL]RQ LW PLJKW EH HFRQRPLFDOO\ VRXQG WR DFFHSW LWV
FRQVHTXHQFHV LQVWHDG RI LQYHVWLQJ LQ H[SHQVLYH PLWLJDWLRQ
WR DYRLG WKH LQHYLWDEOH 7KLV VKRZV WKDW WHPSRUDU\ RYHUVKRRW
RI D SUHGHWHUPLQHG WDUJHW PD\ EH SUHIHUDEOH WR EHDULQJ
WKH VRFLDO FRVWV RI DQ H[DJJHUDWHG UHGXFWLRQ LQ HPLVVLRQ DV
ZHOO DV WKH QHHG WR EH DWWHQWLYH WR µZLQGRZV RI RSSRUWXQLW\¶
IRU DEDWHPHQW DFWLRQ 7KH FRQYHUVH DUJXPHQW LV WKDW WLPHO\
DEDWHPHQWPHDVXUHVHVSHFLDOO\LQWKHFDVHRI,7&FDQUHGXFH
long-term mitigation costs and avoid some of the catastrophic
events. In this respect, limited differences in GMT curves for
GLIIHUHQWHPLVVLRQVSDWKZD\VZLWKLQFRPLQJGHFDGHVDUHRIWHQ
PLVLQWHUSUHWHG,WGRHVQRWLPSO\WKDWHDUO\PLWLJDWLRQDFWLYLWLHV
ZRXOGPDNHQRPDWHULDOGLIIHUHQFHWRORQJWHUPZDUPLQJ2Q
WKHFRQWUDU\LIWKHVRFLDOYDOXHRIWKHGDPDJHVLVKLJKHQRXJKWR
MXVWLI\GHHSHPLVVLRQFXWVGHFDGHVIURPQRZWKHQHDUO\DFWLRQ
LV QHFHVVDU\ GXH WR LQHUWLD LQ VRFLRHFRQRPLF V\VWHPV )RU

3.6.2.1

Evaluation of short-term mitigation
opportunities in long-term stabilization
scenarios
Studies reporting short-term sectoral reduction
levels

:KLOH WKHUH DUH PDQ\ SRWHQWLDO HPLVVLRQV SDWKZD\V WR D
SDUWLFXODUVWDELOL]DWLRQWDUJHWIURPDVSHFL¿F\HDULWLVSRVVLEOH
WRGH¿QHHPLVVLRQVWUDMHFWRULHVEDVHGRQVKRUWWHUPPLWLJDWLRQ
opportunities that are consistent with a given stabilization target.
7KLVVHFWLRQDVVHVVHVVFHQDULRUHVXOWV E\VHFWRU IURPWRSGRZQ
PRGHOVIRUWKH\HDUWRHYDOXDWHWKHUDQJHRIVKRUWWHUP
mitigation opportunities in long-term stabilization scenarios. To
SXWWKHVHLGHQWL¿HGPLWLJDWLRQRSSRUWXQLWLHVLQFRQWH[W&KDSWHU
11, Section 11.3 compares the short-term mitigation estimates
across all of the economic sectors.
0DQ\RIWKHPRGHOOLQJVFHQDULRVUHSUHVHQWHGLQWKLVVHFWLRQ
ZHUHDQRXWFRPHIURPWKH(QHUJ\0RGHOOLQJ)RUXP6WXG\
(0)  ZKLFK IRFXVHG VSHFL¿FDOO\ RQ PXOWLJDV VWUDWHJLHV
WRDGGUHVVFOLPDWHFKDQJHVWDELOL]DWLRQ VHH'HOD&KHVQD\HDQG
:H\DQW 0RGHOVWKDWZHUHHYDOXDWHGLQWKLVDVVHVVPHQW
are listed in Table 3.12.
)RUHDFKPRGHOWKHUHVXOWLQJHPLVVLRQVLQWKHPLWLJDWLRQFDVH
for each economic sector in 2030 were compared to projected
emissions in a reference case. Results were compared across a
UDQJHRIVWDELOL]DWLRQWDUJHWV)RUPRUHGHWDLORQWKHUHODWLRQVKLS
EHWZHHQVWDELOL]DWLRQWDUJHWVGH¿QHGLQFRQFHQWUDWLRQVUDGLDWLYH
forcing and temperature, see Section 3.3.2.
.H\ DVVXPSWLRQV DQG DWWULEXWHV YDU\ DFURVV WKH PRGHOV
evaluated, thus having an impact on the results. Most of the
WRSGRZQPRGHOVHYDOXDWHGKDYHDWLPHKRUL]RQEH\RQG
such as AIM, IPAC, IMAGE, GRAPE, MiniCAM, MERGE,
MESSAGE, and WIAGEM. Top-down models with a time
KRUL]RQ XS WR  VXFK DV 32/(6 DQG 6*0 ZHUH DOVR
HYDOXDWHG7KHPRGHOVDOVRYDU\LQWKHLUVROXWLRQFRQFHSW6RPH
models provide a solution based on inter-temporal optimization,
allowing mitigation options to be adopted with perfect foresight
DV WR ZKDW WKH IXWXUH FDUERQ SULFH ZLOO EH 2WKHU PRGHOV DUH
EDVHG RQ D UHFXUVLYH G\QDPLF DOORZLQJ PLWLJDWLRQ RSWLRQV
WR EH DGRSWHG EDVHG RQO\ RQ WRGD\¶V FDUERQ SULFH 5HFXUVLYH
G\QDPLFPRGHOVWHQGWRVKRZKLJKHUFDUERQSULFHVWRDFKLHYH
the same emission reductions as in inter-temporal optimization
models, because emitters do not have the foresight to take
HDUO\PLWLJDWLRQDFWLRQVWKDWPD\KDYHEHHQFKHDSHU IRUPRUH
discussion on modelling approaches, refer to Section 3.3.3).
Three important considerations need to be remembered with
UHJDUG WR WKH UHSRUWHG FDUERQ SULFHV )LUVW WKHVH PLWLJDWLRQ
VFHQDULRVDVVXPHFRPSOHWHµZKDW¶DQGµZKHUH¶ÀH[LELOLW\ LH
235
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Table 3.12: Top-down models assessed for mitigation opportunities in 2030

IModel

Model type

Solution concept

Time horizon

Modelling team and reference

AIM
(Asian-Paciﬁc Integrated Model)

Multi-Sector
General Equilibrium

Recursive Dynamic

Beyond 2050

NIES/Kyoto Univ., Japan
Fujino et al., 2006.

GRAPE
(Global Relationship Assessment to
Protect the Environment)

Aggregate General
Equilibrium

Inter-temporal
Optimization

Inter-temporal
Optimization

Institute for Applied Energy, Japan
Kurosawa, 2006.

IMAGE
(Integrated Model to Assess The
Global Environment)

Market Equilibrium

Recursive Dynamic

Beyond 2050

Netherlands Env. Assessment Agency
Van Vuuren et al., Energy Journal,
2006a. (IMAGE 2.2)
Van Vuuren et al., Climatic Change,
2007. (IMAGE 2.3)

IPAC
(Integrated Projection Assessments
for China)

Multi-Sector
General Equilibrium

Recursive Dynamic

Beyond 2050

Energy Research Institute, China
Jiang et al., 2006.

MERGE
(Model for Evaluating Regional and
Global Effects of GHG Reduction
Policies)

Aggregate General
Equilibrium

Inter-temporal
Optimization

Beyond 2050

EPRI & PNNL/Univ. Maryland, U.S.
USCCSP, 2006.

MESSAGE-MACRO
(Model for Energy Supply Strategy
Alternatives and Their General
Environmental Impact)

Hybrid: Systems
Engineering &
Market Equilibrium

Inter-temporal
Optimization

Beyond 2050

International Institute for Applied
Systems Analysis, Austria
Rao and Riahi, 2006.

MiniCam
(Mini-Climate Assessment Model)

Market Equilibrium

Recursive Dynamic

Beyond 2050

PNNL/Univ. Maryland, U.S.
Smith and Wigley, 2006.

SGM
(Second Generation Model)

Multi-Sector
General Equilibrium

Recursive Dynamic

Up to 2050

PNNL/Univ. Maryland and EPA, U.S.
Fawcett and Sands, 2006.

POLES
(Prospective Outlook on Long-Term
Energy Systems)

Market Equilibrium

Recursive Dynamic

Up to 2050

LEPII-EPE & ENERDATA, France
Criqui et al., 2006.

WIAGEM
(World Integrated
Applied General Equilibrium Model)

Multi-Sector
General Equilibrium

Inter-temporal
Optimization

Beyond 2050

Humboldt University and DIW Berlin,
Germany
Kemfert et al., 2006.

I

Source: Weyant et al., 2006.

there is full substitution among GHGs and reductions take place
DQ\ZKHUHLQWKHZRUOGDFFRUGLQJWRWKHSULQFLSOHRIOHDVWFRVW 
/LPLWLQJWKHGHJUHHRIÀH[LELOLW\LQWKHVHPLWLJDWLRQVFHQDULRV
VXFK DV OLPLWLQJ PLWLJDWLRQ RQO\ WR &22, removing major
countries or regions from undertaking mitigation, or both, will
increase carbon prices, all else being equal. Second, the carbon
prices of realizing these levels of mitigation increase in the
WLPHKRUL]RQEH\RQG6HH)LJXUHIRUDQLOOXVWUDWLRQ
of carbon prices across longer time horizons from top-down
scenarios. Third, at the economic sector level, estimated
HPLVVLRQUHGXFWLRQIRUDOOJUHHQKRXVHJDVHVYDULHVVLJQL¿FDQWO\
across the different model scenarios, in part because each model
XVHVVHFWRUGH¿QLWLRQVVSHFL¿FWRWKDWW\SHRIPRGHO
Across all the models, the long-term target in the stabilization
scenarios could be met through the mitigation of multiple
JUHHQKRXVH JDVHV &22, CH, N22 DQG KLJK*:3 JDVHV 
+RZHYHU WKH VSHFL¿F PLWLJDWLRQ RSWLRQV DQG WKH WUHDWPHQW RI
WHFKQRORJLFDO SURJUHVV YDU\ DFURVV WKH PRGHOV )RU H[DPSOH
RQO\ VRPH RI WKH PRGHOV LQFOXGH FDUERQ FDSWXUH DQG VWRUDJH
as a mitigation option (GRAPE, IMAGE, IPAC, MiniCAM,
236

and MESSAGE). Some models also include forest sinks as a
mitigation option. The model results shown in Table 3.13 do
not include forest sinks as a mitigation option, while the results
VKRZQ LQ 7DEOH  GR LQFOXGH IRUHVW VLQNV DV GHVFULEHG LQ
further detail below.
Table 3.13 illustrates the amount of global GHG mitigation
UHSRUWHG E\ VHFWRU IRU WKH \HDU  DFURVV D UDQJH RI PXOWL
gas stabilization targets. Across the higher Category IV
stabilization target scenarios, emission reductions of 3–31%
from the reference case emissions across all greenhouse gases
FDQEHDFKLHYHGIRUDFDUERQSULFHRI±86W&22-eq. The
UHVXOWVIURPWKH32/(6PRGHOVIDOOLQWRWKHKLJKHUHQGRIWKH
SULFHUDQJHLQSDUWGXHWRWKHUHFXUVLYHG\QDPLFQDWXUHRIWKH
model, and also due to its shorter time horizon over which to
plan. The results from the GRAPE model fall into the lower
HQG RI WKH SULFH UDQJH ZKLFK LV WKH RQO\ LQWHUWHPSRUDOO\
optimizing model shown in the higher stabilization scenarios.
,Q WKH *5$3( UHVXOWV RQO\  RI WKH HPLVVLRQV DUH UHGXFHG
E\LPSO\LQJWKDWWKHPDMRULW\RIWKHPLWLJDWLRQQHFHVVDU\
WR PHHW WKH WDUJHW LV XQGHUWDNHQ EH\RQG  ,Q VFHQDULRV
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Table 3.13: Global emission reductions from top-down models in 2030 by sector for multi-gas scenarios.

Model

POLES

IPAC

AIM

Stabilization category
Stabilization target

Carbon price in 2030
(2000
US$/tCO2-eq)

Sector Mitigation estimates in 2030
(total all gases GtCO2-eq)

Reference emissions 2030
Total all gases (GtCO2-eq)

GRAPE

MiniCAM

SGM

Category VI

MERGE

WIAGEM

Category II

Category I

550 ppmv

550 ppmv

4.5 W/m2
from preIndustrial

4.5 W/m2
from preIndustrial

4.5 W/m2
from preIndustrial

From
MiniCAM
trajectory

3.4 W/m2
from preIndustrial

2% from
preIndustrial

57

14

29

2

12

21

192

9

53.0

55.3

49.4

57.0

54.2

53.5

47.2

43.1

Energy supply: electric

9.5

6.4

5.2

0.5

7.3

3.1

9.5

7.0

Energy supply: non-electric

3.0

0.6

1.1

0.0

1.5

1.6a

3.2

1.7

Transportation demand

0.5

0.8

0.5

0.1

0.2

0.4a

Included
in Energy
supply

Included
in Energy
supply

Buildings demand

1.0

0.6

0.5

0.4

0.3

Included
in Energy
supply

Included
in Energy
supply

Included
in Energy
supply

Industry demand

1.9

1.2

0.5

Included in
Buildings
demand

1.7

Included
in Energy
supply

Included
in Energy
supply

Included
in Energy
supply

Industry production

0.8

0.0

0.8

0.3h

0.2d

1.7a

3.6b

3.6

Agriculture

(0.2)

(1.0)e

2.0

0.6

0.3

1.7

Included
in industry
production

1.1

Forestry

No mitigation options modelled

No mitigation options
modelled

Included
in another
sector

0.0g

Included in
Buildings
demand

0.0f

0.3

0.5

Included
in Industry
production

No
mitigation
options
modelled

Global total

16.4

8.7

10.6

1.9

11.9

11.2a

16.3

15.5c

Mitigation as % of reference
emissions

31%

16%

21%

3%

22%

21%

35%

35%

Waste management

Notes:
a SGM sector mitigation estimates for Transportation Demand and Industry Production are not complete global representation due to varying levels of regional
aggregation.
b MERGE sector mitigation estimates for Industry Production, Agriculture, and Waste Management are aggregated. No Forestry mitigation options were modelled.
c WIAGEM sector mitigation estimates do not sum to global total due to the breakout of the household and chemical sectors.
d MiniCAM CO mitigation from Industrial Production is accounted for in the Industry Demand.
2
e Higher IPAC Agriculture emissions in the stabilization scenario than in the reference case reﬂects the loss of permanent forest due to growing bioenergy crops.
f GRAPE Waste sector mitigation reﬂects only GDP activity factor changes in 2030, and reﬂects emission factor reductions in later years.
g IPAC Waste sector cost-effective mitigation options are included in the baseline.
h GRAPE CO from cement production is included in Buildings Demand.
2

with lower Category I and II stabilization targets, higher levels
of short-term mitigation are required to achieve the target in
the long run, resulting in a higher range of prices. Emission
UHGXFWLRQVRIDSSUR[LPDWHO\FDQEHDFKLHYHGDWDSULFHRI
±86W&22-eq.
6HYHUDORIWKHPRGHOVLQFOXGHGLQWKH(0)VWXG\DOVRUDQ
multi-gas scenarios that included forest sinks as a mitigation
RSWLRQ 7DEOH  VKRZV WKH  PLWLJDWLRQ HVWLPDWHV IRU
these scenarios that model net land-use change (including
forest carbon sinks) as a mitigation option. When terrestrial
sinks are modelled as a mitigation option, it can lessen the
SUHVVXUHWRPLWLJDWHLQRWKHUVHFWRUV)XUWKHUGLVFXVVLRQRIIRUHVW

sequestration as a mitigation option is presented in Section
3.3.5.5. Across the higher Category IV stabilization target
VFHQDULRV HPLVVLRQ UHGXFWLRQV RI ± IURP WKH UHIHUHQFH
case emissions across all greenhouse gases can be achieved at a
SULFHRI±86W&22-eq. In scenarios with lower Category I
and IIVWDELOL]DWLRQWDUJHWVHPLVVLRQUHGXFWLRQVRI±FDQ
EHDFKLHYHGDWDSULFHRI±86W&22-eq.
3.6.2.2

Assessment of reduction levels at different
marginal prices

7RSXWWKHVHLGHQWL¿HGPLWLJDWLRQRSSRUWXQLWLHVLQWRFRQWH[W
WKH\ZLOOEHFRPSDUHGZLWKPLWLJDWLRQHVWLPDWHVIURPERWWRPXS
237
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Table 3.14: Global emission reductions from top-down models in 2030 (by sector) for multi-gas plus sinks scenarios.

Model

GRAPE

Stabilization categories
Stabilization target

Sector mitigaiton estimates in 2030
(total all gases GtCO2-eq)

Carbon price in 2030
(2000 US$/tCO2-eq)
Reference emissions 2030
Total all gases (GtCO2-eq)
Energy supply:
electric
Energy supply:
non-electric
Transportation demand
Buildings demand
Industry demand

Industry production
Agriculture
Forestry
Waste management
Global total
Mitigation as % reference
emissions

I IMAGE 2.2

IMAGE 2.3

4.5 Wm2
from preIndustrial

4.5 Wm2
from preIndustrial

Category VI
4.5 Wm2
from preIndustrial

2

18

57.0

MESSAGE

I MESSAGE

IMAGE 2.3
Category
III
3.7 Wm2
from preIndustrial

IMAGE 2.3

MESSAGE

Category I/II
3.0 Wm2
B2
from prescenario,
Industrial
3.0 Wm2
from preIndustrial
121
31

21

B2
scenario,
4.5 Wm2
from preIndustrial
6

A2
scenario,
4.5 Wm2
from preIndustrial
15

65.5

59.7

57.8

70.9

59.7

59.7

57.8

0.5

2.4

1.7

1.1

7.3

3.9

8.7

4.3

0.0

2.2

1.6

0.5

3.5

2.3

3.7

2.2

0.0

1.3

0.7

0.3

1.0

1.5

2.8

2.2

0.3
Included in
Buildings
demand
0.1b
0.3
0.9
0.0a
2.1
4%

0.8
0.8

0.3
0.5

0.5
0.1

1.2
0.4

0.5
1.6

1.0
3.2

1.4
0.8

1.1
0.7
1.4
0.7
11.5
18%

0.8
0.6
0.3
1.0
7.6
13%

0.3
0.6
0.0
0.9
4.4
8%

0.6
1.5
0.2
1.1
16.8
24%

1.1
1.0
0.2
1.0
13.0
40%

2.0
1.2
0.2
1.1
24.0
40%

0.8
1.7
0.6
0.9
15.0
26%

50

Notes:
a GRAPE Waste sector mitigation reﬂects only GDP activity factor changes in 2030, and reﬂects emission factor reductions in later years.
b GRAPE CO from cement production is included in Buildings Demand.
2
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)LJXUH  VKRZV WKH DYDLODEOH GDWD IURP VWXGLHV WKDW
UHSRUW HFRQRP\ZLGH UHGXFWLRQ OHYHOV PXOWLJDV  DQG SHUPLW
prices. The data has been taken from the emission scenario
database (Hanaoka et al1DNLFHQRYLFet al ±DQG
LQIRUPDWLRQ GLUHFWO\ UHSRUWHG LQ WKH FRQWH[W RI (0) 'H
OD &KHVQD\H DQG:H\DQW   DQG ,0&3 (GHQKRIHU et al.,
 7KHWRWDOVHWVVXJJHVWVRPHIRUPRIDUHODWLRQVKLSZLWK

VWXGLHVUHSRUWLQJKLJKHUSHUPLWSULFHVDOVRLQJHQHUDOUHSRUWLQJ
higher reduction levels.

20 US$/tCO2

PRGHOV&KDSWHUVWKURXJKGHVFULEHPLWLJDWLRQWHFKQRORJLHV
DYDLODEOHLQVSHFL¿FHFRQRPLFVHFWRUV&KDSWHU6HFWLRQ
compares the short-term mitigation estimates across all of the
economic sectors for selected marginal costs levels (20, 50 and
86W&22HT )RUWKDWSXUSRVHZHKDYHSORWWHGWKHSHUPLW
price and (sectoral) reduction levels of the different studies.
7KHVHSORWVKDYHEHHQXVHGWRH[SORUHZKHWKHUWKHFRPELQDWLRQ
RI WKH VWXGLHV VXJJHVWV FHUWDLQ OLNHO\ UHGXFWLRQ OHYHOV DW WKH
WKUHHWDUJHWOHYHOVRIDQG86W&22-eq. As far more
VWXGLHV ZHUH DYDLODEOH WKDW UHSRUWHG HFRQRP\ZLGH UHGXFWLRQ
levels than the ones that provided sectoral information, we were
DEOHWRXVHDIRUPDOVWDWLVWLFDOPHWKRGIRUWKHIRUPHU)RUWKH
latter, a statistical method was also applied, but outcomes have
been used with more care.

102

10 3

Carbon price (US$/tCO2-eq.)
Figure 3.40: Permit price versus level of emission reduction – total economy in
2030 (the natural logarithm of the permit price is used for the x-axis). The uncertainty
range indicated is the 68% interval.
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Figure 3.41: Permit price versus emission reduction level – several sectors in 2030 (vertical lines indicate levels at 20, 50 and 100 US$/tCO2).

2EYLRXVO\DFRQVLGHUDEOHUDQJHRIUHVXOWVLVDOVRIRXQG±WKLV
LVDIXQFWLRQRIIDFWRUVVXFKDV
v 0RGHOXQFHUWDLQWLHVLQFOXGLQJWHFKQRORJ\DVVXPSWLRQVDQG
inertia.
v Assumed baseline developments.
v 7KHWUDMHFWRU\RIWKHSHUPLWSULFHSULRUWR
The suggested relationship across the total is linear if permit
SULFHVDUHSORWWHGRQDORJDULWKPLFVFDOHDVVKRZQLQ)LJXUH
In other words, the relationship between the two variables is
logarithmic, which is a form that is consistent with the general
IRUP RI PDUJLQDO DEDWHPHQW FXUYHV UHSRUWHG LQ OLWHUDWXUH
increasing reduction levels for higher prices, but diminishing
returns at higher prices as the reduction tends to reach a theoretical
PD[LPXP7KH¿JXUHQRWRQO\VKRZVWKHEHVWJXHVVUHJUHVVLRQ

OLQHEXWDOVRFRQ¿GHQFHLQWHUYDO7KHODWWHUFDQEHXVHGWR
GHULYH WKH  SHUFHQWLOH LQWHUYDO RI WKH UHGXFWLRQ SRWHQWLDO IRU
WKHDQG86W&22HTSULFHOHYHOVZKLFKDUH
*W&22HT\UDQG*W&22HT\UUHVSHFWLYHO\
Sectoral estimates
A more limited set of studies reported sectoral reduction
OHYHOV 7KH VDPH SORW DV )LJXUH  KDV EHHQ PDGH IRU WKH
VHFWRUDO GDWD VHH )LJXUH   DJDLQ SORWWLQJ WKH ORJDULWKP
of the permit price against emission reduction levels. The data
KHUHDUHGLUHFWO\WDNHQIURP7DEOHDQG7DEOH$VOHVV
GDWDDUHDYDLODEOHWKHVWDWLVWLFDODQDO\VLVEHFRPHVOHVVUREXVW
1HYHUWKHOHVVIRUPRVWVHFWRUVDVLPLODUO\IRUPHGUHODWLRQVKLS
ZDV IRXQG DFURVV WKH VHW RI VWXGLHV DV IRU WKH HFRQRP\ZLGH
potential (logarithmic relationship showing increasing reduction
239
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Table 3.15: Reduction potential at various marginal prices, averages across different models (low and high indicate one standard deviation variation).

20 US$/tCO2-eq
Energy supply

50 US$/tCO2-eq

100 US$/tCO2-eq

Low

High

Low

High

Low

High

3.9

9.7

6.7

12.4

8.7

14.5

Transport

0.1

1.6

0.5

1.9

0.8

2.5

Buildings

0.2

1.1

0.4

1.3

0.6

1.5

Industry

1.2

3.2

2.2

4.3

3.0

5.0

Agriculture

0.6

1.2

0.8

1.4

0.9

1.5

Forestry

0.2

0.8

0.2

0.8

0.2

0.8

Waste

0.7

0.9

0.8

1.0

0.9

1.1

Overall1

8.7

17.9

13.7

22.6

16.8

26.2

Note: 1) The overall potential has been estimated separately from the sectoral totals.

OHYHOVDWUHODWLYHO\ORZSULFHVDQGDPXFKVORZHULQFUHDVHDW
KLJKHUSULFHV $VH[SHFWHGLQVHYHUDOVHFWRUVWKHVSUHDGDFURVV
PRGHOV LQ WKH  VHW LV ODUJHU WKDQ LQ WKH HFRQRP\ZLGH
estimates.
,Q JHQHUDO D UHODWLYHO\ VWURQJ UHODWLRQVKLS LV IRXQG LQ WKH
VHFWRUV IRU HQHUJ\ VXSSO\ WUDQVSRUW DQG LQGXVWULDO HQHUJ\
consumption. The relationship between the price and emission
reduction level is less clear in other sectors – and more-or-less
DEVHQW IRU WKH OLPLWHG UHSRUWHG GDWD RQ WKH IRUHVWU\ VHFWRU ,W
VKRXOGEHQRWHGKHUHWKDWGH¿QLWLRQVDFURVVVWXGLHVPD\EHOHVV
ZHOOGH¿QHG ± DQG DOVR IRUHVW VHFWRU HPLVVLRQV PD\ DFWXDOO\
increase in mitigation scenarios as a result of net deforestation
GXHWRELRHQHUJ\SURGXFWLRQ
It should be noted that emission data (and thus also reduction
levels) are reported on a ‘point of emission basis’ (emissions
are reported for the sectors in which the emissions occur).
)RU H[DPSOH WKH HI¿FLHQF\ LPSURYHPHQWV LQ HQGXVH VHFWRUV
IRU HOHFWULFLW\ OHDG WR UHGXFWLRQV LQ WKH HQHUJ\ VXSSO\ VHFWRU
/LNHZLVHXVLQJELRHQHUJ\OHDGVWRHPLVVLRQUHGXFWLRQVLQWKH
HQGXVHVHFWRUVEXWDWWKHVDPHWLPH LQVRPHPRGHOV PD\OHDG
WR LQFUHDVHV LQ HPLVVLRQV IRU IRUHVWU\ GXH WR DVVRFLDWHG ODQG
XVHFKDQJHV7KHODWWHUPD\H[SODLQGLIIHUHQFHVLQWKHZD\WKDW
data from top-down models are represented elsewhere in this
UHSRUWDVKHUH LQPRVWFDVHV RQO\WKHHPLVVLRQFKDQJHVIURP
PLWLJDWLRQPHDVXUHVLQWKHIRUHVWU\VHFWRULWVHOIDUHUHSRUWHG,W
DOVRH[SODLQVZK\WKHSRWHQWLDOLQVRPHRIWKHHQGXVHVHFWRUVLV
UHODWLYHO\VPDOODVHPLVVLRQUHGXFWLRQVIURPHOHFWULFLW\VDYLQJV
are reported elsewhere.
Reported estimates
2QWKHEDVLVRIWKHDYDLODEOHGDWDWKHIROORZLQJUDQJHVKDYH
been estimated for the reduction potential at a 20, 50 and 100
86W&22-eq price (Table 3.15). As estimates have been made
LQGHSHQGHQWO\WKHWRWDORIWKHGLIIHUHQWVHFWRUVGRHVQRWDGGXS
WRWKHRYHUDOOUDQJH DVH[SHFWHGWKHVXPRIWKHVHFWRUVJLYHVD
VOLJKWO\ZLGHUUDQJH 
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7KHODUJHVWSRWHQWLDOLVIRXQGLQHQHUJ\VXSSO\±FRYHULQJ
ERWKWKHHOHFWULFLW\VHFWRUDQGHQHUJ\VXSSO\±ZLWKDUHODWLYHO\
KLJKFDSDELOLW\RIUHVSRQGLQJWRSHUPLWSULFHV5HODWLYHO\KLJK
UHGXFWLRQOHYHOVDUHDOVRIRXQGIRUWKHLQGXVWU\VHFWRU5HODWLYHO\
VPDOOUHGXFWLRQOHYHOVDUHUHSRUWHGIRUWKHIRUHVWU\VHFWRUDQG
the waste management sector.
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EXECUTIVE SUMMARY
Annual total greenhouse gas (GHG) emissions arising from
the global energy supply sector continue to increase. Combustion
of fossil fuels continues to dominate a global energy market
that is striving to meet the ever-increasing demand for heat,
electricity and transport fuels. GHG emissions from fossil fuels
have increased each year since the IPCC 2001 Third Assessment
Report (TAR) (IPCC,2001), despite greater deployment of
low- and zero-carbon technologies, (particularly those utilizing
renewable energy); the implementation of various policy support
mechanisms by many states and countries; the advent of carbon
trading in some regions, and a substantial increase in world
energy commodity prices. Without the near-term introduction of
supportive and effective policy actions by governments, energyrelated GHG emissions, mainly from fossil fuel combustion,
are projected to rise by over 50% from 26.1 GtCO2eq (7.1 GtC)
in 2004 to 37–40 GtCO2 (10.1–10.9 GtC) by 2030. Mitigation
has therefore become even more challenging.
Global dependence on fossil fuels has led to the release
of over 1100 GtCO2 into the atmosphere since the mid-19th
century. Currently, energy-related GHG emissions, mainly from
fossil fuel combustion for heat supply, electricity generation and
transport, account for around 70% of total emissions including
carbon dioxide, methane and some traces of nitrous oxide
(Chapter 1). To continue to extract and combust the world’s
rich endowment of oil, coal, peat, and natural gas at current
or increasing rates, and so release more of the stored carbon
into the atmosphere, is no longer environmentally sustainable,
unless carbon dioxide capture and storage (CCS) technologies
currently being developed can be widely deployed (high
agreement, much evidence).
There are regional and societal variations in the demand
for energy services. The highest per-capita demand is by
those living in Organisation for Economic Co-operation and
Development (OECD) economies, but currently, the most rapid
growth is in many developing countries. Energy access, equity
and sustainable development are compromised by higher and
UDSLGO\ ÀXFWXDWLQJ SULFHV IRU RLO DQG JDV 7KHVH IDFWRUV PD\
increase incentives to deploy carbon-free and low-carbon
energy technologies, but conversely, could also encourage the
market uptake of coal and cheaper unconventional hydrocarbons
and technologies with consequent increases in carbon dioxide
(CO2) emissions.
Energy access for all will require making available basic and
affordable energy services using a range of energy resources
and innovative conversion technologies while minimizing
GHG emissions, adverse effects on human health, and other
local and regional environmental impacts. To accomplish this
would require governments, the global energy industry and
society as a whole to collaborate on an unprecedented scale.
The method used to achieve optimum integration of heating,
cooling, electricity and transport fuel provision with more

HI¿FLHQWHQHUJ\V\VWHPVZLOOYDU\ZLWKWKHUHJLRQORFDOJURZWK
rate of energy demand, existing infrastructure and by identifying
DOOWKHFREHQH¿WV high agreement, much evidence).
The wide range of energy sources and carriers that provide
energy services need to offer long-term security of supply,
be affordable and have minimal impact on the environment.
However, these three government goals often compete. There
DUH VXI¿FLHQW UHVHUYHV RI PRVW W\SHV RI HQHUJ\ UHVRXUFHV WR
last at least several decades at current rates of use when using
WHFKQRORJLHVZLWKKLJKHQHUJ\FRQYHUVLRQHI¿FLHQWGHVLJQV+RZ
best to use these resources in an environmentally acceptable
manner while providing for the needs of growing populations
and developing economies is a great challenge.
v Conventional oil reserves will eventually peak as will
natural gas reserves, but it is uncertain exactly when and
what will be the nature of the transition to alternative liquid
fuels such as coal-to-liquids, gas-to-liquids, oil shales, tar
sands, heavy oils, and biofuels. It is still uncertain how and
to what extent these alternatives will reach the market and
what the resultant changes in global GHG emissions will be
as a result.
v Conventional natural gas reserves are more abundant
in energy terms than conventional oil, but they are also
distributed less evenly across regions. Unconventional
gas resources are also abundant, but future economic
development of these resources is uncertain.
v Coal is unevenly distributed, but remains abundant. It can be
converted to liquids, gases, heat and power, although more
intense utilization will demand viable CCS technologies if
GHG emissions from its use are to be limited.
v There is a trend towards using energy carriers with increased
HI¿FLHQF\ DQG FRQYHQLHQFH SDUWLFXODUO\ DZD\ IURP VROLG
fuels to liquid and gaseous fuels and electricity.
v Nuclear energy, already at about 7% of total primary
energy, could make an increasing contribution to carbonfree electricity and heat in the future. The major barriers
are: long-term fuel resource constraints without recycling;
economics; safety; waste management; security;
proliferation, and adverse public opinion.
v Renewable energy sources (with the exception of large
hydro) are widely dispersed compared with fossil fuels,
which are concentrated at individual locations and require
distribution. Hence, renewable energy must either be used
in a distributed manner or concentrated to meet the higher
energy demands of cities and industries.
v Non-hydro renewable energy-supply technologies,
particularly solar, wind, geothermal and biomass, are
currently small overall contributors to global heat and
electricity supply, but are the most rapidly increasing. Costs,
as well as social and environmental barriers, are restricting
this growth. Therefore, increased rates of deployment may
need supportive government policies and measures.
v Traditional biomass for domestic heating and cooking still
accounts for more than 10% of global energy supplies but
could eventually be replaced, mainly by modern biomass and
253
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other renewable energy systems as well as by fossil-based
GRPHVWLFIXHOVVXFKDVNHURVHQHDQGOLTXH¿HGSHWUROHXPJDV
(LPG) (high agreement, much evidence – except traditional
biomass).
6HFXULW\RIHQHUJ\VXSSO\LVVXHVDQGSHUFHLYHGIXWXUHEHQH¿WV
from strategic investments may not necessarily encourage the
greater uptake of lower carbon-emitting technologies. The
various concerns about the future security of conventional oil,
gas and electricity supplies could aid the transition to more
low-carbon technologies such as nuclear, renewables and CCS.
However, these same concerns could also encourage the greater
uptake of unconventional oil and gaseous fuels as well as
increase demand for coal and lignite in countries with abundant
national supplies and seeking national energy-supply security.
Addressing environmental impacts usually depends on
the introduction of regulations and tax incentives rather than
relying on market mechanisms. Large-scale energy-conversion
plants with a life of 30–100 years give a slow rate of turnover
of around 1–3% per year. Thus, decisions taken today that
support the deployment of carbon-emitting technologies,
especially in countries seeking supply security to provide
sustainable development paths, could have profound effects
on GHG emissions for the next several decades. Smaller-scale,
distributed energy plants using local energy resources and lowor zero-carbon emitting technologies, can give added reliability,
EHEXLOWPRUHTXLFNO\DQGEHHI¿FLHQWE\XWLOL]LQJERWKKHDWDQG
power outputs locally (including for cooling).
Distributed electricity systems can help reduce transmission
losses and offset the high investment costs of upgrading
distribution networks that are close to full capacity.
0RUHHQHUJ\HI¿FLHQWWHFKQRORJLHVFDQDOVRLPSURYHVXSSO\
security by reducing future energy-supply demands and any
associated GHG emissions. However, the present adoption
path for these, together with low- and zero-carbon supply
technologies, as shown by business-as-usual baseline scenarios,
ZLOOQRWUHGXFHHPLVVLRQVVLJQL¿FDQWO\
The transition from surplus fossil fuel resources to constrained
gas and oil carriers, and subsequently to new energy supply
and conversion technologies, has begun. However it faces
regulatory and acceptance barriers to rapid implementation
and market competition alone may not lead to reduced GHG
emissions. The energy systems of many nations are evolving
from their historic dependence on fossil fuels in response to
the climate change threat, market failure of the supply chain,
and increasing reliance on global energy markets, thereby
necessitating the wiser use of energy in all sectors. A rapid
transition toward new energy supply systems with reduced
carbon intensity needs to be managed to minimize economic,
social and technological risks and to co-opt those stakeholders
who retain strong interests in maintaining the status quo.
The electricity, building and industry sectors are beginning
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to become more proactive and help governments make the
transition happen. Sustainable energy systems emerging as a
result of government, business and private interactions should
not be selected on cost and GHG mitigation potential alone but
DOVRRQWKHLURWKHUFREHQH¿WV
Innovative supply-side technologies, on becoming fully
commercial, may enhance access to clean energy, improve
energy security and promote environmental protection at local,
regional and global levels. They include thermal power plant
GHVLJQV EDVHG RQ JDVL¿FDWLRQ FRPELQHG F\FOH DQG VXSHU
critical boilers using natural gas as a bridging fuel; the further
development and uptake of CCS; second-generation renewable
energy systems; and advanced nuclear technologies. More
HI¿FLHQW HQHUJ\ VXSSO\ WHFKQRORJLHV VXFK DV WKHVH DUH EHVW
FRPELQHG ZLWK LPSURYHG HQGXVH HI¿FLHQF\ WHFKQRORJLHV WR
give a closer matching of energy supply with demand in order
to reduce both losses and GHG emissions.
Energy services are fundamental to achieving sustainable
development. In many developing countries, provision of
adequate, affordable and reliable energy services has been
LQVXI¿FLHQWWRUHGXFHSRYHUW\DQGLPSURYHVWDQGDUGVRIOLYLQJ7R
provide such energy services for everyone in an environmentally
sound way will require major investments in the energy-supply
chain, conversion technologies and infrastructure (particularly
in rural areas) (high agreement, much evidence).
There is no single economic technical solution to reduce
GHG emissions from the energy sector. There is however good
mitigation potential available based on several zero-or lowcarbon commercial options ready for increased deployment
at costs below 20 US$/tCO2 avoided or under research
development. The future choice of supply technologies will
depend on the timing of successful developments for advanced
nuclear, advanced coal and gas, and second-generation renewable
energy technologies. Other technologies, such as CCS, secondgeneration biofuels, concentrated solar power, ocean energy and
ELRPDVVJDVL¿FDWLRQPD\PDNHDGGLWLRQDOFRQWULEXWLRQVLQGXH
course. The necessary transition will involve more sustained
public and private investment in research, development,
demonstration and deployment (RD3) to better understand our
HQHUJ\UHVRXUFHVWRIXUWKHUGHYHORSFRVWHIIHFWLYHDQGHI¿FLHQW
low- or zero-carbon emitting technologies, and to encourage
their rapid deployment and diffusion. Research investment in
energy has varied greatly from country to country, but in most
FDVHVKDVGHFOLQHGVLJQL¿FDQWO\LQUHFHQW\HDUVVLQFHWKHOHYHOV
achieved soon after the oil shocks during the 1970s.
Using the wide range of available low- and zero-carbon
technologies (including large hydro, bioenergy, other
renewables, nuclear and CCS together with improved powerSODQWHI¿FLHQF\DQGIXHOVZLWFKLQJIURPFRDOWRJDV WKHWRWDO
mitigation potential by 2030 for the electricity sector alone,
at carbon prices below 20 US$/tCO2-eq, ranges between
2.0 and 4.2 GtCO2-eq/yr. At the high end of this range, the
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over 70% share of fossil fuel-based power generation in the
baseline drops to 55% of the total. Developing countries could
provide around half of this potential. This range corresponds
well with the TAR analysis potential of 1.3–2.5 GtCO2-eq/yr
at 27 US$/tCO2-eq avoided, given that the TAR was only up to
2020 and that, since it was published in 2001, there has been an
increase in development and deployment of renewable energy
technologies, a better understanding of CCS techniques and
a greater acceptance of improved designs of nuclear power
plants.
For investment costs up to 50 US$/tCO2-eq, the total
mitigation potential by 2030 rises to between 3.0 and
6.4 GtCO2-eq/yr avoided. Up to 100 US$/tCO2-eq avoided,
the total potential is between 4.0 and 7.2 GtCO2-eq/yr, mainly
coming from non-OECD/EIT countries (medium agreement,
limited evidence).
There is high agreement in the projections that global energy
supply will continue to grow and in the types of energy likely
WREHXVHGE\+RZHYHUWKHUHLVRQO\PHGLXPFRQ¿GHQFH
in the regional energy demand assumptions and the future mix
of conversion technologies to be used. Overall, the future costs
DQGWHFKQLFDOSRWHQWLDOVLGHQWL¿HGVKRXOGSURYLGHDUHDVRQDEOH
basis for considering strategies and decisions over the next
several decades.
No single policy instrument will ensure the desired
transition to a future secure and decarbonized world. Policies
ZLOO QHHG WR EH UHJLRQDOO\ VSHFL¿F DQG ERWK HQHUJ\ DQG QRQ
HQHUJ\FREHQH¿WVVKRXOGEHWDNHQLQWRDFFRXQW. Internalizing
environmental costs requires development of policy initiatives,
long-term vision and leadership based on sound science and
economic analysis. Effective policies supporting energysupply technology development and deployment are crucial
to the uptake of low-carbon emission systems and should be
UHJLRQDOO\ VSHFL¿F$ UDQJH RI SROLFLHV LV DOUHDG\ LQ SODFH WR
encourage the development and deployment of low-carbonemitting technologies in OECD countries as well as in nonOECD countries including Brazil, Mexico, China and India.
Policies in several countries have resulted in the successful
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implementation of renewable energy systems to give proven
EHQH¿WVOLQNHGZLWKHQHUJ\DFFHVVGLVWULEXWHGHQHUJ\KHDOWK
equity and sustainable development. Nuclear energy policies
are also receiving renewed attention. However, the consumption
of fossil fuels, at times heavily subsidized by governments, will
remain dominant in all regions to meet ever-increasing energy
demands unless future policies take into account the full costs
of environmental, climate change and health issues resulting
from their use.
Energy sector reform is critical to sustainable energy
development and includes reviewing and reforming subsidies,
establishing credible regulatory frameworks, developing policy
environments through regulatory interventions, and creating
market-based approaches such as emissions trading. Energy
security has recently become an important policy driver.
Privatization of the electricity sector has secured energy supply
and provided cheaper energy services in some countries in
the short term, but has led to contrary effects elsewhere due
to increasing competition, which, in turn, leads to deferred
investments in plant and infrastructure due to longer-term
uncertainties. In developed countries, reliance on only a few
suppliers, and threats of natural disasters, terrorist attacks and
future uncertainty about imported energy supplies add to the
concerns. For developing countries lack of security and higher
world-energy prices constrain endeavours to accelerate access
to modern energy services that would help to decrease poverty,
improve health, increase productivity, enhance competition
and thus improve their economies (high agreement, much
evidence).
In short, the world is not on course to achieve a sustainable
energy future. The global energy supply will continue to be
dominated by fossil fuels for several decades. To reduce the
resultant GHG emissions will require a transition to zeroand low-carbon technologies. This can happen over time as
EXVLQHVVRSSRUWXQLWLHVDQGFREHQH¿WVDUHLGHQWL¿HG+RZHYHU
more rapid deployment of zero- and low-carbon technologies
will require policy intervention with respect to the complex
and interrelated issues of: security of energy supply; removal
of structural advantages for fossil fuels; minimizing related
environmental impacts, and achieving the goals for sustainable
development.
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4.1

Introduction

This chapter addresses the energy-supply sector and analyses
the cost and potential of greenhouse gas (GHG) mitigation
from the uptake of low- and zero-carbon-emitting technologies
(including carbon capture and storage) over the course of the
next two to three decades. Business-as-usual fossil-fuel use to
PHHWIXWXUHJURZWKLQHQHUJ\GHPDQGZLOOSURGXFHVLJQL¿FDQW
increases in GHG emissions. To make a transition by 2030 will
be challenging. Detailed descriptions of the various technologies
have been kept to a minimum, especially for those that have
changed little since the Third Assessment Report (TAR) as they
are well covered elsewhere (e.g., IEA, 2006a).
The main goal of all energy transformations is to provide
energy services that improve quality of life (e.g. health, life
expectancy and comfort) and productivity (Hall et al., 2004).
A supply of secure, equitable, affordable and sustainable energy
LVYLWDOWRIXWXUHSURVSHULW\$SSUR[LPDWHO\RI¿QDOFRQVXPHU
energy is used for low-temperature heat (cooking, water and
space heating, drying), 10% for high-temperature industrial
process heat, 15% for electric motors, lighting and electronics
and 30% for transport. The CO2 emissions from meeting this
energy demand using mainly fossil fuels account for around
80% of total global emissions (IEA, 2006b). Demands for all
forms of energy continue to rise to meet expanding economies
and increases in world population. Rising prices and concerns
about insecure energy supplies will compromise growth in
fossil fuel consumption.

Primary energy sources

Energy supply is intimately tied in with development in
the broad sense. At present, the one billion people living in
developed (OECD) countries consume around half of the
470 EJ current annual global primary energy use (IEA, 2006b),
whereas the one billion poorest people in developing countries
consume only around 4%, mainly in the form of traditional
ELRPDVVXVHGLQHI¿FLHQWO\IRUFRRNLQJDQGKHDWLQJ7KH8QLWHG
Nations has set Millennium Development Goals to eradicate
poverty, raise living standards and encourage sustainable
economic and social development (UN, 2000). Economic
policies aimed at sustainable development can bring a variety
RIFREHQH¿WVLQFOXGLQJXWLOL]LQJQHZHQHUJ\WHFKQRORJLHVDQG
improved access to adequate and affordable modern energy
services. This will determine how many humans can expect to
achieve a decent standard of living in the future (Section 4.5.4;
Chapter 3).
There are risks to being unprepared for future energy-supply
constraints and disruptions. Currently, fossil fuels provide
almost 80% of world energy supply; a transition away from
their traditional use to zero- and low-carbon-emitting modern
energy systems (including carbon dioxide capture and storage
&&6  ,3&&   DV ZHOO DV LPSURYHG HQHUJ\ HI¿FLHQF\
would be part solutions to GHG-emission reduction. It is yet to
be determined which technologies will facilitate this transition
and which policies will provide appropriate impetus, although
security of energy supply, aligned with GHG-reduction goals,
are co-policy drivers for many governments wishing to ensure
that future generations will be able to provide for their own
well-being without their need for energy services being
compromised.
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Figure 4.1: Complex interactions between primary energy sources and energy carriers to meet societal needs for energy services as used by the transport (Chapter 5),
buildings (6), industry (7) and primary industry (8 and 9) sectors.
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A mix of options to lower the energy per unit of GDP and
carbon intensity of energy systems (as well as lowering the
energy intensity of end uses) will be needed to achieve a truly
sustainable energy future in a decarbonized world. Energyrelated GHG emissions are a by-product of the conversion and
GHOLYHU\ VHFWRU ZKLFK LQFOXGHV H[WUDFWLRQUH¿QLQJ HOHFWULFLW\
generation and direct transport of energy carriers in pipelines,
wires, ships, etc.), as well as the energy end-use sectors
(transport, buildings, industry, agriculture, forestry and waste),
as outlined in Chapters 5 to 10 (Figure 4.1).
In all regions of the world energy demand has grown in
recent years (Figure 4.2). A 65% global increase above the 2004
primary energy demand (464 EJ, 11,204 Mtoe) is anticipated by
2030 under business as usual (IEA, 2006b). Major investment
will be needed, mostly in developing countries. As a result,
without effective mitigation, total energy-related carbon dioxide
emissions (including transformations, own use and losses) will
rise from 26.1 GtCO2 (7.2 GtC) in 2004 to around 37–40 GtCO2
(11.1 GtC) in 2030 (IEA, 2006b; Price and de la Rue du Can,
2006), possibly even higher (Fisher, 2006), assuming modest
HQHUJ\HI¿FLHQF\ LPSURYHPHQWV DUH PDGH WR WHFKQRORJLHV
currently in use. This means that all cost-effective means of
reducing carbon emissions would need to be deployed in order
to slow down the rate of increase of atmospheric concentrations
(WBCSD, 2004; Stern, 2006).
Implementing any major energy transition will take time.
The penetration rates of emerging energy technologies depend
on the expected lifetime of capital stock, equipment and the
relative cost. Some large-scale energy-conversion plants can
have an operational life of up to 100 years giving a slow rate
of turnover, but around 2–3% per year replacement rate is more
usual (Section 4.4.3). There is, therefore, some resistance to
4000
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Figure 4.2: Global annual primary energy demand (including traditional biomass),
1971 – 2003 by region.
Note: EECCA = countries of Eastern Europe, the Caucasus and Central Asia.
1000 Mtoe = 42 EJ.
Source: IEA, 2004a.

change, and breakthroughs in technology to increase penetration
rate are rare.
Technology only diffuses rapidly once it can compete
economically with existing alternatives or offers added value (e.g.
greater convenience), often made possible by the introduction of
new regulatory frameworks. It took decades to provide the largescale electricity and natural-gas infrastructures now common in
many countries. Power stations, gas and electricity distribution
networks and buildings are usually replaced only at the end of
their useful life, so early action to stabilize atmospheric GHGs
to have minimal impact on future GDP, it is important to avoid
building ‘more of the same’ (Stern, 2006).
Total annual capital investment by the global energy
industry is currently around 300 billion US$. Even allowing for
LPSURYHGHQHUJ\HI¿FLHQF\LIJOREDOHQHUJ\GHPDQGFRQWLQXHV
to grow along the anticipated trajectory, by 2030 the investment
over this period in energy-carrier and -conversion systems will
be over 20 trillion (1012) US$, being around 10% of world total
investment or 1% of cumulative global GDP (IEA, 2006b). This
will require investment in energy-supply systems of around
830 billion US$/yr, mainly to provide an additional 3.5 TW
of electricity-generation plant and transmission networks,
particularly in developing countries, and provide opportunities
for a shift towards more sustainable energy systems. Future
investment in state-of-the-art technologies in countries without
embedded infrastructure may be possible by ‘leapfrogging’
rather than following a similar historic course of development
WR WKDW RI 2(&' QDWLRQV 1HZ ¿QDQFLQJ IDFLOLWLHV DUH EHLQJ
considered because of the G8 Gleneagles Communiqué on
Climate Change, Clean Energy and Sustainable Development
of July 2005 (World Bank, 2006).
It is uncertain how future investments will best meet future
energy demand while achieving atmospheric GHG stabilization
goals. There are many possible scenarios somewhere between
the following extremes (WEC, 2004a).
v High demand growth, giving very large productivity
increases and wealth. Being technology- and resourceintensive, investment in technological changes would yield
rapid stock turnover with consequent improvements in
HQHUJ\LQWHQVLW\DQGHI¿FLHQF\
v Reduced energy demand, with an investment goal to reduce
CO2 emissions by one per cent per year by 2100. This would
be technologically challenging and assumes unprecedented
progressive international cooperation focused explicitly on
developing a low-carbon economy that is both equitable and
VXVWDLQDEOH UHTXLULQJ LPSURYHPHQWV LQ HQGXVH HI¿FLHQF\
and aggressive changes in lifestyle to emphasize resource
conservation and dematerialization.
The last century has seen a decline in the use of solids relative
to liquids and gases. In the future, the use of gases is expected
to increase (Section 4.3.1). The share of liquids will probably
remain constant but with a gradual transition from conventional
257
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oil (Section 4.3.1.3) toward coal-to-liquids, unconventional oils
(Section 4.3.1.4) and modern biomass (Section 4.3.3.3).
A robust mix of energy sources (fossil, renewable and
QXFOHDU  FRPELQHG ZLWK LPSURYHG HQGXVH HI¿FLHQF\ ZLOO
almost certainly be required to meet the growing demand for
energy services, particularly in many developing countries.
Technological development, decentralized non-grid networks,
diversity of energy-supply systems and affordable energy
services are imperative to meeting future demand. In many
OECD countries, historical records show a decrease in energy
per capita. Energy reduction per unit of GDP is also becoming
apparent with respect to energy supplies in developing countries
such as China (Larson et al., 2003).
4.1.1

Summary of Third Assessment Report (TAR)

(QHUJ\VXSSO\ DQG HQGXVHHI¿FLHQF\ WHFKQRORJ\ RSWLRQV
(Table 3.36, TAR) showed special promise for reducing CO2
emissions from the industrial and energy sectors. Opportunities
LQFOXGHGPRUHHI¿FLHQWHOHFWULFDOSRZHUJHQHUDWLRQIURPIRVVLO
fuels, greater use of renewable technologies and nuclear power,
utilization of transport biofuels, biological carbon sequestration
and CCS. It was estimated that potential reductions of 350–
700 MtC/yr (1.28–2.57 GtCO2-eq/yr) were possible in the
energy supply and conversion sector by 2020 for <100 US$/C
(27.3 US$/tCO2) (Table 3.37, TAR) divided equally between
developed and developing countries. Improved end-use
HI¿FLHQF\KHOGJUHDWHUSRWHQWLDOIRUUHGXFWLRQV
There are still obstacles to implementing the low-carbon
WHFKQRORJLHVDQGPHDVXUHVLGHQWL¿HGLQWKH7$57KHVHLQFOXGHD
lack of human and institutional capacity; regulatory impediments
and imperfect capital markets that discourage investment,
including for decentralized systems; uncertain rates of return on
investment; high trade tariffs on emission-lowering technologies;
lack of market information, and intellectual property rights
issues. Adoption of renewable energy is constrained by high
investment costs, lack of capital, government support for fossil
fuels and lack of government support mechanisms.
The problem of ‘lock-in’ by existing technologies and
the economic, political, regulatory, and social systems that
support them were seen as major barriers to the introduction
of low-emission technologies in all types of economies. This
has not changed. Several technological innovations such as
JURXQGVRXUFH KHDW SXPSV VRODU SKRWRYROWDLF 39  URR¿QJ
and offshore wind turbines have been recently introduced into
the market as a result of multiple drivers including economic
SUR¿W RU SURGXFWLYLW\ JDLQV QRQHQHUJ\UHODWHG EHQH¿WV WD[
LQFHQWLYHVHQYLURQPHQWDOEHQH¿WVSHUIRUPDQFHHI¿FLHQF\DQG
other regulations. Lower GHG emissions were not always a
major driver in their adoption. Policy changes in development
assistance (Renewables, 2004) and direct foreign investment
provide opportunities to introduce low-emission technologies
to developing countries more rapidly.
258

4.2

Status of the sector

Providing energy services from a range of sources to meet
society’s demands should offer security of supply, be affordable
and have minimal impact on the environment. However, these
WKUHH JRDOV RIWHQ FRQÀLFW 5HFHQW OLEHUDOL]DWLRQ RI HQHUJ\
markets in many countries has led to cheaper energy services in
the short term, but in the longer term, investments with longer
write-off periods and often lower returns (including nuclear
SRZHU SODQWV DQG RLO UH¿QHULHV  DUH QRW DOZD\V EHLQJ PDGH
due to the need to maximize value for short-term shareholders.
Energy-supply security has improved in some countries but
deteriorated elsewhere due to increasing competition, which,
because of insecurity, leads to deferred investments in grid and
plants. Addressing environmental impacts, including climate
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b) Investment in more efficient gas-fired power stations reduces fuel inputs by around 30%.
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c) Investment in energy-saving compact fluorescent lightbulbs reduces fuel inputs by around 80%.
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Figure 4.3: The conversion from primary energy to carriers and end-uses is an
essential driver of efﬁciency, exempliﬁed here by the case of lighting. Primary fuel
inputs can be reduced using more efﬁcient generation plants, but also to a greater
degree by more energy-efﬁcient technologies (as described in Chapters 5, 6 and 7)
Source: Cleland, 2005.
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change, usually depends on laws and tax incentives rather than
market mechanisms (Section 13.2.1.1).
Primary energy sources are: fossil carbon fuels; geothermal
KHDW¿VVLRQDEOHIHUWLOHDQGIXVLRQDEOHQXFOLGHVJUDYLWDWLRQDO
(tides) and rotational forces (ocean currents), and the solar
ÀX[ 7KHVH PXVW EH H[WUDFWHG FROOHFWHG FRQFHQWUDWHG
transformed, transported, distributed and stored (if necessary)
using technologies that consume some energy at every step
RIWKHVXSSO\FKDLQ )LJXUH 7KHVRODUÀX[SURYLGHVERWK

Energy Supply

intermittent energy forms including wind, waves and sunlight,
and stored energy in biomass, ocean thermal gradients and
hydrologic supplies. Energy carriers such as heat, electricity
and solid, liquid and gaseous fuels deliver useful energy
services. The conversion of primary energy-to-energy carriers
and eventually to energy services creates losses, which, together
ZLWK GLVWULEXWLRQ ORVVHV UHSUHVHQW LQHI¿FLHQFLHV DQG FRVW RI
delivery (Figure 4.4).

Figure 4.4: Global energy ﬂows (EJ in 2004) from primary energy through carriers to end-uses and losses. Related carbon dioxide emissions from coal, gas and oil combustion are also shown, as well as resources (vertical bars to the left).
Notes: See also Table 4.2. Note that the IEA (2006b) data on known reserves and estimated resources, as used here, differ from the data in Table 4.2 that uses a breakdown in conventional and unconventional. The latter category may include some quantities shown as resources in Figure 4.26.
1) The current capacity of energy carriers is shown by the width of the lines.
2) Further energy conversion steps may take place in the end-use sectors, such as the conversion of natural gas into heat and/or electricity on site at the individual
consumer level.
3) ‘Buildings’ include residential, commercial, public service and agricultural.
4) Peat is included with coal. Organic waste is included with biomass.
5) The resource efﬁciency ratio by which fast-neutron technology increases the power-generation capability per tonne of natural uranium varies greatly from the OECD
assessment of 30:1 (OECD, 2006b). In this diagram the ratio used is up to 240:1 (OECD,2006c).
6) Comparisons can be made with SRES B2 scenario projections for 2030 energy supply, as shown in Figure 4.26.
Source: IEA, 2006b.
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Analysis of energy supply should be integrated with energy
carriers and end use since all these aspects are inextricably and
UHFLSURFDOO\GHSHQGHQW(QHUJ\HI¿FLHQF\LPSURYHPHQWVLQWKH
conversion of primary energy resources into energy carriers
GXULQJ PLQLQJ UH¿QLQJ JHQHUDWLRQ HWF FRQWLQXH WR RFFXU
but are relatively modest. Reducing energy demand by the
FRQVXPHU XVLQJ PRUH HI¿FLHQW LQGXVWULDO SUDFWLFHV EXLOGLQJV
vehicles and appliances also reduces energy losses (and hence
CO2 emissions) along the supply chain and is usually cheaper
DQGPRUHHI¿FLHQWWKDQLQFUHDVLQJWKHVXSSO\FDSDFLW\ &KDSWHUV
5, 6 and 7 and Figure 4.3).
Since 1971, oil and coal remain the most important primary
HQHUJ\VRXUFHVZLWKFRDOLQFUHDVLQJLWVVKDUHVLJQL¿FDQWO\VLQFH
2000 (Figure 4.5). Growth slowed in 2005 and the total share
of fossil fuels dropped from 86% in 1971 to 81% in 2004,
(IEA, 2006b) excluding wind, solar, geothermal, bioenergy and
biofuels, as well as non-traded traditional biomass. Combustible
biomass and wastes contributed approximately 10% of primary
energy consumption (IEA, 2006b) with more than 80% used
for traditional fuels for cooking and heating in developing
countries.
Around 40% of global primary energy was used as fuel
to generate 17,408 TWh of electricity in 2004 (Figure 4.4).
Electricity generation has had an average growth rate of
2.8%/yr since 1995 and is expected to continue growing at a
rate of 2.5–3.1%/yr until 2030 (IEA, 2006b; Enerdata, 2004).
In 2005, hard coal and lignite fuels were used to generate 40%
of world electricity production with natural gas providing 20%,
nuclear 16%, hydro 16%, oil 7% and other renewables 2.1%
(IEA 2006b). Non-hydro renewable energy power plants have
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Figure 4.5: World primary energy consumption by fuel type.
Note: The IEA convention is to assume a 33% conversion efﬁciency when calculating the primary energy equivalent of nuclear energy from gross generation.
The conversion efﬁciencies of a fossil fuel or nuclear power plant are typically
about 33% due to heat losses whereas the energy in stored water (and other
non-thermal means) is converted in turbines at efﬁciencies approaching 100%.
Thus, for a much lower energy equivalent, hydro can produce the same amount
of electricity as a thermal plant without a system to utilize the waste heat. 1000
Mtoe = 42 EJ.
Source: IEA, 2006b.
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expanded substantially in the past decade with wind turbine and
solar PV installations growing by over 30% annually. However,
they still supply only a small portion of electricity generation
(Enerdata, 2004).
Many consumers of petroleum and, to a lesser degree, natural
JDVGHSHQGWRYDU\LQJEXWVLJQL¿FDQWDPRXQWVRIIXHOVLPSRUWHG
from distant, often politically unstable regions of the world and
transported through a number of locations equally vulnerable to
disruptions. For example, in 2004 16.5–17 Mbbl/d of oil was
shipped through the Straits of Hormuz in the Persian Gulf and
11.7 Mbbl/d through the Straits of Malacca in Asia (EIA/DOE,
2005). A disruption in supply at either of these points could have
a severe impact on global oil markets. Political unrest in some
oil and gas producing regions of Middle East, Africa and Latin
America has also highlighted the vulnerability of supply. When
international trade in oil and gas expands in the near future, the
risks of supply disruption may increase leading to more serious
impacts (IEA, 2004b; CIEP, 2004). This is a current driver for
shifting to less vulnerable renewable energy resources.
Whereas fossil fuel sources of around 100,000 W/m2 land
area have been discovered at individual locations, extracted
and then distributed, renewable energy is usually widely
dispersed at densities of 1–5 W/m2 and hence must either be
used in a distributed manner or concentrated to meet the high
energy demands of cities and industries. For renewable energy
systems, variations in climate may produce future uncertainties
result from dry years for hydro, poor crop yields for biomass,
increased cloud cover and materials costs for solar, and
variability in annual wind speeds. However, over their lifetime
they are relatively price-stable sources and in a mixed portfolio
RIWHFKQRORJLHVFDQDYRLGORVVHVIURPÀXFWXDWLQJRLOJDVDQG
power prices (Awerbuch and Sauter, 2005) unless their owner
also has to sell based on volatile short-term prices (Roques et
al., 2006). World oil and gas prices in 2005 and 2006 were
VLJQL¿FDQWO\ KLJKHU WKDQ PRVW SUH VFHQDULR PRGHOV
predicted. This might lead to a reduction in transportation use
and GHG emissions (Chapter 5), but conversely could also
HQFRXUDJHDVKLIWWRFRDO¿UHGSRZHUSODQWV+HQFHKLJKHQHUJ\
prices do not necessarily mean increased investments in low
carbon technologies or lower GHG emissions.
For nuclear power, investment uncertainties exist due to
¿QDQFLDO PDUNHWV FRPPDQGLQJ D KLJKHU LQWHUHVW UDWH WR FRYHU
perceived risks, thus increasing the cost of capital and thereby
generation costs. Increasing environmental concerns will also
raise the costs of obtaining permits. Conversely, surplus uranium
supplies may possibly lower fuel prices, but this represents a
relatively low fraction of generation costs compared with fossilfuel power stations (Hagen et al., 2005).
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Energy Supply

Global development trends in the energy
sector (production and consumption)

From 1900 to 2000, world primary energy increased more
than ten-fold, while world population rose only four-fold
from 1.6 billion to 6.1 billion. Most energy forecasts predict
considerable growth in demand in the coming decades due to
increasing economic growth rates throughout the world but
especially in developing countries. Global primary-energy
consumption rose from 238 EJ in 1972 to 464 EJ in 2004
(Chapter 1). During the period 1972 to 1990, the average
annual growth was 2.4%/yr, dropping to 1.4%/yr from 1990 to
2004 due to the dramatic decrease in energy consumption in the
former Soviet Union (FSU) (Figure 4.2) and to energy intensity
improvements in OECD countries. The highest growth rate in
the last 14 years was in Asia (3.2%/yr).
/RZHOHFWUL¿FDWLRQUDWHVFRUUHODWHZLWKVORZVRFLRHFRQRPLF
development. The average rates in the Middle East, North
Africa, East Asia/China and Latin America have resulted in
grid connection for over 85% of their populations, whereas subSaharan Africa is only 23% (but only 8% in rural regions) and
South Asia is 41% (30% in rural regions) (IEA, 2005c).
There is a large discrepancy between primary energy
consumption per capita of 336 GJ/yr for the average North
American to around 26 GJ/yr for the average African (Enerdata,
2004). The region with the lowest per-capita consumption has
changed from Asian developing countries in 1972 to African
countries today.
4.2.2

Emission trends of all GHGs

Growing global dependence on coal, oil and natural gas since
the mid-19th century has led to the release of over 1100 GtCO2
into the atmosphere (IPCC, 2001). Global CO2 emissions from
fuel combustion (around 70% of total GHG emissions and 80%
of total CO2) temporarily stabilized after the two oil crises in
1973 and 1979 before growth continued (Figure 4.6). (Emission
data can be found at UNFCCC, 2006 and EEA, 2005). Analyses
of potential CO2 reductions for energy-supply options (for
example IPCC, 2001; Sims et al., 2003a; IEA/NEA, 2005;
IEA, 2006b) showed that emissions from the energy-supply
sector have grown at over 1.5% per year from around 20 GtCO2
(5.5 GtC) in 1990 to over 26 GtCO2 (7 GtC) by 2005.
The European Union’s CO2 emissions almost stabilized in
this period mainly due to reductions by Germany, Sweden,
and UK, but offset by increases by other EU-15 members (BP,
2004) such that total CO2 emissions had risen 6.5% by 2004.
Other OECD country emissions increased by 20% during the
same period, Brazil by 68%, and Asia by 104%. From 1990
to 2005, China’s CO2 emissions increased from 676 to 1,491
MtCO2/yr to become 18.7% of global emissions (IEEJ, 2005;
BP, 2006) second only to the US. Carbon emissions from non
OECD Europe and the FSU dropped by 38% between 1989
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Figure 4.6: Global trends in carbon dioxide emissions from fuel combustion by
region from 1971 to 2004.
Note: EECCA = countries of Eastern Europe, the Caucasus and Central Asia.
Source: IEA, 2006b.

and 1999 but have since started to increase as their economies
rebound.
Natural gas and nuclear gained an increased market share after
the oil crises in the 1970s and continue to play a role in lowering
GHG emissions, along with renewable energy. Continuous
technical progress towards non-carbon energy technologies and
HQHUJ\HI¿FLHQF\LPSURYHPHQWVOHDGVWRDQDQQXDOGHFOLQHLQ
carbon intensity. The carbon intensity of global primary energy
use declined from 78 gCO2/MJ in 1973 to 61 gCO2/MJ in 2000
%3 PDLQO\GXHWRGLYHUVL¿FDWLRQRIHQHUJ\VXSSO\DZD\
from oil. China’s carbon-intensity reduction was around 5%/yr
during the period 1980 to 2000 with 3%/yr expected out to 2050
(Chen, 2005), although recent revision of China’s GDP growth
IRU  E\ JRYHUQPHQW RI¿FLDOV PD\ DIIHFW WKLV SUHGLFWLRQ
The US has decreased its GHG intensity (GHG/unit GDP) by
2% in 2003 and 2.5% in 2004 (Snow, 2006) although actual
emissions rose.
For the power generation and heat supply sector, emissions
were 12.7.GtCO2-eq in 2004 (26% of total) including 2.2 GtCO2eq from methane (31% of total) and traces of N2O (Chapter 1).
In 2030, according to the World Energy Outlook 2006 baseline
(IEA, 2006b), these will have increased to 17.7 GtCO2-eq.
During combustion of fossil fuels and biomass, nitrous oxide, as
well as methane, is produced. Methane emissions from natural
gas production, transmission and distribution are uncertain
(UNFCCC, 2004). The losses to the atmosphere reported
to the UNFCCC in 2002 were in the range 0.3–1.6% of the
natural gas consumed. For more than a decade, emissions from
ÀDULQJ DQG YHQWLQJ RI WKH JDV DVVRFLDWHG ZLWK RLO H[WUDFWLRQ
have remained stable at about 0.3 GtCO2-eq/yr. Developing
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countries accounted for more than 85% of this emission source
(GGFR, 2004).
Coal bed methane (CBM, Section 4.3.1.2) is naturally
contained in coal seams and adjacent rock strata. Unless it is
intentionally drained and captured from the coal and rock the
process of coal extraction will continue to liberate methane into
the atmosphere. Around 10% of total anthropogenic methane
emissions in the USA are from this source (US EPA, 2003). The
13 major coal-producing countries together produce 85% of
worldwide CBM estimated to be 0.24 GtCO2-eq in 2000. China
was the largest emitter (0.1 GtCO2-eq) followed by the USA
(0.04 GtCO2-eq), and Ukraine (0.03 GtCO2-eq). Total CBM
emissions are expected to exceed 0.3 GtCO2-eq in 2020 (US
EPA, 2003) unless mitigation projects are implemented.
Other GHGs are produced by the energy sector but in
relatively low volumes. SF6 is widely used in high-voltage gasinsulated substations, switches and circuit breakers because of
its high di-electric constant and electrical insulating properties
(Section 7.4.8). Its 100-year global warming potential (GWP)
is 23,900 times that of CO2 and it has a natural lifetime in the
atmosphere of 3200 years, making it among the most potent
of heat-trapping gases. Approximately 80% of SF6 sales go to
power utilities and electric power equipment manufacturers.
The US government formed a partnership with 62 electric
power generators and utilities (being about 35% of the USA

power grid) to voluntarily reduce leakage of SF6 from electrical
equipment and the release rate dropped from 17% of stocks to
9% between 1999 and 2002. This represented a 10% reduction
from the 1999 baseline to 0.014 GtCO2-eq (EPA, 2003).
Australia and the Netherlands also have programmes to reduce
SF6 emissions and a voluntary agreement in Norway should lead
to 13% reductions by 2005 and 30% by 2010 below their 2000
release rates. CFC-114 is used as a coolant in gaseous diffusion
enrichment for nuclear power, but its GHG contribution is small
compared to CO2 emissions (Dones et al., 2005).
4.2.3

Regional development trends

World primary energy demand is projected to reach 650–
890EJ by 2030 based on A1 and B2 SRES scenarios and the
Reference scenario of the IEA’s World Energy Outlook 2004
(Price and de la Rue du Can, 2006). All three scenarios show
Asia could surpass North American energy demand by around
2010 and be close to doubling it by 2030. Africa, the Middle
East and Latin America could double their energy demand by
2030; sub-Saharan Africa and the Former Soviet Union may
ERWKUHDFK±(-DQG3DFL¿F2(&'DQG&HQWUDODQG(DVWHUQ
Europe will be less than 40 EJ each. Demand is more evenly
distributed among regions in the B2 scenario, with Central and
(DVWHUQ(XURSHDQGWKH3DFL¿F2(&'UHJLRQUHGXFLQJIXWXUH
GHPDQG$VLPLODUSDWWHUQLVHYLGHQWIRU¿QDOFRQVXPHUHQHUJ\
(Table 4.1).

Table 4.1: Final energy consumption and carbon dioxide emissions for all sectors by region to 2030 based on assumptions from three baseline scenarios.

I

Region

WEO 2004 Reference
2002

I

2010

I

2020

I

SRES A1 Marker
2030

2000

I

2010

I

2020

I

SRES B2 Marker

I

2030

2000

I

2010

I

2020

I

2030

Final energy (EJ)

Paciﬁc OECD

23.6

26.6

29.5

30.9

21.5

24.6

29.8

36.6

23.5

26.5

30.0

32.3

Canada/US

70.2

78.3

87.4

94.6

71.3

79.3

89.8

99.2

71.0

82.4

93.3

104.1

Europe

51.5

56.7

62.3

66.5

52.0

58.9

67.6

74.6

46.9

51.3

54.4

57.9

EIT

27.0

31.0

35.9

40.5

38.4

42.6

50.1

58.8

32.0

37.5

44.8

52.7

Latin America

18.6

23.0

29.7

37.6

23.5

42.1

63.2

81.7

20.9

27.8

33.1

39.6

Africa/Middle East

28.4

35.4

44.8

54.3

36.4

57.2

87.6

123.7

25.6

32.6

40.2

53.1

Asia

66.8

83.1

105.3

128.3

71.5

100.6

143.9

194.6

69.4

92.5

122.0

157.5

286.2

334.0

395.0

452.8

314.6

405.3

532.0

669.1

289.2

350.6

417.6

497.2

World

Emissions (GtCO2)
Paciﬁc OECD

2.12

2.32

2.52

2.53

2.42

2.62

2.89

3.12

2.10

2.33

2.28

2.10

Canada/US

6.47

7.24

7.88

8.32

5.84

6.08

6.13

5.97

6.61

7.63

8.36

8.43

Europe

4.12

4.45

4.81

4.90

4.21

4.53

4.74

4.73

3.95

4.04

4.07

4.13

EIT

2.39

2.79

3.21

3.54

2.97

3.45

3.71

3.85

3.23

3.26

3.66

4.08

Latin America

1.34

1.678

2.21

2.89

1.67

3.38

4.99

6.16

1.41

1.99

2.29

2.69

Africa/Middle East

2.01

2.51

3.40

4.21

2.50

4.89

7.55

10.29

1.98

2.39

2.85

3.90

5.82

9.85

14.32

18.53

5.58

7.47

9.65

12.12

25.42

34.81

44.33

52.65

24.86

29.10

33.15

37.46

Asia

5.52

7.33

9.91

12.66

Int. marine bunkers

0.46

0.47

0.48

0.51

23.98

28.33

33.93

39.03

World

Source: Price and De la Rue du Can, 2006
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The World Energy Council projected 2000 data out to
2050 for three selected scenarios with varying population
estimates (WEC, 2004d). The IEA (2003c) and IPCC SRES
scenarios (Chapter 3) did likewise. Implications of sustainable
development were that primary energy demands are likely to
experience a 40 to 150% increase, with emissions rising to
between 48 and 55 GtCO2\U7KLVSUHVHQWVGLI¿FXOWLHVIRUWKH
energy-supply side to meet energy demand. It requires technical
progress and capital provision, and provides challenges for
minimizing the environmental consequences and sustainability
of the dynamic system. Electricity is expected to grow even
more rapidly than primary energy by between 110 and 260%
up to 2050, presenting even more challenges in needing to
build power production and transmission facilities, mostly in
developing countries.

and a sharp downturn in GHG emissions resulted. Although
increasing more recently, emissions remain some 30% below
1990 levels (IEA, 2003a; Figure 4.2). Despite the economic
and political transformations, energy systems in EIT countries
are still characterized by overcapacity in electricity production,
KLJK GHSHQGHQF\ RQ IRVVLOIXHO LPSRUWV DQG LQHI¿FLHQW XVH
(IEA, 2003b). Market reforms have been accompanied with the
opening of these economies, leading to their integration into the
European and global economies. Growth is likely to accelerate
faster in those countries that have achieved EU membership
(IEA, 2003b). The total primary-energy consumption of EIT
has increased by 2% per year since 2000 and is expected to
increase steadily over the next couple of decades as income
OHYHOVDQGHFRQRPLFRXWSXWVH[SDQGXQOHVVHQHUJ\HI¿FLHQF\
manages to stabilize demand.

7KH $VLD3DFL¿F UHJLRQ KDV DOPRVW  RI SURYHQ FRDO
resources but otherwise is highly dependent on imported
energy, particularly oil, which is now the largest source of
primary commercial energy consumed in the region. In 2003,
82% of imported oil came from the Middle East and the region
will continue to depend on OPEC countries. A continuation of
China’s rapid annual economic growth of 9.67% from 1990 to
2003 (CSY, 2005) will result in continued new energy demand,
primary energy consumption having increased steadily since
the 1980s. Energy consumption in 2003 reached 49 EJ. High
air pollution in China is directly related to energy consumption,
particularly from coal combustion that produces 70% of
national particulate emissions, 90% of SO2, 67% of N2O and
70% of CO2 (BP, 2004).

Latin America, Africa and the Middle East are expected
to double their energy demand over the next two to three
decades and to retain their shares of global energy demand
(IEA, 2005a; Price and de la Rue du Can, 2006). Policies in
developing countries aimed at energy-supply security, reducing
environmental impacts and encouraging a free market economy
6HFWLRQ PD\KHOSHQFRXUDJHPDUNHWHI¿FLHQF\HQHUJ\
conservation, common oil-reserve storage, investment in
resource exploration, implementation of the Clean Development
Mechanism (CDM) and international carbon emission trading.
International cooperation will continue to play a role in the
development of energy resources and improvement of industrial
productivity.
4.2.4

Increased use of natural gas has recently occurred throughout
the Asian region, although its share of 12% of primary energy
remains lower than the 23% and 17% shares in the United States
DQGWKH(XURSHDQ8QLRQUHVSHFWLYHO\ %3 $OLTXH¿HG
natural gas (LNG) market has recently emerged in the region,
dominated by Japan, South Korea and Spain, who together
SURYLGHDERXWRIZRUOGZLGHWUDGHÀRZV
3ULPDU\HQHUJ\FRQVXPSWLRQLQWKH$VLD3DFL¿FUHJLRQGXH
to continued overall economic growth and increasing transport
fuel demand is estimated to increase by 1.0% annually over the
period 2002–2030 in OECD Asia, 2.6% in China, 2.1% in India,
and 2.7% in Indonesia (IEA, 2004a). This will then account
for 42% of the increase in world primary-energy demand. The
region could be faced with overall energy resource shortages
in the coming decades (Komiyama et al., 2005). Energy
security risks are likely to increase and stricter environmental
restrictions on fossil fuel consumption could be imposed.
Nuclear power (Section 4.3.2), hydropower (Section 4.3.3.1)
and other renewables (Section 4.3.3) may play a greater role in
electricity generation to meet the ever-rising demand.
For economies in transition (EIT, mainly from the former
Soviet Union), the total primary energy consumption in 2000
(Figure 4.6) was only 70% of the 1990 level (Enerdata, 2004)

Implications of sustainable development and
energy access

Analysis from 125 countries indicated that well-being and
level of development correlate with the degree of modern
energy services consumed per capita in each country (Bailis et
al., 2005) (Figure 4.7).
Lack of energy access frustrates the aspirations of many
developing countries (OECD, 2004a). Without improvement,
the United Nations’ Millennium Development Goals (MDGs)

toe per capita
0-1.5
1.5-3
3-4.5
4,5-6
<6

Figure 4.7: Global annual energy consumption per capita by region (toe/capita).
Source: BP, 2004.
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of halving the proportion of people living on less than a dollar
DGD\E\ 81 ZLOOEHGLI¿FXOWWRPHHW$FKLHYLQJ
this target implies a need for increased access to electricity and
expansion of modern cooking and heating fuels for millions
of people in developing countries mainly in South Asia and
sub-Saharan Africa (IEA, 2005a). Historical electricity access
rates of 40 million people per annum in the 1980s and 30
million per annum in the 1990s suggest that current efforts to
achieve the MDGs will need to be greatly exceeded. By 2030,
around 2400 GW of new power plant capacity will be needed
in developing countries (100 GW/yr), which, together with
the necessary infrastructure, will require around 5 trillion US$
investment (IEA, 2006b).
Ecological implications of energy supply result from coal and
uranium mining, oil extraction, oil and gas transport, deforestation,
HURVLRQ DQG ULYHUÀRZ GLVWXUEDQFH &HUWDLQ V\QHUJHWLF HIIHFWV
can be achieved between renewable energy generation and
ecological values such as reforestation and landscape structural
improvements, but these are relatively minor.

4.3 Primary energy resource potentials,
supply chain and conversion
technologies
This section discusses primary-supply and secondary-energy
(carrier) technologies. Technologies that have developed little
since the TAR are covered in detail elsewhere (e.g., IEA, 2006a).
(QHUJ\ÀRZVSURFHHGIURPSULPDU\VRXUFHVWKURXJKFDUULHUVWR
provide services for end-users (Figure 4.3). The status of energy
sources and carriers is reviewed here along with their available
resource potential and usage, conversion technologies, costs
and environmental impacts. An analysis is made of the potential
contributions due to further technological development for each
resource to meet the world’s growing energy needs, but also
to reduce atmospheric GHG emissions. Assessments of global
HQHUJ\UHVHUYHVUHVRXUFHVDQGÀX[HVWRJHWKHUZLWKFRVWUDQJHV
and sustainability issues, are summarized in Table 4.2.

Table 4.2: Generalized data for global energy resources (including potential reserves), annual rate of use (490 EJ in 2005), share of primary energy supply and comments on
associated environmental impacts.
Estimated available
energy resourceb
(EJ)

Rate of use in 2005
(EJ/yr)c

Coal (conventional)
Coal (unconventional)
Peatd
Gas (conventional)
Gas (unconventional)
Coalbed methane
Tight sands
Hydrates
Oil (conventional)
Oil (unconventional)

>100,000
32,000
large
13,500
18,000
>8,000?
8,000
>60,000
10,000
35,000

120
0
0.2
100
Small
1.5
3.3
0
160
3

Nuclear

Uraniume
Uranium recyclef
Fusion

7,400
220,000
5 x 109 estimated

Renewableg

Hydro (>10 MW)
Hydro (< 10 MW)
Wind
Biomass (modern)
Biomass (traditional)
Geothermal
Solar PV
Concentrating solar
Ocean (all sources)

Energy
class

Speciﬁc
energy sourcea

Fossil
energy

60 /yr
2 /yr
600 /yr
250 /yr
5,000 /yr
1,600 /yr
50 /yrh
7/yr (exploitable)

2005 share of total
supply
(%)
25
<0.1
21

Comments on
environmental
impacts
Average 92.0 gCO2/MJ

Average 52.4 gCO2/MJ
Unknown, likely higher

0.3
0.7
33
0.6

26
Very small
0

5.3

25
0.8
0.95
9
37
2
0.2
0.03
<1

5.1
0.2
0.2
1.8
7.6
0.4
<0.1
0.1
0

Average 76.3 gCO2/MJ
Unknown, likely higher
Spent fuel disposition
Waste disposal
Tritium handling
Land-use impacts

Likely land-use for crops
Air pollution
Waterway contamination
Toxics in manufacturing
Small
Land and coastal issues.

Notes:
a See Glossary for deﬁnitions of conventional and unconventional.
b Various sources contain ranges, some wider than others (e.g., those for conventional oil cluster much more closely than those for biomass). For the purposes of this
assessment of mitigation potentials these values, generalized to a ﬁrst approximation with some very uncertain, are more than adequate.
c Hydro and wind are treated as equivalent energy to fossil and biomass since the conversion losses are much less (www.iea.org/textbase/stats/questionaire/faq.asp)
d Peat land area under active production is approximately 230,000 ha. This is about 0.05% of the global peat land area of 400 million hectares (WEC, 2004c).
e Once-through thermal reactors.
f Light-water and fast-spectrum reactors with plutonium recycle
g Data from 2005 is at www.ren21.net/globalstatusreport/issuesGroup.asp
h Very uncertain. The potential of the Mediterranean area alone has been estimated by one source to be 8000 EJ/yr (http:/www.dlr.de/tt/med-csp)
Sources: Data from BP, 2006; WEC, 2004c; IEA, 2006b; IAEA, 2005c; USGS, 2000; Martinot, 2005; Johansson, 2004; Hall, 2003; Encyclopaedia of Energy, 2004.
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Fossil fuels

Fossil energy resources remain abundant but contain
VLJQL¿FDQWDPRXQWVRIFDUERQWKDWDUHQRUPDOO\UHOHDVHGGXULQJ
combustion. The proven and probable reserves of oil and gas
are enough to last for decades and in the case of coal, centuries
(Table. 4.2). Possible undiscovered resources extend these
projections even further.
Fossil fuels supplied 80% of world primary energy demand
in 2004 (IEA, 2006b) and their use is expected to grow in
absolute terms over the next 20–30 years in the absence of
policies to promote low-carbon emission sources. Excluding
traditional biomass, the largest constituent was oil (35%), then
coal (25%) and gas (21%) (BP, 2005). In 2003 alone, world oil
consumption increased by 3.4%, gas by 3.3% and coal by 6.3%
(WEC, 2004a). Oil accounted for 95% of the land-, water- and
air-transport sector demand (IEA, 2005d) and, since there is no
evidence of saturation in the market for transportation services
(WEC, 2004a), this percentage is projected to rise (IEA, 2003c).
IEA (2005b) projected that oil demand will grow between 2002
and 2030 (by 44% in absolute terms), gas demand will almost
double, and CO2 emissions will increase by 62% (which lies
between the SRES A1 and B2 scenario estimates of +101% and
+55%, respectively; Table 4.1).
Fossil energy use is responsible for about 85% of the
anthropogenic CO2 emissions produced annually (IEA,
2003d). Natural gas is the fossil fuel that produces the lowest
amount of GHG per unit of energy consumed and is therefore
favoured in mitigation strategies. Fossil fuels have enjoyed
economic advantages that other technologies may not be
able to overcome, although there has been a recent trend for
fossil fuel prices to increase and renewable energy prices to
decrease because of continued productivity improvements and
economies of scale. All fossil fuel options will continue to be
used if matters are left solely to the market place to determine
choice of energy conversion technologies. If GHGs are to be
UHGXFHG VLJQL¿FDQWO\ HLWKHU FXUUHQW XVHV RI IRVVLO HQHUJ\ ZLOO
have to shift toward low- and zero-carbon sources, and/or
technologies will have to be adopted that capture and store the
CO2 emissions. The development and implementation of lowcarbon technologies and deployment on a larger scale requires
considerable investment, which, however, should be compared
with overall high investments in future energy infrastructure
(see Section 4.1).
4.3.1.1

Coal and peat

Coal is the world’s most abundant fossil fuel and continues
to be a vital resource in many countries (IEA, 2003e). In
2005, coal accounted for around 25% of total world energy
consumption primarily in the electricity and industrial sectors
(BP, 2005; US EIA, 2005; Enerdata, 2004). Global proven
recoverable reserves of coal are about 22,000 EJ (BP, 2004;
WEC, 2004b) with another 11,000 EJ of probable reserves and

an estimated additional possible resource of 100,000 EJ for all
types. Although coal deposits are widely distributed, over half
of the world’s recoverable reserves are located in the US (27%),
Russia (17%) and China (13%). India, Australia, South Africa,
Ukraine, Kazakhstan and the former Yugoslavia account for
an additional 33% (US DOE, 2005). Two thirds of the proven
reserves are hard coal (anthracite and bituminous) and the
remainder are sub-bituminous and lignite. Together these
resources represent stores of over 12,800 GtCO2. Consumption
was around 120 EJ/yr in 2005, which introduced approximately
9.2 GtCO2/yr into the atmosphere.
Peat (partially decayed plant matter together with minerals)
has been used as a fuel for thousands of years, particularly in
Northern Europe. In Finland, it provides 7% of electricity and
19% of district heating.
Technologies
The demand for coal is expected to more than double by
2030 and the IEA has estimated that more than 4500 GW
of new power plants (half in developing countries) will be
required in this period (IEA, 2004a). The implementation of
PRGHUQKLJKHI¿FLHQF\DQGFOHDQXWLOL]DWLRQFRDOWHFKQRORJLHV
is key to the development of economies if effects on society and
environment are to be minimized (Section 4.5.4).
0RVWLQVWDOOHGFRDO¿UHGHOHFWULFLW\JHQHUDWLQJSODQWVDUHRI
a conventional subcritical pulverized fuel design, with typical
HI¿FLHQFLHVRIDERXWIRUWKHPRUHPRGHUQXQLWV6XSHUFULWLFDO
steam plants are in commercial use in many developed countries
and are being installed in greater numbers in developing
countries such as China (Philibert and Podkanski, 2005). Current
supercritical technologies employ steam temperatures of up to
600ºC and pressures of 280 bar delivering fuel to electricityF\FOH HI¿FLHQFLHV RI DERXW  0RRUH   &RQYHUVLRQ
HI¿FLHQFLHVRIDOPRVWDUHSRVVLEOHLQWKHEHVWVXSHUFULWLFDO
plants, but are more costly (Equitech, 2005; IPCC, 2001; Danish
(QHUJ\ $XWKRULW\   ,PSURYHG HI¿FLHQFLHV KDYH UHGXFHG
the amount of waste heat and CO2 that would otherwise have
been emitted per unit of electricity generation.
Technologies have changed little since the TAR. Supercritical
plants are now built to an international standard, however, and a
CSIRO (2005) project is under way to investigate the production
of ultra-clean coal that reduces ash below 0.25%, sulphur to
ORZ OHYHOV DQG ZLWK FRPELQHGF\FOH GLUHFW¿UHG WXUELQHV
can reduce GHG emissions by 24% per kWh, compared with
conventional coal power stations.
Gasifying coal prior to conversion to heat reduces the
emissions of sulphur, nitrogen oxides, and mercury, resulting in
a much cleaner fuel while reducing the cost of capturing CO2
HPLVVLRQVIURPWKHÀXHJDVZKHUHWKDWLVFRQGXFWHG&RQWLQXHG
GHYHORSPHQWRIFRQYHQWLRQDOFRPEXVWLRQLQWHJUDWHGJDVL¿FDWLRQ
combined cycle (IGCC) systems is expected to further reduce
emissions.
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Coal-to-liquids (CTL) is well understood and regaining
LQWHUHVWEXWZLOOLQFUHDVH*+*HPLVVLRQVVLJQL¿FDQWO\ZLWKRXW
CCS (Section 4.3.6). Liquefaction can be performed by direct
solvent extraction and hydrogenation of the resulting liquid at
XSWRHI¿FLHQF\ '7, RULQGLUHFWO\E\JDVL¿FDWLRQ
then producing liquids by Fischer-Tropsch catalytic synthesis
as in the three SASOL plants in South Africa. These produce
0.15 Mbbl/day of synthetic diesel fuel (80%) plus naphtha
  DW ± WKHUPDO HI¿FLHQF\ /RZHUTXDOLW\ FRDOV
ZRXOG UHGXFH WKH WKHUPDO HI¿FLHQF\ ZKHUHDV FRSURGXFWLRQ
with electricity and heat (at a 1:8 ratio) could increase it and
reduce the liquid fuel costs by around 10%.
Production costs of CTL appear competitive when crude
oil is around 35–45 US$/bbl, assuming a coal price of 1 US$/
GJ. Converting lignite at 0.50 US$/GJ close to the mine could
compete with production costs of about 30 US$/bbl. The CTL
process is less sensitive to feedstock prices than the gas-toliquids (GTL) process, but the capital costs are much higher
(IEA, 2005e). An 80,000 barrel per day CTL installation would
cost about 5 billion US$ and would need at least 2–4 Gt of coal
reserves available to be viable.
4.3.1.2

Gaseous fuels
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currently under development, such as so-called ‘H’ designs,
PD\KDYHHI¿FLHQFLHVDSSURDFKLQJXVLQJKLJKFRPEXVWLRQ
temperatures, steam-cooled turbine blades and more complex
steam cycles.
Despite rising prices, natural gas is forecast to continue to be
the fastest-growing primary fossil fuel energy source worldwide
(IEA, 2006b), maintaining average growth of 2.0% annually
and rising to 161 EJ consumption in 2025. The industrial sector
is projected to account for nearly 23% of global natural gas
demand in 2030, with a similar amount used to supply new and
replacement electric power generation. The share of natural gas
used to generate electricity worldwide is projected to increase
from 25% of primary energy in 2004 to 31% in 2030 (IEA,
2006b).
LNG
Meeting future increases in global natural gas demand for
direct use by the industrial and commercial sectors as well
as for power generation will require development and scaleXS RI OLTXH¿HG QDWXUDO JDV /1*  DV DQ HQHUJ\ FDUULHU /1*
transportation already accounts for 26% of total international
natural gas trade in 2002, or about 6% of world natural gas
consumption and is expected to increase substantially.

Conventional natural gas
Natural gas production has been increasing in the Middle
East and Asia–Oceania regions since the 1980s. Globally, from
1994–2004, it showed an annual growth rate of 2.3%. During
2005, 11% of natural gas was produced in the Middle East,
while Europe and Eurasia produced 38%, and North America
27% (BP, 2006). Natural gas presently accounts for 21% of
global consumption of modern energy at around 100 EJ/yr,
contributing around 5.5 GtCO2 annually to the atmosphere.

7KH3DFL¿F%DVLQLVWKHODUJHVW/1*SURGXFLQJUHJLRQLQWKH
world, supplying around 50% of all global exports in 2002 (US
EIA, 2005). The share of total US natural gas consumption met
by net imports of LNG is expected to grow from about 1% in
2002 to 15% (4.5 EJ) in 2015 and to over 20% (6.8 EJ) in 2025.
Losses during the LNG liquefaction process are estimated to
be 7 to 13% of the energy content of the withdrawn natural gas
being larger than the typical loss of pipeline transportation over
2000 km.

Proven global reserves of natural gas are estimated to be
6500 EJ (BP, 2006; WEC, 2004c; USGS, 2004b). Almost three
quarters are located in the Middle East, and the transitional
economies of the FSU and Eastern Europe. Russia, Iran and
Qatar together account for about 56% of gas reserves, whereas
the remaining reserves are more evenly distributed on a regional
basis including North Africa (BP, 2006). Probable reserves and
possible undiscovered resources that expect to be added over
the next 25 years account for 2500 EJ and 4500 EJ respectively
(USGS, 2004a), although other estimates are less optimistic.

LPG
/LTXH¿HG SHWUROHXP JDV /3*  LV D PL[WXUH RI SURSDQH
butane, and other hydrocarbons produced as a by-product
RI QDWXUDO JDV SURFHVVLQJ DQG FUXGH RLO UH¿QLQJ 7RWDO JOREDO
consumption of LPG amounted to over 10 EJ in 2004 (MCH/
WLPGA, 2005), equivalent to 10% of global natural gas
consumption (Venn, 2005). Growth is likely to be modest with
current share maintained.

1DWXUDOJDV¿UHGSRZHUJHQHUDWLRQKDVJURZQUDSLGO\VLQFH
the 1980s because it is relatively superior to other fossil-fuel
WHFKQRORJLHV LQ WHUPV RI LQYHVWPHQW FRVWV IXHO HI¿FLHQF\
RSHUDWLQJ ÀH[LELOLW\ UDSLG GHSOR\PHQW DQG HQYLURQPHQWDO
EHQH¿WV HVSHFLDOO\ ZKHQ IXHO FRVWV ZHUH UHODWLYHO\ ORZ
Combined cycle, gas turbine (CCGT) plants produce less CO2
per unit energy output than coal or oil technologies because of
the higher hydrogen-carbon ratio of methane and the relatively
KLJK WKHUPDO HI¿FLHQF\ RI WKH WHFKQRORJ\ $ ODUJH QXPEHU
of CCGT plants currently being planned, built, or operating
are in the 100–500 MWe size range. Advanced gas turbines
266

Unconventional natural gas
Methane stored in a variety of geologically complex,
unconventional reservoirs, such as tight gas sands, fractured
shales, coal beds and hydrates, is more abundant than
conventional gas (Table 4.2). Development and distribution of
these unconventional gas resources remain limited worldwide,
but there is growing interest in selected tight gas sands and coalbed methane (CBM). Probable CBM resources in the US alone
are estimated to be almost 800 EJ but less than 110 EJ is believed
to be economically recoverable (USGS, 2004b) unless gas
SULFHVULVHVLJQL¿FDQWO\:RUOGZLGHUHVRXUFHVPD\EHODUJHUWKDQ
8000 EJ, but a scarcity of basic information on the gas content
of coal resources makes this number highly speculative.

1373
Chapter 4

Energy Supply

Large quantities of tight gas are known to exist in geologically
complex formations with low permeability, particularly in the
US, where most exploration and production has been undertaken.
However, only a small percentage is economically viable with
existing technology and current US annual production has
stabilized between 2.7 and 3.8 EJ.
Methane gas hydrates occur naturally in abundance worldwide
DQGDUHVWDEOHDVGHHSPDULQHVHGLPHQWVRQWKHRFHDQÀRRUDW
depths greater than 300m and in polar permafrost regions at
shallower depths. The amount of carbon bound in hydrates is
not well understood, but is estimated to be twice as large as in all
other known fossil fuels (USGS, 2004a). Hydrates may provide
an enormous resource with estimates varying from 60,000 EJ
(USGS, 2004a) to 800,000 EJ (Encyclopedia of Energy, 2004).
5HFRYHULQJWKHPHWKDQHLVGLI¿FXOWKRZHYHUDQGUHSUHVHQWVD
VLJQL¿FDQWHQYLURQPHQWDOSUREOHPLIXQLQWHQWLRQDOO\UHOHDVHGWR
the atmosphere during extraction. Safe and economic extraction
technologies are yet to be developed (USGS, 2004a). Hydrates
also contain high levels of CO2 that may have to be captured to
produce pipeline-quality gas (Encyclopedia of Energy, 2004).
The GTL process is gaining renewed interest due to higher
oil prices, particularly for developing uneconomic natural gas
reserves such as those associated with oil extraction at isolated
JDV¿HOGVZKLFKOLHIDUIURPPDUNHWV$VIRU&7/WKHQDWXUDO
gas is turned into synthesis gas, which is converted by the
Fischer-Tropsch process to synthetic fuels. At present, at least
nine commercial GTL projects are progressing through various
development stages in gas-rich countries such as Qatar, Iran,
Russia, Nigeria, Australia, Malaysia and Algeria with worldwide
production estimated at 0.58 Mbbl/day (FACTS, 2005). GTL
FRQYHUVLRQWHFKQRORJLHVDUHDURXQGHI¿FLHQWDQGFDQKHOS
bring some of the estimated 6000 EJ of stranded gas resources
to market. Production costs vary depending on gas prices, but
where stranded gas is available at 0.5 US$/GJ production costs
are around 30 US$ a barrel (IEA 2006a). Higher CO2 emissions
per unit consumed compared with conventional oil products.
4.3.1.3

Petroleum fuels

Conventional oil products extracted from crude oil-well
bores and processed by primary, secondary or tertiary methods
represent about 37% of total world energy consumption
(Figure 4.4 and Table 4.2) with major resources concentrated in
relatively few countries. Two thirds of proven crude oil reserves
are located in the Middle East and North Africa (IEA, 2005a).
Known or proven reserves are those extractable at today’s
prices and technologies. Additional probable and possible
resources are based on historical experience in geological
basins. While new discoveries have lagged behind production
for more than 20 years, reserve additions from all sources
including discoveries, extensions, revisions and improvements
in oil recovery continue to outpace production (IEA, 2005b).

Various studies and models have been used to forecast future
oil production (US EIA, 2004; Bentley, 2005). Geological models
take into consideration the volume and quality of hydrocarbons
but do not include economic effects on price, which in turn
has a direct effect on supply and the overall rate of recovery.
Mathematical models generally use the historical as well as the
observed patterns of production to estimate a peak (or several
peaks) reached when half the reserves are consumed.
Assessments of the amount of oil consumed, the amount
remaining for extraction, and whether the peak oil tipping
point is close or not, have been very controversial (Hirsch
et al., 2005). Estimates of the ultimate extractable resource
(proven + probable + possible reserves) with which the world
was endowed have varied from less than 5730 EJ to 34,000 EJ
(1000 to 6000 Gbbl), though the more recent predictions have
all ranged between 11,500–17,000 EJ (2000–3000 Gbbl)
(Figure 4.8). Over time, the prediction trend showed increasing
UHVRXUFHHVWLPDWHVLQWKHVDQGVDVPRUH¿HOGVZHUH
discovered. However, the very optimistic estimates of the
1970s were later discredited and a relatively constant estimate
has since been observed.
6SHFL¿FDQDO\VHVLQFOXGH%HQWOH\ E ZKRFRQFOXGHG
that 4870 EJ had been consumed by 1998 and that 6300 EJ
will have been extracted by 2008. The US Geological Survey
(USGS, 2000) the World Petroleum Congress and the IFP
agreed that approximately 4580 EJ (800 Gbbl) have been
consumed in the past 150 years and 5730 EJ (1000 Gbbl) of
proven reserves remain. Other detailed analyses (e.g. USGS,
2000) also estimated there are 4150 EJ of probable and possible
resources still available for extraction. Thus, the total available
potential proven reserves plus resources of around 10,000 EJ
%3:(&E VKRXOGEHVXI¿FLHQWIRUDERXW\HDUV¶
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Figure 4.8: Estimates of the global ultimate extractable conventional oil resource
by year of publications.
Source: Based on Bentley, 2002a; Andrews and Udal, 2003.
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supply at present rates of consumption. Since consumption rates
will continue to rise, however, 30 to 40 years’ supply is a more
reasonable estimate (Hallock et al., 2004). Burning this amount
of petroleum resources would release approximately 700 GtCO2
(200 GtC) into the atmosphere, about two thirds the amount
released to date from all fossil-fuel consumption. Opportunities
IRU HQHUJ\HI¿FLHQF\ LPSURYHPHQWV LQ RLO UH¿QHULHV DQG
associated chemical plants are covered in Chapter 7.
4.3.1.4

Unconventional oil

As conventional oil supplies become scarce and extraction
costs increase, unconventional liquid fuels, in addition to CTL
and GTL, will become more economically attractive, but offset
by greater environmental costs (Williams et al., 2006). Oil that
requires extra processing such as from shales, heavy oils and oil
WDU VDQGVLVFODVVL¿HGDVXQFRQYHQWLRQDO5HVRXUFHHVWLPDWHV
are uncertain, but together contributed around 3% of world oil
production in 2005 (2.8 EJ) and could reach 4.6 EJ by 2020
(USGS, 2000) and up to 6 EJ by 2030 (IEA, 2005a). The oil
industry has the potential to diversify the product mix, thereby
adding to fuel-supply security, but higher environmental
impacts may result and investment in new infrastructure would
be needed.
Heavy oil reserves are greater than 6870 EJ (1200 Gbbl) of
oil equivalent with around 1550 EJ technically recoverable.
The Orinoco Delta, Venezuela has a total resource of 1500 EJ
with current production of 1.2 EJ/yr (WEC, 2004c). Plans for
2009 are to apply deep-conversion, delayed coking technology
to produce 0.6 Mbbl/day of high-value transport fuels.
Oil shales (kerogen that has not completed the full geological
FRQYHUVLRQWRRLOGXHWRLQVXI¿FLHQWKHDWDQGSUHVVXUH UHSUHVHQW
a potential resource of 20,000 EJ with a current production of
just 0.024 EJ/yr, mostly in the US, Brazil, China and Estonia.
Around 80% of the total resource lies in the western US with
500 Gbbl of medium-quality reserves from rocks yielding 95 L
of oil per tonne but with 1000 Gbbl potential if utilizing lowerquality rock. Mining and upgrading of oil shale to syncrude
fuel costs around 11 US$/bbl. As with oil sands (below), the
availability of abundant water is an issue.
Around 80% of the known global tar sand resource of
15,000 EJ is in Alberta, Canada, which has a current production
of 1.6 EJ/yr, representing around 15% of national oil demand.
Around 310 Gbbl is recoverable (CAPP, 2006). Production
of around 2 Mbbl/day by 2010 could provide more than half
of Canada’s projected total oil production with 4 Mbbl/day
possible by 2020. Total resources represent at least 400 Gt
of stored carbon and will probably be added to as more are
discovered, assuming that natural gas and water (steam) to
extract the hydrocarbons are available at a reasonable cost.
Technologies for recovering tar sands include open cast
(surface) mining where the deposits are shallow enough (which
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accounts for 10% of the resource but 80% of current extraction),
or injection of steam into wells in situ to reduce the viscosity of
the oil prior to extraction. Mining requires over 100m3 of natural
gas per barrel of bitumen extracted and in situ around 25m3. In
ERWKFDVHVFOHDQLQJDQGXSJUDGLQJWRDOHYHOVXLWDEOHIRUUH¿QLQJ
consumes a further 25–50m3 per barrel of oil feedstock. The
mining process uses about four litres of water to produce one
OLWUHRIRLOEXWSURGXFHVDUH¿QDEOHSURGXFW7KHin situ process
uses about two litres of water to one of oil, but the very heavy
product needs cleaning and diluting (usually with naptha) at the
UH¿QHU\RUVHQWWRDQXSJUDGHUWR\LHOGV\QFUXGHDWDQHQHUJ\
HI¿FLHQF\RIDURXQG 1(% 7KHHQHUJ\HI¿FLHQF\
of oil sand upgrading is around 75%. Mining, producing
and upgrading oil sands presently costs about 15 US$/bbl
,($ D  EXW QHZ JUHHQ¿HOG SURMHFWV ZRXOG FRVW DURXQG
±86EEO GXH WR SURMHFWFRVW LQÀDWLRQ LQ UHFHQW \HDUV
(NEB, 2006). If CCS is integrated, then an additional 5 US$
per barrel at least should be added. Comparable costs for
conventional oil are 4–6 US$/bbl for exploration and production
DQG±86EEOIRUUH¿QLQJ
Mining of oil sands leaves behind large quantities of
pollutants and areas of disturbed land.
The total CO2 emitted per unit of energy during production
of liquid unconventional oils is greater than for a unit of
conventional oil products due to higher energy inputs for
extraction and processing. Net emissions amount to 15–
34 kgCO2 (4–9 kgC) per GJ of transport fuel compared with
around 5-10 kgCO2 (1.3-2.7 kgC) per GJ for conventional oil
(IEA, 2005d, Woyllinowicz et al., 2005). Oil sands currently
produce around 3–4 times the pre-combustion emissions (CO2/
GJ liquid fuel) compared with conventional oil extraction and
UH¿QLQJZKHUHDVODUJHVFDOHSURGXFWLRQRIRLOVKDOHSURFHVVLQJ
would be about 5 times, GTL 3–4 times, and CTL around
7–8 times when using sub-bituminous coal. The Athabascan
RLOVDQGV SURMHFW KDV UH¿QLQJ HQHUJ\ H[SHQGLWXUHV RI *-
energy input per 6 GJ bitumen processed, producing emissions
of 11 kgCO2 NJ&  SHU *- IURP UH¿QLQJ DORQH EXW ZLWK D
voluntary reduction goal of 50% by 2010 (Shell, 2006).
4.3.2

Nuclear energy

In 2005, 2626 TWh of electricity (16% of the world total)
was generated by nuclear power, requiring about 65,500 t of
natural uranium (WNA, 2006a). As of December 2006, 442
nuclear power plants were in operation with a total installed
capacity of about 370 GWe (WNA, 2006a). Six plants were
in long-term shutdown and since 2000, the construction of 21
new reactors has begun (IAEA, 2006). The US has the largest
number of reactors and France the highest percentage hare
of total electricity generation. Many more reactors are either
planned or proposed, mostly in China, India, Japan, Korea,
Russia, South Africa and the US (WNA, 2006a). Nuclear power
capacity forecasts out to 2030 (IAEA, 2005c; WNA, 2005a;
Maeda, 2005; Nuclear News, 2005) vary between 279 and
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740 GWe when proposed new plants and the decommissioning
of old plants are both considered. In Japan 55 nuclear reactors
currently provide nearly a third of total national electricity with
one to be shut down in 2010. Immediate plans for construction
of new reactors have been scaled down due to anticipated
UHGXFHGSRZHUGHPDQGGXHWRJUHDWHUHI¿FLHQF\DQGSRSXODWLRQ
decline (METI, 2005). The Japanese target is now to expand the
current installed 50 GWe to 61 GWe by adding 13 new reactors
with nine operating by 2015 to provide around 40% of total
electricity (JAEC, 2005). In China there are nine reactors in
operation, two under construction and proposals for between 28
and 40 new ones by 2020 (WNA, 2006b; IAEA, 2006) giving a
total capacity of 41–46 GWe (Dellero & Chessé, 2006). To meet
IXWXUHIXHOGHPDQG&KLQDKDVUDWL¿HGDVDIHJXDUGVDJUHHPHQW
(ANSTO, 2006) enabling the future purchase of thousands of
tonnes of uranium from Australia, which has 40% of the world’s
reserves. In India seven reactors are under construction, with
plans for 16 more to give 20 GWe of nuclear capacity installed
by 2020 (Mago, 2004).
Improved safety and economics are objectives of new
designs of reactors. The worldwide operational performance
has improved and the 2003–2005 average unit capacity factor
was 83.3% (IAEA, 2006). The average capacity factors in
the US increased from less than 60% to 90.9% between 1980
and 2005, while average marginal electricity-production costs
(operation, maintenance and fuel costs) declined from 33 US$/
MWh in 1988 to 17 US$/MWh in 2005 (NEI, 2006).
The economic competitiveness of nuclear power depends on
SODQWVSHFL¿FIHDWXUHVQXPEHURISODQWVSUHYLRXVO\EXLOWDQQXDO
hours of operation and local circumstances. Full life-cycle cost
analyses have been used to compare nuclear-generation costs
with coal, gas or renewable systems (Section 4.4.2; Figure
4.27) (IEA/NEA, 2005) including:
v investment (around 45–70% of total generation costs for
design, construction, refurbishing, decommissioning and
expense schedule during the construction period);
v operation and maintenance (around 15–40% for operating
and support staff, training, security, and periodic
maintenance); and
v fuel cycle (around 10–20% for purchasing, converting and
enriching uranium, fuel fabrication, spent fuel conditioning,
reprocessing, transport and disposal of the spent fuel).
Decommissioning
costs
are
below
500 US$/kW
(undiscounted) for water reactors (OECD, 2003) but around
2500 US$/kW for gas-cooled (e.g. Magnox) reactors due to
radioactive waste volumes normalized by power output being
about ten times higher. The decommissioning and clean-up of
WKH HQWLUH 8. 6HOOD¿HOG VLWH LQFOXGLQJ IDFLOLWLHV QRW UHODWHG WR
commercial nuclear power production, has been estimated to cost
£31.8 billion or approximately 60 billion US$ (NDA, 2006).
Total life-cycle GHG emissions per unit of electricity
produced from nuclear power are below 40 gCO2-eq/kWh
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(10 gC-eq/kWh), similar to those for renewable energy sources
(Figure 4.18). (WEC, 2004a; Vattenfall, 2005). Nuclear power
is therefore an effective GHG mitigation option, especially
through license extensions of existing plants enabling
LQYHVWPHQWV LQ UHWUR¿WWLQJ DQG XSJUDGLQJ 1XFOHDU SRZHU
currently avoids approximately 2.2–2.6 GtCO2/yr if that power
were instead produced from coal (WNA, 2003; Rogner, 2003)
or 1.5 GtCO2/yr if using the world average CO2 emissions for
electricity production in 2000 of 540 gCO2/kWh (WEC, 2001).
However, Storm van Leeuwen and Smith (2005) give much
KLJKHU¿JXUHVIRUWKH*+*HPLVVLRQVIURPRUHSURFHVVLQJDQG
construction and decommissioning of nuclear power plants.
4.3.2.1

Risks and environmental impacts

Regulations demand that public and occupational radiation
doses from the operation of nuclear facilities be kept as low
as reasonably achievable and below statutory limits. Mining,
milling, power-plant operation and reprocessing of spent
fuel dominate the collective radiation doses (OECD, 2000).
Protective actions for mill-tailing piles and ponds have been
demonstrated to be effective when applied to prevent or reduce
long-term impacts from radon emanation. In the framework of
the IAEA’s Nuclear Safety Convention (IAEA, 1994), the IAEA
member countries have agreed to maintain high safety culture to
continuously improve the safety of nuclear facilities. However,
risks of radiation leakage resulting from accidents at a power
plant or during the transport of spent fuel remain controversial.
Operators of nuclear power plants are usually liable for
any damage to third parties caused by an incident at their
LQVWDOODWLRQUHJDUGOHVVRIIDXOW 8,& DVGH¿QHGE\ERWK
international conventions and national legislation. In 2004, the
contracting parties to the OECD Paris and Brussels Conventions
signed Amending Protocols setting the minimum liability limit
DW PLOOLRQ¼ ZLWK DGGLWLRQDO FRPSHQVDWLRQ XS WR ¼
through public funds. Many non-OECD countries have similar
arrangements through the IAEA’s Vienna Convention. In the
US, the national Price-Anderson Act provides compensation up
to 300 million US$ covered by an insurance paid by each reactor
and also by a reactor-operator pool from the 104 reactors, which
provides 10.4 billion US$.
4.3.2.2

Nuclear-waste management, disposal and
proliferation aspects

The main safety objective of nuclear waste management
(IAEA, 1997; IAEA, 2005b) is that human health and the
environment need to be protected now and in the future without
imposing undue burdens on future generations. Repositories
are in operation for the disposal of low- and medium-level
radioactive wastes in several countries but none yet exist for
high-level waste (HLW) such as spent light-water reactor (LWR)
fuel. Deep geological repositories are the most extensively
studied option but resolution of both technical and political/
societal issues is still needed.
269
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accessible if reprocessed. Recycling through fast-spectrum
reactors on the other hand allows most of this material to be
burned up in the reactor to generate more power, although
there are vulnerabilities in the reprocessing step and hence still
the need for careful safeguards. Advanced reprocessing and
partitioning and transmutation technologies could minimize
the volumes and toxicity of wastes for geological disposal, yet
uncertainties about proliferation-risk and cost remain.

In 2001, the Finnish Parliament agreed to site a spent fuel
repository near the Olkiluoto nuclear power plant. After detailed
rock-characterization studies, construction is scheduled to start
soon after 2010 with commissioning planned for around 2020.
In Sweden, a repository-siting process is concentrating on the
comparison of several site alternatives close to the Oskarshamn
and Forsmark nuclear power plants. In the US, the Yucca
Mountain area has been chosen, amidst much controversy, as
the preferred site for a HLW repository and extensive sitecharacterization and design studies are underway, although
QRWZLWKRXWVLJQL¿FDQWRSSRVLWLRQ,WLVQRWH[SHFWHGWREHJLQ
accepting HLW before 2015. France is also progressing on deep
geological disposal as the reference solution for long-lived
radioactive HLW and sets 2015 as the target date for licensing
a repository and 2025 for opening it (DGEMP, 2003). Spentfuel reprocessing and recycling of separate actinides would
VLJQL¿FDQWO\UHGXFHWKHYROXPHDQGUDGLRQXFOLGHLQYHQWRU\RI
HLW.

4.3.2.3

Development of future nuclear-power systems

Present designs of reactors are classed as Generations I
through III (Figure 4.9). Generation III+ advanced reactors are
QRZEHLQJSODQQHGDQGFRXOG¿UVWEHFRPHRSHUDWLRQDOGXULQJWKH
period 2010 –2020 (GIF, 2002) and state-of-the-art thereafter to
meet anticipated growth in demand. These evolutionary reactor
designs claim to have improved economics, simpler safety
systems with the impacts of severe accidents limited to the
close vicinity of the reactor site. Examples include the European
design of a pressurized water reactor (EPR) scheduled to be
operating in Finland around 2010 and the Flamanville 3 reactor
planned in France.

The enrichment of uranium (U-235), reprocessing of spent
fuel and plutonium separation are critical steps for nuclearweapons proliferation. The Treaty on Non-Proliferation of
1XFOHDU :HDSRQV 137  KDV EHHQ UDWL¿HG E\ QHDUO\ 
FRXQWULHV&RPSOLDQFHZLWKWKHWHUPVRIWKH137LVYHUL¿HGDQG
monitored by the IAEA. Improving proliferation resistance is
a key objective in the development of next-generation nuclear
reactors and associated advanced fuel-cycle technologies.
For once-through uranium systems, stocks of plutonium
are continuously built up in the spent fuel, but only become

Generation IV nuclear-energy technologies that may become
operational after about 2030 employ advanced closed-fuel
F\FOHV\VWHPVZLWKPRUHHI¿FLHQWXVHRIXUDQLXPDQGWKRULXP
resources. Advanced designs are being pursued mainly by the
Generation-IV International Forum (GIF, a group of ten nations
plus the EU and coordinated by the US Department of Energy)
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Figure 4.9: Evolution of nuclear power systems from Generation I commercial reactors in the 1950s up to the future Generation IV systems which could be operational after
about 2030.
Notes: LWR = light-water reactor; PWR = pressurized water reactor; BWR = boiling-water reactor; ABWR = advanced boiling-water reactor; CANDU = Canada Deuterium Uranium.
Source: GIF, 2002.
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as well as the International Project on Innovative Nuclear
Reactors and Fuel Cycles (INPRO) coordinated by the IAEA.
The Global Nuclear Energy Partnership (US DOE, 2006),
proposed by the US, has similar objectives. These initiatives
focus on the development of reactors and fuel cycles that
provide economically competitive, safe and environmentally
sound energy services based on technology designs that exclude
severe accidents, involve proliferation-resistant fuel cycles
decoupled from any fuel-resource constraints, and minimize
HLW. Much additional technology development would be
needed to meet these long-term goals so strategic public RD&D
funding is required, since there is limited industrial/commercial
interest at this early stage.
GIF has developed a framework to plan and conduct
international cooperative research on advanced (breeder or
burner) nuclear-energy systems (GIF, 2002) including three
designs of fast-neutron reactor, (sodium-cooled, gas-cooled
and lead-cooled) as well as high-temperature reactors. Reactor
concepts capable of producing high-temperature nuclear heat
are intended to be employed also for hydrogen generation,
either by electrolysis or directly by special thermo-chemical
water-splitting processes or steam reforming. There is also
an ongoing development project by the South African utility
ESKOM for an innovative high-temperature, pebble-bed
PRGXODUUHDFWRU6SHFL¿FIHDWXUHVLQFOXGHLWVVPDOOHUXQLWVL]H
modularity, improved safety by use of passive features, lower
power production costs and the direct gas-cycle design utilizing
the Brayton cycle (Koster et al., 2003; NER, 2004). The
supercritical light-water reactor is also one of the GIF concepts
intended to be operated under supercritical water pressure and
temperature conditions. Conceivably, some of these concepts
may come into practical use and offer better prospects for future
use of nuclear power.
Experience of the past three decades has shown that nuclear
SRZHU FDQ EH EHQH¿FLDO LI HPSOR\HG FDUHIXOO\ EXW FDQ FDXVH
great problems if not. It has the potential for an expanded role as
a cost-effective mitigation option, but the problems of potential
reactor accidents, nuclear waste management and disposal and
nuclear weapon proliferation will still be constraining factors.


8UDQLXPH[SORUDWLRQH[WUDFWLRQDQGUH¿QLQJ

In the long term, the potential of nuclear power is dependent
upon the uranium resources available. Reserve estimates of the
uranium resource vary with assumptions for its use (Figure 4.10).
8VHGLQW\SLFDOOLJKWZDWHUUHDFWRUV /:5 WKHLGHQWL¿HGUHVRXUFHV
of 4.7 Mt uranium, at prices up to 130 US$/kg, correspond to
DERXW (- RI SULPDU\ HQHUJ\ DQG VKRXOG EH VXI¿FLHQW IRU
about 100 years’ supply (OECD, 2006b) at the 2004 level of
FRQVXPSWLRQ 7KH WRWDO FRQYHQWLRQDO SURYHQ LGHQWL¿HG  DQG
probable (yet undiscovered) uranium resources are about 14.8 Mt
(7400 EJ). There are also unconventional uranium resources such
as those contained in phosphate minerals, which are recoverable
for between 60 and 100 US$/kg (OECD, 2004a).
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Figure 4.10: Estimated years of uranium-resource availability for various nuclear
technologies at 2004 nuclear-power utilization levels.
Source: OECD, 2006b; OECD, 2006c.

If used in present reactor designs with a ‘once-through’ fuel
cycle, only a small percentage of the energy content is utilized
IURP WKH ¿VVLOH LVRWRSH 8  LQ QDWXUDO XUDQLXP 
Uranium reserves would last only a few hundred years at
current rate of consumption (Figure 4.10). With fast-spectrum
reactors operated in a ‘closed’ fuel cycle by reprocessing the
spent fuel and extracting the unused uranium and plutonium
produced, the reserves of natural uranium may be extended to
several thousand years at current consumption levels. In the
recycle option, fast-spectrum reactors utilize depleted uranium
and only plutonium is recycled so that the uranium-resource
HI¿FLHQF\LVLQFUHDVHGE\DIDFWRURI )LJXUH2(&'
2001). Thereby the estimated enhanced resource availability
of total conventional uranium resources corresponds to about
220,000 EJ primary energy (Table 4.2). Even if the nuclear
LQGXVWU\ H[SDQGV VLJQL¿FDQWO\ VXI¿FLHQW IXHO LV DYDLODEOH IRU
centuries. If advanced breeder reactors could be designed in
WKH IXWXUH WR HI¿FLHQWO\ XWLOL]H UHF\FOHG RU GHSOHWHG XUDQLXP
DQGDOODFWLQLGHVWKHQWKHUHVRXUFHXWLOL]DWLRQHI¿FLHQF\ZRXOG
be further improved by an additional factor of eight (OECD,
2006c).
Nuclear fuels could also be based on thorium with proven
and probable resources being about 4.5 Mt (OECD, 2004a).
Thorium-based fast-spectrum reactors appear capable of at least
doubling the effective resource base, but the technology remains
to be developed to ascertain its commercial feasibility (IAEA,
D 7KHUHDUHQRW\HWVXI¿FLHQWFRPPHUFLDOLQFHQWLYHVIRU
thorium-based reactors except perhaps in India. The thorium
fuel cycle is claimed to be more proliferation-resistant than
RWKHUIXHOF\FOHVVLQFHLWSURGXFHV¿VVLRQDEOH8LQVWHDGRI
¿VVLRQDEOHSOXWRQLXPDQGDVDE\SURGXFW8WKDWKDVD
daughter nuclide emitting high-energy photons.
4.3.2.5

Nuclear fusion

Energy from the fusion of heavy hydrogen fuel (deuterium,
tritium) is actively being pursued as a long-term almost
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Renewable energy

Renewable energy accounted for over 15% of world
primary energy supply in 2004, including traditional biomass
(7–8%), large hydro-electricity (5.3%, being 16% of electricity
generated1), and other ‘new’ renewables (2.5%) (Table 4.2).
Under the business-as-usual case of continued growing energy
demand, renewables are not expected to greatly increase their
market share over the next few decades without continued
and sustained policy intervention. For example, IEA (2006b)
projected in the Reference scenario that renewables will have
dropped to a 13.7 % share of global primary energy (20.8 %
of electricity) in 2030, or under the Alternative Policy scenario
will have risen to 16.2 % (25.3 % of electricity).
Renewable-energy systems can contribute to the security of
energy supply and protection of the environment. These and
RWKHUEHQH¿WVRIUHQHZDEOHHQHUJ\V\VWHPVZHUHGH¿QHGLQD
declaration by 154 nations at the Renewables 2004 conference
held in Bonn (Renewables, 2004). Renewable-energy
WHFKQRORJLHVFDQEHEURDGO\FODVVL¿HGLQWRIRXUFDWHJRULHV
1) technologically mature with established markets in at least
several countries:– large and small hydro, woody biomass
FRPEXVWLRQJHRWKHUPDOODQG¿OOJDVFU\VWDOOLQHVLOLFRQ39
solar water heating, onshore wind, bioethanol from sugars
and starch (mainly Brazil and US);
2) technologically mature but with relatively new and immature
markets in a small number of countries:– municipal
solid waste-to-energy, anaerobic digestion, biodiesel,
FR¿ULQJRIELRPDVVFRQFHQWUDWLQJVRODUGLVKHVDQGWURXJKV
solar-assisted air conditioning, mini- and micro-hydro and
offshore wind;
3) under technological development with demonstrations or
small-scale commercial application, but approaching wider
market introduction±WKLQ¿OP39FRQFHQWUDWLQJ39WLGDO
UDQJH DQG FXUUHQWV ZDYH SRZHU ELRPDVV JDVL¿FDWLRQ DQG
pyrolysis, bioethanol from ligno-cellulose and solar thermal
towers; and
4) still in technology research stages:– organic and inorganic
QDQRWHFKQRORJ\ VRODU FHOOV DUWL¿FLDO SKRWRV\QWKHVLV

1

The most mature renewable technologies (large hydro,
biomass combustion, and geothermal) have, for the most part,
been able to compete in today’s energy markets without policy
support. Solar water heating, solar PV in remote areas, wind
farms on exceptional sites, bioethanol from sugar cane, and
forest residues for combined heat and power (CHP) are also
competitive today in the best locations. In countries with the
most mature markets, several forms of ‘new’ renewable energy
can compete with conventional energy sources on an averagecost basis, especially where environmental externalities and
fossil fuel price risks are taken into account. In countries where
market deployment is slow due to less than optimal resources,
higher costs (relative to conventional fuels) and/or a variety
of market and social barriers, these technologies still require
government support (IEA, 2006e). Typical construction costs for
new renewable energy power plants are high, between 1000 and
2500 US$/kW, but on the best sites they can generate power for
around 30–40 US$/MWh thanks to low operation, maintenance
and fuel costs (Martinot, 2005; NREL, 2005). Costs are very
YDULDEOHKRZHYHUGXHWRWKHGLYHUVLW\RIUHVRXUFHVRQVSHFL¿F
sites (Table 4.7). In areas where the industry is growing, many
sites with good wind, geothermal, biomass and hydro resources
have already been utilized. The less mature technologies are not
yet competitive but costs continue to decline due to increased
OHDUQLQJH[SHULHQFHDVH[HPSOL¿HGE\ZLQGVRODUDQGELRHWKDQRO
(Figure 4.11).
Many renewable energy sources are variable over hourly,
daily and/or seasonal time frames. Energy-storage technologies
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Figure 4.11: Investment costs and penetration rates for PV, wind and bioethanol
systems showing cost reductions of 20% due to technological development and
learning experience for every doubling of capacity once the technology has matured.
Source: Johansson et al., 2004.

Proportions of electricity production were calculated using the energy content of the electricity.
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4.3.3

biological hydrogen production involving biomass, algae
DQG EDFWHULD ELRUH¿QHULHV RFHDQ WKHUPDO DQG VDOLQH
gradients, and ocean currents.

US$/KW (PV,Wind)

inexhaustible supply of energy with helium as the by-product.
7KHVFLHQWL¿FIHDVLELOLW\RIIXVLRQHQHUJ\KDVEHHQSURYHQEXW
technical feasibility remains to be demonstrated in experimental
facilities. A major international effort, the proposed international
thermonuclear experimental reactor (ITER, 2006), aims to
demonstrate magnetic containment of sustained, self-heated
plasma under fusion temperatures. This 10 billion US$ pilot
plant to be built in France is planned to operate for 20 years
DQG ZLOO UHVROYH PDQ\ VFLHQWL¿F DQG HQJLQHHULQJ FKDOOHQJHV
Commercialization of fusion-power production is thought to
become viable by about 2050, assuming initial demonstration
is successful (Smith et al., 2006a; Cook et al., 2005).
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may be needed, particularly for wind, wave and solar, though
stored hydro reserves, geothermal and bioenergy systems can
all be used as dispatchable back-up sources as can thermal
power plants. Studies on intermittency and interconnection
issues with the grid are ongoing (e.g., Gul and Stenzel, 2005;
UKERC, 2006; Outhred and MacGill, 2006).
A wide range of policies and measures exist to enhance the
deployment of renewable energy (IEA, 2004c; Martinot et al.,
2005; Section 4.5). Over 49 nations, including all EU countries
along with a number of developing countries such as Brazil,
China, Colombia, Egypt, India, Malaysia, Mali, Mexico,
Philippines, South Africa and Thailand, and many individual
states/provinces of the USA, Canada and Australia have set
renewable energy targets. Some targets focus on electricity,
while others include renewable heating and cooling and/or
biofuels. By 2004, at least 30 states/provinces and two countries
had mandates in place for blending bioethanol or biodiesel with
petroleum fuels.
Since the TAR, several large international companies such as
General Electric, Siemens, Shell and BP have invested further
in renewable energy along with a wide range of public and
private sources. Commercial banks such as Fortis, ANZ Bank
DQG 5R\DO %DQN RI &DQDGD DUH ¿QDQFLQJ D JURZLQJ QXPEHU
RI SURMHFWV FRPPRGLW\ WUDGHUV DQG ¿QDQFLDO LQYHVWPHQW
¿UPVVXFKDV)LPDW*ROGPDQ6DFKVDQG0RUJDQ6WDQOH\DUH
acquiring renewable energy companies; traditional utilities are
developing their own renewable energy projects; commercial
reinsurance companies such as Swiss Re and Munich Re are
offering insurance products targeting renewable energy, and
venture capital investors are observing market projections for
ZLQGDQG391HZ&'0VXSSRUWHGDQGFDUERQ¿QDQFHSURMHFWV
for renewables are emerging and the OECD has improved the
terms for Export Credit Arrangements for renewable energy by
extending repayment terms (Martinot et al., 2005).
There has also been increasing support for renewable energy
deployment in developing countries, not only from international
development and aid agencies, but also from large and small
ORFDO ¿QDQFLHUV ZLWK VXSSRUW IURP GRQRU JRYHUQPHQWV DQG
market facilitators to reduce their risks. As one example, total
donor funding pledges or requirements in the Bonn Renewables
2004 Action Programme amounted to around 50 billion US$
(Renewables, 2004). Total investment in new renewable
energy capacity in 2005 was 38 billion US$, excluding large
hydropower, which itself was another 15–20 billion US$
(Martinot et al., 2006).
Numerous detailed and comprehensive reports, websites,
and conference proceedings on renewable energy resources,
conversion technologies, industry trends and government
support policies have been produced since the TAR (e.g.,
Renewables, 2004; BIREC, 2005; Martinot et al, 2005; IEA,
2004d; IEA, 2005d; IEA 2006a; IEA 2006c; WEC, 2004c;
ISES, 2005; WREC, 2006; WREA, 2005). The following
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sections address only the key points relating to progress in each
major renewable energy source.
4.3.3.1

Hydroelectricity

Large (>10 MW) hydroelectricity systems accounted for over
2800 TWh of consumer energy in 2004 (BP, 2006) and provided
16% of global electricity (90% of renewable electricity). Hydro
projects under construction could increase the share of electricity
by about 4.5% on completion (WEC, 2004d) and new projects
could be deployed to provide a further 6000 TWh/yr or more
of electricity economically (BP, 2004; IEA, 2006a), mainly in
developing countries. Repowering existing plants with more
SRZHUIXO DQG HI¿FLHQW WXUELQH GHVLJQV FDQ EH FRVW HIIHFWLYH
whatever the plant scale. Where hydro expansion is occurring,
particularly in China and India, major social disruptions,
HFRORJLFDO LPSDFWV RQ H[LVWLQJ ULYHU HFRV\VWHPV DQG ¿VKHULHV
and related evaporative water losses are stimulating public
opposition. These and environmental concerns may mean that
obtaining resource permits is a constraint.
Small (<10 MW) and micro (<1 MW) hydropower systems,
usually run-of-river schemes, have provided electricity to many
rural communities in developing countries such as Nepal. Their
present generation output is uncertain with predictions ranging
from 4 TWh/yr (WEC, 2004d) to 9% of total hydropower output
at 250 TWh/yr (Martinot et al., 2006). The global technical
potential of small and micro hydro is around 150–200 GW with
many unexploited resource sites available. About 75% of water
UHVHUYRLUVLQWKHZRUOGZHUHEXLOWIRULUULJDWLRQÀRRGFRQWURO
and urban water-supply schemes and many could have small
K\GURSRZHUJHQHUDWLRQUHWUR¿WVDGGHG*HQHUDWLQJFRVWVUDQJH
from 20 to 90 US$/MWh but with additional costs needed
for power connection and distribution. These costs can be
prohibitive in remote areas, even for mini-grids, and some form
RI¿QDQFLDODVVLVWDQFHIURPDLGSURJUDPPHVRUJRYHUQPHQWVLV
often necessary.
7KH KLJK OHYHO RI ÀH[LELOLW\ RI K\GUR SODQWV HQDEOHV SHDN
loads in electricity demand to be followed. Some schemes,
such as the 12.6 GW Itaipu plant in Brazil/Paraguay, are run as
baseload generators with an average capacity factor of >80%,
whereas others (as in the 24 GW of pumped storage plant in
Japan) are used mainly as fast-response peaking plants, giving
a factor closer to 40% capacity. Evaluations of hybrid hydro/
wind systems, hydro/hydrogen systems and low-head run-ofriver systems are under review (IEA, 2006d).
GHG emissions vary with reservoir location, power density
(W capacity per m2 ÀRRGHG  ÀRZ UDWH DQG ZKHWKHU GDP RU
run-or-river plant. Recently, the GHG footprint of hydropower
reservoirs has been questioned (Fearnside, 2004; UNESCO,
2006). Some reservoirs have been shown to absorb CO2 at
their surface, but most emit small amounts as water conveys
carbon in the natural carbon cycle (Tremblay, 2005). High
emissions of CH4 have been recorded at shallow, plateau-type
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tropical reservoirs where the natural carbon cycle is most
productive (Delmas, 2005). Deep water reservoirs at similar
low latitudes tend to exhibit lower emissions. Methane from
QDWXUDOÀRRGSODLQVDQGZHWODQGVPD\EHVXSSUHVVHGLIWKH\DUH
inundated by a new reservoir since the methane is oxidized as
it rises through the covering water column (Huttunen, 2005;
dos Santos, 2005). Methane formation in freshwater produces
by-product carbon compounds (phenolic and humic acids)
that effectively sequester the carbon involved (Sikar, 2005).
For shallow tropical reservoirs, further research is needed
to establish the extent to which these may increase methane
emissions.
Several Brazilian hydro-reservoirs were compared using
life-cycle analyses with combined-cycle natural gas turbine
&&*7  SODQWV RI  HI¿FLHQF\ GRV 6DQWRV et al., 2004).
(PLVVLRQVIURPÀRRGHGUHVHUYRLUVWHQGHGWREHOHVVSHUN:K
generated than those produced from the CCGT power plants.
Large hydropower complexes with greater power density had
the best environmental performance, whereas those with lower
power density produced similar GHG emissions to the CCGT
plants. For most hydro projects, life-cycle assessments have
shown low overall net GHG emissions (WEC, 2004a; UNESCO,
2006). Since measuring the incremental anthropogenic-related
emissions from freshwater reservoirs remains uncertain, the
Executive Board of the UN Framework Convention on Climate
Change (UNFCCC) has excluded large hydro projects with
VLJQL¿FDQWZDWHUVWRUDJHIURPWKH&'07KH,3&&*XLGHOLQHV
for National GHG Inventories (2006) recommended using
estimates for induced changes in the carbon stocks.
:KHWKHU RU QRW ODUJH K\GUR V\VWHPV EULQJ EHQH¿WV WR WKH
poorest has also been questioned (Collier, 2006; though this
DUJXPHQW LV QRW H[FOXVLYH WR K\GUR  7KH PXOWLSOH EHQH¿WV
of hydro-electricity, including irrigation and water-supply
UHVRXUFH FUHDWLRQ UDSLG UHVSRQVH WR JULGGHPDQG ÀXFWXDWLRQV
due to peaks or intermittent renewables, recreational lakes
DQG ÀRRG FRQWURO QHHG WR EH WDNHQ LQWR DFFRXQW IRU DQ\
given development. Several sustainability guidelines and an
assessment protocol have been produced by the industry (IHA,
2006; Hydro Tasmania, 2005; WCD, 2000).
4.3.3.2

Wind

Wind provided around 0.5% of the total 17,408 TWh global
electricity production in 2004 (IEA, 2006b) but its technical
potential greatly exceeds this (WEC, 2004d; GWEC, 2006).
Installed capacity increased from 2.3 GW in 1991 to 59.3 GW
at the end of 2005 when it generated 119 TWh at an average
capacity factor of around 23%. New wind installation capacity
has grown at an average of 28% per year since 2000, with a
record 40% increase in 2005 (BTM, 2006) due to lower costs,
greater government support through feed-in tariff and renewable
HQHUJ\ FHUWL¿FDWH SROLFLHV 6HFWLRQ   DQG LPSURYHG
technology development. Total offshore wind capacity reached
679 MW at the end of 2005 (BTM, 2006), with the expectation
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that it will grow rapidly due to higher mean annual wind-speed
conditions offsetting the higher costs and public resistance being
less. Various best-practices guidelines have been produced and
issues such as noise, electromagnetic (EMF) interference, airline
ÀLJKWSDWKVODQGXVHSURWHFWLRQRIDUHDVZLWKKLJKODQGVFDSH
value, and bird and bat strike, are better understood but remain
constraints. Most bird species exhibit an avoidance reaction
to wind turbines, which reduces the probability of collision
(NERI, 2004).
The average size of wind turbines has increased in the last
25 years from less than 50 kW in the early 1980s to the largest
commercially available in 2006 at around 5MW and having a
rotor diameter of over 120 m. The average turbine size being
sold in 2006 was around 1.6–2 MW but there is also a market
for smaller turbines <100 kW. In Denmark, wind energy
accounted for 18.5% of electricity generation in 2004, and 25%
in West Denmark where 2.4 GW is installed, giving the highest
generation per capita in the world.
Capital costs for land-based wind turbines can be below
900 US$/kW with 25% for the tower and 75% for the rotor
and nacelle, although price increases have occurred due to
supply shortages and increases in steel prices. Total costs of an
onshore wind farm range from 1000–1400 US$/kW, depending
on location, road access, proximity to load, etc. Operation and
maintenance costs vary from 1% of investment costs in year
one, rising to 4.5% after 15 years. This means that on good
sites with low surface roughness and capacity factors exceeding
35%, power can be generated for around 30–50 US$/MWh
(IEA, 2006c; Morthorst, 2004; Figure 4.12).
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Figure 4.12: Development of wind-generation costs based on Danish experience
since 1985 with variations shown due to land surface and terrain variations (as
indicated by roughness indicator classes which equal 0 for open water and up to 3
for rugged terrain).
Source: Morthorst, 2004.
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A global study of 7500 surface stations showed mean annual
wind speeds at 80 m above ground exceeded 6.9 m/s with most
potential found in Northern Europe along the North Sea, the
southern tip of South America, Tasmania, the Great Lakes
region, and the northeastern and western coasts of Canada
and the US. A technical potential of 72 TW installed global
capacity at 20% average capacity factor would generate
7:K\U $UFKHU DQG -DFREVHQ   7KLV LV ¿YH
times the assumed global production of electricity in 2030 (IEA,
2006b) and double the 600 EJ potential capacity estimated by
Johansson et al. (2004) (Table 4.2).
The main wind-energy investments have been in Europe,
Japan, China, USA and India (Wind Force 12, 2005). The
Global Wind Energy Council assumed this will change and has
estimated more widespread installed capacity of 1250 GW by
2020 to supply 12% of the world’s electricity. The European
Wind Energy Association set a target of 75 GW (168 TWh)
for EU-15 countries in 2010 and 180 GW (425 TWh) in 2020
(EWEA, 2004). Several Australian and USA states have similar
ambitious targets, mainly to meet the increasing demand for
power rather than to displace nuclear or fossil-fuel plants.
Rapid growth in several developing countries including China,
Mexico, Brazil and India is expected since private investment
interest is increasing (Martinot et al., 2005).
7KHÀXFWXDWLQJQDWXUHRIWKHZLQGFRQVWUDLQVWKHFRQWULEXWLRQ
to total electricity demand in order to maintain system reliability.
To supply over 20% would require more accurate forecasting
(Giebel, 2005), regulations that ensure wind has priority access
to the grid, demand-side response measures, increases in the use
of operational reserves in the power system (Gul and Stenzel,
2005) or development of energy storage systems (EWEA, 2005;
Mazza and Hammerschlag, 2003). The additional cost burden
in Denmark to provide reliability was claimed to be between
±ELOOLRQ¼ %HQGWVHQ DQG±ELOOLRQ¼SHUDQQXP
(Krogsgaard, 2001). However, the costs for back-up power
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decrease drastically with larger grid area, larger area containing
GLVWULEXWHG ZLQG WXUELQHV DQG JUHDWHU VKDUH RI ÀH[LEOH K\GUR
DQGQDWXUDOJDV¿UHGSRZHUSODQWV 0RUWKRUVW 
A trend to replace older and smaller wind turbines with
ODUJHUPRUHHI¿FLHQWTXLHWHUDQGPRUHUHOLDEOHGHVLJQVJLYHV
higher power outputs from the same site often at a lower density
of turbines per hectare. Costs vary widely with location (Table
4.7). Sites with wind speeds of less than 7–8 m/s are not currently
economically viable without some form of government support
if conventional power-generation costs are above 50 US$/Wh
(Oxera, 2005). A number of technologies are under development
in order to maximize energy capture for lower wind-speed sites.
These include: optimized turbine designs; larger turbines; taller
WRZHUV WKH XVH RI FDUERQ¿EUH WHFKQRORJ\ WR UHSODFH JODVV
reinforced polymer in longer wind-turbine blades; maintenance
VWUDWHJLHV IRU RIIVKRUH WXUELQHV WR RYHUFRPH GLI¿FXOWLHV ZLWK
access during bad weather/rough seas; more accurate aeroelastic models and more advanced control strategies to keep the
wind loads within the turbine design limits.
4.3.3.3

Biomass and bioenergy

Biomass continues to be the world’s major source of food,
VWRFN IRGGHU DQG ¿EUH DV ZHOO DV D UHQHZDEOH UHVRXUFH RI
hydrocarbons for use as a source of heat, electricity, liquid
fuels and chemicals. Woody biomass and straw can be used as
materials, which can be recycled for energy at the end of their
life. Biomass sources include forest, agricultural and livestock
residues, short-rotation forest plantations, dedicated herbaceous
energy crops, the organic component of municipal solid waste
(MSW), and other organic waste streams. These are used as
feedstocks to produce energy carriers in the form of solid fuels
(chips, pellets, briquettes, logs), liquid fuels (methanol, ethanol,
butanol, biodiesel), gaseous fuels (synthesis gas, biogas,
hydrogen), electricity and heat. Biomass resources and bioenergy
use are discussed in several other chapters (Fig. 4.13) as outlined
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Figure 4.13: Biomass supplies originate from a wide range of sources and, after conversion in many designs of plants from domestic to industrial scales, are converted to
useful forms of bioenergy.
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in Chapter 11. This chapter 4 concentrates on the conversion
technologies of biomass resources to provide bioenergy in the
form of heat and electricity to the energy market.
%LRHQHUJ\ FDUULHUV UDQJH IURP D VLPSOH ¿UHZRRG ORJ WR D
KLJKO\UH¿QHGJDVHRXVIXHORUOLTXLGELRIXHO'LIIHUHQWELRPDVV
SURGXFWV VXLW GLIIHUHQW VLWXDWLRQV DQG VSHFL¿F REMHFWLYHV IRU
using biomass are affected by the quantity, quality and cost of
feedstock available, location of the consumers, type and value
RI HQHUJ\ VHUYLFHV UHTXLUHG DQG WKH VSHFL¿F FRSURGXFWV RU
EHQH¿WV ,($ %LRHQHUJ\   3ULRU WR FRQYHUVLRQ ELRPDVV
feedstocks tend to have lower energy density per volume or mass
compared with equivalent fossil fuels. This makes collection,
transport, storage and handling more costly per unit of energy
(Sims, 2002). These costs can be minimized if the biomass can
be sourced from a location where it is already concentrated,
such as wood-processing residues or sugar plant.
Globally, biomass currently provides around 46 EJ of
bioenergy in the form of combustible biomass and wastes, liquid
biofuels, renewable MSW, solid biomass/charcoal, and gaseous
fuels. This share is estimated to be over 10% of global primary
energy, but with over two thirds consumed in developing
countries as traditional biomass for household use (IEA, 2006b).
Around 8.6 EJ/yr of modern biomass is used for heat and power
JHQHUDWLRQ )LJXUH   &RQYHUVLRQ LV EDVHG RQ LQHI¿FLHQW
FRPEXVWLRQ RIWHQ FRPELQHG ZLWK VLJQL¿FDQW ORFDO DQG LQGRRU

air pollution and unsustainable use of biomass resources such as
native vegetation (Venkataraman et al., 2004).
Residues from industrialized farming, plantation forests and
IRRGDQG¿EUHSURFHVVLQJRSHUDWLRQVWKDWDUHFXUUHQWO\FROOHFWHG
worldwide and used in modern bioenergy conversion plants
DUH GLI¿FXOW WR TXDQWLI\ EXW SUREDEO\ VXSSO\ DSSUR[LPDWHO\
(-\U7KH\FDQEHFODVVL¿HGDVSULPDU\VHFRQGDU\DQGWHUWLDU\
(Figure 4.15). Current combustion of over 130 Mt of MSW
provides more than 1 EJ/yr though this includes plastics, etc.
&KDSWHU /DQG¿OOJDVDOVRFRQWULEXWHVWRELRPDVVVXSSO\DW
over 0.2 EJ/yr (Chapter 10).
A wide range of conversion technologies is under continuous
development to produce bioenergy carriers for both small- and
large-scale applications. Organic residues and wastes are often
cost-effective feedstocks for bioenergy conversion plants,
resulting in niche markets for forest, food processing and
other industries. Industrial use of biomass in OECD countries
was 5.6 EJ in 2002 (IEA, 2004a), mainly in the form of black
liquor in pulp mills, biogas in food processing plants, and bark,
sawdust, rice husks etc. in process heat boilers.
The use of biomass, particularly sugarcane bagasse, for
cogeneration (CHP) and industrial, domestic and district
heating continues to expand (Martinot et al., 2005). Combustion
for heat and steam generation remains state of the art, but
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Figure 4.14: World biomass energy ﬂows (EJ/yr) in 2004 and their thermochemical and biochemical conversion routes to produce heat, electricity and biofuels for use by the
major sectors.
Note: much of the data is very uncertain, although a useful indication of biomass resource ﬂows and bioenergy outputs still results.
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ELRPDVV W\SH DQG FR¿ULQJ WHFKQRORJ\ ,W LV D UHODWLYHO\ ORZ
cost, low-risk method of adding biomass capacity, particularly
LQFRXQWULHVZKHUHFRDO¿UHGSODQWVDUHSUHYDOHQW
Gaseous fuels
*DVL¿FDWLRQ RI ELRPDVV RU FRDO 6HFWLRQ   WR
synthesis (producer) gas, mainly CO and H2, has a relatively
KLJK FRQYHUVLRQ HI¿FLHQF\ ±  ZKHQ XVHG WR JHQHUDWH
electricity through a gas engine or gas turbine. The gas
produced can also be used as feedstock for a range of liquid
ELRIXHOV'HYHORSPHQWRIHI¿FLHQW%,*&&V\VWHPVLVQHDULQJ
commercial realization, but the challenges of gas clean-up
remain. Several pilot and demonstration projects have been
evaluated with varying degrees of success (IEA, 2006d).

losses

Figure 4.15: Biomass sources from land used for primary production can be
processed for energy with residues available from primary, secondary and tertiary
activities.
Source: van den Broek, 2000.

advancing technologies include second-generation biofuels
&KDSWHU   ELRPDVV LQWHJUDWHGJDVL¿FDWLRQ FRPELQHGF\FOH
%,*&& FR¿ULQJ ZLWKFRDORUJDV DQGS\URO\VLV0DQ\DUH
close to commercial maturity but awaiting further technical
EUHDNWKURXJKV DQG GHPRQVWUDWLRQV WR LQFUHDVH HI¿FLHQF\ DQG
further bring down costs.
Biochemical conversion using enzymes to convert lignocellulose to sugars that, in turn can be converted to bioethanol,
biodiesel, di-methyl ester, hydrogen and chemical intermediates
LQ ELRUH¿QHULHV LV QRW \HW FRPPHUFLDO %LRFKHPLFDO DQG
Fischer-Tropsch-based thermochemical synthesis processes
FDQEHLQWHJUDWHGLQDVLQJOHELRUH¿QHU\VXFKWKDWWKHELRPDVV
carbohydrate fraction is converted to ethanol and the lignin-rich
UHVLGXH JDVL¿HG DQG XVHG WR SURGXFH KHDW IRU SURFHVV HQHUJ\
electricity and/or fuels, thus greatly increasing the overall
V\VWHPHI¿FLHQF\WR± 2(&'E6LPV 
&RPEXVWLRQDQGFR¿ULQJ
Biomass can be combined with fossil-fuel technologies by
FR¿ULQJ VROLG ELRPDVV SDUWLFOHV ZLWK FRDO PL[LQJ V\QWKHVLV
JDVODQG¿OOJDVRUELRJDVZLWKQDWXUDOJDVSULRUWRFRPEXVWLRQ
There has been rapid progress since the TAR in the development
RI WKH FRXWLOLVDWLRQ RI ELRPDVV PDWHULDOV LQ FRDO¿UHG ERLOHU
SODQWV:RUOGZLGHPRUHWKDQFRDO¿UHGSRZHUSODQWVLQWKH
50–700 MWe UDQJH KDYH RSHUDWLRQDO H[SHULHQFH RI FR¿ULQJ
with woody biomass or wastes, at least on a trial basis (IEA,
F  &RPPHUFLDOO\ VLJQL¿FDQW OLJQLWHV ELWXPLQRXV DQG
sub-bituminous coals, anthracites and petroleum coke have all
EHHQ FR¿UHG XS WR  E\ HQHUJ\ FRQWHQW ZLWK D YHU\ ZLGH
range of biomass material, including herbaceous and woody
materials, wet and dry agricultural residues and energy crops.
This experience has shown how the technical risks associated
ZLWKFR¿ULQJLQGLIIHUHQWW\SHVRIFRDO¿UHGSRZHUSODQWVFDQ
be reduced to an acceptable level through proper selection of

Recovery of methane from anaerobic digestion plants has
increased since the TAR. More than 4500 installations (including
ODQG¿OOJDVUHFRYHU\SODQWV LQ(XURSHFRUUHVSRQGLQJWR0W
methane or 92 PJ/yr, were operating in 2002 with a total market
potential estimated to be 770 PJ (assuming 28 Mt methane will
be produced) in 2020 (Jönsson, 2004). Biogas can be used to
produce electricity and/or heat. It can also be fed into natural
JDVJULGVRUGLVWULEXWHGWR¿OOLQJVWDWLRQVIRUXVHLQGHGLFDWHG
or dual gas-fuelled vehicles, although this requires biogas
upgrading (Section 10.4).
Costs and reduction opportunities
Costs vary widely for biomass fuel sources giving electricity
costs commonly between 0.05 and 0.12 US$/kWh (Martinot
et al., 2005) or even lower where the disposal cost of the
biomass is avoided. Cost reductions can occur due to technical
learning and capital/labour substitution. For example, capital
LQYHVWPHQW FRVWV IRU D KLJKSUHVVXUH GLUHFWJDVL¿FDWLRQ
combined-cycle plant up to 50 MW are estimated to fall from
over 2000 US$/kW to around 1100 US$/kW by 2030, with
operating costs, including delivered fuel supply, also declining
to give possible generation costs down to 0.03 US$/kWh
(Martinot et al., 2005; Specker, 2006; EIA/DOE, 2006).
Commercial small-scale options using steam turbines, Stirling
engines, organic Rankin-cycle systems etc. can generate power
for up to 0.12 US$/kWh, but with the opportunity to further
reduce the capital costs by mass production and experience.
4.3.3.4

Geothermal

*HRWKHUPDO UHVRXUFHV IURP ORZHQWKDOS\ ¿HOGV ORFDWHG LQ
sedimentary basins of geologically stable platforms have long
been used for direct heat extraction for building and district
heating, industrial processing, domestic water and space heating,
leisure and balneotherapy applications. High-quality highHQWKDOS\¿HOGV ORFDWHGLQJHRG\QDPLFDOO\DFWLYHUHJLRQVZLWK
high-temperature natural steam reached by drilling at depths
less than 2 km) where temperatures are above 250ºC allow for
direct electricity production using binary power plants (with
ORZERLOLQJSRLQWWUDQVIHUÀXLGVDQGKHDWH[FKDQJHUV RUJDQLF
Rankin-cycle systems or steam turbines. Plant capacity factors
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range from 40 to 95%, with some therefore suitable for base
load (WEC, 2004b). Useful heat and power produced globally
is around 2 EJ/yr (Table 4.2).
Fields of natural steam are rare. Most are a mixture of steam
DQG KRW ZDWHU UHTXLULQJ VLQJOH RU GRXEOHÀDVK V\VWHPV WR
separate out the hot water, which can then be used in binary
plants or for direct use of the heat (Martinot et al., 2005).
Binary systems have become state-of-the-art technologies but
RIWHQZLWKDGGLWLRQDOFRVW5HLQMHFWLRQRIWKHÀXLGVPDLQWDLQVD
constant pressure in the reservoir and hence increases the life of
WKH¿HOGDVZHOODVRYHUFRPLQJDQ\FRQFHUQVDWHQYLURQPHQWDO
impacts. Sustainability concerns relating to land subsidence,
heat-extraction rates exceeding natural replenishment (Bromley
and Currie, 2003), chemical pollution of waterways (e.g. with
arsenic), and associated CO2 emissions have resulted in some
geothermal power-plant permits being declined. This could be
partly overcome by re-injection techniques. Deeper drilling up
to 8 km to reach molten rock magma resources may become
cost effective in future. Deeper drilling technology could also
help to develop widely abundant hot dry rocks where water is
LQMHFWHG LQWR DUWL¿FLDOO\ IUDFWXUHG URFNV DQG KHDW H[WUDFWHG DV
steam. Pilot schemes exist but tend not to be cost effective at
this stage. In addition, the growth of ground-to-air heat pumps
for heating buildings (Chapter 6) is expected to increase.
Capital costs have declined by around 50% from the 3000–
5000 US$/kW in the 1980s for all plant types (with binary cycle
plants being the more costly). Power-generation costs vary with
KLJKDQGORZHQWKDOS\¿HOGVVKDOORZRUGHHSUHVRXUFHVL]HRI
¿HOGUHVRXUFHSHUPLWFRQGLWLRQVWHPSHUDWXUHRIUHVRXUFHDQG
the applications for any excess heat (IEA, 2006d; Table 4.7).
Operating costs increase if CO2 emissions released either entail
a carbon charge or require CCS.
Several advanced energy-conversion technologies are
becoming available to enhance the use of geothermal heat,
including combined-cycle for steam resources, trilateral cycles
IRUELQDU\WRWDOÀRZUHVRXUFHVUHPRWHGHWHFWLRQRIKRW]RQHV
during exploration, absorption/regeneration cycles (e.g., heat
pumps) and improved power-generation technologies (WEC,
2004c). Improvements in characterizing underground reservoirs,
ORZFRVWGULOOLQJWHFKQLTXHVPRUHHI¿FLHQWFRQYHUVLRQV\VWHPV
and utilization of deeper reservoirs are expected to improve the
uptake of geothermal resources as will a decline in the market
value for extractable co-products such as silica, zinc, manganese
and lithium (IEA, 2006d).
4.3.3.5

Solar thermal electric

The proportion of solar radiation that reaches the Earth’s
surface is more than 10,000 times the current annual global
energy consumption. Annual surface insolation varies with
latitude, ranging between averages of 1000 W/m2 in temperate
regions and 1200 W/m2 in low-latitude dry desert areas.
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Concentrating solar power (CSP) plants are categorized
DFFRUGLQJWRZKHWKHUWKHVRODUÀX[LVFRQFHQWUDWHGE\SDUDEROLF
WURXJKVKDSHG PLUURU UHÀHFWRUV ± VXQV FRQFHQWUDWLRQ 
central tower receivers requiring numerous heliostats (500–1000
VXQV RUSDUDEROLFGLVKVKDSHGUHÀHFWRUV ±VXQV 
7KHUHFHLYHUVWUDQVIHUWKHVRODUKHDWWRDZRUNLQJÀXLGZKLFK
in turn, transfers it to a thermal power-conversion system based
on Rankine, Brayton, combined or Stirling cycles. To give a
secure and reliable supply with capacity factors at around 50%
rising to 70% by 2020 (US DOE, 2005), solar intermittency
problems can be overcome by using supplementary energy
from associated natural gas, coal or bioenergy systems (IEA,
2006g) as well as by storing surplus heat.
Solar thermal power-generating plants are best sited at lower
latitudes in areas receiving high levels of direct insolation.
In these areas, 1 km2 of land is enough to generate around
125 GWh/yr from a 50 MW plant at 10% conversion of solar
energy to electricity (Philibert, 2004). Thus about 1% of the
world’s desert areas (240,000 km2), if linked to demand centres
E\ KLJKYROWDJH '& FDEOHV FRXOG LQ WKHRU\ EH VXI¿FLHQW WR
meet total global electricity demand as forecast out to 2030
(Philibert, 2006; IEA, 2006b). CSP could also be linked with
desalination in these regions or used to produce hydrogen fuel
or metals.
The most mature CSP technology is solar troughs with a
PD[LPXP SHDN HI¿FLHQF\ RI  LQ WHUPV RI FRQYHUVLRQ RI
direct solar radiation into grid electricity. Tower technology
has been successfully demonstrated by two 10 MW systems
in the USA with commercial development giving long-term
levelized energy costs similar to trough technology. Advanced
technologies include troughs with direct steam generation,
Fresnel collectors, which can reduce costs by 20%, energy
storage including molten salt, integrated combined-cycle
systems and advanced Stirling dishes. The latter are arousing
renewed interest and could provide opportunities for further
cost reductions (WEC, 2004d; IEA 2004b).
Technical potential estimates for global CSP vary widely
from 630 GWe installed by 2040 (Aringhoff et al., 2003) to
4700 GWe by 2030 (IEA, 2003h; Table 4.2). Installed capacity
is 354 MWe from nine plants in California ranging from
14 to 80 MWe with over 2 million m2 of parabolic troughs.
Connected to the grid during 1984–1991, these generate
around 400 GWh/yr at 100–126 US$/MWh (WEC, 2004d).
New projects totalling over 1400 MW are being constructed or
planned in 11 countries including Spain (500 MW supported by
a new feed-in tariff) (ESTIA, 2004; Martinot et al., 2005) and
,VUDHOIRUWKH¿UVWRIVHYHUDO0:SODQWV 6DJLH 7KH
$IULFDQ'HYHORSPHQW%DQNKDV¿QDQFHGD0:FRPELQHG
cycle plant in Morocco that will generate 55 GWh/yr, and two
new Stirling dish projects totalling 800 MWe planned for the
Mojave Desert, USA (ISES, 2005) are estimated to generate
at below 90 US$/MWh (Stirling, 2005). Installed capacity of
21.5 GWe, if reached by 2020, would produce 54.6 TWh/yr
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with a further possible increase leading towards 5% coverage
of world electricity demand by 2040.
4.3.3.6

Solar photovoltaic (PV)

Electricity generated directly by utilizing solar photons to
create free electrons in a PV cell is estimated to have a technical
potential of at least 450,000 TWh/yr (Renewables, 2004; WEC,
2004d). However, realizing this potential will be severely
limited by land, energy-storage and investment constraints.
Estimates of current global installed peak capacity vary widely,
including 2400 MW (Greenpeace, 2004); 3100 MW (Maycock,
2003); >4000MW generating more than 21 TWh (Martinot
et al., 2005) and 5000 MW (Greenpeace, 2006). Half the
potential may be grid-connected, primarily in Germany, Japan
and California, and grow at annual rates of 50–60% in contrast
to more modest rates of 15–20% for off-grid PV. Expansion is
taking place at around 30% per year in developing countries
where around 20% of all new global PV capacity was installed
in 2004, mainly in rural areas where grid electricity is either not
available or unreliable (WEC, 2004c). Decentralized generation
by solar PV is already economically feasible for villages with
long distances to a distribution grid and where providing basic
lighting and radio is socially desirable. Annual PV module
production grew from 740 MW in 2003 to 1700 MW in 2005,
with new manufacturing plant capacity built to meet growing
demand (Martinot et al., 2005). Japan is the world market
leader, producing over half the present annual production (IEA,
2003f). However, solar generation remains at only 0.004% of
total world power.
Most commercially available solar PV modules are based
on crystalline silicon cells with monocrystalline at up to 18%
HI¿FLHQF\ KDYLQJ  RI WKH PDUNHW VKDUH 3RO\FU\VWDOOLQH
FHOOVDWXSWRHI¿FLHQF\DUHFKHDSHUSHU:p (peak Watt)
and have 56.3% market share. Modules costing 3–4 US$/Wp
can be installed for around 6–7 US$/Wp from which electricity
can be generated for around 250 US$/MWh in high sunshine
regions (US Climate Change Technology Program, 2005). Cost
reductions are expected to continue (UNDP, 2000; Figure 4.11),
partly depending on the future world price for silicon; solarFHOO HI¿FLHQF\ LPSURYHPHQWV DV D UHVXOW RI 5 ' LQYHVWPHQW
mass production of solar panels and learning through project
experience. Costs in new buildings can be reduced where PV
systems are designed to be an integral part of the roof, walls or
even windows.
Thinner cell materials have prospects for cost reduction,
LQFOXGLQJWKLQ¿OPVLOLFRQFHOOV RIPDUNHWVKDUHLQ 
WKLQ¿OPFRSSHULQGLXPGLVHOHQLGHFHOOV RIPDUNHWVKDUH 
SKRWRFKHPLFDO FHOOV DQG SRO\PHU FHOOV &RPPHUFLDO WKLQ¿OP
FHOOVKDYHHI¿FLHQFLHVXSWREXW±VKRXOGEHIHDVLEOH
within the next few years. Experimental multilayer cells have
UHDFKHG KLJKHU HI¿FLHQFLHV EXW WKHLU FRVW UHPDLQV KLJK:RUN
to reduce the cost of manufacturing, using low-cost polymer
materials, and developing new materials such as quantum

dots and nano-structures, could allow the solar resource to be
more fully exploited. Combining solar thermal and PV powergeneration systems into one unit has good potential as using the
heat produced from cooling the PV cells would make it more
HI¿FLHQW %DNNHUet al., 2005).
4.3.3.7

Solar heating and cooling

Solar heating and cooling of buildings can reduce
conventional fuel consumption and reduce peak electricity
ORDGV%XLOGLQJVFDQEHGHVLJQHGWRXVHHI¿FLHQWVRODUFROOHFWLRQ
for passive space heating and cooling (Chapter 6), active heating
RIZDWHUDQGVSDFHXVLQJJOD]HGDQGFLUFXODWLQJÀXLGFROOHFWRUV
and active cooling using absorption chillers or desiccant
regeneration (US Climate Change Technology Program, 2003).
There is a risk of lower performance due to shading of windows
or solar collectors by new building construction or nearby
WUHHV/RFDOµVKDGLQJ¶UHJXODWLRQVFDQSUHYHQWVXFKFRQÀLFWVE\
identifying a protected ‘solar envelope’ (Duncan, 2005). A wide
range of design measures, technologies and opportunities are
covered by the IEA Solar Heating and Cooling implementing
agreement (www.iea-shc.org).
Active systems of capturing solar energy for direct heat are
used mainly in small-scale, low-temperature, domestic hot water
installations; heating of building space; swimming pools; crop
drying; cook stoves; industrial processes; desalination plants
and solar-assisted district heating. The estimated annual global
solar thermal-collector yield of domestic hot water systems
alone is around 80 TWh (0.3 EJ) with the installations growing
by 20% per year. Annual solar thermal energy use depends on
the area of collectors in operation, the solar radiation levels
available and the technologies used including both unglazed
and glazed systems. Unglazed collectors, mainly used to heat
swimming pools in the USA and Europe, represented about 28
million m2 in 2003.
More than 130 million m2 of glazed collector area was
installed worldwide by the end of 2003 to provide around 0.5 EJ
of heat from around 91 GWth capacity (Weiss et al., 2005). In
2005, around 125 million m2 (88 GWth) of active solar hotwater collectors existed, excluding swimming pool heating
(Martinot et al, 2005). China is the world’s largest market for
glazed domestic solar hot-water systems with 80% of annual
global installations and existing capacity of 79 million m2
(55 GWth) at the end of 2005. Most new installations in China
are now evacuated-tube in contrast with Europe (the secondODUJHVWPDUNHW ZKHUHPRVWFROOHFWRUVDUHÀDWSODWH =KDQJet
al., 2005). Domestic solar hot-water systems are also expanding
rapidly in other developing countries. Estimated annual
HQHUJ\ \LHOGV IRU JOD]HG ÀDWSODWH FROOHFWRUV UDQJH EHWZHHQ
400 kWh/m2 in Germany and 1000 kWh/m2 in Israel (IEA,
2004d). In Austria, annual solar yields were estimated to be
300 kWh/m2 for unglazed, 350 kWh/m2 IRU ÀDWSODWH DQG
550 kWh/m2 for evacuated tube collectors (Weiss et al., 2005).
The retail price for a solar water heater unit for a family home
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differs with location and any government support schemes.
Installed costs range from around 700 US$ in Greece for a
thermo-siphon system with a 2.4 m2 collector and 150 L tank,
to 2300 US$ in Germany for a pumped system with antifreeze
device. Systems manufactured in China are typically 200–
300 US$ each.

coastline exceeds 30 kW/m, giving a technical potential of
around 500 GW assuming offshore wave-energy devices have
HI¿FLHQF\7KHWRWDOHFRQRPLFSRWHQWLDOLVHVWLPDWHGWREH
well below this (WEC, 2004d) with generating cost estimates
around 80–110 US$/MWh highly uncertain, since no truly
commercial scale plant exists (IEA, 2006d).

Nearly 100 commercial solar cooling technologies exist
in Europe, representing 24,000 m2 with a cooling power
of 9 MWth. High potential energy savings compared with
conventional electric vapour-pressure air-conditioning systems
do not offset the higher costs (Philibert and Podkanski, 2005).

Extracting electrical energy from marine currents could
yield in excess of 10 TWh/yr (0.4 EJ/yr) if major estuaries
ZLWKODUJHWLGDOÀXFWXDWLRQVFRXOGEHWDSSHGEXWFRVWHVWLPDWHV
range from 450–1350 US$/MWh (IEA, 2006a). A 1 km-stretch
of permanent turbines built in the Agulhas current off the coast
of South Africa, for example, could give 100 MW of power
1HO +RZHYHUHQYLURQPHQWDOHIIHFWVRQWLGDOPXGÀDWV
wading birds, invertebrates etc. would need careful analysis. In
order for these new technologies to enter the market, sustained
government and public support is needed.

4.3.3.8

Ocean energy

The potential marine-energy resource of wind-driven waves,
gravitational tidal ranges, thermal gradients between warm
surface water and colder water at depths of >1000 m, salinity
gradients, and marine currents is huge (Renewables, 2004),
but what is exploitable as the economic potential is low. All
the related technologies (with the exception of three tidalrange barrages amounting to 260 MW, including La Rance that
has generated 600 GWh/yr since 1967) are at an early stage
of development with the only two commercial wave-power
projects totalling 750 kW. To combat the harsh environment,
installed costs are usually high. The marine-energy industry is
now in a similar stage of development to the wind industry in
the 1980s (Carbon Trust, 2005). Since oceans are used by a
range of stakeholders, siting devices will involve considerable
consultation.

Ocean thermal and saline gradient energy-conversion
systems remain in the research stage and it is still too early to
estimate their technical potential. Initial applications have been
for building air conditioning (www.makai.com/p-pipelines/)
for desalination in open- and hybrid-cycle plants using surface
FRQGHQVHUV DQG LQ IXWXUH FRXOG EHQH¿W WURSLFDO LVODQG QDWLRQV
where power is presently provided by expensive diesel
generators.
4.3.4

Energy carriers include electricity and heat as well as solid,
liquid and gaseous fuels. They occupy intermediate steps in
the energy-supply chain between primary sources and end-use
applications. An energy carrier is thus a transmitter of energy.
For reasons of both convenience and economy, energy carriers

The best wave-energy climates (Figure 4.16) have deepwater power densities of 60–70 kW/m but fall to about 20 kW/m
at the foreshore. Around 2% of the world’s 800,000 km of
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have shown a continual shift from solids to liquids and more
recently from liquids to gases (WEC, 2004b), a trend that is
H[SHFWHG WR FRQWLQXH $W SUHVHQW DERXW RQH WKLUG RI ¿QDO
energy carriers reach consumers in solid form (as coal and
biomass, which are the primary cause of many local, regional
and indoor air-pollution problems associated with traditional
domestic uses); one third in liquid form (consisting primarily
of oil products used in transportation); and one third through
distribution grids in the form of electricity and gas. The share
of all grid-oriented energy carriers could increase to about one
half of all consumer energy by 2100.
New energy carriers such as hydrogen (Section 4.3.4.3)
will only begin to make an impact around 2050, whereas the
development of smaller scale decentralized energy systems and
micro-grids (Section 4.3.8) could occur much sooner (Datta et
al., 2002; IEA, 2004d). Technology issues surrounding energy
carriers involve the conversion of primary to secondary energy,
transporting the secondary energy, in some cases storing it prior
to use, and converting it to useful end-use applications (Figure
4.17).
Where a conversion process transforms primary energy near
the source of production (e.g. passive solar heating) a carrier
is not involved. In other cases, such as natural gas or woody

biomass, the primary-energy source also becomes the carrier
and also stores the energy. Over long distances, the primary
transportation technologies for gaseous and liquid materials
are pipelines, shipping tankers and road tankers; for solids
they are rail wagons, boats and trucks, and for electricity wire
conductors. Heat can also be stored but is normally transmitted
over only short distances of 1–2 km.
Each energy-conversion step in the supply chain invokes
additional costs for capital investment in equipment, energy
losses and carbon emissions. These directly affect the ability of
DQHQHUJ\SDWKWRFRPSHWHLQWKHPDUNHWSODFH7KH¿QDOEHQH¿W
cost calculus ultimately determines market penetration of an
energy carrier and hence the associated energy source and enduse technology.
Hydrocarbon substances produced from fossil fuels and
biomass are utilized widely as energy carriers in solid, slurry,
liquid or gaseous forms (Table 4.3). Coal, oil, natural gas and
biomass can be used to produce a variety of synthetic liquids
and gases for transport fuels, industrial processes and domestic
KHDWLQJDQGFRRNLQJLQFOXGLQJSHWUROHXPSURGXFWVUH¿QHGIURP
crude oil. Liquid hydrocarbons have relatively high energy
densities that are superior for transport and storage properties.

- Accessibility
- Availability
- Acceptability

End-uses
industry, metallurgy/chemicals/pulp & paper
households, heat/lighting/appliances
traffic, car/heavy/public/rail/sea/air

Carriers

electricity
heat

liquid fuels
gasoline/diesel/kerosene
ethanol, methanol
crude oil
natural gas
coal
peat
biomass, residues & waste
bioproducts, cultivated
hydro
wind
solar radiation
nuclear

natural gas
hydrogen

gases

[}+_ _

coal, peat, wood chips & pellets solid fuels

Convenience, cost, and efficiency (Accessibility)
Quality, reliability (Availability)
Emissions (Acceptability)

Sources

Figure 4.17: Dynamic interplay between energy sources, energy carriers and energy end-uses.
Energy sources are shown at the lower left; carriers in the middle; and end-uses at the upper right. Important intersections are noted with circles, small blue for transformations
to solid energy carriers and small pink to liquid or gaseous carriers. Large green circles are critical transformations for future energy systems.
Source: WEC, 2004a.
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Table 4.3: Energy carriers of hydrocarbon substances.
Energy carriers of secondary energy

I

Primary energy

Solid

Slurry

Coal

Pulverized coal
Coke

Liquid
Coal to liquid (CTL)
Synthetic fuel

Coal gas
Producer gas
Blast furnace gas
Water gas
Gasiﬁed fuel
Hydrogen

Oil

Oil reﬁnery products

Oil gas
Synthetic gas
Hydrogen

Natural gas

LNG, LPG
Gas to liquid (GTL)
GTL alcoholics
Di-methyl ethers

Methane
Hydrogen

Methanol
Ethanol
Biodiesel esters
Di-methyl ethers

Methane
Producer gas
Hydrogen

Biomass

4.3.4.1

Coal/water mix
Coal/oil mix

Gas

Wood residues
Energy crops
Refuse derived fuel (RDF)

Electricity

Electricity is the highest-value energy carrier because it is
clean at the point of use and has so many end-use applications
to enhance personal and economic productivity. It is effective
as a source of motive power (motors), lighting, heating and
cooling and as the prerequisite for electronics and computer
systems. Electricity is growing faster as a share of energy enduses (Figure 4.18) than other direct-combustion uses of fuels
with the result that electricity intensity (Electricity/GDP) has
remained relatively constant even though the overall globalenergy intensity (Energy/GDP) continues to decrease. If
HOHFWULFLW\ LQWHQVLW\ FRQWLQXHV WR GHFUHDVH GXH WR HI¿FLHQF\
increases, future electricity demand could be lower than
otherwise forecast (Sections 4.4.4 and 11.3.1).
0.45

I
I

Life-cycle GHG-emission analyses of power-generation
plants (WEC 2004a; Vattenfall, 2005; Dones et al., 2005; van
de Vate, 2002; Spadaro, 2000; Uchiyama and Yamamoto, 1995;
Hondo, 2005) show the relatively high CO2 emissions from
fossil-fuel combustion are 10–20 times higher than the indirect
emissions associated with the total energy requirements for
plant construction and operation during the plant’s life (Figure
4.19). Substitution by nuclear or renewable energy decreases
carbon emissions per kWh by the difference between the fullHQHUJ\FKDLQ HPLVVLRQ FRHI¿FLHQWV DQG DOORZLQJ IRU YDU\LQJ
plant-capacity factors (WEC 2004a; Sims et al., 2003a). The
DYHUDJHWKHUPDOHI¿FLHQF\IRUHOHFWULFLW\JHQHUDWLRQSODQWVKDV
improved from 30% in 1990 to 36% in 2002, thereby reducing
GHG emissions.
(OHFWULFLW\ JHQHUDWHG IURP WUDGLWLRQDO FRDO¿UHG VWHDP
power plants is expected to be displaced over time with more
advanced technologies such as CCGT or advanced coal to reduce
WKHSURGXFWLRQRI*+* DQGLQFUHDVHWKHRYHUDOOHI¿FLHQF\ RI
energy use. Previous IPCC (2001) and WEC (2001) scenarios
suggested that nuclear, CCGT and CCS could become dominant
electricity-sector technologies early this century (Section 4.4).
Although CCS can play a role, its potential may be limited and
hence some consider it as a transitional bridging technology.
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Figure 4.18: Ratio of electricity to total primary energy in the US since 1900.
Source: EPRI, 2003.
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Heat, whether from fossil fuels or renewable energy, is a
FULWLFDOHQHUJ\VRXUFHIRUDOOHFRQRPLHV,WVHI¿FLHQWXVHFRXOG
play an important role in the development of transition and
developing economies (UN, 2004; IEA, 2004e). It is used in
LQGXVWULDO SURFHVVHV IRU IRRG SURFHVVLQJ SHWUROHXP UH¿QLQJ
timber drying, pulp production, etc. (Chapter 7), as well as in
commercial and residential buildings for space heating, hot
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Figure 4.19: GHG emissions for alternative electricity-generation systems.
Notes: 1 tCO2 –eq/GWh = 0.27 tC –eq/GWh. Hydro does not include possible
GHG emissions from reservoirs (Section 4.3.3.1)
Source: WEC, 2004b

water and cooking (Chapter 6). Many industries cogenerate
both heat and electricity as an integral part of their production
process (Section 4.3.5; Chapter 7), in most cases being used
on-site, but at times sold for other uses off-site such as district
heating schemes.
Heating and cooling using renewable energy (Section
4.3.3.7) can compete with fossil fuels (IEA, 2006f). In some
LQVWDQFHVWKHEHVWXVHRIPRGHUQELRPDVVZLOOEHFR¿ULQJZLWK
coal at blends up to 5–10% biomass or with natural gas.
Heat pumps can be used for simple air-to-air space heating,
air-to-water heating, and for utilizing waste heat in domestic,
commercial and industrial applications (Chapter 6). Thermodynamically reverse Carnot-cycle heat pumps are more demandside technologies but also linked with sustainable energy
supply by concentrating low-grade solar heat in air and water.
7KHLUHI¿FLHQF\LVHYDOXDWHGE\WKHFRHI¿FLHQWRISHUIRUPDQFH
(COP), with COPs of 3 to 4 available commercially and over
6 using advanced turbo-refrigeration (www.mhi.co.jp/aircon/).
A combination of CCGT with advanced heat-pump technology
could reduce carbon emissions from supplying heat more than
XVLQJDFRQYHQWLRQDOJDV¿UHG&+3SODQWRIVLPLODUFDSDFLW\

Liquid and gaseous fuels

Coal, natural gas, petroleum and biomass can all be used
to produce a variety of liquid fuels for transport, industrial
processes, power generation and, in some regions of the world,
domestic heating. These include petroleum products from crude
oil or coal; methanol from coal or natural gas; ethanol and fatty
DFLGHVWHUV ELRGLHVHO IURPELRPDVVOLTXH¿HGQDWXUDOJDVDQG
synthetic diesel fuel and di-methyl ether from coal or biomass.
2IWKHVHFUXGHRLOLVWKHPRVWHQHUJ\HI¿FLHQWIXHOWRWUDQVSRUW
RYHUORQJGLVWDQFHVIURPVRXUFHWRUH¿QHU\DQGWKHQWRGLVWULEXWH
to product demand points. After petrol, diesel oil and other
OLJKW DQG PHGLXP GLVWLOODWHV DUH H[WUDFWHG DW WKH UH¿QHU\ WKH
residues are used to produce bitumen and heavy fuel oil used as
DQHQHUJ\VRXUFHIRULQGXVWULDOSURFHVVHVRLO¿UHGSRZHUSODQWV
and shipping.
Gaseous fuels provide a great deal of the heating requirements
in the developed world and increased use can lead to lower
GHG and air-pollution emissions.
Hydrogen
Realizing hydrogen as an energy carrier depends on low-cost,
KLJKHI¿FLHQF\PHWKRGVIRUSURGXFWLRQWUDQVSRUWDQGVWRUDJH
Most commercial hydrogen production today is based on steam
reforming of methane, but electrolysis of water (especially
using carbon-free electricity from renewable or nuclear energy)
or splitting water thermo-chemically may be viable approaches
in the future. Electrolysis may be favoured by development of
fuel cells that require a low level of impurities. Current costs of
electrolysers are high but declining. Producing hydrogen from
fossil fuels on a large scale will need integration of CCS if GHG
emissions are to be avoided. A number of routes to produce
hydrogen from solar energy are also technically feasible (Figure
4.20).
Hydrogen has potential as an energy-storage medium
for electricity production or transport fuel when needed.
The prospects for a future hydrogen economy will depend

SOLAR ENERGY
heat

biomass

conversion

mechanical energy
electricity
thermolysis

electrolysis

photolysis

HYDROGEN
Figure 4.20: Routes to hydrogen-energy carriers from solar-energy sources.
Source: EPRI, 2003
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on developing competitively priced fuel cells for stationary
applications or vehicles, but fuel cells are unlikely to become
fully commercial for one or two decades. International
cooperative programmes, such as the IEA Hydrogen
Implementing Agreement (IEA, 2005f), and more recently the
International Partnership for the Hydrogen Economy (www.
iphe.net) aim to advance RD&D on hydrogen and fuel cells
across the application spectrum (IEA, 2003g; EERE, 2005).
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Hydrogen fuel cells may eventually become commercially
viable electricity generators, but because of current costs,
complexity and state of development, they may only begin to
penetrate the market later this century (IEA, 2005g). Ultimately,
hydrogen fuel could be produced in association with CCS
leading to low-emission transport fuels. Multi-fuel integratedenergy systems or ‘energyplexes’ (Yamashita and Barreto,
2005) could co-produce electricity, hydrogen and liquid fuels
ZLWK RYHUDOO KLJKFRQYHUVLRQ HI¿FLHQFLHV ORZ HPLVVLRQV DQG
also facilitating CCS. FutureGen is a US initiative to build the
ZRUOG¶V¿UVWLQWHJUDWHG&&6DQGK\GURJHQSURGXFWLRQUHVHDUFK
power plant (US DOE, 2004).
4.3.5

%

kg CO2/MWh

1000

Figure 4.21: Carbon dioxide emissions and conversion efﬁciencies of selected coal
and gas-ﬁred power generation and CHP plants.
Note: CHP coal- ﬁred and CHP gas-ﬁred assume more of the available heat is
utilized from coal than from gas to both give 80%.

Combined heat and power (CHP)

Up to two thirds of the primary energy used to generate
electricity in conventional thermal power plants is lost in the
form of heat. Switching from condensing steam turbines to CHP
(cogeneration) plants produces electricity but captures the excess
heat for use by municipalities for district heating, commercial
buildings (Chapter 6) or industrial processes (Chapter 7). CHP is
usually implemented as a distributed energy resource (Jimison,
2004), the heat energy usually coming from steam turbines and
internal combustion engines. Current CHP designs can boost
RYHUDOO FRQYHUVLRQ HI¿FLHQFLHV WR RYHU  OHDGLQJ WR FRVW
VDYLQJV 7DEOH DQGKHQFHWRVLJQL¿FDQWFDUERQHPLVVLRQV
reductions per kWh generated. About 75% of district heat in
Finland, for example, is provided from CHP plants with typical
RYHUDOODQQXDOHI¿FLHQFLHVRI± +HO\QHQ 
CHP plants can range from less than 5 kWe from micro-gasWXUELQHVIXHOFHOOVJDVL¿HUVDQG6WLUOLQJHQJLQHV :KLVSHUJHQ
2005) to 500 MWe. A wide variety of fuels is possible including

biomass (Kirjavainen et al., 2004), with individual installations
accepting more than one fuel. A well-designed and operated
&+3 VFKHPH ZLOO SURYLGH EHWWHU HQHUJ\ HI¿FLHQF\ WKDQ D
conventional plant, leading to both energy and cost savings
(UNEP, 2004; EDUCOGEN, 2001). Besides the advantage
RI FRVW UHGXFWLRQV EHFDXVH RI KLJKHU HI¿FLHQF\ &+3 KDV WKH
HQYLURQPHQWDOEHQH¿WRIUHGXFLQJ±J&22/kWh, given a
fossil-fuel baseline for the heat and electricity generation.
4.3.6

Carbon dioxide capture and storage (CCS)

The potential to separate CO2 from point sources, transport
it and store it in isolation from the atmosphere was covered in
an IPCC Special Report (IPCC, 2005). Uncertainties relate to
proving the technologies, anticipating environmental impacts
and how governments should incentivise uptake, possibly by
regulation (OECD/IEA, 2005) or by carbon charges, setting a
price on carbon emissions. Capture of CO2 can best be applied

Table 4.4: Characteristics of CHP (cogeneration) plants

I

Capacity MW

Electrical efﬁciency
(%)

Overall efﬁciency (%)

Any combustible

0.5-500

17-35

60-80

Gas turbine

Gasous & liquid

0.25-50+

25-42

65-87

Combined cycle

Gasous & liquid

3-300+

35-55

73-90

Diesel and Otto engines

Gasous & liquid

0.003-20

25-45

65-92

Micro-turbines

Gasous & liquid

0.05-0.5

15-30

60-85

Fuel cells

Gasous & liquid

0.003-3+

37-50

85-90

Stirling engines

Gasous & liquid

0.003-1.5

30-40

65-85

Technology

Fuel

Steam turbine
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to large carbon point sources including coal-, gas- or biomass¿UHGHOHFWULFSRZHUJHQHUDWLRQRUFRJHQHUDWLRQ &+3 IDFLOLWLHV
major energy-using industries, synthetic fuel plants, natural
JDV ¿HOGV DQG FKHPLFDO IDFLOLWLHV IRU SURGXFLQJ K\GURJHQ
ammonia, cement and coke. Potential storage methods include
injection into underground geological formations, in the deep
RFHDQ RU LQGXVWULDO ¿[DWLRQ DV LQRUJDQLF FDUERQDWHV )LJXUH
4.22). Application of CCS for biomass sources (such as when
FR¿UHGZLWKFRDO FRXOGUHVXOWLQWKHQHWUHPRYDORI&22 from
the atmosphere.

Other studies show a more rapid deployment starting around
the same time, but with continuous expansion even towards
the end of the century (IPCC, 2005). Yet other studies show
QRVLJQL¿FDQWXVHRI&&6XQWLOUHO\LQJPRUHRQHQHUJ\
HI¿FLHQF\ DQG UHQHZDEOH HQHUJ\ ,3&&   /RQJWHUP
analyses by use of integrated assessment models, although
XVLQJDVLPSOL¿HGFDUERQF\FOH 5HDGDQG/HUPLW6PLWK
2006b), indicated that a combination of bioenergy technologies
together with CCS could decrease costs and increase attainability
of low stabilization levels (below 450 ppmv).

Injection of CO2 in suitable geological reservoirs could lead
to permanent storage of CO2. Geological storage is the most
mature of the storage methods, with a number of commercial
projects in operation. Ocean storage, however, is in the research
phase and will not retain CO2 permanently as the CO2 will
re-equilibrate with the atmosphere over the course of several
FHQWXULHV,QGXVWULDO¿[DWLRQWKURXJKWKHIRUPDWLRQRIPLQHUDO
carbonates requires a large amount of energy and costs are high.
6LJQL¿FDQWWHFKQRORJLFDOEUHDNWKURXJKVZLOOEHQHHGHGEHIRUH
deployment can be considered.

New power plants built today could be designed and located
to be CCS-ready if rapid deployment is desired (Gibbins et
al., 2006). All types of power plants can be made CCS-ready,
although the costs and technical measures vary between different
types of power plants. However, beyond space reservation for
the capture, installation and siting of the plant to enable access
WR VWRUDJH UHVHUYRLUV VLJQL¿FDQW FDSLWDO SUHLQYHVWPHQWV DW
EXLOGWLPHGRQRWDSSHDUWREHMXVWL¿HGE\WKHFRVWUHGXFWLRQV
that can be achieved (Bohm, 2006; Sekar, 2005). Although
JHQHULF RXWOLQH HQJLQHHULQJ VWXGLHV IRU UHWUR¿WWLQJ FDSWXUH
technologies to natural-gas GTCC plants have been undertaken,
detailed reports on CCS-ready plant-design studies are not yet
in the public domain.

Estimates of the role CCS will play over the course of the
century to reduce GHG emissions vary. It has been seen as a
‘transitional technology’, with deployment anticipated from
2015 onwards, peaking after 2050 as existing heat and powerplant stock is turned over, and declining thereafter as the
decarbonization of energy sources progresses (IEA, 2006a).

Storage of CO2 can be achieved in deep saline formations,
oil and gas reservoirs and deep unminable coal seams using
injection and monitoring techniques similar to those utilized by

Figure 4.22: CCS systems showing the carbon sources for which CCS might be relevant, and options for the transport and storage of CO2.
Source: IPCC, 2005.
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the oil and gas industry. Of the different types of potential storage
formations, storage in coal formations is the least developed.
If injected into suitable saline formations or into oil and gas
¿HOGVDWGHSWKVEHORZPYDULRXVSK\VLFDODQGJHRFKHPLFDO
trapping mechanisms prevent the CO2 from migrating to the
surface. Projects in all kinds of reservoirs are planned.
6WRUDJH FDSDFLW\ LQ RLO DQG JDV ¿HOGV VDOLQH IRUPDWLRQV
and coal beds is uncertain. The IPCC (IPCC, 2005) reported
675 to 900 GtCO2 for the relatively well-characterized gas
DQG RLO ¿HOGV PRUH WKDQ *W&22 (possibly up to an
order of magnitude higher) for saline formations, and up to
200 GtCO2 for coal beds. Bradshaw et al. (2006) highlighted
the incomparability of localized storage-capacity data that use
different assumptions and methodologies. They also criticized
any top-down estimate of storage capacity not based on a
detailed site characterization and a clear methodology, and
emphasized the value of conservative estimates. In the literature,
KRZHYHUVSHFL¿FHVWLPDWHVZHUHEDVHGRQWRSGRZQGDWDDQG
varied beyond the range cited in the IPCC (2005). For instance,
a potential of >4000 GtCO2 was reported for saline formations
in North America alone (Dooley et al., 2005) and between 560
and 1170 GtCO2IRULQMHFWLRQLQRLODQGJDV¿HOGV 3ORXFKDUWet
al., 2006). Agreement on a common methodology for storage
capacity estimates on the country- and region-level is needed to
give a more reliable estimate of storage capacities.
Biological removal of CO2 from an exhaust stream is
possible by passing the stack emissions through an algae or
bacterial solution in sunlight. Removal rates of 80% for CO2 and
86% for NOX have been reported, resulting in the production
of 130,000 litres/ha/yr of biodiesel (Greenfuels 2004) with
residues utilized as animal feed. Other unconventional
biological approaches to CCS or fuel production have been
reported (Greenshift, 2005; Patrinos, 2006). Another possibility
is the capture of CO2 from air. Studies claim costs less than
75 US$/tCO2 and energy requirements of a minimum of 30%
using a recovery cycle with Ca(OH)2 as a sorbent. However, no
experimental data on the complete process are yet available to
demonstrate the concept, its energy use and engineering costs.
Before the option of ocean injection can be deployed,
VLJQL¿FDQW UHVHDUFK LV QHHGHG LQWR LWV SRWHQWLDO ELRORJLFDO
impacts to clarify the nature and scope of environmental
consequences, especially in the longer term (IPCC, 2005).
Concerns surrounding geological storage include the risk of
seismic activity causing a rapid release of CO2 and the impact
of old and poorly sealed well bores on the storage integrity
RI GHSOHWHG RLO DQG JDV ¿HOGV 5LVNV LQ &22 transportation
include rupture or leaking of pipelines, possibly leading to the
accumulation of a dangerous level of CO2 in the air. Dry CO2 is
not corrosive to pipelines even if it contains contaminants, but
it becomes corrosive when moisture is present. Any moisture
therefore needs to be removed to prevent corrosion and avoid
the high cost of constructing pipes made from corrosionresistant material. Transport of CO2 by ship is feasible under
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VSHFL¿FFRQGLWLRQVEXWLVFXUUHQWO\FDUULHGRXWRQO\RQDVPDOO
scale due to limited demand (IPCC, 2005).
&ODUL¿FDWLRQ RI WKH QDWXUH DQG VFRSH RI ORQJWHUP
environmental consequences of ocean storage requires further
research (IPCC, 2005). Concerns around geological storage
include rapid release of CO2 as a consequence of seismic
activity and the impact of old and poorly sealed well bores
RQ WKH VWRUDJH LQWHJULW\ RI GHSOHWHG RLO DQG JDV ¿HOGV 5LVNV
are estimated to be comparable to those of similar operations
(IPCC, 2005). For CO2 pipelines, accident numbers reported
are very low, although there are risks of rupture or leaking
leading to local accumulation of CO2 in the air to dangerous
levels (IPCC, 2005).
4.3.6.1

Costs

Cost estimates of the components of a CCS system vary
widely depending on the base case and the wide range of source,
transport and storage options (Table 4.5). In most systems,
the cost of capture (including compression) is the largest
component, but this could be reduced by 20–30% over the
next few decades using technologies still in the research phase
as well as by upscaling and learning from experience (IPCC,
2005). The extra energy required is a further cost consideration.
CO2VWRUDJHLVHFRQRPLFDOO\IHDVLEOHXQGHUFRQGLWLRQVVSHFL¿F
to enhanced oil recovery (EOR), and in saline formations,
DYRLGLQJFDUERQWD[FKDUJHVIRURIIVKRUHJDV¿HOGVLQ1RUZD\
Pipeline transport of CO2 operates as a mature market technology
(IPCC, 2005), costing 1–5 US$/tCO2 per 100 km (high end for
very large volumes) (IEA, 2006a). Several thousand kilometres
of pipelines already transport 40 Mt/yr of CO2 to EOR projects.
The costs of transport and storage of CO2 could decrease slowly
as technology matures further and the plant scale increases.
4.3.7

Transmission, distribution, and storage

A critical requirement for providing energy at locations
where it is converted into useful services is a system to move
WKH FRQYHUWHG HQHUJ\ HJ UH¿QHG SURGXFWV HOHFWULFLW\ KHDW 
and store it ready for meeting a demand. Any leakage or losses
(Figure 4.23) result in increased GHG emissions per unit of
useful consumer energy delivered as well as lost revenue.
Electricity transmission networks cover hundreds of
kilometres and have successfully provided the vital supply
chain link between generators and consumers for decades. The
fundamental architecture of these networks has been developed
to meet the needs of large, predominantly fossil fuel-based
generation technologies, often located remotely from demand
centres and hence requiring transmission over long distances to
provide consumers with energy services.
Transmission and distribution networks account for 54%
of the global capital assets of electric power (IEA, 2004d).
Aging equipment, network congestion and extreme peak load
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Table 4.5: Current cost ranges for the components of a CCS system applied to a given type of power plant or industrial source

ICCS system components

I

Cost range

Remarks

Capture from a coal- or gas-ﬁred power plant

15-75 US$/tCO2 net captured

Net costs of captured CO2 compared to the same plant
without capture

Capture from hydrogen and ammonia
production or gas processing

5-55 US$/tCO2 net captured

Applies to high-purity sources requiring simple drying and
compression

Capture from other industrial sources

25-115 US$/tCO2 net captured

Range reﬂects use of a number of different technologies
and fuels

Transport

1-8 US$/tCO2 transported

Per 250 km pipeline or shipping for mass ﬂow rates of 5
(high end) to 40 (low end) MtCO2/yr.

Geological storagea

0.5-8 US$/tCO2 net injected

Excluding potential revenues from EOR or ECBM.

Geological storage: monitoring and
veriﬁcation

0.1-0.3 US$/tCO2 injected

This covers pre-injection, injection, and post-injection
monitoring, and depends on the regulatory requirements

Ocean storage

5-30 US$/tCO2 net injected

Including offshore transportation of 100–500 km, excluding
monitoring and veriﬁcation

Mineral carbonation

50-100 US$/tCO2 net mineralized

Range for the best case studied. Includes additional
energy use for carbonation

a Over the long term, there may be additional costs for remediation and liabilities
Source: IPCC, 2005.

demands contribute to losses and low reliability, especially in
developing countries, such that substantial upgrading is often
required. Existing infrastructure will need to be modernized to
improve security, information and controls, and to incorporate
low-emission energy systems. Future infrastructure and control
systems will need to become more complex in order to handle
higher, more variable loads; to recognize and dispatch smallscale generators; and to enable the integration of intermittent
and decentralized sources without reduced system performance
DV LW UHODWHV WR KLJKHU ORDG ÀRZ IUHTXHQF\ RVFLOODWLRQV DQG
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Figure 4.23: Comparison of net electricity production per 1000MWe of installed
capacity for a range of power-generation technology systems in Japan.
Note: Analysed over a 30-year plant life, and showing primary fuel-use efﬁciency losses and
transmission losses assuming greater distances for larger scale plants. Transport and distribution losses were taken as 4% for fossil fuel and bioenergy, 7% for nuclear.
Source: Data updated from Uchiyama, 1996.

Superconducting cables, sensors and rapid response controls
that could help to reduce electricity costs and line losses are
all under development. Superconductors may incorporate
hydrogen as both cryogenic coolant and energy carrier.
System management will be improved by providing advanced
information on grid behaviour; incorporating devices to route
FXUUHQWÀRZVRQWKHJULGLQWURGXFHUHDOWLPHSULFLQJDQGRWKHU
demand-side technologies including smart meters and better
system planning. The energy security challenges that many
OECD countries currently face from technical failures, theft,
physical threats to infrastructure and geopolitical actions are
concerns that can be overcome in part by greater deployment of
distributed energy systems to change the electricity-generation
landscape (IEA, 2006g).

I

I

I

Biomass-IGCC

I

voltage quality (IEA, 2006a). New networks being built
should have these features incorporated, though due to private
investors seeking to minimize investment costs, this is rarely
WKHFDVH7KHGHPDQGVRIIXWXUHV\VWHPVPD\EHVLJQL¿FDQWO\
less than might be otherwise anticipated through increased use
of distributed energy (IEA, 2003c).

Energy storage

Energy storage allows the energy-supply system to operate
more or less independently from the energy-demand system.
It addresses four major needs: utilizing energy supplies when
short-term demand does not exist; responding to short-term
ÀXFWXDWLRQV LQ GHPDQG VWDWLRQDU\ RU PRELOH  UHFRYHULQJ
wasted energy (e.g. braking in mobile applications), and
meeting stationary transmission expansion requirements
(Testor et al., 2005). Storage is of critical importance if variable
low-carbon energy options such as wind and solar are to be
better utilized, and if existing thermal or nuclear systems are
287
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WREHRSWLPL]HGIRUSHDNSHUIRUPDQFHLQWHUPVRIHI¿FLHQFLHV
and thus emissions. Advanced energy-storage systems include
PHFKDQLFDO À\ZKHHOVSQHXPDWLF HOHFWURFKHPLFDO DGYDQFHG
batteries, reversible fuel cells, hydrogen), purely electric
or magnetic (super- and ultra-capacitors, superconducting
magnetic storage), pumped-water (hydro) storage, thermal
(heat) and compressed air. Adding any of these storage systems
QHFHVVDULO\GHFUHDVHVWKHHQHUJ\HI¿FLHQF\RIWKHHQWLUHV\VWHP
:(& G  2YHUDOO F\FOH HI¿FLHQFLHV WRGD\ UDQJH IURP
IRUSXPSHGK\GURWRRYHUIRUÀ\ZKHHOVDQGVXSHU
capacitors (Testor et al., 2005). Electric charge carriers such as
vanadium redox batteries and capacitors are under evaluation
but have low energy density and high cost. Cost and durability
(cycle life) of the high-technology systems remains the big
challenge, possibly to be met by more advanced materials
and fabrication. Energy storage has a key role for small local
systems where reliability is an important feature.
4.3.8

Decentralized energy

Decentralized (or distributed) energy systems (DES) located
close to customer loads often employ small- to medium-scale
facilities to provide multiple-energy services referred to as
‘polygeneration’. Grid-connected DES are already commercial
in both densely populated urban markets requiring supply
reliability and peak shedding as well as in the form of minigrids in rural markets with high grid connection costs and
abundant renewable energy resources. Diesel-generating sets
are an option, but will generally emit more CO2 per kWh than
a power grid system. Renewable-energy systems connected
to the grid or used instead of diesel gensets will reduce GHG
emissions. The merits of DES include:
v reduced need for costly transmission systems and shorter
times to bring on-stream;
v substantially reduced grid power losses over long
transmission distances resulting in deferred costs for
upgrading transmission and distribution infrastructure
capacity to meet a growing load;
v improved reliability of industrial parks, information
technology and data management systems including stock
markets, banks and credit card providers where outages
would prove to be very costly (IEA, 2006g);
v proximity to demand for heating and cooling systems which,
for fossil fuels, can increase the total energy recovered from
40–50% up to 70–85% with corresponding reductions in
CO2 emissions of 50% or more;
v zero-carbon, renewable energy sources such as solar, wind
and biomass are widely distributed and useful resources for
DES. However, developing decentralized mini-power grids
LV XVXDO SUDFWLFH LI WKHVH VRXUFHV DUH WR PDNH VLJQL¿FDQW
local contributions to electricity supply and emission
reductions.
There are added expenses, power limitations and reliability
issues with DES. The World Alliance for Decentralized Energy
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(WADE, 2005) reported that at the end of 2004, just 7.2% of
global electric power generation was supplied by decentralized
systems, having a total capacity of 281.9 GWe. Capacity of
DES expanded by 11.4% between 2002 and 2004, much of it as
combined heat and power (CHP) using natural gas or biomass
to combine electric power generation with the capture and
use of waste heat for space heating, industrial and residential
hot water, or for cooling. Growth in the USA, where capacity
stands at 80 GWe, has been relatively slow because of regulatory
barriers and the rising price of natural gas. The European
market is expected to expand following the 2003 Cogeneration
Directive from the European Commission, while India has
added decentralized generation to enhance system reliability.
Brazil, Australia and elsewhere are adding CHP facilities that
use bagasse from their sugar and ethanol processing. Brazil has
the potential to generate 11% of its electricity from this source.
China is also adding small amounts of decentralized electric
power in some of its major cities (50 GWe in 2004), but central
power still dominates. Japan is promoting the use of natural
gas-fuelled CHP with a target of almost 5000 MW by 2010 to
save over 11 MtCO2 (Kantei, 2006). In 2005, 24% of global
electricity markets from all newly installed power plants were
claimed to be from DES (WADE, 2006).
The trend towards DES is growing, especially for distributed
electricity generation (DG), in which local energy sources (often
renewable) are utilized or energy is carried as a fuel to a point at
or near the location of consumption where it is then converted to
electricity and distributed locally. As well as wind, geothermal
and biomass-fuelled technologies, DG systems can use a wide
range of fuels to run diesel generators, gas engines, small and
micro-turbines, and Stirling engines with power outputs down
to <1 kWe and widely varying power-heat output ratios between
1:3 and 1:36 (IEA, 2006a). The motive power of a vehicle to
supply electricity could be used. Hydrogen (Section 4.3.4.3),
FRXOG IXHO PRGL¿HG LQWHUQDO FRPEXVWLRQ HQJLQHV WR SURYLGH D
near-term option, or fuel cells in the longer term (Gehl, 2004).
$FULWLFDOREMHFWLYHKRZHYHUZLOOEHWR¿UVWLQFUHDVHWKHSRZHU
density of fuel cells, reduce the installed costs and store the
hydrogen safely.
Small-to-medium CHP systems at a scale of 1–40 MWe
are in common use as the heat can be usefully employed on
site or locally. CCS systems will probably not be economic at
such a small scale. Mass production of technologies as demand
increases will help reduce the current high costs of around
5000 US$/kWe for many small systems. Reciprocating engine
generator sets are commercially available; micro CHP Stirling
engine systems are close to market (Whispergen, 2005) and fuel
FHOOVZLWKWKHKLJKHVWSRZHUKHDWUDWLRQHHGVLJQL¿FDQWFDSLWDO
cost reductions.
The recent growth in DG technologies, mainly dieselgeneration based, to provide reliable back-up systems, is
apparent in North America (Figure 4.24). Technology advances
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on site to provide process heat and power. This is covered in
Chapter 7.
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Figure 4.24: Recent growth in distributed electricity generation using fossil-fuel
resources in North America.
Source: EPRI, 2003.

may encourage the emergence of a new generation of highervalue energy services, including power quality and informationrelated services based on fuel cells with good reliability.
Flexible alternating-current transmission systems (FACTS)
are now being employed as components using information
technology (IT) and solid-state electronics to control power
ÀRZ1XPHURXVJHQHUDWRUVFDQWKHQEHFRQWUROOHGE\WKHXWLOLW\
or line company to match the ever-changing load demand.
Improved grid stability can result from appliances such as
cool stores shedding load and generation plants starting up
in response to system frequency variations. In addition, price
sensitivities and real-time metering could be used to stimulate
selected appliances to be used off-peak. IT could provide a better
quality product and services for customers, but in itself may not
reduce emissions if say peak load is switched to base load and
the utility uses gas for peaking plants and coal for base-load
plants. It could, however, enable the greater integration of more
low-carbon-emitting technologies into the grid. The intermittent
nature of many forms of renewable energy may require some
form of energy storage or the use of a mix of energy sources
and load responses to provide system reliability. To optimize
the integration of intermittent renewable energy systems, IT
could be used to determine generator preference and priority
through a predetermined merit order based on both availability
and market price.
4.3.9

Recovered energy

Assessing future costs and potentials across the range
of energy-supply options is challenging. It is linked to the
uncertainties of political support initiatives, technological
development, future energy and carbon prices, the level of
private and public investment, the rate of technology transfer and
public acceptance, experience learning and capacity building
and future levels of subsidies and support mechanisms. Just
one such example of the complexity of determining the cost,
potential and period before commercial delivery of a technology
is the hydrogen economy. It encompasses all these uncertainties
leading to considerable debate on its future technical and
economic potential, and indeed whether a hydrogen economy
will ever become feasible at all, and if so, when (USCCTP,
2005; IEA, 2003b).
%LRHQHUJ\ DOVR H[HPSOL¿HV WKH GLI¿FXOWLHV ZKHQ DQDO\VLQJ
current costs and potentials for a technology as it is based
on a broad range of energy sources, geographic locations,
technologies, markets and biomass-production systems. In
addition, future projections are largely dependent upon RD&D
success and economies of plant scale. Bioethanol from lignocellulose, for example, has been researched for over three
decades with little commercial success to date. So there can be
little certainty over the timing of future successes despite the
recent advances of several novel biotechnology applications.
Energy technological learning is nevertheless an established
fact (WEC, 2001; Johansson, 2004; Section 2.7) and gives some
FRQ¿GHQFHLQSURMHFWLRQVIRUIXWXUHPDUNHWSHQHWUDWLRQ
4.4.1.

Carbon dioxide emissions from energy
supply by 2030

A few selected baseline (IEA 2006b, WEO Reference; SRES
A1; SRES B2 (Table 4.1); ABARE Reference) and policy
mitigation scenarios (IEA 2006b, WEO Alternative policy;
ABARE Global Technology and ABARE Global Technology
+CCS) out to 2030 illustrate the wide range of possible future
energy-sector mixes (Figure 4.25). They give widely differing
views of future energy-supply systems, the primary-energy
mix and the related GHG emissions. Higher energy prices (as
experienced in 2005/06), projections that they will remain high
(Section 4.3.1) or current assessments of CCS deployment rates
(Section 4.3.6) are not always included in the scenarios. Hence,
more recent studies (for example IEA 2006b, IEA 2006d;
Fisher, 2006) are perhaps more useful for evaluating future
energy supply potentials, though they still vary markedly.

Surplus heat generated during the manufacturing process by
some industries such as fertilizer manufacturing, can be used
289
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The ABARE global model, based on an original version
SURGXFHGIRUWKH$VLD3DFL¿F3DUWQHUVKLS 86$XVWUDOLD-DSDQ
China, India, Korea) (Fisher, 2006), is useful for mitigation
analysis as it accounts for both higher energy prices and CCS
opportunities. However, it does not separate ‘modern biomass’
from ‘other renewables’, and the modellers had also assumed that
&&6ZRXOGSOD\DPRUHVLJQL¿FDQWPLWLJDWLRQUROHDIWHU
rather than by the 2030 timeframe discussed here. The reference
case (‘Ref’ in Figure 4.25) is a projection of key economic,
energy and technology variables assuming the continuation of
current or already announced future government policies and
QRVLJQL¿FDQWVKLIWVLQFOLPDWHSROLF\7KH*OREDO7HFKQRORJ\
scenario (ABARE ‘Tech’) assumed that development and
WUDQVIHU RI DGYDQFHG HQHUJ\HI¿FLHQW WHFKQRORJLHV ZLOO
occur at an accelerated rate compared with the reference
case. Collaborative action from 2006 was assumed to affect
technology development and transfer between several leading
developed countries and hence lead to more rapid uptake of
advanced technologies in electricity, transport and key industry
sectors. The ‘Tech+CCS’ scenario assumed similar technology
developments and transfer rates for electricity, transport and
key industry sectors, but in addition CCS was utilized in all
QHZFRDODQGJDV¿UHGHOHFWULFLW\JHQHUDWLRQSODQWIURP
in US, Australia and Annex I countries and from 2020 in China,
India and Korea.
(EJ/yr)

(52.6)
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values in brackets
in Gt CO2-eq
(37.5)
40.4

700
600
500
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200

(49.5) (34.1)
(51.7)
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(26.1)
hydro
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300

(58.3)
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reference

IEA
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ABARE
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A1 Ref. Tech.Tech WEO
+CCS. Altern.
Biomass combined
with other
renewables

Figure 4.25: Indicative comparison of selected primary energy-supply baseline
(reference) and policy scenarios from 2004 to 2030 and related total energy-related
emissions in 2004 and 2030 (GtCO2-eq)
Note: The IEA (2006b) Beyond Alternative Policy scenario (not shown) depicts
that energy-related emissions could be reduced to 2004 levels.
Source: Based on IEA, 2006b; IPCC, 2001; Price and de la Rue du Can, 2006; Fisher, 2006.
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Table 4.6: Estimated carbon dioxide emissions from fossil-fuel use in the energy
sector for 2002 and 2030 (MtCO2 /yr).

I

2002

2030

Transport (includes marine bunkers)

5999

10631

Industry, of which:

9013

13400

Electricity
Heat:

- coal
- oil
- gas

Buildings, of which:
Electricity
Heat:

- coal
- oil
- gas

Total

4088

6667

2086
1436
1403

2413
2098
2222

8967

14994

5012

9607

495
1841
1618

356
2693
2338

23979a

39025

I

a

WEO, 2006 (IEA 2006b, unavailable at the time of the analysis) gives total CO2
emissions as 26,079 MtCO2 for 2004
Source: Price and de la Rue du Can, 2006.

4.4.2

Cost analyses

This section places emphasis on the costs and mitigation
potentials of the electricity-supply sector. Heat and CHP
SRWHQWLDOVDUHPRUHGLI¿FXOWWRGHWHUPLQHGXHWRODFNRIDYDLODEOH
data, and transport potentials are analysed in Chapter 5.
Cost estimates are sensitive to assumptions used and
inherent data inconsistencies. They vary over time and with
location and chosen technology. There is a tendency for some
countries, particularly where regulations are lax, to select the
cheapest technology option (at times using second-hand plant)
regardless of total emission or environmental impact (Royal
Academy of Engineering, 2004; Sims et al, 2003a). Here, based
upon full life-cycle analyses in the literature, only broad cost
FRPSDULVRQVDUHSRVVLEOHGXHWRWKHZLGHYDULDWLRQVLQVSHFL¿F
site costs and variations in labour charges, currency exchange
rates, discount rates used, and plant capacity factors. Cost
uncertainties in the electricity sector also exist due to the rate
of market liberalization and the debate over the maximum level
of intermittent renewable energy sources acceptable to the grid
without leading to reliability issues and needing costly backup.
One analysis compared the levelized investment, operations
and maintenance (O&M), fuel and total generation costs from
FRDO¿UHGJDV¿UHGQXFOHDUZLQGDQGK\GUR
power plants, either operational or planned in several countries
(IEA/NEA, 2005). The technologies and plant types included
several units under construction or due to be commissioned
before 2015, but for which cost estimates had been developed
through paper studies or project bids (Figure 4.27). The
economic competitiveness of selected electricity-generation
V\VWHPV GHSHQGV XSRQ SODQWVSHFL¿F IHDWXUHV 7KH SURMHFWHG
total levelized generation cost ranges tend to overlap (Figure
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Figure 4.26: Predicted world energy sources to meet growing demand by 2030 based on updated SRES B2 scenario.
Note: Related CO2 emissions from coal, gas and oil are also shown, as well as resources in 2004 (see Figure 4.4) and their depletion between 2004 and 2030 (vertical
bars to the left). The resource efﬁciency ratio by which fast-neutron technology increases the power-generation capability per tonne of natural uranium varies greatly
from the OECD assessment of 30:1 (OECD, 2006b). In this diagram the ratio used is up to 240:1 (OECD, 2006c).
Source: IPCC, 2001; IIASA 1998

4.27) showing that under favourable circumstances, and given
possible future carbon charge additions, all technologies can be
HFRQRPLFDOO\MXVWL¿HGDVDFRPSRQHQWLQDGLYHUVL¿HGHQHUJ\
technology portfolio.
Construction cost assumptions ranged between 1000 and
1500 US$/kWe for coal plants; 400 and 800 US$/kW for CCGT;
1000 and 2000 US$/kW for wind; 1000 and 2000 US$/kW for
nuclear and 1400 and 7000 US$/kW for hydro. Capacity factors
of 85% were adopted for coal, gas and nuclear as baseload; 50%
for hydro; 17 to 38% for onshore wind-power plants, and 40 to
45% for offshore wind. The costs of nuclear waste management
and disposal, refurbishing and decommissioning were accounted
for in all the studies reviewed, but remain uncertain. For example,
decommissioning costs of a German pressurized water reactor
ZHUH¼N:EHLQJRIWKHFDSLWDOLQYHVWPHQWFRVWV ,($
NEA, 2005). A further study, however, calculated life-cycle costs

of nuclear power to be far higher at between 47 and 70 US$/MWh
by 2030 (MIT, 2003). Another cost comparison between coal,
JDVDQGQXFOHDURSWLRQVEDVHGXSRQ¿YHVWXGLHV :1$E 
showed that nuclear was up to 40% more costly than coal or gas
in two studies, but cheaper in the other three. Such projected
FRVWV GHSHQG RQ FRXQWU\ DQG SURMHFWVSHFL¿F FRQGLWLRQV DQG
variations in assumptions made, such as the economic lifetime
of the plants and capacity factors. For example, nuclear and
renewable energy plants could become more competitive if gas
and coal prices rise and if the externality costs associated with
CO2 emissions are included.
In this regard, a European study (EU, 2005) evaluated
external costs for a number of power-generation options
(Figure 4.28) emphasizing the zero- or low-carbon-emitting
EHQH¿WVRIQXFOHDUDQGUHQHZDEOHVDQGUHLQIRUFLQJWKHEHQH¿WV
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Figure 4.27: Projected power-generating levelized costs for actual and planned coal (C), gas (G) nuclear (N), wind (W) and hydro (H) power plants with assumed capital interest rates of 5 or 10%.
Notes: Bars depict 10 and 90 percentiles and lines extend to show minimum and maximum estimates. Other analyses provide different cost ranges (Table 4.7), exemplifying the uncertainties resulting from the discount rates and other underlying assumptions used.
Source: IEA/NEA, 2005.

RI&+3V\VWHPV 6HFWLRQ  HYHQWKRXJKRQO\OHVVHI¿FLHQW
small-scale CHP plants were included in the analysis). This
comparison highlights the value from conducting full life-cycle

analyses when comparing energy-supply systems and costs
(Section 4.5.3).
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Table 4.7: The technical potential energy resource and ﬂuxes available, potential associated carbon and projected costs (US$ 2006) in 2030 for a range of energy
resources and carriers.

Technical
potential EJa

Approximate
inherent carbon
(GtC)

Present energy
costsc
US$ (2005)

Oil

10,000-35,000e

200-1300

Natural gas

18,000-60,000

Energy resources
and carriers

Coal
Nuclear power
Hydro > 10MW
Solar PV
Solar CSP
Wind
Geothermal
Ocean
Biomass -

Projected costs in 2030
Investment
US$/Wed

Generation
US$/MWh

~9/GJ
~50/bbl
~48/MWh

n/a

50-100

170-860

~5-7/GJ
~37/MWh

0.2-0.8

40-60
+CCS 60-90

EIA/DOE, 2006
IPCC, 2005

130,000

3500

~3-4.5/GJ
~20/MWh

0.4-1.4

40-55
+CCS 60-85

EIA/DOE, 2006
IPCC, 2005

7400 (220,000)f

*b

10-120

1.5-3.0

25-75

1250

*

20-100/MWh

1.0-3.0

30-70

40,000

*

250-1600/MWh

0.6-1.2

60-250

50

*

120-450/MWh

2.0-4.0

50-180

15,000

*

40-90 MWh

0.4-1.2

30-80

50

*

40-100/MWh

1.0-2.0

30-80

large

*

80-400/MWh

?

70-200

Modern 9

6000

30-120/MWh

0.4-1.2

30-100

heat and power

Additional
references
Wall Street Journal,
daily commodity
prices

IAEA, 2006
Figures 4.27, 4.28

8-12/GJ

Biofuels

1.2

*

8-30/GJ

?

23-75 c/l

Hydrogen carrier

0.1

?

50/GJ

?

?

Chapter 5, Figure 5.9
US NAE, 2004

Notes:
a From Table 4.2. Generalized potential for extractable energy: for fossil fuels the remaining extractable resources; for renewable energy likely cumulative by 2030
b * = small amount
c Prices volatile. Include old and new plants operating in 2006. Electricity costs for conversion efﬁciencies of 35% for fossil, nuclear and biomass
d Excluding carbon dioxide capture and storage
e Includes probable and unconventional oil and gas reserves
f At 130 US$/kg and assuming all remaining uranium, either used in once-through thermal reactors or recycled through light-water reactors and in fast reactors utilizing
depleted uranium and the plutonium produced (in parentheses)
Source: Data from IEA, 2005a; IEA, 2006b; Johansson et al., 2004; IEA, 2004a; Fisher, 2006; IIASA/WEC, 1998; MIT, 2003.

$ VXPPDU\ RI FRVWHVWLPDWH UDQJHV IRU WKH VSHFL¿F
technologies as discussed in Section 4.3 is presented in Table 4.7.
Costs and technical potentials out to 2030 show that abundant
supplies of primary-energy resources will remain available.
Despite uncertainty due to the wide range of assumptions,
UHQHZDEOHHQHUJ\ÀX[HVDQGXUDQLXPUHVRXUFHVDUHLQVXI¿FLHQW
supply to meet global primary-energy demands well past 2030
(Table 4.7). Proven and probable fossil-fuel reserves are also
large, but concern over environmental impacts from combusting
them could drive a transition to non-carbon energy sources. The
speed of such a transition occurring depends, inter alia, on a
number of things: how quickly investment costs can be driven
GRZQFRQ¿UPDWLRQWKDWIXWXUHOLIHF\FOHFRVWDVVHVVPHQWVIRU
nuclear power, CCS and renewables are realistic; true valuation
of externality costs and their inclusion in energy prices; and
what policies are established to improve energy security and
reduce GHG emissions (University of Chicago, 2004).

4.4.3

Evaluation of costs and potentials for lowcarbon, energy-supply technologies

As there are several interactions between the mitigation
options that have been described in Section 4.3, the following
sections assess the aggregated mitigation potential of the energy
sector in three steps based on the literature and using the World
Energy Outlook 2004 ‘Reference’ scenario as the baseline
(IEA, 2004a):
v The mitigation potentials in excess of the baseline are
TXDQWL¿HG IRU D QXPEHU RI WHFKQRORJLHV LQGLYLGXDOO\
(Sections 4.4.3.1–4.4.3.6).
v A mix of technologies to meet the projected electricity
demand by 2030 is compiled for OECD, EIT and non-OECD/
EIT country regions (Section 4.4.4) assuming competition
EHWZHHQ WHFKQRORJLHV LPSURYHG HI¿FLHQF\ RI FRQYHUVLRQ
over time and that real-world constraints exist when
building new (additional and replacement) plants and
infrastructure.
v The interaction of the energy supply sector with end-use
power demands from the building and industry sectors is
293
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Table 4.8: Baseline data from the World Energy Outlook 2004 Reference scenario.
Primary-energy fuel
consumed for heat and
electricity production in
2030
(EJ/yr)

Primary-energy fuel
consumed for electricity
in 2030a
(EJ /yr)

Final electricity
demand in 2030
(TWh/yr)

Increase in new
power demand 2002
to 2030
(TWh)

Total emissions from
electricity in 2030
(GtCO2-eq/yr)

118.6

115.4

14,244

4,488

5.98

29.3

22.1

2,468

983

1.17

Non-OECD

128.5

125.3

14,944

10,111

8.62

World

276.4

262.8

31,656

15,582

15.77

OECD
EIT

a Final electricity generation was based on the electrical efﬁciencies calculated from 2002 data (IEA, 2004a Appendix 1) including a correction for the share of ﬁnal heat
in the total ﬁnal energy consumption (see Chapter 11).

Source: IEA, 2004a.

then analysed (Section 11.3). Any savings of electricity and
KHDWUHVXOWLQJIURPWKHXSWDNHRIHQHUJ\HI¿FLHQF\PHDVXUHV
will result in some reduction in total demand for energy, and
hence lower the mitigation potential of the energy supply
sector.
Mitigation in the electricity supply sector can be achieved by
RSWLPL]DWLRQRIJHQHUDWLRQSODQWFRQYHUVLRQHI¿FLHQFLHVIRVVLO
fuel switching, substitution by nuclear power (Section 4.3.2)
and/or renewable energy (4.3.3) and by CCS (4.3.6). These
low-carbon energy technologies and systems are unlikely to be
widely deployed unless they become cheaper than traditional
generation or if policies to support their uptake (such as carbon
pricing or government subsidies and incentives) are adopted.
The costs (Table 4.7) and mitigation potentials for the major
HQHUJ\VXSSO\WHFKQRORJLHVDUHFRPSDUHGDQGTXDQWL¿HGRXWWR
2030 based on assumptions taken from the literature, particularly
the recent IEA Energy Technology Perspectives (ETP) report
(IEA, 2006a). The assessment of the electricity-supply sector
potentials are partly based on the TAR assessment2 but use
more recent data and revised assumptions. Heat and CHP
SRWHQWLDOV 6HFWLRQ ZHUHGLI¿FXOWWRDVVHVVDVUHOLDEOHGDWD
are unavailable. For this reason the IEA aggregates commercial
heat with power (IEA, 2004a, 2005a, 2006b). An estimate of
the potential mitigation from increased CHP uptake by industry
by 2050 was 0.2–0.4 GtCO2 (IEA, 2006a), but is uncertain so
heat is not included here.
The 2030 electricity sector baseline (Table 4.8; IEA, 2004a)
was chosen because the SRES B2 scenario (Figure 4.26)
SURYLGHG LQVXI¿FLHQWGHWDLO DQG WKH ODWHVW:(2 ,($ E 
had not been published at the time. Estimates of the 2030 global
demand for power are disaggregated for OECD, EIT, and nonOECD/EIT regions. The WEO 2004 baseline assumed that the
44% of coal in the power-generation primary fuel mix in 2002
would change to 42% by 2030; oil from 8% to 4%; gas 21% to

2

29%; nuclear 18% to 12%; hydro would remain the same at 6%
(using the direct equivalent method); biomass 2% to 4%, and
other renewables 1% to 3%.
7KLV DQDO\VLV TXDQWL¿HV WKH PLWLJDWLRQ SRWHQWLDO DW WKH
high end of the range for each technology by 2030 above the
baseline. It assumes each technology will be implemented as
much as economically and technically possible, but is limited
by the practical constraints of stock turnover, rate of increase of
manufacturing capacity, training of specialist expertise, etc. The
assumptions used are compared with other analyses reported
in the literature. Since, in reality, each technology will be
constrained by what will be happening elsewhere in the energysupply sector, they could never reach this total ‘maximum’
potential collectively, so these individual potentials cannot be
directly added together to obtain a projected ‘real’ potential.
Further analysis based on a possible future mix of generation
technologies is therefore provided in Section 4.4.4 and further
in Chapter 11, accounting for energy savings reducing the total
demand. Emission factors per GJ primary fuel for CO2, N2O
and CH4 (IPCC, 1997) were used in the analysis but the nonCO2 gases accounted for less than 1% of emissions.


3ODQWHI¿FLHQF\DQGIXHOVZLWFKLQJ

Reductions in CO2 emissions can be gained by improving
WKHHI¿FLHQF\RIH[LVWLQJSRZHUJHQHUDWLRQSODQWVE\HPSOR\LQJ
more advanced technologies using the same amount of fuel. For
example, a 27% reduction in emissions (gCO2/kWh) is possible
E\UHSODFLQJDHI¿FLHQWFRDO¿UHGVWHDPWXUELQHZLWKD
HI¿FLHQWSODQWXVLQJDGYDQFHGVWHDPSXOYHUL]HGFRDOWHFKQRORJ\
(Table 4.9). Replacing a natural gas single-cycle turbine with a
combined cycle (CCGT) of similar output capacity would help
reduce CO2 emissions per unit of output by around 36%.
6ZLWFKLQJ IURP FRDO WR JDV LQFUHDVHV WKH HI¿FLHQF\ RI WKH
power plant because of higher operating temperatures, and

The TAR (IPCC, 2001) estimated potential emission reductions of 1.3–2.5 GtCO2 (0.35–0.7 GtC) by 2020 for less than 27 US$/tCO2 (100 US$/tC) based on fuel switching from
coal to gas; deployment of nuclear, hydro, geothermal, wind, biomass and solar thermal; the early uptake of CCS; and co-ﬁring of biomass with coal.
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Table 4.9: Reduction in CO2 emission coefﬁcient by fuel substitution and energy conversion efﬁciency in electricity generation.

Existing generation technology

Emission
reduction per unit
of output

Mitigation substitution option

Efﬁciency
(%)

Emission
coefﬁcient
(gCO2/kWh)

Coal, steam turbine

35

973

Coal, steam turbine

35

Fuel oil, steam turbine

Efﬁciency
(%)

Emission coefﬁcient
(gCO2/kWh)

(gCO2/kWh)

Pulverised coal,
advanced steam

48

710

-263

973

Natural gas,
combined cycle

50

404

-569

35

796

Natural gas,
combined cycle

50

404

-392

Diesel oil, generator set

33

808

Natural gas,
combined cycle

50

404

-404

Natural gas, single cycle

32

631

Natural gas,
combined cycle

50

404

-227

Energy source

Switching option

Source: Danish Energy Authority, 2005.

ZKHQ XVHG WRJHWKHU ZLWK WKH PRUH HI¿FLHQW FRPELQHGF\FOH
UHVXOWV LQ HYHQ KLJKHU HI¿FLHQFLHV ,($ D  (PLVVLRQ
savings (gCO2-eq/kWh) were calculated before and after each
substitution option (based on IPCC 1996 emission factors). The
baseline scenario (IEA, 2004a) assumed a 5% CO2 reduction
from fossil-fuel mix changes (coal to gas, oil to gas etc.) and a
further 7% reduction in the Alternative Policy scenario from fuel
switching in end uses (see Chapters 6 and 7). By 2030, natural
gas CCGT plants displacing coal, new advanced steam coal
SODQWVGLVSODFLQJOHVVHI¿FLHQWGHVLJQVDQGWKHLQWURGXFWLRQRI
new coal IGCC plants to replace traditional steam plants could
provide a potential between 0.5 and 1.4 GtCO2 depending on
the timing and sequence of economics and policy measures
(IEA, 2006a). IEA analysis also showed that up to 50 GW
RI VWDWLRQDU\ JDV¿UHG IXHO FHOOV FRXOG EH RSHUDWLQJ E\ 
growing to around 3% of all power generation capacity by 2050
and giving about 0.5 Gt CO2 emissions reduction (IEA, 2006j).
This potential is uncertain, however, as it relies on appropriate
fuel-cell development and is not included here.
By 2030, a proportion of old heat and power plants will
have been replaced with more modern plants having higher
HQHUJ\ HI¿FLHQFLHV 1HZ SODQWV ZLOO DOVR KDYH EHHQ EXLOW WR
meet the growing world demand. It is assumed that after 2010

RQO\ WKH PRVW HI¿FLHQW SODQW GHVLJQV DYDLODEOH ZLOO EH EXLOW
though this is unlikely and will therefore increase future CO2
emissions above the potential reductions. The coal that could
be displaced by gas and the additional gas power generation
required is assessed by region (Table 4.10). A plant life time of
50 years; a 2%-per-year replacement rate in all regions starting
in 2010; 20% of existing coal plants replaced by 2030 and 50%
of all new-build thermal plants fuelled by gas, are among the
most relevant assumptions. The cost of fuel switching partly
depends on the difference between coal and gas prices. For
example if mitigation costs below 20 US$/tCO2-eq avoided,
this would imply a relatively small price gap between coal
DQGJDVDOWKRXJKVLQFHIXHOVZLWFKLQJWRDVLJQL¿FDQWGHJUHH
ZRXOGDIIHFWQDWXUDOJDVSULFHVDFWXDOIXWXUHFRVWVDUHGLI¿FXOW
to estimate with accuracy. Generation costs are assumed to be
±860:KIRUFRDO¿UHGDQG±860:KIRUJDV
¿UHGSRZHUSODQWV
4.4.3.2

Nuclear

Proposed and existing fossil fuel power plants could be
partly replaced by nuclear power plants to provide electricity

Table 4.10: Potential GHG emission reductions by 2030 from coal-to-gas fuel switching and improved efﬁciency of existing plant.

OECD
EIT

Cost ranges
(US$/tCO2-eq)

Coal displaced by gas and
improved efﬁciency
(EJ/yr)

Additional gas power
required
(TWh/yr)

Emissions avoided
(GtCO2-eq/yr)

Lowest

Highest

7.18

947

0.39

0

12

0.73

79

0.04

0

10

Non-OECD

10.92

1392

0.64

0

11

World

18.83

2418

1.07
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Table 4.11: Potential GHG emission reduction and cost ranges in 2030 from nuclear-ﬁssion displacing fossil-fuel power plants.
Potential contribution to
electricity mix
(%)

Additional generation
above baseline
(TWh/yr)

OECD

25

1424

EIT

25

345

Non-OECD

10

World

18

Emissions avoided
(GtCO2-eq/yr)

Cost ranges
(US$/tCO2-eq)
Lowest

Highest

0.93

-24

25

0.23

-23

22

974

0.72

-21

21

2743

1.88

Table 4.12: Potential GHG emission reduction and cost ranges in 2030 as a result of hydro power displacing fossil-fuel thermal power plants.
Additional generation
above baseline
(TWh/yr)

Net emissions
avoided
(GtCO2-eq/yr)

Lowest

Highest

OECD

15

608

0.39

-16

3

EIT

15

0

0

0

Non-OECD

20

643

0.48

-14

41

World

17

1251

0.87

and heat. Since the nuclear plant and fuel system consumes
only small quantities of fossil fuels in the fuel cycle, net CO2
HPLVVLRQVFRXOGEHORZHUHGVLJQL¿FDQWO\$VVHVVPHQWVRIIXWXUH
potential for nuclear power are uncertain and controversial.
The 2006 WEO Alternative scenario (IEA, 2006b) anticipated
a 50% increase in nuclear energy (to 4106 TWh/yr) by 2030.
The ETP report (IEA, 2006a) assumed a mitigation potential of
0.4–1.3 GtCO2 by 2030 from the construction of Generation II,
III, III+ and IV nuclear plants (Section 4.3.2). From a review
of the literature and the various scenario projections described
above (for example Figure 4.25), it is assumed that by 2030
18% of total global power-generation capacity could come from
existing nuclear power plants as well as new plants displacing
proposed new coal, gas and oil plants in proportion to their
current share of the baseline (Table 4.11). The rate of build
required is possible (given the nuclear industry’s track record
for building reactors in the 1970s) and generating costs of
25–75 US$/MWh are assumed (Section 4.4.2). However, there
is still some controversy regarding the relatively low costs
shown by comparative life-cycle analysis assessments reported
in the literature (Section 4.4.2) and used here.
4.4.3.3
Renewable energy
Fossil fuels can be partly replaced by renewable energy
sources to provide heat (from biomass, geothermal or solar) or
electricity (from wind, solar, hydro, geothermal and bioenergy
generation) or by CHP plants. Ocean energy is immature and
DVVXPHGXQOLNHO\WRPDNHDVLJQL¿FDQWFRQWULEXWLRQWRRYHUDOO
power needs by 2030. Net GHG emissions avoided are used in

3

Cost ranges
(US$/tCO2-eq)

Potential contribution to
electricity mix
(%)

0.0

the analysis since most renewable energy systems emit small
amounts of GHG from the fossil fuels used for manufacturing,
transport, installation and from any cement or steel used in their
construction. Overall, net GHG emissions are generally low
for renewable energy systems (Figure 4.19) with the possible
exception of some biofuels for transport, where fossil fuels are
used to grow the crop and process the biofuel.
Hydro
The ETP (IEA, 2006a) stated the technical potential
of hydropower to be 14,000 TWh/yr, of which around
6000 TWh/yr (56 EJ) could be realistic to develop (IHA, 2006).
The WEO Alternative scenario (IEA, 2006b) assumed an
increased share for hydro generation above baseline, reaching
4903 TWh/yr by 20303. IEA (2006a) suggested hydropower
(both small and large) could offset fossil-fuel power plants
to give a mitigation potential between 0.3–1.0 GtCO2/yr by
2030. Here it is assumed that enough existing and new sites
will be available to contribute around 5500 TWh/yr (17% of
total electricity generation) by 2030 as a result of displacing
coal, gas and oil plants based on their current share of the base
load (Table 4.12). Future costs range from 30–70 US$/MWh
for good sites with high hydrostatic heads, close proximity to
ORDGGHPDQGDQGZLWKJRRGDOO\HDUURXQGÀRZUDWHV6PDOOHU
plants and those installed in less-favourable terrain at a distance
from load could cost more. GHG emissions from construction
of hydro dams and possible release of methane from resulting
reservoirs (Section 4.3.3.1) are uncertain and not included
here.

Although nuclear (Table 4.11) and hydro both offer a similar contribution to the global electricity mix today and by 2030, their emission reduction potentials differ due to
variations in assumptions of regional shares and baseline. Estimates in the baseline were 4248 TWh yr-1 from hydro by 2030 compared with 2929 TWh yr-1 from nuclear (IEA,
2004a).
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Table 4.13: Potential GHG emission reduction and costs in 2030 from wind power displacing fossil-fuel thermal power plants.
Potential contribution to
electricity mix
(%)
OECD

Additional generation
above baseline
(TWh/yr)

Net extra emissions
reductions
(GtCO2-eq/yr)

Cost ranges
(US$/tCO2-eq)
Lowest

Highest

10

687

0.45

-16

33

EIT

5

99

0.06

-16

30

Non-OECD

5

572

0.42

-14

27

World

7

1358

0.93

Table 4.14: Potential emissions reduction and cost ranges in 2030 from bioenergy displacing fossil-fuel thermal power plants.
Potential contribution to
electricity mix
(%)

Additional generation
above baseline
(TWh/yr)

Net emissions
reductions
(GtCO2-eq/yr)

Cost ranges
(US$/tCO2-eq)
Lowest

Highest

OECD

5

307

0.20

-16

63

EIT

5

112

0.07

-16

60

10

1283

0.95

-14

54

7

2415

1.22

Non-OECD
World

Wind
The 2006 WEO Reference scenario baseline (IEA, 2006b)
assumed 1132 TWh/yr (3.3% of total global electricity) of wind
generation in 2030 rising to a 4.8% share in the Alternative
Policy scenario. However, wind industry ‘advanced’ scenarios
are more optimistic, forecasting up to a 29.1% share for wind
by 2030 with a mitigation potential of 3.1 GtCO2/yr (GWEC,
2006). The ETP mitigation potential assessment (IEA, 2006a)
for on- and offshore wind power by 2030 ranged between 0.3
and 1.0 GtCO2/yr. In this analysis on- and offshore wind power
is assumed to reach a 7% share by 2030, mainly in OECD
countries, and to displace new and existing fossil-fuel power
plants according to the relevant shares of coal, oil and gas in
the baseline for each region (Table 4.13). Intermittency issues
on most grids would not be limiting at these low levels given
suitable control and back-up systems in place. The costs are
YHU\VLWHVSHFL¿FDQGUDQJHIURP860:KRQJRRGVLWHV
to 80 US$/MWh on poorer sites that would also need to be
developed if this 7% share of the total mix is to be met.
Bioenergy (excluding biofuels for transport)
Large global resources of biomass could exist by 2030
&KDSWHUV   DQG   EXW FRQ¿GHQFH LQ HVWLPDWLQJ WKH
bioenergy heat and power potential is low since there will be
competition for these feedstocks for biomaterials, chemicals
DQG ELRIXHOV %LRHQHUJ\ LQ LWV YDULRXV IRUPV ODQG¿OO JDV
combined heat and power, biogas, direct combustion for heat
etc.) presently contributes 2.6% to the OECD power mix, 0.4%
to EIT and 1.5% to non-OECD. The WEO 2006 (IEA, 2006b)
assumed 805 TWh of biomass power generation in 2030 rising
22% to 983 TWh under the Alternative scenario to then give
3% of total electricity generation. The ETP gave a bioenergy
potential ranging between 0.1 and 0.3 GtCO2 /yr by 2030. The

baseline (IEA, 2004a) assumed biomass and waste for heat and
power generation will rise from 2% of primary fuel use (3.2 EJ)
in 2002 to 4% (10.8 EJ) by 2030.
Heat and CHP estimates are wide ranging so cannot be
included in this analysis, even though the bioenergy potential
FRXOGEHVLJQL¿FDQW+RZHYHUDQ\KHDWSUHYLRXVO\XWLOL]HGIURP
displaced coal and gas CHP plants could easily be supplied from
biomass, with more biomass available for use in stand-alone
heat plants (Chapter 11). In this analysis, a 5% share in OECD
UHJLRQV LV DVVXPHG IHDVLEOH UHO\LQJ RQ FR¿ULQJ LQ H[LVWLQJ
and new coal plants and with 7–8% of the total replacement
capacity built being bioenergy plants. In EIT regions, the
available forest biomass could be utilized to gain 5% share
and in non-OECD regions, where there are less stock turnover
issues than in the OECD, 10% of power could come from new
bioenergy plants (Table 4.14). A total potential by 2030 of 5%
is assumed based on costs of 30–100 US$/MWh. The biomass
feedstock required to meet these potentials, assuming thermalFRQYHUVLRQHI¿FLHQFLHVRI±ZRXOGEHDURXQG±(-
in OECD, 1–3 EJ in EIT, and 18–27 EJ in non-OECD regions.
Little additional bioenergy capacity above that already assumed
in the baseline is anticipated in EIT regions where only a small
contribution is expected compared with developing countries.
Small inputs of fossil fuels are often used to produce, transport
and convert the biomass (IEA, 2006h), but the same is true when
using the fossil fuels it replaces. Since both are of a similar
order of magnitude, and these emissions are already accounted
for in the overall total for fossil fuels, bioenergy is credited with
zero emissions (in compliance with IPCC guidelines).
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Table 4.15: Potential emissions reduction and cost ranges in 2030 from geothermal displacing fossil-fuel thermal power plants.
Potential contribution in
electricity mix
(%)
OECD

2

Additional geothermal
(TWh/yr)

Net emissions
avoided
(GtCO2-eq/yr)

137

0.09

Cost ranges
(US$/tCO2-eq)
Lowest

Highest

-16

33

EIT

2

44

0.03

-16

30

Non-OECD

3

413

0.31

-14

27

World

2

594

0.43

Table 4.16: Potential emission reduction and cost ranges in 2030 from solar PV and CSP displacing fossil-fuel thermal power plants.
Potential contribution to
electricity mix
(%)
OECD

1

Additional generation
above baseline
(TWh/yr)

Emissions
reductions
(GtCO2-eq/yr)

44

0.03

Cost ranges
(US$/tCO2-eq)
Lowest
61

Highest
294

EIT

1

21

0.01

60

288

Non-OECD

2

275

0.21

53

257

World

2

340

0.25

Geothermal
The installed geothermal-generation capacity of over
8.9 GWe in 24 countries produced 56.8 TWh (0.3%) of global
electricity in 2004 and is growing at around 20%/yr (Bertani,
2005) with the baseline giving 0.05% of total generation by
2030. IEA WEO 2006 (IEA, 2006b) assumed 174 TWh/yr by
2030 rising 6% to 185 TWh under the Alternative scenario. The
ETP (IEA, 2006a) gave a potential of 0.1–0.3 GtCO2-eq/yr by
2030.
In this analysis, generation costs of 30–80 US$/MWh
are assumed to provide a 2% share of the total 2030 energy
mix. Direct heat applications are not included. Although CO2
emissions are assumed to be zero, as for other renewables, this
may not always be the case depending on underground CO2
released during the heat extraction.
Solar
Concentrating solar power (CSP) and photovoltaics (PV)
can theoretically gain a maximum 1–2% share of the global
electricity mix by 2030 even at high costs. The 2006 WEO
Reference scenario (IEA, 2006b) estimated 142 TWh/yr of PV
generation in 2030 rising to 237 TWh in the Alternative scenario
but still at <1% of total generation. EPRI (2003) assessed total
PV capacity to be 205 GW by 2020 generating 282 TWh/yr or
about 1% of global electricity demand. Other analyses range
from over 20% of global electricity generation by 2040 (JägerWaldau, 2003) to 0.008% by 2030 with mitigation potential for
both PV and CSP likely to be <0.1 GtCO2 in 2030 (IEA, 2006a)
The calculated minimum costs for even the best sites resulted
in relatively high costs per tonne CO2 avoided (Table 4.16). The
baseline (IEA, 2004a) gave the total solar potential as 466 TWh
or 1.4% of total generation in 2030.
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In this analysis, generating costs from CSP plants could fall
VXI¿FLHQWO\WRFRPSHWHDWDURXQG±860:KE\
(Trieb, 2005; IEA, 2006a). PV installed costs could decline to
around 60–250 US$/MWh, the wide range being due to the
various technologies being installed on buildings at numerous
sites, some with lower solar irradiation levels. Penetration into
OECD and EIT markets is assumed to remain small with more
VXSSRUWIRUGHYHORSLQJFRXQWU\HOHFWUL¿FDWLRQ
4.4.3.4

Carbon dioxide capture and storage

In the absence of explicit policies, CCS is unlikely to be
deployed on a large scale by 2030 (IPCC, 2005). The total CO2
storage potential for each region (Hendriks et al. 2004; Table
  DSSHDUV WR EH VXI¿FLHQW IRU VWRUDJH RYHU WKH QH[W IHZ
decades, although capacity assessments are still under debate
(IPCC, 2005). The proximity of a CCS plant to a storage site
affects the cost, but this level of analysis was not considered here.
CCS does not appear in the baseline (IEA, 2004a). Penetration
by 2030 is uncertain as it depends both on the carbon price and
the rate of technological advances in costs and performance.
Coal CCS
ABARE (Fisher, 2006) suggested that worldwide by 2030,
1811 TWh/yr would be generated from coal with CCS (17 EJ);
7871 TWh (73 EJ) from coal without; 1492 TWh (14 EJ) from
gas with; and 6315 TWh (59 EJ) from gas without. CCS would
thus result in around 4.4 GtCO2 of GHG emissions avoided
in 2030 giving a 17% reduction from the reference base case
level (Figure 4.25). In contrast, the ETP mitigation assessments
for CCS with coal plants ranged between only 0.3 and 1.0
GtCO2 in 2030 (IEA, 2006a), given that commercial-scale CCS
demonstration will be needed before widespread deployment.
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Table 4.17: Potential emissions reduction and cost ranges in 2030 from CCS used with coal-ﬁred power plants.

OECD

Share of plants
with CCS
(%)

Coal-ﬁred power
generation with
CCS

9

388

Annual emissions
avoided
(GtCO2-eq/yr)
0.28

Cost ranges
(US$/tCO2-eq)

Total potential
storage volumea
(GtCO2)

Lowest

Highest

71-1025

28

42

EIT

4

14

0.01

114-1250

22

33

Non-OECD

4

253

0.20

291-3600

26

39

World

6

655

0.49

476-5875

a Hendriks

et al, 2004

Table 4.18: Potential emissions reduction and cost ranges in 2030 from CCS used with gas-ﬁred power plants.

Share of plants
with CCS
(%)
OECD

7

Gas-ﬁred power
generation with
CCS
(TWh/yr)
243

Annual emission
avoided
(GtCO2-eq/yr)
0.12

Cost ranges
(US$/tCO2-eq)

Total capture from both
coal + gas, 2015-2030
(GtCO2)

Lowest

Highest

8.37

52

79

EIT

5

78

0.03

2.03

43

64

Non-OECD

5

276

0.07

12.56

51

76

World

6

597

0.22

22.96

In this analysis, CCS is assumed to begin only after 2015 in
OECD countries and after 2020 elsewhere, linked mainly with
DGYDQFHG VWHDP FRDO SODQWV LQVWDOOHG ZLWK ÀXH JDV VHSDUDWLRQ
although these IGCC plants and oxyfuel systems are only just
entering the market (Dow Jones, 2006). Assuming a 50-year life
of coal plants (IEA, 2006a) and that 30% of new coal plants
built in OECD and 20% elsewhere will be equipped with CCS,
then the replacement rate of old plants by new designs with CCS
incorporated is 0.6% per year in OECD and 0.4% elsewhere.
7KHQ RI WRWDOQHZ DQG H[LVWLQJFRDO¿UHGSODQWVZLOOKDYH
CCS by 2030 in the OECD region and 4% elsewhere. Assuming
90% of the CO2 can be captured and a reduced fuel-to-electricity
FRQYHUVLRQHI¿FLHQF\RI OHDGLQJWROHVVSRZHUDYDLODEOH
for sale – IPCC, 2005), then the additional overall costs range
between 20 and 30 US$/MWh depending on the ease of CO2
WUDQVSRUWDQGVWRUDJHVSHFL¿FWRHDFKSODQW 7DEOH 
Gas CCS
The assumed life of a CCGT plant is 40 years, and with 20%
RIQHZJDV¿UHGSODQWVXWLOL]LQJ&&6VWDUWLQJLQLQ2(&'
countries and 2020 elsewhere, then the replacement rate of old
plants by new designs integrating CCS is 0.5% per year. By 2030
7% of all OECD gas plants will have CCS and 5% elsewhere.
Assuming 90% of the CO2LVFDSWXUHGDUHGXFWLRQRIJDV¿UHG
SRZHUSODQWFRQYHUVLRQHI¿FLHQF\RI ,3&& DQGDQ
additional overall cost ranging between 20 and 30 US$/MWh
generated, then the costs and potentials by 2030 (compared
with the IEA (2004a) baseline of no CCS) are assessed (Table
4.18). The costs for both coal and gas CCS compare well with
the IPCC (2005) range of 15–75 US$/tCO2 (Table 4.5).

4.4.3.5

Summary

The cost ranges (US$/tCO2-eq avoided) for each of the
technologies analysed in Section 4.4.3 are compared (Table
4.19). The percentage share of the total potential is shown
VSUHDG DFURVV WKH GH¿QHG FRVW FODVV UDQJHV IRU HDFK UHJLRQ
and technology. This assumes that a linear relationship exists
between the lowest and highest costs as presented in Section
4.4.3 for each technology and region.
Since each technology is assumed to be promoted
individually and crowding-out by other technologies under
real-world constraints is ignored, the potentials in Table 4.19
are independent and cannot be added together.
4.4.4

Electricity-supply sector mitigation potential
and cost of GHG emission avoidance

To provide a more realistic indication of the total mitigation
potential for the global electricity sector, further analysis
is conducted based on the literature, and assuming that no
DGGLWLRQDO HQHUJ\HI¿FLHQF\ PHDVXUHV LQ WKH EXLOGLQJ DQG
industry sectors will occur beyond those already in the baseline.
6HFWLRQ  DFFRXQWV IRU WKH LPSDFWV RI HQHUJ\ HI¿FLHQF\
on the heat and power-supply sector). The WEO 2004 baseline
(IEA, 2004a) is used, based on data from Price and de la Rue
du Can,  7KHIXHOWRHOHFWULFLW\FRQYHUVLRQHI¿FLHQFLHV
were derived from the correction of the heat share in the WEO
2004 data, by assuming the share of heat in the total primary
energy supply was constant from 2002 onwards.
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Table 4.19: Potential GHG emissions avoided by 2030 for selected, electricity generation mitigation technologies (in excess of the World Energy Outlook 2004 Reference
baseline, IEA, 2004a) if developed in isolation and with the estimated mitigation potential shares spread across each cost range (2006 US$/tCO2-eq) for each region.
Regional
groupings
Fuelswitch and
plant efﬁciency

Nuclear

Hydro

Wind

Bioenergy

Geothermal

Solar PV and
CSP

CCS + coal

CCS + gas

Mitigation potential; total
emissions saved in 2030
(GtCO2-eq)

Mitigation potential (%) spread over cost ranges (US$/tCO2-eq avoided)
0-20

20-50

50-100

>100

0.39

100

EIT

0.04

100

Non-OECD

0.64

100

World

1.07

OECD

0.93

50

50

EIT

0.23

50

50

Non-OECD

0.72

50

50

World

1.88

OECD

0.39

85

15

EIT

0.00

Non-OECD

0.48

25

35

40

World

0.87

OECD

0.45

35

40

25

EIT

0.06

35

45

20

Non-OECD

0.42

35

50

15

World

0.93

OECD

0.20

20

25

40

15

EIT

0.07

20

25

40

15

Non-OECD

0.95

20

30

45

5

World

1.22

OECD

0.09

35

40

25

EIT

0.03

35

45

20

Non-OECD

0.31

35

50

15

World

0.43

OECD

0.03

20

80

EIT

0.01

20

80

Non-OECD

0.21

25

75

World

0.25

OECD

0.28

100

EIT

0.01

100

Non-OECD

0.20

100

World

0.49

OECD

0.09

EIT

0.04

Non-OECD

0.19

World

0.32

The baseline
By 2010 total power demand is 20,185 TWh with
13,306 TWh generation coming from fossil fuels (65.9% share
of the total generation mix), 3894 TWh from all renewables
(19.3%), and 2985 TWh from nuclear (14.8%). Resulting
emissions are 11.4 GtCO2-eq. By 2030 the increased electricity
300

<0

OECD

100
30

70
100

demand of 31,656 TWh is met by 22,602 TWh generated from
fossil fuels, 6,126 TWh from renewables, and 2,929 TWh from
nuclear power. The fossil-fuel primary energy consumed for
electricity generation in 2030 produces 15.77 GtCO2-eq of
emissions (IEA, 2004a; Table 4.8).
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New electricity generation plants to be built between 2010
and 2030 are to provide additional generating capacity to
meet the projected increase in power demand, and to replace
capacity of old, existing plants being retired during the same
period. Additional capacity built after 2010, consumes an
additional 82.5 EJ/yr of primary energy in order to generate
11,471 TWh/yr more electricity by 2030. Replacement capacity
built during the period consumes 72 EJ/yr in 2030 and generates
8074 TWh/yr. Therefore, the total generation from new plants
in the baseline is 19,545 TWh/yr by 2030, of which 14,618
TWh/yr comes from fossil-fuel plants (75%), 3787 TWh/yr
from other renewables (19%), and 1140 TWh/yr from nuclear
power (6%) (IEA, 2004a).
Sector analysis from 2010 to 2030
The potential for the global electricity sector to reduce
baseline GHG emissions as a result of the greater uptake of lowand zero-carbon-emitting technologies is assessed. The method
employed is outlined below. Fossil-fuel switching from coal to
gas; substitution of coal, gas and oil plants with nuclear, hydro,
bioenergy and other renewables (wind, geothermal, solar PV
and solar CSP), and the uptake of CCS are all included.
v )RU HDFK PDMRU ZRUOG FRXQWU\JURXSLQJ 2(&' 3DFL¿F
US and Canada, OECD Europe, EIT, East Asia, South
Asia, China, Latin America, Mexico, Middle East and
Africa), WEO 2004 baseline data (Price and de la Rue du
Can, 2006; IEA, 2004a) are used to show the capacity of
fossil-fuel thermal electricity generation per year that could
be substituted after 2010, assuming a linear replacement
rate and a 50-year life for existing coal, gas and oil plants.
The results are then aggregated into OECD, EIT and nonOECD/EIT regional groupings.
v New generation plants built by 2030 to meet the increasing
power demand are shared between fossil fuel, renewables,
QXFOHDUDQGDIWHUFRDODQGJDV¿UHGSODQWVZLWK&&6
The shares of total power generation assumed for each
of these technologies by 2030 are based on the literature
(Section 4.4.3), but also depend partly on their relative costs
(Table 4.19). The relatively high shares assumed for nuclear
and renewable energy, particularly in OECD countries,
are debatable, but supported to some extent by European
Commission projections (EC, 2007).
v No early retirements of plant or stranded assets are
contemplated (although in reality a faster replacement rate
of existing fossil-fuel capacity could be possible given more
stringent policies in future to reduce GHG emissions). The
assumed replacement rates of old fossil-fuel plant capacity
by nuclear, and renewable electricity, and the uptake of CCS
technologies, are each based on the regional power mix
shares of coal, gas and oil plants operating in the baseline.
v In reality, the future value of carbon will likely affect the
actual generation shares for each technology, as will any
mitigation policies in place before 2030 that encourage
UHGXFWLRQVRI*+*HPLVVLRQVIURPVSHFL¿FFRPSRQHQWVRI
the energy-supply sector.
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v It is assumed that after 2010 only power plants with higher
FRQYHUVLRQHI¿FLHQFLHV 7DEOH DUHEXLOW
v As fuel switching from coal to natural gas supply is assessed
to be an option with relatively low costs, this is implemented
¿UVW ZLWK  RI QHZ SURSRVHG FRDO¿UHG SRZHU SODQWV
VXEVWLWXWHG E\ JDV¿UHG WHFKQRORJLHV LQ DOO UHJLRQV EDVHG
on Section 4.4.3.1).
v It is assumed that, where cost-effective, some of the new
fossil-fuel plants required according to the baseline (after
adjustments for the previous step) are displaced by lowand zero-carbon-intensive technologies (wind, geothermal,
hydro, bioenergy, solar, nuclear and CCS) in proportion
to their relative costs and potential deployment rates. The
resulting GHG emissions avoided are assessed.
v It is assumed that by 2030, wind, solar CSP and solar PV plants
that displace new and replacement fossil-fuel generation
are partly constrained by related environmental impact
issues, the relatively high costs for some renewable plants
compared to coal, gas and nuclear, and intermittency issues
in power grids. However, developments in energy-storage
technologies, supportive policy trends and recognition of
FREHQH¿WV DUH DVVXPHG WR SDUWO\ RIIVHW WKHVH FRQVWUDLQWV
Priority grid access for renewables is also assumed. Thus,
reasonably high shares in the mix become feasible (Table
4.20).
v The share of electricity generation from each technology
assumes that the maximum resource available is not
exceeded. The available energy resources are evaluated
on a regional basis to ensure all assumptions can be met in
principle.
Any volumes of biomass needed above those available
from agricultural and forest residues (Chapters 8 and 9)
will need to be purpose-grown, so could be constrained
by land and water availability. While there is some
XQFHUWDLQW\ LQ WKLV UHVSHFW WKHUH VKRXOG EH VXI¿FLHQW
production possible in all regions to meet the generation
from bioenergy as projected in this analysis.
Uranium fuel supplies for nuclear plants should meet
the assumed growth in demand, especially given the
anticipation of ‘Gen III’ plant designs with fuel recycling
coming on stream before 2030.
7KHUHLVVXI¿FLHQWVWRUDJHFDSDFLW\IRUVHTXHVWHULQJWKH
estimated capture of CO2 volumes in all regions given
the anticipated rate of growth of CCS over the next few
decades (Hendricks et al., 2004).
v &&6 SURMHFWV IRU ERWK FRDO DQG JDV¿UHG SRZHU SODQWV
are deployed only after 2015, assuming commercial
developments are unavailable until then.
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<100 US$/t
2.66

Total GtCO2-eq avoided by fuel
switching, CCS and displacing some
fossil fuel generation with low carbon
option of wind, solar, geothermal,
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<50 US$/t <100 US$/t
TWh
TWh
<20 US$/t
7463
1.58
121
0
2
0
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458
2084
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1295
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499
509
1544
1526

0

899
13
1793
2084
1295
263
1116

<20 US$/t
TWh

Share of mix of generation of total
new and replacement plant built
by 2030 including CCS at various
costs of US$/tCO2-eq avoidedb

efﬁciencies calculated from WEO 2004 (IEA, 2004b) = Power output (EJ) / Estimated power input (EJ). See Appendix 1, Chapter 11.
b At higher costs of US$/tCO avoided, more coal, oil and gas power generation is displaced by low- and zero-carbon options. Since nuclear and hydro are cost
2
competitive at <20 US$/tCO2-eq avoided in most regions (Table 4.9),and the rate of building new plants is constrained, their share remains constant.
c Negative data depicts a decline in generation, which was included in the analysis.
Source: Based on IEA, 2004a.

a Implied

OECD
Coal
Oil
Gas
Nuclear
Hydro
Biomass
Other
renewables
CCS
EIT
Coal
Oil
Gas
Nuclear
Hydro
Biomass
Other
renewables
CCS
Non-OECD/
EIT
Coal
Oil
Gas
Nuclear
Hydro
Biomass
Other
renewables
CCS
TOTAL

Existing mix of
power generation
in 2010

Power plant
efﬁciencies by
2030 (based on IEA
2004a)a

Table 4.20: Projected power demand increase from 2010 to 2030 as met by new, more efﬁcient additional and replacement plants that will displace 60% of existing plants at the end of their life. The potential mitigation
above the baseline of GHG avoided for <20 US$/t, <50 US$/t and <100 US$/tCO2-eq results from fuel switching from coal to gas, a portion of fossil-fuel generation being displaced by nuclear, renewable energy and bioenergy in each region and CCS.
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4.4.4.1

Energy Supply

Mitigation potentials of the electricity supply
sector

Based on the method described above and the results from
the analysis (Table 4.20), the following conclusions can be
drawn.
With reference to the baseline:
a) power plants existing in 2010 that remain in operation by
 7DEOH LQFOXGLQJFRDORLODQGJDV¿UHGFRQWLQXH
to generate 12,111 TWh/yr in 2030 (38% of the total power
demand) and produce 5.77 GtCO2-eq/yr of emissions;
b) new additional plants to be built over the 20-year period
from 2010 generate 11,471 TWh/yr by 2030 and new plants
built to replace old plants generate 8074 TWh/yr;
c) the share of all new build plants burning coal, oil and gas
produce around 10 GtCO2-eq/yr by 2030, thereby giving
total baseline emissions of 15.77 GtCO2-eq/yr (Table 4.8).
For costs < 20 US$/tCO2-eq avoided:
D  7KHEDVHOLQHJHQHUDWLRQIURPIRVVLOIXHO¿UHGSODQWVLQ
of 22,602 TWh (including 14,618 TWh from new generation)
reduces by 22.5% to 17,525 TWh (including 9541 TWh of
new build generation) due to the increased uptake of lowand zero-carbon technologies. This is a reduction from the
71% of total generation in the baseline to 55%.
b) Of this total, fuel switching from coal to gas results in
DGGLWLRQDO JDV¿UHG SODQWV JHQHUDWLQJ  7:K\U E\
2030, mainly in non-OECD/EIT countries, and thereby
avoiding 0.67 GtCO2-eq/yr of emissions.
c) Renewable energy generation increases from the 2030
baseline of 6126 TWh/yr to 7904 TWh/yr (6122 TWh/yr from
new generation plus 2336 TWh/yr remaining in operation
from 2010). The share of generation increases from 19.4% in
2010 to 26.7% by 2030.
d) The nuclear power baseline of 2929 TWh/yr by 2030 (9.3%
of total generation) increases to 5673 TWh/yr (17.9% of
generation), of which 3882 TWh/yr is from newly built
plants.
e) Overall, GHG emissions are reduced by 3.95 GtCO2-eq
giving 25.0% lower emissions than in the baseline. Around
half of this potential occurs in non-OECD/EIT countries
with OECD countries providing most of the remainder.
f) Should just 70% of the individual power-generation shares
assumed above for all the mitigation technologies be
achieved by 2030, the mitigation potential would reduce to
1.69 GtCO2-eq.
g) This range is in reasonable agreement with the TAR
analysis potential of 1.3 to 2.5 GtCO2-eq/yr for less than
27 US$/tCO2-eq avoided (IPCC, 2001), because this
potential was only out to 2020, the baseline has since been
adjusted, and since the TAR was published there has been
increased acceptance for improved designs of nuclear power
plants, an increase in development and deployment of
renewable energy technologies and a better understanding
of CCS technologies.

For costs <50 US$/tCO2-eq avoided:
a) Fossil-fuel generation reduces further to 13,308 TWh/yr (of
which 5324 TWh/yr is from new build plants) and accounts
for 42% of total generation.
b) Renewable-energy generation increases to 10,673 TWh/yr
by 2030 giving a 33.7% share of total generation. Solar
PV and CSP are more costly (Table 4.19) so they can only
offer substitution for fossil fuels above 50 US$/tCO2-eq
avoided.
c) Nuclear power share of total generation remains similar
since other technologies now compete.
d) CCS now becomes competitive and 2003 TWh/yr is
JHQHUDWHG E\ FRDO DQG JDV¿UHG SODQWV ZLWK &&6 V\VWHPV
installed.
e) Overall GHG emissions in 2030 are now reduced by
6.44 GtCO2-eq/yr below the baseline, although if only 70%
of the assumed shares of total power generation for all the
mitigation technologies are reached by 2030, the potential
declines to 3.05 GtCO2-eq. Non-OECD/EIT countries
continue to provide half of the mitigation potential.
For costs <100 US$/tCO2-eq avoided:
a) As more low- and zero-carbon technologies become
competitive, fossil-fuel generation without CCS further
reduces to 11,824 TWh in 2030 and is now only 37% of
total generation.
b) New renewable energy generation increases to 8481 TWh/yr
by 2030, which together with the plants remaining in operation
from 2010, gives a 34% share of total generation.
c) Nuclear power provides 3574 TWh or 17% of total
generation.
G  &RDODQGJDV¿UHGSODQWVZLWK&&6DFFRXQWIRU7:K\U
by 2030 or 12% of total generation.
e) The overall mitigation potential of the electricity sector
is 7.22 GtCO2-eq/yr which is a reduction of around 45%
of GHGs below the baseline. If only 70% of the assumed
shares of power generation by all low- and zero-emission
technologies are achieved, then the potential would be
around 45% lower at 3.97 GtCO2-eq. Non-OECD/EIT
countries contribute over half the total potential.
1R VLQJOH WHFKQRORJLFDO RSWLRQ KDV VXI¿FLHQW PLWLJDWLRQ
potential to meet the economic potential of the electricitygeneration sector. To achieve these potentials by 2030, the
UHODWLYHO\ KLJK LQYHVWPHQW FRVWV WKH GLI¿FXOWLHV LQ UDSLGO\
EXLOGLQJ VXI¿FLHQW FDSDFLW\ DQG H[SHUWLVH DQG WKH WKUHDWV
resulting from introducing new low-carbon technologies as
perceived by the incumbents in the existing markets, will all
need to be addressed.
This analysis concentrates on the individual mitigation
potentials for each technology at the high end of the wide range
found in the literature (Figure 4.29b; IEA, 2006a; IEA, 2006b).
7KLVVHUYHVWRLOOXVWUDWHWKDWVLJQL¿FDQWUHGXFWLRQVLQHPLVVLRQV
from the energy-supply sector are technically and economically
feasible using both the range of technology solutions currently
303
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Figure 4.29: Indicative low(a) and high(b) range estimates of the mitigation potential in the electricity sector based on substitution of existing fossil-fuel thermal power
stations with nuclear and renewable energy power generation, coupled with energy-efﬁciency improvements in power-generation plants and transmission, including switching
from coal to gas and the uptake of CCS. CHP and heat are not included, nor electricity savings from energy-efﬁciency measures in the building and industry sectors.
Source: Based on IEA, 2006a; IEA, 2006b.

available and those close to market. Reducing the individual
assumed shares of the technologies in the 2030 power generation
mix by 30% gives less ambitious potentials that are closer to the
lower end of the ranges found in the literature (Figure 4.29a).
(QHUJ\HI¿FLHQF\ VDYLQJV RI HOHFWULFLW\ XVH LQ WKH EXLOGLQJV
(Chapter 6) and industry (Chapter 7) sectors will reduce these
total emissions potentials (Section 11.3.1).
4.4.4.2

Uncertainties

The wide range of energy supply-related potentials in the
literature is due to the many uncertainties and assumptions
involved. This analysis of the costs and mitigation potential
for energy-supply technologies through to 2030 involved the
IROORZLQJGHJUHHVRIFRQ¿GHQFH
v There is high agreement on the energy types and amounts
of current global and regional energy sources used in the
baseline (with the exception of traditional biomass, for
which data are uncertain) because the several sources of
those estimates are in close agreement.
v There is high agreement that energy supply will grow between
QRZ DQG  ZLWK PHGLXP FRQ¿GHQFH LQ SURMHFWLRQV RI
the total energy demand by 2030. Most assumptions about
population and energy use in various scenarios do not
diverge greatly until after 2030, although past experience
suggests that projections, even over a 25-year period, can be
erroneous.
v (VWLPDWHVRIVSHFL¿FSRWHQWLDOVRXWWRIRUHOHFWULFLW\
VXSSO\WHFKQRORJLHVEDVHGRQVSHFL¿FVWXGLHVKDYHRQO\ORZ
304

agreement that a single value can be estimated accurately.
+RZHYHUWKHUHLVPHGLXPFRQ¿GHQFHWKDWWKHWUXHSRWHQWLDO
of a mixture of supply technologies lies somewhere within
the range estimated.
v The actual distribution of new technologies in 2030 can be
HVWLPDWHGZLWKPHGLXPFRQ¿GHQFHE\XVLQJWUHQGDQDO\VHV
technology assessments, economic models and other
techniques, but cannot take into account changing national
policies and preferences, future carbon-price factors, and
the unanticipated evolution of technologies or their cost.
Current rates of adoption for particular technologies have
EHHQLGHQWL¿HGEXWWKHUHLVORZWRPHGLXPDJUHHPHQWWKDW
these rates may continue until 2030.
v Despite the methodological limitations, the future costs and
WHFKQLFDOSRWHQWLDOVLGHQWL¿HGSURYLGHDPHGLXPFRQ¿GHQFH
for considering strategies and decisions over the next
several decades. The analysis falls within the range of other
SURMHFWLRQVIRUVSHFL¿FWHFKQRORJLHV
4.4.4.3

Transport biofuels

Assessments for the uptake of biofuels range between 20
and 25% of global transport road fuels by 2050 and beyond
(Chapter 5). The 2006 WEO (IEA, 2006b) Reference scenario
predicted biofuels will supply 4% of road fuels by 2030 with
greater potential up to 7% under the Alternative Policy scenario.
To achieve double this penetration, as envisaged under the
Beyond Alternative Policy scenario, would avoid around
0.5GtCO2/ yr, but is likely to require large-scale introduction of
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increasing carbon emissions from ? GtCO
2
oil shales, oil sands, heavy oils,
coal-to-liquids, gas-to-liquids etc.

12 GtCO2/yr

4.5

Policies and instruments

11.6 GtCO2
1.6-3.5 GtCO2

potential emission
reductions from
vehicle efficiency
improvements

4.5.1

Emission reduction policies

Source: Based on IEA, 2006b.

The reduction of GHG emissions from energy-supply
systems is being actively pursued through a variety of
government policies and private sector research. There are
many technologies, behavioural changes and infrastructural
developments that could be adopted to reduce the environmental
impacts of current energy-supply systems (see Chapter 13).
Whereas planning policies provide background for climatechange mitigation programmes, most climate policies relating
to energy supply tend to come from three policy ‘families’
(OECD, 2002a):
v economic instruments (e.g. subsidies, taxes, tax exemption
and tax credit);
v regulatory instruments (e.g. mandated targets, minimum
performance standards, vehicle-exhaust emission controls);
and
v policy processes (e.g. voluntary agreements and consultation,
dissemination of information, strategic planning).

second-generation biofuels from ligno-cellulosic conversions.
Based on ETP assumptions (IEA, 2006a), the mitigation
potential of biofuels by 2030 is likely to be less than from
YHKLFOHHI¿FLHQF\LPSURYHPHQWV &KDSWHU)LJXUH 

In addition, governments support RD&D programmes
ZLWK ¿QDQFLDO LQFHQWLYHV RU GLUHFW LQYHVWPHQW WR VWLPXODWH
the development and deployment of new innovative energyconversion technologies and create markets for them (Section
4.5.6).

6

CO2 emissions due to
increasing conventional
oil demand up to 2030

Emissions by 2030 range
between 7.1-9.4 GtCO2
plus those from
unconventional liquids
0.6-1.0 GtCO2

potential emission
reductions from
biofuels displacing
oil products

0
2002

2010

2020

2030

Figure 4.30: Potential increased emissions from the greater uptake of unconventional oils by 2030 could offset potential reductions from both biofuels and vehicleefﬁciency improvements, but will be subject to the future availability and price of
conventional oil.

Transport emissions of 6.7 GtCO2 in 2002 will increase
under business as usual to 11.6 GtCO2 by 2030, but could be
UHGXFHGE\HI¿FLHQF\LPSURYHPHQWVWRJHWKHUZLWKWKHLQFUHDVHG
uptake of biofuels to emit between 7.1 and 9.4 GtCO2 (IEA,
2006a). This mitigation potential of between 2.2 and 4.5 GtCO2,
however, could be partially offset by the increased uptake of
unconventional liquid fuels (Section 4.3.1.4). Their potential is
uncertain as, being more costly per litre to produce, they will
be dependent partly on the future oil price and level of reserves.
Overall then, the emissions from transport fuels up to 2030 will
probably continue to rise (Chapter 5).
4.4.4.4

Heating and cooling

The wide range of fuels and applications used for
WHPSHUDWXUH PRGL¿FDWLRQV DQG WKH SRRU GDWD EDVH RI H[LVWLQJ
heat and refrigeration plants makes the mitigation potential for
KHDWLQJDQGFRROLQJGLI¿FXOWWRDVVHVV,($ D FDOFXODWHG
the mitigation potential by 2030 for buildings (Chapter 6) of up
to 2.6 GtCO2/yr, including 0.1-0.3 GtCO2/yr for solar systems,
and up to 0.6 GtCO2/yr for industry (Chapter 7). The mitigation
potentials of CHP and trigeneration (heating, cooling and power
generation) have not been assessed here.

Many GHG emission-reduction policies undertaken to date
aim to achieve multiple objectives. These include market and
subsidy reform, particularly in the energy sector (Table 4.21).
In addition, governments are using a variety of approaches to
RYHUFRPH PDUNHW EDUULHUV WR HQHUJ\HI¿FLHQF\ LPSURYHPHQWV
and other ‘win-win’ actions.
Selecting policies and measures is not an easy task. It
depends on many factors, including costs, potential capacity,
the extent to which emissions must be reduced, environmental
and economic impacts, rates at which the technology can be
introduced, government resources available and social factors
such as public acceptance. When implementing policies and
measures, governments could consider the impacts of measures
RQRWKHUHFRQRPLHVVXFKDVWKHVSHFL¿FQHHGVDQGFRQFHUQVRI
least developed countries arising from the adverse effects of
climate change, on those nations that rely heavily on income
generated from fossil-fuel exports, and on oil-importing
developing countries.
4.5.1.1

Emission-reduction policies for energy supply

Subsidies, incentives and market mechanisms presently used
to promote fossil fuels, nuclear power and renewables may need
some redirection to achieve more rapid decarbonization of the
energy supply.
305
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Table 4.21: Examples of policy measures given general policy objectives and options to reduce GHG emissions from the energy-supply sector.

~
Policy
options

Policy
objectives

Policy processes
Economic
instruments

Regulatory
instruments

Voluntary
agreements

Dissemination of
information and
strategic planning

Technological RD&D
and deployment

Energy efﬁciency

• Higher energy taxes
• Lower energy
subsidies
• Power plant GHG
taxes
• Fiscal incentives
• Tradable emissions
permits

• Power plant
minimum efﬁcient
standards
• Best available
technologies
prescriptions

• Voluntary
commitments to
improve power plant
efﬁciency

• Information
and education
campaigns.

• Cleaner power
generation from
fossil fuels

Energy source
switching

• GHG taxes
• Tradable emissions
permits
• Fiscal incentives

• Power plant fuel
portfolio standards

• Voluntary
commitments to fuel
portfolio changes

• Information
and education
campaigns.

• Increased power
generation from
renewable, nuclear,
and hydrogen as an
energy carrier

Renewable energy

• Capital grants
• Feed-in tariffs
• Quota obligation
and permit trading
• GHG taxes
• radable emissions
permits

• Targets
• Supportive
transmission tariffs
and transmission
access

• Voluntary
• Information
agreements to install
and education
renewable energy
campaigns
capacity
• Green electricity
validation

• Increased power
generation from
renewable energy
sources

Carbon capture and
storage

• GHG taxes
• Tradable emissions
permits

• Emissions
restrictions for
major point source
emitters

• Voluntary
agreements to
develop and deploy
CCS

• Chemical and
biological
sequestration
• Sequestration
in underground
geological
formations

Subsidies and other incentives
The effects of various policies and subsidies that support
fossil-fuel use have been reviewed (IEA, 2001; OECD, 2002b;
Saunders and Schneider, 2000). Government subsidies in the
global energy sector are in the order of 250–300 billion US$/yr,
of which around 2–3% supports renewable energy (de Moor,
2001; UNDP 2004a). An OECD study showed that global CO2
emissions could be reduced by more than 6% and real income
increased by 0.1% by 2010 if support mechanisms on fossil
fuels used by industry and the power-generation sector were
UHPRYHG 2(&' E  +RZHYHU VXEVLGLHV DUH GLI¿FXOW WR
remove and reforms would need to be conducted in a gradual
DQGSURJUDPPHGIDVKLRQWRVRIWHQDQ\¿QDQFLDOKDUGVKLS
For both environmental and energy-security reasons, many
industrialized countries have introduced, and later increased,
grant support schemes for producing electricity, heat and
transport fuels based on nuclear or renewable energy resources
DQGRQLQVWDOOLQJPRUHHQHUJ\HI¿FLHQWSRZHUJHQHUDWLRQSODQW
For example, the US has recently introduced federal loan
guarantees that could cover up to 80% of the project costs,
production tax credits worth 6 billion US$, and 2 billion US$
of risk coverage for investments in new nuclear plants (Energy
Policy Act, 2005). To comply with the 2003 renewable energy
directive, all European countries have installed feed-in tariffs or
306

• Information
campaigns

tradable permit schemes for renewable electricity (EEA, 2004;
EU, 2003). Several developing countries including China,
Brazil, India and a number of others have adopted similar
policies.
Quantitative targets
Setting goals and quantitative targets for low-carbon energy at
both national and regional levels increases the size of the markets
and provides greater policy stability for project developers. For
example, EU-15 members agreed on targets to increase their
share of renewable primary energy to 12% of total energy by
2010 including electricity to 22% and biofuels to 5.75% (EU,
2001; EU 2003). The Latin American and Caribbean Initiative,
signed in May 2002 included a target of 10% renewable energy
by 2010 (Goldemberg, 2004). The South African Government
mandated an additional 10 TWh renewable energy contribution
E\ EHLQJRI¿QDOHQHUJ\FRQVXPSWLRQ WRWKHH[LVWLQJ
contribution of 115 TWh/yr mainly from fuel wood and waste
(DME, 2003). Many other countries outlined similar targets at
the major renewable energy conference in Bonn (Renewables,
2004) attended by 154 governments, but not to the extent that
emissions will be reduced below business as usual.
Feed-in tariffs/Quota obligations
Quota obligations with tradable permits for renewable
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energy and feed-in tariffs have been used in many countries to
accelerate the transition to renewable energy systems (Martinot,
2005). Both policies essentially serve different purposes, but
they both help promote renewable energy (Lauber, 2004).
Price-based, feed-in tariffs (providing long price certainty
for renewable energy producers) have been compared with
TXDQWLW\EDVHGLQVWUXPHQWVLQFOXGLQJTXRWDVJUHHQFHUWL¿FDWHV
and competitive bidding (Sawin, 2003a; Menanteau et al.,
2003; Lauber, 2004). The total level of support provided for
preferential power tariffs in EU-15, in particular Germany, Italy
DQG6SDLQH[FHHGHGELOOLRQ¼LQ (($ 
([SHULHQFHFRQ¿UPVWKDWLQFHQWLYHVWRVXSSRUWµJUHHQSRZHU¶
by rewarding performance are preferable to a capital investment
grant, because they encourage market deployment while also
SURPRWLQJLQFUHDVHVLQSURGXFWLRQHI¿FLHQF\ 1HXKRII 
In terms of installed renewable energy capacity, better results
have been obtained with price-based than with quantity-based
approaches (EC, 2005; Ragwitz et al., 2005; Fouquet et al.,
2005). In theory, this difference should not exist as bidding
prices that are set at the same level as feed-in tariffs should
logically give rise to comparable capacities being installed.
The discrepancy can be explained by the higher certainty of
current feed-in tariff schemes and the stronger incentive effect
of guaranteed prices.
7KHSRWHQWLDODGYDQWDJHVRIIHUHGE\JUHHQFHUWL¿FDWHWUDGLQJ
V\VWHPV EDVHG RQ ¿[HG TXRWDV DUH HQFRXUDJLQJ D QXPEHU
of countries and states to introduce such schemes to meet
UHQHZDEOHHQHUJ\JRDOVLQDQHFRQRPLFDOO\HI¿FLHQWZD\6XFK
systems can encourage more precise control over quotas, create
competition among producers and provide incentives to lower
costs (Menanteau et al., 2003). Quota-obligation systems are
only beginning to have an effect on capacity additions, in part
because they are still new. However, about 75% of the wind
capacity installed in the US between 1998 and 2004 occurred
in states with renewable energy standards. Experience shows
WKDW LI FHUWL¿FDWHV DUH GHOLYHUHG XQGHU ORQJWHUP DJUHHPHQWV
effectiveness and compliance can be high (Linden et al., 2005;
UCS, 2005).
Tradable permit systems and CDM
In recent years, domestic and international tradable emission
permit systems have received recognition as a means of lowering
the costs of meeting climate-change targets. Creating carbon
markets can help economies identify and realize economic ways
to reduce GHG emissions and other energy-related pollutants,
RUWRLPSURYHHI¿FLHQF\RIHQHUJ\XVH7KHFRVWRIDFKLHYLQJ
the Kyoto Protocol targets in OECD regions could fall from
0.2% of GDP without trading to 0.1% (Newman et al., 2002)
as a result of introducing emission trading in an international
regime. Emission trading, such as the European and CDM
schemes, is designed to result in immediate GHG reductions, but
CDM also has long-term aspects, since the projects must assist
developing countries in achieving sustainable development (see
Chapter 13). The CDM successfully registered 450 projects by

Energy Supply

the end of 2006 under the UNFCCC by the Executive Board
ZLWKPDQ\PRUHLQWKHSLSHOLQH6LQFHWKH¿UVWSURMHFWHQWHUHG
the pipeline in December 2003, 76% of projects belong to the
energy sector. If all the 1300 projects in the pipeline at the
end of 2006 are successfully registered with the UNFCCC
and perform as expected, an accumulated emission reduction
of more than 1400 MtCO2-eq by end of 2012 can be expected
(UNEP, 2006).
Information instruments
Education, technical training and public awareness are
essential complements to GHG mitigation policies. They provide
direct and continuous incentives to think, act and buy ‘green’
energy and to use energy wisely. Green power schemes, where
consumers may choose to pay more for electricity generated
primarily from renewable energy sources, are an example of
combining information with real choice for the consumer
(Newman et al., 2002). Voluntary energy and emissions savings
programmes, such as Energy Star (EPA, 2005a), Gas Star (EPA,
2005b) and Coalbed Methane Outreach (EPA, 2005c) serve
to effectively disseminate relevant information and reduce
NQRZOHGJH EDUULHUV WR WKH HI¿FLHQW DQG FOHDQ XVH RI HQHUJ\
These programmes include public education aspects, but are
also built on industry/government partnerships. However,
uncertainties on the effectiveness of information instruments for
climate-change mitigation remain. More sociological research
would improve the knowledge on adequacy of information
instruments (Chapter 13).
Technology development and deployment
The need for further investments in R&D of all low-carbonHPLVVLRQ WHFKQRORJLHV WLHG ZLWK WKH HI¿FLHQW PDUNHWLQJ
of these products, is vital to climate policy. Programmes
supporting ‘clean technology’ development and diffusion are a
traditional focus of energy and environmental policies because
energy innovations face barriers all along the energy-supply
chain (from R&D, to demonstration projects, to widespread
deployment). Direct government support is often necessary to
hasten deployment of radically new technologies due to a lack
of industry investment. This suggests that there is a role for the
public sector in increasing investment directly and in correcting
market and regulatory obstacles that inhibit investment in new
WHFKQRORJ\WKURXJKDYDULHW\RI¿VFDOLQVWUXPHQWVVXFKDVWD[
deduction incentives (Energy Policy Act, 2005; Jaffe et al,
2005).
Following the two oil crises in the 1970s, public expenditure
for energy RD&D rose steeply, but then fell steadily in industrial
countries from 15 billion US$ in 1980 to about 7 billion US$ in
2000 (2002 prices and exchange rates). Shares of IEA membercountry support for energy R&D over the period 1974–2002
were about 8% for renewable energy, 6% for fossil fuel, 18%
IRUHQHUJ\HI¿FLHQF\IRUQXFOHDUHQHUJ\DQGRQRWKHU
items (IEA, 2004b). During this period, a number of national
governments (e.g. US, Germany, United Kingdom, France,
Spain and Italy) made major cuts in their support for energy
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R&D. Public spending on energy RD&D increased in Japan,
Switzerland, Denmark and Finland and remained stable in other
OECD countries (Goldemberg and Johannson, 2004).
Technology deployment is a critical activity and learning
from market experience is fundamental to the complicated
SURFHVVRIDGYDQFLQJDWHFKQRORJ\WRZDUGHFRQRPLFHI¿FLHQF\
while encouraging the development of large-scale, privateVHFWRULQIUDVWUXFWXUH ,($K 7KLVMXVWL¿HVQHZWHFKQRORJ\
deployment support by governments (Section 4.5.6).
4.5.1.2

Policy implementation experiences—successes
and failures

Experiences of early policy implementation in the 1990s to
reduce GHG emissions exist all over the world. This section
lists and evaluates some examples. The fast penetration of wind
power in Denmark was due to a regulated, favourable feed-in
tariff. However, a new energy act in 1999 changed the policy
WRRQHEDVHGRQWKHWUDGLQJRIJUHHQFHUWL¿FDWHV7KLVFUHDWHG
FRQVLGHUDEOH XQFHUWDLQW\ IRU LQYHVWRUV DQG OHG WR D VLJQL¿FDQW
reduction in annual investments in wind power plants during
recent years (Johansson and Turkenburg, 2004).
In Germany, a comprehensive renewable energy promotion
approach launched at the beginning of the 1990s led to it
becoming the world leader in terms of installed wind capacity,
and second in terms of installed PV capacity. The basic
elements of the German approach are a combination of policy
instruments, favourable feed-in tariffs and security of support
to reduce investment risks (Johansson and Turkenburg, 2004).
When Spain passed a feed-in law in 1994, relatively few
wind turbines were in operation. By the end of 2002, the country
ranked second in the world, but had less success with solar PV in
spite of having high solar radiation levels and setting PV tariffs
similar to those in Germany. Little PV capacity was installed
initially because regulations to enable legal grid connection were
not established until 2001 when national technical standards
for safe grid connection were implemented. PV producers who
sold electricity into the grid, including individual households,
had to register as businesses in order not to pay income tax
RQ WKHLU VDOHV 6DZLQ D  6LJQL¿FDQW JURZWK LQ 6SDQLVK
PV manufacturing in recent years is more attributable to the
neighbouring German market (Ristau, 2003).
,Q  WKH 8. JRYHUQPHQW ODXQFKHG WKH ¿UVW RI VHYHUDO
rounds of competitive bidding for renewable energy contracts,
known as the Non-Fossil Fuel Obligation (NFFO). The successive
tendering procedures resulted in regular decreases in the prices
for awarded contract value for wind and other renewable
electricity projects. The average price for project proposals,
irrespective of the technology involved, decreased from
¼N:K LQ  WR ¼N:K E\  EHLQJ RQO\
¼N:K DERYH WKH ZKROHVDOH HOHFWULFLW\ SRRO
reference purchase price for the corresponding period
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(Menanteau et al., 2001). Due to only relatively small volumes
of renewable electricity being realized through the tender
process, the government changed to a support mechanism by
placing an obligation on electricity suppliers to sell a minimum
percentage of power from new renewable energy sources.
The annual growth rate of electricity generation by eligible
UHQHZDEOH HQHUJ\ SODQWV KDV VLJQL¿FDQWO\ LQFUHDVHG VLQFH WKH
introduction of the obligation in April 2002 (OFGEM, 2005).
Swedish renewable energy policy during the 1970s and
1980s focused on strong efforts in technology research and
demonstration. Subsequently market development took off
during the 1990s when taxes and subsidies created favourable
economic conditions for new investments and fuel switching.
The use of biomass increased substantially during the 1990s (for
example forest residues for district heating increased from 13 PJ
in 1990 to 65 PJ in 2001). Increased carbon taxes created strong
incentives for fuel switching IURPFKHDSHUHOHFWULFDQGRLO¿UHG
boiler for district heating to biomass cogeneration. The increase
of biomass utilization led to development of the technology for
biomass extraction from forests, production of short-rotation
coppice Salix DQG LPSOHPHQWDWLRQ RI PRUH HI¿FLHQW GLVWULFW
heating conversion technologies (Johansson, 2004).
Japan launched a ‘Solar Roofs’ programme in 1994 to
promote PV through low-interest loans, a comprehensive
education and awareness programme and rebates for gridconnected residential systems. In 1997, the rebates were opened
to owners and developers of housing complexes and Japan
become the world’s largest installer of PV modules (Haas,
2002). Government promotion included publicity on television
and in newspapers (IEA, 2003f). Total capacity increased at an
average of more than 42% annually between 1994 and 2002 with
more than 420 MW installed leading to a 75% cost reduction
per Watt (Maycock, 2003; IEA, 2003f). The rebates declined
gradually from 50% of installed cost in 1994 to 12% in 2002
when the programme ended. Japan is now the world’s leading
manufacturer, having surpassed the US in the late 1990s.
China’s State Development and Planning Commission
ODXQFKHGDUHQHZDEOHHQHUJ\7RZQVKLS(OHFWUL¿FDWLRQ3URJUDP
in 2001 to provide electricity to remote rural areas by means
of stand-alone renewable energy power systems. During 2002–
2004, almost 700 townships received village-scale solar PV
stations of approximately 30–150 kW (about 20 MW total),
of which few were hybrid systems with wind power (about
800 kW total of wind). Overall, the government provided
240 million US$ to subsidize the capital costs of equipment
and around one million rural dwellers were provided with
electricity from PV, wind-PV hybrid, and small hydropower
V\VWHPV 0DUWLQRW *LYHQWKHGLI¿FXOWLHVRIRWKHUUXUDO
HOHFWUL¿FDWLRQSURMHFWVXVLQJ39 (5& LWLVWRRHDUO\WR
assess the effectiveness of this programme.
The California expansion plan to aid the installation of a
million roofs of solar power in the residential sector in the next
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ten years was signed into law in August 2006 (Environment
California, 2006). The law increased the cap on net metering
from 0.5% of a utility’s load to 2.5%. A solar rebate programme
will be created and it will be mandatory that solar panels become
a standard option for new homebuyers.
4.5.2

Air quality and pollution

The Johannesburg Plan of Implementation (UNDESA, 2002)
called on all countries to develop more sustainable consumption
and production patterns. Policies and measures to promote
such pathways will automatically result in a reduction of GHG
emissions and be useful to control air pollution (Section 11.8).
Non-toxic CO2 emissions from combustion processes have no
detrimental effects on a local or regional scale, whereas toxic
emissions such as SO2 and particulates can have local health
impacts as well as potentially wider detrimental environmental
impacts.
The need for uncontaminated food and clean water to
maintain general health have been recognized and addressed
for a long time. However, only in recent decades has the
importance of clean air to health been seriously noted (WHO,
2003). Major health problems suffered by women and children
in the developing world (acute respiratory infection, chronic
obstructive lung disease, cancer and pulmonary diseases) have
been attributed to a lack of access to high-quality modern
energy for cooking (Smith, 2002; Smith et al., 2000a; Lang et
al., 2002; Bruce et al., 2000). The World Health Organisation
(WHO, 2002) ranked indoor air pollution from burning solid
fuels as the fourth most important health-risk factor in least
developed countries where 40% of the world’s population
live, and is estimated to be responsible for 2.7% of the global
burden of disease (Figure 4.31). It has been estimated that half
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Figure 4.31: Indoor levels of particulate concentrations emitted from wood fuel
combustion in selected developing countries
Source: Karekezi and Kithyoma, 2003.

Feasible and cost-effective solutions to poor air quality in
ERWK XUEDQ DQG UXUDO DUHDV QHHG WR EH XUJHQWO\ LGHQWL¿HG DQG
implemented (World Bank, 1998). Increasing access to modern
energy services can help alleviate air-quality problems as well
as realize a decrease in GHG emissions as greater overall
HI¿FLHQF\ LV RIWHQ DFKLHYHG RYHU WKH HQWLUH GRPHVWLF HQHUJ\
cycle, starting from the provision of primary energy up to
the eventual end-use. For instance, a shift from burning crop
residues to LPG, kerosene, ethanol gel or biogas could decrease
indoor air pollution by approximately 95% (Smith et al., 2000b;
Sims et al, 2003b; Goldemberg et al., 2004; Larson and Yang,
2004).
Policies and measures aimed at increasing sustainability
WKURXJK UHGXFWLRQ RI HQHUJ\ XVH HQHUJ\HI¿FLHQF\
improvements, switching from the use of fossil fuels, and
reducing the production of process wastes, will result in a
simultaneous lowering of GHG emissions and reduced air
pollution. Conversely, there are cases where measures taken to
improve air quality can result in a simultaneous increase in the
quantity of GHGs emitted. This is most likely to occur in those
developing countries experiencing a phase of strong economic
growth, but where it may not be economically feasible or
desirable to move rapidly away from the use of an indigenous
primary energy source such as oil or coal (Brendow, 2004).
Most regulations for air quality rely on limiting emissions
of pollutants, often incorporating ambient air-quality guidelines
or standards (Sloss et al., 2003). Although regulations to limit
CO2 emissions could be incorporated as command and control
clauses in most of the existing legislative schemes, no country
has so far attempted to do so. Rather, emissions trading has
emerged as the preferred method of effecting global GHG
mitigation, both within and outside the auspices of the Kyoto
Protocol (Sloss et al., 2003).

4

2

a million children and women die each year in India alone from
indoor air pollution (Smith et al., 2000a). A study of indoor
smoke levels conducted in Kenya revealed 24-hour average
respirable particulate concentrations as high as 5526 Mg/m3
compared with the EPA standards for acceptable annual levels
of 50 Mg/m3 (ITDG, 2003) and the EU standard for PM10 of
40 Mg/m3 (European Council Directive 99/30/EC). Another
comprehensive study in Zimbabwe showed that those who
came from households using wood, dung or straw for cooking
were more than twice as likely to have suffered from acute
respiratory disease than those coming from households using
LPG, natural gas or electricity (Mishra, 2003).

Ambient air-quality standards or guidelines are usually set
in terms of protecting health or ecosystems. They are thus
applicable only at or near ground level where acceptable
concentrations of gaseous emissions such as SO2 can often be
achieved through atmospheric dispersion using a tall stack as
opposed to physical removal by scrubbers. Tall stacks avoid
excessive ground-level concentrations of gaseous pollutants and
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are still in use at the majority of existing industrial installations
and power plants around the world. If the use of tall stacks is
precluded due to stringent limits being set for ambient SO2
concentrations mandate, then the alternative of SO2 scrubbers or
other end-of-pipe removal equipment will require energy for its
operation and thus divert it away from the production process.
7KLV OHDGV WR DQ RYHUDOO GHFUHDVH LQ F\FOH HI¿FLHQF\ ZLWK D
concomitant increase in CO2 emissions. Sorbent extraction or
other processes necessary to support scrubber operations also
have GHG emissions associated with them. This effectively
amounts to trading off a potential local or regional acid rain
problem against a larger global climate problem. The overall
costs of damage due to unmitigated CO2 emissions have been
HVWLPDWHG WR JUHDWO\ H[FHHG WKRVH IURP UHJLRQDO DFLGL¿FDWLRQ
LPSDFWV DULVLQJ IURP LQVXI¿FLHQW FRQWURO RI 622 emissions
(Chae and Hope, 2003).
Air-quality legislation needs to be approached using the
principles of integrated pollution prevention and control if
unexpected and unwanted climate impacts on a global scale are
to be avoided (Nalbandian, 2002). Adopting a multi-parameter
approach could be useful. A US proposal calls for a cap and
trade scheme for the power sector, simultaneously covering
SO2, NOx, mercury and CO2ZKLFKZRXOGVSHFL¿FDOO\DYRLG
FRQÀLFWV ZLWK FRQYHQWLRQDO UHJXODWLRQV )DFLOLWLHV ZRXOG EH
required to optimize control strategies across all four pollutants
(Burtraw and Toman, 2000). An approach developed for Mexico
City showed that linear programming, applied to a database
comprising emission-reduction information derived separately
for air pollutants and GHGs, could provide a useful decision
support tool to analyse least-cost strategies for meeting cocontrol targets for multiple pollutants (West et al., 2004).
4.5.3

Co-beneﬁts of mitigation policies

0LWLJDWLRQ SROLFLHV UHODWLQJ WR HQHUJ\ HI¿FLHQF\ RI SODQWV
fuel switching, renewable energy uptake and nuclear power,
may have several objectives that imply a diverse range of
FREHQH¿WV 7KHVH LQFOXGH WKH PLWLJDWLRQ RI DLUSROOXWLRQ
impacts, energy-supply security (by increased energy diversity),
technological innovation, reduced fuel cost, employment and
reducing urban migration. Reducing GHG emissions in the
HQHUJ\ VHFWRU \LHOGV D JOREDO LPSDFW EXW WKH FREHQH¿WV DUH
typically experienced on a local or regional level. The variety
RI FREHQH¿WV VWHPPLQJ IURP *+* PLWLJDWLRQ SROLFLHV DQG
the utilization of new energy technologies can be an integral
part of economic policies that strive to facilitate sustainable
development. These include improved health, employment
and industrial development, and are explored in Chapter 11.
7KLVVHFWLRQWKHUHIRUHRQO\FRYHUVDVSHFWVVSHFL¿FDOO\UHODWHG
to energy supply. Quantitative information remains primarily
OLPLWHGWRKHDOWKHIIHFWVZLWKPDQ\FRHIIHFWVQRWTXDQWL¿HGGXH
to a lack of information.
)XHO VZLWFKLQJ DQG WKH JURZWK RI HQHUJ\HI¿FLHQF\
programmes (Swart et al., 2003) can lead to air-quality
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LPSURYHPHQWVDQGHFRQRPLFEHQH¿WVDVZHOODVUHGXFHG*+*
emissions (Beg, 2002). The relatively high capital costs for
many renewable energy technologies are offset by the fuel input
KDYLQJPLQLPDORU]HURFRVWDQGQRWSURQHWRSULFHÀXFWXDWLRQV
as is the case with fossil fuels (Janssen, 2002). Nuclear energy
VKDUHV PDQ\ RI WKH VDPH PDUNHW FREHQH¿WV DV UHQHZDEOHV
(Hagen et al   %HQH¿WV RI *+* PLWLJDWLRQ PD\ RQO\
EH H[SHFWHG E\ IXWXUH JHQHUDWLRQV EXW FREHQH¿WV DUH RIWHQ
detectable to the current generation.
&REHQH¿WVRIPLWLJDWLRQFDQEHLPSRUWDQWGHFLVLRQFULWHULD
in analyses by policymakers, but often neglected (Jochem
and Madlener, 2002). There are many cases where the net
FREHQH¿WV DUH QRW PRQHWLVHG TXDQWL¿HG RU HYHQ LGHQWL¿HG
by decision-makers and businesses. Due consideration of
FREHQH¿WV FDQ VLJQL¿FDQWO\ LQÀXHQFH SROLF\ GHFLVLRQV
concerning the level and timing of GHG mitigation action.
7KHUHPD\EHVLJQL¿FDQWHFRQRPLFDGYDQWDJHVWRWKHQDWLRQDO
stimulation of technical innovation and possible spillover
HIIHFWV ZLWK GHYHORSLQJ FRXQWULHV EHQH¿WLQJ IURP LQQRYDWLRQ
stimulated by GHG mitigation in industrialized countries. Most
DVSHFWVRIFREHQH¿WVKDYHVKRUWWHUPHIIHFWVEXWWKH\VXSSRUW
long-term mitigation policies by creating a central link to
sustainable development objectives (Kessels and Bakker, 2005).
To date, most analyses have calculated GHG mitigation costs
by dividing the incremental costs of ‘mitigation technologies’
by the amount of GHG avoided. This implicitly attributes all
WKH FRVWV WR *+*HPLVVLRQ UHGXFWLRQ DQG WKH FREHQH¿WV DUH
seen as ancillary. Ideally, one would attribute the incremental
FRVWVWRWKHYDULRXVFREHQH¿WVE\DWWHPSWLQJWRZHLJKWWKHP
7KLVFRXOGOHDGWRVLJQL¿FDQWO\ORZHUFRVWVRI*+*UHGXFWLRQV
VLQFH WKH RWKHU FREHQH¿WV ZRXOG FDUU\ D VKDUH RI WKH FRVWV
together with a change in the cost ranking of mitigation options
(Schlamadinger et al. 2006).
The reduced costs of new technologies due to experience,
and the incentives for further improvement due to competition,
FDQ EH FREHQH¿WV RI FOLPDWHFKDQJH SROLFLHV -RFKHP DQG
Madlener, 2002). New energy technologies are typically more
expensive during their market-introduction phase but substantial
learning experience can usually be achieved to reduce costs
and enhance skill levels (Barreto, 2001; Herzog et al., 2001;
IEA, 2000; McDonald and Schrattenholzer, 2001; NCOE,
2004). Increased net employment and trade of technologies
DQG VHUYLFHV DUH XVHIXO FREHQH¿WV JLYHQ KLJK XQHPSOR\PHQW
in many countries. Employment is created at different levels,
from research and manufacturing to distribution, installation
and maintenance. Renewable-energy technologies are more
labour-intensive than conventional technologies for the same
energy output (Kamman et al., 2004). For example, solar PV
generates 5.65 person-years of employment per 1 million US$
investment (over ten years) and the wind-energy industry 5.7
person-years. In contrast, every million dollars invested in the
coal industry generates only 3.96 person-years of employment
over the same time period (Singh and Fehrs, 2001). In South
Africa, the development of renewable energy technologies
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could lead to the creation of over 36,000 direct jobs by 2020
(Austin et al., 2003) while more than 900,000 new jobs could
be created across Europe by 2020 as a result of the increased
use of renewable energy (EUFORES, 2004).
4.5.4

Implications of energy supply on sustainable
development

The connection between climate-change mitigation and
sustainable development is covered extensively in Chapter 12.
The impact of the mitigation efforts from the energy-supply sector
can be illustrated using the taxonomy of sustainability criteria
and the indicators behind it. An analysis of the sustainability
indicators mentioned in 750 project design documents submitted
for validation under the CDM up to the end of 2005 (Olsen and
Fenhann, 2006) indicated renewable energy projects provide the
most sustainable impacts. Examples include biomass energy to
create employment; geothermal and hydro to give a positive
balance of payment; fossil-fuel switching to reduce emissions
of SO2 and NOx; coal bed methane capture to reduce the number
of explosions/accidents; and solar PV to create improved and
increased access to electricity, employment, welfare and better
learning possibilities.
4.5.4.1

Health and environment

Energy interlinks with health in two contradictory ways. It is
essential to support the provision of health services, but energy
conversion and consumption can have negative health impacts
6HFWLRQ )RUH[DPSOHLQWKH8.DODFNRILQVXI¿FLHQW
KRPHKHDWLQJKDVEHHQLGHQWL¿HGDVDSULQFLSDOFDXVHRIKLJK
levels of winter deaths (London Health Commission, 2003), but
emissions from oil, gas, wood and coal combustion can add to
reduced air quality and respiratory diseases.
The historical dilemma between energy supply and health can
be demonstrated for various sectors, although it should be noted
that recent times have seen major improvements. For instance,
whereas epidemiological studies have shown that oil production
LQGHYHORSHGFRXQWULHVLVQRWDFFRPSDQLHGE\VLJQL¿FDQWKHDOWK
risks due to application of effective abatement technology, a
Kazakhstan study compared the health costs between the city
of Atyrau (with a high rate of pollution from oil extraction)
and Astana (without). Health costs per household in Atyrau
were twice as high as in Astana. The study also showed that
WKH DQQXDO EHQH¿WV RI LQYHVWPHQWV LQ DEDWHPHQW WHFKQRORJLHV
ZHUHDWOHDVW¿YHWLPHVKLJKHUWKDQWKHYLUWXDODQQXDODEDWHPHQW
costs. A key barrier to investment in abatement technologies
was the differentiated responsibility, as household health costs
are borne by individuals, while the earnings from oil extraction
accrue to the local authorities (Netalieva et al., 2005).
Accidental spills during oil-product transportation are
damaging to the environment and health. There have been many
VSLOOVDWVHDUHVXOWLQJLQWKHGHVWUXFWLRQRIIDXQDDQGÀRUDEXW
the frequency of such incidents has declined sharply in recent

times (Huijer, 2005). There are also spills originating from
cracks in pipelines due to failure or sabotage. For example, it
was estimated that the trans-Ecuadorian pipeline alone has spilt
400,000 litres of crude oil since it opened in 1972. Spills at oil
UH¿QHULHVDUHDOVRQRWXQFRPPRQ9HUZHLM  UHSRUWHGWKDW
in South Africa more than one million litres of petrol leaked
IURP WKH UH¿QHU\ SLSHOLQH V\VWHPV LQWR WKH VRLO LQ  WKXV
contaminating ground water. One of the most recent oil spills
occurred in Nanchital, Mexico in December 2004, where it was
estimated that 5000 barrels of crude oil spilled from the pipeline
with much of it going into the Coatzacoalcos River. Pemex,
the company owning the pipeline, indicated a willingness to
FRPSHQVDWHWKHPRUHWKDQORFDO¿VKHUPHQDQGWKHRZQHUV
of the 200 hardest-hit homes. Coal mining is also hazardous
with many thousands of fatalities each year. Exposure to coal
dust has also been associated with accelerated loss of lung
function (Beeckman and Wang, 2001).
4.5.4.2

Equity and shared responsibility

Economies with a high dependence on oil exports tend to
have a poorer economic performance (Leite and Weidmann,
1999). The local energy needs of the host countries may
be overlooked by their governments in the quest for foreign
earnings from energy exports. Inadequate returns to the energy
resource-rich communities have resulted in organized resistance
against oil-extraction companies. Insecurities associated with
oil supplies also result in high military expenditure as shown by
OPEC countries (Karl and Gary, 2004).
The advent of reform in the energy sector increases
inequalities. Notably electricity tariffs have generally shifted
upwards after commencement of reforms (Wamukonya, 2003;
Dubash, 2003) making electricity even more inaccessible to the
lower-income earners. There are many genuine efforts to address
such issues (World Bank, 2005), although much still needs to
be done (Lort-Phillips and Herringshaw, 2006). Companies
whose origin countries have stringent mandatory disclosure
requirements are reported to perform best on transparency.
Public private partnerships in developing countries are starting
to make inroads into the issue of inequity and to harmonize
practices between the developed and developing world. One
such example is the Global Gas Flaring Reduction Partnership
:RUOG %DQN D  DLPHG DW UHGXFLQJ ZDVWHIXO ÀDULQJ DQG
conserving the hydrocarbon resources for utilization by the host
country.
4.5.4.3

Barriers to providing energy sources for
sustainable development

The high investment cost required to build energy-system
infrastructure is a major barrier to sustainable development. The
IEA (2004a) estimated that 5 trillion US$ will be needed to meet
electricity demand in developing countries by 2030. To meet
all the eight Millennium Development Goals will require an
annual average investment of 20 billion US$ to develop energy
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infrastructure and deliver energy services (UNDP, 2004b).
$FFHVVWR¿QDQFHIRULQYHVWPHQWLQHQHUJ\V\VWHPVHVSHFLDOO\
in developing countries, has, nonetheless, been declining.
Available infrastructure also dictates energy types and use
patterns. For instance, in a study on Peruvian household demand
for clean fuels, Jack (2004) found that urban dwellers were
more likely to use clean fuels than rural householders, due to
the availability of the necessary infrastructure. Investment costs
necessary to capture natural gas and divert it into energy systems
DQGFXUEÀDULQJDQGYHQWLQJDUHDEDUULHUHYHQWKRXJKHIIRUWV
are being made to overcome this problem (World Bank, 2004a).
It is estimated that over 110 billion m3RIQDWXUDOJDVDUHÀDUHG
and vented worldwide annually, equivalent to the total annual
gas consumption of France and Germany (ESMAP, 2004).
Levels of investment vary across regions, with the most
needy receiving the least resources. Between 1990 and 2001,
private investments to developing and transition countries
for power projects were about 207 billion US$. Nearly 43%
went to Latin America and the Caribbean, 33% to East Asia
DQGWKH3DFL¿FDQGDSSUR[LPDWHO\WRVXE6DKDUDQ$IULFD
(Kessides, 2004). Accessibility and affordability of clean
fuels remains a major barrier in many developing countries,
exacerbated when complex supply systems are required that
lead to high transaction costs.
Corruption, bureaucracy and mismanagement of energy
resources have often prevented the use of proceeds emanating
from extraction of energy resources from being used to provide
local energy systems to meet sustainable development needs.
Forms of corruption have encompassed such schemes as:
v the granting of lucrative power purchase agreements
33$V E\SROLWLFLDQVZKRWKHQEHQH¿WIURPUHFHLYLQJD
share of guaranteed prices considerably higher than the
international market price (Shorrock, 2002; Vallete and
Wysham, 2002);
v suspending plant operations, thereby compromising
access to electricity and persuading government agencies
to pay high premiums for political risk insurance (Hall
and Lobina, 2004); and
v granting of lucrative sole-supplier trading rights for gas
supplies (Lovei and McKechnie, 2000).
Oil-backed loans have contributed to high foreign debts
in many oil-producing countries at the expense of the poor
majority (IMF, 2001; Global Witness, 2004). Despite heavy
debts, such countries continue to sign for such loans (AEI,
 DQGSRWHQWLDOUHYHQXHVDUHXVHGDVFROODWHUDOWR¿QDQFH
government external debt rather than to reduce poverty or
promote sustainable development. These loans are typically
provided at higher interest rates than conventional concessionary
loans (World Bank, 2004b) and so the majority of the local
SRSXODWLRQIDLOWREHQH¿WIURPKLJKRLOSULFHV ,5,1 7KH
problem could be overcome by legal frameworks that enable
the channelling of revenue into investments that provide energy
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systems and promote sustainable development in communities
affected by energy-resource extraction. In the meantime, the
problem remains a key barrier to sustainable development
and, although several countries including Peru, Nigeria and
Gabon have mandated enabling mechanisms for such transfers,
progress in implementing these measures has been slow (Gary
and Karl, 2003).
3RRUSROLFLHVLQWKHLQWHUQDWLRQDO¿QDQFLQJVHFWRUKLQGHUWKH
establishment of energy systems for sustainable development.
A review of the extractive industries (World Bank, 2004b),
for example, revealed that the World Bank group and the
International Finance Corporation (IFC) have been investing in
oil- and gas-extractive activities that have negative impacts on
poverty alleviation and sustainable development. The review,
somewhat controversially, recommended that the banks should
pull out of oil, gas and coal projects by 2008.
Population growth and higher per-capita energy demand
are forcing the transition of supply patterns from potentially
VXVWDLQDEOH V\VWHPV WR XQVXVWDLQDEOH RQHV (I¿FLHQW XVH RI
biomass can reduce CO2 emissions, but can only be sustained
if supplies are adequate to satisfy demand without depleting
carbon stocks by deforestation (Section 4.3.3.3). If supplies
are inadequate, it may be necessary to shift demand to fossil
fuels to prevent overharvesting. In Niger, for example, despite
the concerted efforts through a long-term World Bank funded
SURMHFWLWLVQRWSRVVLEOHWRSURYLGHVXI¿FLHQWZRRG\ELRPDVVRQ
a sustainable basis. As a result, the government has launched a
campaign to encourage consumers, particularly industry, to shift
from wood to coal and has re-launched a 3000 t/yr production
unit, distributed 300 t of coal to Niamey, and produced 3800
coal-burning stoves (ISNA, 2004). Further, in the electricity
sector, PPAs that are not favourable to the establishment of
generation plants that promote sustainable development are
increasingly common. These include long-term PPAs with
payments made in foreign currency denominations, leaving the
power sector extremely vulnerable to macro-economic shocks
as demonstrated by the 1998 Asian crisis (Wamukonya, 2003).
4.5.4.4

Strategies for providing energy for sustainable
development

Although the provision of improved energy services is not
PHQWLRQHGVSHFL¿FDOO\LQWKHIRUPDO0LOOHQQLXP'HYHORSPHQW
*RDOV 0'*V  IUDPHZRUN LW LV D YLWDO IDFWRU (OHFWUL¿FDWLRQ
and other energy-supply strategies should target income
generation if they are to be economically sustainable. It is
important to focus on improving productive uses of energy
as a way of contributing to income generation by providing
services and not as an end in themselves. It has been argued
that the traditional top-down approaches to reform the power
sector – motivated by macroeconomic factors and not aimed at
improving access for the poor – should be replaced by bottomup ones with communities at the centre of the decision process
(GNESD, 2006).
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Vulnerability and adaptation

It is essential to look at how the various components of
the energy-supply chain might be affected by climate change.
At the same time, it is desirable to assess current adaptation
measures and their adequacy to handle potential vulnerability.
A robust predictive skill is required to ensure that any mitigation
programmes adopted now will still function adequately if
altered climatic conditions prevail in the future.
2I¿FLDO DLG LQYHVWPHQWV LQ GHYHORSLQJ FRXQWULHV DUH RIWHQ
more focused on recovery from disaster than on the creation
of adaptive capacity. Lending agencies and donors will need
to reform their investment policies accordingly to mitigate
this problem (Monirul, 2004). Many developing countries are
particularly vulnerable to extremes of normal climatic variability
that are expected to be exacerbated by climate change. Assessing
the vulnerability of energy supply to climatic events and longerWHUP FOLPDWH FKDQJH QHHGV WR EH FRXQWU\ RU UHJLRQVSHFL¿F
The magnitude and frequency of extreme weather events such
as ice storms, tornadoes and cyclones is predicted to change,
as may annual rainfall, cloud cover and sunshine hours. This is
likely to increase the vulnerability of the various components
of the energy-supply infrastructure such as transmission lines
and control systems.
Sea-level rise, tropical cyclones and large ocean waves
may hamper offshore oil and gas exploration and extraction
of these fossil fuels. Higher ambient temperatures may affect
WKH HI¿FLHQF\ DQG FDSDFLW\ UDWLQJV RI IRVVLOIXHOSRZHUHG
combustion turbines. In addition, electricity transmission losses
may increase due to higher ambient temperatures. Renewableenergy systems may be adversely affected (Sims, 2003),
for example if solar power generation and water heating are
impacted by increased cloud cover. Lower precipitation and
higher evaporation due to higher ambient temperatures may
cause lower water levels in storage lakes or rivers that will
affect the outputs of hydro-electric power stations. Energy crop
yields could be reduced due to new pests and weather changes
and more extreme storm events could damage wind turbines
and ocean energy devices. The need to take measures to lessen
the impacts on energy systems resulting from their intrinsic
vulnerability to climate change will remain a challenge for the
foreseeable future.
4.5.6

Technology Research, Development,
Demonstration, plus Deployment (RD3)

v the quantities of GHGs emitted for the rest of this century;
and
v achievement, or otherwise, of GHG stabilization
concentration levels.
Technology can play an important role in reducing the
energy intensity of an economy (He and Zhang, 2006; He et
al., 2006). In addition to new and improved energy-conversion
technologies, such concepts as novel supply structures,
distributed energy systems, grid optimization techniques,
energy transport and storage methods, load management,
co-generation and community-based services will have to be
developed and improved (Luther, 2004). The knowledge base
required to transform the energy supply and utilization system
will then need to be created and expanded.
Major innovations that will shape society will require a
foundation of strong basic research (Friedman, 2003). Areas
RIJHQHULFVFLHQWL¿FUHVHDUFKLQPDWHULDOFKHPLFDOELRDQG
geo-sciences that could be particularly important to energy
supply need to be reviewed. Progress in basic research could
lead to new materials and technologies that can radically reduce
costs or reveal new approaches to providing energy services.
)RU H[DPSOH WKH GHYHORSPHQW RI ¿EUH RSWLFV IURP JHQHULF
research investment resulted in their current use to extract
greater volumes of oil or gas from a reservoir than had been
previously possible.
&URVVGLVFLSOLQDU\ FROODERUDWLRQV EHWZHHQ PDQ\ VFLHQWL¿F
areas, including applied research and social science, are needed
for successful introduction of new energy supply and end-use
technologies necessary to combat the unprecedented challenge
of supporting human growth and progress while protecting
JOREDO DQG ORFDO HQYLURQPHQWV ,QWHJUDWLQJ VFLHQWL¿F SURJUHVV
LQWR HQHUJ\ DQG HQYLURQPHQWDO SROLFLHV LV GLI¿FXOW DQG KDV
not always received the attention it deserves (IEA, 2003a).
Successful introduction of new technologies into the market
requires careful coordination with governments to encourage,
or at least not to hinder, their introduction. There is no single
area of research that will secure a reliable future supply of
energy. A diverse range of energy sources will be utilized and
hence a broad range of fundamental research will be needed.
Setting global priorities for technology development should be
based on quantitative assessments of possible emissions and
WKHLU DEDWHPHQW SDWKV EXW JXLGHOLQHV ZRXOG ¿UVW QHHG WR EH
developed (OECD, 2006a).
4.5.6.1

v
v
v
v
v

Future investments in RD3 will, in part, determine:
future security of energy supplies;
accessibility, availability and affordability of desired energy
services;
attainment of sustainable development;
free-market distribution of energy supplies to all countries;
deployment of low-carbon energy carriers and conversion
technologies;

Public and private funding

Almost all (98%) of total OECD energy R&D investment
has been by only ten IEA member countries (Margolis and
Kammen, 1999; WEC, 2001). The amount declined by 50%
between the peak of 1980 (following the oil price shocks)
and 2002 in real terms (Figure 4.32). Expenditure on nuclear
technologies, integrated over time, has been many times higher
than investment in renewable energies. The end of the cold
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Figure 4.32: IEA member government budgets for total renewable energy R&D annual investments for 1974–2003 (left, a) and investment per capita, averaged between
1990 and 2003 (right, b).
Source: IEA, 2006d.

war and lower fossil-fuel prices decreased the level of public
attention on energy planning in the 1980s, and global energy
R&D investment has yet to return to these levels despite
growing concerns about energy security and climate change
(Chapter 13).
Ultimately, it is only by creating a demand-pull market
(rather than supply-push) that technological development,
learning from experience, economies of scale in production and
related cost reductions can result. As markets expand and new
industries grow (the wind industry for example), more private
investment in R&D results, which is often more successful than
public research (Sawin, 2003b).
7KHSULYDWHVHFWRULQYHVWVDVLJQL¿FDQWDPRXQWLQHQHUJ\5'3
to seek competitive advantage through improved technology
and risk avoidance in relation to commercialization. Firms
tend to focus on incremental technology improvements to gain
SUR¿WVLQWKHVKRUWWHUP5 'VSHQGLQJE\¿UPVLQWKHHQHUJ\
industry is particularly low with utilities investing only 1% of
total sales in US, UK and the Netherlands compared with the
3% R&D-to-sales ratio for manufacturing, and up to 8% for
pharmaceutical, computer and communication industries.
If government policies relating to strategic research
can ensure long-term markets for new technologies, then
industries can see their potential, perform their own R&D
and complement public research institutions (Luther, 2004).
Fixed pricing laws to encourage the uptake of new energysupply technologies have been successful but do not usually
result in novel concepts. Further innovation is encouraged once
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PDQXIDFWXUHUVDQGXWLOLWLHVEHJLQWRJHQHUDWHSUR¿WVIURPDQHZ
technology. They then invest more in R&D to lower costs and
IXUWKHULQFUHDVHSUR¿WPDUJLQV 0HQDQWHDXet al., 2003). Under
government mandatory quota systems (as used to stimulate
renewable energy projects in several countries – Section 4.5.1),
FRQVXPHUVWHQGWREHQH¿WWKHPRVWDQGKHQFHSURGXFHUVUHFHLYH
LQVXI¿FLHQWSUR¿WWRLQYHVWLQ5 '
Recent trends in both public and private energy RD3 funding
indicate that the role of ‘technology push’ in reducing GHG
emissions is often overvalued and may not be fully understood.
Subsidies and externalities (both social and environmental)
affect energy markets and tend to support conventional sources
of energy. Intervention to encourage R&D and adoption
of renewable energy technologies, together with private
investment and the more intelligent use of natural and social
sciences is warranted (Hall and Lobina, 2004). Obtaining a
useful balance between public and private research investment
can be achieved by using partnerships between government,
UHVHDUFKLQVWLWXWLRQVDQG¿UPV
Current levels of public and private energy-supply R&D
investment are unlikely to be adequate to reduce global GHG
emissions while providing the world with the energy needs of
the developing nations (Edmonds and Smith, 2006). Success
in long-term energy-supply R&D is associated with near-term
investments to ensure that future energy services are delivered
FRVWHIIHFWLYHO\ DQG EDUULHUV WR LPSOHPHQWDWLRQ DUH LGHQWL¿HG
and removed. Sustainable development and providing access to
modern energy services for the poor have added challenges to
R&D investment (IEA, 2004a; IEA 2006a; Chapter 13).
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EXECUTIVE SUMMARY
Transport activity, a key component of economic
development and human welfare, is increasing around the world
as economies grow. For most policymakers, the most pressing
problems associated with this increasing transport activity
DUHWUDI¿FIDWDOLWLHVDQGLQMXULHVFRQJHVWLRQDLUSROOXWLRQDQG
petroleum dependence. These problems are especially acute in
the most rapidly growing economies of the developing world.
Mitigating greenhouse gas (GHG) emissions can take its place
among these other transport priorities by emphasizing synergies
DQGFREHQH¿WV(high agreement, much evidence).
Transport predominantly relies on a single fossil resource,
petroleum that supplies 95% of the total energy used by world
transport. In 2004, transport was responsible for 23% of world
energy-related GHG emissions with about three quarters
coming from road vehicles. Over the past decade, transport’s
GHG emissions have increased at a faster rate than any other
energy using sector (high agreement, much evidence).
Transport activity will continue to increase in the future as
economic growth fuels transport demand and the availability
of transport drives development, by facilitating specialization
DQGWUDGH7KHPDMRULW\RIWKHZRUOG¶VSRSXODWLRQVWLOOGRHVQRW
have access to personal vehicles and many do not have access
to any form of motorized transport. However, this situation is
rapidly changing.
Freight transport has been growing even more rapidly than
passenger transport and is expected to continue to do so in the
future. Urban freight movements are predominantly by truck,
while international freight is dominated by ocean shipping.
The modal distribution of intercity freight varies greatly
across regions. For example, in the United States, all modes
participate substantially, while in Europe, trucking has a higher
market share (in tkm1), compared to rail (high agreement, much
evidence).
Transport activity is expected to grow robustly over the next
VHYHUDOGHFDGHV8QOHVVWKHUHLVDPDMRUVKLIWDZD\IURPFXUUHQW
SDWWHUQVRIHQHUJ\XVHZRUOGWUDQVSRUWHQHUJ\XVHLVSURMHFWHG
to increase at the rate of about 2% per year, with the highest
rates of growth in the emerging economies, and total transport
HQHUJ\XVHDQGFDUERQHPLVVLRQVLVSURMHFWHGWREHDERXW
higher than current levels by 2030 (medium agreement, medium
evidence).
There is an ongoing debate about whether the world is
nearing a peak in conventional oil production that will require a
VLJQL¿FDQWDQGUDSLGWUDQVLWLRQWRDOWHUQDWLYHHQHUJ\UHVRXUFHV
There is no shortage of alternative energy sources, including
oil sands, shale oil, coal-to-liquids, biofuels, electricity and
1

hydrogen. Among these alternatives, unconventional fossil
carbon resources would produce less expensive fuels most
compatible with the existing transport infrastructure, but lead
to increased carbon emissions (medium agreement, medium
evidence).
In 2004, the transport sector produced 6.3 GtCO2 emissions
(23% of world energy-related CO2 emissions) and its growth rate
is highest among the end-user sectors. Road transport currently
accounts for 74% of total transport CO2 emissions. The share
of non-OECD countries is 36% now and will increase rapidly
to 46% by 2030 if current trends continue (high agreement,
much evidence). The transport sector also contributes small
amounts of CH4 and N2O emissions from fuel combustion
DQG)JDVHV ÀXRULQDWHGJDVHV IURPYHKLFOHDLUFRQGLWLRQLQJ
CH4 emissions are between 0.1–0.3% of total transport GHG
emissions, N22EHWZHHQDQG EDVHGRQ86-DSDQDQG
EU data only). Worldwide emissions of F-gases (CFC-12+HFC134a+HCFC-22) in 2003 were 0.3–0.6 GtCO2-eq, about 5–10%
of total transport CO2 emissions (medium agreement, limited
evidence).
When assessing mitigation options it is important to consider
their lifecycle GHG impacts. This is especially true for choices
among alternative fuels but also applies to a lesser degree to
the manufacturing processes and materials composition of
advanced technologies. Electricity and hydrogen can offer
the opportunity to ‘de-carbonise’ the transport energy system
although the actual full cycle carbon reduction depends upon
the way electricity and hydrogen are produced. Assessment
of mitigation potential in the transport sector through the year
2030 is uncertain because the potential depends on:
v World oil supply and its impact on fuel prices and the
economic viability of alternative transport fuels;
v R&D outcomes in several areas, especially biomass fuel
production technology and its sustainability in massive
VFDOHDVZHOODVEDWWHU\ORQJHYLW\FRVWDQGVSHFL¿FHQHUJ\
Another problem for a credible assessment is the limited
number and scope of available studies of mitigation potential
and cost.
,PSURYLQJHQHUJ\HI¿FLHQF\RIIHUVDQH[FHOOHQWRSSRUWXQLW\
for transport GHG mitigation through 2030. Carbon emissions
from ‘new’ light-duty road vehicles could be reduced by up
to 50% by 2030 compared to currently produced models,
assuming continued technological advances and strong
policies to ensure that technologies are applied to increasing
fuel economy rather than spent on increased horsepower and
vehicle mass. Material substitution and advanced design could
reduce the weight of light-duty vehicles by 20–30%. Since the
7$5 7KLUG $VVHVVPHQW 5HSRUW  HQHUJ\ HI¿FLHQF\ RI URDG
vehicles has improved by the market success of cleaner directLQMHFWLRQWXUERFKDUJHG 7', GLHVHOVDQGWKHFRQWLQXHGPDUNHW
SHQHWUDWLRQ RI QXPHURXV LQFUHPHQWDO HI¿FLHQF\ WHFKQRORJLHV

ton-km, “ton” refers to metric ton, unless otherwise stated.
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Hybrid vehicles have also played a role, though their market
SHQHWUDWLRQLVFXUUHQWO\VPDOO5HGXFWLRQVLQGUDJFRHI¿FLHQWV
of 20–50% seem achievable for heavy intercity trucks,
with consequent reductions in fuel use of 10–20%. Hybrid
technology is applicable to trucks and buses that operate in
XUEDQHQYLURQPHQWVDQGWKHGLHVHOHQJLQH¶VHI¿FLHQF\PD\EH
improved by 10% or more. Prospects for mitigation are strongly
dependent on the advancement of transport technologies.
There are also important opportunities to increase the
RSHUDWLQJ HI¿FLHQFLHV RI WUDQVSRUW YHKLFOHV 5RDG YHKLFOH
HI¿FLHQF\ PLJKW EH LPSURYHG E\ ± WKURXJK VWUDWHJLHV
such as eco-driving styles, increased load factors, improved
PDLQWHQDQFH LQYHKLFOH WHFKQRORJLFDO DLGV PRUH HI¿FLHQW
UHSODFHPHQWW\UHVUHGXFHGLGOLQJDQGEHWWHUWUDI¿FPDQDJHPHQW
and route choice (medium agreement, medium evidence).
7KHWRWDOPLWLJDWLRQSRWHQWLDOLQRIWKHHQHUJ\HI¿FLHQF\
RSWLRQVDSSOLHGWROLJKWGXW\YHKLFOHVZRXOGEHDURXQG±
GtCO2-eq in 2030 at costs <100 US$/tCO2'DWDLVQRWVXI¿FLHQW
to provide a similar estimate for heavy-duty vehicles. The use
of current and advanced biofuels would give an additional
reduction potential of another 600–1500 MtCO2-eq in 2030 at
costs <25 US$/tCO2 (low agreement, limited evidence).
$OWKRXJK UDLO WUDQVSRUW LV RQH RI WKH PRVW HQHUJ\ HI¿FLHQW
PRGHV WRGD\ VXEVWDQWLDO RSSRUWXQLWLHV IRU IXUWKHU HI¿FLHQF\
improvements remain. Reduced aerodynamic drag, lower train
ZHLJKWUHJHQHUDWLYHEUHDNLQJDQGKLJKHUHI¿FLHQF\SURSXOVLRQ
V\VWHPV FDQ PDNH VLJQL¿FDQW UHGXFWLRQV LQ UDLO HQHUJ\ XVH
Shipping, also one of the least energy intensive modes, still has
VRPHSRWHQWLDOIRULQFUHDVHGHQHUJ\HI¿FLHQF\6WXGLHVDVVHVVLQJ
both technical and operational approaches have concluded that
HQHUJ\HI¿FLHQF\RSSRUWXQLWLHVRIDIHZSHUFHQWWRXSWR
are possible (medium agreement, medium evidence).
3DVVHQJHU MHW DLUFUDIW SURGXFHG WRGD\ DUH  PRUH IXHO
HI¿FLHQWWKDQWKHHTXLYDOHQWDLUFUDIWSURGXFHG\HDUVDJRDQG
continued improvement is expected. A 20% improvement over
DLUFUDIWHI¿FLHQF\LVOLNHO\E\DQGSRVVLEO\WR
LPSURYHPHQW LV DQWLFLSDWHG E\  6WLOO JUHDWHU HI¿FLHQF\
gains will depend on the potential of novel designs such as the
blended wing body, or propulsion systems such as the unducted
turbofan. For 2030 the estimated mitigation potential is 150
MtCO2 at carbon prices less than 50 US$/tCO2DQG0W&22
at carbon prices less than 100 US$/tCO2 (medium agreement,
medium evidence). However, without policy intervention,
SURMHFWHG DQQXDO LPSURYHPHQWV LQ DLUFUDIW IXHO HI¿FLHQF\ RI
WKHRUGHURI±ZLOOEHVXUSDVVHGE\DQQXDOWUDI¿FJURZWK
of around 5% each year, leading to an annual increase of CO2
emissions of 3–4% per year (high agreement, much evidence).
Biofuels have the potential to replace a substantial part
but not all petroleum use by transport. A recent IEA analysis
2

US term for petrol.
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estimates that biofuels’ share of transport fuel could increase
to about 10% in 2030. The economic potential in 2030 from
biofuel application is estimated at 600–1500 MtCO2-eq/yr at a
cost of <25 US$/tCO2HT7KHLQWURGXFWLRQRIÀH[IXHOYHKLFOHV
able to use any mixture of gasoline2 DQG HWKDQRO UHMXYHQDWHG
the market for ethanol as a motor fuel in Brazil by protecting
motorists from wide swings in the price of either fuel. The
global potential for biofuels will depend on the success of
technologies to utilise cellulose biomass (medium agreement,
medium evidence).
Providing public transports systems and their related
infrastructure and promoting non-motorised transport can
contribute to GHG mitigation. However, local conditions
determine how much transport can be shifted to less energy
intensive modes. Occupancy rates and primary energy sources of
the transport mode further determine the mitigation impact. The
HQHUJ\UHTXLUHPHQWVIRUXUEDQWUDQVSRUWDUHVWURQJO\LQÀXHQFHG
by the density and spatial structure of the built environment, as
well as by location, extent and nature of transport infrastructure.
If the share of buses in passenger transport in typical Latin
American cities would increase by 5–10%, then CO2 emissions
could go down by 4–9% at costs of the order of 60–70 US$/
tCO2 (low agreement, limited evidence).
The few worldwide assessments of transport’s GHG
mitigation potential completed since the TAR indicate that
VLJQL¿FDQWUHGXFWLRQVLQWKHH[SHFWHGLQFUHDVHLQWUDQVSRUW
*+* HPLVVLRQ E\  ZLOO UHTXLUH ERWK PDMRU DGYDQFHV LQ
technology and implementation via strong, comprehensive
policies (medium agreement, limited evidence).
The mitigation potential by 2030 for the transport sector is
estimated to be about 1600–2550 MtCO2 for a carbon price less
than 100 US$/tCO2. This is only a partial assessment, based
RQ ELRIXHO XVH WKURXJKRXW WKH WUDQVSRUW VHFWRU DQG HI¿FLHQF\
improvements in light-duty vehicles and aircraft and does
not cover the potential for heavy-duty vehicles, rail transport,
shipping, and modal split change and public transport promotion
and is therefore an underestimation. Much of this potential
appears to be located in OECD North America and Europe.
This potential is measured as the further reduction in CO2
emissions from a Reference scenario, which already assumes
D VXEVWDQWLDO XVH RI ELRIXHOV DQG VLJQL¿FDQW LPSURYHPHQWV LQ
IXHOHI¿FLHQF\EDVHGRQDFRQWLQXDWLRQRIFXUUHQWWUHQGV7KLV
estimate of mitigation costs and potentials is highly uncertain.
There remains a critical need for comprehensive and consistent
assessments of the worldwide potential to mitigate transport’s
GHG emissions (low agreement, limited evidence).
While transport demand certainly responds to price signals,
the demand for vehicles, vehicle travel and fuel use are
VLJQL¿FDQWO\SULFHLQHODVWLF$VDUHVXOWODUJHLQFUHDVHVLQSULFHV
RUWD[HVDUHUHTXLUHGWRPDNHPDMRUFKDQJHVLQ*+*HPLVVLRQV
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Many countries do heavily tax motor fuels and have lower rates
of fuel consumption and vehicle use than countries with low
fuel taxes (high agreement, much evidence).
Fuel economy regulations have been effective in slowing the
growth of GHG emissions, but so far growth of transport activity
has overwhelmed their impact. They have been adopted by most
developed economies as well as key developing economies,
though in widely varying form, from uniform, mandatory
corporate average standards, to graduated standards by vehicle
weight class or size, to voluntary industry-wide standards. The
RYHUDOOHIIHFWLYHQHVVRIVWDQGDUGVFDQEHVLJQL¿FDQWO\HQKDQFHG
LI FRPELQHG ZLWK ¿VFDO LQFHQWLYHV DQG FRQVXPHU LQIRUPDWLRQ
(medium agreement, medium evidence).
A wide array of transport demand management (TDM)
strategies have been employed in different circumstances
DURXQG WKH ZRUOG SULPDULO\ WR PDQDJH WUDI¿F FRQJHVWLRQ DQG
reduce air pollution. TDMs can be effective in reducing private
vehicle travel if rigorously implemented and supported (high
agreement, low evidence).
In order to reduce emissions from air and marine transport
resulting from the combustion of bunker fuels, new policy
frameworks need to be developed. However ICAO endorsed

Transport and its infrastructure

the concept of an open, international emission trading system
for the air transport sector, implemented through a voluntary
scheme, or incorporation of international aviation into existing
emission trading systems. Environmentally differentiated port
dues are being used in a few places. Other policies to affect
shipping emissions would be the inclusion of international
shipping in international emissions trading schemes, fuel taxes
and regulatory instruments (high agreement, much evidence).
Since currently available mitigation options will probably
not be enough to prevent growth in transport’s emissions,
technology research and development is essential in order to
FUHDWHWKHSRWHQWLDOIRUIXWXUHVLJQL¿FDQWUHGXFWLRQVLQWUDQVSRUW
GHG emissions. This holds, amongst others, for hydrogen
fuel cell, advanced biofuel conversion and improved batteries
for electric and hybrid vehicles (high agreement, medium
evidence).
The best choice of policy options will vary across regions.
Not only levels of economic development, but the nature of
economic activity, geography, population density and culture all
LQÀXHQFHWKHHIIHFWLYHQHVVDQGGHVLUDELOLW\RISROLFLHVDIIHFWLQJ
modal choices, infrastructure investments and transport demand
management measures (high agreement, much evidence).

327

1434
Transport and its infrastructure

5.1 Introduction

Chapter 5

Table 5.1: World transport energy use in 2000, by mode
Mode

I
Mobility is an essential human need. Human survival and
societal interaction depend on the ability to move people and
JRRGV (I¿FLHQW PRELOLW\ V\VWHPV DUH HVVHQWLDO IDFLOLWDWRUV RI
economic development. Cities could not exist and global trade
could not occur without systems to transport people and goods
FKHDSO\DQGHI¿FLHQWO\ :%&6' 
Since motorized transport relies on oil for virtually all its
fuel and accounts for almost half of world oil consumption, the
transport sector faces a challenging future, given its dependence
on oil. In this chapter, existing and future options and potentials
to reduce greenhouse gases (GHG) are assessed.
GHG emission reduction will be only one of several key
issues in transport during the coming decades and will not
be the foremost issue in many areas. In developing countries
especially, increasing demand for private vehicles is outpacing
the supply of transport infrastructure – including both road
networks and public transit networks. The result is growing
congestion and air pollution,3 DQG D ULVH LQ WUDI¿F IDWDOLWLHV
Further, the predominant reliance on private vehicles for
passenger travel is creating substantial societal strains as
economically disadvantaged populations are left out of the rapid
growth in mobility. In many countries, concerns about transport
ZLOOOLNHO\IRFXVRQWKHORFDOWUDI¿FSROOXWLRQVDIHW\DQGHTXLW\
effects. The global warming issue in transport will have to be
addressed in the context of the broader goal of sustainable
development.

5.2 Current status4 and future trends
5.2.1

Transport today

The transport sector plays a crucial and growing role in
world energy use and emissions of GHGs. In 2004, transport
energy use amounted to 26% of total world energy use and
the transport sector was responsible for about 23% of world
energy-related GHG emissions (IEA, 2006b). The 1990–2002
growth rate of energy consumption in the transport sector was
KLJKHVW DPRQJ DOO WKH HQGXVH VHFWRUV 2I D WRWDO RI  (-5
of total transport energy use, road vehicles account for more
than three-quarters, with light-duty vehicles and freight trucks
having the lion’s share (see Table 5.1). Virtually all (95%) of
transport energy comes from oil-based fuels, largely diesel
(-RUDERXWRIWRWDOHQHUJ\ DQGJDVROLQH (-
47%). One consequence of this dependence, coupled with the
only moderate differences in carbon content of the various
3
4
5

Light-duty vehicles (LDVs)
2-wheelers

Energy use
(EJ)

Share
(%)

34.2

44.5

1.2

1.6

12.48

16.2

Medium freight trucks

6.77

8.8

Buses

4.76

6.2

Rail

1.19

1.5

Air

8.95

11.6

Heavy freight trucks

Shipping
Total

7.32

9.5

76.87

100

Source: WBCSD, 2004b.

oil-based fuels, is that the CO2 emissions from the different
transport sub-sectors are approximately proportional to their
energy use (Figure 5.1).
Economic development and transport are inextricably linked.
Development increases transport demand, while availability of
transport stimulates even more development by allowing trade
and economic specialization. Industrialization and growing
specialization have created the need for large shipments of
goods and materials over substantial distances; accelerating
JOREDOL]DWLRQKDVJUHDWO\LQFUHDVHGWKHVHÀRZV
Urbanization has been extremely rapid in the past century.
About 75% of people in the industrialized world and 40% in
the developing world now live in urban areas. Also, cities have
grown larger, with 19 cities now having a population over 10
million. A parallel trend has been the decentralization of cities –
they have spread out faster than they have grown in population,
with rapid growth in suburban areas and the rise of ‘edge cities’
in the outer suburbs. This decentralization has created both
a growing demand for travel and an urban pattern that is not
easily served by public transport. The result has been a rapid
increase in personal vehicles – not only cars but also 2-wheelers
– and a declining share of transit. Further, the lower-density
GHYHORSPHQW DQG WKH JUHDWHU GLVWDQFHV QHHGHG WR DFFHVV MREV
and services have seen the decline of walking and bicycling as
a share of total travel (WBCSD, 2002).
Another crucial aspect of our transport system is that much
of the world is not yet motorized because of low incomes.
7KH PDMRULW\ RI WKH ZRUOG¶V SRSXODWLRQ GRHV QRW KDYH DFFHVV
to personal vehicles, and many do not even have access to
motorized public transport services of any sort. Thirty-three
percent of China’s population and 75% of Ethiopia’s still did not
have access to all-weather transport (e.g., with roads passable

Although congestion and air pollution are also found in developed countries, they are exacerbated by developing country conditions.
The primary source for the ‘current status’ part of this discussion is WBCSD (World Business Council for Sustainable Development) Mobility 2001 (2002), prepared by Massachusetts Institute of Technology and Charles River Associates Incorporated.
83 EJ in 2004 (IEA, 2006b).
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Figure 5.1: Energy consumption and CO2 emission in the transport sector
Source: IEA, 2006c,d

most of the year). Walking more than 10 km/day6 each way to
farms, schools and clinics is not unusual in rural areas of the
developing world, particularly sub-Saharan Africa, but also in
parts of Asia and Latin America. Commuting by public transport
is very costly for the urban poor, taking, for example, 14% of
the income of the poor in Manila compared with 7% of the
income of the non-poor (World Bank, 1996). If and when these
areas develop and their population’s incomes rise, the prospects
for a vast expansion of motorization and increase in fossil fuel
use and GHG emissions is very real. And these prospects are
exacerbated by the evidence that the most attractive form of
transport for most people as their incomes rise is the motorized
personal vehicle, which is seen as a status symbol as well
DV EHLQJ IDVWHU ÀH[LEOH FRQYHQLHQW DQG PRUH FRPIRUWDEOH
than public transport. Further aggravating the energy and
environmental concerns of the expansion of motorization is the
large-scale importation of used vehicles into the developing
world. Although increased access to activities and services will
contribute greatly to living standards, a critical goal will be to
improve access while reducing the adverse consequences of
motorization, including GHG emissions.
Another factor that has accelerated the increase in transport
energy use and carbon emissions is the gradual growth in the
size, weight and power of passenger vehicles, especially in
WKH LQGXVWULDOL]HG ZRUOG $OWKRXJK WKH HI¿FLHQF\ RI YHKLFOH
WHFKQRORJ\KDVLPSURYHGVWHDGLO\RYHUWLPHPXFKRIWKHEHQH¿W
of these improvements have gone towards increased power and
VL]HDWWKHH[SHQVHRILPSURYHGIXHOHI¿FLHQF\)RUH[DPSOH
the US Environmental Protection Agency has concluded that

6
7
8

WKH 86 QHZ /LJKWGXW\ 9HKLFOH /'9  ÀHHW IXHO HFRQRP\ LQ
 ZRXOG KDYH EHHQ  KLJKHU KDG WKH ÀHHW UHPDLQHG DW
WKHZHLJKWDQGSHUIRUPDQFHGLVWULEXWLRQLWKDGLQ,QVWHDG
over that time period, it became 27% heavier and 30% faster
in 0–60 mph (0–97 km/h) time, and achieved 5% poorer fuel
economy (Heavenrich, 2005). In other words, if power and size
had been held constant during this period, the fuel consumption
rates of light-duty vehicles would have dropped more than 1%
per year.
Worldwide travel studies have shown that the average
time budget for travel is roughly constant worldwide, with
the relative speed of travel determining distances travelled
yearly (Schafer, 2000). As incomes have risen, travellers have
shifted to faster – and more energy-intensive – modes, from
walking and bicycling to public transport to automobiles and,
for longer trips, to aircraft. And as income and travel have
risen, the percentage of trips made by automobiles has risen.
Automobile travel now accounts for 15–30% of total trips in the
developing world, but 50% in Western Europe and 90% in the
8QLWHG6WDWHV7KHZRUOGDXWRÀHHWKDVJURZQZLWKH[FHSWLRQDO
UDSLGLW\ ± EHWZHHQ  DQG  WKH ÀHHW LQFUHDVHG IURP
DERXW  PLOOLRQ YHKLFOHV WR  PLOOLRQ YHKLFOHV ¿YH WLPHV
faster than the growth in population. In China, for example,
vehicle sales (not including scooters, motorcycles and locally
manufactured rural vehicles) have increased from 2.4 million
in 2001 to 5.6 million in 20057 and further to 7.2 million in
2006. 2-wheeled scooters and motorcycles have also played
an important role in the developing world and in warmer parts
RI(XURSHZLWKDFXUUHQWZRUOGÀHHWRIDIHZKXQGUHGPLOOLRQ

6.21 miles/day.
Automotive News Data Center: http://www.autonews.com/apps/pbcs.dll/search?Category=DATACENTER01archive.
China Association of Automobile Manufacturers 2007.1.17: http://60.195.249.78/caam/caam.web/Detail.asp?id=359#
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vehicles (WBSCD, 2002). Non-motorized transport continues
to dominate the developing world. Even in Latin America and
Europe, walking accounts for 20–40% of all trips in many cities
:%&6' %LF\FOHVFRQWLQXHWRSOD\DPDMRUUROHLQPXFK
of Asia and scattered cities elsewhere, including Amsterdam
and Copenhagen.
Public transport plays a crucial role in urban areas. Buses,
though declining in importance against private cars in the
LQGXVWULDOL]HG ZRUOG (&  -DSDQHVH 6WDWLVWLFDO %XUHDX
2006; US Bureau of Transportation Statistics, 2005) and some
emerging economies, are increasing their role elsewhere,
serving up to 45% of trips in some areas. Paratransit – primarily
PLQLEXV MLWQH\V UXQ E\ SULYDWH RSHUDWRUV ± KDV EHHQ UDSLGO\
taking market share from the formal public-sector bus systems
in many areas, now accounting for 35% of trips in South Africa,
40% in Caracas and Bogota and up to 65% in Manila and other
southeast Asian cities (WBCSD, 2002). Heavy rail transit
systems are generally found only in the largest, densest cities of
the industrialized world and a few of the upper-tier developing
world cities.
Intercity and international travel is growing rapidly, driven
by growing international investments and reduced trade
restrictions, increases in international migration and rising
incomes that fuel a desire for increased recreational travel. In
the United States, intercity travel already accounts for about
RQH¿IWK RI WRWDO WUDYHO DQG LV GRPLQDWHG E\ DXWR DQG DLU
(XURSHDQDQG-DSDQHVHLQWHUFLW\WUDYHOFRPELQHVDXWRDQGDLU
travel with fast rail travel. In the developing world, on the other
hand, intercity travel is dominated by bus and conventional rail
travel, though air travel is growing rapidly in some areas – 12%
per year in China, for example. Worldwide passenger air travel
is growing 5% annually – a faster rate of growth than any other
travel mode (WBCSD, 2002).
Industrialization and globalization have also stimulated freight
transport, which now consumes 35% of all transport energy,
RU  H[DMRXOHV RXW RI  WRWDO  :%&6' E  )UHLJKW
WUDQVSRUW LV FRQVLGHUDEO\ PRUH FRQVFLRXV RI HQHUJ\ HI¿FLHQF\
considerations than passenger travel because of pressure on
shippers to cut costs, however this can be offset by pressure
WRLQFUHDVHVSHHGVDQGUHOLDELOLW\DQGSURYLGHVPDOOHUµMXVWLQ
time’ shipments. The result has been that, although the energyHI¿FLHQF\RIVSHFL¿FPRGHVKDVEHHQLQFUHDVLQJWKHUHKDVEHHQ
an ongoing movement to the faster and more energy-intensive
modes. Consequently, rail and domestic waterways’ shares of
total freight movement have been declining, while highway’s
share has been increasing and air freight, though it remains a
small share, has been growing rapidly. Some breakdowns:
v Urban freight is dominated by trucks of all sizes.
v Regional freight is dominated by large trucks, with bulk
commodities carried by rail and pipelines and some water
transport.
9
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v National or continental freight is carried by a combination
of large trucks on higher speed roads, rail and ship.
v International freight is dominated by ocean shipping. The
bulk of international freight is carried aboard extremely
large ships carrying bulk dry cargo (e.g., iron ore), container
freight or fuel and chemicals (tankers).
v There is considerable variation in freight transport around
the world, depending on geography, available infrastructure
and economic development. The United States’ freight
WUDQVSRUWV\VWHPZKLFKKDVWKHKLJKHVWWRWDOWUDI¿FLQ WKH
world, is one in which all modes participate substantially.
Russia’s freight system, in contrast, is dominated by rail and
pipelines, whereas Europe’s freight systems are dominated
by trucking with a market share of 72% (tkm) in EU-25
FRXQWULHVZKLOHUDLO¶VPDUNHWVKDUHLVMXVWGHVSLWHLWV
extensive network.9 China’s freight system uses rail as its
largest carrier, with substantial contributions from trucks
and shipping (EC, 2005).
Global estimates of direct GHG emissions of the transport
sector are based on fuel use. The contribution of transport to
total GHG emissions was about 23%, with emissions of CO2
and N2O amounting to about 6300–6400 MtCO2-eq in 2004.
Transport sector CO2 emissions have increased by around 27%
since 1990 (IEA, 2006d). For sub-sectors such as aviation and
marine transport, estimates based on more detailed information
are available. Estimates of global aviation CO2 emissions using
a consistent inventory methodology have recently been made by
Lee et al. (2005). These showed an increase by approximately
a factor of 1.5 from 331 MtCO2\ULQWR0W&22/yr in
2000. For seagoing shipping, fuel usage has previously been
derived from energy statistics (e.g., Olivier et al., 1996; Corbett
et al., 1999; Endresen et al., 2003). More recently, efforts have
been committed to constructing inventories using activitybased statistics on shipping movements (Corbett and Köhler,
2003; Eyring et al., 2005a). This has resulted in a substantial
discrepancy. Estimated CO2 emissions vary accordingly. This
has prompted debate over inventory methodologies in the
literature (Endresen et al., 2004; Corbett and Köhler, 2004). It is
noteworthy that the NOx emissions estimates also vary strongly
between the different studies (Eyring et al., 2005a).
5.2.2

Transport in the future

There seems little doubt that, short of worldwide economic
collapse, transport activity will continue to grow at a rapid pace
for the foreseeable future. However, the shape of that demand
DQGWKHPHDQVE\ZKLFKLWZLOOEHVDWLV¿HGGHSHQGRQVHYHUDO
factors.
First, it is not clear whether oil can continue to be the
dominant feedstock of transport. There is an on-going debate
about the date when conventional oil production will peak, with
many arguing that this will occur within the next few decades

This rather small share is the result of priority given to passenger transport and market fragmentation between rival national rail systems.
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Box 5.1: Non-CO2 climate impacts
When considering the mitigation potential for the transport sector, it is important to understand the effects that it has
on climate change. Whilst the principal GHG emitted is CO2, other pollutants and effects may be important and control/
mitigation of these may have either technological or operational trade-offs.
Individual sectors have not been studied in great detail, with the exception of aviation. Whilst surface vehicular transport
has a large fraction of global emissions of CO2, its radiative forcing (RF) impact is little studied. Vehicle emissions of NOx,
VOCs and CO contribute to the formation of tropospheric O3, a powerful GHG; moreover, black carbon and organic carbon
may affect RF from this sector. Shipping has a variety of associated emissions, similar in many respects to surface vehicular
transport. One of shipping’s particular features is the observed formation of low-level clouds (‘ship-tracks’), which has a
negative RF effect. The potential coverage of these clouds and its associated RF is poorly studied, but one study estimates a
negative forcing of 0.110 W/m2 (Capaldo et al., 1999), which is potentially much larger than its positive forcing from CO2 and
it is possible that the overall forcing from shipping may be negative, although this requires more study. However, a distinction
should be drawn between RF and an actual climate effect in terms of global temperature change or sea-level rise; the latter
being much more complicated to estimate.
Non-CO2 emissions (CH4 and N2O) from road transport in major Annex I parties are listed in UNFCC GHG inventory data.
The refrigerant banks and emission trend of F-gases (CFC-12 + HFC-134a) from air-conditioning are reported in the recent
IPCC special report on Safeguarding the Ozone Layer and the Global Climate System (IPCC, 2005). Since a rapid switch
from CFC-12 to HFC-134a, which has a much lower GWP index, is taking place, the total amount of F-gases is increasing
due to the increase in vehicles with air-conditioning, but total emission in CO2-eq is decreasing and forecasted to continue
to decrease. Using the recent ADEME data (2006) on F-gas emissions, the shares of emissions from transport sectors for
CO2, CH4, N2O and F-gases (CFC-12 + HFC-134a+HCFC-22) are:
CO2
(%)

CH4
(%)

N2O
(%)

F-gas
(%)

USA

88.4

0.2

2.0

8.9

Japan

96.0

0.1

2.5

1.4

EU

95.3

0.3

2.8

1.7

I

I

Worldwide F-gas emissions in 2003 were reported to be 610 MtCO2-eq in IPCC (2005), but more recent ADEME data
(ADEME, 2006) was about 310 Mt CO2-eq (CFC-12 207, HFC-134a 89, HCFC-22 10 MtCO2-eq), which is about 5% of total
transport CO2 emission. It can be seen that non-CO2 emissions from the transport sector are considerably smaller than the
CO2 emissions. Also, air-conditioning uses signiﬁcant quantities of energy, with consequent CO2 emissions from the fuel
used to supply this energy. Although this depends strongly on the climate conditions, it is reported to be 2.5–7.5% of vehicle
energy consumption (IPCC, 2005).
Aviation has a larger impact on radiative forcing than that from its CO2 forcing alone. This was estimated for 1992 and a range
of 2050 scenarios by IPCC (1999) and updated for 2000 by Sausen et al. (2005) using more recent scientiﬁc knowledge and
data. Aviation emissions impact radiative forcing in positive (warming) and negative (cooling) ways as follows: CO2 (+25.3
mW/m2); O3 production from NOx emissions (+21.9 mW/m2); ambient CH4 reduction as a result of NOx emissions (–10.4 mW/
m2); H2O (+2.0 mW/m2); sulphate particles (–3.5 mW/m/2); soot particles (+2.5 mW/m2); contrails (+10.0 mW/m2); cirrus cloud
enhancement (10–80 mW/m2). These effects result in a total aviation radiative forcing for 2000 of 47.8 mW/m2, excluding
cirrus cloud enhancement, for which no best estimate could be made, as was the case for IPCC (1999). Forster et al. (2007)
assumed that aviation radiative forcing (0.048 W/m2 in 2000, which excludes cirrus) to have grown by no more that 10%
between 2000 and 2005. Forster et al. (2007) estimate a total net anthropogenic radiative forcing in 2005 of 1.6 W/m2 (range
0.6–2.4 W/m2). Aviation therefore accounts for around 3% of the anthropogenic radiative forcing in 2005 (range 2–8%). This
90% conﬁdence range is skewed towards lower percentages and does not account for uncertainty in the aviation forcings.

WKRXJK RWKHUV LQFOXGLQJ VRPH RI WKH PDMRU PXOWLQDWLRQDO
oil companies, strongly oppose this view). Transport can be
fuelled by multiple alternative sources, beginning with liquid
fuels from unconventional oil (very heavy oil, oil sands and
oil shale), natural gas or coal, or biomass. Other alternatives
include gaseous fuels such as natural gas or hydrogen and

electricity, with both hydrogen and electricity capable of being
produced from a variety of feedstocks. However, all of these
alternatives are costly, and several – especially liquids from
IRVVLO UHVRXUFHV ± FDQ LQFUHDVH *+* HPLVVLRQV VLJQL¿FDQWO\
without carbon sequestration.
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Figure 5.2: Vehicle ownership as a function of per capita income
Note: plotted years vary by country depending on data availability.
Data source: World Bank, 2004.

Second, the growth rate and shape of economic development,
the primary driver of transport demand, is uncertain. If China
and India as well as other Asian countries continue to rapidly
LQGXVWULDOL]H DQG LI /DWLQ$PHULFD DQG$IULFD IXO¿O PXFK RI
their economic potential, transport demand will grow with
extreme rapidity over the next several decades. Even in the
most conservative economic scenarios though, considerable
growth in travel is likely.
Third, transport technology has been evolving rapidly. The
HQHUJ\HI¿FLHQF\RIWKHGLIIHUHQWPRGHVYHKLFOHWHFKQRORJLHV
and fuels, as well as their cost and desirability, will be strongly
affected by technology developments in the future. For example,
although hybrid electric drive trains have made a strong early
VKRZLQJLQWKH-DSDQHVHDQG86PDUNHWVWKHLUXOWLPDWHGHJUHH
of market penetration will depend strongly on further cost
reductions. Other near-term options include the migration of
light-duty diesel from Europe to other regions. Longer term
opportunities requiring more advanced technology include new
biomass fuels beyond those made from sugar cane in Brazil and
corn in the USA, fuel cells running on hydrogen and batterypowered electric vehicles.
Fourth, as incomes in the developing nations grow, transport
infrastructure will grow rapidly. Current trends point towards
332

growing dependence on private cars, but other alternatives
exist (as demonstrated by cities such as Curitiba and Bogota
with their rapid bus transit systems). Also, as seen in Figure
5.2, the intensity of car ownership varies widely around the
world even when differences in income are accounted for, so
different countries have made very different choices as they
have developed. The future choices made by both governments
and travellers will have huge implications for future transport
energy demand and CO2 emissions in these countries.
0RVWSURMHFWLRQVRIWUDQVSRUWHQHUJ\FRQVXPSWLRQDQG*+*
emissions have developed Reference Cases that try to imagine
what the future would look like if governments essentially
continued their existing policies without adapting to new
conditions. These Reference Cases establish a baseline against
which changes caused by new policies and measures can be
measured, and illustrate the types of problems and issues that
will face governments in the future.
7ZRZLGHO\FLWHGSURMHFWLRQVRIZRUOGWUDQVSRUWHQHUJ\XVH
are the Reference Cases in the ongoing world energy forecasts
of the United States Energy Information Administration,
‘International Energy Outlook 2005’ (EIA, 2005) and the
International Energy Agency, World Energy Outlook 2004
(IEA, 2004a). A recent study by the World Business Council on
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Figure 5.3: Projection of transport energy consumption by region and mode
Source: WBCSD, 2004a.

Sustainable Development, ‘Mobility 2030’, also developed a
SURMHFWLRQRIZRUOGWUDQVSRUWHQHUJ\XVH%HFDXVHWKH:%&6'
forecast was undertaken by IEA personnel (WBCSD, 2004b),
the WEO 2004 and Mobility 2030 forecasts are quite similar. The
WEO 2006 (IEA, 2006b) includes higher oil price assumptions
WKDQSUHYLRXVO\,WVSURMHFWLRQVWKHUHIRUHWHQGWREHVRPHZKDW
lower than the two other studies.
The three forecasts all assume that world oil supplies will be
VXI¿FLHQWWRDFFRPPRGDWHWKHODUJHSURMHFWHGLQFUHDVHVLQRLO
demand, and that world economies continue to grow without
VLJQL¿FDQWGLVUXSWLRQV:LWKWKLVFDYHDWDOOWKUHHIRUHFDVWUREXVW
growth in world transport energy use over the next few decades,
at a rate of around 2% per year. This means that transport
HQHUJ\XVHLQZLOOEHDERXWKLJKHUWKDQLQ VHH
Figure 5.3). Almost all of this new consumption is expected to
EHLQSHWUROHXPIXHOVZKLFKWKHIRUHFDVWVSURMHFWZLOOUHPDLQ
between 93% and slightly over 95% of transport fuel use over
the period. As a result, CO2 emissions will essentially grow in
lockstep with energy consumption (see Figure 5.4).
Another important conclusion is that there will be a
VLJQL¿FDQWUHJLRQDOVKLIWLQWUDQVSRUWHQHUJ\FRQVXPSWLRQZLWK
WKHHPHUJLQJHFRQRPLHVJDLQLQJVLJQL¿FDQWO\LQVKDUH )LJXUH
5.3). EIA’s International Energy Outlook 2005, as well as the
,($ SURMHFWV D UREXVW  SHU \HDU JURZWK UDWH IRU WKHVH
HFRQRPLHV ZKLOH WKH ,($¶V PRUH UHFHQW :(2  SURMHFWV
transport demand growth of 3.2%. In China, the number of cars
has been growing at a rate of 20% per year, and personal travel
KDVLQFUHDVHGE\DIDFWRURI¿YHRYHUWKHSDVW\HDUV$WLWV
SURMHFWHGUDWHRIJURZWK&KLQD¶VWUDQVSRUWHQHUJ\XVHZRXOG
QHDUO\TXDGUXSOHEHWZHHQDQGIURP(-LQ
WR(-LQ&KLQD¶VQHLJKERXU,QGLD¶VWUDQVSRUWHQHUJ\
LV SURMHFWHG WR JURZ DW  SHU \HDU GXULQJ WKLV SHULRG DQG
countries such as Thailand, Indonesia, Malaysia and Singapore

will see growth rates above 3% per year. Similarly, the Middle
East, Africa and Central and South America will see transport
energy growth rates at or near 3% per year. The net effect is
that the emerging economies’ share of world transport energy
use would grow in the EIA forecasts from 31% in 2002 to 43%
in 2025. In 2004, the transport sector produced 6.2 GtCO2
emissions (23% of world energy-related CO2 emissions). The
share of Non-OECD countries is 36% now and will increase
rapidly to 46% by 2030 if current trends continue.
In contrast, transport energy use in the mature market
HFRQRPLHV LV SURMHFWHG WR JURZ PRUH VORZO\ (,$ IRUHFDVWV
1.2% per year and IEA forecasts 1.3% per year for the OECD
QDWLRQV(,$SURMHFWVWUDQVSRUWHQHUJ\LQWKH8QLWHG6WDWHVWR
grow at 1.7% per year, with moderate population and travel
JURZWK DQG RQO\ PRGHVW LPSURYHPHQW LQ HI¿FLHQF\ :HVWHUQ
(XURSH¶VWUDQVSRUWHQHUJ\LVSURMHFWHGWRJURZDWDPXFKVORZHU
0.4% per year, because of slower population growth, high fuel
WD[HVDQGVLJQL¿FDQWLPSURYHPHQWVLQHI¿FLHQF\,($SURMHFWV
DFRQVLGHUDEO\KLJKHUSHU\HDUIRU2(&'(XURSH-DSDQ
with an aging population, high taxes and low birth rates, is
SURMHFWHGWRJURZDWRQO\SHU\HDU7KHVHUDWHVZRXOGOHDG
to 2002–2025 increases of 46%, 10% and 5%, for the USA,
:HVWHUQ (XURSH DQG -DSDQ UHVSHFWLYHO\ 7KHVH HFRQRPLHV¶
share of world transport energy would decline from 62% in
2002 to 51% in 2025.
The sectors propelling worldwide transport energy growth
are primarily light-duty vehicles, freight trucks and air travel.
7KH0RELOLW\VWXG\SURMHFWVWKDWWKHVHWKUHHVHFWRUVZLOO
EHUHVSRQVLEOHIRUDQGUHVSHFWLYHO\RIWKHWRWDO
(-JURZWKLQWUDQVSRUWHQHUJ\WKDWLWIRUHVHHVLQWKH±
SHULRG7KH:%&6'603UHIHUHQFHFDVHSURMHFWLRQLQGLFDWHV
that the number of LDVs will grow to about 1.3 billion by 2030
DQGWRMXVWRYHUELOOLRQE\ZKLFKLVDOPRVWWKUHHWLPHV
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Syndrome) during this period, and is currently growing at 5.9%
SHU\HDU7KHVH¿JXUHVGLVJXLVHUHJLRQDOGLIIHUHQFHVLQJURZWK
UDWH IRU H[DPSOH (XURSH$VLD3DFL¿F WUDI¿F JUHZ DW 
DQG1RUWK$PHULFDQGRPHVWLFWUDI¿FJUHZDWSHU\HDULQ
,&$2¶VRXWORRNIRUWKHIXWXUHIRUHFDVWVDSDVVHQJHUWUDI¿F
demand growth of 4.3% per year to 2020. Industry forecasts
offer similar prospects for growth: the Airbus Global Market
Forecast (Airbus, 2004) and Boeing Current Market Outlook
%RHLQJ VXJJHVWSDVVHQJHUWUDI¿FJURZWKWUHQGVRI
and 4.9% respectively, and freight trends at 5.9% and 6.1%
respectively over the next 20 or 25 years. In summary, these
forecasts and others predict a global average annual passenger
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Figure 5.4: Historical and projected CO2 emission from transport by modes,
1970–2050
Source: IEA, 2005; WBCSD, 2004b.

higher than the present level (Figure 5.5). Nearly all of this
increase will be in the developing world.
Aviation
Civil aviation is one of the world’s fastest growing transport
means. ICAO (2006) analysis shows that aviation scheduled
WUDI¿F UHYHQXHSDVVHQJHUNP53. KDVJURZQDWDQDYHUDJH
DQQXDOUDWHRIEHWZHHQDQGGHVSLWHWKHGRZQWXUQ
from the terrorist attacks and SARS (Severe Acute Respiratory

The primary energy source for civil aviation is kerosene.
Trends in energy use from aviation growth have been modelled
using the Aero2K model, using unconstrained demand growth
forecasts from Airbus and UK Department of Trade and Industry.
7KH PRGHO UHVXOWV VXJJHVW WKDW E\  WUDI¿F ZLOO LQFUHDVH
by a factor of 2.6 from 2002, resulting in global aviation fuel
consumption increasing by a factor of 2.1 (QinetiQ, 2004).
Aero2k model results suggest that aviation emissions were
approximately 492 MtCO2 and 2.06 MtNOx in 2002 and will
increase to 1029 and 3.31 Mt respectively by 2025.
Several organizations have constructed scenarios of aviation
emissions to 2050 (Figure 5.6), including:
v IPCC (1999) under various technology and GDP assumptions
(IS92a, e and c). Emissions were most strongly affected by
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Figure 5.5: Total stock of light-duty vehicles by region
Source: WBCSD, 2004a.
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Figure 5.6: Comparison of global CO2 emissions of civil aviation, 1990–2050

the GDP assumptions, with technology assumptions having
only a second order effect;
v &216$9(D(XURSHDQSURMHFWKDVSURGXFHGIXUWKHU
2050 scenarios (Berghof et al., 2005). Three of the four
CONSAVE scenarios are claimed to be broadly consistent
with IPCC SRES scenarios A1, A2 and B1. The results were
not greatly different from those of IPCC (1999);
v 2ZHQ DQG /HH   SURMHFWHG DYLDWLRQ HPLVVLRQV IRU
years 2005 through to 2020 by using ICAO-FESG forecast
statistics of RPK (FESG, 2003) and a scenario methodology
applied thereafter according to A1 and B2 GDP assumptions
similarly to IPCC (1999).
The three estimates of civil aviation CO2 emissions in 2050
from IPCC (1999) show an increase by factors of 2.3, 4.0 and
6.4 over 1992; CONSAVE (Berghof et al., 2005) four scenarios
indicate increases of factors of 1.5, 1.9, 3.4 and 5.0 over 2002
emissions (QinetiQ, 2004); and FAST A1 and B2 results (Owen
and Lee, 2006) indicate increases by factors of 3.3 and 5.0 over
2000 emissions.
Shipping
Around 90% of global merchandise is transported by sea.
For many countries sea transport represents the most important
mode of transport for trade. For example, for Brazil, Chile
and Peru over 95% of exports in volume terms (nearly 75% in
value terms) are seaborne. Economic growth and the increased
integration in the world economy of countries from far-east and
southeast Asia is contributing to the increase of international
marine transport. Developments in China are now considered to
be one of the most important stimulus to growth for the tanker,
chemical, bulk and container trades (OECD, 2004b).

World seaborne trade in ton-miles recorded another
consecutive annual increase in 2005, after growing by 5.1%.
Crude oil and oil products dominate the demand for shipping
services in terms of ton-miles (40% in 2005) (UN, 2006),
indicating that demand growth will continue in the future.
'XULQJWKHZRUOGPHUFKDQWÀHHWH[SDQGHGE\7KH
ÀHHWVRIRLOWDQNHUVDQGGU\EXONFDUULHUVZKLFKWRJHWKHUPDNH
XSRIWKHWRWDOZRUOGÀHHWLQFUHDVHGE\7KHUHZDV
DLQFUHDVHLQWKHFRQWDLQHUVKLSÀHHWZKRVHVKDUHRIWRWDO
ÀHHWLV
Eyring et al. (2005a) provided a set of carbon emission
SURMHFWLRQVRXWWR (\ULQJet al., 2005b) based upon four
WUDI¿FGHPDQGVFHQDULRVFRUUHVSRQGLQJWR65(6$$%
B2 (GDP) and four technology scenarios which are summarized
below in Table 5.2.
The resultant range of potential emissions is shown in Figure
5.7.

5.3 Mitigation technologies and
strategies
Many technologies and strategies are at hand to reduce the
growth or even, eventually, reverse transport GHG emissions.
Most of the technology options discussed here were mentioned
in the TAR. The most promising strategy for the near term is
incremental improvements in current vehicle technologies.
Advanced technologies that provide great promise include
greater use of electric-drive technologies, including hybrid335
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Table 5.2: Summary of shipping technology scenarios

I

Technology scenario 1 (TS1) –
‘Clean scenario’

Technology scenario 2 (TS2) –
‘Medium scenario’

Technology scenario 3 (TS3) –
‘IMO compliant scenario’

Technology scenario 4 (TS4) –
‘BAU’

Low S content fuel (1%/0.5%),
aggressive NOx reductions

Relatively low S content fuel
(1.8%/1.2%), moderate NOx
reduction

High S content fuel (2%/2%),
NOx reductions according to IMO
stringency only

High S content fuel (2%/2%),
NOx reductions according to IMO
stringency only

Fleet = 75% diesel, 25%
alternative plant

Fleet = 75% diesel, 25%
alternative plant

Fleet = 75% diesel, 25%
alternative plant

Fleet = 100% diesel

I

Note: The fuel S percentages refer to values assumed in (2020/2050).
Source: Eyring et al. 2005b.

electric power trains, fuel cells and battery electric vehicles. The
use of alternative fuels such as natural gas, biofuels, electricity
and hydrogen, in combination with improved conventional and
advanced technologies; provide the potential for even larger
reductions.
Even with all these improved technologies and fuels, it
is expected that petroleum will retain its dominant share of
transport energy use and that transport GHG emissions will
continue to increase into the foreseeable future. Only with sharp
FKDQJHVLQHFRQRPLFJURZWKPDMRUEHKDYLRXUDOVKLIWVDQGRU
PDMRU SROLF\ LQWHUYHQWLRQ ZRXOG WUDQVSRUW *+* HPLVVLRQV
decrease substantially.
5.3.1

Road transport

GHG emissions associated with vehicles can be reduced by
four types of measures:
1. Reducing the loads (weight, rolling and air resistance and
accessory loads) on the vehicle, thus reducing the work
needed to operate it;
 ,QFUHDVLQJ WKH HI¿FLHQF\ RI FRQYHUWLQJ WKH IXHO HQHUJ\ WR
ZRUN E\ LPSURYLQJ GULYH WUDLQ HI¿FLHQF\ DQG UHFDSWXULQJ
energy losses;
Mt C
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Figure 5.7: Historical and projected CO2 emissions of seagoing shipping, 19902050
Note: See Table 5.2 for the explanation of the scenarios.
Source: adapted from Eyring et al., 2005a,b.

10 1 km/h = 0.621 mph
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3. Changing to a less carbon-intensive fuel; and
4. Reducing emissions of non-CO2 GHGs from vehicle exhaust
and climate controls.
The loads on the vehicle consist of the force needed to
accelerate the vehicle, to overcome inertia; vehicle weight when
climbing slopes; the rolling resistance of the tyres; aerodynamic
forces; and accessory loads. In urban stop-and-go driving,
aerodynamic forces play little role, but rolling resistance and
especially inertial forces are critical. In steady highway driving,
aerodynamic forces dominate, because these forces increase
with the square of velocity; aerodynamic forces at 90 km/h10
are four times the forces at 45 km/h. Reducing inertial loads
is accomplished by reducing vehicle weight, with improved
design and greater use of lightweight materials. Reducing tyre
losses is accomplished by improving tyre design and materials,
WR UHGXFH WKH W\UHV¶ UROOLQJ UHVLVWDQFH FRHI¿FLHQW DV ZHOO DV
by maintaining proper tyre pressure; weight reduction also
contributes, because tyre losses are a linear function of vehicle
weight. And reducing aerodynamic forces is accomplished by
changing the shape of the vehicle, smoothing vehicle surfaces,
UHGXFLQJWKHYHKLFOH¶VFURVVVHFWLRQFRQWUROOLQJDLUÀRZXQGHU
the vehicle and other measures. Measures to reduce the heating
and cooling needs of the passengers, for example by changing
ZLQGRZJODVVWRUHÀHFWLQFRPLQJVRODUUDGLDWLRQDUHLQFOXGHG
in the group of measures.
,QFUHDVLQJ WKH HI¿FLHQF\ ZLWK ZKLFK WKH FKHPLFDO HQHUJ\
in the fuel is transformed into work, to move the vehicle and
provide comfort and other services to passengers, will also
reduce GHG emissions. This includes measures to improve
HQJLQH HI¿FLHQF\ DQG WKH HI¿FLHQF\ RI WKH UHVW RI WKH GULYH
train and accessories, including air conditioning and heating.
The range of measures here is quite great; for example,
HQJLQH HI¿FLHQF\ FDQ EH LPSURYHG E\ WKUHH GLIIHUHQW NLQGV
RI PHDVXUHV LQFUHDVLQJ WKHUPRG\QDPLF HI¿FLHQF\ UHGXFLQJ
frictional losses and reducing pumping losses (these losses
are the energy needed to pump air and fuel into the cylinders
and push out the exhaust) and each kind of measure can be
addressed by a great number of design, material and technology
changes. Improvements in transmissions can reduce losses in
the transmission itself and help engines to operate in their most
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HI¿FLHQW PRGHV$OVR VRPH RI WKH HQHUJ\ XVHG WR RYHUFRPH
inertia and accelerate the vehicle – normally lost when the
vehicle is slowed, to aerodynamic forces and rolling resistance
as well to the mechanical brakes (as heat) – may be recaptured
as electrical energy if regenerative braking is available (see the
discussion of hybrid electric drive trains).
The use of different liquid fuels, in blends with gasoline and
diesel or as ‘neat fuels’ require minimal or no changes to the
vehicle, while a variety of gaseous fuels and electricity would
UHTXLUHPDMRUFKDQJHV$OWHUQDWLYHOLTXLGIXHOVLQFOXGHHWKDQRO
biodiesel and methanol, and synthetic gasoline and diesel
made from natural gas, coal, or other feedstocks. Gaseous
fuels include natural gas, propane, dimethyl ether (a diesel
substitute) and hydrogen. Each fuel can be made from multiple
sources, with a wide range of GHG emission consequences.
In evaluating the effects of different fuels on GHG emissions,
it is crucial to consider GHG emissions associated with fuel
production and distribution in addition to vehicle tailpipe
emissions (see the section on well-to-wheels analysis). For
example, the consumption of hydrogen produces no emissions
aside from water directly from the vehicle, but GHG emissions
from hydrogen production can be quite high if the hydrogen is
produced from fossil fuels (unless the carbon dioxide from the
hydrogen production is sequestered).
The sections that follow discuss a number of technology,
design and fuel measures to reduce GHG emissions from
vehicles.
5.3.1.1

Reducing vehicle loads

Lightweight materials
A 10% weight reduction from a total vehicle weight can
LPSURYH IXHO HFRQRP\ E\ ± GHSHQGLQJ RQ FKDQJHV LQ
vehicle size and whether or not the engine is downsized. There
are several ways to reduce vehicle weight; including switching
to high strength steels (HSS), replacing steel by lighter materials
such as Al, Mg and plastics, evolution of lighter design concepts
and forming technologies. The amount of lighter materials in
vehicles has been progressively increasing over time, although
not always resulting in weight reductions and better fuel
economy if they are used to increase the size or performance of
the vehicle. In fact, the average weight of a vehicle in the USA
DQG-DSDQKDVLQFUHDVHGE\±LQWKHODVW\HDUV -$0$
2002; Haight, 2003), partly due to increased concern for safety
and customers’ desire for greater comfort.
Steel is still the main material used in vehicles, currently
averaging 70% of kerb weight. Aluminium usage has grown
to roughly 100 kg per average passenger car, mainly in the
engine, drive train and chassis in the form of castings and
forgings. Aluminium is twice as strong as an equal weight of

steel, allowing the designer to provide strong, yet lightweight
structures. Aluminium use in body structures is limited, but
there are a few commercial vehicles with all Al bodies (e.g.,
$XGL¶V$DQG$ :KHUHPRUHWKDQNJRI$OLVXVHGDQG
secondary weight reductions are gained by down-sizing the
engine and suspension – more than 11–13% weight reduction
can be achieved. Ford’s P2000 concept car11 has demonstrated
that up to 300 kg of Al can be used in a 900 kg vehicle.
0DJQHVLXP KDV D GHQVLW\ RI ± JFF12, about 1/4 that
RIVWHHOZKLOHDWWDLQLQJDVLPLODU YROXPHWULF VWUHQJWK0DMRU
hurdles for automobile application of magnesium are its high
cost and performances issues such as low creep strength and
contact corrosion susceptibility. At present, the use of magnesium
in vehicle is limited to only 0.1–0.3% of the whole weight.
However, its usage in North American-built family vehicles
has been expanding by 10 to 14% annually in recent years.
$OXPLQLXPKDVJURZQDW±SODVWLFVE\±DQGKLJK
strength steels by 3.5–4%. Since the amount of energy required
to produce Mg and also Al is large compared with steel, LCA
analysis is important in evaluating these materials’ potential for
CO2 emission reduction (Helms and Lambrecht, 2006). Also,
the extent of recycling is an important issue for these metals.
7KH XVH RI SODVWLFV LQ YHKLFOHV KDV LQFUHDVHG WR DERXW 
of total vehicle weight, which corresponds to 100-120 kg per
vehicle. The growth rate of plastics content has been decreasing
in recent years however, probably due to concerns about
recycling, given that most of the plastic goes to the automobile
shredder residue (ASR) at the end of vehicle life. Fibrereinforced plastic (FRP) is now widely used in aviation, but its
application to automobiles is limited due to its high cost and
long processing time. However, its weight reduction potential is
very high, maybe as much as 60%. Examples of FRP structures
manufactured using RTM (resin transfer method) technology
DUHZKHHOKRXVLQJVRUHQWLUHÀRRUDVVHPEOLHV)RUDFRPSDFW
size car, this would make it possible to reduce the weight; of a
ÀRRUDVVHPEO\ LQFOXGLQJZKHHOKRXVLQJV E\RUNJSHU
FDUFRPSDUHGWRDVWHHOÀRRUDVVHPEO\5HVHDUFKH[DPSOHVRI
plastics use in the chassis are leaf or coil springs manufactured
IURP¿EUHFRPSRVLWHSODVWLF:HLJKWUHGXFWLRQSRWHQWLDOVRIXS
to 63% have been achieved in demonstrators using glass and/or
FDUERQ¿EUHVWUXFWXUHV )ULHGULFKW 
Aside from the effect of the growing use of non-steel
materials, the reduction in the average weight of steel in a
car is driven by the growing shift from conventional steels to
high strength steels (HSS). There are various types of HSS,
from relatively low strength grade (around 400 MPa) such as
solution-hardened and precipitation-hardened HSS to very
KLJK VWUHQJWK JUDGH ± 03D  VXFK DV 75,3 VWHHO DQG
tempered martensitic HSS. At present, the average usage per
vehicle of HSS is 160 kg (11% of whole weight) in the USA

11 SAE International (Society of Automotive Engineers): The aluminum angle, automotive engineering on-line, http://www.sae.org/automag/metals/10.htm.
12 Speciﬁc gravity 1738
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DQGNJ  LQ-DSDQ,QWKHODWHVW0HUFHGHV$FODVVYHKLFOH
HSS comprises 67% of body structure weight. The international
8/6$%$9&SURMHFW 8OWUD/LJKW6WHHO$XWR%RG\±$GYDQFHG
Vehicle Concept) investigated intensive use of HSS, including
advanced HSS, and demonstrated that using HSS as much as
possible can reduce vehicle weight by 214 kg (–19%) and 472
kg (–32%) for small and medium passenger cars respectively.
In this concept, the total usage of HSS in body and closures
VWUXFWXUHVLV±NJRIZKLFKRYHULVDGYDQFHG+66
(Nippon Steel, 2002).
Since heavy-duty vehicles such as articulated trucks are
much heavier than passenger vehicles, their weight reduction
potential is much larger. It is possible to reduce the weight
of tractor and trailer combination by more than 3000 kg by
replacing steel with aluminium (EAA, 2001).
Aerodynamics improvement
Improvements have been made in the aerodynamic
performance of vehicles over the past decade, but substantial
additional improvements are possible. Improvement in
aerodynamic performance offers important gains for vehicles
operating at higher speeds, e.g., long-distance trucks and lightduty vehicles operating outside congested urban areas. For
H[DPSOH D  UHGXFWLRQ LQ WKH FRHI¿FLHQW RI GUDJ &D) of
a medium sized passenger car would yield only about a 1%
reduction in average vehicle forces on the US city cycle (with
31.4 km/h average speed), whereas the same drag reduction
on the US highway cycle, with average speed of 77.2 km/h,
would yield about a 4% reduction in average forces.13 These
reductions in vehicle forces translate reasonably well into similar
reductions in fuel consumption for most vehicles, but variations
LQHQJLQHHI¿FLHQF\ZLWKYHKLFOHIRUFHPD\QHJDWHVRPHRIWKH
EHQH¿W IURP GUDJ UHGXFWLRQ XQOHVV HQJLQH SRZHU DQG JHDULQJ
DUHDGMXVWHGWRWDNHIXOODGYDQWDJHRIWKHUHGXFWLRQ
For light-duty vehicles, styling and functional requirements
(especially for light-duty trucks) may limit the scope of
improvement. However, some vehicles introduced within the
SDVW ¿YH \HDUV GHPRQVWUDWH WKDW LPSURYHPHQW SRWHQWLDO VWLOO
UHPDLQV IRU WKH ÀHHW7KH /H[XV  D FRQVHUYDWLYHO\ VW\OHG
sedan, attains a CD FRHI¿FLHQW RI DHURG\QDPLF GUDJ  RI 
YHUVXVDÀHHWDYHUDJHRIRYHUIRUWKH86SDVVHQJHUFDUÀHHW
2WKHUÀHHWOHDGLQJH[DPSOHVDUH
v Toyota Prius, Mercedes E-class sedans, 0.26
v Volkswagen Passat, Mercedes C240, BMW 320i, 0.27
)RU OLJKW WUXFNV *HQHUDO 0RWRUV¶  WUXFN ÀHHW KDV
reduced average CD by 5–7% by sealing unnecessary holes in
the front of the vehicles, lowering their air dams, smoothing
their undersides and so forth (SAE International, 2004).

13
14
15
16
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The current generation of heavy-duty trucks in the United
States has average CDs ranging from 0.55 for tractor-trailers
to 0.65 for tractor-tandem trailers. These trucks generally have
spoilers at the top of their cabs to reduce air drag, but substantial
further improvements are available. CD reductions of about
0.15, or 25% or so (worth about 12% reduced fuel consumption
at a steady 65 mph14), can be obtained with a package of base
ÀDSV VLPSOHÀDWSODWHVPRXQWHGRQWKHHGJHVRIWKHEDFNHQG
of a trailer) and side skirts (McCallen et al., 2004). The US
Department of Energy’s 2012 research goals for heavy-duty
trucks (USDOE, 2000)15 include a 20% reduction (from a 2002
baseline, with CDRI LQDHURG\QDPLFGUDJIRUDµFODVV¶
tractor-trailer combination.16 CD reductions of 50% and higher,
FRXSOHG ZLWK SRWHQWLDO EHQH¿WV LQ VDIHW\ IURP EHWWHU EUDNLQJ
and roll and stability control), may be possible with pneumatic
(air blowing) devices (Englar, 2001). A complete package of
aerodynamic improvements for a heavy-duty truck, including
pneumatic blowing, might save about 15–20% of fuel for trucks
operating primarily on uncongested highways, at a cost of about
5000 US$ in the near-term, with substantial cost reductions
possible over time (Vyas et al., 2002).
The importance of aerodynamic forces at higher speeds
implies that reduction of vehicle highway cruising speeds
can save fuel and some nations have used speed limits as fuel
conservation measures, e.g., the US during the period following
the 1973 oil embargo. US tests on nine vehicles with model
\HDUVIURPWRGHPRQVWUDWHGDQDYHUDJHIXHO
economy loss in driving at 70 mph compared to 55 mph (ORNL,
2006). Recent tests on six contemporary vehicles, including two
hybrids, showed similar results – the average fuel economy loss
ZDVLQGULYLQJDWPSKFRPSDUHGWRPSKDQG
in driving at 70 mph compared to 50 mph (Duoba et al., 2005).
Mobil Air Conditioning (MAC) systems
MAC systems contribute to GHG emissions in two ways
by direct emissions from leakage of refrigerant and indirect
HPLVVLRQV IURP IXHO FRQVXPSWLRQ 6LQFH  VLJQL¿FDQW
progress has been made in limiting refrigerant emissions due to
the implementation of the Montreal Protocol. The rapid switch
IURP&)& *:3 WR+)&D *:3 KDVOHGWR
the decrease in the CO2HTHPLVVLRQVIURPDERXW0W&22eq in 1990 to 609 MtCO2-eq in 2003, despite the continued
JURZWKRIWKH0$&V\VWHPÀHHW ,3&& 
Refrigerant emissions can be decreased by using new
refrigerants with a much lower GWP, such as HFC-152a or CO2,
UHVWULFWLQJUHIULJHUDQWVDOHVWRFHUWL¿HGVHUYLFHSURIHVVLRQDOVDQG
better servicing and disposal practices. Although the feasibility
of CO2 refrigerant has been demonstrated, a number of technical
hurdles have still to be overcome.

The precise value would depend on the value of the initial CD as well as other aspects of the car’s design.
1 mph = 1.6 km/h
Http://www.eere.energy.gov/vehiclesandfuels/about/partnerships/21centurytruck/21ct_goals.shtml.
These are heavy-duty highway trucks with separate trailers, but less than 5 axles – the standard long-haul truck in the U.S.
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Since the energy consumption for MAC is estimated to be
2.5–7.5% of total vehicle energy consumption, a number of
solutions have to be developed in order to limit the energy
consumption of MAC, such as improvements of the design
RI 0$& V\VWHPV LQFOXGLQJ WKH FRQWURO V\VWHP DQG DLUÀRZ
management.


,PSURYLQJGULYHWUDLQHI¿FLHQF\

Advanced Direct Injection Gasoline / Diesel Engines and
transmissions.
New engine and transmission technologies have entered the
OLJKWGXW\ YHKLFOH ÀHHWV RI (XURSH WKH 86$ DQG -DSDQ DQG
could yield substantial reductions in carbon emissions if more
widely used.
'LUHFW LQMHFWLRQ GLHVHO HQJLQHV \LHOGLQJ DERXW  JUHDWHU
fuel economy than conventional gasoline engines are being
used in about half the light-duty vehicles being sold in European
PDUNHWVEXWDUHOLWWOHXVHGLQ-DSDQDQGWKH86$ (XURSHDQWD[HV
on diesel fuel generally are substantially lower than on gasoline,
which boosts diesel share). Euro 4 emission standards were
HQIRUFHGLQZLWK(XUR VWLOOXQGH¿QHG WRIROORZDURXQG
2009–2010. These standards, plus Tier 2 standards in the USA,
will challenge diesel NOx controls, adding cost and possibly
UHGXFLQJ IXHO HI¿FLHQF\ VRPHZKDW (XUR 7LHU  FRPSOLDQW
diesels for light-duty vehicles, obtaining 30% better fuel
HI¿FLHQF\ WKDQ FRQYHQWLRQDO JDVROLQH HQJLQHV PD\ FRVW DERXW
2000–3000 US$ more than gasoline engines (EEA, 2003).
,PSURYHPHQWVWRJDVROLQHHQJLQHVLQFOXGHGLUHFWLQMHFWLRQ
0HUFHGHV¶ 0 WXUERFKDUJHG GLUHFW LQMHFWLRQ HQJLQH LV
HVWLPDWHGWRDWWDLQUHGXFHGIXHOFRQVXPSWLRQSDUWRIZKLFK
is due to intake valve control and other engine technologies
(SAE International, 2003a); cylinder shutoff during low load
FRQGLWLRQV +RQGD 2G\VVH\ 9 &KU\VOHU +HPL *0 9V 
(SAE International, 2003a) and improved valve timing and lift
controls.
Transmissions are also being substantially improved.
Mercedes, GM, Ford, Chrysler, Volkswagen and Audi are
introducing advanced 6 and 7 speed automatics in their luxury
vehicles, with strong estimated fuel economy improvements
UDQJLQJIURP±RYHUDVSHHGDXWRPDWLFIRUWKH)RUG*0
speed to a claimed 13% over a manual, plus faster acceleration,
for the VW/Audi BorgWarner 6-speed (SAE International,
2003b). If they follow the traditional path for such technology,
WKHVHWUDQVPLVVLRQVZLOOHYHQWXDOO\EHUROOHGLQWRWKHÀHHW$OVR
continuously variable transmissions (CVTs), which previously
had been limited to low power drive trains, are gradually rising
in their power-handling capabilities and are moving into large
vehicles.

The best diesel engines currently used in heavy-duty trucks
DUH YHU\ HI¿FLHQW DFKLHYLQJ SHDN HI¿FLHQFLHV LQ WKH ±
range (USDOE, 2000). Although recent advances in engine and
drive train technology for heavy-duty trucks have focused on
emissions reductions, current research programmes in the US
Department of Energy are aiming at 10–20% improvements in
HQJLQHHI¿FLHQF\ZLWKLQWHQ\HDUV 86'2( ZLWKIXUWKHU
LPSURYHPHQWVRIXSWRIRUHVHHQLIVLJQL¿FDQWGHSDUWXUHV
from the traditional diesel engine platform can be achieved.
(QJLQHVDQGGULYHWUDLQVFDQDOVREHPDGHPRUHHI¿FLHQWE\
turning off the engine while idling and drawing energy from
other sources. The potential for reducing idling emissions in
KHDY\GXW\ WUXFNV LV VLJQL¿FDQW ,Q WKH 86$ D QDWLRQZLGH
survey found that, on average, a long-haul truck consumed
about 1,600 gallons, or 6,100 litres, per year from idling during
driver rest periods. A variety of behavioural and technological
SUDFWLFHVFRXOGEHSXUVXHGWRVDYHIXHO$WHFKQRORJLFDO¿[LVWR
switch to grid connections or use onboard auxiliary power units
during idling (Lutsey et al., 2004).
Despite the continued tightening of emissions standards for
both light-duty vehicles and freight trucks, there are remaining
concerns about the gap between tested emissions and onroad emissions, particularly for diesel engines. Current EU
emissions testing uses test cycles that are considerably gentler
than seen in actual driving, allowing manufacturers to design
drive trains so that they pass emissions tests but ‘achieve better
IXHOHI¿FLHQF\RURWKHUSHUIRUPDQFHHQKDQFHPHQWDWWKHFRVWRI
higher emissions during operation on the road (ECMT, 2006).’
Other concerns involve excessive threshold limits demanded of
onboard diagnostics systems, aftermarket mechanical changes
(replacement of computer chips, disconnection of exhaust gas
UHFLUFXODWLRQ V\VWHPV  DQG IDLOXUH WR PDLQWDLQ UHTXLUHG ÀXLG
levels in Selective Catalytic Reduction systems (ECMT, 2006).
Similar concerns in the USA led to the phase-in between 2000
and 2004 of a more aggressive driving cycle (the US06 cycle)
to emission tests for LDVs; however, the emission limits tied to
this cycle were not updated when new Tier 2 emission standards
were promulgated, so concerns about onroad emissions,
especially for diesels, will apply to the USA as well.
Hybrid drive trains
Hybrid-electric drive trains combine a fuel-driven power
source, such as a conventional internal combustion engine
(ICE) with an electric drive train – electric motor/generator and
battery (or ultracapacitor) - in various combinations.17 In current
hybrids, the battery is recharged only by regenerative braking
and engine charging, without external charging from the grid.
‘Plug-in hybrids,’ which would obtain part of their energy from
the electric grid, can be an option but require a larger battery
and perhaps a larger motor. Hybrids save energy by:

17 A hybrid drive train could use an alternative to an electric drive train, for example a hydraulic storage and power delivery system. The U.S. Environmental Protection Agency has
designed such a system.
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v Shutting the engine down when the vehicle is stopped (and
possibly during braking or coasting);
v Recovering braking losses by using the electric motor to
brake and using the electricity generated to recharge the
battery;
v Using the motor to boost power during acceleration,
allowing engine downsizing and improving average engine
HI¿FLHQF\
v Using the motor instead of the engine at low load (in some
FRQ¿JXUDWLRQV  HOLPLQDWLQJ HQJLQH RSHUDWLRQ GXULQJ LWV
ORZHVWHI¿FLHQF\PRGH
v $OORZLQJWKHXVHRIDPRUHHI¿FLHQWF\FOHWKDQWKHVWDQGDUG
Otto cycle (in some hybrids);
v Shifting power steering and other accessories to (more
HI¿FLHQW HOHFWULFRSHUDWLRQ
6LQFH WKH  LQWURGXFWLRQ RI WKH 7R\RWD 3ULXV K\EULG LQ
WKH-DSDQHVHPDUNHWK\EULGHOHFWULFGULYHWUDLQWHFKQRORJ\KDV
advanced substantially, expanding its markets, developing in
alternative forms that offer different combinations of costs and
EHQH¿WV DQG LPSURYLQJ FRPSRQHQW WHFKQRORJLHV DQG V\VWHP
designs. Hybrids now range from simple belt-drive alternatorVWDUWHUV\VWHPVRIIHULQJSHUKDSVRUIXHOHFRQRP\EHQH¿W
under US driving conditions to ‘full hybrids’ such as the Prius
RIIHULQJ SHUKDSV ± IXHO HFRQRP\ EHQH¿WV (the Prius
itself more than doubles the fuel economy average – on the
US test – of the combined 2004 US model year compact and
medium size classes, although some portion of this gain is due
WRDGGLWLRQDOHI¿FLHQF\PHDVXUHV $OVRK\EULGVPD\LPSURYH
IXHO HI¿FLHQF\ E\ VXEVWDQWLDOO\ PRUH WKDQ WKLV LQ FRQJHVWHG
urban driving conditions, so might be particularly useful for
urban taxis and other vehicles making frequent stops. Hybrid
sales have expanded rapidly: in the United States, sales were
DERXW  LQ  DQG KDYH ULVHQ UDSLGO\ WR  LQ
200519; worldwide hybrid sales were about 541,000 in 2005
(IEA Hybrid Website, 2006).
Improvements made to the Prius since its introduction
demonstrate how hybrid technology is developing. For
example, the power density of Prius’s nickel metal hydride
batteries has improved from 600 W/kg1LQWR:NJ1
LQDLPSURYHPHQW6LPLODUO\WKHEDWWHULHV¶VSHFL¿F
energy has increased 37% during the same period (EEA, 2003).
Higher voltage in the 2004 Prius allows higher motor power
with reduced electrical losses and a new braking-by-wire
V\VWHPPD[LPL]HVUHFDSWXUHRIEUDNLQJHQHUJ\7KH3ULXV
compact sedan attained 42 mpg on the US CAFE cycle, with
0–60 mph acceleration time of 14.5 seconds; the 2004 version
is larger (medium size) but attains 55 mpg and a 0–60 of 10.5
seconds. Prius-type hybrid systems will add about 4,000 US$ to
the price of a medium sized sedan (EEA, 2003), but continued
cost reduction and development efforts should gradually reduce
costs.
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+\EULGL]DWLRQ FDQ \LHOG EHQH¿WV LQ DGGLWLRQ WR GLUHFWO\
LPSURYLQJIXHOHI¿FLHQF\LQFOXGLQJ GHSHQGLQJRQWKHGHVLJQ 
HQKDQFHGSHUIRUPDQFH ZLWKUHGXFHGIXHOHI¿FLHQF\EHQH¿WVLQ
some designs), less expensive 4-wheel drive systems, provision
of electric power for off-vehicle use (e.g., GM Silverado hybrid),
DQG HDVH RI LQWURGXFLQJ PRUH HI¿FLHQW WUDQVPLVVLRQV VXFK DV
automated manuals (using the motor to reduce shift shock).
+\EULGGULYHWUDLQV¶VWURQJEHQH¿WVLQFRQJHVWHGVWRSDQGJR
travel mesh well with some heavier-duty applications, including
urban buses and urban delivery vehicles. An initial generation
of hybrid buses in New York City obtained about a 10%
improvement in fuel economy as well as improved acceleration
capacity and substantially reduced emissions (Foyt, 2005).
More recently, a different design achieved a 45% fuel economy
increase in NYC operation (not including summer, where the
increase should be lower) (Chandler et al., 2006). Fedex has
claimed a 57% fuel economy improvement for its E700 diesel
hybrid delivery vehicles (Green Car Congress, 2004).
Hybrid applications extend to two and three-wheelers, as
well, because these often operate in crowded urban areas in stopand-go operation. Honda has developed a 50 cc hybrid scooter
prototype that offers about a one-third reduction in fuel use and
GHG emissions compared to similar 50 cc scooters (Honda,
2004). However, sales of two and three-wheeled vehicles in
most markets are extremely price sensitive, so the extent of any
potential market for hybrid technology may be quite limited.
Plug-in hybrids, or PHEVs, are a merging of hybrid
electric and battery electric. PHEVs get some of their energy
from the electricity grid. Plug-in hybrid technology could be
useful for both light-duty vehicles and for a variety of medium
duty vehicles, including urban buses and delivery vehicles.
Substantial market success of PHEV technology is, however,
likely to depend strongly on further battery development, in
SDUWLFXODU RQ UHGXFLQJ EDWWHU\ FRVW DQG VSHFL¿F HQHUJ\ DQG
increasing battery lifetimes.
PHEVs’ potential to reduce oil use is clear – they can use
electricity to ‘fuel’ a substantial portion of miles driven. The
US Electric Power Research Institute (EPRI, 2001) estimates
that 30 km hybrids (those that have the capability to operate up
to 30 km solely on electricity from the battery) can substitute
electricity for gasoline for approximately 30–40% of miles
driven in the USA. With larger batteries and motors, the vehicles
could replace even more mileage. However, their potential to
reduce GHG emissions more than that achieved by current
hybrids depends on their sources of electricity. For regions that
rely on relatively low-carbon electricity for off-peak power,
e.g., natural gas combined cycle power, GHG reductions over
the PHEV’s lifecycle will be substantial; in contrast, PHEVs in
DUHDVWKDWUHO\RQFRDO¿UHGSRZHUFRXOGKDYHLQFUHDVHGOLIHF\FOH

18 Precise values are somewhat controversial because of disagreements about the fuel economy impact of other fuel-saving measures on the vehicles.
19 Based on sales data from http://electricdrive.org/index.php?tg=articles&topics=7 and J.D. Power.
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Figure 5.8: Overview of conversion routes from crops to biofuels
Source: Adapted from Hamelinck and Faaij, 2006.

carbon emissions. In the long-term, movement to a low-carbon
HOHFWULFLW\ VHFWRU FRXOG DOORZ 3+(9V WR SOD\ D PDMRU UROH LQ
reducing transport sector GHG emissions.
5.3.1.3

Alternative fuels

Biofuels
The term biofuels describes fuel produced from biomass. A
variety of techniques can be used to convert a variety of CO2
neutral biomass feedstocks into a variety of fuels. These fuels
include carbon-containing liquids such as ethanol, methanol,
biodiesel, di-methyl esters (DME) and Fischer-Tropsch liquids,
DV ZHOO DV FDUERQIUHH K\GURJHQ )LJXUH  VKRZV VRPH
main routes to produce biofuels: extraction of vegetable oils,
IHUPHQWDWLRQ RI VXJDUV WR DOFRKRO JDVL¿FDWLRQ DQG FKHPLFDO
synthetic diesel, biodiesel and bio oil. In addition, there are more
experimental processes, such as photobiological processes that
produce hydrogen directly.
Biofuels can be used either ‘pure’ or as a blend with other
automotive fuels. There is a large interest in developing biofuel
technologies, not only to reduce GHG emission but more so
to decrease the enormous transport sector dependence on
imported oil. There are two biofuels currently used in the world
for transport purposes – ethanol and biodiesel.

Ethanol is currently made primarily by the fermentation of
sugars produced by plants such as sugar cane, sugar beet and
corn. Ethanol is used in large quantities in Brazil where it is
made from sugar cane, in the USA where it is made from corn,
but only in very small quantities elsewhere.
Ethanol is blended with gasoline at concentrations of 5–10%
on a volume basis in North America and Europe. In Brazil
ethanol is used either in its pure form replacing gasoline, or
as a blend with gasoline at a concentration of 20–25%. The
production of ethanol fuelled cars in Brazil achieved 96%
PDUNHWVKDUHLQEXWVKDUSO\GHFOLQLQJVKRUWO\WKHUHDIWHU
to near zero. Ethanol vehicle sales declined because ethanol
producers shifted to sugar production and consumers lost
FRQ¿GHQFHLQUHOLDEOHHWKDQROVXSSO\$EOHQGRIHWKDQRO
has continued to be used. With the subsequent introduction of
ÀH[IXHOFDUV VHH%R[ HWKDQROIXHOVDOHVKDYHLQFUHDVHG
+RZHYHUWKHVXJDUFDQHH[SHULHQFHLQ%UD]LOZLOOEHGLI¿FXOW
to replicate elsewhere. Land is plentiful, the sugar industry is
KLJKO\HI¿FLHQWWKHFURSUHVLGXHV EDJDVVH DUHDEXQGDQWDQG
easily used for process energy, and a strong integrated R&D
capability has been developed in cane growing and processing.
In various parts of Asia and Africa, biofuels are receiving
increasing attention and there is some experience with ethanol341
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Box 5.2 Flexfuel vehicle (FFV)20
Particularly in Brazil where there is large ethanol availability as an automotive fuel there has been a substantial increase
in sales of ﬂexfuel vehicles (FFV). Flexfuel vehicle sales in Brazil represent about 81% (Nov. 2006) of the market share of
light-duty vehicles. The use of FFVs facilitates the introduction of new fuels. The incremental vehicle cost is small, about
100 US$.
The FFVs were developed with systems that allow the use of one or more liquid fuels, stored in the same tank. This system is
applied to OTTO cycle engines and enables the vehicles to run on gasoline, ethanol or both in a mixture, according to the fuel
availability. The combustion control is done through an electronic device, which identiﬁes the fuel being used and then the
engine control system makes the suitable adjustments allowing the running of the engine in the most adequate condition.
One of the greatest advantages of FFVs is their ﬂexibility to choose their fuel depending mainly on price. The disadvantage
is that the engine cannot be optimized for the attributes of a single fuel, resulting in foregone efﬁciency and higher pollutant
emissions (though the latter problem can be largely addressed with sophisticated sensors and computer controls, as it is in
the USA).
In the USA21, the number of FFVs is close to 6 million and some US manufacturers are planning to expand their sales.
However, unlike in the Brazilian experience, ethanol has not been widely available at fuel stations (other than as a 10% blend)
and thus the vehicles rarely fuel with ethanol. Their popularity in the USA is due to special fuel economy credits available to
the manufacturer.

gasoline blending of up to 20%. Ethanol is being produced
from sugar cane in Africa and from corn in small amounts in
$VLD %LRGLHVHOSURGXFWLRQ LV EHLQJ FRQVLGHUHG IURP -DWURSKD
(a drought resistant crop) that can be produced in most parts of
Africa (Yamba and Matsika, 2004). It is estimated that with 10%
ethanol-gasoline blending and 20% biodiesel-diesel blending
in southern Africa, a reduction of 2.5 MtCO2 and 9.4 MtCO2
respectively per annum can be realized. Malaysian palm oil and
US soybean oils are currently being used as biodiesel transport
fuel in limited quantities and other oilseed crops are being
considered elsewhere.

These investments are beginning to be made. In 2006 BP
announced it was committing 1 billion US$ to develop new
biofuels, with special emphasis on bio-butanol, a liquid that can
be easily blended with gasoline. Other large energy companies
were also starting to invest substantial sums in biofuels R&D
in 2006, along with the US Department of Energy, to increase
plant yields, develop plants that are better matched with
process conversion technologies and to improve the conversion
processes. The energy companies in particular are seeking
biofuels other than ethanol that would be more compatible with
the existing petroleum distribution system.22

For the future, the conversion of ligno-cellulosic sources
into biofuels is the most attractive biomass option. Lignocellulosic sources are grasses and woody material. These
include crop residues, such as wheat and rice straw, and corn
stalks and leaves, as well as dedicated energy crops. Cellulosic
crops are attractive because they have much higher yields per
hectare than sugar and starch crops, they may be grown in areas
unsuitable for grains and other food/feed crops and thus do not
compete with food, and the energy use is far less, resulting in
much greater GHG reductions than with corn and most food
crops (IEA, 2006a).

Biodiesel is less promising in terms of cost and production
potential than cellulosic fuels but is receiving increasing
attention. Bioesters are produced by a chemical reaction
between vegetable or animal oil and alcohol, such as ethanol
or methanol. Their properties are similar to those of diesel oil,
allowing blending of bioesters with diesel or the use of 100%
bioesters in diesel engines, and they are all called biodiesel.
%OHQGVRIELRGLHVHOZLWKSHWUROHXPGLHVHO % FDQ
JHQHUDOO\EHXVHGLQXQPRGL¿HGGLHVHOHQJLQHV23

A few small experimental cellulosic conversion plants
were being built in the USA in 2006 to convert crop residues
(e.g., wheat straw) into ethanol, but considerably more R&D
investment is needed to make these processes commercial.
20
21
22
23

Diesel fuel can also be produced through thermochemical
hydrocracking of vegetable oil and animal fats. This technology
has reached the demonstration stage. In Finland and Brazil24
DFRPPHUFLDOSURGXFWLRQSURMHFWLVXQGHUZD\7KHDGYDQWDJH
of the hydrocracked biodiesel is its stability and compatibility
with conventional diesel (Koyama et al., 2006).

http://www.eere.energy.gov/afdc/afv/eth_vehicles.html, http://en.wikipedia.org/wiki/Flexible-fuel_vehicle.
http://www.epa.gov/smartway/growandgo/documents/factsheet-e85.htm.
http://www.greencarcongress.com/2006/06/bp_and_dupont_t.html.
http://www.eere.energy.gov/afdc/altfuel/biodiesel.html.
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Figure 5.9: Comparison of cost for various biofuels with those for gasoline and diesel
Source: IEA, 2006b.

A large drawback of biodiesel fuels is the very high cost of
feedstocks. If waste oils are used the cost can be competitive,
but the quantity of waste oils is miniscule compared to transport
energy consumption. If crops are used, the feedstock costs are
generally far higher than for sugar, starch or cellulosic materials.
These costs are unlikely to drop since they are the same highly
developed crops used for foods and food processing. Indeed,
if diverted to energy use, the oil feedstock costs are likely
WR LQFUHDVH VWLOO IXUWKHU FUHDWLQJ D GLUHFW FRQÀLFW ZLWK IRRG
production. The least expensive oil feedstock at present is palm
oil. Research is ongoing into new ways of producing oils. The
promising feedstock seems to be algae, but cost and scale issues
are still uncertain.
For 2030 IEA (2006a) reports mitigation potentials for
bioethanol between 500–1200 MtCO2, with possibly up to 100–
300 MtCO2 of that for ligno-cellulosic ethanol (or some other
bio-liquid). The long-term potential for ligno-cellulosic fuels
beyond 2030 is even greater. For biodiesel, it reports mitigation
potential between 100–300 MtCO2.
The GHG reduction potential of biofuels, especially with
cellulosic materials, is very large but uncertain. IEA estimated
the total mitigation potential of biofuels in the transport sector
LQWRUDQJHIURPWR0W&22 at 25 US$/tCO2-

eq. based on scenarios with a respective replacement of 13 and
25% of transport energy demand by biofuels (IEA, 2006a). The
reduction uncertainty is huge because of uncertainties related to
costs and GHG impacts.
Only in Brazil is biofuel competitive with oil at 50 US$ per
barrel or less. All others cost more. As indicated in Figure 5.9,
biofuel production costs are expected to drop considerably,
especially with cellulosic feedstocks. But even if the processing
costs are reduced, the scale issue is problematic. These facilities
have large economies of scale. However, there are large
GLVHFRQRPLHVRIVFDOHLQIHHGVWRFNSURGXFWLRQ 6SHUOLQJ 
The cost of transporting bulky feedstock materials to a central
SRLQWLQFUHDVHVH[SRQHQWLDOO\DQGLWLVGLI¿FXOWDVVHPEOLQJODUJH
amount of contiguous land to serve single large processing
facilities.
Another uncertainty is the well-to-wheel reduction in GHGs
by these various biofuels. The calculations are very complex
because of uncertainties in how to allocate GHG emissions
across the various products likely to be produced in the bioUH¿QHU\IDFLOLWLHVKRZWRKDQGOHWKHHIIHFWVRIDOWHUQDWLYHXVHV
of land, and so on, and the large variations in how the crops
DUHJURZQDQGKDUYHVWHGDVZHOODVWKHXQFHUWDLQHI¿FLHQFLHV
DQG GHVLJQ FRQ¿JXUDWLRQV RI IXWXUH SURFHVV WHFKQRORJLHV DQG

24 Brasil Energy, No.397-July/August (2006), 40:“H-Bio, The Clean Diesel”.

343

1450
Transport and its infrastructure

Chapter 5

Ethanol from
grain,
US/EU

Ethanol from
sugar beet,
EU

Ethanol from
sugar cane,
Brazil

Ethanol from
cellulosic
feedstock, IEA

Biodiesel
from rapeseed,
EU

0

-25 - -

-

-

-

~

-

-

-

-

-

- -

-50

-75

-

LI- -

□

-100

□

-125

~

- -

-

-

_~4--

4-

IEA (2004)
EUCAR (2006)

%
Figure 5.10: Reduction of well-to-wheels GHG emissions compared to conventionally fuelled vehicles
Note: bars indicate range of estimates.
Source: IEA, 2004c; EUCAR/CONCAWE/JRC, 2006.

bio-engineering plant materials. Typical examples are shown
in Figure 5.10.
Ethanol from sugar cane, as produced in Brazil, provides
VLJQL¿FDQWUHGXFWLRQVLQ*+*HPLVVLRQVFRPSDUHGWRJDVROLQH
and diesel fuel on a ‘well-to-wheels’ basis. These large
UHGXFWLRQVUHVXOWIURPWKHUHODWLYHO\HQHUJ\HI¿FLHQWQDWXUHRI
sugar cane production, the use of bagasse (the cellulosic stalks
and leaves) as process energy and the highly advanced state
of Brazilian sugar farming and processing. Ongoing research
over the years has improved crop yields, farming practices
and process technologies. In some facilities the bagasse is
being used to cogenerate electricity which is sold back to the
electricity grid.
,QFRQWUDVWWKH*+*EHQH¿WVRIHWKDQROPDGHIURPFRUQDUH
minor (Ribeiro & Yones-Ibrahim, 2001). Lifecycle estimates
range from a net loss to gains of about 30%, relative to gasoline
made from conventional oil. Farrell et al. (2006) evaluates the
many studies and concludes that on average the reductions are
probably about 13% compared to gasoline from conventional
RLO7KHFRUQHWKDQROEHQH¿WVDUHPLQLPDOEHFDXVHFRUQIDUPLQJ
and processing are energy intensive.
Biofuels might play an important role in addressing GHG
emissions in the transport sector, depending on their production
pathway (Figure 5.10). In the years to come, some biofuels may
become economically competitive, as the result of increased
biomass yields, developments of plants that are better suited
344

to energy production, improved cellulosic conversion processes
and even entirely new energy crops and conversion processes.
In most cases, it will require entirely new businesses and
industries. The example of ethanol in Brazil is a model. The
question is the extent to which this model can be replicated
elsewhere with other energy crops and production processes.
The biofuel potential is limited by:
v The amount of available agricultural land (and in case of
competing uses for that land) for traditional and dedicated
energy crops;
v The quantity of economically recoverable agricultural and
silvicultural waste streams;
v The availability of proven and cost-effective conversion
technology.
Another barrier to increasing the potential is that the
production of biofuels on a massive scale may require
deforestation and the release of soil carbon as mentioned in
&KDSWHU$QRWKHULPSRUWDQWSRLQWRQELRIXHOVLVDYLHZIURP
the cost-effectiveness among the sectors. When comparing
the use of biofuel in the transport sector with its use in power
stations, the latter is more favourable from a cost-effectiveness
point of view (ECMT, 2007).
Natural Gas (CNG / LNG / GTL)
Natural gas, which is mainly methane (CH4), can be used
directly in vehicles or converted into more compact fuels. It
PD\EHVWRUHGLQFRPSUHVVHG &1* RUOLTXH¿HG /1* IRUP
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on the vehicle. Also, natural gas may be converted in large
petrochemical plants into petroleum-like fuels (the process is
known as GTL, or gas-to-liquid). The use of natural gas as a
feedstock for hydrogen is described in the hydrogen section.
CNG and LNG combustion characteristics are appropriate
for spark ignition engines. Their high octane rating, about
120, allows a higher compression ratio than is possible using
JDVROLQH ZKLFK FDQ LQFUHDVH HQJLQH HI¿FLHQF\ 7KLV UHTXLUHV
that the vehicle be dedicated to CNG or LNG, however. Many
current vehicles using CNG are converted from gasoline
vehicles or manufactured as bifuel vehicles, with two fuel
tanks. Bifuel vehicles cannot take full advantage of CNG’s high
octane ratio.
CNG has been popular in polluted cities because of its good
emission characteristics. However, in modern vehicles with
exhaust gas after-treatment devices, the non-CO2 emissions
from gasoline engines are similar to CNG, and consequently
CNG loses its emission advantages in term of local pollutants;
however it produces less CO2. Important constraints on its use
are the need for a separate refuelling infrastructure system
and higher vehicle costs – because CNG is stored under high
pressure in larger and heavier fuel tanks.
Gas-to-liquids (GTL) processes can produce a range of
liquid transport fuels using Fischer-Tropsch or other conversion
technologies. The main GTL fuel produced will be synthetic
sulphur-free diesel fuel, although other fuels can also be
SURGXFHG*7/SURFHVVHVPD\EHDPDMRUVRXUFHRIOLTXLGIXHOV
if conventional oil production cannot keep up with growing
GHPDQG EXW WKH FXUUHQW SURFHVVHV DUH UHODWLYHO\ LQHI¿FLHQW
± (8&$5&21&$:(-5&   DQG ZRXOG OHDG
to increased GHG emissions unless the CO2 generated is
sequestered.
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KDVDORZHUFDUERQLQWHQVLW\ W&7- WKDQSHWUROHXPSURGXFWV
±W&7-  ,3&& 
Hydrogen / Fuel Cells
During the last decade, fuel cell vehicles (FCVs) have attracted
JURZLQJ DWWHQWLRQ DQG KDYH PDGH VLJQL¿FDQW WHFKQRORJLFDO
progress. Drivers for development of FCVs are global warming
(FCVs fuelled by hydrogen have zero CO2 emission and high
HI¿FLHQF\  DLU TXDOLW\ ]HUR WDLOSLSH HPLVVLRQV  DQG HQHUJ\
security (hydrogen will be produced from a wide range of
sources), and the potential to provide new desirable customer
attributes (low noise, new designs).
There are several types of FCVs; direct-drive and hybrid
power train architectures fuelled by pure hydrogen, methanol
and hydrocarbons (gasoline, naphtha). FCVs with liquid fuels
have advantages in terms of fuel storage and infrastructure, but
they need on-board fuel reformers (fuel processors), which leads
WRORZHUYHKLFOHHI¿FLHQF\ ±ORVV ORQJHUVWDUWXSWLPH
slower response and higher cost. Because of these disadvantages
and rapid progress on direct hydrogen systems, nearly all auto
manufacturers are now focused on the pure hydrogen FCV.
6LJQL¿FDQW WHFKQRORJLFDO SURJUHVV KDV EHHQ PDGH VLQFH 7$5
including: improved fuel cell durability, cold start (sub-freezing)
operation, increased range of operation, and dramatically reduced
costs (although FCV drive train costs remain at least an order of
magnitude greater than internal combustion engine (ICE) drive
train costs) (Murakami and Uchibori, 2006).

DME can be made from natural gas, but it can also be
produced by gasifying biomass, coal or even waste. It can be
stored in liquid form at 5–10 bar pressure at normal temperature.
This pressure is considerably lower than that required to store
QDWXUDOJDVRQERDUGYHKLFOHV EDU $PDMRUDGYDQWDJHRI
DME is its high cetane rating, which means that self-ignition
will be easier. The high cetane rating makes DME suitable for
XVHLQHI¿FLHQWGLHVHOHQJLQHV

,Q DGGLWLRQ PDQ\ GHPRQVWUDWLRQ SURMHFWV KDYH EHHQ
initiated since TAR25. Since 2000, members of the California
)XHO &HOO 3DUWQHUVKLS KDYH SODFHG  OLJKWGXW\ )&9V DQG 
FC buses in California, which have travelled over 590,000 km
RQ &DOLIRUQLD¶V URDGV DQG KLJKZD\V ,Q ± -DSDQHVH
DXWRPDNHUV EHJDQ OHDVLQJ )&9V LQ -DSDQ DQG WKH 86$ QRZ
totalling 17 vehicles. In 2004, US DOE started government/
industry partnership ‘learning demonstrations’ for testing,
demonstrating and validating hydrogen fuel cell vehicles and
infrastructure and vehicle/infrastructure interfaces for complete
system solutions. In Europe, there are several partnerships for
FCV demonstration such as CUTE (Clean Urban Transport
for Europe), CEP (Clean Energy Partnership) and ECTOS
(Ecological City Transport System), using more than 30 buses
and 20 passenger cars.

DME is still at the experimental stage and it is still too
early to say whether it will be commercially viable. During
experiments, DME has been shown to produce lower emissions
of hydrocarbons, nitric oxides and carbon monoxide than diesel
DQG]HURHPLVVLRQVRIVRRW .DMLWDQLet al., 2005). There is no
current developed distribution network for DME, although
it has similarities to LPG and can use a similar distribution
system. DME has a potential to reduce GHG emissions since it

7KHUHFHQW86 15&1$( DQG(8 -5&,376 
analyses conclude:
Although the potential of FCVs for reducing GHG emissions
is very high there are currently many barriers to be overcome
before that potential can be realized in a commercial market.
These are:
v To develop durable, safe, and environmentally desirable fuel
cell systems and hydrogen storage systems and reduce the

25 See the report of JHFC, Current status of overseas FCV demonstration, http://www.jhfc.jp/j/data/data/h17/11_h17seminar_e.pdf.
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Source: Toyota/Mizuho, 2004; NRC/NAE, 2004.

cost of fuel cell and storage components to be competitive
with today’s ICEs;
v To develop the infrastructure to provide hydrogen for the
light-duty vehicle user;
v To sharply reduce the costs of hydrogen production from
renewable energy sources over a time frame of decades.
Or to capture and store (‘sequester’) the carbon dioxide
byproduct of hydrogen production from fossil fuels.
Public acceptance must also be secured in order to create
demand for this technology. The IEA echoes these points
while also noting that deployment of large-scale hydrogen
infrastructure at this point would be premature, as some of
the key technical issues that are still being worked on, such as
fuel cell operating conditions and hydrogen on-board storage
options, may have a considerable impact on the choice of
hydrogen production, distribution and refuelling (IEA, 2005).
The GHG impact of FCVs depends on the hydrogen
SURGXFWLRQSDWKDQGWKHWHFKQLFDOHI¿FLHQF\DFKLHYHGE\YHKLFOHV
and H2 production technology. At the present technology level
ZLWK )&9 WDQNWRZKHHO HI¿FLHQF\ RI DERXW  DQG ZKHUH
K\GURJHQFDQEHSURGXFHGIURPQDWXUDOJDVDWHI¿FLHQF\
well-to-wheel (WTW) CO2 emissions can be reduced by 50–
60% compared to current conventional gasoline vehicles. In the
IXWXUHWKRVHHI¿FLHQFLHVZLOOLQFUHDVHDQGWKHSRWHQWLDORI:7:
CO2 reduction can be increased to nearly 70%. If hydrogen is
derived from water by electrolysis using electricity produced
346

using renewable energy such as solar and wind, or nuclear
energy, the entire system from fuel production to end-use in
the vehicle has the potential to be a truly ‘zero emissions’. The
same is almost true for hydrogen derived from fossil sources
where as much as 90% of the CO2 produced during hydrogen
manufacture is captured and stored (see Figure 5.11).
FCV costs are expected to be much higher than conventional
ICE vehicles, at least in the years immediately following their
introduction and H2 costs may exceed gasoline costs. Costs for
both the vehicles and fuel will almost certainly fall over time
with larger-scale production and the effects of learning, but the
long-term costs are highly uncertain. Figure 5.11 shows both
well-to-wheels emissions estimates for several FCV pathways
and their competing conventional pathways, as well as cost
estimates for some of the hydrogen pathways.
Although fuel cells have been the primary focus of
research on potential hydrogen use in the transport sector,
some automakers envision hydrogen ICEs as a useful bridge
technology for introducing hydrogen into the sector and have
built prototype vehicles using hydrogen. Mazda has started
to lease bi-fuel (hydrogen or gasoline) vehicles using rotary
engines and BMW has also converted a 7-series sedan to bi-fuel
RSHUDWLRQXVLQJOLTXH¿HGK\GURJHQ .LHVJHQet al., 2006) and
is going to lease them in 2007. Available research implies that a
GLUHFWLQMHFWHGWXUERFKDUJHGK\GURJHQHQJLQHFRXOGSRWHQWLDOO\
DFKLHYH HI¿FLHQF\ JUHDWHU WKDQ D ', GLHVHO :LPPHU et al.,
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2005), although research and development challenges remain,
including advanced sealing technology to insure against leakage
ZLWKKLJKSUHVVXUHLQMHFWLRQ
Electric vehicles
Fuel cell and hybrid vehicles gain their energy from
chemical fuels, converting them into electricity onboard. Pure
electric vehicles operating today are either powered from
off-board electricity delivered through a conductive contact
±XVXDOO\EXVHVZLWK RYHUKHDGZLUHV RU WUDLQV ZLWKHOHFWUL¿HG
‘third rails’ – or by electricity acquired from the grid and stored
on-board in batteries. Future all-electric vehicles might use
inductive charging to acquire electricity, or use ultracapacitors
RU À\ZKHHOV LQ FRPELQDWLRQ ZLWK EDWWHULHV WR VWRUH HOHFWULFLW\
on board.
The electric vehicles are driven by electric motors with high
HI¿FLHQFLHVRIPRUHWKDQEXWWKHLUVKRUWGULYLQJUDQJHDQG
short battery life have limited the market penetration. Even
a limited driving range of 300 km requires a large volume of
EDWWHULHVZHLJKLQJPRUHWKDQNJ -+)& $OWKRXJK
the potential of CO2 reduction strongly depends on the power
mix, well-to-wheels CO2 emission can be reduced by more than
FRPSDUHGWRFRQYHQWLRQDOJDVROLQH,&( -+)& 
9HKLFOHHOHFWUL¿FDWLRQUHTXLUHVDPRUHSRZHUIXOVRSKLVWLFDWHG
and reliable energy-storage component than lead-acid batteries.
These storage components will be used to start the car and also
operate powerful by-wire control systems, store regenerative
braking energy and to operate the powerful motor drives needed
for hybrid or electric vehicles. Nickel metal hydride (NiMH)
batteries currently dominate the power-assist hybrid market
and Li ion batteries dominate the portable battery business.
Both are being aggressively developed for broader automotive
applications. The energy density has been increased to 170 Wh
kg–1 and 500 Wh L–1 for small-size commercial Li ion batteries
(Sanyo, 2005) and 130 Wh kg–1 and 310 Wh L–1 for large-size
EV batteries (Yuasa, 2000). While NiMH has been able to
maintain hybrid vehicle high-volume business, Li ion batteries
are starting to capture niche market applications (e.g., the idleVWRSPRGHORI7R\RWD¶V9LW] 7KHPDMRUKXUGOHOHIWIRU/LLRQ
batteries is their high cost.
Ultracapacitors offer long life and high power but low energy
density and high current cost. Prospects for cost reduction
and energy enhancement and the possibility of coupling the
capacitor with the battery are attracting the attention of energy
storage developers and automotive power technologists alike.
The energy density of ultracapacitors has increased to 15–20
Wh kg–1 (Power System, 2005), compared with 40–60 Wh kg–1
for Ni-MH batteries. The cost of these advanced capacitors is
in the range of several 10s of dollars/Wh, about one order of
magnitude higher than Li batteries.

Transport and its infrastructure



:HOOWRZKHHOVDQDO\VLVRIWHFKQLFDOPLWLJDWLRQ
options

Life cycle analysis (LCA) is the most systematic and
comprehensive method for the assessment of the environmental
impacts of transport technologies. However, non-availability,
uncertainty or variability of data limit its application. One
NH\GLI¿FXOW\LVGHFLGLQJZKHUHWRGUDZWKHERXQGDU\IRUWKH
analysis; another is treating the byproducts of fuel production
systems and their GHG emission credits. Also in some cases,
LCA data varies strongly across regions
For automobiles, the life-cycle chain can be divided into the
fuel cycle (extraction of crude oil, fuel processing, fuel transport
and fuel use during operation of vehicle) and vehicle cycle
(material production, vehicle manufacturing and disposal at
the end-of-life). For a typical internal combustion engine (ICE)
vehicle, 70–90% of energy consumption and GHG emissions
WDNHSODFHGXULQJWKHIXHOF\FOHGHSHQGLQJRQYHKLFOHHI¿FLHQF\
driving mode and lifetime driving distance (Toyota, 2004).
Recent studies of the Well-to-wheels CO2 emissions of
conventional and alternative fuels and vehicle propulsion
concepts include a GM/ANL (2005) analysis for North
$PHULFD (8&$5&21&$:(-5&   IRU (XURSH DQG
7R\RWD0L]XKR   IRU -DSDQ 6RPH UHVXOWV DUH VKRZQ LQ
Fig. 5.12. Some of the differences, as apparent from Figure
IRU,&(JDVROLQHDQG,&(' GLHVHO UHÀHFWGLIIHUHQFHLQ
the oil producing regions and regional differences in gasoline
and diesel fuel requirements and processing equipment in
UH¿QHULHV
The Well-to-wheel CO2 emissions shown in Fig. 5.12 are
for three groups of vehicle/fuel combinations – ICE/fossil fuel,
ICE/biofuel and FCV. The full well-to-wheels CO2 emissions
GHSHQG RQ QRW RQO\ WKH GULYH WUDLQ HI¿FLHQF\ 77: WDQNWR
wheel) but also the emissions during the fuel processing (WTT:
well-to-tank). ICE-CNG (compressed natural gas) has 15–25%
lower emissions than ICE-G (Gasoline) because natural gas
is a lower-carbon fuel and ICE-D (Diesel) has 16–24% lower
HPLVVLRQVGXHWRWKHKLJKHI¿FLHQF\RIWKHGLHVHOHQJLQH7KH
results for hybrids vary among the analyses due to different
DVVXPSWLRQVRIYHKLFOHHI¿FLHQF\DQGGLIIHUHQWGULYLQJF\FOHV
Although Toyota’s analysis is based on Prius, and using
-DSDQHVH±GULYLQJF\FOHWKHSRWHQWLDOIRU&22 reduction
is 20–30% in general.
Table 5.3 summarizes the results and provides an overview
of implementation barriers. The lifecycle emissions of ICE
vehicles using biofuels and fuel cell vehicles are extremely
dependent on the fuel pathways. For ICE-Biofuel, the CO2
reduction potential is very large (30–90%), though world
potential is limited by high production costs for several biomass
pathways and land availability. The GHG reduction potential
for the natural gas-sourced hydrogen FCV is moderate, but
lifecycle emissions can be dramatically reduced by using CCS
347
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Figure 5.12: Comparison of three studies on Well-to-wheels CO2 emission analyses
Note: See text for an explanation of the legend. All the results are normalized by the value of ICE-G (gasoline).
Source: EUCAR/CONCAWE/JRC, 2006; GM/ANL, 2005; Toyota/Mizuho, 2004.

(carbon capture and storage) technology during H2 production
(FCEV-H2ccs in Table 5.3). Using renewable energy such as Cneutral biomass as a feedstock or clean electricity as an energy
source (FCEV-RE-H2) also will yield very low emissions.
5.3.1.5

Road transport: mode shifts

Personal motor vehicles consume much more energy and
emit far more GHGs per passenger-km than other surface
passenger modes. And the number of cars (and light trucks)
continues to increase virtually everywhere in the world. Growth
in GHG emissions can be reduced by restraining the growth in
personal vehicle ownership. Such a strategy can, however, only
be successful if high levels of mobility and accessibility can be
provided by alternative means.
In general, collective modes of transport use less energy and
generate less GHGs than private cars. Walking and biking emit
even less. There is important worldwide mitigation potential if
public and non-motorised transport trip share loss is reversed.
The challenge is to improve public transport systems in order to
preserve or augment the market share of low-emitting modes. If
public transport gets more passengers, it is possible to increase
the frequency of departures, which in turn may attract new
SDVVHQJHUV $NHUPDQDQG+RMHU 
The USA is somewhat of an anomaly, though. In the USA,
passenger travel by cars generates about the same GHG

26 The number of passengers using a speciﬁc form of public transport.
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emissions as bus and air travel on a passenger-km basis (ORNL
Transportation Energy Databook; ORNL, 2006). That is mostly
because buses have low load factors in the USA. Thus, in
the USA, a bus-based strategy or policy will not necessarily
lower GHG emissions. Shifting passengers to bus is not simply
D PDWWHU RI ¿OOLQJ HPSW\ VHDWV 7R DWWUDFW PRUH SDVVHQJHUV
it is necessary to enhance transit service. That means more
buses operating more frequently – which means more GHG
emissions. It is even worse than that, because transit service is
already offered where ridership26 demand is greatest. Adding
more service means targeting less dense corridors or adding
more service on an existing route. There are good reasons to
promote transit use in the USA, but energy use and GHGs are
not among them.
Virtually everywhere else in the world, though, transit is used
more intensively and therefore has a GHG advantage relative
to cars. Table 5.4 shows the broad average GHG emissions
from different vehicles and transport modes in a developing
country context. GHG emissions per passenger-km are lowest
for transit vehicles and two-wheelers. It also highlights the fact
that combining alternative fuels with public transport modes
can reduce emissions even further.
,W LV GLI¿FXOW WR JHQHUDOL]H WKRXJK EHFDXVH RI VXEVWDQWLDO
differences across nations and regions. The types of buses,
occupancy factors, and even topography and weather can
affect emissions. For example, buses in India and China tend
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Table 5.3: Reduction of Well-to-wheels GHG emissions for various drive train/fuel combinations

I
ICE

Fossil fuel

Biofuel

H2

Drive train/Fuel

GHG reduction
(%)

Gasoline (2010)

12-16

Barriers

Diesel

16-24

Emissions (NOx, PM)

CNG

15-25

Infrastructure, storage

G-HEV

20-52

Cost, battery

D-HEV

29-57

Cost

Ethanol-Cereal

30-65

Cost, availability (biomass, land), competition with food

Ethanol-Sugar

79-87

Biodiesel

47-78

Advanced biofuel
(cellulosic ethanol)

70-95

Technology, cost, environmental impact, competition with
usage of other sectors

H2-ICE

6-16

H2 storage, cost

FCEV

43-59

I

Cost, infrastructure, deregulation
FCV

FCEV+H2ccs

78-86

FCEV+RE-H2

89-99

Technology (stack, storage), cost, durability

Source: EUCAR/CONCAWE/JRC, 2006, GM/ANL, 2005 and Toyota/Mizuho (2004).

WREHPRUHIXHOHI¿FLHQWWKDQWKRVHLQWKHLQGXVWULDOL]HGZRUOG
primarily because they have considerably smaller engines and
lack air conditioning (Sperling and Salon, 2002).
Public transport
In addition to reducing transport emissions, public transport
is considered favourably from a socially sustainable point of
view because it gives higher mobility to people who do not
have access to car. It is also attractive from an economically
sustainable perspective since public transport provides more
capacity at less marginal cost. It is less expensive to provide
additional capacity by expanding bus service than building new
roads or bridges. The expansion of public transport in the form
of large capacity buses, light rail transit and metro or suburban
rail can be feasible mitigation options for the transport sector.
The development of new rail services can be an effective
PHDVXUH IRU GLYHUWLQJ FDU XVHUV WR FDUERQHI¿FLHQW PRGH
while providing existing public transport users with upgraded
VHUYLFH+RZHYHUDPDMRUKXUGOHLVKLJKHUFDSLWDODQGSRVVLEO\
RSHUDWLQJ FRVW RI WKH SURMHFW 5DLO LV DWWUDFWLYH DQG HIIHFWLYH
at generating high ridership in very dense cities. During the
V OHVV FDSLWDOLQWHQVLYH SXEOLF WUDQVSRUW SURMHFWV VXFK DV
light rail transit (LRT) were planned and constructed in Europe,
1RUWK$PHULFDDQG-DSDQ7KH/57V\VWHPVZHUHVXFFHVVIXOLQ
some regions, including a number of French cities where land
use and transport planning is often well integrated (Hylen and
Pharoah, 2002), but less so in other cities especially in the USA
5LFKPRQG  0DFNHWW DQG (GZDUGV   ZKHUH PRUH
attention has been paid to this recently.

Around the world, the concept of bus rapid transit (BRT)
is gaining much attention as a substitute for LRT and as an
enhancement of conventional bus service. BRT is not new.
Plans and studies for various BRT type alternatives have been
SUHSDUHGVLQFHWKHVDQGDPDMRU%57V\VWHPZDVLQVWDOOHG
in Curitiba, Brazil in the 1970s (Levinson et al., 2002). But
only since about 2000 has the successful Brazilian experience
gained serious attention from cities elsewhere.
BRT is ‘a mass transit system using exclusive right of way
lanes that mimic the rapidity and performance of metro systems,
but utilizes bus technology rather than rail vehicle technology’
(Wright, 2004). BRT systems can be seen as enhanced bus service
and an intermediate mode between conventional bus service
and heavy rail systems. BRT includes features such as exclusive
right of way lanes, rapid boarding and alighting, free transfers
EHWZHHQURXWHVDQGSUHERDUGIDUHFROOHFWLRQDQGIDUHYHUL¿FDWLRQ
as well as enclosed stations that are safe and comfortable, clear
route maps, signage and real-time information displays, modal
integration at stations and terminals, clean vehicle technologies
and excellence in marketing and customer service. To be most
effective, BRT systems (like other transport initiatives) should
be part of a comprehensive strategy that includes increasing
vehicle and fuel taxes, strict land-use controls, limits and higher
fees on parking, and integrating transit systems into a broader
package of mobility for all types of travellers (IEA, 2002b).
Most BRT systems today are being delivered in the range of
1–15 million US$/km, depending upon the capacity requirements
DQGFRPSOH[LW\RIWKHSURMHFW%\FRQWUDVWHOHYDWHGUDLOV\VWHPV
and underground metro systems can cost from 50 million US$
349
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Table 5.4: GHG Emissions from vehicles and transport modes in developing
countries
Load factor
(average occupancy)

Table 5.5: Cost and potential estimated for BRT in Bogota

CO2-eq emissions
per passenger-km
(full energy cycle)

O & Ma)
(%)

Fuel price per
barrel
(US$)

Cost
(US$/tCO2)

130-170

20

40

11.22

Car (gasoline)

2.5

Car (diesel)

2.5

85-120

20

60

7.60

Car (natural gas)

2.5

100-135

50

40

12.20

Car (electric)a)

2.0

30-100

50

60

15.84

Scooter (two-stroke)

1.5

60-90

Note: Assuming 20% of the urban population uses the BRT each day.

Scooter (four-stroke)

1.5

40-60

Minibus (gasoline)

12.0

50-70

a) Operation and maintenance (O & M) costs are expected to be high as the
measure involves high demand for management and implementation beyond
putting up the infrastructure.

Minibus (diesel)

12.0

40-60

Source: estimate based on Bogata CDM Project (footnote 27)

Bus (diesel)

40.0

20-30

Bus (natural gas)

40.0

25-35

Bus (hydrogen fuel
cell)b)

40.0

15-25

75% full

20-50

Rail Transitc)

Note: All numbers in this table are estimates and approximations and are best
treated as illustrative.
a) Ranges are due largely to varying mixes of carbon and non-carbon energy
sources (ranging from about 20–80% coal), and also the assumption that the
battery electric vehicle will tend to be somewhat smaller than conventional cars.
b) Hydrogen is assumed to be made from natural gas.
c) Assumes heavy urban rail technology (‘Metro’) powered by electricity generated from a mix of coal, natural gas and hydropower, with high passenger use
(75% of seats ﬁlled on average).
Source: Sperling and Salon, 2002.

to over 200 million US$/km (Wright, 2004). BRT systems now
operate in several cities throughout North America, Europe,
Latin America, Australia, New Zealand and Asia. The largest
and most successful systems to date are in Latin America in
Bogotá, Curitiba and Mexico City (Karekezi et al., 2003).
Analysing the Bogotá Clean Development Mechanism
SURMHFW JLYHV DQ LQVLJKW LQWR WKH FRVW DQG SRWHQWLDO RI
LPSOHPHQWLQJ%57LQODUJHFLWLHV7KH&'0SURMHFWVKRZVWKH
potential of moving about 20% of the city population per day
on the BRT that mainly constitutes putting up dedicated bus
lanes (130 km), articulated buses (1200) and 500 other large
EXVHVRSHUDWLQJRQIHHGHUURXWHV7KHSURMHFWLVVXSSRUWHGE\DQ
LQWHJUDWHGIDUHV\VWHPFHQWUDOL]HGFRRUGLQDWHGÀHHWFRQWURODQG
improved bus management27. Using the investment costs, an
assumed operation and maintenance of 20–50% of investment
costs per year, fuel costs of 40 to 60 US$ per barrel in 2030 and
a discount rate of 4%, a BRT lifespan of 30 years, the cost of
implementing BRT in the city of Bogotá was estimated to range
from 7.6 US$/tCO2WR86W&22 depending on the price
of fuel and operation and maintenance (Table 5.5). Comparing
with results of Winkelman (2006), BRT cost estimates ranged
from 14-66 US$/tCO2 depending on the BRT package involved

(Table 5.6). The potential for CO2 reduction for the city of
Bogotá was determined to average 247,000 tCO2 per annum or
7.4 million tCO2RYHUD\HDUOLIHVSDQRIWKHSURMHFW
Non-motorized transport (NMT)
The prospect for the reduction in CO2 emissions by
switching from cars to non-motorized transport (NMT) such as
walking and cycling is dependent on local conditions. In the
Netherlands, where 47% of trips are made by NMT, the NMT
plays a substantial role up to distances of 7.5 km and walking
up to 2.5 km (Rietveld, 2001). As more than 30% of trips made
in cars in Europe cover distances of less than 3 km and 50% are
less than 5 km (EC, 1999), NMT can possibly reduce car use
in terms of trips and, to a lesser extent, in terms of kilometres.
While the trend has been away from NMT, there is considerable
potential to revive interest in NMT. In the Netherlands, with
strong policies and cultural commitment, the modal share of
bicycle and walking for accessing trains from home is about 35
to 40% and 25% respectively (Rietveld, 2001).
Walking and cycling are highly sensitive to the local built
environment (ECMT, 2004a; Lee and Mouden, 2006). In
'HQPDUN ZKHUH WKH PRGDO VKDUH RI F\FOLQJ LV  XUEDQ
planners seek to enhance walking and cycling by shortening
MRXUQH\ GLVWDQFHV DQG SURYLGLQJ EHWWHU F\FOLQJ LQIUDVWUXFWXUH
(Dill and Carr 2003, Page, 2005). In the UK where over 60%
of people live within a 15 minute bicycle ride of a station,
NMT could be increased by offering convenient, secure bicycle
parking at stations and improved bicycle carriage on trains
(ECMT, 2004a).
Safety is an important concern. NMT users have a much
higher risk per trip of being involved in an accident than those
using cars, especially in developing countries where most
NMT users cannot afford to own a car (Mohan and Tiwari,
 6DIHW\FDQEHLPSURYHGWKURXJKWUDI¿FHQJLQHHULQJDQG
FDPSDLJQVWRHGXFDWHGULYHUV$QLPSRUWDQWFREHQH¿WRI107

27 http://cdm.unfccc.int/Projects/DB/DNV-CUK1159192623.07/view.html.
28 O & M costs are expected to be high as the measure involves high demand for management and implementation beyond putting up the infrastructure.
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gaining increasing attention in many countries, is public health
(National Academies studies in the USA; Pucher, 2004).
,Q%RJRWiLQRIWKHSULYDWHFDUWULSVZHUHXQGHU
3 km. This percentage is lower today thanks to the bike and
pedestrian facilities. The design of streets was so hostile to
ELF\FOHWUDYHOWKDWE\ELF\FOHWULSVDFFRXQWHGIRUOHVVWKDQ
1% of total trips. After some 250 km of new bicycle facilities were
constructed by 2001 ridership had increased to 4% of total trips.
In most of Africa and in much of southern Asia, bicyclists and
other non-motorised and animal traction vehicles are generally
tolerated on the roadways by authorities. Non-motorised goods
transport is often important for intermodal goods transport. A
special form of rickshaw is used in Bangladesh, the bicycle
van, which has basically the same design as a rickshaw (Hook,
2003).

Transport and its infrastructure

Table 5.6: CO2 reduction potential and cost per tCO2 reduced using public transit
policies in typical Latin American cities
GHG reduction potential
(%)

Cost per
tCO2
(US$)

BRT mode share increases from
0-5%

3.9

66

BRT mode share increases from
0-10%

8.6

59

Walking share increases from
20-25%

6.9

17

Bike share increases from 0-5%

3.9

15

Bike mode share increases from
1-10%

8.4

14

25.1

30

Transport measure

Package (BRT, pedestrian upgrades, cycleways)
Source: Wright and Fulton, 2005.

Mitigation potential of modal shifts for passenger
transport
Rapid motorization in the developing world is beginning to
have a large effect on global GHG emissions. But motorization
can evolve in quite different ways at very different rates. The
amount of GHG emissions can be considerably reduced by
RIIHULQJVWURQJSXEOLFWUDQVSRUWLQWHJUDWLQJWUDQVLWZLWKHI¿FLHQW
land use, enhancing walking and cycling, encouraging minicars
DQGHOHFWULFWZRZKHHOHUVDQGSURYLGLQJLQFHQWLYHVIRUHI¿FLHQW
vehicles and low-GHG fuels. Few studies have analyzed the
potential effect of multiple strategies in developing nations,
partly because of a severe lack of reliable data and the very
large differences in vehicle mix and travel patterns among
varying areas.
Wright and Fulton (2005) estimated that a 5% increase in
BRT mode share against a 1% mode share decrease of private
automobiles, taxis and walking, plus a 2% share decrease of
mini-buses can reduce CO2 emissions by 4% at an estimated
cost of 66 US$/tCO2 in typical Latin American cities. A 5%
or 4% increase in walking or cycling mode share in the same
scenario analysis can also reduce CO2 emissions by 7% or
4% at an estimated cost of 17 or 15 US$/tCO2, respectively
(Table5.6). Although the assumptions of a single infrastructure
unit cost and its constant impact on modal share in the analysis
might be too simple, even shifting relatively small percentages
of mode share to public transport or NMT can be worthwhile,
because of a 1% reduction in mode share of private automobiles
represents over 1 MtCO2WKURXJKWKH\HDUSURMHFWSHULRG

motorization and rapid population increases, with the execution
of planned investments in highway infrastructure while at the
same time efforts to shift to public transport falter (Zhou and
Sperling, 2001).
5.3.1.6

Fuel consumption of vehicles can be reduced through
FKDQJHV LQ GULYLQJ SUDFWLFHV )XHOHI¿FLHQW GULYLQJ SUDFWLFHV
with conventional combustion vehicles, include smoother
deceleration and acceleration, keeping engine revolutions low,
shutting off the engine when idling, reducing maximum speeds
and maintaining proper tyre pressure (IEA, 2001). Results from
studies conducted in Europe and the USA suggested possible
improvement of 5–20% in fuel economy from eco-driving
training. The mitigation costs of CO2 by eco-driving training
were mostly estimated to be negative (ECMT/IEA, 2005).
Eco-driving training can be attained with formal training
programmes or on-board technology aids. It applies to drivers
of all types of vehicles, from minicars to heavy-duty trucks.
7KHPDMRUFKDOOHQJHLVKRZWRPRWLYDWHGULYHUVWRSDUWLFLSDWHLQ
WKHSURJUDPPHDQGKRZWRPDNHGULYHUVPDLQWDLQDQHI¿FLHQW
driving style long after participating (IEA, 2001). In the
Netherlands, eco-driving training is provided as part of driving
school curricula (ECMT/IEA, 2005).
5.3.2

Figure 5.13 shows the GHG transport emission results,
normalized to year 2000 emissions, of four scenario analyses
of developing nations and cities (Sperling and Salon, 2002).
For three of the four cases, the ‘high’ scenarios are ‘businessas-usual’ scenarios assuming extrapolation of observable
and emerging trends with an essentially passive government
presence in transport policy. The exception is Shanghai, which
is growing and changing so rapidly that ‘business-as-usual’ has
little meaning. In this case the high scenario assumes both rapid

Improving driving practices (eco-driving)

Rail

Railway transport is widely used in many countries. In
(XURSHDQG-DSDQHOHFWULFLW\LVDPDMRUHQHUJ\VRXUFHIRUUDLO
ZKLOHGLHVHOLVDPDMRUVRXUFHLQ1RUWK$PHULFD&RDOLVDOVRVWLOO
used in some developing countries. Rail’s main roles are high
speed passenger transport between large (remote) cities, high
density commuter transport in the city and freight transport over
long distances. Railway transport competes with other transport
PRGHV VXFK DV DLU VKLS WUXFNV DQG SULYDWH YHKLFOHV 0DMRU
351

1458
Transport and its infrastructure

10

Chapter 5

Index: 2000 emissions = 1

□ Low scenario
□ High scenario

5

-

-

~

i

0
Delhi

Shanghai

Chile

ril

S. Africa

Figure 5.13: Projections for transport GHG emissions in 2020 for some cities of
developing countries
Notes: Components of the Low 2020 scenario:
Delhi (Bose and Sperling, 2001): Completion of planned busways and rail transit,
land-use planning for high density development around railway stations, network
of dedicated bus lanes, promotion of bicycle use, including purchase subsidies
and special lanes, promotion of car sharing, major push for more natural gas use
in vehicles, economic re-straints on personal vehicles.
Shanghai (Zhou and Sperling, 2001): Emphasis on rapid rail system growth, high
density development at railway sta-tions, bicycle promotion with new bike lanes
and parking at transit stations, auto industry focus on minicars and farm cars
rather than larger vehicles, incentives for use of high tech in minicars – electric,
hybrid, fuel cell drive trains, promotion of car sharing.
Chile (O’Ryan et al., 2002): Overall focus on stronger use of market-based
policy to insure that vehicle users pay the full costs of driving, internalizing
costs of pollution and congestion, parking surcharges and restrictions, vehicle
fees, and road usage fees, improvements in bus and rail systems, encouragement of minicars, with lenient usage and parking rules and strong commitment
to alternative fuels, especially natural gas. By 2020, all taxis and 10% of other
light and medium vehicles will use natural gas; all new buses will use hydrogen,
improvements in bus and rail sys-tems.
South Africa (Prozzi et al., 2002): Land-use policies towards more efﬁcient
growth patterns, strong push to improve public transport, including use of busways in dense corridors, provision of new and better buses, strong government
oversight of the minibus jitney industry, incentives to moderate private car use,
coal-based synfuels shifts to imported natural gas as a feedstock
Source: Sperling and Salon, 2002.

R&D goals for railway transport are higher speeds, improved
comfort, cost reductions, better safety and better punctuality.
0DQ\HQHUJ\HI¿FLHQF\WHFKQRORJLHVIRUUDLOZD\VDUHGLVFXVVHG
in the web site of the International Union of Railways.29 R&D
programmes aimed at CO2 reduction include:
Reducing aerodynamic resistance
)RU KLJK VSHHG WUDLQV VXFK DV WKH -DSDQHVH 6KLQNDQVHQ
French TGV and German ICE, aerodynamic resistance
dominates vehicle loads. It is important to reduce this resistance
to reduce energy consumption and CO2 emissions. Aerodynamic
resistance is determined by the shape of the train. Therefore,
UHVHDUFK KDV EHHQ FDUULHG RXW WR ¿QG WKH RSWLPXP VKDSH E\
using computer simulation and wind tunnel testing. The latest
series 700 Shinkansen train has reduced aerodynamic resistance
E\FRPSDUHGZLWKWKH¿UVWJHQHUDWLRQ6KLQNDQVHQ

Reducing train weight
Reduction of train weight is an effective way to reduce
energy consumption and CO2 emission. Aluminium car bodies,
lightweight bogies and lighter propulsion equipments are
proven weight reduction measures.
Regenerative braking
Regenerative brakes have been used in railways for three
decades, but with limited applications. For current systems, the
electric energy generated by braking is used through a catenary
for powering other trains, reducing energy consumption and
CO2 emissions. However, regenerative braking energy cannot
be effectively used when there is no train running near a braking
train. Recently research in energy storage device onboard or
trackside is progressing in several countries. Lithium ion
EDWWHULHVXOWUDFDSDFLWRUVDQGÀ\ZKHHOVDUHFDQGLGDWHVIRUVXFK
energy storage devices.
+LJKHUHI¿FLHQF\SURSXOVLRQV\VWHP
Recent research on rail propulsion has focused on
superconducting on-board transformers and permanent magnet
synchronous traction motors.
Apart from the above technologies mainly for electric trains,
there are several promising technologies for diesel swichers,
LQFOXGLQJFRPPRQUDLOLQMHFWLRQV\VWHPDQGK\EULGL]DWLRQRQ
board use of braking energy in diesel-electric vehicles (see the
web site of the International Union of Railways),
5.3.3

)XHOHI¿FLHQF\LVDPDMRUFRQVLGHUDWLRQIRUDLUFUDIWRSHUDWRUV
as fuel currently represents around 20% of total operating costs
for modern aircraft (2005 data, according to ICAO estimates30
for the scheduled airlines of Contracting States). Both aircraft
and engine manufacturers pursue technological developments
to reduce fuel consumption to a practical minimum. There
DUHQRIXHOHI¿FLHQF\FHUWL¿FDWLRQVWDQGDUGVIRUFLYLODYLDWLRQ
ICAO31 has discussed the question of whether such a standard
would be desirable, but has been unable to develop any form
of parameter from the information available that correlates
VXI¿FLHQWO\ ZHOO ZLWK WKH DLUFUDIWHQJLQH SHUIRUPDQFH DQG LV
WKHUHIRUHXQDEOHWRGH¿QHDIXHOHI¿FLHQF\SDUDPHWHUWKDWPLJKW
EH XVHG IRU D VWDQGDUG DW WKLV WLPH µ3RLQW¶ FHUWL¿FDWLRQ FRXOG
drive manufacturers to comply with the regulatory requirement,
possibly at the expense of fuel consumption for other operational
conditions and missions. Market pressures therefore determine
IXHOHI¿FLHQF\DQG&22 emissions.

29 Energy Efﬁciency Technologies for Railways: http://www.railway-energy.org/tfee/index.php.
30 ICAO Estimates for the scheduled airlines of Contracting States, 2005.
31 Doc. 9836, CAEP/6, 2004.
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Box 5.3 Constraints on aviation technology development
Technology developments in civil aviation are brought to the marketplace only after rigorous airworthiness and safety testing.
The engineering and safety standards that apply, along with exacting weight minimisation, reliability and maintainability
requirements, impose constraints to technology development and diffusion that do not necessarily apply to the same degree
for other transport modes. Some of these certiﬁcation requirements for engines are as follows:
v
v
v
v
v

Altitude relight to 30000ft – the engine must be capable of relighting under severe adverse conditions
Engine starting capability between –50°C–+50°C
Ice, hail and water ingestion
Fan blade off test – blade to be contained and engine to run down to idle
ETOPS (extended range operations) clearance – demonstrable engine reliability to allow single engine ﬂight for up to 240
minutes for twin-engine aircraft

In addition, the need to comply with stringent engine emissions and aircraft noise standards, to offer products that allow
aircraft to remain commercially viable for three decades or more and to meet the most stringent safety requirements impose
signiﬁcant costs for developments. Moreover, a level of engineering excellence beyond that demanded for other vehicles is
the norm. It is under these exacting conditions that improvements are delivered thus affect the rate at which improvements
can be offered.

Technology developments
Aviation’s dependence on fossil fuels, likely to continue
for the foreseeable future, drives a continuing trend of fuel
HI¿FLHQF\ LPSURYHPHQW WKURXJK DHURG\QDPLF LPSURYHPHQWV
ZHLJKW UHGXFWLRQV DQG HQJLQH IXHO HI¿FLHQW GHYHORSPHQWV
New technology is developed not only to be introduced into
new engines, but also, where possible, to be incorporated into
HQJLQHV LQ FXUUHQW SURGXFWLRQ )XHO HI¿FLHQF\ LPSURYHPHQWV
also confer greater range capability and extend the operability
of aircraft. Evolutionary developments of engine and airframe
WHFKQRORJ\KDYHUHVXOWHGLQDSRVLWLYHWUHQGRIIXHOHI¿FLHQF\
LPSURYHPHQWVVLQFHWKHSDVVHQJHUMHWDLUFUDIWHQWHUHGVHUYLFH
but more radical technologies are now being explored to
continue this trend.
Engine developments
Engine developments require a balancing of the emissions
SURGXFHGWRERWKVDWLVI\RSHUDWLRQDOQHHG IXHOHI¿FLHQF\ DQG
regulatory need (NOx, CO, smoke and HC). This emissions
SHUIRUPDQFH EDODQFH PXVW DOVR UHÀHFW WKH QHHG WR GHOLYHU
safety, reliability, cost and noise performance for the industry.
Developments that reduce weight, reduce aerodynamic drag
or improve the operation of the aircraft can offer all-round
EHQH¿WV (PLVVLRQV ± DQG QRLVH ± UHJXODWRU\ FRPSOLDQFH
KLQGHUV WKH TXHVW IRU LPSURYHG IXHO HI¿FLHQF\ DQG LV RIWHQ
PRVW GLI¿FXOW IRU WKRVH HQJLQHV KDYLQJ WKH KLJKHVW SUHVVXUH
ratios (PR). Higher PRs increase the temperature of the air
used for combustion in the engine, exacerbating the NOx
emissions challenge. Increasing an engine’s pressure ratio is
one of the options engine manufacturers use to improve engine
HI¿FLHQF\+LJKHUSUHVVXUHUDWLRVDUHOLNHO\WREHDFRQWLQXLQJ
trend in engine development, possibly requiring revolutionary
NOx control techniques to maintain compliance with NOx
FHUWL¿FDWLRQVWDQGDUGV

A further consideration is the need to balance not only
emissions trade-offs, but the inevitable trade-off between
emissions and noise performance from the engine and aircraft.
For example, the engine may be optimised for minimum NOx
emissions, at which design point the engine will burn more fuel
than it might otherwise have done. A similar design compromise
may reduce noise and such performance optimisation must be
conducted against engine operability requirements described in
Box 5.3.
Aircraft developments
)XHO HI¿FLHQF\ LPSURYHPHQWV DUH DYDLODEOH WKURXJK
improvements to the airframe, as well as the engine. Most
PRGHUQ FLYLO MHW DLUFUDIW KDYH ORZPRXQWHG VZHSW ZLQJV DQG
are powered by two or four turbofan engines mounted beneath
the wings. Such subsonic aircraft are about 70% more fuel
HI¿FLHQW SHU SDVVHQJHUNP WKDQ  \HDUV DJR 7KH PDMRULW\
of this gain has been achieved through engine improvements
and the remainder from airframe design improvements. A 20%
LPSURYHPHQW LQ IXHO HI¿FLHQF\ RI LQGLYLGXDO DLUFUDIW W\SHV LV
SURMHFWHGE\DQGD±LPSURYHPHQWE\UHODWLYH
to equivalent aircraft produced today (IPCC, 1999). The
FXUUHQWDLUFUDIWFRQ¿JXUDWLRQLVKLJKO\HYROYHGEXWKDVVFRSH
for further improvement. Technological developments have
WR EH GHPRQVWUDWHG WR RIIHU SURYHQ EHQH¿WV EHIRUH WKH\ ZLOO
be adopted in the aviation industry, and this coupled with the
overriding safety requirements and a product lifetime that has
60% of aircraft in service at 30 years age (ICAO, 2003) results
in slower change than might be seen in other transport forms.
For the near term, lightweight composite materials for the
PDMRULW\ RI WKH DLUFUDIW VWUXFWXUH DUH EHJLQQLQJ WR DSSHDU DQG
SURPLVH VLJQL¿FDQW ZHLJKW UHGXFWLRQV DQG IXHO EXUQ EHQH¿WV
7KHXVHRIFRPSRVLWHVIRUH[DPSOHLQWKH%RHLQJDLUFUDIW
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Table 5.7: Weight breakdown for four kerosene-fuelled conﬁgurations with the same payload and range

IConﬁguration

Empty weight (t)

Payload (t)

Fuel (t)

Max TOW (t)

Baseline

236

86

178 (100%)

500

BWB

207

86

137 (77%)

430

Laminar Flying Wing (LFW)

226

86

83 (47%)

395

LFW with UDF

219

86

72 (40%)

377

I

Source: GbD, 2001.

(that has yet to enter service), could reduce fuel consumption
E\EHORZWKDWRIWKHDLUFUDIWWKH%ZLOOUHSODFH32. Other
developments, such as the use of winglets, the use of fuselage
DLUÀRZFRQWUROGHYLFHVDQGZHLJKWUHGXFWLRQVKDYHEHHQVWXGLHG
by aircraft manufacturers and can reduce fuel consumption by
around 7%33. But these can have limited practical applicability
– for example, the additional fuel burn imposed by the weight
RIZLQJOHWVFDQQHJDWHDQ\IXHOHI¿FLHQF\DGYDQWDJHIRUVKRUW
haul operations.
Longer term, some studies suggest that a new aircraft
FRQ¿JXUDWLRQ PLJKW EH QHFHVVDU\ WR UHDOLVH D VWHS FKDQJH LQ
DLUFUDIW IXHO HI¿FLHQF\ $OWHUQDWLYH DLUFUDIW FRQFHSWV VXFK DV
EOHQGHGZLQJERGLHVRUKLJKDVSHFWUDWLRORZVZHHSFRQ¿JXUDWLRQ
DLUFUDIWGHVLJQVPLJKWDFFRPSOLVKPDMRUIXHOVDYLQJVIRUVRPH
RSHUDWLRQV7KHEOHQGHGZLQJERG\ À\LQJZLQJ LVQRWDQHZ
FRQFHSW DQG LQ WKHRU\ KROGV WKH SURVSHFW RI VLJQL¿FDQW IXHO
burn reductions: estimates suggest 20–30% compared with
an equivalent sized conventional aircraft carrying the same
SD\ORDG *E'/HLIVVRQDQG0DVRQ 7KHEHQH¿WV
of this tailless design result from the minimised skin friction
drag, as the tail surfaces and some engine/fuselage integration
can be eliminated. Its development for the future will depend
RQ D YLDEOH PDUNHW FDVH DQG ZLOO LQFXU VLJQL¿FDQW GHVLJQ
development and production costs.
/DPLQDU ÀRZ WHFKQRORJ\ UHGXFHG DLUIUDPH GUDJ WKURXJK
control of the boundary layer) is likely to provide additional
DHURG\QDPLF HI¿FLHQF\ SRWHQWLDO IRU WKH DLUIUDPH HVSHFLDOO\
for long-range aircraft. This technology extends the smooth
ERXQGDU\ OD\HU RI XQGLVWXUEHG DLUÀRZ RYHU PRUH RI WKH
DHURG\QDPLFVWUXFWXUHLQVRPHFDVHVUHTXLULQJDUWL¿FLDOPHDQV
WR SURPRWH ODPLQDU ÀRZ EH\RQG LWV QDWXUDO H[WHQW E\ VXFWLRQ
RI WKH GLVWXUEHG ÀRZ WKURXJK WKH DHURG\QDPLF VXUIDFH 6XFK
V\VWHPVKDYHEHHQWKHVXEMHFWRIUHVHDUFKZRUNLQUHFHQWWLPHV
EXW DUH VWLOO IDU IURP D ÀLJKWZRUWK\ DSSOLFDWLRQ /RQJWHUP
technical and economic viability have yet to be proven, despite
studies suggesting that fuel burn could be reduced by between
10 and 20% for suitable missions (Braslow, 1999).
In 2001 the Greener by Design (GbD) technology subgroup
of the Royal Aeronautical Society considered a range of

32 http://www.boeing.bom/commercial/787family/specs.
33 NASA, www.nasa.gov/centers/dryden/about/Organisations/Technology/Facts?
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possible future technologies for the long-term development of
WKHDYLDWLRQLQGXVWU\DQGWKHLUSRVVLEOHHQYLURQPHQWDOEHQH¿WV
*E' ,WRIIHUHGDYLHZRIWKHIXHOEXUQUHGXFWLRQEHQH¿WV
that some advanced concepts might offer. Concepts considered
LQFOXGHGDOWHUQDWLYHDLUFUDIWFRQ¿JXUDWLRQVVXFKDVWKHEOHQGHG
ZLQJ ERG\ DQG WKH ODPLQDU À\LQJ ZLQJ DQG WKH XVH RI DQ
unducted fan (open rotor) power plant. The study concluded
WKDW WKHVH WZR DLUFUDIW FRQFHSWV FRXOG RIIHU VLJQL¿FDQW IXHO
burn reduction potential compared with a conventional aircraft
design carrying an equivalent payload. Other studies (Leifsson
and Mason, 2005) have suggested similar results. Table 5.7
summarises, from the GbD results, the theoretical fuel savings
of these future designs relative to a baseline conventional swept
wing aircraft for a 12,500 km design range, with the percentage
fuel burn requirements for the mission.
Further reduction in both NOx and CO2 emission could be
achieved by advances in airframe and propulsion systems which
UHGXFHIXHOEXUQ,QSURSXOVLRQWKHRSHQURWRURIIHUVVLJQL¿FDQW
reductions in fuel burn over the turbofan engines used typically
RQ FXUUHQW SDVVHQJHU MHWV +RZHYHU DLUFUDIW VSHHG LV UHGXFHG
EHORZW\SLFDOMHWDLUFUDIWVSHHGVDVDFRQVHTXHQFHRISURSHOOHU
tip speed limits and therefore this technology may be more
suitable for short- and medium-haul operations where speed
PD\ EH OHVV LPSRUWDQW 7KH JOREDO DYHUDJH ÀLJKW OHQJWK LQ
 ZDV  NP ,&$2   DQG PDQ\ ÀLJKWV DUH RYHU
shorter distances than this average. However, rotor noise from
such devices would need to be controlled within acceptable
(regulatory) limits.
In summary, airframe and engine technology developments,
weight reduction through increased used of advanced structural
composites, and drag reduction, particularly through the
DSSOLFDWLRQ RI ODPLQDU ÀRZ FRQWURO KROG WKH SURPLVH RI
further aviation fuel burn reductions over the long term. Such
developments will only be accepted by the aviation industry
should they offer an advantage over existing products and meet
demanding safety and reliability criteria.
Alternative fuels for aviation
Kerosene is the primary fuel for civil aviation, but alternative
fuels have been examined. These are summarised in Box 5.4.
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Box 5.4 Alternative fuels for aviation
The applicability of alternative and renewable fuels for civil aviation has been examined by many countries, for both the
environmental beneﬁt that might be produced and to address energy security issues. One study, The Potential for Renewable
Energy Sources in Aviation (PRESAV, 2003) concluded that biodiesel, Fischer-Tropsch synthetic kerosene liqueﬁed hydrogen
(H2) could be suitable for aviation application. Fuel cost would be an issue as in comparative terms, in 2003, conventional
aviation kerosene cost 4.6 US$/GJ whereas the cost of biodiesel, FT kerosene and H2 would be in the respective ranges of
33.5–52.6 US$, 8–31.7 US$, 21.5–53.8 US$/GJ. In the and elsewhere, synthetic kerosene production is being studied the
engine company Pratt and Whitney noted in a presentation (Biddle, 2006) that synthetic kerosene could be ‘economically
viable when crude prices reach (up to) 59 US$/barrel’. However, any alternative fuel for commercial aircraft will need to be
compatible with aviation kerosene (to obviate the need for tank and system ﬂushing on re-fuelling) and meet a comprehensive
performance and safety speciﬁcation.

A potential non-carbon fuel is hydrogen and there have been
several studies on its use in aviation. An EC study (Airbus, 2004)
developed a conceptual basis for applicability, safety, and the
full environmental compatibility for a transition from kerosene
to hydrogen for aviation. The study concluded that conventional
DLUFUDIW GHVLJQV FRXOG EH PRGL¿HG WR DFFRPPRGDWH WKH ODUJHU
tank sizes necessary for hydrogen fuels. However, the increased
drag due to the increased fuselage volume would increase the
energy consumption of the aircraft by between 9% and 14%. The
weight of the aircraft structure might increase by around 23% as
a result, and the maximum take-off weight would vary between
WR±GHSHQGHQWRQDLUFUDIWVL]HFRQ¿JXUDWLRQDQG
mission. The hydrogen production process would produce CO2
unless renewable energy was used and the lack of hydrogen
SURGXFWLRQDQGGHOLYHU\LQIUDVWUXFWXUHZRXOGEHDPDMRUREVWDFOH
7KH SULPDU\ HQYLURQPHQWDO EHQH¿W IURP WKH XVH RI K\GURJHQ
fuel would be the prevention of CO2 emissions during aircraft
operation. But hydrogen fuelled aircraft would produce around
2.6 times more water vapour than the use of kerosene and water
vapour is a GHG. The earliest implementation of this technology
was suggested as between 15–20 years, provided that research
work was pursued at an appropriate level. The operating cost of
hydrogen-powered aircraft remains unattractive under today’s
economic conditions.
The introduction of biofuels could mitigate some of
aviation’s carbon emissions, if biofuels can be developed to
PHHW WKH GHPDQGLQJ VSHFL¿FDWLRQV RI WKH DYLDWLRQ LQGXVWU\
although both the costs of such fuels and the emissions from
their production process are uncertain at this time.
Aviation potential practices
The operational system for aviation is principally governed
E\DLUWUDI¿FPDQDJHPHQWFRQVWUDLQWV,IDLUFUDIWZHUHWRRSHUDWH
for minimum fuel use (and CO2 emissions), the following
FRQVWUDLQWVZRXOGEHPRGL¿HGWD[LWLPHZRXOGEHPLQLPL]HG
DLUFUDIWZRXOGÀ\DW WKHLU RSWLPXPFUXLVLQJ DOWLWXGH IRUORDG
DQG PLVVLRQ GLVWDQFH  DLUFUDIW ZRXOG À\ PLQLPXP GLVWDQFH
between departure and destination (i.e., great circle distances)
EXWPRGL¿HGWRWDNHDFFRXQWRISUHYDLOLQJZLQGVQRKROGLQJ
stacking would be applied.

Another type of operational system/mitigation potential is
to consider the total climate impact of aviation. Such studies
DUH LQ WKHLU LQIDQF\ EXW ZHUH WKH VXEMHFW RI D PDMRU (XURSHDQ
SURMHFWµ75$'(2))¶,QWKLVSURMHFWGLIIHUHQWPHWKRGVZHUH
devised to minimize the total radiative forcing impact of
aviation; in practice this implies varying the cruise altitudes
as O3 formation, contrails (and presumably cirrus cloud
enhancement) are all sensitive to this parameter. For example,
Fichter et al. (2005) found in a parametric study that contrail
FRYHUDJH FRXOG EH UHGXFHG E\ DSSUR[LPDWHO\  E\ À\LQJ
WKH JOREDO ÀHHW  IHHW ORZHU EXW DW D IXHO SHQDOW\ RI 
compared with a base case. Williams et al. (2003) also found
WKDWUHJLRQDOFRQWUDLOFRYHUDJHZDVUHGXFHGE\À\LQJORZHUZLWK
D SHQDOW\ RQ IXHO XVDJH %\ À\LQJ ORZHU 12x emissions tend
to increase also, but the removal rate of NOxLVPRUHHI¿FLHQW
at lower altitudes: this, compounded with a lower radiative
HI¿FLHQF\RI23DWORZHUDOWLWXGHVPHDQWWKDWÀ\LQJORZHUFRXOG
also imply lower O3 forcing (Grewe et al., 2002). Impacts on
cirrus cloud enhancement cannot currently be modelled in the
same way, since current estimates of aviation effects on cirrus
DUHUXGLPHQWDU\DQGEDVHGXSRQVWDWLVWLFDODQDO\VHVRIDLUWUDI¿F
and satellite data of cloud coverage (Stordal et al., 2005) rather
than modelling. However, as Fichter et al  QRWHWRD¿UVW
order, one might expect aviation-induced cirrus cloud to scale
with contrails. The overall ‘trade-offs’ are complex to analyse
since CO2 forcing is long lasting, being an integral over time.
Moreover, the uncertainties on some aviation forcings (notably
contrail and cirrus) are still high, such that the overall radiative
forcing consequences of changing cruise altitudes need to be
considered as a time-integrated scenario, which has not yet been
done. However, if contrails prove to be worth avoiding, then
such drastic action of reducing all aircraft cruising altitudes
need not be done, as pointed out by Mannstein et al. (2005),
since contrails can be easily avoided – in principle – by
UHODWLYHO\VPDOOFKDQJHVLQÀLJKWOHYHOGXHWRWKHVKDOORZQHVV
RI LFH VXSHUVDWXUDWLRQ OD\HUV +RZHYHU WKLV PRUH ¿QHO\ WXQHG
operational change would not necessarily apply to O3 formation
as the magnitude is a continuous process rather than the case of
contrails that are either short-lived or persistent. Further intensive
research of the impacts is required to determine whether such
RSHUDWLRQDOPHDVXUHVFDQEHHQYLURQPHQWDOO\EHQH¿FLDO
355

1462
Transport and its infrastructure

$70 $LU7UDI¿F0DQDJHPHQW HQYLURQPHQWDOEHQH¿WV
The goal of RVSM (Reduced Vertical Separation Minimum)
LVWRUHGXFHWKHYHUWLFDOVHSDUDWLRQDERYHÀLJKWOHYHO )/ 
from the current 610 m (2000 ft) minimum to 305 m (1000 ft)
PLQLPXP7KLVZLOODOORZDLUFUDIWWRVDIHO\À\PRUHRSWLPXP
SUR¿OHVJDLQIXHOVDYLQJVDQGLQFUHDVHDLUVSDFHFDSDFLW\7KH
process of safely changing this separation standard requires a
study to assess the actual performance of airspace users under
the current separation (610 m) and potential performance
XQGHU WKH QHZ VWDQGDUG  P  ,Q  WKH ,&$2 5HYLHZ
of General Concept of Separation Panel (RGCSP) completed
this study and concluded that safe implementation of the 305 m
separation standard was technically feasible.
$ (XURFRQWURO VWXG\ -HOLQHN et al., 2002) tested the
hypothesis that the implementation of RVSM would lead to
reduced aviation emissions and fuel burn, since the use of
5960 RIIHUV WKH SRVVLELOLW\ WR RSWLPLVH ÀLJKW SUR¿OHV PRUH
UHDGLO\ WKDQ LQ WKH SUHH[LVWLQJ $7& $LU 7UDI¿F &RQWURO 
UHJLPH5960LQWURGXFHVVL[DGGLWLRQDOÀLJKWOHYHOVEHWZHHQ
FL290 and FL410 for all States involved in the EUR RVSM
programme. The study analysed the effect from three days
RI DFWXDO WUDI¿F MXVW EHIRUH LPSOHPHQWDWLRQ RI 5960 LQ WKH
(XURSHDQ$7&UHJLRQZLWKWKUHHWUDI¿FGD\VLPPHGLDWHO\DIWHU
implementation of RVSM. It concluded that a clear trend of
LQFUHDVLQJ HQYLURQPHQWDO EHQH¿W ZDV VKRZQ7RWDO IXHO EXUQ
equating to CO2 and H2O emissions, was reduced by between
1.6–2.3% per year for airlines operating in the European RVSM
area. This annual saving in fuel burn translates to around
310,000 tonnes annually, for the year 2003.
/RZHUÀLJKWVSHHGV
Speed comes at a cost in terms of fuel burn, although modern
MHWDLUFUDIWDUHGHVLJQHGWRÀ\DWRSWLPXPVSHHGVDQGDOWLWXGHV
WR PD[LPLVH WKH HI¿FLHQFLHV RI WKHLU GHVLJQ )O\LQJ VORZHU
would be a possibility, but a different engine would be required
LQRUGHUWRPD[LPLVHWKHHI¿FLHQFLHVIURPVXFKRSHUDWLRQ7KH
propfan – this being a conventional gas turbine powering a
KLJKO\HI¿FLHQWURWDWLQJSURSHOOHUV\VWHPDVDQRSHQURWRURU
unducted fan – is already an established technology and was
GHYHORSHG GXULQJ WKH ODWH V LQ UHVSRQVH WR D VLJQL¿FDQW
increase in fuel cost at the time. The scimitar shaped blades
are designed to minimise aerodynamic problems associated
with high blade speeds, although one problem created is the
QRLVH JHQHUDWHG E\ VXFK GHYLFHV 7KH IXHO HI¿FLHQF\ JDLQV
from unducted fans, which essentially function as ultra high
E\SDVVUDWLRWXUERIDQVDUHVLJQL¿FDQWDQGUHTXLUHWKHDGRSWLRQ
of lower aircraft speeds in order to minimise the helical mach
number at the rotating blade tip. Typically the maximum cruise
speed would be less than 400 miles per hour, compared with
550 mph34 IRU FRQYHQWLRQDO MHW DLUFUDIW ,Q WKH HYHQW WKH DHUR
acoustic problem associated with propfans could be overcome,
such aircraft might be suitable for short-haul operations where
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speed has less importance. But there would be the need to
LQÀXHQFHSDVVHQJHUFKRLFHSURSHOOHUGULYHQDLUFUDIWDUHRIWHQ
perceived as old fashioned and dangerous and many passengers
are reluctant to use such aircraft.
5.3.4

Shipping

In the past few years, the International Maritime Organization
(IMO) has started research and discussions on the mitigation
of GHG emissions by the shipping industry. The potential of
technical measures to reduce CO2 emissions was estimated at
5–30% in new ships and 4–20% in old ships. These reductions
could be achieved by applying current energy-saving
technologies vis-à-vis hydrodynamics (hull and propeller) and
machinery on new and existing ships (Marintek, 2000).
7KHYDVWPDMRULW\RIPDULQHSURSXOVLRQDQGDX[LOLDU\SODQWV
onboard ocean-going ships are diesel engines. In terms of the
maximum installed engine output of all civilian ships above 100
gross tonnes (GT), 96% of this energy is produced by diesel
power. These engines typically have service lives of 30 years or
more. It will therefore be a long time before technical measures
FDQEHLPSOHPHQWHGLQWKHÀHHWRQDQ\VLJQL¿FDQWVFDOH7KLV
implies that operational emission abatement measures on
existing ships, such as speed reduction, load optimization,
PDLQWHQDQFHÀHHWSODQQLQJHWFVKRXOGSOD\DQLPSRUWDQWUROH
if policy is to be effective before 2020.
Marintek (2000) estimates the short-term potential of
operational measures at 1–40%. These CO2 reductions could
LQ SDUWLFXODU EH DFKLHYHG E\ ÀHHW RSWLPL]DWLRQ DQG URXWLQJ
DQG VSHHG UHGXFWLRQ$ JHQHUDO TXDQWL¿FDWLRQ RI WKH SRWHQWLDO
is uncertain, because ship utilization varies across different
segments of shipping and the operational aspects of shipping
DUHQRWZHOOGH¿QHG
The long-term reduction potential, assuming implementation
of technical or operational measures, was estimated for the
PDMRUIXHOFRQVXPLQJVHJPHQWV35RIWKHZRUOGÀHHWDVVSHFL¿F
case studies. The result of this analysis was that the estimated
CO2HPLVVLRQUHGXFWLRQSRWHQWLDORIWKHZRUOGÀHHWZRXOGEH
LQDQGLQ(YHQWKRXJKWKLVSRWHQWLDO
LVVLJQL¿FDQWLWZDVQRWHGWKDWWKLVZRXOGQRWEHVXI¿FLHQWWR
FRPSHQVDWHIRUWKHHIIHFWVRISURMHFWHGÀHHWJURZWK 0DULQWHN
2000). Speed reduction was found to offer the greatest potential
for reduction, followed by implementation of new and improved
technology. Speed reduction is probably only economically
feasible if policy incentives, such as CO2 trading or emissions
charges are introduced.
$ VLJQL¿FDQW VKLIW IURP D SULPDULO\ GLHVHORQO\ ÀHHW WR D
ÀHHW WKDW XVHV DOWHUQDWLYH IXHOV DQG HQHUJ\ VRXUFHV FDQQRW EH
expected until 2020, as most of the promising alternative

34 1 mph = 1.6 km/h
35 In fact four segments covering 80% of the fuel consumption were assessed: tank, bulk, container and general cargo ships.
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techniques are not yet tested to an extent that they can compete
with diesel engines (Eyring et al., 2005b). Furthermore, the
availability of alternative fuels is currently limited and time
is needed to establish the infrastructure for alternative fuels.
For these reasons, in the short term switching to alternative
IXHOV SURYLGHV D OLPLWHG SRWHQWLDO LQ JHQHUDO EXW D VLJQL¿FDQW
potential for segments where a switch from diesel to natural gas
LVSRVVLEOH 6NM¡OVYLN 6ZLWFKLQJIURPGLHVHOWRQDWXUDO
gas has a 20% CO2 reduction potential and is being pursued
as a measure in Norway for inland ferries and offshore supply
vessels operating on the Norwegian Continental Shelf. The main
obstacle to the increased utilization of natural gas is the access
WR/1* /LTXH¿HG1DWXUDO*DV DQGWKHWHFKQRORJ\¶VOHYHORI
costs compared to traditional ship solutions based on traditional
IXHO 6NM¡OVYLN $FREHQH¿WRIDVZLWFKIURPGLHVHOWR
natural gas is that it also reduces emissions of SOx and NOx that
contribute to local air pollution in the vicinity of ports.
For the long-term (2050), the economical CO2 reduction
potential might be large. One potential option is a combination
of solar panels and sails. The use of large sails for super tankers
is currently being tested in Germany and looks promising
and may even be a cost-effective measure in the short term
in case oil prices continue to soar. The use of large sails does
QRWUHTXLUHÀHHWWXUQRYHUEXWFDQEHDGGHGWRH[LVWLQJYHVVHOV
UHWUR¿W 7KHLQWURGXFWLRQRIK\GURJHQSURSHOOHGVKLSVDQGWKH
use of fuel cell power at least for the auxiliary engines seem to
be a possibility as well. For larger vessels capable and reliable
fuel-cell-based ship propulsion systems are still a long way
into the future, but might be possible in 2050 (Eyring et al.,
2005b). Altmann et al. (2004) concluded that fuel cells offer
WKHSRWHQWLDOIRUVLJQL¿FDQWHQYLURQPHQWDOLPSURYHPHQWVERWK
in air quality and climate protection. Local pollutant emissions
and GHG emissions can be eliminated almost entirely over the
full life cycle using renewable primary energies. The direct use
of natural gas in high temperature fuel cells employed in large
ships and the use of natural gas derived hydrogen in fuel cells
installed in small ships allows for a GHG emission reduction
of 20–40%.

5.4 Mitigation potential
As discussed earlier, under ‘business-as-usual’ conditions
with assumed adequate supplies of petroleum, GHG emissions
from transport are expected to grow steadily during the next few
GHFDGHV \LHOGLQJ DERXW DQ  LQFUHDVH IURP ± RU
2.1% per year. This growth will not be evenly distributed; IEA
SURMHFWLRQV RI DQQXDO &22 growth rates for 2002–2030 range
from 1.3% for the OECD nations to 3.6% for the developing
countries. The potential for reducing this growth will vary
widely across countries and regions, as will the appropriate
policies and measures that can accomplish such reduction.

Transport and its infrastructure

Analyses of the potential for reducing GHG emissions in the
transport sector are largely limited to national or sub-national
studies or to examinations of technologies at the vehicle level,
for example well-to-wheel analyses of alternative fuels and drive
trains for light-duty vehicles. The TAR presented the results of
several studies for the years 2010 and 2020 (Table 3.16 of the
TAR), with virtually all limited to single countries or to the
EU or OECD. Many of these studies indicated that substantial
reductions in transport GHG emissions could be achieved at
negative or minimal costs, although these results generally used
optimistic assumptions about future technology costs and/or
GLGQRWFRQVLGHUWUDGHRIIVEHWZHHQYHKLFOHHI¿FLHQF\DQGRWKHU
(valued) vehicle characteristics. Studies undertaken since the
TAR have tended to reach conclusions generally in agreement
with these earlier studies, though recent studies have focused
more on transitions to hydrogen used in fuel cell vehicles.
This section will discuss some available studies and
provide estimates of GHG emissions reduction potential and
costs/tonne of carbon emissions reduced for a limited set of
PLWLJDWLRQ PHDVXUHV 7KHVH HVWLPDWHV GR QRW SURSHUO\ UHÀHFW
the wide range of measures available, many of which would
likely be undertaken primarily to achieve goals other than GHG
reduction (or saving energy), for example to provide mobility
WRWKHSRRUUHGXFHDLUSROOXWLRQDQGWUDI¿FUHGXFHFRQJHVWLRQ
The estimates do not include:
v Measures to reduce shipping emissions;
v Changes in urban structure that would reduce travel demand
and enhance the use of mass transit, walking and bicycling;
v Transport demand management measures, including parking
‘cash out’, road pricing, inner city entry charges, etc.
5.4.1

Available worldwide studies

Two recent studies – the International Energy Agency’s
World Energy Outlook (IEA, 2004a) and the World Business
Council on Sustainable Development’s Mobility 2030 (WBCSD,
2004a) – examined worldwide mitigation potential but were
limited in scope. The IEA study focused on a few relatively
modest measures and the WBCSD examined the impact of
VSHFL¿HG WHFKQRORJ\ SHQHWUDWLRQV RQ WKH URDG YHKLFOH VHFWRU
(the study sponsors are primarily oil companies and automobile
manufacturers) without regard to either cost or the policies
needed to achieve such results. In addition, IEA has developed
a simple worldwide scenario for light-duty vehicles that also
explores radical reductions in GHG emissions.
World Energy Outlook postulates an ‘Alternative scenario’ to
WKHLU5HIHUHQFHVFHQDULRSURMHFWLRQGHVFULEHGHDUOLHULQZKLFK
YHKLFOHIXHOHI¿FLHQF\LVLPSURYHGWKHUHDUHLQFUHDVHGVDOHVRI
alternative-fuel vehicles and the fuels themselves and demand
side measures reduce transport demand and encourage a switch
to alternative and less energy intensive transport modes. Some
VSHFL¿FH[DPSOHVRIWHFKQRORJ\FKDQJHVDQGSROLF\PHDVXUHV
are:
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Well-to-Wheels GHG emissions,
Gt CO2-eq

to-wheels GHG emissions per km than gasoline, with a 25%
penetration by 2050;
v Reduced travel demand, compared to the reference case, of
20% by 2050.

6

Short-term
measures

4

FC with LowGHG-emission-H2

2
Remaining GHG emissions
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Figure 5.14: Two possible scenarios for GHG reductions in Light-duty vehicles
Source: IEA, 2004b.

v ,QWKH8QLWHG6WDWHVDQG&DQDGDYHKLFOHIXHOHI¿FLHQF\LV
nearly 20% better in 2030 than in the Reference scenario
and hybrid and fuel-cell powered vehicles make up 15% of
the stock of light-duty vehicles in 2030;
v $YHUDJH IXHO HI¿FLHQF\ LQ WKH GHYHORSLQJ FRXQWULHV DQG
transition economies are 10–15% higher than in the
Reference scenarios;
v 0HDVXUHVWRVORZWUDI¿FJURZWKDQGPRYHWRPRUHHI¿FLHQW
PRGHVUHGXFHURDGWUDI¿FE\LQWKH(XURSHDQ8QLRQDQG
LQ-DSDQ6LPLODUO\URDGIUHLJKWLVUHGXFHGE\LQWKH
(8DQGLQ-DSDQ
The net reductions in transport energy consumption and
CO2 emissions in 2030 are 315 Mtoe, or 9.6% and 997 MtC, or
11.4%, respectively compared to the Reference scenario. This
represents a 2002–2030 reduction in the annual growth rate
RI HQHUJ\ FRQVXPSWLRQ IURP  SHU \HDU D VLJQL¿FDQW
accomplishment but one which still allows transport energy to
grow by 57% during the period. CO2 emissions grow a bit less
because of the shift to fuels with less carbon intensity, primarily
natural gas and biofuels.
IEA has also produced a technology brief that examines a
simple scenario for reducing world GHG emissions from the
transport sector (IEA, 2004b). The scenario includes a range
of short-term actions, coupled with the development and
deployment of fuel-cell vehicles and a low-carbon hydrogen fuel
infrastructure. For the long-term actions, deployment of fuel-cell
vehicles would aim for a 10% share of light-duty vehicle sales
by 2030 and 100% by 2050, with a 75% per-vehicle reduction
in GHG emissions by 2050 compared to gasoline vehicles. The
short-term measures for light-duty vehicles are:
v Improvements in fuel economy of gasoline and diesel
vehicles, ranging from 15% (in comparison to the IEA
reference case) by 2020 to 35% by 2050;
v Growing penetration of hybrid vehicles, to 50% of sales by
2040;
v Widespread introduction of biofuels, with 50% lower well358

Figure 5.14 shows the light-duty vehicle GHG emissions
results of the scenario. The penetration of fuel cell vehicles
by itself brings emissions back to their 2000-levels by 2050.
Coupled with the nearer-term measures, GHG emissions peak
in 2020 and retreat to half of their 2000-level by 2050.
The Mobility 2030 study examined a scenario postulating
YHU\ ODUJH LQFUHDVHV LQ WKH SHQHWUDWLRQ RI IXHO HI¿FLHQW
technologies into road vehicles, coupled with improvements in
vehicle use, assuming different time frames for industrialized
and developing nations.
The technologies and their fuel consumption and carbon
emissions savings referenced to current gasoline ICEs were:
Technology
1. Diesels
2. Hybridization
3. Biofuels

Carbon reduced/vehicle
(%)
18
30 (36 for diesel hybrids)
20-80

4. Fuel cells with fossil hydrogen

45

5. Carbon-neutral hydrogen

100

Figure 5.15 shows the effect of a scenario postulating the
market penetration of all of the technologies as well as an
assumed change in consumer preferences for larger vehicles
DQGLPSURYHGWUDI¿FÀRZV7KHVFHQDULRDVVXPHVWKDWGLHVHOV
make up 45% of light-duty vehicles and medium trucks by
2030; that half of all sales in these vehicle classes are hybrids,
also by 2030; that one-third of all motor vehicle liquid fuels
are biofuels (mostly advanced) by 2050; that half of LDV
and medium truck vehicle sales are fuel cells by 2050, with
the hydrogen beginning as fossil-based but gradually moving
WR  FDUERQ QHXWUDO E\  WKDW EHWWHU WUDI¿F ÀRZ DQG
RWKHUHI¿FLHQF\PHDVXUHVUHGXFH*+*HPLVVLRQVE\DQG
WKDWWKHXQGHUO\LQJHI¿FLHQF\RIOLJKWGXW\YHKLFOHVLPSURYHV
by 0.6% per year due to steady improvements (e.g., better
aerodynamics and tyres) and to reduced consumer preference
for size and power. In this scenario, GHG emissions return to
their 2000-level by 2050.
Mobility 2030’s authors make it quite clear that for this ‘mixed’
scenario to be even remotely possible will require overcoming
PDQ\PDMRUREVWDFOHV7KHLQWURGXFWLRQDQGZLGHVSUHDGXVHRI
hydrogen fuel cell vehicles for example requires huge reductions
in the costs of fuel cells; breakthroughs in on-board hydrogen
VWRUDJHPDMRUDGYDQFHVLQK\GURJHQSURGXFWLRQRYHUFRPLQJ
the built-in advantages of the current gasoline and diesel fuel
infrastructure; demonstration and commercialization of carbon
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0
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2010

2020

2030

2040

■

1 - Diesels (LDVs)

□

2 - Hybrids (LDVs + MDTs)

□

3 - Biofuels
80% low GHG sources

■

4 - Fuel Cells
fossil hydrogen

□

5 - Fuel Cells
80% low-GHG H2

□

6 - Mix shifting
10% fuel efficiency improvement

□

7 - 10% vehicle travel reduction
all road vehicles

2050

Figure 5.15: The effect of a scenario postulating the market penetration of all technologies
Source: WBCSD, 2004a.

sequestration technologies for fossil fuel hydrogen production
(at least if GHG emission goals are to be reached); and a host of
other R&D, engineering and policy successes.
7DEOH  VXPPDUL]HV WHFKQLFDO SRWHQWLDOV IRU YDULRXV
mitigation options for the transport sector. As mentioned above,
there are few studies dealing with worldwide analysis. In most
of these studies, potentials are evaluated based on top-down
VFHQDULR DQDO\VLV )RU FRPELQDWLRQV RI VSHFL¿F SRZHU WUDLQ
technologies and fuels, well-to-wheels analyses are used to
examine the various supply pathways. Technical potentials for
RSHUDWLQJSUDFWLFHVSROLFLHVDQGEHKDYLRXUVDUHPRUHGLI¿FXOW
to isolate from economic and market potential and are usually
derived from case studies or modelling analyses. Uncertainty
is a key factor at all stages of assessment, from technology
performance and cost to market acceptance.
5.4.2

Estimate of world mitigation costs and
potentials in 2030

By extrapolating from recent analyses from the IEA and
others an estimate can be given of the cost and potential
for reducing transport CO2 emissions. This section covers
LPSURYLQJ WKH HI¿FLHQF\ RI OLJKWGXW\ YHKLFOHV DQG DLUFUDIW
and the substitution of conventional fossil fuels by biofuels
throughout the transport sector (though primarily in road
vehicles). As noted above, these estimates do not represent the
full range of options available to reduce GHG emissions in the
transport sector.



/LJKWGXW\9HKLFOHV

The following estimate of the overall GHG emissions
UHGXFWLRQ SRWHQWLDO DQG FRVWV IRU LPSURYLQJ WKH HI¿FLHQF\ RI
WKH ZRUOG¶V OLJKWGXW\ YHKLFOH ÀHHW WKXV UHGXFLQJ FDUERQ
emissions), is based on the IEA Reference Case, as documented
in a spreadsheet model developed by the IEA for the Mobility
 SURMHFW :%6&' E  7KH FRVW HVWLPDWHV IRU WRWDO
mitigation potential are provided in terms of ‘societal’ costs
of reductions in GHG emissions, measured in US$/tonne of
carbon (tC) or carbon dioxide (CO2); the costs are the net of
higher vehicle costs minus discounted lifetime fuel savings.
)XHOVDYLQJVEHQH¿WVDUHPHDVXUHGLQWHUPVRIWKHXQWD[HGFRVW
of the fuels at the retail level, and future savings are discounted
at a low societal rate of 4% per year. These costs are not the
same as those that would be faced by consumers, who would
face the full taxed costs of fuel, would almost certainly use a
higher discount rate, and might value only a few years of fuel
savings. Also, they do not include the consumer costs of forgoing
further increases in vehicle performance and weight. Over the
past few decades, increasing acceleration performance and
YHKLFOHZHLJKWKDYHVWLÀHGLQFUHDVHVLQIXHOHFRQRP\IRUOLJKW
duty vehicles and these trends must be stopped if substantial
SURJUHVVLVWREHPDGHLQÀHHWHI¿FLHQF\%HFDXVHFRQVXPHUV
value factors such as vehicle performance, stopping these trends
will have a perceived cost – but there is little information about
its magnitude.
The potential improvements in light-duty fuel economy
assumed in the analysis, and the costs of these improvements,
are based on the scenarios in the MIT study summarised in Box
7KHHI¿FLHQF\LPSURYHPHQWVDVPHQWLRQHGLQWKLVVWXG\DUH
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Table 5.8: Summary table of CO2 mitigation potentials in transport sector taken from several studies

I

Study

Mitigation measure/policy

Region

IEA 2004a

Alternative scenario

World
OECD
Developing countries
Transition economies

IEA 2001

Improving Tech for Fuel
Economy
Diesel

OECD

IEA 2002a

All scenarios included
All scenarios included
All scenarios included

NA
Western Europe
Japan

IEA 2004d

Improving fuel economy
Biofuels
FCV with hydrogen refuelling
COMBINING THESE THREE

World

IEA 2004b

Reduction in fuel use per km
Blend of biofuels
Reduction in growth of LDV
travel
using hydrogen in vehicle

World

ACEEE 2001

A-scenario
B-scenario
C-scenario

USA

MIT 2004

Baseline
Medium HEV
Composite

USA

Greene and
Schafer
2003

Efﬁciency standards
Light-duty vehicles
Heavy trucks
Commercial aircraft

CO2 reduction (%)
2010

2020

2030

2.2
2
2.8
2.3

6.8
6.9
6.8
6.2

11.4
11.5
11.4
11.2

30

40

CO2 reduction (Mt)
2050

2010

2020

2030

133
77
49
8

505
308
170
27

997
557
381
59

148
76
28

358
209
61

132
158
176

418
488
532

2050

5-15
6.6
6.6
8.3

14.4
15.6
16.1
18
12
7
30
15
5
5
0

9.9
11.8
13.2

25
8
10
3

35
13
20
75

26.3
30.6
33.4
(2035)

Combined policies

3-6

16.8
29.9
44.4

14-24

32-50

(2015)
6
2
1

18
3
2

Replacement & alternative fuels
Low-carbon replacement fuels
Hydrogen fuel (all LDV fuel)

2
1

7
4

Pricing policies
Low-carbon fuel subsidy
Carbon pricing
Variabilization

2
3
6

6
6
9

Behavioural
Land use & infrastructure
System efﬁciency
Climate change education
Fuel economy information

3
0
1
1

5
1
2
1

22

48

USA

Total
WEC 2004

New technologies

World

WBCSD
2004b

Road transport
Diesels (LDVs)
Hybrids (LDVs and MDTs)
Biofuels-80% low GHG sources
Fuel Cells-fossil hydrogen
Fuel Cells-80% low-GHG
hydrogen
Mix shifting 10% FE improvement
10% Vehicle travel reductionall vehicles

World

360

3.4
5.2
14.9

30

46

0.9
2.4
5.7
5.9
5.9

2.1
6.1
15.6
16.7
17.2

1.8
6.1
29.5
32.7
45.3

61
161
386
400
400

160
474
1207
1293
1333

181
623
3030
3364
4650

6.7

18.8

47.3

451

1455

4864

9.4

22.8

51.9

639

1765

5335

I
I
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Box 5.5 Fuel economy beneﬁts of multiple efﬁciency technologies
Several studies have examined the fuel economy beneﬁts of simultaneously applying multiple efﬁciency technologies to
light-duty vehicles. However, most of these are difﬁcult to compare because they examine various types of vehicles, on
different driving cycles, using different technology assumptions, for different time frames. The Massachusetts Institute of
Technology has developed such an assessment for 2020 (MIT, 2000) with documentation of basic assumptions though
with few details about the speciﬁc technologies that achieve these values, for a medium size passenger car driving over
the ofﬁcial US Environmental Protection Agency driving cycle (Heywood et al., 2003). There are two levels of technology
improvement – ‘baseline’ and ‘advanced,’ with the latter level of improvement further subdivided into conventional and
hybrid drive trains.
Some of the key features of the 2020 vehicles are:
v Vehicle mass is reduced by 15% (baseline) and 22% (advanced) by a combination of greater use of high strength steel,
aluminium and plastics coupled with advanced design;
v Tyre rolling resistance coefﬁcient is reduced from the current .009 to .008 (baseline) and .006 (advanced);
v Drag coefﬁcient is reduced to 0.27 (baseline) and 0.22 (advanced). The baseline level is at the level of the best current
vehicles, while the advanced level should be readily obtainable for the best vehicles in 2020, but seems quite ambitious
for a ﬂeet average;
v Indicated engine efﬁciency increases to 41% in both baseline and advanced versions. This level of efﬁciency would likely
require direct injection, full valve control (and possibly camless valves) and advanced engine combustion strategies.
The combined effects of applying this full range of technologies are quite dramatic (Table 5.9). From current test values
of 30.6 mpg (7.69 litres/100 km) as a 2001 reference, baseline 2020 gasoline vehicles obtain 43.2 mpg (5.44 L/100 km),
advanced gasoline vehicles 49.2 mpg (4.78 L/100 km) and gasoline hybrids 70.7 mpg (3.33 L/100 km); advanced diesels
obtain 58.1 mpg (4.05 L/100 km) and diesel hybrids 82.5 mpg (2.85 L/100 km) (note that on-road values will be at least 15%
lower). In comparison, Ricardo Consulting Engineers (Owen and Gordon, 2002) estimate the potential for achieving 92 g/km
CO2 emissions, equivalent to 68.6 mpg (3.43 L/100 km), for an advanced diesel hybrid medium size car ‘without’ substantive
non-drive train improvements. This is probably a bit more optimistic than the MIT analysis when accounting for the additional
effects of reduced vehicle mass, tyre rolling resistance and aerodynamic drag coefﬁcient.
These values should be placed in context. First, the advanced vehicles represent ‘leading edge’ vehicles which must then be
introduced more widely into the new vehicle ﬂeet over a number of years and may take several years (if ever) to represent an
‘average’ vehicle. Second, the estimated fuel economy values are attainable only if trends towards ever-increasing vehicle
performance are stiﬂed; this may be difﬁcult to achieve.

discounted somewhat to take into account the period in which
WKHIXOOEHQH¿WVFDQEHDFKLHYHG)XUWKHUÀHHWSHQHWUDWLRQRIWKH
technology advances are assumed to be delayed by 5 years in
GHYHORSLQJQDWLRQVKRZHYHUEHFDXVHGHYHORSLQJQDWLRQÀHHWV
DUHJURZLQJUDSLGO\KLJKHUHI¿FLHQF\YHKLFOHVRQFHLQWURGXFHG
PD\EHFRPHDODUJHIUDFWLRQRIWKHWRWDOÀHHWLQWKHVHQDWLRQV
within a relatively short time. The technology assumptions for
WZRµHI¿FLHQF\VFHQDULRV¶DUHDVIROORZV 7DEOHD 
7KHKLJKHI¿FLHQF\DQGPHGLXPHI¿FLHQF\VFHQDULRVDFKLHYH
WKHIROORZLQJLPSURYHPHQWVLQHI¿FLHQF\IRUWKHQHZOLJKWGXW\
YHKLFOHÀHHW 7DEOHE 
Table 5.10 shows the light-duty vehicle fuel consumption and
(vehicle only) CO2 emissions for the Reference scenario and the
+LJKDQGPHGLXPHI¿FLHQF\VFHQDULRV,QWKH5HIHUHQFHFDVH
LDV fuel consumption increases by nearly 60% by 2030; the
+LJK(I¿FLHQF\&DVHFXWVWKLVLQFUHDVHWRDQGWKH0HGLXP
HI¿FLHQF\VFHQDULRFXWVLWWR)RUWKH2(&'QDWLRQVWKH
5HIHUHQFH&DVHSURMHFWVRQO\DLQFUHDVHE\SULPDULO\

because of moderate growth in travel demand, with the High
HI¿FLHQF\VFHQDULRDFWXDOO\UHGXFLQJIXHOFRQVXPSWLRQLQWKLV
JURXS RI QDWLRQV E\  DQG WKH 0HGLXP HI¿FLHQF\ VFHQDULR
reducing growth to only 6%. This regional decrease (or modest
increase) in fuel use is overwhelmed by the rapid growth in
WKH ZRUOG¶V WRWDO ÀHHW VL]H DQG RYHUDOO WUDYHO GHPDQG DQG WKH
VORZHU XSWDNH RI HI¿FLHQF\ WHFKQRORJLHV LQ WKH GHYHORSLQJ
nations. Because no change in the use of biofuels was assumed
in this analysis, the CO2 emissions in the scenarios essentially
track the energy consumption paths discussed above. Figure
5.16 shows the GHG emissions path for the three scenarios,
UHVXOWLQJLQDPLWLJDWLRQSRWHQWLDORIDERXW +LJK DQG
(Medium) MtCO2 in 2030.
Table 5.11 shows the cost of the reductions in GHG emissions
in US$/tCO2 for those reductions obtained by the 2030 new
YHKLFOHÀHHWRYHULWVOLIHWLPHDVVXPLQJRLOSULFHVRI86
US$, 50 US$ and 60 US$/bbl over the vehicles’ lifetime.36 Note
that the costs in Table 5.11 do not apply to the carbon reductions
DFKLHYHG LQ WKDW \HDU E\ WKH HQWLUH /'9 ÀHHW IURP 7DEOH
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Table 5.9a: Fuel economy and cost assumptions for cost and potentials analysis

I

Cost
(%)

$Cost
(US$)a)

0

100

0

41

105

1,000

49.2 (4.78)

61

113

2,600

70.7 (3.33)

131

123

4,600

Medium size car

MPG
(L/100 km)

Incr from Ref
(%)

2001 reference

30.6 (7.69)

2030 baseline

43.2 (5.55)

2030 advanced
2030 hybrid
2030 diesel

58.1 (4.05)

90

119

3,800

2030 diesel hybrid

82.5 (2.85)

170

128

5,600

I

a) Cost differential based on a reference 20,000 US$ vehicle. See Box 5.5 for the deﬁnitions of the vehicle types.
Source: adapted from MIT (2000), as explained in the text.

Table 5.9b: Efﬁciency improvements new light-duty vehicle ﬂeet

I

Region

% improvement from 2001 levels, high/medium
2015

2020

2025

2030

North America

30/15

45/25

70/32

80/40

Europe

30/25

40/30

55/35

70/40

Emerging Asia/Paciﬁc

30/25

40/30

65/35

75/40

Rest of world

0/12+

30/20+

45/25+

60/30+

5.10), because those reductions are associated with successive
ZDYHVRIKLJKHI¿FLHQF\YHKLFOHVHQWHULQJWKHÀHHWGXULQJWKH
approximately 15 year period before (and including) 2030.
The Table 5.11 results show that the ‘social cost of carbon
reduction’ for light-duty vehicles varies dramatically across
regions and with fuel prices (since the cost is the net of
technology costs minus the value of fuel savings). The results
DUH DOVR TXLWH GLIIHUHQW IRU WKH +LJK DQG 0HGLXP HI¿FLHQF\
scenarios, primarily because the estimated technology costs
EHJLQ WR ULVH PRUH VWHHSO\ DW KLJKHU HI¿FLHQF\ OHYHOV UDLVLQJ
the average cost/tonne of CO2LQWKH+LJKHI¿FLHQF\VFHQDULR
)RUWKH+LJKHI¿FLHQF\VFHQDULR&22 reduction costs are very
high for the OECD countries aside from North America, even at
86EEORLOSULFHVUHÀHFWLQJWKHDPELWLRXV DQGH[SHQVLYH 
LQFUHDVHV LQ WKDW VFHQDULR WKH UHODWLYHO\ KLJK HI¿FLHQFLHV RI
WKRVHUHJLRQV¶ÀHHWVLQWKH5HIHUHQFH&DVHDQGWKHUHODWLYHO\
low km/vehicle/year driven outside North America; on the
other hand, the costs of the moderate increases in the Medium
HI¿FLHQF\VFHQDULRDUHORZWRQHJDWLYHIRUDOOUHJLRQVUHÀHFWLQJ
the availability of moderate cost technologies capable of raising
DYHUDJHYHKLFOHHI¿FLHQFLHVXSWR±RUVR
The values in Table 5.11 are sensitive to several important
assumptions:
v Technology costs: the costs assumed here appear to be
considerably higher than those assumed in WEO 2006 (IEA,
2006a).

v

v

v

I
I

Discount rates: the analysis assumes a low social discount
rate of 4% in keeping with the purpose of the analysis. As
noted, vehicle purchasers would undoubtedly use higher
rates and would value fuel savings at retail fuel prices rather
than the untaxed values used here; they might also only
value a few years of fuel savings rather than the lifetime
savings assumed here. WEO 2006 on the other hand, used
a zero discount rate, substantially reducing the net cost of
carbon reduction.
Vehicle km travelled (vkt): this analysis used the IEA/
WBCSD spreadsheet’s assumption of constant vkt over
time and applied these values to new cars. Actual driving
patterns will depend on the balance of increasing road
LQIUDVWUXFWXUHDQGUDSLGO\LQFUHDVLQJÀHHWVL]HLQGHYHORSLQJ
QDWLRQV8QOHVVLQIUDVWUXFWXUHNHHSVSDFHZLWKJURZLQJÀHHW
VL]HZKLFKZLOOEHGLI¿FXOWWKHDVVXPSWLRQRIFRQVWDQWYNW
vehicle may prove accurate or even optimistic.
(I¿FLHQF\ JDLQV DVVXPHG LQ WKH 5HIHUHQFH VFHQDULR WKH
5HIHUHQFHVFHQDULRDVVXPHGVLJQL¿FDQWJDLQVLQPRVWDUHDV
DVLGH IURP 1RUWK$PHULFD  ZKLFK PDNHV WKH (I¿FLHQF\
scenarios more expensive.

Table 5.12 shows the economic potential for reducing CO2
HPLVVLRQV LQ WKH  ÀHHW RI QHZ /'9V DV D IXQFWLRQ RI
world oil price.37 The values show that much of the economic
potential is available at a net savings, ‘if consumer preference
IRU SRZHU DQG RWKHU HI¿FLHQF\UREELQJ YHKLFOH DWWULEXWHV LV
ignored’. Even at 30 US$/bbl oil prices, over half of the total

36 Note, however, that these results do not take into account changes in travel demand that would occur with changing fuel price and changes in Reference case vehicle efﬁciency
levels. At higher oil prices, the Reference case would likely have less travel and higher vehicle efﬁciency; this would, in turn, reduce the oil savings and GHG reductions obtained by the Efﬁciency case and would likely raise the costs/tonne C from the values shown here.
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Table 5.10: Regional and worldwide Light-duty vehicle CO2 emissions (vehicle only) and fuel consumption, efﬁciency and reference cases
CO2 emissions
(Mt)
2000

OECD North America

Energy use
(EJ)

2030

2030

Reference

High

Medium

2000

Reference

High

Medium

1226

1623

1178

1392

17.7

23.4

17.0

20.0

OECD Europe

488

535

431

479

7.0

7.5

6.0

6.7

OECD Paciﬁc

220

219

176

197

3.2

3.2

2.6

2.9

EECCA

84

229

188

209

1.2

3.3

2.7

3.0

Eastern Europe

49

82

68

74

0.7

1.2

1.0

1.0

China

46

303

267

287

0.7

4.4

3.8

4.1

Other Asia

54

174

148

160

0.8

2.5

2.1

2.3

India

22

103

87

95

0.3

1.5

1.2

1.4

Middle East

27

67

57

62

0.4

1.0

0.8

0.9

110

294

251

273

1.6

4.2

3.6

3.9

53

167

152

162

0.8

2.4

2.2

2.3

2379

3797

3004

3390

34.2

54.4

43.1

48.6

Latin America
Africa
Total

Note: EECCA = countries of EasternEurope, the Caucasus and Central Asia.

Table 5.11: Cost of CO2 reduction in new 2030 LDVs
CO2 reduction cost (US$/tCO2)
High efﬁciency case
30 US$/bbl
0.39 US$/L

Medium efﬁciency case

40 US$/bbl
0.45 US$/L

50 US$/bbl
0.51 US$/L

60 US$/bbl
0.60 US$/L

5

-16

-37

-68

OECD Europe

131

110

89

58

14

-7

-28

-60

OECD Paciﬁc

231

210

189

157

-14

-36

-57

-88

OECD North
America

EECCA
Eastern Europe

30 US$/bbl
0.39 US$/L
-72

40 US$/bbl
0.45 US$/L

50 US$/bbl
0.51 US$/L

60 US$/bbl
0.60 US$/L

-93

-114

-146

81

60

39

8

-54

-76

-97

-128

181

160

139

107

-18

-39

-60

-92

China

23

2

-19

-51

-23

-44

-65

-97

Other Asia

19

-2

-23

-55

-23

-44

-65

-96

India

62

41

20

-12

9

-12

-33

-65

-15

-36

-57

-89

-49

-70

-91

-122

Latin America

-6

-27

-48

-79

-42

-63

-84

-116

Africa

10

-12

-33

-64

-33

-54

-75

-106

Middle East

Note: EECCA = countries of EasternEurope, the Caucasus and Central Asia.

(<100 US$/tCO2) potential is available at a net savings over the
YHKLFOHOLIHWLPHDW86EEORYHURIWKH0WWRWDO
potential is available at a net savings.
The regional detail, not shown in Table 5.12, is illuminating.
,Q WKH +LJK (I¿FLHQF\ VFHQDULR RI  0W RI WRWDO SRWHQWLDO

445 Mt are in OECD North America and are available at a net
savings at 40 US$/bbl oil (and at less than 20 US$/tCO2 at 30
US$/bbl oil). The next highest regional potential is in OECD
Europe at 104 Mt, but this potential is more expensive: at 30
US$/bbl oil. Only 56 Mt is available below 100 US$/tCO2, and
becomes available at below 100 US$/tCO2 only at 60 US$/bbl

37 These results do not take account of the effect higher oil prices would have on LDV efﬁciency in the Reference Scenario. This efﬁciency level would be expected to be a strong
function of oil price, that is, it would be higher for higher prices. Consequently, the technology cost of improving vehicle efﬁciency further would also be higher – reducing the
economic potential.
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Figure 5.16: Light-duty vehicle CO2 emissions for three scenarios

oil. China has the next highest total emissions (2030 Reference
case emissions of 303 Mt) but only a moderate potential of 36
Mt. This potential is fully available at a net savings only if oil is
50 US$/bbl or higher – perhaps not surprising because China has
ambitious fuel economy standards embedded in the Reference
Case and has relatively low driving rates, which make further
LPSURYHPHQWVPRUHGLI¿FXOWDQGH[SHQVLYH
5.4.2.2

Aircraft

QinetiQ (UK) analysed the fuel consumption and CO2
trends for a simple global aviation growth scenario to provide
an indicative view on the extent that technology and other
developments might mitigate aviation emissions. The ICAO
WUDI¿F IRUHFDVW ,&$2)(6*   GH¿QHG WUDI¿F JURZWK WR
 IURP ZKLFK D IXWXUH ÀHHW FRPSRVLWLRQ ZDV GHYHORSHG
using a range of current and future aircraft types where their
introduction could be assumed, as well as representative aircraft
types based on seat capacity. Fuel burn and emissions were
FDOFXODWHGXVLQJNQRZQHPLVVLRQVSHUIRUPDQFHDQGSURMHFWLRQV
for future aircraft where necessary.
The analysis assumed a range of technology options as
follows:
v Case 1 assumed no technology change from 2002 to 2030;
XVLQJ WKH H[WUDSRODWHG WUDI¿F IRUHFDVW IURP ,&$2 )(6*
± WKLV FDVH VKRZV RQO\ WKH HIIHFWV RI WUDI¿F JURZWK RQ
emissions.
v Case 2 – as Case 1, but assumes all new aircraft deliveries
after 2005 would be ‘best available technology at a 2005
%$7 ¶SHUIRUPDQFHVWDQGDUGDQGZLWKVSHFL¿FQHZDLUFUDIW
$$% GHOLYHUHGIURP
v &DVH  ± DV &DVH  EXW ZLWK DVVXPHG DQQXDO ÀHHW IXHO
HI¿FLHQF\ LPSURYHPHQWV DV SHU µ*UHHQH¶ DQG '7, ,3&&
38 http://www.dti.gov.uk/ﬁles/ﬁle35675.pdf
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v

&KDSWHU7DEOH 7KLVDVVXPHVDÀHHWHI¿FLHQF\
improvement trend of 1.3% per year to 2010, assumed then
to decline to 1.0% per year to 2020 and 0.5% per year
thereafter. This is the reference case.
Case 4 – as Case 3, plus the assumption that a 50 US$/tCO2
FRVWZLOOSURGXFHDIXUWKHUIXHOHI¿FLHQF\LPSURYHPHQW
per annum from 2005, as suggested by the cost-potential
estimates of Wit et al., (2002), that assume technologies
such as winglets, fuselage skin treatments (riblets) and
further weight reductions and engine developments will be
introduced by airlines.
Case 5 – as Case 3, plus the assumption of 100 US$/tCO2
FRVW SURGXFLQJ D  IXHO HI¿FLHQF\ LPSURYHPHQW SHU
annum from 2005 (Wit et al DJDLQLQÀXHQFLQJWKH
introduction of additional technologies as above.
The results of this analysis are summarised in Table 5.13.

Case 2 is a simple representation of planned industry
developments and shows their effect to 2030, ignoring further
WHFKQRORJ\GHYHORSPHQWV7KLVLVDQDUWL¿FLDOFDVHDVRQJRLQJ
HI¿FLHQF\ LPSURYHPHQWV ZRXOG RFFXU DV D PDWWHU RI FRXUVH
EXW LW VKRZV WKDW WKHVH SODQQHG ÀHHW GHYHORSPHQWV DORQH
might save 14% of the CO2 that the ‘no technology change’
of Case 1 would have produced. Case 3 should be regarded as
WKHµEDVHFDVH¶IURPZKLFKEHQH¿WVDUHPHDVXUHGDVWKLVFDVH
UHÀHFWVDQDJUHHGIXHOHI¿FLHQF\WUHQGDVVXPHGIRUVRPHRIWKH
calculations produced in the IPCC Special Report (1999). This
results in a further 11% reduction in CO2 by 2030 compared
with Case 2. Cases 4 and 5 assume that a carbon cost will drive
additional technology developments from 2005 – no additional
demand effect has been assumed. These show further CO2
UHGXFWLRQ RI  DQG  FRPSDUHG ZLWK µEDVH FDVH¶ 
over the same period from technologies that are assumed to be
more attractive than hitherto. However, even the most ambitious
scenario suggests that CO2 production will increase by almost
100% from the base year. The cost potentials for Cases 4 and
DUHEDVHGRQRQHVWXG\DQGIXUWKHUVWXGLHVPD\UH¿QHWKHVH
results. There is limited literature in the public domain on
costs of mitigation technologies. The effects of more advanced
technology developments, such as the blended wing body, are
not modelled here, as these developments are assumed to take
place after 2030.
The analysis suggests that aviation emissions will continue
to grow as a result of continued demand for civil aviation.
$VVXPLQJ WKH KLVWRULFDO IXHO HI¿FLHQF\ WUHQG SURGXFHG E\
industry developments will continue (albeit at a declining
level), carbon emissions will also grow, but at a lower rate than
WUDI¿F&DUERQSULFLQJFRXOGHIIHFWIXUWKHUHPLVVLRQVUHGXFWLRQV
if the aviation industry introduces further technology measures
in response.
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Table 5.12: Economic potential of LDV mitigation technologies as a function of world oil price, for new vehicles in 2030
World oil
price
(US$/bbl)

Region

Economic potential (MtCO2)
Cost ranges (US$/tCO2)
<100

<0

0-20

20-50

50-100

30

OECD
EIT
Other
World

523
49
146
718

253
28
88
369

270
0
30
300

0
0
20
20

0
21
8
29

40

OECD
EIT
Other
World

523
49
146
718

523
28
118
669

0
0
20
20

0
0
8
8

0
21
0
21

50

OECD
EIT
Other
World

571
49
146
766

523
28
138
689

0
0
8
8

0
21
0
21

48
0
0
48

60

OECD
EIT
Other
World

571
49
146
766

523
28
146
697

0
21
0
21

0
0
0
0

48
0
0
48

5.4.2.3

breakthroughs, biofuels use in road transport would double
compared to the Alternative policy scenario.

Biofuels

,($KDVSURMHFWHGWKHSRWHQWLDOZRUOGZLGHLQFUHDVHGXVHRI
biofuels in the transport sector assuming successful technology
development and policy measures reducing barriers to biomass
deployment and providing economic incentives.
IEA’s World Energy Outlook 2006 (IEA, 2006b) develops
an Alternative policy scenario that adds 55 Mtoe biofuels
above baseline levels of 92 Mtoe by 2030, which increases the
biofuels share of total transport fuel demand from 3 to 5%. In
this scenario, all of the biofuels are produced by conventional
technology, that is ethanol from starch and sugar crops and
biodiesel from oil crops. Assuming an average CO2 reduction
from gasoline use of 25%,39 this would reduce transport CO2
emissions by 36 Mt.
Furthermore, according to the Beyond the Alternative
policy scenario (BAPS), which assumed more energy savings
and emission reductions through a set of technological

A second IEA report, Energy Technology Perspectives 2006
(IEA, 2006a), evaluates a series of more ambitious scenarios
that yield biomass displacement of 13–25% of transport
energy demand by 2050, compared to Baseline levels of 3%
displacement. Two scenarios, called Accelerated Technology
(ACT) Map and TECH Plus, assume economic incentives
equivalent to 25 US$/tCO2, increased support for research and
development, demonstration, and deployment programmes, and
policy instruments to overcome commercialization barriers.
Both scenarios have optimistic assumptions about the success
of efforts to reduce fuel production costs, increase crop yields,
and so forth. In the ACT Map scenario, transport biofuels
SURGXFWLRQ UHDFKHV  0WRH LQ  DFFRXQWLQJ IRU 
of total transport demand; in TECH Plus, biofuels represents
25% of transport energy demand by 2050. These displacements
yield CO2 UHGXFWLRQV EHORZ WKH %DVHOLQH OHYHOV  RI 
MtCO2 in Map and 2300 MtCO2LQ7(&+3OXVZLWKWKHPDMRU

Table 5.13: Summaries of CO2 mitigation potential analysis in aviation
Aviation technology

I

2002 CO2
(Mt)

2030 CO2
(Mt)

I

Ratio
(2030/2002)

Case 1 (no technological change)

489.29

1,609.74

3.29

Case 2 (BAT new aircrafts)

489.29

1,395.06

2.85

Case 3 (base)

489.29

1,247.02 (100%)

2.55

Case 4 (50 US$/tCO2-eq)

489.29

1,100.15 (88%)

2.25

Case 5 (100 US$/tCO2-eq)

489.29

969.96 (78%)

1.98

39 IEA cites the following estimates for biofuels CO2 reduction when used as a replacement fuel: Corn in the U.S., –13%; ethanol in Europe, –30%; ethanol in Brazil, –90%; sugar
beets to ethanol in Europe, –40 to –60%; rapeseed-derived biodiesel in Europe, –40 to –60%.
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contributors being biodiesel from Fischer Tropsch conversion
and ethanol from both sugar crops and cellulosic feedstocks;
biodiesel from vegetable oil and ethanol from grains represent
somewhat lower shares.
Although the report does not provide quantitative estimates
of CO2 reduction in 2030, it presents qualitative information
(Table 3.5 of the IEA report) that implies that 2030-levels of
biodiesel from vegetable oil and ethanol from grain and sugar
crops are similar to 2050-levels, but biodiesel from Fischer
7URSVFKFRQYHUVLRQDPDMRUVRXUFHLQSOD\VOLWWOHUROHLQ
DQGFHOOXORVLFHWKDQROLVDOVRVLJQL¿FDQWO\ORZHULQ
than in 2050. The implied 2030 potential from the two scenarios
appears to be about 600–1500 MtCO2.
5.4.2.4

Totals

The estimates discussed above can be summarized as
follows:
Light-duty vehicles:
±0W&22 at carbon prices less than 100 US$/tCO2
±0W&22 at carbon prices less than 50 US$/tCO2
±0W&22 at carbon prices less than 20 US$/tCO2
369–697 MtCO2 at carbon prices less than 0 US$/tCO2
Aircraft:
150 MtCO2 at carbon prices less than 50 US$/tCO2
0W&22 at carbon prices less than 100 US$/tCO2
Biofuels:
600–1500 MtCO2 at carbon prices less than 25 US$/tCO2
Although presumably the potential for biofuels penetration
would be higher above the cited 25 US$/tCO2 carbon price,
the total potential for a carbon price of 100 US$/tCO2 for the
three mitigation sources is about 1600–2550 MtCO2. Much of
this potential appears to be located in OECD North America
and Europe. Note, however, that the potential is measured as
the ‘further’ reduction in CO2 emissions from the Reference
scenario, which assumes that substantial amounts of biofuels
ZLOO EH SURGXFHG LQ %UD]LO DQG HOVHZKHUH DQG VLJQL¿FDQW
LPSURYHPHQWVLQIXHOHI¿FLHQF\ZLOORFFXULQ&KLQDDQGLQRWKHU
industrializing nations without further policy measures.

5.5 Policies and measures
This section provides policies and measures for the transport
sector, considering experiences of countries and regions in
achieving both energy savings (and hence GHG reduction) and
sustainable transport systems. An overall policy consideration
at the national level and international levels is presented in
Chapter 13.3
The policies and measures that have been considered in this
section that are commonly applied for the sector and can be
effective are:
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v
v
v
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Land use and transport planning;
Taxation and pricing;
5HJXODWRU\DQGRSHUDWLRQDOLQVWUXPHQWV HJWUDI¿F
management, control and information);
Fuel economy standards – road transport;
Transport demand management;
1RQFOLPDWHSROLFLHVLQÀXHQFLQJ*+*HPLVVLRQV
&REHQH¿WVDQGDQFLOODU\EHQH¿WV

This section discusses climate policies related to GHG from
LQWHUQDWLRQDO DYLDWLRQ DQG VKLSSLQJ VHSDUDWHO\ UHÀHFWLQJ WKH
international coordination that is required for effective reduction
VWUDWHJLHVLQWKHVHVHFWRUV%RWKVHFWRUVDUHVXEMHFWWRDJOREDO
legal framework and mitigation policies applied on a unilateral
basis may reduce its environmental effectiveness due to evasion
(Wit et al., 2004).
5.5.1

Surface transport

A wide array of policies and strategies has been employed
in different circumstances around the world to restrain vehicle
XVDJHPDQDJHWUDI¿FFRQJHVWLRQDQGUHGXFHHQHUJ\XVH*+*V
and air pollution. There tends to be considerable overlap among
these policies and strategies, often with synergistic effects.
The recent history almost everywhere in the world has been
increasing travel, bigger vehicles, decreasing land-use densities
and sprawling cities. But some cities are far less dependent
on motor vehicles and far denser than others, even at the
same incomes. The potential exists to greatly reduce transport
energy use and GHG emissions by shaping the design of cities,
restraining motorization and altering the attributes of vehicles
and fuels. Indeed, slowing the growth in vehicle use through
land-use planning and through policies that restrain increases in
vehicle use would be an important accomplishment. Planning
and policy to restrain vehicles and densify land use not only
lead to reduced GHG emissions, but also reduced pollution,
WUDI¿FFRQJHVWLRQRLOXVHDQGLQIUDVWUXFWXUHH[SHQGLWXUHVDQG
are generally consistent with social equity goals as well.
5.5.1.1

Land use and transport planning

Energy use for urban transport is determined by a number of
factors, including the location of employment and residential
locations. In recent decades, most cities have been increasing
their dependence on the automobile and decreasing dependence
on public transport. In some cases increasing motorization
is the result of deliberate planning – what became known as
‘predict and provide’ (The Royal Commission on Transport
and the Environment, 1994; Goodwin, 1999). This planning
and programming process played a central role in developed
countries during the second half of the 20th century. In many
developing countries, the process of motorization and road
building is less organized, but is generally following the same
motorization path, often at an accelerated rate.
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Figure 5.17: Modal split for the cities represented in the Millennium Cities Database for Sustainable Transport by region
Source: Kenworthy & Laube, 2002.

Income plays a central role in explaining motorization.
But cities of similar wealth often have very different rates of
motorizsation. Mode shares vary dramatically across cities, even
within single countries. The share of trips by walking, cycling
and public transport is 50% or higher in most Asian, African and
/DWLQ$PHULFDQFLWLHVDQGHYHQLQ-DSDQDQG:HVWHUQ(XURSH
(Figure 5.17). Coordination of land use and transport planning
is key to maintaining these high mode shares.
Kenworthy and Laube (1999) pointed out that high urban
densities are associated with lower levels of car ownership
and car use and higher levels of transit use. These densities
are decreasing almost everywhere. Perhaps the most important
strategy and highest priority to slow motorization is to strengthen
local institutions, particularly in urban areas (Sperling and
Salon, 2002).
Some Asian cities with strong governments, especially Hong
Kong, Singapore and Shanghai are actively and effectively
pursuing strategies to slow motorization by providing high
quality public transport and coordinating land use and transport
planning (Cullinane, 2002; Willoughby, 2001; Cameron et al.,
2004; Sperling and Salon, 2002).
There are many other examples of successfully integrated
land use and transport planning, including Stockholm and
Portland, Oregon (USA) (Abbott, 2002; Lundqvist, 2003). They
mostly couple mixed-use and compact land use development
with better public transport access to minimize auto dependence.
The effectiveness of these initiatives in reducing sprawl is the
VXEMHFWRIGHEDWHHVSHFLDOO\LQWKH86$ 6RQJDQG.QDDS
Gordon and Richardson, 1997; Ewing, 1997). There are several

arguments that the settlement pattern is largely determined,
so changes in land use are marginal, or that travel behaviour
may be more susceptible to policy interventions than land-use
preferences (Richardson and Bae, 2004). Ewing and Cervero
(2001) found that typical elasticity of vehicle-km travelled with
respect to local density is –0.05, while Pickrell (1999) noted
WKDWUHGXFWLRQLQDXWRXVHEHFRPHVLJQL¿FDQWRQO\DWGHQVLWLHV
of 4000 people or more per square kilometre – densities rarely
observed in US suburbs, but often reached elsewhere (Newman
and Kenworthy, 1999). Coordinated transport and land-use
PHWKRGV PLJKW KDYH JUHDWHU EHQH¿WV LQ WKH GHYHORSLQJ ZRUOG
where dense mixed land use prevails and car ownership rate
is low. Curitiba is a prime example of coordinated citywide
transport and land-use planning (Gilat and Sussman, 2003;
&HUYHUR 
The effectiveness of policies in shifting passengers from cars
to buses and rails is uncertain. The literature on elasticity with
respect to other prices (cross price elasticity) is not abundant
and likely to vary according to the context (Hensher, 2001).
The Transport Research Laboratory guide showed several
cross price elasticity estimates with considerable variance
in preceding studies (TRL, 2004). Goodwin (1992) gave an
average cross elasticity of public transport demand with respect
WRSHWUROSULFHVRI-RQJDQG*XQQ  DOVRJDYHDQ
average cross elasticity of public transport trips with respect to
fuel price and car time of +0.33 and +0.27 in the short term and
+0.07 and +0.15 in the long term.
The literature on mode shifts from cars to new rail services
is also limited. A monitoring study of Manchester indicated that
about 11% of the passengers on the new light rail would have
367
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Table 5.14: Taxes and pricing in the transport sector in developing and developed countries

IInstrument

Developing countries/EIT

Developed countries

Tax incentives to promote use of natural gas

Pakistan, Argentina, Colombia, Russia

Italy, Germany, Australia, Ireland, Canada, UK,
Belgium

Incentives to promote natural gas vehicles

Malaysia, Egypt

Belgium, UK, USA, Australia, Ireland

Annual road tax differentiated by vintage

Singapore and India (ﬁxed span and scrapping)

Germany

Emission trading

Chile

Congestion pricing including Area Licensing Scheme; vehicle registration fees; annual
circulation tax

Chile, Singapore

Norway, Belgium

Vehicle taxes based on emissions-tax deductions on cleaner cars e.g., battery operated or
alternative fuel vehicles

South Korea

Austria, Britain, Belgium, Germany, Japan,
The Netherlands, Sweden

Carbon tax by size of engine

Zimbabwe

Cross subsidization of cleaner fuels (ethanol
blending by gasoline tax - through imposition
of lower surcharge or excise duty exemption)

India

I

Source: Adapted from Pandey and Bhardwaj, 2000; Gupta, 1999 and European Natural Gas Vehicle Association, 2002.

otherwise used their cars for their trips (Mackett and Edwards,
  ZKLOH D -DSDQHVH VWXG\ RI IRXU GRPHVWLF UDLOV DQG
monorails showed that 10–30% of passengers on these modes
ZHUHGLYHUWHGIURPFDUPRGH7KHPDMRULW\RIWKHSDVVHQJHUV
ZHUHWUDQVIHUUHGIURPDOWHUQDWLYHEXVDQGUDLOURXWHV -DSDQHVH
Ministry of Land, Infrastructure and Transport and Institute
of Highway Economics, 2004). The Transport Research
Laboratory guide (2004) contained international evidence of
diversion rates from car to new urban rail ranging from 5–30%.
These diversion rates are partly related to car mode share, in
the sense that car share is so high in the USA and Australia
that ridership on new rail systems is more likely to come from
cars in those countries (Booz Allen & Hamilton 1999, cited in
Transport Research Laboratory, 2004). It is also known that
patronage of metros for cities in the developing world has been
drawn almost exclusively from existing public transport users
or through generation effects (Fouracre et al., 2003).
The literature suggests that in general, single policies
or initiatives tend to have a rather modest effect on the
motorization process. The key to restraining motorization is to
cluster a number of initiatives and policies, including improved
transit service, improved facilities for NMT (Non-motorized
transport) and market and regulatory instruments to restrain car
ownership and use (Sperling and Salon, 2002). Various pricing
and regulatory instruments are addressed below.
Investment appraisal is an important issue in transport
planning and policy. The most widely applied appraisal
WHFKQLTXHLQWUDQVSRUWLVFRVWEHQH¿WDQDO\VLV &%$  1LMNDPS
et al., 2003). In CBA, the cost of CO2 emissions can be indirectly
included in the vehicle operating cost or directly counted at an
estimated price, but some form of robustness testing is useful
in the latter case. Alternatively, the amount of CO2 emissions is
368

listed on an appraisal summary table of Multi-Criteria Analysis
0&$ DVDSDUWRIQRQPRQHWL]HGEHQH¿WVDQGFRVWV 0DFNLH
and Nellthorp, 2001; Grant-Muller et al., 2001; Forkenbrock
DQG:HLVEURG-DSDQHVH6WXG\*URXSRQ5RDG,QYHVWPHQW
Evaluation, 2000). To the extent that the cost of CO2 emissions
has a relatively important weight in these assessments,
LQYHVWPHQWV LQ XQQHFHVVDULO\ FDUERQLQWHQVLYH SURMHFWV PLJKW
be avoided. Strategic CBA can further make transport planning
DQGSROLF\FDUERQHI¿FLHQWE\H[WHQGLQJ&%$WRFRYHUPXOWL
modal investment alternatives, while Strategic Environmental
Assessment (SEA) can accomplish it by including multi-sector
elements. (ECMT, 2000; ECMT, 2004b).
5.5.1.2

Taxation and pricing

Transport pricing refers to the collection of measures used
WRDOWHUPDUNHWSULFHVE\LQÀXHQFLQJWKHSXUFKDVHRUXVHRID
vehicle. Typically measures applied to road transport are fuel
pricing and taxation, vehicle license/registration fees, annual
circulation taxes, tolls and road charges and parking charges.
Table 5.14 presents an overview of examples of taxes and
pricing measures that have been applied in some developing
and developed countries.
Pricing, taxes and charges, apart from raising revenue for
JRYHUQPHQWV DUH H[SHFWHG WR LQÀXHQFH WUDYHO GHPDQG DQG
hence fuel demand and it is on this basis that GHG reduction
can be realized.
Transport pricing can offer important gains in social welfare.
For the UK, France and Germany together, (OECD, 2003)
estimates net welfare gains to society of optimal charges (set
DWWKHPDUJLQDOVRFLDOFRVWOHYHO DWRYHUELOOLRQ¼\U 
US$/yr).
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Box 5.6 Examples of pricing policies for heavy-duty vehicles
Switzerland: In January 2001, trucks of maximum 35 tonnes weight were allowed on Swiss territory (previously 28 tonnes)
and a tax of 1.00 cent/tkm (for the vehicle middle emission category) was imposed on trucks above 3.5 tonnes on all
roads. It replaced a previous ﬁxed tax on heavy-duty vehicles. The tax is raised electronically. Since 2005, the tax is higher
at 1.60 cent/tkm, but 40 tonnes trucks are allowed. Over the period 2001–2003, it was estimated that it contributed to an
11.9% decrease in vehicle-km and a 3.5% decrease in tonnes-km of domestic trafﬁc. The tax led to an improved carriers’
productivity and it is anticipated that, for that reason, emissions of CO2 and NOx would decrease over the period 2001–2007
by 6–8%. On the other hand transit trafﬁc, which amounts to 10% of total trafﬁc, was also affected in a similar way by the
new tax regime, so that the number of HDL has been decreasing at a rate of about 2–3% per year, while, at the same time,
increasing in terms of tonnes-km (ARE, 2004b; 2006). A part of the revenues are used to ﬁnance improvements to the rail
network.
Germany: A new toll system was introduced in January 2005 for all trucks with a maximum weight of 12 tonnes and above.
This so-called LKW-MAUT tax is levied on superhighways on the base of the distance driven; its cost varies between 9
and 14 Eurocents according to the number of axles and the emission category of the truck. Payments are made via a GPS
system, at manual payment terminals or by Internet. The receipts will be used to improve the transport networks of Germany.
The system introduction appears successful, but it is too early to assess its impacts.

Although the focus here is on transport pricing options to
limit CO2HPLVVLRQVLWVKRXOGEHUHFRJQL]HGWKDWPDQ\SURMHFWV
and policies with that effect are not focused on GHG emissions
EXWUDWKHURQRWKHUREMHFWLYHV$SULFLQJSROLF\PD\ZHOODLP
simultaneously at reducing local pollution and GHG emissions,
accidents, noise and congestion, as well as generating State
revenue for enlarging of social welfare and/or infrastructure
FRQVWUXFWLRQ DQG PDLQWHQDQFH (YHU\ EHQH¿W ZLWK UHVSHFW WR
WKHVHREMHFWLYHVPD\WKHQEHDVVHVVHGVLPXOWDQHRXVO\WKURXJK
&%$ RU 0&$ WKH\ PD\ EH FDOOHG FREHQH¿WV *RYHUQPHQWV
FDQ WDNH WKHVH FREHQH¿WV LQWR DFFRXQW ZKHQ FRQVLGHULQJ WKH
introduction of transport pricing such as for fuel. This is all the
PRUHLPSRUWDQWVLQFHDSURMHFWFRXOGEHQRWZRUWKUHDOLVLQJLI
RQO\RQHSDUWLFXODUEHQH¿WLVFRQVLGHUHGZKHUHDVLWFRXOGYHU\
ZHOOEHSURYHGEHQH¿FLDOZKHQDGGLQJDOOWKHFREHQH¿WV
Taxes
Empirically, throughout the last 30 years, regions with
relatively low fuel prices have low fuel economy (USA,
Canada, Australia) and regions where relatively high fuel prices
DSSO\ GXHWRIXHOWD[HV KDYHEHWWHUFDUIXHOHFRQRP\ -DSDQ
DQG(XURSHDQFRXQWULHV )RUH[DPSOHIXHOWD[HVDUHDERXW
times higher in the UK than in the USA, resulting in fuel prices
that are about three times higher. UK vehicles are about twice
DV IXHOHI¿FLHQW PLOHDJH WUDYHOOHG LV DERXW  ORZHU DQG
vehicle ownership is lower as well. This also results in lower
average per capita fuel expenditures. Clearly, automobile use
is sensitive to cost differences in the long run (VTPI, 2005).
In theory, long run impact of increases in fuel prices on fuel
consumption are likely to be about 2 to 3 times greater than
short run impact (VTPI, 2005). Based on the price elasticities
(Goodwin et al   MXGJHG WR EH WKH EHVW GH¿QHG UHVXOWV
for developed countries, if the real price of fuel rises by 10%
and stays at that level, the volume of fuel consumed by road
vehicles will fall by about 2.5% within a year, building up to a

reduction of over 6% in the longer run (about 5 years or so), as
shown in Table 5.15.
An important reason why a fuel or CO2 tax would have
limited effects is that price elasticities tend to be substantially
smaller than the income elasticities of demand. In the long run
the income elasticity of demand is a factor 1.5–3 higher than
the price elasticity of total transport demand (Goodwin et al.,
2004). In developing countries, where incomes are lower, the
GHPDQG UHVSRQVH WR SULFH FKDQJHV PD\ EH VLJQL¿FDQWO\ PRUH
elastic.
Recent evidence suggests that the effect of CO2 taxes and
high fuel prices may be having a shrinking effect in the more
car-dependent societies. While the evidence is solid that price
elasticities indicated in Table 5.15 and used by Goodwin were
indeed around –0.25 (i.e., 2.5% reduction in fuel for every 10%
increase in price), in earlier years, new evidence indicates a
quite different story. Small and Van Dender (2007) found that
price elasticities in the USA dropped to about –0.11 in the late
1990s, and Hughes et al. (2006) found that they dropped even
further in 2001–2006, to about –0.04. The explanation seems
to be that people in the USA have become so dependent on
their vehicles that they have little choice but to adapt to higher
prices. One might argue that these are short term elasticities, but
the erratic nature of gasoline prices in the USA (and the world)
result in drivers never exhibiting long-term behavior. Prices
drop before they seriously consider changing work or home
ORFDWLRQVRUHYHQEX\LQJPRUHHI¿FLHQWYHKLFOHV,IRLOSULFHV
continue to cycle up and down, as many expect, drivers may
continue to cling to their current behaviors. If so, CO2 taxes
would have small and shrinking effects in the USA and other
countries where cars are most common.
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Table 5.15: Impact of a permanent increase in real fuel prices by 10%
Short run/within 1
year
(%)
Trafﬁc volume

Long run/5 years
(%)

-1

-3

Fuel consumption

-2.5

-6

Vehicle fuel efﬁciency

-1.5

-4

Less than -1

-2.5

Vehicle ownership
Source: Goodwin et al. 2004.

As an alternative to fuel taxes, registration and circulation
taxes can be used to incentivise the purchase (directly) and
PDQXIDFWXULQJ LQGLUHFWO\ RIIXHOHI¿FLHQWFDUV7KLVFRXOGEH
GRQHWKURXJKDUHYHQXHQHXWUDOIHHV\VWHPZKHUHIXHOHI¿FLHQW
cars receive a rebate and guzzler cars are faced with an extra
fee. There is evidence that incentives given through registration
taxes are more effective than incentives given through annual
circulation taxes (Annema et al., 2001). Buyers of new cars
do not expect to be able to pass on increased registration taxes
when selling the vehicle. Due to refunds on registration taxes
IRUFDUVWKDWZHUHUHODWLYHO\IXHOHI¿FLHQWFRPSDUHGWRVLPLODU
sized cars, the percentage of cars sold in the two most fuel
HI¿FLHQW FODVVHV LQFUHDVHG IURP ± FDUV RYHU 
PRUH IXHO HI¿FLHQW WKDQ DYHUDJH  DQG IURP ± IRU
FDUVEHWZHHQDQGPRUHIXHOHI¿FLHQWWKDQDYHUDJH LQ
the Netherlands (ADAC, 2005). After the abolishment of the
refunds, shares decreased again. COWI (2002) modelled the
LPSDFW RQ IXHO HI¿FLHQF\ RI UHIRUPLQJ FXUUHQW UHJLVWUDWLRQ
and circulation taxes so they would depend fully on the CO2
emissions of new cars. Calculated reduction percentages varied
IURP ± IRU  (XURSHDQ FRXQWULHV GHSHQGLQJ RQ WKHLU
current tax bases.

responsibility for GHG emissions from the road transport
sector, which they supply with fuel. As of 1 October 2005,
Swiss oil importers voluntarily contribute the equivalent of
DERXW  FHQWV SHU JDOORQ DSSUR[  PLOOLRQ 86 DQQXDOO\ 
LQWRDFOLPDWHSURWHFWLRQIXQGWKDWLVLQYHVWHGYLDDQRQSUR¿W
QRQJRYHUQPHQWDO IRXQGDWLRQLQWRFOLPDWHPLWLJDWLRQSURMHFWV
domestically and abroad (via the emerging carbon market
mechanisms of the Kyoto Protocol). Cost savings (compared
with an incentive tax) are huge and the private sector is in charge
of investing the funds effectively. A similar system in the USA
could generate 9 billion US$ in funds annually to incentivize
FOHDQDOWHUQDWLYHIXHOVDQGHQHUJ\HI¿FLHQWYHKLFOHVZKLFKFRXOG
lower US dependency on foreign fuel sources. This policy is
also credible from a sustainable development perspective than
the alternative CO2 tax, since the high CO2 tax would have led
to large-scale shifts in tank tourism – and bookkeeping GHG
reductions for Switzerland – although the real reductions would
have been less than half of the total effect and neighbouring
countries would have been left with the excess emissions.
Licensing and parking charges
The most renowned area licensing and parking charges
scheme has been applied in Singapore with effective reduction
LQWRWDOYHKLFXODUWUDI¿FDQGKHQFHHQHUJ\ SHWUROHXP GHPDQG
(Fwa, 2002). The area licensing scheme in Singapore resulted
LQ*-SHUGD\HQHUJ\VDYLQJVZLWKSULYDWHYHKLFXODUWUDI¿F
reducing by 75% (Fwa, 2002).
Unfortunately there is currently a lack of data on potential
*+* VDYLQJV DVVRFLDWHG ZLWK SROLF\ LQVWLWXWLRQDO DQG ¿VFDO
reforms/measures with respect to transport particularly in other
developing countries. General estimates of reduction in use of
private vehicle operators resulting from fuel pricing and taxing
are 15–20% (World Bank, 2002; Martin et al., 1995).

Niederberger (2005) outlines a voluntary agreement with
the Swiss government under which the oil industry took

Table 5.16: Potential energy and GHG savings from pricing, taxes and charges for road transport

I

Tax/pricing measure

Potential energy/GHG savings or transport
improvements

Reference

Optimal road pricing based on congestion
charging (London, UK)

20% reduction in CO2 emissions as a result of
18% reduction in trafﬁc

Transport for London (2005)

Congestion pricing of the Namsan Tunnels
(Seoul, South Korea)

34% reduction of peak passenger trafﬁc
volume. Trafﬁc ﬂow from 20 to 30 km/hr.

World Bank (2002)

Fuel pricing and taxation

15-20% for vehicle operators.

Martin et al. (1995)

Area Licensing Scheme (Singapore)

1.043 GJ/day energy savings.
Vehicular trafﬁc reduced by 50%. Private trafﬁc
reduced by 75%.
Travel speed increased 20 to 33 km/hr.

Fwa (2002)

Urban gasoline tax (Canada)

1.4 Mton by 2010
2.6 Mton by 2020

Transportation in Canada; www.tc.gc.
ca/pol/en/Report/anre1999/tc9905be.htm

Congestion charge trial in Stockholm (20052006)

13% reduction of CO2

http://www.stockholmsforsoket.se/
templates/page.aspx?id=2453
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Box 5.7 Policies to promote biofuels
Policies to promote biofuels are prominent in national emissions abatement strategies. Since beneﬁts of biofuels for CO2
mitigation mainly come from the well-to-tank part, incentives for biofuels are more effective climate policies if they are tied
to the whole well-to-wheels CO2 efﬁciencies. Thus preferential tax rates, subsi-dies and quotas for fuel blending should
be calibrated to the beneﬁts in terms of net CO2 savings over the whole well-to-wheel cycle associated with each fuel.
Development of an index of CO2 savings by fuel type would be useful and if agreed internationally could help to liberalise
markets for new fuels. Indexing incentives would also help to avoid discrimination between feedstocks. Subsidies that
support production of speciﬁc crops risk being counterproductive to emission policies in the long run (ECMT, 2007). In order
to avoid negative effects of biofuel production on sustainable development (e.g. biodiversity impacts), additional conditions
could be tied to incentives for biofuels.
The following incentives for biofuels are implemented or in the policy pipeline (Hamelinck, et al. 2005):
Brazil was one of the ﬁrst countries to implement policies to stimulate biofuel consumption. Currently, ﬂexible fuel vehicles
are eligible for federal value-added tax reductions ranging from 15–28%. In addition, all gasoline should meet a legal alcohol
content requirement of 20–24%.
Motivated by the biofuels directive in the European Union, the EU member states have implemented a variety of policies.
Most of the member states have implemented an excise duty relief. Austria, Spain, Sweden, the Netherlands and the
UK have implemented an obligation or intend to implement an obligation in the coming years. Sweden and Austria also
implemented a CO2 tax.
The American Jobs creation act of 2004 provides tax incentives for alcohol and biodiesel fuels. The credits have been set at
0.5–1 US$/gallon (about 0.11–0.21 /litre). Some 39 states have developed additional policy programmes or mechanisms to
support the increase use of biofuel. The types of measures range from tax exemptions on resources required to manufacturing
or distributing biofuels (e.g. labour, buildings); have obligatory targets for governmental ﬂeets and provide tax exemptions
or subsidies when purchasing more ﬂexible vehicles. One estimate is that total subsidies in the US for biofuels were 5.1–6.8
billion US$ in 2006, about half in the form of fuel excise tax reductions, and another substantial amount for growing corn
used for ethanol.
New blending mandates have also appeared in China, Canada, Colombia, Malaysia and Thailand. Four provinces in China
added dates for blending in major cities, bringing to nine the number of provinces with blending mandates (REN21, 2006).



5HJXODWRU\DQGRSHUDWLRQDOPHDVXUHV

$OWKRXJKSULFLQJDQG¿VFDOLQVWUXPHQWVDUHREYLRXVWRROVIRU
JRYHUQPHQWSROLF\WKH\DUHRIWHQQRWYHU\HIIHFWLYHDVUHÀHFWHG
by the potential reduction in fuel savings (IEA, 2003). Potential
HIIHFWLYH DQG FRVWHIIHFWLYH  QRQ¿VFDO PHDVXUHV WKDW FDQ EH
effective in an oil crisis are regulatory measures such as:
v Lower speed limits on motorways;
v High occupancy vehicle requirements for certain roads and
networks;
v Vehicle maintenance requirements;
v Odd/even number plate and other driving restrictions;
v Providing information on CO2 emission performances of
vehicles (labelling);
v Establishing carbon standards for fuels;
v 'LUHFW WUDI¿F UHVWULFWLRQV HJ QR HQWU\ LQWR EXVLQHVV
district);
v Free/expanded urban public transport;
v Encouraging alternatives to travel (e.g., greater telecommuting);
v Emergency switching from road to rail freight;
v Reducing congestion through removal of night-time/
weekend driving bans for freight.

IEA (2003) indicates that such measures could contribute to
VLJQL¿FDQWRLOVDYLQJV7KLVLVDW\SLFDOFDVHZKHUHDSRUWIROLR
of measures is applied together and they would work well with
adequate systems of monitoring and enforcement.
For the measures to be implemented effectively considerable
preparatory work is necessary and Table 5.17 shows examples
of what could be done to ensure the measures proposed above
can be effective in oil savings.
The combined effect of these regulatory measures used to
target light-duty vehicles (in addition to blending non-petroleum
fuels with gasoline and diesel) is estimated to be a reduction of
15% of daily fuel consumption.
In OECD countries vehicles consume 10–20% more fuel
SHUNPWKDQLQGLFDWHGE\WKHLUUDWHGHI¿FLHQF\,WLVHVWLPDWHG
that 5–10% reduction in fuel consumption can be achieved
by stronger inspection and vehicle maintenance programmes,
adoption of on board technologies, more widespread driver
training and better enforcement and control of vehicle speeds.
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Table 5.17: Preparations required to implement some regulatory measures
Measure to be
implemented

Preparatory work

Speed limitsa)

•
•

Install electronic speed limit system
Change the law

Carpool days

•
•
•

System of ﬁnding rides
Car parks
High occupancy car lanes

Energy efﬁcient car and
•
driving choice from home •
•

On board efﬁcient indicator systems
Driver training
Information on efﬁcient car
purchases

Telecommuting days

Telecommuting programmes and
protocols
Practice

•
•

Clean car choice

•
•

Car free days

•
•

Public awareness of car
consumption
Labeling based on CO2
performance
Biking/walking/transit facilities
Home/job commuting reduced

a) The Swedish road administration has calculated the effect of regulatory
measures on speed. Exceeding speed limits on the Swedish road network gives
an extra CO2 emission of 0.7Mt on an annual basis (compared to total emissions
of 20 Mt). A large part of this can be tackled using speed cameras and in the
future intelligent speed adaptation in vehicles. Besides this, reduction of speed
limits (by 10 km/h except for the least densely populated areas where there is no
alternative to the private car) could result in a similar amount of CO2 reduction.
Source: Adapted from IEA, 2003.

Vehicle travel demand can be reduced by 10–15% by
aggressively combining infrastructure improvements, intelligent
transport technologies and systems (e.g., better routing systems
and congestion reduction), information systems and better
transit systems in addition to road pricing.
Another regulatory approach, under consideration in
California as part of its 2006 Global Warming Solutions Act, is
carbon-based fuel standards. Fuel suppliers would be required
to reduce the carbon content of their fuels according to a
tightening schedule. For instance, gasoline from conventional
oil would be rated at 1.0, ethanol from corn and natural gas at
HOHFWULFLW\IRUYHKLFOHVDWDQGVRRQ7KHIXHOVXSSOLHUV
would be allowed to trade and bank credits and car makers would
be required to produce vehicles at an amount that corresponds
to the planned sales of alternative fuels. Reductions of 5% or
more in transport fuel GHGs by 2020 are envisioned, with
much greater reductions in later years.


)XHOHFRQRP\VWDQGDUGV±URDGWUDQVSRUW

Most industrialized nations now impose fuel economy
requirements (or their equivalent in CO2 emissions requirements)

on new light-duty vehicles (Plotkin, 2004; An and Sauer, 2004).
7KH¿UVWVWDQGDUGVZHUHLPSRVHGE\WKH8QLWHG6WDWHVLQ
UHTXLULQJ  PSJ  / NP  FRUSRUDWH ÀHHW DYHUDJHV
for new passenger cars and 20.7 mpg (11.36 L/100 km) for
light trucks (based on tests instituted by the US Environmental
3URWHFWLRQ$JHQF\XVLQJWKHµ&$)(¶GULYLQJF\FOH E\
The passenger car standard remains unchanged, whereas the
light truck standard has recently been increased to 22.2 mpg
(10.6 L/100 km) for the 2007 model year and to 23.5 mpg (10.0
L/100 km) in model year 2010.40 Additional standards (some
voluntary) include:
v (XURSHDQ 8QLRQ D  ÀHHW ZLGH UHTXLUHPHQW41 of 140
gCO2/km, about 41 mpg (5.74 L/100 km) of gasoline
equivalent, using the New European Driving Cycle
(NEDC), based on a Voluntary Agreement between the
EU and the European manufacturers, with the Korean and
-DSDQHVHPDQXIDFWXUHUVIROORZLQJLQ5HFHQWVORZLQJ
RIWKHUDWHRIHI¿FLHQF\LPSURYHPHQWKDVUDLVHGGRXEWVWKDW
WKH PDQXIDFWXUHUV ZLOO DFKLHYH WKH  DQG  WDUJHWV
(Kageson, 2005).
v -DSDQDWDUJHWRIDERXWPSJ /NP IRU
QHZ JDVROLQH SDVVHQJHU YHKLFOHV XVLQJ WKH -DSDQ 
driving cycle based on weight-class standards.
v China: weight-class standards that are applied to each new
vehicle using the NEDC driving cycle, with target years
RI  DQG  $W WKH KLVWRULFDO PL[ RI YHKLFOHV WKH
VWDQGDUGVDUHHTXLYDOHQWWRÀHHWWDUJHWVRIDERXWPSJ
(7.7 L/100 km) by 2005 and 32.5 mpg (7.2 L/100 km) by
 $QDQG6DXHU 
v $XVWUDOLDDWDUJHWIRUQHZYHKLFOHVRIUHGXFWLRQ
in average fuel consumption relative to the 2002 passenger
FDUÀHHWFRUUHVSRQGLQJWR/NPRUPSJ 'I7
2003), based on a voluntary agreement between industry
and government.
v The State of California has established GHG emission
standards for new light-duty vehicles designed to reduce
per-vehicle emissions by 22% in 2012 and 30% by 2016.
Several US states have decided to adopt these standards, as
well. At the time of writing, US industry and the federal
JRYHUQPHQWZHUH¿JKWLQJWKHVHVWDQGDUGVLQWKHFRXUWV
7KH1('&DQG-DSDQGULYLQJF\FOHVDUHVORZHUWKDQ
the US CAFE cycle and, for most vehicles (though probably
not for hybrids), will yield lower measured fuel economy levels
than the CAFE cycle for the same vehicles. Consequently, if
WKH\ UHDFK WKHLU WDUJHWV WKH (8 -DSDQHVH DQG &KLQHVH ÀHHWV
are likely to achieve fuel economies higher than implied by the
values above if measured on the US test. A suggested correction
factor (for the undiscounted test results) is 1.13 for the EU and
&KLQDDQGIRU-DSDQ $QDQG6DXHU WKRXJKWKHVH
are likely to be at the high end of the possible range of values

40 In 2011, manufacturers must comply with a reformed system where required CAFE levels depend on the manufacturer’s ﬂeet mix based on vehicle “footprint,” or track width
wheelbase (NHTSA CAFE website, 2006).
41 There are no speciﬁc corporate requirements for the entire new light-duty vehicle ﬂeet.
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Figure 5.18: Fuel economy and GHG emission standards
Note: all the fuel economy targets represent test values based on artiﬁcial driving cycles. The standards in the EU and Australia are based on voluntary agreements.
In most cases, actual on-road fuel economy values will be lower; for example, the US publishes fuel economy estimates for individual LDVs that are about 15% lower
than the test val-ues and even these values appear to be optimistic. Miles/gallon is per US gallon.

for such factors.42)LJXUHVKRZVWKHµFRUUHFWHG¶FRPSDULVRQ
of standards.
Recent studies of the costs and fuel savings potential of
technology improvements indicate considerable opportunity to
DFKLHYH IXUWKHU ÀHHW IXHO HFRQRP\ JDLQV IURP PRUH VWULQJHQW
standards. For example, the US National Research Council
(NRC, 2002) estimates that US light-duty vehicle fuel economy
can be increased by 25–33% within 15 years with existing
technologies that cost less than the value of fuel saved. A study
by Ricardo Consulting Engineers for the UK Department for
Transport (Owen and Gordon, 2002) develops a step-wise
series of improvements in a baseline diesel passenger car that
\LHOGVDUHGXFWLRQLQ&22 emissions (a 61% increase in fuel
economy), to 92 g/km, by 2013 using parallel hybrid technology
at an incremental cost of 2300–3,100 £ (4200–5700 US$) with
D    86  EDVHOLQH YHKLFOH (YHQ ZKHUH IXHO
savings will outweigh the cost of new technologies, however,
the market will not necessarily adopt these technologies by
LWVHOI RUDFKLHYHWKHPD[LPXPIXHOHFRQRP\EHQH¿WVIURPWKH
technologies even if they are adopted). Two crucial deterrents
DUH¿UVWWKDWWKHEX\HUVRIQHZYHKLFOHVWHQGWRFRQVLGHURQO\
WKH¿UVWWKUHH\HDUVRUVRRIIXHOVDYLQJV 15&$QQHPD
et al., 2001), and second, that vehicle buyers will take some

RIWKHEHQH¿WVRIWKHWHFKQRORJLHVLQKLJKHUSRZHUDQGJUHDWHU
size rather than in improved fuel economy. Further, potential
EHQH¿WVIRUFRQVXPHUVRYHUWKHYHKLFOH¶VOLIHWLPHDUHJHQHUDOO\
small, while risks for producers are high (Greene, 2005). Also,
neither the purchasers of new vehicles nor their manufacturers
will take into account the climate effects of the vehicles.
Strong criticisms have been raised about fuel economy
standards, particularly concerning claimed adverse safety
implications of weight reductions supposedly demanded by
higher standards and increased driving caused by the lower fuel
costs (per mile or km) associated with higher fuel economy.
The safety debate is complex and not easily summarized.
Although there is no doubt that adding weight to a vehicle
improves its safety in some types of crashes, it does so at the
expense of other vehicles; further, heavy light trucks have
been shown to be no safer, and in some cases less safe than
lighter passenger cars, primarily because of their high rollover
risk (Ross et al   7KH 86 1DWLRQDO +LJKZD\ 7UDI¿F
6DIHW\ $GPLQLVWUDWLRQ 1+76$  KDV FODLPHG WKDW ÀHHW ZLGH
ZHLJKWUHGXFWLRQVµUHGXFH¶ÀHHWVDIHW\ .DKDQH EXWWKLV
conclusion is strongly disputed (DRI, 2004; NRC, 2002). An
important concern with the NHTSA analysis is that it does not

42 These values are derived by simulating US vehicles running on the CAFE, NEDC, and Japan 10.15 cycles and comparing their estimated fuel economies. Because car manufacturers design their vehicles to do well on the cycles on which they will be tested, the US vehicles are likely to do a bit worse on the NEDC and Japan 10.15 cycles than they
would have had they been designed for those cycles. This will somewhat exaggerate the estimated differences between the cycles in their effects on fuel economy.
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separate the effects of vehicle weight and size. In any case, other
factors, e.g., overall vehicle design and safety equipment, driver
characteristics, road design, speed limits and alcohol regulation
DQGHQIRUFHPHQWSOD\DPRUHVLJQL¿FDQWUROHLQYHKLFOHVDIHW\
than does average weight.
Some have argued that increases in driving associated
ZLWK UHGXFHG IXHO FRVW SHU PLOH ZLOO QXOOLI\ WKH EHQH¿WV RI
fuel economy regulations. Increased driving ‘is’ likely, but it
will be modest and decline with higher income and increased
motorization. Recent data implies that a driving ‘rebound’
would reduce the GHG reduction (and reduce oil consumption)
EHQH¿WV IURP KLJKHU VWDQGDUGV E\ DERXW  LQ WKH 8QLWHG
States (Small and Van Dender, 2007) but more than this in less
wealthy and less motorized countries.

v

v

In deciding to institute a new fuel economy standard,
governments should consider the following:
v Basing stringency decisions on existing standards elsewhere
requires careful consideration of differences between the
home market and compared markets in fuel quality and
availability; fuel economy testing methods; types and
sizes of vehicles sold; road conditions that may affect
the robustness of key technologies; and conditions that
may affect the availability of technologies, for example,
availability of sophisticated repair facilities.
v There are a number of different approaches to selecting
VWULQJHQF\ OHYHOV IRU QHZ VWDQGDUGV -DSDQ VHOHFWHG LWV
weight class standards by examining ‘top runners’ –
exemplary vehicles in each weight class that could serve as
YLDEOHWDUJHWVIRUIXWXUHÀHHWZLGHLPSURYHPHQWV$QRWKHU
approach is to examine the costs and fuel saving effects
of packages of available technologies on several typical
YHKLFOHVDSSO\LQJWKHUHVXOWVWRWKHQHZYHKLFOHÀHHW 15&
2002). Other analyses have derived cost curves (percent
increase in fuel economy compared with technology cost)
for available technology and applied these to corporate or
QDWLRQDOÀHHWV 3ORWNLQ et al., 2002). These approaches are
not technology-forcing, since they focus on technologies
WKDW KDYH DOUHDG\ HQWHUHG WKH ÀHHW LQ PDVVPDUNHW IRUP
More ambitious standards could demand the introduction
of emerging technologies. Selection of the appropriate level
of stringency depends, of course, on national goals and
concerns. Further, the selection of enforcement deadlines
should account for limitations on the speed with which
vehicle manufacturers can redesign multiple models and
introduce the new models on a schedule that avoids severe
economic disruption.
v The structure of the standard is as important as its level of
stringency. Basing target fuel economy on vehicle weight
-DSDQ &KLQD  RU HQJLQH VL]H 7DLZDQ 6RXWK .RUHD  ZLOO
WHQGWRHYHQRXWWKHGHJUHHRIGLI¿FXOW\WKHVWDQGDUGVLPSRVH
on competing automakers, but will reduce the potential fuel
economy gains that can be expected (because weight-based
standards eliminate weight reduction and engine-size-based
standards eliminate engine downsizing as viable means of
374

achieving the standards). Basing the standard on vehicle
ZKHHOEDVHWLPHVWUDFNZLGWKPD\SURYLGHVDIHW\EHQH¿WVE\
providing a positive incentive to maintain or increase these
attributes. Using a uniform standard for all vehicles or for
large classes of vehicles (as in the US) is simple and easy to
explain, but creates quite different challenges on different
manufacturers depending on the market segments they
focus on.
Allowing trading of fuel economy ‘credits’ among different
YHKLFOHV RU YHKLFOH FDWHJRULHV LQ DQ DXWRPDNHU¶V ÀHHW RU
even among competing automakers, will reduce the overall
FRVWRIVWDQGDUGVZLWKRXWUHGXFLQJWKHWRWDOVRFLHWDOEHQH¿WV
but may incur political costs from accusations of allowing
FRPSDQLHVRULQGLYLGXDOVWRµEX\WKHLUZD\RXW¶RIHI¿FLHQF\
requirements.
Alternatives (or additions) to standards are worth
investigating. For example, ‘feebates’, which award cash
rebates to new vehicles whose fuel economy is above a
GHVLJQDWHGOHYHO RIWHQWKHÀHHWDYHUDJH DQGFKDUJHDIHH
to vehicles with lower fuel economy, may be an effective
PDUNHWEDVHG PHDVXUH WR LQFUHDVH ÀHHW IXHO HFRQRP\$Q
important advantage of feebates is that they provide a
‘continuous’ incentive to improve fuel economy, because
an automaker can always gain a market advantage by
LQWURGXFLQJYHKLFOHVWKDWDUHPRUHHI¿FLHQWWKDQWKHFXUUHQW
average.

5.5.1.5

Transport Demand Management

Transport Demand Management (TDM) is a formal
designation for programmes in many countries that improve
SHUIRUPDQFH RI URDGV E\ UHGXFLQJ WUDI¿F YROXPHV /LWPDQ
2003). There are many potential TDM strategies in these
programmes with a variety of impacts. Some improve transport
diversity (the travel options available to users). Others provide
incentives for users to reduce driving, changing the frequency,
mode, destination, route or timing of their travel. Some reduce
the need for physical travel through mobility substitutes or
PRUHHI¿FLHQWODQGXVH6RPHLQYROYHSROLF\UHIRUPVWRFRUUHFW
current distortions in transport planning practices. TDM is
particularly appropriate in developing country cities, because
RILWVORZFRVWVPXOWLSOHEHQH¿WVDQGSRWHQWLDOWRUHGLUHFWWKH
motorization process. In many cases, effective TDM during
early stages of development can avoid problems that would
result if communities become too automobile dependent. This
can help support a developing country’s economic, social and
HQYLURQPHQWDOREMHFWLYHV *ZLOOLDPet al., 2004).
The set of strategies to be implemented will vary depending
on each country’s demographic, geographic and political
conditions. TDM strategies can have cumulative and synergetic
impacts, so it is important to evaluate a set of TDM programmes
as a package, rather than as an individual programme. Effective
strategies usually include a combination of positive incentives
to use alternative modes (‘carrots’ or ‘sweeteners’) and negative
incentives to discourage driving (‘sticks’ or ‘levellers’). Recent
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literature gives a comprehensive overview of these programmes
with several case studies (May et al., 2003; Litman, 2003;
:&756 DQG ,376   6RPH PDMRU VWUDWHJLHV VXFK DV
pricing and land-use planning are addressed above. Below is a
VHOHFWLYHUHYLHZRIDGGLWLRQDO7'0VWUDWHJLHVZLWKVLJQL¿FDQW
potential to reduce vehicle travel and GHGs.
Employer travel reduction strategies gained prominence
IURPDODWHVUHJXODWLRQLQVRXWKHUQ&DOLIRUQLDWKDWUHTXLUHG
employers with 100 or more employees to adopt incentives and
rules to reduce the number of car trips by employees commuting
to work (Giuliano et al., 1993). The State of Washington in the
USA kept a state law requiring travel plans in its most urban
areas for employers with 100 or more staff. The law reduced
the percentage of employees in the targeted organizations who
GURYHWRZRUNIURP±DQGDIIHFWHGDERXWRIDOOWULSV
made in the area. In the Netherlands, the reduction in single
occupant commute trips from a travel plan averaged 5–15%.
In the UK, in very broad terms, the average effectiveness of
UK travel plans might be 6% in trips by drive alone to work
and 0.74% in the total vehicle-km travelled to work by car. The
overall effectiveness was critically dependent on both individual
effectiveness and levels of plan take-up (Rye, 2002).
Parking supply for employees is so expensive that employers
naturally have an incentive to reduce parking demand. The
literature found the price elasticity of parking demand for
FRPPXWLQJ DW ± WR ± 'HXNHU et al   DQG ±
(Veca and Kuzmyak, 2005) based on a non-zero initial parking
price. The State of California enacted legislation that required
employers with 50 or more persons who provided parking
subsidies to offer employees the option to choose cash in
lieu of a leased parking space, in a so-called parking cash-out
programme. In eight case studies of employers who complied
with the cash-out programme, the solo driver share fell from
76% before cashing out to 63% after cashing out, leading to
the reduction in vehicle-km for commuting by 12%. If all the
commuters who park free in easily cashed-out parking spaces
were offered the cash option in the USA, it would reduce
vehicle-km travelled per year by 6.3 billion (Shoup, 1997).
Reducing car travel or CO2 emissions by substituting
telecommuting for actual commuting has often been cited in
the literature, but the empirical results are limited. In the USA,
a micro-scale study estimated that 1.5% of the total workforce
telecommuted on any day, eliminating at most 1% of total
KRXVHKROG YHKLFOHNP WUDYHOOHG 0RNKWDULDQ   ZKLOH
a macro-scale study suggested that telecommuting reduced
annual vehicle-km by 0–2% (Choo et al., 2005).
Reduction of CO2 emissions by hard measures, such as car
restraint, often faces public opposition even when the proposed
measures prove effective. Soft measures, such as a provision of
information and use of communication strategies and educational
techniques (OECD, 2004a) can be used for supporting the
promotion of hard measures. Soft measures can also be directly
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helpful in encouraging a change in personal behaviour leading
WRDQHI¿FLHQWGULYLQJVW\OHDQGUHGXFWLRQLQWKHXVHRIWKHFDU
-RQHV :HOORUJDQL]HGVRIWPHDVXUHVZHUHIRXQGWREH
effective for reducing car travel while maintaining a low cost.
Following travel awareness campaigns in the UK, the concept
of Individualized marketing, a programme based on a targeted,
personalized, customized marketing approach, was developed
and applied in several cities for reducing the use of the car. The
programme reduced car trips by 14% in an Australian city, 12%
in a German city and 13% in a Swedish city. The Travel Blending
technique was a similar programme based on four special kits
for giving travel-feedback to the participants. This programme
reduced vehicle-km travelled by 11% in an Australian city.
The monitoring study after the programme implementation in
Australian cities also showed that the reduction in car travel
was maintained (Brog et al., 2004; Taylor and Ampt, 2003).
-DSDQHVH FDVHV RI WUDYHOIHHGEDFN SURJUDPPHV VXSSRUWHG WKH
effectiveness of soft measures for reducing car travel. The
summary of the travel-feedback programmes in residential
areas, workplaces and schools indicated that car use was reduced
by 12% and CO2 emissions by 19%. It also implied that the
travel-feedback programmes with a behavioural plan requiring
a participant to make a plan for a change showed better results
WKDQSURJUDPPHVZLWKRXWRQH )XMLLDQG7DQLJXFKL 
5.5.2

Aviation and shipping

In order to reduce emissions from air and marine transport
resulting from the combustion of bunker fuels, new policy
frameworks need to be developed. Both the ICAO and IMO
have studied options for limiting GHG emissions. However,
neither has as yet been able to devise a suitable framework for
implementing effective mitigation policies.
5.5.2.1

Aviation

IPCC (1999), ICAO/FESG (2004a,b), Wit et al. (2002 and
2005), Cames and Deuber (2004), Arthur Andersen (2001)
and others have examined potential economic instruments for
mitigating climate effects from aviation.
At the global level no support exists for the introduction of
kerosene taxes. The ICAO policy on exemption of aviation fuel
from taxation has been called into question mainly in European
states that impose taxes on fuel used by other transport modes
and other sources of GHGs. A study by Resource Analysis
(1999) shows that introducing a charge or tax on aviation
IXHO DW D µUHJLRQDO¶ OHYHO IRU LQWHUQDWLRQDO ÀLJKWV ZRXOG JLYH
rise to considerable distortions in competition and may need
amendment of bilateral air service agreements. In addition, the
effectiveness of a kerosene tax imposed on a regional scale
would be reduced as airlines could take ‘untaxed’ fuel onboard
into the taxed area (the so-called tankering effect).
Wit and Dings (2002) analyzed the economic and
environmental impacts of en-route emission charges for all
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ÀLJKWVLQ(XURSHDQDLUVSDFH8VLQJDVFHQDULREDVHGDSSURDFK
and an assumed charge level of 50 US$/tCO2, the study found a
cut in forecast aviation CO2 emissions in EU airspace of about
11 Mt (9%) in 2010. This result would accrue partly (50%)
from technical and operational measures by airlines and partly
from reduced air transport demand. The study found also that
an en-route emission charge in European airspace designed in
DQRQGLVFULPLQDWLYHPDQQHUZRXOGKDYHQRVLJQL¿FDQWLPSDFW
on competition between European and non-European carriers.
In a study prepared for CAEP/6, the Forecasting and
Economic Analysis Support Group (ICAO/FESG, 2004a)
considered the potential economic and environmental impacts
of various charges and emission trading schemes. For the
SHULRG ± WKH HIIHFWV RI D JOREDO &22 charge with a
OHY\HTXLYDOHQWWR86NJWR86NJMHWIXHOVKRZ
a reduction in global CO2HPLVVLRQVRI±7KLVHIIHFWLV
mainly caused by demand effects (75%). The AERO modelling
system was used to conduct the analyses (Pulles, 2002).
As part of the analysis of open emission trading systems for
CAEP/6, an impact assessment was made of different emission
WUDGLQJV\VWHPVLGHQWL¿HGLQ,&)et al. (2004). The ICAO/FESG
report (2004b) showed that under a Cap-and-Trade system for
aviation, total air transport demand will be reduced by about
1% compared to a base case scenario (FESG2010). In this
calculation, a 2010 target of 95% of the 1990-level was assumed
for aviation on routes from and to Annex-I countries and the
more developed non-Annex-I countries such as China, Hong
Kong, Thailand, Singapore, Korea and Brazil. Furthermore a
permit price of 20 US$/tCO2 was assumed. Given the relative
high abatement costs in the aviation sector, this scenario would
imply that the aviation sector would buy permits from other
sectors for about 3.3 billion US$.
,Q YLHZ RI WKH GLI¿FXOW\ RI UHDFKLQJ JOREDO FRQVHQVXV RQ
mitigation policies to reduce GHG emissions from international
aviation, the European Commission decided to prepare climate
policies for aviation. On 20 December 2006 the European
Commission presented a legislative proposal that brings aviation
emissions into the existing EU Emissions Trading Scheme (EU
(76 7KHSURSRVHGGLUHFWLYHZLOOFRYHUHPLVVLRQVIURPÀLJKWV
ZLWKLQWKH(8IURPDQGDOOÀLJKWVWRDQGIURP(8DLUSRUWV
from 2012. Both EU and foreign aircraft operators would be
covered. The environmental impact of the proposal may be
VLJQL¿FDQW EHFDXVH DYLDWLRQ HPLVVLRQV ZKLFK DUH FXUUHQWO\
growing rapidly, will be capped at their average level in 2004–
2006. By 2020 it is estimated by model analysis that a total of
 0W&22 ZLOO EH UHGXFHG SHU \HDU RQ WKH ÀLJKWV FRYHUHG
a 46% reduction compared with business-as-usual. However,
aviation reduces the bulk of this amount through purchasing
allowances from other sectors and through additional supply
RI -RLQW ,PSOHPHQWDWLRQ DQG &OHDQ 'HYHORSPHQW 0HFKDQLVP
credits. In 2020 aviation reduces its own emissions by 3%
below business-as-usual (EC, 2006).
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If emission trading or emission charges were applied to
the aviation sector in isolation, the two instruments would in
principle be equivalent in terms of cost-effectiveness. However,
combining the reduction target for aviation with the emission
trading scheme of other sectors increases overall economic
HI¿FLHQF\ E\ DOORZLQJ WKH VDPH DPRXQW RI UHGXFWLRQV WR EH
made at a lower overall cost to society. Therefore, if aviation
were to achieve the same environmental goal under emission
trading and emission charges, the economic costs for the sector
and for the economy as a whole would be lower if this was done
under an emission trading scheme including other sectors rather
than under a charging system for aviation only.
Alternative policy instruments that may be considered are
YROXQWDU\PHDVXUHVRUIXHOWD[DWLRQIRUGRPHVWLFÀLJKWV)XHO
IRU GRPHVWLF ÀLJKWV ZKLFK DUH OHVV YXOQHUDEOH WR HFRQRPLF
distortions, is already taxed in countries such as the USA,
-DSDQ,QGLDDQGWKH1HWKHUODQGV,QSDUDOOHOWRWKHLQWURGXFWLRQ
of economic instruments such as emission trading, governments
FRXOGLPSURYHDLUWUDI¿FPDQDJHPHQW
Policies to address the full climate impact of aviation
$PDMRUGLI¿FXOW\LQGHYHORSLQJDPLWLJDWLRQSROLF\IRUWKH
climate impacts of aviation is how to cover non-CO2 climate
impacts, such as the emission of nitrogen oxides (NOx) and the
formation of condensation trails and cirrus clouds (see also Box
5.1 in section 5.2). IPCC (1999) estimated these effects to be
about 2 to 4 times greater than those of CO2 alone, even without
considering the potential impact of cirrus cloud enhancement.
This means that the perceived environmental effectiveness of
any mitigation policy will depend on the extent to which these
non-CO2 climate effects are also taken into account.
Different approaches may be considered to account for nonCO2 FOLPDWH LPSDFWV IURP DYLDWLRQ :LW HW DO  $ ¿UVW
possible approach is where initially only CO2 from aviation is
LQFOXGHGLQIRUH[DPSOHDQHPLVVLRQWUDGLQJV\VWHPEXWÀDQNLQJ
instruments are implemented in parallel such as differentiation
of airport charges according to NOx emissions.
Another possible approach is, in case of emission trading
for aviation, a requirement to surrender a number of emission
permits corresponding to its CO2 emissions multiplied by a
SUHFDXWLRQDU\ DYHUDJH IDFWRU UHÀHFWLQJ WKH FOLPDWH LPSDFWV
of non-CO2 impacts. It should be emphasised that the metric
that is a suitable candidate for incorporating the non-CO2
climate impacts of aviation in a single metric that can be used
as a multiplier requires further development, being fairly
theoretical at present. The feasibility of arriving at operational
methodologies for addressing the full climate impact of aviation
GHSHQGV QRW RQO\ RQ LPSURYLQJ VFLHQWL¿F XQGHUVWDQGLQJ RI
non-CO2 impacts, but also on the potential for measuring or
FDOFXODWLQJWKHVHLPSDFWVRQLQGLYLGXDOÀLJKWV
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Shipping

CO2 emission indexing scheme
The International Maritime Organisation (IMO), a specialized
UN agency, has adopted a strategy with regard to policies and
measures, focusing mainly on further development of a CO2
emission indexing scheme for ships and further evaluation of
technical, operational and market-based solutions.
The basic idea behind a CO2 emission index is that it describes
the CO2HI¿FLHQF\ LHWKHIXHOHI¿FLHQF\ RIDVKLSLHWKH
CO2 emission per tonne cargo per nautical mile. This index
could, in the future, assess both the technical features (e.g., hull
design) and operational features of the ship (e.g., speed).
,Q-XQHDWWKHrd session of the Marine Environment
Protection Committee of IMO (IMO, 2005), interim guidelines
for voluntary ship CO2 emission indexing for use in trials were
approved. The Interim Guidelines should be used to establish a
common approach for trials on voluntary CO2 emission indexing,
which enable shipowners to evaluate the performance of their
ÀHHWZLWKUHJDUGWR&22 emissions. The indexing scheme will
also provide useful information on a ship’s performance with
UHJDUGWRIXHOHI¿FLHQF\DQGPD\WKXVEHXVHGIRUEHQFKPDUNLQJ
purposes. The interim guidelines will later be updated, taking
into account experience from new trials as reported by industry,
organisations and administrations.
A number of hurdles have to be overcome before such a
system could become operational. The main bottleneck appears
WREHWKDWWKHUHLVPDMRUYDULDWLRQLQWKHIXHOHI¿FLHQF\RIVLPLODU
ships, which is not yet well understood (Wit et al., 2004). This
is illustrated by research by the German delegation of IMO’s
Working Group on GHG emission reduction (IMO, 2004),
LQ ZKLFK WKH VSHFL¿F HQHUJ\ HI¿FLHQF\ LH D &22 emission
index) was calculated for a range of container ships, taking
into account engine design factors rather than operational data.
The results of this study show that there is considerable scatter
LQ WKH VSHFL¿F HQJLQH HI¿FLHQF\ RI WKH VKLSV LQYHVWLJDWHG
which could not be properly explained by the deadweight
of the ships, year of build, ship speed and several other ship
design characteristics. The paper therefore concludes that the
design of any CO2 indexing scheme and its differentiation
according to ship type and characteristics, requires in-depth
investigation. Before such a system can be used in an incentive
scheme, the reasons for the data scatter need to be understood.
This is a prerequisite for reliable prediction of the economic,
competitive and environmental effects of any incentive based
on this method.
Voluntary use and reporting results of CO2 emission
indexing may not directly result in GHG emission reductions,
although it may well raise awareness and trigger certain initial
PRYHV WRZDUGV µVHOI UHJXODWLRQ¶ ,W PLJKW DOVR EH D ¿UVW VWHS

in the process of designing and implementing some of the
other policy options. Reporting of the results of CO2 emission
LQGH[LQJ FRXOG WKXV JHQHUDWH D VLJQL¿FDQW LPSHWXV WR WKH
further development and implementation of this index, since
it would lead to widespread experience with the CO2 indexing
methodology, including reporting procedure and monitoring,
for shipping companies as well as for administrations of states.
In the longer term, in order to be more effective, governments
may consider using CO2 indexing via the following paths:
1. The indexing of ship operational performance is introduced
as a voluntary measure and over time developed and adopted
as a standard;
2. Based on the experience with the standard, it will act as
a new functional requirement when new buildings are
ordered, hence over time the operational index will affect
the requirements from ship owners related to the energy
HI¿FLHQF\RIQHZVKLSV
3. Differentiation of en route emission charges or existing port
dues on the basis of a CO2 index performance;
4. To use the CO2LQGH[RIVSHFL¿FVKLSFDWHJRULHVDVDEDVHOLQH
in a (voluntary) baseline-and-credit programme.
Economic instruments for international shipping
There are currently only a few cases of countries or ports
introducing economic instruments to create incentives to
reduce shipping emissions. Examples include environmentally
differentiated fairway dues in Sweden, the Green Award
scheme43 in place in 35 ports around the world, the Green
Shipping bonus in Hamburg and environmental differentiation
of tonnage tax in Norway. None of these incentives are based
on GHG emissions, but generally relate to fuel sulphur content,
engine emissions (mainly NOx), ship safety features and
management quality.
Harrison et al. (2004) explored the feasibility of a broad
range of market-based approaches to regulate atmospheric
emissions from seagoing ship in EU sea areas. The study
focused primarily on policies to reduce the air pollutants SO2
and NOx, but the approaches adopted may to a certain extent also
be applicable to other emissions, including CO2. According to
a follow-up study by Harrison et al. (2005) the main obstacles
to a programme of voluntary port dues differentiation are to
provide an adequate level of incentive, alleviating ports’
competitive concerns and reconciling differentiation with
specially negotiated charges. Swedish experience suggests
that when combined with a centrally determined mandatory
charging programme, these problems may be surmountable.
However, in many cases a voluntary system would not likely
be viable and other approaches to emissions reductions may
therefore be required.
An alternative economic instrument, such as a fuel tax is
vulnerable to evasion; that is ships may avoid the tax by taking

43 www.greenaward.org
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fuel on board outside the taxed area. Offshore bunker supply
is already common practice to avoid paying port fees or being
constrained by loading limits in ports. Thus even a global fuel
tax could be hard to implement to avoid evasion, as an authority
at the port state level would have to collect the tax (ECON,
2003). A CO2-based route charge or a (global) sectoral emission
trading scheme would overcome this problem if monitoring is
based on the carbon content of actual fuel consumption on a
VLQJOH MRXUQH\$V \HW WKHUH LV QR LQWHUQDWLRQDO OLWHUDWXUH WKDW
analyzes the latter two policy options. Governments may
therefore consider investigating the feasibility and effectiveness
of emission charges and emission trading as policy instruments
to reduce GHG emissions from international shipping.
5.5.3

Non-climate policies

Climate change is a minor factor in decision making and
policy in the transport sector in most countries. Policies and
measures are often primarily intended to achieve energy
VHFXULW\ DQGRU VXVWDLQDEOH GHYHORSPHQW EHQH¿WV WKDW LQFOXGH
improvements in air pollution, congestion, access to transport
facilities and recovery of expenditure on infrastructure
development. Achieving GHG reduction is therefore often
VHHQ DV D FREHQH¿W RI SROLFLHV DQG PHDVXUHV LQWHQGHG IRU
sustainable transport in the countries. On the other hand, there
are many transport policies that lead to an increase in GHG
emissions. Depending on their orientation, transport subsidies
can do both.
The impact of transport subsidies
*OREDOO\ WUDQVSRUW VXEVLGLHV DUH VLJQL¿FDQW LQ HFRQRPLF
terms. Van Beers and Van den Bergh (2001) estimated that
in the mid-1990s transport subsidies amounted to 225 billion
86 RU DSSUR[LPDWHO\  RI WKH ZRUOG *'3 7KH\
estimated that transport subsidies affect over 40% of world
trade. In a competitive environment (not necessarily under full
competition), subsidies decrease the price of transport. This
results in the use of transport above its equilibrium value and
most of the time also results in higher emissions, although this
depends on the type of subsidy. Secondly, they decrease the
LQFHQWLYHWRHFRQRPLVHRQIXHOHLWKHUE\GULYLQJHI¿FLHQWO\RU
E\EX\LQJDIXHOHI¿FLHQWYHKLFOH
A quantitative appraisal of the effect of subsidies on GHG
emissions is very complicated (Nash et al., 2002). Not only
have shifts between fuels and transport modes to be taken into
account, but the relation between transport and the production
structure also needs to be analysed. As a result, reliable
quantitative assessments are almost non-existent (OECD,
2004a). Qualitative appraisals are less problematic. Transport
VXEVLGLHVWKDWGH¿QLWHO\UDLVHWKHOHYHORI*+*HPLVVLRQVLQFOXGH
subsidies on fossil transport fuels, subsidies on commuting and
subsidies on infrastructure investments.
Many, mostly oil producing, countries provide their
inhabitants with transport fuels below the world price. Some
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countries spend more than 4% of their GDP on transport fuel
VXEVLGLHV (VIDKDQL 0DQ\(XURSHDQFRXQWULHVDQG-DSDQ
KDYH VSHFLDO ¿VFDO DUUDQJHPHQWV IRU FRPPXWLQJ H[SHQVHV ,Q
most of these countries, taxpayers can deduct real expenses or
D¿[HGVXPIURPWKHLULQFRPH %DFK %\UHGXFLQJWKH
incentive to move closer to work, these tax schemes enhance
transport use and emissions.
Not all transport subsidies result in higher emissions
of GHGs. Some subsidies stimulate the use of climatefriendly fuels. In many countries, excise duty exemptions on
compressed natural or petroleum gas and on biofuels exist (e.g.,
Riedy, 2003). If these subsidies result in a change in the fuel
mix, without resulting in more transport movements, they may
actually decrease emissions of GHGs.
The most heavily subsidised form of transport is probably
public transport, notably suburban and regional passenger
rail services. In the USA, fares only cover 25% of the costs,
in Europe 50% (Brueckner, 2004). Although public transport
generally emits fewer GHGs per passenger-km, the net effect
RI WKHVH VXEVLGLHV KDV QRW EHHQ TXDQWL¿HG ,W GHSHQGV RQ WKH
balance between increased GHG emissions due to higher
demand (due to lower ‘subsidised’ fares) and substitution of
UHODWLYHO\OHVVHI¿FLHQWWUDQVSRUWPRGHV
5.5.4

Co-beneﬁts and ancillary beneﬁts

7KHOLWHUDWXUHXVHVWKHWHUPDQFLOODU\EHQH¿WVZKHQIRFXVLQJ
primarily on one policy area, and recognizing there may be
EHQH¿WV ZLWK UHJDUG WR RWKHU SROLF\ REMHFWLYHV 2QH VSHDNV
RI FREHQH¿WV ZKHQ ORRNLQJ IURP DQ LQWHJUDWHG SHUVSHFWLYH
7KLV VHFWLRQ IRFXVHV RQ FREHQH¿WV DQG DQFLOODU\ EHQH¿WV RI
transport policies. Chapter 11.6 provides a general discussion
RIWKHEHQH¿WVDQGOLQNDJHVUHODWHGWRDLUSROOXWLRQSROLFLHV
$V PHQWLRQHG DERYH VHYHUDO GLIIHUHQW EHQH¿WV FDQ UHVXOW
IURP RQH SDUWLFXODU SROLF\ ,Q WKH ¿HOG RI WUDQVSRUW ORFDO DLU
pollutants and GHGs have a common source in motorized
WUDI¿FZKLFKPD\DOVRLQGXFHFRQJHVWLRQQRLVHDQGDFFLGHQWV
Addressing these problems simultaneously, if possible, offers
the potential of large cost reductions, as well as reductions of
health and ecosystems risks. A recent review of costs of road
transport emissions, and particularly of particulates PM2.5,
for European countries strongly supports that view (HEATCO,
2006). Tackling these problems would also contribute to more
effective planning of transport, land use and environmental
policy (UN, 2002; Stead et al., 2004). This suggests that it
would be worthwhile to direct some research towards the
linkages between these effects.
Model studies indicate a potential saving of up to 40%
of European air pollution control costs if the changes in the
energy systems that are necessary for compliance with the
Kyoto protocol were simultaneously implemented (Syri et
al., 2001). For China, the costs of a 5–10% CO2 reduction
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Figure 5.19: Co-beneﬁts from different mitigation measures in Santiago de Chile
Note: toll is applied for cars/busses to enter downtown area or inside the
Americo Vespucio ring around the city.
Source: Cifuentes and Jorquera, 2002.

ZRXOG EH FRPSHQVDWHG E\ LQFUHDVHG KHDOWK EHQH¿WV IURP WKH
accompanying reduction in particulate matter (Aunan et al.,
  0F.LQOH\ et al. (2003) analyzed several integrated
environmental strategies for Mexico City. They conclude
WKDW PHDVXUHV WR LPSURYH WKH HI¿FLHQF\ RI WUDQVSRUW DUH WKH
NH\ WR MRLQW ORFDOJOREDO DLU SROOXWLRQ FRQWURO LQ 0H[LFR &LW\
The three measures in this category that were analyzed, taxi
ÀHHW UHQRYDWLRQ PHWUR H[SDQVLRQ DQG K\EULG EXVHV DOO KDYH
PRQHWL]HGSXEOLFKHDOWKEHQH¿WVWKDWDUHODUJHUWKDQWKHLUFRVWV
when the appropriate time horizon is considered.
$ VLPXODWLRQ RI IUHLJKW WUDI¿F RYHU WKH %HOJLDQ QHWZRUN
indicated that a policy of internalizing the marginal social costs
caused by freight transport types would induce a change in the
modal shares of trucking, rail and inland waterways transport.
Trucking would decrease by 26% and the congestion cost it
created by 44%. It was estimated that the total cost of pollution
and GHG emissions (together) would decrease by 15.4%, the
losses from accidents diminish by 24%, the cost of noise by
20% and wear and tear by 27%. At the same time, the total
energy consumption by the three modes would decrease by
21% (Beuthe et al., 2002).
Other examples of worthwhile policies can be given. The
policy of increasing trucks’ weight and best practices awareness
in Sweden, UK and the Netherlands lead to a consolidation of
ORDGVWKDWUHVXOWHGLQHFRQRPLFEHQH¿WVDVZHOODVHQYLURQPHQWDO
EHQH¿WVLQFOXGLQJDGHFUHDVHLQ&22 emissions (MacKinnon,
2005; Leonardi and Baumgartner, 2004). Likewise, the Swiss
heavy vehicle fee policy also leads to better loaded vehicles and
a decrease of 7% in CO2 emissions (ARE, 2004a).
Obviously, promotion of non-motorized transport (NMT)
KDVWKHODUJHDQGFRQVLVWHQWFREHQH¿WVRI*+*UHGXFWLRQDLU
quality and people health improvement (Mohan and Tiwari,
1999).

In the City of London a congestion charge was introduced
in February 2003, to reduce congestion. Simultaneous with
the introduction of the charge, investment in public transport
increased to provide a good alternative. The charge is a fee for
motorists driving into the central London area. It was introduced
in February 2003. Initially set at 5 £/day (Monday to Friday,
EHWZHHQDPDQGSP LWZDVUDLVHGWR LQ-XO\
The charge will be extended to a larger area in 2007. On a costEHQH¿WUDWLQJWKHUHVXOWVRIWKHFKDUJHDUHQRWDOWRJHWKHUFOHDU
3UXG¶KRPPHDQG%RFDUHMR0DFNLH +RZHYHULW
FRQWULEXWHGWRDGHFUHDVHRIWKHWUDI¿FE\WKHFKDUJHDEOH
vehicles in the area and less congestion, to higher speed of
private vehicles (+20%) and buses (+7%), and to an increased
use of public transport, plus more walking and bicycling. The
FKDUJH KDV KDG VXEVWDQWLDO DQFLOODU\ EHQH¿WV ZLWK UHVSHFW WR
air quality and climate policy. All the volume and substitution
effects in the charging zone has led to an estimated reductions
in CO2 emissions of 20%. Primary emissions of NOx and
PM10 fell by 16% after one year of introduction (Transport for
London, 2006). A variant of that scheme has been in operation
since 1975 in Singapore with similar results; Stockholm is
presently experimenting with such a system, Trondheim, Oslo
and Durham are other examples.
Under the Integrated Environmental Strategies Program
of the US EPA, analysis of public health and environmental
EHQH¿WVRILQWHJUDWHGVWUDWHJLHVIRU*+*PLWLJDWLRQDQGORFDO
environmental improvement is supported and promoted in
developing countries. A mix of measures for Chile has been
proposed, aimed primarily at local air pollution abatement and
energy saving. Measures in the transport sector (CNG buses,
hybrid diesel-electric buses and taxi renovation) proved to
SURYLGHOLWWOHDQFLOODU\EHQH¿WVLQWKH¿HOGRIFOLPDWHSROLF\VHH
Figure 5.19. Only congestion charges were expected to have
VXEVWDQWLDODQFLOODU\EHQH¿WVIRU*+*UHGXFWLRQ &LIXHQWHVet
al&LIXHQWHV -RUTXHUD 
While there are many synergies in emission controls for air
pollution and climate change, there are also trade-offs. Diesel
HQJLQHVDUHJHQHUDOO\PRUHIXHOHI¿FLHQWWKDQJDVROLQHHQJLQHV
and thus have lower CO2 emissions, but increase particle
emissions. Air quality driven measures, like obligatory particle
matter (PM) and NOx ¿OWHUV DQG LQHQJLQH PHDVXUHV GR QRW
result in higher fuel use if appropriate technologies are used,
like Selective Catalytic Reduction (SCR)- NOx catalyst.
5.5.5

Sustainable Development impacts of
mitigation options and considerations on the
link of adaptation with mitigation.

:LWKLQWKHWUDQVSRUWVHFWRUWKHUHDUH¿YHPLWLJDWLRQRSWLRQV
with a clear link between sustainable development, adaptation
DQG PLWLJDWLRQ 7KHVH DUHDV DUH ELRIXHOV HQHUJ\ HI¿FLHQW
public transport, non-motorised transport and urban planning.
Implementing these options would generally have positive
social, environmental and economic side effects. The economic
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effects of using bio-energy and encouraging public transport
systems, however, need to be evaluated on a case-by-case basis.
For transport there are no obvious links between mitigation and
adaptation policies and the impact on GHG emissions due to
adaptation is expected to be negligible.
Mitigation and sustainable development is discussed from a
much wider perspective, including the other sectors, in Chapter
12, Section 12.2.4.

5.6 Key uncertainties and gaps in
knowledge
Key uncertainties in assessment of mitigation potential in
the transport sector through the year 2030 are:
v World oil supply and its impact on prices and alternative
transport fuels;
v R&D outcomes in several areas, especially biomass fuel
production technology and its sustainability if used on a
massive scale, and batteries. These outcomes will strongly
LQÀXHQFHWKHIXWXUHFRVWVDQGSHUIRUPDQFHRIDZLGHUDQJH
of transport technologies.
The degree to which the potential can be realized will crucially
depend on the priority that developed and developing countries
give to GHG emissions mitigation.
A key gap in knowledge is the lack of comprehensive and
consistent assessments of the worldwide potential and cost to
mitigate transport’s GHG emissions. There are also important
gaps in basic statistics and information on transport energy
consumption and GHG mitigation, especially in developing
countries.
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EXECUTIVE SUMMARY
In 2004, emissions from the buildings sector including
through electricity use were about 8.6 GtCO2, 0.1 GtCO2eq N2O, 0.4 GtCO2-eq CH4 and 1.5 GtCO2-eq halocarbons
(including CFCs and HCFCs). Using an accounting system
that attributes CO2 emissions to electricity supply rather than
buildings end-uses, the direct energy-related carbon dioxide
emissions of the building sector are about 3 Gt/yr.
For the buildings sector the literature uses a variety of
baselines. Therefore a baseline was derived for this sector based
on the literature, resulting in emissions between the B2 and
A1B SRES scenarios, with 11.1 Gt of emissions of CO2 in 2020
and 14.3 GtCO2 in 2030 (including electricity emissions but
omitting halocarbons, which could conceivably be substantially
phased out by 2030).
Measures to reduce greenhouse gas (GHG) emissions from
buildings fall into one of three categories: reducing energy
consumption and embodied energy in buildings, switching to
low-carbon fuels including a higher share of renewable energy,
or controlling the emissions of non-CO2 GHG gases.2 This
FKDSWHUGHYRWHVPRVWDWWHQWLRQWRLPSURYLQJHQHUJ\HI¿FLHQF\
in new and existing buildings, which encompasses the most
diverse, largest and most cost-effective mitigation opportunities
in buildings.
The key conclusion of the chapter is that substantial
reductions in CO2 emissions from energy use in buildings can
be achieved over the coming years using mature technologies
IRU HQHUJ\ HI¿FLHQF\ WKDW DOUHDG\ H[LVW ZLGHO\ DQG WKDW KDYH
been successfully used (high agreement, much evidence). A
VLJQL¿FDQW SRUWLRQ RI WKHVH VDYLQJV FDQ EH DFKLHYHG LQ ZD\V
that reduce life-cycle costs, thus providing reductions in CO2
HPLVVLRQVWKDWKDYHDQHWEHQH¿WUDWKHUWKDQFRVW+RZHYHUGXH
to the long lifetime of buildings and their equipment, as well
as the strong and numerous market barriers prevailing in this
sector, many buildings do not apply these basic technologies
to the level life-cycle cost minimisation would warrant (high
agreement, much evidence).
Our survey of the literature (80 studies) indicates that there is
a global potential to reduce approximately 29% of the projected
baseline emissions by 2020 cost-effectively in the residential
and commercial sectors, the highest among all sectors studied
in this report (high agreement, much evidence). Additionally at
least 3% of baseline emissions can be avoided at costs up to
20 US$/tCO2 and 4% more if costs up to 100 US$/tCO2 are
considered. However, due to the large opportunities at lowcosts, the high-cost potential has been assessed to a limited
H[WHQWDQGWKXVWKLV¿JXUHLVDQXQGHUHVWLPDWH(high agreement,
much evidence).
2
3

Using the global baseline CO2 emission projections for
buildings, these estimates represent a reduction of approximately
3.2, 3.6 and 4.0 GtCO2/yr in 2020, at zero, 20 US$/tCO2 and
100 US$/tCO2 respectively. Our extrapolation of the potentials
to the year 2030 suggests that, globally, about 4.5, 5.0 and
5.6 GtCO2 at negative cost, <20 US$ and <100 US$/tCO2-eq
respectively, can be reduced (approximately 30, 35 and 40% of
the projected baseline emissions) (medium agreement, limited
evidence) 7KHVH QXPEHUV DUH DVVRFLDWHG ZLWK VLJQL¿FDQWO\
lower levels of certainty than the 2020 ones due to very limited
research available for 2030.
While occupant behaviour, culture and consumer choice and
use of technologies are also major determinants of energy use
in buildings and play a fundamental role in determining CO2
emissions (high agreement, limited evidence), the potential
reduction through non-technological options is rarely assessed
and the potential leverage of policies over these is poorly
understood. Due to the limited number of demand-side endXVHHI¿FLHQF\RSWLRQVFRQVLGHUHGE\WKHVWXGLHVWKHRPLVVLRQ
RI QRQWHFKQRORJLFDO RSWLRQV DQG WKH RIWHQ VLJQL¿FDQW FR
EHQH¿WVDVZHOODVWKHH[FOXVLRQRIDGYDQFHGLQWHJUDWHGKLJKO\
HI¿FLHQF\ EXLOGLQJV WKH UHDO SRWHQWLDO LV OLNHO\ WR EH KLJKHU
(high agreement, limited evidence).
There is a broad array of accessible and cost-effective
technologies and know-how that have not as yet been widely
adopted, which can abate GHG emissions in buildings to a
VLJQL¿FDQW H[WHQW 7KHVH LQFOXGH SDVVLYH VRODU GHVLJQ KLJK
HI¿FLHQF\OLJKWLQJDQGDSSOLDQFHV3KLJKO\HI¿FLHQWYHQWLODWLRQ
and cooling systems, solar water heaters, insulation materials
DQGWHFKQLTXHVKLJKUHÀHFWLYLW\EXLOGLQJPDWHULDOVDQGPXOWLSOH
glazing. The largest savings in energy use (75% or higher)
occur for new buildings, through designing and operating
buildings as complete systems. Realizing these savings requires
an integrated design process involving architects, engineers,
contractors and clients, with full consideration of opportunities
for passively reducing building energy demands. Over the
whole building stock the largest portion of carbon savings by
LVLQUHWUR¿WWLQJH[LVWLQJEXLOGLQJVDQGUHSODFLQJHQHUJ\
using equipment due to the slow turnover of the stock (high
agreement, much evidence).
Implementing carbon mitigation options in buildings is
DVVRFLDWHG ZLWK D ZLGH UDQJH RI FREHQH¿WV :KLOH ¿QDQFLDO
assessment has been limited, it is estimated that their overall
YDOXHPD\EHKLJKHUWKDQWKRVHRIWKHHQHUJ\VDYLQJVEHQH¿WV
(medium agreement, limited evidence) (FRQRPLF FREHQH¿WV
include the creation of jobs and business opportunities,
increased economic competitiveness and energy security. Other
FREHQH¿WV LQFOXGH VRFLDO ZHOIDUH EHQH¿WV IRU ORZLQFRPH
households, increased access to energy services, improved
indoor and outdoor air quality, as well as increased comfort,

Fuel switching is largely the province of Chapter 4, energy supply.
By appliances, we mean all electricity-using devices, with the exception of equipment used for heating, cooling and lighting.
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health and quality of life. In developing countries, safe and highHI¿FLHQF\FRRNLQJGHYLFHVDQGKLJKHI¿FLHQF\HOHFWULFOLJKWLQJ
would not only abate substantial GHG emissions, but would
reduce mortality and morbidity due to indoor air pollution by
millions of cases worldwide annually (high agreement, medium
evidence).
There are, however, substantial market barriers that need to
be overcome and a faster pace of well-enforced policies and
SURJUDPPHVSXUVXHGIRUHQHUJ\HI¿FLHQF\DQGGHFDUERQLVDWLRQ
to achieve the indicated high negative and low-cost mitigation
potential. These barriers include high costs of gathering
UHOLDEOH LQIRUPDWLRQ RQ HQHUJ\ HI¿FLHQF\ PHDVXUHV ODFN RI
proper incentives (e.g., between landlords who would pay for
HI¿FLHQF\DQGWHQDQWVZKRUHDOL]HWKHEHQH¿WV OLPLWDWLRQVLQ
DFFHVVWR¿QDQFLQJVXEVLGLHVRQHQHUJ\SULFHVDVZHOODVWKH
fragmentation of the building industry and the design process
into many professions, trades, work stages and industries. These
barriers are especially strong and diverse in the residential
and commercial sectors; therefore, overcoming them is only
possible through a diverse portfolio of policy instruments (high
agreement, medium evidence).
(QHUJ\ HI¿FLHQF\ DQG XWLOLVDWLRQ RI UHQHZDEOH HQHUJ\ LQ
buildings offer a large portfolio of options where synergies
between sustainable development and GHG abatement exist.
The most relevant of these for the least developed countries
DUHVDIHDQGHI¿FLHQWFRRNLQJVWRYHVWKDWZKLOHFXWWLQJ*+*
HPLVVLRQV VLJQL¿FDQWO\ UHGXFH PRUWDOLW\ DQG PRUELGLW\ E\
reducing indoor air pollution. Such devices also reduce the
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workload for women and children and decrease the demands
placed on scarce natural resources. Reduced energy payments
UHVXOWLQJ IURP HQHUJ\HI¿FLHQF\ DQG XWLOLVDWLRQ RI EXLOGLQJ
level renewable energy resources improve social welfare and
enhance access to energy services.
A variety of government policies have been demonstrated
to be successful in many countries in reducing energy-related
CO2 emissions in buildings (high agreement, much evidence).
Among these are continuously updated appliance standards and
building energy codes and labelling, energy pricing measures
DQG ¿QDQFLDO LQFHQWLYHV XWLOLW\ GHPDQGVLGH PDQDJHPHQW
programmes, public sector energy leadership programmes
including procurement policies, education and training
initiatives and the promotion of energy service companies. The
greatest challenge is the development of effective strategies for
UHWUR¿WWLQJH[LVWLQJEXLOGLQJVGXHWRWKHLUVORZWXUQRYHU6LQFH
climate change literacy, awareness of technological, cultural
and behavioural choices are important preconditions to fully
operating policies, applying these policy approaches needs
to go hand in hand with programmes that increase consumer
access to information and awareness and knowledge through
education.
To sum up, while buildings offer the largest share of costeffective opportunities for GHG mitigation among the sectors
examined in this report, achieving a lower carbon future will
UHTXLUH YHU\ VLJQL¿FDQW HIIRUWV WR HQKDQFH SURJUDPPHV DQG
SROLFLHV IRU HQHUJ\ HI¿FLHQF\ LQ EXLOGLQJV DQG ORZFDUERQ
energy sources well beyond what is happening today.
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6.1

Introduction

Measures to reduce greenhouse gas (GHG) emissions from
buildings fall into one of three categories: reducing energy
consumption4 and embodied energy in buildings, switching to
low-carbon fuels including a higher share of renewable energy,
or controlling the emissions of non-CO2 GHG gases. Renewable
and low-carbon energy can be supplied to buildings or generated
on-site by distributed generation technologies. Steps to decarbonise electricity generation can eliminate a substantial
share of present emissions in buildings. Chapter 4 describes the
options for centralized renewable energy generation, while this
chapter covers building-level options for low-carbon electricity
generation on-site. This chapter devotes most attention to energy
HI¿FLHQF\ LQ QHZ DQG H[LVWLQJ EXLOGLQJV DV IXHO VZLWFKLQJ
is largely covered elsewhere in this report (Chapter 4). NonCO2 GHGs are treated in depth in the IPCC special report on
safeguarding the ozone layer and the climate system (IPCC/
7($3 EXWVRPHRIWKHPRVWVLJQL¿FDQWLVVXHVUHODWHGWR
buildings are discussed in this chapter as well.
A very large number of technologies that are commercially
available and tested in practice can substantially reduce energy
use while providing the same services and often substantial
FREHQH¿WV$IWHUDUHYLHZRIUHFHQWWUHQGVLQEXLOGLQJHQHUJ\
use followed by a description of scenarios of energy use and
associated GHG emissions, this chapter provides an overview of
the various possibilities in buildings to reduce GHG emissions.
Next, a selection of these technologies and practices is illustrated
by a few examples, demonstrating the plethora of opportunities
WRDFKLHYH*+*HPLVVLRQUHGXFWLRQVDVVLJQL¿FDQWDV±
7KLVLVIROORZHGE\DGLVFXVVLRQRIFREHQH¿WVIURPUHGXFLQJ
GHG emissions from buildings, and a review of studies that
have estimated the magnitude and costs of potential GHG
reductions worldwide.
,QVSLWHRIWKHDYDLODELOLW\RIWKHVHKLJKHI¿FLHQF\WHFKQROR
gies and practices, energy use in buildings continues to be much
higher than necessary. There are many reasons for this energy
waste in buildings. The chapter continues with identifying the key
barriers that prevent rational decision-making in energy-related
choices affecting energy use in buildings. Countries throughout
the world have applied a variety of policies in order to deal with
these market imperfections. The following sections offer an
insight into the experiences with the various policy instruments
applied in buildings to cut GHG emissions worldwide. The past
¿YH\HDUVKDYHVKRZQLQFUHDVLQJDSSOLFDWLRQRIWKHVHSROLFLHV
in many countries in Europe and growing interest in several
key developing and transition economies. In spite of this fact,
global CO2 emissions resulting from energy use in buildings
KDYHLQFUHDVHGDWDQDYHUDJHRISHU\HDULQWKHSDVW¿YH
\HDUVIRUZKLFKGDWDLVDYDLODEOH ± 7KHVXEVWDQWLDO
barriers that need to be overcome and the relatively slow pace

4

RISROLFLHVDQGSURJUDPPHVIRUHQHUJ\HI¿FLHQF\ZLOOSURYLGH
major challenges to rapid achievement of low-emission
buildings.

6.2

Trends in buildings sector emissions

In 2004, direct emissions from the buildings sector
(excluding the emissions from electricity use) were about 3
GtCO2, 0.4 GtCO2-eq CH4, 0.1 GtCO2-eq N2O and 1.5 GtCO2eq halocarbons (including CFCs and HCFCs). As mitigation
in this sector includes a lot of measures aimed at electricity
saving it is useful to compare the mitigation potential with
carbon dioxide emissions, including those through the use of
electricity. When including the emissions from electricity use,
energy-related carbon dioxide emissions were 8.6 Gt/yr (Price et
al., 2006), or almost a quarter of the global total carbon dioxide
emissions as reported in Chapter 1. IEA estimates a somewhat
higher fraction of carbon dioxide emissions due to buildings.
Figure 6.1 shows the estimated emissions of CO2 from energy
use in buildings from two different perspectives. The bar at the
left represents emissions of CO2 from all energy end-uses in
buildings. The bar at the right represents only those emissions
from direct combustion of fossil fuels. Because the electricity
can be derived from fuels with lower carbon content than
current fuels, CO2 emissions from electricity use in buildings
can also be altered on the supply side.
Carbon dioxide emissions, including through the use
of electricity in buildings, grew from 1971 to 2004 at an
DQQXDO UDWH RI  ± DERXW HTXDO WR WKH RYHUDOO JURZWK UDWH

10

Gt CO2

8
emissions
from electricity
use and district
heating in buildings

6
4
2
0
all energy sources

direct combustion
in buildings

Figure 6.1: Carbon dioxide emissions from energy, 2004
Sources: IEA, 2006e and Price et al. 2006.

This counts all forms of energy use in buildings, including electricity.
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Note: Dark red – historic emissions 1971–2000 based on Price et al. (2006) modiﬁcations of IEA data. Light red – projections 2001–2030 data based on Price et al.
(2006) disaggregation of SRES data; 2000–2010 data adjusted to actual 2000 carbon dioxide emissions. EECCA = Countries of Eastern Europe, the Caucasus and
Central Asia.

2030

2000

North America

2000

Figure 6.2: CO2 emissions including through the use of electricity: A1B (top) and B2 (bottom) IPCC (SRES) scenarios

2000

Non-Annex I
South Asia

0
1971

2

~ ,) ]

2030

Sub Saharan Africa

2030

2030

2030

:~ j f

2000

_J.

2000

2000

2000

Non-Annex I
East Asia

4

0
1971

4

8

World

2000

, 'J

0
1971

2

rl

Middle East &
North Africa

4

2030

12

16

0
1971

2

-

0
1971

2

..---I

2030 0
1971

0
1971

2000

Pacific OECD
0
1971

2

j
2000

', ;' ;, J ',,

Central &
Eastern Europe

EECCA

2030

I

0
1971

2

2

2000

2030

I

2

0
1971

2000

Non-Annex I
East Asia

2030

0
1971

2

4

,_ _ _ _ _ _ j

Western Europe

2030

2

Non-Annex I
South Asia

~""

2000

2000

4

2030

North America

I

0
1971

", . .

0
1971

2030

2000

\

Middle East &
North Africa

0
1971

4

Figure 6.2 shows the results for the buildings sector of
disaggregating two of the emissions scenarios produced for the
IPCC Special Report on Emissions Scenarios (SRES) (IPCC,
2000), Scenarios A1B and B2, into ten world regions (Price et
al., 2006). These scenarios show a range of projected buildings
related CO2 emissions (including through the use of electricity):
from 8.6 GtCO2 emissions in 2004 to 11.4 and 15.6 GtCO2
emissions in 2030 (B2 and A1B respectively), representing an
approximately 30% share of total CO2 emissions in both scenarios.
In Scenario B2, which has lower economic growth, especially in

6.3 Scenarios of carbon emissions
resulting from energy use in buildings
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halocarbon (HFCs, CFCs and HCFCs) emissions, or 60% of the
total halocarbon emissions was due to refrigerants and blowing
agents for use in buildings (refrigerators, air conditioners and
insulation) in 2002. Emissions due to these uses are projected
to remain about constant until 2015 and decline if effective
policies are pursued (IPCC/TEAP, 2005).
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Non-CO2 emissions (largely halocarbons, CFCs, and HCFCs,
covered under the Montreal Protocol and HFCs) from cooling
and refrigeration contribute more than 15% of the 8.6 GtCO2
emissions associated with buildings. About 1.5 GtCO2-eq of

During the past seven years since the IPCC Third Assessment
Report (TAR, IPCC, 2001), CO2 emissions (including through
the use of electricity) in residential buildings have increased at
a much slower rate than the 30-year trend (annual rate of 0.1%
versus trend of 1.4%) and emissions associated with commercial
EXLOGLQJVKDYHJURZQDWDIDVWHUUDWH SHU\HDULQODVW¿YH
years) than the 30-year trend (2.2%) (Price et al., 2006).

of CO2 emissions from all uses of energy. CO2 emissions for
commercial buildings grew at 2.5% per year and at 1.7% per
year for residential buildings during this period. The largest
regional increases in CO2 emissions (including through the use
of electricity) for commercial buildings were from developing
$VLD  1RUWK$PHULFD  DQG2(&'3DFL¿F  
The largest regional increase in CO2 emissions for residential
buildings was from Developing Asia accounting for 42% and
Middle East/North Africa with 19%.

Residential and commercial buildings
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the developing world (except China), two regions account for the
largest portion of increased CO2 emissions from 2004 to 2030:
North America and Developing Asia. In Scenario A1B (which
shows rapid economic growth, especially in developing nations),
all of the increase in CO2 emissions occurs in the developing
world: Developing Asia, Middle East/North Africa, Latin
America and sub-Saharan Africa, in that order. Overall, average
annual CO2 emissions growth is 1.5% in Scenario B2 and 2.4%
in Scenario A1B over the 26-year period.
For the purpose of estimating the CO2 mitigation potential in
buildings, a baseline was derived based on the review of several
studies. This baseline represents an aggregation of national and
regional baselines reported in the studies (see Box 6.1). The
building sector baseline derived and used in this chapter shows
emissions between the B2 and A1B (SRES) scenarios, with 11.1
Gt of CO2-eq emissions in 2020 and 14.3 Gt in 2030 (including
electricity emissions).

6.4 GHG mitigation options in buildings
and equipment
There is an extensive array of technologies that can be used
to abate GHG emissions in new and existing residential and

U.S. commercial building energy
use 2005
12%
space heating
10%
space cooling
44%
other uses

7%
water heating
2%
cooking

4%
refrigeration

commercial buildings. Prior to discussing options for reducing
VSHFL¿FHQGXVHVRIHQHUJ\LQEXLOGLQJVLWLVXVHIXOWRSUHVHQWDQ
overview of energy end-uses in the residential and commercial
sectors, where such information is available and to review some
SULQFLSOHV RI HQHUJ\HI¿FLHQW GHVLJQ DQG RSHUDWLRQ WKDW DUH
broadly applicable. Figure 6.3 presents a breakdown of energy
end-use in the residential and commercial sector for the United
States and China. The single largest user of energy in residential
buildings in both regions is space heating, followed by water
KHDWLQJ &KLQD DQGRWKHUXVHV±SULPDULO\HOHFWULFDSSOLDQFHV
(USA). The order of the next largest uses are reversed in China
and the United States, suggesting that electric appliances will
increase in use over time in China. The end-uses in commercial
buildings are much less similar between China and the United
States. For China, heating is by far the largest end-use. For the
United States, the largest end-use is other (plug loads involving
RI¿FHHTXLSPHQWDQGVPDOODSSOLDQFHV 
Water heating is the second end-use in China; it is not
VLJQL¿FDQW LQ FRPPHUFLDO EXLOGLQJV LQ WKH 8QLWHG 6WDWHV
Lighting and cooling are similarly important as the third and
fourth largest user in both countries.
The single largest use of energy in residential buildings in both
regions is for space heating, followed by water heating. Space
heating is also the single largest use of energy in commercial

China commercial building energy
use 2000
19%
lighting
and other
45%
space heating
22%
water
heating

21%
lighting

14%
space cooling

U.S. residential building energy
use 2005

China residential building energy
use 2000
4%
other uses

27%
other uses

29%
space heating

3%
cooking

8%
refrigeration
11%
space
cooling

21%
appliances
32%
space heating
9%
lighting
7%
cooking

11%
water heating
11%
lighting

27%
water heating

Figure 6.3: Breakdown of residential and commercial sector energy use in United States (2005) and China (2000).
Sources: EIA, 2006 and Zhou, 2007.
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buildings in the EU, accounting for up to 2/3 of total energy use
and is undoubtedly dominant in the cold regions of China and
in the Former Soviet Union. Lighting is sometimes the largest
single use of electricity in commercial buildings, although in
hot climates, air conditioning tends to be the single largest use
of electricity.
6.4.1

Overview of energy efﬁciency principles

'HVLJQ VWUDWHJLHV IRU HQHUJ\HI¿FLHQW EXLOGLQJV LQFOXGH
reducing loads, selecting systems that make the most effective
XVHRIDPELHQWHQHUJ\VRXUFHVDQGKHDWVLQNVDQGXVLQJHI¿FLHQW
equipment and effective control strategies. An integrated design
approach is required to ensure that the architectural elements
and the engineering systems work effectively together.

Chapter 6



The actual performance of a building depends as much
on the quality of construction as on the quality of the design
itself. Building commissioning is a quality control process that
includes design review, functional testing of energy-consuming
systems and components, and clear documentation for the
owner and operators. Actual building energy performance also
depends critically on how well the building is operated and
maintained. Continuous performance monitoring, automated
diagnostics and improved operator training are complementary
approaches to improving the operation of commercial buildings
in particular.
6.4.1.5

6.4.1.1

Utilize active solar energy and other
environmental heat sources and sinks

The energy use of a building also depends on the behaviour
and decisions of occupants and owners. Classic studies at
Princeton University showed energy use variations of more
than a factor of two between houses that were identical but
had different occupants (Socolow, 1978). Levermore (1985)
found a variation of 40% gas consumption and 54% electricity
consumption in nine identical children’s homes in a small area
of London. When those in charge of the homes knew that their
consumption was being monitored, the electricity consumption
fell. Behaviour of the occupants of non-residential buildings
also has a substantial impact on energy use, especially when the
lighting, heating and ventilation are controlled manually (Ueno
et al., 2006).


Active solar energy systems can provide electricity
generation, hot water and space conditioning. The ground,
ground water, aquifers and open bodies of water, and less so air,
can be used selectively as heat sources or sinks, either directly
or by using heat pumps. Space cooling methods that dissipate
heat directly to natural heat sinks without the use of refrigeration
cycles (evaporative cooling, radiative cooling to the night sky,
earth-pipe cooling) can be used.


,QFUHDVHHI¿FLHQF\RIDSSOLDQFHVKHDWLQJDQG
FRROLQJHTXLSPHQWDQGYHQWLODWLRQ

7KHHI¿FLHQF\RIHTXLSPHQWLQEXLOGLQJVFRQWLQXHVWRLQFUHDVH
in most industrialized and many developing countries, as it has
RYHU WKH SDVW TXDUWHUFHQWXU\ ,QFUHDVLQJ WKH HI¿FLHQF\ ± DQG
ZKHUHSRVVLEOHUHGXFLQJWKHQXPEHUDQGVL]H±RIDSSOLDQFHV
lighting and other equipment within conditioned spaces reduces
energy consumption directly and also reduces cooling loads but
increases heating loads, although usually by lesser amounts and
possibly for different fuel types.
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Reduce heating, cooling and lighting loads

A simple strategy for reducing heating and cooling loads is to
isolate the building from the environment by using high levels
of insulation, optimizing the glazing area and minimizing the
LQ¿OWUDWLRQRIRXWVLGHDLU7KLVDSSURDFKLVPRVWDSSURSULDWHIRU
cold, overcast climates. A more effective strategy in most other
FOLPDWHVLVWRXVHWKHEXLOGLQJHQYHORSHDVD¿OWHUVHOHFWLYHO\
accepting or rejecting solar radiation and outside air, depending
on the need for heating, cooling, ventilation and lighting at that
time and using the heat capacity of the building structure to
shift thermal loads on a time scale of hours to days.
6.4.1.2

,PSOHPHQWFRPPLVVLRQLQJDQGLPSURYHRSHUDWLRQV
and maintenance

8WLOL]HV\VWHPDSSURDFKHVWREXLOGLQJGHVLJQ

Evaluation of the opportunities to reduce energy use in
buildings can be done at the level of individual energy-using
devices or at the level of building ‘systems’ (including building
energy management systems and human behaviour). Energy
HI¿FLHQF\ VWUDWHJLHV IRFXVHG RQ LQGLYLGXDO HQHUJ\XVLQJ
devices or design features are often limited to incremental
improvements. Examining the building as an entire system can
lead to entirely different design solutions. This can result in new
buildings that use much less energy but are no more expensive
than conventional buildings.
The systems approach in turn requires an integrated design
process (IDP), in which the building performance is optimized
through an iterative process that involves all members of the
design team from the beginning. The steps in the most basic
IDP for a commercial building include (i) selecting a highSHUIRUPDQFHHQYHORSHDQGKLJKO\HI¿FLHQWHTXLSPHQWSURSHUO\
sized; (ii) incorporating a building energy management system
that optimises the equipment operation and human behaviour,
and (iii) fully commissioning and maintaining the equipment
(Todesco, 2004). These steps alone can usually achieve energy
VDYLQJVLQWKHRUGHURI±IRUDQHZFRPPHUFLDOEXLOGLQJ
compared to standard practice, while utilization of more
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advanced or less conventional approaches has often achieved
VDYLQJVLQWKHRUGHURI± +DUYH\ 
6.4.1.7

Consider building form, orientation and related
attributes

SRUWLRQVRIWKHUHPDLQLQJÀXRURFDUERQFRQWHQWPD\EHUHOHDVHG
SDUWLFXODUO\LIQRVSHFL¿FPHDVXUHVDUHDGRSWHGWRSUHYHQWVXFK
release. This raises the need to ensure that proper end-of-life
management protocols are followed to avoid these unnecessary
emissions.

$WWKHHDUO\GHVLJQVWDJHVNH\GHFLVLRQV±XVXDOO\PDGHE\
WKHDUFKLWHFW±FDQJUHDWO\LQÀXHQFHWKHVXEVHTXHQWRSSRUWXQLWLHV
to reduce building energy use. These include building form,
RULHQWDWLRQ VHOIVKDGLQJ KHLJKWWRÀRRUDUHD UDWLR DQG
decisions affecting the opportunities for and effectiveness of
passive ventilation and cooling. Many elements of traditional
building designs in both developed and developing countries
have been effective in reducing heating and cooling loads.
Urban design, including the clustering of buildings and mixing
of different building types within a given area greatly affect
the opportunities for and cost of district heating and cooling
systems (Section 6.4.7) as well as transport energy demand
and the shares of different transport modes (Chapter 5, Section
5.5.1).

6.4.2

6.4.1.8

Improvements in the thermal envelope can reduce heating
requirements by a factor of two to four compared to standard
practice, at a few percent of the total cost of residential buildings,
and at little to no net incremental cost in commercial buildings
when downsizing of heating and cooling systems is accounted
for (Demirbilek et al., 2000; Hamada et al., 2003; Hastings,
2004). A number of advanced houses have been built in various
cold-climate countries around the world that use as little as
10% of the heating energy of houses built according to the local
national building code (Badescu and Sicre, 2003; Hamada et al.,
2003; Hastings, 2004). Reducing the envelope and air exchange
heat loss by a factor of two reduces the heating requirement by
more than a factor of two because of solar gains and internal
heat gains from equipment, occupants and lighting. In countries
with mild winters but still requiring heating (including many
developing countries), modest (and therefore less costly)
amounts of insulation can readily reduce heating requirements
by a factor of two or more, as well as substantially reducing
indoor summer temperatures, thereby improving comfort (in
the absence of air conditioning) or reducing summer cooling
energy use (Taylor et al., 2000; Florides et al., 2002; Safarzadeh
and Bahadori, 2005).

Minimize halocarbon emissions

0DQ\ EXLOGLQJ FRPSRQHQWV ± QRWDEO\ DLU FRQGLWLRQLQJ
and refrigeration systems, foam products used for insulation
DQG RWKHU SXUSRVHV DQG ¿UH SURWHFWLRQ V\VWHPV ± PD\ HPLW
greenhouse gases with relatively high global-warming
SRWHQWLDOV 7KHVH FKHPLFDOV LQFOXGH FKORURÀXRURFDUERQV
K\GURFKORURÀXRURFDUERQV
KDORQV
EURPLQHFRQWDLQLQJ
ÀXRURFDUERQV  DQG K\GURÀXRURFDUERQV +)&V  :KLOH WKH
FRQVXPSWLRQRIWKH¿UVWWKUHHLVEHLQJHOLPLQDWHGWKURXJKWKH
Montreal Protocol and various national and regional regulations,
their on-going emission is still the subject of strategies discussed
in the IPCC special report (IPCC/TEAP, 2005). Meanwhile, the
use and emissions of HFCs, mostly as replacements for the
three ozone-depleting substances, are increasing worldwide.
For many air conditioning and refrigeration applications,
the CO2 emitted during the generation of electricity to power
the equipment will typically vastly outweigh the equivalent
emissions of the HFC refrigerant. Some exceptions to this
general rule exist and two building-related emission sources
± &)& FKLOOHUV DQG +)& VXSHUPDUNHW UHIULJHUDWLRQ V\VWHPV
±DUHGLVFXVVHGIXUWKHU,QDGGLWLRQWRWKHVHDSSOLFDWLRQVVRPH
emission mitigation from air conditioning and refrigeration
systems is achievable through easy, low-cost options including
education and training, proper design and installation,
refrigerant leakage monitoring and responsible use and handling
of refrigerants throughout the equipment lifecycle.
Like air conditioning and refrigeration systems, most
IRDPV DQG ¿UH SURWHFWLRQ V\VWHPV DUH GHVLJQHG WR H[KLELW
low leak rates, and therefore often only emit small portions
RI WKH WRWDO ÀXRURFDUERQ XQGHU QRUPDO XVH FRQGLWLRQV 8SRQ
decommissioning of the building and removal and/or destruction
RI IRDP SURGXFWV DQG ¿UH SURWHFWLRQ V\VWHPV KRZHYHU ODUJH

Thermal envelope

The term ‘thermal envelope’ refers to the shell of the building
as a barrier to unwanted heat or mass transfer between the interior
of the building and the outside conditions. The effectiveness of
the thermal envelope depends on (i) the insulation levels in the
ZDOOVFHLOLQJDQGJURXQGRUEDVHPHQWÀRRULQFOXGLQJIDFWRUV
such as moisture condensation and thermal bridges that affect
insulation performance; (ii) the thermal properties of windows
and doors; and (iii) the rate of exchange of inside and outside
air, which in turn depends on the air-tightness of the envelope
and driving forces such as wind, inside-outside temperature
differences and air pressure differences due to mechanical
ventilation systems or warm/cool air distribution.

6.4.2.1

Insulation

The choice of insulation material needs to maximize longterm thermal performance of the building element overall. As
mentioned previously, this involves consideration of remaining
thermal bridges and any water ingress, or other factor, which
could result in deterioration of performance over time. For
existing buildings, space may be at a premium and the most
HI¿FLHQW LQVXODWLRQ PDWHULDOV PD\ EH QHHGHG WR PLQLPL]H
thicknesses required. Where upgrading of existing elements is
essentially voluntary, minimization of cost and disturbance is
equally important and a range of post-applied technologies can
395
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be considered, including cavity wall insulation, spray foams
DQGUROOHGORIWLQVXODWLRQ2QO\DIHZVSHFL¿FDSSOLFDWLRQVZLWK
HIIHFWLYHFRQWURORIHQGRIOLIHHPLVVLRQVKDYHEHHQLGHQWL¿HG
in which foams containing high GWP blowing agents will lead
to lower overall climate impacts than hydrocarbon or CO2
solutions. However, where this is the case, care should still be
taken to optimize life-cycle management techniques in order to
minimize blowing agent emissions (see 6.4.15).
6.4.2.2

Windows

The thermal performance of windows has improved greatly
through the use of multiple glazing layers, low-conductivity
gases (argon in particular) between glazing layers, lowemissivity coatings on one or more glazing surfaces and use
RI IUDPLQJ PDWHULDOV VXFK DV H[WUXGHG ¿EUHJODVV  ZLWK YHU\
low conductivity. Operable (openable) windows are available
ZLWK KHDW ÀRZV WKDW KDYH RQO\ ± RI WKH KHDW ORVV RI
standard non-coated double-glazed (15 to 20% of singleJOD]HG  ZLQGRZV *OD]LQJ WKDW UHÀHFWV RU DEVRUEV D ODUJH
fraction of the incident solar radiation reduces solar heat gain
by up to 75%, thus reducing cooling loads. In spite of these
technical improvements, the costs of glazing and windows has
remained constant or even dropped in real terms (Jakob and
Madlener, 2004). A major U.S. Department of Energy program
is developing electrochromic and gasochromic windows which
can dynamically respond to heating and cooling in different
seasons.
6.4.2.3

Air leakage

In cold climates, uncontrolled exchange of air between the
inside and outside of a building can be responsible for up to
half of the total heat loss. In hot-humid climates, air leakage
FDQ EH D VLJQL¿FDQW VRXUFH RI LQGRRU KXPLGLW\ ,Q UHVLGHQWLDO
construction, installation in walls of a continuous impermeable
barrier, combined with other measures such as weatherVWULSSLQJFDQUHGXFHUDWHVRIDLUOHDNDJHE\DIDFWRURI¿YHWR
ten compared to standard practice in most jurisdictions in North
America, Europe and the cold-climate regions of Asia (Harvey,
2006).
In addition to leakage through the building envelope, recent
research in the United States has demonstrated that leaks in
ducts for distributing air for heating and cooling can increase
KHDWLQJDQGFRROLQJHQHUJ\UHTXLUHPHQWVE\± 6KHUPDQ
and Jump, 1997; O’Neal et al., 2002; Francisco et al., 2004).
A technology in early commercial use in the United States
VHDOV OHDNV E\ VSUD\LQJ ¿QH SDUWLFOHV LQWR GXFWV 7KH VWLFN\
particles collect at leakage sites and seal them permanently.
This technology is cost-effective for many residential and
commercial buildings; it achieves lower costs by avoiding the
labour needed to replace or manually repair leaky ducts.
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6.4.3
6.4.3.1

Heating systems
Passive solar heating

Passive solar heating can involve extensive sun-facing
glazing, various wall- or roof-mounted solar air collectors,
GRXEOHIDoDGH ZDOO FRQVWUXFWLRQ DLUÀRZ ZLQGRZV WKHUPDOO\
massive walls behind glazing and preheating or pre-cooling of
ventilation air through buried pipes. Technical details concerning
conventional and more advanced passive solar heating
techniques, real-world examples and data on energy savings are
provided in books by Hastings (1994), Hestnes et al. (2003)
and Hastings (2004). Aggressive envelope measures combined
with optimisation of passive solar heating opportunities, as
H[HPSOL¿HG E\ WKH (XURSHDQ 3DVVLYH +RXVH 6WDQGDUG KDYH
achieved reductions in purchased heating energy by factors of
¿YHWRWKLUW\ LHDFKLHYLQJKHDWLQJOHYHOVOHVVWKDQN:K
m2/yr even in moderately cold climates, compared to 220 and
± N:KP2/yr for the average of existing buildings in
Germany and Central/Eastern Europe, respectively (Krapmeier
and Drössler, 2001; Gauzin-Müller, 2002; Kostengünstige
Passivhäuser als europäische Standards, 2005).


6SDFHKHDWLQJV\VWHPV

In the industrialized nations and in urban areas in
developing countries (in cold winter climates), heating is
generally provided by a district heating system or by an onsite furnace or boiler. In rural areas of developing countries,
heating (when provided at all) is generally from direct burning
of biomass. The following sections discuss opportunities to
LQFUHDVHHQHUJ\HI¿FLHQF\LQWKHVHV\VWHPV
Heating systems used primarily in industrialized countries
Multi-unit residences and many single-family residences
(especially in Europe) use boilers, which produce steam or hot
water that is circulated, generally through radiators. Annual
)XHO 8WLOL]DWLRQ (I¿FLHQFLHV $)8(  YDOXHV UDQJH IURP 
to 99% for the boiler, not including distribution losses. Modern
residential forced-air furnaces, which are used primarily in
North America, have AFUE values ranging from 78% to
97% (again, not including distribution system losses). Old
HTXLSPHQWWHQGVWRKDYHDQHI¿FLHQF\LQWKHUDQJHRI±
so new equipment can provide substantial savings (GAMA
(Gas Appliance Manufacturers Association), 2005). In both
ERLOHUVDQGIXUQDFHVHI¿FLHQFLHVJUHDWHUWKDQDERXWUHTXLUH
condensing operation, in which some of the water vapour in the
exhaust is condensed in a separate heat exchanger. Condensing
boilers are increasingly used in Western Europe due to regulation
RIQHZEXLOGLQJVZKLFKUHTXLUHKLJKHUHI¿FLHQF\V\VWHPV
Hydronic systems (in which water rather than air is
FLUFXODWHG HVSHFLDOO\ÀRRUUDGLDQWKHDWLQJV\VWHPVDUHFDSDEOH
RIJUHDWHUHQHUJ\HI¿FLHQF\WKDQIRUFHGDLUV\VWHPVEHFDXVHRI
the low energy required to distribute a given amount of heat, low
GLVWULEXWLRQ KHDW ORVVHV DQG DEVHQFH RI LQGXFHG LQ¿OWUDWLRQ RI
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outside air into the house due to poorly balanced air distribution
systems (low-temperature systems also make it possible to use
low-grade solar thermal energy).
Heat pumps use an energy input (almost always electricity)
to transfer heat from a cold medium (the outside air or ground
in the winter) to a warmer medium (the warm air or hot water
used to distribute heat in a building). During hot weather, the
heat pump can operate in reverse, thereby cooling the indoor
space. In winter, drawing heat from a relatively warm source
(such as the ground rather than the outside air) and distributing
the heat at the lowest possible temperature can dramatically
LPSURYH WKH KHDW SXPS HI¿FLHQF\ 8VH RI WKH JURXQG UDWKHU
than the outside air as a heat source reduced measured energy
use for heating by 50 to 60% in two US studies (Shonder et al.,
2000; Johnson, 2002). Due to the large energy losses (typically
± LQJHQHUDWLQJHOHFWULFLW\IURPIRVVLOIXHOVKHDWSXPSV
are particularly advantageous for heating when they replace
electric-resistance heating, but may not be preferable to direct
use of fuels for heating. The ground can also serve as a lowWHPSHUDWXUHKHDWVLQNLQVXPPHULQFUHDVLQJWKHHI¿FLHQF\RI
air conditioning.
Coal and biomass burning stoves in rural areas of developing
countries
Worldwide, about three billion people use solid fuels
± ELRPDVV DQG PDLQO\ LQ &KLQD FRDO ± LQ KRXVHKROG VWRYHV
to meet their cooking, water heating and space heating needs.
Most of these people live in rural areas with little or no access
to commercial sources of fuel or electricity (WEC (World
Energy Council and Food and Agriculture Organization), 1999).
Statistical information on fuel use in cooking stoves is sketchy,
so any estimates of energy use and associated GHG emissions
are uncertain.57KHJOREDOWRWDOIRUWUDGLWLRQDOELRIXHOXVH±D
JRRGSUR[\IRUHQHUJ\XVHLQKRXVHKROGVWRYHV±ZDVDERXW
EJ in 2002, compared to commercial energy use worldwide of
401 EJ (IEA, 2004c).
Worldwide, most household stoves use simple designs
DQG ORFDO PDWHULDOV WKDW DUH LQHI¿FLHQW KLJKO\ SROOXWLQJ DQG
contribute to the overuse of local resources. Studies of China
and India have found that if only the Kyoto Protocol basket
of GHGs is considered, biomass stoves appear to have lower
emission factors than fossil-fuel alternatives (Smith et al., 2000;
Edwards et al., 2004). If products of incomplete combustion
(PICs) other than methane and N2O are considered, however,
then biomass stove-fuel combinations exhibit GHG emissions
three to ten times higher than fossil-fuel alternatives, and in
many cases even higher emissions than from stoves burning
coal briquettes (Goldemberg et al., 2000). Additional heating
effects arise from black carbon emissions associated with woodburning stoves. Programmes to develop and disseminate moreHI¿FLHQWELRPDVVVWRYHVKDYHEHHQYHU\HIIHFWLYHLQ&KLQDOHVV
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so in India and other countries (Barnes et al., 1994; Goldemberg
et al., 2000; Sinton et al., 2004). In the long term, stoves that
use biogas or biomass-derived liquid fuels offer the greatest
SRWHQWLDOIRUVLJQL¿FDQWO\UHGXFLQJWKH*+* DQGEODFNFDUERQ 
emissions associated with household use of biomass fuels.
6.4.4

Cooling and cooling loads

Cooling energy can be reduced by: 1) reducing the
cooling load on a building, 2) using passive techniques to meet
VRPH RU DOO RI WKH ORDG DQG   LPSURYLQJ WKH HI¿FLHQF\ RI
cooling equipment and thermal distribution systems.
6.4.4.1

Reducing the cooling load

Reducing the cooling load depends on the building shape and
orientation, the choice of building materials and a whole host
of other decisions that are made in the early design stage by the
architect and are highly sensitive to climate. In general, recently
constructed buildings are no longer adapted to prevailing
climate; the same building forms and designs are now seen in
Stockholm, New York, Houston, Hong Kong, Singapore and
Kuwait. However, the principles of design to reduce cooling
load for any climate are well known. In most climates, they
include: (i) orienting a building to minimize the wall area
facing east or west; (ii) clustering buildings to provide some
degree of self shading (as in many traditional communities in
KRW FOLPDWHV  LLL  XVLQJ KLJKUHÀHFWLYLW\ EXLOGLQJ PDWHULDOV
LY  LQFUHDVLQJ LQVXODWLRQ Y  SURYLGLQJ ¿[HG RU DGMXVWDEOH
shading; (vi) using selective glazing on windows with a low
solar heat gain and a high daylight transmission factor and
avoiding excessive window area (particularly on east- and
west-facing walls); and (vii) utilizing thermal mass to minimize
daytime interior temperature peaks. As well, internal heat loads
from appliances and lighting can be reduced through the use of
HI¿FLHQWHTXLSPHQWDQGFRQWUROV
,QFUHDVLQJ WKH VRODU UHÀHFWLYLW\ RI URRIV DQG KRUL]RQWDO RU
near-horizontal surfaces around buildings and planting shade
WUHHVFDQ\LHOGGUDPDWLFHQHUJ\VDYLQJV7KHEHQH¿WVRIWUHHV
arise both from direct shading and from cooling the ambient air.
Rosenfeld et al. (1998) computed that a very large-scale, citywide program of increasing roof and road albedo and planting
trees in Los Angeles could yield a total savings in residential
FRROLQJHQHUJ\RI±ZLWKD±UHGXFWLRQLQSHDN
air conditioning loads.
6.4.4.2

Passive and low-energy cooling techniques

Purely passive cooling techniques require no mechanical
energy input, but can often be greatly enhanced through small
amounts of energy to power fans or pumps.A detailed discussion
of passive and low-energy cooling techniques can be found in

Estimates are available for China and India, collectively home to about one third of the world’s population. Residential use of solid fuels in China, nearly all used in stoves, was
about 9 EJ in 2002, or 18% of all energy use in the country (National Bureau of Statistics, 2004). The corresponding ﬁgures for India were 8 EJ and 36% (IEA, 2004c). In both
cases, nearly all of this energy is in the form of biomass.
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Harvey (2006) and Levermore (2000). Highlights are presented
below:
Natural and night-time ventilation
Natural ventilation reduces the need for mechanical cooling
by: directly removing warm air when the incoming air is cooler
than the outgoing air, reducing the perceived temperature due to
the cooling effect of air motion, providing night-time cooling of
exposed thermal mass and increasing the acceptable temperature
through psychological adaptation when the occupants have
control of operable windows. When the outdoor temperature is
30oC, the average preferred temperature in naturally ventilated
buildings is 27oC, compared to 25oC in mechanically ventilated
buildings (de Dear and Brager, 2002).
Natural ventilation requires a driving force and an adequate
QXPEHURIRSHQLQJVWRSURGXFHDLUÀRZ1DWXUDOYHQWLODWLRQFDQ
be induced through pressure differences arising from insideoutside temperature differences or from wind. Design features,
both traditional and modern, that create thermal driving forces
and/or utilize wind effects include courtyards, atria, wind
towers, solar chimneys and operable windows (Holford and
Hunt, 2003). In addition to being increasingly employed in
commercial buildings in Europe, natural ventilation is starting to
be used in multi-story commercial buildings in more temperate
climates in North America (McConahey et al., 2002). Natural
ventilation can be supplemented with mechanical ventilation as
needed.
In climates with a minimum diurnal temperature variation
of 5oC to 7oC, natural or mechanically assisted night-time
ventilation, in combination with exposed thermal mass, can be
very effective in reducing daily temperature peaks and, in some
cases, eliminating the need for cooling altogether. Simulations
carried out in California indicate that night-time ventilation is
VXI¿FLHQWWRSUHYHQWSHDNLQGRRUWHPSHUDWXUHVIURPH[FHHGLQJ
26oC over 43% of California in houses with an improved
envelope and modestly greater thermal mass compared to
standard practice (Springer et al., 2000). For Beijing, da Graça
et al. (2002) found that thermally and wind-driven night-time
ventilation could eliminate the need for air conditioning of a
six-unit apartment building during most of the summer if the
high risk of condensation during the day due to moist outdoor
air coming into contact with the night-cooled indoor surfaces
could be reduced.
Evaporative cooling
There are two methods of evaporatively cooling the air
supplied to buildings. In a ‘direct’ evaporative cooler, water
evaporates directly into the air stream to be cooled. In an
‘indirect’ evaporative cooler, water evaporates into and cools
a secondary air stream, which cools the supply air through a
heat exchanger without adding moisture. By appropriately
combining direct and indirect systems, evaporative cooling can
provide comfortable conditions most of the time in most parts
of the world.
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Subject to availability of water, direct evaporative cooling
can be used in arid areas; indirect evaporative cooling extends
the region of applicability to somewhat more humid climates. A
new indirect-direct evaporative cooler in the development phase
indicated savings in annual cooling energy use of 92 to 95%
for residences and 89 to 91% for a modular school classroom
in simulations for a variety of California climate zones (DEG,
2004).
Other passive cooling techniques
Underground earth-pipe cooling consists of cooling
ventilation air by drawing outside air through a buried air duct.
Good performance depends on the climate having a substantial
DQQXDO WHPSHUDWXUH UDQJH 'HVLFFDQW GHKXPLGL¿FDWLRQ DQG
cooling involves using a material (desiccant) that removes
moisture from air and is regenerated using heat. Solid desiccants
are a commercially available technology. The energy used for
GHKXPLGL¿FDWLRQFDQEHUHGXFHGE\WRFRPSDUHGWRD
conventional overcooling/reheat scheme (50 to 75% savings of
conventional sources if solar energy is used to regenerate the
desiccant) (Fischer et al., 2002; Niu et al., 2002). In hot-humid
climates, desiccant systems can be combined with indirect
evaporative cooling, providing an alternative to refrigerationbased air conditioning systems (Belding and Delmas, 1997).


$LUFRQGLWLRQHUVDQGYDSRXUFRPSUHVVLRQFKLOOHUV

Air conditioners used for houses, apartments and small
commercial buildings have a nominal COP (cooling power
divided by fan and compressor power, a direct measure of
HI¿FLHQF\ UDQJLQJIURPWRLQ1RUWK$PHULFDDQG(XURSH
GHSHQGLQJ RQ RSHUDWLQJ FRQGLWLRQV 0RUH HI¿FLHQW PLQLVSOLW
systems are available in Japan, ranging from 4.5 to 6.2 COP
for a 2.8 kW cooling capacity unit. Chillers are larger cooling
devices that produce chilled water (rather than cooled air) for
use in larger commercial buildings. COP generally increases
ZLWKVL]HZLWKWKHODUJHVWDQGPRVWHI¿FLHQWFHQWULIXJDOFKLOOHUV
having a COP of up to 7.9 under full-load operation and even
higher under part-load operation. Although additional energy is
used in chiller-based systems for ventilation, circulating chilled
ZDWHUDQGRSHUDWLQJDFRROLQJWRZHUVLJQL¿FDQWHQHUJ\VDYLQJV
DUH SRVVLEOH WKURXJK WKH FKRLFH RI WKH PRVW HI¿FLHQW FRROLQJ
HTXLSPHQWLQFRPELQDWLRQZLWKHI¿FLHQWDX[LOLDU\V\VWHPV VHH
Section 6.4.5.1 for principles).
$LU FRQGLWLRQHUV ± IURP VPDOO URRPVL]HG XQLWV WR ODUJH
EXLOGLQJ FKLOOHUV ± JHQHUDOO\ HPSOR\ D KDORFDUERQ UHIULJHUDQW
in a vapour-compression cycle. Although the units are designed
to exhibit low refrigerant emission rates, leaks do occur and
additional emissions associated with the installation, service and
GLVSRVDORIWKLVHTXLSPHQWFDQEHVLJQL¿FDQW7KHHPLVVLRQVZLOO
vary widely from one installation to the next and depend greatly
on the practices employed at the site. In some cases, the GWPweighted lifetime emissions of the refrigerant will outweigh the
CO2 emissions associated with the electricity, highlighting the
need to consider refrigerant type and handling as well as energy
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HI¿FLHQF\ZKHQPDNLQJGHFLVLRQVRQWKHSXUFKDVHRSHUDWLRQ
maintenance and replacement of these systems.
Until recently, the penetration of air conditioning in
developing countries has been relatively low, typically only used
LQODUJHRI¿FHEXLOGLQJVKRWHOVDQGKLJKLQFRPHKRPHV7KDW
is quickly changing however, with individual apartment and
home air conditioning becoming more common in developing
countries, reaching even greater levels in developed countries.
This is evident in the production trends of typical room-tohouse sized units, which increased 26% (35.8 to 45.4 million
units) from 1998 to 2001 (IPCC/TEAP, 2005).
6.4.5

Heating, ventilation and air conditioning
(HVAC) systems

while computer simulations by Jaboyedoff et al. (2004) and by
Jakob et al. (2006) indicate that increasing the thermostat by
2oC to 4oC will reduce annual cooling energy use by more than
DIDFWRURIWKUHHIRUDW\SLFDORI¿FHEXLOGLQJLQ=XULFKDQGE\D
factor of two to three if the thermostat setting is increased from
23oC to 27oC for night-time air conditioning of bedrooms in
apartments in Hong Kong (Lin and Deng, 2004).
Additional savings can be obtained in ‘mixed-mode’
buildings, in which natural ventilation is used whenever
possible, making use of the extended comfort range associated
with operable windows, and mechanical cooling is used only
when necessary during periods of very warm weather or high
building occupancy.
6

The term HVAC is generally used in reference to commercial
EXLOGLQJV+9$&V\VWHPVLQFOXGH¿OWUDWLRQDQGZKHUHUHTXLUHG
E\ WKH FOLPDWH KXPLGL¿FDWLRQ DQG GHKXPLGL¿FDWLRQ DV ZHOO
DV KHDWLQJ DQG FRROLQJ +RZHYHU HQHUJ\HI¿FLHQW KRXVHV LQ
climates with seasonal heating are almost airtight, so mechanical
ventilation has to be provided (during seasons when windows
will be closed), often in combination with the heating and/or
cooling system, as in commercial buildings.


3ULQFLSOHVRIHQHUJ\HI¿FLHQW+9$&GHVLJQ

In the simplest HVAC systems, heating or cooling is provided
E\FLUFXODWLQJD¿[HGDPRXQWRIDLUDWDVXI¿FLHQWO\ZDUPRU
cold temperature to maintain the desired room temperature.
The rate at which air is circulated in this case is normally much
greater than that needed for ventilation to remove contaminants.
During the cooling season, the air is supplied at the coldest
temperature needed in any zone and reheated as necessary just
before entering other zones. There are a number of changes
in the design of HVAC systems that can achieve dramatic
savings in the energy use for heating, cooling and ventilation.
These include (i) using variable-air volume systems so as to
minimize simultaneous heating and cooling of air; (ii) using
heat exchangers to recover heat or coldness from ventilation
exhaust air; (iii) minimizing fan and pump energy consumption
by controlling rotation speed; (iv) separating the ventilation
from the heating and cooling functions by using chilled or
hot water for temperature control and circulating only the
volume of air needed for ventilation; (v) separating cooling
IURP GHKXPLGL¿FDWLRQ IXQFWLRQV WKURXJK WKH XVH RI GHVLFFDQW
GHKXPLGL¿FDWLRQ YL  LPSOHPHQWLQJ D GHPDQGFRQWUROOHG
YHQWLODWLRQ V\VWHP LQ ZKLFK YHQWLODWLRQ DLUÀRZ FKDQJHV ZLWK
changing building occupancy which alone can save 20 to 30%
of total HVAC energy use (Brandemuehl and Braun, 1999);
(vii) correctly sizing all components; and (viii) allowing the
temperature maintained by the HVAC system to vary seasonally
with outdoor conditions (a large body of evidence indicates that
the temperature and humidity set-points commonly encountered
LQ DLUFRQGLWLRQHG EXLOGLQJV DUH VLJQL¿FDQWO\ ORZHU WKDQ
necessary (de Dear and Brager, 1998; Fountain et al., 1999),

$OWHUQDWLYH+9$&V\VWHPVLQFRPPHUFLDOEXLOGLQJV

The following paragraphs describe two alternatives to
conventional HVAC systems in commercial buildings that
together can reduce the HVAC system energy use by 30 to
75%. These savings are in addition to the savings arising from
reducing heating and cooling loads.
Radiant chilled-ceiling cooling
A room may be cooled by chilling a large fraction of the ceiling
by circulating water through pipes or lightweight panels. Chilled
ceiling (CC) cooling has been used in Europe since at least the
PLGV ,Q *HUPDQ\ GXULQJ WKH V  RI UHWUR¿WWHG
EXLOGLQJV XVHG && FRROLQJ %HKQH   6LJQL¿FDQW HQHUJ\
savings arise because of the greater effectiveness of water than
air in transporting heat and because the chilled water is supplied
at 16oC to 20oC rather than at 5oC to 7oC. This allows a higher
chiller COP when the chiller operates, but also allows more
frequent use of ‘water-side free cooling,’ in which the chiller is
bypassed altogether and water from the cooling tower is used
directly for space cooling. For example, a cooling tower alone
could directly meet the cooling requirements 97% of the time in
Dublin, Ireland and 67% of the time in Milan, Italy if the chilled
water is supplied at 18oC (Costelloe and Finn, 2003).
Displacement ventilation
Conventional ventilation relies on turbulent mixing to dilute
room air with ventilation air. A superior system is ‘displacement
ventilation’ (DV) in which air is introduced at low speed through
PDQ\ GLIIXVHUV LQ WKH ÀRRU RU DORQJ WKH VLGHV RI D URRP DQG
is warmed by internal heat sources (occupants, lights, plug-in
equipment) as it rises to the top of the room, displacing the air
already present. The thermodynamic advantage of displacement
YHQWLODWLRQ LV WKDW WKH VXSSO\ DLU WHPSHUDWXUH LV VLJQL¿FDQWO\
higher for the same comfort conditions (about 18oC compared
with about 13oC in a conventional mixing ventilation system).
,WDOVRSHUPLWVVLJQL¿FDQWO\VPDOOHUDLUÀRZ
'9 ZDV ¿UVW DSSOLHG LQ QRUWKHUQ (XURSH E\  LW KDG
captured 50% of the Scandinavian market for new industrial
EXLOGLQJV DQG  IRU QHZ RI¿FH EXLOGLQJV =KLYRY DQG
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Rymkevich, 1998). The building industry in North America has
been much slower to adopt DV; by the end of the 1990s fewer
WKDQ  RI QHZ EXLOGLQJV XVHG XQGHUÀRRU DLU GLVWULEXWLRQ
systems (Lehrer and Bauman, 2003). Overall, DV can reduce
energy use for cooling and ventilation by 30 to 60%, depending
on the climate (Bourassa et al., 2002; Howe et al., 2003).
6.4.6

Building energy management systems
(BEMS)

BEMSs are control systems for individual buildings or groups
of buildings that use computers and distributed microprocessors
for monitoring, data storage and communication (Levermore,
2000). The BEMS can be centrally located and communicate
over telephone or Internet links with remote buildings having
‘outstations’ so that one energy manager can manage many
buildings remotely. With energy meters and temperature,
occupancy and lighting sensors connected to a BEMS, faults
can be detected manually or using automated fault detection
software (Katipamula et al., 1999), which helps avoid energy
waste (Burch et al., 1990). With the advent of inexpensive,
wireless sensors and advances in information technology,
extensive monitoring via the Internet is possible.
Estimates of BEMS energy savings vary considerably: up to
27% (Birtles and John, 1984); between 5% and 40% (Hyvarinen,
1991; Brandemuehl and Bradford, 1999; Brandemuehl and
Braun, 1999; Levermore, 2000); up to 20% in space heating
energy consumption and 10% for lighting and ventilation; and
5% to 20% overall (Roth et al., 2005).
6.4.6.1

Commissioning

Proper commissioning of the energy systems in a commercial
EXLOGLQJLVDNH\WRHI¿FLHQWRSHUDWLRQ .RUDQ.MHOOPDQet
al., 1996; IEA, 2005; Roth et al., 2005). Building commissioning
is a quality control process that begins with the early stages
of design. Commissioning helps ensure that the design intent
is clear and readily tested, that installation is subjected to onsite inspection and that all systems are tested and functioning
properly before the building is accepted. A systems manual is
prepared to document the owner’s requirements, the design
intent (including as-built drawings), equipment performance
VSHFL¿FDWLRQVDQGFRQWUROVHTXHQFHV
Recent results of building commissioning in the USA
showed energy savings of up to 38% in cooling and/or 62% in
heating and an average higher than 30% (Claridge et al., 2003).
A study by Mills et al. (2005) reviewed data from 224 US
buildings that had been commissioned or retro-commissioned.
The study found that the costs of commissioning new buildings
were typically outweighed by construction cost savings due to
fewer change orders and that retro-commissioning produced
median energy savings of 15% with a median payback period
RIPRQWKV,WLVYHU\GLI¿FXOWWRDVVHVVWKHHQHUJ\EHQH¿WVRI
commissioning new buildings due to the lack of a baseline.
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2SHUDWLRQPDLQWHQDQFHDQGSHUIRUPDQFH
benchmarking

Once a building has been commissioned, there is a need
WR PDLQWDLQ LWV RSHUDWLQJ HI¿FLHQF\ $ YDULHW\ RI PHWKRGV WR
monitor and evaluate performance and diagnose problems are
currently under development (Brambley et al., 2005). Postoccupancy evaluation (POE) is a useful complement to ongoing
monitoring of equipment and is also useful for ensuring that the
EXLOGLQJRSHUDWHVHI¿FLHQWO\$8.VWXG\RIUHFHQWO\FRQVWUXFWHG
EXLOGLQJV IRXQG WKDW WKH XVH RI 32( LGHQWL¿HG ZLGHVSUHDG
energy wastage (Bordass et al., 2001a; Bordass et al., 2001b).
Cogeneration and District Heating/Cooling
Buildings are usually part of a larger community. If the
heating, cooling and electricity needs of a larger collection of
buildings can be linked together in an integrated system without
PDMRU GLVWULEXWLRQ ORVVHV WKHQ VLJQL¿FDQW VDYLQJV LQ SULPDU\
HQHUJ\ XVH DUH SRVVLEOH ± EH\RQG ZKDW FDQ EH DFKLHYHG E\
optimising the design of a single building. Community-scale
HQHUJ\V\VWHPVDOVRRIIHUVLJQL¿FDQWQHZRSSRUWXQLWLHVIRUWKH
use of renewable energy. Key elements of an integrated system
can include: 1) district heating networks for the collection of
waste or surplus heat and solar thermal energy from dispersed
sources and its delivery to where it is needed; 2) district cooling
networks for the delivery of chilled water for cooling individual
buildings; 3) central production of steam and/or hot water in
combination with the generation of electricity (cogeneration)
and central production of cold water; 4) production of electricity
through photovoltaic panels mounted on or integrated into
the building fabric; 5) diurnal storage of heat and coldness
produced during off-peak hours or using excess wind-generated
electricity; and 6) seasonal underground storage of summer heat
and winter coldness.
District heating (DH) is widely used in regions with large
fractions of multi-family buildings, providing as much as 60%
of heating and hot water energy needs for 70% of the families
in Eastern European countries and Russia (OECD/IEA, 2004).
:KLOH GLVWULFW KHDWLQJ FDQ KDYH PDMRU HQYLURQPHQWDO EHQH¿WV
RYHU RWKHU VRXUFHV RI KHDW LQFOXGLQJ ORZHU VSHFL¿F *+*
emissions, systems in these countries suffer from the legacies
RI SDVW PLVPDQDJHPHQW DQG DUH RIWHQ REVROHWH LQHI¿FLHQW
and expensive to operate (Lampietti and Meyer, 2003, ÜrgeVorsatz et al., 0DNLQJ'+PRUHHI¿FLHQWFRXOGVDYH
million tonnes of CO2 emissions in these countries annually,
DFFRPSDQLHG E\ VLJQL¿FDQW VRFLDO HFRQRPLF DQG SROLWLFDO
EHQH¿WV 2(&',($ 
7KHJUHDWHVWSRWHQWLDOLPSURYHPHQWLQWKHHI¿FLHQF\RIGLVWULFW
heating systems is to convert them to cogeneration systems that
involve the simultaneous production of electricity and useful
KHDW)RUFRJHQHUDWLRQWRSURYLGHDQLPSURYHPHQWLQHI¿FLHQF\
a use has to be found for the waste heat. Centralized production
RIKHDWLQDGLVWULFWKHDWV\VWHPFDQEHPRUHHI¿FLHQWWKDQRQ
site boilers or furnaces even in the absence of cogeneration
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and in spite of distribution losses, if a district-heating network
is used with heat pumps to upgrade and distribute heat from
scattered sources. Examples include waste heat from sewage in
Tokyo (Yoshikawa, 1997) and Gothenberg, Sweden (Balmér,
1997) and low-grade geothermal heat in Tianjin, China, that is
left over after higher-temperature heat has been used for heating
DQG KRW ZDWHU SXUSRVHV =KDR et al., 2003). Waste heat from
incineration has been used, particularly in northern Europe.
Chilled water supplied to a district-cooling network can be
produced through trigeneration (the simultaneous production of
electricity, heat and chilled water), or it can be produced through
a centralized chilling plant independent of power generation.
District cooling provides an alternative to separate chillers and
cooling towers in multi-unit residential buildings that would
RWKHUZLVHXVHLQHI¿FLHQWVPDOODLUFRQGLWLRQHUV,QVSLWHRIWKH
added costs of pipes and heat exchangers in district heating
and cooling networks, the total capital cost can be less than the
total cost of heating and cooling units in individual buildings,
(Harvey, 2006, Chapter 15). Adequate control systems are
FULWLFDOWRWKHHQHUJ\HI¿FLHQWRSHUDWLRQRIERWKGLVWULFWFRROLQJ
and central (building-level) cooling systems.
District heating and cooling systems, especially when
combined with some form of thermal energy storage, make it
more economically and technically feasible to use renewable
sources of energy for heating and cooling. Solar-assisted
district heating systems with storage can be designed such that
solar energy provides 30 to 95% of total annual heating and hot
water requirements under German conditions (Lindenberger
et al., 2000). Sweden has been able to switch a large fraction
of its building heating energy requirements to biomass energy
(plantation forestry) for its district heating systems (Swedish
Energy Agency, 2004).
6.4.7

Active collection and transformation of solar
energy

Buildings can serve as collectors and transformers of solar
energy, meeting a large fraction of their energy needs on a
sustainable basis with minimal reliance on connection to
energy grids, although for some climates this may only apply
during the summer. As previously discussed, solar energy
can be used for daylighting, for passive heating and as one
of the driving forces for natural ventilation, which can often
provide much or all of the required cooling. By combining a
KLJKSHUIRUPDQFHWKHUPDOHQYHORSHZLWKHI¿FLHQWV\VWHPVDQG
GHYLFHV ± RI WKH KHDWLQJ DQG FRROLQJ HQHUJ\ QHHGV RI
buildings as constructed under normal practice can either be
HOLPLQDWHGRUVDWLV¿HGWKURXJKSDVVLYHVRODUGHVLJQ(OHFWULFLW\
loads, especially in commercial buildings, can be drastically
reduced to a level that allows building-integrated photovoltaic
panels (BiPV) to meet much of the remaining electrical demand
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during daytime hours. Photovoltaic panels can be supplemented
by other forms of active solar energy, such as solar thermal
collectors for hot water, space heating, absorption space cooling
DQGGHKXPLGL¿FDWLRQ


%XLOGLQJLQWHJUDWHG39 %L39 

The principles governing photovoltaic (PV) power generation
and the prospects for centralized PV production of electricity
are discussed in Chapter 4, Section 4.3.3.6. Building-integrated
PV (BiPV) consists of PV modules that function as part of
the building envelope (curtain walls, roof panels or shingles,
shading devices, skylights). BiPV systems are sometimes
installed in new ‘showcase’ buildings even before the systems
are generally cost-effective. These early applications will
increase the rate at which the cost of BiPVs comes down and
the technical performance improves. A recent report presents
data on the cost of PV modules and the installed-cost of PV
systems in IEA countries (IEA, 2003b). Electricity costs from
%L39DWSUHVHQWDUHLQWKHUDQJHRI±86N:KLQJRRG
locations, but can drop considerably with mass production of
PV modules (Payne et al., 2001).
Gutschner et al. (2001) have estimated the potential for power
production from BiPV in IEA member countries. Estimates of
the percentage of present total national electricity demand that
could be provided by BiPV range from about 15% (Japan) to
almost 60% (USA).
6.4.7.2

Solar thermal energy for heating and hot water

Most solar thermal collectors used in buildings are either
ÀDWSODWHRUHYDFXDWHGWXEHFROOHFWRUV6 Integrated PV/thermal
collectors (in which the PV panel serves as the outer part of
a thermal solar collector) are also commercially available
(Bazilian et al., 2001; IEA, 2002). ‘Combisystems’ are solar
systems that provide both space and water heating. Depending
on the size of panels and storage tanks, and the building thermal
envelope performance, 10 to 60% of the combined hot water
and heating demand can be met by solar thermal systems at
central and northern European locations. Costs of solar heat
KDYH EHHQ ± ¼N:K IRU ODUJH GRPHVWLF KRW ZDWHU
V\VWHPVDQG±¼N:KIRUFRPELV\VWHPVZLWKGLXUQDO
storage (Peuser et al., 2002).
Worldwide, over 132 million m2 of solar collector surface for
space heating and hot water were in place by the end of 2003.
China accounts for almost 40% of the total (51.4 million m2),
followed by Japan (12.7 million m2) and Turkey (9.5 million
m2) (Weiss et al., 2005).

See Peuser et al. (2002) and Andén (2003) for technical information.
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6.4.8

Domestic hot water

Options to reduce fossil or electrical energy used to produce
KRWZDWHULQFOXGH L XVHRIZDWHUVDYLQJ¿[WXUHVPRUHZDWHU
HI¿FLHQW ZDVKLQJ PDFKLQHV FROGZDWHU ZDVKLQJ DQG LI XVHG
DWDOO PRUHZDWHUHI¿FLHQWGLVKZDVKHUV W\SLFDOVDYLQJV 
LL XVHRIPRUHHI¿FLHQWDQGEHWWHULQVXODWHGZDWHUKHDWHUVRU
LQWHJUDWHGVSDFHDQGKRWZDWHUKHDWHUV ±VDYLQJV  LLL 
use of tankless (condensing or non-condensing) water heaters,
located close to the points of use, to eliminate standby and
greatly reduce distribution heat losses (up to 30% savings,
depending on the magnitude of standby and distribution losses
with centralized tanks); (v) recovery of heat from warm waste
water; (vi) use of air-source or exhaust-air heat pumps; and (vii)
XVHRIVRODUWKHUPDOZDWHUKHDWHUV SURYLGLQJ±RIDQQXDO
hot-water needs, depending on climate). The integrated effect of
all of these measures can frequently reach a 90% savings. Heat
pumps using CO2DVDZRUNLQJÀXLGDUHDQDWWUDFWLYHDOWHUQDWLYH
to electric-resistance hot water heaters, with a COP of up to
± 6DLNDZDet al., 2001; Yanagihara, 2006).
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referred to as ‘task/ambient lighting’ and is popular in Europe.
Not only can this alone cut lighting energy use in half, but it
provides a greater degree of individual control over personal
lighting levels and can reduce uncomfortable levels of glare and
high contrast.
About one third of the world’s population depends on
IXHOEDVHG OLJKWLQJ VXFK DV NHURVHQH SDUDI¿Q RU GLHVHO 
contributing to the major health burden from indoor air
pollution in developing countries. While these devices provide
only 1% of global lighting, they are responsible for 20% of the
lighting-related CO2 emissions and consume 3% of the world’s
RLOVXSSO\$&)/RU/('LVDERXWWLPHVPRUHHI¿FLHQW
than a kerosene lamp (Mills, 2005). Efforts are underway to
promote replacement of kerosene lamps with LEDs in India.
Recent advances in light-emitting diode (LED) technology
KDYH VLJQL¿FDQWO\ LPSURYHG WKH FRVWHIIHFWLYHQHVV ORQJHYLW\
and overall viability of stand-alone PV-powered task lighting
(IEA, 2006b).
6.4.10 Daylighting

6.4.9

Lighting systems

Lighting energy use can be reduced by 75 to 90% compared
to conventional practice through (i) use of daylighting with
occupancy and daylight sensors to dim and switch off electric
OLJKWLQJ LL XVHRIWKHPRVWHI¿FLHQWOLJKWLQJGHYLFHVDYDLODEOH
and (iii) use of such measures as ambient/task lighting.


+LJKHI¿FLHQF\HOHFWULFOLJKWLQJ

Presently 1.9 GtCO2 are emitted by electric lighting
worldwide, equivalent to 70% of the emissions from light
passenger vehicles (IEA, 2006b). Continuous improvements in
WKHHI¿FDF\7 of electric lighting devices have occurred during
the past decades and can be expected to continue. Advances in
lamps have been accompanied by improvements in occupancy
sensors and reductions in cost (Garg and Bansal, 2000;
McCowan et al., 2002). A reduction in residential lighting
HQHUJ\XVHRIDIDFWRURIIRXUWR¿YHFDQEHDFKLHYHGFRPSDUHG
to incandescent/halogen lighting.
For lighting systems providing ambient (general space)
lighting in commercial buildings, the energy required can be
UHGXFHGE\RUPRUHFRPSDUHGWRROGÀXRUHVFHQWV\VWHPV
WKURXJKXVHRIHI¿FLHQWODPSV EDOODVWVDQGUHÀHFWRUVRFFXSDQF\
sensors, individual or zone switches on lights and lighter colour
¿QLVKHVDQGIXUQLVKLQJV$IXUWKHUWRRIWKHUHPDLQLQJ
energy use can be saved in perimeter zones through daylighting
(Rubinstein and Johnson, 1998; Bodart and Herde, 2002). A
simple strategy to further reduce energy use is to provide a
relatively low background lighting level, with local levels of
greater illumination at individual workstations. This strategy is

7

This is the ratio of light output in lumens to input power in watts.
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Daylighting systems involve the use of natural lighting
for the perimeter areas of a building. Such systems have light
sensors anGDFWXDWRUVWRFRQWURODUWL¿FLDOOLJKWLQJ2SSRUWXQLWLHV
IRU GD\OLJKWLQJ DUH VWURQJO\ LQÀXHQFHG E\ DUFKLWHFWXUDO
decisions early in the design process, such as building form;
the provision of inner atria, skylights and clerestories (glazed
vertical steps in the roof); and the size, shape and position of
windows. IEA (2000) provides a comprehensive sourcebook of
conventional and less conventional techniques and technologies
for daylighting.
A number of recent studies indicate savings in lighting
energy use of 40 to 80% in the daylighted perimeter zones of
RI¿FH EXLOGLQJV 5XELQVWHLQ DQG -RKQVRQ  -HQQLQJV et
al., 2000; Bodart and Herde, 2002; Reinhart, 2002; Atif and
Galasiu, 2003; Li and Lam, 2003). The management of solar
heat gain along with daylighting to reduce electric lighting also
leads to a reduction in cooling loads. Lee et al. (1998) measured
savings for an automated Venetian blind system integrated with
RI¿FH OLJKWLQJ FRQWUROV ¿QGLQJ WKDW OLJKWLQJ HQHUJ\ VDYLQJV
averaged 35% in winter and ranged from 40 to 75% in summer.
Monitored reductions in summer cooling loads were 5 to 25%
IRU D VRXWKHDVWIDFLQJ RI¿FH LQ 2DNODQG &DOLIRUQLD EXLOGLQJ
with even larger reductions in peak cooling loads. Ullah and
Lefebvre (2000) reported measured savings of 13 to 32% for
cooling plus ventilation energy using automatic blinds in a
building in Singapore.
An impediment to more widespread use of daylighting is
the linear, sequential nature of the design process. Based on
a survey of 18 lighting professionals in the USA, Turnbull
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and Loisos (2000) found that, rather than involving lighting
consultants from the very beginning, architects typically make
a number of irreversible decisions at an early stage of the design
that adversely impact daylighting, ‘then’ pass on their work
to the lighting consultants and electrical engineers to do the
lighting design. As a result, the lighting system becomes, de
facto, strictly an electrical design.
6.4.11 Household appliances, consumer electronics
and ofﬁce equipment
(QHUJ\XVHE\KRXVHKROGDSSOLDQFHVRI¿FHHTXLSPHQWDQG
consumer electronics, from now on referred to as ‘appliances’, is
an important fraction of total electricity use in both households
and workplaces (Kawamoto et al., 2001; Roth et al., 2002).
This equipment is more than 40% of total residential primary
energy demand in 11 large OECD nations8 (IEA, 2004f). The
largest growth in electricity demand has been in miscellaneous
equipment (home electronics, entertainment, communications,
RI¿FH HTXLSPHQW DQG VPDOO NLWFKHQ HTXLSPHQW  ZKLFK KDV
been evident in all industrialized countries since the early
1980s. Such miscellaneous equipment now accounts for
70% of all residential appliance electricity use in the 11 large
OECD nations (IEA, 2004f). Appliances in some developing
countries constitute a smaller fraction of residential energy
demand. However, the rapid increase in their saturation in many
dynamically developing countries such as China, especially
in urban areas, demonstrates the expected rise in importance
of appliances in the developing world as economies grow
(Lawrence Berkeley National Laboratory, 2004).
On a primary energy basis appliances undoubtedly represent
a larger portion of total energy use for residential than for
commercial buildings. In the United States, for example,
they account for almost 55% of total energy consumption
in commercial buildings. Miscellaneous equipment and
lighting combined account for more than half of total energy
consumption in commercial buildings in the United States and
Japan (Koomey et al., 2001; Murakami et al., 2006).
7KHPRVWHI¿FLHQWDSSOLDQFHVUHTXLUHDIDFWRURIWZRWR¿YH
OHVVHQHUJ\WKDQWKHOHDVWHI¿FLHQWDSSOLDQFHVDYDLODEOHWRGD\
For example, in the USA, the best horizontal-axis clotheswashing machines use less than half the energy of the best
vertical-axis machines (FEMP, 2002), while refrigerator/freezer
units meeting the current US standard (478 kWh/yr) require
about 25% of the energy used by refrigerator/freezers sold in
the USA in the late 1970s (about 1800 kWh/yr) and about 50%
of energy used in the late 1980s. Available refrigerator/freezers
of standard US size use less than 400 kWh/yr (Brown et al.,
1998). However, this is still in excess of the average energy use
by (generally smaller) refrigerators in Sweden, the Netherlands,
Germany and Italy in the late 1990s (IEA, 2004f).
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Standby and low power mode use by consumer electronics
(i.e., energy used when the machine is turned off) in a typical
household in many countries often exceeds the energy used by
a refrigerator/freezer unit that meets the latest US standards,
that is often more than 500 kWh/yr, (Bertoldi et al., 2002). The
growing proliferation of electronic equipment such as set-top
ER[HV IRU WHOHYLVLRQV D ZLGH YDULHW\ RI RI¿FH HTXLSPHQW LQ
KRPHV DV ZHOO DV RI¿FHV  DQG VXQGU\ SRUWDEOH GHYLFHV ZLWK
DWWHQGDQW EDWWHU\ FKDUJHUV ± FRPELQHG ZLWK LQHI¿FLHQW SRZHU
VXSSOLHV &DOZHOO DQG 5HHGHU   DQG KLJKO\ LQHI¿FLHQW
circuit designs that draw unnecessary power in the resting or
VWDQGE\PRGHV±KDYHFDXVHGWKLVHTXLSPHQWWREHUHVSRQVLEOH
for a large fraction of the electricity demand growth in both
residential and commercial buildings in many nations. Efforts
are underway especially at the International Energy Agency and
several countries (e.g., Korea, Australia, Japan and China) to
reduce standby energy use by a factor of two to three (Ross
and Meier, 2002; Fung et al. (OHFWULFLW\XVHE\RI¿FH
equipment may not yet be large compared to electricity use
by the HVAC system, but (as noted) it is growing rapidly and
LVDOUHDG\DQLPSRUWDQWVRXUFHRILQWHUQDOKHDWJDLQLQRI¿FHV
and some other commercial buildings. The biggest savings
RSSRUWXQLWLHVDUH LPSURYHGSRZHUVXSSO\HI¿FLHQF\LQERWK
active and low-power modes, 2) redesigned computer chips
that reduce electricity use in low-power mode, and 3) repeated
reminders to users to turn equipment off during non-working
hours.
The cooking stove, already referred to in Section 6.4.3.2
for heating, is a major energy-using appliance in developing
countries. However, there is particular concern about emissions
of products of incomplete combustion described in that section.
Two-and-a-half billion people in developing countries depend
on biomass, such as wood, dung, charcoal and agricultural
residues, to meet their cooking energy needs (IEA, 2006e).
Options available to reduce domestic cooking energy needs
include: 1) LPSURYHGHI¿FLHQF\RIELRPDVVVWRYHV LPSURYHG
access to clean cooking fuels, both liquid and gaseous; 3) access
to electricity and low-wattage and low-cost appliances for
low income households; 4) non-electric options such as solar
FRRNHUV HI¿FLHQWJDVVWRYHVDQG VPDOOHOHFWULFFRRNLQJ
equipment such as microwaves, electric kettles or electric
frying pans. Improved biomass stoves can save from 10 to 50%
of biomass consumption for the same cooking service (REN21
(Renewable Energy Policy Network), 2005) at the same time
reducing indoor air pollution by up to one-half. Although
the overall impact on emissions from fuel switching can be
either positive or negative, improved modern fuels and greater
FRQYHUVLRQHI¿FLHQF\ZRXOGUHVXOWLQHPLVVLRQUHGXFWLRQVIURP
all fuels (IEA, 2006e).

Australia, Denmark, Finland, France, Germany, Italy, Japan, Norway, Sweden, the United Kingdom, and the United States.

403

1510
Residential and commercial buildings

6.4.12 Supermarket refrigeration systems
Mitigation options for food-sales and service buildings,
especially supermarkets and hypermarkets extend beyond the
energy savings mitigation options reviewed so far (e.g., high
HI¿FLHQF\ HOHFWULF OLJKWLQJ GD\OLJKWLQJ HWF  %HFDXVH WKHVH
buildings often employ large quantities of HFC refrigerants in
H[WHQVLYHDQGRIWHQOHDN\V\VWHPVDVLJQL¿FDQWVKDUHRIWRWDO
GHG emissions are due to the release of the refrigerant. In all,
emissions of the refrigerant can be greater than the emissions
due to the system energy use (IPCC/TEAP, 2005).
Two basic mitigation options are reviewed in IPCC/TEAP
report: leak reduction and alternative system design. Refrigerant
leakage rates are estimated to be around 30% of banked system
charge. Leakage rates can be reduced by system design for
tightness, maintenance procedures for early detection and
repairs of leakage, personnel training, system leakage record
keeping and end-of-life recovery of refrigerant. Alternative
system design involves for example, applying direct systems
using alternative refrigerants, better containment, distributed
systems, indirect systems or cascade systems. It was found that
up to 60% lower LCCP values can be obtained by alternative
system design (IPCC/TEAP, 2005).
6.4.13 Energy savings through retroﬁts
7KHUHLVDODUJHVWRFNRIH[LVWLQJDQGLQHI¿FLHQWEXLOGLQJV
most of which will still be here in 2025 and even 2050. Our
long-term ability to reduce energy use depends critically on the
extent to which energy use in these buildings can be reduced
when they are renovated. The equipment inside a building, such
as the furnace or boiler, water heater, appliances, air conditioner
(where present) and lighting is completely replaced over time
SHULRGV UDQJLQJ IURP HYHU\ IHZ \HDUV WR HYHU\ ± \HDUV
7KH EXLOGLQJ VKHOO ± ZDOOV URRI ZLQGRZV DQG GRRUV ± ODVWV
much longer. There are two opportunities to reduce heating
and cooling energy use by improving the building envelope:
(i) at any time prior to a major renovation, based on simple
measures that pay for themselves through reduced energy
FRVWV DQG SRWHQWLDO ¿QDQFLDO VXSSRUW RU LQFHQWLYHV DQG LL 
when renovations are going to be made for other (non-energy)
reasons, including replacement of windows and roofs.
 &RQYHQWLRQDOUHWUR¿WVRIUHVLGHQWLDOEXLOGLQJV
Cost-effective measures that can be undertaken without a
major renovation of residential buildings include: sealing points
RIDLUOHDNDJHDURXQGEDVHERDUGVHOHFWULFDORXWOHWVDQG¿[WXUHV
plumbing, the clothes dryer vent, door joists and window joists;
weather stripping of windows and doors; and adding insulation
in attics, to walls or wall cavities. A Canadian study found
that the cost-effective energy savings potential ranges from
± IRU KRXVHV EXLOW EHIRUH WKH V WR DERXW  IRU
houses built in the 1990s (Parker et al., 2000). In a carefully
GRFXPHQWHG UHWUR¿W RI IRXU UHSUHVHQWDWLYH KRXVHV LQ WKH<RUN
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region of the UK, installation of new window and wooden door
IUDPHVVHDOLQJRIVXVSHQGHGWLPEHUJURXQGÀRRUVDQGUHSDLURI
cracks in plaster reduced the rate of air leakage by a factor of
± %HOODQG/RZH 7KLVFRPELQHGZLWKLPSURYHG
insulation, doors and windows, reduced the heating energy
required by an average of 35%. Bell and Lowe (2000) believe
that a reduction of 50% could be achieved at modest cost using
ZHOOSURYHQ HDUO\V WHFKQRORJLHVZLWKDIXUWKHU±
reduction through additional measures.
Studies summarized by Francisco et al. (1998) indicate that
DLUVHDOLQJ UHWUR¿WV DORQH FDQ VDYH DQ DYHUDJH RI ± RI
annual heating and air conditioning energy use in US houses.
Additional energy savings would arise by insulating pipework
and ductwork, particularly in unconditioned spaces. Rosenfeld
(1999) refers to an ‘AeroSeal’ technique (see Sec. 6.4.2.2) that
he estimates is already saving three billion US$/yr in energy
costs in the USA. Without proper sealing, homes in the USA
lose, on average, about one-quarter of the heating and cooling
HQHUJ\ WKURXJK GXFW OHDNV LQ XQFRQGLWLRQHG VSDFHV ± DWWLFV
crawl spaces, basements.
,QDUHWUR¿WRIKRPHVLQ/RXLVLDQDWKHKHDWLQJFRROLQJ
and water heating systems were replaced with a ground-source
heat pump system. Other measures were installation of attic
LQVXODWLRQ DQG XVH RI FRPSDFW ÀXRUHVFHQW OLJKWLQJ DQG ZDWHU
saving showerheads. Space and hot water heating previously
provided by natural gas was supplied instead by electricity
(through the heat pump), but total electricity use still decreased
by one third (Hughes and Shonder, 1998).
External Insulation and Finishing Systems (EIFSs) provide
an excellent opportunity for upgrading the insulation and
improving the air-tightness of single- and multi-unit residential
buildings, as well as institutional and commercial buildings.
7KLV LV EHFDXVH RI WKH ZLGH UDQJH RI H[WHUQDO ¿QLVKHV WKDW
FDQEHDSSOLHGUDQJLQJIURPVWRQHOLNHWRD¿QLVKUHVHPEOLQJ
aged plaster. A German company manufacturing some of the
components used in EIFSs undertook a major renovation of
some of its own 1930s multi-unit residential buildings. The
EIFSs in combination with other measures achieved a factor of
eight measured reduction in heating energy use (see www.3lh.
de). An envelope upgrade of an apartment block in Switzerland
reduced the heating requirement by a factor of two, while
UHSODFLQJDQRLO¿UHGERLOHUDWVHDVRQDODYHUDJHHI¿FLHQF\
with an electric heat pump having a seasonal average COP
of 3.2 led to a further large decrease in energy use. The total
primary energy requirement decreased by about 75% (Humm,
2000).
 &RQYHQWLRQDOUHWUR¿WVRILQVWLWXWLRQDODQG
commercial buildings
There are numerous published studies showing that
energy savings of 50 to 75% can be achieved in commercial
buildings through aggressive implementation of integrated
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VHWVRIPHDVXUHV7KHVHVDYLQJVFDQRIWHQEHMXVWL¿HGLQWHUPV
of the energy-cost savings alone, although in other cases full
MXVWL¿FDWLRQUHTXLUHVFRQVLGHUDWLRQRIDYDULHW\RIOHVVWDQJLEOH
EHQH¿WV,QWKHHDUO\VDXWLOLW\LQ&DOLIRUQLDVSRQVRUHGD
PLOOLRQ86GHPRQVWUDWLRQRIDGYDQFHGUHWUR¿WV,QVL[RI
VHYHQUHWUR¿WSURMHFWVDQHQHUJ\VDYLQJVRIZDVREWDLQHG
in the seventh project, a 45% energy savings was achieved.
For Rosenfeld (1999), the most interesting result was not that
an alert, motivated team could achieve savings of 50% with
FRQYHQWLRQDOWHFKQRORJ\EXWWKDWLWZDVYHU\KDUGWR¿QGDWHDP
competent enough to achieve these results.
Other, recent examples that are documented in the published
literature include:
v A realized savings of 40% in heating, plus cooling, plus
YHQWLODWLRQ HQHUJ\ XVH LQ D 7H[DV RI¿FH EXLOGLQJ WKURXJK
conversion of the ventilation system from one with constant
WRRQHZLWKYDULDEOHDLUÀRZ /LXDQG&ODULGJH 
v A realized savings of 40% of heating energy use through
WKHUHWUR¿WRIDQWZRVWRU\RI¿FHEXLOGLQJLQ$WKHQV
where low-energy was achieved through some passive
technologies that required the cooperation of the occupants
(Balaras, 2001);
v A realized savings of 74% in cooling energy use in a onestory commercial building in Florida through duct sealing,
chiller upgrade and fan controls (Withers and Cummings,
1998);
v 5HDOL]HGVDYLQJVRI±LQKHDWLQJHQHUJ\XVHWKURXJK
UHWUR¿WV RI VFKRROV LQ (XURSH DQG $XVWUDOLD &$''(7
1997);
v Realized fan, cooling and heating energy savings of 59, 63
and 90% respectively in buildings at a university in Texas;
URXJKO\KDOIGXHWRVWDQGDUGUHWUR¿WDQGKDOIGXHWRDGMXVWment of the control-system settings (which were typical for
North America) to optimal settings (Claridge et al., 2001).
 6RODUUHWUR¿WVRIUHVLGHQWLDOLQVWLWXWLRQDODQG
commercial buildings
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façade. Case studies are presented in Boonstra and Thijssen
(1997), Haller et al. (1997) and Voss (2000a), Voss (2000b) and
are summarized in Harvey (2006), Chapter 14).
6.4.14 Trade-offs between embodied energy and
operating energy
The embodied energy in building materials needs to be
considered along with operating energy in order to reduce
total lifecycle energy use by buildings. The replacement of
PDWHULDOVWKDWUHTXLUHVLJQL¿FDQWDPRXQWVRIHQHUJ\WRSURGXFH
(such as concrete and steel) with materials requiring small
amounts of energy to produce (such as wood products) will
reduce the amount of energy embodied in buildings. Whether
this reduces energy use on a lifecycle basis, however, depends
on the effect of materials choice on the energy requirements
for heating and cooling over the lifetime of the building and
whether the materials are recycled at the end of their life
(Börjesson and Gustavsson, 2000; Lenzen and Treloar, 2002).
For typical standards of building construction, the embodied
energy is equivalent to only a few years of operating energy,
although there are cases in which the embodied energy can be
much higher (Lippke et al., 2004). Thus, over a 50-year time
span, reducing the operating energy is normally more important
than reducing the embodied energy. However, for traditional
buildings in developing countries, the embodied energy can be
large compared to the operating energy, as the latter is quite
low.
In most circumstances, the choice that minimizes operating
energy use also minimizes total lifecycle energy use. In some
cases, the high embodied energy in high-performance building
HQYHORSH HOHPHQWV VXFK DV NU\SWRQ¿OOHG GRXEOH RU WULSOH
glazed windows) can be largely offset from savings in the
embodied energy of heating and/or cooling equipment (Harvey,
2006, Chapter 3), so a truly holistic approach is needed in
analysing the lifecycle energy use of buildings.
6.4.15 Trade-offs involving energy-related
emissions and halocarbon emissions

6RODUUHWUR¿WSHUIRUPHGLQ(XURSHXQGHUWKH,($6RODUDQG
&RROLQJ3URJUDPDFKLHYHGVDYLQJVLQVSDFHKHDWLQJRI±
+DUYH\  &KDSWHU   7KH UHWUR¿W H[DPSOHV GHVFULEHG
DERYHZKLOHDFKLHYLQJGUDPDWLF ± HQHUJ\VDYLQJVUHO\
on making incremental improvements to the existing building
components and systems. More radical measures involve reFRQ¿JXULQJWKHEXLOGLQJVRWKDWLWFDQPDNHGLUHFWXVHRIVRODU
energy for heating, cooling and ventilation. The now-completed
Task 20 of the IEA’s Solar Heating and Cooling (SHC)
LPSOHPHQWLQJ DJUHHPHQW ZDV GHYRWHG WR VRODU UHWUR¿WWLQJ
techniques.

Emissions of halocarbons from building cooling and
refrigeration equipment, heat pumps and foam insulation
amount to 1.5 GtCO2-eq at present, compared to 8.6 GtCO2
from buildings (including through the use of electricity) (IPCC/
TEAP, 2005). Emissions due to these uses are projected only
to 2015 and are constant or decline in this period. Halocarbon
emissions are thus an important consideration. Issues pertaining
to stratospheric ozone and climate are comprehensively reviewed
in the recent IPCC/TEAP report (IPCC/TEAP, 2005).

Solar renovation measures that have been used are installation
of roof- or façade-integrated solar air collectors; roof-mounted
or integrated solar DHW heating; transpired solar air collectors,
advanced glazing of balconies, external transparent insulation;
and construction of a second-skin façade over the original

Halocarbons (CFCs, HCFCs and HFCs) are involved as a
ZRUNLQJÀXLGLQUHIULJHUDWLRQHTXLSPHQW UHIULJHUDWRUVIUHH]HUV
and cold storage facilities for food), heating and cooling of
buildings (heat pumps, air conditioners and chillers) and as an
blowing agent used in foam insulation for refrigerators, pipes
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and buildings. All three groups are greenhouse gases. The GWP
of HCFCs is generally lower than CFCs. The GWP of HFCs
is also generally lower than that of the CFCs, but generally
slightly higher than that of the HCFCs. The consumption
(production plus imports, minus exports, minus destruction) of
CFCs except for critical uses (e.g., medical devices) stopped
in 1996 in developed countries, while developing countries
have been given to 2010 to eliminate consumption. HCFCs
are being phased out, also for reasons of ozone depletion, but
will not be completely phased out of production until 2030
in developed countries and 2040 in developing countries.
Nevertheless, projected emissions of HCFCs and HFCs (and
RQJRLQJHPLVVLRQVIURP&)&EDQNV DUHVXI¿FLHQWO\KLJKWKDW
scenarios of halocarbon emissions related to buildings in 2015
show almost the same emissions as in 2002 (about 1.5 GtCO2eq. emissions). For the coming decade or longer, the bank of
CFCs in the stock of cooling equipment and foams is so large
that particular attention needs to be given to recovering these
CFCs.
Lifetime emissions of refrigerants from cooling equipment,
expressed as CO2HTSHUXQLWRIFRROLQJKDYHIDOOHQVLJQL¿FDQWO\
during the past 30 years. Leakage rates are generally in the
RUGHU RI  EXW UDWHV DV KLJK DV ± RFFXU %\  LW
is expected that HFCs will be the only halocarbon refrigerant
to be used in air conditioners and heat pumps manufactured
in developed countries. Non-halocarbon refrigerants can entail
VLPLODUHI¿FLHQF\EHQH¿WVLIWKHKHDWSXPSLVIXOO\RSWLPLVHG
Thus, both the performance of the heat pump and the impact of
halocarbon emissions need to be considered in evaluating the
climatic impact of alternative choices for refrigerants.
The climatic impact of air conditioners and most chillers is
generally dominated by the energy used to power them. For
leakage of HFC refrigerants at rates of 1 to 6%/yr (IPCC/TEAP,
2005) (best practice is about 0.5%/yr) and recovery of 85% of
WKH UHIULJHUDQW FRPSDUHG WR ± LQ W\SLFDO SUDFWLFH  DW
the end of a 15-year life, refrigerant leakage accounts for only
1 to 5% of the total impact on climate of the cooling equipment
to up to 20%, without end-of-life recovery, of the total impact
(derived from (IPCC/TEAP, 2005). This demonstrates the
importance of end-of-life recovery, which is highly uncertain
for HFCs at present. However, for CFC chillers, the high GWP
of the refrigerant and the typical high leakage of older CFCEDVHGGHVLJQVFDXVHWKHUHIULJHUDQWWREHDVLJQL¿FDQWIDFWRULQ
overall emissions. This demonstrates that emphasis needs to be
put on the replacement of CFC chillers in both developed and
developing countries for which hydrocarbons are now widely
used in EU countries.
The energy/HFC relationship for air conditioners does not
hold for most large built-up refrigeration systems, such as those
found in supermarkets and hypermarkets. Roughly half of the
total equivalent emissions from these systems result from the
refrigerant, in case an HFC blend is used. Various designs
explored in IPCC/TEAP report (IPCC/TEAP, 2005) indicate
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WKDW GLUHFW UHIULJHUDQW HPLVVLRQV FDQ GURS IURP ± RI
the total emissions in a typical system to 15% for improved
systems. The value is 0% for systems using hydrocarbon or
ammonia refrigerants. Although some designs may incur a slight
increase in energy use, total (energy + refrigerant) emissions
DUHQRQHWKHOHVVVLJQL¿FDQWO\UHGXFHG
)RUIRDPLQVXODWLRQEORZQZLWKKDORFDUERQVWKHEHQH¿WRI
reduced heating energy use can outweigh the effect of leakage
of blowing agent when insulating buildings that were previously
either poorly insulated or uninsulated (Ashford et al., 2005).
However, for high levels of insulation, the opposite becomes
true (Harvey, 2007) without end-of-life recovery of the blowing
agent. In general terms, the use of methods such as Life Cycle
Climate Performance (LCCP) is essential in evaluating the most
appropriate course of action in each situation.
6.4.16 Summary of mitigation options in buildings
The key conclusion of section 6.4 is that substantial
reductions in CO2 emissions from energy use in buildings
can be achieved over the coming years using existing, mature
WHFKQRORJLHV IRU HQHUJ\ HI¿FLHQF\ WKDW DOUHDG\ H[LVW ZLGHO\
and that have been successfully used (high agreement, much
evidence). There is also a broad array of widely accessible and
cost-effective technologies and know-how that can abate GHG
HPLVVLRQVLQEXLOGLQJVWRDVLJQL¿FDQWH[WHQWWKDWKDVQRWDV\HW
been widely adopted.
Table 6.1 summarizes selected key technological
RSSRUWXQLWLHV LQ EXLOGLQJV IRU *+* DEDWHPHQW LQ ¿YH ZRUOG
regions based on three criteria. Twenty-one typical technologies
were selected from those described in section 6.4. As economic
and climatic conditions in regions largely determine the
applicability and importance of technologies, countries were
divided into three economic classes and two climatic types.
The three criteria include the maturity of the technology, cost/
effectiveness and appropriateness. Appropriateness includes
climatic, technological and cultural applicability. For example,
direct evaporative cooling is ranked as highly appropriate in dry
and warm climates but it is not appropriate in humid and warm
climates. The assessment of some technologies depends on
other factors, too. For instance, the heat pump system depends
on the energy source and whether it is applied to heating or
cooling. In these cases, variable evaluation is indicated in the
table.
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Table 6.1: Applicability of energy efﬁciency technologies in different regions. Selected are illustrative technologies, with an emphasis on advanced systems, the rating of which is different between countries
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Visual
representation

Evaluation ranks:

•

•
Cheap/Effective [$/+]
‘~’ Not available

Mature Market (widespread commercially available without speciﬁc
governmental support) {M]

No Mature Market (not necessarily available/not necessarily mature
market)

~

μ

•

Economically feasible under speciﬁc conditions [E]

Expensive/Effective [$$/+]

Expensive/Not effective [$$/-]

Research phase (including laboratory and development) [R]

Demonstration phase [D]

Cost/Effectiveness

Stage of technology

‘~’ Not available

Highly appropriate {++]

Appropriate {+]

Not appropriate {-]

Appropriateness

Notes:
1 For heat block type; 2 For Low-E; 3 Limited to ground heat source etc.; 4 For air conditioning; 5 For hot water; 6 For cooling; 7 For hot water; 8 For cooling; 9 Limited to ground heat source, etc.; 10 For cooling; 11 For hot
water; 12 For hot water; 13 For cooling; 14 For hot water; 15 For cooling; 16 Limited to ground heat source, etc.; 17 In high humidity region; 18 In arid region; 19 In high humidity region; 20 In arid region; 21 In high humidity
region; 22 In arid region; 23 In high humidity region; 24 In arid region; 25 United States; 26 South European Union; 27 United States; 28 South European Union.

Advanced control
system based on
BEMS

Variable speed drives
for pumps and fans

Energy efﬁciency or
emission reduction
technology

Table 6.1: Applicability of energy efﬁciency technologies in different regions. Selected are illustrative technologies, with an emphasis on advanced systems, the rating of which is different between countries
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6.5 Potential for and costs of greenhouse
gas mitigation in buildings
The previous sections have demonstrated that there is already
a plethora of technological, systemic and management options
available in buildings to substantially reduce GHG emissions.
This section aims at quantifying the reduction potential these
options represent, as well as the costs associated with their
implementation.
6.5.1

Recent advances in potential estimations
from around the world

Chapter 3 of the TAR (IPCC, 2001) provided an overview of
the global GHG emission reduction potential for the residential
and commercial sectors, based on the work of IPCC (1996) and
Brown et al. (1998). An update of this assessment has been
conducted for this report, based on a review of 80 recent studies
from 36 countries and 11 country groups, spanning all inhabited
continents. While the current appraisal concentrates on new
results since the TAR, a few older studies were also revisited if
no recent study was located to represent a geopolitical region
in order to provide more complete global coverage. Table 6.2
UHYLHZV WKH ¿QGLQJV RI D VHOHFWLRQ RI PDMRU VWXGLHV RQ &22
mitigation potential from various countries around the world
that could be characterized in a common framework. Since the
studies apply a variety of assumptions and analytical methods,
these results should be compared with caution (see the notes
for each row, for methodological aspects of such a comparison
exercise).
According to Table 6.2, estimates of technical potential
range from 18% of baseline CO2 emissions in Pakistan (Asian
Development Bank, 1998) where only a limited number of
options were considered, to 54% in 20109 in a Greek study
(Mirasgedis et al., 2004) that covered a very comprehensive
range of measures in the residential sector. The estimates of
economic potential10 vary from 12% in EU-15 in 201011 (Joosen
and Blok, 2001) to 52% in Ecuador in 203012 (FEDEMA, 1999).
Estimates of market potential13 range from 14% in Croatia,
focusing on four options only (UNFCCC NC1 of Croatia,
2001), to 37% in the USA, where a wide range of policies were
appraised (Koomey et al., 2001).
Our calculations based on the results of the reviewed studies
(see Box 6.1) suggest that, globally, approximately 29% of the
projected baseline emissions by 202014 can be avoided costeffectively through mitigation measures in the residential
9
10
11
12
13
14
15

and commercial sectors (high agreement, much evidence).
Additionally at least 3% of baseline emissions can be avoided
at costs up to 20 US$/tCO2 and 4% more if costs up to 100 US$/
tCO2 are considered. Although due to the large opportunities at
low-costs, the high-cost potential has been assessed to a limited
H[WHQWDQGWKXVWKLV¿JXUHLVDQXQGHUHVWLPDWH(high agreement,
much evidence). These estimates represent a reduction of
approximately 3.2, 3.6 and 4.0 billion tonnes of CO2-eq in 2020,
at zero, 20 US$/tCO2 and 100 US$/tCO2, respectively. Due to
WKHOLPLWHGQXPEHURIGHPDQGVLGHHQGXVHHI¿FLHQF\RSWLRQV
considered by the studies, the omission of non-technological
RSWLRQVWKHRIWHQVLJQL¿FDQWFREHQH¿WVDVZHOODVWKHH[FOXVLRQ
RI DGYDQFHG LQWHJUDWHG KLJKO\ HI¿FLHQF\ EXLOGLQJV WKH UHDO
potential is likely to be higher (high agreement, low evidence).
While occupant behaviour, culture and consumer choice as
well as use of technologies are also major determinants of
energy consumption in buildings and play a fundamental role
in determining CO2 emissions, the potential reduction through
QRQWHFKQRORJLFDO RSWLRQV LV QRW DVVHVVHG 7KHVH ¿JXUHV DUH
very similar to those reported in the TAR for 2020, indicating
the dynamics of GHG reduction opportunities. As previous
HVWLPDWHV RI DGGLWLRQDO HQHUJ\ HI¿FLHQF\ DQG *+* UHGXFWLRQ
potential begin to be captured in a new baseline, they tend to
EHUHSODFHGE\WKHLGHQWL¿FDWLRQRIQHZHQHUJ\HI¿FLHQF\DQG
GHG-mitigation options. For comparison with other sectors
these potentials have been extrapolated to 2030. The robustness
RIWKHVH¿JXUHVLVVLJQL¿FDQWO\ORZHUWKDQWKRVHIRUGXH
to the lack of research for this year. The extrapolation of the
potentials to the year 2030 suggests that, globally, at least
31% of the projected baseline emissions can be mitigated
cost-effectively by 2030 in the buildings sector. Additionally
at least 4% of baseline emissions can be avoided at costs up
to 20 US$/tCO2 and 5% more at costs up to 100 US$/tCO2
(medium agreement, low evidence)15. This mitigation potential
would result in a reduction of approximately 4.5, 5.0 and 5.6
billion tonnes of CO2-eq at zero, 20 US$/tCO2 and 100 US$/
tCO2, respectively, in 2030. Both for 2020 and 2030, low-cost
potentials are highest in the building sector from all sectors
assessed in this report (see Table 11.3). The outlook to the longterm future assuming options in the building sector with a cost
up to 25 US$/tCO2LGHQWL¿HVWKHSRWHQWLDORIDSSUR[LPDWHO\
billion tonnes of CO2 in 2050 (IEA, 2006d).
The literature on future non-CO2 emissions and potentials for
their mitigation have been recently reviewed in the IPCC/TEAP
UHSRUW  7KHUHSRUWLGHQWL¿HVWKDWWKHUHDUHRSSRUWXQLWLHV
WR UHGXFH GLUHFW HPLVVLRQV VLJQL¿FDQWO\ WKURXJK WKH JOREDO
application of best practices and recovery methods, with a
reduction potential of about 665 million tonnes of CO2-eq of

If the approx. formula of Potential 2020 = 1 - ( 1 - Potential 2010)20/10 is used to extrapolate the potential as percentage of the baseline into the future (2000 is assumed as a start
year), this corresponds to approx. 78% CO2 savings in 2020.
In this chapter we refer to ‘cost-effective’ or ‘economic’ potential, to remain consistent with the energy-efﬁciency literature, considering a zero-carbon price.
Corresponds to an approx. 22% potential in 2020 if the extrapolation formula is used.
Corresponds to an approx. 38% potential in 2020 if the formula is applied to derive the intermediate potential.
For deﬁnitions of technical, economic, market and enhanced market potential, see Chapter 2 Section 2.4.3.1.
The baseline CO2 emission projections were calculated on the basis of the reviewed studies, and are a composite of business-as-usual and frozen efﬁciency baseline.
These are the average ﬁgures of the low and high scenario of the potential developed for 2030.
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Reference

Type of
potential

Description of mitigation scenarios

Enhanced
market

Technical

Jaccard and
Associates,
2002

Mirasgedis et
al., 2004

DEFRA, 2006

Australian
Greenhouse
Ofﬁce, 2005

Kallaste et al.,
1999

ERI, 2004

Petersdorff et
al., 2005

Szlavik et al.,
1999

Asian
Development
Bank, 1998

Canada

Greece

UK

Australia

Estonia

China

New EU
Member
Statesa)

Hungary

Myanmar

5 options: shift to CFLs, switch to efﬁcient
biomass and LPG cooking stoves, improved
kerosene lamps, efﬁcient air conditioners.

25 technological options and measures: building
envelope, space heating, hot water supply,
ventilation, awareness, lighting, appliances.

3

15

22

62

422

Key policies: energy conservation standards, heat
price reform, standards & labelling for appliances,
energy efﬁciency projects, etc.

Building envelope esp. insulation of walls, roofs,
cellar/ground ﬂoor, windows with lower U-value;
and renewal of energy supply.

0.4

N.a.

31%

45%

-

23%

2.5% of
nation.
emis.

15%

24%
(res.
only)

46

18

25%

54%

24%

12%

21%

6

13

22

175

310

4 insulation measures: 3d window glass, new
insulation into houses, renovation of roofs,
additional attic insulation.

Fridges and other appliances, air conditioners,
water heating, swimming pool equipment,
chillers, ballasts, standards, greenlight Australia
plan, refrigerated cabinets, water dispensers,
standby.

41 options: insulation; low-e double glazing
windows; various appliances; heating controls;
better IT equipment, more efﬁcient motors, shift
to CFLs, BEMS, etc.

14 technological options: fuel switch, controls,
insulation, lights, air conditioning and others.

Mainly fuel switch in water and space heating,
hot water efﬁciency and the multi-residential
retroﬁt program in households; landﬁll gas,
building shell efﬁciency actions and fuel switch in
commerce.

25 options: retroﬁt (insulation); heating systems;
new zero & low energy buildings, lights, ofﬁce
equipment & appliances; solar and geo-thermal
heat production; BEMS for electricity, space
heating and cooling.

Baseline
(%)

Potential
Million
tCO2

1. Biomass cooking
stoves, 2. Kerosene
lamps, 3. CFLs.

1. Individual metering
of hot water; 2. Water
ﬂow controllers; 3.
Retroﬁtted windows.

1. Roof insulation;
2. Wall insulation; 3.
Floor Insulation.

n.a. (not listed in the
study)

1. New insulation; 2.
Attic insulation; 3. 3d
window glass.

1.Standby programs;
2.MEPS for
appliances 1999;
3.TVs on-mode.

1. Efﬁcient fridge/
freezers; 2. Efﬁcient
chest freezers; 3. Efﬁcient dishwashers.

1. Replacement of
central boilers; 2. Use
of roof ventilators; 3.
Replacement of AC.

n.a. (not listed in the
study)

1. Efﬁcient TV and
peripheries; 2.
Efﬁcient refrigerators
& freezers; 3. Lighting
Best Practice.

Measures with
lowest costs

[1] 3%;
[5] TY 2030.

[1] 10%.

1. Biomass cooking
stoves, 2. LPG cooking
stoves, 3. CFLs.

[1] 6%;
[4] Fr-ef;
[5] BY 2006;
TY 2015.

[1].N.a.

[1].6%; [5].
BY 1995; TY
2025.

[1].5%; [4].
BL: scenario
without
measures;
[5].BY 2005.

[1].7-5%:
R/C; [4].BL:
Johnston et
al., 2005;
[5].BY 2005.

[1].6%;
[4].Fr-ef; [5].
TY 2010; [7].
R only.

[1].10%;
[5].TY 2010.

[1].4%;
[4].Fr-ef.;
[5].TY 2010.

Notes

1. Post insulation; 2.
Retroﬁt of windows; 3.
Replacement of windows.

1. Window replacement;
2. Wall insulation; 3. Roof
insulation.

n.a. (not listed in the study)

1.New insulation; 2.3d
window glass; 3.Attic
insulation.

1.Packaged airconditioners; 2.Ballast
program in 2003;
3.Fluorescent bulbs.

1.Efﬁcient gas boilers;
2.Cavity insulation; 3.Loft
insulation.

1.Shell, esp. insulation;
2.Lighting & water heating;
3.Space heating systems.

1.Electricity demand
reductions; 2.Commercial
landﬁll gas; 3.Furnaces &
shell improvements.

1.Retroﬁt: insulated
windows; 2.Retroﬁt:
wall insulation; 3.BEMS
for space heating and
cooling.

Measures with highest
potential
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Economic

Economic

Technical

Market

Market

Technical

Economic

Technical

Market

Economic

Technical

Joosen and
Blok, 2001

EU-15

Case studies providing information for demand-side measures

Country/
region

Table 6.2: Carbon dioxide emissions reduction potential for residential commercial sectors
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Reddy and
Balachandra,
2006

Asian
Development
Bank, 1998

FEDEMA,
1999

Asian
Development
Bank, 1998

Asian
Development
Bank, 1998

AIM, 2004

AIM, 2004

AIM, 2004

Gaj and
Sadowski,
1997

Izrael et al.,
1999

Republic
of Korea

Ecuador

Thailand

Pakistan

Indonesia

Argentina

Brazil

Poland

Russia

Reference

India

Country/
region

Table 6.2. Continued.

Economic

Technical

Downsized thermal generators (boilers and
heaters), thermal insulation (improved panels,
doors, balconies, windows), heat and hot water
meters and controls, hot water distribution
devices, electric appliances.

13%

47%

182
52

18%

26%

36%

30

43

41%

19%

22%

19%

25%

16%

18%

13%

31%

52%

17%

33%

Baseline
(%)

n.a. (not listed in the
study)

1. Efﬁcient street
lighting;
2. Improved controls
of small gas boilers;
3. Efﬁcient lighting in
commerce.

Efﬁcient refrigerator,
electricity and
gas water heater,
kerosene and gas
heater, lights, airconditioners (not
ranked).

1. Improved lights,
2. Efﬁcient ceiling
fans, 3. More efﬁcient
refrigerators.

1. Lighting, 2.
Efﬁcient refrigerators,
3. Air conditioning.

1. Lights; 2. Electric
appliances (esp. rural
areas); 3. Electricity
end-use in services.

1. Heating: gas
boilers, solar hot
water, insulation
standards; 2. Air
conditioners; 3.
Inverters & motors.

1. Efﬁcient packages
of lighting; 2.
Kerosene stoves; 3.
Wood stoves.

Measures with
lowest costs

n.a. (not listed in the
study)

1. Insulation of walls, 2.
Improvement of home
appliances, 3. Fuel
switching from coal to
gas, solar and biomass.

1. Efﬁcient refrigerators,
2. Fluorescent lamps,
3. Efﬁcient electric
water heater (ranking at
negative marginal cost).

[1] n.a.;
[4] BL:
UNFCCC NC3
of Russia,
2002; PNNL &
CENEf, 2004;
[5] TY 2010.

[1] n.a.;
[4] BL:
UNFCCC NC3
of Poland,
2001.

[1] 5%;
[2] Integrated
Assessment; [4]
Fr-ef.;
[7] R only.

[1] 8%;
[5] BY 1998.
1. Efﬁcient ceiling fans,
2. Improved lights,
3. Improved building
design.

[1] 10%;
[5] TY 2030.

1. Improved electricity
end-uses in rural areas;
2. Electric appliances
(esp. in rural areas); 3.
Light systems.

[1] 10%;
[5] BY 1997; [7]
R only.

[1] 8.5%;
[5] BY1998.

1. Improved lights; 2.
Motors & inverters; 3.
Gas boiler RES, solar
hot water system,
insulation standards.

1. Efﬁcient airconditioning, 2. Efﬁcient
refrigerators, 3
Lighting.

[1] n.a.;
[5] TY 2010; [7]
R only.

Notes

1. Wood stoves, 2.
Efﬁcient packages of
lighting; 3. Kerosene
stoves.

Measures with highest
potential

Chapter 6

Economic

13 options: lights in streets, commerce &
households, gas boiler controls, appliances,
heat meters, thermal insulation for walls and
roofs, window tightening & replacement, fuel
switch from coal to gas, solar or biomass, DH
boilers.

4.8

Technical

Economic

3.3

3.8

10.2

13.5

6

7

6.1

15

7

20

17

Million
tCO2

Potential

5.4

9 Main technological options: energy efﬁcient
appliances such as refrigerator and air
conditioners, lights (shift from incandescents
to ﬂuorescents), kerosene, electricity and gas
water heater, kerosene and gas heater, wall and
window insulation and others.

Energy efﬁciency improvements of electric
appliances and other end-use devices such
as lights, fans, refrigerators, water heaters and
improvement of building design.

3 technological programs: lighting (shift to
ﬂuorescents), refrigerator (insulation and
compressors) and air-conditioning.

6 main options: improvements of appliances,
lighting systems, electricity end-uses esp. in
rural areas and in the services, solar water
heating, public lighting.

7 options: heating - condensing gas boilers,
solar hot water systems, insulation standards;
cooling - air conditioners; improved lights - shift
to ﬂuorescents and CFLs; efﬁcient motors and
inverters.

Lighting: mixture of incandescents, ﬂuorescent
tubes and CFLs, exchange of traditional
kerosene and wood stoves and water heaters
for efﬁcient equipment.

Description of mitigation scenarios

Technical

Economic

Technical

Economic

Technical

Economic

Technical

Economic

Technical

Economic

Economic

Market

Type of
potential
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411

412

UNFCCC
NC1 of
Croatia, 2001

Croatia

Market

Economic

Technical

Type of
potential

Electricity savings for not heating purposes
(low energy bulbs, more efﬁcient appliances,
improved motors), solar energy use increase,
thermal insulation improvement.

21 options: light practices; new & retroﬁts
HVAC; stoves, thermal envelope; fuel switch
in heaters; standards & labelling; for hot water:
improved insulation, heat pumps, efﬁcient use;
solar heating.

Description of mitigation scenarios

20%

14%

2

Koomey et
al., 2001

Murakami et
al., 2006

Martinsen et
al., 2002

USA

Japan

Germany

Technical

Technical

Market

Economic

Two options: fuel switch from coal and oil to
natural gas and biomass and heat insulation.

15 options: new and retroﬁt insulation, double
glazing window, home appliances (water &
space heating/cooling, lighting, cooking), PVs,
solar heating, shift to energy efﬁcient living
style, low-carbon electricity generation.

Voluntary labelling, deployment programmes,
building codes, new efﬁciency standards,
government procurement, implementation of
tax credits, expansion of cost-shared federal
R&D expenditures.

Improvement in space and water heating,
appliances and lighting, cooling/freezing, airconditioning, cooking, motors, process heat,
renewable energies, reduced emissions from
electricity generation.

28%

46

26%

37%

898

31

37%

81

n.a. (not listed in the
study)

n.a. (not listed in the
study)

n.a. (The study did
not examine a GHG
potential supply cost
curve).

n.a. (not listed in the
study)

1. Bulbs &
appliances;
2. Solar energy use
increase;
3. Insulation
improvement

1. Energy star
equipment;
2. Lighting retroﬁt;
3. New lighting
systems.

Measures with
lowest costs

1.Heat insulation; 2.Fuel
switch from coal & oil to
gas & biomass.

1. Water heater;
2. Space heater;
3. Home appliances.

1. Lighting;
2. Space cooling;
3.Space heating.

R: 1.Insulation;
2.Heating systems, fuel
switch, DH&CHP;
C: 1. Energy efﬁciency,
2. Renewables.

1. Insulation
improvement;
2. Solar energy use
increase;
3. Bulbs & appliances.

1. Hybrid solar water
heaters;
2. New building thermal
design;
3. New HVAC systems.

Measures with highest
potential

[1] n.a.;
[5] BY 2002;
[7] R only.

[1] n.a.;
[7] R only.

[1] 7%;
[5] BY 1997.

[1] 3-5%;
[5] BY 2005;
[7] C includes
agriculture.

[1] n.a.

[1] 6%;
[4] Fr-ef.;
[5] BY 2001; TY
2030.

Notes

Notes specify those parameters which are different from those identiﬁed below (the number of a note is the number of the model parameter):
a) Hungary, Slovakia, Slovenia, Estonia, Latvia, Lithuania, Poland and the Czech Republic
1. Discount Rate (DR) belongs to the interval [3%; 10%]. 2. Most models are Bottom-up (BU). 3. All models consider CO2. If a study considered GHGs, CO2 only was analysed, if the study assessed C, potential was converted into CO2. 4. Baseline (BL) is Business-as-Usual Scenario (BAU) or similar (Frozen efﬁciency scenario is abbreviated as fr-ef). 5. Base year (BY) is 2000; Target year (TY) is 2020. 6. Costs
covered: cost of incremental reduction, abatement costs, costs of avoided or saved or mitigated CO2, marginal costs. 7. Estimations are made for Residential (R) and commercial (C) sectors in sum.

Lechtenbohmer et al.,
2005

New EU
Member
Statesa)

23%

37

41

Baseline
(%)

Potential
Million
tCO2

Studies providing information about both supply and demand-side options not separating them

De Villiers
and Matibe,
2000
De Villiers,
2000

Reference

South
Africa

Country/
region

Table 6.2. Continued.
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Box 6.1: Methodology for the global assessment of potentials and costs of CO2 mitigation in buildings
This chapter evaluated the potential for GHG mitigation in buildings and associated costs based on the review of existing
national and regional potential estimates. For this purpose, over 80 studies containing bottom-up mitigation potential estimates for buildings were identiﬁed from 36 countries and 11 country groups covering all inhabited continents. One study
(AIM, 2004) covered the entire planet, but it was not suitable for the purposes of this report, as it assessed a very limited
number of mitigation options.
To allow the comparison of studies in a common framework, their main results and related assumptions were processed and
inserted into a database containing the key characteristics of the methods used and results. To eliminate the major effects
of different methodological assumptions, only those studies were selected for further analysis whose assumptions fell into a
range of common criteria. For instance, studies were only used for further assessment if their discount rates fell in the interval
of 3–10%. For studies which did not report their baseline projections, these were taken from the latest available National
Communications to the UNFCCC, or other recent related reports.
Table 6.2 presents the results of a selection of major mitigation studies meeting such criteria for different parts of the world.
For deﬁnitions of various mitigation potentials see Chapter 2, Section 2.4.3.1.
The next step was to aggregate the results into global and regional potential estimates, as a function of CO2 costs. Only three
studies covered a 2030 target year and they were for countries with insigniﬁcant global emissions, thus this was only possible
for 2020 in the ﬁrst iteration. Since few studies reported potentials as a function of cost (typically only technical/economic
or market potentials were reported), only 17 studies from the remaining subset meeting our other selection criteria could be
used. IPCC SRES or WEO scenarios could not be used as a baseline because little information is available for these on the
technology assumptions in buildings. In order to make sure the potentials are entirely consistent with the baseline, an average baseline was created from the studies used for the global potential estimates. For the global potential estimates and the
baseline construction, the world was split into seven regions16. For each such region, two to four studies were located, thus
dividing each region into two to four sub-regions represented by these marker countries in terms of emission growth rates
and potential as a percentage of baseline. CO2 baseline emissions in the seven regions were estimated starting with 2000
IPCC A1B and B2 (SRES) data and applying the CO2 growth rates calculated for each region as the population weighted
average CO2 baseline growth rates of two to four sub-regions. The baseline projections were estimated for 2000–2020 based
on mainly 2020 data from the studies; these trends were prolonged for the period 2020–2030. Since three of the seventeen
studies used a frozen efﬁciency baseline, the baseline used in this chapter can be considered a business-as-usual one with
some frozen efﬁciency elements. The resulting baseline is higher than the B2 (SRES) scenario but lower than A1B (SRES)
and WEO scenarios.
Analogously, CO2 potentials as a percentage of the baseline in cost categories (US$/tCO2: (<0); (0;20); (20;100)) were calculated based on population weighted average potentials in the sub-regions for each cost category .While the three studies
using a frozen efﬁciency baseline result in a relatively higher potential than in studies using a BAU baseline, this does not
compromise the validity of the global potential, since for the regions applying a frozen efﬁciency baseline, the latter baseline
was used in calculating the global total. The results of these estimates are presented in Table 6.3.
As mentioned above, only three studies covered the baseline or mitigation potential for 2030. Therefore these ﬁgures were
derived by extrapolating the 2020 ﬁgures to 2030. Since the simple exponential formula used for such extrapolations by
other sectors was found to yield disputably high or low results in some cases, a modiﬁed exponential function was used
which allows regulating the maximum potential considered theoretically achievable for different regions17. The results of the
projections are presented in Table 6.4

16 OECD North America, OECD Paciﬁc, Western Europe, Transition Economies, Latin America, Africa and Middle East, and Asia
17 X (t) = Xsaturation –C e –kt (reached from the differential equation: dx/dt = k (Xsaturation –x), saturation illustrates that the closer potential is to this upper limit, the lower potential
growth rate is experienced, and the potential does not exceed the maximum judged reasonable. C can be found from the starting conditions (in year 2000); thus if we know the
potential in 2020, then:
30
X2020
X2030 = Xsaturation (1 – EXP
LN (1 –
)
20
Xsaturation
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direct emissions in 2015, as compared to the BAU scenario.
About 40% of this potential is attributed to HFC emission
reduction covered by the Kyoto Protocol to the UNFCCC,
while HCFCs and CFCs regulated by the Montreal Protocol
contribute about 60% of the potential. A key factor determining
whether this potential will be realized is the costs associated
with the implementation of the measures to achieve the emission
UHGXFWLRQ7KHVH YDU\ FRQVLGHUDEO\ IURP D QHW EHQH¿W WR 
US$/tCO2-eq. Refrigeration applications and stationary and
mobile air conditioning contribute most to global direct GHG
emissions. Action in these sub-sectors could therefore have a
VXEVWDQWLDOLQÀXHQFHRQIXWXUHHPLVVLRQVRI+&)&VDQG+)&V
The available literature does not contain reliable estimates
for non-CO2 mitigation potentials in the long-term future,
LQFOXGLQJWKH\HDU7KHUHIRUHWKH¿JXUHVFDQVHUYH
as low estimates of the potentials in 2030, taking into account
that upcoming progressive policies in many countries have
already led to new products with very low non-CO2 emissions
as compared to their previous analogues.

6.5.2

Recent advances in estimating the costs of
GHG mitigation in buildings

Table 6.3 below and Table 6.4 provide information on the
GHG abatement potentials in buildings as a function of costs
and world regions for 2020 (Table 6.3) and for 2030 (Table
6.4). These demonstrate that the majority of measures for
CO2 abatement in buildings are cost-effective. The table also
demonstrates that measures to save electricity in buildings
typically offer larger and cheaper options to abate CO2 emissions
than measures related to fuel savings. This is especially true for
developing countries located in warmer regions, which have
less need for space and water heating.
6.5.3

Supply curves of conserved carbon dioxide

CO2 conservation supply curves relate the quantity of CO2
emissions that can be reduced by certain technological or other
measures to the cost per unit CO2 savings (Sathaye and Meyers,

Table 6.3: CO2 mitigation potential projections in 2020 as a function of CO2 cost
Baseline
emissions in 2020
World regions

(GtCO2-eq)

Globe
OECD (-EIT)

CO2 mitigation potentials as share of the baseline
CO2 emission projections in cost categories in 2020
(costs in US$/tCO2-eq)
<0

0-20

20-100

<100

CO2 mitigation potentials in absolute values in cost
categories in 2020, GtCO2
(costs in US$/tCO2-eq)
<0

0-20

20-100

<100

11.1

29%

3%

4%

36%

3.2

0.35

0.45

4.0

4.8

27%

3%

2%

32%

1.3

0.10

0.10

1.6

EIT

1.3

29%

12%

23%

64%

0.4

0.15

0.30

0.85

Non-OECD

5.0

30%

2%

1%

32%

1.5

0.10

0.05

1.6

Table 6.4: Extrapolated CO2 mitigation potential in 2030 as a function of CO2 cost, GtCO2
Potential in different cost categories
Potential at costs at below
100 US$/tCO2-eq

<0 US$/tCO2

0-20 US$/tCO2

20-100 US$/
tCO2

<0 US$/tC

Mitigation option

Region

Baseline
projections in
2030

Low

High

0-73 US$/tC

73-367 US$/tC

Electricity
savingsa

OECD

3.4

0.75

0.95

0.85

0.0

0.0

EIT

0.4

0.15

0.20

0.20

0.0

0.0

Non-OECD/
EIT

4.5

1.7

2.4

1.9

0.1

0.1

OECD

2.0

1.0

1.2

0.85

0.2

0.1

EIT

1.0

0.55

0.85

0.20

0.2

0.3

Non-OECD/
EIT

3.0

0.70

0.80

0.65

0.1

0.0

OECD

5.4

1.8

2.2

1.7

0.2

0.1

EIT

1.4

0.70

1.1

0.40

0.2

0.3

Non-OECD/
EIT

7.5

2.4

3.2

2.5

0.1

0.0

14.3

4.8

6.4

4.5

0.5

0.7

Fuel savings

Total

Global

Note: a) The absolute values of the potentials resulting from electricity savings in Table 6.4 and Table 11.3 do not coincide due to application of different baselines.
Table 6.4 uses the baseline constructed on the basis of the reviewed studies while Table 11.3 applies WEO 2004 baseline (IEA, 2004e) to calculate CO2 emission
reductions from electricity savings. The potential estimates as a percentage of the baseline are the same in both cases. Also Table 11.3 excludes the share of emission
reductions which is already taken into account by the energy supply sector, while Table 6.4 does not separate this potential.
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1995). The measures, or packages of measures, are considered
in order of growing marginal CO2 abatement cost, therefore
forming a ‘supply curve’ for the commodity of CO2 reduction.

6.5.4

From a policy-design perspective, it is important to
understand which technologies/end-uses entail the lowest
unit abatement costs for society, as well as which ones offer
the largest abatement potential. This section reviews the most
attractive mitigation options in terms of overall potential. Both
Table 6.4 and Table 11.3 in Chapter 11 demonstrate that CO2saving options are largest from fuel use in developed countries
and countries in transition due to their more northern locations
and, thus, larger potential for heat-saving measures. Conversely,
electricity savings constitute the largest potential in developing
countries located in the south, where the majority of emissions in
the buildings sector are associated with appliances and cooling.
This distribution of the potential also explains the difference in
mitigation costs between developing and developed countries.
7KHVKLIWWRPRUHHI¿FLHQWDSSOLDQFHVTXLFNO\SD\VEDFNZKLOH
EXLOGLQJ VKHOO UHWUR¿WV DQG IXHO VZLWFKLQJ WRJHWKHU SURYLGLQJ
approximately half of the potential in developed countries, are
more expensive.

Figure 6.4 depicts the potentials for CO2 abatement as a
function of costs for eight selected recent detailed studies from
different world regions. The steepness of the curves, that is
the rate at which the costs of the measures increase as more of
the potential is captured, varies substantially by country and
by study. While the shape of each supply curve is profoundly
LQÀXHQFHGE\WKHXQGHUO\LQJDVVXPSWLRQVDQGPHWKRGVXVHGLQ
WKHVWXG\WKH¿JXUHDWWHVWVWKDWRSSRUWXQLWLHVIRUFRVWHIIHFWLYH
and low-cost CO2 mitigation in buildings are abundant in each
ZRUOGUHJLRQ$OOHLJKWVWXGLHVFRYHUHGKHUHLGHQWL¿HGPHDVXUHV
at negative costs. The supply curves of developing countries
DQGHFRQRPLHVLQWUDQVLWLRQDUHFKDUDFWHUL]HGE\DÀDWVORSHDQG
lie, in general, lower than the curves of developed countries.
7KH ÀDW VORSH MXVWL¿HV WKH JHQHUDO SHUFHSWLRQ IRU LQVWDQFH
which provided the main rationale for the Kyoto Flexibility
Mechanisms) that there is a higher abundance of ‘low-hanging
fruit’ in these countries. More concretely, the net costs of GHG
mitigation in buildings in these countries do not grow rapidly
HYHQ RYHU ± RI HPLVVLRQV UHGXFWLRQV )RU GHYHORSHG
countries, the baseline scenario assumes that many of the lowcost opportunities are already captured due to progressive
policies in place or in the pipeline.
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While it is impossible to draw universal conclusions
regarding individual measures and end-uses, Table 6.2 attests
WKDWHI¿FLHQWOLJKWLQJWHFKQRORJLHVDUHDPRQJWKHPRVWSURPLVLQJ
measures in buildings, in terms of both cost-effectiveness
and size of potential savings in almost all countries. The IEA

US$/tCO2

20

-100

Most attractive measures in buildings

I

5

10

15

20

25

30
35
40%
Potential as % of the baseline

Figure 6.4: Supply curves of conserved CO2 for commercial and residential sectora in 2020b for different world regions
Notes:
a) Except for the UK, Thailand and Greece, for which the supply curves are for the residential sector only.
b) Except for EU-15 and Greece, for which the target year is 2010 and Hungary, for which the target year is 2030. Each step on the curve represents a type of measure,
such as improved lighting or added insulation. The length of a step on the ‘X’ axis shows the abatement potential represented by the measure, while the cost of the
measure is indicated by the value of the step on the ‘Y’ axis.
Sources for data: Joosen and Blok, 2001; Asian Development Bank, 1998; De Villiers and Matibe, 2000; De Villiers, 2000; Szlavik et al., 1999; DEFRA, 2006; Mirasgedis et al., 2004; Gaj and Sadowski,
1997.
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(2006b) estimates that by 2020, approximately 760 Mt of CO2
emissions can be abated by the adoption of least life-cycle cost
OLJKWLQJV\VWHPVJOREDOO\DWDQDYHUDJHFRVWRI86±W&22.
,QGHYHORSLQJFRXQWULHVHI¿FLHQWFRRNLQJVWRYHVUDQNVHFRQG
while the second-place measures differ in the industrialized
countries by climatic and geographic region. Almost all studies
examining economies in transition (typically in cooler climates)
have found heating-related measures to be most cost-effective,
LQFOXGLQJLQVXODWLRQRIZDOOVURRIVZLQGRZVDQGÀRRUVDVZHOO
as improved heating controls for district heat. In developed
FRXQWULHV DSSOLDQFHUHODWHG PHDVXUHV DUH W\SLFDOO\ LGHQWL¿HG
as the most cost-effective, with cooling-related equipment
upgrades ranking high in the warmer climates.
In terms of the size of savings, improved insulation and
GLVWULFWKHDWLQJLQWKHFROGHUFOLPDWHVDQGHI¿FLHQF\PHDVXUHV
UHODWHGWRVSDFHFRQGLWLRQLQJLQWKHZDUPHUFOLPDWHVFRPH¿UVW
in almost all studies,18 along with cooking stoves in developing
countries. Other measures that rank high in terms of savings
SRWHQWLDODUHVRODUZDWHUKHDWLQJHI¿FLHQWOLJKWLQJDQGHI¿FLHQW
appliances, as well as building energy management systems.
6.5.5

Energy and cost savings through use of the
Integrated Design Process (IDP)

Despite the usefulness of supply curves for policy-making,
the methods used to create them rarely consider buildings as
integrated systems; instead, they focus on the energy savings
potential of incremental improvements to individual energyXVLQJGHYLFHV$VGHPRQVWUDWHGLQWKH¿UVWSDUWRIWKLVFKDSWHU
integrated building design not only can generate savings that
are greater than achievable through individual measures, but
can also improve cost-effectiveness. This suggests that studies
relying solely on component estimates may underestimate
the abatement potential or overestimate the costs, compared
ZLWKDV\VWHPVDSSURDFKWREXLOGLQJHQHUJ\HI¿FLHQF\5HFHQW
published analyses show that, with an integrated approach, (i)
the cost of saving energy can go down as the amount of energy
VDYHG JRHV XS DQG LL  KLJKO\ HQHUJ\HI¿FLHQW EXLOGLQJV FDQ
cost less than buildings built according to standard practice
(Harvey, 2006; Chapter 13).

6.6 Co-beneﬁts of GHG mitigation in the
residential and commercial sectors
&REHQH¿WV RI PLWLJDWLRQ SROLFLHV VKRXOG EH DQ LPSRUWDQW
decision element for decision-makers in both the residential
DQG FRPPHUFLDO VHFWRUV$OWKRXJK WKHVH FREHQH¿WV DUH RIWHQ
QRW TXDQWL¿HG PRQHWL]HG RU SHUKDSV HYHQ LGHQWL¿HG E\ WKH
decision-makers or economic modellers (Jochem and Madlener,
2003), they can still play a crucial role in making GHG
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emissions mitigation a higher priority. This is especially true in
less economically advanced countries, where environmentalism
± DQG FOLPDWH FKDQJH VSHFL¿FDOO\ ± PD\ QRW KDYH D VWURQJ
tradition or a priority role in either the policy agenda or the daily
concerns of citizens. In these circumstances, every opportunity
for policy integration can be of value in order to reach climate
change mitigation goals.
6.6.1

Reduction in local/regional air pollution

&OLPDWH PLWLJDWLRQ WKURXJK HQHUJ\ HI¿FLHQF\ LQ WKH
residential and commercial sectors will improve local and
regional air quality, particularly in large cities, contributing to
improved public health (e.g., increased life expectancy, reduced
emergency room visits, reduced asthma attacks, fewer lost
working days) and avoidance of structural damage to buildings
and public works. As an example in China, replacement of
residential coal burning by large boiler houses providing district
heating is among the abatement options providing the largest
QHWEHQH¿WSHUWRQQHRI&22UHGXFWLRQZKHQWKHKHDOWKEHQH¿WV
from improved ambient air conditions are accounted for (Mestl
et al., 2005). A study in Greece (Mirasgedis et al., 2004) found
that the economic GHG emissions abatement potential in the
residential sector could be increased by almost 80% if the
FREHQH¿WV IURP LPSURYHG DLU TXDOLW\ DUH WDNHQ LQWR DFFRXQW
Beyond the general synergies between improved air quality
and climate change mitigation described in Chapter 11 (see
6HFWLRQ VRPHRIWKHPRVWLPSRUWDQWFREHQH¿WVLQWKH
households of developing countries are due to reduced indoor
air pollution through certain mitigation measures, discussed in
sections 6.6.2 and 6.1.1.
6.6.2

Improved health, quality of life and comfort

In the least developed countries, one of the most important
opportunities for achieving GHG mitigation as well as
sustainable development in buildings is to focus on the healthUHODWHG EHQH¿WV RI FOHDQ GRPHVWLF HQHUJ\ VHUYLFHV LQFOXGLQJ
safe cooking. Indoor air pollution is a key environmental
and public health peril for countless of the world’s poorest,
most vulnerable people. Approximately three billion people
worldwide rely on biomass (wood, charcoal, crop residues and
dung) and coal to meet their household cooking and heating
energy needs (ITDG, 2002). Smoke from burning these fuels
contributes to acute respiratory infections in young children
and chronic obstructive pulmonary disease in adults. These
health problems are responsible for nearly all of the 2.2 million
deaths attributable to indoor air pollution each year, over 98%
of which are in developing countries (Gopalan and Saksena,
1999; Smith et al., 2004), (See Box 6.2). In addition, women and
children also bear the brunt of the work of collecting biomass
fuel. Clean-burning cooking stoves not only save substantial
amounts of GHG emissions, but also prevent many of these

18 Note that several studies covered only electricity-related measures, and thus excluded some heating options.
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Box 6.2: Traditional biomass-based cooking has severe health effects
In South Africa, children living in homes with wood stoves are almost ﬁve times more likely than others to develop respiratory
infections severe enough to require hospitalization. In Tanzania, children younger than ﬁve years who die of acute respiratory infection are three times more likely than healthy children to have been sleeping in a room with an open cooking stove.
In the Gambia, children carried on their mothers’ backs as the mothers cook over smoky stoves contract pneumonia at a
rate 2.5 times higher than unexposed children. In Colombia, women exposed to smoke during cooking are over three times
more likely than others to suffer from chronic lung disease. In Mexico, urban women who use coal for cooking and heating
over many years are subject to a risk of lung cancer two to six times higher than women who use gas. Rural coal smoke
exposure can increase lung cancer risks by a factor of nine or more. In India, smoke exposure has been associated with a
50% increase in stillbirths.
Cleaner-burning improved cooking stoves (ICS), outlined in the previous sections of this chapter, help address many of the
problems associated with traditional cooking methods. The beneﬁts derived from ICS are: 1) reduced health risks for women
and children due to improved indoor air quality; 2) reduced risks associated with fuel collection; 3) cost-effective and efﬁcient
energy use, which eases the pressure on the natural biomass resource; 4) a reduction in the amount of money spent on fuel
in urban areas; and 5) a reduction in fuel collection and cooking time, which translates into an increase in time available for
other economic and developmental activities.
Source: UN, 2002

KHDOWKSUREOHPVDQGSURYLGHPDQ\RWKHUEHQH¿WVLGHQWL¿HGLQ
Box 6.2.
In developed countries, the diffusion of new technologies
for energy use and/or savings in residential and commercial
buildings contributes to an improved quality of life and
increases the value of buildings. Jakob (2006) lists examples of
WKLVW\SHRIFREHQH¿WVXFKDVLPSURYHGWKHUPDOFRPIRUW IHZHU
cold surfaces such as windows) and the substantially reduced
OHYHORIRXWGRRUQRLVHLQ¿OWUDWLRQLQUHVLGHQWLDORUFRPPHUFLDO
buildings due to triple-glazed windows or high-performance
wall and roof insulation. At noisy locations, an improvement
RI±G%FRXOGUHVXOWLQJURVVHFRQRPLFEHQH¿WVXSWRWKH
DPRXQWRI±RIWKHUHQWDOLQFRPHIURPDEXLOGLQJ -DNRE
2006). Lastly, better-insulated buildings eliminate moisture
problems associated with, for example, thermal bridges and
damp basements and thus reduce the risk of mould build-up
and associated health risks.
6.6.3

Improved productivity

There is increasing evidence that well-designed, energy
HI¿FLHQW EXLOGLQJV RIWHQ KDYH WKH FREHQH¿WV RI LPSURYLQJ
occupant productivity and health (Leaman and Bordass, 1999;
Fisk, 2000; Fisk, 2002). Assessing these productivity gains
LV GLI¿FXOW &,%6( 7KH &KDUWHUHG ,QVWLWXWLRQ RI %XLOGLQJ
Services Engineers), 1999) but in a study of 16 buildings in the
8.RFFXSDQWVHVWLPDWHGWKDWWKHLUSURGXFWLYLW\ZDVLQÀXHQFHG
E\WKHHQYLURQPHQWE\EHWZHHQ±DQG /HDPDQDQG
Bordass, 1999).

The implementation of new technologies for GHG emissions
mitigation achieves substantial learning and economies
of scale, resulting in cost reductions. Jacob and Madlener
(2004) analyzed the technological progress and marginal cost
GHYHORSPHQWV IRU HQHUJ\ HI¿FLHQF\ PHDVXUHV UHODWHG WR WKH
building envelope using data for the time period 1975 to 2001
in Switzerland. The analysis yields technical progress factors of
around 3% per annum for wall insulation and 3.3% per annum
for double glazing windows, while real prices decreases of
0.6% since 1985 for facades and 25% over the last 30 years for
double glazing windows (Jacob and Madlener, 2004).
6.6.4

Employment creation and new business
opportunities

0RVW VWXGLHV DJUHH WKDW HQHUJ\HI¿FLHQF\ LQYHVWPHQWV ZLOO
have positive effects on employment, directly by creating new
business opportunities and indirectly through the economic
multiplier effects of spending the money saved on energy costs
in other ways (Laitner et al., 1998; Jochem and Madlener, 2003).
3URYLGLQJHQHUJ\HI¿FLHQF\VHUYLFHVKDVSURYHQWREHDOXFUDWLYH
business opportunity. Experts estimate a market opportunity of
¼ ± ELOOLRQ LQ HQHUJ\ VHUYLFH PDUNHWV LQ (XURSH %XWVRQ
1998). The data on energy service company (ESCO) industry
revenues in Section 6.8.3.5 demonstrates that the energy
services business appears to be both a very promising and a
quickly growing business sector worldwide. The European
Commission (2005) estimates that a 20% reduction in EU
energy consumption by 2020 can potentially create (directly
or indirectly) as many as one million new jobs in Europe,
especially in the area of semi-skilled labour in the buildings
trades (Jeeninga et al., 1999; European Commission, 2003).
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6.6.5

Improved social welfare and poverty
alleviation

,PSURYLQJ UHVLGHQWLDO HQHUJ\ HI¿FLHQF\ KHOSV KRXVHKROGV
cope with the burden of paying utility bills and helps them
afford adequate energy services. One study estimated that an
DYHUDJH (8 KRXVHKROG FRXOG VDYH ¼ ±  86 ±
1240) in utility costs through cost-effective improvements in
HQHUJ\ HI¿FLHQF\ (XURSHDQ &RPPLVVLRQ   5HGXFLQJ
WKHHFRQRPLFEXUGHQRIXWLOLW\ELOOVLVDQLPSRUWDQWFREHQH¿W
RI HQHUJ\ HI¿FLHQF\ IRU OHVV DIÀXHQW KRXVHKROGV 7KLV LV
especially true in former communist countries and others (e.g.,
in Asia and Latin America) where energy subsidies have been
removed and energy expenditures are a major burden for much
of the population (Ürge-Vorsatz et al., 2006). In economies
in transition, this situation provides an opportunity to redirect
those social programmes aimed at compensating for increasing
HQHUJ\ FRVWV WRZDUGV HQHUJ\HI¿FLHQF\ HIIRUWV ,Q WKLV ZD\
resources can be invested in long-term bill reduction through
HQHUJ\ HI¿FLHQF\ LQVWHDG RI RQHWLPH VXEVLGLHV WR KHOS SD\
current utility bills (Ürge-Vorsatz and Miladinova, 2005).
Fuel poverty, or the inability to afford basic energy services
to meet minimal needs or comfort standards, is also found in
even the wealthiest countries. In the UK in 1996, about 20%
of all households were estimated to live in fuel poverty. The
number of annual excess winter deaths, estimated by the
UK Department of Health at around 30 thousand annually
between 1997 and 2005, can largely be attributed to inadequate
heating (Boardman, 1991; DoH (UK Department of Health),
 ,PSURYLQJHQHUJ\HI¿FLHQF\LQWKHVHKRPHVLVDPDMRU
component of strategies to eradicate fuel poverty.
,Q GHYHORSLQJ FRXQWULHV HQHUJ\HI¿FLHQW KRXVHKROG
equipment and low-energy building design can contribute to
poverty alleviation through minimizing energy expenditures,
therefore making more energy services affordable for lowLQFRPH KRXVHKROGV *ROGHPEHUJ   &OHDQ DQG HI¿FLHQW
utilization of locally available renewable energy sources
reduces or replaces the need for energy and fuel purchases,
increasing the access to energy services. Therefore, sustainable
development strategies aimed at improving social welfare go
KDQGLQKDQG ZLWK HQHUJ\ HI¿FLHQF\ DQG UHQHZDEOH HQHUJ\
development.
6.6.6

Energy security

$GGLWLRQDO FREHQH¿WV RI EXLOGLQJOHYHO *+* PLWLJDWLRQ
include improved energy security and system reliability (IEA,
2004f), discussed in more detail in Chapter 4. Improving
HQGXVH HQHUJ\ HI¿FLHQF\ LV DPRQJ WKH WRS SULRULWLHV RQ WKH
European Commission’s agenda to increase energy security,
ZLWKWKHUHFRJQLWLRQWKDWHQHUJ\HI¿FLHQF\LVOLNHO\WRJHQHUDWH
DGGLWLRQDO PDFURHFRQRPLF EHQH¿WV EHFDXVH UHGXFHG HQHUJ\
imports will improve the trade balances of importing countries
(European Commission, 2003).
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6.6.7

Summary of co-beneﬁts

In summary, investments in residential and commercial
EXLOGLQJHQHUJ\HI¿FLHQF\DQGUHQHZDEOHHQHUJ\WHFKQRORJLHV
FDQ \LHOG D ZLGH VSHFWUXP RI EHQH¿WV ZHOO EH\RQG WKH YDOXH
of saved energy and reduced GHG emissions. Several climate
mitigation studies focusing on the buildings sector maintain that,
LIFREHQH¿WVRIWKHYDULRXVPLWLJDWLRQRSWLRQVDUHLQFOXGHGLQWKH
economic analysis, their economic attractiveness may increase
FRQVLGHUDEO\ ± DORQJ ZLWK WKHLU SULRULW\ OHYHOV LQ WKH YLHZ RI
decision-makers (Jakob et al., 2002; Mirasgedis et al., 2004;
%DQ¿et al. 6WUDWHJLFDOOLDQFHVZLWKRWKHUSROLF\¿HOGV
such as employment, competitiveness, health, environment,
social welfare, poverty alleviation and energy security, can
provide broader societal support for climate change mitigation
goals and may improve the economics of climate mitigation
efforts substantially through sharing the costs or enhancing
the dividends (European Commission, 2005). In developing
FRXQWULHVUHVLGHQWLDODQGFRPPHUFLDOVHFWRUHQHUJ\HI¿FLHQF\
and modern technologies to utilize locally available renewable
energy forms, can form essential components of sustainable
development strategies.

6.7 Barriers to adopting building
technologies and practices that
reduce GHG emissions
7KH SUHYLRXV VHFWLRQV KDYH VKRZQ WKH VLJQL¿FDQW FRVW
effective potential for CO2 mitigation through energy
HI¿FLHQF\ LQ EXLOGLQJV 7KH TXHVWLRQ RIWHQ DULVHV ,I WKHVH
UHSUHVHQW SUR¿WDEOH LQYHVWPHQW RSSRUWXQLWLHV RU HQHUJ\ FRVW
savings foregone by households and businesses, why are these
RSSRUWXQLWLHVQRWSXUVXHG",IWKHUHDUHSUR¿WVWREHPDGHZK\
do markets not capture these potentials?
Certain characteristics of markets, technologies and end-users
can inhibit rational, energy-saving choices in building design,
construction and operation, as well as in the purchase and use of
DSSOLDQFHV7KH&DUERQ7UXVW  VXJJHVWVDFODVVL¿FDWLRQRI
WKHVHEDUULHUVLQWRIRXUPDLQFDWHJRULHV¿QDQFLDOFRVWVEHQH¿WV
KLGGHQ FRVWVEHQH¿WV UHDO PDUNHW IDLOXUHV DQG EHKDYLRXUDO
organizational non-optimalities. Table 6.5 gives characteristic
examples of barriers that fall into these four main categories.
The most important among them that pertain to buildings are
discussed below in further detail.
6.7.1

Limitations of the traditional building design
process and fragmented market structure

2QH RI WKH PRVW VLJQL¿FDQW EDUULHUV WR HQHUJ\HI¿FLHQW
building design is that buildings are complex systems. While
the typical design process is linear and sequential, minimizing
energy use requires optimizing the system as a whole by
systematically addressing building form, orientation, envelope,
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Table 6.5: Taxonomy of barriers that hinder the penetration of energy efﬁcient technologies/practices in the buildings sector

IBarrier categories

I

Deﬁnition

Examples

Financial costs/
beneﬁts

Ratio of investment cost to value of energy
savings

Higher up-front costs for more efﬁcient equipment
Lack of access to ﬁnancing
Energy subsidies
Lack of internalization of environmental, health and other external
costs

Hidden costs/beneﬁts

Cost or risks (real or perceived) that are not
captured directly in ﬁnancial ﬂows

Costs and risks due to potential incompatibilities, performance risks,
transaction costs etc.
Poor power quality, particularly in some developing countries

Market failures

Market structures and constraints that prevent
the consistent trade-off between speciﬁc
energy-efﬁcient investment and the energy
saving beneﬁts

Limitations of the typical building design process
Fragmented market structure
Landlord/tenant split and misplaced incentives
Administrative and regulatory barriers (e.g., in the incorporation of
distributed generation technologies)
Imperfect information

Behavioural and
organizational nonoptimalities

Behavioural characteristics of individuals and
organizational characteristics of companies
that hinder energy efﬁciency technologies and
practices

Tendency to ignore small opportunities for energy conservation
Organizational failures (e.g., internal split incentives)
Non-payment and electricity theft
Tradition, behaviour, lack of awareness and lifestyle
Corruption

Source: Carbon Trust, 2005.

glazing area and a host of interaction and control issues
involving the building’s mechanical and electrical systems.
&RPSRXQGLQJ WKH ÀDZV LQ WKH W\SLFDO GHVLJQ SURFHVV LV
fragmentation in the building industry as a whole. Assuring the
long-term energy performance and sustainability of buildings
LVDOOWKHPRUHGLI¿FXOWZKHQGHFLVLRQVDWHDFKVWDJHRIGHVLJQ
construction and operation involve multiple stakeholders. This
division of responsibilities often contributes to suboptimal
UHVXOWV HJ XQGHULQYHVWPHQW LQ HQHUJ\HI¿FLHQW DSSURDFKHV
to envelope design because of a failure to capitalize on
opportunities to down-size HVAC equipment). In Switzerland,
this barrier is being addressed by the integration of architects
into the selection and installation of energy-using devices in
buildings (Jefferson, 2000); while the European Directive on
the Energy Performance of Buildings in the EU (see Box 6.3)
aims to bring engineers in at early stages of the design process
through its whole-building, performance-based approach.
6.7.2

Misplaced incentives

Misplaced incentives, or the agent-principal barrier
takes place when intermediaries are involved in decisions to
purchase energy-saving technologies, or agents responsible for
LQYHVWPHQWGHFLVLRQVDUHGLIIHUHQWIURPWKRVHEHQH¿WLQJIURP
the energy savings, for instance due to fragmented institutional
organizational structures. This limits the consumer’s role and
often leads to an under-emphasis on investments in energy
HI¿FLHQF\)RUH[DPSOHLQUHVLGHQWLDOEXLOGLQJVODQGORUGVRIWHQ
provide the AC equipment and major appliances and decide on
building renovation, while the tenant pays the energy bill. As a
UHVXOWWKHODQGORUGLVQRWOLNHO\WRLQYHVWLQHQHUJ\HI¿FLHQF\
since he or she is not the one rewarded for the investment (Scott,

1997; Schleich and Gruber, 2007). Decisions about the energy
IHDWXUHV RI D EXLOGLQJ HJ ZKHWKHU WR LQVWDOO KLJKHI¿FLHQF\
windows or lighting) are often made by agents not responsible
for the energy bills or not using the equipment, divorcing the
interests of the builder/investor and the occupant. For example,
in many countries the energy bills of hospitals are paid from
central public funds while investment expenditures must come
either from the institution itself or from the local government
(Rezessy et al., 2006). Finally, the prevailing selection criteria
and fee structures for building designers may emphasize
LQLWLDO FRVWV RYHU OLIHF\FOH FRVWV KLQGHULQJ HQHUJ\HI¿FLHQF\
considerations (Lovins, 1992; Jones et al., 2002).
6.7.3

Energy subsidies, non-payment and theft

In many countries, electricity historically has been subsidized
to residential customers (and sometimes to commercial
or government customers as well), creating a disincentive
IRU HQHUJ\ HI¿FLHQF\ 7KLV LV SDUWLFXODUO\ WKH FDVH LQ PDQ\
developing countries and historically in Eastern Europe and
WKHIRUPHU6RYLHW8QLRQ±IRUH[DPSOHZLGHVSUHDGIXHOSRYHUW\
in Russia has driven the government to subsidize energy costs
*ULWVHYLFK (QHUJ\SULFLQJWKDWGRHVQRWUHÀHFWWKHORQJ
term marginal costs of energy, including direct subsidies to some
FXVWRPHUV KLQGHUV WKH SHQHWUDWLRQ RI HI¿FLHQW WHFKQRORJLHV
(Alam et al., 1998).
However, the abrupt lifting of historically prevailing
subsidies may also have adverse effects. After major tariff
increases, non-payment has been reported to be a serious issue
in some countries. In the late 1990s, energy bill collection rates
in Albania, Armenia and Georgia were around 60% of billings.
Besides non-payment, electricity theft has been occurring on a
419
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ODUJHVFDOHLQPDQ\FRXQWULHV±HVWLPDWHVVKRZWKDWGLVWULEXWLRQ
losses due to theft are as high as 50% in some states in India
(New Delhi, Orissa and Jammu-Kashmir) (EIA (Energy
Information Administration), 2004). Even in the United States,
it has been estimated to cost utilities billions of dollars each
year (Suriyamongkol, 2002). The failure of recipients to pay in
full for energy services tends to induce waste and discourage
HQHUJ\HI¿FLHQF\
6.7.4

Regulatory barriers

A range of regulatory barriers has been shown to stand in
the way of building-level distributed generation technologies
such as PV, reciprocating engines, gas turbines and fuel cells
(Alderfer et al., 2000). In many countries, these barriers
include variations in environmental permitting requirements,
ZKLFK LPSRVH VLJQL¿FDQW EXUGHQV RQ SURMHFW GHYHORSHUV
Similar variations in metering policies cause confusion in the
marketplace and represent barriers to distributed generation.
Public procurement regulations often inhibit the involvement of
ESCOs or the implementation of energy performance contracts.
Finally, in some countries the rental market is regulated in a way
WKDW GLVFRXUDJHV LQYHVWPHQWV LQ JHQHUDO DQG HQHUJ\HI¿FLHQW
investments in particular.
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6.7.6

,QIRUPDWLRQ DERXW HQHUJ\HI¿FLHQF\ RSWLRQV LV RIWHQ
LQFRPSOHWH XQDYDLODEOH H[SHQVLYH DQG GLI¿FXOW WR REWDLQ RU
trust. In addition, few small enterprises in the building industry
KDYH DFFHVV WR VXI¿FLHQW WUDLQLQJ LQ QHZ WHFKQRORJLHV QHZ
VWDQGDUGVQHZUHJXODWLRQVDQGEHVWSUDFWLFHV7KLVLQVXI¿FLHQW
knowledge is compounded by uncertainties associated with
HQHUJ\ SULFH ÀXFWXDWLRQV +DVVHWW DQG 0HWFDOI   ,W
LV SDUWLFXODUO\ GLI¿FXOW WR OHDUQ DERXW WKH SHUIRUPDQFH DQG
FRVWV RI HQHUJ\HI¿FLHQW WHFKQRORJLHV DQG SUDFWLFHV EHFDXVH
WKHLUEHQH¿WVDUHRIWHQQRWGLUHFWO\REVHUYDEOH)RUH[DPSOH
households typically receive an energy bill that provides no
breakdown of individual end-uses and no information on GHG
emissions, while infrequent meter readings (e.g., once a year, as
LVW\SLFDOLQPDQ\(8FRXQWULHV SURYLGHLQVXI¿FLHQWIHHGEDFN
to consumers on their energy use and on the potential impact
RI WKHLU HI¿FLHQF\ LQYHVWPHQWV 7UDGLQJ RII HQHUJ\ VDYLQJV
DJDLQVW KLJKHU SXUFKDVH SULFHV IRU PDQ\ HQHUJ\HI¿FLHQW
products involves comparing the time-discounted value of
WKHHQHUJ\VDYLQJVZLWKWKHSUHVHQWFRVWRIWKHHTXLSPHQW±D
FDOFXODWLRQ WKDW FDQ EH GLI¿FXOW IRU SXUFKDVHUV WR XQGHUVWDQG
and compute.
6.7.7

6.7.5

Small project size, transaction costs and
perceived risk

0DQ\ HQHUJ\HI¿FLHQF\ SURMHFWV DQG YHQWXUHV LQ EXLOGLQJV
DUHWRRVPDOOWRDWWUDFWWKHDWWHQWLRQRILQYHVWRUVDQG¿QDQFLDO
institutions. Small project size, coupled with disproportionately
KLJK WUDQVDFWLRQ FRVWV ± WKHVH DUH FRVWV UHODWHG WR YHULI\LQJ
technical information, preparing viable projects and negotiating
DQG H[HFXWLQJ FRQWUDFWV ± SUHYHQW VRPH HQHUJ\HI¿FLHQF\
investments. Furthermore, the small share of energy expenditures
LQWKHGLVSRVDEOHLQFRPHVRIDIÀXHQWSRSXODWLRQJURXSVDQGWKH
opportunity costs involved with spending the often limited free
WLPHRIWKHVHJURXSVRQ¿QGLQJDQGLPSOHPHQWLQJWKHHI¿FLHQW
VROXWLRQVVHYHUHO\OLPLWVWKHLQFHQWLYHVIRULPSURYHGHI¿FLHQF\
in the residential sector. Similarly, small enterprises often
receive higher returns on their investments into marketing or
other business-related activities than investing their resources,
including human resources, into energy-related activities.
&RQVHUYDWLYH DVVHWEDVHG OHQGLQJ SUDFWLFHV RI ¿QDQFLDO
LQVWLWXWLRQV D OLPLWHG XQGHUVWDQGLQJ RI HQHUJ\HI¿FLHQF\
technologies on the part of both lenders and their consumers,
lack of traditions in energy performance contracting, volatile
prices for fuel (and in some markets, electricity), and small,
QRQGLYHUVL¿HG SRUWIROLRV RI HQHUJ\ SURMHFWV DOO LQFUHDVH WKH
perception of market and technology risk (Ostertag, 2003;
Westling, 2003; Vine, 2005). As discussed in Section 6.8 below,
policies can be adopted that can help reduce these transaction
FRVWVWKXVLPSURYLQJWKHHFRQRPLFVDQG¿QDQFLQJRSWLRQVIRU
HQHUJ\HI¿FLHQF\LQYHVWPHQWV
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Imperfect information

Culture, behaviour, lifestyle and the rebound
effect

Another broad category of barriers stems from the cultural
and behavioural characteristics of individuals. The potential
impact of lifestyle and tradition on energy use is most easily seen
by cross-country comparisons. For example, dishwasher usage
was 21% of residential energy use in UK residences in 1998
but 51% in Sweden (European Commission, 2001). Cold water
is traditionally used for clothes washing in China (Biermayer
and Lin, 2004) whereas hot water washing is common in
Europe. Similarly, there are substantial differences among
countries in how lighting is used at night, room temperatures
considered comfortable, preferred temperatures of food or
drink, the operating hours of commercial buildings, the size
and composition of households, etc. (IEA, 1997; Chappells and
Shove, 2004). Variation across countries in quantity of energy
used per capita, which is large both at economy and household
levels (IEA, 1997), can be explained only partly by weather and
wealth; this is also appropriately attributed to different lifestyles.
Even in identical houses with the same number of residents,
energy consumption has been shown to differ by a factor of
two or more (Socolow, 1978). Studies aimed at understanding
these issues suggest that while lifestyle, traditions and culture
can act as barriers, retaining and supporting lower-consuming
lifestyles may also be effective in constraining GHG emissions
(e.g., EEA, 2001).
The ‘rebound effect’ has often been cited as a barrier to the
LPSOHPHQWDWLRQRIHQHUJ\HI¿FLHQF\SROLFLHV7KLVWDNHVSODFH
ZKHQLQFUHDVHGHQHUJ\HI¿FLHQF\LVDFFRPSDQLHGE\LQFUHDVHG
demand for energy services (Moezzi and Diamond, 2005). The

1527
Chapter 6

Residential and commercial buildings

literature is divided about the magnitude of this effect (Herring,
2006).
6.7.8

6.8.1

Policies and programmes aimed at building
construction, retroﬁts, and installed
equipment and systems

Other barriers
6.8.1.1

'XHWRVSDFHOLPLWDWLRQVQRWDOOEDUULHUVWRHQHUJ\HI¿FLHQF\
LGHQWL¿HG LQ 7DEOH  FDQ EH GHWDLOHG KHUH 2WKHU LPSRUWDQW
barriers in the buildings sector include the limited availability
of capital and limited access to capital markets of low-income
households and small businesses, especially in developing
FRXQWULHV 5HGG\ OLPLWHGDYDLODELOLW\RIHQHUJ\HI¿FLHQW
equipment along the retail chain (Brown et al., 1991); the case
of poor power quality in some developing countries interfering
ZLWKWKHRSHUDWLRQRIWKHHOHFWURQLFVQHHGHGIRUHQHUJ\HI¿FLHQW
end-use devices (EAP UNDP, 2000); and the inadequate
OHYHOVRIHQHUJ\VHUYLFHV HJLQVXI¿FLHQWLOOXPLQDWLRQOHYHOV
in schools, or unsafe wiring) in many public buildings in
developing countries and economies in transition. This latter
SUREOHPFDQVHYHUHO\OLPLWWKHFRVWHIIHFWLYHQHVVRIHI¿FLHQF\
LQYHVWPHQWV VLQFH D SURSRVHG HI¿FLHQF\ XSJUDGH PXVW DOVR
address these issues, offsetting most or all of the energy and
FRVW VDYLQJV DVVRFLDWHG ZLWK LPSURYHG HI¿FLHQF\ DQG LQ WXUQ
PDNH LW GLI¿FXOW WR VHFXUH ¿QDQFLQJ RU SD\ EDFN D ORDQ IURP
energy cost savings.

6.8 Policies to promote GHG mitigation
in buildings
Preceding sections have demonstrated the high potential for
reducing GHG emissions in buildings through cost-effective
HQHUJ\HI¿FLHQF\PHDVXUHVDQGGLVWULEXWHG UHQHZDEOH HQHUJ\
generation technologies. The previous section has demonstrated
that even the cost-effective part of the potential is unlikely to be
captured by markets alone, due to the high number of barriers.
Although there is no quantitative or qualitative evidence in the
literature, it is possible that barriers to the implementation of
economically attractive GHG reduction measures are the most
numerous and strongest in the building sector, especially in
households. Since policies can reduce or eliminate barriers
and associated transaction costs (Brown, 2001), special efforts
targeted at removing the barriers in the buildings sector may be
especially warranted for GHG mitigation efforts.
6HFWLRQV ± GHVFULEH D VHOHFWLRQ RI WKH PDMRU
instruments summarized in Table 6.6 that complement the more
general discussion of Chapter 13, with a focus on policy tools
VSHFL¿FWRRUVSHFLDOO\DSSOLHGWREXLOGLQJV7KHUHVWRI7DEOH
6.6 is discussed in Section 6.8.5.

Building codes

Building regulations originally addressed questions related
to safety and the protection of occupants. Oil price shocks in
the 1970s led most OECD countries to extend their regulations
WR LQFOXGH HQHUJ\ HI¿FLHQF\ 1LQHWHHQ RXW RI WZHQW\ 2(&'
countries surveyed have such energy standards and regulations,
although coverage varies among countries (OECD, 2003).
%XLOGLQJHQHUJ\FRGHVPD\EHFODVVL¿HGDVIROORZV 2YHUDOO
performance-based codes that require compliance with an annual
energy consumption level or energy cost budget, calculated
XVLQJDVWDQGDUGPHWKRG7KLVW\SHRIFRGHSURYLGHVÀH[LELOLW\
but requires well-trained professionals for implementation;
2) Prescriptive codes that set separate performance levels for
major envelope and equipment components, such as minimum
thermal resistance of walls, maximum window heat loss/gain
DQGPLQLPXPERLOHUHI¿FLHQF\7KHUHDUHDOVRH[DPSOHVRIFRGHV
addressing electricity demand. Several cantons in Switzerland
specify maximum installed electric loads for lighting ventilation
and cooling in new commercial buildings (SIA, 2006); and 3) A
combination of an overall performance requirement plus some
component performance requirements, such as wall insulation
and maximum window area.
Energy codes are often considered to be an important driver
IRU LPSURYHG HQHUJ\ HI¿FLHQF\ LQ QHZ EXLOGLQJV +RZHYHU
the implementation of these codes in practice needs to be well
SUHSDUHGDQGWREHPRQLWRUHGDQGYHUL¿HG&RPSOLDQFHFDQEH
GLI¿FXOW WR HQIRUFH DQG YDULHV DPRQJ FRXQWULHV DQG ORFDOLWLHV
(XENERGY, 2001; City of Fort Collins, 2002; OECD, 2003;
Ürge-Vorsatz et al., 2003).
Prescriptive codes are often easier to enforce than
SHUIRUPDQFHEDVHGFRGHV $XVWUDOLDQ*UHHQKRXVH2I¿FH
City of Fort Collins, 2002; Smith and McCullough, 2001).
However, there is a clear trend in many countries towards
performance-based codes that address the overall energy
FRQVXPSWLRQRIWKHEXLOGLQJV7KLVWUHQGUHÀHFWVWKHIDFWWKDW
performance-based policies allow optimization of integrated
design and leave room for the creativity of designers and
innovative technologies. However, successful implementation
of performance-based codes requires education and training
±RIERWKEXLOGLQJRI¿FLDOVDQGLQVSHFWRUV±DQGGHPRQVWUDWLRQ
projects showing that the building code can be achieved without
much additional cost and without technical problems (Joosen,
2006). New software-based design and education tools,
including continuous e-learning tools, are examples of tools
that can provide good design techniques, continuous learning
by professionals, easier inspection methods and virtual testing
of new technologies for construction and building systems.
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Public policies in many countries are also increasingly
DGGUHVVLQJ HQHUJ\ HI¿FLHQF\ LQ H[LVWLQJ EXLOGLQJV )RU
instance, the EU Commission introduced the Directive on the
Energy Performance of Buildings in 2003 (see Box 6.3), which
VWDQGDUGL]HG DQG VWUHQJWKHQHG EXLOGLQJ HQHUJ\HI¿FLHQF\
requirements for all EU Member States. To date, most codes
for existing buildings include requirements for minimum levels
RI SHUIRUPDQFH RI WKH FRPSRQHQWV XVHG WR UHWUR¿W EXLOGLQJ
elements or installations. In some countries, the codes may even
SURKLELWWKHXVHRIFHUWDLQWHFKQRORJLHV±IRUH[DPSOH6ZHGHQ¶V
prohibition of direct electric resistance heating systems, which
has led to the rapid introduction of heat pumps in the last
¿YH \HDUV )LQDOO\ WKH (8 'LUHFWLYH DOVR PDQGDWHG UHJXODU
inspection and maintenance of boilers and space conditioning
installations in existing buildings (see Box 6.3).
According to the OECD (2003), there is still much room for
IXUWKHUXSJUDGLQJEXLOGLQJHQHUJ\HI¿FLHQF\FRGHVWKURXJKRXW
the OECD member countries. To remain effective, these
codes have to be regularly upgraded as technologies improve
DQG FRVWV RI HQHUJ\HI¿FLHQW IHDWXUHV DQG HTXLSPHQW GHFOLQH
6HWWLQJÀH[LEOH HJSHUIRUPDQFHEDVHG FRGHVFDQKHOSNHHS
compliance costs low and may provide more incentives for
innovation.


%XLOGLQJFHUWL¿FDWLRQDQGODEHOOLQJV\VWHPV

7KH SXUSRVH RI EXLOGLQJ ODEHOOLQJ DQG FHUWL¿FDWLRQ LV WR
overcome barriers relating to the lack of information, the
high transaction costs, the long lifetime of buildings and the
problem of displaced incentives between the builder and buyer,
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RU EHWZHHQ WKH RZQHU DQG WHQDQW &HUWL¿FDWLRQ DQG ODEHOOLQJ
schemes can be either mandatory or voluntary.
With the introduction of the EU Directive on the Energy
3HUIRUPDQFHRI%XLOGLQJV VHH%R[ EXLOGLQJFHUWL¿FDWLRQ
LV WR EH LQVWLWXWHG WKURXJKRXW (XURSH 9ROXQWDU\ FHUWL¿FDWLRQ
and/or labelling systems have also been developed for building
products such as windows, insulation materials and HVAC
components in North America, the EU and a few other countries
(McMahon and Wiel, 2001; Menanteau, 2001). The voluntary
Energy Star Buildings rating and Energy Star Homes label in
WKH 86$ DQG WKH 1)0, YROXQWDU\ FHUWL¿FDWH IRU KRXVHV LQ
France have proven to be effective in ensuring compliance with
energy code requirements and sometimes in achieving higher
performance levels (Hicks and Von Neida, 1999). Switzerland
has developed the ‘Minergie’ label for new buildings that
KDYH D  ORZHU HQHUJ\ GHPDQG WKDQ EXLOGLQJV IXO¿OOLQJ
the mandatory requirements; such buildings typically require
roughly 6% additional investment costs (OPET Network, 2004).
Several local governments in Japan apply the Comprehensive
$VVHVVPHQW 6\VWHP IRU %XLOGLQJ (QYLURQPHQWDO (I¿FLHQF\
(CASBEE) (IBEC, 2006). The Australian city of Canberra
$&7 KDVDUHTXLUHPHQWIRUDOOKRXVHVWREHHQHUJ\HI¿FLHQF\
rated on sale. The impact on the market has been to place a
¿QDQFLDO YDOXH RQ HQHUJ\ HI¿FLHQF\ WKURXJK D ZHOOLQIRUPHG
marketplace (ACT, 2006).


(GXFDWLRQWUDLQLQJDQGHQHUJ\DXGLWSURJUDPPHV

Lack of awareness of energy-savings opportunities among
practicing architects, engineers, interior designers and

Box 6.3: The European Directive on the Energy Performance of Buildings
One of the most advanced and comprehensive pieces of regulation targeted at the improvement of energy efﬁciency in
buildings is the new European Union Directive on the Energy Performance of Buildings (European Commission, 2002). The
Directive introduces four major actions. The ﬁrst action is the establishment of ‘common methodology for calculating the
integrated energy performance of buildings’, which may be differentiated at the regional level. The second action is to require
member states to ‘apply the new methods to minimum energy performance standards’ for new buildings. The Directive also
requires that a non-residential building, when it is renovated, be brought to the level of efﬁciency of new buildings. This latter requirement is a very important action due to the slow turnover and renovation cycle of buildings, and considering that
major renovations to inefﬁcient older buildings may occur several times before they are ﬁnally removed from the stock. This
represents a pioneer effort in energy-efﬁciency policy; it is one of the few policies worldwide to target existing buildings. The
third action is to set up ‘certiﬁcation schemes for new and existing buildings’ (both residential and non-residential), and in
the case of public buildings to require the public display of energy performance certiﬁcates. These certiﬁcates are intended
to address the landlord/tenant barrier, by facilitating the transfer of information on the relative energy performance of buildings and apartments. Information from the certiﬁcation process must be made available for new and existing commercial
buildings and for dwellings when they are constructed, sold, or rented. The last action mandates Member States to establish
‘regular inspection and assessment of boilers and heating/cooling installations’.
The European Climate Change Programme (ECCP, 2001) estimated that CO2 emissions to be tapped by implementation of
this directive by 2010 are 35–45 million tCO2-eq at costs below 20 EUR/tCO2-eq, which is 16–20% of the total cost-effective
potential associated with buildings at these costs in 2010.
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professionals in the building industry, including plumbers
and electricians, is a major impediment to the construction of
ORZHQHUJ\EXLOGLQJV,QSDUWWKLVUHÀHFWVLQDGHTXDWHWUDLQLQJ
at universities and technical schools, where the curricula
often mirror the fragmentation seen in the building design
SURIHVVLRQ 7KHUH LV D VLJQL¿FDQW QHHG LQ PRVW FRXQWULHV WR
create comprehensive, integrated programmes at universities
and other educational establishments to train the future building
professional in the design and construction of low-energy
EXLOGLQJV 7KH YDOXH RI VXFK SURJUDPPHV LV VLJQL¿FDQWO\
enhanced if they have an outreach component to upgrade the
VNLOOVDQGNQRZOHGJHRISUDFWLFLQJSURIHVVLRQDOV±IRUH[DPSOH
by assisting in the use of computer simulation tools as part of
the integrated design process.
The education of end-users and raising their awareness
DERXWHQHUJ\HI¿FLHQF\RSSRUWXQLWLHVLVDOVRLPSRUWDQW*RRG
explanation (e.g., user-friendly manuals) is often a condition
IRU SURSHU LQVWDOODWLRQ DQG IXQFWLRQLQJ RI HQHUJ\HI¿FLHQW
buildings and components. Since optimal operation and
regular maintenance are often as important as the technological
HI¿FLHQF\ LQ GHWHUPLQLQJ RYHUDOO HQHUJ\ FRQVXPSWLRQ RI
equipment, accessible information and awareness raising about
these issues during and after purchase are necessary. This need
IRU ZLGHVSUHDG HGXFDWLRQ LV EHJLQQLQJ WR EH UHÀHFWHG LQ WKH
curricula of some countries: Japan’s and Germany’s schools
increasingly teach the importance of energy savings (ECCJ,
2006; Hamburger-bildungsserver, 2006). Better education is
also relevant for professionals such as plumbers and electricians.
Incentives for consumers are generally needed along with the
LQIRUPDWLRQ SURJUDPV WR KDYH VLJQL¿FDQW HIIHFW 6KLSZRUWK
2000).

2FFDVLRQDOO\ ZLWK ¿QDQFLDO VXSSRUW IURP JRYHUQPHQW RU
utility companies, these programmes may provide trained
energy auditors to conduct on-site inspections of buildings,
perform most of the calculations for the building owner and
RIIHU UHFRPPHQGDWLRQV IRU HQHUJ\HI¿FLHQF\ LQYHVWPHQWV
or operational measures, as well as other cost-saving actions
(e.g., reducing peak electrical demand, fuel-switching).
The implementation of the audit recommendations can be
voluntary for the owner, or mandated-such as in the Czech
Republic and Bulgaria, which require that installations with
energy consumption above a certain limit conduct an energyHI¿FLHQF\ DXGLW DQG LPSOHPHQW WKH ORZFRVW PHDVXUHV hUJH
Vorsatz et al., 2003). In India, all large commercial buildings
KDYHWRFRQGXFWDQHQHUJ\DXGLWDWVSHFL¿HGLQWHUYDOVRIWLPH
(The Energy Conservation Act, 2001). The EU EPB Directive
PDQGDWHVDXGLWVDQGWKHGLVSOD\RIWKHUHVXOWLQJFHUWL¿FDWHLQDQ
increasing number of situations (see Box 6.3).
6.8.2

Policies and programmes aimed at
appliances, lighting and ofﬁce/consumer
plug loads

Appliances, equipment (including information and
communication technology) and lighting systems in buildings
typically have very different characteristics from those of
the building shell and installed equipment, including lower
investment costs, shorter lifetimes, different ownership
characteristics and simpler installation and maintenance. Thus,
WKH EDUULHUV WR HQHUJ\HI¿FLHQW DOWHUQDWLYHV DUH DOVR GLIIHUHQW
to some extent, warranting a different policy approach. This
VHFWLRQSURYLGHVDQRYHUYLHZRISROLFLHVVSHFL¿FWRDSSOLDQFHV
lighting and plug-in equipment.

Energy audit programmes assist consumers in identifying
RSSRUWXQLWLHVIRUXSJUDGLQJWKHHQHUJ\HI¿FLHQF\RIEXLOGLQJV

Box 6.4: Global efforts to combat unneeded standby and low-power mode consumption in appliances
Standby and low-power-mode (LoPoMo) electricity consumption of appliances is growing dramatically worldwide, while
technologies exist that can eliminate or reduce a signiﬁcant share of related emissions. The IEA (2001) estimated that standby
power and LoPoMo waste may account for as much as 1% of global CO2 emissions and 2.2% of OECD electricity consumption. Lebot et al. (2000) estimated that the total standby power consumption in an average household could be reduced by
72%, which would result in emission reductions of 49 million tCO2 in the OECD. Various instruments – including minimum
energy efﬁciency performance standards (MEPS), labelling, voluntary agreements, quality marks, incentives, tax rebates and
energy-efﬁcient procurement policies – are applied globally to reduce the standby consumption in buildings (Commission
of the European Communities, 1999), but most of them capture only a small share of this potential. The international expert
community has been urging a 1-Watt target (IEA, 2001). In 2002, the Australian government introduced a ‘one-watt’ plan
aimed at reducing the standby power consumption of individual products to less than one watt. To reach this, the National
Appliance and Equipment Energy Efﬁciency Committee has introduced a range of voluntary and mandatory measures to
reduce standby – including voluntary labelling, product surveys, MEPS, industry agreements and mandatory labelling (Commonwealth of Australia, 2002). As of mid-2006, the only mandatory standard regarding standby losses in the world has been
introduced in California (California Energy Commission, 2006), although in the USA the Energy Policy Act of 2005 directed
the USDOE to evaluate and adopt low standby power standards for battery chargers.
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6.8.2.1

Standards and labelling

(QHUJ\HI¿FLHQF\SHUIRUPDQFHVWDQGDUGVDQGODEHOV 6 / 
for appliances and lighting are increasingly proving to be
effective vehicles for transforming markets and stimulating
DGRSWLRQ RI QHZ PRUH HI¿FLHQW WHFKQRORJLHV DQG SURGXFWV
6LQFH WKH V  FRXQWULHV KDYH OHJLVODWHG HI¿FLHQF\
standards and/or labels, applied to a total of 46 products as of
 :LHODQG0F0DKRQ 7RGD\6 /SURJUDPPHVDUH
among the most cost-effective instruments across the economy
to reduce GHG emissions, with typically large negative costs
(see Table 6.6). Products subject to standards or labels cover all
end-uses and fuel types, with a focus on appliances, information
and communications devices, lighting, heating and cooling
equipment and other energy-consuming products.
Endorsement and comparison labels19 induce manufacturers
WRLPSURYHHQHUJ\HI¿FLHQF\DQGSURYLGHWKHPHDQVWRLQIRUP
consumers of the product’s relative or absolute performance
and (sometimes) energy operating costs. According to studies
evaluating the effectiveness of labels (Thorne and Egan, 2002),
those that show the annual energy cost savings appear to be
more effective than labels that present life-cycle cost savings.
An advantage of a ‘categorical’ labelling scheme, showing a
number of stars or an A-B-C rating, is that it is often easiest
for consumers to understand and to transfer their understanding
of the categories from one product purchase to others. The
categories also provide a useful framework for implementing
rebates, tax incentives, or preferential public procurement
programmes, while categorical labels on HVAC and other
installed equipment make it easy for the building inspector to
check for code compliance. A downside of a categorical labelling
system can be that if standards are not revised from time to
time, there is no stimulus to the manufacturers to develop more
HI¿FLHQWDSSOLDQFHVDQGWKHZKROHPDUNHWZLOOEHDEOHWRGHOLYHU
DSSOLDQFHV¿WWLQJWKHKLJKHVWHI¿FLHQF\FODVV
'HVSLWH ZLGHO\ GLYHUJHQW DSSURDFKHV QDWLRQDO 6 /
SURJUDPPHV KDYH UHVXOWHG LQ VLJQL¿FDQW FRVWHIIHFWLYH *+*
savings. The US programme of national, mandatory energyHI¿FLHQF\ VWDQGDUGV EHJDQ LQ  %\  WKH SURJUDPPH
had developed (and, in 17 cases, updated) standards for
39 residential and commercial products. The total federal
expenditure for implementing the US appliance standards
adopted so far (US$ 2 per household) is estimated to have
induced US$ 1270 per household of net-present-value savings
during the lifetimes of the products affected. Projected annual
residential carbon reductions in 2020 due to these appliance
standards amount roughly to 9% of projected US residential
carbon emissions in the 2020 (base case) (Meyers et al., 2002).
In addition, the US Energy Star endorsement label programme
estimates savings of 13.2 million tCO2-eq and US$ 4.2 billion
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in 2004 (US EPA, 2005), and projects that the programme will
save 0.7 billion tonnes of CO2 over the period 2003 to 2010,
growing to 1.8 billion tonnes of CO2 over the period 2003 to
2020, if the market target penetration is reached (Webber et al.,
2003). According to the IEA (2003a), GHG abatement through
appliance standards and labelling in Europe by 2020 will be
DFKLHYHGDWDFRVWRI±86W&22LQ1RUWK$PHULFDDQG±
¼W&22 ±86W&22  LHERWKDWVXEVWDQWLDOµQHWEHQH¿W¶ 
An evaluation of the impact of the EU appliance-labelling scheme
VKRZHGDGUDPDWLFVKLIWLQWKHHI¿FLHQF\RIUHIULJHUDWRUVVROGLQ
WKH(8LQWKH¿UVWGHFDGHRILWV6 /SURJUDPPHDVGLVSOD\HG
in Figure 6.5 (Bertoldi, 2000). Japan imposes stringent energy
HI¿FLHQF\ VWDQGDUGV RQ HTXLSPHQW WKURXJK LWV µ7RS 5XQQHU
Programme’ by distinctly setting the target values based on the
PRVW HQHUJ\HI¿FLHQW PRGHO RQ WKH PDUNHW DW WKH WLPH RI WKH
YDOXHVHWWLQJ SURFHVV (QHUJ\HI¿FLHQF\ YDOXHV DQG D UDWLQJ
mark are voluntarily displayed in promotional materials so that
FRQVXPHUV FDQ FRQVLGHU HQHUJ\HI¿FLHQF\ ZKHQ SXUFKDVLQJ
(Murakoshi and Nakagami, 2005).
A recent IEA report (2003a) concludes that, without existing
policy measures such as energy labelling, voluntary agreements,
and MEPS, electricity consumption in OECD countries in 2020
would be about 12% (393 TWh) higher than is now predicted.
The report further concludes that the current policies are on
course to produce cumulative netFRVWVDYLQJVRI¼ELOOLRQ
(US$ 155 billion) in OECD-Europe from 1990 to 2020. As large
DVWKHVHEHQH¿WVDUHWKHUHSRUWIRXQGWKDWPXFKJUHDWHUEHQH¿WV
could be attained if existing policies were strengthened.
$VWXG\RI&KLQD¶VHQHUJ\HI¿FLHQF\VWDQGDUGV )ULGOH\DQG
Lin, 2004) estimated savings from eight new MEPS and nine
HQHUJ\HI¿FLHQF\HQGRUVHPHQWODEHOV7KHVWXG\FRQFOXGHGWKDW
GXULQJWKH¿UVW\HDUVRILPSOHPHQWDWLRQWKHVHPHDVXUHVZLOO
save 200 TWh (equivalent to all of China’s residential electricity
consumption in 2002) and 250 MtCO2. Among other countries,
Korea shows similar evidence of the impact of labelling, as
does the EU (CLASP, 2006). Recently, Australia transformed
LWV 6 / SURJUDPPH LQ RUGHU WR DJJUHVVLYHO\ LPSURYH HQHUJ\
HI¿FLHQF\ 1$(((& 
,QWKHSDVWIHZ\HDUVVWURQJUHJLRQDODQGJOREDO6 /HIIRUWV
have also emerged, offering a more coordinated pathway to
SURPRWH 6 / DQG LPSURYH WKH FRVWHIIHFWLYHQHVV DQG PDUNHW
impact of the programmes. One of these pathways is regional
KDUPRQL]DWLRQ 7KH ,($ E  LGHQWL¿HV VHYHUDO IRUPV RI
multilateral cooperation, including: ‘collaboration’ in the
design of tests, labels and standards; ‘harmonization’ of the test
SURFHGXUHVDQGWKHHQHUJ\HI¿FLHQF\WKUHVKROGVXVHGLQODEHOV
and standards; and ‘coordination’ of programme implementation
and monitoring efforts. However, while easing certain trade
restrictions, harmonization of standards and testing methods

19 Endorsement labels (or “quality marks”) deﬁne a group of products as “efﬁcient” when they meet pre-speciﬁed criteria, while comparison labels allow buyers to compare the
efﬁciency of products based on factual information about their absolute or relative performance.
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Figure 6.5: The Impact of the EU Appliance Label (A++ to G, with G being the least efﬁcient) on the Market of Cold Appliances in EU-25.
Source: CECED, 2005.

can have the unintended consequence of overcoming cultural
and other differences that affect consumer preferences, possibly
leading to increased levels of energy consumption (Moezzi and
Maithili, 2002; Biermayer and Lin, 2004).


9ROXQWDU\DJUHHPHQWV

Voluntary agreements, in which the government and
manufacturers agree to a mutually acceptable level of energy
use per product, are being used in place of, or in conjunction
ZLWK PDQGDWRU\ 0(36 WR LPSURYH WKH HQHUJ\ HI¿FLHQF\
of appliances and equipment. In the European context, this
includes a wide range of industry actions such as industry
covenants, negotiated agreements, long-term agreements, selfregulation, codes of conduct, benchmarking and monitoring
schemes (Rezessy and Bertoldi, 2005). Voluntary measures can
cover equipment, building design and operation and public,
and private sector energy management policies and practices.
Examples include Green Lights in the EU and the Energy Star
programmes in the USA, as well as successful EU actions for
WKHUHGXFWLRQRIVWDQGE\ORVVHVDQGHI¿FLHQF\LPSURYHPHQWRI
washing machines and cold appliances. Industry often favours
voluntary agreements to avoid the introduction of mandatory
standards (Bertoldi, 1999). For the public authorities, voluntary
agreements offer a faster approach than mandatory regulation
and are often acceptable if they include the following three
elements: (i) commitments by those manufacturers accounting
IRU PRVW RI WKH HTXLSPHQW VROG LL  TXDQWL¿HG FRPPLWPHQWV
WR VLJQL¿FDQW LPSURYHPHQWV LQ WKH HQHUJ\ HI¿FLHQFLHV RI WKH

equipment over a reasonable time scale, and (iii) an effective
monitoring scheme (Commission of the European Communities,
1999). Voluntary agreements are considered especially useful in
conjunction with other instruments and if mandatory measures
are available as a backup or to encourage industry to deliver the
targeted savings, such as for the case of cold appliances in the
EU (Commission of the European Communities, 1999; JägerWaldau, 2004).
6.8.3

Cross-cutting policies and programmes
that support energy efﬁciency and/or CO2
mitigation in buildings

This section reviews a range of policies and programmes
WKDWGRQRWIRFXVVSHFL¿FDOO\RQHLWKHUEXLOGLQJVDQGLQVWDOOHG
equipment, or on appliances and smaller plug-in devices in
EXLOGLQJV EXW PD\ VXSSRUW HQHUJ\ HI¿FLHQF\ DQG HPLVVLRQV
UHGXFWLRQV±LQFOXGLQJHIIHFWVDFURVVRWKHUHQGXVHVHFWRUV


8WLOLW\GHPDQGVLGHPDQDJHPHQWSURJUDPPHV

One of the most successful approaches to achieving energy
HI¿FLHQF\LQEXLOGLQJVLQWKH86$KDVEHHQXWLOLW\UXQGHPDQG
side management (DSM) programmes. However, there are
important disincentives that need to be removed or lowered for
utilities to be motivated in pursuing DSM programmes. The
PRVW LPSRUWDQW RI WKHVH GLI¿FXOWLHV LH WKDW XWLOLWLHV PDNH
SUR¿WVIURPVHOOLQJHOHFWULFLW\QRWIURPUHGXFLQJVDOHV FDQEH
overcome by regulatory changes in which the utility will avoid
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revenue losses from reduced sales, and in some cases also receive
SUR¿WVIURPVXFFHVVIXOH[HFXWLRQRI'60SURJUDPPHV



The major large-scale experience with utility DSM has been
in the United States primarily in the west coast and New England,
but now spreading to other parts of the country. Spending on
DSM was US$ 1.35 billion in 2003 (York and Kushler, 2005),
and since California is more than doubling its expenditure to
US$ 700 million/yr for the next three years, DSM spending in
the United States will increase substantially.

Market-based energy pricing and energy taxes represent
a broad measure for saving energy in buildings. The effect
of energy taxes depends on energy price elasticity, that is the
percent change in energy demand associated with each 1%
change in price. In general, residential energy price elasticities
are low in the richest countries. In the UK, long-run price
elasticity for the houseKROGVHFWRULVRQO\± (\UH LQ
WKH1HWKHUODQGV± -HHQLQJDDQG%RRWV DQGLQ7H[DV
RQO\ ± %HUQVWHLQ DQG *ULI¿Q   +RZHYHU LI HQHUJ\
H[SHQGLWXUHV UHDFK D VLJQL¿FDQW SURSRUWLRQ RI GLVSRVDEOH
incomes, as in many developing countries and economies in
WUDQVLWLRQ HODVWLFLWLHV ± DQG WKHUHIRUH WKH H[SHFWHG LPSDFW RI
WD[HVDQGVXEVLG\UHPRYDO±PD\EHKLJKHUDOWKRXJKOLWHUDWXUH
LVVSDUVHRQWKHVXEMHFW,Q,QGRQHVLDSULFHHODVWLFLW\ZDV±
LQWKHSHULRGIURPWRDQGLQ3DNLVWDQ± 'H9LWD
et al., 2006). Low elasticity means that taxes on their own have
little impact; it is behavioural and structural barriers that need to
EHDGGUHVVHG &DUERQ7UXVW 7RKDYHDVLJQL¿FDQWLPSDFW
on CO2 emission reduction, excise taxes have to be substantial.
This is only the case in a few countries (Figure 6.6): the share
of excise tax compared to total fuel price differs considerably
by country.

These programmes have had a major impact. For the United
States as a whole, where DSM investments have been 0.5% of
revenues, savings are estimated to be 1.9% of revenues. For
California, cumulative annual savings are estimated to be 7.5%
of sales, while DSM investment has been less than 2% (1.2% in
2003). Overall, for each of the years 1996 through 2003, DSM
has produced average annual savings of about 33.5 MtCO2-eq
annually for the USA, an annual net savings of more than US$
3.7 billion (York and Kushler, 2005).
There are numerous opportunities to expand utility DSM
programmes: in the United States, by having other states catch
up with the leaders (especially California at present), much
more so in Europe and other OECD countries, which have little
experience with such programmes offered by utilities, and over
time in developing countries, as well.
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Figure 6.6: Electricity and gas prices and taxes for households in 2004
Notes: Total price is listed when no breakdown available to show taxes; total taxes are provided when no breakdown on excise and VAT (GST). Country name abbreviations (according to the ISO codes except Chinese Taipei): DK – Denmark, JP – Japan, CH – Switzerland, FR – France, GB – United Kingdom, HU – Hungary, TR – Turkey, PO – Poland, NZ – New Zealand, AU - Australia, MX – Mexico, US – United States of America, KR – South Korea, CT – Chinese Taipei, CA – Canada, ZA – South
Africa*, KZ – Kazakhstan, RU – Russia. * South Africa data is for 2003.
Sources: IEA, 2006a; RAO, 2006.
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In stark contrast to imposing energy taxes, energy prices are
subsidized in many countries. This results in under-pricing of
HQHUJ\ZKLFKUHGXFHVWKHLQFHQWLYHWRXVHLWPRUHHI¿FLHQWO\
Energy subsidies are also typically much larger, per GJ, in
developing and transition countries than in most industrial
economies (Markandya, 2000). The total value of energy
subsidies of eight of the largest non-OECD countries (China,
Russia, India, Indonesia, Iran, South Africa, Venezuela and
Kazakhstan), covering almost 60% of total non-OECD energy
demand, was around US$ 95 billion in 1998 (UNEP OECD/
IEA, 2002). In 1999, the IEA estimated that removing the
energy subsidies in those eight countries would reduce primary
energy use by 13%, lower CO2 emissions by 16% and raise
GDP by almost 1%.
While it may be economically and environmentally
desirable, it is a socially sensitive task to remove end-user
subsidies, especially in the residential sector. Since the bulk of
these subsidies are found in countries with low incomes and
high fuel-poverty rates, their removal can cause a substantial
¿QDQFLDOEXUGHQIRUIDPLOLHVDQGHYHQLQVWLWXWLRQV7KLVLQWXUQ
can lead to bankruptcy, increased payment arrears, energy theft
and generally increased social tensions (ERRA/LGI, 2002;
Ürge-Vorsatz et al., 2003), ultimately leading to disincentives
WR LPSURYH HI¿FLHQF\ 7KHUHIRUH D GUDVWLF VXEVLG\ UHPRYDO
is often accompanied by social compensation programmes.
2QHSRWHQWLDOO\LPSRUWDQWIRUPRIDOWHUQDWLYHFRPSHQVDWLRQ±
DOWKRXJKQRWIUHTXHQWO\XVHGWRGDWH±LVDVVLVWDQFHWRORZLQFRPH
households to invest in energy-saving measures that reduce
fuel costs and GHG emissions in the long term as opposed to
direct cash assistance providing short-term relief (ERRA/LGI,
2002). For a number of years, the US government has provided
±ELOOLRQ86\UWRKHOSORZLQFRPHKRXVHKROGVSD\WKHLU
energy bills (LIHEAP, 2005), and smaller amounts budgeted
for grants to ‘weatherize’ many of these same households with
HI¿FLHQF\ PHDVXUHV WKDW KHOS WR SHUPDQHQWO\ UHGXFH PRQWKO\
fuel and electricity bills (Schweitzer and Berry, 1999).
Some forms of energy subsidies can have positive energy and
environmental effects. For example, subsidies on oil products
and electricity in developing countries reduce deforestation and
also reduce indoor pollution as poor, rural households switch
away from traditional energy sources, such as wood, straw,
crop residues and dung. These positive effects, however, can be
EHWWHUDFKLHYHGWKURXJKRWKHUPHDQV±HJWKHLQWURGXFWLRQRI
VDIHDQGHI¿FLHQWFRRNHUVDQGKHDWHUVXWLOL]LQJWKHVHUHQHZDEOH
sources. The challenge is to design and reform energy subsidies
VRWKH\IDYRXUWKHHI¿FLHQWDQGHQYLURQPHQWDOO\VRXQGXVHRI
energy systems (UNEP OECD/IEA, 2002)


,QYHVWPHQWVXEVLGLHV¿QDQFLDOLQFHQWLYHVDQG
RWKHU¿VFDOPHDVXUHV

As noted in Section 6.5.5, applying an integrated design
SURFHVV ,'3  FDQ UHVXOW LQ EXLOGLQJV WKDW XVH ± OHVV
energy than conventional designs, at little or no additional capital

cost, but with a potential increase in the design cost. Providing
¿QDQFLDOLQFHQWLYHVIRUWKHGHVLJQSURFHVVUDWKHUWKDQ¿QDQFLDO
incentives for the capital cost of the building is an approach
used in several regions, such as by Canada in its Commercial
Building Incentive Program (Larsson, 2001), by California in
its Savings By Design programme and in Germany under the
SolarBau programme (Reinhart et al., 2000).
*RLQJEH\RQG,'3RWKHUPHDVXUHV±SDUWLFXODUO\WKRVHWKDW
LQFOXGH UHQHZDEOH HQHUJ\ RSWLRQV ± HQWDLO VLJQL¿FDQW DGGHG
capital costs. Many developed countries offer incentives for
VXFKPHDVXUHV ,($I 7\SHVRI¿QDQFLDOVXSSRUWLQFOXGH
subsidies, tax reduction (or tax credit) schemes and preferential
loans or funds, with investment subsidies being the most
frequently used (IEA, 2004f). Capital subsidy programmes and
tax exemption schemes for both new construction and existing
buildings have been introduced in nine OECD countries out of
20 surveyed (OECD, 2003). Several countries (USA, France,
%HOJLXP 8. DQG WKH 1HWKHUODQGV  FRPELQH WKHLU ¿QDQFLDO
incentive policy for the existing building stock with social
policy to assist low-income households (IEA, 2004a; VROM,
2006; USDOE, 2006). Increasingly, eligibility requirements
IRU¿QDQFLDOVXSSRUWDUHWLHGWR&22 emission reduction (IEA,
2004a; KfW Group, 2006). Within the Energy Star Homes
SURJUDPPHLQWKH86$KRXVHVWKDWPHHWWKHHQHUJ\HI¿FLHQF\
standard are eligible for a special mortgage (Nevin and Watson,
1998; Energystar, 2006). Financial incentives for the purchase
RI HQHUJ\HI¿FLHQW DSSOLDQFHV DUH LQ SODFH LQ VRPH FRXQWULHV
including Mexico, the USA, Belgium, Japan and Greece
(Boardman, 2004; IEA, 2004f). Incentives also encourage
connection to district heating in Austria, Denmark and Italy.
7KHUHKDVEHHQOLPLWHGDVVHVVPHQWRIWKHHI¿FLHQF\RIWKHVH
schemes. The cost-effectiveness of subsidy-type schemes can
vary widely, depending on programme design. Joosen et al.
(2004) have estimated that subsidy programmes for residential
EXLOGLQJV FRVW 'XWFK VRFLHW\ ± 86W&22, whereas this
range for the commercial sector was between 64 and 123
US$/tCO2 $ YDULHW\ RI ¿QDQFLDO LQFHQWLYHV DYDLODEOH
VLPXOWDQHRXVO\ PD\ PDNH WKH GHFLVLRQ SURFHVV GLI¿FXOW
simplicity of the schemes might be an asset (Barnerjee and
6RORPRQ   $ FRPELQDWLRQ RI JRYHUQPHQW ¿QDQFLDO
incentives and private bank loans may be more effective than a
government-subsidized loan, as may combining building rating
or labelling with a loan-especially when the labelling scheme
has public approval.


3XEOLFVHFWRUOHDGHUVKLSSURJUDPPHVDQGSXEOLF
SURFXUHPHQWSROLFLHV

Government agencies, and ultimately taxpayers, are
responsible for a wide range of energy-consuming facilities
DQGVHUYLFHVVXFKDVJRYHUQPHQWRI¿FHEXLOGLQJVVFKRROVDQG
health care facilities. The government itself is often a country’s
largest consumer of energy and largest buyer of energy-using
equipment. The US federal government spends over US$ 10
427
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billion/yr for energy-using equipment (Harris and Johnson,
2000). Government policies and actions can thus contribute,
both directly and indirectly, to energy savings and associated
GHG reductions (Van Wie McGrory et al., 2002). A recent study
for several EU countries (Borg et al., 2003) found a potential
for direct energy savings of 20% or more in EU government
facilities and operations. According to the USDOE’s Federal
Energy Management Program (FEMP), average energy
intensity (site energy per square meter) in federal buildings has
been reduced by about 25% since 1985, while average energy
intensity in US commercial buildings has stayed roughly
constant (USDOE/EERE, 2005; USDOE/FEMP, 2005).

Public procurement policies can have their greatest impact on
the market when they are based on widely harmonized energyHI¿FLHQF\VSHFL¿FDWLRQVWKDWFDQVHQGDVWURQJPDUNHWVLJQDOWR
manufacturers and suppliers (Borg et al., 2003). If US agencies
DWDOOOHYHOVRIJRYHUQPHQWDGRSWWKHIHGHUDOHI¿FLHQF\FULWHULD
for their own purchases, estimated annual electricity savings in
the USA would be 10.8 million tonnes CO2-eq, allowing for at
least one billion US$/yr savings on public energy bills (Harris
and Johnson, 2000).

,QGLUHFW EHQH¿FLDO LPSDFWs occur when Governments act
effectively as market leaders. First, government buying power
FDQFUHDWHRUH[SDQGGHPDQGIRUHQHUJ\HI¿FLHQWSURGXFWVDQG
services. Second, visible government energy-saving actions can
VHUYHDVDQH[DPSOHIRURWKHUV3XEOLFVHFWRUHQHUJ\HI¿FLHQF\
SURJUDPPHV IDOO LQWR ¿YH FDWHJRULHV +DUULV et al., 2005): (i)
Policies and targets (energy/cost savings; CO2 reductions);
LL  3XEOLF EXLOGLQJV HQHUJ\VDYLQJ UHWUR¿W DQG RSHUDWLRQ RI
existing facilities, as well as sustainability in new construction),
LLL (QHUJ\HI¿FLHQWJRYHUQPHQWSURFXUHPHQW LY (I¿FLHQF\
and renewable energy use in public infrastructure (transit,
roads, water and other public services); and (v) Information,
training, incentives and recognition of leadership by agencies
and individuals. The following paragraphs provide selected
examples.

While not a ‘policy instrument’, ESCOs have become
IDYRXUHG YHKLFOHV WR GHOLYHU HQHUJ\HI¿FLHQF\ LPSURYHPHQWV
and are promoted by a number of policies. An ESCO is a
company that offers energy services, such as energy analysis and
audits, energy management, project design and implementation,
maintenance and operation, monitoring and evaluation
of savings, property/facility management, energy and/or
equipment supply and provision of energy services (e.g., space
heating, lighting). ESCOs guarantee the energy savings and/or
WKHSURYLVLRQRIDVSHFL¿HGOHYHORIHQHUJ\VHUYLFHDWORZHUFRVW
E\ WDNLQJ UHVSRQVLELOLW\ IRU HQHUJ\HI¿FLHQF\ LQYHVWPHQWV RU
and improved maintenance and operation of the facility. This
is typically executed legally through an arrangement called
‘energy performance contracting’ (EPC). In many cases, the
ESCO’s compensation is directly tied to the energy savings
achieved. ESCOs can also directly provide or arrange for project
¿QDQFLQJRUDVVLVWZLWK¿QDQFLQJE\SURYLGLQJDQHQHUJ\ FRVW 
savings guarantee for their projects. Finally, ESCOs often
retain an ongoing operational role, provide training to on-site
personnel, and take responsibility for measuring and verifying
the savings over the term of the project loan.

The EU Directive on Energy Performance of Buildings
discussed above and in Box 6.3, includes special requirements
IRUSXEOLFEXLOGLQJFHUWL¿FDWLRQ8.SROLF\UHTXLUHVDOOQHZDQG
refurbished government buildings to be rated under the British
Research Establishment Environmental Assessment Method
%5(($0  ZKLFK LQFOXGHV FUHGLWV IRU HQHUJ\ HI¿FLHQF\
and reduced CO2 emissions. New government buildings
must achieve a BREEAM rating of ‘Excellent,’ while major
refurbishments require a ‘Good’ rating (UK/DEFRA, 2004).
In the USA, a recent law requires new federal buildings to be
designed 30% better for energy performance than that required
by current commercial and residential building codes (U.S.
Congress, 2005).
(QHUJ\HI¿FLHQW JRYHUQPHQW SXUFKDVLQJ DQG SXEOLF
procurement can be powerful market tools. (Borg et al., 2003;
Harris et al (QHUJ\HI¿FLHQWJRYHUQPHQWSURFXUHPHQW
policies are in place in several EU countries, as well as in Japan,
Korea, Mexico, China and the USA (Harris et al., 2005). In the
USA, in 2005, Congress passed a law mandating that all federal
DJHQFLHVVSHFLI\DQGEX\HI¿FLHQWSURGXFWVWKDWTXDOLI\IRUWKH
Energy Star label, or (in cases where that label does not apply)
products designated by USDOE/FEMP as being among the
top 25thSHUFHQWLOHRIHI¿FLHQWSURGXFWV 86&RQJUHVV 
Federal purchasing policies are expected to save 1.1 million
tonnes CO2-eq and US$ 224 million/yr in 2010 (Harris and
Johnson, 2000).
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3URPRWLRQRIHQHUJ\VHUYLFHFRPSDQLHV (6&2V 
DQGHQHUJ\SHUIRUPDQFHFRQWUDFWLQJ (3&

In 2006, the US ESCO market is considered the most
advanced in the world (Goldman et al., 2005), with revenues
reaching about US$ 2 billion in 2002 (Lin and Deng, 2004).
Most US ESCO activity (approximately 75%) is in the public
VHFWRU 7KH PDUNHW IRU HQHUJ\HI¿FLHQF\ VHUYLFHV LQ :HVWHUQ
(XURSHZDVHVWLPDWHGWREH¼PLOOLRQ\ULQZKLOHWKH
PDUNHW SRWHQWLDO ZDV HVWLPDWHG DW ¼ ± ELOOLRQ\U %XWVRQ
1998; Bertoldi and Starter, 2003). Germany and Austria are
the ESCO leaders in Europe, with street-lighting projects
among the most common demand-side EPC projects, and
public buildings the most targeted sector (Bertoldi et al., 2005;
Rezessy et al. %HWZHHQDQG±SXEOLF
buildings were renovated in Austria using energy performance
contracting by ESCOs. Austria is now using EPCs to renovate
RIWKHWRWDOÀRRUDUHDRIIHGHUDOEXLOGLQJV /HXWJ|E 
In Germany, more than 200 EPCs have been signed since the
mid-1990s, primarily for public buildings (Seefeldt, 2003). In
Japan, the ESCO market is growing quickly, with a focus on the
FRPPHUFLDODQGSXEOLFVHFWRUV RI¿FHEXLOGLQJVDQGKRVSLWDOV 
(Murakoshi and Nakagami, 2003). In India and Mexico, ESCOs
also have targeted at least 50% of their activity in the public and
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commercial sectors (Vine, 2005). Most ESCOs do not target the
residential sector, although exceptions exist (e.g., in Nepal and
South Africa).
ESCOs greatly facilitate the access of building owners
and operators to technical expertise and innovative project
¿QDQFLQJ 7KH\ FDQ SOD\ D FHQWUDO UROH LQ LPSURYLQJ HQHUJ\
HI¿FLHQF\ ZLWKRXW EXUGHQLQJ SXEOLF EXGJHWV DQG UHJXODWRU\
intervention to markets. However, the ESCO industry does
not always develop on its own and policies and initiatives
may be necessary to kick-start the market. The commitment
of federal and municipal authorities to use ESCOs for their
HQHUJ\HI¿FLHQF\SURMHFWVDORQJZLWKVXSSRUWLYHSROLFLHVDQG
public-private partnerships has been crucial in countries such as
Germany and Austria (Brand and Geissler, 2003). In some cases,
obligations imposed on electricity companies have fostered the
development of ESCO activities, as in the case of Brazil, where
power utilities are required to invest 1% of their net operating
UHYHQXHVLQHQHUJ\HI¿FLHQF\


(QHUJ\HI¿FLHQF\REOLJDWLRQVDQGWUDGDEOHHQHUJ\
HI¿FLHQF\FHUWL¿FDWHV

Recognising that traditional energy policy tools have not
achieved the magnitude of carbon savings needed to meet climate
stabilization targets, a few new innovative instruments are being
introduced or planned in a number of countries. Among them are
WKHVRFDOOHGµZKLWHFHUWL¿FDWHV¶DFDSDQGWUDGHVFKHPH RULQ
some cases, an obligation without the trading element) applied to
DFKLHYHHQHUJ\HI¿FLHQF\LPSURYHPHQWV7KHEDVLFSULQFLSOHLV
an obligation for some category of economic actors (e.g., utility
companies, product manufacturers or distributors and large
FRQVXPHUV  WR PHHW VSHFL¿HG HQHUJ\ VDYLQJV RU SURJUDPPH
delivery goals, potentially coupled with a trading system based
RQ YHUL¿HG DQG FHUWL¿HG VDYLQJV DFKLHYHG RU H[SHFWHG  IRU
HQHUJ\HI¿FLHQF\ PHDVXUHV WKH µZKLWH¶ FHUWL¿FDWH  (&(((
2004; Oikonomou et al.   (QHUJ\ HI¿FLHQF\ REOLJDWLRQ
SURJUDPPHV ZLWKRXW FHUWL¿FDWH WUDGLQJ KDYH EHHQ RSHUDWLQJ
in the UK since 1994 and in Flanders (Belgium) since 2003;
ZKLWHFHUWL¿FDWHVFKHPHVZLWKDWUDGLQJHOHPHQWZHUHLQSODFH
in 2006 in Italy, France and New South Wales. Other European
countries have announced their intention to introduce similar
schemes.
&DSWXULQJWKHGHVLUHGEHQH¿WRIFHUWL¿FDWHWUDGLQJVFKHPHV
± WKDW LV PLQLPLVLQJ WKH FRVWV RI PHHWLQJ HQHUJ\ VDYLQJV
JRDOV±GHSHQGVRQWKHOLTXLGLW\RIWKHPDUNHW7KHUHLVDWUDGH
off between liquidity, crucial to minimizing the costs, and
manageability and transaction costs. Where transaction costs
turn out to be very high, a simple energy savings obligation
for electricity and gas distributors, without the complication of
trading, may be a better way to deliver the desired outcome
%HUWROGL DQG 5H]HVV\   6LQFH WKH ¿UVW ZKLWH FHUWL¿FDWH
schemes are just starting, it remains to be seen whether this
policy instrument will deliver the expected level of savings and
at what cost.

,Q WKH 8. WKH (QHUJ\ (I¿FLHQF\ &RPPLWPHQW ((& 
requires that all large gas and electricity suppliers deliver a
certain quantity of energy savings by assisting customers to
WDNH HQHUJ\HI¿FLHQF\ DFWLRQV LQ WKHLU KRPHV 7KH GHOLYHUHG
RYHUDOO VDYLQJV RI WKH ¿UVW SKDVH  7:K ODUJHO\ H[FHHGHG
the target of 65 TWh and the target has since been increased to
130.2 TWh (Lees, 2006).
6.8.3.7

The Kyoto Protocol’s Flexibility Mechanisms

7KH ÀH[LELOLW\ PHFKDQLVPV RI WKH .\RWR 3URWRFRO .3 
especially the clean development mechanism (CDM) and joint
LPSOHPHQWDWLRQ -,  FRXOG RIIHU PDMRU EHQH¿WV IRU EXLOGLQJV
in developing countries and economies in transition, in terms
RI ¿QDQFLQJ WUDQVIHU RI DGYDQFHG WHFKQRORJLHV DQG NQRZ
how, building of local capacity and demonstration effects
(Woerdman, 2000; Grubb et al., 2002). Buildings should be
prime targets for project-based mechanisms due to the variety
and magnitude of cost-effective potentials (see section 6.5). For
instance, Trexler and Associates (Margaree Consultants, 2003)
HVWLPDWHG WKDW EXLOGLQJ DQG DSSOLDQFH HI¿FLHQF\ DFFRXQWV IRU
32% of total potential in CDM in 2010 under 0 US$/tCO2 and
20% under 20 US$/tCO2. However, evidence until 2006 shows
that little of this potential is expected to be unlocked during
WKH ¿UVW FRPPLWPHQW SHULRG 1RYLNRYD et al., 2006). After
initial enthusiasm in the activities implemented jointly (AIJ)
phase, where 18 out of 156 registered projects were targeted to
buildings, JI and CDM experience to date suggests that this pilot
phase brought disappointment in building-related projects. As
of February 2006, only four CDM projects out of 149 projects
registered or seeking validation were for buildings, and none of
the 152 approved and submitted JI projects was due to invest in
buildings (Novikova et al., 2006).
While it is too early to conclude that the Kyoto Protocols’s
project-based mechanisms do not work well for buildings, there
are no indications that this trend will reverse. A number of barriers
SUHYHQWWKHVHPHFKDQLVPVIURPIXOO\PRELOL]LQJWKHLUEHQH¿WV
for buildings (Tangen and Heggelund, 2003; ECON Analysis,
2005). Chief among these is the proportionately high transaction
costs due to the relatively small size of building-related projects:
DOWKRXJK WKHVH FRVWV DUH DURXQG  ¼W&22 (124 US$/tCO2)
IRU EXLOGLQJUHODWHG SURMHFWV WKH\ DPRXQW RQO\ WR  ¼W&22
(0.12 US$/tCO2) for very large-scale projects (Michaelowa
and Jotzo, 2005). While a few hypothetical solutions have been
suggested to overcome the barriers (Novikova et al., 2006), their
implementation is uncertain. Another major chance opens for
buildings in former communist countries with large emission
surpluses through Green Investment Schemes, or the ‘greening’
of these surplus emission units, if they are constructed to
DFFRPPRGDWHVPDOOVFDOHHQHUJ\HI¿FLHQF\LQYHVWPHQWVEHWWHU
than CDM or JI, potentially delivering over a billion tonnes of
real CO2 reductions.
In summary, if the KP is here to stay, the architecture of
WKH ÀH[LEOH PHFKDQLVPV FRXOG EH UHYLVLWHG WR DGGUHVV WKHVH
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shortcomings, so that the major opportunities from buildings
in developing countries and EITs do not stay unutilised. A
SRWHQWLDO FULWHULRQ IRU DSSUDLVLQJ FOLPDWH UHJLPHV ± LQ WHUPV
of their success in leveraging lowest costs mitigation options,
DV ZHOO DV LQ PHHWLQJ VXVWDLQDEOH GHYHORSPHQW JRDOV ± FRXOG
be their success in promoting buildings-level investments in
GHYHORSLQJ FRXQWULHV DQG HFRQRPLHV LQ WUDQVLWLRQ UHÀHFWLQJ
their recognized importance in minimized-cost global emission
mitigation efforts.


7HFKQRORJ\UHVHDUFKGHYHORSPHQWGHPRQVWUDWLRQ
DQGGHSOR\PHQW 5' '

Chapter 6

the envisioned necessary 32 Gt global CO2 reduction by 2050
(IEA, 2006d).
6.8.4

In the buildings sector, non-CO2 greenhouse gases
KDORFDUERQV  DUH XVHG DV WKH ZRUNLQJ ÀXLG LQ PRVW YDSRXU
compression cooling equipment, and as a blowing agent in
some insulation foams including polyurethane spray foam.
Background in this report is in Section 6.4.15, which is in turn
a brief summary of IPCC/TEAP (2005).
6.8.4.1

Section 6.4 attested that there is already a broad array of
accessible and cost-effective technologies and know-how that
can abate GHG emissions in existing and new buildings to a
VLJQL¿FDQWH[WHQWWKDWKDYHQRWEHHQZLGHO\DGRSWHG\HW$WWKH
same time, several recently developed technologies, including
high performance windows, active glazing, vacuum insulated
panels, phase change materials to increase building thermal
mass, high performance reversible heat pumps and many other
technologies may be combined with integrated passive solar
design and result in up to 80% reduction of building energy
consumption and GHG emissions. Large-scale GHG reduction
in buildings requires fast and large-scale dissemination and
WUDQVIHULQPDQ\FRXQWULHVLQFOXGLQJHI¿FLHQWDQGFRQWLQXRXV
training of professionals in the integrated approach to design
and optimized use of combinations of technologies. Integrated
intelligent building control systems, building- or communitylevel renewable energy generation, heat and coldness networks,
coupled to building renewable energy capture components and
intelligent management of the local energy market need more
research, development and demonstration, and could develop
VLJQL¿FDQWO\LQWKHQH[WWZRGHFDGHV
%HWZHHQDQGWKHDQQXDOZRUOGZLGH5' 'EXGJHW
IRUHQHUJ\HI¿FLHQF\LQEXLOGLQJVKDVEHHQDSSUR[LPDWHO\86
±PLOOLRQ\U ,($G 7KH86$KDVEHHQWKHOHDGLQJ
country in energy research and development for buildings for
over a decade. Despite the decline in US funds by 2/3rd between
1993 and 2003, down from a peak of US$ 180 million, the USA
is still responsible for half of the total global expenditures (IEA,
G 6XEVWDQWLDOEXLOGLQJVUHODWHGHQHUJ\HI¿FLHQF\5' '
is also sponsored in Japan (15% of global expenditure).
7KHRYHUDOOVKDUHRIHQHUJ\HI¿FLHQF\LQWRWDOHQHUJ\5' '
expenditure is low, especially compared to its envisioned role
in global GHG mitigation needs. In the period from 2001 to
 RQ DYHUDJH RQO\  RI DOO HQHUJ\ 5' ' H[SHQGLWXUH
LQ ,($ FRXQWULHV KDV EHHQ GHVLJQDWHG IRU HQHUJ\HI¿FLHQF\
improvement (IEA, 2006c), whereas its contribution to CO2
emission reduction needs by 2050 is 45% according to the
most commonly used ‘Map’ scenario of the IEA (2006d). The
VKDUHGHGLFDWHGWRHQHUJ\HI¿FLHQF\LPSURYHPHQWVLQEXLOGLQJV
was only 3%, in stark contrast with their 18% projected role in
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Policies affecting non-CO2 gases

Stationary refrigeration, air conditioning and heat
SXPSDSSOLFDWLRQV

A number of countries have established legislative and
YROXQWDU\UHJLPHVWRFRQWUROHPLVVLRQVDQGXVHRIÀXRULQDWHG
gases. In Europe, a number of countries have existing policies
that aim at reducing leakage or discouraging the use of
UHIULJHUDQWVFRQWDLQLQJÀXRULQH5HJXODWLRQVLQWKH1HWKHUODQGV
minimize leakage rates through improved maintenance and
regular inspection. Substantial taxes for refrigerants containing
ÀXRULQH DUH OHYLHG LQ 6FDQGLQDYLDQ FRXQWULHV DQG OHJLVODWLRQ
in Luxembourg requires all new large cooling systems to use
natural refrigerants (Harmelink et al., 2005). Some countries
such as Denmark and Austria have banned the use of HFCs
in selected air conditioning and refrigeration applications. In
2006 the EU Regulation 842/2006 entered into force, which
requires that all medium and large stationary air conditioning
DSSOLFDWLRQV LQ WKH (8 ZLOO XVH FHUWL¿HG DQG WUDLQHG VHUYLFH
personnel, and assures recovery of refrigerants at the end-oflife (Harmelink et al., 2005).
In the USA, it has been illegal under the Clean Air Act
since 1995, to vent substitutes for CFC and HCFC refrigerants
during maintenance, repair and disposal of air conditioning and
refrigeration equipment (US EPA, 2006). Japan, has established
a target to limit HFC, PFC and SF6 emissions. Measures to
meet this target include voluntary action plans by industries,
mandatory recovery systems for HFCs used as refrigerants
(since April 2002) and the research and development of
alternatives (UNFCCC, 2006). Australia has developed an
Ozone Protection and Synthetic Greenhouse Gas Management
Act. Measures include supply controls though the licensing of
LPSRUWHUV H[SRUWHUV DQG PDQXIDFWXUHUV RI ÀXRULQDWHG JDVHV
and pre-charged refrigeration and air conditioning equipment;
end-use regulations on handling, use, recovery, sale and
reporting are in place (Australian Government, 2006). Canada
has established a National Action Plan for the Environmental
Control of ODS and their Halocarbon Alternatives (NAP). This
ensures that HFCs are only used in applications where they
replace ODS and requires recovery, recycling and reclamation
for CFCs, HCFCs and HFCs (Canadian Council of Ministers of
the Environment, 2001).
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Insulating foams and SF6 in sound-insulating
glazing

Within the European Union, Denmark and Austria have
introduced legislation to ban the use of HFC for the production
of several foam types (Cheminfo, 2004). Since 2006 the EU
Regulation 842/2006 on certain Fluorinated Gases limits
HPLVVLRQV DQG FHUWDLQ XVHV RI ÀXRULQDWHG JDVHV (XURSHDQ
Commission, 2006), banning the use of HFCs in One-Component
Foam from 2008, except where required to meet national safety
standards. Japan has established a target to limit HFC, PFC and
SF6 emissions. Measures to meet this target include voluntary
action plans by industries, improved containment during the
production process, less blowing agent per product, improved
SURGXFWLYLW\SHUSURGXFWDQGWKHXVHRIQRQÀXRURFDUERQORZ
GWP alternatives. Australia has developed an act for industries
covered by the Montreal Protocol and extended voluntary
arrangements for non-Montreal Protocol industries. Measures
include supply controls though the licensing of importers,
exporters and manufacturers of HFCs.
Although there are no international proposals to phase out
the use of HFCs in foams, the high costs of HFCs have naturally
contributed to the minimization of their use in formulations
(often by use with co-blowing agents) and by early replacement
by alternative technologies based primarily on CO2, water
or hydrocarbons (e.g. pentane). There is more regulatory
uncertainty at regional level and in Japan some pressure exists
to stop HFC-use in the foam sector. In Europe, the recently
published F-Gas regulation (European Commission, 2006)
only impacts the use of HFCs in one component foam (OCF)
ZKLFKLVXVHGSULPDULO\IRUJDS¿OOLQJLQWKHFRQVWUXFWLRQVHFWRU
However, there is a requirement to put in place provisions for
recovery of blowing agent at end-of-life where such provisions
are technically feasible and do not entail disproportionate cost.
6.8.5

Policy options for GHG abatement in
buildings: summary and conclusion

Section 6.8 demonstrates that there is a variety of
government policies, programmes, and market mechanisms in
many countries for successfully reducing energy-related CO2
emissions in buildings (high agreement, medium evidence).
Table 6.6 (below) reviews 20 of the most important policy
tools used in buildings according to two criteria from the list of
criteria suggested in Chapter 13 (of the ones for which literature
was available in policy evaluations): emission reduction
effectiveness and cost-effectiveness. Sixty-six ex post (with a
IHZH[FHSWLRQV SROLF\HYDOXDWLRQVWXGLHVZHUHLGHQWL¿HGIURP
over 30 countries and country groups that served as a basis for
the assessment.

7KH ¿UVW FROXPQ LQ 7DEOH  LGHQWL¿HV WKH NH\ SROLF\
instruments grouped by four major categories using a typology
synthesized from several sources including Grubb (1991);
Crossley et al. (2000) and Verbruggen and Bongaerts (2003): (i)
control and regulatory mechanisms, (ii) economic and marketEDVHGLQVWUXPHQWV LLL ¿QDQFLDOLQVWUXPHQWVDQGLQFHQWLYHVDQG
(iv) support and information programmes and voluntary action.
7KHVHFRQGFROXPQLGHQWL¿HVDVHOHFWLRQRIFRXQWULHVZKHUHWKH
policy instrument is applied20. Then, the effectiveness in achieving
CO2 reduction and cost-effectiveness were rated qualitatively
based on available literature as well as quantitatively based on one
or more selected case studies. Since any instrument can perform
poorly if not designed carefully, or if its implementation and
enforcement are compromised, the qualitative and quantitative
FRPSDULVRQV DUH EDVHG RQ LGHQWL¿HG EHVW SUDFWLFHV LQ RUGHU WR
demonstrate what impact an instrument can achieve if applied
well. Finally, the table lists special conditions for success, major
VWUHQJWKVDQGOLPLWDWLRQVDQGFREHQH¿WV
While the 66 studies represent the majority of such
evaluations available in the public domain in 2006, this sample
still leaves few studies in certain categories. Therefore, the
FRPSDUDWLYH ¿QGLQJV RI WKLV DVVHVVPHQW VKRXOG EH YLHZHG DV
indicative rather than conclusive. Although a general caveat of
comparative policy assessments is that policies act as parts of
portfolios and therefore the impact of an individual instrument
LVGLI¿FXOWWRGHOLQHDWHIURPWKRVHRIRWKHUWRROVWKLVFRQFHUQ
affects the assessment to a limited extent since the literature
used already completed this disaggregation before evaluating
individual instruments.
$OOWKHLQVWUXPHQWVUHYLHZHGFDQDFKLHYHVLJQL¿FDQWHQHUJ\
and CO2 savings; however the costs per tonne of CO2 saved
diverge greatly. In our sample, appliance standard, building
code, labelling and tax exemption policies achieved the
highest CO2 emission reductions. Appliance standards, energy
HI¿FLHQF\REOLJDWLRQVGHPDQGVLGHPDQDJHPHQWSURJUDPPHV
SXEOLF EHQH¿W FKDUJHV DQG PDQGDWRU\ ODEHOOLQJ ZHUH DPRQJ
the most cost-effective policy tools in the sample, all achieving
VLJQL¿FDQW HQHUJ\ VDYLQJV DW QHJDWLYH FRVWV ,QYHVWPHQW
subsidies (as opposed to rebates for purchases of energy
HI¿FLHQW DSSOLDQFHV  ZHUH UHYHDOHG DV WKH OHDVW FRVWHIIHFWLYH
LQVWUXPHQW7D[UHGXFWLRQVIRULQYHVWPHQWVLQHQHUJ\HI¿FLHQF\
appeared more effective than taxation. Labelling and voluntary
programmes can lead to large savings at low-costs if they are
combined with other policy instruments. Finally, information
SURJUDPPHVFDQDOVRDFKLHYHVLJQL¿FDQWVDYLQJVDQGHIIHFWLYHO\
accompany most other policy measures.

20 Since we made a strong effort to highlight best practices from developing countries where possible, major front-running developed countries where the instrument is applied may
not be listed in each applicable row of the table.
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Effectivenessb

SG, PH,
DZ, EG,
US, GB,
CN, EU

US, EU,
CN, MX,
KR, JP

US, CA,
AU, JP,
MX, CN,
CR, EU

GB, BE,
FR, IT,
DK, IE

US, CH,
DK, NL,
DE, AT

Building codes

Procurement
regulations

Mandatory
labelling and
certiﬁcation
programmes

Energy efﬁciency
obligations and
quotas

Utility demandside management
programmes

High

High

High

High

High

High

Energy
performance
contracting

DE, AT,
FR, SE,
FI, US, JP,
HU

High

Economic and market-based instruments

EU, US,
JP, AU,
BR, CN

Appliance
standards

Control and regulatory mechanisms

Policy instrumenta

Examples
of
countries

FR, SE, US, FI: 20–40%
of buildings energy saved;
EU:40–55MtCO2 by 2010;
US: 3.2 MtCO2/yr.

US: 36.7 MtCO2 in 2000.

GB: 1.4 MtCO2/yr.

AU: 5 M tCO2 savings
1992–2000;
DK: 3.568 MtCO2.

MX: 4 cities saved
3.3 ktCO2-eq in one year;
CN: 3.6 MtCO2 expected;
EU: 20–44 MtCO2 potential.

HK: 1% of total electricity
saved; US: 79.6 MtCO2 in
2000; EU: 35–45 MtCO2,
max 60% energy savings in
new buildings.

JP: 31 M tCO2 in 2010;
CN: 240 MtCO2 in 10 yrs;
US: 2.5% of electricity use
in 2000 = 65 MtCO2, 6.5% =
223.87 MtCO2 in 2010.

Energy or emission
reductions for selected best
practices

Medium

High

High

High

Medium

Medium

High

Costeffectiveness

EU: mostly at
no cost, rest at
<22 $/tCO2; US:
Public sector:
B/C ratio 1.6,
Priv. sector: 2.1

US: Average
costs approx.
–35 $/tCO2.

Flanders:
–216 $/tCO2 for
households, –60
$/tCO2 for other
sector in 2003;
GB: –139 $/tCO2.

AU: –30 $/tCO2
abated.

MX: $1Million in
purchases saves
$726,000/yr;
EU: <21 $/tCO2.

NL: from –189
$/tCO2 to –5
$/tCO2 for endusers,
46–109 $/tCO2
for society.

AU: –15 $/tCO2
in 2012;
US: –65 $/tCO2
in 2020;
EU: –194 $/tCO2
in 2020.

Cost of GHG
emission
reduction for
selected best
practicesc

Table 6.6: The impact and effectiveness of various policy instruments aimed to mitigate GHG emission in the buildings sector

Strength: no need for
public spending or
market intervention,
co-beneﬁt of improved
competitiveness.

DSM programmes for
commercial sector
tend to be more costeffective than those for
residences.

Continuous
improvements
necessary: new energy
efﬁciency measures,
short-term incentives to
transform markets etc.

Effectiveness can
be boosted by
combination with other
instrument and regular
updates.

Success factors:
enabling legislation,
energy efﬁciency
labelling &
testing, ambitious
energy efﬁciency
speciﬁcations.

No incentive to improve
beyond target. Only
effective if enforced.

Factors for success:
periodical update of
standards, independent
control, information,
communication and
education.

Special conditions
for success, major
strengths and
limitations, co-beneﬁts

ECCP, 2003; OPET network, 2004;
Singer, 2002; IEA, 2003a; World Energy
Council, 2004; Goldman et al., 2005.

IEA, 2005; Kushler et al., 2004.

UK government, 2006; Sorell, 2003;
Lees, 2006; Collys, 2005; Bertoldi &
Rezessy, 2006; Defra, 2006.

World Energy Council, 2001; OPET
network, 2004; Holt & Harrington, 2003.

Borg et al., 2003; Harris et al., 2005; Van
Wie McGrory et al., 2006.

World Energy Council, 2001; Lee & Yik,
2004; Schaefer et al., 2000; Joosen
et al., 2004; Geller et al., 2006; ECCP,
2001.

IEA, 2005; Schlomann et al. 2001;
Gillingham et al., 2004; ECS, 2002;
World Energy Council, 2004; Australian
Greenhouse Ofﬁce, 2005; IEA 2003a;
Fridley and Lin, 2004.
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IT, FR

CN, TH,
CEE (JI &
AIJ)

Energy efﬁciency
certiﬁcate schemes

Kyoto Protocol
ﬂexible
mechanismsd

Low

Medium

High

BE, DK,
Medium/
FR, NL,
low
US states

JP, SI, NL, High
DE, CH,
US, HK,
GB

Public beneﬁt
charges

Capital subsidies,
grants, subsidized
loans

Voluntary
certiﬁcation and
labelling

DE, CH,
US, TH,
BR, FR

NL: 41–105 US$/
tCO2 for soc;
GB:29 US$/tCO2
for soc, –66
$/tCO2 for enduser.

Low

BR: US$ 20
million saved.

From –53 US$/
tCO2 to
–17 $/tCO2.

Overall B/C ratio
– Commercial
buildings: 5.4
– New homes:
1.6.

63 $/tCO2.

n.a.

0: Energyefﬁcient
purchasing relies
on funds that
would have been
spent anyway.

high in
reported
cases

High

Low

Low

Medium

High

Medium/ high BR: 169.6 ktCO2 in 1998,
High
US: 13.2 MtCO2 in 2004, 2.1
bio tCO2-eq in total by 2010;
TH: 192 tCO2.

SI: up to 24% energy
savings for buildings, GB:
3.3 MtCO2;
US:29.1 Mio BTU/yr gas
savings.

US: 0.1–0.8% of total
electricity sales saved /yr,
average of 0.4%.

US: 88 MtCO2 in 2006.

DE: household consumption
reduced by 0.9%.

CEE: 220 K tCO2 in 2000.

IT: 3.64 Mt CO2 eq by 2009
expected.

Varies, German telecom
company: up to 60% energy
savings for speciﬁc units.

Costeffectiveness

Cost of GHG
emission
reduction for
selected best
practicesc
Oak Ridge National Laboratory, 2001;
Le Fur 2002; Borg et al., 2003.

References

ECS, 2005; Novikova. et al., 2006.

Effective with ﬁnancial
incentives, voluntary
agreements and
regulations.

Positive for low-income
households, risk of
free-riders, may induce
pioneering investments.

If properly structured,
stimulate introduction
of highly efﬁcient
equipment and new
buildings.

OPET network, 2004; Word Energy
Council, 2001; Geller et al., 2006;
Egan et al., 2000; Webber et al., 2003.

ECS, 2001; Martin et al., 1998;
Schaefer et al., 2000; Geller et al.,
2006; Berry & Schweitzer, 2003;
Joosen et al., 2004; Shorrock, 2001.

Western Regional Air Partnership,
2000; Kushler et al., 2004.

Quinlan et al., 2001; Geller & Attali,
2005.

Effect depends on price World Energy Council, 2001;
elasticity. Revenues can Kohlhaas, 2005.
be earmarked for further
efﬁciency. More effective
when combined with
other tools.

So far limited number
of CDM & JI projects in
buildings.

No long-term experience OPET network, 2004; Bertoldi &
yet. Transaction costs
Rezessy, 2006; Lees, 2006; Defra,
can be high. Monitoring 2006.
and veriﬁcation
crucial. Beneﬁts for
employment.

Success condition:
energy efﬁciency needs
to be prioritized in
purchasing decisions.

Special conditions
for success, major
strengths and
limitations, co-beneﬁts

Chapter 6

Support, information and voluntary action

High

US, FR,
NL, KO

Tax exemptions /
reductions

Low

NO, DE,
GB, NL,
DK, CH

Taxation (on CO2 or
household fuels)

Financial instruments and incentives

DE, IT,
GB, SE,
AT, IE, JP,
PO, SK,
CH

Examples
Energy or emission
of
reductions for selected best
countries Effectivenessb practices

Co-operative
procurement

Policy instrumenta

Table 6.6. Continued.
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High, but
variable

Medium

DK, US,
GB, CA,
BR, JP

US, FR,
NZ, EG,
AU, CZ

ON, IT,
SE, FI,
JP, NO,
CL

Awareness
raising, education
/ information
campaigns

Mandatory
audit & energy
management
requirement

Detailed billing
and disclosure
programmes

Up to 20% energy savings.

US: Weatherization
Program: 22% saved in
weatherized households.

GB: Energy Efﬁciency
Advice Centres: 10.4 K tCO2
annually.

De: 25% public sector CO2
reduction over 15 years.

US: 88 MtCO2-eq/yr UK:
15.8 MtCO2

Energy or emission
reductions for selected best
practices

BR: –66 US$/
tCO2;
GB: 8 US$/
tCO2 (for all
programmes of
Energy Trust).

High

Medium

n.a.

US
Weatherization
Program: BCratio: 2.4.

US DOE/FEMP
estimates 4
US$ savings
for every 1 US$
of public funds
invested.

High

Medium

GB: 54.5–104
US$/tCO2
(Climate Change
Agreements).

Medium

Costeffectiveness

Cost of GHG
emission
reduction for
selected best
practicesc

Success conditions:
combination with
other measures and
periodic evaluation.
Comparability with
other households is
positive.

Crossley et al., 2000; Darby 2000;
Roberts & Baker, 2003; Energywatch,
2005.

World Energy Council, 2001

Bender et al., 2004; Dias et al., 2004;
Darby, 2006; IEA, 2005; Lutzenhiser,
1993; Ueno et al. 2006; Energy
Saving Trust, 2005.

More applicable in
residential sector than
commercial.

Most effective if
combined with other
measures such as
ﬁnancial incentives

Borg et al., 2003; Harris et al., 2005;
Van Wie McGrory et al., 2006; OPET,
2004.

Geller et al., 2006; Cottrell, 2004.

References

Can be used to
demonstrate new
technologies and
practices. Mandatory
programmes have
higher potential than
voluntary ones.

Can be effective when
regulations are difﬁcult
to enforce. Effective if
combined with ﬁnancial
incentives and threat of
regulation.

Special conditions
for success, major
strengths and
limitations, co-beneﬁts

Notes:
Country name abbreviations (according to the ISO codes except California, Ontario, Central and Eastern Europe and European Union): DZ – Algeria, AR – Argentina, AU – Australia, AT – Austria, BE – Belgium,
BR – Brazil, CL – California, CA – Canada, CEE – Central and Eastern Europe, CN – China, CR – Costa Rica, CZ – Czech Republic, DE – Germany, Denmark – DK, EC – Ecuador, EG – Egypt, EU – European
Union, FI – Finland, FR – France, GB – United Kingdom, HK – Hong Kong, HU – Hungary, IN – India, IE – Ireland, IT – Italy, JP – Japan, KR – Korea (South), MX – Mexico, NL – Netherlands, NO – Norway, ON
– Ontario, NZ – New Zealand, NG – Nigeria, PH – Philippines, PO – Poland, SG – Singapore, SK – Slovakia, SI – Slovenia, CH – Switzerland, SE – Sweden, TH – Thailand, US – United States.
a) For deﬁnitions of the instruments see: Crossley et al. (1999), Crossley et al. (2000), EFA (2002), Vine et al. (2003) and Wuppertal Institute (2002).
b) Effectiveness of CO2 emission reduction: includes ease of implementation; feasibility and simplicity of enforcement; applicability in many locations; and other factors contributing to overall magnitude of realized savings.
c) Cost-effectiveness is related to speciﬁc societal cost per unit of carbon emissions avoided. Energy savings were recalculated into emission savings using the following references for the emission factors:
Davis (2003), UNEP (2000), Center for Clean Air Policy (2001). The country-speciﬁc energy price was subtracted from the cost of saved energy in order to account for the ﬁnancial beneﬁts of energy savings
(Koomey and Krause, 1989), if they were not considered originally.
d) Kyoto ﬂexible mechanisms: Joint Implementation (JI), Clean Development Mechanism (CDM), International Emissions Trading (includes the Green Investment Schemes).

Low/
Medium

High

NZ, MX,
PH, AR,
BR, EC

Public leadership
programmes

Medium/
High

Mainly
Western
Europe,
JP, US

Voluntary and
negotiated
agreements

Policy instrumenta
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The effectiveness of economic instruments, information
programmes and regulation can be substantially enhanced if
these are appropriately combined into policy packages that take
advantage of synergistic effects (Ott et al., 2005). A typical
example is the co-ordination of energy audit programmes
with economic instruments, such as energy taxes and capital
VXEVLG\VFKHPHV,QDGGLWLRQ(6&2VFDQÀRXULVKZKHQSXEOLF
procurement legislation accommodates EPCs and includes
DPELWLRXVHQHUJ\HI¿FLHQF\RUUHQHZDEOHHQHUJ\SURYLVLRQVRU
in the presence of an energy-saving obligation.
Section 6.8 demonstrates that, during the last decades,
many new policies have been initiated. However, so far only
incremental progress has been achieved by these policies. In
most developed countries, the energy consumption in buildings
is still increasing (IEA, 2004f). Although some of this growth
LV RIIVHW E\ LQFUHDVHG HI¿FLHQF\ RI PDMRU HQHUJ\FRQVXPLQJ
appliances, overall consumption continues to increase due to the
growing demand for amenities, such as new electric appliances
and increased comfort. The limited overall impact of policies so
far is due to several factors: (i) slow implementation processes
(e.g., as of 2006, not all European countries are on time with
the implementation of the EU Buildings Directive); (ii) the lack
of regular updating of building codes (requirements of many
policies are often close to common practices, despite the fact
that CO2QHXWUDOFRQVWUXFWLRQZLWKRXWPDMRU¿QDQFLDOVDFUL¿FHV
is already possible) and appliance standards and labelling;
DQG LLL  LQVXI¿FLHQW HQIRUFHPHQW ,Q DGGLWLRQ 6HFWLRQ 
demonstrated that barriers in the building sector are numerous;
diverse by region, sector and end-user group, and are especially
strong.
There is no single policy instrument that can capture the
entire potential for GHG mitigation. Due to the especially
strong and diverse barriers in the residential and commercial
sectors, overcoming these is only possible through a diverse
portfolio of policy instruments for effective and far-reaching
GHG abatement and for taking advantage of synergistic effects.
Since climate change literacy, awareness of technological,
cultural and behavioural choices and their impacts on emissions
are important preconditions to fully operating policies, these
policy approaches need to go hand in hand with programmes
that increase consumer access to information, awareness and
knowledge (high agreement, medium evidence).
,QVXPPDU\VLJQL¿FDQW&22 and other GHG savings can be
DFKLHYHGLQEXLOGLQJVRIWHQDWQHWEHQH¿WWRVRFLHW\ LQDGGLWLRQ
to avoided climate change) and also meeting many other
sustainable development and economic objectives, but this
requires a stronger political commitment and more ambitious
policy-making than today, including careful design of policies
as well as enforcement and regular monitoring.

Residential and commercial buildings

6.9 Interactions of mitigation options
with vulnerability, adaptation and
sustainable development
6.9.1

Interactions of mitigation options with
vulnerability and adaptation

In formulating climate change strategies, mitigation efforts
need to be balanced with those aimed at adaptation. There are
interactions between vulnerability, adaptation and mitigation
in buildings through climatic conditions and energy systems.
As a result of a warming climate, heating energy consumption
will decline, but energy demand for cooling will increase while
at the same time passive cooling techniques will become less
effective. The net impact of these changes on GHG emissions
is related to the available choice of primary energy used and
WKH HI¿FLHQF\ RI WHFKQRORJLHV WKDW DUH XVHG IRU KHDWLQJ DQG
cooling needs. Mansur et al.  ¿QGWKDWWKHFRPELQDWLRQ
of climate warming and fuel switching in US buildings from
fuels to electricity results in increases in the overall energy
demand, especially electricity. Other studies indicate that in
European countries with moderate climate the increase in
electricity for additional cooling is higher than the decrease for
heating demand in winter (Levermore et al., 2004; Aebischer
et al., 2006; Mirasgedis et al., 2006). Aebischer et al. (2006)
¿QGVWKDWLQ(XURSHWKHUHLVOLNHO\WREHDQHWLQFUHDVHLQSRZHU
demand in all but the most northerly countries, and in the south
D VLJQL¿FDQW LQFUHDVH LQ VXPPHU SHDN GHPDQG LV H[SHFWHG
Depending on the generation mix in particular countries, the
net effect on carbon dioxide emissions may be an increase even
ZKHUHRYHUDOOGHPDQGIRU¿QDOHQHUJ\GHFOLQHV6LQFHLQPDQ\
countries electricity generation is largely based on fossil fuels,
the resulting net difference between heating reduction and
FRROLQJ LQFUHDVHV PD\ VLJQL¿FDQWO\ LQFUHDVH WKH WRWDO DPRXQW
of GHG emissions. This causes a positive feedback loop: more
mechanical cooling emits more GHGs, thereby exacerbating
warming, although the effect maybe moderate.
Vulnerability of energy demand to climate is country- and
UHJLRQVSHFL¿F )RU LQVWDQFH D WHPSHUDWXUH LQFUHDVH RI °C
is associated with an 11.6% increase in residential per capita
electricity use in Florida, but with a 7.2% decrease in Washington
DC (Sailor, 2001). Increased net energy demand translates into
increased welfare losses. Mansur et al. (2005) found that, for
a 5°C increase in temperature by 2100, the annual welfare loss
in increased energy expenditures is predicted to reach US$ 40
billion for US households.
Fortunately, there are many potential synergies where
investments in the buildings sector may reduce the overall cost
of climate change-in terms of both mitigation and adaptation.
For instance, if new buildings are constructed, the design can
address both mitigation and adaptation aspects. Among the
most important of these are reduced cooling loads. For instance,
using advanced insulation techniques and passive solar design
435
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to reduce the expected increase in air conditioning load. In
DGGLWLRQ LI KLJKHI¿FLHQF\ HOHFWULF DSSOLDQFHV DUH XVHG WKH
savings are increased due to reduced electricity demand for
air conditioning, especially in commercial buildings. Roof
UHWUR¿WVFDQLQFRUSRUDWHLQFUHDVHGLQVXODWLRQDQGVWRUPVHFXULW\
in one investment. In addition, the integrated design of wellLQVXODWHGDLUWLJKWEXLOGLQJVZLWKHI¿FLHQWDLUPDQDJHPHQWDQG
energy systems, leads not only to lower GHG emissions, but
also to reduced thermal stress to occupants, reducing extreme
weather-related mortality and other health effects. Furthermore,
adaptive comfort, where occupants accept higher indoor
(comfort) temperatures when the outside temperature is high,
is now incorporated in design considerations, especially for
predominantly naturally ventilated buildings (see Box 6.5).

address the core needs of such countries – these are economic
growth, poverty alleviation and employment creation (OECD,
2001). Often a tension exists between the main agenda of most
of these countries (poverty alleviation through increased access
to energy) and climate change concerns. Increased access
to modern energy for the mostly rural population has been a
priority in recent years. Most countries, therefore, place more
policy emphasis on increasing the supply of petroleum and
HOHFWULFLW\ WKDQ RQ UHQHZDEOHV RU HQHUJ\ HI¿FLHQF\ .DUDNH]L
and Ranja, 2002). The success of climate change mitigation
policies depends largely on the positive management of these
tensions. GHG reduction strategies in developing countries have
a higher chance of success if they are ‘embedded’ in poverty
eradication efforts, rather than executed independently.

Policies that actively promote integrated building solutions
for both mitigating and adapting to climate change are especially
important for the buildings sector. It has been observed that
building users responding to a warmer climate generally choose
options that increase cooling energy consumption rather than
other means, such as insulation, shading, or ventilation, which
consume less energy. A prime example of this is the tendency
of occupants of existing, poorly performing buildings (mainly
in developing countries) to buy portable air conditioning units.
These trends – which clearly will accelerate in warmer summers
to come –PD\UHVXOWLQDVLJQL¿FDQWLQFUHDVHRI*+*HPLVVLRQV
from the sector, enhancing the positive feedback process.
However, well-designed policies supporting less energyintensive cooling alternatives can help combat these trends (see
Box 6.5 and Section 6.4.4.1). Good urban planning, including
increasing green areas as well as cool roofs in cities, has proven
WREHDQHI¿FLHQWZD\WROLPLWWKHKHDWLVODQGHIIHFWZKLFKDOVR
aggravates the increased cooling needs (Sailor, 2002).

Fortunately, buildings offer perhaps the largest portfolio
RIRSWLRQVZKHUHVXFKV\QHUJLHVFDQEHLGHQWL¿HG0DWULFHVLQ
Chapter 12 demonstrate that the impact of mitigation options
in the building sector on sustainable development, for both
industrialized countries and developing countries, is reported to
be positive for all of the criteria used. Both Sections 6.6 above
and Box 6.1 discuss many of the opportunities for positive
synergies in detail; the next paragraph revisits a few of them.

6.9.2

Synergies with sustainability in developing
countries

The failure of numerous development strategies in the least
developed countries, most of them in Africa, to yield the expected
results has been attributed to the fact that the strategies failed to

The dual challenges of climate change and sustainable
development were strongly emphasised in the 2002 Millennium
Development Goals (MDGs). GHG mitigation strategies are
more realizable if they work mutually with MDGs towards
the realization of these set objectives. For example, MDG
goal seven is to ensure sustainable development, in part by
reducing the proportion of people using solid fuels which will
lead to the reduction of indoor air pollution (see sections 6.6.1).
GHG mitigation and public health are co-benefactors in the
DFKLHYHPHQWRIWKLVJRDO6LPLODUO\LQFUHDVHGHQHUJ\HI¿FLHQF\
LQ EXLOGLQJV RU FRQVLGHULQJ HQHUJ\ HI¿FLHQF\ DV WKH JXLGLQJ
principle during the construction of new homes, will result
LQ ERWK UHGXFHG HQHUJ\ ELOOV ± HQKDQFLQJ WKH DIIRUGDELOLW\ RI
LQFUHDVHGHQHUJ\VHUYLFHV±DQG*+*DEDWHPHQW,IWHFKQRORJLHV
WKDWXWLOLVHORFDOO\DYDLODEOHUHQHZDEOHUHVRXUFHVLQDQHI¿FLHQW
and clean way are used broadly, this provides access to ‘free’

Box 6.5: Mitigation and adaptation case study: Japanese dress codes
In 2005, the Ministry of the Environment (MOE) in Japan widely encouraged businesses and the public to set air conditioning
thermostats in ofﬁces to around 28°C during summer. As a part of the campaign, MOE has been promoting summer business
styles (‘Cool Biz’) to encourage business people to wear cool and comfortable clothes, allowing them to work efﬁciently in
these warmer ofﬁces.
In 2005, a survey of 562 respondents by the MOE (Murakami et al., 2006) showed that 96% of the respondents were aware
of ‘Cool Biz’ and 33% answered that their ofﬁces set the thermostat higher than in previous years. Based on this result, CO2
emissions were reduced by approximately 460,000 tonnes in 2005, which is equivalent to the amount of CO2 emitted from
about one million Japanese households for one month. MOE will continue to encourage ofﬁces to set air conditioning in ofﬁces at 28°C and will continue to promote ‘Cool Biz.’
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energy to impoverished communities for many years and
contributes to meeting other MDGs.
However, for the poorest people in both developing countries
DQGLQGXVWULDOLVHGFRXQWULHVWKHPDLQEDUULHUWRHQHUJ\HI¿FLHQF\
DQGUHQHZDEOHHQHUJ\LQYHVWPHQWVLVWKHDYDLODELOLW\RI¿QDQFLQJ
for the investments. Devoting international aid or other public
and private funds aimed at sustainable development to energy
HI¿FLHQF\ DQG UHQHZDEOH HQHUJ\ LQLWLDWLYHV LQ EXLOGLQJV FDQ
achieve a multitude of development objectives and result in a
long-lasting impact. These investments need not necessarily
be executed through public subsidies, but may increasingly be
DFKLHYHGWKURXJKLQQRYDWLYH¿QDQFLQJVFKHPHVVXFKDV(6&2V
or public-private partnerships. These schemes offer win-win
opportunities, and leverage and strengthen markets (Blair et al.,
2005).
With a few exceptions, energy policies and practices in
residential and commercial buildings in sub-Saharan Africa
66$  GR QRW WDNH HI¿FLHQF\ LQWR FRQVLGHUDWLRQ +RZHYHU
HQHUJ\HI¿FLHQF\LQEXLOGLQJVKDVUHFHQWO\EHHQUHFRJQLVHGDV
RQH RI WKH ZD\V RI LQFUHDVLQJ HQHUJ\ VHFXULW\ DQG EHQH¿WLQJ
the environment, through energy savings (Winkler et al., 2002).
6RXWK $IULFD IRU H[DPSOH KDV GUDIWHG DQ HQHUJ\HI¿FLHQF\
VWUDWHJ\ WR SURPRWH HI¿FLHQF\ LQ EXLOGLQJV '0(  
Such policies can be promoted in other SSA countries by
OLQNLQJHQHUJ\HI¿FLHQF\LQEXLOGLQJVGLUHFWO\WRWKHFRXQWULHV¶
GHYHORSPHQWDJHQGDVE\GHPRQVWUDWLQJKRZHQHUJ\HI¿FLHQF\
practises contribute to energy security. The positive impacts
of these practices, including GHG mitigation, could then be
FRQVLGHUHGDVFREHQH¿WV

6.10

Critical gaps in knowledge

During the review of the global literature, a few important
DUHDVKDYHEHHQLGHQWL¿HGZKLFKDUHQRWDGHTXDWHO\UHVHDUFKHG
or documented. First, there is a critical lack of literature and
data about GHG emissions and mitigation options in developing
countries. Whereas the situation is somewhat better in developed
regions, in the vast majority of countries detailed end-use data
is poorly collected or reported publicly, making analyses and
SROLF\ UHFRPPHQGDWLRQV LQVXI¿FLHQWO\ UREXVW )XUWKHUPRUH
there is a severe lack of robust, comprehensive, detailed and upto-date bottom-up assessments of GHG reduction opportunities
and associated costs in buildings worldwide, preferably using a
harmonized methodology for analysis. In existing assessments
RIPLWLJDWLRQRSWLRQVFREHQH¿WVDUHW\SLFDOO\QRWLQFOXGHGDQG
in general, there is an important need to quantify and monetize
these so that they can be integrated into policy decision
frameworks. Moreover, there is a critical lack of understanding,
characterisation and taxonomization of non-technological
options to reduce GHG emissions. These are rarely included
in global GHG mitigation assessment models, potentially
largely underestimating overall potentials. However, our policy
leverage to realise these options is also poorly understood.

Finally, literature on energy price elasticities in the residential
and commercial sectors in the different regions is very limited,
ZKLOHHVVHQWLDOIRUWKHGHVLJQRIDQ\SROLFLHVLQÀXHQFLQJHQHUJ\
tariffs, including GHG taxes and subsidy removal.
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EXECUTIVE SUMMARY
Industrial sector emissions of greenhouse gases (GHGs)
include carbon dioxide (CO2) from energy use, from nonenergy uses of fossil fuels and from non-fossil fuel sources
(e.g., cement manufacture); as well as non-CO2 gases.
v Energy-related CO2 emissions (including emissions from
electricity use) from the industrial sector grew from 6.0
GtCO2 (1.6 GtC) in 1971 to 9.9 GtCO2 (2.7 GtC) in 2004.
Direct CO2 emissions totalled 5.1 Gt (1.4 GtC), the balance
being indirect emissions associated with the generation of
electricity and other energy carriers. However, since energy
use in other sectors grew faster, the industrial sector’s share
of global primary energy use declined from 40% in 1971
to 37% in 2004. In 2004, developed nations accounted for
35%; transition economies 11%; and developing nations
53% of industrial sector energy-related CO2 emissions.
v CO2 emissions from non-energy uses of fossil fuels and
from non-fossil fuel sources were estimated at 1.7 Gt (0.46
GtC) in 2000.
v Non-CO2 GHGs include: HFC-23 from HCFC-22
manufacture, PFCs from aluminium smelting and
semiconductor processing, SF6 from use in electrical
switchgear and magnesium processing and CH4 and N2O
from the chemical and food industries. Total emissions from
these sources (excluding the food industry, due to lack of
data) decreased from 470 MtCO2-eq (130 MtC-eq) in 1990
to 430 MtCO2-eq (120 MtC-eq) in 2000.
Direct GHG emissions from the industrial sector are currently
about 7.2 GtCO2-eq (2.0 GtC-eq), and total emissions, including
indirect emissions, are about 12 GtCO2-eq (3.3 GtC-eq) (high
agreement, much evidence).
Approximately 85% of the industrial sector’s energy use in
2004 was in the energy-intensive industries: iron and steel, nonIHUURXV PHWDOV FKHPLFDOV DQG IHUWLOL]HUV SHWUROHXP UH¿QLQJ
minerals (cement, lime, glass and ceramics) and pulp and paper.
In 2003, developing countries accounted for 42% of iron and
steel production, 57% of nitrogen fertilizer production, 78%
of cement manufacture and about 50% of primary aluminium
production. Many industrial facilities in developing nations
are new and include the latest technology with the lowest
VSHFL¿FHQHUJ\XVH+RZHYHUPDQ\ROGHULQHI¿FLHQWIDFLOLWLHV
remain in both industrialized and developing countries. In
developing countries, there continues to be a huge demand for
technology transfer to upgrade industrial facilities to improve
HQHUJ\HI¿FLHQF\DQGUHGXFHHPLVVLRQV(high agreement, much
evidence).

1

Many options exist for mitigating GHG emissions from
the industrial sector (high agreement, much evidence). These
options can be divided into three categories:
v 6HFWRUZLGH RSWLRQV IRU H[DPSOH PRUH HI¿FLHQW HOHFWULF
PRWRUV DQG PRWRUGULYHQ V\VWHPV KLJK HI¿FLHQF\ ERLOHUV
and process heaters; fuel switching, including the use of
waste materials; and recycling.
v 3URFHVVVSHFL¿F RSWLRQV IRU H[DPSOH WKH XVH RI WKH ELR
energy contained in food and pulp and paper industry wastes,
turbines to recover the energy contained in pressurized
blast furnace gas, and control strategies to minimize PFC
emissions from aluminium manufacture.
v Operating procedures, for example control of steam and
compressed air leaks, reduction of air leaks into furnaces,
optimum use of insulation, and optimization of equipment
size to ensure high capacity utilization.
Mitigation potential and cost in 2030 have been estimated
through an industry-by-industry assessment for energy-intensive
industries and an overall assessment for other industries. The
approach yielded mitigation potentials at a cost of <100 US$/
tCO2-eq (<370 US$/tC-eq) of 2.0 to 5.1 GtCO2-eq/yr (0.6 to
1.4 GtC-eq/yr) under the B2 scenario1. The largest mitigation
potentials are located in the steel, cement, and pulp and paper
industries and in the control of non-CO2 gases. Much of the
potential is available at <50 US$/tCO2-eq (<180 US$/tC-eq).
Application of carbon capture and storage (CCS) technology
offers a large additional potential, albeit at higher cost (medium
agreement, medium evidence).
Key uncertainties in the projection of mitigation potential
and cost in 2030 are the rate of technology development and
diffusion, the cost of future technology, future energy and
carbon prices, the level of industry activity in 2030, and climate
and non-climate policy drivers. Key gaps in knowledge are the
EDVHFDVHHQHUJ\LQWHQVLW\IRUVSHFL¿FLQGXVWULHVHVSHFLDOO\LQ
economies-in-transition, and consumer preferences.
Full use of available mitigation options is not being made in
either industrialized or developing nations. In many areas of the
world, GHG mitigation is not demanded by either the market or
government regulations. In these areas, companies will invest
in GHG mitigation if other factors provide a return on their
investment. This return can be economic, for example energy
HI¿FLHQF\SURMHFWVWKDWSURYLGHDQHFRQRPLFSD\RXWRULWFDQ
be in terms of achieving larger corporate goals, for example
a commitment to sustainable development. The slow rate of
capital stock turnover is also a barrier in many industries, as
LV WKH ODFN RI WKH ¿QDQFLDO DQG WHFKQLFDO UHVRXUFHV QHHGHG WR
implement mitigation options, and limitations in the ability of

A1B and B2 refer to scenarios described in the IPCC Special Report on Emission Scenarios (IPCC, 2000b). The A1 family of scenarios describe a future with very rapid econoic
growth, low population growth, and rapid introduction of new and more efﬁcient technologies. B2 describes a world ‘in which emphasis is on local solutions to economic,
social, and environmental sustainability’. It features moderate population growth, intermediate levels of economic development, and less rapid and more diverse technological
change than the A1B scenario.
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LQGXVWULDO¿UPVWRDFFHVVDQGDEVRUEWHFKQRORJLFDOLQIRUPDWLRQ
about available options (high agreement, much evidence).
Industry GHG investment decisions, many of which have
long-term consequences, will continue to be driven by consumer
preferences, costs, competitiveness and government regulation.
A policy environment that encourages the implementation of
existing and new mitigation technologies could lead to lower
GHG emissions. Policy portfolios that reduce the barriers to the
adoption of cost-effective, low-GHG-emission technology can
be effective (medium agreement, medium evidence).
Achieving sustainable development will require the
implementation of cleaner production processes without
compromising employment potential. Large companies have
greater resources, and usually more incentives, to factor
environmental and social considerations into their operations
than small and medium enterprises (SMEs), but SMEs provide
the bulk of employment and manufacturing capacity in many
developing countries. Integrating SME development strategy
into the broader national strategies for development is consistent
with sustainable development objectives (high agreement, much
evidence).
Industry is vulnerable to the impacts of climate change,
particularly to the impacts of extreme weather. Companies
can adapt to these potential impacts by designing facilities
that are resistant to projected changes in weather and climate,
relocating plants to less vulnerable locations, and diversifying
raw material sources, especially agricultural or forestry
inputs. Industry is also vulnerable to the impacts of changes in
consumer preference and government regulation in response to
the threat of climate change. Companies can respond to these by
mitigating their own emissions and developing lower-emission
products (high agreement, much evidence).
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:KLOH H[LVWLQJ WHFKQRORJLHV FDQ VLJQL¿FDQWO\ UHGXFH
industrial GHG emissions, new and lower-cost technologies will
be needed to meet long-term mitigation objectives. Examples of
new technologies include: development of an inert electrode to
eliminate process emissions from aluminium manufacture; use
of carbon capture and storage in the ammonia, cement and steel
industries; and use of hydrogen to reduce iron and non-ferrous
metal ores (medium agreement, medium evidence).
Both the public and the private sectors have important
roles in the development of low-GHG-emission technologies
that will be needed to meet long-term mitigation objectives.
Governments are often more willing than companies to fund
the higher risk, earlier stages of the R&D process, while
companies should assume the risks associated with actual
commercialisation. The Kyoto Protocol’s Clean Development
Mechanism (CDM) and Joint Implementation (JI), and a variety
of bilateral and multilateral programmes, have the deployment,
transfer and diffusion of mitigation technology as one of their
goals (high agreement, much evidence).
Voluntary agreements between industry and government to
reduce energy use and GHG emissions have been used since
the early 1990s. Well-designed agreements, which set realistic
WDUJHWVLQFOXGHVXI¿FLHQWJRYHUQPHQWVXSSRUWRIWHQDVSDUWRI
a larger environmental policy package, and include a real threat
of increased government regulation or energy/GHG taxes if
targets are not achieved, can provide more than business-asusual energy savings or emission reductions. Some voluntary
actions by industry, which involve commitments by individual
companies or groups of companies, have achieved substantial
emission reductions. Both voluntary agreements and actions also
serve to change attitudes, increase awareness, lower barriers to
innovation and technology adoption, and facilitate co-operation
with stakeholders (medium agreement, much evidence).
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7.1 Introduction
This chapter addresses past, ongoing, and short (to 2010)
and medium-term (to 2030) future actions that can be taken to
mitigate GHG emissions from the manufacturing and process
industries.2
Globally, and in most countries, CO2 accounts for more
than 90% of CO2-eq GHG emissions from the industrial sector
(Price et al., 2006; US EPA, 2006b). These CO2 emissions arise
from three sources: (1) the use of fossil fuels for energy, either
directly by industry for heat and power generation or indirectly
in the generation of purchased electricity and steam; (2) nonenergy uses of fossil fuels in chemical processing and metal
smelting; and (3) non-fossil fuel sources, for example cement
and lime manufacture. Industrial processes also emit other
GHGs, e.g.:
v Nitrous oxide (N2O) is emitted as a byproduct of adipic
acid, nitric acid and caprolactam production;
v HFC-23 is emitted as a byproduct of HCFC-22 production,
DUHIULJHUDQWDQGDOVRXVHGLQÀXRURSODVWLFVPDQXIDFWXUH
v 3HUÀXRURFDUERQV 3)&V  DUH HPLWWHG DV E\SURGXFWV RI
aluminium smelting and in semiconductor manufacture;
v 6XOSKXU KH[DÀXRULGH 6)6) is emitted in the manufacture,
use and, decommissioning of gas insulated electrical
VZLWFKJHDUGXULQJWKHSURGXFWLRQRIÀDWVFUHHQSDQHOVDQG
semiconductors, from magnesium die casting and other
industrial applications;
v Methane (CH4) is emitted as a byproduct of some chemical
processes; and
v CH4 and N2O can be emitted by food industry waste
streams.
Many GHG emission mitigation options have been developed
for the industrial sector. They fall into three categories:
operating procedures, sector-wide technologies and processVSHFL¿FWHFKQRORJLHV$VDPSOLQJRIWKHVHRSWLRQVLVGLVFXVVHG
in Sections 7.2–7.4. The short- and medium-term potential
for and cost of all classes of options are discussed in Section
7.5, barriers to the application of these options are addressed
in Section 7.6 and the implication of industrial mitigation for
sustainable development is discussed in Section 7.7.
Section 7.8 discusses the sector’s vulnerability to climate
change and options for adaptation. A number of policies
have been designed either to encourage voluntary GHG
emission reductions from the industrial sector or to mandate
such reductions. Section 7.9 describes these policies and
WKH H[SHULHQFH JDLQHG WR GDWH &REHQH¿WV RI UHGXFLQJ *+*
emissions from the industrial sector are discussed in Section
7.10. Development of new technology is key to the cost-
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effective control of industrial GHG emissions. Section 7.11
discusses research, development, deployment and diffusion in
the industrial sector and Section 7.12, the long-term (post-2030)
technologies for GHG emissions reduction from the industrial
sector. Section 7.13 summarizes gaps in knowledge.
7.1.1

Status of the sector

This chapter focuses on the mitigation of GHGs from
energy-intensive industries: iron and steel, non-ferrous metals,
FKHPLFDOV LQFOXGLQJ IHUWLOLVHUV  SHWUROHXP UH¿QLQJ PLQHUDOV
(cement, lime, glass and ceramics) and pulp and paper, which
account for most of the sector’s energy consumption in most
countries (Dasgupta and Roy, 2000; IEA, 2003a,b; Sinton and
Fridley, 2000). The food processing industry is also important
because it represents a large share of industrial energy
consumption in many non-industrialized countries. Each of
these industries is discussed in detail in Section 7.4.
Globally, large enterprises dominate these industries.
However, small- and medium-sized enterprises (SMEs) are
important in developing nations. For example, in India, SMEs
KDYHVLJQL¿FDQWVKDUHVLQWKHPHWDOVFKHPLFDOVIRRGDQGSXOS
and paper industries (GOI, 2005). There are 39.8 million SMEs
in China, accounting for 99% of the country’s enterprises, 50%
of asset value, 60% of turnover, 60% of exports and 75% of
employment (APEC, 2002). While regulations are moving large
industrial enterprises towards the use of environmentally sound
technology, SMEs may not have the economic or technical
capacity to install the necessary control equipment (Chaudhuri
and Gupta, 2003; Gupta, 2002) or are slower to innovate
(Swamidass, 2003). These SME limitations create special
challenges for efforts to mitigate GHG emissions. However,
innovative R&D for SMEs is also taking place for this sector
(See Section 7.7).
7.1.2

Development trends

The production of energy-intensive industrial goods has
grown dramatically and is expected to continue growing as
population and per capita income increase. Since 1970, global
annual production of cement increased 271%; aluminium,
223%; steel, 84% (USGS, 2005), ammonia, 200% (IFA, 2005)
and paper, 180% (FAO, 2006).
Much of the world’s energy-intensive industry is now located
in developing nations. China is the world’s largest producer
of steel (IISI, 2005), aluminium and cement (USGS, 2005).
In 2003, developing countries accounted for 42% of global
steel production (IISI, 2005), 57% of global nitrogen fertilizer
production (IFA, 2004), 78% of global cement manufacture and
about 50% of global primary aluminium production (USGS,

For the purposes of this chapter, industry includes the food processing and paper and pulp industries, but the growing of food crops and trees is covered in Chapters 8 and 9
respectively. The production of biofuels is covered in Chapter 4. This chapter also discusses energy conversions, such as combined heat and power and coke ovens, and waste
management that take place within industrial plants. These activities also take place in dedicated facilities, which are discussed in Chapters 4 and 10 respectively.
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Table 7.1: Industrial sector ﬁnal energy, primary energy and energy-related carbon dioxide emissions, nine world regions, 1971–2004
Final energy
(EJ)
1971

1990

Energy-related carbon dioxide,
including indirect emissions from
electricity use
(MtCO2)

Primary energy
(EJ)
2004

1971

1990

2004

1971

1990

2004

Paciﬁc OECD

6.02

8.04

10.31

8.29

11.47

14.63

524

710

853

North America

20.21

19.15

22.66

25.88

26.04

28.87

1,512

1,472

1512

Western Europe

14.78

14.88

16.60

19.57

20.06

21.52

1,380

1,187

1126

3.75

4.52

2.81

5.46

7.04

3.89

424

529

263

Central and Eastern Europe
EECCA
Developing Asia

11.23

18.59

9.87

15.67

24.63

13.89

1,095

1,631

856

7.34

19.88

34.51

9.38

26.61

54.22

714

2,012

4098

Latin America

2.79

5.94

8.22

3.58

7.53

10.87

178

327

469

Sub-Saharan Africa

1.24

2.11

2.49

1.70

2.98

3.60

98

178

209

Middle East/North Africa
World

0.83

4.01

6.78

1.08

4.89

8.63

65

277

470

68.18

97.13

114.25

90.61

131.25

160.13

5,990

8,324

9855

Notes: EECCA = countries of Eastern Europe, the Caucasus and Central Asia. Biomass energy included. Industrial sector ‘ﬁnal energy’ use excludes energy consumed
in reﬁneries and other energy conversion operations, power plants, coal transformation plants, etc. However, this energy is included in ‘primary energy’. Upstream
energy consumption was reallocated by weighting electricity, petroleum and coal products consumption with primary factors reﬂecting energy use and loses in energy
industries. Final energy includes feedstock energy consumed, for example in the chemical industry. ‘CO2 emissions’ in this table are higher than in IEA’s Manufacturing
Industries and Construction category because they include upstream CO2 emissions allocated to the consumption of secondary energy products, such as electricity
and petroleum fuels. To reallocate upstream CO2 emissions to ﬁnal energy consumption, we calculate CO2 emission factors, which are multiplied by the sector’s use of
secondary energy.
Source: Price et al., 2006.

2005). Since many facilities in developing nations are new, they
sometimes incorporate the latest technology and have the lowest
VSHFL¿FHPLVVLRQUDWHV %((,($F 7KLVKDVEHHQ
demonstrated in the aluminium (Navarro et al., 2003), cement
(BEE, 2003), fertilizer (Swaminathan and Sukalac, 2004) and
steel industries (Tata Steel, Ltd., 2005). However, due to the
continuing need to upgrade existing facilities, there is a huge
demand for technology transfer (hardware, software and knowKRZ  WR GHYHORSLQJ QDWLRQV WR DFKLHYH HQHUJ\ HI¿FLHQF\ DQG
emissions reduction in their industrial sectors (high agreement,
much evidence).
New rules introduced both domestically and through the
multilateral trade system, foreign buyers, insurance companies,
and banks require SMEs to comply with higher technical (e.g.,
technical barriers to trade), environmental (ISO, 1996), and
labour standards (ENDS-Directory, 2006). These efforts can be
LQ FRQÀLFW ZLWK SUHVVXUHV IRU HFRQRPLF JURZWK DQG LQFUHDVHG
employment, for example in China, where the government’s
efforts to ban the use of small-scale coke-producing facilities
IRU HQHUJ\ HI¿FLHQF\ DQG HQYLURQPHQWDO UHDVRQV KDYH EHHQ
unsuccessful due to the high demand for this product (IEA,
2006a).

3

Competition within the developing world for export markets,
foreign investment, and resources is intensifying. Multinational
enterprises seeking out new markets and investments offer
both large enterprises (Rock, 2005) and capable SMEs the
opportunity to insert themselves into global value chains through
subcontracting linkages, while at the same time increasing
competitive pressure on other enterprises, which could lose
their existing markets. Against this backdrop, SMEs, SME
associations, support institutions, and governments in transition
and developing countries face the challenge of adopting new
approaches and fostering SME competitiveness. Integration of
SME development strategy in the broader national strategies
for technology development, sustainable development and/
or poverty reduction and growth is under consideration in
transition and developing countries (GOI, 2004).
7.1.3

Emission trends

Total industrial sector GHG emissions are currently
estimated to be about 12 GtCO2-eq/yr (3.3 GtC-eq/yr) (high
agreement, much evidence)*OREDODQGVHFWRUDOGDWDRQ ¿QDO
energy use, primary energy use3, and energy-related CO2
emissions including indirect emissions related to electricity use,
for 1971 to 2004 (Price et al., 2006), are shown in Table 7.1. In

Primary energy associated with electricity and heat consumption was calculated by multiplying the amount of elec-tricity and heat consumed by each end-use sector by
eletricity and heat primary factors. Primary factors were derived as the ratio of fuel inputs at power plants to electricity or heat delivered. Fuel inputs for electricity production
were separated from inputs to heat production, with fuel inputs in combined heat and power plants being separated into fuel inputs for electricity and heat production according
to the shares of electricity and heat produced in these plants. In order to calculate primary energy for non-fossil fuel (hydro, nuclear, renewables), we followed the direct
equivalent method (SRES method): the primary energy of the non-fossil fuel energy is accounted for at the level of secondary energy, that is, the ﬁrst usable energy form or
“currency” available to the energy system (IPCC, 2000b).
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Table 7.2: Projected industrial sector ﬁnal energy, primary energy and energy-related CO2 emissions, based on SRES Scenarios, 2010–2030.
A1B Scenario

Final energy
(EJ)

Energy-related carbon dioxide,
including indirect emissions from
electricity use
(MtCO2)

Primary energy
(EJ)

2010

2020

2030

2010

2020

2030

2010

2020

2030

Paciﬁc OECD

10.04

10.68

11.63

14.19

14.25

14.52

1,170

1,169

1,137

North America

24.95

26.81

28.34

32.32

32.84

32.94

1,875

1,782

1,650

Western Europe

16.84

18.68

20.10

24.76

25.45

25.47

1,273

1,226

1,158

6.86

7.74

8.57

9.28

10.28

10.99

589

608

594

Central and Eastern Europe
EECCA

20.82

24.12

27.74

28.83

32.20

35.43

1,764

1,848

1,853

Developing Asia

39.49

54.00

72.50

62.09

84.64

109.33

4,827

6,231

7,340

Latin America

18.20

26.58

33.13

29.14

38.72

51.09

1,492

2,045

2,417

7.01

10.45

13.70

13.27

19.04

27.40

833

1,286

1,534

Sub-Saharan Africa
Middle East/North Africa
World

14.54

22.21

29.17

20.34

29.20

39.32

1,342

1,888

2,224

158.75

201.27

244.89

234.32

286.63

346.48

15,165

18,081

19,908

B2 Scenario

Final energy
(EJ)

Energy-related carbon dioxide
including indirect emissions from
electricity use
(MtCO2)

Primary energy
(EJ)

2010

2020

2030

2010

2020

2030

Paciﬁc OECD

10.83

11.64

11.38

14.27

14.17

12.83

980

836

688

North America

20.23

20.82

21.81

28.64

29.28

29.18

1,916

1,899

1,725

Western Europe

14.98

14.66

14.35

19.72

18.56

17.69

1,270

1,154

1,063

3.42

4.30

5.03

4.44

5.28

6.06

327

380

424

Central and Eastern Europe

2010

2020

2030

EECCA

12.65

14.74

16.96

16.06

19.06

22.33

1,093

1,146

1,208

Developing Asia

40.68

53.62

67.63

55.29

72.42

90.54

4,115

4,960

5,785

Latin America

11.46

15.08

18.24

15.78

20.10

24.84

950

1,146

1,254

2.75

4.96

10.02

4.33

7.53

14.51

260

345

665

Sub-Saharan Africa
Middle East/North Africa
World

8.12

9.67

12.48

13.90

15.51

19.22

791

888

1,080

125.13

149.49

177.90

172.44

201.92

237.19

11,703

12,755

13,892

Note: Biomass energy included, EECCA = countries of Eastern Europe, the Caucasus and Central Asia.
Source: Price et al. (2006).

1971, the industrial sector used 91 EJ of primary energy, 40%
of the global total of 227 EJ. By 2004, industry’s share of global
primary energy use declined to 37%.
The developing nations’ share of industrial CO2 emissions
from energy use grew from 18% in 1971 to 53% in 2004. In
2004, energy use by the industrial sector resulted in emissions
of 9.9 GtCO2 (2.7 GtC), 37% of global CO2 emissions from
energy use. Direct CO2 emissions totalled 5.1 Gt (1.4 GtC), the
balance being indirect emissions associated with the generation
of electricity and other energy carriers. In 2000, CO2 emissions
from non-energy uses of fossil fuels (e.g., production of petrochemicals) and from non-fossil fuel sources (e.g., cement

manufacture) were estimated to be 1.7 GtCO2 (0.46 GtC)
(Olivier and Peters, 2005). As shown in Table 7.3, industrial
emissions of non-CO2 gases totalled about 0.4 GtCO2-eq (0.1
GtC-eq) in 2000 and are projected to be at about the same level
in 2010. Direct GHG emissions from the industrial sector are
currently about 7.2 GtCO2-eq (2.0 GtC-eq), and total emissions,
including indirect emissions, are about 12 GtCO2-eq (3.3 GtCeq).
Table 7.2 shows the results for the industrial sector of the
disaggregation of two of the emission scenarios (see footnote
1), A1B and B2, produced for the IPCC Special Report on
Emissions Scenarios (SRES) (IPCC, 2000b) into four subsectors
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Table 7.3: Projected industrial sector emissions of non-CO2 GHGs, MtCO2-eq/yr
Region

1990

2000

2010

2030

Paciﬁc OECD

38

53

47

49

North America

147

117

96

147

Western Europe

159

96

92

109

Central and Eastern Europe

31

21

22

27

EECCA

37

20

21

26

Developing Asia

34

91

118

230

Latin America

17

18

21

38

Sub-Saharan Africa

6

10

11

21

Middle East/North Africa

2

3

10

20

470

428

438

668

World

Notes: Emissions from refrigeration equipment used in industrial processes included; emissions from all other refrigeration and air conditioning applications excluded.
EECCA = countries of Eastern Europe, the Caucasus and Central Asia.
Source: US EPA, 2006b.

Table 7.4: Projected baseline industrial sector emissions of non-CO2 GHGs
Emissions
(MtCO2-eq/yr)

Industrial sector
N2O emissions from adipic/nitric acid production
substancesa

2000

2010

2030

223

154

164

190

0

52

93

198

HFC-23 emissions from HCFC-22 production

77

96

45

106

SF6 emission from use of electrical equipment (excluding manufacture)

42

27

46

74

PFC emission from aluminium production

98

58

39

51

9

23

35

20

12

9

4

9

HFC/PFC emissions from substitutes for ozone-depleting

PFC and SF6 emissions from semiconductor manufacture
SF6 emissions from magnesium production
N2O emission from caprolactam manufacture
Total
a

1990

8

10

13

20

470

428

438

668

Emissions from refrigeration equipment used in industrial processes included; emissions from all other refrigeration and air conditioning applications excluded.

Source: US EPA, 2006a,b.

and nine world regions (Price et al., 2006). These projections
show energy-related industrial CO2 emissions of 14 and 20
GtCO2 in 2030 for the B2 and A1B scenarios, respectively.
In both scenarios, CO2 emissions from industrial energy use
DUHH[SHFWHGWRJURZVLJQL¿FDQWO\LQWKHGHYHORSLQJFRXQWULHV
while remaining essentially constant in the A1 scenario and
declining in the B2 scenario for the industrialized countries and
countries with economies-in-transition.
Table 7.3 shows projections of non-CO2 GHG emissions
from the industrial sector to 2030 extrapolated from data to 2020
(US EPA 2006a,b). US EPA provides the only comprehensive
data set with baselines and mitigation costs over this time
frame for all gases and all sectors. However, baselines differ
substantially for sectors covered by other studies, for example
IPCC/TEAP (2005). As a result of mitigation actions, non-CO2

4

GHG emissions decreased from 1990 to 2000, and there are
many programmes underway to further reduce these emissions
(See Sections 7.4.2 and 7.4.8.). Therefore Table 7.3 shows
the US EPA’s ‘technology adoption’ scenario, which assumes
continued compliance with voluntary industrial targets. Table
7.4 shows these emissions by industrial process.4

7.2 Industrial mitigation matrix
A wide range of technologies have the potential for reducing
industrial GHG emissions (high agreement, much evidence).
They can be grouped into categories, for example energy
HI¿FLHQF\ IXHO VZLWFKLQJ DQG SRZHU UHFRYHU\ :LWKLQ HDFK
FDWHJRU\VRPHWHFKQRORJLHVVXFKDVWKHXVHRIPRUHHI¿FLHQW

Tables 7.3 and 7.4 include HFC emissions from refrigeration equipment used in industrial processes and food storage, but not HFC emissions from other refrigeration and air
conditioning applications. The tables also do not include HFCs from foams or non-CO2 emissions from the food industry. Foams should be considered in the buildings sector.
Global emissions from the food industry are not available, but are believed to be small compared with the totals presented in these tables.
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Benchmarking; Energy
management systems;
Efﬁcient motor systems,
boilers, furnaces, lighting
and HVAC; Process
integration

Smelt reduction, Near
net shape casting, Scrap
preheating, Dry coke
quenching

Inert anodes, Efﬁcient cell
designs

Membrane separations,
Reactive distillation

Membrane separation
Reﬁnery gas

Precalciner kiln, Roller mill,
ÀXLGL]HGEHGNLOQ

Cullet preheating
Oxyfuel furnace

Efﬁcient pulping, Efﬁcient
drying, Shoe press,
Condebelt drying

Efﬁcient drying,
Membranes

Sector

Sector wide

Iron & Steel

Non-Ferrous
Metals

Chemicals

Petroleum
Reﬁning

Cement

Glass

Pulp and
Paper

Food

Biogas,
Natural gas

Biomass,
Biogas, Solar
drying

Biomass fuels
(bark, black
liquor)

%ODFNOLTXRU
JDVL¿FDWLRQ
FRPELQHGF\FOH

Biomass,
Landﬁll gas
Anaerobic
digestion,
Gasiﬁcation

n.a.

$LUERWWRPLQJ
cycle

Natural gas

Biomass fuels,
Biogas

Drying with
gas turbine,
power
recovery

Waste fuels,
Biogas,
Biomass

Biofuels

Pressure
recovery
turbine,
hydrogen
recovery

Pre-coupled
gas turbine,
Pressure
recovery
turbine, H2
recovery

Charcoal

Biomass,
Biogas, PV,
Wind turbines,
Hydropower

Renewables

Natural gas

Natural gas

Top-gas
pressure
recovery,
Byproduct
gas combined
cycle

Cogeneration

Coal to natural
gas and oil

Natural gas,
oil or plastic
injection into
the BF

Power
recovery

Fuel
switching

Recycling,
Non-wood
ﬁbres

Increased
cullet use

Slags,
pozzolanes

Bio-feedstock

Fibre
orientation,
Thinner paper

High-strength
thin containers

Blended
cement
Geo-polymers

Reduction
process
losses, Closed
water use

Reduction
cutting and
process losses

Re-usable
containers

Increased
efﬁciency
transport
sector

Recycling,
Thinner ﬁlm
and coating,
Reduced
process losses

Recycled
plastics,
biofeedstock

Recycling,
High strength
steel,
Reduction
process losses

Material
efﬁciency

Recycling,
thinner ﬁlm
and coating
Linear low
density
polyethylene,
highperformance
Plastics

High strength
steel

Product
change

Scrap

Scrap

Recycled
inputs

Feedstock
change

Table 7.5: Selected examples of industrial technology for reducing greenhouse-gas emissions (not comprehensive). Technologies in italics are under demonstration or development

n.a.

n.a.

n.a.

Control
technology for
N2O/CH4

N2O, PFCs,
CFCs and
HFCs control

PFC/SF6
controls

n.a.

Non-CO2 GHG

O2 combustion
in lime kiln

O2 combustion

O2 combustion
in kiln

From hydrogen
production

Application
to ammonia,
ethylene oxide
processes

Hydrogen
reduction,
Oxygen use in
blast furnaces

Oxy-fuel
combustion,
CO2 separation
from ﬂue gas

CO2
sequestration
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electric motors and motor systems, are broadly applicable across
all industries; while others, such as top-gas pressure recovery in
EODVWIXUQDFHVDUHSURFHVVVSHFL¿F7DEOHSUHVHQWVVHOHFWHG
examples of both classes of technologies for a number of
industries. The table is not comprehensive and does not cover
all industries or GHG mitigation technologies.

7.3 Industrial sector-wide operating
procedures and technologies
This section discusses sector-wide mitigation options.
Barriers to the implementation of these options are discussed
in Section 7.6.
7.3.1

Management practices, including
benchmarking

Management tools are available to reduce GHG emissions,
often without capital investment or increased operating costs.
Staff training in both skills and the company’s general approach
WR HQHUJ\ HI¿FLHQF\ IRU XVH LQ WKHLU GD\WRGD\ SUDFWLFHV KDV
EHHQ VKRZQ WR EH EHQH¿FLDO &DIIDO   3URJUDPPHV IRU
example reward systems that provide regular feedback on staff
behaviour, have had good results.
(YHQ ZKHQ HQHUJ\ LV D VLJQL¿FDQW FRVW IRU DQ LQGXVWU\
opportunities for improvement may be missed because
of organizational barriers. Energy audit and management
programmes create a foundation for improvement and provide
guidance for managing energy throughout an organization.
Several countries have instituted voluntary corporate energy
management standards, for example Canada (Natural
Resources Canada, n.d.), Denmark (Gudbjerg, 2005) and
the USA (ANSI, 2005). Others, for example India, through
WKH %XUHDX RI (QHUJ\ (I¿FLHQF\ *2,    SURPRWH
energy audits. Integration of energy management systems into
broader industrial management systems, allowing energy use to
be managed for continuous improvement in the same manner as
ODERXUZDVWHDQGRWKHULQSXWVDUHPDQDJHGLVKLJKO\EHQH¿FLDO
(McKane et al., 2005). Documentation of existing practices
and planned improvements is essential to achieving a transition
IURP HQHUJ\ HI¿FLHQF\ SURJUDPPHV DQG SURMHFWV GHSHQGHQW
on individuals to processes and practices that are part of the
corporate culture. Software tools are available to help identify
energy saving opportunities (US DOE, n.d.-a; US EPA, n.d.).
Energy Audits and Management Systems. Companies
of all sizes use energy audits to identify opportunities for
reducing energy use, which in turn reduces GHG emissions.
For example, in 2000, Exxon Mobil implemented its Global
Energy Management System with the goal of achieving a 15%
UHGXFWLRQ LQ HQHUJ\ XVH LQ LWV UH¿QHULHV DQG FKHPLFDO SODQWV
(Eidt, 2004). Okazaki et al. (2004) estimate that approximately
10% of total energy consumption in steel making could be
456

saved through improved energy and materials management.
Mozorov and Nikiforov (2002) reported an even larger 21.6%
HI¿FLHQF\LPSURYHPHQWLQD5XVVLDQLURQDQGVWHHOIDFLOLW\)RU
SMEs in Germany, Schleich (2004) reported that energy audits
KHOSRYHUFRPHVHYHUDOEDUULHUVWRHQHUJ\HI¿FLHQF\LQFOXGLQJ
missing information about energy consumption patterns and
energy saving measures. Schleich also found that energy audits
FRQGXFWHGE\HQJLQHHULQJ¿UPVZHUHPRUHHIIHFWLYHWKDQWKRVH
conducted by utilities or trade associations.
GHG Inventory and Reporting Systems. Understanding the
sources and magnitudes of its GHG emissions gives industry
the capability to develop business strategies to adapt to
changing government and consumer requirements. Protocols
for inventory development and reporting have been developed;
the Greenhouse Gas Protocol developed by the World
Resources Institute and World Business Council for Sustainable
Development (WRI/WBCSD, 2004) is the most broadly used.
7KH 3URWRFRO GH¿QHV DQ DFFRXQWLQJ DQG UHSRUWLQJ VWDQGDUG
that companies can use to ensure that their measurements are
accurate and complete. Several industries (e.g., aluminium,
FHPHQWFKHPLFDODQGSXOSDQGSDSHU KDYHGHYHORSHGVSHFL¿F
calculation tools to implement the Protocol. Other calculation
tools have been developed to estimate GHG emissions from
RI¿FHEDVHGEXVLQHVVRSHUDWLRQVDQGWRTXDQWLI\WKHXQFHUWDLQW\
in GHG measurement and estimation (WRI/WBCSD, 2005).
Within the European Union, GHG reporting guidelines have
been developed for companies participating in the EU Emission
Trading System.
GHG Management Systems. Environmental quality
management systems such as ISO 14001 (ISO, 1996), are
being used by many companies to build capacity for GHG
emission reduction. For example, the US petroleum industry
developed their own standard based on systems developed by
various companies (API, 2005). The GHG emissions reduction
RSSRUWXQLWLHV LGHQWL¿HG E\ WKHVH PDQDJHPHQW V\VWHPV DUH
evaluated using normal business criteria, and those meeting the
current business or regulatory requirements are adopted. Those
not adopted represent additional capacity that could be used if
business, government, or consumer requirements change.
%HQFKPDUNLQJ Companies can use benchmarking to compare
their operations with those of others, to industry average, or to
best practice, to determine whether they have opportunities
WR LPSURYH HQHUJ\ HI¿FLHQF\ RU UHGXFH *+* HPLVVLRQV
Benchmarking is widely used in industry, but benchmarking
programmes must be carefully designed to comply with laws
ensuring fair competition, and companies must develop their
own procedures for using the information generated through
these programmes. The petroleum industry has the longest
H[SHULHQFHZLWKHQHUJ\HI¿FLHQF\EHQFKPDUNLQJWKURXJKWKHXVH
of an industry-accepted index developed by a private company
(Barats, 2005). Many benchmarking programmes are developed
through trade associations or ad hoc consortia of companies, and
their details are often proprietary. However, ten Canadian potash
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operations published the details of their benchmarking exercise
(CFI, 2003), which showed that increased employee awareness
DQGWUDLQLQJZDVWKHPRVWIUHTXHQWO\LGHQWL¿HGRSSRUWXQLW\IRU
improved energy performance. The success of the aluminium
industry’s programmes is discussed in Section 7.4.2.
Several governments have supported the development of
benchmarking programmes in various forms, for example
Canada, Flanders (Belgium), the Netherlands, Norway and
the USA. As part of its energy and climate policy the Dutch
government has reached an agreement with its energyintensive industry that is explicitly based on industry’s energy
HI¿FLHQF\SHUIRUPDQFHUHODWLYHWRWKDWRIFRPSDUDEOHLQGXVWULHV
worldwide. Industry is required to achieve world best practice
LQWHUPVRIHQHUJ\HI¿FLHQF\,QUHWXUQWKHJRYHUQPHQWUHIUDLQV
from implementing additional climate policies. By 2002 this
programme involved companies using 94% of the energy
consumed by industry in the Netherlands. Phylipsen et al.
(2002) critiqued the agreement, and conclude that it would avoid
emissions of 4 to 9 MtCO2 (1.1 to 2.5 MtC) in 2012 compared to
a business-as-usual scenario, but that these emission reductions
were smaller than those that would be achieved by a continuation
of the Long-Term Agreements with industry (which ended in
 WKDWFDOOHGIRUD\ULPSURYHPHQWLQHQHUJ\HI¿FLHQF\
The Flemish covenant, agreed in 2002, uses a similar approach.
As of 1 January 2005, 177 companies had joined the covenant,
which projects cumulative emissions saving of 2.45 MtCO2
(0.67 MtC) in 2012 (Government of Flanders, 2005).
In the USA, EPA’s Energy STAR for Industry programme
has developed a benchmarking system for selected industries,
for example automotive assembly plants, cement and wet
corn milling (Boyd, 2005). The system is used by programme
participants to evaluate the performance of their individual
plants against a distribution of the energy performance of US
peers. Other benchmarking programmes compare individual
facilities to world best practice (Galitsky et al., 2004).
7.3.2

Energy efﬁciency

IEA (2006a) reports ‘The energy intensity of most industrial
processes is at least 50% higher than the theoretical minimum
determined by the laws of thermodynamics. Many processes
KDYH YHU\ ORZ HQHUJ\ HI¿FLHQF\ DQG DYHUDJH HQHUJ\ XVH LV
much higher than the best available technology would permit.’
7KLVSURYLGHVDVLJQL¿FDQWRSSRUWXQLW\IRUUHGXFLQJHQHUJ\XVH
and its associated CO2 emissions.
7KH PDMRU IDFWRUV DIIHFWLQJ HQHUJ\ HI¿FLHQF\ RI LQGXVWULDO
plants are: choice and optimization of technology, operating
procedures and maintenance, and capacity utilization, that
is the fraction of maximum capacity at which the process is
operating. Many studies (US DOE, 2004; IGEN/BEE; n.d.)
have shown that large amounts of energy can be saved and CO2
emissions avoided by strict adherence to carefully designed
operating and maintenance procedures. Steam and compressed

air leaks, poorly maintained insulation, air leaks into boilers and
furnaces and similar problems all contribute to excess energy
XVH4XDQWL¿FDWLRQRIWKHDPRXQWRI&22 emission that could be
DYRLGHGLVGLI¿FXOWEHFDXVHZKLOHLWLVZHOONQRZQWKDWWKHVH
SUREOHPVH[LVWWKHLQIRUPDWLRQRQWKHLUH[WHQWLVFDVHVSHFL¿F
Low capacity utilization is associated with more frequent shutdowns and poorer thermal integration, both of which lower
HQHUJ\HI¿FLHQF\DQGUDLVH&22 emissions.
,QYLHZRIWKHORZHQHUJ\HI¿FLHQF\RILQGXVWULHVLQPDQ\
developing counties, in particular Africa (UNIDO, 2001),
application of industry-wide technologies and measures can
\LHOGWHFKQLFDODQGHFRQRPLFEHQH¿WVZKLOHDWWKHVDPHWLPH
enhance environmental integrity. Application of housekeeping
DQGJHQHUDOPDLQWHQDQFHRQROGHUOHVVHI¿FLHQWSODQWVFDQ\LHOG
energy savings of 10–20%. Low-cost/minor capital measures
FRPEXVWLRQ HI¿FLHQF\ RSWLPLVDWLRQ UHFRYHU\ DQG XVH RI
H[KDXVW JDVHV XVH RI FRUUHFWO\ VL]HG KLJK HI¿FLHQF\ HOHFWULF
motors and insulation, etc.) show energy savings of 20–30%.
Higher capital expenditure measures (automatic combustion
control, improved design features for optimisation of piping
sizing, and air intake sizing, and use of variable speed drive
motors, automatic load control systems and process residuals)
can result in energy savings of 40–50% (UNIDO, 2001, BakayaKyahurwa, 2004).
Electric motor driven systems provide a large potential for
LPSURYHPHQWRILQGXVWU\ZLGHHQHUJ\HI¿FLHQF\'H.HXOHQDHU
et al., (2004) report that motor-driven systems account for
approximately 65% of the electricity consumed by EU-25
LQGXVWU\ ;HQHUJ\   JDYH VLPLODU ¿JXUHV IRU WKH 86$
where motor-driven systems account for 63% of industrial
HOHFWULFLW\ XVH 7KH HI¿FLHQF\ RI PRWRUGULYHQ V\VWHPV FDQ
EHLQFUHDVHGE\LPSURYLQJWKHHI¿FLHQF\RIWKHHOHFWULFPRWRU
through reducing losses in the motor windings, using better
magnetic steel, improving the aerodynamics of the motor and
improving manufacturing tolerances. However, the motor is
RQO\RQHSDUWRIWKHV\VWHPDQGPD[LPL]LQJHI¿FLHQF\UHTXLUHV
SURSHUO\VL]LQJRIDOOFRPSRQHQWVLPSURYLQJWKHHI¿FLHQF\RI
the end-use devices (pumps, fans, etc.), reducing electrical and
mechanical transmission losses, and the use of proper operation
DQG PDLQWHQDQFH SURFHGXUHV ,PSOHPHQWLQJ KLJKHI¿FLHQF\
motor driven systems, or improving existing ones, in the EU-25
could save about 30% of the energy consumption, up to 202
TWh/yr, and avoid emissions of up to 100 MtCO2/yr (27.2
MtC/yr) (De Keulenaer et al., 2004). In the USA, use of more
HI¿FLHQW HOHFWULF PRWRU V\VWHPV FRXOG VDYH RYHU  7:K\U
by 2010, and avoid emissions of 90 MtCO2/yr (24.5 MtC/yr)
(Xenergy, 1998). A study of the use of variable speed drives in
VHOHFWHG$IULFDQ IRRG SURFHVVLQJ SODQWV SHWUROHXP UH¿QHULHV
and municipal utility companies with a total motor capacity of
70,000 kW resulted in a potential saving of 100 ktCO2-eq/yr
(27 ktC/yr), or between 30–40%, at an internal rate of return
of 40% (CEEEZ, 2003). IEA (2006b) estimates the global
potential to be >20–25%, but a number of barriers have limited
the optimization of motor systems (See Section 7.6).
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Typical estimates indicate that about 20% of compressed air
is lost through leakage. US DOE has developed best practices
to identify and eliminate sources of leakage (US DOE, n.d.-a).
IEA (2006a) estimates that steam generation consumes about
 RI JOREDO ¿QDO LQGXVWULDO HQHUJ\ XVH 7KH HI¿FLHQF\ RI
current steam boilers can be as high as 85%, while research
LQWKH86$DLPVWRGHYHORSERLOHUVZLWKDQHI¿FLHQF\RI
+RZHYHULQSUDFWLFHDYHUDJHHI¿FLHQFLHVDUHRIWHQPXFKORZHU
(I¿FLHQF\ PHDVXUHV H[LVW IRU ERWK ERLOHUV DQG GLVWULEXWLRQ
systems. Besides general maintenance, these include improved
insulation, combustion controls and leak repair in the boiler,
improved steam traps and condensate recovery. Studies in
WKH 86$ LGHQWL¿HG HQHUJ\HI¿FLHQF\ RSSRUWXQLWLHV ZLWK
economically attractive potentials up to 18–20% (Einstein et
al., 2001; US DOE, 2002). Boiler systems can also be upgraded
to cogeneration systems.
(I¿FLHQW KLJKSUHVVXUH ERLOHUV XVLQJ SURFHVV UHVLGXDOV OLNH
bagasse are now available (Cornland et al., 2001) and can be
used to replace traditional boilers (15–25 bar) in the sugar
industry. The high-pressure steam is used to generate electricity
for own use with a surplus available for export to the grid (see
also 7.3.4). For example, a boiler with a 60 MW steam turbine
system in a 400 t/hour sugar factory could provide a potential
surplus of 40 MW of zero-carbon electricity, saving 400 ktCO2/
yr (Yamba and Matsika, 2003). Similar technology installed at
an Indian sugar mill increased the crushing period from 150 to
180 days, and exported an average of 10 MW of zero carbon
electricity to the grid (Sobhanbabu, 2003).

CO2 emissions by 10–20%. These values are still applicable. A
YDULHW\RILQGXVWULHVDUHXVLQJPHWKDQHIURPODQG¿OOVDVDERLOHU
fuel (US EPA, 2005).
Waste materials (tyres, plastics, used oils and solvents and
sewerage sludge) are being used by a number of industries. Even
though many of these materials are derived from fossil fuels,
they can reduce CO2 emissions compared to an alternative in
ZKLFKWKH\ZHUHODQG¿OOHGRUEXUQHGZLWKRXWHQHUJ\UHFRYHU\
The steel industry has developed technology to use wastes
such as plastics (Ziebek and Stanek, 2001) as alternative fuel
and feedstock’s. Pretreated plastic wastes have been recycled
in coke ovens and blast furnaces (Okuwaki, 2004), reducing
CO2 emissions by reducing both emissions from incineration
and the demand for fossil fuels. In Japan, use of plastics wastes
in steel has resulted in a net emissions reduction of 0.6 MtCO2eq/yr (Okazaki et al., 2004). Incineration of wastes (e.g., tyres,
municipal and hazardous waste) in cement kilns is one of the
PRVWHI¿FLHQWPHWKRGVRIGLVSRVLQJRIWKHVHPDWHULDOV &RUGL
and Lombardi, 2004; Houillon and Jolliet, 2005). Heidelberg
Cement (2006) reported using 78% waste materials (tyres,
animal meal and grease, and sewerage sludge) as fuel for one of
its cement kilns. The cement industry, particularly in Japan, is
investing to allow the use of municipal waste as fuel (Morimoto
et al., 2006). Cement companies in India are using non-fossil
fuels, including agricultural wastes, sewage, domestic refuse
and used tyres, as well as wide range of waste solvents and
other organic liquids; coupled with improved burners and
burning systems (Jain, 2005).

Furnaces and process heaters, many of which are tailored for
VSHFL¿FDSSOLFDWLRQVFDQEHIXUWKHURSWLPL]HGWRUHGXFHHQHUJ\
XVHDQGHPLVVLRQV(I¿FLHQF\LPSURYHPHQWVDUHIRXQGLQPRVW
new furnaces (Berntsson et al., 1997). Research is underway to
further optimize combustion processes by improving furnace
and burner designs, preheating combustion air, optimizing
combustion controls (Martin et al., 2000); and using oxygen
enrichment or oxy-fuel burners (See Section 7.3.7). These
WHFKQLTXHVDUHDOUHDG\EHLQJDSSOLHGLQVSHFL¿FDSSOLFDWLRQV

Humphreys and Mahasenan (2002) estimated that global
CO2 emissions could be reduced by 12% through increased use
of waste fuels. However, IEA (2006a) notes that use of waste
materials is limited by their availability, Also, use of these
materials for fuel must address their variable composition, and
comply with all applicable environmental regulations, including
control of airborne toxic materials.

7.3.3

(QHUJ\ UHFRYHU\ SURYLGHV PDMRU HQHUJ\ HI¿FLHQF\ DQG
mitigation opportunities in virtual all industries. Energy
recovery techniques are old, but large potentials still exist
(Bergmeier, 2003). Energy recovery can take different forms:
heat, power and fuel recovery. Fuel recovery options are
GLVFXVVHGLQWKHVSHFL¿FLQGXVWU\VHFWRUVLQ6HFWLRQ:KLOH
water (steam) is the most used energy recovery medium, the use
of chemical heat sinks in heat pumps, organic Rankine cycles
and chemical recuperative gas turbines, allow heat recovery at
ORZHUWHPSHUDWXUHV(QHUJ\HI¿FLHQWSURFHVVGHVLJQVDUHRIWHQ
based on increased internal energy recovery, making it hard to
GH¿QHWKHWHFKQRORJ\RUGHWHUPLQHWKHPLWLJDWLRQSRWHQWLDO

Fuel switching, including the use of waste
materials

:KLOHVRPHLQGXVWULDOSURFHVVHVUHTXLUHVSHFL¿FIXHOV HJ
metallurgical coke for iron ore reduction)5, many industries
use fuel for steam generation and/or process heat, with the
choice of fuel being determined by cost, fuel availability and
environmental regulations. The TAR (IPCC, 2001a) limited
its consideration of industrial fuel switching to switches
within fossil fuels (replacing coal with oil or natural gas), and
concluded, based on a comparison of average and lowest carbon
intensities for eight industries, that such switches could reduce

5

Options for fuel switching in those processes are discussed in Section 7.4.
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+HDW LV XVHG DQG JHQHUDWHG DW VSHFL¿F WHPSHUDWXUHV DQG
pressures and discarded afterwards. The discarded heat can be
re-used in other processes onsite, or used to preheat incoming
ZDWHUDQGFRPEXVWLRQDLU1HZPRUHHI¿FLHQWKHDWH[FKDQJHUV
or more robust (e.g., low-corrosion) heat exchangers are being
GHYHORSHGFRQWLQXRXVO\LPSURYLQJWKHSUR¿WDELOLW\RIHQKDQFHG
heat recovery. In industrial sites the use of low-temperature
waste heat is often limited, except for preheating boiler feed
water. Using heat pumps allows recovery of the low-temperature
heat for the production of higher temperature steam.
:KLOH WKHUH LV D VLJQL¿FDQW SRWHQWLDO IRU KHDW UHFRYHU\ LQ
most industrial facilities, it is important to design heat recovery
V\VWHPV WKDW DUH HQHUJ\HI¿FLHQW DQG FRVWHIIHFWLYH LH
process integration). Even in new designs, process integration
FDQ LGHQWLI\ DGGLWLRQDO RSSRUWXQLWLHV IRU HQHUJ\ HI¿FLHQF\
improvement. Typically, cost-effective energy savings of 5
to 40% are found in process integration analyses in almost
all industries (Martin et al., 2000; IEA-IETS, n.d.). The wide
variation makes it hard to estimate the overall potential for
HQHUJ\HI¿FLHQF\LPSURYHPHQWDQG*+*PLWLJDWLRQ+RZHYHU
Martin et al. (2000) estimated the potential fuel savings from
process integration in US industry to be 10% above the gain for
conventional heat recovery systems. Einstein et al. (2001) and
the US DOE (2002) estimated an energy savings potential of 5
to 10% above conventional heat recovery techniques.
Power can be recovered from processes operating at elevated
pressures using even small pressure differences to produce
electricity through pressure recovery turbines. Examples of
SUHVVXUHUHFRYHU\RSSRUWXQLWLHVDUHEODVWIXUQDFHVÀXLGFDWDO\WLF
crackers and natural gas grids (at sites where pressure is reduced
before distribution and use). Power recovery may also include
the use of pressure recovery turbines instead of pressure relief
valves in steam networks and organic Rankine cycles from lowtemperature waste streams. Bailey and Worrell (2005) found a
potential savings of 1 to 2% of all power produced in the USA,
which would mitigate 21 MtCO2 (5.7 MtC).
Cogeneration (also called Combined Heat and Power, CHP)
involves using energy losses in power production to generate
heat for industrial processes and district heating, providing
VLJQL¿FDQWO\ KLJKHU V\VWHP HI¿FLHQFLHV &RJHQHUDWLRQ
technology is discussed in Section 4.3.5. Industrial cogeneration
is an important part of power generation in Germany and the
Netherlands, and is the majority of installed cogeneration
capacity in many countries. Laurin et al. (2004) estimated that
currently installed cogeneration capacity in Canada provided a
net emission reduction of almost 30 MtCO2/yr (8.18 MtC/yr).
Cogeneration is also well established in the paper, sugar and
chemical industries in India, but not in the cement industry due
to lack of indigenously proven technology suitable for high dust
loads. The Indian government is recommending adoption of
technology already in use in China, Japan and Southeast Asian
countries (Raina, 2002).

Industry

There is still a large potential for cogeneration. Mitigation
potential for industrial cogeneration is estimated at almost 150
MtCO2 (40 MtC) for the USA (Lemar, 2001), and 334 MtCO2
(91.1 MtC) for Europe (De Beer et al., 2001). Studies also have
EHHQSHUIRUPHGIRUVSHFL¿FFRXQWULHVIRUH[DPSOH%UD]LO 6]NOR
et al., 2004), although the CO2 emissions mitigation impact is
QRWDOZD\VVSHFL¿HG
7.3.5

Renewable energy

The use of biomass is well established in some industries.
The pulp and paper industry uses biomass for much of its energy
needs (See Section 7.4.6.). In many developing countries the
sugar industry uses bagasse and the edible oils industry uses
byproduct wastes to generate steam and/or electricity (See
Section 7.4.7.). The use of bagasse for energy is likely to grow as
more becomes available as a byproduct of sugar-based ethanol
production (Kaltner et al., 2005). When economically attractive,
other industries use biomass fuels, for example charcoal in blast
furnaces in Brazil (Kim and Worrell, 2002a). These applications
will reduce CO2 emissions, but will only achieve zero net CO2
emissions if the biomass is grown sustainably.
Industry also can use solar or wind generated electricity, if
it is available. The potential for this technology is discussed in
Section 4.3.3. The food and jute industries make use of solar
energy for drying in appropriate climates (Das and Roy, 1994).
The African Rural Energy Enterprise Development initiative is
promoting the use of solar food driers in Mali and Tanzania to
preserve fresh produce for local use and for the commercial
market (AREED, 2000). Concentrating solar power could be
used to provide process heat for industrial purposes, though there
are currently no commercial applications (IEA-SolarPACES,
n.d.).
7.3.6

Materials efﬁciency and recycling

0DWHULDOVHI¿FLHQF\UHIHUVWRWKHUHGXFWLRQRIHQHUJ\XVHE\
the appropriate choice of materials and recycling. Many of these
options are applicable to the transport and building sectors and
are discussed in Chapter 5, section 5.3.1 and Chapter 6, section
 5HF\FOLQJ LV WKH EHVWGRFXPHQWHG PDWHULDO HI¿FLHQF\
option for the industrial sector. Recycling of steel in electric
arc furnaces accounts about a third of world production and
typically uses 60–70% less energy (De Beer et al., 1998). This
technology, and options for further energy savings, are discussed
in Section 7.4.1. Recycling aluminium requires only 5% of the
energy of primary aluminium production. Recycled aluminium
from used products and sources outside the aluminium industry
now constitutes 33% of world supply and is forecast to rise to
40% by 2025 (IAI, 2006b, Martcheck, 2006). Recycling is also
an important energy saving factor in other non-ferrous metal
industries, as well as the glass and plastics industries (GOI,
various issues). Recycling occurs both internally within plants
and externally in the waste management sector (See Section
10.4.5).
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Materials substitution, for example the addition of wastes
EODVW IXUQDFH VODJ À\ DVK  DQG JHRSRO\PHUV WR FOLQNHU WR
reduce CO2 emissions from cement manufacture (See Section
7.4.5.1), is also applicable to the industrial sector. Some
materials substitution options, for example the production of
lightweight materials for vehicles, can increase GHG emissions
from the industrial sector, which will be more than offset by the
reduction of emissions from other sectors (See Section 7.4.9).
Use of bio-materials is a special case of materials substitution.
No projections of the GHG mitigation potential of this option
were found in the literature.
7.3.7

Carbon dioxide Capture and Storage (CCS),
including oxy-fuel combustion

CCS involves generating a stream with a high concentration
of CO2, then either storing it geologically, in the ocean, or in
mineral carbonates, or using it for industrial purposes. The
IPCC Special Report on CCS (IPCC, 2005b) provides a full
description of this technology, including its potential application
in industry. It also discusses industrial uses of CO2, including
its temporary retention in beverages, which are small compared
to total industrial emissions of CO2.
Large quantities of hydrogen are produced as feedstock
IRU SHWUROHXP UH¿QLQJ DQG WKH SURGXFWLRQ RI DPPRQLD DQG
other chemicals. Hydrogen manufacture produces a CO2-rich
by-product stream, which is a potential candidate for CCS
technology. IPCC (2005b) estimated the representative cost of
CO2 storage from hydrogen manufacture at 15 US$/tCO2 (55
US$/tC). Transport (250 km pipeline) injection and monitoring
would add another 2 to 16 US$/tCO2 (7 to 60 US$/tC) to costs.
CO2 emissions from steel making are also a candidate for
CCS technology. IEA (2006a) estimates that CCS could reduce
CO2 emissions from blast furnaces and DRI (direct reduction
iron) plants by about 0.1 GtCO2 (0.03 GtC) in 2030 at a cost
of 20 to 30 US$/tCO2 (73 to 110 US$/tC). Smelt reduction also
allow the integration of CCS into the production of iron. CCS
has also been investigated for the cement industry. Anderson
and Newell (2004) estimate that it is possible to reduce CO2
emissions by 65 to 70%, at costs of 50 to 250 US$/tCO2
(183–917 US$/tC). IEA (2006a) estimates the potential for this
application at up to 0.25 GtCO2 (0.07 GtC) in 2030.
Oxy-fuel combustion can be used to produce a CO2ULFKÀXH
gas, suitable for CCS, from any combustion process. In the past,
oxy-fuel combustion has been considered impractical because
RI LWV KLJK ÀDPH WHPSHUDWXUH +RZHYHU *URVV et al. (2003),
report on the development of technology that allows oxy-fuel
combustion to be used in industrial furnaces with conventional
materials. Tests in an aluminium remelting furnace showed up
to 73% reduction in natural gas use compared to a conventional
air-natural gas furnace. When the energy required to produce
oxygen is taken into account, overall energy saving is reduced
to 50 to 60% (Jupiter Oxygen Corp., 2006). Lower but still
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LPSUHVVLYHHQHUJ\HI¿FLHQF\LPSURYHPHQWVKDYHEHHQREWDLQHG
in other applications, up to 50% in steel remelting furnaces,
up to 45% in small glass-making furnaces, and up to 15% in
large glass-making furnaces (NRC, 2001). The technology
has also been demonstrated using coal and waste oils as fuel.
Since much less nitrogen is present in the combustion chamber,
NOx emissions are very low, even without external control,
and the system is compatible with integrated pollution removal
technology for the control of mercury, sulphur and particulate
emissions as well as CO2 (Ochs et al., 2005).
Industry does not currently use CCS as a mitigation option,
because of its high cost. However, assuming that the R&D
currently underway on lowering CCS cost is successful,
application of this technology to industrial CO2 sources should
begin before 2030 and be wide-spread after that date.

7.4 Process-speciﬁc technologies and
measures
7KLV VHFWLRQ GLVFXVVHV SURFHVV VSHFL¿F PLWLJDWLRQ RSWLRQV
Barriers to the implementation of these options are discussed in
Section 7.6. The section focuses on energy intensive industries:
LURQDQGVWHHOQRQIHUURXVPHWDOVFKHPLFDOVSHWUROHXPUH¿QLQJ
minerals (cement, lime and glass) and pulp and paper. IEA
D  UHSRUWHG WKDW WKHVH LQGXVWULHV H[SHWUROHXP UH¿QLQJ 
DFFRXQWHGIRURILQGXVWULDO¿QDOHQHUJ\XVHLQ:LWK
SHWUROHXPUH¿QLQJWKHWRWDOLVDERXW$VXEVHFWLRQFRYHUV
the food industry, which is not a major contributor to global
industrial GHG emissions, but is a large contributor to these
emissions in many developing countries. Subsections also cover
other industries and inter-industry options, where the use of one
industry’s waste as a feedstock or energy source by another
industry can reduce overall emissions (See Section 7.4.9). All the
LQGXVWULHVGLVFXVVHGLQWKLVVHFWLRQFDQEHQH¿WIURPDSSOLFDWLRQ
of the sector-wide technologies (process optimization, energy
HI¿FLHQF\ HWF  GLVFXVVHG LQ 6HFWLRQ  7KH DSSOLFDWLRQ RI
these technologies will not be discussed again.
7.4.1

Iron and steel

Steel is by far the world’s most important metal, with a global
production of 1129 Mt in 2005. In 2004, the most important
steel producers were China (26%), EU-25 (19%), Japan (11%),
USA (10%) and Russia (6%) (IISI, 2005). Three routes are used
to make steel. In the primary route (about 60%), used in almost
50 countries, iron ore is reduced to iron in blast furnaces using
mostly coke or coal, then processed into steel. In the second
route (about 35%), scrap steel is melted in electric-arc furnaces
to produce crude steel that is further processed. This process
uses only 30 to 40% of the energy of the primary route, with CO2
emissions reduction being a function of the source of electricity
(De Beer et al., 1998). The remaining steel production (about
5%), uses natural gas to produce direct reduced iron (DRI). DRI
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cannot be used in primary steel plants, and is mainly used as an
alternative iron input in electric arc furnaces, which can result
in a reduction of up to 50% in CO2 emissions compared with
primary steel making (IEA, 2006a). Use of DRI is expected to
increase in the future (Hidalgo et al., 2005).
Global steel industry CO2 emissions are estimated to be
1500 to 1600 MtCO2 (410 to 440 MtC), including emissions
from coke manufacture and indirect emissions due to power
consumption, or about 6 to 7% of global anthropogenic
emissions (Kim and Worrell, 2002a). The total is higher for
some countries, for example steel production accounts for over
10% of China’s energy use and about 10% of its anthropogenic
CO2 emissions (Price et al., 2002). Emissions per tonne of steel
vary widely between countries: 1.25 tCO2 (0.35 tC) in Brazil,
1.6 tCO2 (0.44 tC) in Korea and Mexico, 2.0 tCO2 (0.54 tC)
in the USA, and 3.1 to 3.8 tCO2 (0.84 to 1.04 tC) in China
and India (Kim and Worrell, 2002a). The differences are based
on the production routes used, product mix, production energy
HI¿FLHQF\ IXHO PL[ FDUERQ LQWHQVLW\ RI WKH IXHO PL[ DQG
electricity carbon intensity.
(QHUJ\(I¿FLHQF\ Iron and steel production is a combination
of batch processes. Steel industry efforts to improve energy
HI¿FLHQF\LQFOXGHHQKDQFLQJFRQWLQXRXVSURGXFWLRQSURFHVVHV
to reduce heat loss, increasing recovery of waste energy and
SURFHVV JDVHV DQG HI¿FLHQW GHVLJQ RI HOHFWULF DUF IXUQDFHV
for example scrap preheating, high-capacity furnaces, foamy
slagging and fuel and oxygen injection. Continuous casting,
introduced in the 1970s and 1980s, saves both energy and
material, and now accounts for 88% of global steel production
(IISI, 2005). Figure 7.1 shows the technical potential6 for
CO2 emission reductions by region in 2030 for full diffusion
of eight cost-effective and/or well developed energy savings
technologies under the SRES B2 scenario, using a methodology
developed by Tanaka et al. (2005, 2006).
7KHSRWHQWLDOIRUHQHUJ\HI¿FLHQF\LPSURYHPHQWYDULHVEDVHG
on the production route used, product mix, energy and carbon
intensities of fuel and electricity, and the boundaries chosen for
the evaluation. Tanaka et al. (2006) also used a Monte Carlo
approach to estimate the uncertainty in their projections of
technical potential for three steel making technologies. Kim
and Worrell (2002a) estimated economic potential by taking
industry structure into account. They benchmarked the energy
HI¿FLHQF\RIVWHHOSURGXFWLRQWRWKHEHVWSUDFWLFHSHUIRUPDQFHLQ
¿YHFRXQWULHVZLWKRYHURIZRUOGVWHHOSURGXFWLRQ¿QGLQJ
potential CO2 HPLVVLRQ UHGXFWLRQV GXH WR HQHUJ\ HI¿FLHQF\
improvement varying from 15% (Japan) to 40% (China, India
DQGWKH86$ :KLOH&KLQDKDVPDGHVLJQL¿FDQWLPSURYHPHQWV
LQ HQHUJ\ HI¿FLHQF\ UHGXFLQJ HQHUJ\ FRQVXPSWLRQ SHU WRQQH
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of steel from 29.3 GJ in 1990 to 23.0 GJ in 20007 (Price et
al., 2002), there is still considerable potential for energy
HI¿FLHQF\ LPSURYHPHQW DQG &22 emission mitigation (Kim
and Worrell, 2002a). Planned improvements include greater
use of continuous casting and near-net shape casting, injection
of pulverized coal, increased heat and energy recovery and
improved furnace technology (Zhou et al., 2003). A study in
2000 estimated the 2010 global technical potential for energy
HI¿FLHQF\LPSURYHPHQWZLWKH[LVWLQJWHFKQRORJLHVDW 'H
Beer et al., 2000a) and that an additional 5% could be achieved
by 2020 using advanced technologies such as smelt reduction
and near net shape casting.
ULCOS (Ultra-Low CO2 Steel making), a consortium of
48 European companies and organizations, has as its goal the
development of steel making technology that reduces CO2
emission by at least 50%. The technologies being evaluated,
including CCS, biomass and hydrogen reduction, show a
potential for controlling emissions to 0.5 to 1.5 tCO2/t (0.14
to 0.41 tC/t) steel (Birat, 2005). Economics may limit the
achievable emission reduction potential. A study of the US
steel industry found a 2010 technical potential for energyHI¿FLHQF\ LPSURYHPHQW RI  :RUUHOO et al., 2001a), but
economic potential, using a 30% hurdle rate, was only 18%,
HYHQ DFFRXQWLQJ IRU WKH IXOO EHQH¿WV RI WKH HQHUJ\ HI¿FLHQF\
measures (Worrell et al., 2003). A similar study of the European
steel industry found an economic potential of less than 13%
(De Beer et al 7KHVHVWXGLHVIRFXVHGPDLQO\RQUHWUR¿W
options. However, potential savings could be realized by a
FRPELQDWLRQ RI FDSLWDO VWRFN WXUQRYHU DQG UHWUR¿W RI H[LVWLQJ
HTXLSPHQW $ UHFHQW DQDO\VLV RI WKH HI¿FLHQF\ LPSURYHPHQW
of electric arc furnaces in the US steel industry found that the
DYHUDJH HI¿FLHQF\ LPSURYHPHQW EHWZHHQ  DQG  ZDV
1.3%/yr, of which 0.7% was due to capital stock turnover and
GXHWRUHWUR¿WRIH[LVWLQJIXUQDFHV :RUUHOODQG%LHUPDQV
  )XWXUH HI¿FLHQF\ GHYHORSPHQWV ZLOO DLP DW IXUWKHU
process Data is pluralintegration. The most important are near
net shape casting (Martin et al., 2000), with current applications
at numerous plants around the world; and smelt reduction, which
integrates ore agglomeration, coke making and iron production
LQ D VLQJOH SURFHVV RIIHULQJ DQ HQHUJ\HI¿FLHQW DOWHUQDWLYH DW
small to medium scales (De Beer et al., 1998).
Fuel Switching. Coal (in the form of coke) is the main fuel in
the iron and steel industry because it provides both the reducing
DJHQWDQGWKHÀRZFKDUDFWHULVWLFVUHTXLUHGE\EODVWIXUQDFHVLQ
the production of iron. Steel-making processes produce large
volumes of byproducts (e.g., coke oven and blast furnace gas)
that are used as fuel. Hence, a change in coke use will affect the
energy balance of an integrated iron and steel plant.

See Section 2.4.3.1 for deﬁnitions of mitigation potential.
China uses various indicators to present energy intensity, including “comprehensive” and “comparable” energy intensity. The indicators are not always easily comparable to
energy intensities from other countries or regions. The above ﬁgures use the comparable energy intensity, which is a constructed indicator, making it impossible to compare to
those of other studies. Only a detailed assessment of the energy data can result in an internationally comparable indicator (Price et al., 2002).
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Figure 7.1: CO2 reduction potential of eight energy saving technologies in 2030
CDQ = Coke Dry Quenching, HS = Hot Stove, TRT = Top Pressure Recovery Turbine, SC = Sinter Cooling, CC = Continuous Casting, SP = Sinter Plant, BOFG = Basic
Oxygen Furnace Gas, ME = Main Exhaust, WH = Waste Heat
Note: B2 Scenario, CO2 emission reduction based on energy saving assuming 100% diffusion in 2030 less current diffusion rates.
Source: Tanaka, 2006.

Technology enabling the use of oil, natural gas and pulverized
coal to replace coke in iron-making has long been available.
Use of this technology has been dictated by the relative costs of
the fuels and the process limitations in iron-making furnaces.
Use of oil and natural gas could reduce CO2 emissions. More
recently, the steel industry has developed technologies that use
wastes, such as plastics, as alternative fuel and raw materials
462

(Ziebek and Stanek, 2001). Pretreated plastic wastes have
been recycled in coke ovens and blast furnaces (Okuwaki,
2004), reducing CO2 emissions by reducing emissions from
incineration and the demand for fossil fuels. In Brazil, charcoal
is used as an alternative to coke in blast furnaces. While recent
data are not available, use of charcoal declined in the late
1990s, as merchant coke became cheaper (Kim and Worrell,
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2002a). The use of hydrogen to reduce iron ore is a longer-term
technology discussed in Section 7.12. CCS is another longerterm technology that might be applicable to steel making (see
section 7.3.7).
7.4.2

Non-ferrous metals

7KHFRPPHUFLDOO\UHOHYDQWQRQIHUURXVPHWDOVDQGVSHFL¿F
and total CO2 emissions from electrode and reductant use are
shown in Table 7.6. Annual production of these metals ranges
from approximately 30 Mt for aluminium to a few hundred
kilotonnes for metals and alloys of less commercial importance.
Production volumes are fairly low compared to some of the
world’s key industrial materials like cement, steel, or paper.
However, primary production of some of these metals from ore
can be far more energy intensive. In addition, the production of
these metals can result in the emission of high-GWP GHGs, for
example PFCs in aluminium or SF6 in magnesium, which can
DGGVLJQL¿FDQWO\WR&22-eq emissions.
Generally, the following production steps need to be
FRQVLGHUHG PLQLQJ RUH UH¿QLQJ DQG HQULFKPHQW SULPDU\
VPHOWLQJ VHFRQGDU\ VPHOWLQJ PHWDO UH¿QLQJ UROOLQJ DQG
casting. For most non-ferrous metals, primary smelting is the
PRVWHQHUJ\LQWHQVLYHVWHSEXWVLJQL¿FDQWOHYHOVRIHPLVVLRQV
RIÀXRULQDWHG*+*VKDYHEHHQUHSRUWHGIURPWKHUH¿QLQJDQG
casting steps.
7.4.2.1

Aluminium

Global primary aluminium production was 29.9 Mt in 2004
(IAI, 2006b) and has grown an average of 5% per year over
the last ten years. Production is expected to grow by 3% per
year for the next ten years. Recycled aluminium production was
approximately 14 Mt in 2004 and is also expected to double by
2020 (Marchek, 2006).
Primary aluminium metal (Al) is produced by the electrolytic
reduction of alumina (Al2O3) in a highly energy-intensive
process. In addition to the CO2 emissions associated with
electricity generation, the process itself is GHG-intensive. It
involves a reaction between Al2O3 and a carbon anode: 2 Al2O3
+ 3 C = 4 Al + 3 CO2. In the electrolysis cell, Al2O3 is dissolved
in molten cryolite (Na3AlF6 ,IWKHÀRZRI$O2O3 to the anode
is lower than required, cryolite will react with the anode to form
PFCs, CF4 and C2F6 (IAI, 2001). CF4 has a GWP8 of 6500 and
C2F6, which accounts for about 10% of the mix, has a GWP
RI  ,3&&   7KHVH HPLVVLRQV FDQ EH VLJQL¿FDQWO\
reduced by careful attention to operating procedures and more
use of computer-control. Even larger reductions in emissions
can be achieved by upgrading older cell technology (for
example., Vertical Stud Södeberg or Side Worked Prebake) by
addition of point feeders to better control alumina feeding. The

8

Table 7.6: Emission factors and estimated global emissions from electrode use
and reductant use for various non-ferrous metals
CO2 emissions
(tCO2/t product)

Global CO2 emissions
(ktCO2)

1.55

44,700

Ferrosilicon

2.92

10,500

Ferrochromium

1.63

9,500

Silicomanganese

1.66

5,800

Calcium carbide

1.10

4,475

Primary aluminium

Magnesium

0.05

4,000

Silicon metal

4.85

3,500

Lead

0.64

3,270

Zinc

0.43

3,175

Others
Total

6,000
91,000

Note: Indirect emissions and non-CO2 greenhouse-gas emissions are
not included.
Source: Sjardin, 2003.

FRVWRIVXFKDUHWUR¿WFDQEHUHFRYHUHGWKURXJKWKHLPSURYHG
productivity. Use of the newer technologies, which require a
PDMRUUHWUR¿WFDQFRVWXSWR86W&22-eq (99 US$/tC-eq)
(US EPA, 2006a).
Members of the International Aluminium Institute (IAI),
responsible for more than 70% of the world’s primary
aluminium production, have committed to an 80% reduction
in PFC emissions intensity for the industry as a whole, and to a
10% reduction in smelting energy intensity by 2010 compared
to 1990 for IAI member companies. IAI data (IAI, 2006a) shows
a reduction in CF4 emissions intensity from 0.60 to 0.16 kg/t Al,
and a reduction in C2F6 emissions intensity from 0.058 to 0.016
kg/t Al between 1990 and 2004, with best available technology
having a median emission rate of only 0.05 kg CF4/t in 2004.
Overall, PFC emissions from the electrolysis process dropped
from 4.4 to 1.2 tCO2-eq/t (1.2 to 0.3 tC-eq/t) Al metal produced.
IAI data (IAI, 2006b) show a 6% reduction in smelting energy
use between 1990 and 2004.
Benchmarking has been used to identify opportunities for
emission reductions. The steps taken to control these emissions
have been mainly low or no-cost, and have commonly been
FRQQHFWHG WR VPHOWHU UHWUR¿W FRQYHUVLRQ RU UHSODFHPHQWV
(Harnisch et al., 1998; IEA GHG 2000). However, much of
the 30% of production from non-IAI members still uses older
technology (EDGAR, 2005).
SF6 (GWP = 23,900 (IPCC, 1995)) has been used for stirring
and degassing of molten aluminium in secondary smelters
and foundries (Linde, 2005). The process is not very common

The Global Warming Potentials used in this chapter are those used for national inventory reporting under the UNFCCC. They are the 100-year values reported in the IPCC
Second Assessment Report (IPCC, 1995).
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Table 7.7: Greenhouse-gas emission from production of various non-ferrous metals
Global emissions
(MtCO2-eq/yr)

Source and year

CO2 - Mining and reﬁning

109

IEA GHG, 2000 for 1995

CO2 - Electrodes

48

IAI, 2006b for 2004

Metal
Aluminium

PFC - Emissions

69

EDGAR, 2005 for 2000

CO2 - Electricity

300

IEA GHG, 2001 for 1995

4

Sjardin, 2003 for 1995

9

US EPA, 2006b for 2000

Magnesium
CO2 - Electrode and cell-feed
SF6 - Production and casting
CO2 - Electricity

Unknown

CO2 - Other steps in the production process

Unknown

All other non-ferrous metals
CO2 - Process
CO2 - Electricity
CO2 - Other steps
All non-ferrous metals

40

Unknown
Approximately 500
(lower bound)

because of cost and technical problems (UBA, 2004). Current
level of use is unknown, but is believed to be much smaller than
SF6 used in magnesium production.
The main potentials for additional CO2-eq emission
reductions are a further penetration of state-of-the-art, point
feed, prebake smelter technology and process control plus an
increase of recycling rates for old-scrap (IEA GHG, 2001).
Research is proceeding on development of an inert anode that
would eliminate anode-related CO2 and PFC emissions from
Al smelting. A commercially viable design is expected by 2020
(The Aluminium Association, 2003). However, IEA (2006a)
notes that the ultimate technical feasibility of inert anodes has
yet to be proven, despite 25 years of research.
7.4.2.2

Magnesium

Magnesium, produced in low volumes, is very energy
intensive. Its growth rate has been high due to increasing use
of this lightweight metal in the transport industry. SF6 is quite
commonly used as cover gas for casting the primary metal
into ingots and for die casting magnesium. Estimates of global
SF6 emissions from these sources in 2000 range from about 9
MtCO2-eq (2.4 MtC-eq) (US EPA, 2006a), to about 20 MtCO2eq (5.5 MtC-eq) (EDGAR, 2005). The later value is about equal
to energy related emissions from the production of magnesium.
Harnisch and Schwarz (2003) found that the majority of these
emissions can be abated for <1.2 US$/tCO2-eq (<4.4 US$/tCeq) by using SO2, the traditional cover gas, which is toxic and
FRUURVLYHRUXVLQJPRUHDGYDQFHGÀXRULQDWHGFRYHUJDVHVZLWK
ORZ*:3V86(3$ D UHSRUWVLPLODUUHVXOWV6LJQL¿FDQW
parts of the global magnesium industry located in Russia and
464

Sjardin, 2003

Unknown

China still use SO2 as a cover gas. The International Magnesium
Association, which represented about half of global magnesium
production in 2002, has committed its member companies to
phasing out SF6 use by 2011 (US EPA, 2006a).
7.4.2.3

Total emissions and reduction potentials

Table 7.7 gives the lower bounds for key emission sources
in the non-ferrous metal industry. Total annual GHG gas
emissions from the non-ferrous metal industry were at least
500 MtCO2-eq (140 MtC-eq) in 2000. The GHG abatement
options for the production of non-ferrous metals other than
aluminium are still fairly uncertain. In the past, these industries
have been considered too small or too complex regarding raw
materials, production technologies and product qualities, to be
systematically assessed for reduction options.
7.4.3

Chemicals and fertilizers

The chemical industry is highly diverse, with thousands
of companies producing tens of thousands of products in
quantities varying from a few kilograms to thousand of tonnes.
Because of this complexity, reliable data on GHG emissions is
not available (Worrell et al., 2000a). The majority of the CO2eq direct emissions from the chemical industry are in the form
of CO2, the largest sources being the production of ethylene and
other petrochemicals, ammonia for nitrogen-based fertilizers,
and chlorine. These emissions are from both energy use and
from venting and incineration of byproducts. In addition,
some chemical processes create other GHGs as byproducts,
for example N2O from adipic acid, nitric acid and caprolactam
manufacture; HFC-23 from HCFC-22 manufacture; and very

1571
Chapter 7

Industry

small amounts of CH4 from the manufacture of silicon carbide
and some petrochemicals. Pharmaceutical manufacture uses
relatively little energy, most of which is used in the buildings
that house industrial facilities (Galitsky and Worrell, 2004).
The chemical industry makes use of many of the sectorwide technologies described in Section 7.3. Much of the petroFKHPLFDOLQGXVWU\LVFRORFDWHGZLWKSHWUROHXPUH¿QLQJFUHDWLQJ
many opportunities for process integration and cogeneration
of heat and electricity. Both industries make use of the energy
LQ E\SURGXFWV WKDW ZRXOG RWKHUZLVH EH YHQWHG RU ÀDUHG
contributing to GHG emissions. Galitsky and Worrell (2004)
identify separations, chemical synthesis and process heating
as the major energy consumers in the chemical industry, and
list examples of technology advances that could reduce energy
consumption in each area, for example improved membranes for
separations, more selective catalysts for synthesis and greater
process integration to reduce process heating requirements.
Longer-term, biological processing offers the potential of lower
energy routes to chemical products (See Section 7.12.1).
7.4.3.1

Ethylene

Ethylene, which is used in the production of plastics
and many other products, is produced by steam cracking
hydrocarbon feedstocks, from ethane to gas oil. Hydrogen,
methane, propylene and heavier hydrocarbons are produced
as byproducts. The heavier the feedstock, the more and
heavier the byproducts, and the more energy consumed per
tonne of ethylene produced (Worrell et al., 2000a). Ren et al.
  UHSRUW WKDW VWHDP FUDFNLQJ IRU ROH¿Q SURGXFWLRQ LV WKH
most energy consuming process in the chemicals industry,
accounting for emissions of about 180 MtCO2/yr (49MtC/yr),
EXWWKDWVLJQL¿FDQWUHGXFWLRQVDUHSRVVLEOH&UDFNLQJFRQVXPHV
about 65% of the total energy used in ethylene production, but
use of state-of-the-art technologies (e.g., improved furnace and
cracking tube materials and cogeneration using furnace exhaust)
could save up to about 20% of total energy. The remainder
of the energy is used for separation of the ethylene product,
typically by low-temperature distillation and compression.
Up to 15% total energy can be saved by improved separation
and compression techniques (e.g., absorption technologies
for separation). Catalytic cracking also offers the potential
for reduced energy use, with a savings of up to 20% of total
energy. This savings is not additional to the energy savings for
improved steam cracking (Ren et al., 2006). Processes have
EHHQGHYHORSHGIRUFRQYHUWLQJPHWKDQHLQQDWXUDOJDVWRROH¿QV
as an alternative to steam cracking. However, Ren et al. (2005)
FRQFOXGHWKDWWKHPRVW HI¿FLHQW RI WKHVH SURFHVVHV XVHVPRUH
than twice as much primary energy as state-of-the-art steam
cracking of naphtha.
7.4.3.2

Fertilizer manufacture

Swaminathan and Sukalac (2004) report that the fertilizer
industry uses about 1.2% of world energy consumption and is
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Figure 7.2: Design energy consumption trends in world ammonia plants
Sources: Chaudhary, 2001; PSI, 2004.

responsible for about the same share of global GHG emissions.
More than 90% of this energy is used in the production of
ammonia (NH3  +RZHYHU DV WKH UHVXOW RI HQHUJ\ HI¿FLHQF\
improvements, modern ammonia plants are designed to use
about half the energy per tonne of product than those designed
in 1960s, (see Figure 7.2), with design energy consumption
dropping from over 60 GJ/t NH3 in the 1960s to 28 GJ/t NH3 in
the latest design plants, approaching the thermodynamic limit
of about 19 GJ/t NH3DQGOLPLWLQJVFRSHIRUIXUWKHUHI¿FLHQF\
increases. Benchmarking data indicate that the best-in-class
performance of operating plants ranges from 28.0 to 29.3 GJ/t
NH3 (Chaudhary, 2001; PSI, 2004).
The newest plants tend to have the best energy performance,
and many of them are located in developing countries, which
now account for 57% of nitrogen fertilizer production (IFA,
2004). Individual differences in energy performance are mostly
determined by feedstock (natural gas compared with heavier
hydrocarbons) and the age and size of the ammonia plant (PSI,
2004, Phylipsen et al., 2002). National and regional averages
DUH VWURQJO\ LQÀXHQFHG E\ ZKHWKHU WKH VHFWRU KDV XQGHUJRQH
UHVWUXFWXULQJZKLFKWHQGVWRGULYHOHVVHI¿FLHQWSURGXFHUVRXW
of the market (Sukalac, 2005). Ammonia plants that use natural
JDVDVDIHHGVWRFNKDYHDQHQHUJ\HI¿FLHQF\DGYDQWDJHRYHU
plants that use heavier feedstock’s and a high percentage of
global ammonia capacity already is based on natural gas. China
is an exception in that 67% of its ammonia production is based
on coal (CESP, 2004) and small-scale plants account for 90%
of the coal-based production. The average energy intensity of
Chinese coal-based production is about 53 GJ/t, compared with
a global average of 41.4 GJ/t (Giehlen, 2006).
5HWUR¿W RI ROG SODQWV LV IHDVLEOH DQG RIIHUV D SRWHQWLDO IRU
LPSURYHG HI¿FLHQF\ 9HUGXLMQ DQG GH :LW   FRQFOXGHG
WKDWWKHHQHUJ\HI¿FLHQF\RIODUJHVLQJOHWUDLQDPPRQLDSODQWV
the bulk of existing capacity, could be improved at reasonable
cost to levels approaching newly designed plants, provided
that the upgrading is accompanied by an increase in capacity.
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6LJQL¿FDQWUHGXFWLRQVRI&22 emissions, below those achieved
by state-of-the-art ammonia plants, could be achieved by using
low-carbon or carbon-free hydrogen, which could be obtained
through the application of CCS technology (see Section 7.3.7),
ELRPDVV JDVL¿FDWLRQRU HOHFWURO\VLV RI ZDWHU XVLQJ HOHFWULFLW\
from nuclear or renewables. About half the ammonia produced
for fertilizer is reacted with CO2 to form urea (UNIDO and
IFDC, 1998), but the CO2 is released when the fertilizer is
applied. However, this use of CO2 reduces the potential for
applying CCS technology.
7.4.3.3

Chlorine manufacture

The TAR (IPCC, 2001a) reported on the growing use of
PRUHHQHUJ\HI¿FLHQWPHPEUDQHHOHFWURO\VLVFHOOVIRUFKORULQH
SURGXFWLRQ 7KHUH KDYH EHHQ QR VLJQL¿FDQW GHYHORSPHQWV
affecting GHG emissions from chlorine production since the
TAR.
7.4.3.4

N2O emissions from adipic acid, nitric acid and
caprolactam manufacture

N2O emissions from nitric and adipic acid plants account for
about 5% of anthropogenic N22HPLVVLRQV'XHWRVLJQL¿FDQW
investment in control technologies by industry in North America,
Japan and the EU, worldwide emissions of N2O (GWP = 310
(IPCC,1995)) from adipic and nitric acid production decreased
by 30%, from 223 MtCO2-eq (61 MtC-eq) in 1990 to 154
MtCO2-eq (42 MtC-eq) in 2000 (US EPA 2006b). Some of the
reduction was due to the installation of NO control technology
to meet regulatory requirements. By 2020, global emission
from the manufacture of adipic acid and from the manufacture
of nitric acid are projected to grow to 177 MtCO2-eq (48 MtCeq). Developed nations account for approximately 55% of
emissions in both 2000 and 2020 (US EPA, 2006b). Experience
in the USA, Japan and the EU shows that thermal destruction
can eliminate 96% of the N2O emitted from an adipic acid plant.
Catalytic reduction can eliminate 89% of the N2O emitted from
a typical nitric plant in a developed country (US EPA, 2006a).
Mitigation potential at nitric acid plants can range from 70%
to almost 100% depending on the catalyst and plant operating
conditions (US EPA, 2001, Continental Engineering BV, 2001).
Costs range from 2.0 to 5.8 US$/tCO2-eq (7.3 to 21.2 US$/tCeq) (2000 US$) using a 20% discount rate and a 40% corporate
tax rate, and a maximum mitigation potential of 174 MtCO2-eq
(44 MtC-eq) is projected in 2030.
Global N2O emissions from caprolactam production in 2000
were estimated at 10 to 15 MtCO2-eq (2.7 to 4.1 MtC) (EDGAR,
2005). IPCC (2006) indicates that these emissions can be
FRQWUROOHGWRDKLJKGHJUHHE\QRQVSHFL¿FFDWDO\WLFUHGXFWLRQ
7.4.3.5

HFC-23 emissions from HCFC-22 manufacture

On average, 2.3% HFC-23 (GWP = 11,700 (IPCC, 1995)) is
produced as a byproduct of HCFC-22 manufacture. The EDGAR
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database estimated 2000 emissions at 78 MtCO2-eq (21 MtCeq) (EDGAR, 2005), while the US EPA estimated 96 MtCO2-eq
(26 MtC-eq) (US EPA, 2006a). HCFC-22 has been used as a
refrigerant, but under the Montreal Protocol its consumption
is scheduled to end by 2020 in developed countries and over
a longer period in developing countries. However, production
of HCFC-22 for use as a feedstock in the manufacture of
ÀXRURSRO\PHUVSODVWLFVDQG+)&VLVH[SHFWHGWRJURZOHDGLQJ
to increasing emissions through 2015 in the business-as-usual
case. Data on production rates and control technologies are
contained in the IPCC Special Report on Safeguarding the
Ozone Layer and the Global Climate System (IPCC/TEAP,
2005). Capture and destruction by thermal oxidation is a highly
effective option for reducing HFC-23 emissions at a cost of
less than 0.20 to 0.35 US$/tCO2-eq (0.75 to 1.20 US$/tC-eq)
(IPCC/TEAP, 2005, US EPA, 2006a).
7.4.4

Petroleum reﬁning

$V RI WKH EHJLQQLQJ RI  WKHUH ZHUH  UH¿QHULHV LQ
128 countries with a total crude oil distillation capacity of 82.3
million barrels per day. The U.S (20.5%), EU-25 (16.4%), Russia
(6.6%), Japan (5.7%) and China (5.5%) had the largest shares
of this capacity (EIA, 2005). Petroleum industry operations
consume up to 15 to 20% of the energy in crude oil, or 5 to 7%
RIZRUOGSULPDU\HQHUJ\ZLWKUH¿QHULHVFRQVXPLQJPRVWRIWKDW
energy (Eidt, 2004). Comparison of energy or CO2 intensities
DPRQJFRXQWULHVLVQRWSUDFWLFDOEHFDXVHUH¿QLQJHQHUJ\XVHLV
a complex function of crude and product slates and processing
equipment. Simple metrics (e.g., energy consumed/barrel
UH¿QHG GRQRWDFFRXQWIRUWKDWFRPSOH[LW\7KHVKLIWVWRZDUGV
KHDYLHUFUXGHDQGORZHUVXOSKXUSURGXFWVZLOOLQFUHDVHUH¿QHU\
energy use and CO2 emissions. One study indicated that the
combination of heavier crude and a 10 ppm maximum gasoline
DQG GLHVHO VXOSKXU FRQWHQW ZRXOG LQFUHDVH (XURSHDQ UH¿QHU\
CO2 emissions by about 6% (CONCAWE, 2005).
Worrell and Galitsky (2005), based on a survey of US
UH¿QHU\ RSHUDWLRQV IRXQG WKDW PRVW SHWUROHXP UH¿QHULHV FDQ
HFRQRPLFDOO\ LPSURYH HQHUJ\ HI¿FLHQF\ E\ ± DQG
provided a list of over 100 potential energy saving steps. Key
items included: use of cogeneration, improved heat integration,
combustion optimization, control of compressed air and steam
OHDNV DQG XVH RI HI¿FLHQW HOHFWULFDO GHYLFHV 7KH SHWUROHXP
LQGXVWU\KDVKDGORQJVWDQGLQJHQHUJ\HI¿FLHQF\SURJUDPPHV
IRUUH¿QHULHVDQGWKHFKHPLFDOSODQWVZLWKZKLFKWKH\DUHRIWHQ
LQWHJUDWHG7KHVHHIIRUWVKDYH\LHOGHGVLJQL¿FDQWUHVXOWV([[RQ
0RELOUHSRUWHGRYHUUHGXFWLRQLQHQHUJ\XVHLQLWVUH¿QHULHV
and chemical plants from 1974 to 1999, and in 2000 instituted
a programme whose goal was a further 15% reduction, which
would reduce emissions by an additional 12 MtCO2/yr. (Eidt,
2004). Chevron (2005) reported a 24% reduction in its index
of energy use between 1992 and 2004. Shell (2005) reported
HQHUJ\ HI¿FLHQF\ LPSURYHPHQWV RI  WR  DW LWV UH¿QHULHV
DQGFKHPLFDOSODQWV(I¿FLHQF\LPSURYHPHQWVDUHH[SHFWHGWR
continue as technology improves and energy prices rise.
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5H¿QHULHVW\SLFDOO\XVHDZLGHYDULHW\RIJDVHRXVDQGOLTXLG
byproducts as fuel. Byproducts that are not used as fuel are
ÀDUHG 5HGXFLQJ WKH DPRXQW RI PDWHULDO ÀDUHG ZLOO LQFUHDVH
UH¿QHU\ HQHUJ\ HI¿FLHQF\ DQG GHFUHDVH &22 emissions, and
KDVEHFRPHDQREMHFWLYHIRUUH¿QHU\PDQDJHPHQWZRUOGZLGH
WKRXJKÀDUHUHGXFWLRQSURMHFWVDUHRIWHQXQGHUWDNHQWRUHGXFH
local environmental impacts Munn (2004). No estimate of the
incremental reduction in CO2 emissions is available.
5H¿QHULHV XVH K\GURJHQ WR UHPRYH VXOSKXU DQG RWKHU
impurities from products, and to process heavy hydrocarbons
into lighter components for use in gasoline and distillate fuels.
The hydrogen is supplied from reformer gas, a hydrogen-rich
byproduct of catalytic reforming, and a process for upgrading
JDVROLQH FRPSRQHQWV ,I WKLV VRXUFH LV LQVXI¿FLHQW IRU WKH
UH¿QHU\¶V QHHGV K\GURJHQ LV PDQXIDFWXUHG E\ JDVL¿FDWLRQ RI
IRVVLOIXHOV86UH¿QHULHVXVHDERXWRIWKHLUHQHUJ\LQSXWWR
manufacture hydrogen (Worrell and Galitsky, 2005). Hydrogen
production produces a CO2-rich stream, which is a candidate
for CCS (see Section 7.3.7).
7.4.5

Minerals

7.4.5.1

Cement

Cement is produced in nearly all countries. Cement
consumption is closely related to construction activity and
to general economic activity. Global cement production
grew from 594 Mt in 1970 to 2200 Mt in 2005, with the vast
majority of the growth occurring in developing countries. In
2004 developed countries produced 570 Mt (27% of world
production) and developing countries 1560 Mt (73%) (USGS,
2005). China has almost half the world’s cement capacity,
manufacturing an estimated 1000 Mt in 2005 (47% of global
production), followed by India with a production of 130 Mt in
2005 (USGS, 2006). Global cement consumption is growing at
about 2.5%/yr.
The production of clinker, the principal component of
cement, emits CO2 from the calcination of limestone. Cement
production is also highly energy-intensive. The major energy
uses are fuel for the production of clinker and electricity for
JULQGLQJUDZPDWHULDOVDQGWKH¿QLVKHGFHPHQW&RDOGRPLQDWHV
in clinker making. Based on average emission intensities, total
emissions in 2003 are estimated at 1587 MtCO2 (432 MtC) to
1697 MtCO2 (462 MtC), or about 5% of global CO2 emissions,
half from process emissions and half from direct energy use.
Global average CO2 emission per tonne cement production is
estimated by Worrell et al. (2001b) at 814 kg (222 kg C), while
Humphreys and Mahasenan (2002) estimated 870 kg (264 kg
C). CO2 emission/t cement vary by region from a low of 700 kg
(190 kg C) in Western Europe and 730 kg (200 kg C) in Japan
and South Korea, to a high of 900, 930, and 935 kg (245, 253
and 255 kg C) in China, India and the United States (Humphreys
and Mahasenan, 2002; Worrell et al., 2001b). The differences in

emission intensity are due (in order of contribution) to differences
LQWKHFOLQNHUFRQWHQWRIWKHFHPHQWSURGXFHGHQHUJ\HI¿FLHQF\
carbon intensity of the clinker fuel and carbon intensity of power
generation (Kim and Worrell, 2002b).
Emission intensities have decreased by approximately
0.9%/yr since 1990 in Canada, 0.3%/yr (1970–1999) in the
USA, and 1%/yr in Mexico (Nyboer and Tu, 2003; Worrell and
Galitsky, 2004; Sheinbaum and Ozawa, 1998). A reduction in
energy intensity in India since 1995–1996 has led to a reduction
in emissions from the industry despite the increase in output
(Dasgupta and Roy, 2001). Analysis of CO2 emission trends
in four major cement-producing countries showed that energy
HI¿FLHQF\ LPSURYHPHQW DQG UHGXFWLRQ RI FOLQNHU FRQWHQW
in cement were the main factors contributing to emission
reduction, while the carbon intensity of fuel mix in all countries
increased slightly.
Both energy-related and process CO2 emissions can be
reduced. The combined technical potential of these opportunities
is estimated at 30% globally, varying between 20 and 50% for
different regions (Humphreys and Mahasenan, 2002; Kim and
:RUUHOOE (QHUJ\HI¿FLHQF\LPSURYHPHQWKDVKLVWRULFDOO\
been the main contributor to emission reduction. Benchmarking
and other studies have demonstrated a technical potential for up
WR  LPSURYHPHQW LQ HQHUJ\ HI¿FLHQF\ .LP DQG :RUUHOO
2002b; Worrell et al., 1995). Countries with a high potential
still use outdated technologies, like the wet process clinker
NLOQ6WXGLHVIRUWKH86$LGHQWL¿HGRSSRUWXQLWLHVLQHYHU\
production step in the cement-making process and estimated
WKH HFRQRPLF SRWHQWLDO IRU HQHUJ\ HI¿FLHQF\ LPSURYHPHQW LQ
the US cement industry at 11%, reducing emissions by 5%
(Worrell et al., 2000b; Worrell and Galitsky, 2004). The cement
industry is capital intensive and equipment has a long lifetime,
limiting the economic potential in the short term. The clinker
kiln is an ideal candidate for the use of a wide variety of fuels,
including waste-derived fuels, such as tyres, plastics, biomass,
municipal solid wastes and sewage sludge (see Section 7.3.2).
Section 7.3.7 discusses the potential for applying CCS in the
cement industry.
Standard Portland cement contains 95% clinker. Clinker
production is responsible for the process emissions and most
of the energy-related emissions. The use of blended cement, in
which clinker is replaced by alternative cementitious materials,
IRU H[DPSOH EODVW IXUQDFH VODJ À\ DVK IURP FRDO¿UHG SRZHU
stations, and natural pozzolanes, results in lower CO2 emissions
(Josa et al., 2004). Humphreys and Mahasenan (2002) and
Worrell et al. (1995) estimate the potential for reduction of CO2
emissions at more than 7%. Current use of blended cement is
relatively high in continental Europe and low in the USA and
UK. Alternatives for limestone-based cement are also being
investigated (Gartner, 2004; Humphreys and Mahasenan, 2002).
Geopolymers have been applied in niche markets, but have yet
to be proven economical for large-scale application.
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Lime

7.4.5.3

Glass

Generally lime refers both to high-calcium and dolomitic
forms containing magnesium. Lime is produced by burning
limestone or dolomite in small-scale vertical or large-scale
rotary kilns. While in most industrialized countries the industry
is concentrated in a small number of larger corporations, in most
developing countries lime kilns are small operations using local
technology. Even in industrialized countries like Greece there
are independent small-scale vertical kilns in operation. Pulp
and sugar mills may have captive lime production to internally
regenerate lime. Lime is mainly used in a small number of
industries (especially steel, but also chemicals, paper and
VXJDU PLQLQJDVZHOODVIRUÀXHJDVGHVXOSKXUL]DWLRQ7KHUH
are no detailed statistics on global lime production, however
Miller (2003) estimated global production at 120 Mt, excluding
regenerated lime. The largest producers are China, the USA,
Russia, Germany, Mexico and Brazil.

Glass is produced by melting raw materials (mainly silica,
soda ash and limestone), and often cullet (recycled glass), in glass
furnaces of different sizes and technologies. Typical furnace
GHVLJQV LQFOXGH FURVV¿UHG RU HQG¿UHG ZLWK UHJHQHUDWLYH DLU
SUHKHDWUHFXSHUDWLYHKHDWUHFRYHU\DQGIXHOR[\JHQ¿ULQJ (8
BREF Glass, 2001). The industry is capital intensive, furnaces
have a lifetime of up to 12 years and there are a limited number
of technology providers. Natural gas and fuel oil are the main
fuels used by the glass industry. Reliable international statistics
on glass production are not available. The global glass industry
LV GRPLQDWHG E\ WKH SURGXFWLRQ RI FRQWDLQHU JODVV DQG ÀDW
glass. According to industry estimates the global production of
container glass was 57 Mt in 2001 (ISO, 2004); production of
ÀDWJODVVZDV0WLQ 3LONLQJWRQ 7KHSURGXFWLRQ
volumes of special glass, domestic glass, mineral wool and
JODVV¿EUHVDUHHDFKVPDOOHUE\URXJKO\DQRUGHURIPDJQLWXGH

Process CO2 emissions from the calcination of limestone and
dolomite are a function of the amounts of calcium carbonate,
magnesium carbonate and impurity in the feedstock, and the
degree of calcination. Theoretical process emissions are 785
kg CO2/t (214 kgC/t) calcium oxide and 1092 kg CO2/t (298
kgC/t) magnesium oxide produced. Energy use emissions are
DIXQFWLRQRIWKHHI¿FLHQF\RIWKHSURFHVVWKHIXHOXVHGDQG
indirect emissions from the electric power consumed in the
SURFHVV,QHI¿FLHQWOLPHNLOQVDERXWRIWKHHPLVVLRQVDUH
due to de-carbonisation of the raw materials. No estimates of
global CO2 emissions due to lime production are available. In
Europe process emissions are estimated at 750 kg CO2/t (205
kgC/t) lime (IPPC, 2001). For some applications, lime is recarbonated, mitigating part of the emissions generated in the
lime industry. Regeneration of lime in pulp and sugar mills does
not necessarily lead to additional CO2 emissions, as the CO2
is from biomass sources (Miner and Upton, 2002). Emissions
IURP IXHO XVH YDU\ ZLWK WKH NLOQ W\SH HQHUJ\ HI¿FLHQF\ DQG
fuel mix. Energy use is 3.6 to 7.5 GJ/t lime in the EU (IPPC,
2001), 7.2 GJ/t in Canada (CIEEDAC, 2004) and for lime kilns
in US pulp mills (Miner and Upton, 2002), and up to 13.2 GJ/t
for small vertical kilns in Thailand (Dankers, 1995). In Europe,
fuel-related emissions are estimated at 0.2 to 0.45 tCO2/t
(0.05 to 0.12 tC/t) lime (IPPC, 2001). Electricity use for lime
production is 40 to 140 kWh/t lime, depending on the type of
NLOQDQGWKHUHTXLUHG¿QHQHVVRIWKHOLPH ,33& 

Beerkens and van Limpt (2001) report the energy intensity
of continuous glass furnaces in Europe and the USA as 4 to 10
*-WRIFRQWDLQHUJODVVDQGWR*-WRIÀDWJODVVGHSHQGLQJ
on the size and technology of the furnace and the share of cullet
used. The energy consumption for batch production is higher,
typically 12.5 to 30 GJ/t of product (Römpp, 1995). Assuming
an average energy use of 7 GJ/t of product, half from natural
gas and half from fuel oil, yields an emission factor of 450
kg energy related CO2/t of product. Globally, energy used in
WKHSURGXFWLRQRIFRQWDLQHUDQGÀDWJODVVUHVXOWVLQHPLVVLRQV
of approximately 40 to 50 MtCO2 (11 to 14 MtC) per year.
Emissions from the decarbonisation of soda ash and limestone
can contribute up to 200 kg CO2/t (55 kgC/t) of product
depending on the composition of the glass and the amount of
cullet used (EU-BREF Glass, 2001).

(PLVVLRQ UHGXFWLRQV DUH SRVVLEOH E\ XVH RI PRUH HI¿FLHQW
kilns (Dankers, 1995; IPPC, 2001) and through improved
management of existing kilns, using similar techniques to the
cement industry (see Section 7.4.5.1). Switching to low-fossil
carbon fuels can further reduce CO2 emissions. The use of
solar energy has been investigated for small-scale installations
(Meier et al., 2004). It may also be possible to reduce lime
consumption in some processes, for example the sugar industry
(Vaccari et al., 2005).
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7KH PLGWHUP HPLVVLRQ SRWHQWLDO IRU HQHUJ\ HI¿FLHQF\
improvements is less than half of what corresponds to the range
RI HI¿FLHQFLHV UHSRUWHG E\ %HHUNHQV DQG YDQ /LPSW  
ZKLFK DOVR UHÀHFW GLIIHUHQFHV LQ SURGXFW TXDOLW\ DQG IXUQDFH
age. The global potential for emissions reduction from fuel
switching is unknown. The main mitigation options in the
industry include: improved process control, increased use (up
to 100%) of cullet (Kirk-Othmer, 2005), increased furnace size,
use of regenerative heating, oxy-fuel technology, batch and
cullet pre-heating, reduction of reject rates (Beerkens and van
Limpt, 2001), use of natural gas instead of fuel oil, and CO2
capture for large oxy-fuel furnaces. High caloric value biogas
could be used to reduce net CO2 emissions, but potential new
break-through technologies are not in sight.
7.4.5.4

Ceramics

The range of commercial ceramics products is large and
LQFOXGHVEULFNVURRIZDOODQGÀRRUWLOHVUHIUDFWRU\FHUDPLFV
sanitary ware, tableware and cookware and other products. In
terms of volume, the production of bricks and tiles dominate.
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The main raw materials used in the brick industry include clay
and kaolin. Production technologies and respective energy
HI¿FLHQFLHVYDU\WUHPHQGRXVO\IURPODUJHLQGXVWULDORSHUDWLRQV
to cottage and artisan production, which are still very common
in many developing countries. The main fuels used in modern
LQGXVWULDO NLOQV DUH QDWXUDO JDV DQG IXHO RLO 6SHFL¿F HQHUJ\
consumption varies considerably for different products and
NLOQGHVLJQV7KH(8%5()&HUDPLFV  UHSRUWHGVSHFL¿F
energy consumptions for modern industrial brick production of
1.4 to 2.4 GJ/t of product.
Small-scale kilns – used mainly for brick production – are
often used in developing countries. Wood, agricultural residues
DQG FRDO )$2   DUH WKH PDLQ IXHOV XVHG ZLWK VSHFL¿F
energy consumptions of 0.8 to 2.8 GJ/t of brick for the smallto medium sized kilns, and 2 to 8 GJ/t of brick for the very
small-scale kilns used by cottage industries and artisans (FAO,
1993). Producers also utilize the energy contained in the organic
fraction of clay and shale as well as in pore forming agents
(e.g., sawdust) added to the clay in the production process. CO2
emissions from the calcination of carbonates contained in clay
and shale typically contribute 20 to 50% of total emissions.
The current choices of building materials and kiln technologies
are closely related to local traditions, climate, and the costs of
labour, capital, energy and transport, as well as the availability
of alternative fuels, raw materials and construction materials.
Reliable international statistics on the production of ceramics
products are not available. Consumption of bricks, tiles and
other ceramic products in tonnes per capita per year is estimated
at 1.2 in China (Naiwei, 2004); 0.4 in the EU (EU-BREF
Ceramics, 2005), 0.1 in the USA (USGS, 2005), and 0.25, 0.12,
and 0.05 for Pakistan, India and Bangladesh (FAO, 1993). This
suggests that the global production of ceramic products exceeds
2 Gt/yr, leading to the emission of more than 400 MtCO2 (110
MtC) per year from energy use and calcination of carbonates.
$GGLWLRQDO UHVHDUFK WR EHWWHU XQGHUVWDQG WKH HPLVVLRQ SUR¿OH
and mitigation options for the industry is needed.
*+* PLWLJDWLRQ RSWLRQV LQFOXGH WKH XVH RI PRUH HI¿FLHQW
kiln design and operating practices, fuel switching from coal
to fuel oil, natural gas and biomass, and partial substitution
RIFOD\DQGVKDOHE\DOWHUQDWLYHUDZPDWHULDOVVXFKDVÀ\DVK
Mitigation options could also include the use of alternative
building materials such as wood or bricks made from lime
and sand. However, emissions over the whole life cycle of the
products including their impact on the energy performance of
the building need to be considered.
7.4.6

Pulp and paper

The pulp and paper industry is a highly diverse and increasing
global industry. In 2003, developing countries produced 26%
of paper and paperboard and 29% of global wood products;
31% of paper and paperboard output was traded internationally
(FAOSTAT, 2006). Direct emissions from the pulp, paper,

paperboard and wood products industries are estimated to be
264 MtCO2/yr (72 MtC/yr) (Miner and Lucier, 2004). The
industry’s indirect emissions from purchased electricity are less
certain, but are estimated to be 130 to 180 MtCO2/yr (35 to 50
MtC/yr) (WBCSD, 2005).
7.4.6.1

Mitigation options

8VHRIELRPDVVIXHOV The pulp and paper industry is more
reliant on biomass fuels than any other industry. In developed
countries biomass provides 64% of the fuels used by wood
products facilities and 49% of the fuel used by pulp, paper and
paperboard mills (WBCSD, 2005). Most of the biomass fuel
used in the pulp and paper industry is spent pulping liquor, which
contains dissolved lignin and other materials from the wood
that are not used in paper production. The primary biomass fuel
in the wood-products sector is manufacturing residuals that are
not suitable for use as byproducts.
8VHRIFRPELQHGKHDWDQGSRZHU In 2002, the pulp and paper
industry used cogeneration to produce 40% of its electricity
requirements in the USA (US DOE, 2002) and over 30% in the
EU (CEPI, 2001), and that use continues to grow.
%ODFN OLTXRU JDVL¿FDWLRQ Black liquor is the residue from
chemical processing to produce wood pulp for papermaking. It
FRQWDLQVDVLJQL¿FDQWDPRXQWRIELRPDVVDQGLVFXUUHQWO\EHLQJ
EXUQHG DV D ELRPDVV IXHO 5 ' LV XQGHUZD\ RQ JDVL¿FDWLRQ
RI WKLV PDWHULDO WR LQFUHDVH WKH HI¿FLHQF\ RI HQHUJ\ UHFRYHU\
*DVL¿FDWLRQFRXOGDOVRFUHDWHWKHSRWHQWLDOWRSURGXFHV\QIXHOV
and apply CCS technology. IEA (2006a) estimates a 10 to 30
MtCO2 (2.7 to 8.1 MtC) mitigation potential for this technology
LQ:KLOHJDVL¿FDWLRQZRXOGLQFUHDVHWKHHQHUJ\HI¿FLHQF\
of pulp and paper plants, the industry as a whole would not
become a net exporter of biomass energy (Farahani et al.,
2004).
5HF\FOLQJ 5HFRYHU\ UDWHV IRU ZDVWH SDSHU GH¿QHG DV
the percentage of domestic consumption that is collected for
reuse) in developed countries are typically at least 50% and
are over 65% in Japan and parts of Europe (WBCSD, 2005).
*OREDOO\ WKH XWLOL]DWLRQ UDWH GH¿QHG DV WKH IUDFWLRQ RI ¿EUH
IHHGVWRFN VXSSOLHG E\ UHFRYHUHG ¿EUH  ZDV DERXW  LQ
2004 (IEA, 2006a). The impact of this recycling is complex,
DIIHFWLQJ WKH HPLVVLRQV SUR¿OH RI SDSHU SODQWV IRUHVWV DQG
ODQG¿OOV$QXPEHURIVWXGLHVH[DPLQHWKHLPSDFWVRIUHF\FOLQJ
on life-cycle GHG emissions (Pickens et al., 2002, Bystrom
and Lonnstedt, 1997). These and other studies vary in terms
of boundary conditions and assumptions about end-of-life
management, and none attempt to examine potential indirect
impacts of recycling on market-based decisions to leave land
in forest rather than convert it to other uses. Although most
EXWQRWDOO RIWKHVHVWXGLHV¿QGWKDWSDSHUUHF\FOLQJUHGXFHV
life-cycle emissions of GHG compared to other means of
managing used paper, the analyses are dependent on study
ERXQGDU\FRQGLWLRQVDQGVLWHVSHFL¿FIDFWRUVDQGLWLVQRW\HW
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possible to develop reliable estimates of the global mitigation
potential related to recycling. However, both the USA (US
EPA, 2002) and EU (EC, 2004) identify paper recycling as a
GHG emissions reduction option.
7.4.6.2

Food

Most food industry products are major commercial
commodities, particularly for developing countries, and are
quite energy-intensive. The most important products from a
FOLPDWHSHUVSHFWLYHDUHVXJDUSDOPRLOVWDUFKDQGFRUQUH¿QLQJ
since these can be a source of fuel products. The sugar cane
industry produces 1.2 Gt sugar/yr. (Banda, 2002) from about
1670 mills, mostly located in tropical developing countries
6LPV   (GLEOH RLOV DUH DQRWKHU VLJQL¿FDQW SURGXFW WKH
exports of which support many developing country economies.
Malaysia, the world’s largest producer and exporter of palm oil,
has 3.5 Mha under palm oil production (UNDP, 2002), whilst
Sri Lanka, the world’s fourth largest producer of coconut oils,
has 0.4 Mha under cultivation (Kumar et al., 2003).
&RUQ UH¿QLQJ LQFOXGLQJ ZHW FRUQ PLOOLQJ KDV EHHQ WKH
fastest growing market for US agriculture over the past twenty
years (CRA, 2002). Further growth is projected as a result of the
demand for ethanol as an automotive fuel. Corn wet milling is
the most energy-intensive food industry, using 15% of total US
food industry energy (EIA, 2002). Over 100 technologies and
470

7.4.7.1

Production processes, emissions and emission
intensities

Emission reduction potential

%HFDXVHRILQFUHDVHGXVHRIELRPDVVDQGHQHUJ\HI¿FLHQF\
improvements, the GHG emissions from the pulp and paper
industry have been reduced over time. Since 1990, CO2
emission intensity of the European paper industry has decreased
by approximately 25% (WBCSD, 2005), the Australian pulp
and paper industry about 20% (A3P, 2006), and the Canadian
pulp and paper industry over 40% (FPAC, n.d.). Fossil fuel use
by the US pulp and paper industry declined by more than 50%
between 1972 and 2002 (AF&PA, 2004). However, despite
these improvements, Martin et al. (2000) found a technical
potential for GHG reduction of 25% and a cost-effective
potential of 14% through widespread adoption of 45 energysaving technologies and measures in the US pulp and paper
industry. Möllersten et al. (2003) found that CO2 emissions
from the Swedish pulp and paper industry could be reduced by
0.5 to 5.0 MtCO2/yr (0.14 to 1.4 MtC/yr) at negative cost using
commercially available technologies, primarily by generating
more biomass-based electricity to displace carbon-intensive
electricity from the grid. The large variation in the results
UHÀHFWHG YDU\LQJ DVVXPSWLRQV DERXW WKH FDUERQ LQWHQVLW\ RI
displaced electricity and the impacts of ‘industrial valuation’
compared with ‘societal valuation’ of capital. Inter-country
comparisons of energy-intensity in the mid-1990s suggest
that fuel consumption by the pulp and paper industry could be
reduced by 20% or more in a number of countries by adopting
best practices (Farla et al., 1997).
7.4.7

PHDVXUHVIRULPSURYLQJHQHUJ\HI¿FLHQF\RIFRUQZHWPLOOLQJ
KDYHEHHQLGHQWL¿HG *DOLWVN\et al., 2003).

The main production processes for the food industry are
almost identical, involving preparatory stages including crushing,
SURFHVVLQJUH¿QLQJGU\LQJDQGSDFNDJLQJ0RVWSURGXFHSURFHVV
residuals, which typically go to waste. Food production requires
electricity, process steam and thermal energy, which in most
cases are produced from fossil fuels. The major GHG emissions
from the food industry are CO2 from fossil fuel combustion in
boilers and furnaces, CH4 (GWP=21 (IPCC, 1995)) and N2O
(GWP = 310 (IPCC, 1995)) from waste water systems.
The largest source of food industry emissions is CH4 from
waste water treatment, which could be recovered for energy
generation. For example, the Malaysian palm oil industry emits
an estimated 5.17 MtCO2-eq (1.4 MtC-eq) from open-ponding
systems that could generate 2.25 GWh of electricity while
VLJQL¿FDQWO\UHGXFLQJ*+*HPLVVLRQV <HRK (PLVVLRQV
from the Thai starch industry (Cohen, 2001) are estimated at
370 ktCO2-eq/yr (101 ktC-eq/yr), 88% were from waste water
treatment, 8% from combustion of fuel oil and 4% from grid
electricity. Although individual food industry factory emissions
DUH ORZ WKHLU FXPXODWLYH HIIHFW LV VLJQL¿FDQW LQ YLHZ RI WKH
large numbers of factories in both developed and developing
countries. Typical energy intensities estimated at about 11
GJ/t for edible oils, 5 GJ/t for sugar and 10 GJ/t for canning
operations (UNIDO, 2002).
7.4.7.2

Mitigation opportunities

The most important mitigation opportunities to reduce food
industry GHG emissions in the near- and medium-term include
technology and processes related to good housekeeping and
improved management, improvements in both cross-cutting
systems (e.g., boilers, steam and hot water distribution, pumps,
FRPSUHVVRUV DQG IDQV  DQG SURFHVVVSHFL¿F WHFKQRORJLHV
LPSURYHGSURFHVVFRQWUROVPRUHHI¿FLHQWSURFHVVGHVLJQVDQG
process integration (Galitsky et al., 2001), cogeneration to
produce electricity for own use and export (Cornland, 2001),
and anaerobic digestion of residues to produce biogas for
electricity generation and/or process steam (Yeoh, 2004). These
WHFKQRORJLHVZHUHGLVFXVVHGLQ6HFWLRQEXWVRPHVSHFL¿F
food industry applications are presented below.
In Brazil, electricity sales to the grid from bagasse cogeneration reached 1.6 TWh in 2005 from an installed capacity of
400 MW. This capacity is expected to increase to 1000 MW with
implementation of a government-induced voluntary industry
programme (Moreira, 2006). In India, the sugar industry has
GLYHUVL¿HGLQWRFRJHQHUDWLRQRISRZHUDQGSURGXFWLRQRIIXHO
ethanol. Cogeneration began in 1993–1994, and as of 2004
reached 680 MW. Full industry potential is estimated at 3500
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MW. In 2001, India instituted a mixed fuel programme requiring
use of a 5% ethanol blend, which will create an annual demand
for 500 M litres of ethanol (Balasubramaniam, 2005).
Application of traditional boilers with improved combustion
and CEST (Condensing Extraction Steam Turbines) in the
southern African sugar industry could produce surpluses of 135
MW for irrigation purposes and 1620 MW for export to the
national grid (Yamba and Matsika, 2003) in 2010. Sims (2002)
found that if all 31 of Australia’s existing sugar mills were
converted to CEST technology, they could generate 20 TWh/yr
of electricity and reduce emissions by 16 MtCO2/yr (4.4 MtC/
\U  DVVXPLQJ WKH\ UHSODFHG FRDO¿UHG HOHFWULFLW\ JHQHUDWLRQ
Gasifying the biomass and using it in combined cycle gas turbine
could double the CO2 savings (Cornland, 2001). Proposed CDM
projects in the Malaysian palm oil industry (UNDP, 2002), and
the Thai starch industry (Cohen, 2001) demonstrated that use
of advanced anaerobic methane reactors to produce electricity
would yield a GHG emission reduction of 56 to 325 ktCO2eq/yr (15 to 90 MtC-eq/yr). Application of improved energy
management practices in the coconut industry (Kumar et al.,
2003) and bakery industry (Kannan and Boy, 2003) showed
VLJQL¿FDQWVDYLQJRIWRLQHQHUJ\FRQVXPSWLRQIRUWKH
former and a modest saving of 6.5% for the latter. In the long
term, use of residue biomass generated from the food industry
LQVWDWHRIWKHDUW%LRPDVV,QWHJUDWHG*DVL¿HU&RPELQHG&\FOH
(BIG/CC) technologies, could double electricity generation
and GHG savings compared to CEST technology (Yamba and
Matsika, 2003; Cornland et al., 2001).
Virtually all countries have environmental regulations of
varied stringency, which require installations including the
IRRGLQGXVWU\WROLPLW¿QDOHIÀXHQW%2' %LRFKHPLFDO2[\JHQ
Demand) in the waste water before discharge into waterways.
6XFKPHDVXUHVDUHFRPSHOOLQJLQGXVWULHVWRXVHPRUHHI¿FLHQW
waste water treatment systems. The recently introduced EUdirective requiring Best Available Techniques (BAT) as a
condition for environmental permits in the fruit and vegetable
processing industry (Dersden et al., 2002) will compel EU
industry in this sector to introduce improved waste water
SXUL¿FDWLRQSURFHVVHVWKHUHE\UHGXFLQJIXJLWLYHHPLVVLRQVGXH
to anaerobic reactions.
7.4.8

Other industries

This section covers a selection of other industries with
VLJQL¿FDQWHPLVVLRQVRIKLJK*:3JDVHV:KLOHVRPHDQDO\VHV
include all emissions of these gases in the industrial sector, this
chapter will consider only those which actually occur in the
industrial sector. Thus, HFC and PFC emissions from use of
automotive and residential air conditioning are covered in Chapter
5, section 5.2.1 and Chapter 6, section 6.8.4 respectively.
The manufacture of semiconductors, liquid crystal display
and photovoltaic cells can result in the emissions of PFCs, SF6,
NF3 and HFC-23 (IPCC, 2006). The technology available to

reduce these emissions from semiconductor manufacturing,
and the World Semiconductor Council (WSC) commitment
to reduce PFC emissions by at least 10% by 2010 from 1995levels are discussed in the TAR (IPCC, 2001a). US EPA
(2006a) reports that emission levels from semiconductor
manufacture were about 30 MtCO2-eq (7 MtC-eq) in 2000, and
WKDWVLJQL¿FDQWJURZWKLQHPLVVLRQVZLOORFFXUXQOHVVWKH:6&
commitment is implemented globally and strengthened after
2010. US EPA (2006a) estimates that this 10% reduction could
occur cost-effectively through replacement of C2F6 by C3F8
(which has a lower GWP), NF3 remote cleaning of the chemical
vapour deposition chamber, or capturing and recycling of SF6.
Emissions from the production of liquid crystal displays and
photovoltaic cells, mainly located in Asia, Europe and the
USA, are growing rapidly and mitigation options need further
research.
SF6 emissions in 2000 from the production of medium and
high voltage electrical transmission and distribution equipment
were estimated at about 10 MtCO2-eq (2.8 MtC-eq) (IEA GHG,
2001). These emissions, mainly located in Europe and Japan, are
estimated to have declined, despite a 60% growth in production
between 1995 and 2003, mainly due to targeted training of staff
and improved gas handling and test procedures at production
sites. Emissions of SF6 at the end-of-life of electrical equipment
are growing in relevance, and US EPA (2006b) estimates total
SF6 emissions from production, use and disposal of electrical
equipment at 27 MtCO2 in 2000 growing to 66 MtCO2 in 2020,
if no mitigation actions are taken. Emissions from disposal of
electrical equipment could be reduced by implementation of a
comprehensive recovery system, addressing all entities involved
in handling and dismantling this equipment (Wartmann and
Harnisch, 2005).
$ WKLUG JURXS RI LQGXVWULHV WKDW HPLWV K\GURÀXRURFDUERQV
(HFCs) includes those manufacturing rigid foams, refrigeration
and air conditioning equipment and aerosol cans, as well as
LQGXVWULHV XVLQJ ÀXRULQDWHG FRPSRXQGV DV VROYHQWV RU IRU
cleaning purposes. This group of industries previously used
ozone-depleting substances (ODS), which are subject to
GHFOLQLQJSURGXFWLRQDQGXVHTXRWDVGH¿QHGXQGHUWKH0RQWUHDO
Protocol. As part of the phase out of ODS, many of them have
switched to HFCs as replacements, or intend to do so in the
future. Mitigation options include improved containment,
training of staff, improved recycling at the end-of-life, the use
of very low GWP alternatives, and the application of not-in-kind
technologies. A detailed discussion of use patterns, emission
projections and mitigation options for these applications can be
found in IEA GHG (2001), IPCC/TEAP (2005) and more recent
US EPA reports (2006a,b).
IEA GHG (2001) estimated that global fugitive emissions
from the production of HFCs will rise from 2 MtCO2-eq (0.6
MtC-eq) in 1996 to 8 MtCO2-eq (2.2 MtC-eq) by 2010. Solvent
and cleaning uses of HFCs and PFCs are commonly emissive
despite containment and recycling measures. IEA GHG (2001)
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forecast that these emissions would increase to up to 20 MtCO2eq/yr (5.5 MtC-eq/yr) by 2020. However other analyses suggest
a more moderate growth in emissions from solvent applications
to about 5 MtCO2-eq/yr (1.4 MtC-eq/yr) by 2020 (IPCC/TEAP,
2005).

economic factors (e.g., costs and discount rates). In many cases
VWXG\ DVVXPSWLRQV DUH QRW VSHFL¿HG PDNLQJ LW LPSRVVLEOH WR
adjust the studies to a common basis, or to quantify overall
uncertainty. A full discussion of the basis for evaluating costs in
this report appears in Chapter 2.5.

7.4.9

7DEOH  SUHVHQWV DQ DVVHVVPHQW RI WKH LQGXVWU\VSHFL¿F
literature. Mitigation potential and cost for industrial CO2
emissions were estimated as follows:
(1) Price et al. (2006)’s estimates for 2030 production rate
by industry and geographic area for the SRES A1 and B2
scenarios (IPCC, 2000b) were used.
(2) Literature estimates of mitigation potential were used, where
available. In other cases, mitigation potential was estimated
by assuming that current best practice could be achieved by
all plants in 2030.
(3) Literature estimates of mitigation cost were used, where
available. When literature values were not available, expert
judgment (informed by the available literature and data)
was used to assign costs to mitigation technology.

Inter-industry options

Some options for reducing GHG emissions involve more
than one industry, and may increase energy use in one industry
to achieve a greater reduction in energy use in another industry
or for the end-use consumer. For example, the use of granulated
slag in Portland cement may increase energy use in the steel
industry, but can reduce both energy consumption and CO2
emissions during cement production by about 40%. Depending
on the concrete application, slag content can be as high as 60% of
the cement, replacing an equivalent amount of clinker (Cornish
and Kerkhoff, 2004). Lightweight materials (high-tensile steel,
aluminium, magnesium, plastics and composites) often require
more energy to produce than the heavier materials they replace,
but their use in vehicles will reduce transport sector energy use,
leading to an overall reduction in global energy consumption.
Life-cycle calculations (IAI, 2000) indicate that the CO2
emission reductions in vehicles resulting from the weight
reduction achieved by using aluminium more than offsets the
GHG emissions from producing the aluminium.
Co-siting of industries can achieve GHG mitigation by
allowing the use of byproducts as useful input and by integrating
energy systems. In Kalundborg (Denmark) various industries
(e.g., cement and pharmaceuticals production and a CHP plant)
form an eco-industrial park that serves as an example of the
LQWHJUDWLRQRIHQHUJ\DQGPDWHULDOÀRZV +HHUHVet al., 2004).
Heat-cascading systems, where waste heat from one industry
is used by another, are a promising cross-industry option for
saving energy. Based on the Second Law of Thermodynamics,
Grothcurth et al. (1989) estimated up to 60% theoretical energy
saving potential from heat cascading systems. However,
Matsuhashi et al. (2000) found the practical potential of these
systems was limited to approximately 5% energy saving. Actual
SRWHQWLDOZLOOGHSHQGRQVLWHVSHFL¿FFRQGLWLRQV

7.5 Short- and medium-term mitigation
potential and cost
Limited information is available on mitigation potential and
cost9LQLQGXVWU\EXWLWLVVXI¿FLHQWWRGHYHORSDJOREDOHVWLPDWH
for the industrial sector. Available studies vary widely with
respect to system boundaries, baseline, time period, subsectors
included, completeness of mitigation measures included, and

9

Cost estimates are reported as 2030 mitigation potential below
a given cost level. In most cases it was not possible to develop
a marginal abatement cost curve that would allow estimation
of mitigation potential as a function of cost. Estimates have
not been made for some smaller industries (e.g., glass) and for
the food industry. One or more of the critical inputs needed for
these estimates were missing.
Table 7.8 should be interpreted with care. It is based on
a limited number of studies – sometimes only one study per
industry – and implicitly assumes that current trends will
continue until 2030. Key uncertainties in the projections include:
the rate of technology development and diffusion, the cost of
future technology, future energy and carbon prices, the level
of industrial activity in 2030, and policy driver, both climate
and non-climate. The use of two scenarios, A1B and B2, is an
attempt to bracket the range of these uncertainties.
Table 7.8 projects 2030 mitigation potential for the industrial
sector at a cost of <100 US$/tCO2-eq (<370 US$/tC-eq) of 3.0 to
6.3 GtCO2-eq/yr (0.8 to 1.7 GtC-eq/yr) under the A1B scenario,
and 2.0 to 5.1 GtCO2-eq/yr (0.6 to 1.4 GtC-eq/yr) under the B2
scenario. The largest mitigation potentials are found in the steel,
cement, and pulp and paper industries and in the control of nonCO2 gases. Much of that potential is available at <50 US$/tCO2eq (<180 US$/tC-eq). Application of CCS technology offers a
large additional potential, albeit at higher cost (low agreement,
little evidence).
Some data are available on industrial sector mitigation
potential and cost by country or region. However, an attempt

Mitigation potential is the ‘economic potential’, which is deﬁned as the amount of GHG mitigation that is cost-effective for a given carbon price, with energy savings included,
when using social discount rates (3-10%).
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to build-up a global estimate from this data was unsuccessful.
Information was lacking for the former Soviet Union, Africa,
Latin America and parts of Asia.
7.5.1

Electricity savings

Electricity savings are of particular interest, since they
feedback into the mitigation potential calculation for the energy
sector and because of the potential for double counting of the
emissions reductions. Section 7.3.2 indicates that in the EU and
USA electric motor driven systems account for about 65% of
LQGXVWULDO HQHUJ\ XVH DQG WKDW HI¿FLHQW V\VWHPV FRXOG UHGXFH
this use by 30%. About one-third of the savings potential
was assumed to be realized in the baseline, resulting in a net
mitigation potential of 13% of industrial electricity use. This
mitigation potential was included in the estimates of mitigation
potential for energy-intensive industries presented in Table
7.8. However, it is also necessary to consider the potential for
electricity savings from non-energy-intensive industries, which
are large consumers of electricity.
The estimation procedure used to develop these numbers
was as follows: Because data could not be found on other
countries/regions, US data (EIA, 2002) on electricity use as a
fraction of total energy use by industry and on the fraction of
electricity use consumed by motor driven systems was taken
as representative of global patterns. Based on De Keulenaer
et al. (2004) and Xenergy (1998), a 30% mitigation potential
was assumed. Emission factors to convert electricity savings
into CO2 reductions were derived from IEA data (IEA, 2004).
The emission reduction potential from non-energy-intensive
industries were calculated by subtracting the savings from
energy-intensive industries from total industrial emissions
reduction potential. Using the B2 baseline, 49% of total
electricity savings are found in industries other than those
LGHQWL¿HGLQ7DEOH
7.5.2

Non-CO2 gases

Table 7.9 shows mitigation potential for non-CO2 gases
in 2030 based on a global study conducted by the US
EPA (2006a,b), which projected emission and mitigation
costs to 2020. Emissions in 2030 were projected by linear
extrapolation by region using 2010 and 2020 data. Mitigation
costs were assumed to be constant between 2020 and 2030,
and interpolated from US EPA data, which used different cost
categories. The analysis uses US EPA’s technical adoption
scenario, which assumes that industry will continue meeting
its voluntary commitments. The SRES A1B and B2 scenarios
used as the base case for the rest of this chapter do not include
VXI¿FLHQW GHWDLO RQ QRQ&22 gases to allow a comparison of
WKHWZRDSSURDFKHV,3&&7($3  FRQWDLQVVLJQL¿FDQWO\
different estimates of 2015 baseline emissions for HFCs and
PFCs in some sectors compared to Table 7.9. We note that these
emissions are reported by end-use, not by the sectoral approach

XVHGLQWKLVUHSRUWDQGWKDWLQVXI¿FLHQWLQIRUPDWLRQLVSURYLGHG
to extrapolate to 2030. Caprolactam projections were not
found in the literature. They were estimated based on historical
data from a variety of industry sources. Mitigation costs and
potentials were estimated by applying costs and potential from
nitric acid production.
7.5.3

Summary and comparison with other studies

Using the SRES B2 as a baseline (see Section 11.3.1), Table
7.10 summarizes the mitigation potential for the different cost
categories. To avoid double counting, the total mitigation
potential as given in Table 7.8 has been corrected for changes
in emission factors of the transformation sectors to arrive at the
¿JXUHVLQFOXGHGLQ7DEOH VHHDOVR&KDSWHUWDEOH 
Two recent studies provide bottom-up, global estimates of
GHG mitigation potential in the industrial sector in 2030. IEA
(2006a) used its Energy Technology Perspectives Model (ETP),
which belongs to the MARKAL family of bottom-up modelling
tools, to estimate mitigation potential for CO2 from energy use
in the industrial sector to be 5.4 Gt/yr (1.5 GtC/yr) in 2050. IEA’s
base case was an extrapolation of its World Energy Outlook
2005 Reference Scenario, which projected energy use to 2030.
IEA provides ranges for mitigation potential in 2030 for nine
groups of technologies totalling about 2.5 to 3.0 GtCO2/yr (0.68
to 0.82 GtC/yr). Mitigation cost is estimated at <25 US$/tCO2
(<92 US$/tC) (2004 US$). While IEA’s estimate of mitigation
potential is in the range found in this assessment, their estimate
RIPLWLJDWLRQFRVWLVVLJQL¿FDQWO\ORZHU
ABARE (Matysek et al., 2006) used its general equilibrium
model of the world economy (GTEM) to estimate the emission
reduction potential associated with widespread adoption of
DGYDQFHG WHFKQRORJLHV LQ ¿YH NH\ LQGXVWULHV LURQ DQG VWHHO
cement, aluminium, pulp and paper, and mining. In the most
optimistic ABARE scenario, industrial sector emissions across
all gases are reduced by an average of about 1.54 GtCO2-eq/
yr) (0.42GtC-eq/yr) over the 2001 to 2050 time frame and
2.8 GtCO2-eq/yr (0.77 GtC-eq/yr) over the 2030-2050 time
frame, relative to the GTEM reference case, which assumes
HQHUJ\ HI¿FLHQF\ LPSURYHPHQWV DQG FRQWLQXDWLRQ RI FXUUHQW
or announced future government policy. The ABARE carbon
dioxide only industry mitigation potential for the period 2030–
2050 of approximately 1.94 GtCO2-eq/yr (0.53GtC/yr) falls
below the range developed in this assessment. This outcome
is the likely result of differences in the modelling approaches
used – ABARE’s GTEM model is a top down model whereas
the mitigation potentials in this assessment are developed using
detailed bottom-up methodologies. ABARE did not estimate
the cost of these reductions.
The TAR (IPCC, 2001a) developed a bottom up estimate of
mitigation potential in 2020 for the industrial sector of 1.4 to
1.6 GtC (5.1 to 5.9 GtCO2) based an SRES B2 scenario baseline
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Table 7.8: Mitigation potential and cost in 2030
2030 production
(Mt)a
Product

Areab

A1

I

B2

GHG intensity
(tCO2-eq/t
prod.)

Mitigation
potential
(%)

Cost range
(US$)

Mitigation potential
(MtCO2-eq/yr)
A1

I

B2

CO2 emissions from processes and energy use
Steelc,d

Global

1,163

1,121

1.6-3.8

15-40

20-50

430-1,500

420-1,500

OECD

370

326

1.6-2.0

15-40

20-50

90-300

80-260

EIT

162

173

20.-3.8

25-40

20-50

80-240

85-260

Dev. Nat.

639

623

1.6-3.8

25-40

20-50

260-970

250-940

Primary

Global

39

37

8.4

15-25

<100

53-82

49-75

aluminiume,f

OECD

12

11

8.5

15-25

<100

16-25

15-22

EIT

9

6

8.6

15-25

<100

12-19

8-13

19

20

8.3

15-25

<100

25-38

26-40

Global

6,517

5,251

0.73-0.99

11-40

<50

720-2,100

480-1,700

OECD

600

555

0.73-0.99

11-40

<50

65-180

50-160

Dev. Nat.
Cementg,h,i

EIT

362

181

0.81-0.89

11-40

<50

40-120

20-60

5,555

4,515

0.82-0.93

11-40

<50

610-1,800

410-1,500

Global

329

218

1.33

20

<20

85

58

OECD

139

148

1.33

20

<20

35

40

Dev. Nat.
Ethylenej

EIT

Ammoniak,l

19

11

1.33

20

<20

5

3

Dev. Nat.

170

59

1.33

20

<20

45

15

Global

218

202

1.6-2.7

25

<20

110

100

OECD

23

20

1.6-2.7

25

<20

11

10

EIT

21

23

1.6-2.7

25

<20

10

12

175

159

1.6-2.7

25

<20

87

80

Petroleum

Global

Dev. Nat.

4,691

4,508

0.32-0.64

10-20

Half <20

150-300

140-280

reﬁningm

OECD

2,198

2,095

0.32-0.64

10-20

Half <50

70-140

67-130

384

381

0.32-0.64

10-20

“

12-24

12-24

EIT

Pulp and
papern

Dev. Nat.

2,108

2,031

0.32-0.64

10-20

“

68-140

65-130

Global

1,321

920

0.22-1.40

5-40

<20

49-420

37-300

OECD

695

551

0.22-1.40

5-40

<20

28-220

22-180

65

39

0.22-1.40

5-40

<20

3-21

2-13

561

330

0.22-1.40

5-40

<20

18-180

13-110

EIT
Dev. Nat.

Notes and sources:
a Price et al., 2006.
b Global total may not equal sum of regions due to independent rounding.
c Kim and Worrell, 2002a.
d Expert judgement.
e Emission intensity based on IAI Life-Cycle Analysis (IAI, 2003), excluding alumina production and aluminium shaping and rolling. Emissions include anode
manufacture, anode oxidation and power and fuel used in the primary smelter.
PFC emission included under non-CO2 gases.
f Assumes upgrade to current state-of-the art smelter electricity use and 50%
penetration of zero emission inert electrode technology by 2030.
g Humphreys and Mahasenan, 2002.
h Hendriks et al., 1999.
i Worrell et al., 1995.
j Ren et al., 2005.
k Basis for estimate: 10 GJ/t NH difference between the average plant and the
3
best available technology (Figure 7.2) and operation on natural gas (Section
7.4.3.2).
l Raﬁqul et al., 2005.
m Worrell and Galitsky, 2005.
n Farahani et al., 2004.
o The process emissions from ammonia manufacturing (based on natural gas)
are about 1.35 tCO2/t NH3 (De Beer, 1998). However, as noted in Section
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7.4.3.2, the fertilizer industry uses nearly half of the CO2 it generates for the
production of urea and nitrophosphates. The remaining CO2 is suitable for
storage. IPCC (2005a) indicates that it should be possible to store essentially
all of this remaining CO2 at a cost of <20 US$/t.
p IPCC, 2005a.
q US reﬁneries use about 4% of their energy input to manufacture hydrogen
(Worrell and Galitsky, 2005). Reﬁnery hydrogen production is expected to
increase as crude slates become heavier and the demand for clean products
increases. We assume that in 2030, 5% of reﬁnery energy use worldwide will
be used for hydrogen production, and that the byproduct CO2 will be suitable
for carbon storage.
r Total potential and application potential derived from IEA, 2006a. Subdivision
into regions based in production volumes and carbon intensities. IEA, 2006a
does not provide a regional breakdown.
s Extrapolated from US EPA, 2006b. This publication does not use the SRES
scenarios as baselines.
t See Section 7.5.1 for details of the estimation procedure.
u Due to gaps in quantitative information (see the text) the column sums in this
table do not represent total industry emissions or mitigation potential. Global
total may not equal sum of regions due to independent rounding.
v The mitigation potential of the main industries include electricity savings. To
prevent double counting with the energy supply sector, these are shown separately in Chapter 11.
w Mitigation potential for other industries includes only reductions for reduced
electricity use for motors. Limited data in the literature did not allow estimation
of the potential for other mitigation options in these industries.
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Table 7.8: Continued
2030 production
(Mt)a
Product

Areab

A1

I

Mitigation potential
(MtCO2-eq)

B2

CCS Potential
(tCO2/t)

Mitigation
potential
(%)

Cost range
(US$)

202

0.5

about 100

<50

150

I

A1

B2

Carbon Capture and Storage
Ammoniao,p

Global

218

140

OECD

23

20

0.5

about 100

<50

15

13

EIT

21

23

0.5

about 100

<50

14

16

175

159

0.5

about 100

<50

120

Petroleum

Global

Dev. Nat.

4,691

4,508

0.032-0.064

about 50

<50

75-150

72-150

Reﬁningm,p,q

OECD

2,198

2,095

0.032-0.064

about 50

<50

35-70

34-70

384

381

0.032-0.064

about 50

<50

6-12

6-12

EIT

Cementr

Iron and Steel

110

Dev. Nat.

2,108

2,031

0.032-0.064

about 50

<50

34-70

32-65

Global

6,517

5,251

0.65-0.89

about 6

<100

250-350

200-280

OECD

600

555

0.65-0.80

about 6

<100

23-32

22-27

EIT

362

181

0.73-0.80

about 6

<100

16-17

8-9

Dev. Nat.

5,555

4,515

0.74-0.84

about 6

<100

210-300

170-240

Global

1,163

1,121

0.32-0.76

about 20

<50

70-180

70-170

OECD

370

326

0.32-0.40

about 20

<50

24-30

21-26

EIT

162

173

0.40-0.76

about 20

<50

13-25

14-26

Dev. Nat.

639

623

0.32-0.76

about 20

<50

33-120

35-120

Non-CO2 gasesr
Global

668

37% <0US$

380

OECD

305

53% <20US$

160

53

55% <50US$

29

310

57%<100US$

190

EIT
Dev. Nat.
Other industries, electricity conservations
Global

25% <20

1,100-1,300

410-540

OECD

25% <50

140-210

65-140

EIT

50% <100

340-350

71-85

d

640-700

280-320

Global

3,000-6,300

2,000-5,100

OECD

580-1,300

470-1,100

540-830

250-510

2,000-4,300

1,300-3,400

Dev. Nat.
Sumt,u,v,w

EIT
Dev. Nat.

DQGRQWKHHYDOXDWLRQRIVSHFL¿FWHFKQRORJLHV([WUDSRODWLQJWKH
TAR estimate to 2030 would give values above the upper end
of the range developed in this assessment. The newer studies
XVHG LQ WKLV DVVHVVPHQW WDNH LQGXVWU\VSHFL¿F FRQGLWLRQV LQWR
account, which reduces the risk of double counting.

7.6 Barriers to industrial GHG mitigation
Full use of mitigation options is not being made in either
industrialized or developing nations (high agreement, much

evidence). In many areas of the world, GHG mitigation is
neither demanded nor rewarded by the market or government.
In these areas, companies will invest in GHG mitigation to the
extent that other factors provide a return for their investments.
7KLV UHWXUQ FDQ EH HFRQRPLF IRU H[DPSOH HQHUJ\HI¿FLHQF\
improvements that show an economic payout. Nicholson
(2004) reported that the projects BP undertook to lower its CO2
emissions by 10% increased shareholder value by US$ 650
million. Alternatively, the return can be in terms of achievement
of a larger corporate goal, for example DuPont’s commitment
to cut its GHG emission by two-thirds as part of a larger
commitment to sustainable growth (Holliday, 2001).
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Table 7.9: Global mitigation potential in 2030 for non-CO2 gases
2030 Baseline
emissions
(MtCO2-eq)

Source
N2O from adipic and nitric acid production
N2O from caprolactam production

<20

<50

158

158

158

174

16

16

16

16

51

1.6

7.6

PFC and SF6 from semiconductor manufacture

20

9.6

9.6

SF6 from use of electrical equipment
(excluding manufacture)

74

HFC-23 from HCFC-22 production

9.3

32
9.2

39
9.2

8.2

<100

8.2

10

10

39

39

9.2

9.2

106

0

86

86

86

ODSa substitutes: aerosols

88

27

27

27

27

ODS substitutes: industrial refrigeration and cooling

80

3.5

3.5

3.5

3.5

ODS substitutes: ﬁre extinguishing

27

0

0

6.3

6.7

ODS substitutes: solvents
Total:

4.0

1.2

2.0

2.0

2.0

Global

668

249

357

364

380

OECDb

305

135

154

157

158

53

27

28

29

29

309

87

182

187

187

Economies in Transition
Developing Nations
b

20

<0

PFC from aluminium production

SF6 from magnesium production

a

190

Mitigation potential by cost category
(US$)

ODS = Ozone-Depleting Substances
Regional information given in references.

Source: Extrapolated from US EPA 2006a,b.

Even though a broad range of cost-effective GHG mitigation
technologies exist, a variety of economic barriers prevent their
full realisation in both developed and developing countries.
Policies and measures must overcome the effective costs of
capital (Toman, 2003). Industry needs a stable, transparent
policy regime addressing both economic and environmental
concerns to reduce the costs of capital.
The slow rate of capital stock turnover in many of the industries
covered in this chapter is a barrier to mitigation (Worrell and
Biermans, 2005). Excess capacity, as exists in some industries,
can further slow capital stock turnover. Policies that encourage
capital stock turnover, such as Japan’s programme to subsidize
the installation of new high performance furnaces (WEC,
2001), will increase GHG mitigation. Companies must also
take into consideration the risks involved with adopting a new
technology, the payback period of a technology, the appropriate
discount rate and transaction costs. Newer, relatively expensive
technologies often have longer payback periods and represent a
greater risk. Reliability is a key concern of industry, making new
technologies less attractive (Rosenberg, 1999). Discount rates
vary substantially across industries and little information exists
on transaction costs of mitigation options (US EPA, 2003).
5HVRXUFH FRQVWUDLQWV DUH DOVR D VLJQL¿FDQW EDUULHU WR
mitigation. Unless legally mandated, GHG mitigation will have
WRFRPSHWHIRU¿QDQFLDODQGWHFKQLFDOUHVRXUFHVDJDLQVWSURMHFWV
to achieve other company goals. Financial constraints can hinder
476

GLIIXVLRQRIWHFKQRORJLHVZLWKLQ¿UPV &DQHSDDQG6WRQHPDQ
2004). Projects to increase capacity or bring new products to
the market typically have priority, especially in developing
countries, where markets are growing rapidly and where a large
SRUWLRQ RI LQGXVWULDO FDSDFLW\ LV LQ 60(V (QHUJ\ HI¿FLHQF\
and other GHG mitigation technologies can provide attractive
rates of return, but they tend to increase initial capital costs,
which can be a barrier in locations where capital is limited. If
the technology involved is new to the market in question, even
if it is well-demonstrated elsewhere, the problem of raising
capital may be further exacerbated (Shashank, 2004). Provision
of funding for demonstration of the technology can overcome
this barrier (CPCB, 2005).
The rate of technology transfer is another factor limiting
the adoption of mitigation technologies. As documented in the
IPCC Special Report Methodological and Technological Issues
in Technology Transfer (IPCC, 2000c), lack of an enabling
environment is a barrier to technology transfer in some countries.
Even when an enabling environment is present, the ability of
industrial organizations to access and absorb information on
technologies is limited. Access to information tends to be more
of a problem in developing nations, but all companies, even
the largest, have limited technical resources to interpret and
translate the available information. The success of programmes
such as US DOE’s Industrial Technologies Programs (ITP) and
of the voluntary information sharing programmes discussed in
Section 7.9.2 is evidence of the pervasiveness of this barrier.
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Table 7.10: Estimated economic potentials for GHG mitigation in industry in 2030 for different cost categories using the SRES B2 baseline
Economic potential
<100 US$/tCO2-eq
Mitigation option

Region

Economic potential in different
cost categories

Cost category
(US$/tCO2-eq)

<0

0-20

20-50

50-100

Cost category
(US$/tC-eq)

<0

0-73

73-183

183-367

70

150

Low

High

(MtCO2-eq)
OECD
Electricity savings

300

EIT
Non-OECD/EIT

Other savings,
including non-CO2 GHG

80

20

20

40

450

100

100

250

OECD

350

900

300

250

50

EIT

200

450

80

250

20

1,200

3,300

500

1,700

80

600

1,200

350

350

200

Non-OECD/EIT
OECD
Total

70

EIT

250

550

100

250

60

Non-OECD/EIT

1,600

3,800

600

1,800

300

Global

2,500

5,500

1,100

2,400

550

McKane et al. (2005) provide a case study of the interaction
of some of these elements in their analysis of the barriers to the
DGRSWLRQRIHQHUJ\HI¿FLHQWHOHFWULFPRWRUVDQGPRWRUV\VWHPV
These include: (1) industrial markets that focus on components,
QRW V\VWHPV   HQHUJ\ HI¿FLHQF\ QRW EHLQJ D FRUH PLVVLRQ
for most industries, which results in a lack of internal support
systems for mitigation goals; and (3) lack of technical skills to
RSWLPL]HWKHV\VWHPVWRWKHVSHFL¿FDSSOLFDWLRQ±RQHVL]HGRHV
QRW¿WDOO7KH\IRXQGLQGXVWULDOHQHUJ\HI¿FLHQF\VWDQGDUGVD
useful tool in overcoming these barriers.

7.7 Sustainable Development (SD)
implications of industrial GHG
mitigation
$OWKRXJKWKHUHLVQRXQLYHUVDOO\DFFHSWHGSUDFWLFDOGH¿QLWLRQ
of SD, the concept has evolved as the integration of economic,
social and environmental aims (IPCC, 2000a; Munasinghe,
2002). Companies worldwide adopted Triple Bottom Line
¿QDQFLDOHQYLURQPHQWDODQGVRFLDOUHVSRQVLELOLW\ UHSRUWLQJLQ
the late 1990’s. The Global Reporting Initiative (GRI, n.d.), a
multi-stakeholder process, has enabled business organizations to
account for and better explain their contributions to sustainable
development. Companies are also reporting under Sigma
Guidelines (The Sigma Project, 2003a), and AA1000 (The
Sigma Project, 2003b) and SA 8000 (SAI, 2001) procedures.
Many companies are trying to demonstrate that their operations
minimize water use and carbon emissions and produce zero
solid waste (ITC, 2006). SD consequences can be observed or
monitored through various indicators grouped under the three

major categories. (See Section 12.1.1 and 12.1.3 for more
detail).
However, the SD consequences of mitigation options are not
automatic. GHG mitigation, per se, has little impact on four
of the SD indicators: poverty reduction, empowerment/gender,
water pollution and solid waste. The literature indicates that
supplementing mitigation options with appropriate national
macroeconomic policies, and with social and local waste
reduction strategies at the company level (Tata Steel, Ltd., 2005;
BEE, 2006), has achieved some sustainability goals. Economywide impact studies (Sathaye et al., 2005; Phadke et al., 2005)
show that in developing countries, like India, adoption of
HI¿FLHQWHOHFWULFLW\WHFKQRORJ\FDQOHDGWRKLJKHUHPSOR\PHQW
and income generation. However, the lack of empirical studies
leads to much uncertainty about the SD implications of
many mitigation strategies, including use of renewables, fuel
switching, feedstock and product changes, control of nonCO2 gases, and CCS. For example, fuel switching can have a
SRVLWLYHHIIHFWRQORFDODLUSROOXWLRQDQGFRPSDQ\SUR¿WDELOLW\
but its impacts on employment are uncertain and will depend on
inter-input substitution opportunities.
GHG emissions mitigation policies induce increased
innovation that can reduce the energy and capital intensity of
industry. However, this could come at the expense of other,
even more valuable, productivity-enhancing investments or
learning-by-doing efforts (Goulder and Schneider, 1999). If
policies are successful in stimulating economic activity, they are
also likely to stimulate increased energy use. GHG emissions
would increase unless policies decreased the carbon-intensity
of economic activity by more than the increase in activity.
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'XHWRHQHUJ\HI¿FLHQF\LPSURYHPHQWVDQGIXHOVZLWFKLQJLQ
OECD countries (Schipper et al., 2000; Liskas et al., 2000),
as well as in developing countries like India (Dasgupta and
Roy, 2001), China (Zhang, 2003), Korea (Choi and Ang, 2001;
Chang, 2003), Bangladesh (Bain, 2005), and Mexico (Aguayo
and Gallagher, 2005), energy and carbon intensity have
decreased, for the industry sector in general and for energyintensive industries in particular. In Mexico, deindustrialization
also played a role. For OECD countries, structural change has
also played an important role in emissions reduction. However,
overall economic activity has increased more rapidly, resulting
in higher total carbon emissions.
SMEs have played a part in advancing the SD agenda, for
example as part of coordinated supply chain or industrial park
initiatives, or by participating in research and innovation in
sustainable goods and services (Dutta et al., 2004). US DOE’s
Industrial Assessment Centers (IACs) are an example of how
60(VFDQEHSURYLGHGZLWK¿QDQFLDODQGWHFKQLFDOVXSSRUWWR
assess and identify energy and cost-saving opportunities and
training to improve human capital (US DOE, 2003).

7.8 Interaction of mitigation technologies
with vulnerability and adaptation
Industry’s vulnerability to extreme weather events arises
IURP VLWH FKDUDFWHULVWLFV IRU H[DPSOH FRDVWDO DUHDV RU ÀRRG
prone river basins (high agreement, much evidence). Because
RI WKHLU ¿QDQFLDO DQG WHFKQLFDO UHVRXUFHV ODUJH LQGXVWULDO
RUJDQL]DWLRQVW\SLFDOO\KDYHDVLJQL¿FDQWDGDSWLYHFDSDFLW\IRU
addressing vulnerability to weather extremes. SMEs typically
KDYHIHZHU¿QDQFLDODQGWHFKQLFDOUHVRXUFHVDQGWKHUHIRUHOHVV
adaptive capacity. The food processing industry, which relies
on agricultural resources that are vulnerable to extreme weather
FRQGLWLRQV OLNH ÀRRGV RU GURXJKWV LV HQJDJLQJ LQ GLDORJXH
with its supply chain to reduce GHGs emissions. Companies
are also attempting to reduce vulnerability through product
GLYHUVL¿FDWLRQ .RONDQG3LQNVH 
Linkages between adaptation and mitigation in the industrial
sector are limited. In areas dependent on hydropower,
mitigation options that reduce industrial electricity demand
will help in adapting to climate variability or change that affects
water supply (Subak et al., 2000). Many mitigation options
HJ HQHUJ\ HI¿FLHQF\ KHDW DQG SRZHU UHFRYHU\ UHF\FOLQJ 
are not vulnerable to climate change and therefore create no
additional adaptation link. Others, such as fuel switching can
be vulnerable to climate change under certain circumstances.
As the 2005 Atlantic hurricane season demonstrated, the oil
and gas infrastructure is vulnerable to weather extremes. Use
of solar or biomass energy will be vulnerable to both weather
extremes and climate change. Adaptation, the construction
of more weather resistant facilities and provision of back-up
energy supplies could reduce this vulnerability.
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7.9 Effectiveness of and experience
with policies
As noted in the TAR (IPCC, 2001b), industrial enterprises
of all sizes are vulnerable to changes in government policy
DQGFRQVXPHUSUHIHUHQFHV:KLOHWKHVSHFL¿FVRIJRYHUQPHQW
climate policies will vary greatly, all will have one of two
fundamental objectives: constraining GHG emissions or
adapting to existing or projected climate change. And while
consumers may become more sensitive to the GHG impacts
of the products and services they use, it is almost certain that
they will continue to seek the traditional qualities of low-cost,
reliability, etc. The challenge to industry will be to continue to
provide the goods and services on which society depends in a
GHG-constrained world. Industry can respond to the potential
for increased government regulation or changes in consumer
preferences in two ways: by mitigating its own GHG emissions
or by developing new, lower GHG emission products and
services. To the extent that industry does this before required
by either regulation or the market, it is demonstrating the type
of anticipatory, or planned, adaptation advocated in the TAR
(IPCC, 2001b).
7.9.1

Kyoto mechanisms (CDM and JI)

The Clean Development Mechanism (CDM) was created
under the Kyoto Protocol to allow Annex I countries to obtain
GHG emission reduction credits for projects that reduced
GHG emission in non-Annex I countries, provided that those
projects contributed to the sustainable development of the host
country (UNFCCC, 1997). As of November 2006, over 400
projects had been registered, with another 900 in some phase
of the approval process. Total emission reduction potential
of both approved and proposed projects is nearly 1.5 GtCO2
(410 MtC). The majority of these projects are in the energy
sector; as of November 2006, only about 6% of approved CDM
projects were in the industrial sector (UNFCCC, CDM, n.d.).
The concept of Joint Implementation (JI), GHG-emissions
reduction projects carried out jointly by Annex I countries or
business from Annex I countries, is mentioned in the UNFCCC,
EXWDPSOL¿HGLQWKH.\RWR3URWRFRO+RZHYHUVLQFHWKH.\RWR
Protocol does not allow JI credits to be transferred before 2008,
progress on JI implementation has been slow. Both CDM and
JI build on experience gained in the pilot-phase Activities
Implemented Jointly (AIJ) programme created by the UNFCCC
in 1995 (UNFCCC, 1995). A fuller discussion of CDM, JI and
AIJ appears in Section 13.3.3.
7.9.1.1

Regional differences

Project-based mechanisms are still in their early stages of
LPSOHPHQWDWLRQ EXW VLJQL¿FDQW GLIIHUHQFHV KDYH HPHUJHG LQ
the ability of developing countries to take advantage of them.
This is particularly true of Africa, which, as of November 2006,
lagged behind other regions in their implementation. Only two
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RI¿IW\$,-SURMHFWVZHUHLQ$IULFD1RQHRIWKHWZHQW\SURMHFWV
recently approved under The Netherlands carbon purchase
programme, CERUPT, were in Africa (CDM for Sustainable
Africa, 2004), and only 3% of the registered CDM projects
were in Africa (UNFCCC, CDM, n.d.).
<DPED DQG 0DWVLND   LGHQWL¿HG ¿QDQFLDO SROLF\
technical and legal barriers inhibiting participation in the CDM
in sub-Saharan Africa. Financial barriers pose the greatest
challenges: low market value of carbon credits, high CDM
WUDQVDFWLRQ FRVWV DQG ODFN RI ¿QDQFLDO UHVRXUFHV GLVFRXUDJH
industry participation. Policy barriers include limited
DZDUHQHVV RI WKH EHQH¿WV RI &'0 DQG WKH SURMHFW DSSURYDO
SURFHVVLQJRYHUQPHQWDQGWKHSULYDWHVHFWRUQRQUDWL¿FDWLRQ
of the Kyoto Protocol, and failure to establish the Designated
National Authorities required by CDM. Technical barriers
include limited awareness of the availability of energy-saving
and other appropriate technologies for potential CDM projects.
Legal barriers include limited awareness in government and the
private sector of the Kyoto Protocol, and the legal requirements
for development of CDM projects. Limited human resources
for the development of CDM projects, and CDM’s requirements
on additionality are additional constraints. Other countries, for
example Brazil, China and India (Silayan, 2005), have more
capacity for the development of CDM projects. The Government
RI,QGLD *2, KDVLGHQWL¿HGHQHUJ\HI¿FLHQF\LQWKHVWHHO
industry as one of the priorities for Indian CDM projects.
7.9.2
7.9.2.1

Voluntary GHG programmes and agreements
Government-initiated GHG programmes and
voluntary agreements

Government-initiated GHG programmes and agreements
WKDW IRFXV RQ HQHUJ\HI¿FLHQF\ LPSURYHPHQW UHGXFWLRQ RI
energy-related GHG emissions and reduction of non-CO2 GHG
emissions are found in many countries. Voluntary Agreements
DUHGH¿QHGDVIRUPDODJUHHPHQWVWKDWDUHHVVHQWLDOO\FRQWUDFWV
between government and industry that include negotiated
targets with time schedules and commitments on the part of
all participating parties (IEA, 1997). Voluntary agreements
IRU HQHUJ\ HI¿FLHQF\ LPSURYHPHQW DQG UHGXFWLRQ RI HQHUJ\
related GHG emissions by industry have been implemented
in industrialized countries since the early 1990s. These
agreements fall into three categories: completely voluntary;
voluntary with the threat of future taxes or regulation if shown
to be ineffective; and voluntary, but associated with an energy
or carbon tax (Price, 2005). Agreements that include explicit
targets, and exert pressure on industry to meet those targets,
are the most effective (UNFCCC, 2002). An essential part of
voluntary agreements is government support, including the
programme elements such as information-sharing, energy and
*+* HPLVVLRQV PDQDJHPHQW ¿QDQFLDO DVVLVWDQFH DZDUGV
and recognition, standards and target-setting (APERC, 2003;
CLASP, 2005; Galitsky et al., 2004; WEC, 2004). Voluntary
DJUHHPHQWVW\SLFDOO\FRYHUDSHULRGRI¿YHWRWHQ\HDUVVRWKDW

VWUDWHJLF HQHUJ\HI¿FLHQF\ LQYHVWPHQWV FDQ EH SODQQHG DQG
implemented. There are also voluntary agreements covering
process emissions in Australia, Bahrain, Brazil, Canada, France,
Germany, Japan, the Netherlands, New Zealand, Norway,
the UK and the USA (Bartos, 2001; EFCTC, 2000; US EPA,
1999).
,QGHSHQGHQWDVVHVVPHQWV¿QGWKDWH[SHULHQFHZLWKYROXQWDU\
agreements has been mixed, with some of the earlier programmes,
such as the French Voluntary Agreements on CO2 Reductions
and Finland’s Action Programme for Industrial Energy
Conservation, appearing to have been poorly designed, failing
to meet targets, or only achieving business-as-usual savings
(Bossoken, 1999; Chidiak, 2000; Chidiak, 2002; Hansen and
Larsen, 1999; OECD, 2002; Starzer, 2000). Recently, a number
RI YROXQWDU\ DJUHHPHQW SURJUDPPHV KDYH EHHQ PRGL¿HG DQG
strengthened, while additional countries, including some
newly industrialized and developing countries, are adopting
VXFK DJUHHPHQWV LQ HIIRUWV WR LQFUHDVH WKH HI¿FLHQF\ RI WKHLU
industrial sectors (Price, 2005). Such strengthened programmes
include the French Association des Enterprises por la Réduction
de l’Effet de Serre (AERES) agreements, Finland’s Agreement
on the Promotion of Energy Conservation in Industry, and the
German Agreement on Climate Protection (AERES, 2005;
IEA, 2004; RWI, 2004). The more successful programmes are
typically those that have either an implicit threat of future taxes
or regulations, or those that work in conjunction with an energy
or carbon tax, such as the Dutch Long-Term Agreements,
WKH 'DQLVK $JUHHPHQW RQ ,QGXVWULDO (QHUJ\ (I¿FLHQF\ DQG
the UK Climate Change Agreements (see Box 13.2). Such
programmes can provide energy savings beyond business-asusual (Bjørner and Jensen, 2002; Future Energy Solutions,
2004; Future Energy Solutions, 2005) and are cost-effective
(Phylipsen and Blok, 2002). The Long-Term Agreements, for
example, stimulated between 27% and 44% (17 to 28 PJ/yr) of
the observed energy savings, which was a 50% increase over
KLVWRULFDODXWRQRPRXVHQHUJ\HI¿FLHQF\UDWHVLQWKH1HWKHUODQGV
prior to the agreements (Kerssemeeckers, 2002; Rietbergen et
al., 2002). The UK Climate Change Agreements saved 3.5 to
9.8 MtCO2 WR0W& RYHUWKHEDVHOLQHGXULQJWKH¿UVW
target period (2000–2002) and 5.1 to 8.9 MtCO2 (1.4 to 2.4
MtC) during the second target period (2002–2004) depending
upon whether the adjusted steel sector target is accounted for
(Future Energy Solutions, 2005).
In addition to the energy and carbon savings, these
agreements have important longer-term impacts (Delmas and
Terlaak, 2000; Dowd et al., 2001) including:
v Changing attitudes towards and awareness of energy
HI¿FLHQF\
v Reducing barriers to innovation and technology adoption;
v Creating market transformations to establish greater
SRWHQWLDOIRUVXVWDLQDEOHHQHUJ\HI¿FLHQF\LQYHVWPHQWV
v Promoting positive dynamic interactions between different
actors involved in technology research and development,
deployment, and market development, and
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v Facilitating cooperative arrangements that provide learning
mechanisms within an industry.
The most effective agreements are those that set realistic
WDUJHWVLQFOXGHVXI¿FLHQWJRYHUQPHQWVXSSRUWRIWHQDVSDUWRI
a larger environmental policy package, and include a real threat
of increased government regulation or energy/GHG taxes if
targets are not achieved (Bjørner and Jensen, 2002; Price, 2005)
(medium agreement, much evidence).
7.9.2.2

Company or industry-initiated voluntary actions

Many companies participate in GHG emissions reporting
programmes as well as take voluntary actions to reduce
energy use or GHG emissions through individual corporate
programmes,
non-governmental
organization
(NGO)
programmes and industry association initiatives. Some of these
companies report their GHG emission in annual environmental
or sustainable development reports, or in their Corporate Annual
Report. Beginning in the late 1990s, a number of individual
companies initiated in-house energy or GHG emissions
management programmes and made GHG emissions reduction
commitments (Margolick and Russell, 2001; PCA, 2002).
Questions have been raised as to whether such initiatives,
which operate outside regulatory or legal frameworks, often
without standardized monitoring and reporting procedures, just
delay the implementation of government-initiated programmes
without delivering real emissions reductions (OECD, 2002).
(DUO\SURJUDPPHVDSSHDUWRKDYHSURGXFHGOLWWOHEHQH¿W)RU
H[DPSOHDQHYDOXDWLRQRIWKH*HUPDQ\LQGXVWU\¶VVHOIGH¿QHG
JOREDOZDUPLQJGHFODUDWLRQIRXQGWKDWDFKLHYHPHQWVLQWKH¿UVW
reporting period appeared to be equivalent to business-as-usual
trends (Jochem and Eichhammer, 1999; Ramesohl and Kristof,
2001). However, more recent efforts appear to have yielded
positive results (RWI, 2004). Examples of targets and the actual
reductions achieved include:
v DuPont’s reduction of GHG emissions by over 72% while
holding energy use constant, surpassing its pledge to
reduce GHG emissions by 65% by 2010 and hold energy
use constant compared to a 1990 baseline (DuPont, 2002;
McFarland, 2005);
v BP’s target to reduce GHG emissions by 10% in 2010
compared to a 1990 baseline which was reached in 2001
(BP, 2003; BP, 2005), and
v United Technologies Corporation’s goal to reduce energy and
water consumption by 25% as a percentage of sales by the year
2007 using a 1997 baseline that was exceeded by achieving a
27% energy reduction and 34% water use reduction through
2002 (Rainey and Patilis, 2000; UTC, 2003).
Often these corporate commitments are formalized
through GHG reporting programmes or registries such as the
World Economic Forum Greenhouse Gas Register where 13
multinational companies disclose the amount of GHGs their
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worldwide operations produce (WEF, 2005) and through NGO
programmes such as the Pew Center on Global Climate Change’s
Business Environmental Leadership Council (Pew Center on
Global Climate Change, 2005), the World Wildlife Fund’s
Climate Savers Program (WWF, n.d.), as well as programmes
of the Chicago Climate Exchange (CCX, 2005).
Industrial trade associations provide another platform for
organizing and implementing GHG mitigation programmes:
v The International Aluminium Institute initiated the
Aluminium for Future Generations sustainability
programme in 2003, which established nine sustainable
development voluntary objectives (increased to 12 in 2006),
22 performance indicators, and a programme to provide
technical services to member companies (IAI, 2004).
Performance to date against GHG mitigation objectives was
discussed in Section 7.4.2.1.
v The World Semiconductor Council (WSC), comprised of
semiconductor industry associations of the United States,
Japan, Europe, Republic of Korea and Chinese Taipei,
established a target of reducing PFC emissions by at least
10% below the 1995 baseline level by 2010 (Bartos, 2001).
v The World Business Council for Sustainable Development
(WBCSD) started the Cement Sustainability Initiative in 1999
with ten large cement companies and it has now grown to 16
(WBCSD, 2005). The Initiative conducts research related
to actions that can be undertaken by cement companies to
reduce GHG emissions (Battelle Institute/WBCSD, 2002)
DQG RXWOLQHV VSHFL¿F PHPEHU FRPSDQ\ DFWLRQV :%&6'
2002). As of 2004, 94% of the 619 kilns of CSI member
companies had developed CO2 inventories and three had
established emissions reduction targets (WBCSD, 2005).
v By 2003, the Japanese chemical industry had reduced its
CO2 emissions intensity by 9% compared with 1990-levels
(Nippon Keidanren, 2004), but due to increased production,
overall CO2 emissions were up by 10.5%.
v The European Chemical Industry Council established a
9ROXQWDU\ (QHUJ\ (I¿FLHQF\ 3URJUDPPH 9((3  ZLWK D
FRPPLWPHQWWRLPSURYHHQHUJ\HI¿FLHQF\E\EHWZHHQ
1990 and 2005, provided that no additional energy taxes are
introduced (CEFIC, 2002).
In 2003, the members of the International Iron and Steel
Institute, representing 38% of global steel production,
committed to voluntary reductions in energy and GHG emission
intensities. In most countries this programme is too new to
provide meaningful results (IISI, 2006). However, as part of
a larger voluntary programme in Japan, Japanese steelmakers
committed to a voluntary action programme to mitigate climate
change with the goal of a 10% reduction in energy consumption
LQ  DJDLQVW  ,Q ¿VFDO \HDU  WKLV SURJUDPPH
resulted in a 6.4% reduction in CO2 intensity emissions against
1990, through improvement of blast furnaces, upgrade of
oxygen production plants, installation of regenerative burners
and other steps (Nippon Keidanren, 2004).
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Financial instruments: taxes, subsidies and
access to capital

To date there is limited experience with taxing industrial
GHG emissions. France instituted an eco-tax on a range of
activities, including N2O emission from the production of nitric,
adipic and glyoxalic acids. The tax rate is modest (37 US$
(2000) per tonne N2O, or 1.5 US$/tCO2-eq (5.5 US$/tC-eq), but
it provides a supplementary incentive for emissions reductions.
The UK Climate Change Levy applies to industry only and is
levied on all non-household use of coal (0.15 UK pence/kWh or
0.003 US$/kWh), gas (0.15 UK pence/kWh), electricity (0.43
UK pence/kWh or 0.0085 US$/kWh) and non-transport LPG
(0.07 UK pence/kWh or 0.0014 US$/kWh). Industry includes
agriculture and the public sector. Fuels used for electricity
generation or non-energy uses, waste-derived fuels, renewable
HQHUJ\LQFOXGLQJTXDOLW\&+3ZKLFKXVHVVSHFL¿HGIXHOVDQG
PHHWVPLQLPXPHI¿FLHQF\VWDQGDUGVDUHH[HPSWIURPWKHWD[
The UK Government also provided an 80% discount from the
levy for those energy-intensive sectors that agreed to challenging
WDUJHWV IRU LPSURYLQJ WKHLU HQHUJ\ HI¿FLHQF\ &OLPDWH FKDQJH
agreements have now been concluded with almost all eligible
sectors (UK DEFRA, 2006).
In 1999, Germany introduced an eco-tax on the consumption
of electricity, gasoline, fuel oil and natural gas. Revenues are
recycled to subsidize the public pension system. The tax rate
IRU HOHFWULFLW\ FRQVXPHG E\ LQGXVWULDO FRQVXPHUV LV ¼ 
kWh. Very large consumers are exempt to maintain their
competitiveness. The impact of this eco-tax on CO2 emissions
is still under discussion (Green Budget Germany, 2004).
Tax reductions are frequently used to stimulate energy
savings in industry. Some examples include:
v In the Netherlands, the Energy Investment Deduction
(Energie Investeringsaftrek, EIA) stimulates investments
in low-energy capital equipment and renewable energy by
PHDQV RI WD[ GHGXFWLRQV GHGXFWLRQ RI WKH ¿VFDO SUR¿W RI
55% of the investment) (IEA, 2005).
v ,Q)UDQFHLQYHVWPHQWVLQHQHUJ\HI¿FLHQF\DUHVWLPXODWHG
WKURXJK OHDVH FUHGLWV ,Q DGGLWLRQ WR ¿QDQFLQJ HTXLSPHQW
WKHVH FUHGLWV FDQ DOVR ¿QDQFH DVVRFLDWHG FRVWV VXFK DV
construction, land and transport (IEA, 2005).
v The UK’s Enhanced Capital Allowance Scheme allows
businesses to write off the entire cost of energy-savings
WHFKQRORJLHV VSHFL¿HG LQ WKH µ(QHUJ\ 7HFKQRORJ\ /LVW¶
during the year they make the investment (HM Revenue &
Customs, n.d.).
v Australia requires companies receiving more than AU$ 3
million (US$ 2.5 million) of fuel credits to be members
of its Greenhouse Challenge Plus programme (Australian
*UHHQKRXVH2I¿FHQG 
v Under Singapore’s Income Tax Act, companies that invest
LQ TXDOLI\LQJ HQHUJ\HI¿FLHQW HTXLSPHQW FDQ ZULWHRII WKH
capital expenditure in one year instead of three. (NEEC,
2005).

v In the Republic of Korea, a 5% income tax credit is available
IRUHQHUJ\HI¿FLHQF\LQYHVWPHQWV 81(6&$3 
v 5RPDQLDKDVDSURJUDPPHZKHUHLPSRUWHGHQHUJ\HI¿FLHQW
technologies are exempt from customs taxes and the share of
FRPSDQ\LQFRPHGLUHFWHGIRUHQHUJ\HI¿FLHQF\LQYHVWPHQWV
is exempt from income tax (CEEBICNet Market Research,
2004).
v In Mexico, the Ministry of Energy has linked its energy
HI¿FLHQF\ SURJUDPPHV ZLWK (QHUJ\ 6HUYLFH &RPSDQLHV
(6&2V 7KHVHDUHHQJLQHHULQJDQG¿QDQFLQJVSHFLDOLVHG
enterprises that provide integrated energy services with a
ZLGHUDQJHDQGÀH[LELOLW\RIWHFKQRORJLHVWRWKHLQGXVWULDO
and service sectors (NREL, 2006).
Subsidies are used to stimulate investment in energy-saving
measures by reducing investment cost. Subsidies to the industrial
VHFWRULQFOXGHJUDQWVIDYRXUDEOHORDQVDQG¿VFDOLQFHQWLYHVVXFK
DV UHGXFHG WD[HV RQ HQHUJ\HI¿FLHQW HTXLSPHQWV DFFHOHUDWHG
depreciation, tax credits and tax deductions. Many developed
DQG GHYHORSLQJ FRXQWULHV KDYH ¿QDQFLDO VFKHPHV WR SURPRWH
industrial energy savings. A WEC survey (WEC, 2004) showed
that 28 countries, most in Europe, provide grants or subsidies
IRULQGXVWULDOHQHUJ\HI¿FLHQF\SURMHFWV6XEVLGHVFDQEH¿[HG
amounts, a percentage of the investment (with a ceiling), or be
proportional to the amount of energy saved. In Japan, the New
Energy and Technology Development Organization (NEDO)
pays up to one-third of the cost of each new high performance
furnace. NEDO estimates that the project will save 5% of
-DSDQ¶V¿QDOHQHUJ\FRQVXPSWLRQE\ :(& 7KH
Korean Energy Management Corporation (KEMCO) provides,
ORQJWHUP ORZ LQWHUHVW ORDQV WR FHUWL¿HG FRPSDQLHV ,($
2005).
Evaluations show that subsidies for industry may lead to
energy savings and corresponding GHG emission reductions
DQGFDQFUHDWHDODUJHUPDUNHWIRUHQHUJ\HI¿FLHQWWHFKQRORJLHV
(De Beer et alE:(& :KHWKHUWKHEHQH¿WVWR
society outweigh the cost of these programmes, or whether
other instruments would have been more cost-effective, has to
be evaluated on a case-by-case basis. A drawback to subsidies
is that they are often used by investors who would have made
the investment without the incentive. Possible approaches for
improving their cost-effectiveness include restricting schemes
WR VSHFL¿F WDUJHW JURXSV DQGRU WHFKQLTXHV VHOHFWHG OLVW RI
equipment, only innovative technologies, etc.), or using a direct
criterion of cost-effectiveness.
Investors in developing countries tend to have a weak capital
EDVLV'HYHORSPHQWDQG¿QDQFHLQVWLWXWLRQVWKHUHIRUHRIWHQSOD\
DFULWLFDOUROHLQLPSOHPHQWLQJHQHUJ\HI¿FLHQF\DQGHPLVVLRQ
mitigation policies. Their role often goes beyond the provision
RISURMHFW¿QDQFHDQGPD\GLUHFWO\LQÀXHQFHWHFKQRORJ\FKRLFH
and the direction of innovation (George and Prabhu, 2003).
The retreat of national development banks in some developing
FRXQWULHV DVDUHVXOWRIERWK¿QDQFLDOOLEHUDOLVDWLRQDQG¿QDQFLDO
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crises in national governments) may hinder the widespread
DGRSWLRQRIPLWLJDWLRQWHFKQRORJLHVEHFDXVHRIODFNRI¿QDQFLDO
mechanisms to handle the associated risk.
7.9.4

Regional and national GHG emissions trading
programmes

Several established or evolving national, regional or sectoral
CO2 emissions trading systems exist, for example in the EU, the
UK, Norway, Denmark, New South Wales (Australia), Canada
and several US States. The International Emissions Trading
Association (IETA, 2005) provides an overview of systems.
This section focuses on issues relevant to the industrial sector.
A more in-depth discussion of emission trading can be found in
Section 13.2.1.
7KH UHVXOWV RI DQ DVVHVVPHQW RI WKH ¿UVW WZR \HDUV RI WKH
UK scheme (NERA, 2004) show that reduction of non-CO2
GHG emissions from industrial sources provided the least
cost options. It also found that the heterogeneity of industrial
emitters may require a tiered approach for the participation
of small, medium-sized and large emitters, that is in respect
WR PRQLWRULQJ DQG YHUL¿FDWLRQ DQG GHVFULEHG WKH LPSDFWV RI
individual industrial emitters gaining dominating market power
on allowance prices.
In January 2005, the European Union Greenhouse Gas
Emission Trading Scheme (EU ETS) was launched as the
world’s largest multi-country, multi-sector GHG emission
trading scheme (EC, 2005). A number of assessments have
analysed current and projected likely future impacts of the EUETS on the industrial sector in the EU (IEA, 2005; Egenhofer et
al 5HFXUULQJWKHPHVZLWKVSHFL¿FUHOHYDQFHWRLQGXVWU\
include: allocation approaches based on benchmarking, grandfathering and auctioning; electricity price increases leading to
VRFDOOHGµZLQGIDOOSUR¿WV¶LQWKHXWLOLW\VHFWRUFRPSHWLWLYHQHVV
RI HQHUJ\LQWHQVLYH LQGXVWULHV VSHFL¿F SURYLVLRQV IRU QHZ
entrants, closures, capacity expansions, and organic growth;
DQGFRPSOLDQFHFRVWVIRUVPDOOHPLWWHUV7KHIXUWKHUUH¿QHPHQW
of these trading systems could be informed by evidence which
suggests that in some important aspects participants from
LQGXVWULDO VHFWRUV IDFH D VLJQL¿FDQWO\ GLIIHUHQW VLWXDWLRQ IURP
those in the electricity sector (Carbon Trust, 2006):
v The range of products from industry sectors is generally
more diverse (e.g., in the paper, glass or ceramics industry)
PDNLQJ LW GLI¿FXOW WR GH¿QH VHFWRU VSHFL¿F EHVW SUDFWLFH
values to be used for the allocation of allowances (see
discussion in DTI (2005)).
v While grid connections limit electricity to regional or
national markets, many industrial products are globally
traded commodities, constrained only by transport costs.
This increasingly applies as value per mass or volume
goes up, that is from bulk ceramics products and cement,

10

IEA’s deﬁnition of the industrial sector does not include petroleum reﬁning.
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to petrochemicals, to base metals, making the impacts of
trading schemes on international competitiveness a matter
of varying concern for the different subsectors.
v 2QO\DIHZLQGXVWULDOVHFWRUV HJVWHHODQGUH¿QHULHV DUH
prepared to actively participate in the early phase of trading
schemes, leading to reduced liquidity and higher allowance
SULFHV VXJJHVWLQJ WKDW VSHFL¿F LQVWUXPHQWV DUH QHHGHG WR
increase industrial involvement in trading.
v Responses to carbon emission price in industry tend to be
slower because of the more limited technology portfolio and
absence of short term fuel switching possibilities, making
predictable allocation mechanisms and stable price signals
a more important issue for industry.
7KH (8 &RPPLVVLRQ UHFHQWO\ SXEOLVKHG LWV ¿QGLQJV DQG
UHFRPPHQGDWLRQV EDVHG RQ WKH ¿UVW \HDU RI WUDGLQJ XQGHU
the EU-ETS (EC, 2006a). An EU High Level Group on
Competitiveness, Energy and the Environment has been formed
to review the impacts of the EU-ETS on industry (EU-HLG,
2006). Issues highlighted in these EU processes include the need
for the allocation of credits to be more harmonized across the
EU, the need to increase certainty for investors, that is through
long-term clarity on allocations, extension of the scheme
to other sectors and alleviation of high participation costs
for small installations. Industrial sectors sources considered
for inclusion in the EU-ETS include CO2 emissions from
ammonia production, N2O emissions from nitric and adipic
acid production and PFC emission from aluminium production
(EC, 2006b).
7.9.5

Regulation of non-CO2 gases

7KH ¿UVW UHJXODWLRQV RQ QRQ&22 GHGs are emerging in
(XURSH $ QHZ (8 UHJXODWLRQ (&   RQ ÀXRULQDWHG
gases includes prohibition of the use of SF6 in magnesium die
casting. The regulation contains a review clause that could lead
to further use restrictions. National legislation is in place in
Austria, Denmark, Luxembourg, Sweden and Switzerland that
limits the use of HFCs in refrigeration equipment, foams and
solvents. During the review of permits for large emitters under
the EU’s Integrated Pollution Prevention and Control (IPPC)
Directive (EC, 96/61) a number of facilities have been required
to implement best available control technologies for N2O and
ÀXRULQDWHGJDVHV (&F 
7.9.6

Energy and technology policies

The IEA’s World Energy Outlook 2006 (IEA, 2006c)
provides an up-to-date estimate of the impacts of energy policies
on the industrial sector10. The IEA compares two scenarios, a
Reference Scenario, which assumes continuation of policies
currently in place, and an Alternate Policy Scenario, which
projects the cumulative impact of the more than 1400 energy
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policies being considered by governments worldwide, many of
which affect the industrial sector. The Alternate Policy Scenario
assumes faster deployment of commercially demonstrated
technology, but not technologies that are still to be commercially
demonstrated, including CCS and advanced biofuels.
Global industrial energy demand in 2030 in the IEA’s
Alternate Policy Scenario is 9% (14 EJ) lower than in the
Reference Scenario. Industrial sector CO2 emissions are 12%
(0.9 GtCO2) lower. Estimated investment to achieve these
savings is US$ 362 billion (2005 US$), US$ 195 billion of
which is in electrical equipment. The savings in electricity costs
are about three times the investment in electrical equipment.
The IEA (2006c) does not provide information on the value
of the fuel savings in industry, but clearly it is larger than the
investment.
*RYHUQPHQW LV H[SHFWHG WR ORZHU ¿QDQFLDO ULVN DQG
promote the investment through technology policy, which
includes diverse options: budget allocations for R&D on
innovative technologies, subsidy or legislation to stimulate
VSHFL¿FHQYLURQPHQWDOWHFKQRORJLHVRUUHJXODWLRQWRVXSSUHVV
unsustainable technologies. See for example the US DOE’s
solicitation for industrial R&D projects (US DOE, n.d.-a) and
the Government of India’s Central Pollution Control Board
Programmes on development and deployment of energy
HI¿FLHQWWHFKQRORJLHV &3&% 
7.9.7

Sustainable Development policies

Appropriate sustainable development policies focusing on
HQHUJ\ HI¿FLHQF\ GHPDWHULDOL]DWLRQ DQG XVH RI UHQHZDEOHV
can support GHG mitigation objectives. For example, the
policy options selected by the Commission on Sustainable
Development 13th session to provide a supportive environment
for new business formation and the development of small
enterprises, included:
v 5HGXFHLQIRUPDWLRQEDUULHUVIRUHQHUJ\HI¿FLHQF\WHFKQRORJ\
for industries;
v Build capacity for industry associations, and
v Stimulate technological innovation and change to reduce
dependency on imported fuels, to improve local air pollution
and to generate local employment (CSD, 2005).
Individual countries are also trying to achieve these
objectives. Most policies are stated in general terms, but their
implementation would have to include the industrial sector.
The EU’s strategy for sustainable development highlights
addressing climate change through the reduction of energy use
in all sectors and the control of non-CO2 GHGs (EC, 2001). The
UK’s sustainable development policy incorporates the UK’s
emissions trading and climate levy policies for the control of
CO2 emissions from industry (UK DEFRA, 2005). As part of its
sustainable development policy, Sweden is emphasizing energy
HI¿FLHQF\ DQG D ORQJWHUP JRDO RI REWDLQLQJ DOO HQHUJ\ IURP

UHQHZDEOH VRXUFHV 2(&'   &KLQD IDFHV D VLJQL¿FDQW
challenge in achieving its sustainable development goals,
because from 2002 to 2004 its primary energy use grew faster
than its GDP, with over two-thirds of that increase coming
from coal. In 2005 the Chinese government emphasized that
rapid growth must be sustainable and announced the goal of
reducing energy consumption per unit of GDP by 20% between
2005 and 2010 (Naughton, 2005). India has launched a series
of reforms aimed at achieving industrial sector sustainable
development. The 2001 Energy Conservation Act mandated a
%XUHDX RI (QHUJ\ (I¿FLHQF\ FKDUJHG ZLWK HQVXULQJ HI¿FLHQW
use of energy and use of renewables (GOI, 2004). The Indian
Industry Programme for Energy Conservation includes both
mandatory and voluntary efforts, with greater emphasis on
voluntary approaches (BEE, 2006).
7KHVHFRXQWULHVDUHWU\LQJWRLPSURYHUHVRXUFHVXVHHI¿FLHQF\
waste management, water and air pollution reduction, and
HQKDQFHXVHRIUHQHZDEOHVZKLOHSURYLGLQJKHDOWKEHQH¿WVDQG
improved services to communities. Many developed (Sutton,
1998) and developing countries (Jindal Steel and Power, Ltd.,
2006; ITC, 2006) encourage companies to help achieve these
goals thought dematerialization, habitat restoration, recycling,
and commitment to corporate social responsibility.
7.9.8

Air quality policies

Section 4.5.2 contains a more general discussion of the
relationships between air quality policies and GHG mitigation.
In general air quality and climate change are treated as separate
issues in national and international policies, even though most
practices and technologies that will reduce GHG emissions
will also cause a net reduction of emissions of air pollutants.
However, air pollutant reduction measures do not always reduce
GHG emissions, as many require the use of additional energy
(STAPPA/ALAPCO, 1999). Examples of policies dealing
with air pollution and GHG emissions in an integrated fashion
include: (1) the EU IPPC Directive (96/61/EC), which lays
down a framework requiring Member States to issue operating
permits for certain industrial installations, and (2) the Dutch plan
for a NOx emission trading system, which will be implemented
through the same legal and administrational infrastructure as
the European CO2 emission trading system (Dekkers, 2003).
7.9.9

Waste management policies

Waste management policies can reduce industrial sector
GHG emissions by reducing energy use through the re-use
RISURGXFWV HJRIUH¿OODEOHERWWOHV DQGWKHXVHRIUHF\FOHG
materials in industrial production processes. Recycled materials
VLJQL¿FDQWO\ UHGXFH WKH VSHFL¿F HQHUJ\ FRQVXPSWLRQ RI WKH
production of paper, glass, steel, aluminium and magnesium.
The amount, quality and price of recycled materials are largely
determined by waste management policies. These policies can
DOVR LQÀXHQFH WKH GHVLJQ RI SURGXFWV ± LQFOXGLQJ WKH FKRLFH
of materials, with its implications for production levels and
483

1590
Industry

Chapter 7

Table 7.11: Co-beneﬁts of greenhouse-gas mitigation or energy-efﬁciency programmes of selected countries
Category of Co-beneﬁt

Examples

Health

Reduced medical/hospital visits, reduced lost working days, reduced acute and chronic respiratory
symptoms, reduced asthma attacks, increased life expectancy.

Emissions

Reduction of dust, CO, CO2, NOx and SOx; reduced environmental compliance costs.

Waste

Reduced use of primary materials; reduction of waste water, hazardous waste, waste materials; reduced
waste disposal costs; use of waste fuels, heat and gas.

Production

Increased yield; improved product quality or purity; improved equipment performance and capacity utilization; reduced process cycle times; increased production reliability; increased customer satisfaction.

Operation and maintenance

Reduced wear on equipment; increased facility reliability; reduced need for engineering controls; lower
cooling requirements; lower labour requirements.

Working environment

Improved lighting, temperature control and air quality; reduced noise levels; reduced need for personal
protective equipment; increased worker safety.

Other

Decreased liability; improved public image; delayed or reduced capital expenditures; creation of additional space; improved worker morale.

Sources: Aunan et al., 2004; Pye and McKane, 2000; Worrell et al., 2003.

emissions. Prominent examples can be found in the packaging
sector, for example the use of cardboard rather than plastic for
outer sales packages, or PET instead of conventional materials
in the beverage industry. Vertical and horizontal integration
of business provides synergies in the use of raw materials and
reuse of wastes. The paper and paper boards wastes generated
in cigarette packaging and printing are used as raw materials in
paper and paper board units (ITC, 2006).
$QRWKHULPSRUWDQWLQÀXHQFHRIZDVWHSROLFLHVRQLQGXVWULDO
*+* HPLVVLRQV LV WKHLU LQÀXHQFH RQ WKH DYDLODELOLW\ RI
secondary ‘waste’ fuels and raw materials for industrial use.
)RUH[DPSOHWKHµ(8/DQG¿OO'LUHFWLYH¶ (82- ZKLFK
limits the maximum organic content of wastes acceptable for
ODQG¿OOV UHVXOWHG LQ WKH UHVWUXFWXULQJ RI WKH (XURSHDQ ZDVWH
sector currently taking place. It makes available substantial
DPRXQWV RI ZDVWH FRQWDLQLQJ VLJQL¿FDQW ELRPDVV IUDFWLRQV
Typically there is competition between the different uses
for these wastes: dedicated incineration in the waste sector,
co-combustion in power plants, or combustion in industrial
processes, for example cement kilns. In order to provide
additional inexpensive disposal routes, several countries have
set incentives to promote the use of various wastes in industrial
processes in direct competition with dedicated incineration.
Emissions trading systems or project-based mechanisms like
CDM/JI can provide additional economic incentives to expand
the use of secondary fuels or biomass as substitutes for fossil
fuels. The impact of switching from a fossil fuel to a secondary
IXHORQWKHHQHUJ\HI¿FLHQF\RIWKHSURFHVVLWVHOILVIUHTXHQWO\
negative, but is often compensated by energy savings in other
parts of the economy.
0LQHUDOZDVWHVVXFKDVÀ\DVKRUEODVWIXUQDFHVODJFDQKDYH
several competing alternative uses in the waste, construction
and industrial sectors. The production of cement, brick and
stone-wool provides energy saving uses for these materials
in industry. For secondary fuels and raw materials, life-cycle
484

assessment can help to quantify the net effects of these policies
on emission across the affected parts of the economy (Smith et
al., 2001). The interactions between climate policies and waste
policies can be complex, sometimes leading to unexpected
results because of major changes of industry practices and
PDWHULDOÀRZVLQGXFHGE\PLQRUSULFHGLIIHUHQFHV

7.10 Co-beneﬁts of industrial GHG
mitigation
7KH7$5 H[SODLQHG WKDW µFREHQH¿WV DUH WKH EHQH¿WV IURP
policy options implemented for various reasons at the same
time, acknowledging that most policies resulting in GHG
mitigation also have other, often at least equally important,
UDWLRQDOHV¶ ,3&& D  6LJQL¿FDQW FREHQH¿WV DULVH IURP
reduction of emissions, especially local air pollutants. These
DUHGLVFXVVHGLQ6HFWLRQ+HUHZHIRFXVRQFREHQH¿WV
of industrial GHG mitigation options that arise due to reduced
emissions and waste (which in turn reduce environmental
compliance and waste disposal costs), increased production and
product quality, improved maintenance and operating costs, an
LPSURYHG ZRUNLQJ HQYLURQPHQW DQG RWKHU EHQH¿WV VXFK DV
decreased liability, improved public image and worker morale,
and delaying or reducing capital expenditures (see Table 7.11)
(Pye and McKane, 2000; Worrell et al., 2003).
A review of forty-one industrial motor system optimization
projects implemented between 1995 and 2001 found that twentytwo resulted in reduced maintenance requirements on the motor
systems, fourteen showed improvements in productivity in the
form of production increases or better product quality, eight
reported lower emissions or reduction in purchases of products
such as treatment chemicals, six projects forestalled equipment
purchases, and others reported increases in production or
decreases in product reject rates (Lung et al., 2003). Motor system
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optimization projects in China are seen as an activity that can
reduce operating costs, increase system reliability and contribute
to the economic viability of Chinese industrial enterprises faced
with increased competition (McKane et al., 2003).
$ UHYLHZ RI  HPHUJLQJ HQHUJ\HI¿FLHQW WHFKQRORJLHV
produced or implemented in the USA, EU, Japan and other
industrialized countries for the industrial sector, found that 20
RIWKHWHFKQRORJLHVKDGHQYLURQPHQWDOEHQH¿WVLQWKHDUHDVRI
‘reduction of wastes’ and ‘emissions of criteria air pollutants’.
The use of such environmentally friendly technologies is often
most compelling when it enables the expansion of incremental
production capacity without requiring additional environmental
permits. In addition, 35 of the technologies had productivity or
SURGXFWTXDOLW\EHQH¿WV 0DUWLQet al., 2000).
4XDQWL¿FDWLRQ RI WKH FREHQH¿WV RI LQGXVWULDO WHFKQRORJLHV
LVRIWHQGRQHRQDFDVHE\FDVHEDVLV2QHHYDOXDWLRQLGHQWL¿HG
52 case studies from projects in the USA, the Netherlands, UK,
New Zealand, Canada, Norway and Nigeria that monetized
non-energy savings. These case studies had an average simple
payback time of 4.2 years based on energy savings alone.
$GGLWLRQ RI WKH TXDQWL¿HG FREHQH¿WV UHGXFHG WKH VLPSOH
payback time to 1.9 years (Worrell et al., 2003). Inclusion of
TXDQWL¿HGFREHQH¿WVLQDQHQHUJ\FRQVHUYDWLRQVXSSO\FXUYH
for the US iron and steel industry doubled the potential for costeffective savings (Worrell et al., 2001a; 2003).
1RWDOOFREHQH¿WVDUHHDVLO\TXDQWL¿DEOHLQ¿QDQFLDOWHUPV
(e.g., increased safety or employee satisfaction), there are
YDULDWLRQVLQUHJXODWRU\UHJLPHVYLVjYLVVSHFL¿FHPLVVLRQVDQG
the value of their reduction and there is a lack of time series and
SODQWOHYHOGDWDRQFREHQH¿WV$OVRWKHUHLVDQHHGWRDVVHVV
QHW FREHQH¿WV DV QHJDWLYH LPSDFWV WKDW PD\ EH DVVRFLDWHG
with some technologies, such as increased risk, increased
training requirements and production losses during technology
installation (Worrell et al., 2003).

7.11 Technology Research, Development,
Deployment and Diffusion (RDD&D)
Most industrial processes use at least 50% more than the
theoretical minimum energy requirement determined by the
laws of thermodynamics, suggesting a large potential for
HQHUJ\HI¿FLHQF\LPSURYHPHQWDQG*+*HPLVVLRQPLWLJDWLRQ
(IEA, 2006a). However, RDD&D is required to capture these
SRWHQWLDOHI¿FLHQF\JDLQVDQGDFKLHYHVLJQL¿FDQW*+*HPLVVLRQ
reductions. Studies have demonstrated that new technologies
are being developed and entering the market continuously,
DQGWKDWQHZWHFKQRORJLHVRIIHUIXUWKHUSRWHQWLDOIRUHI¿FLHQF\
improvement and cost reduction (Worrell et al., 2002).
While this chapter has tended to discuss technologies only
in terms of their GHG emission mitigation potential and cost,
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it is important to realize that successful technologies must
also meet a host of other performance criteria, including cost
competitiveness, safety, and regulatory requirements; as well
as winning consumer acceptance. (These topics are discussed
in more detail in Section 7.11.2.) While some technology is
PDUNHWHG DV HQHUJ\HI¿FLHQW RWKHU EHQH¿WV PD\ GULYH WKH
development and diffusion of the technology, as evidenced by
a case study of impulse drying in the paper industry, in which
the driver was productivity (Luiten and Blok, 2004). This is
understandable given that energy cost is just one of the drivers
for technology development. Innovation and the technology
transfer process are discussed in Section 2.8.2.
Technology RDD&D is carried out by both governments
(public sector) and companies (private sector). Ideally, the
roles of the public and private sectors will be complementary.
Flannery (2001) argued that it is appropriate for governments
WR LGHQWLI\ WKH IXQGDPHQWDO EDUULHUV WR WHFKQRORJ\ DQG ¿QG
solutions that improve performance, including environmental,
cost and safety performance, and perhaps customer
acceptability; but that the private sector should bear the risk
and capture the rewards of commercializing technology. Case
VWXGLHV RI VSHFL¿F VXFFHVVIXO HQHUJ\HI¿FLHQW WHFKQRORJLHV
including shoe press in papermaking (Luiten and Blok, 2003a)
and strip casting in the steel industry (Luiten and Blok, 2003b),
have shown that a better understanding of the technology and
the development process is essential in the design of effective
government support of technology development. Government
can also play an important role in cultivating ‘champions’ for
technology development, and by ‘anchoring’ energy and climate
as important continuous drivers for technology development
(Luiten and Blok, 2003a).
While GHG mitigation is not the only objective of energy
R&D, IEA studies show a mismatch between R&D spending and
the contribution of technologies to reduction of CO2 emissions.
In its analysis of its Accelerated Technology scenarios, IEA
D  IRXQG WKDW HQGXVH HQHUJ\ HI¿FLHQF\ PXFK RI LW LQ
the industrial sector, contributed most to mitigation of CO2
emissions from energy use. It accounted for 39–53% of the
projected reduction, except in the scenario that deemphasized
these technologies. However, IEA countries spent only 17% of
WKHLU SXEOLF HQHUJ\ 5 ' EXGJHWV RQ HQHUJ\HI¿FLHQF\ ,($
2005).
Many studies have indicated that the technology required
to reduce GHG emissions and eventually stabilize their
atmospheric concentrations is not currently available (Jacoby,
1998; Hoffert et al., 2002; Edmonds et al., 2003) (medium
agreement, medium evidence). While these studies concentrated
RQ HQHUJ\ VXSSO\ RSWLRQV WKH\ DOVR LQGLFDWH WKDW VLJQL¿FDQW
LPSURYHPHQWVLQHQGXVHHQHUJ\HI¿FLHQF\ZLOOEHQHFHVVDU\
Much of the necessary research and development is being
carried out in public-private partnerships, for example the US
Department of Energy’s Industrial Technologies Program (US
DOE, n.d.-b).
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7.11.1 Public sector
A more complete discussion of public sector policies is
presented in Section 7.9 and in Chapter 13. While government
use many policies to spur RDD&D in general, this section
IRFXVHVVSHFL¿FDOO\RQSURJUDPPHVDLPHGDWLPSURYLQJHQHUJ\
HI¿FLHQF\DQGUHGXFLQJ*+*HPLVVLRQV
7.11.1.1

Domestic policies

Governments are often more willing than companies to
fund higher-risk technology research and development. This
willingness is articulated in the US Department of Energy’s
Industrial Technologies Program role statement: ‘The
programme’s primary role is to invest in high-risk, high-value
research and development that will reduce industrial energy
requirements while stimulating economic productivity and
growth’ (US DOE, n.d.-a). The Institute for Environment
and Sustainability of the EU’s Joint Research Centre has a
similar mission, albeit focusing on renewable energy (Joint
Research Centre, n.d.a), as does the programme of the
Japanese government’s New Energy and Industrial Technology
Development Organization (NEDO, n.d.).
Selection of technology is a crucial step in any technology
adoption. Governments can play an important role in technology
diffusion by disseminating information about new technologies
and by providing an environment that encourages the
LPSOHPHQWDWLRQRIHQHUJ\HI¿FLHQWWHFKQRORJLHV)RUH[DPSOH
energy audit programmes, provide more targeted information
than simple advertising. Audits by the US Department of
Energy’s Industrial Assessment Center program in SMEs
resulted in implementation of about 42% of the suggested
measures (Muller and Barnish, 1998). Programmes or policies
that promote or require reporting and benchmarking of energy
consumption can have a similar function. These programmes
have been implemented in many countries, including Canada,
Denmark, Germany, the Netherlands, Norway, the UK and the
86$ 6XQ DQG :LOOLDPVRQ   DQG LQ VSHFL¿F LQGXVWULDO
VHFWRUVVXFKDVWKHSHWUROHXPUH¿QLQJHWK\OHQHDQGDOXPLQLXP
industries. (See Section 7.3.1).
Many of the voluntary programmes discussed in Section 7.9.2
include information exchange activities to promote technology
diffusion at the national level and across sectors. For 2004,
the US Industrial Technologies Program claimed cumulative
energy savings of approximately 5 EJ as the result of diffusion
of more than 90 technologies across the US industrial sector
(US DOE, 2006). EU programmes, for example Lights of the
Future and the Motor Challenge Programme (Joint Research
Centre, n.d.b), have similar objectives, as do programmes in
other regions.
A wide array of policies has been used and tested in the
industrial sector in industrialized countries, with varying
success rates (Galitsky et al., 2004; WEC, 2004). No single
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instrument will reduce all the barriers to technology diffusion;
an integrated policy accounting for the characteristics of
technologies, stakeholders and regions addressed is needed.
Evenson (2002) suggests that the presence of a domestic
research and development programme in a developing
country increase the county’s ability to adapt and adopt new
technologies. Preliminary analysis seems to suggest that
newly industrialized countries are becoming more active in
WKHJHQHUDWLRQRIVFLHQWL¿FDQGWHFKQLFDONQRZOHGJHDOWKRXJK
there is no accurate information on the role of technology
GHYHORSPHQW DQG LQYHVWPHQWV LQ VFLHQWL¿F NQRZOHGJH LQ
developing countries (Amsden and Mourshed, 1997).
7.11.1.2

Foreign or international policies

Industrial RDD&D programmes assume that technologies
are easily adapted across regions with little innovation. This
is not always the case. While many industrial facilities in
developing nations are new and include the latest technology,
DVLQLQGXVWULDOL]HGFRXQWULHVPDQ\ROGHULQHI¿FLHQWIDFLOLWLHV
remain. The problem is exacerbated by the presence of large
QXPEHUV RI VPDOOVFDOH PXFK OHVV HQHUJ\HI¿FLHQW SODQWV LQ
some developing nations; for example the iron and steel, cement
and pulp and paper industries in China, and in the iron and steel
industry in India (IEA, 2006a). This creates a huge demand for
technology transfer to developing countries to achieve energy
HI¿FLHQF\DQGHPLVVLRQVUHGXFWLRQV
Internationally, there are a growing number of bilateral
technology RDD&D programmes to address the slow and
potentially sporadic diffusion of technology across borders.
A December, 2004 US Department of State Fact Sheet lists
20 bilateral agreements with both developed and developing
nations (US Dept. of State, 2004), many of which include
RDD&D.
Multilaterally, the UNFCCC has resulted in the creation
of two technology diffusion efforts, the Climate Technology
Initiative (CTI) and the UNFCCC Secretariat’s TT:CLEAR
technology transfer database. CTI was established in 1995 by 23
IEA/OECD member countries and the European Commission,
and as of 2003 has been recognized as an IEA Implementing
$JUHHPHQW,WVIRFXVLVWKHLGHQWL¿FDWLRQRIFOLPDWHWHFKQRORJ\
needs in developing countries and countries with economiesLQWUDQVLWLRQDQG¿OOLQJWKRVHQHHGVZLWKWUDLQLQJLQIRUPDWLRQ
dissemination and other support activities (CTI, 2005). TT:
CLEAR is a more passive technology diffusion mechanism
WKDW GHSHQGV RQ XVHUV DFFHVVLQJ WKH GDWDEDVH DQG ¿QGLQJ WKH
information they need (UNFCCC, 2004). Additionally, in 2001,
the UNFCCC established an Expert Group on Technology
Transfer (EGTT) (UNFCCC, 2001). EGTT has promoted
a number of activities including workshops on enabling
HQYLURQPHQWVDQGLQQRYDWLYH¿QDQFLQJIRUWHFKQRORJ\WUDQVIHU
Ultimately, the Kyoto Protocol’s CDM and JI should act as
powerful tools for the diffusion of GHG mitigation technology.
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IEA implementing agreements, for example the Industrial
Energy Related Technology and Systems Agreement (IEAIETS, n.d.), also provide a multilateral basis for technology
transfer. While still in the planning stage, it is hoped that
WKH QHZO\ HVWDEOLVKHG $VLD3DFL¿F 3DUWQHUVKLS RQ &OHDQ
Development and Climate will play a key role in technology
transfer to China, India and Korea (APP, n.d.)
7.11.2 Private sector
In September, 2004, the IPCC convened an expert meeting
on industrial technology development, transfer and diffusion.
One of the objectives of the meeting was to identify the key
drivers of these processes in the private sector (IPCC, 2005a).
Among the key drivers for private sector involvement in the
technology process discussed at the meeting were:
v Maintaining competitive advantage in open markets;
v Consumer acceptance in response to environmental
stewardship;
v &RXQWU\VSHFL¿FFKDUDFWHULVWLFVHFRQRPLFDQGSROLWLFDODV
well as its natural resource endowment;
v Scale of facilities, which affects the type of technology that
can be deployed;
v Intellectual property rights (IPR): protection of IPR is critical
to achieving competitive advantage through technology.
v Regulatory framework, including: government incentives;
government policies on GHG emissions reduction, energy
security and economic development; rule of law; and
investment certainty.
The meeting concluded that each of these drivers could either
be stimulants or barriers to the technology process, depending
on their level, for example a high level of protection for IPR
would stimulate the deployment of innovative technology in a
VSHFL¿FFRXQWU\ZKLOHDORZOHYHOZRXOGEHDEDUULHU+RZHYHU
it was also recognized that these drivers were only indicators
and that actual decisions had to consider interactions between
the drivers, as well as non-technology factors.

7.12 Long-term outlook, system
transitions, decision-making and
inertia
7.12.1 Longer-term mitigation options
Many technologies offer long-term potential for mitigating
industrial GHG emissions, but interest has focused in three
areas:
v Advanced biological processing, in which chemicals are
produced by biological reactions that require lower energy
input;
v Use of hydrogen for metal smelting, in fuel cells for
electricity production, and as a fuel – provided the hydrogen
is produced via a low or zero-carbon process – and;
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v Nanotechnology, which could provided the basis for more
HI¿FLHQW FDWDO\VWV IRU FKHPLFDO SURFHVVLQJ DQG IRU PRUH
effective conversion of low-temperature heat into electricity
(Hillhouse and Touminen, 2001).
While some applications of these technologies could enter
the marketplace by 2030, their widespread application, and
impact on GHG emissions, is not expected until post-2030.
7.12.2 System transitions, inertia and decisionmaking
Given the complexity of the industrial sector, the changes
required to achieve low GHG emissions cannot be characterized
in terms of a single system transition. For example, development
RIDQLQHUWHOHFWURGHIRUDOXPLQLXPVPHOWLQJZRXOGVLJQL¿FDQWO\
lower GHG emissions from this process, but would have no
impact on emissions from other industries.
Inertia in the industrial sector is characterized by capital
stock turnover rate. As discussed in Section 7.6, the capital
stock in many industries has lifetimes measured in decades.
:KLOH RSSRUWXQLWLHV H[LVW IRU UHWUR¿WWLQJ VRPH FDSLWDO VWRFN
basic changes in technology occur only when the capital stock
is installed or replaced. This inertia is often referred to as
µWHFKQRORJ\ORFNLQ¶DFRQFHSW¿UVWSURSRVHGE\$UWKXU  
IEA (2006a) discusses the potential effects of technology lockin in electric power generation, where much of the capital stock
in developed nations will be replaced, and much of the capital
stock in developing nations will be installed, in the next few
GHFDGHV,QVWDOODWLRQRIORZHUFRVWEXWOHVVHI¿FLHQWWHFKQRORJ\
will then impact GHG emission for decades thereafter. The
same concerns and impacts apply in the industrial sector.
Industrial companies are hierarchical organizations and have
well-established decision-making processes. In large companies,
these processes have formal methods for incorporating technical
and economic information, as well as regulatory requirements,
consumer preferences and stakeholder inputs. Procedures in
SMEs are often informal, but all successful enterprises have to
address the same set of inputs.

7.13 Key uncertainties and gaps in
knowledge
*DSVLQNQRZOHGJHDUHGH¿QHGDVPLVVLQJLQIRUPDWLRQWKDW
could be developed by research. Uncertainties are missing
information that cannot be developed through research. Key
uncertainties in the projection of mitigation potential and cost
in 2030 are:
v The rate of technology development and diffusion;
v The cost of future technology;
v Future energy and carbon prices;
487
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v The level of industry activity in 2030; and
v Policy drivers, both climate and non-climate.
Key gaps in knowledge are: base case energy intensity for
VSHFL¿F LQGXVWULHV HVSHFLDOO\ LQ WUDQVLWLRQ HFRQRPLHV FR
EHQH¿WV6'LPSOLFDWLRQVRIPLWLJDWLRQRSWLRQVDQGFRQVXPHU
preferences.
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EXECUTIVE SUMMARY
Agricultural lands (lands used for agricultural production,
consisting of cropland, managed grassland and permanent crops
including agro-forestry and bio-energy crops) occupy about 4050% of the Earth’s land surface.
Agriculture accounted for an estimated emission of 5.1 to
6.1 GtCO2-eq/yr in 2005 (10-12% of total global anthropogenic
emissions of greenhouse gases (GHGs)). CH4 contributes 3.3
GtCO2-eq/yr and N2O 2.8 GtCO2-eq/yr. Of global anthropogenic
emissions in 2005, agriculture accounts for about 60% of
N2O and about 50% of CH4 (medium agreement, medium
evidence). Despite large annual exchanges of CO2 between the
DWPRVSKHUHDQGDJULFXOWXUDOODQGVWKHQHWÀX[LVHVWLPDWHGWR
be approximately balanced, with CO2 emissions around 0.04
GtCO2/yr only (emissions from electricity and fuel use are
covered in the buildings and transport sector, respectively) (low
agreement, limited evidence).
Globally, agricultural CH4 and N2O emissions have increased
by nearly 17% from 1990 to 2005, an average annual emission increase of about 60 MtCO2-eq/yr. During that period,
WKH¿YHUHJLRQVFRPSRVHGRI1RQ$QQH[,FRXQWULHVVKRZHGD
32% increase, and were, by 2005, responsible for about threeTXDUWHUVRIWRWDODJULFXOWXUDOHPLVVLRQV7KHRWKHU¿YHUHJLRQV
PRVWO\$QQH[,FRXQWULHVFROOHFWLYHO\VKRZHGDGHFUHDVHRI
12% in the emissions of these gases (high agreement, much
evidence).
A variety of options exists for mitigation of GHG emissions
in agriculture. The most prominent options are improved crop
and grazing land management (e.g., improved agronomic
practices, nutrient use, tillage, and residue management), restoration of organic soils that are drained for crop production
DQGUHVWRUDWLRQRIGHJUDGHGODQGV/RZHUEXWVWLOOVLJQL¿FDQW
mitigation is possible with improved water and rice management; set-asides, land use change (e.g., conversion of cropland
to grassland) and agro-forestry; as well as improved livestock
and manure management. Many mitigation opportunities use
current technologies and can be implemented immediately, but
technological development will be a key driver ensuring the
HI¿FDF\RIDGGLWLRQDOPLWLJDWLRQPHDVXUHVLQWKHIXWXUH high
agreement, much evidence).
Agricultural GHG mitigation options are found to be cost
competitive with non-agricultural options (e.g., energy, transportation, forestry) in achieving long-term (i.e., 2100) climate
objectives. Global long-term modelling suggests that non-CO2
crop and livestock abatement options could cost-effectively
contribute 270–1520 MtCO2-eq/yr globally in 2030 with carbon prices up to 20 US$/tCO2-eq and 640–1870 MtCO2-eq/yr
with C prices up to 50 US$/tCO2-eq Soil carbon management
options are not currently considered in long-term modelling
(medium agreement, limited evidence).

Considering all gases, the global technical mitigation
potential from agriculture (excluding fossil fuel offsets from
biomass) by 2030 is estimated to be ~5500-6,000 MtCO2-eq/yr
(medium agreement, medium evidence). Economic potentials
are estimated to be 1500-1600, 2500-2700, and 4000-4300
MtCO2-eq/yr at carbon prices of up to 20, 50 and 100 US$/
tCO2-eq, respectively About 70% of the potential lies in non2(&'(,7 FRXQWULHV  LQ 2(&' FRXQWULHV DQG  IRU
(,7FRXQWULHV medium agreement, limited evidence).
Soil carbon sequestration (enhanced sinks) is the mechanism
responsible for most of the mitigation potential (high agreement,
much evidence), with an estimated 89% contribution to the
technical potantial. Mitigation of CH4 emissions and N2O
emissions from soils account for 9% and 2%, respectively,
of the total mitigation potential (medium agreement, medium
evidence). The upper and lower limits about the estimates are
largely determined by uncertainty in the per-area estimate
for each mitigation measure. Overall, principal sources of
uncertainties inherent in these mitigation potentials include: a)
IXWXUHOHYHORIDGRSWLRQRIPLWLJDWLRQPHDVXUHV DVLQÀXHQFHG
by barriers to adoption); b) effectiveness of adopted measures
in enhancing carbon sinks or reducing N2O and CH4 emissions
SDUWLFXODUO\LQWURSLFDODUHDVUHÀHFWHGLQWKHXSSHUDQGORZHU
bounds given above); and c) persistence of mitigation, as
LQÀXHQFHGE\IXWXUHFOLPDWLFWUHQGVHFRQRPLFFRQGLWLRQVDQG
social behaviour (medium agreement, limited evidence).
The role of alternative strategies changes across the range
of prices for carbon. At low prices, dominant strategies are
those consistent with existing production such as changes in
tillage, fertilizer application, livestock diet formulation, and
manure management. Higher prices elicit land-use changes that
displace existing production, such as biofuels, and allow for
use of costly animal feed-based mitigation options. A practice
effective in reducing emissions at one site may be less effective
or even counterproductive elsewhere. Consequently, there is
no universally applicable list of mitigation practices; practices
need to be evaluated for individual agricultural systems based
on climate, edaphic, social setting, and historical patterns of
land use and management (high agreement, much evidence).
GHG emissions could also be reduced by substituting fossil
fuels with energy produced from agricultural feed stocks (e.g.,
crop residues, dung, energy crops), which would be counted
in sectors using the energy. The contribution of agriculture to
the mitigation potential by using bioenergy depends on relative
prices of the fuels and the balance of supply and demand. Using
top-down models that include assumptions on such a balance
the economic mitigation potential for agriculture in 2030 is
estimated to be 70-1260 MtCO2-eq/yr at up to 20 US$/tCO2-eq,
and 560-2320 MtCO2-eq/yr at up to 50 US$/tCO2-eq There are
no estimates for the additional potential from top down models
at carbon prices up to 100 US$/tCO2-eq, but the estimate for
prices above 100 US$/tCO2-eq is 2720 MtCO2-eq/yr. These
potentials represent mitigation of 5-80%, and 20-90% of all
499
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other agricultural mitigation measures combined, at carbon
prices of up to 20, and up to50 US$/tCO2-eq, respectively. An
additional mitigation of 770 MtCO2-eq/yr could be achieved
E\E\LPSURYHGHQHUJ\HI¿FLHQF\LQDJULFXOWXUHWKRXJK
the mitigation potential is counted mainly in the buildings and
transport sectors (medium agreement, medium evidence).
Agricultural mitigation measures often have synergy with
VXVWDLQDEOHGHYHORSPHQWSROLFLHVDQGPDQ\H[SOLFLWO\LQÀXHQFH
social, economic, and environmental aspects of sustainability.
0DQ\ RSWLRQV DOVR KDYH FREHQH¿WV LPSURYHG HI¿FLHQF\
UHGXFHGFRVWHQYLURQPHQWDOFREHQH¿WV DVZHOODVWUDGHRIIV
(e.g., increasing other forms of pollution), and balancing these
effects will be necessary for successful implementation (high
agreement, much evidence).
There are interactions between mitigation and adaptation in
the agricultural sector, which may occur simultaneously, but
differ in their spatial and geographic characteristics. The main
FOLPDWHFKDQJHEHQH¿WVRIPLWLJDWLRQDFWLRQVZLOOHPHUJHRYHU
GHFDGHVEXWWKHUHPD\DOVREHVKRUWWHUPEHQH¿WVLIWKHGULYHUV
achieve other policy objectives. Conversely, actions to enhance
adaptation to climate change impacts will have consequences
in the short and long term. Most mitigation measures are likely
robust to future climate change (e.g., nutrient management),
but a subset will likely be vulnerable (e.g., irrigation in regions
EHFRPLQJ PRUH DULG  ,W PD\ EH SRVVLEOH IRU D YXOQHUDEOH
SUDFWLFHWREHPRGL¿HGDVWKHFOLPDWHFKDQJHVDQGWRPDLQWDLQ
WKH HI¿FDF\ RI D PLWLJDWLRQ PHDVXUH low agreement, limited
evidence).
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,Q PDQ\ UHJLRQV QRQFOLPDWH SROLFLHV UHODWHG WR PDFUR
economics, agriculture and the environment, have a larger
impact on agricultural mitigation than climate policies (high
agreement, much evidence  'HVSLWH VLJQL¿FDQW WHFKQLFDO
potential for mitigation in agriculture, there is evidence that little
progress has been made in the implementation of mitigation
measures at the global scale. Barriers to implementation are not
likely to be overcome without policy/economic incentives and
other programmes, such as those promoting global sharing of
innovative technologies.
Current GHG emission rates may escalate in the future due
to population growth and changing diets (high agreement,
medium evidence). Greater demand for food could result in
higher emissions of CH4 and N2O if there are more livestock
and greater use of nitrogen fertilizers (high agreement, much
evidence). Deployment of new mitigation practices for livestock
systems and fertilizer applications will be essential to prevent an
LQFUHDVHLQHPLVVLRQVIURPDJULFXOWXUHDIWHU,QDGGLWLRQ
soil carbon may be more vulnerable to loss with climate
change and other pressures, though increases in production will
offset some or all of this carbon loss (low agreement, limited
evidence).
Overall, the outlook for GHG mitigation in agriculture
VXJJHVWV WKDW WKHUH LV VLJQL¿FDQW SRWHQWLDO high agreement,
medium evidence). Current initiatives suggest that synergy
between climate change policies, sustainable development and
improvement of environmental quality will likely lead the way
forward to realize the mitigation potential in this sector.
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8.1

Introduction

$JULFXOWXUHUHOHDVHVWRWKHDWPRVSKHUHVLJQL¿FDQWDPRXQWV
of CO2, CH4, and N2O (Cole et al.  ,3&& D
3DXVWLDQet al., 2004). CO2 is released largely from microbial
decay or burning of plant litter and soil organic matter (Smith,
2004b; Janzen, 2004). CH4 is produced when organic materials
decompose in oxygen-deprived conditions, notably from
fermentative digestion by ruminant livestock, from stored
PDQXUHVDQGIURPULFHJURZQXQGHUÀRRGHGFRQGLWLRQV 0RVLHU
et al. 1998). N2O is generated by the microbial transformation
of nitrogen in soils and manures, and is often enhanced where
available nitrogen (N) exceeds plant requirements, especially
under wet conditions (Oenema et al., 2005; Smith and Conen,
 $JULFXOWXUDOJUHHQKRXVHJDV *+* ÀX[HVDUHFRPSOH[
and heterogeneous, but the active management of agricultural
systems offers possibilities for mitigation. Many of these
mitigation opportunities use current technologies and can be
implemented immediately.
This chapter describes the development of GHG emissions
from the agricultural sector (Section 8.2), and details agricultural
practices that may mitigate GHGs (Section 8.4.1), with many
practices affecting more than one GHG by more than one
mechanism. These practices include: cropland management;
grazing land management/pasture improvement; management
of agricultural organic soils; restoration of degraded lands;
livestock management; manure/bio-solid management; and
bio-energy production.
,WLVWKHRUHWLFDOO\SRVVLEOHWRLQFUHDVHFDUERQVWRUDJHLQORQJ
lived agricultural products (e.g., strawboards, wool, leather,
bio-plastics) but the carbon held in these products has only
increased from 37 to 83 MtC per year over the past 40 years.
$VVXPLQJD¿UVWRUGHUGHFD\UDWHRIWRSHU\HDUWKLV

is estimated to be a global net annual removal of 3 to 7 MtCO2
from the atmosphere, which is negligible compared to other
mitigation measures. The option is not considered further here.
Smith et al. (2007a) recently estimated a global potential
mitigation of 770 MtCO2-eq/yr by 2030 from improved energy
HI¿FLHQF\LQDJULFXOWXUH HJWKURXJKUHGXFHGIRVVLOIXHOXVH 
However, this is usually counted in the relevant user sector rather
than in agriculture and so is not considered further here. Any
VDYLQJVIURPLPSURYHGHQHUJ\HI¿FLHQF\DUHGLVFXVVHGLQWKH
relevant sections elsewhere in this volume, according to where
fossil fuel savings are made, for example, from transport fuels
(Chapter 5), or through improved building design (Chapter 6).

8.2 Status of sector, development
trends including production and
consumption, and implications
3RSXODWLRQ SUHVVXUH WHFKQRORJLFDOFKDQJH SXEOLF SROLFLHV
and economic growth and the cost/price squeeze have been the
main drivers of change in the agricultural sector during the last
IRXUGHFDGHV3URGXFWLRQRIIRRGDQG¿EUHKDVPRUHWKDQNHSW
pace with the sharp increase in demand in a more populated
world. The global average daily availability of calories per
capita has increased (Gilland, 2002), with some notable regional
exceptions. This growth, however, has been at the expense of
increased pressure on the environment, and depletion of natural
resources (Tilman et al., 2001; Rees, 2003), while it has not
resolved the problems of food security and child malnutrition
suffered in poor countries (Conway and Toenniessen, 1999).
Agricultural land occupied 5023 Mha in 2002 (FAOSTAT,
2006). Most of this area was under pasture (3488 Mha, or 69%)

Table 8.1. Agricultural land use in the last four decades.
Area (Mha)
1961-70

1971-80

1981-90

1991-00

2001-02

Change 2000s/1960s
%
Mha

Agricultural land
Arable land
Permanent crops
Permanent pasture
2. Developed countries

4,562
1,297
82
3,182

4,684
1,331
92
3,261

4,832
1,376
104
3,353

4,985
1,393
123
3,469

5,023
1,405
130
3,488

+10
+8
+59
+10

461
107
49
306

Agricultural land
Arable land
Permanent crops
Permanent pasture
3. Developing countries

1,879
648
23
1,209

1,883
649
24
1,210

1,877
652
24
1,201

1,866
633
24
1,209

1,838
613
24
1,202

-2
-5
+4
-1

-41
-35
1
-7

Agricultural land
Arable land
Permanent crops
Permanent pasture

2,682
650
59
1,973

2,801
682
68
2,051

2,955
724
80
2,152

3,119
760
99
2,260

3,184
792
106
2,286

+19
+22
+81
+16

502
142
48
313

1. World

Source: FAOSTAT, 2006.
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are low. Meat demand in developing countries rose from 11
to 24 kg/capita/yr during the period 1967-1997, achieving an
annual growth rate of more than 5% by the end of that period.
Rosegrant et al. (2001) forecast a further increase of 57% in
global meat demand by 2020, mostly in South and Southeast
Asia, and Sub-Saharan Africa. The greatest increases in demand
are expected for poultry (83 % by 2020; Roy et al., 2002).

ha
developed countries
developing countries

1.2
1

pasture

pasture

0.8
0.6
arable
0.4

arable

0.2
0
1960

1970

1980

1990

2000

Figure 8.1. Per-capita area of arable land and pasture, in developed and developing countries.
Source: FAOSTAT, 2006.

and cropland occupied 1405 Mha (28%). During the last four
decades, agricultural land gained almost 500 Mha from other
land uses, a change driven largely by increasing demands for
food from a growing population. Every year during this period,
an average 6 Mha of forestland and 7 Mha of other land were
converted to agriculture, a change occurring largely in the
developing world (Table 8.1). This trend is projected to continue
into the future (Huang et al., 2002; Trewavas, 2002; Fedoroff
and Cohen, 1999; Green et al., 2005), and Rosegrant et al.,
(2001) project that an additional 500 Mha will be converted
to agriculture during 1997-2020, mostly in Latin America and
Sub-Saharan Africa.
Technological progress has made it possible to achieve
remarkable improvements in land productivity, increasing percapita food availability (Table 8.2), despite a consistent decline
in per-capita agricultural land (Figure 8.1). The share of animal
products in the diet has increased consistently in the developing
countries, while remaining constant in developed countries
(Table 8.2). Economic growth and changing lifestyles in some
developing countries are causing a growing demand for meat
and dairy products, notably in China where current demands

Annual GHG emissions from agriculture are expected
to increase in coming decades (included in the baseline) due
to escalating demands for food and shifts in diet. However,
improved management practices and emerging technologies
may permit a reduction in emissions per unit of food (or of
protein) produced. The main trends in the agricultural sector
with the implications for GHG emissions or removals are
summarized as follows:
v Growth in land productivity is expected to continue,
although at a declining rate, due to decreasing returns from
further technological progress, and greater use of marginal
land with lower productivity. Use of these marginal lands
increases the risk of soil erosion and degradation, with
highly uncertain consequences for CO2 emissions (Lal,
2004a; Van Oost et al., 2004).
v Conservation tillage and zero-tillage are increasingly being
adopted, thus reducing the use of energy and often increasing carbon storage in soils. According to FAO (2001), the
worldwide area under zero-tillage in 1999 was approximately 50 Mha, representing 3.5% of total arable land.
However, such practices are frequently combined with
periodical tillage, thus making the assessment of the GHG
balance highly uncertain.
v Further improvements in productivity will require higher
use of irrigation and fertilizer, increasing the energy
demand (for moving water and manufacturing fertilizer;
Schlesinger, 1999). Also, irrigation and N fertilization can
increase GHG emissions (Mosier, 2001).
v Growing demand for meat may induce further changes in
land use (e.g., from forestland to grassland), often increasing CO2 emissions, and increased demand for animal

Table 8.2: Per capita food supply in developed and developing countries
Change 2000s/1960s
%
cal/d or g/d

1961-70

1971-80

1981-90

1991-00

2001-02

Energy, all sources (cal/day)
% from animal sources
Protein, all sources (g/day)
% from animal sources
2. Developing countries

3049
27
92
50

3181
28
97
55

3269
28
101
57

3223
27
99
56

3309
26
100
56

+9
-2
+9
+12

261
-8
--

Energy, all sources (cal/day)
% from animal sources
Protein, all sources (g/day)
% from animal sources

2032
8
9
18

2183
8
11
20

2443
9
13
22

2600
12
18
28

2657
13
21
30

+31
+77
+123
+67

625
-48
--

1. Developed countries

Source: FAOSTAT, 2006.
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feeds (e.g., cereals). Larger herds of beef cattle will cause
increased emissions of CH4 and N2O, although use of
intensive systems (with lower emissions per unit product)
is expected to increase faster than growth in grazing-based
systems. This may attenuate the expected rise in GHG
emissions.
v ,QWHQVLYHSURGXFWLRQRIEHHISRXOWU\DQGSRUNLVLQFUHDVingly common, leading to increases in manure with consequent increases in GHG emissions. This is particularly
true in the developing regions of South and East Asia, and
Latin America, as well as in North America.
v Changes in policies (e.g., subsidies), and regional patterns
of production and demand are causing an increase in international trade of agricultural products. This is expected to
increase CO2 emissions, due to greater use of energy for
transportation.
v There is an emerging trend for greater use of agricultural
products (e.g., bio-plastics bio-fuels and biomass for energy) as substitutes for fossil fuel-based products. This has
the potential to reduce GHG emissions in the future.

8.3

Emission trends (global and regional)

With an estimated global emission of non-CO2 GHGs from
agriculture of between 5120 MtCO2-eq/yr (Denman et al., 2007)
and 6116 MtCO2HT\U 86(3$D LQDJULFXOWXUH
accounts for 10-12 % of total global anthropogenic emissions
of GHGs. Agriculture contributes about 47% and 58% of total
anthropogenic emissions of CH4 and N2O, respectively, with a
wide range of uncertainty in the estimates of both the agricultural
contribution and the anthropogenic total. N2O emissions from
soils and CH4 from enteric fermentation constitute the largest
sources, 38% and 32% of total non-CO2 emissions from
DJULFXOWXUH LQ  UHVSHFWLYHO\ 86(3$ D  %LRPDVV
burning (12%), rice production (11%), and manure management
(7%) account for the rest. CO2 emissions from agricultural soils
are not normally estimated separately, but are included in the
land use, land use change and forestry sector (e.g., in national
GHG inventories). So there are few comparable estimates of
emissions of this gas in agriculture. Agricultural lands generate
very large CO2ÀX[HVERWKWRDQGIURPWKHDWPRVSKHUH ,3&&
2001a), but the netÀX[LVVPDOO86(3$E HVWLPDWHGD
net CO2 emission of 40 MtCO2-eq from agricultural soils in
2000, less than 1% of global anthropogenic CO2 emissions.

the other three regions - Latin America and The Caribbean, the
countries of Eastern Europe, the Caucasus and Central Asia,
DQG 2(&' 3DFL¿F  &+4 from enteric fermentation was the
GRPLQDQW VRXUFH 86(3$ D  7KLV LV GXH WR WKH ODUJH
livestock population in these three regions which, in 2004, had
a combined stock of cattle and sheep equivalent to 36% and
24% of world totals, respectively (FAO, 2003).
Emissions from rice production and burning of biomass
were heavily concentrated in the group of developing countries,
with 97% and 92% of world totals, respectively. While CH4
emissions from rice occurred mostly in South and East Asia,
where it is a dominant food source (82% of total emissions),
those from biomass burning originated in Sub-Saharan Africa
and Latin America and the Caribbean (74% of total). Manure
management was the only source for which emissions where
higher in the group of developed regions (52%) than in
GHYHORSLQJUHJLRQV 86(3$D 
7KH EDODQFH EHWZHHQ WKH ODUJH ÀX[HV RI &22 emissions
and removals in agricultural land is uncertain. A study by US(3$ E VKRZHGWKDWVRPHFRXQWULHVDQGUHJLRQVKDYHQHW
emissions, while others have net removals of CO2. Except for
the countries of Eastern Europe, the Caucasus and Central Asia,
which had an annual emission of 26 MtCO2/yr in 2000, all other
countries showed very low emissions or removals.
8.3.1

Globally, agricultural CH4 and N2O emissions increased by
17% from 1990 to 2005, an average annual emission increase
of 58 MtCO2HT\U 86(3$D %RWKJDVHVKDGDERXWWKH
same share of this increase. Three sources together explained
88% of the increase: biomass burning (N2O and CH4), enteric
fermentation (CH4) and soil N22HPLVVLRQV 86(3$D 
'XULQJ WKDW SHULRG DFFRUGLQJ WR 86(3$ D )LJXUH
  WKH ¿YH UHJLRQV FRPSRVHG RI 1RQ$QQH[ , FRXQWULHV
showed a 32% increase in non-CO2 emissions (equivalent to
73 MtCO2HT\U 7KHRWKHU¿YHUHJLRQVZLWKPRVWO\$QQH[,
countries, collectively showed a decrease of 12% (equivalent
to 15 MtCO2-eq/yr). This was mostly due to non-climate
macroeconomic policies in the Central and Eastern European
and the countries of Eastern Europe, the Caucasus and Central
Asia (see Section 8.7.1 and 8.7.2).
8.3.2

Both the magnitude of the emissions and the relative
importance of the different sources vary widely among world
UHJLRQV )LJXUH ,QWKHJURXSRI¿YHUHJLRQVPRVWO\
FRQVLVWLQJRIQRQ$QQH[,FRXQWULHVZDVUHVSRQVLEOHIRURI
total agricultural emissions.
,Q VHYHQ RI WKH WHQ UHJLRQV 12O from soils was the main
source of GHGs in the agricultural sector in 2005, mainly
DVVRFLDWHG ZLWK 1 IHUWLOL]HUV DQG PDQXUH DSSOLHG WR VRLOV ,Q

Trends since 1990

Future global trends

Agricultural N2O emissions are projected to increase by
35-60% up to 2030 due to increased nitrogen fertilizer use and
increased animal manure production (FAO, 2003). Similarly,
0RVLHU DQG .URH]H   DQG 86(3$ D )LJXUH  
estimated that N2O emissions will increase by about 50% by
 UHODWLYH WR   ,I GHPDQGV IRU IRRG LQFUHDVH DQG
diets shift as projected, then annual emissions of GHGs from
agriculture may escalate further. But improved management
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Figure 8.2: Estimated historical and projected N2O and CH4 emissions in the agricultural sector of the ten world regions during the period 1990-2020.
Source: Adapted from US-EPA, 2006a.

practices and emerging technologies may permit a reduction in
emissions per unit of food (or protein) produced, and perhaps
also a reduction in emissions per capita food consumption.
,I &+4 emissions grow in direct proportion to increases
in livestock numbers, then global livestock-related methane
production is expected to increase by 60% up to 2030 (FAO,
2003). However, changes in feeding practices and manure
PDQDJHPHQW FRXOG DPHOLRUDWH WKLV LQFUHDVH 86(3$ D 
forecast that combined methane emissions from enteric
fermentation and manure management will increase by 21%
between 2005 and 2020.
The area of rice grown globally is forecast to increase by
4.5% to 2030 (FAO, 2003), so methane emissions from rice
production would not be expected to increase substantially.
There may even be reductions if less rice is grown under
FRQWLQXRXV ÀRRGLQJ FDXVLQJ DQDHURELF VRLO FRQGLWLRQV  DV
a result of scarcity of water, or if new rice cultivars that emit
504

less methane are developed and adopted (Wang et al., 1997).
+RZHYHU 86(3$ D  SURMHFWV D  LQFUHDVH LQ &+4
emissions from rice crops between 2005 and 2020, mostly due
to a sustained increase in the area of irrigated rice.
No baseline agricultural non-CO2 GHG emission estimates
for the year 2030 have been published, but according to US(3$ D  DJJUHJDWH HPLVVLRQV DUH SURMHFWHG WR LQFUHDVH
by ~13% during the decades 2000-2010 and 2010-2020.
Assuming similar rates of increase (10-15%) for 2020-2030,
agricultural emissions might be expected to rise to 8000–8400,
with a mean of 8300 MtCO2-eq by 2030. The future evolution
of CO2 emissions from agriculture is uncertain. Due to stable
or declining deforestation rates (FAO, 2003), and increased
adoption of conservation tillage practices (FAO, 2001), these
emissions are likely to decrease or remain at low levels.
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Regional trends

The Middle East and North Africa, and Sub-Saharan
Africa have the highest projected growth in emissions, with a
FRPELQHGLQFUHDVHLQWKHSHULRGWR 86(3$
2006a). Sub-Saharan Africa is the one world region where percapita food production is either in decline, or roughly constant
at a level that is less than adequate (Scholes and Biggs, 2004).
This trend is linked to low and declining soil fertility (Sanchez,
2002), and inadequate fertilizer inputs. Although slow, the
rising wealth of urban populations is likely to increase demand
IRU OLYHVWRFN SURGXFWV 7KLV ZRXOG UHVXOW LQ LQWHQVL¿FDWLRQ RI
agriculture and expansion to still largely unexploited areas,
particularly in South and Central Africa (including Angola,
Zambia, DRC, Mozambique and Tanzania), with a consequent
increase in GHG emissions.
East Asia is projected to show large increases in GHG
emissions from animal sources. According to FAO (FAOSTAT,
2006), total production of meat and milk in Asian developing
countries increased more than 12 times and 4 times, respectively,
from 2004 to 1961. Since the per-capita consumption of
meat and milk is still much lower in these countries than in
developed countries, increasing trends are expected to continue
IRU D UHODWLYHO\ ORQJ WLPH $FFRUGLQJO\ 86(3$ D 
forecast increases of 153% and 86% in emissions from enteric
fermentation and manure management, respectively, from 1990
WR,Q6RXWK$VLDHPLVVLRQVDUHLQFUHDVLQJPRVWO\EHFDXVH
of expanding use of N fertilizers and manure to meet demands
for food, resulting from rapid population growth.

widespread application of intensive management technologies
could result in a 2 to 2.5-fold rise in grain and fodder yields,
with a consequent reduction of arable land, but may increase N
fertilizer use. Decreases in fertilizer N use since 1990 have led to
DVLJQL¿FDQWUHGXFWLRQLQ12O emissions. But, under favourable
economic conditions, the amount of N fertilizer applied will
again increase, although unlikely to reach pre-1990 levels in the
QHDUIXWXUH86(3$ D SURMHFWHGDLQFUHDVHLQ12O
emissions from soils in these two regions between 2005 and
2020, equivalent to an average rate of increase of 3.5 MtCO2eq/yr.
2(&' 1RUWK $PHULFD DQG 2(&' 3DFL¿F DUH WKH RQO\
developed regions showing a consistent increase in GHG
emissions in the agricultural sector (18% and 21%, respectively
EHWZHHQDQG)LJXUH ,QERWKFDVHVWKHWUHQGLV
largely driven by non-CO2 emissions from manure management
and N22 HPLVVLRQV IURP VRLOV ,Q 2FHDQLD QLWURJHQ IHUWLOL]HU
use has increased exponentially over the past 45 years with
a 5 and 2.5 fold increase since 1990 in New Zealand and
$XVWUDOLDUHVSHFWLYHO\,Q1RUWK$PHULFDLQFRQWUDVWQLWURJHQ
fertilizer use has remained stable; the main driver for increasing
emissions is management of manure from cattle, poultry and
VZLQH SURGXFWLRQ DQG PDQXUH DSSOLFDWLRQ WR VRLOV ,Q ERWK
regions, conservation policies have resulted in reduced CO2
emissions from land conversion. Land clearing in Australia
has declined by 60% since 1990 with vegetation management
policies restricting further clearing, while in North America,
some marginal croplands have been returned to woodland or
grassland.

,Q /DWLQ$PHULFD DQG WKH &DULEEHDQ DJULFXOWXUDO SURGXFWV
DUH WKH PDLQ VRXUFH RI H[SRUWV 6LJQL¿FDQW FKDQJHV LQ ODQG
use and management have occurred, with forest conversion
WRFURSODQGDQGJUDVVODQGEHLQJWKHPRVWVLJQL¿FDQWUHVXOWLQJ
in increased GHG emissions from soils (CO2 and N2O). The
cattle population has increased linearly from 176 to 379 Mhead
between 1961 and 2004, partly offset by a decrease in the sheep
population from 125 to 80 Mhead. All other livestock categories
have increased in the order of 30 to 600% since 1961. Cropland
areas, including rice and soybean, and the use of N fertilizers
have also shown dramatic increases (FAOSTAT, 2006). Another
major trend in the region is the increased adoption of no-till
agriculture, particularly in the Mercosur area (Brazil, Argentina,
3DUDJXD\DQG8UXJXD\ 7KLVWHFKQRORJ\LVXVHGRQa0KD
every year in the region, although it is unknown how much of
this area is under permanent no-till.

Western Europe is the only region where, according to US(3$ D  *+* HPLVVLRQV IURP DJULFXOWXUH DUH SURMHFWHG
to decrease to 2020 (Figure 8.2). This is associated with the
DGRSWLRQRIDQXPEHURIFOLPDWHVSHFL¿FDQGRWKHUHQYLURQPHQWDO
policies in the European Union, as well as economic constraints
on agriculture, as discussed in Sections 8.7.1 and 8.7.2.

,QWKHFRXQWULHVRI&HQWUDODQG(DVWHUQ(XURSHWKH&DXFDVXV
and Central Asia, agricultural production is, at present, about
60-80% of that in 1990, but is expected to grow by 15-40%
above 2001 levels by 2010, driven by the increasing wealth of
these countries. A 10-14% increase in arable land area is forecast
for the whole of Russia due to agricultural expansion. The

Opportunities for mitigating GHGs in agriculture fall into
three broad categories1, based on the underlying mechanism:

1

8.4 Description and assessment of
mitigation technologies and
practices, options and potentials,
costs and sustainability

8.4.1

a.

Mitigation technologies and practices

Reducing emissions: Agriculture releases to the atmosSKHUH VLJQL¿FDQW DPRXQWV RI &22, CH4, or N2O (Cole et
al,3&&D3DXVWLDQet al 7KHÀX[HV

Smith et al. (2007a) have recently reviewed mechanisms for agricultural GHG mitigation. This section draws largely from that study.
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RIWKHVHJDVHVFDQEHUHGXFHGE\PRUHHI¿FLHQWPDQDJHPHQWRIFDUERQDQGQLWURJHQÀRZVLQDJULFXOWXUDOHFRV\Vtems. For example, practices that deliver added N more ef¿FLHQWO\WRFURSVRIWHQUHGXFH12O emissions (Bouwman,
 DQGPDQDJLQJOLYHVWRFNWRPDNHPRVWHI¿FLHQWXVH
of feeds often reduces amounts of CH4 produced (Clemens and Ahlgrimm, 2001). The approaches that best reduce
emissions depend on local conditions, and therefore, vary
from region to region.
b.

c.

Enhancing removals: Agricultural ecosystems hold large
FDUERQUHVHUYHV ,3&&D PRVWO\LQVRLORUJDQLFPDWWHU+LVWRULFDOO\WKHVHV\VWHPVKDYHORVWPRUHWKDQ3J&
3DXVWLDQet al., 1998; Lal, 1999, 2004a), but some of this
carbon lost can be recovered through improved management, thereby withdrawing atmospheric CO2. Any practice
that increases the photosynthetic input of carbon and/or
slows the return of stored carbon to CO2 via respiration,
¿UHRUHURVLRQZLOOLQFUHDVHFDUERQUHVHUYHVWKHUHE\µVHTXHVWHULQJ¶FDUERQRUEXLOGLQJFDUERQµVLQNV¶0DQ\VWXGLHVZRUOGZLGHKDYHQRZVKRZQWKDWVLJQL¿FDQWDPRXQWV
of soil carbon can be stored in this way, through a range
of practices, suited to local conditions (Lal, 2004a). SigQL¿FDQWDPRXQWVRIYHJHWDWLYHFDUERQFDQDOVREHVWRUHGLQ
agro-forestry systems or other perennial plantings on agricultural lands (Albrecht and Kandji, 2003). Agricultural
lands also remove CH4 from the atmosphere by oxidation
(but less than forests; Tate et al., 2006), but this effect is
VPDOO FRPSDUHG WR RWKHU *+* ÀX[HV 6PLWK DQG &RQHQ
2004).

mechanisms such as aerosols or albedo, those impacts also need
to be considered (Marland et al., 2003b; Andreae et al., 2005).
The impacts of the mitigation options considered are
summarized qualitatively in Table 8.3. Although comprehensive
life-cycle analyses are not always possible, given the complexity
of many farming systems, the table also includes estimates of
WKH FRQ¿GHQFH EDVHG RQ H[SHUW RSLQLRQ WKDW WKH SUDFWLFH FDQ
reduce overall net emissions at the site of adoption. Some
of these practices also have indirect effects on ecosystems
elsewhere. For example, increased productivity in existing
croplands could avoid deforestation and its attendant emissions
(see also Section 8.8). The most important options are discussed
in Section 8.4.1.
8.4.1.1

Cropland management

Because often intensively managed, croplands offer many
opportunities to impose practices that reduce net GHG emissions
(Table 8.3). Mitigation practices in cropland management
include the following partly-overlapping categories:
a.

Agronomy ,PSURYHG DJURQRPLF SUDFWLFHV WKDW LQFUHDVH
yields and generate higher inputs of carbon residue can
lead to increased soil carbon storage (Follett, 2001). Examples of such practices include: using improved crop
varieties; extending crop rotations, notably those with
perennial crops that allocate more carbon below ground;
and avoiding or reducing use of bare (unplanted) falORZ :HVW DQG 3RVW  6PLWK D E /DO 
2004a; Freibauer et al., 2004). Adding more nutrients,
ZKHQGH¿FLHQWFDQDOVRSURPRWHVRLOFDUERQJDLQV $OYDUH]   EXW WKH EHQH¿WV IURP 1 IHUWLOL]HU FDQ EH RIIset by higher N2O emissions from soils and CO2 from
IHUWLOL]HU PDQXIDFWXUH 6FKOHVLQJHU  3pUH]5DPtUH]
et al., 2003; Robertson, 2004; Gregorich et al., 2005).
Emissions per hectare can also be reduced by adopting
cropping systems with reduced reliance on fertilizers,
pesticides and other inputs (and therefore, the GHG cost
RI WKHLU SURGXFWLRQ 3DXVWLDQ et al., 2004). An important
example is the use of rotations with legume crops (West
DQG3RVW,]DXUUDOGHet al., 2001), which reduce reliance on external N inputs although legume-derived N
can also be a source of N2O (Rochette and Janzen, 2005).
Another group of agronomic practices are those that provide temporary vegetative cover between successive agricultural crops, or between rows of tree or vine crops. These
µFDWFK¶RUµFRYHU¶FURSVDGGFDUERQWRVRLOV %DUWKqVet al.,
2004; Freibauer et al., 2004) and may also extract plantavailable N unused by the preceding crop, thereby reducing N2O emissions.

b.

Nutrient management: Nitrogen applied in fertilizers, manures, biosolids, and other N sources is not always used
HI¿FLHQWO\E\FURSV *DOORZD\et al., 2003; Cassman et al.,
2003). The surplus N is particularly susceptible to emission

Avoiding (or displacing) emissions: Crops and residues
from agricultural lands can be used as a source of fuel, either directly or after conversion to fuels such as ethanol
or diesel (Schneider and McCarl, 2003; Cannell, 2003).
These bio-energy feedstocks still release CO2 upon combustion, but now the carbon is of recent atmospheric origin
(via photosynthesis), rather than from fossil carbon. The
QHWEHQH¿WRIWKHVHELRHQHUJ\VRXUFHVWRWKHDWPRVSKHUH
is equal to the fossil-derived emissions displaced, less any
emissions from producing, transporting, and processing.
GHG emissions, notably CO2, can also be avoided by agricultural management practices that forestall the cultivation
of new lands now under forest, grassland, or other non-agricultural vegetation (Foley et al., 2005).

Many practices have been advocated to mitigate emissions
through the mechanisms cited above. Often, a practice will
affect more than one gas, by more than one mechanism,
VRPHWLPHVLQRSSRVLWHZD\VVRWKHQHWEHQH¿WGHSHQGVRQWKH
combined effects on all gases (Robertson and Grace, 2004;
Schils et al., 2005; Koga et al. ,QDGGLWLRQWKHWHPSRUDO
SDWWHUQRILQÀXHQFHPD\YDU\DPRQJSUDFWLFHVRUDPRQJJDVHV
IRUDJLYHQSUDFWLFHVRPHHPLVVLRQVDUHUHGXFHGLQGH¿QLWHO\
other reductions are temporary (Six et al., 2004; Marland et al.,
2003a). Where a practice affects radiative forcing through other
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Table 8.3: Proposed measures for mitigating greenhouse gas emissions from agricultural ecosystems, their apparent effects on reducing emissions of individual gases where
adopted (mitigative effect), and an estimate of scientiﬁc conﬁdence that the proposed practice can reduce overall net emissions at the site of adoption.
Mitigative effectsa
Measure
Cropland
management

Grazing land
management/
pasture improvement

Management of
organic soils
Restoration of
degraded lands
Livestock
management

Manure/biosolid
management
Bio-energy

Examples
Agronomy
Nutrient management
Tillage/residue management
Water management (irrigation, drainage)
Rice management
Agro-forestry
Set-aside, land-use change
Grazing intensity
Increased productivity (e.g., fertilization)
Nutrient management
Fire management
Species introduction (including legumes)
Avoid drainage of wetlands

CO2
+
+
+
+/+/+
+
+/+
+
+
+
+

Erosion control, organic amendments, nutrient
amendments
Improved feeding practices
Speciﬁc agents and dietary additives
Longer term structural and management changes and
animal breeding
Improved storage and handling
Anaerobic digestion
More efﬁcient use as nutrient source
Energy crops, solid, liquid, biogas, residues

CH4

+
+
+/-

+
-

+

+
+

N2O
+/+
+/+
+/+/+
+/+/+/+/+/+/-

Net mitigationb
(conﬁdence)
Agreement
Evidence
***
**
***
**
**
**
*
*
**
**
***
*
***
***
*
*
**
*
**
**
*
*
*
**
**
**

+/-

***

**

+
+
+

+
+

***
**
**

***
***
*

+
+

+/+/+
+/-

***
***
***
***

**
*
**
**

+/-

Notes:
a
+ denotes reduced emissions or enhanced removal (positive mitigative effect);
- denotes increased emissions or suppressed removal (negative mitigative effect);
+/- denotes uncertain or variable response.
b
A qualitative estimate of the conﬁdence in describing the proposed practice as a measure for reducing net emissions of greenhouse gases, expressed as CO2-eq:
Agreement refers to the relative degree of consensus in the literature (the more asterisks, the higher the agreement); Evidence refers to the relative amount of data
in support of the proposed effect (the more asterisks, the more evidence).
Source: adapted from Smith et al., 2007a.

of N2O (McSwiney and Robertson, 2005). Consequently,
LPSURYLQJ1XVHHI¿FLHQF\FDQUHGXFH12O emissions and
indirectly reduce GHG emissions from N fertilizer manufacture (Schlesinger, 1999). By reducing leaching and volDWLOHORVVHVLPSURYHGHI¿FLHQF\RI1XVHFDQDOVRUHGXFH
off-site N22HPLVVLRQV3UDFWLFHVWKDWLPSURYH1XVHHI¿ciency include: adjusting application rates based on precise
estimation of crop needs (e.g., precision farming); using
VORZRUFRQWUROOHGUHOHDVHIHUWLOL]HUIRUPVRUQLWUL¿FDWLRQ
inhibitors (which slow the microbial processes leading to
N2O formation); applying N when least susceptible to loss,
often just prior to plant uptake (improved timing); placing
the N more precisely into the soil to make it more accessible to crops roots; or avoiding N applications in excess of
immediate plant requirements (Robertson, 2004; Dalal et
al.3DXVWLDQet al., 2004; Cole et al., 1997; Monteny
et al., 2006).

c.

Tillage/residue management: Advances in weed control
methods and farm machinery now allow many crops to
be grown with minimal tillage (reduced tillage) or without
tillage (no-till). These practices are now increasingly used
throughout the world (e.g., Cerri et al., 2004). Since soil
disturbance tends to stimulate soil carbon losses through
enhanced decomposition and erosion (Madari et al., 2005),
reduced- or no-till agriculture often results in soil carbon
JDLQ EXW QRW DOZD\V :HVW DQG 3RVW  2JOH et al.,
2005; Gregorich et al., 2005; Alvarez 2005). Adopting reduced- or no-till may also affect N2O, emissions but the
QHW HIIHFWV DUH LQFRQVLVWHQW DQG QRW ZHOOTXDQWL¿HG JORbally (Smith and Conen, 2004; Helgason et al., 2005; Li
et al., 2005; Cassman et al., 2003). The effect of reduced
tillage on N2O emissions may depend on soil and climatic
FRQGLWLRQV ,Q VRPH DUHDV UHGXFHG WLOODJH SURPRWHV 12O
emissions, while elsewhere it may reduce emissions or
KDYHQRPHDVXUDEOHLQÀXHQFH 0DUODQGet al., 2001). Fur507
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ther, no-tillage systems can reduce CO2 emissions from
energy use (Marland et al., 2003b; Koga et al., 2006).
Systems that retain crop residues also tend to increase soil
carbon because these residues are the precursors for soil
organic matter, the main carbon store in soil. Avoiding the
burning of residues (e.g., mechanising sugarcane harvesting, eliminating the need for pre-harvest burning (Cerri et
al., 2004)) also avoids emissions of aerosols and GHGs
JHQHUDWHGIURP¿UHDOWKRXJK&22 emissions from fuel use
may increase.
d. Water management: About 18% of the world’s croplands
now receive supplementary water through irrigation (Millennium Ecosystem Assessment, 2005). Expanding this
area (where water reserves allow) or using more effective irrigation measures can enhance carbon storage in
soils through enhanced yields and residue returns (Follett,
2001; Lal, 2004a). But some of these gains may be offset
by CO2 from energy used to deliver the water (Schlesinger 1999; Mosier et al., 2005) or from N2O emissions
from higher moisture and fertilizer N inputs (Liebig et
al. 2005), The latter effect has not been widely measured.
Drainage of croplands lands in humid regions can promote
productivity (and hence soil carbon) and perhaps also suppress N2O emissions by improving aeration (Monteny et al.,
2006). Any nitrogen lost through drainage, however, may be
susceptible to loss as N2O.(Reay et al. 2003).
e.
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Rice management: Cultivated wetland rice soils emit sigQL¿FDQWTXDQWLWLHVRIPHWKDQH <DQet al., 2003). Emissions
during the growing season can be reduced by various pracWLFHV <DJLet al., 1997; Wassmann et al., 2000; Aulakh et
al., 2001). For example, draining wetland rice once or several times during the growing season reduces CH4 emisVLRQV 6PLWKDQG&RQHQ<DQet al., 2003; Khalil and
6KHDUHU 7KLVEHQH¿WKRZHYHUPD\EHSDUWO\RIIVHW
by increased N2O emissions (Akiyama et al. 2005), and the
practice may be constrained by water supply. Rice cultivars
with low exudation rates could offer an important methane
mitigation option (Aulakh et al. ,QWKHRIIULFHVHDson, methane emissions can be reduced by improved water
management, especially by keeping the soil as dry as possible and avoiding water logging (Cai et al., 2000 2003; Kang
et al., 2002; Xu et al. ,QFUHDVLQJULFHSURGXFWLRQFDQ
DOVRHQKDQFHVRLORUJDQLFFDUERQVWRFNV 3DQet al., 2006).
Methane emissions can be reduced by adjusting the timing
of organic residue additions (e.g., incorporating organic
PDWHULDOVLQWKHGU\SHULRGUDWKHUWKDQLQÀRRGHGSHULRGV
Xu et al., 2000; Cai and Xu, 2004), by composting the residues before incorporation, or by producing biogas for use
as fuel for energy production (Wang and Shangguan, 1996;
Wassmann et al., 2000).
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f.

Agro-forestry: Agro-forestry is the production of livestock
RUIRRGFURSVRQODQGWKDWDOVRJURZVWUHHVIRUWLPEHU¿UHZRRGRURWKHUWUHHSURGXFWV,WLQFOXGHVVKHOWHUEHOWVDQG
riparian zones/buffer strips with woody species. The standing stock of carbon above ground is usually higher than the
equivalent land use without trees, and planting trees may
also increase soil carbon sequestration (Oelbermann et al.,
2004; Guo and Gifford, 2002; Mutuo et al.3DXOet
al., 2003). But the effects on N2O and CH4 emissions are
not well known (Albrecht and Kandji, 2003).

g.

Land cover (use) change: One of the most effective methods of reducing emissions is often to allow or encourage the
reversion of cropland to another land cover, typically one
similar to the native vegetation. The conversion can occur
RYHUWKHHQWLUHODQGDUHD µVHWDVLGHV¶ RULQORFDOL]HGVSRWV
VXFK DV JUDVVHG ZDWHUZD\V ¿HOG PDUJLQV RU VKHOWHUEHOWV
(Follett, 2001; Freibauer et al., 2004; Lal, 2004b; Falloon et
al., 2004; Ogle et al., 2003). Such land cover change often
increases carbon storage. For example, converting arable
cropland to grassland typically results in the accrual of soil
carbon because of lower soil disturbance and reduced carbon removal in harvested products. Compared to cultivated
lands, grasslands may also have reduced N2O emissions
from lower N inputs, and higher rates of CH4 oxidation, but
UHFRYHU\RIR[LGDWLRQPD\EHVORZ 3DXVWLDQet al., 2004).
Similarly, converting drained croplands back to wetlands can result in rapid accumulation of soil carbon
(removal of atmospheric CO2). This conversion may
stimulate CH4 emissions because water logging creDWHV DQDHURELF FRQGLWLRQV 3DXVWLDQ et al.   3ODQWing trees can also reduce emissions. These practices are
considered under agro-forestry (Section 8.4.1.1f); afforestation (Chapter 9), and reafforestation (Chapter 9).
Because land cover (or use) conversion comes at the expense of lost agricultural productivity, it is usually an option only on surplus agricultural land or on croplands of
marginal productivity.

8.4.1.2

Grazing land management and pasture
improvement

Grazing lands occupy much larger areas than croplands
(FAOSTAT, 2006) and are usually managed less intensively. The
following are examples of practices to reduce GHG emissions
and to enhance removals:
a.

Grazing intensity: The intensity and timing of grazing can
LQÀXHQFHWKHUHPRYDOJURZWKFDUERQDOORFDWLRQDQGÀRUD
of grasslands, thereby affecting the amount of carbon accrual in soils (Conant et al., 2001; 2005; Freibauer et al.,
 &RQDQW DQG 3DXVWLDQ  5HHGHU et al., 2004).
Carbon accrual on optimally grazed lands is often greater
than on ungrazed or overgrazed lands (Liebig et al., 2005;
Rice and Owensby, 2001). The effects are inconsistent,
however, owing to the many types of grazing practices
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employed and the diversity of plant species, soils, and climates involved (Schuman et al., 2001; Derner et al., 2006).
7KHLQÀXHQFHRIJUD]LQJLQWHQVLW\RQHPLVVLRQRIQRQ&22
gases is not well-established, apart from the direct effects
on emissions from adjustments in livestock numbers.
b.

c.

d.

,QFUHDVHG SURGXFWLYLW\: (including fertilization): As for
croplands, carbon storage in grazing lands can be improved by a variety of measures that promote productivity.
)RULQVWDQFHDOOHYLDWLQJQXWULHQWGH¿FLHQFLHVE\IHUWLOL]HU
or organic amendments increases plant litter returns and,
hence, soil carbon storage (Schnabel et al., 2001; Conant
et al., 2001). Adding nitrogen, however, often stimulates
N2O emissions (Conant et al., 2005) thereby offsetting
VRPH RI WKH EHQH¿WV ,UULJDWLQJ JUDVVODQGV VLPLODUO\ FDQ
promote soil carbon gains (Conant et al., 2001). The net
effect of this practice, however, depends also on emissions
from energy use and other activities on the irrigated land
(Schlesinger, 1999).
Nutrient management3UDFWLFHVWKDWWDLORUQXWULHQWDGGLtions to plant uptake, such as those described for croplands,
can reduce N2O emissions (Dalal et al., 2003; Follett et al.,
2001). Management of nutrients on grazing lands, however, may be complicated by deposition of faeces and urine
from livestock, which are not as easily controlled nor as
uniformly applied as nutritive amendments in croplands
(Oenema et al., 2005).
Fire management: On-site biomass burning (not to be confused with bio-energy, where biomass is combusted off-site
for energy) contributes to climate change in several ways.
Firstly, it releases GHGs, notably CH4 and, and to a lesser
extent, N2O (the CO2 released is of recent origin, is absorbed by vegetative regrowth, and is usually not included
in GHG inventories). Secondly, it generates hydrocarbon
and reactive nitrogen emissions, which react to form tropoVSKHULF R]RQH D SRZHUIXO *+*7KLUGO\ ¿UHV SURGXFH D
range of smoke aerosols which can have either warming or
cooling effects on the atmosphere; the net effect is thought
to be positive radiative forcing (Andreae et al., 2005; Jones
et al., 2003; Venkataraman et al., 2005; Andreae, 2001;
Andreae and Merlet, 2001; Anderson et al., 2003; Menon
et al. )RXUWK¿UHUHGXFHVWKHDOEHGRRIWKHODQGVXUface for several weeks, causing warming (Beringer et al.,
2003). Finally, burning can affect the proportion of woody
versus grass cover, notably in savannahs, which occupy
about an eighth of the global land surface. Reducing the
IUHTXHQF\RULQWHQVLW\RI¿UHVW\SLFDOO\OHDGVWRLQFUHDVHG
tree and shrub cover, resulting in a CO2 sink in soil and
biomass (Scholes and van der Merwe, 1996). This woodyplant encroachment mechanism saturates over 20-50 years,
whereas avoided CH4 and N2O emissions continue as long
DV¿UHVDUHVXSSUHVVHG




Mitigation actions involve reducing the frequency or
H[WHQWRI¿UHVWKURXJKPRUHHIIHFWLYH¿UHVXSSUHVVLRQUH-

ducing the fuel load by vegetation management; and burning at a time of year when less CH4 and N2O are emitted
(Korontzi et al., 2003). Although most agricultural-zone
¿UHVDUHLJQLWHGE\KXPDQVWKHUHLVHYLGHQFHWKDWWKHDUHD
burned is ultimately under climatic control (Van Wilgen et
al. ,QWKHDEVHQFHRIKXPDQLJQLWLRQWKH¿UHSURQH
ecosystems would still burn as a result of climatic factors.
e.

Species introduction,QWURGXFLQJJUDVVVSHFLHVZLWKKLJKHU
productivity, or carbon allocation to deeper roots, has been
shown to increase soil carbon. For example, establishing
deep-rooted grasses in savannahs has been reported to yield
very high rates of carbon accrual (Fisher et al., 1994), although the applicability of these results has not been wideO\FRQ¿UPHG &RQDQWet al., 2001; Davidson et al., 1995).
,Q WKH %UD]LOLDQ 6DYDQQDK &HUUDGR %LRPH  LQWHJUDWHG
crop-livestock systems using Brachiaria grasses and zero
tillage are being adopted (Machado and Freitas, 2004).
,QWURGXFLQJ OHJXPHV LQWR JUD]LQJ ODQGV FDQ SURPRWH VRLO
carbon storage (Soussana et al., 2004), through enhanced
productivity from the associated N inputs, and perhaps also
reduced emissions from fertilizer manufacture if biological N2¿[DWLRQGLVSODFHVDSSOLHG1IHUWLOL]HU1 6LVWLet al.,
2004; Diekow et al., 2005). Ecological impacts of species
introduction need to be considered.

Grazing lands also emit GHGs from livestock, notably CH4
IURPUXPLQDQWVDQGWKHLUPDQXUHV3UDFWLFHVIRUUHGXFLQJWKHVH
emissions are considered under Section 8.4.1.5: Livestock
management.
8.4.1.3 Management of organic/peaty soils
Organic or peaty soils contain high densities of carbon
accumulated over many centuries because decomposition is
VXSSUHVVHGE\DEVHQFHRIR[\JHQXQGHUÀRRGHGFRQGLWLRQV7R
be used for agriculture, these soils are drained, which aerates
the soil, favouring decomposition and therefore, high CO2
and N22 ÀX[HV 0HWKDQH HPLVVLRQV DUH XVXDOO\ VXSSUHVVHG
after draining, but this effect is far outweighed by pronounced
increases in N2O and CO2 (Kasimir-Klemedtsson et al., 1997).
Emissions from drained organic soils can be reduced to some
extent by practices such as avoiding row crops and tubers,
avoiding deep ploughing, and maintaining a shallower water
table. But the most important mitigation practice is avoiding the
GUDLQDJHRIWKHVHVRLOVLQWKH¿UVWSODFHRUUHHVWDEOLVKLQJDKLJK
water table (Freibauer et al., 2004).
8.4.1.4 Restoration of degraded lands
A large proportion of agricultural lands has been degraded by
excessive disturbance, erosion, organic matter loss, salinization,
DFLGL¿FDWLRQRURWKHUSURFHVVHVWKDWFXUWDLOSURGXFWLYLW\ %DWMHV
1999; Foley et al., 2005; Lal, 2001a, 2003, 2004b). Often,
carbon storage in these soils can be partly restored by practices
that reclaim productivity including: re-vegetation (e.g., planting
509
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• Halogenated compounds inhibit methanogenic bacteria
(Wolin et al., 1964; Van Nevel and Demeyer, 1995) but
their effects, too, are often transitory and they can have
side-effects such as reduced intake.
• Novel plant compounds such as condensed tannins
3LQDUHV3DWLxRet al., 2003; Hess et al., 2006), saponins
(Lila et al   RU HVVHQWLDO RLOV 3DWUD et al., 2006;
Kamra et al., 2006) may have merit in reducing methane
emissions, but these responses may often be obtained
through reduced digestibility of the diet.
• 3URELRWLFVVXFKDV\HDVWFXOWXUHKDYHVKRZQRQO\VPDOO
LQVLJQL¿FDQWHIIHFWV 0F*LQQet al., 2004), but selecting
VWUDLQV VSHFL¿FDOO\ IRU PHWKDQHUHGXFLQJ DELOLW\ FRXOG
improve results (Newbold and Rode, 2006).
• 3URSLRQDWHSUHFXUVRUVVXFKDVIXPDUDWHRUPDODWHUHGXFH
methane formation by acting as alternative hydrogen
acceptors (Newbold et al., 2002). But as response is
elicited only at high doses, propionate precursors are,
therefore, expensive (Newbold et al., 2005).
• Vaccines against methanogenic bacteria are being
developed but are not yet available commercially (Wright
et al., 2004).
• Bovine somatotropin (bST) and hormonal growth
LPSODQWV GR QRW VSHFL¿FDOO\ VXSSUHVV &+4 formation,
but by improving animal performance (Bauman, 1992;
Schmidely, 1993), they can reduce emissions per-kg of
animal product (Johnson et al., 1991; McCrabb, 2001).

grasses); improving fertility by nutrient amendments; applying
organic substrates such as manures, biosolids, and composts;
reducing tillage and retaining crop residues; and conserving
water (Lal, 2001b; 2004b; Bruce et al., 1999; Olsson and Ardö,
3DXVWLDQet al., 2004). Where these practices involve higher
QLWURJHQDPHQGPHQWVWKHEHQH¿WVRIFDUERQVHTXHVWUDWLRQPD\
be partly offset by higher N2O emissions.
8.4.1.5

Livestock management

Livestock, predominantly ruminants such as cattle and sheep,
are important sources of CH4, accounting for about one-third of
JOREDODQWKURSRJHQLFHPLVVLRQVRIWKLVJDV 86(3$D 
The methane is produced primarily by enteric fermentation
and voided by eructation (Crutzen, 1995; Murray et al., 1976;
Kennedy and Milligan, 1978). All livestock generate N2O
emissions from manure as a result of excretion of N in urine
DQGIDHFHV3UDFWLFHVIRUUHGXFLQJ&+4 and N2O emissions from
this source fall into three general categories: improved feeding
SUDFWLFHVXVHRIVSHFL¿FDJHQWVRUGLHWDU\DGGLWLYHVDQGORQJHU
term management changes and animal breeding (Soliva et al.,
2006; Monteny et al., 2006).
a.

b.

510

,PSURYHG IHHGLQJ SUDFWLFHV: Methane emissions can be
reduced by feeding more concentrates, normally replacing forages (Blaxter and Claperton, 1965; Johnson and
Johnson, 1995; Lovett et al., 2003; Beauchemin and
McGinn, 2005). Although concentrates may increase
daily methane emissions per animal, emissions per kgfeed intake and per kg-product are almost invariably reduced. The magnitude of this reduction per kg-product
GHFUHDVHVDVSURGXFWLRQLQFUHDVHV7KHQHWEHQH¿WRIFRQcentrates, however, depends on reduced animal numbers
or younger age at slaughter for beef animals, and on how
the practice affects land use, the N content of manure
and emissions from producing and transporting the conFHQWUDWHV 3KHWWHSODFH et al., 2001; Lovett et al., 2006).
Other practices that can reduce CH4 emissions include: adding certain oils or oilseeds to the diet (e.g., Machmüller et
al., 2000; Jordan et al., 2006c); improving pasture quality,
especially in less developed regions, because this improves
animal productivity, and reduces the proportion of energy
lost as CH4 (Leng, 1991; McCrabb et al., 1998; Alcock and
Hegarty, 2006); and optimizing protein intake to reduce N
excretion and N2O emissions (Clark et al., 2005).
6SHFL¿FDJHQWVDQGGLHWDU\DGGLWLYHV: A wide range of speFL¿FDJHQWVPRVWO\DLPHGDWVXSSUHVVLQJPHWKDQRJHQHVLV
has been proposed as dietary additives to reduce CH4 emissions:
• ,RQRSKRUHV DUH DQWLELRWLFV WKDW FDQ UHGXFH PHWKDQH
emissions (Benz and Johnson, 1982; Van Nevel and
Demeyer, 1996; McGinn et al., 2004), but their effect
may be transitory (Rumpler et al., 1986); and they have
been banned in the EU.

c.

Longer-term management changes and animal breeding:
,QFUHDVLQJSURGXFWLYLW\WKURXJKEUHHGLQJDQGEHWWHUPDQagement practices, such as a reduction in the number of
replacement heifers, often reduces methane output per unit
of animal product (Boadi et al., 2004). Although selecting
cattle directly for reduced methane production has been
proposed (Kebreab et al., 2006), it is still impractical due
WRGLI¿FXOWLHVLQDFFXUDWHO\PHDVXULQJPHWKDQHHPLVVLRQV
at a magnitude suitable for breeding programmes. With imSURYHGHI¿FLHQF\PHDWSURGXFLQJDQLPDOVUHDFKVODXJKWHU
weight at a younger age, with reduced lifetime emissions
(Lovett and O’Mara, 2002). However, the whole-system
effects of such practices may not always lead to reduced
emissions. For example in dairy cattle, intensive selection
for higher yield may reduce fertility, requiring more replacement heifers in the herd (Lovett et al., 2006).

8.4.1.6 Manure management
$QLPDOPDQXUHVFDQUHOHDVHVLJQL¿FDQWDPRXQWVRI12O and
CH4 during storage, but the magnitude of these emissions varies.
Methane emissions from manure stored in lagoons or tanks
can be reduced by cooling, use of solid covers, mechanically
separating solids from slurry, or by capturing the CH4 emitted
(Amon et al. 2006; Clemens and Ahlgrimm, 2001; Monteny et
al.3DXVWLDQet al., 2004). The manures can also be
digested anaerobically to maximize CH4 retrieval as a renewable
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energy source (Clemens and Ahlgrimm, 2001; Clemens et al.,
2006). Handling manures in solid form (e.g., composting)
rather than liquid form can suppress CH4 emissions, but may
increase N22 IRUPDWLRQ 3DXVWLDQ et al.   3UHOLPLQDU\
evidence suggests that covering manure heaps can reduce N2O
emissions, but the effect of this practice on CH4 emissions is
variable (Chadwick, 2005). For most animals, worldwide there
is limited opportunity for manure management, treatment, or
VWRUDJH H[FUHWLRQ KDSSHQV LQ WKH ¿HOG DQG KDQGOLQJ IRU IXHO
or fertility amendment occurs when it is dry and methane
emissions are negligible (Gonzalez-Avalos and Ruiz-Suarez,
2001). To some extent, emissions from manure might be
curtailed by altering feeding practices (Külling et al., 2003;
Hindrichsen et al., 2006; Kreuzer and Hindrichsen, 2006), or by
FRPSRVWLQJWKHPDQXUH 3DWWH\et al., 2005; Amon et al., 2001),
but if aeration is inadequate CH4 emissions during composting
can still be substantial (Xu et al., 2007). All of these practices
require further study from the perspective of their impact on
whole life-cycle GHG emissions.
Manures also release GHGs, notably N2O, after application
WR FURSODQG RU GHSRVLWLRQ RQ JUD]LQJ ODQGV 3UDFWLFHV IRU
reducing these emissions are considered in Subsection 8.4.1.1:
Cropland management and Subsection 8.4.1.2: Grazing land
management.
8.4.1.7 Bioenergy
,QFUHDVLQJO\ DJULFXOWXUDO FURSV DQG UHVLGXHV DUH VHHQ DV
sources of feedstocks for energy to displace fossil fuels. A wide
range of materials have been proposed for use, including grain,
crop residue, cellulosic crops (e.g., switchgrass, sugarcane),
and various tree species (Edmonds, 2004; Cerri et al., 2004;
3DXVWLDQ et al., 2004; Sheehan et al., 2004; Dias de Oliveira
et al., 2005; Eidman, 2005). These products can be burned
directly, but can also be processed further to generate liquid
fuels such as ethanol or diesel fuel (Richter, 2004). Such fuels
release CO2 when burned, but this CO2 is of recent atmospheric
origin (via photosynthetic carbon uptake) and displaces CO2
which otherwise would have come from fossil carbon. The net
EHQH¿WWRDWPRVSKHULF&22, however, depends on energy used
in growing and processing the bioenergy feedstock (Spatari et
al., 2005).
The competition for other land uses and the environmental
impacts need to be considered when planning to use energy
crops (e.g., European Environment Agency, 2006). The
interactions of an expanding bioenergy sector with other land
uses, and impacts on agro-ecosystem services such as food
production, biodiversity, soil and nature conservation, and
carbon sequestration have not yet been adequately studied,
but bottom-up approaches (Smeets et al., 2007) and integrated
assessment modelling (Hoogwijk et al., 2005; Hoogwijk, 2004)
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offer opportunities to improve understanding. Latin America,
Sub-Saharan Africa, and Eastern Europe are promising regions
for bio-energy, with additional long-term contributions from
Oceania and East and Northeast Asia. The technical potential
for biomass production may be developed at low production
costs in the range of 2 US$/GJ (Hoogwijk, 2004; Rogner et al.,
2000).
Major transitions are required to exploit the large potential
IRUELRHQHUJ\,PSURYLQJDJULFXOWXUDOHI¿FLHQF\LQGHYHORSLQJ
FRXQWULHV LV D NH\ IDFWRU ,W LV VWLOO XQFHUWDLQ WR ZKDW H[WHQW
and how fast, such transitions could be realized in different
regions. Under less favourable conditions, the regional bioenergy potential(s) could be quite low. Also, technological
developments in converting biomass to energy, as well as
long distance biomass supply chains (e.g., those involving
intercontinental transport of biomass derived energy carriers)
FDQ GUDPDWLFDOO\ LPSURYH FRPSHWLWLYHQHVV DQG HI¿FLHQF\ RI
bio-energy (Faaij, 2006; Hamelinck et al., 2004).
8.4.2

Mitigation technologies and practices: perarea estimates of potential

As mitigation practices can affect more than one GHG2, it
is important to consider the impact of mitigation options on all
GHGs (Robertson et al,. 2000; Smith et al., 2001; Gregorich et
al., 2005). For non-livestock mitigation options, ranges for perarea mitigation potentials of each GHG are provided in Table
8.4 (tCO2-eq/ha/yr).
Mitigation potentials for CO2 represent the net change in soil
FDUERQ SRROV UHÀHFWLQJ WKH DFFXPXODWHG GLIIHUHQFH EHWZHHQ
carbon inputs to the soil after CO2 uptake by plants, and release
of CO2 by decomposition in soil. Mitigation potentials for N2O
and CH4 depend solely on emission reductions. Soil carbon
stock changes were derived from about 200 studies, and the
emission ranges for CH4 and N2O were derived using the
'$<&(17 DQG '1'& VLPXODWLRQPRGHOV ,3&&  86
(3$E6PLWKet al., 2007b; Ogle et al., 2004, 2005).
Table 8.5 presents the mitigation potentials in livestock
(dairy cows, beef cattle, sheep, dairy buffalo and other buffalo)
for reducing enteric methane emissions via improved feeding
SUDFWLFHVVSHFL¿FDJHQWVDQGGLHWDU\DGGLWLYHVDQGORQJHUWHUP
structural and management changes/animal breeding. These
estimates were derived by Smith et al. (2007a) using a model
VLPLODUWRWKDWGHVFULEHGLQ86(3$ E 
Some mitigation measures operate predominantly on one
GHG (e.g., dietary management of ruminants to reduce CH4
emissions) while others have impacts on more than one GHG
HJULFHPDQDJHPHQW 0RUHRYHUSUDFWLFHVPD\EHQH¿WPRUH

Smith et al. (2007a) have recently collated per-area estimates of agricultural GHG mitigation options. This section draws largely from that study.
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Table 8.4: Annual mitigation potentials in each climate region for non-livestock mitigation options
CO2 (tCO2/ha/yr)
Climate
zone
Cool-dry

Activity
Croplands
Croplands
Croplands
Croplands
Croplands
Croplands
Grasslands

Organic soils
Degraded lands
Manure/
biosolids
Bioenergy
Cool-moist Croplands
Croplands
Croplands
Croplands
Croplands
Croplands
Grasslands

Warm-dry

Organic soils
Degraded lands
Manure/
biosolids
Bioenergy
Croplands
Croplands
Croplands
Croplands
Croplands
Croplands
Grasslands

Warmmoist

Organic soils
Degraded lands
Manure/
biosolids
Bioenergy
Croplands
Croplands
Croplands
Croplands
Croplands
Croplands
Grasslands
Organic soils
Degraded lands
Manure/
biosolids
Bioenergy

Practice
Agronomy
Nutrient
management
Tillage and residue
management
Water
management
Set-aside and LUC
Agro-forestry
Grazing,
fertilization, ﬁre
Restoration
Restoration
Application
Soils only
Agronomy
Nutrient
management
tillage and residue
management
Water
management
Set-aside and LUC
Agro-forestry
Grazing,
fertilization, ﬁre
Restoration
Restoration
Application

CH4 (tCO2-eq/ha/yr)

N2O (tCO2-eq/ha/yr)

All GHG (tCO2-eq/ha/yr)

Mean
estimate
0.29
0.26

Low

High

High

High

0.00
0.00

0.00
0.00

Mean
estimate
0.10
0.07

Low

0.51
0.73

Mean
estimate
0.00
0.00

Low

0.07
-0.22

0.00
0.01

0.20
0.32

Mean
estimate
0.39
0.33

Low

High

0.07
-0.21

0.71
1.05

0.15

-0.48

0.77

0.00

0.00

0.00

0.02

-0.04

0.09

0.17

-0.52

0.86

1.14

-0.55

2.82

0.00

0.00

0.00

0.00

0.00

0.00

1.14

-0.55

2.82

1.61
0.15
0.11

-0.07
-0.48
-0.55

3.30
0.77
0.77

0.02
0.00
0.02

0.00
0.00
0.01

0.00
0.00
0.02

2.30
0.02
0.00

0.00
-0.04
0.00

4.60
0.09
0.00

3.93
0.17
0.13

-0.07
-0.52
-0.54

7.90
0.86
0.79

36.67
3.45
1.54

3.67
-0.37
-3.19

69.67
7.26
6.27

-3.32
0.08
0.00

-0.05
0.04
0.00

-15.30
0.14
0.00

0.16
0.00
0.00

0.05
0.00
-0.17

0.28
0.00
1.30

33.51
3.53
1.54

3.67
-0.33
-3.36

54.65
7.40
7.57

0.15
0.88
0.55

-0.48
0.51
0.01

0.77
1.25
1.10

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.02
0.10
0.07

-0.04
0.00
0.01

0.09
0.20
0.32

0.17
0.98
0.62

-0.52
0.51
0.02

0.86
1.45
1.42

0.51

0.00

1.03

0.00

0.00

0.00

0.02

-0.04

0.09

0.53

-0.04

1.12

1.14

-0.55

2.82

0.00

0.00

0.00

0.00

0.00

0.00

1.14

-0.55

2.82

3.04
0.51
0.81

1.17
0.00
0.11

4.91
1.03
1.50

0.02
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

2.30
0.02
0.00

0.00
-0.04
0.00

4.60
0.09
0.00

5.36
0.53
0.80

1.17
-0.04
0.11

9.51
1.12
1.50

36.67
3.45
2.79

3.67
-0.37
-0.62

69.67
7.26
6.20

-3.32
1.00
0.00

-0.05
0.69
0.00

-15.30
1.25
0.00

0.16
0.00
0.00

0.05
0.00
-0.17

0.28
0.00
1.30

33.51
4.45
2.79

3.67
0.32
-0.79

54.65
8.51
7.50

0.51
0.29
0.26

0.00
0.07
-0.22

1.03
0.51
0.73

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.02
0.10
0.07

-0.04
0.00
0.01

0.09
0.20
0.32

0.53
0.39
0.33

-0.04
0.07
-0.21

1.12
0.71
1.05

0.33

-0.73

1.39

0.00

0.00

0.00

0.02

-0.04

0.09

0.35

-0.77

1.48

1.14

-0.55

2.82

0.00

0.00

0.00

0.00

0.00

0.00

1.14

-0.55

2.82

Soils only
Agronomy
Nutrient
management
Tillage and residue
management
Water
management
Set-aside and LUC
Agro-forestry
Grazing,
fertilization, ﬁre
Restoration
Restoration
Application

1.61
0.33
0.11

-0.07
-0.73
-0.55

3.30
1.39
0.77

0.02
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

2.30
0.02
0.00

0.00
-0.04
0.00

4.60
0.09
0.00

3.93
0.35
0.11

-0.07
-0.77
-0.55

7.90
1.48
0.77

73.33
3.45
1.54

7.33
-0.37
-3.19

139.33
7.26
6.27

-3.32
0.00
0.00

-0.05
0.00
0.00

-15.30
0.00
0.00

0.16
0.00
0.00

0.05
0.00
-0.17

0.28
0.00
1.30

70.18
3.45
1.54

7.33
-0.37
-3.36

124.31
7.26
7.57

Soils only
Agronomy

0.33
0.88

-0.73
0.51

1.39
1.25

0.00
0.00

0.00
0.00

0.00
0.00

0.02
0.10

-0.04
0.00

0.09
0.20

0.35
0.98

-0.77
0.51

1.48
1.45

Nutrient
management
Tillage and residue
management
Water
management
Set-aside and LUC
Agro-forestry
Grazing,
fertilization, ﬁre
Restoration
Restoration
Application

0.55

0.01

1.10

0.00

0.00

0.00

0.07

0.01

0.32

0.62

0.02

1.42

0.70

-0.40

1.80

0.00

0.00

0.00

0.02

-0.04

0.09

0.72

-0.44

1.89

1.14

-0.55

2.82

0.00

0.00

0.00

0.00

0.00

0.00

1.14

-0.55

2.82

3.04
0.70
0.81

1.17
-0.40
0.11

4.91
1.80
1.50

0.02
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

2.30
0.02
0.00

0.00
-0.04
0.00

4.60
0.09
0.00

5.36
0.72
0.81

1.17
-0.44
0.11

9.51
1.89
1.50

73.33
3.45
2.79

7.33
-0.37
-0.62

139.33
7.26
6.20

-3.32
0.00
0.00

-0.05
0.00
0.00

-15.30
0.00
0.00

0.16
0.00
0.00

0.05
0.00
-0.17

0.28
0.00
1.30

70.18
3.45
2.79

7.33
-0.37
-0.79

124.31
7.26
7.50

Soils only
0.70
-0.40
1.80
0.00
0.00
0.00
0.02
-0.04
0.09
0.72
-0.44
1.89
Notes:
The estimates represent average change in soil carbon stocks (CO2) or emissions of N2O and CH4 on a per hectare basis. Positive values represent CO2 uptake which increases the soil carbon stock,
or a reduction in emissions of N2O and CH4.
Estimates of soil carbon storage (CO2 mitigation) for all practices except management of organic soils were derived from about 200 studies (see IPCC, 2006, Grassland and Cropland Chapters of
Volume IV, Annexes 5A and 6A) using a linear mixed-effect modelling approach, which is a standard linear regression technique with the inclusion of random effects due to dependencies in data
from the same country, site and time series (Ogle et al., 2004, 2005; IPCC, 2006; Smith et al., 2007b). The studies were conducted in regions throughout the world, but temperate studies were more
prevalent leading to smaller uncertainties than for estimates for warm tropical climates. Estimates represent annual soil carbon change rate for a 20-year time horizon in the top 30 cm of the soil.
Soils under bio-energy crops and agro-forestry were assumed to derive their mitigation potential mainly from cessation of soil disturbance, and given the same estimates as no-till. Management of
organic soils was based on emissions under drained conditions from IPCC guidelines (IPCC, 1997). Soil CH4 and N2O emission reduction potentials were derived as follows:
a) for organic soils, N2O emissions were based on the median, low and high nutrient status organic soil N2O emission factors from the IPCC GPG LULUCF (IPCC, 2003) and CH4 emissions were
based on low, high and median values from Le Mer and Roger (2001);
b) N2O ﬁgures for nutrient management were derived using the DAYCENT simulation model, and include both direct emissions from nitriﬁcation/denitriﬁcation at the site, as well as indirect N2O
emissions associated with volatilization and leaching/runoff of N that is converted into N2O following atmospheric deposition or in waterways, respectively (US-EPA, 2006b; assuming a N reduction
to 80% of current application);
c) N2O ﬁgures for tillage and residue management were derived using DAYCENT (US-EPA, 2006b; ﬁgures for no till);
d) Rice ﬁgures were taken directly from US-EPA (2006b) so are not shown here. Low and high values represent the range of a 95% conﬁdence interval. Table 8.4 has mean and uncertainty for
change in soil C, N2O and CH4 emissions at the climate region scale, and are not intended for use in assessments at ﬁner scales such as individual farms.
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Table 8.5: Technical reduction potential (proportion of an animal’s enteric methane production) for enteric methane emissions due to (i) improved feeding practices, (ii) speciﬁc agents and dietary additives and (iii) longer term structural/management change and animal breedinga
Improved feeding practicesb
Dairy
cows

Beef
cattle

Sheep

Northern Europe

0.18

0.12

Southern. Europe

0.18

Western Europe

Longer term structural/management change
and animal breedingd

Speciﬁc agents and dietary additivesc
Nondairy
buffalo

Dairy
buffalo

Nondairy
buffalo

0.001

0.01

0.02

0.06

0.003

0.03

0.07

0.01

0.02

0.001

0.02

0.03

0.004

0.01

0.02

0.001

0.02

0.03

0.004

0.01

0.02

0.001

0.02

0.03

0.05

0.03

0.004

0.004

0.03

0.03

0.003

0.001

0.02

0.03

0.002

0.01

0.001

0.01

0.02

0.002

0.004

0.0002

0.004

0.006

0.0004

Dairy
cows

Beef
cattle

Sheep

0.04

0.08

0.04

0.12

0.04

0.08

0.18

0.12

0.04

Eastern. Europe

0.11

0.06

Russian Federation

0.10

Japan

0.17

South Asia

Dairy
buffalo

Nondairy
buffalo

Dairy
cows

Beef
cattle

Sheep

0.004

0.04

0.03

0.003

0.04

0.004

0.04

0.03

0.003

0.08

0.04

0.004

0.04

0.03

0.003

0.03

0.04

0.01

0.002

0.03

0.07

0.003

0.05

0.03

0.03

0.04

0.002

0.03

0.06

0.003

0.11

0.04

0.08

0.09

0.004

0.03

0.03

0.003

0.04

0.02

0.02

0.04

0.02

0.01

0.01

0.0005

0.01

0.002

0.01

0.01

East Asia

0.10

0.05

0.03

0.10

0.05

0.03

0.05

0.002

0.03

0.012

0.03

West Asia

0.06

0.03

0.02

0.06

0.03

0.01

0.02

0.001

0.01

0.004

Southeast Asia

0.06

0.03

0.02

0.06

0.03

0.01

0.02

0.001

0.01

Central Asia

0.06

0.03

0.02

0.06

0.03

0.01

0.02

0.001

0.01

Oceania

0.22

0.14

0.06

0.08

0.08

0.004

North America

0.16

0.11

0.04

0.11

0.09

South America

0.06

0.03

0.02

0.03

0.02

Central America

0.03

0.02

0.02

0.02

East Africa

0.01

0.01

0.01

0.003

AEZ regions

Dairy
buffalo

West Africa

0.01

0.01

0.01

0.003

0.004

0.0002

0.004

0.006

0.0004

North Africa

0.01

0.01

0.01

0.003

0.004

0.0002

0.004

0.006

0.0004

South Africa

0.01

0.01

0.01

0.003

0.004

0.0002

0.004

0.006

0.0004

Middle Africa

0.01

0.01

0.01

0.003

0.004

0.0002

0.004

0.006

0.0004

Notes:
a The proportional reduction due to application of each practice was estimated from reports in the scientiﬁc literature (see footnotes below). These estimates were adjusted for:
(i) proportion of the animal’s life where the practice was applicable;
(ii) technical adoption feasibility in a region, such as whether farmers have the necessary knowledge, equipment, extension services, etc. to apply the practice (average dairy cow milk production
in each region over the period 2000-2004 was used as an index of the level of technical efﬁciency in the region, and was used to score a region’s technical adoption feasibility);
(iii) proportion of animals in a region that the measure can be applied (i.e. if the measure is already being applied to some animals as in the case of bST use in North America, it is considered to
be only applicable to the proportion of animals not currently receiving the product;
(iv) Non-additivity of simultaneous application of multiple measures.
There is evidence in the literature that some measures are not additive when applied simultaneously, such as the use of dietary oils and ionophores, but this is probably not the case with most
measures. However, the model used (as described in Smith et al., 2007a) did account for the fact that once one measure is applied, the emissions base for the second measure is reduced, and so
on, and a further 20% reduction in mitigation potential was incorporated to account for unknown non-additivity effects. Only measures considered feasible for a region were applied in that region
(e.g., bST was not considered for European regions due to the ban on its use in the EU). It was assumed that total production of milk or meat was not affected by application of the practices, so
that if a measure increased animal productivity, animal numbers were reduced in order to keep production constant.
b Includes replacing roughage with concentrate (Blaxter & Claperton, 1965; Moe & Tyrrell, 1979; Johnson & Johnson, 1995; Yan et al., 2000; Mills et al., 2003; Beauchemin & McGinn, 2005; Lovett
et al., 2006), improving forages/inclusion of legumes (Leng, 1991; McCrabb et al., 1998; Woodward et al., 2001; Waghorn et al., 2002; Pinares-Patiño et al., 2003; Alcock & Hegarty, 2006) and
feeding extra dietary oil (Machmüller et al., 2000; Dohme et al., 2001; Machmüller et al., 2003, Lovett et al., 2003; McGinn et al., 2004; Beauchemin & McGinn, 2005; Jordan et al., 2006a; Jordan
et al., 2006b; Jordan et al., 2006c).
c Includes bST (Johnson et al., 1991; Bauman, 1992), growth hormones (McCrabb, 2001), ionophores (Benz & Johnson, 1982; Rumpler et al., 1986; Van Nevel & Demeyer, 1996; McGinn et al., 2004),
propionate precursors (McGinn et al., 2004; Beauchemin & McGinn, 2005; Newbold et al., 2005; Wallace et al., 2006).
d Includes lifetime management of beef cattle (Johnson et al., 2002; Lovett & O’Mara, 2002) and improved productivity through animal breeding (Ferris et al., 1999; Hansen, 2000; Robertson and
Waghorn, 2002; Miglior et al., 2005).
Source: adapted from Smith et al., 2007a.

than one gas (e.g., set-aside/headland management) while others
involve a trade-off between gases (e.g., restoration of organic
soils). The effectiveness of non-livestock mitigation options
are variable across and within climate regions (see Table 8.4).
Consequently, a practice that is highly effective in reducing
emissions at one site may be less effective or even counterproductive elsewhere. Similarly, effectiveness of livestock
options also varies regionally (Table 8.5). This means that there
is no universally applicable list of mitigation practices, but that
proposed practices will need to be evaluated for individual
DJULFXOWXUDOV\VWHPVDFFRUGLQJWRWKHVSHFL¿FFOLPDWLFHGDSKLF
social settings, and historical land use and management.

Assessments can be conducted to evaluate the effectiveness of
SUDFWLFHVLQVSHFL¿FDUHDVEXLOGLQJRQ¿QGLQJVIURPWKHJOREDO
VFDOHDVVHVVPHQWUHSRUWHGKHUH,QDGGLWLRQVXFKDVVHVVPHQWV
could address GHG emissions associated with energy use and
other inputs (e.g., fuel, fertilizers, and pesticides) in a full life
cycle analysis for the production system.
The effectiveness of mitigation strategies also changes with
time. Some practices, like those which elicit soil carbon gain,
have diminishing effectiveness after several decades; others
such as methods that reduce energy use may reduce emissions
LQGH¿QLWHO\ )RU H[DPSOH 6L[ HW DO   IRXQG D VWURQJ
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eq/yr) could be sequestered in global agricultural soils with
D ¿QLWH FDSDFLW\ VDWXUDWLQJ DIWHU  WR \HDUV ,Q DGGLWLRQ
SAR concluded that 300-1300 MtC (equivalent to about 11004800 MtCO2-eq/yr) from fossil fuels could be offset by using
10 to15% of agricultural land to grow energy crops; with crop
residues potentially contributing 100-200 MtC (equivalent to
about 400-700 MtCO2-eq/yr) to fossil fuel offsets if recovered
and burned. Burning residues for bio-energy might increase
N22HPLVVLRQVEXWWKLVHIIHFWZDVQRWTXDQWL¿HG

time dependency of emissions from no-till agriculture, in part
EHFDXVHRIFKDQJLQJLQÀXHQFHRIWLOODJHRQ12O emissions.
8.4.3

Global and regional estimates of agricultural
GHG mitigation potential

8.4.3.1

Technical potential for GHG mitigation in
agriculture

There have been numerous attempts to assess the technical
potential for GHG mitigation in agriculture. Most of these have
IRFXVHG RQ VRLO FDUERQ VHTXHVWUDWLRQ (VWLPDWHV LQ WKH ,3&&
6HFRQG $VVHVVPHQW 5HSRUW 6$5 ,3&&   VXJJHVWHG
that 400-800 MtC/yr (equivalent to about 1400-2900 MtCO2-

A

6$5 ,3&&   HVWLPDWHG WKDW &+4 emissions from
agriculture could be reduced by 15 to 56%, mainly through
improved nutrition of ruminants and better management of
paddy rice, and that improved management could reduce N2O
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Figure 8.3: Global (A) and regional (B) estimates of technical mitigation potential by 2030
Note: Equivalent values for Smith et al. (2007a) are taken from Table 7 of Smith et al., 2007a.
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eq/yr by Smith et al. (2007a) if considering no economic or
other barriers. Economic potentials are considerably lower
(see Section 8.4.3.2). Figure 8.3 presents global and regional
estimates of agricultural mitigation potential. Of the technical
potentials estimated by Smith et al. (2007a), about 89% is from
soil carbon sequestration, about 9% from mitigation of methane
and about 2% from mitigation of soil N2O emissions (Figure
8.4). The total mitigation potential per region is presented in
Figure 8.5.

emissions by 9-26%. The document also stated that GHG
mitigation techniques will not be adopted by land managers
XQOHVV WKH\ LPSURYH SUR¿WDELOLW\ EXW VRPH PHDVXUHV DUH
adopted for reasons other than climate mitigation. Options that
both reduce GHG emissions and increase productivity are more
likely to be adopted than those which only reduce emissions.
Of published estimates of technical potential, only Caldeira
et al. (2004) and Smith et al. (2007a) provide global estimates
considering all GHGs together, and Boehm et al. (2004) consider
all GHGs for Canada only for 2008. Smith et al. (2007a) used
per-area or per-animal estimates of mitigation potential for
each GHG and multiplied this by the area available for that
SUDFWLFH LQ HDFK UHJLRQ ,W ZDV QRW QHFHVVDU\ WR XVH EDVHOLQH
HPLVVLRQVLQFDOFXODWLQJPLWLJDWLRQSRWHQWLDO86(3$ E 
estimated baseline emissions for 2020 for non-CO2 GHGs as
7250 MtCO2-eq in 2020 (see Chapter 11; Table 11.4). NonCO2 GHG emissions in agriculture are projected to increase by
about 13% from 2000 to 2010 and by 13% from 2010 to 2020
86(3$E $VVXPLQJDVLPLODUUDWHRILQFUHDVHDVLQWKH
period from 2000 to 2020, global agricultural non-CO2 GHG
emissions would be around 8200 MtCO2-eq in 2030.

The uncertainty in the estimates of the technical potential is
given in Figure 8.6, which shows one standard deviation either
VLGHRIWKHPHDQHVWLPDWH ER[ DQGWKHFRQ¿GHQFHLQWHUYDO
about the mean (line). The range of the standard deviation, and
WKHFRQ¿GHQFHLQWHUYDODERXWWKHPHDQRI0W&22-eq/
yr, are 3000-8700, and 300-11400 MtCO2-eq/yr, respectively,
and are largely determined by uncertainty in the per-area estimate
for the mitigation measure. For soil carbon sequestration (89%
of the total potential), this arises from the mixed linear effects
model used to derive the mitigation potentials. The most
appropriate mitigation response will vary among regions, and
different portfolios of strategies will be developed in different
regions, and in countries within a region.

The global technical potential for mitigation options in
agriculture by 2030, considering all gases, was estimated to
be ~4500 by Caldeira et al. (2004) and ~5500-6000 MtCO2-
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Figure 8.4: Global technical mitigation potential by 2030 of each agricultural management practice showing the impacts of each practice on each GHG.
Note: based on the B2 scenario though the pattern is similar for all SRES scenarios.
Source: Drawn from data in Smith et al., 2007a.
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A
Figure 8.5: Total technical mitigation potentials (all practices, all GHGs: MtCO2-eq/yr) for each region by 2030, showing mean estimates.
Note: based on the B2 scenario though the pattern is similar for all SRES scenarios.
Source: Drawn from data in Smith et al., 2007a.

8.4.3.2

Economic potential for GHG mitigation in
agriculture

86(3$ E  SURYLGHG HVWLPDWHV RI WKH DJULFXOWXUDO
mitigation potential (global and regional) at various assumed

1800

carbon prices, for N2O and CH4, but not for soil carbon
sequestration. Manne & Richels (2004) estimated the economic
mitigation potential (at 27 US$/tCO2-eq) for soil carbon
sequestration only.
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Figure 8.6: Total technical mitigation potentials (all practices, all GHGs) for each region by 2030
Note: Boxes show one standard deviation above and below the mean estimate for per-area mitigation potential, and the bars show the 95% conﬁdence interval about
the mean. Based on the B2 scenario, although the pattern is similar for all SRES scenarios.
Source: Drawn from data in Smith et al., 2007a.
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Table 8.6: Global agricultural mitigation potential in 2030 from top-down models

I
I

Carbon price
US$/tCO2-eq
0-20
20-50
50-100
>100

CH4
0-1116
348-1750
388
733

Mitigation (MtCO2-eq/yr)
N2O
89-402
116-1169
217
475

j

Number of scenarios
CH4+N2O
267-1518
643-1866
604
1208

6
6
1
1

Note: From Chapter 3, Sections 3.3.5 and 3.6.2.
Source: Data assembled from USCCSP, 2006; Rose et al., 2007; Fawcett and Sands, 2006; Smith and Wigley, 2006; Fujino et al., 2006; and Kemfert et al., 2006.

,QWKH,3&&7KLUG$VVHVVPHQW5HSRUW 7$5,3&&E 
estimates of agricultural mitigation potential by 2020 were 350750 MtC/yr (~1300-2750 MtCO2/yr). The range was mainly
caused by large uncertainties about CH4, N2O, and soil-related
CO2 emissions. Most reductions will cost between 0 and 100
US$/tC-eq (~0-27 US$/tCO2-eq) with limited opportunities
for negative net direct cost options. The analysis of agriculture
included only conservation tillage, soil carbon sequestration,
nitrogen fertilizer management, enteric methane reduction
and rice paddy irrigation and fertilizers. The estimate for
global mitigation potential was not broken down by region or
practice.
Smith et al. (2007a) estimated the GHG mitigation potential
LQDJULFXOWXUHIRUDOO*+*VIRUIRXU,3&&65(6VFHQDULRVDW
a range of carbon prices, globally and for all world regions.
Using methods similar to McCarl and Schneider (2001), Smith
et al. (2007a) used marginal abatement cost (MAC) curves
JLYHQ LQ 86(3$ E  IRU HLWKHU UHJLRQVSHFL¿F 0$&V
where available for a given practice and region, or global MACs
ZKHUHWKHVHZHUHXQDYDLODEOHIURP86(3$ E 
Recent bottom-up estimates of agricultural mitigation
potential of CH4 and N22 IURP 86(3$ E  DQG
DeAngelo et al. (2006) have allowed inclusion of agricultural
abatement into top-down global modelling of long-term climate
VWDELOL]DWLRQ VFHQDULR SDWKZD\V ,Q WKH WRSGRZQ IUDPHZRUN
a dynamic cost-effective portfolio of abatement strategies is
LGHQWL¿HG7KHSRUWIROLRLQFOXGHVWKHOHDVWFRVWFRPELQDWLRQRI
mitigation strategies from across all sectors of the economy,
LQFOXGLQJ DJULFXOWXUH ,QLWLDO LPSOHPHQWDWLRQV RI DJULFXOWXUDO
abatement into top-down models have employed a variety of
alternative approaches resulting in different decision modelling
of agricultural abatement (Rose et al., 2007). Currently, only
non-CO2 GHG crop (soil and paddy rice) and livestock (enteric
and manure) abatement options are considered by top-down
PRGHOV ,Q DGGLWLRQ VRPH PRGHOV DOVR FRQVLGHU HPLVVLRQV
from burning of agricultural residues and waste, and fossil fuel
combustion CO2 emissions. Top-down estimates of global CH4
and N2O mitigation potential, expressed in CO2 equivalents, are
given in Table 8.6 and Figure 8.7.
Comparing mitigation estimates from top-down and bottomup modelling is not straightforward. Bottom-up mitigation
responses are typically constrained to input management (e.g.,

fertilizer quantity, livestock feed type) and cost estimates are
partial equilibrium in that input and output market prices are
¿[HGDVFDQEHNH\LQSXWTXDQWLWLHVVXFKDVDFUHDJHRUSURGXFWLRQ
Top-down mitigation responses include more generic input
management responses and changes in output (e.g., shifts from
cropland to forest) as well as changes in market prices (e.g.,
decreases in land prices with increasing production costs due to
a carbon tax). Global estimates of economic mitigation potential
from different studies at different assumed carbon prices are
presented in Figure 8.8.
The top-down 2030 carbon prices, as well as the agricultural
PLWLJDWLRQUHVSRQVHUHÀHFWWKHFRQÀXHQFHRIPXOWLSOHIRUFHV
including differences in implementation of agricultural
emissions and mitigation, as well as the stabilization target used,
the magnitude of baseline emissions, baseline energy technology
options, the eligible set of mitigation options, and the solution
algorithm. As a result, the opportunity cost of agricultural
mitigation in 2030 is very different across scenarios (i.e.,
model/baseline/mitigation option combinations). As illustrated
by the connecting lines in Figure 8.7, agricultural abatement
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Figure 8.7: Global agricultural mitigation potential in 2030 from top-down models
by carbon price and stabilisation target
Note: Dashed lines connect results from scenarios where tighter stabilization
targets were modelled with the same model and identical baseline characterization and mitigation technologies. From Chapter 3, Sections 3.3.5 and 3.6.2.
Source: Data assembled from USCCSP, 2006; Rose et al., 2007; Fawcett and Sands, 2006; Smith
and Wigley, 2006; Fujino et al., 2006; Kemfert et al., 2006.
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Figure 8.8: Global economic potentials for agricultural mitigation arising from various practices shown for comparable carbon prices at 2030.
Notes: US-EPA (2006b) ﬁgures are for 2020 rather than 2030. Values for top-down models are taken from ranges given in Figure 8.7.

is projected to increase with the tightness of the stabilization
target. On-going model development in top-down land-use
PRGHOOLQJLVH[SHFWHGWR\LHOGPRUHUH¿QHGFKDUDFWHUL]DWLRQVRI
agricultural alternatives and mitigation potential in the future.

tCO2HT UHVSHFWLYHO\ VKRZQ IRU 2(&' YHUVXV (,7 YHUVXV
QRQ2(&'(,7 7DEOH   7KH FKDQJH LQ JOREDO PLWLJDWLRQ
potential with increasing carbon price for each practice is
shown in Figure 8.9.

Smith et al. (2007a) estimated global economic mitigation
potentials for 2030 of 1500-1600, 2500-2700, and 4000-4300
MtCO2-eq/yr at carbon prices of up to 20, 50 and 100 US$/

Table 8.7: Estimates of the global agricultural economic GHG mitigation potential (MtCO2-eq/yr) by 2030 under different assumed prices of CO2-equivalents
Price of CO2-eq (US$/tCO2-eq)
SRES Scenario
B1

OECD
EIT
Non-OECD/EIT

A1b

OECD
EIT
Non-OECD/EIT

B2

Up to 50

Up to 100

510 (290-740)

810 (440-1180)

150 (30-220)

250 (140-370)

410 (220-590)

1080 (210-1560)

1780 (1000-2580)

2830 (1540-4120)

320 (60-460)

520 (290-760)

840 (450-1230)

160 (30-230)

260 (150-380)

410 (220-610)

1110 (210-1610)

1820 (1020-2660)

2930 (1570-4290)
870 (460-1280)

OECD

330 (60-470)

540 (300-780)

EIT

160 (30-240)

270 (150-390)

440 (230-640)

1140 (210-1660)

1880 (1040-2740)

3050 (1610-4480)

OECD

330 (60-480)

540 (300-790)

870 (460-1280)

EIT

165 (30-240)

270 (150-400)

440 (230-640)

1150 (210-1670)

1890 (1050-2760)

3050 (1620-4480)

Non-OECD/EIT
A2

Up to 20
310 (60-450)

Non-OECD/EIT

Note: Figures in brackets show one standard deviation about the mean estimate.
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Figure 8.9: Economic potential for GHG agricultural mitigation by 2030 at a range of prices of CO2-eq
Note: Based on B2 scenario, although the pattern is similar for all SRES scenarios.
Source: Drawn from data in Smith et al., 2007a.

8.4.4

Bioenergy feed stocks from agriculture

Bioenergy to replace fossil fuels can be generated from
agricultural feedstocks, including by-products of agricultural
production, and dedicated energy crops.
8.4.4.1

Residues from agriculture

The energy production and GHG mitigation potentials depend
on yield/product ratios, and the total agricultural land area as
well as type of production system. Less intensive management
systems require re-use of residues for maintaining soil fertility.
,QWHQVLYHO\PDQDJHGV\VWHPVDOORZIRUKLJKHUXWLOL]DWLRQUDWHV
of residues, but also usually deploy crops with higher crop-toresidue ratios.
Estimates of energy production potential from agricultural
UHVLGXHV YDU\ EHWZHHQ  DQG  (-\U 7KH ODWWHU ¿JXUH LV
based on the regional production of food (in 2003) multiplied
by harvesting or processing factors, and assumed recoverability
IDFWRUV7KHVH¿JXUHVGRQRWVXEWUDFWWKHSRWHQWLDOFRPSHWLQJ
uses of agricultural residues which, as indicated by (Junginger
HW DO   FDQ UHGXFH VLJQL¿FDQWO\ WKH QHW DYDLODELOLW\ RI
DJULFXOWXUDO UHVLGXHV IRU HQHUJ\ RU PDWHULDOV ,Q DGGLWLRQ WKH
expected future availability of residues from agriculture varies
widely among studies. Dried dung can also be used as an energy
feedstock. The total estimated contribution could be 5 to 55 EJ/
\UZRUOGZLGHZLWKWKHUDQJHGH¿QHGE\FXUUHQWJOREDOXVHDW

the low end, and technical potential at the high end. Utilization
in the longer term is uncertain because dung is considered to be
a “poor man’s fuel”.
Organic wastes and residues together could supply 20 (-\U E\  ZLWK RUJDQLF ZDVWHV PDNLQJ D VLJQL¿FDQW
contribution.
8.4.4.2

Dedicated energy crops

The energy production and GHG mitigation potentials
of dedicated energy crops depends on availability of land,
which must also meet demands for food as well as for nature
protection, sustainable management of soils and water reserves,
and other sustainability criteria. Because future biomass
resource availability for energy and materials depends on
WKHVH DQG RWKHU IDFWRUV DQ DFFXUDWH HVWLPDWH LV GLI¿FXOW WR
obtain. Berndes et al. (2003) in reviewing 17 studies of future
biomass availability found no complete integrated assessment
and scenario studies. Various studies have arrived at differing
¿JXUHVIRUWKHSRWHQWLDOFRQWULEXWLRQRIELRPDVVWRIXWXUHJOREDO
energy supplies, ranging from below 100 EJ/yr to above 400 EJ/
yr in 2050. Smeets et al. (2007) indicate that ultimate technical
potential for energy cropping on current agricultural land, with
projected technological progress in agriculture and livestock,
could deliver over 800 EJ/yr without jeopardizing the world’s
IRRGVXSSO\,Q+RRJZLMNet al. (2005) and Hoogwijk (2004),
WKH,0$*(PRGHOZDVXVHGWRDQDO\VHELRPDVVSURGXFWLRQ
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potentials for different SRES scenarios. Biomass production
on abandoned agricultural land is calculated at 129 EJ (A2)
up to 411 EJ (A1) for 2050 and possibly increasing after that
timeframe. 273 EJ (for A1) – 156 EJ (for A2) may be available
below US$ 2/GJ production costs. A recent study (Sims et al.,
2006) which used lower per-area yield assumptions and bioHQHUJ\FURSDUHDVSURMHFWHGE\WKH,0$*(PRGHOVXJJHVWHG
more modest potentials (22 EJ/yr) by 2025.
Based on assessment of other studies, Hoogwijk et al.
(2003), indicated that marginal and degraded lands (including
a land surface of 1.7 Gha worldwide) could, be it with lower
productivities and higher production costs, contribute another
60-150 EJ. Differences among studies are largely attributable
to uncertainty in land availability, energy crop yields, and
DVVXPSWLRQVRQFKDQJHVLQDJULFXOWXUDOHI¿FLHQF\7KRVHZLWK
the largest projected potential assume that not only degraded/
surplus land are used, but also land currently used for food
production (including pasture land, as did Smeets et al., 2007).
Converting the potential biomass production into a mitigation
potential is not straightforward. First, the mitigation potential
is determined by the lowest supply and demand potentials, so
without the full picture (see Chapter 11) no estimate can be
made. Second, any potential from bioenergy use will be counted
towards the potential of the sectors where bioenergy is used
(mainly energy supply and transport). Third, the proportion of
the agricultural biomass supply compared to that from the waste
RUIRUHVWU\VHFWRUFDQQRWEHVSHFL¿HGGXHWRODFNRILQIRUPDWLRQ
on cost curves.
Top-down integrated assessment models can give an
estimate of the cost competitiveness of bioenergy mitigation
options relative to one another and to other mitigation options
LQDFKLHYLQJVSHFL¿FFOLPDWHJRDOV%\WDNLQJLQWRDFFRXQWWKH
various bioenergy supplies and demands, these models can
give estimates of the combined contribution of the agriculture,
waste, and forestry sectors to bioenergy mitigation potential.
For achieving long-term climate stabilization targets, the
competitive cost-effective mitigation potential of biomass
energy (primarily from agriculture) in 2030 is estimated to be
70 to 1260 MtCO2-eq/yr (0-13 EJ/yr) at up to 20 US$/t CO2-eq,
and 560-2320 MtCO2-eq/yr (0-21 EJ/yr) at up to 50 US$/tCO2HT 5RVHHWDO86&&63 7KHUHDUHQRHVWLPDWHV
for the additional potential from top down models at carbon
prices up to 100 US$/tCO2-eq, but the estimate for prices
above 100 US$/tCO2-eq is 2720 MtCO2-eq/yr (20-45 EJ/yr).
This is of the same order of magnitude as the estimate from
a synthesis of supply and demand presented in Chapter 11,
Section 11.3.1.4. The mitigation potentials estimated by topdown models represent mitigation of 5-80%, and 20-90% of
all other agricultural mitigation measures combined, at carbon
prices of up to 20, and up to 50 US$/tCO2-eq, respectively.
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8.4.5

Potential implications of mitigation options
for sustainable development

There are various potential impacts of agricultural GHG
mitigation on sustainable development. The impacts of
mitigation activities in agriculture, on the constituents and
determinants of sustainable development are set out in Table
8.8. Broadly, three constituents of sustainable development
have been envisioned as the critical minimum: social, economic,
and environmental factors. Table 8.8 presents the degree and
direction of the likely impact of the mitigation options. The
exact magnitude of the effect, however, depends on the scale
and intensity of the mitigation measures, and the sectors and
policy arena in which they are undertaken.
$JULFXOWXUH FRQWULEXWHV  RI JOREDO *'3 :RUOG %DQN
2003) and provides employment to 1.3 billion people (Dean,
  ,W LV D FULWLFDO VHFWRU RI WKH ZRUOG HFRQRP\ EXW XVHV
PRUH ZDWHU WKDQ DQ\ RWKHU VHFWRU ,Q ORZLQFRPH FRXQWULHV
DJULFXOWXUHXVHVRIWRWDOH[WUDFWHGZDWHUZKLOHWKLV¿JXUH
is 74% in middle-income countries and 30% in high-income
countries (World Bank, 2003). There are currently 276 Mha
RI LUULJDWHG FURSODQGV )$267$7   D ¿YHIROG LQFUHDVH
since the beginning of the 20th century. With irrigation
increasing, water management is a serious issue. Through
proper institutions and effective functioning of markets, water
management can be implemented with favourable outcomes
for both environmental and economic goals. There is a greater
need for policy coherence and innovative responses creating a
situation where users are asked to pay the full economic costs of
the water. This has special relevance for developing countries.
Removal of subsidies in the electricity and water sectors might
lead to effective water use in agriculture, through adaptation
of appropriate irrigation technology, such as drip irrigation in
place of tube well irrigation.
Agriculture contributes nearly half of the CH4 and N2O
emissions (Bhatia et al., 2004) and rice, nutrient, water and
tillage management can help to mitigate these GHGs. By
careful drainage and effective institutional support, irrigation
costs for farmers can also be reduced, thereby improving
economic aspects of sustainable development (Rao, 1994). An
appropriate mix of rice cultivation with livestock, known as
integrated annual crop-animal systems and traditionally found
LQ:HVW$IULFD,QGLDDQG,QGRQHVLDDQG9LHWQDPFDQHQKDQFH
net income, improve cultivated agro-ecosystems, and enhance
human well-being (Millennium Ecosystem Assessment, 2005).
Such combinations of livestock and cropping, especially for
rice, can improve income generation, even in semi-arid and arid
areas of the world.
Groundwater quality may be enhanced and the loss of
ELRGLYHUVLW\FDQEHLQÀXHQFHGE\WKHFKRLFHRIIHUWLOL]HUXVHG
and use of more targeted pesticides. Further, greater demand for
farmyard manure would create income for the animal husbandry
sector where usually the poor are engaged. Various country
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Table 8.8: Potential sustainable development consequences of mitigation options

I

Activity category
Croplands – agronomy
Croplands – nutrient management
Croplands – tillage/residues
Croplands – water management
Croplands – rice management
Croplands – set-aside & LUC
Croplands – agro-forestry
Grasslands – grazing, nutrients, ﬁre
Organic soils – restoration
Degraded soils – restoration
Biosolid applications
Bioenergy
Livestock – feeding
Livestock – additives
Livestock – breeding
Manure management

Social

Sustainable development
Economic

Environmental

?
?
?
+
+
?
+
+
?
+
+
+
-/?
-/?
-/?
?

+
+
?
+
+
?
+
?
+
?
+
n/d
n/d
n/d

+
+
+
+
+
+
+
+
+
+
+/+/?
n/d
n/d
n/d

Notes
1
2
3
4
5
6
7
8
9
10
11
12
13
14
14
15

I

Notes:
+ denotes beneﬁcial impact on component of SD
- denotes negative impact
? denotes uncertain impact
n/d denotes no data
1 Improved yields would mean better economic returns and less land required for new cropland. Societal impact uncertain - impact could be positive but could
negatively affect traditional practices.
2 Improved yields would mean better economic returns and less land required for new cropland. Societal impact uncertain - impact could be positive but could
negatively affect traditional practices.
3 Improves soil fertility may not increase yield so societal and economic impacts uncertain.
4 All efﬁciency improvements are positive for sustainability goals and should yield economic beneﬁts even if costs of irrigation are borne by the farmer.
5 Improved yields would mean better economic returns and less land required for new cropland. Societal impacts likely to benign or positive as no large-scale change
to traditional practices.
6 Improve soil fertility but less land available for production; potential negative impact on economic returns.
7 Likely environmental beneﬁts, less travel required for fuelwood; positive societal beneﬁts; economic impact uncertain.
8 Improved production would mean better economic returns and less land required for grazing; lower degradation. Societal effects likely to be positive.
9 Organic soil restoration has a host of biodiversity/environmental co-beneﬁts but opportunity cost of crop production lost from this land; economic impact depends
upon whether farmers receive payment for the GHG emission reduction.
10 Restoration of degraded lands will provide higher yields and economic returns, less new cropland and provide societal beneﬁts via production stability.
11 Likely environmental beneﬁts though some negative impacts possible (e.g., water pollution) but, depending on the bio-solid system implemented, could increase
costs.
12 Bio-energy crops could yield environmental co-beneﬁts or could lead to loss of bio-diversity (depending on the land use they replace). Economic impact uncertain.
Social beneﬁts could arise from diversiﬁed income stream.
13 Negative/uncertain societal impacts as these practices may not be acceptable due to prevailing cultural practices especially in developing countries. Could improve
production and economic returns.
14 Negative/uncertain societal impacts as these practices may not be acceptable due to prevailing cultural practices especially in developing countries. No data (n/d) on
economic or environmental impacts.
15 Uncertain societal impacts. No data (n/d) on economic or environmental impacts.

strategy papers on The Millennium Development Goal (MDG)
clearly recommend encouragement to animal husbandry (e.g.,
World Bank, 2005). This is intended to enhance livelihoods and
create greater employment. Better nutrient management can
also improve environmental sustainability.
Controlling overgrazing through pasture improvement
has a favourable impact on livestock productivity (greater
income from the same number of livestock) and slows or halts
GHVHUWL¿FDWLRQ HQYLURQPHQWDO DVSHFW  ,W DOVR SURYLGHV VRFLDO
security to the poorest people during extreme events such as
drought (especially in Sub-Saharan Africa). One effective
strategy to control overgrazing is the prohibition of free

grazing, as was done in China (Rao, 1994) but approaches in
other regions need to take into account cultural and institutional
contexts. Dryland and desert areas have the highest number of
poor people (Millennium Ecosystem Assessment, 2005) and
measures to halt overgrazing, coupled with improved livelihood
RSWLRQV HJ¿VKHULHVLQ6\ULD,VUDHODQGRWKHUFHQWUDO$VLDQ
countries), can help reduce poverty and achieve sustainability
goals.
Land cover and tillage management could encourage
favourable impacts on environmental goals. A mix of
horticulture with optimal crop rotations would promote carbon
sequestration and could also improve agro-ecosystem function.
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Societal well-being would also be enhanced by providing water
DQG HQKDQFHG SURGXFWLYLW\ :KLOH WKH HQYLURQPHQWDO EHQH¿WV
of tillage/residue management are clear, other impacts are less
certain. Land restoration will have positive environmental
LPSDFWV EXW FRQYHUVLRQ RI ÀRRGSODLQV DQG ZHWODQGV WR
agriculture could hamper ecological function (reduced water
recharge, bioremediation, nutrient cycling, etc.) and therefore,
could have an adverse impact on sustainable development goals
(Kumar, 2001).
The other mitigation measures listed in Table 8.8 are
FRQWH[WDQGORFDWLRQVSHFL¿FLQWKHLULQÀXHQFHRQVXVWDLQDEOH
development constituents. Appropriate adoption of mitigation
measures is likely in many cases to help achieve environmental
goals, but farmers may incur additional costs, reducing their
returns and income. This trade-off would be most visible
in the short term, but in the long term, synergy amongst the
constituents of sustainable development would emerge through
improved natural capital. Trade-offs between economic and
environmental aspects of sustainable development might
become less important if the environmental gains were better
DFNQRZOHGJHG TXDQWL¿HG DQG LQFRUSRUDWHG LQ WKH GHFLVLRQ
making framework.
Large-scale production of modern bioenergy crops, partly for
export, could generate income and employment for rural regions
RIZRUOG1HYHUWKHOHVVWKHVHEHQH¿WVZLOOQRWQHFHVVDULO\ÀRZ
to the rural populations that need them most. The net impacts
for a region as a whole, including possible changes and
improvements in agricultural production methods should be
considered when developing biomass and bioenergy production
capacity. Although experience around the globe (e.g., Brazil,
,QGLD ELRIXHOV  VKRZV WKDW PDMRU VRFLRHFRQRPLF EHQH¿WV FDQ
EHDFKLHYHGQHZELRHQHUJ\SURGXFWLRQVFKHPHVFRXOGEHQH¿W
from the involvement of the regional stakeholders, particularly
the farmers. Experience with such schemes needs to be built
around the globe.
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LQFUHDVHG QLWURXV R[LGH HPLVVLRQV  ,Q PDQ\ FDVHV DFWLRQV
taken for reasons unrelated to either mitigation or adaptation
(see Sections 8.6 and 8.7) may have considerable consequences
for either or both(e.g., deforestation for agriculture or other
purposes results in carbon loss as well as loss of ecosystems and
resilience of local populations). Adaptation to climate change in
WKHDJULFXOWXUDOVHFWRULVGHWDLOHGLQ ,3&&&KDSWHU 
For mitigation, variables such as growth rates for bioenergy
feedstocks, the size of livestock herds, and rates of carbon
sequestration in agricultural lands are affected by climate
FKDQJH 3DXVWLDQ et al., 2004). The extent depends on the
sign and magnitude of changes in temperature, soil moisture,
and atmospheric CO2 concentration, which vary regionally
(Christensen et al., 2007). All of these factors will alter the
mitigation potential; some positively and some negatively.
For example: (a) lower growth rates in bioenergy feedstocks
will lead to larger emissions from hauling and increased cost;
(b) lower livestock growth rates would possibly increase
herd size and consequent emissions from manure and enteric
fermentation; and (c) increased microbial decomposition
under higher temperatures will lower soil carbon sequestration
SRWHQWLDO ,QWHUDFWLRQV DOVR RFFXU ZLWK DGDSWDWLRQ %XWW et al.
(2006) and Reilly et al.  IRXQGWKDWPRGL¿HGFURSPL[
land use, and irrigation are all potential adaptations to warmer
climates. All would alter the mitigation potential. Some of
the key vulnerabilities of agricultural mitigation strategies to
climate change, and the implications of adaptation on GHG
emissions from agriculture are summarized in Table 8.9.

8.6 Effectiveness of, and experience with,
climate policies; potentials, barriers
and opportunities/implementation
issues

8.6.1

8.5 Interactions of mitigation options
with adaptation and vulnerability
As discussed in Chapters 3, 11 and 12, mitigation, climate
change impacts, and adaptation will occur simultaneously and
interactively. Mitigation-driven actions in agriculture could have
(a) positive adaptation consequences (e.g., carbon sequestration
projects with positive drought preparedness aspects) or (b)
negative adaptation consequences (e.g., if heavy dependence
on biomass energy increases the sensitivity of energy supply
to climatic extremes; see Chapter 12, Subsection 12.1.4).
Adaptation-driven actions also may have both (a) positive
FRQVHTXHQFHV IRU PLWLJDWLRQ HJ UHVLGXH UHWXUQ WR ¿HOGV WR
improve water holding capacity will also sequester carbon);
and (b) negative consequences for mitigation (e.g., increasing
use of nitrogen fertilizer to overcome falling yield leading to
522
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Many recent studies have shown that actual levels of GHG
mitigation are far below the technical potential for these
measures. The gap between technical potential and realized
GHG mitigation occurs due to costs and other barriers to
implementation (Smith, 2004b).
Globally and for Europe, Cannell (2003) suggested that, for
carbon sequestration and bioenergy-derived fossil fuel offsets,
the realistically achievable potential (potential estimated to take
account of all barriers) was ~20% of the technical potential.
6LPLODU¿JXUHVZHUHGHULYHGE\)UHLEDXHUet al. (2004) and the
(XURSHDQ&OLPDWH&KDQJH3URJUDPPH  IRUDJULFXOWXUDO
carbon sequestration in Europe. Smith et al. (2005a) showed
recently that carbon sequestration in Europe is likely to be
QHJOLJLEOHE\WKH¿UVW&RPPLWPHQW3HULRGRIWKH.\RWR3URWRFRO
  GHVSLWH WKH VLJQL¿FDQW WHFKQLFDO SRWHQWLDO HJ

Only weakly sensitive to climate change, except in cases where the
entire cropping enterprise becomes unviable.
Sensitive to climate change. Higher temperatures could lower
soil carbon sequestration potential. Warmer, wetter climates can
increase risk of crop pests and diseases associated with reduced
till practices.
Irrigation is susceptible to climate changes that reduce the
availability of water for irrigation or increases crop water demand.

Cropland management – agronomy

Cropland management – nutrient management

Cropland management – tillage/residue
management

Bioenergy – energy crops, solid, liquid,
biogas, residues

Livestock - improved feeding practices,
speciﬁc agents and dietary additives,
longer term structural and management
changes and animal breeding
Manure/biosolid management

Restoration of degraded lands

Management of agricultural organic soils

Grazing land management/pasture improvement

Cropland management – agro-forestry

Controlled waste digestion generally positively affected by
moderately rising temperatures. Where GHGs are not trapped,
higher temperatures could hamper management.
Particular bioenergy crops potentially sensitive to climate change,
either positively or negatively. Areas devoted to bioenergy could be
under increasing competition with the needs for food agriculture or
biodiversity conservation under changing climate.

Large changes in climate could make certain forms of agro-forestry
unviable in particular situations.
Fire management can be impacted negatively or positively by
climate change depending on ecosystem and sign of climate
change. Extreme drying or warming could make marginal grazing
lands unviable. Wetter conditions will promote conversion of grazing
lands to crops.
The mitigation measure is sensitive to increases in temperature or
decreases in moisture, both of which would decrease the carbon
sequestration potential.
The sustainability of restored lands could be vulnerable to increased
temperature and/or decreased soil moisture.
Weakly vulnerable to climate change except if it leads to the loss of
viability of livestock enterprises in marginal areas or increased cost
(or decreased availability) of feed inputs.

Cropland management – rice management Vulnerable to climate-change-induced changes in water availability.
Low CH4 emitting cultivars may be susceptible to changes in
temperature beyond their tolerance limits.
Cropland management – set-aside and
Set-asides may be needed to offset loss of productivity on other
land-use change
lands.

Cropland management – water management

Vulnerability of the mitigation option to climate change
Vulnerable to decreased rainfall, and in cases near the limit of their
climate niche, to higher temperatures.

Agricultural mitigation strategies

Generally, results in net CO2 uptake on land (apart from the fossil-fuel
substitution). N2O emissions would increase if N turnover rates were
greater than under previous land uses. Possible positive and negative
impacts on net GHG emissions at various stages of the energy chain
(cultivation, harvesting, transport, conversion) must be managed.

If used as a nutrient source on pasture can increase CO2 uptake and
carbon storage.

Some trade-offs between CO2 uptake and CH4 emissions can be
expected if the soils become wetter as a result of the adaptation
management.
Energy used to replant, or fertilizer used to increase establishment,
success could lead to small additional GHG emissions
No general adaptation strategies. Speciﬁc strategies may have minor
impacts on GHG emissions, for example, transport of feed supplements
from distant locations could lead to increased net GHG emissions.

Adaptation is either to try to keep production high on non-set-aside
land, which could increase GHG emissions, or return some set-asides
to production. Increases in GHGs are in both cases fairly small, and less
than the case of not having set-asides in the ﬁrst place. They could be
further mitigated by applying low GHG emitting practices in all cases.
Adaptation of practices and species used to less favourable climates
could lead to some loss of CO2 uptake potential.
Increased ﬁre protection activities can increase GHGs emissions by a
small amount, thus reducing the net beneﬁt obtained from reducing ﬁre
extent and frequency.

Possible increase in energy-related GHG emissions if greater pumping
distances or volumes are required. Adoption of more water-use efﬁcient
practices will generally lower GHG emissions.
Adaptation strategies are limited and not expected to have large GHG
consequences.

NO2 emissions would increase if fertilizer use increased, or if more
legumes were planted in response to climate-induced production
declines.
No signiﬁcant adaptation to effects of climate change possible beyond
tailoring of practices to ambient conditions. Therefore, additional GHGs
not expected.
Adaptation not anticipated to have a signiﬁcant GHG effect.

Implication for GHG emissions of adaptation actions

Table 8.9: Some of the key vulnerabilities of agricultural mitigation strategies to climate change and the implications of adaptation on GHG emissions from agriculture
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Smith et al., 2000; Freibauer et al., 2004; Smith, 2004a). The
estimates of global economic mitigation potential in 2030 at
different costs reported in Smith et al. (2007a) were 28, 45 and
73% of technical potential at up to 20, 50 and 100 US$/tCO2eq, respectively.
,Q (XURSH WKHUH LV OLWWOH HYLGHQFH WKDW FOLPDWH SROLF\ LV
affecting GHG emissions from agriculture (see Smith et al.,
2005a), with most emission reduction occurring through nonclimate policy (see Section 8.7; Freibauer et al., 2004). Some
countries have agricultural policies designed to reduce GHG
emissions (e.g., Belgium), but most do not (Smith et al.,
D  7KH (XURSHDQ &OLPDWH &KDQJH 3URJUDPPH  
recommended improvement of fertilizer application, set-aside,
and reduction of livestock methane emissions (mainly through
biogas production) as being the most cost-effective GHG
mitigation options for European agriculture.
,Q1RUWK$PHULFDWKH86*OREDO&OLPDWH&KDQJH,QLWLDWLYH
aims to reduce GHG intensity by 18% by 2012. Agricultural
sector activities include manure management, reduced tillage,
JUDVVSODQWLQJVDQGDIIRUHVWDWLRQRIDJULFXOWXUDOODQG,Q&DQDGD
agriculture contributes about 10% to national emissions, so
mitigation (removals and emission reductions) is considered
to be an important contribution to reducing emissions (and
at the same time to reduce risk to air, water and soil quality).
Various programmes (e.g., AAFC GHG Mitigation programme)
encourage voluntary adoption of mitigation practices on farms.
,Q 2FHDQLD YHJHWDWLRQ PDQDJHPHQW SROLFLHV LQ $XVWUDOLD
have assisted in progressively restricting emissions from landuse change (mainly land clearing for agriculture) to about 60%
of 1990 levels. Complementary policies that aim to foster
establishment of both commercial and non-commercial forestry
DQG DJURIRUHVWU\ DUH UHVXOWLQJ LQ VLJQL¿FDQW DIIRUHVWDWLRQ RI
agricultural land in both Australia and New Zealand. Research
is being supported to develop cost-effective GHG abatement
technologies for livestock (including dietary manipulation and
other methods of reducing enteric methane emissions, as well as
manure management), agricultural soils (including nutrient and
soil management strategies), savannas, and planted forests. The
*UHHQKRXVH&KDOOHQJH3OXVSURJUDPPHDQGRWKHUSDUWQHUVKLS
initiatives between the Government and industry are facilitating
the integration of GHG abatement measures into agricultural
management systems.
,Q /DWLQ $PHULFD DQG WKH &DULEEHDQ FOLPDWH FKDQJH
mitigation is still not considered in mainstream policy. Most
countries have devoted efforts to capacity building for
complying with obligations under the UNFCCC, and a few
KDYHSUHSDUHG1DWLRQDO6WUDWHJ\6WXGLHVIRU.\RWR3URWRFRO¶V
Clean Development Mechanism (CDM). Carbon sequestration
in agricultural soils has the highest mitigation potential in the
region, and its exclusion from the CDM has hindered wider
adoption of pertinent practices (e.g., zero tillage).
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,Q$VLD&KLQDKDVSROLFLHVWKDWUHGXFH*+*HPLVVLRQVEXW
these were implemented for reasons other than climate policy.
These are discussed further in Section 8.7. Currently, there are
QRSROLFLHVVSHFL¿FDOO\DLPHGDWUHGXFLQJ*+*HPLVVLRQV-DSDQ
has a number of policies such as Biomass Nippon Strategy,
which promotes the utilization of biomass as an alternative
energy source, and Environment-Conserving Agriculture, which
SURPRWHV HQHUJ\HI¿FLHQW DJULFXOWXUDO PDFKLQHU\ UHGXFWLRQ
in use of fertilizer, and appropriate management of livestock
waste, etc.
,Q $IULFD WKH LPSDFWV RI FOLPDWH SROLF\ RQ DJULFXOWXUDO
emissions are small. There are no approved CDM projects in
Africa related to the reduction of agricultural GHG emissions
per se. Several projects are under investigation in relation to the
restoration of agriculturally-degraded lands, carbon sequestration
potential of agro-forestry, and reduction in sugarcane burning.
Many countries in Africa have prepared National Strategy
Studies for the CDM in complying with obligations under
UNFCCC. The main obstacles to implementation of CDM
SURMHFWV LQ $IULFD KRZHYHU DUH ODFN RI ¿QDQFLDO UHVRXUFHV
TXDOL¿HGSHUVRQQHODQGWKHFRPSOH[LW\RIWKH&'0
Agricultural GHG offsets can be encouraged by marketbased trading schemes. Offset trading, or trading of credits,
allows farmers to obtain credits for reducing their GHG emission
reductions. The primary agricultural project types include
CH4 capture and destruction, and soil carbon sequestration.
Although not included in current projects, measures to
reduce N2O emissions could be included in the future. The
vast majority of agricultural projects have focused on CH4
reduction from livestock wastes in North America (Canada,
Mexico and the United States), South America (Brazil), China,
and Eastern Europe. Most of these projects have resulted in the
SURGXFWLRQRI&HUWL¿HG(PLVVLRQ5HGXFWLRQV &(5V IURPWKH
CDM. Credits are bought and sold through the use of offset
aggregators, brokers, and traders. Although the CDM does not
currently support soil carbon sequestration projects, emerging
markets in Canada and the United States are supporting offset
WUDGLQJIURPVRLOFDUERQVHTXHVWUDWLRQ,Q&DQDGDIDUPJURXSV
such as the Saskatchewan Soil Conservation Association
(SSCA) encourage farmers to adopt no-till practices in return
IRU FDUERQ RIIVHW FUHGLWV ,Q WKH 86$ WKH 3DFL¿F 1RUWKZHVW
Direct Seed Association offers soil carbon credits generated
from no-till management to an energy company The Chicago
Climate Exchange (CCX) (www.chicagoclimatex.com/) allows
GHG offsets from no-tillage and conversion of cropland to
grasslands to be traded by voluntary action through a market
trading mechanism. These approaches to agriculturally derived
GHG offset will likely expand geographically and in scope.
3ROLF\LQVWUXPHQWVDUHGHWDLOHGLQ&KDSWHU 6HFWLRQ 
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Barriers and opportunities/implementation
issues

The commonly mentioned barriers to adoption of carbon
sequestration activities on agricultural lands include the
following:
Maximum Storage: Carbon sequestration in soils or terrestrial
biomass has a maximum capacity for the ecosystem, which
may be reached after 15 to 60 years, depending on management
practice, management history, and the system (West and
3RVW   However, sequestration is a rapidly and cheaply
deployable mitigation option, until more capital-intensive
developments, and longer-lasting actions become available
(Caldeira et al., 2004; Sands and McCarl, 2005).
Reversibility: A subsequent change in management can
reverse the gains in carbon sequestration over a similar period
of time. Not all agricultural mitigation options are reversible;
reduction in N2O and CH4 emissions, avoided emissions as a
UHVXOWRIDJULFXOWXUDOHQHUJ\HI¿FLHQF\JDLQVRUVXEVWLWXWLRQRI
fossil fuels by bio-energy are non-reversible.
Baseline: The GHG net emission reductions need to be
assessed relative to a baseline. Selection of an appropriate
baseline to measure management-induced soil carbon changes
is still an obstacle in some mitigation projects. The extent of
practices already in place in project regions will need to be
determined for the baseline.
Uncertainty: This has two components: mechanism
uncertainty and measurement uncertainty. Uncertainty about
the complex biological and ecological processes involved in
GHG emissions and carbon storage in agricultural systems
makes investors more wary of these options than of more clearcut industrial mitigation activities. This barrier can be reduced
by investment in research. Secondly, agricultural systems
exhibit substantial variability between seasons and locations,
creating high variability in offset quantities at the farm level.
This variability can be reduced by increasing the geographical
extent and duration of the accounting unit (e.g., multi-region,
multi-year contracts; Kim and McCarl, 2005).
Displacement of Emissions: Adopting certain agricultural
mitigation practices may reduce production within implementing
regions, which, in turn, may be offset by increased production
outside the project region unconstrained by GHG mitigation
REMHFWLYHVUHGXFLQJWKHQHWHPLVVLRQUHGXFWLRQVµ:DOOWRZDOO¶
accounting can detect this, and crediting correction factors may
need to be employed (Murray et al.86(3$ 

smallholders. For example, a 50 kt contract needs 25 kha under
soil carbon management (uptake ~ 2 tCO2KD\U ,QGHYHORSLQJ
countries, this could involve many thousands of farmers.
Measurement and monitoring costs: Mooney et al. (2004)
argue that such costs are likely to be small (under 2% of the
FRQWUDFW EXWRWKHUVWXGLHVGLVDJUHH 6PLWKF ,QJHQHUDO
measurement costs per carbon-credit sold decrease as the
quantity of carbon sequestered and area sampled increase.
Methodological advances in measuring soil carbon may reduce
costs and increase the sensitivity of change detection. However,
improved methods to account for changes in soil bulk density
UHPDLQDKLQGUDQFHWRTXDQWL¿FDWLRQRIFKDQJHVLQVRLOFDUERQ
VWRFNV ,]DXUUDOGH DQG 5LFH   'HYHORSPHQW RI UHPRWH
sensing, new spectral techniques to measure soil carbon, and
modelling offer opportunities to reduce costs but will require
HYDOXDWLRQ ,]DXUUDOGHDQG5LFH%URZQet al., 2006; Ogle
DQG3DXVWLDQ*HKODQG5LFH 
Property rights3URSHUW\ULJKWVODQGKROGLQJVDQGWKHODFN
of a clear single-party land ownership in certain areas may
inhibit implementation of management changes.
Other barriers: Other possible barriers to implementation
include the availability of capital, the rate of capital stock
turnover, the rate of technological development, risk attitudes,
need for research and outreach, consistency with traditional
practices, pressure for competing uses of agricultural land and
water, demand for agricultural products, high costs for certain
enabling technologies (e.g., soil tests before fertilization), and
ease of compliance (e.g., straw burning is quicker than residue
removal and can also control some weeds and diseases, so
farmers favour straw burning).

8.7 Integrated and non-climate policies
affecting emissions of GHGs
Many policies other than climate policies affect GHG emissions from agriculture. These include other UN conventions
VXFKDV%LRGLYHUVLW\'HVHUWL¿FDWLRQDQGDFWLRQVRQ6XVWDLQable Development (see Section 8.4.5), macroeconomic policy
VXFKDV(8&RPPRQ$JULFXOWXUDO3ROLF\ &$3 &$3UHIRUP
international free trade agreements, trading blocks, trade barULHUVUHJLRQVSHFL¿FSURJUDPPHVHQHUJ\SROLF\DQGSULFH
adjustment, and other environmental policies including various environmental/agro-environmental schemes. These are
described further below.
8.7.1

Transaction costs: Under an incentive-based system such as
a carbon market, the amount of money farmers receive is not the
market price, but the market price less brokerage cost. This may
be substantial, and is an increasing fraction as the amount of
carbon involved diminishes, creating a serious entry barrier for

Other UN conventions

,Q$VLD&KLQDKDVLQWURGXFHGODZVWRFRQYHUWFURSODQGVWR
forest and grassland in Vulnerable Ecological Zones under the
81 &RQYHQWLRQ RQ 'HVHUWL¿FDWLRQ 7KLV ZLOO LQFUHDVH FDUERQ
storage and reduce N2O emissions. Under the UN Convention
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on Biodiversity, China has initiated a programme that restores
croplands close to lakes, the sea, or other natural lands as
conservation zones for wildlife. This may increase soil carbon
sequestration but, if restored to wetland, could increase CH4
HPLVVLRQV,QVXSSRUWRI816XVWDLQDEOH'HYHORSPHQWJXLGHOLQHV
China has introduced a Land Reclamation Regulation (1988) in
which land degraded by, for example, construction or mining is
restored for use in agriculture, thereby increasing soil carbon
VWRUDJH ,Q (XURSH LQFOXGLQJ (DVWHUQ (XURSH WKH &DXFDVXV
and Central Asia) and North America, the UN conventions have
KDGIHZVLJQL¿FDQWLPSDFWVRQDJULFXOWXUDO*+*HPLVVLRQV,Q
Europe, the UN Convention on Long Range Trans-boundary
$LU3ROOXWDQWVDOVROHDGVWRUHJXODWLRQVWRFRQWURODLUSROOXWDQWV
(e.g., by regulating N emissions) that could have substantial
impacts on emission reductions in the agricultural sector.
8.7.2

Macroeconomic and sectoral policy

Some macro-economic changes, such as the burden of a
high external debt in Latin America, triggered the adoption in
the 1970s of policies designed for improving the trade balance,
mainly by promoting agricultural exports (Tejo, 2004). This
resulted in the changes in land use and management (see
Section 8.3.3), which are still causing increases in annual
*+*HPLVVLRQVWRGD\,QRWKHUUHJLRQVVXFKDVWKHFRXQWULHV
of Eastern Europe, the Caucasus and Central Asia and many
Central and East European countries, political changes since
KDYHPHDQWDJULFXOWXUDOGHLQWHQVL¿FDWLRQZLWKOHVVLQSXWV
and land abandonment, leading to a decrease in agricultural
*+*HPLVVLRQV,Q$IULFDWKHFXOWLYDWHGDUHDLQ6RXWKHUQ$IULFD
has increased by 30% since 1960, while agricultural production
has doubled (Scholes and Biggs, 2004). The macroeconomic
GHYHORSPHQWIUDPHZRUNIRU$IULFD 1(3$' HPSKDVLVHV
DJULFXOWXUHOHGGHYHORSPHQW,WLVWKHUHIRUHDQWLFLSDWHGWKDWWKH
cropped area will continue to increase, especially in Central,
(DVW DQG 6RXWKHUQ$IULFD SHUKDSV DW DQ DFFHOHUDWLQJ UDWH ,Q
Western Europe, North America, Asia (China) and Oceania,
macroeconomic policy has tended to reduce GHG emissions.
The declining emission trend in Western Europe is likely a
consequence of successive reforms of the Common Agricultural
3ROLF\ &$3 VLQFH7KH(8&$3UHIRUPLVH[SHFWHG
to lead to further reductions, mainly through reduction of animal
QXPEHUV %LQ¿HOG et al., 2006). The reduced GHG emissions
could be offset by activity elsewhere. Various macro-economic
policies that potentially affect agricultural GHG emissions in
each major world region are presented in Table 8.10.
WTO negotiations, to the extent they move toward free trade,
would permit countries to better adjust to climate change and
the dislocations in production caused by mitigation activities,
E\ DGMXVWLQJ WKHLU LPSRUWH[SRUW PL[ ,QWHUQDWLRQDO WUDGH
agreements such as WTO may also have impacts on the amount
DQGJHRJUDSKLFDOGLVWULEXWLRQRI*+*HPLVVLRQV,IDJULFXOWXUDO
subsidies are reduced and markets become more open, a shift
in production from developed to developing countries would be
expected, with the consequent displacement of GHG emissions
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to the latter. Since agricultural practices and GHG emissions
per unit product differ between countries, such displacement
may also cause changes in total emissions from agriculture.
,Q DGGLWLRQ WKH LQFUHDVH LQ LQWHUQDWLRQDO ÀRZ RI DJULFXOWXUDO
products which may result from trade liberalization could cause
higher GHG emissions from the use of transport fuels.
8.7.3

Other environmental policies

,QPRVWZRUOGUHJLRQVHQYLURQPHQWDOSROLFLHVKDYHEHHQSXW
in place to improve fertility, to reduce erosion and soil loss,
DQG WR LPSURYH DJULFXOWXUDO HI¿FLHQF\ 7KH PDMRULW\ RI WKHVH
environmental policies also reduce GHG emissions. Various
HQYLURQPHQWDOSROLFLHVQRWLPSOHPHQWHGVSHFL¿FDOO\WRDGGUHVV
GHG emissions but potentially affect agricultural GHG
emissions in each major world region are presented in Table
8.11.
,Q DOO UHJLRQV SROLFLHV WR LPSURYH RWKHU DVSHFWV RI WKH
environment have been more effective in reducing GHG
HPLVVLRQVIURPDJULFXOWXUHWKDQSROLFLHVDLPHGVSHFL¿FDOO\DW
reducing agricultural GHG emissions (see Section 8.6.1). The
LPSRUWDQFH RI LGHQWLI\LQJ WKHVH FREHQH¿WV ZKHQ IRUPXODWLQJ
climate and other environmental policy is addressed in Section
8.8.

8.8 Co-beneﬁts and trade-offs of
mitigation options
Many of the measures aimed at reducing GHG emissions
have other impacts on the productivity and environmental
integrity of agricultural ecosystems, mostly positive (Table
8.12). These measures are often adopted mainly for reasons other
than GHG mitigation (see Section 8.7.3). Agro-ecosystems are
inherently complex and very few practices yield purely winwin outcomes; most involve some trade-offs (DeFries et al.,
2004; Viner et al., 2006) above certain levels or intensities of
LPSOHPHQWDWLRQ 6SHFL¿F H[DPSOHV RI FREHQH¿WV DQG WUDGH
offs among agricultural GHG mitigation measures include:
v 3UDFWLFHVWKDWPDLQWDLQRULQFUHDVHFURSSURGXFWLYLW\FDQ
improve global or regional food security (Lal, 2004a, b;
Follett et al. 7KLVFREHQH¿WPD\EHFRPHPRUHLPportant as global food demands increase in coming decades
(Sanchez and Swaminathan, 2005; Rosegrant and Cline,
2003; FAO, 2003; Millennium Ecosystem Assessment,
2005). Building reserves of soil carbon often also increases
the potential productivity of these soils. Furthermore, many
of the measures that promote carbon sequestration also
prevent degradation by avoiding erosion and improving
soil structure. Consequently, many carbon conserving practices sustain or enhance future fertility, productivity and
resilience of soil resources (Lal, 2004a; Cerri et al., 2004;
Freibauer et al.3DXVWLDQet al., 2004; Kurkalova

•
•

Asia
Oceania

Note: + denotes a positive effect (beneﬁt); - denotes a negative effect

•

•

•
•

•
•
•

Africa

Europe,
the
Caucasus
and
Central
Asia

Latin
America

•
•
•
•

North
America

Energy conservation and energy security policies – promote bio-energy – increase fossil fuel offsets and possibly SOC (USA)
Energy price adjustments - encourage agricultural mitigation - more reduced tillage – increase SOC (USA)
Removal of the Grain Transportation Subsidy shifted production from annual to perennial crops and livestock (Canada)
Policies since 1970s to promote agricultural products exports (Tejo, 2004) resulting in land management change –increasing
GHG emissions (Latin America)
Promotion of biofuels (e.g., PROALCOOL (Brazil)
Brazil and Argentina implemented policies to make compulsory 5% biodiesel in all diesel fuels consumed (Brazil & Argentina)
Common Agricultural Policy (CAP) 2003 - Single Farm Payment decoupled from production - replaces most of the previous areabased payments. Income support conditional to statutory environmental management requirements (e.g., legislation on nitrates)
and the obligation to maintain land under permanent pasture (cross-compliance).
Political changes in Eastern Europe - closure of many intensive pig units - reduced GHG emissions (EU and wider Europe)
Macro-economic changes in the countries of Eastern Europe, the Caucasus and Central Asia:
a) Abandonment of croplands since 1990 (1.5 Mha); grasslands and regenerating forests sequestering carbon in soils and
woody biomass (all countries of Eastern Europe, the Caucasus and Central Asia:)
b) Use of agricultural machinery declined and fossil fuel use per ha of cropland (Romanenkov et al., 2004) - decreased CO2
(fossil fuel) increased CO2 (straw burning – all countries of Eastern Europe, the Caucasus and Central Asia)
c) Fertilizer consumption has dropped; 1999 N2O emissions from agriculture 19.5% of 1990 level (Russia & Belarus).
d) CO2 emissions from liming have dropped to 8% of 1990 levels (Russia)
e) Livestock CH4 emissions in 1999 were less than 48% of the 1990 level (Russia)
f) The use of bare fallowing has declined (88% of the area in bare fallow in 1999 compared to 1990; Agriculture of Russia,
2004) (Russia)
g) Changes in rotational structure (more perennial grasses) (Russia)
The cultivated area in Southern Africa has increased 30% since 1960, while agricultural production has doubled - agriculture-led
development (Scholes and Biggs 2004; NEPAD 2005).Cropped area will continue to increase, especially in Central, East and
Southern Africa, perhaps at an accelerating rate.
In some areas, croplands are currently in set-aside for economic reasons (China)
Australia and New Zealand continue to provide little direct subsidy to agriculture - highly efﬁcient industries that minimize
unnecessary inputs and reduce waste - potential for high losses (such as N2O) is reduced. Continuing tightening of terms of
trade for farm enterprises, as well as ongoing relaxation of requirements for agricultural imports, is likely to maintain this focus
(Australia and New Zealand)
The establishment of comprehensive water markets are expected, over time, to result in reductions in the size of industries such
as rice and irrigated dairy with consequent reductions in the emissions from these sectors (Australia)

Macro-economic policies potentially affecting agricultural GHG emissions

Region

+

+
+

+

-

+
+

+

+
+

-

+

+

+

+

+

+
+
+

+

-

+

+

Impact
Impact
Impact
on N2O
on CH4
on CO2
emissions emissions emissions
+
+
?
+
+
+
-

Table 8.10: Summary of various macro-economic policies that potentially affect agricultural GHG emissions, listing policies for each major world region and the potential impact on the emissions of each GHG
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•

•

•

•
•
•
•
•
•

Asia

Oceania

•

•
•
•
•
•

•
•
•
•

•
•
•
•

•

•
•

Africa

Europe,
the
Caucasus
and
Central
Asia

Latin
America

•
•
•

North
America

•
•
•
•
•

Other environmental policies potentially affecting agricultural GHG emissions

Region

Impact on Impact on Impact on
N2O
CH4
CO2
emissions emissions emissions
+
+
Environmental Quality Incentives Program (EQIP) – cost-sharing and incentive payments for conservation practices on working farms (USA)
+
+
Conservation Reserve Program (CRP) - environmentally sensitive land converted to native grasses, trees, etc. (USA)
+
+
Conservation Security Program (CSP) – assistance promoting conservation on cropland, pasture and range land (and farm woodland)
+
+
(USA)
+
+
+
Green cover in Canada and provincial initiatives – encourages shift from annual to perennial crop production on poor quality soils (Canada)
+
+
+
Agriculture Policy Framework (APF) programmes to reduce agriculture risks to the environment, including GHG emissions (Canada)
Nutrient Management programmes – introduced to improve water quality, may indirectly reduce N2O emissions (Canada)
Increasing adoption of environmental policies driven by globalization, consolidation of democratic regimes (Latin America & Caribbean)
+/+/+/14 countries have introduced environmental regulations over the last 20 years – most have implemented measures to protect the
+
?
environment
+
?
Promotion of no-till agriculture in the Mercosur area (Brazil, Argentina, Uruguay and Paraguay)
+
“Program Crop-Livestock Integration” promotes soil carbon, reduced erosion, reduced pathogens, fertility for pastures, no till cropping
(Brazil)
+
EU set aside programme - encouraged carbon sequestering practices, but now replaced by the single farm payment under the new CAP
+
(EU)
+
EU/number of member states - soil action plans to promote soil quality/health/ sustainability, encourages soil carbon sequestration (EU)
?
+
Encouragement of composting in some EU member states (e.g., Belgium; Sleutel 2005), but policies are limited (Smith et al., 2005a) (EU)
+
+
+
EU Water Framework Directive (WFD) promotes careful use of N fertilizer. Impact of WFD on agricultural GHG emissions as yet unclear (EU)
+
The ban of burning of ﬁeld residues in the 1980s (for air quality purposes) enhance soil carbon, reduce N2O and CH4 (Smith et al., 1997;
+
2000) (EU)
+
The dumping ban at sea of sewage sludge in Europe in 1998 - more sludge reached agricultural land (Smith et al., 2000; 2001) (EU)
+
"Vandmiljøplaner" (water environmental plans) for the agricultural sector with clear effect (decrease) of GHGs (Denmark)
+
Land Codes of the Russian Federation, Belarus and the Ukraine - land conservation for promoting soil quality restoration and protection
+
+
“Land Reform Development in Russian Federation” & “Fertility 2006-2010” - plans to promote soil conservation/fertility/sustainability
+
+
(Russia)
+
?
Ukrainian law “Land protection” - action plans to promote soil conservation/increase commercial yields/fertility/sustainability (Ukraine)
+
+
Laws in Belarus such as “State Control of Land Use and Land Protection” encourages carbon sequestration (Belarus)
Laws in the Ukraine to promote conversion of degraded lands to set-aside (Ukraine)
Water quality initiatives, for example, Water Codes encourage reforestation and grassland riparian zones (Russia, Ukraine and Belarus)
The ban of fertilizer application in some areas - reduce N2O emissions (Russia, Belarus, Ukraine) & regional programmes for example,
Revival of the Volga
The reduction of the area of rangelands burned - objective of both colonial and post-colonial administrations; renewed efforts (South
+
+
+
Africa, 1998)
+
Soil sustainability programmes - N fertilizer added to soils only after soil N testing (China)
+
Regional agricultural development programmes - enhance soil carbon storage (China)
+
Water quality programmes that control non-point source pollution (China)
+
+
+
Air quality legislation - bans straw burning, thus reducing CO2 (and CH4 and N2O) emissions (China)
+
+
+
“Township Enterprises” & “Ecological Municipality” - reduce waste disposal, chemical fertilizer and pesticides, and bans straw burning (China)
Wide range of policies to maintain function/conservation of agricultural landscapes, river systems and other ecosystems (Australia and
+
New Zealand)
+
+
Industry changes leading to rapid increase in N fertilizer use over the past decade (250% and 500% increases in Australia and New
+
+
Zealand, respectively)
+
+
+
Increases in intensive livestock production; raised concerns about water quality and the health of riverine/offshore ecosystems (Australia
and New Zealand)
Policy responses are being developed that include monitoring, regulatory, research and extension components (Australia and New
Zealand)

Table 8.11: A non-exhaustive summary of environmental policies that were not implemented speciﬁcally to address GHG emissions, but that can affect agricultural GHG emissions. Examples of policies are listed for major
world region and the potential impact on the emissions of each GHG is indicated.
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Examples
Agronomy
Nutrient management
Tillage/residue management
Water management (irrigation, drainage)
Rice management
Agro-forestry
Set-aside, land-use change
Grazing intensity
Increased productivity (e.g., fertilization)
Nutrient management
Fire management
Species introduction (including legumes)
Avoid drainage of/restore wetlands
Erosion control, organic amendments, nutrient amendments
Improved feeding practices
Speciﬁc agents and dietary additives
Longer term structural and management changes and animal breeding
Improved storage and handling
Anaerobic digestion
More efﬁcient use as nutrient source
Energy crops, solid, liquid, biogas, residues
References (see footnotes)
+
a

b

+

+/-

+

+/+/+

+/+
+/+/+
+/+

Food security
(productivity)
+
-/+
+
+
+
+/+/+
+
+
+
+
+
+
+
+

Water
conservation
c

+

+
+/+/+

+/-

Soil quality
d

+

+

+
+
+
+/-

+

+
+

+
+
+
+/-

Air quality
e

+/+
+

+

+

+/-

+/+

Bio-diversity,
wildlife habitat
f

+
+

+
+/-

+
+
+

+

+/-

Energy
conservation
+
+
+
g

+
+

-

+
+

+
+
-

Conservation
of other biomes
h

+
+

+

-

+
+

+

i

+
+

+/+/-

+
+

+/-

Aesthetic/
amenity value

Note:+ denotes a positive effect (beneﬁt); - denotes a negative effect (trade-off). The co-beneﬁts and trade-offs vary among regions. Economic costs and beneﬁts, often key driving variables, are considered in Section
8.4.3
Sources:
a Foley et al., 2005; Lal, 2001a, 2004a;
b Mosier, 2002; Freibauer et al., 2004; Paustian et al., 2004; Cerri et al.., 2004
c Lal, 2002, 2004b; Dias de Oliveira et al., 2005; Rockström, 2003.
d Lal, 2001b, Janzen, 2005; Cassman et al., 2003; Cerri et al., 2004; Wander and Nissen, 2004
e Mosier, 2001; 2002; Paustian et al.., 2004
f Foley et al.., 2005; Dias de Oliveira et al., 2005; Freibauer et al., 2004; Falloon et al., 2004; Huston and Marland, 2003; Totten et al., 2003
g Lal et al., 2003; West and Marland, 2003
h Balmford et al., 2005; Trewavas, 2002; Green et al., 2005; West and Marland, 2003
i Freibauer et al., 2004

Bioenergy

Manure/biosolid management

Management of organic soils
Restoration of degraded lands
Livestock management

Grazing land management/
pasture improvement

Measure
Cropland management

Water quality

Table 8.12: Summary of possible co-beneﬁts and trade-offs of mitigation options in agriculture.
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v

v

v

v

v

et al.'tD]=RULWDet al. ,QVRPHLQVWDQFHV
where productivity is enhanced through increased inputs,
there may be risks of soil depletion through mechanisms
VXFKDVDFLGL¿FDWLRQRUVDOLQL]DWLRQ %DUDNet al., 1997;
'tH]et al., 2004; Connor, 2004).
A key potential trade-off is between the production of bioenergy crops and food security. To the extent that bio-energy production uses crop residues, excess agricultural products or surplus land and water, there will be little resultant
loss of food production. But above this point, proportional
losses of food production will be strongly negative. Food
insecurity is determined more by inequity of access to food
DWDOOVFDOHV WKDQE\DEVROXWHIRRGSURGXFWLRQLQVXI¿FLHQcies, so the impact of this trade-off depends among other
things on the economic distributional effects of bio-energy
production.
Fresh water is a dwindling resource in many parts of the
world (Rosegrant and Cline, 2003; Rockström, 2003).
Agricultural practices for mitigation of GHGs can have
both negative and positive effects on water conservation,
and on water quality. Where measures promote water use
HI¿FLHQF\ HJUHGXFHGWLOODJH WKH\SURYLGHSRWHQWLDO
EHQH¿WV%XWLQVRPHFDVHVWKHSUDFWLFHVFRXOGLQWHQVLI\
ZDWHUXVHWKHUHE\UHGXFLQJVWUHDPÀRZRUJURXQGZDWHU
reserves (Unkovich, 2003; Dias de Oliveira et al., 2005).
For instance, high-productivity, evergreen, deep-rooted
bio-energy plantations generally have a higher water use
than the land cover they replace (Berndes, 2002, Jackson et
al., 2005). Some practices may affect water quality through
enhanced leaching of pesticides and nutrients (Freibauer et
al., 2004; Machado and Silva, 2001).
,IELRHQHUJ\SODQWDWLRQVDUHDSSURSULDWHO\ORFDWHGGHsigned, and managed, they may reduce nutrient leaching
and soil erosion and generate additional environmental
services such as soil carbon accumulation, improved soil
fertility; removal of cadmium and other heavy metals from
soils or wastes. They may also increase nutrient recirculation, aid in the treatment of nutrient-rich wastewater and
sludge; and provide habitats for biodiversity in the agricultural landscape (Berndes and Börjesson, 2002; Berndes et
al. 2004; Börjesson and Berndes, 2006).
Changes to land use and agricultural management can
affect biodiversity, both positively and negatively (e.g.,
Xiang et al., 2006; Feng et al., 2006). For example,
LQWHQVL¿FDWLRQRIDJULFXOWXUHDQGODUJHVFDOHSURGXFWLRQ
of biomass energy crops will lead to loss of biodiversity
where they occur in biodiversity-rich landscapes (European Environment Agency, 2006). But perennial crops
often used for energy production can favour biodiversity, if
they displace annual crops or degraded areas (Berndes and
Börjesson, 2002).
$JULFXOWXUDOPLWLJDWLRQSUDFWLFHVPD\LQÀXHQFHQRQDJULcultural ecosystems. For example, practices that diminish
productivity in existing cropland (e.g., set-aside lands) or
divert products to alternate uses (e.g., bio-energy crops)
may induce conversion of forests to cropland elsewhere.
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Conversely, increasing productivity on existing croplands
PD\µVSDUH¶VRPHIRUHVWRUJUDVVODQGV :HVWDQG0DUODQG
2003; Balmford et al., 2005; Mooney et al., 2005). The net
effect of such trade-offs on biodiversity and other ecosysWHPVHUYLFHVKDVQRW\HWEHHQIXOO\TXDQWL¿HG +XVWRQDQG
Marland, 2003; Green et al., 2005).
v Agro-ecosystems have become increasingly dependent on
input of reactive nitrogen, much of it added as manufactured fertilizers (Galloway et al., 2003; Galloway, 2004).
3UDFWLFHVWKDWUHGXFH12O emission often improve the
HI¿FLHQF\RI1XVHIURPWKHVHDQGRWKHUVRXUFHV HJ
manures), thereby also reducing GHG emissions from
fertilizer manufacture and avoiding deleterious effects
on water and air quality from N pollutants (Oenema et
al., 2005; Dalal et al., 2003; Olesen et al.3DXVWLDQ
et al., 2004). Suppressing losses of N as N2O might in
some cases increase the risk of losing that N via leaching.
Curtailing supplemental N use without a corresponding
LQFUHDVHLQ1XVHHI¿FLHQF\ZLOOUHVWULFW\LHOGVWKHUHE\
hampering food security.
v ,PSOHPHQWDWLRQRIDJULFXOWXUDO*+*PLWLJDWLRQPHDVXUHV
may allow expanded use of fossil fuels, and may have
some negative effects through emissions of sulphur, mercury and other pollutants (Elbakidze and McCarl, 2007).
7KHFREHQH¿WVDQGWUDGHRIIVRIDSUDFWLFHPD\YDU\IURP
place to place because of differences in climate, soil, or the way
WKHSUDFWLFHLVDGRSWHG,QSURGXFLQJELRHQHUJ\IRUH[DPSOH
if the feedstock is crop residue, that may reduce soil quality by
depleting soil organic matter. Conversely, if the feedstock is a
densely rooted perennial crop that may replenish organic matter
DQGWKHUHE\LPSURYHVRLOTXDOLW\ 3DXVWLDQet al., 2004).These
few examples, and the general trends described in Table 8.12,
demonstrate that GHG mitigation practices on farm lands exert
complex, interactive effects on the environment, sometimes far
from the site at which they are imposed. The merits of a given
practice, therefore, cannot be judged solely on effectiveness of
GHG mitigation.

8.9 Technology research, development,
deployment, diffusion and transfer

There is much scope for technological developments to
reduce GHG emissions in the agricultural sector. For example,
increases in crop yields and animal productivity will reduce
emissions per unit of production. Such increases in crop and
animal productivity will be implemented through improved
management and husbandry techniques, such as better
PDQDJHPHQW JHQHWLFDOO\ PRGL¿HG FURSV LPSURYHG FXOWLYDUV
fertilizer recommendation systems, precision agriculture,
improved animal breeds, improved animal nutrition, dietary
additives and growth promoters, improved animal fertility, bioenergy crops, anaerobic slurry digestion and methane capture
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systems. All of these depend to some extent on technological
developments. Although technological improvement may have
YHU\VLJQL¿FDQWHIIHFWVWUDQVIHURIWKHVHWHFKQRORJLHVLVDNH\
requirement for these mitigations to be realized. For example,
WKHHI¿FLHQF\RI1XVHKDVLPSURYHGRYHUWKHODVWWZRGHFDGHV
in developed countries, but continues to decline in many
developing countries due to barriers to technology transfer
,QWHUQDWLRQDO)HUWLOL]HU,QGXVWU\$VVRFLDWLRQ %DVHGRQ
technology change scenarios developed by Ewert et al. (2005),
and derived from extrapolation of current trends in FAO data,
Smith et al. (2005b) showed that technological improvements
could potentially counteract the negative impacts of climate
change on cropland and grassland soil carbon stocks in
Europe. This and other work (Rounsevell et al., 2006) suggest
that technological improvement will be a key factor in GHG
mitigation in the future.
,QPRVWLQVWDQFHVWKHFRVWRIHPSOR\LQJPLWLJDWLRQVWUDWHJLHV
will not alter radically in the medium term. There will be some
shifts in costs due to changes in prices of agricultural products
DQGLQSXWVEXWWKHVHDUHXQOLNHO\WREHRIVLJQL¿FDQWPDJQLWXGH
Likewise, the potential of most options for CO2 reduction is
unlikely to change greatly. There are some exceptions which
fall into two categories: (i) options where the practice or
technology is not new, but where the emission reduction
SRWHQWLDOKDVQRWEHHQDGHTXDWHO\TXDQWL¿HGVXFKDVLPSURYHG
nutrient utilization; and (ii) options where technologies are still
EHLQJUH¿QHGVXFKDVSURELRWLFVLQDQLPDOGLHWVRUQLWUL¿FDWLRQ
inhibitors.
Many of the mitigation strategies outlined for agriculture
employ existing technology (e.g., crop management, livestock
management). With such strategies, the main issue is technology
transfer, diffusion, and deployment. Other strategies involve
new use of existing technologies. For example, oils have been
used in animal diets for many years to increase dietary energy
content, but their role as a methane suppressant is relatively
new, and the parameters of the technology in terms of scope for
PHWKDQHUHGXFWLRQDUHRQO\QRZEHLQJGH¿QHG Other strategies
still require further research to allow viable systems to operate
(e.g., bio-energy crops). Finally, many novel mitigation strategies
DUHSUHVHQWO\EHLQJUH¿QHGVXFKDVWKHXVHRISURELRWLFVQRYHO
plant extracts, and the development of vaccines. Thus, there is
still a major role for research and development in this area.
Differences between regions can arise due to the state of
development of the agricultural industry, the resources available
and legislation. )RUH[DPSOHWKHVFRSHWRXVHVSHFL¿FDJHQWVDQG
dietary additives in ruminants is much greater in developed than
in the developing regions because of cost, opportunity (e.g., it
LVHDVLHUWRDGPLQLVWHUSURGXFWVWRDQLPDOVLQFRQ¿QHGV\VWHPV
than in free ranging or nomadic systems), and availability of the
technology 86(3$D )XUWKHUPRUHFHUWDLQWHFKQRORJLHV
are not allowed in some regions, for example, ionophores are
banned from use in animal feeding in the EU, and genetically
PRGL¿HGFURSVDUHQRWDSSURYHGIRUXVHLQVRPHFRXQWULHV
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8.10

Long-term outlook

Trends in GHG emissions in the agricultural sector depend
mainly on the level and rate of socio-economic development,
human population growth, and diet, application of adequate
technologies, climate and non-climate policies, and future
climate change. Consequently, mitigation potentials in the
DJULFXOWXUDOVHFWRUDUHXQFHUWDLQPDNLQJDFRQVHQVXVGLI¿FXOW
to achieve and hindering policy making. However, agriculture
LV D VLJQL¿FDQW FRQWULEXWRU WR *+* HPLVVLRQV 6HFWLRQ  
Mitigation is unlikely to occur without action, and higher
emissions are projected in the future if current trends are left
unconstrained. According to current projections, the global
population will reach 9 billion by 2050, an increase of about
50% over current levels (Lutz et al., 2001; Cohen, 2003).
Because of these increases and changing consumption patterns,
some analyses estimate that the production of cereals will need
to roughly double in coming decades (Tilman et al., 2001; Roy
et al., 2002; Green et al., 2005). Achieving these increases in
food production may require more use of N fertilizer, leading
to possible increases in N22 HPLVVLRQV XQOHVV PRUH HI¿FLHQW
fertilization techniques and products can be found (Galloway,
2003; Mosier, 2002). Greater demands for food could also
increase CH4 emissions from enteric fermentation if livestock
numbers increase in response to demands for meat and other
OLYHVWRFN SURGXFWV $V SURMHFWHG E\ WKH ,0$*(  PRGHO
CO2, CH4, and N2O emissions associated with land use vary
greatly between scenarios (Strengers et al., 2004), depending
on trends towards globalization or regionalization, and on the
emphasis placed on material wealth relative to sustainability
and equity.
Some countries are moving forward with climate and nonclimate policies, particularly those linked with sustainable
development and improving environmental quality as described
in Sections 8.6 and 8.7. These policies will likely have direct
or synergistic effects on GHG emissions and provide a way
forward for mitigation in the agricultural sector. Moreover,
JOREDO VKDULQJ RI LQQRYDWLYH WHFKQRORJLHV IRU HI¿FLHQW XVH RI
land resources and agricultural inputs, in an effort to eliminate
poverty and malnutrition, will also enhance the likelihood of
VLJQL¿FDQWPLWLJDWLRQIURPWKHDJULFXOWXUDOVHFWRU
Mitigation of GHG emissions associated with various
agricultural activities and soil carbon sequestration could be
achieved through best management practices, many of which
are currently available for implementation. Best management
practices are not only essential for mitigating GHG emissions,
but also for other facets of environmental protection such as
air and water quality management. Uncertainties do exist, but
WKH\ FDQ EH UHGXFHG WKURXJK ¿QHU VFDOH DVVHVVPHQWV RI EHVW
management practices within countries, evaluating not only the
*+*PLWLJDWLRQSRWHQWLDOEXWDOVRWKHLQÀXHQFHVRIPLWLJDWLRQ
options on socio-economic conditions and other environmental
impacts.
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The long-term outlook for development of mitigation
practices for livestock systems is encouraging. Continuous
improvements in animal breeds are likely, and these will
improve the GHG emissions per kg of animal product. Enhanced
SURGXFWLRQ HI¿FLHQF\ GXH WR VWUXFWXUDO FKDQJH RU EHWWHU
application of existing technologies is also generally associated
with reduced emissions, and there is a trend towards increased
HI¿FLHQF\ LQ ERWK GHYHORSHG DQG GHYHORSLQJ FRXQWULHV New
technologies may emerge to reduce emissions from livestock
such as probiotics, a methane vaccine or methane inhibitors.
However, increased world demand for animal products may
mean that while emissions per kg of product decline, total
emissions may increase.
Recycling of agricultural by-products, such as crop residues
and animal manures, and production of energy crops provides
opportunities for direct mitigation of GHG emissions from
fossil fuel offsets. However, there are barriers in technologies
and economics to using agricultural wastes, and in converting
energy crops into commercial fuels. The development of
innovative technologies is a critical factor in realizing the
potential for biofuel production from agricultural wastes and
energy crops. This mitigation option could be moved forward
with government investment for the development of these
technologies, and subsidies for using these forms of energy.
A number of agricultural mitigation options which have
limited potential now will likely have increased potential in
the long-term. Examples include better use of fertilizer through
precision farming, wider use of slow and controlled release
IHUWLOL]HUV DQG RI QLWUL¿FDWLRQ LQKLELWRUV DQG RWKHU SUDFWLFHV
that reduce N application (and thus N2O emissions). Similarly,
HQKDQFHG1XVHHI¿FLHQF\LVDFKLHYDEOHDVWHFKQRORJLHVVXFK
DV ¿HOG GLDJQRVWLFV IHUWLOL]HU UHFRPPHQGDWLRQV IURP H[SHUW
decision support systems and fertilizer placement technologies
are developed and more widely used. New fertilizers and water
management systems in paddy rice are also likely in the longer
term.
3RVVLEOH FKDQJHV WR FOLPDWH DQG DWPRVSKHUH LQ FRPLQJ
GHFDGHV PD\ LQÀXHQFH *+* HPLVVLRQV IURP DJULFXOWXUH DQG
the effectiveness of practices adopted to minimize them. For
example, atmospheric CO2 concentrations, likely to double
within the next century, may affect agro-ecosystems through
changes in plant growth rates, plant litter composition, drought
tolerance, and nitrogen demands (e.g., Long et al., 2006;
Henry et al., 2005; Van Groenigen et al., 2005; Jensen and
Christensen, 2004; Torbert et al., 2000; Norby et al., 2001).
Similarly, atmospheric nitrogen deposition also affects crop
production systems as well as changing temperature regimes,
although the effect will depend on the magnitude of change and
response of the crop, forage, or livestock species. For example,
increasing temperatures are likely to have a positive effect on
crop production in colder regions due to a longer growing season
(Smith et al.E ,QFRQWUDVWLQFUHDVLQJWHPSHUDWXUHVFRXOG
accelerate decomposition of soil organic matter, releasing
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stored soil carbon into the atmosphere (Knorr et al., 2005;
Fang et al., 2005; Smith et al. 2005b). Furthermore, changes in
precipitation patterns could change the adaptability of crops or
cropping systems selected to reduce GHG emissions. Many of
these effects have high levels of uncertainty; but demonstrate
that practices chosen to reduce GHG emissions may not have
the same effectiveness in coming decades. Consequently,
programmes to reduce emissions in the agricultural sector will
QHHGWREHGHVLJQHGZLWKÀH[LELOLW\IRUDGDSWDWLRQLQUHVSRQVH
to climate change.
Overall, the outlook for GHG mitigation in agriculture
VXJJHVWV VLJQL¿FDQW SRWHQWLDO &XUUHQW LQLWLDWLYHV VXJJHVW
that identifying synergies between climate change policies,
sustainable development, and improvement of environmental
quality will likely lead the way forward to realization of
mitigation potential in this sector.
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EXECUTIVE SUMMARY
During the last decade of the 20th century, deforestation in
the tropics and forest regrowth in the temperate zone and parts
of the boreal zone remained the major factors responsible for
emissions and removals, respectively. However, the extent to
which the carbon loss due to tropical deforestation is offset
by expanding forest areas and accumulating woody biomass
in the boreal and temperate zones is an area of disagreement
between land observations and estimates by top-down models.
Emissions from deforestation in the 1990s are estimated at 5.8
GtCO2/yr (medium agreement, medium evidence).
Bottom-up regional studies show that forestry mitigation
options have the economic potential at costs up to 100 US$/
tCO2-eq to contribute 1.3-4.2 GtCO2-eq/yr (average 2.7 GtCO2eq/yr) in 2030. About 50% can be achieved at a cost under 20
US$/tCO2-eq (around 1.6 GtCO2/yr) with large differences
between regions. Global top-down models predict far higher
mitigation potentials of 13.8 GtCO2-eq/yr in 2030 at carbon
prices less than or equal to 100 US$/tCO2-eq. Regional studies
tend to use more detailed data and a wider range of mitigation
options are reviewed, Thus, these studies may more accurately
UHÀHFW UHJLRQDO FLUFXPVWDQFHV DQG FRQVWUDLQWV WKDQ VLPSOHU
more aggregate global models. However, regional studies
vary in model structure, coverage, analytical approach, and
assumptions (including baseline assumptions). In the sectoral
comparison in Section 11.3, the more conservative estimate
from regional studies is used. Further research is required
to narrow the gap in the potential estimates from global and
regional assessments (medium agreement, medium evidence).
The carbon mitigation potentials from reducing deforestation,
forest management, afforestation, and agro-forestry differ
greatly by activity, regions, system boundaries and the time
horizon over which the options are compared. In the short
WHUPWKHFDUERQPLWLJDWLRQEHQH¿WVRIUHGXFLQJGHIRUHVWDWLRQ
DUH JUHDWHU WKDQ WKH EHQH¿WV RI DIIRUHVWDWLRQ 7KDW LV EHFDXVH
deforestation is the single most important source, with a net loss
of forest area between 2000 and 2005 of 7.3 million ha/yr.
Mitigation options by the forestry sector include extending
carbon retention in harvested wood products, product
substitution, and producing biomass for bio-energy. This
carbon is removed from the atmosphere and is available to meet
VRFLHW\¶V QHHGV IRU WLPEHU ¿EUH DQG HQHUJ\ %LRPDVV IURP
forestry can contribute 12-74 EJ/yr to energy consumption,
with a mitigation potential roughly equal to 0.4-4.4 GtCO2/yr
depending on the assumption whether biomass replaces coal or
gas in power plants (medium agreement, medium evidence).
In the long term, a sustainable forest management strategy
aimed at maintaining or increasing forest carbon stocks, while
SURGXFLQJDQDQQXDOVXVWDLQHG\LHOGRIWLPEHU¿EUHRUHQHUJ\
from the forest, will generate the largest sustained mitigation
EHQH¿W0RVWPLWLJDWLRQDFWLYLWLHVUHTXLUHXSIURQWLQYHVWPHQW
ZLWKEHQH¿WVDQGFREHQH¿WVW\SLFDOO\DFFUXLQJIRUPDQ\\HDUV

to decades. The combined effects of reduced deforestation and
degradation, afforestation, forest management, agro-forestry
and bio-energy have the potential to increase from the present
to 2030 and beyond (medium agreement, medium evidence).
Global change will impact carbon mitigation in the forest
sector but the magnitude and direction of this impact cannot
EHSUHGLFWHGZLWKFRQ¿GHQFHDV\HW Global change may affect
growth and decomposition rates, the area, type, and intensity
of natural disturbances, land-use patterns, and other ecological
processes (medium agreement, medium evidence).
)RUHVWU\ FDQ PDNH D YHU\ VLJQL¿FDQW FRQWULEXWLRQ WR D
low-cost global mitigation portfolio that provides synergies
with adaptation and sustainable development. However, this
opportunity is being lost in the current institutional context and
lack of political will to implement and has resulted in only a
small portion of this potential being realized at present (high
agreement, much evidence).
Globally, hundreds of millions of households depend
on goods and services provided by forests. This underlines
the importance of assessing forest sector activities aimed at
mitigating climate change in the broader context of sustainable
development and community impact. Forestry mitigation
activities can be designed to be compatible with adapting to
climate change, maintaining biodiversity, and promoting
sustainable development. Comparing environmental and social
FREHQH¿WVDQGFRVWVZLWKWKHFDUERQEHQH¿WZLOOKLJKOLJKWWUDGH
offs and synergies, and help promote sustainable development
(low agreement, medium evidence).
Realization of the mitigation potential requires institutional
capacity, investment capital, technology RD and transfer, as
well as appropriate policies and incentives, and international
cooperation. In many regions, their absence has been a barrier
to implementation of forestry mitigation activities. Notable
exceptions exist, however, such as regional successes in
reducing deforestation rates and implementing large-scale
afforestation programmes. Considerable progress has been made
in technology development for implementation, monitoring and
UHSRUWLQJRIFDUERQEHQH¿WVEXWEDUULHUVWRWHFKQRORJ\WUDQVIHU
remain (high agreement, much evidence).
Forestry mitigation activities implemented under the Kyoto
Protocol, including the Clean Development Mechanism (CDM),
have to date been limited. Opportunities to increase activities
include simplifying procedures, developing certainty over
future commitments, reducing transaction costs, and building
FRQ¿GHQFHDQGFDSDFLW\DPRQJSRWHQWLDOEX\HUVLQYHVWRUVDQG
project participants (high agreement, medium evidence).
:KLOH WKH DVVHVVPHQW LQ WKLV FKDSWHU LGHQWL¿HV UHPDLQLQJ
XQFHUWDLQWLHV DERXW WKH PDJQLWXGH RI PLWLJDWLRQ EHQH¿WV DQG
costs, the technologies and knowledge required to implement
mitigation activities exist today.
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9.1

Introduction

In the context of global change and sustainable development,
forest management activities play a key role through mitigation
of climate change. However, forests are also affected by
climate change and their contribution to mitigation strategies
PD\EHLQÀXHQFHGE\VWUHVVHVSRVVLEO\UHVXOWLQJIURPLW6RFLR
economically, global forests are important because many
FLWL]HQV GHSHQG RQ WKH JRRGV VHUYLFHV DQG ¿QDQFLDO YDOXHV
provided by forests. Within this context, mitigation options
have to be sought.
The world’s forests have a substantial role in the global
carbon cycle. IPCC (2007a) reports the latest estimates for the
terrestrial sink for the decade 1993-2003 at 3,300 MtCO2/yr,
ignoring emissions from land-use change (Denman et al., 2007,
Table 7.1). The most likely estimate of these emissions for
1990s is 5,800 MtCO2/yr, which is partly being sequestered on
land as well (IPCC, 2007a).
The IPCC Third Assessment Report (TAR) (Kauppi et
al., 2001) concluded that the forest sector has a biophysical
mitigation potential of 5,380 MtCO2/yr on average up until
2050, whereas the SR LULUCF (IPCC, 2000a) presented a
biophysical mitigation potential on all lands of 11670 MtCO2/
yr in 2010 (copied in IPCC, 2001, p. 110).
Forest mitigation options include reducing emissions from
deforestation and forest degradation, enhancing the sequestration
rate in existing and new forests, providing wood fuels as a
substitute for fossil fuels, and providing wood products for more
energy-intensive materials. Properly designed and implemented,
IRUHVWU\PLWLJDWLRQRSWLRQVZLOOKDYHVXEVWDQWLDOFREHQH¿WVLQ
terms of employment and income generation opportunities,
biodiversity and watershed conservation, provision of timber
DQG¿EUHDVZHOODVDHVWKHWLFDQGUHFUHDWLRQDOVHUYLFHV
0DQ\EDUULHUVKDYHEHHQLGHQWL¿HGWKDWSUHFOXGHWKHIXOOXVH
of this mitigation potential. This chapter examines the reasons
for the discrepancy between a large theoretical potential and
VXEVWDQWLDO FREHQH¿WV YHUVXV WKH UDWKHU ORZ LPSOHPHQWDWLRQ
rate.
Developments since TAR
Since the IPCC Third Assessment Report (TAR), new mitigation
estimates have become available from local to global scale
(Sathaye et al., 2007) as well as major economic reviews and
global assessments (Stern, 2006). There is early research into
the integration of mitigation and adaptation options and the
linkages to sustainable development (MEA, 2005a). There is
increased attention to reducing emissions from deforestation
DV D ORZ FRVW PLWLJDWLRQ RSWLRQ DQG ZLWK VLJQL¿FDQW SRVLWLYH
side-effects (Stern, 2006). There is some evidence that climate
change impacts can also constrain the forest potential. There are
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very few multiple land-use studies that examine a wider set of
forest functions and economic constraints (Brown et al., 2004).
Furthermore, the literature shows a large variation of mitigation
estimates, partly due to the natural variability in the system, but
partly also due to differences in baseline assumptions and data
quality. In addition, Parties to the Convention are improving
their estimates through the design of National Systems for
Greenhouse Gas (GHG) Inventories.
Basic problems remain. Few major forest-based mitigation
analyses have been conducted using new primary data. There is
still limited insight regarding impacts on soils, lack of integrated
YLHZVRQWKHPDQ\VLWHVSHFL¿FVWXGLHVKDUGO\DQ\LQWHJUDWLRQ
with climate impact studies, and limited views in relation to
social issues and sustainable development. Little new effort
was reported on the development of global baseline scenarios
of land-use change and their associated carbon balance, against
which mitigation options could be examined. There is limited
TXDQWLWDWLYHLQIRUPDWLRQRQWKHFRVWEHQH¿WUDWLRVRIPLWLJDWLRQ
interventions. Finally, there are still knowledge gaps in how
forest mitigation activities may alter, for example, surface
hydrology and albedo (IPCC, 2007b: Chapter 4).
This chapter: a) provides an updated estimate of the economic
mitigation potential through forests; b) examines the reasons
for difference between a large theoretical potential and a low
rate of implementation; and c) and integrates the estimates of
the economic potential with considerations to both adaptation
and mitigation in the context of sustainable development.

9.2
9.2.1

Status of the sector and trends

Forest area

The global forest cover is 3952 million ha (Table 9.1), which
is about 30 percent of the world’s land area (FAO, 2006a). Most
relevant for the carbon cycle is that between 2000 and 2005,
gross deforestation continued at a rate of 12.9 million ha/yr.
This is mainly as a result of converting forests to agricultural
land, but also due to expansion of settlements, infrastructure,
and unsustainable logging practices (FAO, 2006a; MEA, 2005b).
In the 1990s, gross deforestation was slightly higher, at 13.1
million ha/yr. Due to afforestation, landscape restoration and
natural expansion of forests, the most recent estimate of net loss
of forest is 7.3 million ha/yr. The loss is still largest in South
America, Africa and Southeast Asia (Figure 9.1). This net loss
was less than that of 8.9 million ha/yr in the 1990s.
Thus, carbon stocks in forest biomass decreased in Africa,
Asia, and South America, but increased in all other regions.
According to FAO (2006a), globally net carbon stocks in forest
biomass decreased by about 4,000 MtCO2 annually between
1990 and 2005 (Table 9.1).
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Table 9.1: Estimates of forest area, net changes in forest area (negative numbers indicating decrease), carbon stock in living biomass, and growing stock in 1990, 2000, and
2005
Region
Africa
Asia
Europea)
North and Central
America

Forest area,
(mill. ha)

Annual change
(mill. ha/yr)

Carbon stock in living biomass
(MtCO2)

Growing
stock in 2005

2005

1990-2000

2000-2005

1990

2000

2005

million m3

63,5412

-4.4

-4.0

241,267

228,067

222,933

64,957

571,577

-0.8

1.0

150,700

130,533

119,533

47,111

1001,394

0.9

0.7

154,000

158,033

160,967

107,264

705,849

-0.3

-0.3

150,333

153,633

155,467

78,582

Oceania

206,254

-0.4

-0.4

42,533

41,800

41,800

7,361

South America

831,540

-3.8

-4.3

358,233

345,400

335,500

128,944

3,952,026

-8.9

-7.3

1,097,067

1,057,467

1,036,200

434,219

World

a) Including all of the Russian Federation
Source: FAO, 2006a

The area of forest plantation was about 140 million ha in
2005 and increased by 2.8 million ha/yr between 2000 and 2005,
mostly in Asia (FAO, 2006a). According to the Millennium
Ecosystem Assessment (2005b) scenarios, forest area in
industrialized regions will increase between 2000 and 2050 by
about 60 to 230 million ha. At the same time, the forest area
in the developing regions will decrease by about 200 to 490
million ha. In addition to the decreasing forest area globally,
forests are severely affected by disturbances such as forest

¿UHVSHVWV LQVHFWVDQGGLVHDVHV DQGFOLPDWLFHYHQWVLQFOXGLQJ
GURXJKWZLQGVQRZLFHDQGÀRRGV$OORIWKHVHIDFWRUVKDYH
also carbon balance implications, as discussed in Sections 9.3
and 9.4. Such disturbances affect roughly 100 million ha of
IRUHVWVDQQXDOO\ )$2D 'HJUDGDWLRQGH¿QHGDVGHFUHDVH
of density or increase of disturbance in forest classes, affected
tropical regions at a rate of 2.4 million ha/yr in the 1990s.

Figure 9.1: Net change in forest area between 2000 and 2005
Source: FAO, 2006a.
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Data on progress towards sustainable forest management
were collected for the recent global forest resources assessment
(FAO, 2006a). These data indicate globally there are many
good signs and positive trends (intensive forest plantation and
rising conservation efforts), but also negative trends continue
(primary forests continue to become degraded or converted to
agriculture in some regions). Several tools have been developed
in the context of sustainable forest management, including
criteria and indicators, national forest programmes, model
IRUHVWVDQGFHUWL¿FDWLRQVFKHPHV7KHVHWRROVFDQDOVRVXSSRUW
and provide sound grounds for mitigation of climate change
and thus carbon sequestration.
Nearly 90% of forests in industrialized countries are managed
“according to a formal or informal management plan” (FAO,
2001). National statistics on forest management plans are not
available for many developing countries. However, preliminary
estimates show that at least 123 million ha, or about 6% of
the total forest area in these countries is covered by a “formal,
nationally approved forest management plan covering a period
RI DW OHDVW ¿YH \HDUV´ 3URSHU PDQDJHPHQW SODQV DUH VHHQ DV
prerequisites for the development of management strategies
that can also include carbon-related objectives.

society’s needs for timber through intensive management of
a smaller forest area creates opportunities for enhanced forest
protection and conservation in other areas, thus contributing
to climate change mitigation. With rather stable harvested
volumes, the manufacture of forest products has increased as a
UHVXOWRILPSURYHGSURFHVVLQJHI¿FLHQF\&RQVXPSWLRQRIIRUHVW
products is increasing globally, particularly in Asia.

9.3 Regional and global trends in
terrestrial greenhouse gas emissions
and removals
Mitigation measures will occur against the background of
ongoing change in greenhouse gas emissions and removals.
Understanding current trends is critical for evaluation of
additional effects from mitigation measures. Moreover, the
potential for mitigation depends on the legacy of past and present
patterns of change in land-use and associated emissions and
removals. The contribution of the forest sector to greenhouse
gas emissions and removals from the atmosphere remained the
subject of active research, which produced an extensive body of
literature (Table 9.2 and IPCC, 2007a: Chapter 7 and 10).

Wood supply, production and consumption of
forest products

Globally during the 1990s, deforestation in the tropics and
forest regrowth in the temperate zone and parts of the boreal
zone were the major factors responsible for emissions and
removals, respectively (Table 9.2; Figure 9.2). However, the
extent to which carbon loss due to tropical deforestation is offset
by expanding forest areas and accumulating woody biomass
in the boreal and temperate zones is the area of disagreement
between land observations and estimates by top-down models.
The top-down methods based on inversion of atmospheric
transport models estimate the net terrestrial carbon sink for the
1990s, which is the balance of sinks in northern latitudes and
source in tropics (Gurney et al., 2002). The latest estimates are
consistent with the increase found in the terrestrial carbon sink
in the 1990s over the 1980s.

Global wood harvest is about 3 billion m3 and has been
rather stable in the last 15 years (FAO, 2006a). Undoubtedly, the
amount of wood removed is higher, as illegally wood removal is
not recorded. About 60% of removals are industrial roundwood;
the rest is wood fuel (including fuelwood and charcoal). The
most wood removal in Africa and substantial proportions in Asia
and South America are non-commercial wood fuels. Recently,
commercial biomass for bio-energy received a boost because
of the high oil prices and the government policies initiated to
promote renewable energy sources.

Denman et al. (2007) reports the latest estimates for gross
residual terrestrial sink for the 1990s at 9,500 MtCO2/yr, while
their estimate for emissions from deforestation amounts to 5,800
MtCO2\U 7KH UHVLGXDO VLQN HVWLPDWH LV VLJQL¿FDQWO\ KLJKHU
than any land-based global sink estimate and in the upper range
of estimates produced by inversion of atmospheric transport
models (Table 9.2). It includes the sum of biases in estimates
RIRWKHUJOREDOÀX[HV IRVVLOIXHOEXUQLQJFHPHQWSURGXFWLRQ
RFHDQXSWDNHDQGODQGXVHFKDQJH DQGWKHÀX[LQWHUUHVWULDO
ecosystems that are not undergoing change in land use.

Although accounting for only 5% of global forest cover,
forest plantations were estimated in 2000 to supply about 35%
of global roundwood harvest and this percentage is expected
to increase (FAO, 2006a). Thus, there is a trend towards
concentrating the harvest on a smaller forest area. Meeting

Improved spatial resolution allowed separate estimates of
WKH ODQGDWPRVSKHUH FDUERQ ÀX[ IRU VRPH FRQWLQHQWV 7DEOH
9.2). These estimates generally suggest greater sink or smaller
source than the bottom-up estimates based on analysis of
forest inventories and remote sensing of change in land-cover

Market-based development of environmental services
from forests, such as biodiversity conservation, carbon
sequestration, watershed protection, and nature-based tourism,
is receiving attention as a tool for promoting sustainable forest
management. Expansion of these markets may remain slow and
depends on government intervention (Katila and Puustjärvi,
2004). Nevertheless, development of these markets and
EHKDYLRXURIIRUHVWRZQHUVPD\LQÀXHQFHURXQGZRRGPDUNHWV
and availability of wood for conventional uses, thus potentially
limiting substitution possibilities.
9.2.3
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(Houghton, 2005). While the estimates of forest expansion and
regrowth in the temperate and boreal zones appear relatively
well constrained by available data and consistent across
published results, the rates of tropical deforestation are uncertain
and hotly debated (Table 9.2; Fearnside and Laurance, 2004).
Studies based on remote sensing of forest cover report lower
rates than UN-ECE/FAO (2000) and lower carbon emissions
carbon (Achard et al., 2004).

WKH HIIHFWV RI ZLOG ¿UHV DQG RWKHU QDWXUDO GLVWXUEDQFHV7KHUH
are indications that higher temperatures in boreal regions will
LQFUHDVH ¿UH IUHTXHQF\ SRVVLEOH GU\LQJ RI WKH$PD]RQ EDVLQ
ZRXOGLQFUHDVH¿UHIUHTXHQF\WKHUHDVZHOO &R[et al., 2004).
*OREDO HPLVVLRQV IURP ¿UHV LQ WKH  (O 1LQR \HDU DUH
estimated at 7,700 MtCO2/yr, 90% from tropics (Werf et al.,
2004).
The picture emerging from Table 9.2 is complex because
available estimates differ in the land-use types included and in
WKHXVHRIJURVVÀX[HVYHUVXVQHWFDUERQEDODQFHDPRQJRWKHU
variables. This makes it impossible to set a widely accepted
baseline for the forestry sector globally. Thus, we had to rely
on the baselines used in each regional study separately (Section
9.4.3.1), or used in each global study (Section 9.4.3.3). However,
this approach creates large uncertainty in assessing the overall
mitigation potential in the forest sector. Baseline CO2 emissions
from land-use change and forestry in 2030 are the same as or
slightly lower than in 2000 (see Chapter 3, Figure 3.10).

Recent analyses highlight the important role of other carbon
ÀRZV7KHVHÀRZVZHUHODUJHO\RYHUORRNHGE\HDUOLHUUHVHDUFK
and include carbon export through river systems (Raymond and
Cole, 2003), volcanic activity and other geological processes
(Richey et al., 2002), transfers of material in and out of products
pool (Pacala et al., 2001), and uptake in freshwater ecosystems
(Janssens et al., 2003).
Attribution of estimated carbon sink in forests to the shortand long-term effects of the historic land-use change and shifting
natural disturbance patterns on one hand, and to the effects of N
and CO2 fertilization and climate change on the other, remains
problematic (Houghton, 2003b). For the USA, for example,
the fraction of carbon sink attributable to changes in land-use
and land management might be as high as 98% (Caspersen
et al., 2000), or as low as 40% (Schimel et al., 2001). Forest
expansion and regrowth and associated carbon sinks were
reported in many regions (Table 9.2; Figure 9.2). The expanding
tree cover in South Western USA is attributed to the long-term
HIIHFWVRI¿UHFRQWUROEXWWKHJDLQLQFDUERQVWRUDJHZDVVPDOOHU
than previously thought. The lack of consensus on factors that
control the carbon balance is an obstacle to development of
effective mitigations strategies.

9.4

Assessment of mitigation options

In this section, a conceptual framework for the assessment of
PLWLJDWLRQRSWLRQVLVLQWURGXFHGDQGVSHFL¿FRSWLRQVDUHEULHÀ\
described. Literature results are summarized and compared for
regional bottom-up approaches, global forest sector models, and
global top-down integrated model approaches. The assessment
is limited to CO2 balances and economic costs of the various
mitigation options. Broader issues including biodiversity,
sustainable development, and interactions with adaptation
strategies are discussed in subsequent sections.

Large year-to-year and decade scale variation of regional
carbon sinks (Rodenbeck et al., PDNHLWGLI¿FXOWWRGH¿QH
GLVWLQFW WUHQGV 7KH YDULDWLRQ UHÀHFWV WKH HIIHFWV RI FOLPDWLF
variability, both as a direct impact on vegetation and through

9.4.1

Conceptual introduction

Terrestrial carbon dynamics are characterized by long periods
of small rates of carbon uptake, interrupted by short periods of
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Figure 9.2: Historical forest carbon balance (MtCO2) per region, 1855-2000.
Notes: green = sink. EECCA=Countries of Eastern Europe, the Caucasus and Central Asia. Data averaged per 5-year period, year marks starting year of period.
Source: Houghton, 2003b.
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Table 9.2: Selected estimates of carbon exchange of forests and other terrestrial vegetation with the atmosphere (in MtCO2/yr)
Regions

Annual carbon ﬂux based on
international statistics
UN-ECE, 2000

Annual carbon ﬂux during 1990s
Based on inversion of
atmospheric transport
models

Based on land observations

MtCO2/yr
OECD North America
Separately: Canada
USA

340
610

OECD Paciﬁc

224

Europe

316

Countries in Transition
Separately: Russia

1,833 ± 2,2009

0 ÷ 1,1005

2,090 ± 3,3372

293 ± 7331
0±7331

495 ± 7526

0 ± 7331
51311

1,726

3,777 ± 3,4472

1,100 ± 2,9339
1,181 ÷ -1,5887

1,572

4,767 ± 2,9339

1,907± 4698

623 ± 3,5932

Northern Africa

-576 ±2353
-440 ± 1104
-1,283 ± 7331

Sub-Saharan Africa

Caribbean, Central and South America

-2,310

-1,617 ± 9723
-1,577 ± 7334
-2,750 ± 1,1001

-2,493 ± 2,7132

-3,997 ± 1,8331
-1,734 ± 5503
-1,283 ± 5504

2,273 ± 2,4202

- 110 ± 7331
128 ± 9513
24914

4,767 ± 5,5009
2,567 ± 2,93310
4,9132
951617

-7,993 ± 2,9331
-3,300 ÷ 7,7005
-4,00015
-5,800 16
-848518

± 73312

Separately: Brazil
Developing countries of South and East
Asia and Middle East
Separately: China

Global total

Annex I (excluding Russia)

130019

Notes: Positive values represent carbon sink, negative values represent source. Sign ÷ indicates a range of values; sign ± indicates error term.
Because of differences in methods and scope of studies (see footnotes), values from different publications are not directly comparable. They represent a sample of
reported results.
1 Houghton 2003a (ﬂux from changes in land use and land management based on land inventories); 2 Gurney et al., 2002 (inversion of atmospheric transport models,
estimate for Countries in Transition applies to Europe and boreal Asia; estimate for China applies to temperate Asia); 3 Achard et al., 2004 (estimates based on remote
sensing for tropical regions only); 4 DeFries, 2002 (estimates based on remote sensing for tropical regions only); 5 Potter et al., 2003 (NEP estimates based on remote
sensing for 1982-1998 and ecosystem modelling, the range reﬂects inter-annual variability); 6 Janssens et al., 2003 (combined use of inversion and land observations;
includes forest, agricultural lands and peatlands between Atlantic Ocean and Ural Mountains, excludes Turkey and Mediterranean isles); 7 Shvidenko and Nilson, 2003
(forests only, range represents difference in calculation methods); 8 Nilsson et al., 2003 (includes all vegetation); 9 Ciais et al., 2000 (inversion of atmospheric transport
models, estimate for Russia applies to Siberia only); 10 Plattner et al., 2002 (revised estimate for 1980’s is 400±700); 11Nabuurs et al., 2003 (forests only); 12 Houghton
et al., 2000 (Brazilian Amazon only, losses from deforestation are offset by regrowth and carbon sink in undisturbed forests); 13 Fang et al., 2005; 14 Pan et al., 2004,
15 FAO, 2006a (global net biomass loss resulting from deforestation and regrowth); 16 Denman et al.,2007 (estimate of biomass loss from deforestation), 17 Denman et
al.,2007 (Residual terrestrial carbon sink), 18 EDGAR database for agriculture and forestry (see Chapter 1, Figure 1.3a/b (Olivier et al., 2005)). These include emissions
from bog ﬁres and delayed emissions from soils after land- use change, 19 (Olivier et al., 2005).

rapid and large carbon releases during disturbances or harvest.
Depending on the stage of stand1 development, individual
stands are either carbon sources or carbon sinks (1m3 of wood

1
2

stores ~ 0.92 tCO2)2. For most immature and mature stages of
stand development, stands are carbon sinks. At very old ages,
ecosystem carbon will either decrease or continue to increase

In this chapter, ‘stand’ refers to an area of trees of similar characteristics (e.g., species, age, stand structure or management regime) while ‘forest’ refers to a larger estate comprising many stands.
Assuming a speciﬁc wood density of 0.5g dry matter/cm3 and a carbon content of 0.5g C/g dry matter.
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slowly with accumulations mostly in dead organic matter and
soil carbon pools. In the years following major disturbances,
the losses from decay of residual dead organic matter exceed
the carbon uptake by regrowth. While individual stands in a
forest may be either sources or sinks, the forest carbon balance
is determined by the sum of the net balance of all stands. The
theoretical maximum carbon storage (saturation) in a forested
landscape is attained when all stands are in old-growth state,
but this rarely occurs as natural or human disturbances maintain
stands of various ages within the forest.
The design of a forest sector mitigation portfolio should
consider the trade-offs between increasing forest ecosystem
carbon stocks and increasing the sustainable rate of harvest
and transfer of carbon to meet human needs (Figure 9.3). The
selection of forest sector mitigation strategies should minimize
net GHG emissions throughout the forest sector and other
sectors affected by these mitigation activities. For example,
stopping all forest harvest would increase forest carbon stocks,
EXWZRXOGUHGXFHWKHDPRXQWRIWLPEHUDQG¿EUHDYDLODEOHWR
meet societal needs. Other energy-intensive materials, such
as concrete, aluminium, steel, and plastics, would be required
to replace wood products, resulting in higher GHG emissions
(Gustavsson et al., 2006). Afforestation may affect the net
GHG balance in other sectors, if for example, forest expansion
reduces agricultural land area and leads to farming practices
with higher emissions (e.g., more fertilizer use), conversion of
land for cropland expansion elsewhere, or increased imports of
agricultural products (McCarl and Schneider, 2001). The choice
of system boundaries and time horizons affects the ranking of
mitigation activities (Figure 9.3).
Forest mitigation strategies should be assessed within
the framework of sustainable forest management, and with
consideration of the climate impacts of changes to other
processes such as albedo and the hydrological cycle (Marland
et al., 2003). At present, however, few studies provide such
comprehensive assessment.

Minimise net emissions to the atmosphere

Maximise carbon stocks

t .---1l----------t ---. t

~~:

I~
~~
Non-forest
land use

I
Forest
ecosystems

:

Biofuel

1:1

Fossil fuel

• :.__________.•__~

Wood products

I : I Other products

For the purpose of this discussion, the options available to
reduce emissions by sources and/or to increase removals by sinks
in the forest sector are grouped into four general categories:
v maintaining or increasing the forest area through reduction
of deforestation and degradation and through afforestation/
reforestation;
v maintaining or increasing the stand-level carbon density
(tonnes of carbon per ha) through the reduction of forest
degradation and through planting, site preparation, tree improvement, fertilization, uneven-aged stand management,
or other appropriate silviculture techniques;
v maintaining or increasing the landscape-level carbon denVLW\XVLQJIRUHVWFRQVHUYDWLRQORQJHUIRUHVWURWDWLRQV¿UH
management, and protection against insects;
v increasing off-site carbon stocks in wood products and enhancing product and fuel substitution using forest-derived
biomass to substitute products with high fossil fuel requirements, and increasing the use of biomass-derived energy to
substitute fossil fuels.
Each mitigation activity has a characteristic time sequence
RIDFWLRQVFDUERQEHQH¿WVDQGFRVWV )LJXUH 5HODWLYHWR
a baseline, the largest short-term gains are always achieved
through mitigation activities aimed at emission avoidance
HJUHGXFHGGHIRUHVWDWLRQRUGHJUDGDWLRQ¿UHSURWHFWLRQDQG
slash burning). But once an emission has been avoided, carbon
stocks on that forest will merely be maintained or increased
VOLJKWO\,QFRQWUDVWWKHEHQH¿WVIURPDIIRUHVWDWLRQDFFXPXODWH
over years to decades but require up-front action and expenses.
Most forest management activities aimed at enhancing sinks
require up-front investments. The duration and magnitude of
WKHLUFDUERQEHQH¿WVGLIIHUE\UHJLRQW\SHRIDFWLRQDQGLQLWLDO
condition of the forest. In the long term, sustainable forest
management strategy aimed at maintaining or increasing forest
FDUERQVWRFNVZKLOHSURGXFLQJDQDQQXDO\LHOGRIWLPEHU¿EUH
or energy from the forest, will generate the largest sustained
PLWLJDWLRQEHQH¿W
Reduction in fossil fuel use in forest management activities,
forest nursery operations, transportation and industrial
production provides additional opportunities similar to those
in other sectors, but are not discussed here (e.g., see Chapter
5, Transportation). The options available in agro-forestry
systems are conceptually similar to those in other parts of the
forest sector and in the agricultural sector (e.g., non-CO2 GHG
emission management). Mitigation using urban forestry includes
increasing the carbon density in settlements, but indirect effects
must also be evaluated, such as reducing heating and cooling
HQHUJ\ XVH LQ KRXVHV DQG RI¿FH EXLOGLQJV DQG FKDQJLQJ WKH
albedo of paved parking lots and roads.
9.4.2

Land-use sector

Forest sector

Description of mitigation measures

Services used by society

Figure 9.3: Forest sector mitigation strategies need to be assessed with regard to
their impacts on carbon storage in forest ecosystems on sustainable harvest rates
and on net GHG emissions across all sectors.

(DFK RI WKH PLWLJDWLRQ DFWLYLWLHV LV EULHÀ\ GHVFULEHG 7KH
development of a portfolio of forest mitigation activities requires
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societal needs.
Reduced deforestation and degradation is the forest
mitigation option with the largest and most immediate carbon
stock impact in the short term per ha and per year globally (see
Section 9.2 and global mitigation assessments below), because
large carbon stocks (about 350-900 tCO2/ha) are not emitted
when deforestation is prevented. The mitigation costs of reduced
deforestation depend on the cause of deforestation (timber or
fuelwood extraction, conversion to agriculture, settlement, or
infrastructure), the associated returns from the non-forest land
use, the returns from potential alternative forest uses, and on any
compensation paid to the individual or institutional landowner
to change land-use practices. These costs vary by country and
region (Sathaye et al., 2007), as discussed below.
9.4.2.2

Figure 9.4: Generalized summary of forest sector options and type and timing of
effects on carbon stocks and the timing of costs 3

an understanding of the magnitude and temporal dynamics
RIWKHFDUERQEHQH¿WVDQGWKHDVVRFLDWHGFRVWV
9.4.2.1

Maintaining or increasing forest area: reducing
deforestation and degradation

Deforestation - human-induced conversion of forest to nonforest land uses - is typically associated with large immediate
reductions in forest carbon stock, through land clearing.
Forest degradation - reduction in forest biomass through nonsustainable harvest or land-use practices - can also result in
substantial reductions of forest carbon stocks from selective
ORJJLQJ ¿UH DQG RWKHU DQWKURSRJHQLF GLVWXUEDQFHV DQG
fuelwood collection (Asner et al., 2005).
In some circumstances, deforestation and degradation can
be delayed or reduced through complete protection of forests
(Soares-Filho et al., 2006), sustainable forest management
policies and practices, or by providing economic returns from
non-timber forest products and forest uses not involving tree
removal (e.g., tourism). Protecting forest from all harvest
typically results in maintained or increased forest carbon
stocks, but also reduces the wood and land supply to meet other

3
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Maintaining or increasing forest area:
afforestation/reforestation

Afforestation and reforestation are the direct human-induced
conversion of non-forest to forest land through planting,
seeding, and/or the human-induced promotion of natural seed
sources. The two terms are distinguished by how long the nonforest condition has prevailed. For the remainder of this chapter,
afforestation is used to imply either afforestation or reforestation.
To date, carbon sequestration has rarely been the primary driver
of afforestation, but future changes in carbon valuation could
result in large increases in the rates of afforestation (US EPA,
2005).
Afforestation typically leads to increases in biomass and
dead organic matter carbon pools, and to a lesser extent, in
soil carbon pools, whose small, slow increases are often hard
to detect within the uncertainty ranges (Paul et al., 2003).
Biomass clearing and site preparation prior to afforestation
may lead to short-term carbon losses on that site. On sites with
low initial soil carbon stocks (e.g., after prolonged cultivation),
afforestation can yield considerable soil carbon accumulation
rates (e.g., Post and Kwon (2000) report rates of 1 to 1.5 t CO2/
yr). Conversely, on sites with high initial soil carbon stocks,
(e.g., some grassland ecosystems) soil carbon stocks can decline
following afforestation (e.g., Tate et al. (2005) report that in
the whole of New Zealand soil carbon losses amount up to 2.2
MtCO2/yr after afforestation). Once harvesting of afforested
land commences, forest biomass carbon is transferred into
wood products that store carbon for years to many decades.
Accumulation of carbon in biomass after afforestation varies
greatly by tree species and site, and ranges globally between 1
and 35 t CO2/ha.yr (Richards and Stokes, 2004).
Afforestation costs vary by land type and region and are
affected by the costs of available land, site preparation, and
ODERXU7KHFRVWRIIRUHVWPLWLJDWLRQSURMHFWVULVHVVLJQL¿FDQWO\
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when opportunity costs of land are taken into account (VanKooten
et al., 2004). A major economic constraint to afforestation is the
high initial investment to establish new stands coupled with the
several-decade delay until afforested areas generate revenue.
7KHQRQFDUERQEHQH¿WVRIDIIRUHVWDWLRQVXFKDVUHGXFWLRQLQ
erosion or non-consumptive use of forests, however, can more
than off-set afforestation cost (Richards and Stokes, 2004).

wooden frames instead of concrete frames reduces lifecycle net
carbon emissions by 110 to 470 kg CO2 per square metre of
ÀRRUDUHD *XVWDYVVRQDQG6DWKUH 7KHPLWLJDWLRQEHQH¿W
LV JUHDWHU LI ZRRG LV ¿UVW XVHG WR UHSODFH FRQFUHWH EXLOGLQJ
material and then after disposal, as biofuel.

9.4.2.3

)RU TXDQWL¿FDWLRQ RI WKH HFRQRPLF SRWHQWLDO RI IXWXUH
mitigation by forests, three approaches are presented in current
literature. These are: a) regional bottom-up assessments per
country or continent; b) global forest sector models; and c)
global multi-sectoral models. An overview of studies for these
DSSURDFKHV LV SUHVHQWHG LQ 6HFWLRQ 7KH ¿QDO LQWHJUDWHG
global conclusion and regional comparison is given in Section
9.4.4. Supply of forest biomass for bio-energy is given in Box
9.2 and incorporated in Section 11.3.1.4, within the energy
sector’s mitigation potential. For comments on the baselines,
see Section 9.3.

Forest management to increase stand- and
landscape-level carbon density

Forest management activities to increase stand-level forest
carbon stocks include harvest systems that maintain partial
forest cover, minimize losses of dead organic matter (including
slash) or soil carbon by reducing soil erosion, and by avoiding
slash burning and other high-emission activities. Planting
after harvest or natural disturbances accelerates tree growth
and reduces carbon losses relative to natural regeneration.
Economic considerations are typically the main constraint,
because retaining additional carbon on site delays revenues
IURPKDUYHVW7KHSRWHQWLDOEHQH¿WVRIFDUERQVHTXHVWUDWLRQFDQ
be diminished where increased use of fertilizer causes greater
N22 HPLVVLRQV 'UDLQDJH RI IRUHVW VRLOV DQG VSHFL¿FDOO\ RI
peatlands, may lead to substantial carbon loss due to enhanced
respiration (Ikkonen et al., 2001). Moderate drainage, however,
can lead to increased peat carbon accumulation (Minkkinen et
al., 2002).
Landscape-level carbon stock changes are the sum of standlevel changes, and the impacts of forest management on carbon
stocks ultimately need to be evaluated at landscape level.
Increasing harvest rotation lengths will increase some carbon
pools (e.g., tree boles) and decrease others (e.g., harvested
wood products (Kurz et al., 1998).

9.4.3

9.4.3.1

Global assessments

Regional bottom-up assessments

Regional assessments comprise a variety of model results.
On the one hand, these assessments are able to take into
DFFRXQW WKH GHWDLOHG UHJLRQDO VSHFL¿F FRQVWUDLQWV LQ WHUPV
of ecological constraints, but also in terms of land owner
behaviour and institutional frame).On the other hand, they also
vary in assumptions, type of potential addressed, options taken
into account, econometrics applied (if any), and the adoption
of baselines. Thus, these assessments may have strengths,
but when comparing and summing up, they have weaknesses
as well. Some of these assessments, by taking into account
institutional barriers, are close to a market potential.
Tropics

9.4.2.4

Increasing off-site carbon stocks in wood products
and enhancing product and fuel substitution

Wood products derived from sustainably managed forests
address the issue of saturation of forest carbon stocks. The
annual harvest can be set equal to or below the annual forest
increment, thus allowing forest carbon stocks to be maintained
RUWRLQFUHDVHZKLOHSURYLGLQJDQDQQXDOFDUERQÀRZWRPHHW
VRFLHW\¶V QHHGV RI ¿EUH WLPEHU DQG HQHUJ\ 7KH GXUDWLRQ RI
carbon storage in wood products ranges from days (biofuels)
to centuries (e.g., houses and furniture). Large accumulations
RI ZRRG SURGXFWV KDYH RFFXUUHG LQ ODQG¿OOV 0LFDOHV DQG
Skog, 1997). When used to displace fossil fuels, woodfuels
FDQ SURYLGH VXVWDLQHG FDUERQ EHQH¿WV DQG FRQVWLWXWH D ODUJH
mitigation option (see Box 9.2).
Wood products can displace more fossil-fuel intensive
construction materials such as concrete, steel, aluminium, and
SODVWLFV ZKLFK FDQ UHVXOW LQ VLJQL¿FDQW HPLVVLRQ UHGXFWLRQV
(Petersen and Solberg, 2002). Research from Sweden and
Finland suggests that constructing apartment buildings with

The available studies about mitigation options differ widely
in basic assumptions regarding carbon accounting, costs, land
areas, baselines, and other major parameters. The type of
mitigation options considered and the time frame of the study
affect the total mitigation potential estimated for the tropics.
$ WKRURXJK FRPSDUDWLYH DQDO\VLV LV WKHUHIRUH YHU\ GLI¿FXOW
More detailed estimates of economic or market potential for
mitigation options by region or country are needed to enable
policy makers to make realistic estimates of mitigation potential
under various policy, carbon price, and mitigation program
eligibility rule scenarios. Examples to build on include BenitezPonce et al. (2007) and Waterloo et al. (2003), highlighting
the large potential by avoiding deforestation and enhancing
afforestation and reforestation, including bio-energy.
Reducing deforestation
Assumptions of future deforestation rates are key factors in
estimates of GHG emissions from forest lands and of mitigation
EHQH¿WVDQGYDU\VLJQL¿FDQWO\DFURVVVWXGLHV,QDOOWKHVWXGLHV
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however, future deforestation is estimated to remain high
in the tropics in the short and medium term. Sathaye et al.
(2007) estimate that deforestation rates continue in all regions,
particularly at high rates in Africa and South America, for a
total of just under 600 million ha lost cumulatively by 2050.
Using a spatial-explicit model coupled with demographic and
economic databases, Soares-Filo et al. (2006) predict that, under
a business-as-usual scenario, by 2050, projected deforestation
trends will eliminate 40% of the current 540 million ha of
Amazon forests, releasing approximately 117,000 p 30,000
MtCO2 of carbon to the atmosphere (Box 9.1).
Reducing deforestation is, thus, a high-priority mitigation
RSWLRQ ZLWKLQ WURSLFDO UHJLRQV ,Q DGGLWLRQ WR WKH VLJQL¿FDQW
FDUERQ JDLQV VXEVWDQWLYH HQYLURQPHQWDO DQG RWKHU EHQH¿WV
could be obtained from this option. Successfully implementing
mitigation activities to counteract the accelerated loss of tropical
forests requires understanding the causes for deforestation,
which are multiple and locally based; few generalizations are
possible (Chomitz et al., 2006).
Recent studies have been conducted at the national, regional,
and global scale to estimate the mitigation potential (areas,
FDUERQ EHQH¿WV DQG FRVWV  RI UHGXFLQJ WURSLFDO GHIRUHVWDWLRQ
In a short-term context (2008-2012), Jung (2005) estimates that
93% of the total mitigation potential in the tropics corresponds
to avoided deforestation. For the Amazon basin, Soares- Filo
et al. (2006) estimate that by 2050 the cumulative avoided
deforestation potential for this region reaches 62,000 MtCO2
under a “governance” scenario (see Box 9.1).
Looking at the long-term, (Sohngen and Sedjo, 2006)
estimate that for 27.2 US$/tCO2, deforestation could potentially
be virtually eliminated. Over 50 years, this could mean a net
cumulative gain of 278,000 MtCO2 relative to the baseline and
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Figure 9.5: Cumulative carbon gained through avoided deforestation by 2055 over
the reference case, by tropical regions under various carbon price scenarios
Source: Sohngen and Sedjo, 2006.
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422 million additional hectares in forests. For lower prices of
1.36 US$/tCO2, only about 18,000 MtCO2 additional could be
sequestered over 50 years. The largest gains in carbon would
occur in Southeast Asia, which gains nearly 109,000 MtCO2
for 27.2 US$/tCO2, followed by South America, Africa, and
Central America, which would gain 80,000, 70,000, and 22,000
MtCO2 for 27.2 US$/tCO2, respectively (Figure 9.5).
In a study of eight tropical countries covering half of the
total forested area, Grieg-Gran (2004) present a best estimate
of total costs of avoided deforestation in the form of the net
present value of returns from land uses that are prevented, at 5
ELOOLRQ86SHU\HDU7KHVH¿JXUHVUHSUHVHQWFRVWVRI86
to 1050 US$/ha.
Afforestation and reforestation
The assumed land availability for afforestation options
depends on the price of carbon and how that competes with
H[LVWLQJRURWKHUODQGXVH¿QDQFLDOUHWXUQVEDUULHUVWRFKDQJLQJ
land uses, land tenure patterns and legal status, commodity
price support, and other social and policy factors.
Cost estimates for carbon sequestration projects for different
regions compiled by Cacho et al., (2003) and by Richards and
Stokes (2004) show a wide range. The cost is in the range of
0.5 US$ to 7 US$/tCO2 for forestry projects in developing
countries, compared to 1.4 US$ to 22 US$/tCO2 for forestry
projects in industrialized countries. In the short-term (20082012), an estimate of economic potential area available for
afforestation/ reforestation under the Clean Development
Mechanism (CDM) is estimated to be 5.3 million ha in Africa,
Asia and Latin America together, with Asia accounting for 4.4
million ha (Waterloo et al., 2003).
Summing the measures, the cumulative carbon mitigation
EHQH¿WV )LJXUH   E\  IRU D VFHQDULR RI  86
tCO2 + 5% annual carbon price increment for one model are
estimated to be 91,400 MtCO2; 59% of it coming from avoided
deforestation. These estimates increase for a higher price
scenario of 5.4 US$/tCO2 + 3%/yr annual carbon price into
104,800 MtCO2), where 69% of total mitigation comes from
avoiding deforestation (Sathaye et al., 2007). During the period
2000-2050, avoided deforestation in South America and Asia
dominate by accounting for 49% and 21%, respectively, of the
total mitigation potential. When afforestation is considered,
Asia dominates. The mitigation potential of the continents Asia,
Africa and Latin America dominates the global total mitigation
potential for the period up to 2050 and 2100, respectively
(Figure 9.6).
In conclusion, the studies report a large variety for mitigation
potential in the tropics. All studies indicate that this part of the
world has the largest mitigation potential in the forestry sector.
For the tropics, the mitigation estimates for lower price ranges
(<20 US$/tCO2) are around 1100 MtCO2/yr in 2040, about
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Figure 9.6: Cumulative mitigation potential (2000-2050 and 2000-2100) according
to mitigation options under the 2.7 US$/tCO2 +5%/yr annual carbon price increment
Source: Sathaye et al., 2007.

half of this potential is located in Central and South America
(Sathaye et al., 2007; Soares Filho et al., 2006; Sohngen and
Sedjo, 2006). For each of the regions Africa and Southeast Asia,
this mitigation potential is estimated at 300 MtCO2/yr in 2040.
In the high range of price scenarios (< 100 US$/tCO2), the
mitigation estimates are in the range of 3000 to 4000MtCO2/yr
in 2040. In the summary overviews in Section 9.4.4, an average
estimate of 3500 is used, with the same division over regions:
875, 1750 and 875 for Africa, Latin and South America, and
Southeast Asia, respectively. The global economic potential for
the tropics ranges from 1100 to 3500 MtCO2/yr in 2040 (Table
9.6).
OECD North America
Figure 9.8 shows the technical potential of management
actions aimed at modifying the net carbon balance in Canadian
forests (Chen et al., 2000). Of the four scenarios examined,
the potential was largest in the scenario aimed at reducing
regeneration delays by reforesting after natural disturbances.
The second largest estimate was obtained with annual, largescale (125 million ha) low-intensity (5 kg N/ha/yr) nitrogen
fertilization programmes. Neither of these scenarios is realistic,

Box 9.1 Deforestation scenarios for the Amazon Basin
An empirically based, policy-sensitive simulation model of deforestation for the Pan-Amazon basin has been developed
(Soares-Filho et al., 2006) (Figure 9.7). Model output for the worst-case scenario (business-as-usual) shows that, by 2050,
projected deforestation trends will eliminate 40% of the current 5.4 million km2 of Amazon forests, releasing approximately
117,000 MtCO2 cumulatively by 2050. Conversely, under the best-case governance scenario, 4.5 million km2 of forest would
remain in 2050, which is 83% of the current extent or only 17% deforested, reducing cumulative carbon emissions by 2050
to only 55,000 MtCO2. Current experiments in forest conservation on private properties, markets for ecosystem services,
and agro-ecological zoning must be reﬁned and implemented to achieve comprehensive conservation. Part of the ﬁnancial
resources needed for these conservation initiatives could come in the form of carbon credits resulting from the avoidance of
62,000 MtCO2 emissions over 50 years.
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under BAU (business-as-usual) and governance scenarios.
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Figure 9.8: OECD North America: technical potential for the forest sector alone for Canada (left, sink is positive) and the economic potential (at 15 US$/tCO2eq in constant real
prices) in the agriculture and forestry sector in the USA (right) Left: Chen et al., 2000; right: US-EPA, 2005

however, but can be seen as indications of the type of measures
and impact on carbon balance (as described by Chen et al.,
2000). Chen’s measures sum up to a technical potential of 570
MtCO2/yr. Based on the assumption that the economic potential
is about 10% of technical potential (see Section 9.4.3.3. for
carbon prices 20 US$/tCO2), the economic potential can be
“guesstimated” at around 50-70 MtCO2/yr (Table 9.6).
Other studies have explored the potential of large-scale
afforestation in Canada. Mc Kenney et al. (2004) project that at
a carbon price of 25 US$/tCO2, 7.5 million ha of agricultural land
would become economically attractive for poplar plantations.
Economic constraints are contributing to the declining trend in
afforestation rates in Canada from about 10,000 ha/yr in 1990
to 4,000 ha/yr in 2002 (White and Kurz, 2005).
For the USA, Richards and Stokes (2004) reviewed eight
national estimates of forest mitigation and found that carbon
prices ranging from 1 to 41 US$/tCO2 generated an economic
mitigation potential of 47-2,340 MtCO2/yr from afforestation,
404 MtCO2 from forest management, and 551-2,753 MtCO2/yr
from total forest carbon. Sohngen and Mendelsohn (2003) found
that a carbon programme with prices rising from 2 US$/tCO2
to 51 US$/tCO2 during this century could induce sequestration
of 122 to 306 MtCO2/yr total carbon sequestration, annualized
over a 100-year time frame.
US EPA (2005) present that, at 15 US$/tCO2, the mitigation
potential of afforestation and forest management (annualized)
would amount to 356 MtCO2/yr over a 100-year time frame.
At 30 US$/tCO2, this analysis would generate 749 MtCO2
annualized over 100 years. At higher prices and in the long
term, the potential was mainly determined by biofuels. With
the mitigation potential given above for Canada, the OECD
North America sums to a range of 400 to 820 MtCO2/yr in 2040
(Table 9.6).
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Europe here excludes the European part of Russia.
www.iiasa.ac.at/Research/FOR/INSEA/index.html?sb=19
www.ieep.eu/projectMiniSites/meacap/index.php
www.carboeurope.org/

554

Europe
Most assessments shown (Figure 9.9) are of the carbon
balance of the forest sector of Europe’s managed forest as a
whole4. Additional effects of measures were studied by Cannell
(2003), Benitez-Ponce et al. (2007), EEA (2005), and Eggers
et al. (2007). Karjalainen et al, (2003) present a projection of
the full sector carbon balance (Figure 9.9). Eggers et al. (2007)
presents the European forest sector carbon sink under two
global SRES scenarios, and a maximum difference between
scenarios of 197 MtCO2/yr in 2040. Therefore, an additionally
achievable sink of 90 to 180 MtCO2/yr was estimated (Table
9.6). Economic analyses were not only done; country studies
were done, for example, Hoen and Solberg (1994) for Norway.
New European scale economic analyses may be available from
the INSEA5 project, MEACAP project6, and Carbo Europe 7.
Issues in European forestry where mitigation options can
be found include: afforestation of abandoned agricultural
500 Mt CO2
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Figure 9.9: European forest sector carbon sink projections for which various assumptions on implementation rate of measures were made
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plantations to model a carbon account for Australia’s post-1990
plantation estate. The annual sequestration rate in forests and
wood products together is estimated to reach 20 MtCO2/yr in
2020.
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Figure 9.10: Russian Federation forest sector carbon sink projections, with assumptions regarding implementation rates differing in the various studies
Note: positive = sink.

lands; bio-energy from complementary fellings; and forest
management practices to address carbon saturation in older
forests. Furthermore, management of small now under-managed
woodlands represent a potential (Viner et al., 2006) and also
in combination with adaptation measures in connecting the
fragmented nature reserves (Schröter et al., 2005).
Russian Federation
The forests of the Russian Federation include large areas of
primary (mostly boreal) forests. Most estimates indicate that
the Russian forests are neither a large sink nor a large source.
1DWXUDO GLVWXUEDQFHV ¿UH  SOD\ D PDMRU UROH LQ WKH FDUERQ
balance with emissions up to 1,600 MtCO2/yr (Zhang et al.,
2003). Large uncertainty surrounds the estimates for the current
carbon balance ((Shvidenko and Nilsson et al., 2003). For the
decade 1990-2000, the range of carbon sink values for Russia
is 350-750 MtCO2/yr (Nilsson et al., 2003; Izrael et al., 2002).
A recent analysis estimated the net sink in Russia at 146-439
MtCO2/yr at present (Sohngen et al., 2005). They projected
this baseline to be about 257 MtCO2 per year in 2010, declining
to a net source by 2030 as younger forests mature and are
harvested. They estimated the economic potential in Russia of
afforestation and reforestation at 73-124 MtCO2/yr on average
over an 80-year period, for a carbon price of 1.9-3.55 US$/
tCO2, and 308-476 MtCO2/yr at prices of more than 27 US$/
tCO2 (Figure 9.10). Based on these estimates, the estimated
economic mitigation potential would be between 150 and 300
MtCO2/yr in the year 2040 (Table 9.6).
2(&'3DFL¿F
Richards and Brack (2004) used estimates of establishment
rates for hardwood (short and long rotation) and softwood

New Zealand reached a peak in new planting of around
98,000 ha in 1994 and estimates of stock changes largely
depend on afforestation rates (MfE, 2002). If a new planting
was maintained at 40,000 ha/yr, the stock increase in forests
established since 1990 (117 MtCO2 cumulative since 1990) is
estimated to offset all increases in emissions in New Zealand
since 1990. The total stock increase in all forests would offset
all emissions increases until 2020.
However, the current new planting rate has declined to 6,000
ha and conversion of 7,000 ha of plantations to pasture has led
to net deforestation in the year to March 2005 (MAF, 2006).
As a result, the total removal units anticipated to be available
GXULQJ WKH ¿UVW FRPPLWPHQW SHULRG GURSSHG WR  0W&22 in
2005 (MfE, 2005). Trotter et al. (2005) estimate New Zealand
has approximately 1.45 million ha of marginal pastoral land
suitable for afforestation. If all of this area was established,
total sequestration could range from 10 to 42 MtCO2/yr. This
would lead to a removal of approximately 44 to 170 MtCO2
cumulative by 2010 at 13 US$/tCO2.
In Japan, 67% of the land is covered with forests including
semi-natural broad-leaved forests and planted coniferous
forests mostly. The sequestration potential is estimated in the
range of 35 to 70 MtCO2/yr (Matsumoto et al., 2002; Fang et
al., 2005), and planted forests account for more than 60% of
the carbon sequestration. These assessments show that there
is little potential for afforestation and reforestation, while
forest management and practices for planted forests including
thinning and regeneration are necessary to maintain carbon
sequestration and to curb saturation. In addition, there seems to
be large potential for bio-energy as a mitigation option.
These three countries for the region lead to an estimate of
potential in the range of 85 to 255 MtCO2/yr in 2040 (Table
9.6).
Non-annex I East Asia
East Asia to a large extent formed by China, Korea, and
Mongolia has a range of forest covers from a relatively small
area of moist tropical forest to large extents of temperate
forest and steppe-like shrubland. Country assessments for the
forest sector all project a sink ranging from 75 to 400 MtCO2/
yr (Zhang and Xu, 2003). Given the large areas and the fast
economic development (and thus demand for wood products
resulting in increased planting), the additional potential in the
region would be in the high range of the country assessments at
150 to 400 MtCO2/yr (Table 9.6). Issues in forestry with which
the carbon sequestration goal can be combined sustainably are:
reducing degradation of tropical and dry woodlands; halting
555

1662
Forestry

Chapter 9

GHVHUWL¿FDWLRQRIWKHVWHSSHV VHH&KDSWHU DIIRUHVWDWLRQDQG
bio-energy from complementary fellings.
9.4.3.2

Global Forest sectoral modelling

Currently, no integrated assessment (Section 9.4.3.3) and
climate stabilization economic models (Section 3.3.5) have
fully integrated a land use sector with other sectors in the
models. Researchers have taken several approaches, however,
to account for carbon sequestration in integrated assessment
models, either by iterating with the land sector models (e.g.,
Sohngen and Mendelsohn, 2003), or implementing mitigation
response curves generated by the sectoral model (Jakeman and
Fisher, 2006). The sectoral model results described here use
exogenous carbon price paths to simulate effects of different
climate policies and assumptions. The starting point and rate of
increase are determined by factors such as the aggressiveness of
the abatement policy, abatement option and cost assumptions,
and the social discount rate (Sohngen and Sedjo, 2006).
Since TAR, several new global assessments of forest
mitigation potential have been produced. These include BenitezPonce et al, (2004; 2007), Waterloo et al. (2003) with a
constraints study, Sathaye et al. (2007), Strengers et al. (2007)
Vuuren et al. (2007), and Riahi et al. (2006). Global estimates
are provided that are consistent in methodology across countries
and regions, and in terms of measures included. Furthermore,
they provide a picture in which the forestry sector is one option
that is part of a multi sectoral climate policy and its measures.
Thus, these assessments provide insight into whether landEDVHG PLWLJDWLRQ LV D FRVWHI¿FLHQW PHDVXUH LQ FRPSDULVRQ WR
other mitigation efforts. Some of these models use a grid-based
global land-use model and provide insight into where these
models allocate the required afforestation (Figure 9.11).
The IMAGE model (Strengers et al., 2007) allocates bioenergy plantations and carbon plantations mostly in the fringes
of the large forest biomes, and in Eastern Europe. The Waterloo
study only looked at tropical countries, but found by far the
largest potential in China and Brazil. Several models report at
the regional level, and project strong avoided deforestation in
Africa, the Amazon, and to a lesser extent in Southeast Asia
(where land opportunity costs in the timber market are relatively
high). Benitez-Ponce (2004) maps geographic distribution of
afforestation, adjusted by country risk estimates, under a 50

Figure 9.11: Comparison of allocation of global afforestation in various studies
(A) Location of bio-energy and carbon plantations
(B) Additional sequestration from afforestation per tropical country per year in the
period 2008-2012 (MtC/yr),
(C) Percentage of a grid cell afforested
(D) Cumulative carbon sequestration through afforestation between 2000 and 2012
in Central and South America).
Source: (A) Strengers et al., 2007; (B) Waterloo et al., 2003; (C) Strengers et al., 2007; (D)
Benitez-Ponce et al., 2007.
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US$/t carbon price. Afforestation activity is clustered in bands
in South-Eastern USA, Southeast Brazil and Northern South
America, West Africa, north of Botswana and East Africa, the
steppe zone grasslands from Ukraine through European Russia,
North- Eastern China, and parts of India, Southeast Asia, and
Northern Australia. Hence, forest mitigation is likely to be
patchy, but predictable using an overlay of land characteristics,
land rental rates, and opportunity costs, risks, and infrastructure
capacity.
Several models produced roughly comparable assessments
for a set of constant and rising carbon price scenarios in the
EMF 21 modelling exercise, from 1.4 US$/tCO2 in 2010 and,
rising by 5% per year to 2100, to a 27 US$ constant CO2
price, to 20 US$/tCO2 rising by 1.4 US$/yr though 2050 then
capped. This exercise allowed more direct comparison of
modelling assumptions than usual. Caveats include: (1) models
have varying assumptions about deforestation rates over time,
land area in forest in 2000 and beyond, and land available for
mitigation; and (2) models have different drivers of land use
change (e.g., population and GDP growth for IMAGE, versus
land rental rates and timber market demand for GTM).
Global models provide broad trends, but less detail than
national or project analyses. Generally global models do not
address implementation issues such as transaction costs (likely
to vary across activities, regions), barriers, and mitigation
programme rules, which tend to drive mitigation potential
GRZQZDUGWRZDUGWUXHPDUNHWSRWHQWLDO3ROLWLFDODQG¿QDQFLDO
risks in implementing afforestation and reforestation by country
were considered by Benitez-Ponce et al. (2007), for example,
who found that the sequestration reduced by 59% once the risks
were incorporated.
In the last few years, more insight has been gained into
carbon supply curves. At a price of 5 US$/tCO2, Sathaye et al.
(2007) project a cumulative carbon gain of 10,400 MtCO2 by
2050 (Figure 9.12b). The mitigation results from a combination
of avoided deforestation (68%) and afforestation (32%). These
results are typical in their very high fraction of mitigation from
reduced deforestation. Sohngen and Sedjo (2006) estimate some
RIFDUERQEHQH¿WVLQVRPHVFHQDULRVIURPODQGXVHFKDQJH
(e.g., reduced deforestation and afforestation/reforestation)
versus some 20% from forest management.
Benitez-Ponce et al. (2007) project that at a price of 13.6
US$/tCO2, the annual sequestration from afforestation and
UHIRUHVWDWLRQIRUWKH¿UVW\HDUVDPRXQWVWRRQDYHUDJH
MtCO2\U )LJXUH D  )RU WKH ¿UVW  \HDUV WKH DYHUDJH
annual sequestration is 805 MtCO2/yr. The single price of 13.6
US$/tCO2 used by Benitez-Ponce et al. (2005) should make
afforestation an attractive land-use option in many countries. It
covers the range of median values for sequestration costs that
Richards and Stokes (2004) give of 1 US$ to 12 US$/tCO2,
although VanKooten et al. (2004) present marginal cost results
rising far higher. Sathaye et al. (2007) project the economic
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potential cumulative carbon gains from afforestation and avoided
deforestation together (see also tropics, Section 9.4.3.1.). In the
moderate carbon price scenarios, the cumulative carbon gains
by 2050 add up to 91,400 to 104,800 MtCO2.
The anticipated carbon price path over time has important
implications for forest abatement potential and timing.
Rising carbon prices provide an incentive for delaying forest
DEDWHPHQWDFWLRQVWRODWHUGHFDGHVZKHQLWLVPRUHSUR¿WDEOH
6RKQJHQDQG6HGMR &DUERQSULFHH[SHFWDWLRQVLQÀXHQFH
forest investment decisions and are, therefore, an important
consideration for estimating mitigation potential. Contrary, high
FRQVWDQWFDUERQSULFHVJHQHUDWHVLJQL¿FDQWHDUO\PLWLJDWLRQEXW
the quantity may vary over time. Mitigation strategies need to
take into account this temporal dimension if they seek to meet
VSHFL¿FPLWLJDWLRQJRDOVDWJLYHQGDWHVLQWKHIXWXUH 86(3$
2005).
Some patterns emerge from the range of estimates reviewed
in order to assess the ratio between economic potential and
technical potential (Sathaye et al., 2007; Lewandrowski et al.,
2004; US EPA, 2005; Richards and Stokes, 2004). The technical
SRWHQWLDO HVWLPDWHV DUH JHQHUDOO\ VLJQL¿FDQWO\ ODUJHU WKDQ WKH
HFRQRPLF SRWHQWLDO 7KHVH VWXGLHV DUH GLI¿FXOW WR FRPSDUH
since each estimate uses different assumptions by different
analysts. Economic models used for these analyses can generate
mitigation potential estimates in competition to other forestry
or agricultural sector mitigation options. Generally, they do
QRWVSHFLI\RUDFFRXQWIRUVSHFL¿FSROLFLHVDQGPHDVXUHV DQG
market penetration rates, so few market potential estimates are
generated. Many studies do not clearly state which potentials
are estimated.
The range of economic potential as a percentage of technical
potential is 2% to 100% (the latter against all costs). At carbon
prices less than 7 US$/tCO2, the highest estimate of economic
potential is 16% of the technical potential. At carbon prices
from 27 US$/tCO2 to 50 US$/tCO2, the range of economic
potential is estimated to be 58% or higher of the technical
potential, a much higher fraction as carbon prices rise. Table
9.3 summarizes mitigation results for four major global forest
analyses for a single near-term date of 2030: two forest sector
models - GTM (Sohngen and Sedjo, 2006; and GCOMAP
(Sathaye et al., 2007), one recent detailed spatially resolved
analysis of afforestation (Benitez-Ponce et al., 2007), and one
integrated assessment model with detail for the forest sector
(IMAGE 2.2, Vuuren et al., 2007). These studies offer roughly
comparable results, including global coverage of the forest
sector, and land-use competition across at least two forest
mitigation options (except Benitez-Ponce et al., 2007). All
but the Benitez-Ponce et al. study have been compared by
the modelling teams in the EMF 21 modelling exercise (see
Sections 3.2.2.3 and 3.3.5) as well.
These global models (Table 9.3) present a large potential for
climate mitigation through forestry activities. The global annual
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Figure 9.12: Comparison of carbon supply curves globally from various studies
(A) Cumulative carbon supply curves: afforestation and reforestation by year and price scenario. At a price of 100 US$/tC after 70 years, some 40 Gt carbon will have
been supplied cumulatively from afforestation.
(B) Annual cost-supply curves for abandoned agricultural land in the B2 scenario. For example, at a price of 100 US$/tC, in 2075, some 250 Mt carbon will have been
supplied annually from afforestation and reducing deforestation.
(C) Annual marginal cost curves for carbon sequestration in forests: estimates for boreal, temperate, and tropical regions. For example, at a price of 100 US$/tC, some
1400 Mt carbon will have been supplied annually from afforestation and reducing deforestation in 2100.
Sources: (A) Benitez-Ponce et al., 2005; (B) Strengers et al., 2007; (C) Sohngen and Sedjo, 2006.

potential in 2030 is estimated at 13,775 MtCO2/yr (at carbon
prices less than or equal to 100 US$/tCO2), 36% (~5000 MtCO2/
yr) of which can be achieved under a price of 20 US$/tCO2.
Reduced deforestation in Central and South America is the most
important measure in a single region with 1,845 MtCO2/yr. The
total for the region is the largest for Central and South America
with an estimated total potential of 3,100 MtCO2/yr. Regions
with a second largest potential, each around 2000 MtCO2, are
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Africa, Centrally Planned Asia, other Asia, and USA. These
UHVXOWVSURMHFWVLJQL¿FDQWO\KLJKHUPLWLJDWLRQWKDQWKHUHJLRQDO
largely bottom-up results. This is somewhat surprising, and
likely, the result of the modelling structure, assumptions, and
which activities are included. Additional research is required to
resolve the various estimates to date using different modelling
approaches of the potential magnitude of forestry mitigation of
climate change.
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Table 9.3: Potential of mitigation measures of global forestry activities. Global model results indicate annual amount sequestered or emissions avoided, above business as
usual, in 2030 for carbon prices 100 US$/tCO2 and less.

Region
USA

Activity
Afforestation
Reduced deforestation

Europe

0.32

0.26

0.31
0.24

10

0.17

0.27

Forest management

170

0.3

0.19

TOTAL

295

0.3

0.21

Afforestation

115

0.24

0.37

30

0.48

0.25

Forest management

110

0.2

0.35

TOTAL

255

0.25

0.34

Afforestation

605

0.26

0.26

110

0.35

0.29

Forest management

1,200

0.25

0.28

TOTAL

1,915

0.26

0.27

545

0.35

0.3

85

0.37

0.22

Forest management

1,055

0.32

0.27

TOTAL

1,685

0.33

0.28
0.33

Afforestation

Forest management
TOTAL
Afforestation
Reduced deforestation
Forest management
TOTAL

750

0.39

1,845

0.47

0.37

550

0.43

0.35

3,145

0.44

0.36

0.7

0.16

665
1,160
100
1,925

0.7

0.19

0.65

0.19

0.7

0.18

Afforestation

745

0.39

0.31

Reduced deforestation

670

0.52

0.23

960

0.54

0.19

2,375

0.49

0.24

Forest management
TOTAL
Afforestation

60

0.5

0.26

Reduced deforestation

30

0.78

0.11

Forest management

45

0.5

0.25

135

TOTAL
TOTAL

0.3

0.26

0.31

Reduced deforestation

Middle East

0.3

0.2

115

Central and South America Afforestation

Other Asia

0.3

10

2,045

Reduced deforestation

Africa

445

TOTAL
Afforestation

Reduced deforestation

Countries in transition

Fraction in cost class:
20-50 US$/tCO2

1,590

Reduced deforestation

Non-annex I East Asia

Fraction in cost class:
1-20 US$/tCO2

Forest management

Reduced deforestation

OECD Paciﬁc

Potential at costs equal
or less than
100 US$/tCO2 , in
MtCO2/yr in 2030 1)

0.57

0.22

Afforestation

4,045

0.4

0.28

Reduced deforestation

3,950

0.54

0.28

5,780

0.34

0.28

13,775

0.42

0.28

Forest management
TOTAL

1) Results average activity estimates reported from three global forest sector models including GTM (Sohngen and Sedjo, 2006), GCOMAP (Sathaye et al., 2007), and
IIASA-DIMA (Benitez-Ponce et al., 2007). For each model, output for different price scenarios has been published. The original authors were asked to provide data on
carbon supply under various carbon prices. These were summed and resulted in the total carbon supply as given middle column above. Because carbon supply under
various price scenarios was requested, fractionation was possible as well.
Two right columns represent the proportion available in the given cost class. None of the models reported mitigation available at negative costs. The column for the
carbon supply fraction at costs between 50 and 100 US$/tCO2 can easily be derived as 1- sum of the two right hand columns.
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9.4.3.3 Global forest mitigation in climate stabilization
analysis
Evaluating the cost-competitiveness of forestry mitigation
versus other sector options in achieving climate mitigation goals
requires different modelling capabilities. Global integrated
assessment and climate economic models are top-down models,
generally capable of dynamically representing feedbacks in the
economy across sectors and regions and reallocations of inputs,
as well as interactions between economic and atmosphericocean-terrestrial systems. These models can be used to evaluate
long-term climate stabilization scenarios, like achieving a
stabilization target of 450 or 650 CO2-eq by 2100 (see Section
3.3.5). In this framework, the competitive mitigation role of
forest abatement options, such as afforestation, can be estimated
as part of a dynamic portfolio of the least-cost combination
of mitigation options from across all sectors of the economy,
including energy, transportation, and agriculture.
To date, researchers have used various approaches to
represent terrestrial carbon sequestration in integrated
assessment models. These approaches include iterating with
the land-sector models (e.g., Sohngen and Mendelsohn, 2003),
and implementing mitigation response curves generated by
a sectoral model (Jakeman and Fisher, 2006). At present, all
integrated assessment models include afforestation strategies,
but only some consider avoided deforestation, and none
explicitly model forest management mitigation options (e.g.,
harvest timing: Rose et al., 2007). However, the top-down
mitigation estimates account for economic feedbacks, as well
as for some biophysical feedbacks such as climate and CO2
fertilization effects on forest growth.

Table 9.4: Global forest cost-effective mitigation potential in 2030 from climate
stabilization scenarios, or 450-650 CO2-eq atmospheric concentration targets,
produced by top-down global integrated assessment models. Forest options are in
competition with other sectoral options to generate least-cost mitigation portfolios
for achieving long-run stabilization.
Mitigation potential in 2030

Carbon price in scenario
(US$/tCO2-eq)

MtCO2-eq/yr

Number of
scenario results

0 - 20

40 - 970

4

20 - 50

604 - 790

3

50 - 100

nd

0

>100

851

1

Notes: Jakeman and Fisher (2006) estimated 2030 forest mitigation of 3,059
MtCO2, well above other estimates, but not included due to an inconsistency
inﬂating their forest mitigation estimates for the early 21st century.
nd = no data.

Source: Section 3.3.5; data from Rose et al., 2007.

The few estimates of global competitive mitigation potential
of forestry in climate stabilization in 2030 are given in Table 9.4.
Some estimates represent carbon plantation gains only, while
others represent net forest carbon stock changes that include
plantations as well as deforestation carbon loses induced by
bio-energy crops. On-going top-down land-use modelling
GHYHORSPHQWVVKRXOGSURGXFHPRUHUH¿QHGFKDUDFWHUL]DWLRQRI
forestry abatement alternatives and cost-effective mitigation
potential in the near future. The results in Table 9.4 suggest
a reasonable central estimate of about 700 million tonne CO2
in 2030 from forestry in competition with other sectors for
DFKLHYLQJ VWDELOL]DWLRQ VLJQL¿FDQWO\ OHVV WKDQ WKH UHJLRQDO
bottom-up or global sector top-down estimates in this chapter
summarized in Table 9.7.

Box 9.2: Commercial biomass for bio-energy from forests
Current use of biomass from fuelwood and forest residues reaches 33 EJ (see Section 4.3.3). Three main categories of forest residues may be used for energy purposes: primary residues (available from additional stemwood fellings or as residues
(branches) from thinning salvage after natural disturbances or ﬁnal fellings); secondary residues (available from processing
forest products) and tertiary residues (available after end use). Various studies have assessed the future potential supply
of forest biomass (Yamamoto et al., 2001; Smeets and Faaij, 2007; Fischer and Schrattenholzer, 2001). Furthermore, some
global biomass potential studies include forest residues aggregated with crop residue and waste (Sørensen, 1999). At a
regional or national scale, studies are more detailed and often include economic considerations (Koopman, 2005; Bhattacharya et al., 2005; Lindner et al., 2005; Cuiping et al., 2004). Typical values of residue recoverability are between 25 and 50 %
of the logging residues and between 33 and 80% of processing residues. Lower values are often assumed for developing
regions (Yamamoto et al., 2001; Smeets and Faaij, 2007). At a global level, scenario studies on the future energy mixture
(IPCC, 2000c; Sørensen, 1999; OECD, 2006) have included residues from the forestry sector in their energy supply (market
potential).
The technical potential of primary biomass sources given by the different global studies is aggregated by region in Table Box
9.2. From this table, it can conclude that biomass from forestry can contribute from about a few percent to about 15% (12
to 74 EJ/yr) of current primary energy consumption. It is outside the scope of this chapter to examine all pros and cons of
increased production required for biomass for bio-energy (see Section 11.9).

560

1667
Chapter 9

Forestry

Box 9.2 continued
Table 9.5. The technical potential of primary biomass for bio-energy from the forest sector at a regional level (in EJ/yr), for the period 2020-2050. The economic
potential under 20 US$/tCO2 is assumed to be in the range of 10-20% of these numbers.

I

Regions

EJ/yr

I

LOW

HIGH

3
1
1

11
4
3

2

10

Latin America
Africa
Non-Annex I East Asia
Non-Annex I Other Asia
Middle East

1
1
1
1
1

21
10
5
8
2

World low and high estimates

12

74

World (based on global studies)
assumed economic potential

14

65

I

OECD
OECD North America
OECD Europe
Japan + Australia + New Zealand
Economies in Transition
Central and Eastern Europe, the Caucasus and Central Asia
Non-OECD

Notes: Conversion factors used: 0.58 tonne dry matter/m3, a heating value of 15 GJ/tonne air dry matter, and a percentage of 49% carbon of dry matter.
For example, 14 EJ (left column) is roughly comparable to 700 million tonnes of dry matter, which is (if assumed this has to come from additional stemwood fellings) comparable to roughly 1.5 billion m3 of roundwood, half of current global harvesting of wood.
Sources: Fischer and Schrattenholzer, 2001; Ericsson and Nilsson, 2006; Yoshioka et al., 2006; Yamamoto, 2001; Williams, 1995; Walsh et al., 1999; Smeets

In general, the delivery or production costs of forestry residues are expected to be at a level of 1.0 to 7.7 US$/GJ. Smeets
and Faaij (2007) concluded that at a global level, the economic potential of all types of biomass residues is 14 EJ/yr: at the
very lower level of estimates in the table. This and the notion that the summation of the column of lower ranges of dry matter supply equals 700 million tonnes (which is assumed stemwood) is half of current global stemwood harvesting) was the
reason to estimate the economic potential at 10-20% of above given numbers.
The CO2 mitigation potential can only be calculated if the actual use and the amount of use of forestry biomass supply are
known. This depends on the balance of supply and demand (see bio-energy in Section 11.3.1.4.). However, to give an indication of the order of magnitude of the ﬁgures the CO2-eq emissions avoided have been calculated from the numbers in Table
9.5 using the assumption that biomass replaces either coal (high range) or gas (low range). Based on these calculations8, the
CO2-eq emissions avoided range from 420 to 4,400 MtCO2/yr for 2030. This is about 5 to 25% of the total CO2-eq emissions
that originate from electricity production in 2030, as reported in the World Energy Outlook (OECD, 2006).

9.4.4

Global summation and comparison

An overview of estimates derived in the regional bottom-up
estimates as given in Section 9.4.3.1 are presented in Table 9.6.
Based on indications in literature and carbon supply curves, the
fraction of the mitigation potential in the cost class < 20 US$/
tCO2 was estimated.
Assuming a linear implementation rate of the measures, the
values in Table 9.4 were adjusted to 2030 values (the values

8

required in the cross sector summation in Chapter 11, Table
11.3). The 2030 values are presented in Table 9.7 against the
values derived from global forest sector models, and from global
integrated models for three world regions. The mitigation effect
of biomass for bio-energy (see text, Box 9.2) was excluded.
The range of estimates in the literature and presented in
Table 9.7 help in understanding the uncertainty surrounding
forestry mitigation potential. Bottom-up estimates of mitigation
generally include numerous activities in one or more regions

Assuming that it is used in a biomass combustion plant of 30% conversion efﬁciency and replaces a coal combustion plant with an efﬁciency of 48% (see IEA 2002) and a coal
CO2 content of 95 kgCO2/GJ for the high range or a gas IGCC with an efﬁciency of 49% and a gas CO2 content of 57 kgCO2/GJ.
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Table 9.6: Summation of regional results (excluding bio-energy) as presented in Section 9.4.3.1 for 2040. Fraction by cost class is derived from Section 9.4.3.1.
Economic potential in 2040
(MtCO2/yr)
low
North America

Economic potential in 2040
(MtCO2/yr)
high

Fraction of total
(technical) potential in
cost class <20 US$/tCO2

400

820

0.2

90

180

0.2

Russian Federation

150

300

0.3

Africa

300

875

0.6

Europe

OECD Paciﬁc

85

255

0.35

Caribbean, Central and South
America

500

1750

0.6

Non Annex I East Asia

150

400

0.3

300

875

0.6

1,975

5,455

Non Annex I South Asia
Total

Note: These ﬁgures are surrounded by uncertainty. Differences in studies, assumptions, baselines, and price scenarios make a simple summation
difﬁcult.

Table 9.7: Comparison of estimates of economic mitigation potential by major world region and methodology excluding biomass for bio-energy in MtCO2/yr in 2030, at carbon
prices less or equal to 100 US$/tCO2. Fraction by cost class is given in Tables 9.3 and 9.6.

I

Regional bottom-up estimate
Mean

Low

High

Global forest sector
models

OECD

700

420

980

2,730

Economies in transition

150

90

210

3,600

Non-OECD
Global

1,900

760

3,040

7,445

2,750a

1,270

4,230

13,775

Global integrated
assessment models

700

a

Excluding bio-energy (see Box 9.2). Including the emission reduction effect of the economic potential of biomass for bio-energy would yield a total mean emission
reduction potential (based on bottom up) of 3140 MtCO2/yr in 2030.

represented in detail. Top-down global modelling of sectors and
of long-term climate stabilization scenario pathways generally
LQFOXGHVIHZHUVLPSOL¿HGIRUHVWRSWLRQVEXWDOORZVFRPSHWLWLRQ
across all sectors of the economy to generate a portfolio of
least-cost mitigation strategies. Comparison of top-down and
ERWWRPXS PRGHOOLQJ HVWLPDWHV )LJXUH   LV GLI¿FXOW DW
present. This stems from differences in how the two approaches
represent mitigation options and costs, market dynamics, and
the effects of market prices on model and sectoral inputs and
outputs such as labour, capital, and land. One important reason
that bottom-up results yield a lower potential consistently
for every region (Figure 9.13) is that this type of study takes
into account (to some degree) barriers to implementation. The
bottom-up estimate has, therefore, characteristics of a market
potential study, but the degree is unknown.

carbon prices up to 100 US$/tCO2) to contribute between 1270
and 4230 MtCO2\U LQ  PHGLXP FRQ¿GHQFH PHGLXP
agreement). About 50% of the medium estimate can be achieved
at a cost under 20 US$/tCO2 (= 1550 MtCO2/yr: see Figure 9.14).
The combined effects of reduced deforestation and degradation,
afforestation, forest management, agro-forestry and bio-energy
have the potential to increase gradually from the present to
2030 and beyond. For comparison with other sectors in Chapter
11, Table 11.2, data on cost categories <0 US$/tCO2 and 20-50
US$100/tCO2 have been derived from Tables 9.3 and 9.6, using
cost information derived from regional bottom-up studies and
global top- down modelling. The cost classes assessed should
be seen as rough cost-class indications, as the information
in the literature varies a lot. These analyses assume gradual
implementation of mitigation activities starting at present.

The uncertainty and differences behind the studies referred
to, and the lack of baselines are reasons to be rather conservative
ZLWK WKH ¿QDO HVWLPDWH IRU WKH IRUHVWU\ PLWLJDWLRQ SRWHQWLDO
7KHUHIRUHPRVWO\WKHERWWRPXSHVWLPDWHVDUHXVHGLQWKH¿QDO
estimate. This stands apart from any preference for a certain
type of study. Thus synthesizing the literature, we estimate
that forestry mitigation options have the economic potential (at

This sink enhancement/emission avoidance will be located
IRULQWKHWURSLFV KLJKFRQ¿GHQFHKLJKDJUHHPHQW)LJXUH
9.14); be found mainly in above-ground biomass; and for 10%
DFKLHYHG WKURXJK ELR HQHUJ\ PHGLXP FRQ¿GHQFH PHGLXP
agreement). In the short term, this potential is much smaller, with
1180 MtCO2\ULQ KLJKFRQ¿GHQFHPHGLXPDJUHHPHQW 
Uncertainty from this estimate arises from the variety of studies
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Figure 9.13: Comparison of estimates of economic mitigation potential in the
forestry sector (up to 100 US$/tCO2 in 2030) as based on global forest sector models
(top-down) versus regional modelling results (bottom-up).
Note: Excluding bio-energy; data from Table 9.3 and Table 9.6.

7KHVH ¿QDO UHVXOWV DOORZ FRPSDULVRQ ZLWK HDUOLHU ,3&&
estimates for forestry mitigation potential (Figure 9.15).
The estimates for Second Assessment Report (SAR), Third
Assessment Report (TAR) and Special Report have to be seen
as estimates for a technical potential, and are comparable to our
Fourth Assessment Report (AR4) estimates for a carbon dioxide
price < 100 US$/tCO2 DVGLVSOD\HG $VWKHEDUVLQWKLV¿JXUH
are lined by the year to which they apply, one would expect an
increasing trend towards the right-hand columns. This is not the
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Figure 9.15: Comparison of estimates of mitigation potential in previous IPCC
reports (blue) and the current report (in red).

used, the different assumptions, the different measures taken
into account, and not taking into account possible leakage
between continents.
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Figure 9.14: Annual economic mitigation potential in the forestry sector by world
region and cost class in 2030.
Note: EECCA=Countries of Eastern Europe, the Caucasus and Central Asia.

Note the difference in years to which the estimate applies, in applied costs, and
between forest sector only versus whole LULUCF estimates.

case. Instead a large variety is displayed. There is a trend visible
through the consecutive IPCC reports, and not so much through
the years to which the estimate applies. When ignoring the TAR
synthesis, we start with the highest estimate in SAR (just over
8000 MtCO2/yr), then follows SR LULUCF with 5500 MtCO2,
and TAR with 5300. Finally, the present report follows with a
conservative estimate of 3140 (including bio-energy).

9.5 Interactions with adaptation and
vulnerability
Some of the mitigation potential as given in this chapter might
be counteracted by adverse effects of climate change on forest
ecosystems (Fischlin et al., 2007). Further, mitigation-driven
actions in forestry could have positive adaptive consequences
(e.g., erosion protection) or negative adaptation consequences
HJ LQFUHDVH LQ SHVW DQG ¿UHV  6LPLODUO\ DGDSWDWLRQ DFWLRQV
could have positive or negative consequences on mitigation. To
avoid trade-offs, it is important to explore options to adapt to
new climate circumstances at an early stage through anticipatory
adaptation (Robledo et al., 2005). The limits to adaptation
stem in part from the way that societies exacerbate rather than
DPHOLRUDWHYXOQHUDELOLW\WRFOLPDWHÀXFWXDWLRQV 2UORYH 
WKDWFDQDOVRDIIHFWPLWLJDWLRQSRWHQWLDOV7KHUHDUHVLJQL¿FDQW
opportunities for mitigation and for adapting to climate change,
while enhancing the conservation of biodiversity, and achieving
RWKHU HQYLURQPHQWDO DV ZHOO DV VRFLRHFRQRPLF EHQH¿WV
However, mitigation and adaptation have been considered
separately in the global negotiations as well as in the literature
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until very recently. Now, the two concepts are seen to be linked,
however to achieve synergies may be a challenge (Tol, 2006).
In the IPCC Third Assessment Report, potential synergy and
trade-off issues were not addressed. This section explores the
synergy between mitigation and adaptation in the forest sector
(Ravindranath and Sathaye, 2002). The potential and need for
incorporating adaptation strategies and practices in mitigation
projects is illustrated with a few examples.
9.5.1

Climate impacts on carbon sink and
adaptation

In addition to natural factors, forest ecosystems have long
been subjected to many human-induced pressures such as landXVH FKDQJH RYHUKDUYHVWLQJ RYHUJUD]LQJ E\ OLYHVWRFN ¿UH
and introduction of new species. Climate change constitutes
an additional pressure that could change or endanger these
ecosystems. The IPCC Fourth Assessment report (Fischlin et al.,
2007 and Easterling et al., 2007) has highlighted the potential
LPSDFWVRIFOLPDWHFKDQJHRQIRUHVWHFRV\VWHPV1HZ¿QGLQJV
indicate that negative climate change impacts may be stronger
than previously projected and positive impacts are being overestimated as well as the uncertainty on predictions.
Recent literature indicates that the projected potential
positive effect of climate change as well as the estimated
carbon sink in mature forests may be substantially threatened
by enhancing or changing the regime of disturbances in forests
VXFKDV¿UHSHVWVGURXJKWDQGKHDWZDYHVDIIHFWLQJIRUHVWU\
production including timber (Fuhrer et al., 2007; Sohngen et
al., 2005; Ciais et al., 2005).
Most model limitations persist; models do not include
key ecological processes, and feedbacks. There are still
inconsistencies between the models used by ecologists to
estimate the effects of climate change on forest production
and composition, and the models used by foresters to predict
forest yield (Easterling et al., 2007). Despite the achievements
and individual strengths of the selected modelling approaches,
core problems of global land-use modelling have not yet
been resolved. For a new generation of integrated large-scale
land-use models, a transparent structure would be desirable
(Heistermann et al., 2006).
Global change, including the impacts of climate change,
can affect the mitigation potential of the forestry sector by
either increasing (nitrogen deposition and CO2 fertilization),
or decreasing (negative impacts of air pollution,) the carbon
VHTXHVWUDWLRQ %XW UHFHQW VWXGLHV VXJJHVW WKDW WKH EHQH¿FLDO
impacts of climate change are being overestimated by ignoring
some of the feedbacks (Körner, 2004) and assumption of
linear responses. Also, the negative impacts may be larger
than expected (Schroter et al., 2005), with either some effects
remaining incompletely understood (Betts et al., 2004) or
impossible to separate one from the other.
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9.5.2

Mitigation and adaptation synergies

The mitigation and adaptation trade-offs and synergies in
the forestry sector are dealt with in Klein et al. (2007). Many
of the response strategies to address climate change, such as
Global Environmental Facility (GEF) and Clean Development
Mechanism (CDM), Activities under Article 3.3 and Article
3.4 and the Adaptation Fund aim at implementation of either
mitigation or adaptation technologies or policies. It is necessary
to promote synergy in planning and implementation of forestry
PLWLJDWLRQDQGDGDSWDWLRQSURMHFWVWRGHULYHPD[LPXPEHQH¿W
to the global environment as well as local communities or
economies, for example promoting adaptive forest management
(McGinley & Finegan, 2003). However, recent analyses not
VSHFL¿FDOO\IRFXVHGRQWKH)RUHVWU\VHFWRUSRLQWRXWWKDWLWPD\
EH GLI¿FXOW WR HQKDQFH V\QHUJLHV 7KLV LV GXH WR WKH GLIIHUHQW
actors involved in mitigation and adaptation, competitive use of
funds, and the fact that in many cases both activities take place
at different implementation levels (Tol, 2006). It should also
be taken into account that activities to address mitigation and
adaptation in the forestry sector are planned and implemented
locally.
It is likely that adaptation practices will be easier to implement
in forest plantations than in natural forests. Several adaptation
strategies or practices can be used in the forest sector, including
changes in land use choice (Kabat et al., 2005), management
intensity, hardwood/softwood species mix, timber growth
and harvesting patterns within and between regions, changes
in rotation periods, salvaging dead timber, shifting to species
more productive under the new climatic conditions, landscape
SODQQLQJ WR PLQLPL]H ¿UH DQG LQVHFW GDPDJH DQG WR SURYLGH
connectivity, and adjusting to altered wood size and quality
(Spittlehouse and Stewart, 2003). A primary aim of adaptive
management is to reduce as many ancillary stresses on the forest
resource as possible. Maintaining widely dispersed and viable
populations of individual species minimizes the probability that
localized catastrophic events will cause extinction (Fischlin et
al., 2007). While regrowth of trees due to effective protection
will lead to carbon sequestration, adaptive management of
protected areas also leads to conservation of biodiversity and
reduced vulnerability to climate change. For example, ecological
FRUULGRUVFUHDWHRSSRUWXQLWLHVIRUPLJUDWLRQRIÀRUDDQGIDXQD
which facilitates adaptation to changing climate.
Adaptation practices could be incorporated synergistically
in most mitigation projects in the forest sector. However, in
some cases, mitigation strategies could also have adverse
implications for watersheds in arid and semi-arid regions
(UK FRP, 2005) and biodiversity (Caparros and Jacquemont,
2003). To achieve an optimum link between adaptation and
PLWLJDWLRQDFWLYLWLHVLWLVQHFHVVDU\WRFOHDUO\GH¿QHZKRGRHV
the activity, where and what are the activities for each case.
6HYHUDO SULQFLSOHV FDQ EH GH¿QHG 0XUGL\DUVR et al., 2005):
prioritizing mitigation activities that help to reduce pressure on
natural resources, including vulnerability to climate change as
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Table 9.8: Adaptation and mitigation matrix
Mitigation option

Vulnerability of the mitigation option to
climate change

Adaptation options

Implications for GHG emissions
due to adaptation

A. Increasing or maintaining the forest area
Reducing deforestation and forest
degradation

Vulnerable to changes in rainfall,
higher temperatures (native forest
dieback, pest attack, ﬁre and,
droughts)

Fire and pest management
Protected area management
Linking corridors of protected
areas

No or marginal implications for
GHG emissions, positive if the
effect of perturbations induced by
climate change can be reduced

Afforestation / Reforestation

Vulnerable to changes in rainfall,
and higher temperatures (increase
of forest ﬁres, pests, dieback due
to drought)

Species mix at different scales
Fire and pest management
Increase biodiversity in
plantations by multi-species
plantations.
Introduction of irrigation and
fertilisation
Soil conservation

No or marginal implications for
GHG emissions, positive if the
effect of perturbations induced by
climate change can be reduced
May lead to increase in emissions
from soils or use of machinery
and fertilizer

B. Changing forest management: increasing carbon density at plot and landscape level
Forest management in plantations

Vulnerable to changes in rainfall,
and higher temperatures (i.e.
managed forest dieback due to
pest or droughts)

Pest and forest ﬁre management.
Adjust rotation periods
Species mix at different scales

Marginal implications on GHGs.
May lead to increase in emissions
from soils or use of machinery or
fertilizer use

Forest management in native
forest

Vulnerable to changes in rainfall,
and higher temperatures (i.e.
managed forest dieback due to
pest, or droughts)

Pest and ﬁre management
Species mix at different scales

No or marginal

C. Substitution of energy intensive materials
Increasing substitution of fossil
energy intensive products by
wood products

Stocks in products not vulnerable
to climate change

No implications in GHGs
emissions

An intensively managed plantation Suitable selection of species to
from where biomass feedstock
cope with changing climate
comes is vulnerable to pests,
Pest and ﬁre management
drought and ﬁre occurrence, but
the activity of substitution is not.

No implications for GHG
emissions
except from fertilizer or machinery
use

D. Bio-energy
Bio-energy production from
forestry

a risk to be analysed in mitigation activities; and prioritizing
mitigation activities that enhance local adaptive capacity, and
promoting sustainable livelihoods of local populations.
Considering adaptation to climate change during the planning
and implementation of CDM projects in forestry may also
reduce risks, although the cost of monitoring performance may
become very complex (Murdiyarso et al., 2005). Adaptation
and mitigation linkages and vulnerability of mitigation options
to climate change are summarized in Table 9.8, which presents
four types of mitigation actions.
Reducing deforestation is the dominant mitigation option
for tropical regions (Section 9.4). Adaptive practices may be
complex. Forest conservation is a critical strategy to promote
sustainable development due to its importance for biodiversity
conservation, watershed protection and promotion of livelihoods

of forest-dependent communities in existing natural forest
(IPCC, 2002).
Afforestation and reforestation are the dominant mitigation
RSWLRQVLQVSHFL¿FUHJLRQV HJ(XURSH &XUUHQWO\DIIRUHVWDWLRQ
and reforestation are included under Article 3.3 and in Articles
6 and 12 (CDM) of the Kyoto Protocol. Plantations consisting
of multiple species may be an attractive adaptation option as
they are more resilient, or less vulnerable, to climate change.
The latter as a result of different tolerance to climate change
characteristic of each plantation species, different migration
abilities, and differential effectiveness of invading species
(IPCC, 2002).
Agro-forestry provides an example of a set of innovative
practices designed to enhance overall productivity, to increase
carbon sequestration, and that can also strengthen the system’s
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ability to cope with adverse impacts of changing climate
conditions. Agro-forestry management systems offer important
opportunities creating synergies between actions undertaken for
mitigation and for adaptation (Verchot et al., 2006). The area
suitable for agro-forestry is estimated to be 585-1215 Mha with
a technical mitigation potential of 1.1 to 2.2 PgC in terrestrial
ecosystems over the next 50 years (Albrecht and Kandji, 2003).
Agro-forestry can also help to decrease pressure on natural
forests and promote soil conservation, and provide ecological
services to livestock.
Bio-energy. Bio-energy plantations are likely to be intensively
managed to produce the maximum biomass per unit area. To
ensure sustainable supply of biomass feedstock and to reduce
vulnerability to climate change, the practices mentioned above
for afforestation and reforestation projects need to be explored
such as changes in rotation periods, salvage of dead timber, shift
to species more productive under the new climatic conditions,
mixed species forestry, mosaics of different species and ages,
DQG¿UHSURWHFWLRQPHDVXUHV
Adaptation and
development

mitigation

synergy

and

sustainable

The need for integration of mitigation and adaptation
strategies to promote sustainable development is presented in
Klein et al. (2007). The analysis has shown the complementarity
or synergy between many of the adaptation options and
mitigation (Dang et al., 2003). Promotion of synergy between
mitigation and adaptation will also advance sustainable
development, since mitigation activities could contribute to
reducing the vulnerability of natural ecosystems and socioeconomic systems (Ravindranath, 2007). Currently, there are
very few ongoing studies on the interaction between mitigation,
adaptation and sustainable development (Wilbanks, 2003; Dang
et al. 4XDQWL¿FDWLRQRIV\QHUJ\LVQHFHVVDU\WRFRQYLQFH
the investors or policy makers (Dang et al., 2003).
The possibility of incorporating adaptation practices into
mitigation projects to reduce vulnerability needs to be explored.
Particularly, Kyoto Protocol activities under Article 3.3, 3.4 and
12 provide an opportunity to incorporate adaptation practices.
Thus, guidelines may be necessary for promoting synergy in
mitigation as well as adaptation programmes and projects of the
existing UNFCCC and Kyoto Protocol mechanisms as well as
emerging mechanisms. Integrating adaptation practices in such
mitigation projects would maximize the utility of the investment
ÀRZ DQG FRQWULEXWH WR HQKDQFLQJ WKH LQVWLWXWLRQDO FDSDFLW\ WR
cope with risks associated with climate change (Dang et. al.,
2003).
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9.6 Effectiveness of and experience with
policies
This section examines the barriers, opportunities, and
implementation issues associated with policies affecting
mitigation in the forestry sector. Non-climate policies, that is
forest sector policies that affect net greenhouse gas emissions
from forests, but that are not designed primarily to achieve
climate objectives, as well as policies primarily designed
to reduce net forest emissions are considered. Many factors
LQÀXHQFH WKH HI¿FDF\ RI IRUHVW SROLFLHV LQ DFKLHYLQJ LQWHQGHG
impacts on forest land-use, including land tenure, institutional
DQG UHJXODWRU\ FDSDFLW\ RI JRYHUQPHQWV WKH ¿QDQFLDO
competitiveness of forestry as a land use, and a society’s
cultural relationship to forests. Some of these factors typically
differ between industrialized and developing countries. For
example, in comparison to developing countries, industrialized
countries tend to have relatively small amounts of unallocated
public lands, and relatively strong institutional and regulatory
capacities. Where appropriate, policy options and their
effectiveness are examined separately for industrialized and
developing countries. Because integrated and non-climate
policies are designed primarily to achieve objectives other than
net emissions reductions, evaluations of their effectiveness
focus primarily on indicators, such as maintenance of forest
cover. This provides only partial insight into their potential to
mitigate climate change. Under conditions with high potential
for leakage, for example, such indicators may overestimate the
SRWHQWLDOIRUFDUERQEHQH¿WV 6HFWLRQ 
9.6.1

Policies aimed at reducing deforestation

Deforestation in developing countries, the largest source of
emissions from the forestry sector, has remained at high levels
since 1990 (FAO, 2005). The causes of tropical deforestation
are complex, varying across countries and over time in response
to different social, cultural, and macroeconomic conditions
(Geist and Lambin, 2002). Broadly, three major barriers
to enacting effective policies to reduce forest loss are: (i)
SUR¿WDELOLW\LQFHQWLYHVRIWHQUXQFRXQWHUWRIRUHVWFRQVHUYDWLRQ
and sustainable forest management (Tacconi et al., 2003); (ii)
many direct and indirect drivers of deforestation lie outside of
the forest sector, especially in agricultural policies and markets
(Wunder, 2004); and (iii) limited regulatory and institutional
FDSDFLW\DQGLQVXI¿FLHQWUHVRXUFHVFRQVWUDLQWKHDELOLW\RIPDQ\
governments to implement forest and related sectoral policies
on the ground (Tacconi et al., 2003).
In the face of these challenges, national forest policies
designed to slow deforestation on public lands in developing
countries have had mixed success:
v In countries where institutional and regulatory capacities are
LQVXI¿FLHQWQHZFOHDULQJE\FRPPHUFLDODQGVPDOOVFDOH
agriculturalists responding to market signals continues to be
a dominant driver of deforestation (Wunder, 2004).
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v A number of national initiatives are underway to combat illegal logging (Sizer et al., 2005). While these have
increased the number of charges and convictions, it is
too early to assess their impact on forest degradation and
deforestation.
v Legally protecting forests by designating protected areas,
indigenous reserves, non-timber forest reserves and community reserves have proven effective in maintaining
forest cover in some countries, while in others, a lack of
resources and personnel result in the conversion of legally
protected forests to other land uses (Mertens et al., 2004).
China (Cohen et al., 2002), the Philippines and Thailand
*UDQJHU KDYHVLJQL¿FDQWO\UHGXFHGGHIRUHVWDWLRQUDWHV
in response to experiencing severe environmental and public
health consequences of forest loss and degradation. In India,
the Joint Forest Management programme has been effective in
partnering with communities to reduce forest degradation (Bhat
et al., 2001). These examples indicate that strong and motivated
government institutions and public support are key factors in
implementing effective forest policies.
Options for maintaining forests on private lands in
developing countries are generally more limited than on public
lands, as governments typically have less regulatory control.
An important exception is private landholdings in the Brazilian
Amazon, where the government requires that landowners
maintain 80% of the property under forest cover. Although this
regulation has had limited effectiveness in the past (Alves et
al., 1999), recent experience with a licensing and monitoring
system in the state of Mato Grosso has shown that commitment
WRHQIRUFHPHQWFDQVLJQL¿FDQWO\UHGXFHGHIRUHVWDWLRQUDWHV
A recently developed approach is for governments to provide
environmental service payments to private forest owners in
GHYHORSLQJ FRXQWULHV WKHUHE\ SURYLGLQJ D GLUHFW ¿QDQFLDO
incentive for the retention of forest cover. Relatively high
transaction costs and insecure land and resource tenure have
thus far limited applications of this approach in many countries
*ULHJ*UDQ   +RZHYHU VLJQL¿FDQW SRWHQWLDO PD\ H[LVW
for developing payment schemes for restoration and retention
of forest cover to provide climate mitigation (see below) and
watershed protection services.
In addition to national-level policies, numerous international
policy initiatives to support countries in their efforts to reduce
deforestation have also been attempted:
v Forest policy processes, such as the UN Forum on Forests,
and the International Tropical Timber Organization have
provided support to national forest planning efforts but
have not yet had demonstrable impacts on reducing deforestation (Speth, 2002).
v 7KH:RUOG%DQNKDVPRGL¿HGOHQGLQJSROLFLHVWRUHGXFH
the risk of direct negative impacts to forests, but this
does not appear to have measurably slowed deforestation
(WBOED, 2000).

Forestry

v The World Bank and G-8 have recently initiated the Forest
Law Enforcement and Governance (FLEG) process among
producer and consumer nations to combat illegal logging
in Asia and Africa (World Bank, 2005). It is too early to
assess the effectiveness of these initiatives on conserving
forests stocks.
v The Food and Agricultural Organization (FAO) Forestry
Programme has for decades provided a broad range of
technical support in sustainable forest management (FAO,
2006b); assessing measurable impacts has been limited by
the lack of an effective monitoring programme (Dublin and
Volante, 2004).
Taken together, non-climate policies have had minimal
impact on slowing tropical deforestation, the single largest
contribution of land-use change to global carbon emissions.
Nevertheless, there are promising examples where countries
with adequate resources and political will have been able
to slow deforestation. This raises the possibility that, with
VXI¿FLHQW LQVWLWXWLRQDO FDSDFLW\ ¿QDQFLDO LQFHQWLYHV SROLWLFDO
ZLOODQGVXVWDLQHG¿QDQFLDOUHVRXUFHVLWPD\SRVVLEOHWRVFDOH
XSWKHVHHIIRUWV2QHSRWHQWLDOVRXUFHRIDGGLWLRQDO¿QDQFLQJIRU
reducing deforestation in developing countries is through wellconstructed carbon markets or other environmental service
payment schemes (Winrock International, 2004; Stern, 2006).
Under the UNFCCC and Kyoto Protocol, no climate
policies currently exist to reduce emissions from deforestation
or forest degradation in developing countries. The decision to
exclude avoided deforestation projects from the CDM in the
.\RWR 3URWRFRO¶V ¿UVW FRPPLWPHQW SHULRG ZDV LQ SDUW EDVHG
on methodological concerns. These concerns are particularly
associated with additionality and baseline setting and whether
OHDNDJHFRXOGEHVXI¿FLHQWO\FRQWUROOHGRUTXDQWL¿HGWRDOORZ
for robust carbon crediting (Trines et al., 2006). In December
2005, COP-11 established a two-year process to review
UHOHYDQWVFLHQWL¿FWHFKQLFDODQGPHWKRGRORJLFDOLVVXHVDQGWR
consider possible policy approaches and positive incentives for
reducing emissions from deforestation in developing countries
(UNFCCC, 2006).
Recent studies suggests a broad range of possible architectures
by which future climate policies might be designed to effectively
reduce emissions from tropical deforestation and forest
degradation (Schlamadinger et al., 2005; Trines et al., 2006).
For example, Santilli et al. (2005), propose that non-Annex
I countries might, on a voluntary basis, elect to reduce their
national emissions from deforestation. The emission reductions
could then be credited and sold to governments or international
carbon investors at the end of a commitment period, contingent
upon agreement to stabilize, or further reduce deforestation
rates in the subsequent commitment periods.
One advantage of a national-sectoral approach over a projectbased approach to reduce emissions from deforestation relates
to leakage, in that any losses in one area could be balanced
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against gains in other areas. This does not entirely address the
leakage problem since the risk of international leakage remains,
as occurs in other sectors.
Other proposals emphasize accommodation to diverse
national circumstances, including differing levels of
development, and include a suggestion of separate targets for
separate sectors (Grassl et al., 2003). This includes a “no-lose”
target, whereby emission allowances can be sold if the target is
reached. No additional emission allowances would have to be
bought if the target was not met. A multi-stage approach such
that the level of commitment of an individual country increases
gradually over time; capacity building and technology research
DQGGHYHORSPHQWRUTXDQWL¿HGVHFWRUDOHPLVVLRQOLPLWDWLRQDQG
reduction commitments similar to Annex 1 commitments under
the Kyoto Protocol (Trines et al., 2006).

can reforest these lands directly. In cases where such capacities
are more limited, governments may enter into joint management
agreements with communities, so that both parties share the
FRVWVDQGEHQH¿WVRISODQWDWLRQHVWDEOLVKPHQW :LOOLDPV 
Incentives for plantation establishment may take the form of
afforestation grants, investment in transportation and roads,
energy subsidies, tax exemptions for forestry investments,
and tariffs against competing imports (Cossalter and PyeSmith, 2003). In contrast to conservation of existing forests,
WKHXQGHUO\LQJ¿QDQFLDOLQFHQWLYHVWRHVWDEOLVKSODQWDWLRQVPD\
EH SRVLWLYH +RZHYHU WKH FUHDWLRQ RI YLUWXDOO\ DOO VLJQL¿FDQW
plantation estates has relied upon government support, at least
in the initial stages. This is due, in part, to the illiquidity of
the investment, the high cost of capital establishment and long
ZDLWLQJSHULRGIRU¿QDQFLDOUHWXUQ
9.6.3

3URSRVHG ¿QDQFLQJ PHFKDQLVPV LQFOXGH ERWK FDUERQ
market-based instruments (Stern, 2006) and non-market based
channels, for example, through a dedicated fund to voluntarily
reduce emissions from deforestation (UNFCCC, 2006). Box
9.3 discusses recent technical advances relevant to the effective
design and implementation of climate policies aimed at reducing
emissions from deforestation and forest degradation.

9.6.2

Policies aimed to promote afforestation and
reforestation

Non-climate forest policies have a long history in successful
creation of plantation forests on both public and private
lands in developing and developed countries. If governments
have strong regulatory and institutional capacities, they may
successfully control land use on public lands, and state agencies

Policies to improve forest management

,QGXVWULDOL]HGFRXQWULHVJHQHUDOO\KDYHVXI¿FLHQWUHVRXUFHV
to implement policy changes in public forests. However, the
fact that these forests are already managed to relatively high
standards may limit possibilities for increasing sequestration
through changed management practices (e.g., by changing
species mix, lengthening rotations, reducing harvest damage
and or accelerating replanting rates). There may be possibilities
to reduce harvest rates to increase carbon storage however, for
example, by reducing harvest rates and/or harvest damage.
Governments typically have less authority to regulate
land use on private lands, and so have relied upon providing
incentives to maintain forest cover, or to improve management.
These incentives can take the form of tax credits, subsidies,
cost sharing, contracts, technical assistance, and environmental
service payments. In the United States, for example, several

BOX 9.3: Estimating and monitoring carbon emissions from deforestation and degradation
Recent analyses (DeFries et al., 2006; UNFCCC, 2006) indicate considerable progress since the Third Assessment Report
and the IPCC Good Practice Guidance for Land Use, Land-Use Change and Forestry (IPCC, 2003) in data acquisition and development of methods and tools for estimating and monitoring carbon emissions from deforestation and forest degradation
in developing countries. Remote sensing approaches to monitoring changes in land cover/land use at multiple scales and
coverage are now close to operational on a routine basis. Measuring forest degradation through remote sensing is technically
more challenging, but methods are being developed (DeFries et al., 2006).
Various methods can be applied, depending on national capabilities, deforestation patterns, and forest characteristics. Standard protocols need to be developed for using remote sensing data, tools and methods that suit both the variety of national
circumstances and meet acceptable levels of accuracy. However, quantifying accuracy and ensuring consistent methods
over time are more important than establishing consistent methods across countries.
Several developing countries, including India and Brazil, have systems in place for national-scale monitoring of deforestation
(DeFries et al., 2006). While well-established methods and tools are available for estimating forest carbon stocks, dedicated
investment would be required to expand carbon stock inventories so that reliable carbon estimates can be applied to areas
identiﬁed as deforested or degraded through remote sensing. With sound data on both change in forest cover and on change
in carbon stocks resulting from deforestation and degradation, emissions can be estimated using methods described by the
new IPCC Inventory Guidelines (IPCC, 2006).
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government programmes promote the establishment, retention,
and improved management of forest cover on private lands,
often of marginal agricultural quality (Box 9.4; Gaddis et al.,
1995).
The lack of robust institutional and regulatory frameworks,
trained personnel, and secure land tenure has constrained
the effectiveness of forest management in many developing
countries (Tacconi et al., 2003; Box 9.5). Africa, for example,
had about 649 million forested hectares as of 2000 (FAO, 2001).
Of this, only 5.5 million ha (0.8%) had long-term management
SODQVDQGRQO\PLOOLRQKD  ZHUHFHUWL¿HGWRVRXQG
forestry standards. Thus far, efforts to improve logging practices
in developing countries have met with limited success. For
example, reduced-impact logging (RIL) techniques would
increase carbon storage over traditional logging, but have not
been widely adopted by logging companies, even when they
lead to cost savings (Holmes et al., 2002). Nevertheless, there
are several examples where large investments in building
technical and institutional capacity have dramatically improved
forestry practices (Dourojeanni, 1999).
Policies aimed at liberalizing trade in forest products
have mixed impacts on forest management practices. Trade
liberalization in forest products can enhance competition
and can make improved forest management practices more
economically attractive in mature markets (Clarke, 2000).
But, in the relatively immature markets of many developing
countries, liberalization may act to magnify the effects of policy
and market failures (Sizer et al., 1999).
The recent FAO forest assessment conservatively estimates
WKDWLQVHFWVGLVHDVHDQG¿UHDQQXDOO\LPSDFWRIWKHIRUHVWV
in reporting countries (FAO, 2005). Policies that successfully
increase the forest protection against natural disturbance agents
may reduce net emissions from forest lands (Richards et al.,
 ,QLQGXVWULDOL]HGFRXQWULHVDKLVWRU\RI¿UHVXSSUHVVLRQ
and a lack of thinning treatments have created high fuel loads in
PDQ\SXEOLFIRUHVWVVXFKWKDWZKHQ¿UHVGRRFFXUWKH\UHOHDVH
large quantities of carbon (Schelhaas et al., 2003).
A major technical obstacle is designing careful management
interventions to reduce fuel loading and to restore landscape
heterogeneity to forest structure (USDA Forest Service, 2000).
Scaling up their application to large forested areas, such as in
Western USA, Northern Canada or Russia, could lead to large
gains in the conservation of existing carbon stocks (Sizer et al.,
  )RUHVW ¿UH SUHYHQWLRQ DQG VXSSUHVVLRQ FDSDFLWLHV DUH
rudimentary in many developing countries, but trial projects
VKRZ WKDW ZLWK VXI¿FLHQW UHVRXUFHV DQG WUDLQLQJ VLJQL¿FDQW
UHGXFWLRQVLQIRUHVW¿UHVFDQEHDFKLHYHG ,772 
9ROXQWDU\ FHUWL¿FDWLRQ WR VXVWDLQDEOH IRUHVW PDQDJHPHQW
standards aims to improve forest management by providing
incentives such as increased market access or price premiums
WR FHUWL¿HG SURGXFHUV ZKR PHHW WKHVH VWDQGDUGV 9DULRXV

Forestry

FHUWL¿FDWLRQ VFKHPHV KDYH FROOHFWLYHO\ FHUWL¿HG KXQGUHGV RI
PLOOLRQV RI KHFWDUHV LQ WKH ODVW GHFDGH DQG FHUWL¿FDWLRQ FDQ
result in measurable improvements in management practices
*XOOLVRQ   +RZHYHU YROXQWDU\ FHUWL¿FDWLRQ HIIRUWV WR
date continue to be challenged in improving the management of
forest managers operating at low standards, where the potential
for improvement and net emissions reductions are greatest. One
possible approach to overcome current barriers in areas with
weak forest management practices is to include stepwise or
SKDVHGDSSURDFKHVWRFHUWL¿FDWLRQ $W\LDQG6LPXOD 
9.6.4

Policies to increase substitution of forestderived biofuels for fossil fuels and biomass
for energy-intensive materials

Countries may promote the use of bio-energy for many
non-climate reasons, including increasing energy security and
promoting rural development (Parris, 2004). Brazil, for example,
has a long history of encouraging plantation establishment for
the production of industrial charcoal by offering a combination
of tax exemption for plantation lands, tax exemption for income
originating from plantation companies, and deductibility of
funds used to establish plantations (Couto and Betters, 1995).
The United States provides a range of incentives for ethanol
production including exclusion from excise taxes, mandating
clean air performance requirements that created markets
for ethanol, and tax incentives and accelerated depreciation
schedules for electricity generating equipment that burn
biomass (USDOE, 2005). The Australian Government’s
Mandatory Renewable Energy Target, which seeks to create
a market for renewable energy, provides incentives for the
development of renewable energy from plantations and wood
waste (Government of Australia, 2006).
Building codes and other government policies that, where
appropriate, can promote substitution of use of sustainably
harvested forest products wood for more energy-intensive
construction materials may have substantial potential to
reduce net emissions (Murphy, 2004). Private companies and
individuals may also modify procurement to prefer or require
FHUWL¿HG ZRRG IURP ZHOOPDQDJHG IRUHVWV RQ HQYLURQPHQWDO
grounds. Such efforts might be expanded once the climate
PLWLJDWLRQEHQH¿WVRIVXVWDLQDEO\KDUYHVWHGZRRGSURGXFWVDUH
more fully recognized.
9.6.5

Strengthening the role of forest policies in
mitigating climate change

Policies have generally been most successful in changing
forestry activities where they are consistent with underlying
SUR¿WDELOLW\ LQFHQWLYHV RU ZKHUH WKHUH LV VXI¿FLHQW SROLWLFDO
ZLOO ¿QDQFLDO UHVRXUFHV DQG UHJXODWRU\ FDSDFLW\ IRU HIIHFWLYH
implementation. Available evidence suggests that policies that
seek to alter forestry activities where these conditions do not
apply have had limited effectiveness. Additional factors that
LQÀXHQFH WKH SRWHQWLDO IRU QRQFOLPDWH SROLFLHV WR UHGXFH QHW
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Box 9.4: Non-climate forest policies as an element of carbon management in the United States
Many programmes in the United States support the establishment, retention, and improved management of forest cover on
private lands. These entail contracts and subsidies to private landowners to improve or change land-use management practices. USDA also provides technical information, research services, cost sharing and other ﬁnancial incentives to improve
land management practices, including foresting marginal agricultural lands, and improving the management of existing of
forests. Examples include the Conservation Reserve Program; Forestry Incentives Program, and Partners for Wildlife; (Richards et al., 2006). For example, in the 20-year period between 1974 and 1994, the Forestry Incentives Program spent 200
US$ million to fund 1.34 million hectares of tree planting; 0.58 million hectares of stand improvement; and 11 million hectares
of site preparation for natural regeneration (Gaddis et al., 1995).
Richards et al. (2006) suggest that substantial gains in carbon sequestration and storage could be achieved by increasing the
resources and scope of these programmes and through new results-based programmes, which would reward landowners
based on the actual carbon they sequester or store.

Box 9.5: Non-climate forest policies as an element of carbon management in Africa
Forest and land use policies across African countries have historically passed through two types of governance: Under traditional systems controlled by families, traditional leaders and communities, decisions regarding land allocation, redistribution
and protection were the responsibility of local leaders. Most land and resources were under relatively sustainable management by nomadic or agro-pastoralist communities who developed systems to cope with vulnerable conditions. Agriculture
was typically limited to shifting cultivation, with forest and range resources managed for multiple beneﬁts.
Under central government systems, land-use policies are sectoral-focused, with strong governance in the agricultural sector.
Agriculture expansion policies typically dominate land use at the expense of forestry and rangeland management. This has
greatly inﬂuenced present day forest and range policies and practices and resulted in vast land degradation (IUCN, 2002;
2004).The adoption of centralized land management policies and legislation system has often brought previously community-oriented land management systems into national frameworks, largely without the consent and involvement of local communities. Central control is reﬂected in large protected areas, with entry of local communities prevented.
Presently, contradiction and conﬂicts in land-use practices between sectors and communities is common. Negotiations
demanding decentralization and equity in resource distribution may lead to changes in land tenure systems in which communities and ofﬁcial organizations will increasingly agree to collaboration and joint management in which civil societies participate. Parastatal institutions, established in some countries, formulate and implement policies and legislation that coordinate
between sectors and to encourage community participation in land and resource management.
Land tenure categories characteristically include private holdings (5–25% of national area), communal land (usually small
percentage) and state lands (the majority of the land under government control). Each faces many problems generated by
conﬂicting rights of use and legislation that gives greater government control on types of resource use even under conditions
of private ownership. Land control system and land allocation policy adopted by central governments often have negative
impacts on land and tree tenure. Local communities are not encouraged to plant, conserve and manage trees on government
owned land that farmers use on lease systems. Even large-scale farmers who are allocated large areas for cultivation, abandon the land and leave it as bare when it becomes non-productive. Forest lands reserved and registered under community
ownership are communally managed on the basis of stakeholder system and shared beneﬁts.
Evidence from many case studies in Sudan suggests that integrated forest management where communities have access
rights to forest lands and are involved in management, is a key factor favouring the restoration of forest carbon stocks (IUCN,
2004). These projects provide examples of a collaborative system for the rehabilitation and use of the forest land property
based on deﬁned and acceptable criteria for land cultivation by the local people and for renewal of the forest crop.

emissions from the forest sector include their ability to (1)
provide relatively large net reductions per unit area; (2) be
potentially applicable at a large geographic scale; and, (3) have
relatively low leakage (Niesten et al., 2002).
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By these criteria, promising approaches across both
industrialized and developing countries include policies that
combat the loss of public forests to natural disturbance agents,
and “Payment for Environmental Services” (PES) systems
that provide an incentive for the retention of forest cover. In
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both cases, there are good examples where they have been
successfully implemented at small scales, and the impediments
to increasing scale are relatively well understood. There is also
a successful history of policies to create new forests, and these
have led to large on-site reductions in net emissions. Care must
be taken, however, to make sure that at plantation creation,
there is no displacement of economic or subsistence activities
that will lead to forest clearing elsewhere. Policies to increase
the substitution of fossil fuels with bio-energy have also had a
large positive impact on net emissions. If feedstock is forestry
waste, then there is little potential leakage. If new plantations are
created for biofuel, then care must be taken to reduce leakage.
Because forestry policies tend not to have climate mitigation
as core objective, leakage and other factors that may limit net
reductions are generally not considered. This may change as
countries begin to integrate climate change mitigation objectives
more fully into national forestry policies. Countries where such
integration is taking place include Costa Rica, the Dominican
Republic, and Peru (Rosenbaum et al., 2004).
9.6.6

Lessons learned from project-based
afforestation and reforestation since 2000

Experience is limited by the fact that Joint Implementation
LV QRW RSHUDWLRQDO \HW DQG WKH ¿UVW FDOO IRU DIIRUHVWDWLRQ DQG
reforestation (A/R) methodologies under CDM was only
issued in September 2004. In addition, the modalities and
procedures for CDM A/R as decided in December 2003 are
complex. Nevertheless, the capacities built up through the
development of projects and related methodologies should not
be underestimated. As of November 2006, 27 methodologies
were submitted, 17 from Latin America, four from Asia and
Africa respectively, and two from Eastern Europe. The four
which were approved by the CDM Executive Board relate to
projects located in China, Moldova, Albania and Honduras and
all consist of planting forests on degraded agricultural land. In
anticipation of Joint Implementation, several projects are under
development in several Annex I countries in Eastern Europe,
notably in Romania, Ukraine and the Czech Republic.

XVHDFWLYLWLHVUHÀHFWHGLQWKHEDVHOLQH3RSXODWLRQVSUHYLRXVO\
active on the project area may shift their activities to other
areas. In land protection projects, logging companies may
shift operations or buy timber from outside the project area
to compensate for reduced supply of the commodity (activity
outsourcing). Secondary leakage is not linked to project
participants or previous actors on the area. It is often a market
effect, where a project increases (by forest plantation) or
decreases (deforestation avoidance) wood supply. Quantitative
estimates of leakage (Table 9.9) suggest that leakage varies by
mitigation activity and region.
The order of magnitude and even the direction of leakage
(negative versus positive), however, depend on the project
design (Schwarze et al., 2003). Leakage risk is likely to be
low if a whole country or sector is involved in the mitigation
activity, or if project activities are for subsistence and do not
affect timber or other product markets. There are also welldocumented methods to minimize leakage of project-based
activities. For example, afforestation projects can be combined
with biomass energy plants, or they may promote the use
of timber as construction material. Fostering agricultural
LQWHQVL¿FDWLRQ LQ SDUDOOHO FDQ PLQLPL]H QHJDWLYH OHDNDJH
from increased local land demand. Where a project reduces
deforestation, it can also reduce pressure on forest lands, for
example, by intensifying the availability of fuel wood from
other sources for local communities. Projects can be designed
to engage local people formerly responsible for deforestation in
alternative income-generating activities (Sohngen and Brown,
2004).
Leakage appears to have a time dimension as well, due to
the dynamics of the forest carbon cycle and management (for
example, timing of harvest, planting and regrowth, or protection).
Analysis in the USA indicates that national afforestation in
response to a carbon price of 15 US$/tCO2 would have 39%
OHDNDJH LQ WKH ¿UVW WZR GHFDGHV EXW GHFOLQH WR  OHDNDJH
RYHU¿YHWRWHQGHFDGHVGXHWRIRUHVWPDQDJHPHQWG\QDPLFV
(US EPA, 2005).
9.6.6.2

There are voluntary project-based activities in the USA, with
DSURJUDPPHIRUWUDGLQJFHUWL¿FDWHVHVWDEOLVKHGE\WKH&KLFDJR
Climate Exchange (Robins, 2005). The Voluntary Reporting
(1605 (b)) Program of the US Department of Energy (USDOE,
2005) provides reporting guidelines for forestry activities. Since
the Special Report on LULUCF (IPCC, 2000a), there has been
methodological progress in several areas discussed below.
9.6.6.1

Leakage

There is no indication that leakage effects are necessarily
higher in forestry than in project activities in other sectors
EXW WKH\ FDQ EH VLJQL¿FDQW &KRPLW]   6RPH VWXGLHV
distinguish between primary and secondary effects. A primary
HIIHFW LV GH¿QHG DV UHVXOWLQJ IURP DJHQWV WKDW SHUIRUP ODQG

Potential non-permanence of carbon storage

The reversibility of carbon removal from the atmosphere
creates liability issues whenever integrating land use in any
kind of accounting system. There needs to be a liability for
the case that carbon is released back into the atmosphere
because Parties to the UNFCCC agreed, “…that reversal of any
removal due to land use, land-use change and forestry activities
be accounted for at the appropriate point in time” (UNFCCC,
  ,Q  WKH &RORPELDQ GHOHJDWLRQ ¿UVW SUHVHQWHG D
SURSRVDO WR FUHDWH H[SLULQJ &HUWL¿HG (PLVVLRQ 5HGXFWLRQV
under CDM (UNFCCC, 2001). Its basic idea is that the validity
RI &HUWL¿HG (PLVVLRQ 5HGXFWLRQV &(5V  IURP DIIRUHVWDWLRQ
and reforestation project activities under CDM is linked to
the time of existence of the relating stocks. The principle of
temporary crediting gained support over the subsequent years.
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Table 9.9: Forestry mitigation activity leakage estimates by activity, estimation method and region from the literature
Activity

Region

Leakage estimation
method

Estimated leakage rate
(% of carbon mitigation)

Source

Afforestation of degraded
lands

Kolar district, Karnataka,
India hypothetical project

Household wood demand
survey

Plantations, forest
conservation, agro-forestry
of degraded lands

Magat watershed,
Philippines hypothetical
project

Historical rates of
technology adoption

Afforestation on small
landowner parcels

Scolel Té project, Chiapas,
Mexico

Household wood demand
survey

0
(some positive leakage)

De Jong et al., 2007

Afforestation degraded
uplands

Betalghat hypothetical
project, Uttaranchal, India

Household wood demand
survey

10
from fuelwood, fodder

Hooda et al., 2007

Afforestation, farm forestry

Bazpur hypothetical
project, Uttaranchal, India

Household wood demand
survey

20
from fuelwood, poles

Hooda et al., 2007

Afforestation: tropical region estimates
0.02

Ravindranath, et al., 2007

19 – 41

Authors estimates based
on Lasco et al., 2007

Afforestation: global and temperate region estimates
Afforestation (plantation
establishment)

Global

PEM

0.4-15.6

Sedjo and Sohngen, 2000

Afforestation

USA-wide

PEM

18-42

Afforestation only

USA-wide

PEM

24

US EPA, 2005

Afforestation and forest
management jointly

USA-wide

PEM

-2.8 a)

US EPA, 2005

Murray et al., 2004

Avoided deforestation: tropical region estimates
Avoided deforestation

Bolivia, Noel Kempff
project and national

PEM

2-38 discounted
5-42 undiscounted

Sohngen and Brown, 2004

Avoided deforestation

Northeast USA

Avoided deforestation

Rest of USA

PEM

0-92

US EPA, 2005

Avoided deforestation

Paciﬁc Northwest USA

PEM

8-16

US EPA, 2005

Avoided deforestation
(reduced timber sales)

Paciﬁc Northwest USA

Econometric model

Biofuel production (short
rotation woody crops)

USA

PEM

Avoided deforestation and biofuels: temperate region estimates

a)

PEM

41-43

43 West region
58 Continental US
84 US and Canada
0.2

US EPA, 2005

Wear and Murray, 2004

US EPA, 2005

Negative leakage rate means positive leakage; PEM means partial equilibrium model of forest and/or agriculture sector(s).

Source: Sathaye and Andrasko, 2007

Consequently, the Milan Decision 19/CP.9 (UNFCCC, 2003)
created two types of expiring CERs: temporary CERs - tCERs
and long-term CERs - lCERs. The validity of both credit types is
OLPLWHGDQGUHÀHFWHGRQWKHDFWXDOFHUWL¿FDWH7KHFUHGLWRZQHU
is liable to replace them when they expire or when the relating
stocks are found to be lost at the end of the commitment period.
$IIRUHVWDWLRQDQGUHIRUHVWDWLRQSURMHFWVQHHGWREHYHUL¿HG¿UVW
at a time at the discretion of the project participants, and in
LQWHUYDOVRIH[DFWO\¿YH\HDUVWKHUHDIWHU7KHYDOXHRIWHPSRUDU\
CERs critically depends on the market participants’ mitigation
cost expectations for future commitment periods. Assuming
constant carbon prices, the price for a temporary CER during
WKH¿UVWFRPPLWPHQWSHULRGLVHVWLPDWHGWRUDQJHEHWZHHQ
and 35 % of that of a permanent CER from any other mitigation
572

activity (Dutschke, et al., 2005). This solution is safe from the
environmental integrity point of view, yet it has created much
uncertainty among project developers (Pedroni, 2005).
9.6.6.3

Additionality and baselines

A project that claims carbon credits for mitigation needs to
demonstrate its additionality by proving that the same mitigation
effect would not have taken place without the project. For
CDM, the Executive Board’s Consolidated Additionality Tool
RIIHUVDVWDQGDUGL]HGSURFHGXUHWRSURMHFWGHYHORSHUV6SHFL¿F
for CDM afforestation and reforestation (A/R), there is an area
HOLJLELOLW\ WHVW DORQJ WKH IRUHVW GH¿QLWLRQV SURYLGHG XQGHU WKH
relevant Decision 11/CP.7 in order to avoid implementation
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on areas that prior to the project start were forests in 1990
or after. In the modalities and procedures for CDM, there are
three different baseline approaches available for A/R. So far,
only one has been successfully applied in the four approved
methodologies.
9.6.6.4

to overcome uncertainty among potential buyers and investors,
and to prevent negative social and environmental impacts.

9.7 Forests and Sustainable
Development

Monitoring

For project monitoring, there is now an extended guidance
available (IPCC, 2006; USDOE, 2005). Monitoring costs
depend on many variables, including the project complexity
(including the number of stakeholders involved), heterogeneity
of the forest type, the number and type of carbon pools, and GHG
to be monitored and the appropriate measurement frequencies.
There is a trade-off between the completeness of monitoring
data and the carbon price that can be achieved: monitoring costs
can sum up an important share of a project’s transaction costs.
Proper design of the monitoring plan is, therefore, essential for
the economic viability of forestry projects. If project developers
can demonstrate that omitting particular carbon pools from
WKH SURMHFW¶V TXDQWL¿FDWLRQ H[HUFLVH GRHV QRW FRQVWLWXWH DQ
RYHUHVWLPDWHRIWKHSURMHFW¶V*+*EHQH¿WVVXFKSRROVPD\EH
left outside the monitoring plan.

Sustainable forest management of both natural and planted
forests is essential to achieving sustainable development. It is
a means to reduce poverty, reduce deforestation, halt the loss of
forest biodiversity, and reduce land and resource degradation,
and contribute to climate change mitigation. Forests play an
important role in stabilization of greenhouse gas concentrations
in the atmosphere while promoting sustainable development
(Article 2; Kyoto Protocol). Thus, forests have to be seen in
the framework of the multiple dimensions of sustainable
GHYHORSPHQWLIWKHSRVLWLYHFREHQH¿WVIURPIRUHVWU\PLWLJDWLRQ
activities have to be maximized. Important environmental,
VRFLDO DQG HFRQRPLF DQFLOODU\ EHQH¿WV FDQ EH JDLQHG E\
considering forestry mitigation options as an element of the
broader land management plans.
9.7.1

9.6.6.5

Conceptual aspects

Options for scaling up

Despite relative low costs and many possible positive sideeffects, the pace with which forest carbon projects are being
implemented is slow. This is due to a variety of barriers.
Barriers can be categorized as economic, risk-related, political/
bureaucratic, logistic, and capacity or political will (the latter
barrier also occurring in industrialized countries; Trines et al.,
2006). One of the most important climate-related barriers is the
complexity of the rules for afforestation and reforestation project
activities. This leads to uncertainty among project developers
and investors. Temporary accounting of credits is a major
obstacle for two reasons: (1) The future value of temporary
&(5V GHSHQGV RQ WKH EX\HU¶V FRQ¿GHQFH LQ WKH XQGHUO\LQJ
project. This may limit investor interest in getting involved in
project development. (2) The value of temporary CERs hinges
on future allowance price expectations because they will have
to be replaced in future commitment periods. Furthermore,
EU has deferred its decision to accept forestry credits under
its emissions trading scheme. Even if EU decided to integrate
WKHVHFUHGLWVWKLVZRXOGFRPHWRRODWHWRWDNHHIIHFWLQWKH¿UVW
commitment period because trees need time to grow. Given the
low value of temporary CERs, transaction costs have a higher
share in afforestation and reforestation than in energy mitigation
SURMHFWV6LPSOL¿HGVPDOOVFDOHUXOHVZHUHLQWURGXFHGLQRUGHUWR
reduce transaction costs, but the maximum size of 8 kilotonnes
of average annual CO2 net removal limits their viability.
For forestry mitigation projects to become viable on a
larger scale, certainty over future commitments is needed
because forestry needs a long planning horizon. Rules need
to be streamlined, based on the experience gathered so far.
Standardization of project assessment can play important roles

Forestry policies and measures undertaken to reduce GHG
HPLVVLRQVPD\KDYHVLJQL¿FDQWSRVLWLYHRUQHJDWLYHLPSDFWVRQ
environmental and sustainable development objectives that are
a central focus of other multilateral environmental agreements
(MEAs), including UN Convention on Biological Diversity
&%' 81&RQYHQWLRQWR&RPEDW'HVHUWL¿FDWLRQ &&' DQG
Ramsar Convention on Wetlands. In Article 2.1(a, b), Kyoto
Protocol, Parties agreed various ways to consider potential
impacts of mitigation options and whether and how to establish
some common approaches to promoting the sustainable
development contributions of forestry measures. In addition,
a broad range of issues relating to forest conservation and
sustainable forest management have been the focus of recent
dialogues under the Intergovernmental Forum on Forests.
Recent studies highlighted that strategic thinking about the
transition to a sustainable future is particularly important for
land (Swanson et al., 2004). In many countries, a variety of
separate sets of social, economic and environmental indicators
DUHXVHGPDNLQJLWGLI¿FXOWWRDOORZIRUDGHTXDWHPRQLWRULQJ
and analysis of trade-offs between these interlinked dimensions.
Still, sustainable development strategies often remain in the
periphery of government decision-making processes; and lack
coordination between sub-national and local institutions; and
economic instruments are often underutilized.
To manage forest ecosystems in a sustainable way implies
knowledge of their main functions, and the effects of human
SUDFWLFHV ,Q UHFHQW \HDUV VFLHQWL¿F OLWHUDWXUH KDV VKRZQ
an increasing attempt to understand integrated and longterm effects of current practices of forest management on
573
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sustainable development. But often, environmental or socioeconomic effects are considered in isolation, or there is no
VXI¿FLHQW XQGHUVWDQGLQJ RI WKH SRWHQWLDO ORQJWHUP LPSDFWV
of current practices on sustainable development. Payment for
Environmental Services (PES) schemes for forest services
(recognizing carbon value) may be foreseen as part of forest
management implementation, providing new incentives to
change to more sustainable decision patterns. Experience,
however, is still fairly limited and is concentrated in a few
countries, notably in Latin America, and has had mixed results
to date (Wunder, 2004).
Important environmental, social, and economic ancillary
EHQH¿WV FDQ EH JDLQHG E\ FRQVLGHULQJ IRUHVWU\ PLWLJDWLRQ
options as an element of the broad land management plans,
pursuing sustainable development paths, involving local people
and stakeholders and developing adequate policy frameworks.
9.7.2

Ancillary effects of GHG mitigation policies

&OLPDWH PLWLJDWLRQ SROLFLHV PD\ KDYH EHQH¿WV WKDW JR
beyond global climate protection and actually accrue at the
local level (Dudek et al. 6LQFHDQFLOODU\EHQH¿WVWHQG
to be local, rather than global, identifying and accounting
for them can reduce or partially compensate the costs of the
PLWLJDWLRQ PHDVXUHV +RZHYHU IRUHVWV IXO¿O PDQ\ LPSRUWDQW
environmental functions and services that can be enhanced
or negatively disturbed by human activities and management
decisions. Negative effects can be triggered by some mitigation
options under certain circumstances. Positive and negative
impacts of mitigation options on sustainable development are
presented in Table 9.10.
Stopping or slowing deforestation and forest degradation
(loss of carbon density) and sustainable forest management may
VLJQL¿FDQWO\ FRQWULEXWH WR DYRLGHG HPLVVLRQV FRQVHUYH ZDWHU
UHVRXUFHVDQGSUHYHQWÀRRGLQJUHGXFHUXQRIIFRQWUROHURVLRQ
UHGXFHULYHUVLOWDWLRQDQGSURWHFW¿VKHULHVDQGLQYHVWPHQWVLQ
hydroelectric power facilities; and at the same time, preserve
biodiversity (Parrotta, 2002). Thus, avoided deforestation
has large positive implications for sustainable development.
)XUWKHUQDWXUDOIRUHVWVDUHDVLJQL¿FDQWVRXUFHRIOLYHOLKRRGVWR
hundreds and millions of forest-dependent communities.
Plantations provide an option to enhance terrestrial sinks and
mitigate climate change. Effects of plantations on sustainable
development of rural societies have been diverse, depending on
socio-economic and environmental conditions and management
UHJLPH3ODQWDWLRQVPD\KDYHHLWKHUVLJQL¿FDQWSRVLWLYHDQGRU
negative effects (environmental and social effects). They can
positively contribute, for example, to employment, economic
growth, exports, renewable energy supply and poverty
alleviation. In some instances, plantation may also lead to
negative social impacts such as loss of grazing land and source
of traditional livelihoods.
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Large investments have been made in commercial plantations
on degraded lands in Asia. However, lack of consultation with
stakeholders (state of land tenure and use rights) may result in
failure to achieve the pursued results. Better integration between
social goals and afforestation is necessary (Farley et al., 2004).
As demand increases for lands to afforest, more comprehensive,
multidimensional environmental assessment and planning will
be required to manage land sustainably.
Agro-forestry can produce a wide range of economic, social
DQG HQYLURQPHQWDO EHQH¿WV DQG SUREDEO\ ZLGHU WKDQ LQ FDVH
of large-scale afforestation. Agro-forestry systems could be an
interesting opportunity for conventional livestock production
ZLWKORZ¿QDQFLDOUHWXUQVDQGQHJDWLYHHQYLURQPHQWDOHIIHFWV
(overgrazing and soil degradation). For many livestock
IDUPHUV ZKR PD\ IDFH ¿QDQFLDO EDUULHUV WR GHYHORS WKLV W\SH
of combined systems (e.g., silvo-pastoral systems), payment
for environmental services could contribute to the feasibility of
these initiatives (Gobbi, 2003). Shadow trees and shelter may
KDYHDOVREHQH¿FLDOHIIHFWVRQOLYHVWRFNSURGXFWLRQDQGLQFRPH
as reported by Bentancourt et al., (2003). Little evidence of
local extinctions and invasions of species risking biodiversity
has been found when practising agro-forestry (Clavijo et al.,
2005).
9.7.3

Implications of mitigation options on water,
biodiversity and soil

The Millennium Development Goals (MDGs) aim at
poverty reduction, and to improve health, education, gender
equality, sanitation and environmental sustainability to promote
Sustainable Development. )RUHVW VHFWRU FDQ VLJQL¿FDQWO\
contribute to reducing poverty and improving livelihoods
(providing access to forest products such as fuelwood, timber,
and non timber products). Land degradation, access to water
and food and human health remained at the centre of global
attention under the debate on the World Summit on Sustainable
'HYHORSPHQW :66' $IRFXVRQ¿YHNH\WKHPDWLFDUHDVZDV
proposed (Water, Energy, Health, Agriculture, and Biodiversity
-WEHAB), driving attention to the fact that managing the
natural resources like forest in a sustainable and integrated
manner is essential for sustainable development. In this regard,
to reverse the current trend in forest degradation as soon as
possible, strategies need to be implemented that include targets
adopted at national and, where appropriate, regional levels to
protect ecosystems and to achieve integrated management of
land, water and living resources associated to forest areas, while
strengthening regional, national and local capacities.
Literature describing in detail the environmental impacts of
different forest activities is still scarce and focuses mostly on
planted forests. For these reasons, the discussion focuses more
RQSODQWDWLRQV,WLVLPSRUWDQWWRXQGHUOLQHWKDWZKLOHEHQH¿WVRI
FOLPDWHFKDQJHPLWLJDWLRQDUHJOREDOFREHQH¿WVDQGFRVWVWHQG
to be local (OECD, 2002) and, in accordance, trade-offs have to
be considered at local level.
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Table 9.10: Sustainable development implications of forestry mitigation
Sustainable development implications

Activity
category

Social

Economic

Environmental

Positive or negative

Positive

A. Increasing or maintaining the forest area
Reducing
deforestation
and forest
degradation

Afforestation/
reforestation

Positive
Promotes livelihood.

Provides sustained income for poor
communities.
Forest protection may reduce local
incomes.

Biodiversity conservation. Watershed
protection.
Soil protection. Amenity values (Nature
reserves, etc.)

Positive or negative

Positive or negative

Positive or negative

Promotes livelihood.
Slows population migration to other areas
(when a less intense land use is replaced).
Displacement of people may occur if the
former activity is stopped, and alternate
activities are not provided.
Inﬂux of outside population has impacts
on local population.

Creation of employment (when less
intense land use is replaced).
Increase/decrease of the income of local
communities.
Provision of forest products (fuelwood,
ﬁbre, food construction materials) and
other services.

Impacts on biodiversity at the tree,
stand, or landscape level depend on
the ecological context in which they are
found.
Potential negative impacts in case
on biodiversity conservation (monospeciﬁc plantations replacing biodiverse
grasslands or shrub lands).
Watershed protection (except if waterhungry species are used) .
Losses in stream ﬂow.
Soil protection.
Soil properties might be negatively
affected.

B. Changing to sustainable forest management
Forest
management
in plantations

Sustainable
forest
management
in native
forest

Positive
Promotes livelihood.

Positive
Promotes livelihood.

Positive
Creation of employment
Increase of the income of local
communities.
Provision of forest products (fuelwood,
ﬁbre, food, construction materials) and
other services.
Positive
Creation of employment.
Increase of the income of local
communities.
Provision of forest products (fuelwood,
ﬁbre, food, construction materials) and
other services.

Positive
Enhance positive impacts and minimize
negative implications on biodiversity,
water and soils.

Positive
Sustainable management prevents forest
degradation, conserves biodiversity and
protects watersheds and soils.

C. Substitution of energy intensive materials
Substitution
of fossil
intensive
products
by wood
products

Positive or negative

Positive

Negative

Forest owners may beneﬁt.
Potential for competition with the
agricultural sector (food production, etc.).

Increased local income and employment
in rural and urban areas.
Potential diversiﬁcation of local
economies.
Reduced imports.

Non-sustainable harvest may lead to loss
of forests, biodiversity and soil.

Positive or negative

Positive or negative

Positive or negative

Forest owners may beneﬁt.
Potential for competition with the
agricultural sector (food production, etc.)

Increased local income and employment.
Potential diversiﬁcation of local
economies.
Provision of renewable and independent
energy source.
Potential competition with the
agricultural sector (food production, etc.)

D. Bio-energy
Bio-energy
production
from forestry

Beneﬁts if production of fuelwood is
done in a sustainable way.
Mono speciﬁc short rotation plantations
for energy may negatively affect
biodiversity, water and soils, depending
on site conditions.
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Water cycle: Afforestation may result in better balance in
WKHUHJLRQDOZDWHUF\FOHEDODQFHE\UHGXFLQJUXQRIIÀRRGLQJ
and control of groundwater recharge and watersheds protection.
However, massive afforestation grasslands may reduce water
ÀRZLQWRRWKHUHFRV\VWHPVDQGULYHUVDQGDIIHFWDTXLIHUVOD\HU
DQG UHFKDUJH DQG OHDG WR VXEVWDQWLDO ORVVHV LQ VWUHDP ÀRZ
(Jackson et al, 2005). In addition, some possible changes in soil
properties are largely driven by changes in hydrology.
Soils: Intensively managed plantations have nutrient demands
that may affect soil fertility and soil properties, for example
leading to higher erosion of the uncovered mineral soil surface
(Perez-Bidegain et al., 2001; Carrasco-Letellier et al., 2004);
and biological properties changes (Sicardi et al., 2004) if the
choice of species is not properly matched with site conditions.
Regarding chemical properties, increased Na concentrations,
exchangeable sodium percentage and soil acidity, and decreased
base saturation have been detected in many situations. (Jackson,
et al., 2005).In general, afforestation of low soil carbon croplands
may present considerable opportunities for carbon sequestration
in soil, while afforestation of grazing land can result in relatively
smaller increases or decreases in soil carbon (Section 9.4.2.2).
Most mitigation options other than monoculture plantations
conserve and protect soils and watersheds.
Biodiversity: Plantations can negatively affect biodiversity
if they replace biologically rich native grassland or wetland
habitats (Wagner, et al., 2006). Also, plantations can have
either positive or negative impacts on biodiversity depending
on management practices (Quine and Humphrey, 2005).
Plantations may act as corridors, source, or barriers for different
species, and a tool for landscape restoration (Parrota, 2002).
Other forestry mitigation options such as reducing deforestation,
agro-forestry, multi-species plantations, and sustainable native
forest management lead to biodiversity conservation.
Managing plantations to produce goods (such as timber)
while also enhancing ecological services (such as biodiversity)
involves several trade-offs. Overcoming them involves a clear
understanding of the broader ecological context in which
plantations are established as well as participation of the
different stakeholders. The primary management objective of
most industrial plantations traditionally has been to optimize
timber production. This is not usually the case in small-scale
plantations owned by farmers, where more weight is given
to non-timber products and ecological services. A shift from
a stand level to a broader forest and non-forest landscape
level approach will be required to achieve a balance between
ELRGLYHUVLW\DQGSURGXFWLYLW\SUR¿WDELOLW\
The literature seems to suggest that plantations, mainly
industrial plantations, require careful assessment of the
potential impacts on soils, hydrological cycle and biodiversity,
and that negative impacts could be controlled or minimized
if adequate landscape planning and basin management and
good practices are introduced. Carbon sequestration strategies
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with afforestation of non-forest lands should consider their
full environmental consequences. The ultimate balance of coEHQH¿WVDQGLPSDFWVGHSHQGVRQWKHVSHFL¿FVLWHFRQGLWLRQVDQG
previous and future land and forest management.

9.8 Technology, R&D, deployment,
diffusion and transfer
R&D and technology transfer have a potential to promote
forest sector mitigation options by increasing sustainable
SURGXFWLYLW\FRQVHUYLQJELRGLYHUVLW\DQGHQKDQFLQJSUR¿WDELOLW\
Technologies are available for promoting mitigation options
from national level to forest stand level, and from single
forest practices to broader socio-economic approaches (IPCC,
2000b).
Traditional and/or existing techniques in forestry including
planting, regeneration, thinning and harvesting are fundamental
for implementation of mitigation options such as afforestation,
reforestation, and forest management. Further, improvement of
such sustainable techniques is required and transfer could build
capacity in developing countries. Biotechnology may have an
important role especially for afforestation and reforestation. As
the area of planted forests including plantations of fast-growing
species for carbon sequestration increases, sustainable forestry
practices will become more important for both productivity and
environment conservation.
The development of suitable low-cost technologies will
be necessary for promoting thinning and mitigation options.
Moreover, technology will have to be developed for making
effective use of small wood, including thinned timber, in forest
products and markets. Thinning and tree pruning for fuelwood
and fodder are regularly conducted in many developing
countries as part of local integrated forest management
strategies. Although natural dynamics are part of the forest
HFRV\VWHPVXSSUHVVLRQRIIRUHVW¿UHVDQGSUHYHQWLRQRILQVHFW
and pest disease are important for mitigation.
Regarding technology for harvesting and procurement,
mechanized forest machines such as harvesters, processors and
forwarders developed in Northern Europe and North America
have been used around the world for the past few decades.
Mechanization under sustainable forest management seems to
be effective for promoting mitigation options including product
and energy substitution (Karjalainen and Asikainen, 1996).
However, harvesting and procurement systems vary due to
terrain, type of forest, infrastructure and transport regulations,
and appropriate systems also vary by regions and countries.
Reduced impact logging is considered in some cases such as in
tropical forests (Enters et al., 2002).
There is a wide array of technologies for using biomass
IURPSODQWDWLRQVIRUGLUHFWFRPEXVWLRQJDVL¿FDWLRQS\URO\VLV
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and fermentation (see Section 4.3.3.3). To conserve forest
resources, recycling of wood waste material needs to be
expanded. Technology for manufacturing waste-derived board
has almost been established, but further R&D will be necessary
to re-use waste sawn timber, or to recycle it as lumber. While
these technologies often need large infrastructure and incentives
in industrialized countries, practical devices such as new
JHQHUDWLRQVRIHI¿FLHQWZRRGEXUQLQJFRRNLQJVWRYHV 0DVHUD
et al., 2005) have proved effective in developing countries. They
are effective as a means to reduce the use of wood fuels derived
from forests, at the same time providing tangible sustainable
GHYHORSPHQW EHQH¿WV IRU ORFDO SHRSOH VXFK DV UHGXFWLRQ LQ
indoor air pollution levels.
7HFKQRORJLFDO5 'IRUHVWLPDWLRQRIFDUERQVWRFNVDQGÀX[HV
is fundamental not only for monitoring but also for evaluating
policies. Practical methods for estimating carbon stocks and
ÀX[HVEDVHGRQIRUHVWLQYHQWRULHVDQGUHPRWHVHQVLQJKDYHEHHQ
recommended in the Good Practice Guidance for LULUCF
(IPCC, 2003). Over the last three decades, earth observation
satellites have increased in number and sophistication (DeFries
et al., 2006). High-resolution satellite images have become
available, so new research on remote sensing has begun on
using satellite radar and LIDAR (light detection and ranging)
for estimating forest biomass (Hirata et al., 2003). Remote
sensing methods are expected to play an increasing role in
future assessments, especially as a tool for mapping land cover
and its change over time. However, converting these maps
into estimates of carbon sources and sinks remains a challenge
and will continue to depend on in-situ measurements and
modelling.
Large-scale estimations of the forest sector and its carbon
balance have been carried out with models such as the CBMCFS2 (Kurz and Apps, 2006), CO2FIX V.2 model (Masera et
al., 2003), EFISCEN (Nabuurs et al., 2005, 2006), Full CAM
(Richards and Evans, 2004), and GORCAM (Schlamadinger
and Marland, 1996).
Micrometeorological observation of carbon dioxide
exchange between the terrestrial ecosystem and the atmosphere
has been carried out in various countries (Ohtani, 2005). Based
on the observation, a global network FLUXNET (Baldocchi
et al., 2001) and regional networks including AmeriFlux,
EUROFLUX, AsiaFlux and OzNet are being enlarged for
stronger relationships.
1HZWHFKQRORJLHVIRUPRQLWRULQJDQGYHUL¿FDWLRQLQFOXGLQJ
UHPRWH VHQVLQJ FDUERQ ÀX[ PRGHOOLQJ PLFURPHWHRURORJLFDO
observation and socio-economic approaches described above
will facilitate the implementation of mitigation options.
)XUWKHUPRUHWKHLQWHJUDWLRQRIVFLHQWL¿FNQRZOHGJHSUDFWLFDO
techniques, socio-economic and political approaches will
EHFRPHLQFUHDVLQJO\VLJQL¿FDQWIRUPLWLJDWLRQWHFKQRORJLHVLQ
the forest sector.
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Few forest-based mitigation analyses have been conducted
using primary data. There is still limited insight regarding
impacts on soils, lack of integrated views on the many siteVSHFL¿F VWXGLHV KDUGO\ DQ\ LQWHJUDWLRQ ZLWK FOLPDWH LPSDFW
studies, and limited views in relation to social issues and
sustainable development. Little new effort was reported on the
development of global baseline scenarios of land-use change and
their associated carbon balance, against which mitigation options
could be examined. There is limited quantitative information on
WKHFRVWEHQH¿WUDWLRVRIPLWLJDWLRQLQWHUYHQWLRQV
Technology deployment, diffusion and transfer in the
IRUHVWU\VHFWRUSURYLGHDVLJQL¿FDQWRSSRUWXQLW\WRKHOSPLWLJDWH
climate change and adapt to potential changes in the climate.
Apart from reducing GHG emissions or enhancing the carbon
sinks, technology transfer strategies in the forest sector have the
potential to provide tangible socio-economic and local and global
HQYLURQPHQWDOEHQH¿WVFRQWULEXWLQJWRVXVWDLQDEOHGHYHORSPHQW
(IPCC, 2000b). Especially, technologies for improving
productivity, sustainable forest management, monitoring, and
YHUL¿FDWLRQ DUH UHTXLUHG LQ GHYHORSLQJ FRXQWULHV +RZHYHU
H[LVWLQJ¿QDQFLDODQGLQVWLWXWLRQDOPHFKDQLVPLQIRUPDWLRQDQG
technical capacity are inadequate. Thus, new policies, measures
and institutions are required to promote technology transfer in
the forest sector.
For technology deployment, diffusion and transfer,
governments could play a critical role in: a) providing targeted
¿QDQFLDO DQG WHFKQLFDO VXSSRUW WKURXJK PXOWLODWHUDO DJHQFLHV
(World Bank, FAO, UNDP, UNEP), in developing and enforcing
the regulations to implement mitigation options; b) promoting
the participation of communities, institutions and NGOs in
forestry projects; and c) creating conditions to enable the
participation of industry and farmers with adequate guidelines
to ensure forest management and practices as mitigation options.
In addition, the role of private sector funding of projects needs
to be promoted under the new initiatives, including the proposed
ÀH[LEOH PHFKDQLVPV XQGHU WKH .\RWR 3URWRFRO 7KH *OREDO
Environmental Facility (GEF) could fund projects that actively
promote technology transfer and capacity building in addition
to the mitigation aspects (IPCC, 2000b).

9.9

Long-term outlook

Mitigation measures up to 2030 can prevent the biosphere
going into a net source globally. The longer-term mitigation
prospects (beyond 2030) within the forestry sector will
EH LQÀXHQFHG E\ WKH LQWHUUHODWLRQVKLS RI D FRPSOH[ VHW RI
environmental, socio-economic and political factors. The
history of land-use and forest management processes in the last
century, particularly within the temperate and boreal regions,
as well as on the recent patterns of land-use will have a critical
effect on the mitigation potential.
Several studies have shown that uncertainties in the
contemporary carbon cycle, the uncertain future impacts of
577
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climatic change and its many dynamic feedbacks can cause
large variation in future carbon balance projections (Lewis
et al., 2005). Other scenarios suggest that net deforestation
pressure will slow over time as population growth slows and
crop and livestock productivity increase. Despite continued
projected loss of forest area, carbon uptake from afforestation
and reforestation could result in net sequestration (Section
3.2.2).
Also, the impacts of climate change on forests will be a
major source of uncertainty regarding future projections (Viner
et al., 2006). Other issues that will have an effect on the longterm mitigation potential include future sectoral changes within
forestry, changes in other economic sectors, as well as political
and social change, and the particular development paths
ZLWKLQLQGXVWULDOL]HGDQGGHYHORSLQJFRXQWULHVEH\RQGWKH¿UVW
half of the 21st century. The actual mitigation potential will
depend ultimately on solving structural problems linked to the
sustainable management of forests. Such structural problems
include securing land tenure and land rights of indigenous
people, reducing poverty levels in rural areas and the rural-urban
divide, and providing disincentives to short-term behaviour of
economic actors and others. Considering that forests store more
carbon dioxide than the entire atmosphere (Stern, 2006), the
role of forests is critical.
Forestry mitigation projections are expected to be regionally
unique, while still linked across time and space by changes in
global physical and economic forces. Overall, it is expected that
boreal primary forests will either be sources or sinks depending
on the net effect of some enhancement of growth due to climate
change versus a loss of soil organic matter and emissions from
LQFUHDVHG¿UHV7KHWHPSHUDWHIRUHVWVLQ86$(XURSH&KLQD
and Oceania, will probably continue to be net carbon sinks,
favoured also by enhanced forest growth due to climate change.
In the tropical regions, the human induced land-use changes
are expected to continue to drive the dynamics for decades. In
the meantime, the enhanced growth of large areas of primary
forests, secondary regrowth, and increasing plantation areas
will also increase the sink. Beyond 2040, depending on the
extent and effectiveness of forest mitigation activities within
tropical areas, and very particularly on the effectiveness of
policies aimed at reducing forest degradation and deforestation,
tropical forest may become net sinks. In the medium to long
term as well, commercial bio-energy is expected to become
increasingly important.
In the long-term, carbon will only be one of the goals that
drive land-use decisions. Within each region, local solutions
have to be found that optimize all goals and aim at integrated
and sustainable land use. Developing the optimum regional
strategies for climate change mitigation involving forests
will require complex analyses of the trade-offs (synergies and
competition) in land-use between forestry and other land uses,
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the trade-offs between forest conservation for carbon storage
and other environmental services such as biodiversity and
watershed conservation and sustainable forest harvesting to
SURYLGH VRFLHW\ ZLWK FDUERQFRQWDLQLQJ ¿EUH WLPEHU DQG ELR
energy resources, and the trade-offs among utilization strategies
of harvested wood products aimed at maximizing storage in
long-lived products, recycling, and use for bio-energy.
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EXECUTIVE SUMMARY
Post-consumer waste is a small contributor to global
greenhouse gas (GHG) emissions (<5%) with total emissions
of approximately 1300 MtCO2-eq in 2005. The largest source
LV ODQG¿OO PHWKDQH &+4), followed by wastewater CH4 and
nitrous oxide (N2O); in addition, minor emissions of carbon
dioxide (CO2) result from incineration of waste containing
fossil carbon (C) (plastics; synthetic textiles) (high evidence,
high agreement). There are large uncertainties with respect to
direct emissions, indirect emissions and mitigation potentials
for the waste sector. These uncertainties could be reduced
E\ FRQVLVWHQW QDWLRQDO GH¿QLWLRQV FRRUGLQDWHG ORFDO DQG
international data collection, standardized data analysis and
¿HOGYDOLGDWLRQRIPRGHOV(medium evidence, high agreement).
:LWK UHVSHFW WR DQQXDO HPLVVLRQV RI ÀXRULQDWHG JDVHV IURP
SRVWFRQVXPHUZDVWHWKHUHDUHQRH[LVWLQJQDWLRQDOLQYHQWRU\
methods for the waste sector, so these emissions are not currently
TXDQWL¿HG ,I TXDQWL¿HG LQ WKH IXWXUH UHFHQW GDWD LQGLFDWLQJ
DQDHURELF ELRGHJUDGDWLRQ RI FKORURÀXRURFDUERQV &)&V  DQG
K\GURFKORURÀXRURFDUERQV +&)&V  LQ ODQG¿OO VHWWLQJV VKRXOG
be considered (low evidence, high agreement).
([LVWLQJZDVWHPDQDJHPHQWSUDFWLFHVFDQSURYLGHHIIHFWLYH
mitigation of GHG emissions from this sector: a wide range
RIPDWXUHHQYLURQPHQWDOO\HIIHFWLYHWHFKQRORJLHVDUHDYDLODEOH
WRPLWLJDWHHPLVVLRQVDQGSURYLGHSXEOLFKHDOWKHQYLURQPHQWDO
SURWHFWLRQ DQG VXVWDLQDEOH GHYHORSPHQW FREHQH¿WV
&ROOHFWLYHO\ WKHVH WHFKQRORJLHV FDQ GLUHFWO\ UHGXFH *+*
HPLVVLRQV WKURXJK ODQG¿OO JDV UHFRYHU\ LPSURYHG ODQG¿OO
SUDFWLFHV HQJLQHHUHG ZDVWHZDWHU PDQDJHPHQW  RU DYRLG
VLJQL¿FDQW *+* JHQHUDWLRQ WKURXJK FRQWUROOHG FRPSRVWLQJ
of organic waste, state-of-the-art incineration and expanded
VDQLWDWLRQ FRYHUDJH  (high evidence, high agreement). ,Q
addition, waste minimization, recycling and re-use represent
an important and increasing potential for indirect reduction
RI*+*HPLVVLRQVWKURXJKWKHFRQVHUYDWLRQRIUDZPDWHULDOV
LPSURYHG HQHUJ\ DQG UHVRXUFH HI¿FLHQF\ DQG IRVVLO IXHO
DYRLGDQFH(medium evidence, high agreement).
Because waste management decisions are often made
ORFDOO\ ZLWKRXW FRQFXUUHQW TXDQWL¿FDWLRQ RI *+* PLWLJDWLRQ
the importance of the waste sector for reducing global GHG
emissions has been underestimated (medium evidence, high
agreement). )OH[LEOH VWUDWHJLHV DQG ¿QDQFLDO LQFHQWLYHV FDQ
H[SDQGZDVWHPDQDJHPHQWRSWLRQVWRDFKLHYH*+*PLWLJDWLRQ
goals – in the context of integrated waste management, local
technology decisions are a function of many competing
YDULDEOHV LQFOXGLQJ ZDVWH TXDQWLW\ DQG FKDUDFWHULVWLFV FRVW
DQG ¿QDQFLQJ LVVXHV LQIUDVWUXFWXUH UHTXLUHPHQWV LQFOXGLQJ
DYDLODEOHODQGDUHDFROOHFWLRQDQGWUDQVSRUWFRQVLGHUDWLRQVDQG
UHJXODWRU\FRQVWUDLQWV/LIHF\FOHDVVHVVPHQW /&$ FDQSURYLGH
decision-support tools (high evidence, high agreement).

and currently exceeds 105 MtCO2HT\U%HFDXVHRIODQG¿OOJDV
UHFRYHU\ DQG FRPSOHPHQWDU\ PHDVXUHV LQFUHDVHG UHF\FOLQJ
GHFUHDVHG ODQG¿OOLQJ XVH RI DOWHUQDWLYH ZDVWHPDQDJHPHQW
WHFKQRORJLHV ODQG¿OO&+4HPLVVLRQVIURPGHYHORSHGFRXQWULHV
KDYHEHHQODUJHO\VWDELOL]HG(high evidence, high agreement).
+RZHYHUODQG¿OO&+4 HPLVVLRQVIURPGHYHORSLQJFRXQWULHVDUH
LQFUHDVLQJDVPRUHFRQWUROOHG DQDHURELF ODQG¿OOLQJSUDFWLFHV
are implemented; these emissions could be reduced by both
DFFHOHUDWLQJ WKH LQWURGXFWLRQ RI HQJLQHHUHG JDV UHFRYHU\ DQG
HQFRXUDJLQJDOWHUQDWLYHZDVWHPDQDJHPHQWVWUDWHJLHV(medium
evidence, medium agreement).
,QFLQHUDWLRQ DQG LQGXVWULDO FRFRPEXVWLRQ IRU ZDVWHWR
HQHUJ\SURYLGHVLJQL¿FDQWUHQHZDEOHHQHUJ\EHQH¿WVDQGIRVVLO
fuel offsets. Currently, >130 million tonnes of waste per year are
LQFLQHUDWHGDWRYHUSODQWV(high evidence, high agreement).
7KHUPDOSURFHVVHVZLWKDGYDQFHGHPLVVLRQFRQWUROVDUHSURYHQ
WHFKQRORJ\ EXW PRUH FRVWO\ WKDQ FRQWUROOHG ODQG¿OOLQJ ZLWK
ODQG¿OOJDVUHFRYHU\KRZHYHUWKHUPDOSURFHVVHVPD\EHFRPH
PRUHYLDEOHDVHQHUJ\SULFHVLQFUHDVH%HFDXVHODQG¿OOVSURGXFH
CH4 for decades, incineration, composting and other strategies
WKDW UHGXFH ODQG¿OOHG ZDVWH DUH FRPSOHPHQWDU\ PLWLJDWLRQ
PHDVXUHVWRODQG¿OOJDVUHFRYHU\LQWKHVKRUWWRPHGLXPWHUP
(medium evidence, medium agreement).
$LGHGE\.\RWRPHFKDQLVPVVXFKDVWKH&OHDQ'HYHORSPHQW
0HFKDQLVP &'0  DQG -RLQW ,PSOHPHQWDWLRQ -,  DV ZHOO DV
RWKHU PHDVXUHV WR LQFUHDVH ZRUOGZLGH UDWHV RI ODQG¿OO &+4
UHFRYHU\ WKH WRWDO JOREDO HFRQRPLF PLWLJDWLRQ SRWHQWLDO IRU
UHGXFLQJ ODQG¿OO &+4 emissions in 2030 is estimated to be
>1000 MtCO2-eq (or 70% of estimated emissions) at costs
below 100 US$/tCO2HT\U0RVWRIWKLVSRWHQWLDOLVDFKLHYDEOH
DW QHJDWLYH WR ORZ FRVWV ± RI SURMHFWHG HPLVVLRQV IRU
 FDQ EH UHGXFHG DW QHJDWLYH FRVW DQG ± DW FRVWV
<20 US$/tCO2HT\U$WKLJKHUFRVWVPRUHVLJQL¿FDQWHPLVVLRQ
UHGXFWLRQVDUHDFKLHYDEOHZLWKPRVWRIWKHDGGLWLRQDOPLWLJDWLRQ
potential coming from thermal processes for waste-to-energy
(medium evidence, medium agreement).
,QFUHDVHG LQIUDVWUXFWXUH IRU ZDVWHZDWHU PDQDJHPHQW LQ
GHYHORSLQJ FRXQWULHV FDQ SURYLGH PXOWLSOH EHQH¿WV IRU *+*
PLWLJDWLRQ LPSURYHG SXEOLF KHDOWK FRQVHUYDWLRQ RI ZDWHU
resources, and reduction of untreated discharges to surface
water, groundwater, soils and coastal zones. There are numerous
PDWXUH WHFKQRORJLHV WKDW FDQ EH LPSOHPHQWHG WR LPSURYH
wastewater collection, transport, re-use, recycling, treatment
and residuals management (high evidence, high agreement).
With respect to both waste and wastewater management
IRU GHYHORSLQJ FRXQWULHV NH\ FRQVWUDLQWV RQ VXVWDLQDEOH
GHYHORSPHQWLQFOXGHWKHORFDODYDLODELOLW\RIFDSLWDODVZHOODV
the selection of appropriate and truly sustainable technology in
a particular setting (high evidence, high agreement).

&RPPHUFLDO UHFRYHU\ RI ODQG¿OO &+4 as a source of
renewable energy has been practised at full scale since 1975
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10.1

Introduction

:DVWHJHQHUDWLRQLVFORVHO\OLQNHGWRSRSXODWLRQXUEDQL]DWLRQ
DQGDIÀXHQFH7KHDUFKDHRORJLVW(:+DXU\ZURWHµ:KLFKHYHU
ZD\ RQH YLHZV WKH PRXQGV >RI ZDVWH@ DV JDUEDJH SLOHV WR
DYRLG RU DV V\PEROV RI D ZD\ RI OLIH WKH\«DUH WKH IHDWXUHV
PRUHSURGXFWLYHRILQIRUPDWLRQWKDQDQ\RWKHUV¶ S 
$UFKDHRORJLFDO H[FDYDWLRQV KDYH \LHOGHG WKLFNHU FXOWXUDO
layers from periods of prosperity; correspondingly, modern
ZDVWHJHQHUDWLRQ UDWHV FDQ EH FRUUHODWHG WR YDULRXV LQGLFDWRUV
RI DIÀXHQFH LQFOXGLQJ JURVV GRPHVWLF SURGXFW *'3 FDS
HQHUJ\ FRQVXPSWLRQFDS  DQG SULYDWH ¿QDO FRQVXPSWLRQFDS
%LQJHPHU DQG &UXW]HQ  5LFKDUGV  5DWKMH et al.,
1992; Mertins et al.86(3$1DNLFHQRYLFet al.,
%RJQHUDQG0DWWKHZV2(&' ,QGHYHORSHG
FRXQWULHVVHHNLQJWRUHGXFHZDVWHJHQHUDWLRQDFXUUHQWJRDOLV
WR GHFRXSOH ZDVWH JHQHUDWLRQ IURP HFRQRPLF GULYLQJ IRUFHV
such as GDP (OECD, 2003; Giegrich and Vogt, 2005; EEA,
  ,Q PRVW GHYHORSHG DQG GHYHORSLQJ FRXQWULHV ZLWK
increasing population, prosperity and urbanization, it remains a
PDMRUFKDOOHQJHIRUPXQLFLSDOLWLHVWRFROOHFWUHF\FOHWUHDWDQG
dispose of increasing quantities of solid waste and wastewater.
$FRUQHUVWRQHRIVXVWDLQDEOHGHYHORSPHQWLVWKHHVWDEOLVKPHQW
RIDIIRUGDEOHHIIHFWLYHDQGWUXO\VXVWDLQDEOHZDVWHPDQDJHPHQW
SUDFWLFHVLQGHYHORSLQJFRXQWULHV,WPXVWEHIXUWKHUHPSKDVL]HG
WKDW PXOWLSOH SXEOLF KHDOWK VDIHW\ DQG HQYLURQPHQWDO FR
EHQH¿WV DFFUXH IURP HIIHFWLYH ZDVWH PDQDJHPHQW SUDFWLFHV
ZKLFK FRQFXUUHQWO\ UHGXFH *+* HPLVVLRQV DQG LPSURYH
WKH TXDOLW\ RI OLIH SURPRWH SXEOLF KHDOWK SUHYHQW ZDWHU DQG
VRLO FRQWDPLQDWLRQ FRQVHUYH QDWXUDO UHVRXUFHV DQG SURYLGH
UHQHZDEOHHQHUJ\EHQH¿WV
7KHPDMRU*+*HPLVVLRQVIURPWKHZDVWHVHFWRUDUHODQG¿OO
CH4 and, secondarily, wastewater CH4 and N22,QDGGLWLRQ
the incineration of fossil carbon results in minor emissions of
CO2. Chapter 10 focuses on mitigation of GHG emissions from
post-consumer waste, as well as emissions from municipal
wastewater and high biochemical oxygen demand (BOD)
LQGXVWULDOZDVWHZDWHUVFRQYH\HGWRSXEOLFWUHDWPHQWIDFLOLWLHV
2WKHU FKDSWHUV LQ WKLV YROXPH DGGUHVV pre-consumer GHG
emissions from waste within the industrial (Chapter 7) and
energy (Chapter 4) sectors which are managed within those
UHVSHFWLYH VHFWRUV 2WKHU FKDSWHUV DGGUHVV DJULFXOWXUDO ZDVWHV
DQG PDQXUHV &KDSWHU   IRUHVWU\ UHVLGXHV &KDSWHU   DQG
related energy supply issues including district heating (Chapter
  DQG WUDQVSRUWDWLRQ ELRIXHOV &KDSWHU   1DWLRQDO GDWD DUH
QRWDYDLODEOHWRTXDQWLI\*+*HPLVVLRQVDVVRFLDWHGZLWKZDVWH
WUDQVSRUWLQFOXGLQJUHGXFWLRQVWKDWPLJKWEHDFKLHYHGWKURXJK
ORZHU FROOHFWLRQ IUHTXHQFLHV KLJKHU URXWLQJ HI¿FLHQFLHV RU
VXEVWLWXWLRQRIUHQHZDEOHIXHOVKRZHYHUDOORIWKHVHPHDVXUHV
FDQEHORFDOO\EHQH¿FLDOWRUHGXFHHPLVVLRQV
,WVKRXOGEHQRWHGWKDWDVHSDUDWHFKDSWHURQSRVWFRQVXPHU
ZDVWH LV QHZ IRU WKH )RXUWK$VVHVVPHQW UHSRUW LQ WKH 7KLUG
$VVHVVPHQW5HSRUW 7$5 *+*PLWLJDWLRQVWUDWHJLHVIRUZDVWH
ZHUHGLVFXVVHGSULPDULO\ZLWKLQWKHLQGXVWULDOVHFWRU $FNHUPDQ
588

,3&&D ,WPXVWDOVREHVWUHVVHGWKDWWKHUHDUHKLJK
uncertainties regarding global GHG emissions from waste which
UHVXOWIURPQDWLRQDODQGUHJLRQDOGLIIHUHQFHVLQGH¿QLWLRQVGDWD
collection and statistical analysis. Because of space constraints,
this chapter does not include detailed discussion of waste
management technologies, nor does this chapter prescribe to
DQ\RQHSDUWLFXODUWHFKQRORJ\5DWKHUWKLVFKDSWHUIRFXVHVRQ
WKH*+*PLWLJDWLRQDVSHFWVRIWKHIROORZLQJVWUDWHJLHVODQG¿OO
CH4 UHFRYHU\ DQG XWLOL]DWLRQ RSWLPL]LQJ PHWKDQRWURSKLF
CH4 R[LGDWLRQ LQ ODQG¿OO FRYHU VRLOV DOWHUQDWLYH VWUDWHJLHV WR
ODQG¿OOLQJ IRU *+* DYRLGDQFH FRPSRVWLQJ LQFLQHUDWLRQ DQG
other thermal processes; mechanical and biological treatment
(MBT)); waste reduction through recycling, and expanded
wastewater management to minimize GHG generation and
HPLVVLRQV ,Q DGGLWLRQ XVLQJ DYDLODEOH EXW YHU\ OLPLWHG GDWD
WKLV FKDSWHU ZLOO GLVFXVV HPLVVLRQV RI QRQPHWKDQH YRODWLOH
organic compounds (NMVOCs) from waste and end-of-life
LVVXHVDVVRFLDWHGZLWKÀXRULQDWHGJDVHV
The mitigation of GHG emissions from waste must be
addressed in the context of integrated waste management.
0RVWWHFKQRORJLHVIRUZDVWHPDQDJHPHQWDUHPDWXUHDQGKDYH
been successfully implemented for decades in many countries.
1HYHUWKHOHVVWKHUHLVVLJQL¿FDQWSRWHQWLDOIRUDFFHOHUDWLQJERWK
the direct reduction of GHG emissions from waste as well as
extended implications for indirect reductions within other
sectors. LCA is an essential tool for consideration of both the
direct and indirect impacts of waste management technologies
and policies (Thorneloe et al.   :5$3  
Because direct emissions represent only a portion of the
OLIH F\FOH LPSDFWV RI YDULRXV ZDVWH PDQDJHPHQW VWUDWHJLHV
$FNHUPDQ   WKLV FKDSWHU LQFOXGHV FRPSOHPHQWDU\
VWUDWHJLHV IRU *+* DYRLGDQFH LQGLUHFW *+* PLWLJDWLRQ DQG
XVHRIZDVWHDVDVRXUFHRIUHQHZDEOHHQHUJ\WRSURYLGHIRVVLO
fuel offsets. Using LCA and other decision-support tools,
there are many combined mitigation strategies that can be
FRVWHIIHFWLYHO\ LPSOHPHQWHG E\ WKH SXEOLF RU SULYDWH VHFWRU
/DQG¿OO&+4UHFRYHU\DQGRSWLPL]HGZDVWHZDWHUWUHDWPHQWFDQ
directly reduce GHG emissions. GHG generation can be largely
DYRLGHG WKURXJK FRQWUROOHG DHURELF FRPSRVWLQJ DQG WKHUPDO
SURFHVVHVVXFKDVLQFLQHUDWLRQIRUZDVWHWRHQHUJ\0RUHRYHU
ZDVWH SUHYHQWLRQ PLQLPL]DWLRQ PDWHULDO UHFRYHU\ UHF\FOLQJ
and re-use represent a growing potential for indirect reduction
of GHG emissions through decreased waste generation, lower
raw material consumption, reduced energy demand and fossil
IXHODYRLGDQFH5HFHQWVWXGLHV HJ6PLWKet al.:5$3
 KDYHEHJXQWRFRPSUHKHQVLYHO\TXDQWLI\WKHVLJQL¿FDQW
EHQH¿WVRIUHF\FOLQJIRULQGLUHFWUHGXFWLRQVRI*+*HPLVVLRQV
from the waste sector.
3RVWFRQVXPHU ZDVWH LV D VLJQL¿FDQW UHQHZDEOH HQHUJ\
UHVRXUFHZKRVHHQHUJ\YDOXHFDQEHH[SORLWHGWKURXJKWKHUPDO
SURFHVVHV LQFLQHUDWLRQDQGLQGXVWULDOFRFRPEXVWLRQ ODQG¿OO
gas utilization and the use of anaerobic digester biogas. Waste
KDV DQ HFRQRPLF DGYDQWDJH LQ FRPSDULVRQ WR PDQ\ ELRPDVV
resources because it is regularly collected at public expense
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(See also Section 11.3.1.4). The energy content of waste can
EHPRUHHI¿FLHQWO\H[SORLWHGXVLQJWKHUPDOSURFHVVHVWKDQZLWK
the production of biogas: during combustion, energy is directly
GHULYHG ERWK IURP ELRPDVV SDSHU SURGXFWV ZRRG QDWXUDO
textiles, food) and fossil carbon sources (plastics, synthetic
WH[WLOHV 7KH KHDWLQJ YDOXH RI PL[HG PXQLFLSDO ZDVWH UDQJHV
IURPWR!0-NJ .KDQDQG$EX*KDUDUDWK(,33&
%XUHDX 7KHUPDOSURFHVVHVDUHPRVWHIIHFWLYHDWWKHXSSHU
HQGRIWKLVUDQJHZKHUHKLJKYDOXHVDSSURDFKORZJUDGHFRDOV
OLJQLWH 8VLQJDFRQVHUYDWLYHYDOXHRI0W\UIRUWRWDOZDVWH
generation in 2002 (discussed in Box 10.1 below), the energy
potential of waste is approximately 5–13 EJ/yr. Assuming an
DYHUDJHKHDWLQJYDOXHRI*-WIRUPL[HGZDVWH 'RUQEXUJDQG
)DDLM DQGFRQYHUWLQJWRHQHUJ\HTXLYDOHQWVJOREDOZDVWH
LQFRQWDLQHGDERXW(-RIDYDLODEOHHQHUJ\ZKLFKFRXOG
LQFUHDVHWR(-LQXVLQJZDVWHSURMHFWLRQVLQ0RQQLet
al.   &XUUHQWO\ PRUH WKDQ  PLOOLRQ WRQQHVSHU \HDU
of waste are combusted worldwide (Themelis, 2003), which is
HTXLYDOHQWWR!(-\U DVVXPLQJ*-W 7KHELRJDVIXHOVIURP
ZDVWH±ODQG¿OOJDVDQGGLJHVWHUJDV±W\SLFDOO\KDYHDKHDWLQJ
YDOXHRI±0-1P3, depending directly on the CH4 content.
%RWK DUH XVHG H[WHQVLYHO\ ZRUOGZLGH IRU SURFHVV KHDWLQJ DQG
RQVLWH HOHFWULFDO JHQHUDWLRQ PRUH UDUHO\ ODQG¿OO JDV PD\ EH
XSJUDGHGWRDVXEVWLWXWHQDWXUDOJDVSURGXFW&RQVHUYDWLYHO\WKH
HQHUJ\YDOXHRIODQG¿OOJDVFXUUHQWO\EHLQJXWLOL]HGLV!(-
yr (using data from Willumsen, 2003).
$Q RYHUYLHZ RI FDUERQ ÀRZV WKURXJK ZDVWH PDQDJHPHQW
V\VWHPV DGGUHVVHV WKH LVVXH RI FDUERQ VWRUDJH YHUVXV FDUERQ
WXUQRYHU IRU PDMRU ZDVWHPDQDJHPHQW VWUDWHJLHV LQFOXGLQJ
ODQG¿OOLQJLQFLQHUDWLRQDQGFRPSRVWLQJ )LJXUH %HFDXVH
ODQG¿OOV IXQFWLRQ DV UHODWLYHO\ LQHI¿FLHQW DQDHURELF GLJHVWHUV
VLJQL¿FDQWORQJWHUPFDUERQVWRUDJHRFFXUVLQODQG¿OOVZKLFKLV
DGGUHVVHGLQWKH,3&&*XLGHOLQHVIRU1DWLRQDO*UHHQKRXVH
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Figure 10.1: Carbon ﬂows through major waste management systems including
C storage and gaseous C emissions. The CO2 from biomass is not included in GHG
inventories for waste.
References for C storage are: Huber-Humer, 2004; Zinati et al., 2001; Barlaz, 1998; Bramryd,
1997; Bogner, 1992.

*DV,QYHQWRULHV ,3&& /DQG¿OO&+4 LVWKHPDMRUJDVHRXV
C emission from waste; there are also minor emissions of CO2
from incinerated fossil carbon (plastics). The CO2 emissions
from biomass sources – including the CO2 LQODQG¿OOJDVWKH
CO2 from composting, and CO2 from incineration of waste
ELRPDVV ± DUH QRW WDNHQ LQWR DFFRXQW LQ *+* LQYHQWRULHV DV
WKHVHDUHFRYHUHGE\FKDQJHVLQELRPDVVVWRFNVLQWKHODQGXVH
land-use change and forestry sectors.
$SURFHVVRULHQWHGSHUVSHFWLYHRQWKHPDMRU*+*HPLVVLRQV
IURPWKHZDVWHVHFWRULVSURYLGHGLQ)LJXUH,QWKHFRQWH[W
RI D ODQG¿OO &+4 PDVV EDODQFH )LJXUH D  HPLVVLRQV DUH
RQH RI VHYHUDO SRVVLEOH SDWKZD\V IRU WKH &+4 produced by
DQDHURELF PHWKDQRJHQLF PLFURRUJDQLVPV LQ ODQG¿OOV RWKHU
SDWKZD\VLQFOXGHUHFRYHU\R[LGDWLRQE\DHURELFPHWKDQRWURSKLF
PLFURRUJDQLVPVLQFRYHUVRLOVDQGWZRORQJHUWHUPSDWKZD\V
ODWHUDOPLJUDWLRQDQGLQWHUQDOVWRUDJH %RJQHUDQG6SRNDV
6SRNDVet al. :LWKUHJDUGWRHPLVVLRQVIURPZDVWHZDWHU
WUDQVSRUWDQGWUHDWPHQW )LJXUHE WKH&+4 is microbially
SURGXFHGXQGHUVWULFWDQDHURELFFRQGLWLRQVDVLQODQG¿OOVZKLOH
the N2O is an intermediate product of microbial nitrogen cycling
promoted by conditions of reduced aeration, high moisture and
abundant nitrogen. Both GHGs can be produced and emitted at
PDQ\VWDJHVEHWZHHQZDVWHZDWHUVRXUFHVDQG¿QDOGLVSRVDO
,WLVLPSRUWDQWWRVWUHVVWKDWERWKWKH&+4 and N2O from the
waste sector are microbially produced and consumed with rates
FRQWUROOHGE\WHPSHUDWXUHPRLVWXUHS+DYDLODEOHVXEVWUDWHV
microbial competition and many other factors. As a result,
CH4 and N2O generation, microbial consumption, and net
HPLVVLRQUDWHVURXWLQHO\H[KLELWWHPSRUDODQGVSDWLDOYDULDELOLW\
RYHU PDQ\ RUGHUV RI PDJQLWXGH H[DFHUEDWLQJ WKH SUREOHP RI
GHYHORSLQJFUHGLEOHQDWLRQDOHVWLPDWHV7KH122IURPODQG¿OOV
LV FRQVLGHUHG DQ LQVLJQL¿FDQW VRXUFH JOREDOO\ %RJQHU et al.,
5LQQHet al., 2005), but may need to be considered locally
ZKHUHFRYHUVRLOVDUHDPHQGHGZLWKVHZDJHVOXGJH %RUMHVVRQ
DQG 6YHQVVRQ D  RU DHURELFVHPLDHURELF ODQG¿OOLQJ
SUDFWLFHVDUHLPSOHPHQWHG 7VXMLPRWRet al., 1994). Substantial
emissions of CH4 and N2O can occur during wastewater
WUDQVSRUW LQ FORVHG VHZHUV DQG LQ FRQMXQFWLRQ ZLWK DQDHURELF
RUDHURELFWUHDWPHQW,QPDQ\GHYHORSLQJFRXQWULHVLQDGGLWLRQ
to GHG emissions, open sewers and uncontrolled solid waste
disposal sites result in serious public health problems resulting
from pathogenic microorganisms, toxic odours and disease
YHFWRUV
0DMRU LVVXHV VXUURXQGLQJ WKH FRVWV DQG SRWHQWLDOV IRU
PLWLJDWLQJ *+* HPLVVLRQV IURP ZDVWH LQFOXGH GH¿QLWLRQ RI
system boundaries and selection of models with correct baseline
DVVXPSWLRQV DQG UHJLRQDOL]HG FRVWV DV GLVFXVVHG LQ WKH 7$5
,3&& D  4XDQWLI\LQJ PLWLJDWLRQ FRVWV DQG SRWHQWLDOV
(Section 10.4.7) for the waste sector remains a challenge due to
QDWLRQDODQGUHJLRQDOGDWDXQFHUWDLQWLHVDVZHOODVWKHYDULHW\RI
mature technologies whose diffusion is limited by local costs,
SROLFLHVUHJXODWLRQVDYDLODEOHODQGDUHDSXEOLFSHUFHSWLRQVDQG
RWKHU VRFLDO GHYHORSPHQW IDFWRUV 'LVFXVVLRQ RI WHFKQRORJLHV
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Figure 10.2: Pathways for GHG emissions from landﬁlls
and wastewater systems:
Figure 10.2a: Simpliﬁed landﬁll CH4 mass balance:
pathways for CH4 generated in landﬁlled waste, including
CH4 emitted, recovered and oxidized.

aerobic methane oxidation:
methanotrophs in cover soils

Note: Not shown are two longer-term CH4 pathways:
lateral CH4 mitigation and internal changes in CH4
storage (Bogner and Spokas, 1993; Spokas et al., 2006)
Methane can be stored in shallow sediments for several
thousand years (Coleman, 1979).

methane
emission
anaerobic methane production:
methanogens in waste
Simplified Landfill Methane Mass Balance
Methane (CH4) produced (mass/time) = (CH4 recovered + CH4 emitted + CH4 oxidized)
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Figure 10.2b: Overview of wastewater systems.
Note: The major GHG emissions from wastewater – CH4 and N2O – can be emitted during all stages from sources to disposal, but especially when collection and treatment are lacking. N2O results from microbial N cycling under reduced aeration; CH4 results from anaerobic microbial decomposition of organic C substrates in soils,
surface waters or coastal zones.

and mitigation strategies in this chapter (Section 10.4) includes
a range of approaches from low-technology/low-cost to hightechnology/high-cost measures. Often there is no single best
RSWLRQUDWKHUWKHUHDUHPXOWLSOHPHDVXUHVDYDLODEOHWRGHFLVLRQ
PDNHUVDWWKHPXQLFLSDOOHYHOZKHUHVHYHUDOWHFKQRORJLHVPD\
590

EH FROOHFWLYHO\ LPSOHPHQWHG WR UHGXFH *+* HPLVVLRQV DQG
DFKLHYHSXEOLFKHDOWKHQYLURQPHQWDOSURWHFWLRQDQGVXVWDLQDEOH
GHYHORSPHQWREMHFWLYHV
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10.2 Status of the waste management
sector
10.2.1 Waste generation
7KHDYDLODELOLW\DQGTXDOLW\RIDQQXDOGDWDDUHPDMRUSUREOHPV
for the waste sector. Solid waste and wastewater data are
ODFNLQJIRUPDQ\FRXQWULHVGDWDTXDOLW\LVYDULDEOHGH¿QLWLRQV
DUH QRW XQLIRUP DQG LQWHUDQQXDO YDULDELOLW\ LV RIWHQ QRW ZHOO
TXDQWL¿HG 7KHUH DUH WKUHH PDMRU DSSURDFKHV WKDW KDYH EHHQ
used to estimate global waste generation: 1) data from national
ZDVWH VWDWLVWLFV RU VXUYH\V LQFOXGLQJ ,3&& PHWKRGRORJLHV
,3&&     HVWLPDWHV EDVHG RQ SRSXODWLRQ HJ 65(6
ZDVWHVFHQDULRV DQG WKHXVHRIDSUR[\YDULDEOHOLQNHGWR
demographic or economic indicators for which national data are
DQQXDOO\FROOHFWHG7KH65(6ZDVWHVFHQDULRVXVLQJSRSXODWLRQ
DVWKHPDMRUGULYHUSURMHFWHGFRQWLQXRXVLQFUHDVHVLQZDVWHDQG
wastewater CH4 HPLVVLRQV WR  $%$,0   %
$,0 RU $$6)%0(66$*( UHVXOWLQJLQFXUUHQW
DQG IXWXUH HPLVVLRQV VLJQL¿FDQWO\ KLJKHU WKDQ WKRVH GHULYHG
IURP ,3&& LQYHQWRU\ SURFHGXUHV 1DNLFHQRYLF et al., 2000)
6HHDOVR6HFWLRQ $PDMRUUHDVRQLVWKDWZDVWHJHQHUDWLRQ
UDWHV DUH UHODWHG WR DIÀXHQFH DV ZHOO DV SRSXODWLRQ ± ULFKHU
societies are characterized by higher rates of waste generation
SHUFDSLWDZKLOHOHVVDIÀXHQWVRFLHWLHVJHQHUDWHOHVVZDVWHDQG
SUDFWLVH LQIRUPDO UHF\FOLQJUHXVH LQLWLDWLYHV WKDW UHGXFH WKH
ZDVWH SHU FDSLWD WR EH FROOHFWHG DW WKH PXQLFLSDO OHYHO 7KH
WKLUG VWUDWHJ\ LV WR XVH SUR[\ RU VXUURJDWH YDULDEOHV EDVHG RQ
VWDWLVWLFDOO\VLJQL¿FDQWUHODWLRQVKLSVEHWZHHQZDVWHJHQHUDWLRQ

SHUFDSLWDDQGGHPRJUDSKLFYDULDEOHVZKLFKHQFRPSDVVERWK
SRSXODWLRQDQGDIÀXHQFHLQFOXGLQJ*'3SHUFDSLWD 5LFKDUGV
0HUWLQVet al., 1999) and energy consumption per capita
%RJQHU DQG 0DWWKHZV   7KH XVH RI SUR[\ YDULDEOHV
YDOLGDWHGXVLQJUHOLDEOHGDWDVHWVFDQSURYLGHDFURVVFKHFNRQ
XQFHUWDLQQDWLRQDOGDWD0RUHRYHUWKHXVHRIDVXUURJDWHSURYLGHV
a reasonable methodology for a large number of countries where
GDWDGRQRWH[LVWDFRQVLVWHQWPHWKRGRORJ\IRUERWKGHYHORSHG
DQGGHYHORSLQJFRXQWULHVDQGDSURFHGXUHWKDWIDFLOLWDWHVDQQXDO
XSGDWHVDQGWUHQGDQDO\VLVXVLQJUHDGLO\DYDLODEOHGDWD %RJQHU
and Matthews, 2003). The box below illustrates 1971–2002
trends for regional solid-waste generation using the surrogate
RI HQHUJ\ FRQVXPSWLRQ SHU FDSLWD 8VLQJ 81)&&&UHSRUWHG
YDOXHV IRU SHUFHQWDJH ELRGHJUDGDEOH RUJDQLF FDUERQ LQ ZDVWH
IRUHDFKFRXQWU\WKLVER[DOVRVKRZVWUHQGVIRUODQG¿OOFDUERQ
storage based upon the reported data.
Solid waste generation rates range from <0.1 t/cap/yr in lowLQFRPHFRXQWULHVWR!WFDS\ULQKLJKLQFRPHLQGXVWULDOL]HG
FRXQWULHV 7DEOH (YHQWKRXJKODERXUFRVWVDUHORZHULQ
GHYHORSLQJFRXQWULHVZDVWHPDQDJHPHQWFDQFRQVWLWXWHDODUJHU
percentage of municipal income because of higher equipment
DQG IXHO FRVWV &RLQWUHDX/HYLQH   %\  PDQ\
GHYHORSHG FRXQWULHV KDG LQLWLDWHG FRPSUHKHQVLYH UHF\FOLQJ
SURJUDPPHV,WLVLPSRUWDQWWRUHFRJQL]HWKDWWKHSHUFHQWDJHV
RI ZDVWH UHF\FOHG FRPSRVWHG LQFLQHUDWHG RU ODQG¿OOHG GLIIHU
greatly amongst municipalities due to multiple factors, including
local economics, national policies, regulatory restrictions,
public perceptions and infrastructure requirements

Box 10.1: 1971–2002 Regional trends for solid waste generation and landﬁll carbon storage
using a proxy variable.
Solid-waste generation rates are a function of both population and prosperity, but data are lacking or questionable for
many countries. This results in high uncertainties for GHG emissions estimates, especially from developing countries. One
strategy is to use a proxy variable for which national statistics are available on an annual basis for all countries. For example,
using national solid-waste data from 1975–1995 that were reliably referenced to a given base year, Bogner and Matthews
(2003) developed simple linear regression models for waste generation per capita for developed and developing countries.
These empirical models were based on energy consumption per capita as an indicator of afﬂuence and a proxy for waste
generation per capita; the surrogate relationship was applied to annual national data using either total population (developed
countries) or urban population (developing countries). The methodology was validated using post-1995 data which had not
been used to develop the original model relationships. The results by region for 1971–2002 (Figure 10.3a) indicate that approximately 900 Mt of waste were generated in 2002. Unlike projections based on population alone, this ﬁgure also shows
regional waste-generation trends that decrease and increase in tandem with major economic trends. For comparison, recent
waste-generation estimates by Monni et al. (2006) using 2006 inventory guidelines, indicated about 1250 Mt of waste generated in 2000. Figure 10.3b showing annual carbon storage in landﬁlls was developed using the same base data as Figure
10.3a with the percentage of landﬁlled waste for each country (reported to UNFCCC) and a conservative assumption of 50%
carbon storage (Bogner, 1992; Barlaz, 1998). This storage is long-term: under the anaerobic conditions in landﬁlls, lignin does
not degrade signiﬁcantly (Chen et al., 2004), while some cellulosic fractions are also non-degraded. The annual totals for the
mid-1980s and later (>30 MtC/yr) exceed estimates in the literature for the annual quantity of organic carbon partitioned to
long-term geologic storage in marine environments as a precursor to future fossil fuels (Bogner, 1992). It should be noted that
the anaerobic burial of waste in landﬁlls (with resulting carbon storage) has been widely implemented in developed countries
only since the 1960s and 1970s.
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Box 10.1 continued
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Figure 10.3a: Annual rates of post-consumer waste generation 1971–2002 (Tg) using energy consumption surrogate.
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Table 10.1: Municipal solid waste-generation rates and relative income levels
Country
Annual income
(US$/cap/yr)
Municipal solid waste
generation rate
(t/cap/yr)

Low
income

Middle
income

High
income

825-3255

3256-10065

>10066

0.1-0.6

0.2-0.5

0.3 to >0.8

Note: Income levels as deﬁned by World Bank (www.worldbank.org/data/
wdi2005).
Sources: Bernache-Perez et al., 2001; CalRecovery, 2004, 2005; Diaz and Eggerth, 2002; Grifﬁths
and Williams, 2005; Idris et al., 2003; Kaseva et al., 2002; Ojeda-Benitez and Beraud-Lozano,
2003; Huang et al., 2006; US EPA, 2003.
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10.2.2 Wastewater generation
Most countries do not compile annual statistics on the total
YROXPH RI PXQLFLSDO ZDVWHZDWHU JHQHUDWHG WUDQVSRUWHG DQG
WUHDWHG ,Q JHQHUDO DERXW  RI WKH JOREDO SRSXODWLRQ KDV
VDQLWDWLRQ FRYHUDJH VHZHUDJH  ZLWK YHU\ KLJK OHYHOV ! 
characteristic for the population of North America (including
Mexico), Europe and Oceania, although in the last two regions
UXUDODUHDVGHFUHDVHWRDSSUR[LPDWHO\DQGUHVSHFWLYHO\
'(6$-RXUDYOHY318':+281,&()
:66&&:+281,&():RUOG%DQND ,Q
GHYHORSLQJFRXQWULHVUDWHVRIVHZHUDJHDUHYHU\ORZIRUUXUDO
DUHDV RI $IULFD /DWLQ $PHULFD DQG $VLD ZKHUH VHSWLF WDQNV
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DQGODWULQHVSUHGRPLQDWH)RUµLPSURYHGVDQLWDWLRQ¶ LQFOXGLQJ
VHZHUDJH  ZDVWHZDWHU WUHDWPHQW VHSWLF WDQNV DQG ODWULQHV 
DOPRVWRIWKHSRSXODWLRQLQGHYHORSHGFRXQWULHVEXWRQO\
DERXWRIWKHSRSXODWLRQLQGHYHORSLQJFRXQWULHVKDVDFFHVV
WR LPSURYHG VDQLWDWLRQ -RXUDYOHY :RUOG %DQN D
E   0DQ\ FRXQWULHV LQ (DVWHUQ (XURSH DQG &HQWUDO$VLD ODFN
UHOLDEOHEHQFKPDUNVIRUWKHHDUO\V5HJLRQDOWUHQGV )LJXUH
 LQGLFDWHLPSURYHGVDQLWDWLRQOHYHOVRIIRU(DVWHUQ
DQG 6RXWKHUQ$VLD DQG 6XE6DKDUDQ$IULFD :RUOG %DQN DQG
,0) ,Q6XE6DKDUDQ$IULFDDWOHDVWPLOOLRQSHRSOH
ODFN DGHTXDWH VDQLWDWLRQ ,Q ERWK 6RXWKHUQ DQG (DVWHUQ$VLD
UDSLGXUEDQL]DWLRQLVSRVLQJDFKDOOHQJHIRUWKHGHYHORSPHQWRI
wastewater infrastructure. The highly urbanized region of Latin
America and the Caribbean has also made slow progress in
SURYLGLQJZDVWHZDWHUWUHDWPHQW,QWKH0LGGOH(DVWDQG1RUWK
$IULFD WKH FRXQWULHV RI (J\SW 7XQHVLD DQG 0RURFFR KDYH
PDGH VLJQL¿FDQW SURJUHVV LQ H[SDQGLQJ ZDVWHZDWHUWUHDWPHQW
LQIUDVWUXFWXUH :RUOG %DQN DQG ,0)   1HYHUWKHOHVV
JOREDOO\ LW KDV EHHQ HVWLPDWHG WKDW  ELOOLRQ SHRSOH ODFN
LPSURYHGVDQLWDWLRQ :+281,&() 
Estimates for CH4 and N2O emissions from wastewater
treatment require data on degradable organic matter (BOD;
COD1) and nitrogen. Nitrogen content can be estimated using
)RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ )$2  GDWD RQ SURWHLQ
consumption, and either the application of wastewater treatment,
or its absence, determines the emissions. Aerobic treatment
SODQWV SURGXFH QHJOLJLEOH RU YHU\ VPDOO HPLVVLRQV ZKHUHDV
LQDQDHURELFODJRRQVRUODWULQHV±RIWKH&+4 potential
FDQEHSURGXFHGDQGHPLWWHG,QDGGLWLRQRQHPXVWWDNHLQWR
account the established infrastructure for wastewater treatment
LQGHYHORSHGFRXQWULHVDQGWKHODFNRIERWKLQIUDVWUXFWXUHDQG
¿QDQFLDOUHVRXUFHVLQGHYHORSLQJFRXQWULHVZKHUHRSHQVHZHUV
or informally ponded wastewaters often result in uncontrolled
discharges to surface water, soils, and coastal zones, as well
as the generation of N2O and CH4  7KH PDMRULW\ RI XUEDQ
wastewater treatment facilities are publicly operated and only
DERXWRIWKHWRWDOSULYDWHLQYHVWPHQWLQZDWHUDQGVHZHUDJH
LQ WKH ODWH V ZDV DSSOLHG WR WKH ¿QDQFLQJ RI ZDVWHZDWHU
FROOHFWLRQ DQG WUHDWPHQW PDLQO\ WR SURWHFW GULQNLQJ ZDWHU
VXSSOLHV 6LOYD:RUOG%DQN 
Most wastewaters within the industrial and agricultural
VHFWRUVDUHGLVFXVVHGLQ&KDSWHUVDQGUHVSHFWLYHO\+RZHYHU
highly organic industrial wastewaters are addressed in this
FKDSWHU EHFDXVH WKH\ DUH IUHTXHQWO\ FRQYH\HG WR PXQLFLSDO
treatment facilities. Table 10.2 summarizes estimates for total
DQGUHJLRQDODQGJHQHUDWLRQLQWHUPVRINLORJUDPV
RI %2'SHU GD\ RU NLORJUDPV RI %2' SHU ZRUNHU SHU GD\
EDVHG RQ PHDVXUHPHQWV RI SODQWOHYHO ZDWHU TXDOLW\ :RUOG
%DQND 7KHWDEOHLQGLFDWHVWKDWWRWDOJOREDOJHQHUDWLRQ
GHFUHDVHG ! EHWZHHQ  DQG  KRZHYHU LQFUHDVHV

1
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Figure 10.4: Regional data for 1990 and 2003 with 2015 Millenium Development
Goal (MDG) targets for the share of population with access to improved sanitation
(sewerage + wastewater treatment, septic system, or latrine).
Source: World Bank and IMF (2006)

RI  RU PRUH ZHUH REVHUYHG IRU WKH 0LGGOH (DVW DQG WKH
GHYHORSLQJFRXQWULHVRI6RXWK$VLD

10.2.3 Development trends for waste and
wastewater
Waste and wastewater management are highly regulated
within the municipal infrastructure under a wide range of existing
UHJXODWRU\JRDOVWRSURWHFWKXPDQKHDOWKDQGWKHHQYLURQPHQW
promote waste minimization and recycling; restrict certain
W\SHVRIZDVWHPDQDJHPHQWDFWLYLWLHVDQGUHGXFHLPSDFWVWR
UHVLGHQWVVXUIDFHZDWHUJURXQGZDWHUDQGVRLOV7KXVDFWLYLWLHV
related to waste and wastewater management are, and will
continue to be, controlled by national regulations, regional
restrictions, and local planning guidelines that address waste and
wastewater transport, recycling, treatment, disposal, utilization,
DQGHQHUJ\XVH)RUGHYHORSLQJFRXQWULHVDZLGHUDQJHRIZDVWH
PDQDJHPHQW OHJLVODWLRQ DQG SROLFLHV KDYH EHHQ LPSOHPHQWHG
ZLWK HYROYLQJ VWUXFWXUH DQG HQIRUFHPHQW LW LV H[SHFWHG WKDW
UHJXODWRU\ IUDPHZRUNV LQ GHYHORSLQJ FRXQWULHV ZLOO EHFRPH
PRUHVWULQJHQWLQSDUDOOHOZLWKGHYHORSPHQWWUHQGV
Depending on regulations, policies, economic priorities and
SUDFWLFDOORFDOOLPLWVGHYHORSHGFRXQWULHVZLOOEHFKDUDFWHUL]HG
by increasingly higher rates of waste recycling and preWUHDWPHQW WR FRQVHUYH UHVRXUFHV DQG DYRLG *+* JHQHUDWLRQ
5HFHQW VWXGLHV KDYH GRFXPHQWHG UHF\FOLQJ OHYHOV RI !

BOD (Biological or Biochemical Oxygen Demand) measures the quantity of oxygen consumed by aerobically biodegradable organic C in wastewater. COD (Chemical Oxygen
Demand) measures the quantity of oxygen consumed by chemical oxidation of C in wastewater (including both aerobic/anaerobic biodegradable and non-biodegradable C).
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Table 10.2: Regional and global 1990 and 2001 generation of high BOD industrial wastewaters often treated by municipal wastewater systems.

Regions
Year

Kg BOD/day
[Total, Rounded]
(1000s)

Kg BOD/worker/
day

Primary
metals
(%)

Paper
and pulp
(%)

Chemicals
(%)

Food and
beverages
(%)

Textiles
(%)

1990

2001

1990

2001

2001

2001

2001

2001

2001

1. OECD North America

3100

2600

0.20

0.17

9

15

11

44

7

2. OECD Paciﬁc

2200

1700

0.15

0.18

8

20

6

46

7

3. Europe

5200

4800

0.18

0.17

9

22

9

40

7

4. Countries in transition

3400

2400

0.15

0.21

13

8

6

50

14

590

510

0.23

0.25

3

12

6

60

13

5. Sub-Saharan Africa
6. North Africa

410

390

0.20

0.18

10

4

6

50

25

7. Middle East

260

300

0.19

0.19

9

12

10

52

11

8. Caribbean, Central and
South America

1500

1300

0.23

0.24

5

11

8

61

11

9. Developing countries,
East Asia

8300

7700

0.14

0.16

11

14

10

36

15

10. Developing countries,
South Asia

1700

2000

0.18

0.16

5

7

6

42

35

Total for 1-4 (developed)

13900

11500

Total for 5-10 (developing)

12800

12200

Note: Percentages are included for major industrial sectors (all other sectors <10% of total BOD).
Source: World Bank, 2005a.

IRUVSHFL¿FZDVWHIUDFWLRQVLQVRPHGHYHORSHGFRXQWULHV LH
6ZHGLVK (QYLURQPHQWDO 3URWHFWLRQ $JHQF\   5HFHQW
86 GDWD LQGLFDWH DERXW  GLYHUVLRQ LQFOXGLQJ PRUH WKDQ
 VWDWHV WKDW SURKLELW ODQG¿OOLQJ RI JDUGHQ ZDVWH 6LPPRQV
et al.   ,Q GHYHORSLQJ FRXQWULHV D KLJK OHYHO RI ODERXU
LQWHQVLYHLQIRUPDOUHF\FOLQJRIWHQRFFXUV9LDYDULRXVGLYHUVLRQ
DQG VPDOOVFDOH UHF\FOLQJ DFWLYLWLHV WKRVH ZKR PDNH WKHLU
OLYLQJIURPGHFHQWUDOL]HGZDVWHPDQDJHPHQWFDQVLJQL¿FDQWO\
reduce the mass of waste that requires more centralized
VROXWLRQV KRZHYHU WKH FKDOOHQJH IRU WKH IXWXUH LV WR SURYLGH
VDIHUKHDOWKLHUZRUNLQJFRQGLWLRQVWKDQFXUUHQWO\H[SHULHQFHG
E\ VFDYHQJHUV RQ XQFRQWUROOHG GXPSVLWHV $YDLODEOH VWXGLHV
LQGLFDWH WKDW UHF\FOLQJ DFWLYLWLHV E\ WKLV VHFWRU FDQ JHQHUDWH
VLJQL¿FDQWHPSOR\PHQWHVSHFLDOO\IRUZRPHQWKURXJKFUHDWLYH
PLFUR¿QDQFHDQGRWKHUVPDOOVFDOHLQYHVWPHQWV)RUH[DPSOH
LQ&DLURDYDLODEOHVWXGLHVLQGLFDWHWKDW±GDLO\MREVSHUWRQRI
waste and recycling of >50% of collected waste can be attained
,VNDQGDU 
7UHQGV IRU VDQLWDU\ ODQG¿OOLQJ DQG DOWHUQDWLYH ZDVWH
PDQDJHPHQW WHFKQRORJLHV GLIIHU DPRQJVW  FRXQWULHV ,Q WKH
(8 WKH IXWXUH ODQG¿OOLQJ RI RUJDQLF ZDVWH LV EHLQJ SKDVHG
RXW YLD WKH ODQG¿OO GLUHFWLYH &RXQFLO 'LUHFWLYH (& 
ZKLOH HQJLQHHUHG JDV UHFRYHU\ LV UHTXLUHG DW H[LVWLQJ VLWHV
(8    7KLV GLUHFWLYH UHTXLUHV WKDW E\  WKH PDVV
RI ELRGHJUDGDEOH RUJDQLF ZDVWH DQQXDOO\ ODQG¿OOHG PXVW EH
UHGXFHG  UHODWLYH WR ODQG¿OOHG ZDVWH LQ  6HYHUDO
FRXQWULHV *HUPDQ\$XVWULD'HQPDUN1HWKHUODQGV6ZHGHQ 
KDYH DFFHOHUDWHG WKH (8 VFKHGXOH WKURXJK PRUH VWULQJHQW
EDQV RQ ODQG¿OOLQJ RI RUJDQLF ZDVWH $V D UHVXOW LQFUHDVLQJ
594

TXDQWLWLHV RI SRVWFRQVXPHU ZDVWH DUH QRZ EHLQJ GLYHUWHG WR
LQFLQHUDWLRQDVZHOODVWR0%7EHIRUHODQG¿OOLQJWR UHFRYHU
recyclables and 2) reduce the organic carbon content by a partial
aerobic composting or anaerobic digestion (Stegmann, 2005).
7KH 0%7 UHVLGXDOV DUH RIWHQ EXW QRW DOZD\V ODQG¿OOHG DIWHU
DFKLHYLQJ RUJDQLF FDUERQ UHGXFWLRQV WR FRPSO\ ZLWK WKH (8
ODQG¿OOGLUHFWLYH'HSHQGLQJRQWKHW\SHVDQGTXDOLW\FRQWURORI
YDULRXVVHSDUDWLRQDQGWUHDWPHQWSURFHVVHVDYDULHW\RIXVHIXO
UHF\FOHG VWUHDPV DUH DOVR SURGXFHG ,QFLQHUDWLRQ IRU ZDVWH
to-energy has been widely implemented in many European
FRXQWULHVIRUGHFDGHV,Q(8:7(SODQWVJHQHUDWHG
million GJ of electrical energy and 110 million GJ of thermal
HQHUJ\ 7KHPHOLV 5DWHVRILQFLQHUDWLRQDUHH[SHFWHGWR
LQFUHDVHLQSDUDOOHOZLWKLPSOHPHQWLRQRIWKHODQG¿OOGLUHFWLYH
especially in countries such as the UK with historically lower
rates of incineration compared to other European countries.
,Q 1RUWK $PHULFD $XVWUDOLD DQG 1HZ =HDODQG FRQWUROOHG
ODQG¿OOLQJLVFRQWLQXLQJDVDGRPLQDQWPHWKRGIRUODUJHVFDOH
ZDVWH GLVSRVDO ZLWK PDQGDWHG FRPSOLDQFH WR ERWK ODQG¿OOLQJ
DQG DLUTXDOLW\ UHJXODWLRQV ,Q SDUDOOHO ODUJHU TXDQWLWLHV RI
ODQG¿OO &+4 DUH DQQXDOO\ EHLQJ UHFRYHUHG ERWK WR FRPSO\
ZLWKDLUTXDOLW\UHJXODWLRQVDQGWRSURYLGHHQHUJ\DVVLVWHGE\
national tax credits and local renewable-energy/green power
LQLWLDWLYHV VHH 6HFWLRQ  7KH 86 &DQDGD$XVWUDOLD DQG
other countries are currently studying and considering the
ZLGHVSUHDGLPSOHPHQWDWLRQRIµELRUHDFWRU¶ODQG¿OOVWRFRPSUHVV
the time period during which high rates of CH4 generation occur
5HLQKDUWDQG7RZQVHQG5HLQKDUWet al., 2002; Berge et
al., 2005); bioreactors will also require the early implementation
RIHQJLQHHUHGJDVH[WUDFWLRQ,QFLQHUDWLRQKDVQRWEHHQZLGHO\
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LPSOHPHQWHGLQWKHVHFRXQWULHVGXHWRKLVWRULFDOO\ORZODQG¿OO
WLSSLQJIHHVLQPDQ\UHJLRQVQHJDWLYHSXEOLFSHUFHSWLRQVDQG
KLJKFDSLWDOFRVWV,Q-DSDQZKHUHRSHQVSDFHLVYHU\OLPLWHG
IRUFRQVWUXFWLRQRIZDVWHPDQDJHPHQWLQIUDVWUXFWXUHYHU\KLJK
rates of both recycling and incineration are practised and are
H[SHFWHG WR FRQWLQXH LQWR WKH IXWXUH  +LVWRULFDOO\ WKHUH KDYH
DOVR EHHQ µVHPLDHURELF¶ -DSDQHVH ODQG¿OOV ZLWK SRWHQWLDO IRU
N22JHQHUDWLRQ 7VXMLPRWRet al., 1994). Similar aerobic (with
DLU  ODQG¿OO SUDFWLFHV KDYH DOVR EHHQ VWXGLHG RU LPSOHPHQWHG
in Europe and the US for reduced CH4 generation rates as an
DOWHUQDWLYHWRRULQFRPELQDWLRQZLWKDQDHURELF ZLWKRXWDLU 
SUDFWLFHV 5LW]NRZVNLDQG6WHJPDQQ 
,Q PDQ\ GHYHORSLQJ FRXQWULHV FXUUHQW WUHQGV VXJJHVW
WKDW LQFUHDVHV LQ FRQWUROOHG ODQG¿OOLQJ UHVXOWLQJ LQ DQDHURELF
decomposition of organic waste will be implemented in parallel
ZLWK LQFUHDVHG XUEDQL]DWLRQ )RU UDSLGO\ JURZLQJ µPHJD
FLWLHV¶ HQJLQHHUHG ODQG¿OOV SURYLGH D ZDVWH GLVSRVDO VROXWLRQ
WKDW LV PRUH HQYLURQPHQWDOO\ DFFHSWDEOH WKDQ RSHQ GXPSVLWHV
DQG XQFRQWUROOHG EXUQLQJ RI ZDVWH7KHUH DUH DOVR SHUVXDVLYH
SXEOLF KHDOWK UHDVRQV IRU LPSOHPHQWLQJ FRQWUROOHG ODQG¿OOLQJ
– urban residents produce more solid waste per capita than
rural inhabitants, and large amounts of uncontrolled refuse
DFFXPXODWLQJ LQ DUHDV RI KLJK SRSXODWLRQ GHQVLW\ DUH OLQNHG
WR YHUPLQ DQG GLVHDVH &KULVWHQVHQ   7KH SURFHVV RI
FRQYHUWLQJ RSHQ GXPSLQJ DQG EXUQLQJ WR HQJLQHHUHG ODQG¿OOV
implies control of waste placement, compaction, the use of
FRYHU PDWHULDOV LPSOHPHQWDWLRQ RI VXUIDFH ZDWHU GLYHUVLRQ
and drainage, and management of leachate and gas, perhaps
DSSO\LQJ DQ LQWHUPHGLDWH OHYHO RI WHFKQRORJ\ FRQVLVWHQW
ZLWK OLPLWHG ¿QDQFLDO UHVRXUFHV 6DYDJH et al.   7KHVH
practices shift the production of CO2 (by burning and aerobic
decomposition) to anaerobic production of CH4. This is largely
WKHVDPHWUDQVLWLRQWKDWRFFXUUHGLQPDQ\GHYHORSHGFRXQWULHVLQ
the 1950–1970 time frame. Paradoxically, this results in higher
rates of CH4 JHQHUDWLRQ DQG HPLVVLRQV WKDQ SUHYLRXV RSHQ
GXPSLQJ DQG EXUQLQJ SUDFWLFHV ,Q DGGLWLRQ PDQ\ GHYHORSHG
DQGGHYHORSLQJFRXQWULHVKDYHKLVWRULFDOO\LPSOHPHQWHGODUJH
scale aerobic composting of waste. This has often been applied
to mixed waste, which, in practice, is similar to implementing
DQ LQLWLDO DHURELF 0%7 SURFHVV +RZHYHU VRXUFHVHSDUDWHG
biodegradable waste streams are preferable to mixed waste
in order to produce higher quality compost products for
horticultural and other uses (Diaz et al.3HUOD ,Q
GHYHORSLQJ FRXQWULHV FRPSRVWLQJ FDQ SURYLGH DQ DIIRUGDEOH
VXVWDLQDEOH DOWHUQDWLYH WR FRQWUROOHG ODQG¿OOLQJ HVSHFLDOO\
ZKHUH PRUH ODERXULQWHQVLYH ORZHU WHFKQRORJ\ VWUDWHJLHV
are applied to selected biodegradable wastes (Hoornweg
et al.    ,W UHPDLQV WR EH VHHQ LI PHFKDQL]HG UHF\FOLQJ
DQG PRUH FRVWO\ DOWHUQDWLYHV VXFK DV LQFLQHUDWLRQ DQG 0%7
ZLOO EH ZLGHO\ LPSOHPHQWHG LQ GHYHORSLQJ FRXQWULHV :KHUH
decisions regarding waste management are made at the local
OHYHOE\FRPPXQLWLHVZLWKOLPLWHG¿QDQFLDOUHVRXUFHVVHHNLQJ
WKHOHDVWFRVWHQYLURQPHQWDOO\DFFHSWDEOHVROXWLRQ±RIWHQWKLV
LV ODQG¿OOLQJ RU FRPSRVWLQJ +RRUQZHJ  +RRUQZHJ et
al., 1999; Johannessen and Boyer, 1999). Accelerating the
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LQWURGXFWLRQRIODQG¿OOJDVH[WUDFWLRQDQGXWLOL]DWLRQFDQPLWLJDWH
the effect of increased CH4JHQHUDWLRQDWHQJLQHHUHGODQG¿OOV
$OWKRXJK.\RWRPHFKDQLVPVVXFKDV&'0DQG-,KDYHDOUHDG\
SURYHQXVHIXOLQWKLVUHJDUGWKHSRVWVLWXDWLRQLVXQFOHDU
With regard to wastewater trends, a current priority in
GHYHORSLQJFRXQWULHVLVWRLQFUHDVHWKHKLVWRULFDOO\ORZUDWHVRI
wastewater collection and treatment. One of the Millennium
'HYHORSPHQW*RDOV 0'*V LVWRUHGXFHE\WKHQXPEHU
of people without access to safe sanitation by 2015. One
strategy may be to encourage more on-site sanitation rather
WKDQH[SHQVLYHWUDQVSRUWRIVHZHUDJHWRFHQWUDOL]HGWUHDWPHQW
SODQWVWKLVVWUDWHJ\KDVEHHQVXFFHVVIXOLQ'DNDU6HQHJDODW
WKHFRVWRIDERXW86SHUKRXVHKROG,WKDVEHHQHVWLPDWHG
WKDWIRUVDQLWDWLRQWKHDQQXDOLQYHVWPHQWPXVWLQFUHDVHIURP
 ELOOLRQ 86 WR  ELOOLRQ 86 WR DFKLHYH WKH 0'* WDUJHW
mostly in East Asia, South Asia and Sub-Saharan Africa (World
%DQND 

10.3

Emission trends

10.3.1 Global overview
4XDQWLI\LQJJOREDOWUHQGVUHTXLUHVDQQXDOQDWLRQDOGDWD RQ
waste production and management practices. Estimates for many
FRXQWULHVDUHXQFHUWDLQEHFDXVHGDWDDUHODFNLQJLQFRQVLVWHQWRU
incomplete; therefore, the standardization of terminology for
QDWLRQDOZDVWHVWDWLVWLFVZRXOGJUHDWO\LPSURYHGDWDTXDOLW\IRU
WKLVVHFWRU0RVWGHYHORSLQJFRXQWULHVXVHGHIDXOWGDWDRQZDVWH
generation per capita with inter-annual changes assumed to be
SURSRUWLRQDOWRWRWDORUXUEDQSRSXODWLRQ'HYHORSHGFRXQWULHV
XVH PRUH GHWDLOHG PHWKRGRORJLHV DFWLYLW\ GDWD DQG HPLVVLRQ
IDFWRUVDVZHOODVQDWLRQDOVWDWLVWLFVDQGVXUYH\VDQGDUHVKDULQJ
WKHLUPHWKRGVWKURXJKELODWHUDODQGPXOWLODWHUDOLQLWLDWLYHV
)RUODQG¿OO&+4, the largest GHG emission from the waste
VHFWRUHPLVVLRQVFRQWLQXHVHYHUDOGHFDGHVDIWHUZDVWHGLVSRVDO
thus, the estimation of emission trends requires models that
include temporal trends. Methane is also emitted during
ZDVWHZDWHUWUDQVSRUWVHZDJHWUHDWPHQWSURFHVVHVDQGOHDNDJHV
from anaerobic digestion of waste or wastewater sludges.
7KHPDMRUVRXUFHVRI12O are human sewage and wastewater
treatment. The CO2 from the non-biomass portion of incinerated
ZDVWH LV D VPDOO VRXUFH RI *+* HPLVVLRQV 7KH ,3&& 
*XLGHOLQHVDOVRSURYLGHPHWKRGRORJLHVIRU&22, CH4 and N2O
emissions from open burning of waste and for CH4 and N2O
emissions from composting and anaerobic digestion of biowaste.
2SHQEXUQLQJRIZDVWHLQGHYHORSLQJFRXQWULHVLVDVLJQL¿FDQW
ORFDOVRXUFHRIDLUSROOXWLRQFRQVWLWXWLQJDKHDOWKULVNIRUQHDUE\
communities. Composting and other biological treatments emit
YHU\VPDOOTXDQWLWLHVRI*+*VEXWZHUHLQFOXGHGLQ,3&&
Guidelines for completeness.
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Table 10.3: Trends for GHG emissions from waste using (a) 1996 and (b) 2006 IPCC inventory guidelines, extrapolations, and projections (MtCO2-eq, rounded)

ISource

1990

1995

2000

2005

2010

2015

2020

Landﬁll CH4a

760

770

730

750

760

790

820

Landﬁll CH4b

340

400

450

520

640

800

1000

Landﬁll CH4
(average of a and b)

550

585

590

635

700

795

910

Wastewater CH4a

450

490

520

590

600

630

670

Oa

80

90

90

100

100

100

100

Incineration CO2b

40

40

50

50

60

60

60

1120

1205

1250

1345

1460

1585

1740

Wastewater N2

Total GHG emissions

2030

2050

1500

2900

70

80

I

Notes: Emissions estimates and projections as follows:
a Based on reported emissions from national inventories and national communications, and (for non-reporting countries) on 1996 inventory guidelines and extrapolations (US EPA, 2006).
b Based on 2006 inventory guidelines and BAU projection (Monni et al., 2006).
Total includes landﬁll CH4 (average), wastewater CH4, wastewater N2O and incineration CO2.

2YHUDOO WKH ZDVWH VHFWRU FRQWULEXWHV  RI JOREDO *+*
emissions. Table 10.3 compares estimated emissions and trends
IURPWZRVWXGLHV86(3$  DQG0RQQLet al.  7KH
86(3$  VWXG\FROOHFWHGGDWDIURPQDWLRQDOLQYHQWRULHV
DQG SURMHFWLRQV UHSRUWHG WR WKH 8QLWHG 1DWLRQV )UDPHZRUN
&RQYHQWLRQRQ&OLPDWH&KDQJH 81)&&& DQGVXSSOHPHQWHG
GDWD JDSV ZLWK HVWLPDWHV DQG H[WUDSRODWLRQV EDVHG RQ ,3&&
default data and simple mass balance calculations using the
 ,3&& 7LHU  PHWKRGRORJ\ IRU ODQG¿OO &+4. Monni et
al.   FDOFXODWHG D WLPH VHULHV IRU ODQG¿OO &+4 using the
¿UVWRUGHU GHFD\ )2'  PHWKRGRORJ\ DQG GHIDXOW GDWD LQ WKH
 ,3&& *XLGHOLQHV WDNLQJ LQWR DFFRXQW WKH WLPH ODJ LQ
ODQG¿OOHPLVVLRQVFRPSDUHGWR\HDURIGLVSRVDO7KHHVWLPDWHV
by Monni et al.  DUHORZHUWKDQ86(3$  IRUWKH
SHULRG±EHFDXVHWKHIRUPHUUHÀHFWVORZHUJURZWKLQ
HPLVVLRQVUHODWLYHWRWKHJURZWKLQZDVWH+RZHYHUWKHIXWXUH
SURMHFWHGJURZWKLQHPLVVLRQVE\0RQQLet al.  LVKLJKHU
EHFDXVHUHFHQW(XURSHDQGHFUHDVHVLQODQG¿OOLQJDUHUHÀHFWHG
PRUH VORZO\ LQ WKH IXWXUH SURMHFWLRQV )RU FRPSDULVRQ WKH
reported 1995 CH4 HPLVVLRQV IURP ODQG¿OOV DQG ZDVWHZDWHU
IURPQDWLRQDOLQYHQWRULHVZHUHDSSUR[LPDWHO\0W&22eq
81)&&& ,QJHQHUDOGDWDIURP1RQ$QQH[,FRXQWULHV
DUHOLPLWHGDQGXVXDOO\DYDLODEOHRQO\IRU RU ,QWKH
7$5DQQXDOJOREDO&+4 and N2O emissions from all sources
ZHUH DSSUR[LPDWHO\ 7J&+4/yr and 17.7 Tg N/yr as N2O
,3&&E 7KHGLUHFWFRPSDULVRQRIUHSRUWHGHPLVVLRQVLQ
7DEOHZLWKWKH65(6$DQG%VFHQDULRV 1DNLFHQRYLF
et al., 2000) for GHG emissions from waste is problematical:
WKH 65(6 GR QRW LQFOXGH ODQG¿OOJDV UHFRYHU\ FRPPHUFLDO
VLQFH DQGSURMHFWFRQWLQXRXVLQFUHDVHVLQ&+4 emissions
EDVHGRQO\RQSRSXODWLRQLQFUHDVHVWR $,%$,0 RU
%0(66$*( UHVXOWLQJLQYHU\KLJKHPLVVLRQHVWLPDWHVRI
>4000 MtCO2-eq/yr for 2050.
7DEOH  LQGLFDWHV WKDW WRWDO HPLVVLRQV KDYH KLVWRULFDOO\
increased and will continue to increase (Monni et al. 
86(3$see also6FKHHKOHDQG.UXJHU +RZHYHU
between 1990 and 2003, the percentage of total global GHG
596

emissions from the waste sector declined 14–19% for Annex
, DQG (,7 FRXQWULHV 81)&&&   7KH ZDVWH VHFWRU
FRQWULEXWHG ± RI WKH JOREDO *+* WRWDO IRU $QQH[ , DQG
(,7 FRXQWULHV IRU  EXW D KLJKHU SHUFHQWDJH   IRU
QRQ$QQH[ , FRXQWULHV YDULRXV UHSRUWLQJ \HDUV IURP ±
  81)&&& ,QGHYHORSHGFRXQWULHVODQG¿OO&+4
HPLVVLRQVDUHVWDELOL]LQJGXHWRLQFUHDVHGODQG¿OO&+4UHFRYHU\
GHFUHDVHGODQG¿OOLQJDQGGHFUHDVHGZDVWHJHQHUDWLRQDVDUHVXOW
of local waste management decisions including recycling, local
HFRQRPLFFRQGLWLRQVDQGSROLF\LQLWLDWLYHV2QWKHRWKHUKDQG
UDSLG LQFUHDVHV LQ SRSXODWLRQ DQG XUEDQL]DWLRQ LQ GHYHORSLQJ
countries are resulting in increases in GHG emissions from
waste, especially CH4 IURP ODQG¿OOV DQG ERWK &+4 and N2O
from wastewater. CH4 emissions from wastewater alone are
expected to increase almost 50% between 1990 and 2020,
HVSHFLDOO\ LQ WKH UDSLGO\ GHYHORSLQJ FRXQWULHV RI (DVWHUQ DQG
6RXWKHUQ$VLD 86(3$Table 10.3). Estimates of global
N2O emissions from wastewater are incomplete and based only
on human sewage treatment, but these indicate an increase of
25% between 1990 and 2020 (Table 10.3  ,W LV LPSRUWDQW WR
HPSKDVL]H KRZHYHU WKDW WKHVH DUH EXVLQHVVDVXVXDO %$8 
scenarios, and actual emissions could be much lower if
DGGLWLRQDOPHDVXUHVDUHLQSODFH)XWXUHUHGXFWLRQVLQHPLVVLRQV
from the waste sector will partially depend on the post-2012
DYDLODELOLW\RI.\RWRPHFKDQLVPVVXFKWKH&'0DQG-,
8QFHUWDLQWLHVIRUWKHHVWLPDWHVLQ7DEOHDUHGLI¿FXOWWR
DVVHVVDQGYDU\E\VRXUFH$FFRUGLQJWR,3&&*XLGHOLQHV
,3&&   XQFHUWDLQWLHV FDQ UDQJH IURP ± IRU
countries with good annual waste data) to more than twofold (for
countries without annual data). The use of default data and the
7LHUPDVVEDODQFHPHWKRG IURPLQYHQWRU\JXLGHOLQHV 
IRU PDQ\ GHYHORSLQJ FRXQWULHV ZRXOG EH WKH PDMRU VRXUFH RI
XQFHUWDLQW\LQERWKWKH86(3$  VWXG\DQGUHSRUWHG*+*
HPLVVLRQV ,3&& (VWLPDWHVE\0RQQLet al.  ZHUH
VHQVLWLYHWRWKHUHODWLRQVKLSEHWZHHQZDVWHJHQHUDWLRQDQG*'3
with an estimated range of uncertainty for the baseline for 2030
RI ± WR $GGLWLRQDO VRXUFHV RI XQFHUWDLQW\ LQFOXGH
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the use of default data for waste generation, plus the suitability
RI SDUDPHWHUV DQG FKRVHQ PHWKRGV IRU LQGLYLGXDO FRXQWULHV
+RZHYHUDOWKRXJKFRXQWU\VSHFL¿FXQFHUWDLQWLHVPD\EHODUJH
WKH XQFHUWDLQWLHV E\ UHJLRQ DQG RYHU WLPH DUH HVWLPDWHG WR EH
smaller.
10.3.2 Landﬁll CH4: regional trends
/DQG¿OO &+4 has historically been the largest source of
*+*HPLVVLRQVIURPWKHZDVWHVHFWRU7KHJURZWKLQODQG¿OO
emissions has diminished during the last 20 years due to
LQFUHDVHG UDWHV RI ODQG¿OO &+4 UHFRYHU\ LQ PDQ\ FRXQWULHV
DQGGHFUHDVHGUDWHVRIODQG¿OOLQJLQWKH(87KHUHFRYHU\DQG
XWLOL]DWLRQRIODQG¿OO&+4 as a source of renewable energy was
¿UVW FRPPHUFLDOL]HG LQ  DQG LV QRZ EHLQJ LPSOHPHQWHG
at >1150 plants worldwide with emission reductions of >105
MtCO2-eq/yr (Willumsen, 2003; Bogner and Matthews, 2003).
This number should be considered a minimum because there
DUHDOVRPDQ\VLWHVWKDWUHFRYHUDQGÀDUHODQG¿OOJDVZLWKRXW
HQHUJ\ UHFRYHU\ )LJXUH  FRPSDUHV UHJLRQDO HPLVVLRQV
HVWLPDWHV IRU ¿YH\HDU LQWHUYDOV IURP ± 86 (3$
 WRDQQXDOKLVWRULFDOHVWLPDWHVIURP± %RJQHU
DQG0DWWKHZV 7KHWUHQGVFRQYHUJHIRU(XURSHDQGWKH
2(&'3DFL¿FEXWWKHUHDUHGLIIHUHQFHVIRU1RUWK$PHULFDDQG
Asia related to differences in methodologies and assumptions.

1000

$ FRPSDULVRQ RI WKH SUHVHQW UDWH RI ODQG¿OO &+4 UHFRYHU\
to estimated global emissions (Table 10.3) indicates that the
PLQLPXPUHFRYHU\DQGXWLOL]DWLRQUDWHVGLVFXVVHGDERYH !
MtCO2HT\U  FXUUHQWO\ H[FHHG WKH DYHUDJH SURMHFWHG LQFUHDVH
IURPWR7KXVLWLVUHDVRQDEOHWRVWDWHWKDWODQG¿OO
CH4 UHFRYHU\ LV EHJLQQLQJ WR VWDELOL]H HPLVVLRQV IURP WKLV
source. A linear regression using historical data from the early
VWRLQGLFDWHVDFRQVHUYDWLYHJURZWKUDWHIRUODQG¿OO
CH4 utilization of approximately 5% per year (Bogner and
0DWWKHZV   )RU WKH (8 WUHQGV LQGLFDWH WKDW ODQG¿OO
CH4 emissions are declining substantially. Between 1990 and
ODQG¿OO&+4 emissions decreased by almost 30% (Deuber
et al.   GXH WR WKH HDUO\ LPSOHPHQWDWLRQ RI WKH ODQG¿OO
GLUHFWLYH (& DQGVLPLODUQDWLRQDOOHJLVODWLRQLQWHQGHG
WR ERWK UHGXFH WKH ODQG¿OOLQJ RI ELRGHJUDGDEOH ZDVWH DQG
LQFUHDVHODQG¿OO&+4UHFRYHU\DWH[LVWLQJVLWHV%\*+*
HPLVVLRQVIURPZDVWHLQWKH(8DUHSURMHFWHGWREHPRUHWKDQ
EHORZOHYHOVGXHWRWKHVHLQLWLDWLYHV (($ 
)RU GHYHORSLQJ FRXQWULHV DV GLVFXVVHG LQ WKH SUHYLRXV
VHFWLRQ   UDWHV RI ODQG¿OO &+4 emissions are expected
WR LQFUHDVH FRQFXUUHQWO\ ZLWK LQFUHDVHG ODQG¿OOLQJ +RZHYHU
LQFHQWLYHVVXFKDVWKH&'0FDQDFFHOHUDWHUDWHVRIODQG¿OO&+4
UHFRYHU\DQGXVHLQSDUDOOHOZLWKLPSURYHGODQG¿OOLQJSUDFWLFHV
,QDGGLWLRQVLQFHVXEVWDQWLDO&+4 can be emitted both before
DQG DIWHU WKH SHULRG RI DFWLYH JDV UHFRYHU\ VLWHV VKRXOG EH
encouraged, where feasible, to install horizontal gas collection

Mt CO2-eq
(a) inventories

(b) projection (EPA)

-+- OECD N. America

Pacific
........
Europe
---- OECD

--

100

Countries in Transition

- +- Sub-Saharan Africa

Northern Africa
Middle East
Latin America
Developing Countries S. and E. Asia

10

1

0.1
1970

1980

1990

2000

2010

2020

Figure 10.5: Regional landﬁll CH4 emission trends (MtCO2-eq).
Notes: Includes a) Annual historic emission trends from Bogner and Matthews (2003), extended through 2002; b) Emission estimates for ﬁve-year intervals from
1990–2020 using 1996 inventory procedures, extrapolations and projections (US EPA, 2006).
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V\VWHPV FRQFXUUHQW ZLWK ¿OOLQJ DQG LPSOHPHQW VROXWLRQV WR
PLWLJDWH UHVLGXDO HPLVVLRQV DIWHU FORVXUH VXFK DV ODQG¿OO
ELRFRYHUVWRPLFURELDOO\R[LGL]H&+4—see section 10.4.2).
10.3.3 Wastewater and human sewage CH4 and
N2O: regional trends
CH4 and N2O can be produced and emitted during municipal
and industrial wastewater collection and treatment, depending
on transport, treatment and operating conditions. The resulting
sludges can also microbially generate CH4 and N2O, which
PD\ EH HPLWWHG ZLWKRXW JDV FDSWXUH ,Q GHYHORSHG FRXQWULHV
these emissions are typically small and incidental because of
H[WHQVLYH LQIUDVWUXFWXUH IRU ZDVWHZDWHU WUHDWPHQW XVXDOO\
relying on centralized treatment. With anaerobic processes,
biogas is produced and CH4 can be emitted if control measures

DUHODFNLQJKRZHYHUWKHELRJDVFDQDOVREHXVHGIRUSURFHVV
heating or onsite electrical generation.
,QGHYHORSLQJFRXQWULHVGXHWRUDSLGSRSXODWLRQJURZWKDQG
XUEDQL]DWLRQ ZLWKRXW FRQFXUUHQW GHYHORSPHQW RI ZDVWHZDWHU
infrastructure, CH4 and N2O emissions from wastewater are
JHQHUDOO\KLJKHUWKDQLQGHYHORSHGFRXQWULHV7KLVFDQEHVHHQ
by examining the 1990 estimated CH4 and N2O emissions
DQG SURMHFWHG WUHQGV WR  IURP ZDVWHZDWHU DQG KXPDQ
VHZDJH 81)&&&,3&&  86 (3$   +RZHYHU
GDWD UHOLDELOLW\ IRU PDQ\ GHYHORSLQJ FRXQWULHV LV XQFHUWDLQ
'HFHQWUDOL]HG µQDWXUDO¶ WUHDWPHQW SURFHVVHV DQG VHSWLF WDQNV
LQ GHYHORSLQJ FRXQWULHV PD\ DOVR UHVXOW LQ UHODWLYHO\ ODUJH
emissions of CH4 and N22 SDUWLFXODUO\ LQ &KLQD ,QGLD DQG
,QGRQHVLD ZKHUH ZDVWHZDWHU YROXPHV DUH LQFUHDVLQJ UDSLGO\
ZLWKHFRQRPLFGHYHORSPHQW 6FKHHKOHDQG'RRUQ 

Wastewater CH4 emissions, 2020

Wastewater CH4 emissions, 1990
7% OECD North America

7% OECD North America

1% OECD Pacific
20% South Asia

4% Europe

1% OECD Pacific
33% South Asia

3% Europe
6% Countries in transition

9% Countries in transition
5% Sub-Saharan Africa
4% Sub-Saharan Africa

1% North Africa

1% North Africa
6% Middle East

7% Middle East

38% East Asia

9% Latin America

35% East Asia

10% Latin America

Figure 10.6a: Regional distribution of CH4 emissions from wastewater and human sewage in 1990 and 2020. See Table 10.3 for total emissions.

N2O emissions from human sewage, 1990

16% South Asia

12% OECD North America

N2O emissions from human sewage, 2020

19% South Asia

5% OECD Pacific

13% OECD North America
4% OECD Pacific

10% Europe

13% Europe

4% Countries in transition
30% East Asia

6% Countries in transition

30% East Asia

3% Sub-Saharan Africa
6% North Africa
3% Middle East
6% Latin America

Figure 10.6b: Regional distribution of N2O emissions from human sewage in 1990 and 2020. See Table 10.3 for total emissions.
Notes: The US estimates include industrial wastewater and septic tanks, which are not reported by all developed countries.
Source: UNFCCC/IPCC (2004)
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The highest regional percentages for CH4 emissions from
ZDVWHZDWHU DUH IURP $VLD HVSHFLDOO\ &KLQD ,QGLD   2WKHU
FRXQWULHVZLWKKLJKHPLVVLRQVLQWKHLUUHVSHFWLYHUHJLRQVLQFOXGH
7XUNH\%XOJDULD,UDQ%UD]LO1LJHULDDQG(J\SW7RWDOJOREDO
emissions of CH4 from wastewater handling are expected to
rise by more than 45% from 1990 to 2020 (Table 10.3) with
PXFKRIWKHLQFUHDVHIURPWKHGHYHORSLQJFRXQWULHVRI(DVWDQG
South Asia, the middle East, the Caribbean, and Central and
6RXWK$PHULFD7KH(8KDVSURMHFWHGORZHUHPLVVLRQVLQ
UHODWLYHWR 86(3$ 
The contribution of human sewage to atmospheric N2O
LV YHU\ ORZ ZLWK HPLVVLRQV RI ±0W&22-eq/yr during
the period 1990–2020 (Table 10.3) compared to current total
global anthropogenic N2O emissions of about 3500 MtCO2-eq
86(3$ (PLVVLRQHVWLPDWHVIRU12O from sewage for
$VLD$IULFD6RXWK$PHULFDDQGWKH&DULEEHDQDUHVLJQL¿FDQWO\
XQGHUHVWLPDWHG VLQFH OLPLWHG GDWD DUH DYDLODEOH EXW LW LV
estimated that these countries accounted for >70% of global
HPLVVLRQV LQ  81)&&&,3&&    &RPSDUHG ZLWK
1990, it is expected that global emissions will rise by about 20%
E\  7DEOH    7KH UHJLRQV ZLWK WKH KLJKHVW UHODWLYH
N22HPLVVLRQVDUHWKHGHYHORSLQJFRXQWULHVRI(DVW$VLDWKH
GHYHORSLQJ FRXQWULHV RI 6RXWK $VLD (XURSH DQG WKH 2(&'
1RUWK$PHULFD )LJXUHE 5HJLRQVZKRVHHPLVVLRQVDUH
expected to increase the most by 2020 (with regional increases
RI  WR   DUH $IULFD WKH 0LGGOH (DVW WKH GHYHORSLQJ
countries of S and E Asia, the Caribbean, and Central and South
$PHULFD 86(3$ 7KHRQO\UHJLRQVH[SHFWHGWRKDYH
ORZHU HPLVVLRQV LQ  UHODWLYH WR  DUH (XURSH DQG WKH
(,7&RXQWULHV
10.3.4 CO2 from waste incineration
&RPSDUHGWRODQG¿OOLQJZDVWHLQFLQHUDWLRQDQGRWKHUWKHUPDO
SURFHVVHVDYRLGPRVW*+*JHQHUDWLRQUHVXOWLQJRQO\LQPLQRU
emissions of CO2 from fossil C sources, including plastics and
synthetic textiles. Estimated current GHG emissions from waste
incineration are small, around 40 MtCO2-eq/yr, or less than
RQHWHQWKRIODQG¿OO&+4HPLVVLRQV5HFHQWGDWDIRUWKH(8
indicate CO2 emissions from incineration of about 9 MtCO2HT\U (,33& %XUHDX   )XWXUH WUHQGV ZLOO GHSHQG RQ
HQHUJ\ SULFH ÀXFWXDWLRQV DV ZHOO DV LQFHQWLYHV DQG FRVWV IRU
GHG mitigation. Monni et al.  HVWLPDWHGWKDWLQFLQHUDWRU
HPLVVLRQV ZRXOG JURZ WR ± 0W&22-eq/yr by 2050 (not
LQFOXGLQJIRVVLOIXHORIIVHWVGXHWRHQHUJ\UHFRYHU\ 
0DMRU FRQWULEXWRUV WR WKLV PLQRU VRXUFH ZRXOG EH WKH
GHYHORSHGFRXQWULHVZLWKKLJKUDWHVRILQFLQHUDWLRQLQFOXGLQJ
-DSDQ !RIZDVWHLQFLQHUDWHG 'HQPDUNDQG/X[HPERXUJ
!RIZDVWH DVZHOODV)UDQFH6ZHGHQWKH1HWKHUODQGV
DQG 6ZLW]HUODQG ,QFLQHUDWLRQ UDWHV DUH LQFUHDVLQJ LQ PRVW
(XURSHDQ FRXQWULHV DV D UHVXOW RI WKH (8 /DQG¿OO 'LUHFWLYH
,QDERXWRIPXQLFLSDOVROLGZDVWHZDVLQFLQHUDWHG
ZLWKHQHUJ\UHFRYHU\LQWKH(8 (XURVWDW6WDWLVWLFV
)LQODQG 0RUHUHFHQWGDWDIRUWKH(8 (,3&& 
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indicate that 20–25% of the total municipal solid waste is
LQFLQHUDWHGDWRYHUSODQWVZLWKDQDYHUDJHFDSDFLW\RIDERXW
WG UDQJH RI ±WG  ,Q WKH 86 RQO\ DERXW 
of waste is incinerated (US EPA, 2005), primarily in the more
densely populated eastern states. Thorneloe et al. (2002), using
a life cycle approach, estimated that US plants reduced GHG
emissions by 11 MtCO2-eq/yr when fossil-fuel offsets were
WDNHQLQWRDFFRXQW
,QGHYHORSLQJFRXQWULHVFRQWUROOHGLQFLQHUDWLRQRIZDVWHLV
infrequently practised because of high capital and operating
FRVWV DV ZHOO DV D KLVWRU\ RI SUHYLRXV XQVXVWDLQDEOH SURMHFWV
7KH XQFRQWUROOHG EXUQLQJ RI ZDVWH IRU YROXPH UHGXFWLRQ LQ
these countries is still a common practice that contributes to
XUEDQDLUSROOXWLRQ +RRUQZHJ ,QFLQHUDWLRQLVDOVRQRW
the technology of choice for wet waste, and municipal waste
LQ PDQ\ GHYHORSLQJ FRXQWULHV FRQWDLQV D KLJK SHUFHQWDJH RI
IRRG ZDVWH ZLWK KLJK PRLVWXUH FRQWHQWV ,Q VRPH GHYHORSLQJ
FRXQWULHVKRZHYHUWKHUDWHRIZDVWHLQFLQHUDWLRQLVLQFUHDVLQJ
,Q&KLQDIRUH[DPSOHZDVWHLQFLQHUDWLRQKDVLQFUHDVHGUDSLGO\
from 1.7% of municipal waste in 2000 to 5% in 2005 (including
 SODQWV  'X et al. D E National Bureau of
6WDWLVWLFVRI&KLQD 

10.4 Mitigation of post-consumer
emissions from waste
10.4.1 Waste management and GHG-mitigation
technologies
$ZLGHUDQJHRIPDWXUHWHFKQRORJLHVLVDYDLODEOHWRPLWLJDWH
GHG emissions from waste. These technologies include
ODQG¿OOLQJZLWKODQG¿OOJDVUHFRYHU\ UHGXFHV&+4 emissions),
SRVWFRQVXPHUUHF\FOLQJ DYRLGVZDVWHJHQHUDWLRQ FRPSRVWLQJ
RI VHOHFWHG ZDVWH IUDFWLRQV DYRLGV *+* JHQHUDWLRQ  DQG
SURFHVVHVWKDWUHGXFH*+*JHQHUDWLRQFRPSDUHGWRODQG¿OOLQJ
(thermal processes including incineration and industrial coFRPEXVWLRQ0%7ZLWKODQG¿OOLQJRIUHVLGXDOVDQGDQDHURELF
digestion). Therefore, the mitigation of GHG emissions from
waste relies on multiple technologies whose application
GHSHQGVRQORFDOUHJLRQDODQGQDWLRQDOGULYHUVIRUERWKZDVWH
management and GHG mitigation. There are many appropriate
low- to high-technology strategies discussed in this section
VHH)LJXUHIRUDTXDOLWDWLYHFRPSDULVRQRIWHFKQRORJLHV 
$WWKHµKLJKWHFKQRORJ\¶HQGWKHUHDUHDOVRDGYDQFHGWKHUPDO
SURFHVVHV IRU ZDVWH VXFK DV S\URO\VLV DQG JDVL¿FDWLRQ ZKLFK
are beginning to be applied in the EU, Japan and elsewhere.
%HFDXVH RI YDULDEOH IHHGVWRFNV DQG KLJK XQLW FRVWV WKHVH
SURFHVVHVKDYHQRWEHHQURXWLQHO\DSSOLHGWRPL[HGPXQLFLSDO
waste at large scale (thousands of tonnes per day). Costs and
potentials are addressed in Section 10.4.7.
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Figure 10.7: Technology gradient for waste management: major low- to high-technology options applicable to large-scale urban waste management
Note: MBT=Mechanical Biological Treatment.

10.4.2 CH4 management at landﬁlls
Global CH4 HPLVVLRQV IURP ODQG¿OOV DUH HVWLPDWHG WR EH
±0W&22HT\U 86 (3$  0RQQL et al.
 %RJQHU DQG 0DWWKHZV   +RZHYHU GLUHFW ¿HOG
PHDVXUHPHQWVRIODQG¿OO&+4 emissions at small scale (<1m2)
FDQYDU\RYHUVHYHQRUGHUVRIPDJQLWXGH ±!J&+4
/m2G  GHSHQGLQJ RQ ZDVWH FRPSRVLWLRQ FRYHU PDWHULDOV
VRLO PRLVWXUH WHPSHUDWXUH DQG RWKHU YDULDEOHV %RJQHU et al.,
D 5HVXOWVIURPDOLPLWHGQXPEHURIZKROHODQG¿OO&+4
emissions measurements in Europe, the US and South Africa
are in the range of about 0.1–1.0 tCH4KDG 1R]KHYQLNRYDet
al.2RQNDQG%RRP%RUMHVVRQ&]HSLHOet
al.+RYGHet al., 1995; Mosher et al., 1999; Tregoures et
al., 1999; Galle et al., 2001; Morris, 2001; Scharf et al., 2002).
7KH LPSOHPHQWDWLRQ RI DQ DFWLYH ODQG¿OO JDV H[WUDFWLRQ
V\VWHP XVLQJ YHUWLFDO ZHOOV RU KRUL]RQWDO FROOHFWRUV LV WKH
single most important mitigation measure to reduce emissions.
,QWHQVLYH¿HOGVWXGLHVRIWKH&+4 mass balance at cells with a
YDULHW\ RI GHVLJQ DQG PDQDJHPHQW SUDFWLFHV KDYH VKRZQ WKDW
!UHFRYHU\FDQEHDFKLHYHGDWFHOOVZLWK¿QDOFRYHUDQGDQ
HI¿FLHQWJDVH[WUDFWLRQV\VWHP 6SRNDVet al. 6RPHVLWHV
PD\KDYHOHVVHI¿FLHQWRURQO\SDUWLDOJDVH[WUDFWLRQV\VWHPVDQG
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WKHUHDUHIXJLWLYHHPLVVLRQVIURPODQG¿OOHGZDVWHSULRUWRDQG
DIWHUWKHLPSOHPHQWDWLRQRIDFWLYHJDVH[WUDFWLRQWKXVHVWLPDWHV
RIµOLIHWLPH¶UHFRYHU\HI¿FLHQFLHVPD\EHDVORZDV 2RQN
and Boom, 1995), which argues for early implementation
RI JDV UHFRYHU\ 6RPH PHDVXUHV WKDW FDQ EH LPSOHPHQWHG WR
LPSURYHRYHUDOOJDVFROOHFWLRQDUHLQVWDOODWLRQRIKRUL]RQWDOJDV
FROOHFWLRQV\VWHPVFRQFXUUHQWZLWK¿OOLQJIUHTXHQWPRQLWRULQJ
DQG UHPHGLDWLRQ RI HGJH DQG SLSLQJ OHDNDJHV LQVWDOODWLRQ RI
secondary perimeter extraction systems for gas migration and
emissions control, and frequent inspection and maintenance
RI FRYHU PDWHULDOV &XUUHQWO\ ODQG¿OO &+4 is being used to
fuel industrial boilers; to generate electricity using internal
combustion engines, gas turbines or steam turbines; and to
SURGXFHDVXEVWLWXWHQDWXUDOJDVDIWHUUHPRYDORI&22 and trace
components. Although electrical output ranges from small
N:H PLFURWXUELQHV WR 0:H VWHDP WXUELQH JHQHUDWRUV
PRVWSODQWVDUHLQWKH±0:HUDQJH6LJQL¿FDQWEDUULHUVWR
LQFUHDVHGGLIIXVLRQRIODQG¿OOJDVXWLOL]DWLRQHVSHFLDOO\ZKHUH
LWKDVQRWEHHQSUHYLRXVO\LPSOHPHQWHGFDQEHORFDOUHOXFWDQFH
from electrical utilities to include small power producers
and from gas utilities/pipeline companies to transport small
SHUFHQWDJHVRIXSJUDGHGODQG¿OOJDVLQQDWXUDOJDVSLSHOLQHV
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$ VHFRQGDU\ FRQWURO RQ ODQG¿OO &+4 emissions is CH4
oxidation by indigenous methanotrophic microorganisms in
FRYHUVRLOV/DQG¿OOVRLOVDWWDLQWKHKLJKHVWUDWHVRI&+4 oxidation
recorded in the literature, with rates many times higher than
in wetland settings. CH4R[LGDWLRQUDWHVDWODQG¿OOVFDQYDU\
RYHU VHYHUDO RUGHUV RI PDJQLWXGH DQG UDQJH IURP QHJOLJLEOH
to 100% of the CH4ÀX[WRWKHFRYHU8QGHUFLUFXPVWDQFHVRI
KLJKR[LGDWLRQSRWHQWLDODQGORZÀX[RIODQG¿OO&+4 from the
ODQG¿OO LW KDV EHHQ GHPRQVWUDWHG WKDW DWPRVSKHULF &+4 may
EHR[LGL]HGDWWKHODQG¿OOVXUIDFH %RJQHUet al., 1995; 1997b;
  %RUMHVVRQ DQG 6YHQVVRQ E  ,Q VXFK FDVHV
WKHODQG¿OOFRYHUVRLOVIXQFWLRQDVDVLQNUDWKHUWKDQDVRXUFHRI
atmospheric CH47KHWKLFNQHVVSK\VLFDOSURSHUWLHVPRLVWXUH
FRQWHQWDQGWHPSHUDWXUHRIFRYHUVRLOVGLUHFWO\DIIHFWR[LGDWLRQ
because rates are limited by the transport of CH4 upward from
anaerobic zones and O2 downward from the atmosphere.
/DERUDWRU\VWXGLHVKDYHVKRZQWKDWR[LGDWLRQUDWHVLQODQG¿OO
FRYHUVRLOVPD\EHDVKLJKDV±J&+4/m2/d (Kightley
et al., 1995; de Visscher et al. 5HFHQW¿HOGVWXGLHVKDYH
demonstrated that oxidation rates can be greater than 200 g/
m2G LQ WKLFN FRPSRVWDPHQGHG µELRFRYHUV¶ HQJLQHHUHG WR
optimize oxidation (Bogner et al., 2005; Huber-Humer, 2004).
7KHSURWRW\SHELRFRYHUGHVLJQLQFOXGHVDQXQGHUO\LQJFRDUVH
JUDLQHGJDVGLVWULEXWLRQOD\HUWRSURYLGHPRUHXQLIRUPÀX[HV
WR WKH ELRFRYHU DERYH +XEHU+XPHU   )XUWKHUPRUH
HQJLQHHUHG ELRFRYHUV KDYH EHHQ VKRZQ WR HIIHFWLYHO\ R[LGL]H
CH4RYHUPXOWLSOHDQQXDOF\FOHVLQQRUWKHUQWHPSHUDWHFOLPDWHV
+XPHU+XPHU   ,Q DGGLWLRQ WR ELRFRYHUV LW LV DOVR
SRVVLEOH WR GHVLJQ SDVVLYH RU DFWLYH PHWKDQRWURSKLF ELR¿OWHUV
WRUHGXFHODQG¿OO&+4HPLVVLRQV *HEHUWDQG*U|QJU|IW
6WUHHVHDQG6WHJPDQQ ,Q¿HOGVHWWLQJVVWDEOH&LVRWRSLF
WHFKQLTXHVKDYHSURYHQH[WUHPHO\XVHIXOWRTXDQWLI\WKHIUDFWLRQ
of CH4 WKDW LV R[LGL]HG LQ ODQG¿OO FRYHU VRLOV &KDQWRQ DQG
Liptay, 2000; de Visscher et al., 2004; Powelson et al., 2007).
$VHFRQGDU\EHQH¿WRI&+4R[LGDWLRQLQFRYHUVRLOVLVWKHFR
oxidation of many non-CH4 organic compounds, especially
aromatic and lower chlorinated compounds, thereby reducing
their emissions to the atmosphere (Scheutz et al., 2003a).
2WKHU PHDVXUHV WR UHGXFH ODQG¿OO &+4 emissions include
LQVWDOODWLRQ RI JHRPHPEUDQH FRPSRVLWH FRYHUV UHTXLUHG LQ
WKH 86 DV ¿QDO FRYHU  GHVLJQ DQG LQVWDOODWLRQ RI VHFRQGDU\
SHULPHWHU JDV H[WUDFWLRQ V\VWHPV IRU DGGLWLRQDO JDV UHFRYHU\
DQG LPSOHPHQWDWLRQ RI ELRUHDFWRU ODQG¿OO GHVLJQV VR WKDW WKH
SHULRGRIDFWLYHJDVSURGXFWLRQLVFRPSUHVVHGZKLOHHDUO\JDV
extraction is implemented.
/DQG¿OOVDUHDVLJQL¿FDQWVRXUFHRI&+4 emissions, but they
DUH DOVR D ORQJWHUP VLQN IRU FDUERQ %RJQHU  %DUOD]
6HH)LJXUHDQG%R[ 6LQFHOLJQLQLVUHFDOFLWUDQW
and cellulosic fractions decompose slowly, a minimum of 50%
RI WKH RUJDQLF FDUERQ ODQG¿OOHG LV QRW W\SLFDOO\ FRQYHUWHG WR
ELRJDVFDUERQEXWUHPDLQVLQWKHODQG¿OO 6HHUHIHUHQFHVFLWHG
RQ )LJXUH   &DUERQ VWRUDJH PDNHV ODQG¿OOLQJ D PRUH
FRPSHWLWLYH DOWHUQDWLYH IURP D FOLPDWH FKDQJH SHUVSHFWLYH
HVSHFLDOO\ZKHUHODQG¿OOJDVUHFRYHU\LVFRPELQHGZLWKHQHUJ\
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XVH )OXJVUXGet al.0LFDOHVDQG6NRJ3LQJRXGet
al.3LSDWWLDQG6DYRODLQHQ3LSDWWLDQG:LKHUVDDUL
 7KHIUDFWLRQRIFDUERQVWRUDJHLQODQG¿OOVFDQYDU\RYHU
a wide range, depending on original waste composition and
ODQG¿OOFRQGLWLRQV IRUH[DPSOHVHH+DVKLPRWRDQG0RULJXFKL
IRUDUHYLHZDGGUHVVLQJKDUYHVWHGZRRGSURGXFWV 
10.4.3 Incineration and other thermal processes for
waste-to-energy
These processes include incineration with and without
HQHUJ\UHFRYHU\SURGXFWLRQRIUHIXVHGHULYHGIXHO 5') DQG
LQGXVWULDOFRFRPEXVWLRQ LQFOXGLQJFHPHQWNLOQVVHH2QXPD
et al.DQG6HFWLRQ ,QFLQHUDWLRQUHGXFHVWKHPDVVRI
waste and can offset fossil-fuel use; in addition, GHG emissions
DUHDYRLGHGH[FHSWIRUWKHVPDOOFRQWULEXWLRQIURPIRVVLOFDUERQ
(Consonni et al. ,QFLQHUDWLRQKDVEHHQZLGHO\DSSOLHGLQ
PDQ\GHYHORSHGFRXQWULHVHVSHFLDOO\WKRVHZLWKOLPLWHGVSDFH
IRU ODQG¿OOLQJ VXFK DV -DSDQ DQG PDQ\ (XURSHDQ FRXQWULHV
Globally, about 130 million tonnes of waste are annually
FRPEXVWHGLQ!SODQWVLQFRXQWULHV 7KHPHOLV 
:DVWH LQFLQHUDWRUV KDYH EHHQ H[WHQVLYHO\ XVHG IRU PRUH
than 20 years with increasingly stringent emission standards
in Japan, the EU, the US and other countries. Mass burning is
UHODWLYHO\H[SHQVLYHDQGGHSHQGLQJRQSODQWVFDOHDQGÀXHJDV
WUHDWPHQWFXUUHQWO\UDQJHVIURPDERXW±¼WZDVWH ±
86W  )DDLM et al.  (,33& %XUHDX   :DVWH
to-energy plants can also produce useful heat or electricity,
ZKLFKLPSURYHVSURFHVVHFRQRPLFV-DSDQHVHLQFLQHUDWRUVKDYH
URXWLQHO\ LPSOHPHQWHG HQHUJ\ UHFRYHU\ RU SRZHU JHQHUDWLRQ
-DSDQ0LQLVWU\RIWKH(QYLURQPHQW ,QQRUWKHUQ(XURSH
XUEDQ LQFLQHUDWRUV KDYH KLVWRULFDOO\ VXSSOLHG IXHO IRU GLVWULFW
heating of residential and commercial buildings. Starting in the
VODUJHZDVWHLQFLQHUDWRUVZLWKVWULQJHQWHPLVVLRQVWDQGDUGV
KDYH EHHQ ZLGHO\ GHSOR\HG LQ *HUPDQ\ WKH 1HWKHUODQGV DQG
RWKHU(XURSHDQFRXQWULHV7\SLFDOO\VXFKSODQWVKDYHDFDSDFLW\
RI DERXW 0W ZDVWH\U PRYLQJ JUDWH ERLOHUV ZKLFK DOORZ
PDVV EXUQLQJ RI ZDVWH ZLWK GLYHUVH SURSHUWLHV  ORZ VWHDP
SUHVVXUHVDQGWHPSHUDWXUHV WRDYRLGFRUURVLRQ DQGH[WHQVLYH
ÀXHJDVFOHDQLQJWRFRQIRUPZLWK(8'LUHFWLYH(&,Q
2002, European incinerators for waste-to-energy generated 41
million GJ electrical energy and 110 million GJ thermal energy
7KHPHOLV   7\SLFDO HOHFWULFDO HI¿FLHQFLHV DUH  WR
!ZLWKPRUHHI¿FLHQWGHVLJQVEHFRPLQJDYDLODEOH,QUHFHQW
\HDUVPRUHDGYDQFHGFRPEXVWLRQFRQFHSWVKDYHSHQHWUDWHGWKH
PDUNHWLQFOXGLQJÀXLGL]HGEHGWHFKQRORJ\
10.4.4 Biological treatment including composting,
anaerobic digestion, and MBT (Mechanical
Biological Treatment)
0DQ\ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV SUDFWLVH
composting and anaerobic digestion of mixed waste or
ELRGHJUDGDEOH ZDVWH IUDFWLRQV NLWFKHQ RU UHVWDXUDQW ZDVWHV
garden waste, sewage sludge). Both processes are best applied
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to source-separated waste fractions: anaerobic digestion is
particularly appropriate for wet wastes, while composting is
RIWHQDSSURSULDWHIRUGULHUIHHGVWRFNV&RPSRVWLQJGHFRPSRVHV
waste aerobically into CO2, water and a humic fraction;
some carbon storage also occurs in the residual compost (see
UHIHUHQFHVRQ)LJXUH &RPSRVWLQJFDQEHVXVWDLQDEOHDW
UHDVRQDEOH FRVW LQ GHYHORSLQJ FRXQWULHV KRZHYHU FKRRVLQJ
PRUH ODERXULQWHQVLYH SURFHVVHV RYHU KLJKO\ PHFKDQL]HG
technology at large scale is typically more appropriate and
sustainable; Hoornweg et al.  JLYHH[DPSOHVIURP,QGLD
and other countries. Depending on compost quality, there
are many potential applications for compost in agriculture,
KRUWLFXOWXUHVRLOVWDELOL]DWLRQDQGVRLOLPSURYHPHQW LQFUHDVHG
organic matter, higher water-holding capacity) (Cointreau,
  +RZHYHU &+4 and N2O can both be formed during
composting by poor management and the initiation of semiaerobic (N2O) or anaerobic (CH4) conditions; recent studies
also indicate potential production of CH4 and N2O in wellmanaged systems (Hobson et al., 2005).
Anaerobic digestion produces biogas (CH4 + CO2) and
ELRVROLGV ,Q SDUWLFXODU 'HQPDUN *HUPDQ\ %HOJLXP DQG
)UDQFH KDYH LPSOHPHQWHG DQDHURELF GLJHVWLRQ V\VWHPV IRU
waste processing, with the resulting biogas used for process
heating, onsite electrical generation and other uses. Minor
quantities of CH4FDQEHYHQWHGIURPGLJHVWHUVGXULQJVWDUWXSV
VKXWGRZQV DQG PDOIXQFWLRQV +RZHYHU WKH *+* HPLVVLRQV
from controlled biological treatment are small in comparison to
uncontrolled CH4HPLVVLRQVIURPODQG¿OOVZLWKRXWJDVUHFRYHU\
(e.g. Petersen et al.  +HOOHEUDQG 9HVWHULQHQ 
%HFN)ULLV  'HW]HO et al.   7KH DGYDQWDJHV RI
ELRORJLFDO WUHDWPHQW RYHU ODQG¿OOLQJ DUH UHGXFHG YROXPH DQG
more rapid waste stabilization. Depending on quality, the
residual solids can be recycled as fertilizer or soil amendments,
used as a CH4R[LGL]LQJ ELRFRYHUV RQ ODQG¿OOV %DUOD]et al.,
 +XEHU+XPHU   RU ODQG¿OOHG DW UHGXFHG YROXPHV
with lower CH4 emissions.
Mechanical biological treatment (MBT) of waste is now
EHLQJZLGHO\LPSOHPHQWHGLQ*HUPDQ\$XVWULD,WDO\DQGRWKHU
(8FRXQWULHV,QWKHUHZHUHIDFLOLWLHVLQ$XVWULDLQ
*HUPDQ\DQGPRUHWKDQLQ,WDO\WKHWRWDOWKURXJKSXWZDV
DSSUR[LPDWHO\  PLOOLRQ WRQQHV ZLWK ODUJHU SODQWV KDYLQJ D
FDSDFLW\ RI ± WRQQHVGD\ 'LD] et al.   0L[HG
ZDVWH LV VXEMHFWHG WR D VHULHV RI PHFKDQLFDO DQG ELRORJLFDO
RSHUDWLRQVWRUHGXFHYROXPHDQGDFKLHYHSDUWLDOVWDELOL]DWLRQRI
the organic carbon. Typically, mechanical operations (sorting,
VKUHGGLQJFUXVKLQJ ¿UVWSURGXFHDVHULHVRIZDVWHIUDFWLRQVIRU
recycling or for subsequent treatment (including combustion or
secondary biological processes). The biological steps consist of
either aerobic composting or anaerobic digestion. Composting
can occur either in open windrows or in closed buildings with
JDV FROOHFWLRQ DQG WUHDWPHQW ,QYHVVHO DQDHURELF GLJHVWLRQ
of selected organic fractions produces biogas for energy use.
&RPSRVW SURGXFWV DQG GLJHVWLRQ UHVLGXDOV FDQ KDYH SRWHQWLDO
horticultural or agricultural applications; some MBT residuals
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DUH ODQG¿OOHG RU VRLOOLNH UHVLGXDOV FDQ EH XVHG DV ODQG¿OO
FRYHU8QGHUODQG¿OOFRQGLWLRQVUHVLGXDOPDWHULDOVUHWDLQVRPH
potential for CH4 JHQHUDWLRQ %RFNUHLV DQG 6WHLQEHUJ  
5HGXFWLRQV RI DV PXFK DV ± RI WKH RULJLQDO RUJDQLF
carbon are possible with MBT (Kaartinen, 2004). Compared
ZLWKODQG¿OOLQJ0%7FDQWKHRUHWLFDOO\UHGXFH&+4 generation
by as much as 90% (Kuehle-Weidemeier and Doedens, 2003).
,QSUDFWLFHUHGXFWLRQVDUHVPDOOHUDQGGHSHQGHQWRQWKHVSHFL¿F
MBT processes employed (see Binner, 2002).
10.4.5 Waste reduction, re-use and recycling
4XDQWLI\LQJ WKH *+*UHGXFWLRQ EHQH¿WV RI ZDVWH
minimization, recycling and re-use requires the application
of LCA tools (Smith et al.   5HF\FOLQJ UHGXFHV *+*
emissions through lower energy demand for production
DYRLGHGIRVVLOIXHO DQGE\VXEVWLWXWLRQRIUHF\FOHGIHHGVWRFNV
IRU YLUJLQ PDWHULDOV (I¿FLHQW XVH RI PDWHULDOV DOVR UHGXFHV
ZDVWH 0DWHULDO HI¿FLHQF\ FDQ EH GH¿QHG DV D UHGXFWLRQ LQ
SULPDU\PDWHULDOVIRUDSDUWLFXODUSXUSRVHVXFKDVSDFNDJLQJ
RU FRQVWUXFWLRQ ZLWK QR QHJDWLYH LPSDFW RQ H[LVWLQJ KXPDQ
DFWLYLWLHV $W VHYHUDO VWDJHV LQ WKH OLIH F\FOH RI D SURGXFW
PDWHULDOHI¿FLHQF\FDQEHLQFUHDVHGE\PRUHHI¿FLHQWGHVLJQ
material substitution, product recycling, material recycling and
quality cascading (use of recycled material for a secondary
product with lower quality demands). Both material recycling
and quality cascading occur in many countries at large scale
IRUPHWDOVUHFRYHU\ VWHHODOXPLQLXP DQGUHF\FOLQJRISDSHU
plastics and wood. All these measures lead to indirect energy
VDYLQJVUHGXFWLRQVLQ*+*HPLVVLRQVDQGDYRLGDQFHRI*+*
generation. This is especially true for products resulting from
HQHUJ\LQWHQVLYH SURGXFWLRQ SURFHVVHV VXFK DV PHWDOV JODVV
SODVWLFDQGSDSHU 7XKNDQHQet al., 2001).
7KH PDJQLWXGH RI DYRLGHG *+*HPLVVLRQV EHQH¿WV IURP
UHF\FOLQJLVKLJKO\GHSHQGHQWRQWKHVSHFL¿FPDWHULDOVLQYROYHG
WKH UHFRYHU\ UDWHV IRU WKRVH PDWHULDOV WKH ORFDO RSWLRQV IRU
PDQDJLQJPDWHULDOVDQG IRUHQHUJ\RIIVHWV WKHVSHFL¿FIRVVLO
IXHO DYRLGHG 6PLWK et al., 2001). Therefore, existing studies
are often not comparable with respect to the assumptions and
FDOFXODWLRQV HPSOR\HG 1HYHUWKHOHVV YLUWXDOO\ DOO GHYHORSHG
FRXQWULHVKDYHLPSOHPHQWHGFRPSUHKHQVLYHQDWLRQDOUHJLRQDO
RU ORFDO UHF\FOLQJ SURJUDPPHV )RU H[DPSOH 6PLWK et al.
 WKRURXJKO\DGGUHVVHGWKH*+*HPLVVLRQEHQH¿WVIURP
recycling across the EU, and Pimenteira et al.  TXDQWL¿HG
GHG emission reductions from recycling in Brazil.
10.4.6 Wastewater and sludge treatment
7KHUH DUH PDQ\ DYDLODEOH WHFKQRORJLHV IRU ZDVWHZDWHU
management, collection, treatment, re-use and disposal,
UDQJLQJIURPQDWXUDOSXUL¿FDWLRQSURFHVVHVWRHQHUJ\LQWHQVLYH
DGYDQFHG WHFKQRORJLHV $OWKRXJK GHFLVLRQPDNLQJ WRROV DUH
DYDLODEOHWKDWLQFOXGHHQYLURQPHQWDOWUDGHRIIVDQGFRVWV +R
2000), systematic global studies of GHG-reduction potentials
DQG FRVWV IRU ZDVWHZDWHU DUH VWLOO QHHGHG :KHQ HI¿FLHQWO\
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applied, wastewater transport and treatment technologies
reduce or eliminate GHG generation and emissions; in addition,
ZDVWHZDWHU PDQDJHPHQW SURPRWHV ZDWHU FRQVHUYDWLRQ E\
SUHYHQWLQJ SROOXWLRQ UHGXFLQJ WKH YROXPH RI SROOXWDQWV DQG
UHTXLULQJ D VPDOOHU YROXPH RI ZDWHU WR EH WUHDWHG %HFDXVH
WKH VL]H RI WUHDWPHQW V\VWHPV LV SULPDULO\ JRYHUQHG E\ WKH
YROXPH RI ZDWHU WR EH WUHDWHG UDWKHU WKDQ WKH PDVV ORDGLQJ
RI QLWURJHQ DQG RWKHU SROOXWDQWV VPDOOHU YROXPHV PHDQ WKDW
smaller treatment plants with lower capital costs can be more
H[WHQVLYHO\ GHSOR\HG :DVWHZDWHU FROOHFWLRQ DQG WUDQVSRUW
LQFOXGHVFRQYHQWLRQDO GHHS VHZHUDJHDQGVLPSOL¿HG VKDOORZ 
VHZHUDJH 'HHS VHZHUDJH LQ GHYHORSHG FRXQWULHV KDV KLJK
FDSLWDODQGRSHUDWLRQDOFRVWV6LPSOL¿HG VKDOORZ VHZHUDJHLQ
ERWKGHYHORSLQJDQGGHYHORSHGFRXQWULHVXVHVVPDOOHUGLDPHWHU
SLSLQJ DQG VKDOORZHU H[FDYDWLRQV UHVXOWLQJ LQ ORZHU FDSLWDO
costs (30–50%) than deep systems.
:DVWHZDWHU WUHDWPHQW UHPRYHV SROOXWDQWV XVLQJ D YDULHW\
of technologies. Small wastewater treatment systems include
SLW ODWULQHV FRPSRVWLQJ WRLOHWV DQG VHSWLF WDQNV 6HSWLF WDQNV
DUH LQH[SHQVLYH DQG ZLGHO\ XVHG LQ ERWK GHYHORSHG DQG
GHYHORSLQJ FRXQWULHV ,PSURYHG RQVLWH WUHDWPHQW V\VWHPV
XVHG LQ GHYHORSLQJ FRXQWULHV LQFOXGH LQYHUWHG WUHQFK V\VWHPV
DQGDHUDWHGWUHDWPHQWXQLWV0RUHDGYDQFHGWUHDWPHQWV\VWHPV
LQFOXGH DFWLYDWHG VOXGJH WUHDWPHQW WULFNOLQJ ¿OWHUV DQDHURELF
RU IDFXOWDWLYH ODJRRQV DQDHURELF GLJHVWLRQ DQG FRQVWUXFWHG
ZHWODQGV'HSHQGLQJRQVFDOHPDQ\RIWKHVHV\VWHPVKDYHEHHQ
XVHG LQ ERWK GHYHORSHG DQG GHYHORSLQJ FRXQWULHV $FWLYDWHG
VOXGJH WUHDWPHQW LV FRQVLGHUHG WKH FRQYHQWLRQDO PHWKRG IRU
ODUJHVFDOHWUHDWPHQWRIVHZDJH,QDGGLWLRQVHSDUDWLRQRIEODFN
ZDWHUDQGJUH\ZDWHUFDQUHGXFHWKHRYHUDOOHQHUJ\UHTXLUHPHQWV
IRUWUHDWPHQW 81(3*3$81(6&2,+( 3UHWUHDWPHQW
or limitation of industrial wastes is often necessary to limit
H[FHVVLYH SROOXWDQW ORDGV WR PXQLFLSDO V\VWHPV HVSHFLDOO\
ZKHQZDVWHZDWHUVDUHFRQWDPLQDWHGZLWKKHDY\PHWDOV6OXGJHV
(or biosolids) are the product of most wastewater treatment
systems. Options for sludge treatment include stabilization,
WKLFNHQLQJ GHZDWHULQJ DQDHURELF GLJHVWLRQ DJULFXOWXUDO UH
use, drying and incineration. The use of composted sludge as a
soil conditioner in agriculture and horticulture recycles carbon,
nitrogen and phosphorus (and other elements essential for plant
JURZWK +HDY\PHWDOVDQGVRPHWR[LFFKHPLFDOVDUHGLI¿FXOW
WRUHPRYHIURPVOXGJHHLWKHUWKHOLPLWDWLRQRILQGXVWULDOLQSXWV
or wastewater pretreatment is needed for agricultural use of
sludges. Lower quality uses for sludge may include mine site
UHKDELOLWDWLRQKLJKZD\ODQGVFDSLQJRUODQG¿OOFRYHU LQFOXGLQJ
ELRFRYHUV 6RPHVOXGJHVDUHODQG¿OOHGEXWWKLVSUDFWLFHPD\
UHVXOWLQLQFUHDVHGYRODWLOHVLOR[DQHVDQG+26LQWKHODQG¿OOJDV
Treated wastewater can either be re-used or discharged, but reuse is the most desirable option for agricultural and horticultural
LUULJDWLRQ ¿VK DTXDFXOWXUH DUWL¿FLDO UHFKDUJH RI DTXLIHUV RU
industrial applications.
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10.4.7 Waste management and mitigation costs and
potentials
,QWKHZDVWHVHFWRULWLVRIWHQQRWSRVVLEOHWRFOHDUO\VHSDUDWH
FRVWVIRU*+*PLWLJDWLRQIURPFRVWVIRUZDVWHPDQDJHPHQW,Q
DGGLWLRQZDVWHPDQDJHPHQWFRVWVFDQH[KLELWKLJKYDULDELOLW\
depending on local conditions. Therefore the baseline and cost
DVVXPSWLRQVORFDODYDLODELOLW\RIWHFKQRORJLHVDQGHFRQRPLF
DQGVRFLDOGHYHORSPHQWLVVXHVIRUDOWHUQDWLYHZDVWHPDQDJHPHQW
VWUDWHJLHVQHHGWREHFDUHIXOO\GH¿QHG$QROGHUVWXG\E\GH
-DJHUDQG%ORN  DVVXPHGD\HDUSURMHFWOLIHWRFRPSDUH
WKH FRVWHIIHFWLYHQHVV RI YDULRXV RSWLRQV IRU PLWLJDWLQJ &+4
emissions from waste in the Netherlands, with costs ranging
from –2 US$/tCO2HTIRUODQG¿OOLQJZLWKJDVUHFRYHU\DQGRQ
site electrical generation to >370 US$/tCO2-eq for incineration.
,Q JHQHUDO IRU ODQG¿OO &+4 UHFRYHU\ DQG XWLOL]DWLRQ SURMHFW
HFRQRPLFVDUHKLJKO\VLWHVSHFL¿FDQGGHSHQGHQWRQWKH¿QDQFLDO
DUUDQJHPHQWVDVZHOODVWKHGLVWULEXWLRQRIEHQH¿WVULVNVDQG
UHVSRQVLELOLWLHVDPRQJPXOWLSOHSDUWQHUV6RPHUHSUHVHQWDWLYH
XQLW FRVWV IRU ODQG¿OOJDV UHFRYHU\ DQG XWLOL]DWLRQ DOO LQ
86N:LQVWDOOHGSRZHU DUH±IRUJDVFROOHFWLRQ
200–300 for gas conditioning (blower/compressor, dehydration,
ÀDUH ±IRULQWHUQDOFRPEXVWLRQHQJLQHJHQHUDWRUDQG
250–350 for planning and design (Willumsen, 2003).
Smith et al.   KLJKOLJKWHG PDMRU FRVW GLIIHUHQFHV
between EU member states for mitigating GHG emissions
from waste. Based on fees (including taxes) for countries with
GDWDWKLVVWXG\FRPSDUHGHPLVVLRQVDQGFRVWVIRUYDULRXVZDVWH
management practices with respect to direct GHG emissions,
FDUERQ VHTXHVWUDWLRQ WUDQVSRUW HPLVVLRQV DYRLGHG HPLVVLRQV
IURPUHF\FOLQJGXHWRPDWHULDODQGHQHUJ\VDYLQJVDQGDYRLGHG
HPLVVLRQV IURP IRVVLOIXHO VXEVWLWXWLRQ YLD WKHUPDO SURFHVVHV
DQGELRJDV LQFOXGLQJODQG¿OOJDV 5HF\FOLQJFRVWVDUHKLJKO\
GHSHQGHQWRQWKHZDVWHPDWHULDOUHF\FOHG2YHUDOOWKH¿QDQFLDO
VXFFHVV RI DQ\ UHF\FOLQJ YHQWXUH LV GHSHQGHQW RQ WKH FXUUHQW
PDUNHW YDOXH RI WKH UHF\FOHG SURGXFWV 7KH SULFH REWDLQHG
IRU UHFRYHUHG PDWHULDOV LV W\SLFDOO\ ORZHU WKDQ VHSDUDWLRQ
reprocessing costs, which can be, in turn, higher than the
FRVW RI YLUJLQ PDWHULDOV ± WKXV UHF\FOLQJ DFWLYLWLHV XVXDOO\
require subsidies (except for aluminium and paper recycling).
5HF\FOLQJ FRPSRVWLQJ DQG DQDHURELF GLJHVWLRQ FDQ SURYLGH
large potential emission reductions, but further implementation
is dependent on reducing the cost of separate collection (10–
¼WZDVWH ±86W DQGIRUFRPSRVWLQJHVWDEOLVKLQJ
ORFDO PDUNHWV IRU WKH FRPSRVW SURGXFW &RVWV IRU FRPSRVWLQJ
FDQ UDQJH IURP ±¼W ZDVWH ±86W  DQG DUH
W\SLFDOO\¼WZDVWH 86W IRURSHQZLQGURZRSHUDWLRQV
DQG ¼W ZDVWH 86W  IRU LQYHVVHO SURFHVVHV :KHQ
the replaced fossil fuel is coal, both mass incineration and
FRFRPEXVWLRQ RIIHU FRPSDUDEOH DQG OHVV H[SHQVLYH *+*
HPLVVLRQ UHGXFWLRQV FRPSDUHG WR UHF\FOLQJ DYHUDJLQJ ¼W
ZDVWH 86W ZLWKDUDQJHRI±¼W ±86W 
/DQG¿OO GLVSRVDO LV WKH PRVW LQH[SHQVLYH ZDVWH PDQDJHPHQW
RSWLRQ LQ WKH (8 DYHUDJLQJ ¼W ZDVWH 86W  UDQJLQJ
IURP±¼WZDVWH ±86W LQFOXGLQJWD[HV EXWLWLV
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DOVRWKHODUJHVWVRXUFHRI*+*HPLVVLRQV:LWKLPSURYHGJDV
PDQDJHPHQWODQG¿OOHPLVVLRQVFDQEHVLJQL¿FDQWO\UHGXFHGDW
ORZ FRVW +RZHYHU ODQG¿OOLQJ FRVWV LQ WKH (8 DUH LQFUHDVLQJ
due to increasingly stringent regulations, taxes and declining
capacity. Although there is only sparse information regarding
0%7 FRVWV *HUPDQ FRVWV DUH DERXW  ¼W ZDVWH  86W
LQFOXGLQJ ODQG¿OO GLVSRVDO IHHV  UHFHQW GDWD VXJJHVW WKDW LQ
WKH IXWXUH 0%7 PD\ EHFRPH PRUH FRVWFRPSHWLWLYH ZLWK
ODQG¿OOLQJDQGLQFLQHUDWLRQ
Costs and potentials for reducing GHG emissions from
ZDVWHDUHXVXDOO\EDVHGRQODQG¿OO&+4 as the baseline (Bates
and Haworth, 2001; Delhotal et al.  0RQQL et al. 
1DNLFHQRYLFet al.3LSDWWLDQG:LKHUVDDUL :KHQ
UHSRUWLQJWRWKH81)&&&PRVWGHYHORSHGFRXQWULHVWDNHWKH
G\QDPLFVRIODQG¿OOJDVJHQHUDWLRQLQWRDFFRXQWKRZHYHUPRVW
GHYHORSLQJFRXQWULHVDQGQRQUHSRUWLQJFRXQWULHVGRQRW%DVLQJ
WKHLUVWXG\RQUHSRUWHGHPLVVLRQVDQGSURMHFWLRQV'HOKRWDOet
al.  HVWLPDWHGEUHDNHYHQFRVWVIRU*+*DEDWHPHQWIURP
ODQG¿OOJDVXWLOL]DWLRQWKDWUDQJHGIURPDERXW±WR86
tCO2HT ZLWK WKH ORZHU YDOXH IRU GLUHFW XVH LQ LQGXVWULDO
ERLOHUV DQG WKH KLJKHU YDOXH IRU RQVLWH HOHFWULFDO JHQHUDWLRQ
)URP WKH VDPH VWXG\ EUHDNHYHQ FRVWV DOO LQ 86W&22-eq)
ZHUH DSSUR[LPDWHO\  IRU ODQG¿OOJDV ÀDULQJ ± IRU
FRPSRVWLQJ±IRUDQDHURELFGLJHVWLRQIRU0%7DQG
 IRU LQFLQHUDWLRQ7KHVH FRVWV ZHUH EDVHG RQ WKH (0)
study (US EPA, 2003), which assumed a 15-year technology
lifetime, 10% discount rate and 40% tax rate.
Compared to thermal and biological processes which only
DIIHFW IXWXUH HPLVVLRQV ODQG¿OO &+4 is generated from waste
ODQG¿OOHGLQSUHYLRXVGHFDGHVDQGJDVUHFRYHU\LQWXUQUHGXFHV
HPLVVLRQVIURPZDVWHODQG¿OOHGLQSUHYLRXV\HDUV0RVWH[LVWLQJ
studies for the waste sector do not consider these temporal
issues. Monni et al.  GHYHORSHGEDVHOLQHDQGPLWLJDWLRQ
VFHQDULRVIRUVROLGZDVWHPDQDJHPHQWXVLQJWKH¿UVWRUGHUGHFD\
)2' PHWKRGRORJ\LQWKH,3&&*XLGHOLQHVZKLFKWDNHV
into account the timing of emissions. The baseline scenario
by Monni et al.  DVVXPHGWKDW ZDVWHJHQHUDWLRQZLOO
increase with growing population and GDP (using the same
SRSXODWLRQ DQG *'3 GDWD DV 65(6 VFHQDULR $E    ZDVWH
PDQDJHPHQW VWUDWHJLHV ZLOO QRW FKDQJH VLJQL¿FDQWO\ DQG  
ODQG¿OOJDVUHFRYHU\DQGXWLOL]DWLRQZLOOFRQWLQXHWRLQFUHDVHDW
WKHKLVWRULFDOUDWHRISHU\HDULQGHYHORSHGFRXQWULHV %RJQHU
and Matthews, 2003; Willumsen, 2003). Mitigation scenarios
ZHUHGHYHORSHG IRU  DQG  ZKLFK IRFXV RQ LQFUHDVHG
ODQG¿OO JDV UHFRYHU\ LQFUHDVHG UHF\FOLQJ DQG LQFUHDVHG
LQFLQHUDWLRQ ,Q WKH LQFUHDVHG ODQG¿OO JDV UHFRYHU\ VFHQDULR
UHFRYHU\ZDVHVWLPDWHGWRLQFUHDVHSHU\HDUZLWKPRVWRI
WKHLQFUHDVHLQGHYHORSLQJFRXQWULHVEHFDXVHRI&'0RUVLPLODU
LQFHQWLYHV DERYH EDVHOLQH RI FXUUHQW &'0 SURMHFWV  7KLV
growth rate is about triple the current rate and corresponds to a
UHDVRQDEOHXSSHUOLPLWWDNLQJLQWRDFFRXQWWKHIDFWWKDWUHFRYHU\
LQGHYHORSHGFRXQWULHVKDVDOUHDG\UHDFKHGKLJKOHYHOVVRWKDW
LQFUHDVHVZRXOGFRPHPDLQO\IURPGHYHORSLQJFRXQWULHVZKHUH
FXUUHQWODFNRIIXQGLQJLVDEDUULHUWRGHSOR\PHQW/DQG¿OOJDV
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UHFRYHU\ZDVFDSSHGDWRIHVWLPDWHGDQQXDO&+4 generation
IRU GHYHORSHG FRXQWULHV DQG  IRU GHYHORSLQJ FRXQWULHV LQ
ERWKWKHEDVHOLQHDQGLQFUHDVHGODQG¿OOJDVUHFRYHU\VFHQDULRV
,Q WKH LQFUHDVHG LQFLQHUDWLRQ VFHQDULR LQFLQHUDWLRQ JUHZ 
each year in the countries where waste incineration occurred in
)RU2(&'FRXQWULHVZKHUHQRLQFLQHUDWLRQWRRNSODFHLQ
2000, 1% of the waste generated was assumed to be incinerated
LQ  ,Q QRQ2(&' FRXQWULHV  ZDVWH LQFLQHUDWLRQ ZDV
assumed to be reached only in 2030. The maximum rate of
LQFLQHUDWLRQWKDWFRXOGEHLPSOHPHQWHGZDVRIWKHZDVWH
generated. The increased recycling scenario assumed a growth
in paper and cardboard recycling in all parts of the world using
D WHFKQLFDO PD[LPXP RI  UHF\FOLQJ &(3,   7KLV
PD[LPXPZDVDVVXPHGWREHUHDFKHGLQ,QWKHPLWLJDWLRQ
scenarios, only direct emission reductions compared to the
baseline CH4 HPLVVLRQV IURP ODQG¿OOV ZHUH HVWLPDWHG ± WKXV
DYRLGHG HPLVVLRQV IURP UHF\FOHG PDWHULDOV UHGXFHG HQHUJ\
XVH RU IRVVLO IXHO RIIVHWV ZHUH QRW LQFOXGHG ,Q WKH EDVHOLQH
VFHQDULR )LJXUH   HPLVVLRQV LQFUHDVH WKUHHIROG GXULQJ
WKHSHULRGIURPWRDQGPRUHWKDQ¿YHIROGE\
These growth rates do not include current or planned legislation
UHODWLQJWRHLWKHUZDVWHPLQLPL]DWLRQRUODQG¿OOLQJ±WKXVIXWXUH
HPLVVLRQVPD\EHRYHUHVWLPDWHG0RVWRIWKHLQFUHDVHFRPHV
from non-OECD countries whose current emissions are smaller
because of lower waste generation and a higher percentage of
waste degrading aerobically. The mitigation scenarios show
WKDWUHGXFWLRQVE\LQGLYLGXDOPHDVXUHVLQUDQJHIURP±
20% of total emissions and increase proportionally with time.
,Q  WKH FRUUHVSRQGLQJ UDQJH LV DSSUR[LPDWHO\ ±
$V WKH PHDVXUHV LQ WKH VFHQDULRV DUH ODUJHO\ DGGLWLYH WRWDO
mitigation potentials of approximately 30% in 2030 and 50%
LQDUHSURMHFWHGUHODWLYHWRWKHEDVHOLQH1HYHUWKHOHVVWKH
estimated abatement potential is not capable of mitigating the
growth in emissions.
The baseline emission estimates in the Delhotal et al.  
study are based on similar assumptions to the Monni et al.
  VWXG\ SRSXODWLRQ DQG *'3 JURZWK ZLWK LQFUHDVLQJ
DPRXQWVRIODQG¿OOHGZDVWHLQGHYHORSLQJFRXQWULHV%DVHOLQHV
also include documented or expected changes in disposal
rates due to composting and recycling, as well as the effects
RI ODQG¿OOJDV UHFRYHU\ ,Q 'HOKRWDO et al.   HPLVVLRQV
increase by about 30% between 2000 and 2020; therefore, the
growth in emissions to 2020 is more moderate than in Monni
et al.  7KLVPRUHPRGHUDWHJURZWKFDQEHDWWULEXWHGWR
the inclusion of current and planned policies and measures to
reduce emissions, plus the fact that historical emissions from
SULRUODQG¿OOHGZDVWHZHUHRQO\SDUWLDOO\FRQVLGHUHG
6FHQDULR GHYHORSPHQW LQ ERWK VWXGLHV ZDV FRPSOHPHQWHG
ZLWK HVWLPDWHV RQ PD[LPXP PLWLJDWLRQ SRWHQWLDOV DW JLYHQ
PDUJLQDOFRVWOHYHOVXVLQJWKHEDVHOLQHVFHQDULRVDVWKHVWDUWLQJ
point. Monni et al.   GHULYHG DQQXDO UHJLRQDO ZDVWH
generation estimates for the Global Times model by using static
DJJUHJDWH HPLVVLRQ FRHI¿FLHQWV FDOLEUDWHG WR UHJLRQDO )2'
PRGHOV 6RPH PRGL¿FDWLRQV WR WKH DVVXPSWLRQV XVHG LQ WKH
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Figure 10.8: Global CH4 emissions from landﬁlls in baseline scenario compared
to the following mitigation scenarios: increased incineration, CDM ending by 2012
(end of the ﬁrst Kyoto commitment period), increased recycling, and high landﬁll CH4
recovery rates including continuation of CDM after 2012 (Monni et al., 2006). The
emission reductions estimated in the mitigation scenarios are largely additional to
2050. This ﬁgure also includes the US EPA (2006) baseline scenario for landﬁll CH4
emissions from Delhotal et al. (2006).

VFHQDULRGHYHORSPHQWZHUHDOVRPDGHIRUH[DPSOHUHF\FOLQJ
was excluded due to its economic complexity, biological
WUHDWPHQWZDVLQFOXGHGDQGWKHWHFKQLFDOHI¿FLHQF\RIODQG¿OO
JDVUHFRYHU\ZDVDVVXPHGWKHVDPHLQDOOUHJLRQV  &RVW
GDWDZHUHWDNHQIURPYDULRXVVRXUFHV GH)HEHU *LHOHQ
OECD, 2004; Hoornweg, 1999).
$VLQWKH(0)VWXG\ 86(3$ ERWK'HOKRWDOet al.
 DQG0RQQLet al.  DVVXPHGWKHVDPHFDSLWDOFRVWV
for all regions, but used regionalized labour costs for operations
and maintenance.

Delhotal et al.  DQG0RQQLet al.  ERWKFRQFOXGH
WKDWVXEVWDQWLDOHPLVVLRQUHGXFWLRQVFDQEHDFKLHYHGDWORZRU
QHJDWLYHFRVWV VHH7DEOH $WKLJKHUFRVWVPRUHVLJQL¿FDQW
UHGXFWLRQV ZRXOG EH SRVVLEOH PRUH WKDQ  RI EDVHOLQH
emissions) with most of the additional mitigation potential
coming from thermal processes for waste-to-energy. Since
combustion of waste results in minor fossil CO2 emissions,
these were considered in the calculations, but Table 10.4 only
LQFOXGHV HPLVVLRQV UHGXFWLRQV IURP ODQG¿OO &+4 ,Q JHQHUDO
direct GHG emission reductions from implementation of thermal
processes are much less than indirect reductions due to fossil
fuel replacement, where that occurs. The emission reduction
potentials for 2030 shown in Table 10.4 are assessed using a
VWHDG\VWDWH DSSURDFK WKDW FDQ RYHUHVWLPDWH QHDUWHUP DQQXDO
UHGXFWLRQVEXWJLYHVPRUHUHDOLVWLFYDOXHVZKHQLQWHJUDWHGRYHU
time.
The economic mitigation potentials for the year 2030 in
7DEOH  WDNH WKH G\QDPLFV RI ODQG¿OO JDV JHQHUDWLRQ LQWR
DFFRXQW7KHVHHVWLPDWHVDUHGHULYHGIURPWKHVWDWLFORQJWHUP
PLWLJDWLRQ SRWHQWLDOV SUHYLRXVO\ VKRZQ LQ 7DEOH  0RQQL
et al. 7KHXSSHUOLPLWVRIWKHUDQJHVDVVXPHWKDWODQG¿OO
disposal is limited in the coming years so that only 15% of the
ZDVWH JHQHUDWHG JOREDOO\ LV ODQG¿OOHG DIWHU  7KLV ZRXOG
mean that by 2030 the maximum economic potential would
be almost 70% of the global emissions (see Table 10.5). The
ORZHU OLPLWV RI WKH WDEOH KDYH EHHQ VFDOHG GRZQ WR UHÀHFW D
more realistic timing of implementation in accordance with
HPLVVLRQVLQWKHKLJKODQG¿OOJDVUHFRYHU\ +5 DQGLQFUHDVHG
LQFLQHUDWLRQ ,, VFHQDULRV 0RQQLet al 
,W PXVW EH HPSKDVL]HG WKDW WKHUH DUH ODUJH XQFHUWDLQWLHV LQ
costs and potentials for mitigation of GHG emissions from waste
due to the uncertainty of waste statistics for many countries and
HPLVVLRQVPHWKRGRORJLHVWKDWDUHUHODWLYHO\XQVRSKLVWLFDWHG,W
is also important to point out that the cost estimates are global

Table 10.4: Economic reduction potential for CH4 emissions from landﬁlled waste by level of marginal costs for 2020 and 2030 based on steady state modelsa.
US$/tCO2-equivalent
2020
(Delhotal et al.,
2006)
OECD

15

30

45

60

40%

46%

67%

92%

EIT

NA

NA

NA

NA

NA

Non-OECD

NA

NA

NA

NA

NA

12%

41%

50%

57%

88%

Global
2030
(Monni et al., 2006)
OECD

a

0
12%

0

10

20

50

100

48%

86%

89%

94%

95%

EIT

31%

80%

93%

99%

100%

Non-OECD

32%

38%

50%

77%

88%

Global

35%

53%

63%

83%

91%

The steady-state approach tends to overestimate the near-term annual reduction potential but gives more realistic results when integrated over time.
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Table 10.5: Economic potential for mitigation of regional landﬁll CH4 emissions at various cost categories in 2030 (from estimates by Monni et al., 2006). See notes.

Region
OECD

Projected emissions
for 2030
360

Total economic mitigation
potential (MtCO2-eq)
at <100 US$/tCO2-eq
100-200

Economic mitigation potential (MtCO2-eq) at various cost categories
(US$/tCO2-eq)
<0

0-20

20-50

50-100

100-120

20-100

0-7

1

EIT

180

100

30-60

20-80

5

1-10

Non-OECD

960

200-700

200-300

30-100

0-200

0-70

1500

400-1000

300-500

70-300

5-200

10-70

Global

Notes:
1. Costs and potentials for wastewater mitigation are not available.
2. Regional numbers are rounded to reﬂect the uncertainty in the estimates and may not equal global totals.
3. Landﬁll carbon sequestration is not considered.
4. The timing of measures limiting landﬁll disposal affect the annual mitigation potential in 2030. The upper limits of the ranges given assume that landﬁll disposal
is limited in the coming years to 15% of the waste generated globally. The lower limits correspond to the sum of the mitigation potential in the high recycling and
increased incineration scenarios in the Monni et al. 2006 study.

DYHUDJHV DQG WKHUHIRUH QRW QHFHVVDULO\ DSSOLFDEOH WR ORFDO
conditions.
10.4.8 Fluorinated gases: end-of-life issues, data
and trends in the waste sector
7KH &)&V DQG +&)&V UHJXODWHG DV R]RQHGHSOHWLQJ
substances (ODS) under the Montreal Protocol can persist
for many decades in post-consumer waste and occur as trace
FRPSRQHQWV LQ ODQG¿OO JDV 6FKHXW] et al.   7KH +)&V
regulated under the Kyoto Protocol are promoted as substitutions
IRUWKH2'6+LJKJOREDOZDUPLQJSRWHQWLDO *:3 ÀXRULQDWHG
JDVHVKDYHEHHQXVHGIRUPRUHWKDQ\HDUVWKHPRVWLPSRUWDQW
DUHWKHFKORURÀXRURFDUERQV &)&V K\GURFKORURÀXRURFDUERQV
+&)&V DQGWKHK\GURÀXRURFDUERQV +)&V ZLWKWKHH[LVWLQJ
EDQNRI&)&VDQG+&)&VHVWLPDWHGWREH!0WDQG0W
UHVSHFWLYHO\ 7))(R/  ,3&&   7KHVH JDVHV KDYH
EHHQ XVHG DV UHIULJHUDQWV VROYHQWV EORZLQJ DJHQWV IRU IRDPV
and as chemical intermediates. End-of-life issues in the waste
VHFWRU DUH PDLQO\ UHOHYDQW IRU WKH IRDPV IRU RWKHU SURGXFWV
UHOHDVHZLOORFFXUGXULQJXVHRUMXVWDIWHUHQGRIOLIH)RUWKH
ULJLGIRDPVUHOHDVHVGXULQJXVHDUHVPDOO .MHOGVHQDQG-HQVHQ
.MHOGVHQDQG6FKHXW]6FKHXW]et al, 2003b), so most
of the original content is still present at the end of their useful
life. The rigid foams include polyurethane and polystyrene used
DVLQVXODWLRQLQDSSOLDQFHVDQGEXLOGLQJVLQWKHVH&)&DQG
&)& ZHUH WKH PDLQ EORZLQJ DJHQWV XQWLO WKH PLGV
$IWHUWKHPLGV+&)&+&)&EDQG+&)&E
ZLWK+)&DKDYHEHHQXVHG &$/(% &RQVLGHULQJ
that home appliances are the foam-containing product with the
ORZHVWOLIHWLPH DYHUDJHPD[LPXPOLIHWLPH\HDUV7))(R/
  D VLJQL¿FDQW IUDFWLRQ RI WKH &)& LQ DSSOLDQFHV KDV
already entered waste management systems. Building insulation
KDVDPXFKORQJHUOLIHWLPH HVWLPDWHGWR\HDUV*DPOHQ
et al.   DQG PRVW RI WKH ÀXRULQDWHG JDVHV LQ EXLOGLQJ
LQVXODWLRQ KDYH QRW \HW UHDFKHG WKH HQG RI WKHLU XVHIXO OLIH
7))(R/ 'DQLHOet al. (2007) discuss the uncertainties
DQGVRPHSRVVLEOHWHPSRUDOWUHQGVIRUGHSOHWLRQRI&)&DQG
&)&EDQNV
606

&RQVXPHUSURGXFWVFRQWDLQLQJÀXRULQDWHGJDVHVDUHPDQDJHG
LQ GLIIHUHQW ZD\V$IWHU  ODQG¿OO GLVSRVDO RI DSSOLDQFHV
ZDVSURKLELWHGLQWKH(8 ,3&& UHVXOWLQJLQDSSOLDQFH
recycling facilities. A similar system was established in Japan
LQ ,3&& )RURWKHUGHYHORSHGFRXQWULHVDSSOLDQFH
IRDPVDUHRIWHQEXULHGLQODQG¿OOVHLWKHUGLUHFWO\RUIROORZLQJ
VKUHGGLQJ DQG PHWDOV UHF\FOLQJ  )RU ULJLG IRDPV VKUHGGLQJ
results in an instantaneous release with the fraction released
UHODWHGWRWKH¿QDOSDUWLFOHVL]H .MHOGVHQDQG6FKHXW] $
UHFHQWVWXG\HVWLPDWLQJ&)&UHOHDVHVDIWHUVKUHGGLQJDWWKUHH
$PHULFDQ IDFLOLWLHV VKRZHG WKDW ± RI WKH &)& UHPDLQV
DQG LV VORZO\ UHOHDVHG IROORZLQJ ODQG¿OO GLVSRVDO 6FKHXW] et
al.D ,QWKH86DQGRWKHUFRXQWULHVDSSOLDQFHVW\SLFDOO\
XQGHUJR PHFKDQLFDO UHFRYHU\ RI IHUURXV PHWDOV ZLWK ODQG¿OO
GLVSRVDORIUHVLGXDOV$VWXG\KDVVKRZQWKDW±RIWKH&)&
11 is lost during segregation (Scheutz et al.)UHGHQVOXQG
et al.   7KHQ GXULQJ ODQG¿OOLQJ WKH FRPSDFWRUV VKUHG
residual foam materials and further enhance instantaneous
gaseous releases.
,QWKHDQDHURELFODQG¿OOHQYLURQPHQWVRPHÀXRULQDWHGJDVHV
PD\EHELRGHJUDGHGEHFDXVH&)&VDQGWRVRPHH[WHQW+&)&V
can undergo dechlorination (Scheutz et al., 2003b). Potentially
this may result in the production of more toxic intermediate
GHJUDGDWLRQSURGXFWV HJIRU&)&WKHGHJUDGDWLRQSURGXFWV
FDQ EH +&)& DQG +&)&  +RZHYHU UHFHQW ODERUDWRU\
H[SHULPHQWV KDYH LQGLFDWHG UDSLG &)& GHJUDGDWLRQ ZLWK
only minor production of toxic intermediates (Scheutz et al.,
E +)&VKDYHQRWEHHQVKRZQWRXQGHUJRHLWKHUDQDHURELF
RUDHURELFGHJUDGDWLRQ7KXVODQG¿OODWWHQXDWLRQSURFHVVHVPD\
GHFUHDVHHPLVVLRQVRIVRPHÀXRULQDWHGJDVHVEXWQRWRIRWKHUV
+RZHYHUGDWDDUHHQWLUHO\ODFNLQJIRU3)&VDQG¿HOGVWXGLHV
DUHQHHGHGWRYHULI\WKDW&)&VDQG+&)&VDUHEHLQJDWWHQXDWHG
in situ in order to guide future policy decisions.
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10.4.9 Air quality issues: NMVOCs and combustion
emissions
/DQG¿OO JDV FRQWDLQV WUDFH FRQFHQWUDWLRQV RI DURPDWLF
FKORULQDWHGDQGÀXRULQDWHGK\GURFDUERQVUHGXFHGVXOSKXUJDVHV
DQG RWKHU VSHFLHV +LJK K\GURFDUERQ GHVWUXFWLRQ HI¿FLHQFLHV
DUH W\SLFDOO\ DFKLHYHG LQ HQFORVHG ÀDUHV !  ZKLFK DUH
UHFRPPHQGHG RYHU ORZHUHI¿FLHQF\ RSHQ ÀDUHV +\GURJHQ
VXOSKLGHLVPDLQO\DSUREOHPDWODQG¿OOVZKLFKFRGLVSRVHODUJH
quantities of construction and demolition debris containing
gypsum board. Emissions of NOx can sometimes be a problem
IRUSHUPLWWLQJODQG¿OOJDVHQJLQHVLQVWULFWDLUTXDOLW\UHJLRQV
$W ODQG¿OO VLWHV UHFHQW ¿HOG VWXGLHV KDYH LQGLFDWHG WKDW
1092&ÀX[HVWKURXJK¿QDOFRYHUPDWHULDOVDUHYHU\VPDOOZLWK
ERWKSRVLWLYHDQGQHJDWLYHÀX[HVUDQJLQJIURPDSSUR[LPDWHO\
10 to 10-4JPGIRULQGLYLGXDOVSHFLHV 6FKHXW]et al., 2003a;
Bogner et al., 2003; Barlaz et al.   ,Q JHQHUDO WKH
emitted compounds consist of species recalcitrant to aerobic
degradation (especially higher chlorinated compounds), while
ORZ WR QHJDWLYH HPLVVLRQV XSWDNH IURP WKH DWPRVSKHUH  DUH
REVHUYHG IRU VSHFLHV ZKLFK DUH UHDGLO\ GHJUDGDEOH LQ DHURELF
FRYHUVRLOVVXFKDVWKHDURPDWLFVDQGYLQ\OFKORULGH 6FKHXW]
et al., 2003a).
Uncontrolled emissions resulting from waste incineration
DUHQRWSHUPLWWHGLQGHYHORSHGFRXQWULHVDQGLQFLQHUDWRUVDUH
HTXLSSHGZLWKDGYDQFHGHPLVVLRQFRQWUROV0RGHUQLQFLQHUDWRUV
must meet stringent emission-control standards in Japan, the
(8 WKH 86 DQG RWKHU GHYHORSHG FRXQWULHV (,33& %XUHDX
  )RU UHGXFLQJ LQFLQHUDWRU HPLVVLRQV RI YRODWLOH KHDY\
PHWDOV DQG GLR[LQVGLEHQ]RIXUDQV WKH UHPRYDO RI EDWWHULHV
RWKHUHOHFWURQLFZDVWHDQGSRO\YLQ\OFKORULGH 39& SODVWLFVLV
UHFRPPHQGHGSULRUWRFRPEXVWLRQ (,33&%XUHDX 

10.5 Policies and measures: waste
management and climate
GHG emissions from waste are directly affected by numerous
SROLF\DQGUHJXODWRU\VWUDWHJLHVWKDWHQFRXUDJHHQHUJ\UHFRYHU\
from waste, restrict choices for ultimate waste disposal, promote
waste recycling and re-use, and encourage waste minimization.
,Q PDQ\ GHYHORSHG FRXQWULHV HVSHFLDOO\ -DSDQ DQG WKH (8
waste-management policies are closely related to and integrated
with climate policies. Although policy instruments within
the waste sector consist mainly of regulations, there are also
economic measures to promote recycling, waste minimization
DQGVHOHFWHGZDVWHPDQDJHPHQWWHFKQRORJLHV,QLQGXVWULDOL]HG
countries, waste minimization and recycling are encouraged
WKURXJK ERWK SROLF\ DQG UHJXODWRU\ GULYHUV ,Q GHYHORSLQJ
FRXQWULHVPDMRUSROLFLHVDUHDLPHGDWUHVWULFWLQJWKHXQFRQWUROOHG
GXPSLQJRIZDVWH7DEOHSURYLGHVDQRYHUYLHZRISROLFLHV
and measures, some of which are discussed below.
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10.5.1 Reducing landﬁll CH4 emissions
7KHUH DUH WZR PDMRU VWUDWHJLHV WR UHGXFH ODQG¿OO &+4
emissions: implementation of standards that require or
HQFRXUDJHODQG¿OO&+4UHFRYHU\DQGDUHGXFWLRQLQWKHTXDQWLW\
RIELRGHJUDGDEOHZDVWHWKDWLVODQG¿OOHG,QWKH86ODQG¿OO&+4
emissions are regulated indirectly under the Clean Air Act (CAA)
Amendments/New Source Performance Standards (NSPS) by
DSSO\LQJ D ODQG¿OOJDV JHQHUDWLRQ PRGHO HLWKHU PHDVXUHG RU
default mixing ratios for total non-methane organic compounds
(NMOCs), and restricting the emissions of NMOCs. Larger
TXDQWLWLHVRIODQG¿OO&+4DUHDOVREHLQJDQQXDOO\UHFRYHUHGWR
ERWK FRPSO\ ZLWK DLUTXDOLW\ UHJXODWLRQV DQG SURYLGH HQHUJ\
assisted by national tax credits and local renewable-energy/
JUHHQSRZHU LQLWLDWLYHV $V GLVFXVVHG DERYH WKH (8 ODQG¿OO
GLUHFWLYH (& UHTXLUHVDSKDVHGUHGXFWLRQLQODQG¿OOHG
ELRGHJUDGDEOHZDVWHWRRIOHYHOVE\DQG
E\DVZHOODVWKHFROOHFWLRQDQGÀDULQJRIODQG¿OOJDVDW
existing sites (Commission of the European Community, 2001).
+RZHYHU LQFUHDVHV LQ WKH DYDLODELOLW\ RI ODQG¿OO DOWHUQDWLYHV
(recycling, composting, incineration, anaerobic digestion and
0%7  DUH UHTXLUHG WR DFKLHYH WKHVH UHJXODWRU\ JRDOV 3ULFH
2001).
/DQG¿OO &+4 UHFRYHU\ KDV DOVR EHHQ HQFRXUDJHG E\
HFRQRPLF DQG UHJXODWRU\ LQFHQWLYHV ,Q WKH 8. IRU H[DPSOH
WKH1RQ)RVVLO)XHO2EOLJDWLRQUHTXLULQJDSRUWLRQRIHOHFWULFDO
JHQHUDWLRQFDSDFLW\IURPQRQIRVVLOVRXUFHVSURYLGHGDPDMRU
LQFHQWLYH IRU ODQG¿OO JDVWRHOHFWULFLW\ SURMHFWV GXULQJ WKH
VDQGV,WKDVQRZEHHQUHSODFHGE\WKH5HQHZDEOHV
2EOLJDWLRQ,QWKH86DVPHQWLRQHGDERYHWKHLPSOHPHQWDWLRQ
RI &$$ UHJXODWLRQV LQ WKH HDUO\ V SURYLGHG D UHJXODWRU\
GULYHU IRU JDV UHFRYHU\ DW ODUJH ODQG¿OOV LQ SDUDOOHO WKH 86
(3$ /DQG¿OO 0HWKDQH 2XWUHDFK 3URJUDP SURYLGHV WHFKQLFDO
VXSSRUWWRROVDQGUHVRXUFHVWRIDFLOLWDWHODQG¿OOJDVXWLOL]DWLRQ
SURMHFWV LQ WKH 86 DQG DEURDG $OVR SHULRGLF WD[ FUHGLWV LQ
WKH 86 KDYH SURYLGHG DQ HFRQRPLF LQFHQWLYH IRU ODQG¿OO JDV
utilization – for example, almost 50 of the 400+ commercial
SURMHFWVLQWKH86VWDUWHGXSLQMXVWEHIRUHWKHH[SLUDWLRQ
of federal tax credits. A small US tax credit has again become
DYDLODEOHIRUODQG¿OOJDVDQGRWKHUUHQHZDEOHHQHUJ\VRXUFHVLQ
DGGLWLRQVRPHVWDWHVDOVRSURYLGHHFRQRPLFLQFHQWLYHVWKURXJK
tax structures or renewable energy credits and bonds. Other
GULYHUV LQFOXGH VWDWH UHTXLUHPHQWV WKDW D SRUWLRQ RI HOHFWULFDO
HQHUJ\EHGHULYHGIURPUHQHZDEOHVJUHHQSRZHUSURJUDPPHV
ZKLFKDOORZFRQVXPHUVWRVHOHFWUHQHZDEOHSURYLGHUV UHJLRQDO
SURJUDPPHV WR UHGXFH *+* HPLVVLRQV WKH 5**, 5HJLRQDO
*+*,QLWLDWLYHLQWKHQRUWKHDVWHUQVWDWHVDVWDWHSURJUDPPHLQ
&DOLIRUQLD DQGYROXQWDU\PDUNHWV VXFKDVWKH&KLFDJR&OLPDWH
Exchange with binding commitments by members to reduce
GHG emissions).
,QQRQ$QQH[,FRXQWULHVLWLVDQWLFLSDWHGWKDWODQG¿OO&+4
UHFRYHU\ZLOOLQFUHDVHVLJQL¿FDQWO\LQWKHGHYHORSLQJFRXQWULHV
of Asia, South America and Africa during the next two decades
DVFRQWUROOHGODQG¿OOLQJLVSKDVHGLQDVDPDMRUZDVWHGLVSRVDO
607
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Table 10.6: Examples of policies and measures for the waste management sector.

Policies and measures

Type of
instruments

Activity affected

GHG affected

Standards for landﬁll performance to reduce landﬁll
CH4 emissions by capture and combustion of landﬁll
gas with or without energy recovery

Management of landﬁll sites

CH4

Regulation
Economic Incentive

Reduction in biodegradable waste that is landﬁlled.

Disposal of biodegradable waste

CH4

Regulation

Reducing landﬁll CH4 emissions

Promoting incineration and other thermal processes for waste-to-energy
Subsidies for construction of incinerator combined
with standards for energy efﬁciency

Performance standards for incinerators

CO2
CH4

Regulation

Tax exemption for electricity generated by waste
incineration with energy recovery

Energy recovery from incineration of waste

CO2
CH4

Economic incentive

Extended Producer Responsibility
(EPR)

Manufacture of products
Recovery of used products
Disposal of waste

CO2
CH4
Fluorinated gases

Regulation
Voluntary

Unit pricing / Variable rate pricing / Pay-as-you-throw
(PAYT)

Recovery of used products
Disposal of waste

CO2
CH4

Economic incentive

Landﬁll tax

Recovery of used products
Disposal of waste

CO2
CH4

Regulation

Separate collection and recovery of speciﬁc waste
fractions

Recovery of used products
Disposal of waste

CO2
CH4

Subsidy

Promotion of the use of recycled products

Manufacturing of products

CO2
CH4

Regulation
Voluntary

Management of wastewater treatment
system

CH4

Regulation
Voluntary

Substitutes for gases used commercially

Production of ﬂuorinated gases

Fluorinated gases

Regulation
Economic incentive
Voluntary

Collection of ﬂuorinated gases from end-of-life
products

Management of end-of-life products

Fluorinated gases

Regulation
Voluntary

Landﬁll gas and biogas recovery

CO2
CH4

Kyoto mechanism

Promoting waste minimization, re-use and recovery

Wastewater and sludge treatment
Collection of CH4 from wastewater treatment system
Post-consumer management of ﬂuorinated gases

JI and CDM in waste management sector
JI and CDM

strategy. Where this occurs in parallel with deregulated
HOHFWULFDOPDUNHWVDQGPRUHGHFHQWUDOL]HGHOHFWULFDOJHQHUDWLRQ
LWFDQSURYLGHDVWURQJGULYHUIRULQFUHDVHGODQG¿OO&+4 UHFRYHU\
ZLWKHQHUJ\XVH6LJQL¿FDQWO\ERWK-,LQWKH(,7FRXQWULHVDQG
WKH UHFHQW DYDLODELOLW\ RI WKH &OHDQ 'HYHORSPHQW 0HFKDQLVP
&'0 LQGHYHORSLQJFRXQWULHVDUHSURYLGLQJVWURQJHFRQRPLF
LQFHQWLYHV IRU LPSURYHG ODQG¿OOLQJ SUDFWLFHV WR SHUPLW JDV
H[WUDFWLRQ DQGODQG¿OO&+4UHFRYHU\%R[VXPPDUL]HVWKH
LPSRUWDQWUROHRIODQG¿OO&+4UHFRYHU\ZLWKLQ&'0DQGJLYHV
DQH[DPSOHRIDVXFFHVVIXOSURMHFWLQ%UD]LO
10.5.2 Incineration and other thermal processes for
waste-to-energy
7KHUPDO SURFHVVHV FDQ HI¿FLHQWO\ H[SORLW WKH HQHUJ\ YDOXH
of post-consumer waste, but the high cost of incineration with
608

emission controls restricts its sustainable application in many
GHYHORSLQJFRXQWULHV6XEVLGLHVIRUFRQVWUXFWLRQRILQFLQHUDWRUV
KDYHEHHQLPSOHPHQWHGLQVHYHUDOFRXQWULHVXVXDOO\FRPELQHG
ZLWK VWDQGDUGV IRU HQHUJ\ HI¿FLHQF\ $XVWULDQ )HGHUDO
*RYHUQPHQW*RYHUQPHQWRI-DSDQ 7D[H[HPSWLRQV
IRU HOHFWULFLW\ JHQHUDWHG E\ ZDVWH LQFLQHUDWRUV *RYHUQPHQW
of the Netherlands, 2001) and for waste disposal with energy
UHFRYHU\ *RYHUQPHQW RI 1RUZD\   KDYH EHHQ DGRSWHG
,Q6ZHGHQLWKDVEHHQLOOHJDOWRODQG¿OOSUHVRUWHGFRPEXVWLEOH
ZDVWHVLQFH 6ZHGLVK(QYLURQPHQWDO3URWHFWLRQ$JHQF\
 /DQG¿OOWD[HVKDYHDOVREHHQLPSOHPHQWHGLQDQXPEHU
RI(8FRXQWULHVWRHOHYDWHWKHFRVWRIODQG¿OOLQJWRHQFRXUDJH
PRUHFRVWO\DOWHUQDWLYHV LQFLQHUDWLRQLQGXVWULDOFRFRPEXVWLRQ
0%7 ,QWKH8.WKHODQG¿OOWD[KDVDOVREHHQXVHGDVDIXQGLQJ
PHFKDQLVP IRU HQYLURQPHQWDO DQG FRPPXQLW\ SURMHFWV DV
discussed by Morris et al.  DQG*ULJJDQG5HDG  
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10.5.3 Waste minimization, re-use and recycling
Widely implemented policies include Extended Producer
5HVSRQVLELOLW\ (35 XQLWSULFLQJ RU3$<73D\$V<RX7KURZ 
DQG ODQG¿OO WD[HV :DVWH UHGXFWLRQ FDQ DOVR EH SURPRWHG E\
recycling programmes, waste minimization and other measures
(Miranda et al.  )XOOHUWRQ DQG .LQQDPDQ   7KH
(35 UHJXODWLRQV H[WHQG SURGXFHU UHVSRQVLELOLW\ WR WKH SRVW
FRQVXPHUSHULRGWKXVSURYLGLQJDVWURQJLQFHQWLYHWRUHGHVLJQ
products using fewer materials as well as those with increased
UHF\FOLQJSRWHQWLDO 2(&' ,QLWLDOO\(35SURJUDPPHV
ZHUH UHSRUWHG WR EH H[SHQVLYH +DQLVFK   EXW WKH (35
FRQFHSW LV YHU\ EURDG D QXPEHU RI VXFFHVVIXO VFKHPHV KDYH
EHHQ LPSOHPHQWHG LQ YDULRXV FRXQWULHV IRU GLYHUVH ZDVWH
IUDFWLRQVVXFKDVSDFNDJLQJZDVWHROGYHKLFOHVDQGHOHFWURQLF
HTXLSPHQW (35 SURJUDPPHV UDQJH LQ FRPSOH[LW\ DQG FRVW
EXWZDVWHUHGXFWLRQVKDYHEHHQUHSRUWHGLQPDQ\FRXQWULHVDQG
UHJLRQV ,Q *HUPDQ\ WKH  &ORVHG 6XEVWDQFH &\FOH DQG
:DVWH0DQDJHPHQW$FWRWKHUODZVDQGYROXQWDU\DJUHHPHQWV
KDYH UHVWUXFWXUHG ZDVWH PDQDJHPHQW RYHU WKH SDVW  \HDUV
(Giegrich and Vogt, 2005).
8QLWSULFLQJKDVEHHQZLGHO\DGRSWHGWRGHFUHDVHODQG¿OOHG
waste and increase recycling (Miranda et al.   6RPH
PXQLFLSDOLWLHV KDYH UHSRUWHG D VHFRQGDU\ LQFUHDVH LQ ZDVWH
generation after an initial decrease following implementation of
unit pricing, but the ten-year sustainability of these programmes
KDVEHHQGHPRQVWUDWHG <DPDNDZDDQG8HWD 
6HSDUDWH DQG HI¿FLHQW FROOHFWLRQ RI UHF\FODEOH PDWHULDOV LV
QHHGHGZLWKERWK3$<7DQGODQG¿OOWD[V\VWHPV)RUNHUEVLGH
SURJUDPPHVWKHSHUFHQWDJHUHF\FOHGLVUHODWHGWRWKHHI¿FLHQF\
RI NHUEVLGH FROOHFWLRQ DQG WKH GXUDWLRQ RI WKH SURJUDPPH
-HQNLQV et al., 2003). Other policies and measures include
local subsidies and educational programmes for collection of
recyclables, domestic composting of biodegradable waste and
SURFXUHPHQW RI UHF\FOHG SURGXFWV JUHHQ SURFXUHPHQW  ,Q
WKH86IRUH[DPSOHVWDWHVKDYHUHTXLUHPHQWVIRUVHSDUDWH
FROOHFWLRQ RI JDUGHQ JUHHQ  ZDVWH ZKLFK LV GLYHUWHG WR
FRPSRVWLQJRUXVHGDVDQDOWHUQDWLYHGDLO\FRYHURQODQG¿OOV
10.5.4 Policies and measures on ﬂuorinated gases
7KH +)&V UHJXODWHG XQGHU WKH .\RWR 3URWRFRO VXEVWLWXWH
IRU WKH 2'6$ QXPEHU RI FRXQWULHV KDYH DGRSWHG FROOHFWLRQ
V\VWHPVIRUSURGXFWVVWLOOLQXVHEDVHGRQYROXQWDU\DJUHHPHQWV
$XVWULDQ )HGHUDO *RYHUQPHQW   RU (35 UHJXODWLRQV IRU
DSSOLDQFHV *RYHUQPHQWRI-DSDQ %RWKWKH(8DQG-DSDQ
KDYH VXFFHVVIXOO\ SURKLELWHG ODQG¿OO GLVSRVDO RI DSSOLDQFHV
FRQWDLQLQJ2'6IRDPVDIWHU 7))(R/ 
10.5.5 Clean Development Mechanism/Joint
Implementation
%HFDXVHODFNRI¿QDQFLQJLVDPDMRULPSHGLPHQWWRLPSURYHG
ZDVWH DQG ZDVWHZDWHU PDQDJHPHQW LQ (,7 DQG GHYHORSLQJ
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FRXQWULHV WKH -, DQG &'0 KDYH EHHQ XVHIXO PHFKDQLVPV IRU
REWDLQLQJ H[WHUQDO LQYHVWPHQW IURP LQGXVWULDOL]HG FRXQWULHV
As described in Section 10.3, open dumping and burning are
FRPPRQZDVWHGLVSRVDOPHWKRGVLQPDQ\GHYHORSLQJFRXQWULHV
where GHG emissions occur concurrently with odours, public
KHDOWK DQG VDIHW\ SUREOHPV DQG HQYLURQPHQWDO GHJUDGDWLRQ
,Q DGGLWLRQ GHYHORSLQJ FRXQWULHV RIWHQ GR QRW KDYH H[LVWLQJ
infrastructure for collection and treatment of municipal
ZDVWHZDWHUV7KXVWKHEHQH¿WVIURP-,DQG&'0DUHWZRIROG
LPSURYLQJ ZDVWH PDQDJHPHQW SUDFWLFHV DQG UHGXFLQJ *+*
HPLVVLRQV7RGDWH&'0KDVDVVLVWHGPDQ\ODQG¿OOJDVUHFRYHU\
SURMHFWV VHH %R[   ZKLOH LPSURYLQJ ODQG¿OO RSHUDWLRQV
EHFDXVH DGHTXDWH FRYHU PDWHULDOV DUH UHTXLUHG WR PLQLPL]H
DLULQWUXVLRQGXULQJJDVH[WUDFWLRQ WRSUHYHQWLQWHUQDOODQG¿OO
¿UHV  7KH YDOLGDWLRQ RI &'0 SURMHFWV UHTXLUHV DWWHQWLRQ WR
EDVHOLQHVDGGLWLRQDOLW\DQGRWKHUFULWHULDFRQWDLQHGLQDSSURYHG
methodologies (Hiramatsu et al.   KRZHYHU IRU ODQG¿OO
JDV &'0 SURMHFWV FHUWL¿HG HPLVVLRQ UHGXFWLRQV &(5V ZLWK
XQLWVRIW&2HT DUHGHWHUPLQHGGLUHFWO\IURPTXDQWL¿FDWLRQ
of the CH4 FDSWXUHG DQG FRPEXVWHG ,Q PDQ\ FRXQWULHV WKH
anaerobic digestion of wastewaters and sludges could produce
a useful biogas for heating use or onsite electrical generation
*RYHUQPHQW RI -DSDQ  *RYHUQPHQW RI 5HSXEOLF RI
3RODQG VXFKSURMHFWVFRXOGDOVREHVXLWDEOHIRU-,DQG
&'0,QWKHIXWXUHZDVWHVHFWRUSURMHFWVLQYROYLQJPXQLFLSDO
ZDVWHZDWHU WUHDWPHQW FDUERQ VWRUDJH LQ ODQG¿OOV RU FRPSRVW
DQG DYRLGHG *+* HPLVVLRQV GXH WR UHF\FOLQJ FRPSRVWLQJ
or incineration could potentially be implemented pending the
GHYHORSPHQWRIDSSURYHGPHWKRGRORJLHV
10.5.6 Non-climate policies affecting GHG
emissions from waste
7KH(,7DQGPDQ\GHYHORSLQJFRXQWULHVKDYHLPSOHPHQWHG
PDUNHWRULHQWHGVWUXFWXUDOUHIRUPVWKDWDIIHFW*+*HPLVVLRQV
$V *'3 LV D NH\ SDUDPHWHU WR SUHGLFW ZDVWH JHQHUDWLRQ
'DVNDORSRXORV et al.   HFRQRPLF JURZWK DIIHFWV WKH
consumption of materials, the production of waste, and
hence GHG emissions from the waste sector. Decoupling
ZDVWH JHQHUDWLRQ IURP HFRQRPLF DQG GHPRJUDSKLF GULYHUV
or dematerialization, is often discussed in the context of
VXVWDLQDEOH GHYHORSPHQW 0DQ\ GHYHORSHG FRXQWULHV KDYH
reported recent decoupling trends (OECD, 2002a), but the
literature shows no absolute decline in material consumption
LQGHYHORSHGFRXQWULHV %ULQJH]Xet al. ,QRWKHUZRUGV
VROLG ZDVWH JHQHUDWLRQ GRHV QRW VXSSRUW DQ HQYLURQPHQWDO
.X]QHWVFXUYH 'LQGD EHFDXVHHQYLURQPHQWDOSUREOHPV
UHODWHGWRZDVWHDUHQRWIXOO\LQWHUQDOL]HG,Q$VLD-DSDQDQG
&KLQD DUH ERWK HQFRXUDJLQJ µFLUFXODU HFRQRP\¶ RU µVRXQG
PDWHULDOF\FOHVRFLHW\¶DVDQHZGHYHORSPHQWVWUDWHJ\ZKRVH
FRUHFRQFHSWLVWKHFLUFXODU FORVHG ÀRZRIPDWHULDOVDQGWKH
use of raw materials and energy through multiple phases (Japan
0LQLVWU\ RI WKH (QYLURQPHQW  <XDQ et al.   7KLV
DSSURDFK LV H[SHFWHG WR DFKLHYH HI¿FLHQW HFRQRPLF JURZWK
while discharging fewer pollutants.
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Box 10.2: Signiﬁcant role of landﬁll gas recovery for CDM projects: overview and example
As of late October 2006, 376 CDM projects had achieved registration. These include 33 landﬁll gas projects, which collectively
total 12% of the annual average CERs (12 million of approximately 91 million CERs per year). (http://cdm.unfccc.int/Projects/
registered.html). The pie chart shows the distribution of landﬁll gas CERs by country. Most of these projects are located in
Latin America and the Carribean region (72% of landﬁll gas CERs), dominated by Brazil (nine projects; 48% of CERs). Some
projects are ﬂaring gas, while others are using the gas for on-site electrical generation or direct-use projects (including
leachate evaporation). Although eventual landﬁll gas utilization is desirable, an initial ﬂaring project under CDM can simplify
the CDM process (fewer participants, lower capital cost) and permit deﬁnition of composite gas quantity and quality prior to
capital investment in engines or other utilization hardware.
Costa Rica
El Salvador
1%
2%
Projects <100,000 CER/yr
Tunesia
3%
3%
Mexico
3%
China
6%

An example of a successful Brazilian project is the ONYX
SASA Landﬁll Gas Recovery Project at the VES landﬁll,
Trémembé, Sao Paulo State (Figure 10.10). The recovered
landﬁll gas is ﬂared and used to evaporate leachate. As of
December, 2005, approximately 93,600 CERs had been delivered (Veolia Environmental Services, 2005).

Chile
7%
Brazil
48%
Argentina
11%

Armenia
16%
Figure 10.9: Distribution of landﬁll gas CDM projects based on average annual CERs for registered projects late October 2006 (unfccc.org). Includes 10.9 Mt
CERs for landﬁll CH4 of 91 Mt total CERs. Projects <100,000 CERs/yr are located

Figure 10.10: ONYX SASA Landﬁll Gas Recovery Project .VES landﬁll, Trémembé,
Sao Paulo State

in Israel, Bolivia, Bangladesh and Malaysia

,QWKH-RKDQQHVEXUJ6XPPLWDGRSWHGWKH0LOOHQQLXP
'HYHORSPHQW *RDOV WR UHGXFH WKH QXPEHU RI SHRSOH ZLWKRXW
DFFHVVWRVDQLWDWLRQVHUYLFHVE\YLDWKH¿QDQFLDOWHFKQLFDO
and capacity-building expertise of the international community.
,IDFKLHYHGWKH-RKDQQHVEXUJ6XPPLWJRDOVZRXOGVLJQL¿FDQWO\
reduce GHG emissions from wastewater.

H[DPSOHWKH(8/DQG¿OO'LUHFWLYHLVSULPDULO\FRQFHUQHGZLWK
SUHYHQWLQJSROOXWLRQRIZDWHUVRLODQGDLU %XUQOH\ 

10.6 Long-term considerations and
sustainable development

10.5.7 Co-beneﬁts of GHG mitigation policies
10.6.1 Municipal solid waste management
Most policies and measures in the waste sector address
EURDGHQYLURQPHQWDOREMHFWLYHVVXFKDVSUHYHQWLQJSROOXWLRQ
PLWLJDWLQJRGRXUVSUHVHUYLQJRSHQVSDFHDQGPDLQWDLQLQJDLU
soil and water quality (Burnley, 2001). Thus, reductions in GHG
HPLVVLRQV IUHTXHQWO\ RFFXU DV D FREHQH¿W RI UHJXODWLRQV DQG
SROLFLHV QRW XQGHUWDNHQ SULPDULO\ IRU WKH SXUSRVH RI FOLPDWH
FKDQJH PLWLJDWLRQ $XVWULDQ )HGHUDO *RYHUQPHQW   )RU
610

*+* HPLVVLRQV IURP ZDVWH FDQ EH HIIHFWLYHO\ PLWLJDWHG
by current technologies. Many existing technologies are also
FRVW HIIHFWLYH IRU H[DPSOH ODQG¿OO JDV UHFRYHU\ IRU HQHUJ\
XVHFDQEHSUR¿WDEOHLQPDQ\GHYHORSHGFRXQWULHV+RZHYHU
LQ GHYHORSLQJ FRXQWULHV D PDMRU EDUULHU WR WKH GLIIXVLRQ RI
WHFKQRORJLHV LV ODFN RI FDSLWDO ± WKXV WKH &'0 ZKLFK LV
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LQFUHDVLQJO\ EHLQJ LPSOHPHQWHG IRU ODQG¿OO JDV UHFRYHU\
SURMHFWV SURYLGHV D PDMRU LQFHQWLYH IRU ERWK LPSURYHG ZDVWH
PDQDJHPHQWDQG*+*HPLVVLRQUHGXFWLRQV)RUWKHORQJWHUP
more profound changes in waste management strategy are
H[SHFWHGLQERWKGHYHORSHGDQGGHYHORSLQJFRXQWULHVLQFOXGLQJ
more emphasis on waste minimization, recycling, re-use and
HQHUJ\ UHFRYHU\ +XKWDOD   VWXGLHG RSWLPDO UHF\FOLQJ
rates for municipal solid waste using a model that included
recycling costs and consumer preferences; results suggested
WKDW D UHF\FOLQJ UDWH RI  ZDV DFKLHYDEOH HFRQRPLFDOO\
MXVWL¿HGDQGHQYLURQPHQWDOO\SUHIHUDEOH7KLVUDWHKDVDOUHDG\
EHHQDFKLHYHGLQPDQ\FRXQWULHVIRUWKHPRUHYDOXDEOHZDVWH
fractions such as metals and paper (OECD, 2002b).
'HFLVLRQV IRU DOWHUQDWLYH ZDVWH PDQDJHPHQW VWUDWHJLHV DUH
RIWHQ PDGH ORFDOO\ KRZHYHU WKHUH DUH DOVR UHJLRQDO GULYHUV
based on national regulatory and policy decisions. Selected waste
management options also determine GHG mitigation options.
)RUWKHPDQ\FRXQWULHVZKLFKFRQWLQXHWRUHO\RQODQG¿OOLQJ
LQFUHDVHGXWLOL]DWLRQRIODQG¿OO&+4 FDQSURYLGHDFRVWHIIHFWLYH
mitigation strategy. The combination of gas utilization for
HQHUJ\ ZLWK ELRFRYHU ODQG¿OO FRYHU GHVLJQV WR LQFUHDVH &+4
R[LGDWLRQ FDQ ODUJHO\ PLWLJDWH VLWHVSHFL¿F &+4 emissions
(Huber-Humer, 2004; Barlaz et al., 2004). These technologies
DUHVLPSOH µORZWHFKQRORJ\¶ DQGFDQEHUHDGLO\GHSOR\HGDW
DQ\VLWH0RUHRYHU5 'WRLPSURYHJDVFROOHFWLRQHI¿FLHQF\
GHVLJQELRJDVHQJLQHVDQGWXUELQHVZLWKKLJKHUHI¿FLHQF\DQG
GHYHORS PRUH FRVWHIIHFWLYH JDV SXUL¿FDWLRQ WHFKQRORJLHV DUH
XQGHUZD\ 7KHVH LPSURYHPHQWV ZLOO EH ODUJHO\ LQFUHPHQWDO
EXWZLOOLQFUHDVHRSWLRQVGHFUHDVHFRVWVDQGUHPRYHH[LVWLQJ
barriers for expanded applications of these technologies.
$GYDQFHV LQ ZDVWHWRHQHUJ\ KDYH EHQH¿WHG IURP JHQHUDO
DGYDQFHV LQ ELRPDVV FRPEXVWLRQ WKXV WKH PRUH DGYDQFHG
WHFKQRORJLHVVXFKDVÀXLGL]HGEHGFRPEXVWLRQZLWKHPLVVLRQV
FRQWURO FDQ SURYLGH VLJQL¿FDQW IXWXUH PLWLJDWLRQ SRWHQWLDO IRU
WKHZDVWHVHFWRU:KHQWKHIRVVLOIXHORIIVHWLVDOVRWDNHQLQWR
DFFRXQW WKH SRVLWLYH LPSDFW RQ *+* UHGXFWLRQ FDQ EH HYHQ
JUHDWHU HJ/RKLQLYDet al.3LSDWWLDQG6DYRODLQHQ
Consonni et al. +LJKFRVWKRZHYHULVDPDMRUEDUULHUWR
WKHLQFUHDVHGLPSOHPHQWDWLRQRIZDVWHWRHQHUJ\,QFLQHUDWLRQ
KDV RIWHQ SURYHQ WR EH XQVXVWDLQDEOH LQ GHYHORSLQJ FRXQWULHV
– thus thermal processes are expected to be primarily (but
QRW H[FOXVLYHO\  GHSOR\HG LQ GHYHORSHG FRXQWULHV $GYDQFHG
combustion technologies are expected to become more
FRPSHWLWLYH DV HQHUJ\ SULFHV LQFUHDVH DQG UHQHZDEOH HQHUJ\
VRXUFHVJDLQODUJHUPDUNHWVKDUH
Anaerobic digestion as part of MBT, or as a stand-alone
process for either wastewater or selected wastes (high
moisture), is expected to continue in the future as part of the
PL[ RI PDWXUH ZDVWH PDQDJHPHQW WHFKQRORJLHV ,Q JHQHUDO
anaerobic digestion technologies incur lower capital costs than
LQFLQHUDWLRQ KRZHYHU LQ WHUPV RI QDWLRQDO *+* PLWLJDWLRQ
potential and energy offsets, their potential is more limited
WKDQ ODQG¿OO &+4 UHFRYHU\ DQG LQFLQHUDWLRQ :KHQ FRPSDUHG
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WRFRPSRVWLQJDQDHURELFGLJHVWLRQKDVDGYDQWDJHVZLWKUHVSHFW
WRHQHUJ\EHQH¿WV ELRJDV UHGXFHGSURFHVVWLPHVDQGUHGXFHG
YROXPHRIUHVLGXDOVKRZHYHUDVDSSOLHGLQGHYHORSHGFRXQWULHV
LW W\SLFDOO\ LQFXUV KLJKHU FDSLWDO FRVWV 3URMHFWV ZKHUH PL[HG
municipal waste was anaerobically digested (e.g., the Valorga
SURMHFW  KDYH EHHQ ODUJHO\ GLVFRQWLQXHG LQ IDYRXU RI SURMHFWV
XVLQJ VSHFL¿F ELRGHJUDGDEOH IUDFWLRQV VXFK DV IRRG ZDVWH ,Q
VRPHGHYHORSLQJFRXQWULHVVXFKDV&KLQDDQG,QGLDVPDOOVFDOH
digestion of biowaste streams with CH4UHFRYHU\DQGXVHKDV
EHHQVXFFHVVIXOO\GHSOR\HGIRUGHFDGHVDVDQLQH[SHQVLYHORFDO
waste-to-energy strategy – many other countries could also
EHQH¿WIURPVLPLODUVPDOOVFDOHSURMHFWV)RUERWKDVDSULPDU\
wastewater treatment process or for secondary treatment of
sludges from aerobic processes, anaerobic digestion under
higher temperature using thermophilic regimes or two-stage
SURFHVVHVFDQSURYLGHVKRUWHUUHWHQWLRQWLPHVZLWKKLJKHUUDWHV
of biogas production.
5HJDUGLQJ WKH IXWXUH RI XSIURQW UHF\FOLQJ DQG VHSDUDWLRQ
technologies, it is expected that wider implementation of
LQFUHPHQWDOO\LPSURYLQJ WHFKQRORJLHV ZLOO SURYLGH PRUH
rigorous process control for recycled waste streams transported to
VHFRQGDU\PDUNHWVRUVHFRQGDU\SURFHVVHVLQFOXGLQJSDSHUDQG
DOXPLQLXPUHF\FOLQJFRPSRVWLQJDQGLQFLQHUDWLRQ,IDQDO\VHG
ZLWKLQDQ/&$SHUVSHFWLYHZDVWHFDQEHFRQVLGHUHGDUHVRXUFH
DQG WKHVH LPSURYHPHQWV VKRXOG UHVXOW LQ PRUH DGYDQWDJHRXV
PDWHULDO DQG HQHUJ\ EDODQFHV IRU ERWK LQGLYLGXDO FRPSRQHQWV
DQGXUEDQZDVWHVWUHDPVDVDZKROH)RUGHYHORSLQJFRXQWULHV
SURYLGHGVXI¿FLHQWPHDVXUHVDUHLQSODFHWRSURWHFWZRUNHUVDQG
WKHORFDOHQYLURQPHQWPRUHODERXULQWHQVLYHUHF\FOLQJSUDFWLFHV
FDQ EH LQWURGXFHG DQG VXVWDLQHG WR FRQVHUYH PDWHULDOV JDLQ
HQHUJ\EHQH¿WVDQGUHGXFH*+*HPLVVLRQV,QJHQHUDOH[LVWLQJ
VWXGLHVRQWKHPLWLJDWLRQSRWHQWLDOIRUUHF\FOLQJ\LHOGYDULDEOH
results because of the differing assumptions and methodologies
DSSOLHGKRZHYHUUHFHQWVWXGLHV LH0\OO\PDDet al., 2005) are
EHJLQQLQJWRTXDQWLWDWLYHO\H[DPLQHWKHHQYLURQPHQWDOEHQH¿WV
RIDOWHUQDWLYHZDVWHVWUDWHJLHVLQFOXGLQJUHF\FOLQJ
10.6.2 Wastewater management
Although current GHG emissions from wastewater are
lower than emissions from waste, it is recognized that there
DUH VXEVWDQWLDO HPLVVLRQV ZKLFK DUH QRW TXDQWL¿HG E\ FXUUHQW
HVWLPDWHVHVSHFLDOO\IURPVHSWLFWDQNVODWULQHVDQGXQFRQWUROOHG
GLVFKDUJHVLQGHYHORSLQJFRXQWULHV1HYHUWKHOHVVWKHTXDQWLW\
of wastewater collected and treated is increasing in many
FRXQWULHVLQRUGHUWRPDLQWDLQDQGLPSURYHSRWDEOHZDWHUTXDOLW\
DV ZHOO IRU RWKHU SXEOLF KHDOWK DQG HQYLURQPHQWDO SURWHFWLRQ
EHQH¿WV &RQFXUUHQWO\ *+* HPLVVLRQV IURP ZDVWHZDWHU ZLOO
GHFUHDVH UHODWLYH WR IXWXUH LQFUHDVHV LQ ZDVWHZDWHU FROOHFWLRQ
and treatment.
)RU GHYHORSLQJ FRXQWULHV LW LV D VLJQL¿FDQW FKDOOHQJH WR
GHYHORS DQG LPSOHPHQW LQQRYDWLYH ORZFRVW EXW HIIHFWLYH
DQGVXVWDLQDEOHPHDVXUHVWRDFKLHYHDEDVLFOHYHORILPSURYHG
VDQLWDWLRQ 0RHDQG5HLQJDQV +LVWRULFDOO\VDQLWDWLRQ
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Table 10.7: Summary of adaptation, mitigation and sustainable development issues for the waste sector.

I

Technologies and
practices

Vulnerability to
climate change

Recycling, reuse & waste
minimization

Indirect low
vulnerability or no
vulnerability

Controlled landﬁlling
with landﬁll gas recovery
and utilization

Indirect low
vulnerability or
positive effects:
Higher temperatures
increase rates of
microbial methane
oxidation rates in
cover materials

Sustainable development dimensions

Adaptation implications
& strategies to minimize
emissions

Social

Economic

Environmental

Comments

Minimal implications

Usually positive

Positive

Positive

Indirect beneﬁts for reducing GHG emissions
from waste

Negative for
waste scavenging
without public
health or safety
controls

Job creation

Negative for waste
scavenging from
open dumpsites
with air and water
pollution

Minimal implications

Positive

Positive

Positive

May be regulatory
mandates or economic
incentives

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly managed
sites with air and
water pollution

Energy recovery
potential

Replaces fossil fuels for
process heat or electrical
generation

Reduces use of energy and raw materials.
Requires implementation of health and safety
provisions for workers
Primary control on landﬁll CH4 emissions with
>1200 commercial projects
Important local source of renewable energy:
replaces fossil fuels
Landﬁll gas projects comprise 12% of annual
registered CERs under CDMa
Oxidation of CH4 and NMVOCs in cover soils
is a smaller secondary control on emissions

Controlled landﬁlling
without landﬁll gas
recovery

Indirect low
vulnerability or
positive effects:
Higher temperatures
increase rates of
microbial methane
oxidation rates in
cover materials

Minimal implications

Positive

Positive

Positive

Gas monitoring and
control still required

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly managed
sites with air and
water pollution

Optimizing microbial
methane oxidation
in landﬁll cover soils
(‘biocovers’)

Indirect low
vulnerability or
positive effects:
Increased rates at
higher temperatures

Minimal implications or
positive effects

Positive

Positive

Positive

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly designed
or managed
biocovers with
GHG emissions and
NMVOC emissions

Uncontrolled disposal
(open dumping & burning)

Highly vulnerable
Detrimental effects:
warmer temp.
promote pathogen
growth and disease
vectors

Thermal processes
including incineration,
industrial co-combustion,
and more advanced
processes for waste-toenergy (e.g., ﬂuidized bed
technology with advanced
ﬂue gas cleaning)

Low vulnerability

Aerobic biological
treatment
(composting)

Indirect low
vulnerability or
positive effects:
Higher temperatures
increase rates of
biological processes
(Q10)

Also a component of
mechanical biological
treatment (MBT)

Anaerobic biological
treatment
(anaerobic digestion)
Also a component of
mechanical-biological
treatment (MBT)

Wastewater control and
treatment
(aerobic or anaerobic)

Indirect low
vulnerability or
positive effects:
Higher temperatures
increase rates of
biological processes

Exacerbates adaptation
problems

Detrimental effects
in absence of
wastewater control
and treatment:
Warmer
temperatures
promote pathogen
growth and poor
public health

Utilizes other secondary materials (compost,
composted sludges)
Low-cost low-technology strategy for
developing countries

Negative

Negative

Consider alternative lower-cost medium
technology solutions (e.g., landﬁll with
controlled waste placement, compaction, and
daily cover materials)

Recommend
implementation of more
controlled disposal and
recycling practices
Minimal implications

Positive

Positive

Positive

Reduces GHG emissions relative to landﬁlling

Requires source control
and emission controls
to prevent emissions
of heavy metals, acid
gases, dioxins and other
air toxics

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly designed
or managed facilities
without air pollution
controls

Costly, but can provide signiﬁcant mitigation
potential for the waste sector, especially in
the short term

Minimal implications or
positive effects

Positive

Positive

Positive

Reduces GHG emissions

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly designed
or managed facilities
with odours, air and
water pollution

Can produce useful secondary materials
(compost) provided there is quality control on
material inputs and operations

Produces CO2 (biomass)
and compost

Energy recovery
potential

Use of compost
products

Reduces volume,
stabilizes organic C, and
destroys pathogens

Replaces fossil fuels

Can emit N2O and CH4 under reduced
aeration or anaerobic conditions

Minimal implications

Positive

Positive

Positive

Reduces GHG emissions

Produces CH4, CO2, and
biosolids under highly
controlled conditions

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly designed
or managed facilities
with, odours, air and
water pollution

CH4 in biogas can replace fossil fuels for
process heat or electrical generation

Large adaptation
implications
High potential for
reducing uncontrolled
GHG emissions
Residuals (biosolids)
from aerobic treatment
may be anaerobically
digested

a http://cdm.unfccc.int/Projects/registerd.html, October 2006
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Important secondary control on landﬁll CH4
emissions and emissions of NMVOCs

Negative

Energy recovery
potential

Biosolids require
management
Highly vulnerable

Use of cover soils and oxidation in cover soils
reduce rate of CH4 and NMVOC emissions

Can emit minor quantities of CH4 during
start-ups, shutdowns and malfunctions

Use of residual
biosolids
Positive

Positive

Positive

Odour reduction
(non-CH4 gases)

Job creation

Negative for
improperly designed
or managed facilities
with odours, air and
water pollution and
GHG emissions

Energy recovery
potential from
anaerobic
processes
Use of sludges
and other residual
biosolids

Wide range of available technologies to
collect, treat, recycle and re-use wastewater
Wide range of costs
CH4 from anaerobic processes replaces fossil
fuels for process heat or electrical generation

Need to design and operate to minimize N2O
and CH4 emissions during transport and
treatment

I

1719
Chapter 10

LQGHYHORSHGFRXQWULHVKDVLQFOXGHGFRVWO\FHQWUDOL]HGVHZHUDJH
and wastewater treatment plants, which do not offer appropriate
VXVWDLQDEOHVROXWLRQVIRUHLWKHUUXUDODUHDVLQGHYHORSLQJFRXQWULHV
with low population density or unplanned, rapidly growing,
peri-urban areas with high population density (Montgomery and
(OLPHOHFK ,WKDVEHHQGHPRQVWUDWHGWKDWDFRPELQDWLRQ
of low-cost technology with concentrated efforts for community
acceptance, participation and management can successfully
H[SDQG VDQLWDWLRQ FRYHUDJH IRU H[DPSOH LQ ,QGLD PRUH WKDQ
RQH PLOOLRQ SLW ODWULQHV KDYH EHHQ EXLOW DQG PDLQWDLQHG VLQFH
1970 (Lenton et al., 2005). The combination of household
ZDWHU WUHDWPHQW DQG µSRLQWRIXVH¶ ORZWHFKQRORJ\ LPSURYHG
sanitation in the form of pit latrines or septic systems has been
VKRZQWRORZHUGLDUUKRHDOGLVHDVHVE\! )HZWUHOOet al.,
2005).
Wastewater is also a secondary water resource in countries
ZLWKZDWHUVKRUWDJHV)XWXUHWUHQGVLQZDVWHZDWHUWHFKQRORJ\
LQFOXGH EXLOGLQJV ZKHUH EODFN ZDWHU DQG JUH\ ZDWHU DUH
separated, recycling the former for fertilizer and the latter for
WRLOHWV,QDGGLWLRQORZZDWHUXVHWRLOHWV ±/ DQGHFRORJLFDO
sanitation approaches (including ecological toilets), where
QXWULHQWVDUHVDIHO\UHF\FOHGLQWRSURGXFWLYHDJULFXOWXUHDQGWKH
HQYLURQPHQW DUHEHLQJXVHGLQ0H[LFR=LPEDEZH&KLQDDQG
Sweden (Esrey et al., 2003). These could also be applied in many
GHYHORSLQJDQGGHYHORSHGFRXQWULHVHVSHFLDOO\ZKHUHWKHUHDUH
water shortages, irregular water supplies, or where additional
PHDVXUHV IRU FRQVHUYDWLRQ RI ZDWHU UHVRXUFHV DUH QHHGHG$OO
of these measures also encourage smaller wastewater treatment
plants with reduced nutrient loads and proportionally lower
GHG emissions.
10.6.3 Adaptation, mitigation and sustainable
development in the waste sector
,Q DGGLWLRQ WR SURYLGLQJ PLWLJDWLRQ RI *+* HPLVVLRQV
LPSURYHGSXEOLFKHDOWKDQGHQYLURQPHQWDOEHQH¿WVVROLGZDVWH
DQGZDVWHZDWHUWHFKQRORJLHVFRQIHUVLJQL¿FDQWFREHQH¿WVIRU
DGDSWDWLRQPLWLJDWLRQDQGVXVWDLQDEOHGHYHORSPHQW 7DEOH
VHH DOVR 6HFWLRQ   ,Q GHYHORSLQJ FRXQWULHV LPSURYHG
waste and wastewater management using low- or mediumWHFKQRORJ\VWUDWHJLHVDUHUHFRPPHQGHGWRSURYLGHVLJQL¿FDQW
*+*PLWLJDWLRQDQGSXEOLFKHDOWKEHQH¿WVDWORZHUFRVW6RPH
of these strategies include small-scale wastewater management
VXFKDVVHSWLFWDQNVDQGUHF\FOLQJRIJUH\ZDWHUFRQVWUXFWLRQRI
PHGLXPWHFKQRORJ\ODQG¿OOVZLWKFRQWUROOHGZDVWHSODFHPHQW
DQG XVH RI GDLO\ FRYHU SHUKDSV LQFOXGLQJ D ¿QDO ELRFRYHU WR
optimize CH4 oxidation), and controlled composting of organic
waste.
7KH PDMRU LPSHGLPHQW LQ GHYHORSLQJ FRXQWULHV LV WKH ODFN
RI FDSLWDO ZKLFK MHRSDUGL]HV LPSURYHPHQWV LQ ZDVWH DQG
ZDVWHZDWHU PDQDJHPHQW 'HYHORSLQJ FRXQWULHV PD\ DOVR
ODFN DFFHVV WR DGYDQFHG WHFKQRORJLHV +RZHYHU WHFKQRORJLHV
must be sustainable in the long term, and there are many
H[DPSOHV RI DGYDQFHG EXW XQVXVWDLQDEOH WHFKQRORJLHV IRU

Waste Management

ZDVWHPDQDJHPHQWWKDWKDYHEHHQLPSOHPHQWHGLQGHYHORSLQJ
countries. Therefore, the selection of truly sustainable waste and
ZDVWHZDWHUVWUDWHJLHVLVYHU\LPSRUWDQWIRUERWKWKHPLWLJDWLRQ
RI*+*HPLVVLRQVDQGIRULPSURYHGXUEDQLQIUDVWUXFWXUH
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EXECUTIVE SUMMARY
Mitigation potentials and costs from sectoral studies
The economic potentials for GHG mitigation at different
costs have been reviewed for 2030 on the basis of bottom-up
VWXGLHV 7KH UHYLHZ FRQ¿UPV WKH 7KLUG $VVHVVPHQW 5HSRUW
7$5  ¿QGLQJ WKDW WKHUH DUH VXEVWDQWLDO RSSRUWXQLWLHV IRU
mitigation levels of about 6 GtCO2HT LQYROYLQJ QHW EHQH¿WV
(costs less than 0), with a large share being located in the
buildings sector. Additional potentials are 7 GtCO2-eq at a unit
cost (carbon price) of less than 20 US$/tCO2-eq, with the total,
low-cost, potential being in the range of 9 to 18 GtCO2-eq. The
total range is estimated to be 13 to 26 GtCO2-eq, at a cost of
less than 50 US$/tCO2-eq and 16 to 31 GtCO2-eq at a cost of
less than 100 US$/tCO2-eq (370 US$/tC-eq). As reported in
Chapter 3, these ranges are comparable with those suggested by
the top-down models for these carbon prices by 2030, although
there are differences in sectoral attribution (medium agreement,
medium evidence).
No one sector or technology can address the entire mitigation
FKDOOHQJH7KLVVXJJHVWVWKDWDGLYHUVL¿HGSRUWIROLRLVUHTXLUHG
based on a variety of criteria. All the main sectors contribute
to the total. In the lower-cost range, and measured according
to end-use attribution,1 the potentials for electricity savings
are largest in buildings and agriculture. When attribution is
based on point of emission,2 energy supply makes the largest
contribution (high agreement, much evidence).
7KHVH HVWLPDWHG UDQJHV UHÀHFW VRPH NH\ VHQVLWLYLWLHV WR
baseline fossil fuel prices (most studies use relatively low fossil
fuel prices) and discount rates. The estimates are derived from
the underlying literature, in which the assumptions adopted
are not usually entirely comparable and where the coverage of
countries, sectors and gases is limited.
Bioenergy
These estimates assume that bioenergy options will be
important for many sectors by 2030, with substantial growth
potential beyond, although no complete integrated studies
are available for supply-demand balances. The usefulness of
these options depends on the development of biomass capacity
(energy crops) in balance with investments in agricultural
practices, logistic capacity, and markets, together with the
commercialization of second-generation biofuel production.
Sustainable biomass production and use imply the resolution of
issues relating to competition for land and food, water resources,
biodiversity and socio-economic impact.

1
2
3

Unconventional options
The aim of geo-engineering options is to remove CO2
directly from the air, for example through ocean fertilization, or
to block sunlight. However, little is known about effectiveness,
costs or potential side-effects of the options. Blocking sunlight
does not affect the expected escalation in atmospheric CO2
levels, but could reduce or eliminate the associated warming.
Disconnecting CO2 concentration and global temperature in this
ZD\FRXOGLQGXFHRWKHUHIIHFWVVXFKDVWKHIXUWKHUDFLGL¿FDWLRQ
of the oceans (medium agreement, limited evidence).
Carbon prices and macro-economic costs of mitigation to 2030
Diverse evidence indicates that carbon prices in the range
20–50 US$/tCO2 (US$75–185/tC), reached globally by 2020–
2030 and sustained or increased thereafter, would deliver deep
emission reductions by mid-century consistent with stabilization
at around 550ppm CO2-eq (Category III levels, see Table 3.10)
if implemented in a stable and predictable fashion. Such prices
would deliver these emission savings by creating incentives large
enough to switch ongoing investment in the world’s electricity
systems to low-carbon options, to promote additional energy
HI¿FLHQF\DQGWRKDOWGHIRUHVWDWLRQDQGUHZDUGDIIRUHVWDWLRQ3
For purposes of comparison, it can be pointed out that prices in
the EU ETS in 2005–2006 varied between 6 and 40 US$/tCO2.
The emission reductions will be greater (or the price levels
required for a given trajectory lower in the range indicated) to
the extent that carbon prices are accompanied by expanding
investment in technology RD&D and targeted market-building
incentives (high agreement, much evidence).
Pathways towards 650ppm CO2-eq (Category IV levels; see
Table 3.10) could be compatible with such price levels being
deferred until after 2030. Studies by the International Energy
Agency suggest that a mid-range pathway between Categories
III and IV, which returns emissions to present levels by 2050,
would require global carbon prices to rise to 25 US$/tCO2 by
2030 and be maintained at this level along with substantial
investment in low-carbon energy technologies and supply (high
agreement, much evidence).
Effects of the measures on GDP or GNP by 2030 vary
accordingly (and depend on many other assumptions). For the
650ppm CO2-eq pathways requiring reductions of 20% global
CO2 or less below baseline, those modelling studies that allow
for induced technological change involve lower costs than the
full range of studies reported in Chapter 3, depending on policy
mix and incentives for the innovation and deployment of lowcarbon technologies. Costs for more stringent targets of 550
ppm CO2-eq requiring 40% CO2 abatement or less show an

In Chapters 4 to 10, the emissions avoided as a result of the electricity saved in various mitigation options are attributed to the end-use sectors using average carbon content for
power generation.
In ‘point-of-emission’ attribution, as adopted in Chapter 4, all emissions from power generation are attributed to the energy sector.
The forestry chapter also notes that a continuous rise in carbon prices poses a problem: forest sequestration might be deferred to increase proﬁts given higher prices in the future.
Seen from this perspective, a more rapid carbon price rise followed by a period of stable carbon prices could encourage more sequestration.
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even more pronounced reduction in costs compared to the full
range (high agreement, much evidence).
Mitigation costs depend critically on the baseline, the
modelling approaches and the policy assumptions. Costs
are lower with low-emission baselines and when the models
allow technological change to accelerate as carbon prices rise.
&RVWVDUHUHGXFHGZLWKWKHLPSOHPHQWDWLRQRI.\RWRÀH[LELOLW\
mechanisms over countries, gases and time. If revenues are
raised from carbon taxes or emission schemes, costs are lowered
if the revenues provide the opportunity to reform the tax system,
or are used to encourage low-carbon technologies and remove
barriers to mitigation (high agreement, much evidence).
Innovation and costs
All studies make it clear that innovation is needed to deliver
currently non-commercial technologies in the long term in order
to stabilize greenhouse gas concentrations (high agreement,
much evidence).
A major development since the TAR has been the inclusion
in many top-down models of endogenous technological change.
Using different approaches, modelling studies suggest that
allowing for endogenous technological change reduces carbon
prices as well as GDP costs, this in comparison with those
studies that largely assumed that technological change was
independent of mitigation policies and action. These reductions
are substantial in some studies (medium agreement, limited
evidence).
Attempts to balance emission reductions equally across
sectors (without trading) are likely to be more costly than an
DSSURDFKSULPDULO\JXLGHGE\FRVWHI¿FLHQF\$QRWKHUJHQHUDO
¿QGLQJLVWKDWFRVWVZLOOEHUHGXFHGLISROLFLHVWKDWFRUUHFWWKH
two relevant market failures are combined by incorporating the
damage resulting from climate change in carbon prices, and the
EHQH¿WVRIWHFKQRORJLFDOLQQRYDWLRQLQVXSSRUWIRUORZFDUERQ
innovation. An example is the recycling of revenues from
WUDGHDEOHSHUPLWDXFWLRQVWRVXSSRUWHQHUJ\HI¿FLHQF\DQGORZ
carbon innovations. Low-carbon technologies can also diversify
technology portfolios, thereby reducing risk (high agreement,
much evidence).
Incentives and investment
The literature emphasizes the need for a range of crosssectoral measures in addition to carbon pricing, notably in
relation to regulatory and behavioural aspects of energy
HI¿FLHQF\ LQQRYDWLRQ DQG LQIUDVWUXFWXUH $GGUHVVLQJ PDUNHW
DQG UHJXODWRU\ IDLOXUHV VXUURXQGLQJ HQHUJ\ HI¿FLHQF\ DQG
providing information and support programmes can increase
responsiveness to price instruments and also deliver direct
emission savings (high agreement, much evidence).
Innovation may be greatly accelerated by direct measures
and one robust conclusion from many reviews is the need for
public policy to promote a broad portfolio of research. The
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literature also emphasizes the need for a range of incentives
that are appropriate to different stages of technology
development, with multiple and mutually supporting policies
that combine technology push and pull in the various stages of
the ‘innovation chain’ from R&D through the various stages
of commercialization and market deployment. In addition, the
development of cost-effective technologies will be rewarded
by well-designed carbon tax or cap and trade schemes through
LQFUHDVHGSUR¿WDELOLW\DQGGHSOR\PHQW(YHQVRLQVRPHFDVHV
the short-term market response to climate policies may lock in
existing technologies and inhibit the adoption of more fruitful
options in the longer term (high agreement, much evidence).
Mitigation is not a discrete action: investment, in higher or
lower carbon options, is occurring all the time. The estimated
investment required is around $20 trillion in the energy sector
alone out to 2030. Many energy sector and land use investments
cover several decades; buildings, urban and transport
LQIUDVWUXFWXUH DQG VRPH LQGXVWULDO HTXLSPHQW PD\ LQÀXHQFH
emission patterns over the century. Emission trajectories and
the potential to achieve stabilization levels, particularly in
&DWHJRULHV$ DQG % ZLOO EH KHDYLO\ LQÀXHQFHG E\ WKH QDWXUH
of these investments. Diverse policies that deter investment
in long-lived carbon-intensive infrastructure and reward lowcarbon investment could maintain options for these stabilization
levels at lower costs (high agreement, much evidence).
However, current measures are too uncertain and short-term
to deliver much lower-carbon investment. The perceived risks
involved mean that the private sector will only commit the
UHTXLUHG¿QDQFHLIWKHUHDUHLQFHQWLYHV IURPFDUERQSULFLQJDQG
other measures) that are clearer, more predictable, longer-term
and more robust than provided for by current policies (high
agreement, much evidence).
Spillover effects from Annex I action
Estimates of carbon leakage rates for action under Kyoto
range from 5 to 20% as a result of a loss of price competitiveness,
EXWWKH\UHPDLQYHU\XQFHUWDLQ7KHSRWHQWLDOEHQH¿FLDOHIIHFW
of technology transfer to developing countries arising from
technological development brought about by Annex I action
may be substantial for energy-intensive industries. However,
LW KDV QRW \HW EHHQ TXDQWL¿HG UHOLDEO\ $V IDU DV H[LVWLQJ
mitigation actions, such as the EU ETS, are concerned, the
empirical evidence seems to indicate that competitive losses
DUH QRW VLJQL¿FDQW FRQ¿UPLQJ D ¿QGLQJ LQ WKH7$5 (medium
agreement, limited evidence).
Perhaps one of the most important ways in which spillover
from mitigation action in one region affects others is through
its effect on world fossil fuel prices. When a region reduces
its local fossil fuel demand as a result of mitigation policy,
it will reduce world demand for that commodity and so put
downward pressure on prices. Depending on the response from
fossil-fuel producers, oil, gas or coal prices may fall, leading to
loss of revenue for the producers, and lower costs of imports

1729
Chapter 11

Mitigation from a cross-sectoral perspective

for the consumers. Nearly all modelling studies that have
been reviewed indicate more pronounced adverse effects on
countries with high shares of oil output in GDP than on most of
the Annex I countries taking abatement action (high agreement,
much evidence).
&REHQH¿WVRIPLWLJDWLRQDFWLRQ
&REHQH¿WV RI DFWLRQ LQ WKH IRUP RI UHGXFHG DLU SROOXWLRQ
more energy security or more rural employment offset mitigation
costs. While the studies use different methodological approaches,
there is general consensus for all world regions analyzed that
QHDUWHUPKHDOWKDQGRWKHUEHQH¿WVIURP*+*UHGXFWLRQVFDQ
be substantial, both in industrialized and developing countries.
+RZHYHU WKH EHQH¿WV DUH KLJKO\ GHSHQGHQW RQ WKH SROLFLHV
technologies and sectors chosen. In developing countries,
PXFKRIWKHKHDOWKEHQH¿WFRXOGUHVXOWIURPLPSURYHPHQWVLQ
WKHHI¿FLHQF\RIRUVZLWFKLQJDZD\IURPWKHWUDGLWLRQDOXVHRI
FRDODQGELRPDVV6XFKQHDUWHUPFREHQH¿WVRI*+*FRQWURO
provide the opportunity for a true no-regrets GHG reduction
policy in which substantial advantages accrue even if the
impact of human-induced climate change itself turns out to be
less than that indicated by current projections (high agreement,
much evidence).
Adaptation and mitigation from a sectoral perspective
Mitigation action for bioenergy and land use for sinks are
expected to have the most important implications for adaptation.
There is a growing awareness of the unique contribution that
synergies between mitigation and adaptation could provide for
the rural poor, particularly in the least developed countries:
many actions focusing on sustainable policies for managing
QDWXUDO UHVRXUFHV FRXOG SURYLGH ERWK VLJQL¿FDQW DGDSWDWLRQ
EHQH¿WVDQGPLWLJDWLRQEHQH¿WVPRVWO\LQWKHIRUPRIFDUERQ
sink enhancement (high agreement, limited evidence).

11.1

Introduction

the assessment of the sectoral implications of mitigation,
and comparing bottom-up with top-down estimates. Section
11.4 covers the literature on the macro-economic costs of
mitigation.
Since the TAR, there is much more literature on the quantitative implications of introducing endogenous technological
change into the models. Many studies suggest that higher carbon
prices and other climate policies will accelerate the adoption
of low-carbon technologies and lower macroeconomic costs,
with estimates ranging from a negligible amount to negative
FRVWV QHW EHQH¿WV  6HFWLRQ  GHVFULEHV WKH HIIHFWV RI
introducing endogenous technological change into the models,
and particularly the effects of inducing technological change
through climate policies.
The remainder of the chapter looks at interactions of various
kinds: Section 11.6 links the medium-term to the long-term
issues discussed in Chapter 3, linking the shorter-term costs and
social prices of carbon to the longer-term stabilization targets;
11.7 covers spillovers from action in one group of countries on
WKHUHVWRIWKHZRUOGFRYHUVFREHQH¿WV SDUWLFXODUO\ORFDO
DLUTXDOLW\EHQH¿WV DQGFRVWVDQGGHDOVZLWKV\QHUJLHVDQG
trade-offs between mitigation and adaptation.

11.2

Technological options for crosssectoral mitigation: description
and characterization

This section covers technologies that affect many sectors
(11.2.1) and other technologies that cannot be attributed to any
of the sectors covered in Chapters 4 to 10 (geo-engineering
options etc. in 11.2.2). The detailed consolidation and synthesis
of the mitigation potentials and costs provided in Chapters 4 to
10 are covered in the next section, 11.3.
11.2.1 Cross-sectoral technological options

This chapter takes a cross-sectoral approach to mitigation
options and costs, and brings together the information in Chapters
4 to 10 to assess overall mitigation potential. It compares these
sectoral estimates with the top-down estimates from Chapter 3,
adopting a more short- and medium-term perspective, taking the
assessment to 2030. It assesses the cross-sectoral and macroeconomic cost literatures since the Third Assessment Report
(TAR) (IPCC, 2001), and those covering the transition to a lowFDUERQHFRQRP\VSLOORYHUVDQGFREHQH¿WVRIPLWLJDWLRQ
The chapter starts with an overview of the cross-cutting
options for mitigation policy (Section 11.2), including
technologies that cut across sectors, such as hydrogen-based
systems and options not covered in earlier chapters, examples
being ocean fertilization, cloud creation and bio- and geoengineering. Section 11.3 covers overall mitigation potential
by sector, bringing together the various options, presenting

Cross-sectoral mitigation technologies can be broken down
into three categories in which the implementation of the
technology:
1. occurs in parallel in more than one sector;
2. could involve interaction between sectors, or
3. could create competition among sectors for scarce
resources.
Some of the technologies implemented in parallel have been
GLVFXVVHGHDUOLHULQWKLVUHSRUW(I¿FLHQWHOHFWULFPRWRUGULYHQ
systems are used in the industrial sector (Section 7.3.2) and are
also a part of many of the technologies for the buildings sector,
HJHI¿FLHQWKHDWLQJYHQWLODWLRQDQGDLUFRQGLWLRQLQJV\VWHPV
(Section 6.4.5). Solar PV can be used in the energy sector for
centralized electricity generation (Section 4.3.3.6) and in the
buildings sector for distributed electricity generation (Section
623
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6.4.7). Any improvement in these technologies in one sector
ZLOOEHQH¿WWKHRWKHUVHFWRUV
On a broad scale, information technology (IT) is implemented in parallel across sectors as a component of many enduse technologies, but the cumulative impact of its use has not
been analyzed. For example, IT is the basis for integrating the
control of various building systems, and has the potential to
reduce building energy consumption (Section 6.4.6). IT is also
the key to the performance of hybrids and other advanced vehicle
technologies (Section 5.3.1.2). Smart end-use devices (household
appliances, etc) could use IT to program their operation at times
when electricity demand is low. This could reduce peak demand
for electricity, resulting in a shift to base load generation, which
LV XVXDOO\ PRUH HI¿FLHQW +LUVW   7KH LPSDFW RI VXFK
a switch on CO2 emissions is unknown, because it is easy to
construct cases where shifts from peak load to base load would
increase CO2 HPLVVLRQV HJ QDWXUDOJDV¿UHG SHDN ORDG EXW
FRDO¿UHGEDVHORDG *HQHUDOLPSURYHPHQWVLQ,7HJFKHDSHU
FRPSXWHUFKLSVZLOOEHQH¿WDOOVHFWRUVEXWDSSOLFDWLRQVKDYHWR
EHWDLORUHGWRWKHVSHFL¿FHQGXVH2IFRXUVHWKHQHWLPSDFWRI,7
on greenhouse gas emissions could result either in net reductions
RU JDLQV GHSHQGLQJ IRU H[DPSOH RQ ZKHWKHU RU QRW HI¿FLHQF\
gains are offset by increases in production.
An example of a group of technologies that could involve
LQWHUDFWLRQ EHWZHHQ VHFWRUV LV JDVL¿FDWLRQK\GURJHQFDUERQ
dioxide capture and storage (CCS) technology (IPCC, 2005
and Chapter 4.3.6). While these technologies can be discussed
separately, they are interrelated and being applied as a group
enhances their CO2-emission mitigation potential. For example,
CCS can be applied as a post-combustion technology, in which
case it will increase the amount of resource needed to generate
a unit of heat or electricity. Using a pre-combustion approach,
i.e. gasifying fossil fuels to produce hydrogen that can be used
in fuel cells or directly in combustion engines, may improve
RYHUDOO HQHUJ\ HI¿FLHQF\ +RZHYHU XQOHVV &&6 LV XVHG WR
mitigate the CO2 by-product from this process, the use of that
K\GURJHQZLOORIIHURQO\PRGHVWEHQH¿WV 6HH6HFWLRQ
for a comparison of fuel cell and hybrid vehicles.) Adding CCS
would make hydrogen an energy carrier, providing a low CO2
emission approach for transportation, buildings, or industrial
applications. Implementation of fuel cells in stationary
applications could provide valuable learning for vehicle
application; in addition, fuel cell vehicles could provide electric
power to homes and buildings (Romeri, 2004).
In the longer term, hydrogen could be manufactured by
gasifying biomass – an approach which has the potential to
achieve negative CO2 emissions (IPCC, 2005) – or through
electrolysis using carbon-free sources of electricity, a zero
CO2 option. In the even longer term, it may be possible to
produce hydrogen by other processes, e.g. biologically, using
JHQHWLFDOO\PRGL¿HGRUJDQLVPV *&(3 +RZHYHUQRQH
RIWKHVHORQJHUWHUPWHFKQRORJLHVDUHOLNHO\WRKDYHDVLJQL¿FDQW
impact before 2030, the time frame for this analysis.
624
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Biomass is an example of a cross-sectoral technology which
may compete for resources. Any assessment of the use of
biomass, e.g., as a source of transportation fuels, must consider
competing demands from other sectors for the creation and
utilization of biomass resources. Technical breakthroughs
could allow biomass to make a larger future contribution to
world energy needs. Such breakthroughs could also stimulate
the investments required to improve biomass productivity for
IXHOIRRGDQG¿EUH6HH&KDSWHUDQG6HFWLRQ
Another example of resource competition involves natural
gas. Natural gas availability could limit the application of some
short- to medium-term mitigation technology. Switching to
lower carbon fuels, e.g. from coal to natural gas for electricity
generation, or from gasoline or diesel to natural gas for vehicles,
is a commonly cited short-term option. Because of its higher
hydrogen content, natural gas is also the preferred fossil fuel
for hydrogen manufacture. Discussion of these options in one
sector rarely takes natural gas demand from other sectors into
account.
In conclusion, there are several important interactions
between technologies across sectors that are seldom taken
into account. This is an area of energy system modelling that
requires further investigation.
11.2.2 Ocean fertilization and other geo-engineering
options
Since the TAR, a body of literature has developed on alternative,
geo-engineering techniques for mitigating climate change.
This section focuses on apparently promising techniques:
ocean fertilization, geo-engineering methods for capturing and
safely sequestering CO2 and reducing the amount of sunlight
absorbed by the earth’s atmospheric system. These options tend
to be speculative and many of their environmental side-effects
have yet to be assessed; detailed cost estimates have not been
published; and they are without a clear institutional framework
for implementation. Conventional carbon capture and storage
is covered in Chapter 4, Section 4.3.6 and the IPCC Special
Report (2005) on the topic.
11.2.2.1

Iron and nitrogen fertilization of the oceans

Iron fertilization of the oceans may be a strategy for removing
CO2 from the atmosphere. The idea is that it stimulates the
growth of phytoplankton and therefore sequesters CO2 in the
form of particulate organic carbon (POC). There have been
HOHYHQ¿HOGVWXGLHVLQGLIIHUHQWRFHDQUHJLRQVZLWKWKHSULPDU\
aim of examining the impact of iron as a limiting nutrient for
phytoplankton by the addition of small quantities (1–10 tonnes)
of iron sulphate to the surface ocean. In addition, commercial
WHVWVDUHEHLQJSXUVXHGZLWKWKHFRPELQHG DQGFRQÀLFWLQJ DLPV
of increasing ocean carbon sequestration and productivity. It
should be noted, however, that iron addition will only stimulate
phytoplankton growth in ~30% of the oceans (the Southern
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2FHDQWKHHTXDWRULDO3DFL¿FDQGWKH6XE$UFWLF3DFL¿F ZKHUH
iron depletion prevails. Only two experiments to date (Buesseler
and Boyd, 2003) have reported on the second phase, the sinking
and vertical transport of the increased phytoplankton biomass
WRGHSWKVEHORZWKHPDLQWKHUPRFOLQH !P 7KHHI¿FLHQF\
of sequestration of the phytoplankton carbon is low (<10%),
with the biomass being largely recycled back to CO2 in the
upper water column (Boyd et al., 2004). This suggests that the
¿HOGVWXG\HVWLPDWHVRIWKHDFWXDOFDUERQVHTXHVWHUHGSHUXQLW
iron (and per dollar) are over-estimates. The cost of large-scale
and long-term fertilization will also be offset by CO2 release/
emission during the acquisition, transportation and release
of large volumes of iron in remote oceanic regions. Potential
negative effects of iron fertilization include the increased
production of methane and nitrous oxide, deoxygenation of
intermediate waters and changes in phytoplankton community
composition that may cause toxic blooms and/or promote
changes further along the food chain. None of these effects
KDYHEHHQGLUHFWO\LGHQWL¿HGLQH[SHULPHQWVWRGDWHSDUWO\GXH
to the time and space constraints.
Nitrogen fertilization is another option (Jones, 2004) with
similar problems and consequences.
11.2.2.2

Technologically-varied solar radiative forcing

The basic principle of these technologies is to reduce the
amount of sunlight accepted by the earth’s system by an amount
VXI¿FLHQWWRFRPSHQVDWHIRUWKHKHDWLQJUHVXOWLQJIURPHQKDQFHG
atmospheric CO2 concentrations. For CO2 levels projected
for 2100, this corresponds to a reduction of about 2%. Three
techniques are considered:
$ 'HÀHFWRU 6\VWHP DW (DUWK6XQ /4 point. The principle
underlying this idea (e.g. Seifritz (1989), Teller et al. (2004),
Angel (2006)) is to install a barrier to sunlight measuring
about 106 km2 at or close to the L-1 point. Teller et al.
estimate that its mass would be about 3000 t, consisting of
a 30Mm metallic screen with 25nm ribs.5 They envisage it
EHLQJVSXQLQVLWXDQGHPSODFHGE\RQHVKXWWOHÀLJKWD\HDU
over 100 years. It should have essentially zero maintenance.
The cost has not yet been determined. Computations by
Govindasamy et al. (2003) suggest that this scheme could
markedly reduce regional and seasonal climate change.
% 6WUDWRVSKHULF5HÀHFWLQJ$HURVROV7KLVWHFKQLTXHLQYROYHV
the controlled scattering of incoming sunlight with airborne
sub-microscopic particles that would have a stratospheric
residence time of about 5 years. Teller et al. (2004) suggest
that the particles could be: (a) dielectrics; (b) metals; (c)
resonant scatterers. Crutzen (2006) proposes (d) sulphur
particles. The implications of these schemes, particularly
with regard to stratospheric chemistry, feasibility and costs,
require further assessment (Cicerone, 2006).

4
5

C. Albedo Enhancement of Atmospheric Clouds. This scheme
(Latham, 1990; 2002) involves seeding low-level marine
stratocumulus clouds – which cover about a quarter of the
Earth’s surface – with micrometre-sized aerosol, formed
by atomizing seawater. The resulting increases in droplet
number concentrations in the clouds raises cloud albedo
for incoming sunlight, resulting in cooling which could
be controlled (Bower et al.   DQG EH VXI¿FLHQW WR
compensate for global warming. The required seawater
atomization rate is about 10 m3/sec. The costs would be
substantially less than for the techniques mentioned under
B. An advantage is that the only raw material required is
seawater but, while the physics of this process are reasonably
ZHOO XQGHUVWRRG WKH PHWHRURORJLFDO UDPL¿FDWLRQV QHHG
further study.
These schemes do not affect the expected escalation
in atmospheric CO2 levels, but could reduce or eliminate
the associated warming. Disconnecting CO2 concentration
DQG JOREDO WHPSHUDWXUH LQ WKLV ZD\ FRXOG KDYH EHQH¿FLDO
consequences such as increases in the productivity of agriculture and forestry. However, there are also risks and
this approach will not mitigate or address other effects
VXFK DV LQFUHDVLQJ RFHDQ DFLGL¿FDWLRQ VHH ,3&& E
Section 4.4.9).

11.3

Overall mitigation potential and
costs, including portfolio analysis
and cross-sectoral modelling

This section synthesizes and aggregates the estimates
from chapters 4 to 10 and reviews the literature investigating
cross-sectoral effects. The aim is to identify current knowledge
about the integrated mitigation potential and/or costs covering
PRUH WKDQ WZR VHFWRUV 7KHUH DUH PDQ\ VSHFL¿F SROLFLHV IRU
reducing GHG emissions (see Chapter 13). Non-climate policies
PD\ DOVR \LHOG VXEVWDQWLDO *+* UHGXFWLRQV DV FREHQH¿WV
(see Section 11.8 and Chapter 12). All these policies have direct
sectoral effects. They also have indirect cross-sectoral effects,
which are covered in this section and which diffuse across
countries. For example, domestic policies promoting a new
technology to reduce the energy use of domestic lighting lead
to reductions in emissions of GHG from electricity generation.
They may also result in more exports of the new technology
and, potentially, additional energy savings in other countries.
This section also looks at studies relating to a portfolio analysis
of mitigation options.

This is the L-1 Lagrange point between the sun and the earth.
μm stands for micrometre and Nm stands for nanometre (see glossary).

625

1732
Mitigation from a cross-sectoral perspective

11.3.1 Integrated summary of sectoral emission
potentials
Chapters 4 to 10 assessed the economic potential of GHG
mitigation at a sectoral scale for the time frame out to 2030
IRU D GLVFXVVLRQ RI WKH GLIIHUHQW GH¿QLWLRQV RI SRWHQWLDO VHH
Chapter 2). These bottom-up estimates are derived using a
variety of literature sources and various methodologies, as
discussed in the underlying chapters. This section derives
ranges of aggregate economic potentials for GHG mitigation
over different costs (i.e. carbon prices) at year-2000 prices.
11.3.1.1

Problems in aggregating emissions

In compiling estimates of this kind, various issues must be
considered:
Comparability: There is no common, standardized approach
in the underlying literature that is used systematically for
assessing the mitigation potential. The comparability of data
is therefore far from perfect. The comparability problem
was addressed by using a common format to bring together
the variety of data found in the literature (as shown below
in section 11.3.1.3 and Table 11.3), acknowledging that any
aberrations due to a lack of a common methodological base may
in part cancel each other out in the aggregation process. Some
extrapolations were necessary, for example in the residential
VHFWRU ZKHUH WKH OLWHUDWXUH PRVWO\ UHIHUV WR  7KH ¿QDO
result can be considered the best result that is possible and it is
accurate within the uncertainty ranges provided.
Coverage: Chapters 4 to 10 together cover virtually all
sources of greenhouse gas emissions. However, for parts of
some sectors, it was not possible to derive emission reduction
SRWHQWLDOV IURP WKH OLWHUDWXUH )XUWKHUPRUH QR TXDQWL¿HG
emission reduction potentials were available for some options.
This leads to a certain under-estimation of the emission reduction
potential as discussed in Section 11.3.1.3. The under-estimation
of the total mitigation potential is limited, but not negligible.
Baselines: Ideally, emission reduction potentials should
adopt a common baseline. Some emission scenarios, such as
those developed for the Special Report on Emission Scenarios
(IPCC, 2000), are suitable for worldwide, sectoral and multigas coverage. However, for a number of sectors, such baselines
are not detailed enough to serve as a basis for making bottomup emission reduction calculations. The baselines used are
described and discussed further in Section 11.3.1.2.

Chapter 11

11.3.1.2

The baseline

All mitigation potentials have to be estimated against a
baseline. The main baseline scenarios used for compiling the
assessments in the chapters are the SRES B2 and A1B marker
scenarios (IPCC, 2000) and the World Energy Outlook 2004
(WEO2004) (IEA, 2004). The assumed emissions in the three
baseline scenarios vary in magnitude and regional distribution.
The baseline scenarios B2 and WEO2004 are comparable in the
main assumptions for population, GDP and energy use. Figure
11.1 shows that the emissions are also comparable. Scenario
A1B, which assumes relatively higher economic growth, shows
substantially higher emissions in countries outside the OECD/
EIT region.
The crude oil prices assumed in SRES B2 and WEO2004
are of the same order of magnitude. The oil prices in the SRES
scenarios vary across studies. For the MESSAGE model (B2
scenario), the price is about 25 US$/barrel (Riahi et al., 2006).
In the case of the WEO2004, for example, the oil price assumed
in 2030 is 29 US$/barrel. These prices (and all other energy price
assumptions) are substantially lower than those prevailing in
2006 and assumed for later projections (IEA, 2005 and 2006b).
7KH ± ULVHV LQ ZRUOG HQHUJ\ SULFHV DUH DOVR UHÀHFWHG LQ
WKHHQHUJ\IXWXUHVPDUNHWVIRUDWOHDVWDQRWKHU¿YHWRWHQ\HDUV
In fact, the rise in crude oil prices during this period, some 50
US$/barrel, is comparable to the impact of a 100 US$/tCO2-eq
increase in the price of carbon. However, it is still uncertain
ZKHWKHUWKHVHSULFHLQFUHDVHVZLOOKDYHDVLJQL¿FDQWLPSDFWRQ
the long-term energy price trend.
Higher energy prices and further action on mitigation may
reinforce each other in their impact on mitigation potential,
although it is still uncertain how and to what extent. On the
one hand, for instance, economies of scale may facilitate the
introduction of some new technologies if supported by a higher
Gt
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Aggregation: The aggregation of mitigation potentials
for various sectors is complicated by the fact that mitigation
action in one sector may affect mitigation potential in another.
There is a risk of double counting of potentials. The problem
and the procedures used to overcome this risk are explained
in Section 11.3.1.3. In addition the baselines differ to some
extent.
626

0

OECD

EIT

NonOECD/EIT

Global

Figure 11.1: Energy-related CO2-only emissions per world region for the
year 2030 in the World Energy Outlook, and in the SRES B2 and A1B scenarios
Source: Price et al., 2006.
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Table 11.1: Overview of the global emissions for the year 2004 and the baseline emissions for all GHGs adopted for the year 2030 (in GtCO2-eq)

Energy supply

Global emissions
2004 (allocated to
the end-use
sector)a, c

Global emissions
2004 (point of
emissions)a, b

Type of baseline
usedd

-j

12.7

WEO

- j, f)

15.8 f)

f)

10.6 f)

Global emissions
2030 (allocated to
the end-use sector)

Global emissions
2030 (point of
emissions)

Transport

6.4

6.4

WEO

10.6

Buildings

9.2

3.9

Own

14.3 f)

5.9 e) f)

Industry

12.0

9.5

B2/USEPA

14.6

8.5 g)

Agriculture

6.6

6.6

B2/FAO

8.3

LULUCF/Forestryk)

5.8

5.8

Own

5.8

Wastei)

1.4

1.4

A1B

2.1

8.3
h)

5.8 h)
2.1

Notes:
a)
The emissions in the year 2004 as reported in the sectoral chapters and Chapter 1, Figure 1.3a/b.
b)
The allocation to point of emission means that the emissions are allocated to the sector where the emission takes place. For example, electricity emissions
are allocated to the power sector. There is a difference between the sum when allocating the emissions in different ways. This is explained by the exclusion
of electricity emissions from the agricultural and transport sectors due to lack of data and by the exclusion of emissions from conversion of energy as most
end-use emissions are based on ﬁnal energy supply.
c)
‘Allocated to the end-use sector’ means that the emissions are allocated to the sectors that use the energy. For example, electricity emissions are allocated
to the end-use sectors, mainly buildings and industry. Emissions from extraction and distribution are not included here.
d)
See text for further clariﬁcation on the type of baselines used.
e)
This ﬁgure is based on the assumption that the share of electricity-related emissions in the constructed baseline in Chapter 6 is the same as for the SRES B2
scenario. According to Price et al. (2006), the electricity-related emissions amount to 59%. 59% of the baseline (14.3 GtCO2-eq) is 8.4 GtCO2-eq.
The remaining emissions are allocated to the buildings sector.
f)
2030 emissions of the F-gases are not available for the Transport, Buildings, and Energy Supply sectors.
g)
Source: Price et al., 2006.
h)
No baseline emissions for the year 2030 from the forestry sector are reported. See 9.4.3. On the basis of top-down models, it can be expected that the
emissions in 2030 will be similar to 2004.
i)
The data for waste include waste disposal, wastewater and incineration. The emissions from wastewater treatment are for the years 2005 and 2020.
j)
The emissions from conversion losses are not included due to lack of data.
k)
Note that the peat ﬁres and other bog ﬁres, as mentioned in Chapter 1, are not included here. Nor are they included in Chapters 8 and 9.

energy price trend. On the other hand, it is also conceivable that,
once some cost-effective innovation has already been triggered
by higher energy prices, any further mitigation action through
SROLFLHVDQGPHDVXUHVPD\EHFRPHPRUHFRVWO\DQGGLI¿FXOW
Finally, although general energy prices rises will encourage
HQHUJ\ HI¿FLHQF\ WKH PL[ RI WKH GLIIHUHQW IXHO SULFHV LV DOVR
important. Oil and gas prices have risen substantially in relation
to coal prices 2002–6, and this will encourage greater use of
coal, for example in electricity generation, increasing GHG
emissions.
As a rule, the SRES B2 and WEO2004 baselines were both
used for the synthesis of the emission mitigation potentials by
sector. Most chapters have reported the mitigation potential
for at least one of these baseline scenarios. There are a few
exceptions. Chapter 5 (transportation) uses a different, more
suitable, scenario (WBCSD, 2004). However, it is comparable
to WEO2004. Chapter 6 (buildings) constructed a baseline
scenario with CO2 emissions between those of the SRES B2
and A1B marker scenarios taken from the literature (see Section
6.5). The agriculture and forestry sectors based their mitigation
potential on changes in land use as deduced from various
scenarios (including marker scenarios, see Sections 8.4.3 and
9.4.3). The SRES scenarios did not include enough detail for

6

the waste sector, so Chapter 10 used the GDP and population
¿JXUHV IURP 65(6$% DQG WKH PHWKRGRORJLHV GHVFULEHG LQ
IPCC Guidelines 2006 (see Section 10.4.7).
Table 11.1 compares the emissions of the different sectoral
baselines for 2004 and 2030 against a background of the enduse and point-of-emission allocation of emissions attributed to
electricity use. Since the 2030 data are from studies that differ
in terms of coverage and comparability, they should not be
directly aggregated across the different sectors and therefore no
totals across all sectors are shown in Table 11.16. An important
difference between the WEO baseline and SRES B2 is that the
WEO emissions do not include all non-CO2 GHG emissions.
11.3.1.3

Synthesizing the potentials from Chapters 4 to 10
involving electricity

When aggregating the sectoral mitigation potentials, the
links between sectors need to be considered (Figure 11.2). For
example, the options in electricity supply interact with those
for electricity demand in the buildings and industry sectors.
On the supply side, fossil-fuel electricity can be substituted by
low-CO2 or CO2-free technologies such as renewable sources,
nuclear energy, bioenergy or fossil fuel in combination with

However, since the ranges allow for uncertainties in the baseline, they can be aggregated under speciﬁc assumptions and these ranges are shown below.
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Figure 11.2: Interaction of CO2 mitigation measures between electricity supply and
demand sectors

carbon capture and storage. On the demand side, the buildings
and the industrial sectors have options for electricity savings.
The emission reductions from these two sets of options cannot
be aggregated since emission reductions in demand reduce the
potential for those in supply and vice-versa.
To overcome this problem, the following approach was
adopted: The World Energy Outlook (IEA, 2004) for the year
2030 was used as the baseline. The potentials from electricity
savings in the buildings and the industry sectors were estimated
¿UVW (OHFWULFLW\ VDYLQJV WKHQ UHGXFH GHPDQG IRU HOHFWULFLW\
This sequence was followed because electricity savings can be
achieved at relatively low cost and their implementation can
WKHUHIRUHEHH[SHFWHG¿UVW(OHFWULFLW\VDYLQJVZHUHFRQYHUWHG
to emission reductions using the average carbon intensity
of the electricity supply in the baseline for the year 2030.
In reality, it can be expected that electricity savings would
result in a relatively larger reduction in fossil-fuel electricity
generation than electricity generation involving low marginal
costs such as renewables and nuclear. This is because, in the
operating system, low-cost generation is normally called on
before high-cost generation. However, this response depends
on local conditions and it is not appropriate to consider it
here. However, it does imply that the emission reductions for
electricity savings reported here are an under-estimate. This
under-estimate becomes more pronounced with higher carbon
prices, and higher marginal costs for fossil fuels.

4. The new electricity supply required was divided between
available low-carbon supply options. As the cost estimates
were lowest for a fuel switch from coal to natural gas supply,
LWZDVDVVXPHGWKDWWKLVZRXOGWDNHSODFH¿UVW,QDFFRUGDQFH
with Chapter 4 it was assumed that 20% of the new coal
plants required would be substituted by gas technologies.
5. An assessment was made of the prevented emissions
from the other low-carbon substitution options after the
fuel switch. The following technologies were taken into
account: renewables (wind and geothermal), bioenergy,
hydro, nuclear and CCS. It was assumed that the fossil
fuel requirement in the baseline (after adjustments for
the previous step) was met by these low-carbon intensive
technologies. The substitution was made on the basis of
relative maximum technical potential. The same breakdown
as in Section 4.4.3 was used for the low-carbon options.
6. It was then possible to estimate the resulting mitigation
potential for the energy sector, after savings in the end-use
sectors buildings and industry.
7. For the buildings and industry sectors, the mitigation
potential was broken down into emission savings resulting
from less electricity use and the remainder.
8. For sectors other than energy, buildings and industry, the data
given in the chapters were used for the overall aggregation.
When evaluating mitigation potential in the energy supply
sector, the calculations in Chapter 4 did not subtract the
electricity savings from the buildings and industry sectors (see
Chapter 4, Table 4.19). Adopting this order (which is not the
SUHIHUUHGRUGHUDVH[SODLQHGDERYH LPSOLHV¿UVWWDNLQJDOOWKH
mitigation measures in the energy sector and then applying
the electricity savings from buildings and industry sectors.
This would result in different mitigation potentials for each
of the sectors and mitigation measures, although the total will
not change. See Appendix 11.1 for a further discussion of the
methodology and details of the calculation.
In the case of the other sectors, the data given in the chapters
were used for the overall aggregation. The mitigation potential
for the buildings and industry sectors was broken down into
emission savings for lower electricity use and the remainder, so
that the potential could be re-allocated where necessary to the
power sector.
11.3.1.4

The detailed sequence is as follows:
1. Electricity savings from the measures in the buildings and
industry sector were subtracted from the baseline supply
estimates to obtain the corrected electricity supply for 2030.
2. No early withdrawal of plant or stranded assets is assumed.
Low-carbon options can therefore only be applied to new
electricity supply.
3. The new electricity supply required to 2030 was calculated
from 1) additional new capacity between 2010 and 2030 and
2) capacity replaced in the period 2010–2030 after an assumed
average plant lifetime of 50 years (see Chapter 4.4.3).
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Synthesizing the potentials from Chapters 4 to 10
involving biomass

Biomass supplies originate in agriculture (residues and
cropping), forestry, waste supplies, and in biomass processing
industries (such as the paper & pulp and sugar industries).
Key applications for biomass are conversion to heat, power,
transportation fuels and biomaterials. Information about
biomass supplies and utilization is distributed over the relevant
chapters in this report and no complete integrated studies are
available for biomass supply-demand balances and biomass
potential.
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Biomass demand from different sectors
Demand for biomass as transportation fuel involves the
production of biofuels from agricultural crops such as sugar cane,
rape seed, corn, etc., as well as potentially ‘second-generation’
ELRIXHOVSURGXFHGIURPOLJQRFHOOXORVLFELRPDVV7KH¿UVWFDWHJRU\
dominates in the shorter term. The penetration of second-generation
biofuels depends on the speed of technological development and
WKHPDUNHWSHQHWUDWLRQRIJDVL¿FDWLRQWHFKQRORJ\IRUV\QIXHOVDQG
hydrolysis technology for the production of ethanol from woody
biomass. Demand projections for primary biomass in Chapter 5
are largely based on WEO-IEA (2006) global projections, with a
relatively wide range of about 14 to 40 EJ of primary biomass, or
8–25 EJ of fuel. However, there are also higher estimates ranging
from 45 to 85 EJ demand for primary biomass in 2030 (or roughly
30–50 EJ of fuel) (see Chapter 5).
Demand for biomass for power and heat is considered in
Chapter 4 (energy). Demand for biomass for heat and power
ZLOOEHVWURQJO\LQÀXHQFHGE\WKHDYDLODELOLW\DQGLQWURGXFWLRQ
of competing technologies such as CCS, nuclear power, wind
energy, solar heating, etc. The projected demand in 2030 for
biomass would be around 28–43 EJ according to the data used in
Section 4.4.3.3. These estimates focus on electricity generation.
Heat is not explicitly modelled or estimated in the WEO, resulting
in an under-estimate of total demand for biomass.
Industry is an important user of biomass for energy, most
notably the paper & pulp industry and the sugar industry,
which both use residues for generating process energy (steam
and electricity). Chapter 7 highlights improvements in energy
production from such residues, most notably the deployment
RIHI¿FLHQWJDVL¿FDWLRQFRPELQHGF\FOHWHFKQRORJ\WKDWFRXOG
VWURQJO\ LPSURYH HI¿FLHQFLHV LQ IRU H[DPSOH SXOS DQG VXJDU
mills. Mitigation potentials reducing the demand for such
commodities or raising the recycling rate for paper will not result
in additional biomass demand. Biomass can also be used for the
production of chemicals and plastics, and as a reducing agent
for steel production (charcoal) and for construction purposes
(replacing, for example, metals or concrete). Projections for
such production routes and subsequent demand for biomass
feedstocks are not included in this report, since their deployment
is expected to be very limited (see Chapter 7).
In the built environment, biomass is used in particular for
heating for both non-commercial uses (and also as cooking
fuel) and in modern stoves. The use of biomass for domestic
KHDWLQJ FRXOG UHSUHVHQW D VLJQL¿FDQW PLWLJDWLRQ SRWHQWLDO 1R
quantitative estimates are available of future biomass demand
for the built environment (for example, heating with pellets or
cooking fuels) (Chapter 6).
Biomass supplies
Biomass production on agricultural and degraded lands.
Table 11.2 summarizes the biomass supply energy potentials
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discussed in Chapters 8 (agriculture), 9 (Forestry) and 10 (waste).
Those potentials are accompanied by considerable uncertainties.
In addition, the estimates are derived from scenarios for the year
2050. The largest contribution could come from energy crops on
DUDEOHODQGDVVXPLQJWKDWHI¿FLHQF\LPSURYHPHQWVLQDJULFXOWXUH
are fast enough to outpace food demand so as to avoid increased
pressure on forests and nature areas. Section 8.4.4.2 provides
a range from 20–400 EJ. The highest estimate is a technical
SRWHQWLDOIRU7HFKQLFDOO\WKHSRWHQWLDOVIRUVXFKHI¿FLHQF\
increases are very large, but the extent to which such potentials
can be exploited over time is still poorly studied. Studies assume
the successful introduction of biomass production in key regions
as Latin America, Sub-Saharan Africa, Eastern Europe and
Oceania, combined with gradual improvements in agricultural
practice and management (including livestock). However, such
development schemes – that could also generate substantial
additional income for rural regions that can export biomass
– are uncertain, and implementation depends on many factors
such as trade policies, agricultural policies, the establishment of
VXVWDLQDELOLW\IUDPHZRUNVVXFKDVFHUWL¿FDWLRQDQGLQYHVWPHQWV
in infrastructure and conventional agriculture (see also Faaij &
Domac, 2006).
In addition, the use of degraded lands for biomass production
(as in reforestation schemes: 8–110 EJ) could contribute
VLJQL¿FDQWO\ $OWKRXJK ELRPDVV SURGXFWLRQ ZLWK VXFK ORZ
yields generally results in more expensive biomass supplies,
competition with food production is almost absent and various
FREHQH¿WV VXFK DV WKH UHJHQHUDWLRQ RI VRLOV DQG FDUERQ
storage), improved water retention, and protection from erosion
may also offset some of the establishment costs. An important
example of such biomass production schemes at the moment
is the establishment of jatropha crops (oil seeds, also spelled
jathropa) on marginal lands.
Biomass residues and wastes. Table 11.2 also depicts the
energy potentials in residues from forestry (12–74 EJ/yr) and
agriculture (15–70 EJ/yr) as well as waste (13 EJ/yr). Those
biomass resource categories are largely available before 2030,
but also somewhat uncertain. The uncertainty comes from
possible competing uses (for example, the increased use of
ELRPDWHULDOVVXFKDV¿EUHERDUGSURGXFWLRQIURPIRUHVWUHVLGXHV
and the use of agro-residues for fodder and fertilizer) and
differing assumptions about the sustainability criteria deployed
with respect to forest management and agriculture intensity.
The current energy potential of waste is approximately 8 EJ/yr,
which could increase to 13 EJ in 2030. The biogas fuel potentials
IURPZDVWHODQG¿OOJDVDQGGLJHVWHUJDVDUHPXFKVPDOOHU
Synthesis of biomass supply & demand
A proper comparison of demand and supply is not possible
since most of the estimates for supply relate to 2050. Demand
has been assessed for 2030. Taking this into account, the
lower end of the biomass supply (estimated at about 125 EJ/
yr) exceeds the lower estimate of biomass demand (estimated
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Table 11.2: Biomass supply potentials and biomass demand in EJ based on Chapters 4 to 10
Supply

Sector

Biomass
supplies to
2050

Demand
Energy supply
biomass demand
2030

Transport biomass
demand 2030

Dung

Built environment

Industry

Relevant, in particular
in developing countries
as cooking fuel

Sugar industry
signiﬁcant. Food &
beverage industry. No
quantitative estimate
on use for new
biomaterials (e.g. bioplastics) not signiﬁcant
for 2030.

I

Agriculture
Residues

15-70
5-55

Energy crops on arable
land and pastures

20-300

Crops on degraded
lands

60-150

Forestry

12-74

Key application

Relevant for secondgeneration biofuels

Relevant

13

Power and heat
production

Possibly via
gasiﬁcation

Minimal

Waste
Industry

Process
residues

Total supply primary
biomass

125-760

Total demand primary
biomass

70-130

Cement industry
Relevant; paper & pulp
industry

28-43 (electricity)
Heat excluded

at 70 EJ/yr). However, demand does not include estimates of
domestic biomass use (such as cooking fuel, although that use
may diminish over time depending on development pathways
in developing countries), increased biomass for production of
heat (although additional demand in this area may be limited)
and biomass use in industry (excluding the possible demand of
biomass for new biomaterials). It seems that this demand can
be met by biomass residues from forestry, agriculture, waste
and dung and a limited contribution from energy crops. Such
a ‘low biomass demand’ pathway may develop from the use
of agricultural crops with more limited potentials, lower GHG
mitigation impact and less attractive economic prospects, in
particular in temperate climate regions. The major exception
here is sugar-cane-based ethanol production.
The estimated high biomass demand consists of an
estimated maximum use of biomass for power production
and the constrained growth of production of biofuels when
the WEO projections are taken into consideration (25 EJ/yr
biofuels and about 40 EJ/yr primary biomass demand). Total
combined demand for biomass for power and fuels adds up to
about 130 EJ/yr. Clearly, a more substantial contribution from
energy crops (perhaps in part from degraded lands, for example
producing jatropha oil seeds) is required to cover total demand
of this magnitude, but this still seems feasible, even for 2030;
the low-end estimate for energy crops for agricultural land is
50 EJ/yr, which is in line with the 40 EJ/yr primary projected
demand for biofuels.
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I

45-85

Relevant (currently
several dozens of EJ;
additional demand
may be limited)

Signiﬁcant demand;
paper & pulp and
sugar industry use
own process residues;
additional demand
expected to be limited

However, as was also acknowledged in the WEO, the demand
for biomass as biofuels in around 2030 will depend in particular
on the commercialization of second-generation biofuel
WHFKQRORJLHV LH WKH ODUJHVFDOH JDVL¿FDWLRQ RI ELRPDVV IRU
the production of synfuels as Fischer-Tropsch diesel, methanol
or DME, and the hydrolysis of lignocellulosic biomass for
the production of ethanol). According to Hamelinck and Faaij
(2006), such technologies offer competitive biofuel production
compared to oil priced at between 40–50 US$/barrel (assuming
biomass prices of around 2 US$/GJ). In Chapter 5, Figure 5.9
(IEA, 2006b), however, assumes higher biofuel costs. Another
key option is the wider deployment of sugar cane for ethanol
production, especially on a larger scale using state-of-the art
mills, and possibly in combination with hydrolysis technology
and additional ethanol production from bagasse (as argued
by Moreira, 2006 and other authors). The availability of such
technologies before 2020 may lead to an acceleration of biofuel
production and use, even before 2030. Biofuels may therefore
become the most important demand factor for biomass,
especially in the longer term (i.e. beyond 2030).
A more problematic situation arises when the development
of biomass resources (both residues and cultivated biomass)
fails to keep up with demand. Although the higher end of
biomass supply estimates (2050) is well above the maximum
projected biomass demand for 2030, the net availability of
biomass in 2030 will be considerably lower than the 2050
estimates. If biomass supplies fall short, this is likely to lead to

1737
Chapter 11

VLJQL¿FDQWSULFHLQFUHDVHVIRUUDZPDWHULDOV7KLVZRXOGKDYH
a direct effect on the economic feasibility of various biomass
applications. Generally, biomass feedstock costs can cover 30–
50% of the production costs of secondary energy carriers, so
increasing feedstock prices will quickly reduce the increase in
biomass demand (but simultaneously stimulate investments in
biomass production). To date, there has been very little research
into interactions of this kind, especially at the global scale.
Comparing mitigation estimates for top-down and bottomup modelling is not straightforward. Bottom-up mitigation
responses are typically more detailed and derived from more
constrained modelling exercises. Cost estimates are therefore
in partial equilibrium in that input and output market prices are
¿[HGDVPD\EHNH\LQSXWTXDQWLWLHVVXFKDVDFUHDJHRUFDSLWDO
Top-down mitigation responses consider more generic mitigation
technologies and changes in outputs and inputs (such as shifts
from food crops or forests to energy crops) as well as changes
in market prices (such as land prices as competition for land
increases). In addition, current top-down models optimistically
assume the simultaneous global adoption of a coordinated
climate policy with an unconstrained, or almost unconstrained,
set of mitigation options across sectors. A review of top-down
studies (Chapter 3 data assembled from Rose et al. (2007) and
US CCSP (2006)) results in a range for total projected biomass
XVHRYHUDOOFRVWFDWHJRULHVRIWR(-\U GH¿QHGDVVROLG
and liquid, requiring a conversion ratio from primary biomass to
fuels). This is, on average, half the range for estimates obtained
via bottom-up information from the various chapters.
Given the relatively small number of relevant scenario
studies available to date, it is fair to say that the role of biomass
LQORQJWHUPVWDELOL]DWLRQ EH\RQG ZLOOEHYHU\VLJQL¿FDQW
but that it is subject to relatively large uncertainties. Further
research is required to improve our insight into the potential.
$ QXPEHU RI NH\ IDFWRUV LQÀXHQFLQJ ELRPDVV PLWLJDWLRQ
potential are worth noting: the baseline economic growth and
energy supply alternatives, assumptions about technological
change (such as the rate of development of cellulosic ethanol
conversion technology), land use competition, and mitigation
alternatives (overall and land-related).
Given the lack of studies of how biomass resources may
be distributed over various demand sectors, we do not suggest
any allocation of the different biomass supplies to various
applications. Furthermore, the net avoidance costs per ton of
CO2 of biomass usage depend on a wide variety of factors,
including the biomass resource and supply (logistics) costs,
conversion costs (which in turn depend on the availability of
improved or advanced technologies) and reference fossil fuel
prices, most notably of oil.
7
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11.3.1.5 Estimates of mitigation potentials from
Chapters 4 to 10
Table 11.3 uses the procedures outlined above to bring
together the estimates for the economic potentials for GHG
mitigation from Chapters 4 to 10. It was not possible to break
down the potential into the desired cost categories for all
sectors. Where appropriate, then, the cells in the table have
been merged to account for the fact that the numbers represent
the total of two cost categories. Only the potentials in the cost
categories up to 100 US$/tCO2-eq are reported here. Some of
the chapters also report numbers for the potential in higher
cost categories. This is the case for Chapter 5 (transport) and
Chapter 8 (agriculture).
Table 11.3 suggests that the economic potential for reducing
GHG emissions at costs below 100 US$/tCO2 ranges7 from 16
to 30 GtCO2-eq. The contributions of each sector to the totals
are in the order of magnitude 2 to 6 GtCO2-eq (mid-range
numbers), except for the waste sector (0.4 to 1 GtCO2-eq). The
mitigation potentials at the lowest cost are estimated for the
buildings sector. Based on the literature assessment presented
in Chapter 6 it can be concluded that over 80% of the buildings
SRWHQWLDOFDQEHLGHQWL¿HGDWQHJDWLYHFRVW+RZHYHUVLJQL¿FDQW
barriers need to be overcome to achieve these potentials. See
Chapter 6 for more information on these barriers.
In all sectors, except for the transport sector, the highest
economic potential for emission reduction is thought to be in
the non-OECD/EIT region. In relative terms, although it is
not possible to be exact because baselines across sectors are
different, the emission reduction options at costs below 100
US$/tCO2-eq are in the range of 30 to 50% of the totalled
EDVHOLQH7KLV LV DQ LQGLFDWLYH¿JXUH DV LW LV FRPSLOHG IURP D
range of different baselines.
A number of comments should be made on the overview
presented in Table 11.3.
First, a set of emission reduction options have been excluded
from the analysis, because the available literature did not allow
for a reliable assessment of the potential.8
v

(PLVVLRQ UHGXFWLRQ HVWLPDWHV RI ÀXRULQDWHG JDVHV IURP
energy supply, transport and buildings are not included in
the sector mitigation potentials from Chapters 4 to 6. For
these sectors, the special IPCC report on ozone and climate
(IPCC & TEAP, 2005) reported a mitigation potential
for HFCs of 0.44 GtCO2-eq for the year 2015 (a mitigation
potential of 0.46 GtCO2-eq was reported for CFCs and
HCFCs).

Note that the range is found by aggregating the low or the high potentials per sector. As the errors in the potentials by sector are not correlated, counting up the errors using error
propagation rules would lead to a range about half this size. However, given all the uncertainties, and in order to make statements with enough conﬁdence, the full range reported
here is used.
As indicated in the notes to Table 11.1, bog ﬁres in the forestry sector have also been excluded from the emissions and therefore from the reduction potential as well. The emissions
may be signiﬁcant (in the order of 3 GtCO2-eq), see Chapter 1.
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Table 11.3: Estimated economic potentials for GHG mitigation at a sectoral level in 2030 for different cost categories using the SRES B2 and IEA World Energy Outlook
(2004) baselines
Economic potential
<100 US$/tCO2-eqc)
Mitigation optiona)

Sector

Region

Economic potential in different cost
categoriesd), e)

Cost cat. US$/tCO2-eq

<0

0-20

20-50

50-100

Cost cat. US$/tC-eq

<0

0-73

73-183

183-367

0.50
0.06
0.90
1.4

0
0
0.35
0.35

0
0
0.02
0.15

0
0.02
0
0.15

Low

High
Gt CO2-eq

supplye)

Energy
(see also 4.4)

All options in
energy supply excl.
electricity savings in
other sectors

OECD
EIT
Non-OECD/EIT
Global

0.90
0.20
1.3
2.4

1.7
0.25
2.7
4.7

Transportb), e), g)
(see also 5.6)

Total

OECD
EIT
Non-OECD/EIT
Globalb)

0.50
0.05
0.15
1.6

0.55
0.05
0.15
2.5

0.25
0.03
0.10
0.35

0.25
0
0.03
1.4

Buildings
(see also 6.4)f), h)

Electricity savings

OECD
EIT
Non-OECD/EIT

0.8
0.2
2.0

1.0
0.3
2.5

0.95
0.25
2.1

0.00
0
0.05

0
0
0.05

Fuel savings

OECD
EIT
Non-OECD/EIT

1.0
0.6
0.7

1.3
0.8
0.8

0.85
0.2
0.65

0.15
0.15
0.10

0.15
0.35
0.01

Total

OECD
EIT
Non-OECD/EIT
Global

1.8
0.9
2.7
5.4

2.3
1.1
3.3
6.7

1.8
0.45
2.7
5.0

0.15
0.15
0.15
0.50

0.15
0.35
0.10
0.60

Electricity savings

OECD
EIT
Non-OECD/EIT

Other savings,
including non-CO2
GHG

OECD
EIT
Non-OECD/EIT

0.35
0.20
1.2

Total

OECD
EIT
Non-OECD/EIT
Global

Agriculture
(see also 8.4)

All options

Forestry
(see also 9.4)

Industry
(see also 7.5)

0.9
0.15
0.80
1.9

0.30
0.08
0.45

0.07
0.02
0.10

0.07
0.02
0.10

0.15
0.040
0.25

0.90
0.45
3.3

0.30
0.08
0.50

0.25
0.25
1.7

0.05
0.02
0.08

0.60
0.25
1.6
2.5

1.2
0.55
3.8
5.5

0.35
0.10
0.60
1.1

0.35
0.25
1.8
2.4

0.20
0.06
0.30
0.55

OECD
EIT
Non-OECD/EIT
Global

0.45
0.25
1.6
2.3

1.3
0.65
4.5
6.4

0.30
0.15
1.1
1.6

0.20
0.10
0.75
1.1

0.30
0.15
1.2
1.7

All options

OECD
EIT
Non-OECD/EIT
Global

0.40
0.09
0.75
1.3

1.0
0.20
3.0
4.2

0.01
0
0.15
0.15

0.25
0.05
0.90
1.1

0.30
0.05
0.55
0.90

0.25
0.05
0.35
0.65

Waste
(see also 10.4)

All options

OECD
EIT
Non-OECD/EIT
Global

0.10
0.10
0.20
0.40

0.20
0.10
0.70
1.0

0.10
0.05
0.25
0.40

0.06
0.05
0.07
0.18

0.00
0.00
0.10
0.10

0.00
0.00
0.04
0.04

All sectorsi)

All options

OECD
EIT
Non-OECD/EIT
Global

4.9
1.8
8.3
15.8

7.4
2.8
16.8
31.1

2.2
0.55
3.3
6.1

2.1
0.65
3.6
7.4

1.3
0.50
4.1
6.0

1.1
1.0
2.4
4.5

Notes:
a) Several reduction options are not included due to limited literature sources. This underestimation could be about 10–15%; see below.
b) For transport, the regional data by cost category do not add up to the global potential: regional (cost) distribution is available for LDV only. Due to the lack of international agreement about the regional allocation of aviation emissions, only global cost distributions are available for aviation. A lack of data means that only global
ﬁgures are presented for biofuels, and not cost distribution.
c) The ranges indicated by the potential are derived differently for each chapter. See underlying chapters for more information.
d) The economic potential ﬁgures per cost category are mid-range numbers.
e) The mitigation potential for the use of biomass is allocated to the transport and power sector. See the discussion on biomass energy in 11.3.1.4.
f) For the buildings sector the literature mainly focuses on low-cost mitigation options, and the potential in high-cost categories may be underestimated. The zero may
represent an underestimation of the emissions.
g) The ‘0’ means zero, 0.00 means a value below 5 Mton.
h) The electricity savings in the end-use sectors Buildings and Industry are the high estimates. The electricity savings would be signiﬁcantly lower if the order of measurement were to be reversed; the substitution potential in the energy sector would have been assessed before electricity savings (see Appendix 11.1).
i) The tourism sector is included in the buildings and the transport sector.
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v The potential for combined generation of heat and power in
the energy supply sector has not added to the other potentials
as it is uncertain (see Section 4.4.3). IEA (2006a) quotes a
potential here of 0.2 to 0.4 GtCO2-eq.
v The potential emissions reduction for coal mining and gas
pipelines has not been included in the reductions from the
power sector. De Jager et al. (2001) indicated that the CH4
emissions from coal mining in 2020 might be in the order of
0.65 GtCO2-eq. Reductions of 70 to 90% with a penetration
level of 40% might be possible, resulting for 2020 in the
order of 0.20 GtCO2-eq. Higher reduction potentials of
0.47 GtCO2-eq for CH4 from coal mining have also been
mentioned (Delhotal et al., 2006).
v Emission reductions in freight transport (heavy duty
vehicles), public transport, and marine transport have not
been included. In the transport sector, only the mitigation
SRWHQWLDO IRU OLJKW GXW\ YHKLFOH HI¿FLHQF\ LPSURYHPHQW
(LDV), air planes and biofuels for road transport has been
assessed. Because LDV represents roughly two-thirds of
transportation by road, and because road transportation
represents roughly three-quarters of transport as a whole
(air, water, and rail transport represent roughly 11, 9 and 3
percent of overall transport respectively), the estimate for
/'9EURDGO\UHÀHFWVKDOIRIWKHWUDQVSRUWDFWLYLW\IRUZKLFK
a mitigation potential of over 0.70 GtCO2-eq is reported. In
the case of marine transport, the literature studies discussed
in Section 5.3.4 indicate that large reductions are possible
compared to the current standard but this might not be
VLJQL¿FDQWZKHQFRPSDULQJWRDEDVHOLQH6HHDOVR7DEOH
for indicative potentials for some of the options.
v Non-technical options in the transport sector, like speed limits
and changes in modal split or behaviour changes, are not
taken into account (an indication of the order of magnitude
for Latin American cities is given in Table 5.6).
v For the buildings sector, most literature sources focused on
low-cost mitigation options and so high-cost options are
less well represented. Behavioural changes in the buildings
sector have not been included; some of these raise energy
demand, examples being rebound effects from improvements
LQHQHUJ\HI¿FLHQF\9
v In the industry sector, the fuel savings have only been
estimated for the energy-intensive sectors representing
approximately 50% of fuel use in manufacturing industry.
v The TAR stated an emission reduction estimate of 2.20
GtCO2HT LQ  IRU PDWHULDO HI¿FLHQF\ &KDSWHU GRHV
QRW LQFOXGH PDWHULDO HI¿FLHQF\ H[FHSW IRU UHF\FOLQJ IRU
selected industries, in the estimate of the industrial emission
reduction potential. To avoid double counting, the TAR
estimate should not be added to the potentials of Chapter 7.
+RZHYHULWLVOLNHO\WKDWWKHSRWHQWLDOIRUPDWHULDOHI¿FLHQF\
VLJQL¿FDQWO\H[FHHGVWKDWIRUUHF\FOLQJIRUVHOHFWHGLQGXVWULHV
only given in Chapter 7.
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,Q FRQFOXVLRQ WKH RSWLRQV H[FOXGHG UHSUHVHQW VLJQL¿FDQW
potentials that justify future analysis. These options represent
about 10 to 15% of the potential reported in Table 11.3; this
magnitude is not such that the conclusions of the bottom-up
analysis would change substantially.
Secondly,WKHFKDSWHUVLGHQWL¿HGDQXPEHURINH\VHQVLWLYLWLHV
WKDWKDYHQRWEHHQTXDQWL¿HG1RWHWKDWWKHNH\VHQVLWLYLWLHVDUH
different for the different sectors.
In general, higher energy prices will have some impact on
the mitigation potentials presented here (i.e. those with costs
below 100 US$/tCO2-eq), but the impact is expected to be
generally limited, except for the transport sector (see below).
1R PDMRU RSWLRQV KDYH EHHQ LGHQWL¿HG H[FHHGLQJ  86
tCO2-eq that could move to below 100 US$/tCO2-eq. However,
this is only true of the fairly static approach presented here. The
costs and potential of technologies in 2030 may be different if
energy prices remain high for several decades compared to the
situation if they return to the levels of the 1990s. High energy
prices may also impact the baseline since the fuel mix will
change and lower emissions can be expected. Note that options
in some areas, such as agriculture and forestry and non-CO2
greenhouse gases (about one third of the potential reported), are
not affected by energy prices, or much less so.
0RUHVSHFL¿FDOO\DQLPSRUWDQWVHQVLWLYLW\IRUWKHWUDQVSRUW
sector is the future oil price. The total potential for the LDV
in transport increases by 7% as prices rise from 30 to 60 US$/
barrel. However, the potential at costs <0 US$/tCO2 increases
much more – by almost 90% – because of the fuel saving effect.
(See Section 5.4.2).
v Discount rates that formed the basis of the analysis are – as
reported in the individual chapters – in the range of 3 to
10%, with the majority of studies using the lower end of this
range. Lower discount rates (e.g. 2%) would imply some
shift to lower cost ranges, without substantially affecting the
total potential. Moving to higher discount rates would have
a particular impact on the potential in the highest cost range,
which makes up 15 to 20% of the total potential.
v Agriculture and forestry potential estimates are based on longterm experimental results under current climate conditions.
Given moderate deviations in the climate expected by 2030,
the mitigation estimates are considered quite robust.
Thirdly, potentials with costs below zero US$/tCO2-eq
are presented in Table 11.3. The potential at negative cost is
considerable. There is evidence from business studies showing
the existence of mitigation options at negative cost (for example,
The Climate Group, 2005). For a discussion of the reasons for
mitigation options at negative costs, see IPCC (2001), Chapters
3 and 7; and Chapters 2 and 6, and Section 11.6 of this report.

Greening et al. (2000, p.399), in a survey of the rebound effect (in which efﬁciency improvements lead to more use of energy), remark that ‘rebound is not high enough to mitigate
the importance of energy efﬁciency as a way of reducing carbon emissions. However, climate policies that rely only on energy efﬁciency technologies may need reinforcement by
market instruments such as fuel taxes and other incentive mechanisms.’
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These remarks do not affect the validity of the overall
¿QGLQJV LH WKDW WKH HFRQRPLF SRWHQWLDO DW FRVWV EHORZ 
US$/tCO2-eq ranges from 16 to 30 GtCO2-eq. However, they
UHÀHFW D EDVLF VKRUWFRPLQJ RI WKH ERWWRPXS DQDO\VLV )RU
individual countries, sectors or gases, the literature includes
excellent bottom-up analysis of mitigation potentials. However,
they are usually not comparable and their coverage of countries/
sectors/gases is limited.
7KH IROORZLQJ JDSV LQ WKH OLWHUDWXUH KDYH EHHQ LGHQWL¿HG
Firstly, there is no harmonized integrated standard for bottomup analysis that compares all future economic potentials.
Harmonization is considered important for, inter alia, target
years, discount rates, price scenarios. Secondly, there is a lack
of bottom-up estimates of mitigation potentials, including those
IRU UHERXQG HIIHFWV RI HQHUJ\HI¿FLHQF\ SROLFLHV IRU WUDQVSRUW
and buildings, for regions such as many EIT countries and
substantial parts of the non-OECD/EIT grouping.
11.3.1.6

Comparison with the Third Assessment Report
(TAR)

Table 11.4 compares the estimates in this report (AR4) for
2030 with those from the TAR for 2020, which were evaluated
at costs less than 27 US$/tCO2-eq (100 US$/tCO2-eq). The last
column shows the AR4 estimates for potentials at costs of less
than 20 US$/tCO2-eq, which are more comparable with those
from the TAR. Overall, the estimated bottom-up economic
potential has been revised downwards compared to that in the
TAR, even though this report has a longer time horizon than the
TAR. Only the buildings sector has been revised upwards in this
cost category. For the forestry sector, the economic potential
QRZ LV VLJQL¿FDQWO\ ORZHU FRPSDUHG WR 7$5 +RZHYHU WKH
7$5 QXPEHUV IRU WKH IRUHVWU\ SRWHQWLDO ZHUH QRW VSHFL¿HG LQ
terms of cost levels and are more comparable with the < 100

US$/tCO2-eq potential in this report. Even then, they are
much higher because they are based on top-down global forest
models. These models generally give much higher values then
ERWWRPXSVWXGLHVDVUHÀHFWHGLQ&KDSWHURIWKLVUHSRUW7KH
industry sector is estimated to have a lower potential at costs
below 20 US$/tCO2-eq, partly due to a lack of data available
for use in the AR4 analyses. Only electricity savings have been
included for light industry. In addition, the potential for CHP
was allocated to the industry sector in the TAR and was not
covered in this report. The most important difference between
the TAR and the current analysis is that, in the TAR, material
HI¿FLHQF\ LQ D ZLGH VHQVH KDV EHHQ LQFOXGHG LQ WKH LQGXVWU\
VHFWRU,QWKLVUHSRUWRQO\VRPHDVSHFWVRIPDWHULDOHI¿FLHQF\
have been included, namely in Chapter 7.
The updated estimates might be expected to be higher due to:
v The greater range of economic potentials, extending up
to 100 US$/tCO2, compared to less than 27.3 US$/tCO2
(100 US$/tC) in the TAR;
v The different time frame: 2030 compared to 2020 in
the TAR.
However, the overall estimated bottom-up economic
potential has been revised downwards somewhat, compared to
that in the TAR, especially considering that the AR4 estimates
DOORZIRUDERXW¿YHPRUH\HDUVRIWHFKQRORJLFDOFKDQJH3DUW
of the difference is caused by the lower coverage of mitigation
options up to 2030 in the AR4 literature.
11.3.1.7

Conclusions of bottom-up potential estimates

When comparing the emission reduction potentials as
presented in Table 11.4 with the baseline emissions, it can be
concluded that the total economic potential at costs below 20 US$/
tCO2-eq ranges from 15 to 30% of the total added-up baseline.

Table 11.4: Comparison of potential global emission reductions for 2030 with the global estimates for 2020 from the Third Assessment Report (TAR) in GtCO2-eq
Sector

Options
Estimate

Energy supply and conversion
Transport
Buildings
Industry
- energy efﬁciency
- material efﬁciency
Agriculturec)
Forestry
Waste
Total

CO2 only
CO2 only

TAR potential emissions reductions by
2020 at costs <27.3 US$/tCO2 a)
Low
1.3
1.1
3.7

High
2.6
2.6
4.0

2.6
2.2
0.37
1.3
(11.7)d)
0.73
13.2e)

3.3
2.2
0.37
2.8
(11.7)
0.73
18.5e)

CO2 only
non-CO2
C-sinks and non CO2 c)
CH4 only

AR4 potential emissions reductions by
2030 at costs <20 US$/tCO2 b)
Low
1.2
1.3
4.9

High
2.4
2.1
6.1

0.70

1.5

0.30
0.55
0.35
9.3

2.4
1.9
0.85
17.1

Notes:
a) The TAR range excludes options with costs above 27.3 US$/tCO2 (100 US$/tC) (except for non-CO2 GHGs), and options that will not be adopted through the use of
generally accepted policies (p. 264). Differences are due to rounding off.
b) This is the sum of the potential reduction at negative costs and below 20 US$/tCO2. See, however, notes to Table 11.2.
c) Note that TAR estimates are for non-CO2 emissions only. The AR4 estimates also include soil C sequestration (about 90% of the mitigation potential).
d) TAR copied the estimate of Special Report on LULUCF for 2010, which was seen as a technical potential.
e) The 2020 emissions for the SRES B2 baseline was estimated at 49.5 Gton CO2-eq (IPCC, 2000)
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GtCO2-eq
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GtCO2-eq

0
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□ <0

high end of range

□ <20 ■ <50 ■ <100 US$/tCO2-eq

low end of range

high end of range

□ <20 ■ <50 ■ <100 US$/tCO2-eq

Figure 11.3: Economic mitigation potential in different cost categories as compared to the baseline
Notes: The ranges reported in Tables 3.13 and 3.14 were used for comparison for the top-down studies. ‘High’ and ‘low’ refer to the high and low ends
of the economic potential range reported.

The economic potential up to 100 US$/tCO2-eq is about 30 to
50% of emissions in 2030. There is medium evidence for these
FRQFOXVLRQVEHFDXVHDOWKRXJKDVLJQL¿FDQWDPRXQWRIOLWHUDWXUH
is available, there are gaps and regional biases, and baselines are
different. There is also medium agreement on these conclusions
because there is literature for each sector with substantial ranges
but the ranges may not capture all the uncertainties that exist.
Although there are differences in relative mitigation potentials
DQGVSHFL¿FPLWLJDWLRQFRVWVEHWZHHQVHFWRUV HJWKHEXLOGLQJV
sector has a large share of low-cost options), it is clear that the
total mitigation potential is spread across the various sectors.
Substantial emission reductions can only be achieved if most
of the sectors contribute to the emission reduction. In addition,
there are barriers that need to be overcome if these potentials
are to materialize.
11.3.2 Comparing bottom-up and top-down
sectoral potentials for 2030
Table 11.5 and Figure 11.3 bring together the ranges of
economic potentials synthesized from Chapters 4 to 10, as
discussed in 11.3.1, with the ranges of top-down sectoral
estimates for 2030 presented in Chapter 3. The bottom-up
estimates are shown with the potentials from end-use electricity
savings attributed (1) to the end-use sectors, i.e. to the buildings
and industry sectors primarily responsible for the electricity use
and (2) upstream, at the point of emission to the energy supply
sector. The top-down ranges are provided by an analysis of the
data from multi-gas studies for 2030 reported in Section 3.6. A
relationship has been estimated between the absolute reductions
in total GHGs and the carbon prices required to achieve them
(see Appendix 3.1). Ranges for mitigation potential have been
FDOFXODWHGIRUDFRQ¿GHQFHLQWHUYDOIRUFDUERQSULFHVDW
and 100 US$(2000)/tCO2-eq. The ranges are shown in the last
two columns of Table 11.5.

The ranges of bottom-up and top-down aggregate estimates
of potentials overlap substantially under all cost ceilings except
for the no-regrets bottom-up options. This contrasts with the
comparison in the TAR, where top-down costs were higher.
It is not the case that bottom-up approaches systematically
generate higher abatement potentials. This change comes
largely from lower costs in the top-down models, because some
have introduced multi-gas abatement and have introduced more
bottom-up features, such as induced technological change,
which also tend to reduce costs.
Two further points can be made with regard to the comparison
of bottom-up and top-down results:
  6HFWRUGH¿QLWLRQVGLIIHUEHWZHHQWRSGRZQDQGERWWRPXS
approaches. The sectoral data presented here are not fully
comparable. The main difference is that the electricity
savings are allocated to the power sector in the top-down
models compared to the end-use sectors in Table 11.3. Both
allocation approaches are presented in Table 11.5.
2) At a sector level however, there are some systematic and
striking discrepancies:
Energy supply. The top-down models indicate a higher
emission reduction. This can be explained in part by
differences in the mitigation options that are included
in the top-down models and not included in the bottomup approach. Examples are: reductions in extraction and
distribution, reductions of other non-CO2 emissions, and
reductions through the increased use of CHP. Further,
different estimates of the inertia of the substitution are
expected to play a role. In bottom-up estimates, fuel
substitution is assumed only after end-use savings whereas
top-down models adopt a more continuous approach.
Finally, the top-down estimates include the effects of energy
savings in other sectors and structural changes. For example,
a reduction in oil use also implies a reduction in emissions
IURPUH¿QHULHV7KHVHHIIHFWVDUHH[FOXGHGIURPWKHERWWRP
up estimates.
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Table 11.5.: Economic potential for sectoral mitigation by 2030: comparison of bottom-up and top-down estimates
Economy-wide model (‘topdown’) snapshot of mitigation
by 2030
(GtCO2-eq/yr)

Sector-based (‘bottom-up’) potential by 2030
(GtCO2-eq/yr)

Chapter
of report

Downstream (indirect) allocation
of electricity savings to end-use
sectors
Estimate

Low

High

Point-of-emissions allocation (emission savings from end-use
electricity savings allocated to energy supply sector)
Low

High

Low

High

‘Low cost’ emission reductions: carbon price <20 US$/tCO2-eq
4
5
6
7
8
9
10
11

Energy supply
Transport
Buildings
Industry
Agriculture
Forestry
Waste
Total

1.2
1.3
4.9
0.7
0.3
0.6
0.3
9.3

2.4
2.1
6.1
1.5
2.4
1.9
0.8
17.1

4.4
1.3
1.9
0.5
0.3
0.6
0.3
9.1

6.4
2.1
2.3
1.3
2.4
1.9
0.8
17.9

3.9
0.1
0.3
1.2
0.6
0.2
0.7
8.7

9.7
1.6
1.1
3.2
1.2
0.8
0.9
17.9

‘Medium cost’ emission reductions: carbon price <50 US$/tCO2-eq
4
5
6
7
8
9
10
11

Energy supply
Transport
Buildings
Industry
Agriculture
Forestry
Waste
Total

2.2
1.5
4.9
2.2
1.4
1.0
0.4
13.3

4
5
6
7
8
9
10
11

Energy supply
Transport
Buildings
Industry
Agriculture
Forestry
Waste
Total

2.4
1.6
5.4
2.5
2.3
1.3
0.4
15.8

4.2
2.3
6.1
4.7
3.9
3.2
1.0
25.7

5.6
1.5
1.9
1.6
1.4
1.0
0.4
13.2

8.4
2.3
2.3
4.5
3.9
3.2
1.0
25.8

6.7
0.5
0.4
2.2
0.8
0.2
0.8
13.7

12.4
1.9
1.3
4.3
1.4
0.8
1
22.6

‘High cost’ emission reductions: carbon price <100 US$/tCO2-eq
4.7
2.5
6.7
5.5
6.4
4.2
1.0
31.1

6.3
1.6
2.3
1.7
2.3
1.3
0.4
15.8

9.3
2.5
2.9
4.7
6.4
4.2
1
31.1

8.7
0.8
0.6
3
0.9
0.2
0.9
16.8

14.5
2.5
1,5
5
1.5
0.8
1.1
26.2

Sources: Tables 3.16, 3.17 and 11.2 and Edenhofer et al., 2006
See notes to Tables 3.16, 3.17 and 11.2 and Appendix 11.1.

Buildings. Top-down models give estimates of reduction
potentials from the buildings sector that are lower than
those from bottom-up assessments. This is because the
top-down models look only at responses to price signals,
whereas most of the potential in the buildings sector is
thought to be from ‘negative cost’ measures that would
be primarily realized through other kinds of interventions
(such as buildings or appliance standards). Top-down models
assume that the regulatory environments of ‘reference’ and
‘abatement’ cases are similar, so that any negative cost potential is either neglected or assumed to be included in baseline.
Agriculture and forestry. The estimates from bottom-up
assessments were higher than those found in top-down
studies, particularly at higher cost levels. These sectors
are often not covered well by top-down models due to
WKHLU VSHFL¿F FKDUDFWHU $Q DGGLWLRQDO H[SODQDWLRQ LV WKDW
the data from the top-down estimates include additional
deforestation (negative mitigation potential) due to biomass
energy plantations. This factor is not included in the bottomup estimates.
636

Industry. The top-down models generate higher estimates
of reduction potentials in industry than the bottom-up
assessments. One of the reasons could be that top-down
models allow for product substitution, which is often
excluded in bottom-up sector analysis; equally, top-down
models may have a greater tendency to allow for innovation
over time.
The overall bottom-up potential, both at low and high carbon
prices, is consistent with that of 2030 results from top-down
models as reported in Chapter 3, Section 3.6.2 for a limited set of
models. For carbon prices <20 US$/tCO2-eq, the ranges are 10–17
GtCO2-eq/yr for bottom-up, as opposed to 9–18 GtCO2-eq/yr for
top-down studies. For carbon prices <50 US$/tCO2-eq, the ranges
are 14–25 GtCO2-eq/yr for bottom-up versus 14–23 GtCO2-eq/yr
for top-down studies. For carbon prices <100 US$/tCO2-eq the
ranges are 16–30 GtCO2-eq/yr and 17–26 GtCO2-eq/yr for bottomup and top-down respectively. As explained above, the differences
between bottom-up and top-down are larger at the sector level.
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11.3.3 Studies of interactions between energy
supply and demand
7KLVVHFWLRQORRNVDWOLWHUDWXUHGHDOLQJVSHFL¿FDOO\ZLWKWKH
modelling of interactions between energy supply and demand.
,W ¿UVW FRQVLGHUV WKH FDUERQ FRQWHQW RI HOHFWULFLW\ D FUXFLDO
feature of the cross-sectoral aggregation of potentials discussed
above, and then the effect of mitigation on energy prices. The
studies emphasize the dependence of mitigation potentials from
end-use electricity savings on the generation mix.
11.3.3.1

IGCC, the installation of CHP reduces CO2 emission in the total
system. However, in a different scenario, the CO2 reduction
effect of CHP introduction may be substantially lower. For
H[DPSOHWKHHIIHFWLVQHJOLJLEOHZKHQKLJKO\HI¿FLHQW&&*7V
(combined cycle gas turbines) are dominant at baseline and
replaced by CHP. Furthermore, in the albeit unlikely case of
nuclear power being competitive at baseline but replaced by
CHP, the total CO2 emission from the energy system increases
with CHP installation. These results suggest that the CO2
reduction potential associated with the introduction of CHP
should be evaluated with caution.

The carbon content of electricity
11.3.3.2

As discussed above, there are many interactions between
CO2 mitigation measures in the demand and supply of energy.
Particularly in the case of electricity, consumers are unaware of
the types and volumes of primary energy required for generating
electricity. The electricity producer determines the power
generation mix, which depends on the load characteristics. The
CO2 mitigation measures not only affect the generation mix
(supply side) through the load characteristics. They are also
LQÀXHQFHGE\WKHSULFH
Iwafune et al. (2001a; 2001b; 2001c), and Kraines et al.
(2001) discuss the effects of the interactions between electricity
supply and demand sectors in the Virtual Tokyo model.
Demand-side options and supply-side options are considered
simultaneously, with changes in the optimal mix in power
JHQHUDWLRQUHÀHFWLQJFKDQJHVLQWKHORDGSUR¿OHFDXVHGE\WKH
introductions of demand-side options such as the enhanced
insulation of buildings and installation of photovoltaic (PV)
modules on rooftops. The economic indicators used for demandside behaviours are investment pay-back time and marginal CO2
abatement cost. Typical results of Iwafune et al. (2001a) are that
the introduction of demand-side measures reduces electricity
demand in Tokyo by 3.5%, reducing CO2 emissions from power
supply by 7.6%. The CO2 emission intensity of the reduced
electricity demand is more than two times higher than the
average CO2 intensity of electricity supply because reductions
in electricity demands caused by the saving of building energy
demand and/or the installation of PV modules occur mainly in
daytime when more carbon-intensive fuels are used. A similar
‘wedge’ – in this case between the average carbon intensity of
electricity supply and the carbon value of electricity savings
– was found, in the UK system, to depend upon the price of EU
ETS allowances, with high ETS prices increasing the carbon
value of end-use savings by around 40% as coal is pushed to the
margin of power generation (Grubb and Wilde, 2005).
Komiyama et al. (2003) evaluate the total system effect in
terms of CO2 emission reduction by introducing co-generation
(CHP, combined heat and power) in residential and commercial
sectors, using a long-term optimal generation-mix model to
allow for the indirect effects on CO2 emissions from power
JHQHUDWLRQ,QDVWDQGDUGVFHQDULRZKHUHWKH¿UVWWHFKQRORJ\WR
EHVXEVWLWXWHGLVRLO¿UHGSRZHUIROORZHGODWHUE\/1*&&DQG

The effects of rising energy prices on mitigation

Price responses to energy demand can be much larger
when energy prices are rising than when they are falling, but
responses in conventional modelling are symmetric. The
mitigation response to policy may therefore be much larger
when energy prices are rising. This phenomenon is addressed in
literature about asymmetrical price responses and the effects of
WHFKQRORJLFDOFKDQJH *DWHO\DQG+XQWLQJWRQ*ULI¿QDQG
Shulman, 2005). Bashmakov (2006) also argues for asymmetrical
responses in the analysis of what is called the economics of
constants and variables: the existence of very stable energy
costs to income proportions, which can be observed over the
longer period of statistical observations in many countries. He
argues that there are thresholds for total energy costs such as a
ratio of GDP or gross output, and energy costs by transportation
and residential sector as shares of personal income. If rising
energy prices push the ratios towards the given thresholds, then
the dynamics of energy-demand price responses are changed.
7KHHIIHFWRQUHDOLQFRPHFDQEHFRPHVXI¿FLHQWWRUHGXFH*'3
growth, mobility and the level of indoor comfort. Carbon taxes
and permits become more effective the closer the ratio is to the
threshold, so the same rates and prices generate different results
depending on the relationship of the energy costs to income or
of the gross output ratio to the threshold.
11.3.4 Regional cross-sectoral effects of greenhouse
gas mitigation policies to 2025
Various estimates of cross-sectoral mitigation potential
IRU VSHFL¿F UHJLRQV KDYH EHHQ SXEOLVKHG XVXDOO\ DV UHSRUWV
commissioned by governments. Unfortunately, however, the
issue of attributing costs to cross-sectoral effects of greenhouse
gas mitigation policies has not been reported extensively since
the TAR, and literature on this topic is consequently sparse.
In one of the few studies to examine the sectoral effects of
mitigation policies across countries, Meyer and Lutz (2002),
using the COMPASS model, carried out a simulation of the
effects of carbon taxes or the G7 countries, which include
some of the biggest energy users. The authors assumed the
introduction of a carbon tax of 1US$ per ton of CO2 in 2001
in all of these countries, rising linearly to 10 US$ in 2010, with
revenues used to lower social security contributions. Table 11.6
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Table 11.6: Impact on sectoral output of 1 US$/tCO2 tax in 2001 rising to 10 US$/tCO2 by 2010
USA

Japan

Germany

France

Italy

UK

Canada

Food processing
Petroleum and coal products
Iron and steel

-2.02
-2.87
-1.35

-0.27
-0.33
-0.28

-0.32
-0.82
-0.33

-0.36
-0.50
-0.45

-0.29
-0.47
-0.48

-0.69
-2.42
-0.82

-1.83
-3.67
-1.60

Machinery

-1.06

-0.22

-0.26

-0.29

-0.48

-0.72

-1.11

Motor vehicles
Construction
All industries

-1.41
-1.01
-1.74

-0.42
-0.02
-0.18

-0.33
-0.13
-0.32

-0.47
-0.21
-0.33

-0.40
-0.39
-0.35

-0.74
-0.78
-0.75

-1.92
-1.06
-1.71

% difference from business-as-usual gross output in 2010

Source: Meyer and Lutz (2002)

shows the effects on output: the decline in petroleum and coal
products will be highest, with the effects on construction being
mild. The scale of the effects differs substantially between
countries, depending on the energy intensities of the economies
and the carbon content of this energy, with effects on output
being much larger in US and Canadian industries.
One major cross-sectoral study (EU DG Environment, 2001)
brings together low-cost mitigation options and shows their
effects across sectors and regions. It shows how a Kyoto-style
target (8% reduction of EU GHGs below 1990/95 by 2010)
can be achieved for the EU-15 member states with options
costing less than 20 US$/tCO2. The study assesses the direct
and indirect outcomes using a top-down model (PRIMES) for
energy-related CO2 and a bottom-up model (GENESIS) for all
other GHGs. The synthesis of the results is presented in Table
11.7. This multi-gas study considers all GHGs, but assumes
WKDWWKH-,DQG&'0ÀH[LELOLW\LQVWUXPHQWVDUHQRWXVHG7KH
study shows the wide variations in cost-effective mitigation
across sectors. The largest reductions compared to the 1990/95
baselines are in the energy and energy-intensive sectors,
whereas there is an increase of 25% in the transport sector
compared to 1990/95 emissions. Note also the large reductions
in methane and N2O in the achievement of the overall target as
shown in the lower panel of the table. The results are, however,
dominated by bottom-up energy-engineering assumptions since
PRIMES is a partial-equilibrium model. Consequently, the GDP
effects of the options are not provided. These potentials can be
compared to those at less than 20 US$/tCO2 in Table 11.3 above
for the sectoral synthesis for the OECD. The EU potentials are
similarly concentrated in the buildings sector, but with a larger
VKDUHIRULQGXVWU\DQGDORZHURQHIRUWUDQVSRUWUHÀHFWLQJWKH
high existing taxes on transport fuels in the EU.
Masui et al. (2005) report the effects of a tax and sectoral
subsidy regime for Japan to achieve the Kyoto target by 2010,
in which carbon tax revenues are used to subsidize additional
investments to reduce greenhouse gases. The investment costs
are shown in Table 11.8 for each sector. The table shows that
about about 9 US$/tCO2 (3,400 Japanese Yen/tC) will be
required as carbon tax and most of the investment will be in
energy-saving measures in the buildings sector (Residential and
638

Commercial). The macro-economic effects for this study are
reported in Section 11.4.3.4.
Schumacher and Sands (2006) model the response of
German GHG emissions to various technology and carbon
policy assumptions over the next few decades using the SGM
model for Germany. Accounting for advanced technologies
such as coal IGCC, NGCC, CCS, and wind power, they show
that emission reductions can be achieved at substantially lower
marginal abatement costs in the long run with new advanced
electricity generating technologies in place. In a scenario
assuming a carbon price of 50 US$/tCO2 giving a 15% reduction
of CO2 below baseline by 2020, they show that, with the new
and advanced technologies, the electricity sector would account
for the largest share of emissions reductions (around 50% of
total emissions reductions), followed by other (non-energyintensive) industries and households. The effects on gross
output are very uneven across sectors: energy transformation is
9% below base, but other industry, services and agriculture (and
GDP) are 0.7% below base by 2050.
The effects of different policy mixes on sectoral outcomes
are shown in the US EIA (2005) analysis of the National
Commission on Energy Policy’s (NCEP) 2004 proposals. These
involve reductions in the US emissions in GHGs of about 11%
by 2025 below a reference case, including an analysis of the
cap-and-trade component, (involving a safety valve limiting the
maximum cost of emissions permits to US$ (2003)8.50/tCO2
through to 2025) and a no-safety-valve case (in which the cost
rises to US$(2003) 35/tCO2 and the GHG reduction to 15%
by 2025). The effects on CO2 emissions by broad sector are
shown in Figure 11.4. Note that the NCEP scenario includes the
cap-and-trade scheme (with a safety valve) shown separately
LQWKH¿JXUHDQGWKDWWKHQRVDIHW\YDOYHVFHQDULRLVDGGLWLRQDO
to the NCEP scenario. The NCEP scenario includes substantial
HQHUJ\HI¿FLHQF\SROLFLHVIRUWUDQVSRUWDWLRQDQGEXLOGLQJV7KLV
explains the relatively large contributions of these sectors in
this scenario. The cap-and-trade schemes mainly affect the
HOHFWULFLW\VHFWRUVLQFHWKHSULFHRIFRDO¿UHGJHQHUDWLRQULVHV
relative to other generation technologies. For discussion of
macro-economic estimates of mitigation costs for the US from
this study and others, see Section 11.4.3.1.
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Table 11.7: Sectoral results from top-down energy modelling (PRIMES for energy-related CO2) and bottom-up modelling (of non-CO2 GHGs). The table shows the distribution of
direct and total (direct and indirect) emissions of GHGs in 1990/1995, in the 2010 baseline and in the most cost-effective solution for 2010, where emissions are reduced by 8%
compared to the 1990/1995 level. The top table gives the breakdown into sectors and the bottom table the breakdown into gases.
Direct emissions (MtCO2-eq)

EU-15
Emission breakdown
per sector (topdown)

Emissions
in 1990/95

Baseline
emissions
in 2010

Costeffective
objective

Change
from
1990/95

Direct and indirect emissions (MtCO2-eq)
Change
from

Emissions

2010

in 1990/95

Energy supplya),b)

1190

1206

2010
1054

CO2 (energy-related)
auto-producers

1132
124

1161
278

1011
229

-11%
85%

-13%
-18%

utilities

836

772

667

-20%

-14%

other

172
58

111
45

115
42

-33%
-27%

4%
-6%

Non-CO2
Non-CO2 fossil

fuelc)

emissions
in 2010

Costeffective
objective

58

45

2010
42

58

45

Change
from
1990/95

Change
from
2010

-27%

baseline
-6%

42

-27%

-6%

95

61

51

-46%

-16%

95

61

51

-46%

-16%

894

759

665

-26%

-12%

1383

1282

1125

-19%

-12%

196

158

145

-26%

-9%

253

200

183

-28%

-9%

24

22

13

-47%

-40%

66

42

30

-54%

-28%

Chemicals

243

121

81

-66%

-33%

362

257

201

-44%

-22%

Building Materials

201

212

208

3%

-2%

237

240

232

-2%

-3%

29

22

20

-32%

-9%

69

106

92

34%

-13%

Industryb)
Iron and steel
Non-ferrous metals

Paper and Pulp
Food, drink, tobacco
Other industries
Transport
CO2 (energy-related)
road
train
aviationd)
inland navigation
Non-CO2 (road)
Households
Services
Agriculture
Waste
Total

I

-11%

baseline
-13%

Baseline

Breakdown per gas

CO2 energy-related
CO2 other
Methane
Nitrous oxide
HFCs
PFCs
SF6
Total

46

35

26

-42%

-24%

89

107

91

2%

-15%

155

189

172

11%

-9%

308

331

295

-4%

-11%

753
735
624

984
919
741

946
887
724

26%
21%
16%

-4%
-4%
-2%

778
760
624

1019
953
741

975
916
724

25%
21%
16%

-4%
-4%
-2%

9

2

2

-83%

-8%

34

36

31

-10%

-14%

82

150

135

65%

-10%

82

150

135

65%

-10%

21
18
447
176
417
166
4138

27
65
445
200
398
137
4190

26
59
420
170
382
119
3807

26%
222%
-6%
-3%
-8%
-28%
-8%

-2%
-10%
-6%
-15%
-4%
-13%
-9%

21
18
792
448
417
166
4138

27
84
748
500
398
137
4190

26
143
684
428
382
119
3807

26%
681%
-14%
-4%
-8%
-28%
-8%

-2%
70%
-9%
-14%
-4%
-13%
-9%

Emissions in

Baseline emissions

Cost-effective

Change from

Change from 2010

1990/95
3068
164
462
376
52
10
5
4138

in 2010
3193
183
380
317
84
25
7
4190

objective 2010
2922
182
345
282
54
19
3
3807

1990/95
-5%
11%
-25%
-25%
3%
87%
-41%
-8%

baseline
-8%
-1%
-9%
-11%
-36%
-27%
-53%
-9%

I

Notes:
a) The direct CO2 emissions of energy supply are allocated to the energy demand sectors in the right-hand part of the table representing direct and indirect emissions.
Reﬁneries are included in the energy supply sector.
b) Industrial boilers are allocated to industrial sectors.
c) Non-CO2 GHG emissions from fossil fuel extraction, transport and distribution.
d) Due to missing data, emission data for aviation include international aviation, which is excluded in the IPCC inventory methodology.
Source: EU DG Environment, 2001.
http://europa.eu.int/comm/environment/enveco/climate_change/summary_report_policy_makers.pdf
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Table 11.8: Carbon tax rate and required additional investments for CO2 abatement in Japan

ISector
Industrial sector

Residential sector

Commercial
sector

Transportation sector

Subsidized measures and devices
Boiler conversion control, High-performance motor, High-performance industrial furnace,
Waste plastic injection blast furnace, LDF with closed LDG recovery, High-efﬁciency
continuous annealing, Diffuser bleaching device, High-efﬁciency clinker cooler, Biomass
power generation
High-efﬁciency air conditioner, High-efﬁciency gas stove, Solar water heater, Highefﬁciency gas cooking device, High-efﬁciency television, High-efﬁciency VCR, Latent heat
recovery type water heater, High-efﬁciency illuminator, High-efﬁciency refrigerator, Standby
electricity saving, Insulation
High-efﬁciency electric refrigerator, High-efﬁciency air conditioner, High-efﬁciency gas
absorption heat pump, High-efﬁciency gas boiler, Latent heat recovery type boiler, Solar
water heater, High-efﬁciency gas cooking device, High-frequency inverter lighting with
timer, High-efﬁciency vending machine, Amorphous transformer, Standby electricity
saving, Ventilation with heat exchanger, Insulation
High-efﬁciency gasoline private car, High-efﬁciency diesel car, Hybrid taxi, High-efﬁciency
diesel bus, High-efﬁciency small-sized truck, High-efﬁciency standard-sized track
Plantation, Weeding, Tree thinning, Multilayered thinning, Improvement of natural forests

Forest
management
Total
Required carbon tax rate (US$/tCO2)

Additional money grant
(billion US$/yr)
I
0.95

3.33

1.83

1.00
1.84
8.96
8.7

Source: Masui et al. (2005).

11.3.5 Portfolio analysis of mitigation options
Portfolio analysis in this context is the study of the mix of
actions available to reduce emissions or adapt to climate change
and to business in diversifying their investments against risk.

1000

One issue is the allocation of GHG abatement across sectors
or regions. Capros and Mantzos (2000) show that, within the
EU, equal percentage reductions across sectors cost more
than twice as much as a least cost distribution (which can be
obtained by, for example, allowing trade between sectors); see
Table 11.9. The table also shows the gains through international
WUDGLQJ ERWK DFURVV WKH (8 DQG LQ $QQH[ , FRQ¿UPLQJ WKH
EHQH¿WV UHSRUWHG LQ WKH 7$5 IURP D ZLGH UDQJH RI SUHYLRXV
literature.

million ton
commercial
residential
industrial
transport

800

600

The reference case assumes that the Kyoto commitment is
implemented separately by domestic action in each EU member
state. The alternative reference case assumes that, within a
member state, the overall emission reduction target of the
burden-sharing agreement applies equally to each individual
sector of the economy, with allocation evidently being more
expensive than the least-cost approach in the reference case.

electric power
400

200

0
2015 2025
NCEP

2015 2025
Cap-Trade

2015 2025
No-Safety

Figure 11.4: Carbon dioxide reductions by sector in the NCEP, Cap-Trade, and NoSafety Cases, 2015 and 2025
Notes: National Energy Modeling System, runs BING-ICE-CAP.D021005C BINGCAP.D021005A, and BING-NOCAP.D020805A. Note that NCEP includes technology
mandates, and Cap-Trade is without technology mandates.
Source: US Energy Information Administration (EIA)(2005, p.15).
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A related issue is the allocation of CO2 emission reductions
under Kyoto to sources in the EU Emissions Trading Scheme
(EU ETS), as compared all non-ETS sources. Klepper and
Peterson (2006), using a CGE model, conclude that ETS
National Allocation Plans reduce the allowance price in the
ETS below the implicit tax necessary for reaching the Kyoto
WDUJHWVLQWKHQRQ(76VHFWRUVLPSO\LQJVLJQL¿FDQWGLVWRUWLRQ
The limited use of CDM and JI to meet the allocations
would result in a negative effect on welfare of close to 1%
in 2012 relative to ‘business as usual’; this assumes that EU
Member States do not import more than 50% of their required
reductions and that they do not import ‘hot air’. Unrestricted
trading in CDM and JI credits and allowances would result
in an allocation where the Kyoto target can be met with hardly
any welfare costs.
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Table 11.9: The effects of EU-wide and Annex B trading on compliance cost, savings and marginal abatement costs in 2010
Compliance
cost

million US$

Savings against
Reference Case

million US$

%

Savings against
Alternative Reference
Case
million
US$

%

Marginal abatement cost (US$/tCO2)
I

for sectors
participating
in EU-wide trading

for other
sectors
I

No EU-wide trading
Reference case: burdensharing target implemented at
least cost across sectors
within a member state

9026

n.a.

Alternative reference case:
burden-sharing target
allocated uniformly to all
sectors within a member state

20508

-11482

n.a.

-127.2

11482

56.0

n.a.

54.3

n.a.

n.a.

n.a.

125.8

EU-wide trading
Energy suppliers

7158

1868

20.7

13350

65.1

32.3

45.3

Energy suppliers and
energy-intensive industries

6863

2163

24.0

13645

66.5

33.3

43.3

All sectors

5957

3069

34.0

14551

71.0

32.6

32.6

Annex B trading: All sectors

4639

4387

48.6

15869

77.4

17.7

17.7

Notes: A negative sign means a cost increase. A positive sign means a cost saving. It is assumed that the international allowance price would be 17.7 US$/tCO2.
Compliance cost and savings are on an annual basis. Original results in ` have been converted to US$ at `1 for 1US$.
Source: adapted from Capros and Mantzos (2000, p.8).

Jaccard et al. (2002) evaluate the cost of climate policy in
Canada. They compare the costs of achieving the Canadian
Kyoto target in 2010 (using the CIMS model) for equal sector
targets or one national target. According to their estimates, the
electricity, residential, and commercial/institutional sectors
contribute more, at lower marginal costs, to reductions when
there is one national target, while the industry and transportation
sectors contribute less. For example, the marginal cost for the
electricity sector is about 20 US$/tCO2-eq for the sector target
and 80 US$/tCO2-eq for the national target, while those of
industrial sector are 200 and 80 US$/tCO2-eq respectively.
%RWK VWXGLHV LOOXVWUDWH D JHQHUDO ¿QGLQJ WKDW D SRUWIROLR RI
options which attempts to balance emission reductions across
sectors with ‘equal percentage reductions’ is more costly than
optimizing the policy mix for cost effectiveness.
Another aspect of mitigation options is the opportunity
afforded by portfolio analysis to reduce risks and costs.
Because fossil fuel prices are uncertain and variable, there are
SRWHQWLDOEHQH¿WVLQSRUWIROLRVRIHQHUJ\VXSSO\VRXUFHVWKDW
increase diversity so as to include, in particular, sources such
as renewables and nuclear, the costs of which do not depend
RQ IRVVLO IXHO SULFHV /RQJVWDQGLQJ PHWKRGV IURP ¿QDQFH
theory can help to quantify a new low-carbon technology’s
contribution to overall risk, and to quantify costs associated
with the development of a set of options for GHG mitigation
and energy security. The portfolio approach differs from the
traditional stand-alone cost approach in that it introduces

market risk and includes inter-relationships between the
costs of different technologies (Awerbuch, 2006, MITI). New
technologies that diversify the generating mix and low-carbon
RSWLRQVWHQGWREHTXDQWL¿DEO\PRUHGLYHUVHWKDQEXVLQHVVDV
usual reliance on fossil fuels (see Stirling, 1994; 1996; Grubb
et al., 2006). Moreover, in contrast to the expected year-toyear variability of fossil fuel prices (which can be estimated
from historic patterns), operating costs for wind, solar, nuclear
and other capital-intensive non-fossil technologies are largely
uncorrelated to fossil fuel prices.
Theory, supported by application, suggests that riskoptimized generating mixes will include larger shares of wind,
JHRWKHUPDODQGRWKHU¿[HGFRVWUHQHZDEOHVHYHQZKHUHWKHVH
technologies cost more than gas and coal generation. Optimal
mixes will also enhance energy security while simultaneously
minimizing expected generating cost and risk. Awerbuch,
Stirling, Jansen and Beurskens (2006) explore the limitations
of the mean-variance portfolio (MVP) approach, and compare
MVP optimal generating mixes to ‘maximum diversity’ mixes
that also provide protection against uncertainty, ignorance
DQGµVXUSULVH¶7KH\¿QGWKDWWKHRSWLPDOPL[HVLQERWKFDVHV
contain larger shares of wind energy.
7KHVH¿QGLQJVVXJJHVWWKDWSRUWIROLRVRIFURVVVHFWRUHQHUJ\
options that include low-carbon technologies and products will
reduce risks and costs, simply because fossil fuel prices are
more volatile relative to other costs, in addition to the usual
EHQH¿WVIURPGLYHUVL¿FDWLRQ
641
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11.4

Macro-economic effects

The main conclusions from the TAR on the macro-economic
costs of mitigation can be summarized as follows. Mitigation
costs can be substantially reduced through a portfolio of policy
instruments, including those that help to overcome barriers, with
emissions trading in particular expected to reduce the costs.
+RZHYHU PLWLJDWLRQ FRVWV PD\ EH VLJQL¿FDQW IRU SDUWLFXODU
sectors and countries over some periods and the costs tend to
rise with more stringent levels of atmospheric stabilization.
Unplanned and unexpected policies with sudden short-term
effects may cost much more for the same eventual results than
planned and expected policies with gradual effects. Near-term
anticipatory action in mitigation and adaptation would reduce
ULVNV DQG SURYLGH EHQH¿WV EHFDXVH RI WKH LQHUWLD LQ FOLPDWH
ecological and socio-economic systems. The effectiveness of
adaptation and mitigation is increased and costs are reduced if
they are integrated with policies for sustainable development.
Since the TAR, the Kyoto Protocol has come into force
and there has been a range of domestic initiatives in different
countries. This has led to diverse modelling activities
addressing the Kyoto Protocol as implemented (without the
United States and Australia), post-Kyoto strategies, and more
LQWULFDWH GRPHVWLF SROLFLHV SURYLGLQJ PRUH UH¿QHG HVWLPDWHV
of mitigation costs, through more accurate representation of
policy implementation, improved modelling techniques, and
improved meta-analysis of existing results.
11.4.1 Measures of economic costs
Chapter 2 discusses cost concepts. Here we report, where
available, the prices associated with CO2 emissions, and negative
or positive impacts on GDP, welfare and employment.
The TAR reviewed studies of climate policy interactions with
the existing tax system. These interactions change the aggregate
impact of a climate policy by changing the costs associated with
taxes in other markets. They also point to the opportunity for
climate policy – through carbon taxes or auctioned permits – to
generate government revenue and, in turn, to reduce other taxes
and their associated burden. The TAR pointed to this opportunity
as a way to reduce climate policy costs. Since the TAR, additional
studies have extended the debate (Bach et al., 2002; Roson,
2003). Meanwhile, such arguments have been the basis of the UK
Climate Change Levy and linked reduction in National Insurance
Contributions, small auctions under the EU ETS and US NOx
Budget Program, large proposed auctions under the Regional
Greenhouse Gas Initiative in the United States, and proposals in
the United States, Japan, and New Zealand for carbon taxes.
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11.4.2 Policy analysis of the effects of the Kyoto
Protocol
Most analyses discussed in the TAR focused on national
emission policies under the Kyoto Protocol in the form of
an economy-wide tax or tradeable permit system. This has
continued to be an active area of policy modelling since the
Kyoto Protocol came into force. Global cost studies of the
Kyoto Protocol since the TAR have considered more detailed
implementation questions and their likely impact on overall
cost. Chief among these have been the impact of the BonnMarrakesh agreements concerning sink budgets, the nonparticipation of the United States, and banking and the use of
‘hot air’ (Manne and Richels, 2001; Böhringer, 2002; den Elzen
and de Moor, 2002; Löschel and Zhang, 2002; Böhringer and
Löschel, 2003; McKibbin and Wilcoxen, 2004; Klepper and
Peterson, 2005).
U.S. non-participation in the Kyoto Protocol, coupled with
the increase in sink budgets in Bonn and Marrakech, implies
that the target for Annex B countries as a whole will likely be
met with virtually no effort. In other words, excess allowances
in Russian and Ukraine (referred to as ‘hot air’) roughly equal
the shortfall in Europe, Japan, Canada, and other countries.
However, some of these same studies emphasize that strategic
behaviour by Russia and Ukraine, acting as a supply cartel
and/or choosing to bank allowances until the next commitment
period, will lead to a positive emission price (Löschel and Zhang,
2002; Böhringer and Löschel, 2003; Maeda, 2003; Klepper
and Peterson, 2005). For example, Böhringer and Löschel
(2003) use a large-scale static CGE model of the world
economy to analyse the costs of Kyoto in different scenarios with
and without Annex B emissions trading and U.S. participation.
GDP costs of Kyoto for 2010 without US participation, with
Annex B trading, but without use of ‘hot air’ are estimated at
0.03% for Annex B (without US) for a carbon price of 13 US$/
tCO2, with a 6.6% reduction in total Annex-B CO2. Regional
GDP costs are 0.05% for the EU15 and Japan, and 0.1% for
&DQDGDZLWKEHQH¿WVRIIRUWKH(XURSHDQ(FRQRPLHVLQ
Transition and 0.4% for Russia and other countries in Eastern
Europe, the Caucasus and Central Asia. Without Annex B
trading, the costs are estimated at 0.08% for Annex B (without
US).
National and regional studies cited below also suggest
VLPLODUORZRUQHJOLJLEOHFRVWVIRUWKHUDWL¿HG.\RWR3URWRFRO
for Canada, the EU and Japan compared with the estimates in
the TAR, depending on the extent of trade in emission permits
DQG&'0-,FHUWL¿FDWHV7KHLPSRUWDQFHRI&'0VXSSO\DQG
other assumptions on the carbon price is shown in Figure 11.5
(den Elzen and de Moor, 2002).
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Figure 11.5: Key sensitivities for the emission permit price from the FAIR model
applied to the Kyoto Protocol under the Bonn-Marrakesh Accords
The following key factors and associated assumptions were chosen for the
analysis:
v
Baseline emissions: LOW reﬂects the B1 scenario and HIGH the A1F scenario (IMAGE team, 2001). Our reference is the A1B scenario.
v
Hot Air Banking: the LOW case reﬂects no banking of hot air, with all hot air
being banked in the HIGH case; the reference case is one in which hot air
banking is optimal for the Annex-I FSU.
v
Marginal Abatement Cost (MAC) curves: the MAC curves of WorldScan
are used in the reference case while the MAC curves of the POLES model
represent the HIGH case.
v
Participation Annex I: at the LOW end, we examined the participation of
Kazakhstan while the HIGH end reﬂects US re-entry.
v
Sinks: a LOW case has been constructed by assuming that CDM sink
credits are capped to 0.5 percent of base year emissions (instead of 1
percent), carbon credits from forest management based on data submitted
by the Parties (which are lower than the reported values in Appendix Z, see
(Pronk, 2001) and low estimates for carbon credits from agricultural and
grassland management using the ALTERRA ACSD model (Nabuurs et al.,
2000). The HIGH case reﬂects sinks credits based on high ACSD estimates
for agricultural and grassland management and maximum carbon credits
from forest management as reported in Appendix Z. In total, the LOW case
implies 70 MtC while the HIGH case implies 195 MtC of carbon credits from
sink-related activities. The Marrakesh Accords represent the reference case
of 120 MtC.
v
CDM Accessibility Factor: this reﬂects the operational availability of viable
CDM projects and is set at 10 percent of the theoretical maximum in the
reference case. In the LOW case, we assume no accessibility, while in the
HIGH case the factor is set at 30 percent.
v
Transaction Costs: the transaction costs associated with the use of the
Kyoto Mechanisms are set at 20 percent in the reference case, 10 percent
in the LOW case and 30 percent in the HIGH case.
Source: den Elzen and Both (2002, p.43).

11.4.3 National and regional studies of responses to
mitigation policies
As individual countries have begun contemplating domestic
policy responses (see Chapter 13), an increasing number of
studies have focused on more detailed national cost assessments.
This increased detail includes both more careful representation
of proposed and actual policy responses and more disaggregated
results by sector, region, and consumer group. This detail is
GLI¿FXOWWRDFKLHYHLQWKHFRQWH[WRIDJOREDOPRGHO:HEULHÀ\
summarize the results of studies for various countries/blocks on

the basis of the literature available.
11.4.3.1

Policy studies for the United States

Both Fischer and Morgenstern (2006) and Lasky (2003)
identify treatment of international trade and the disaggregation
of the energy sector as important factors leading to differences
LQWKHFRVWRI.\RWRIRUWKH86HFRQRP\/DVN\DOVRLGHQWL¿HV
HQHUJ\GHPDQGHODVWLFLWLHVDQGVHQVLWLYLWLHVWRKLJKHULQÀDWLRQ
as important factors. He concludes that the cost of the US joining
Kyoto under Annex I permit trading is between -0.5 to -1.2% of
GDP by 2010, with a standardized energy-price sensitivity, and
including non-CO2 gases and sinks, but excluding recycling
EHQH¿WVDQGDQ\DQFLOODU\EHQH¿WVIURPLPSURYHGDLU TXDOLW\
The cost falls to 0.2% of GDP with global trading of permits.
Barker and Ekins (2004) review the large number of modelling
studies dealing with the costs of Kyoto for the US economy that
were available when the US administration decided to withdraw
from the process. These include the World Resources Institute’s
meta-analysis (Repetto and Austin, 1997), the EMF-16 studies
(Weyant and Hill, 1999) and the US Administration’s own study
GLVFXVVHG DERYH (,$   7KH UHYLHZ FRQ¿UPV /DVN\¶V
UDQJH RI FRVWV EXW RIIVHWV WKHVH ZLWK EHQH¿WV IURP UHF\FOLQJ
the revenues from permit auctioning and the environmental
EHQH¿WVRIORZHUDLUSROOXWLRQ7KHVHFREHQH¿WVRIPLWLJDWLRQ
are discussed in Section 11.8 below.
Following U.S. rejection of the Kyoto Protocol, there have
been a number of policy proposals in the United States focusing
on climate change, most notably two proposed during 2005
Congressional debates over comprehensive energy legislation
(the Bingaman and McCain-Lieberman proposals, the Regional
Greenhouse Gas Initiative, the Pavley Bill in California, and
the earlier proposal by the National Commission on Energy
Policy). The costs and other consequences of those proposals are
summarized in Table 11.10, as compiled by Morgenstern (2005)
from studies by the U.S. Energy Information Administration
(1998; 2004; 2005). The sectoral implications of (EIA, 2005)
are discussed above in Section 11.3.3.
All estimates derive from EIA’s NEMS model, a hybrid topdown, bottom-up model that contains a detailed representation
of energy technologies, energy demand, and primary energy
supply, coupled with an aggregate model of economic activity
(Holte and Kydes, 1997; Kydes, 2000; Gabriel et al., 2001).
While the estimates were conducted over a period of seven
years, with changes occurring in the baseline, the model
produces a remarkably consistent set of estimates, with most
physical quantities (including emission reductions) varying
more or less linearly with carbon price, and potential absolute
GDP impacts varying with the price squared. Real GDP impacts,
which include business cycle effects, are less consistent and
depend on both policy timing and assumptions about revenue
recycling. For example, the real GDP loss of 0.64% shown
for ‘Kyoto+9%’ is reduced to 0.3% by 2020 when recycling
EHQH¿WVDUHWDNHQLQWRDFFRXQW (,$ 
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Table 11.10: The EIA’s analysis of the Kyoto Protocol, McCain-Lieberman proposal, and Bingman/NCEP proposal: United States in 2020

I
GHG emissions (% domestic reduction compared to baseline)
GHG emissions reductions (million metric tons CO2 reduced per year
in 2010)
Allowance price (2000 US$ per ton CO2)
Coal use (% change from baseline)
Coal use (% change from 2003)
Natural gas use (% change from baseline)
Electricity price (% change from baseline)
Potential GDP (% change compared to baseline)b)
Real GDP (% change compared to baseline)b)

Bingman

McCain-Lieberman

‘Kyoto +9%’a)

4.5
404

17.8
1346

23.9
1690

8
-5.7
14.5
0.6
3.4
-0.02
-0.09

33
-37.4
-23.2
4.6
19.4
-0.13
-0.22

40
-72.1
-68.9
10.3
44.6
-0.36
-0.64

I

Notes:
a) Kyoto (+9%) refers to a scenario where offsets make up 9% of the U.S. target, thereby allowing domestic emissions to rise 9% above the Kyoto target.
b) GDP in 2020 is estimated to be roughly 20 trillion US$ in 2020, so each 1/100th of a percentage point (0.01%)-equals 2 billion US$. Potential GDP is the level of
Source: Morgenstern (2005).

In addition, EIA (2005) analyses the 2004 scenario of the
National Commission on Energy Policy. The estimated cost is
0.4% of the reference case GDP by 2025 and the overall growth
of the economy is ‘not materially altered’ (p. 42). However,
no costs were included for the implementation of the ‘CAFE’
transportation sector portion of the NCEP programme that
produced most of the emission reductions.

±ZLWKDQHWEHQH¿WRIIRUWKHVWDWH¶VRXWSXWDQGD
small increase in employment (Hanemann et al., 2006). These
results, driven by bottom-up estimates of potential savings in
WKH YHKLFOH DQG EXLOGLQJ HI¿FLHQF\ UHPDLQ FRQWURYHUVLDO DV
the debate over vehicle fuel economy standards demonstrates
(see NHTSA, 2006 for a discussion of bottom-up estimates and
issues).

As an independent, government statistical agency, EIA’s
modelling results tend to be at the centre of most policy debates
in the United States. Researchers at MIT (Paltsev et al., 2003)
also provided estimates of impacts associated with the McCainLieberman proposal that had similar allowance prices but found
roughly one-quarter to one-third of the GDP costs reported
in the EIA analyses. This is partly explained by the fact that
the EIA uses an econometric model to compute GDP costs
derived from historic experience in the face of energy price
shocks. The MIT and other CGE models assume that, to a large
extent, aggregate costs equal the accumulated marginal costs of
abatement, typically yielding lower costs than the econometric
models (Repetto and Austin, 1997; EIA, 2003).

11.4.3.2

A threshold question in the McCain-Lieberman discussion
has been whether the exclusion of small sources below 10,000
metric tons (e.g. households and agriculture) would alter the
HI¿FLHQF\RIWKHSURJUDP3L]HUet al. (2006) use a CGE model
to show that exclusion of these sectors has little impact on
costs. However, excluding industry roughly doubles costs while
implementing alternative CO2-reducing policies in the power
and transport sectors (a renewable energy standard in the power
sector and fuel economy standards for cars) results in costs that
are ten times higher.
The states in the U.S. have put forward climate policy
SURSRVDOV$QDQDO\VLVRIDSDFNDJHRIHLJKWHI¿FLHQF\PHDVXUHV
using a CGE model (Roland-Holst, 2006) indicates that it will
reduce GHG emissions by some 30% by 2020 – about half
of the Californian target of returning to 1990 CO2 levels by
644

Policy studies for Canada

Jaccard et al. (2003) provide estimates of the costs of
reaching the Kyoto targets in Canada as part of their wider
effort to reconcile top-down and bottom-up modelling results.
Using their benchmark run, and assuming compliance without
LQWHUQDWLRQDOWUDGLQJWKH\¿QGDQDOORZDQFHSULFHRI86
tCO2-eq with an associated GDP loss of nearly 3% in 2010.
They note that, while these costs are in line with similar studies
of reduction costs in the United States conducted by EIA, they
are considerably higher than alternative results for Canada
derived from a bottom-up model, and they predict a roughly
33 US$/tCO2-eq allowance price. The authors then show how,
by making what they consider longer-run assumptions – lower
capital and greater price sensitivity – they can duplicate the
lower GDP costs in their model.
11.4.3.3

Policy studies for Europe

Since the TAR, many studies have analysed the macroeconomic costs in Europe of committing to Kyoto or other
targets, different trade regimes, and multiple greenhouse gases.
We report results from some of the key studies below.
An important development within the European Union
has been the production of additional detailed results from
individual member states. Viguier et al. (2003) provide a
comparison of four model estimates of the costs of meeting
Kyoto targets without trading (except for the EU estimate)
based on the 1998 burden sharing agreement replicated in Table
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Table 11.11: A comparison of estimates of domestic carbon prices, welfare, GDP, and Terms of Trade for domestic emissions trading without international allowance trading
(except for the EU total) to achieve the 2010 Kyoto target.

Domestic carbon prices (2000 US$/tCO2)
Model

Reduction in
consumption (%)

Reduction in
GDP (%)

Improvement in
Terms of Trade
(%)

EPPA

GTEM

POLES

PRIMES

EPPA-EU

EPPA-EU

EPPA-EU

Germany

35.4

52.6

31.8

26.2

0.63

1.17

1.10

France

40.4

65.4

42.8

0.67

1.11

1.11

UK

27.1

39.5

36.6

0.96

1.14

-0.77

Italy

43.7

-

104.6

51.4

1.01

1.47

1.54

Rest of EU

47.6

-

-

65.7

1.23

2.12

1.07

Spain

54.7

-

-

39.8

2.83

4.76

2.06

Finland

64.5

-

44.6

1.90

2.73

1.67

Netherlands

87.1

-

159.3

4.92

7.19

0.55

33.6

85.9
-

I

Sweden

92.2

106.4

-

65.1

3.47

5.11

1.18

Denmark

114.5

118.9

-

56.2

3.97

5.72

-0.74

EU

47.3

46.1

40.1

Not available

Not available

Not available

USA

68.1

-

52.6

-

0.49

1.01

2.39

Japan

59.8

-

70.8

-

0.22

0.49

2.70

55.9

I

Source: Viguier et al. (2003, p.478)

11.11. EPPA and GTEM are both CGE models, while POLES
and PRIMES are partial-equilibrium models with considerable
energy sector detail. Viguier et al. (2003) explain differences
between model results in terms of baseline forecasts and
estimates of abatement costs. Germany, for example, has lower
baseline emission forecasts in both POLES and PRIMES, but
at the same time higher abatement costs. The net effect is that
national carbon prices are estimated to be lowest in Germany in
32/(6DQG35,0(6ZKLOH(33$DQG*7(0¿QGORZHUFRVWV
in the United Kingdom. Overall, the two general-equilibrium
PRGHOV¿QGVLPLODU(8ZLGHFRVWVORFDWHGEHWZHHQWKH32/(6
and PRIMES estimates.
Viguier et al. (2003) go on to discuss the differential
FRQVHTXHQFHVDFURVV(XURSHDQFRXQWULHV7KH\¿QGWKDWRWKHU
measures of cost – welfare and GDP losses – generally follow
the pattern of estimated allowances prices, as allowance
SULFHVUHÀHFWWKHPDUJLQDODEDWHPHQWFRVWV)UDQFHWKH8QLWHG
Kingdom, and Germany face lower costs and Scandinavian
countries generally face higher costs. Terms of trade generally
improve for European countries, except for the United Kingdom
and Denmark, the former owing to its position as a net exporter
of oil and the latter owing to its very low share of fuels and
energy-intensive goods in its basket of imports.
There are other studies estimating the equilibrium price
in the European market with emissions trading and savings,

as compared to a no-trade case (see also 13.2.1.3). An early
study by IPTS (2000) calculates the clearing price in the EU
market in 2010 at about 50 US$(2000)/tCO2 using the POLES
model, with a 25% cost reduction arising from emissions
trading among countries, and Germany and the UK emerging
as net sellers. A more recent study by Criqui and Kitous (2003),
ZKLFKDOVRXVHVWKH32/(6PRGHO¿QGVHYHQODUJHUJDLQVDQG
lower prices: the equilibrium allowance price is 26 US$(2000)/
tCO210, and trading among countries reduces total compliance
costs by almost 60%. Without any competition from nontrading European countries and the other Annex B countries on
the JI and CDM credits market, they further estimate that the
allowance price collapses from 26 US$/tCO2 to less than 5 US$/
tCO2, and the annual compliance costs are reduced by another
60%. Using the PRIMES model, Svendsen and Vesterdal
 ¿QGUHGXFWLRQVLQFRVWVRIIURPWUDGLQJZLWKLQWKH
electricity sector in the EU, 32% EU economy-wide trading,
and 40% from Annex B trading. Klepper and Peterson (2004;
2006) consider the division between trading and non-trading
VHFWRUVLQWKH(8DQGHPSKDVL]HWKHSRWHQWLDOLQHI¿FLHQF\RI
generous allocation plans if the non-trading sectors are forced
WRPDNHXSWKHGLIIHUHQFHZLWKRXWVLJQL¿FDQWXVHRIWKH.\RWR
mechanisms.
Eyckmans et al. (2000) investigate the EU Burden Sharing
Agreement on the distribution of the Kyoto emissions reduction
target over the EU member states, without the EUETS. Even

10 Prices in euros in the citation have been converted at 2000 average rates of $1 to 1 euro.
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LI RQO\ FRVW HI¿FLHQF\ LV WDNHQ LQWR DFFRXQW WKH\ DUJXH WKDW
the burden sharing agreement does not go far enough towards
equalizing marginal abatement costs among the member
states. For instance, some poorer EU member states have been
allowed to increase their emissions considerably, but still their
allowances are too low. Introducing a measure of inequality
aversion reinforces most of the conclusions.
Other studies have looked at the savings from a multigas
DSSURDFK LQ (XURSH 7KH (XURSHDQ &RPPLVVLRQ   ¿QGV
that, at a cost below about 50 US$/CO2-eq, 42% of total
reduction needed may come from non-CO2 emissions. Burniaux
  ¿QGV WKDW D PXOWLJDV DSSURDFK UHGXFHV WKH FRVWV RI
implementing the Kyoto Protocol in the European Union by
about one third. For Eastern European countries, the reduction
in costs will be even higher when they use a multigas approach.
-HQVHQDQG7KHOOH  ¿QGVLPLODUUHVXOWVXVLQJWKH('*(
model to include non-CO2 gases, with EU welfare costs falling
from about 0.09% to 0.06% in 2010 compared to the baseline.
Babiker et al. (2003) use the EPPA-EU model to study the
idea that emission permits trade may negatively impact welfare
in some cases because of the presence of non-optimal taxation
in the pre-trade situation. The selling of permits pushes up a
country’s carbon price. When a rise in price comes on top of an
already distorted fuel price, this results in an additional negative
effect on welfare, which might outweigh the gains from sales
of permits. It is a negative price effect and a positive income
HIIHFW7KLVVWXG\¿QGVWKDWVRPHFRXQWULHVOLNH6FDQGLQDYLDQ
countries or Spain (mainly importers of carbon permits), would
be better off with international trading. Others, like the United
Kingdom, Germany or France (mainly exporters of permits) are
worse off with trading than without.
In summary, the costs of committing to the Kyoto Protocol
PD\EHOHVVWKDQRI*'3LQ(XURSHZLWKÀH[LEOHWUDGLQJ
U.S. rejection of the Kyoto Protocol reduces the costs of Kyoto
LQ(XURSHLIWKHUHDUHÀH[LEOHPHFKDQLVPVLQSODFHEXWEHFDXVH
of the effects of trading terms, pushes costs upwards in the
DEVHQFH RI HPLVVLRQV WUDGLQJ RU RWKHU ÀH[LEOH PHFKDQLVPV
The permit prices and costs depend on restrictions on trade and
the possible exercise of market power in the emission permit
market. Multiple greenhouse gas abatement will reduce costs
compared to a situation with only CO2 abatement, a point also
emphasized in Section 3.3.5.4.
11.4.3.4

Policy studies for Japan

Masui et al. (2005) examine the effects of a carbon tax in Japan
WRPHHWWKH.\RWRWDUJHWXVLQJWKH$,0 $VLD3DFL¿F,QWHJUDWHG
Model). By 2010, a carbon tax with lump-sum recycling leads to
an average GDP loss of 0.16% and a tax of 115 US$/tCO2. A tax
and subsidy regime with carbon tax revenue used to subsidize
CO2 reduction investments leads to an average GDP loss of
0.03% and a tax of 9 US$/tCO2. By contrast, Hunt and Ninomiya
(2005) look at emission trends and argue that as long as growth
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is less than 1% per year, and the carbon intensity of energy does
not rise, Japan should be able to achieve its target, for example
through the Kyoto Target Achievement Plan. If growth is closer
WRSHU\HDUWKHSODQZLOOQRWVXI¿FH
11.4.3.5

Policy studies for China

The ERI (2003) report on three alternatives for China’s
development to 2020 presents effects of policies that reduce
CO2 emissions in a ‘green growth’ scenario. For the same
GDP growth of 7% per year, policies of accelerated economic
UHIRUPLQFUHDVHGHQHUJ\HI¿FLHQF\VWDQGDUGVKLJKHUWD[HVRQ
vehicle fuels and more use of low-carbon technologies in power
generation reduce the growth of CO2 to 1.7% per year compared
to 3.6% per year in an ‘ordinary effort’ scenario.
Chen (2005) presents a comparison of assumed marginal
abatement cost curves and GDP costs associated with various
reduction efforts in China in different models (see Figure 11.6
and Table 11.12 below). Chen (p. 891) discusses the reasons for
the differences, which are largely due to differences in baselines
and assumptions about available technologies and substitution
between fossil and non-fossil energy. GDP costs for 2010 vary:
0.2 and 1.5% reduction compared to baseline, associated with
a 20% reduction in CO2 compared to baseline. Garbaccio et al.
(1999) consider smaller CO2 reductions – between 5 and 15%
± DQG ¿QG QRW RQO\ ORZHU FRVWV EXW SRWHQWLDOO\ SRVLWLYH *'3
effects after only a few years owing to a double-dividend effect.
11.4.4 Post-Kyoto studies
The macro-economic cost measure adopted in the literature on
mitigation costs is generally GDP or gross marketed world output,
H[FOXGLQJYDOXDWLRQVRIHQYLURQPHQWDOFRVWVDQGEHQH¿WV

US$/tCO2
80

IPAC
Trendline
China MARKAL-MACRO

60

Poles

GTEM

40

20
EPPA

0

0

50

100

150

200

250

reduction amount (MtCO2)
Figure 11.6: A comparison of Marginal Abatement Curves for China in 2010 from
different models
Source: adapted from Chen (2005, p. 891)
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Table 11.12: A comparison of GDP loss rates for China across models in 2010

I

Emission reduction compared
to baseline (%)

Marginal carbon abatement
cost ((2000)US$/tCO2)

GDP (GNP) loss relative to
baseline (%)

GLOBAL 2100

20
30

GREEN

20
30
20
30

25
50
4
7
7
13
18
22
35

1.0
1.9
0.3
0.5
1.5
2.8
0.7
1.0
1.7

Model

Zhang’s CGE model
China MARKAL-MACRO

20
30
40

I

Notes: Marginal carbon abatement costs were originally measured at 1990 prices in GLOBAL 2100, at 1985 prices in GREEN, at 1987 prices in Zhang’s CGE model,
and at 1995 prices in China MARKAL-MACRO. They were converted to 2000 prices for comparison with other carbon prices in the chapter.
Source: adapted from Chen (2005, p.894)

11.4.4.1

A comparison of the macro-economic costs of
mitigation to 2030 from modelling studies

Since the TAR, groups of modellers have found a reduction
in expected macro-economic costs as a result of the use of
multigas options (EMF21, Weyant et al., 2006) (see Section
3.3.5.4) and because carbon prices affect technological change
in the models (EMF19, IMCP) (see Section 11.5). Figure 11.7
summarizes the 2030 data brought together in these studies as
well in as other post-TAR Category III (stabilization at around
550ppm CO2-eq) studies covered in Chapter 3.117KH¿JXUHLV
in 3 parts, showing (a) the carbon prices in US$(2000) by 2030
(typically a rising trend) and their effects on CO2 emissions, (b)
the effects of CO2 abatement on GDP, and (c) the relationship
between carbon prices and gross world output (GDP). All data
are differences from the baseline projections for 2030. The
studies are grouped around two of the stabilization categories
set out in Chapter 3 (Table 3.5), with corresponding insights.
Category IV stabilization trajectories from 25 scenarios:
In most models (24 of the 25 scenarios12) the ‘optimal’ trajectory
towards stabilization at 4.5W/m2 (EMF21 studies), or the nearequivalent 550 ppm CO2-only (IMCP and EMF19), requires
abatement at less than 20% CO2 compared to baseline by 2030,
with correspondingly low-carbon prices (mostly below 20
US$/tCO2-eq, all prices in 2000 US$). Costs are less than 0.7%
global GDP, consistent with the median of 0.2% and the 10–90
percentile range –0.6 to 1.2% for the full set of scenarios given
in Chapter 3 (see Figure 3.14). Carbon prices in the EMF21
multigas studies for 4.5W/m2 by 2030 average 18 US$/tCO2-eq,
and span 1.2–26 US$/tCO2-eq, except one at 110 US$/tCO2-eq.

Carbon prices in the corresponding 550 ppm CO2-only studies
in EMF19 average 14 US$/tCO2 and span 3-19 US$/ tCO2-eq,
except one at 50 US$/tCO2. Six of the IMCP 550 ppm CO2only models have 2030 prices in the range 7–12 US$/tCO2, but
four have low to zero prices in 2030, bringing the average to
only 6 US$/tCO2.
Category III stabilization trajectories from 12 scenarios:
In 11 of the 12 post-TAR scenarios,13 abatement is less than
40% of CO2 by 2030. Costs are below 1% GDP, consistent with
the median of 0.6% and the 10–90 percentile range 0 to 2.5%
for the full set in Chapter 3, which also has a range of 18–79
US$/tCO2-eq for carbon prices (see Figure 3.14). The largest
comparable dataset available in this category is the IMCP
450ppm CO2-only studies. Most of these produce a carbon
price by 2030 in the range 20–45 US$/tCO2, with one higher
outlier, and a mean of 31 US$/tCO2 (just over 110 US$/tC). The
other Category III models nearly all give higher prices.
The lower estimates of costs and carbon prices for studies
assessed here, in comparison with the full set of studies reported
in Chapter 3, are mainly caused by a larger share of studies
that allow for enhanced technological innovation triggered by
climate policies; see 11.5 below. The impact of endogenous
technological change is greater for more stringent mitigation
scenarios.
Figures 11.7 (a) and (c) show how the carbon prices affect
CO2 and global GDP in the models. Note that carbon prices
are rising (not shown in Figure 11.7) – sharply for some
of the higher numbers – from lower levels in 2020 and also

11 These include three scenarios in the U.S. Climate Change Science Program (US CCSP, 2006). Note that the cost assessment presented here is based on a smaller set of scenarios
than the assessment in Chapter 3. While Chapter 3 uses the full set of scenarios, including the post-SRES of the TAR, the assessment here relies on post-TAR studies that report information for macro-economic costs. In other words, modelling studies that do not give integrated GDP results are excluded from Figure 11.7 and the associated discussion in this
chapter. While Chapter 3 focuses primarily on the assessment of representative cost ranges covering a larger sample, this chapter focuses on the comparative analysis of different
post-TAR studies exploring the relationship between the cost indicators and their determinants in the models.
12 The excluded scenario is also an outlier in that FUND is the only EMF21 model to show a declining path for carbon prices, which fall to near zero by 2100 (Weyant et al, 2006, p. 25).
13 These scenarios exclude post-SRES results, which did not report carbon prices; see footnote 11. The Category III outlier scenario comes from the CCSP-IGSM model. The price
rises to 1651 US$/tCO2 by 2100. This high price is partly due to the assumption of the limited substitution of fossil fuels by electricity as an energy source for transportation:
‘In the IGSM scenarios, fuel demand for transportation, where electricity is not an option and for which biofuels supply is insufﬁcient, continues to be a substantial source of
emissions.’ (US CCSP, 2006, p. 4–21).
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(a) Carbon Prices and CO2, 2030
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(c) Carbon Prices and Gross World Product, 2030
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Figure 11.7: Year 2030 estimated carbon prices and gross-world-product (GDP) costs of various pathways to stabilization targets
Notes: Figure 11.7 shows, for 2030, the carbon price, CO2 abatement relative to the baseline, and global GDP differences from baseline for ﬁve different sets of
stabilization studies: EMF21 radiative forcing at 4.5 W/m2 (multigas); IMCP at 550 and 450ppm (CO2-only with induced technological change); EMF19 at 550ppm (CO2only with induced technological change) and 6 studies in category III included in Figure 3.24. The results as shown exclude incomplete sets (i.e. data have to be available
for all three variables shown). The EMF21 results exclude studies unsuitable for near-term analysis (e.g. substantial effects for a past year). The IMCP results exclude
those from two experimental/partial studies. The breakdown into Category III and IV scenarios treats CO2-only studies as if they also allow for cost-effective non-CO2
multigas GHG mitigation (see Table 3.14). Note that prices and outputs are based on various deﬁnitions, so the ﬁgures are indicative only. The price bases in the original
studies vary and have been converted to 2000 US$.
Sources: Weyant, 2004; Masui et al., 2005; Edenhofer et al., 2006b, Weyant et al., 2006 and Chapter 3.
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after 2030. Most models considered in this analysis therefore
suggest that the 20–50 US$/tCO2 cost category of the sector
studies is the carbon price level which, if reached globally by
2020–2030, delivers trajectories compatible with subsequent
stabilization at mid-category III levels. The corresponding CO2
reduction by 2030 is 5–40% relative to baseline (which varies
between studies, with higher baselines giving higher reduction
percentages in 2030).
Figure 11.7 (b) shows the CO2 abatement plotted against
world GDP. In most studies, higher abatement is associated
with higher loss of GDP. The relationships vary, and two
models in particular stand out as radically different from others
(E3MG and FUND). Three models in the IMCP predict GDP
gains under different assumptions.14 These prices and costs are
largely determined by the approaches and assumptions adopted
by the modellers, with GDP outcomes being strongly affected
by assumptions about technology costs and change processes
(see 11.5 below), the use of revenues from permits and taxes
(see above), and capital stock and inertia (considered in 11.6)
(Barker et al., 2006a; Fischer and Morgenstern, 2006).
11.4.4.2

The Stern Review (2006), which was commissioned by
the UK Treasury, also considers a range of modelling results.
Drawing on estimates from two studies, it reports the costs
of an emissions trajectory leading to stabilization at around
500–550ppm CO2-eq. One of the two studies (Anderson,
2006) calculates estimates of annual abatement costs (i.e. not
the macro-economic costs) of 0.3% of GDP for 2015, 0.7%
for 2025 and 1% for 2050 from an engineering analysis based
on several underlying reports of future technology costs. His
uncertainty analysis, exploring baseline uncertainties about
technology costs and fuel prices, shows a 95% prediction
range of costs from –0.5% to +4% of GDP for 2050. The other
study is a meta-analysis by Barker et al. (2006a) and looks
at the macro-economic costs in terms of GDP effects. The
study aims to explain the different estimates of costs for given
reductions in global CO2 in terms of the model characteristics
and policy assumptions adopted in the studies. With favourable
DVVXPSWLRQV DERXW LQWHUQDWLRQDO ÀH[LELOLW\ PHFKDQLVPV WKH
responsiveness and cost of low-carbon technological change,
and tax reform recycling revenues to reduce burdensome taxes,
costs are lowered, and in some cases become negative (i.e. GDP
is higher than baseline).

Other modelling studies

Bollen et al. (2004), using Worldscan (a global CGE
model), consider the consequences of post-Kyoto policies
seeking a 30% reduction for Annex B countries below 1990
levels by 2020. They do not include the CDM, sinks or induced
technological change in the modelling. Like most studies, they
¿QGGUDPDWLFDOO\ORZHUFRVWVZKHQJOREDOWUDGLQJRFFXUV:LWK
only Annex I countries participating in emissions trading, the
high-growth benchmark case shows an allowance price of about
130 US$(2000)/tCO2, and a 2.2% reduction below baseline for
Annex I GDP. With global trading, the allowance price is about
17 US$(2000)/tCO2 and there is a much lower loss of 0.6% in
GDP. In a more modest scenario that focuses exclusively on
maintaining the current Kyoto targets for all Annex B countries,
Russ, Ciscar, and Szabo (2005) estimate a 7 US$(2000)/tCO2
price and a 0.02–0.05% GDP loss in 2025 with global trading
(using the POLES and GEM-E3 models).
A number of other studies consider post-Kyoto impact out
to 2025 or 2050 based on approaches to stabilization, typically
at 550 ppm CO2-eq (category III of Table 3.10) (longer-term
strategies are discussed in Chapter 3; discussions of policy
mechanisms are covered in Chapter 13). For example, Den
Elzen et al. (2005), using the IMAGE-FAIR modelling system,
show that different assumptions about business-as-usual
emission levels and abatement cost curves lead to a range of
marginal costs of between 50 US$ and 200 US$/tCO2-eq and of
total direct abatement costs of between 0.4 and 1.4% of world
GDP in 2050, consistent with a recent EU report (EEA, 2006).

In summary, various post-2012 Kyoto studies have been
completed since the TAR. Nearly all those focusing on 550
and 650 ppm CO2-eq stabilization targets (Categories B and
C, Table 3.10) with a 5–40% reduction in global CO2 below
EDVHOLQHE\¿QGWRWDOFRVWVRIDERXWRUORZHURIJOREDO
GDP by 2030. The critical assumption in these studies is global
emissions trading, but there is limited consideration of multigas stabilization and endogenous technological change across
WKHVWXGLHVDQGQRFREHQH¿WV7KHIHZVWXGLHVZLWKEDVHOLQHV
that require higher CO2 reductions to achieve the targets require
higher carbon prices and report higher GDP costs. As noted in
Sections 11.5 (induced technological change), 3.3.5.4 (multiJDVDSSURDFKHV DQG FREHQH¿WV WKHVHFRQVLGHUDWLRQV
DOOWHQGWRORZHUFRVWVRUSURYLGHQRQFOLPDWHEHQH¿WVSHUKDSV
substantially.
11.4.5 Differences between models
Research has continued to focus on differences in various
cost estimates between models (Weyant, 2000; Weyant, 2001;
Lasky, 2003; Weyant, 2003; Barker et al., 2006a; Fischer and
0RUJHQVWHUQ :H\DQW  DUJXHVWKDWWKH¿YHPDMRU
determinants of costs are: projections for base case GHG
HPLVVLRQVFOLPDWHSROLF\ ÀH[LELOLW\IRUH[DPSOH VXEVWLWXWLRQ
possibilities for producers and consumers; the rate and process
of technological change; and the characterization of mitigation
EHQH¿WV7XUQLQJWRWKHEDVHFDVHKHQRWHVWKHLPSRUWDQFHRI
assumptions about population and economic activity, resource
availability and prices, and technology availability and costs.

14 E3MG (Barker et al., 2006b) takes a Post Keynesian approach, allowing under-used resources in the global economy to be taken up for the extra low-carbon investment induced by
climate policies when permit/tax revenues are recycled by reducing indirect taxes. Such a response to revenue recyling is a feature of regional studies reported in the TAR (p. 518).
FEEM-RICE (Bosetti et al., 2006) allows international cooperation in climate policies to increase the productivity of R&D investment. ENTICE-BR (Popp, 2006a), in a scenario which
assumes a high elasticity of substitution between backstop and fossil fuels, shows increasing global output above baseline with more stringent stabilization targets (p. 173).
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7KH NH\ SROLF\ IHDWXUH LV ÀH[LELOLW\ LQ RWKHU ZRUGV ZKHWKHU
trading over companies, nations, gases, and time is allowed.
Substitution possibilities are governed by assumptions about
the malleability of capital, economic foresight, and technology
detail. Technology modelling includes assumptions about
whether technological change is endogenous or exogenous,
and whether technology costs drop with increasing use of
WHFKQRORJLHV )LQDOO\ PLWLJDWLRQ EHQH¿WV PD\ EH LQFOXGHG LQ
varying degrees in different models.
The factors accounting for differences between cost
estimates can be divided into three groups: features inherent
in the economies being studied (for example, high substitution
possibilities at low cost), assumptions about policy (such as
the use of international trading in emission permits, or the
recycling of auction revenues), and simplifying assumptions
chosen by the model builders to represent the economy (how
PDQ\ VHFWRU RU UHJLRQV DUH LQFOXGHG LQ WKH PRGHO  7KH ¿UVW
two sets of factors can be controlled by specifying the countries
and time-scales of the mitigation action, and the exact details of
the policies, as in the EMF-16 studies. However, differences in
modellers’ approaches and assumptions persist in the treatment
of substitution and technology. The various factors can be
GLVHQWDQJOHGE\DPHWDDQDO\VLVRISXEOLVKHG¿QGLQJ WKLVPD\
LQFOXGHDQDQDO\VLVRIDQDO\VHV 7KLVWHFKQLTXHZDV¿UVWXVHG
in this context by Repetto and Austin (1997) in a mitigationcost analysis of GDP costs for the US economy. Fischer and
Morgenstern (2006) conduct a similar meta-analysis dealing
with the carbon prices (taken to be the marginal abatement costs)
of achieving Kyoto targets reported by the EMF-16 studies and
discussed in the TAR (Weyant and Hill, 1999).
7KHFUXFLDO¿QGLQJRIWKHVHPHWDDQDO\VHVLVWKDWPRVWRIWKH
differences between models are accounted for by the modellers’
assumptions. For example, the strongest factor leading to
lower carbon prices is the assumption of high substitutability
between internationally-traded products. Other factors leading
to lower prices include the greater disaggregation of product
and regional markets. This suggests that any particular set of
results about costs may well be the outcome of the particular
assumptions and characterization of the problem chosen by the
model builder, and these results may not be replicated by others
choosing different assumptions.
Like earlier studies, the comparison of model results in
Barker et al., (2006a) emphasizes that the uncertainty in costs
estimates comes from both policy and modelling approaches
as well as the baseline adopted. Uncertainty about policy
is associated with the design of the abatement policies and
PHDVXUHV ÀH[LELOLW\ RYHU FRXQWULHV JUHHQKRXVH JDVHV DQG
time) and with the use of carbon taxes or auctioned CO2 permits
WR SURYLGH WKH RSSRUWXQLW\ IRU EHQH¿FLDO UHIRUPV RI WKH WD[
system or incentives for low-carbon innovation. In addition,

15 See ‘technological change’ in the Glossary.

650

Chapter 11

targeted reductions in fossil-fuel use resulting from climate
SROLFLHV FDQ \LHOG EHQH¿WV LQ WHUPV RI QRQFOLPDWH SROLF\
e.g. reductions in local air pollution. Uncertainty about the
modelling approaches is associated with the extent to which
substitution is allowed in terms of backstop technology,
ZKHWKHU WKH HFRQRP\ UHVSRQGV HI¿FLHQWO\ LQ WHUPV RI WKH
use of CGE models), and whether technological change is
assumed to respond to carbon prices, the topic of the next
section. Uncertainty about the baseline is associated with
assumptions adopted for rates of technological change and
economic growth, and future prices of fossil fuels.

11.5

Technology and the costs
of mitigation

11.5.1 Endogenous and exogenous technological
development and diffusion
A major development since the TAR has been the treatment
of technological change in many models as endogenous – and
therefore potentially induced by climate policy – compared to
previous assumptions of exogenous technological change that
LVXQDIIHFWHGE\FOLPDWHSROLFLHV VHHJORVVDU\IRUGH¿QLWLRQV 
This section discusses the effect of the new endogenous
approach on emission permit prices, carbon tax rates, GDP and/
or economic welfare, and policy modelling (Chapter 2, Section
 GLVFXVVHV WKH FRQFHSWV DQG GH¿QLWLRQV DQG &KDSWHU 
provides a broader discussion of mitigation and technology
policy choices).
The TAR reported that most models make exogenous
assumptions about technological change (9.4.2.3) and that there
continues to be active debate about whether the rate of aggregate
technological change will respond to climate policies (7.3.4.1).
The TAR also reported that endogenizing technological change
could shift the optimal timing of mitigation forward or backward
(8.4.5). The direction depends on whether technological change
is driven by R&D investments (suggesting less mitigation
now and more mitigation later, when costs decline) or by
accumulation of experience induced by the policies (suggesting
an acceleration in mitigation to gain that experience, and lower
costs, earlier). Overall, the TAR noted that differences in
exogenous technology assumptions were a central determinate
of differences in estimated mitigation costs and other impacts.
Table 11.13 lists the implications for modelling of exogenous
and endogenous technological change15 and demonstrates
the challenges for research. The table shows that, at least in
WKHLU VLPSOL¿HG IRUPV WKH WZR W\SHV RI LQQRYDWLRQ SURFHVVHV
potentially have very different policy implications in a number
of different dimensions.
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Table 11.13: Implications of modelling exogenous and endogenous technological change

I

Process

Exogenous technological change

Endogenous technological change

Technological change depends on
autonomous trends

Technological change develops based on
behavioural responses, particularly (a) choices
about R&D investments that lower future
costs; and (b) levels of current technology use
that lower future technology cost via learningby-doing

Exogenous
Autonomous Energy Efﬁciency Index (AEEI)

Endogenous / induced
Spillovers to learning / return to R&D / cost of
R&D / Learning rate
Potential for multiple-equilibria; unclear
whether identiﬁed solutions are local or global
optima

I

I Modelling implications
Modelling term
Typical main parameters
Optimization implications (note: not all
modelling exercises are dynamically
optimized)
I Economic/policy implications
Implications for long-run economics of climate
change

Policy instruments that can be modelled
Timing implications for mitigation and
mitigation costs associated with cost
minimization
‘First mover’ economics

International spillover / leakage implications

I

Single optimum with standard techniques

I

Atmospheric stabilization below approximately Stringent atmospheric stabilization may
or may not be very costly, depending on
550 ppm CO2 likely to be very costly without
explicit assumption of change in autonomous implicit assumptions about responsiveness of
endogenous technological trends.
technology trends.
Taxes and tradable permits
Taxes and tradable permits as well as R&D
and investment incentives / subsidies
Arbitrage conditions suggest that the social
Learning-by-doing implies that larger (and
unit cost of carbon should rise over time
more costly) efforts are justiﬁed earlier as a
roughly at the rate of interest.
way to lower future costs.
Costs with few beneﬁts
Potential beneﬁts of technological leadership,
depending on assumed appropriability of
knowledge
Spillovers generally negative (abatement in
In addition to negative spillovers from
one region leads to industrial migration that
emission leakage / industrial migration, there
increases emissions elsewhere)
are also positive spillovers (international
diffusion of cleaner technologies induced by
abatement help to reduce emissions in other
regions)

The role of technology assumptions in models continues to
be viewed as a critical determinant of GDP and welfare costs,
and emission permit prices or carbon tax rates (Barker et al.,
2002; Fischer and Morgenstern, 2006). These analyses cover
large numbers of modelling studies undertaken before 2000 and
UHJDUG WKH WUHDWPHQW RI WHFKQRORJ\ DV LQÀXHQWLDO LQ UHGXFLQJ
FRVWVDQGFDUERQSULFHVEXW¿QGWKDWWKHFURVVPRGHOUHVXOWVRQ
WKHLVVXHDUHFRQÀLFWLQJXQFHUWDLQDQGZHDN6LQFHWKH7$5
there has been considerable focus on the role of technology,
especially in top-down and hybrid modelling, in estimating the
impact of mitigation policies. However, syntheses of this work
tend to reveal wide differences in the theoretical approaches,
and results that are strongly dependent on a wide range of
assumptions adopted (Barker et al., 2006a; Stern, 2006), about
which there is little agreement (DeCanio, 2003).

technological change is treated as exogenous. There have
been many reviews (see Clarke and Weyant, 2002; Grubb et
al., 2002b; Löschel, 2002; Jaffe et al., 2003; Goulder, 2004;
Weyant, 2004; Smulders, 2005; Grübler et al. 2002; Vollebergh
and Kemfert, 2005; Clarke et al., 2006; Edenhofer et al., 2006b;
Köhler et al., 2006; Newell et al., 2006; Popp, 2006b; Sue Wing,
2006; Sue Wing and Popp, 2006). One feature that emerges
from the studies is the considerable variety in the treatment of
technological change and its relationship to economic growth.
Another is the substantial reductions in costs apparent in some
studies when endogenous technological change is introduced,
comparable to previously estimated cost savings from ad hoc
increases in the exogenous rate of technological change (Kopp,
2001) or in the modelling of advanced technologies (Placet et
al., 2004 p. 5.2 & 8.10).

The approaches to modelling technological change (see
Section 2.7.2.1), include (1) explicit investment in research
and development (R&D) that increases the stock of knowledge,
(2) the (typically) cost-free accumulation of applying that
knowledge through ‘learning-by-doing’ (LBD); and (3)
spillover effects. These approaches are in addition to simple
analyses of sensitivity to cost assumptions, especially when

This section reviews the effect of endogenizing technological change on model estimates of the costs of mitigation.
It follows the majority of the literature and takes a costeffectiveness approach to assess the costs associated with
particular emission or cumulative emission goals, such as
post-2012 CO2 reduction below 1990 levels or medium-term
pathways to stabilization.
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Table 11.14: Technology policies and modelling approaches

I Policies

Modelling approach

Key points for measuring costs

R&D in low-GHG products and processes
from:
• Corporate tax incentives for R&D (supplypush R&D)
• More government-funded R&D (supply-push
R&D)

• Explicit modelling of R&D stock(s) that are
choice variables, like capital, and enter the
production function for various (low-carbon)
goods.
• R&D policies can be modelled as explicit
increases in R&D supply or subsidies for the
R&D price.

Learning-by-doing:
• Purchase requirements or subsidies for new,
low-GHG products
• Corporate tax incentives for investment in
low-GHG products and processes

More production from a given technology
lowers costs.

The assumed rate of return from R&D,
typically based on an assumption that there
are substantial spillovers and that the rate
of return to R&D is several times higher than
conventional investment at the margin due
to spillover. Another important point is the
assumed cost of R&D input, which may be
high if it is taken from other R&D (crowdingout)
Rate at which increases in output lowers
costs and long-run potential for costs to fall.

The review shows that endogenizing technological change
– via R&D responses and learning-by-doing – lowers costs,
perhaps substantially, relative to estimates where the path of
WHFKQRORJLFDOFKDQJHLV¿[HGIURPWKHEDVHOLQH7KHGHJUHHWR
which costs are reduced hinges critically on assumptions about
the returns from climate change R&D, spillovers (across sectors
and regions) associated with climate change R&D, crowdingout associated with climate change R&D, and (in models with
learning-by-doing) assumed learning rates. Table 11.14 shows
the policies that have been modelled to induce technological
change, and how they have been introduced into the models.
The policies are in two groups: effects through R&D expenditure, and those through learning-by-doing.Unfortunately, our
empirical understanding of these phenomena over long periods
of time is no better than our ability to forecast exogenous rates
of change. As Popp (2006b) notes, none of the ETC models
he reviews use empirical estimates of technological change
to calibrate the models because, until recently, there were
few empirical studies of innovation and environmental policy.
6RDOWKRXJKZHDUHFRQ¿GHQWWKDWPLWLJDWLRQFRVWVZLOOEHORZHU
than those predicted by models assuming historically-based,
exogenous rates of technological change, views continue to
differ about how much lower they will be.
11.5.2 Effects of modelling sectoral technologies
on estimated mitigation costs

I

well as technology developments with regard to carbon capture,
QXFOHDUUHQHZDEOHVDQGHQGXVHHI¿FLHQF\)LJXUHVKRZV
that the carbon tax rates are very low before 2050, with all
models indicating values below about 14 US$/tCO2 to 2030.
Six of the nine models generate values below 27 US$/tCO2
by 2050. By comparison, the EU ETS price of carbon reached
nearly 35 US$/tCO2 in August 2005 and again in April 2006.
Perhaps more revealing in the EMF-19 study are the
VSHFL¿F IHDWXUHV FKRVHQ E\ YDULRXV PRGHOOLQJ WHDPV LQ WKHLU
respective papers. Six teams focused on carbon capture and
storage (Edmonds et al., 2004; Kurosawa, 2004; McFarland et
al., 2004; Riahi et al., 2004; Sands, 2004; Smekens-Ramirez
Morales, 2004), one on nuclear (Mori and Saito, 2004), one on
renewables (van Vuuren et al. WZRRQHQGXVHHI¿FLHQF\
(Akimoto et al., 2004; Hanson and Laitner, 2004), and one on an
XQVSHFL¿HGFDUERQIUHHWHFKQRORJ\ 0DQQHDQG5LFKHOV 
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The Energy Modelling Forum conducted a comparative study
(EMF19) with the aim of determining how models for global
climate change policy analyses represent current and potential
future energy technologies, and technological change. The
study assesses how assumptions about technology development
– whether endogenous or exogenous – might affect estimates of
aggregate costs for a 550 ppm CO2 concentration stabilization
target. The modellers emphasize the detailed representations
for one or more technologies within integrated frameworks.
Weyant (2004) summarizes the results, which indicate low
GDP costs and a wide range of estimated carbon tax rates
hinging on assumptions about baseline emission growth, as
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Figure 11.8: Carbon price projections for the 550 ppm CO2-only
stabilization scenario
Source: Weyant (2004).
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The impacts associated with varying technology assumptions
within a given model ranged from a net economic gain, to
substantial cuts in the cost of stabilization, to almost no effect
on the cost of stabilization.

Mitigation from a cross-sectoral perspective

v

v
Despite the wide range of results, they suggest some
overarching conclusions (Weyant, 2004). First, technological
development, however and under whatever policy it unfolds, is
a (if not the) critical factor determining the long-term costs and
EHQH¿WVRIPLWLJDWLRQ6HFRQGWKHUHLVQRREYLRXVVLOYHUEXOOHW
a variety of technologies may be important depending on local
circumstances in the future, and a portfolio of investments will
EH QHFHVVDU\ WR DFKLHYH VLJQL¿FDQW PLWLJDWLRQ DW ORZHU FRVWV
Third, major technology shifts like carbon capture, advanced
nuclear, and hydrogen require a long transition as learning-bydoing accumulates and markets expand so that they tend to play
D PRUH VLJQL¿FDQW UROH LQ WKH VHFRQG KDOI RI WKH FHQWXU\ %\
FRQWUDVWHQGXVHHI¿FLHQF\PD\SURYLGHPDMRURSSRUWXQLWLHVLQ
the shorter term.
11.5.3 The costs of mitigation with and without
endogenous technological change
Modellers have pursued two broad approaches to
endogenizing technological change, usually independently of
each other: explicit modelling of R&D activities that contribute
to a knowledge stock and reduce costs, and the accumulation
of knowledge through learning-by-doing. Sijm (2004) and
Edenhofer et al. (2006b) provide detailed comparative
assessments of different implementations of both approaches
with a focus on mitigation costs when endogenous technology
effects are ‘switched on’. Their syntheses provide a useful
window for understanding the variation in results and how
policies might induce technological change.
In his review, Sijm (2004) distinguishes top-down models that
mostly focus on explicit R&D effects, and bottom-up models
that focus mostly on LBD effects. Among the top-down models,
ZKLFKDUHGHVFULEHGLQ7DEOHKH¿QGVFRQVLGHUDEOHYDULDWLRQ
in the effect of including Endogenous Technological Change
(7& :KLOHVRPHPRGHOV¿QGDODUJHUHGXFWLRQLQPLWLJDWLRQ
FRVWV HJ3RSSD VRPH¿QGVPDOOLPSDFWV HJ1RUGKDXV
2002). These differences can be attributed to:
v the extent of substitution allowed of low-carbon fuels
for high-carbon fuels. When this factor is included, the
reduction in costs is more pronounced, and the higher it
is, the greater the reduction.
v the degree of ‘crowding-out’ associated with energy
R&D expenditures. If new energy R&D is assumed to
be in addition to existing R&D, this will generate larger
reductions in mitigation than if new energy R&D is
assumed to lead to a reduction in R&D elsewhere.
v the approach to spillover. In addition to justifying
higher rates of return from R&D, spillover implies that
the market outcome with too little investment could be
improved by policy intervention.

the degree of differentiation among R&D activities, the
assumed rates of return from those activities, and the
capacity of R&D activities to lower costs for low-carbon
technologies.
the rate of learning if LBD is included. Higher rates imply
larger reductions in mitigation costs with ETC included.

7KH¿UVWSRLQWLVWKDWWKHZD\ORZFDUERQDQGKLJKFDUERQ
energy are treated in the models –whether as complements or
VXEVWLWXWHV±LVFULWLFDOLVGHWHUPLQLQJWKHÀH[LELOLW\RIWKHPRGHO
to low-carbon innovation and costs of mitigation. Models that
do not allow high levels of substitution between low-carbon
and high-carbon energy (Goulder and Mathai, 2000; Nordhaus,
2002; Popp, 2006b) indicate that R&D has less impact than
those that do, e.g. by introducing a carbon-free backstop
technology (Gerlagh and Lise, 2005; Popp, 2006b). Similar
results are found more widely for LBD and R&D models: the
more substitution possibilities allowed in the models, the lower
the costs (Edenhofer et al., 2006a, p.104).
When providing evidence to support the second point – the
studies of induced R&D effects via the stock of knowledge
– Goulder and Schneider (1999), Goulder and Mathai (2000),
Nordhaus (2002), Buonanno et al. (2003) and Popp (2004)
differ considerably about the extent of crowding-out. In other
words, does R&D have an above-average rate of return and does
an increase in R&D to support the carbon-saving technologies
come from ordinary production activities (no crowding-out), or
equally valuable R&D in other areas (crowding-out)? Nordhaus
(2002) assumes complete crowding-out in which carbon-saving
R&D has a social rate of return that is four times the private
rate of return but, because it is assumed that it replaces other
equally valuable R&D activities, it costs four times as much
as conventional investment. At the other extreme, Buonanno et
al. (2003) consider spillovers that lead to similarly high social
rates of return, but without the higher opportunity costs. Not
VXUSULVLQJO\1RUGKDXV¿QGVYHU\PRGHVWPLWLJDWLRQFRVWVDYLQJV
and Buonanno et al.¿QGHQRUPRXVVDYLQJV,QJHQHUDOLQGXFHG
technological change in a general-equilibrium framework has
its own opportunity costs, which may reduce the potential for
cost reduction in CGE models substantially.
Popp (2006b), in turn, suggests on the basis of the empirical
evidence that half of the R&D spending on energy in the 1970s
and 1980s took place at the expense of other R&D. Something
between full and partial crowding-out appears more recently in
Gerlagh and Lise (2005). Goulder and Matthai (2000) provide
an example of the importance for cost reduction of parameters
describing returns from R&D and capacity for innovation.
They compare both R&D as new knowledge and learningE\GRLQJ /%'  ¿QGLQJ D  UHGXFWLRQ LQ WKH PDUJLQDO
costs with R&D by 2050 and 39% with LBD. As they note,
KRZHYHUWKLVUHÀHFWVWKHFDOLEUDWLRQRIWKHLUPRGHOWRD
cost saving based on Manne and Richels’ assumptions (1992).
7KH PRGHO UHVXOWV VLPSO\ UHÀHFW WKH FKRLFH RI FDOLEUDWHG
parameter values.
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WorldScan
CGE

FEEM-RICE
optimal growth

FEEM-RICE

IMACLIM-R
GCE

MIND
Optimal growth

DEMETER
Optimal growth

DEMETER-1
CCS

Bollen, 2004

Buonanno
et al., 2003

Bosetti et al.,
2006

Crassous et al.,
2006

Edenhofer
et al., 2006a

Gerlagh and
Van der Zwaan,
2003

Gerlagh, 2006

Sources: The table is derived from Sijm (2004) and Edenhofer et al. (2006b).

LBD

LBD

LBD

R&D and LBD

LBD

R&D and LBD

1

1

1

1

1

1

1

1

5

8

8

12

12

1

20

41

Factor substitution in CES production.
Carbon-free energy from renewables and CCS.
Learning-by-doing for both and for fossil fuels.

Costs are signiﬁcantly lower. Transition to
carbon-free energy. Lower tax proﬁle. Early
abatement

R&D investments improve energy efﬁciency.
Factor substitution in a constant-elasticityof-substitution (CES) production function.
Carbon-free energy from backstop technologies
(renewables) and CCS. Learning-by-doing for
renewable energy. R&D investments in labour
productivity. Learning-by-doing in resource
extraction

Cumulative investments drive energy
efﬁciency. Fuel prices drive energy efﬁciency in
transportation and residential sector. Learning
curves for energy technologies (electricity
generation).

An index of energy technological change
increases elasticity of substitution. Learningby-doing in abatement and R&D investments
raise the index. Energy technological change
explicitly decreases carbon intensity.

Direct abatement costs are lower, but total
costs are higher.
ET ceilings have adverse effects on equity and
efﬁciency.

ETC magniﬁes income losses.

Cumulative investments and R&D spending
determine energy demand via a technology
index. Learning curves for energy technologies
(electricity generation). Cumulative investments
and R&D spending determine exports via a
technology index.

Major results (impact of ETC)

Results are sensitive to
elasticity of substitution
between technologies
as well as to the learning
rate for non-carbon
energy

Endogenous labour
productivity, capital
deepening.

Factor substitution
in Cobb-Douglas
production.

Includes international
spillovers.
No crowding-out effect

Econometric model.
Investments beyond
baseline levels trigger
a Keynesian multiplier
effect.
Sectoral R&D intensities
stay constant overtime

Comments

Optimal tax proﬁle
Optimal abatement
proﬁle
Abatement costs

Experimental model
exploring high inertia.

Impact of emissions
trading (+
restrictions)

Compliance costs of
Kyoto protocol

Long-term costs of
stabilization
Income and
production losses

Focus of analysis

Mitigation from a cross-sectoral perspective

Note: See sources for details of models.

LBD and R&D

E3MG,
econometric

Barker et al.,
2006b

Number
of
regions

-

R&D R&D (and
occasionally
LBD)

ETC channel

Model

-

Study

Number of
production
sectors

Table 11.15: Treatment of endogenous technological change (ETC) in some global top-down integrated assessment models
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Model

Partial costfunction model
with central
planner

CGE
multisectoral
model

CGE model for
a small open
economy

AIM/Dynamic
- Global

R&DICE optimal
growth

ENTICE,
optimal growth

ENTICE-BR

MESSAGE/
MACRO CGE

Builds on
Goulder and
Mathai (2000)

Study

Goulder and
Mathai, 2000

Goulder and
Schneider, 1999

Kverndokk et al.,
2004

Masui et al.,
2006

Nordhaus, 2002

Popp, 2004

Popp, 2006a

Rao et al., 2006

Rosendahl, 2004

Table 11.15: Continued

LBD

1

1

1

1

1

9

1

7

1

Number of
production
sectors

2

11

1

1

8

6

1

1

1

Number
of
regions

Restrictions on emissions trading are costeffective. Optimal carbon tax in Annex I region
is increased with external spillovers

Carbon-free energy from backstop
technologies (renewables, carbon scrubbing
& sequestration). Learning curves for
electricity generation and renewable hydrogen
production

Factor substitution in Cobb-Douglas
production. R&D investments in energy
efﬁciency knowledge stock. Carbon-free
energy from generic backstop technology

Impact on cost is signiﬁcant. Impact on
emissions and global temperature is small

ETC impact is lower than substitution impact
and quite modest in early decades.

Factor substitution in CES production.
Investments in energy conservation capital
increase energy efﬁciency for coal, oil, gas
and electricity. Carbon-free energy from
backstop technology (nuclear/renewables).

Innovation subsidy is more important in the
short term than a carbon tax.
Innovation subsidy may lead to ‘picking a
winner’ and ‘lock in’

Gross costs increase due to R&D crowding-out
effect.
Net beneﬁts decrease.

Lower time proﬁle of optimal carbon taxes.
Impact on optimal abatement varies depending
on ETC channel. Impact on overall costs and
cumulative abatement varies, but may be quite
large

Major results (impact of ETC)

Outcomes are sensitive to
learning rate, discount rate
and slope of abatement
curve

Factor substitution in CES
production in MACRO.

R&D investments lower
price of energy from
backstop technology.

Partial crowding-out effect

Deterministic
Full ‘crowding-out’ of R&D
High aggregation

Numerical illustrative model

Lack of empirical
calibration
Focus on U.S.
Full ‘crowding-out’ effect

Deterministic
One instrument
High aggregation
Weak database

Comments

Optimal carbon
tax (or permit price)
over time in two
regions
Optimal emissions
trading +restrictions

Welfare costs
Sensitivity analysis
of R&D parameters

Factor substitution
versus ETC
Carbon intensity
Optimal carbon tax

Focus on energy
efﬁciency with
limited supply-side
substitution.

Optimal timing and
mixture of policy
instruments
Welfare effects
of technology
subsidies

Abatement costs
and beneﬁts

Optimal carbon tax
proﬁle
Optimal abatement
proﬁle

Focus of analysis

Chapter 11

LBD

R&D

R&D

R&D

R&D

LBD

R&D

R&D
LBD

ETC channel
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Table 11.16: Learning rates (%) for electricity generating technologies in bottom-up energy system models
(a) One-factor learning curves
ERIS

MARKAL

MERGEETL

I

(b) Two-factor learning curves
MESSAGE

Learning

ERIS

I

MERGE-ETL

LDR

LSR

LDR

LSR

Advanced coal

5

6

6

7

11

5

6

4

Natural gas combined
cycle

10

11

11

15

24

2

11

1

New nuclear

5

4

4

7

4

2

4

2

Fuel cell

18

13

19

-

19

11

19

11

Wind power

8

11

12

15

16

7

12

6

Solar PV

18

19

19

28

25

10

19

10

I

Notes:
• Learning rates are deﬁned as the percentage reduction in unit cost associated with a doubling of output. The acronym LDR stands for Learning-by-Doing Rates and
LSR for Learning-by-Searching Rates in two-factor learning curves. In two-factor learning curves, cumulative capacity and cumulative R&D (or ‘knowledge stock’) are
used to represent market experience (learning-by-doing) and knowledge accumulated through R&D activities, respectively.
• In MERGE-ETL, endogenous technological progress is applied to 8 energy technologies: six power plants (integrated coal gasiﬁcation with combined cycle, gas,
turbine with combined cycle, gas fuel cell, new nuclear designs, wind turbine and solar photovoltaic) and two plants producing hydrogen (from biomass and solar
photovoltaic). Furthermore, compared to the original MERGE model, Bahn and Kypreos (2002; 2003a) have introduced two new power plants (using coal and gas) with
CO2 capture and disposal in depleted oil and gas reservoirs. Like the MARKAL model, the ERIS model is a bottom-up energy system model. Both studies mentioned
above cover six learning technologies. MESSAGE is also a bottom-up system engineering model. Like the other bottom-up energy system models, it determines how
much of the available resources and technologies are used to satisfy a particular end-use demand, subject to various constraints, while minimizing total discounted
energy system costs.
• For a review of the literature on learning curves, including 42 learning rates of energy technologies, see McDonald and Schrattenholzer, (2001).
• For a discussion and explanation of similar (and even wider) variations in estimated learning rates for wind power, see Söderholm and Sundqvist (2003) and Neij et al.
(2003a; 2003b)
Sources: Sijm (2004), Messner (1997), Seebregts et al. (1999), Kypreos and Bahn (2003), and Barreto and Klaassen (2004), Barreto (2001), Barreto and Kypreos (2004), and Bahn and Kypreos (2003b).

By contrast with the results for top-down models, Sijm
  ¿QGV FRQVLGHUDEO\ PRUH FRQVLVWHQF\ DPRQJ ERWWRP
up models, where the effects of learning-by-doing typically
reduce costs by 20% to 40% over the next half century, and
by 60% to 80% over the next century. Importantly, however,
these numbers are relative to a static technology alternative. To
GHPRQVWUDWHWKHLQÀXHQFHRIWKLVDVVXPSWLRQYDQ9XXUHQet al.
(2004) run their model without a carbon constraint, but with
learning, to identify a baseline level of technological change.
Their approach roughly halves the estimated effect of ETC on
mitigation.
The variations in the estimated effects of learning on costs
in bottom-up models are driven primarily by variations in the
assumed rate of learning (in other words, the extent of the
reduction in costs for each doubling of installed capacity).
Estimates of these rates vary, depending on whether they are
assumed or econometrically estimated, and whether they derive
from expert elicitation or historical studies. These learning rates
vary between four leading models by as much as a factor of two
for a given technology, as shown in Table 11.16.
The modelling of LBD is beset with problems. Model
solutions become more complex because costs can fall
LQGH¿QLWHO\GHSHQGLQJRQWKHH[WHQWRIWKHPDUNHW$YRLGDQFH
of multiple solutions typically requires the modeller to constrain
the penetration of new technologies, making one element of the
cost reduction effectively exogenous. Since many low-carbon
technologies are compared with mature energy technologies
656

early in the learning process, it becomes inevitable that their
adoption spreads and that they eventually take over as carbon
prices fall. Finally, the approach often assumes that diffusion
and accompanying R&D are cost-free, although the investments
required for the technologies with high learning rates may be
comparable with those that are replaced.
In addition, the measurement of learning rates poses
HFRQRPHWULFSUREOHPV,WLVGLI¿FXOWWRVHSDUDWHWKHHIIHFWVRI
time trends, economies of scale and R&D from those of LBD
(Isoard and Soria, 2001) and different functional forms and data
periods yield different estimates, so the learning rates may be
more uncertain than suggested by their treatment in the models.
When controls for the effects of other variables are included,
VXFK DV FURZGLQJRXW HIIHFWV WKH LQÀXHQFH RI /%' LQ VRPH
models may become very small compared to the effect of R&D
(Köhler et al., 2006; Popp, 2006c).
A second survey of ETC effects on aggregate mitigation
costs comes from the Innovation Modelling Comparison Project
(IMCP) (Edenhofer et al., 2006b). Rather than reviewing
previous results, the IMCP engaged modelling teams to report
UHVXOWV IRU VSHFL¿F FRQFHQWUDWLRQ VFHQDULRV DQG LQ SDUWLFXODU
with and without ETC. Like the van Vuuren et al. (2004) study
noted earlier, the IMCP creates a baseline technology path
with ETC but without an explicit climate policy. This baseline
WHFKQRORJ\ SDWK FDQ WKHQ EH HLWKHU ¿[HG DV DXWRQRPRXV
technological change, or allowed to change in response to the
climate policy.
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(a) Averaged effects of including ETC
on carbon price
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(c) Averaged effects of including ETC
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Figure 11.9: Averaged effects of including ETC on carbon tax rates, CO2 emissions
and GDP: 9 global models 2000–2100 for the 450 ppm and 550 ppm CO2-only
stabilization scenarios
Notes: The ﬁgures show the simple averages of results from 9 global models
2000–2100 for (a) carbon tax rates and emission permit prices in US$(2000)/
tCO2, (b) changes in CO2 (% difference from base) and (c) changes in global GDP
(% difference from base). The results are shown with and without endogenous
technological change. The grey background lines show the range from the
individual models for 450 ppm with ETC. See source for details of models.
Source: adapted from Edenhofer et al. (2006b).

Table 11.15 also summarizes the treatment of technological
change in the IMCP models; in principle, the wide range of
DSSURDFKHVSURYLGHVDGGLWLRQDOFRQ¿GHQFHLQWKHUHVXOWVZKHQ
common patterns emerge. Like Sijm (2004), Edenhofer et al.
(2006b) ¿QG WKDW ZKLOH (7& UHGXFHV PLWLJDWLRQ FRVWV WKHUH
continues to be a wide range of quantitative results: some are
close to zero and others generate substantial reductions in
costs.
Figure 11.9 shows the effects of introducing ETC into the
models for the 550 and 450 ppm CO2 stabilization scenarios
2000–2100. The reductions in carbon prices and GDP are
substantial for many studies in both stabilization cases when
ETC is introduced. The effects on CO2 reductions show that
including ETC in the models leads to earlier reductions in
emissions. It should be noted that the reduction of costs in IMCP
models is not mainly driven by LBD. The assumptions about
the crowding-out of conventional R&D by low-carbon R&D
and the availability of mitigation options (models have different
sets of options) are more important factors determining costs and
PLWLJDWLRQSUR¿OHVWKDQ/%' (GHQKRIHUet al., 2006b, p.101–
 2QHPDMRUUHVHDUFKFKDOOHQJHLVWRWHVWWKHLQÀXHQFHRI
these aspects of ETC on current technologies by econometric
DQGEDFNFDVWLQJPHWKRGV¿WWLQJWKHPRGHOVWRKLVWRULFDOGDWD
Figure 11.9 emphasizes the range and the uncertainty of
the results for induced technological change16 from climate
policies. The potential of ETC to reduce mitigation costs
varies remarkably between different model types. For a
450 ppm CO2-only concentration stabilization level at the
upper end of the range, including ETC in the model reduces
mitigation costs by about 90%, but at the lower end it makes
no difference (Edenhofer et al. 2006b, p. 74). The averages
also somewhat exaggerate the effects of ETC because there are
other assumptions that affect the costs, as evident in a metaanalysis of the macro-economic costs of mitigation undertaken
for the UK Treasury’s Stern Review (Barker et al., 2006b).
An example is the use of tax/permit revenues, as discussed
in 11.4.4 above. This study combines the IMCP results on
costs with earlier data on post-SRES scenarios (Repetto and
Austin, 1997; Morita et al., 2000) so that the effects of other
DVVXPSWLRQVFDQEHLGHQWL¿HG7KHDYHUDJHHIIHFWVRILQFOXGLQJ
ETC in the IMCP models by 2030 for pathways to 550 and
450 ppm CO2-only are reduced from 1.1 and 2.7% of global
GDP compared to baseline, as shown in Figure 11.9, to 0.4 and
1.3% respectively using the full equation of the meta-analysis,
which allows for individual model outliers, time and scenario
effects as well as the approaches and assumptions adopted by
the modellers. In other words, allowing for technologies to
respond to climate policies reduces the GDP costs of Category
III stabilization, as estimated by the IMCP models, by 1.3% by
2030. Costs across models of 2.1% without ETC, but allowing
for emissions trading and backstop technologies, are reduced to
0.8% GDP by 2030 with ETC. The ETC effects become more

16 When a model includes ETC, further change can generally be induced by economic policies. Hence the term ‘induced technological change’ (ITC); ITC cannot be studied within a
model unless it simulates ETC. See Glossary on ‘technological change’.
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pronounced in the reduction of costs for later years and as the
stabilization targets become more stringent, partly due to the
associated extra increases in the required carbon prices.

effect of technology policy, distinct from mitigation policy, or in
tandem. As discussed in Chapter 13, there has been increasing
interest in such policies.

Edenhofer et al. conclude that the results for effects of ETC
depend on:
v baseline effects: baseline assumptions about the role of
technology that generate relatively low emission scenarios
can leave little opportunity for further ETC effects;
v WKH DVVXPSWLRQ RI WKH LQHI¿FLHQW XVH RI UHVRXUFHV LQ WKH
baseline (distinct from market failure associated with
greenhouse gas emissions and climate change): this
provides opportunities for policy to improve otherwise
LQHI¿FLHQW SULYDWH GHFLVLRQV DQG PD\ HYHQ UDLVH ZHOIDUH
Spillovers were an example of this in the Sijm (2004)
GLVFXVVLRQ VRPH VLPXODWLRQV DOVR LQFOXGH LQHI¿FLHQW
energy investment decisions.
v how the investment decision is modelled: recursive savings
decisions, as opposed to foresight and intertemporal optimization, provide less opportunity for investment and R&D
to expand. In the Sijm (2004) context, less responsiveness in
aggregate investment and R&D implies more crowding-out.
v the modelling of substitution towards a backstop technology (such as a carbon-free energy source available at
constant, albeit initially high, marginal cost): this can
substantially affect the results. For example, if investment
in the technology is endogenous and involves learningby-doing, costs can fall dramatically. Popp (2006a, p.168)
goes further, and shows that the addition of a backstop
technology by itself can have a larger effect on mitigation
costs than the addition of LBD. These results are also
FRQ¿UPHG E\ WKH ,0&3 VWXG\ (GHQKRIHU et al., 2006b,
p.214). However, investment in backstop technologies
requires time-consistent policies (Montgomery and Smith,
2006). It is therefore debatable to what extent the indicated
potential for cost reduction can be realized under real-world
conditions where a global, long-term and time-consistent
climate policy has yet to be implemented.

Surprising, few models have explored this question of
mitigation versus technology policies, and they have focused
instead on the cost assessments reviewed above. Those studies
WKDW KDYH ORRNHG DW WKLV TXHVWLRQ ¿QG WKDW WHFKQRORJ\ SROLFLHV
alone tend to have smaller impacts on emissions than mitigation
policies (Nordhaus, 2002; Fischer and Newell, 2004; Popp, 2006b;
Yang and Nordhaus, 2006). In other words, it is more important
to encourage the use of technologies than to encourage their
development. On the other hand, with the existence of spillovers,
technology policies alone may lead to larger welfare gains (Otto
et al., 2006). However, the same study points out that an even
EHWWHUSROLF\ LQWHUPVRILPSURYLQJZHOIDUH LVWR¿[WKH5 '
PDUNHWIDLOXUHWKURXJKRXWWKHHFRQRP\*LYHQWKHGLI¿FXOW\LQ
correcting the economy-wide market failure (e.g., through more
HIIHFWLYHSDWHQWSURWHFWLRQRUVLJQL¿FDQWO\LQFUHDVHGJRYHUQPHQW
spending on research), it may be unrealistic to expect successful
correction within the narrow area of energy R&D. This is true
despite our ability to model such results.

11.5.4 Modelling policies that induce technological
change
Most of the studies discussed so far consider only how
endogenous technological change affects the cost associated
with correcting the market failure of damaging GHG emissions
through market-based approaches to carbon taxes and/or
emissions trading schemes. However, when spillovers from
low-carbon innovation are introduced into the modelling of
ETC, for example where the social rate of return exceeds the
private rate of return from R&D because innovators cannot
FDSWXUH DOO WKH EHQH¿WV RI WKHLU LQYHVWPHQW WKHUH LV D VHFRQG
market failure. This implies that at least two instruments should
be included for policy optimization (Clarke and Weyant,
2002, p.332; Fischer, 2003; Jaffe et al., 2005). Even without
the spillover effect, however, the advantage of models with
endogenous technological change is their potential to model the
658

However, this does open up the possibility of portfolios of
policies utilizing some of the revenues from emission permit
auctions to provide incentives for low-carbon technological
innovation. An example is the approach of Masui et al. (2005)
for Japan discussed in 11.3.4. Weber et al. (2005), using
a long-run calibrated global growth model, conclude that
‘…increasing the fraction of carbon taxes recycled into
subsidizing investments in mitigation technologies not only
reduces global warming, but also enhances economic growth
by freeing business resources, which are then available for
investments in human and physical capital’ (p. 321).
Unlike the studies that assess the effects of technology and
mitigation policies on emissions and welfare in a simulation
model, Popp (2002) examines the empirical effect of both
energy prices and government spending on US patent activities
LQ  HQHUJ\ WHFKQRORJLHV LQ WKH SHULRG ± +H ¿QGV
WKDWZKLOHHQHUJ\SULFHVKDYHDVZLIWDQGVLJQL¿FDQWHIIHFWRQ
shifting the mix of patents towards energy-related activities,
JRYHUQPHQWVSRQVRUHG HQHUJ\ 5 ' KDV QR VLJQL¿FDQW HIIHFW
While not addressing efforts to encourage private-sector R&D,
this work casts doubt on the effectiveness of governmentsponsored low-GHG research by itself as a mitigation option.

11.6

From medium-term to long-term
mitigation costs and potentials

We now consider how the sectoral and macroeconomic
analyses to 2030 relate to the stabilization-oriented studies of
Chapter 3; this leads to a focus on the transitions in the second
quarter of the century.
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The section concludes by considering wider dimensions of
timing and strategy.

11.6.2 Carbon prices by 2030 and after in global
stabilization studies

11.6.1 Structural trends in the transition

0DQ\ DQDO\VHV LQ WKLV UHSRUW HPSKDVL]H WKDW HI¿FLHQW
mitigation will require a mix of incentives: regulatory measures
WR RYHUFRPH EDUULHUV WR HQHUJ\ HI¿FLHQF\ IXQGLQJ DQG RWKHU
support for innovation; and carbon prices to improve the
HFRQRPLFDWWUDFWLYHQHVVRIHQHUJ\HI¿FLHQF\DQGRIORZFDUERQ
sources, and to provide incentives for low-carbon innovation
and CCS. Most of the regulatory and R&D measures are sectorVSHFL¿FDQGDUHGLVFXVVHGLQWKHUHVSHFWLYHVHFWRUDOFKDSWHUV ±
10). Some implications of innovation processes are discussed
below. Most global models focus on the additional costs of
mitigation in the form of shadow prices or marginal costs, and
the resulting changes that would be delivered by carbon prices.
The carbon prices reached by 2030 are discussed in Section
11.4.4 above. The levels and trends in these prices are crucial to
the transition processes.

Most studies suggest that GHG mitigation shifts over time
IURPHQHUJ\HI¿FLHQF\LPSURYHPHQWVWRWKHGHFDUERQL]DWLRQ
of supply. This is the clear trend in the global scenarios survey
in Chapter 3 (Figure 3.23), and also in the time-path plots of
energy against carbon intensity changes in the models in the
IMCP studies (Edenhofer et al., 2006b). It is also true of the
national long-term studies surveyed in Chapter 3 (Table 3.7);
of the detailed sectoral assessments of Chapters 4–10; and
WKH,($¶V(73VWXG\ ,($D ,QWKH¿UVWTXDUWHURIWKLV
century, the majority of global emission savings are associated
with end-use savings in buildings and, to a lesser degree, in
industry and transport. Moreover, despite important savings
in electricity use in these sectors, economies in mitigation
VFHQDULRV WHQG WR EHFRPH PRUH HOHFWUL¿HG (GPRQGV et al.,
2006). In the second quarter of this century, the degree of
GHFDUERQL]DWLRQ RI VXSSOLHV VWDUWV WR GRPLQDWH HI¿FLHQF\
savings as a result of a mix of strategies including CCS
and diverse low-carbon energy sources. In the IEA study,
the power sector consists of more than 50% non-fossil
generation by 2050, and half of the remainder is made up
of coal plants with CCS. The power sector still tends to
dominate emission savings by 2030, even at lower carbon
prices (see also Table 11.5), but obviously the degree of
decarbonization is less.
There are two reasons for these trends. First, there are
strong indications in the literature that improvements in energy
HI¿FLHQF\ ZLWK FXUUHQW WHFKQRORJLHV KDYH JUHDWHU SRWHQWLDO
at lower cost (see Chapters 5–7). This is apparent from the
sectoral assessments summarized in Table 11.3, where energy
HI¿FLHQF\ DFFRXQWV IRU QHDUO\ DOO WKH SRWHQWLDO DYDLODEOH DW
negative cost (particularly in buildings), and at least as much
as the potential available from switching to lower carbon fuels
and technologies in energy supply, for costs in the range up
to 20 US$/tCO2 -eq. The second reason is that most models
assume some inertia in the capital stock and diffusion of
supply-side technologies, but not of many demand-side
technologies. This slows down the penetration of low-carbon
supply sources even when carbon prices rise enough (or when
FRVWV IDOO VXI¿FLHQWO\  WR PDNH WKHP HFRQRPLF 6RPH HQG
use technologies (such as appliances or vehicles) do have a
capital lifetime that is much shorter than major supply-side
investments; but there are very important caveats to this, as
discussed below.
)RU WKH DQDO\VLV RI WUDQVLWLRQV GXULQJ WKH ¿UVW TXDUWHU RI
this century, then, most of the relevant modelling literature
emphasizes, for stabilization between 650 and 550 ppm CO2eq (categories III and IV in table 3.5), energy supply and other
sectors such as forestry in which mitigation potentials are
dominated by long-lifetime, medium-cost options.

The time trend of carbon prices after 2030 is important but
VSHFL¿FWRHDFKPRGHO6RPHPRGHOVPDLQWDLQDFRQVWDQWUDWH
RISULFHLQFUHDVHWKDWODUJHO\UHÀHFWVWKHGLVFRXQWUDWHHPSOR\HG
WKH\ HVWDEOLVK DQ HPLVVLRQV WLPHSDWK WR UHÀHFW WKLV  7ZR
models in the EMF studies, for example, assume increases in
carbon prices of about 5.5% per year and over 6% per year that
are constant throughout the century. In this approach, carbon
prices roughly treble over the period 2030–2050, and every two
decades thereafter. Two models in the IMCP studies also use
constant, and much lower, growth rates for prices that vary with
the stabilization constraint. Edenhofer et al. (2006b) ¿QGWKDW
real carbon prices for stabilization targets rise with time in the
early years for all models, with some models showing a decline
in the optimal price after 2050 due to the accumulated effects
of LBD and positive spillovers on economic growth. In these
cases, a high-price policy in the earlier years may generate
LQQRYDWLRQ WKDW SURYLGHV EHQH¿WV LQ ODWHU \HDUV ,Q DOO WKHVH
models, the ratesRIFKDQJHIUHTXHQWO\UHÀHFWLQWULQVLFPRGHO
parameters (notably the discount rate) and do not depend much
on the stabilization target, which is reached by adjusting the
starting carbon price instead. However, most but not all models
with endogenous technical change have rates of carbon price
increase that decline over time, and two models actually result
in carbon price falls as technological systems mature.
A carbon price that rises over time is a natural feature of an
HI¿FLHQW WUDMHFWRU\ WRZDUGV VWDELOL]DWLRQ 7KH PDFURHFRQRPLF
cost depends on the average mitigation cost, which tends to rise
more slowly and may decline with technical progress. The Stern
review illustrates and explains scenarios in which rising carbon prices
accompany declining average costs over time (Stern, 2006).
11.6.3 Price levels required for deep mid-century
emission reductions: the wider evidence
Several other lines of evidence shed light on the carbon
prices required to deliver transitions to deep mid-century CO2
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reductions. By contrast with the rising prices in most ‘optimal’
stabilization trajectories, some global models have been run with
constant prices. Perhaps the most extensive, the IEA-ETP (2006a)
study (MAP scenario), returns global CO2 emissions roughly
equal to 2005 levels by 2050 (more than halving emissions
from reference). This is consistent with a trajectory towards
category III stabilization at around 550 ppm CO2-eq, with carbon
prices rising to 24 US(2000)$/tCO2 ($87/tC) by 2030 and then
UHPDLQLQJ¿[HG7KH,($VWXG\HPSKDVL]HVWKHFRPELQDWLRQRI
HQGXVHHI¿FLHQF\LQEXLOGLQJVLQGXVWU\DQGWUDQVSRUWWRJHWKHU
with the decarbonization of power generation as indicated. In
other global studies that report sectoral results, the power sector
dominates emission savings even in the weaker category IV
scenarios. Some other models with detailed energy sectors do
not force a constantly rising price or display periods of relatively
stable prices along with stable or declining emissions.17
The carbon price results are consistent with the technology
cost analyses in Chapter 4. These suggest that price levels in the
20–50 US$/tCO2 range should make both CCS and a diversity
of low-carbon power generation technologies economic on a
global scale, with correspondingly large reduction potential
attributed to the power sector in this cost range (Table 11.8).
Newell, Jaffe & Stavins (2006) focus on the economics of
CCS at prices within this range, noting that the carbon prices
required will depend not only on CCS technology but also
upon the reference alternative. Schumacher and Sands (2006)
also focus on CCS but, in the context of the German energy
system, conclude that a similar range is critical ‘for CCS as
well as advanced wind technologies to play a major role’
(p. 3941). Riahi et al. (2004) project coal-based CCS costs up to
53 US$/tCO2. Corresponding reductions may accrue, whether
a carbon price is considered to be implemented directly or as
WKHLQFHQWLYHIURPFHUWL¿HGHPLVVLRQUHGXFWLRQ &(5 FUHGLWV
Shrestha (2004) projects that ‘business-as-usual’ shares of coal
in power generation by 2025 will be 46%, 78% and 85% in
Vietnam, Sri Lanka and Thailand respectively, but an effective
CER price of 20 US$/tCO2 from 2006 onwards would reduce
the share of coal to 18%, 0% and 45% respectively in the three
countries by 2025. Natural gas and, to a lesser extent renewables,
RLODQGHOHFWULFLW\LPSRUWVDUHWKHPDLQEHQH¿FLDULHV
The sectoral results from Chapters 4–10 (Table 11.3) suggest
that carbon prices in the range 20–50 US$/tCO2-eq could
deliver substantial emission reductions from most sectors. Of
WKHWRWDOSRWHQWLDOLGHQWL¿HGEHORZ86W&22-eq across all
sectors, more than 80% is estimated to be economic at a cost
below 50 US$/tCO2-eq. Moreover, the lowest proportions are
for agriculture (56%) and forestry (76%). Of the main sectors
for which carbon cap-and-trade is being applied or considered
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at present, costs below 50 US$/tCO2-eq account for 90% of
WKHLGHQWL¿HGSRWHQWLDOLQHQHUJ\VXSSO\DQGLQLQGXVWU\
whereas the proportion of the total below 20 US$/tCO2-eq is
about half (52%) and a quarter (27%) respectively for these
sectors. This underlines the conclusion that carbon prices in the
20–50 US$/tCO2-eq range would be critical to securing major
changes in these principal industrial emitting sectors.
The bottom-up estimates of emission reductions available
at less than 50 US$/tCO2-eq for the total energy sector (supply,
buildings, industry and transport) span 11.5–15 GtCO2-eq/yr
(Table 11.3, full range). This is strikingly similar to the range of
CO2 reductions by 2030 that global top-down studies consider
to be necessary for trajectories consistent with stabilization in
the Category III range (Figure 11.7 (a), in the range 25–40%
reduction of CO2 which, against the central baseline projection
of 37–40 GtCO2-eq (WEO/A2) for energy-related emissions
that is used for the bottom-up estimates, equates to 10–16
GtCO2-eq. Incidentally, this also equates to global emissions in
2030 that are roughly at present levels).
The capital stock lifetime of industrial and forestry systems
(discussed further below) means that it takes some decades for
the impact of a given carbon price to work its way through in
terms of delivered reductions.18 The assessment of timing is
complicated by the fact that most global stabilization studies
model a steadily rising price with ‘perfect foresight’. However,
)LJXUH  F  FRQ¿UPV WKDW DOPRVW DOO PRGHOV SURMHFW SULFHV
of at least 20 US$/tCO2-eq by 2030, and some breach the 50
US$/tCO2-eq level earlier in that decade, as might be expected
in order to secure the required reductions by 2030. Applying
the same statistical framing as Chapter 3, the analysis of price
WUHQGVFRQ¿UPVWKDWJOREDOFDUERQSULFHVLQPRUHWKDQRI
the Category III stabilization studies cross within the range
$20–50/tCO2-eq during the decade 2020–30. These diverse
VWUDQGVRIHYLGHQFHWKHUHIRUHVXJJHVWDKLJKOHYHORIFRQ¿GHQFH
that carbon prices of 20–50 US$/tCO2-eq (75–185 US$/tC-eq)
reached globally in 2020–2030 and sustained or increased
thereafter would deliver deep emission reductions by midcentury consistent with stabilization at about 550 ppm CO2-eq
(category III levels). To depict the impact in the models, such
prices would have to be implemented in a stable and predictable
manner and all investors would need to plan accordingly, at the
discount rates embodied in the models.
Carbon prices at these levels would deliver these changes
by largely decarbonizing the world’s electricity systems, by
SURYLGLQJDVXEVWDQWLDOLQFHQWLYHIRUDGGLWLRQDOHQHUJ\HI¿FLHQF\
and, if extended to land use, by providing major incentives to
halt deforestation and reward afforestation.19 By comparison,

17 Speciﬁcally, the GET-LFL 450 ppmCO2 run has a peak in carbon prices at 37 US$/tCO2 in 2020 followed by 2-3 decades of slight decline; the DNE21+ 450 ppmCO2 run model
rises sharply to about US$30/tCO2 in 2020 followed by slow increase for a decade, then rises to 64 US$/tCO2 in 2040 followed by slow increases out to 2070. See Hedenus, Azar
and Lindgren (2006) and Sano et al. (2006) respectively.
18 The perfect foresight assumed in many of the global models complicates the assessment of timing; see 11.6.6 below.
19 The forestry chapter also notes that continuously rising carbon prices pose a problem in that forest sequestration might be deferred to gain more advantage from future higher
prices; seen from this perspective, a more rapid carbon price rise followed by period of stable carbon prices could encourage more sequestration.
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The price in the 20 to 50 US$/tCO2 range required to deliver
such changes – and answers to the questions of whether and by
how much further carbon prices might need to rise in the longer
term – depend upon developments in three other main areas: the
contribution of voluntary and regulatory measures associated
ZLWKHQHUJ\HI¿FLHQF\WKHH[WHQWDQGLPSDFWRIFRPSOHPHQWDU\
policies associated with innovation and infrastructure; and
the credibility, stability and conviction that the private sector
attributes to the price-based measures. We consider each in
turn.
11.6.4 Complementary measures for deep emission
reductions
The sectoral and multi-gas studies indicate that substantial
emission savings are still available at low cost (< 20 US$/
tCO2), particularly from buildings (Chapter 6) and end-use
HI¿FLHQFLHVLQDQXPEHURILQGXVWULDOVHFWRUV 7DEOH PDQ\
governments are therefore already well embarked upon policies
to exploit these low-cost opportunities. The IEA’s World Energy
Outlook (IEA, 2006b, Part 2) estimates that such measures
could contribute a 16% reduction below the reference level
by 2030. This would be an important contribution, but clearly
LQVXI¿FLHQWWRJHWFORVHWRKDOWLQJRUUHYHUVLQJJOREDOHPLVVLRQV
growth in the absence of price-based measures.
Innovation will also be crucial for deep reductions by midcentury and in the longer term. Some of the technologies
required to deliver ongoing emission reductions out to 2050
are already commercialized, but others (such as CCS) are not
(see sector chapters). Deeper emission reductions will get more
DQG PRUH GLI¿FXOW RYHU WLPH ZLWKRXW DFFHOHUDWHG LQQRYDWLRQ
bringing down costs, and increasing the diversity, of low-carbon
options. Achieving the mitigation scenarios indicated therefore
requires adequate progress in a range of relevant industries

The conceptual relationship between such innovation
investments and measures relating to carbon pricing is sketched
out in Figure 11.10. Most low-carbon technologies (at least
for supply) are currently much more expensive than carbonbased fuels. As R&D, investment and associated learning
accumulates, their costs will decline, and market scale may
grow. Rising carbon prices bring forward the time when they
become competitive (indeed, many such technologies might
never become competitive without carbon pricing). The faster
the rise in carbon prices – particularly if industry can project
VXFK LQFUHDVHV ZLWK FRQ¿GHQFH LQ D FOHDU DQG VWDEOH SROLF\
environment – the sooner such technologies will become
competitive and the greater the overall economic returns from
the initial learning investment.
However, the literature also emphasizes that carbon pricing
DORQHLVLQVXI¿FLHQW6DQGHQDQG$]DU  DUJXHWKDWFDUERQ
cap-and-trade is important for diffusion – ‘picking technologies
IURPWKHVKHOI¶±EXWLQVXI¿FLHQWIRULQQRYDWLRQ±µUHSOHQLVKLQJ
the shelf’. Foxon (2003) emphasizes the interaction of
environmental and knowledge market failures, arguing that
this creates ‘systemic’ obstacles that require government
DFWLRQ EH\RQG VLPSO\ ¿[LQJ WKH WZR PDUNHW IDLOXUHV RI
climate damages and technology spillovers) independently.
learning
investment for
new technology

h. with CO2 price

existing tec
invest.
period
invest. period,
no CO2 price

existing
techn

CO2 price

Particularly in models that embody some economies of scale/
learning-by-doing, prices maintained at such levels largely
decarbonize the power sector over a period of decades. Some of
the models display a second period with a similar pattern, later
and at higher prices, as fuel cell-based transport matures and
diffuses. In integrated Category III scenarios, such scenarios
can also deliver more potential abatement in the transport
sector (at a higher cost), partly because several of the lowcarbon transport technologies depend on the prior availability
of low-carbon electricity. Assumptions about the availability of
petroleum and the costs of carbon-based ‘backstop’ liquid fuels
also tend to be very important considerations in terms of the
associated net costs (Edmonds et al., 2004; Edenhofer et al.,
2006b; Hedenus et al., 2006).

based on low-carbon technology (Weyant, 2004; IEA, 2006b).
Chapter 2 has laid out the basic principles for low-carbon
innovation and Chapter 3 the long-term role of technologies
in stabilization scenarios. The sectoral chapters discussed the
VSHFL¿F WHFKQRORJLHV DQG 6HFWLRQ  FRYHUHG WKH SRVW7$5
PRGHOOLQJRILQGXFHGWHFKQRORJLFDOFKDQJH7KLVVHFWLRQEULHÀ\
assesses the insights relating to innovation that are relevant to
transitions in the second quarter of this century.

price

prices in the EU ETS in 2005 peaked close to 30 euros (about
40 US$)/tCO2. Transition scenarios for non-energy sectors
(in particular agriculture and deforestation) are reported in
the respective sectoral chapters and in some of the multi-gas
studies in Chapter 3.
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Figure 11.10: Relationship between learning investments and carbon prices
Notes: The ﬁgure illustrates cost relationships for new low-carbon technology
as experience and scale build over time. Initially introduction is characterized
by relatively high current costs and a very small market share, and requires a
high unit rate for ‘learning investment’. With increasing scale and learning, costs
move towards existing, higher-carbon sources, the costs of which may also be
declining, but more slowly. Rising carbon prices over time bring forward the time
when the new technology may be competitive without additional support, and
may greatly magnify the economic returns from the initial learning investment.
Source: Adapted with author’s permission from Neuhoff (2004).
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Table 11.17: Observed and estimated lifetimes of major GHG-related capital stock

ITypical lifetime of capital stock
I Less than 30 years
Domestic appliances
Water heating and HVAC systems
Lighting
Vehicles

30-60 years

60-100 years

Agriculture
Mining
Construction
Food
Paper
Bulk chemicals
Primary aluminium
Other manufacturing

Glass manufacturing
Cement manufacturing
Steel manufacturing
Metals-based durables

Structures with inﬂuence > 100
years

I

Roads
Urban infrastructure
Some buildings

Source: IEA (2000); industrial process data from Worrel and Biermans (2005).

There is therefore general consensus in the literature that,
whilst emission reduction (including pricing) mechanisms are
a necessary component for delivering such innovation, they
DUH QRW VXI¿FLHQW HI¿FLHQW LQQRYDWLRQ UHTXLUHV HYHQ PRUH
government action.
This underlines the complexity of measures required to
drive adequate innovation. On the basis of four general lessons
from US technology policy, Alic et al. (2003) derive various
VSHFL¿F FRQFOXVLRQV IRU DFWLRQ20 They break them down into
direct R&D funding, support for deployment, and support
for education and training. However, they also underline that
‘technology policies alone cannot adequately respond to global
climate change. They must be complemented by regulatory and/
or energy pricing policies that create incentives for innovation
and adoption of improved or alternative technologies … the
technological response will depend critically on environmental
and energy policies as well as technology polices.’
Philibert (2005) places climate technology policy in the
context of the wider experience of US, European and IEA
technology programmes and present initiatives, and discusses
explicitly the international dimensions associated with
globalization, export credit, diffusion, standards and explicit
technology negotiations. Grubb (2004) outlines at least six
different possible forms of international technology-oriented
agreements that could, in principle, help to foster global moves
towards lower-carbon energy structures (see Chapter 13).
The common theme in all these studies is the need for multiple
and mutually supporting policies that combine technology
push and pull across the various stages of the ‘innovation
chain’, so as to foster more effective innovation and more
rapid diffusion of low-carbon technologies, both nationally
(the tax and subsidy regime for Japan discussed in 11.4.3.4, for
example) and internationally. Most studies also emphasize the
need for feedback enabling policy to learn from experience and
experimentation – using ‘learning-by-doing’ in the process of
policy development itself.

11.6.5 Capital stock and inertia determinants of
transitions in the second quarter of the
century
The scope for change, and the rate of transition, will be
constrained by the inertia of the relevant systems. The IPCC
SAR Summary for Policymakers noted that ‘the choice of
abatement paths involves balancing the economic risks of rapid
abatement now (that premature capital stock retirement will later
be proved unnecessary) against the corresponding risk of delay
(that more rapid reduction will then be required, necessitating
premature retirement of future capital stock).’ Capital stock is
therefore a central consideration.
The time scales of stock turnover vary enormously between
different economic sectors, but appear to be very long for most
greenhouse-gas emitting sectors. Typical investment time scales
are several decades for forestry, coal mining and transporting
IDFLOLWLHVRLO JDVSURGXFWLRQUH¿QHULHVDQGSRZHUJHQHUDWLRQ
On the demand side, observed time scales for typical industrial
stock using energy are estimated to range from decades to a
century (Worrell and Biermans, 2005; see Table 11.17). The time
scales for other end-use infrastructure (e.g. processes, building
stock, roads and rail) may be even longer, though components
(such as heaters, cars) may have considerably faster turnover.
However, Lempert et al. (2002) caution against overly
simplistic interpretations of nameplate lifetimes, emphasizing
WKDWWKH\µDUHQRWVLJQL¿FDQWGULYHUV>RIUHWLUHPHQWGHFLVLRQV@LQ
the absence of policy or market incentives’ and that ‘capital has
QR¿[HGF\FOH¶7KLVFDQEHFUXFLDOWRUDWHVRIGHFDUERQL]DWLRQ
A study of the US paper industry found that ‘an increase in
the rate of capital turnover is the most important factor in
SHUPDQHQWO\ FKDQJLQJ FDUERQ HPLVVLRQ SUR¿OHV DQG HQHUJ\
HI¿FLHQF\¶ 'DYLGVGRWWLUDQG5XWK 6LPLODUO\HPLVVLRQ
reductions in the UK power sector were largely driven by the
UHWLUHPHQWRIROGLQHI¿FLHQWFRDOSODQWGXULQJWKHVWKURXJK
sulphur regulations which meant plant owners were faced with
WKHFKRLFHRIHLWKHUUHWUR¿WWLQJVWRFNRUUHWLULQJLW (\UH 

20 Their four general lessons are: (i) Technology innovation is a complex process involving invention, development, adoption, learning and diffusion; (ii) Gains from new technologies
are realized only with widespread adoption, a process that takes considerable time and typically depends on a lengthy sequence of incremental improvements that enhance
performance and reduce costs; (iii) Technology learning is the essential step that paces adoption and diffusion; (iv) Technology innovation is a highly uncertain process.
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Such micro-level ‘tipping points’ at which investment decisions
need to be taken may offer ongoing opportunities for lower cost
abatement.
Energy system inertia provides another dimension to the
time scales involved. It has taken at least 50 years for each
major energy source to move from 1% penetration to a major
position in global supplies. Such long time scales – and the even
longer periods associated with interactions between systems
– imply that, for stabilization, higher inertia brings forward the
date at which abatement must begin to start meeting any given
constraint, and lowers the subsequent emissions trajectory (HaDuong et al., 1997). In the context of stabilization at 550 ppm
CO2, van Vuuren et al. (2004) and Schwoon and Tol (2006)
demonstrate that higher inertia in the energy system brings
forward mitigation.21
However, beyond a certain point, inertia can also dramatically
increase the cost of stabilization, particularly when infrastructure
constraints are likely to limit the growth of new industries more
than established ones. Manne & Richels (2004) illustrate that if
global total contributions from new (renewable) power sources
are limited to 1% by 2010 and treble each decade thereafter, the
world has little choice other than to continue expanding carbonintensive power systems out to around 2030. This feature appears
WRGULYHWKHLU¿QGLQJRIKLJKFRVWVIRUSSP&22 stabilization,
since much of this stock then has to be retired in subsequent
decades to meet the constraint. This pattern contrasts sharply
with some other studies, such the MIT study (McFarland et al.,
 WKDWVWDWHVDQRSSRVLQJWLPHSUR¿OHEDVHGSDUWO\XSRQWKH
rapid deployment of natural gas plant, including CCS. Crassous
et al.  DOVR¿QGKLJKFRVWVE\DVVXPLQJWKDWORQJOLYHG
infrastructure construction continues without foresight over the
century. If low-carbon transport technologies do not become
available quickly enough, the economy is squeezed as carbon
controls tighten. They also show that the early adoption of
appropriate infrastructure avoids this squeeze and allows lower
costs for carbon control. Drawing partly on more sociological
literature, and the systems innovation literature (Unruh, 2002),
tends to support a view that we are now ‘locked in’ to carbonintensive systems, with profound implications: ‘Carbon lock-in
arises through technological, organizational, social and institutional
FRHYROXWLRQGXHWRWKHVHOIUHIHUHQWLDOQDWXUHRI>WKLVSURFHVV@
escape conditions are unlikely to be generated internally.’
Lock-in is less of a problem for new investment in rapidly
developing countries where the CDM is currently the principal
economic incentive to decarbonize new investments. The
Shrestha (2004) study cited above illustrates how the structure
of power sectors could be radically different depending upon
WKHYDOXHRI&HUWL¿HG(PLVVLRQ5HGXFWLRQ &(5 XQLWV7KHLU
¿QGLQJ WKDW DQ HIIHFWLYH &(5 SULFH RI  86W&22 from
2006 onwards could drive a radical switch of investment from
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new coal plants and primarily to natural gas and renewables
in the three Asian countries studied would not only represent
a large saving in CO2 emission, but a totally different capital
endowment that would sustain far lower emission trajectories
after 2030. Again, this supports the conclusion that carbon
prices of this order play a very important role, with their
potential to forestall the construction of carbon-intensive stock
in developing countries. Diverse policies that deter investment
in long-lived carbon-intensive infrastructure and reward lowcarbon investment may maintain options for low stabilization
levels in Category I and II at lower costs.
At a global scale, van Vuuren et al. (2004) present a systematic
VHW RI UHVXOWV VKRZLQJ WKH HIIHFWV RI GLIIHUHQW WLPH SUR¿OHV IRU
carbon prices in studies that combine the representation of inertia
and induced innovation. A carbon price that rises linearly to 82
US$/tCO2 by 2030 reduces emissions by 40% by 2030 if the
tax is introduced in 2020 and raised sharply, but by 55% if it is
introduced in 2000 and increased more slowly. Van Vuuren et al.
do not describe the impact on subsequent trajectories, but clearly
the capital stock endowment differs substantially. Moreover,
Lecocq et al. (1998) demonstrate that, in the face of uncertainty, an
HI¿FLHQWDSSURDFKPD\LQFOXGHJUHDWHUHIIRUWGLUHFWHGDWUHGXFLQJ
investment in longer-lived carbon intensive infrastructure, over
and above the incentives of any uniform carbon price.
Chapter 3 (Section 3.6) emphasizes the importance of
‘hedging’ strategies based upon sequential ‘act-then-learn’
decision-making. Mitigation over the next couple of decades
that would be consistent with enabling stabilization at lower
levels (Categories I, II or III) does not irrevocably commit
the world to such levels. The major numerical addition to the
literature in this vein appears to be that of Mori (2006). Using
the MARIA model, he analyses optimal strategies to limit the
global temperature increase to 2.5 ºC given uncertainty about
climate sensitivity in the range of 1.5-4.5 ºC per doubling of
CO2-equivalent. When there is no uncertainty, only the aboveDYHUDJH VHQVLWLYLWLHV UHTXLUH VLJQL¿FDQW PLWLJDWLRQ LQ WKH QH[W
few decades. In the context of uncertainty, however, the optimal
strategy is to keep global emissions relatively constant at present
levels until the uncertainty is resolved, after which they may
ULVHRUGHFOLQHGHSHQGLQJXSRQWKH¿QGLQJV
11.6.6 Investment and incentive stability
The longevity of capital stock, projections of rapidly growing
global emissions under ‘business-as-usual’, and the importance
of industrial scale and learning in low-carbon technology
industries all illustrate the central role of investment in relation
to the climate change problem. As discussed in Chapter 4, the
IEA (2004) estimates that about US$20 trillion will be invested
in energy supplies up to 2030, half to two-thirds of which is
associated with power generation.

21 Speciﬁcally, van Vuuren et al. (2004, p. 599) state that including inertia ‘results in a 10% reduction of global emissions after 5 years and 35% reduction after 30 years’.
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Several major studies shed light upon the investment
implications of low-carbon scenarios over the next few
GHFDGHV7KH:RUOG%DQN  HVWLPDWHVWKDWWRµVLJQL¿FDQWO\
de-carbonize power production’ would require incremental
investments of ‘up to’ US $40bn per year globally, of which about
US$30bn per year would be in non-OECD countries. However,
in a comprehensive scenario, this would be offset by the reduced
investment requirements resulting from improved end-use
HI¿FLHQF\7KH,($:(2 E µDOWHUQDWLYHSROLF\VFHQDULR¶
estimates that an increased investment of US$2.4 trillion in
LPSURYHGHI¿FLHQF\ZRXOGEHPRUHWKDQRIIVHWE\86WULOOLRQ
savings in supply investments. The more aggressive IEA ‘Map’
scenario (IEA, 2006a), that returns emissions to 2005 levels by
2050 (and is consistent with trajectories towards stabilization
between 550 and 650 ppm CO2HT DVGLVFXVVHGDERYHUHÀHFWV
greater impact as a result of switching investment from more
to less carbon-intensive paths. Investments across renewables,
nuclear and CCS are projected of US$7.9 trillion, US$4.5 trillion
of which is offset directly by the reduced investment required
in fossil-fuel power plants. Most of the rest is offset by the
reduced need for transmission and distribution investment and
IXHOVDYLQJVDULVLQJIURPLQFUHDVHGHQHUJ\HI¿FLHQF\7KHQHW
additional cost for the Map scenario out to 2050 is only US$100
billion, about 0.5% of total projected sector investments.
Because the net cost estimates arise from balancing supply
and demand, there is considerable uncertainty. The World Bank
¿JXUH IRU LQFUHPHQWDO ORZFDUERQ SRZHU JHQHUDWLRQ FRVWV
for example, is much higher, at close to 10% of projected
total investment costs, but does not fully offset these against
HQGXVH VDYLQJV RU FREHQH¿WV ,W LV FOHDU WKDW ORZFDUERQ
paths consistent with the IEA Map result of returning global
CO2 emissions to present levels involve a large redirection of
investment, but the net additional cost based on this limited set
of studies is likely to be less than 5–10% of the total investment
requirements, and may be negligible. The studies collectively
emphasize that the choice of path over the next few decades
will have profound implications for the structure of capital
stock, and its carbon intensity, well into the second half of this
century and even beyond.
Much of this investment will come from the private sector.
However, the associated literature emphasizes that current
signals are inadequate and that the effectiveness of carbon pricing
depends critically upon its credibility and predictability. For
example, the perceived uncertainty with respect to the EU ETS
after 2012 deters companies from investing on the basis of price.
The credit agency Standard and Poor’s (2005) state that ‘this
uncertainty has and will result in delays to investment decisions’.
Sullivan and Blyth (2006) analyse the economics of investment
in conditions of uncertainty and concur that the perceived
uncertainties make it optimal for companies to defer investment
and to keep old power plants running instead. This could even
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increase emissions. Consequently, the ‘electricity or carbon
prices required to stimulate investment in low-carbon technology
may be higher than expected...’ due to the uncertainties. This
underlines the present gap between the modelling abstraction of
perfect foresight, and the real-world uncertainties. The costs of
mitigation will be reduced only to the extent that governments
can make clear and credible commitments about future carbon
FRQWUROV WKDW DUH VXI¿FLHQW IRU WKH SULYDWH VHFWRU WR VHH DV
‘bankable’ in project investment appraisals.
11.6.7 Some generic features of long-term national
studies
Finally, the rapidly growing number of national goals
and strategies oriented towards securing ambitious CO2
reduction goals, typically by 60–80% below present levels in
industrialized countries, are relevant to the understanding of
ORZFDUERQ WUDQVLWLRQV IRU WKH ¿UVW KDOI RI WKLV FHQWXU\ 6RPH
TXDQWLWDWLYH¿QGLQJVIURPVRPHORQJWHUPQDWLRQDOPRGHOOLQJ
studies have been summarized in Chapter 3, and some shorterterm studies earlier in this chapter.22 Additional studies of
long-term mitigation in developing countries are beginning
to emerge (e.g. Jiang and Hu, 2006; Shukla et al., 2006).
The range and number of national analyses, scenarios and
strategies devoted to mitigation targets is beyond the scope
of this section but, in general, they suggest that there are
a number of common ‘high-level’ features that underpin
some main messages of the academic literature in terms of
the need for a combination of:
v innovation-related action on all fronts, both R&D and
market-based learning-by-doing stimulated by a variety of
instruments;
v measures that establish a long-term, stable and predictable
price for carbon to encourage lower carbon investment,
particularly but not exclusively in power sector
investments;
v measures that span the range of non-CO2 gases so as to
capture the ‘low-hanging fruit’ across the economy;
v measures relating to long-lived capital stock, especially
buildings and energy infrastructure;
v institution- and option-building including considerations
relating both to system structures, and policy experimentation
with review processes to learn which are the most effective
DQGHI¿FLHQWSROLFLHVLQGHOLYHULQJVXFKUDGLFDOORQJWHUP
changes as knowledge about climate impacts accumulates.

11.7

International spillover effects

11.7.1 The nature and importance of spillover
Spillover effects of mitigation in a cross-sectoral perspective
are the effects that mitigation policies and measures in

22 In addition to some of the speciﬁc economy-modelling studies referred to in preceding sections as indicated, strategic national studies written up in the academic literature include
the Dutch COOL project (Treffers et al., 2005), and analysis for long-term targets in the UK (Johnston et al., 2005) and Japan (Masui et al, 2006).
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one country or group of countries have on sectors in other
countries. (Inter-generational consequences, which are the
effects of actions taken by the present generation on future
generations, are covered in Chapter 2.) Spillover effects are
an important element in the evaluation of environmental
policies in economies globally linked through trade, foreign
direct investment, technology transfer and information.
'XHWRVSLOORYHUHIIHFWVLWLVGLI¿FXOWWRGHWHUPLQHSUHFLVHO\
the net mitigation potential for sectors and regions, and
the effects of policies. An added complication is that the
effects may be displaced over time. The measurement of the
effects is also complex because effects are often indirect and
secondary, although they can also accumulate to make local
or regional mitigation action either ineffective or the source
of global transformation. Much of the literature recognizes
the existence of spillover effects. However, uncertainty and
disagreement about time scale, cost, technology development,
modelling approaches, policy and investment pathways lead
to uncertainty about their extent and therefore the overall
mitigation potentials.
The same spillover effect will be seen differently depending
on the point of view adopted. Multiple differences between
regions and nations imply differing, and perhaps contradictory
views, about mitigation policies and their implementation. These
differences emanate from the diverse and sometimes distinct
natural endowments and social structures of those regions, as
ZHOODVGLIIHUHQFHVLQWKH¿QDQFLDODELOLW\WRFRSHZLWKWKHFRVWV
that may be incurred as a result of the implementation of these
policies. Methodologies that are developed for market-based
industrialized economies may not be completely relevant for
the economies of developing countries.
Some researchers who use general-equilibrium models
(e.g. Babiker, 2005) conclude that spillover will, given certain
assumptions, render mitigation action ineffective or worse if it
LVFRQ¿QHGWR$QQH[,FRXQWULHV2WKHUUHVHDUFKHUV HJ*UXEE
et al., 2002a; Sijm et al., 2004) argue that spillovers from
Annex I action, implemented via induced technological change,
could have substantial effects on sustainable development,
with emission intensities from developing countries being a
fraction of what they would be otherwise. ‘However, no
global models yet exist that could credibly quantify directly
the process of global diffusion of induced technological
change.’ (Grubb et al., 2002b, p.303). It is important to emphasize the uncertainties in estimating spillover effects, as well
as uncertainties in estimating potential mitigation costs and
EHQH¿WV,QWKHPRGHOOLQJRIVSLOORYHUVWKURXJKLQWHUQDWLRQDO
trade, researchers rely on different approaches (bottom-up
or top-down, for example), different assumptions (perfect/
imperfect or ‘Armington’ substitution) and estimates of
parameters when signs and magnitudes are disputed.
Many of the models used to estimate the costs of mitigation
focus on substitution effects and set aside information, policy
and political spillovers, as well as the induced development
and diffusion of technologies.
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11.7.2 Carbon leakage
&DUERQOHDNDJHLVGH¿QHGDVWKHLQFUHDVHLQ&22 emissions
outside the countries taking domestic mitigation action divided
by the reduction in the emissions of these countries. It has been
demonstrated that an increase in local fossil fuel prices resulting,
for example, from mitigation policies may lead to the reallocation of production to regions with less stringent mitigation
rules (or with no rules at all), leading to higher emissions in
those regions and therefore to carbon leakage. Furthermore, a
decrease in global fossil fuel demand and resulting lower fossil
fuel prices may lead to increased fossil fuel consumption in nonmitigating countries and therefore to carbon leakage as well.
However, the investment climate in many developing countries
may be such that they are not ready yet to take advantage of
such leakage. Different emission constraints in different regions
PD\DOVRDIIHFWWKHWHFKQRORJ\FKRLFHDQGHPLVVLRQSUR¿OHVLQ
regions with fewer or no constraints because of the spillover of
learning (this is discussed in Section 11.7.6).
Since the TAR, the literature has extended earlier-equilibrium
analysis to include effects of trade liberalization and increasing
returns in energy-intensive industries. A new empirical literature
has also developed. The literature on carbon leakage since the
TAR has introduced a new dimension to the analysis of the
subject: the potential carbon leakage from projects intended for
developing countries to help them reduce carbon emissions. One
example is Gundimeda (2004) in the case of India (discussed in
Section 11.7.3 below).
11.7.2.1

Equilibrium modelling of carbon leakage from
the Kyoto Protocol

Paltsev (2001) uses a static global-equilibrium model
GTAP-EG to analyse the effects of the Kyoto Protocol. He
reports a leakage rate of 10.5%, with an uncertainty range of
5–15% covering different assumptions about aggregation,
trade elasticities and capital mobility, but his main purpose is
to trace back non-Annex B increases in CO2 to their sources
in the regions and sectors of Annex B. The chemicals and iron
and steel sectors make the highest contributions (20% and 16%
respectively), with the EU being the largest regional source
(41% of total leakage). The highest bilateral leakage is from the
EU to China (over 10% of the total). Kuik and Gerlagh (2003)
use a similar GTAP-E model and conclude that, for Annex I
Kyoto-style action, the main reason for leakage is the reduction
in world energy prices, rather than substitution within Annex I.
7KH\¿QGWKDWWKHFHQWUDOHVWLPDWHRIOHDNDJHLVVHQVLWLYH
to assumptions about trade-substitution elasticities and fossilfuel supply elasticities and to lower import tariffs under the
Uruguay Round, and they state a range of 6% to 17% leakage.
In a more recent study, Babiker (2005), using a model with
different assumptions about production and competition in
the energy-intensive sector, reports a range of global leakage
rates between 25% and 130%, depending on the assumptions
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adopted. The main reasons for the higher estimates are the inclusion
of increasing returns to scale, strategic behaviour in the energyintensive industry and the assumption of homogeneous products.
Rates above 100% would imply that mitigation action in one region
leads to more global GHG emissions rather than less.
However, other studies point to real world conditions that
PDNHWKHVHRXWFRPHVXQOLNHO\6LJQL¿FDQWFDUERQOHDNDJHDULVHV
when internationally tradeable energy-intensive production
moves abroad to non-abating regions. This is frequently referred
to as a competitiveness concern. In industrialized countries,
these sectors account for 15–20% of CO2 emissions (IEA,
 5HVXOWVZLWKKLJKOHDNDJHWKHUHIRUHUHÀHFWFRQGLWLRQVLQ
which countries implement policies that lead to most emission
savings being obtained by industrial relocation (to areas of
ORZHUFRVWDQGLQVRPHFDVHVOHVVHI¿FLHQWSURGXFWLRQ UDWKHU
than in the less mobile sectors (such as power generation,
domestic, services etc). In practice, most countries have tended
to adjust policies to avoid any such outcome (for example
through derogation, exemption or protection for such sectors).
Sijm et al. (2004) provide a literature review and an assessment
of the potential effects of Annex I mitigation associated with the
EU emissions trading scheme (ETS) for carbon leakage, and
especially in developing countries. Technological spillovers
discussed in this paper are considered in section 11.7.6
below. In the empirical analysis of effects in energy-intensive
industries, the modelling studies reporting high leakage rates
look at many other factors in addition to price competitiveness.
They conclude that, in practice, carbon leakage is unlikely to
be substantial because transport costs, local market conditions,
product variety and incomplete information all favour local
production. They argue that a simple indicator of carbon
OHDNDJH LV LQVXI¿FLHQW IRU SROLF\PDNLQJ 6]DER et al. (2006)
report production leakage estimates of 29% by 2010 for cement
given an EU ETS allowance price of about 50 US$/tCO2 and
a detailed model of the global industry. Leakage rates rise with
the allowance price. More generally, Reinaud (2005) surveys
estimates of leakage for energy-intensive industries (steel,
cement, newsprint and aluminium) assuming the EU ETS. She
comes to a similar conclusion to Sijm et al.  DQG¿QGV
that, with the free allocation of CO2 allowances, ‘any leakage
would be considerably lower than previously projected, at least
in the near term.’ (p. 10). However, ‘the ambiguous results of
the empirical studies in both positive and negative spillovers
ZDUUDQWIXUWKHUUHVHDUFKLQWKLV¿HOG¶ S 
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poor. It concludes that, for CDM to be sustainable and to result
in sustainable development for local people, three important
criteria must be met: (1) in sequestration projects, local use of
IRUHVWU\ DV¿UHZRRGIRUH[DPSOH VKRXOGDOVREHDQLQWHJUDO
part of the project (2) management of the common lands by the
rural poor through proper design of the rules for the sustenance
of user groups; and (3) ensuring that the maximum revenue from
carbon sequestration is channelled to the rural poor. ‘Otherwise
&'0ZRXOGMXVWUHVXOWLQHLWKHU>FDUERQ@OHDNDJH>HJWKURXJK
XQSODQQHG XVH RI IRUHVWU\ IRU ¿UHZRRG@  RU KDYH QHJDWLYH
welfare implications for the poor’ (p. 329).
Kemfert (2002) considers the spillover and competitiveness
effects of the Kyoto mechanisms used separately (CDM, CDM
with sinks, joint implementation (JI) and emissions trading (ET))
using a general-equilibrium model – WIAGEM – with Kyotostyle action (including the USA) continuing until 2050. The
study shows the full welfare effect (% difference from business
as usual) in 2050, broken down into the effects of domestic
action, competitiveness and spillovers. It is notable that the
mechanisms have a very small impact on welfare. At most, as
an outlier, there is a 0.7% increase for countries in transition
(REC) for emissions trading and a 0.1% decrease for the EU15 for joint implementation. The CDM is found to improve
welfare most in developing countries. However, the model does
not include induced technological change or environmental coEHQH¿WVDQGLWDVVXPHVIXOOHPSOR\PHQWLQDOOFRXQWULHV,IWKH
CDM is assumed to result in more technological development,
a more productive use of labour or an improvement in air or
water quality, then the environmental and welfare effects in
non-Annex I countries will be much larger than those reported.
Böhringer and Rutherford (2004) use a CGE model to
assess the implications of UNFCCC articles 4.8 and 4.9 dealing
with compensation. They conclude that ‘spillover effects are
an important consequence of multilateral carbon abatement
policies. Emission mitigation by individual developed regions
PD\QRWRQO\VLJQL¿FDQWO\DIIHFWGHYHORSPHQWDQGSHUIRUPDQFH
in non-abating developing countries, but may also cause large
changes in the economic costs of emission abatement for other
industrialized nations.’ They estimate that the US should pay
OPEC and Mexico estimated compensation of 0.7 billion US$
annually to offset the adverse impacts on these regions and that
the EU should pay the same amount to the US to account for
the positive spillover.

11.7.3 Spillover impact on sustainable development
via the Kyoto mechanisms and compensation

11.7.4 Impact of mitigation action on
competitiveness (trade, investment, labour,
sector structure)

The Kyoto mechanisms may also result in spillover effects
that offset their additionality. Gundimeda (2004) considers
how the clean development mechanism (CDM) might work
in India. (The CDM is considered in detail in Chapter 13.)
The paper examines the effects of CDM projects involving
land-use change and forestry on the livelihoods of the rural

The international competitiveness of economies and sectors
is affected by mitigation action (see surveys by Boltho (1996),
Adams (1997) and Barker and Köhler (1998)). In the long
run, exchange rates change to compensate for a persistent
loss of national competitiveness, but this is a general effect
and particular sectors can become more or less competitive.
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In the short run, the higher costs of fossil fuels lead to a loss in
sectoral price competitiveness, especially in energy-intensive
industries. The effects of domestic mitigation action on a
region’s international competitiveness are broken down by the
literature into the effects on price and non-price competitiveness.
This section covers price competitiveness, while technological
spillover effects are discussed in Section 11.7.6 below.
,Q JHQHUDO HQHUJ\ HI¿FLHQF\ SROLFLHV LQWHQGHG IRU *+*
mitigation will tend to improve competitiveness (see Section
11.6.3 above). Zhang and Baranzini (2004) have reviewed
empirical studies on the effects of Annex 1 action on
international competitiveness. They conclude that ‘empirical
studies on existing carbon/energy taxes seem to indicate that
FRPSHWLWLYHORVVHVDUHQRWVLJQL¿FDQW¶7KH\WKHUHIRUHVXSSRUW
the conclusions of the TAR, namely that ‘reported effects on
LQWHUQDWLRQDOFRPSHWLWLYHQHVVDUHYHU\VPDOODQGWKDWDWWKH¿UP
and sector level, given well-designed policies, there will not be
DVLJQL¿FDQWORVVRIFRPSHWLWLYHQHVVIURPWD[EDVHGSROLFLHVWR
achieve targets similar to those of the Kyoto Protocol.’ (p.589).
Baron and ECONEnergy (1997) looked at carbon prices similar
to those expected to be necessary to implement the Kyoto
Protocol (see 11.4.3.3). They report a static analysis of the cost
increases from a tax of 27 US$/tCO2 on four energy-intensive
sectors in 9 OECD economies (iron and steel, other metals,
paper and pulp, and chemicals). Average cost increases are
very low – less than about 3% for most country sectors studied
– with higher cost increases in Canada (all 4 sectors), Australia
(both metal sectors) and Belgium (iron and steel).
However, action by Annex I governments (the EU, Denmark,
Norway, Sweden, UK) have generally exempted or provided
special treatment for energy-intensive industries. Babiker
et al. (2003) suggest that this is a potentially expensive way
of maintaining competitiveness, and recommend a tax and
subsidy scheme instead. One reason for such exemptions being
expensive is that, for a given target, non-exempt sectors require
a higher tax rate, with mitigation at higher cost.
The impact of mitigation policies on trade within a region
and between regions as a result of spillover is linked through
FDSLWDOÀRZVIURPRQHFRXQWU\WRDQRWKHU ZLWKLQDUHJLRQ RU
IURP RQH UHJLRQ WR DQRWKHU DV LQGLYLGXDO LQYHVWRUV DQG ¿UPV
look for a higher rate of return on their investments which are
considered by the receiving countries to be Foreign Direct
,QYHVWPHQW )',  'LIIHUHQW PDUNHW UHJXODWLRQV DQG WKH ÀRZ
RI JRRGV DQG VHUYLFHV DUH LQÀXHQFHG E\ PLWLJDWLRQ SROLFLHV
and the resulting spillover make ‘measuring the welfare cost
RI FOLPDWH FKDQJH SROLFLHV D UHDO FKDOOHQJH UDLVLQJ GLI¿FXOW
LVVXHVRIPLFURDQGPDFURHFRQRPLFVFRVWEHQH¿WDQDO\VLVRQ
the one hand, foreign trade and international specialization on
the second hand’ (Bernard and Vielle, 2003). Partly for these
reasons, the literature is sparse and the effects of different
mitigation policies on FDI, trade, investment and labour market
development within and between regions and any spillover
effects are important areas for further research.
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11.7.5 Effect of mitigation on energy prices
As discussed in 11.7.2, perhaps one of the most important ways
in which spillovers from mitigation action in one region affect
the others is through their effect on world energy prices. When
a region reduces its fossil fuel demand as a result of mitigation
policy, it will reduce the world demand for that commodity
and so put downward pressure on the prices. Depending on
responses from producers of fossil fuels, oil, gas or coal prices
may fall, leading to losses of revenue for the producers, and
lower import costs for the consumers. Demand for alternative,
low-carbon fuels may increase. Three distinct spillover effects
KDYHEHHQLGHQWL¿HGIRUQRQPLWLJDWLQJFRXQWULHV)LUVWLQFRPH
for producers of fossil fuels will decline as the quantity sold
is reduced, causing welfare losses and unemployment along
with associated problems. Second, consuming nations will face
lower prices for imported energy and may reduce subsidies
or allow domestic energy prices to fall so that they tend to
consume more, leading to carbon leakage as discussed above.
Third, those non-mitigating countries producing low-carbon or
alternative fuels will see an increase in demand and prices, with
potentially positive effects on the markets for bioenergy.
11.7.5.1

Effects of Annex I action reported in the TAR

The TAR reviewed studies (based on CGE models with no
induced technological change) of Annex I action in the form of
a carbon tax or emissions trading schemes. The TAR (pp. 541–
6) reported that, for abatement in Annex I, ‘it was universally
found that most non-Annex I economies that suffered welfare
losses under uniform independent abatement suffered smaller
welfare losses under emission trading’ (p. 542). The magnitude
of these losses is reduced under the less stringent Kyoto targets
compared to assumptions about more stringent targets in preKyoto studies. Some non-Annex I regions that would experience
a welfare loss under the more stringent targets experience a mild
welfare gain under the less stringent Kyoto targets. Similarities
LQUHJLRQVLGHQWL¿HGDVJDLQHUVDQGORVHUVZHUHTXLWHPDUNHG
Oil-importing countries relying on exports of energy-intensive
goods are gainers. Economies that rely on oil exports experience
losses, with no clear-cut results for other countries.
The TAR considered the effect of OPEC acting as a cartel
(pp. 543-4) and concludes that any OPEC response will have
a modest effect on the loss of wealth to oil producers and
the level on emission permit prices in mitigating regions.
Analyses pertaining to the group of oil-exporting non-Annex
I countries report costs differently, and the costs include, inter
alia, reductions in projected oil revenues. Emissions trading
reallocates mitigation to lower-cost options. The study reporting
the lowest costs shows reductions of 0.2% of projected GDP
with no emissions trading and less than 0.05% of projected GDP
with Annex B emissions trading in 2010. The study reporting
the highest costs shows a reduction of 25% in projected oil
revenues with no emissions trading, and 13% in projected oil
revenues with Annex B emissions trading in 2010. These studies
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did not consider policies and measures, other than Annex B
emissions trading, that could lessen the impact on non-Annex I,
oil-exporting countries, and therefore tend to overstate both the
costs to these countries and overall costs. The effects on these
countries can be further reduced by the removal of subsidies
for fossil fuels, energy tax restructuring according to carbon
FRQWHQWWKHLQFUHDVHGXVHRIQDWXUDOJDVDQGGLYHUVL¿FDWLRQRI
the economies of non-Annex I, oil-exporting countries (IPCC,
2001, p. 60).
11.7.5.2

Effect of mitigation on oil prices and oil
exporters’ revenues

The literature has hardly advanced since the TAR. GHG
mitigation is expected to reduce oil prices, but the regional effects
on GDP and welfare are mixed. Some studies point to gains by
Annex I countries and losses to the developing countries, while
others note losses in both of varying magnitudes, depending
on different assumptions in the models. Studies that consider
welfare gains/losses and international trade in Annex I countries
also lead to mixed results, even if subsidies plus incentives and
DQFLOODU\EHQH¿WVDUHWDNHQLQWRDFFRXQW %HUQVWHLQet al., 1999;
Pershing, 2000; Barnett et al., 2004).
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Awerbuch and Sauter (2006) assess the effect of a 10%
increase in the share of renewables in global electricity
generation (which would reduce CO2 by about 3% by 2030,
compared with 16% in the IEA scenario). They suggest that
the global oil price reduction would be in the range of 3 to
10%, with world GDP gains of 0.2 to 0.6%. Once again, the
substantial increase expected in oil exporters’ revenues would
EHUHGXFHGDOWKRXJKRLOLPSRUWLQJFRXQWULHVZRXOGEHQH¿W
Nearly all modelling studies that have been reviewed show
more pronounced adverse effects on countries with high shares
of oil output in GDP than on most of the Annex I countries
taking the abatement measures.
11.7.6 Technological spillover
Mitigation action may lead to more advances in mitigation
technologies. Transfer of these technologies, typically from
industrialized nations to developing countries, is another
avenue for spillover effects. However, as discussed in Chapter
2, effective transfer implies that developing countries have an
active role in both the development and the adaptation of the
WHFKQRORJLHV 7KH WUDQVIHU DOVR LPSOLHV FKDQJHV LQ ÀRZV RI
capital, production and trade between regions.

The highest modelling costs for implementing the Kyoto
Protocol quoted by Barnett et al. (2004) for action in all Annex
I countries are for OPEC: a 13% loss of oil revenues in the
GCubed model (IPCC, 2001, p. 572). The scenarios underlying
these costs assume Annex B action, including the USA and
Australia, with a CO2 tax but no allowances for non-CO2 gases,
VLQNVWDUJHWHGUHF\FOLQJRIUHYHQXHVRUDQFLOODU\EHQH¿WV7KH
outcome for OPEC is that its share of the world oil market falls
compared to baseline projections. The authors argue that these
costs will be lower following the Marrakech Accord; they are
also lower because the US and Australia are not part of the
Kyoto process, so the extent of mitigation action will be less
than that modelled. All model estimates reviewed by Barnett et
al. show that OPEC countries will see an increase in demand
for oil but that this increase will be slowed by mitigation efforts
following the Kyoto Protocol.

Sijm et al. (2004) assess the spillover effects of technological
change. They divide the literature into two groups, depending
on their ‘top-down’ or ‘bottom-up’ approach to modelling. (See
the discussion on the topic in Section 11.3 above.) Most topdown modelling studies omit the effect or show it playing a
PLQRUUROH7KHDXWKRUVDUJXHWKDWWKHSRWHQWLDOEHQH¿FLDOHIIHFW
of technology transfer to developing countries arising from
technological development brought about by Annex I action
may be substantial for energy-intensive industries, but has so
IDUQRWEHHQTXDQWL¿HGLQDUHOLDEOHPDQQHUµ(YHQLQDZRUOGRI
pricing CO2 emissions, there is a good chance that net spillover
effects are positive given the unexploited no-regret potentials
and the technology and know-how transfer by foreign trade and
educational impulses from Annex I countries to Non-Annex I
countries.’ (p. 179).

The use of OPEC market power could reduce negative
effects, but this is uncertain (Barnett et al., 2004, p. 2085).
OPEC’s World Energy Model assumes that OPEC production
remains at baseline levels in the scenarios. This results in excess
market supplies, since oil demand will be reduced. This leads to
an estimate of OPEC losses of 63 billion US$ a year or about
10% of GDP, compared with 2% if supply is restricted in line
with demand. Another scenario estimates the effect of an oilprice protection strategy, assuming that all major oil-producing
countries in non-Annex B and in the former Soviet Union act
together with OPEC. The conclusion is that OPEC losses would
be substantially reduced. Another interesting feature of these
results is that the losses as a percentage of 1999 GDP vary
substantially across economies: from between 3.3% for Qatar
to 0.07% for Indonesia by 2010.

However, results from bottom-up and top-down models are
VWURQJO\ LQÀXHQFHG E\ DVVXPSWLRQV DQG GDWD WUDQVIRUPDWLRQV
and that lead to high levels of uncertainty. ‘Innovation and
WHFKQLFDO SURJUHVV DUH RQO\ SRUWUD\HG VXSHU¿FLDOO\ LQ WKH
predominant environmental economic top-down models, and
that the assumption of perfect factor substitution does not
correctly mirror actual production conditions in many energyintensive production sectors. Bottom-up models, on the other
hand, neglect macroeconomic interdependencies between the
modelled sector and the general economy.’ (Lutz et al., 2005).
The effects of spillovers combined with learning-by-doing are
H[SORUHG VSHFL¿FDOO\ XVLQJ ERWWRPXS PRGHOV E\ %DUUHWR DQG
Kypreos (2002) using MARKAL, and by Barreto and Klaassen
  XVLQJ (5,6 7KH\ ¿QG WKDW RZLQJ WR WKH SUHVHQFH RI
spillovers, the imposition of emission constraints in the Annex
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I region may induce technological change and, hence, emission
reductions in the non-Annex I region even when the latter
region does not face emission constraints itself.
The existence of spillover effects also changes the theoretical
conclusions in the economics literature. In the pure competitionHTXLOLEULXPPRGHOWKHPRVWHI¿FLHQWSROLF\LVDQHTXDOUDWHRI
carbon tax for every sector and region. Rosendahl (2004) shows
WKDWIRUPD[LPXPHI¿FLHQF\ZLWKVSLOORYHUVDQGOHDUQLQJE\
doing, the carbon tax should be higher in those sectors and
regions with the highest potential for technological progress.
This is a general argument for stronger mitigation in those sectors
and countries where technological progress is most likely to be
accelerated by higher taxes on carbon use. In a game-theory
FRQWH[W ZLWK WKH VKDUHG EHQH¿WV RI 5 ' LPSURYLQJ HQHUJ\
HI¿FLHQFLHV.HPIHUW S ¿QGVWKDWµIXOOFRRSHUDWLRQ
RQFOLPDWHFRQWURODQGWHFKQRORJLFDOLPSURYHPHQWVEHQH¿WVDOO
nations in comparison to a unilateral strategy.’
Although the technologies for CO2 reduction in the electricity
sectors are accessible, their dissemination still faces some
challenges, especially in economies with low purchasing power
and educational levels (Kumar et al., 2003). An additional
issue is that technology sharing by the fossil-fuel energy
suppliers has been severely limited to date, probably due to the
industrial organization of coal, oil and gas production, which is
dominated by a few large private and state companies. Unlike,
for example, new IT technologies, which quickly become
industry standards, newly developed energy-related technology
providing a competitive advantage generally becomes available
to competitors slowly. However, modelling of the spillovers
and the evolution of technologies, as well as structural changes
in corporate management, require a better understanding of
knowledge production and the knowledge transfer process
ZLWKLQ DQG EHWZHHQ LQGXVWULHV DQG RI WKH UROH DQG HI¿FLHQF\
of transfer institutions such as universities, technology transfer
centres and consultancy companies (Haag and Liedl, 2001).

11.8

Synergies and trade-offs with
other policy areas

Anthropogenic GHG emissions are intricately linked to the
structure of consumption patterns and levels of activity, which
themselves are driven by a wide range of non-climate-related
policy interests. These include policies on air quality, public
health, energy security, poverty reduction, trade, FDI/investment
regimes, industrial development, agriculture, population, urban
DQGUXUDOGHYHORSPHQWWD[DWLRQDQG¿VFDOSROLFLHV7KHUHDUH
therefore common drivers behind policies addressing economic
development and poverty alleviation, employment, energy
security, and local environmental protection on the one hand,
and GHG mitigation on the other. Put another way, there are
multiple drivers for actions that reduce emissions, and they
SURGXFHPXOWLSOHEHQH¿WV

Potential synergies and trade-offs between measures directed
at non-climate objectives and GHG mitigation have been
addressed by an increasing number of studies. The literature
points out that, in most cases, climate mitigation is not the
goal, but rather an outgrowth of efforts driven by economic,
security, or local environmental concerns. The most promising
policy approaches, then, will be those that capitalize on natural
synergies between climate protection and development priorities
to advance both simultaneously. Policies directed towards other
environmental problems, such as air pollution, can often be
adapted at low or no cost to reduce greenhouse gas emissions
simultaneously. Such integration/policy coherence is especially
relevant for developing countries, where economic and social
development – not climate change mitigation – are the top
priorities (Chandler et al., 2002). Since the TAR, a wealth of
new literature has addressed potential synergies and trade-offs
between GHG mitigation and air pollution control, employment
and energy security concerns.
11.8.1 Interaction between GHG mitigation
and air pollution control
Many of the traditional air pollutants and GHGs have common
sources. Their emissions interact in the atmosphere and, separately
or jointly, they cause a variety of environmental effects at the
local, regional and global scales. Since the TAR, a wealth of new
literature has pointed out that capturing synergies and avoiding
trade-offs when addressing the two problems simultaneously
through a single set of technologies or policy measures offers
SRWHQWLDOO\ODUJHFRVWUHGXFWLRQVDQGDGGLWLRQDOEHQH¿WV
However, there are important differences at the temporal and
spatial scales between air pollution control and climate change
HIIHFWV %HQH¿WV IURP UHGXFHG DLU SROOXWLRQ DUH PRUH FHUWDLQ
they occur earlier, and closer to the places where measures are
taken, while climate impact is long-term and global. These
mismatches of scales are mirrored by a separation of the current
VFLHQWL¿F DQG SROLF\ IUDPHZRUNV WKDW DGGUHVV WKHVH SUREOHPV
(Swart et al., 2004; Rypdal et al., 2005).
6LQFHWKH7$5QXPHURXVVWXGLHVKDYHLGHQWL¿HGDYDULHW\
RI FREHQH¿WV RI JUHHQKRXVH JDV PLWLJDWLRQ RQ DLU SROOXWLRQ
for industrialized and developing countries. In many cases,
when measured using standard economic techniques, the health
DQG HQYLURQPHQWDO EHQH¿WV DGG XS WR VXEVWDQWLDO IUDFWLRQV RI
the direct mitigation costs. More recent studies have found
WKDWGHFDUERQL]DWLRQVWUDWHJLHVJHQHUDWHVLJQL¿FDQWGLUHFWFRVW
savings because of reduced air pollution costs, highlighting the
urgency of an integrated approach for greenhouse gas mitigation
and air pollution control strategies.
 &REHQH¿WVRIJUHHQKRXVHJDVPLWLJDWLRQRQDLU
pollution
A variety of analytical methods have been applied to identify
FREHQH¿WV RI JUHHQKRXVH JDV PLWLJDWLRQ DQG DLU SROOXWLRQ
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Some assessments are entirely bottom-up and static, and focus
on a single sector or sub-sector. Others include multi-sector or
economy-wide general-equilibrium effects, taking a combination
of bottom-up and top-down approaches. In addition, there are
numerous methodological distinctions between studies. There
are, for example, different baseline emission projections, air
quality modelling techniques, health impact assessments,
valuation methods, etc. These methodological differences,
together with the scarcity of data, are a major source of
XQFHUWDLQWLHV ZKHQ HVWLPDWLQJ FREHQH¿WV :KLOH WKH UHFHQW
OLWHUDWXUHSURYLGHVQHZLQVLJKWVLQWRLQGLYLGXDOFREHQH¿WV IRU
example in the areas of health, agriculture, ecosystems, cost
savings, etc.), it is still a challenge to derive a complete picture
RIWRWDOFREHQH¿WV
 &REHQH¿WVIRUKXPDQKHDOWK
(SLGHPLRORJLFDO VWXGLHV KDYH LGHQWL¿HG FRQVLVWHQW DVVR
ciations between human health (mortality and morbidity) and
H[SRVXUH WR ¿QH SDUWLFXODWH PDWWHU DQG JURXQGOHYHO R]RQH
both in industrialized and developing countries (WHO, 2003;
HEI, 2004). Because the burning of fossil fuels is linked to both
climate change and air pollution, lowering the amount of fuel
combusted will lead to lower carbon emissions as well as lower
health and environmental impacts from reduced emissions of
air pollutants and their precursors.
Since the TAR, an increasing number of studies have
demonstrated that carbon mitigation strategies result in
VLJQL¿FDQWEHQH¿WVQRWRQO\DVDUHVXOWRILPSURYHGDLUTXDOLW\
in cities, but also from reduced levels of regional air pollution.
7KHVHEHQH¿WVDIIHFWDODUJHUVKDUHRIWKHSRSXODWLRQDQGUHVXOW
from lower levels of secondary air pollutants. Although the
literature employs a variety of methodological approaches,
a consistent picture emerges from the studies conducted for
industrialized regions in Europe and North America, as well as
for developing countries in Latin America and Asia (see Table
11.18). Mitigation strategies aiming at moderate reductions of
carbon emissions in the next 10 to 20 years (typically involving
CO2 reductions between 10 to 20% compared to the businessas-usual baseline) also reduce SO2 emissions by 10 to 20%,
and NOx and PM emissions by 5 to 10%. The associated health
impacts are substantial. They depend, inter alia, on the level at
which air pollution emissions are controlled and how strongly
the source sector contributes to population exposure. Studies
calculate for Asian and Latin American countries several tens of
thousands of premature deaths that could be avoided annually
as a side-effect of moderate CO2 mitigation strategies (Wang
and Smith, 1999; Aunan et al., 2003; O’Connor et al., 2003;
Vennemo et al., 2006 for China; Bussolo and O’Connor, 2001
for India; Cifuentes et al., 2001a; Dessus and O’Connor, 2003;
McKinley et al., 2005 for Latin America). Studies for Europe
(Bye et al., 2002; van Vuuren et al., 2006), North America
(Caton and Constable, 2000; Burtraw et al., 2003) and Korea
(Han, 2001; Joh et al., 2003) reveal fewer, but nevertheless
VXEVWDQWLDO KHDOWK EHQH¿WV IURP PRGHUDWH &22 mitigation
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strategies, typically in the order of several thousand premature
deaths that could be avoided annually.
Several authors conducted an economic valuation of these
KHDOWK HIIHFWV LQ RUGHU WR DUULYH DW D PRQHWDU\ TXDQWL¿FDWLRQ
RI WKH EHQH¿WV ZKLFK FDQ WKHQ EH GLUHFWO\ FRPSDUHG ZLWK
PLWLJDWLRQ FRVWV :KLOH WKH PRQHWL]DWLRQ RI KHDOWK EHQH¿WV
remains controversial, especially with respect to the monetary
value attributed to mortality risks in an international context,
FDOFXODWHG EHQH¿WV UDQJH IURP  86W&22 (Burtraw et al.,
2003; Joh et al., 2003) up to a hundred or more US$/tCO2 (Han,
2001; Aunan et al., 2004; Morgenstern et al., 2004). This wide
range is partially explained by differences in methodological
approaches. The lower estimates emerge from studies that
consider health impacts from only one air pollutant (such as SO2
or NOx), while the higher estimates cover multiple pollutants,
LQFOXGLQJ¿QHSDUWLFXODWHPDWWHUZKLFKKDVEHHQUHFHQWO\VKRZQ
to have the greatest impact. Differences in mortality evaluation
methods and results also constitute a substantial source of
discrepancy in the estimated value of health impact as well.
7KH EHQH¿WV DOVR ODUJHO\ GHSHQG RQ WKH VRXUFH VHFWRU LQ
which the mitigation measure is implemented. Decarbonization
strategies that reduce fossil fuel consumption in sectors with a
strong impact on population exposure (such as domestic stoves
for heating and cooking, especially in developing countries) can
W\SLFDOO\UHVXOWLQKHDOWKEHQH¿WVWKDWDUHWLPHVJUHDWHUWKDQ
a reduction in emissions from centralized facilities with high
stacks such as power plants (Wang and Smith, 1999). Mestl
et al.   VKRZ WKDW WKH ORFDO KHDOWK EHQH¿WV RI UHGXFLQJ
emissions from power plants in China are small compared to
abating emissions from area sources and small industrial boilers.
A third factor is the extent to which air pollution emission
FRQWUROVKDYHDOUHDG\EHHQDSSOLHG+HDOWKEHQH¿WVDUHODUJHULQ
countries and sectors where pollutants are normally emitted in
an uncontrolled way, for instance for small combustion sources
in developing countries.
'HVSLWHWKHODUJHUDQJHRIEHQH¿WHVWLPDWHVDOOVWXGLHVDJUHH
WKDWPRQHWL]HGKHDOWKEHQH¿WVPDNHXSDVXEVWDQWLDOIUDFWLRQRI
mitigation costs. Depending on the stringency of the mitigation
level, the source sector, the measure and the monetary value
DWWULEXWHG WR PRUWDOLW\ ULVNV KHDOWK EHQH¿WV UDQJH IURP  WR
50% of estimated mitigation costs (Burtraw et al., 2003; Proost
and Regemorter, 2003) up to a factor of three to four (Aunan
et al., 2004; McKinley et al., 2005). Particularly in developing
countries, several of the studies reviewed indicate that there is
VFRSHIRUPHDVXUHVZLWKEHQH¿WVWKDWH[FHHGPLWLJDWLRQFRVWV
(no-regret measures).
Such potential for no-regret measures in developing
FRXQWULHV DUH FRQVLVWHQWO\ FRQ¿UPHG E\ VWXGLHV DSSO\LQJ D
general-equilibrium modelling approach, which takes into
account economic feedback within the economy. Bussolo &
O’Connor (2001) estimate that the potential for CO2 mitigation
in India for 2010, without a net loss in welfare, is between 13
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Note: The carbon prices in the table are indicative only. They have been converted to US$/tCO2, but the implicit price bases in the original studies vary and may not be quoted or available.
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and 23% of the emissions for a business-as-usual scenario. For
China, this potential has been estimated by O’Connor (2003)
for 2010 at 15 to 20%, and Dessus and O’Connor (2003) arrive
DW D ¿JXUH RI  IRU &KLOH FRPSDUHG ZLWK WKH EXVLQHVVDV
XVXDOHPLVVLRQVLQ/L  ¿QGVIRU7KDLODQGWKDW
inclusion of health impacts reduces the negative impacts on
GDP of a carbon tax by 45%, improving welfare for households
and resulting in cleaner producers.
 &REHQH¿WVIRUDJULFXOWXUDOSURGXFWLRQ
While a strong body of literature demonstrates that there
DUH LPSRUWDQW FREHQH¿WV IURP *+* PLWLJDWLRQ DQG KHDOWK
EHQH¿WV IURP LPSURYHG DLU TXDOLW\ WKHUH KDV EHHQ OHVV
UHVHDUFK DGGUHVVLQJ FREHQH¿WV IURP LPSURYHG DJULFXOWXUDO
production. The potential positive, long-term, effect of higher
CO2 concentrations on plants can be counteracted by shortterm damage from increased air pollution. The effects of
tropospheric ozone exposure on plant tissues and crop yields
DUH ZHOO HVWDEOLVKHG DQG WKH VFLHQWL¿F OLWHUDWXUH KDV DOUHDG\
been reviewed in US EPA (1996) and EC (1999). Chameides et
al. (1994) estimate that 10–35% of the world’s grain production
is in locations where ozone exposure may reduce crop yields.
Surface ozone levels are sensitive to, inter alia, NOx and VOC
emissions from fossil-fuel-burning power plants, industrial
boilers, motor vehicle exhaust, gasoline retail outlets, and Nfertilizer-induced soil emissions of NOx.
Using an atmospheric ozone formation model and an
economic general-equilibrium model, O’Connor et al. (2003)
¿QGIRUD&22 mitigation strategy in China, that the monetary
EHQH¿WVIURPLQFUHDVHGDJULFXOWXUDOSURGXFWLYLW\GXHWRORZHU
JURXQGOHYHO R]RQH DUH FRPSDUDEOH WR WKH KHDOWK EHQH¿WV
7RJHWKHU WKHVH EHQH¿WV ZRXOG DOORZ &KLQD D ± &22
UHGXFWLRQZLWKRXWVXIIHULQJDZHOIDUHORVV$JULFXOWXUDOEHQH¿WV
have important distributional implications. When agricultural
effects are not taken into consideration, poor rural households
experience welfare losses from carbon mitigation even at low
levels of abatement. Once agricultural effects are considered,
rural households in this study enjoy welfare gains up to a ten
percent abatement rate. So while a purely health-based measure
RI DQFLOODU\ EHQH¿WV WHQGV WR VKRZ EHQH¿WV IURP D FOLPDWH
FRPPLWPHQWWREHXUEDQELDVHGDEURDGHUGH¿QLWLRQRIEHQH¿WV
alters the picture considerably.
 &REHQH¿WVIRUQDWXUDOHFRV\VWHPV
$IHZVWXGLHVKDYHSRLQWHGRXWFREHQH¿WVRIGHFDUERQL]DWLRQ
strategies from reduced air pollution on natural ecosystems.
VanVuuren et al. (2006) estimate that, in Europe, compared to
an energy policy without climate targets, the implementation
of the Kyoto protocol would bring acid deposition below the
critical loads in an additional 0.6 to 1.4 million hectares of
forest ecosystems, and that an additional 2.2 to 4.1 million
hectares would be protected from excess nitrogen deposition.
7KH H[DFW DUHD ZLOO GHSHQG RQ WKH DFWXDO XVH RI ÀH[LEOH
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LQVWUXPHQWV ZKLFK DOORZ IRU VSDWLDO ÀH[LELOLW\ LQ WKH
implementation of mitigation measures but do not take into
consideration the environmental sensitivities of ecosystems that
are affected by the associated air pollution emissions. Syri et al.
obtained similar results (2001).
While sustainability and the protection of natural ecosystem
have turned out to be important policy drivers in the past (for
example in the case of the emission reduction protocols of the
Convention on Long-range Transboundary Air Pollution for
Europe), there is no generally accepted method for quantifying
the monetary value of the existence and function of natural
HFRV\VWHPV ,W WKHUHIRUH FRQWLQXHV WR EH GLI¿FXOW WR LQFOXGH
FREHQH¿WVRQQDWXUDOHFRV\VWHPVLQDFRPSUHKHQVLYHPRQHWDU\
FRVWEHQH¿WFDOFXODWLRQRIPLWLJDWLRQPHDVXUHV
11.8.1.5

Avoidance of air-pollution control costs

$VSRLQWHGRXWDERYHWKHFREHQH¿WVIURP&22 mitigation on
air pollution impacts have been found to be largest in developing
countries, where air pollutants are often emitted without
stringent emission control legislation. Most industrialized
countries, however, enforce comprehensive legal frameworks
to safeguard local air quality, and these frameworks include
VRXUFHVSHFL¿F SHUIRUPDQFH VWDQGDUGV QDWLRQDO RU VHFWRUDO
emission caps, and ambient air quality criteria.
$Q LQFUHDVLQJ QXPEHU RI VWXGLHV GHPRQVWUDWH VLJQL¿FDQW
savings from GHG mitigation strategies on the compliance
costs for such air quality legislation. When there are sourceVSHFL¿F SHUIRUPDQFH VWDQGDUGV IHZHU SODQWV EXUQLQJ IRVVLO
fuels also imply fewer air pollution control devices. If overall
emissions in a country are capped, for example through national
emission ceilings in the European Union, or by the obligations
of the Gothenburg Protocol of the Convention on Longrange Transboundary Air Pollution, the lower consumption of
carbonaceous fuels also reduces the costs for complying with
such emission ceilings. This is particularly important since,
in these conditions, countries can avoid implementing more
expensive air pollution control measures. A similar situation
applies when there are legal systems requiring compliance
with ambient air quality standards. Carbon mitigation strategies
that reduce the levels of polluting activities alleviate control
requirements for the remaining sources.
6HYHUDO VWXGLHV FRQVLVWHQWO\ GHPRQVWUDWH WKH VLJQL¿FDQFH
of such cost savings for different countries. Syri et al. (2001)
found that low-carbon strategies could reduce air pollution
control costs for complying with the EU national emission
ceilings in 2010 by 10 to 20%, depending on the extent to
ZKLFKÀH[LEOHPHFKDQLVPVRIWKH.\RWRSURWRFRODUHDSSOLHG
For the long-term perspective until 2100, van Harmelen et al.
(2002) found air pollution (SO2 and NOx) control costs without
climate policy objectives to be comparable or, in some periods,
even higher than the total costs of an integrated strategy that
also includes CO2 mitigation.
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7KH LPSDFW RI ÀH[LEOH PHFKDQLVPV RQ FRVW VDYLQJV KDV
been further explored by van Vuuren et al. (2006) for Western
European countries. If the Kyoto obligations were to be
implemented through domestic action alone, CO2 mitigation
measures amounting to 17 billion US$ per year would allow
savings on air pollution control costs of 9.4 billion US$ per
year. By contrast, if these countries reached compliance by
buying permits for 4 billion US$ per year from outside and
implemented domestic measures amounting to 1.4 billion US$
per year, air pollution control costs would decline by 2.4 billion
US$ per year in these countries. At the same time, the other
European countries selling permits (for 4.3 billion US$ per
year) would save an additional 0.7 billion US$ per year on their
own air pollution control costs due to the additional carbon
mitigation measures.
A study of the United States by EIA (1998) estimated
that, for a 31% reduction in CO2 emissions, the associated
decline in SO2 emissions would be so large that the prices for
SO2 allowances will be driven to zero. Burtraw et al. (2003)
calculated, for a 7 US$/tCO2 carbon tax, savings of 1–2 US$/
tCO27KHLU¿QGLQJZDVWKDWWKHVHVDYLQJVZRXOGEHJHQHUDWHG
by reduced investments in SO2 and NOx abatement in order to
comply with emission caps.
These cost savings are immediate, they do not depend on
controversial judgments on the monetary value of mortality
risks, and they can be directly harvested by the actors who need
to invest in mitigation measures. They therefore add an important
FRPSRQHQWWRDFRPSUHKHQVLYHDVVHVVPHQWRIWKHFREHQH¿WVRI
mitigation strategies. While these cost savings predominantly
emerge at present in industrialized countries with elaborate
air quality regulations, they will gain increasing importance in
developing countries as the latter also progressively implement
action to achieve sustainable levels of local air quality.
11.8.1.6

The need for an integrated approach

While the studies above adopt different methodological
approaches, there is general consensus for all the world
UHJLRQVDQDO\]HGWKDWQHDUWHUPEHQH¿WVIURP*+*UHGXFWLRQV
on human health, agriculture and natural ecosystems can be
substantial, both in industrialized and developing countries. In
addition, decarbonization strategies lead to reduced air pollution
FRQWUROFRVWV+RZHYHUWKHEHQH¿WVDUHKLJKO\GHSHQGHQWRQWKH
technologies and sectors chosen. In developing countries, many
RIWKHEHQH¿WVFRXOGUHVXOWIURPLPSURYHPHQWVWRWKHHI¿FLHQF\
of, or switching away from, traditional uses of coal and biomass.
6XFK QHDUWHUP VHFRQGDU\ EHQH¿WV RI *+* FRQWURO SURYLGH
an opportunity for a true no-regrets GHG reduction policy
in which substantial advantages accrue even if the impact of
human-induced climate change itself turns out to be less than
current projections indicate.
Climate mitigation policies, if developed independently
from air pollution policies, will either constrain or reinforce air
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SROOXWLRQSROLFLHVDQGYLFHYHUVD7KHHI¿FLHQF\RIDIUDPHZRUN
depends on the choice and design of the policy instruments, in
particular on how well they are integrated. From an economic
perspective, policies that may not be regarded as cost-effective
from a climate change or an air pollution perspective alone may
be found to be cost-effective if both aspects are considered.
So piecemeal regulatory treatment of individual pollutants,
rather than a comprehensive approach, could lead to stranded
investments in equipment (for example, if new conventional
air pollutant standards are put into place in advance of carbon
dioxide controls at power plants) (Lempert et al., 2002).
On the basis of recent insights into atmospheric chemistry
DQGKHDOWKLPSDFWVWKHOLWHUDWXUHKDVLGHQWL¿HGVHYHUDOFRQFUHWH
options for harvesting synergies between air pollution control
DQG *+* PLWLJDWLRQ DQG KDV LGHQWL¿HG RWKHU RSWLRQV WKDW
induce undesired trade-offs.
The co-control of emissions – in other words controlling two
or more distinct pollutants (or gases) that tend to emanate from
a single source through a single set of technologies or policy
measures – is a key element of any integrated approach. Air
pollutants and GHGs are often emitted by the same sources and
so changes in the activity levels of these sources affect both types
of emissions. Technical emission control measures aiming at
the reduction of one type of emissions from a particular source
may reduce or increase the emissions of other substances.
,Q WKH HQHUJ\ VHFWRU HI¿FLHQF\ LPSURYHPHQWV DQG WKH
increased use of natural gas can address both problems
UHVXOWLQJLQV\QHUJ\HIIHFWV ZKLOHWKHGHVXOSKXUL]DWLRQRIÀXH
gases reduces sulphur emissions but can – to a limited extent
– increase carbon dioxide emissions (trade-offs). There are also
trade-offs for NOx control measures for vehicles and nitric acid
plants, where increases in N2O emissions are possible. Concerns
have been expressed that measures that improve the local
environmental performance of coal in electricity generation
might result in a lock-in of coal technologies that will make
LWPRUHGLI¿FXOWWRPLWLJDWH&22 emissions (McDonald, 1999;
Unruh, 2000).
,Q DJULFXOWXUH VRPH VSHFL¿F PHDVXUHV WR DEDWH DPPRQLD
emissions could enhance nitrous oxide and/or methane
emissions, while other types of measures could reduce the latter.
For Europe, Brink et al. (2001) have estimated that abating
agricultural emissions of ammonia (NH3) may cause releases of
N2O from this sector that are up to 15% higher than they would
be without NH3 control. There may be substantial differences in
the observed effects between various countries, depending on
the extent and type of NH3 control options applied.
11.8.1.7

Methane/ozone

Analyzing non-CO2 greenhouse gases broadens the scope
of climate protection and expands opportunities for synergies
involving local pollutants since the co-emission of local
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pollutants and greenhouse gases vary depending on the type of
greenhouse gas considered. For example, in addition to its role
as a potent GHG, methane acts as a precursor to tropospheric
ozone, together with emissions of nitrogen oxides (NOx),
volatile organic compounds (VOC) and carbon monoxide (CO).
Whereas reductions in NOxDQG92&HPLVVLRQVLQÀXHQFHORFDO
surface ozone concentrations, reductions in methane emissions
lower the global ozone background and improve surface air
quality everywhere. So reducing methane emissions addresses
simultaneously both the pursuit of improved ozone air quality
and climate change mitigation objectives (Fiore et al., 2002;
Dentener et al., 2004). For instance, West et al. (2006)
estimate the decreases in premature human mortality that can
be attributed to lower surface ozone concentrations resulting
from methane mitigation. Reducing global anthropogenic
methane emissions by 20% starting in 2010 would prevent
approximately 30,000 premature all-cause mortalities globally
in 2030, and approximately 370,000 between 2010 and 2030.
,IDYRLGHGPRUWDOLWLHVDUHYDOXHGDWPLOOLRQHDFKWKHEHQH¿W
of 12 US$/tCO2-equivalent exceeds the marginal cost of
WKH PHWKDQH UHGXFWLRQ 7KHVH EHQH¿WV RI FOLPDWHPRWLYDWHG
methane emission reductions are comparable to those estimated
in other studies for CO2.
A review of health impact studies conducted by the World
+HDOWK2UJDQL]DWLRQ¿QGVHYLGHQFHIRUQHJDWLYHHIIHFWVRIR]RQH
on human health even at very low concentrations (WHO, 2003).
This has turned the attention of air quality management away
from ozone peak episodes towards long-term concentrations,
both in the industrialized and the developing world. Long-term
concentration levels are driven by emissions at the hemisphere
VFDOH DQG DUH VWURQJO\ LQÀXHQFHG E\ DWPRVSKHULF SURFHVVHV
involving methane.
Tropospheric ozone, in addition to its health and vegetation
effects, is also a potent GHG (IPCC, 2007a). So ozone
UHGXFWLRQVZLOOQRWRQO\UHVXOWLQEHQH¿WVIRUORFDODLUTXDOLW\EXW
also reduce radiative forcing. Further work will be necessary
to identify mitigation portfolios that include hemispheric
or global methane mitigation on the one hand and control
of the local ozone precursor emissions on the other in order
WRPD[LPL]HEHQH¿WVIRUWKHJOREDOUDGLDWLRQEDODQFHDQGORFDO
air quality.
11.8.1.8

Biomass

3DUWLFXODUO\UHOHYDQWWUDGHRIIVKDYHEHHQLGHQWL¿HGIRU*+*
mitigation strategies that enhance the use of biofuels and diesel.
Biofuels from sustainably-grown biomass are considered to
be carbon-neutral. They have therefore been proposed as an
important element in decarbonization strategies. However,
their combustion in household devices under uncontrolled
FRQGLWLRQVUHOHDVHVODUJHDPRXQWVRI¿QHSDUWLFXODWHPDWWHUDQG
YRODWLOH RUJDQLF FRPSRXQGV ZKLFK FDXVH VLJQL¿FDQW QHJDWLYH
health impacts. For instance, Streets and Aunan (2005) estimate
that the combustion of coal and biofuels in Chinese households

has contributed to about 10–15% of the total global emissions
of black carbon during the past two decades. Emissions from
WKHVHVRXUFHVKDYHEHHQLGHQWL¿HGDVWKHPDMRUVRXUFHRIKHDOWK
effects from air pollution in developing countries, adding the
highest burden of disease (Smith et al., 2004). In addition to
the negative health impacts of traditional biomass combustion,
there are concerns about the effectiveness of the combustion of
biomass in stoves as a climate change mitigation measure due
WRWKHORVVRIHI¿FLHQF\FRPSDUHGWRVWRYHVXVLQJIRVVLOIXHOV
(Edwards et al., 2004).
However, the controlled combustion of biomass with
stringent air quality measures would prevent a substantial
proportion of any toxic emissions. This would sometimes be
DFFRPSDQLHG E\ LQFUHDVHV LQ HI¿FLHQF\ )XUWKHUPRUH HWKDQRO
and biodiesel can be produced from biomass in medium-tolarge industrial installations with air quality control measures
that prevent negative health impacts.
11.8.1.9

Diesel

Similar concerns apply to attempts to reduce CO2 emissions
through the replacement of gasoline vehicles by more energyHI¿FLHQW GLHVHO YHKLFOHV :LWKRXW WKH PRVW DGYDQFHG SDUWLFOH
¿OWHUV WKDW UHTXLUH YHU\ORZVXOSKXU IXHO ZKLFK LV QRW
available everywhere, diesel vehicles are a major contributor
WRSRSXODWLRQH[SRVXUHWR¿QHSDUWLFXODWHPDWWHUHVSHFLDOO\RI
PM2.5DQG¿QHU'LHVHOSDUWLFOHVKDYHEHHQVKRZQWREHPRUH
aggressive than other types of particles, and are also associated
with cancer (HEI, 1999). Mitigation strategies that increase
the use of diesel vehicles without appropriate emission control
devices counteract efforts to manage air quality. At the same
time, concern has been expressed in the literature about the
radiative effects of the emissions of black carbon and organic
matter from diesel vehicles, which might offset the gains from
lower CO2 emissions (Jacobson, 2002). Although both the
US and the EU are moving towards very stringent emission
standards for diesel engines, their adoption by the rest of the
world may be delayed by years.
11.8.1.10 Practical examples of integrated strategies
7KHUHDOL]DWLRQRIFREHQH¿WVKDVPRYHGEH\RQGDQRWLRQRU
DQDQDO\WLFDOH[HUFLVHDQGLVDFWXDOO\UHÀHFWHGLQFUHDVLQJO\LQ
national regulations and international treaties.
US EPA operates a programme called ‘Integrated Environmental Strategies’ that is designed to build capacity to
FRQFHSWXDOL]H FRFRQWURO PHDVXUHV DQDO\]H WKHLU FREHQH¿W
potential, and encourage the implementation of promising
measures in developing countries. The programme has been
active in eight developing countries, resulted in numerous
DVVHVVPHQWVDWWKHXUEDQDQGQDWLRQDOOHYHOVRIFREHQH¿WVDQG
KDVKHOSHGLQÀXHQFHSROLFLHVOHDGLQJWRHI¿FLHQWPHDVXUHVWKDW
address local pollution and GHGs together. The programme
is outlined in detail in US EPA (2005).
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The European Commission, in its European Climate Change
(ECCP) and Clean Air For Europe (CAFE) programmes,
explores the interactions between the European Union’s climate
change and air pollution strategies and examines harmonized
strategies that maximize the synergies between both policy
areas (CEC, 2005).

In a study of climate policies for California, Hanemann et
al. (2006) report small increases in employment for a package
of measures focusing on the tightening of regulations affecting
emissions.

The 1987 Montreal Protocol on Subsances that deplete
the Ozone Layer mandates the phase-out of ozone-depleting
substances, CFCs, halons, HBFCs, HCFCs, and methyl
bromide. Some of the alternatives to these products, which
are used primarily in refrigeration and in air conditioning,
DQG IRU SURGXFLQJ LQVXODWLQJ IRDP KDYH VLJQL¿FDQW *:3V
although these are, in many cases, less than those for the CFCs
DQG +&)&V 7KH\ DOVR FDQ LPSURYH WKH HQHUJ\ HI¿FLHQF\ RI
some equipment and products in which they are used. In order
to investigate the link between ozone depletion and climate
change, a Special Report was produced by IPCC and the
Technology and Economic Assessment Panel (TEAP) of the
Montreal Protocol (IPCC & TEAP, 2005).

Since the TAR, new literature has addressed the question
of energy security and climate change, especially following
WKH UDSLG LQFUHDVHV DQG ÀXFWXDWLRQV LQ FRPPRGLW\ SULFHV
particularly oil, in the period 2004-2006. The concept
of energy security is usually understood to be an issue
of the reliability of energy supplies that is illustrated by
the exposure of oil im-porters to world market prices
(Bauen, 2006) and, as Sullivan and Blyth (2006) point
out, the reliability of electricity systems given the growing
penetration of intermittant renewables, which may require
back-up generation capacity (but see UKERC, 2006).

11.8.2 Impacts of GHG mitigation on employment
A number of studies point out that investments in greenhouse
gas mitigation could have a greater impact on employment
than investments in conventional technologies. The net
impact on employment in Europe in the manufacturing and
construction industries of a 1% annual improvement in energy
HI¿FLHQF\KDVEHHQVKRZQWRLQGXFHDSRVLWLYHHIIHFWRQWRWDO
employment (Jeeninga et al., 1999). The effect has been shown
to be substantially positive, even after taking into account all
direct and indirect macro-economic factors such as the reduced
consumption of energy, impact on energy prices, reduced VAT,
etc. (European Commission, 2003) The strongest effects are
seen in the area of semi-skilled labour in the building trades,
which also accounts for the strongest regional policy effects.
Furthermore, the European Commission (2005) estimates that
a 20% saving on present energy consumption in the European
Union by 2020 has the potential to create, directly or indirectly,
up to one million new jobs in Europe.
Meyer and Lutz (2002) use the COMPASS model to study
WKHFDUERQWD[HVIRUWKH*FRXQWULHV7KH\¿QGWKDWUHF\FOLQJ
revenues via social security contributions increases employment
by nearly 1% by 2010 in France and Germany, but much less in
US and Japan. Bach et al. (2002), using the models PANTHA
5+(, DQG /($1 ¿QG WKDW WKH PRGHVW HFRORJLFDO WD[ UHIRUP
enacted in Germany in 1999–2003 increased employment by
0.1 to 0.6% by 2010. This is as much as 250,000 additional
jobs. There is also a 2–2.5% reduction in CO2 emissions and
a negligible effect on GDP. The labour intensity of renewable
energy sources has been estimated to be approximately 10
times higher in Poland than that of traditional coal power (0.1–
0.9 jobs/GWh compared to 0.01–0.1 jobs/GWh). Given this
assumption, government targets for renewable energy would
create 30,000 new jobs by 2010 (Jeeninga et al., 1999).
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11.8.3 Impacts of GHG mitigation on energy security

The possibilities of synergies and trade-offs between
PLWLJDWLRQ DFWLRQV DQG HQHUJ\ VHFXULW\ DUH YHU\ VSHFL¿F WR
national circumstances, particularly the relevant fuel mixes as
a result of evolving energy markets, the sectors being targeted
and energy consumption trends (Turton and Barreto, 2006).
The transportation sector, in particular, is characterized by
strong synergies relating to energy supply: measures replacing
oil with domestic biofuels reduce both emissions and reliance
on oil imports. Mitigation action for the electricity sector may
lead to synergies with energy security. For example, a more
decentralized system based on new renewable generation may
reduce gas imports. Alternatively, there may be trade-offs. For
example, security reasons may lead countries to increase their
dependence on internal reserves of coal rather than relying on
natural gas imports (Kuik, 2003).
Whether in the form of synergies or trade-offs, there is a
growing recognition of the critical linkages that exist between
climate change and energy security, and the fact that energy
SULFHV VWLOO KDYH \HW WR UHÀHFW WKHVH µH[WHUQDOLWLHV¶ HIIHFWLYHO\
(Bauen, 2006). The inability to manage either one of these
WKUHDWV FRXOG UHVXOW LQ VLJQL¿FDQW HFRQRPLF DQG VRFLDO FRVWV
(Turton and Barreto, 2006). Measures that successfully address
ERWK LVVXHV WKHUHIRUH KDYH WKH SRWHQWLDO WR SURYLGH VLJQ¿FDQW
VRFLDO DQG HFRQRPLF EHQH¿WV ,Q FRQFOXVLRQ LW VHHPV OLNHO\
that climate change and energy security pressures will become
more acute as international development proceeds. Public
policies to address either of these issues can take many forms
and their combination makes the effects uncertain, implying a
gap in understanding their synergies and trade-offs (Blyth and
Lefevre, 2004).
11.8.4 Summary
The recent literature has produced an increasing
understanding of the interactions between greenhouse gas
mitigation and other policy areas. Numerous studies have
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LGHQWL¿HGDZLGHUDQJHRIFREHQH¿WVDQGTXDQWL¿HGWKHPIRU
industrialized and developing countries. However, the literature
does not (as yet) provide a complete picture that includes all
WKHGLIIHUHQWW\SHVRIFREHQH¿WVQHHGHGIRUDFRPSUHKHQVLYH
DVVHVVPHQW 1HYHUWKHOHVV HYHQ WKH FREHQH¿WV TXDQWL¿HG DW
SUHVHQWFDQPDNHXSVXEVWDQWLDOIUDFWLRQVRIRUXQGHUVSHFL¿F
conditions even exceed, direct mitigation costs.
%H\RQG WKH UHFRJQLWLRQ RI FREHQH¿WV WKH UHDOL]DWLRQ RI
potential synergies and avoidance of trade-offs requires an
integrated approach that considers a single set of technologies or
policy measures in order to simultaneously address all relevant
areas. There are practical examples of targeted programmes for
SLQSRLQWLQJFREHQH¿WVDQGLGHQWLI\LQJWKRVHSROLF\PHDVXUHV
that offer most potential for capturing possible synergies.
In the case of low-income countries, the consideration of
potential synergies between GHG mitigation and other policy
objectives could be even more important than in high-income
countries. At present, climate change policies are often still
relatively marginal issues in these countries compared to issues
such as poverty eradication, food supply, the provision of energy
services, employment, transportation and local environmental
quality. Accelerated and sustainable development could
therefore become a common interest for both local and global
communities (Criqui et al., 2003).

11.9 Mitigation and adaptation - synergies
and trade-offs
This section brings together the effects of climate change
on mitigation action and the effects of mitigation action on
DGDSWDWLRQDVLGHQWL¿HGLQ&KDSWHUVWRDERYH7KHWRSLFRI
adaptation-mitigation linkage is covered in Chapter 2, Section
6, and IPCC (2007b, Chapter 18), which is the main reference
IRUFRQFHSWVGH¿QLWLRQVDQGDQDO\VHV7KHLVVXHRIDGDSWDWLRQ
mitigation linkages, particularly when exploring synergies, is
fairly nascent in the published literature: Barker (2003) and
Dessai and Hulme (2003) analyze mitigation and adaptation
linkages as fairly distinctive responses within the context
of integrated assessment models; while Dang et al. (2003)
and Klein et al. (2003) have more explicitly addressed the
issue of whether and how mitigation and adaptation measures
could be more effectively integrated as an overall response to
the threat of climate change. Tol (2005) argues that adaptation
and mitigation are policy substitutes and should be analyzed
as an integrated response to climate change. However, they
are usually addressed in different policy and institutional
contexts, and policies are implemented at different spatial
and temporal scales. This hampers analysis and weakens the
trade-offs between adaptation and mitigation. An exception
is facilitative adaptation (enhancing adaptive capacity). Like
mitigation, it requires long-term policies at the macro-level,
but they also compete for resources.

Mitigation from a cross-sectoral perspective

At the national level, mitigation and adaptation are often cast
as competing priorities for policy makers (Cohen et al., 1998;
0LFKDHORZD ,QRWKHUZRUGVLQWHUHVWJURXSVZLOO¿JKW
about the limited funds available in a country for addressing
climate change, providing analyses of how countries might
then make optimal decisions about the appropriate adaptationmitigation ‘mix’. Using a public choice model, Michaelowa
 ¿QGVWKDWPLWLJDWLRQZLOOEHSUHIHUUHGE\VRFLHWLHVZLWK
a strong climate protection industry and low mitigation costs.
Public pressure for adaptation will depend on the occurrence
of extreme weather events. As technical adaptation measures
ZLOOOHDGWREHQH¿WVIRUFORVHO\NQLWFOHDUO\GH¿QHGJURXSVZKR
can organize themselves well in the political process, these will
EHQH¿WIURPVXEVLG\¿QDQFHGSURJUDPPHV&KDQJHVLQVRFLHW\
ZLOOEHFRPHOHVVDWWUDFWLYHDVEHQH¿WVDUHVSUHDGPRUHZLGHO\
Nonetheless, at the local level, there is a growing recognition
that there are in fact important overlaps, particularly when natural,
energy and sequestration systems intersect. Examples include
bioenergy, forestry and agriculture (Morlot and Agrawala,
2004). This recognition is thought to be particularly relevant for
developing countries, particularly the least developed countries,
which rely extensively on natural resources for their energy
DQGGHYHORSPHQWQHHGV0RUHVSHFL¿FDOO\WKHUHLVDJURZLQJ
literature analyzing opportunities for linking adaptation and
mitigation in agroforestry systems (Verchot, 2004; Verchot et
al., 2005), in forestry and agriculture (Dang et al., 2003), and in
coastal systems (Ehler et al., 1997).
11.9.1 Sectoral mitigation action:
links to climate change and adaptation
11.9.1.1

Energy

Section 4.5.5 covers the impact of climate change on energy
supply, such as extreme events (Easterling et al., 2000), the
effect of warming on infrastructure (such as damage to gas
and oil pipelines caused by permafrost melt) and changes in
water levels for hydro projects (Nelson et al., 2002). There is
a broad consensus that a decentralized energy system (4.3.8)
might be more robust in coping with extreme events. Areas that
clearly link mitigation and adaptation include, in particular,
hydro, biomass and nuclear. Changes in rainfall patterns/
glacier melting will clearly impact hydro power and future
hydro as a feasible carbon-neutral alternative. The same could
be said for biomass, in which too much land used for energy
crops may affect both food supply and forestry cover, thereby
reducing the ability of communities to adapt to the impacts of
climate change, reducing food supplies and therefore making
them more vulnerable. Nuclear power generation has been
vulnerable to shortages of cooling water due to heat-waves
resulting in high ambient temperatures, like those in the EU
in 2003 and 2006. This problem is expected to intensify with
the rise in these climate-related events. There are opportunities
for synergies between mitigation and adaptation in the area of
energy supply, particularly for rural populations. For example,
677
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the opportunity to develop perennial biomass, such as switch
grass, would meet rural energy needs and also provide adaptation
EHQH¿WVEHFDXVHRILWVUHODWLYHO\ORZZDWHUVXSSO\UHTXLUHPHQWV
(Samson et al., 2000).
11.9.1.2

Transportation

Options for mitigation in transportation are not considered
to be vulnerable to climate change. For transport there are no
obvious links between mitigation and adaptation. Any adaptation
of the system to climate change, e.g. more air conditioning in
YHKLFOHVLVQRWH[SHFWHGWRKDYHDVLJQL¿FDQWORQJWHUPLPSDFW
on mitigation.
11.9.1.3

Commercial and residential buildings

While it is clear that the impact of climate change on
commercial and residential buildings could be massive,
particularly as a result of extreme events and sea level rises,
there is less appreciation of the major synergies that are possible
between adaptation and mitigation. Modern architecture rarely
takes the prevailing climate into consideration, even though
design options could result in a considerable reduction in the
energy load of buildings, and improve their adaptation to a
changing climate (Larsson, 2003). Nevertheless, there is a
relatively small amount of literature exploring adaptationmitigation linkages for new and existing buildings. One
example is cool-roof technology options for adapting to higher
temperatures. These options also provide mitigation advantages
by reducing electricity use and CO2 emissions. At the same
time, cool roofs contribute to reducing the formation of ground
OHYHOR]RQH$QH[DPSOHRIDFRQÀLFWEHWZHHQDGDSWDWLRQDQG
mitigation is the effect of a sizeable increase in heat-waves in
urban centres. An increase of this kind could intensify pressure
IRU WKH SHQHWUDWLRQ RI LQHI¿FLHQW DLU FRQGLWLRQHUV LQFUHDVLQJ
power demand and CO2 emissions, as was the case during the
heat-wave of 1–14 August 2003 in Europe.
11.9.1.4

Industry

6\QHUJLHV DQG FRQÀLFWV EHWZHHQ PLWLJDWLRQ DQG DGDSWDWLRQ
LQ WKH LQGXVWU\ VHFWRU DUH KLJKO\ VLWHVSHFL¿F VHH   ,W LV
DVVXPHG WKDW ODUJH ¿UPV ZRXOG QRW EH DV YXOQHUDEOH WR ÀRRG
risks or weather extremes since they have access to more
¿QDQFLDO DQG WHFKQLFDO UHVRXUFHV 7KHUH DSSHDUV WR EH QR
literature indicating explicitly how industry could design its
manufacturing and operating processes in such a way that, by
adapting to possible climate change events, it can also help to
reduce GHG emissions associated with their operations. It is
obvious, however, that reducing energy demand would be a
good adaptive and mitigative strategy if power supply (from
hydro power, for example) were at risk from climate change
(Subak et al., 2000). Reducing dependence on cooling water
may also be a good adaptive strategy in some locations, but the
impact on emissions is not clear.
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11.9.1.5

Agriculture and forestry

Most of the literature relating to mitigation-adaptation
linkages concerns the agriculture and forestry sectors. In
particular, there is a growing awareness of the unique contribution
that such synergies could provide for the rural poor, particularly
in the least developed countries: many measures focusing on
sustainable natural resource management policies could provide
ERWK VLJQL¿FDQW DGDSWDWLRQ DQG PLWLJDWLRQ EHQH¿WV PRVWO\ LQ
the form of sequestration activities (Gundimeda, 2004; Morlot
and Agrawala, 2004; Murdiyarso et al., 2004). Agriculture is, of
course, extremely vulnerable to the impact of climate change,
that affects all aspects related to crop land management, and
particularly areas related to water management (see Sections
8.5 and 8.8). Low-tillage practices are an example of a winwin technology that reduces erosion and the use of fossil fuels.
As discussed in the energy section, bioenergy can of course play
DVLJQL¿FDQWUROHLQPLWLJDWLQJJOREDO*+*HPLVVLRQVDOWKRXJK
the full lifecycle implications of bioenergy options, including
effects on deforestation and agriculture, need to be taken into
account.
In the forestry sector, policies and measures often take neither
adaptation nor mitigation into account (Huq and Grubb, 2004).
There is increasing recognition that forestry mitigation projects
FDQ RIWHQ KDYH VLJQL¿FDQW DGDSWDWLRQ EHQH¿WV SDUWLFXODUO\ LQ
the areas of forest conservation, afforestation and reforestation,
biomass energy plantations, agro-forestry, and urban forestry.
These projects provide shading, and reduce water evaporation
and vulnerability to heat stress. And many adaptation projects
LQWKHIRUHVWU\VHFWRUFDQLQYROYHPLWLJDWLRQEHQH¿WVLQFOXGLQJ
soil and water conservation, agroforestry and biodiversity
conservation.
With regard to the increase of biomass energy plantations
as a mitigation measure (see Section 11.3.1.4), there may be
increased competition for land in many regions, with two
crucial effects. First, increased pressure to cultivate what are
currently non-agricultural areas may reduce the area available
to natural ecosystems, increase fragmentation and restrain the
natural adaptive capacity. Secondly, increasing land rents might
PDNHDJURQRPLFDOO\YLDEOHDGDSWDWLRQRSWLRQVXQSUR¿WDEOH$Q
alternative view is that there is no shortage of land (Bot et al.,
2000; Moreira, 2006), but of investment in land. In this view,
the remedy consists of revenues derived from the energy sector
(through the CDM, for example), both to raise land productivity
through carbon-sequestering soil improvement and to coSURGXFH IRRG RU ¿EUH ZLWK ELRPDVV UHVLGXDOV IRU FRQYHUVLRQ
to bioenergy products (Greene et al., 2004; Read, 2005;
Faaij, 2006; Lehmann et al., 2006; Verchot et al., 2005). Recent
studies suggest that technological progress in agriculture
will outstrip population growth under a variety of SRES
scenarios, leaving enough land for bioenergy cropping, in
the most optimistic scenario, to meet all forecast demands
for primary energy (Hoogwijk et al., 2005).
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Mitigation may have a positive effect on adaptation in
agriculture, depending on the circumstances. Additional
employment in rural areas will raise incomes and reduce
migration. Well-designed CDM projects can reduce the use of
traditional biomass as fuel (Gundimeda, 2004) and replace it
ZLWK PDUNHWDEOH UHQHZDEOH IXHOV SURYLGLQJ D GRXEOH EHQH¿W
7KHUHPD\EHDOVREHQH¿WVIURPVRPHPLWLJDWLRQPHDVXUHVIRU
human health, increasing the overall adaptive capacity of the
SRSXODWLRQ DQG PDNLQJ LW OHVV YXOQHUDEOH WR VSHFL¿F FOLPDWH
impacts (Tol and Dowlatabadi, 2001).
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1.1. The electricity sector

Appendix to Chapter 11

The two main reduction options for electricity use are:
1) electricity savings in the industry and buildings sector,
and
2) substitution in the power sector tending towards lowcarbon electricity technologies.

Technical description of the assessment of
aggregate mitigation potentials from the sectoral
literature
1.

Methodology for adding up sectoral emission
reduction potential

The overall CO2 emission reduction from the electricity
savings in industry and buildings therefore depends on the fuel
mix of the power supply and the penetration of low-carbon
technologies in that supply.

Adding up all the emission reduction potentials at the
sectoral level reported in the sectoral chapters will result in
double counting for part of the potential. To avoid this, two
interactions have been taken into account in the assessment of
the total mitigation potential in Chapter 11 (Table 11.3):
v The interaction between the reduction potential from
electricity savings in buildings and industry on the one
hand and measures in the electricity supply sector on the
other (substitution by low-carbon electricity supply). This
topic is discussed in this appendix.
v The interaction between the estimated supply and demand
of biomass for energy purposes. This topic is covered in
Section 1.3.1.4.

The methodology chosen to prevent double counting is
presented in Figure 11.A1 and described below, step by step.
Step 1: Baseline electricity consumption and emissions
,Q VWHS  ± SURMHFWLRQV ZHUH FRPSLOHG IRU ¿QDO
electricity consumption, primary energy consumption for
electricity production and GHG emissions from the fuels
XVHG 7KH ¿QDO HOHFWULFLW\ FRQVXPSWLRQ DW WKH UHJLRQDO EDVLV
was taken from the World Energy Outlook 2004 (IEA, 2004).

Baseline final electricity
Conversion efficiencies

Baseline primary fuel for
electricity generation

Emission factors, GWPs

Total emissions from the
electricity sector

Savings potential

Electricity savings in the industry
and built environment

Step 1.
Baseline

Updated baseline final electricity

Step 2.
Electricity savings

Total emissions from the
updated baseline

Technical lifetime plants

Total replaced and
additional capacity

Maximum contribution
carbon free sources

Substitution by carbon free
electricity sources
GHG emissions from replaced
and addition capacity including
carbon free sources

Total remaining capacity
not substituted

Step 3.
Substitution of supply

GHG emissions from
remaining capacity

Total emissions after
application of options
Figure 11.A1: Methodology for the assessment of the mitigation potential related to electricity consumption; electricity savings and the implementation of low-carbon
supply technologies
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7R DUULYH DW WKH SULPDU\ IXHO UHTXLUHG IRU ¿QDO HOHFWULFLW\
consumption, an intermediate step is needed. As the World
Energy Outlook 2004 provides statistics on primary energy
supply for electricity and heat combined, the implicit supplies
required for heat were estimated and removed as follows. The
primary energy consumption for electricity supply only was
FDOFXODWHGRQWKHEDVLVRIWKHHI¿FLHQFLHVRIFRPELQHGKHDWDQG
SRZHUDQGDFRUUHFWLRQIRUWKHVKDUHRIKHDWLQWRWDO¿QDOHQHUJ\
consumption. The share of heat was calculated from the IEA
Balances for the year 2002 and assumed to be constant over
WLPH6HHDOVR6HFWLRQIRUWKHHI¿FLHQFLHVDQGWKHEDVHOLQH
in the year 2030.
Finally, using the data on primary fuel required, the GHG
emissions were estimated on the basis of the primary fuel
supply for power production using the emission factors for
primary fuels (IEA, 2005) and the 1996 GWP numbers taken
from UNFCCC.
Step 2: The electricity savings
The second step consists of reducing the baseline electricity
by the savings from buildings and industry. Electricity savings
are found at relatively low costs and they are therefore expected
WR EH LPSOHPHQWHG ¿UVW 7KH PD[LPXP HOHFWULFLW\ VDYLQJV
for the industry and buildings sector were taken from the
sectoral chapters. These have been applied using the share of
the electricity consumption of the sectors in total electricity
consumption (WEO2004). In this step, it was assumed that
the savings were equally distributed across the different power
sources, including low-carbon sources.
The savings indicated in Table 11.A1 have been used.
In fact, it can be expected that electricity savings will result
in higher levels of fossil-fuel electricity generation compared
to generation at low marginal cost such as renewables and
nuclear. This is because, in the usual operation of electricity
systems, low-cost fuels are dispatched before high-cost fuels.
But system operation depends on local conditions and it is not
Table 11.A1: Main assumptions used in the assessment of the emission reduction
potential because of electricity savings in the buildings and industry sector
Assumption
(%)
Electricity savings in the industrial
sector

13a

Electricity savings in the residential
sector (mean value)

Origin
Section
7.5.1
Section 6.5

OECD

23-26

EIT

44-55

Non-OECD

43-48

Note:
a) Chapter 7 reports energy savings of 30% compared to frozen efﬁciency for
motor systems. Within the baseline, 10% efﬁciency improvements can be
assumed. In addition, motors take about 65% of the total energy use resulting
in electricity savings for 2030 of 13%.
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appropriate to consider these here. This consideration implies
that the emission reductions for electricity savings reported here
are underestimated. Higher carbon prices, and higher marginal
costs of fossil fuels, exacerbate this effect.
Finally, the amount of primary fuels needed for power
generation has been updated, resulting in lower emissions. The
difference between the emissions from the updated baseline
and the original baseline gives the avoided emissions; see Table
11.A2 (see also Section 11.3.3).
Step 3: The substitution of generating capacity with
low-carbon capacity
The reduction in GHG emissions achieved through
substitution towards low-carbon intensive technologies was
assessed using the updated electricity demand from step 2.
First, an estimate of the new required generation capacity
from 2010 to 2030 was made. It was assumed that low-carbon
technologies are only implemented when new capacity is to be
installed. The required new capacity to 2030 was calculated
from 1) additional capacity between 2010 and 2030 to meet
new demand and 2) capacity replaced in the period 2010–2030
after an assumed average plant lifetime of 50 years (see Chapter
4.4.3).
Secondly, the fuel switch from coal to natural gas was
considered to be the option involving least cost, so it was
DVVXPHG WKDW LW ZRXOG EH LPSOHPHQWHG ¿UVW 6LQFH QHZ JDV
infrastructure is required, it was assumed in accordance with
Chapter 4 that 20% at most of the new required coal plants (in
the baseline) could be substituted by gas technologies.
Thirdly, after the fuel switch, emissions avoided from the
other low-carbon substitution options were assessed. The
following technologies were taken into account: renewables
(such as wind, geothermal and solar), bioenergy, hydro, nuclear
and CCS. It was assumed that the new fossil-fuel generation
required according to the baseline was substituted by lowcarbon generation (for each of the cost classes), proportional to
the relative maximum technical potential of the technologies.
The technologies were assumed to penetrate so as to achieve
maximum shares in generation, as described in Table 4.20.
Finally, the new fossil fuel requirement was estimated and
the GHG emissions assessed.
The avoided emissions in each of the steps were calculated
using the same emission factors as in the baseline indicated
above, and they are presented in Table 11.A2.

15.8

211
234

4
3

31656

6.3
0.59
1.7

6961
812
3860
520
2346

263

8.6

14944

66
8
30
6
8

0.42
0.06
0.70

1.2

4.0
0.21
1.8

6.0

Emissions
(GtCO2-eq)

23295

144
160

4760
555
2640
356
1604

10219

8
23

278
43
935
192
263

1743

322
782

3768
246
3298
1700
1217

11333

Secondary
energy
(TWh)

11.5

4.3
0.4
1.2

5.9

0.29
0.04
0.49

0.83

3.2
0.17
1.4

4.8

Emissions
(GtCO2-eq)

4.3

2.7

0.35

1.2

Emissions avoided
compared to 1
(GtCO2-eq)

After electricity savings (2)

23295

1022
920
920

2239
410
1644
1022
2044

10219

78
122
87

234
42
480
436
263

1743

478
1274
955

2447
246
1689
2653
1592

11333

Secondary
energy
(TWh)

6.8

2.2
0.3
0.74

3.2

0.26
0.04
0.25

0.55

2.2
0.17
0.73

3.1

Emissions
(GtCO2-eq)

4.7

2.7

0.27

1.7

Emissions
avoided
compared to 2
(GtCO2-eq)

After substitution (3)

8613

5109

594

2911

Total
emissions
avoided
(MtCO2-eq)

Chapter 11

Total

Coal
Oil
Gas
Nuclear
Hydro
Biomass and
Waste
Other Renewables
Coal - CCS

125

11
33

0
0

Non-OECD

394
61
1324
272
373

4
1
12
3
1

Coal
Oil
Gas
Nuclear
Hydro
Biomass and
Waste
Other Renewables
Coal - CCS

2468

405
983

5
6

22

4736
309
4145
2137
1529

14244

42
3
31
23
5

115

Secondary
energy
(TWh)

EIT

Coal
Oil
Gas
Nuclear
Hydro
Biomass and
Waste
Other Renewables
Coal - CCS

OECD-EIT

Primary
energy
(EJ)

Baseline (1)

Table 11.A2: Baseline electricity demand and supply fuel mix with electricity savings (step 2) and mitigation measures in the power sector (step 3) in 2030
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Table 11.A3: The main results of the emission reductions for the sensitivity cases in GtCO2-eq reduction
Change in ordera)

Default
Savings

Savings

Lowest range

Buildings

Industry

Low-carbon
supply

OECD

0.9

0.3

1.7

0.06

0.03

2.7

1.2

0.9

EIT

0.3

0.1

0.27

0.02

0.02

0.49

0.35

0.18

Non-OECD/
EIT

2.3

0.5

2.7

0.25

0.18

4.1

2.7

1.3

Total

3.5

0.8

4.7

0.33

0.24

7.2

4.3

2.4

Buildings

Industry

Low-carbon
supply

Savings

Low-carbon
supply

Note:
a) For the change in order, the maximum shares of low-carbon technologies were used (the default in Chapter 4)

1.2. Cost distribution
The sector chapters assessed the distribution of the total
emission potentials across cost categories. The same cost
distribution has been used to present the results in Table 11.3.
2.

Sensitivity analysis for potentials in the
electricity sector

A sensitivity analysis was carried out to analyse the
robustness of the mitigation potential for the electricity sector.
The following assumptions were varied:
1) The order of the mitigation option. Instead of assuming
that electricity savings occurs before substitution with lowcarbon technologies, the potential was also assessed in the
UHYHUVHRUGHU¿UVWVXEVWLWXWLRQWKHQVDYLQJV
2) The value of the ‘maximum’ shares of low-carbon
technologies in the total electricity mix. In Section 4.3 and
4.4 the results are presented for the ‘maximum’ shares based
on various literature sources. Shares differ depending on
the different technologies. To assess the sensitivity of these
shares, they were varied in the lowest range by 30%, which
is consistent with the lowest range in Chapter 4.
The results of each of the sensitivity analyses are presented
in Table 11.A3.
Based on the sensitivity analysis it can be concluded that,
when assuming the reverse order by allocating emission
UHGXFWLRQV¿UVWWRWKHSRZHUVHFWRUIROORZHGE\WKHHOHFWULFLW\
savings, the total emission reduction, i.e. the aggregate of the
electricity savings and substitution, would be 1.2 GtCO2-eq
lower than the default. This is a consequence of allocating the
savings over the total electricity generation mix. The potential
is equally sensitive to the ‘maximum’ shares that are assumed.
Reducing these maximum shares by 30% reduces the mitigation
potential of the power sector by 50% compared to the default.
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EXECUTIVE SUMMARY
The concept of sustainable development was adopted by
the World Commission on Environment and Development,
and there is agreement that sustainable development involves
a comprehensive and integrated approach to economic, social,
and environmental processes. Discourses on sustainable
development, however, have focused primarily on the
environmental and economic dimensions. The importance
of social, political, and cultural factors is only now getting
more recognition. Integration is essential in order to articulate
development trajectories that are sustainable, including
addressing the climate change problem.
There is growing emphasis in the literature on the twoway relationship between climate change mitigation and
sustainable development. The relationship may not always
EH PXWXDOO\ EHQH¿FLDO ,Q PRVW LQVWDQFHV PLWLJDWLRQ FDQ
KDYH DQFLOODU\ EHQH¿WV RU FREHQH¿WV WKDW FRQWULEXWH WR RWKHU
VXVWDLQDEOH GHYHORSPHQW JRDOV FOLPDWH ¿UVW  'HYHORSPHQW
that is sustainable in many other respects can create conditions
in which mitigation can be effectively pursued (development
¿UVW  high agreement, much evidence 
Although still in early stages, there is growing use of
indicators to manage and measure the sustainability of
development at the macro and sectoral levels. This is driven in
part by the increasing emphasis on accountability in the context
of governance and strategy initiatives. At the sectoral level,
progress towards sustainable development is beginning to be
measured and reported by industry and governments using, for
LQVWDQFH JUHHQ FHUWL¿FDWLRQ PRQLWRULQJ WRROV DQG HPLVVLRQV
registries. Review of the indicators illustrates, however, that
few macro-indicators include measures of progress with respect
to climate change (high agreement, much evidence 
&OLPDWHFKDQJHLVLQÀXHQFHGQRWRQO\E\WKHFOLPDWHVSHFL¿F
policies but also by the mix of development choices and the
resulting development trajectories - a point reinforced by global
scenario analyses published since the Third Assessment Report
7$5  0DNLQJ GHYHORSPHQW PRUH VXVWDLQDEOH E\ FKDQJLQJ
GHYHORSPHQW SDWKV FDQ WKXV PDNH D VLJQL¿FDQW FRQWULEXWLRQ
to climate goals. But changing development pathways is not
about choosing a mapped-out path, but rather about navigating
through an uncharted and evolving landscape (high agreement,
much evidence 
0DNLQJ GHFLVLRQV DERXW VXVWDLQDEOH GHYHORSPHQW DQG
climate change mitigation is no longer the sole purview of
governments. There is increasing recognition in the literature
of a shift to a more inclusive concept of governance, which
includes the contributions of various levels of government,
private sector, non-governmental actors, and civil society. The
more climate change issues are mainstreamed as part of the
planning perspective at the appropriate level of implementation,
and the more all relevant parties are involved in the decision-

PDNLQJSURFHVVLQDPHDQLQJIXOZD\WKHPRUHOLNHO\WKH\DUHWR
achieve the desired goals (high agreement, medium evidence 
Regarding governments, a substantial body of political theory
LGHQWL¿HVDQGH[SODLQVWKHH[LVWHQFHRIQDWLRQDOSROLF\VW\OHVRU
SROLWLFDO FXOWXUHV 7KH XQGHUO\LQJ DVVXPSWLRQ RI WKLV ZRUN LV
WKDWLQGLYLGXDOFRXQWULHVWHQGWRSURFHVVSUREOHPVLQDVSHFL¿F
PDQQHUUHJDUGOHVVRIWKHGLVWLQFWLYHQHVVRUVSHFL¿FIHDWXUHVRI
any problem; a national ‘way of doing things’. Furthermore,
the choice of policy instruments is affected by the institutional
capacity of governments to implement the instrument. This
implies that the preferred mix of policy decisions and their
effectiveness in terms of sustainable development and climate
change mitigation strongly depend on national characteristics
(high agreement, much evidence 
The private sector is a central player in ecological and
sustainability stewardship. Over the past 25 years, there has
EHHQDSURJUHVVLYHLQFUHDVHLQWKHQXPEHURIFRPSDQLHVWDNLQJ
steps to address sustainability issues at either the company or
industry level. Although there has been progress, the private
VHFWRUKDVWKHFDSDFLW\WRSOD\DPXFKJUHDWHUUROHLQPDNLQJ
development more sustainable in the future, because such a
VKLIW LV OLNHO\ WR EHQH¿W LWV SHUIRUPDQFH medium agreement,
medium evidence 
Citizen groups have been major demanders of sustainable
development and are critical actors in implementing sustainable
development policy. Apart from implementing sustainable
development projects themselves, they can push policy reform
through awareness-raising, advocacy, and agitation. They can
DOVRSXOOSROLF\DFWLRQE\¿OOLQJWKHJDSVDQGSURYLGLQJSROLF\
services, including in the areas of policy innovation, monitoring,
DQGUHVHDUFK,QWHUDFWLRQVFDQWDNHWKHIRUPRISDUWQHUVKLSVRU
VWDNHKROGHUGLDORJXHVWKDWFDQSURYLGHFLWL]HQV¶JURXSVZLWKD
lever for increasing pressure on both governments and industry
(high agreement, medium evidence 
'HOLEHUDWLYH SXEOLFSULYDWH SDUWQHUVKLSV ZRUN PRVW
effectively when investors, local governments and citizen groups
DUH ZLOOLQJ WR ZRUN WRJHWKHU WR LPSOHPHQW QHZ WHFKQRORJLHV
and produce arenas to discuss these technologies that are locally
inclusive (high agreement, medium evidence 
5HJLRQDQGFRXQWU\VSHFL¿FFDVHVWXGLHVGHPRQVWUDWHWKDW
different paths and policies can achieve noticeable emissions
reductions, depending on the capacity to realise sustainability
and climate change objectives. These capacities are determined
E\ WKH VDPH VHW RI FRQGLWLRQV WKDW DUH FORVHO\ OLQNHG WR WKH
state of development. The mitigative capacity to realise low
emissions can be low due to differentiated national endowments
DQG EDUULHUV HYHQ ZKHQ VLJQL¿FDQW DEDWHPHQW RSSRUWXQLWLHV
exist. The challenge of implementing sustainable development
exists in both developing and industrialized countries. The
nature of the challenge, however, tends to be different in the
industrialized countries. (high agreement, much evidence 
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Some general conclusions emerging from the case studies
of how changes in development pathways at the sectoral level
have or could lower emissions are reviewed in this chapter
(high agreement, medium evidence 
v *UHHQKRXVHJDV *+* HPLVVLRQVDUHLQÀXHQFHGE\EXWQRW
ULJLGO\OLQNHGWRHFRQRPLFJURZWKSROLF\FKRLFHVPDNHD
difference.
v Sectors where effective production is far below the maximum
feasible with the same amount of inputs - sectors far from
their production frontier - have opportunities to adopt ‘winwin-win’ policies. These policies free up resources and
bolster growth, meet other sustainable development goals,
and also reduce GHG emissions relative to baseline.
v Sectors where production is close to optimal given available
inputs – sectors that are closer to the production frontier
- also have opportunities to reduce emissions by meeting
other sustainable development goals. However, the closer
WRWKHSURGXFWLRQIURQWLHUWKHPRUHWUDGHRIIVDUHOLNHO\WR
appear.
v To truly have an effect, what matters is that not only a ‘good’
choice is made at a certain point, but also that the initial
policy is sustained for a long period - sometimes several
decades.
v It is often not one policy decision, but an array of decisions
WKDW DUH QHFHVVDU\ WR LQÀXHQFH HPLVVLRQV 7KLV UDLVHV WKH
issue of coordination between policies in several sectors,
and at various scales.
0DLQVWUHDPLQJ UHTXLUHV WKDW QRQFOLPDWH SROLFLHV
SURJUDPPHV DQGRU LQGLYLGXDO DFWLRQV WDNH FOLPDWH FKDQJH
mitigation into consideration, in both developing and developed
FRXQWULHV+RZHYHUPHUHO\SLJJ\EDFNLQJFOLPDWHFKDQJHRQWR
DQ H[LVWLQJ SROLWLFDO DJHQGD LV XQOLNHO\ WR VXFFHHG 7KH HDVH
RU GLI¿FXOW\ ZLWK ZKLFK PDLQVWUHDPLQJ LV DFFRPSOLVKHG ZLOO
depend on both mitigation technologies or practices, and the
underlying development path. Weighing other development
EHQH¿WVDJDLQVWFOLPDWHEHQH¿WVZLOOEHDNH\EDVLVIRUFKRRVLQJ
GHYHORSPHQWVHFWRUVIRUPDLQVWUHDPLQJ'HFLVLRQVDERXW¿VFDO
SROLF\ PXOWLODWHUDO GHYHORSPHQW EDQN OHQGLQJ LQVXUDQFH
SUDFWLFHV HOHFWULFLW\ PDUNHWV SHWUROHXP LPSRUWV VHFXULW\
forest conservation, for example, which may seem unrelated
to climate policy, can have profound impacts on emissions,
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WKH H[WHQW RI PLWLJDWLRQ UHTXLUHG DQG WKH UHVXOWLQJ FRVWV DQG
EHQH¿WV+RZHYHULQVRPHFDVHVVXFKDVDVKLIWIURPELRPDVV
FRRNLQJWR/3*LQUXUDODUHDVRIGHYHORSLQJFRXQWULHVLWPD\EH
rational to disregard climate change considerations because of
the small increase in emissions compared with its development
EHQH¿WV high agreement, medium evidence 
There is a growing understanding of the possibilities to choose
mitigation options and their implementation such that there is
QRFRQÀLFWZLWKRWKHUGLPHQVLRQVRIVXVWDLQDEOHGHYHORSPHQW
or, where trade-offs are inevitable, to allow a rational choice to
EH PDGH 7KH VXVWDLQDEOH GHYHORSPHQW EHQH¿WV RI PLWLJDWLRQ
options vary within a sector and over regions (high agreement,
much evidence 
v Generally, mitigation options that improve productivity
of resource use, whether energy, water, or land, yield
SRVLWLYHEHQH¿WVDFURVVDOOWKUHHGLPHQVLRQVRIVXVWDLQDEOH
development. Other categories of mitigation options
have a more uncertain impact and depend on the wider
socioeconomic context within which the option is
implemented.
v &OLPDWHUHODWHGSROLFLHVVXFKDVHQHUJ\HI¿FLHQF\DUHRIWHQ
HFRQRPLFDOO\EHQH¿FLDOLPSURYHHQHUJ\VHFXULW\DQGUHGXFH
ORFDO SROOXWDQW HPLVVLRQV 0DQ\ HQHUJ\ VXSSO\ PLWLJDWLRQ
options can also be designed to achieve other sustainable
GHYHORSPHQW EHQH¿WV VXFK DV DYRLGHG GLVSODFHPHQW RI
local populations, job creation, and rationalized human
settlements design.
v 5HGXFLQJ GHIRUHVWDWLRQ FDQ KDYH VLJQL¿FDQW ELRGLYHUVLW\
VRLODQGZDWHUFRQVHUYDWLRQEHQH¿WVEXWPD\UHVXOWLQORVV
RIHFRQRPLFZHOIDUHIRUVRPHVWDNHKROGHUV$SSURSULDWHO\
designed forestation and bioenergy plantations can lead
to reclamation of degraded land, manage water runoff,
UHWDLQ VRLO FDUERQ DQG EHQH¿W UXUDO HFRQRPLHV EXW FRXOG
compete with land for agriculture and may be negative for
biodiversity.
v There are good possibilities for reinforcing sustainable
development though mitigation actions in most sectors,
but particularly in waste management, transportation, and
building sectors, notably through decreased energy use and
reduced pollution.
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12.1

Introduction

The concept of sustainable development had its roots in
WKH LGHD RI D VXVWDLQDEOH VRFLHW\ %URZQ   DQG LQ WKH
management of renewable and non-renewable resources. The
concept was introduced in the World Conservation Strategy
by the International Union for the Conservation of Nature
,8&1   7KH :RUOG &RPPLVVLRQ RQ (QYLURQPHQW DQG
Development adopted the concept and launched sustainability
into political, public and academic discourses. The concept was
GH¿QHG DV ³GHYHORSPHQW WKDW PHHWV WKH QHHGV RI WKH SUHVHQW
without compromising the ability of future generations to meet
their own needs” (WCED, 1987; Bojo et al.   :KLOH
WKLVGH¿QLWLRQLVFRPPRQO\FLWHGWKHUHDUHGLYHUJHQWYLHZVLQ
academic and policy circles on the concept and how to apply it
in practice (Banuri et al.&RFNOLQ3H]]ROL
5RELQVRQDQG+HUEHUW 
7KH GLVFXVVLRQ RQ VXVWDLQDEOH GHYHORSPHQW LQ WKH ,3&&
process has evolved since the First Assessment Report
which focused on the technology and cost-effectiveness of
mitigation activities. This focus was broadened in the Second
$VVHVVPHQW 5HSRUW 6$5  WR LQFOXGH LVVXHV UHODWHG WR HTXLW\
ERWK SURFHGXUDO DQG FRQVHTXHQWLDO DQG DFURVV FRXQWULHV DQG
generations, and to environmental (Hourcade et al. DQG
VRFLDO FRQVLGHUDWLRQV ,3&&   7KH 7KLUG $VVHVVPHQW
5HSRUW 7$5  IXUWKHU EURDGHQHG WKH WUHDWPHQW RI VXVWDLQDEOH
development by addressing issues related to global sustainability
,3&&E&KDSWHU 7KHUHSRUWQRWHGWKUHHEURDGFODVVHV
RI DQDO\VHV RU SHUVSHFWLYHV HI¿FLHQF\ DQG FRVWHIIHFWLYHQHVV
HTXLW\DQGVXVWDLQDEOHGHYHORSPHQWDQGJOREDOVXVWDLQDELOLW\
and societal learning. The preparation of TAR was supported by
,3&&([SHUW*URXS0HHWLQJVVSHFLDOO\WDUJHWHGDWVXVWDLQDEOH
development and social dimensions of climate change. These
groups noted the various ways that the TAR treatment of
VXVWDLQDEOHGHYHORSPHQWFRXOGEHLPSURYHG 0XQDVLQJKHDQG
Swart, 2000; Jochem et al. 
In light of this evolution, each chapter of this Fourth
$VVHVVPHQW 5HSRUW IRFXVHV WR VRPH H[WHQW RQ WKH OLQNV WR
sustainable development practices. Chapter 1 introduces the
FRQFHSW &KDSWHU  SURYLGHV D IUDPHZRUN IRU XQGHUVWDQGLQJ
the economic, environmental, and social dimensions, and
Chapter 3 addresses the issue of development choices for
climate change mitigation in a modelling context. The sector
Chapters 4 to 10 and the cross-sectoral Chapter 11 examine
the impacts of mitigation options on sustainable development
goals; and Chapter 13 describes the extent to which sustainable
GHYHORSPHQWLVDGGUHVVHGLQLQWHUQDWLRQDOSROLFLHV)XUWKHU,3&&
  GHYRWHV WZR FKDSWHUV WKDW DUH OLQNHG WR WKH PLWLJDWLRQ
GLVFXVVLRQLQWKLVUHSRUW&KDSWHULQ,3&&  FRQVLGHUV
adaptation practices, options, constraints and capacity, while
Chapter 18 examines the inter-relationships between adaptation
and mitigation. Finally, Chapter 20 contains discussions of
adaptation and sustainable development.

As in the aforementioned chapters, climate change policies
FDQEHFRQVLGHUHGLQWKHLURZQULJKW µFOLPDWH¿UVW¶ 0RVWSROLF\
literature about climate change mitigation, and necessarily most
of this assessment, focuses on government-driven, climateVSHFL¿FPHDVXUHVWKDWWKURXJKGLIIHUHQWPHFKDQLVPVGLUHFWO\
constrain GHG emissions. Such measures will compose an
HVVHQWLDOHOHPHQWIRUPDQDJLQJWKHULVNVRIFOLPDWHFKDQJH
Nevertheless, the greater emphasis in Section 12.2 is on
other approaches that may be necessary to go beyond the scope
RIFOLPDWHVSHFL¿FDFWLRQV&OLPDWHFKDQJHPLWLJDWLRQLVWUHDWHG
as an integral element of sustainable development policies
µGHYHORSPHQW ¿UVW¶  'HFLVLRQV WKDW PD\ VHHP XQUHODWHG WR
climate policy can have profound impacts on emissions. This
analysis does not suggest or imply that non-climate actions can
GLVSODFH FOLPDWHVSHFL¿F PHDVXUHV ,W HPSKDVL]HV ZKDW PRUH
developed and developing countries can do to alter emissions
paths in the absence of direct constraints on emissions. Such
indirect approaches to climate mitigation are especially relevant
LQ GHYHORSLQJ FRXQWULHV ZKHUH PDQGDWRU\ FOLPDWHVSHFL¿F
measures are controversial and, at best, prospective.
The relationship between economic development and climate
change is of particular importance to developing countries
because of where they are in their development process and
also because of the particular climate challenges that many of
them face. This chapter, therefore, gives particular emphasis
WR WKH QRWLRQ RI ³PDNLQJ GHYHORSPHQW PRUH VXVWDLQDEOH´
0DNLQJ GHYHORSPHQW PRUH VXVWDLQDEOH UHFRJQL]HV WKDW WKHUH
are many ways in which societies balance the economic, social,
and environmental, including climate change, dimensions
of sustainable development. It also admits the possibility of
FRQÀLFW DQG WUDGHRIIV EHWZHHQ PHDVXUHV WKDW DGYDQFH RQH
aspect of sustainable development while harming another
0XQDVLQJKH 
7KLV FKDSWHU   GHVFULEHV WKH HYROXWLRQ RI WKH FRQFHSW RI
VXVWDLQDEOHGHYHORSPHQWZLWKHPSKDVLVRQLWVWZRZD\OLQNDJH
WRFOLPDWHFKDQJHPLWLJDWLRQ 6HFWLRQ   H[SORUHVZD\VWR
PDNHGHYHORSPHQWPRUHVXVWDLQDEOHWKHUROHRIGHYHORSPHQW
SDWKVKRZWKHVHFDQEHFKDQJHGDQGWKHUROHWKDWVWDWHPDUNHW
and civil society could play in mainstreaming climate change
PLWLJDWLRQ LQWR GHYHORSPHQW FKRLFHV 6HFWLRQ   DQG  
summarizes the impacts of climate mitigation on attributes of
VXVWDLQDEOHGHYHORSPHQW 6HFWLRQ 
12.1.1 The two-way relationship between
sustainable development and climate change
The growing literature on the two-way nature of the
relationship between climate change and sustainable
GHYHORSPHQWLVLQWURGXFHGLQ&KDSWHU 0HWZDOOLet al., 1998;
5D\QHU DQG 0DORQH  0XQDVLQJKH DQG 6ZDUW 
Schneider et al., 2000; Banuri et al.0RULWDet al., 2001;
Smit et al., 2001; Beg et al.0DUNDQG\DDQG+DOVQDHV
0HW]et al., 2002; Najam and Cleveland, 2003; Swart et
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al.:LOEDQNV 7KHQRWLRQLVWKDWSROLFLHVSXUVXLQJ
sustainable development and climate change mitigation can
EHPXWXDOO\UHLQIRUFLQJ0XFKRIWKLVOLWHUDWXUHDVHODERUDWHG
upon in Chapters 4 to 11, emphasizes the degree to which
climate change mitigation can have effects. Sometimes called
DQFLOODU\ EHQH¿WV RU FREHQH¿WV WKHVH HIIHFWV ZLOO FRQWULEXWH
to the sustainable development goals of the jurisdiction in
TXHVWLRQ 7KLV DPRXQWV WR YLHZLQJ VXVWDLQDEOH GHYHORSPHQW
through a climate change lens. It leads to a strong focus on
LQWHJUDWLQJ VXVWDLQDEOH GHYHORSPHQW JRDOV DQG FRQVHTXHQFHV
LQWRWKHFOLPDWHPLWLJDWLRQSROLF\IUDPHZRUNDQGRQDVVHVVLQJ
WKHVFRSHIRUVXFKDQFLOODU\EHQH¿WV)RULQVWDQFHUHGXFWLRQV
in GHG emissions might reduce the incidence of death and
LOOQHVVGXHWRDLUSROOXWLRQDQGEHQH¿WHFRV\VWHPLQWHJULW\ERWK
elements of sustainable development (Beg et al.   7KH
FKDOOHQJHWKHQEHFRPHVHQVXULQJWKDWDFWLRQVWDNHQWRDGGUHVV
global environmental problems help to address regional and
local development (Beg et al. 6HFWLRQVXPPDUL]HV
the impacts of climate mitigation actions on economic, social
and environmental aspects of sustainable development noted in
Chapters 3 to 11, and 13.
$NH\¿QGLQJRIWKH7KLUG$VVHVVPHQW5HSRUW 7$5,3&&
E  LV WKDW WKURXJK FOLPDWH PLWLJDWLRQ DORQH LW ZLOO EH
H[WUHPHO\GLI¿FXOWDQGH[SHQVLYHWRDFKLHYHORZVWDELOL]DWLRQ
targets (450 ppmv CO2 IURPEDVHOLQHVFHQDULRVWKDWHPERG\
KLJK HPLVVLRQ GHYHORSPHQW SDWKV DOVR VHH &KDSWHU   /RZ
emission baseline scenarios, however, may go a long way
toward achieving low stabilization levels even before climate
SROLF\ LV LQFOXGHG LQ WKH VFHQDULR 0RULWD et al.   6HH
Section 3.1.2 for a discussion of the distinction between a
baseline and stabilization or mitigation scenario. Achieving low
emission baseline scenarios consistent with other principles of
sustainable development, that is viewing climate change through
DVXVWDLQDEOHGHYHORSPHQWOHQVZRXOGLOOXVWUDWHWKHVLJQL¿FDQW
FRQWULEXWLRQVXVWDLQDEOHGHYHORSPHQWFDQPDNHWRVWDELOL]DWLRQ
0HW]et al.:LQNOHUet al., 2002a; Davidson et al., 2003;
+HOOHUDQG6KXNOD6KXNODet al., 2003; Swart et al., 2003;
5RELQVRQ DQG %UDGOH\   6HFWLRQ  IRFXVHV RQ WKLV
FULWLFDO TXHVWLRQ RI WKH OLQN EHWZHHQ VXVWDLQDEOH GHYHORSPHQW
and ways to mainstream climate change mitigation into
sustainable development actions. This is a central element since
this topic is not addressed elsewhere in the Fourth Assessment
Report in a similarly comprehensive manner that is accessible
to a non-climate readership.
By framing the debate as a sustainable development
problem rather than only as climate mitigation, the priority
goals of all countries and particularly developing countries are
1

2
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EHWWHUDGGUHVVHGZKLOHDFNQRZOHGJLQJWKDWWKHGULYLQJIRUFHV
IRU HPLVVLRQV DUH OLQNHG WR WKH XQGHUO\LQJ GHYHORSPHQW SDWK
,3&&&KDSWHUDQG<RKH0HW]et al., 2002;
:LQNOHUet al.D 
Development paths underpin the baseline and stabilization
emissions scenarios discussed in Chapter 3 and are used to
estimate emissions, climate change and associated climate
change impacts1. For a development path2 to be sustainable
over a long period, wealth, resources, and opportunity must be
shared so that all citizens have access to minimum standards
RI VHFXULW\ KXPDQ ULJKWV DQG VRFLDO EHQH¿WV VXFK DV IRRG
health, education, shelter, and opportunity for self-development
5HHG 7KLVZDVDOVRHPSKDVL]HGE\WKH:RUOG6XPPLW
RQ6XVWDLQDEOH'HYHORSPHQW :66' LQ-RKDQQHVEXUJLQ
which introduced the Water, Energy, Health, Agriculture, and
%LRGLYHUVLW\ :(+$% IUDPHZRUN
Several strategies and measures that would advance
sustainable development would also enhance adaptive and
PLWLJDWLYHFDSDFLWLHV:LQNOHUet al. ( KDYHVXJJHVWHGWKDW
PLWLJDWLYHFDSDFLW\EHGH¿QHGDV³DFRXQWU\¶VDELOLW\WRUHGXFH
DQWKURSRJHQLF JUHHQKRXVH JDVHV RU HQKDQFH QDWXUDO VLQNV´
There is a close connection between mitigative and adaptive
capacities and the underlying socio-economic and technological
development paths that give rise to those capacities. In
important respects, the determinants of these capacities are
critical characteristics of such development paths. For instance,
mitigative and adaptive capacities arise out of the more general
pool of resources called response capacity, which is strongly
affected by the nature of the development path in which it
exists.
3ULRUWRH[SORULQJWKHVHLVVXHVIXUWKHUWKHHYROXWLRQRIWKH
sustainable development concept is discussed in Section 12.1.2,
and the growing use of indicators to measure sustainable
development progress at the macro and sectoral levels is
described in Section 12.1.3. This review concludes that while
WKH XVH RI TXDQWLWDWLYH LQGLFDWRUV LV KHOSLQJ WR EHWWHU GH¿QH
sustainable development, few macro sustainable development
LQGLFDWRUV H[SOLFLWO\ WDNH *+* HPLVVLRQV DQG FOLPDWH FKDQJH
impacts into consideration.
12.1.2 Evolution and articulation of the concept of
sustainable development
Since the 1992 Earth Summit in Rio de Janeiro, there is general
DJUHHPHQWWKDWVXVWDLQDEOHGHYHORSPHQWUHTXLUHVWKHDGRSWLRQRI
a comprehensive and integrated approach to economic, social and

The climate change and climate change impact scenarios assessed in the Fourth Assessment Report are primarily based on the SRES family of emission scenarios. These
deﬁne a spectrum of development paths, each with associated socio-economic and technological conditions and driving forces. Each family of emission scenarios will, therefore, give rise to a different set of response capacities.
Development paths are deﬁned here as a complex array of technological, economic, social, institutional, cultural, and biophysical characteristics that determines the
interactions between human and natural systems, including consumption and production patterns in all countries, over time at a particular scale. In the TAR, “alternative
development paths” referred to a variety of possible development paths, including a continuation of current trends, but also a variety of other paths. To avoid confusion, the
word ‘alternative’ is avoided in the current report. Development paths will be different in scope and timing in different countries, and can be different for different regions within
countries with large differences in internal regional characteristics.
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HQYLURQPHQWDOSURFHVVHV 0XQDVLQJKH%DQXUL et al., 1994;
Najam et al. 7KHHQYLURQPHQWSRYHUW\QH[XVLVQRZZHOO
UHFRJQL]HGDQGWKHOLQNDJHEHWZHHQVXVWDLQDEOHGHYHORSPHQWDQG
DFKLHYHPHQW RI WKH 0LOOHQQLXP 'HYHORSPHQW *RDOV 0'*V 
KDV EHHQ FOHDUO\ DUWLFXODWHG -DKDQ DQG 8PDQD   :KLOH
the challenge of sustainable development is a common one,
countries have to adopt different strategies to advance sustainable
development goals – especially in the context of achieving the
0'*V 'DODO&OD\WRQ   7KH SDWKV WKH\ DGRSW ZLOO KDYH
important implications for the mitigation of climate change (for a
PRUHH[WHQVLYHGLVFXVVLRQRI0'*VVHH6HFWLRQ $VQRWHG
LQ6HFWLRQDQG6HFWLRQFRQVLGHUDWLRQRIFOHDQHQHUJ\
VHUYLFHVHYHQWKRXJKQRWH[SOLFLWO\PHQWLRQHGLQWKH0'*VZLOO
be a vital factor in achieving both sustainable development and
climate mitigation goals.
However, discourses of sustainable development have
historically focused primarily on the environmental and
HFRQRPLF GLPHQVLRQV %DUQHWW   ZKLOH RYHUORRNLQJ WKH
need for social, political and/or cultural change (Barnett, 2001;
/HKWRQHQ5RELQVRQ $V/HKWRQHQ  H[SODLQV
however, most models of sustainable development conceive of
VRFLDO HQYLURQPHQWDO DQG HFRQRPLF  LVVXHV DV µLQGHSHQGHQW
elements that can be treated, at least analytically, as separate
IURPHDFKRWKHU¶ S 7KHLPSRUWDQFHRIVRFLDOSROLWLFDODQG
FXOWXUDOIDFWRUVIRUH[DPSOHSRYHUW\VRFLDOHTXLW\JRYHUQDQFH
is only now getting more recognition. In particular, there is a
growing recognition of the importance of the institutional and
JRYHUQDQFH GLPHQVLRQV %DQXUL DQG 1DMDP   )URP D
climate change perspective, this integration is essential in order
WRGH¿QHVXVWDLQDEOHGHYHORSPHQWSDWKV0RUHRYHUDVGLVFXVVHG
in this chapter, understanding the institutional context in which
policies are made and implemented is critical.
As noted in Chapter 2, the term ‘sustainable development,’
has given rise to considerable debate and concerns (Robinson,
 )LUVWWKHYDULHW\RIGH¿QLWLRQVRIVXVWDLQDEOHGHYHORSPHQW
0HDGRZFURIW  3H]]ROL  0HEUDWX   KDV
UDLVHGFRQFHUQVDERXWGH¿QLWLRQDODPELJXLW\RUYDJXHQHVV,Q
response, it has been argued that this vagueness may constitute
a form of constructive ambiguity that allows different interests
WRHQJDJHLQWKHGHEDWHDQGWKHFRQFHSWWREHIXUWKHUUH¿QHG
through implementation (Banuri and Najam, 2002; Robinson,
 7KH FRQFHSW RI VXVWDLQDEOH GHYHORSPHQW LV QRW XQLTXH
in this respect, since its conceptual vagueness bears similarities
to other norm-based meta-objectives such as ‘democracy,’
µIUHHGRP¶DQGµMXVWLFH¶ /DIIHUW\0HDGRZFURIW 
Second, the term ‘sustainable development’ can be used
to support cosmetic environmentalism, sometimes called
JUHHQZDVKLQJRUVLPSO\K\SRFULV\ $WKDQDVLRX1DMDP
 2QHUHVSRQVHWRVXFKSUDFWLFHVKDVEHHQWKHGHYHORSPHQW
RI JUHDWO\ LPSURYHG PRQLWRULQJ DQDO\WLFDO WHFKQLTXHV DQG
standards, in order to verify claims about sustainable practices
+DUGLDQG=GDQ2(&'%HOODQG0RUVH
3DUULVDQG.DWHV 6HH6HFWLRQ
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Finally, the most serious concern about sustainable
development is that it is inherently delusory. Some critics have
argued that because biophysical limits constrain the amount of
future development that is sustainable, the term ‘sustainable
development’ is itself an oxymoron (Dovers and Handmer,
0HEUDWX6DFKV 7KLVOHDGVVRPHWRDUJXH
for a ‘strong sustainability’ approach in which natural capital
must be preserved since it cannot be substituted by any other
IRUP RI FDSLWDO 3HDUFH et al.  &DEH]D *XWHV  
Others point out that the concept of sustainable development
is anthropocentric, thereby avoiding reformulation of values
WKDWPD\EHUHTXLUHGWRSXUVXHWUXHVXVWDLQDELOLW\ 6X]XNLDQG
0F&RQQHOO :KLOHYHU\GLIIHUHQWLQDSSURDFKDQGIRFXV
ERWKWKHVHFULWLFLVPVUDLVHIXQGDPHQWDOYDOXHTXHVWLRQVWKDWJR
to the heart of present debates about environmental and social
issues.
Despite these criticisms, basic principles are emerging
from the international sustainability discourse, which could
help to establish commonly held principles of sustainable
development. These include, for instance, the welfare of
future generations, the maintenance of essential biophysical
life support systems, ecosystem wellbeing, more universal
SDUWLFLSDWLRQ LQ GHYHORSPHQW SURFHVVHV DQG GHFLVLRQPDNLQJ
and the achievement of an acceptable standard of human wellEHLQJ :&('0HDGRZFURIW6ZDUWet al., 2003;
0$ 
The principles of sustainable development have progressively
been internalized in various national and international legal
LQVWUXPHQWV %R\OHDQG)UHHVWRQH'HFOHULV /DZ
FRQWULEXWHVWRWKHSURFHVVRIGH¿QLQJWKHFRQFHSWRIVXVWDLQDEOH
GHYHORSPHQWWKURXJKERWKLQWHUQDWLRQDO WUHDW\ ODZDQGQDWLRQDO
law. At a national level, principles of sustainable development
are being implemented in various regions and countries,
including New Zealand and the European Union. For example,
1HZ =HDODQG¶V 5HVRXUFH 0DQDJHPHQW $FW  UHTXLUHV DOO
decisions under the Act to consider and provide for sustainable
management of natural and physical resources (Furuseth
DQG &RFNOLQ  . South Africa’s National Environmental
0DQDJHPHQW$FWSURYLGHVIRUWKHGHYHORSPHQWRIDVVHVVPHQW
SURFHGXUHVWKDWDLPWRHQVXUHWKDWHQYLURQPHQWDOFRQVHTXHQFHV
RISROLFLHVSODQVDQGSURJUDPPHVDUHFRQVLGHUHG 56$ 
,QGLD¶V3ODQQLQJ&RPPLVVLRQPDNHVVXVWDLQDELOLW\SDUWRIWKH
approach to providing ‘Clean Water for All’, noting that this
UHTXLUHV D VKLIW IURP JURXQGZDWHU WR VXUIDFH ZDWHU ZKHUH
possible, or groundwater recharge (Government of India,
  6LPLODUO\ WKH  (&:DWHU )UDPHZRUN 'LUHFWLYH LV
VHHNLQJ WR RSHUDWLRQDOL]H SULQFLSOHV RI VXVWDLQDEOH XVH LQ WKH
PDQDJHPHQWRI(8ZDWHUV 5LHX&ODUNH 
International environmental treaties generally cite
sustainable development as a fundamental principle by which
they must be interpreted, but rarely provide any further
VSHFL¿FDWLRQ RI FRQWHQW 7KH 81 )UDPHZRUN &RQYHQWLRQ
on Climate Change, for example, includes in its principles
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the right to promote sustainable development, but does not
elaborate modalities for doing so. In response to the necessity
WR EXLOG D IUDPHZRUN RI HTXLWDEOH VWURQJ DQG HIIHFWLYH ODZV
needed to manage humanity’s interaction with the Earth and
EXLOG D IDLU DQG VXVWDLQDEOH VRFLHW\ =DHONH et al.   WKH
,QWHUQDWLRQDO 1HWZRUN IRU (QYLURQPHQWDO &RPSOLDQFH DQG
(QIRUFHPHQW ,1(&( ODXQFKHGDQLQLWLDWLYHDWWKH:66'
DLPHGDWPDNLQJDODZZRUNIRUHQYLURQPHQWDOFRPSOLDQFHDQG
sustainable development.
Since the 1980s, sustainable development has moved from
being an interesting but sometimes contested ideal, to now
EHLQJWKHDFNQRZOHGJHGJRDORIPXFKRILQWHUQDWLRQDOSROLF\
LQFOXGLQJFOLPDWHFKDQJHSROLF\,WLVQRORQJHUDTXHVWLRQRI
whether climate change policy should be understood in the
FRQWH[W RI VXVWDLQDEOH GHYHORSPHQW JRDOV LW LV D TXHVWLRQ RI
how.
12.1.3 Measurement of progress towards
sustainable development
As what is managed needs to be measured, managing the
VXVWDLQDEOHGHYHORSPHQWSURFHVVUHTXLUHVDPXFKVWUHQJWKHQHG
evidence base and the development and systematic use of
robust sets of indicators and new ways of measuring progress.
0HDVXUHPHQWQRWRQO\JDXJHVEXWDOVRVSXUVWKHLPSOHPHQWDWLRQ
of sustainable development and can have a pervasive effect on
GHFLVLRQPDNLQJ 0HDGRZV%RVVHO ,QWKHFOLPDWH
change context, measurement plays an essential role in setting
DQGPRQLWRULQJSURJUHVVWRZDUGVVSHFL¿FFOLPDWHFKDQJHUHODWHG
commitments both in the mitigation and adaptation context
&,(6,1 
$JHQGD  &KDSWHU   H[SOLFLWO\ UHFRJQL]HV WKH QHHG
IRU TXDQWLWDWLYH LQGLFDWRUV DW YDULRXV OHYHOV ORFDO SURYLQFLDO
QDWLRQDO DQG LQWHUQDWLRQDO  RI WKH VWDWXV DQG WUHQGV RI WKH
planet’s ecosystems, economic activities and social wellbeing
8QLWHG1DWLRQV 7KHQHHGIRUIXUWKHUZRUNRQLQGLFDWRUV
DWQDWLRQDODQGRWKHUOHYHOVZDVFRQ¿UPHGE\WKH-RKDQQHVEXUJ
3ODQRI,PSOHPHQWDWLRQ 81(3 
$VSRLQWHGRXWE\0HDGRZV  LQGLFDWRUVDUHXELTXLWRXV
but when poorly chosen create serious malfunctions in socioeconomic and ecological systems. Recognizing the shortcomings
RI PDLQVWUHDP PHDVXUHV VXFK DV *'3 LQ PDQDJLQJ WKH
sustainable development process, alternative indicator systems
have been developed and used by an increasing number of
entities in various spatial, thematic and organizational contexts
0ROGDQ et al.,,6' 
Indicator development is also driven by the increasing
emphasis on accountability in the context of sustainable
development governance and strategy initiatives. In their
compilation and analysis of national sustainable development
strategies, Swanson et al.   HPSKDVL]H WKDW LQGLFDWRUV
need to be tied to expected outcomes, policy priorities and
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implementation mechanisms. As such, the development of
indicators may best be integrated with a process for setting
sustainable development objectives and targets, but have
an important role in all stages of the strategic policy cycle.
2QFH SULRULW\ LVVXHV DUH LGHQWL¿HG 60$57 LQGLFDWRUV QHHG
WR EH GHYHORSHG  LQGLFDWRUV WKDW DUH 6SHFL¿F 0HDVXUDEOH
Achievable, Relevant/Realistic and Time-bound.
%RXODQJHU  REVHUYHVWKDWLQGLFDWRUVFDQEHFODVVL¿HG
DFFRUGLQJ WR IRXU PDLQ DSSURDFKHV   WKH VRFLRQDWXUDO
VHFWRUV RUV\VWHPV DSSURDFKZKLFKIRFXVHVRQVXVWDLQDELOLW\
DV DQ HTXLOLEULXP EHWZHHQ WKH WKUHH SLOODUV RI VXVWDLQDEOH
GHYHORSPHQW EXW ZKLFK RYHUORRNV GHYHORSPHQW DVSHFWV  
the resources approach, which concentrates on sustainable
XVH RI QDWXUDO UHVRXUFHV DQG LJQRUHV GHYHORSPHQW LVVXHV  
a human approach based on human wellbeing, basic needs;
DQG   WKH QRUPV DSSURDFK ZKLFK IRUHVHHV VXVWDLQDEOH
development in normative terms. Each approach has its own
PHULWV DQG ZHDNQHVVHV 'HVSLWH WKHVH HIIRUWV DW PHDVXULQJ
sustainability, few offer an integrated approach to measuring
HQYLURQPHQWDOHFRQRPLFDQGVRFLDOSDUDPHWHUV &RUVRQ
)DUVDULDQG3UDVWDFRV6ZDQVRQ et al. 7KLVUHYLHZ
RILQGLFDWRUVLOOXVWUDWHVDVLJQL¿FDQWJDSLQPDFURLQGLFDWRUVLQ
that few include measures of progress with respect to climate
change.
Indicator system development typically builds on a conceptual
IUDPHZRUN VHUYLQJ DV D OLQN EHWZHHQ UHOHYDQW ZRUOG YLHZV
VXVWDLQDELOLW\LVVXHVDQGVSHFL¿FLQGLFDWRUV6RPHRIWKHPRUH
FRPPRQ RQHV LQFOXGH WKH SUHVVXUHVWDWHLPSDFW IUDPHZRUN
DQG FDSLWDOEDVHG IUDPHZRUNV FRYHULQJ VRFLDO HQYLURQPHQWDO
and economic domains. Given the ambiguity of the concept
of sustainable development and differences in socio-economic
and ecological context, even the use of comparable indicator
IUDPHZRUNV XVXDOO\ UHVXOWV LQ QRQLGHQWLFDO LQGLFDWRU VHWV
3DUULVDQG.DWHV3LQWpU et al. 
Various alternative approaches to estimate macro progress
WRZDUGV VXVWDLQDEOH GHYHORSPHQW KDYH EHHQ GHYHORSHG 0DQ\
of these approaches integrate, though not necessarily focus
on, aspects of climate change. One approach to indicator
development focused on monetary measures and involves
DGMXVWPHQWWRWKH*'37KHVHLQFOXGHIRUH[DPSOHFDOFXODWLRQ
of genuine savings (Hamilton and et al.  3HDUFH  
6XVWDLQDEOH 1DWLRQDO ,QFRPH +XHWLQJ   DQG HIIRUWV WR
GHYHORSDPHDVXUHRIVXVWDLQDELOLW\ <RKHDQG0RVV ,Q
an attempt to aggregate and express resource consumption and
KXPDQLPSDFWLQWKHFRQWH[WRID¿QLWHHDUWKDQXPEHURILQGLFHV
based on non-monetary, physical measures were created. These
indices may be based on the concepts of environmental space
RU HFRVSDFH DQG HFRORJLFDO IRRWSULQW :DFNHUQDJHO DQG 5HHV
9HQHWRXOLV et al.%XLWHQNDPS et al., 1993; Opschoor,
5HHV 9LWRXVHNet al.  SURSRVHGWKHLQGH[RI
+XPDQ $SSURSULDWLRQ RI 1HW 3ULPDU\ 3URGXFWLRQ +$133 
7KLVDSSURDFKVSHFL¿HVWKHDPRXQWRIHQHUJ\WKDWKXPDQVGLYHUW
for their own use in competition with other species.
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In trying to avoid shortcomings from the concept of carrying
FDSDFLW\DSSOLHGWRKXPDQVRFLHWLHVWKHIRUPXOD, 3$7ZKHUH,
LVWKHKXPDQLPSDFWRQWKHHQYLURQPHQW3WKHKXPDQSRSXODWLRQ
$WKHDIÀXHQFH SUHVXPDEO\SHUFDSLWDLQFRPH DQG7WKHHIIHFW
of technology on the environment, has been commonly used in
decomposing the impact of population, economic activity, and
fuel use on the environment in general and on historical and
IXWXUHFDUERQHPLVVLRQVLQSDUWLFXODU ,($F.D\D
Schipper et al.6FKXPDFKHUDQG6DWKD\H 2WKHU
approaches include the development of a ‘global entropy model’
WKDW LQVSHFWV WKH FRQGLWLRQV IRU VXVWDLQDELOLW\ 5XHEEHONH
  7KLV LV GRQH E\ HPSOR\LQJ DYDLODEOH HQWURS\ GDWD WR
demonstrate the extent to which improvements in entropy
HI¿FLHQF\ VKRXOG EH DFFRPSOLVKHG WR FRPSHQVDWH WKH HIIHFWV
of increasing economic activity and population growth. Other
sets of metrics have less precise ambitions but aim to explain
WR WKH ODUJHU SXEOLF WKH ULVNV RI HQYLURQPHQWDO FKDQJH VXFK
as the notion ‘ecological footprint’ [see above] used by some
NGOs. In this, the aggregate indicators are noted as the number
of planets Earth needed to sustain the present way of living of
some regions of the World.
$V %DUWHOPXV   REVHUYHV PDQ\ RI WKH DJJUHJDWH
LQGLFHVDUH\HWWREHDFFHSWHGLQGHFLVLRQPDNLQJGXHDPRQJ
others, to measurement, weighting and indicator selection
challenges. However, besides efforts to develop aggregate
indices either on a monetary or physical basis, many efforts are
aimed at developing heterogeneous indicator sets. One of the
FRPPRQO\ DFFHSWHG IUDPHZRUNV XVHV D FODVVL¿FDWLRQ VFKHPH
that groups sustainability issues and indicators according
to social, ecological, economic, and in some cases, also
institutional categories. Several indicator systems developed
at international and national level have adopted a capital-based
IUDPHZRUNIROORZLQJWKHDERYHFDWHJRULHV7KH\OLQNLQGLFDWRUV
more closely to the System of Integrated Environmental and
(FRQRPLF $FFRXQWV 6\VWHP RI 1DWLRQDO $FFRXQWV 61$ 
LQFOXGLQJLWVHQYLURQPHQWDOFRPSRQHQW 3LQWpU et al. $W
the United Nations, the Division for Sustainable Development
OHG WKH ZRUN RQ GHYHORSLQJ D PHQX DQG PHWKRGRORJ\ VKHHWV
for sustainability indicators that integrate several relevant for
climate change from the mitigation and adaptation point of view
81'6'   $OVR WKH 81(&((XURVWDW2(&' :RUNLQJ
Group on Statistics for Sustainable Development is developing
DFRQFHSWXDOIUDPHZRUNIRUPHDVXULQJVXVWDLQDEOHGHYHORSPHQW
and recommendations for indicator sets. A set of climate change
mitigation input and outcome indicators should be included.
While not necessarily focused on climate change per se,
many of these indicator efforts include climate change as one of
WKHNH\LVVXHVRQWKHPLWLJDWLRQRUDGDSWDWLRQVLGH.HHSLQJD
broader perspective is essential, as climate change, including its
drivers, impacts and related responses, transcend many sectors
and issue categories. Indicators are needed in all in order to
LGHQWLI\ DQG DQDO\]H V\VWHPLF ULVNV DQG RSSRUWXQLWLHV ,Q WKH
PLWLJDWLRQFRQWH[WTXDQWLI\LQJHPLVVLRQVDQGWKHLUXQGHUO\LQJ
driving forces is an essential component of management and
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accountability mechanisms. GHG emissions accounting
LV D PDMRU QHZ ¿HOG DQG LV JXLGHG E\ LQFUHDVLQJO\ GHWDLOHG
methodology standards and protocols in both the public and
SULYDWHVHFWRU :%&6' 
Whether part of integrated indicator systems or developed
separately, climate change indicators on the mitigation side may
IRFXVRQDEVROXWHRUHI¿FLHQF\PHDVXUHV +HU]RJDQG%DXPHUW
 $EVROXWHPHDVXUHVKHOSWUDFNDJJUHJDWHHPLVVLRQVWKXV
TXDQWLI\WKHGLUHFWSUHVVXUHRIKXPDQDFWLYLWLHVRQWKHFOLPDWH
V\VWHP(I¿FLHQF\PHDVXUHVLQGLFDWHWKHDPRXQWRIHQHUJ\RU
materials used or GHG emitted in order to produce a unit of
economic output, or more generally, to achieve a degree of
change in human wellbeing. Depending on the policy context,
ERWKDEVROXWHPHDVXUHVDQGHI¿FLHQF\PHDVXUHVPD\EHXVHIXO
But from the climate system perspective, it is ultimately
indicators of absolute emission levels that matter.
At the sectoral level, several initiatives are being
implemented to measure and monitor progress towards
sustainable development, including the reduction of
greenhouse gas emissions. In the buildings sector, for instance,
WKH 86 *UHHQ %XLOGLQJV &RXQFLO KDV HVWDEOLVKHG /HDGHUVKLS
LQ (QHUJ\ DQG (QYLURQPHQWDO 'HVLJQ /(('  WKDW VHWV D
voluntary, consensus-based national standard for developing
high-performance, sustainable buildings. About 2000 large
EXLOGLQJV KDYH UHFHLYHG FHUWL¿FDWHV 7KH *OREDO 5HSRUWLQJ
,QLWLDWLYH *5, LVDPXOWLVWDNHKROGHUSURFHVVZKRVHPLVVLRQ
is to develop and disseminate globally applicable Sustainability
Reporting Guidelines. These Guidelines are for voluntary use
by organizations for reporting on the economic, environmental,
and social dimensions of their activities, products, and services.
Over 700 large industrial corporations are annually reporting
their sustainable development progress using these guidelines.
Industry sectors, such as cement and aluminium, which
are among the most intensive energy users, have their own
LQLWLDWLYHVWRWUDFNSURJUHVV )RUPRUHLQIRUPDWLRQRQVHFWRUDO
LQGLFDWRUVVHH6HFWLRQ 
In essence, while tools for measuring progress towards
sustainable development are still far from perfect, considerable
progress in the development of such tools and considerable
XSWDNHLQWKHLUXVHKDVRFFXUUHG7KHWUHQGLVFOHDUO\WRZDUGV
PRUH UH¿QHPHQW LQ WKH WRROV DQG DQ LQFUHDVH LQ WKHLU XVH E\
governments, business and civil society.

12.2 Implications of development choices
for climate change mitigation
The roadmap for this section starts with the concept of
development paths. National development paths do not result
from integrated policy programmes. They emerge from
fragmented decisions made by numerous private actors and
SXEOLFDJHQFLHVZLWKLQYDULHGLQVWLWXWLRQDOIUDPHZRUNVRIVWDWH
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PDUNHWVDQGFLYLOVRFLHW\'HFLVLRQVDERXWWKHGHYHORSPHQWRI
WKHPRVWVLJQL¿FDQWVHFWRUVWKDWVKDSHHPLVVLRQSUR¿OHVHQHUJ\
industry, transportation and land use - are made by ministries
DQGFRPSDQLHVWKDWGRQRWUHJXODUO\DWWHQGWRFOLPDWHULVNV7KH
VDPHLVWUXHIRUHYHQPRUHLQGLUHFWLQÀXHQFHVRQWKHVHVHFWRUDO
SDWKZD\V LQFOXGLQJ ¿QDQFLDO PDFURHFRQRPLF DQG WUDGH
practices and policies. The focus on development paths places
new emphasis on development’s impact on climate and on
indirect rather than direct actions that affect climate mitigation.
Section 12.2.1 reviews scenario and other literature indicating
that in different nations and regions, contingent development
paths are plausible and can be associated with widely disparate
HFRQRPLF HQYLURQPHQWDO DQG VRFLDO FRQVHTXHQFHV 6HFWLRQ
12.2.2 provides historical evidence that lower emissions
pathways are not necessarily associated with lower economic
growth.
The second segment of the road map suggests the importance
of better understanding in climate policy of how nations
organize sectoral and other emissions-determining policies and
EHKDYLRXU 6HFWLRQ  DVVHVVHV OLWHUDWXUH WKDW DQDO\]H  
the particular institutions, organizations, and political cultures
WKDWIRUPWKHLQVWDOOHGV\VWHPVRIGHFLVLRQPDNLQJDQGSULRULW\
VHWWLQJ IURP ZKLFK GHFLVLRQV DERXW NH\ VHFWRUV RU FRQWH[WV
HPHUJH DQG   WKH EURDGHU WUDQVQDWLRQDO WUHQGV WKDW DUH
reshaping established governance processes. The description of
these installed systems and the ways in which they are changing
is drawn from an assessment of the social science literature on
UHODWLRQVKLSV EHWZHHQ VWDWHV PDUNHWV DQG FLYLO VRFLHW\ 7KXV
Section 12.2.3 broadens the discourse beyond the economics
and technological literature now familiar in climate analysis
by incorporating history, political economy, and organization
theory. The emphasis moves from government to governance.
Rather than focusing on action by governments or states alone,
the social science literature suggests more attention on decisions
E\ PXOWLSOH DFWRUV 5D\QHU DQG 0DORQH  -RFKHP et al.,
 ,QVRPHV\VWHPVFKDQJHRFFXUVSULPDULO\WKURXJKDFWLRQV
initiated by either central governments or more federalized local
jurisdictions. In others, it proceeds more through initiatives by
private organizations that are then complemented by supportive
governmental policies.
7KH ¿QDO VHJPHQW RI URDG PDS UHODWHV LQ 6HFWLRQ 
to strategies and actions for changing development paths.
It builds from the insight that changes in development paths
emerge from the interactions of varied, centralized and
decentralized public and private decision processes, many of
which are not traditionally considered as ‘climate policy’. It
emphasizes that national circumstances, including endowments
in primary energy resources, and the strengths of institutions
matter in determining how development policies ultimately
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LPSDFW*+*HPLVVLRQV(QVXULQJWKDWNH\VHFWRUVHYROYHLQD
more sustainable manner depends on capability to coordinate
decentralized choices and decision processes. The literature
emphasizes the importance of partnerships between public,
private and civil society in actions that contribute to shifts in the
direction of development. However, it does not assume that the
lead coordinating agency will always be the state. In different
societies with different cultures of social change, the lead agent
with a strong motivation, whether political or commercial, to
bear the costs of organizing change may emerge from states,
PDUNHWVRUFLYLOVRFLHWLHV
In sum, Section 12.2 shows that to expand the focus of
effective climate action to include development activities
involves less emphasis on the search for ideal and general
instruments, and involves much more attention on local and
IUDJPHQWHGSURFHVVHVIRUPRUHPDUJLQDOFKDQJHVLQNH\VHFWRUDO
decisions. When added up over time, these decisions could lead
to more sustainable development paths and lower emissions.
Clearly, the reformed focus of a broadened scope for climate
DFWLRQUDLVHVPDQ\TXHVWLRQVWKDWKDYHQRWEHHQKLJKOLJKWHGLQ
WKHUHVHDUFKDJHQGD7KHVHDUHUHÀHFWHGLQWKHDJHQGDIRUIXWXUH
research in Section 12.4.
12.2.1 Multiplicity of plausible development
pathways ahead, with different economic,
social and environmental content
Climate policy alone will not solve the climate problem.
0DNLQJ GHYHORSPHQW PRUH VXVWDLQDEOH E\ FKDQJLQJ
GHYHORSPHQW SDWKV FDQ PDNH D PDMRU FRQWULEXWLRQ WR FOLPDWH
JRDOV2QHRIWKHPDMRU¿QGLQJVRI7$5LQWHUPVRIVXVWDLQDEOH
development was that development choices matter (Banuri et
al. 7KHOLWHUDWXUHRQORQJWHUPFOLPDWHVFHQDULRV 0HW]
et al.1DNLFHQRYLF et al., 2000; Swart et al. DQG
HVSHFLDOO\WKH65(65HSRUW 0RULWD et al. SRLQWVWRWKH
VDPHFRQFOXVLRQ&OLPDWHRXWFRPHVDUHLQÀXHQFHGQRWRQO\E\
FOLPDWH VSHFL¿F SROLFLHV EXW DOVR E\ WKH PL[ RI GHYHORSPHQW
choices made and the development paths that these policies
lead to. There are always going to be a variety of development
pathways3 that could possibly be followed and they might lead to
future outcomes at global, national, and local levels. The choice
RIGHYHORSPHQWSROLFLHVFDQWKHUHIRUHEHDVFRQVHTXHQWLDOWR
IXWXUH FOLPDWH VWDELOL]DWLRQ DV WKH FKRLFH RI FOLPDWHVSHFL¿F
policies.
'HYHORSPHQW SDWKZD\V FDQ EH XVHIXO ZD\V WR WKLQN DERXW
possible, even plausible, future states of the world. Over the
last century, for example, human health has been improved
VLJQL¿FDQWO\ LQ PRVW RI WKH ZRUOG XQGHU YHU\ GLIIHUHQW VRFLR

Development paths are deﬁned here as a complex array of technological, economic, social, institutional, cultural, and biophysical characteristics that determines the interactions between human and natural systems, including consumption and production patterns in all countries, over time at a particular scale. In the TAR, “alternative development
paths” referred to a variety of possible development paths, including a continuation of current trends, but also a variety of other paths. To avoid confusion, the word ‘alternative’
is avoided in the current report. Development paths will be different in scope and timing in different countries, and can be different for different regions within countries with
large differences in internal regional characteristics.
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economic pathways and health care systems (e.g., see CGD,
2(&' &RXQWULHVKDYHPDGHGLIIHUHQWGHFLVLRQV
with respect to health care, leading to a wide variety of different
systems, with still a large divide between industrialized and
GHYHORSLQJ FRXQWULHV 5HGFOLIW DQG %HQWRQ   %XW LQ
general, the chosen strategies have in common that they have
FRQWULEXWHG WR PDUNHG KHDOWK LPSURYHPHQWV LQ DOPRVW DOO
regions. Advances have been uneven and improvements are
under constant pressure from new developments (e.g., AIDS,
QHZLQIHFWLRXVGLVHDVHV ,QJHQHUDOWKHKHDOWKH[DPSOHVXJJHVWV
WKDW KXPDQ FKRLFH FDQ PDNH D SRVLWLYH FRQWULEXWLRQ WRZDUGV
UHDFKLQJ D FRPPRQ JRDO )UHQN et al.  6PLWK  
The same could be true for sustainable development in general,
and reduced GHG emissions in particular. But changing a
development pathway is not about choosing a mapped out path,
but rather about navigating through an uncharted and evolving
landscape.
Developing scenarios depicting possible development
pathways can falsely suggest that these are in some sense latent
pathways or routes through the future that have been uncovered
WKURXJKLQVLJKWRUUHVHDUFK,QUHDOLW\ZHOOGH¿QHGGHYHORSPHQW
pathways are not waiting to be selected. Even understanding the
PXFKVPDOOHUVHWRIFXUUHQWGHYHORSPHQWSDWKVFDQEHGLI¿FXOW
These are not simply the result of previous policies or decisions
of governments, although these certainly affect the outcomes.
As Shove et al  DUJXHZLWKUHVSHFWWRHQHUJ\XVDJHWKH
present is the result of myriad small activities and practices
adopted or developed in the course of everyday life.
In reviewing the literature on development pathways, and
LQ UHVSHFWLQJ WKH FDYHDWV GHVFULEHG DERYH WKUHH NH\ OHVVRQV
HPHUJH
v Development paths as well as climate policy determine
GHG emissions;
v 1HZ JOREDO VFHQDULR DQDO\VHV FRQ¿UP WKH LPSRUWDQFH RI
development pathways for climate change mitigation;
v Development paths can vary by regions and countries
because of different priorities and conditions.
7KHVHWKUHH¿QGLQJVDUHGLVFXVVHGLQWKHIROORZLQJVHFWLRQ
12.2.1.1

Development paths as well as climate policies
determine GHG emissions

For much of the last century, the dominant path to
industrialization was characterized by high concurrent GHG
HPLVVLRQV 7KH ,3&& 7KLUG $VVHVVPHQW 5HSRUW FRQFOXGHG
that committing to alternative development paths can result
in very different future GHG emissions. Development paths
OHDGLQJ WR ORZHU HPLVVLRQV ZLOO UHTXLUH PDMRU SROLF\ FKDQJHV
in areas other than climate change. The development pathway
pursued is an important determinant of mitigation costs and can
be as important as the emissions target in determining overall
costs (Hourcade et al. 7KHVH¿QGLQJVZHUHEDVHGRQDQ
H[WHQVLYHDQDO\VLVRIPRGHOEDVHGHPLVVLRQVVFHQDULRV 0RULWD

DQG/HH DVXUYH\RIPRUHTXDOLWDWLYHVWXGLHV 5RELQVRQ
DQG+HUEHUW DQGDFRPSDULVRQRIVWDELOL]DWLRQVFHQDULRV
0RULWD et al.   EDVHG RQ WKH ,3&& 65(6 VFHQDULRV
1DNLFHQRYLF et al. 
Developing countries do not have to follow the example of
GHYHORSHG FRXQWULHV LQ WHUPV RI HQHUJ\ XVH 81&6'  
since the early stages of infrastructure development offer
opportunities to satisfy their populations’ needs in different
ZD\V 0DQ\ IDFWRUV WKDW GHWHUPLQH D FRXQWU\¶V RU UHJLRQ¶V
development pathway, and, closely related, its energy and
GHG emissions are subject to human intervention. Such
factors include economic structure, technology, geographical
distribution of activities, consumption patterns, urban design
and transport infrastructure, demography, institutional
arrangements and trade patterns. The later choices with respect
to these factors are made, the fewer opportunities there will be
WRFKDQJHGHYHORSPHQWSDWKVEHFDXVHRIORFNLQHIIHFWV HJ
$UWKXU   )RU GHWDLOHG GLVFXVVLRQ VHH 6HFWLRQ  DQG
Section 3.1.3. An assessment of mitigation options should not
EHOLPLWHGWRWHFKQRORJ\DOWKRXJKWKLVLVFHUWDLQO\DNH\IDFWRU
but should also cover the broader policy agenda. Climate change
PLWLJDWLRQFDQEHSXUVXHGE\VSHFL¿FSROLFLHVE\FRRUGLQDWLQJ
such policies with other policies and integrating them into
these other policies. Also, climate mitigation objectives can
EHPDLQVWUHDPHGLQWRJHQHUDOGHYHORSPHQWFKRLFHVE\WDNLQJ
climate mitigation objectives routinely into consideration in the
pursuance of particular development pathways.
Development policies not explicitly targeting GHG emissions
FDQ LQÀXHQFH WKHVH HPLVVLRQV LQ D PDMRU ZD\ )RU H[DPSOH
VL[GHYHORSLQJFRXQWULHV %UD]LO&KLQD,QGLD0H[LFR6RXWK
$IULFD DQG 7XUNH\  KDYH DYRLGHG WKURXJK GHYHORSPHQW
policy decisions approximately 300 million tons a year of
FDUERQ HPLVVLRQV RYHU WKH SDVW WKUHH GHFDGHV 0DQ\ RI WKHVH
efforts were motivated by common drivers, such as economic
development and poverty alleviation, energy security, and local
environmental protection (Chandler et al.  7KH FXUUHQW
VWDWHRINQRZOHGJHGRHVQRWDOORZHDV\TXDQWLWDWLYHDWWULEXWLRQ
WRVSHFL¿FSROLFLHVZLWKDFFXUDF\JLYHQWKDWRWKHUIDFWRUV DV
LQ DQ\ FRXQWU\  DOVR LQÀXHQFH WKHVH HPLVVLRQV )RU H[DPSOH
autonomous technological modernization certainly has played
a role. Chandler et al   KRZHYHU DOVR FOHDUO\ LGHQWLI\
SROLFLHV WKDW KDYH PDGH D GH¿QLWH FRQWULEXWLRQ ,Q %UD]LO
these included production and use of ethanol and sugarcane
EDJDVVH GHYHORSPHQW RI WKH QDWXUDO JDV LQGXVWULDO PDUNHW
use of alternative energy sources for power generation and a
set of demand-side programmes promoting conservation and
HI¿FLHQF\LQWKHHOHFWULFLW\DQGWUDQVSRUWDWLRQVHFWRUV 6HHDOVR
%R[ 
In China, growth in GHG emissions has been slowed to almost
half the economic growth rate over the past two decades through
HFRQRPLF UHIRUP HQHUJ\ HI¿FLHQF\ LPSURYHPHQWV VZLWFKLQJ
from coal to natural gas, renewable energy development,
DIIRUHVWDWLRQ DQG VORZLQJ SRSXODWLRQ JURZWK ,Q ,QGLD NH\
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factors in GHG emission reductions have been economic
restructuring, local environmental protection, and technological
change, mediated through economic reform, enforcement of
clean air laws by the nation’s highest court, renewable energy
incentives and development programmes funded by the national
JRYHUQPHQWDQGIRUHLJQGRQRUV,Q0H[LFRH[SDQGLQJXVHRI
natural gas in place of more carbon-intensive fuels, promoting
HQHUJ\HI¿FLHQF\DQGIXHOVXEVWLWXWLRQE\PHDQVWKDWLQFOXGHG
energy pricing mechanisms, and abating some deforestation have
played a major role. The policies in South Africa that contribute
to lower growth in GHG emissions include restructuring the
energy sector, stimulating economic development, increasing
access to affordable energy services, managing energy-related
environmental impacts, and securing energy supply through
GLYHUVL¿FDWLRQ)LQDOO\LQ7XUNH\HFRQRPLFUHVWUXFWXULQJDQG
SULFHUHIRUPUHVXOWLQJIURPJRYHUQPHQWPRYHVWRPRUHPDUNHW
oriented policies and the expectation of European integration,
IXHOVZLWFKLQJDQGHQHUJ\HI¿FLHQF\PHDVXUHVKDYHFRQWULEXWHG
to avoided GHG emissions (Chandler et al. 
There are multiple drivers for actions that reduce
HPLVVLRQV DQG WKH\ FDQ SURGXFH PXOWLSOH EHQH¿WV 7KH PRVW
promising policy approaches are those that capitalize on
natural synergies between climate protection and development
SULRULWLHV WR VLPXOWDQHRXVO\ DGYDQFH ERWK REMHFWLYHV 0DQ\
RI WKHVH V\QHUJLHV DUH LQ HQHUJ\ GHPDQG HJ HI¿FLHQF\ DQG
FRQVHUYDWLRQ HGXFDWLRQ DQG DZDUHQHVV  DQG VRPH LQ HQHUJ\
VXSSO\ HJUHQHZDEOHRSWLRQV 
&DSWXULQJWKHVHSRWHQWLDOEHQH¿WVLVQRWDOZD\VHDV\VLQFH
WKHUH DUH PDQ\ FRQÀLFWV DQG WUDGHRIIV )URP WKH SHUVSHFWLYH
of energy security, for example, it can be politically and/or
economically attractive to give priority to domestic coal and
oil resources over more environmentally friendly imported gas
HJ 66(%   7KH DGYHUVH HFRQRPLF LPSDFW RI KLJKHU
oil prices on oil-importing developing countries is generally
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more severe than for OECD countries. This is because their
economies are more dependent on imported oil and more
HQHUJ\LQWHQVLYH DQG EHFDXVH HQHUJ\ LV XVHG OHVV HI¿FLHQWO\
On average, oil-importing developing countries use more than
twice as much oil to produce a unit of economic output as do
OECD countries. Developing countries are also less able to
ZHDWKHU WKH ¿QDQFLDO WXUPRLO ZURXJKW E\ KLJKHU RLOLPSRUW
FRVWV ,($ D  )RU D GLVFXVVLRQ RI WKH UROH RI HQHUJ\
VHFXULW\IRUGHYHORSPHQWSDWKVVHH6HFWLRQ6RPHVWXGLHV
have shown that, depending on how priorities are set, some
FRQÀLFW EHWZHHQ ORFDO DWPRVSKHULF SROOXWLRQ SUREOHPV DQG
global climate change issues may arise. This is because some
of the most cost-effective, environmentally-friendly power
generation technologies for the global environment available
LQ GHYHORSLQJ FRXQWULHV VXFK DV ELRPDVV¿UHG RU HYHQ VRPH
hydroelectric power plants, may not be sound for the local
environment (due to NOx and particulate emissions in the former
FDVHDQGÀRRGLQJLQWKHODWWHU &RQYHUVHO\DEDWLQJORFDODLU
SROOXWLRQJHQHUDOO\LVEHQH¿FLDOIURPDJOREDOSHUVSHFWLYH6WLOO
there are a few exceptions. Decreasing sulphur and aerosol
HPLVVLRQV ZLWKWKHH[FHSWLRQRIEODFNFDUERQ WRDGGUHVVORFDO
air pollution problems can increase overall radiative forcing,
because these aerosols have a negative radiative forcing. Thus,
H[SORULQJ GHYHORSPHQW SDWKV UHTXLUHV FDUHIXO DVVHVVPHQW RI
both local environmental priorities and global environmental
FRQFHUQV 6FKDHIIHUDQG6]NOR 
In developed countries too, development choices made today
can lead to very different energy futures. In the TAR, Banuri et
al,  GLVWLQJXLVKHGEHWZHHQVWUDWHJLHVGHFRXSOLQJJURZWK
IURP UHVRXUFH ÀRZV HJ UHVRXUFH OLJKW LQIUDVWUXFWXUH HFR
intelligent production systems, ‘appropriate’ technologies and
IXOOFRVW SULFLQJ  DQG VWUDWHJLHV GHFRXSOLQJ ZHOOEHLQJ IURP
production (intermediate performance levels, regionalization
DYRLGLQJ ORQJGLVWDQFH WUDQVSRUW ORZUHVRXUFH OLIHVW\OHV 
Technological mitigation options at the sectoral level are mainly

Box 12.1: Greenhouse gas emissions avoided by non-climate drivers: a Brazilian example
In the ﬁeld of energy, experience with policies advancing energy efﬁciency and renewable energy use conﬁrm that, although
developing countries need to increase their energy consumption in order to fuel their social and economic development,
it is possible to do so in a cleaner and more sustainable manner. These policy choices can have a signiﬁcant impact on
energy trends, social progress and environmental quality in developing countries (Holliday et al., 2002; Anderson, 2004;
Geller et al., 2004). In Brazil, programmes and measures have been undertaken over the past two or three decades in order to
mitigate economic and environmental problems. These have included not only improvements in the energy supply and demand
side management, but also speciﬁc tax incentive policies encouraging the production of cheap, small-engine automobiles
(<1000 cc) to allow industry to increase production (and create more jobs while increasing proﬁts) and to make cars more
accessible to lower-income sectors of the population. These policies have led to lower carbon dioxide emissions than would
otherwise have been the case. Results of these programmes and measures show that, in 2000 alone, some 11% in CO2
emissions from energy use in Brazil have been reduced compared to what would have been emitted that year, had previous
policy decisions not been implemented. Interestingly, although these actions were not motivated by a desire to curb global
climate change, if the inherent beneﬁts related to carbon emissions are not fully appraised in the near future, there is a chance
that such ‘win-win’ policies may not be pursued and may even be discontinued (Anderson, 2004; Szklo et al., 2005).
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discussed in Chapter 4 to 11 which also cover to some extent
non-technological options that relate to different development
priorities, as far as the literature allows.

of ecosystem services, biodiversity, human wellbeing and the
capacity of the population to deal with these developments is
largely determined by the choice of development pathway.

The connections between development pathways and
international trade are often left unexplored. International trade
DOORZV D FRXQWU\ WR SDUWLDOO\ µGHOLQN¶ LWV GRPHVWLF HFRQRPLF
systems from its domestic ecological systems, as some goods
can be produced by other economic systems. In such cases,
the impacts of producing goods impact the ecological systems
RI WKH H[SRUWLQJ FRXQWU\ ZKHUH SURGXFWLRQ WDNHV SODFH 
rather than the ecological system of the importing country
ZKHUH FRQVXPSWLRQ RFFXUV  2QH SRSXODU ZD\ RI VKRZLQJ
that the impacts of economic activities in many nations affect
an area much larger than within their national boundaries is
WKH HFRORJLFDO IRRWSULQW VHH 6HFWLRQ   )RU H[DPSOH
the environmental effects of soya and hardwood production
for export as fodder and construction material, respectively,
DUH ZHOONQRZQ H[DPSOHV $V D FRQVHTXHQFH LQ GLVFXVVLQJ
the implications of development choices for climate change
mitigation, it is not enough to discuss development pathways
for individual countries. To fully address global emission
reductions, an integrated multi-country perspective is needed
0DFKDGR et al. 

7KH 8QLWHG 1DWLRQV (QYLURQPHQW 3URJUDPPH 81(3
  XVHG 65(6 VFHQDULRV DV ZHOO DV WKH VFHQDULRV RI WKH
:RUOG:DWHU9LVLRQ *DOORSLQDQG5LMVEHUPDQ DQGWKH
*OREDO6FHQDULR*URXS 5DVNLQ et al. DVLQVSLUDWLRQIRU
the development of four development pathways for the third
*OREDO(QYLURQPHQWDO2XWORRN 81(35,90 0DUNHWV
)LUVW6HFXULW\)LUVW3ROLF\)LUVWDQG6XVWDLQDELOLW\)LUVW$JDLQ
WKHGLIIHUHQWGHYHORSPHQWSDWKZD\VUHÀHFWHGE\WKHVHVFHQDULRV
are associated with a wide range of GHG emissions similar to
the range captured by the SRES scenarios.

 1HZJOREDOVFHQDULRDQDO\VHVFRQ¿UPWKH
importance of development paths for mitigation
Section 3.1.5 discusses some factors that determine
development paths, such as structural changes in production
systems, technological patterns in sectors, such as energy,
transportation, building, agriculture and forestry, geographical
distribution of activities, consumption patterns and trade
SDWWHUQV$IWHUSXEOLFDWLRQRI,3&&7$5VHYHUDOQHZVFHQDULRV
relating to climate change or global sustainability were
SXEOLVKHGPDNLQJGLIIHUHQWDVVXPSWLRQVIRUWKHVHIDFWRUV0RVW
RIWKHPFRQ¿UPWKHPDLQ¿QGLQJVRI65(6 VHHDOVR&KDSWHU
  ,W LV LPSRUWDQW KRZHYHU WR WUDQVODWH WKH OHVVRQV GHULYHG
IURP VFHQDULRV ZKLFK DUH RIWHQ JOREDO LQ VFDOH  WR QDWLRQDO
and even local level policy choices that can lead to the desired
outcomes.
)RU WKH 0LOOHQQLXP (FRV\VWHPV $VVHVVPHQW 0($  IRXU
scenarios explored implications of development pathways for
global and regional ecosystem services, loosely based on the
SRES but developed and enriched further (Alcamo et al., 2005;
&DUSHQWHUDQG3LQJDOL&RUN et al. )RUWKHQH[W
\HDUV DOO VFHQDULRV ¿QG WKDW SUHVVXUHV RQ HFRV\VWHP VHUYLFHV
increase with the extent of the pressure being determined by
WKH SDUWLFXODU GHYHORSPHQW SDWK7KH 0($ VFHQDULRV LGHQWLI\
climate change next to land-use change as a major driver
of biodiversity loss in the coming century. Quality of the
services differs strongly by scenario - with the most positive
VFHQDULRV ¿QGLQJ D FOHDU LPSURYHPHQW LQ  VRPH VHUYLFHV DQG
WKH PRVW QHJDWLYH VFHQDULR ¿QGLQJ D JHQHUDO GHFUHDVH 7KH
0($ VFHQDULR DQDO\VLV WKXV HPSKDVL]HV WKDW GHYHORSPHQW

6KHOO¶V /RZ 7UXVW *OREDOL]DWLRQ 2SHQ 'RRUV DQG )ODJV
scenarios explore how different future development pathways
could affect the company’s business environment. In the Open
Doors scenario, CO2 emissions increase most rapidly as a
result of higher economic growth and the absence of securitydriven investment in indigenous renewable energy sources,
even if people may be more concerned about climate change
WKDQLQRWKHUVFHQDULRV7KH/RZ7UXVW*OREDOL]DWLRQVFHQDULR
is characterized by larger barriers to international trade and
FRRSHUDWLRQ  3DUDGR[LFDOO\ WKHUH FRXOG EH IDVWHU SURJUHVV
WRZDUGVFDUERQHI¿FLHQF\DVDUHVXOWRIDGLIIHUHQWVHWRISROLFLHV
DLPHG DW HQHUJ\ HI¿FLHQF\ FRQVHUYDWLRQ DQG GHYHORSPHQW RI
renewables, notably wind and, possibly, nuclear power. Finally,
WKH )ODJV VFHQDULR ZLWK D SDWFKZRUN RI QDWLRQDO DSSURDFKHV
could show positive responses to climate change because of
IDFWRUVVXFKDVWKHSXUVXLWRIVHOIUHOLDQFH 6KHOO 
Several scenarios developed since the TAR have explored
different development pathways, but without explicitly
addressing climate change or GHG emissions. The characteristics
of these pathways in terms of the rate and structure of
geopolitical, economic, social and technological development,
however, would result in large variations in GHG emissions.
Four scenarios developed by the US National Intelligence
&RXQFLO 'DYRV:RUOG3D[$PHULFDQD$1HZ&DOLSKDWHDQG
&\FOHRI)HDU H[SORUHKRZWKHZRUOGPD\HYROYHXQWLO
and what the implications for US policy might be, focusing
RQ VHFXULW\ FRQFHUQV 1,&   7KH 1DWLRQDO ,QWHOOLJHQFH
Council scenarios show the possible impacts of particular
development pathways in some regions for other regions. Also,
in several developing countries, different future development
pathways have been explored in systematic scenario exercises,
IRU H[DPSOH &KLQD 2JLOY\ DQG 6FKZDUW]   WKH 0RQW
)OHXUVFHQDULRVIRU6RXWK$IULFD .DKDQH WKH*XDWHPDOD
9LVLRQ .DKDQH 'HVWLQR&RORPELD &RZDQ et al. 
.HQ\D DW WKH FURVVURDGV 6,',($ 6RFLHW\ IRU ,QWHUQDWLRQDO
'HYHORSPHQW DQG WKH ,QVWLWXWH RI (FRQRPLF $IIDLUV   
7DNLQJ JOREDO FOLPDWH FKDQJH H[SOLFLWO\ LQWR DFFRXQW ZRXOG
strengthen and enrich development-oriented scenarios as the
ones mentioned above.
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Case studies in Tanzania (Agrawala et al. D  )LML
(Agrawala et al.F %DQJODGHVK $JUDZDODet al.E 
Nepal (Agrawala et al.D (J\SW $JUDZDODet al.E 
and Uruguay (Agrawala et al.D VKRZKRZFOLPDWHFKDQJH
adaptation can be integrated with national and local development
policies, often as a no-regrets strategy. Implementation of
no-regrets strategies is, however, not without challenges. A
study of the Baltic region explores a sustainable development
pathway addressing broad environmental, economic and social
development goals, including low GHG emissions. It points
out that a majority of the population could favour - or at least
tolerate - a set of measures that change individual and corporate
EHKDYLRXUWRDOLJQZLWKORFDODQGJOREDOVXVWDLQDELOLW\ 5DVNLQet
al. .DLYRRMDet al  FRQFOXGHWKDWFOLPDWHFKDQJH
as such may not be a major direct threat to Finland. However,
the effects of climate change on the world’s socio-economic
V\VWHPDQGWKHUHODWHGFRQVHTXHQFHVIRUWKH)LQQLVKV\VWHPPD\
be considerable. The Finnish scenario analysis, which is based
RQLQWHQVLYHH[SHUWDQGVWDNHKROGHULQYROYHPHQWVXJJHVWVWKDW
VXFK LQGLUHFW FRQVHTXHQFHV KDYH WR EH WDNHQ LQWR DFFRXQW LQ
developing strategic views of possible future development
paths for administrative and business sectors.
Netherlands Environmental Assessment Agency (013
  KDV GHYHORSHG WKH IRXU ,3&& 65(6 VFHQDULRV IRU D
VXVWDLQDELOLW\RXWORRNIRUWKH1HWKHUODQGV7KHIRXUVFHQDULRV
represent four world perspectives with four different views
RQ IXWXUH SULRULWLHV IRU DFWLRQ WR PDNH GHYHORSPHQW PRUH
VXVWDLQDEOH7KLVRXWORRNSRLQWVDWVHYHUDOGLOHPPDV6XUYH\V
showed that 90% of the Dutch population prefer a future which
ZRXOG EH GLIIHUHQW IURP WKH JOREDOL]LQJ PDUNHWRULHQWHG $
VFHQDULR<HW$DSSHDUVWREHWKHIXWXUHWKH\DUHKHDGLQJIRU
$ PDMRULW\ RI WKH SRSXODWLRQ DOVR WKLQNV WKDW VRPHWKLQJ KDV
to be done about unsustainable production and consumption
patterns, and suggest that the government should do more. The
VWXG\ VXJJHVWV WKDW WKH UHJLRQDO (XURSHDQ  OHYHO PD\ EH WKH
most appropriate level to address sustainability issues. Global
SROLWLFDO HFRQRPLF DQG FXOWXUDO GLIIHUHQFHV PDNH HIIHFWLYH
JOREDO SROLF\ GLI¿FXOW ZKLOH PDQ\ VXVWDLQDELOLW\ LVVXHV JR
beyond local or national capacity to develop and implement
effective policies.
Scenarios describe different states of the world that could
come about by different developments in the driving forces that
are often of a geopolitical nature and are largely unaffected by
QDWLRQDORUORFDOSROLF\PDNLQJ7KHVHVFHQDULRVVWXGLHVUHYHDO
that different pathways are possible, but also that pursuing them
involves many complex challenges. Such challenges include
FRQVLGHUDWLRQRILQGLUHFWHIIHFWVDQGGLI¿FXOWLHVLQWUDQVODWLQJ
the often positive attitude of the population towards sustainable
IXWXUHVLQWRFRQFUHWHFKDQJHV'HFLVLRQPDNHUVKDYHWRFRQVLGHU
the robustness of alternative development pathways they pursue
through their policy choices, in the face of global developments
they will be confronted with.
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12.2.1.3

Development paths can vary by regions and
countries because of different priorities and
conditions

An understanding of different regional conditions and
priorities is essential for mainstreaming climate change
policies into sustainable development strategies (See Section
 6LQFHUHJLRQVDQGFRXQWULHVGLIIHULQPDQ\GLPHQVLRQV
it is impossible to group them in a way consistent across all
dimensions. There is a diversity of regional groupings in the
OLWHUDWXUHXVLQJPDQ\FULWHULDWKDWDUHVSHFL¿FWRWKHLUSXUSRVH
within the underlying context. (For regional groupings, see
6HFWLRQ 
As noted in Section 12.1.1, the mitigative capacity of a nation
is closely related to its underlying development path, which
depends on the general pool of resources that may be referred to
as response capacity. The response capacity including mitigative
capacity of countries varies, amongst other factors, with their
DELOLW\WRSD\IRUDEDWHPHQWFRVWV:LQNOHUet al.  DQDO\VHG
the mitigative capacity of different countries as shaped by two
HFRQRPLFIDFWRUVQDPHO\DYHUDJHDEDWHPHQWFRVW RUPLWLJDWLRQ
SRWHQWLDOKLJKFRVWPHDQVORZSRWHQWLDO DQGDELOLW\WRSD\DV
DSSUR[LPDWHGE\*'3SHUFDSLWD$ELOLW\WRSD\PHDVXUHGE\
*'3SHUFDSLWDLVDQLPSRUWDQWIDFWRULQPLWLJDWLYHFDSDFLW\
since more wealth gives countries greater capacity to reduce
emissions. The cost of abatement can act as a barrier in turning
mitigative capacity into actual mitigation. Examining these
IDFWRUVWRJHWKHU:LQNOHUet al.  IRXQGWKDWWKHDEDWHPHQW
costs are not linearly correlated with level of income. Some
FRXQWULHVKDYHKLJKPLWLJDWLYHFDSDFLW\ LQFRPH DQGDUHDOVR
able to translate this into actual mitigation due to low costs.
For others, mitigative capacity is clearly low. Relatively high
average abatement costs mean that this capacity can be turned
into even less actual mitigation. Interestingly, there are some
poorer countries with low abatement costs. Conversely, there are
also countries with high mitigative capacity, as approximated
by income, but high average abatement costs. However, this
group of countries still has higher mitigative capacity, simply
E\YLUWXHRIWKHLUKLJKHUDELOLW\WRSD\/RZLQFRPHFRXQWULHV
do not spend on mitigation even if they have low-cost mitigation
opportunities, simply because the opportunity cost in terms of
basic development needs is too high.
Developed economies: Developed economies are included
in Annex I to the UNFCCC and are members of the OECD. CO2
emissions from fossil fuel combustion accounted for over 80%
of their total emissions in 2000 with negligible amounts from
ODQGXVHFKDQJH 7DEOH 7KHVHFRXQWULHVDUHDOVRODUJHO\
responsible for GHG emissions with high radiative forcing.
Their population growth is projected to be low or negative
81'3   LQFRPH DQG OHYHO RI KXPDQ GHYHORSPHQW DUH
LQ WKH XSSHU PLGGOH DQG KLJK HQG RI WKH VSHFWUXP 81'3
 DQGHQHUJ\FRQVXPSWLRQDQG*+*HPLVVLRQVSHUFDSLWD
DUH DERYH WKH ZRUOG DYHUDJH ,($   7KHVH GHYHORSHG
countries are assessed to be least vulnerable when compared
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Table 12.1: Proﬁles of emissions and human development at different levels of development

Units

Developed/industrialized/Annex I
countriesc)
OECD

Emissions proﬁles by gases, 2000a)

I

EIT

Developing/Non-Annex I
countriesd)
Developing

Least
developed

100

100

100

CO2 (fossil fuel)

%

81

41

4

CH4

%

11

16

22

N2O

%

6

10

12

LUC

%

0

33

62

High GWP gases

%

2

0

0

Human development proﬁlesb)
HDI, 2003
Life expectancy at birth
Adult literacy
GDPppp/capita, 2003

years

0.892

0.802

0.694

0.518

77.7

68.1

65.0

52.2

%

100.0

99.2

76.6

54.2

US$/capita

25915

7930

4359

1328

Population growth rate (2003-2015)

%/yr

0.5

-0.2

1.3

2.3

GDP/capita growth rate (1990-2003)

%/yr

1.8

0.3

2.9

2.0

kWh/capita

8615

3328

1155

106

tonnes/capita

11.2

5.9

2.0

0.2

10-15

14-22

Electricity consumption per capita, 2002
CO2 emissions per capita, 2002
Vulnerability

assessmente)

Vulnerability scores

18->40

Notes:
a) Source: Baumert et .al., 2004, p. 6. FF: fossil fuel combustion; High GWP (global warming potential) gases: sulphur hexaﬂuoride (SF6), perﬂuorocarbons (PFCs), and
hydroﬂuorocartbons (HFCs).
b) Source: UNDP, 2005. HDI range: 0.00<HDI<1.00; PPP: purchasing power parity. PPP normally deﬂates the income level of the developed nations while inﬂating
those in the developing world as one dollar would have larger purchasing power that it has in the developed world.
c) Annex I countries include both developed OECD and EIT countries. However, a few newly admitted OECD countries are not in Annex I list, including South Korea,
Singapore, and Mexico. The group of economies in transition (EIT) countries contains several sub-groups: those that are part of the enlarged EU, central Asian
Republics, and other members of the CIS. In UNDP (2005) categorization, the coverage is larger, including Central and Eastern Europe and the Commonwealth of
Independent Sates (CIS).
d) In emissions proﬁles, these two subgroups were counted separately while in the UNDP human development proﬁles, least developed is a subgroup of the
developing world.
e) Source: Adger et al., 2004b. Vulnerability scores range from 10 to 50, with 10 the least vulnerable and 50 the most vulnerable. These scores are derived from a series
of proxy variables for vulnerability including food security, ecosystem sensitivity, settlement/infrastructure sensitivity, human health sensitivity, economic capacity,
human resource capacity, governance capacity and environmental capacity. See, Baumert et al., 2004, p.17.

to other groups of countries (Adger et al.   ZLWK
vulnerability scores lower than 15, close to the lower end of the
VSHFWUXP 7DEOH ,QJHQHUDOPLWLJDWLYHFDSDFLW\LQWKHVH
economies is high but cost can be high. As well as marginal
FRVWRIPLWLJDWLRQLQFUHDVHVZLWKWKHUDWHRIHQHUJ\HI¿FLHQF\
Nevertheless, there are large mitigation potentials in these
countries. For example, passenger vehicle economy in North
America and Australia is well below that in EU and Japan, even
lower than some developing countries such as China (An and
6DXHU   %DUULQJ D IHZ QHZO\ LQGXVWULDOL]HG FRXQWULHV
most are highly industrialized with limited scope or need for
large-scale expansion of the physical infrastructure, such as
public utilities, physical transport infrastructure, and buildings
3DQ 
Notwithstanding this limited scope or need for infrastructure
H[SDQVLRQDQGHFRQRPLFJURZWK¿JXUHVRIWHQPXFKORZHUWKDQ
LQ PDQ\ GHYHORSLQJ FRXQWULHV WKH IXWXUH ZLOO ORRN GLIIHUHQW

from today and low-carbon development pathways are
SRVVLEOH,PSURYLQJHQHUJ\HI¿FLHQF\PRGHUQL]LQJSURGXFWLRQ
and changing consumption patterns would have a large
LPSDFW RQ IXWXUH *+* HPLVVLRQV .RWRY   'HYHORSHG
countries possess comparative advantages in technological
DQG ¿QDQFLDO FDSDELOLWLHV LQ PLWLJDWLRQ RI FOLPDWH FKDQJH
3ULRULW\ PLWLJDWLRQ DUHDV IRU FRXQWULHV LQ WKLV JURXS PD\ OLH
LQ LPSURYLQJ HQHUJ\ HI¿FLHQF\ EXLOGLQJ QHZ DQG UHQHZDEOH
energy, and carbon capture and storage facilities, and fostering
a mutually remunerative low-emissions global development
SDWKWKURXJKWHFKQRORJLFDODQG¿QDQFLDOWUDQVIHURIUHVRXUFHV
to the developing world.
,QPDQ\LQGXVWULDOL]HGFRXQWULHV HJ-DSDQDQGLQ(XURSH 
implications of energy systems with very low carbon emissions
have been explored, often jointly by governments, energy
VSHFLDOLVWVDQGVWDNHKROGHUV HJ.RN et al. +RZHYHUD
fundamental and broad discussion in society on the implications
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of development pathways for climate change in general and
climate change mitigation in particular in the industrialized
FRXQWULHV KDV QRW VHULRXVO\ EHHQ LQLWLDWHG /RZHPLVVLRQ
pathways apply not only to energy choices. For example, in
1RUWK$PHULFD DQG (XURSH 81(3   LGHQWL¿HV ODQGXVH
GHYHORSPHQW SDUWLFXODUO\ LQIUDVWUXFWXUH H[SDQVLRQ DV D NH\
variable determining future environmental stresses, including
*+* HPLVVLRQV 3DWKZD\V WKDW FDSLWDOL]H RQ DGYDQFHV LQ
information technologies to provide a diverse range of lifestyle
and spatial planning choices will also affect energy use and
GHG emissions.

 %DQJODGHVK 5DKPDQ et al. %UD]LO /D5RYHUHDQG
5RPHLUR &KLQD -LDQJ et al. DQG,QGLD 6KXNOD
et al.   $ FRPPRQ ¿QGLQJ RI WKHVH VWXGLHV LV WKDW LW LV
possible to develop pathways that combine low GHG emissions
with effective responses to pressing regional problems. In the
HQHUJ\VHFWRUHQHUJ\VHFXULW\DQGUHGXFHGKHDOWKULVNVFDQEH
effectively combined with low GHG emissions, even without
explicit climate policies. Enhancing soil management, avoiding
deforestation, and encouraging reforestation and afforestation
can increase carbon storage, while also serving the primary
goals of food security and ecosystem protection.

Economies in Transition: With EU enlargement, economies
in transition as a single group no longer exist4. Nevertheless,
Central and Eastern Europe and Commonwealth of Independent
States share some common features in socioeconomic
GHYHORSPHQW 81'3 DQGLQFOLPDWHFKDQJHPLWLJDWLRQ
DQGVXVWDLQDEOHGHYHORSPHQW ,3&&E$GJHU et al. 
With respect to social and economic development, countries
in this group fall between the developed and developing
FRXQWULHV 7DEOH ,QWHUPVRIOHYHORIKXPDQGHYHORSPHQW
and vulnerability, for instance, these countries fall behind
the developed countries but are well ahead of the developing
FRXQWULHV,QFHUWDLQNH\DUHDVKRZHYHUWKH\DUHFORVHUWRWKH
developed countries in terms of population growth, levels of
industrialization, energy consumption, and GHG emissions..
In other areas, including income levels and distribution,
institutions and governance, they can show features similar to
WKH GHYHORSLQJ ZRUOG *'3 SHU FDSLWD OHYHO LQ VRPH RI WKHVH
EIT countries is as low as that in the lower middle income
GHYHORSLQJFRXQWULHV :RUOG%DQN DQGHQHUJ\LQWHQVLW\
LVLQJHQHUDOKLJK ,($D 

Although the developing economies are highly diverse, their
general features contrast to those of the industrialized world.
/HYHOVRIKXPDQGHYHORSPHQWDQGFRQVXPSWLRQRIHQHUJ\SHU
capita are much lower than those in the developed countries and
LQWKHHFRQRPLHVLQWUDQVLWLRQ 7DEOH *+*HPLVVLRQVIURP
ODQGXVHFKDQJHDQGDJULFXOWXUHDUHDVLJQL¿FDQWSURSRUWLRQRI
their total emissions (Ravindranath and Sathaye, 2002; Baumert
et al. 

Although the 0.3 % per annum rate of economic growth in the
past 15 years has been low, it is expected that in many countries,
future rates could be high, which would contribute to an upward
WUHQGLQ*+*HPLVVLRQV0HDVXUHVWRGHFRXSOHHFRQRPLFDQG
emissions growth might be especially important for this group
WKURXJK UHVWUXFWXULQJ WKH HFRQRP\ .RWRY   0LWLJDWLYH
capacities are high as compared developing economies, but
ORZHU WKDQ WKRVH IRU GHYHORSHG HFRQRPLHV GXH WR D ZHDNHU
¿QDQFLDOEDVLV7KHVHFDSDFLWLHVFDQEHIXUWKHUHQODUJHGWKURXJK
LQVWLWXWLRQDOUHIRUPVXFKDVOLEHUDOL]DWLRQRIWKHHQHUJ\PDUNHW
DQGSROLWLFDOGHWHUPLQDWLRQWRLQFUHDVHHQHUJ\HI¿FLHQF\
Developing Economies: Recently, interest at regional level
in exploring development pathways which are consistent with
ORZHU *+* HPLVVLRQV KDV LQFUHDVHG .RN DQG GH &RQLQFN
  7KLV DSSHDUV WR EH YDOLG SULPDULO\ IRU GHYHORSLQJ
countries. Case studies focus on the future in the priority areas
of energy supply, food security and fresh water availability in
South Africa (Davidson et al. 6HQHJDO 6RNRQD et al.,

4

Given the fact that energy consumption and emission per
capita are low in the developing world, focus on climate
mitigation alone may have large opportunity cost in terms of
¿VFDO DQG KXPDQ FDSLWDOV DQG WKHUHIRUH QRW EH FRPSDWLEOH
with meeting sustainable development goals. With respect to
OHYHOV RI KXPDQ GHYHORSPHQW 81'3   SURMHFWV WKDW E\
2015 almost all developing regions will not be able to meet
WKHLU0LOOHQQLXP'HYHORSPHQW*RDOV:LWKUHVSHFWWRDFFHVVWR
FOHDQZDWHUIRUH[DPSOHWKH0'*JRDOZLOOEHPLVVHG
by 210 million people who will not have access, with 50% in
South Asia, 40% in Sub-Saharan Africa, 7% in East Asia and
WKH 3DFL¿F 1RQFOLPDWH SROLFLHV IRU VXVWDLQDEOH GHYHORSPHQW
goals can be more effective in addressing climate change, such
as population control, poverty eradication, pollution reductions,
DQGHQHUJ\VHFXULW\DVGHPRQVWUDWHGLQWKH3HRSOH¶V5HSXEOLF
RI&KLQD :LQNOHU et al.E35& ,QRUGHUWRUHDOL]H
the promise of leapfrogging, improvements are needed to the
institutional capabilities of the recipient developing country
and its energy and environmental policies in order to foster
VXVWDLQDEOH LQGXVWULDO GHYHORSPHQW *DOODJKHU  /HZLV
DQG:LVHU 
In aggregate terms, some large developing countries are
included in the list of top 25 emitters (Baumert et al. 
These few developing countries are projected to increase their
emissions at a faster rate than the industrialized world and the
rest of developing countries as they are in the stage of rapid
LQGXVWULDOL]DWLRQ 3DQ E  )RU WKHVH FRXQWULHV FOLPDWH
change mitigation and sustainable development policies can
UHLQIRUFH RQH DQRWKHU KRZHYHU ¿QDQFLDO DQG WHFKQRORJLFDO
assistance can be help these countries to pursue a low carbon

EITs are still recognized in international agreements, such as UNFCCC and its Kyoto Protocol.
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path of development (Ott et al. (PLVVLRQVSHUFDSLWDIRU
some developing countries, however, will continue to be lower
than the industrialized countries for many decades.
For most other developing countries, adaptation to climate
FKDQJHWDNHVSULRULW\RYHUPLWLJDWLRQDVWKH\DUHPRUHYXOQHUDEOH
to climate change and less carbon dependent (Hasselmann et al.,
 +RZHYHUERWKDGDSWLYHDQGPLWLJDWLYHFDSDFLWLHVWHQGWR
EHORZ +XT et al. 23(&FRXQWULHVDUHXQLTXHLQDVHQVH
that they may be hurt by development paths that reduce the
GHPDQGIRUIRVVLOIXHOV'LYHUVL¿FDWLRQRIWKHLUHFRQRP\LVKLJK
on their agenda. Although climate change mitigation can be one
consideration in evaluating poverty alleviation options, poverty
has to be alleviated regardless of GHG emissions. Improved
access to energy can lead to increasing GHG emissions, for
H[DPSOHZKHUHNHURVHQHDQGSURSDQHXVHLVPRUHDSSURSULDWH
than biomass renewables. However, in absolute terms this is
a minor increase in global GHG emissions (see also Section
 
)RU PRVW 6PDOO ,VODQG 6WDWHV WKH NH\ LVVXH WR VXVWDLQDEOH
development is the adoption of a comprehensive adaptation
DQG YXOQHUDELOLW\ DVVHVVPHQW DQG LPSOHPHQWLQJ IUDPHZRUN
ZLWK VHYHUDO SULRULWLHV VHD OHYHO ULVH KLJK SHUFHQWDJH RI WKH
SRSXODWLRQORFDWHGLQFRDVWDODUHDV FRDVWDO]RQHPDQDJHPHQW
LQFOXGLQJVSHFLDOO\FRUDOUHHIVDQGPDQJURYHV ZDWHUVXSSO\
LQFOXGLQJ IUHVK ZDWHU FDWFKPHQWV  PDQDJHPHQW RI XSODQG
forest ecosystem; and food and energy security. For some
islands, extreme events, such as tropical hurricanes and El Niño
DQG/D1LxDHYHQWVDUHDQLPSRUWDQWWKUHDW
In summary, different regions and types of countries have
different contextual conditions to respond to, and therefore,
their attempts to move towards a development path leading to
sustainable development while also mitigating climate change,
ZLOOYDU\FRQVLGHUDEO\3ROLF\GHFLVLRQVZLOOEHPRVWHIIHFWLYH
where made while recognizing these contextual conditions and
where they relate and adapt to the existing regional and country
realities.

12.2.2 Lower emissions pathways are not
necessarily associated with lower economic
growth
Section 12.2.1 has demonstrated that business-as-usual
futures in countries with similar characteristics can result in very
GLIIHUHQWHPLVVLRQSUR¿OHVGHSHQGLQJRQWKHGHYHORSPHQWSDWK
DGRSWHG 6LQFH HFRQRPLF JURZWK ¿JXUHV SURPLQHQWO\ DPRQJ
WKH REMHFWLYHV RI SROLF\PDNHUV ZRUOGZLGH WKH UHODWLRQVKLS
between economic growth and emissions at the national level is
reviewed in Section 12.2.2. Consideration is given to whether
lower emissions pathways are necessarily associated with
lower economic growth The conclusion that there are degrees
of freedom between economic growth and GHG emissions is
further explored in Section12.2.3 and Section 12.2.4.
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(FRQRPLF DFWLYLW\ LV D NH\ GULYHU RI &22 emissions. How
economic growth translates into new emissions, however, is
ambiguous. On one hand, as the economy expands, demand
for and supply of energy and of energy-intensive goods also
increases, pushing up CO2 emissions.. On the other hand,
economic growth may drive technological change, increase
HI¿FLHQF\ DQG IRVWHU WKH GHYHORSPHQW RI LQVWLWXWLRQV DQG
preferences more conducive to environmental protection and
HPLVVLRQV PLWLJDWLRQ VHH &KDSWHU  $OVR HFRQRPLF JURZWK
PD\EHDVVRFLDWHGZLWKVSHFLDOL]DWLRQLQVHFWRUVKLJK HPLVVLRQV
per unit of output, such as services (manufacturing and heavy
LQGXVWULHVUHVSHFWLYHO\ WKXVUHVXOWLQJLQDIDVWHUVWURQJRUZHDN
UHODWLRQVKLS EHWZHHQ GRPHVWLF HPLVVLRQV DQG *'3 8QOLNH
WHFKQRORJLFDO FKDQJH RU HI¿FLHQF\ KRZHYHU VSHFLDOL]DWLRQ
GRHVQRWDIIHFWWKHOHYHORIJOREDOHPLVVLRQVLWRQO\PRGL¿HV
the distribution of emissions across countries.
The balance between the scale effect of growth and the
mitigating factors outlined above has generated intense scrutiny
VLQFH WKH HDUO\ V 0XFK RI WKH OLWHUDWXUH IRFXVHV RQ WKH
µHQYLURQPHQWDO.X]QHWVFXUYH¶ (.& K\SRWKHVLVZKLFKSRVLWV
WKDWDWHDUO\VWDJHVRIGHYHORSPHQWSROOXWLRQSHUFDSLWDDQG*'3
per capita move in the same direction. Beyond a certain income
OHYHO HPLVVLRQV SHU FDSLWD ZLOO GHFUHDVH DV *'3 SHU FDSLWD
increases, thus generating an inverted-U shaped relationship
EHWZHHQ *'3 SHU FDSLWD DQG SROOXWLRQ 7KH (.& K\SRWKHVLV
LV FRPSDWLEOH ZLWK VHYHUDO DQG SRVVLEO\ MRLQW H[SODQDWLRQV
structural shift towards low carbon-intensity sectors; increased
environmental awareness with income, policy or technology
thresholds; and increasing returns to abatement (Copeland and
7D\ORU 7KH(.&K\SRWKHVLVZDVLQLWLDOO\IRUPXODWHGIRU
ORFDOSROOXWDQWVLQWKHVHPLQDODQDO\VLVRI*URVVPDQDQG.UXHJHU
 EXWZDVTXLFNO\H[SDQGHGWR&22 emissions. Even so, it
recognized that some of the theoretical explanations for local
pollutants, namely that higher income individuals would be
more sensitive to environmental concerns, are less relevant for
GHGs that do not have local environmental or health impacts.
7KH(.&K\SRWKHVLVKDVJHQHUDWHGFRQVLGHUDEOHUHVHDUFKDQG
WKH¿HOGLVVWLOOYHU\DFWLYH5HFHQWVXPPDULHVFDQEHIRXQGLQ
6WHUQ   &RSHODQG DQG7D\ORU   RU 'DVJXSWD et al.
 :LWKUHJDUGWRFDUERQGLR[LGHWKUHHFRQFOXVLRQVFDQEH
drawn, as discussed below.
)LUVWXVLQJ*'3DQGHPLVVLRQVGDWDRYHUPXOWLSOHFRXQWULHV
DQGWLPHSHULRGVVWXGLHVFRQVLVWHQWO\¿QGWKDW*'3SHUFDSLWD
and emissions per capita move in the same direction among
most or all of the sample (Schmalensee et al., 1998; Ravallion
et al.  +HLO DQG 6HOGHQ  :DJQHU DQG 0OOHU
)UVWHQEHUJ $LQFUHDVHLQ*'3SHUFDSLWDLVIRXQG
to lead to an increase in CO2 emissions per capita of 0.5% to
GHSHQGLQJRQWKHVWXG\$OOVWXGLHVDOVR¿QGHYLGHQFHWKDW
WKLVFRHI¿FLHQWHODVWLFLW\RISHUFDSLWD&22 emissions relative
WRSHUFDSLWD*'3LVQRWFRQVWDQWEXWGHFUHDVHVDVSHUFDSLWD
income rises. Until recently, empirical studies consistently
IRXQGDUHODWLRQVKLSEHWZHHQSHUFDSLWD*'3DQGSHUFDSLWD&22
HPLVVLRQVVXFKWKDWEH\RQGDFHUWDLQOHYHORI*'3SHUFDSLWD
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per capita CO2 emissions would decrease as income increases
 WKXV FRQ¿UPLQJ WKH (.& K\SRWKHVLV IRU FDUERQ GLR[LGH
However, the reliability of these estimates has been challenged
recently on technical grounds. For a general discussion, see
Harbaugh et al.   DQG 0LOOLPHW et al.   DQG IRU D
critical review focusing on carbon dioxide, see Wagner and
0OOHU)UVWHQEHUJ  7ZRPDLQSRLQWVHPHUJHIURPWKH
PRVW UHFHQW UHYLHZV   WKH\ FDVW GRXEW RQ WKH LGHD WKDW WKH
(.&K\SRWKHVLVFRXOGEHYDOLGDWHGEDVHGRQH[LVWLQJGDWD  
WKH\FRQFOXGHWKDWWKHUHODWLRQVKLSEHWZHHQ*'3DQGHPLVVLRQV
data is less robust than previously thought.
6HFRQG VWXGLHV XVLQJ WLPH VHULHV DW WKH FRXQWU\ OHYHO ¿QG
OHVV UREXVW UHODWLRQVKLSV EHWZHHQ *'3 SHU FDSLWD DQG &22
HPLVVLRQVSHUFDSLWD)RUH[DPSOH0RRPDZDQG8QUXK  
VKRZWKDWLQWHUQDWLRQDORLOSULFHVKRFNVDQGQRWSHUFDSLWD*'3
growth, explain most of the variations in per capita emissions in
2(&'FRXQWULHV6LPLODUO\&RRQGRRDQG'LQGD  ¿QGD
strong correlation between emissions and income in developed
FRXQWULHV DQG LQ /DWLQ $PHULFD EXW D ZHDNHU FRUUHODWLRQ
LQ $IULFD DQG $VLD 5HFHQW ZRUN RQ WKH (.& 'DVJXSWD et
al.   DOVR VKRZV WKDW WKH UHODWLRQVKLS EHWZHHQ *'3 SHU
capita and pollution is not as rigid as it seems, and in fact,
mostly disappears when other explanatory variables, notably
governance, are introduced.
Third, including trade among the explanatory variables
of CO2 HPLVVLRQV XVXDOO\ \LHOG (.& FXUYHV SHDNLQJ IDUWKHU
LQ WKH IXWXUH )UDQNHO DQG 5RVH   DOWKRXJK WKHUH DUH
methodological issues associated with this approach (Heil and
6HOGHQ 8VLQJWUDGHFRUUHFWHGHPLVVLRQVGDWDIRU86$
$OG\  DOVRVKRZVWKDWWDNLQJWUDGHLQWRDFFRXQWVOHDGVWR
FXUYHVWKDWSHDNPXFKODWHU1HLWKHUWDNLQJWUDGHLQWRDFFRXQW
as a new explanatory variable nor correcting emissions for trade
HIIHFWV KRZHYHU VLJQL¿FDQWO\ LQFUHDVHV WKH UREXVWQHVV RI WKH
FRUUHODWLRQ EHWZHHQ REVHUYHG OHYHOV RI *'3 SHU FDSLWD DQG
observed emission levels.
To sum up, the econometric literature on the relationship
EHWZHHQ*'3SHUFDSLWDDQG&22 emissions per capita does not
VXSSRUWDQRSWLPLVWLFLQWHUSUHWDWLRQRIWKH(.&K\SRWKHVLVWKDW
³WKH SUREOHP ZLOO WDNH FDUH RI LWVHOI´ ZLWK HFRQRPLF JURZWK
The monotonically increasing relationship between economic
activity and CO2 emissions emerging from the data does not
appear to be econometrically very robust, especially at country
OHYHO DQG DW KLJKHU *'3 SHU FDSLWD OHYHO 7KH SHVVLPLVWLF
LQWHUSUHWDWLRQ RI WKH OLWHUDWXUH ¿QGLQJV WKDW JURZWK DQG &22
HPLVVLRQVDUHLUUHYRFDEO\OLQNHGLVQRWVXSSRUWHGE\WKHGDWD
7KHUHLVDSSDUHQWO\VRPHGHJUHHRIÀH[LELOLW\EHWZHHQHFRQRPLF
growth and CO2 emissions. For example, CO2 emissions from
fossil-fuel combustion in China remained essentially constant
between 1997 and 2001. This was despite a +30% growth in
*'3 ,($ D  GXH WR WKH FRPELQDWLRQ RI FORVLQJ VPDOO
VFDOHLQHI¿FLHQWSRZHUSODQWVVKLIWLQLQGXVWU\RZQHUVKLSDZD\
IURPWKHSXEOLFVHFWRUDQGLQWURGXFWLRQRIHQHUJ\HI¿FLHQF\DQG
environmental regulation (Streets et al., 2001; Wu et al. 
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However, these econometric studies do not distinguish between
structural emissions and emissions that result from policy
decisions. Thus, limited information is provided about how
IXWXUHSROLF\FKRLFHVPD\RUPD\QRWLQÀXHQFH&22 emissions
paths. To explore these choices, a more disaggregated approach
is necessary, as discussed in the following section.
12.2.3 Changing development pathway requires
working with multiple actors, at multiple
scales
Over the past two decades, social scientists have observed
VLJQL¿FDQWFKDQJHVLQWKHUROHRIJRYHUQPHQWLQUHODWLRQWRVRFLDO
and economic change. These include a shift from government
GH¿QHGVWULFWO\E\WKHQDWLRQVWDWHWRDPRUHLQFOXVLYHFRQFHSW
of governance that recognizes the contributions of various
OHYHOV RI JRYHUQPHQW JOREDO WUDQVQDWLRQDO UHJLRQDO ORFDO 
as well as the roles of the private sector, non-governmental
DFWRUV DQG FLYLO VRFLHW\ 5KRGHV  *RRGZLQ  
The emergence of these new forms of governance has been
attributed to the need for new institutions to address the more
complex problems of present-day society, among which global
HQYLURQPHQWDOULVNV¿JXUHSURPLQHQWO\ %HFN*LGGHQV
 +RZHV   ,GHRORJ\ DQG HFRQRPLF JOREDOL]DWLRQ
have also played a role in the shifting focus from government
to governance. Command-and-control strategies are losing
IDYRXU ZKLOH PDUNHWEDVHG PHFKDQLVPV YROXQWDU\ LQLWLDWLYHV
and partnerships with non-governmental organizations have
JDLQHG ZLGHU DFFHSWDQFH /HZLV et al.   +RZHYHU WKH
shift to discussions of governance does not imply a reduction in
the role of government. Governments remain central actors in
environmental policy. They ensure the delivery of environmental
protection to citizens, and help create the rules, norms, and
many organizations that ensure environmental protection (Haas
et al., 1993; OECD, 2001; Ostrom et al. 
5HFRJQL]LQJ WKH GLI¿FXOW\ DQG OLPLWDWLRQV RI WU\LQJ WR
directly control their domestic economies in an increasingly
open and globalized economy, governments now try to pursue
economic growth through strategic policies. These policies
DUHGHVLJQHGWRLQFUHDVHDFFHVVWRIRUHLJQPDUNHWVHQFRXUDJH
inward foreign investment, maintain national competitiveness,
and obtain favourable outcomes from trade agreements (Jessop,
 :KLOHVRPHEHOLHYHWKDWJOREDOL]DWLRQKDVPDGHQDWLRQDO
governments less powerful, others argue that rather than simply
eroding government power, globalization has changed the ways
LQZKLFKJRYHUQPHQWVRSHUDWHDQGLQÀXHQFHVLWXDWLRQV /HYL
)DXU 2QHQYLURQPHQWDOLVVXHVDVWURQJFDVHKDVEHHQ
made for the need for government policy to ensure delivery
RIHQYLURQPHQWDOSURWHFWLRQDVDSXEOLFJRRG HJ/LYHUPDQ
1999; Haas et al., 1993; OECD, 2001; Ostrom et al. 
7KH WKUHH NH\ LQVWLWXWLRQDO VHFWRUV± JRYHUQPHQW PDUNHW
DQGFLYLOVRFLHW\±KDYHEHJXQWRZRUNLQFORVHUFROODERUDWLRQ
partnering with each other in multiple and diverse ways when
their goals are common and their comparative advantages are
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GLIIHUHQWLDWHG 1DMDP+XOPHDQG(GZDUGV'DYLV
  7KLV LV QRW WR LPSO\ WKDW WKH\ DOZD\V RU HYHQ PRVWO\
ZRUNLQSDUWQHUVKLSRUKDYHV\QFKURQRXVSULRULWLHVLWPHDQWKDW
they now do so more often than they did, including in terms of
JOREDOFOLPDWHFKDQJHPLWLJDWLRQ 1DMDP 7KHQDWXUHRI
global governance on a range of issues, including on climate
change, is today best understood not only as what states do but
DVDFRPELQDWLRQRIZKDWWKHVWDWHFLYLOVRFLHW\DQGPDUNHWVGR
or not do (Najam et al. 
The more prominent roles businesses and civil society groups
have played in governance has not been without controversy.
Some believe that only the state can act in the public interest,
while industry and citizens are motivated by self-interest. Others
see all actors as motivated by self-interest and, in this context,
EHOLHYH FRPSHWLWLRQ DQG WKH PDUNHW HQVXUH WKH EHVW RXWFRPHV
– public and private. In this view, civil society, consumers and
LQGXVWU\ EHDU JUHDWHU UHVSRQVLELOLW\ DQG VKDUH WKH ULVNV ZKLOH
the state maintains a role in setting standards and auditing
SHUIRUPDQFH 'U\]HN'U\]HN+RZHV 
While the roles, responsibilities, and powers assigned to
the respective actors remains a hotly contested subject, it is
ZLGHO\ DFNQRZOHGJHG WKDW UHVSRQVLELOLW\ IRU WKH HQYLURQPHQW
and sustainability has become a much broader project. It is no
longer primarily the preserve of governments, but involves civil
VRFLHW\SULYDWHVHFWRUDQGWKHVWDWH 5D\QHUDQG0DORQH
Najam et al. 
12.2.3.1

State

The transition from government to governance recognizes
the changing trends among political constitutions in developed
and developing countries. While varying in speed and scope
in individual states, these institutional reforms broadly span
WKHGRPDLQVRIJRYHUQPHQWDQGPDUNHWDFWLYLW\WKHSRZHUVRI
public executive administration relative to that of legislatures
and courts, the degree of federalism within nation states,
WKH RUJDQL]DWLRQ RI WKH ¿QDQFLDO V\VWHP DQG FDSLWDO PDUNHWV
the demands of corporate governance and corporate social
responsibility, the structure of industrial organization and
public utilities, the strength and engagement of civil society
organizations, and the delegation of national sovereignty to
multinational and regional law and regimes (Berger and Dore,
 +ROOLQJZRUWK DQG %R\HU  6FKPLGW  +HOOHU
DQG6KXNOD 
7KHVSHFL¿FFRQVWHOODWLRQRIWKHVHUHIRUPVGHSHQGVRQWKH
pre-existing institutions in a country, the local politics of reform
DQGUHVLVWDQWGRPHVWLFLQWHUHVWV<HWLQDOPRVWDOOFDVHVWKHUH
organization of governance institutions will have important
implications for the choice of potential national development
SDWKV LQ NH\ LQSXW VHFWRUV )RU H[DPSOH D UHFHQW VWXG\ RI
HOHFWULFLW\ VHFWRU UHIRUPV LQ ¿YH OHDGLQJ HPHUJLQJ QDWLRQV 
&KLQD,QGLD6RXWK$IULFD%UD]LODQG0H[LFRIRXQGWKDWLQ
no cases did the changes away from power provision through

state monopolies correspond closely to the orthodox designs of
HOHFWULFLW\PDUNHWUHIRUPV %R[ 
$OO¿YHHOHFWULFLW\VHFWRUVVHSDUDWHRZQHUVKLSRIJHQHUDWLRQ
from transmission and distribution and allow participation in
WKH JHQHUDWLRQ PDUNHWV E\ LQGHSHQGHQW RIWHQ IRUHLJQ SRZHU
SURGXFHUV 1RZKHUH KDYH FRPSHWLWLYH JHQHUDWLRQ PDUNHWV
ÀRXULVKHG RU KDV WKH VWDWH ZLWKGUDZQ VXEVWDQWLDOO\ IURP
system planning, tariff setting based on social and political
FULWHULD LQIUDVWUXFWXUH ¿QDQFLQJ RU SUHGRPLQDQW RZQHUVKLS
RI PDMRU SRZHU VHFWRU ¿UPV 9LFWRU DQG +HOOHU   <HW
WKH FRQVHTXHQFHV IRU FOLPDWH IULHQGO\ HQHUJ\ GHYHORSPHQW
KDYH YDULHG DFURVV WKHVH HPHUJLQJ PDUNHWV EHFDXVH RI
QDWLRQDOO\ VSHFL¿F FKDUDFWHULVWLFV 6RFLDO JRDOV LQFOXGLQJ
increasing access and renewable power development, have
not been interrupted. In some cases, such as the Indian State
of Gujarat, the substitution of public grid power by privately
developed stand-alone power plants has increased the rate of
VXEVWLWXWLRQ RI FRDO¿UHG JHQHUDWLRQ E\ QDWXUDO JDV 6KXNOD
et al.   ,Q 0H[LFR FRPSOH[ ¿QDQFLDOO\ SUREOHPDWLF
government guarantees of tariffs have also encouraged gas fuel
GLYHUVL¿FDWLRQIURPRLOWRJDV,QRWKHUFDVHVLQFOXGLQJ&KLQD
WKH RQJRLQJ ÀX[ LQ LQVWLWXWLRQDO UHIRUPV FUHDWHV ERWK ULVNV RI
intensive coal-based power development and the opportunities
of more climate friendly energy growth.
7KHFKRLFHRISROLFLHVWKDWJRYHUQPHQWVVHHNDQGDUHDEOH
WRSXUVXHLVLQÀXHQFHGE\WKHSROLWLFDOFXOWXUHDQGUHJXODWRU\
policy style of a country or region, and the extent of public
H[SHFWDWLRQVWKDWWKHLUJRYHUQPHQWVZLOOWDNHDVWURQJRUZHDN
lead in pursuing policy responses. Earlier efforts to address
the issues of institutional capacity for mitigation include
D FRPSHQGLXP RI SROLF\ LQVWUXPHQWV '2(   WZR
FROOHFWLRQVRIFRXQWU\VWXGLHV *UXEE5D\QHU DQG
a review of the relevant social science literature on institutions
(O’Riordan et al. 
$VXEVWDQWLDOERG\RISROLWLFDOWKHRU\LGHQWL¿HVDQGH[SODLQV
national policy styles or political cultures. The underlying
assumption is that individual countries tend to process problems
LQDVSHFL¿FPDQQHUUHJDUGOHVVRIWKHGLVWLQFWLYHQHVVRUVSHFL¿F
IHDWXUHV RI DQ\ VSHFL¿F SUREOHP D QDWLRQDO µZD\ RI GRLQJ
WKLQJV¶7KHNH\IHDWXUHVRISUHYDLOLQJµSROLF\VW\OHV¶LQYDULRXV
countries and regions of the world are highlighted.
Richardson et al.   LGHQWL¿HG QDWLRQDO SROLF\ VW\OH
DV GHULYLQJ IURP WKH LQWHUDFWLRQ RI WZR FRPSRQHQWV ³ D 
WKH JRYHUQPHQW¶V DSSURDFK WR SUREOHP VROYLQJ DQG E  WKH
relationship between government and other actors in the
policy process.” Using a basic typology of styles, countries
DUHVXEGLYLGHGDFFRUGLQJWRZKHWKHUQDWLRQDOGHFLVLRQPDNLQJ
is anticipatory or reactive, and whether the political context
LV FRQVHQVXVEDVHG RU LPSRVLWLRQDO 0DQ\ VWXGLHV RI QDWLRQDO
GLIIHUHQFHV LQ LQVWLWXWLRQDO DUUDQJHPHQWV IRU PDNLQJ DQG
implementing environment and technology policy emphasize
the essentially cooperative approach to environmental
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Box 12.2: Poverty tariff in South Africa
The extent to which the policy alleviates poverty depends on the energy burden (percentage of the total household budget
spent on energy). The energy burden of poor households in remote rural villages can be up to 18% of the total household
budget, according to data from a case study reported in Table 12.2; see also UCT (2002). The 50 kWh provided by the poverty
tariff would reduce the energy burden by two-thirds (6 percentage points). Monthly expenditure on electricity and other fuels
decline by 18% and 16% respectively, due to the poverty tariff.
Table 12.2: Mean household expenditure on electricity and other fuels and energy as a percentage of total household expenditure

IExpenditure on
Electricity (Rand/month)

Before subsidy

After subsidy

38

31

7

Difference
18%
16%

Fuels excluding electricity (Rand/month)

70

59

11

Energy share in household expenditure (%)

18

12

6

I

Source: Prasad and Ranninger, 2003.

A recent study in the poor areas of Cape Town showed that monthly electricity consumption has risen by 30-35 kWh/month
per customer since the introduction of the poverty tariff, a substantial rise against an average consumption ranging from 100
to 150 kWh per month (Borchers et al., 2001; Holliday et al., 2002). This rise is less than the full 50 kWh/month, suggesting
that households make greater use of electricity, but also value some saving on their energy bills (Cowan and Mohlakoana,
2005)
The impacts on climate change mitigation have been broadly scoped. If extended to all customers in a broad-based approach, the poverty tariff might at most increase emissions by 0.146 MtCO2 under the assumption that all the free electricity
would be additional to existing energy use (UCT, 2000; Hawken, 1999; Anderson, 1998; Holliday et al., 2002). In practice, it
is likely that electricity might displace existing use of parafﬁn, coal, wood, candles, batteries and other fuels to some extent.
This upper-bound estimate represents 0.04% of total GHG emissions, but about 2% of residential sector emissions in 1994.
This example from South Africa shows that poverty-alleviation and environmental objectives can be addressed simultaneously. To the extent electricity use displaces indoor fuel use, it may also provide a beneﬁt to public health.

protection in Europe and the more confrontational approach
WKDW SUHGRPLQDWHV LQ WKH 8QLWHG 6WDWHV /LQGTXLVW 
.HOPDQ  .XQUHXWKHU et al.   -DVDQRII  
shows how information about established technologies, such
DV IRUPDOGHK\GH XVH LV LQWHUSUHWHG GLIIHUHQWO\ E\ VFLHQWL¿F
DGYLVRU\ERGLHVLQGLIIHUHQWFRXQWULHV,QSDUWLFXODU%ULFNPDQ
et al.   DUJXH WKDW GHFHQWUDOL]DWLRQ RI GHFLVLRQPDNLQJ
LQ WKH 86$ ERWK LQFUHDVHV WKH GHPDQG IRU VFLHQWL¿F GHWDLOV
of technological and environmental hazards and engenders
competition between different explanations. Europeans
generally expect national government, and increasingly the
(XURSHDQ 8QLRQ WR WDNH WKH OHDG LQ DOO PDWWHUV SHUWDLQLQJ WR
environmental safety and health, as well as economic and social
welfare.
5HFHQWHPSLULFDOVWXGLHVFRQ¿UPWKHYLHZWKDWRQO\GHWDLOHG
DQG FDVHVSHFL¿F DQDO\VHV RI JRYHUQPHQW LQVWLWXWLRQV DQG
policies can illuminate national differences in the pursuit of
HQYLURQPHQWDODQGRWKHUUHJXODWRU\REMHFWLYHV:HLQHU  
¿QGVWKDWFRQWUDU\WRFRPPRQDVVHUWLRQVWKH86$DQG(XURSH
have not differed substantially in their use or implementation
RI WKH SUHFDXWLRQDU\ SULQFLSOH 6WHZDUW   ¿QGV WKDW WKH
USA has successively moved between alternative forms of
environmental policies, beginning with command and control,
710

EHIRUHVZLWFKLQJWRZDUGPDUNHWLQVWUXPHQWV SHUPLWVDQGWD[HV 
DQG ODWHU H[SHULPHQWDWLRQ ZLWK ÀH[LEOH QHJRWLDWHG UHJXODWLRQ
and information based instruments.
In these cases, national political and regulatory cultures
are distinguished by institutional factors, such as the judicial
doctrines of administrative review and regulatory standards
of general treatment, more than cultural predilections that
support or restrict government action. Finally, governments
appear to have varied traditions of policy preferences and
authority. European governments and populations appear more
FRPIRUWDEOHZLWKOLIHVW\OH GHPDQG UHJXODWLRQWKDQGR1RUWK
$PHULFDQJRYHUQPHQWVZKLFKRIWHQWHQGWRORRNWRORQJHUUXQ
WHFKQRORJ\GHYHORSPHQWVXSSRUWLQFROODERUDWLRQZLWKPDUNHW
DFWRUV 1HOVRQ 
An important, though often neglected, issue in the choice of
policy instruments is the institutional capacity of governments to
LPSOHPHQWWKHLQVWUXPHQWRQWKHJURXQG 5D\QHU 7KLVLV
often a matter of what countries with highly constrained resources
WKLQNWKDWWKH\FDQDIIRUG+RZHYHUHYHQLQGXVWULDOL]HGQDWLRQV
H[KLELWVLJQL¿FDQWYDULDWLRQZLWKUHVSHFWWRWKHFKDUDFWHULVWLFV
that would be considered ideal for the successful application
of the complete suite of policy instruments listed above. These
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attributes include (O’Riordan et al. 
v a well developed institutional infrastructure to implement
regulation;
v DQ HFRQRP\ WKDW LV OLNHO\ WR UHVSRQG ZHOO WR ¿VFDO SROLF\
instruments because it possesses certain characteristics of
WKHHFRQRPLFPRGHOVRIWKHIUHHPDUNHW
v a highly developed information industry and mass
communications infrastructure for educating, advertising,
and public opinion formulation;
v a vast combined public and private annual RD&D budget for
reducing uncertainties and establishing pilot programmes.
To the extent that these close to ideal conditions for
FRQYHQWLRQDOSROLF\LQVWUXPHQWVDUHPLVVLQJSROLF\PDNHUVDUH
OLNHO\WRHQFRXQWHUREVWDFOHVWRWKHLUHIIHFWLYHQHVV)RUH[DPSOH
ERWK %UD]LO DQG ,QGRQHVLD 3HWULFK   KDYH FDUHIXOO\
crafted forest protection laws that could be used to secure
forest preservation and carbon management. However, neither
FRXQWU\LVDEOHWRDOORFDWHVXI¿FLHQWUHVRXUFHVWRPRQLWRULQJDQG
compliance with those laws to ensure that they are effective.
Even in industrialized countries, competition for resources
among state agencies responsible for promoting economic
development and those responsible for environmental protection
are almost universally resolved in favour of the former. In much
of the developing world, the shortage of programmes resources
is exacerbated by pressures to utilize natural resources to earn
foreign income. This increases demands of population for
energy, and pressures to convert forest land to human habitation.
$V D UHVXOW OHJLVODWLYH LQLWLDWLYHV RIWHQ VHHP WR ³OHDYH PRUH
PDUNVRQSDSHUWKDQRQWKHODQGVFDSH´ 5D\QHUDQG5LFKDUGV
 
/HVVLQGXVWULDOL]HGFRXQWULHVRIWHQKDYHSRRULQIUDVWUXFWXUHV
H[DFHUEDWHG E\ ODFN RI KXPDQ ¿QDQFLDO DQG WHFKQRORJLFDO
UHVRXUFHV ,Q DGGLWLRQ WKHVH FRXQWULHV DUH OLNHO\ WR IRFXV RQ
more basic considerations of nation building and economic
development. The economic conditions of less-industrialized
countries also present opportunities to achieve both sustainable
development goals and emissions reductions measures at lower
cost than in the industrialized countries.
The notions of adaptive and mitigative capacity advanced
LQWKH,3&&7$5DSSHDUWRUHLQIRUFHWKHLGHDWKDWWKHFDSDFLW\
to develop and implement climate response strategies are
HVVHQWLDOO\WKHVDPHDVWKRVHUHTXLUHGWRGHYHORSDQGLPSOHPHQW
policies across a wide variety of domains. They are largely
synonymous with those of sustainable development. The issues
and cases discussed here suggest that the challenges of capacity
EXLOGLQJ IRU VXVWDLQDEOH GHYHORSPHQW LV QRW FRQ¿QHG WR WKH
less industrialized countries, but that industrialized countries
also fall short of the capacity to respond to climate mitigation
challenges in a sustainable fashion.
$V 2¶5LRUGDQ HW DO   QRWH ³WKH PRUH WKDW FOLPDWH
change issues are routinized as part of the planning perspective
at the appropriate level of implementation, the national and
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ORFDOJRYHUQPHQWWKH¿UPWKHFRPPXQLW\WKHPRUHOLNHO\WKH\
are to achieve desired goals. Climate policies per se are hard
WR LPSOHPHQW PHDQLQJIXOO\ +RZHYHU PHUHO\ SLJJ\EDFNLQJ
FOLPDWHFKDQJHRQWRDQH[LVWLQJSROLWLFDODJHQGDLVXQOLNHO\WR
succeed.”
12.2.3.2

Market

Industry is a central player in ecological and sustainability
stewardship. Accordingly, over the past 25 years or so, there has
EHHQDSURJUHVVLYHLQFUHDVHLQWKHQXPEHURIFRPSDQLHVWDNLQJ
steps to address sustainability issues (Holliday et al./\RQ
 DWHLWKHUWKHFRPSDQ\RULQGXVWU\OHYHO VHH%R[ $
number of companies have, as part of their corporate strategy,
YROXQWDULO\GH¿QHGJRDOVWKDWUHÀHFWVRFLDOUHVSRQVLELOLWLHVDQG
environmental concerns that go beyond traditional company
REOLJDWLRQV )ROORZLQJ WKLV OLQH RI WKLQNLQJ DQ LQFUHDVLQJ
QXPEHURIFRPSDQLHVDUHGH¿QLQJWDUJHWVIRU*+*HPLVVLRQV
DQGVLQNV6RPHRIWKHPRUHZLGHO\DFNQRZOHGJHGFRUSRUDWH
VXVWDLQDELOLW\ GULYHUV LQFOXGH UHJXODWRU\ FRPSOLDQFH PDUNHW
RSSRUWXQLWLHVDQGUHSXWDWLRQDOYDOXH/\RQ  K\SRWKHVL]HV
that voluntary action on the environment might be explained by
either a recognition by companies that pollution is a symptom
RI SURGXFWLRQ LQHI¿FLHQFLHV RU D SHUFHSWLRQ WKDW FRQVXPHUV
are willing to pay more for products with better environmental
FUHGHQWLDOV (LWKHU H[SODQDWLRQ ZRXOG VLJQDO WKDW PDUNHWV DUH
more important than regulation as an incentive for improved
HQYLURQPHQWDO SHUIRUPDQFH /\RQ   VXJJHVWV LQVWHDG
WKDW ³LW LV WKH RSSRUWXQLW\ WR LQÀXHQFH UHJXODWLRQ WKDW PDNHV
FRUSRUDWHHQYLURQPHQWDOLVPSUR¿WDEOH´
Some companies have recognized that pursuing
sustainability offers potential cost savings (Thompson, 2002;
Dunphy et al. )RUH[DPSOHE\LQFUHDVLQJHQHUJ\DQG
PDWHULDO HI¿FLHQF\ LQ SURGXFWLRQ DQG E\ UHGXFLQJ ZDVWHV
companies can reduce costs per unit of production and thereby
JDLQ D FRPSHWLWLYH PDUNHW DGYDQWDJH +DZNHQ et al., 1999;
Schaltegger et al.   7KLV FRQFHSW RI µHFRHI¿FLHQF\¶
IXUWKHU DFNQRZOHGJHV WKDW EXVLQHVVHV ZKLFK FRQVWDQWO\ ZRUN
to evaluate their environmental performance will be more
LQQRYDWLYH DQG UHVSRQVLYH EXVLQHVVHV 'X3RQW IRU H[DPSOH
has sought to elevate sustainability to the strategic level, using a
WKUHHSURQJHGVWUDWHJ\LQYROYLQJLQWHJUDWHGVFLHQFHNQRZOHGJH
LQWHQVLW\DQGSURGXFWLYLW\LPSURYHPHQWV +ROOLGD\ 7KH
FRPSDQ\ KDV DFKLHYHG ¿QDQFLDO VDYLQJV LQ H[FHVV RI 86
billion per annum, partly through reduced energy and raw
PDWHULDOXVHDQGOHVVZDVWH +ROOLGD\ 
/\RQ  VXJJHVWVWKDWWKHLQÀXHQFHRIµJUHHQPDUNHWLQJ¶
is modest in terms of shifting industry behaviour with respect
WR WKH HQYLURQPHQW 6HQJH DQG &DUVWHGW   SRVLWLRQ
FRQVXPHUV DV D NH\ LQÀXHQFH LQ VKDSLQJ WKH µQH[W LQGXVWULDO
revolution’, founded on an economic system that genuinely
connects industry, society and the environment. Their view
is that a shift in consumer attitudes and values is an essential
SUHUHTXLVLWH WR EXLOGLQJ VXVWDLQDEOH VRFLHWLHV 6FKDHIHU DQG
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Box 12.3: Role of Business
One well-known example of a corporation which has embraced sustainability is Interface Inc., a USA. manufacturer of carpets and upholstery. Since embracing the sustainability goal in 1994, Interface has reduced the carbon intensity of its products by 36% (Hawken et al., 1999; Anderson, 2004) Many of these reductions came through investments in energy efﬁciency
and renewable energy (Holliday et al., 2002). However, Interface has also substantially reduced GHG emissions through other
elements of its sustainability strategy, including reduction in raw material use and recycling materials not directly related to
energy consumption (Hawken et al., 1999; Anderson, 2004). As most of the materials used by Interface in its production are
derived from petrochemicals (Anderson, 1998; Hawken et al., 1999), these strategies have led to substantial reductions in
the company’s carbon footprint.
CEMEX, a Mexican-based cement manufacturer, was able to achieve similar emissions results through adoption of sustainability-oriented business model. One of the major environmental issues facing cement manufacturers is energy use (Wilson
and Change, 2003). As part of its sustainability strategy, Cemex has focused intently on its energy use in an effort to reduce
its ecological burden. For example, in 1994 CEMEX embarked on an eco-efﬁciency programmes to “optimize its consumption of raw materials and energy” (Wilson and Change, 2003), p.29). Through this and other measures, CEMEX reduced CO2
emissions 2.7 million tons between 1994 and 2003 (Wilson and Change, 2003, p.32).
ITC Ltd, an Indian conglomerate and third largest company in terms of net proﬁts in the country, reportedly sequestered
almost a third of its CO2 emissions in 2003-04, and plans to become a carbon positive corporation through a programmes
of energy savings and CO2 sequestration through farm and social forestry initiatives. Through programmes for rainwater
harvesting, the company plans to become a water-positive corporation as well. Its ‘e-Choupal’ intervention has eliminated
the need for brokers and helped 2.4 million farmers across six Indian states participate in global sourcing and marketing of
products (Das and Dutta, 2004).

&UDQH   FRQFOXGH WKDW D FKDQJH LQ EHKDYLRXU E\ WKH
majority of consumers is not imminent. They suggest that it
ZLOO UHTXLUH D VHQVH RI FULVLV WR EULQJ DERXW D VHD FKDQJH LQ
consumption patterns.
0DQDJLQJVWDNHKROGHUUHODWLRQVKDVDOVREHHQLGHQWL¿HGDVD
FRUSRUDWHHQYLURQPHQWDOGULYHU0DQ\FRPSDQLHVVHHNWRLPSURYH
relations with government, NGOs and local communities,
EHFDXVH WKLV FDQ RIIHU EHQH¿WV VXFK DV IDVWHU DSSURYDOV IRU
SURMHFWVRUSURGXFWV 7KRPSVRQ DFRQWLQXLQJµOLFHQFH
to operate’, and greater scope for self-regulation. In regard to
NGOs, improved relations can reduce or eliminate protests,
such as consumer boycotts and direct lobbying (Thompson,
 &RPSDQLHVDUHDOVRLPSURYLQJWKHLUHQYLURQPHQWDODQG
social performance in response to demands from their corporate
FOLHQWV0DQ\ODUJHFRUSRUDWLRQVLQSDUWLFXODUKDYHLQWURGXFHG
purchasing guidelines that place demands on suppliers to meet
HQYLURQPHQWDOSHUIRUPDQFHVWDQGDUGV 7KRPSVRQ 7KH
role of trade associations is another factor - including at the
international negotiations (Hamilton et al. 
'HPDQGV RI LQYHVWRUV LQVXUHUV DQG RWKHU ¿QDQFLDO
institutions are providing further incentives in relation to
sustainability. Through improved sustainability performance,
companies can potentially increase the attractiveness of their
VKDUHV LQ WKH PDUNHW UHGXFH LQVXUDQFH SUHPLXPV DQG REWDLQ
EHWWHU ORDQ WHUPV 7KRPSVRQ   )RU H[DPSOH WKH UDSLG
JURZWK RI VRFLDOO\ UHVSRQVLEOH LQYHVWPHQW IXQGV 65,V  LQ
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the last decade is providing an incentive for greater corporate
VXVWDLQDELOLW\ 7KRPSVRQ%RUVN\ et al. 7KHUROH
of institutional investors, and the growing concern in some
business circles about liability due to inaction on climate change
VKRXOGDOVREHDFNQRZOHGJHG7KLVKDVOHGWRDJURZLQJQXPEHU
RI VWDNHKROGHU LQLWLDWLYHV WR KDYH SXEOLFO\ RZQHG FRPSDQLHV
become proactive on climate change, and a growing number of
initiatives to monitor and manage GHG emissions, even in the
DEVHQFH RI GRPHVWLF OHJLVODWLRQ DQG PDQGDWRU\ UHTXLUHPHQWV
VHH ,QQRYHVW  &RJDQ   7KH &DUERQ 'LVFORVXUH
3URMHFWKDVHPHUJHGDVDQLPSRUWDQWIUDPHZRUNLQWHUQDWLRQDOO\
for company reporting on their carbon footprint. Disclosure
of environmental impact is increasingly seen as a crucial
HOHPHQWRIDFRPSDQ\¶VULVNSUR¿OHIRUOHJDOOLDELOLW\DVZHOODV
competitive position in the face of possible future regulation.
For example, re-insurers, companies providing insurance to
insurance companies, have shown considerable concern about
how climate change could impact insurance claims. Zanetti et
al.  VXJJHVWWKDWFOLPDWHFKDQJHVKRXOGEHDFRUHHOHPHQW
LQDFRPSDQ\¶VORQJWHUPULVNPDQDJHPHQWVWUDWHJ\5LVNDQG
return, demand, compliance and enforcement regimes, amongst
RWKHUIDFWRUVDUHDOVROLNHO\WRKDYHDQLPSDFWRQLQYHVWPHQW
Notwithstanding these achievements, there is widespread
debate as to whether industry’s responses to environmental
GHFOLQHDQGVXVWDLQDELOLW\LVVXHVPRUHJHQHUDOO\DUHVXI¿FLHQW
(ONLQJWRQ6KDUPD'RSSHOW'XQSK\ et al.,
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$OOWKHVDPHQRWLRQVRIFRUSRUDWHVRFLDOUHVSRQVLELOLW\ &65 
have gained a wider hold. The essence of the CSR perspective
is that there is a clear basis for businesses to widen their focus
IURP VLPSO\ SUR¿W PD[LPL]DWLRQ WR LQFOXGH RWKHU HFRQRPLF
social, and environmental concerns. The arguments in support
RI &65 LQFOXGH FRPSHWLWLYH DGYDQWDJH 3RUWHU DQG YDQ GHU
/LQGH  3RUWHU DQG .UDPHU   QRWLRQV RI FRUSRUDWH
FLWL]HQVKLS 0DUVGHQ  $QGULRI DQG 0F,QWRVK  
DQGVWDNHKROGHUWKHRU\ 3RVW et al.'ULVFROODQG6WDULN
:LQGVRU 'UDZLQJRQWKHH[SHULHQFHRI'X3RQW
+ROOLGD\   DFNQRZOHGJHV WKH LPSRUWDQFH RI VKDUHKROGHU
value, but adds that business practices focused on sustainability
RXWFRPHVFDQJHQHUDWH¿QDQFLDOJDLQV
&ROPDQ   UHSRUWHG WKDW  RI WKH )RUWXQH *OREDO
Top 250 companies have issued environmental, social or
sustainability reports. Similarly, CSR would seem to have
become a more serious concern to European companies,
WKRXJK3KDUDRK  VXJJHVWVLWLVSULPDULO\VDOHVGULYHQ,Q
WKH8.VRFLDOO\UHVSRQVLEOHLQYHVWPHQW 6ULYDVWDYDDQG+HOOHU
  JUHZ IURP 86  ELOOLRQ LQ  WR 86  ELOOLRQ
LQ  6SDUNHV   %RUVN\ et al.   UHSRUW WKDW WKH
86WULOOLRQRIVRFLDOO\UHVSRQVLEOHLQYHVWPHQWVKHOGLQWKH
USA accounted for approximately 11% of the total investment
assets under management in 2003. The standards used by SRI
IXQGVWRHYDOXDWH¿UPVYDU\ZLGHO\LQWKHLVVXHVWKH\DGGUHVV
(with many simply staying away from weapons, tobacco,
DOFRKRODQGJDPEOLQJ DQGKRZULJRURXVO\WKHVHVWDQGDUGVDUH
applied. Some SRI companies emphasize diversity and labour
relations, while others focus on environment. There is no set of
common criteria, and thus not all companies on SRI lists can
be considered sustainable. However, growing public interest in
SRI has led more companies to be concerned about a variety of
social and environmental issues.
In considering the role of business, a distinction between
multinationals and smaller, entrepreneurial enterprises is useful.
$UHFHQW8.UHSRUWLGHQWL¿HVDGLIIHUHQFHLQSHUVSHFWLYHVDQG
approaches to global climate change in these two groups
RI EXVLQHVVHV ZLWK PXOWLQDWLRQDOV WDNLQJ D ORQJWHUP YLHZ
positioning for the future based on broad policy directions
+DPLOWRQDQG.HQEHU %\FRQWUDVWVPDOOHUEXVLQHVVHV
entrepreneurs or venture capitalists are more sensitive to the
details of immediate or shorter term policy reforms. Similarly,
there may be a difference even within the multinational sector
between the energy suppliers (e.g., electricity producers/
GLVWULEXWRUVRLOFRPSDQLHVRUHYHQFRDOFRPSDQLHV DQGHQHUJ\
LQWHQVLYHLQGXVWULHV HJFKHPLFDORUDOXPLQLXPFRPSDQLHV 
7KH IRUPHU WDNHV D ORQJHU WHUP PDUNHW GHYHORSPHQW RU SUR
active view and the later a more reactive view (e.g., BIAC/
2(&',($   )LQDOO\ VRPH FRPSDQLHV DUH OLNHO\ WR EH
‘winners’ with any effort to advance sustainable development
through clean energy policies (e.g., insulation industry, window
PDQXIDFWXUHUVHQHUJ\VHUYLFHFRPSDQLHV DQGVRPHDUHOLNHO\
WREHµORVHUV¶ HJSURGXFHUVRIHQHUJ\LQHI¿FLHQWSURGXFWV ,W
LVWKHUHIRUHGLI¿FXOWWRVSHDNDERXWµPDUNHW¶VHFWRUSUHIHUHQFHV
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EHFDXVHWKHUHDUHGLIIHUHQWW\SHVRIEXVLQHVVHVZLWKVLJQL¿FDQWO\
different perspectives in different places.
In summary, although there has been progress, the private
VHFWRU FDQ SOD\ D PXFK JUHDWHU UROH LQ PDNLQJ GHYHORSPHQW
more sustainable. As the number of companies that operate
ERWK SUR¿WDEO\ DQG PRUH VXVWDLQDEO\ LQFUHDVHV WKH YLHZ WKDW
addressing social and environmental issues is incompatible
with shareholder maximization may loose ground. Opinions
vary on the extent to which business can be relied upon to
meet sustainability objectives. These range from business
EHLQJ LQKHUHQWO\ VHOILQWHUHVWHG DQG H[FOXVLYHO\ SUR¿WGULYHQ
to socially responsible businesses going ‘beyond compliance’
are on the forefront of the sustainability curve. Although the
LVVXHVDUHFRPSOLFDWHGWKHUHFDQEHQRTXHVWLRQWKDWWKHVKLIW
towards improved sustainability is fundamentally connected
to the social, economic and environmental performance of the
private sector. This is especially true in relation to the issue of
climate change.
12.2.3.3

Civil society

Civil society refers to the arena of uncoerced collective
action around shared interests, purposes and values (Rayner and
0DORQH ,QWKHRU\LWVLQVWLWXWLRQDOIRUPVDUHGLVWLQFWIURP
WKRVHRIWKHVWDWHIDPLO\DQGPDUNHWDOWKRXJKLQSUDFWLFHWKH
ERXQGDULHVEHWZHHQVWDWHFLYLOVRFLHW\IDPLO\DQGPDUNHWDUH
often complex, blurred and negotiated. Civil society commonly
embraces a diversity of spaces, actors and institutional forms,
varying in their degree of formality, autonomy and power. Civil
societies are often populated by organizations such as registered
charities, development non-governmental organizations,
community groups, women’s organizations, faith-based
organizations, professional associations, trades unions, self-help
groups, social movements, business associations, coalitions and
DGYRFDF\JURXSV 1DMDP $VWKLVGH¿QLWLRQHPSKDVL]HV
civil society is closely related to the more recent concept of
µVRFLDOFDSLWDO¶$VGHVFULEHGE\3XWQDP  VRFLDOFDSLWDO
GHVFULEHV WKH RYHUODSSLQJ QHWZRUNV RI DVVRFLDWLRQDO WLHV WKDW
bind a society together.
During the past three decades, the mantle of civil society has
been increasingly claimed by non-governmental organizations
1*2V  7KH 1*2 VHFWRU KDV H[SHULHQFHG DQ H[SORVLRQ LQ
numbers worldwide as well as a proliferation of types and
functions. There is considerable debate about the extent to
which NGOs claim to be or even represent civil society in the
traditional sense can be maintained. Certainly, their dependence
RQ HLWKHU JRYHUQPHQW RU EXVLQHVV UDLVHV TXHVWLRQV DERXW WKH
extent to which they are truly independent of the state and
WKH PDUNHW$FFRUGLQJ WR7KH (FRQRPLVW   D TXDUWHU RI
2[IDP¶V 86  PLOOLRQ LQFRPH LQ  ZDV JLYHQ E\ WKH
British Government and the EU. World Vision US, which claims
to be the world’s largest privately funded Christian relief and
development organization, receives millions of dollars worth of
resources from the US Government. The role of governments
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LQVXSSRUWLQJ1*2VLVQRWOLPLWHGWR¿QDQFLDOVXSSRUW$WOHDVW
RQH8.EDVHG1*2KDVDGYLVHGYDULRXVVPDOOJRYHUQPHQWVLQ
climate negotiations and has even drafted text. Other NGOs are
FORVHO\DVVRFLDWHGZLWKWKHPDUNHWVHFWRUNQRZQDV%,1*2V
%XVLQHVV DQG ,QGXVWU\ 1*2V  $ TXHVWLRQ IUHTXHQWO\ UDLVHG
DERXW1*2VLVRIDFFRXQWDELOLW\ -RUGDQDQGYDQ7XLMO 
Relatively few NGOs are directly accountable to members in
the same way that governments are to voters or businesses are
WR VKDUHKROGHUV UDLVLQJ IXUWKHU TXHVWLRQV DERXW WKH H[WHQW WR
ZKLFK WKHLU FODLPV WR WKH PDQWOH RI FLYLO VRFLHW\ DUH MXVWL¿HG
1DMDP 
Whether they are truly ‘civil society’ or not, there is little
doubt that NGOs can be effective in shaping development
and environment. A multitude of interest groups, including
FLYLO VRFLHW\ LQ LWV YDULRXV PDQLIHVWDWLRQV VHHN WR LQÀXHQFH
the direction of national and global climate change mitigation
SROLF\ 0LFKDHORZD   1RQJRYHUQPHQWDO RUJDQL]DWLRQV
KDYH EHHQ SDUWLFXODUO\ DFWLYH DQG RIWHQ LQÀXHQWLDO LQ VKDSLQJ
societal debate and policy directions on this issue (Corell and
%HWVLOO  *RXJK DQG 6KDFNOH\  1HZHOO  
The literature on the various ways in which civil society, and
HVSHFLDOO\ 1*2V LQÀXHQFH JOREDO HQYLURQPHQWDO SROLF\ LQ
general and climate policy in particular, points out that civil
society employs ‘civic will’ to the policy discourse and that it
can motivate policy in three distinct but related ways (Banuri
DQG 1DMDP   )LUVW LW FDQ SXVK SROLF\ UHIRUP WKURXJK
awareness-raising, advocacy and agitation. Second, it can pull
SROLF\DFWLRQE\¿OOLQJWKHJDSVDQGSURYLGLQJSROLF\VHUYLFHV
such as policy research, policy advice and, in a few cases, actual
policy development. Third, it can create spaces for champions
of reform within policy systems so that they can assume a
salience and create constituencies for change that could not be
mobilized otherwise.
The image of civil society ‘pushing’ for environmental
protection and climate change mitigation policies is the most
familiar one. There are numerous examples of civil society
RUJDQL]DWLRQV DQG PRYHPHQWV VHHNLQJ WR SXVK SROLF\ UHIRUP
at the global, national and even local levels. The reform
desired by various interest groups within civil society can
GLIIHU 0LFKDHORZD %XWFRPPRQWRDOOLVWKHOHJLWLPDWH
UROH FLYLO VRFLHW\ KDV LQ DUWLFXODWLQJ DQG VHHNLQJ WKHLU YLVLRQV
of change through a multitude of mechanisms that include
SXEOLF DGYRFDF\ YRWHU HGXFDWLRQ OREE\LQJ GHFLVLRQPDNHUV
research, and public protests. Given the nature of the issue, civil
society includes not only NGOs but also academic and other
non-governmental research institutions, business groups, and
EURDGO\VWDWHGWKHµHSLVWHPLF¶RUNQRZOHGJHFRPPXQLWLHVWKDW
ZRUNRQEHWWHUXQGHUVWDQGLQJRIWKHFOLPDWHFKDQJHSUREOHPDWLF
Some have argued that civil society has been the critical
element in putting global climate change into the policy arena
and relentlessly advocating its importance. Governments have
eventually began responding to these calls from civil society for
systematic environmental protection and global climate change
PLWLJDWLRQSROLFLHV *RXJKDQG6KDFNOH\1DMDP et al.,
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  ,Q SDUWLFXODU VWXGLHV RQ WKH QHJRWLDWLRQ SURFHVVHV RI
JOREDOFOLPDWHFKDQJHSROLF\ /HY\DQG1HZHOO&RUHOO
DQG%HWVLOO KLJKOLJKWWKHUROHRIQRQJRYHUQPHQWDODQG
civil society actors in advancing the cause of global climate
change mitigation.
The role of civil society in ‘pulling’ climate change mitigation
SROLF\ LV QR OHVV LPSRUWDQW ,Q IDFW WKH ,3&& DVVHVVPHQW
SURFHVVLWVHOILVDYROXQWDU\NQRZOHGJHFRPPXQLW\VHHNLQJWR
RUJDQL]HWKHVWDWHRINQRZOHGJHRQFOLPDWHFKDQJHIRUSROLF\
PDNHUV,WLVDQH[DPSOHRIKRZFLYLOVRFLHW\DQGSDUWLFXODUO\
KRZ µHSLVWHPLF¶ RU NQRZOHGJH FRPPXQLWLHV FDQ GLUHFWO\ DGG
to or ‘pull’ the global climate policy debate (Siebenhuner,
1DMDPDQG&OHYHODQG ,QDGGLWLRQWKHNQRZOHGJH
communities as well as NGOs have been extremely active and
instrumental in servicing the needs of national and sub-national
FOLPDWHSROLF\7KLVLVGRQHLQYDULRXVZD\VE\XQLYHUVLWLHVDQG
research institutions writing local and national climate change
plans; by NGOs helping in the preparation of national climate
change positions for international negotiations and increasingly
being part of the national negotiation delegations (Corell and
%HWVLOO E\FLYLOVRFLHW\DQGHSLVWHPLFDFWRUVSOD\LQJNH\
roles in climate change policy assessments at all levels from the
local to the global.
)LQDOO\FLYLOVRFLHW\SOD\VDYHU\VLJQL¿FDQWUROHE\µFUHDWLQJ
spaces for champions of policy reform’ and providing platforms
ZKHUH WKHVH FKDPSLRQV FDQ DGYDQFH WKHVH LGHDV 7KH 3HZ
&OLPDWH,QLWLDWLYHDQGWKH0LOOHQQLXP(FRV\VWHP$VVHVVPHQW
are two examples of how civil society has created forums and
space for discourse by different actors, and not just civil society
actors, to interact and advance the discussion on where climate
change mitigation and sustainable development policy should
be heading. Increasingly, civil society forums such as these are
very cognisant of the need to broaden the participation in these
forums to other institutional sectors of society.
12.2.3.4

Interactions

The shift from ‘government to governance’ has been
accompanied by both theoretical and a practical interest in
KRZ WKH WKUHH PDLQ DUHQDV RI DFWRUV ± VWDWH PDUNHW DQG FLYLO
VRFLHW\±LQWHUDFWLQFOXGLQJKRZWKH\PLJKWZRUNLQFRQFHUWWR
achieve improved outcomes from a sustainability perspective.
A variety of perspectives are offered that cast light on these
TXHVWLRQV LQFOXGLQJ µSDUWQHUVKLSV¶ 1DMDP et al., 2003; Hale,
 )RUV\WK   µGHOLEHUDWLYH GHPRFUDF\¶ /HYLQH
 2¶5LRUGDQ DQG 6WROO.OHHPDQ  *XWPDQQ DQG
7KRPSVRQ DQGµWUDQVLWLRQWKHRU\¶ *HHOV(O]HQ
DQG:LHF]RUHN
Each of these studies considers issues of governance in
the context of sustainable development and climate change
PLWLJDWLRQ 3DUWQHUVKLSV FRQVLGHUV IRUPV RI FRRSHUDWLYH
governance and action, deliberative democracy deals with
LVVXHVRIUHSUHVHQWDWLRQLQGHFLVLRQPDNLQJ7UDQVLWLRQWKHRU\

1821
Chapter 12

Sustainable Development and Mitigation

VHHNV WR H[SODLQ KRZ WHFKQRORJLFDO LQQRYDWLRQ RFFXUV DQG
how these processes might be channelled towards changing
the technological composition of development pathways, for
example, in support of de-carbonization.

and less powerful groups, non-representative outcomes, and a
IDLOXUHWRLQWHJUDWHORFDONQRZOHGJH$QDQDO\VLVRIZDVWHWR
HQHUJ\SURMHFWVLQWKH3KLOLSSLQHVDQG,QGLDFRQ¿UPVWKDWVXFK
SUREOHPVZLOOEHHQFRXQWHUHG )RUV\WK 

Partnerships:3DUWQHUVKLSVEHWZHHQSXEOLFDQGSULYDWHDFWRUV
FDQ PD[LPL]H LPSDFW E\ WDNLQJ DGYDQWDJH RI HDFK SDUWQHU¶V
XQLTXH VWUHQJWKV DQG VNLOO VHWV 3DUWQHUVKLS SURJUDPPHV FDQ
provide citizens groups with a lever for increasing pressure on
both governments and industry to change in support of improved
sustainability. From an economic development perspective,
one of the potentially fruitful styles of partnership has been
between governments and industry through BOT projects Build, Operate, Transfer. Despite their promise as a means of
¿QDQFLQJODUJHVFDOHFDSLWDOLQWHQVLYHSURMHFWVWKHUHKDYHEHHQ
VLJQL¿FDQWGLI¿FXOWLHVLQSUDFWLFH VHH%R[ 

The notion that partnerships between sectors is the wave of
the future was given particular salience by the World Summit
on Sustainable Development in Johannesburg, South Africa,
in 2002. There, several ‘Type II’ partnerships were launched
involving various combinations of governments, business
and civil society actors (Najam and Cleveland, 2003; Hale,
%lFNVWUDQGDQG/|YEUDQG $OWKRXJKWRRHDUO\WR
evaluate the impacts, these particular partnerships, represent
a larger trend in the last decade with a far greater level of
partnership activities between governments and NGOs, and
between government and business, and now increasingly all
three. Such multi-sector forums and partnerships are no longer
limited to a few industrialized countries or to particular sectoral
mixes. There are now cross-sectoral partnerships and the
search for meaningful cross-sectoral partnerships in developing
DQG LQGXVWULDOL]HG FRXQWULHV DOLNH DQG LQLWLDWHG HTXDOO\ E\
governments, business and civil society.

Cooperative environmental governance models offer
DGYDQWDJHVVXFKDVDPRUHVWUXFWXUHGIUDPHZRUNIRUSOXUDOLVW
contributions to policy, consensus-building, more stable policy
outcomes, and social learning. Although these cooperative
PRGHOV DOORZ IRU PRUH VWDNHKROGHU SDUWLFLSDWLRQ LW LV DOVR
suggested that they fail to fully address exclusion of minority

Box 12.4: Public Private Partnerships
Globally, public private partnerships (PPPs) are an increasingly popular tool governments use to fund large-scale infrastructure projects. Broadly, PPPs involve the investment of private capital and the use of private sector expertise to deliver public
infrastructure and services. There are various forms of PPPs. In the power generation sector, popular examples of PPPs are
Build-Operate-Transfer (BOT) projects. Private partners (investors) provide the ﬁnancing and technology, they build, and they
operate the power generation facility for a concessionary period of up to 35 years. During the concession, a government
partner provides the investor with ownership rights and gradually buys back the project by providing the developer with the
right to charge consumers a fee for its product. At the end of the concession period, the facility is transferred to government
ownership at no further cost to the government.
BOT projects have enabled developing country governments with growing energy needs to access new ﬁnancial capital for
green or intermediate fuel technologies for power generation. For example, Vietnam is utilizing such investments for naturalgas ﬁred turbines, and Laos is engaging in a large programme of hydropower construction to supply electricity to a regional
power grid in the Greater Mekong Sub region. However, BOT projects have also enabled governments to bring on-line more
conventional fossil-fuel powered generating capacity in regions where alternative fuels are not available - heavy oils in some
regions of China and coal in Thailand.
While PPPs have assisted governments with access to new ﬁnancial capital and expertise to invest in cleaner power generating capacity, care needs to be taken in evaluating their costs, beneﬁts and risks to governments and consumers. In uncertain
investment environments such as that in developing countries, private partners require a range of onerous guarantees from
governments to reduce their investment risks over the life of the projects. These include take-or-pay guarantees where governments commit to purchase a minimum level of production, guarantees to cover currency exchange risks, fuel supply price
guarantees, political risk guarantees to protect against government regulatory change. In the aftermath of the East Asian
ﬁnancial crisis that began in 1997, governments such as the Philippines and Indonesia, paid a high price for guaranteed
power purchases that were denominated in US dollars as their currencies devalued respectively and power demand from
industry dropped.
Sources: Estache and Strong, 2000; Handley, 1997; Irwin et al., 1999; Tam, 1999; Wyatt, 2002.
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Deliberative Democracy:$FFRUGLQJWR3LPEHUWDQG:DNHIRUG
 YDULRXVVRFLDODQGSROLWLFDOIDFWRUVKDYHEURXJKWVXSSRUW
WRWKHXVHRIGHOLEHUDWLYHSURFHVVHVLQSROLF\PDNLQJSODQQLQJ
DQG WHFKQRORJ\ DVVHVVPHQWV $FFRUGLQJ WR /HYLQH  
public debate over issues such as global warming provides the
public opportunity to form opinions, where otherwise such an
opportunity might not exist. Additionally, deliberative processes
SURYLGHGHFLVLRQPDNHUVZLWKLQVLJKWLQWRWKHSXEOLFPRRGDQG
public deliberation provides the opportunity for the public to
justify their views on matters of concern.
Notions of deliberative democracy emerge from the observed
shift from ‘government to governance’, in that they refer to
shared responsibility for the design of policy. O’Riordan and
6WROO.OHHPDQ  VXJJHVWWKDWSROLF\VSDFHVDUHQRORQJHU
characterized by hierarchical orders; opportunities have been
opened for a variety of forms of public-private cooperation,
SROLF\ QHWZRUNV IRUPDO DQG LQIRUPDO FRQVXOWDWLRQ ZRUNLQJ
across scales from multinational to local. The drivers, they
VXJJHVWLQFOXGHDQHHGIRUQHZDSSURDFKHVWRGHFLVLRQPDNLQJ
occasioned by new mixes of private, public and civic actors.
7KHUH DUH DW OHDVW ¿YH LVVXHV WKDW FRQWLQXDOO\ FKDOOHQJH
social scientists engaged in the design and implementation
of participatory mechanisms, such as consensus conferences,
focus groups, citizens’ juries, and community advisory boards.
7KHVHDUH
v Representation – Who and how to select. The challenge
is achieving representativeness of a community and
HVWDEOLVKLQJ WKH OHJLWLPDF\ RI WKRVH SDUWLFLSDWLQJ WR VSHDN
on behalf of others;
v Resources ± 3DUWLFLSDWRU\ GHFLVLRQPDNLQJ UHTXLUHV
VXEVWDQWLDO LQYHVWPHQW E\ DOO SDUWLHV FKLHÀ\ IXQGLQJ DQG
logistical support on the part of governments and business
and time on the part of citizens;
v Agenda framing – Too narrow a framing prejudges the
issues, but overly broad framing frustrates closure;
v Effectiveness – Does citizen involvement have impact on
decisions. Disaffection deepens when citizen deliberations
DUHQRWVHHQWRKDYHWUDFWLRQDQGSHRSOHWKLQNWKHLUWLPHKDV
been wasted;
v Evaluation – This is seldom done, and when done, is usually
self-evaluation of process rather than of outcomes.
Transition Theory: What can loosely be referred to
DV µWUDQVLWLRQ WKHRU\¶ (O]HQ DQG :LHF]RUHN   RIIHUV
DQRWKHUSHUVSHFWLYHRQµVRFLHW\±PDUNHW±VWDWH¶UHODWLRQVEXW
importantly also presents some insights into how societies can
VKLIWRQWRPRUHVXVWDLQDEOHSDWKV%HUNKRXW  REVHUYHGWKDW
energy and climate change policy communities are confronted
with a major challenge in the form of shaping a substantially
de-carbonized future. This necessitates a better understanding
RIWKHOLQNVEHWZHHQWHFKQRORJLHVDQGWKHLQVWLWXWLRQVLQZKLFK
WKH\DUHLPEHGGHG *HHOV 
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7KH LPSRUWDQW TXHVWLRQV UHIHU WR WKH IDFWRUV WKDW LPSHGH
transitions and, of particular interest to policy communities,
how transitions could be induced. Socio-technical systems
DUH RIWHQ FKDUDFWHUL]HG E\ WHFKQRORJLFDO ORFNLQ DQG SDWK
dependency. Actors and organizations become imbedded in
LQWHUGHSHQGHQW QHWZRUNV DQG PXWXDO GHSHQGHQFLHV :DONHU
 %HUNKRXW  *HHOV   (O]HQ DQG :LHF]RUHN
 RXWOLQHRSWLRQVIRULQGXFLQJLQQRYDWLRQXQGHUGLIIHUHQW
governance paradigms – the top-down, command-and-control
DSSURDFK VWDWH  D PDUNHW PRGHO RU WKURXJK SROLF\ QHWZRUNV
SURFHVVHV LQWHUDFWLRQV QHWZRUNV  *HHOV   DQG 6PLWK
 DSSURDFKWKHVDPHTXHVWLRQIURPDGLIIHUHQWSHUVSHFWLYH
both concluding that radical innovations are nurtured in ‘niches’.
7KXV ³&OLPDWH FKDQJH IRU LQVWDQFH LV FXUUHQWO\ SXWWLQJ
pressure on energy and transport sectors, triggering changes in
WHFKQLFDOVHDUFKKHXULVWLFVDQGSXEOLFSROLFLHV´ *HHOV 
%HUNKRXW  RIIHUVWKDWVXEVWDQWLDOFRPPLWPHQWLVUHTXLUHG
IURPJRYHUQPHQWVDQGEXVLQHVVHVWRLQYRNHWUDQVLWLRQV
While the literature on transition theory is vague on how
to induce innovations, such as those that might bring about
a shift onto a more sustainable development path. It usefully
emphasizes the importance of interactions among actors/
organizations, technology, and institutions. For a shift to a more
VXVWDLQDEOHSDWK6PLWK  SURYLGHVDQLPSRUWDQWUHPLQGHU
that technical change has traditionally occurred in the context
of economic growth. Sustainable development, he suggests,
LPSOLHVWKDW³WKHSUREOHPRUGHULQJVKLIWVVXEWO\\HWSURIRXQGO\´
ZKLFK ZLOO HVWDEOLVK QHZ FKDOOHQJHV LQ DFKLHYLQJ ³SXEOLFO\
managed transitions towards environmentally sustainable
WHFKQRORJLFDOUHJLPHV´ 6PLWK ,QWKHFRQWH[WRIFOLPDWH
FKDQJHDFNQRZOHGJHGLQWKHOLWHUDWXUHRQWUDQVLWLRQWKHRU\DVDQ
impetus for technological innovation, this challenge needs to be
DGGUHVVHGWKLVZLOOUHTXLUHQHZDSSURDFKHVWRWKHJRYHUQDQFH
RIWHFKQRORJLFDOFKDQJHDQGLQQRYDWLRQ %HUNKRXW(O]HQ
DQG:LHF]RUHN 
12.2.3.5

Policy implications

The discussion above implies that actors and actor coalitions
are important and that there is increasing evidence of multiOHYHO SDWWHUQV RI JRYHUQDQFH DQG WUDQVQDWLRQDO QHWZRUNV RI
LQÀXHQFH RQ FOLPDWH FKDQJH DQG RWKHU JOREDO HQYLURQPHQWDO
LVVXHV 7KHVH QHWZRUNV MRLQ DFWRUV DFURVV RUJDQL]DWLRQDO
boundaries; business representatives and environmental nongovernmental organization activists may join shareholders,
government policy communities and scientists to promote (or
VWDOO DFWLRQ +DDV/HY\DQG1HZHOO)DLUKHDGDQG
/HDFK3DWHUVRQ et al., 2003; Biermann and Dingwerth,
 +DDV  /HY\ DQG 1HZHOO   $OVR ORFDO DQG
regional governments are increasingly active and may provide
an invaluable testing ground and experience with mitigation
SROLF\LQNH\DUHDVVXFKDVWUDQVSRUWDWLRQ %HWVLOODQG%XONHOH\
/LQGVHWK%XONHOH\DQG%HWVLOO 7KLVVXJJHVWV
WKDWSROLF\PDNHUVFRXOGGRDQXPEHURIWKLQJVGLIIHUHQWO\WR
promote understanding of climate change and agreement on
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SROLF\UHVSRQVHVWRFOLPDWHFKDQJH
v Create ‘policy spaces’ for non-state actors, scientists, and
experts to interact with government actors; actively facilitate
LQWHUDFWLRQVEHWZHHQH[SHUWVDQGRWKHUVWDNHKROGHUVWREXLOG
trust, understanding and support for action across a wide
range of actors (Ostrom, 1990; Ostrom, 2000; Stern, 2000;
Banuri and Najam, 2002; Ostrom et al. 6XFKDFWLYLW\
ZRXOGSURYLGHEHQH¿WVLIEXLOWIURPWKHERWWRPXS EXLOGLQJ
on experience and viewpoints from an increasingly active
PXQLFLSDODQGFRPPXQLW\OHYHOVHWRIUHVSRQVH DQGIURP
WKH WRSGRZQ ZRUNLQJ DFURVV HOLWHV LQ JRYHUQPHQW RU LQ
VFLHQWL¿FH[SHUWDQGRWKHU1*2FLUFOHV 
v Institutionalize opportunities for public debate and wider
interactions within the public sphere on environmental issues
5HQQ  %XONHOH\ DQG 0RO  'H 0DUFKL 
/LEHUDWRUH DQG )XQWRZLF]   %\ FUHDWLQJ WKH PHDQV
for dialogue and collaboration to construct understanding
about global environmental change, participants have
WKH RSSRUWXQLW\ WR IRUPXODWH YLHZV ± WDON OHDGV WR YDOXH
formation – which can ultimately generate public support
IRUSROLWLFDODFWLRQ 'LHW]DQG6WHUQ'LHW] 
v Encourage and facilitate local action and experimentation
± ZKHUH ORFDO FRPPXQLWLHV KDYH WKH SRWHQWLDO WR ZRUN
PRUHFORVHO\ZLWKDIIHFWHGVWDNHKROGHUVDQGWDLORUUHVSRQVH
strategies to the community’s values and norms (Cash and
0RVHU   /RFDO DFWLRQ RQ FOLPDWH FKDQJH LQWHUDFWV
ZLWKJRYHUQDQFHDQGDFWLRQWDNHQDWGLIIHUHQWVFDOHV HJ
DW QDWLRQDO DQG LQWHUQDWLRQDO OHYHOV %XONHOH\ DQG %HWVLOO
 
'RPHVWLF SROLF\ SURFHVVHV LQÀXHQFH LQWHUQDWLRQDO SROLF\
RSSRUWXQLWLHVDQGFRQVWUDLQWVRQFOLPDWHFKDQJH )LVKHU 
$Q\ GRPHVWLF SROLF\ SURFHVV ZLOO QHFHVVDULO\ EH ZRUNLQJ
to develop a position with input across the range of actors,
IRU H[DPSOH PDUNHW VWDWH FLYLO VRFLHW\ DQG VFLHQFHH[SHUW
FRPPXQLWLHV +DMHU  6/*  )LVKHU   +RZ
WKLVSOD\VRXWZLOOWRVRPHH[WHQWEHLQÀXHQFHGE\GLIIHUHQW
cultural and social biases in governance at the domestic level
(e.g., whether science and business have a privileged role in
WKHSROLF\SURFHVVWKHDFFHVVDQGLQÀXHQFHRIHQYLURQPHQWDO
organizations; how coalitions of actors across these groups
LQWHUDFW ZLWK WKH SROLF\ SURFHVV  2Q LVVXHV RI JOREDO
environmental change, scientists and other experts necessarily
play a privileged role to advise governments (Jasanoff, 1990;
*LGGHQV%HFN<HDUOH\-DVDQRIIDQG:\QQH
  IRUPLQJ ZKDW +DDV    KDV UHIHUUHG WR DV
WUDQVQDWLRQDOHSLVWHPLFFRPPXQLWLHVRUQHWZRUNVRILQÀXHQFH
Given large uncertainties, global environmental change science
argues for policy processes that give a central role to public
deliberation about the issues – to facilitate common framings
about the problem and eventual agreement on responses
(Funtowicz and Ravetz, 1993; Hajer and Wagenaar, 2003; Stern
DQG)LQHEHUJ 
Ultimately, devising effective climate change mitigation
strategies depends on good governance practices, which is
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the essence of sustainable development, for example, wholeRIJRYHUQPHQW GHFLVLRQPDNLQJ V\QHUJLHV DPRQJ HFRQRPLF
environmental and social policies; coalition-building; political
leadership; integrated approaches; and policy coherence.
12.2.4 Opportunities at the sectoral level to change
development pathways towards lower
emissions through development policies
The multiplicity of plausible development paths ahead are
underlined in Section 12.2.1, in which low emissions are not
necessarily associated with low economic growth (Section
  +RZHYHU WKH YDVW OLWHUDWXUH RQ JRYHUQDQFH LQGLFDWHV
that changing development pathways can rarely be imposed
IURPWKHWRSLWUHTXLUHVWKHFRRUGLQDWLRQRIPXOWLSOHDFWRUVDW
PXOWLSOHVFDOHV 6HFWLRQ 
On this basis, examples of opportunities to change
development pathways towards lower emissions at the sectoral
level are presented in Section 12.2.4. Firstly, opportunities
LQ PDMRU VHFWRUV DUH UHYLHZHG HQHUJ\ 6HFWLRQ  
WUDQVSRUWDWLRQ DQG XUEDQ SODQQLQJ 6HFWLRQ   UXUDO
GHYHORSPHQW 6HFWLRQ DQGPDFURHFRQRP\DQGWUDGH
6HFWLRQ 6RPHJHQHUDOOHVVRQVDUHGUDZQLQ6HFWLRQ
12.2.4.5. The potential for action on non-climate policies in
major sectors is summarized in Section 12.2.4.4, and some
insights on how climate considerations could be mainstreamed
into non-climate policies in Section 12.2.4.7.
In reviewing how individual policies not intended for climate
mitigation impact GHG emissions, examples are drawn from
policies already adopted and implemented, and from forwardORRNLQJ DQDO\VLV WR HVWLPDWH WKH LPSDFW RI IXWXUH QRQFOLPDWH
policies on emissions. However, few case studies directly
DQDO\]HWKHOLQNEHWZHHQDJLYHQSROLF\DQG*+*HPLVVLRQV
and these are mostly in the energy sector.
,Q IDFW DVVHVVLQJ WKH LPSDFW RI VSHFL¿F SROLFLHV RQ *+*
HPLVVLRQV HYHQ H[ SRVW LV GLI¿FXOW IRU DW OHDVW IRXU UHDVRQV
)LUVW SROLF\ SDFNDJHV XVXDOO\ HQFRPSDVV D ZLGH UDQJH RI
PHDVXUHV PDNLQJ LW GLI¿FXOW WR GLVHQWDQJOH WKHLU LQGLYLGXDO
effects. Second, absent command-and-control policies, or cases
in which the emission-producing sectors are directly controlled
by governments, public policies are only one of many incentives
WKDWGHFLVLRQPDNHUVUHDFWWR VHHDOVR6HFWLRQ 7KLUG
indirect effects of policies on emissions, such as increased
GHPDQG LQGXFHG E\ HQHUJ\ HI¿FLHQF\ SURJUDPPHV DUH HYHQ
PRUH GLI¿FXOW WR HYDOXDWH$QG ODVW WKHUH LV UDUHO\ D FRQWURO
group on the basis of which carbon savings can be evaluated.
7R PDNH XS IRU WKH VFDUFH OLWHUDWXUH RQ WKH UHODWLRQVKLSV
between policies and emissions, studies of the relationships
EHWZHHQSROLFLHVDQGSUR[LHVDQGRUNH\GHWHUPLQDQWVRI*+*
emissions are also included in the review, for example, studies
OLQNLQJ ODQGXVH SROLFLHV ZLWK GHIRUHVWDWLRQ UDWH 7KLV DOORZV
examples to be drawn from a wider range of sectors, namely
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energy, transportation and construction, rural development, as
well as from macro-economic and trade policies. The depth
of the literature, however, is variable across sectors. Finally,
the examples below are intended to discuss the relationships
between given policies and GHG emissions, and not the pros
and cons of each policy.
12.2.4.1

Energy

The implications of four broad categories of energy
SROLFLHV RQ HPLVVLRQV DUH GLVFXVVHG SURYLVLRQ RI DIIRUGDEOH
HQHUJ\ VHUYLFHV WR WKH SRRU OLEHUDOL]DWLRQ HQHUJ\ HI¿FLHQF\
DQG HQHUJ\ VHFXULW\ 3ROLFLHV WKDW VXSSRUW WKH SHQHWUDWLRQ RI
renewable energy - which are often introduced for non-climate
reasons, but are also obvious tools for climate mitigation in the
energy sector - are discussed in Section 4.5.
Access to Energy: Access to energy is critical for the
SURYLVLRQ RI EDVLF VHUYLFHV VXFK DV OLJKWLQJ FRRNLQJ
refrigeration, telecommunication, education, transportation
or mechanical power (Najam et al.  <HW DQ HVWLPDWHG
ELOOLRQSHRSOHUHO\RQZRRGFKDUFRDORUGXQJIRUFRRNLQJ
DQGELOOLRQDUHZLWKRXWDFFHVVWRHOHFWULFLW\ ,($F 
3URYLGLQJ DFFHVV WR FRPPHUFLDO IXHO DQG HI¿FLHQW VWRYHV
would have highly positive impacts on human development
by reducing child mortality, improving maternal health, and
freeing up time used to collect fuel wood, especially for women
DQGJLUOV 1DMDPDQG&OHYHODQG0RGL et al. )RU
H[DPSOHLQGRRUDLUSROOXWLRQPDLQO\IURPFRRNLQJDQGKHDWLQJ
IURPVROLGIXHOVLVUHVSRQVLEOHIRURIDOOORZHUUHVSLUDWRU\
infections and 22% of chronic obstructive pulmonary disease
:+2 6HHDOVR&KDSWHUDQG&KDSWHU,WLVHVWLPDWHG
WKDWDVKLIWIURPFURSUHVLGXHVWR/3*NHURVHQHHWKDQROJHO
or biogas could decrease indoor air pollution by approximately
95% (Smith et al.   7KH LPSDFW RQ *+* HPLVVLRQV
depends on the nature of the biomass resources and the carbon
LQWHQVLW\ RI WKH UHSODFHPHQW 3URYLGLQJ UHOLDEOH DFFHVV WR
electricity would also have highly positive impacts on human
development, by providing preconditions for the development
of new economic and social activities, for example, allowing
for education activities at night and employment generating
EXVLQHVVLQLWLDWLYHV :RUOG%DQN.DUHNH]LDQG0DMRUR
2002; Spalding-Fecher et al.  7RPDQ DQG -HPHONRYD
 
The implications of improved access to commercial fuels for
FRRNLQJRQ*+*HPLVVLRQVDUHDPELJXRXV2QWKHRQHKDQG
emissions increase, albeit by a small amount globally. Smith
  HVWLPDWHV WKDW SURYLGLQJ /3* DV IXHO IRU URXJKO\ WZR
billion households would increase global GHG emissions by
about 2%. On the other hand, unsustainable use of fuelwood and
related deforestation decreases. For example, the ‘butanization’
SURJUDPPHV DGRSWHG LQ 6HQHJDO LQ  WR VXSSRUW /3* XVH
WKURXJK D FRPELQDWLRQ RI VXEVLGLHV WR /3* VXSSRUW IRU WKH
development for stoves suitable for local conditions and removal
RIWD[RQLPSRUWHGHTXLSPHQWLVHVWLPDWHGWRKDYHUHVXOWHGLQ
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DIROGLQFUHDVHLQ/3*XVHDQGLQDGURSRIFKDUFRDO
FRQVXPSWLRQ 'DYLGVRQ DQG 6RNRQD   6LPLODUO\ WKH
LPSOLFDWLRQVRIHOHFWUL¿FDWLRQSURJUDPPHVIRU*+*HPLVVLRQV
DUHDPELJXRXV(QHUJ\GHPDQGLVOLNHO\WRLQFUHDVHDVDUHVXOW
RI HDVLHU DFFHVV DQG LQGXFHG HFRQRPLF EHQH¿WV +RZHYHU
emissions per unit of energy consumed might decrease,
depending on the relative carbon content of the fuel used in
WKH EDVHOLQH W\SLFDOO\ NHURVHQH  DQG RI WKH HOHFWULFLW\ QHZO\
SURYLGHG GH*RXYHOORDQG0DLJQH 3XEOLFSROLFLHVKDYH
DVWURQJLQÀXHQFHRQWKLVWHFKQRORJ\FKRLFH,QVRPHFDVHVWKH
WHFKQRORJ\LVVHWGLUHFWO\E\SXEOLFGHFLVLRQPDNHUV%XWHYHQ
where left to private entities, public policies, such as the choice
EHWZHHQFHQWUDOL]HGRUGHFHQWUDOL]HGPRGHOVRIHOHFWUL¿FDWLRQ
RUWKHQDWXUHRIWKH¿VFDOV\VWHPVWURQJO\FRQVWUDLQWHFKQRORJ\
choices.
One example of such indirect impact is documented by
&RORPELHU DQG +RXUFDGH   7KH\ IRXQG WKDW WKH ³HTXDO
price of electricity for all” principle embedded in French law
has generated vast implicit subsidies from urban to rural areas
and discouraged, over time, the development of cost-effective
GHFHQWUDOL]HGHOHFWUL¿FDWLRQDOWHUQDWLYHVWRJULGH[SDQVLRQ7KH
H[SDQGHGJULGWKHFRXQWU\LVORFNHGLQWRKRZHYHULVWKHVRXUFH
of very high maintenance and upgrading costs to accommodate
increased demand from rural households and companies – much
higher than would have occurred had decentralized solutions
been implemented at the onset. The implications for GHG
HPLVVLRQV QRWVWXGLHGLQWKHSDSHU DUHSUREDEO\OLPLWHGJLYHQ
the share of nuclear power in France. But similar dynamics
could have more important GHG emissions implications in
countries with fossil-fuel dominated power grids.
Liberalization: 0DQ\ FRXQWULHV KDYH HPEDUNHG RQ
liberalization of their energy sector over the past two decades.
These programmes with the objective to reduce costs and
LPSURYH HI¿FLHQF\ RI HQHUJ\ VHUYLFHV LQFOXGH SULYDWL]DWLRQ
of the energy producers, separation between production and
WUDQVPLVVLRQ DFWLYLWLHV OLEHUDOL]DWLRQ RI HQHUJ\ PDUNHWV DQG
OLIWLQJ UHVWULFWLRQV RQ FDSLWDO ÀRZV LQ WKH VHFWRU 2YHUDOO
OLEHUDOL]DWLRQSURJUDPPHVDLPDWLPSURYLQJWKHHI¿FLHQF\RIWKH
energy sector, and should, therefore, lead to reduced emissions
per unit of output. Effective privatization programmes, however,
GLIIHU PDUNHGO\ IURP FRXQWU\ WR FRXQWU\ .HVVLGHV  
depending on prior institutional arrangements. In addition,
SULYDWL]DWLRQSURJUDPPHVDUHRIWHQVHTXHQWLD6HHIRUH[DPSOH
-DQQX]]L  IRUDGLVFXVVLRQRQKRZWKH%UD]LOLDQUHJXODWRU
SURJUHVVLYHO\DGDSWHGSROLFLHVWRHOLFLWVXI¿FLHQWUHVRXUFHVIRU
HQHUJ\HI¿FLHQF\DQG5 'IURPSULYDWHXWLOLWLHV7KHVHSROLFLHV
are often ‘incomplete’, in the sense that former public power
generators remain dominant by combining features from both
the public and private sector, an outcome very different from the
LGHDOSULYDWHHQHUJ\PDUNHWV 9LFWRUDQG+HOOHUVHHDOVR
6HFWLRQ ,WPD\WKHUHIRUHQRWEHVXUSULVLQJWKDWWKHUH
is little literature drawing general lessons on the implications of
privatization programmes on GHG emissions.
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A great deal of literature, however, deals with the emission
implications of some components of privatization programmes,
particularly removal of energy subsidies. Energy subsidies
removal may also be adopted as a stand-alone policy, independent
from privatization. Conversely, subsidies may remain even
ZLWKLQFRPSHWLWLYHPDUNHWV*RYHUQPHQWVXEVLGLHVLQWKHJOREDO
HQHUJ\VHFWRUDUHLQWKHRUGHURI86ELOOLRQSHU\HDU
RI ZKLFK DURXQG  VXSSRUW UHQHZDEOH HQHUJ\ 'H 0RRU
  5HPRYLQJ VXEVLGLHV RQ HQHUJ\ KDV ZHOOGRFXPHQWHG
HFRQRPLFEHQH¿WV,WIUHHVXS¿QDQFLDOUHVRXUFHVIRURWKHUXVHV
DQGGLVFRXUDJHVRYHUXVHRIQDWXUDOUHVRXUFHV 81(3 %XW
reducing energy subsidies might have important distributional
effects, notably on the poor, if not accompanied by appropriate
compensation mechanisms. The impact of policies to reduce
energy subsidies on CO2 emissions is expected to be positive
in most cases, as higher prices trigger lower demand for energy
and induce energy conservation. For example, econometric
analyses have shown that price liberalization in Eastern Europe
during the period 1992-1999 was an important driver of the
decrease in energy intensity in the industrial sector (Cornillie
DQG)DQNKDXVHU 6LPLODUO\UHPRYDORIHQHUJ\VXEVLGLHV
KDVEHHQLGHQWL¿HGDVLQVWUXPHQWDOLQUHGXFLQJ*+*HPLVVLRQV
compared with the baseline in China and India over the past 20
years (Chandler et al. 2YHUDOODQ2(&'VWXG\VKRZHG
global CO2HPLVVLRQVFRXOGEHUHGXFHGE\PRUHWKDQDQG
real income increased by 0.1% by 2010, if support mechanisms
on fossil fuels used by industry and the power generation
VHFWRU ZHUH UHPRYHG 2(&'   <HW VXEVLGLHV UHPRYDO
may actually result in increased emissions in cases where
SRRUFRQVXPHUVDUHIRUFHGRIIJULGDQGEDFNWRKLJKO\FDUERQ
intensive fuels, such as non-sustainable charcoal or diesel
JHQHUDWRUV)RUH[DPSOHUHPRYDORIWKHVXEVLGLHVIRU/3*LQ
Senegal under the ‘butanization’ programmes discussed above
is expected to increase charcoal and unsustainable fuelwood use
'HPH   )RU DGGLWLRQDO GLVFXVVLRQ RQ HQHUJ\ VXEVLGLHV
VHH6HFWLRQDQG6HFWLRQDQG6HFWLRQ
(QHUJ\(I¿FLHQF\3ROLFLHVWKDWLQFUHDVHHQHUJ\HI¿FLHQF\
– both on the demand and on the supply side – are pursued to
reduce demand for energy without affecting, or while increasing,
output at very low costs. This is the case even though some of
WKHGLUHFWHI¿FLHQF\JDLQVPLJKWEHRIIVHWE\LQFUHDVHGGHPDQG
GXH WR ORZHU HQHUJ\ FRVWV SHU XQLW RI RXWSXW (I¿FLHQF\ DOVR
increases competitiveness, relaxes supply constraints and,
therefore, enhances the range of policy options and space,
and lowers expenditure on energy thereby freeing up more
resources for other development goals. The impact on CO2
emissions, in turn, tends to be positive, but depends heavily on
the carbon content of the energy supply. For example, Brazil
1DWLRQDO(OHFWULFLW\&RQVHUYDWLRQ3URJUDP 352&(/ FUHDWHG
in 1985, has saved an estimated 12.9 TWh and an estimated
5  ELOOLRQ IURP  WR  7KLV LV  WLPHV DV PXFK
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as the amount invested in the programmes, while reducing
HPLVVLRQV E\ DQ HVWLPDWHG  0W &22 over the same period
RIWLPH /D5RYHUHDQG$PHULFDQR6]NOR et al. 
6LPLODUO\3DOPHU et al. ( HVWLPDWHWKDWWKHDQQXDOHQHUJ\
VDYLQJV JHQHUDWHG E\ DOO FXUUHQW 'HPDQG6LGH 0DQDJHPHQW
SURJUDPPHV '60  LQ WKH 86$ UHSUHVHQW DERXW  RI WKH
country’s non-transportation energy consumption. This leads
to reductions in CO2 HPLVVLRQV HTXLYDOHQW WR DW PRVW  
RIWKHFRXQWU\¶VWRWDO'60SURJUDPPHVDUHDOVRGLVFXVVHGLQ
6HFWLRQDQG6HFWLRQ2YHUWKHSHULRG
WKH ,QWHUQDWLRQDO (QHUJ\$JHQF\ ,($ E  HVWLPDWHV WKDW
HQHUJ\HI¿FLHQF\GULYHQERWKE\SROLFLHVDQGE\DXWRQRPRXV
technical improvements - have resulted in energy savings
corresponding to almost 50% of 1998 energy consumption
levels. Without these savings, energy use (and CO2HPLVVLRQV 
in 1998 would have been almost 50% higher than observed.
Energy Security: (QHUJ\ VHFXULW\ LV EURDGO\ GH¿QHG DV
ensuring long-term security of energy supply at reasonable
prices to support the domestic economy. This is a major concern
IRU*RYHUQPHQWVZRUOGZLGHDQGLWKDVWDNHQQHZSURPLQHQFH
LQUHFHQW\HDUVZLWKWKHSROLWLFDOLQVWDELOLW\LQWKH0LGGOH(DVW
increased oil prices, and tensions over gas in Europe (Dorian et
al.7XUWRQDQG%DUUHWR (QHUJ\VHFXULW\FRQFHUQV
however, can translate into very different policies depending
RQ QDWLRQDO DQG KLVWRULFDO FLUFXPVWDQFHV +HOP   7KHLU
impact on carbon emissions is ambiguous, depending on the
nature of the policies and, in particular, on the fuel sources being
IDYRXUHG)RUH[DPSOHLQUHVSRQVHWRWKH¿UVWRLOVKRFN%UD]LO
ODXQFKHG LQ  WKH 1DWLRQDO$OFRKRO )XHO 3URJUDP 352
$/&22/ WRLQFUHDVHWKHSURGXFWLRQRIVXJDUFDQHHWKDQRODV
a substitute for oil, at a time when Brazil was importing about
80% of its oil supply5. The programmes resulted in reduction
of oil imports and expenditure of foreign currency and job
creation, as well as in large emission reductions, estimated at 1.5
0W&22\U 6]NOR et al. %UD]LODOVRSURYLGHVDQH[DPSOH
where emissions actually increased as a result of energy security
FRQVLGHUDWLRQV 'XULQJ WKH V %UD]LO IDFHG ODFN RI SXEOLF
and private investment in the expansion of the power system
ERWK JHQHUDWLRQ DQG WUDQVPLVVLRQ  DQG D JURZLQJ VXSSO\
demand imbalance, which culminated in electricity shortage
and rationing in 2001. This situation forced the country to install
and run emergency fossil-fuel plants, which led to a substantial
increase in GHG emissions from the power sector in 2001
(Geller et al.   +RXUFDGH DQG .RVWRSRXOR   VKRZ
KRZUHDFWLRQVWRWKH¿UVWRLOVKRFNE\)UDQFH,WDO\*HUPDQ\
and Japan led to very different emissions with relatively similar
HFRQRPLFRXWFRPHV VHH%R[ 

PRO-ALCOOL was also a way of assisting the domestic sugar industry at times of low international sugar prices.
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Box 12.5: Differentiated reactions to the ﬁrst oil shock in France, Italy, Germany and Japan
An example of how different development paths can unfold in relatively similar countries is given by Hourcade and Kostopoulou (1994) for France, Italy, Germany, and Japan - countries with similar levels of GDP per capita in 1973 – in their response to
the ﬁrst oil shock. France moved aggressively to develop domestic supply of nuclear energy and a new building code. Japan
made an aggressive shift of its industry towards less energy-intensive activities and simultaneously used its exchange-rate
policies to alleviate the burden of oil purchases. Germany built industrial exports to compensate the trade balance deﬁcit
in the energy sector. Much of the variations of CO2 emissions per unit of GDP from 1971 to 1990 can be attributed to these
choices (Figure 12.1 left). Yet, while this indicator diminished by half in France, by a third in Japan, and ‘only’ by a quarter in
Germany (IEA 2004b).
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Figure 12.1: (left) CO2 emissions from fossil-fuel combustion per unit of GDP; (right) Evolution of GDP per capita
Note: GDP in US$ in constant prices at market exchange rates.
Source: IEA, 2004a

Hourcade and Kostopoulou (1994) also observe that the macro-economic performance of these countries was relatively
comparable between 1973 and 1990 (Figure 12.1 right), suggesting that widely different environmental outcome can be
obtained at similar welfare costs in the long-run. In addition, they observe that the responses were for a large part driven by
the country’s pre-existing technologies and institutions (thus providing an illustration of the general observations about decision-making made in Section 12.2.3.1).

7UDQVSRUWDWLRQ LV D NH\ GHYHORSPHQW LVVXH 7UDQVSRUWDWLRQ
is also one of the fastest growing end-use sectors in terms of
CO2 emissions in both the developed and the developing world.
The level of these emissions results from the combination of
the distances travelled by goods and people, and the set of
WHFKQRORJLHV XVHG WR PDNH WKHVH MRXUQH\V 'HPDQG IRU DQG
supply of transportation are largely inelastic in the short-term,
but become elastic in the longer run as people and activities
change location, as new infrastructure is developed and as
preferences evolve. A very wide array of policies affects these
long-term dynamics. The set of transportation technologies
DYDLODEOHDWWLPHDQGWKHLUUHODWLYHFRVWVDUHDOVRLQÀXHQFHGE\
public policies.

ultimately emissions from the transport sector are discussed in
WKLV VHFWLRQ RQH RI FRQJHVWLRQ SROLF\ RQH RI XUEDQ SODQQLQJ
at city level, and the other of national policy driving urban
SODQQLQJ 7KH ¿UVW H[DPSOH LV IURP WKH &LW\ RI /RQGRQ
where a congestion charge was introduced in February 2003
to reduce congestion. Simultaneously, investment in public
transport was increased. Early results suggest that congestion
in the charging zone has reduced by 30% during the charging
hours, that CO2 emissions have been reduced by 20%, and that
primary emissions of NOxDQG3010KDYHEHHQUHGXFHGE\
7UDQVSRUWIRU/RQGRQ +RZHYHUWKHFRVWEHQH¿WUDWLRRI
WKHRSHUDWLRQLVTXHVWLRQHG 3UXG¶KRPPHDQG%RFDUHMR
6DQWRVDQG)UDVHU 2WKHUH[DPSOHVRIKRZQRQFOLPDWH
transportation policies can impact on emissions are given in
Section 5.5.

Three examples of how public policy choices affect
transportation supply, transportation demand, technology, and

The second example is the development and steady
implementation of an integrated urban planning programme in

12.2.4.2
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WKHFLW\RI&XULWLED %UD]LO IURPRQZDUGV7KLVKDVDOORZHG
the city to grow eight-fold from 1950 to 1990, while maintaining
75% of commute travel by bus – a much higher public transport
modal share than in other big Brazilian cities (57% in Rio,
LQ6mR3DXOR  ± DV ZHOO DV OLWWOHFRQJHVWLRQ$V DUHVXOW
Curitiba uses 25% less fuel than cities of similar population
and socio-economic characteristics. Two characteristics of
the programmes seem to have contributed particularly to its
VXFFHVV L LQWHJUDWLRQRILQIUDVWUXFWXUHDQGODQGXVHSODQQLQJ
DQG LL  WKH FRQVLVWHQF\ ZLWK ZKLFK VXFFHVVLYH PXQLFLSDO
administrations have implemented the plan over nearly three
GHFDGHV 5DELQRYLWFKDQG/HLWPDQ 
The third example concerns urban planning in the United
6WDWHV DQG (XURSH DQG -DSDQ  WKH ODWWHU EHLQJ RQ DYHUDJH
rather compact while the former exhibit important sprawl.
1LYROD   QRWHV WKDW WKLV GLIIHUHQFH FDQQRW EH H[SODLQHG
only by differences in demography, geography, technology or
income. He argues that the combination of public choices is
responsible for most of the differences in urban sprawl between
WKH86$DQG(XURSH6XFKSROLFLHVLQFOXGH  DELDVWRZDUGV
SXEOLF ¿QDQFLQJ RI URDGV WR WKH GHWULPHQW RI RWKHU PRGHV RI
transportation in the USA - against a more balanced approach in
(XURSH  GHGLFDWHGUHYHQXHVIRUKLJKZD\FRQVWUXFWLRQLQWKH
86$DJDLQVWIXQGVGUDZQIURPJHQHUDOUHYHQXHVLQ(XURSH  
ORZHUWD[HVRQJDVROLQHLQWKH86$WKDQLQ(XURSH  KRXVLQJ
SROLFLHVPRUHJHDUHGWRZDUGVVXSSRUWLQJQHZKRPHV  DWD[
V\VWHPPRUHLQIDYRXURIKRPHRZQHUVLQWKH86$  ORZHU
support from the federal government to local governments in the
86$WKDQLQ(XURSHDQG  WKHTXDVLDEVHQFHRIUHJXODWLRQV
favouring small in-city outlets against shopping malls in the
USA. In turn, this difference in urban planning generates widely
different transport demand, energy consumption (Newman
DQG .HQZRUWK\   DQG &22 HPLVVLRQV 3HU FDSLWD &22
emissions from travel in the USA are nearly three times as high
as in major European countries, due mostly to a larger number
of journeys per capita and a higher energy intensity (Schipper
et al. $NH\SRLQWLQWKHDQDO\VLVPDGHE\1LYROD  
LVWKDWPRVWRIWKHVHFRQVHTXHQFHVZHUHWRWDOO\XQLQWHQGHGDV
these policies were adopted for non-transportation reasons (let
DORQHIRUHPLVVLRQVUHDVRQV 
12.2.4.3

Agriculture and forestry

Vast arrays of policies affect the emissions of the agriculture
DQG IRUHVWU\ VHFWRUV DQG WKH HPLVVLRQV RU WKH VHTXHVWUDWLRQ
rate from biomass and soils. An extensive list of non-climate
policies that impact on CO2, CH4 and N2O emissions from
the agriculture sector are presented in Chapter 8 (Tables 8.10
DQG   7KH OLVW LQFOXGHV VHFWRUDO SROLFLHV GHVLJQHG WR
reach environmental goals other than climate change, such as
biodiversity conservation or watershed protections; agricultural
policies designed to reach non-environmental goals, such
as increasing exports of agricultural products or securing
farmers’ income; and non-agricultural policies with impact
on the agriculture sector, such as energy price reforms. For

H[DPSOHWKH(8&RPPRQ$JULFXOWXUDO3ROLFLHVUHIRUP
E\ GHFRXSOLQJ VXEVLGLHV IURP SURGXFWLRQ WDUJHWV LV OLNHO\ WR
lead to reduced on-farm CO2 and N2O emissions (see Table
 ,QIDFWFKDQJHVLQWKH&RPPRQ$JULFXOWXUDO3ROLF\IURP
1997 to 2001 (in intervention prices, in per-hectare support to
JUDLQVDQGRLOVHHGVDVLQPLONTXRWDVDQGOLYHVWRFNVXEVLGLHV 
are estimated to have resulted in a 4% decline of agricultural
sector emissions in Europe over that period (De Cara et al.,
 
If the direct emissions of the forestry sector are small, the
HPLVVLRQVXSWDNHUHODWHGWRODQGFRQYHUVLRQIURPWRIRUHVWVDUH
H[WUHPHO\ODUJH VHH&KDSWHU ,QDGGLWLRQHPLVVLRQVXSWDNH
UHODWHGWRFKDQJHVLQWKHTXDOLW\RIH[LVWLQJIRUHVWVWRWKHXVH
RIIRUHVWSURGXFWVLQFDUERQVWRFNVDQGWRELRHQHUJ\DUHYHU\
ODUJH3ROLFLHVDIIHFWLQJODQGXVHDQGODQGXVHFKDQJHSROLFLHV
affecting the substitution between wood-based and other
SURGXFWV DQG SROLFLHV UHODWHG WR ELRHQHUJ\ DUH WKXV OLNHO\ WR
have strong implications for the net emissions from forests and
forest products.
7KHFDXVHVRIGHIRUHVWDWLRQKDYHEHHQVWXGLHGVSHFL¿FDOO\
They differ from regions to regions and depend on the interaction
of cultural, demographic, economic, technological, political and
LQVWLWXWLRQDOLVVXHV HJ$QJHOVHQDQG.DLPRZLW]*HLVW
DQG /DPELP   ,Q DOO FDVHV WKH GULYHUV RI GHIRUHVWDWLRQ
are strongly affected by policy decisions. For example, rural
road construction or improvement tend to encourage future
GHIRUHVWDWLRQ &KRPLW] DQG *UD\  &KRPLW]   \HW
may have positive economic implications by providing better
DFFHVV WR PDUNHWV DQG EDVLF VHUYLFHV IRU UHPRWH SRSXODWLRQ
LQ GHYHORSLQJ FRXQWULHV -DFRE\   6LPLODUO\ DJULFXOWXUH
LQWHQVL¿FDWLRQSROLFLHVKDYHSRWHQWLDOO\LPSRUWDQWEXWDPELJXRXV
HIIHFWV RQ GHIRUHVWDWLRQ 2Q WKH RQH KDQG LQWHQVL¿FDWLRQ
increases the productivity of existing agricultural land and
lowers the pressure on forests. On the other, it could also trigger
migration and it might, in fact, increase deforestation. Careful
GHVLJQRIDJULFXOWXUHLQWHQVL¿FDWLRQSROLFLHVLVWKXVQHFHVVDU\
to avoid unintended outcome on deforestation (Angelsen and
.DLPRZLW] 
$WKLUGH[DPSOHFRQFHUQVDPDFURHFRQRPLFSROLF\GHFLVLRQ
the devaluation of Brazil currency in 1999, which fell by 50%
against the US dollar. Coupled with an increase of soybean
SULFHV RQ WKH LQWHUQDWLRQDO PDUNHW LQFUHDVHG WKH YDOXH RI
soybean and beef production in the country - notably in the state
RI0DWR*URVVR±WULJJHUHGPDVVLYHLQFUHDVHLQSURGXFWLRQDQG
massive deforestation of cerrado forests. In fact, a third of total
deforestation in the Brazilian Amazon between 1999 and 2003
RFFXUUHGLQ0DWR*URVVR &KRPLW] 
12.2.4.4

Macro-economy and trade

0DFURHFRQRPLF SROLFLHV VXFK DV H[FKDQJH UDWH SROLFLHV
¿VFDOSROLFLHVJRYHUQPHQWEXGJHWGH¿FLWVRUWUDGHSROLFLHVPD\
have profound impacts on the environment, even though they
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DUHGHVLJQHGIRURWKHUSXUSRVHV7KLVOLQNKDVEHHQH[WHQVLYHO\
studied in the past decades, notably in the context of the evaluation
of structural adjustment programmes in developing countries. A
NH\¿QGLQJIURPWKLVOLWHUDWXUHLVWKDWWKHUHODWLRQVKLSEHWZHHQ
macro-economic policies and the environment are often
FRPSOH[ DQG FRXQWU\VSHFL¿F DQG GHSHQG RQ ZKHWKHU RU QRW
RWKHUPDUNHWRULQVWLWXWLRQDOLPSHUIHFWLRQVSHUVLVW 0XQDVLQJKH
DQG&UX]*XHRUJXLHYDDQG%ROW 1RFDVHVWXGLHV
discuss the impact of structural adjustment on GHG emissions,
but some discuss the relationship between structural adjustment
and deforestation and thus, by extension, GHG emissions from
land-use change. Again, the effects depend on the mix of policies
adopted as part of the structural adjustment programmes, and
RI FRXQWU\VSHFL¿F FKDUDFWHULVWLFV )RU H[DPSOH .DLPRYLW]
et al  UHSRUWWKDWWKHVWUXFWXUDODGMXVWPHQWSURJUDPPHV
LPSOHPHQWHGLQ%ROLYLDLQVWURQJO\LQFUHDVHGSUR¿WDELOLW\
of soybean production, and led to massive deforestation in
soybean producing areas. Symmetrically, Benhin and Barbier
 ¿QGWKDWDVWUXFWXUDODGMXVWPHQWSURJUDPPHVLPSOHPHQWHG
LQ*KDQDLQOHGWRDUHGXFWLRQRIGHIRUHVWDWLRQOLQNHGWR
extension of cocoa culture because, among others, of increased
producer price for cocoa, higher availability of inputs, and other
measures aimed at rehabilitating existing cocoa farms. Another
channel through which structural adjustment programmes could
LPSDFWRQGHIRUHVWDWLRQLVWKURXJKWKHWLPEHUPDUNHW3DQGH\
DQG:KHHOHU  DQDO\VHFURVVFRXQWU\GDWDRQWKHPDUNHWV
IRU ZRRG SURGXFWV LQ FRXQWULHV ZKHUH :RUOG %DQN VXSSRUWHG
DGMXVWPHQWSURJUDPPHVZHUHLPSOHPHQWHG7KH\¿QGWKDWWKHVH
programmes greatly affect imports, exports, consumption and
production in many forest product sectors, but that the impacts
on deforestation tend to cancel out. If domestic deforestation
does not increase, however, imports of wood products do,
suggesting increased pressures on forest in other countries.
)LQDOO\DVDOVRQRWHGDERYH3DQGH\DQG:KHHOHU  ¿QG
that currency devaluation strongly increases the exploitation of
forest resources.
Among macro-economic policies, trade policies have
attracted particular attention in recent years, due to the fact
that international trade has increased dramatically over the
past decades. There is a general consensus that, in the longUXQ RSHQQHVV WR WUDGH LV EHQH¿FLDO IRU HFRQRPLF JURZWK
However, the pace of openness, and how to cope with social
FRQVHTXHQFHVRIWUDGHSROLFLHVDUHVXEMHFWWRPXFKFRQWURYHUV\
(Winters et al. 7UDGHKDVPXOWLSOHLPSOLFDWLRQVIRU*+*
emissions. First, increased demand for transportation of goods
and people generates emissions. For example, freight transport
now represents more than a third of the total energy use in the
WUDQVSRUWDWLRQVHFWRU VHH6HFWLRQ 6HFRQGO\WUDGHDOORZV
FRXQWULHV WR SDUWLDOO\ µGHOLQN¶ FRQVXPSWLRQ IURP HPLVVLRQV
since some goods and services are produced abroad, with
opposite implications for the importing and exporting countries.
)RU H[DPSOH :HOVFK   VKRZV WKDW IRUHLJQ GHPDQG IRU
German goods accounts for nearly a third of the observed
structural changes in the composition of output and decrease
in emissions intensity of West Germany over the period 1985722
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$WWKHRWKHUHQG0DFKDGRet al.  UHSRUWWKDWLQÀRZV
DQGRXWÀRZVRIFDUERQHPERGLHGLQWKHLQWHUQDWLRQDOWUDGHRI
non-energy goods in Brazil accounted for some 10% and 14%,
respectively, of the total carbon emissions from energy use of the
Brazilian economy in 1995. And the game is often not zero-sum,
ZKHQ SURGXFWLRQ WHFKQRORJLHV DUH OHVV FDUERQHI¿FLHQW LQ WKH
exporting country than in the importing one. For example, Shui
DQG +DUULVV   HVWLPDWH WKDW 86$&KLQD WUDGH UHSUHVHQWV
between 7% and 14% of China’s total CO2 emissions, and that
USA-China trade increases world emissions by an average of
 0W&22HT SHU \HDU RYHU WKH SHULRG  EHFDXVH
RIKLJKHUHPLVVLRQVSHUN:KDQGOHVVHI¿FLHQWPDQXIDFWXULQJ
technologies in China. Finally, policies favourable to trade
have been accused of favouring the relocation of companies to
‘pollution heavens’ where environmental constraint would be
ORZHU(PSLULFDODQDO\VLVKRZHYHUGRQRWFRQ¿UPWKHµUDFHWR
WKHERWWRP¶K\SRWKHVLV :KHHOHU 6HHDOVR6HFWLRQ
12.2.4.5

Some general insights on the opportunities to
change development pathways at the sectoral level

Although the examples discussed above are very diverse,
some general patterns emerge. First, in any given country,
sectors where effective production is far below the maximum
feasible production with the same amount of inputs – sectors that
are far away from their production frontier – have opportunities
to adopt ‘win-win-win’ policies. Such policies free up resources
and bolster growth, meet other sustainable development goals,
and also, incidentally, reduce GHG emissions relative to
baseline. Among the examples discussed above, the removal of
energy subsidies in economies in transition, or the mitigation of
urban pollution in highly polluted cities in the developing world
pertain to the ‘win-win-win’ category. Of course, these policies
may have winners and losers, but compensation mechanisms
FDQEHGHVLJQHGWRPDNHQRRQHZRUVHRIILQWKHSURFHVV
Conversely, sectors where production is close to the optimal
given available inputs – sectors that are closer to the production
frontier – also have opportunities to reduce emissions by meeting
other sustainable development goals. However, the closer to
WKHSURGXFWLRQIURQWLHUWKHPRUHWUDGHRIIVDUHOLNHO\WRDSSHDU
For example, as discussed above, diversifying energy supply
sources in a country where the energy system is already costHI¿FLHQWPLJKWEHGHVLUDEOHIRUHQHUJ\VHFXULW\UHDVRQVDQGRU
for local or global environmental reasons. But it might come at
D FRVW WR WKH FRXQWU\ LI IRU H[DPSOH GLYHUVL¿FDWLRQ LQYROYHV
PRUHH[SHQVLYHWHFKQRORJLHVRUPRUHULVN\LQYHVWPHQWV 'RULDQ
et al. 
Third, in many of the examples reviewed above, what
matters is not only that a ‘good’ choice is made at a certain
time, but also that the initial policy has persisted for a long
period – sometimes several decades – to truly have effects.
The comparison between the development of European and
USA cities since the end of World War II is a case in point. The
UHDVRQLVWKDWVRPHRIWKHNH\G\QDPLFVIRU*+*HPLVVLRQV
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such as technological development or land-use patterns, present
a lot of inertia, and thus need sustained effort to be re-oriented.
7KLV UDLVHV GHHS LQVWLWXWLRQDO TXHVWLRQV DERXW WKH SRVVLELOLW\
RI JRYHUQPHQWV WR PDNH FUHGLEOH ORQJWHUP FRPPLWPHQWV
SDUWLFXODUO\LQGHPRFUDWLFVRFLHWLHVZKHUHSROLF\PDNHUVDUHLQ
SODFHRQO\IRUVKRUWVSDQVRIWLPH 6WLJOLW] 
A fourth element that stems from some of the examples
outlined above is that often not one policy decision but an
DUUD\ RI GHFLVLRQV DUH QHFHVVDU\ WR LQÀXHQFH HPLVVLRQV 7KLV
is especially true when considering large-scale and complex
dynamics such as the structure of cities or the dynamics of
land-use. This raises, in turn, important issues of coordination
between policies in several sectors, and at various scales.
Fifth, as already emphasized in Section 12.2.3, institutions
DUH VLJQL¿FDQW LQ GHWHUPLQLQJ KRZ D JLYHQ SROLF\ RU D JLYHQ
set of policies ultimately impact on GHG emissions (World
%DQN )RUH[DPSOHWKHGLIIHUHQWLDWHGUHDFWLRQVRI-DSDQ
,WDO\*HUPDQ\DQG)UDQFHWRWKH¿UVWRLOVKRFNFDQEHWUDFHGWR
GLIIHUHQFHVLQLQVWLWXWLRQVUHODWLYHSRZHURIGLIIHUHQWLQÀXHQFH
JURXSV DQG SROLWLFDO FXOWXUHV +RXUFDGH DQG .RVWRSRXORX
 
12.2.4.6

Mainstreaming climate change into development
choices: Setting priorities

As highlighted in Sections 12.2.4.1 to 12.2.4.5, development
policies in various sectors can have strong impacts on GHG
HPLVVLRQV 7KH RSHUDWLRQDO TXHVWLRQ LV KRZ WR KDUQHVV WKDW
potential. How can climate change mitigation considerations be
mainstreamed into development policies.
0DLQVWUHDPLQJ PHDQV WKDW GHYHORSPHQW SROLFLHV
programmes and/or individual actions that otherwise would
QRW KDYH WDNHQ FOLPDWH FKDQJH PLWLJDWLRQ LQWR FRQVLGHUDWLRQ
H[SOLFLWO\ LQFOXGH WKHVH ZKHQ PDNLQJ GHYHORSPHQW FKRLFHV
7KLVPDNHVGHYHORSPHQWPRUHVXVWDLQDEOH
7KH HDVH RU GLI¿FXOW\ ZLWK ZKLFK PDLQVWUHDPLQJ LV
accomplished will depend on both the mitigation technology
or practice, and the underlying development path. No-regrets
HQHUJ\HI¿FLHQF\RSWLRQVIRULQVWDQFHDUHOLNHO\WREHHDVLHUWR
LPSOHPHQW DQGODEHOOHGDVFOLPDWHFKDQJHPLWLJDWLRQDFWLRQV 
WKDQ RWKHUV WKDW KDYH KLJKHU GLUHFW FRVW UHTXLUH FRRUGLQDWLRQ
DPRQJ VWDNHKROGHUV DQGRU UHTXLUH D WUDGHRII DJDLQVW RWKHU
HQYLURQPHQWDO DQG VRFLDO DQG HFRQRPLF EHQH¿WV :HLJKLQJ
RWKHU GHYHORSPHQW EHQH¿WV DJDLQVW FOLPDWH EHQH¿WV ZLOO EH D
NH\EDVLVIRUFKRRVLQJGHYHORSPHQWVHFWRUVIRUPDLQVWUHDPLQJ
climate change considerations. In some cases, it may even be
rational to disregard climate change considerations because of
DQDFWLRQ¶VRWKHUGHYHORSPHQWEHQH¿WV 6PLWK 
Development policies, such as electricity privatization, can
increase emissions if they result in construction of natural gas
power plants in place of hydroelectric power for instance, but

they can reduce emissions if coal power plants are not built.
Judicious and informed choices will be needed when pursuing
development policies in order to ensure that GHG emissions are
UHGXFHGDQGQRWLQFUHDVHG VHHDERYH 7KLVVHFWLRQFRQVLGHUV
which sectors should receive priority for mainstreaming climate
change mitigation into development choices; what sectors are
EHWWHURIIQRWSXUVXLQJPDLQVWUHDPLQJDQGZKLFKVWDNHKROGHUV
PLJKW KDYH D ELJJHU VWDNH DQG YRLFH LQ PDLQVWUHDPLQJ 7KH
next section considers concrete ways to mainstream mitigation
considerations into development choices.
3ULRULWL]LQJ UHTXLUHV WKDW WKH FXUUHQW DQG IXWXUH DVVRFLDWHG
emissions of the targeted sector and the mitigation potential of
the non-climate sustainable development action be estimated.
3ROLF\PDNHUVFDQWKHQZHLJKWKHHPLVVLRQVUHGXFWLRQSRWHQWLDO
against other sustainability aspects of the action in choosing
the appropriate policy to implement. In order to implement
such an approach, empirical analyses are needed to estimate
future associated emissions and current and future mitigation
potential of development actions. Few, if any, global analyses
SURYLGHFRPSOHWHJXLGDQFHRIWKLVW\SH,QOLJKWRIWKHODFNRI
empirical analyses, associated emissions for selected sectors in
which development actions may be pursued are presented. This
SURYLGHV DQ LQLWLDO JXLGH LQ UDQNLQJ VXVWDLQDEOH GHYHORSPHQW
actions. A more complete analysis is needed, however, which
ZRXOG UHTXLUH WKH HVWLPDWLRQ RI IXWXUH DVVRFLDWHG HPLVVLRQV
and current and future mitigation potential of sustainable
development actions.
Selected examples of CO2 emissions associated with sectors
where sustainable development actions could be implemented
DUHSUHVHQWHGLQ7DEOH7KHVHDUHGHVFULEHGEHORZ
(PLVVLRQVDVVRFLDWHGZLWKVHOHFWHGVHFWRUV
v Macro-economy: 7KURXJK ¿VFDO WD[ DQG VXEVLG\ SROLFLHV
SXEOLF ¿QDQFH FDQ SOD\ DQ LPSRUWDQW UROH LQ UHGXFLQJ
emissions. Rational energy pricing based on long-runPDUJLQDOFRVW SULQFLSOH FDQ OHYHO WKH SOD\LQJ ¿HOG IRU
UHQHZDEOHV LQFUHDVH WKH VSUHDG RI HQHUJ\ HI¿FLHQW DQG
renewable energy technologies, improve the economic
viability of utility companies, and can reduce GHG emissions.
1RQFOLPDWH WD[HVVXEVLGLHV DQG RWKHU ¿VFDO LQVWUXPHQWV
can impact the entire global fossil fuel emissions of CO2,
which amounted to about 51 GtCO2HTLQ7KRVHWKDW
directly reduce fossil fuel use could be easily relabelled and
mainstreamed as climate taxes, but others, for example a tax
on water use, would need to be evaluated for their fossil fuel
LPSDFWVDQGFOLPDWHEHQH¿WV
v Forestry: Adoption of forest conservation and sustainable
forest management practices can contribute to conservation
of biodiversity, watershed protection, rural employment
generation, increased incomes to forest dwellers and carbon
VLQN HQKDQFHPHQW 7KH IRUHVWU\ VHFWRU HPLVVLRQV VKRZ D
high and low range to signal the uncertainty in estimates of
deforestation. A best estimate value is about 7% of global
HPLVVLRQVLQ VHH7DEOH 7KHUHDUHPDQ\FRXQWU\
723

1830
Sustainable Development and Mitigation

Chapter 12

Table: 12.3: Mainstreaming climate change into development choices - selected examples

Selected sectors

Non-climate policy
instruments and actions
that are candidates for
mainstreaming

Primary decision-makers
and actors

Global greenhouse gas
emissions by sector that
could be addressed by nonclimate policies (% of global
GHG emissions)a,d

Comments

Macro-economy

Implement non-climate
taxes/subsidies and/or
other ﬁscal and regulatory
policies that promote
sustainable development

State (governments at all
levels)

100

Total global GHG
emissions

Combination of
economic, regulatory, and
infrastructure non-climate
policies could be used
to address total global
emissions

Forestry

Adoption of forest
conservation and
sustainable management
practices

State (governments at all
levels) and civil society
(NGOs)

7

GHG emissions from
deforestation

Legislation/regulations to
halt deforestation, improve
forest management,
and provide alternative
livelihoods can reduce
GHG emissions
and provide other
environmental beneﬁts

Electricity

Adoption of cost-effective
renewables, demand-side
management programmes,
and transmission and
distribution loss reduction

State (regulatory
commissions), market
(utility companies) and,
civil society (NGOs,
consumer groups)

20b

Electricity sector CO2
emissions (excluding
auto producers)

Rising share of GHGintensive electricity
generation is a global
concern that can be
addressed through nonclimate policies

Petroleum imports

Diversifying imported
and domestic fuel mix
and reducing economy’s
energy intensity to improve
energy security

State and market (fossil
fuel industry)

20b

CO2 emissions
associated with
global crude oil and
product imports

Diversiﬁcation of energy
sources to address oil
security concerns could
be achieved such that
GHG emissions are not
increased

Rural energy in developing
countries

Policies to promote
rural LPG, kerosene and
electricity for cooking

State and market (utilities
and petroleum companies),
civil society (NGOs)

<2c

GHG emissions from
biomass fuel use, not
including aerosols

Biomass used for rural
cooking causes health
impacts due to indoor air
pollution, and releases
aerosols that add to global
warming. Displacing all
biomass used for rural
cooking in developing
countries with LPG would
emit 0.70 GtCO2-eq., a
relatively modest amount
compared to 2004 total
global GHG emissions

Insurance for building and
transport sectors

Differentiated premiums,
liability insurance
exclusions, improved
terms for green products

State and market
(insurance companies)

20

Transport and
building sector GHG
emissions

Escalating damages
due to climate change
are a source of concern
to insurance industry.
Insurance industry could
address these through the
types of policies noted here

International ﬁnance

Country and sector
strategies and project
lending that reduces
emissions

State (international
Financial Institutions) and
market (commercial banks)

25b

CO2 emissions from
developing countries
(non-Annex 1)

IFIs can adopt practices
so that loans for GHGintensive projects in
developing countries that
lock-in future emissions are
avoided

Notes:
a. Data from Chapter 1 unless noted otherwise.
b. CO2 emissions from fossil fuel combustion only; source: IEA, 2006.
c. CO2 emissions only. Authors estimate, see text.
d. Emissions indicate the relative importance of sectors in 2004. Sectoral emissions are not mutually exclusive and may overlap.
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VSHFL¿F VWXGLHV RI WKH SRWHQWLDO WR UHGXFH GHIRUHVWDWLRQ
&KDSWHU 
v Electricity: $GRSWLRQ RI FRVWHIIHFWLYH HQHUJ\ HI¿FLHQF\
technologies in electricity generation, transmission
distribution, and end-use reduce costs and local pollution
in addition to reduction of greenhouse gas emissions.
Electricity deregulation or privatization can be practised
in any country and can impact the global electricityrelated emissions which amounted to about 20% of global
emissions.
v Oil import security: Oil import security is important to ensure
UHOLDEOHVXSSO\RIIXHOVDQGHOHFWULFLW\'LYHUVL¿FDWLRQRIRLO
imports, through increasing imported and domestic sources
oil and other energy carriers is an approach adopted by
countries concerned about energy security. The percentage
of net oil imports serves as one indicator of a country’s
energy security. The CO2 emissions associated with net oil
imports amounted to about 20% of global emissions (see
7DEOH 5HGXFLQJRLOLPSRUWVDVDVWUDWHJ\WRLPSURYH
HQHUJ\VHFXULW\WKXVRIIHUVDVLJQL¿FDQWJOREDORSSRUWXQLW\WR
UHGXFHHPLVVLRQV0LQLPL]LQJWKHXVHRIFRDODVDVXEVWLWXWH
and increasing use of less-carbon-intensive energy sources
and reducing energy intensity of the economy are options
WKDW FRXOG EH SXUVXHG WR DFKLHYH WKLV JRDO ,($ E 
However, heavy use of biomass as a fossil fuel substitute
may compete with other societal goals such as food security,
alleviation of hunger and conservation of biodiversity.
([DPSOH RI D VHFWRU ZKHUH RWKHU EHQH¿WV RXWZHLJK
PDLQVWUHDPLQJ
v Rural household energy use: Development of rural regions,
better irrigation and water management, rural schools,
EHWWHU FRRN VWRYHV LQ GHYHORSLQJ FRXQWULHV FDQ SURPRWH
sustainable development. The emissions associated with
rural household activities, mostly derived from energy
QHHGHGIRUFRRNLQJDQGVRPHKHDWLQJDUHUHODWLYHO\VPDOO
however. These emissions are estimated to be between
10% and 15% of developing-country residential sector
emissions or less than 0.5% of global emissions. Rural
areas of developing countries rely primarily on traditional
bioenergy and consume comparatively small amounts of
IRVVLOIXHOV7KHXVHRILPSURYHGFRRNVWRYHVLVRQHZD\WR
reduce biomass and fossil fuel use. The worldwide amount
HVWLPDWHGE\6PLWK  IRUSURYLVLRQRI/3*DVIXHOIRU
roughly two billion households is about 2% of global GHG
emissions. From a global perspective, Table 12.3 suggests
WKDWVPDOOHUVHFWRUV ZLWK VLJQL¿FDQW RWKHU ZHOIDUHEHQH¿WV
need not be burdened with having to reduce CO2 emissions
since larger gains from sustainable development actions that
address climate change mitigation are to be had elsewhere.
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(PLVVLRQVWKDWNH\VWDNHKROGHUVFDQLQÀXHQFH
v ,QWHUQDWLRQDO ¿QDQFH While climate change mitigation is
DQ LPSRUWDQW FRPSRQHQW RI WKH PXOWLODWHUDO EDQN 0'% 
strategies, in practice climate change issues are not
V\VWHPDWLFDOO\LQFRUSRUDWHGLQWROHQGLQJIRUDOOVHFWRUV0'%V
could explicitly integrate climate change considerations into
their guidelines for country and sector strategies, and apply
DJUHHQKRXVHJDVDFFRXQWLQJIUDPHZRUNLQWKHLURSHUDWLRQV
(Sohn et al. 0'%VFDQGLUHFWO\LQÀXHQFHWKHLURZQ
OHQGLQJDQGLQGLUHFWO\LQÀXHQFHWKHHPLVVLRQVRIERUURZLQJ
FRXQWULHV7KHDQQXDOHPLVVLRQVIURP:RUOG%DQNIXQGHG
energy activities alone, for instance, were estimated to range
from 0.27 to 0.32 GtCO2 :RUOG%DQN 0'%VFRXOG
GLUHFWO\ LQÀXHQFH PRUH WKDQ WKH DIRUHPHQWLRQHG DPRXQWV
once emissions associated with all lending activities of all
0'%VDUHFRXQWHG,QGLUHFWO\WKURXJKSROLF\GLDORJXHDQG
FRQGLWLRQDOLW\0'%VFRXOGLQÀXHQFHDGGLWLRQDOHPLVVLRQV
from developing countries, which amounted to about 25%
RIJOREDOHPLVVLRQVLQ 7DEOH 
v Insurance:%XLOGLQJVDQGWUDQVSRUWYHKLFOHVIRUPWKHEXON
of the insured activities. Emissions from these sectors
and from all international marine vessels and aircraft are
estimated to be about 20% of global emissions, giving
LQVXUHUVDVLJQL¿FDQWSRWHQWLDOUROHLQFRQWUROOLQJHPLVVLRQV
Some insurers are beginning to recognize climate-change
ULVNVWRWKHLUEXVLQHVV 9HOOLQJD et al.0LOOV 
Examples of actions may include premiums differentiated
WR UHÀHFW YHKLFOH IXHO HFRQRP\ WKLV LV QRW XQLTXH WR WKH
EXLOGLQJVDQGRUWUDQVSRUWVHFWRURUGLVWDQFHGULYHQ OLDELOLW\
insurance exclusions for large emitters; improved terms to
UHFRJQL]HWKHORZHUULVNVDVVRFLDWHGZLWKJUHHQEXLOGLQJVRU
new insurance products to help manage technical, regulatory,
DQG¿QDQFLDOULVNVDVVRFLDWHGZLWKHPLVVLRQVWUDGLQJ 0LOOV
 
12.2.4.7

Operationalization of mainstreaming

Though there is a considerable amount of literature on how
GHYHORSPHQW SROLFLHV DUH PDGH VHH 6HFWLRQ  WKHUH LV
currently very limited literature on how climate mitigation
considerations could be mainstreamed into development
policies. Based on a number of Indian case studies on
integrating climate change mitigation in local development,
+HOOHU DQG 6KXNOD   QRWH RSHUDWLRQDO JXLGHOLQHV ZKLFK
can integrate development and climate policies into the future
development pathways of developing countries. In developing
countries, which by and large have not yet enacted domestic
*+*OHJLVODWLRQWKH&OHDQ'HYHORSPHQW0HFKDQLVPFDQSOD\
a role as one component of national GHG reduction strategies
and sustainable development.

Bioenergy use is assumed to be GHG emissions neutral.
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%DVHGRQD8QLWHG6WDWHV(QYLURQPHQWDO3URWHFWLRQ$JHQF\
86(3$ UHSRUWRQEHVWSUDFWLFHVIRULPSOHPHQWDWLRQRI
clean energy policies and programmes, Sathaye et al.  
FRQFOXGH WKDW IROORZLQJ EHVW SUDFWLFHV ZRXOG EHQH¿W WKH
RSHUDWLRQDOL]DWLRQSURFHVV D FRPPLWPHQWRISXEOLFO\HOHFWHG
DQGRUUHJXODWRU\ERGLHV E LQYROYHPHQWDQGVXSSRUWRINH\
VWDNHKROGHUV F VRXQGHFRQRPLFDQGHQYLURQPHQWDODQDO\VHV
FRQGXFWHGXVLQJVLPSOHDQGWUDQVSDUHQWWRROV G ORQJHUWLPH
IUDPHV IRU SURJUDPPHV VR WKDW WKH\ FDQ RYHUFRPH PDUNHW
DQG IXQGLQJ F\FOHV H  VHWWLQJ DQQXDO DQG FXPXODWLYH WDUJHWV
WR JDJH SURJUHVV RI PDLQVWUHDPLQJ I  HQVXULQJ DGGLWLRQDOLW\
RYHU DQG DERYH H[LVWLQJ DQG RWKHU SODQQHG SURJUDPPHV J 
VHOHFWLRQRIDQHIIHFWLYHHQWLW\IRULPSOHPHQWDWLRQ K HGXFDWLRQ
DQG UHJXODU WUDLQLQJ RI NH\ SDUWLFLSDQWV L  PRQLWRULQJ DQG
HYDOXDWLRQRIPDLQVWUHDPLQJUHVXOWVDQG M PDLQWHQDQFHRID
functional database on a project’s or programme’s sustainable
development performance.
A study of the Baltic region explores a sustainable
development pathway addressing broad environmental,
economic and social development goals, including low GHG
emissions. A majority of the population could favour - or at least
tolerate - a set of measures that change individual and corporate
EHKDYLRXUVWRDOLJQZLWKORFDODQGJOREDOVXVWDLQDELOLW\ 5DVNLQ
et al. .DLYRRMD  FRQFOXGHVWKDWFOLPDWHFKDQJH
as such may not be a major direct threat to Finland, but the
effects of climate change on the world’s socio-economic system
DQG WKH UHODWHG FRQVHTXHQFHV IRU WKH )LQQLVK V\VWHP PD\ EH
considerable. The Finnish scenario analysis, which is based
RQ LQWHQVLYH H[SHUW DQG VWDNHKROGHU LQYROYHPHQW VXJJHVWV
WKDWVXFKLQGLUHFWFRQVHTXHQFHVKDYHWREHWDNHQLQWRDFFRXQW
in developing strategic views of possible future development
paths for administrative and business sectors.

12.3 Implications of mitigation choices
for sustainable development goals
The evolution of the concept of sustainable development with
HPSKDVLVRQLWVWZRZD\OLQNDJHWRFOLPDWHFKDQJHPLWLJDWLRQ
LVGLVFXVVHGLQ6HFWLRQDQGWKHOLQNEHWZHHQWKHUROHRI
GHYHORSPHQWSDWKVDQGDFWRUVRUVWDNHKROGHUVWKDWFRXOGPDNH
GHYHORSPHQW PRUH VXVWDLQDEOH E\ WDNLQJ FOLPDWH FKDQJH LQWR
FRQVLGHUDWLRQLVH[SORUHGLQ6HFWLRQ7KHUHYHUVHOLQNDJHV
are summarized in Section 12.3, and the literature on impacts
of climate mitigation on attributes of sustainable development
is assessed.
7KHVHFWRUDOFKDSWHUV &KDSWHUV± SURYLGHDQRYHUYLHZ
of the impacts of the implementation of many mitigation
technologies and practices that are being or may be deployed at
various scales in the world. In this section, the information from
the sectoral chapters is summarized and supplemented with
¿QGLQJVIURPWKHVXVWDLQDEOHGHYHORSPHQWOLWHUDWXUH6\QHUJLHV
with local sustainable development goals, conditions for their
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successful implementation, and trade-offs where the climate
mitigation and local sustainable development may be at odds
ZLWK HDFK RWKHU DUH GLVFXVVHG VHH RYHUYLHZ 7DEOH   ,Q
addition, the implications of policy instruments on sustainable
development goals are described in Section 12.3.5, with the
IRFXVRQWKH&OHDQ'HYHORSPHQW0HFKDQLVP &'0 
As documented in the sectoral chapters, mitigation options
often have positive effects on aspects of sustainability, but may
not always be sustainable with respect to all three dimensions of
sustainable development - economic, environmental and social.
For example, removing subsidies for coal increases its price and
FUHDWHVXQHPSOR\PHQWRIFRDOPLQHZRUNHUVLQGHSHQGHQWO\RI
WKHDFWXDOPLWLJDWLRQ ,3&& ,QVRPHFDVHVWKHSRVLWLYH
effects on sustainability are more indirect, because they are the
results of side-effects of reducing GHG emissions. Therefore, it
is not always possible to assess the net outcome of the various
effects.
7KHVXVWDLQDEOHGHYHORSPHQWEHQH¿WVRIPLWLJDWLRQRSWLRQV
vary over sectors and regions. Generally, mitigation options that
improve productivity of resource use, whether it is energy, water,
RU ODQG \LHOG SRVLWLYH EHQH¿WV DFURVV DOO WKUHH GLPHQVLRQV RI
VXVWDLQDEOHGHYHORSPHQW,QWKHDJULFXOWXUDOVHFWRU 7DEOH 
for instance, improved management practices for rice cultivation
DQG JUD]LQJ ODQG DQG XVH RI ELRHQHUJ\ DQG HI¿FLHQW FRRNLQJ
stoves enhance productivity, and promote social harmony and
JHQGHUHTXDOLW\2WKHUFDWHJRULHVRIPLWLJDWLRQRSWLRQVKDYHD
more uncertain impact and depend on the wider socio-economic
context within which the option is being implemented.
Some mitigation activities, particularly in the land use sector,
KDYH *+* EHQH¿WV WKDW PD\ EH RI OLPLWHG GXUDWLRQ$ ¿QLWH
amount of land area is available for forestation, for instance,
ZKLFKOLPLWVWKHDPRXQWRIFDUERQWKDWDUHJLRQFDQVHTXHVWHU
And, certain practices are carried out in rotation over years and/
RUDFURVVODQGVFDSHVZKLFKWRROLPLWWKHHTXLOLEULXPDPRXQWRI
FDUERQWKDWFDQEHVHTXHVWHUHG7KXVWKHLQFUHPHQWDOVXVWDLQDEOH
GHYHORSPHQWJDLQVZRXOGUHDFKDQHTXLOLEULXPFRQGLWLRQDIWHU
some decades, unless the land yields biofuel that is used as a
substitute for fossil fuels.
The sectoral discussion below focuses on the three aspects
of sustainable development - economic, environmental, and
social. Economic implications include costs and overall
welfare. Sectoral costs of various mitigation policies have
been widely studied and a range of cost estimates are reported
IRU HDFK VHFWRU DW ERWK WKH JOREDO DQG FRXQWU\VSHFL¿F OHYHOV
LQ WKH VHFWRUDO &KDSWHUV  WR  <HW PLWLJDWLRQ FRVWV DUH
just one part of the broader economic impacts of sustainable
development . Other impacts include growth and distribution of
LQFRPHHPSOR\PHQWDQGDYDLODELOLW\RIMREVJRYHUQPHQW¿VFDO
budgets, and competitiveness of the economy or sector within
DJOREDOL]LQJPDUNHW
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Table 12.4: Sectoral mitigation options and sustainable development (economic, local environmental and social) considerations: synergies and trade-offs a)
Sector and mitigation
options

Potential sustainable development synergies and conditions
for implementation

Potential sustainable development tradeoffs

Energy Supply and Use: Chapters 4-7
Energy efﬁciency
improvement in all sectors
(buildings, transportation,
industry, and energy
supply: Chapters 4-7)

- Almost always cost-effective, reduces or eliminates local
pollutant emissions and consequent health impacts, improves
indoor comfort and reduces indoor noise level, creates business
opportunity and jobs, and improves energy security
- Government and industry programmes can help overcome lack of
information and principal agent problems
- Programmes can be implemented at all levels of government and
industry
- Important to ensure that low-income household energy needs are
given due consideration, and that the process and consequences
of implementing mitigation options are, or the result is, genderneutral

- Indoor air pollution and health impacts
of improving biomass cook stove thermal
efﬁciency in developing country rural areas
are uncertain

Fuel switching and
other options in the
transportation and
buildings sectors
(Chapters 5 and 6)

- CO2 reduction costs may be offset by increased health beneﬁts
- Promotion of public transport and non-motorized transport has
large and consistent social beneﬁts
- Switching from solid fuels to modern fuels for cooking and
heating indoors can reduce indoor air pollution and increase free
time for women in developing countries
- Institutionalizing planning systems for CO2 reduction through
coordination between national and local governments is important
for drawing up common strategies for sustainable transportation
systems

- Diesel engines are generally more fuelefﬁcient than gasoline engines and thus
have lower CO2 emissions, but increase
particle emissions
- Other measures (CNG buses, hybrid
diesel-electric buses and taxi renovation)
may provide little climate beneﬁts

Replacing imported
fossil fuel with domestic
alternative energy sources
(DAES: Chapter 4)

- Important to ensure that DAES is cost-effective
- Reduces local air pollutant emissions.
- Can create new indigenous industries (e.g., Brazil ethanol
programme) and hence generate employment

- Balance of trade improvement is traded
off against increased capital required for
investment
- Fossil-fuel-exporting countries may face
reduced exports
- Hydropower plants may displace local
populations and cause environmental
damages to water bodies and biodiversity

Replacing domestic
fossil fuel with imported
alternative energy sources
(IAES: Chapter 4)

- Almost always reduces local pollutant emissions
- Implementation may be more rapid than DAES
- Important to ensure that IAES is cost-effective
- Economies and societies of energy-exporting countries would
beneﬁt

- Could reduce energy security
- Balance of trade may worsen but capital
needs may decline

Afforestation

- Can reduce wasteland, arrest soil degradation, and manage water
runoff
- Can retain soil carbon stocks if soil disturbance at planting and
harvesting is minimized
- Can be implemented as agro-forestry plantations that enhance
food production
- Can generate rural employment and create rural industry
- Clear delineation of property rights would expedite
implementation of forestation programmes

- Use of scarce land could compete with
agricultural land and diminish food security
while increasing food costs
- Monoculture plantations can reduce
biodiversity and are more vulnerable to
diseases
- Conversion of ﬂoodplain and wetland
could hamper ecological functions

Avoided deforestation

- Can retain biodiversity, water and soil management beneﬁts, and
local rainfall patterns
- Reduce local haze and air pollution from forest ﬁres
- If suitably managed, it can bring revenue from ecotourism and
from sustainably harvested timber sales
- Successful implementation requires involving local dwellers in
land management and/or providing them alternative livelihoods,
enforcing laws to prevent migrants from encroaching on forest
land

- Can result in loss of economic welfare for
certain stakeholders in forest exploitation
(land owners, migrant workers)
- Reduced timber supply may lead to
reduced timber exports and increased use
of GHG-intensive construction materials
- Can result in deforestation with consequent
sustainable development implications
elsewhere

Forest Management

- See afforestation

- Fertilizer application can increase N2O
production and nitrate runoff degrading
local (ground)water quality
- Prevention of ﬁres and pests has short
term beneﬁts but can increase fuel stock
for later ﬁres unless managed properly

Forestry Sector: Chapter 9
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Table 12.4. Continued.
Sector and mitigation
options

Potential sustainable development synergies and conditions
for implementation

Potential sustainable development tradeoffs

- Mostly positive when practised with crop residues (shells, husks,
bagasse, and/or tree trimmings)
- Creates rural employment
- Planting crops/trees exclusively for bioenergy requires that
adequate agricultural land and labour is available to avoid
competition with food production

- Can have negative environmental
consequences if practised unsustainably
- biodiversity loss, water resource
competition, increased use of fertilizer and
pesticides
- Potential problem with food security
(location speciﬁc) and increased food costs

Cropland management
(management of nutrients,
tillage, residues, and agroforestry)
Cropland management
(water, rice, and set-aside)

- Improved nutrient management can improve ground water quality
and environmental health of the cultivated ecosystem

- Changes in water policies could lead
to clash of interests and threaten social
cohesiveness
- Could lead to water overuse

Grazing land management

- Improves livestock productivity, reduces desertiﬁcation, and
provide social security to the poor
- Requires laws and enforcement to ban free grazing

Livestock management

- Mix of traditional rice cultivation and livestock management
would enhance incomes even in semi arid and arid regions

Bioenergy (Chapter 8 and 9)
Bioenergy production

Agriculture: Chapter 8

Waste Management: Chapter 10
Engineered sanitary
landﬁlling with landﬁll gas
recovery

- Can eliminate uncontrolled dumping and open burning of waste,
improving health and safety for workers and residents
- Sites can provide local energy beneﬁts and public spaces
for recreation and other social purposes within the urban
infrastructure

- When done unsustainably can cause
leaching that leads to soil and groundwater
contamination with potentially negative
health impacts

Biological processes for
waste and wastewater
(composting, anaerobic
digestion, aerobic and
anaerobic wastewater
processes)

- Can destroy pathogens and provide useful soil amendments if
properly implemented using source-separated organic waste or
collected wastewater
- Can generate employment
- Anaerobic processes can provide energy beneﬁts from CH4
recovery and use

- A source of odours and water pollution if
not properly controlled and monitored

Incineration and other
thermal processes

- Obtain the most energy beneﬁt from waste

- Expensive relative to controlled landﬁlling
and composting
- Unsustainable in developing countries if
technical infrastructure not present
- Additional investment for air pollution
controls and source separation needed
to prevent emissions of heavy metals and
other air toxics

Recycling, reuse, and
waste minimization

- Provide local employment as well as reductions in energy and raw - Uncontrolled waste scavenging results in
materials for recycled products
severe health and safety problems for those
- Can be aided by NGO efforts, private capital for recycling
who make their living from waste
industries, enforcement of environmental regulations, and urban
- Development of local recycling industries
requires capital.
planning to segregate waste treatment and disposal activities
from community life.

Note:
a) Material drawn from Chapters 4 to 11. New material is referenced in the accompanying text below that describes the sustainable development
implications of mitigation options in each sector.

Environmental impacts include those occurring in local
areas on air, water, and land, including the loss of biodiversity.
Virtually all forms of energy supply and use, and land-use
change activity cause some level of environmental damage.
GHG emissions are often directly related to the emissions of
other pollutants, either airborne, for example, sulphur dioxide
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from burning coal which causes local or indoor air pollution,
or waterborne, for example, from leaching of nitrates from
fertilizer application in intensive agriculture.
The social dimension includes issues such as gender
HTXDOLW\ JRYHUQDQFH HTXLWDEOH LQFRPH GLVWULEXWLRQ KRXVLQJ
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DQGHGXFDWLRQRSSRUWXQLW\KHDOWKLPSDFWVDQGFRUUXSWLRQ0RVW
mitigation options will impact one or more of these issues, and
ERWKEHQH¿WVDQGWUDGHRIIVDUHOLNHO\
12.3.1 Energy supply and use
0LWLJDWLRQ RSWLRQV LQ WKH HQHUJ\ VHFWRU PD\ EH FODVVL¿HG
LQWRWKRVHWKDWLPSURYHHQHUJ\HI¿FLHQF\DQGWKRVHWKDWUHGXFH
the use of carbon-intensive fuels. The latter may be further
FODVVL¿HGLQWRGRPHVWLFDQGLPSRUWHGIXHOV7KHV\QHUJLHVDQG
trade-offs of these options with economic, local environmental,
and social sustainable development goals are presented in Table
,QWKHFDVHRIHQHUJ\HI¿FLHQF\LWLVJHQHUDOO\WKRXJKWWR
be cost effective and its use reduces or eliminates local pollutant
HPLVVLRQV ,PSURYLQJ HQHUJ\ HI¿FLHQF\ LV WKXV D GHVLUDEOH
option in every energy demand and supply sector.
$VQRWHGLQ6HFWLRQRYHUWKHODVWGHFDGHTXDQWL¿FDWLRQ
of progress towards sustainable development has gained
ground. In the industrial sector, several trade associations
provide platforms for organizing and implementing GHG
mitigation programmes. Chapter 7 notes that performance
indicators are being used by the aluminium, semiconductor,
and cement industry to measure and report progress towards
sustainable development. The Global Reporting Initiative
*5,  D 81(3 &ROODERUDWLQJ &HQWUH LQLWLDWLYH IRU H[DPSOH
UHSRUWV WKDW RYHU  FRPSDQLHV ZRUOGZLGH PDNH YROXQWDU\
use of its Sustainability Reporting Guidelines for reporting
their sustainable development achievements. Industrial sectors
with high environmental impacts lead in reporting and 85%
of the reports address progress on climate change (GRI,
  DQG .30* *OREDO 6XVWDLQDELOLW\ 6HUYLFHV  
Another example is in the buildings sector. Several thousand
FRPPHUFLDO EXLOGLQJV KDYH EHHQ FHUWL¿HG E\ WKH 86$ *UHHQ
%XLOGLQJ &RXQFLO¶V SURJUDPPH RQ /HDGHUVKLS LQ (QHUJ\ DQG
(QYLURQPHQWDO'HVLJQ /((' ZKLFKXVHVFULWHULDWRDZDUG
FHUWL¿FDWHVDWYDULRXVOHYHOVRIDFKLHYHPHQW7KHFHUWL¿FDWLRQ
HQVXUHVWKDWDEXLOGLQJPHHWVODUJHO\TXDQWLWDWLYHFULWHULDUHODWHG
WR HQHUJ\ XVH LQGRRU DLU TXDOLW\ PDWHULDOV DQG UHVRXUFH XVH
ZDWHUHI¿FLHQF\DQGLQQRYDWLRQDQGGHVLJQSURFHVV 86*%&
 (FRQRPLFDQGHWKLFDOFRQVLGHUDWLRQVDUHWKHPRVWFLWHG
reasons by businesses in the use of these two guidelines.
12.3.1.1

Energy demand sectors – Transport, Buildings
and Industry

,Q WKH EXLOGLQJV VHFWRU HQHUJ\ HI¿FLHQF\ RSWLRQV PD\ EH
FKDUDFWHUL]HG DV LQWHJUDWHG DQG HI¿FLHQW GHVLJQV DQG VLWLQJ
including passive solar technologies and designs and urban
planning to limit heat island effect. Considering energy
HI¿FLHQF\ DV WKH JXLGLQJ SULQFLSOH GXULQJ WKH FRQVWUXFWLRQ RI
new homes results in both reduced energy bills -enhancing the
affordability of increased energy services- and GHG abatement
VHH 6HFWLRQ   3ROLFLHV WKDW DFWLYHO\ SURPRWH LQWHJUDWHG
building solutions for both mitigating and adapting to climate
change are especially important for the buildings sector. Good

urban planning, including increasing green areas as well as
FRROURRIVLQFLWLHVKDVSURYHQWREHDQHI¿FLHQWZD\WROLPLW
the heat island effect, which also reduces cooling needs.
0LWLJDWLRQ DQG DGDSWDWLRQ FDQ WKHUHIRUH EH DGGUHVVHG
VLPXOWDQHRXVO\E\WKHVHHQHUJ\HI¿FLHQF\PHDVXUHV
,Q GHYHORSLQJ FRXQWULHV HI¿FLHQW FRRNLQJ VWRYHV WKDW XVH
clean biomass fuels are an important option. These can have
VLJQL¿FDQWKHDOWKEHQH¿WVLQFOXGLQJUHGXFWLRQLQH\HGLVHDVHV
The incident is disproportionately high amongst rural women in
many developing countries where fuelwood and other biomass
PDWHULDOVDUHDSULQFLSDOVRXUFHRIHQHUJ\ 3RUULWW ,WKDV
also been shown, for example, that the availability of cleaner
EXUQLQJFRRNHUVDQGVRODUFRRNHUVLQGHYHORSLQJFRXQWULHVQRW
RQO\ KDV LPSRUWDQW KHDOWK EHQH¿WV EXW DOVR VLJQL¿FDQW VRFLDO
EHQH¿WLQWKHOLYHVRIZRPHQLQSDUWLFXODU 'RZDQG'RZ 
$PRYHWRDPRUHUHOLDEOHDQGFOHDQHUIXHOQRWRQO\KDVEHQH¿WV
in terms of carbon emission and health, it has also the effect of
IUHHLQJXSVLJQL¿FDQWDPRXQWRIWLPHIRUZRPHQDQGFKLOGUHQ
ZKLFK FDQ EH DSSOLHG WR PRUH VRFLDOO\ EHQH¿FLDO DFWLYLWLHV
including going to schools in the case of children. The air
SROOXWLRQEHQH¿WRILPSURYHGVWRYHVKRZHYHULVFRQWURYHUVLDO
RWKHU VWXGLHV KDYH QRWHG WKDW HI¿FLHQF\ ZDV LPSURYHG DW WKH
expense of higher emissions of harmful pollutants (see Section
 
,QWKHWUDQVSRUWVHFWRUWKHHQHUJ\HI¿FLHQF\PHDVXUHVPD\
EHFDWHJRUL]HGLQWRWKRVHWKDWDUHYHKLFOHVSHFL¿FDQGWKRVHWKDW
DGGUHVV WUDQVSRUWDWLRQ SODQQLQJ 9HKLFOHVSHFL¿F SURJUDPPHV
focus on improvement to the technology and vehicle operations.
3ODQQLQJSURJUDPPHVDUHWDUJHWHGWRVWUHHWOD\RXWVSDYHPHQW
improvements, lane segregation, and infrastructural measures
WKDWLPSURYHYHKLFOHPRYHPHQWDQGIDFLOLWDWHZDONLQJELNLQJ
and the use of mass transport. Cost-effective mitigation
PHDVXUHVRIERWKW\SHVKDYHEHHQLGHQWL¿HGWKDWUHVXOWLQKLJKHU
vehicle and/or trip fuel economy and reduce local air pollution.
Institutionalizing planning systems for CO2 reduction through
coordinated interaction between national and local governments
is important for drawing up common strategies for sustainable
WUDQVSRUWDWLRQ V\VWHPV VHH 6HFWLRQ   :KLOH WKHUH DUH
many synergies in emission controls for air pollution and
FOLPDWH FKDQJH WKHUH DUH DOVR WUDGHRIIV VHH 6HFWLRQ  
3URPRWLRQ RI ELF\FOLQJ ZDONLQJ DQG RWKHU QRQPRWRUL]HG
PRGHV RI WUDQVSRUWDWLRQ KDV ODUJH DQG FRQVLVWHQW FREHQH¿WV
RI*+*UHGXFWLRQDLUTXDOLW\DQGSHRSOHKHDOWKLPSURYHPHQW
VHH6HFWLRQDQG 'LHVHOHQJLQHVDUHJHQHUDOO\PRUH
IXHO HI¿FLHQW WKDQ JDVROLQH HQJLQHV DQG WKXV KDYH ORZHU &22
HPLVVLRQV EXW LQFUHDVH SDUWLFOH HPLVVLRQV$LU TXDOLW\ GULYHQ
measures, such as obligatory particle matter and NOx ¿OWHUV
and in-engine measures, mostly result in higher fuel use and
FRQVHTXHQWO\KLJKHU*+*HPLVVLRQV
,Q WKH LQGXVWULDO VHFWRU HQHUJ\ HI¿FLHQF\ RSWLRQV PD\ EH
FODVVL¿HGDVWKRVHDLPHGDWPDVVSURGXFHGSURGXFWVDQGV\VWHPV
DQG WKRVH WKDW DUH SURFHVVVSHFL¿F 7KH SRWHQWLDO IRU FRVW
HIIHFWLYHPHDVXUHVLVVLJQL¿FDQWLQWKLVVHFWRU0HDVXUHVLQERWK
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categories would have a positive impact on the environment.
To the extent the measures improve productivity, they would
increase economic output and hence add to government tax
UHYHQXH+LJKHUWD[UHYHQXHZRXOGEHQH¿WQDWLRQDOVWDWHDQG
ORFDOJRYHUQPHQW¿VFDOEDODQFHVKHHWV VHH6HFWLRQ1DGHO
et al., 1997; Barrett et al.3KDGNH et al. 
6LQFH HQHUJ\ HI¿FLHQF\ LPSURYHPHQW UHGXFHV UHOLDQFH RQ
HQHUJ\VXSSO\LWLVOLNHO\WRLPSURYHDQDWLRQ¶VHQHUJ\VHFXULW\
8VLQJ SULFHV DV DQ LQVWUXPHQW WR SURPRWH HQHUJ\ HI¿FLHQF\
PLWLJDWLRQRSWLRQVLVRIWHQGLI¿FXOWGXHWRWKHPDQ\EDUULHUVWKDW
LPSHGHWKHLUSURJUHVV/DFNRILQIRUPDWLRQDERXWVXFKPLWLJDWLRQ
options and the principal agent problem have been documented
WR EH SDUWLFXODUO\ VLJQL¿FDQW EDUULHUV LQ WKH UHVLGHQWLDO VHFWRU
but these also prevail in the small and medium scale industries
VHFWRUV 6DWKD\H DQG 0XUWLVKDZ   3URJUDPPHV WKDW
FDQ RYHUFRPH VXFK EDUULHUV ZRXOG LQFUHDVH HQHUJ\ HI¿FLHQF\
penetration.
12.3.1.2

Energy supply7

Switching to low carbon energy supply sources is the other
PLWLJDWLRQFDWHJRU\LQWKHHQHUJ\VHFWRUZLWKVLJQL¿FDQW*+*
EHQH¿WV7KLVFDQEHDFKLHYHGWKURXJKHLWKHULQFUHDVHGUHOLDQFH
on imported or indigenous alternative fuels. Using a higher
proportion of low carbon imported fuels will almost always
reduce local air pollution. Its direct impact will be to increase
payment for fuel imports that may result in worsened balance
of payments, unless these are utilized to increase a nation’s
exports (Sathaye et al.   7KH KLJKHU IXHO LPSRUWV ZLOO
increase dependence on international fuel supply that may
UHVXOWLQUHGXFHGHQHUJ\VHFXULW\XQOHVVGLYHUVL¿FDWLRQRIVXSSO\
mitigates concerns about increased dependence. Economies and
VRFLHWLHVRIORZFDUERQIXHOH[SRUWLQJFRXQWULHVZRXOGEHQH¿W
from the higher trade.
Increased reliance on most indigenous low carbon energy
sources8 would also reduce local air pollution, but the local
HQYLURQPHQWDOEHQH¿WVLQFHUWDLQVROLGELRHQHUJ\DSSOLFDWLRQV
DSSHDUWREHXQFHUWDLQ VHH6HFWLRQ :KLOHLQGLJHQRXV
low carbon fuels can reduce fuel imports, these have to be
EDODQFHGDJDLQVWKLJKHUFDSLWDOUHTXLUHPHQWVIRULQYHVWPHQWLQ
fuel extraction, processing and delivery (Sathaye et al. 
The development of large hydro sources can displace local
populations and put their livelihood in jeopardy, and in reservoirs
with large surface area, the resulting methane emissions may
UHGXFH WKHLU QHW *+* EHQH¿W VXEVWDQWLDOO\ )RU H[DPSOH
although hydroelectric plants have the potential to reduce GHG
HPLVVLRQV VLJQL¿FDQWO\ D ODUJH DPRXQW RI OLWHUDWXUH SRLQWV WR
LPSRUWDQWHQYLURQPHQWDOFRVWV 0F&XOO\'XGKDQL et al.,
 KLJKOLJKWVWKHVRFLDOGLVUXSWLRQVDQGGLVORFDWLRQV 6DUNDU
DQG.DUDJR].D\JXVX] DQGTXHVWLRQVWKHORQJ

7
8
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WHUP HFRQRPLF EHQH¿WV RI PDMRU K\GURSRZHU GHYHORSPHQW
Increased use of indigenous low-carbon fuels can reduce
export of fuels from other countries to the extent the latter are
substituted away. These may adversely affect the trade balance
of exporting countries (Sathaye et al.,  
At the same time, low carbon fuels can have other
HQYLURQPHQWDOEHQH¿WV)RUH[DPSOHDPRYHDZD\IURPFRDO
to cleaner fuels will reduce ecosystem pressures that often
DFFRPSDQ\ PLQLQJ RSHUDWLRQV $]DSDJLF   6LPLODUO\ D
move away from charcoal and fuelwood as a source of energy
ZLOOKDYHWKHDWWHQGDQWHQYLURQPHQWDOEHQH¿WVRIUHGXFLQJWKH
SUHVVXUHV RI GHIRUHVWDWLRQ 0DVHUD et al., 2000; Najam and
&OHYHODQG   7KLV SRLQWV WRZDUGV WKH QHHG WR RSWLPL]H
technology choice decisions not only along the dimension of
carbon emissions but also other environmental costs.
Wind power can cause harm to bird populations, and may not
be aesthetically appealing. Increased use of biomass is viewed
as a renewable alternative, but indoor air pollution from solid
IXHOVKDVEHHQUDQNHGDVWKHIRXUWKPRVWLPSRUWDQWKHDOWKULVN
IDFWRULQOHDVWGHYHORSHGFRXQWULHV VHH&KDSWHU 7UDGHRIIV
among pollutants are inevitable in the use of some mitigation
RSWLRQVDQGQHHGWREHUHVROYHGLQWKHVSHFL¿FFRQWH[WLQZKLFK
the option is to be implemented.
Several examples of corruption that either increases the
price of electricity and/or prevent the proceeds from extracted
resources to meet development needs are provided in Section
4.5.4.3. This suggests that corruption may reduce the sustainable
GHYHORSPHQW EHQH¿WV RI QHZ PLWLJDWLRQ WHFKQRORJLHV DQGRU
ORZFDUERQIXHOVWKDWUHTXLUHDVLJQL¿FDQWPRGL¿FDWLRQRIVRFLDO
systems.
12.3.1.3

Cross-sectoral sustainable development impacts

Implementation of mitigation options often creates new
LQGXVWULHV IRU H[DPSOH IRU HQHUJ\ HI¿FLHQW SURGXFWV VXFK
DV FRRNLQJ VWRYHV HI¿FLHQW ODPSV LQVXODWLRQ PDWHULDOV KHDW
SXPSV DQG HI¿FLHQW PRWRUV RU IRU VRODU SDQHOV ZLQGPLOOV
and biogas installations. The success of these new industries
depends on various factors, such as the degree of information,
costs, the image of the product and its traditional competitors
RULWVDWWULEXWHVRWKHUHQHUJ\HI¿FLHQW1HZLQGXVWULHVFDQFUHDWH
QHZ MREV DQG LQFRPH DQG PLJKW EH SLRQHHUV LQ QHZ PDUNHW
ZLWK VLJQL¿FDQW FRPSHWLWLYH DGYDQWDJH (WKDQRO SURGXFWLRQ
from sugar waste has created a new industry and generated
employment opportunities and tax revenue for the Government
of Brazil. However, the older, outpaced industry may lose jobs.
Besides the uncertainty on the overall net effect, this may lead
to regional loss of employment. For example, the increased
production of biofuels for transportation, or energy production

Carbon capture and storage (CCS) is an emerging GHG mitigation option that is described in Chapter 4. Its sustainable development impacts would be similar to those described in this section for the siting of power plants.
Low carbon energy sources include hydro, biomass, wind, natural gas and other similar energy carriers.
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in rural areas, is expected to protect existing employment and to
FUHDWHQHZMREVLQUXUDODUHDV 6LPV 5HQHZDEOHHQHUJ\
systems are more labour intensive than fossil fuel systems and
DKLJKHUSURSRUWLRQRIMREVDUHUHODWLYHO\KLJKO\VNLOOHG7KXV
an increase in employment of the rural people can only be
achieved, if corresponding learning opportunities are created.
If, however, labour intensity decreases over time, the longterm effect on jobs might be less pronounced than originally
anticipated.
12.3.2 Forestry sector
0LWLJDWLRQRSWLRQVLQWKHIRUHVWU\VHFWRUPD\EHFDWHJRUL]HG
DVWKRVHWKDW  DYRLG HPLVVLRQV IURP GHIRUHVWDWLRQRUIRUHVW
GHJUDGDWLRQ  VHTXHVWHUFDUERQWKURXJKIRUHVWDWLRQDQG  
substitute for energy intensive materials or fossil fuels.
Reducing or avoiding deforestation has considerable
HQYLURQPHQWDO EHQH¿WV ,W FDQ UHWDLQ ELRGLYHUVLW\ HFRV\VWHP
functions, and in cases of large land areas, affect local weather
SDWWHUQV VHH6HFWLRQ 5HGXFWLRQRIIRUHVW¿UHVLPSURYHV
ORFDO DLU TXDOLW\ 0DQ\ GHIRUHVWLQJ FRXQWULHV KDYH ODZV WKDW
SURPRWHFRQVHUYDWLRQRIIRUHVWDUHDV7KHODFNRIHQIRUFHPHQW
of laws that ban or limit deforestation or timber extraction has
allowed illegal extraction of logs and the burning of forests
LQ ,QGRQHVLD %RHU   DQG %UD]LO %RHU  )HDUQVLGH
 $YRLGLQJGHIRUHVWDWLRQLVUHODWLYHO\H[SHQVLYHVLQFHWKH
opportunity cost of deforested land is high due to its high timber
DQG ODQG YDOXHV 6WDNHKROGHUV VXFK DV ODQG RZQHUV PLJUDQW
ZRUNHUVDQGORFDOVDZPLOOVZRXOGEHQHJDWLYHO\DIIHFWHG
7UDQVSDUHQF\DQGSDUWLFLSDWRU\DSSURDFKHVKDYHSOD\HGDNH\
role in reducing communal tensions and allowed communities
WR UHDS WKH VDPH RU ODUJHU EHQH¿WV ZLWKLQ DQ RUJDQL]HG OHJDO
IUDPHZRUN7KH-RLQW)RUHVW0DQDJHPHQW3URJUDPPHLQ,QGLD
has created a community-based approach to manage forest fringe
areas to reduce forest logging for fuelwood and encroachment
RQ IRUHVW ODQGV IRU DJULFXOWXUH %HKHUD DQG (QJHO  
6XFFHVVIXOLPSOHPHQWDWLRQUHTXLUHVWKDWDOWHUQDWLYHOLYHOLKRRG
be provided to the deforesters, programmes to promote forest
management jointly with the local population be pursued, and
that enforcement be stricter.
$IIRUHVWDWLRQ FDQ SURYLGH FDUERQ EHQH¿WV E\ LQFUHDVLQJ
FDUERQVWRFNVRQODQGDQGLQSURGXFWV7UHHVSODQWHGRQZDVWHODQG
can arrest soil degradation and help manage water runoff. Soil
carbon can be increased to the extent soil disturbance during
SODQWLQJDQGKDUYHVWLQJLVPLQLPL]HG3ODQWLQJLQFRQMXQFWLRQ
ZLWK DJULFXOWXUDO FURSV DJURIRUHVWU\  HQKDQFHV HFRQRPLF
EHQH¿WVZKLOHLQFUHDVLQJIRRGVHFXULW\$IIRUHVWDWLRQDFWLYLWLHV
DUH JHQHUDOO\ XQGHUWDNHQ LQ UXUDO DUHDV DQG EHQH¿W WKH UXUDO
economy and generate employment for rural dwellers. Clear
delineation of property rights would expedite the implementation
of forestation programmes. A major concern is that forestation
may diminish food security if it were to occur primarily on
rich agricultural land, and that monoculture plantations would
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UHGXFHELRGLYHUVLW\DQGLQFUHDVHWKHULVNRIFDWDVWURSKLFIDLOXUH
GXH WR GLVHDVHV &RQYHUVLRQ RI ÀRRGSODLQV DQG ZHWODQGV WR
forest plantations could hamper ecological functions.
Afforestation activities can also yield biomass fuel that may
EHXVHGDVDIRVVLOIXHOVXEVWLWXWHLQSRZHUSODQWVRUDVDOLTXLG
IXHOVXEVWLWXWH3DOPWUHHSODQWDWLRQVDUHDOVRDULFKVRXUFHRI
ELRGLHVHO IXHO 7KHVH VXVWDLQDEOH GHYHORSPHQW EHQH¿WV DQG
potential trade-offs also apply to bioenergy plantations. In
UHJLRQV ZKHUH FURS UHVLGXHV ULFH KXVNV VXJDUFDQH EDJDVVH
QXW VKHOOV DQGRU WUHH WULPPLQJV  DUH DYDLODEOH WKHVH FDQ EH
harvested synergistically with the crops and pose less potential
sustainable development trade-offs.
Forest management activities include sustainable
PDQDJHPHQW RI QDWLYH IRUHVWV SUHYHQWLRQ RI ¿UHV DQG SHVWV
longer rotation periods, minimizing soil disturbance, reduced
harvesting, promoting understory diversity, fertilizer application,
DQGVHOHFWLYHDQGUHGXFHGORJJLQJ0RVWRIWKHVHDFWLYLWLHVEULQJ
SRVLWLYH VRFLDO DQG HQYLURQPHQWDO EHQH¿WV 0LQLPL]LQJ VRLO
disturbance may result in less use of fossil fuels, less emissions
from biomass burning, and more employment if less machinery
LVXVHG7KHSUHYHQWLRQRI¿UHVPD\UHVXOWLQODUJHU¿UHHYHQWV
later due to excessive accumulation of fuel. Therefore, such
SUDFWLFHVKRXOGEHOLQNHGWRRWKHUSUDFWLFHVVXFKDVVXVWDLQDEOH
wood fuel production. Theoretically, N fertilizer application
LQFUHDVHVQHWSULPDU\SURGXFWLYLW\ 133 (and CO2UHPRYDOV 
but there is a trade-off since at the same time it increases N2O
emissions and may contaminate waters with nitrates.
6RPH RI WKH VRFLDO EHQH¿WV RI PLWLJDWLRQ SROLFLHV FRPH
through education, training, participation as an integral part of
D SROLF\ 3DUWLFLSDWRU\ DSSURDFKHV WR IRUHVW PDQDJHPHQW FDQ
be more successful than traditional, hierarchical programmes
6WROO   7KHVH SDUWLFLSDWRU\ SURJUDPPHV FDQ DOVR KHOS
WR VWUHQJWKHQ FLYLO VRFLHW\ DQG GHPRFUDWL]DWLRQ 3DUWLFLSDWRU\
DSSURDFKHVFDQFUHDWHVRFLDOFDSLWDO 'DVJXSWD QHWZRUNV
and social relations which allow humans to cope better with
their livelihoods.
12.3.3 Agriculture sector
Table 12.4 also summarizes the impact of different
mitigation activities in agriculture sector on the constituents
and determinants of sustainable development (see also Section
 DQG 7DEOH   7KH WDEOH SURYLGHV D GHVFULSWLRQ DQG
tentative direction of impact but the exact magnitude of impact
would depend upon the scale and intensity of the activities in
WKHFRQWH[WZKHUHWKH\DUHXQGHUWDNHQ
Several mitigation activities are explored in Chapter 8,
ranging from crop, tillage/residue, nutrient, rice, water, manure/
ELRVROLG JUD]LQJ ODQGV RUJDQLF VRLOV OLYHVWRFN DQG PDQXUH
management practice, to land cover change, agro-forestry,
ODQG UHVWRUDWLRQ ELRHQHUJ\ HQKDQFHG HQHUJ\ HI¿FLHQF\ DQG
increased carbon storage in agricultural products. It is shown
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WKDWDSSURSULDWHDGRSWLRQRIWKHVHPLWLJDWLRQPHDVXUHVLVOLNHO\
to help achieve social, economic and environmental goals,
although sometimes trade-offs may also occur. Interesting
enough, these trade-offs, when and if they occur, seem to be
most visible in the short term, as in the long-term synergy
amongst the aspects of sustainable development seems to be
dominant.
An appropriate and optimal mix of rice cultivation with
OLYHVWRFNNQRZQDVLQWHJUDWHGDQQXDOFURSDQLPDOV\VWHPDQG
traditionally found in West Africa, India and Indonesia and
Vietnam would enhance the net income, improve the condition
RIFXOWLYDWHGHFRV\VWHPVDQGRYHUDOOKXPDQZHOOEHLQJ 0$
  6XFK FRPELQDWLRQV RI OLYHVWRFN DQG FURS IDUPLQJ
especially for rice would prove effective in income generation
even in semi arid and arid areas of the world.
*URXQG ZDWHU TXDOLW\ PD\ EH HQKDQFHG DQG WKH ORVV RI
biodiversity slowed by greater use of farmyard manure and more
targeted pesticides. The impact on social and economic aspects
of this mitigation measure remains uncertain. Better nutrient
management can improve environmental sustainability.
Controlling overgrazing through pasture improvement
KDV D IDYRXUDEOH LPSDFW RQ OLYHVWRFN SURGXFWLYLW\ JUHDWHU
LQFRPH IURP WKH VDPH QXPEHU RI OLYHVWRFN  DQG VORZVKDOWV
GHVHUWL¿FDWLRQ HQYLURQPHQWDO DVSHFW  ,W DOVR SURYLGHV VRFLDO
security to the poorest people during extreme events such as
GURXJKW DQG RWKHU FULVLV HVSHFLDOO\ LQ 6XE6DKDUDQ $IULFD 
One effective strategy to control overgrazing is the prohibition
RIIUHHJUD]LQJDVZDVGRQHLQ&KLQD 5DR 
This critical sector of the world economy is the biggest, user
of the water. In low-income countries, agriculture uses almost
RIWKHWRWDOH[WUDFWHGZDWHU :RUOG%DQN 3ROLFLHV
RQIUHHRUYHU\FKHDSHQHUJ\ HOHFWULFLW\SHWUROHXP DVSUHVHQW
is some areas for political reasons, contribute to misuse of
water as the true economic cost inclusive of environmental and
VRFLDOFRVWVDUHQRWUHÀHFWHGLQWKHSULFLQJDQGRWKHULQFHQWLYH
structures. Rationalization of electricity tariffs would aid in
improving water allocation across users and over time. Through
SURSHULQVWLWXWLRQVDQGHIIHFWLYHIXQFWLRQLQJRIPDUNHWVZDWHU
management can be operationalized with favourable impact
on environmental and economic goals. In the short term,
social cohesiveness might come under stress due to a clash of
divergent interests.
/DQG FRYHU DQG WLOODJH PDQDJHPHQW FRXOG HQFRXUDJH
favourable impacts on environmental goals. A mix of
horticulture with optimal crop rotations would promote
FDUERQ VHTXHVWUDWLRQ DQG FRXOG DOVR LPSURYH DJURHFRV\VWHP
function. Societal well-being would also be enhanced through
provisioning of water and enhanced productivity. Whilst the
HQYLURQPHQWDO EHQH¿WV RI WLOODJHUHVLGXH PDQDJHPHQW DUH
FOHDURWKHULPSDFWVDUHOHVVFHUWDLQ/DQGUHVWRUDWLRQZLOOKDYH
SRVLWLYHHQYLURQPHQWDOLPSDFWVEXWFRQYHUVLRQRIÀRRGSODLQV
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and wetlands to agriculture could hamper ecological function
UHGXFHGZDWHUUHFKDUJHELRUHPHGLDWLRQDQGQXWULHQWF\FOLQJ 
and therefore, could have an adverse impact on sustainable
GHYHORSPHQWJRDOV .XPDU 
/LYHVWRFNPDQDJHPHQWDQGPDQXUHPDQDJHPHQWPLWLJDWLRQ
PHDVXUHVDUHFRQWH[WDQGORFDWLRQVSHFL¿FLQWKHUHLQÀXHQFHRQ
sustainable development. Appropriate adoption of mitigation
PHDVXUHV LV OLNHO\ WR KHOS DFKLHYH HQYLURQPHQWDO JRDOV EXW
farmers may incur additional costs, reducing their returns and
income.
12.3.4 Waste and wastewater management sector
Better waste and wastewater management is an important
sustainable development goal because it can lead directly
to improved health, productivity of human resources, and
better living conditions. It can also have direct economic
EHQH¿WVLQWHUPVRIKLJKHUYDOXHRISURSHUW\GXHWRLPSURYHG
living conditions. The 2002 Johannesburg World Summit on
Sustainable Development added a new goal on sanitation,
calling for the reduction by 50% of the number of people living
without access to safe sanitation by 2015.
Chapter 10 emphasizes that environmentally-responsible
waste management to reduce GHG emissions at an appropriate
level of technology can promote sustainable development. In
many developing countries, uncontrolled open dumpsites,
open burning of waste, and poor sewerage practices result in
major public health hazards due to vermin, pathogens, safety
concerns, air pollution, and contamination of water resources.
Often, waste in rural areas is neither collected nor properly
managed.
The challenge is to develop improved waste and wastewater
management using low to medium-technology strategies that can
SURYLGHVLJQL¿FDQWSXEOLFKHDOWKEHQH¿WVDQG*+*PLWLJDWLRQ
at affordable cost. Some of these strategies include small-scale
ZDVWHZDWHUPDQDJHPHQWVXFKDVVHSWLFWDQNVDQGUHF\FOLQJRI
JUH\ ZDWHU FRQVWUXFWLRQ RI PHGLXPWHFKQRORJ\ ODQG¿OOV ZLWK
controlled waste placement and use of daily cover, composting
RIRUJDQLFZDVWHDQGLPSOHPHQWDWLRQRIODQG¿OOELRFRYHUVWR
optimize microbial CH4 oxidation.
7KH PDMRU LPSHGLPHQW LQ GHYHORSLQJ FRXQWULHV LV WKH ODFN
RI FDSLWDO $QRWKHU FKDOOHQJH LV WKH ODFN RI XUEDQ SODQQLQJ
so that waste treatment and disposal activities are segregated
IURP FRPPXQLW\ OLIH $ WKLUG FKDOOHQJH LV RIWHQ WKH ODFN RI
environmental regulations enforced within urban infrastructure.
In many developing countries, waste recycling occurs through
WKH VFDYHQJLQJ DFWLYLWLHV RI LQIRUPDO UHF\FOLQJ QHWZRUNV
Sustainable development includes a higher standard for these
recycling activities so that safety and health concerns are
reduced via lower technology solutions that are effective,
affordable, and sustainable.

1839
Chapter 12

,QVRPHFDVHVODQG¿OOJDVPLJKWEHXVHGWRSURYLGHKHDWLQJ
fuel for a factory or commercial venture that can be an alternative
source of local employment. Also, compost can be used for
agriculture or horticulture applications, and closed re-vegetated
ODQG¿OOVFDQEHFRPHSXEOLFSDUNVRUUHFUHDWLRQDODUHDV
12.3.5 Implications of climate policies for
sustainable development
A major policy development since the TAR is the
implementation of a large range of climate policies at the
LQWHUQDWLRQDOOHYHO HJ .\RWR 3URWRFRO  UHJLRQDO OHYHO HJ
(8 (PLVVLRQV 7UDGLQJ 6FKHPH  QDWLRQDO DQG VXEQDWLRQDO
OHYHO VHHWKHUHYLHZLQ6HFWLRQ 
The implications of these policies for sustainable
development are not assessed in the literature, except for those
RI WKH &OHDQ 'HYHORSPHQW 0HFKDQLVP &'0  0LFKDHORZD
2003; Spalding-Fecher and Simmonds, 2005; Sutter, 2003;
81(3:LQNOHU:LQNOHUDQG7KRUQH )RU
extensive discussion, see Section 13.3.3.4.2. The sustainable
development implications of particular mitigation activities
WKDWFDQEHLPSOHPHQWHGXQGHUWKH&'0DUHGLVFXVVHGIXUWKHU
in Section 12.3. This section focuses on the sustainable
GHYHORSPHQW LPSOLFDWLRQV RI &'0 DV D SROLF\ .H\ ¿QGLQJV
from this literature that relate to the implications of climate
SROLFLHVRQVXVWDLQDEOHGHYHORSPHQWDUHDVIROORZV
v 7KH&'0FKDQQHOVQRQWULYLDODPRXQWVRIPRQH\WRZDUGV
GHYHORSLQJFRXQWULHV,QWKH&'0FKDQQHOOHGDERXW
86 ELOOLRQ WR SXUFKDVH FDUERQ FUHGLWV LQ GHYHORSLQJ
FRXQWULHV &DSRRU DQG $PEURVL   RU  RI WKH
UHFRUG  QHW IRUHLJQ GLUHFW LQYHVWPHQW )',  LQÀRZ LQ
GHYHORSLQJ FRXQWULHV IRU WKDW \HDU 81&7$'   ,Q
DGGLWLRQ LW FDQ EH DUJXHG WKDW WKH &'0 OHYHUDJHV QHZ
private capital to developing countries.
v Since carbon payments are payable in strong currencies,
and usually originate from buyers with strong credit ratings,
they provide the seller with additional opportunities to raise
DGGLWLRQDO FDSLWDO DQG GHEW IURP EDQNV DQG RWKHU ¿QDQFH
LQVWLWXWLRQV 0DWK\ et al./HFRFTDQG&DSRRU 
v 7KH JHRJUDSKLFDO GLVWULEXWLRQ RI &'0 SURMHFWV WHQGV WR
IROORZ)',ÀRZVZLWKPRVWRIWKH¿QDQFLDOÀRZVWRZDUGV
ODUJH PLGGOHLQFRPH FRXQWULHV )HQKDQQ   DQG YHU\
OLWWOH ¿QDQFLDO ÀRZV WRZDUGV OHDVW GHYHORSHG FRXQWULHV
notably in Sub-Saharan Africa (Capoor and Ambrosi,
 
v 3URMHFWVPLWLJDWLQJQRQ&22 gases (HFC23, N2O and CH4 
UHSUHVHQW WKH EXON RI WKH YROXPH RI HPLVVLRQ UHGXFWLRQV
H[FKDQJHG XQGHU WKH &'0 +RZHYHU SURMHFWV ZLWK WKH
KLJKHVWGLUHFWEHQH¿WVIRUORFDOFRPPXQLWLHVGHOLYHUIHZHU
emission reductions and are in general accompanied by
higher transaction costs. Resolving the tension between
JOREDO HPLVVLRQ UHGXFWLRQV DQG ORFDO EHQH¿WV LV D NH\
challenge for the future of climate change regime (Ellisa et
al. 
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12.4 Gaps in knowledge and future
research needs
As noted in Section 12.1, changing development paths
will be critical to addressing mitigation and the scale of effort
UHTXLUHGLVXQOLNHO\WREHIRUWKFRPLQJIURPWKHHQYLURQPHQWDO
sector on its own. If climate policy on its own will not solve the
climate problem, future research on climate change mitigation
and sustainable development will need to focus increasingly on
development sectors. A better understanding is needed of how
countries might get from current development trajectories onto
ORZHUFDUERQGHYHORSPHQWSDWKV±KRZWRPDNHGHYHORSPHQW
more sustainable.
The global GHG emissions reduction potential of such
actions varies from a few tens to million tons of carbon, and
HPSLULFDO UHVHDUFK LV QHHGHG WR LGHQWLI\ DQG TXDQWLI\ DFWLRQV
that will yield the most emissions savings.
A fundamental yet important step would be to identify
UHOHYDQW QRQFOLPDWH SROLFLHV DIIHFWLQJ *+* HPLVVLRQVVLQNV
LQFOXGLQJ WUDGH ¿QDQFH UXUDO DQG XUEDQ GHYHORSPHQW ZDWHU
energy, health, agriculture, forestry, insurance, and transport
among others. Future research will also need to access and use
ORFDO NQRZOHGJH 0RUH FDVH VWXGLHV ZRXOG KHOS LOOXVWUDWH WKH
OLQN EHWZHHQ VXVWDLQDEOH GHYHORSPHQW DQG FOLPDWH PLWLJDWLRQ
in developed, developing and transition countries. A particular
challenge in this regard is that such policies will necessarily
EHFRQWH[WVSHFL¿FDQGZLOOZRUNRQO\ZKHQVWUXFWXUHGZLWKLQ
local and national realities. This means that a lot of the research
UHTXLUHG LV DW WKH ORFDO DQG QDWLRQDO OHYHOV WR LGHQWLI\ SROLF\
RSWLRQVDQGFKRLFHVWKDWPLJKWEHVWZRUNZLWKLQWKHFRQWH[WVRI
VSHFL¿FUHJLRQVFRXQWULHVDQGORFDOLWLHV
This chapter has noted that development-oriented scenarios
FRXOGEHHQULFKHGE\WDNLQJJOREDOFOLPDWHFKDQJHH[SOLFLWO\LQWR
account. Future research might develop and analyse scenarios
for development paths at different scales and their implications
IRU UHGXFLQJ RU DYRLGLQJ *+* HPLVVLRQV 7KLV PD\ UHTXLUH
broadening and deepening the current set of models to better
analyse the GHG implications of non-climate scenarios. This
also applies to industrialized countries on their development
paths and choices.
This chapter has suggested that the capacity to mitigate
is rooted in development paths. Considerable research must
be carried out to further investigate how mitigation capacity
can be turned into actual mitigation, and its connection with
FRPSRQHQWVRIWKHXQGHUO\LQJGHYHORSPHQWSDWK3DUDGR[LFDOO\
the reviewed literature suggests that a fundamental discussion
on the implications of development pathways for climate change
in general and climate change mitigation in particular has been
and is being explored more extensively for the developing
countries than for the industrialized countries. Although the
adaptive and mitigative capacity literature does not claim
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that building capacity will necessarily lead to improved
UHVSRQVHVWRWKHFOLPDWHFKDQJHULVNOLWWOHZRUNKDVEHHQGRQH
to explicate the widely noted variation in response to climate
change among communities and nations with similar capacities.
It is apparent, therefore, that capacity is a necessary, but not
VXI¿FLHQWFRQGLWLRQIRUPLWLJDWLYHDFWLRQ3KHQRPHQDVXFKDV
ULVN SHUFHSWLRQ VFLHQFHSROLF\ LQWHUDFWLRQV DQG UHODWLRQVKLSV
between industry and regulators, for instance, may play some
role in determining whether or not capacity is turned into action
LQUHVSRQVHWRWKHFOLPDWHFKDQJHULVN
Section 12.1.3 cites several macro-indicators of sustainable
GHYHORSPHQW WKDW DUH EHLQJ XVHG WR WUDFN LWV SURJUHVV DW WKH
QDWLRQDO DQG LQWHUQDWLRQDO OHYHO )HZ RI WKHVH WDNH FOLPDWH
change mitigation directly into consideration. Inclusion of
WKLV DVSHFW LQ WKH XVH RI PDFURLQGLFDWRUV LV LGHQWL¿HG DV DQ
important area of research.
Changing development pathways involves multiple actors,
at multiple scales. The roles of different actors and joint actions
in changing development pathways need further research,
particularly the private sector and civil society (and how they
UHODWH WR JRYHUQPHQW  $ NH\ TXHVWLRQ UHYROYHV DURXQG WKH
FRPSOH[ SURFHVV RI GHFLVLRQPDNLQJ WKHRULHV RI ZKLFK QHHG
to be applied to sustainable development and mitigation. A
particular focus in this area might be identifying patterns of
investment and their implications for GHG emissions. Again,
PXFKRIWKLVUHVHDUFKZLOOKDYHWREHFRQWH[WXDOO\VSHFL¿FDQG
UHODWHGWRVSHFL¿FORFDODQGQDWLRQDOFRQWH[WV
While future research must focus on multiple sectors, actors
DQGVFDOHVDNH\DUHDRILQYHVWLJDWLRQZLOOUHPDLQWKHUROHIRU
international agreements. Reconciling the role for international
coordination mechanisms with decentralized policy approaches
LV FKDOOHQJLQJ DQG UHTXLUHV IXUWKHU HYDOXDWLRQ $Q DUHD RI
particular importance in this context is international agreements
WKDWDUHQRWVSHFL¿FWRFOLPDWHFKDQJHEXWZKRVHVWUXFWXUHDQG
implementation can affect development paths. These include
voluntary international agreements, such as those on the
LPSOHPHQWDWLRQRIWKH0LOOHQQLXP'HYHORSPHQW*RDOV 0'*V 
WR VSHFL¿F 0XOWLODWHUDO (QYLURQPHQWDO $JUHHPHQWV 0($V 
VXFKDVWKRVHRQGHVHUWL¿FDWLRQRQELRGLYHUVLW\WRWKHUHODWHG
provisions of international policy instruments within the World
7UDGH 2UJDQL]DWLRQ :72  $OO WKHVH DJUHHPHQWV LQFOXGLQJ
the WTO, now claim sustainable development as their ultimate
goal.
Future research will continue to examine the implications
of climate change mitigation for sustainable development.
Understanding of the sustainable development implications in
each of many sectors is growing, but further analysis will be
QHHGHGIRUNH\VHFWRUVDQGZKHUHOHDVWLQIRUPDWLRQLVDYDLODEOH
6\QHUJLHVEH\RQGWKRVHLQDLUSROOXWLRQUHTXLUHPRUHDWWHQWLRQ
including water, soil management; forest management and
RWKHUV $SDUW IURP LQYHVWLJDWLQJ V\QHUJLHV WKH TXHVWLRQ RI
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trade-offs between sustainable development and mitigation
DQGDOVRDGDSWDWLRQ UHTXLUHVIXUWKHUDQDO\VLV
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EXECUTIVE SUMMARY
This chapter synthesizes information from the relevant
literature on policies, instruments and co-operative
arrangements, focusing mainly on new information that has
emerged since the Third Assessment Report (TAR). It reviews
national policies, international agreements and initiatives of
sub-national governments, corporations and non-governmental
organizations (NGOs).
National policies
7KH OLWHUDWXUH RQ FOLPDWH FKDQJH FRQWLQXHV WR UHÀHFW WKH
wide variety of national policies and measures that are available
to governments to limit or reduce greenhouse gas (GHG)
emissions. These include regulations and standards, taxes and
charges, tradable permits, voluntary agreements, subsidies,
¿QDQFLDO LQFHQWLYHV UHVHDUFK DQG GHYHORSPHQW SURJUDPPHV
and information instruments. Other policies, such as those
affecting trade, foreign direct investment, consumption and
social development goals, can also affect GHG emissions.
Climate change policies, if integrated with other government
polices, can contribute to sustainable development in developed
and developing countries alike.
Reducing emissions across all sectors and gases requires
D SRUWIROLR RI SROLFLHV WDLORUHG WR ¿W VSHFL¿F QDWLRQDO
circumstances. While the advantages and disadvantages of any
one given instrument can be found in the literature, four main
criteria are widely used by policymakers to select and evaluate
policies: environmental effectiveness, cost-effectiveness,
distributional effects (including equity) and institutional
IHDVLELOLW\ 2WKHU PRUH VSHFL¿F FULWHULD VXFK DV HIIHFWV RQ
competitiveness and administrative feasibility, are generally
subsumed within these four.
The literature provides a great deal of information for
assessing how well different instruments meet these criteria,
although it should be kept in mind that all instruments can be
designed well or poorly and to be stringent or lax and politically
attractive or unattractive. In addition, all instruments must be
monitored and enforced to be effective. The general conclusions
that can be drawn from the literature are that:
v Regulatory measures and standards generally provide
some certainty of emissions levels, but their environmental
effectiveness depends on their stringency. They may be
SUHIHUDEOHZKHQLQIRUPDWLRQRURWKHUEDUULHUVSUHYHQW¿UPV
and consumers from responding to price signals (high
agreement/much evidence).
v Taxes and charges are generally cost-effective, but they
cannot guarantee a particular level of emissions, and they
PD\EHSROLWLFDOO\GLI¿FXOWWRLPSOHPHQWDQGLIQHFHVVDU\
adjust. As with regulations, their environmental effectiveness
depends on stringency (high agreement/much evidence).
v Tradable permits can establish a carbon price. The volume
of allowed emissions determines the carbon price and the

environmental effectiveness of this instrument, while the
distribution of allowances can affect cost-effectiveness
and competitiveness. Experience has shown that banking
SURYLVLRQVFDQSURYLGHVLJQL¿FDQWWHPSRUDOÀH[LELOLW\ high
agreement/much evidence). Uncertainty in the price of
FDUERQPDNHVLWGLI¿FXOWWRHVWLPDWHWKHWRWDOFRVWRIPHHWLQJ
emission reduction targets.
Voluntary agreements (VAs) between industry and
governments, which vary considerably in scope and stringency,
are politically attractive, raise awareness among stakeholders
and have played a role in the evolution of many national
policies. A few have accelerated the application of best
available technology and led to measurable reductions of
emissions compared to the baseline, particularly in countries
with traditions of close cooperation between government
and industry. However, there is little evidence that VAs have
DFKLHYHG VLJQL¿FDQW UHGXFWLRQV LQ HPLVVLRQV EH\RQG EXVLQHVV
as usual (high agreement/much evidence). The successful
programmes all include clear targets, a baseline scenario, third
party involvement in design and review and formal provisions
for monitoring.
v Financial incentives are frequently used by governments
to stimulate the diffusion of new, less GHG-emitting
technologies. While economic costs are generally higher
IRUWKHVHWKDQIRURWKHULQVWUXPHQWV¿QDQFLDOLQFHQWLYHVDUH
often critical to overcoming the barriers to the penetration of
new technologies (high agreement/much evidence). Direct
and indirect subsidies for fossil fuel use and agriculture
remain common practice, although those for coal have
declined over the past decade in many Organization for
Economic Co-operation and Development (OECD) and in
some developing countries.
v *RYHUQPHQW VXSSRUW WKURXJK ¿QDQFLDO FRQWULEXWLRQV
taxation measures, standard setting and market creation is
important to the promotion of technology development,
innovations and transfer. However, government funding
for many energy research programmes has fallen off since
the oil shock in the 1970s and stayed constant at this lower
level, even after the United Nations Framework Convention
RQ &OLPDWH &KDQJH 81)&&&  ZDV UDWL¿HG 6XEVWDQWLDO
additional investments in – and policies for – Research and
Development (R&D) are needed to ensure that technologies
are ready for commercialization in order to arrive at a
stabilization of GHGs in the atmosphere (see Chapter 3),
as are economic and regulatory instruments to promote
their deployment and diffusion (high agreement/much
evidence).
v Information instruments, including public disclosure
requirements, may affect environmental quality by
promoting better-informed choices and lead to support for
government policy. There is only limited evidence that the
provision of information can achieve emissions reductions,
but it can improve the effectiveness of other policies (high
agreement/medium evidence).
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In practice, climate-related policies are seldom applied
in complete isolation, as they overlap with other national
polices relating to the environment, forestry, agriculture, waste
management, transport and energy and, therefore, in many
cases require more than one instrument. For an environmentally
effective and cost-effective instrument mix to be applied, there
must be a good understanding of the environmental issue to be
addressed, the links with other policy areas and the interactions
between the different instruments in the mix. Applicability in
VSHFL¿F FRXQWULHV VHFWRUV DQG FLUFXPVWDQFHV ± SDUWLFXODUO\
developing countries and economies in transition – can vary
greatly, but may be enhanced when instruments are adapted to
local circumstances (high agreement/much evidence).
International agreements
As precedents, the UNFCCC and Kyoto Protocol have
EHHQ VLJQL¿FDQW LQ SURYLGLQJ D PHDQV WR VROYH D ORQJWHUP
LQWHUQDWLRQDO HQYLURQPHQWDO SUREOHP EXW WKH\ DUH RQO\ ¿UVW
steps towards the implementation of an international response
strategy to combat climate change. The Kyoto Protocol’s most
notable achievements are the stimulation of an array of national
policies, the creation of a carbon market and the establishment
of new institutional mechanisms. Its economic impacts on the
participating countries are yet to be demonstrated. The Clean
Development Mechanism (CDM), in particular, has created
D ODUJH SURMHFW SLSHOLQH DQG PRELOL]HG VXEVWDQWLDO ¿QDQFLDO
resources, but it has faced methodological challenges in terms
of determining baselines and additionality. The Protocol has
also stimulated the development of emissions trading systems,
but a fully global system has not been implemented. The Kyoto
Protocol is currently constrained by the modest emission limits.
,W ZRXOG EH PRUH HIIHFWLYH LI WKH ¿UVW FRPPLWPHQW SHULRG LV
followed-up by measures to achieve deeper reductions and the
implementation of policy instruments covering a higher share
of global emissions (high agreement/much evidence).
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(high agreement/much evidence). The design of a future regime
ZLOO KDYH VLJQL¿FDQW LPSOLFDWLRQV IRU JOREDO FRVWV DQG WKH
distribution of cost among regions at different points in time
There is a broad consensus in the literature that a successful
agreement will have to be environmentally effective and costeffective, incorporate distributional considerations and equity
and be institutionally feasible (high agreement/much evidence).
Agreements are more likely to be effective if they include goals,
VSHFL¿F DFWLRQV WLPHWDEOHV SDUWLFLSDWLRQ DQG LQVWLWXWLRQDO
arrangements and provisions for reporting and compliance
(high agreement/much evidence).
Goals determine the extent of participation, the stringency
of the measures and the timing of the actions. For example, to
limit the temperature increase to 2°C above pre-industrial levels,
developed countries would need to reduce emissions in 2020
by 10–40% below 1990 levels and in 2050 by approximately
40–95%. Emissions in developing countries would need to
deviate below their current path by 2020, and emissions in all
countries would need to deviate substantially below their current
path by 2050. A temperature goal of less than 2°C requires
earlier reductions and greater participation (and vice versa)
(high agreement/much evidence). Abatement costs depend on
the goal, vary by region and depend on the allocation of emission
allowances among regions and the level of participation.

New literature highlights the options for achieving emission
reductions both under and outside of the Convention and
its Kyoto Protocol by, for example, revising the form and
stringency of emission targets, expanding the scope of sectoral
and sub-national agreements, developing and adopting common
policies, enhancing international Research, Development
and Demonstration (RD&D) technology programmes,
implementing development-oriented actions and expanding
¿QDQFLQJ LQVWUXPHQWV high agreement/much evidence). An
integration of diverse elements, such as international R&D
co-operation and cap and trade programmes, within an
agreement is possible, but any comparison of the efforts made
by different countries would be complex and resource-intensive
(medium agreement/medium evidence).

Initiatives of local and regional authorities, corporations,
and non-governmental organizations
Corporations, local and regional authorities and NGOs
are adopting a variety of actions to reduce GHG emissions.
Corporate actions range from voluntary initiatives to emissions
targets and, in a few cases, internal trading systems. The
reasons corporations undertake independent actions include
WKHGHVLUHWRLQÀXHQFHRUSUHHPSWJRYHUQPHQWDFWLRQWRFUHDWH
¿QDQFLDOYDOXHDQGWRGLIIHUHQWLDWHDFRPSDQ\DQGLWVSURGXFWV
Actions by regional, state, provincial and local governments
LQFOXGHUHQHZDEOHHQHUJ\SRUWIROLRVWDQGDUGVHQHUJ\HI¿FLHQF\
programmes, emission registries and sectoral cap and trade
PHFKDQLVPV7KHVHDFWLRQVDUHXQGHUWDNHQWRLQÀXHQFHQDWLRQDO
policies, address stakeholder concerns, create incentives for
QHZLQGXVWULHVDQGRUWRFUHDWHHQYLURQPHQWDOFREHQH¿WV1RQ
government organizations promote programmes that reduce
emissions through public advocacy, litigation and stakeholder
dialogue. Many of the above actions may limit GHG emissions,
stimulate innovative policies, encourage the deployment of new
technologies and spur experimentation with new institutions,
but they generally have limited impact on their own. To
DFKLHYH VLJQL¿FDQW HPLVVLRQ UHGXFWLRQV WKHVH DFWLRQV PXVW
lead to changes in national policies (high agreement/medium
evidence).

Recent publications examining future international
agreements in terms of potential structure and substance report
that because climate change is a global problem, any approach
that does not include a larger share of global emissions will
have a higher global cost or be less environmentally effective

Implications for global climate change policy
Climate change mitigation policies and actions taken by
national governments, the private sector and other areas of
FLYLOVRFLHW\DUHLQKHUHQWO\LQWHUOLQNHG)RUH[DPSOHVLJQL¿FDQW
emissions reductions have occurred as a result of actions by
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governments to address energy security or other national
QHHGV HJWKHVZLWFKLQWKH8.WRJDVWKHHQHUJ\HI¿FLHQF\
programmes of China and India, the Brazilian development of
D WUDQVSRUW ÀHHW GULYHQ E\ ELRIXHO RU WKH WUHQG LQ WKH V
and 1980s toward nuclear power). However, non-climate
policy priorities can overwhelm climate mitigation efforts
(e.g. decisions in Canada to develop the tar sands reserves,
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WKRVHLQ%UD]LOWRFOHDUIRUHVWVIRUDJULFXOWXUHDQGLQWKH86$
to promote coal power to enhance energy security) and lead to
increased emissions. New research to assess the interlinkages
between climate change and other national policies and actions
might lead to more politically feasible, economically attractive
DQG HQYLURQPHQWDOO\ EHQH¿FLDO RXWFRPHV DQG LQWHUQDWLRQDO
agreements.
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13.1

Introduction

Article 4 of the United Nations Framework Convention on
climate change (UNFCCC) commits all Parties – taking into
account their common but differentiated responsibilities and
WKHLU VSHFL¿F QDWLRQDO DQG UHJLRQDO SULRULWLHV REMHFWLYHV DQG
circumstances – to formulate, implement, publish and regularly
update national and, where appropriate, regional programmes
containing measures that will result in the mitigation of climate
change by addressing anthropogenic emissions of greenhouse
gases (GHGs) by sources and removals by sinks. The main
purpose of this chapter is to discuss national policy instruments
and their implementation, international agreements and
other arrangements and initiatives of the private sector, local
governments and non-governmental organizations (NGOs).
This chapter expands on the literature that has emerged since
the Third Assessment Report (TAR) – in particular, on aspects
covered in Chapters 6 and l0 of the TAR. There is a relatively
heavier focus given to publications proposing new approaches to
possible future international agreements, alternative options for
international cooperation and initiatives of local governments
and the private sector. Wherever feasible, these agreements and

Chapter 13

arrangements are discussed in the context of criteria such as
environmental effectiveness, cost-effectiveness, distributional
considerations, institutional feasibility, among others. This
chapter does not discuss in detail either sectoral policies, which
can be found in other chapters of this report, or adaptation
policies, as those may be found in IPCC (2007b).
13.1.1 Types of policies, measures, instruments and
co-operative arrangements
A variety of policies, measures, instruments and approaches
are available to national governments to limit the emission
of GHGs; these include regulations and standards, taxes
and charges, tradable permits, voluntary agreements (VAs),
informational instruments, subsidies and incentives, research
and development and trade and development assistance. Box
 SURYLGHV D EULHI GH¿QLWLRQ RI HDFK LQVWUXPHQW +DKQ
6WHUQHU 'HSHQGLQJRQWKHOHJDOIUDPHZRUNZLWKLQ
which each individual country must operate, these may be
implemented at the national level, sub-national level or through
bi-lateral or multi-lateral arrangements, and they may be either
OHJDOO\ ELQGLQJ RU YROXQWDU\ DQG HLWKHU ¿[HG RU FKDQJHDEOH
(dynamic).

Box 13.1 Deﬁnitions of selected GHGs abatement policy instruments
Note: The instruments deﬁned below to directly control GHG emissions; instruments may also be used to manage activities
that indirectly lead to GHG emissions, such as energy consumption.
Regulations and Standards: These specify the abatement technologies (technology standard) or minimum requirements for
pollution output (performance standard) that are necessary for reducing emissions.
Taxes and Charges: A levy imposed on each unit of undesirable activity by a source.
Tradable Permits: These are also known as marketable permits or cap-and-trade systems. This instrument establishes a
limit on aggregate emissions by speciﬁed sources, requires each source to hold permits equal to its actual emissions and
allows permits to be traded among sources.
Voluntary Agreements: An agreement between a government authority and one or more private parties with the aim of
achieving environmental objectives or improving environmental performance beyond compliance to regulated obligations.
Not all VAs are truly voluntary; some include rewards and/or penalties associated with participating in the agreement or
achieving the commitments.1
Subsidies and Incentives: Direct payments, tax reductions, price supports or the equivalent thereof from a government to
an entity for implementing a practice or performing a speciﬁed action.
Information Instruments: Required public disclosure of environmentally related information, generally by industry to
consumers. These include labelling programmes and rating and certiﬁcation systems.
Research and Development (R&D): Activities that involve direct government funding and investment aimed at generating
innovative approaches to mitigation and/or the physical and social infrastructure to reduce emissions. Examples of these are
prizes and incentives for technological advances.
Non-Climate Policies: Other policies not speciﬁcally directed at emissions reduction but which may have signiﬁcant climaterelated effects.
1

Voluntary Agreements (VAs) should not be confused with voluntary actions which are undertaken by govern-ment agencies at the sub-national level, corporations, NGOs and
other organizations independent of national government authorities. See Section 13.4.
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13.1.2 Criteria for policy choice
Four principal criteria for evaluating environmental policy
instruments are reported in the literature; these are:
v Environmental effectiveness – the extent to which a policy
meets its intended environmental objective or realizes
positive environmental outcomes.
v Cost-effectiveness – the extent to which the policy can
achieve its objectives at a minimum cost to society.
v Distributional considerations – the incidence or distributional
consequences of a policy, which includes dimensions such as
fairness and equity, although there are others.
v Institutional feasibility – the extent to which a policy
instrument is likely to be viewed as legitimate, gain
acceptance, adopted and implemented.

cases in which emissions reductions were greater than expected
involving incentive-based instruments, while the cases in
which reductions fell short of expectations involved regulatory
approaches.
There are situations in which standards are proven to be
effective. Regulators may be unduly pessimistic about the
environmental performance of incentive-based instruments
or unduly optimistic about the performance of regulatory
approaches, or perhaps both. Recent evidence suggests that
market-based approaches can provide equal if not superior
environmental quality improvements over regulatory
approaches (see Ellerman, 2006). As we discuss below,
KRZHYHULQVWLWXWLRQDOFRQVWUDLQWVPD\DOWHUWKHUHODWLYHHI¿FDF\
of market- and standards-based instruments.

,WKDVWREHPHQWLRQHGKRZHYHUWKDWOLWHUDWXUHLQWKH¿HOGVRI
economics and political science does not provide much guidance
in terms of determing which evaluative criteria are the most
appropriate for an analysis of environmental policy. However,
many authors employ criteria similar to the ones listed above,
and although other criteria may also be important in evaluating
policies, the analysis presented in this chapter is limited to these
four criteria. Criteria may be applied by governments in making
ex ante choices among instruments and in ex post evaluation of
the performance of instruments.

13.1.2.2

13.1.2.1

Cost-effectiveness is distinct from general economic
HI¿FLHQF\:KHUHDVFRVWHIIHFWLYHQHVVWDNHVDQHQYLURQPHQWDO
JRDO DV JLYHQ HI¿FLHQF\ LQYROYHV WKH SURFHVV RI VHOHFWLQJ D
VSHFL¿F JRDO DFFRUGLQJ WR HFRQRPLF FULWHULD 6WHUQHU  
Consequently, the choice of a particular environmental goal
will likely have dramatic impacts on the overall cost of a policy,
even if that policy is implemented using the most cost-effective
instrument.

Environmental effectiveness

The main goal of environmental policy instruments and
international agreements is to reduce the negative impact of
KXPDQDFWLRQRQWKHHQYLURQPHQW3ROLFLHVWKDWDFKLHYHVSHFL¿F
environmental quality goals better than alternative policies can
be said to have a higher degree of environmental effectiveness.
It should be noted that although climate protection is the
ostensible environmental goal for any climate policy, there
PD\ EH DQFLOODU\ HQYLURQPHQWDO EHQH¿WV IRU H[DPSOH WKRVH
demonstrated by Burtraw et al D IRUDLUSROOXWLRQEHQH¿WV
VHHDOVR6HFWLRQIRUDLUTXDOLW\FREHQH¿WV 

Cost-effectiveness

The cost-effectiveness of a policy is a key decision
parameter in a world with scarce resources. Given a particular
environmental quality goal, the most cost-effective policy is
the one which achieves the desired goal at the least cost. There
are many components of cost, and these include both the direct
costs of administering and implementing the policy as well
as indirect costs, such as how the policy drives cost-reducing
technological change.

The environmental effectiveness of any policy is contingent
on its design, implementation, participation, stringency and
compliance. For example, a policy that seeks to fully address
the climate problem while dealing with only some of the GHGs
or some of the sectors will be relatively less effective than one
that aims at addressing all gases and all sectors.

Policies are likely to vary considerably in terms of costeffectiveness, and any estimation of the costs involved can be
challenging (Michaelowa, 2003b). While cost-effectiveness
estimates traditionally include the direct expenditures incurred
DVDUHVXOWRILPSOHPHQWLQJDQ\VSHFL¿FSROLF\WKHSROLF\PD\
DOVR LPSRVH LQGLUHFW VRFLDO FRVWV ZKLFK DUH PRUH GLI¿FXOW WR
measure (Davies and Mazurek, 1998). Moreover, costs for
which data are limited are often ignored. Harrington et al.
(2000) provide a summary of commonly excluded costs as well
as examples of efforts to estimate these.

The environmental effectiveness of an instrument can only
be determined by estimating how well it is likely to perform.
Harrington et al. (2004) distinguish between estimating how
effective an environmental instrument will be ex ante and
evaluating its performance ex post. These researchers were
DEOHWR¿QGRUUHFUHDWHH[DQWHHVWLPDWHVRIH[SHFWHGHPLVVLRQV
UHGXFWLRQVLQDVHULHVRI86DQG(XURSHDQFDVHVWXGLHV7KHLU
comparison of the ex ante and ex post observations suggests
a reasonable degree of accuracy in the estimates, with those

Cost-effectiveness can be enhanced with low transaction
costs for compliance. This implies limiting the creation of new
institutions and keeping implementation procedures as simple as
SRVVLEOHZKLOHVWLOOHQVXULQJV\VWHPLQWHJULW\6WXGLHVUHSRUWHG
in the literature can be divided into two categories in terms of
the economic impacts of the timing of reductions. While some
researchers argue that reductions should be postponed until
low-cost technologies are available, others argue that necessary
decisions have to be made today to avoid a ‘lock-in’ to an
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emission intensive pathway that would be expensive to leave at
a later time point (see also Chapter 11).
A common concern is that ex ante cost estimates may not
UHÀHFW WKH DFWXDO FRVWV RI D SROLF\ ZKHQ LW LV DVVHVVHG IURP
an ex post perspective. Harrington et al. (2000) show that the
discrepancy between the actual and estimated total costs of 28
HQYLURQPHQWDOUHJXODWLRQVLQWKH86$LVUHODWLYHO\ORZDQGLI
anything, that ex ante estimates tend to overstate total costs.
:KLOH WKHVH DXWKRUV GR QRW V\VWHPDWLFDOO\ HYDOXDWH VSHFL¿F
HQYLURQPHQWDO LQVWUXPHQWV WKH\ GR ¿QG WKDW HVWLPDWHV IRU
market-based instruments tend to overstate unit costs, while
unit-costs estimates for other instruments are neither under- nor
overestimates.
13.1.2.3

Distributional considerations

3ROLFLHV UDUHO\ DSSRUWLRQ HQYLURQPHQWDO EHQH¿WV DQG
costs evenly across stakeholders. Even if a policy meets an
environmental goal at least cost, it may face political opposition
LI LW GLVSURSRUWLRQDWHO\ LPSDFWV ± RU EHQH¿WV ± FHUWDLQ JURXSV
within a society, across societies or across generations. From an
HFRQRPLFSHUVSHFWLYHDSROLF\LVFRQVLGHUHGWREHEHQH¿FLDOLILW
improves social welfare overall. However, this criterion does not
require that the implementation of that policy actually improves
WKH VSHFL¿F VLWXDWLRQ RI DQ\ RQH LQGLYLGXDO &RQVHTXHQWO\ DV
Keohane et al. (1998) argue, distributional considerations may
be more important than aggregate cost effectiveness when
policymakers evaluate an instrument.
The distributional considerations of climate change policies
UHODWH ODUJHO\ WR HTXLW\ (TXLW\ FDQ EH GH¿QHG LQ D QXPEHU
of ways within the climate context (see IPCC, 2001). Equity
and fairness may be perceived differently by different people,
depending on the cultural background of the observer. For
example, Ringius et al. (2002) view responsibility, capacity
and need as the basic principles of fairness that seem to be
VXI¿FLHQWO\ZLGHO\UHFRJQL]HGWRVHUYHDVDQRUPDWLYHEDVLVIRU
a climate policy regime. These three principles have been used
in the evaluation of potential international climate agreements
(e.g. Torvanger et al., 2004).
A regulation that is perceived as being unfair or for which
WKHLQFLGHQFHLVXQEDODQFHGPD\KDYHDGLI¿FXOWWLPHPDNLQJ
it through the political process.2 However, distributional
considerations are fundamentally subjective, and the most
equitable policy may not be the most politically popular one.
For example, a policy that focuses the regulatory burden on a
ORZLQFRPHVXESRSXODWLRQRUFRXQWU\EXWGLUHFWVWKHEHQH¿WVWR
a wealthy interest group may sail with ease through the political
SURFHVV :KLOH KLJKO\ LQHTXLWDEOH LQ FRVWV DQG EHQH¿WV VXFK
an instrument is occasionally attractive to politicians. Bulkeley

2
3
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(2001) describes the different interests in the Australian climate
policy debate and suggests that industrial emitters managed to
steer the country away from ambitious reduction target – and
toward an emissions increase – at the third Conference of the
Parties in Kyoto.
Due to the fact that there is little consensus as to what
FRQVWLWXWHVRSWLPDOGLVWULEXWLRQLWFDQEHGLI¿FXOWWRFRPSDUH±
let alone rank – environmental policies based on distributional
FULWHULD 5HYHV]DQG6WDYLQV 2QHH[FHSWLRQLVSURYLGHG
by Asheim et al. (2001), who construct an axiom of equity
which, they argue, can be used to evaluate sustainability.3
However, while sustainability may be important when evaluating
environmental policies, it only captures the inter-generational
dimension of distribution and is imperfectly related to political
acceptability.
13.1.2.4

Institutional feasibility

Institutional realities inevitably constrain environmental
policy decisions. Environmental policies that are well adapted
to existing institutional constraints have a high degree of
institutional feasibility. Economists traditionally evaluate
instruments for environmental policy under ideal theoretical
conditions; however, those conditions are rarely met in practice,
and instrument design and implementation must take political
realities into account. In reality, policy choices must be both
acceptable to a wide range of stakeholders and supported
by institutions, notably the legal system. Other important
considerations include human capital and infrastructure as well
as the dominant culture and traditions. The decision-making
style of each nation is therefore a function of its unique political
heritage. Box 13.2 provides an example for one country, taken
largely from OECD (2005c).
Certain policies may also be popular due to institutional
familiarity. Although market-based instruments are becoming
more common, they have often met with resistance from
environmental groups. Market-based instruments continue to
face strong political opposition, even in the developed world,
DVGHPRQVWUDWHGE\HQYLURQPHQWDOWD[HVLQWKH86$RU(XURSH
Regulatory policies that are outside of the norm of society will
DOZD\VEHPRUHGLI¿FXOWWRSXWLQWRHIIHFW HJVSHHGOLPLWVLQ
Germany, or private sector participation in water services in
Bolivia).
Another important dimension of institutional feasibility
deals with implementing policies once they have been designed
and adopted. Even if a policy receives political support, it may
EHGLI¿FXOWWRLPSOHPHQWXQGHUFHUWDLQEXUHDXFUDWLFVWUXFWXUHV

The United States has acknowledged the role of distribution explicitly through Executive Order 12878 (1994), which requires federal agencies to address environmental justice in
their missions and activities.
For a summary of the economic literature on sustainability and intergenerational equity, see Pezzey and Toman (2002).
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Box 13.2 The UK climate change levy: a study in political economy
The UK has a tradition of action on climate change that dates from the early acceptance of the problem by the Conservative
Prime Minister Margaret Thatcher in 1988. The Labour government in 1997 reafﬁrmed the commitment to act and to use
market-based instruments wherever possible; however, it voiced concerns on two aspects of this commitment: Firstly, that
such measures might have a disproportionate effect on the poor which, in turn, might affect the coal mining communities
(an important constituency) and, secondly, that this commitment might perpetuate a perception that the Labour government
was committed to high taxes.
A key element of the UK’s climate policy is a climate levy. The levy is paid by energy users – not extractors or generators – is
levied on industry only and aims to encourage renewable energy. An 80% discount can be secured if the industry in question
participates in a negotiated ‘climate change agreement’ to reduce emissions relative to an established baseline. Any one
company over-complying with its agreement can trade the resulting credits in the UK emissions trading scheme, along with
renewable energy certiﬁcates under a separate renewable energy constraint on generators. However, a number of industrial
emitters wanted a heavier discount and, through lobbying, they managed to have a voluntary emissions trading scheme
established that enables companies with annual emissions above 10,000 tCO2-eq to bid for allocation of subsidies. The
“auction” offered payments of 360 million and yielded a de-facto payment of 27 ` per tonne of CO2. Thus, the trading part
of the scheme has design elements that strongly reﬂect the interest groups involved (Michaelowa, 2004). The levy itself has
limited coverage and, consequently, households, and energy extractors and generators have no incentive to switch to low
carbon fuels. However, its design does take household vulnerability, competitiveness concerns and the sensitivity of some
sectoral interests into account. Thus, while the levy has contributed to emission reduction, it has not been as effective as a
pure tax; a pure tax may not have been institutionally feasible.

13.2 National policy instruments, their
implementation and interactions
The policy-making process of almost all governments
consists of complex choices involving many stakeholders,
including the potential regulated industry, suppliers, producers
of complementary products, labour organizations, consumer
groups and environmental organizations. The choice and design
RIYLUWXDOO\DQ\LQVWUXPHQWKDVWKHSRWHQWLDOWREHQH¿WVRPHRI
these stakeholders and to harm others. For example, permits
DOORFDWHG IUHH WR H[LVWLQJ ¿UPV UHSUHVHQW D YDOXDEOH DVVHW
transferred from the government to industry, while auctioned
permits and taxes generally impose heavier burdens on
polluters. As a result, it is likely that a candidate instrument will
likely face both support and opposition from the stakeholders.
Voluntary measures are often favoured by industry because
RI WKHLU ÀH[LELOLW\ DQG SRWHQWLDOO\ ORZHU FRVWV EXW WKHVH DUH
often opposed by environment groups because of their lack
of accountability and enforcement. In practice, policies
may be complementary or opposing; moreover, the political
calculus used to choose a particular instrument differs for each
government.4
In formulating a domestic climate policy programme,
a combination of policy instruments may work better in
practice than reliance on a single instrument. Furthermore, an
instrument that works well in one country may not work well

4

in another country with different social norms and institutions.
When instruments are to be compared, it is important that
the different levels of stringency be taken into consideration
and adjusted, for all of the instruments described herein may
be set at different levels of stringency. Regulations will also
undoubtedly need to be adjusted over time. All instruments
must be supplemented with a workable system of monitoring
and enforcement. Furthermore, instruments may interact with
existing institutions and regulations in other sectors of society.
13.2.1 Climate change and other related policies
In this section we consider a number of instruments that have
been used to manage environmental problems in different parts
RIWKHZRUOG6RPHRIWKHVHWRROVKDYHEHHQXVHGIRUFOLPDWH
policy, while others have not; however, experience from dealing
with other pollutants suggests their applicability to climate.
Mitigation options can range from the purely technological
(such as fuel switching) to the purely behavioural (such as
reducing vehicle kilometres travelled) as well as innumerable
combinations of both technological and behavioural options.
Policies, measures and instruments are tools to trigger the
implementation of these options.
13.2.1.1

Regulations and standards

Regulatory standards are the most common form of
environmental regulation, and they cover a wide variety of

The design of most instruments assumes effective compliance and penalty provisions.
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DSSURDFKHV $ UHJXODWRU\ VWDQGDUG VSHFL¿HV ZLWK D FHUWDLQ
GHJUHHRISUHFLVLRQWKHDFWLRQ V WKDWD¿UPRULQGLYLGXDOPXVW
undertake to achieve environmental objectives and can consist
of such actions as specifying technologies or products to use or
not use and/or more general standards of performance as well as
proclaiming dictates on acceptable and unacceptable behaviour.
Two broad classes of regulatory standards are technology and
SHUIRUPDQFHVWDQGDUGV7HFKQRORJ\VWDQGDUGVPDQGDWHVSHFL¿F
pollution abatement technologies or production methods, while
SHUIRUPDQFHVWDQGDUGVPDQGDWHVSHFL¿FHQYLURQPHQWDORXWFRPHV
per unit of product. In this context, where a technology standard
PLJKWPDQGDWHVSHFL¿F&22 capture and storage methods on a
power plant, a performance standard would limit emissions to a
certain number of grams of CO2 per kilowatt-hour of electricity
generated. A product standard would, for example, be the
UHTXLUHPHQWWKDWUHIULJHUDWRUVRSHUDWHPLQLPDOO\DWDVSHFL¿HG
OHYHORIHI¿FLHQF\ZKLOHDWHFKQRORJ\IRUFLQJVWDQGDUGZRXOG
LQYROYHVHWWLQJWKHUHIULJHUDWRUHI¿FLHQF\UHTXLUHPHQWVOLJKWO\
beyond present-day technological feasibility but announcing
WKDW WKH HI¿FLHQF\ UHTXLUHPHQW ZLOO QRW JR LQWR HIIHFW XQWLO D
number of years following the announcement.
The primary advantage of a regulatory standard is that it
PD\EHWDLORUHGWRDQLQGXVWU\RU¿UPWDNLQJLQWRDFFRXQWWKH
VSHFL¿FFLUFXPVWDQFHVRIWKDWLQGXVWU\RU¿UP7KHUHLVDOVRD
more direct connection between the regulatory requirement and
the environmental outcome, which can provide some degree of
certainty.
Technology standards involve the regulator stipulating the
VSHFL¿F WHFKQRORJ\ RU HTXLSPHQW WKDW WKH SROOXWHU PXVW XVH
Technology standards are best used when there are few options
open to the polluter for controlling emissions; in this case, the
UHJXODWRULVDEOHWRVSHFLI\WKHWHFKQRORJLFDOVWHSVWKDWD¿UP
should take to control pollution. The information requirements
for technology standards are high: the regulator must have good
and reliable information on the abatement costs and options open
WRHDFK¿UP/RVVHVLQFRVWHIIHFWLYHQHVVDULVHZKHQUHJXODWRUV
are less well informed; technology standards may then be
DSSOLHGXQLIRUPO\WRDYDULHW\RI¿UPVUDWKHUWKDQWDLORULQJWKH
VWDQGDUGWRWKHDFWXDOFLUFXPVWDQFHRIWKH¿UP7KLVUDLVHVFRVWV
without improving environmental effectiveness and is one of
the main drawbacks to regulatory standards.
Performance standards can reduce these potential problems
ZLWK WHFKQRORJ\ VWDQGDUGV E\ SURYLGLQJ PRUH ÀH[LELOLW\
,3&&   &RVWV FDQ JHQHUDOO\ EH ORZHU ZKHQHYHU D ¿UP
is given some discretion in how it meets an environmental
target. Performance standards expand compliance options
beyond a single mandated technology and may include process
changes, reduction in output, changes in fuels or other inputs
DQGDOWHUQDWLYHWHFKQRORJLHV'HVSLWHWKLVLQFUHDVHGÀH[LELOLW\

5

For example, the Green Building Council in the United States of America.
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performance standards also require well-informed and
responsive regulators.
One problem with regulatory standards is that they do not
provide polluters with the incentive(s) to search for better
approaches to reducing pollution. Thus, they may not perform
well in inducing innovation and technological change (Jaffe
et al  6WHUQHU   ,I D JRYHUQPHQW PDQGDWHV D
FHUWDLQ WHFKQRORJ\ WKHUH LV QR HFRQRPLF LQFHQWLYH IRU ¿UPV
to develop more effective technologies. Moreover, there may
EH D µUHJXODWRU\ UDWFKHW¶ ZKHUHE\ ¿UPV DUH GLVFRXUDJHG IURP
developing more effective technologies out of fear that standards
will be tightened yet again (Harrington et al., 2004). Finally,
although it may be possible to force some technological change
WKURXJK WHFKQRORJ\ PDQGDWHV LW LV GLI¿FXOW IRU UHJXODWRUV WR
determine the amount of change that is possible at a reasonable
economic cost. This raises the possibility of implementing either
costly, overly stringent requirements or, alternatively, weak,
unambitious requirements (Jaffe et al., 2003). Nevertheless,
there are examples in the literature of technology innovations
spurred by regulatory standards. For example, Wätzold (2004)
reported innovative responses from pollution control vendors in
*HUPDQ\LQUHVSRQVHWRVWDQGDUGVIRU622 control.
Although relatively few regulatory standards have been
adopted with the sole aim of reducing GHG emissions,
standards have been adopted that reduce these gases as a coEHQH¿W)RUH[DPSOHWKHUHKDVEHHQH[WHQVLYHXVHRIVWDQGDUGV
WRLQFUHDVHHQHUJ\HI¿FLHQF\LQRYHUQDWLRQV ,3&& 
(QHUJ\HI¿FLHQF\DSSOLFDWLRQVLQFOXGHIXHOHFRQRP\VWDQGDUGV
for automobiles, appliance standards, and building codes.5
These types of policies are discussed in more detail in Chapters
DQGRIWKLVUHSRUW6WDQGDUGVWRUHGXFHPHWKDQHDQGRWKHU
HPLVVLRQV IURP VROLG ZDVWH ODQG¿OOV KDYH EHHQ DGRSWHG LQ
(XURSHWKH86$DQGRWKHUFRXQWULHV VHH&KDSWHU DQGDUH
often driven by multiple factors, including the reduction of
volatile organic compound (VOC) emissions, improved safety
by reducing the potential for explosions and reduced odours for
local communities (Hershkowitz, 1998).
There are a number of documented situations in which
regulatory standards have worked well (see Freeman and
.ROVWDG  6WHUQHU   6WHUQHU   UHSRUWV VHYHUDO
FDVHVRIVXFKVLWXDWLRQVLQFOXGLQJWKRVHLQZKLFK¿UPVDUHQRW
responsive to price signals (e.g. in non-competitive settings
or with state enterprises) and where monitoring emissions is
GLI¿FXOWEXWWUDFNLQJWKHLQVWDOODWLRQRIWHFKQRORJ\LVHDV\,Q
situations where there is imperfect monitoring and homogeneous
DEDWHPHQW FRVWV EHWZHHQ ¿UPV 0RQWHUR   ¿QGV WKDW
standards may lead to lower emissions and may be economically
PRUH HI¿FLHQW WKDQ PDUNHWEDVHG LQVWUXPHQWV %DVHG RQ DQ
DQDO\VLV RI WKH *HUPDQ 622 abatement programme, Wätzold
(2004) concludes that a technology standard may be acceptable
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Box 13.3 China mandates energy efﬁciency standard in urban construction
Approximately 2 billion m2 of ﬂoor space is being built annually in China, or one half of the world’s total. Based on the
growing pace of its needs, China will see another 20–30 billion m2 of ﬂoor space built between the present and 2020.
Buildings consume more than one third of all ﬁnal energy in China, including biomass fuels (IEA, 2006). China’s recognition
of the need for energy efﬁciency in the building sector started as early as the 1980s but was impeded due to the lack of
feasible technology and funding. Boosted by a nationwide real estate boom, huge investment has ﬂowed into the building
construction sector in recent years.
On 1 January, 2006, China introduced a new building construction statute that includes clauses on a mandatory energy
efﬁciency standard for buildings. The Designing Standard for Energy Conservation in Civil Building requires construction
contractors to use energy efﬁcient building materials and to adopt energy-saving technology in heating, air conditioning,
ventilation and lighting systems in civil buildings. Energy efﬁciency in building construction has also been written into China’s
11th Five-Year National Development Programme (2006–2010), which aims for a 50% reduction in energy use (compared
with the current level) and a 65% decrease for municipalities such as Beijing, Shanghai, Tianjin and Chongqing as well as
other major cities in the northern parts of the country. Whether future buildings will be able to comply with the requirements
in the new statute will be a signiﬁcant factor in determining whether the country will be able to realize the ambitious energy
conservation target of a 20% reduction in energy per gross domestic product (GDP) intensity during the 11th Five-Year Plan
of 2005–2010.

when only one technology exists to achieve an environmental
UHVXOW DQG WKHUHIRUH ¿UPV GR QRW IDFH GLIIHUHQWLDO DEDWHPHQW
costs. Finally, standards may be desirable where there are
LQIRUPDWLRQDO EDUULHUV WKDW SUHYHQW ¿UPV RU LQGLYLGXDOV IURP
responding solely to price signals. This may be particularly
UHOHYDQW IRU HQHUJ\ HI¿FLHQF\ VWDQGDUGV IRU KRXVHKROG
appliances and other similar applications (OECD, 2003d).
Chapter 6 provides additional information on this subject.
A growing body of literature is focusing on whether
regulatory standards or market-based instruments are preferable
for developing countries. One common view is that technology
standards may be more appropriate for building the initial
capacity for emissions reduction because economic incentive
SURJUDPPHV UHTXLUH PRUH VSHFL¿F DQG JUHDWHU LQVWLWXWLRQDO
capacity, have more stringent monitoring requirements and may
require fully developed market economies to be effective (IPCC,
2001; Bell and Russell, 2002). Willems and Baumert (2003)
support this approach but also note that technology approaches,
policies and measures may have greater applicability to the
general capacity needs of developing countries interested
LQ SXUVXLQJ VXVWDLQDEOH GHYHORSPHQW VWUDWHJLHV 6HH %R[
13.3). Russell and Vaughan (2003) suggest that a transitional
strategy is the appropriate approach for developing countries,
ZKHUHE\ WHFKQRORJ\ VWDQGDUGV DUH LQWURGXFHG ¿UVW IROORZHG
E\SHUIRUPDQFHVWDQGDUGVDQG¿QDOO\E\H[SHULPHQWDWLRQZLWK
market-based instruments. An alternative view is that, in some
cases, a performance standard at the facility level and an overall

6
7
8

emissions cap could provide a more a more effective structure
(Ellerman, 2002; Kruger et al., 2003). This type of approach
could also facilitate a transition to a tradable permits programme
as the institutions and economies develop over time.
13.2.1.2

Taxes and charges

An emission tax on GHG emissions requires individual
emitters to pay a fee, charge or tax6 for every tonne of GHG
released into the atmosphere.7 An emitter must pay this
per-unit tax or fee regardless of how much emission reduction
is being undertaken.8 Each emitter weighs the cost of emissions
control against the cost of emitting and paying the tax; the end
result is that polluters undertake to implement those emission
reductions that are cheaper than paying the tax, but they do not
LPSOHPHQWWKRVHWKDWDUHPRUHH[SHQVLYH ,3&&6HFWLRQ
 ,3&&  6HFWLRQ  .ROVWDG   6LQFH
every emitter faces a uniform tax on emissions per tonne of
GHG (if energy, equipment and product markets are perfectly
competitive), emitters will undertake the least expensive
reductions throughout the economy, thereby equalizing the
marginal cost of abatement (a condition for cost-effectiveness).
Taxes and charges are commonly levelled on commodities that
are closely related to emissions, such as energy or road use.
An emissions tax provides some assurance in terms of the
marginal cost of pollution control, but it does not ensure a
particular level of emissions. Therefore, it may be necessary to

No distinction is made here among the terms taxes, fees or charges. In actuality, the revenue from taxes may go into the general government coffers, whereas the revenue from
fees or charges may be earmarked for speciﬁc purposes.
Because GHGs have different effects on atmospheric warming per unit of emissions, the use of carbon dioxide equivalents (CO2-eq) is one way of measuring relative impact.
An alternative is the idea of threshold taxes, where the tax per unit of emissions is only assessed on emissions greater than a set threshold (Pezzey 2003). In other words, inframarginal emissions would be tax-exempt. This type of tax would generate less revenue but could be more politically acceptable.
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adjust the tax level to meet an internationally agreed emissions
commitment (depending on the structure of the international
agreement). Over time, an emissions tax needs to be adjusted
IRU FKDQJHV LQ H[WHUQDO FLUFXPVWDQFHV VXFK DV LQÀDWLRQ
technological progress and new emissions sources (Tietenberg,
2000). Fixed emissions charges in the transition economies of
(DVWHUQ(XURSHIRUH[DPSOHKDYHEHHQVLJQL¿FDQWO\HURGHGE\
WKH KLJK LQÀDWLRQ RI WKH SDVW GHFDGH %OXIIVWRQH DQG /DUVRQ
1997). Innovation and invention generally have the opposite
effect by reducing the cost of emissions reductions and
increasing the level of reductions implemented. If the tax is
intended to achieve a given overall emissions limit, the tax rate
will need to be increased to offset the impact of new sources
(Tietenberg, 2000).
Most environmentally related taxes with implications
for GHG emissions in OECD countries are levied on energy
products (150 taxes) and on motor vehicles (125 taxes), rather
than on CO2HPLVVLRQGLUHFWO\7KHUHLVDOVRDVLJQL¿FDQWQXPEHU
of waste-related taxes in OECD countries (about 50 taxes in
all), levied either on particular products that can cause particular
problems for waste management (about 35 taxes) or on various
IRUPVRI¿QDOZDVWHGLVSRVDOLQFOXGLQJWKRVHRQLQFLQHUDWLRQ
DQGRUODQG¿OOLQJ WD[HVLQDOO $YHU\VLJQL¿FDQWVKDUHRI
all the revenues from environmentally related taxes originates
IURP WD[HV RQ PRWRU IXHOV 6XFK WD[HV ZHUH LQWURGXFHG LQ DOO
member countries many decades ago – primarily as a means
to raise revenue. Irregardless of the underlying reasoning for
their implementation, however, they do impact on the prices
(potential) car users are confronted with and thus have important
environmental impacts.
However, there is some experience with the direct taxation
of CO2 emissions. The Nordic Council of Ministers (2002)
notes that CO2 emissions in Denmark decreased by 6% during
the period 1988–1997 while the economy grew by 20%, but
that they also decreased by 5% in a single year – between 1996
DQG±ZKHQWKHWD[UDWHZDVUDLVHG%UXYROODQG/DUVHQ
 DQDO\VHGWKHVSHFL¿FHIIHFWRIFDUERQWD[HVLQ1RUZD\
Although total emissions did increase, these researchers found
DVLJQL¿FDQWUHGXFWLRQLQHPLVVLRQVSHUXQLWRI*'3RYHUWKH
period due to reduced energy intensity, changes in the energy
mix and reduced process emissions. The overall effect of the
carbon tax was, however, modest, which may be explained by
the extensive tax exemptions and relatively inelastic demand
in those sectors in which the tax was actually implemented.
Cambridge Econometrics (2005) analysed the impacts of the
&OLPDWH &KDQJH /HY\ LQ WKH 8. DQG IRXQG WKDW WRWDO &22
emissions were reduced by 3.1 MtC – or 2.0% – in 2002 and by
3.6 MtC in 2003 compared to the reference case. The reduction
is estimated to grow to 3.7 MtC – or 2.3% – in 2010.

9
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To implement a domestic emissions tax, governments must
consider a number of issues, such as the level at which the tax
should be set, particularly in the case of pre-existing taxes (e.g.
taxes which already exist on energy), or other potential distortions
(e.g. subsidies to certain industries or fuels). Consideration
must also be given to how the tax is used, with such options
as whether it goes directly into general government coffers, is
used to offset other taxes (i.e. the double-dividend effect), is
transferred across national boundaries to an international body,
LVHDUPDUNHGIRUVSHFL¿FDEDWHPHQWSURMHFWVVXFKDVUHQHZDEOH
energy, or is allocated to those most adversely impacted by
either the costs of emission reduction or damage from climate
change. Another important issue is the point at which the tax
is should be levied. A tax on gasoline may be levied at the
pump and collected directly from consumers or it may be
levied on wholesale gasoline production and collected from oil
FRPSDQLHV ,Q HLWKHU FDVH WKH ¿QDO FRQVXPHU XOWLPDWHO\ SD\V
most of this cost, but the administrative and monitoring costs
may differ dramatically in the two cases.
Emission taxes do well in both cost effectiveness and
environmental effectiveness. The real obstacles facing the use
of emission taxes and charges are distributional and, in some
countries, institutional. At the best of times, new taxes are not
politically popular. Furthermore, emissions or energy taxes
often fall disproportionately on lower income classes, thereby
creating negative distributional consequences. In developing
FRXQWULHVLQVWLWXWLRQVPD\EHLQVXI¿FLHQWO\GHYHORSHGIRUWKH
collection of emission fees from a wide variety of dispersed
VRXUFHV,QPDQ\FRXQWULHVVWDWHHQWHUSULVHVSOD\DVLJQL¿FDQW
role; such public or quasi-private entities may not respond
adequately to the incentive effects of a tax or charge.
13.2.1.3

Tradable permits

A steadily increasing amount of research is focusing on
WUDGDEOHSHUPLWVLQWHUPVRIDPRQJRWKHUVHI¿FLHQF\DQGHTXLW\
issues associated with the distribution of permits, implications
of economy-wide versus sectoral programmes, mechanisms
for handling price uncertainties, different forms of targets and
compliance and enforcement issues.
Tradable permit systems can be designed to cover either
emissions from a few sectors of the economy or those from
virtually the entire economy.9 A number of analyses have found
that economy-wide approaches are superior to sectoral coverage
because they equalize marginal costs across the entire economy.
Using a variety of models, Pizer et al. (2006) report that
LQ WKH 86$ VLJQL¿FDQW FRVW VDYLQJV DUH OLQNHG WR DQ
economy-wide programme when compared to a sectoral
programme coupled with non-market-based policies.10
Researchers have found similar results for the European Union

Thus far, emissions trading programmes, such as those for SO2 and NOx in the USA and that of the EU Emis-sions Trading System (EU ETS) for CO2 have only covered certain
sectors. In the case of the EU ETS, Chris-tiansen and Wettestad (2003) write that the EU restricted the sectors involved to ease implementation during the ﬁrst phase of the
programme.
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Box 13.4 The EU Emission Trading System
The EU Emissions Trading System (EU ETS) is the world’s largest tradable permits programme. The programme was initiated
on January 1, 2005, and it applies to approximately 11,500 installations across the EU’s 25 Member States. The system
covers about 45% of the EU’s total CO2 emissions and includes facilities from the electric power sector and other major
industrial sectors.
The ﬁrst phase of the EU ETS runs from 2005 until 2007. The second phase will begin in 2008 and continue through to 2012,
coinciding with the 5-year Kyoto compliance period. Member States develop National Allocation Plans, which describe in
detail how allowances will be distributed to different sectors and installations. During the ﬁrst phase, Member States may
auction off up to 5% of their allowances; during the second phase, up to 10% of allowances may be auctioned off.
Market development and prices: A number of factors affect allowance prices in the EU ETS, including the overall size of the
allocation, relative fuel prices, weather and the availability of certiﬁed emission reductions (CERs) from the Clean Development
Mechanism (CDM) (Christiansen et al., 2005). The EU ETS experienced signiﬁcant price volatility during its start-up period,
and for a brief period in April 2006 prices rose to nearly 30 per tonne; however, prices subsequently dropped dramatically
when the ﬁrst plant-level emissions data from Member States were released. The sharp decline in prices focused attention
on the size of the initial Phase I allocation. Analysts have concluded that this initial allocation was a small reduction from
business as usual emissions (Grubb et al., 2005; Betz et al., 2004).
Consistency in national allocation plans: Several studies have documented differences in the allocation plans and
methodologies of Member States (Betz et al., 2004; Zetterberg et al. 2004; Baron and Philibert, 2005; DEHSt, 2005).
Researchers have looked at the impact on innovation and investment incentives of different aspects of allocation rules
(Matthes et al., 2005; Schleich and Betz, 2005) and have found that these rules can affect technology choices and investment
decisions. Ahman et al. (2006), Neuhoff et al. (2006) and Betz et al., (2004) ﬁnd that when Member States’ policies require
the conﬁscation of allowances following the closure of facilities, this creates a subsidy for continued operation of older
facilities and a disincentive to build new facilities. They further ﬁnd that different formulas for new entrants can impact on
the market.
Implications of free allocation on electricity prices: Sijm et al. (2006) report that a signiﬁcant percentage of the value of
allowances allocated to the power sector was passed on to consumers in the price of electricity and that this pass-through of
costs could result in substantially increased proﬁts by some companies. The authors suggest that auctioning a larger share
of allowances could address these distributional issues. In a report for the UK government, IPA Energy Consulting found a
similar cost pass-through for the UK and other EU Member States (IPA Energy Consulting, 2005).

DQGWKH(8(76 %DELNHUet al., 2003; Betz et al., 2004; Klepper
DQG3HWHUVRQ%RKULQJHUDQG/|VFKHO 
Not only the coverage of sectors may vary in a tradable permits
programme, but also the point of obligation. The responsibility
for holding permits may be assigned directly to emitters, such
as energy-using industrial facilities (downstream), to producers
or processors of fuels (upstream) or to some combination of the
two (a ‘hybrid system’).11 The upstream system would require
permits to be held at the level of fossil fuel wholesalers and
importers (Cramton and Kerr, 2002).12
There are two basic options for the initial distribution of
permits: (1) free distribution of permits to existing polluters

or (2) auctions. Cramton and Kerr (2002) describe a number
RIHTXLW\EHQH¿WVRIDXFWLRQVLQFOXGLQJSURYLGLQJDVRXUFHRI
revenue that could potentially address inequities brought about
by a carbon policy, creating equal opportunity for new entrants
DQG DYRLGLQJ WKH SRWHQWLDO IRU ³ZLQGIDOO SUR¿WV´ WKDW PLJKW
accrue to emissions sources if allowances are allocated at no
charge.13 6HH%R[IRUDGLVFXVVLRQRIWKLVLVVXH 
Goulder et al   DQG 'LQDQ DQG 5RJHUV   ¿QG
that recycling revenues from auctioned allowances can have
HFRQRP\ZLGH HI¿FLHQF\ EHQH¿WV LI WKH\ DUH XVHG WR UHGXFH
certain types of taxes. Dinan and Rogers (2002) and Parry (2004)
argue that free allocation of tradable permits may be regressive
because this type of allowance distribution leads to income

10 However, they also ﬁnd that the exclusion of certain sectors, such as residential and commercial direct use of fossil fuels, does not noticeably affect the cost of an otherwise
economy-wide tradable permit system covering electricity production, industry and transportation.
11 See IPCC (2001b), Baron and Bygrave (2002), UNEP/UNCTAD (2002), and Baron and Philibert (2005) for a discussion of the advantages and disadvantages of these different
approaches.
12 As the discussion below notes, the point of obligation is not necessarily the point at which all permits need be allocated.
13 A hybrid of free allocation and auctioning or emissions taxes is also possible (Pezzey 2003). Bovenburg and Goulder (2001) and Burtraw et al. (2002) ﬁnd that allocating only a
small portion of permits at no cost while auctioning the remainder can compensate industry for losses due to a carbon policy.
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transfers towards higher income groups (i.e. shareholders) at
WKHH[SHQVHRIKRXVHKROGV,QFRQWUDVWWKHVHDXWKRUV¿QGWKDW
government revenues from auctions may be used to address
equity issues through reductions in taxes or other distributions
to low-income households. Ahman et al. (2006) argue that a
gradual transition from free allocation to auctioning might be
a politically feasible manner to develop a fairer distribution of
allowances.
To date, most emissions trading programmes have distributed
emissions allowances almost entirely through free allocations.14
([SHULHQFH ZLWK WKH 86 622 programme shows that the
no-cost allocation of allowances was critical for gaining political
acceptance for the emissions trading concept (Ellerman, 2005).
&KULVWLDQVHQDQG:HWWHVWDG  DQG0DUNXVVHQDQG6YHQGVHQ
(2005) discuss how interest group pressures led to a largely free
DOORFDWLRQ RI DOORZDQFHV LQ WKH (8 (76 ,Q D EURDGHU VHQVH
the rationale for a policy allowing some free allocation of
allowances based on historic emissions is based on the desire
to compensate incumbent installations that are affected by
the regulation (Tietenberg, 2003; Harrison and Radov, 2002,
Ahman et al. 2006).
7KHQXPEHURISXEOLFDWLRQVH[SORULQJWKHHI¿FLHQF\HTXLW\
and competitiveness implications of allowance allocation
approaches is continuing to grow. For example, Burtraw et
al. (2001b) and Fischer (2001) found that periodic updates
of allocations on the basis of production are economically
LQHI¿FLHQW ,Q DQ DQDO\VLV RI D SRWHQWLDO HPLVVLRQV WUDGLQJ
programme in Alberta, Canada, Haites (2003b) found that
this type of periodic updating of allocations based on each
source’s output may reduce the decline in production for some
sectors that may arise from an emissions cap but that it may
DOVRUHGXFHSUR¿WVDQGUDLVHRYHUDOOFRVWVZKHQFRPSDUHGWRD
¿[HGDOORFDWLRQ'HPDLOO\DQG4XLULRQ  ¿QGWKDWXQGHU
certain assumptions, an output-based allocation in the European
cement industry would reduce leakage with limited impacts on
SURGXFWLRQ6HH&KDSWHU6HFWLRQIRUDPRUHH[WHQVLYH
discussion on competitiveness issues.
$¿QDOLVVXHDVVRFLDWHGZLWKWKHGLVWULEXWLRQRIDOORZDQFHV
is whether excessive market power can distort prices. Maeda
(2003) examines how the initial distribution of permits affects
WKHSRWHQWLDOHPHUJHQFHRI¿UPVZLWKPDUNHWSRZHU7LHWHQEHUJ
(2006) summarizes research on market power, including studies
on whether different auction designs or initial permit allocation
FDQOHDGWRSULFHPDQLSXODWLRQE\GRPLQDQW¿UPV+HFRQFOXGHV
that in practice, market power ‘typically has not been a problem
in emissions trading.’ There has yet to be an overall assessment
RIPDUNHWSRZHULQWKH(8(76
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6HYHUDO DXWKRUV KDYH FRPSDUHG WKH DGYDQWDJHV DQG
disadvantages of absolute targets (i.e., mass emissions limits
on a sector or economy) to those of intensity targets (i.e. limits
on emission per unit of GDP).15 Ellerman and Wing (2003)
DQG .ROVWDG   ¿QG WKDW LQWHQVLW\ WDUJHWV FDQ UHGXFH WKH
uncertainties associated with the cost of emission reduction
XQGHU XQFHUWDLQ HFRQRPLF JURZWK OHYHOV 3L]HU E  ¿QGV
that intensity targets may be more appropriate if the short-term
objective is to slow, rather than halt, emissions growth, while
Ellerman and Wing (2003) show that an intensity target may
be set so stringently that it can halt or reverse growth. Dudek
and Golub (2003) argue that absolute targets have more certain
environmental results and lower transaction costs for emissions
trading, thereby creating stronger incentives for technological
FKDQJH .XLN DQG 0XOGHU   ¿QG WKDW IRU WKH (8 DQ
intensity or relative target would avoid negative effects on
competitiveness but would not reduce emissions at the lowest
costs. In contrast, an absolute target combined with permit
WUDGLQJ OHDGV WR HI¿FLHQW HPLVVLRQV UHGXFWLRQ EXW LWV RYHUDOO
PDFURHFRQRPLF FRVWV PD\ EH VLJQL¿FDQW )LQDOO\ 4XLULRQ
(2005) argues that, in the most plausible cases, an emissions
tax and an absolute target are superior to an intensity target and
that the welfare gaps between the two types of targets are very
small. Overall, intensity targets are less effective than absolute
targets if the goal is to achieve a certain level of emissions
reduction, but they may be more effective at addressing costs
when economic growth is uncertain.
Although a tradable permits approach can ensure that a
certain quantity of emissions will be reduced, it does not provide
any certainty of price. Price uncertainty may be addressed by a
‘price cap’ or ‘safety valve’ mechanism, which guarantees that
the government will sell additional permits if the market price
of allowances hits a certain price (Pizer, 2002; McKibbon and
Wilcoxen; 2002, Jacoby and Ellerman; 2004).16 The underlying
reasoning is that GHGs become the focus of concern as they
accumulate over an extended period in the atmosphere. There
may therefore be less concern about short-term increases
in CO2 as long as the overall trajectory of CO2 emissions is
downward over an extended period (Newell and Pizer, 2003).
While the safety valve mechanism shares some advantages
with price-based mechanisms, such as a tax, the former may
have the added political advantage of providing emitters
with an additional allocation of allowances (Pizer, 2005a). A
safety valve mechanism does not provide any certainty that a
particular emissions level will be met, and it requires additional
administrative complexity to link a domestic programme with
a safety valve to a programme without a safety valve or with a
different safety valve price.

14 The US SO2 trading programme contains a small reserve auction, which was valuable for price discovery during the early years of the programme (Ellerman et al., 2000).
Revenue from this auction was returned to the companies affected in the programme. Only four EU Member States (Denmark, 5%; Hungary, 2.5%; Ireland, 0.75%; Lithuania,
1.5%) decided to auction off parts of their ET budget in the ﬁrst phase of the EU ETS scheme (Betz et al., 2004).
15 Intensity targets are also known as “rate-based”, “dynamic,” “indexed,” and “relative” targets.
16 It is also possible to have a “price ﬂoor” to ensure that prices don’t go below a certain level. For example, Hepburn et al. (2006) discuss how a coordinated auction measure for
the EU ETS could be used to support a minimum price.
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([SHULHQFHZLWKWUDGLQJSURJUDPPHVLQWKH86$KDVVKRZQ
VLJQL¿FDQWEHQH¿WVFDQEHGHULYHGIURPWKHWHPSRUDOÀH[LELOLW\
provided by banking provisions in cases where the exact
timing of emission reductions is not critical to environmental
effectiveness (Ellerman et al6WDYLQV $OORZDQFH
banking can create a cushion that will prevent price spikes and
can hedge uncertainty in allowance prices (Jacoby and Ellerman,
2004).17 A banking provision allows the arbitrage between actual
marginal abatement costs in one phase of a programme and the
expected abatement costs in a future phase of a programme.
7KH WHPSRUDO ÀH[LELOLW\ RI EDQNLQJ LV SDUWLFXODUO\ XVHIXO IRU
companies facing large capital expenditures because it provides
VRPHÀH[LELOLW\LQWKHWLPLQJRIWKRVHH[SHQGLWXUHV 7LHWHQEHUJ
 ,QVRPHHPLVVLRQPDUNHWVLQWKH86$EDQNLQJKDVEHHQ
restricted where there was concern about short-term increases
in emissions (Tietenberg, 2006). Banking was also restricted
EHWZHHQ3KDVH,DQG3KDVHLQWKH(8(76WRDYRLGDODUJH
EDQNWKDWZRXOGPDNHLWPRUHGLI¿FXOWWRPHHW.\RWRWDUJHWV
6HYHUDOFULWLFDOHOHPHQWVRIDQHIIHFWLYHHQIRUFHPHQWUHJLPH
for emissions trading have been described in the literature. First,
if the goal is strict adherence to the emission limits implied by
the number of permits, then excess emissions penalties should
be set at levels substantially higher than the prevailing permit
price in order to create the appropriate incentives for compliance
6ZLIW  6WUDQODQG et al., 2002).18 A second component
of an enforcement regime is reasonably accurate emissions
PRQLWRULQJ 6WUDQODQGet al6WDYLQV 6DQ0DUWLQ
(2003) and Montero (2005) report that incomplete monitoring
FDQXQGHUPLQHWKHHI¿FLHQF\RIWUDGLQJSURJUDPPHV7LHWHQEHUJ
(2003) and Kruger et al. (2000) emphasize that public access to
emissions and trading data provides an additional incentive for
compliance.
Finally, there have been several experiments with tradable
permits for conventional pollution control in developing
FRXQWULHV DQG HFRQRPLHV LQ WUDQVLWLRQ %\JUDYH  86
EPA, 2004). For example, Montero et al. (2002) evaluate
an experiment with tradable permits for total suspended
SDUWLFXODWHV 763  LQ 6DQWLDJR &KLOH DQG ¿QG WKDW SHUPLW
markets are underdeveloped due to high transaction costs,
XQFHUWDLQW\DQGSRRUHQIRUFHPHQW+RZHYHUWKH\DOVR¿QGDQ
improved documentation of historic emissions inventories and
DQLQFUHDVHGÀH[LELOLW\WRDGGUHVVFKDQJLQJPDUNHWFRQGLWLRQV
6*XSWD E DQG:DQJet al. (2004) suggest strengthening
the monitoring and enforcement capacity that would be required
to implement conventional pollution trading programmes in
,QGLDDQG&KLQDUHVSHFWLYHO\6HYHUDODXWKRUVKDYHFRQFOXGHG
that tradable permit programmes may be less appropriate for
developing countries due to their lack of appropriate market
or enforcement institutions. (Blackman and Harrington, 2000,
Bell and Russell, 2002)
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13.2.1.4

Voluntary agreements

Voluntary agreements are agreements between a government
authority and one or more private parties to achieve environmental
objectives or to improve environmental performance beyond
compliance to regulated obligations. Voluntary agreements are
playing an increasingly important role in many countries as a
means to achieve environmental and social objectives. They tend
to be popular with those directly affected and can be used when
other instruments face strong political opposition (Thalmann
DQG%DUDQ]LQL %R[SURYLGHVH[DPSOHVRI9$V6HH
&KDSWHU6HFWLRQIRUDGGLWLRQDOLQIRUPDWLRQ
Voluntary agreements can take on many forms with varying
levels of stringency. While all VAs are ‘voluntary’ insofar as
¿UPVDUHQRWFRPSHOOHGWRMRLQVRPHPD\LQYROYHLQFHQWLYHV
(rewards or penalties) for participation. Firms may agree to direct
emissions reductions or to indirect reductions through changes
LQSURGXFWGHVLJQ VHH&KDSWHU6HFWLRQ $JUHHPHQWV
may be stand-alone, but they are often used in conjunction with
other policy instruments. Voluntary agreements are also a subset
of a larger set of ‘voluntary approaches’ in which industry may
¿UVWQHJRWLDWHVWDQGDUGVRIEHKDYLRXUZLWKRWKHU¿UPVRUSULYDWH
groups and then allow third parties to monitor compliance. This
larger set also includes unilateral voluntary actions by industry.
6HH 6HFWLRQ  %R[  DQG &KDSWHU  6HFWLRQ  IRU
more information on voluntary actions.
7KH EHQH¿WV RI 9$V IRU LQGLYLGXDO FRPSDQLHV DQG IRU
VRFLHW\PD\EHVLJQL¿FDQW)LUPVPD\HQMR\ORZHUOHJDOFRVWV
enhance their reputation and improve their relationships with
VRFLHW\RQDZKROHDQGVKDUHKROGHUVLQSDUWLFXODU6RFLHWLHVJDLQ
WR WKH H[WHQW WKDW ¿UPV WUDQVODWH JRDOV LQWR FRQFUHWH EXVLQHVV
SUDFWLFHV DQG SHUVXDGH RWKHU ¿UPV WR IROORZ WKHLU H[DPSOH
The negotiations involved to develop VAs raise awareness of
climate change issues and potential mitigative actions within
LQGXVWU\ .nJHVWU|Pet al., 2000), establish a dialogue between
industry and government and help shift industries towards best
practices.
Evaluating the effectiveness of VAs is not easy. The standard
DSSURDFKLV¿UVWWRPHDVXUHWKHHQYLURQPHQWDOSHUIRUPDQFHRI
DJURXSRI¿UPVSDUWLFLSDWLQJLQD9$DQGWKHQWRFRPSDUHWKH
SHUIRUPDQFHWRWKDWRIDW\SLFDOQRQSDUWLFLSDWLQJ¿UPRU¿UPV
One problem with this approach is selection bias: it is often
WKH EHVWSHUIRUPLQJ ¿UPV WKDW HQWHU LQWR D9$$ VHFRQG DQG
UHODWHG SUREOHP LV WKH FRXQWHUIDFWXDO LW LV GLI¿FXOW WR NQRZ
ZKDWD¿UPPLJKWKDYHGRQHKDGWKH\QRWHQWHUHGLQWRWKH9$
Very few studies have attempted to evaluate VAs by taking into
DFFRXQWERWKRIWKHVHLVVXHV6WXGLHVZKLFKGRQRWWDNHWKHVH
factors into account can produce an overly optimistic view of
the performance of a VA.

17 Price uncertainty may also be addressed by “borrowing” of allowances, i.e. using allowance allocations from future years.
18 The addition of a “make good” provision – that is, the requirement stating that allowances from a subsequent compliance year or period are surrendered for any excess
emissions – is a further design element used to ensure that an absolute emissions target is met (Betz and MacGill, 2005).
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The environmental effectiveness of VAs is the subject of
PXFK GLVFXVVLRQ 6RPH JRYHUQPHQWV ± DV ZHOO DV LQGXVWU\ ±
believe that VAs are effective in reducing GHG emissions (IAI,
2002; OECD, 2003c). Rietbergen et al. (2002) investigated
whether the voluntary agreements in The Netherlands have
UHVXOWHG LQ LPSURYHPHQWV LQ HQHUJ\ HI¿FLHQF\ EH\RQG ZKDW
would have occurred in the absence of such agreements. They
estimate that, on average, between 25% and 50% of the energy
savings in the Dutch manufacturing industry can be attributed
to the policy mix of the agreements and supporting measures.
2WKHUV DUH PRUH VFHSWLFDO DERXW WKH HI¿FDF\ RI 9$V LQ
reducing emissions. Independent assessments of VAs – while
acknowledging that investments in cleaner technologies have
resulted in absolute emission improvements – indicate that there
is little improvement over business-as-usual (BAU) scenarios,
as these investments would have probably happened anyway
+DUULVRQ.LQJDQG/HQR[5LHWEHUJHQDQG%ORN
2(&'H5LYHUDDQGGH/HRQ 7KHHFRQRPLF
HI¿FLHQF\RI9$VFDQDOVREHORZDVWKH\VHOGRPLQFRUSRUDWH
mechanisms to equalize marginal abatement costs between
different emitters (Braathen, 2005).
There are a limited, although increasing, number of
comprehensive reviews of the effectiveness of VAs, but any
FRPSDULVRQRIWKHVHUHYLHZVDQGDVVHVVPHQWVLVGLI¿FXOWEHFDXVH
of the different metrics and evaluative criteria employed (Price,
  ,Q JHQHUDO VWXGLHV RI WKH GHVLJQ DQG HI¿FDF\ RI 9$V
assess only a single programme (e.g. Arora and Cason, 1996;
.KDQQD DQG 'DPRQ  .LQJ DQG /HQR[  :HOFK et
al., 2000; Rivera, 2002; Croci, 2005). Based on her evaluation
of the French experience, Chidiak (2002) suggests that the
reductions in GHG emissions cannot necessarily be seen as a
direct consequence of the commitments within the agreements
and argues that, in actual fact, these improvements have been
triggered largely as a result of other environmental regulations
and cost reduction efforts. Johannsen (2002) and Helby (2002)
SUHVHQWVLPLODUUHVXOWVIRUSURJUDPPHVLQ'HQPDUNDQG6ZHGHQ
UHVSHFWLYHO\ 7KH\ QRWH WKDW UHGXFWLRQV LQ VSHFL¿F HPLVVLRQV
correspond with industry’s BAU behaviour, thereby suggesting
WKDWWKHVWDWHGREMHFWLYHVLQWKHDJUHHPHQWVZHUHQRWVXI¿FLHQWO\
ambitious. In particular, Helby concludes that EKO-Energi,
which sought to highlight a new level of best practice and thus
SRVH D FKDOOHQJH WR RWKHU ¿UPV ZDV µDW EHVW D YHU\ PRGHVW
success,’ resulting in a small overall direct effect on total
LQGXVWULDOHQHUJ\FRQVXPSWLRQ,QWHUHVWLQJO\&KLGLDNDOVR¿QGV
that the agreements did not foster intra-industry networking and
information exchange on energy management and suggests that
their failure to achieve more ambitious goals is a result of the
lack of a well-articulated policy-mix. Other analyses indicate
that VAs work best as part of a policy package, rather than as a
stand-alone instrument (Krarup and Ramesohl, 2002; Torvanger
DQG6NRGYLQ 2(&' H DQG%UDDWKHQ  QRWH
that many of the current VAs would perform better if there were
a real threat of other instruments being used if targets are not
met.
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7KH 86 *RYHUQPHQW $FFRXQWDELOLW\ 2I¿FH   LQ LWV
UHYLHZ RI WKH 86 &OLPDWH 9LVLRQ DQG /HDGHUV 3URJUDPPHV
which are supported by the Environmental Protection Agency
(3$  DQG 'HSDUWPHQW RI (QHUJ\ '2(  ¿QGV WKDW HPLVVLRQ
reduction goals were set for only 38 of 74 participants, that
some goals are intensity-based and others emission-based and
that programmes vary in terms of how they are measured, the
time periods covered, the requirements for reporting and the
means of tracking progress. Brouhle et al. (2005) note that
WKH GLI¿FXOWLHV LQ HYDOXDWLQJ 86 SURJUDPPHV LV DVVRFLDWHG WR
the many different programmes and their goals that need be
sorted, the availability of adequate data and the measuring
of achievement relative to a baseline. Jaccard et al. (2006)
review various Canadian voluntary programmes that have been
in existence for 15 years and report that during that period
emissions have grown by 25%.
Darnall and Carmin (2003) review 61 governmental,
industry and third-party general environmental agreements,
PDLQO\LQWKH86$ VHHDOVR/\RQDQG0D[ZHOO 2YHUDOO
their results demonstrate that the voluntary programmes
had low programme rigour in that they had limited levels of
administrative, environmental and performance requirements.
For example, two thirds did not require participants to create
environmental targets and to demonstrate that the targets
ZHUH PHW 6LPLODUO\ DOPRVW  RI WKH SURJUDPPHV KDG
no monitoring requirements. Compared to government
programmes, industry programmes had stronger administrative
requirements and third party programmes had yet even
slightly stronger requirements. According to Hanks (2002)
and OECD (2003e), the best VAs include: a clear goal and
baseline scenario; third party participation in the design of the
agreement; a description of the parties and their obligations; a
GH¿QHGUHODWLRQVKLSZLWKLQWKHOHJDODQGUHJXODWRU\IUDPHZRUN
formal provisions for monitoring, reporting and independent
YHUL¿FDWLRQ RI UHVXOWV DW WKH SODQW OHYHO D FOHDU VWDWHPHQW RI
WKH UHVSRQVLELOLWLHV H[SHFWHG WR EH VHOI¿QDQFHG E\ LQGXVWU\
commitments in terms of individual companies, rather than as
sectoral commitments; references to sanctions or incentives in
the case of non-compliance.
,W PXVW EH DFNQRZOHGJHG WKDW 9$V ¿W LQWR WKH FXOWXUDO
traditions of some countries better than others. Japan, for
example, has a history of co-operation between government
DQG LQGXVWU\ WKDW IDFLOLWDWHV WKH RSHUDWLRQ RI ³YROXQWDU\´
SURJUDPPHV6RPHH[DPSOHVRI9$VLQYDULRXVFRXQWULHVDUH
provided in Box 13.5.
13.2.1.5

Subsidies and incentives

Direct and indirect subsidies can be important environmental
policy instruments, but they have strong market implications
and may increase or decrease emissions, depending on their
QDWXUH6XEVLGLHVDLPHGDWUHGXFLQJHPLVVLRQVFDQWDNHGLIIHUHQW
forms, ranging from support for Research and Development
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Box 13.5 Examples of national voluntary agreements
•

•

•

•

•
•

The Netherlands Voluntary Agreement on Energy Efﬁciency: A series of legally binding long-term agreements based
on annual improvement targets and benchmarking covenants between 30 industrial sectors and the government with the
objective to improve energy efﬁciency.
Australia “Greenhouse Challenge Plus” programme: An agreement between the government and an enterprise/
industry association to reduce GHG emissions, accelerate the uptake of energy efﬁciency, integrate GHG issues into
business decision making and provide consistent reporting.19 See http://www.greenhouse.gov.au/challenge.
European Automobile Agreement: An agreement between the European Commission and European, Korean and
Japanese car manufacturing associations to reduce average emissions from new cars to 140 gCO2/km by 2008–2009.
See http://ec.europa.eu/environment/CO2/CO2_agreements.htm.
Canadian Automobile Agreement: An agreement between the Canadian government and representatives of the
domestic automobile industry to a reduce emissions from cars and light-duty trucks by 5.3 MtCO2-eq by 2010. The
agreement also contains provisions relating to research and development and interim reduction goals.
Climate Leaders: An agreement between US companies and the government to develop GHG inventories, set corporate
emission reduction targets and report emissions annually to the US EPA. See: http://www.epa.gov/climateleaders/.
Keidaren Voluntary Action Plan: An agreement between the Japanese government and 34 industrial and energyconverting sectors to reduce GHG emissions. A third party evaluation committee reviews the results annually and makes
recommendations for adjustments.20 See http://www.keidanren.or.jp

(R&D), investment tax credit, and price supports (such as feedin tariffs for renewable electricity).21 6XEVLGLHV WKDW LQFUHDVH
emissions typically involve support for fossil fuel production
and consumption. They tend to expand the subsidized industry,
relative to the non-subsidy case. If the subsidized industry is
a source of GHG emissions, subsidies may result in higher
HPLVVLRQV 6XEVLGLHV WR WKH IRVVLO IXHO VHFWRU UHVXOW LQ RYHU
use of these fuels with resulting higher emissions; subsidies
to agriculture can result in the expansion of agriculture into
marginal lands and corresponding increases in emissions.
Conversely, incentives to encourage the diffusion of new
technologies, such as those for renewables or nuclear power,
may promote emissions reductions.
2QH RI WKH VLJQL¿FDQW DGYDQWDJHV RI VXEVLGLHV LV WKDW WKH\
have politically positive distributional consequences. The costs
of subsidies are often spread broadly through an economy,
ZKHUHDV WKH EHQH¿WV DUH PRUH FRQFHQWUDWHG 7KLV PHDQV WKDW
subsidies may be easier to implement politically than many
RWKHUIRUPVRIUHJXODWRU\LQVWUXPHQWV6XEVLGLHVGRWHQGWRWDNH
RQDOLIHRIWKHLURZQZKLFKPDNHVLWGLI¿FXOWWRHOLPLQDWHRU
reduce them, should that be desired.
The International Energy Agency (IEA) estimates that
in 2001 energy subsidies in OECD countries alone were

DSSUR[LPDWHO\ ± ELOOLRQ 86 ,($   7KH OHYHO RI
subsidies in developing and transition economy countries is
generally considered to be much higher. One example is low
GRPHVWLFHQHUJ\SULFHVWKDWDUHLQWHQGHGWREHQH¿WWKHSRRUEXW
ZKLFKRIWHQEHQH¿WKLJKXVHUVRIHQHUJ\7KHUHVXOWLVLQFUHDVHG
FRQVXPSWLRQ DQG GHOD\HG LQYHVWPHQWV LQ HQHUJ\HI¿FLHQW
WHFKQRORJLHV ,Q ,QGLD NHURVHQH DQG OLTXH¿HG SHWUROHXP JDV
/3*  VXEVLGLHV DUH JHQHUDOO\ LQWHQGHG WR VKLIW FRQVXPSWLRQ
from biomass to modern fuels, reduce deforestation and
improve indoor air quality, particularly in poor rural areas. In
reality, these subsidies are largely used by higher expenditure
groups in urban areas, thus having little effect on the use of
biomass. Nevertheless, removal of subsidies would need to be
done cautiously, in the absence of substitutes, as some rural
households use kerosene for lighting (Gangopadhyay et al.,
2005).
OECD countries are slowly reducing their subsidies to
energy production or fuel (such as coal) or changing the
structure of their support to reduce the negative effects on
trade, the economy and the environment. Coal subsidies in
OECD countries fell by 55% between 1991 and 2000 (IEA,
2001).22 6HH &KDSWHU  IRU DGGLWLRQDO LQIRUPDWLRQ 23 About
 ELOOLRQ 86 LV VSHQW RQ DJULFXOWXUDO VXEVLGLHV H[FOXGLQJ
ZDWHU DQG ¿VKHULHV +XPSKUH\V et al., 2003), with OECD

19 As of 1 July 2006, participation in the programme is a requirement for Australian companies receiving fuel tax credits of more than 3 million US$.
20 This programme is a cross between a mandatory and voluntary programme; see Saito (2001), Yamaguchi (2003) and Tanikawa (2004) for additional information. The special
relationship between the government and industry as well as unique societal norms make this voluntary initiative unique. In the context of Japan there is de facto enforcement.
21 One way of promoting the use of renewable sources of electricity is for the government to require electric power producers to purchase such electricity at favourable prices.
The US Public Utility Regulatory Policy Act of 1978 required electric utilities to buy renewable energy at “avoided cost”. In Europe, speciﬁc prices have been set at which
utilities must purchase renewable electricity – these are referred to as “feed-in tariffs.” These tariffs have been effective at promoting the development of renewable sources of
electricity (Ackermann et al., 2001; Menanteau et al., 2003).
22 Calculated using producer subsidy equivalents.
23 It should be noted that a comprehensive analysis of subsidies requires the net effect of subsidies and taxes, including their point of allocation, to be considered.
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FRXQWULHVDFFRXQWLQJIRUDERXWELOOLRQ86RURIWKH
GDP. These subsidies result in the expansion of this sector with
associated GHG implications (OECD, 2001, 2002).
0DQ\ FRXQWULHV SURYLGH ¿QDQFLDO LQFHQWLYHV VXFK DV WD[
FUHGLWV IRU HQHUJ\HI¿FLHQW HTXLSPHQW DQG SULFH VXSSRUWV IRU
renewable energy, to stimulate the diffusion of technologies. In
WKH86$IRUH[DPSOHWKH(QHUJ\3ROLF\$FWRIFRQWDLQVDQ
DUUD\RI¿QDQFLDOLQFHQWLYHVIRUYDULRXVDGYDQFHGWHFKQRORJLHV
WKHVH ¿QDQFLDO LQFHQWLYHV KDYH EHHQ HVWLPDWHG DW  ELOOLRQ
86RYHUD\HDUSHULRG
One of the most effective incentives for fostering GHG
reductions are the price supports associated with the production
of renewable electricity, which tend to be set at attractive levels.
7KHVHSULFHVXSSRUWVKDYHUHVXOWHGLQWKHVLJQL¿FDQWH[SDQVLRQ
of the renewable energy sector in OECD countries due to
the requirement that electric power producers purchase such
HOHFWULFLW\DWIDYRXUDEOHSULFHV7KH863XEOLF8WLOLW\5HJXODWRU\
Policy Act of 1978 requires electric utilities to buy renewable
HQHUJ\DW³DYRLGHGFRVW´,Q(XURSHVSHFL¿FSULFHVKDYHEHHQ
set at which utilities must purchase renewable electricity –
these are referred to as ‘feed-in tariffs’. These tariffs have been
effective at promoting the development of renewable sources of
electricity (Ackermann et al., 2001; Menanteau et al., 2003). As
long as renewables remain a relatively small portion of overall
electricity production, consumers see only a small increase
in their electricity rates. Incentives therefore have attractive
properties in terms of environmental effectiveness, distributional
implications and institutional feasibility. The main problem
with them is cost-effectiveness: They are costly instruments,
particularly in the long-run as interests and industries grow to
H[SHFW WKH FRQWLQXDWLRQ RI VXEVLG\ SURJUDPPHV 6HH &KDSWHU
4.5 for a more extensive discussion.
13.2.1.6

Research and Development24

The role of R&D in changing the trajectory of energy
economy is unquestionable – new technologies have played a
large role in the evolution of the energy sector over the last
century. Moreover, the rate at which low emission technologies
will improve during the next 20–30 years will be an important
determinant of whether low emission paths can be achieved in
the long term.
Policy uncertainties, however, often hinder investment
in R&D and the dissemination of new technology, although
different types of polices may be needed to address different
types of investment. Hamilton (2005) notes that investors prefer
a policy environment which is ‘loud, long and legal’. A number
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of authors note that long-term policy targets or clear foresight on
carbon taxes can overcome social inertia and reduce uncertainty
for investors in R&D (Blyth and Yang, 2006; Edenhofer et al.,
2006; Reedman, Graham and Coombes, 2006).
1HDUO\ELOOLRQ86ZDVH[SHQGHGZRUOGZLGHRQ5 '
in all sectors in 2000, with approximately 85% of that amount
being spent in only seven countries.25 Over the last 20 years, the
percentage of government-funded R&D has generally declined,
while industry-funded R&D has increased in these countries. In
a historic context, R&D expenditures as a percentage of GDP
have gone up and down in cycles as government priorities have
changed over the last 50 years, although in some instances
FRPSDULVRQV RYHU WLPH DUH GLI¿FXOW 8616)  2(&'
D86*$2 
Total public funding for energy technologies in IEA
FRXQWULHV GXULQJ WKH SHULRG ± ZDV  ELOOLRQ 86
ZLWKRIWKLVDOORFDWHGWRQXFOHDU¿VVLRQDQGIXVLRQ
to fossil fuels and 7.7% to renewable energy technologies
(IEA, 2004; see Figure 13.1).26 Funding has dropped after
the initial interest created through the oil shock in the 1970s
DQGKDVVWD\HGFRQVWDQWHYHQDIWHUWKH81)&&&ZDVUDWL¿HG
1HPHWDQG.DPPHQ  VXJJHVWWKDWIRUWKH86$DFKDQJH
LQGLUHFWLRQLVZDUUDQWHGDQGWKDWD¿YHWRWHQIROGLQFUHDVHLQ
public funding is feasible.
7KH86$DQG-DSDQWKHWZRODUJHVWLQYHVWRUVLQHQHUJ\5 '
VSHQW RQ DYHUDJH RI  DQG  ELOOLRQ 86 UHVSHFWLYHO\
EHWZHHQDQG+RZHYHUVXFK¿JXUHVPDVNLPSRUWDQW
underlying trends. For example, a large percentage of the
funding designated for energy R&D has gone into nuclear power
±QHDUO\LQWKHFDVHRI-DSDQ 6DJDUDQGYDQGHU=ZDDQ
 7KHVXSSRUWRIWKH86JRYHUQPHQWIRU5 'GHFOLQHGE\
ELOOLRQ86IURPWRZLWKUHGXFWLRQVLPSOHPHQWHG
in nearly all energy technologies, while R&D investments in
other areas grew by 6% per year. Between the 1980s and 2003,
private sector energy R&D declined from nearly 50% of that
of government funding to about 25% (Nemet and Kammen,
2006).
Many countries pursue technological (R&D) advancements
as a national policy for a variety of different reasons: for
example, to foster the development of innovative technologies
or to assist domestic industries in being competitive. Countries
also chose to co-operate with each other in order to share
costs, spread risks, avoid duplication, access facilities, enhance
GRPHVWLF FDSDELOLWLHV VXSSRUW VSHFL¿F HFRQRPLF DQG SROLWLFDO
objectives, harmonize standards, accelerate market learning
and create goodwill. Cooperation, however, may increase

24 As used in this section, the term R&D generally refers to research, development and demonstration.
25 Canada, France, Germany, Italy, Japan, the UK and the USA.
26 In year-2000 US$ and exchange rates.
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13.1 (a). RD&D budgets for energy
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13.1(b). RD&D budgets for renewable energy
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Figure 13.1: Public funded Research and Development (R&D) expenditures for energy (A) and renewable energy technologies (B) by International Energy Agency (IEA) member
countries.
Source: IEA, 2004, 2005.

transaction costs, require extensive coordination, raise concerns
over intellectual property rights and foreclose other technology
SDWKZD\V )ULWVFKHDQG/XNDV6DNDNLEDUD(NERLU
2003; Justice and Philibert, 2005). Governments use a number
of tools to support R&D, such as grants, contracts, tax credits
and allowances and public/private partnerships. The effect
of these tools on public budgets and their effectiveness in
stimulating innovation will vary as a function of how they are
VWUXFWXUHG DQG WDUJHWHG )RU H[DPSOH LQ WKH 86$ 5 ' WD[
FUHGLWVWRLQGXVWU\WRWDOOHGDQHVWLPDWHGELOOLRQ86LQ

however, industries associated with high GHG emissions did
not take advantage of this opportunity in that the utility industry
UHFHLYHGRQO\PLOOLRQ8627
There are different views on the role of R&D, its links to
the overall energy innovation system and processes underlying
HIIHFWLYHOHDUQLQJ6DJDUDQGYDQGHU=ZDDQ  H[DPLQHG
the trends in major industrialized countries and report that
public R&D spending does not correlate with changes in
national energy intensity or carbon emissions per unit of energy

27 http://www.nsf.gov/statistics/inbrief/nsf/nst05316
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consumption. For a more extensive discussion of technological
learning, energy supply models and the link to R&D, see Chapter
 6HFWLRQ  DQG &KDSWHU  6HFWLRQ  :DWDQDEH
(1999) argues that government R&D can play a role in achieving
breakthroughs in some areas, induce investments by industry in
R&D and generate trans-sectoral spill over effects. Others have
QRWHGKRZHYHUWKDWWKHEHQH¿WVRI5 'PD\QRWEHUHDOL]HG
for two to three decades, which is beyond the planning horizons
of even the most forward-looking companies (Anderson and
Bird, 1992) and that, for a variety of reasons, industry can
RQO\DSSURSULDWHDIUDFWLRQRIWKHEHQH¿WVRI5 'LQYHVWPHQWV
(Margolis and Kammen ,1999). In the energy sector in particular,
WHFKQRORJ\µVSLOORYHU¶WRFRPSHWLWRUVLVODUJHDVDUHVXOW¿UPV
under-invest in R&D (Azar and Dowlatabadi 1999) and face
GLI¿FXOWLHV LQ HYDOXDWLQJ LQWDQJLEOH 5 ' RXWSXWV $OLF et al.
2003).28,QDGGLWLRQUHJXODWRU\LQWHUYHQWLRQVFDQFDSSUR¿WVLQ
the case of path-breaking research success (Foxon and Kemp,
2004; Grubb, 2004).29 *RXOGHU DQG 6FKQHLGHU   DUJXH
that increasing R&D expenditures in carbon-free technologies
could crowd out R&D in the rest of the economy and therefore
reduce overall growth rates. However, Azar and Dowlatabadi
(1999) counter that radical technological change will trigger
more research overall and therefore increase economy-wide
productivity rates.
7KH 2(&' E  ¿QGV WKDW REOLJDWLRQVTXRWDV SULFH
JXDUDQWHHVDQGWD[SUHIHUHQFHVKDYHKDGWKHPRVWLQÀXHQFHRQ
innovation and patent activities in the renewable energy sector
and that while public subsidies for R&D have not played a role,
the overall level of investment in R&D within the economy of
DFRXQWU\KDVEHHQLPSRUWDQW6DWKD\Het al. (2005) observe that
government-funded research at government-owned facilities,
private companies and universities may help identify patentable
technologies and processes. They reviewed the process of
allocating patent rights in four OECD countries and found that
intellectual property rights (IPR) regimes have changed since
WKHUDWL¿FDWLRQRIWKH81)&&&ZLWKGLIIXVLRQW\SLFDOO\WDNLQJ
place along a pathway of licensing or royalty payments rather
than unrestricted use in the public domain. Popp (2002) also
examined patent citations and found that the level of energysaving R&D depends not only on energy prices, but also on the
quality of the accumulated knowledge available to inventors. He
¿QGVHYLGHQFHIRUGLPLQLVKLQJUHWXUQVWRUHVHDUFKLQSXWV±ERWK
across time and within a given year – and notes that government
SDWHQWV¿OHGLQRUDIWHUDUHPRUHOLNHO\WREHFLWHG3RSS
(2004) notes that when in terms of the potential for technology
to help solve the climate problem, two market failures lead
to underinvestment in climate-friendly R&D: environmental
externalities and the public goods nature of the new knowledge.
As a result, government subsidies to climate-friendly R&D
projects are often proposed as part of a policy solution.
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Policies that directly affect the environmental externality
have a much larger impact on both atmospheric temperature
and economic welfare. Fischer and Newell (2004) examine
several policy options to promote renewables and indicate that
research subsidies are the most expensive approach to achieve
emission reductions – in the absence of higher prices. They
note that the process of technological change is less important
than the implementation of direct incentives to reduce emission
LQWHQVLW\RURYHUDOOHQHUJ\XVH$PRUHVSHFL¿FH[DPSOHDULVHV
from the Danish experience with wind technologies. Meyer
  QRWHV WKDW GHVSLWH VLJQL¿FDQW VXSSRUW IRU ZLQG HQHUJ\
R&D during the 1980s, wind power only boomed in Denmark
when favourable feed-in tariffs were introduced, procedures for
FRQVWUXFWLRQDOORZDQFHVZHUHVLPSOL¿HGDQGSULRULW\ZDVJLYHQ
for green electricity. This is supported by Nemet (2005), who
found that the ability to raise capital and take risks has played
a much larger role in the recent expansion of the photovoltaic
industry than other factors, such as learning by experience.
In summary, national programmes and international
cooperation relating to R&D are essential long-term measures
WR VWLPXODWH WHFKQRORJLFDO DGYDQFHV 6XEVWDQWLDO DGGLWLRQDO
investments in and policies for R&D are needed, depending on
WKHVSHFL¿FJRDOVIRUH[DPSOHLIKLJKVWDELOL]DWLRQOHYHOVDUH
desired (e.g. 750 ppmv CO2-eq, which is scenario category D
of Chapter 3 of this report), a technology-focused approach that
GHIHUV HPLVVLRQV UHGXFWLRQ WR WKH IXWXUH ZRXOG EH VXI¿FLHQW
for low stabilization goals (e.g. 450 ppmv CO2-eq, which
is category A1, or 550 ppmv CO2-eq, which is category B),
strong incentives for short-term emission reductions would
be necessary in addition to technological development and
GHSOR\PHQWSURJUDPPHV6HH6HFWLRQIRUDGLVFXVVLRQRI
goals.
13.2.1.7

Information instruments

Information instruments – such as public disclosure
requirements and awareness/education campaigns – may
positively affect environmental quality by allowing consumers
WR PDNH EHWWHULQIRUPHG FKRLFHV :KHQ ¿UPV RU FRQVXPHUV
lack the necessary information about the environmental
FRQVHTXHQFHV RI WKHLU DFWLRQV WKH\ PD\ DFW LQHI¿FLHQWO\
While some research indicates an information provision can
be an effective environmental policy instrument, we know less
DERXWLWVHI¿FDF\LQWKHFRQWH[WRIFOLPDWHFKDQJH([DPSOHV
of information instruments include labelling programmes for
consumer products, information disclosure programmes for
¿UPVDQGSXEOLFDZDUHQHVVFDPSDLJQV
Article 6 of the UNFCCC on Education, Training and Public
Awareness calls on governments to promote the development

28 An assessment of private public research partnership under the Advanced Technology Programme in the USA indicates that ‘Time lags, along with the difﬁculty inherent in
retrospective evaluation of factors affecting the timing and character of innovations, make it difﬁcult to attribute speciﬁc commercial advantages to funding awarded much
earlier.’ In general, companies shift funds away from basic research towards product modiﬁcations and extensions.
29 Renewable energy technologies compete in electricity wholesale markets that are frequently exposed to regulations, such as price caps, which reduce incentives for private
investment in long-term R&D.
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and implementation of educational and public awareness
programmes, promote public access to information and public
SDUWLFLSDWLRQDQGSURPRWHWKHWUDLQLQJRIVFLHQWL¿FWHFKQLFDODQG
managerial personnel. With decision 11/CP.8, the Conference
of the Parties (COP) launched a 5-year country-driven work
programme to engage stakeholders in information/education
activities. The UNFCCC secretariat notes that there is a general
lack of resources, limited technical skill and poor regional
coordination relating to information and education campaigns
(UNFCCC 2006a).

The literature available on this topic indicates that poverty
reduces the resilience of vulnerable populations and makes
them more at risk to the potential impacts of climate change,
but it also leads communities to take measures that may increase
emissions. Heemst and Bayangos (2004) note that if poverty
can be reduced without raising emissions, then a strategy to
reduce poverty can be seen as a way to reduce emissions as well
as enhance resilience. Typical areas of synergy include smallscale renewables (Richards, 2003) and community forestry
6PLWKDQG6FKHUU ERWKRIZKLFKPD\EHQH¿WWKHSRRU

Information instruments can often be used to improve the
effectiveness of other instruments. Another feature common to
all information instruments that makes them unique from other
environmental policies is that they do not impose penalties
for environmentally harmful behaviour per se. A disclosure
programme, such as the Toxics Release Inventory (TRI),
UHTXLUHVRQO\WKDW¿UPVGRFXPHQWDQGUHSRUWWKHLUHPLVVLRQVLW
does not place limits on how much pollution they can emit.

/DQG XVH SROLFLHV RU WKH ODFN WKHUHRI  ZKHWKHU WHUUHVWULDO
(agriculture, forestry, nature), aquatic (wetlands) or urban, can
lead to enhanced emissions. Verhagen et al. (2004) note that
policies aimed at integrating climate change concerns with the
VSHFL¿F FRQFHUQV RI ORFDO SHRSOH PD\ \LHOG PDMRU V\QHUJLHV
For example, within the Netherlands, a major programme is
currently underway to understand how spatial planning and
climate change policy can be effectively linked. Regional (acid
rain abatement), local and indoor air pollution policies can also
KDYHFOLPDWHFKDQJHFREHQH¿WV %DNNHUet al., 2004).

Kennedy et al. (1994) demonstrate that environmental
externalities can be at least partially corrected through
information provision. However, they also point out that when
other corrective instruments, such as taxes, are available,
these measures are preferable to information policies. Based
on a recent theoretical study, Petrtakis et al. (2005) reports
that information provision can be more effective than tax
instruments, especially when the information can be provided
at low cost. Osgood (2002) provides limited empirical support
in the context of weather information programmes in Mexico
and California.

7KH FRQVXPSWLRQ RI QDWXUDO UHVRXUFHV YDULHV VLJQL¿FDQWO\
between developed and developing countries and is ultimately
one of the major drivers of global emissions. The global
population and income levels affect the consumption of natural
UHVRXUFHV SDUWLFXODUO\ WKRVH RI HQHUJ\ IRRG DQG ¿EUH DQG
hence can also affect GHG emissions. Policies that increase
consumption of natural resources have implications for GHG
emissions.
13.2.2 Linking national policies

Evidence-to-date suggests that while disclosure mandates
PD\EHHIIHFWLYHDWFKDQJLQJD¿UP¶VHQYLURQPHQWDOSUDFWLFHV
other information instruments, such as advisory programmes,
have less effect on consumer behaviour (Konar and Cohen,
  )LUPV ZKRVH VWRFN SULFH GHFOLQHG VLJQL¿FDQWO\ ZKHQ
pollution data became publicly available reduced their emissions
PRUH WKDQ RWKHU ¿UPV LQ WKH VDPH LQGXVWU\ )LUPV PD\ YLHZ
information policies as overly burdensome and argue that
YROXQWDULO\ SURYLGHG LQIRUPDWLRQ LV VXI¿FLHQW 6WHUQHU  
Certainly, there is a cost to disclosure and labelling policies, and
costs depend on the level of information required by a policy
%HLHUOH  $ ¿UP PD\ KDYH WR FROOHFW DQG GLVVHPLQDWH
information they would not otherwise have gathered, and
government agencies must be able to verify that the information
is accurate.
13.2.1.8

Non-climate policies

There are a number of non-climate national policies that can
KDYHDQLPSRUWDQWLQÀXHQFHRQ*+*HPLVVLRQV7KHVHLQFOXGH
policies focused on poverty, land use and land use change,
energy supply and security; international trade, air pollution,
structural reforms and population policies. Only a few types of
‘non-climate policies’ are touched upon in this section.

13.2.2.1

National policy interactions/linkages and packages

6LQJOHLQVWUXPHQWVDUHXQOLNHO\WREHVXI¿FLHQWIRUFOLPDWH
change mitigation, and it is more likely that a portfolio of
policies will be required (see IPCC, 2001). Examples of areas
where there are potential synergies include water management
strategies, farm practices, forest management strategies and
residential building standards. Instruments that maximize
potential synergies could become socially and economically
HI¿FLHQW DQG PD\ RIIHU RSSRUWXQLWLHV IRU FRXQWULHV WR DFKLHYH
sustainable development targets, even in the face of uncertainties.
7KLV LV HVSHFLDOO\ LPSRUWDQW JLYHQ WKH OLPLWHG ¿QDQFLDO DQG
human resources in developing countries (Dang et al., 2003).
Climate change considerations also provide both developing
and developed countries with an opportunity to look closely at
their respective development strategies from a new perspective.
)XO¿OOLQJ GHYHORSPHQW JRDOV WKURXJK SROLF\ UHIRUPV LQ VXFK
DUHDVDVHQHUJ\HI¿FLHQF\UHQHZDEOHHQHUJ\VXVWDLQDEOHODQG
XVHDQGRUDJULFXOWXUHZLOORIWHQDOVRJHQHUDWHEHQH¿WVUHODWHG
to climate change objectives.
A key synergy is that between adaptation and mitigation
policies. Climate policy options can include both mitigation and
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adaptation (see Chapter 17 of IPCC (2007b) for a discussion on
adaptation policies and Chapter 18 for a detailed analysis of
interaction between mitigation and adaptation). Many adaptation
options are consistent with pathways towards effective and
long-term mitigation and, in turn, several mitigation options
can facilitate planned adaptation.
In theory, a perfectly functioning market would need only
one instrument (e.g. a tax) to address a single environmental
problem, such as climate change. In such a situation, the
application of two or more overlapping instruments could
GLPLQLVK HFRQRPLF HI¿FLHQF\ ZKLOH LQFUHDVLQJ DGPLQLVWUDWLYH
costs. In practice, however, there are market failures that may
make a mix of instruments desirable. This section describes
some of these cases and addresses situations in which multiple
or overlapping objectives might justify a mix of policies.
Climate-related policies are seldom applied in complete
isolation: in a large number of cases one or more instruments
will be applied. The mere existence of an instrument
mix, however, is clearly not ‘proof’ of its environmental
HIIHFWLYHQHVV DQG HFRQRPLF HI¿FLHQF\ $ UDWKHU REYLRXV ¿UVW
requirement for applying an environmentally and economically
effective instrument mix is to have a good understanding of
the environmental issue to be addressed. In practice, many
environmental issues can be complex. While a tax can affect
the total demand for a product and the choice between different
product varieties, it is less suited to address, for example,
how a given product is used and when it is used. Hence,
other instruments could be needed. A second requirement for
GHVLJQLQJ HI¿FLHQW DQG HIIHFWLYH SROLFLHV LV WR KDYH D JRRG
understanding of the links with other policy areas: not only do
different environmental policies need to be co-ordinated, but
co-ordination with other related policies is also necessary.
A third requirement is to have a good understanding of the
interactions between the different instruments in the mix.
6HYHUDODXWKRUVGHVFULEHVLWXDWLRQVLQZKLFKDFRPELQDWLRQRI
policies might be desirable. Johnstone (2002) argues that the price
VLJQDOIURPDWUDGDEOHSHUPLWVRUWD[V\VWHPPD\QRWEHVXI¿FLHQW
to overcome barriers to technological development and diffusion
and that additional policies may be warranted. These barriers
include: (1) credit market failures that discourage lenders from
SURYLGLQJ FDSLWDO WR ¿UPV IRU KLJKULVN LQYHVWPHQWV DVVRFLDWHG
with R&D and even the implementation of new technologies and
 UHGXFHGLQFHQWLYHVIRUSULYDWHLQYHVWPHQWLQ5 'LI¿UPVFDQ
QRW SUHYHQW RWKHU ¿UPV IURP EHQH¿WLQJ IURP WKHLU LQYHVWPHQWV
(i.e. ‘spill-over’ effects).30)LVFKHUDQG1HZHOO  ¿QGWKDW
the combination of a technology policy, such as government
sponsored R&D, with a tax or tradable permit instrument could
help overcome this type of market imperfection.
A second market failure that may require more than one
instrument is the lack of information among consumers on
30 For a more extensive discussion of these issues, see Jaffe et al., 2003.
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the environmental or economic attributes of a technology.
,Q VXFK D FDVH D SULFH VLJQDO DORQH PD\ QRW VXI¿FLHQWO\ VSXU
the diffusion of these types of technologies. One solution to
this type of barrier is an eco-labelling system, which can help
increase the effectiveness of a price instrument by providing
better information on relevant characteristics of the product
2(&' E %UDDWKHQ   6LMP   QRWHV WKDW WKLV
type of market failure may exist for households who may lack
WKHUHOHYDQWLQIRUPDWLRQWRLQYHVWLQHQHUJ\HI¿FLHQF\PHDVXUHV
and may not respond to a price signal. Another market failure in
the residential sector may be caused by split incentives where
neither the landlord nor tenant has an incentive to invest in
HQHUJ\HI¿FLHQF\PHDVXUHV 6RUUHOODQG6LMP 
:LWKWKHLPSOHPHQWDWLRQRIWKH(8(76SDUWLFXODUDWWHQWLRQ
has been given to the interaction between a tradable permits
PHFKDQLVP DQG RWKHU SROLFLHV 6LMP   DQG 6RUUHOO DQG
6LMP   DUJXH WKDW DQ HPLVVLRQV WUDGLQJ VFKHPH FDQ FR
exist with other instruments as long as these other instruments
LPSURYHWKHHI¿FLHQF\RIWKHWUDGLQJPHFKDQLVPE\DGGUHVVLQJ
market failures or contributing to some other policy objective.
However, they argue that the combination of an emissions
trading scheme with other instruments could also lead to
³GRXEOHUHJXODWLRQ´UHGXFHGHI¿FLHQF\DQGLQFUHDVHGFRVWVLI
policies are not designed carefully. NERA (2005) and Morthorst
(2001) assess the interaction of renewable energy policies with
tradable permits programmes and conclude that if not designed
properly, these policies can lower allowance prices but raise the
overall costs of the programme.
There may be cases where a package of CO2 mitigation
SROLFLHV LV MXVWL¿HG LI WKHVH SROLFLHV VHUYH PXOWLSOH SROLF\
REMHFWLYHV6LMP  JLYHVVHYHUDOH[DPSOHVRISROLFLHVDQG
REMHFWLYHVWKDWPD\EHFRPSDWLEOHZLWKWKH(8(76LQFOXGLQJ
direct regulation that also reduces local environmental effects
from other pollutants. Renewable energy policies can be used
to expand energy supply, increase rural income and reduce
conventional pollutants. Policies that encourage bio-fuel
SURGXFWLRQ DQG DXWRPRELOH IXHO HI¿FLHQF\ KDYH DOVR EHHQ
advocated for their advantages in encouraging energy security
DQGIXHOGLYHUVLW\DVZHOODV*+*PLWLJDWLRQ,QWKH86$WKHVH
types of energy policies have been proposed in conjunction
with a tradable permits system as part of a package to address
energy, security and environmental objectives (NCEP, 2004).
13.2.2.2

Criteria assessment

Any evaluation of the instruments based on the criteria
discussed herein is challenging for two reasons. First,
practitioners must be able to compare potential instruments
based on each of the evaluative criteria. Unfortunately, in many
FDVHV LW FDQ EH GLI¿FXOW LI QRW LPSRVVLEOH WR UDQN LQVWUXPHQWV
in an objective manner. For example, Fischer et al. (2003)
conclude that it is not possible to rank environmental policy
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Table 13.1: National environmental policy instruments and evaluative criteria a
Criteria
Instrument

Environmental
effectiveness

Cost-effectiveness

Regulations and
standards

Emissions level set directly,
though subject to exceptions.
Depends on deferrals and
compliance.

Depends on design; uniform
application often leads to
higher overall compliance
costs.

Depends on level playing
ﬁeld. Small/new actors may
be disadvantaged.

Depends on technical
capacity; popular with
regulators in countries with
weakly functioning markets.

Taxes and
charges

Depends on ability to set
tax at a level that induces
behavioural change.

Better with broad application;
higher administrative costs
where institutions are weak.

Regressive; can be
ameliorated with revenue
recycling.

Often politically unpopular;
may be difﬁcult to enforce
with underdeveloped
institutions.

Tradable
permits

Depends on emissions cap,
participation and compliance.

Decreases with limited
participation and fewer
sectors.

Depends on initial permit
allocation.
May pose difﬁculties for
small emitters.

Requires well functioning
markets and complementary
institutions.

Voluntary
agreements

Depends on programme
design, including clear
targets, a baseline scenario,
third party involvement
in design and review and
monitoring provisions.

Depends on ﬂexibility
and extent of government
incentives, rewards and
penalties.

Beneﬁts accrue only to
participants.

Often politically popular;
requires signiﬁcant number of
administrative staff.

Subsidies and
other incentives

Depends on programme
design; less certain than
regulations/standards.

Depends on level and
programme design; can be
market distorting.

Beneﬁts selected
participants, possibly some
that do not need it.

Popular with recipients;
potential resistance from
vested interests. Can be
difﬁcult to phase out.

Research and
development

Depends on consistent
funding; when technologies
are developed and polices
for diffusion. May have high
beneﬁts in the long term.

Depends on programme
design and the degree of risk.

Beneﬁts initially selected
participants; potentially easy
for funds to be misallocated.

Requires many separate
decisions. Depends on
research capacity and longterm funding.

Information
policies

Depends on how consumers
use the information; most
effective in combination with
other policies.

Potentially low cost, but
depends on programme
design.

May be less effective for
groups (e.g. low-income) that
lack access to information.

Depends on cooperation
from special interest groups.

Meets distributional
considerations

Institutional feasibility

Note:
a Evaluations are predicated on assumptions that instruments are representative of best practice rather than theoretically perfect. This assessment is based primarily
on experiences and published reports from developed countries, as the number of peer reviewed articles on the effectiveness of instruments in other countries is
limited. Applicability in speciﬁc countries, sectors and circumstances – particularly developing countries and economies in transition – may differ greatly.
Environmental and cost effectiveness may be enhanced when instruments are strategically combined and adapted to local circumstances.

instruments based on their technology-stimulating effects.
&RQVHTXHQWO\ LW ZLOO EH GLI¿FXOW WR GHWHUPLQH ZKLFK RI WKH
available instruments is the most cost-effective. Distributional
FRQVLGHUDWLRQVDUHDOVRSDUWLFXODUO\GLI¿FXOWWRHYDOXDWH5HYHV]
DQG 6WDYLQV   SURYLGH D GLVFXVVLRQ RI WKH GLI¿FXOWLHV
involved in evaluating instruments based on distribution or
equity. They also cite a number of authors that propose different
approaches to evaluating policies.
Nevertheless, it is possible to make general statements about
each instrument according to the criteria we have selected. For
example, it is generally believed that market-based instruments
will be more cost effective than regulations and standards
(Wiener, 1999). However, this belief implicitly assumes that
a country has well-functioning institutions, the lack of which
can result in a market-based instrument being more costly
to implement (Blackman and Harrington, 2000). Table 13.1
summarizes the seven instruments presented in this chapter
IRU HDFK RI WKH IRXU FULWHULD ZH GLVFXVV 6WHUQHU   DQG

Harrington et al. (2004) provide similar summaries for other
instruments.
6HFRQG SROLF\PDNHUV PXVW GHWHUPLQH KRZ PXFK ZHLJKW
to assign each of the evaluative criteria. Consider two
instruments that are equally environmentally effective and both
institutionally feasible, but one has unfavourable distributional
implications while the other is less cost-effective. In order
to choose one instrument over the other, one must assess the
relative importance of distribution versus cost-effectiveness.
However, the determination of just what weight should be
given to each evaluative criterium is a subjective question and
RQH OHIW WR SROLF\PDNHUV WR GHFLGH 6RPH DXWKRUV GR SURYLGH
some guidelines on how policymakers can determine which
HYDOXDWLYH FULWHULD DUH WKH PRVW LPSRUWDQW 6WHUQHU  
argues that distributional considerations will likely be less
important in an economy with relatively less inequality than
in countries with large income disparities and also provides
additional guidance on other criteria, including institutional
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ÀH[LELOLW\DQGLQFHQWLYHFRPSDWLELOLW\%HOO  DQG%HOODQG
Russell (2002) argue that institutional feasibility is of critical
importance in developing countries, where environmental
effectiveness and cost-effectiveness may be determined in
large part by a government’s institutional capacity. In general,
the criteria that receive the most weight will be those that are
assessed to be the most important in terms of each country’s
VSHFL¿FFLUFXPVWDQFHV

13.3 International climate change
agreements and other arrangements
The context of and reasons for an international agreement
were relatively well covered in IPCC (2001). The authors of more
recent reports cite the reasons presented in older publications
for the necessity of agreements – namely, the global nature of
the problem and the fact that no single country emits more than
approximately 20% of global emissions. This situation means
that successful solutions will need to engage multiple countries.
6LPLODUO\ WKH IDFW WKDW QR RQH VHFWRU LV UHVSRQVLEOH IRU PRUH
than about 25% of global emissions (the largest sector is that of
electricity generation and heat production at 24% of the global,
six-gas total; see Baumert et al., 2005a) implies that no single
sector will be uniquely required to act.
13.3.1 Evaluations of existing climate change
agreements
In contrast, the more recent publications have devoted
considerable attention to the limitations of existing international
agreements in addressing the climate change. In fact, there are
no authoritative assessments of the UNFCCC or its Kyoto
Protocol that assert that these agreements have succeeded – or
will succeed without changes – in fully solving the climate
problem. As its name implies, the UNFCCC was designed as
DEURDGIUDPHZRUNDQGWKH.\RWR3URWRFRO¶V¿UVWFRPPLWPHQW
SHULRGIRU±KDVEHHQLWV¿UVWGHWDLOHGVWHS%RWKWKH
Convention and the Kyoto Protocol include provisions for
further steps as necessary.
A number of limitations and gaps in existing agreements are
cited in the literature, namely:
v The lack of an explicit long-term goal means countries do
not have a clear direction for national and international
SROLF\ VHHIRUH[DPSOH&RUIHH0RUORWDQG+|KQH 
v The targets are inadequately stringent (Den Elzen and
Meinshausen, 2005, who argue for more stringent targets);
v The agreements do not engage an adequate complement
of countries (see Baumert et al. 1999, who suggest a need
to engage developing as well as developed countries, or
%RKULQJHUDQG:HOVFKZKRVXJJHVWWKDWZLWKWKH86
withdrawal, the Kyoto Protocol’s effect is reduced to zero);
v The agreements are too expensive (Pizer, 1999, 2002);
v The agreements do not have adequately robust compliance
provisions (Victor, 2001; Aldy et al., 2003);
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v The agreements do not adequately promote the development
and/or transfer of technology (Barrett, 2003);
v The agreements, as one consequence of failing to solve
the problem, do not adequately propose solutions that will
facilitate adaption to the forthcoming changes (Muller,
2002).
Reviews of the current agreements take several forms.
6RPH HJ'HSOHGJH SURYLGHGHWDLOHGDUWLFOHE\DUWLFOH
reviews of the existing agreements, seeking to interpret the
legal language as well as to provide a better understanding of
their historical derivations. In this manner, they offer insight
into how future agreements might be developed. Other studies
assess the effect of the emission reductions required by the
Kyoto Protocol on global GHG concentrations and conclude
that although the effect is currently small (Manne and Richels,
1999), it may be large in the future as present-day emission
reductions set the stage for future reduction efforts, which
ZRXOGQRWKDYHKDSSHQHGRWKHUZLVH +|KQHDQG%ORN 
6RPH UHVHDUFKHUV HJ &RRSHU  0LFKDHORZD et al.,
2005a) evaluate the basic underpinnings of the two climate
agreements, looking at problems associated with establishing
binding targets and differentiating between countries as well
DV GLI¿FXOWLHV LQ RSHUDWLRQDOL]LQJ WKH FRQFHSW RI HPLVVLRQV
markets. These kinds of assessments – by far the most common
– not only assess current limitations but usually proceed to put
forth counter-arguments, outline improvements that should be
made and propose alternative mechanisms for addressing the
FOLPDWHSUREOHP6HHWKHIROORZLQJVHFWLRQVIRUUHVSRQVHVDQG
alternatives to solving the climate problem.
13.3.2 Elements of international agreements and
related instruments
7KHPDMRULW\RIHOHPHQWVLGHQWL¿HGLQWKHOLWHUDWXUHGUDZRQ
existing multilateral agreements, in particular, the UNFCCC and
its Kyoto Protocol. Agreements related to climate change, but
QRWVSHFL¿FDOO\IRFXVHGRQ*+*PLWLJDWLRQDUHOHVVH[WHQVLYHO\
analysed in the climate literature. These include energy policy
and technology agreements (see, for example, publications
WKH ,($ HYDOXDWLQJ WKHLU ³,PSOHPHQWLQJ $JUHHPHQWV´  DQG
the evaluation of VAs with the auto sector (see, for example,
6DXHUet al., 2005 on the European Automobile Manufacturers
Association (ACEA) agreement between the European, Japanese
and Korean auto manufacturers). Based on the literature in
Table 13.2, it is possible to derive some common elements of
international climate change agreements. These are listed in
Box 13.6, and expanded upon in the section below.
13.3.3 Proposals for climate change agreements
The literature on climate change contains a large number
of proposals on possible future international agreements.
Table 13.2 provides a summary review of recent proposals for
international climate agreements as reported in the literature
(see also Bodansky, 2004; Kameyama, 2004; Philibert, 2005a),
although not all proposals cover all elements that are necessary
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Box 13.6 Elements for climate change agreements31
A number of elements are commonly incorporated in existing – and proposals for new – international climate change
agreements. These include:
Goals: Most agreements establish objectives that implementation is supposed to achieve. In the climate context, a variety
of goals have been proposed, including those related to emissions reductions, stabilization of GHG concentrations, avoiding
“dangerous” interference with climate, technology transfer and sustainable development. Goals can be set at varying degrees
of speciﬁcity.
Participation: All agreements are undertaken between speciﬁc groups of participants. Some have a global scope while
others focus on a more limited set of parties (e.g. regional in nature or limited to arrangements between private sector
partners). Obligations can be uniform across participants, or differentiated among them.
Actions: All agreements call for some form of action. Actions vary widely and can include national caps or targets on
emissions, standards for certain sectors of the economy, ﬁnancial payments and transfers, technology development, speciﬁc
programmes for adaptation and reporting and monitoring. The actions can be implicitly or explicitly designed to support
sustainable development. The timing for actions varies considerably, from those taking effect immediately, to ones that may
take effect only over the longer term; actions may be taken internally (within contracting Parties) or with others (both with
non-Parties as well as non-State actors).
Institutions and compliance provisions: Many agreements contain provisions for establishing and maintaining supporting
institutions. These perform tasks as varied as serving as repositories for speciﬁc, agreement-related data, facilitating or
adjudicating compliance, serving as clearing houses for market transactions or information ﬂows, to managing ﬁnancial
arrangements. In addition, most agreements have provisions in case of non-compliance. These include binding and nonbinding consequences and may be facilitative or more coercive in nature.
Other elements: Many (although not all) agreements contain additional elements, including, for example, “principles” and
other preambular language. These can serve to provide context and guidance for operational elements, although they may
be points of contention during negotiations. In addition, many agreements contain provisions for evaluating progress – with
a timetable for reviewing the adequacy of efforts and evaluating whether they need to be augmented or modiﬁed.

to describe a full regime. The list of proposals is grouped around
the following themes: national emission targets and emission
trading, sectoral approaches, policies and measures, technology,
GHYHORSPHQWRULHQWHG DFWLRQV DGDSWDWLRQ ¿QDQFLQJ DQG
proposals focusing on negotiation process and treaty structure.
13.3.3.1

Goals

Most agreements (including those on climate change such as
WKH81)&&&DQGWKH.\RWR3URWRFRO LQFOXGHVSHFL¿FJRDOVWR
guide the selection of actions and timing as well as the selection
of institutions. Goals can provide a common vision about both
the near-term direction and the longer term certainty that is
called for by business. In this discussion, goals are distinguished
from targets: the former are long-term and systemic, while the
ODWWHUUHODWHWRDFWLRQVWKDWDUHQHDUWHUPDQGVSHFL¿F7DUJHWV
are described under the ‘Targets’ section (13.3.3.4.1) below.
7KH FKRLFH RI WKH ORQJWHUP DPELWLRQ OHYHO VLJQL¿FDQWO\
LQÀXHQFHV WKH QHFHVVDU\ VKRUWWHUP DFWLRQ DQG WKHUHIRUH WKH
design of the international regime. For example, if the goal is

set at high stabilization levels (e.g. stabilizing concentrations
at 750 ppmv CO2-eq, scenario category D of Chapter 3 of this
report), a technology-focused approach that defers emissions
UHGXFWLRQWRWKHIXWXUHZRXOGEHVXI¿FLHQWIRUWKHWLPHEHLQJ
For low stabilization goals (e.g. 450 ppmv CO2-eq, category
A1, or 550 ppmv CO2-eq, category B), short-term emission
reductions would be necessary in addition to technological
development programmes.
International regimes can incorporate goals for the short and
medium term and for the stabilization of GHG concentrations.
One option is to set a goal for long-term GHG concentrations
or a maximal temperature rise (such as the 2°C goal proposed
E\ WKH (8  6XFK OHYHOV PLJKW EH VHW EDVHG RQ DQ DJUHHPHQW
of impacts to be avoided (see Den Elzen and Meinshausen,
 RURQWKHEDVLVRIDFRVWEHQH¿WDQDO\VLV VHH1RUGKDXV
2001). A number of authors have commented on the advantages
and disadvantages of setting long-term goals. Pershing and
7XGHOD  VXJJHVWWKDWLWPD\EHGLI¿FXOWWRJDLQDJOREDO
agreement on any ‘dangerous’ level due to political and
WHFKQLFDO GLI¿FXOWLHV &RQYHUVHO\ &RUIHH0RUORW DQG +|KQH

31 While not an element, agreements often contain speciﬁc information as to the time for initiating actions and, often, a date by which actions are to be completed. In addition,
many agreements contain provisions for evaluating progress – with a timetable for reviewing the adequacy of efforts and evaluating whether they need to be augmented or
modiﬁed.
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Table 13.2: Overview of recent proposals for international climate agreements.
Name (reference)

Description

National emission targets and emission trading

Staged systems

Staged systems
Multistage with differentiated reductions:
Gupta, 1998; Berk and den Elzen, 2001;
Blanchard et al., 2003; Criqui et al., 2003;
Gupta, 2003a; Höhne et al., 2003; Höhne et al.,
2005; Michaelowa et al., 2005b; den Elzen and
Meinshausen, 2006, den Elzen et al., 2006a

Countries participate in the system with different stages and stage-speciﬁc
types of targets; countries transition between stages as a function of
indicators; proposal specify stringency of the different stages

Differentiating groups of countries:
Storey, 2002; Ott et al., 2004

Countries participate in the system with different stages and stage-speciﬁc
types of targets

Converging markets:
Tangen and Hasselknippe, 2005

Scenario with regional emission trading systems converging to a full global
post 2012 market system

Three-part policy architecture:
Stavins, 2001

All nations with income above agreed threshold take on different targets (ﬁxed
or growth); long-term targets (ﬂexible but stringent); short-term (ﬁrm, but
moderate); and market-based policy instruments, e.g., emissions trading.
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Allocation methods

National emission targets and emissions trading

Allocation methods
Equal per capita allocation: Baer et al, 2000;
Wicke, 2005

All countries are allocated emission entitlements based on their population.

Contraction and convergence:
GCI, 2005

Agreement on a global emission path that leads to an agreed long-term
stabilization level for greenhouse gas concentrations (‘Contraction’).
Emission targets for all individual countries set so per-capita emissions
converge (‘Convergence’).

Basic needs or survival emissions: Aslam,
2002; Pan, 2005

Emission entitlements based on an assessment of emissions to satisfy basic
human needs.

Adjusted per capita allocation:
Gupta and Bhandari, 1999

Allocation of equal per capita emissions with adjustments using emissions per
GDP relative to Annex I average.

Equal per capita emissions over time: Bode,
2004

Allocation based on (1) converging per capita emissions and (2) average per
capita emissions for the convergence period that are equal for all countries.

Common but differentiated convergence:
Höhne et al., 2006

Annex I countries’ per capita emissions converge to low levels within a
ﬁxed period. Non-Annex I countries converge to the same level in the same
timeframe, but starting when their per capita emissions reach an agreed
percentage of the global average. Other countries voluntarily take on “no lose”
targets.

Grandfathering: Rose et al., 1998

Reduction obligations based on current emissions.

Global preference score compromise:
Müller, 1999

Countries voice preference for either per capita allocation or allocation based
on current national emissions.

Historical responsibility – the Brazilian proposal:
UNFCCC, 1997b; Rose et al., 1998; Meira Filho
and Gonzales Miguez, 2000; Pinguelli Rosa et
al., 2001; den Elzen and Schaeffer, 2002; La
Rovere et al., 2002; Andronova and Schlesinger,
2004; Pinguelli et al., 2004; Trudinger and
Enting, 2005; den Elzen and Lucas, 2005; den
Elzen et al., 2005c; Höhne and Blok, 2005; Rive
et al., 2006

Reduction obligations between countries are differentiated in proportion to
those countries’ relative share of responsibility for climate change – i.e. their
contribution to the increase of global-average surface temperature over a
certain period of time.

Ability to pay:
Jacoby et al., 1998; Lecoq and Crassous, 2003

Participation above welfare threshold. Emission reductions as a function of
ability to pay (welfare).

Equal mitigation costs:
Rose et al., 1998; Babiker and Eckhaus, 2002

Reduction obligations between countries are differentiated so that all
participating countries have the same welfare loss.

Triptych:
Blok et al., 1997; den Elzen and Berk, 2004;
Höhne et al., 2005

National emission targets based on sectoral considerations: Electricity
production and industrial production grow with equal efﬁciency improvements
across all countries. “Domestic” sectors converge to an equal per-capita level.
National sectoral aggregate levels are then adopted.

Multi-sector convergence:
Sijm et al., 2001

Per-capita emission allowances of seven sectors converge to equal levels
based on reduction opportunities in these sectors. Countries participate only
when they exceed per capita threshold.

Multi-criteria: Ringius et al., 1998; Helm and
Simonis, 2001; Ringius et al., 2002

Emission reduction obligations based on a formula that includes several
variables, such as population, GDP and others.
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Table 13.2: Continued.
Name (reference)

Description

National emission targets and emission trading

Alternative types of emission targets for some countries

Alternative types of emission targets for some countries
Dynamic targets:
Hargrave et al., 1998; Lutter, 2000; Müller et al., 2001; Bouille
and Girardin, 2002; Chan-Woo, 2002; Lisowski, 2002; Ellerman
and Wing, 2003; Höhne et al., 2003; Müller and MüllerFürstenberger, 2003; Jotzo and Pezzey, 2005; Philibert, 2005b;
Pizer, 2005b; Kolstad, 2006

Targets are expressed as dynamic variables – including as a
function of the GDP (“intensity targets”) or variables of physical
production (e.g. emissions per tonne of steel produced).

Dual targets, target range or target corridor:
Philibert and Pershing, 2001; Kim and Baumert, 2002

Two emission targets are deﬁned: (1) a lower “selling target”
that allows allowance sales if national emissions fall below
a certain level; (2) a higher “buying target” that requires the
purchase of allowances if a certain level is exceeded.

Dual intensity targets:
Kim and Baumert, 2002

A combination of intensity targets and dual targets.

“No lose”, “non-binding”, one-way targets:
Philibert, 2000

Emission rights can be sold if the target is reached, while no
additional emission rights would have to be bought if target
is not met. Allocations are made at a BAU level or at a level
below BAU. Structure offers incentives to participate for
countries not prepared to take on full commitments but still
interested in joining the global trading regime.

Growth targets, headroom allowances, premium allocation:
Frankel, 1999; Stewart and Wiener, 2001; Viguier, 2004

Participation of major developing countries is encouraged by
unambitious allocations relative to their likely BAU emissions.
To ensure beneﬁt to the atmosphere, a fraction of each permit
sold can be banked and deﬁnitely removed.

Action targets:
Goldberg and Baumert, 2004

A commitment to reduce GHG emission levels below projected
emissions by an agreed date through “actions” taken
domestically, or through the purchases of allowances.

Flexible binding targets:
Murase, 2005

A framework for reaching emission targets modelled after the
WTO/GATT (World Trade Organization/General Agreement
on Tariffs and Trade) scheme for tariff and non-tariff barriers;
targets negotiated through rounds of negotiations.

Modiﬁcations to the emission trading system or alternative
emission trading system

National emission targets and emissions trading

Modiﬁcations to the emission trading system or alternative emission trading system
Price cap, safety valve or hybrid trading system:
Pizer, 1999; Pizer, 2002; Jacoby and Ellerman, 2004.

Hybrid between a tax and emission trading: after the initial
allocation, an unlimited amount of additional allowances are
sold at a ﬁxed price.

Buyer liability:
Victor, 2001b

If the seller of a permit did not reduce its emissions as
promised, the buyer could not claim the emission credit.
Enforcement is more reliable as buyers deal with developed
countries with more robust legal procedures.

Domestic hybrid trading schemes:
McKibbin and Wilcoxen, 1997; McKibbin and Wilcoxen, 2002

Two kinds of emissions permits valid only within the country of
origin. (1) long-term permits entitle the permit owner to emit
1 tC every year for a long period; permits are distributed once.
(2) Annual permits allow 1 tC to be emitted in a single year.
An unlimited number of these permits are given out at a ﬁxed
price (price cap). Compliance is based on either unit.

Allowance purchase fund:
Bradford, 2004

Countries contribute to an international fund that buys/retires
emission reduction units. Countries can sell reductions below
their BAU levels.

Long-term permits:
Peck and Teisberg, 2003

Long-term permits could be used once at any time between
2010 and 2070. Depending on the time of emission they are
depreciated 1% annually for atmospheric decay of CO2.
The permit would allow the emission of 1 tC in 2070, 1.01 tC in
2069 and 1.0160 (1.71) tons in 2010.
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Table 13.2: Continued.
Name (reference)

Description

Sectoral approaches

Sectoral approaches
Sector Clean Development Mechanism, sector Crediting
Mechanism :
Philibert and Pershing, 2001; Samaniego and Figueres,
2002; Bosi and Ellis, 2005; Ellis and Baron, 2005; Sterk and
Wittneben, 2005

Sectoral crediting schemes based on emission reductions below
a baseline. Excess allowances can be sold.

Sector pledge approach:
Schmidt et al., 2006

Annex I countries have emission targets, with the ten highestemitting developing countries pledging to meet voluntary,
“no-lose” GHG emissions targets in the electricity and major
industrial sectors. Targets are differentiated, based upon
national circumstances, and sector-speciﬁc energy-intensity
benchmarks are developed by experts and supported through
a Technology Finance and Assistance Package.

Caps for multinational cooperation:
Sussman et al., 2004

A cap/and trade system associated with the operations of
associated enterprises in developing and developed countries.

Carbon stock protocol:
WBGU, 2003

A protocol for the protection of carbon stocks based on a
worldwide system of “non-utilization obligations” to share the
costs of the non-degrading use of carbon stocks among all
states.

“Non-binding” targets for tropical deforestationa:
Persson and Azar, 2004

Non-binding commitments for emissions from deforestation
under which reduced rates of deforestation could generate
emissions allowances.

Policies and measures

Policies and measures
Carbon emission tax:
Cooper, 1998; Nordhaus, 1998; Cooper, 2001; Nordhaus,
2001; Newell and Pizer, 2003

All countries agree to a common, international GHG emission
tax; several of the proposals suggest beginning with a carbon
tax limited to emissions from fossil fuel combustion.

Dual track:
Kameyama, 2003

Countries choose either non-legally binding emission targets
based on a list of policies and measures or legally-binding
emission caps allowing international emissions trading.

Climate “Marshall Plan”:
Schelling, 1997, 2002

Financial contributions from developed countries support
climate friendly development; similar in scale and oversight to
the Marshall Plan.

Development-oriented actions

Technology

Technology

772

Technology research and development:
Edmonds and Wise, 1999; Barrett, 2003

Enhanced coordinated technology research and development.

Energy efﬁciency standards:
Barrett, 2003; Ninomiya, 2003

International agreement on energy efﬁciency standards for
energy-intensive industries.

Backstop technology protocol:
Edmonds and Wise, 1998

New power plants installed after 2020 must be carbon neutral.
New synthetic fuels plants must capture CO2. Non-Annex I
countries participate upon reaching Annex I average GDP in
2020.

Technology prizes for climate change mitigation:
Newell and Wilson, 2005

Incentive or inducement prizes targeted at applied research,
development and demonstration.

Development-oriented actions
Sustainable development policies and measures:
Winkler et al., 2002b; Baumert et al., 2005b

Countries integrate policies and measures to reduce GHG
emissions into development plans (e.g. developing rural
electriﬁcation programmes based on renewable energy, or mass
transit systems in placed of individual cars).

Human development goals with low emissions:
Pan, 2005

Elements include: identiﬁcation of development goals/basic
human needs; voluntary commitments to low carbon paths
via no-regret emission reductions in developing countries
conditional to ﬁnancing and obligatory discouragement of
luxurious emissions; reviews of goals and commitments; an
international tax on carbon.
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Table 13.2: Continued.
Name (reference)

Description

Adaptation

Adaptation
UNFCCC impact response instrument:
Müller, 2002

A new “impact response instrument” under the auspices of the UNFCCC for
disaster relief, rehabilitation and recovery.

Insurance for adaptation; funded by emission
trading surcharge:
Jaeger, 2003

A portion of the receipts from sales of emissions permits would be used to
ﬁnance insurance pools.

Financing

Financing
Greening investment ﬂows:
Sussman and Helme, 2004

Investments through Export Credit Agencies are conditional on projects that
are “climate friendly”.

Quantitative ﬁnance commitments:
Dasgupta and Kelkar, 2003

Annex I countries take on quantitative ﬁnancial commitments – e.g. expressed
as a percentage of the GDP – in addition to emission reduction targets.

Negotiation process and treaty structure

Negotiation process and treaty structure
Bottom-up or multi-facet approach, pledge
(with review) and review:
Reinstein, 2004; Yamaguchi and Sekine, 2006

Each country creates its own initial proposal relating to what it might be able
to commit to. Individual actions accumulate one by one. The collective effect
of proposals is periodically reviewed for adequacy and – if necessary –
additional rounds of proposals are undertaken.

Portfolio approach:
Benedick, 2001

A portfolio including: emission reduction policies, government research/
development, technology standards and technology transfer.

A ﬂexible framework:
PEW, 2005

A portfolio including: aspirational long-term goals, adaptation, targets, trading,
policies, and technology cooperation.

Orchestra of treaties:
Sugiyama et al., 2003

A system of separate treaties among like-minded countries (emission markets,
zero emission technology, climate-wise development) and among all parties to
UNFCCC (monitoring, information, funding).

Case study approach:
Hahn, 1998

Multiple case studies of coordinated measures, emissions tax, tradable
emission permits and a hybrid system in industrialized countries to learn by
doing.

Note:
a There is some potential conﬂict with the terminology here: “non-binding” targets may be interpreted by some as restricting the capacity of countries to trade as they
do not necessarily set up caps that impose prices and thus established tradable commodities.
Source: Earlier overviews by Bodansky, 2004; Kameyama, 2004; Philibert, 2005a

(2003) believe such goal-setting is desirable as it helps structure
commitments and institutions, provides an incentive to stimulate
action and helps establish criteria against which to measure the
success of implementing measures.
$QDOWHUQDWLYHWRDJUHHLQJRQVSHFL¿F&22 concentration or
WHPSHUDWXUHOHYHOVLVDQDJUHHPHQWRQVSHFL¿FORQJWHUPDFWLRQV
(such as a technology-oriented target, such as ‘eliminating carbon
emissions from the energy sector by 2060’). An advantage of
VXFKDJRDOLVWKDWLWPLJKWEHOLQNHGWRVSHFL¿FDFWLRQV:KLOH
links between such actions, GHG concentrations and climate
impacts can be made, there are uncertainties in the precise
correlation between them. Additionally, several different targets
would have to be set to cover all climate-relevant activities
6FKHOOLQJ3HUVKLQJDQG7XGHOD 

steps can be made in light of new knowledge and decreased
levels of uncertainty. To implement this option, the international
community could agree on a maximum quantity of permissible
GHG emissions in, for example, 2020 (Corfee-Morlot and
+|KQH3HUVKLQJDQG7XGHOD<RKHet al., 2004).
Another proposal would be to aim at formulating reductions
step by step, based on the willingness of countries to act, without
explicitly considering a long-term perspective. While such an
approach does meet political acceptability criteria, it poses the
risk that the individual reductions may not add up to the level
UHTXLUHG IRU FHUWDLQ VWDELOL]DWLRQ OHYHOV 6RPH VWDELOL]DWLRQ
options may then be out of reach in the near future (see Chapter
3.3, Figure 3.19).
13.3.3.2

Another option would be to adopt a ‘hedging strategy’ (IPCC,
 FKDSWHU   ZKLFK LV GH¿QHG DV D VKRUWHU WHUP JRDO RQ
global emissions, from which it is still possible to reach a range
of desirable long-term goals. One example of such a strategy is
the California goal of reducing emissions to 1990 levels by 2020,
and then reducing them to 80% below 1990 levels by 2050.
Once the short-term goal is reached, decisions on subsequent

Participation

The participation of states in international agreements
can vary. At one extreme, participation can be universal;
at the other extreme, participation can be limited to just two
countries. Many studies propose that participation can be
GLIIHUHQWLDWHG LQ GLIIHUHQW WLHUV VHH 6WDJHG V\VWHPV LQ 7DEOH
 6WDWHVSDUWLFLSDWLQJLQWKHVDPHWLHUZRXOGKDYHWKHVDPH
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Annex I
OECD
Annex II
Australia
Canada
Iceland
Japan

Economies in transition
(EITs)

New Zealand
Norway
Switzerland
USA

European Union
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Ireland

Liechtenstein
Monaco

Italy
Luxembourg
Netherlands
Portugal
Spain
Sweden
United Kingdom

Belarus
Kazakhstan*
Russian Federation
Ukraine

Bulgaria
Czech Republic
Estonia
Hungary
Latvia
Lithuania
Poland
Romania
Slovakia
Slovenia

EU
Applicants
Croatia
Turkey
Korea
Mexico

Cyprus

Macedonia

Malta

*: Added to Annex I only for the purpose of the Kyoto Protocol at COP7

Figure 13.2: Current country groupings under the UNFCCC, OECD and EU.
Source: Höhne et al. (2005).

type of commitments (i.e. in the UNFCCC regime). The most
important tiers are Annex I and non-Annex I, but there are also
special arrangements for economies in transition as well as for
least developed countries. Figure 13.2 shows the groupings of
countries under the UNFCCC, OECD and EU. The allocation
of states into tiers can be made according to quantitative or
qualitative criteria or ‘ad hoc’ (see Table 13.2). According to the
principle of sovereignty, states may also choose the tier in which
they want to be grouped, provided their choice is accepted by
other countries (see Kameyama, 2003; Reinstein, 2004).
Participation in the agreement can be static32, or it may change
G\QDPLFDOO\RYHUWLPH,QWKHODWWHUFDVHVWDWHVFDQ³JUDGXDWH´
from one tier of commitments to the next. Graduation can be
linked to the meeting of quantitative thresholds for certain
parameters (or combinations of parameters) that have been
SUHGH¿QHG LQ WKH DJUHHPHQW VXFK DV HPLVVLRQV FXPXODWLYH
emissions, GDP per capita, relative contribution to temperature
increase or other measures of development, such as the human
development index (see Berk and Den Elzen (2001), Gupta
D DQG+|KQHet al. (2003) for a review of per-capita
emissions thresholds; Criqui et al. (2003) and Michaelowa et
al. (2005b) for discussion of a composite index using the sum
of per-capita emissions and per-capita GDP and Torvanger et
al  IRUIXUWKHUFRPSRVLWHLQGLFHV 4XDOLWDWLYHWKUHVKROGV
such as adherence to certain country groupings (OECD,
Economies in Transition) are already in use. Ott et al. (2004)
combine quantitative and qualitative thresholds. Thresholds
can be derived from agreed-upon GHG concentration targets or
global emissions paths or be based on other parameters, such as
willingness or capacity to pay.

6RPHKDYHDUJXHGWKDWDQLQWHUQDWLRQDODJUHHPHQWQHHGVWR
include at least the major emitters to be effective, since the largest
15 countries (the EU25 is considered here to be one country)
produce as much as 80% of global GHG emissions (Baumert
et alD3(:6WHZDUWDQG:HLQHU7RUYDQJHU
et al6FKPLGWet al., 2006). A similar approach has been
taken by authors comparing climate change agreements to other
multilateral instruments, including disarmament treaties and
the Antarctic Treaty (see Murase, 2002a). In these analyses, the
authors assert that success can only be achieved if the major
stakeholders act. Thus, for example, a nuclear disarmament
WUHDW\ ZRXOG EH PHDQLQJOHVV LI LW ZDV QRW UDWL¿HG E\ WKRVH
6WDWHVZLWKQXFOHDUZHDSRQVHYHQLILWZDVUDWL¿HGE\WKH
QRQQXFOHDU 6WDWHV %\ DQDORJ\ D FOLPDWH FKDQJH WUHDW\ LV
meaningful only if commitments are adopted and implemented
E\WKHPDMRUHPLWWHUV±QRWLQJWKDWWKHEHQH¿WVRISDUWLFLSDWLRQ
accrue to all countries, including those not taking part in the
agreement. Murase (2002a) suggests that a future regime
after 2012 thus needs to include key countries or groups such
DV WKH 86$ (8 -DSDQ &KLQD ,QGLD .RUHD 0H[LFR %UD]LO
,QGRQHVLD6RXWK$IULFDDQG1LJHULD
Much of the literature on game theory suggests that
the conditions necessary for achieving large-scale stable
coalitions mean that relatively modest emissions reductions
ZLOOEHDFKLHYHG HJ&DUUDURDQG6LQLVFDOFR+RHODQG
6FKQHLGHU   &RRSHUDWLYH JDPH WKHRU\ HPSKDVL]HV WKH
prospect of building stable coalitions if a transfer scheme (e.g.
by emissions trading) can allocate the gains from cooperation
LQSURSRUWLRQWRWKHEHQH¿WVIURPUHGXFHGFOLPDWHLPSDFWV HJ
Chander and Tulkens, 1995; Germain et al., 1998; Germain et
al., 2003). Eykmans and Finus (2003) note that much of the
literature focuses on a ‘grand (all party) coalition, analyses
stability in terms of the aggregate payoff to coalitions and rests
on very strong assumptions about implicit punishment of any
free-riding countries.’ A more extensive discussion of the issues
of free-riding is contained in Chapter 10 of the TAR.
Alternative assumptions can provide a richer understanding
of possible factors relevant to an agreement by relating relate
to the response to payoffs from cooperation, including spillover
and trade effects, allowing for the development of multiple
coalitions and recognizing trade and the role of technology
transfer as well as the potential for other transfer schemes
(Tol et al., 2000; Finus, 2002; Kemfert et al., 2004). They
also increase the possibility that partial cooperation (including
involving more than one coalition) can close the gap between
WKH JOREDO RSWLPXP IXOO FRRSHUDWLRQ  DQG ³QR FRRSHUDWLRQ´
by a substantial amount. While this is essentially a theoretical
FRQFOXVLRQ EDVHGLQVRPHFDVHVRQPRGHOOLQJUHÀHFWLQJVRPH
empirical evidence), it provides some basis for suggesting that
it is too restrictive to assume that a single, all-encompassing
global intergovernmental agreement is a necessary condition

32 For example, participation in the tiers of commitments of the Kyoto Protocol can only be changed by an amendment which has to be ratiﬁed by all parties. As this is
extraordinarily difﬁcult, membership in the tiers is essentially ﬁxed.
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for effective mitigation action.
6RPH DXWKRUV VHH IRU H[DPSOH 0XOOHU  -DHJHU
2003) suggest that a climate regime is not exclusively about
mitigation but that it also encompasses adaptation and, as such,
far wider arrays of countries are vulnerable to climate and must
be included in any agreement. Further, several authors (e.g.
Meira Filho and Gonzales, 2000; Pan, 2005) argue that even
if the majority of emissions are the responsibility of only a few
nations, all countries must share the commitments to reduce
these for reasons of equity and fairness (recognizing that such
actions should be differentiated according to responsibility and
capability). Other rationales for global engagement are also
used, including that if only some major countries participate,
the emissions of non-participating countries could increase by
the migration of emission-intensive industries. Therefore, most
proposals aim to provide incentives for countries to participate.
6RPHDLPDWSXOOLQFHQWLYHVVXFKDVWHPSRUDU\RYHUDOORFDWLRQ
or no regret structures; others mention push incentives, such
as trade sanctions or border tax adjustments (Kuik, 2003;
Biermann and Brohm, 2005).
Other authors argue that countries have differentiated
historical responsibility and that such a sub-global participation
can be effective: Grubb et al. (2002) argue that under some
scenarios one can expect that technology development driven
by the international climate regime in Annex I countries could
offset some or all emissions leakage in non-Annex I countries.
6LMP   QRWHV WKDW D QXPEHU RI SROLFLHV FRXOG SURPRWH
this spillover effect in the longer term. These types of policies
include international cooperation on Research, Development
and Demonstration (RD&D), promoting open trade or using
the Clean Development Mechanism. Others argue that with the
participation of some large countries, other countries cannot lag
behind and that the climate regime should look for that ‘tipping
point’ (Barrett, 2003).
In general, the literature suggests that actions can occur in
parallel and that international agreements could have multiple
components, since national circumstances are so diverse.
However, the suggestion is also made that care should be taken,
particularly for countries with limited institutional capacity, to
avoid creating too many simultaneous international activities.
13.3.3.3

Implications of regime stringency: linking goals,
participation and timing

6HYHUDO VWXGLHV KDYH DQDO\VHG WKH UHJLRQDO HPLVVLRQ
allocations or requirements on emission reductions and time
of participation in the international climate change regime
with the aim of being able to ensure different concentration or
temperature stabilization targets (Berk and den Elzen, 2001;
Blanchard, 2002; Winkler et al., 2002a; Criqui et al., 2003;
WBGU, 2003; Bollen et al., 2004; Groenenberg et al., 2004;
%|KULQJHU DQG /|VFKHO  GHQ (O]HQ DQG 0HLQVKDXVHQ
 GHQ (O]HQ DQG /XFDV  GHQ (O]HQ et al., 2005c;

+|KQHet al., 2005; Michaelowa et alD%|KULQJHUDQG
:HOVFK  +|KQH  3HUVVRQ et al., 2006). A large
variety of system designs for allocating emission allowances/
permits were analysed, including contraction and convergence,
multistage, Triptych and intensity targets. The studies cover a
EURDG VSHFWUXP RI SDUDPHWHUV DQG DVVXPSWLRQV WKDW LQÀXHQFH
these results, such as population, GDP development of
individual countries or regions, global emission pathways
that lead to climate stabilization (including overshooting the
desired concentration level), parameters for the thresholds
for participation and ways to share emission allowances.
For example, the studies include very stringent requirements
for developed countries with more lenient requirements for
developing countries as well as less stringent requirements
for developed countries and more ambitious constraints for
developing countries within a plausible range. The conclusions
of these studies and their implications for international regimes
can be summarized as follows:
v Under regime designs for low and medium concentration
stabilization levels (i.e. 450 and 550 ppm CO2-eq, category
A and B; see Chapter 3, Table 3.10) GHG emissions from
developed countries would need to be reduced substantially
during this century. For low and medium stabilization
levels, developed countries as a group would need to
reduce their emissions to below 1990 levels in 2020 (on the
order of –10% to 40% below 1990 levels for most of the
considered regimes) and to still lower levels by 2050 (40%
to 95% below 1990 levels), even if developing countries
make substantial reductions. The reduction percentages for
individual countries vary between different regime designs
and parameter settings and may be outside of this range. For
high stabilization levels, reductions would have to occur,
but at a later date (see Box 13.7).
v Under most of the considered regime designs for low and
medium stabilization levels, the emissions from developing
countries need to deviate – as soon as possible – from what
we believe today would be their baseline emissions, even
if developed countries make substantial reductions. For
the advanced developing countries, this occurs by 2020
PRVWO\ /DWLQ $PHULFD 0LGGOH (DVW DQG (DVW $VLD  )RU
high stabilization levels, deviations from the reference level
are necessary only at a later date.
v Reaching lower levels of GHG concentrations requires
earlier reductions and faster participation compared to
higher concentrations.
v For many countries, the overall target set is critical; it dictates
WKHHPLVVLRQVUHGXFWLRQUHTXLUHPHQWVPRUHVSHFL¿FDOO\WKDQ
does the approach chosen to meet that target.
v The wide diversity of approaches means that not all
countries participate under all regimes – even if an identical
concentration target is achieved. Obviously, required
national actions differ enormously, depending on whether a
country participates in a system. However, the difference in
reductions required between the various approaches is small
for participating countries.
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Box 13.7 The range of the difference between emissions in 1990 and emission allowances in 2020/2050 for
various GHG concentration levels for Annex I and non-Annex I countries as a groupa

I

Scenario category

Region

2020

2050

A-450 ppm CO2-eqb

Annex I

–25% to –40%

–80% to –95%

Non-Annex I

Substantial deviation from baseline in
Latin America, Middle East, East Asia and
Centrally-Planned Asia

Substantial deviation from baseline in all
regions

Annex I

-10% to -30%

-40% to -90%

Non-Annex I

Deviation from baseline in Latin America and
Middle East, East Asia

Deviation from baseline in most regions,
especially in Latin America and Middle East

Annex I

0% to -25%

-30% to -80%

Non-Annex I

Baseline

Deviation from baseline in Latin America and
MIddle East, East Asia

B-550 ppm CO2-eq

C-650 ppm CO2-eq

I

Notes:
a The aggregate range is based on multiple approaches to apportion emissions between regions (contraction and convergence, multistage,
Triptych and intensity targets, among others). Each approach makes different assumptions about the pathway, speciﬁc national efforts
and other variables. Additional extreme cases – in which Annex I undertakes all reductions, or non-Annex I undertakes all reductions – are
not included. The ranges presented here do not imply political feasibility, nor do the results reﬂect cost variances.
b Only the studies aiming at stabilization at 450 ppm CO -eq assume a (temporary) overshoot of about 50 ppm (See Den Elzen and
2
Meinshausen, 2006).
Source: See references listed in ﬁrst paragraph of Section 13.3.3.3

6HYHUDOVWXGLHVKDYHJRQHRQHVWHSIXUWKHUDQGKDYHEDVHG
on emission allocations, calculated emission reduction costs
and possible trades of emission allowances at a regional
level for different concentration or temperature stabilization
targets (Criqui et al., 2003; WBGU, 2003; Bollen et al., 2004;
%|KULQJHU DQG :HOVFK   %|KULQJHU DQG /|VFKHO
 GHQ (O]HQ DQG /XFDV  GHQ (O]HQ et al., 2005c;
Persson et al., 2006). Researchers have also analysed a large
variety of system designs. With cost analysis even more
assumptions are relevant, such as detailed assumptions on
emission reduction costs per sector and region. Costs have been
calculated using a variety of models, ranging from those with
detailed sectoral representation focussing on the technological
aspects to macroeconomic models focussing on the economy
as a whole. How (and what) costs are calculated plays a role.
6RPHVWXGLHVSUHVHQWDQQXDOGLUHFWPLWLJDWLRQFRVWV RQO\GLUHFW
abatement costs) or energy costs, such as mitigation costs and
costs of losses of fossil fuel exports or gains from increased
exports of biofuels. Other studies present full macro-economic
FRVWVFDOFXODWHGDV FXPXODWLYH *'3ORVVHVLQDVSHFL¿FWDUJHW
year. The cumulative impact of climate policies on GDP may be
lower than expected from the annual abatement costs levels due
to the fact that climate policy leads mostly to the substitution of
investments and activities and much less to an overall reduction
of the GDP. The conclusions of these studies on costs can be
summarized as follows:
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Global costs
v The total global costs are highly dependent on the
baseline scenario, marginal abatement costs estimates, the
participation level in emission trading and the assumed
concentration stabilization level (see also Chapter 11).
v 7KH WRWDO JOREDO FRVWV GRHV QRW YDU\ VLJQL¿FDQWO\ IRU WKH
same global emission level; however, costs will vary with
the degree of participation in emission trading (how and
when allowances are allocated). If, for example, some
major emitting regions do not participate in the reductions
and in emission trading immediately, the global costs of the
participating regions may be higher (see also Chapter 3, e.g.
Bollen et al., 2004; den Elzen et al., 2005c).
Regional costs
v Regional abatement costs are largely dependent on the
assumed stabilization level and baseline scenario. The
allocation regime is also an important factor, although in
most countries the extent of its effect is less than that of
the stabilization level (see Criqui et al., 2003; den Elzen
DQG/XFDVGHQ(O]HQet al., 2006b). The allocation
parameter having the largest effect is the timing of
participation. Under a staged approach, whether a region
participates early or late is of great importance. If, for
example, convergence of the per capita emissions were
to occur by the end of this century, developing regions
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would incur high costs relative to what might occur in the
reference or baseline cases. Conversely, if convergence were
to occur by the middle of the century, developed countries
would incur higher costs relative to what they might incur
in a reference or baseline case (see Nakicenovic and Riahi,
2003; den Elzen et al., 2005a; Persson et al., 2006).
v Abatement costs (only costs from reducing emissions)
DV D SHUFHQWDJH RI *'3 YDU\ VLJQL¿FDQWO\ E\ UHJLRQ IRU
allocation schemes that ultimately lead to convergence in
per capita emissions by the middle of this century. The costs
are above the global average for the Middle East and the
Russian Federation, including surrounding countries, and –
WRDOHVVHUH[WHQW±IRU/DWLQ$PHULFD7KHFRVWVDUHQHDUWKH
world average for the OECD regions and below the world
average for China. The other developing regions, such as
$IULFDDQG6RXWK$VLD ,QGLD H[SHULHQFHORZFRVWVRUHYHQ
JDLQVDVDUHVXOWRI¿QDQFLDOWUDQVIHUVIURPHPLVVLRQWUDGLQJ
(Criqui et alGHQ(O]HQDQG/XFDV 
v In addition to the abatement costs of reducing emissions,
other costs arise from changes in international trade. Fossil
fuel-exporting regions are also likely to be affected by
losses in coal and oil exports compared to the baseline,
while some regions could experience increased bio-energy
H[SRUWV LH WKH 5XVVLDQ )HGHUDWLRQ DQG 6RXWK $PHULFD 
(see Nakicenovic and Riahi, 2003; van Vuuren et al., 2003;
Persson et al., 2006; and also Chapter 11).
v The economic impacts in terms of welfare changes show
a similar pattern for different allocation schemes. For
example, allocation schemes based on current emissions
(sovereignty) lead to welfare losses for the developing
countries. Allocation schemes based on a per capita
convergence lead to welfare gains for developing countries,
without leading to excessive burdens for industrialized
FRXQWULHV %|KULQJHUDQG:HOVFK
13.3.3.4

Actions

13.3.3.4.1 Targets
:KLOH PDQ\ W\SHV RI FRPPLWPHQWV DUH LGHQWL¿HG LQ WKH
literature on climate change, the most frequently evaluated
commitment is that of the binding absolute emission reduction
target as included in the Kyoto Protocol for Annex I countries.
The broad conclusion that can be drawn from the literature is
that such targets provide certainty about future emission levels
of the participating countries (assuming targets will be met).
7KHVHWDUJHWVFDQDOVREHUHDFKHGLQDÀH[LEOHPDQQHUDFURVV
GHGs and sectors as well as across borders through emission
trading and/or project-based mechanisms (in the Kyoto Protocol
case, this is referred to as Joint Implementation (JI) and as the
Clean Development Mechanism (CDM).
2QHFUXFLDOHOHPHQWLVGH¿QLQJDQGDJUHHLQJRQWKHOHYHORI
the emission targets. Examples of processes to agree on a target
include:

v Participating countries make proposals (pledges) for
individual reductions on a bottom-up basis. This approach
has the risk that proposed reductions may not be adequate to
lead to the desired stabilization levels.
v A common formula can be agreed upon for determining
the emission targets. This rule could lead to reduction
percentages for each individual country (which could
VXEVHTXHQWO\EHPRGL¿HGE\QHJRWLDWLRQV 
v An overall target can be given to a group of countries, with
the group deciding internally on how to share the target
amongst the participants. This approach has been applied
to the EU for the purpose of the Kyoto Protocol. It could, in
principle, also be applied to any other group of countries.
0DQ\DXWKRUVKDYHUDLVHGFRQFHUQVWKDWWKHDEVROXWHRU¿[HG
targets may be too rigid and cap economic growth (Philibert and
3HUVKLQJ+|KQHet al., 2003; Bodansky, 2004). To address
WKHVH FRQFHUQV D QXPEHU RI PRUH ÀH[LEOH QDWLRQDO HPLVVLRQ
targets have been proposed (see alternative types of emission
targets in Table 13.2). These options aim at maintaining the
advantages of international emissions trading while providing
PRUHÀH[LELOLW\WRFRXQWULHVWRDYRLGH[WUHPHO\KLJKFRVWVDQG
thereby, potentially allowing for the adoption of more stringent
WDUJHWV +RZHYHU WKLV ÀH[LELOLW\ UHGXFHV WKH FHUWDLQW\ WKDW D
given emission level will be reached. Thus, there is a trade-off
between costs and certainty in achieving an emissions level (see
Jotzo and Pezzey, 2005). Other disadvantages that have been
mentioned are adding to the complexity of the system or, in the
FDVHRILQWHQVLW\WDUJHWVWKHGLI¿FXOW\LQFRSLQJZLWKHFRQRPLF
recession as well as the potential for creating ambiguity for
market investors.
Additional understanding comes from the political science
literature which emphasizes the importance of analysing the full
range of factors bearing on decisions by nation states, including
domestic pressures from the public and affected interest groups,
the role of norms and the contribution of NGOs (environment,
EXVLQHVVDQGODERXU WRWKHQHJRWLDWLRQSURFHVVHV6WXGLHVRIWKH
European Acid Rain Regime have revealed, for example, that
although agreements on an ambitious target can serve as a driver
for policy implementation, they may not necessarily result in a
good environmental consequence if the countries involved do
not have the capacity to comply with what they have committed
themselves to in good faith (Victor, 1998). While such case
study-based analyses yield conclusions that are dependent on
the choice of cases and the manner in which the analysis is
carried out, they can provide insights which are more accessible
to policymakers than more quantitative economic analyses.
13.3.3.4.2 Flexibility provisions
Many environment agreements seek to address complex
LVVXHVE\DOORZLQJIRUDGGLWLRQDOÀH[LELOLW\DVDPHDQVWRDFKLHYH
their goals. Flexibility has been suggested as to ‘how’, ‘when’,
‘where’ and ‘what’ emissions are to be reduced. In the climate
change context, emission reductions under an international
777
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agreement can conceptually be achieved any ‘where’ on the
globe. It is also possible to shift the timing (‘when’) of emission
reductions (depending on the emission pathway), the ‘how’
(i.e. choice of policy instrument) and the ‘what’ in terms of the
VSHFL¿FHPLVVLRQVRXUFHRUVLQNWKDWLVWKHWDUJHWRIWKHSROLF\
The Kyoto Protocol incorporates three articles that provide
ÀH[LELOLW\ DV WR µZKHUH¶ HPLVVLRQ UHGXFWLRQV RFFXU QDPHO\
through provisions on international emission trading, JI and the
&'08QGHU.\RWR¶VLQWHUQDWLRQDO(76HPLVVLRQDOORZDQFHV
may be traded between governments of Annex B parties if a
surplus occurs in one country. Emission reductions achieved
through projects between Annex I countries are called JI, while
emission reduction projects located in non-Annex I countries
are called CDM projects. Extensive rules have been agreed upon
to ensure that credits created under these project mechanisms
actually represent the emissions reduced.
International Emissions Trading
Emissions’ trading has become an important implementation
mechanism for addressing climate change in many countries.
The overall value of the global carbon market was over 10 billion
86 LQ  DQG LQ WKH ¿UVW TXDUWHU RI  WKH WUDQVDFWLRQ
OHYHOUHDFKHGELOOLRQ86 :RUOG%DQNDQG,(7$ 
7KH PRVW DGYDQFHG (76 LV WKDW GHYHORSHG E\ WKH (8:KLOH
this system is an international one, it bears many of the
characteristics of a national programme, with oversight by the
European Commission and a centralized regulatory and review
mechanism (see Box 13.4 for details, including those on trading
prices and volumes). A larger global system of international
trading is slowly developing through emission credits generated
by the project-based mechanisms33. Theoretically, a fully
JOREDO (76 ZRXOG SURYLGH PDUNHW SOD\HUV DQG SROLF\PDNHUV
with information thus far absent from decision-making: the
actual, unfettered, global cost of GHG mitigation in a range
of economic activities. In this context, at the international
level, such a regime would mirror the information provided by
national trading programmes at a global scale.
/HFRFTDQG&DSRRU  QRWHWKDWZKLOHWKHLQWHUQDWLRQDO
GHG emissions market remains fragmented, trading activity
has increased substantially during the last 5 years. According
to their analysis, regional, national and sub-national trading
programmes are all operating under different rules, which could
inhibit ‘market convergence’ and increase the costs of trading.
Others indicate that a global market can incorporate diverse
domestic and regional systems despite differences in design;
they reiterate the point made by others that such a system may
EH VLJQL¿FDQWO\ OHVV HI¿FLHQW WKDW D VLQJOH JOREDOO\ RSWLPL]HG
regime (Baron and Philibert, 2005).
A full assessment of the elements required to link multiple
UHJLPHV LV SURYLGHG E\ +DLWHV D  ZKR LGHQWL¿HV RQO\ D
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few situations that might prevent linkages (a formal prohibition
in one system to allow links, and circumstances where a single
¿UP¶VPHPEHUVKLSLQPXOWLSOHSURJUDPPHVFUHDWHVWKHSRWHQWLDO
for double counting). However, issues that could complicate links
between two or more emissions trading programmes include
concerns on the effectiveness of compliance enforcement and
on whether the linked regimes provide adequate protection of
either system’s environmental objectives. As Bygrave and Bosi
(2004a,b) note, links do not need to be formal; market arbitrage
can provide opportunities for purchasing allowances in multiple
PDUNHWVHYHQLIWKHUHLVQRVSHFL¿FUHFRJQLWLRQRIRQHV\VWHP¶V
permits under another’s structure.
Various authors have analysed the size of the allowance
surplus of the countries in transition, barriers to accessing
allowances, the potential market power of cartels and links to
HQHUJ\ VHFXULW\ 6XFK VXUSOXVHV FDQ DOWHU WKH RYHUDOO FRVWV RI
compliance with the Kyoto commitments – but only if trade
in such surplus allowances is undertaken. Victor et al. (2001a)
estimated the joint Russian and Ukrainian surplus at 3.7 billion
tCO2 for the entire commitment period 2008–2012. Berkhout
DQG 6PLWK   HVWLPDWH WKH VXUSOXV OHYHO RI WKH IRUPHU
6RYLHW8QLRQWKURXJKWRDQGVWDWHWKDWLWFRXOGRQO\FRYHU
half of an assumed 30% reduction target for a 28-member state
(8 *ROXE DQG 6WUXNRYD   VHH WKH 5XVVLDQ VXUSOXV DV
being up to 3 billion tCO2, arguing that due to barriers in the
Russian capital market, forward trading with OECD countries
represents the only opportunity to raise initial capital to mobilize
no-regret and low-cost GHG reductions. Maeda (2003) shows
that permits for surplus emissions in the international emissions
WUDGLQJUHJLPHPD\DIIHFWWKHHFRQRPLFHI¿FLHQF\RIWKH.\RWR
mechanism and suggests that considerable market power exerted
by sellers could affect the price (e.g. if all of the economies in
transition form a cartel, if Ukraine forms a cartel with Russia or
even if Russia acts alone). Kuik (2003) sees a trade-off between
HFRQRPLF HI¿FLHQF\ HQHUJ\ VHFXULW\ DQG FDUERQ GHSHQGHQF\
with respect to the EU acquisition of Russian and Ukrainian
assigned amount units. One proposal for reducing concerns over
trading in surplus allowances is that of the ‘Green Investment
6FKHPH¶LQZKLFKUHYHQXHVIURPVDOHVRIVXUSOXVDOORZDQFHVDUH
spent on national policies, programmes and projects to further
reduce emissions; this option is explained further below.
Project-based mechanisms (Joint Implementation and
the Clean Development Mechanism)
The earliest project-based mechanism of the UN Climate
Convention process was the pilot phase of ‘Activities
Implemented Jointly’ (AIJ). Most of the 150 AIJ projects
were small, and many were only partially implemented due to
WKHODFNRI¿QDQFLQJWKDWUHVXOWHGIURPWKHODFNRIHPLVVLRQV
credits. Only half a dozen investor countries and even fewer host
FRXQWULHVGHYHORSHGUHDOQDWLRQDO$,-SURJUDPPHV6HOHFWLRQ
criteria for AIJ programmes often delayed the acceptance of

33 The EU ETS has also an international component as it involves cross-border trades and transactions between national allowance registries.
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Figure 13.3: Evolution of the Clean Development Mechanism portfolio in terms of CO2 -equivalents per year and number of projects.
Source: Ellis and Karousakis (2006).

projects, and most that were undertaken were commercially
YLDEOHRQO\LIDGGLWLRQDO¿QDQFLQJZDVSURYLGHGE\DVHSDUDWH
investment subsidy (Michaelowa, 2002).
6LQFHWKH&'0KDVDOORZHGFUHGLWLQJRISURMHFWEDVHG
HPLVVLRQUHGXFWLRQVLQGHYHORSLQJFRXQWULHVWKLVLVWKH¿UVWRI
the Kyoto Protocol’s market mechanisms to be implemented.
A number of analysts have estimated CDM volume and
SULFH &KHQ   GHULYHG SULFHV RI ± 86W&22 and
DQQXDO YROXPHV RI DSSUR[LPDWHO\ ± PLOOLRQ FHUWL¿HG
emissions reductions (CERs). Jotzo and Michaelowa (2002)
and Michaelowa and Jotzo (2005) model an annual CER
demand of 360 million tCO2DQGDSULFHRI¼W&226SULQJHU
and Varilek (2004) predict a likely CER price of less than
86W&22 in 2010. CER prices increased from approximately
¼W&22LQWRPRUHWKDQ¼WRQLQHDUO\ DWWKHWLPH
RISHDNSULFHVLQWKH(8(76 DVRI2FWREHUWKH\KDG
GHFOLQHGWRDERXW¼W&22. CER prices have been relatively
FORVHO\WLHGWR(8(76SULFHVRYHUWLPH
As of May 2006, the volume of CERs estimated from nearly
1000 proposed projects in 69 countries was 200 MtCO2-eq/
year in 2008–2012 and 330 Mt MtCO2-eq/year in the pre-2008
SHULRG (OOLVDQG.DURXVDNLVVSHFL¿FSURMHFWLQIRUPDWLRQ
can be found at http://cdm.unfccc.int; recent updates on the
&'0-, SLSHOLQH FDQ DOVR EH IRXQG DW WKH 81(35,62 VLWH
ZZZFGFGPRUJSXEOLFDWLRQV&'0SLSHOLQH[OV  6HH )LJXUH
13.3). While not all projects will be implemented, the UNFCCC
cites 491 registered projects and estimates CERs equal to 740
MtCO2-eq from those projects through to the end of 2012.34
Ellis and Karousakis (2006) also indicate that almost half of
the proposed CDM projects are in the electricity sector and that
many are small renewable projects occurring in 40 countries.
However, the majority of credits have come from CDM projects
reducing nitrous oxide (N22 WULÀXRURPHWKDQH +)& DQG

to a lesser extent, methane (CH4). Projects that have not yet
had methodologies approved will be under-represented in the
SURMHFWPL[±HYHQLIWKH\UHSUHVHQWRSSRUWXQLWLHVIRUVLJQL¿FDQW
emissions reductions at the national or global level. Publicly
committed budgets for CER acquisition stood at approximately
ELOOLRQ86 :RUOG%DQN  6HH)LJXUH $WVXFKD
scale, the CDM begins to reach the same order of magnitude as
*OREDO(QYLURQPHQW)DFLOLW\ *() DQG2I¿FLDO'HYHORSPHQW
Assistance (ODA) resources.
It was initially assumed that CDM projects would be
undertaken as bilateral arrangements between Annex I and nonAnnex I convention Parties (and private sector companies in
those countries). As of October 2006, 56% of registered projects
were being undertaken unilaterally, indicating that companies in
GHYHORSLQJFRXQWULHVDUHSURFXULQJWKH¿QDQFLQJWRLPSOHPHQW
projects and sell the CERs to industrialized countries.35
A CDM project has to go through an elaborate project
cycle that includes external validation and which has been
GH¿QHG E\ D GHFLVLRQ RI WKH th Conference of the Parties to
the UNFCCC (2001) and is in keeping with the decisions of
the CDM Executive Board that is overseeing the project cycle
(see, for example, UNFCCC, 2003a–c). As CDM projects are
implemented in countries without emissions targets, project
µDGGLWLRQDOLW\¶EHFRPHVLPSRUWDQWWRDYRLGJHQHUDWLQJ¿FWLWLRXV
emission reduction credits through ‘business as usual’ activities.
6HYHUDO WHVWV RI DGGLWLRQDOLW\ KDYH EHHQ GLVFXVVHG LQ WKH
literature; these include investment additionality (see Greiner
and Michaelowa, 2003) and environmental additionality (see
6KUHVWKDDQG7LPLOVLQD 7KH&'0([HFXWLYH%RDUGKDV
developed an additionality tool that project proponents can
use to test and demonstrate the additionality of a CDM project
(http://cdm.unfccc.int/methodologies/PAmethodologies/
Additionality_tool.pdf).

34 As of January 22, 2007. See: http://cdm.unfccc.int
35 The CDM Executive Board at its 18th meeting decided that registration can take place without an Annex I Party being involved at the time of registration. An Annex I partner
would need to issue a letter of approval after registration in order to receive the CERs.
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Figure 13.4: Budgets for the acquisition of certiﬁed emissions reductions (CERs) and emission reductions units (ERUs).
Note: Status as of October 10, 2006 at which time the total budget was almost ` 6 billion.

If a project is additional, the next step is to determine a
‘baseline’ – the emissions that would have occurred if the project
had not taken place. One potential risk is the overestimation of
baseline emissions, which is a major problem as all participants
SUR¿W IURP DQ RYHUHVWLPDWH DV WKHUH LV WKHQ QR LQFHQWLYH WR
FRUUHFW LW 6WULQJHQW UXOHV DQG PRGDOLWLHV DUH UHTXLUHG IRU
GHWHUPLQLQJEDVHOLQHVDIIHFWLQJWKHHI¿FLHQWSURFHVVLQJRIWKH
CDM (Bailey et al., 2001). Fischer (2006) argues that due to
pressure from industry, rules for standard emission rates are
likely to be systematically biased to over-allocation and also
ULVN FUHDWLQJ LQHI¿FLHQW LQYHVWPHQW LQFHQWLYHV $OWHUQDWLYHO\
%URHNKRII   IRFXVHV RQ FRVWV DQG HI¿FLHQF\ DUJXLQJ
that the availability of data and the level of data aggregation
determine to a large extent the cost of deriving multi-project
EDVHOLQHV2WKHUDXWKRUVH[DPLQHVSHFL¿FEDVHOLQHLVVXHVLQWKH
energy sector, particularly the use of models, the need to consider
size, vintage, generation type and operational characteristics
and issues relating to technology and sectoral approaches (see
Fichtner et al=KDQJet al6SDOGLQJ)HFKHUet al.,
2002; Begg and Van der Horst, 2004; Illum and Meyer, 2004;
Kartha et al., 2004; Rosen et al6DWKD\Het al., 2004).
In order to account for any emissions that occur outside of
the CDM project boundary but which are a consequence of the
CDM project – emissions referred to a ‘carbon leakage’ – a
CDM project should also include a leakage estimate. According
WRWKH81)&&&&'0JORVVDU\RIWHUPVOHDNDJHLVGH¿QHGDV
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the net change of anthropogenic emissions by sources of GHGs
that occur outside the project boundary and which is measurable
DQG DWWULEXWDEOH WR WKH DFWLYLW\ RI WKH &'0 SURMHFW /HDNDJH
issues have been discussed by a number of authors (see, for
example, Geres and Michaelowa (2002) and Kartha et al. (2002)
for the electricity sector and the Working Group on Baseline for
CDM/JI Project (2001)). There is a general consensus that the
determination of project boundaries is critical to any evaluation
of leakage.
The coverage of forestry and forest-related projects is a
contentious issue under the CDM. The problems primarily relate
to the impermanence of the forest and to leakage to other regions.
Dutschke (2002) suggests leasing CDM credits to address the
non-permanence of forestry sinks. The CDM has addressed the
issue of non-permanence through the creation of separate CDM
credits, which are called temporary CERs. According to Nelson
and de Jong (2003), development priorities can be lost. This is
illustrated by the case of a forestry project in Chiapas in which
Mexico shifted from a development emphasis with multiple
species to two species when the focus changed to carbon sales
by individual farmers. Data (or its scarcity) as well as price
XQFHUWDLQW\ DOVR SRVH SUREOHPV 9|KULQJHU   QRWHV WKDW
establishing historical deforestation rates is a major problem
in Costa Rica. Van Vliet et al. (2003) analysed six proposed
plantation forestry projects in Brazil for uncertainty and, based
RQWKHLUUHVXOWVWKH\VXJJHVWWKDWÀXFWXDWLRQVLQSURGXFWSULFHV
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cause variations of up to 200% in CERs and net present value,
OHDGLQJWRGLI¿FXOWLHVLQGHWHUPLQLQJWKHDGGLWLRQDOLW\RIVXFK
SURMHFWVWKHUHE\PDNLQJ¿YHRIWKHVL[SURMHFWVLQHOLJLEOHIRU
CDM.
Perhaps the most critical issue in the context of the viability
of the CDM over the longer term is whether there will be an
ongoing price signal that encourages both emission reduction
commitments and a market demand – over the longer term.
This will clearly depend on the shape of both international
agreements and evolving national programmes that might
support project offsets. Independent of the market demand
issues, an important suggestion to enhance the CDM relates to
LPSURYLQJWKHVXVWDLQDEOHGHYHORSPHQWEHQH¿WVRID&'02QH
proposal36IRUGRLQJWKLVLVWKHµ*ROG6WDQGDUG¶ZKLFKFDOOVIRU
enhanced environmental assessment, stakeholder consultations
and the use of a qualitative sustainability matrix, expanding the
CDM regime to allow programmes and policies to be credited
±DFRQFHSWHODERUDWHGRQLQDGHFLVLRQE\WKH¿UVWPHHWLQJRI
the Kyoto Parties in 2005, and analysed by Ellis (2006) – and
extending CDM project incentives beyond 2012.
Joint Implementation has been much less extensively
researched than the CDM. Its later start date and unclear
international rules (for example, the ‘second track’ rules were
only agreed upon in October 2006) have generated considerable
uncertainty with regard to implementation. Transactions under
JI are seen as both cumbersome and beset with institutional
obstacles (Korppoo, 2005). In addition, several authors have
argued that JI projects will potentially be ‘double counted’ –
given credit under both the project mechanism as well as under
WKHUXOHVIRU(8(76$QXPEHURISURSRVDOVKDYHEHHQPDGHWR
address this issue. Koch and Michaelowa (1999) and Moe et al.
 KDYHVXJJHVWHGDµ*UHHQ,QYHVWPHQW6FKHPH¶ *,6 LQ
which revenues from sales of Assigned Amount Units (AAU)
are allocated to projects that reduce GHG emissions. Blyth and
%DURQ  VXJJHVWWKDWWKHVFDOHRID*,6LQ5XVVLDFRXOG
UHDFKDVPXFKDV¼±ELOOLRQSHUDQQXP7KLVLVDYHU\
DSSUR[LPDWH¿JXUHDQGGHSHQGVRQWKHEDODQFHRIVXSSO\DQG
demand and the prevailing allowance price. Fernandez and
0LFKDHORZD  GLVFXVVWKHLPSDFWRIGH¿QLQJWKHµDFTXLV
communautaire’ as the baseline for JI projects in the new EU
0HPEHU 6WDWHV DQG VWUHVV WKH QHHG WR HVWDEOLVK D SUHGLFWDEOH
legal framework in the host countries, while Van der Gaast
(2002) sees a reduced scope for JI in Eastern Europe due to the
µDFTXLV¶ZKLFKFRXOGDOVREHLQFUHDVHGE\XVLQJD*,6
National institutions for project-based mechanisms have been
slow to develop. The institutional problem is often exacerbated
in countries with unstable economies and institutions and by
project developers who often have very short time horizons,
are unwilling to wait for the revenues and who cannot provide
UHJXODU DQG RQJRLQJ PRQLWRULQJ DQG YHUL¿FDWLRQ UHSRUWV RI
emission reductions (see Michaelowa (2003a) for an overview
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of such issues in CDM host countries, Korppoo (2005) for
VSHFL¿FLVVXHVUHODWHGWRWKH5XVVLDQ)HGHUDWLRQDQG)LJXHUHV
 IRULVVXHVVSHFL¿FWR/DWLQ$PHULFD 
Sectoral approaches
A number of researchers have suggested that sectoral
approaches may provide an appropriate framework for postKyoto agreements (see sectoral approaches in Table 13.2).
8QGHU VXFK D V\VWHP VSHFL¿HG WDUJHWV FRXOG EH VHW VWDUWLQJ
ZLWKVSHFL¿FVHFWRUVRULQGXVWULHVWKDWDUHSDUWLFXODUO\LPSRUWDQW
politically easier to address, globally homogeneous and/or
UHODWLYHO\LQVXODWHGIURPFRPSHWLWLRQZLWKRWKHUVHFWRUV6XFK
an approach may be binding (e.g. such as an agreement in the
International Civil Aviation Organization) or voluntary (such
DV DQ DJUHHPHQW WKURXJK WKH ,QWHUQDWLRQDO 6WDQGDUGL]DWLRQ
2UJDQL]DWLRQ  7DUJHWV PD\ EH ¿[HG RU G\QDPLF DQG µQR
lose’, binding or non-binding (Philibert and Pershing, 2001;
6DPDQLHJRDQG)LJXUHV%RGDQVN\ %RVLDQG(OOLV
(2005) and Baron and Ellis (2006) have explored different
design options for sectoral crediting, including policy, rateEDVHGDQG¿[HGOLPLWDSSURDFKHVDQG(OOLVDQG%DURQ  
have assessed how these options could be applied to the
aluminium and electricity sectors.
6HFWRUDOFRPPLWPHQWVKDYHWKHDGYDQWDJHRIEHLQJDEOHWR
EHVSHFL¿HGRQDQDUURZHUEDVLVWKDQWRWDOQDWLRQDOHPLVVLRQV
Baumert et al E FRQVLGHUVSHFL¿FRSWLRQVLQDOXPLQLXP
cement, iron and steel, transportation and electricity generation
and conclude that while not all sectors are amenable to such
approaches, considerable precedent already exists for agreement
ERWK EHWZHHQ FRPSDQLHV DQG E\ JRYHUQPHQWV 6HFWRUDO
DSSURDFKHV SURYLGH DQ DGGLWLRQDO GHJUHH RI SROLF\ ÀH[LELOLW\
and make the comparison of efforts between countries within
a sector a relatively easy process – although comparing efforts
DFURVV VHFWRUV PD\ EH GLI¿FXOW VHH 3KLOLEHUW D  $Q
additional disadvantage to sectoral approaches is that they may
FUHDWH HFRQRPLF LQHI¿FLHQF\ 7UDGLQJ DFURVV DOO VHFWRUV ZLOO
inherently be at a lower cost than trading only within a single
sector.
13.3.3.4.3 Coordination/harmonization of policies
As an alternative to or complementary to internationally
agreed caps on emissions, it has been proposed that countries
agree to coordinated policies and measures that reduce the
emission of GHGs. A number of policies that would achieve this
goal have been discussed in the literature, including taxes (such
as carbon or energy taxes), trade coordination/liberalization,
R&D, sectoral policies and policies that modify foreign direct
LQYHVWPHQW )', 6HFWRUDOSROLFLHVKDYHEHHQGLVFXVVHGDERYH
5 ' LV GLVFXVVHG LQ 6HFWLRQ  DQG )', LV GLVFXVVHG
EHORZ RQ ¿QDQFLQJ 7KLV GLVFXVVLRQ IRFXVHV RQ KDUPRQL]HG
taxes as well on as trade and other policies.

36 This is already being applied for some projects on a voluntary basis. See: http://www.cdmgoldstandard.org.
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Box 13.7 Climate change and the World Trade Organization (WTO)
There is a history of international cooperation between environmental agreements and the WTO (see, for example, Frankel
and Rose, 2003). However, there is also literature pointing to potential conﬂicts. To date, disputes between climate and trade
agreements have not been legally tested. Should a complaint arise, the attitude of a WTO panel may depend on whether
the disputed trade measure stems from a treaty obligation or a national policy. Neither the UNFCCC nor the Kyoto Protocol
has been formulated in language that can reasonably be interpreted to require or authorize a trade measure as a strategy to
promote membership, make the climate regime more effective or enforce the treaty. Thus, any use of a climate trade measure
would be considered to be a national-level action (see Fischer et al., 2002).
Two examples help demonstrate the range of possible pitfalls:
• In 1998, Japan introduced the ‘top-runner’ programme as part of its domestic efforts to implement the Kyoto Protocol.
This legislation was intended to ensure that automobiles and other manufactured products would be more energy
efﬁcient; it required new appliance and manufactured goods be as efﬁcient as the ‘top-runner’ in the same category. The
legislation raised concern among other automobile-exporting countries, most notably the USA and the EU, which feared
that the measures might have adverse effects on their exports; consequently, the latter suggested that the legislation
was not compatible with WTO rules on free trade. Conversely, according to Yamaguchi (2004), the Japanese legislation
provides for objective standards that would be applied equally to domestic and imported cars and, accordingly, there
would be no discriminatory treatment as a matter in law. After discussions between all parties over several years, no
formal appeal was ever submitted under the General Agreement on Tariffs and Trade (GATT) or the Technical Barriers to
Trade (TBT) Agreement (see Murase, 2004).
• Murase (2002b) considers potential conﬂicts between the use of the Kyoto Protocol’s project-based ﬂexibility mechanisms
(CDM and JI) and various trade agreements. Inasmuch as project-based offsets represent foreign direct investment
(FDI), they may run counter to both the GATT and Subsidies and Countervailing Measures Agreement as well as the
common practice application of the Trade Related Investment Measures (TRIMs) and Agriculture Agreements. Adding
an additional point of complexity, Werksman et al. (2001) suggest that the effective functioning of the CDM may require
investor discrimination in a manner prohibited by the Most Favored Nation (MFN) clause of international investment
agreements.
Assunção and Zhang (2002) explore other areas of interaction between domestic climate policies and the WTO, such as
the setting of energy efﬁciency standards, the requirement for eco-labels and the implemention of targeted government
procurement programmes. They suggest that an early process of consultation between WTO members and the Parties to
the UNFCCC may be necessary to enhance synergies between the trade and climate regimes. To this end, they recommend
the establishment of a joint WTO/Framework Convention on Climate Change (FCCC) working group that would speciﬁcally
focus on greater coherence between trade, climate change and development policy.

One of the leading proponents of a harmonized tax has been
Cooper (1998, 2001). Under his proposals, all participating
nations – industrialized and developing alike – would tax their
domestic carbon usage at a common rate, thereby achieving
cost-effectiveness. Aldy et al. (2003) have suggested a number
of problems with Cooper’s proposals, including issues of
fairness (whether developed and developing countries should
have identical tax rates given the relative welfare and relative
responsibilities), whether any incentive exists for developed
countries to adopt a tax and how to manage gaming behaviour
(in which a government may change tax codes to neutralize
LWV HIIHFWV RU WR EHQH¿W FHUWDLQ HFRQRPLF VHFWRUV $GGLWLRQDO
criticism of a common tax structure comes from the modelling
community: Babiker et al. (2003) note that while an equal
marginal abatement cost across countries is economically
HI¿FLHQW LW PD\ QRW EH SROLWLFDOO\ IHDVLEOH LQ WKH FRQWH[W RI
existing tax distortions. They also note that many countries
which currently apply such taxes have exempted certain
LQGXVWULHVWKHUHE\VLJQL¿FDQWO\LQFUHDVLQJWKHRYHUDOOFRVWVRI
the tax regime. In addition, competitive concerns can arise if
782

RQHFRXQWU\DGRSWVDWD[DQGDWUDGLQJSDUWQHUGRHVQRW6HYHUDO
solutions have been proposed, including the use of trade bans
or tariffs to induce action. Governments may also seek to use
border tax adjustments under such circumstances (Charnovitz,
2003). However, it has been argued that such a measure could
be as disadvantageous to a target foreign country as a trade
measure. To date, World Trade Organization (WTO) case law
KDVQRWSURYLGHGVSHFL¿FUXOLQJVRQFOLPDWHUHODWHGWD[HV$Q\
proposed border adjustments would need careful design and
also take WTO law into account (Biermann and Brohm, 2005)
(see Box 13.7).
The importance of harmonizing environmental standards –
including those related to climate change – has been evaluated
by Esty and Ivanova (2002), who conclude that both economic
and ecological interdependence demand coordinated national
policies and international collective action. To this end, they
propose the creation of a Global Environmental Mechanism to
help manage the environmental components of a globalizing
world, primarily through information and analysis and the
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creation of a policy space for environmental negotiation and
bargaining.

research, development and diffusion. (For additional details on
VSHFL¿FVHFWRUVDQGWHFKQRORJLHVVHH&KDSWHUV± 

Other fora, in addition to the WTO, also offer opportunities
to exchange information and coordinate climate-related policies
and activities. For example, the Convention on International
7UDGHLQ(QGDQJHUHG6SHFLHVRI:LOG)DXQDDQG)ORUD &,7(6 
offers an opportunity to unite efforts in a common cause to
ERWK SURWHFW HQGDQJHUHG VSHFLHV DQG WKH FOLPDWH 6LPLODUO\
PHHWLQJV RI $VLD 3DFL¿F (FRQRPLF &RRSHUDWLRQ $3(& 
provide a platform for regional economies to take steps that
meaningfully address the adverse impact of climate change
(Ivanova and Angeles, 2005). The APEC Virtual Center
(APEC-VC) for region-wide Environmental Technology
([FKDQJH ODXQFKHG E\ WKH $VLD3DFL¿F HFRQRPLHV SURYLGHV
information on environmental technology gathered by regional
and local governmental authorities as well as by companies
and environment-related organizations. The North American
Commission on Environmental Cooperation (the NACEC or
CEC), which was created within the North America Free Trade
agreement (NAFTA), offers another model: Canada, Mexico
DQGWKH86$VLJQHGDQDJUHHPHQWWRFRRSHUDWHRQUHGXFLQJWKH
threat of global change. The trilateral agreement is the basis
for public-private partnerships to reduce GHG emissions in
North America and to boost investment in green technology. It
should be acknowledged that the NACEC could not prevent the
detrimental decline in the Mexican environment during their
participation in NAFTA (Gallagher, 2004); therefore, some
caution must be exercised with regard to the environment when
engaging in trade agreements.

One variant of a technology agreement is formulated by
Barrett (2001, 2003) in a proposal which emphasizes both
common incentives for climate-friendly technology research
and development (R&D) and technology protocols (common
standards) rather than targets and timetables. While this
proposal could potentially be environmentally effective,
depending on the payoffs to the cooperative R&D efforts and
the rate of technology deployment, Barrett notes that the system
ZRXOGQHLWKHUEHHI¿FLHQWQRUFRVWHIIHFWLYHQRWOHDVWEHFDXVH
the technology standards would not apply to every sector of
the global economy and may entail some technological lock-in.
However, Barrett assumes that if standards are set in enough
key countries, a ‘tipping effect’ is created which ultimately
would lead to widespread global adoption. In reviewing
Barrett’s assessment, Philibert (2004) expresses doubts as to
whether such a tipping effect would be applicable and suggests,
alternatively, that for some technologies (e.g. CO2 capture and
storage), cost constraints may be more critical than acceptability
in determining market penetration.

13.3.3.4.4 Technology
A number of issues related to technology research,
development and deployment (including transfers and
investment) have been explored in the literature on climate
change. Many authors have asserted that a key element of a
successful climate change agreement will be its ability to
stimulate the development and transfer of technology – without
ZKLFK LW PD\ EH GLI¿FXOW RU LPSRVVLEOH WR DFKLHYH HPLVVLRQV
UHGXFWLRQV DW D VLJQL¿FDQW VFDOH (GPRQGV DQG :LVH 
%DUUHWW3DFDODDQG6RFRORZ 

Technology transfer
One mechanism for technology transfer is through the
establishment of – and subsequent contributions to – special
IXQGLQJ DJHQFLHV WKDW GLVEXUVH PRQH\ WR ¿QDQFH HPLVVLRQV
reduction projects or adaptation activities. The UNFCCC and
the Kyoto Protocol already include provisions for establishing
and funding project activities, although contributions to and
participation in these are mostly voluntary. UNFCCC also
includes provisions for technology transfer under Article 4.5.
The CDM could also be a vehicle for technology transfer, but
the effects are unclear at this point.

Technology agreements
The studies reported in the literature make it very clear that
R&D support, price signals and other arrangements can all
contribute to technology development and diffusion. Financial
and human resources, often scarce in developing countries,
will be needed to promote R&D, while monetary and political
incentives as well as institutional arrangements will be required
to promote diffusion (see IPCC (2000) which contains a
comprehensive review of technology transfer issues, including
proposals for improving international agreements.) Technology
agreements may also seek to address barriers in technology

As part of the Marrakesh Accords, at the seventh Conference
of the Parties (COP 7), Parties were able to reach an agreement
to work together on a set of technology transfer activities, which
were grouped under a framework for meaningful and effective
actions to enhance the implementation of Article 4.5 of the
Convention. This framework37KDV¿YHPDLQWKHPHV
1. Technology needs and needs assessments;
2. Technology information;
3. Enabling environments;
4. Capacity building;
5. Mechanisms for technology transfer.

7KHFRQFHSWRIUHJLRQDOWHFKQRORJ\VSHFL¿FDJUHHPHQWVKDV
DOVREHHQH[SORUHGE\6XJL\DPDDQG6LQWRQ  ZKRVXJJHVW
that they may offer an interim path to promote cooperation and
develop new, lower cost options to mitigation climate change
– allowing any future negotiations on emission caps to proceed
more smoothly. Box 13.8 lists some examples of existing
international technology coordination programmes.

37 See UNFCCC decision 4/COP 7 on the Development and Transfer of Technologies
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Box 13.8 Examples of coordinated international R&D and technology promotion activities
•

•

•

•

•

International Partnership for a Hydrogen Economy: Announced in April 2003, the partnership consists of 15 countries
and the EU, working together to advance the global transition to the hydrogen economy, with the goal of making fuel
cell vehicles commercially available by 2020. The Partnership will work to advance the research, development and
deployment of hydrogen and fuel cell technologies and to develop common codes and standards for hydrogen use.
See: www.iphe.net.
Carbon Sequestration Leadership Forum: This international partnership was initiated in 2003 and has the aim of
advancing technologies for pollution-free and GHG -free coal-ﬁred power plants that can also produce hydrogen for
transportation and electricity generation. See: www.cslforum.org.
Generation IV International Forum: This is a multilateral partnership fostering international cooperation in research and
development for the next generation of safer, more affordable and more proliferation-resistant nuclear energy systems.
This new generation of nuclear power plants could produce electricity and hydrogen with substantially less waste and
without emitting any air pollutants or GHG emissions. See: http://nuclear.energy.gov/genIV/neGenIV1.html.
Renewable Energy and Energy Efﬁciency Partnership: Formed at the World Summit on Sustainable Development
in Johannesburg, South Africa, in August 2002, the partnership seeks to accelerate and expand the global market for
renewable energy and energy-efﬁciency technologies. See : http://www.reeep.org
Asia-Paciﬁc Partnership on Clean Development and Climate: Inaugurated in January 2006, the aim of this partnership
between Australia, China, India, Japan, Republic of Korea and USA is to focus on technology development related to
climate change, energy security and air pollution. Eight public/private task forces are to consider (1) fossil energy, (2)
renewable energy and distributed generation, (3) power generation and transmission, (4) steel, (5) aluminium, (6) cement,
(7) coal mining and (8) buildings and appliances. See: http://www.asiapaciﬁcpartnership.org.

Actions to implement the framework include the organization
of meetings and workshops, the development of methodologies
to undertake technology needs assessment plans, the
development of a technology transfer information clearinghouse,
including a network of technology information centres, actions
by governments to create enabling environments that will
improve the effectiveness of the transfer of environmentally
sound technologies and capacity building activities for the
enhancement of technology transfer under the Convention.
Funding for technology needs assessments has been provided,
and further funds for technology may become available from
WKH81)&&&¶V6SHFLDO&OLPDWH&KDQJH)XQG
Other international efforts have also been undertaken to
promote technology transfer in support of climate change
mitigation efforts, including those by the UN Industrial
Development Organization (UNIDO) and by the Climate
7HFKQRORJ\ ,QLWLDWLYH &7,  RI WKH ,($$V QRWHG E\ WKH 86
National Research Council, additional work is particularly
QHHGHGWRDVVLVWSRRUFRXQWULHVDVWKHVHODFNVFLHQWL¿FUHVRXUFHV
and economic infrastructure as well as the appropriate
technologies to reduce their vulnerabilities to potential climate
changes (NRC, 2003).
7KHGLVWLQFWLRQEHWZHHQSXEOLF¿QDQFLQJIRUFOLPDWHFKDQJH
PLWLJDWLRQ DQG SULYDWH ¿QDQFLQJ IRU WHFKQRORJ\ LQYHVWPHQW LV
often blurred: Clean energy projects are frequently a blend
RI WKH WZR ZLWK SXEOLF ¿QDQFLQJ XVHG WR OHYHUDJH SULYDWH
investment. For example, the International Finance Corporation
,)& FOHDQHQHUJ\¿QDQFLQJSURMHFWVLQ(DVWHUQ(XURSH5XVVLD
38 See www.ifc.org/CEEF.
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China and the Philippines use technical assistance funds to
WUDLQFRPPHUFLDOEDQNVLQHQHUJ\HI¿FLHQF\ZKLOHFRQFXUUHQWO\
lending partial risk guarantees and offering credit lines to
encourage banks to provide loans. In this manner public funds
DUHKHDYLO\OHYHUDJHGDQGSURYLGHDVRXUFH¿QDQFLQJIRUFOHDQ
energy investments.38
Development oriented actions
$ µ6XVWDLQDEOH 'HYHORSPHQW 3ROLFLHV DQG 0HDVXUHV¶
6'3$06 DSSURDFKSURSRVHGE\:LQNOHUet al. (2002b) and
further elaborated by Bradley et al. (2005) focuses on linking
climate mitigation and adaptation to priority development needs.
In its standard form, such an approach would be domestic and
unilateral and – with its focus on developmental needs – would
DOVR EULQJ *+* EHQH¿WV +RZHYHU WKH DXWKRUV DOVR VXJJHVW
WKDWVLPXOWDQHRXV6'3$06SOHGJHV DQGSRVVLEO\KDUPRQL]HG
pledges) could be made by both developing and developed
countries. However, Bradley et al. (2005) do note several
limits to this approach and suggest that it may not be suitable
for developed countries, nor for every technology or policy.
)LQDOO\WKH\QRWHWKDW6'3$06PD\QRWDWWUDFWWKHQHFHVVDU\
funding for it to be implemented on the scale required for global
climate change mitigation.
13.3.3.5

Financing

Funding sources for GHG mitigation in developed and
developing countries is a crucial issue in the international
debate on tackling climate change. Financing is categorized in
WKHOLWHUDWXUHLQWHUPVRISXEOLFÀRZV LQFOXGLQJ'HYHORSPHQW
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Figure 13.6: Development assistance for energy
Source: OECD.
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Assistance and government loan guarantees through export
FUHGLW DJHQFLHV  SULYDWH ÀRZV RU IRUHLJQ GLUHFW LQYHVWPHQW
)', DQG¿QDQFLQJIURPPXOWLODWHUDOLQVWLWXWLRQVLQFOXGLQJWKH
*OREDO(QYLURQPHQW)DFLOLW\ *() DQGLQWHUQDWLRQDO¿QDQFLDO
LQVWLWXWLRQV3XEOLF¿QDQFLQJLVWKHPDLQIRUPRIDVVLVWDQFHIRU
developing country climate change mitigation, while the private
sector provides the technology investments. CDM resources
DUHVLJQL¿FDQWZKHQFRPSDUHGZLWK*()IXQGLQJEXWVPDOOLQ
comparison to FDI resources (Ellis et al., 2007). In addition to
WKHVHLQVWUXPHQWVD:RUOG%DQNVXUYH\RIFRQWLQJHQW¿QDQFLQJ
and risk mitigation instruments for clean infrastructure
projects describes the characteristics and potential use of other
instruments, such as insurance, reinsurance, loan guarantees,
leases and credit derivatives39 (IPCC, 2000; World Bank, 2003).
A small percentage of public funds are used to leverage private
investment in clean energy projects.
13.3.3.5.1 Foreign direct investments
OECD trade and FDI have grown strongly in relation to GDP
GXULQJWKHSDVWGHFDGHFXPXODWLYHQHW)',RXWÀRZVEHWZHHQ
 DQG  DPRXQWHG WR  WULOOLRQ 86$V D VKDUH RI
GDP, outward FDI grew from 1.15% of the GDP in 1994 to
2.02% in 2004. However, while the total sums grew, only
35% went to non-Annex I countries – and of that, nearly 70%
ZHQWWR¿YHFRXQWULHVQDPHO\&KLQD LQFOXGLQJ+RQJ.RQJ 
%UD]LO0H[LFR6LQJDSRUHDQG6RXWK.RUHD406HHDOVR2(&'
(2005 d) for trends in FDI relative to ODA.

technology and better environmental management practices.
+RZHYHU HPSLULFDO VWXGLHV ¿QG OLWWOH HYLGHQFH WKDW 01&V
WUDQVIHUHLWKHUVLJQL¿FDQWFOHDQHUWHFKQRORJ\RUEHWWHUSUDFWLFHV
In statistical studies of Mexico (manufacturing) and Asia (pulp
DQGSDSHU IRUHLJQ¿UPVDQGSODQWVSHUIRUPHGQREHWWHUWKDQ
GRPHVWLFFRPSDQLHV =DUVN\DQG*DOODJKHU $FFRUGLQJ
to Jordaan (2004) the externalities from the presence of foreignRZQHG¿UPVGRQRWRFFXUDXWRPDWLFDOO\EXWDUHGHSHQGDQWRQ
underlying characteristics of the industries and manufacturing
¿UPV
Most FDI in developing countries is targeted to activities such
as the extraction of oil and gas, manufacturing and electricity, gas
and water, which have the aim to improve economic development
but also to increase GHG emissions (Figure 13.5). Maurer
and Bhandari (2000) report that during the mid- to late-1990s
WKH PDMRU GHYHORSHG FRXQWULHV FR¿QDQFHG HQHUJ\LQWHQVLYH
SURMHFWV DQG H[SRUWV YDOXHG DW RYHU  ELOOLRQ 86 WKURXJK
their export credit agencies (ECAs). These projects and exports
included oil and gas development, fossil fuel power generation,
energy-intensive manufacturing, transportation infrastructure
and civilian aircraft sales. These countries accounted for 90%
RIWKHFR¿QDQFLQJSURYLGHGE\(&$VWRWKHVHHQHUJ\LQWHQVLYH
exports and projects. By comparison, industrialized countries
KDYHGLUHFWHGMXVWDIUDFWLRQRIWKHLU(&$¿QDQFLQJWRUHQHZDEOH
energy projects. Between 1994 and 1999 ECAs supported a total
RIELOOLRQ86LQUHQHZDEOHHQHUJ\SURMHFWV
13.3.3.5.2 Direct international transfers

One common assertion in international environmental
negotiations is that FDI promotes sustainable development
as multinational corporations (MNCs) transfer both cleaner

2I¿FLDOGHYHORSPHQWDVVLVWDQFH 2'$ UHPDLQVDQLPSRUWDQW
VRXUFH RI ¿QDQFLQJ IRU WKRVH SDUWV RI WKH ZRUOG DQG VHFWRUV

39 See the website of the World Bank carbon ﬁnance unit for additional information on ﬁnancial instruments: http://carbonﬁnance.org.
40 See UNCTAD, Foreign Direct Investment Database: http://www.unctad.org/Templates/Page.asp?intItemID=1923&lang=1.
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ZKHUH SULYDWH ÀRZV DUH FRPSDUDWLYHO\ ORZ DOWKRXJK WKLV LV
D PRGHVW ¿QDQFLDO UHVRXUFH UHODWLYH WR JOREDO SULYDWH GLUHFW
LQYHVWPHQWZKLFKZDVELOOLRQ86LQ'DWDIURPWKH
OECD suggest that development assistance for energy projects
DSSUR[LPDWHO\ELOOLRQ86LQ IURPELODWHUDOVRXUFHV
KDV UHPDLQHG UHODWLYHO\ ÀDW RYHU WKH ODVW  \HDUV 7KHUH KDV
been a shift in support away from coal technologies to those of
gas and some extent renewables41 (see Figure 13.6).
The effectiveness of ODA depends on various factors, the
most important of which are good governance, policy and
institutional frameworks that encourage private investment
(macroeconomic and political stability, respect for human rights
and the rule of law), minimum levels of investment in human
capital (education, good health, nutrition, social safety nets) and
policies and institutions for sound environmental management.
13.3.3.5.3 GEF and the multilateral development banks
(MDBs)
The GEF, established in 1991, provides support to
developing countries for projects and programmes that protect
the global environment. Jointly implemented by the United
Nations Development Programme (UNDP), the United Nations
Environment Programme (UNEP) and the World Bank, GEF
provides grants to fund projects related to biodiversity, climate
change, international waters, land degradation, the ozone layer
and persistent organic pollutants.42
Compared to the magnitude of the environmental challenges
facing recipient countries, GEF efforts are relatively modest in
VFRSH)URPWR*()DOORFDWHGELOOLRQ86WR
climate change projects and activities; even when this amount
LVPDWFKHGE\WKHPRUHWKDQELOOLRQ86LQFR¿QDQFLQJ
the overall scale of the GEF is small.43)XQGLQJLVJLYHQWR¿YH
SURMHFW W\SHV QDPHO\ UHQHZDEOH HQHUJ\ HQHUJ\ HI¿FLHQF\
sustainable transportation, adaptation, low GHG energy
technologies and enabling activities. Hall (2002) analysed the
GEF portfolio and noted the focus on incremental, one-time
investments in mitigation projects that test and demonstrate
D YDULHW\ RI ¿QDQFLQJ DQG LQVWLWXWLRQDO PRGHOV IRU SURPRWLQJ
technology diffusion. He suggests that this approach should
help contribute to a host country’s ability to understand, absorb
and diffuse technologies.
According to a review of the GEF by the World Bank (2006),
‘the GEF’s track record in reducing the long-term cost of new
low GHG-emitting technologies has not been encouraging’. The
continued effectiveness of GEF project funding for technology
project types will depend on factors such as the duplication of
successful technology transfer models, enhanced links with
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multilateral banks and co-ordination with other activities
that support national systems of innovation and international
technology partnerships. It has been suggested that GEF reform
will be needed to enhance its effectiveness and transparency,
particularly with respect to determining contributions and for
evaluating priorities for disbursements (Grafton et al., 2004).
The World Bank (2004a) review of its investments in
extractive industries determined that in the future it would
be more selective, with a greater focus on the needs of poor
people and a stronger emphasis on good governance and on
the promotion of environmentally and socially sustainable
development. The IFC has revised its performance standards
in 2006 to require the reporting of GHG emissions for projects
with both direct and indirect emissions of greater than 100,000
tonnes annually. The standards also require the consideration of
DOWHUQDWLYHVRULPSURYHPHQWVWRWKHHQHUJ\HI¿FLHQF\RIHQHUJ\
intensive projects (see http://www.ifc.org/ifcext/enviro.nsf/
&RQWHQW(1Y6RF6WDQGDUGV +RZHYHU6RKQet al. (2005) note
that the World Bank has continued to both support traditional
CO2-intensive fossil fuels projects and provide relatively
limited resources to renewable and low CO2-emitting energy
alternatives. They suggest that Governments may use their
leverage to direct the activities of multilateral development
banks through their respective Boards and Councils in order to
strengthen MDB programmes to account for the environmental
consequences of their lending; develop programmatic
approaches to lending that remove institutional barriers and
create enabling environments for private technology transfers.
The higher perceived risk in developing countries, as
UHÀHFWHGLQVRYHUHLJQFUHGLWUDWLQJVFDQEHFRPSRXQGHGIXUWKHU
by including new and emerging technologies. International or
UHJLRQDO¿QDQFLQJLQVWLWXWLRQVFDQSOD\DFULWLFDOUROHLQORZHULQJ
WKHULVNDQGOHYHUDJLQJSULYDWH¿QDQFHLQWRWKHVHFWRU0'%V
have responded to this challenge by establishing several new
initiatives. For example, the European Bank for Reconstruction
DQG'HYHORSPHQW¶V (%5' QHZ6XVWDLQDEOH(QHUJ\,QLWLDWLYH
was launched in May 2006 to address the wasteful and polluting
XVHRIHQHUJ\7KH(%5'SODQVWRLQYHVWXSWR¼ELOOLRQLQ
HQHUJ\ HI¿FLHQF\ UHQHZDEOHV DQG FOHDQ HQHUJ\ SURMHFWV RYHU
WKHQH[W\HDUVZKLFKFRXOGOHDGWRXSWR¼ELOOLRQRIWRWDO
investment. The Asian Development Bank (ADB) launched
WKH (QHUJ\ (I¿FLHQF\ ,QLWLDWLYH ((,  LQ -XO\  WKH FRUH
objective of which is to expand ADB’s investments in energy
HI¿FLHQF\ SURMHFWV LQFOXGLQJ UHQHZDEOH HQHUJ\  ZLWK DQ
LQGLFDWLYHDQQXDOOHQGLQJWDUJHWRIELOOLRQ86EHWZHHQ
and 2010. The World Bank has announced the establishment
of the Clean Energy Fund Vehicle with a capitalization of
ELOOLRQ86DQGDQDQQXDOGLVEXUVHPHQWRIELOOLRQ86WR
accelerate the transition to a low carbon economy.

41 See OECD website for information on development activities, including statistics, data, indicators and methods for accessing data: http://www.oecd.org/topicstatsportal/
0,2647,en_2825_495602_1_1_1_1_1,00.html
42 See the website of the Global Environment Facility for additional information: http://www.gefweb.org/
43 http://www.gefweb.org/Projects/focal_areas/focal_areas.html#cc
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Capacity building

The literature on climate change has not addressed capacity
building to any extent, despite its critical relevance to the
climate change issue. Part of the solution to the climate change
problem has been cast in terms of helping developing countries
with technology transfer and assistance. The importance of this
is recognized in the text of the UNFCCC and Kyoto Protocol
as well as in the more detailed implementing framework of the
Marrakech Accords.
The capacity building framework within the climate change
regime focuses on developing the capacity in developing
countries to implement decisions. Capacity building has
EHHQGH¿QHGKLVWRULFDOO\DVWKHIRUPDOWUDLQLQJRIHPSOR\HHV
technological gate-keeping and learning-by-doing, with the
recognition that this is a slow and complex process. According
to Yamin and Depledge (2004), the Marrakesh Accords have
been partially successful in bringing some additional coherence,
coordination and prioritization into the process of capacity
building. These authors argue that the effort to promote countrydriven and contextually tailored efforts that are both iterative
and involve learning-by-doing are appropriate.
2WKHULGHDVRQFDSDFLW\EXLOGLQJDOVRDERXQG6DJDU  
argues that it may be more relevant to strengthen the domestic
capacity for undertaking policy research and innovation as well
as for managing technological and institutional change rather
than merely creating the capacity for implementing policies
developed elsewhere. This proposal is based on the idea that only
context-relevant policy instruments are likely to work within the
VSHFL¿FGRPHVWLFFLUFXPVWDQFHVRIWKHUHOHYDQWFRXQWULHV
A number of recent analyses carried out on this subject have
questioned whether capacity building can be initiated from
RXWVLGHDFRXQWU\6LQFHFDSDFLW\LVVXHVDUHHPEHGGHGLQORFDO
contexts, the OECD has argued that it may be a mistake to
assume that capacity building can be easily accomplished from
outside this context.
Najam et al. (2003) note the importance of capacity building
for developing countries and require that it be an integral part
of any future agreement if it is to have wide support from this
group. In particular, they argue that inasmuch as efforts to
combat climate change and promote sustainable development
are ‘two sides of the same coin’ enhancing the capacities of
FRPPXQLWLHV DQG FRXQWULHV WR ¿JKW FOLPDWH FKDQJH ZLOO KDYH
PXOWLSOHEHQH¿WV7KH\DOVRPDNHWKHFDVHWKDWWKHPRVWSUHVVLQJ
need in this context is to strengthen the social, economic and
technical resilience of the poorest and most vulnerable countries
against extreme climatic events.
13.3.3.7

Compliance

of non-compliance have to be more than proportionate; (2)
punishment needs to take place when behaviour is suboptimal; (3)
an effective enforcement system must be able to curb collective
as well as individual incentives to cheat. The compliance system
DJUHHGXQGHU.\RWRLVYLHZHGDVRQO\SDUWLDOO\IXO¿OOLQJWKHVH
criteria. For example, Nentjes and Klaassen (2004) note that the
obligation to fully restore any excess emissions in subsequent
periods does not exclude the option of postponing restoration
forever. If such an outcome occurs, the trading mechanisms
under the Protocol may be substantially weakened. However,
it is pointed out that introducing adversarial elements (such as
sanctions) into the system are highly undesirable in view of the
fact that the Kyoto Protocol currently covers only one third of
the total GHG emissions of the world (Murase, 2005).
There are two schools of thought regarding the appropriate
response to non-compliance contemplated under the Kyoto
Protocol (see Murase, 2002b). One view advocates ‘soft’
compliance-management, which favours primarily facilitative
and promotional approaches by rendering assistance to nonFRPSOLDQW 6WDWHV WKRVH KROGLQJ WKLV YLHZ RIWHQ UHIHU WR µWKH
non-compliance procedure’ used under the Montreal Protocol.
The other view takes a ‘hard’ enforcement approach in order to
coerce compliance by imposing penalties or sanctions on noncomplying parties. Financial penalties and economic or trade
sanctions have been proposed along these lines. However, it
KDVEHHQVXJJHVWHGWKDWVXFKPHDVXUHVFRXOGEHLQFRQÀLFWZLWK
WTO/GATT rules on trade liberalization (Mitchell, 2005).
A more nuanced view is provided by Wettestad (2005), who
concludes that there are eight lessons to be learnt from other
regimes. These include the need for an institutional warm-up
period, wise institutional engineering, moderate expectations
IURP WKH YHUL¿FDWLRQ SURFHVV LQFUHDVHG WUDQVSDUHQF\ HIIRUWV
to maintain close cooperation between the Facilitative and
Enforcement Branch of the Compliance Committee, the search
for opportunities to engage civil society in the process and
a focus on assistance and compliance facilitation using the
enforcement mechanism as an important but ‘hidden’ stick.
In his review of the Kyoto Protocol’s compliance mechanism,
Barrett (2003) argues that failure to comply over two compliance
SHULRGVFDQHVVHQWLDOO\EHHTXLYDOHQWWRLQGH¿QLWHO\SRVWSRQLQJ
DFWLRQ$ FRXQWU\ WKDW LV IRXQG LQ QRQFRPSOLDQFH LQ WKH ¿UVW
period has to make up the difference plus 30% in the next
period. If it fails to achieve the latter target as well, it will have
to make up the difference in the period thereafter – a process
WKDW FDQ FRQWLQXH LQGH¿QLWHO\ 3HUKDSV WKH PRVW LPSRUWDQW
point in his proposal is that if countries feel that they cannot
easily meet their commitments, they will negotiate for higher
allowances in the period thereafter – or even withdraw from
the agreement entirely. He also notes that the Protocol does not
have any procedures to deal with countries that decide not to
cooperate with the rules.

Using game theory, Hovi and Areklett (2004) argue that a
compliance system has to meet several criteria: (1) consequences
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7KHUHLVDVLJQL¿FDQWERG\RIUHVHDUFKWKDWFRPSDUHVYDULRXV
dispute settlement procedures. A number of these assessments
examine environmental agreements (see, for example,
:HUNVPDQ   ZKLOH RWKHUV PRUH VSHFL¿FDOO\ IRFXV RQ
SRVVLEOH FRQÀLFWV EHWZHHQ FOLPDWH DJUHHPHQWV DQG WUDGH
agreements (see, for example, Murase, 2002b). With respect to
the latter, Murase notes the need for a coordinating authority to
be established between a multilateral environmental agreement
(MEA) and the WTO. Given that MEAs and the WTO are
independent treaties on equal footing, neither can automatically
EHJLYHQWKHULJKWWRPDNHDGHFLVLRQLQWKHFDVHRIDFRQÀLFW$V
a result, a number of authors (e.g. Esty, 2001; Murase, 2002b)
have called for the establishment of a new institution, such as a
World Environment Organization (WEO), that would embody
its own dispute settlement mechanism. This institution would
function as a counterpart of WTO by attaining an equal footing
between the two regimes.
13.3.3.8

Adaptation

The element of adaptation in international climate agreements
has been far less explored to date than mitigation.44 While most
authors agree that adaptation is a vital part of a future agreement
DOWKRXJK6FKLSSHU  VXJJHVWVWKDWLWZDVQRWDNH\IRFXV
of the initial UNFCCC negotiators), there is little mention in
climate change literature of concrete proposals detailing the
actions or obligations that should be undertaken by countries.
Most proposals focus on leveraging funding for adaptation
activities with an additional set of proposals addressing more
VSHFL¿FDOO\ WKH OLQNV EHWZHHQ DGDSWDWLRQ YXOQHUDELOLW\ DQG
development agendas (see, for example, Najam et al., 2003).
Parry et al. (2005) develop an assessment of how adaptation
may be incorporated into a future climate change architecture.
They begin by noting that much of the adaptive response is
likely to be local and, consequently, it is less conducive to a
common international approach. Instead, they argue that a
key need will be for efforts to incorporate adaptation into
development policies and practices, including local, sectoral and
national decision-making – a process they refer to as ‘climateSURR¿QJ¶$WWKHORFDOOHYHOWKLVZRXOGLQFRUSRUDWHVWUDWHJLHV
for municipal planning, including developing and maintaining
seed banks, emergency preparedness services and community
social services. At the sectoral level, it would include efforts to
build climate into infrastructure design and maintenance codes
and standards. At the national level, it would include integration
into national planning and budget processes – for example,
by examining whether planned expenditures will increase
exposure to the impacts of climate change – and by doing so,
PLQLPL]HWKH¿QDQFLDOULVNSURPRWHPDFURHFRQRPLFVWDELOLW\
DQG VHW DVLGH VXI¿FLHQW IXQGV WR PDQDJH WKH FRQVHTXHQFHV RI
climate shocks. Finally, at the international level, they suggest
that key opportunities exist for integrating adaptation into the

44 See IPCC(2007b), Chapter 17 and 18 for a broad review of adaptation issues.
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Millennium Development Goals and into lending practices of
international institutions and bilateral aid agencies.
Three funds have been created under the UNFCCC and
WKH .\RWR 3URWRFRO WR PDQDJH DGDSWDWLRQ LVVXHV WKH /HDVW
'HYHORSHG&RXQWULHV)XQGWKH6SHFLDO&OLPDWH&KDQJH)XQG
(both under the UNFCCC) and the Adaptation Fund (under the
Protocol). In addition, the GEF has been requested to consider
DGRSWLQJ PRUH ÀH[LEOH DSSURDFKHV WR IXQGLQJ DGDSWDWLRQ
(though this may not happen with core GEF funds, but with
new money from these other funds that would be disbursed by
the GEF).
Corfee-Morlot et al. (2002) suggest that it would be
unrealistic to expect the GEF to cover the full cost of adaptation
as such expenses would quickly exhaust their resources. Huq
and Burton (2003) propose integrating adaptation into the
mainstream work of development agencies, thereby allowing
for more cost-effective and wider ranging support. However, as
noted by Huq and Reid (2004), doing so runs the risk of diluting
other existing aid efforts – which often have considerably higher
priorities in-country than climate change adaptation.
The potential role for private (and public) insurance has also
been suggested as a possible mechanism to pay for adaptation
(e.g. Bals et al., 2005). Parry et al. (2005) list possible insurance
schemes and risk transfer instruments, including:
v An international insurance pool (a collective loss-sharing
fund to compensate victims of climate change damages);
v Public-private insurance partnerships (where the insurer is
the government, but policies are developed and managed by
the private sector);
v Regional catastrophic insurance schemes (regional cash
reserves are pooled through mandatory contributions from
member governments, and reserves are used for weatherrelated catastrophes);
v Micro-insurance (risk pooling for low-income individuals
DIIHFWHGE\VSHFL¿FULVNV 
v Catastrophe bonds (giving private insurers protection against
extreme events; capital is provided by large institutional
investors);
v :HDWKHU GHULYDWLYHV ¿QDQFLDO PHFKDQLVPV WR KHGJH
¿QDQFLDOULVNIURPFDWDVWURSKLFZHDWKHUHYHQWV
v Weather hedges (providing protection for farmers; currently
VROG E\ EDQNV IDUP FRRSHUDWLYHV DQG PLFUR¿QDQFH
institutions).
13.3.3.9

Negotiating process

It is important that several technical issues be taken
into consideration when an agreement is negotiated and
LPSOHPHQWHG6LQFHWKHLQWHUQDWLRQDOQHJRWLDWLRQSURFHVVXQGHU
the UNFCCC is based on decisions by consensus, an approach
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Table 13.3: Assessment of international agreements on climate change.45

I

Approach

a

Environmental
effectiveness

Cost-effectiveness

Meets distributional
considerations

I

Institutional feasibility

National emission targets
and international emission
trading (including offsets)

Depends on participation
and compliance.

Decreases with limited
participation and reduced
gas and sector coverage.

Depends on initial
allocation.

Depends on capacity to
prepare inventories and
compliance. Defections
weaken regime stability.

Sectoral agreements

Not all sectors amenable
to such agreements,
thereby limiting overall
effectiveness. Effectivenss
depends on whether
agreement is binding or
non-binding.

Lack of trading across
sectors increases overall
costs, although they
may be cost-effective
within individual sectors.
Competitive concerns
reduced within each
sector.

Depends on participation.
Within-sector
competitiveness concerns
are alleviated if treated
equally at global level.

Requires many separate
decisions and technical
capacity. Each sector
may require cross-country
institutions to manage
agreements.

Coordinated policies and
measures

Individual measures can
be effective; emission
levels may be uncertain;
success will be a function
of compliance.

Depends on policy design.

Extent of coordination
could limit national
ﬂexibility, but may increase
equity.

Depends on the number
of countries (easier
among smaller groups
of countries than at the
global level).

Cooperation on
Technology RD&Da

Depends on funding,
when technologies are
developed and policies for
diffusion.

Varies with degree of R&D
risk. Cooperation reduces
individual national risk.

Intellectual property
concerns may negate the
beneﬁts of cooperation.

Requires many separate
decisions. Depends on
research capacity and
long-term funding.

Development-oriented
actions

Depends on national
policies and design to
create synergies.

Depends on the extent
of synergies with other
development objectives.

Depends on distributional
effects of development
policies.

Depends on priority
given to sustainable
development in national
policies and goals of
national institutions.

Financial mechanisms

Depends on funding
selection criteria.

Depends on country and
project type.

Depends on project and
country.

Depends on national
institutions.

Capacity building

Varies over time and
depends on critical mass.

Depends on programme
design.

Depends on selection of
recipient group.

Depends on country and
institutional frameworks.

Research, Development and Demonstration.

that is simple and requires a small number of separate decisions
by international bodies most likely has a higher chance of being
agreed upon. This may be true of any agreement that engages
multiple countries.
It has been reported in the literature that ownership of an
instrument – and hence its commitment and effectiveness – is
linked to the manner in which the agreement was negotiated,
and that the leadership (directional, instrumental and structural)
demonstrated in a regime may stimulate its effectiveness. Kanie
(2003) concludes that in the EU, the introduction of policies
and measures and institution building changed the dynamics of
the climate change negotiation process by enhancing leadership
capacity.
7KHUROHDQGLQÀXHQFHRIQRQ6WDWHDFWRUVLQWKHSURFHVVRI
negotiation also increase the legitimacy and compliance-pull of
a regime, both because such participation promotes the broader
acceptability of the agreement and because it may increase
knowledge about the regime. Agreements are also more likely

to be effective when they are negotiated in accordance with
established rules of procedure, when the negotiators of key
countries have been able to adequately prepare themselves for
the negotiation and when the subject matter of the negotiations
LVGHVLJQHGWRDGGUHVVWKHSUREOHPDQGKDVQRWEHHQDUWL¿FLDOO\
limited to make the solutions more attractive to the more
powerful countries (Andresen and Wettestad, 1992; Benedick,
6HEHQLXV*UHHQH*XSWDDQG*UXEE
Gupta and Ringius, 2001). The attention of the regular media to
climate negotiations can also mobilize awareness of the issue
which then increases pressure on the negotiators to achieve a
result (Newell, 2000).
13.3.4 Evaluating international climate change
agreements
This section reviews the literature using the same criteria as
LQ6HFWLRQHQYLURQPHQWDOHIIHFWLYHQHVVFRVWHIIHFWLYHQHVV
distributional considerations and institutional feasibility. The
discussion is summarized in Table 13.3, and then discussed in

45 The table examines each approach based on its capacity to meet its internal goals – not in relation to achieving a global environmental goal. If such targets are to be achieved, a
combination of instruments needs to be adopted. Not all approaches have received an equivalent evaluation in the literature; evidence for individual elements of the matrix varies.
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greater depth in the text. As is the case with national policies,
international agreements are instruments that can be designed
well or poorly and be stringent or lax, binding or non-binding,
or politically attractive or unattractive.
13.3.4.1

Environmental effectiveness

Environmentally effective international agreements lead to
reductions in global GHG emissions and/or concentrations or
to decreased climate impacts. The literature suggests that to
achieve such success, agreements must provide incentives or
GHWHUUHQWV WR ERWK 6WDWH DQG LQGLYLGXDO EHKDYLRXU LQ RUGHU WR
DFKLHYHDVSHFL¿FRXWFRPH+RZHYHUDWWKHLQWHUQDWLRQDOOHYHO
there is some dispute as to whether agreements change trends,
or merely codify actions already underway.
An additional critical element in the effectiveness of an
international agreement is that of the implementation context:
The relevant literature shows that agreements tend to be more
successful in countries with both a high level of domestic
awareness and resources and a strong institutional and legal
framework and where there is clear political will. Where global
agreements are designed using only blue-print approaches to
LQVWUXPHQWVWKHVHLQVWUXPHQWVPD\XOWLPDWHO\LJQRUHWKHVSHFL¿F
cultural and institutional contexts within which they are designed
to function and may actually not work as well (see conclusions of
the Millennium Ecosystem Assessment, 2005). Agreements that
promote ancillary objectives, such as reductions in ordinary air
pollution levels, also have a higher chance of success.
An agreement that includes a limited group of countries
(particularly if they are not major emitters) may be less effective
– and this weakness may be exaggerated when emissions of nonparticipating countries increase by the migration of emissionLQWHQVLYHLQGXVWULHV&RQYHUVHO\DGGLWLRQDOEHQH¿WVPD\DFFUXH
due to technology spillover that may enhance environmental
HIIHFWLYHQHVV VHH6HFWLRQ 
The timing of an agreement’s provisions may also affect its
effectiveness: Focusing only on longer term emission reductions
(as suggested under some forms of technology agreements) may
preclude the possibility of reaching low climate stabilization
levels, as many lower levels require immediate emission
reductions.
13.3.4.2

Cost-effectiveness

A cost-effective international agreement would minimize
global and national costs and provide participating sovereign
QDWLRQV ZLWK VXI¿FLHQW ÀH[LELOLW\ WR UHDFK WKHLU FRPPLWPHQWV
in a fashion tailored to their national needs and priorities. To
achieve this, agreements would need to avoid being prescriptive
in its actions but, instead, leave room for the implementation of
the target, (e.g. while reducing emissions in different sectors or
reducing the emissions of different gases, they should not create
VLJQL¿FDQWGLVWRUWLRQVLQFRPSHWLWLYHQHVVEHWZHHQFRXQWULHV 
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Many analysts argue that the most cost-effect system would
be one which enables emission trading with the broadest
SRVVLEOHSDUWLFLSDWLRQRIFRXQWULHV6XFKDV\VWHPZRXOGDOORZ
the emission reductions to occur in those countries, sectors
and gases where they can be achieved at the lowest cost. An
DSSURDFKEDVHGRQVSHFL¿FSROLFLHVDQGPHDVXUHVZRXOGKDYH
WREHGHVLJQHGFDUHIXOO\WREHDVHI¿FLHQWDVDQHPLVVLRQWUDGLQJ
V\VWHP7KH ÀH[LELOLW\ SURYLGHG WR SULYDWH DFWRUV LQ D WUDGLQJ
regime also increases the system’s cost-effectiveness.
13.3.4.3

Distributional considerations, including equity

Perhaps the most politically charged issue in international
negotiations is that of equity. Whether a system of national
emission targets within an international agreement can be
conducive to social development and equity depends on
participation and the initial allocation of emission rights.
For example, Pan (2005) suggests that all countries should
participate – but that emissions associated with basic needs
should be exempt from limits, while emissions associated with
luxury activities should be constrained. Conversely, Gupta
and Bhandari (2003) suggest that in the initial stages of an
agreement, obligations should only be assigned to a limited set
of (wealthier) parties. Exemptions to sectors or countries and
PRGL¿FDWLRQVWRWKHDOORFDWLRQRIREOLJDWLRQVFDQKHOSDGGUHVV
equity issues.
13.3.4.4

Institutional feasibility

Two aspects of institutional feasibility are critical in
reaching successful international agreements: (1) negotiating
and adopting an agreement and (2) the subsequent (usually
national) implementation of that agreement.
6LQFH LQWHUQDWLRQDO DJUHHPHQWV DUH XVXDOO\ DGRSWHG E\
consensus, successful agreements are often relatively simple and
require only a limited number of separate decisions by international
bodies. In addition, global agreements usually require that all
data and tools necessary for enforcement be widely available and
YHUL¿DEOH RU LI QRW WKDW WKH\ EHFRPH DYDLODEOH LQ WKH IXWXUH 
While there has been no comprehensive critique of the proposals
in Table 13.3 in terms of their institutional feasibility, the latter
clearly varies widely – for example, in terms of the extent to
which they try to accommodate national circumstances and
different levels of technical sophistication. Hence, the feasibility
of reaching agreements will also vary accordingly.
A sectoral or technology approach would require multiple
decisions: which sectors, which types of technologies, and
how to regulate or support them. Choosing the sectors (and
determining sectoral boundaries) or technologies for agreement
PD\EHGLI¿FXOW±XQOHVVSDUWLFLSDWLRQZHUHYROXQWDU\ HJWKH
current suite of IEA implementing agreements, or the bilateral
DQG PXOWLODWHUDO HIIRUWV RQ VSHFL¿F WHFKQRORJLHV  7KLV PD\
require compromises on environmental effectiveness and
equity. In addition, the assessment of whether a country had
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IXO¿OOHG LWV REOLJDWLRQV ZRXOG EH FRPSOH[ 3KLOLEHUW D 
notes that determining the effectiveness of technology
RU VHFWRUDO DJUHHPHQWV FRXOG EH GLI¿FXOW ,Q WKH FDVH RI D
WHFKQRORJ\ DSSURDFK GH¿QLWLYH FRQFOXVLRQV ZRXOG OLNHO\ EH
delayed until the technologies began to diffuse – and that could
mean concomitant requirements for establishing long-lived
institutions. The establishment of international institutions to
manage coordinated policies and measures or developmentoriented approaches may also be complex. While some private
sector international institutions exist (e.g., the Aluminium
Institute, which has set targets for GHG reductions in aluminium
processing among its member companies), most sectors do not
KDYHVXFKLQVWLWXWLRQDODUUDQJHPHQWV6LPLODUO\ZKLOHWKHUHDUH
institutions designed to promote development (e.g., the Bretton
Woods institutions), few have integrated climate change into
their portfolios (see Maurer and Bhandari, 2000). Kanie (2006)
argues that while the Kyoto Protocol will remain the core of the
institutional system, a network will ultimately be both necessary
– and increase effectiveness. The creation of a web of institutions
tackling climate change and related issues not only ensures that
any shortcoming in one institution does not lead to the collapse
of the whole system, but it also enhances collective strength.

13.4 Insights from and interactions with
private, local and non-governmental
initiatives
This section addresses voluntary actions taken by subnational governments, corporations, NGO’s and others that
are independent of national government programs or policies.
6HH %R[  1RWH WKDW LQ FRQWUDVW VHFWLRQ  DGGUHVVHV
voluntary agreements between national governments and
private parties.46
13.4.1 Sub-national initiatives
/RFDO VWDWH SURYLQFLDO RU UHJLRQDO JRYHUQPHQWV KDYH
developed GHG policies and programmes that are either
synergistic with national policies or are independent of these
SROLFLHV 6HYHUDO UHDVRQV DUH JLYHQ LQ WKH OLWHUDWXUH DV WR
why sub-national entities undertake independent policies on
GHGs or other environmental issues. Oates (2001) and Vogel
et al   KLJKOLJKW WKH LQÀXHQFH WKDW 6WDWH JRYHUQPHQWV
LQ WKH 86$ KDYH KDG RQ QDWLRQDO SROLF\ E\ H[SHULPHQWLQJ
ZLWK LQQRYDWLYHLQLWLDWLYHV 5DEH   DUJXHV WKDWVRPH 86
states have enacted GHG policies to create incentives for new
emission reduction technologies or to facilitate the recognition
of emission reductions by companies in the event of future
national regulations. Regional or local GHG reductions may also

46
47
48
49
50
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be motivated by the desire to achieve additional environmental
FREHQH¿WVVXFKDVUHGXFWLRQVLQDLUSROOXWLRQ
On the other hand, sub-national actions to address climate
change may be viewed as a ‘free rider’ problem because
QRQSDUWLFLSDWLQJ UHJLRQV PD\ EHQH¿W IURP WKH DFWLRQV RI
the participating areas without paying the costs (Kousky and
6FKQHLGHU 5HJLRQDORUORFDOLQLWLDWLYHVPD\DOVRFDXVH
‘leakage’ if mandatory requirements in one jurisdiction cause a
shift in economic activity and emissions to other jurisdictions
without mandatory requirements (Kruger, 2006).
6XEQDWLRQDO JRYHUQPHQWV LQ WKH 86$ DQG $XVWUDOLD WZR
countries that are not Parties to the Kyoto Protocol, have been
DPRQJWKHPRVWDFWLYHRQ*+*SROLF\ZLWKDQXPEHURI86
states having adopted or proposed a variety of programmes to
address GHGs, including renewable energy portfolio standards,
HQHUJ\HI¿FLHQF\SURJUDPPHVDXWRPRELOHHPLVVLRQVVWDQGDUGV
and emissions registries. Perhaps the most notable examples of
such an initiative are those of eight states in north-eastern and
PLG$WODQWLF86$DQQRXQFLQJWKHLULQWHQWWRDGRSWDUHJLRQDO
cap-and-trade programme, known as the Regional Greenhouse
Gas Initiative (RGGI); three western states – California,
Washington and Oregon – may explore a similar initiative
(McKinstry, 2004; Peterson, 2004; Pew Center, 2004; Rabe,
2004). Australian states have developed a broad array of
programmes to reduce, sequester or measure GHG emissions
(see http://www.epa.qld.gov.au/environmental_management/
sustainability/greenhouse/greenhouse_policy/other_states_
and_territories/). For example, the Australian state of Victoria
has adopted a series of programmes to support renewable
energy projects and the development of a ‘green power’ market
1RUWKURS ZKLOHWKDWRI1HZ6RXWK:DOHVKDVGHYHORSHG
a credit-based emissions trading scheme for electricity retailers,
generators and some electricity users. (Fowler, 2004; Baron and
Philibert, 2005; MacGill, et al., 2006). Finally, the Australian
states have announced their intention to explore the development
of a multi-jurisdictional emissions trading system (see http://
www.cabinet. nsw.gov. au/ greenhouse/report.pdf).
Northrop (2004) reports that more than 600 cities worldwide
have participated in programmes to implement measures aimed
at reducing local GHG emissions.47 These include cities in
GHYHORSLQJ FRXQWULHV ,Q WRWDO  FLWLHV LQ 6RXWK $PHULFD48
FLWLHVLQ6RXWK$IULFD49 and 17 cities in India50 are becoming
more active in developing environmental measures at the
ORFDOOHYHO.RXVN\DQG6FKQHLGHU  ¿QGWKDWFLWLHVKDYH
SULPDULO\ DGRSWHG *+* SROLFLHV ZLWK FREHQH¿WV LQFOXGLQJ
PRUHHI¿FLHQWHQHUJ\XVH)OHPLQJDQG:HEEHU  GHVFULEH
DYDULHW\RI*+*PHDVXUHPHQWDQGHQHUJ\HI¿FLHQF\PHDVXUHV
undertaken at the regional and local level in the UK, and Pizer and

See Higley et al. (2001), OECD (2003e) and Lyon and Maxwell (2004) for typologies of different types of approaches and initiatives.
These cities participate in the International Council for Local Environmental Initiatives (ICLEI), Cities for Climate Protection (CCP) programme. See http://www.iclei.org.
http://www.iclei.org/index.php?id=528.
http://www.iclei.org/index.php?id=700.
http://www.iclei.org/index.php?id=1089.

791

1898
Policies, Instruments and Co-operative Arrangements

Tamura (2004) summarize measures undertaken by the Tokyo
city government to reduce GHGs and control the ‘heat island’
HIIHFW7KHVHW\SHVRILQLWLDWLYHVPD\LQÀXHQFHVXEQDWLRQDODQG
national government policies and serve as incubators for new
approaches to achieve GHG emission reductions.
13.4.2 Corporate and NGO actions
Corporations and NGOs, including industry associations
and environmental advocacy groups, have started a variety
of programmes and initiatives to address GHG emissions.
The various factors leading corporations to adopt voluntary
HQYLURQPHQWDODFWLRQKDYHEHHQH[SORUHGLQWKHOLWHUDWXUH /\RQ
and Maxwell, 2004; Thalmann and Baranzini, 2005). While
some companies have attributed these actions to sustainable
development goals or environmental stewardship policies
0DUJROLFNDQG5XVVHOO LWLVRIWHQGLI¿FXOWWRVHSDUDWH
these goals from economic motives (Kolk and Pinske, 2004).
/HVVFRQWURYHUVLDOLVWKHQRWLRQWKDWFRPSDQLHVDGRSWYROXQWDU\
LQLWLDWLYHVWRFUHDWH¿QDQFLDOYDOXHLQRQHIRUPRUDQRWKHU /\RQ
and Maxwell, 2004).
There are both political and non-political drivers of corporate
voluntary environmental action. Political drivers include a desire
WR SUHHPSW RU LQÀXHQFH IXWXUH UHJXODWLRQ )RU H[DPSOH WUDGH
associations in 30 countries have sponsored codes of management
practices, the objectives of which are partly intended to forestall
the imposition of government mandates (Nash and Ehrenfeld,
1996). Alternatively, corporations may adopt voluntary initiatives
WRLQÀXHQFHIXWXUHUHJXODWLRQLQZD\VWKDWLPSURYHWKHLUVWUDWHJLF
positions. By adopting environmental technologies or other
strategies ahead of regulatory mandates, corporations can signal
to regulators that these alternatives are practical or relatively
FRVWHIIHFWLYH 5HLQKDUGW +RIIPDQ  ¿QGVWKDWVRPH
companies have adopted internal emissions trading schemes or
GHG measurement programmes to gain expertise that will help
WKHPLQÀXHQFHIXWXUHQDWLRQDORULQWHUQDWLRQDOSROLFLHV$UHODWHG
motivation for voluntary action is the desire to manage the risks of
IXWXUHUHJXODWLRQVE\WDNLQJDFWLRQWKDWZRXOGLQFUHDVHSUR¿WDELOLW\
or protect a company’s competitive position in the event of future
regulatory mandates (Margolick and Russell, 2001).
Non-political drivers of voluntary corporate environmentalism include the desire to reduce costs through practices
WKDW DOVR KDYH HQYLURQPHQWDO EHQH¿WV VRPHWLPHV NQRZQ DV
µHFRHI¿FLHQF\¶ (VW\DQG3RUWHU  GLVFXVVKRZWKHGHVLUH
to reduce energy or material costs drives corporate voluntary
action, although this point of view is subject to some debate
(Palmer et al3RUWHUDQGYDQGHU/LQGH +RIIPDQ
(2005) and Margolick and Russell (2001) describe a variety of
DFWLRQVWDNHQE\86DQG&DQDGLDQFRPSDQLHVWRUHGXFH*+*
emissions while also reducing energy and operational costs.
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Companies may also adopt environmental initiatives to appeal
to green consumers, environmentally conscious stakeholders or
even their own employees. Reinhardt (1998) discusses how this
approach can take the form of companies differentiating their
products by their environmental performance. Other companies
KDYH LGHQWL¿HG PDUNHW RSSRUWXQLWLHV IRU QHZ SURGXFWV IURP
potential GHG gas regimes (Reinhardt and Packard, 2001;
Kolk and Pinske, 2005). In terms of the composition of the
stakeholders, Maxwell et al   ¿QG WKDW ¿UPV ORFDWHG LQ
86VWDWHVZLWKDKLJKHUSHUFDSLWDPHPEHUVKLSLQHQYLURQPHQWDO
organizations had more rapid reductions of toxic emissions.
Margolick and Russell (2001) and Reinhardt (2000) report that
corporate managers cited employee retention and recruitment
as reasons for taking voluntary action.
Voluntary corporate-wide emissions targets for GHGs have
EHFRPHSDUWLFXODUO\SRSXODU)RUH[DPSOH+RIIPDQ  ¿QGV
WKDWDVPDQ\DV86FRUSRUDWLRQVKDYHDGRSWHGFRUSRUDWH*+*
emissions reduction targets and that some of these companies
have participated in one of several partnership programmes run
by NGOs (see Box 13.9). Under many of these programmes,
companies develop a corporate GHG inventory and adopt an
emission target. These targets take different forms, including
absolute targets and intensity targets based on emissions or energy
use per unit of production or sales (Margolick and Russell, 2001;
King et al., 2004). Corporate targets have also been implemented
with internal trading systems, such as those operated by British
Petroleum (Margolick and Russell, 2001; Akhurst et al., 2003)
and Petroleos Mexicana (PEMEX) (Bygrave, 2004).
/HY\ DQG 1HZHOO   GHVFULEH KRZ WKH EXVLQHVV
sector, sometimes in partnership with NGOs, has initiated
HQYLURQPHQWDOFHUWL¿FDWLRQRUVWDQGDUGL]DWLRQUHJLPHVWRIXO¿OOD
quasi-governmental role or to augment the role of governments.
One of the most widely-used examples of this type of standard
setting is the Greenhouse Gas Protocol, an initiative organized
E\ WKH :RUOG %XVLQHVV &RXQFLO IRU 6XVWDLQDEOH 'HYHORSPHQW
:%&6' DQGWKH:RUOG5HVRXUFHV,QVWLWXWH :5, WRGHYHORS
an internationally accepted accounting and reporting standard
IRU*+*V :5,:%&6' 7KH:5,:%&6'UHSRUWLQJ
standard has been used by corporations, NGOs and government
YROXQWDU\SURJUDPPHV7KH,QWHUQDWLRQDO6WDQGDUGV2UJDQL]DWLRQ
,62  EDVHG RQ WKH :5,:%&6' KDV DGRSWHG VWDQGDUGV IRU
the reporting of GHGs at the company and project level.51
2WKHU VWDQGDUGL]DWLRQ RU FHUWL¿FDWLRQ HIIRUWV KDYH EHHQ
formed to support markets for project-based mechanisms or
emissions trading. For example, the International Financial
Reporting Interpretations Committee (IFRIC), which is the
LQWHUSUHWLYH DUP RI WKH ,QWHUQDWLRQDO $FFRXQWLQJ 6WDQGDUGV
%RDUG ,$6%  KDV LVVXHG JXLGHOLQHV RQ ¿QDQFLDO DFFRXQWLQJ
for emission allowances.52 The International Emissions Trading

51 The relevant ISO standards are ISO 14064 Part 1. This may be found at: http://www.iso.org/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=38381&scopelist=PROG
RAMME
52 See http://www.iasb.org/news/index.asp?showPageContent=no&xml=10_262_25_02122004_31122009.htm
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Box 13.9 Examples of private partnerships and programmes
Business Leader Initiative on Climate Change (BLICC): Under this initiative, ﬁve European companies monitor and report
their GHG emissions and set a reduction target. See http://www.respecteurope.com/rt2/BLICC/
Carbon Disclosure Project: Under this project, 940 companies report their GHG emissions. The project is supported by
institutional investors controlling about 25% of the global stock markets. See http://www.cdproject.net
Carbon Trust: The Carbon Trust is a not-for-proﬁt company set up by the UK government to reduce carbon emissions. The
Trust provides technical assistance, investment funds and other services to companies on emission reduction strategies and
for the development of new technologies. See http://www.thecarbontrust.co.uk/default.ct
Cement Sustainability Initiative: Ten companies have developed ‘The Cement Sustainability Initiative’ for 2002–2007 under
the umbrella of the World Business Council for Sustainable Development. This initiative out-lines individual or joint actions to
set emissions targets and monitor and report emissions.
Chicago Climate Exchange: The Chicago Climate Exchange is a GHG emission reduction and trading pilot programme for
emission sources and offset projects in the USA, Canada and Mexico. It is a self-regulatory, rules-based exchange designed
and governed by the members who have made a voluntary commitment to reduce their GHG emissions by 4% below the
average of their 1998–2001 baseline by 2006. See http://www.chicagoclimatex.com
Offset Programmes: Braun and Stute (2004) identiﬁed 35 organizations that offer services to offset the emissions of
companies, communities and private individuals. These organizations ﬁrst calculate the emissions of their participants
and then undertake emission reduction or carbon sequestration projects or acquire and retire emission reduction units or
emission allowances.
Pew Center on Climate Change Business Environmental Leadership Council: Under this initiative, 41 companies establish
emissions reduction objectives, invest in new, more efﬁcient products, practices, and technologies and support actions to
achieve cost-effective emissions reductions. See: http://www.pewclimate.org/companies_leading_the_way_belc/
Top ten consumer information system: This NGO-sponsored programme provides consumers with information on the
most efﬁcient consumer products and services available in local markets. The service is available in ten EU countries, with
plans to expand to China and Latin America. See http://www.topten.info
WWF Climate Savers: The NGO World Wide Fund of Nature (WWF) has build partnerships with individual leading corporations
that pledge to reduce their global warming emissions worldwide by 7% below 1990 levels by the year 2010. Six companies
have entered this programme. See http://www.panda.org/about_wwf/what_we_do/climate_change/our_solutions/business_
industry/climate_savers/ index.cfm

Association, together with the World Bank Carbon Finance
Group/Prototype Carbon Fund have developed a validation
DQG YHUL¿FDWLRQ PDQXDO WR EH XVHG E\ VWDNHKROGHUV LQYROYHG
LQGHYHORSLQJ¿QDQFLQJYDOLGDWLQJDQGYHULI\LQJ&'0DQG-,
projects.
13.4.3 Litigation related to climate change
The authors of many technical articles point out that litigation
is likely to be used increasingly as countries and citizens become
GLVVDWLV¿HGZLWKWKHSDFHRILQWHUQDWLRQDODQGQDWLRQDOGHFLVLRQ
making on climate change (Penalver, 1998; Marburg, 2001;
Weisslitz, 2002; Allen, 2003; Grossman, 2003; Verheyen, 2003;
Gillespie, 2004; Thackeray, 2004; Dlugolecki, 2005; Hancock,
 -DFREV  /LSDQRYLFK  0DQN   7KHVH
authors argue that the possible causes of action in litigation
include (1) customary law principle of state responsibility,

(2) nuisance and the no-harm principle, (3) violation of
international agreements including the WTO and the United
1DWLRQDO&RQYHQWLRQRQWKH/DZRIWKH6HD 81&/26 DQGWKH
violation of human rights and (4) the abdication of authority by
states to legislate on environmental issues based on the existing
environmental legislation in the country concerned. However,
they also emphasize that although there are often strong legal
grounds for taking action, there may also be reasons for a strong
defence.
Gillespie (2004) argues that if the international process is
arguably not taking place in good faith, there is sound reason
for requesting the International Court of Justice for an Advisory
2SLQLRQLQWKLVDUHDHVSHFLDOO\ZKHQWKHVLJQL¿FDQW SRWHQWLDO 
harm faced by small island states are taken into account. Jacobs
(2005) and Verheyen (2003) analysed the potential case for a
VPDOOLVODQGVWDWHDFWXDOO\VXLQJWKH86$EHIRUHWKH,QWHUQDWLRQDO
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Court of Justice. Burns (2004) and Doelle (2004) point out
WKDWQRQUDWL¿FDWLRQRIWKH.\RWR3URWRFROFRXOGLPSO\LOOHJDO
subsidies to national industries under the WTO and pollution
RIWKHVHDVXQGHU81&/26+DQFRFN  VHHVWKHSRWHQWLDO
for liability suits increasing and advises companies to disclose
WKHLUHPLVVLRQVWRWKH6HFXULWLHVDQG([FKDQJH&RPPLVVLRQDV
a step to limit liability. Issues of causality are being dealt with in
WKHOLWHUDWXUH $OOHQ DQGWKURXJKSUHFHGHQW /LSDQRYLFK
2005).
There are currently a number of court cases in Kyoto Party
countries, both developed (Germany) and developing (Nigeria),
DQG QRQ3DUWLHV $XVWUDOLD DQG WKH 86$  )RU H[DPSOH LQ
Germany, NGOs have sued the export credit support agencies
for not disclosing information on the GHG emissions of the
SURMHFWV WKH\ VXSSRUW LQ GHYHORSLQJ FRXQWULHV 6HH ZZZ
FOLPDWHODZRUJPHGLDJHUPDQVXLW $VLPLODUFDVHZDV¿OHGLQ
WKH86'LVWULFW&RXUWIRUWKH1RUWKHUQ'LVWULFWRI&DOLIRUQLDRQ
August 26, 2002 by Friends of the Earth, Greenpeace and the
city of Boulder, Colorado, which have sued the Export-Import
Bank and the Overseas Private Investment Corporation under
the National Environmental Policy Act, alleging that these
WZR86JRYHUQPHQWDJHQFLHVKDGSURYLGHGELOOLRQ86IRU
VXSSRUWLQJ WKH ¿QDQFH DQG LQVXUDQFH RI RLO ¿HOGV SLSHOLQHV
DQGFRDO¿UHGSODQWVLQGHYHORSLQJFRXQWULHVRYHUWKHSUHYLRXV
10 years without assessing the impacts on the environment
including global warming. A Federal Judge in California has
ruled in favour of the plaintiffs.53
,QDFDVH¿OHGLQ$UJHQWLQDWKHSODLQWLIIVDOOHJHDYLRODWLRQ
of Article 6 of the Climate Convention. In Nigeria, NGOs
have sued the major oil companies and the state for continuing
JDV ÀDULQJ DQ LQGXVWULDO SURFHVV ZKLFK FRQWULEXWHV DERXW 
million tonnes of CO2 annually to global GHG emissions
(Climate Justice Programme, 2005) and which is viewed as a
violation of the Convention and the human rights of the local
people.54,Q$XVWUDOLD1*2VKDYH¿OHGDVXLWDJDLQVWDPLQLVWHU
for permitting a mine expansion project without examining
WKH *+* HPLVVLRQV 6HH ZZZDXVWOLLHGXDXDXFDVHVYLF
VCAT/2004/2029.html.
7KHUH DUH WZR ODZ FDVHV LQ WKH 86$ ZKHUH D FRDOLWLRQ RI
states55 DQG HQYLURQPHQWDO 1*2V DUJXH WKDW WKH 86 (3$ KDV
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the authority to regulate CO2 and other GHGs as air pollutants
under the Clean Air Act.56 ,Q DGGLWLRQ HLJKW 86 6WDWHV 1HZ
York City and two land conservation trusts initiated a lawsuit in
-XO\DJDLQVWWKH¿YH86SRZHUFRPSDQLHVZLWKWKHODUJHVW
CO2 emissions, on the grounds that these companies contribute
to a public nuisance (global warming). That case, though
dismissed by the trial court, is on appeal.57 Non-government
organizations in Australia have also given notice to the major
*+*HPLWWHUVLQWKH86$DERXWWKHLUREOLJDWLRQVXQGHUQDWLRQDO
and international law to reduce their emissions (http://www.
FDQDQHWDXGRFXPHQWVOHJDODXVB¿QBUHYGRF  ,Q -XO\ 
a wildlife organization sued the Australian Government for
failing to protect the Great Barrier Reef (http://www.climatelaw.
RUJPHGLD$XVWUDOLDHPLVVLRQVVXLW $ FRXUW FDVH ZDV ¿OHG LQ
December 2005 by the Inuit people before the Inter-American
&RPPLVVLRQRI+XPDQ5LJKWVDJDLQVWWKH86JRYHUQPHQWIRU
human rights violations of the Inuit people’s way of life.58
There have also been cases that have challenged the allocation
of emission allowances. With the entry into force of the EU
Emissions Trading Directive,59 there has been some litigation in
Germany that has challenged the manner in which the German
Government has interpreted and transposed the directive into
its National Allocation Plan in 200460. The courts have thus far
GHFLGHGWKDWWKH(PLVVLRQ$OORFDWLRQ/DZLVLQFRQIRUPLW\ZLWK
German law and with European rules on property rights.61
While many of the these legal cases have not yet led to
interim judgments in favour of the plaintiff, they do reveal there
is a decided interest in pursuing the legal route as the means to
pushing for action on climate change. These cases are based on
a number of different legal grounds for doing so, but it may take
some years before courts decide which, if any, of these grounds
are valid.
13.4.4 Interactions between private, local and
non-governmental initiatives and national/
international efforts
The preceding sections have touched on a number of the
interactions that take place between private, sub-national and
non-governmental initiatives and national and international
climate change efforts. As discussed, some of these efforts have
EHHQGHVLJQHGDWOHDVWLQSDUWWRLQÀXHQFHWKHGHYHORSPHQWRI

53 Order Denying Defendants’ Motion for Summary Judgment, in the case of Friends of the earth, Greenpeace, Inc. and City of Boulder Colorado versus Peter Watson (Overseas
Private Investment Corporation) and Phillip Lerrill (Export-Import Bank of the United States), No. C 02-4106 JSW.
54 Suit No. FHC/CS/B/126/2005; ﬁled in the Federal High Court of Nigeria, in the Benin Judicial Division, Holden at Benin City.
55 California, Connecticut, Illinois, Maine, Massachusetts, New Jersey, New Mexico, New York, Oregon, Rhode Island, Vermont and Washington together with New York City,
Baltimore, and Washington, DC.
56 Massachusetts vs. Environmental Protection Agency, 415 F.3d 50 (D.C. Cir. 2005). A petition for Supreme Court review is pending. This case concerns motor vehicle emissions.
Another case has been ﬁled in the US Court of Appeals for the District of Columbia Circuit by a coalition of states and NGOs led by New York over an EPA decision not to
regulate CO2 from power plants.
57 Connecticut, et al. vs. American Electric Power Company Inc., et al.; 406 F.Supp.2d 265 (S.D.N.Y. 2005), appeal pending in the Court of Appeals for the Second Circuit.
58 Petition to the Inter-American Commission on Human Rights Seeking Relief From Violations Resulting From Global Warming Caused by Acts and Omissions of the United
States, December 7, 2005.
59 Directive 2003/87/EC of the European Parliament and the Council of 13 October 2003 (OJ L 275, 25-10-2003), establishing a scheme for GHG allowance trading within the
community and amending Council Directive 96/61/EC (OJ L257, 10-10-1996); available at < http://europa.eu.int/eur-lex/pri/en/oj/dat/2003/l_275/l_27520031025en00320046.
pdf>
60 Gesetz über den nationalen Zuteilungsplan für Treibhausgasemissionsberechtigungen in der Zuteilungsperiode 2005-2007 (Zuteilungsgesetz 2007 - ZuG2007),
Bundesgesetzblatt Jahrgang 2004, Teil I, Nr. 45, 30. August 2004.
61 Beschluss vom 1.9.2004, NVwZ2004, S.1389 ff; Beschluss vom 18.10.2004, NVwZ2005, S.112 ff; BverwG, Urteil vom 309.6.2005, NVwZ2005, S. 1178ff.
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national programmes or the international climate regime. Other
SURJUDPPHVKDYHEHHQGHVLJQHGWR¿OOUROHVLQWKHVHUHJLPHV
that may be appropriate for private or non-governmental
entities. Finally, other legal or programmatic initiatives have
been launched because of the perceived inadequacy of national
or international efforts.
One of the most important drivers of these interactions is the
development of a global GHG emission trading market. Many
RIWKHVWDQGDUGL]DWLRQDQGFHUWL¿FDWLRQHIIRUWVGHVFULEHGDERYH
have been designed to build institutions for the emerging GHG
market which in turn may also facilitate interactions between
sub-national initiatives and national or international climate
regimes. For example, the eight north-eastern and mid-Atlantic
VWDWHV LQ WKH 86 5HJLRQDO *UHHQKRXVH *DV ,QLWLDWLYH 5**, 
cap and trade programme will allow the use of CDM credits
DQG (8 (76 DOORZDQFHV XQGHU FHUWDLQ FLUFXPVWDQFHV 5**,
  6LPLODUO\ WKHUH KDV EHHQ DQ H[SORUDWLRQ RI D SRVVLEOH
OLQNDJHEHWZHHQWKH16:*UHHQKRXVH*DVDEDWHPHQWVFKHPH
DQGWKH(8(76DQG.\RWRPHFKDQLVPV )RZOHU%HW]
and MacGill, 2005).
In addition to international carbon markets, there are other
frameworks that facilitate interactions between private, subnational, and non-governmental initiatives and national and
international climate change efforts. For example, NGOs, private
companies and governments have formed partnerships to help
LPSOHPHQW WKH :RUOG 6XPPLW RQ 6XVWDLQDEOH 'HYHORSPHQW
:66' 7KHVHSDUWQHUVKLSVNQRZQDVµW\SH,,DJUHHPHQWV¶DUH
self-organized and are formed as voluntary cooperative initiatives
and have the common goal of integrating the economic, social
and environmental dimensions of sustainable development. To
GDWH PRUH WKDQ  SDUWQHUVKLSV DUH UHJLVWHUHG$ VLJQL¿FDQW
number of these partnerships are climate change-related (see
http://www.un.org/esa/sustdev/partnerships/partnerships.htm).

13.5 Implications for global climate
change policy
This chapter has provided information on the national and
international policy options available to governments and the
global community to address global climate change. We note
that there are many tools available and that each has its own
unique advantages and disadvantages. While further studies are
likely to yield additional insights, particularly with respect to
the implementation of policy choices, it is unlikely that the suite
of policies available to governments will grow substantially in
the future.
With this in mind, it is useful to consider several questions
LQ WKH OLJKW RI WKH IROORZLQJ EDFNJURXQG LQIRUPDWLRQ 6LQFH
the IPCC was formed nearly 20 years ago atmospheric
GHG concentrations have gone up from 354 to 385 ppm (or
approximately 25% of the total increase since the pre-industrial
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level of 270 ppm) as the emissions of GHG have risen (see
http://cdiac.ornl.gov/ftp/trends/CO2/maunaloa. CO2). We have
measurement data that indicates that the world is warming,
and we can calculate, given the data on past and current
emissions, that there is at the present time approximately 0.6
GHJUHHVRIDGGLWLRQDOZDUPLQJµLQWKHEDQN¶ 6HH,3&&D 
Therefore:
v Why has the application of policies been so modest?
v Why is the global community not on a faster implementation
track?
v Why have – at the very least – hedging strategies not
emerged in many more countries?
v Is the scale of the problem too large for current
institutions?
v Is there a lack of information on potential impacts or on
low-cost options?
v +DVSROLF\PDNLQJEHHQLQÀXHQFHGE\WKHVSHFLDOLQWHUHVWV
of a few?
Assuming that policies have been carefully designed, there
appears to be no need to delay their implementation – indeed,
there is an abundance of information in climate change literature
WKDWFRQWLQXHVWRVXJJHVWWKHQRQFOLPDWHEHQH¿WVRIPDQ\RI
WKHVHSROLFLHVDQGWKHSRWHQWLDOFOLPDWHEHQH¿WVRIPDQ\QRQ
climate policies. Moreover, as outlined in other chapters of this
report, with a few exceptions, these policies would have only
a very small impact on national economic growth – albeit the
impact would be large in absolute terms.
One answer to these questions may lie in the complex nature
of the policy-making processes – both for climate change policy
and, even more importantly, in other areas at the national and
VXEQDWLRQDO OHYHO )RU H[DPSOH VRPH RI WKH PRVW VLJQL¿FDQW
emissions reductions in both developed and developing countries
have occurred at this intersection of policies (e.g. the switch to
JDV LQ WKH 8. WKH &KLQHVH HQHUJ\ HI¿FLHQF\ SURJUDPPHV IRU
energy security, the Brazilian development of a bio-fuel-driven
WUDQVSRUW ÀHHW RU WKH WUHQG LQ WKH V DQG V WRZDUG
QXFOHDU SRZHU  &RQYHUVHO\ VRPH RI WKH PRVW VLJQL¿FDQW
increases in emissions have been the result of non-climate policy
priorities which have overwhelmed climate mitigation efforts
(e.g. decisions in Canada to exploit the tar sands reserves, those
LQ%UD]LOWRFOHDUIRUHVWVIRUDJULFXOWXUHDQGWKRVHLQWKH86$WR
promote coal-powered electricity generation to enhance energy
security). Assessing how these mega-decisions are made and
how they can be linked with climate change policies is the topic
of chapter 12 and may be crucial to the future.
A second answer may be linked to the over-riding drive by all
JRYHUQPHQWV UHÀHFWLQJERWKFRUSRUDWHDQGLQGLYLGXDOGHVLUHV 
for cheap and secure energy and for economic growth, to the
competitive nature of the global economy and to the perception
that any step, however modest, will disadvantage some special
interest. Finding a way to mitigate the impacts on the losers
– as well as create new winners – may be a key to accelerating
the pace of policy implementation. Most importantly perhaps,
795

1902
Policies, Instruments and Co-operative Arrangements

¿QGLQJ ZD\V WR HOLPLQDWH WKH FOLPDWH RI µIHDU¶ WKDW SUHYHQWV
actions (or more aggressive actions) and to promote a climate
of ‘opportunity’ may be crucial to moving beyond modest
steps. As outlined in other chapters of this report, the impact
of mitigation efforts on national economic growth is relatively
small, although the economic impacts differ among countries
and may be larger than the impacts of other environmental
problems. Mitigation is also more complicated as it involves
more political actors and greater levels of cooperation and/or
coordination. In this respect, better estimates of the risks, costs
DQG EHQH¿WV RI FOLPDWH SROLFLHV LQ WHUPV RI PDUNHW DQG QR
market terms as well as ethical terms may enable governments
to make informed decisions.
From the literature reviewed in this chapter, it is clear that
governments, companies and civil society have been actively
grappling with these questions. The very diversity of the
policy mix, the activism of NGOs and the wealth of modelling,
research and analysis (even if, to date, these have yielded only
modest changes in emissions) collectively provide a framework
for taking additional steps.
New research might provide further insight into why some
policies have succeeded – and why others have not. In particular,
additional work is needed to bolster the currently sparse body
of research addressing the concerns of developing countries.
Understanding how to accelerate policy adoption may be the
most important research topic for the immediate future. As this
chapter and others have noted, technology and policy tools do
H[LVWIRUWDNLQJWKDWVLJQL¿FDQW¿UVWVWHSLQDGGUHVVLQJFOLPDWH
change. Potential future agreements can take advantage of this
learning to encourage economically prudent and politically
feasible actions.
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Annex I
Glossary
Editor: Aviel Verbruggen (Belgium)
Notes: Glossary entries (highlighted in bold) are by preference subjects; a main entry can contain subentries, also in bold,
e.g. Final Energy is deﬁned under the entry Energy. Some deﬁnitions are adapted from Cleveland C.J. and C. Morris, 2006:
Dictionary of Energy, Elsevier, Amsterdam. The Glossary is followed by a list of Acronyms/Abbreviations and by a list of Chemical
Compounds (Annex II).

Activities Implemented Jointly (AIJ)
7KH SLORW SKDVH IRU -RLQW ,PSOHPHQWDWLRQ DV GH¿QHG LQ $UWLFOH
 D  RI WKH 81)&&& ZKLFK DOORZV IRU SURMHFW DFWLYLW\ DPRQJ
GHYHORSHGFRXQWULHV DQGWKHLUFRPSDQLHV DQGEHWZHHQGHYHORSHG
DQG GHYHORSLQJ FRXQWULHV DQG WKHLU FRPSDQLHV  $,- LV LQWHQGHG
WR DOORZ SDUWLHV WR WKH 81)&&& WR JDLQ H[SHULHQFH LQ MRLQWO\
LPSOHPHQWHGSURMHFWV$,-XQGHUWKHSLORWSKDVHGRQRWOHDGWRDQ\
FUHGLWV'HFLVLRQVUHPDLQDERXWWKHIXWXUHRI$,-SURMHFWVDQGKRZ
WKH\ PD\ UHODWH WR WKH .\RWR 0HFKDQLVPV $V D VLPSOH IRUP RI
WUDGDEOH SHUPLWV $,- DQG RWKHU PDUNHWEDVHG VFKHPHV UHSUHVHQW
SRWHQWLDOPHFKDQLVPVIRUVWLPXODWLQJDGGLWLRQDOUHVRXUFHÀRZVIRU
UHGXFLQJHPLVVLRQV6HHDOVR&OHDQ'HYHORSPHQW0HFKDQLVPDQG
(PLVVLRQV7UDGLQJ
Actual net greenhouse gas removals by sinks
7KH VXP RI WKH YHUL¿DEOH FKDQJHV LQ FDUERQ VWRFNV LQ WKH FDUERQ
SRROVZLWKLQWKHSURMHFWERXQGDU\RIDQDIIRUHVWDWLRQRUUHIRUHVWDWLRQ
SURMHFW PLQXV WKH LQFUHDVH LQ *+* HPLVVLRQV DV D UHVXOW RI WKH
LPSOHPHQWDWLRQRIWKHSURMHFWDFWLYLW\7KHWHUPVWHPVIURPWKH&OHDQ
'HYHORSPHQW 0HFKDQLVP &'0  DIIRUHVWDWLRQ DQG UHIRUHVWDWLRQ
PRGDOLWLHVDQGSURFHGXUHV
Adaptation
,QLWLDWLYHVDQGPHDVXUHVWRUHGXFHWKHYXOQHUDELOLW\RIQDWXUDODQG
KXPDQ V\VWHPV DJDLQVW DFWXDO RU H[SHFWHG FOLPDWH FKDQJH HIIHFWV
9DULRXV W\SHV RI DGDSWDWLRQ H[LVW HJ DQWLFLSDWRU\ DQG UHDFWLYH
SULYDWH DQG SXEOLF DQG DXWRQRPRXV DQG SODQQHG ([DPSOHV DUH
UDLVLQJULYHURUFRDVWDOGLNHVWKHVXEVWLWXWLRQRIPRUHWHPSHUDWXUH
VKRFNUHVLVWDQWSODQWVIRUVHQVLWLYHRQHVHWF
Adaptive capacity
7KHZKROHRIFDSDELOLWLHVUHVRXUFHVDQGLQVWLWXWLRQVRIDFRXQWU\RU
UHJLRQWRLPSOHPHQWHIIHFWLYHDGDSWDWLRQPHDVXUHV
Additionality
5HGXFWLRQLQHPLVVLRQVE\VRXUFHVRUHQKDQFHPHQWRIUHPRYDOVE\
VLQNV WKDW LV DGGLWLRQDO WR DQ\ WKDW ZRXOG RFFXU LQ WKH DEVHQFH RI
D -RLQW ,PSOHPHQWDWLRQ -,  RU D &OHDQ 'HYHORSPHQW 0HFKDQLVP
&'0 SURMHFWDFWLYLW\DVGH¿QHGLQWKH.\RWR3URWRFRO$UWLFOHVRQ
-,DQG&'07KLVGH¿QLWLRQPD\EHIXUWKHUEURDGHQHGWRLQFOXGH
¿QDQFLDOLQYHVWPHQWWHFKQRORJ\DQGHQYLURQPHQWDODGGLWLRQDOLW\
Under ¿QDQFLDO DGGLWLRQDOLW\ WKH SURMHFW DFWLYLW\ IXQGLQJ LV
DGGLWLRQDOWRH[LVWLQJ*OREDO(QYLURQPHQWDO)DFLOLW\RWKHU¿QDQFLDO
FRPPLWPHQWVRISDUWLHVLQFOXGHGLQ$QQH[,2I¿FLDO'HYHORSPHQW
$VVLVWDQFH DQG RWKHU V\VWHPV RI FRRSHUDWLRQ 8QGHU LQYHVWPHQW
DGGLWLRQDOLW\WKHYDOXHRIWKH(PLVVLRQV5HGXFWLRQ8QLW&HUWL¿HG
(PLVVLRQ 5HGXFWLRQ 8QLW VKDOO VLJQL¿FDQWO\ LPSURYH WKH ¿QDQFLDO
RU FRPPHUFLDO YLDELOLW\ RI WKH SURMHFW DFWLYLW\ 8QGHU WHFKQRORJ\
DGGLWLRQDOLW\ WKH WHFKQRORJ\ XVHG IRU WKH SURMHFW DFWLYLW\ VKDOO
EH WKH EHVW DYDLODEOH IRU WKH FLUFXPVWDQFHV RI WKH KRVW SDUW\
(QYLURQPHQWDODGGLWLRQDOLW\UHIHUVWRWKHHQYLURQPHQWDOLQWHJULW\
RI WKH FODLPHG DPRXQW E\ ZKLFK JUHHQKRXVH JDV HPLVVLRQV DUH
UHGXFHGGXHWRDSURMHFWUHODWLYHWRLWVEDVHOLQH$SURMHFWDFWLYLW\
LV IXUWKHU DGGLWLRQDO LI WKH LQFHQWLYH IURP WKH VDOH RI HPLVVLRQ
DOORZDQFHVKHOSVWRRYHUFRPHEDUULHUVWRLWVLPSOHPHQWDWLRQ

Aerosols
$FROOHFWLRQRIDLUERUQHVROLGRUOLTXLGSDUWLFOHVW\SLFDOO\EHWZHHQ
DQGPLQVL]HDQGUHVLGLQJLQWKHDWPRVSKHUHIRUDWOHDVW
VHYHUDOKRXUV$HURVROVPD\EHRIHLWKHUQDWXUDORUDQWKURSRJHQLF
RULJLQ $HURVROV PD\ LQÀXHQFH FOLPDWH LQ VHYHUDO ZD\V GLUHFWO\
WKURXJKVFDWWHULQJDQGDEVRUELQJUDGLDWLRQDQGLQGLUHFWO\WKURXJK
DFWLQJDVFRQGHQVDWLRQQXFOHLIRUFORXGIRUPDWLRQRUPRGLI\LQJWKH
RSWLFDOSURSHUWLHVDQGOLIHWLPHRIFORXGV
Afforestation
'LUHFWKXPDQLQGXFHGFRQYHUVLRQRIODQGWKDWKDVQRWEHHQIRUHVWHG
IRUDSHULRGRIDWOHDVW\HDUVWRIRUHVWHGODQGWKURXJKSODQWLQJ
VHHGLQJ DQGRU WKH KXPDQLQGXFHG SURPRWLRQ RI QDWXUDO VHHG
VRXUFHV16HHDOVR5HDQG'HIRUHVWDWLRQ
Agreement
,Q WKLV 5HSRUW WKH GHJUHH RI DJUHHPHQW LV WKH UHODWLYH OHYHO RI
FRQYHUJHQFHRIWKHOLWHUDWXUHDVDVVHVVHGE\WKHDXWKRUV
Alliance of Small Island States (AOSIS)
)RUPHG DW WKH 6HFRQG :RUOG &OLPDWH &RQIHUHQFH  $26,6
FRPSULVHVVPDOOLVODQGDQGORZO\LQJFRDVWDOGHYHORSLQJFRXQWULHV
WKDW DUH SDUWLFXODUO\ YXOQHUDEOH WR WKH DGYHUVH FRQVHTXHQFHV RI
FOLPDWH FKDQJH VXFK DV VHDOHYHO ULVH FRUDO EOHDFKLQJ DQG WKH
LQFUHDVHGIUHTXHQF\DQGLQWHQVLW\RIWURSLFDOVWRUPV:LWKPRUHWKDQ
VWDWHVIURPWKH$WODQWLF&DULEEHDQ,QGLDQ2FHDQ0HGLWHUUDQHDQ
DQG3DFL¿F$26,6VKDUHFRPPRQREMHFWLYHVRQHQYLURQPHQWDODQG
VXVWDLQDEOHGHYHORSPHQWPDWWHUVLQWKH81)&&&SURFHVV
Ancillary beneﬁts
3ROLFLHVDLPHGDWVRPHWDUJHWHJFOLPDWHFKDQJHPLWLJDWLRQPD\
EHSDLUHGZLWKSRVLWLYHVLGHHIIHFWVVXFKDVLQFUHDVHGUHVRXUFHXVH
HI¿FLHQF\UHGXFHGHPLVVLRQVRIDLUSROOXWDQWVDVVRFLDWHGZLWKIRVVLO
IXHO XVH LPSURYHG WUDQVSRUWDWLRQ DJULFXOWXUH ODQGXVH SUDFWLFHV
HPSOR\PHQW DQG IXHO VHFXULW\ $QFLOODU\ LPSDFWV LV DOVR XVHG
ZKHQ WKH HIIHFWV PD\ EH QHJDWLYH 3ROLFLHV GLUHFWHG DW DEDWLQJDLU
SROOXWLRQ PD\ FRQVLGHU JUHHQKRXVHJDV PLWLJDWLRQ DQ DQFLOODU\
EHQH¿W EXW WKLV SHUVSHFWLYH LV QRW FRQVLGHUHG LQ WKLV DVVHVVPHQW
6HHDOVRFREHQH¿WV.
Annex I countries
7KHJURXSRIFRXQWULHVLQFOXGHGLQ$QQH[, DVDPHQGHGLQ 
WRWKH81)&&&LQFOXGLQJDOOWKH2(&'FRXQWULHVDQGHFRQRPLHV
LQWUDQVLWLRQ8QGHU$UWLFOHV D DQG E RIWKH&RQYHQWLRQ
$QQH[,FRXQWULHVFRPPLWWHGWKHPVHOYHVVSHFL¿FDOO\WRWKHDLPRI
UHWXUQLQJLQGLYLGXDOO\RUMRLQWO\WRWKHLUOHYHOVRIJUHHQKRXVH
JDVHPLVVLRQVE\WKH\HDU%\GHIDXOWWKHRWKHUFRXQWULHVDUH
UHIHUUHGWRDV1RQ$QQH[,FRXQWULHV

1 For a discussion of the term forest and related terms such as afforestation,
reforestation, and deforestation (ARD), see the IPCC Special Report on Land
Use, Land-Use Change and Forestry, Cambridge University Press, 2000.
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Annex II countries
7KH JURXS RI FRXQWULHV LQFOXGHG LQ $QQH[ ,, WR WKH 81)&&&
LQFOXGLQJ DOO 2(&' FRXQWULHV 8QGHU $UWLFOH  J  RI WKH
&RQYHQWLRQ WKHVH FRXQWULHV DUH H[SHFWHG WR SURYLGH ¿QDQFLDO
UHVRXUFHV WR DVVLVW GHYHORSLQJ FRXQWULHV WR FRPSO\ ZLWK WKHLU
REOLJDWLRQVVXFKDVSUHSDULQJQDWLRQDOUHSRUWV$QQH[,,FRXQWULHV
DUHDOVRH[SHFWHGWRSURPRWHWKHWUDQVIHURIHQYLURQPHQWDOO\VRXQG
WHFKQRORJLHVWRGHYHORSLQJFRXQWULHV
Annex B countries
7KHFRXQWULHVLQFOXGHGLQ$QQH[%WRWKH.\RWR3URWRFROWKDWKDYH
DJUHHGWRDWDUJHWIRUWKHLUJUHHQKRXVHJDVHPLVVLRQVLQFOXGLQJDOO
WKH$QQH[,FRXQWULHV DVDPHQGHGLQ H[FHSWIRU7XUNH\DQG
%HODUXV
Anthropogenic emissions
(PLVVLRQV RI JUHHQKRXVH JDVHV JUHHQKRXVHJDV SUHFXUVRUV DQG
DHURVROV DVVRFLDWHG ZLWK KXPDQ DFWLYLWLHV 7KHVH LQFOXGH WKH
EXUQLQJ RI IRVVLO IXHOV GHIRUHVWDWLRQ ODQGXVH FKDQJHV OLYHVWRFN
IHUWLOL]DWLRQHWFWKDWUHVXOWLQDQHWLQFUHDVHLQHPLVVLRQV
Assigned Amount (AA)
8QGHUWKH.\RWR3URWRFROWKHDVVLJQHGDPRXQWLVWKHTXDQWLW\RI
JUHHQKRXVHJDV HPLVVLRQV WKDW DQ$QQH[ % FRXQWU\ KDV DJUHHG WR
DVLWVFHLOLQJIRULWVHPLVVLRQVLQWKH¿UVWFRPPLWPHQWSHULRG 
WR  7KH$$ LV WKH FRXQWU\¶V WRWDO JUHHQKRXVHJDV HPLVVLRQV
LQ  PXOWLSOLHG E\ ¿YH IRU WKH ¿YH\HDU FRPPLWPHQW SHULRG 
DQGE\WKHSHUFHQWDJHLWDJUHHGWRDVOLVWHGLQ$QQH[%RIWKH.\RWR
3URWRFRO HJIRUWKH(8IRUWKH86$ 
Assigned Amount Unit (AAU)
$Q$$8HTXDOVWRQQH PHWULFWRQ RI&22HTXLYDOHQWHPLVVLRQV
FDOFXODWHGXVLQJWKH*OREDO:DUPLQJ3RWHQWLDO
Backstop technology
0RGHOVHVWLPDWLQJPLWLJDWLRQRIWHQFKDUDFWHUL]HDQDUELWUDU\FDUERQ
IUHHWHFKQRORJ\ RIWHQIRUSRZHUJHQHUDWLRQ WKDWEHFRPHVDYDLODEOH
LQWKHIXWXUHLQXQOLPLWHGVXSSO\RYHUWKHKRUL]RQRIWKHPRGHO7KLV
DOORZV PRGHOV WR H[SORUH WKH FRQVHTXHQFHV DQG LPSRUWDQFH RI D
JHQHULFVROXWLRQWHFKQRORJ\ZLWKRXWEHFRPLQJHQPHVKHGLQSLFNLQJ
WKH WHFKQRORJ\ 7KLV ³EDFNVWRS´ WHFKQRORJ\ PLJKW EH D QXFOHDU
WHFKQRORJ\ IRVVLO WHFKQRORJ\ ZLWK FDSWXUH DQG VHTXHVWUDWLRQ
VRODURUVRPHWKLQJDV\HWXQLPDJLQHG7KHEDFNVWRSWHFKQRORJ\LV
W\SLFDOO\ DVVXPHG HLWKHU QRW WR FXUUHQWO\ H[LVW RU WR H[LVW RQO\ DW
KLJKHUFRVWVUHODWLYHWRFRQYHQWLRQDODOWHUQDWLYHV
Banking
$FFRUGLQJWRWKH.\RWR3URWRFRO>$UWLFOH  @SDUWLHVLQFOXGHG
LQ$QQH[,WRWKH81)&&&PD\VDYHH[FHVV$$8VIURPWKH¿UVW
FRPPLWPHQW SHULRG IRU FRPSOLDQFH ZLWK WKHLU UHVSHFWLYH FDS LQ
VXEVHTXHQWFRPPLWPHQWSHULRGV SRVW 
Barrier
$Q\REVWDFOHWRUHDFKLQJDJRDODGDSWDWLRQRUPLWLJDWLRQSRWHQWLDO
WKDW FDQ EH RYHUFRPH RU DWWHQXDWHG E\ D SROLF\ SURJUDPPH RU
PHDVXUH %DUULHU UHPRYDO LQFOXGHV FRUUHFWLQJ PDUNHW IDLOXUHV
GLUHFWO\RUUHGXFLQJWKHWUDQVDFWLRQVFRVWVLQWKHSXEOLFDQGSULYDWH
VHFWRUV E\ HJ LPSURYLQJ LQVWLWXWLRQDO FDSDFLW\ UHGXFLQJ ULVN
DQG XQFHUWDLQW\ IDFLOLWDWLQJ PDUNHW WUDQVDFWLRQV DQG HQIRUFLQJ
UHJXODWRU\SROLFLHV
Baseline
7KHUHIHUHQFHIRUPHDVXUDEOHTXDQWLWLHVIURPZKLFKDQDOWHUQDWLYH
RXWFRPHFDQEHPHDVXUHGHJDQRQLQWHUYHQWLRQVFHQDULRLVXVHG
DVDUHIHUHQFHLQWKHDQDO\VLVRILQWHUYHQWLRQVFHQDULRV
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Benchmark
$PHDVXUDEOHYDULDEOHXVHGDVDEDVHOLQHRUUHIHUHQFHLQHYDOXDWLQJ
WKH SHUIRUPDQFH RI DQ RUJDQL]DWLRQ %HQFKPDUNV PD\ KH GUDZQ
IURPLQWHUQDOH[SHULHQFHWKDWRIRWKHURUJDQL]DWLRQVRUIURPOHJDO
UHTXLUHPHQW DQG DUH RIWHQ XVHG WR JDXJH FKDQJHV LQ SHUIRUPDQFH
RYHUWLPH
Beneﬁt transfer
$QDSSOLFDWLRQRIPRQHWDU\YDOXHVIURPRQHSDUWLFXODUDQDO\VLVWR
DQRWKHU SROLF\GHFLVLRQ VHWWLQJ RIWHQ LQ D JHRJUDSKLF DUHD RWKHU
WKDQWKHRQHLQZKLFKWKHRULJLQDOVWXG\ZDVSHUIRUPHG
Biochemical Oxygen Demand (BOD)
7KH DPRXQW RI GLVVROYHG R[\JHQ FRQVXPHG E\ PLFURRUJDQLVPV
EDFWHULD  LQ WKH ELRFKHPLFDO R[LGDWLRQ RI RUJDQLF DQG LQRUJDQLF
matter in waste water.
Biocovers
/D\HUV SODFHG RQ WRS RI ODQG¿OOV WKDW DUH ELRORJLFDOO\ DFWLYH LQ
R[LGL]LQJPHWKDQHLQWR&22.
Bioﬁlters
)LOWHUV XVLQJ ELRORJLFDO PDWHULDO WR ¿OWHU RU FKHPLFDOO\ SURFHVV
SROOXWDQWVOLNHR[LGL]LQJPHWKDQHLQWR&22.
Biodiversity
7KHYDULDELOLW\DPRQJOLYLQJRUJDQLVPVIURPDOOVRXUFHVLQFOXGLQJ
LQWHUDOLDWHUUHVWULDOPDULQHDQGRWKHUDTXDWLFHFRV\VWHPVDQGWKH
HFRORJLFDOFRPSOH[HVRIZKLFKWKH\DUHSDUWWKLVLQFOXGHVGLYHUVLW\
ZLWKLQVSHFLHVEHWZHHQVSHFLHVDQGRIHFRV\VWHPV
Bioenergy
(QHUJ\GHULYHGIURPELRPDVV
Biofuel
$Q\ OLTXLG JDVHRXV RU VROLG IXHO SURGXFHG IURP SODQW RU DQLPDO
RUJDQLF PDWWHU (J VR\EHDQ RLO DOFRKRO IURP IHUPHQWHG VXJDU
EODFNOLTXRUIURPWKHSDSHUPDQXIDFWXULQJSURFHVVZRRGDVIXHO
HWF6HFRQGJHQHUDWLRQ ELRIXHOVDUHSURGXFWVVXFKDVHWKDQRODQG
ELRGLHVHO GHULYHG IURP OLJQRFHOOXORVLF ELRPDVV E\ FKHPLFDO RU
ELRORJLFDOSURFHVVHV
Biological options
%LRORJLFDORSWLRQVIRUPLWLJDWLRQRIFOLPDWHFKDQJHLQYROYHRQHRU
PRUHRIWKHWKUHHVWUDWHJLHVFRQVHUYDWLRQFRQVHUYLQJDQH[LVWLQJ
FDUERQSRROWKHUHE\SUHYHQWLQJ&22HPLVVLRQVWRWKHDWPRVSKHUH
VHTXHVWUDWLRQLQFUHDVLQJWKHVL]HRIH[LVWLQJFDUERQSRROVWKHUHE\
H[WUDFWLQJ &22 IURP WKH DWPRVSKHUH VXEVWLWXWLRQ  VXEVWLWXWLQJ
ELRPDVV IRU IRVVLO IXHOV RU HQHUJ\LQWHQVLYH SURGXFWV WKHUHE\
UHGXFLQJ&22 emissions.
Biomass
7KH WRWDO PDVV RI OLYLQJ RUJDQLVPV LQ D JLYHQ DUHD RU RI D JLYHQ
VSHFLHVXVXDOO\H[SUHVVHGDVGU\ZHLJKW2UJDQLFPDWWHUFRQVLVWLQJ
RIRUUHFHQWO\GHULYHGIURPOLYLQJRUJDQLVPV HVSHFLDOO\UHJDUGHG
DVIXHO H[FOXGLQJSHDW%LRPDVVLQFOXGHVSURGXFWVE\SURGXFWVDQG
ZDVWH GHULYHG IURP VXFK PDWHULDO &HOOXORVLF ELRPDVV LV ELRPDVV
IURP FHOOXORVH WKH SULPDU\ VWUXFWXUDO FRPSRQHQW RI SODQWV DQG
trees
Black Carbon
3DUWLFOH PDWWHU LQ WKH DWPRVSKHUH WKDW FRQVLVWV RI VRRW FKDUFRDO
DQGRU SRVVLEOH OLJKWDEVRUELQJ UHIUDFWRU\ RUJDQLF PDWHULDO %ODFN
FDUERQ LV RSHUDWLRQDOO\ GH¿QHG PDWWHU EDVHG RQ PHDVXUHPHQW RI
OLJKWDEVRUSWLRQDQGFKHPLFDOUHDFWLYLW\DQGRUWKHUPDOVWDELOLW\
Bottom-up models
0RGHOV UHSUHVHQWUHDOLW\E\ DJJUHJDWLQJFKDUDFWHULVWLFVRI VSHFL¿F
DFWLYLWLHVDQGSURFHVVHVFRQVLGHULQJWHFKQRORJLFDOHQJLQHHULQJDQG
FRVWGHWDLOV6HHDOVRWRSGRZQPRGHOV.
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Bubble
3ROLF\LQVWUXPHQWIRUSROOXWLRQDEDWHPHQWQDPHGIRULWVWUHDWPHQWRI
PXOWLSOHHPLVVLRQSRLQWVDVLIWKH\ZHUHFRQWDLQHGLQDQLPDJLQDU\
EXEEOH$UWLFOHRIWKH.\RWR3URWRFRODOORZVDJURXSRIFRXQWULHV
WRPHHWWKHLUWDUJHWOLVWHGLQ$QQH[%MRLQWO\E\DJJUHJDWLQJWKHLU
WRWDOHPLVVLRQVXQGHURQHµEXEEOH¶DQGVKDULQJWKHEXUGHQ HJWKH
EU).
Carbon Capture and Storage (CCS)
$ SURFHVV FRQVLVWLQJ RI VHSDUDWLRQ RI &22 IURP LQGXVWULDO DQG
HQHUJ\UHODWHG VRXUFHV WUDQVSRUW WR D VWRUDJH ORFDWLRQ DQG ORQJ
term isolation from the atmosphere.
Carbon cycle
7KH VHW RI SURFHVVHV VXFK DV SKRWRV\QWKHVLV UHVSLUDWLRQ
GHFRPSRVLWLRQDQGDLUVHDH[FKDQJHE\ZKLFKFDUERQFRQWLQXRXVO\
F\FOHV WKURXJK YDULRXV UHVHUYRLUV VXFK DV WKH DWPRVSKHUH OLYLQJ
RUJDQLVPVVRLOVDQGRFHDQV
Carbon dioxide (CO2)
&22LVDQDWXUDOO\RFFXUULQJJDVDQGDE\SURGXFWRIEXUQLQJIRVVLO
IXHOVRUELRPDVVRIODQGXVHFKDQJHVDQGRILQGXVWULDOSURFHVVHV
,W LV WKH SULQFLSDO DQWKURSRJHQLF JUHHQKRXVH JDV WKDW DIIHFWV
(DUWK¶V UDGLDWLYH EDODQFH ,W LV WKH UHIHUHQFH JDV DJDLQVW ZKLFK
RWKHUJUHHQKRXVHJDVHVDUHPHDVXUHGDQGWKHUHIRUHLWKDVD*OREDO
:DUPLQJ3RWHQWLDORI
Carbon dioxide fertilization
7KH HQKDQFHPHQW RI WKH JURZWK RI SODQWV EHFDXVH RI LQFUHDVHG
DWPRVSKHULF&22FRQFHQWUDWLRQ'HSHQGLQJRQWKHLUPHFKDQLVPRI
SKRWRV\QWKHVLVFHUWDLQW\SHVRISODQWVDUHPRUHVHQVLWLYHWRFKDQJHV
LQDWPRVSKHULF&22FRQFHQWUDWLRQWKDQRWKHUV
Carbon intensity
7KHDPRXQWRIHPLVVLRQVRI&22SHUXQLWRI*'3
Carbon leakage
7KH SDUW RI HPLVVLRQV UHGXFWLRQV LQ$QQH[ % FRXQWULHV WKDW PD\
EH RIIVHW E\ DQ LQFUHDVH RI WKH HPLVVLRQV LQ WKH QRQFRQVWUDLQHG
FRXQWULHV DERYH WKHLU EDVHOLQH OHYHOV 7KLV FDQ RFFXU WKURXJK  
UHORFDWLRQ RI HQHUJ\LQWHQVLYH SURGXFWLRQ LQ QRQFRQVWUDLQHG
UHJLRQV  LQFUHDVHGFRQVXPSWLRQRIIRVVLOIXHOVLQWKHVHUHJLRQV
WKURXJK GHFOLQH LQ WKH LQWHUQDWLRQDO SULFH RI RLO DQG JDV WULJJHUHG
E\ ORZHU GHPDQG IRU WKHVH HQHUJLHV DQG   FKDQJHV LQ LQFRPHV
WKXVLQHQHUJ\GHPDQG EHFDXVHRIEHWWHUWHUPVRIWUDGH/HDNDJH
DOVR UHIHUV WR *+*UHODWHG HIIHFWV RI *+*HPLVVLRQ UHGXFWLRQ RU
&22VHTXHVWUDWLRQ SURMHFW DFWLYLWLHV WKDW RFFXU RXWVLGH WKH SURMHFW
ERXQGDULHVDQGWKDWDUHPHDVXUDEOHDQGDWWULEXWDEOHWRWKHDFWLYLW\
2Q PRVW RFFDVLRQV OHDNDJH LV XQGHUVWRRG DV FRXQWHUDFWLQJ WKH
LQLWLDODFWLYLW\1HYHUWKHOHVVWKHUHPD\EHVLWXDWLRQVZKHUHHIIHFWV
DWWULEXWDEOH WR WKH DFWLYLW\ RXWVLGH WKH SURMHFW DUHD OHDG WR *+*
HPLVVLRQUHGXFWLRQV7KHVHDUHFRPPRQO\FDOOHGVSLOORYHU:KLOH
QHJDWLYH  OHDNDJH OHDGV WR D GLVFRXQW RI HPLVVLRQ UHGXFWLRQV DV
YHUL¿HGSRVLWLYHVSLOORYHUPD\QRWLQDOOFDVHVEHDFFRXQWHGIRU
Carbon pool
&DUERQ SRROV DUH DERYHJURXQG ELRPDVV EHORZJURXQG ELRPDVV
OLWWHUGHDGZRRGDQGVRLORUJDQLFFDUERQ&'0SURMHFWSDUWLFLSDQWV
PD\FKRRVHQRWWRDFFRXQWRQHRUPRUHFDUERQSRROVLIWKH\SURYLGH
WUDQVSDUHQWDQGYHUL¿DEOHLQIRUPDWLRQVKRZLQJWKDWWKHFKRLFHZLOO
QRW LQFUHDVH WKH H[SHFWHG QHW DQWKURSRJHQLF *+* UHPRYDOV E\
VLQNV
Carbon price
:KDWKDVWREHSDLG WRVRPHSXEOLFDXWKRULW\DVDWD[UDWHRURQ
VRPHHPLVVLRQSHUPLWH[FKDQJH IRUWKHHPLVVLRQRIWRQQHRI&22
LQWRWKHDWPRVSKHUH,QWKHPRGHOVDQGWKLV5HSRUWWKHFDUERQSULFH
LVWKHVRFLDOFRVWRIDYRLGLQJDQDGGLWLRQDOXQLWRI&22HTXLYDOHQW
HPLVVLRQ,QVRPHPRGHOVLWLVUHSUHVHQWHGE\WKHVKDGRZSULFHRI

DQDGGLWLRQDOXQLWRI&22 HPLWWHGLQRWKHUVE\WKHUDWHRIFDUERQWD[
RU WKH SULFH RI HPLVVLRQSHUPLW DOORZDQFHV ,W KDV DOVR EHHQ XVHG
LQWKLV5HSRUWDVDFXWRIIUDWHIRUPDUJLQDODEDWHPHQWFRVWVLQWKH
DVVHVVPHQWRIHFRQRPLFPLWLJDWLRQSRWHQWLDOV
Cap
0DQGDWHG UHVWUDLQW DV DQ XSSHU OLPLW RQ HPLVVLRQV 7KH .\RWR
3URWRFROPDQGDWHVHPLVVLRQVFDSVLQDVFKHGXOHGWLPHIUDPHRQWKH
DQWKURSRJHQLF*+* HPLVVLRQVUHOHDVHGE\$QQH[%FRXQWULHV%\
WKH(8HJPXVWUHGXFHLWV&22HTXLYDOHQWHPLVVLRQVRI
VL[JUHHQKRXVHJDVHVWRDOHYHOORZHUWKDQWKHOHYHO
Capacity building
,Q WKH FRQWH[W RI FOLPDWH FKDQJH FDSDFLW\ EXLOGLQJ LV GHYHORSLQJ
WHFKQLFDOVNLOOVDQGLQVWLWXWLRQDOFDSDELOLWLHVLQGHYHORSLQJFRXQWULHV
DQGHFRQRPLHVLQWUDQVLWLRQWRHQDEOHWKHLUSDUWLFLSDWLRQLQDOODVSHFWV
RIDGDSWDWLRQWRPLWLJDWLRQRIDQGUHVHDUFKRQFOLPDWHFKDQJHDQG
LQWKHLPSOHPHQWDWLRQRIWKH.\RWR0HFKDQLVPVHWF
CCS-ready
,IUDSLGGHSOR\PHQWRI&&6LVGHVLUHGQHZSRZHUSODQWVFRXOGEH
GHVLJQHGDQGORFDWHGWREHµ&&6UHDG\¶E\UHVHUYLQJVSDFHIRUWKH
FDSWXUH LQVWDOODWLRQ GHVLJQLQJ WKH XQLW IRU RSWLPDO SHUIRUPDQFH
ZKHQ FDSWXUH LV DGGHG DQG VLWLQJ WKH SODQW WR HQDEOH DFFHVV WR
VWRUDJHUHVHUYRLUV
Certiﬁed Emission Reduction Unit (CER)
(TXDO WR RQH PHWULF WRQQH RI &22HTXLYDOHQW HPLVVLRQV UHGXFHG
RU VHTXHVWHUHG WKURXJK D &OHDQ 'HYHORSPHQW 0HFKDQLVP SURMHFW
FDOFXODWHG XVLQJ *OREDO :DUPLQJ 3RWHQWLDOV ,Q RUGHU WR UHÀHFW
SRWHQWLDOQRQSHUPDQHQFHRIDIIRUHVWDWLRQDQGUHIRUHVWDWLRQSURMHFW
DFWLYLWLHVWKHXVHRIWHPSRUDU\FHUWL¿FDWHVIRU1HW$QWKURSRJHQLF
*UHHQKRXVH *DV 5HPRYDO ZDV GHFLGHG E\ &23  6HH DOVR
(PLVVLRQV5HGXFWLRQ8QLWV
Chemical oxygen demand (COD)
7KH TXDQWLW\ RI R[\JHQ UHTXLUHG IRU WKH FRPSOHWH R[LGDWLRQ RI
RUJDQLF FKHPLFDO FRPSRXQGV LQ ZDWHU XVHG DV D PHDVXUH RI WKH
OHYHORIRUJDQLFSROOXWDQWVLQQDWXUDODQGZDVWHZDWHUV
Chloroﬂuorocarbons (CFCs)
*UHHQKRXVHJDVHVFRYHUHGXQGHUWKH0RQWUHDO3URWRFRODQGXVHG
IRU UHIULJHUDWLRQ DLU FRQGLWLRQLQJ SDFNDJLQJ LQVXODWLRQ VROYHQWV
RUDHURVROSURSHOODQWV%HFDXVHWKH\DUHQRWGHVWUR\HGLQWKHORZHU
DWPRVSKHUH &)&V GULIW LQWR WKH XSSHU DWPRVSKHUH ZKHUH JLYHQ
VXLWDEOHFRQGLWLRQVWKH\EUHDNGRZQR]RQH7KHVHJDVHVDUHEHLQJ
UHSODFHGE\RWKHUFRPSRXQGVLQFOXGLQJK\GURFKORURÀXRURFDUERQV
DQGK\GURÀXRURFDUERQVZKLFKDUHJUHHQKRXVHJDVHVFRYHUHGXQGHU
WKH.\RWR3URWRFRO
Clean Development Mechanism (CDM)
'H¿QHGLQ$UWLFOHRIWKH.\RWR3URWRFROWKH&'0LVLQWHQGHG
WRPHHWWZRREMHFWLYHV  WRDVVLVWSDUWLHVQRWLQFOXGHGLQ$QQH[
, LQ DFKLHYLQJ VXVWDLQDEOH GHYHORSPHQW DQG LQ FRQWULEXWLQJ WR
WKH XOWLPDWH REMHFWLYH RI WKH FRQYHQWLRQ DQG   WR DVVLVW SDUWLHV
LQFOXGHGLQ$QQH[,LQDFKLHYLQJFRPSOLDQFHZLWKWKHLUTXDQWL¿HG
HPLVVLRQOLPLWDWLRQDQGUHGXFWLRQFRPPLWPHQWV&HUWL¿HG(PLVVLRQ
5HGXFWLRQ 8QLWV IURP &'0 SURMHFWV XQGHUWDNHQ LQ 1RQ$QQH[
, FRXQWULHV WKDW OLPLW RU UHGXFH *+* HPLVVLRQV ZKHQ FHUWL¿HG
E\ RSHUDWLRQDO HQWLWLHV GHVLJQDWHG E\ &RQIHUHQFH RI WKH 3DUWLHV
0HHWLQJRIWKH3DUWLHVFDQEHDFFUXHGWRWKHLQYHVWRU JRYHUQPHQW
RULQGXVWU\ IURPSDUWLHVLQ$QQH[%$VKDUHRIWKHSURFHHGVIURP
FHUWL¿HGSURMHFWDFWLYLWLHVLVXVHGWRFRYHUDGPLQLVWUDWLYHH[SHQVHV
DVZHOODVWRDVVLVWGHYHORSLQJFRXQWU\SDUWLHVWKDWDUHSDUWLFXODUO\
YXOQHUDEOHWRWKHDGYHUVHHIIHFWVRIFOLPDWHFKDQJHWRPHHWWKHFRVWV
of adaptation.
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Climate Change (CC)
&OLPDWHFKDQJHUHIHUVWRDFKDQJHLQWKHVWDWHRIWKHFOLPDWHWKDWFDQ
EHLGHQWL¿HG HJXVLQJVWDWLVWLFDOWHVWV E\FKDQJHVLQWKHPHDQDQG
RUWKHYDULDELOLW\RILWVSURSHUWLHVDQGWKDWSHUVLVWVIRUDQH[WHQGHG
SHULRG W\SLFDOO\ GHFDGHV RU ORQJHU &OLPDWH FKDQJH PD\ EH GXH
WR QDWXUDO LQWHUQDO SURFHVVHV RU H[WHUQDO IRUFLQJV RU WR SHUVLVWHQW
DQWKURSRJHQLFFKDQJHVLQWKHFRPSRVLWLRQRIWKHDWPRVSKHUHRULQ
ODQGXVH
1RWHWKDW81)&&&LQLWV$UWLFOHGH¿QHV³FOLPDWHFKDQJH´DV³D
FKDQJHRIFOLPDWHZKLFKLVDWWULEXWHGGLUHFWO\RULQGLUHFWO\WRKXPDQ
DFWLYLW\ WKDW DOWHUV WKH FRPSRVLWLRQ RI WKH JOREDO DWPRVSKHUH DQG
ZKLFK LV LQ DGGLWLRQ WR QDWXUDO FOLPDWH YDULDELOLW\ REVHUYHG RYHU
FRPSDUDEOHWLPHSHULRGV´7KH81)&&&WKXVPDNHVDGLVWLQFWLRQ
EHWZHHQ³FOLPDWHFKDQJH´DWWULEXWDEOHWRKXPDQDFWLYLWLHVDOWHULQJ
WKHDWPRVSKHULFFRPSRVLWLRQDQG³FOLPDWHYDULDELOLW\´DWWULEXWDEOH
WRQDWXUDOFDXVHV
Climate feedback
$QLQWHUDFWLRQPHFKDQLVPEHWZHHQSURFHVVHVLQWKHFOLPDWHV\VWHP
LVDFOLPDWHIHHGEDFNZKHQWKHUHVXOWRIDQLQLWLDOSURFHVVWULJJHUV
FKDQJHV LQ VHFRQGDU\ SURFHVVHV WKDW LQ WXUQ LQÀXHQFH WKH LQLWLDO
RQH$ SRVLWLYH IHHGEDFN LQWHQVL¿HV WKH LQLWLDO SURFHVV D QHJDWLYH
IHHGEDFNUHGXFHVWKHLQLWLDOSURFHVV([DPSOHRIDSRVLWLYHFOLPDWH
IHHGEDFN KLJKHU WHPSHUDWXUHV DV LQLWLDO SURFHVV FDXVH PHOWLQJ RI
WKHDUFWLFLFHOHDGLQJWROHVVUHÀHFWLRQRIVRODUUDGLDWLRQZKDWOHDGV
WR KLJKHU WHPSHUDWXUHV ([DPSOH RI D QHJDWLYH IHHGEDFN KLJKHU
WHPSHUDWXUHV LQFUHDVH WKH DPRXQW RI FORXG FRYHU WKLFNQHVV RU
H[WHQW WKDWFRXOGUHGXFHLQFRPLQJVRODUUDGLDWLRQDQGVROLPLWWKH
LQFUHDVHLQWHPSHUDWXUH
Climate sensitivity
,Q ,3&& 5HSRUWV HTXLOLEULXP FOLPDWH VHQVLWLYLW\ UHIHUV WR WKH
HTXLOLEULXP FKDQJH LQ DQQXDO PHDQ JOREDO VXUIDFH WHPSHUDWXUH
IROORZLQJ D GRXEOLQJ RI WKH DWPRVSKHULF &22HTXLYDOHQW
FRQFHQWUDWLRQ7KHHYDOXDWLRQRIWKHHTXLOLEULXPFOLPDWHVHQVLWLYLW\
LVH[SHQVLYHDQGRIWHQKDPSHUHGE\FRPSXWDWLRQDOFRQVWUDLQWV
The HIIHFWLYH FOLPDWH VHQVLWLYLW\ LV D UHODWHG PHDVXUH WKDW
FLUFXPYHQWVWKHFRPSXWDWLRQDOSUREOHPE\DYRLGLQJWKHUHTXLUHPHQW
RI HTXLOLEULXP ,W LV HYDOXDWHG IURP PRGHO RXWSXW IRU HYROYLQJ
QRQHTXLOLEULXPFRQGLWLRQV,WLVDPHDVXUHRIWKHVWUHQJWKVRIWKH
IHHGEDFNV DW D SDUWLFXODU WLPH DQG PD\ YDU\ ZLWK IRUFLQJ KLVWRU\
DQG FOLPDWH VWDWH 7KH FOLPDWH VHQVLWLYLW\ SDUDPHWHU UHIHUV WR WKH
HTXLOLEULXPFKDQJHLQWKHDQQXDOPHDQJOREDOVXUIDFHWHPSHUDWXUH
IROORZLQJDXQLWFKDQJHLQUDGLDWLYHIRUFLQJ .:P2)
The WUDQVLHQWFOLPDWHUHVSRQVHLVWKHFKDQJHLQWKHJOREDOVXUIDFH
WHPSHUDWXUH DYHUDJHG RYHU D \HDU SHULRG FHQWUHG DW WKH WLPH
RI&22GRXEOLQJLHDW\HDULQDSHU\HDUFRPSRXQG&22
LQFUHDVH H[SHULPHQW ZLWK D JOREDO FRXSOHG FOLPDWH PRGHO ,W LV D
PHDVXUH RI WKH VWUHQJWK DQG UDSLGLW\ RI WKH VXUIDFH WHPSHUDWXUH
UHVSRQVHWRJUHHQKRXVHJDVIRUFLQJ
Climate threshold
7KH SRLQW DW ZKLFK WKH DWPRVSKHULF FRQFHQWUDWLRQ RI JUHHQKRXVH
JDVHVWULJJHUVDVLJQL¿FDQWFOLPDWLFRUHQYLURQPHQWDOHYHQWZKLFK
LVFRQVLGHUHGXQDOWHUDEOHVXFKDVZLGHVSUHDGEOHDFKLQJRIFRUDOVRU
DFROODSVHRIRFHDQLFFLUFXODWLRQV\VWHPV
CO2-equivalent concentration
7KH FRQFHQWUDWLRQ RI FDUERQ GLR[LGH WKDW ZRXOG FDXVH WKH VDPH
DPRXQW RI UDGLDWLYH IRUFLQJ DV D JLYHQ PL[WXUH RI FDUERQ GLR[LGH
DQGRWKHUJUHHQKRXVHJDVHV
CO2-equivalent emission
7KHDPRXQWRI&22HPLVVLRQWKDWZRXOGFDXVHWKHVDPHUDGLDWLYH
IRUFLQJDVDQHPLWWHGDPRXQWRIDZHOOPL[HGJUHHQKRXVHJDVRUD
PL[WXUHRIZHOOPL[HGJUHHQKRXVHJDVHVDOOPXOWLSOLHGZLWKWKHLU
UHVSHFWLYH *OREDO :DUPLQJ 3RWHQWLDOV WR WDNH LQWR DFFRXQW WKH
GLIIHULQJWLPHVWKH\UHPDLQLQWKHDWPRVSKHUH
812

Co-beneﬁts
7KH EHQH¿WV RI SROLFLHV LPSOHPHQWHG IRU YDULRXV UHDVRQV DW WKH
VDPH WLPH DFNQRZOHGJLQJ WKDW PRVW SROLFLHV GHVLJQHG WR DGGUHVV
JUHHQKRXVH JDV PLWLJDWLRQ KDYH RWKHU RIWHQ DW OHDVW HTXDOO\
LPSRUWDQW UDWLRQDOHV HJ UHODWHG WR REMHFWLYHV RI GHYHORSPHQW
VXVWDLQDELOLW\ DQG HTXLW\  7KH WHUP FRLPSDFW LV DOVR XVHG LQ D
PRUHJHQHULFVHQVHWRFRYHUERWKSRVLWLYHDQGQHJDWLYHVLGHRIWKH
EHQH¿WV6HHDOVRDQFLOODU\EHQH¿WV.
Co-generation
7KH XVH RI ZDVWH KHDW IURP WKHUPDO HOHFWULFLW\JHQHUDWLRQ SODQWV
7KH KHDW LV HJ FRQGHQVLQJ KHDW IURP VWHDP WXUELQHV RU KRW ÀXH
JDVHVH[KDXVWHGIURPJDVWXUELQHVIRULQGXVWULDOXVHEXLOGLQJVRU
GLVWULFWKHDWLQJ6\QRQ\PIRU&RPELQHG+HDWDQG3RZHU &+3
JHQHUDWLRQ
Combined-cycle Gas Turbine (CCGT)
3RZHUSODQWWKDWFRPELQHVWZRSURFHVVHVIRUJHQHUDWLQJHOHFWULFLW\
)LUVWJDVRUOLJKWIXHORLOIHHGVDJDVWXUELQHWKDWLQHYLWDEO\H[KDXVWV
KRWÀXHJDVHV !& 6HFRQGKHDWUHFRYHUHGIURPWKHVHJDVHV
ZLWKDGGLWLRQDO¿ULQJLVWKHVRXUFHIRUSURGXFLQJVWHDPWKDWGULYHVD
VWHDPWXUELQH7KHWXUELQHVURWDWHVHSDUDWHDOWHUQDWRUV
,W EHFRPHV DQ LQWHJUDWHG &&*7 ZKHQ WKH IXHO LV V\QJDV IURP D
FRDORUELRPDVVJDVL¿FDWLRQUHDFWRUZLWKH[FKDQJHRIHQHUJ\ÀRZV
EHWZHHQWKHJDVL¿FDWLRQDQG&&*7SODQWV
Compliance
&RPSOLDQFH LV ZKHWKHU DQG WR ZKDW H[WHQW FRXQWULHV GR DGKHUH WR
WKHSURYLVLRQVRIDQDFFRUG&RPSOLDQFHGHSHQGVRQLPSOHPHQWLQJ
SROLFLHVRUGHUHGDQGRQZKHWKHUPHDVXUHVIROORZXSWKHSROLFLHV
&RPSOLDQFH LV WKH GHJUHH WR ZKLFK WKH DFWRUV ZKRVH EHKDYLRXU LV
WDUJHWHG E\ WKH DJUHHPHQW ORFDO JRYHUQPHQW XQLWV FRUSRUDWLRQV
RUJDQL]DWLRQV RU LQGLYLGXDOV FRQIRUP WR WKH LPSOHPHQWLQJ
REOLJDWLRQV6HHDOVRLPSOHPHQWDWLRQ.
Conference of the Parties (COP)
7KHVXSUHPHERG\RIWKH81)&&&FRPSULVLQJFRXQWULHVZLWKULJKW
WR YRWH WKDW KDYH UDWL¿HG RU DFFHGHG WR WKH FRQYHQWLRQ 7KH ¿UVW
VHVVLRQRIWKH&RQIHUHQFHRIWKH3DUWLHV &23 ZDVKHOGLQ%HUOLQ
  IROORZHG E\ *HQHYD   .\RWR   %XHQRV
$LUHV   %RQQ   7KH +DJXH%RQQ   
0DUUDNHFK   'HOKL   0LODQ   %XHQRV
$LUHV   0RQWUHDO   1DLUREL   6HH DOVR
0HHWLQJRIWKH3DUWLHV 023 

Contingent Valuation Method (CVM)
&90LVDQDSSURDFKWRTXDQWLWDWLYHO\DVVHVVYDOXHVDVVLJQHGE\SHRSOH
LQPRQHWDU\ ZLOOLQJQHVVWRSD\ DQGQRQPRQHWDU\ ZLOOLQJQHVVWR
FRQWULEXWHZLWKWLPHUHVRXUFHVHWF WHUPV,WLVDGLUHFWPHWKRGWR
HVWLPDWHHFRQRPLFYDOXHVIRUHFRV\VWHPDQGHQYLURQPHQWDOVHUYLFHV
$ VXUYH\ RI SHRSOH DUH DVNHG WKHLU ZLOOLQJQHVV WR SD\ IRU DFFHVV
WR RU WKHLU ZLOOLQJQHVV WR DFFHSW FRPSHQVDWLRQ IRU UHPRYDO RI D
VSHFL¿FHQYLURQPHQWDOVHUYLFHEDVHGRQDK\SRWKHWLFDOVFHQDULRDQG
GHVFULSWLRQRIWKHHQYLURQPHQWDOVHUYLFH6HHDOVRYDOXHV.
Cost
7KHFRQVXPSWLRQRIUHVRXUFHVVXFKDVODERUWLPHFDSLWDOPDWHULDOV
IXHOVDQGVRRQDVWKHFRQVHTXHQFHRIDQDFWLRQ,QHFRQRPLFVDOO
UHVRXUFHVDUHYDOXHGDWWKHLURSSRUWXQLW\FRVWEHLQJWKHYDOXHRI
WKHPRVWYDOXDEOHDOWHUQDWLYHXVHRIWKHUHVRXUFHV&RVWVDUHGH¿QHG
LQDYDULHW\RIZD\VDQGXQGHUDYDULHW\RIDVVXPSWLRQVWKDWDIIHFW
WKHLUYDOXH
&RVWW\SHVLQFOXGHDGPLQLVWUDWLYHFRVWVRISODQQLQJPDQDJHPHQW
PRQLWRULQJ DXGLWV DFFRXQWLQJ UHSRUWLQJ FOHULFDO DFWLYLWLHV
HWF DVVRFLDWHG ZLWK D SURMHFW RU SURJUDPPH GDPDJH FRVWV to
HFRV\VWHPV HFRQRPLHV DQG SHRSOH GXH WR QHJDWLYH HIIHFWV IURP
FOLPDWH FKDQJH LPSOHPHQWDWLRQ FRVWV RI FKDQJLQJ H[LVWLQJ UXOHV
DQGUHJXODWLRQFDSDFLW\EXLOGLQJHIIRUWVLQIRUPDWLRQWUDLQLQJDQG
HGXFDWLRQHWFWRSXWDSROLF\LQWRSODFHSULYDWHFRVWVDUHFDUULHG
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E\LQGLYLGXDOVFRPSDQLHVRURWKHUSULYDWHHQWLWLHVWKDWXQGHUWDNHWKH
DFWLRQZKHUHVRFLDOFRVWVLQFOXGHDGGLWLRQDOO\WKHH[WHUQDOFRVWVRQ
WKHHQYLURQPHQWDQGRQVRFLHW\DVDZKROH
&RVWVFDQEHH[SUHVVHGDVWRWDO, DYHUDJH (XQLWVSHFL¿F EHLQJWKH
WRWDOGLYLGHGE\WKHQXPEHURIXQLWVRIWKHLWHPIRUZKLFKWKHFRVW
LVEHLQJDVVHVVHGDQGPDUJLQDOor LQFUHPHQWDOFRVWVDVWKHFRVWRI
WKHODVWDGGLWLRQDOXQLW
7KHSHUVSHFWLYHVDGRSWHGLQWKLVUHSRUWDUH3URMHFWOHYHOFRQVLGHUVD
³VWDQGDORQH´DFWLYLW\WKDWLVDVVXPHGQRWWRKDYHVLJQL¿FDQWLQGLUHFW
HFRQRPLFLPSDFWVRQPDUNHWVDQGSULFHV ERWKGHPDQGDQGVXSSO\ 
EH\RQGWKHDFWLYLW\LWVHOI7KHDFWLYLW\FDQEHWKHLPSOHPHQWDWLRQRI
VSHFL¿FWHFKQLFDOIDFLOLWLHVLQIUDVWUXFWXUHGHPDQGVLGHUHJXODWLRQV
LQIRUPDWLRQ HIIRUWV WHFKQLFDO VWDQGDUGV HWF 7HFKQRORJ\ OHYHO
FRQVLGHUVDVSHFL¿FJUHHQKRXVHJDVPLWLJDWLRQWHFKQRORJ\XVXDOO\
ZLWK VHYHUDO DSSOLFDWLRQV LQ GLIIHUHQW SURMHFWV DQG VHFWRUV 7KH
OLWHUDWXUH RQ WHFKQRORJLHV FRYHUV WKHLU WHFKQLFDO FKDUDFWHULVWLFV
HVSHFLDOO\ HYLGHQFH RQ OHDUQLQJ FXUYHV DV WKH WHFKQRORJ\ GLIIXVHV
DQG PDWXUHV 6HFWRU OHYHO FRQVLGHUV VHFWRU SROLFLHV LQ D ³SDUWLDO
HTXLOLEULXP´FRQWH[WIRUZKLFKRWKHUVHFWRUVDQGWKHPDFURHFRQRPLF
YDULDEOHV DUH DVVXPHG WR EH DV JLYHQ 7KH SROLFLHV FDQ LQFOXGH
HFRQRPLFLQVWUXPHQWVUHODWHGWRSULFHVWD[HVWUDGHDQG¿QDQFLQJ
VSHFL¿FODUJHVFDOHLQYHVWPHQWSURMHFWVDQGGHPDQGVLGHUHJXODWLRQ
efforts. 0DFURHFRQRPLFOHYHOFRQVLGHUVWKHLPSDFWVRISROLFLHVRQ
UHDOLQFRPHDQGRXWSXWHPSOR\PHQWDQGHFRQRPLFZHOIDUHDFURVV
DOOVHFWRUVDQGPDUNHWV7KHSROLFLHVLQFOXGHDOOVRUWVRIHFRQRPLF
SROLFLHV VXFK DV WD[HV VXEVLGLHV PRQHWDU\ SROLFLHV VSHFL¿F
LQYHVWPHQWSURJUDPPHVDQGWHFKQRORJ\DQGLQQRYDWLRQSROLFLHV
7KH QHJDWLYH RI FRVWV DUH EHQH¿WV DQG RIWHQ ERWK DUH FRQVLGHUHG
WRJHWKHU
Cost-beneﬁt analysis
0RQHWDU\ PHDVXUHPHQW RI DOO QHJDWLYH DQG SRVLWLYH LPSDFWV
DVVRFLDWHGZLWKDJLYHQDFWLRQ&RVWVDQGEHQH¿WVDUHFRPSDUHGLQ
WHUPVRIWKHLUGLIIHUHQFHDQGRUUDWLRDVDQLQGLFDWRURIKRZDJLYHQ
LQYHVWPHQW RU RWKHU SROLF\ HIIRUW SD\V RII VHHQ IURP WKH VRFLHW\¶V
SRLQWRIYLHZ
Cost-effectiveness analysis
$ VSHFLDO FDVH RI FRVWEHQH¿W DQDO\VLV LQ ZKLFK DOO WKH FRVWV RI D
SRUWIROLRRISURMHFWVDUHDVVHVVHGLQUHODWLRQWRD¿[HGSROLF\JRDO
7KHSROLF\JRDOLQWKLVFDVHUHSUHVHQWVWKHEHQH¿WVRIWKHSURMHFWV
DQGDOOWKHRWKHULPSDFWVDUHPHDVXUHGDVFRVWVRUDVQHJDWLYHFRVWV
FREHQH¿WV 7KHSROLF\JRDOFDQEHIRUH[DPSOHDVSHFL¿HGJRDO
RIHPLVVLRQVUHGXFWLRQVRIJUHHQKRXVHJDVHV
Crediting period
7KH &'0 FUHGLWLQJ SHULRG LV WKH WLPH GXULQJ ZKLFK D SURMHFW
DFWLYLW\LVDEOHWRJHQHUDWH*+*HPLVVLRQUHGXFWLRQRU&22UHPRYDO
FHUWL¿FDWHV 8QGHU FHUWDLQ FRQGLWLRQV WKH FUHGLWLQJ SHULRG FDQ EH
UHQHZHGXSWRWZRWLPHV
Deforestation
7KH QDWXUDO RU DQWKURSRJHQLF SURFHVV WKDW FRQYHUWV IRUHVW ODQG WR
QRQIRUHVW6HHDIIRUHVWDWLRQ andUHIRUHVWDWLRQ
Demand-side management (DSM)
3ROLFLHVDQGSURJUDPPHVIRULQÀXHQFLQJWKHGHPDQGIRUJRRGVDQG
RUVHUYLFHV,QWKHHQHUJ\VHFWRU'60DLPVDWUHGXFLQJWKHGHPDQG
IRUHOHFWULFLW\DQGHQHUJ\VRXUFHV'60KHOSVWRUHGXFHJUHHQKRXVH
JDVHPLVVLRQV
Dematerialization
7KH SURFHVV E\ ZKLFK HFRQRPLF DFWLYLW\ LV GHFRXSOHG IURP
PDWWHU±HQHUJ\WKURXJKSXWWKURXJKSURFHVVHVVXFKDVHFRHI¿FLHQW
SURGXFWLRQRULQGXVWULDOHFRORJ\DOORZLQJHQYLURQPHQWDOLPSDFWWR
IDOOSHUXQLWRIHFRQRPLFDFWLYLW\
Deposit-refund system
$ GHSRVLW RU IHH WD[  LV SDLG ZKHQ DFTXLULQJ D FRPPRGLW\ DQG D

UHIXQGRUUHEDWHLVUHFHLYHGIRULPSOHPHQWDWLRQRIDVSHFL¿HGDFWLRQ
PRVWO\GHOLYHULQJWKHFRPPRGLW\DWDSDUWLFXODUSODFH 
Desertiﬁcation
7KLV UHIHUV WR ODQG GHJUDGDWLRQ LQ DULG VHPLDULG DQG GU\ VXE
KXPLG DUHDV UHVXOWLQJ IURP YDULRXV IDFWRUV LQFOXGLQJ FOLPDWLF
YDULDWLRQVDQGKXPDQDFWLYLWLHV7KH8QLWHG1DWLRQV&RQYHQWLRQWR
&RPEDW'HVHUWL¿FDWLRQGH¿QHVODQGGHJUDGDWLRQDVDUHGXFWLRQRU
ORVVLQDULGVHPLDULGDQGGU\VXEKXPLGDUHDVRIWKHELRORJLFDO
RU HFRQRPLF SURGXFWLYLW\ DQG FRPSOH[LW\ RI UDLQIHG FURSODQG
LUULJDWHG FURSODQG RU UDQJH SDVWXUH IRUHVW DQG ZRRGODQGV
UHVXOWLQJ IURP ODQG XVHV RU IURP D SURFHVV RU FRPELQDWLRQ RI
SURFHVVHV LQFOXGLQJ SURFHVVHV DULVLQJ IURP KXPDQ DFWLYLWLHV DQG
KDELWDWLRQ SDWWHUQV VXFK DV VRLO HURVLRQ FDXVHG E\ ZLQG DQGRU
ZDWHU GHWHULRUDWLRQ RI WKH SK\VLFDO FKHPLFDO DQG ELRORJLFDO RU
HFRQRPLFSURSHUWLHVRIVRLODQGORQJWHUPORVVRIQDWXUDOYHJHWDWLRQ
Devegetation
7KLVLVORVVRIYHJHWDWLRQGHQVLW\ZLWKLQRQHODQGFRYHUFODVV
Development path
$QHYROXWLRQEDVHGRQDQDUUD\RIWHFKQRORJLFDOHFRQRPLFVRFLDO
LQVWLWXWLRQDOFXOWXUDODQGELRSK\VLFDOFKDUDFWHULVWLFVWKDWGHWHUPLQH
WKH LQWHUDFWLRQV EHWZHHQ KXPDQ DQG QDWXUDO V\VWHPV LQFOXGLQJ
SURGXFWLRQDQGFRQVXPSWLRQSDWWHUQVLQDOOFRXQWULHVRYHUWLPHDWD
SDUWLFXODUVFDOH$OWHUQDWLYHGHYHORSPHQWSDWKV refer to different
SRVVLEOH WUDMHFWRULHV RI GHYHORSPHQW WKH FRQWLQXDWLRQ RI FXUUHQW
WUHQGVEHLQJMXVWRQHRIWKHPDQ\SDWKV
Discounting
$ PDWKHPDWLFDO RSHUDWLRQ PDNLQJ PRQHWDU\ RU RWKHU  DPRXQWV
UHFHLYHGRUH[SHQGHGDWGLIIHUHQWSRLQWVLQWLPH \HDUV FRPSDUDEOH
DFURVV WLPH 7KH RSHUDWRU XVHV D ¿[HG RU SRVVLEO\ WLPHYDU\LQJ
GLVFRXQWUDWH ! IURP\HDUWR\HDUWKDWPDNHVIXWXUHYDOXHZRUWK
OHVVWRGD\,QDGHVFULSWLYHGLVFRXQWLQJDSSURDFKRQHDFFHSWVWKH
GLVFRXQWUDWHVSHRSOH VDYHUVDQGLQYHVWRUV DFWXDOO\DSSO\LQWKHLU
GD\WRGD\ GHFLVLRQV SULYDWH GLVFRXQW UDWH). In a SUHVFULSWLYH
HWKLFDORUQRUPDWLYH GLVFRXQWLQJDSSURDFKWKHGLVFRXQWUDWHLV
¿[HGIURPDVRFLDOSHUVSHFWLYHHJEDVHGRQDQHWKLFDOMXGJHPHQW
DERXWWKHLQWHUHVWVRIIXWXUHJHQHUDWLRQV VRFLDOGLVFRXQWUDWH).
District heating
+RWZDWHU VWHDPLQROGV\VWHPV LVGLVWULEXWHGIURPFHQWUDOVWDWLRQV
WREXLOGLQJVDQGLQGXVWULHVLQDGHQVHO\RFFXSLHGDUHD DGLVWULFWD
FLW\RUDQLQGXVWULDOL]HGDUHDVXFKDVWKH5XKURU6DDULQ*HUPDQ\ 
7KHLQVXODWHGWZRSLSHQHWZRUNIXQFWLRQVOLNHDZDWHUEDVHGFHQWUDO
KHDWLQJV\VWHPLQDEXLOGLQJ7KHFHQWUDOKHDWVRXUFHVFDQEHZDVWH
KHDW UHFRYHU\ DW LQGXVWULDO SURFHVVHV ZDVWHLQFLQHUDWLRQ SODQWV
FRJHQHUDWLRQ SRZHU SODQWV RU VWDQGDORQH ERLOHUV EXUQLQJ IRVVLO
IXHOVRUELRPDVV
Double dividend
7KHH[WHQWWRZKLFKUHYHQXHJHQHUDWLQJLQVWUXPHQWVVXFKDVFDUERQ
WD[HVRUDXFWLRQHG WUDGDEOH FDUERQHPLVVLRQSHUPLWVFDQ  OLPLW
RUUHGXFH*+*HPLVVLRQVDQG  RIIVHWDWOHDVWSDUWRIWKHSRWHQWLDO
ZHOIDUHORVVHVRIFOLPDWHSROLFLHVWKURXJKUHF\FOLQJWKHUHYHQXHLQ
WKHHFRQRP\WRUHGXFHRWKHUWD[HVOLNHO\WRFDXVHGLVWRUWLRQV,QD
ZRUOG ZLWK LQYROXQWDU\ XQHPSOR\PHQW WKH FOLPDWH FKDQJH SROLF\
DGRSWHGPD\KDYHDQHIIHFW DSRVLWLYHRUQHJDWLYHµWKLUGGLYLGHQG¶ 
RQHPSOR\PHQW:HDNGRXEOHGLYLGHQGRFFXUVDVORQJDVWKHUHLV
D UHYHQXHUHF\FOLQJ HIIHFW7KDW LV UHYHQXHV DUH UHF\FOHG WKURXJK
UHGXFWLRQVLQWKHPDUJLQDOUDWHVRIGLVWRUWLQJWD[HV6WURQJGRXEOH
GLYLGHQGUHTXLUHVWKDWWKH EHQH¿FLDO UHYHQXHUHF\FOLQJHIIHFWPRUH
WKDQRIIVHWVWKHFRPELQDWLRQRIWKHSULPDU\FRVWDQGLQWKLVFDVHWKH
QHWFRVWRIDEDWHPHQWLVQHJDWLYH6HHDOVRLQWHUDFWLRQHIIHFW.
Economies in Transition (EITs)
&RXQWULHVZLWKWKHLUHFRQRPLHVFKDQJLQJIURPDSODQQHGHFRQRPLF
V\VWHPWRDPDUNHWHFRQRP\
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Economies of scale (scale economies)
7KHXQLWFRVWRIDQDFWLYLW\GHFOLQHVZKHQWKHDFWLYLW\LVH[WHQGHG
HJPRUHXQLWVDUHSURGXFHG 

Emission trajectories
7KHVH DUH SURMHFWLRQV RI IXWXUH HPLVVLRQ SDWKZD\V RU REVHUYHG
emission patterns.

Ecosystem
$V\VWHPRIOLYLQJRUJDQLVPVLQWHUDFWLQJZLWKHDFKRWKHUDQGWKHLU
SK\VLFDO HQYLURQPHQW 7KH ERXQGDULHV RI ZKDW FRXOG EH FDOOHG
DQ HFRV\VWHP DUH VRPHZKDW DUELWUDU\ GHSHQGLQJ RQ WKH IRFXV RI
LQWHUHVWRUVWXG\7KXVWKHH[WHQWRIDQHFRV\VWHPPD\UDQJHIURP
YHU\VPDOOVSDWLDOVFDOHVWRWKHHQWLUHSODQHW(DUWKXOWLPDWHO\

Energy
7KH DPRXQW RI ZRUN RU KHDW GHOLYHUHG (QHUJ\ LV FODVVL¿HG LQ D
YDULHW\RIW\SHVDQGEHFRPHVXVHIXOWRKXPDQHQGVZKHQLWÀRZV
IURPRQHSODFHWRDQRWKHURULVFRQYHUWHGIURPRQHW\SHLQWRDQRWKHU
3ULPDU\HQHUJ\ DOVRUHIHUUHGWRDVHQHUJ\VRXUFHV LVWKHHQHUJ\
HPERGLHG LQ QDWXUDO UHVRXUFHV HJ FRDO FUXGH RLO QDWXUDO JDV
XUDQLXP WKDWKDVQRWXQGHUJRQHDQ\DQWKURSRJHQLFFRQYHUVLRQ,W
is transformed into VHFRQGDU\ HQHUJ\ E\ FOHDQLQJ QDWXUDO JDV 
UH¿QLQJ RLOLQRLOSURGXFWV RUE\FRQYHUVLRQLQWRHOHFWULFLW\RUKHDW
:KHQWKHVHFRQGDU\HQHUJ\LVGHOLYHUHGDWWKHHQGXVHIDFLOLWLHVLW
LVFDOOHG¿QDOHQHUJ\ HJHOHFWULFLW\DWWKHZDOORXWOHW ZKHUHLW
EHFRPHV XVDEOH HQHUJ\ HJ OLJKW  'DLO\ WKH VXQ VXSSOLHV ODUJH
TXDQWLWLHV RI HQHUJ\ DV UDLQIDOO ZLQGV UDGLDWLRQ HWF 6RPH VKDUH
LVVWRUHGLQELRPDVVRUULYHUVWKDWFDQEHKDUYHVWHGE\PHQ6RPH
VKDUHLVGLUHFWO\XVDEOHVXFKDVGD\OLJKWYHQWLODWLRQRUDPELHQWKHDW
5HQHZDEOH HQHUJ\ LV REWDLQHG IURP WKH FRQWLQXLQJ RU UHSHWLWLYH
FXUUHQWVRIHQHUJ\RFFXUULQJLQWKHQDWXUDOHQYLURQPHQWDQGLQFOXGHV
QRQFDUERQ WHFKQRORJLHV VXFK DV VRODU HQHUJ\ K\GURSRZHU ZLQG
WLGH DQG ZDYHV DQG JHRWKHUPDO KHDW DV ZHOO DV FDUERQQHXWUDO
WHFKQRORJLHVVXFKDVELRPDVV(PERGLHGHQHUJ\LVWKHHQHUJ\XVHG
WRSURGXFHDPDWHULDOVXEVWDQFH VXFKDVSURFHVVHGPHWDOVRUEXLOGLQJ
PDWHULDOV  WDNLQJ LQWR DFFRXQW HQHUJ\ XVHG DW WKH PDQXIDFWXULQJ
IDFLOLW\ ]HURRUGHU HQHUJ\XVHGLQSURGXFLQJWKHPDWHULDOVWKDWDUH
XVHGLQWKHPDQXIDFWXULQJIDFLOLW\ ¿UVWRUGHU DQGVRRQ

Emissions Direct / Indirect
'LUHFW HPLVVLRQV RU ³SRLQW RI HPLVVLRQ´ DUH GH¿QHG DW WKH SRLQW
LQ WKH HQHUJ\ FKDLQ ZKHUH WKH\ DUH UHOHDVHG DQG DUH DWWULEXWHG WR
WKDWSRLQWLQWKHHQHUJ\FKDLQZKHWKHUDVHFWRUDWHFKQRORJ\RUDQ
DFWLYLW\(JHPLVVLRQVIURPFRDO¿UHGSRZHUSODQWVDUHFRQVLGHUHG
GLUHFWHPLVVLRQVIURPWKHHQHUJ\VXSSO\VHFWRU,QGLUHFWHPLVVLRQV
RU HPLVVLRQV ³DOORFDWHG WR WKH HQGXVH VHFWRU´ UHIHU WR WKH HQHUJ\
XVH LQ HQGXVH VHFWRUV DQG DFFRXQW IRU WKH HPLVVLRQV DVVRFLDWHG
ZLWK WKH XSVWUHDP SURGXFWLRQ RI WKH HQGXVH HQHUJ\ (J VRPH
HPLVVLRQV DVVRFLDWHG ZLWK HOHFWULFLW\ JHQHUDWLRQ FDQ EH DWWULEXWHG
WR WKH EXLOGLQJV VHFWRU FRUUHVSRQGLQJ WR WKH EXLOGLQJ VHFWRU¶V XVH
RIHOHFWULFLW\
Emission factor
$QHPLVVLRQIDFWRULVWKHUDWHRIHPLVVLRQSHUXQLWRIDFWLYLW\RXWSXW
RULQSXW(JDSDUWLFXODUIRVVLOIXHOSRZHUSODQWKDVD&22 emission
IDFWRURINJN:KJHQHUDWHG
Emission permit
$Q HPLVVLRQ SHUPLW LV D QRQWUDQVIHUDEOH RU WUDGDEOH HQWLWOHPHQW
DOORFDWHG E\ D JRYHUQPHQW WR D OHJDO HQWLW\ FRPSDQ\ RU RWKHU
HPLWWHU  WR HPLW D VSHFL¿HG DPRXQW RI D VXEVWDQFH  $ WUDGDEOH
SHUPLW  LV DQ HFRQRPLF SROLF\ LQVWUXPHQW XQGHU ZKLFK ULJKWV WR
GLVFKDUJH SROOXWLRQ  LQ WKLV FDVH  DQ DPRXQW RI  JUHHQKRXVH JDV
HPLVVLRQVFDQEHH[FKDQJHGWKURXJKHLWKHUDIUHHRUDFRQWUROOHG
SHUPLWPDUNHW
Emission quota
7KH SRUWLRQ RI WRWDO DOORZDEOH HPLVVLRQV DVVLJQHG WR D FRXQWU\
RU JURXS RI FRXQWULHV ZLWKLQ D IUDPHZRUN RI PD[LPXP WRWDO
emissions.
Emissions Reduction Unit (ERU)
(TXDOWRRQHPHWULFWRQQHRI&22HTXLYDOHQWHPLVVLRQVUHGXFHGRU
VHTXHVWHUHGDULVLQJIURPD-RLQW,PSOHPHQWDWLRQ GH¿QHGLQ$UWLFOH
 RI WKH .\RWR 3URWRFRO  SURMHFW 6HH DOVR &HUWL¿HG (PLVVLRQ
5HGXFWLRQ8QLW and HPLVVLRQVWUDGLQJ.
Emission standard
$OHYHORIHPLVVLRQWKDWE\ODZRUE\YROXQWDU\DJUHHPHQWPD\QRWEH
H[FHHGHG0DQ\VWDQGDUGVXVHHPLVVLRQIDFWRUVLQWKHLUSUHVFULSWLRQ
DQGWKHUHIRUHGRQRWLPSRVHDEVROXWHOLPLWVRQWKHHPLVVLRQV
Emissions trading
$ PDUNHWEDVHG DSSURDFK WR DFKLHYLQJ HQYLURQPHQWDO REMHFWLYHV
,WDOORZVWKRVHUHGXFLQJ*+*HPLVVLRQVEHORZWKHLUHPLVVLRQFDS
WRXVHRUWUDGHWKHH[FHVVUHGXFWLRQVWRRIIVHWHPLVVLRQVDWDQRWKHU
VRXUFHLQVLGHRURXWVLGHWKHFRXQWU\,QJHQHUDOWUDGLQJFDQRFFXUDW
WKHLQWUDFRPSDQ\GRPHVWLFDQGLQWHUQDWLRQDOOHYHOV7KH6HFRQG
$VVHVVPHQW 5HSRUW E\ WKH ,3&& DGRSWHG WKH FRQYHQWLRQ RI XVLQJ
SHUPLWV IRU GRPHVWLF WUDGLQJ V\VWHPV DQG TXRWDV IRU LQWHUQDWLRQDO
WUDGLQJ V\VWHPV (PLVVLRQV WUDGLQJ XQGHU$UWLFOH  RI WKH .\RWR
3URWRFROLVDWUDGDEOHTXRWDV\VWHPEDVHGRQWKHDVVLJQHGDPRXQWV
FDOFXODWHGIURPWKHHPLVVLRQUHGXFWLRQDQGOLPLWDWLRQFRPPLWPHQWV
OLVWHGLQ$QQH[%RIWKH3URWRFRO
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Energy efﬁciency
7KHUDWLRRIXVHIXOHQHUJ\RXWSXWRIDV\VWHPFRQYHUVLRQSURFHVVRU
DFWLYLW\WRLWVHQHUJ\LQSXW
Energy intensity
7KHUDWLRRIHQHUJ\XVHWRHFRQRPLFRXWSXW$WWKHQDWLRQDOOHYHO
HQHUJ\ LQWHQVLW\ LV WKH UDWLR RI WRWDO GRPHVWLF SULPDU\ HQHUJ\ XVH
RU ¿QDO HQHUJ\ XVH WR *URVV 'RPHVWLF 3URGXFW 6HH DOVR VSHFL¿F
HQHUJ\XVH
Energy security
7KH YDULRXV VHFXULW\ PHDVXUHV WKDW D JLYHQ QDWLRQ RU WKH JOREDO
FRPPXQLW\ DV D ZKROH PXVW FDUU\ RXW WR PDLQWDLQ DQ DGHTXDWH
HQHUJ\VXSSO\
Energy Service Company (ESCO)
$FRPSDQ\WKDWRIIHUVHQHUJ\VHUYLFHVWRHQGXVHUVJXDUDQWHHVWKH
HQHUJ\VDYLQJVWREHDFKLHYHGW\LQJWKHPGLUHFWO\WRLWVUHPXQHUDWLRQ
DVZHOODV¿QDQFHVRUDVVLVWVLQDFTXLULQJ¿QDQFLQJIRUWKHRSHUDWLRQ
RIWKHHQHUJ\V\VWHPDQGUHWDLQVDQRQJRLQJUROHLQPRQLWRULQJWKH
VDYLQJVRYHUWKH¿QDQFLQJWHUP
Environmental effectiveness
7KH H[WHQW WR ZKLFK D PHDVXUH SROLF\ RU LQVWUXPHQW SURGXFHV D
GHFLGHGGHFLVLYHRUGHVLUHGHQYLURQPHQWDOHIIHFW
Environmentally sustainable technologies
7HFKQRORJLHV WKDW DUH OHVV SROOXWLQJ XVH UHVRXUFHV LQ D PRUH
VXVWDLQDEOH PDQQHU UHF\FOH PRUH RI WKHLU ZDVWHV DQG SURGXFWV
DQG KDQGOH UHVLGXDO ZDVWHV LQ D PRUH DFFHSWDEOH PDQQHU WKDQ WKH
WHFKQRORJLHVWKDWWKH\VXEVWLWXWH7KH\DUHDOVRPRUHFRPSDWLEOHZLWK
QDWLRQDOO\GHWHUPLQHGVRFLRHFRQRPLFFXOWXUDODQGHQYLURQPHQWDO
priorities.
Evidence
,QIRUPDWLRQRUVLJQVLQGLFDWLQJZKHWKHUDEHOLHIRUSURSRVLWLRQLVWUXH
RUYDOLG,QWKLV5HSRUWWKHGHJUHHRIHYLGHQFHUHÀHFWVWKHDPRXQW
RI VFLHQWL¿FWHFKQLFDO LQIRUPDWLRQ RQ ZKLFK WKH /HDG$XWKRUV DUH
EDVLQJWKHLU¿QGLQJV
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Externality / External cost / External beneﬁt
([WHUQDOLWLHVDULVHIURPDKXPDQDFWLYLW\ZKHQDJHQWVUHVSRQVLEOH
IRUWKHDFWLYLW\GRQRWWDNHIXOODFFRXQWRIWKHDFWLYLW\¶VLPSDFWRQ
RWKHUV¶SURGXFWLRQDQGFRQVXPSWLRQSRVVLELOLWLHVZKLOHWKHUHH[LVWV
QRFRPSHQVDWLRQIRUVXFKLPSDFW:KHQWKHLPSDFWLVQHJDWLYHVR
DUH H[WHUQDO FRVWV :KHQ SRVLWLYH WKH\ DUH UHIHUUHG WR DV H[WHUQDO
EHQH¿WV
Feed-in tariff
7KHSULFHSHUXQLWRIHOHFWULFLW\WKDWDXWLOLW\RUSRZHUVXSSOLHUKDV
WRSD\IRUGLVWULEXWHGRUUHQHZDEOHHOHFWULFLW\IHGLQWRWKHJULGE\
QRQXWLOLW\JHQHUDWRUV$SXEOLFDXWKRULW\UHJXODWHVWKHWDULII
Flaring
2SHQ DLU EXUQLQJ RI ZDVWH JDVHV DQG YRODWLOH OLTXLGV WKURXJK D
FKLPQH\DWRLOZHOOVRUULJVLQUH¿QHULHVRUFKHPLFDOSODQWVDQGDW
ODQG¿OOV
Forecast
3URMHFWHG RXWFRPH IURP HVWDEOLVKHG SK\VLFDO WHFKQRORJLFDO
HFRQRPLFVRFLDOEHKDYLRUDOHWFSDWWHUQV
Forest
'H¿QHG XQGHU WKH .\RWR 3URWRFRO DV D PLQLPXP DUHD RI ODQG RI
 KD ZLWK WUHHFURZQ FRYHU RU HTXLYDOHQW VWRFNLQJ OHYHO 
RI PRUH WKDQ   ZLWK WUHHV ZLWK WKH SRWHQWLDO WR UHDFK D
PLQLPXPKHLJKWRIPDWPDWXULW\LQVLWX$IRUHVWPD\FRQVLVW
HLWKHURIFORVHGIRUHVWIRUPDWLRQVZKHUHWUHHVRIYDULRXVVWRUH\DQG
XQGHUJURZWKFRYHUDKLJKSURSRUWLRQRIWKHJURXQGRURIRSHQIRUHVW
<RXQJ QDWXUDO VWDQGV DQG DOO SODQWDWLRQV WKDW KDYH \HW WR UHDFK D
FURZQGHQVLW\RIRUWUHHKHLJKWRIPDUHLQFOXGHGXQGHU
IRUHVWDVDUHDUHDVQRUPDOO\IRUPLQJSDUWRIWKHIRUHVWDUHDWKDWDUH
WHPSRUDULO\ XQVWRFNHG DV D UHVXOW RI KXPDQ LQWHUYHQWLRQ VXFK DV
KDUYHVWLQJ RU QDWXUDO FDXVHV EXW ZKLFK DUH H[SHFWHG WR UHYHUW WR
IRUHVW6HHDOVR$IIRUHVWDWLRQ'HIRUHVWDWLRQand5HIRUHVWDWLRQ.
Fossil fuels
&DUERQEDVHG IXHOV IURP IRVVLO K\GURFDUERQ GHSRVLWV LQFOXGLQJ
FRDOSHDWRLODQGQDWXUDOJDV
Free Rider
2QHZKREHQH¿WVIURPDFRPPRQJRRGZLWKRXWFRQWULEXWLQJWRLWV
FUHDWLRQRUSUHVHUYDWLRQ
Fuel cell
$IXHOFHOOJHQHUDWHVHOHFWULFLW\LQDGLUHFWDQGFRQWLQXRXVZD\IURP
WKHFRQWUROOHGHOHFWURFKHPLFDOUHDFWLRQRIK\GURJHQRUDQRWKHUIXHO
DQGR[\JHQ:LWKK\GURJHQDVIXHOLWHPLWVRQO\ZDWHUDQGKHDW QR
&22 DQGWKHKHDWFDQEHXWLOL]HG VHHFRJHQHUDWLRQ).
Fuel switching
,Q JHQHUDO WKLV LV VXEVWLWXWLQJ IXHO $ IRU IXHO % ,Q WKH FOLPDWH
FKDQJHGLVFXVVLRQLWLVLPSOLFLWWKDWIXHO$KDVORZHUFDUERQFRQWHQW
WKDQIXHO%HJQDWXUDOJDVIRUFRDO
Full-cost pricing
6HWWLQJ WKH ¿QDO SULFHV RI JRRGV DQG VHUYLFHV WR LQFOXGH ERWK WKH
SULYDWH FRVWV RI LQSXWV DQG WKH H[WHUQDO FRVWV FUHDWHG E\ WKHLU
SURGXFWLRQDQGXVH
G77/China. 6HH*URXSRIDQG&KLQD
General circulation (climate) model (GCM)
$ QXPHULFDO UHSUHVHQWDWLRQ RI WKH FOLPDWH V\VWHP EDVHG RQ WKH
SK\VLFDOFKHPLFDODQGELRORJLFDOSURSHUWLHVRILWVFRPSRQHQWVWKHLU
LQWHUDFWLRQVDQGIHHGEDFNSURFHVVHVDQGDFFRXQWLQJIRUDOORUVRPH
RI LWV NQRZQ SURSHUWLHV 7KH FOLPDWH V\VWHP FDQ EH UHSUHVHQWHG
E\ PRGHOV RI YDU\LQJ FRPSOH[LW\ LH IRU DQ\ RQH FRPSRQHQW RU
FRPELQDWLRQRIFRPSRQHQWVDKLHUDUFK\RIPRGHOVFDQEHLGHQWL¿HG
GLIIHULQJLQVXFKDVSHFWVDVWKHQXPEHURIVSDWLDOGLPHQVLRQVWKH

H[WHQW WR ZKLFK SK\VLFDO FKHPLFDO RU ELRORJLFDO SURFHVVHV DUH
H[SOLFLWO\ UHSUHVHQWHG RU WKH OHYHO DW ZKLFK WKH SDUDPHWHUV DUH
DVVHVVHG HPSLULFDOO\ &RXSOHG DWPRVSKHUHRFHDQVHDLFH *HQHUDO
&LUFXODWLRQ0RGHOVSURYLGHDFRPSUHKHQVLYHUHSUHVHQWDWLRQRIWKH
FOLPDWHV\VWHP7KHUHLVDQHYROXWLRQWRZDUGVPRUHFRPSOH[PRGHOV
ZLWKDFWLYHFKHPLVWU\DQGELRORJ\
General equilibrium analysis
*HQHUDO HTXLOLEULXP DQDO\VLV FRQVLGHUV VLPXOWDQHRXVO\ DOO WKH
PDUNHWVDQGIHHGEDFNHIIHFWVDPRQJWKHVHPDUNHWVLQDQHFRQRP\
OHDGLQJWRPDUNHWFOHDUDQFH6HHDOVRPDUNHWHTXLOLEULXP.
Geo-engineering
7HFKQRORJLFDO HIIRUWV WR VWDELOL]H WKH FOLPDWH V\VWHP E\ GLUHFW
LQWHUYHQWLRQLQWKHHQHUJ\EDODQFHRIWKH(DUWKIRUUHGXFLQJJOREDO
ZDUPLQJ
Global Environmental Facility (GEF)
7KH*OREDO(QYLURQPHQW)DFLOLW\ *() HVWDEOLVKHGLQKHOSV
GHYHORSLQJ FRXQWULHV IXQG SURMHFWV DQG SURJUDPPHV WKDW SURWHFW
WKH JOREDO HQYLURQPHQW *() JUDQWV VXSSRUW SURMHFWV UHODWHG WR
ELRGLYHUVLW\FOLPDWHFKDQJHLQWHUQDWLRQDOZDWHUVODQGGHJUDGDWLRQ
WKHR]RQHOD\HUDQGSHUVLVWHQWRUJDQLFSROOXWDQWV
Global warming
*OREDO ZDUPLQJ UHIHUV WR WKH JUDGXDO LQFUHDVH REVHUYHG RU
SURMHFWHGLQJOREDOVXUIDFHWHPSHUDWXUHDVRQHRIWKHFRQVHTXHQFHV
RIUDGLDWLYHIRUFLQJFDXVHGE\DQWKURSRJHQLFHPLVVLRQV
Global Warming Potential (GWP)
$QLQGH[EDVHGXSRQUDGLDWLYHSURSHUWLHVRIZHOOPL[HGJUHHQKRXVH
JDVHV PHDVXULQJ WKH UDGLDWLYH IRUFLQJ RI D XQLW PDVV RI D JLYHQ
ZHOO PL[HG JUHHQKRXVH JDV LQ WRGD\¶V DWPRVSKHUH LQWHJUDWHG RYHU
DFKRVHQWLPHKRUL]RQUHODWLYHWRWKDWRI&227KH*:3UHSUHVHQWV
WKH FRPELQHG HIIHFW RI WKH GLIIHULQJ OHQJWKV RI WLPH WKDW WKHVH
JDVHV UHPDLQ LQ WKH DWPRVSKHUH DQG WKHLU UHODWLYH HIIHFWLYHQHVV LQ
DEVRUELQJRXWJRLQJLQIUDUHGUDGLDWLRQ7KH.\RWR3URWRFROLVEDVHG
RQ*:3VIURPSXOVHHPLVVLRQVRYHUD\HDUWLPHIUDPH
Green accounting
$WWHPSWVWRLQWHJUDWHLQWRPDFURHFRQRPLFVWXGLHVDEURDGHUVHWRI
VRFLDO ZHOIDUH PHDVXUHV FRYHULQJHJVRFLDOHQYLURQPHQWDODQG
GHYHORSPHQW RULHQWHG SROLF\ DVSHFWV *UHHQ DFFRXQWLQJ LQFOXGHV
ERWKPRQHWDU\YDOXDWLRQVWKDWDWWHPSWWRFDOFXODWHDµJUHHQQDWLRQDO
SURGXFW¶ZLWKWKHHFRQRPLFGDPDJHE\SROOXWDQWVVXEWUDFWHGIURPWKH
QDWLRQDOSURGXFWDQGDFFRXQWLQJV\VWHPVWKDWLQFOXGHTXDQWLWDWLYH
QRQPRQHWDU\SROOXWLRQGHSOHWLRQDQGRWKHUGDWD
Greenhouse effect
*UHHQKRXVH JDVHV HIIHFWLYHO\ DEVRUE LQIUDUHG UDGLDWLRQ HPLWWHG
E\ WKH (DUWK¶V VXUIDFH E\ WKH DWPRVSKHUH LWVHOI GXH WR WKH VDPH
JDVHVDQGE\FORXGV$WPRVSKHULFUDGLDWLRQLVHPLWWHGWRDOOVLGHV
LQFOXGLQJGRZQZDUGWRWKH(DUWK¶VVXUIDFH7KXVJUHHQKRXVHJDVHV
WUDSKHDWZLWKLQWKHVXUIDFHWURSRVSKHUHV\VWHP7KLVLVFDOOHGWKH
JUHHQKRXVHHIIHFW
7KHUPDO LQIUDUHG UDGLDWLRQ LQ WKH WURSRVSKHUH LV VWURQJO\ FRXSOHG
WR WKH WHPSHUDWXUH DW WKH DOWLWXGH DW ZKLFK LW LV HPLWWHG ,Q WKH
WURSRVSKHUH WKH WHPSHUDWXUH JHQHUDOO\ GHFUHDVHV ZLWK KHLJKW
(IIHFWLYHO\ LQIUDUHG UDGLDWLRQ HPLWWHG WR VSDFH RULJLQDWHV IURP DQ
DOWLWXGHZLWKDWHPSHUDWXUHRIRQDYHUDJH±&LQEDODQFHZLWK
WKHQHWLQFRPLQJVRODUUDGLDWLRQZKHUHDVWKH(DUWK¶VVXUIDFHLVNHSW
DWDPXFKKLJKHUWHPSHUDWXUHRIRQDYHUDJH&
$Q LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI JUHHQKRXVH JDVHV OHDGV WR DQ
LQFUHDVHG LQIUDUHG RSDFLW\ RI WKH DWPRVSKHUH DQG WKHUHIRUH WR DQ
HIIHFWLYH UDGLDWLRQ LQWR VSDFH IURP D KLJKHU DOWLWXGH DW D ORZHU
WHPSHUDWXUH 7KLV FDXVHV D UDGLDWLYH IRUFLQJ WKDW OHDGV WR DQ
HQKDQFHPHQW RI WKH JUHHQKRXVH HIIHFW WKH VRFDOOHG HQKDQFHG
JUHHQKRXVHHIIHFW.
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Greenhouse gases (GHGs)
*UHHQKRXVHJDVHVDUHWKRVHJDVHRXVFRQVWLWXHQWVRIWKHDWPRVSKHUH
ERWK QDWXUDO DQG DQWKURSRJHQLF WKDW DEVRUE DQG HPLW UDGLDWLRQ DW
VSHFL¿F ZDYHOHQJWKV ZLWKLQ WKH VSHFWUXP RI LQIUDUHG UDGLDWLRQ
HPLWWHG E\ WKH (DUWK¶V VXUIDFH WKH DWPRVSKHUH DQG FORXGV 7KLV
SURSHUW\FDXVHVWKHJUHHQKRXVHHIIHFW:DWHUYDSRXU +22 FDUERQ
GLR[LGH &22  QLWURXV R[LGH 122  PHWKDQH &+4) and ozone
23  DUH WKH SULPDU\ JUHHQKRXVH JDVHV LQ WKH HDUWK¶V DWPRVSKHUH
0RUHRYHUWKHUHDUHDQXPEHURIHQWLUHO\KXPDQPDGHJUHHQKRXVH
JDVHVLQWKHDWPRVSKHUHVXFKDVWKHKDORFDUERQVDQGRWKHUFKORULQH
DQGEURPLQHFRQWDLQLQJVXEVWDQFHVGHDOWZLWKXQGHUWKH0RQWUHDO
3URWRFRO %HVLGHV FDUERQ GLR[LGH QLWURXV R[LGH DQG PHWKDQH WKH
.\RWR3URWRFROGHDOVZLWKWKHJUHHQKRXVHJDVHVVXOSKXUKH[DÀXRULGH
K\GURÀXRURFDUERQVDQGSHUÀXRURFDUERQV

Implementation
,PSOHPHQWDWLRQ GHVFULEHV WKH DFWLRQV WDNHQ WR PHHW FRPPLWPHQWV
XQGHU D WUHDW\ DQG HQFRPSDVVHV OHJDO DQG HIIHFWLYH SKDVHV/HJDO
LPSOHPHQWDWLRQUHIHUVWROHJLVODWLRQUHJXODWLRQVMXGLFLDOGHFUHHV
LQFOXGLQJRWKHUDFWLRQVVXFKDVHIIRUWVWRDGPLQLVWHUSURJUHVVZKLFK
JRYHUQPHQWV WDNH WR WUDQVODWH LQWHUQDWLRQDO DFFRUGV LQWR GRPHVWLF
ODZ DQG SROLF\ (IIHFWLYH LPSOHPHQWDWLRQ QHHGV SROLFLHV DQG
SURJUDPPHV WKDW LQGXFH FKDQJHV LQ WKH EHKDYLRXU DQG GHFLVLRQV
RI WDUJHW JURXSV 7DUJHW JURXSV WKHQ WDNH HIIHFWLYH PHDVXUHV RI
PLWLJDWLRQDQGDGDSWDWLRQ

Gross Domestic Product (GDP)
7KHVXPRIJURVVYDOXHDGGHGDWSXUFKDVHUV¶SULFHVE\DOOUHVLGHQW
DQG QRQUHVLGHQW SURGXFHUV LQ WKH HFRQRP\ SOXV DQ\ WD[HV DQG
PLQXV DQ\ VXEVLGLHV QRW LQFOXGHG LQ WKH YDOXH RI WKH SURGXFWV LQ
DFRXQWU\RUDJHRJUDSKLFUHJLRQIRUDJLYHQSHULRGQRUPDOO\RQH
\HDU,WLVFDOFXODWHGZLWKRXWGHGXFWLQJIRUGHSUHFLDWLRQRIIDEULFDWHG
DVVHWVRUGHSOHWLRQDQGGHJUDGDWLRQRIQDWXUDOUHVRXUFHV

Income elasticity (of demand)
7KLVLVWKHUDWLRRIWKHSHUFHQWDJHFKDQJHLQTXDQWLW\RIGHPDQGIRU
DJRRGRUVHUYLFHWRDRQHSHUFHQWDJHFKDQJHLQLQFRPH)RUPRVW
JRRGVDQGVHUYLFHVGHPDQGJRHVXSZKHQLQFRPHJURZVPDNLQJ
LQFRPH HODVWLFLW\ SRVLWLYH :KHQ WKH HODVWLFLW\ LV OHVV WKDQ RQH
JRRGVDQGVHUYLFHVDUHFDOOHGQHFHVVLWLHV

Gross National Product (GNP)
*13LVDPHDVXUHRIQDWLRQDOLQFRPH,WPHDVXUHVYDOXHDGGHGIURP
GRPHVWLFDQGIRUHLJQVRXUFHVFODLPHGE\UHVLGHQWV*13FRPSULVHV
*URVV'RPHVWLF3URGXFWSOXVQHWUHFHLSWVRISULPDU\LQFRPHIURP
QRQUHVLGHQWLQFRPH

Industrial ecology
7KH UHODWLRQVKLS RI D SDUWLFXODU LQGXVWU\ ZLWK LWV HQYLURQPHQW ,W
RIWHQ UHIHUV WR WKH FRQVFLRXV SODQQLQJ RI LQGXVWULDO SURFHVVHV WR
PLQLPL]H WKHLU QHJDWLYH H[WHUQDOLWLHV HJ E\ KHDW DQG PDWHULDOV
FDVFDGLQJ 

Gross World Product
$QDJJUHJDWLRQRIWKHLQGLYLGXDOFRXQWU\¶V*URVV'RPHVWLF3URGXFWV
WRREWDLQWKHVXPIRUWKHZRUOG

Inertia
,Q WKH FRQWH[W RI FOLPDWHFKDQJH PLWLJDWLRQ LQHUWLD UHODWHV WR WKH
GLI¿FXOW\ RI FKDQJH UHVXOWLQJ IURP SUHH[LVWLQJ FRQGLWLRQV ZLWKLQ
VRFLHW\VXFKDVSK\VLFDOPDQPDGHFDSLWDOQDWXUDOFDSLWDODQGVRFLDO
QRQSK\VLFDOFDSLWDOLQFOXGLQJLQVWLWXWLRQVUHJXODWLRQVDQGQRUPV
([LVWLQJVWUXFWXUHVORFNLQVRFLHWLHVPDNLQJFKDQJHPRUHGLI¿FXOW

Group of 77 and China (G77/China)
2ULJLQDOO\  QRZ PRUH WKDQ  GHYHORSLQJ FRXQWULHV WKDW DFW
DV D PDMRU QHJRWLDWLQJ EORF LQ WKH 81)&&& SURFHVV *&KLQD
LV DOVR UHIHUUHG WR DV 1RQ$QQH[ , FRXQWULHV LQ WKH FRQWH[W RI WKH
UNFCCC.
Governance
7KH ZD\ JRYHUQPHQW LV XQGHUVWRRG KDV FKDQJHG LQ UHVSRQVH WR
VRFLDO HFRQRPLF DQG WHFKQRORJLFDO FKDQJHV RYHU UHFHQW GHFDGHV
7KHUH LV D FRUUHVSRQGLQJ VKLIW IURP JRYHUQment GH¿QHG VWULFWO\
E\ WKH QDWLRQVWDWH WR D PRUH LQFOXVLYH FRQFHSW RI JRYHUQance,
UHFRJQL]LQJ WKH FRQWULEXWLRQV RI YDULRXV OHYHOV RI JRYHUQPHQW
JOREDO LQWHUQDWLRQDO UHJLRQDO ORFDO  DQG WKH UROHV RI WKH SULYDWH
VHFWRURIQRQJRYHUQPHQWDODFWRUVDQGRIFLYLOVRFLHW\
Hot air
8QGHU WKH WHUPV RI WKH  .\RWR 3URWRFRO QDWLRQDO HPLVVLRQ
WDUJHWVLQ$QQH[%DUHH[SUHVVHGUHODWLYHWRHPLVVLRQVLQWKH\HDU
)RUFRXQWULHVLQWKHIRUPHU6RYLHW8QLRQDQG(DVWHUQ(XURSH
WKLVWDUJHWKDVSURYHQWREHKLJKHUWKDQWKHLUFXUUHQWDQGSURMHFWHG
HPLVVLRQV IRU UHDVRQV XQUHODWHG WR FOLPDWHFKDQJH PLWLJDWLRQ
DFWLYLWLHV5XVVLDDQG8NUDLQHLQSDUWLFXODUDUHH[SHFWHGWRKDYH
DVXEVWDQWLDOYROXPHRIH[FHVVHPLVVLRQDOORZDQFHVRYHUWKHSHULRG
 UHODWLYH WR WKHLU IRUHFDVW HPLVVLRQV 7KHVH DOORZDQFHV
DUH VRPHWLPHV UHIHUUHG WR DV KRW DLU EHFDXVHZKLOH WKH\FDQ EH
WUDGHGXQGHUWKH.\RWR3URWRFRO¶VÀH[LELOLW\PHFKDQLVPVWKH\GLG
QRWUHVXOWIURPPLWLJDWLRQDFWLYLWLHV
Hybrid vehicle
$Q\ YHKLFOH WKDW HPSOR\V WZR VRXUFHV RI SURSXOVLRQ HVSHFLDOO\D
YHKLFOHWKDWFRPELQHVDQLQWHUQDOFRPEXVWLRQHQJLQHZLWKDQHOHFWULF
motor.
Hydroﬂuorocarbons (HFCs)
2QH RI WKH VL[ JDVHV RU JURXSV RI JDVHV WR EH FXUEHG XQGHU WKH
816

.\RWR 3URWRFRO 7KH\ DUH SURGXFHG FRPPHUFLDOO\ DV D VXEVWLWXWH
IRUFKORURÀXRURFDUERQV+)&VDUHODUJHO\XVHGLQUHIULJHUDWLRQDQG
VHPLFRQGXFWRU PDQXIDFWXULQJ 7KHLU *OREDO :DUPLQJ 3RWHQWLDOV
UDQJHIURPWR

Integrated assessment
$ PHWKRG RI DQDO\VLV WKDW FRPELQHV UHVXOWV DQG PRGHOV IURP
WKH SK\VLFDO ELRORJLFDO HFRQRPLF DQG VRFLDO VFLHQFHV DQG WKH
LQWHUDFWLRQVEHWZHHQWKHVHFRPSRQHQWVLQDFRQVLVWHQWIUDPHZRUNWR
HYDOXDWHWKHVWDWXVDQGWKHFRQVHTXHQFHVRIHQYLURQPHQWDOFKDQJH
DQGWKHSROLF\UHVSRQVHVWRLW
Integrated Design Process (IDP) of buildings
2SWLPL]LQJ WKH RULHQWDWLRQ DQG VKDSH RI EXLOGLQJV DQG SURYLGLQJ
KLJKSHUIRUPDQFH HQYHORSHV IRU PLQLPL]LQJ KHDWLQJ DQG FRROLQJ
ORDGV3DVVLYHWHFKQLTXHVIRUKHDWWUDQVIHUFRQWUROYHQWLODWLRQDQG
GD\OLJKW DFFHVV UHGXFH HQHUJ\ ORDGV IXUWKHU 3URSHUO\ VL]HG DQG
FRQWUROOHGHI¿FLHQWPHFKDQLFDOV\VWHPVDGGUHVVWKHOHIWRYHUORDGV
,'3 UHTXLUHV DQ LWHUDWLYH GHVLJQ SURFHVV LQYROYLQJ DOO WKH PDMRU
VWDNHKROGHUV IURP EXLOGLQJ XVHUV WR HTXLSPHQW VXSSOLHUV DQG FDQ
DFKLHYHVDYLQJVLQHQHUJ\XVHLQQHZEXLOGLQJVDWOLWWOHRU
QRDGGLWLRQDOLQYHVWPHQWFRVW
Intelligent controls
,Q WKLV UHSRUW WKH QRWLRQ RI µLQWHOOLJHQW FRQWURO¶ UHIHUV WR WKH
DSSOLFDWLRQ RI LQIRUPDWLRQ WHFKQRORJ\ LQ EXLOGLQJV WR FRQWURO
KHDWLQJYHQWLODWLRQDLUFRQGLWLRQLQJDQGHOHFWULFLW\XVHHIIHFWLYHO\
,WUHTXLUHVHIIHFWLYHPRQLWRULQJRISDUDPHWHUVVXFKDVWHPSHUDWXUH
FRQYHFWLRQPRLVWXUHHWFZLWKDSSURSULDWHFRQWUROPHDVXUHPHQWV
µVPDUWPHWHULQJ¶ 
Interaction effect
7KH FRQVHTXHQFH RI WKH LQWHUDFWLRQ RI FOLPDWHFKDQJH SROLF\
LQVWUXPHQWV ZLWK H[LVWLQJ GRPHVWLF WD[ V\VWHPV LQFOXGLQJ ERWK
FRVWLQFUHDVLQJWD[LQWHUDFWLRQDQGFRVWUHGXFLQJUHYHQXHUHF\FOLQJ
HIIHFW7KHIRUPHUUHÀHFWVWKHLPSDFWWKDWJUHHQKRXVHJDVSROLFLHV
FDQKDYHRQODERXUDQGFDSLWDOPDUNHWVWKURXJKWKHLUHIIHFWVRQUHDO
ZDJHV DQG WKH UHDO UHWXUQ WR FDSLWDO 5HVWULFWLQJ DOORZDEOH *+*
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HPLVVLRQV UDLVHV WKH FDUERQ SULFH DQG VR WKH FRVWV RI SURGXFWLRQ
DQGWKHSULFHVRIRXWSXWWKXVUHGXFLQJWKHUHDOUHWXUQWRODERXUDQG
FDSLWDO:LWKSROLFLHVWKDWUDLVHUHYHQXHIRUWKHJRYHUQPHQWFDUERQ
WD[HVDQGDXFWLRQHGSHUPLWVWKHUHYHQXHVFDQEHUHF\FOHGWRUHGXFH
H[LVWLQJGLVWRUWLRQDOWD[HV6HHDOVRGRXEOHGLYLGHQG.

Levelized cost price
7KHXQLTXHSULFHRIWKHRXWSXWVRIDSURMHFWWKDWPDNHVWKHSUHVHQW
YDOXH RI WKH UHYHQXHV EHQH¿WV  HTXDO WR WKH SUHVHQW YDOXH RI WKH
FRVWV RYHU WKH OLIHWLPH RI WKH SURMHFW 6HH DOVR GLVFRXQWLQJ and
SUHVHQWYDOXH.

Intergovernmental Organization (IGO)
2UJDQL]DWLRQV FRQVWLWXWHG RI JRYHUQPHQWV ([DPSOHV LQFOXGH WKH
:RUOG %DQN WKH 2UJDQL]DWLRQ RI (FRQRPLF &RRSHUDWLRQ DQG
'HYHORSPHQW 2(&' WKH,QWHUQDWLRQDO&LYLO$YLDWLRQ2UJDQL]DWLRQ
,&$2  WKH ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH ,3&& 
DQGRWKHU81DQGUHJLRQDORUJDQL]DWLRQV7KH&OLPDWH&RQYHQWLRQ
DOORZVDFFUHGLWDWLRQRIWKHVH,*2VWRDWWHQGQHJRWLDWLQJVHVVLRQV

Likelihood
7KHOLNHOLKRRGRIDQRFFXUUHQFHRXWFRPHRUUHVXOWZKHUHWKLVFDQ
EHHVWLPDWHGSUREDELOLVWLFDOO\LVH[SUHVVHGLQ,3&&UHSRUWVXVLQJD
VWDQGDUGWHUPLQRORJ\

International Energy Agency (IEA)
(VWDEOLVKHGLQWKHDJHQF\LVOLQNHGZLWKWKH2(&',WHQDEOHV
2(&'PHPEHUFRXQWULHVWRWDNHMRLQWPHDVXUHVWRPHHWRLOVXSSO\
HPHUJHQFLHs WR VKDUH HQHUJ\ LQIRUPDWLRQ WR FRRUGLQDWH WKHLU
HQHUJ\SROLFLHVDQGWRFRRSHUDWHLQGHYHORSLQJUDWLRQDOHQHUJ\XVH
SURJUDPPHV
Joint Implementation (JI)
$PDUNHWEDVHGLPSOHPHQWDWLRQPHFKDQLVPGH¿QHGLQ$UWLFOHRI
WKH.\RWR3URWRFRODOORZLQJ$QQH[,FRXQWULHVRUFRPSDQLHVIURP
WKHVH FRXQWULHV WR LPSOHPHQW SURMHFWV MRLQWO\ WKDW OLPLW RU UHGXFH
HPLVVLRQVRUHQKDQFHVLQNVDQGWRVKDUHWKH(PLVVLRQV5HGXFWLRQ
8QLWV-,DFWLYLW\LVDOVRSHUPLWWHGLQ$UWLFOH D RIWKH81)&&&
6HHDOVR$FWLYLWLHV,PSOHPHQWHG-RLQWO\ and .\RWR0HFKDQLVPV.
Kyoto Mechanisms (also called Flexibility Mechanisms)
(FRQRPLFPHFKDQLVPVEDVHGRQPDUNHWSULQFLSOHVWKDWSDUWLHVWRWKH
.\RWR3URWRFROFDQXVHLQDQDWWHPSWWROHVVHQWKHSRWHQWLDOHFRQRPLF
LPSDFWVRIJUHHQKRXVHJDVHPLVVLRQUHGXFWLRQUHTXLUHPHQWV7KH\
LQFOXGH -RLQW ,PSOHPHQWDWLRQ $UWLFOH   &OHDQ 'HYHORSPHQW
0HFKDQLVP $UWLFOH DQG(PLVVLRQVWUDGLQJ $UWLFOH 
Kyoto Protocol
7KH .\RWR 3URWRFRO WR WKH 81)&&& ZDV DGRSWHG DW WKH 7KLUG
6HVVLRQRIWKH&RQIHUHQFHRIWKH3DUWLHV &23 LQLQ.\RWR,W
FRQWDLQVOHJDOO\ELQGLQJFRPPLWPHQWVLQDGGLWLRQWRWKRVHLQFOXGHG
LQWKH)&&&$QQH[%FRXQWULHVDJUHHGWRUHGXFHWKHLUDQWKURSRJHQLF
*+* HPLVVLRQV FDUERQ GLR[LGH PHWKDQH QLWURXV R[LGH
K\GURÀXRURFDUERQVSHUÀXRURFDUERQVDQGVXOSKXUKH[DÀXRULGH E\
DWOHDVWEHORZOHYHOVLQWKHFRPPLWPHQWSHULRG
7KH.\RWR3URWRFROFDPHLQWRIRUFHRQ)HEUXDU\

3DUWLFXODURUDUDQJH
RIRFFXUUHQFHVRXW
FRPHVRIDQXQFHUWDLQ
HYHQWRZQLQJD
SUREDELOLW\RI

!
!
!
WR




are said
WREH

9LUWXDOO\FHUWDLQ
9HU\OLNHO\
/LNHO\
$ERXWDVOLNHO\DVQRW
8QOLNHO\
9HU\XQOLNHO\
([FHSWLRQDOO\XQOLNHO\

Lock-in effect
7HFKQRORJLHV WKDW FRYHU ODUJH PDUNHW VKDUHV FRQWLQXH WR EH XVHG
GXHWRIDFWRUVVXFKDVVXQNLQYHVWPHQWFRVWVUHODWHGLQIUDVWUXFWXUH
GHYHORSPHQW XVH RI FRPSOHPHQWDU\ WHFKQRORJLHV DQG DVVRFLDWHG
VRFLDODQGLQVWLWXWLRQDOKDELWVDQGVWUXFWXUHV
Low-carbon technology
$WHFKQRORJ\WKDWRYHULWVOLIHF\FOHFDXVHVOHVV&22HTHPLVVLRQV
WKDQ RWKHU WHFKQRORJLFDO RSWLRQV GR 6HH DOVR (QYLURQPHQWDOO\
VXVWDLQDEOHWHFKQRORJLHV.
Macroeconomic costs
7KHVH FRVWV DUH XVXDOO\ PHDVXUHG DV FKDQJHV LQ *URVV 'RPHVWLF
3URGXFWRUFKDQJHVLQWKHJURZWKRI*URVV'RPHVWLF3URGXFWRUDV
ORVVRIZHOIDUHRUFRQVXPSWLRQ
Marginal cost pricing
7KH SULFLQJ RI JRRGV DQG VHUYLFHV VXFK WKDW WKH SULFH HTXDOV WKH
DGGLWLRQDO FRVW DULVLQJ ZKHQ SURGXFWLRQ LV H[SDQGHG E\ RQH XQLW
(FRQRPLFWKHRU\VKRZVWKDWWKLVZD\RISULFLQJPD[LPL]HVVRFLDO
ZHOIDUHLQD¿UVWEHVWHFRQRP\
Market barriers
,Q WKH FRQWH[W RI FOLPDWH FKDQJH PLWLJDWLRQ PDUNHW EDUULHUV DUH
FRQGLWLRQV WKDW SUHYHQW RU LPSHGH WKH GLIIXVLRQ RI FRVWHIIHFWLYH
WHFKQRORJLHVRUSUDFWLFHVWKDWZRXOGPLWLJDWH*+*HPLVVLRQV

Landﬁll
$ ODQG¿OO LV D VROLG ZDVWH GLVSRVDO VLWH ZKHUH ZDVWH LV GHSRVLWHG
EHORZ DW RU DERYH JURXQG OHYHO /LPLWHG WR HQJLQHHUHG VLWHV ZLWK
FRYHUPDWHULDOVFRQWUROOHGSODFHPHQWRIZDVWHDQGPDQDJHPHQWRI
OLTXLGVDQGJDVHV,WH[FOXGHVXQFRQWUROOHGZDVWHGLVSRVDO

Market-based regulation
5HJXODWRU\ DSSURDFKHV XVLQJ SULFH PHFKDQLVPV HJ WD[HV DQG
DXFWLRQHG WUDGDEOH SHUPLWV  DPRQJ RWKHU LQVWUXPHQWV WR UHGXFH
*+*HPLVVLRQV

Land-use
7KH WRWDO RI DUUDQJHPHQWV DFWLYLWLHV DQG LQSXWV XQGHUWDNHQ LQ D
FHUWDLQ ODQGFRYHU W\SH D VHW RI KXPDQ DFWLRQV  7KH VRFLDO DQG
HFRQRPLFSXUSRVHVIRUZKLFKODQGLVPDQDJHG HJJUD]LQJWLPEHU
H[WUDFWLRQDQGFRQVHUYDWLRQ /DQGXVHFKDQJHRFFXUVZKHQHJ
IRUHVWLVFRQYHUWHGWRDJULFXOWXUDOODQGRUWRXUEDQDUHDV

Market distortions and imperfections
,QSUDFWLFHPDUNHWVZLOODOZD\VH[KLELWGLVWRUWLRQVDQGLPSHUIHFWLRQV
VXFK DV ODFN RI LQIRUPDWLRQ GLVWRUWHG SULFH VLJQDOV ODFN RI
FRPSHWLWLRQ DQGRU LQVWLWXWLRQDO IDLOXUHV UHODWHG WR UHJXODWLRQ
LQDGHTXDWHGHOLQHDWLRQRISURSHUW\ULJKWVGLVWRUWLRQLQGXFLQJ¿VFDO
V\VWHPVDQGOLPLWHG¿QDQFLDOPDUNHWV

Leapfrogging
7KH DELOLW\ RI GHYHORSLQJ FRXQWULHV WR E\SDVV LQWHUPHGLDWH
WHFKQRORJLHV DQG MXPS VWUDLJKW WR DGYDQFHG FOHDQ WHFKQRORJLHV
/HDSIURJJLQJ FDQ HQDEOH GHYHORSLQJ FRXQWULHV WR PRYH WR D ORZ
HPLVVLRQVGHYHORSPHQWWUDMHFWRU\

Market equilibrium
7KHSRLQWDWZKLFKWKHGHPDQGIRUJRRGVDQGVHUYLFHVHTXDOVWKH
VXSSO\ RIWHQ GHVFULEHG LQ WHUPV RI SULFH OHYHOV GHWHUPLQHG LQ D
FRPSHWLWLYHPDUNHWµFOHDULQJ¶WKHPDUNHW

Learning by doing
$VUHVHDUFKHUVDQG¿UPVJDLQIDPLOLDULW\ZLWKDQHZWHFKQRORJLFDO
SURFHVV RU DFTXLUH H[SHULHQFH WKURXJK H[SDQGHG SURGXFWLRQ WKH\
FDQGLVFRYHUZD\VWRLPSURYHSURFHVVHVDQGUHGXFHFRVW/HDUQLQJ
E\GRLQJLVDW\SHRIH[SHULHQFHEDVHGWHFKQRORJLFDOFKDQJH

Market Exchange Rate (MER)
7KLV LV WKH UDWH DW ZKLFK IRUHLJQ FXUUHQFLHV DUH H[FKDQJHG 0RVW
HFRQRPLHVSRVWVXFKUDWHVGDLO\DQGWKH\YDU\OLWWOHDFURVVDOOWKH
H[FKDQJHV)RUVRPHGHYHORSLQJHFRQRPLHVRI¿FLDOUDWHVDQGEODFN
PDUNHWUDWHVPD\GLIIHUVLJQL¿FDQWO\DQGWKH0(5LVGLI¿FXOWWRSLQ
down.
817
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Material efﬁciency options
,QWKLVUHSRUWRSWLRQVWRUHGXFH*+*HPLVVLRQVE\GHFUHDVLQJWKH
YROXPHRIPDWHULDOVQHHGHGIRUDFHUWDLQSURGXFWRUVHUYLFH

R[LGHDQGÀXRULQDWHGJDVHV DUHWDNHQLQWRDFFRXQWLQHJDFKLHYLQJ
UHGXFWLRQ RI HPLVVLRQV PXOWLJDV UHGXFWLRQ  RU VWDELOL]DWLRQ RI
FRQFHQWUDWLRQV PXOWLJDVVWDELOL]DWLRQ).

Measures
0HDVXUHV DUH WHFKQRORJLHV SURFHVVHV DQG SUDFWLFHV WKDW UHGXFH
*+*HPLVVLRQVRUHIIHFWVEHORZDQWLFLSDWHGIXWXUHOHYHOV([DPSOHV
RIPHDVXUHVDUHUHQHZDEOHHQHUJ\WHFKQRORJLHVZDVWHPLQLPL]DWLRQ
SURFHVVHV DQG SXEOLF WUDQVSRUW FRPPXWLQJ SUDFWLFHV HWF 6HH DOVR
SROLFLHV.

National Action Plans
3ODQV VXEPLWWHG WR WKH &23 E\ SDUWLHV RXWOLQLQJ WKH VWHSV WKDW
WKH\ KDYH DGRSWHG WR OLPLW WKHLU DQWKURSRJHQLF *+* HPLVVLRQV
&RXQWULHVPXVWVXEPLWWKHVHSODQVDVDFRQGLWLRQRISDUWLFLSDWLQJLQ
WKH81)&&&DQGVXEVHTXHQWO\PXVWFRPPXQLFDWHWKHLUSURJUHVV
WR WKH &23 UHJXODUO\7KH 1DWLRQDO$FWLRQ 3ODQV IRUP SDUW RI WKH
1DWLRQDO&RPPXQLFDWLRQVZKLFKLQFOXGHWKHQDWLRQDOLQYHQWRU\RI
*+*VRXUFHVDQGVLQNV

Methane (CH4)
0HWKDQHLVRQHRIWKHVL[JUHHQKRXVHJDVHVWREHPLWLJDWHGXQGHU
WKH .\RWR 3URWRFRO ,W LV WKH PDMRU FRPSRQHQW RI QDWXUDO JDV DQG
DVVRFLDWHG ZLWK DOO K\GURFDUERQ IXHOV DQLPDO KXVEDQGU\ DQG
DJULFXOWXUH&RDOEHGPHWKDQHLVWKHJDVIRXQGLQFRDOVHDPV
Methane recovery
0HWKDQHHPLVVLRQVHJIURPRLORUJDVZHOOVFRDOEHGVSHDWERJV
JDV WUDQVPLVVLRQ SLSHOLQHV ODQG¿OOV RU DQDHURELF GLJHVWHUV DUH
FDSWXUHG DQG XVHG DV D IXHO RU IRU VRPH RWKHU HFRQRPLF SXUSRVH
HJFKHPLFDOIHHGVWRFN 

Nitrous oxide (N2O)
2QH RI WKH VL[ W\SHV RI JUHHQKRXVH JDVHV WR EH FXUEHG XQGHU WKH
.\RWR3URWRFRO

Meeting of the Parties (to the Kyoto Protocol) (MOP)
7KH &RQIHUHQFH RI WKH 3DUWLHV &23  RI WKH 81)&&& VHUYHV DV
WKH0HHWLQJRIWKH3DUWLHV 023 WKHVXSUHPHERG\RIWKH.\RWR
3URWRFRO VLQFH WKH ODWWHU HQWHUHG LQWR IRUFH RQ  )HEUXDU\ 
2QO\SDUWLHVWRWKH.\RWR3URWRFROPD\SDUWLFLSDWHLQGHOLEHUDWLRQV
DQGPDNHGHFLVLRQV

Non-Annex I Countries/Parties
7KHFRXQWULHVWKDWKDYHUDWL¿HGRUDFFHGHGWRWKH81)&&&EXWDUH
QRWLQFOXGHGLQ$QQH[,

Millennium Development Goals (MDG)
$VHWRIWLPHERXQGDQGPHDVXUDEOHJRDOVIRUFRPEDWLQJSRYHUW\
KXQJHU GLVHDVH LOOLWHUDF\ GLVFULPLQDWLRQ DJDLQVW ZRPHQ DQG
HQYLURQPHQWDOGHJUDGDWLRQDJUHHGDWWKH810LOOHQQLXP6XPPLW
in 2000.

No-regret policy (options / potential)
6XFK SROLF\ ZRXOG JHQHUDWH QHW VRFLDO EHQH¿WV ZKHWKHU RU QRW
WKHUHLVFOLPDWHFKDQJHDVVRFLDWHGZLWKDQWKURSRJHQLFHPLVVLRQVRI
JUHHQKRXVHJDVHV1RUHJUHWRSWLRQVIRU*+* HPLVVLRQVUHGXFWLRQ
UHIHUWRRSWLRQVZKRVHEHQH¿WV VXFKDVUHGXFHGHQHUJ\FRVWVDQG
UHGXFHGHPLVVLRQVRIORFDOUHJLRQDOSROOXWDQWV HTXDORUH[FHHGWKHLU
FRVWVWRVRFLHW\H[FOXGLQJWKHEHQH¿WVRIDYRLGHGFOLPDWHFKDQJH

Mitigation
7HFKQRORJLFDOFKDQJHDQGVXEVWLWXWLRQWKDWUHGXFHUHVRXUFHLQSXWV
DQGHPLVVLRQVSHUXQLWRIRXWSXW$OWKRXJKVHYHUDOVRFLDOHFRQRPLF
DQG WHFKQRORJLFDO SROLFLHV ZRXOG SURGXFH DQ HPLVVLRQ UHGXFWLRQ
ZLWK UHVSHFW WR FOLPDWH FKDQJH PLWLJDWLRQ PHDQV LPSOHPHQWLQJ
SROLFLHVWRUHGXFH*+*HPLVVLRQVDQGHQKDQFHVLQNV
Mitigative capacity
7KLVLVDFRXQWU\¶VDELOLW\WRUHGXFHDQWKURSRJHQLF*+*HPLVVLRQVRU
WRHQKDQFHQDWXUDOVLQNVZKHUHDELOLW\UHIHUVWRVNLOOVFRPSHWHQFLHV
¿WQHVV DQG SUR¿FLHQFLHV WKDW D FRXQWU\ KDV DWWDLQHG DQG GHSHQGV
RQ WHFKQRORJ\ LQVWLWXWLRQV ZHDOWK HTXLW\ LQIUDVWUXFWXUH DQG
LQIRUPDWLRQ0LWLJDWLYHFDSDFLW\LVURRWHGLQDFRXQWU\¶VVXVWDLQDEOH
GHYHORSPHQWSDWK
Montreal Protocol
7KH0RQWUHDO3URWRFRORQ6XEVWDQFHVWKDW'HSOHWHWKH2]RQH/D\HU
ZDV DGRSWHG LQ 0RQWUHDO LQ  DQG VXEVHTXHQWO\ DGMXVWHG DQG
DPHQGHG LQ /RQGRQ   &RSHQKDJHQ   9LHQQD  
0RQWUHDO   DQG %HLMLQJ   ,W FRQWUROV WKH FRQVXPSWLRQ
DQGSURGXFWLRQRIFKORULQHDQGEURPLQHFRQWDLQLQJFKHPLFDOVWKDW
GHVWUR\ VWUDWRVSKHULF R]RQH VXFK DV FKORURÀXRURFDUERQV PHWK\O
FKORURIRUPFDUERQWHWUDFKORULGHDQGPDQ\RWKHUV
Multi-attribute analysis.
,QWHJUDWHVGLIIHUHQWGHFLVLRQSDUDPHWHUVDQGYDOXHVLQDTXDQWLWDWLYH
DQDO\VLV ZLWKRXW DVVLJQLQJ PRQHWDU\ YDOXHV WR DOO SDUDPHWHUV
0XOWLDWWULEXWH DQDO\VLV FDQ FRPELQH TXDQWLWDWLYH DQG TXDOLWDWLYH
information.
Multi-gas
1H[W WR &22 DOVR WKH RWKHU JUHHQKRXVH JDVHV PHWKDQH QLWURXV
818

Net anthropogenic greenhouse gas removals by sinks
)RU&'0DIIRUHVWDWLRQDQGUHIRUHVWDWLRQSURMHFWVµQHWDQWKURSRJHQLF
*+* UHPRYDOV E\ VLQNV¶ HTXDOV WKH DFWXDO QHW *+* UHPRYDOV
E\ VLQNV PLQXV WKH EDVHOLQH QHW *+* UHPRYDOV E\ VLQNV PLQXV
OHDNDJH

Non-Annex B Countries/Parties
7KHFRXQWULHVQRWLQFOXGHGLQ$QQH[%RIWKH.\RWR3URWRFRO

Normative analysis
(FRQRPLF DQDO\VLV LQ ZKLFK MXGJPHQWV DERXW WKH GHVLUDELOLW\ RI
YDULRXVSROLFLHVDUHPDGH7KHFRQFOXVLRQVUHVWRQYDOXHMXGJPHQWV
DVZHOODVRQIDFWVDQGWKHRULHV
Oil sands and oil shale
8QFRQVROLGDWHGSRURXVVDQGVVDQGVWRQHURFNDQGVKDOHVFRQWDLQLQJ
ELWXPLQRXV PDWHULDO WKDW FDQ EH PLQHG DQG FRQYHUWHG WR D OLTXLG
IXHO
Opportunities
&LUFXPVWDQFHVWRGHFUHDVHWKHJDSEHWZHHQWKHPDUNHWSRWHQWLDORI
DQ\WHFKQRORJ\RUSUDFWLFHDQGWKHHFRQRPLFSRWHQWLDORUWHFKQLFDO
potential.
Ozone (O3)
2]RQH WKH WULDWRPLF IRUP RI R[\JHQ LV D JDVHRXV DWPRVSKHULF
FRQVWLWXHQW ,Q WKH WURSRVSKHUH R]RQH LV FUHDWHG ERWK QDWXUDOO\
DQG E\ SKRWRFKHPLFDO UHDFWLRQV LQYROYLQJ JDVHV UHVXOWLQJ IURP
KXPDQ DFWLYLWLHV7URSRVSKHUH R]RQH DFWV DV D JUHHQKRXVH JDV ,Q
WKHVWUDWRVSKHUHR]RQHLVFUHDWHGE\WKHLQWHUDFWLRQEHWZHHQVRODU
XOWUDYLROHW UDGLDWLRQ DQG PROHFXODU R[\JHQ 22  6WUDWRVSKHULF
R]RQHSOD\VDGRPLQDQWUROHLQWKHVWUDWRVSKHULFUDGLDWLYHEDODQFH
,WVFRQFHQWUDWLRQLVKLJKHVWLQWKHR]RQHOD\HU
Pareto criterion
$ FULWHULRQ WHVWLQJ ZKHWKHU DQ LQGLYLGXDO¶V ZHOIDUH FDQ EH
LQFUHDVHGZLWKRXWPDNLQJRWKHUVLQWKHVRFLHW\ZRUVHRII$3DUHWR
LPSURYHPHQW RFFXUV ZKHQ DQ LQGLYLGXDO¶V ZHOIDUH LV LPSURYHG
ZLWKRXW PDNLQJ WKH ZHOIDUH RI WKH UHVW RI VRFLHW\ ZRUVH RII $
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3DUHWRRSWLPXPLVUHDFKHGZKHQQRRQH¶VZHOIDUHFDQEHLQFUHDVHG
ZLWKRXWPDNLQJWKHZHOIDUHRIWKHUHVWRIVRFLHW\ZRUVHRIIJLYHQ
D SDUWLFXODU GLVWULEXWLRQ RI LQFRPH 'LIIHUHQW LQFRPH GLVWULEXWLRQV
OHDGWRGLIIHUHQW3DUHWRRSWLPD
Passive solar design
6WUXFWXUDOGHVLJQDQGFRQVWUXFWLRQWHFKQLTXHVWKDWHQDEOHDEXLOGLQJ
WR XWLOL]H VRODU HQHUJ\ IRU KHDWLQJ FRROLQJ DQG OLJKWLQJ E\ QRQ
PHFKDQLFDOPHDQV
Perﬂuorocarbons (PFCs)
$PRQJ WKH VL[ JUHHQKRXVH JDVHV WR EH DEDWHG XQGHU WKH .\RWR
3URWRFRO 7KHVH DUH E\SURGXFWV RI DOXPLQLXP VPHOWLQJ DQG
XUDQLXP HQULFKPHQW 7KH\ DOVR UHSODFH FKORURÀXRURFDUERQV LQ
PDQXIDFWXULQJ VHPLFRQGXFWRUV 7KH *OREDO :DUPLQJ 3RWHQWLDO of
3)&VLV±
Policies
,Q 81)&&& SDUODQFH SROLFLHV DUH WDNHQ DQGRU PDQGDWHG E\ D
JRYHUQPHQWRIWHQLQFRQMXQFWLRQZLWKEXVLQHVVDQGLQGXVWU\ZLWKLQ
LWV RZQ FRXQWU\ RU ZLWK RWKHU FRXQWULHV  WR DFFHOHUDWH PLWLJDWLRQ
DQG DGDSWDWLRQ PHDVXUHV ([DPSOHV RI SROLFLHV DUH FDUERQ RU
RWKHU HQHUJ\ WD[HV IXHO HI¿FLHQF\ VWDQGDUGV IRU DXWRPRELOHV HWF
&RPPRQDQGFRRUGLQDWHGRUKDUPRQLVHGSROLFLHV refer to those
DGRSWHGMRLQWO\E\SDUWLHV6HHDOVRPHDVXUHV
Portfolio analysis
'HDOV ZLWK D SRUWIROLR RI DVVHWV RU SROLFLHV WKDW DUH FKDUDFWHUL]HG
E\ GLIIHUHQW ULVNV DQG SD\RIIV7KH REMHFWLYH IXQFWLRQ LV EXLOW XS
DURXQG WKH YDULDELOLW\ RI UHWXUQV DQG WKHLU ULVNV OHDGLQJ XS WR WKH
GHFLVLRQUXOHWRFKRRVHWKHSRUWIROLRZLWKKLJKHVWH[SHFWHGUHWXUQ
Post-consumer waste
:DVWHIURPFRQVXPSWLRQDFWLYLWLHVHJSDFNDJLQJPDWHULDOVSDSHU
JODVVUHVWVIURPIUXLWVDQGYHJHWDEOHVHWF
Potential
,Q WKH FRQWH[W RI FOLPDWH FKDQJH SRWHQWLDO LV WKH DPRXQW RI
PLWLJDWLRQRUDGDSWDWLRQWKDWFRXOGEHEXWLVQRW\HW±UHDOL]HGRYHU
WLPH$VSRWHQWLDOOHYHOVDUHLGHQWL¿HGPDUNHWHFRQRPLFWHFKQLFDO
DQGSK\VLFDO
•
0DUNHWSRWHQWLDOLQGLFDWHVWKHDPRXQWRI*+*PLWLJDWLRQWKDW
PLJKWEHH[SHFWHGWRRFFXUXQGHUIRUHFDVWPDUNHWFRQGLWLRQV
LQFOXGLQJSROLFLHVDQGPHDVXUHVLQSODFHDWWKHWLPH.,WLVEDVHG
RQSULYDWHXQLWFRVWVDQGGLVFRXQWUDWHVDVWKH\DSSHDULQWKH
EDVH\HDUDQGDVWKH\DUHH[SHFWHGWRFKDQJHLQWKHDEVHQFHRI
DQ\DGGLWLRQDOSROLFLHVDQGPHDVXUHV
•
(FRQRPLFSRWHQWLDOLVLQPRVWVWXGLHVXVHGDVWKHDPRXQWRI
*+*PLWLJDWLRQWKDWLVFRVWHIIHFWLYHIRUDJLYHQFDUERQSULFH
EDVHG RQ VRFLDO FRVW SULFLQJ DQG GLVFRXQW UDWHV LQFOXGLQJ
HQHUJ\VDYLQJVEXWZLWKRXWPRVWH[WHUQDOLWLHV7KHRUHWLFDOO\
LWLVGH¿QHGDVWKHSRWHQWLDOIRUFRVWHIIHFWLYH*+*PLWLJDWLRQ
ZKHQQRQPDUNHWVRFLDOFRVWVDQGEHQH¿WVDUHLQFOXGHGZLWK
PDUNHWFRVWVDQGEHQH¿WVLQDVVHVVLQJWKHRSWLRQVIRUSDUWLFXODU
OHYHOVRIFDUERQSULFHV DVDIIHFWHGE\PLWLJDWLRQSROLFLHV DQG
ZKHQXVLQJVRFLDOGLVFRXQWUDWHVLQVWHDGRISULYDWHRQHV This
LQFOXGHVH[WHUQDOLWLHVLHQRQPDUNHWFRVWVDQGEHQH¿WVVXFK
DVHQYLURQPHQWDOFREHQH¿WV
•
7HFKQLFDO SRWHQWLDO LV WKH DPRXQW E\ ZKLFK LW LV SRVVLEOH
WR UHGXFH *+* HPLVVLRQV RU LPSURYH HQHUJ\ HI¿FLHQF\ E\
LPSOHPHQWLQJDWHFKQRORJ\RUSUDFWLFHWKDWKDVDOUHDG\EHHQ
GHPRQVWUDWHG 1R H[SOLFLW UHIHUHQFH WR FRVWV LV PDGH EXW
DGRSWLQJµSUDFWLFDOFRQVWUDLQWV¶PD\WDNHLQWRDFFRXQWLPSOLFLW
HFRQRPLFFRQVLGHUDWLRQV
•
3K\VLFDO SRWHQWLDO LV WKH WKHRUHWLFDO WKHUPRG\QDPLF 
DQG VRPHWLPHV LQ SUDFWLFH UDWKHU XQFHUWDLQ XSSHU OLPLW WR
PLWLJDWLRQ

Precautionary Principle
$ SURYLVLRQ XQGHU$UWLFOH  RI WKH 81)&&& VWLSXODWLQJ WKDW WKH
SDUWLHV VKRXOG WDNH SUHFDXWLRQDU\ PHDVXUHV WR DQWLFLSDWH SUHYHQW
RUPLQLPL]HWKHFDXVHVRIFOLPDWHFKDQJHDQGPLWLJDWHLWVDGYHUVH
HIIHFWV:KHUH WKHUH DUH WKUHDWV RI VHULRXV RU LUUHYHUVLEOHGDPDJH
ODFN RI IXOO VFLHQWL¿F FHUWDLQW\ VKRXOG QRW EH XVHG DV D UHDVRQ WR
SRVWSRQH VXFK PHDVXUHV WDNLQJ LQWR DFFRXQW WKDW SROLFLHV DQG
PHDVXUHV WR GHDO ZLWK FOLPDWH FKDQJH VKRXOG EH FRVWHIIHFWLYH LQ
RUGHUWRHQVXUHJOREDOEHQH¿WVDWWKHORZHVWSRVVLEOHFRVW
Precursors
$WPRVSKHULF FRPSRXQGV ZKLFK WKHPVHOYHV DUH QRW JUHHQKRXVH
JDVHV RU DHURVROV EXW ZKLFK KDYH DQ HIIHFW RQ JUHHQKRXVH JDV
RU DHURVRO FRQFHQWUDWLRQV E\ WDNLQJ SDUW LQ SK\VLFDO RU FKHPLFDO
SURFHVVHVUHJXODWLQJWKHLUSURGXFWLRQRUGHVWUXFWLRQUDWHV
Pre-industrial
7KH HUD EHIRUH WKH LQGXVWULDO UHYROXWLRQ RI WKH ODWH WK DQG WK
FHQWXULHVDIWHUZKLFKWKHXVHRIIRVVLOIXHOIRUPHFKDQL]DWLRQVWDUWHG
WRLQFUHDVH
Present value
7KHYDOXHRIDPRQH\DPRXQWGLIIHUVZKHQWKHDPRXQWLVDYDLODEOH
DWGLIIHUHQWPRPHQWVLQWLPH \HDUV 7RPDNHDPRXQWVDWGLIIHULQJ
WLPHV FRPSDUDEOH DQG DGGLWLYH D GDWH LV ¿[HG DV WKH µSUHVHQW¶
$PRXQWV DYDLODEOH DW GLIIHUHQW GDWHV LQ WKH IXWXUH DUH GLVFRXQWHG
EDFN WR D SUHVHQW YDOXH DQG VXPPHG WR JHW WKH SUHVHQW YDOXH RI
D VHULHV RI IXWXUH FDVK ÀRZV 1HW SUHVHQW YDOXH LV WKH GLIIHUHQFH
EHWZHHQWKHSUHVHQWYDOXHRIWKHUHYHQXHV EHQH¿WV ZLWKWKHSUHVHQW
YDOXHRIWKHFRVWV6HHDOVRGLVFRXQWLQJ.
Price elasticity of demand
7KHUDWLRRIWKHSHUFHQWDJHFKDQJHLQWKHTXDQWLW\RIGHPDQGIRUD
JRRGRUVHUYLFHWRRQHSHUFHQWDJHFKDQJHLQWKHSULFHRIWKDWJRRGRU
VHUYLFH:KHQWKHDEVROXWHYDOXHRIWKHHODVWLFLW\LVEHWZHHQDQG
GHPDQGLVFDOOHGLQHODVWLFZKHQLWLVJUHDWHUWKDQRQHGHPDQGLV
FDOOHGHODVWLF
‘Primary market’ and ‘secondary market’ trading
,Q FRPPRGLWLHV DQG ¿QDQFLDO H[FKDQJHV EX\HUV DQG VHOOHUV ZKR
WUDGH GLUHFWO\ ZLWK HDFK RWKHU FRQVWLWXWH WKH µSULPDU\ PDUNHW¶
ZKLOHEX\LQJDQGVHOOLQJWKURXJKH[FKDQJHIDFLOLWLHVUHSUHVHQWWKH
µVHFRQGDU\PDUNHW¶
Production frontier
7KHPD[LPXPRXWSXWVDWWDLQDEOHZLWKWKHRSWLPDOXVHVRIDYDLODEOH
LQSXWV QDWXUDOUHVRXUFHVODERXUFDSLWDOLQIRUPDWLRQ 
Public sector leadership programmes in energy efﬁciency
*RYHUQPHQW SXUFKDVLQJ DQG SURFXUHPHQW RI HQHUJ\HI¿FLHQW
SURGXFWV DQG VHUYLFHV *RYHUQPHQW DJHQFLHV DUH UHVSRQVLEOH IRU
D ZLGH UDQJH RI HQHUJ\FRQVXPLQJ IDFLOLWLHV DQG VHUYLFHV VXFK DV
JRYHUQPHQW RI¿FH EXLOGLQJV VFKRROV DQG KHDOWK FDUH IDFLOLWLHV
7KH JRYHUQPHQW LV RIWHQ D FRXQWU\¶V ODUJHVW FRQVXPHU RI HQHUJ\
DQG ODUJHVW EX\HU RI HQHUJ\XVLQJ HTXLSPHQW ,QGLUHFW EHQH¿FLDO
LPSDFWVRFFXUZKHQJRYHUQPHQWVDFWHIIHFWLYHO\DVPDUNHWOHDGHUV
)LUVWJRYHUQPHQWEX\LQJSRZHUFDQFUHDWHRUH[SDQGGHPDQGIRU
HQHUJ\HI¿FLHQWSURGXFWVDQGVHUYLFHV6HFRQGYLVLEOHJRYHUQPHQW
HQHUJ\VDYLQJDFWLRQVFDQVHUYHDVDQH[DPSOHIRURWKHUV
Purchasing Power Parity (PPP)
7KHSXUFKDVLQJSRZHURIDFXUUHQF\LVH[SUHVVHGXVLQJDEDVNHWRI
JRRGVDQGVHUYLFHVWKDWFDQEHERXJKWZLWKDJLYHQDPRXQWLQWKH
KRPH FRXQWU\ ,QWHUQDWLRQDO FRPSDULVRQ RI HJ *URVV 'RPHVWLF
3URGXFWV RI FRXQWULHV FDQ EH EDVHG RQ WKH SXUFKDVLQJ SRZHU RI
FXUUHQFLHVUDWKHUWKDQRQFXUUHQWH[FKDQJHUDWHV333HVWLPDWHVWHQG
WRORZHUSHUFDSLWD*'3VLQLQGXVWULDOL]HGFRXQWULHVDQGUDLVHSHU
FDSLWD*'3VLQGHYHORSLQJFRXQWULHV 333LVDOVRDQDFURQ\PIRU
SROOXWHUSD\VSULQFLSOH 
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Radiative forcing
5DGLDWLYH IRUFLQJ LV WKH FKDQJH LQ WKH QHW YHUWLFDO LUUDGLDQFH
H[SUHVVHG LQ :DWWV SHU VTXDUH PHWUH :P2  DW WKH WURSRSDXVH
GXHWRDQLQWHUQDOFKDQJHRUDFKDQJHLQWKHH[WHUQDOIRUFLQJRIWKH
FOLPDWHV\VWHPVXFKDVIRUH[DPSOHDFKDQJHLQWKHFRQFHQWUDWLRQ
RI&22RULQWKHRXWSXWRIWKHVXQ
Rebound effect
$IWHULPSOHPHQWDWLRQRIHI¿FLHQWWHFKQRORJLHVDQGSUDFWLFHVSDUWRI
WKHVDYLQJVLVWDNHQEDFNIRUPRUHLQWHQVLYHRURWKHUFRQVXPSWLRQ
HJ LPSURYHPHQWV LQ FDUHQJLQH HI¿FLHQF\ ORZHU WKH FRVW SHU
NLORPHWUHGULYHQHQFRXUDJLQJPRUHFDUWULSVRUWKHSXUFKDVHRID
PRUHSRZHUIXOYHKLFOH
Reforestation
'LUHFWKXPDQLQGXFHGFRQYHUVLRQRIQRQIRUHVWHGODQGWRIRUHVWHG
ODQGWKURXJKSODQWLQJVHHGLQJDQGRUWKHKXPDQLQGXFHGSURPRWLRQ
RI QDWXUDO VHHG VRXUFHV RQ ODQG WKDW ZDV SUHYLRXVO\ IRUHVWHG EXW
FRQYHUWHG WR QRQIRUHVWHG ODQG )RU WKH ¿UVW FRPPLWPHQW SHULRG
RI WKH .\RWR 3URWRFRO UHIRUHVWDWLRQ DFWLYLWLHV ZLOO EH OLPLWHG WR
UHIRUHVWDWLRQRFFXUULQJRQWKRVHODQGVWKDWGLGQRWFRQWDLQIRUHVWRQ
'HFHPEHU6HHDOVRDIIRUHVWDWLRQ and GHIRUHVWDWLRQ
Reservoir
$ FRPSRQHQW RI WKH FOLPDWH V\VWHP RWKHU WKDQ WKH DWPRVSKHUH
ZKLFKKDVWKHFDSDFLW\WRVWRUHDFFXPXODWHRUUHOHDVHDVXEVWDQFH
RIFRQFHUQHJFDUERQDJUHHQKRXVHJDVRUDSUHFXUVRU2FHDQV
VRLOVDQGIRUHVWVDUHH[DPSOHVRIUHVHUYRLUVRIFDUERQ6WRFN is the
DEVROXWHTXDQWLW\RIVXEVWDQFHRIFRQFHUQVKHOGZLWKLQDUHVHUYRLU
DWDVSHFL¿HGWLPH6HHDOVR&DUERQSRRO.
Safe landing approach.6HHWROHUDEOHZLQGRZVDSSURDFK.
Scenario
$ SODXVLEOH GHVFULSWLRQ RI KRZ WKH IXWXUH PD\ GHYHORS EDVHG RQ
D FRKHUHQW DQG LQWHUQDOO\ FRQVLVWHQW VHW RI DVVXPSWLRQV DERXW
NH\ GULYLQJ IRUFHV HJ UDWH RI WHFKQRORJLFDO FKDQJH SULFHV 
DQG UHODWLRQVKLSV 1RWH WKDW VFHQDULRV DUH QHLWKHU SUHGLFWLRQV QRU
IRUHFDVWV EXW DUH XVHIXO WR SURYLGH D YLHZ RI WKH LPSOLFDWLRQV RI
GHYHORSPHQWVDQGDFWLRQV
Sequestration
&DUERQ VWRUDJH LQ WHUUHVWULDO RU PDULQH UHVHUYRLUV %LRORJLFDO
VHTXHVWUDWLRQLQFOXGHVGLUHFWUHPRYDORI&22 from the atmosphere
WKURXJKODQGXVHFKDQJHDIIRUHVWDWLRQUHIRUHVWDWLRQFDUERQVWRUDJH
LQODQG¿OOVDQGSUDFWLFHVWKDWHQKDQFHVRLOFDUERQLQDJULFXOWXUH
Shadow pricing
6HWWLQJSULFHVRIJRRGVDQGVHUYLFHVWKDWDUHQRWRULQFRPSOHWHO\
SULFHGE\PDUNHWIRUFHVRUE\DGPLQLVWUDWLYHUHJXODWLRQDWWKHKHLJKW
RIWKHLUVRFLDOPDUJLQDOYDOXH7KLVWHFKQLTXHLVXVHGLQFRVWEHQH¿W
DQDO\VLV
Sinks
$Q\SURFHVVDFWLYLW\RUPHFKDQLVPWKDWUHPRYHVDJUHHQKRXVHJDV
RUDHURVRORUDSUHFXUVRURIDJUHHQKRXVHJDVRUDHURVROIURPWKH
atmosphere.
Smart metering.6HH,QWHOOLJHQWFRQWURO.
Social cost of carbon (SCC)
7KH GLVFRXQWHG PRQHWL]HG VXP HJ H[SUHVVHG DV D SULFH RI
FDUERQLQW&22 RIWKHDQQXDOQHWORVVHVIURPLPSDFWVWULJJHUHG
E\ DQ DGGLWLRQDO WRQ RI FDUERQ HPLWWHG WRGD\$FFRUGLQJ WR XVDJH
LQ HFRQRPLF WKHRU\ WKH VRFLDO FRVW RI FDUERQ HVWDEOLVKHV DQ
HFRQRPLFDOO\ RSWLPDO SULFH RI FDUERQ DW ZKLFK WKH DVVRFLDWHG
PDUJLQDOFRVWVRIPLWLJDWLRQZRXOG HTXDO WKH PDUJLQDO EHQH¿WVRI
PLWLJDWLRQ
820

Social unit costs of mitigation
&DUERQ SULFHV LQ 86W&22 DQG 86W&HT DV DIIHFWHG E\
PLWLJDWLRQ SROLFLHV DQG XVLQJ VRFLDO GLVFRXQW UDWHV  UHTXLUHG WR
DFKLHYH D SDUWLFXODU OHYHO RI PLWLJDWLRQ HFRQRPLF SRWHQWLDO) in
WKHIRUPRIDUHGXFWLRQEHORZDEDVHOLQHIRU*+*HPLVVLRQV7KH
UHGXFWLRQLVXVXDOO\DVVRFLDWHGZLWKDSROLF\WDUJHWVXFKDVDFDS
LQDQHPLVVLRQVWUDGLQJVFKHPHRUDJLYHQOHYHORIVWDELOL]DWLRQRI
*+*FRQFHQWUDWLRQVLQWKHDWPRVSKHUH
Source
6RXUFH PRVWO\ UHIHUV WR DQ\ SURFHVV DFWLYLW\ RU PHFKDQLVP WKDW
UHOHDVHVDJUHHQKRXVHJDVDHURVRORUDSUHFXUVRURIDJUHHQKRXVH
JDVRUDHURVROLQWRWKHDWPRVSKHUH6RXUFHFDQDOVRUHIHUWRHJDQ
HQHUJ\VRXUFH
Speciﬁc energy use
7KH HQHUJ\ XVHG LQ WKH SURGXFWLRQ RI D XQLW PDWHULDO SURGXFW RU
VHUYLFH
Spill-over effect
7KH HIIHFWV RI GRPHVWLF RU VHFWRU PLWLJDWLRQ PHDVXUHV RQ RWKHU
FRXQWULHVRUVHFWRUV6SLOORYHUHIIHFWVFDQEHSRVLWLYHRUQHJDWLYHDQG
LQFOXGHHIIHFWVRQWUDGHFDUERQOHDNDJHWUDQVIHURILQQRYDWLRQVDQG
GLIIXVLRQRIHQYLURQPHQWDOO\VRXQGWHFKQRORJ\DQGRWKHULVVXHV
Stabilization
.HHSLQJ FRQVWDQW WKH DWPRVSKHULF FRQFHQWUDWLRQV RI RQH RU PRUH
*+* HJ&22 RURID&22HTXLYDOHQWEDVNHWRI*+*6WDELOL]DWLRQ
DQDO\VHVRUVFHQDULRVDGGUHVVWKHVWDELOL]DWLRQRIWKHFRQFHQWUDWLRQ
RI*+*LQWKHDWPRVSKHUH
Standards
6HW RI UXOHV RU FRGHV PDQGDWLQJ RU GH¿QLQJ SURGXFW SHUIRUPDQFH
HJJUDGHVGLPHQVLRQVFKDUDFWHULVWLFVWHVWPHWKRGVDQGUXOHVIRU
XVH  3URGXFW WHFKQRORJ\ RU SHUIRUPDQFH VWDQGDUGV HVWDEOLVK
PLQLPXP UHTXLUHPHQWV IRU DIIHFWHG SURGXFWV RU WHFKQRORJLHV
6WDQGDUGV LPSRVH UHGXFWLRQV LQ *+* HPLVVLRQV DVVRFLDWHG ZLWK
WKH PDQXIDFWXUH RU XVH RI WKH SURGXFWV DQGRU DSSOLFDWLRQ RI WKH
WHFKQRORJ\
Storyline
$QDUUDWLYHGHVFULSWLRQRIDVFHQDULR RUDIDPLO\RIVFHQDULRV WKDW
KLJKOLJKWVWKHVFHQDULR¶VPDLQFKDUDFWHULVWLFVUHODWLRQVKLSVEHWZHHQ
NH\GULYLQJIRUFHVDQGWKHG\QDPLFVRIWKHVFHQDULRV
Structural change
&KDQJHV IRU H[DPSOH LQ WKH UHODWLYH VKDUH RI *URVV 'RPHVWLF
3URGXFWSURGXFHGE\WKHLQGXVWULDODJULFXOWXUDORUVHUYLFHVVHFWRUV
RIDQHFRQRP\RUPRUHJHQHUDOO\V\VWHPVWUDQVIRUPDWLRQVZKHUHE\
VRPHFRPSRQHQWVDUHHLWKHUUHSODFHGRUSRWHQWLDOO\VXEVWLWXWHGE\
other ones.
Subsidy
'LUHFW SD\PHQW IURP WKH JRYHUQPHQW RU D WD[ UHGXFWLRQ WR D
SULYDWH SDUW\ IRU LPSOHPHQWLQJ D SUDFWLFH WKH JRYHUQPHQW ZLVKHV
WR HQFRXUDJH 7KH UHGXFWLRQ RI *+* HPLVVLRQV LV VWLPXODWHG E\
ORZHULQJH[LVWLQJVXEVLGLHVWKDWKDYHWKHHIIHFWRIUDLVLQJHPLVVLRQV
VXFKDVVXEVLGLHVWRIRVVLOIXHOXVH RUE\SURYLGLQJVXEVLGLHVIRU
SUDFWLFHVWKDWUHGXFHHPLVVLRQVRUHQKDQFHVLQNV HJIRULQVXODWLRQ
RIEXLOGLQJVRUIRUSODQWLQJWUHHV 
Sulphur hexaﬂuoride (SF6)
2QH RI WKH VL[ JUHHQKRXVH JDVHV WR EH FXUEHG XQGHU WKH .\RWR
3URWRFRO,WLVODUJHO\XVHGLQKHDY\LQGXVWU\WRLQVXODWHKLJKYROWDJH
HTXLSPHQW DQG WR DVVLVW LQ WKH PDQXIDFWXULQJ RI FDEOHFRROLQJ
V\VWHPV DQG VHPLFRQGXFWRUV ,WV *OREDO :DUPLQJ 3RWHQWLDO is
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Supplementarity
7KH .\RWR 3URWRFRO VWDWHV WKDW HPLVVLRQV WUDGLQJ DQG -RLQW
,PSOHPHQWDWLRQ DFWLYLWLHV DUH WR EH VXSSOHPHQWDO WR GRPHVWLF
SROLFLHV HJ HQHUJ\ WD[HV IXHO HI¿FLHQF\ VWDQGDUGV  WDNHQ E\
GHYHORSHG FRXQWULHV WR UHGXFH WKHLU *+* HPLVVLRQV 8QGHU VRPH
SURSRVHGGH¿QLWLRQVRIVXSSOHPHQWDULW\ HJDFRQFUHWHFHLOLQJRQ
OHYHORIXVH GHYHORSHGFRXQWULHVFRXOGEHUHVWULFWHGLQWKHLUXVHRI
WKH.\RWR0HFKDQLVPVWRDFKLHYHWKHLUUHGXFWLRQWDUJHWV7KLVLVD
VXEMHFWIRUIXUWKHUQHJRWLDWLRQDQGFODUL¿FDWLRQE\WKHSDUWLHV
Sustainable Development (SD)
7KH FRQFHSW RI VXVWDLQDEOH GHYHORSPHQW ZDV LQWURGXFHG LQ WKH
:RUOG &RQVHUYDWLRQ 6WUDWHJ\ ,8&1   DQG KDG LWV URRWV
LQ WKH FRQFHSW RI D VXVWDLQDEOH VRFLHW\ DQG LQ WKH PDQDJHPHQW
RI UHQHZDEOH UHVRXUFHV $GRSWHG E\ WKH :&(' LQ  DQG
E\ WKH 5LR &RQIHUHQFH LQ  DV D SURFHVV RI FKDQJH LQ ZKLFK
WKH H[SORLWDWLRQ RI UHVRXUFHV WKH GLUHFWLRQ RI LQYHVWPHQWV WKH
RULHQWDWLRQ RI WHFKQRORJLFDO GHYHORSPHQW DQG LQVWLWXWLRQDO FKDQJH
DUH DOO LQ KDUPRQ\ DQG HQKDQFH ERWK FXUUHQW DQG IXWXUH SRWHQWLDO
WR PHHW KXPDQ QHHGV DQG DVSLUDWLRQV 6' LQWHJUDWHV WKH SROLWLFDO
VRFLDOHFRQRPLFDQGHQYLURQPHQWDOGLPHQVLRQV
Targets and timetables
$WDUJHWLVWKHUHGXFWLRQRIDVSHFL¿FSHUFHQWDJHRI*+*HPLVVLRQV
IURPDEDVHOLQHGDWH HJEHORZOHYHOV WREHDFKLHYHGE\DVHW
GDWHRUWLPHWDEOH HJ 8QGHUWKH.\RWR3URWRFROWKH
(8DJUHHGWRUHGXFHLWV*+*HPLVVLRQVE\EHORZOHYHOV
E\ WKH  FRPPLWPHQW SHULRG7DUJHWV DQG WLPHWDEOHV DUH
DQHPLVVLRQVFDSRQWKHWRWDODPRXQWRI*+*HPLVVLRQVWKDWFDQEH
HPLWWHGE\DFRXQWU\RUUHJLRQLQDJLYHQWLPHSHULRG
Tax
$FDUERQWD[LVDOHY\RQWKHFDUERQFRQWHQWRIIRVVLOIXHOV%HFDXVH
YLUWXDOO\ DOO RI WKH FDUERQ LQ IRVVLO IXHOV LV XOWLPDWHO\ HPLWWHG DV
&22DFDUERQWD[ LVHTXLYDOHQWWRDQHPLVVLRQWD[RQHDFKXQLWRI
&22HTXLYDOHQW HPLVVLRQV$Q HQHUJ\ WD[ - D OHY\ RQ WKH HQHUJ\
FRQWHQWRIIXHOVUHGXFHVGHPDQGIRUHQHUJ\DQGVRUHGXFHV&22
HPLVVLRQVIURPIRVVLOIXHOXVH$QHFRWD[LVGHVLJQHGWRLQÀXHQFH
KXPDQ EHKDYLRXU VSHFL¿FDOO\ HFRQRPLF EHKDYLRXU  WR IROORZ DQ
HFRORJLFDOO\EHQLJQSDWK
$Q LQWHUQDWLRQDO FDUERQHPLVVLRQHQHUJ\ WD[ LV D WD[ LPSRVHG
RQ VSHFL¿HG VRXUFHV LQ SDUWLFLSDWLQJ FRXQWULHV E\ DQ LQWHUQDWLRQDO
DXWKRULW\ 7KH UHYHQXH LV GLVWULEXWHG RU XVHG DV VSHFL¿HG E\ WKLV
DXWKRULW\RUE\SDUWLFLSDWLQJFRXQWULHV$KDUPRQL]HGWD[FRPPLWV
SDUWLFLSDWLQJFRXQWULHVWRLPSRVHDWD[DWDFRPPRQUDWHRQWKHVDPH
VRXUFHV EHFDXVH LPSRVLQJ GLIIHUHQW UDWHV DFURVV FRXQWULHV ZRXOG
QRW EH FRVWHIIHFWLYH$ WD[ FUHGLW LV D UHGXFWLRQ RI WD[ LQ RUGHU
WRVWLPXODWHSXUFKDVLQJRIRULQYHVWPHQWLQDFHUWDLQSURGXFWOLNH
*+*HPLVVLRQUHGXFLQJWHFKQRORJLHV$FDUERQFKDUJHis the same
DVDFDUERQWD[6HHDOVR,QWHUDFWLRQHIIHFW
Technological change
0RVWO\ FRQVLGHUHG DV WHFKQRORJLFDO improvement, i.e., more or
EHWWHU JRRGV DQG VHUYLFHV FDQ EH SURYLGHG IURP D JLYHQ DPRXQW
RI UHVRXUFHV SURGXFWLRQ IDFWRUV  (FRQRPLF PRGHOV GLVWLQJXLVK
DXWRQRPRXV H[RJHQRXV  HQGRJHQRXV DQG LQGXFHG WHFKQRORJLFDO
FKDQJH
$XWRQRPRXV H[RJHQRXV WHFKQRORJLFDOFKDQJH is imposed from
RXWVLGH WKH PRGHO XVXDOO\ LQ WKH IRUP RI D WLPH WUHQG DIIHFWLQJ
HQHUJ\GHPDQGRUZRUOGRXWSXWJURZWK(QGRJHQRXVWHFKQRORJLFDO
FKDQJHLVWKHRXWFRPHRIHFRQRPLFDFWLYLW\within the model, i.e.,
WKHFKRLFHRIWHFKQRORJLHVLVLQFOXGHGZLWKLQWKHPRGHODQGDIIHFWV
HQHUJ\ GHPDQG DQGRU HFRQRPLF JURZWK ,QGXFHG WHFKQRORJLFDO
FKDQJHLPSOLHVHQGRJHQRXVWHFKQRORJLFDOFKDQJHEXWDGGVIXUWKHU
FKDQJHV induced E\ SROLFLHV DQG PHDVXUHV VXFK DV FDUERQ WD[HV
WULJJHULQJ5 'HIIRUWV

Technology
7KHSUDFWLFDODSSOLFDWLRQRINQRZOHGJHWRDFKLHYHSDUWLFXODUWDVNV
WKDW HPSOR\V ERWK WHFKQLFDO DUWHIDFWV KDUGZDUH HTXLSPHQW  DQG
VRFLDO LQIRUPDWLRQ µVRIWZDUH¶NQRZKRZIRUSURGXFWLRQDQGXVH
RIDUWHIDFWV 
Technology transfer
7KH H[FKDQJH RI NQRZOHGJH KDUGZDUH DQG DVVRFLDWHG VRIWZDUH
PRQH\DQGJRRGVDPRQJVWDNHKROGHUVZKLFKOHDGVWRWKHVSUHDGLQJ
RI WHFKQRORJ\ IRU DGDSWDWLRQ RU PLWLJDWLRQ7KH WHUP HQFRPSDVVHV
ERWKGLIIXVLRQRIWHFKQRORJLHVDQGWHFKQRORJLFDOFRRSHUDWLRQDFURVV
DQGZLWKLQFRXQWULHV
Tolerable windows approach (TWA)
7KLV DSSURDFK VHHNV WR LGHQWLI\ WKH VHW RI DOO FOLPDWHSURWHFWLRQ
VWUDWHJLHV WKDW DUH VLPXOWDQHRXVO\ FRPSDWLEOH ZLWK   SUHVFULEHG
ORQJWHUPFOLPDWHSURWHFWLRQJRDOVDQG QRUPDWLYHUHVWULFWLRQVRQ
WKHHPLVVLRQVPLWLJDWLRQEXUGHQ7KHFRQVWUDLQWVPD\LQFOXGHOLPLWV
RQWKHPDJQLWXGHDQGUDWHRIJOREDOPHDQWHPSHUDWXUHFKDQJHRQ
WKHZHDNHQLQJRIWKHWKHUPRKDOLQHFLUFXODWLRQRQHFRV\VWHPORVVHV
DQG RQ HFRQRPLF ZHOIDUH ORVVHV UHVXOWLQJ IURP VHOHFWHG FOLPDWH
GDPDJHV DGDSWDWLRQ FRVWV DQG PLWLJDWLRQ HIIRUWV )RU D JLYHQ VHW
RIFRQVWUDLQWVDQGJLYHQDVROXWLRQH[LVWVWKH7:$GHOLQHDWHVDQ
HPLVVLRQFRUULGRURIFRPSO\LQJHPLVVLRQSDWKV
Top-down models
0RGHOV DSSO\LQJ PDFURHFRQRPLF WKHRU\ HFRQRPHWULF DQG
RSWLPL]DWLRQ WHFKQLTXHV WR DJJUHJDWH HFRQRPLF YDULDEOHV 8VLQJ
KLVWRULFDO GDWD RQ FRQVXPSWLRQ SULFHV LQFRPHV DQG IDFWRU FRVWV
WRSGRZQPRGHOVDVVHVV¿QDOGHPDQGIRUJRRGVDQGVHUYLFHVDQG
VXSSO\IURPPDLQVHFWRUVVXFKDVWKHHQHUJ\VHFWRUWUDQVSRUWDWLRQ
DJULFXOWXUH DQG LQGXVWU\ 6RPH WRSGRZQ PRGHOV LQFRUSRUDWH
WHFKQRORJ\GDWDQDUURZLQJWKHJDSWRERWWRPXSPRGHOV.
Trace gas
$PLQRUFRQVWLWXHQWRIWKHDWPRVSKHUHQH[WWRQLWURJHQDQGR[\JHQ
WKDWWRJHWKHUPDNHXSRIDOOYROXPH7KHPRVWLPSRUWDQWWUDFH
JDVHVFRQWULEXWLQJWRWKHJUHHQKRXVHHIIHFWDUHFDUERQGLR[LGHR]RQH
PHWKDQH QLWURXV R[LGH SHUÀXRURFDUERQV FKORURÀXRURFDUERQV
K\GURÀXRURFDUERQVVXOSKXUKH[DÀXRULGHDQGZDWHUYDSRXU
Tradable permit.6HHHPLVVLRQSHUPLW
Tradable quota system.6HH HPLVVLRQVWUDGLQJ.
Uncertainty
$QH[SUHVVLRQRIWKHGHJUHHWRZKLFKDYDOXHLVXQNQRZQ HJWKH
IXWXUHVWDWHRIWKHFOLPDWHV\VWHP 8QFHUWDLQW\FDQUHVXOWIURPODFN
RILQIRUPDWLRQRUIURPGLVDJUHHPHQWDERXWZKDWLVNQRZQRUHYHQ
NQRZDEOH ,W PD\ KDYH PDQ\ W\SHV RI VRXUFHV IURP TXDQWL¿DEOH
HUURUVLQWKHGDWDWRDPELJXRXVO\GH¿QHGFRQFHSWVRUWHUPLQRORJ\RU
XQFHUWDLQSURMHFWLRQVRIKXPDQEHKDYLRU8QFHUWDLQW\FDQWKHUHIRUH
EH UHSUHVHQWHG E\ TXDQWLWDWLYH PHDVXUHV HJ D UDQJH RI YDOXHV
FDOFXODWHG E\ YDULRXV PRGHOV  RU E\ TXDOLWDWLYH VWDWHPHQWV HJ
UHÀHFWLQJWKHMXGJPHQWRIDWHDPRIH[SHUWV 6HHDOVROLNHOLKRRG
United Nations Framework Convention on Climate Change (UNFCCC)
7KH &RQYHQWLRQ ZDV DGRSWHG RQ  0D\  LQ 1HZ <RUN DQG
VLJQHG DW WKH  (DUWK 6XPPLW LQ 5LR GH -DQHLUR E\ PRUH WKDQ
FRXQWULHVDQGWKH(XURSHDQ(FRQRPLF&RPPXQLW\,WVXOWLPDWH
REMHFWLYHLVWKHµVWDELOL]DWLRQRIJUHHQKRXVHJDVFRQFHQWUDWLRQVLQWKH
DWPRVSKHUHDWDOHYHOWKDWZRXOGSUHYHQWGDQJHURXVDQWKURSRJHQLF
LQWHUIHUHQFHZLWKWKHFOLPDWHV\VWHP¶,WFRQWDLQVFRPPLWPHQWVIRU
DOOSDUWLHV8QGHUWKH&RQYHQWLRQSDUWLHVLQFOXGHGLQ$QQH[,DLPHG
WR UHWXUQ JUHHQKRXVH JDV HPLVVLRQ QRW FRQWUROOHG E\ WKH 0RQWUHDO
3URWRFROWROHYHOVE\WKH\HDU7KHFRQYHQWLRQFDPHLQWR
IRUFHLQ0DUFK
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Value added
7KHQHWRXWSXWRIDVHFWRURUDFWLYLW\DIWHUDGGLQJXSDOORXWSXWVDQG
VXEWUDFWLQJLQWHUPHGLDWHLQSXWV
Values
:RUWKGHVLUDELOLW\RUXWLOLW\EDVHGRQLQGLYLGXDOSUHIHUHQFHV0RVW
VRFLDOVFLHQFHGLVFLSOLQHVXVHVHYHUDOGH¿QLWLRQVRIYDOXH5HODWHG
WRQDWXUHDQGHQYLURQPHQWWKHUHLVDGLVWLQFWLRQEHWZHHQLQWULQVLF
DQG LQVWUXPHQWDO YDOXHV WKH ODWWHU DVVLJQHG E\ KXPDQV :LWKLQ
LQVWUXPHQWDO YDOXHV WKHUH LV DQ XQVHWWOHG FDWDORJXH RI GLIIHUHQW
YDOXHV VXFK DV GLUHFW DQG LQGLUHFW  XVH RSWLRQ FRQVHUYDWLRQ
VHUHQGLSLW\EHTXHVWH[LVWHQFHHWF
0DLQVWUHDPHFRQRPLFVGH¿QHWKHWRWDOYDOXHRIDQ\UHVRXUFHDVWKH
VXP RI WKH YDOXHV RI WKH GLIIHUHQW LQGLYLGXDOV LQYROYHG LQ WKH XVH
RIWKHUHVRXUFH7KHHFRQRPLFYDOXHVZKLFKDUHWKHIRXQGDWLRQRI
WKHHVWLPDWLRQRIFRVWVDUHPHDVXUHGLQWHUPVRIWKHZLOOLQJQHVVWR
SD\E\LQGLYLGXDOVWRUHFHLYHWKHUHVRXUFHRUE\WKHZLOOLQJQHVVRI
LQGLYLGXDOV WR DFFHSW SD\PHQW WR SDUW ZLWK WKH UHVRXUFH 6HH DOVR
FRQWLQJHQWYDOXDWLRQPHWKRG.
Voluntary action
,QIRUPDO SURJUDPPHV VHOIFRPPLWPHQWV DQG GHFODUDWLRQV ZKHUH
WKHSDUWLHV LQGLYLGXDOFRPSDQLHVRUJURXSVRIFRPSDQLHV HQWHULQJ
LQWRWKHDFWLRQVHWWKHLURZQWDUJHWVDQGRIWHQGRWKHLURZQPRQLWRULQJ
DQGUHSRUWLQJ
Voluntary agreement
$Q DJUHHPHQW EHWZHHQ D JRYHUQPHQW DXWKRULW\ DQG RQH RU PRUH
SULYDWH SDUWLHV WR DFKLHYH HQYLURQPHQWDO REMHFWLYHV RU WR LPSURYH
HQYLURQPHQWDO SHUIRUPDQFH EH\RQG FRPSOLDQFH WR UHJXODWHG
REOLJDWLRQV 1RW DOO YROXQWDU\ DJUHHPHQWV DUH WUXO\ YROXQWDU\
VRPH LQFOXGH UHZDUGV DQGRU SHQDOWLHV DVVRFLDWHG ZLWK MRLQLQJ RU
DFKLHYLQJFRPPLWPHQWV
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Abbreviations & Acronyms
A
ADB
AIJ
ALM
A/R
B
BAU
BECS
BOD
BRT
C
CAA
CAFÉ
CANZ
CBA
CCGT
CCS
CDM
CER
CFCs
CFL
CGE
CHP
CONCAWE
COD
COP
CSD
CSP
D
DAES
DES
DSM
E
EBRD
EC
EEA
EECCA
EIT
EMAS
EMF
EPR
EPRI
ESCO
ETS
EU
F
FAO
FC
FCCC
FDI
FOB
FOD

Asian Development Bank
Activities Implemented Jointly
Africa, Latin America, Middle East Region (SRES and post-SRES scenarios)
Afforestation and Reforestation
Business As Usual
Bioenergy with CCS
Biochemical Oxygen Demand / Biological Oxygen Demand
Bus Rapid transport
Clean Air Act
Corporate Average Fuel Economy
Canada, Australia and New Zealand
&RVW%HQH¿W$QDO\VLV
Combined Cycle Gas Turbine
Carbon Capture and Storage
Clean Development Mechanism
&HUWL¿HG(PLVVLRQ5HGXFWLRQ
&KORURÀXRURFDUERQV
Compact Fluorescent Lamp
Computable General Equilibrium
Combined Heat and Power
European Oil Company Organisation for Environment, Health, and Safety
Chemical Oxygen Demand
&RQIHUHQFHRIWKH3DUWLHV&RHI¿FLHQWRI3HUIRUPDQFH
Commission for Sustainable Development
Concentrating Solar Power
Domestic Alternative Energy Sources
Development, Equity and Sustainability
Demand Side Management
European Bank for Reconstruction and Development
European Commission
European Environmental Agency
Countries of Eastern Europe, the Caucasus and Central Asia
Economy In Transition
ECO-Management and Audit Scheme (EU)
Energy Modeling Forum (Stanford University)
Extended Producer Responsibility
Electric Power Research Institute
Energy Service Company
Emission Trading Scheme (EU)
European Union
Food & Agriculture Organization
Fuel Cell
Framework Convention on Climate Change (UN)
Foreign Direct Investment
Free on Board
First-Order Decay
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G
GATT
GCM
GDP
GEF
GHG
GMT
GNP
GPP
GWP
H
HDI
HFC
HSS
HVAC
I
IA
IAEA
IAES
ICAO
ICE
IDP
IEA
IET
IGO
IIASA
IMO
IPCC
ISIC
ISO
IT
ITC
ITER
IUCN
J
J
JI
JRC
L
LCA
LHV
LNG
LPG
M
MAC
MBT
MDG
MEA
MOP
N
NAFTA
NEDC
NGO
NIC
NMHC
NMT
NMVOC

824

General Agreement on Trade and Tariffs
Global Climate Model
Gross Domestic Product
Global Environment Facility
Green House Gas
Global Mean Temperature
Gross National Product
Gross Primary Production
Global Warming Potential
Human Development Index
+\GURÀXRURFDUERQV
High Strength Steels
Heating, Ventilation and Air Conditioning
Integrated Assessment
International Atomic Energy Agency
Imported Alternative Energy Sources
International Civil Aviation Organization
Internal Combustion Engine
Integrated Design Process (for buildings)
International Energy Agency
International Emission Trading
Intergovernmental Organization
International Institute for Applied System Analysis
International Maritime Organization
Intergovernmental Panel on Climate Change
,QWHUQDWLRQDO6WDQGDUG,QGXVWULDO&ODVVL¿FDWLRQ
International Standardization Organization
Information Technology
Induced Technological Change
International Thermonuclear Experimental Reactor
International Union for the Conservation of Nature and natural resources
Joule =Newton x meter (International Standard unit of energy)
Joint Implementation
Joint Research Centre (EU)
Life Cycle Assessment
Lower Heating Value
/LTXH¿HG1DWXUDO*DV
Liquid Petroleum Gas
Marginal Abatement Cost
Mechanical Biological Treatment
Millennium Development Goals
Multilateral Environmental Agreements
Meeting Of the Parties (Kyoto Protocol)
North American Free Trade Agreement
New European Driving Cycle
Non-Governmental Organization
Newly Industrialized Country
Non-Methane Hydro Carbon
Non-Motorised Transport
Non-Methane Volatile Organic Compounds
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O
O&M
ODA
ODS
OECD
OPEC
P
PAYT
PFC
ppm [ v / w ]
PPP
PV
Q
QELRCs
R
RD&D
S
SAR
SBSTA
SCC
SD
SMEs
SPM
SRCCS
SRES
SRLULUCF
SROC
SRTT
T
TAR
TPES
TWA
U
UK
UN
UNCED
UNDP
UNEP
UNFCCC
USA
V
VAT
VOC
W
W
WBCSD
WCED
WEC
WG I
WG II
WG III
WHO
WTO
WWF

Operation and Maintenance
2I¿FLDO'HYHORSPHQW$VVLVWDQFH
Ozone Depleting Substances
Organization for Economic Co-operation and Development
Organization of Petroleum Exporting Countries
Pay As You Throw
3HUÀXRURFDUERQ
parts per million [by volume / weight]
Purchasing Power Parity
Photovoltaïc
4XDQWL¿HG(PLVVLRQ/LPLWDWLRQRU5HGXFWLRQ&RPPLWPHQWV
Research,Development and Demonstration
Second Assessment Report ( IPCC)
6XEVLGLDU\%RG\IRU6FLHQWL¿FDQG7HFKQRORJLFDO$GYLFH
Social Cost of Carbon
Sustainable Development
Small and Medium Enterprises
Summary for Policy Makers
Special Report on Carbon Capture and Storage (IPCC)
Special Report on Emissions Scenarios (IPCC)
Special Report on Land-Use, Land-Use Change and Forestry (IPCC)
Special Report on Ozone and Climate (IPCC)
Special Report on methodological and technological issues in Technology Transfer (IPCC)
Third Assessment Report (IPCC)
Total Primary Energy Supply
Tolerable Windows Approach
United Kingdom
United Nations
UN Conference on Environment and Development
UN Development Programme
UN Environment Programme
UN Framework Convention on Climate Change
United States of America
Value Added Tax
Volatile organic compound
Watt = Joule/second (International Standard unit of power)
World Business Council for Sustainable Development
World Commission on Environment and Development
World Energy Council
Working Group One of the IPCC
Working Group Two of the IPCC
Working Group Three of the IPCC
World Health Organization (UN)
World Trade Organization
World Wide Fund for nature
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Chemical Symbols
C
C2F6
CF4
CFCs
CH4
CO
CO2
H / H2
H2O
HFCs
N / N2
N2O
NF3
NH3 / NH4+
NMVOC
NO
NO2
NOx
O / O2
O3
P
SF6
SO2
SOx
VOCs

Carbon
3HUÀXRURHWKDQH+H[DÀXRURHWKDQH
3HUÀXRURPHWKDQH7HWUDÀXRURPHWKDQH
&KORURÀXRURFDUERQV
Methane
Carbon monoxide
Carbon dioxide
Hydrogen (element / gas)
Water / Water vapor
+\GURÀXRURFDUERQV
Nitrogen (element /gas)
Nitrous Oxide
1LWURJHQWULÀXRULGH
Ammonia / Ammonium ion
Non-methane Volatile Organic Compounds
Nitric oxide
Nitrogen dioxide
The sum of NO and NO2 expressed in NO2 mass equivalent
Oxygen (element / gas)
Ozone
Phosphorus
6XOSKXUKH[DÀXRULGH
Sulphur dioxide
Sulphur oxides expressed in SO2 mass equivalent
Volatile Organic Compounds

Preﬁxes for basic physical units
Enlargement
name
deca
hecto
kilo
mega
giga
tera
peta
exa
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Reduction
symbol
da
h
k
M
G
T
P
E

factor

name

symbol

factor

+1

deci
centi
milli
micro
nano
pico
femto
atto

d
c
m
μ
n
p
f
a

10-2
10-3
10-6
10-9
10-12
10-15
10-18
10

10+2
10+3
10+6
10+9
10+12
10+15
10+18
10

-1
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Foreword

The Intergovernmental Panel on Climate Change (IPCC) was
jointly established in 1988, by the World Meteorological Organization (WMO) and the United Nations Environment
Programme (UNEP), with the mandate to assess scientific information related to climate change, to evaluate the environmental and socio-economic consequences of climate change,
and to formulate realistic response strategies. The IPCC
multivolume assessments have since then played a major role
in assisting governments to adopt and implement policies in
response to climate change, and in particular have responded
to the need for authoritative advice of the Conference of the
Parties (COP) to the United Nations Framework Convention
on Climate Change (UNFCCC), which was established in
1992, and its 1997 Kyoto Protocol.
Since its establishment, the IPCC has produced a series of
Assessment Reports (1990, 1995, 2001 and this one in 2007),
Special Reports, Technical Papers and Methodology Reports,
which have become standard works of reference, widely used
by policymakers, scientists, other experts and students. The
most recent publications include a Special Report on “Carbon Dioxide Capture and Storage” and one on “Safeguarding
the Ozone Layer and the Global Climate System”, published
in 2005, and the “Guidelines for National Greenhouse Gas
Inventories” re-edited in 2006. A Technical Paper on “Climate Change and Water” is under preparation.
This Synthesis Report (SYR), adopted in Valencia, Spain, on
17 November 2007, completes the four-volume Fourth Assessment Report (AR4), which was released in various steps
throughout the year under the title “Climate Change 2007”. It
summarises the findings of the three Working Group reports
and provides a synthesis that specifically addresses the issues
of concern to policymakers in the domain of climate change:
it confirms that climate change is occurring now, mostly as a
result of human activities; it illustrates the impacts of global
warming already under way and to be expected in future, and
describes the potential for adaptation of society to reduce its
vulnerability; finally it presents an analysis of costs, policies
and technologies intended to limit the extent of future changes
in the climate system.
The AR4 is a remarkable achievement involving more than
500 Lead Authors and 2000 Expert Reviewers, building on
the work of a wide scientific community and submitted to the
scrutiny of delegates from more than one hundred participating nations. It is the result of the enthusiasm, dedication, and

cooperation of experts from many different but related disciplines. We would like to express our gratitude to all of them,
to the Members of the IPCC Bureau, to the staff of the Technical Support Units, particularly of the Technical Support Unit
for the IPCC Synthesis Report in The Energy and Resources
Institute (TERI) in Delhi, to Dr Renate Christ, Secretary of
the IPCC, and to the Secretariat staff.
We acknowledge with gratitude the governments and
organisations that contribute to the IPCC Trust Fund and provide support to experts in different ways. The IPCC has been
especially successful in engaging in its work a large number
of experts from the developing countries and countries with
economies in transition; the Trust Fund enables extending financial assistance for their travel to IPCC meetings. We also
acknowledge the cooperative spirit in which all government
delegates have worked together in the IPCC Sessions to reach
a meaningful and powerful consensus.
Finally, we would like to thank the Chairman of the IPCC,
Dr Rajendra K. Pachauri, for leading tirelessly and with dedication the effort of all. This is particularly appropriate at this
time as the IPCC as a whole, under his guidance, has been
awarded the 2007 Nobel Peace Price.
We would also like at this occasion to express deep recognition and sorrow in remembrance of Prof. Bert Bolin, who led
the way twenty years ago as first Chairman of IPCC, and who
sadly passed away on 30 December 2007 after a brilliant career in meteorology and climate science.

Michel Jarraud
Secretary General
World Meteorological Organization

Achim Steiner
Executive Director
United Nations Environmental Programme
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Preface

This Synthesis Report with its Summary for Policymakers is
the fourth and final part of the Fourth Assessment Report
(AR4) of the Intergovernmental Panel on Climate Change
(IPCC) – “Climate Change 2007”. It draws together and integrates for the benefit of policy makers and those from others
professions, up to date policy-relevant scientific, technical and
socio-economic information on climate change. This report is
intended to assist governments and other decision-makers in
the public and private sector in formulating and implementing appropriate responses to the threat of human-induced climate change.
The scope of the Synthesis Report includes the information
contained in the three Working Group contributions to the
IPCC AR4, the Working Group I report on “The Physical Science Basis”, the Working Group II report on “Impacts, Adaptation and Vulnerability” and the Working Group III report on
“Mitigation of Climate Change”. It also draws on other IPCC
reports, in particular recently published IPCC Special Reports.
The Synthesis Report was written by a team dedicated to this
task drawn from the authors of each Working Group report of
the AR4 led by the Chair of the IPCC. As instructed by the
Panel, the authors prepared the draft in a non-technical style
while ensuring that scientific and technical facts are recorded
correctly.
The Synthesis Report addresses a range of broad policy-relevant questions, structured around 6 topic headings agreed by
the Panel, and it gives careful attention to cross-cutting themes.
It consists of two parts, a Summary for Policymakers (SPM)
and a longer report. The sections of the SPM follow largely
the topic structure of the longer report, but for brevity and
clarity, certain issues covered in more than one topic are
summarised in one section of the SPM.
Topic 1 brings together information from Working Groups I
and II on observed changes in climate and the effects of past
climate change on natural systems and human society.
Topic 2 addresses causes of change, considering both natural
and anthropogenic drivers of climate change. It analyses the
chain including greenhouse gas emissions and concentrations,
to radiative forcing and resultant climate change, and evaluates whether observed changes in climate and in physical and
biological systems can be attributed to natural or anthropogenic causes. In providing that information it draws on information contained in all three Working Group contributions to
the AR4.
Topic 3 presents information from the three Working Group
reports on projected future climate change and its impacts. It
provides updated information on emissions scenarios and pro-

jected future changes in climate in the 21st century and beyond, and describes the projected impacts of future climate
change on systems, sectors and regions. Special attention is
given to issues of human well-being and development.
Topic 4 describes adaptation and mitigation options and responses as assessed in the reports of Working Groups II and
III, and the inter-relationship of climate change and response
measures with sustainable development. The focus of this topic
is on response measures that can be implemented by 2030.
Technologies, policies, measures and instruments as well as
barriers to implementation are addressed along with synergies and trade-offs.
Topic 5 covers the long-term perspective and analyses scientific, technical and socio-economic aspects relevant to adaptation and mitigation, consistent with the objectives and provisions of the United Nations Framework Convention on Climate Change (UNFCCC). It places decision-making about
climate change in a risk management perspective, paying attention to broader environmental and integration issues. The
topic describes emissions trajectories for stabilisation of greenhouse gas concentrations at various levels and associated temperature increases, along with information about the costs of
mitigation, required technology development and deployment,
and avoided climate impacts. It also explores in detail five
main reasons for concern regarding climate change, which it
finds have become stronger due to new knowledge since the
TAR.
Topic 6 highlights robust findings and key uncertainties.
While the Synthesis Report is a largely self-contained document, it needs to be viewed in the context of the other volumes of “Climate Change 2007” and it is recommended that
for further details the contributions of the three Working
Groups be consulted. Each of the Working Group reports consists of a series of chapters which contain a detailed scientific
technical assessment, a Technical Summary, and a Summary
for Policymakers that has been approved by the IPCC line by
line.
The longer Synthesis Report contains extensive references to
the relevant chapters in the Working Group contributions to
the AR4 and other relevant IPCC reports. For easy reading,
references in the Summary for Policymakers only lead to the
relevant sections of the longer Synthesis Report. The CD RoM
included in this report contains the full text of the three Working Group contributions to the AR4 in English, as well as the
Summaries for Policymakers and Technical Summaries and
the Synthesis Report in all official UN languages. References
in these electronic versions are provided as hyperlinks to env
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able the reader to easily find further scientific, technical and
socio-economic information. A user guide, glossary of terms,
and lists of acronyms, authors, Review Editors and Expert
Reviewers are provided in the Annexes to this report.

• WMO and UNEP for supporting the IPCC Secretariat and

The preparation of the Synthesis Report was carried out in
accordance with the Procedures for the Preparation, Review,
Acceptance, Adoption, Approval and Publication of IPCC
Reports, and it was adopted and approved by the IPCC at its
Twenty Seventh Session (Valencia, Spain, 12-17 November
2007).

• and all member governments and participating

for financial contributions to the IPCC Trust Fund

• all member governments and the UNFCCC for their contributions to the IPCC Trust Fund
organisations for invaluable in-kind contributions, including through supporting experts involved in the IPCC process and hosting meetings and sessions of the IPCC.

We take this opportunity to thank:

• the Core Writing Team who drafted this report and, with
their meticulous and painstaking attention to detail,
finalised it

• the Review Editors who made sure that all comments were

Dr. R.K Pachauri
Chairman of the IPCC

taken into consideration and that consistency with the underlying reports was maintained

• the members of the Working Groups’ teams of Coordinating Lead Authors and Lead Authors who helped with the
drafting

• the Head and staff of the SYR Technical Support Unit,
particularly Dr Andy Reisinger, and the Technical Support
Units of the three Working Groups, for logistical and editorial support

• the staff of the IPCC Secretariat for innumerable tasks performed in support of the preparation, release and publication of the report
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Dr. Renate Christ
Secretary of the IPCC
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Sources cited in this Synthesis Report
References for material contained in this report are given in curly brackets { } at the end of each paragraph.
In the Summary for Policymakers, references refer to Sections, Figures, Tables and Boxes in the underlying
Introduction and Topics of this Synthesis Report.
In the Introduction and six Topics of this Synthesis Report, references refer to the contributions of Working
Groups I, II and III (WGI, WGII and WGIII) to the Fourth Assessment Report and other IPCC Reports on which
this Synthesis Report is based, or to other Sections of the Synthesis Report itself (SYR).
The following abbreviations have been used:
SPM: Summary for Policymakers
TS: Technical Summary
ES: Executive Summary of a Chapter
Numbers denote the specific Chapters and Sections of a report.
For example, {WGI TS.3; WGII 4.ES, Figure 4.3; WGIII Table 11.3} would refer to the Technical Summary
Section 3 of WGI, the Executive Summary and Figure 4.3 in Chapter 4 of WGII, and Table 11.3 in Chapter 11
of WGIII.
Other reports cited in this Synthesis Report:
TAR: Third Assessment Report
SROC: Special Report on Safeguarding the Ozone Layer and the Global Climate System
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Summary for Policymakers

An Assessment of the Intergovernmental Panel on Climate Change
This summary, approved in detail at IPCC Plenary XXVII (Valencia, Spain, 12-17 November 2007), represents the
formally agreed statement of the IPCC concerning key findings and uncertainties contained in the Working Group
contributions to the Fourth Assessment Report.
Based on a draft prepared by:
Lenny Bernstein, Peter Bosch, Osvaldo Canziani, Zhenlin Chen, Renate Christ, Ogunlade Davidson, William Hare, Saleemul
Huq, David Karoly, Vladimir Kattsov, Zbigniew Kundzewicz, Jian Liu, Ulrike Lohmann, Martin Manning, Taroh Matsuno,
Bettina Menne, Bert Metz, Monirul Mirza, Neville Nicholls, Leonard Nurse, Rajendra Pachauri, Jean Palutikof, Martin
Parry, Dahe Qin, Nijavalli Ravindranath, Andy Reisinger, Jiawen Ren, Keywan Riahi, Cynthia Rosenzweig, Matilde
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Summary for Policymakers

Introduction
This Synthesis Report is based on the assessment carried
out by the three Working Groups of the Intergovernmental
Panel on Climate Change (IPCC). It provides an integrated
view of climate change as the final part of the IPCC’s Fourth
Assessment Report (AR4).
A complete elaboration of the Topics covered in this summary can be found in this Synthesis Report and in the underlying reports of the three Working Groups.

1. Observed changes in climate and
their effects
Warming of the climate system is unequivocal, as is
now evident from observations of increases in global
average air and ocean temperatures, widespread melting of snow and ice and rising global average sea level
(Figure SPM.1). {1.1}

Eleven of the last twelve years (1995-2006) rank among
the twelve warmest years in the instrumental record of global
surface temperature (since 1850). The 100-year linear trend
(1906-2005) of 0.74 [0.56 to 0.92]°C1 is larger than the corresponding trend of 0.6 [0.4 to 0.8]°C (1901-2000) given in
the Third Assessment Report (TAR) (Figure SPM.1). The temperature increase is widespread over the globe and is greater
at higher northern latitudes. Land regions have warmed faster
than the oceans (Figures SPM.2, SPM.4). {1.1, 1.2}
Rising sea level is consistent with warming (Figure
SPM.1). Global average sea level has risen since 1961 at an
average rate of 1.8 [1.3 to 2.3] mm/yr and since 1993 at 3.1
[2.4 to 3.8] mm/yr, with contributions from thermal expansion, melting glaciers and ice caps, and the polar ice sheets.
Whether the faster rate for 1993 to 2003 reflects decadal variation or an increase in the longer-term trend is unclear. {1.1}
Observed decreases in snow and ice extent are also consistent with warming (Figure SPM.1). Satellite data since 1978
show that annual average Arctic sea ice extent has shrunk by
2.7 [2.1 to 3.3]% per decade, with larger decreases in summer
of 7.4 [5.0 to 9.8]% per decade. Mountain glaciers and snow
cover on average have declined in both hemispheres. {1.1}
From 1900 to 2005, precipitation increased significantly
in eastern parts of North and South America, northern Europe
and northern and central Asia but declined in the Sahel, the

Mediterranean, southern Africa and parts of southern Asia.
Globally, the area affected by drought has likely2 increased
since the 1970s. {1.1}
It is very likely that over the past 50 years: cold days, cold
nights and frosts have become less frequent over most land
areas, and hot days and hot nights have become more frequent.
It is likely that: heat waves have become more frequent over
most land areas, the frequency of heavy precipitation events
has increased over most areas, and since 1975 the incidence
of extreme high sea level3 has increased worldwide. {1.1}
There is observational evidence of an increase in intense
tropical cyclone activity in the North Atlantic since about 1970,
with limited evidence of increases elsewhere. There is no clear
trend in the annual numbers of tropical cyclones. It is difficult
to ascertain longer-term trends in cyclone activity, particularly
prior to 1970. {1.1}
Average Northern Hemisphere temperatures during the
second half of the 20th century were very likely higher than
during any other 50-year period in the last 500 years and likely
the highest in at least the past 1300 years. {1.1}
Observational evidence4 from all continents and most
oceans shows that many natural systems are being
affected by regional climate changes, particularly temperature increases. {1.2}

Changes in snow, ice and frozen ground have with high confidence increased the number and size of glacial lakes, increased
ground instability in mountain and other permafrost regions and
led to changes in some Arctic and Antarctic ecosystems. {1.2}
There is high confidence that some hydrological systems
have also been affected through increased runoff and earlier
spring peak discharge in many glacier- and snow-fed rivers
and through effects on thermal structure and water quality of
warming rivers and lakes. {1.2}
In terrestrial ecosystems, earlier timing of spring events
and poleward and upward shifts in plant and animal ranges
are with very high confidence linked to recent warming. In
some marine and freshwater systems, shifts in ranges and
changes in algal, plankton and fish abundance are with high
confidence associated with rising water temperatures, as well
as related changes in ice cover, salinity, oxygen levels and
circulation. {1.2}
Of the more than 29,000 observational data series, from
75 studies, that show significant change in many physical and
biological systems, more than 89% are consistent with the
direction of change expected as a response to warming (Fig-

1
Numbers in square brackets indicate a 90% uncertainty interval around a best estimate, i.e. there is an estimated 5% likelihood that the value
could be above the range given in square brackets and 5% likelihood that the value could be below that range. Uncertainty intervals are not
necessarily symmetric around the corresponding best estimate.
2
Words in italics represent calibrated expressions of uncertainty and confidence. Relevant terms are explained in the Box ‘Treatment of uncertainty’ in the Introduction of this Synthesis Report.
3
Excluding tsunamis, which are not due to climate change. Extreme high sea level depends on average sea level and on regional weather
systems. It is defined here as the highest 1% of hourly values of observed sea level at a station for a given reference period.
4

Based largely on data sets that cover the period since 1970.
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Changes in temperature, sea level and Northern Hemisphere snow cover
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Figure SPM.1. Observed changes in (a) global average surface temperature; (b) global average sea level from tide gauge (blue) and satellite
(red) data and (c) Northern Hemisphere snow cover for March-April. All differences are relative to corresponding averages for the period 19611990. Smoothed curves represent decadal averaged values while circles show yearly values. The shaded areas are the uncertainty intervals
estimated from a comprehensive analysis of known uncertainties (a and b) and from the time series (c). {Figure 1.1}

ure SPM.2). However, there is a notable lack of geographic
balance in data and literature on observed changes, with
marked scarcity in developing countries. {1.2, 1.3}
There is medium confidence that other effects of regional climate change on natural and human environments are emerging, although many are difficult to discern due to adaptation and non-climatic drivers. {1.2}

They include effects of temperature increases on: {1.2}


crops, and alterations in disturbance regimes of forests
due to fires and pests
 some aspects of human health, such as heat-related mortality in Europe, changes in infectious disease vectors in
some areas, and allergenic pollen in Northern Hemisphere
high and mid-latitudes
 some human activities in the Arctic (e.g. hunting and travel
over snow and ice) and in lower-elevation alpine areas
(such as mountain sports).

agricultural and forestry management at Northern Hemisphere higher latitudes, such as earlier spring planting of
3
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Changes in physical and biological systems and surface temperature 1970-2004
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Figure SPM.2. Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology; and coastal processes) and biological systems (terrestrial, marine and freshwater biological systems), are shown together with surface air temperature changes
over the period 1970-2004. A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the
following criteria: (1) ending in 1990 or later; (2) spanning a period of at least 20 years; and (3) showing a significant change in either direction,
as assessed in individual studies. These data series are from about 75 studies (of which about 70 are new since the TAR) and contain about
29,000 data series, of which about 28,000 are from European studies. White areas do not contain sufficient observational climate data to
estimate a temperature trend. The 2 × 2 boxes show the total number of data series with significant changes (top row) and the percentage of
those consistent with warming (bottom row) for (i) continental regions: North America (NAM), Latin America (LA), Europe (EUR), Africa (AFR),
Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (ii) global-scale: Terrestrial (TER), Marine and Freshwater (MFW), and
Global (GLO). The numbers of studies from the seven regional boxes (NAM, EUR, AFR, AS, ANZ, PR) do not add up to the global (GLO) totals
because numbers from regions except Polar do not include the numbers related to Marine and Freshwater (MFW) systems. Locations of largearea marine changes are not shown on the map. {Figure 1.2}
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2. Causes of change
Changes in atmospheric concentrations of greenhouse
gases (GHGs) and aerosols, land cover and solar radiation alter the energy balance of the climate system. {2.2}
Global GHG emissions due to human activities have
grown since pre-industrial times, with an increase of
70% between 1970 and 2004 (Figure SPM.3).5 {2.1}

Carbon dioxide (CO2) is the most important anthropogenic
GHG. Its annual emissions grew by about 80% between 1970
and 2004. The long-term trend of declining CO2 emissions
per unit of energy supplied reversed after 2000. {2.1}
Global atmospheric concentrations of CO2, methane
(CH4) and nitrous oxide (N2O) have increased markedly
as a result of human activities since 1750 and now far
exceed pre-industrial values determined from ice cores
spanning many thousands of years. {2.2}

Atmospheric concentrations of CO2 (379ppm) and CH4
(1774ppb) in 2005 exceed by far the natural range over the
last 650,000 years. Global increases in CO2 concentrations

are due primarily to fossil fuel use, with land-use change providing another significant but smaller contribution. It is very
likely that the observed increase in CH4 concentration is predominantly due to agriculture and fossil fuel use. CH4 growth
rates have declined since the early 1990s, consistent with total emissions (sum of anthropogenic and natural sources) being nearly constant during this period. The increase in N2O
concentration is primarily due to agriculture. {2.2}
There is very high confidence that the net effect of human
activities since 1750 has been one of warming.6 {2.2}
Most of the observed increase in global average temperatures since the mid-20th century is very likely due to the
observed increase in anthropogenic GHG concentrations.7 It is likely that there has been significant anthropogenic warming over the past 50 years averaged over
each continent (except Antarctica) (Figure SPM.4). {2.4}

During the past 50 years, the sum of solar and volcanic
forcings would likely have produced cooling. Observed patterns of warming and their changes are simulated only by
models that include anthropogenic forcings. Difficulties remain in simulating and attributing observed temperature
changes at smaller than continental scales. {2.4}

Global anthropogenic GHG emissions
F-gases
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c)
10
0

1970

1980
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2000
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13.5%

□ CO2 from deforestation, decay and peat
I N2O from agriculture and others I F-gases

Figure SPM.3. (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 (b) Share of different anthropogenic GHGs in total
emissions in 2004 in terms of carbon dioxide equivalents (CO2-eq). (c) Share of different sectors in total anthropogenic GHG emissions in 2004
in terms of CO2-eq. (Forestry includes deforestation.) {Figure 2.1}
5

Includes only carbon dioxide (CO 2), methane (CH 4), nitrous oxide (N 2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and
sulphurhexafluoride (SF6), whose emissions are covered by the United Nations Framework Convention on Climate Change (UNFCCC). These
GHGs are weighted by their 100-year Global Warming Potentials, using values consistent with reporting under the UNFCCC.
6
Increases in GHGs tend to warm the surface while the net effect of increases in aerosols tends to cool it. The net effect due to human activities
since the pre-industrial era is one of warming (+1.6 [+0.6 to +2.4] W/m2). In comparison, changes in solar irradiance are estimated to have
caused a small warming effect (+0.12 [+0.06 to +0.30] W/m2).
7
Consideration of remaining uncertainty is based on current methodologies.
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Global and continental temperature change
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Figure SPM.4. Comparison of observed continental- and global-scale changes in surface temperature with results simulated by climate models
using either natural or both natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906-2005 (black
line) plotted against the centre of the decade and relative to the corresponding average for the period 1901-1950. Lines are dashed where spatial
coverage is less than 50%. Blue shaded bands show the 5 to 95% range for 19 simulations from five climate models using only the natural
forcings due to solar activity and volcanoes. Red shaded bands show the 5 to 95% range for 58 simulations from 14 climate models using both
natural and anthropogenic forcings. {Figure 2.5}

Advances since the TAR show that discernible human
influences extend beyond average temperature to other
aspects of climate. {2.4}

Anthropogenic warming over the last three decades has likely
had a discernible influence at the global scale on observed
changes in many physical and biological systems. {2.4}

Human influences have: {2.4}

Spatial agreement between regions of significant warming across the globe and locations of significant observed
changes in many systems consistent with warming is very
unlikely to be due solely to natural variability. Several modelling studies have linked some specific responses in physical
and biological systems to anthropogenic warming. {2.4}



very likely contributed to sea level rise during the latter
half of the 20th century
 likely contributed to changes in wind patterns, affecting
extra-tropical storm tracks and temperature patterns
 likely increased temperatures of extreme hot nights, cold
nights and cold days
 more likely than not increased risk of heat waves, area
affected by drought since the 1970s and frequency of heavy
precipitation events.

6

More complete attribution of observed natural system responses to anthropogenic warming is currently prevented by
the short time scales of many impact studies, greater natural
climate variability at regional scales, contributions of nonclimate factors and limited spatial coverage of studies. {2.4}

1973
Summary for Policymakers

3. Projected climate change
and its impacts
There is high agreement and much evidence that with
current climate change mitigation policies and related sustainable development practices, global GHG emissions
will continue to grow over the next few decades. {3.1}

The IPCC Special Report on Emissions Scenarios (SRES,
2000) projects an increase of global GHG emissions by 25 to
90% (CO2-eq) between 2000 and 2030 (Figure SPM.5), with
fossil fuels maintaining their dominant position in the global energy mix to 2030 and beyond. More recent scenarios without
additional emissions mitigation are comparable in range.8,9 {3.1}
Continued GHG emissions at or above current rates
would cause further warming and induce many changes
in the global climate system during the 21st century that
would very likely be larger than those observed during
the 20th century (Table SPM.1, Figure SPM.5). {3.2.1}

For the next two decades a warming of about 0.2°C per decade is projected for a range of SRES emissions scenarios. Even
if the concentrations of all GHGs and aerosols had been kept
constant at year 2000 levels, a further warming of about 0.1°C
per decade would be expected. Afterwards, temperature projections increasingly depend on specific emissions scenarios. {3.2}
The range of projections (Table SPM.1) is broadly consistent with the TAR, but uncertainties and upper ranges for
temperature are larger mainly because the broader range of
available models suggests stronger climate-carbon cycle feedbacks. Warming reduces terrestrial and ocean uptake of atmospheric CO2, increasing the fraction of anthropogenic emissions remaining in the atmosphere. The strength of this feedback effect varies markedly among models. {2.3, 3.2.1}
Because understanding of some important effects driving
sea level rise is too limited, this report does not assess the
likelihood, nor provide a best estimate or an upper bound for
sea level rise. Table SPM.1 shows model-based projections

Scenarios for GHG emissions from 2000 to 2100 (in the absence of additional climate policies)
and projections of surface temperatures
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Figure SPM.5. Left Panel: Global GHG emissions (in GtCO2-eq) in the absence of climate policies: six illustrative SRES marker scenarios
(coloured lines) and the 80th percentile range of recent scenarios published since SRES (post-SRES) (gray shaded area). Dashed lines show the
full range of post-SRES scenarios. The emissions include CO2, CH4, N2O and F-gases. Right Panel: Solid lines are multi-model global averages
of surface warming for scenarios A2, A1B and B1, shown as continuations of the 20th-century simulations. These projections also take into
account emissions of short-lived GHGs and aerosols. The pink line is not a scenario, but is for Atmosphere-Ocean General Circulation Model
(AOGCM) simulations where atmospheric concentrations are held constant at year 2000 values. The bars at the right of the figure indicate the
best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios at 2090-2099. All temperatures are
relative to the period 1980-1999. {Figures 3.1 and 3.2}

8

For an explanation of SRES emissions scenarios, see Box ‘SRES scenarios’ in Topic 3 of this Synthesis Report. These scenarios do not include
additional climate policies above current ones; more recent studies differ with respect to UNFCCC and Kyoto Protocol inclusion.

9

Emission pathways of mitigation scenarios are discussed in Section 5.
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Table SPM.1. Projected global average surface warming and sea level rise at the end of the 21st century. {Table 3.1}
Temperature change
(°C at 2090-2099 relative to 1980-1999) a, d
Case

Best estimate

Likely range

Sea level rise
(m at 2090-2099 relative to 1980-1999)
Model-based range
excluding future rapid dynamical changes in ice flow

Constant year 2000
concentrationsb

0.6

0.3 – 0.9

Not available

B1 scenario
A1T scenario
B2 scenario
A1B scenario
A2 scenario
A1FI scenario

1.8
2.4
2.4
2.8
3.4
4.0

1.1
1.4
1.4
1.7
2.0
2.4

0.18
0.20
0.20
0.21
0.23
0.26

–
–
–
–
–
–

2.9
3.8
3.8
4.4
5.4
6.4

–
–
–
–
–
–

0.38
0.45
0.43
0.48
0.51
0.59

Notes:
a) Temperatures are assessed best estimates and likely uncertainty ranges from a hierarchy of models of varying complexity as well as
observational constraints.
b) Year 2000 constant composition is derived from Atmosphere-Ocean General Circulation Models (AOGCMs) only.
c) All scenarios above are six SRES marker scenarios. Approximate CO2-eq concentrations corresponding to the computed radiative
forcing due to anthropogenic GHGs and aerosols in 2100 (see p. 823 of the Working Group I TAR) for the SRES B1, AIT, B2, A1B, A2
and A1FI illustrative marker scenarios are about 600, 700, 800, 850, 1250 and 1550ppm, respectively.
d) Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 18501899 add 0.5°C.

of global average sea level rise for 2090-2099.10 The projections do not include uncertainties in climate-carbon cycle feedbacks nor the full effects of changes in ice sheet flow, therefore the upper values of the ranges are not to be considered
upper bounds for sea level rise. They include a contribution
from increased Greenland and Antarctic ice flow at the rates
observed for 1993-2003, but this could increase or decrease
in the future.11 {3.2.1}
There is now higher confidence than in the TAR in projected patterns of warming and other regional-scale
features, including changes in wind patterns, precipitation and some aspects of extremes and sea ice. {3.2.2}

Regional-scale changes include: {3.2.2}


warming greatest over land and at most high northern latitudes and least over Southern Ocean and parts of the North
Atlantic Ocean, continuing recent observed trends (Figure SPM.6)
 contraction of snow cover area, increases in thaw depth
over most permafrost regions and decrease in sea ice extent; in some projections using SRES scenarios, Arctic
late-summer sea ice disappears almost entirely by the latter part of the 21st century
 very likely increase in frequency of hot extremes, heat
waves and heavy precipitation
 likely increase in tropical cyclone intensity; less confidence
in global decrease of tropical cyclone numbers



poleward shift of extra-tropical storm tracks with consequent changes in wind, precipitation and temperature patterns
 very likely precipitation increases in high latitudes and
likely decreases in most subtropical land regions, continuing observed recent trends.
There is high confidence that by mid-century, annual river
runoff and water availability are projected to increase at high
latitudes (and in some tropical wet areas) and decrease in some
dry regions in the mid-latitudes and tropics. There is also high
confidence that many semi-arid areas (e.g. Mediterranean
Basin, western United States, southern Africa and
north-eastern Brazil) will suffer a decrease in water resources
due to climate change. {3.3.1, Figure 3.5}
Studies since the TAR have enabled more systematic
understanding of the timing and magnitude of impacts
related to differing amounts and rates of climate
change. {3.3.1, 3.3.2}

Figure SPM.7 presents examples of this new information
for systems and sectors. The top panel shows impacts increasing with increasing temperature change. Their estimated magnitude and timing is also affected by development pathway
(lower panel). {3.3.1}
Examples of some projected impacts for different regions
are given in Table SPM.2.

10
TAR projections were made for 2100, whereas the projections for this report are for 2090-2099. The TAR would have had similar ranges to
those in Table SPM.1 if it had treated uncertainties in the same way.
11

8

For discussion of the longer term, see material below.
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Geographical pattern of surface warming

-------
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Figure SPM.6. Projected surface temperature changes for the late 21st century (2090-2099). The map shows the multi-AOGCM average projection for the A1B SRES scenario. Temperatures are relative to the period 1980-1999. {Figure 3.2}

Some systems, sectors and regions are likely to be especially affected by climate change.12 {3.3.3}
Systems and sectors: {3.3.3}








particular ecosystems:
- terrestrial: tundra, boreal forest and mountain regions
because of sensitivity to warming; mediterranean-type
ecosystems because of reduction in rainfall; and tropical rainforests where precipitation declines
- coastal: mangroves and salt marshes, due to multiple
stresses
- marine: coral reefs due to multiple stresses; the sea ice
biome because of sensitivity to warming
water resources in some dry regions at mid-latitudes13 and
in the dry tropics, due to changes in rainfall and evapotranspiration, and in areas dependent on snow and ice melt
agriculture in low latitudes, due to reduced water availability
low-lying coastal systems, due to threat of sea level rise
and increased risk from extreme weather events
human health in populations with low adaptive capacity.

Regions: {3.3.3}
 the Arctic, because of the impacts of high rates of projected
warming on natural systems and human communities



Africa, because of low adaptive capacity and projected
climate change impacts
 small islands, where there is high exposure of population
and infrastructure to projected climate change impacts
 Asian and African megadeltas, due to large populations
and high exposure to sea level rise, storm surges and river
flooding.
Within other areas, even those with high incomes, some
people (such as the poor, young children and the elderly) can
be particularly at risk, and also some areas and some activities. {3.3.3}
Ocean acidification

The uptake of anthropogenic carbon since 1750 has led to
the ocean becoming more acidic with an average decrease in
pH of 0.1 units. Increasing atmospheric CO2 concentrations
lead to further acidification. Projections based on SRES scenarios give a reduction in average global surface ocean pH of
between 0.14 and 0.35 units over the 21st century. While the effects of observed ocean acidification on the marine biosphere are
as yet undocumented, the progressive acidification of oceans is
expected to have negative impacts on marine shell-forming organisms (e.g. corals) and their dependent species. {3.3.4}

12

Identified on the basis of expert judgement of the assessed literature and considering the magnitude, timing and projected rate of climate
change, sensitivity and adaptive capacity.

13

Including arid and semi-arid regions.
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Examples of impacts associated with global average temperature change
(Impacts will vary by extent of adaptation, rate of temperature change and socio-economic pathway)
Global average annual temperature change relative to 1980-1999 (°C)
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I

I

Millions more people could experience
coastal flooding each year
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases
Increased morbidity and mortality from heat waves, floods and droughts

HEALTH
Changed distribution of some disease vectors
Substantial burden on health services

0

1

2

† Significant is defined here as more than 40%.

3

4

5 °C

‡ Based on average rate of sea level rise of 4.2mm/year from 2000 to 2080.

Warming by 2090-2099 relative to 1980-1999 for non-mitigation scenarios
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Figure SPM.7. Examples of impacts associated with projected global average surface warming. Upper panel: Illustrative examples of global
impacts projected for climate changes (and sea level and atmospheric CO2 where relevant) associated with different amounts of increase in
global average surface temperature in the 21st century. The black lines link impacts; broken-line arrows indicate impacts continuing with increasing temperature. Entries are placed so that the left-hand side of text indicates the approximate level of warming that is associated with the onset
of a given impact. Quantitative entries for water scarcity and flooding represent the additional impacts of climate change relative to the conditions
projected across the range of SRES scenarios A1FI, A2, B1 and B2. Adaptation to climate change is not included in these estimations. Confidence levels for all statements are high. Lower panel: Dots and bars indicate the best estimate and likely ranges of warming assessed for the
six SRES marker scenarios for 2090-2099 relative to 1980-1999. {Figure 3.6}

10

1977
Summary for Policymakers

Table SPM.2. Examples of some projected regional impacts. {3.3.2}
Africa







Asia






Australia and
New Zealand







Europe








Latin America








North America








By 2020, between 75 and 250 million of people are projected to be exposed to increased water stress due to
climate change.
By 2020, in some countries, yields from rain-fed agriculture could be reduced by up to 50%. Agricultural
production, including access to food, in many African countries is projected to be severely compromised. This
would further adversely affect food security and exacerbate malnutrition.
Towards the end of the 21st century, projected sea level rise will affect low-lying coastal areas with large
populations. The cost of adaptation could amount to at least 5 to 10% of Gross Domestic Product (GDP).
By 2080, an increase of 5 to 8% of arid and semi-arid land in Africa is projected under a range of climate
scenarios (TS).
By the 2050s, freshwater availability in Central, South, East and South-East Asia, particularly in large river
basins, is projected to decrease.
Coastal areas, especially heavily populated megadelta regions in South, East and South-East Asia, will be at
greatest risk due to increased flooding from the sea and, in some megadeltas, flooding from the rivers.
Climate change is projected to compound the pressures on natural resources and the environment
associated with rapid urbanisation, industrialisation and economic development.
Endemic morbidity and mortality due to diarrhoeal disease primarily associated with floods and droughts
are expected to rise in East, South and South-East Asia due to projected changes in the hydrological cycle.
By 2020, significant loss of biodiversity is projected to occur in some ecologically rich sites, including the
Great Barrier Reef and Queensland Wet Tropics.
By 2030, water security problems are projected to intensify in southern and eastern Australia and, in
New Zealand, in Northland and some eastern regions.
By 2030, production from agriculture and forestry is projected to decline over much of southern and
eastern Australia, and over parts of eastern New Zealand, due to increased drought and fire. However, in
New Zealand, initial benefits are projected in some other regions.
By 2050, ongoing coastal development and population growth in some areas of Australia and New Zealand
are projected to exacerbate risks from sea level rise and increases in the severity and frequency of storms
and coastal flooding.
Climate change is expected to magnify regional differences in Europe’s natural resources and assets.
Negative impacts will include increased risk of inland flash floods and more frequent coastal flooding and
increased erosion (due to storminess and sea level rise).
Mountainous areas will face glacier retreat, reduced snow cover and winter tourism, and extensive species
losses (in some areas up to 60% under high emissions scenarios by 2080).
In southern Europe, climate change is projected to worsen conditions (high temperatures and drought) in
a region already vulnerable to climate variability, and to reduce water availability, hydropower potential,
summer tourism and, in general, crop productivity.
Climate change is also projected to increase the health risks due to heat waves and the frequency of wildfires.
By mid-century, increases in temperature and associated decreases in soil water are projected to lead to
gradual replacement of tropical forest by savanna in eastern Amazonia. Semi-arid vegetation will tend to
be replaced by arid-land vegetation.
There is a risk of significant biodiversity loss through species extinction in many areas of tropical Latin America.
Productivity of some important crops is projected to decrease and livestock productivity to decline, with
adverse consequences for food security. In temperate zones, soybean yields are projected to increase.
Overall, the number of people at risk of hunger is projected to increase (TS; medium confidence).
Changes in precipitation patterns and the disappearance of glaciers are projected to significantly affect
water availability for human consumption, agriculture and energy generation.
Warming in western mountains is projected to cause decreased snowpack, more winter flooding and
reduced summer flows, exacerbating competition for over-allocated water resources.
In the early decades of the century, moderate climate change is projected to increase aggregate yields of
rain-fed agriculture by 5 to 20%, but with important variability among regions. Major challenges are
projected for crops that are near the warm end of their suitable range or which depend on highly utilised
water resources.
Cities that currently experience heat waves are expected to be further challenged by an increased
number, intensity and duration of heat waves during the course of the century, with potential for adverse
health impacts.
Coastal communities and habitats will be increasingly stressed by climate change impacts interacting
with development and pollution.

continued...
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Table SPM.2. continued...
Polar Regions







Small Islands







The main projected biophysical effects are reductions in thickness and extent of glaciers, ice sheets
and sea ice, and changes in natural ecosystems with detrimental effects on many organisms including
migratory birds, mammals and higher predators.
For human communities in the Arctic, impacts, particularly those resulting from changing snow and ice
conditions, are projected to be mixed.
Detrimental impacts would include those on infrastructure and traditional indigenous ways of life.
In both polar regions, specific ecosystems and habitats are projected to be vulnerable, as climatic barriers to
species invasions are lowered.
Sea level rise is expected to exacerbate inundation, storm surge, erosion and other coastal hazards, thus
threatening vital infrastructure, settlements and facilities that support the livelihood of island communities.
Deterioration in coastal conditions, for example through erosion of beaches and coral bleaching, is expected
to affect local resources.
By mid-century, climate change is expected to reduce water resources in many small islands, e.g. in
the Caribbean and Pacific, to the point where they become insufficient to meet demand during low-rainfall
periods.
With higher temperatures, increased invasion by non-native species is expected to occur, particularly on
mid- and high-latitude islands.

Note:
Unless stated explicitly, all entries are from Working Group II SPM text, and are either very high confidence or high confidence statements, reflecting different sectors (agriculture, ecosystems, water, coasts, health, industry and settlements). The Working Group II SPM
refers to the source of the statements, timelines and temperatures. The magnitude and timing of impacts that will ultimately be realised
will vary with the amount and rate of climate change, emissions scenarios, development pathways and adaptation.

Contraction of the Greenland ice sheet is projected to continue to contribute to sea level rise after 2100. Current models
suggest virtually complete elimination of the Greenland ice
sheet and a resulting contribution to sea level rise of about 7m
if global average warming were sustained for millennia in
excess of 1.9 to 4.6°C relative to pre-industrial values. The
corresponding future temperatures in Greenland are comparable to those inferred for the last interglacial period 125,000
years ago, when palaeoclimatic information suggests reductions
of polar land ice extent and 4 to 6m of sea level rise. {3.2.3}

Altered frequencies and intensities of extreme weather,
together with sea level rise, are expected to have mostly
adverse effects on natural and human systems. {3.3.5}

Examples for selected extremes and sectors are shown in
Table SPM.3.
Anthropogenic warming and sea level rise would continue for centuries due to the time scales associated
with climate processes and feedbacks, even if GHG
concentrations were to be stabilised. {3.2.3}

Current global model studies project that the Antarctic ice
sheet will remain too cold for widespread surface melting and
gain mass due to increased snowfall. However, net loss of ice
mass could occur if dynamical ice discharge dominates the
ice sheet mass balance. {3.2.3}

Estimated long-term (multi-century) warming corresponding to the six AR4 Working Group III stabilisation categories
is shown in Figure SPM.8.

Estimated multi-century warming relative to 1980-1999 for AR4 stabilisation categories
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Global average temperature change relative to 1980-1999 (°C)
Figure SPM.8. Estimated long-term (multi-century) warming corresponding to the six AR4 Working Group III stabilisation categories (Table
SPM.6). The temperature scale has been shifted by -0.5°C compared to Table SPM.6 to account approximately for the warming between preindustrial and 1980-1999. For most stabilisation levels global average temperature is approaching the equilibrium level over a few centuries. For
GHG emissions scenarios that lead to stabilisation at levels comparable to SRES B1 and A1B by 2100 (600 and 850ppm CO2-eq; category IV
and V), assessed models project that about 65 to 70% of the estimated global equilibrium temperature increase, assuming a climate sensitivity
of 3°C, would be realised at the time of stabilisation. For the much lower stabilisation scenarios (category I and II, Figure SPM.11), the equilibrium temperature may be reached earlier. {Figure 3.4}
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Table SPM.3. Examples of possible impacts of climate change due to changes in extreme weather and climate events, based on
projections to the mid- to late 21st century. These do not take into account any changes or developments in adaptive capacity. The
likelihood estimates in column two relate to the phenomena listed in column one. {Table 3.2}
Phenomenona and
direction of trend

Likelihood of
Examples of major projected impacts by sector
future trends
based on
Agriculture, forestry
Water resources
Human health
projections
and ecosystems
st
for 21 century
using SRES
scenarios

Industry, settlement
and society

Over most land
areas, warmer and
fewer cold days
and nights, warmer
and more frequent
hot days and nights

Virtually
certain b

Increased yields in
Effects on water
colder environments; resources relying on
decreased yields in
snowmelt; effects on
warmer environments; some water supplies
increased insect
outbreaks

Reduced human
mortality from
decreased cold
exposure

Warm spells/heat
waves. Frequency
increases over most
land areas

Very likely

Reduced yields in
warmer regions
due to heat stress;
increased danger of
wildfire

Increased water
demand; water
quality problems,
e.g. algal blooms

Increased risk of
Reduction in quality of life for
heat-related
people in warm areas without
mortality, especially appropriate housing; impacts
for the elderly,
on the elderly, very young and
chronically sick,
poor
very young and
socially isolated

Heavy precipitation
events. Frequency
increases over most
areas

Very likely

Damage to crops;
soil erosion, inability
to cultivate land due
to waterlogging of
soils

Adverse effects on
quality of surface
and groundwater;
contamination of
water supply; water
scarcity may be
relieved

Increased risk of
deaths, injuries and
infectious, respiratory
and skin diseases

Disruption of settlements,
commerce, transport and
societies due to flooding:
pressures on urban and rural
infrastructures; loss of property

Area affected by
drought increases

Likely

Land degradation;
lower yields/crop
damage and failure;
increased livestock
deaths; increased
risk of wildfire

More widespread
water stress

Increased risk of
food and water
shortage; increased
risk of malnutrition;
increased risk of
water- and foodborne diseases

Water shortage for settlements,
industry and societies;
reduced hydropower generation
potentials; potential for
population migration

Intense tropical
cyclone activity
increases

Likely

Damage to crops;
Power outages
windthrow (uprooting) causing disruption
of trees; damage to
of public water supply
coral reefs

Increased risk of
deaths, injuries,
water- and foodborne diseases;
post-traumatic
stress disorders

Disruption by flood and high
winds; withdrawal of risk
coverage in vulnerable areas
by private insurers; potential
for population migrations; loss
of property

Increased incidence
of extreme high
sea level (excludes
tsunamis)c

Likely d

Salinisation of
irrigation water,
estuaries and freshwater systems

Increased risk of
deaths and injuries
by drowning in floods;
migration-related
health effects

Costs of coastal protection
versus costs of land-use
relocation; potential for
movement of populations and
infrastructure; also see tropical
cyclones above

Decreased freshwater availability due
to saltwater intrusion

Reduced energy demand for
heating; increased demand
for cooling; declining air quality
in cities; reduced disruption to
transport due to snow, ice;
effects on winter tourism

Notes:
a) See Working Group I Table 3.7 for further details regarding definitions.
b) Warming of the most extreme days and nights each year.
c) Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly values
of observed sea level at a station for a given reference period.
d) In all scenarios, the projected global average sea level at 2100 is higher than in the reference period. The effect of changes in regional
weather systems on sea level extremes has not been assessed.

Anthropogenic warming could lead to some impacts
that are abrupt or irreversible, depending upon the rate
and magnitude of the climate change. {3.4}

Partial loss of ice sheets on polar land could imply metres
of sea level rise, major changes in coastlines and inundation
of low-lying areas, with greatest effects in river deltas and
low-lying islands. Such changes are projected to occur over

millennial time scales, but more rapid sea level rise on century time scales cannot be excluded. {3.4}
Climate change is likely to lead to some irreversible impacts. There is medium confidence that approximately 20 to
30% of species assessed so far are likely to be at increased
risk of extinction if increases in global average warming exceed 1.5 to 2.5°C (relative to 1980-1999). As global average
13
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temperature increase exceeds about 3.5°C, model projections
suggest significant extinctions (40 to 70% of species assessed)
around the globe. {3.4}
Based on current model simulations, the meridional overturning circulation (MOC) of the Atlantic Ocean will very likely
slow down during the 21st century; nevertheless temperatures
over the Atlantic and Europe are projected to increase. The
MOC is very unlikely to undergo a large abrupt transition during the 21st century. Longer-term MOC changes cannot be assessed with confidence. Impacts of large-scale and persistent
changes in the MOC are likely to include changes in marine
ecosystem productivity, fisheries, ocean CO2 uptake, oceanic
oxygen concentrations and terrestrial vegetation. Changes in
terrestrial and ocean CO2 uptake may feed back on the climate system. {3.4}

4. Adaptation and mitigation options14
A wide array of adaptation options is available, but more
extensive adaptation than is currently occurring is required to reduce vulnerability to climate change. There
are barriers, limits and costs, which are not fully understood. {4.2}

Societies have a long record of managing the impacts of
weather- and climate-related events. Nevertheless, additional
adaptation measures will be required to reduce the adverse
impacts of projected climate change and variability, regardless of the scale of mitigation undertaken over the next two to
three decades. Moreover, vulnerability to climate change can
be exacerbated by other stresses. These arise from, for example, current climate hazards, poverty and unequal access to
resources, food insecurity, trends in economic globalisation,
conflict and incidence of diseases such as HIV/AIDS. {4.2}
Some planned adaptation to climate change is already
occurring on a limited basis. Adaptation can reduce vulner-

ability, especially when it is embedded within broader sectoral
initiatives (Table SPM.4). There is high confidence that there
are viable adaptation options that can be implemented in some
sectors at low cost, and/or with high benefit-cost ratios. However, comprehensive estimates of global costs and benefits of
adaptation are limited. {4.2, Table 4.1}
Adaptive capacity is intimately connected to social and
economic development but is unevenly distributed
across and within societies. {4.2}

A range of barriers limits both the implementation and
effectiveness of adaptation measures. The capacity to adapt is
dynamic and is influenced by a society’s productive base, including natural and man-made capital assets, social networks
and entitlements, human capital and institutions, governance,
national income, health and technology. Even societies with
high adaptive capacity remain vulnerable to climate change,
variability and extremes. {4.2}
Both bottom-up and top-down studies indicate that
there is high agreement and much evidence of substantial economic potential for the mitigation of global
GHG emissions over the coming decades that could
offset the projected growth of global emissions or reduce emissions below current levels (Figures SPM.9,
SPM.10).15 While top-down and bottom-up studies are
in line at the global level (Figure SPM.9) there are considerable differences at the sectoral level. {4.3}

No single technology can provide all of the mitigation
potential in any sector. The economic mitigation potential,
which is generally greater than the market mitigation potential, can only be achieved when adequate policies are in place
and barriers removed (Table SPM.5). {4.3}
Bottom-up studies suggest that mitigation opportunities
with net negative costs have the potential to reduce emissions
by around 6 GtCO2-eq/yr in 2030, realising which requires
dealing with implementation barriers. {4.3}

14
While this Section deals with adaptation and mitigation separately, these responses can be complementary. This theme is discussed in
Section 5.
15
The concept of ‘mitigation potential’ has been developed to assess the scale of GHG reductions that could be made, relative to emission
baselines, for a given level of carbon price (expressed in cost per unit of carbon dioxide equivalent emissions avoided or reduced). Mitigation
potential is further differentiated in terms of ‘market mitigation potential’ and ‘economic mitigation potential’.

Market mitigation potential is the mitigation potential based on private costs and private discount rates (reflecting the perspective of private
consumers and companies), which might be expected to occur under forecast market conditions, including policies and measures currently in
place, noting that barriers limit actual uptake.
Economic mitigation potential is the mitigation potential that takes into account social costs and benefits and social discount rates (reflecting the perspective of society; social discount rates are lower than those used by private investors), assuming that market efficiency is
improved by policies and measures and barriers are removed.
Mitigation potential is estimated using different types of approaches. Bottom-up studies are based on assessment of mitigation options,
emphasising specific technologies and regulations. They are typically sectoral studies taking the macro-economy as unchanged. Top-down
studies assess the economy-wide potential of mitigation options. They use globally consistent frameworks and aggregated information about
mitigation options and capture macro-economic and market feedbacks.
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Table SPM.4. Selected examples of planned adaptation by sector. {Table 4.1}
Sector

Adaptation option/strategy

Underlying policy framework

Key constraints and opportunities
to implementation (Normal font =
constraints; italics = opportunities)

Water

Expanded rainwater harvesting;
water storage and conservation
techniques; water re-use;
desalination; water-use and
irrigation efficiency

National water policies and
integrated water resources management; water-related hazards
management

Financial, human resources and
physical barriers; integrated water
resources management; synergies with
other sectors

Agriculture

Adjustment of planting dates and
crop variety; crop relocation;
improved land management, e.g.
erosion control and soil protection
through tree planting

R&D policies; institutional reform;
land tenure and land reform; training;
capacity building; crop insurance;
financial incentives, e.g. subsidies
and tax credits

Technological and financial
constraints; access to new varieties;
markets; longer growing season in
higher latitudes; revenues from ‘new’
products

Infrastructure/
settlement
(including
coastal zones)

Relocation; seawalls and storm
surge barriers; dune reinforcement; land acquisition and
creation of marshlands/wetlands
as buffer against sea level rise
and flooding; protection of existing
natural barriers

Standards and regulations that
integrate climate change considerations into design; land-use policies;
building codes; insurance

Financial and technological barriers;
availability of relocation space;
integrated policies and management;
synergies with sustainable development
goals

Human health

Heat-health action plans;
emergency medical services;
improved climate-sensitive
disease surveillance and control;
safe water and improved
sanitation

Public health policies that recognise
climate risk; strengthened health
services; regional and international
cooperation

Limits to human tolerance (vulnerable
groups); knowledge limitations; financial
capacity; upgraded health services;
improved quality of life

Tourism

Diversification of tourism
attractions and revenues; shifting
ski slopes to higher altitudes and
glaciers; artificial snow-making

Integrated planning (e.g. carrying
capacity; linkages with other
sectors); financial incentives, e.g.
subsidies and tax credits

Appeal/marketing of new attractions;
financial and logistical challenges;
potential adverse impact on other
sectors (e.g. artificial snow-making may
increase energy use); revenues from
‘new’ attractions; involvement of wider
group of stakeholders

Transport

Ralignment/relocation; design
standards and planning for roads,
rail and other infrastructure to
cope with warming and drainage

Integrating climate change considerations into national transport policy;
investment in R&D for special
situations, e.g. permafrost areas

Financial and technological barriers;
availability of less vulnerable routes;
improved technologies and integration
with key sectors (e.g. energy)

Energy

Strengthening of overhead
transmission and distribution
infrastructure; underground
cabling for utilities; energy
efficiency; use of renewable
sources; reduced dependence on
single sources of energy

National energy policies, regulations,
and fiscal and financial incentives to
encourage use of alternative
sources; incorporating climate
change in design standards

Access to viable alternatives; financial
and technological barriers; acceptance
of new technologies; stimulation of new
technologies; use of local resources

Note:
Other examples from many sectors would include early warning systems.

Future energy infrastructure investment decisions, expected to exceed US$20 trillion16 between 2005 and 2030,
will have long-term impacts on GHG emissions, because of
the long lifetimes of energy plants and other infrastructure
capital stock. The widespread diffusion of low-carbon technologies may take many decades, even if early investments in
16

these technologies are made attractive. Initial estimates show
that returning global energy-related CO2 emissions to 2005
levels by 2030 would require a large shift in investment patterns, although the net additional investment required ranges
from negligible to 5 to 10%. {4.3}

20 trillion = 20,000 billion = 20×1012
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Comparison between global economic mitigation potential and projected emissions increase in 2030
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Figure SPM.9. Global economic mitigation potential in 2030 estimated from bottom-up (Panel a) and top-down (Panel b) studies, compared with
the projected emissions increases from SRES scenarios relative to year 2000 GHG emissions of 40.8 GtCO2-eq (Panel c). Note: GHG emissions
in 2000 are exclusive of emissions of decay of above ground biomass that remains after logging and deforestation and from peat fires and
drained peat soils, to ensure consistency with the SRES emission results. {Figure 4.1}

Economic mitigation potentials by sector in 2030 estimated from bottom-up studies
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Figure SPM.10. Estimated economic mitigation potential by sector in 2030 from bottom-up studies, compared to the respective baselines
assumed in the sector assessments. The potentials do not include non-technical options such as lifestyle changes. {Figure 4.2}
Notes:
a) The ranges for global economic potentials as assessed in each sector are shown by vertical lines. The ranges are based on end-use allocations of
emissions, meaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector.
b) The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels.
c) Sectors used different baselines. For industry, the SRES B2 baseline was taken, for energy supply and transport, the World Energy Outlook
(WEO) 2004 baseline was used; the building sector is based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving
forces were used to construct a waste-specific baseline; agriculture and forestry used baselines that mostly used B2 driving forces.
d) Only global totals for transport are shown because international aviation is included.
e) Categories excluded are: non-CO2 emissions in buildings and transport, part of material efficiency options, heat production and co-generation in energy supply, heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewater treatment, emission reduction from coal mines and gas pipelines, and fluorinated gases from energy supply and transport. The underestimation of the total economic potential from these emissions is of the order of 10 to 15%.
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Key mitigation technologies and practices currently commercially available.
Key mitigation technologies and practices projected to be commercialised
before 2030 shown in italics.

Improved supply and distribution efficiency; fuel switching from coal to gas; nuclear
power; renewable heat and power (hydropower, solar, wind, geothermal and
bioenergy); combined heat and power; early applications of carbon dioxide capture
and storage (CCS) (e.g. storage of removed CO2 from natural gas); CCS for gas,
biomass and coal-fired electricity generating facilities; advanced nuclear power;
advanced renewable energy, including tidal and wave energy, concentrating solar,
and solar photovoltaics

More fuel-efficient vehicles; hybrid vehicles; cleaner diesel vehicles; biofuels; modal
shifts from road transport to rail and public transport systems; non-motorised
transport (cycling, walking); land-use and transport planning; second generation
biofuels; higher efficiency aircraft; advanced electric and hybrid vehicles with more
powerful and reliable batteries

Efficient lighting and daylighting; more efficient electrical appliances and heating
and cooling devices; improved cook stoves, improved insulation; passive and active
solar design for heating and cooling; alternative refrigeration fluids, recovery and
recycling of fluorinated gases; integrated design of commercial buildings including
technologies, such as intelligent meters that provide feedback and control; solar
photovoltaics integrated in buildings

More efficient end-use electrical equipment; heat and power recovery; material
recycling and substitution; control of non-CO2 gas emissions; and a wide array of
process-specific technologies; advanced energy efficiency; CCS for cement,
ammonia, and iron manufacture; inert electrodes for aluminium manufacture

Improved crop and grazing land management to increase soil carbon storage;
restoration of cultivated peaty soils and degraded lands; improved rice cultivation
techniques and livestock and manure management to reduce CH4 emissions;
improved nitrogen fertiliser application techniques to reduce N2O emissions;
dedicated energy crops to replace fossil fuel use; improved energy efficiency;
improvements of crop yields

Afforestation; reforestation; forest management; reduced deforestation; harvested
wood product management; use of forestry products for bioenergy to replace fossil
fuel use; tree species improvement to increase biomass productivity and carbon
sequestration; improved remote sensing technologies for analysis of vegetation/soil
carbon sequestration potential and mapping land-use change

Landfill CH4 recovery; waste incineration with energy recovery; composting of
organic waste; controlled wastewater treatment; recycling and waste minimisation;
biocovers and biofilters to optimise CH4 oxidation

Sector

Energy supply

Transport

Buildings

Industry

Agriculture

Forestry/
forests

Waste

Attractive for new buildings. Enforcement can be
difficult

Building codes and certification

Success factors include: clear targets, a baseline
scenario, third-party involvement in design and
review and formal provisions of monitoring, close
cooperation between government and industry

Tradable permits
Voluntary agreements

May stimulate technology diffusion
Local availability of low-cost fuel
Most effectively applied at national level with
enforcement strategies

Renewable energy incentives or obligations
Waste management regulations

Constraints include lack of investment capital and
land tenure issues. Can help poverty alleviation

Financial incentives for improved waste and wastewater
management

Financial incentives (national and international) to
increase forest area, to reduce deforestation and to
maintain and manage forests; land-use regulation and
enforcement

May encourage synergy with sustainable
development and with reducing vulnerability to
climate change, thereby overcoming barriers to
implementation

Predictable allocation mechanisms and stable
price signals important for investments

Provision of benchmark information; performance
standards; subsidies; tax credits

Financial incentives and regulations for improved land
management; maintaining soil carbon content; efficient use
of fertilisers and irrigation

Success factor: Access to third party financing
May be appropriate to stimulate technology uptake.
Stability of national policy important in view of
international competitiveness

Incentives for energy service companies (ESCOs)

Need for regulations so that utilities may profit

Periodic revision of standards needed

Appliance standards and labelling

Government purchasing can expand demand for
energy-efficient products

Particularly appropriate for countries that are
building up their transportation systems

Influence mobility needs through land-use regulations and
infrastructure planning; investment in attractive public
transport facilities and non-motorised forms of transport

Public sector leadership programmes, including
procurement

Effectiveness may drop with higher incomes

Taxes on vehicle purchase, registration, use and motor
fuels; road and parking pricing

Demand-side management programmes

Partial coverage of vehicle fleet may limit
effectiveness

May be appropriate to create markets for lowemissions technologies

Feed-in tariffs for renewable energy technologies;
renewable energy obligations; producer subsidies

Mandatory fuel economy; biofuel blending and CO2
standards for road transport

Resistance by vested interests may make them
difficult to implement

Key constraints or opportunities
(Normal font = constraints;
italics = opportunities)

Reduction of fossil fuel subsidies; taxes or carbon charges
on fossil fuels

Policies, measures and instruments shown to be
environmentally effective

Table SPM.5 Selected examples of key sectoral mitigation technologies, policies and measures, constraints and opportunities. {Table 4.2}
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A wide variety of policies and instruments are available to governments to create the incentives for mitigation action. Their applicability depends on national
circumstances and sectoral context (Table SPM.5). {4.3}

They include integrating climate policies in wider development policies, regulations and standards, taxes and charges,
tradable permits, financial incentives, voluntary agreements,
information instruments, and research, development and demonstration (RD&D). {4.3}
An effective carbon-price signal could realise significant
mitigation potential in all sectors. Modelling studies show that
global carbon prices rising to US$20-80/tCO2-eq by 2030 are
consistent with stabilisation at around 550ppm CO2-eq by 2100.
For the same stabilisation level, induced technological change
may lower these price ranges to US$5-65/tCO2-eq in 2030.17 {4.3}
There is high agreement and much evidence that mitigation actions can result in near-term co-benefits (e.g. improved
health due to reduced air pollution) that may offset a substantial fraction of mitigation costs. {4.3}
There is high agreement and medium evidence that Annex
I countries’ actions may affect the global economy and global
emissions, although the scale of carbon leakage remains uncertain.18 {4.3}
Fossil fuel exporting nations (in both Annex I and non-Annex I countries) may expect, as indicated in the TAR, lower demand and prices and lower GDP growth due to mitigation policies. The extent of this spillover depends strongly on assumptions related to policy decisions and oil market conditions. {4.3}
There is also high agreement and medium evidence that
changes in lifestyle, behaviour patterns and management practices can contribute to climate change mitigation across all sectors. {4.3}
Many options for reducing global GHG emissions
through international cooperation exist. There is high
agreement and much evidence that notable achievements of the UNFCCC and its Kyoto Protocol are the
establishment of a global response to climate change,
stimulation of an array of national policies, and the creation of an international carbon market and new institutional mechanisms that may provide the foundation

for future mitigation efforts. Progress has also been made
in addressing adaptation within the UNFCCC and additional international initiatives have been suggested. {4.5}

Greater cooperative efforts and expansion of market mechanisms will help to reduce global costs for achieving a given level
of mitigation, or will improve environmental effectiveness. Efforts can include diverse elements such as emissions targets;
sectoral, local, sub-national and regional actions; RD&D
programmes; adopting common policies; implementing development-oriented actions; or expanding financing instruments. {4.5}
In several sectors, climate response options can be
implemented to realise synergies and avoid conflicts
with other dimensions of sustainable development.
Decisions about macroeconomic and other non-climate
policies can significantly affect emissions, adaptive
capacity and vulnerability. {4.4, 5.8}

Making development more sustainable can enhance mitigative and adaptive capacities, reduce emissions and reduce
vulnerability, but there may be barriers to implementation. On
the other hand, it is very likely that climate change can slow
the pace of progress towards sustainable development. Over
the next half-century, climate change could impede achievement of the Millennium Development Goals. {5.8}

5. The long-term perspective
Determining what constitutes “dangerous anthropogenic interference with the climate system” in relation
to Article 2 of the UNFCCC involves value judgements.
Science can support informed decisions on this issue,
including by providing criteria for judging which vulnerabilities might be labelled ‘key’. {Box ‘Key Vulnerabilities and Article 2 of the UNFCCC’, Topic 5}

Key vulnerabilities19 may be associated with many climate-sensitive systems, including food supply, infrastructure,
health, water resources, coastal systems, ecosystems, global
biogeochemical cycles, ice sheets and modes of oceanic and
atmospheric circulation. {Box ‘Key Vulnerabilities and Article 2 of
the UNFCCC’, Topic 5}

17
Studies on mitigation portfolios and macro-economic costs assessed in this report are based on top-down modelling. Most models use a
global least-cost approach to mitigation portfolios, with universal emissions trading, assuming transparent markets, no transaction cost, and
thus perfect implementation of mitigation measures throughout the 21st century. Costs are given for a specific point in time. Global modelled
costs will increase if some regions, sectors (e.g. land use), options or gases are excluded. Global modelled costs will decrease with lower
baselines, use of revenues from carbon taxes and auctioned permits, and if induced technological learning is included. These models do not consider
climate benefits and generally also co-benefits of mitigation measures, or equity issues. Significant progress has been achieved in applying approaches based on induced technological change to stabilisation studies; however, conceptual issues remain. In the models that consider induced
technological change, projected costs for a given stabilisation level are reduced; the reductions are greater at lower stabilisation level.
18

Further details may be found in Topic 4 of this Synthesis Report.

19

Key vulnerabilities can be identified based on a number of criteria in the literature, including magnitude, timing, persistence/reversibility, the
potential for adaptation, distributional aspects, likelihood and ‘importance’ of the impacts.
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The five ‘reasons for concern’ identified in the TAR remain a viable framework to consider key vulnerabilities. These ‘reasons’ are assessed here to be stronger
than in the TAR. Many risks are identified with higher confidence. Some risks are projected to be larger or to occur
at lower increases in temperature. Understanding about
the relationship between impacts (the basis for ‘reasons
for concern’ in the TAR) and vulnerability (that includes
the ability to adapt to impacts) has improved. {5.2}

This is due to more precise identification of the circumstances that make systems, sectors and regions especially vulnerable and growing evidence of the risks of very large impacts on multiple-century time scales. {5.2}


Risks to unique and threatened systems. There is new
and stronger evidence of observed impacts of climate
change on unique and vulnerable systems (such as polar
and high mountain communities and ecosystems), with
increasing levels of adverse impacts as temperatures increase further. An increasing risk of species extinction and
coral reef damage is projected with higher confidence than
in the TAR as warming proceeds. There is medium confidence that approximately 20 to 30% of plant and animal
species assessed so far are likely to be at increased risk of
extinction if increases in global average temperature exceed 1.5 to 2.5°C over 1980-1999 levels. Confidence has
increased that a 1 to 2°C increase in global mean temperature above 1990 levels (about 1.5 to 2.5°C above preindustrial) poses significant risks to many unique and
threatened systems including many biodiversity hotspots.
Corals are vulnerable to thermal stress and have low adaptive capacity. Increases in sea surface temperature of about
1 to 3°C are projected to result in more frequent coral
bleaching events and widespread mortality, unless there
is thermal adaptation or acclimatisation by corals. Increasing
vulnerability of indigenous communities in the Arctic and
small island communities to warming is projected. {5.2}
 Risks of extreme weather events. Responses to some recent extreme events reveal higher levels of vulnerability
than the TAR. There is now higher confidence in the projected increases in droughts, heat waves and floods, as
well as their adverse impacts. {5.2}
 Distribution of impacts and vulnerabilities. There are
sharp differences across regions and those in the weakest
economic position are often the most vulnerable to climate change. There is increasing evidence of greater vulnerability of specific groups such as the poor and elderly
not only in developing but also in developed countries.
Moreover, there is increased evidence that low-latitude
and less developed areas generally face greater risk, for
example in dry areas and megadeltas. {5.2}



Aggregate impacts. Compared to the TAR, initial net market-based benefits from climate change are projected to
peak at a lower magnitude of warming, while damages
would be higher for larger magnitudes of warming. The
net costs of impacts of increased warming are projected
to increase over time. {5.2}
 Risks of large-scale singularities. There is high confidence that global warming over many centuries would lead
to a sea level rise contribution from thermal expansion
alone that is projected to be much larger than observed
over the 20th century, with loss of coastal area and associated impacts. There is better understanding than in the TAR
that the risk of additional contributions to sea level rise
from both the Greenland and possibly Antarctic ice sheets
may be larger than projected by ice sheet models and could
occur on century time scales. This is because ice dynamical processes seen in recent observations but not fully included in ice sheet models assessed in the AR4 could increase the rate of ice loss. {5.2}
There is high confidence that neither adaptation nor
mitigation alone can avoid all climate change impacts;
however, they can complement each other and together
can significantly reduce the risks of climate change. {5.3}

Adaptation is necessary in the short and longer term to address impacts resulting from the warming that would occur even
for the lowest stabilisation scenarios assessed. There are barriers,
limits and costs, but these are not fully understood. Unmitigated
climate change would, in the long term, be likely to exceed the
capacity of natural, managed and human systems to adapt. The
time at which such limits could be reached will vary between
sectors and regions. Early mitigation actions would avoid further
locking in carbon intensive infrastructure and reduce climate
change and associated adaptation needs. {5.2, 5.3}
Many impacts can be reduced, delayed or avoided by
mitigation. Mitigation efforts and investments over the
next two to three decades will have a large impact on
opportunities to achieve lower stabilisation levels. Delayed emission reductions significantly constrain the
opportunities to achieve lower stabilisation levels and
increase the risk of more severe climate change impacts. {5.3, 5.4, 5.7}

In order to stabilise the concentration of GHGs in the atmosphere, emissions would need to peak and decline thereafter. The lower the stabilisation level, the more quickly this
peak and decline would need to occur.20 {5.4}
Table SPM.6 and Figure SPM.11 summarise the required
emission levels for different groups of stabilisation concentrations and the resulting equilibrium global warming and long-

20

For the lowest mitigation scenario category assessed, emissions would need to peak by 2015, and for the highest, by 2090 (see Table SPM.6).
Scenarios that use alternative emission pathways show substantial differences in the rate of global climate change.
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term sea level rise due to thermal expansion only.21 The timing and level of mitigation to reach a given temperature
stabilisation level is earlier and more stringent if climate sensitivity is high than if it is low. {5.4, 5.7}
Sea level rise under warming is inevitable. Thermal expansion would continue for many centuries after GHG concentrations have stabilised, for any of the stabilisation levels
assessed, causing an eventual sea level rise much larger than
projected for the 21st century. The eventual contributions from
Greenland ice sheet loss could be several metres, and larger
than from thermal expansion, should warming in excess of
1.9 to 4.6°C above pre-industrial be sustained over many centuries. The long time scales of thermal expansion and ice sheet
response to warming imply that stabilisation of GHG concentrations at or above present levels would not stabilise sea level
for many centuries. {5.3, 5.4}
There is high agreement and much evidence that
all stabilisation levels assessed can be achieved by

deployment of a portfolio of technologies that are either currently available or expected to be commercialised
in coming decades, assuming appropriate and effective incentives are in place for their development,
acquisition, deployment and diffusion and addressing
related barriers. {5.5}

All assessed stabilisation scenarios indicate that 60 to 80%
of the reductions would come from energy supply and use
and industrial processes, with energy efficiency playing a key
role in many scenarios. Including non-CO2 and CO2 land-use
and forestry mitigation options provides greater flexibility and
cost-effectiveness. Low stabilisation levels require early investments and substantially more rapid diffusion and
commercialisation of advanced low-emissions technologies. {5.5}
Without substantial investment flows and effective technology transfer, it may be difficult to achieve emission reduction at a significant scale. Mobilising financing of incremental costs of low-carbon technologies is important. {5.5}

CO2-equivalent
concentration at
stabilisation including
GHGs and aerosols
(2005 = 375 ppm) b

Peaking year for CO 2
emissions a,c

Change in global CO2
emissions in 2050
(percent of 2000
emissions) a,c

Global average
temperature increase
above pre-industrial at
equilibrium, using ‘best
estimate’ climate
sensitivity d, e

Global average sea level
rise above pre-industrial
at equilibrium from
thermal expansion
only f

ppm

ppm

year

percent

°C

metres

I
II
III
IV

350
400
440
485

–
–
–
–

400
440
485
570

V
VI

570 – 660
660 – 790

445
490
535
590

–
–
–
–

490
535
590
710

710 – 855
855 – 1130

2000
2000
2010
2020

–
–
–
–

2015
2020
2030
2060

2050 – 2080
2060 – 2090

-85 to -50
-60 to -30
-30 to +5
+10 to +60

2.0
2.4
2.8
3.2

–
–
–
–

2.4
2.8
3.2
4.0

+25 to +85
+90 to +140

4.0 – 4.9
4.9 – 6.1

0.4
0.5
0.6
0.6

–
–
–
–

Number of assessed
scenarios

CO2 concentration
at stabilisation
(2005 = 379 ppm) b

Category

Table SPM.6. Characteristics of post-TAR stabilisation scenarios and resulting long-term equilibrium global average temperature and
the sea level rise component from thermal expansion only.a {Table 5.1}

1.4
1.7
1.9
2.4

6
18
21
118

0.8 – 2.9
1.0 – 3.7

9
5

Notes:
a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed here might be underestimated due to missing carbon cycle feedbacks (see also Topic 2.3).
b) Atmospheric CO2 concentrations were 379ppm in 2005. The best estimate of total CO2-eq concentration in 2005 for all long-lived
GHGs is about 455ppm, while the corresponding value including the net effect of all anthropogenic forcing agents is 375ppm CO2-eq.
c) Ranges correspond to the 15th to 85th percentile of the post-TAR scenario distribution. CO2 emissions are shown so multi-gas scenarios
can be compared with CO2-only scenarios (see Figure SPM.3).
d) The best estimate of climate sensitivity is 3°C.
e) Note that global average temperature at equilibrium is different from expected global average temperature at the time of stabilisation of
GHG concentrations due to the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentrations occurs between 2100 and 2150 (see also Footnote 21).
f) Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach equilibrium for at least many
centuries. These values have been estimated using relatively simple climate models (one low-resolution AOGCM and several EMICs
based on the best estimate of 3°C climate sensitivity) and do not include contributions from melting ice sheets, glaciers and ice caps.
Long-term thermal expansion is projected to result in 0.2 to 0.6m per degree Celsius of global average warming above pre-industrial.
(AOGCM refers to Atmosphere-Ocean General Circulation Model and EMICs to Earth System Models of Intermediate Complexity.)

21
Estimates for the evolution of temperature over the course of this century are not available in the AR4 for the stabilisation scenarios. For most
stabilisation levels, global average temperature is approaching the equilibrium level over a few centuries. For the much lower stabilisation
scenarios (category I and II, Figure SPM.11), the equilibrium temperature may be reached earlier.
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CO2 emissions and equilibrium temperature increases for a range of stabilisation levels
World CO2 emissions (GtCO2 /yr)

Historical emissions
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-

=
=

100

-

=

80

Stabilisation level

I : 445-490 ppm C0,-eq
li : 490-535 ppm C0,-eq
Ill: 535-590 ppm C0,-eq
IV: 590-710 ppm C0,-eq
V : 710-855 ppm C0,-eq
VI: 855-1130 ppm C0,-eq

Equilibrium global average temperature
increase above pre-industrial (°C)
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Figure SPM.11. Global CO2 emissions for 1940 to 2000 and emissions ranges for categories of stabilisation scenarios from 2000 to 2100 (lefthand panel); and the corresponding relationship between the stabilisation target and the likely equilibrium global average temperature increase
above pre-industrial (right-hand panel). Approaching equilibrium can take several centuries, especially for scenarios with higher levels of stabilisation.
Coloured shadings show stabilisation scenarios grouped according to different targets (stabilisation category I to VI). The right-hand panel
shows ranges of global average temperature change above pre-industrial, using (i) ‘best estimate’ climate sensitivity of 3°C (black line in middle
of shaded area), (ii) upper bound of likely range of climate sensitivity of 4.5°C (red line at top of shaded area) (iii) lower bound of likely range of
climate sensitivity of 2°C (blue line at bottom of shaded area). Black dashed lines in the left panel give the emissions range of recent baseline
scenarios published since the SRES (2000). Emissions ranges of the stabilisation scenarios comprise CO2-only and multigas scenarios and
correspond to the 10th to 90th percentile of the full scenario distribution. Note: CO2 emissions in most models do not include emissions from decay
of above ground biomass that remains after logging and deforestation, and from peat fires and drained peat soils. {Figure 5.1}

The macro-economic costs of mitigation generally rise
with the stringency of the stabilisation target (Table
SPM.7). For specific countries and sectors, costs vary
considerably from the global average.22 {5.6}

In 2050, global average macro-economic costs for mitigation towards stabilisation between 710 and 445ppm CO2-eq are
between a 1% gain and 5.5% decrease of global GDP (Table
SPM.7). This corresponds to slowing average annual global GDP
growth by less than 0.12 percentage points. {5.6}

Table SPM.7. Estimated global macro-economic costs in 2030 and 2050. Costs are relative to the baseline for least-cost trajectories
towards different long-term stabilisation levels. {Table 5.2}
Stabilisation levels
(ppm CO2-eq)

445 – 535
535 – 590
590 – 710

d

--Median GDP reduction a (%)

Range of GDP reduction b (%)

Reduction of average annual GDP
growth rates (percentage points) c,e

2030

2030

2050

2030

2050

<3
0.2 to 2.5
-0.6 to 1.2

< 5.5
slightly negative to 4
-1 to 2

< 0.12
< 0.1
< 0.06

< 0.12
< 0.1
< 0.05

0.6
0.2

2050

Not available
1.3
0.5

Notes:
Values given in this table correspond to the full literature across all baselines and mitigation scenarios that provide GDP numbers.
a) Global GDP based on market exchange rates.
b) The 10th and 90th percentile range of the analysed data are given where applicable. Negative values indicate GDP gain. The first row
(445-535ppm CO2-eq) gives the upper bound estimate of the literature only.
c) The calculation of the reduction of the annual growth rate is based on the average reduction during the assessed period that would
result in the indicated GDP decrease by 2030 and 2050 respectively.
d) The number of studies is relatively small and they generally use low baselines. High emissions baselines generally lead to higher costs.
e) The values correspond to the highest estimate for GDP reduction shown in column three.

22

See Footnote 17 for more detail on cost estimates and model assumptions.
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Responding to climate change involves an iterative risk
management process that includes both adaptation and
mitigation and takes into account climate change damages, co-benefits, sustainability, equity and attitudes
to risk. {5.1}

Impacts of climate change are very likely to impose net
annual costs, which will increase over time as global temperatures increase. Peer-reviewed estimates of the social cost
of carbon23 in 2005 average US$12 per tonne of CO2, but the
range from 100 estimates is large (-$3 to $95/tCO2). This is
due in large part to differences in assumptions regarding climate sensitivity, response lags, the treatment of risk and equity, economic and non-economic impacts, the inclusion of
potentially catastrophic losses and discount rates. Aggregate
estimates of costs mask significant differences in impacts

23

across sectors, regions and populations and very likely underestimate damage costs because they cannot include many nonquantifiable impacts. {5.7}
Limited and early analytical results from integrated analyses of the costs and benefits of mitigation indicate that they
are broadly comparable in magnitude, but do not as yet permit
an unambiguous determination of an emissions pathway or
stabilisation level where benefits exceed costs. {5.7}
Climate sensitivity is a key uncertainty for mitigation scenarios for specific temperature levels. {5.4}
Choices about the scale and timing of GHG mitigation
involve balancing the economic costs of more rapid emission
reductions now against the corresponding medium-term and
long-term climate risks of delay. {5.7}

Net economic costs of damages from climate change aggregated across the globe and discounted to the specified year.
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Introduction
This Synthesis Report is based on the assessment carried out
by the three Working Groups (WGs) of the Intergovernmental Panel
on Climate Change (IPCC). It provides an integrated view of climate change as the final part of the IPCC’s Fourth Assessment Report (AR4).
Topic 1 summarises observed changes in climate and their effects on natural and human systems, regardless of their causes, while
Topic 2 assesses the causes of the observed changes. Topic 3 presents projections of future climate change and related impacts under different scenarios.
Topic 4 discusses adaptation and mitigation options over the
next few decades and their interactions with sustainable develop-

ment. Topic 5 assesses the relationship between adaptation and
mitigation on a more conceptual basis and takes a longer-term perspective. Topic 6 summarises the major robust findings and remaining key uncertainties in this assessment.
A schematic framework representing anthropogenic drivers,
impacts of and responses to climate change, and their linkages, is
shown in Figure I.1. At the time of the Third Assessment Report
(TAR) in 2001, information was mainly available to describe the
linkages clockwise, i.e. to derive climatic changes and impacts from
socio-economic information and emissions. With increased understanding of these linkages, it is now possible to assess the linkages
also counterclockwise, i.e. to evaluate possible development pathways and global emissions constraints that would reduce the risk
of future impacts that society may wish to avoid.

Schematic framework of anthropogenic climate change drivers, impacts and responses
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Figure I.1. Schematic framework representing anthropogenic drivers, impacts of and responses to climate change, and their linkages.
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Treatment of uncertainty
The IPCC uncertainty guidance note1 defines a framework for the treatment of uncertainties across all WGs and in this Synthesis Report.
This framework is broad because the WGs assess material from different disciplines and cover a diversity of approaches to the treatment of
uncertainty drawn from the literature. The nature of data, indicators and analyses used in the natural sciences is generally different from that
used in assessing technology development or the social sciences. WG I focuses on the former, WG III on the latter, and WG II covers aspects
of both.
Three different approaches are used to describe uncertainties each with a distinct form of language. Choices among and within these three
approaches depend on both the nature of the information available and the authors’ expert judgment of the correctness and completeness of
current scientific understanding.
Where uncertainty is assessed qualitatively, it is characterised by providing a relative sense of the amount and quality of evidence (that is,
information from theory, observations or models indicating whether a belief or proposition is true or valid) and the degree of agreement (that is,
the level of concurrence in the literature on a particular finding). This approach is used by WG III through a series of self-explanatory terms
such as: high agreement, much evidence; high agreement, medium evidence; medium agreement, medium evidence; etc.
Where uncertainty is assessed more quantitatively using expert judgement of the correctness of underlying data, models or analyses, then
the following scale of confidence levels is used to express the assessed chance of a finding being correct: very high confidence at least 9 out
of 10; high confidence about 8 out of 10; medium confidence about 5 out of 10; low confidence about 2 out of 10; and very low confidence less
than 1 out of 10.
Where uncertainty in specific outcomes is assessed using expert judgment and statistical analysis of a body of evidence (e.g. observations
or model results), then the following likelihood ranges are used to express the assessed probability of occurrence: virtually certain >99%;
extremely likely >95%; very likely >90%; likely >66%; more likely than not > 50%; about as likely as not 33% to 66%; unlikely <33%; very
unlikely <10%; extremely unlikely <5%; exceptionally unlikely <1%.
WG II has used a combination of confidence and likelihood assessments and WG I has predominantly used likelihood assessments.
This Synthesis Report follows the uncertainty assessment of the underlying WGs. Where synthesised findings are based on information
from more than one WG, the description of uncertainty used is consistent with that for the components drawn from the respective WG reports.
Unless otherwise stated, numerical ranges given in square brackets in this report indicate 90% uncertainty intervals (i.e. there is an
estimated 5% likelihood that the value could be above the range given in square brackets and 5% likelihood that the value could be below that
range). Uncertainty intervals are not necessarily symmetric around the best estimate.

1

See http://www.ipcc.ch/meetings/ar4-workshops-express-meetings/uncertainty-guidance-note.pdf
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Observed changes in climate and their effects
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Topic 1

Observed changes in climate and their effects

1.1 Observations of climate change
Since the TAR, progress in understanding how climate is changing in space and time has been gained through improvements and
extensions of numerous datasets and data analyses, broader geographical coverage, better understanding of uncertainties and a wider
variety of measurements. {WGI SPM}

Definitions of climate change
Climate change in IPCC usage refers to a change in the state
of the climate that can be identified (e.g. using statistical tests)
by changes in the mean and/or the variability of its properties,
and that persists for an extended period, typically decades or
longer. It refers to any change in climate over time, whether
due to natural variability or as a result of human activity. This
usage differs from that in the United Nations Framework Convention on Climate Change (UNFCCC), where climate change
refers to a change of climate that is attributed directly or indirectly to human activity that alters the composition of the global
atmosphere and that is in addition to natural climate variability
observed over comparable time periods.

Warming of the climate system is unequivocal, as is now
evident from observations of increases in global average
air and ocean temperatures, widespread melting of snow
and ice and rising global average sea level (Figure 1.1). {WGI
3.2, 4.8, 5.2, 5.5, SPM}

Eleven of the last twelve years (1995-2006) rank among the
twelve warmest years in the instrumental record of global surface
temperature (since 1850). The 100-year linear trend (1906-2005)
of 0.74 [0.56 to 0.92]°C is larger than the corresponding trend of
0.6 [0.4 to 0.8]°C (1901-2000) given in the TAR (Figure 1.1). The
linear warming trend over the 50 years from 1956 to 2005 (0.13
[0.10 to 0.16]°C per decade) is nearly twice that for the 100 years
from 1906 to 2005. {WGI 3.2, SPM}
The temperature increase is widespread over the globe and is
greater at higher northern latitudes (Figure 1.2). Average Arctic temperatures have increased at almost twice the global average rate in
the past 100 years. Land regions have warmed faster than the oceans
(Figures 1.2 and 2.5). Observations since 1961 show that the average temperature of the global ocean has increased to depths of at
least 3000m and that the ocean has been taking up over 80% of the
heat being added to the climate system. New analyses of balloonborne and satellite measurements of lower- and mid-tropospheric
temperature show warming rates similar to those observed in surface temperature. {WGI 3.2, 3.4, 5.2, SPM}
Increases in sea level are consistent with warming (Figure 1.1).
Global average sea level rose at an average rate of 1.8 [1.3 to 2.3]mm
per year over 1961 to 2003 and at an average rate of about 3.1 [2.4
to 3.8]mm per year from 1993 to 2003. Whether this faster rate for
1993 to 2003 reflects decadal variation or an increase in the longer-

term trend is unclear. Since 1993 thermal expansion of the oceans
has contributed about 57% of the sum of the estimated individual
contributions to the sea level rise, with decreases in glaciers and
ice caps contributing about 28% and losses from the polar ice sheets
contributing the remainder. From 1993 to 2003 the sum of these
climate contributions is consistent within uncertainties with the total
sea level rise that is directly observed. {WGI 4.6, 4.8, 5.5, SPM, Table
SPM.1}

Observed decreases in snow and ice extent are also consistent
with warming (Figure 1.1). Satellite data since 1978 show that annual average Arctic sea ice extent has shrunk by 2.7 [2.1 to 3.3]%
per decade, with larger decreases in summer of 7.4 [5.0 to 9.8]%
per decade. Mountain glaciers and snow cover on average have
declined in both hemispheres. The maximum areal extent of seasonally frozen ground has decreased by about 7% in the Northern
Hemisphere since 1900, with decreases in spring of up to 15%.
Temperatures at the top of the permafrost layer have generally increased since the 1980s in the Arctic by up to 3°C. {WGI 3.2, 4.5, 4.6,
4.7, 4.8, 5.5, SPM}

At continental, regional and ocean basin scales, numerous longterm changes in other aspects of climate have also been observed.
Trends from 1900 to 2005 have been observed in precipitation
amount in many large regions. Over this period, precipitation increased significantly in eastern parts of North and South America,
northern Europe and northern and central Asia whereas precipitation declined in the Sahel, the Mediterranean, southern Africa and
parts of southern Asia. Globally, the area affected by drought has
likely2 increased since the 1970s. {WGI 3.3, 3.9, SPM}
Some extreme weather events have changed in frequency and/
or intensity over the last 50 years:


It is very likely that cold days, cold nights and frosts have become less frequent over most land areas, while hot days and
hot nights have become more frequent. {WGI 3.8, SPM}
 It is likely that heat waves have become more frequent over
most land areas. {WGI 3.8, SPM}
 It is likely that the frequency of heavy precipitation events (or
proportion of total rainfall from heavy falls) has increased over
most areas. {WGI 3.8, 3.9, SPM}
 It is likely that the incidence of extreme high sea level3 has
increased at a broad range of sites worldwide since 1975. {WGI
5.5, SPM}

There is observational evidence of an increase in intense tropical
cyclone activity in the North Atlantic since about 1970, and suggestions of increased intense tropical cyclone activity in some other regions where concerns over data quality are greater. Multi-decadal variability and the quality of the tropical cyclone records prior to routine
satellite observations in about 1970 complicate the detection of longterm trends in tropical cyclone activity. {WGI 3.8, SPM}
Average Northern Hemisphere temperatures during the second
half of the 20th century were very likely higher than during any other
50-year period in the last 500 years and likely the highest in at least
the past 1300 years. {WGI 6.6, SPM}

2
Likelihood and confidence statements in italics represent calibrated expressions of uncertainty and confidence. See Box ‘Treatment of uncertainty’ in the
Introduction for an explanation of these terms.
3
Excluding tsunamis, which are not due to climate change. Extreme high sea level depends on average sea level and on regional weather systems. It is
defined here as the highest 1% of hourly values of observed sea level at a station for a given reference period.
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Changes in temperature, sea level and Northern Hemisphere snow cover
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Figure 1.1. Observed changes in (a) global average surface temperature; (b) global average sea level from tide gauge (blue) and satellite (red) data; and (c)
Northern Hemisphere snow cover for March-April. All differences are relative to corresponding averages for the period 1961-1990. Smoothed curves represent decadal averaged values while circles show yearly values. The shaded areas are the uncertainty intervals estimated from a comprehensive analysis of
known uncertainties (a and b) and from the time series (c). {WGI FAQ 3.1 Figure 1, Figure 4.2, Figure 5.13, Figure SPM.3}

1.2 Observed effects of climate changes
The statements presented here are based largely on data sets
that cover the period since 1970. The number of studies of observed
trends in the physical and biological environment and their relationship to regional climate changes has increased greatly since the
TAR. The quality of the data sets has also improved. There is a
notable lack of geographic balance in data and literature on observed changes, with marked scarcity in developing countries.
{WGII SPM}

These studies have allowed a broader and more confident assessment of the relationship between observed warming and impacts than was made in the TAR. That assessment concluded that
“there is high confidence2 that recent regional changes in temperature have had discernible impacts on physical and biological systems”. {WGII SPM}

Observational evidence from all continents and most oceans
shows that many natural systems are being affected by regional climate changes, particularly temperature increases.
{WGII SPM}

There is high confidence that natural systems related to snow, ice
and frozen ground (including permafrost) are affected. Examples are:



enlargement and increased numbers of glacial lakes {WGII 1.3, SPM}
increasing ground instability in permafrost regions and rock
avalanches in mountain regions {WGII 1.3, SPM}
 changes in some Arctic and Antarctic ecosystems, including
those in sea-ice biomes, and predators at high levels of the food
web. {WGII 1.3, 4.4, 15.4, SPM}
Based on growing evidence, there is high confidence that the
following effects on hydrological systems are occurring: increased
runoff and earlier spring peak discharge in many glacier- and snowfed rivers, and warming of lakes and rivers in many regions, with
effects on thermal structure and water quality. {WGII 1.3, 15.2, SPM}

31

1998
Topic 1

Observed changes in climate and their effects

Changes in physical and biological systems and surface temperature 1970-2004

28,586

28,115

NAM

LA

355 455
94% 92%

53

EUR
5

98% 100%

119
94% 89%

AFR
5

2

100% 100%

AS
106

ANZ
6

8

96% 100%

PR*

0

120

100%

24

91% 100%

Observed data series
Physical systems (snow, ice and frozen ground; hydrology; coastal processes)

@

Biological systems (terrestrial, marine, and freshwater)

Europe ***
0

0

0

0

1-30
31-100
101-800
,
801-1200
,
,
1201
-7500

764
94% 90%

28,671

MFW**
1

Temperature change
1970-2004

I
-1.0 -0.2

0.2

0

c

1111
1.0 2.0

3.5

85

100% 99%

Physical

0

0

TER

GLO
765
94% 90%

Biological

Number of
significant
observed
changes

Number of
significant
observed
changes

Percentage
of significant
changes
consistent
with warming

Percentage
of significant
changes
consistent
with warming

* Polar regions include also observed changes in marine and freshwater biological systems.
** Marine and freshwater includes observed changes at sites and large areas in oceans, small islands and continents.

Locations of large-area marine changes are not shown on the map.
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Figure 1.2. Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology; and coastal processes) and
biological systems (terrestrial, marine, and freshwater biological systems), are shown together with surface air temperature changes over the period 19702004. A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the following criteria: (1) ending in 1990
or later; (2) spanning a period of at least 20 years; and (3) showing a significant change in either direction, as assessed in individual studies. These data
series are from about 75 studies (of which about 70 are new since the TAR) and contain about 29,000 data series, of which about 28,000 are from European
studies. White areas do not contain sufficient observational climate data to estimate a temperature trend. The 2 x 2 boxes show the total number of data
series with significant changes (top row) and the percentage of those consistent with warming (bottom row) for (i) continental regions: North America (NAM),
Latin America (LA), Europe (EUR), Africa (AFR), Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (ii) global-scale: Terrestrial
(TER), Marine and Freshwater (MFW), and Global (GLO). The numbers of studies from the seven regional boxes (NAM, …, PR) do not add up to the global
(GLO) totals because numbers from regions except Polar do not include the numbers related to Marine and Freshwater (MFW) systems. Locations of largearea marine changes are not shown on the map. {WGII Figure SPM.1, Figure 1.8, Figure 1.9; WGI Figure 3.9b}
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There is very high confidence, based on more evidence from a
wider range of species, that recent warming is strongly affecting
terrestrial biological systems, including such changes as earlier timing of spring events, such as leaf-unfolding, bird migration and
egg-laying; and poleward and upward shifts in ranges in plant and
animal species. Based on satellite observations since the early 1980s,
there is high confidence that there has been a trend in many regions
towards earlier ‘greening’ of vegetation in the spring linked to longer
thermal growing seasons due to recent warming. {WGII 1.3, 8.2, 14.2,
SPM}

There is high confidence, based on substantial new evidence,
that observed changes in marine and freshwater biological systems
are associated with rising water temperatures, as well as related
changes in ice cover, salinity, oxygen levels and circulation. These
include: shifts in ranges and changes in algal, plankton and fish
abundance in high-latitude oceans; increases in algal and zooplankton abundance in high-latitude and high-altitude lakes; and range
changes and earlier fish migrations in rivers. While there is increasing evidence of climate change impacts on coral reefs, separating
the impacts of climate-related stresses from other stresses (e.g. overfishing and pollution) is difficult. {WGII 1.3, SPM}
Other effects of regional climate changes on natural and
human environments are emerging, although many are difficult to discern due to adaptation and non-climatic drivers.
{WGII SPM}

Effects of temperature increases have been documented with
medium confidence in the following managed and human systems:


agricultural and forestry management at Northern Hemisphere
higher latitudes, such as earlier spring planting of crops, and
alterations in disturbances of forests due to fires and pests {WGII
1.3, SPM}



some aspects of human health, such as excess heat-related
mortality in Europe, changes in infectious disease vectors in
parts of Europe, and earlier onset of and increases in seasonal
production of allergenic pollen in Northern Hemisphere high
and mid-latitudes {WGII 1.3, 8.2, 8.ES, SPM}
 some human activities in the Arctic (e.g. hunting and shorter

Observed changes in climate and their effects

travel seasons over snow and ice) and in lower-elevation alpine
areas (such as limitations in mountain sports). {WGII 1.3, SPM}
Sea level rise and human development are together contributing to losses of coastal wetlands and mangroves and increasing
damage from coastal flooding in many areas. However, based on
the published literature, the impacts have not yet become established trends. {WGII 1.3, 1.ES, SPM}

1.3 Consistency of changes in physical and
biological systems with warming
Changes in the ocean and on land, including observed decreases
in snow cover and Northern Hemisphere sea ice extent, thinner sea
ice, shorter freezing seasons of lake and river ice, glacier melt, decreases in permafrost extent, increases in soil temperatures and
borehole temperature profiles, and sea level rise, provide additional
evidence that the world is warming. {WGI 3.9}
Of the more than 29,000 observational data series, from 75 studies, that show significant change in many physical and biological
systems, more than 89% are consistent with the direction of change
expected as a response to warming (Figure 1.2). {WGII 1.4, SPM}

1.4 Some aspects of climate have not been
observed to change
Some aspects of climate appear not to have changed and, for
some, data inadequacies mean that it cannot be determined if they
have changed. Antarctic sea ice extent shows inter-annual variability and localised changes but no statistically significant average
multi-decadal trend, consistent with the lack of rise in near-surface
atmospheric temperatures averaged across the continent. There is
insufficient evidence to determine whether trends exist in some other
variables, for example the meridional overturning circulation (MOC)
of the global ocean or small-scale phenomena such as tornadoes,
hail, lightning and dust storms. There is no clear trend in the annual
numbers of tropical cyclones. {WGI 3.2, 3.8, 4.4, 5.3, SPM}
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Carbon dioxide-equivalent (CO2-eq) emissions and
concentrations

This Topic considers both natural and anthropogenic drivers of
climate change, including the chain from greenhouse gas (GHG)
emissions to atmospheric concentrations to radiative forcing4 to
climate responses and effects.

GHGs differ in their warming influence (radiative forcing) on
the global climate system due to their different radiative properties and lifetimes in the atmosphere. These warming influences may be expressed through a common metric based on
the radiative forcing of CO2.
• CO2-equivalent emission is the amount of CO2 emission
that would cause the same time-integrated radiative forcing,
over a given time horizon, as an emitted amount of a longlived GHG or a mixture of GHGs. The equivalent CO2 emission is obtained by multiplying the emission of a GHG by its
Global Warming Potential (GWP) for the given time horizon.6
For a mix of GHGs it is obtained by summing the equivalent
CO2 emissions of each gas. Equivalent CO2 emission is a
standard and useful metric for comparing emissions of different GHGs but does not imply the same climate change
responses (see WGI 2.10).

2.1 Emissions of long-lived GHGs
The radiative forcing of the climate system is dominated by the
long-lived GHGs, and this section considers those whose emissions
are covered by the UNFCCC.
Global GHG emissions due to human activities have grown
since pre-industrial times, with an increase of 70% between
1970 and 2004 (Figure 2.1).5 {WGIII 1.3, SPM}

Carbon dioxide (CO2) is the most important anthropogenic GHG.
Its annual emissions have grown between 1970 and 2004 by about
80%, from 21 to 38 gigatonnes (Gt), and represented 77% of total
anthropogenic GHG emissions in 2004 (Figure 2.1). The rate of
growth of CO2-eq emissions was much higher during the recent
10-year period of 1995-2004 (0.92 GtCO2-eq per year) than during
the previous period of 1970-1994 (0.43 GtCO2-eq per year). {WGIII
1.3, TS.1, SPM}

• CO2-equivalent concentration is the concentration of CO2
that would cause the same amount of radiative forcing as a
given mixture of CO2 and other forcing components.7

The largest growth in GHG emissions between 1970 and 2004
has come from energy supply, transport and industry, while residential and commercial buildings, forestry (including deforestation)
and agriculture sectors have been growing at a lower rate. The
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Figure 2.1. (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 (b) Share of different anthropogenic GHGs in total emissions in 2004
in terms of CO2-eq. (c) Share of different sectors in total anthropogenic GHG emissions in 2004 in terms of CO2-eq. (Forestry includes deforestation.) {WGIII
Figures TS.1a, TS.1b, TS.2b}
4

Radiative forcing is a measure of the influence a factor has in altering the balance of incoming and outgoing energy in the Earth-atmosphere system and
is an index of the importance of the factor as a potential climate change mechanism. In this report radiative forcing values are for changes relative to preindustrial conditions defined at 1750 and are expressed in watts per square metre (W/m2).

5

Includes only carbon dioxide (CO2 ), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphurhexafluoride
(SF 6), whose emissions are covered by the UNFCCC. These GHGs are weighted by their 100-year Global Warming Potentials (GWPs), using values
consistent with reporting under the UNFCCC.
6

This report uses 100-year GWPs and numerical values consistent with reporting under the UNFCCC.

7

Such values may consider only GHGs, or a combination of GHGs and aerosols.
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sectoral sources of GHGs in 2004 are considered in Figure 2.1c.
{WGIII 1.3, SPM}

The effect on global emissions of the decrease in global energy
intensity (-33%) during 1970 to 2004 has been smaller than the combined effect of global income growth (77%) and global population
growth (69%); both drivers of increasing energy-related CO2 emissions. The long-term trend of declining CO2 emissions per unit of energy supplied reversed after 2000. {WGIII 1.3, Figure SPM.2, SPM}
Differences in per capita income, per capita emissions and
energy intensity among countries remain significant. In 2004,
UNFCCC Annex I countries held a 20% share in world population,
produced 57% of the world’s Gross Domestic Product based on
Purchasing Power Parity (GDPPPP) and accounted for 46% of global GHG emissions (Figure 2.2). {WGIII 1.3, SPM}

2.2 Drivers of climate change
Changes in the atmospheric concentrations of GHGs and aerosols, land cover and solar radiation alter the energy balance of the
climate system and are drivers of climate change. They affect the
absorption, scattering and emission of radiation within the atmosphere and at the Earth’s surface. The resulting positive or negative
changes in energy balance due to these factors are expressed as
radiative forcing4, which is used to compare warming or cooling
influences on global climate. {WGI TS.2}
Human activities result in emissions of four long-lived GHGs:
CO2, methane (CH4), nitrous oxide (N2O) and halocarbons (a group
of gases containing fluorine, chlorine or bromine). Atmospheric
concentrations of GHGs increase when emissions are larger than
removal processes.
Global atmospheric concentrations of CO2, CH4 and N 2O
have increased markedly as a result of human activities
since 1750 and now far exceed pre-industrial values determined from ice cores spanning many thousands of years

(Figure 2.3). The atmospheric concentrations of CO2 and CH4
in 2005 exceed by far the natural range over the last 650,000
years. Global increases in CO2 concentrations are due primarily to fossil fuel use, with land-use change providing
another significant but smaller contribution. It is very likely
that the observed increase in CH4 concentration is predominantly due to agriculture and fossil fuel use. The increase
in N2O concentration is primarily due to agriculture. {WGI
2.3, 7.3, SPM}

The global atmospheric concentration of CO2 increased from a
pre-industrial value of about 280ppm to 379ppm in 2005. The annual CO2 concentration growth rate was larger during the last 10
years (1995-2005 average: 1.9ppm per year) than it has been since
the beginning of continuous direct atmospheric measurements
(1960-2005 average: 1.4ppm per year), although there is year-toyear variability in growth rates. {WGI 2.3, 7.3, SPM; WGIII 1.3}
The global atmospheric concentration of CH4 has increased from
a pre-industrial value of about 715ppb to 1732ppb in the early 1990s,
and was 1774ppb in 2005. Growth rates have declined since the
early 1990s, consistent with total emissions (sum of anthropogenic
and natural sources) being nearly constant during this period. {WGI
2.3, 7.4, SPM}

The global atmospheric N2O concentration increased from a
pre-industrial value of about 270ppb to 319ppb in 2005. {WGI 2.3,
7.4, SPM}

Many halocarbons (including hydrofluorocarbons) have increased from a near-zero pre-industrial background concentration,
primarily due to human activities. {WGI 2.3, SPM; SROC SPM}
There is very high confidence that the global average net
effect of human activities since 1750 has been one of warming, with a radiative forcing of +1.6 [+0.6 to +2.4] W/m2
(Figure 2.4). {WGI 2.3, 6.5, 2.9, SPM}

The combined radiative forcing due to increases in CO2, CH4
and N2O is +2.3 [+2.1 to +2.5] W/m2, and its rate of increase during

Regional distribution of GHG emissions by population and by GDPPPP
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37

2004
Topic 2

Causes of change

Changes in GHGs from ice core and modern data
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the industrial era is very likely to have been unprecedented in more
than 10,000 years (Figures 2.3 and 2.4). The CO2 radiative forcing
increased by 20% from 1995 to 2005, the largest change for any
decade in at least the last 200 years. {WGI 2.3, 6.4, SPM}
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Anthropogenic contributions to aerosols (primarily sulphate,
organic carbon, black carbon, nitrate and dust) together produce a
cooling effect, with a total direct radiative forcing of -0.5 [-0.9 to
-0.1] W/m2 and an indirect cloud albedo forcing of -0.7 [-1.8 to
-0.3] W/m2. Aerosols also influence precipitation. {WGI 2.4, 2.9, 7.5,
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Figure 2.3. Atmospheric concentrations of CO2, CH4 and N2O over the last
10,000 years (large panels) and since 1750 (inset panels). Measurements
are shown from ice cores (symbols with different colours for different studies) and atmospheric samples (red lines). The corresponding radiative
forcings relative to 1750 are shown on the right hand axes of the large
panels. {WGI Figure SPM.1}
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The equilibrium climate sensitivity is a measure of the climate
system response to sustained radiative forcing. It is defined as the
equilibrium global average surface warming following a doubling
of CO2 concentration. Progress since the TAR enables an assessment that climate sensitivity is likely to be in the range of 2 to 4.5°C
with a best estimate of about 3°C, and is very unlikely to be less
than 1.5°C. Values substantially higher than 4.5°C cannot be excluded, but agreement of models with observations is not as good
for those values. {WGI 8.6, 9.6, Box 10.2, SPM}
Feedbacks can amplify or dampen the response to a given forcing. Direct emission of water vapour (a greenhouse gas) by human
activities makes a negligible contribution to radiative forcing. However, as global average temperature increases, tropospheric water
vapour concentrations increase and this represents a key positive
feedback but not a forcing of climate change. Water vapour changes
represent the largest feedback affecting equilibrium climate sensitivity and are now better understood than in the TAR. Cloud feedbacks remain the largest source of uncertainty. Spatial patterns of
climate response are largely controlled by climate processes and
feedbacks. For example, sea-ice albedo feedbacks tend to enhance
the high latitude response. {WGI 2.8, 8.6, 9.2, TS.2.1.3, TS.2.5, SPM}
Warming reduces terrestrial and ocean uptake of atmospheric
CO2, increasing the fraction of anthropogenic emissions remaining
in the atmosphere. This positive carbon cycle feedback leads to
larger atmospheric CO2 increases and greater climate change for a
given emissions scenario, but the strength of this feedback effect
varies markedly among models. {WGI 7.3, TS.5.4, SPM; WGII 4.4}

2.4 Attribution of climate change
Attribution evaluates whether observed changes are quantitatively consistent with the expected response to external forcings
(e.g. changes in solar irradiance or anthropogenic GHGs) and inconsistent with alternative physically plausible explanations. {WGI
TS.4, SPM}
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Most of the observed increase in global average temperatures since the mid-20th century is very likely due to the
observed increase in anthropogenic GHG concentrations.8
This is an advance since the TAR’s conclusion that “most
of the observed warming over the last 50 years is likely to
have been due to the increase in GHG concentrations” (Figure 2.5). {WGI 9.4, SPM}

The observed widespread warming of the atmosphere and ocean,
together with ice mass loss, support the conclusion that it is extremely unlikely that global climate change of the past 50 years can
be explained without external forcing and very likely that it is not
due to known natural causes alone. During this period, the sum of
solar and volcanic forcings would likely have produced cooling,
not warming. Warming of the climate system has been detected in
changes in surface and atmospheric temperatures and in temperatures of the upper several hundred metres of the ocean. The observed pattern of tropospheric warming and stratospheric cooling
8

is very likely due to the combined influences of GHG increases and
stratospheric ozone depletion. It is likely that increases in GHG
concentrations alone would have caused more warming than observed because volcanic and anthropogenic aerosols have offset
some warming that would otherwise have taken place. {WGI 2.9, 3.2,
3.4, 4.8, 5.2, 7.5, 9.4, 9.5, 9.7, TS.4.1, SPM}

It is likely that there has been significant anthropogenic
warming over the past 50 years averaged over each continent (except Antarctica) (Figure 2.5). {WGI 3.2, 9.4, SPM}

The observed patterns of warming, including greater warming
over land than over the ocean, and their changes over time, are
simulated only by models that include anthropogenic forcing. No
coupled global climate model that has used natural forcing only
has reproduced the continental mean warming trends in individual
continents (except Antarctica) over the second half of the 20th century. {WGI 3.2, 9.4, TS.4.2, SPM}

Consideration of remaining uncertainty is based on current methodologies.
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Figure 2.5. Comparison of observed continental- and global-scale changes in surface temperature with results simulated by climate models using either
natural or both natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906-2005 (black line) plotted against the
centre of the decade and relative to the corresponding average for the 1901-1950. Lines are dashed where spatial coverage is less than 50%. Blue shaded
bands show the 5 to 95% range for 19 simulations from five climate models using only the natural forcings due to solar activity and volcanoes. Red shaded
bands show the 5 to 95% range for 58 simulations from 14 climate models using both natural and anthropogenic forcings. {WGI Figure SPM.4}

Difficulties remain in simulating and attributing observed temperature changes at smaller scales. On these scales, natural climate
variability is relatively larger, making it harder to distinguish changes
expected due to external forcings. Uncertainties in local forcings,
such as those due to aerosols and land-use change, and feedbacks
also make it difficult to estimate the contribution of GHG increases
to observed small-scale temperature changes. {WGI 8.3, 9.4, SPM}

Temperatures of the most extreme hot nights, cold nights and
cold days are likely to have increased due to anthropogenic forcing.
It is more likely than not that anthropogenic forcing has increased
the risk of heat waves. Anthropogenic forcing is likely to have contributed to changes in wind patterns, affecting extra-tropical storm
tracks and temperature patterns in both hemispheres. However, the
observed changes in the Northern Hemisphere circulation are larger
than simulated by models in response to 20th century forcing change.

Advances since the TAR show that discernible human influences extend beyond average temperature to other aspects of climate, including temperature extremes and wind
patterns. {WGI 9.4, 9.5, SPM}

{WGI 3.5, 3.6, 9.4, 9.5, 10.3, SPM}
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It is very likely that the response to anthropogenic forcing contributed to sea level rise during the latter half of the 20th century.
There is some evidence of the impact of human climatic influence
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on the hydrological cycle, including the observed large-scale patterns of changes in land precipitation over the 20th century. It is
more likely than not that human influence has contributed to a global trend towards increases in area affected by drought since the
1970s and the frequency of heavy precipitation events. {WGI 3.3,
5.5, 9.5, TS.4.1, TS.4.3}

Anthropogenic warming over the last three decades has
likely had a discernible influence at the global scale on observed changes in many physical and biological systems.
{WGII 1.4}

A synthesis of studies strongly demonstrates that the spatial
agreement between regions of significant warming across the globe
and the locations of significant observed changes in many natural
systems consistent with warming is very unlikely to be due solely
to natural variability of temperatures or natural variability of the

Causes of change

systems. Several modelling studies have linked some specific responses in physical and biological systems to anthropogenic warming, but only a few such studies have been performed. Taken together with evidence of significant anthropogenic warming over
the past 50 years averaged over each continent (except Antarctica),
it is likely that anthropogenic warming over the last three decades
has had a discernible influence on many natural systems. {WGI 3.2,
9.4, SPM; WGII 1.4, SPM}

Limitations and gaps currently prevent more complete attribution of the causes of observed natural system responses to anthropogenic warming. The available analyses are limited in the number
of systems, length of records and locations considered. Natural temperature variability is larger at the regional than the global scale,
thus affecting identification of changes to external forcing. At the regional scale, other non-climate factors (such as land-use change, pollution and invasive species) are influential. {WGII 1.2, 1.3, 1.4, SPM}
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Scenarios for GHG emissions from 2000 to 2100 in the
absence of additional climate policies

There is high agreement and much evidence9 that with current climate change mitigation policies and related sustainable development practices, global GHG emissions will continue to grow over the next few decades. Baseline emissions scenarios published since the IPCC Special Report
on Emissions Scenarios (SRES, 2000) are comparable in
range to those presented in SRES (see Box on SRES scenarios and Figure 3.1).10 {WGIII 1.3, 3.2, SPM}

The SRES scenarios project an increase of baseline global GHG
emissions by a range of 9.7 to 36.7 GtCO2-eq (25 to 90%) between
2000 and 2030. In these scenarios, fossil fuels are projected to
maintain their dominant position in the global energy mix to 2030
and beyond. Hence CO2 emissions from energy use between 2000
and 2030 are projected to grow 40 to 110% over that period. {WGIII
1.3, SPM}

Studies published since SRES (i.e. post-SRES scenarios) have
used lower values for some drivers for emissions, notably population projections. However, for those studies incorporating these new
population projections, changes in other drivers, such as economic
growth, result in little change in overall emission levels. Economic
growth projections for Africa, Latin America and the Middle East
to 2030 in post-SRES baseline scenarios are lower than in SRES,
but this has only minor effects on global economic growth and overall emissions. {WGIII 3.2, TS.3, SPM}
Aerosols have a net cooling effect and the representation of
aerosol and aerosol precursor emissions, including sulphur dioxide, black carbon and organic carbon, has improved in the postSRES scenarios. Generally, these emissions are projected to be lower
than reported in SRES. {WGIII 3.2, TS.3, SPM}
Available studies indicate that the choice of exchange rate for
Gross Domestic Product (GDP) (Market Exchange Rate, MER or

Global GHG emissions (Gt CO2-eq / yr)

3.1 Emissions scenarios
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Figure 3.1. Global GHG emissions (in GtCO2-eq per year) in the absence of
additional climate policies: six illustrative SRES marker scenarios (coloured
lines) and 80th percentile range of recent scenarios published since SRES
(post-SRES) (gray shaded area). Dashed lines show the full range of postSRES scenarios. The emissions include CO2, CH 4, N2O and F-gases. {WGIII
1.3, 3.2, Figure SPM.4}

Purchasing Power Parity, PPP) does not appreciably affect the projected emissions, when used consistently.11 The differences, if any,
are small compared to the uncertainties caused by assumptions on
other parameters in the scenarios, e.g. technological change. {WGIII
3.2, TS.3, SPM}

SRES scenarios
SRES refers to the scenarios described in the IPCC Special Report on Emissions Scenarios (SRES, 2000). The SRES scenarios are
grouped into four scenario families (A1, A2, B1 and B2) that explore alternative development pathways, covering a wide range of
demographic, economic and technological driving forces and resulting GHG emissions. The SRES scenarios do not include additional
climate policies above current ones. The emissions projections are widely used in the assessments of future climate change, and their
underlying assumptions with respect to socio-economic, demographic and technological change serve as inputs to many recent climate
change vulnerability and impact assessments. {WGI 10.1; WGII 2.4; WGIII TS.1, SPM}
The A1 storyline assumes a world of very rapid economic growth, a global population that peaks in mid-century and rapid introduction of new and more efficient technologies. A1 is divided into three groups that describe alternative directions of technological change:
fossil intensive (A1FI), non-fossil energy resources (A1T) and a balance across all sources (A1B). B1 describes a convergent world,
with the same global population as A1, but with more rapid changes in economic structures toward a service and information economy.
B2 describes a world with intermediate population and economic growth, emphasising local solutions to economic, social, and environmental sustainability. A2 describes a very heterogeneous world with high population growth, slow economic development and slow
technological change. No likelihood has been attached to any of the SRES scenarios. {WGIII TS.1, SPM}

9
Agreement/evidence statements in italics represent calibrated expressions of uncertainty and confidence. See Box ‘Treatment of uncertainty’ in the Introduction for an explanation of these terms.
10
Baseline scenarios do not include additional climate policies above current ones; more recent studies differ with respect to UNFCCC and Kyoto Protocol
inclusion. Emission pathways of mitigation scenarios are discussed in Topic 5.
11
Since the TAR, there has been a debate on the use of different exchange rates in emissions scenarios. Two metrics are used to compare GDP between
countries. Use of MER is preferable for analyses involving internationally traded products. Use of PPP is preferable for analyses involving comparisons of
income between countries at very different stages of development. Most of the monetary units in this report are expressed in MER. This reflects the large
majority of emissions mitigation literature that is calibrated in MER. When monetary units are expressed in PPP, this is denoted by GDPPPP. {WGIII SPM}

44

2011
Topic 3

3.2

Climate change and its impacts in the near and long term under different scenarios

Projections of future changes in climate

For the next two decades a warming of about 0.2°C per decade is projected for a range of SRES emissions scenarios.
Even if the concentrations of all GHGs and aerosols had
been kept constant at year 2000 levels, a further warming of
about 0.1°C per decade would be expected. Afterwards, temperature projections increasingly depend on specific emissions scenarios (Figure 3.2). {WGI 10.3, 10.7; WGIII 3.2}

Since the IPCC’s first report in 1990, assessed projections have
suggested global averaged temperature increases between about 0.15
and 0.3°C per decade from 1990 to 2005. This can now be compared with observed values of about 0.2°C per decade, strengthening confidence in near-term projections. {WGI 1.2, 3.2}

3.2.1 21st century global changes
Continued GHG emissions at or above current rates would
cause further warming and induce many changes in the global climate system during the 21st century that would very
likely be larger than those observed during the 20th century.
{WGI 10.3}

Advances in climate change modelling now enable best estimates and likely assessed uncertainty ranges to be given for projected warming for different emissions scenarios. Table 3.1 shows
best estimates and likely ranges for global average surface air warming for the six SRES marker emissions scenarios (including climate-carbon cycle feedbacks). {WGI 10.5}

Although these projections are broadly consistent with the span
quoted in the TAR (1.4 to 5.8°C), they are not directly comparable.
Assessed upper ranges for temperature projections are larger than
in the TAR mainly because the broader range of models now available suggests stronger climate-carbon cycle feedbacks. For the A2
scenario, for example, the climate-carbon cycle feedback increases
the corresponding global average warming at 2100 by more than
1°C. Carbon feedbacks are discussed in Topic 2.3. {WGI 7.3, 10.5,
SPM}

Because understanding of some important effects driving sea
level rise is too limited, this report does not assess the likelihood,
nor provide a best estimate or an upper bound for sea level rise.
Model-based projections of global average sea level rise at the end
of the 21st century (2090-2099) are shown in Table 3.1. For each
scenario, the mid-point of the range in Table 3.1 is within 10% of
the TAR model average for 2090-2099. The ranges are narrower
than in the TAR mainly because of improved information about
some uncertainties in the projected contributions.12 The sea level
projections do not include uncertainties in climate-carbon cycle
feedbacks nor do they include the full effects of changes in ice
sheet flow, because a basis in published literature is lacking. Therefore the upper values of the ranges given are not to be considered
upper bounds for sea level rise. The projections include a contribution due to increased ice flow from Greenland and Antarctica at the
rates observed for 1993-2003, but these flow rates could increase
or decrease in the future. If this contribution were to grow linearly
with global average temperature change, the upper ranges of sea
level rise for SRES scenarios shown in Table 3.1 would increase by
0.1 to 0.2m.13 {WGI 10.6, SPM}

Table 3.1. Projected global average surface warming and sea level rise at the end of the 21st century. {WGI 10.5, 10.6, Table 10.7, Table SPM.3}
Temperature change
(°C at 2090-2099 relative to 1980-1999) a, d
Case

Best estimate

Likely range

Sea level rise
(m at 2090-2099 relative to 1980-1999)
Model-based range
excluding future rapid dynamical changes in ice flow

Constant year 2000
concentrationsb

0.6

0.3 – 0.9

Not available

B1 scenario
A1T scenario
B2 scenario
A1B scenario
A2 scenario
A1FI scenario

1.8
2.4
2.4
2.8
3.4
4.0

1.1
1.4
1.4
1.7
2.0
2.4

0.18
0.20
0.20
0.21
0.23
0.26

–
–
–
–
–
–

2.9
3.8
3.8
4.4
5.4
6.4

–
–
–
–
–
–

0.38
0.45
0.43
0.48
0.51
0.59

Notes:
a) These estimates are assessed from a hierarchy of models that encompass a simple climate model, several Earth Models of Intermediate
Complexity, and a large number of Atmosphere-Ocean General Circulation Models (AOGCMs) as well as observational constraints.
b) Year 2000 constant composition is derived from AOGCMs only.
c) All scenarios above are six SRES marker scenarios. Approximate CO2-eq concentrations corresponding to the computed radiative forcing due to
anthropogenic GHGs and aerosols in 2100 (see p. 823 of the WGI TAR) for the SRES B1, AIT, B2, A1B, A2 and A1FI illustrative marker scenarios
are about 600, 700, 800, 850, 1250 and 1550ppm, respectively.
d) Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 1850-1899 add
0.5°C.

12
TAR projections were made for 2100, whereas the projections for this report are for 2090-2099. The TAR would have had similar ranges to those in
Table 3.1 if it had treated uncertainties in the same way.
13

For discussion of the longer term see Sections 3.2.3 and 5.2.
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3.2.2 21st century regional changes
There is now higher confidence than in the TAR in projected
patterns of warming and other regional-scale features, including changes in wind patterns, precipitation and some
aspects of extremes and sea ice. {WGI 8.2, 8.3, 8.4, 8.5, 9.4, 9.5,
10.3, 11.1}

Projected warming in the 21st century shows scenario-independent geographical patterns similar to those observed over the past
several decades. Warming is expected to be greatest over land and
at most high northern latitudes, and least over the Southern Ocean
(near Antarctica) and northern North Atlantic, continuing recent
observed trends (Figure 3.2 right panels). {WGI 10.3, SPM}
Snow cover area is projected to contract. Widespread increases
in thaw depth are projected over most permafrost regions. Sea ice
is projected to shrink in both the Arctic and Antarctic under all
SRES scenarios. In some projections, Arctic late-summer sea ice
disappears almost entirely by the latter part of the 21st century. {WGI
10.3, 10.6, SPM; WGII 15.3.4}

It is very likely that hot extremes, heat waves and heavy precipitation events will become more frequent. {SYR Table 3.2; WGI
10.3, SPM}

Based on a range of models, it is likely that future tropical cyclones (typhoons and hurricanes) will become more intense, with
larger peak wind speeds and more heavy precipitation associated
with ongoing increases of tropical sea-surface temperatures. There
is less confidence in projections of a global decrease in numbers of
tropical cyclones. The apparent increase in the proportion of very

intense storms since 1970 in some regions is much larger than simulated by current models for that period. {WGI 3.8, 9.5, 10.3, SPM}
Extra-tropical storm tracks are projected to move poleward, with
consequent changes in wind, precipitation and temperature patterns,
continuing the broad pattern of observed trends over the last halfcentury. {WGI 3.6, 10.3, SPM}
Since the TAR there is an improving understanding of projected
patterns of precipitation. Increases in the amount of precipitation
are very likely in high-latitudes, while decreases are likely in most
subtropical land regions (by as much as about 20% in the A1B scenario in 2100, Figure 3.3), continuing observed patterns in recent
trends. {WGI 3.3, 8.3, 9.5, 10.3, 11.2-11.9, SPM}

3.2.3 Changes beyond the 21st century
Anthropogenic warming and sea level rise would continue
for centuries due to the time scales associated with climate
processes and feedbacks, even if GHG concentrations were
to be stabilised. {WGI 10.4, 10.5, 10.7, SPM}

If radiative forcing were to be stabilised, keeping all the radiative forcing agents constant at B1 or A1B levels in 2100, model
experiments show that a further increase in global average temperature of about 0.5°C would still be expected by 2200. In addition, thermal expansion alone would lead to 0.3 to 0.8m of sea
level rise by 2300 (relative to 1980-1999). Thermal expansion would
continue for many centuries, due to the time required to transport
heat into the deep ocean. {WGI 10.7, SPM}

Atmosphere-Ocean General Circulation Model projections of surface warming
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Figure 3.2. Left panel: Solid lines are multi-model global averages of surface warming (relative to 1980-1999) for the SRES scenarios A2, A1B and B1,
shown as continuations of the 20th century simulations. The orange line is for the experiment where concentrations were held constant at year 2000 values.
The bars in the middle of the figure indicate the best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios
at 2090-2099 relative to 1980-1999. The assessment of the best estimate and likely ranges in the bars includes the Atmosphere-Ocean General Circulation
Models (AOGCMs) in the left part of the figure, as well as results from a hierarchy of independent models and observational constraints.
Right panels: Projected surface temperature changes for the early and late 21st century relative to the period 1980-1999. The panels show the multi-AOGCM
average projections for the A2 (top), A1B (middle) and B1 (bottom) SRES scenarios averaged over decades 2020-2029 (left) and 2090-2099 (right). {WGI
10.4, 10.8, Figures 10.28, 10.29, SPM}
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Multi-model projected patterns of precipitation changes
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Figure 3.3. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model averages based on the
SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than 66% of the models agree in the sign of the
change and stippled areas are where more than 90% of the models agree in the sign of the change. {WGI Figure 10.9, SPM}

Contraction of the Greenland ice sheet is projected to continue
to contribute to sea level rise after 2100. Current models suggest
ice mass losses increase with temperature more rapidly than gains
due to increased precipitation and that the surface mass balance
becomes negative (net ice loss) at a global average warming (relative to pre-industrial values) in excess of 1.9 to 4.6°C. If such a
negative surface mass balance were sustained for millennia, that
would lead to virtually complete elimination of the Greenland ice
sheet and a resulting contribution to sea level rise of about 7m. The
corresponding future temperatures in Greenland (1.9 to 4.6°C global) are comparable to those inferred for the last interglacial period
125,000 years ago, when palaeoclimatic information suggests reductions of polar land ice extent and 4 to 6m of sea level rise. {WGI

could increase the vulnerability of the ice sheets to warming, increasing future sea level rise. Understanding of these processes is
limited and there is no consensus on their magnitude. {WGI 4.6, 10.7,
SPM}

Current global model studies project that the Antarctic ice sheet
will remain too cold for widespread surface melting and gain mass
due to increased snowfall. However, net loss of ice mass could occur if dynamical ice discharge dominates the ice sheet mass balance. {WGI 10.7, SPM}
Both past and future anthropogenic CO2 emissions will continue to contribute to warming and sea level rise for more than a
millennium, due to the time scales required for the removal of this
gas from the atmosphere. {WGI 7.3, 10.3, Figure 7.12, Figure 10.35, SPM}

6.4, 10.7, SPM}

Estimated long-term (multi-century) warming corresponding to
the six AR4 WG III stabilisation categories is shown in Figure 3.4.

Dynamical processes related to ice flow – which are not included in current models but suggested by recent observations –

Estimated multi-century warming relative to 1980-1999 for AR4 stabilisation categories
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Figure 3.4. Estimated long-term (multi-century) warming corresponding to the six AR4 WG III stabilisation categories (Table 5.1). The temperature scale has
been shifted by -0.5°C compared to Table 5.1 to account approximately for the warming between pre-industrial and 1980-1999. For most stabilisation levels
global average temperature is approaching the equilibrium level over a few centuries. For GHG emissions scenarios that lead to stabilisation at levels
comparable to SRES B1 and A1B by 2100 (600 and 850 ppm CO2-eq; category IV and V), assessed models project that about 65 to 70% of the estimated
global equilibrium temperature increase, assuming a climate sensitivity of 3°C, would be realised at the time of stabilisation. For the much lower stabilisation
scenarios (category I and II, Figure 5.1), the equilibrium temperature may be reached earlier. {WGI 10.7.2}
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of 1 to 3°C, but above this it is projected to decrease (medium
confidence). {WGII 5.4, 5.5, SPM}

3.3 Impacts of future climate changes
More specific information is now available across a wide
range of systems and sectors concerning the nature of future impacts, including some fields not covered in previous
assessments. {WGII TS.4, SPM}

The following is a selection of key findings14 regarding the
impacts of climate change on systems, sectors and regions, as well
as some findings on vulnerability15, for the range of climate changes
projected over the 21st century. Unless otherwise stated, the confidence level in the projections is high. Global average temperature
increases are given relative to 1980-1999. Additional information
on impacts can be found in the WG II report. {WGII SPM}

Coasts


Coasts are projected to be exposed to increasing risks, including coastal erosion, due to climate change and sea level rise.
The effect will be exacerbated by increasing human-induced
pressures on coastal areas (very high confidence). {WGII 6.3, 6.4,
SPM}



By the 2080s, many millions more people than today are projected to experience floods every year due to sea level rise. The
numbers affected will be largest in the densely populated and
low-lying megadeltas of Asia and Africa while small islands
are especially vulnerable (very high confidence). {WGII 6.4, 6.5,
Table 6.11, SPM}

3.3.1

Impacts on systems and sectors

Ecosystems

Industry, settlements and society





The resilience of many ecosystems is likely to be exceeded this
century by an unprecedented combination of climate change,
associated disturbances (e.g. flooding, drought, wildfire, insects,
ocean acidification) and other global change drivers (e.g. landuse change, pollution, fragmentation of natural systems, overexploitation of resources). {WGII 4.1-4.6, SPM}
 Over the course of this century, net carbon uptake by terrestrial
ecosystems is likely to peak before mid-century and then weaken
or even reverse16, thus amplifying climate change. {WGII 4.ES,
Figure 4.2, SPM}


Approximately 20 to 30% of plant and animal species assessed
so far are likely to be at increased risk of extinction if increases
in global average temperature exceed 1.5 to 2.5°C (medium confidence). {WGII 4.ES, Figure 4.2, SPM}
 For increases in global average temperature exceeding 1.5 to
2.5°C and in concomitant atmospheric CO2 concentrations, there
are projected to be major changes in ecosystem structure and
function, species’ ecological interactions and shifts in species’
geographical ranges, with predominantly negative consequences
for biodiversity and ecosystem goods and services, e.g. water
and food supply. {WGII 4.4, Box TS.6, SPM}
Food


Crop productivity is projected to increase slightly at mid- to
high latitudes for local mean temperature increases of up to 1
to 3°C depending on the crop, and then decrease beyond that in
some regions (medium confidence). {WGII 5.4, SPM}
 At lower latitudes, especially in seasonally dry and tropical
regions, crop productivity is projected to decrease for even small
local temperature increases (1 to 2°C), which would increase
the risk of hunger (medium confidence). {WGII 5.4, SPM}
 Globally, the potential for food production is projected to increase with increases in local average temperature over a range

The most vulnerable industries, settlements and societies are
generally those in coastal and river flood plains, those whose
economies are closely linked with climate-sensitive resources
and those in areas prone to extreme weather events, especially
where rapid urbanisation is occurring. {WGII 7.1, 7.3, 7.4, 7.5,
SPM}



Poor communities can be especially vulnerable, in particular
those concentrated in high-risk areas. {WGII 7.2, 7.4, 5.4, SPM}

Health


The health status of millions of people is projected to be affected through, for example, increases in malnutrition; increased
deaths, diseases and injury due to extreme weather events; increased burden of diarrhoeal diseases; increased frequency of
cardio-respiratory diseases due to higher concentrations of
ground-level ozone in urban areas related to climate change;
and the altered spatial distribution of some infectious diseases.
{WGI 7.4, Box 7.4; WGII 8.ES, 8.2, 8.4, SPM}



Climate change is projected to bring some benefits in temperate areas, such as fewer deaths from cold exposure, and some
mixed effects such as changes in range and transmission potential of malaria in Africa. Overall it is expected that benefits will
be outweighed by the negative health effects of rising temperatures, especially in developing countries. {WGII 8.4, 8.7, 8ES, SPM}
 Critically important will be factors that directly shape the health
of populations such as education, health care, public health initiatives, and infrastructure and economic development. {WGII
8.3, SPM}

Water


Water impacts are key for all sectors and regions. These are
discussed below in the Box ‘Climate change and water’.

14

Criteria of choice: magnitude and timing of impact, confidence in the assessment, representative coverage of the system, sector and region.

15

Vulnerability to climate change is the degree to which systems are susceptible to, and unable to cope with, adverse impacts.

16

Assuming continued GHG emissions at or above current rates and other global changes including land-use changes.
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Climate change and water
Climate change is expected to exacerbate current stresses on water resources from population growth and economic and land-use
change, including urbanisation. On a regional scale, mountain snow pack, glaciers and small ice caps play a crucial role in freshwater
availability. Widespread mass losses from glaciers and reductions in snow cover over recent decades are projected to accelerate
throughout the 21st century, reducing water availability, hydropower potential, and changing seasonality of flows in regions supplied by
meltwater from major mountain ranges (e.g. Hindu-Kush, Himalaya, Andes), where more than one-sixth of the world population currently lives. {WGI 4.1, 4.5; WGII 3.3, 3.4, 3.5}
Changes in precipitation (Figure 3.3) and temperature (Figure 3.2) lead to changes in runoff (Figure 3.5) and water availability.
Runoff is projected with high confidence to increase by 10 to 40% by mid-century at higher latitudes and in some wet tropical areas,
including populous areas in East and South-East Asia, and decrease by 10 to 30% over some dry regions at mid-latitudes and dry
tropics, due to decreases in rainfall and higher rates of evapotranspiration. There is also high confidence that many semi-arid areas
(e.g. the Mediterranean Basin, western United States, southern Africa and north-eastern Brazil) will suffer a decrease in water resources due to climate change. Drought-affected areas are projected to increase in extent, with the potential for adverse impacts on
multiple sectors, e.g. agriculture, water supply, energy production and health. Regionally, large increases in irrigation water demand as
a result of climate changes are projected. {WGI 10.3, 11.2-11.9; WGII 3.4, 3.5, Figure 3.5, TS.4.1, Box TS.5, SPM}
The negative impacts of climate change on freshwater systems outweigh its benefits (high confidence). Areas in which runoff is
projected to decline face a reduction in the value of the services provided by water resources (very high confidence). The beneficial
impacts of increased annual runoff in some areas are likely to be tempered by negative effects of increased precipitation variability and
seasonal runoff shifts on water supply, water quality and flood risk. {WGII 3.4, 3.5, TS.4.1}
Available research suggests a significant future increase in heavy rainfall events in many regions, including some in which the mean
rainfall is projected to decrease. The resulting increased flood risk poses challenges to society, physical infrastructure and water quality.
It is likely that up to 20% of the world population will live in areas where river flood potential could increase by the 2080s. Increases in
the frequency and severity of floods and droughts are projected to adversely affect sustainable development. Increased temperatures
will further affect the physical, chemical and biological properties of freshwater lakes and rivers, with predominantly adverse impacts on
many individual freshwater species, community composition and water quality. In coastal areas, sea level rise will exacerbate water
resource constraints due to increased salinisation of groundwater supplies. {WGI 11.2-11.9; WGII 3.2, 3.3, 3.4, 4.4}

Projections and model consistency of relative changes in runoff by the end of the 21st century
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Figure 3.5. Large-scale relative changes in annual runoff (water availability, in percent) for the period 2090-2099, relative to 1980-1999. Values
represent the median of 12 climate models using the SRES A1B scenario. White areas are where less than 66% of the 12 models agree on the sign of
change and hatched areas are where more than 90% of models agree on the sign of change. The quality of the simulation of the observed large-scale
20th century runoff is used as a basis for selecting the 12 models from the multi-model ensemble. The global map of annual runoff illustrates a large
scale and is not intended to refer to smaller temporal and spatial scales. In areas where rainfall and runoff is very low (e.g. desert areas), small changes
in runoff can lead to large percentage changes. In some regions, the sign of projected changes in runoff differs from recently observed trends. In some
areas with projected increases in runoff, different seasonal effects are expected, such as increased wet season runoff and decreased dry season
runoff. Studies using results from few climate models can be considerably different from the results presented here. {WGII Figure 3.4, adjusted to match
the assumptions of Figure SYR 3.3; WGII 3.3.1, 3.4.1, 3.5.1}
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Studies since the TAR have enabled more systematic understanding of the timing and magnitude of impacts related
to differing amounts and rates of climate change. {WGII SPM}

Examples of this new information for systems and sectors are
presented in Figure 3.6. The upper panel shows impacts increasing
with increasing temperature change. Their estimated magnitude and
timing is also affected by development pathways (lower panel).
{WGII SPM}

Depending on circumstances, some of the impacts shown in Figure 3.6 could be associated with ‘key vulnerabilities’, based on a number of criteria in the literature (magnitude, timing, persistence/
reversibility, the potential for adaptation, distributional aspects, likelihood and ‘importance’ of the impacts) (see Topic 5.2). {WGII SPM}

3.3.2

Impacts on regions17

Africa


By 2020, between 75 and 250 million of people are projected
to be exposed to increased water stress due to climate change.
{WGII 9.4, SPM}



By 2020, in some countries, yields from rain-fed agriculture
could be reduced by up to 50%. Agricultural production, including access to food, in many African countries is projected
to be severely compromised. This would further adversely affect food security and exacerbate malnutrition. {WGII 9.4, SPM}
 Towards the end of the 21st century, projected sea level rise
will affect low-lying coastal areas with large populations. The
cost of adaptation could amount to at least 5 to 10% of GDP.
{WGII 9.4, SPM}


By 2080, an increase of 5 to 8% of arid and semi-arid land in
Africa is projected under a range of climate scenarios (high
confidence). {WGII Box TS.6, 9.4.4}



By 2030, water security problems are projected to intensify in
southern and eastern Australia and, in New Zealand, in
Northland and some eastern regions. {WGII 11.4, SPM}
 By 2030, production from agriculture and forestry is projected
to decline over much of southern and eastern Australia, and
over parts of eastern New Zealand, due to increased drought
and fire. However, in New Zealand, initial benefits are projected in some other regions. {WGII 11.4, SPM}
 By 2050, ongoing coastal development and population growth
in some areas of Australia and New Zealand are projected to
exacerbate risks from sea level rise and increases in the severity and frequency of storms and coastal flooding. {WGII 11.4,
SPM}

Europe


Climate change is expected to magnify regional differences in
Europe’s natural resources and assets. Negative impacts will
include increased risk of inland flash floods and more frequent
coastal flooding and increased erosion (due to storminess and
sea level rise). {WGII 12.4, SPM}
 Mountainous areas will face glacier retreat, reduced snow cover
and winter tourism, and extensive species losses (in some areas
up to 60% under high emissions scenarios by 2080). {WGII 12.4,
SPM}


In southern Europe, climate change is projected to worsen conditions (high temperatures and drought) in a region already vulnerable to climate variability, and to reduce water availability,
hydropower potential, summer tourism and, in general, crop
productivity. {WGII 12.4, SPM}
 Climate change is also projected to increase the health risks
due to heat waves and the frequency of wildfires. {WGII 12.4,
SPM}

Asia

Latin America





By the 2050s, freshwater availability in Central, South, East
and South-East Asia, particularly in large river basins, is projected to decrease. {WGII 10.4, SPM}
 Coastal areas, especially heavily populated megadelta regions
in South, East and South-East Asia, will be at greatest risk due
to increased flooding from the sea and, in some megadeltas,
flooding from the rivers. {WGII 10.4, SPM}
 Climate change is projected to compound the pressures on natural resources and the environment associated with rapid
urbanisation, industrialisation and economic development. {WGII

By mid-century, increases in temperature and associated decreases in soil water are projected to lead to gradual replacement of tropical forest by savanna in eastern Amazonia. Semiarid vegetation will tend to be replaced by arid-land vegetation. {WGII 13.4, SPM}
 There is a risk of significant biodiversity loss through species
extinction in many areas of tropical Latin America. {WGII 13.4,
SPM}


10.4, SPM}


Endemic morbidity and mortality due to diarrhoeal disease primarily associated with floods and droughts are expected to rise
in East, South and South-East Asia due to projected changes in
the hydrological cycle. {WGII 10.4, SPM}

Australia and New Zealand


17

By 2020, significant loss of biodiversity is projected to occur
in some ecologically rich sites, including the Great Barrier Reef
and Queensland Wet Tropics. {WGII 11.4, SPM}

Productivity of some important crops is projected to decrease
and livestock productivity to decline, with adverse consequences
for food security. In temperate zones, soybean yields are projected to increase. Overall, the number of people at risk of hunger is projected to increase (medium confidence). {WGII 13.4,
Box TS.6}



Changes in precipitation patterns and the disappearance of glaciers are projected to significantly affect water availability for
human consumption, agriculture and energy generation. {WGII
13.4, SPM}

Unless stated explicitly, all entries are from WG II SPM text, and are either very high confidence or high confidence statements, reflecting different sectors
(agriculture, ecosystems, water, coasts, health, industry and settlements). The WG II SPM refers to the source of the statements, timelines and temperatures. The magnitude and timing of impacts that will ultimately be realised will vary with the amount and rate of climate change, emissions scenarios,
development pathways and adaptation.
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Examples of impacts associated with global average temperature change
(Impacts will vary by extent of adaptation, rate of temperature change and socio-economic pathway)
Global average annual temperature change relative to 1980-1999 (°C)
0

1

WATER

2

3

4

5 °C

Increased water availability in moist tropics and high latitudes

WGII 3.4.1, 3.4.3

Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes

3.ES, 3.4.1, 3.4.3

Hundreds of millions of people exposed to increased water stress

3.5.1, T3.3, 20.6.2,
TS.B5

Significant† extinctions
around the globe

Up to 30% of species at
increasing risk of extinction
Increased coral bleaching

Most corals bleached

4.ES, 4.4.11
T4.1, F4.4, B4.4,
6.4.1, 6.6.5, B6.1
4.ES, T4.1, F4.2,
F4.4
4.2.2, 4.4.1, 4.4.4,
4.4.5, 4.4.6, 4.4.10,
B4.5
19.3.5

Widespread coral mortality
Terrestrial biosphere tends toward a net carbon source as:
~15%
~40% of ecosystems affected

ECOSYSTEMS
Increasing species range shifts and wildfire risk

Ecosystem changes due to weakening of the meridional
overturning circulation

5.ES, 5.4.7

Complex, localised negative impacts on small holders, subsistence farmers and fishers
Tendencies for cereal productivity
to decrease in low latitudes

Productivity of all cereals
decreases in low latitudes

5.ES, 5.4.2, F5.2

Tendencies for some cereal productivity
to increase at mid- to high latitudes

Cereal productivity to
decrease in some regions

5.ES, 5.4.2, F5.2

FOOD

I

I

Increased damage from floods and storms

I

COASTS

- - - - - - - - - - - -_-_-_-_-_-_-_-

6.ES, 6.3.2, 6.4.1,
6.4.2

About 30% of
global coastal
wetlands lost ‡

I

6.4.1

Millions more people could experience
coastal flooding each year

T6.6, F6.8, TS.B5

:=:::::::::::::================•=========================:
8.ES, 8.4.1, 8.7,
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases
T8.2, T8.4
8.ES, 8.2.2, 8.2.3,
8.4.1, 8.4.2, 8.7,
T8.3, F8.3
8.ES, 8.2.8, 8.7,
B8.4
8.6.1

Increased morbidity and mortality from heat waves, floods and droughts

HEALTH
Changed distribution of some disease vectors
Substantial burden on health services

0

1

2

3

4

5 °C

† Significant is defined here as more than 40%. ‡ Based on average rate of sea level rise of 4.2mm/year from 2000 to 2080.

Warming by 2090-2099 relative to 1980-1999 for non-mitigation scenarios
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Figure 3.6. Examples of impacts associated with global average temperature change. Upper panel: Illustrative examples of global impacts projected for
climate changes (and sea level and atmospheric CO 2 where relevant) associated with different amounts of increase in global average surface temperature
in the 21st century. The black lines link impacts; broken-line arrows indicate impacts continuing with increasing temperature. Entries are placed so that the
left-hand side of text indicates the approximate level of warming that is associated with the onset of a given impact. Quantitative entries for water scarcity and
flooding represent the additional impacts of climate change relative to the conditions projected across the range of SRES scenarios A1FI, A2, B1 and B2.
Adaptation to climate change is not included in these estimations. Confidence levels for all statements are high. The upper right panel gives the WG II
references for the statements made in the upper left panel.* Lower panel: Dots and bars indicate the best estimate and likely ranges of warming assessed
for the six SRES marker scenarios for 2090-2099 relative to 1980-1999. {WGI Figure SPM.5, 10.7; WGII Figure SPM.2; WGIII Table TS.2, Table 3.10}
*Where ES = Executive Summary, T = Table, B = Box and F = Figure. Thus B4.5 indicates Box 4.5 in Chapter 4 and 3.5.1 indicates Section 3.5.1 in Chapter 3.
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North America


Warming in western mountains is projected to cause decreased
snowpack, more winter flooding and reduced summer flows,
exacerbating competition for over-allocated water resources.
{WGII 14.4, SPM}



In the early decades of the century, moderate climate change is
projected to increase aggregate yields of rain-fed agriculture
by 5 to 20%, but with important variability among regions. Major challenges are projected for crops that are near the warm
end of their suitable range or which depend on highly utilised
water resources. {WGII 14.4, SPM}
 Cities that currently experience heat waves are expected to be
further challenged by an increased number, intensity and duration of heat waves during the course of the century, with potential for adverse health impacts. {WGII 14.4, SPM}
 Coastal communities and habitats will be increasingly stressed
by climate change impacts interacting with development and
pollution. {WGII 14.4, SPM}
Polar Regions


The main projected biophysical effects are reductions in thickness and extent of glaciers, ice sheets and sea ice, and changes
in natural ecosystems with detrimental effects on many organisms including migratory birds, mammals and higher predators.
{WGII 15.4, SPM}



For human communities in the Arctic, impacts, particularly those
resulting from changing snow and ice conditions, are projected
to be mixed. {WGII 15.4, SPM}
 Detrimental impacts would include those on infrastructure and
traditional indigenous ways of life. {WGII 15.4, SPM}
 In both polar regions, specific ecosystems and habitats are projected to be vulnerable, as climatic barriers to species invasions
are lowered. {WGII 15.4, SPM}

3.3.3

Especially affected systems, sectors and regions

Some systems, sectors and regions are likely to be especially affected by climate change.18 {WGII TS.4.5}

Systems and sectors: {WGII TS.4.5}
particular ecosystems:
- terrestrial: tundra, boreal forest and mountain regions because of sensitivity to warming; mediterranean-type ecosystems because of reduction in rainfall; and tropical rainforests
where precipitation declines
- coastal: mangroves and salt marshes, due to multiple stresses
- marine: coral reefs due to multiple stresses; the sea-ice biome
because of sensitivity to warming
 water resources in some dry regions at mid-latitudes19 and in
the dry tropics, due to changes in rainfall and evapotranspiration, and in areas dependent on snow and ice melt
 agriculture in low latitudes, due to reduced water availability
 low-lying coastal systems, due to threat of sea level rise and
increased risk from extreme weather events
 human health in populations with low adaptive capacity.



Regions: {WGII TS.4.5}
 the Arctic, because of the impacts of high rates of projected
warming on natural systems and human communities
 Africa, because of low adaptive capacity and projected climate
change impacts
 small islands, where there is high exposure of population and
infrastructure to projected climate change impacts
 Asian and African megadeltas, due to large populations and
high exposure to sea level rise, storm surges and river flooding.
Within other areas, even those with high incomes, some people
(such as the poor, young children and the elderly) can be particularly at risk, and also some areas and some activities. {WGII 7.1, 7.2,
7.4, 8.2, 8.4, TS.4.5}

Small Islands


Sea level rise is expected to exacerbate inundation, storm surge,
erosion and other coastal hazards, thus threatening vital infrastructure, settlements and facilities that support the livelihood
of island communities. {WGII 16.4, SPM}
 Deterioration in coastal conditions, for example through erosion of beaches and coral bleaching, is expected to affect local
resources. {WGII 16.4, SPM}
 By mid-century, climate change is expected to reduce water
resources in many small islands, e.g. in the Caribbean and Pacific, to the point where they become insufficient to meet demand during low-rainfall periods. {WGII 16.4, SPM}
 With higher temperatures, increased invasion by non-native
species is expected to occur, particularly on mid- and high-latitude islands. {WGII 16.4, SPM}

3.3.4

Ocean acidification

The uptake of anthropogenic carbon since 1750 has led to the
ocean becoming more acidic with an average decrease in pH of 0.1
units. Increasing atmospheric CO2 concentrations lead to further
acidification. Projections based on SRES scenarios give a reduction in average global surface ocean pH of between 0.14 and 0.35
units over the 21st century. While the effects of observed ocean acidification on the marine biosphere are as yet undocumented, the progressive acidification of oceans is expected to have negative impacts on marine shell-forming organisms (e.g. corals) and their dependent species. {WGI SPM; WGII SPM}

3.3.5

Extreme events

Altered frequencies and intensities of extreme weather, together with sea level rise, are expected to have mostly adverse
effects on natural and human systems (Table 3.2). {WGII SPM}

Examples for selected extremes and sectors are shown in Table 3.2.

18
Identified on the basis of expert judgement of the assessed literature and considering the magnitude, timing and projected rate of climate change,
sensitivity and adaptive capacity.
19

Including arid and semi-arid regions.
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Table 3.2. Examples of possible impacts of climate change due to changes in extreme weather and climate events, based on projections to the
mid- to late 21st century. These do not take into account any changes or developments in adaptive capacity. The likelihood estimates in column two
relate to the phenomena listed in column one. {WGII Table SPM.1}
Phenomenona and
direction of trend

Likelihood of
future trends
based on
projections
for 21 st century
using SRES
scenarios

Examples of major projected impacts by sector
Agriculture, forestry
and ecosystems
{WGII 4.4, 5.4}

Water resources
{WGII 3.4}

Human health
{WGII 8.2, 8.4}

Industry, settlement
and society
{WGII 7.4}

Over most land
areas, warmer and
fewer cold days
and nights, warmer
and more frequent
hot days and nights

Virtually
certain b

Increased yields in
colder environments;
decreased yields in
warmer environments;
increased insect
outbreaks

Effects on water
resources relying on
snowmelt; effects on
some water supplies

Reduced human
mortality from
decreased cold
exposure

Reduced energy demand for
heating; increased demand
for cooling; declining air quality
in cities; reduced disruption to
transport due to snow, ice;
effects on winter tourism

Warm spells/heat
waves. Frequency
increases over most
land areas

Very likely

Reduced yields in
warmer regions
due to heat stress;
increased danger of
wildfire

Increased water
demand; water
quality problems,
e.g. algal blooms

Increased risk of
heat-related
mortality, especially
for the elderly,
chronically sick,
very young and
socially isolated

Reduction in quality of life for
people in warm areas without
appropriate housing; impacts
on the elderly, very young and
poor

Heavy precipitation
events. Frequency
increases over most
areas

Very likely

Damage to crops;
soil erosion, inability
to cultivate land due
to waterlogging of
soils

Adverse effects on
quality of surface
and groundwater;
contamination of
water supply; water
scarcity may be
relieved

Increased risk of
deaths, injuries and
infectious, respiratory
and skin diseases

Disruption of settlements,
commerce, transport and
societies due to flooding:
pressures on urban and rural
infrastructures; loss of property

Area affected by
drought increases

Likely

Land degradation;
lower yields/crop
damage and failure;
increased livestock
deaths; increased
risk of wildfire

More widespread
water stress

Increased risk of
food and water
shortage; increased
risk of malnutrition;
increased risk of
water- and foodborne diseases

Water shortage for settlements,
industry and societies;
reduced hydropower generation
potentials; potential for
population migration

Intense tropical
cyclone activity
increases

Likely

Damage to crops;
Power outages
windthrow (uprooting) causing disruption
of trees; damage to
of public water supply
coral reefs

Increased risk of
deaths, injuries,
water- and foodborne diseases;
post-traumatic
stress disorders

Disruption by flood and high
winds; withdrawal of risk
coverage in vulnerable areas
by private insurers; potential
for population migrations; loss
of property

Increased incidence
of extreme high
sea level (excludes
tsunamis)c

Likely d

Salinisation of
irrigation water,
estuaries and freshwater systems

Increased risk of
deaths and injuries
by drowning in floods;
migration-related
health effects

Costs of coastal protection
versus costs of land-use
relocation; potential for
movement of populations and
infrastructure; also see tropical
cyclones above

Decreased freshwater availability due
to saltwater intrusion

Notes:
a) See WGI Table 3.7 for further details regarding definitions.
b) Warming of the most extreme days and nights each year.
c) Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly values of observed
sea level at a station for a given reference period.
d) In all scenarios, the projected global average sea level at 2100 is higher than in the reference period. The effect of changes in regional weather
systems on sea level extremes has not been assessed. {WGI 10.6}

3.4

Risk of abrupt or irreversible changes

Anthropogenic warming could lead to some impacts that
are abrupt or irreversible, depending upon the rate and
magnitude of the climate change. {WGII 12.6, 19.3, 19.4, SPM}

Abrupt climate change on decadal time scales is normally
thought of as involving ocean circulation changes. In addition on

longer time scales, ice sheet and ecosystem changes may also play
a role. If a large-scale abrupt climate change were to occur, its impact could be quite high (see Topic 5.2). {WGI 8.7, 10.3, 10.7; WGII
4.4, 19.3}

Partial loss of ice sheets on polar land and/or the thermal expansion of seawater over very long time scales could imply metres
of sea level rise, major changes in coastlines and inundation of
low-lying areas, with greatest effects in river deltas and low-lying
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islands. Current models project that such changes would occur over
very long time scales (millennial) if a global temperature increase
of 1.9 to 4.6°C (relative to pre-industrial) were to be sustained.
Rapid sea level rise on century time scales cannot be excluded.
{SYR 3.2.3; WGI 6.4, 10.7; WGII 19.3, SPM}

Climate change is likely to lead to some irreversible impacts.
There is medium confidence that approximately 20 to 30% of species assessed so far are likely to be at increased risk of extinction if
increases in global average warming exceed 1.5 to 2.5°C (relative
to 1980-1999). As global average temperature increase exceeds
about 3.5°C, model projections suggest significant extinctions (40
to 70% of species assessed) around the globe. {WGII 4.4, Figure SPM.2}

54

Based on current model simulations, it is very likely that the
meridional overturning circulation (MOC) of the Atlantic Ocean
will slow down during the 21st century; nevertheless temperatures
in the region are projected to increase. It is very unlikely that the
MOC will undergo a large abrupt transition during the 21stcentury.
Longer-term changes in the MOC cannot be assessed with confidence. {WGI 10.3, 10.7; WGII Figure, Table TS.5, SPM.2}
Impacts of large-scale and persistent changes in the MOC are
likely to include changes in marine ecosystem productivity, fisheries, ocean CO2 uptake, oceanic oxygen concentrations and terrestrial vegetation. Changes in terrestrial and ocean CO2 uptake may
feed back on the climate system. {WGII 12.6, 19.3, Figure SPM.2}
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4.1 Responding to climate change
Societies can respond to climate change by adapting to its impacts
and by reducing GHG emissions (mitigation), thereby reducing the
rate and magnitude of change. This Topic focuses on adaptation and
mitigation options that can be implemented over the next two to three
decades, and their inter-relationship with sustainable development.
These responses can be complementary. Topic 5 addresses their complementary roles on a more conceptual basis over a longer timeframe.
The capacity to adapt and mitigate is dependent on socio-economic and environmental circumstances and the availability of information and technology20 . However, much less information is
available about the costs and effectiveness of adaptation measures
than about mitigation measures. {WGII 17.1, 17.3; WGIII 1.2}

4.2 Adaptation options
Adaptation can reduce vulnerability, both in the short and
the long term. {WGII 17.2, 18.1, 18.5, 20.3, 20.8}

Vulnerability to climate change can be exacerbated by other
stresses. These arise from, for example, current climate hazards,
poverty, unequal access to resources, food insecurity, trends in economic globalisation, conflict and incidence of diseases such as HIV/
AIDS. {WGII 7.2, 7.4, 8.3, 17.3, 20.3, 20.4, 20.7, SPM}
Societies across the world have a long record of adapting and
reducing their vulnerability to the impacts of weather- and climaterelated events such as floods, droughts and storms. Nevertheless,
additional adaptation measures will be required at regional and local levels to reduce the adverse impacts of projected climate change
and variability, regardless of the scale of mitigation undertaken over
the next two to three decades. However, adaptation alone is not
expected to cope with all the projected effects of climate change,
especially not over the long term as most impacts increase in magnitude. {WGII 17.2, SPM; WGIII 1.2}
A wide array of adaptation options is available, but more extensive adaptation than is currently occurring is required to reduce
vulnerability to climate change. There are barriers, limits and costs,
which are not fully understood. Some planned adaptation is already
occurring on a limited basis. Table 4.1 provides examples of planned

adaptation options by sector. Many adaptation actions have multiple drivers, such as economic development and poverty alleviation, and are embedded within broader development, sectoral, regional and local planning initiatives such as water resources planning, coastal defence and disaster risk reduction strategies. Examples of this approach are the Bangladesh National Water Management Plan and the coastal defence plans of The Netherlands
and Norway, which incorporate specific climate change scenarios.
{WGII 1.3, 5.5.2, 11.6, 17.2}

Comprehensive estimates of the costs and benefits of adaptation at the global level are limited in number. However, the number
of adaptation cost and benefit estimates at the regional and project
levels for impacts on specific sectors, such as agriculture, energy
demand for heating and cooling, water resources management and
infrastructure, is growing. Based on these studies there is high confidence that there are viable adaptation options that can be implemented in some of these sectors at low cost and/or with high benefit-cost ratios. Empirical research also suggests that higher benefit-cost ratios can be achieved by implementing some adaptation
measures at an early stage compared to retrofitting long-lived infrastructure at a later date. {WGII 17.2}
Adaptive capacity is intimately connected to social and economic development, but it is not evenly distributed across
and within societies. {WGII 7.1, 7.2, 7.4, 17.3}

The capacity to adapt is dynamic and is influenced by a society’s
productive base, including natural and man-made capital assets,
social networks and entitlements, human capital and institutions,
governance, national income, health and technology. It is also affected by multiple climate and non-climate stresses, as well as development policy. {WGII 17.3}
Recent studies reaffirm the TAR finding that adaptation will be
vital and beneficial. However, financial, technological, cognitive,
behavioural, political, social, institutional and cultural constraints limit
both the implementation and effectiveness of adaptation measures.
Even societies with high adaptive capacity remain vulnerable to climate change, variability and extremes. For example, a heat wave in
2003 caused high levels of mortality in European cities (especially
among the elderly), and Hurricane Katrina in 2005 caused large human and financial costs in the United States. {WGII 7.4, 8.2, 17.4}

20
Technology is defined as the practical application of knowledge to achieve particular tasks that employs both technical artefacts (hardware, equipment)
and (social) information (‘software’, know-how for production and use of artefacts).
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Strengthening of overhead transmission and
distribution infrastructure; underground cabling
for utilities; energy efficiency; use of renewable
sources; reduced dependence on single
sources of energy

Realignment/relocation; design standards and
planning for roads, rail and other infrastructure
to cope with warming and drainage

Note:
Other examples from many sectors would include early warning systems.

{WGII 7.4, 16.2}

Energy

{WGII 7.6, 17.2}

Transport

{WGII 12.5, 15.5, 17.5;
Table 17.1}

Tourism

{WGII 14.5, Table 10.8}

Diversification of tourism attractions and
revenues; shifting ski slopes to higher altitudes
and glaciers; artificial snow-making

Heat-health action plans; emergency
medical services; improved climate-sensitive
disease surveillance and control; safe water
and improved sanitation

Human health

{WGII 3.6, 11.4; Tables
6.11, 17.1}

Relocation; seawalls and storm surge barriers;
dune reinforcement; land acquisition and
creation of marshlands/wetlands as buffer
against sea level rise and flooding; protection
of existing natural barriers

Infrastructure/
settlement (including
coastal zones)

{WGII 10.5, 13.5;
Table 10.8}

Agriculture

Adjustment of planting dates and crop variety;
crop relocation; improved land management,
e.g. erosion control and soil protection through
tree planting

Financial and technological barriers;
availability of less vulnerable routes;
improved technologies and integration with
key sectors (e.g. energy)
Access to viable alternatives; financial and
technological barriers; acceptance of new
technologies; stimulation of new technologies; use of local resources

National energy policies, regulations, and fiscal
and financial incentives to encourage use of
alternative sources; incorporating climate
change in design standards

Appeal/marketing of new attractions;
financial and logistical challenges; potential
adverse impact on other sectors (e.g.
artificial snow-making may increase energy
use); revenues from ‘new’ attractions;
involvement of wider group of stakeholders

Integrated planning (e.g. carrying capacity;
linkages with other sectors); financial incentives, e.g. subsidies and tax credits

Integrating climate change considerations into
national transport policy; investment in R&D for
special situations, e.g. permafrost areas

Limits to human tolerance (vulnerable
groups); knowledge limitations; financial
capacity; upgraded health services;
improved quality of life

Financial and technological barriers;
availability of relocation space; integrated
policies and management; synergies with
sustainable development goals

Technological and financial constraints;
access to new varieties; markets; longer
growing season in higher latitudes; revenues
from ‘new’ products

Public health policies that recognise climate
risk; strengthen health services; regional and
international cooperation

Standards and regulations that integrate
climate change considerations into design;
land-use policies; building codes; insurance

R&D policies; institutional reform; land tenure
and land reform; training; capacity building;
crop insurance; financial incentives, e.g.
subsidies and tax credits

Financial, human resources and physical
barriers; integrated water resources
management; synergies with other sectors

National water policies and integrated water
resources management; water-related hazards
management

Expanded rainwater harvesting; water
storage and conservation techniques; water
reuse; desalination; water-use and irrigation
efficiency

Water

Topic 4

{WGII, 5.5, 16.4;
Tables 3.5, 11.6,17.1}

Key constraints and opportunities to
implementation (Normal font = constraints;
italics = opportunities)

Underlying policy framework

Adaptation option/strategy

Sector

Table 4.1. Selected examples of planned adaptation by sector.
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Comparison between global economic mitigation potential and projected emissions increase in 2030

Future energy infrastructure investment decisions, expected to
total over US$20 trillion23 between 2005 and 2030, will have longterm impacts on GHG emissions, because of the long lifetimes of
energy plants and other infrastructure capital stock. The widespread
diffusion of low-carbon technologies may take many decades, even
if early investments in these technologies are made attractive. Initial estimates show that returning global energy-related CO2 emissions to 2005 levels by 2030 would require a large shift in the pattern of investment, although the net additional investment required
ranges from negligible to 5 to 10%. {WGIII 4.1, 4.4, 11.6, SPM}

No single technology can provide all of the mitigation
potential in any sector. Table 4.2 lists selected examples of key technologies, policies, constraints and opportunities by sector. {WGIII SPM}

Sectoral estimates of economic mitigation potential and marginal costs derived from bottom-up studies corrected for double
counting of mitigation potential are shown in Figure 4.2. While
top-down and bottom-up studies are in line at the global level, there
are considerable differences at the sectoral level. {WGIII 11.3, SPM}
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4.3 Mitigation options
Both bottom-up and top-down studies21 indicate that there
is high agreement and much evidence of substantial economic potential21 for the mitigation of global GHG emissions
over the coming decades that could offset the projected
growth of global emissions or reduce emissions below current levels. {WGIII 11.3, SPM}

<0

{WGIII 11.3, SPM}

Figure 4.1 compares global economic mitigation potential in
2030 with the projected emissions increase from 2000 to 2030.
Bottom-up studies suggest that mitigation opportunities with net
negative costs22 have the potential to reduce emissions by about 6
GtCO2-eq/yr in 2030. Realising these requires dealing with implementation barriers. The economic mitigation potential, which is
generally greater than the market mitigation potential, can only be
achieved when adequate policies are in place and barriers removed.21

a)
□

low end of range

Gt CO2-eq
35
30
25
20
15
10
5
0

Projected increase in GHG emissions
in 2030 relative to 2000

□
20 trillion = 20,000 billion = 20×1012
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22
Net negative costs (no regrets opportunities) are defined as those options whose benefits such as reduced energy costs and reduced emissions of local/
regional pollutants equal or exceed their costs to society, excluding the benefits of avoided climate change.

21
The concept of ‘mitigation potential’ has been developed to assess the scale of GHG reductions that could be made, relative to emission baselines, for
a given level of carbon price (expressed in cost per unit of carbon dioxide equivalent emissions avoided or reduced). Mitigation potential is further differentiated in terms of ‘market mitigation potential’ and ‘economic mitigation potential’.
Market mitigation potential is the mitigation potential based on private costs and private discount rates (reflecting the perspective of private consumers
and companies ), which might be expected to occur under forecast market conditions, including policies and measures currently in place, noting that
barriers limit actual uptake.
Economic mitigation potential is the mitigation potential that takes into account social costs and benefits and social discount rates (reflecting the
perspective of society; social discount rates are lower than those used by private investors ), assuming that market efficiency is improved by policies and
measures and barriers are removed.
Mitigation potential is estimated using different types of approaches. Bottom-up studies are based on assessment of mitigation options, emphasising
specific technologies and regulations. They are typically sectoral studies taking the macro-economy as unchanged. Top-down studies assess the
economy-wide potential of mitigation options. They use globally consistent frameworks and aggregated information about mitigation options and capture
macro-economic and market feedbacks.

Figure 4.1. Global economic mitigation potential in 2030 estimated from bottom-up (Panel a) and top-down (Panel b) studies, compared with the projected
emissions increases from SRES scenarios relative to year 2000 GHG emissions of 40.8 GtCO2-eq (Panel c). Note: GHG emissions in 2000 are exclusive of
emissions of decay of above-ground biomass that remains after logging and deforestation and from peat fires and drained peat soils, to ensure consistency
with the SRES emissions results. {WGIII Figures SPM.4, SPM.5a, SPM.5b}
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Economic mitigation potentials by sector in 2030 estimated from bottom-up studies
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Figure 4.2. Estimated economic mitigation potential by sector and region using technologies and practices expected to be available in 2030. The potentials
do not include non-technical options such as lifestyle changes. {WGIII Figure SPM.6}

Notes:
a) The ranges for global economic potentials as assessed in each sector are shown by vertical lines. The ranges are based on end-use allocations of
emissions, meaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector.
b) The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels.
c) Sectors used different baselines. For industry the SRES B2 baseline was taken, for energy supply and transport the World Energy Outlook (WEO) 2004
baseline was used; the building sector is based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving forces were used to construct
a waste-specific baseline; agriculture and forestry used baselines that mostly used B2 driving forces.
d) Only global totals for transport are shown because international aviation is included.
e) Categories excluded are non-CO2 emissions in buildings and transport, part of material efficiency options, heat production and cogeneration in energy
supply, heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewater treatment, emission
reduction from coal mines and gas pipelines, and fluorinated gases from energy supply and transport. The underestimation of the total economic potential
from these emissions is of the order of 10 to 15%.

While studies use different methodologies, there is high
agreement and much evidence that in all analysed world
regions near-term health co-benefits from reduced air pollution, as a result of actions to reduce GHG emissions, can
be substantial and may offset a substantial fraction of mitigation costs. {WGIII 11.8, SPM}

Energy efficiency and utilisation of renewable energy offer synergies with sustainable development. In least developed countries,
energy substitution can lower mortality and morbidity by reducing
indoor air pollution, reduce the workload for women and children
and decrease the unsustainable use of fuelwood and related deforestation. {WGIII 11.8, 11.9, 12.4}
Literature since the TAR confirms with high agreement and
medium evidence that there may be effects from Annex I
countries’ action on the global economy and global emissions, although the scale of carbon leakage remains uncertain. {WGIII 11.7, SPM}

Fossil fuel exporting nations (in both Annex I and non-Annex I
countries) may expect, as indicated in the TAR, lower demand and
prices and lower GDP growth due to mitigation policies. The extent of this spillover depends strongly on assumptions related to
policy decisions and oil market conditions. {WGIII 11.7, SPM}

Critical uncertainties remain in the assessment of carbon leakage. Most equilibrium modelling supports the conclusion in the
TAR of economy-wide leakage from Kyoto action in the order of 5
to 20%, which would be less if competitive low-emissions technologies were effectively diffused. {WGIII 11.7, SPM}
There is also high agreement and medium evidence that
changes in lifestyle and behaviour patterns can contribute
to climate change mitigation across all sectors. Management practices can also have a positive role. {WGIII SPM}

Examples that can have positive impacts on mitigation include
changes in consumption patterns, education and training, changes
in building occupant behaviour, transport demand management and
management tools in industry. {WGIII 4.1, 5.1, 6.7, 7.3, SPM}
Policies that provide a real or implicit price of carbon could
create incentives for producers and consumers to significantly invest in low-GHG products, technologies and processes. {WGIII SPM}

An effective carbon-price signal could realise significant mitigation potential in all sectors. Modelling studies show that global
carbon prices rising to US$20-80/tCO2-eq by 2030 are consistent
with stabilisation at around 550ppm CO2-eq by 2100. For the same
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Key mitigation technologies and practices currently commercially available.
Key mitigation technologies and practices projected to be commercialised
before 2030 shown in italics.

Improved supply and distribution efficiency; fuel switching from coal to gas; nuclear
power; renewable heat and power (hydropower, solar, wind, geothermal and
bioenergy); combined heat and power; early applications of carbon dioxide capture
and storage (CCS) (e.g. storage of removed CO2 from natural gas); CCS for gas,
biomass and coal-fired electricity generating facilities; advanced nuclear power;
advanced renewable energy, including tidal and wave energy, concentrating solar,
and solar photovoltaics

More fuel-efficient vehicles; hybrid vehicles; cleaner diesel vehicles; biofuels; modal
shifts from road transport to rail and public transport systems; non-motorised
transport (cycling, walking); land-use and transport planning; second generation
biofuels; higher efficiency aircraft; advanced electric and hybrid vehicles with more
powerful and reliable batteries

Efficient lighting and daylighting; more efficient electrical appliances and heating
and cooling devices; improved cook stoves, improved insulation; passive and active
solar design for heating and cooling; alternative refrigeration fluids, recovery and
recycling of fluorinated gases; integrated design of commercial buildings including
technologies, such as intelligent meters that provide feedback and control; solar
photovoltaics integrated in buildings

More efficient end-use electrical equipment; heat and power recovery; material
recycling and substitution; control of non-CO2 gas emissions; and a wide array of
process-specific technologies; advanced energy efficiency; CCS for cement,
ammonia, and iron manufacture; inert electrodes for aluminium manufacture

Improved crop and grazing land management to increase soil carbon storage;
restoration of cultivated peaty soils and degraded lands; improved rice cultivation
techniques and livestock and manure management to reduce CH4 emissions;
improved nitrogen fertiliser application techniques to reduce N2O emissions;
dedicated energy crops to replace fossil fuel use; improved energy efficiency;
improvements of crop yields

Afforestation; reforestation; forest management; reduced deforestation; harvested
wood product management; use of forestry products for bioenergy to replace fossil
fuel use; tree species improvement to increase biomass productivity and carbon
sequestration; improved remote sensing technologies for analysis of vegetation/soil
carbon sequestration potential and mapping land-use change

Landfill CH4 recovery; waste incineration with energy recovery; composting of
organic waste; controlled wastewater treatment; recycling and waste minimisation;
biocovers and biofilters to optimise CH4 oxidation

Sector

Energy Supply
{WGIII 4.3, 4.4}

Transport
{WGIII 5.4}

Buildings
{WGIII 6.5}

Industry
{WGIII 7.5}

Agriculture
{WGIII 8.4}

Forestry/forests
{WGIII 9.4}

Waste {WGIII 10.4}

Attractive for new buildings. Enforcement can be
difficult

Building codes and certification

Success factors include: clear targets, a baseline
scenario, third-party involvement in design and
review and formal provisions of monitoring, close
cooperation between government and industry

Tradable permits
Voluntary agreements

May stimulate technology diffusion
Local availability of low-cost fuel
Most effectively applied at national level with
enforcement strategies

Renewable energy incentives or obligations
Waste management regulations

Constraints include lack of investment capital and
land tenure issues. Can help poverty alleviation.

Financial incentives for improved waste and wastewater
management

Financial incentives (national and international) to
increase forest area, to reduce deforestation and to
maintain and manage forests; land-use regulation and
enforcement

May encourage synergy with sustainable
development and with reducing vulnerability to
climate change, thereby overcoming barriers to
implementation

Predictable allocation mechanisms and stable
price signals important for investments

Provision of benchmark information; performance
standards; subsidies; tax credits

Financial incentives and regulations for improved land
management; maintaining soil carbon content; efficient use
of fertilisers and irrigation

Success factor: Access to third party financing
May be appropriate to stimulate technology uptake.
Stability of national policy important in view of
international competitiveness

Incentives for energy service companies (ESCOs)

Need for regulations so that utilities may profit

Periodic revision of standards needed

Appliance standards and labelling

Government purchasing can expand demand for
energy-efficient products

Particularly appropriate for countries that are
building up their transportation systems

Influence mobility needs through land-use regulations and
infrastructure planning; investment in attractive public
transport facilities and non-motorised forms of transport

Public sector leadership programmes, including
procurement

Effectiveness may drop with higher incomes

Taxes on vehicle purchase, registration, use and motor
fuels; road and parking pricing

Demand-side management programmes

Partial coverage of vehicle fleet may limit
effectiveness

May be appropriate to create markets for lowemissions technologies

Feed-in tariffs for renewable energy technologies;
renewable energy obligations; producer subsidies

Topic 4

Mandatory fuel economy; biofuel blending and CO2
standards for road transport

Resistance by vested interests may make them
difficult to implement

Key constraints or opportunities
(Normal font = constraints; italics = opportunities)

Reduction of fossil fuel subsidies; taxes or carbon charges
on fossil fuels

Policies, measures and instruments shown to be
environmentally effective

Table 4.2 Selected examples of key sectoral mitigation technologies, policies and measures, constraints and opportunities. {WGIII Tables SPM.3, SPM.7}
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stabilisation level, studies since the TAR that take into account induced technological change may lower these price ranges to US$565/tCO2-eq in 2030.24 {WGIII 3.3, 11.4, 11.5, SPM}
There is high agreement and much evidence that a wide
variety of national policies and instruments are available to
governments to create the incentives for mitigation action.
Their applicability depends on national circumstances and
an understanding of their interactions, but experience from
implementation in various countries and sectors shows
there are advantages and disadvantages for any given instrument. {WGIII 13.2, SPM}

Four main criteria are used to evaluate policies and instruments:
environmental effectiveness, cost effectiveness, distributional
effects including equity, and institutional feasibility. {WGIII 13.2, SPM}
General findings about the performance of policies are: {WGIII
13.2, SPM}













Integrating climate policies in broader development policies
makes implementation and overcoming barriers easier.
Regulations and standards generally provide some certainty
about emission levels. They may be preferable to other instruments when information or other barriers prevent producers and
consumers from responding to price signals. However, they may
not induce innovations and more advanced technologies.
Taxes and charges can set a price for carbon, but cannot guarantee a particular level of emissions. Literature identifies taxes
as an efficient way of internalising costs of GHG emissions.
Tradable permits will establish a carbon price. The volume of
allowed emissions determines their environmental effectiveness,
while the allocation of permits has distributional consequences.
Fluctuation in the price of carbon makes it difficult to estimate
the total cost of complying with emission permits.
Financial incentives (subsidies and tax credits) are frequently
used by governments to stimulate the development and diffusion of new technologies. While economic costs are generally
higher than for the instruments listed above, they are often critical to overcome barriers.
Voluntary agreements between industry and governments are
politically attractive, raise awareness among stakeholders and
have played a role in the evolution of many national policies.
The majority of agreements have not achieved significant emissions reductions beyond business as usual. However, some recent agreements, in a few countries, have accelerated the application of best available technology and led to measurable emission reductions.
Information instruments (e.g. awareness campaigns) may positively affect environmental quality by promoting informed
choices and possibly contributing to behavioural change, however, their impact on emissions has not been measured yet.



Research, development and demonstration (RD&D) can stimulate technological advances, reduce costs and enable progress
toward stabilisation.

Some corporations, local and regional authorities, NGOs and
civil groups are adopting a wide variety of voluntary actions. These
voluntary actions may limit GHG emissions, stimulate innovative
policies and encourage the deployment of new technologies. On
their own, they generally have limited impact on national- or regional-level emissions. {WGIII 13.4, SPM}

4.4 Relationship between adaptation and
mitigation options and relationship with
sustainable development
There is growing understanding of the possibilities to
choose and implement climate response options in several
sectors to realise synergies and avoid conflicts with other
dimensions of sustainable development. {WGIII SPM}

Climate change policies related to energy efficiency and renewable energy are often economically beneficial, improve energy security and reduce local pollutant emissions. Reducing both loss of
natural habitat and deforestation can have significant biodiversity,
soil and water conservation benefits, and can be implemented in a
socially and economically sustainable manner. Forestation and
bioenergy plantations can restore degraded land, manage water runoff, retain soil carbon and benefit rural economies, but could compete with food production and may be negative for biodiversity, if
not properly designed. {WGII 20.3, 20.8; WGIII 4.5, 9.7, 12.3, SPM}
There is growing evidence that decisions about macro-economic
policy, agricultural policy, multilateral development bank lending,
insurance practices, electricity market reform, energy security and
forest conservation, for example, which are often treated as being
apart from climate policy, can significantly reduce emissions (Table
4.3). Similarly, non-climate policies can affect adaptive capacity
and vulnerability. {WGII 20.3; WGIII SPM, 12.3}
Both synergies and trade-offs exist between adaptation and
mitigation options. {WGII 18.4.3; WGIII 11.9)

Examples of synergies include properly designed biomass production, formation of protected areas, land management, energy
use in buildings, and forestry, but synergies are rather limited in
other sectors. Potential trade-offs include increased GHG emissions
due to increased consumption of energy related to adaptive responses. {WGII 18.4.3, 18.5, 18.7, TS.5.2; WGIII 4.5, 6.9, 8.5, 9.5, SPM}

24
Studies on mitigation portfolios and macro-economic costs assessed in this report are based on top-down modelling. Most models use a global least-cost
approach to mitigation portfolios, with universal emissions trading, assuming transparent markets, no transaction cost, and thus perfect implementation of
mitigation measures throughout the 21st century. Costs are given for a specific point in time. Global modelled costs will increase if some regions, sectors (e.g.
land use), options or gases are excluded. Global modelled costs will decrease with lower baselines, use of revenues from carbon taxes and auctioned
permits, and if induced technological learning is included. These models do not consider climate benefits and generally also co-benefits of mitigation
measures, or equity issues. Significant progress has been achieved in applying approaches based on induced technological change to stabilisation studies;
however, conceptual issues remain. In the models that consider induced technological change, projected costs for a given stabilisation level are reduced; the
reductions are greater at lower stabilisation level.
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Table 4.3. Integrating climate change considerations into development policies – selected examples in the area of mitigation. {WGIII 12.2.4.6}
Selected sectors

Non-climate change policy instruments and actions

Potentially affects:

Macro-economy

Implement non-climate taxes/subsidies and/or other fiscal and
regulatory policies that promote sustainable development

Total global GHG emissions

Forestry

Adoption of forest conservation and sustainable management practices

GHG emissions from deforestation

Electricity

Adoption of cost-effective renewables, demand-side management
programmes, and transmission and distribution loss reduction

Electricity sector CO2 emissions

Petroleum imports

Diversifying imported and domestic fuel mix and reducing
economy’s energy intensity to improve energy security

Emissions from crude oil and product
imports

Insurance for building,
transport sectors

Differentiated premiums, liability insurance exclusions,
improved terms for green products

Transport and building sector GHG
emissions

International finance

Country and sector strategies and project lending that reduces emissions

Emissions from developing countries

4.5 International and regional cooperation
There is high agreement and much evidence that notable
achievements of the UNFCCC and its Kyoto Protocol are
the establishment of a global response to the climate change
problem, stimulation of an array of national policies, the
creation of an international carbon market and the establishment of new institutional mechanisms that may provide
the foundation for future mitigation efforts. Progress has
also been made in addressing adaptation within the UNFCCC
and additional initiatives have been suggested. {WGII 18.7;
WGIII 13.3, SPM}

The impact of the Protocol’s first commitment period relative
to global emissions is projected to be limited. Its economic impacts
on participating Annex-B countries are projected to be smaller than
presented in the TAR, which showed 0.2 to 2% lower GDP in 2012
without emissions trading and 0.1 to 1.1% lower GDP with emissions trading among Annex-B countries. To be more environmentally effective, future mitigation efforts would need to achieve deeper
reductions covering a higher share of global emissions (see Topic
5). {WGIII 1.4, 11.4, 13.3, SPM}
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The literature provides high agreement and much evidence
of many options for achieving reductions of global GHG
emissions at the international level through cooperation. It
also suggests that successful agreements are environmentally effective, cost-effective, incorporate distributional considerations and equity, and are institutionally feasible. {WGIII
13.3, SPM}

Greater cooperative efforts to reduce emissions will help to reduce global costs for achieving a given level of mitigation, or will
improve environmental effectiveness. Improving and expanding the
scope of market mechanisms (such as emission trading, Joint Implementation and Clean Development Mechanism) could reduce overall
mitigation costs. {WGIII 13.3, SPM}
Efforts to address climate change can include diverse elements
such as emissions targets; sectoral, local, sub-national and regional
actions; RD&D programmes; adopting common policies; implementing development-oriented actions; or expanding financing instruments. These elements can be implemented in an integrated
fashion, but comparing the efforts made by different countries
quantitatively would be complex and resource intensive. {WGIII 13.3,
SPM}

Actions that could be taken by participating countries can be
differentiated both in terms of when such action is undertaken, who
participates and what the action will be. Actions can be binding or
non-binding, include fixed or dynamic targets, and participation
can be static or vary over time. {WGIII 13.3, SPM}
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5.1 Risk management perspective

cern’ in the TAR) and vulnerability (that includes the ability
to adapt to impacts) has improved. {WGII 4.4, 5.4, 19.ES, 19.3.7,
TS.4.6; WGIII 3.5, SPM}

Responding to climate change involves an iterative risk
management process that includes both mitigation and adaptation, taking into account actual and avoided climate
change damages, co-benefits, sustainability, equity and attitudes to risk. {WGII 20. 9, SPM; WGIII SPM}

Risk management techniques can explicitly accommodate sectoral,
regional and temporal diversity, but their application requires information about not only impacts resulting from the most likely climate scenarios, but also impacts arising from lower-probability but higher-consequence events and the consequences of proposed policies and measures. Risk is generally understood to be the product of the likelihood
of an event and its consequences. Climate change impacts depend on
the characteristics of natural and human systems, their development
pathways and their specific locations. {SYR 3.3, Figure 3.6; WGII 20.2,
20.9, SPM; WGIII 3.5, 3.6, SPM}

5.2 Key vulnerabilities, impacts and risks –
long-term perspectives
The five ‘reasons for concern’ identified in the TAR are now
assessed to be stronger with many risks identified with
higher confidence. Some are projected to be larger or to
occur at lower increases in temperature. This is due to (1)
better understanding of the magnitude of impacts and risks
associated with increases in global average temperature and
GHG concentrations, including vulnerability to present-day
climate variability, (2) more precise identification of the circumstances that make systems, sectors, groups and regions
especially vulnerable and (3) growing evidence that the risk
of very large impacts on multiple century time scales would
continue to increase as long as GHG concentrations and
temperature continue to increase. Understanding about the
relationship between impacts (the basis for ‘reasons for con-

The TAR concluded that vulnerability to climate change is a function of exposure, sensitivity and adaptive capacity. Adaptation can reduce sensitivity to climate change while mitigation can reduce the
exposure to climate change, including its rate and extent. Both conclusions are confirmed in this assessment. {WGII 20.2, 20.7.3}
No single metric can adequately describe the diversity of key
vulnerabilities or support their ranking. A sample of relevant impacts is provided in Figure 3.6. The estimation of key vulnerabilities in any system, and damage implied, will depend on exposure
(the rate and magnitude of climate change), sensitivity, which is
determined in part and where relevant by development status, and
adaptive capacity. Some key vulnerabilities may be linked to thresholds; in some cases these may cause a system to shift from one state
to another, whereas others have thresholds that are defined subjectively and thus depend on societal values. {WGII 19.ES, 19.1}
The five ‘reasons for concern’ that were identified in the TAR
were intended to synthesise information on climate risks and key
vulnerabilities and to “aid readers in making their own determination” about risk. These remain a viable framework to consider key
vulnerabilities, and they have been updated in the AR4. {TAR WGII
Chapter 19; WGII SPM}


Risks to unique and threatened systems. There is new and
stronger evidence of observed impacts of climate change on
unique and vulnerable systems (such as polar and high mountain communities and ecosystems), with increasing levels of
adverse impacts as temperatures increase further. An increasing risk of species extinction and coral reef damage is projected
with higher confidence than in the TAR as warming proceeds.
There is medium confidence that approximately 20 to 30% of
plant and animal species assessed so far are likely to be at increased risk of extinction if increases in global average temperature exceed 1.5 to 2.5°C over 1980-1999 levels. Confidence
has increased that a 1 to 2°C increase in global mean temperature above 1990 levels (about 1.5 to 2.5°C above pre-indus-

Key Vulnerabilities and Article 2 of the UNFCCC
Article 2 of the UNFCCC states:
“The ultimate objective of this Convention and any related legal instruments that the Conference of the Parties may adopt is to
achieve, in accordance with the relevant provisions of the Convention, stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system. Such a level should be achieved
within a time frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened
and to enable economic development to proceed in a sustainable manner.”
Determining what constitutes “dangerous anthropogenic interference with the climate system” in relation to Article 2 of the UNFCCC
involves value judgements. Science can support informed decisions on this issue, including by providing criteria for judging which
vulnerabilities might be labelled ‘key’. {SYR 3.3, WGII 19.ES}
Key vulnerabilities25 may be associated with many climate-sensitive systems, including food supply, infrastructure, health, water
resources, coastal systems, ecosystems, global biogeochemical cycles, ice sheets and modes of oceanic and atmospheric circulation.
{WGII 19.ES}

More specific information is now available across the regions of the world concerning the nature of future impacts, including for some
places not covered in previous assessments. {WGII SPM}

25
Key Vulnerabilities can be identified based on a number of criteria in the literature, including magnitude, timing, persistence/reversibility, the
potential for adaptation, distributional aspects, likelihood and ‘importance’ of the impacts.

64

2031
Topic 5

trial) poses significant risks to many unique and threatened systems including many biodiversity hotspots. Corals are vulnerable to thermal stress and have low adaptive capacity. Increases
in sea surface temperature of about 1 to 3°C are projected to
result in more frequent coral bleaching events and widespread
mortality, unless there is thermal adaptation or acclimatisation
by corals. Increasing vulnerability of Arctic indigenous communities and small island communities to warming is projected.
{SYR 3.3, 3.4, Figure 3.6, Table 3.2; WGII 4.ES, 4.4, 6.4, 14.4.6, 15.ES,
15.4, 15.6, 16.ES, 16.2.1, 16.4, Table 19.1, 19.3.7, TS.5.3, Figure TS.12,
Figure TS.14}


Risks of extreme weather events. Responses to some recent
extreme climate events reveal higher levels of vulnerability in
both developing and developed countries than was assessed in
the TAR. There is now higher confidence in the projected increases in droughts, heat waves and floods, as well as their adverse impacts. As summarised in Table 3.2, increases in drought,
heat waves and floods are projected in many regions and would
have mostly adverse impacts, including increased water stress
and wild fire frequency, adverse effects on food production,
adverse health effects, increased flood risk and extreme high
sea level, and damage to infrastructure. {SYR 3.2, 3.3, Table 3.2;

The long-term perspective

climate change over the next century is likely to adversely affect hundreds of millions of people through increased coastal
flooding, reductions in water supplies, increased malnutrition
and increased health impacts. {SYR 3.3, Figure 3.6; WGII 19.3.7,
20.7.3, TS.5.3}


Risks of large-scale singularities.26 As discussed in Topic 3.4,
during the current century, a large-scale abrupt change in the
meridional overturning circulation is very unlikely. There is high
confidence that global warming over many centuries would lead
to a sea level rise contribution from thermal expansion alone
that is projected to be much larger than observed over the 20th
century, with loss of coastal area and associated impacts. There
is better understanding than in the TAR that the risk of additional contributions to sea level rise from both the Greenland
and possibly Antarctic ice sheets may be larger than projected
by ice sheet models and could occur on century time scales.
This is because ice dynamical processes seen in recent observations but not fully included in ice sheet models assessed in
the AR4 could increase the rate of ice loss. Complete
deglaciation of the Greenland ice sheet would raise sea level
by 7m and could be irreversible. {SYR 3.4; WGI 10.3, Box 10.1;
WGII 19.3.7, SPM}

WGI 10.3, Table SPM.2; WGII 1.3, 5.4, 7.1, 7.5, 8.2, 12.6, 19.3, Table
19.1, Table SPM.1}


Distribution of impacts and vulnerabilities. There are sharp
differences across regions and those in the weakest economic
position are often the most vulnerable to climate change and
are frequently the most susceptible to climate-related damages,
especially when they face multiple stresses. There is increasing
evidence of greater vulnerability of specific groups such as the
poor and elderly not only in developing but also in developed
countries. There is greater confidence in the projected regional
patterns of climate change (see Topic 3.2) and in the projections of regional impacts, enabling better identification of particularly vulnerable systems, sectors and regions (see Topic 3.3).
Moreover, there is increased evidence that low-latitude and lessdeveloped areas generally face greater risk, for example in dry
areas and megadeltas. New studies confirm that Africa is one
of the most vulnerable continents because of the range of projected impacts, multiple stresses and low adaptive capacity.
Substantial risks due to sea level rise are projected particularly
for Asian megadeltas and for small island communities. {SYR
3.2, 3.3, 5.4; WGI 11.2-11.7, SPM; WGII 3.4.3, 5.3, 5.4, Boxes 7.1 and
7.4, 8.1.1, 8.4.2, 8.6.1.3, 8.7, 9.ES, Table 10.9, 10.6, 16.3, 19.ES, 19.3,
Table 19.1, 20.ES, TS.4.5, TS.5.4, Tables TS.1, TS.3, TS.4, SPM}



26

Aggregate impacts. Compared to the TAR, initial net marketbased benefits from climate change are projected to peak at a
lower magnitude and therefore sooner than was assessed in the
TAR. It is likely that there will be higher damages for larger
magnitudes of global temperature increase than estimated in
the TAR, and the net costs of impacts of increased warming are
projected to increase over time. Aggregate impacts have also
been quantified in other metrics (see Topic 3.3): for example,

5.3 Adaptation and mitigation
There is high confidence that neither adaptation nor mitigation alone can avoid all climate change impacts. Adaptation
is necessary both in the short term and longer term to address impacts resulting from the warming that would occur
even for the lowest stabilisation scenarios assessed. There
are barriers, limits and costs that are not fully understood.
Adaptation and mitigation can complement each other and
together can significantly reduce the risks of climate change.
{WGII 4.ES, TS 5.1, 18.4, 18.6, 20.7, SPM; WGIII 1.2, 2.5, 3.5, 3.6}

Adaptation will be ineffective for some cases such as natural
ecosystems (e.g. loss of Arctic sea ice and marine ecosystem viability), the disappearance of mountain glaciers that play vital roles
in water storage and supply, or adaptation to sea level rise of several metres27. It will be less feasible or very costly in many cases for
the projected climate change beyond the next several decades (such
as deltaic regions and estuaries). There is high confidence that the
ability of many ecosystems to adapt naturally will be exceeded this
century. In addition, multiple barriers and constraints to effective
adaptation exist in human systems (see Topic 4.2). {SYR 4.2; WGII
17.4.2, 19.2, 19.4.1}

Unmitigated climate change would, in the long term, be likely
to exceed the capacity of natural, managed and human systems to
adapt. Reliance on adaptation alone could eventually lead to a magnitude of climate change to which effective adaptation is not possible, or will only be available at very high social, environmental
and economic costs. {WGII 18.1, SPM}

See glossary

27

While it is technically possible to adapt to several metres of sea level rise, the resources required are so unevenly distributed that in reality this risk is
outside the scope of adaptation. {WGII 17.4.2, 19.4.1}

65

2032
Topic 5

The long-term perspective

Efforts to mitigate GHG emissions to reduce the rate and
magnitude of climate change need to account for inertia in
the climate and socio-economic systems. {SYR 3.2; WGI 10.3,
10.4, 10.7, SPM; WGIII 2.3.4}

After GHG concentrations are stabilised, the rate at which the
global average temperature increases is expected to slow within a
few decades. Small increases in global average temperature could
still be expected for several centuries. Sea level rise from thermal
expansion would continue for many centuries at a rate that eventually decreases from that reached before stabilisation, due to ongoing heat uptake by oceans. {SYR 3.2, WGI 10.3, 10.4, 10.7, SPM}
Delayed emission reductions significantly constrain the opportunities to achieve lower stabilisation levels and increase the risk
of more severe climate change impacts. Even though benefits of
mitigation measures in terms of avoided climate change would take
several decades to materialise, mitigation actions begun in the short
term would avoid locking in both long-lived carbon intensive infrastructure and development pathways, reduce the rate of climate
change and reduce the adaptation needs associated with higher levels of warming. {WGII 18.4, 20.6, 20.7, SPM; WGIII 2.3.4, 3.4, 3.5, 3.6,
SPM}

5.4 Emission trajectories for stabilisation
In order to stabilise the concentration of GHGs in the atmosphere, emissions would need to peak and decline thereafter.28 The lower the stabilisation level, the more quickly this
peak and decline would need to occur (Figure 5.1).29 {WGIII
3.3, 3.5, SPM}

Advances in modelling since the TAR permit the assessment of
multi-gas mitigation strategies for exploring the attainability and
costs for achieving stabilisation of GHG concentrations. These
scenarios explore a wider range of future scenarios, including
lower levels of stabilisation, than reported in the TAR. {WGIII 3.3,
3.5, SPM}

Mitigation efforts over the next two to three decades will
have a large impact on opportunities to achieve lower
stabilisation levels (Table 5.1 and Figure 5.1). {WGIII 3.5,
SPM}

Table 5.1 summarises the required emission levels for different
groups of stabilisation concentrations and the resulting equilibrium
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Figure 5.1. Global CO2 emissions for 1940 to 2000 and emissions ranges for categories of stabilisation scenarios from 2000 to 2100 (left-hand panel); and
the corresponding relationship between the stabilisation target and the likely equilibrium global average temperature increase above pre-industrial (righthand panel). Approaching equilibrium can take several centuries, especially for scenarios with higher levels of stabilisation. Coloured shadings show
stabilisation scenarios grouped according to different targets (stabilisation category I to VI). The right-hand panel shows ranges of global average temperature change above pre-industrial, using (i) ‘best estimate’ climate sensitivity of 3°C (black line in middle of shaded area), (ii) upper bound of likely range of
climate sensitivity of 4.5°C (red line at top of shaded area) (iii) lower bound of likely range of climate sensitivity of 2°C (blue line at bottom of shaded area).
Black dashed lines in the left panel give the emissions range of recent baseline scenarios published since the SRES (2000). Emissions ranges of the
stabilisation scenarios comprise CO2-only and multigas scenarios and correspond to the 10th to 90th percentile of the full scenario distribution. Note: CO2
emissions in most models do not include emissions from decay of above ground biomass that remains after logging and deforestation, and from peat fires
and drained peat soils. {WGIII Figures SPM.7 and SPM.8}

28

Peaking means that the emissions need to reach a maximum before they decline later.

29

For the lowest mitigation scenario category assessed, emissions would need to peak by 2015 and for the highest by 2090 (see Table 5.1). Scenarios that
use alternative emission pathways show substantial differences on the rate of global climate change. {WGII 19.4}
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Table 5.1. Characteristics of post-TAR stabilisation scenarios and resulting long-term equilibrium global average temperature and the sea level rise
component from thermal expansion only.a {WGI 10.7; WGIII Table TS.2, Table 3.10, Table SPM.5}
Category

I
II
III
IV
V
VI

CO2
concentration
at stabilisation
(2005 = 379
ppm) b

CO2-equivalent
concentration at
stabilisation
including GHGs
and aerosols
(2005= 375 ppm)b

Peaking year
for CO2
emissions a,c

Change in global
CO2 emissions
in 2050
(percent of 2000
emissions) a,c

Global average
temperature increase
above pre-industrial at
equilibrium, using
‘best estimate’ climate
sensitivity d,e

Global average sea
level rise above
pre-industrial at
equilibrium from
thermal expansion
only f

ppm

ppm

year

percent

°C

metres

-85 to -50
-60 to -30
-30 to +5
+10 to +60
+25 to +85
+90 to +140

2.0
2.4
2.8
3.2
4.0
4.9

350
400
440
485
570
660

–
–
–
–
–
–

400
440
485
570
660
790

445
490
535
590
710
855

–
–
–
–
–
–

490
535
590
710
855
1130

2000
2000
2010
2020
2050
2060

–
–
–
–
–
–

2015
2020
2030
2060
2080
2090

–
–
–
–
–
–

2.4
2.8
3.2
4.0
4.9
6.1

0.4
0.5
0.6
0.6
0.8
1.0

–
–
–
–
–
–

1.4
1.7
1.9
2.4
2.9
3.7

Number of
assessed
scenarios

6
18
21
118
9
5

Notes:
a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed here might be underestimated due to
missing carbon cycle feedbacks (see also Topic 2.3).
b) Atmospheric CO2 concentrations were 379ppm in 2005. The best estimate of total CO 2-eq concentration in 2005 for all long-lived GHGs is about
455ppm, while the corresponding value including the net effect of all anthropogenic forcing agents is 375ppm CO2-eq.
c) Ranges correspond to the 15th to 85 th percentile of the post-TAR scenario distribution. CO2 emissions are shown so multi-gas scenarios can be
compared with CO2-only scenarios (see Figure 2.1).
d) The best estimate of climate sensitivity is 3°C.
e) Note that global average temperature at equilibrium is different from expected global average temperature at the time of stabilisation of GHG
concentrations due to the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentrations occurs
between 2100 and 2150 (see also Footnote 30).
f) Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach equilibrium for at least many centuries.
These values have been estimated using relatively simple climate models (one low-resolution AOGCM and several EMICs based on the best
estimate of 3°C climate sensitivity) and do not include contributions from melting ice sheets, glaciers and ice caps. Long-term thermal expansion
is projected to result in 0.2 to 0.6m per degree Celsius of global average warming above pre-industrial. (AOGCM refers to Atmosphere-Ocean
General Circulation Model and EMICs to Earth System Models of Intermediate Complexity.)

global average temperature increases, using the ‘best estimate’ of
climate sensitivity (see Figure 5.1 for the likely range of uncertainty). Stabilisation at lower concentration and related equilibrium
temperature levels advances the date when emissions need to peak
and requires greater emissions reductions by 2050.30 Climate sensitivity is a key uncertainty for mitigation scenarios that aim to meet
specific temperature levels. The timing and level of mitigation to
reach a given temperature stabilisation level is earlier and more
stringent if climate sensitivity is high than if it is low. {WGIII 3.3,
3.4, 3.5, 3.6, SPM}

Sea level rise under warming is inevitable. Thermal expansion
would continue for many centuries after GHG concentrations have
stabilised, for any of the stabilisation levels assessed, causing an
eventual sea level rise much larger than projected for the 21st century (Table 5.1). If GHG and aerosol concentrations had been
stabilised at year 2000 levels, thermal expansion alone would be
expected to lead to further sea level rise of 0.3 to 0.8m. The eventual contributions from Greenland ice sheet loss could be several
metres, and larger than from thermal expansion, should warming in
excess of 1.9 to 4.6°C above pre-industrial be sustained over many
centuries. These long-term consequences would have major impli-

cations for world coastlines. The long time scale of thermal expansion and ice sheet response to warming imply that mitigation strategies that seek to stabilise GHG concentrations (or radiative forcing) at or above present levels do not stabilise sea level for many
centuries. {WG1 10.7}
Feedbacks between the carbon cycle and climate change affect
the required mitigation and adaptation response to climate change.
Climate-carbon cycle coupling is expected to increase the fraction
of anthropogenic emissions that remains in the atmosphere as the
climate system warms (see Topics 2.3 and 3.2.1), but mitigation
studies have not yet incorporated the full range of these feedbacks.
As a consequence, the emission reductions to meet a particular
stabilisation level reported in the mitigation studies assessed in Table
5.1 might be underestimated. Based on current understanding of
climate-carbon cycle feedbacks, model studies suggest that
stabilising CO2 concentrations at, for example, 450ppm31 could require cumulative emissions over the 21st century to be less than
1800 [1370 to 2200] GtCO2, which is about 27% less than the 2460
[2310 to 2600] GtCO2 determined without consideration of carbon
cycle feedbacks. {SYR 2.3, 3.2.1; WGI 7.3, 10.4, SPM}

30
Estimates for the evolution of temperature over the course of this century are not available in the AR4 for the stabilisation scenarios. For most stabilisation
levels global average temperature is approaching the equilibrium level over a few centuries. For the much lower stabilisation scenarios (category I and II,
Figure 5.1), the equilibrium temperature may be reached earlier.
31

To stabilise at 1000ppm CO2, this feedback could require that cumulative emissions be reduced from a model average of approximately 5190 [4910 to
5460] GtCO2 to approximately 4030 [3590 to 4580] GtCO2. {WGI 7.3, 10.4, SPM}
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5.5 Technology flows and development
There is high agreement and much evidence that all
stabilisation levels assessed can be achieved by deployment of a portfolio of technologies that are either currently
available or expected to be commercialised in coming decades, assuming appropriate and effective incentives are
in place for development, acquisition, deployment and diffusion of technologies and addressing related barriers. {WGIII
SPM}

Worldwide deployment of low-GHG emission technologies as
well as technology improvements through public and private RD&D
would be required for achieving stabilisation targets as well as cost
reduction.32 Figure 5.2 gives illustrative examples of the contribution of the portfolio of mitigation options. The contribution of different technologies varies over time and region and depends on the
baseline development path, available technologies and relative costs,
and the analysed stabilisation levels. Stabilisation at the lower of
the assessed levels (490 to 540ppm CO2-eq) requires early investments and substantially more rapid diffusion and commercialisation
of advanced low-emissions technologies over the next decades

(2000-2030) and higher contributions across abatement options in
the long term (2000-2100). This requires that barriers to development, acquisition, deployment and diffusion of technologies are
effectively addressed with appropriate incentives. {WGIII 2.7, 3.3,
3.4, 3.6, 4.3, 4.4, 4.6, SPM}

Without sustained investment flows and effective technology
transfer, it may be difficult to achieve emission reduction at a significant scale. Mobilising financing of incremental costs of lowcarbon technologies is important. {WGIII 13.3, SPM}
There are large uncertainties concerning the future contribution of different technologies. However, all assessed stabilisation
scenarios concur that 60 to 80% of the reductions over the course
of the century would come from energy supply and use and industrial processes. Including non-CO2 and CO2 land-use and forestry
mitigation options provides greater flexibility and cost-effectiveness. Energy efficiency plays a key role across many scenarios for
most regions and time scales. For lower stabilisation levels, scenarios put more emphasis on the use of low-carbon energy sources,
such as renewable energy, nuclear power and the use of CO2 capture and storage (CCS). In these scenarios, improvements of carbon intensity of energy supply and the whole economy needs to be
much faster than in the past (Figure 5.2). {WGIII 3.3, 3.4, TS.3, SPM}

Illustrative mitigation portfolios for achieving stabilisation of GHG concentrations
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Figure 5.2 Cumulative emissions reductions for alternative mitigation measures for 2000-2030 (left-hand panel) and for 2000-2100 (right-hand panel). The
figure shows illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) aiming at the stabilisation at low (490 to 540ppm CO2-eq) and
intermediate levels (650ppm CO2-eq) respectively. Dark bars denote reductions for a target of 650ppm CO2-eq and light bars denote the additional reductions to achieve 490 to 540ppm CO2-eq. Note that some models do not consider mitigation through forest sink enhancement (AIM and IPAC) or CCS (AIM)
and that the share of low-carbon energy options in total energy supply is also determined by inclusion of these options in the baseline. CCS includes CO2
capture and storage from biomass. Forest sinks include reducing emissions from deforestation. The figure shows emissions reductions from baseline
scenarios with cumulative emissions between 6000 to 7000 GtCO2-eq (2000-2100). {WGIII Figure SPM.9}

32
By comparison, government funding in real absolute terms for most energy research programmes has been flat or declining for nearly two decades (even
after the UNFCCC came into force) and is now about half of the 1980 level. {WGIII 2.7, 3.4, 4.5, 11.5, 13.2}
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5.6 Costs of mitigation and long-term
stabilisation targets
The macro-economic costs of mitigation generally rise with
the stringency of the stabilisation target and are relatively
higher when derived from baseline scenarios characterised
by high emission levels. {WGIII SPM}

There is high agreement and medium evidence that in 2050 global average macro-economic costs for multi-gas mitigation towards
stabilisation between 710 and 445ppm CO2-eq are between a 1%
gain to a 5.5% decrease of global GDP (Table 5.2). This corresponds to slowing average annual global GDP growth by less than
0.12 percentage points. Estimated GDP losses by 2030 are on average lower and show a smaller spread compared to 2050 (Table 5.2).
For specific countries and sectors, costs vary considerably from the
global average.33 {WGIII 3.3, 13.3, SPM}

5.7 Costs, benefits and avoided climate
impacts at global and regional levels
Impacts of climate change will vary regionally. Aggregated
and discounted to the present, they are very likely to impose net annual costs, which will increase over time as global temperatures increase. {WGII SPM}

For increases in global average temperature of less than 1 to 3°C
above 1980-1999 levels, some impacts are projected to produce
market benefits in some places and sectors while, at the same time,
imposing costs in other places and sectors. Global mean losses could
be 1 to 5% of GDP for 4°C of warming, but regional losses could
be substantially higher. {WGII 9.ES, 10.6, 15.ES, 20.6, SPM}
Peer-reviewed estimates of the social cost of carbon (net economic costs of damages from climate change aggregated across the

globe and discounted to the present) for 2005 have an average value
of US$12 per tonne of CO2, but the range from 100 estimates is
large (-$3 to $95/tCO2). The range of published evidence indicates
that the net damage costs of climate change are projected to be
significant and to increase over time. {WGII 20.6, SPM}
It is very likely that globally aggregated figures underestimate
the damage costs because they cannot include many non-quantifiable impacts. It is virtually certain that aggregate estimates of costs
mask significant differences in impacts across sectors, regions, countries and populations. In some locations and amongst some groups
of people with high exposure, high sensitivity and/or low adaptive
capacity, net costs will be significantly larger than the global average. {WGII 7.4, 20.ES, 20.6, 20.ES, SPM}
Limited and early analytical results from integrated analyses of the global costs and benefits of mitigation indicate
that these are broadly comparable in magnitude, but do not
as yet permit an unambiguous determination of an emissions pathway or stabilisation level where benefits exceed
costs. {WGIII SPM}

Comparing the costs of mitigation with avoided damages would
require the reconciliation of welfare impacts on people living in
different places and at different points in time into a global aggregate measure of well-being. {WGII 18.ES}
Choices about the scale and timing of GHG mitigation involve
balancing the economic costs of more rapid emission reductions
now against the corresponding medium-term and long-term climate
risks of delay. {WGIII SPM}
Many impacts can be avoided, reduced or delayed by mitigation. {WGII SPM}

Although the small number of impact assessments that evaluate stabilisation scenarios do not take full account of uncertainties
in projected climate under stabilisation, they nevertheless provide
indications of damages avoided and risks reduced for different

Table 5.2. Estimated global macro-economic costs in 2030 and 2050. Costs are relative to the baseline for least-cost trajectories
towards different long-term stabilisation levels. {WGIII 3.3, 13.3, Tables SPM.4 and SPM.6}
Stabilisation levels
(ppm CO2-eq)

445 – 535 d
535 – 590
590 – 710

Median GDP reduction a (%)

Range of GDP reduction b (%)

Reduction of average annual GDP
growth rates (percentage points) c,e

2030

2030

2050

2030

2050

<3
0.2 to 2.5
-0.6 to 1.2

<5.5
slightly negative to 4
-1 to 2

< 0.12
< 0.1
< 0.06

< 0.12
< 0.1
< 0.05

0.6
0.2

2050
Not available
1.3
0.5

Notes:
Values given in this table correspond to the full literature across all baselines and mitigation scenarios that provide GDP numbers.
a) Global GDP based on market exchange rates.
b) The 10th and 90th percentile range of the analysed data are given where applicable. Negative values indicate GDP gain. The first row (445-535ppm
CO2-eq) gives the upper bound estimate of the literature only.
c) The calculation of the reduction of the annual growth rate is based on the average reduction during the assessed period that would result in the
indicated GDP decrease by 2030 and 2050 respectively.
d) The number of studies is relatively small and they generally use low baselines. High emissions baselines generally lead to higher costs.
e) The values correspond to the highest estimate for GDP reduction shown in column three.

33

See Footnote 24 for further details on cost estimates and model assumptions.

69

2036
Topic 5

The long-term perspective

amounts of emissions reduction. The rate and magnitude of future
human-induced climate change and its associated impacts are determined by human choices defining alternative socio-economic
futures and mitigation actions that influence emission pathways.
Figure 3.2 demonstrates that alternative SRES emission pathways
could lead to substantial differences in climate change throughout
the 21st century. Some of the impacts at the high temperature end of
Figure 3.6 could be avoided by socio-economic development pathways that limit emissions and associated climate change towards
the lower end of the ranges illustrated in Figure 3.6. {SYR 3.2, 3.3;

exposure to adverse impacts or indirectly through erosion of the
capacity to adapt. Over the next half-century, climate change could
impede achievement of the Millennium Development Goals. {WGII
SPM}

Climate change will interact at all scales with other trends in
global environmental and natural resource concerns, including
water, soil and air pollution, health hazards, disaster risk, and deforestation. Their combined impacts may be compounded in future
in the absence of integrated mitigation and adaptation measures.
{WGII 20.3, 20.7, 20.8, SPM}

WGIII 3.5, 3.6, SPM}

Figure 3.6 illustrates how reduced warming could reduce the
risk of, for example, affecting a significant number of ecosystems,
the risk of extinctions, and the likelihood that cereal productivity
in some regions would tend to fall. {SYR 3.3, Figure 3.6; WGII 4.4, 5.4,

Making development more sustainable can enhance mitigative and adaptive capacities, reduce emissions, and reduce vulnerability, but there may be barriers to implementation. {WGII 20.8; WGIII 12.2, SPM}

Table 20.6}

Both adaptive and mitigative capacities can be enhanced through
sustainable development. Sustainable development can, thereby,
reduce vulnerability to climate change by reducing sensitivities
(through adaptation) and/or exposure (through mitigation). At
present, however, few plans for promoting sustainability have explicitly included either adapting to climate change impacts, or promoting adaptive capacity. Similarly, changing development paths
can make a major contribution to mitigation but may require resources to overcome multiple barriers. {WGII 20.3, 20.5, SPM; WGIII

5.8 Broader environmental and
sustainability issues
Sustainable development can reduce vulnerability to climate
change, and climate change could impede nations’ abilities
to achieve sustainable development pathways. {WGII SPM}

2.1, 2.5, 12.1, SPM}

It is very likely that climate change can slow the pace of progress
toward sustainable development either directly through increased
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Robust findings, key uncertainties
As in the TAR, a robust finding for climate change is defined
as one that holds under a variety of approaches, methods, models
and assumptions, and is expected to be relatively unaffected by
uncertainties. Key uncertainties are those that, if reduced, could
lead to new robust findings. {TAR SYR Q.9}
Robust findings do not encompass all key findings of the AR4.
Some key findings may be policy-relevant even though they are
associated with large uncertainties. {WGII 20.9}
The robust findings and key uncertainties listed below do not
represent an exhaustive list.

6.1 Observed changes in climate and their
effects, and their causes
Robust findings
Warming of the climate system is unequivocal, as is now evident from observations of increases in global average air and ocean
temperatures, widespread melting of snow and ice and rising global average sea level. {WGI 3.9, SPM}
Many natural systems, on all continents and in some oceans,
are being affected by regional climate changes. Observed changes
in many physical and biological systems are consistent with warming. As a result of the uptake of anthropogenic CO2 since 1750, the
acidity of the surface ocean has increased. {WGI 5.4, WGII 1.3}
Global total annual anthropogenic GHG emissions, weighted
by their 100-year GWPs, have grown by 70% between 1970 and
2004. As a result of anthropogenic emissions, atmospheric concentrations of N2O now far exceed pre-industrial values spanning many
thousands of years, and those of CH4 and CO2 now far exceed the
natural range over the last 650,000 years. {WGI SPM; WGIII 1.3}
Most of the global average warming over the past 50 years is
very likely due to anthropogenic GHG increases and it is likely that
there is a discernible human-induced warming averaged over each
continent (except Antarctica). {WGI 9.4, SPM}
Anthropogenic warming over the last three decades has likely
had a discernible influence at the global scale on observed changes
in many physical and biological systems. {WGII 1.4, SPM}

Key uncertainties
Climate data coverage remains limited in some regions and there
is a notable lack of geographic balance in data and literature on
observed changes in natural and managed systems, with marked
scarcity in developing countries. {WGI SPM; WGII 1.3, SPM}
Analysing and monitoring changes in extreme events, including drought, tropical cyclones, extreme temperatures and the frequency and intensity of precipitation, is more difficult than for climatic averages as longer data time-series of higher spatial and temporal resolutions are required. {WGI 3.8, SPM}
Effects of climate changes on human and some natural systems
are difficult to detect due to adaptation and non-climatic drivers.
{WGII 1.3}
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Difficulties remain in reliably simulating and attributing observed temperature changes to natural or human causes at smaller
than continental scales. At these smaller scales, factors such as landuse change and pollution also complicate the detection of anthropogenic warming influence on physical and biological systems. {WGI
8.3, 9.4, SPM; WGII 1.4, SPM}

The magnitude of CO2 emissions from land-use change and
CH4 emissions from individual sources remain as key uncertainties. {WGI 2.3, 7.3, 7.4; WGIII 1.3, TS.14}

6.2 Drivers and projections of future climate
changes and their impacts
Robust findings
With current climate change mitigation policies and related sustainable development practices, global GHG emissions will continue to grow over the next few decades. {WGIII 3.2, SPM}
For the next two decades a warming of about 0.2°C per decade
is projected for a range of SRES emissions scenarios. {WGI 10.3,
10.7, SPM}

Continued GHG emissions at or above current rates would cause
further warming and induce many changes in the global climate
system during the 21st century that would very likely be larger than
those observed during the 20th century. {WGI 10.3, 11.1, SPM}
The pattern of future warming where land warms more than the
adjacent oceans and more in northern high latitudes is seen in all
scenarios. {WGI 10.3, 11.1, SPM}
Warming tends to reduce terrestrial ecosystem and ocean uptake of atmospheric CO2, increasing the fraction of anthropogenic
emissions that remains in the atmosphere. {WGI 7.3, 10.4, 10.5, SPM}
Anthropogenic warming and sea level rise would continue for
centuries even if GHG emissions were to be reduced sufficiently
for GHG concentrations to stabilise, due to the time scales associated with climate processes and feedbacks. {WGI 10.7, SPM}
Equilibrium climate sensitivity is very unlikely to be less than
1.5°C. {WGI 8.6, 9.6, Box 10.2, SPM}
Some systems, sectors and regions are likely to be especially
affected by climate change. The systems and sectors are some ecosystems (tundra, boreal forest, mountain, mediterranean-type, mangroves, salt marshes, coral reefs and the sea-ice biome), low-lying
coasts, water resources in some dry regions at mid-latitudes and in
the dry topics and in areas dependent on snow and ice melt, agriculture in low-latitude regions, and human health in areas with low
adaptive capacity. The regions are the Arctic, Africa, small islands
and Asian and African megadeltas. Within other regions, even those
with high incomes, some people, areas and activities can be particularly at risk. {WGII TS.4.5}
Impacts are very likely to increase due to increased frequencies
and intensities of some extreme weather events. Recent events have
demonstrated the vulnerability of some sectors and regions, including in developed countries, to heat waves, tropical cyclones, floods
and drought, providing stronger reasons for concern as compared
to the findings of the TAR. {WGII Table SPM.2, 19.3}
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Key uncertainties
Uncertainty in the equilibrium climate sensitivity creates uncertainty in the expected warming for a given CO2-eq stabilisation
scenario. Uncertainty in the carbon cycle feedback creates uncertainty in the emissions trajectory required to achieve a particular
stabilisation level. {WGI 7.3, 10.4, 10.5, SPM}
Models differ considerably in their estimates of the strength of
different feedbacks in the climate system, particularly cloud feedbacks, oceanic heat uptake and carbon cycle feedbacks, although
progress has been made in these areas. Also, the confidence in projections is higher for some variables (e.g. temperature) than for
others (e.g. precipitation), and it is higher for larger spatial scales
and longer time averaging periods. {WGI 7.3, 8.1-8.7, 9.6, 10.2, 10.7,
SPM; WGII 4.4}

Aerosol impacts on the magnitude of the temperature response,
on clouds and on precipitation remain uncertain. {WGI 2.9, 7.5, 9.2,
9.4, 9.5}

Future changes in the Greenland and Antarctic ice sheet mass,
particularly due to changes in ice flow, are a major source of uncertainty that could increase sea level rise projections. The uncertainty
in the penetration of the heat into the oceans also contributes to the
future sea level rise uncertainty. {WGI 4.6, 6.4, 10.3, 10.7, SPM}
Large-scale ocean circulation changes beyond the 21st century
cannot be reliably assessed because of uncertainties in the meltwater supply from the Greenland ice sheet and model response to the
warming. {WGI 6.4, 8.7, 10.3 }
Projections of climate change and its impacts beyond about 2050
are strongly scenario- and model-dependent, and improved projections
would require improved understanding of sources of uncertainty and
enhancements in systematic observation networks. {WGII TS.6}
Impacts research is hampered by uncertainties surrounding regional projections of climate change, particularly precipitation.
{WGII TS.6}

Understanding of low-probability/high-impact events and the
cumulative impacts of sequences of smaller events, which is required for risk-based approaches to decision-making, is generally
limited. {WGII 19.4, 20.2, 20.4, 20.9, TS.6}

A wide range of mitigation options is currently available or projected to be available by 2030 in all sectors. The economic mitigation potential, at costs that range from net negative up to US$100/
tCO2-equivalent, is sufficient to offset the projected growth of global emissions or to reduce emissions to below current levels in 2030.
{WGIII 11.3, SPM}

Many impacts can be reduced, delayed or avoided by mitigation. Mitigation efforts and investments over the next two to three
decades will have a large impact on opportunities to achieve lower
stabilisation levels. Delayed emissions reductions significantly constrain the opportunities to achieve lower stabilisation levels and
increase the risk of more severe climate change impacts. {WGII SPM,
WGIII SPM}

The range of stabilisation levels for GHG concentrations that
have been assessed can be achieved by deployment of a portfolio
of technologies that are currently available and those that are expected to be commercialised in coming decades, provided that appropriate and effective incentives are in place and barriers are removed. In addition, further RD&D would be required to improve
the technical performance, reduce the costs and achieve social acceptability of new technologies. The lower the stabilisation levels,
the greater the need for investment in new technologies during the
next few decades. {WGIII 3.3, 3.4}
Making development more sustainable by changing development paths can make a major contribution to climate change mitigation and adaptation and to reducing vulnerability. {WGII 18.7, 20.3,
SPM; WGIII 13.2, SPM}

Decisions about macro-economic and other policies that seem
unrelated to climate change can significantly affect emissions. {WGIII
12.2}

Key uncertainties
Understanding of how development planners incorporate information about climate variability and change into their decisions
is limited. This limits the integrated assessment of vulnerability.
{WGII 18.8, 20.9}

The evolution and utilisation of adaptive and mitigative capacity depend on underlying socio-economic development pathways.
{WGII 17.3, 17.4, 18.6, 19.4, 20.9}

6.3 Responses to climate change
Robust findings
Some planned adaptation (of human activities) is occurring now;
more extensive adaptation is required to reduce vulnerability to climate change. {WGII 17.ES, 20.5, Table 20.6, SPM}
Unmitigated climate change would, in the long term, be likely
to exceed the capacity of natural, managed and human systems to
adapt. {WGII 20.7, SPM}

Barriers, limits and costs of adaptation are not fully understood,
partly because effective adaptation measures are highly dependent
on specific geographical and climate risk factors as well as institutional, political and financial constraints. {WGII SPM}
Estimates of mitigation costs and potentials depend on assumptions about future socio-economic growth, technological change
and consumption patterns. Uncertainty arises in particular from
assumptions regarding the drivers of technology diffusion and the
potential of long-term technology performance and cost improvements. Also little is known about the effects of changes in behaviour
and lifestyles. {WGIII 3.3, 3.4, 11.3}
The effects of non-climate policies on emissions are poorly
quantified. {WGIII 12.2}
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Annex I
User guide and access to more detailed information
As defined in the IPCC Procedures, the Synthesis Report (SYR) synthesises and integrates material contained within IPCC Assessment
Reports and Special Reports. The scope of the SYR of the Fourth Assessment Report includes material contained in the three Working
Group contributions to the AR4, and it draws on information contained in other IPCC Reports as required. The SYR is based exclusively
on assessments by the IPCC Working Groups, it does not refer to or assess the primary scientific literature itself.
The SYR is largely self-contained but provides only a very condensed summary of the much richer information contained in the underlying
Working Group reports. Users may wish to access relevant material at the required level of detail in the following manner:


The Summary for Policymakers (SPM) of the SYR provides the most condensed summary of our current understanding of scientific,
technical and socio-economic aspects of climate change. All references in curly brackets in this Summary for Policymakers refer to
numbered sections of this SYR.



The Introduction and six Topics of this SYR provide more detailed and more comprehensive information than the SYR SPM. References in curly backets in the Introduction and six Topics of this SYR point to chapter sections, Summaries for Policymakers and
Technical Summaries of the three underlying Working Group reports of the AR4, and in some instances to other topic sections of the
SYR itself. References to the IPCC Third Assessment Report in 2001 (TAR) are identified by adding “TAR” in front of the cited report.



Users who wish to gain a better understanding of scientific details or access the primary scientific literature on which the SYR is based,
should refer to chapter sections of the underlying Working Group reports that are cited in the longer report of the SYR. The individual
chapters of the Working Group reports provide comprehensive references to the primary scientific literature on which IPCC assessments are based, and also offer the most detailed region- and sector-specific information.

A comprehensive glossary, list of acronyms, abbreviations and scientific units, and an index are provided below to facilitate use of this
report by as wide an audience as possible.
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Annex II
Glossary
Editor: Alfons P. M. Baede (Netherlands)
Co-editors: Paul van der Linden (United Kingdom), Aviel Verbruggen (Belgium)
This Glossary is based on the glossaries published in the contributions of Working Groups of I, II and III to the IPCC Fourth
Assessment Report. Additional work has been undertaken on additions, consistency and shortening of definitions to make this
glossary more suitable to a wider audience.
The italics used have the following meaning: Glossary word reference; Glossary secondary reference (i.e. terms which are either
contained in a glossary of the IPCC Working Group contributions to the AR4, or defined within the text of an entry of this glossary).
A.

Adaptive capacity

Abrupt climate change

The whole of capabilities, resources and institutions of a country or region
to implement effective adaptation measures.

The nonlinearity of the climate system may lead to abrupt climate change,
sometimes called rapid climate change, abrupt events or even surprises.
The term abrupt often refers to time scales faster than the typical time
scale of the responsible forcing. However, not all abrupt climate changes
need be externally forced. Some possible abrupt events that have been
proposed include a dramatic reorganisation of the thermohaline circulation, rapid deglaciation and massive melting of permafrost or increases in
soil respiration leading to fast changes in the carbon cycle. Others may be
truly unexpected, resulting from a strong, rapidly changing, forcing of a
non-linear system.

Absorption, scattering and emission of radiation
Electromagnetic radiation may interact with matter, be it in the form of the
atoms and molecules of a gas (e.g. the gases in the atmosphere) or in the
form of particulate, solid or liquid, matter (e.g. aerosols), in various ways.
Matter itself emits radiation in accordance with its composition and temperature. Radiation may be absorbed by matter, whereby the absorbed energy may be transferred or re-emitted. Finally, radiation may also be deflected from its original path (scattered) as a result of interaction with
matter.

Activities Implemented Jointly (AIJ)
The pilot phase for Joint Implementation, as defined in Article 4.2(a) of
the United Nations Framework Convention on Climate Change (UNFCCC)
that allows for project activity among developed countries (and their companies) and between developed and developing countries (and their companies). AIJ is intended to allow parties to the UNFCCC to gain experience in jointly implemented projects. There is no credit for AIJ during the
pilot phase. A decision remains on the future of AIJ projects and how they
may relate to the Kyoto Mechanisms. As a simple form of tradable permits, AIJ and other market-based schemes represent potential mechanisms
for stimulating additional resource flows for reducing emissions. See also
Clean Development Mechanism, and Emissions Trading.

Adaptation

Aerosols
A collection of airborne solid or liquid particles, with a typical size between 0.01 and 10 micrometer (a millionth of a meter) that reside in the
atmosphere for at least several hours. Aerosols may be of either natural or
anthropogenic origin. Aerosols may influence climate in several ways:
directly through scattering and absorbing radiation, and indirectly through
acting as cloud condensation nuclei or modifying the optical properties
and lifetime of clouds.

Afforestation
Planting of new forests on lands that historically have not contained forests (for at least 50 years). For a discussion of the term forest and related
terms such as afforestation, reforestation, and deforestation see the IPCC
Report on Land Use, Land-Use Change and Forestry (IPCC, 2000). See
also the Report on Definitions and Methodological Options to Inventory
Emissions from Direct Human-induced Degradation of Forests and
Devegetation of Other Vegetation Types (IPCC, 2003).

Aggregate impacts
Total impacts integrated across sectors and/or regions. The aggregation of
impacts requires knowledge of (or assumptions about) the relative importance of impacts in different sectors and regions. Measures of aggregate
impacts include, for example, the total number of people affected, or the
total economic costs.

Albedo
The fraction of solar radiation reflected by a surface or object, often expressed
as a percentage. Snow-covered surfaces have a high albedo, the surface albedo of soils ranges from high to low, and vegetation-covered surfaces and
oceans have a low albedo. The Earth’s planetary albedo varies mainly through
varying cloudiness, snow, ice, leaf area and land cover changes.

Albedo feedback

Initiatives and measures to reduce the vulnerability of natural and human systems against actual or expected climate change effects. Various types of adaptation exist, e.g. anticipatory and reactive, private and public, and autonomous and planned. Examples are raising river or coastal dikes, the substitution of more temperature-shock resistant plants for sensitive ones, etc.

A climate feedback involving changes in the Earth’s albedo. It usually
refers to changes in the cryosphere which has an albedo much larger (~0.8)
than the average planetary albedo (~0.3). In a warming climate, it is anticipated that the cryosphere would shrink, the Earth’s overall albedo would
decrease and more solar energy would be absorbed to warm the Earth still
further.

Adaptation benefits

Algal bloom

The avoided damage costs or the accrued benefits following the adoption
and implementation of adaptation measures.

A reproductive explosion of algae in a lake, river, or ocean.

Adaptation costs

The biogeographic zone made up of slopes above the tree line, characterised
by the presence of rosette-forming herbaceous plants and low shrubby slowgrowing woody plants.

Costs of planning, preparing for, facilitating, and implementing adaptation measures, including transition costs.
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Annex I countries

Biodiversity

The group of countries included in Annex I (as amended in 1998) to the
United Nations Framework Convention on Climate Change (UNFCCC),
including all the OECD countries in the year 1990 and countries with economies in transition. Under Articles 4.2 (a) and 4.2 (b) of the Convention,
Annex I countries committed themselves specifically to the aim of returning individually or jointly to their 1990 levels of greenhouse gas emissions by the year 2000. By default, the other countries are referred to as
Non-Annex I countries. For a list of Annex I countries, see http://unfccc.int.

The total diversity of all organisms and ecosystems at various spatial scales
(from genes to entire biomes).

Annex II countries

The total mass of living organisms in a given area or volume; recently
dead plant material is often included as dead biomass. The quantity of
biomass is expressed as a dry weight or as the energy, carbon, or nitrogen
content.

The group of countries included in Annex II to the United Nations Framework Convention on Climate Change (UNFCCC), including all OECD
countries in the year 1990. Under Article 4.2 (g) of the Convention, these
countries are expected to provide financial resources to assist developing
countries to comply with their obligations, such as preparing national reports. Annex II countries are also expected to promote the transfer of environmentally sound technologies to developing countries. For a list of Annex II countries, see http://unfccc.int.

Annex B countries
The countries included in Annex B to the Kyoto Protocol that have agreed
to a target for their greenhouse-gas emissions, including all the Annex I
countries (as amended in 1998) except for Turkey and Belarus. For a list
of Annex I countries, see http://unfccc.int. See Kyoto Protocol

Anthropogenic

Biofuel
A fuel produced from organic matter or combustible oils produced by plants.
Examples of biofuel include alcohol, black liquor from the paper-manufacturing process, wood, and soybean oil.

Biomass

Biome
A major and distinct regional element of the biosphere, typically consisting of several ecosystems (e.g. forests, rivers, ponds, swamps within a
region of similar climate). Biomes are characterised by typical communities of plants and animals.

Biosphere (terrestrial and marine)
The part of the Earth system comprising all ecosystems and living organisms, in the atmosphere, on land (terrestrial biosphere) or in the oceans
(marine biosphere), including derived dead organic matter, such as litter,
soil organic matter and oceanic detritus.

Resulting from or produced by human beings.

Boreal forest

Anthropogenic emissions

Forests of pine, spruce, fir, and larch stretching from the east coast of
Canada westward to Alaska and continuing from Siberia westward across
the entire extent of Russia to the European Plain.

Emissions of greenhouse gases, greenhouse gas precursors, and aerosols
associated with human activities, including the burning of fossil fuels, deforestation, land-use changes, livestock, fertilisation, etc.

Borehole temperature

A land region of low rainfall, where low is widely accepted to be <250 mm
precipitation per year.

Borehole temperatures are measured in boreholes of tens to hundreds of
meters depth into the subsurface of the Earth. Borehole temperature depth
profiles are commonly used to infer time variations in the ground surface
temperature on centennial time scales.

Atmosphere

Bottom-up models

The gaseous envelope surrounding the Earth. The dry atmosphere consists
almost entirely of nitrogen (78.1% volume mixing ratio) and oxygen (20.9%
volume mixing ratio), together with a number of trace gases, such as argon
(0.93% volume mixing ratio), helium and radiatively active greenhouse
gases such as carbon dioxide (0.035% volume mixing ratio) and ozone. In
addition, the atmosphere contains the greenhouse gas water vapour, whose
amounts are highly variable but typically around 1% volume mixing ratio.
The atmosphere also contains clouds and aerosols.

Bottom-up models represent reality by aggregating characteristics of specific activities and processes, considering technological, engineering and
cost details. See also Top-down models.

Arid region

Attribution
See Detection and attribution.

B.
Barrier
Any obstacle to reaching a goal, adaptation or mitigation potential that
can be overcome or attenuated by a policy, programme, or measure. Barrier removal includes correcting market failures directly or reducing the
transactions costs in the public and private sectors by e.g. improving institutional capacity, reducing risk and uncertainty, facilitating market transactions, and enforcing regulatory policies.

Baseline
Reference for measurable quantities from which an alternative outcome
can be measured, e.g. a non-intervention scenario used as a reference in
the analysis of intervention scenarios.

Basin
The drainage area of a stream, river, or lake.

C.
Carbon (Dioxide) Capture and Storage (CCS)
A process consisting of separation of carbon dioxide from industrial and
energy-related sources, transport to a storage location, and long-term isolation from the atmosphere.

Carbon cycle
The term used to describe the flow of carbon (in various forms, e.g. as
carbon dioxide) through the atmosphere, ocean, terrestrial biosphere and
lithosphere.

Carbon dioxide (CO2)

A naturally occurring gas, also a by-product of burning fossil fuels from
fossil carbon deposits, such as oil, gas and coal, of burning biomass and of
land use changes and other industrial processes. It is the principal anthropogenic greenhouse gas that affects the Earth’s radiative balance. It is the
reference gas against which other greenhouse gases are measured and therefore has a Global Warming Potential of 1.

Carbon dioxide (CO2) fertilisation

The enhancement of the growth of plants as a result of increased atmospheric carbon dioxide (CO2) concentration. Depending on their mechanism of photosynthesis, certain types of plants are more sensitive to changes
in atmospheric CO2 concentration.
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Carbon intensity
The amount of emission of carbon dioxide per unit of Gross Domestic
Product.

Carbon leakage
The part of emissions reductions in Annex B countries that may be offset
by an increase of the emissions in the non-constrained countries above
their baseline levels. This can occur through (1) relocation of energy-intensive production in non-constrained regions; (2) increased consumption
of fossil fuels in these regions through decline in the international price of
oil and gas triggered by lower demand for these energies; and (3) changes
in incomes (thus in energy demand) because of better terms of trade.

Carbon sequestration
See Uptake

Catchment
An area that collects and drains rainwater.

Chlorofluorocarbons (CFCs)
See Halocarbons

Clean Development Mechanism (CDM)
Defined in Article 12 of the Kyoto Protocol, the CDM is intended to meet
two objectives: (1) to assist parties not included in Annex I in achieving
sustainable development and in contributing to the ultimate objective of
the convention; and (2) to assist parties included in Annex I in achieving
compliance with their quantified emission limitation and reduction commitments. Certified Emission Reduction Units from CDM projects undertaken in non-Annex I countries that limit or reduce greenhouse gas emissions, when certified by operational entities designated by Conference of
the Parties/Meeting of the Parties, can be accrued to the investor (government or industry) from parties in Annex B. A share of the proceeds from
the certified project activities is used to cover administrative expenses as
well as to assist developing country parties that are particularly vulnerable
to the adverse effects of climate change to meet the costs of adaptation.

Glossary

the global atmosphere and which is in addition to natural climate variability observed over comparable time periods’. The UNFCCC thus makes a
distinction between climate change attributable to human activities altering the atmospheric composition, and climate variability attributable to
natural causes. See also Climate variability; Detection and Attribution.

Climate feedback
An interaction mechanism between processes in the climate system is called
a climate feedback when the result of an initial process triggers changes in
a second process that in turn influences the initial one. A positive feedback
intensifies the original process, and a negative feedback reduces it.

Climate model
A numerical representation of the climate system based on the physical,
chemical and biological properties of its components, their interactions
and feedback processes, and accounting for all or some of its known properties. The climate system can be represented by models of varying complexity, that is, for any one component or combination of components a
spectrum or hierarchy of models can be identified, differing in such aspects as the number of spatial dimensions, the extent to which physical,
chemical or biological processes are explicitly represented, or the level at
which empirical parametrisations are involved. Coupled Atmosphere-Ocean
General Circulation Models (AOGCMs) provide a representation of the climate system that is near the most comprehensive end of the spectrum currently
available. There is an evolution towards more complex models with interactive chemistry and biology (see WGI Chapter 8). Climate models are applied
as a research tool to study and simulate the climate, and for operational purposes, including monthly, seasonal and interannual climate predictions.

Climate prediction
A climate prediction or climate forecast is the result of an attempt to produce an estimate of the actual evolution of the climate in the future, for
example, at seasonal, interannual or long-term time scales. Since the future evolution of the climate system may be highly sensitive to initial conditions, such predictions are usually probabilistic in nature. See also Climate projection, climate scenario.

Climate

Climate projection

Climate in a narrow sense is usually defined as the average weather, or
more rigorously, as the statistical description in terms of the mean and
variability of relevant quantities over a period of time ranging from months
to thousands or millions of years. The classical period for averaging these
variables is 30 years, as defined by the World Meteorological Organization. The relevant quantities are most often surface variables such as temperature, precipitation and wind. Climate in a wider sense is the state,
including a statistical description, of the climate system. In various parts
of this report different averaging periods, such as a period of 20 years, are
also used.

A projection of the response of the climate system to emission or concentration scenarios of greenhouse gases and aerosols, or radiative forcing
scenarios, often based upon simulations by climate models. Climate projections are distinguished from climate predictions in order to emphasise
that climate projections depend upon the emission/concentration/radiative
forcing scenario used, which are based on assumptions concerning, for
example, future socioeconomic and technological developments that may
or may not be realised and are therefore subject to substantial uncertainty.

Climate response
See Climate sensitivity

Climate-carbon cycle coupling
Future climate change induced by atmospheric emissions of greenhouse
gases will impact on the global carbon cycle. Changes in the global carbon cycle in turn will influence the fraction of anthropogenic greenhouse
gases that remains in the atmosphere, and hence the atmospheric concentrations of greenhouse gases, resulting in further climate change. This feedback is called climate-carbon cycle coupling. The first generation coupled
climate-carbon cycle models indicates that global warming will increase
the fraction of anthropogenic CO2 that remains in the atmosphere.

Climate scenario
A plausible and often simplified representation of the future climate, based
on an internally consistent set of climatological relationships that has been
constructed for explicit use in investigating the potential consequences of
anthropogenic climate change, often serving as input to impact models.
Climate projections often serve as the raw material for constructing climate scenarios, but climate scenarios usually require additional information such as about the observed current climate. A climate change scenario is the difference between a climate scenario and the current climate.

Climate change
Climate change refers to a change in the state of the climate that can be
identified (e.g., by using statistical tests) by changes in the mean and/or
the variability of its properties, and that persists for an extended period,
typically decades or longer. Climate change may be due to natural internal
processes or external forcings, or to persistent anthropogenic changes in
the composition of the atmosphere or in land use. Note that the United
Nations Framework Convention on Climate Change (UNFCCC), in its
Article 1, defines climate change as: ‘a change of climate which is attributed directly or indirectly to human activity that alters the composition of
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Climate sensitivity
In IPCC reports, equilibrium climate sensitivity refers to the equilibrium
change in the annual mean global surface temperature following a doubling of the atmospheric equivalent carbon dioxide concentration. Due to
computational constraints, the equilibrium climate sensitivity in a climate
model is usually estimated by running an atmospheric general circulation
model coupled to a mixed-layer ocean model, because equilibrium climate
sensitivity is largely determined by atmospheric processes. Efficient models can be run to equilibrium with a dynamic ocean.

2045
Appendix II

The transient climate response is the change in the global surface temperature, averaged over a 20-year period, centred at the time of atmospheric carbon dioxide doubling, that is, at year 70 in a 1%/yr compound
carbon dioxide increase experiment with a global coupled climate model.
It is a measure of the strength and rapidity of the surface temperature response to greenhouse gas forcing.

Climate shift
An abrupt shift or jump in mean values signalling a change in climate
regime (see Patterns of climate variability). Most widely used in conjunction with the 1976/1977 climate shift that seems to correspond to a change
in El Niño-Southern Oscillation behaviour.

Climate system
The climate system is the highly complex system consisting of five major
components: the atmosphere, the hydrosphere, the cryosphere, the land
surface and the biosphere, and the interactions between them. The climate
system evolves in time under the influence of its own internal dynamics
and because of external forcings such as volcanic eruptions, solar variations and anthropogenic forcings such as the changing composition of the
atmosphere and land-use change.

Climate variability
Climate variability refers to variations in the mean state and other statistics (such as standard deviations, the occurrence of extremes, etc.) of the
climate on all spatial and temporal scales beyond that of individual weather
events. Variability may be due to natural internal processes within the climate system (internal variability), or to variations in natural or anthropogenic external forcing (external variability). See also Climate change.

Cloud feedback
A climate feedback involving changes in any of the properties of clouds as
a response to other atmospheric changes. Understanding cloud feedbacks
and determining their magnitude and sign require an understanding of how
a change in climate may affect the spectrum of cloud types, the cloud
fraction and height, and the radiative properties of clouds, and an estimate
of the impact of these changes on the Earth’s radiation budget. At present,
cloud feedbacks remain the largest source of uncertainty in climate sensitivity estimates. See also Radiative forcing.

CO2-equivalent

See Box “Carbon dioxide-equivalent (CO2-eq) emissions and concentrations” in Topic 2 of the Synthesis Report and Working Group I Chapter
2.10.

CO2-fertilization

See Carbon dioxide fertilization.

Co-benefits
The benefits of policies implemented for various reasons at the same time,
acknowledging that most policies designed to address greenhouse gas mitigation have other, often at least equally important, rationales (e.g., related
to objectives of development, sustainability, and equity).

Combined Heat and Power (CHP)
The use of waste heat from thermal electricity generation plants. The heat
is e.g. condensing heat from steam turbines or hot flue gases exhausted
from gas turbines, for industrial use, buildings or district heating. Also
called co-generation.

Compliance
Compliance is whether and to what extent countries do adhere to the provisions of an accord. Compliance depends on implementing policies ordered, and on whether measures follow up the policies. Compliance is the
degree to which the actors whose behaviour is targeted by the agreement,
local government units, corporations, organisations, or individuals, conform to the implementing obligations. See also Implementation.
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Confidence
The level of confidence in the correctness of a result is expressed in this
report, using a standard terminology defined as follows:
Terminology

Degree of confidence in being correct

Very high confidence
High confidence
Medium confidence
Low confidence
Very low confidence

At least 9 out of 10 chance of being correct
About 8 out of 10 chance
About 5 out of 10 chance
About 2 out of 10 chance
Less than 1 out of 10 chance

See also Likelihood; Uncertainty

Coral
The term coral has several meanings, but is usually the common name for
the Order Scleractinia, all members of which have hard limestone skeletons, and which are divided into reef-building and non-reef-building, or
cold- and warm-water corals. See Coral bleaching; Coral reefs

Coral bleaching
The paling in colour which results if a coral loses its symbiotic, energyproviding, organisms.

Coral reefs
Rock-like limestone structures built by corals along ocean coasts (fringing reefs) or on top of shallow, submerged banks or shelves (barrier reefs,
atolls), most conspicuous in tropical and subtropical oceans.

Cost
The consumption of resources such as labour time, capital, materials, fuels, etc. as a consequence of an action. In economics all resources are
valued at their opportunity cost, being the value of the most valuable alternative use of the resources. Costs are defined in a variety of ways and
under a variety of assumptions that affect their value. Cost types include:
administrative costs, damage costs (to ecosystems, people and economies
due to negative effects from climate change), and implementation costs of
changing existing rules and regulation, capacity building efforts, information, training and education, etc. Private costs are carried by individuals,
companies or other private entities that undertake the action, whereas social costs include also the external costs on the environment and on society as a whole. The negative of costs are benefits (also sometimes called
negative costs). Costs minus benefits are net costs.

Cryosphere
The component of the climate system consisting of all snow, ice and frozen
ground (including permafrost) on and beneath the surface of the Earth and
ocean. See also Glacier; Ice sheet.

D.
Deforestation
Conversion of forest to non-forest. For a discussion of the term forest and
related terms such as afforestation, reforestation, and deforestation see
the IPCC Report on Land Use, Land-Use Change and Forestry (IPCC,
2000). See also the Report on Definitions and Methodological Options to
Inventory Emissions from Direct Human-induced Degradation of Forests
and Devegetation of Other Vegetation Types (IPCC, 2003).

Demand-side management (DSM)
Policies and programmes for influencing the demand for goods and/or services. In the energy sector, DSM aims at reducing the demand for electricity and energy sources. DSM helps to reduce greenhouse gas emissions.

Detection and attribution
Climate varies continually on all time scales. Detection of climate change
is the process of demonstrating that climate has changed in some defined
statistical sense, without providing a reason for that change. Attribution of
causes of climate change is the process of establishing the most likely
causes for the detected change with some defined level of confidence.
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Development path or pathway
An evolution based on an array of technological, economic, social, institutional, cultural, and biophysical characteristics that determine the interactions between natural and human systems, including production and consumption patterns in all countries, over time at a particular scale. Alternative development paths refer to different possible trajectories of development, the continuation of current trends being just one of the many paths.

Discounting
A mathematical operation making monetary (or other) amounts received
or expended at different points in time (years) comparable across time.
The operator uses a fixed or possibly time-varying discount rate (>0) from
year to year that makes future value worth less today. In a descriptive
discounting approach one accepts the discount rates people (savers and
investors) actually apply in their day-to-day decisions (private discount
rate). In a prescriptive (ethical or normative) discounting approach the
discount rate is fixed from a social perspective, e.g. based on an ethical
judgement about the interests of future generations (social discount rate).

Discount rate
See Discounting

Drought
In general terms, drought is a ‘prolonged absence or marked deficiency of
precipitation’, a ‘deficiency that results in water shortage for some activity or for some group’, or a ‘period of abnormally dry weather sufficiently
prolonged for the lack of precipitation to cause a serious hydrological imbalance’ (Heim, 2002). Drought has been defined in a number of ways.
Agricultural drought relates to moisture deficits in the topmost 1 metre or
so of soil (the root zone) that affect crops, meteorological drought is mainly
a prolonged deficit of precipitation, and hydrologic drought is related to
below-normal streamflow, lake and groundwater levels. A megadrought is
a longdrawn out and pervasive drought, lasting much longer than normal,
usually a decade or more.

Dynamical ice discharge
Discharge of ice from ice sheets or ice caps caused by the dynamics of the
ice sheet or ice cap (e.g. in the form of glacier flow, ice streams and calving icebergs) rather than by melt or runoff.

E.
Economic (mitigation) potential
See Mitigation potential.

Economies in Transition (EITs)
Countries with their economies changing from a planned economic system
to a market economy.

Ecosystem
A system of living organisms interacting with each other and their physical environment. The boundaries of what could be called an ecosystem are
somewhat arbitrary, depending on the focus of interest or study. Thus, the
extent of an ecosystem may range from very small spatial scales to, ultimately, the entire Earth.

El Nińo-Southern Oscillation (ENSO)
The term El Niño was initially used to describe a warm-water current that
periodically flows along the coast of Ecuador and Perú, disrupting the
local fishery. It has since become identified with a basinwide warming of
the tropical Pacific east of the dateline. This oceanic event is associated
with a fluctuation of a global-scale tropical and subtropical surface pressure pattern called the Southern Oscillation. This coupled atmosphereocean phenomenon, with preferred time scales of two to about seven years,
is collectively known as El Niño-Southern Oscillation, or ENSO. It is often measured by the surface pressure anomaly difference between Darwin
and Tahiti and the sea surface temperatures in the central and eastern equatorial Pacific. During an ENSO event, the prevailing trade winds weaken,
reducing upwelling and altering ocean currents such that the sea surface
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temperatures warm, further weakening the trade winds. This event has a
great impact on the wind, sea surface temperature and precipitation patterns in the tropical Pacific. It has climatic effects throughout the Pacific
region and in many other parts of the world, through global teleconnections.
The cold phase of ENSO is called La Niña.

Emission scenario
A plausible representation of the future development of emissions of substances that are potentially radiatively active (e.g., greenhouse gases, aerosols), based on a coherent and internally consistent set of assumptions
about driving forces (such as demographic and socioeconomic development, technological change) and their key relationships. Concentration
scenarios, derived from emission scenarios, are used as input to a climate
model to compute climate projections. In IPCC (1992) a set of emission
scenarios was presented which were used as a basis for the climate projections in IPCC (1996). These emission scenarios are referred to as the IS92
scenarios. In the IPCC Special Report on Emission Scenarios (Nakic4enovic4
and Swart, 2000) new emission scenarios, the so-called SRES scenarios,
were published. For the meaning of some terms related to these scenarios,
see SRES scenarios.

Emission(s) trading
A market-based approach to achieving environmental objectives. It allows
those reducing greenhouse gas emissions below their emission cap to use
or trade the excess reductions to offset emissions at another source inside
or outside the country. In general, trading can occur at the intra-company,
domestic, and international levels. The Second Assessment Report by the
IPCC adopted the convention of using permits for domestic trading systems and quotas for international trading systems. Emissions trading under Article 17 of the Kyoto Protocol is a tradable quota system based on
the assigned amounts calculated from the emission reduction and limitation commitments listed in Annex B of the Protocol.

Emission trajectory
A projected development in time of the emission of a greenhouse gas or
group of greenhouse gases, aerosols and greenhouse gas precursors.

Energy
The amount of work or heat delivered. Energy is classified in a variety of
types and becomes useful to human ends when it flows from one place to
another or is converted from one type into another. Primary energy (also
referred to as energy sources) is the energy embodied in natural resources
(e.g., coal, crude oil, natural gas, uranium) that has not undergone any
anthropogenic conversion. This primary energy needs to be converted and
transported to become usable energy (e.g. light). Renewable energy is
obtained from the continuing or repetitive currents of energy occurring in
the natural environment, and includes non-carbon technologies such as
solar energy, hydropower, wind, tide and waves, and geothermal heat, as
well as carbon neutral technologies such as biomass. Embodied energy is
the energy used to produce a material substance (such as processed metals,
or building materials), taking into account energy used at the manufacturing facility (zero order), energy used in producing the materials that are
used in the manufacturing facility (first order), and so on.

Energy balance
The difference between the total incoming and total outgoing energy in the
climate system. If this balance is positive, warming occurs; if it is negative, cooling occurs. Averaged over the globe and over long time periods,
this balance must be zero. Because the climate system derives virtually all
its energy from the Sun, zero balance implies that, globally, the amount of
incoming solar radiation on average must be equal to the sum of the outgoing reflected solar radiation and the outgoing thermal infrared radiation emitted by the climate system. A perturbation of this global radiation
balance, be it anthropogenic or natural, is called radiative forcing.

Energy efficiency
Ratio of useful energy output of a system, conversion process or activity,
to its energy input.
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Energy intensity

Forest

Energy intensity is the ratio of energy use to economic or physical output.
At the national level, energy intensity is the ratio of total primary energy
use or final energy use to Gross Domestic Product. At the activity level,
one can also use physical quantities in the denominator, e.g. litre fuel/
vehicle km.
See Box “Carbon dioxide-equivalent (CO2-eq) emissions and concentrations” in Topic 2 of the Synthesis Report.

A vegetation type dominated by trees. Many definitions of the term forest
are in use throughout the world, reflecting wide differences in
biogeophysical conditions, social structure, and economics. Particular criteria apply under the Kyoto Protocol. For a discussion of the term forest
and related terms such as afforestation, reforestation, and deforestation
see the IPCC Special Report on Land Use, Land-Use Change, and Forestry
(IPCC, 2000). See also the Report on Definitions and Methodological
Options to Inventory Emissions from Direct Human-induced Degradation
of Forests and Devegetation of Other Vegetation Types (IPCC, 2003)

Equivalent carbon dioxide emission

Fossil fuels

See Box “Carbon dioxide-equivalent (CO2-eq) emissions and concentrations” in Topic 2 of the Synthesis Report and Working Group I Chapter
2.10.

Carbon-based fuels from fossil hydrocarbon deposits, including coal, peat,
oil, and natural gas.

Equivalent carbon dioxide concentration

Framework Convention on Climate Change
Erosion
The process of removal and transport of soil and rock by weathering, mass
wasting, and the action of streams, glaciers, waves, winds, and underground water.

Evapotranspiration
The combined process of water evaporation from the Earth’s surface and
transpiration from vegetation.

See United Nations Framework Convention on Climate Change
(UNFCCC).

Frozen ground
Soil or rock in which part or all of the pore water is frozen (Van Everdingen,
1998). Frozen ground includes permafrost. Ground that freezes and thaws
annually is called seasonally frozen ground.

Fuel cell
External forcing
External forcing refers to a forcing agent outside the climate system causing a change in the climate system. Volcanic eruptions, solar variations
and anthropogenic changes in the composition of the atmosphere and landuse change are external forcings.

A fuel cell generates electricity in a direct and continuous way from the
controlled electrochemical reaction of hydrogen or another fuel and oxygen. With hydrogen as fuel it emits only water and heat (no carbon dioxide) and the heat can be utilised. See Combined Heat and Power.

Fuel switching
Extinction
The complete disappearance of an entire biological species.

Extreme weather event
An event that is rare at a particular place and time of year. Definitions of
“rare” vary, but an extreme weather event would normally be as rare as or
rarer than the 10th or 90th percentile of the observed probability density
function. By definition, the characteristics of what is called extreme weather
may vary from place to place in an absolute sense. Single extreme events
cannot be simply and directly attributed to anthropogenic climate change,
as there is always a finite chance the event in question might have occurred naturally.When a pattern of extreme weather persists for some time,
such as a season, it may be classed as an extreme climate event, especially
if it yields an average or total that is itself extreme (e.g., drought or heavy
rainfall over a season).

F.

In general this is substituting fuel A for fuel B. In the climate change discussion it is implicit that fuel A has a lower carbon content than fuel B,
e.g. natural gas for coal.

G.
Glacial lake
A lake formed by glacier meltwater, located either at the front of a glacier
(known as a proglacial lake), on the surface of a glacier (supraglacial
lake), within the glacier (englacial lake) or at the glacier bed (subglacial
lake).

Glacier
A mass of land ice which flows downhill under gravity (through internal
deformation and/or sliding at the base) and is constrained by internal stress
and friction at the base and sides. A glacier is maintained by accumulation
of snow at high altitudes, balanced by melting at low altitudes or discharge
into the sea. See Mass balance

F-gases
This term refers to the groups of gases hydrofluorocarbons,
perfluorocarbons, and sulphurhexafluoride, which are covered under the
Kyoto Protocol.

Global surface temperature

See Climate feedback.

The global surface temperature is an estimate of the global mean surface
air temperature. However, for changes over time, only anomalies, as departures from a climatology, are used, most commonly based on the areaweighted global average of the sea surface temperature anomaly and land
surface air temperature anomaly.

Food security

Global Warming Potential (GWP)

A situation that exists when people have secure access to sufficient amounts
of safe and nutritious food for normal growth, development and an active
and healthy life. Food insecurity may be caused by the unavailability of
food, insufficient purchasing power, inappropriate distribution, or inadequate use of food at the household level.
See External forcing

An index, based upon radiative properties of well mixed greenhouse gases,
measuring the radiative forcing of a unit mass of a given well mixed greenhouse gas in today’s atmosphere integrated over a chosen time horizon,
relative to that of carbon dioxide. The GWP represents the combined effect of the differing times these gases remain in the atmosphere and their
relative effectiveness in absorbing outgoing thermal infrared radiation.
The Kyoto Protocol is based on GWPs from pulse emissions over a 100year time frame.

Forecast

Greenhouse effect

See Climate forecast; Climate projection; Projection.

Greenhouse gases effectively absorb thermal infrared radiation, emitted
by the Earth’s surface, by the atmosphere itself due to the same gases, and

Feedback

Forcing
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by clouds. Atmospheric radiation is emitted to all sides, including downward to the Earth’s surface. Thus greenhouse gases trap heat within the
surface-troposphere system. This is called the greenhouse effect.Thermal
infrared radiation in the troposphere is strongly coupled to the temperature
of the atmosphere at the altitude at which it is emitted. In the troposphere,
the temperature generally decreases with height. Effectively, infrared radiation emitted to space originates from an altitude with a temperature of,
on average, –19°C, in balance with the net incoming solar radiation,
whereas the Earth’s surface is kept at a much higher temperature of, on
average, +14°C. An increase in the concentration of greenhouse gases leads
to an increased infrared opacity of the atmosphere, and therefore to an
effective radiation into space from a higher altitude at a lower temperature. This causes a radiative forcing that leads to an enhancement of the
greenhouse effect, the so-called enhanced greenhouse effect.

out into the oceans, from which it will eventually evaporate again (AMS,
2000). The various systems involved in the hydrological cycle are usually
referred to as hydrological systems.

Greenhouse gas (GHG)

Ice sheet

Greenhouse gases are those gaseous constituents of the atmosphere, both
natural and anthropogenic, that absorb and emit radiation at specific wavelengths within the spectrum of thermal infrared radiation emitted by the
Earth’s surface, the atmosphere itself, and by clouds. This property causes
the greenhouse effect. Water vapour (H2O), carbon dioxide (CO2), nitrous
oxide (N2O), methane (CH4) and ozone (O3) are the primary greenhouse
gases in the Earth’s atmosphere. Moreover, there are a number of entirely
human-made greenhouse gases in the atmosphere, such as the halocarbons and other chlorine and bromine containing substances, dealt with
under the Montreal Protocol. Beside CO2, N2O and CH4, the Kyoto Protocol deals with the greenhouse gases sulphur hexafluoride (SF 6 ),
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs).

Gross Domestic Product (GDP)
Gross Domestic Product (GDP) is the monetary value of all goods and
services produced within a nation.

H.
Halocarbons

Hydrological systems
See Hydrological cycle

I.
Ice cap
A dome shaped ice mass, usually covering a highland area, which is considerably smaller in extent than an ice sheet.

Ice core
A cylinder of ice drilled out of a glacier or ice sheet.
A mass of land ice that is sufficiently deep to cover most of the underlying
bedrock topography, so that its shape is mainly determined by its dynamics (the flow of the ice as it deforms internally and/or slides at its base). An
ice sheet flows outwards from a high central ice plateau with a small average surface slope. The margins usually slope more steeply, and most ice is
discharged through fast-flowing ice streams or outlet glaciers, in some
cases into the sea or into ice shelves floating on the sea. There are only
three large ice sheets in the modern world, one on Greenland and two on
Antarctica, the East and West Antarctic Ice Sheet, divided by the
Transantarctic Mountains. During glacial periods there were others.

(Climate change) Impact assessment
The practice of identifying and evaluating, in monetary and/or non-monetary terms, the effects of climate change on natural and human systems.

(Climate change) Impacts
The effects of climate change on natural and human systems. Depending
on the consideration of adaptation, one can distinguish between potential
impacts and residual impacts:

A collective term for the group of partially halogenated organic species,
including the chlorofluorocarbons (CFCs), hydrochlorofluorocarbons
(HCFCs), hydrofluorocarbons (HFCs), halons, methyl chloride, methyl
bromide, etc. Many of the halocarbons have large Global Warming Potentials. The chlorine and bromine containing halocarbons are also involved
in the depletion of the ozone layer.

See also aggregate impacts, market impacts, and non-market impacts.

Human system

Implementation

Any system in which human organisations play a major role. Often, but
not always, the term is synonymous with society or social system e.g.,
agricultural system, political system, technological system, economic system; all are human systems in the sense applied in the Fourth Assessment
Report.

Hydrochlorofluorocarbons (HCFCs)
See Halocarbons

– Potential impacts: all impacts that may occur given a projected
change in climate, without considering adaptation.
– Residual impacts: the impacts of climate change that would oc
cur after adaptation.

Implementation describes the actions taken to meet commitments under a
treaty and encompasses legal and effective phases.
Legal implementation refers to legislation, regulations, judicial decrees,
including other actions such as efforts to administer progress which governments take to translate international accords into domestic law and
policy. Effective implementation needs policies and programmes that induce changes in the behaviour and decisions of target groups. Target groups
then take effective measures of mitigation and adaptation. See also Compliance.

Hydrofluorocarbons (HFCs)
One of the six greenhouse gases or groups of greenhouse gases to be curbed
under the Kyoto Protocol. They are produced commercially as a substitute
for chlorofluorocarbons. HFCs largely are used in refrigeration and semiconductor manufacturing. See Halocarbons

Hydrosphere
The component of the climate system comprising liquid surface and subterranean water, such as oceans, seas, rivers, fresh water lakes, underground
water, etc.

Hydrological cycle
The cycle in which water evaporates from the oceans and the land surface,
is carried over the Earth in atmospheric circulation as water vapour, condensates to form clouds, precipitates again as rain or snow, is intercepted
by trees and vegetation, provides runoff on the land surface, infiltrates into
soils, recharges groundwater, discharges into streams, and ultimately, flows
82

Indigenous peoples
No internationally accepted definition of indigenous peoples exists. Common characteristics often applied under international law, and by United
Nations agencies to distinguish indigenous peoples include: residence within
or attachment to geographically distinct traditional habitats, ancestral territories, and their natural resources; maintenance of cultural and social
identities, and social, economic, cultural and political institutions separate
from mainstream or dominant societies and cultures; descent from population groups present in a given area, most frequently before modern states
or territories were created and current borders defined; and self-identification as being part of a distinct indigenous cultural group, and the desire to
preserve that cultural identity.

Induced technological change
See technological change.
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Industrial revolution
A period of rapid industrial growth with far-reaching social and economic
consequences, beginning in Britain during the second half of the eighteenth century and spreading to Europe and later to other countries including the United States. The invention of the steam engine was an important
trigger of this development. The industrial revolution marks the beginning
of a strong increase in the use of fossil fuels and emission of, in particular,
fossil carbon dioxide. In this Report the terms pre-industrial and industrial refer, somewhat arbitrarily, to the periods before and after 1750,
respectively.

Inertia
In the context of climate change mitigation, inertia relates to the difficulty
of change resulting from pre-existing conditions within society such as
physical man-made capital, natural capital, and social non-physical capital, including institutions, regulations, and norms. Existing structures lock
in societies making change more difficult.
In the context of the climate system, inertia relates to the delay in climate
change after an external forcing has been applied, and to the continuation
of climate change even after the external forcing has been stabilised.

Infectious disease
Any disease caused by microbial agents that can be transmitted from one
person to another or from animals to people. This may occur by direct
physical contact, by handling of an object that has picked up infective
organisms, through a disease carrier, via contaminated water, or by spread
of infected droplets coughed or exhaled into the air.

Infrastructure
The basic equipment, utilities, productive enterprises, installations, and
services essential for the development, operation, and growth of an organization, city, or nation.

Integrated assessment
A method of analysis that combines results and models from the physical,
biological, economic and social sciences, and the interactions between these
components in a consistent framework to evaluate the status and the consequences of environmental change and the policy responses to it. Models
used to carry out such analysis are called Integrated Assessment Models.

Integrated water resources management (IWRM)
The prevailing concept for water management which, however, has not
been defined unambiguously. IWRM is based on four principles that were
formulated by the International Conference on Water and the Environment
in Dublin, 1992: 1) fresh water is a finite and vulnerable resource, essential to sustain life, development and the environment; 2) water development and management should be based on a participatory approach, involving users, planners and policymakers at all levels; 3) women play a
central part in the provision, management and safeguarding of water; 4)
water has an economic value in all its competing uses and should be
recognised as an economic good.

Interglacials
The warm periods between ice age glaciations. The previous interglacial,
dated approximately from 129,000 to 116,000 years ago, is referred to as
Last Interglacial. (AMS, 2000)

J.
Joint Implementation (JI)
A market-based implementation mechanism defined in Article 6 of the
Kyoto Protocol, allowing Annex I countries or companies from these countries to implement projects jointly that limit or reduce emissions or enhance sinks, and to share the Emissions Reduction Units. JI activity is also
permitted in Article 4.2(a) of the United Nations Framework Convention
on Climate Change (UNFCCC). See also Kyoto Mechanisms; Activities
Implemented Jointly.
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K.
Kyoto Mechanisms (also called Flexibility Mechanisms)
Economic mechanisms based on market principles that parties to the Kyoto
Protocol can use in an attempt to lessen the potential economic impacts of
greenhouse gas emission-reduction requirements. They include Joint Implementation (Article 6), Clean Development Mechanism (Article 12), and
Emissions Trading (Article 17).

Kyoto Protocol
The Kyoto Protocol to the United Nations Framework Convention on Climate Change (UNFCCC) was adopted in 1997 in Kyoto, Japan, at the
Third Session of the Conference of the Parties (COP) to the UNFCCC. It
contains legally binding commitments, in addition to those included in the
UNFCCC. Countries included in Annex B of the Protocol (most Organization for Economic Cooperation and Development countries and countries
with economies in transition) agreed to reduce their anthropogenic greenhouse gas emissions (carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, and sulphur hexafluoride) by at
least 5% below 1990 levels in the commitment period 2008 to 2012. The
Kyoto Protocol entered into force on 16 February 2005.

L.
Land use and Land-use change
Land use refers to the total of arrangements, activities and inputs undertaken in a certain land cover type (a set of human actions). The term land
use is also used in the sense of the social and economic purposes for which
land is managed (e.g., grazing, timber extraction, and conservation).
Land-use change refers to a change in the use or management of land by
humans, which may lead to a change in land cover. Land cover and landuse change may have an impact on the surface albedo, evapotranspiration, sources and sinks of greenhouse gases, or other properties of the
climate system and may thus have a radiative forcing and/or other impacts
on climate, locally or globally. See also: the IPCC Report on Land Use,
Land-Use Change, and Forestry (IPCC, 2000).

Last Interglacial (LIG)
See Interglacial

Learning by Doing
As researchers and firms gain familiarity with a new technological process, or acquire experience through expanded production they can discover ways to improve processes and reduce cost. Learning by Doing is a
type of experience-based technological change.

Level of Scientific Understanding (LOSU)
This is an index on a 5-step scale (high, medium, medium-low, low and
very low) designed to characterise the degree of scientific understanding
of the radiative forcing agents that affect climate change. For each agent,
the index represents a subjective judgement about the evidence for the physical/chemical mechanisms determining the forcing and the consensus surrounding the quantitative estimate and its uncertainty.

Likelihood
The likelihood of an occurrence, an outcome or a result, where this can be
estimated probabilistically, is expressed in IPCC reports using a standard
terminology defined as follows:
Terminology

Likelihood of the occurrence / outcome

Virtually certain
Very likely
Likely
More likely than not
About as likely as not
Unlikely
Very unlikely
Exceptionally unlikely

>99% probability of occurrence
>90% probability
>66% probability
>50% probability
33 to 66% probability
<33% probability
<10% probability
<1% probability

See also Confidence; Uncertainty
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M.
Macroeconomic costs
These costs are usually measured as changes in Gross Domestic Product
or changes in the growth of Gross Domestic Product, or as loss of welfare
or of consumption.

Malaria
Endemic or epidemic parasitic disease caused by species of the genus Plasmodium (Protozoa) and transmitted to humans by mosquitoes of the genus
Anopheles; produces bouts of high fever and systemic disorders, affects
about 300 million and kills approximately 2 million people worldwide
every year.

Market Exchange Rate (MER)
This is the rate at which foreign currencies are exchanged. Most economies post such rates daily and they vary little across all the exchanges. For
some developing economies official rates and black-market rates may differ significantly and the MER is difficult to pin down.

Market impacts
Impacts that can be quantified in monetary terms, and directly affect Gross
Domestic Product – e.g. changes in the price of agricultural inputs and/or
goods. See also Non-market impacts.

Market potential
See Mitigation potential.

Mass balance (of glaciers, ice caps or ice sheets)
The balance between the mass input to an ice body (accumulation) and the
mass loss (ablation, iceberg calving). Mass balance terms include the
following:
Specific mass balance: net mass loss or gain over a hydrological cycle
at a point on the surface of a glacier.
Total mass balance (of the glacier): The specific mass balance spatially integrated over the entire glacier area; the total mass a glacier gains
or loses over a hydrological cycle.
Mean specific mass balance: The total mass balance per unit area of
the glacier. If surface is specified (specific surface mass balance, etc.)
then ice-flow contributions are not considered; otherwise, mass balance
includes contributions from ice flow and iceberg calving. The specific surface mass balance is positive in the accumulation area and negative in the
ablation area.

Mean Sea Level
Mean sea level is normally defined as the average relative sea level over a
period, such as a month or a year, long enough to average out transients
such as waves and tides. Relative sea level is sea level measured by a tide
gauge with respect to the land upon which it is situated.
See Sea level change/sea level rise.

Measures
Measures are technologies, processes, and practices that reduce greenhouse gas emissions or effects below anticipated future levels. Examples
of measures are renewable energy technologies, waste minimisation processes, and public transport commuting practices, etc. See also Policies.

Meridional Overturning Circulation (MOC)
A zonally averaged, large scale meridional (north-south) overturning circulation in the oceans. In the Atlantic such a circulation transports relatively warm upper-ocean waters northward, and relatively cold deep waters southward. The Gulf Stream forms part of this Atlantic circulation.

Methane (CH4)

Methane is one of the six greenhouse gases to be mitigated under the Kyoto
Protocol and is the major component of natural gas and associated with all
hydrocarbon fuels, animal husbandry and agriculture. Coal-bed methane
is the gas found in coal seams.
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Methane recovery
Methane emissions, e.g. from oil or gas wells, coal beds, peat bogs, gas
transmission pipelines, landfills, or anaerobic digesters, may be captured
and used as a fuel or for some other economic purpose (e.g. chemical feedstock).

Metric
A consistent measurement of a characteristic of an object or activity that is
otherwise difficult to quantify.

Millennium Development Goals (MDGs)
A set of time-bound and measurable goals for combating poverty, hunger,
disease, illiteracy, discrimination against women and environmental degradation, agreed at the UN Millennium Summit in 2000.

Mitigation
Technological change and substitution that reduce resource inputs and
emissions per unit of output. Although several social, economic and technological policies would produce an emission reduction, with respect to
Climate Change, mitigation means implementing policies to reduce greenhouse gas emissions and enhance sinks.

Mitigative capacity
This is a country’s ability to reduce anthropogenic greenhouse gas emissions or to enhance natural sinks, where ability refers to skills, competencies, fitness and proficiencies that a country has attained and depends on
technology, institutions, wealth, equity, infrastructure and information.
Mitigative capacity is rooted in a country’s sustainable development path.

Mitigation Potential
In the context of climate change mitigation, the mitigation potential is the
amount of mitigation that could be – but is not yet – realised over time.
Market potential is the mitigation potential based on private costs and
private discount rates, which might be expected to occur under forecast
market conditions, including policies and measures currently in place, noting that barriers limit actual uptake. Private costs and discount rates reflect the perspective of private consumers and companies.
Economic potential is the mitigation potential that takes into account
social costs and benefits and social discount rates, assuming that market
efficiency is improved by policies and measures and barriers are removed.
Social costs and discount rates reflect the perspective of society. Social
discount rates are lower than those used by private investors.
Studies of market potential can be used to inform policy makers about
mitigation potential with existing policies and barriers, while studies of
economic potential show what might be achieved if appropriate new and
additional policies were put into place to remove barriers and include social costs and benefits. The economic potential is therefore generally greater
than the market potential.
Technical potential is the amount by which it is possible to reduce
greenhouse gas emissions or improve energy efficiency by implementing
a technology or practice that has already been demonstrated. No explicit
reference to costs is made but adopting ‘practical constraints’ may take
implicit economic considerations into account.

Model
See Climate model; Bottom-up model; Top-down model

Model hierarchy
See Climate model

Monsoon
A monsoon is a tropical and subtropical seasonal reversal in both the surface winds and associated precipitation, caused by differential heating
between a continental-scale land mass and the adjacent ocean. Monsoon
rains occur mainly over land in summer.
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Morbidity

Patterns of climate variability

Rate of occurrence of disease or other health disorder within a population,
taking account of the age-specific morbidity rates. Morbidity indicators
include chronic disease incidence/ prevalence, rates of hospitalisation, primary care consultations, disability-days (i.e., days of absence from work),
and prevalence of symptoms.

Natural variability of the climate system, in particular on seasonal and
longer time scales, predominantly occurs with preferred spatial patterns
and time scales, through the dynamical characteristics of the atmospheric
circulation and through interactions with the land and ocean surfaces. Such
patterns are often called regimes, modes or teleconnections. Examples are
the North Atlantic Oscillation (NAO), the Pacific-North American pattern
(PNA), the El Niño- Southern Oscillation (ENSO), the Northern Annular
Mode (NAM; previously called Arctic Oscillation, AO) and the Southern
Annular Mode (SAM; previously called the Antarctic Oscillation, AAO).
Many of the prominent modes of climate variability are discussed in section 3.6 of the Working Group I Report.

Mortality
Rate of occurrence of death within a population; calculation of mortality
takes account of age-specific death rates, and can thus yield measures of
life expectancy and the extent of premature death.

N.
Net market benefits
Climate change, especially moderate climate change, is expected to bring
positive and negative impacts to market-based sectors, but with significant differences across different sectors and regions and depending on both
the rate and magnitude of climate change. The sum of the positive and
negative market-based benefits and costs summed across all sectors and
all regions for a given period is called net market benefits. Net market
benefits exclude any non-market impacts.

Nitrous oxide (N2O)

One of the six types of greenhouse gases to be curbed under the Kyoto
Protocol. The main anthropogenic source of nitrous oxide is agriculture
(soil and animal manure management), but important contributions also
come from sewage treatment, combustion of fossil fuel, and chemical industrial processes. Nitrous oxide is also produced naturally from a wide
variety of biological sources in soil and water, particularly microbial action in wet tropical forests.

Non-governmental Organisation (NGO)
A non-profit group or association organised outside of institutionalised
political structures to realise particular social and/or environmental objectives or serve particular constituencies. Source: http://www.edu.gov.nf.ca/
curriculum/teched/resources/glos-biodiversity.html

Non-market impacts
Impacts that affect ecosystems or human welfare, but that are not easily
expressed in monetary terms, e.g., an increased risk of premature death, or
increases in the number of people at risk of hunger. See also market impacts.

O.
Ocean acidification
A decrease in the pH of sea water due to the uptake of anthropogenic
carbon dioxide.

Opportunities
Circumstances to decrease the gap between the market potential of any
technology or practice and the economic potential, or technical potential.

Ozone (O3)

Percentile
A percentile is a value on a scale of zero to one hundred that indicates the
percentage of the data set values that is equal to or below it. The percentile
is often used to estimate the extremes of a distribution. For example, the
90th (10th) percentile may be used to refer to the threshold for the upper
(lower) extremes.

Perfluorocarbons (PFCs)
Among the six greenhouse gases to be abated under the Kyoto Protocol.
These are by-products of aluminium smelting and uranium enrichment.
They also replace chlorofluorocarbons in manufacturing semiconductors.

Permafrost
Ground (soil or rock and included ice and organic material) that remains at
or below 0°C for at least two consecutive years (Van Everdingen, 1998) .
See also Frozen ground.

pH
pH is a dimensionless measure of the acidity of water (or any solution).
Pure water has a pH=7. Acid solutions have a pH smaller than 7 and basic
solutions have a pH larger than 7. pH is measured on a logarithmic scale.
Thus, a pH decrease of 1 unit corresponds to a 10-fold increase in the
acidity.

Phenology
The study of natural phenomena in biological systems that recur periodically (e.g., development stages, migration) and their relation to climate
and seasonal changes.

Photosynthesis
The process by which green plants, algae and some bacteria take carbon
dioxide from the air (or bicarbonate in water) to build carbohydrates. There
are several pathways of photosynthesis with different responses to atmospheric carbon dioxide concentrations. See Carbon dioxide fertilisation.

Plankton
Micro-organisms living in the upper layers of aquatic systems. A distinction is made between phytoplankton, which depend on photosynthesis for
their energy supply, and zooplankton, which feed on phytoplankton.

Policies

Ozone, the tri-atomic form of oxygen, is a gaseous atmospheric constituent. In the troposphere, ozone is created both naturally and by photochemical reactions involving gases resulting from human activities (smog). Troposphere ozone acts as a greenhouse gas. In the stratosphere, ozone is
created by the interaction between solar ultraviolet radiation and molecular oxygen (O2). Stratospheric ozone plays a dominant role in the stratospheric radiative balance. Its concentration is highest in the ozone layer.

In United Nations Framework Convention on Climate Change (UNFCCC)
parlance, policies are taken and/or mandated by a government – often in
conjunction with business and industry within its own country, or with
other countries – to accelerate mitigation and adaptation measures. Examples of policies are carbon or other energy taxes, fuel efficiency standards for automobiles, etc. Common and co-ordinated or harmonised policies refer to those adopted jointly by parties. See also Measures.

P.

Portfolio

Paleoclimate
Climate during periods prior to the development of measuring instruments,
including historic and geologic time, for which only proxy climate records
are available.

A coherent set of a variety of measures and/or technologies that policy
makers can use to achieve a postulated policy target. By widening the scope
in measures and technologies more diverse events and uncertainties can be
addressed.
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Post-SRES (scenarios)

Runoff

Baseline and mitigation emission scenarios published after completion of
the IPCC Special Report on Emission Scenarios (SRES) (Nakic4enovic4 and
Swart, 2000), i.e. after the year 2000.

That part of precipitation that does not evaporate and is not transpired, but
flows over the ground surface and returns to bodies of water. See Hydrological cycle

Pre-industrial

S.

See Industrial revolution.

Projection
A potential future evolution of a quantity or set of quantities, often computed with the aid of a model. Projections are distinguished from predictions in order to emphasise that projections involve assumptions concerning, for example, future socio-economic and technological developments
that may or may not be realised, and are therefore subject to substantial
uncertainty. See also Climate projection; Climate prediction.

Purchasing Power Parity (PPP)
The purchasing power of a currency is expressed using a basket of goods
and services that can be bought with a given amount in the home country.
International comparison of e.g. Gross Domestic Products (GDP) of countries can be based on the purchasing power of currencies rather than on
current exchange rates. PPP estimates tend to lower per capita GDPs in
industrialised countries and raise per capita GDPs in developing countries.

R.
Radiative forcing
Radiative forcing is the change in the net, downward minus upward, irradiance (expressed in Watts per square metre, W/m2) at the tropopause due
to a change in an external driver of climate change, such as, for example,
a change in the concentration of carbon dioxide or the output of the Sun.
Radiative forcing is computed with all tropospheric properties held fixed
at their unperturbed values, and after allowing for stratospheric temperatures, if perturbed, to readjust to radiative-dynamical equilibrium. Radiative forcing is called instantaneous if no change in stratospheric temperature is accounted for. For the purposes of this report, radiative forcing is
further defined as the change relative to the year 1750 and, unless otherwise noted, refers to a global and annual average value.

Salinisation
The accumulation of salts in soils.

Saltwater intrusion
Displacement of fresh surface water or groundwater by the advance of
saltwater due to its greater density. This usually occurs in coastal and estuarine areas due to reducing land-based influence (e.g., either from reduced runoff and associated groundwater recharge, or from excessive water withdrawals from aquifers) or increasing marine influence (e.g., relative sea-level rise).

Scenario
A plausible and often simplified description of how the future may develop, based on a coherent and internally consistent set of assumptions
about driving forces and key relationships. Scenarios may be derived from
projections, but are often based on additional information from other
sources, sometimes combined with a narrative storyline. See also SRES
scenarios; Climate scenario; Emission scenarios.

Sea-ice biome
The biome formed by all marine organisms living within or on the floating
sea ice (frozen seawater) of the polar oceans.

Sea ice
Any form of ice found at sea that has originated from the freezing of sea
water. Sea ice may be discontinuous pieces (ice floes) moved on the ocean
surface by wind and currents (pack ice), or a motionless sheet attached to
the coast (land-fast ice). Sea ice less than one year old is called first-year
ice. Multi-year ice is sea ice that has survived at least one summer melt
season.

Sea level change/sea level rise

Planting of forests on lands that have previously contained forests but that
have been converted to some other use. For a discussion of the term forest
and related terms such as afforestation, reforestation and deforestation,
see the IPCC Report on Land Use, Land-Use Change and Forestry (IPCC,
2000). See also the Report on Definitions and Methodological Options to
Inventory Emissions from Direct Human-induced Degradation of Forests
and Devegetation of Other Vegetation Types (IPCC, 2003)

Sea level can change, both globally and locally, due to (i) changes in the
shape of the ocean basins, (ii) changes in the total mass of water and (iii)
changes in water density. Factors leading to sea level rise under global
warming include both increases in the total mass of water from the melting
of land-based snow and ice, and changes in water density from an increase
in ocean water temperatures and salinity changes. Relative sea level rise
occurs where there is a local increase in the level of the ocean relative to
the land, which might be due to ocean rise and/or land level subsidence.
See also Mean Sea Level, Thermal expansion.

Region

Seasonally frozen ground

A region is a territory characterised by specific geographical and climatological features. The climate of a region is affected by regional and local
scale forcings like topography, land-use characteristics, lakes etc., as well
as remote influences from other regions.

See Frozen ground

Reforestation

Resilience
The ability of a social or ecological system to absorb disturbances while
retaining the same basic structure and ways of functioning, the capacity
for self-organisation, and the capacity to adapt to stress and change.

Retrofitting
Retrofitting means to install new or modified parts or equipment, or undertake structural modifications, to existing infrastructure that were either not available or not considered necessary at the time of construction.
The purpose of retrofitting in the context of climate change is generally to
ensure that existing infrastructure meets new design specifications that
may be required under altered climate conditions.
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Sensitivity
Sensitivity is the degree to which a system is affected, either adversely or
beneficially, by climate variability or climate change. The effect may be
direct (e.g., a change in crop yield in response to a change in the mean,
range, or variability of temperature) or indirect (e.g., damages caused by
an increase in the frequency of coastal flooding due to sea level rise).
This concept of sensitivity is not to be confused with climate sensitivity,
which is defined separately above.

Singularity
A trait marking one phenomenon or aspect as distinct from others; something singular, distinct, peculiar, uncommon or unusual.

Sink
Any process, activity or mechanism which removes a greenhouse gas, an
aerosol or a precursor of a greenhouse gas or aerosol from the atmosphere.
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Snow pack

Standards

A seasonal accumulation of slow-melting snow.

Set of rules or codes mandating or defining product performance (e.g.,
grades, dimensions, characteristics, test methods, and rules for use). Product, technology or performance standards establish minimum requirements
for affected products or technologies. Standards impose reductions in greenhouse gas emissions associated with the manufacture or use of the products and/or application of the technology.

Soil temperature
The temperature of the ground near the surface (often within the first
10cm).

Solar activity
The Sun exhibits periods of high activity observed in numbers of sunspots,
as well as radiative output, magnetic activity, and emission of high energy
particles. These variations take place on a range of time-scales from millions of years to minutes

Solar radiation
Electromagnetic radiation emitted by the Sun. It is also referred to as shortwave radiation. Solar radiation has a distinctive range of wavelengths (spectrum) determined by the temperature of the Sun, peaking in visible wavelengths. See also Thermal infrared radiation, Total Solar Irradiance

Source
Source mostly refers to any process, activity or mechanism that releases a
greenhouse gas, an aerosol, or a precursor of a greenhouse gas or aerosol
into the atmosphere. Source can also refer to e.g. an energy source.

Spatial and temporal scales
Climate may vary on a large range of spatial and temporal scales. Spatial
scales may range from local (less than 100,000 km2), through regional
(100,000 to 10 million km2) to continental (10 to 100 million km2). Temporal scales may range from seasonal to geological (up to hundreds of
millions of years).

SRES scenarios
SRES scenarios are emission scenarios developed by Nakic4enovic4 and
Swart (2000) and used, among others, as a basis for some of the climate
projections used in the Fourth Assessment Report. The following terms
are relevant for a better understanding of the structure and use of the set of
SRES scenarios:
Scenario Family: Scenarios that have a similar demographic, societal,
economic and technical-change storyline. Four scenario families comprise
the SRES scenario set: A1, A2, B1 and B2.
Illustrative Scenario: A scenario that is illustrative for each of the six
scenario groups reflected in the Summary for Policymakers of Nakic4enovic4
et al. (2000). They include four revised ‘scenario markers’ for the scenario
groups A1B, A2, B1, B2, and two additional scenarios for the A1FI and
A1T groups. All scenario groups are equally sound.
Marker Scenario: A scenario that was originally posted in draft form
on the SRES website to represent a given scenario family. The choice of
markers was based on which of the initial quantifications best reflected
the storyline, and the features of specific models. Markers are no more
likely than other scenarios, but are considered by the SRES writing team
as illustrative of a particular storyline. They are included in revised form
in Nakic4enovic4 and Swart (2000). These scenarios received the closest
scrutiny of the entire writing team and via the SRES open process. Scenarios were also selected to illustrate the other two scenario groups.
Storyline: A narrative description of a scenario (or family of scenarios),
highlighting the main scenario characteristics, relationships between key
driving forces and the dynamics of their evolution.

Stabilisation
Keeping constant the atmospheric concentrations of one or more greenhouse gases (e.g. carbon dioxide) or of a CO2-equivalent basket of greenhouse gases. Stabilisation analyses or scenarios address the stabilisation
of the concentration of greenhouse gases in the atmosphere.

Stakeholder
A person or an organisation that has a legitimate interest in a project or
entity, or would be affected by a particular action or policy.

Storm surge
The temporary increase, at a particular locality, in the height of the sea due
to extreme meteorological conditions (low atmospheric pressure and/or
strong winds). The storm surge is defined as being the excess above the
level expected from the tidal variation alone at that time and place.

Storm tracks
Originally, a term referring to the tracks of individual cyclonic weather
systems, but now often generalised to refer to the regions where the main
tracks of extratropical disturbances occur as sequences of low (cyclonic)
and high (anticyclonic) pressure systems.

Stratosphere
The highly stratified region of the atmosphere above the troposphere extending from about 10 km (ranging from 9 km in high latitudes to 16 km in
the tropics on average) to about 50 km altitude.

Streamflow
Water flow within a river channel, for example expressed in m3/s. A synonym for river discharge.

Structural change
Changes, for example, in the relative share of Gross Domestic Product
produced by the industrial, agricultural, or services sectors of an economy;
or more generally, systems transformations whereby some components are
either replaced or potentially substituted by other ones.

Sulphurhexafluoride (SF6)

One of the six greenhouse gases to be curbed under the Kyoto Protocol. It
is largely used in heavy industry to insulate high-voltage equipment and to
assist in the manufacturing of cable-cooling systems and semi-conductors.

Surface temperature
See Global surface temperature.

Sustainable Development (SD)
The concept of sustainable development was introduced in the World Conservation Strategy (IUCN 1980) and had its roots in the concept of a sustainable society and in the management of renewable resources. Adopted
by the WCED in 1987 and by the Rio Conference in 1992 as a process of
change in which the exploitation of resources, the direction of investments,
the orientation of technological development, and institutional change are
all in harmony and enhance both current and future potential to meet human needs and aspirations. SD integrates the political, social, economic
and environmental dimensions.

T.
Tax
A carbon tax is a levy on the carbon content of fossil fuels. Because virtually all of the carbon in fossil fuels is ultimately emitted as carbon dioxide, a carbon tax is equivalent to an emission tax on each unit of CO2equivalent emissions. An energy tax - a levy on the energy content of fuels
- reduces demand for energy and so reduces carbon dioxide emissions from
fossil fuel use. An eco-tax is designed to influence human behaviour (specifically economic behaviour) to follow an ecologically benign path. An
international carbon/emission/energy tax is a tax imposed on specified
sources in participating countries by an international agreement. A
harmonised tax commits participating countries to impose a tax at a common rate on the same sources. A tax credit is a reduction of tax in order to
stimulate purchasing of or investment in a certain product, like GHG emission reducing technologies. A carbon charge is the same as a carbon tax.
87
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Technological change
Mostly considered as technological improvement, i.e. more or better goods
and services can be provided from a given amount of resources (production factors). Economic models distinguish autonomous (exogenous), endogenous and induced technological change. Autonomous (exogenous) technological change is imposed from outside the model, usually in the form
of a time trend affecting energy demand or world output growth. Endogenous technological change is the outcome of economic activity within
the model, i.e. the choice of technologies is included within the model and
affects energy demand and/or economic growth. Induced technological
change implies endogenous technological change but adds further changes
induced by policies and measures, such as carbon taxes triggering R&D
efforts.

Technology
The practical application of knowledge to achieve particular tasks that
employs both technical artefacts (hardware, equipment) and (social) information (‘software’, know-how for production and use of artefacts).

Technology transfer
The exchange of knowledge, hardware and associated software, money
and goods among stakeholders that leads to the spreading of technology
for adaptation or mitigation The term encompasses both diffusion of technologies and technological cooperation across and within countries.

Thermal expansion
In connection with sea-level rise, this refers to the increase in volume (and
decrease in density) that results from warming water. A warming of the
ocean leads to an expansion of the ocean volume and hence an increase in
sea level. See Sea level change.

Thermal infrared radiation
Radiation emitted by the Earth’s surface, the atmosphere and the clouds. It
is also known as terrestrial or longwave radiation, and is to be distinguished from the near-infrared radiation that is part of the solar spectrum.
Infrared radiation, in general, has a distinctive range of wavelengths (spectrum) longer than the wavelength of the red colour in the visible part of the
spectrum. The spectrum of thermal infrared radiation is practically distinct from that of shortwave or solar radiation because of the difference in
temperature between the Sun and the Earth-atmosphere system.

Tide gauge
A device at a coastal location (and some deep sea locations) that continuously measures the level of the sea with respect to the adjacent land. Time
averaging of the sea level so recorded gives the observed secular changes
of the relative sea level. See Sea level change/sea level rise.

Top-down models
Top-down model apply macroeconomic theory, econometric and optimization techniques to aggregate economic variables. Using historical data
on consumption, prices, incomes, and factor costs, top-down models assess final demand for goods and services, and supply from main sectors,
like the energy sector, transportation, agriculture, and industry. Some topdown models incorporate technology data, narrowing the gap to bottomup models.

Glossary

– can be exchanged through either a free or a controlled permit-market. An
emission permit is a non-transferable or tradable entitlement allocated by
a government to a legal entity (company or other emitter) to emit a specified amount of a substance.

Tropopause
The boundary between the troposphere and the stratosphere.

Troposphere
The lowest part of the atmosphere from the surface to about 10 km in
altitude in mid-latitudes (ranging from 9 km in high latitudes to 16 km in
the tropics on average), where clouds and weather phenomena occur. In
the troposphere, temperatures generally decrease with height.

U.
Uncertainty
An expression of the degree to which a value (e.g., the future state of the
climate system) is unknown. Uncertainty can result from lack of information or from disagreement about what is known or even knowable. It may
have many types of sources, from quantifiable errors in the data to ambiguously defined concepts or terminology, or uncertain projections of
human behaviour. Uncertainty can therefore be represented by quantitative measures, for example, a range of values calculated by various models, or by qualitative statements, for example, reflecting the judgement of
a team of experts (see Moss and Schneider, 2000; Manning et al., 2004).
See also Likelihood; Confidence.

United Nations Framework Convention on Climate Change (UNFCCC)
The Convention was adopted on 9 May 1992 in New York and signed at
the 1992 Earth Summit in Rio de Janeiro by more than 150 countries and
the European Community. Its ultimate objective is the “stabilisation of
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system”. It
contains commitments for all Parties. Under the Convention, Parties included in Annex I (all OECD member countries in the year 1990 and countries with economies in transition) aim to return greenhouse gas emissions
not controlled by the Montreal Protocol to 1990 levels by the year 2000. The
Convention entered in force in March 1994. See Kyoto Protocol.

Uptake
The addition of a substance of concern to a reservoir. The uptake of carbon
containing substances, in particular carbon dioxide, is often called (carbon) sequestration.

Urbanisation
The conversion of land from a natural state or managed natural state (such
as agriculture) to cities; a process driven by net rural-to-urban migration
through which an increasing percentage of the population in any nation or
region come to live in settlements that are defined as urban centres.

V.
Vector
An organism, such as an insect, that transmits a pathogen from one host to
another.

Total Solar Irradiance (TSI)

Voluntary action

The amount of solar radiation received outside the Earth’s atmosphere on
a surface normal to the incident radiation, and at the Earth’s mean distance
from the sun. Reliable measurements of solar radiation can only be made
from space and the precise record extends back only to 1978. The generally accepted value is 1,368 Watts per square meter (W m-2) with an accuracy of about 0.2%. Variations of a few tenths of a percent are common,
usually associated with the passage of sunspots across the solar disk. The
solar cycle variation of TSI is on the order of 0.1%. Source: AMS, 2000.

Informal programmes, self-commitments and declarations, where the parties (individual companies or groups of companies) entering into the action set their own targets and often do their own monitoring and reporting.

Tradable permit
A tradable permit is an economic policy instrument under which rights to
discharge pollution – in this case an amount of greenhouse gas emissions

88

Voluntary agreement
An agreement between a government authority and one or more private
parties to achieve environmental objectives or to improve environmental
performance beyond compliance to regulated obligations. Not all voluntary agreements are truly voluntary; some include rewards and/or penalties associated with joining or achieving commitments.
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Vulnerability
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to cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity.
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Water consumption
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Water stress
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Z.
Zooplankton
See Plankton
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Annex III
Acronyms, chemical symbols; scientific units; country groupings
III.1 Acronyms and chemical symbols
A1

A family of scenarios in the IPCC Special Report on Emission Scenarios; see glossary under SRES scenarios
A1T
One of the six SRES marker scenarios; see glossary under
SRES scenarios
A1B
One of the six SRES marker scenarios; see glossary under
SRES scenarios
A1FI
One of the six SRES marker scenarios; see glossary under
SRES scenarios
A2
A family of scenarios in the IPCC Special Report on Emission Scenarios; also one of the six SRES marker scenarios;
see glossary under SRES scenarios
AOGCM Atmosphere-Ocean General Circulation Model; see glossary under climate model
B1
A family of scenarios in the IPCC Special Report on Emission Scenarios; also denotes one of the six SRES marker
scenarios; see glossary under SRES scenarios
B2
A family of scenarios in the IPCC Special Report on Emission Scenarios; also denotes one of the six SRES marker
scenarios; see glossary under SRES scenarios
Methane; see glossary
CH4
CFC
Chlorofluorocarbon; see glossary
Carbon dioxide; see glossary
CO2
EIT
Economies in transition; see glossary

EMIC
ENSO
F-Gases

Earth Model of Intermediate Complexity
El Niño-Southern Oscillation; see glossary
Fluorinated gases covered under the Kyoto Protocol; see
glossary under F-Gases
GDP
Gross Domestic Product; see glossary
HCFC
Hydrochlorofluorocarbon; see glossary
HFC
Hydrofluorocarbon; see glossary
LOSU
Level of scientific understanding; see glossary
MOC
Meridional overturning circulation; see glossary
Nitrous oxide; see glossary
N 2O
OECD
Organisation for Economic Cooperation and Development;
see www.oecd.org
PFC
Perfluorocarbon; see glossary
pH
See glossary under pH
PPP
Purchasing Power Parity; see glossary
RD&D
Research, development and demonstration
SCM
Simple Climate Model
Sulfur hexafluoride; see glossary
SF6
SRES
Special Report on Emission Scenarios; see glossary under
SRES scenarios
UNFCCC United Nations Framework Convention on Climate Change;
see www.unfccc.int

III.2 Scientific units
SI (Système Internationale) units
Physical Quantity
Name of Unit
Symbol
length
metre
m
mass
kilogram
kg
time
second
s
thermodynamic temperature
kelvin
K
Fractions and multiples
Fraction
Prefix
Symbol
Multiple
Prefix
Symbol
deci
d
10
deca
da
10-1
10-2
centi
c
102
hecto
h
-3
milli
m
103
kilo
k
10
micro
μ
106
mega
M
10-6
nano
n
109
giga
G
10-9
pico
p
1012
tera
T
10-12
femto
f
1015
peta
P
10-15
Non-SI units, quantities and related abbreviations
°C
degree Celsius (0°C = 273 K approximately); temperature differences are also given in °C (=K) rather than the more correct
form of “Celsius degrees”
ppm
mixing ratio (as concentration measure of GHGs): parts per million (106) by volume
ppb
mixing ratio (as concentration measure of GHGs): parts per billion (109) by volume
ppt
mixing ratio (as concentration measure of GHGs): parts per trillion (1012) by volume
watt
power or radiant flux; 1 watt = 1 Joule / second = 1 kg m2 / s3
yr
year
ky
thousands of years
bp
before present
GtC
gigatonnes (metric) of carbon
GtCO2 gigatonnes (metric) of carbon dioxide (1 GtC = 3.7 GtCO2)
CO2-eq carbon dioxide-equivalent, used as measure for the emission (generally in GtCO2-eq) or concentration (generally in ppm CO2-eq)
of GHGs; see Box “Carbon dioxide-equivalent emissions and concentrations” in Topic 2 for details
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III.3

Acronyms, chemical symbols, scientific units, country groupings

Country groupings

For the full set of countries belonging to UNFCCC Annex I, non-Annex I, and OECD, see http://www.unfccc.int and http://www.oecd.org.
Where relevant in this report, countries have been grouped into regions according to the classification of the UNFCCC and its Kyoto
Protocol. Countries that have joined the European Union since 1997
are therefore still listed under EIT Annex I. The countries in each of
the regional groupings employed in this report include:*

• EIT Annex I: Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Russian Federation, Slovakia, Slovenia, Ukraine
• Europe Annex II & M&T: Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Liechtenstein,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom; Monaco and Turkey
• JANZ: Japan, Australia, New Zealand.

Nevis-Anguilla, St. Vincent-Grenadines, Suriname, Trinidad and
Tobago, Uruguay, Venezuela
• Non-Annex I East Asia: Cambodia, China, Korea (DPR), Laos
(PDR), Mongolia, Republic of Korea, Viet Nam.
• South Asia: Afghanistan, Bangladesh, Bhutan, Comoros, Cook Islands, Fiji, India, Indonesia, Kiribati, Malaysia, Maldives, Marshall
Islands, Micronesia (Federated States of), Myanmar, Nauru, Niue,
Nepal, Pakistan, Palau, Papua New Guinea, Philippine, Samoa,
Singapore, Solomon Islands, Sri Lanka, Thailand, Timor-L’Este,
Tonga, Tuvalu, Vanuatu
• North America: Canada, United States of America.

• Other non-Annex I: Albania, Armenia, Azerbaijan, Bosnia
Herzegovina, Cyprus, Georgia, Kazakhstan, Kyrgyzstan, Malta,
Moldova, San Marino, Serbia, Tajikistan, Turkmenistan, Uzbekistan,
Republic of Macedonia

• Middle East: Bahrain, Islamic Republic of Iran, Israel, Jordan,

• Africa: Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi,

Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria, United Arab
Emirates, Yemen
• Latin America & the Caribbean: Antigua & Barbuda, Argentina,
Bahamas, Barbados, Belize, Bolivia, Brazil, Chile, Colombia, Costa
Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica,
Mexico, Nicaragua, Panama, Paraguay, Peru, Saint Lucia, St. Kitts-

Cameroon, Cape Verde, Central African Republic, Chad, Congo,
Democratic Republic of Congo, Côte d’Ivoire, Djibouti, Egypt,
Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Libya, Madagascar, Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique,
Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal,
Seychelles, Sierra Leone, South Africa, Sudan, Swaziland, Togo,
Tunisia, Uganda, United Republic of Tanzania, Zambia, Zimbabwe

*A full set of data for all countries for 2004 for all regions was not available.
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acidification (see ocean acidification)
adaptation 56, 57, 61, 65, 70, 73
adaptive capacity 52, 56, 61, 64, 65, 70, 73
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Africa 30, 44, 50, 72, 73
agriculture/crops 33, 36, 37, 48-53, 56, 57
anthropogenic
emissions 36, 38, 44, 72
warming 39, 41, 46, 72
Antarctica 39, 47, 73
Arctic 33, 52, 65, 72
Article 2 (of UNFCCC) 64
Asia 30, 32, 50
Australia and New Zealand 32, 50
B.
barriers
to adaptation 56, 57, 65, 70, 73
to mitigation 58, 59, 65, 68, 70, 73
behaviour pattern (see lifestyle)
C.
carbon capture and storage (CCS) 60, 68
carbon dioxide (CO2)
concentrations 37-39, 52, 67, 72
emissions 36, 44, 47, 58, 66, 67, 72
carbon leakage 59
carbon price 58, 59
Clean Development Mechanism (CDM) 62
climate
-carbon cycle coupling 38, 45, 67, 73
change (see climate change)
variability 30, 33, 40, 41, 56
climate change
abrupt 53, 54, 65
after stabilisation of GHGs 46, 47, 66,
67, 72, 73
and air pollution 59, 70
and water 49, 57
attribution 38, 39, 41, 72
beyond 21st century 46, 47, 66, 67
definitions 30
drivers 36-38
impacts (see impact)
irreversible 53, 54
observed 30, 31, 33
projections 45-47
regional 30, 46, 47, 49
climate sensitivity 38, 66, 67, 72, 73
climate system 30, 36, 37, 39, 45
co-benefits 59, 64
coastal/of coasts
defence 56, 57
flooding 33, 48, 50-53, 57, 65

100

concentration
atmospheric 37, 38, 72
CO2-equivalent 36, 37, 59, 66, 67
constant 45, 46
confidence interval 27
cooperation (international) 62
cost
of adaptation 56
(see mitigation)
(see social cost of carbon)
cyclones (tropical) 30, 46
D.
damages 33, 51, 53, 64, 65, 69
days
cold 30, 40
hot 30, 46
deforestation 36, 61
developing countries 31, 37, 59
development pathway 44, 50, 66, 70, 73
drought 30, 41, 48-51, 53, 56, 65, 72
dust 38
dust storm 33
E.
economic development 44, 50, 56, 61, 64
ecosystems 31, 48, 51-54
emissions 36
CO2-equivalent 44, 58
pathway/trajectory 66, 67
reduction (see mitigation)
scenario 44
energy
demand 53, 56, 60, 61
efficiency 57, 59, 60, 68
intensity 37, 61
low-carbon sources of 58, 68
nuclear 68
renewable 57, 60, 68
supply/generation 36, 44, 50, 59, 60, 68
equilibrium
sea level (thermal expansion) 66, 67
temperature 47, 66, 67
equity 61, 62, 64
Europe 30, 32, 50
extinction 52, 48, 50, 54, 64
extremes 30, 40, 46, 52, 53, 56, 65, 72
F.
feedback 38, 40, 46, 73
climate-carbon cycle 38, 45, 54, 67, 73
fire 33, 48, 50, 51, 53
floods 72
coastal 33, 48, 50-53, 57, 65
river 48-50, 52, 53, 57
food production/crops 48, 51, 64

forestation 61
fossil fuels 36, 37, 44, 59, 60
G.
glaciers 30, 49, 50, 52, 57, 65
Global Warming Potential (GWP) 36, 72
greenhouse gases (GHGs) 36, 37, 40, 69
concentrations 39, 46, 64, 66, 67
emissions 36, 37, 44, 45, 56, 58, 66, 67, 72
greening (of vegetation) 33
Greenland 47, 65, 67, 73
Gross Domestic Product (GDP) 37, 44, 50,
59, 62, 69
H.
hail storms 33
halocarbons 37
health 33, 48, 49, 50, 51, 52, 53, 56, 57,59,
64, 65, 70, 72
heat wave 30, 40, 46, 50, 52, 53, 72
hydrological cycle/systems 31, 41, 50
hydropower 50, 53, 59, 60
I.
ice
(on land/ice sheet/ice cap) 30, 47, 53,
65, 73
sea ice 30, 31, 33, 38, 46, 52, 65, 72
impact (of climate change)
avoided/reduced/delayed 69, 70
beneficial 48-50, 52
irreversible 53, 54
observed 31-33, 41
projected 48-53
regional 50-52
sectoral 48, 49, 51
industry 48, 53, 59, 60, 61
inertia 66, 67
infrastructure 48, 49, 52, 53, 56–58,
64–66
K.
Kyoto Protocol 59, 62
L.
Latin America 44, 50
land use 37, 40, 41, 49, 57, 60, 68, 72
lifestyle 59, 73
lightning 33
low-emissions/low-carbon technology 58-60,
68
M.
Mediterranean sea/basin 30, 49
megadelta 48, 50, 52, 65, 72
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meridional overturning circulation
(MOC) 33, 51, 54, 65
methane (CH4) 36-38, 60, 72
Middle East 44
migration
bird 33, 52
fish 33
population 53
Millennium Development Goals (MDGs)
70
mitigation 56, 58-61
benefits 66, 69, 70
costs 69
options 58-60, 73
policies 44, 60, 61
portfolio 61, 68, 73
potential 58, 59
mortality 33, 50, 51, 53, 59
multi-century warming 47, 64
N.
nights
cold nights 30, 40, 53
hot nights 30, 40, 53
nitrate 39
nitrous oxide (N2O) 36-38, 60, 72
non-CO2 gases/options 60, 68
North America 32, 52
Northern Hemisphere 30, 31, 33, 40, 46, 72
O.
ocean
acidification 52
temperature/heat content 30
organic carbon 38, 44
P.
per capita
emissions 37
income 37

Index

pests (disturbances) 33, 48
polar
ice sheets 30, 47, 53, 65, 73
regions 32, 52, 64
population growth 44
precipitation
heavy precipitation 30, 41, 46, 49, 53
pattern 30, 41, 46, 47, 50, 73
R.
radiative forcing 36-39, 45, 46, 67
rainfall (see precipitation)
reasons for concern 64, 65, 72
research
funding 68
RD&D 61, 62, 68, 73
risk management 64, 69
runoff 31, 49, 61
S.
Sahel 30
sea ice (see ice)
sea level rise/change 30, 33, 40, 45-49, 53,
65, 67, 72, 73
settlements 48, 50, 52, 53, 57
small islands 48, 52, , 65, 72
snow (cover/pack) 30, 31, 33, 46, 49, 50,
52, 53, 57, 72
social cost of carbon 69
society 26, 48, 49, 53, 56, 58
spillover effects 59
SRES
emissions 44, 45, 46, 58, 70, 72
storylines/pathways 44, 70
stabilisation 46, 61
levels 47, 59, 66, 67, 68, 69, 73
pathway 66, 67, 69
storms 40, 46, 50, 51, 56
stress (multiple) 52, 56, 65
sulphur dioxide/sulphate 38, 44

sustainable development 44, 49, 61, 70, 72, 73
T.
technological change 44, 61, 73
technology 56, 58, 60, 61, 68, 73
investment 58-60, 68, 73
temperature
changes 30-32, 39, 40, 45, 46, 51, 64,
66, 67, 69
variability 30, 40, 41
Third Assessment Report (TAR) 26, 3032, 38-40, 44-46, 50, 56, 59, 61, 62, 6466, 72
tornadoes 33
tourism 50, 53, 57
transport 36, 53, 57, 59, 60, 62
U.
UNFCCC 30, 36, 37, 62, 64
uncertainty
key uncertainty 72, 73
terminology 27
V.
vulnerability 48, 56, 60, 61, 64, 65, 70,
72, 73
key vulnerability 50, 64
W.
water
adaptation options 57
National Water Management Plan of
Bangladesh 56
stress 49-51, 53, 65
resources 49, 52, 53, 56, 57, 64, 72
wind patterns 40, 46
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Annex VII
Publications by the Intergovernmental Panel on Climate Change
Assessment Reports
Fourth Assessment Report
Climate Change 2007: The Physical Science Basis
Contribution of Working Group I to the Fourth Assessment Report
Climate Change 2007: Impacts, Adaptation and Vulnerability
Contribution of Working Group II to the Fourth Assessment Report
Climate Change 2007: Mitigation of Climate Change
Contribution of Working Group III to the Fourth Assessment
Report
Climate Change 2007: Synthesis Report
Contribution of Working Groups I, II and III to the Fourth Assessment Report

Third Assessment Report
Climate Change 2001: The Scientific Basis
Contribution of Working Group I to the Third Assessment Report
Climate Change 2001: Impacts, Adaptation and Vulnerability
Contribution of Working Group II to the Third Assessment Report
Climate Change 2001: Mitigation
Contribution of Working Group III to the Third Assessment Report
Climate Change 2001: Synthesis Report
Contribution of Working Groups I, II and III to the Third Assessment Report

Second Assessment Report
Climate Change 1995: The Science of Climate Change
Contribution of Working Group I to the Second Assessment Report

Climate Change 1992: The Supplementary Report to the IPCC
Impacts Assessment
Supplementary report of the IPCC Impacts Assessment Working
Group II
Climate Change: The IPCC 1990 and 1992 Assessments
IPCC First Assessment Report Overview and Policymaker Summaries and 1992 IPCC Supplementary Report

First Assessment Report
Climate Change: The Scientific Assessment
Report of the IPCC Scientific Assessment Working Group I, 1990
Climate Change: The IPCC Impacts Assessment
Report of the IPCC Impacts Assessment Working Group II, 1990
Climate Change: The IPCC Response Strategies
Report of the IPCC Response Strategies Working Group III, 1990

Special Reports
Carbon Dioxide Capture and Storage 2005
Safeguarding the Ozone Layer and the Global Climate System:
Issues Related to Hydrofluorocarbons and Perfluorocarbons
(IPCC/TEAP joint report) 2005
Land Use, Land-Use Change and Forestry 2000
Emissions Scenarios 2000
Methodological and Technological Issues in Technology Transfer 2000
Aviation and the Global Atmosphere 1999
The Regional Impacts of Climate Change: An Assessment of
Vulnerability 1997

Climate Change 1995: Scientific-Technical Analyses of Impacts,
Adaptations and Mitigation of Climate Change
Contribution of Working Group II to the Second Assessment
Report

Climate Change 1994: Radiative Forcing of Climate Change
and an Evaluation of the IPCC IS92 Emissions Scenarios 1994

Climate Change 1995: The Economic and Social Dimensions of
Climate Change
Contribution of Working Group III to the Second Assessment Report

2006 IPCC Guidelines for National Greenhouse Gas Inventories (5 Volumes) 2006

Climate Change 1995: Synthesis of Scientific-Technical Information Relevant to Interpreting Article 2 of the UN Framework Convention on Climate Change
Contribution of Working Groups I, II and III to the Second Assessment Report

Supplementary Report to the First Assessment Report
Climate Change 1992: The Supplementary Report to the IPCC
Scientific Assessment
Supplementary report of the IPCC Scientific Assessment Working
Group I
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Methodology Reports and technical guidelines

Definitions and Methodological Options to Inventory Emissions
from Direct Human-induced Degradation of Forests and
Devegetation of Other Vegetation Types 2003
Good Practice Guidance for Land Use, Land-use Change and
Forestry IPCC National Greenhouse Gas Inventories Programme,
2003
Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories IPCC National Greenhouse
Gas Inventories Programme, 2000
Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories (3 volumes), 1996
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IPCC Technical Guidelines for Assessing Climate Change Impacts and Adaptations 1995
IPCC Guidelines for National Greenhouse Gas Inventories (3
volumes) 1994
Preliminary Guidelines for Assessing Impacts of Climate
Change 1992
Assessment of the Vulnerability of Coastal Areas to Sea Level
Rise – A Common Methodology 1991

Technical Papers
Climate Change and Biodiversity
IPCC Technical Paper 5, 2002

An Introduction to Simple Climate Models Used in the IPCC
Second Assessment Report
IPCC Technical Paper 2, 1997
Technologies, Policies and Measures for Mitigating Climate
Change
IPCC Technical Paper 1, 1996

Supplementary material
Global Climate Change and the Rising Challenge of the Sea
Coastal Zone Management Subgroup of the IPCC Response Strategies Working Group, 1992
Emissions Scenarios
Prepared by the IPCC Response Strategies Working Group, 1990

Implications of Proposed CO2 Emissions Limitations
IPCC Technical Paper 4, 1997
Stabilisation of Atmospheric Greenhouse Gases: Physical, Biological and Socio-Economic Implications
IPCC Technical Paper 3, 1997

For a more comprehensive list of supplementary material published
by the IPCC (workshop and meeting reports), please see
www.ipcc.ch or contact the IPCC Secretariat.
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T

he Intergovernmental Panel on Climate Change (IPCC) was set up jointly by the World Meteorological Organization and the
United Nations Environment Programme to provide an authoritative international statement of scientific understanding of
climate change. The IPCC’s periodic assessments of the causes, impacts and possible response strategies to climate change are
the most comprehensive and up-to-date reports available on the subject, and form the standard reference for all concerned with
climate change in academia, government and industry worldwide. This Synthesis Report is the fourth element of the IPCC Fourth
Assessment Report “Climate Change 2007”. Through three working groups, many hundreds of international experts assess
climate change in this Report. The three working group contributions are available from Cambridge University Press:
Climate Change 2007 – The Physical Science Basis
Contribution of Working Group I to the Fourth Assessment Report of the IPCC
(ISBN 978 0521 88009-1 Hardback; 978 0521 70596-7 Paperback)
Climate Change 2007 – Impacts, Adaptation and Vulnerability
Contribution of Working Group II to the Fourth Assessment Report of the IPCC
(978 0521 88010-7 Hardback; 978 0521 70597-4 Paperback)
Climate Change 2007 – Mitigation of Climate Change
Contribution of Working Group III to the Fourth Assessment Report of the IPCC
(978 0521 88011-4 Hardback; 978 0521 70598-1 Paperback)

Climate Change 2007 – Synthesis Report is based on the assessment carried out by the three Working Groups of the IPCC. It
provides an integrated view of climate change and addresses the following topics:
• Observed changes in climate and their effects
• Causes of change
• Climate change and its impacts in the near and long term under different scenarios
• Adaptation and mitigation options and responses, and the interrelationship with sustainable development, at global and
regional levels
• The long-term perspective: scientific and socio-economic aspects relevant to adaptation and mitigation, consistent with the
objectives and provisions of the Convention, and in the context of sustainable development
• Robust findings, key uncertainties
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(YHQWKRXJKWKHFRQFHSWRI7KH$UFWLFLVFRPPRQO\XVHGQRWVLQJOHGHILWLRQH[LVWWKDWHYHU\ERG\DJUHHVRQ
7KHPDSVKRZVL[FRPPRQGHOLQHDWLRQV7KH$UFWLFFLUFOHLVVRPHWLPHVUHIHUUHGWRDVGHILQLQJWKH$UFWLFZKLOHWKH&
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$YWDOHRPNOLPDPHOGLQJHQ

$UEHLGHUSDUWLHW6RVLDOLVWLVN9HQVWUHSDUWL6HQWHUSDUWLHW+¡\UH.ULVWHOLJ)RONHSDUWLRJ
9HQVWUHHUHQLJHRPQHGHQVWnHQGHPHUNQDGHUWLO6WPHOGQU  1RUVN
NOLPDSROLWLNN

8WRYHUGHWVRPIUDPJnUDYDYWDOHQVOXWWHUSDUWHQHVHJWLONOLPDPHOGLQJD

2YHURUGQHGHSULQVLSS

)RUXUHQVHUEHWDOHU
3DUWHQHHUHQLJHRPDWGHWHUHWYLNWLJSULQVLSSIRUNOLPDSROLWLNNHQDWIRUXUHQVHUEHWDOHU

9LUNHPLGGHOEUXN
3DUWHQHHUHQLJHRPDWNOLPDSROLWLNNHQPnLQQUHWWHVVOLNDWGHQJLUVW¡UVWPXOLJ
XWVOLSSVUHGXNVMRQIRULQQVDWVHQ3DUWHQHHUHQLJHRPDWNOLPDSROLWLNNHQPnLQQUHWWHVVOLNDW
GHQJLUEHW\GHOLJHXWVOLSSVUHGXNVMRQHUEnGHL1RUJHRJLXWODQGHW3DUWHQHHUHQLJHRPDW
JHQHUHOOHYLUNHPLGOHUHUVHQWUDOHLGHQQDVMRQDOHNOLPDSROLWLNNHQ6HNWRURYHUJULSHQGH
¡NRQRPLVNHYLUNHPLGOHUOHJJHUJUXQQODJIRUGHVHQWUDOLVHUWHNRVWQDGVHIIHNWLYHRJLQIRUPHUWH
WLOWDNGHUIRUXUHQVHUEHWDOHU(WWHUDW1RUJHKDUVOXWWHWVHJWLOGHWHXURSHLVNHNYRWHV\VWHPHWYLO
RPODJSURVHQWDYGHQDVMRQDOHXWVOLSSHQHY UHXQGHUODJWNYRWHSOLNWHOOHU&2DYJLIW3n
RPUnGHUVRPHUXQGHUODJWJHQHUHOOHYLUNHPLGOHUHUSDUWHQHHQLJHRPDWPDQVRPKRYHGUHJHO
VNDOXQQJn\WWHUOLJHUHUHJXOHULQJ6DPWLGLJHUSDUWHQHHQLJHRPDWPXOLJKHWHQWLOnEHQ\WWH
DQGUHYLUNHPLGOHULWLOOHJJWLONYRWHURJDYJLIWHUYLGHUHI¡UHVRJVnLGLVVHVHNWRUHQH

3DUWHQHHUHQLJHRPDWWLOWDNVRPHUNRVWQDGVHIIHNWLYHLO\VDYHQIRUYHQWHWVWLJHQGHNDUERQSULV
RYHULQYHVWHULQJHQHVOHYHWLGRJVRPLNNHQ¡GYHQGLJYLVXWO¡VHVDYGDJHQVYLUNHPLGGHOEUXN
VSHVLHOWE¡UYXUGHUHV,GHQQHVDPPHQKHQJVNDOWLOWDNVRPELGUDUWLOWHNQRORJLXWYLNOLQJEOL
V UOLJYXUGHUW3DUWHQHHUYLGHUHHQLJHRPDWV UVNLOWHWLOWDNNDQEOLYXUGHUWIRUnPRELOLVHUH
EHIRONQLQJHQWLOWLGOLJHUHRPVWLOOLQJWLOIRUEUXNVP¡QVWUHVRPJLUODYHXWVOLSSHQQGHWVRPHQ
IRUYHQWHWVWLJHQGHNDUERQSULVYLOXWO¡VHDOHQH

3DUWHQHKDUPHUNHWVHJDWGHQEULWLVNH6WHUQUDSSRUWHQKDUNRPPHWWLODWVWRUH
XWVOLSSVUHGXNVMRQHUNDQJMHQQRPI¡UHVXWHQDWGHWWHInUVSHVLHOWVWRUHNRQVHNYHQVHUIRUGHQ
WRWDOH¡NRQRPLHQ3DUWHQHYLOXQGHUVWUHNHDWGHWEOLUELOOLJHUHnJMHQQRPI¡UHVWRUH
XWVOLSSVUHGXNVMRQHUGHUVRPPDQVWDUWHUWLGOLJ'HWHURJVnYLNWLJnEUXNHUHVVXUVHUSn
WHNQRORJLXWYLNOLQJVRPPXOLJJM¡UVWRUHUHGXNVMRQHUIUHPLWLG

,QIRUPDVMRQ
3DUWHQHHUHQLJHRPDWDUEHLGHWPHGNOLPDLQIRUPDVMRQPnWUDSSHVYHVHQWOLJRSS$UEHLGHWPn
KDVRPPnOnIRUPLGOHJRGRJVDNOLJLQIRUPDVMRQRPKYRUGDQYLUNVRPKHWHURJSULYDWSHUVRQHU
NDQUHGXVHUHHJQHXWVOLSSDYNOLPDJDVVHURJKYLONHVW¡WWHRUGQLQJHUVRPHUWLOJMHQJHOLJ

0nO

6NMHUSHGHJHQHUHOOHNOLPDPnO
1RUJHKDUVRPGHWHQHVWHODQGHWLYHUGHQHUNO UWHWIRUSOLNWHQGHPnORPNDUERQQ¡\WUDOLWHWVOLN
DW1RUJHVNDOV¡UJHIRUJOREDOHXWVOLSSVUHGXNVMRQHUVRPPRWVYDUHUYnUHXWVOLSSDYNOLPDJDVVHU
VHQHVWL
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6RPHQGHODYHQJOREDORJDPELVL¡VNOLPDDYWDOHGHURJVnDQGUHLQGXVWULODQGWDUSnVHJVWRUH
IRUSOLNWHOVHUHUSDUWHQHHQLJHRPDW1RUJHVNDOKDHWIRUSOLNWHQGHPnORPNDUERQQ¡\WUDOLWHW
VHQHVWL'HWLQQHE UHUDW1RUJHVNDOV¡UJHIRUXWVOLSSVUHGXNVMRQHUWLOVYDUHQGHQRUVNH
XWVOLSSL

3DUWHQHHUHQLJHRPDWWLGOLJHWLOWDNKDUODQJWVW¡UUHHIIHNWHQQVHQHUHWLOWDNIRUnIRUKLQGUH
WHPSHUDWXU¡NQLQJ3DUWHQHPHQHUGHUIRUGHWHUYLNWLJnInRSSVOXWQLQJRPHQUDVNLYHUNVHWWLQJ
DYNOLPDWLOWDN

6RPGHODYJMHQQRPI¡ULQJHQDYYnUHIRUSOLNWHOVHUHWWHU.\RWRDYWDOHQYLO1RUJHILQDQVLHUH
XWVOLSSVUHGXVHUHQGHWLOWDNLDQGUHODQGLKRYHGVDNLXWYLNOLQJVODQG3DUWHQHHUHQLJHRPDWYL
YLORYHURSSI\OOHYnUXWVOLSSVIRUSOLNWHOVHL.\RWRIRUSOLNWHOVHQPHGSURVHQWSRHQJ'HWWHHU
PLGOHUVRPLVLQKHOKHWJnUWLOXWVOLSSVUHGXVHUHQGHWLOWDNLDQGUHODQGLKRYHGVDNL
XWYLNOLQJVODQG%DVHUWSnGDJHQVNYRWHSULVHUUHSUHVHQWHUHUGHWWHHQVDWVLQJSnRPODJPUG
NURQHURYHU.\RWRSHULRGHQ,WLOOHJJEHYLOJHVGHWRYHUELVWDQGVEXGVMHWWHWIRUPLGOHUWLO
NOLPDWLOWDNLXWYLNOLQJVODQGLQQHQIRURPUnGHUVRPLNNHHULQNOXGHUWL.\RWRDYWDOHQ0HG
GDJHQVNYRWHSULVHURJEHYLOJQLQJVQLYnIRUYLOGHWWHWRWDOWXWJM¡UHPUGNURQHURYHU
.\RWRSHULRGHQ

'HWHUHWPnOnVWLPXOHUHDQGUHODQGWLOnVHWWHVHJK¡\HNOLPDPnO3DUWHQHHUHQLJHRPDW
1RUJHVNDOY UHHQSnGULYHULDUEHLGHWIRUHQQ\RJPHUDPELVL¡VLQWHUQDVMRQDONOLPDDYWDOH
PHGXWJDQJVSXQNWLPnOHWRPDWGHQJOREDOHWHPSHUDWXU¡NQLQJHQVNDOKROGHVXQGHUJUDGHU&
VDPPHQOLJQHWPHGI¡ULQGXVWULHOWQLYn'HULNHODQGHQHPnWDHQYHVHQWOLJK¡\HUHDQGHODY
XWVOLSSVUHGXNVMRQHQHIRUGLYHLHQXWDYIDWWLJGRPIRUXWYLNOLQJVODQGHQHIRUXWVHWWHU¡NWEUXNDY
HQHUJL1RUJHVWURYHUGLJKHWVRPSnGULYHUHUDYKHQJLJDYDWYLUHGXVHUHUHJQHXWVOLSSELGUDUWLO
XWYLNOLQJDYWHNQRORJLRJELGUDUWLOnYLVHDWGHWHUPXOLJnIULNREOH¡NRQRPLVNYHNVWPHG
YHNVWLNOLPDJDVVXWVOLSSHQH1RUJHPnVDPPHQPHGDQGUHULNHODQGWDHQOHGHUUROOHLDUEHLGHW
PHGnXWYLNOHHWJRGWNOLPDYHQQOLJVDPIXQQ

5HGXVHUWHXWVOLSSL1RUJH
%DVHUWSn6)7VWLOWDNVDQDO\VHGHVHNWRUYLVHNOLPDKDQGOLQJVSODQHQHVDPWHNVLVWHUHQGH
YLUNHPLGGHOEUXNDQVOR5HJMHULQJHQLNOLPDPHOGLQJHQDWGHWYDUUHDOLVWLVNnKDHWPnORPn
UHGXVHUHXWVOLSSHQHL1RUJHPHGPLOOWRQQ&2HNYLYDOHQWHULIWUHIHUDQVHEDQHQVOLN
GHQHUSUHVHQWHUWLQDVMRQDOEXGVMHWWHWIRUQnUVNRJHULQNOXGHUW

$YWDOHQLQQHE UHUHQVWHUNHUHVDWVLQJSnIOHUHRPUnGHUEODQWDQQHWSnIRUQ\EDUHQHUJLSn
IRUVNQLQJRJWHNQRORJLXWYLNOLQJRJWLOWDNIRUnUHGXVHUHXWVOLSSHQHIUDWUDQVSRUWVHNWRUHQ
3DUWHQHPHQHUDWGHWLNNHHUPXOLJSnVLNNHUWJUXQQODJnDQVOnHIIHNWHQDYGLVVHWLOWDNHQHL
3DUWHQHYLOEODQWDQQHWSHNHSnDWGHWHUXVLNNHUWQnUKYRUVWHUNWRJLKYLONHQVHNWRU¡NW
LQQVDWVSnIRUVNQLQJRJWHNQRORJLXWYLNLQJYLOJLUHVXOWDWHULIRUPDYUHGXVHUWHXWVOLSS0nOHW
VRPSDUWHQHHUHQLJHRPEDVHUHVRJVnSnHQIRUYHQWQLQJRPXWYLNOLQJDYWHNQRORJLVRPLGDJ
LNNHHUNMHQW

%DVHUWSnHQVNM¡QQVPHVVLJYXUGHULQJPHQHUSDUWHQHDWGHQ\HWLOWDNHQHJM¡UGHWUHDOLVWLVNn
DQWD\WWHUOLJHUHXWVOLSSVUHGXNVMRQHUL1RUJH3DUWHQHPHQHUGHUIRUDWLQWHUYDOOHWIUD
5HJMHULQJHQVNOLPDPHOGLQJNDQXWYLGHVWLOPLOOWRQQ&2HNYLYDOHQWHULIW
UHIHUDQVHEDQHQVOLNGHQHUSUHVHQWHUWLQDVMRQDOEXGVMHWWHWIRUQnUVNRJHULQNOXGHUW'HWWH
LQQHE UHULWLOIHOOHDWRPODJWRWUHGMHGHOHUDY1RUJHVWRWDOHXWVOLSSVUHGXNVMRQHUWDVQDVMRQDOW
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*UXQQHWGHQVWRUHXVLNNHUKHWHQKDUSDUWHQHLNNHIXQQHWJUXQQODJIRUnIRUGHOHGLVVH
UHGXNVMRQHQHSnVHNWRUHU
3DUWHQHOHJJHUWLOJUXQQDWHQQ\LQWHUQDVMRQDONOLPDDYWDOHQ¡GYHQGLJJM¡UHQUHYLVMRQDY
QDVMRQDOHPnORJYLUNHPLGOHURJHQQ\YXUGHULQJDYKYRUGDQ1RUJHVVDPOHGHLQQVDWVE¡U
LQQUHWWHVIRUnELGUDEHVWPXOLJWLOnUHGXVHUHGHJOREDOHXWVOLSSHQHDYNOLPDJDVVHU

,QWHUQDVMRQDOHP¡WHUIUDPPRW3DUWVP¡WHWL
3DUWHQHHUHQLJHRPDW1RUJHVNDOVLJQDOLVHUHDWYLHUYLOOLJHWLOnSnWDRVVGHOHUDYDQVYDUHWIRU
nDUUDQJHUHRJHOOHUEHNRVWHQ¡GYHQGLJHLQWHUQDVMRQDOHP¡WHUIRUnVLNUHIUDPGULIWHQL
IRUKDQGOLQJHQHIUHPWLO3DUWVP¡WHWL.¡EHQKDYQL

/DYXWVOLSSVVDPIXQQ
3DUWHQHHUHQLJHRPDWGHWHUHWODQJVLNWLJPnODW1RUJHVNDOEOLHWODYXWVOLSSVVDPIXQQ
/DYXWVOLSSVXWYDOJHWVKHOKHWVO¡VQLQJRJODYXWVOLSSVEDQHVRPHUSUHVHQWHUWL128´(W
NOLPDYHQQOLJ1RUJH´HUHWWDYELGUDJHQHWLOXWIRUPLQJHQDYQRUVNNOLPDSROLWLNN

8DYKHQJLJHIDJOLJHYXUGHULQJHU
3DUWHQHHUHQLJHRPDWGHWO¡SHQGHVNDOLQQKHQWHVXDYKHQJLJHIDJOLJHYXUGHULQJHUDY
NOLPDSROLWLNNHQIUDLQVWLWXVMRQHURJHOOHUSHUVRQHUPHGEUHGHUIDULQJRJNXQQVNDSLXWIRUPLQJ
RJJMHQQRPI¡ULQJDYNOLPDSROLWLNN'HWWHVNDOVHHVLVDPPHQKHQJPHG
UDSSRUWHULQJHQNOLPDJDVVEXGVMHWWHWVRPHURPWDOWLDYWDOHQVSXQNW

5DSSRUWHULQJNOLPDJDVVEXGVMHWW
,IRUELQGHOVHPHGRSSI¡OJLQJHQDYE UHNUDIWVWUDWHJLHQRJLGHRUGLQ UHEXGVMHWWIUDPOHJJ
VNDOGHWOHJJHVIUDPHQUDSSRUWHULQJNOLPDJDVVEXGVMHWWVRPYXUGHUHUNRQVHNYHQVHQHIRU
NOLPDJDVVXWVOLSSRJVRPUDSSRUWHUHURPXWVOLSSVXWYLNOLQJHQRJJMHQQRPI¡ULQJHQDY
NOLPDSROLWLNNHQ


NWLQWHUQDVMRQDOLQQVDWV

5HJQVNRJ
3DUWHQHHUHQLJHRPDW1RUJHVNDOY UHHQDNWLYDNW¡UIRUnVLNUHLQWHUQDVMRQDORSSVOXWQLQJRP
WLOWDNPRWDYVNRJLQJLXODQG

3DUWHQHHUHQLJHRPDW1RUJHHUEHUHGWWLOnWUDSSHRSSLQQVDWVHQIRUWLOWDNPRWDYVNRJLQJL
XWYLNOLQJVODQGWLORPODJPLOOLDUGHUnUOLJ

'HWHUHQIRUXWVHWQLQJDWGHWHWDEOHUHVWLOIUHGVVWLOOHQGHPHNDQLVPHUIRUHNVHPSHOLUHJLDY)1
HOOHU9HUGHQVEDQNHQVRPNDQVHUWLILVHUHRJKnQGWHUHVWRUHRYHUI¡ULQJHUWLOVNRJWLOWDNSnHQ
EHWU\JJHQGHPnWH,HQVWDUWIDVHYLOGHWGHUIRUY UHQ¡GYHQGLJnEUXNHUHVVXUVHUSnnXWYLNOH
EODUHJHOYHUNRYHUYnNLQJVRJNRQWUROORUGQLQJHUEODJMHQQRPGHPRQVWUDVMRQVRJ
SLORWSURVMHNWHU

5HJMHULQJVSDUWLHQHOHJJHUWLOJUXQQDWGHQ¡NWHLQQVDWVHQPRWDYVNRJLQJRJNOLPDWLOWDNL
XWYLNOLQJVODQGLNNHVNDOJnSnEHNRVWQLQJDYGDJHQVQRUVNHLQQVDWVPRWLQWHUQDVMRQDO
IDWWLJGRP1LYnHWIRULQQVDWVHQPRWLQWHUQDVMRQDOIDWWLJGRPVNDOKROGHVSnPLQVWVDPPHUHHOOH
QLYnVRPLLnUHQHIUDPRYHU7LOWDNPRWDYVNRJLQJLXWYLNOLQJVODQGVNDONRPPHLWLOOHJJ
WLOGHWWHRJEOLUHQGHODYHQ¡NHQGHVDPOHWQRUVNELVWDQGVUDPPH
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+¡\UH.ULVWHOLJ)RONHSDUWLRJ9HQVWUHHUHQLJHRPDWGHQ¡NWHLQQVDWVHQPRWDYVNRJLQJRJ
NOLPDWLOWDNLXWYLNOLQJVODQGLNNHVNDOJnSnEHNRVWQLQJDYGDJHQVQRUVNHLQQVDWVPRW
LQWHUQDVMRQDOIDWWLJGRP0LGOHQHWLOLQQVDWVPRWDYVNRJLQJRJNOLPDWLOWDNLXWYLNOLQJVODQGVNDO
GHUIRULVLQKHOKHWEHYLOJHVXWHQRPGHQVDPOHGHQRUVNHELVWDQGVUDPPHQRJUHJMHULQJHQV
YDUVOHGHRSSWUDSSLQJDYGHQQH

3DUWHQHHUHQLJHRPDW1RUJHVLJQDOLVHUHUYLOMHWLOnELGUDWLOSLORWSURVMHNWHUIRUnXWYLNOHVOLNH
V\VWHPHUDOOHUHGHIUD

3DUWHQHHUHQLJHRPDWQRUVNHWLOWDNPRWDYVNRJLQJLXODQGVNDONRPPHLWLOOHJJWLOGDJHQV
RYHURSSI\OOLQJDYGHQRUVNH.\RWRIRUSOLNWHOVHQH

3DUWHQHHUHQLJHRPDW1RUJHYLOVW¡WWHRSSRPDUEHLGHWIRUE UHNUDIWLJVNRJIRUYDOWQLQJ

1RUJHOHGHUHWLQWHUQDVMRQDOWDUEHLGEODQWDQQHWXQGHUNOLPDNRQIHUDQVHQSn%DOLIRUnXWYLNOH
HIIHNWLYHILQDQVLHULQJVV\VWHPHURJVHUWLILVHULQJVRUGQLQJHUIRUnKLQGUHDYVNRJLQJL
XWYLNOLQJVODQG

1RUJHVLQLWLDWLYYLORJVnNXQQHSnYLUNHVHQWUDOHXODQGSRVLWLYWLNOLPDIRUKDQGOLQJHQHIUHPWLO
3DUWVP¡WHW6DPWLGLJHUSDUWHQHHQLJHRPDWWLOWDNIRUnKLQGUHDYVNRJLQJPnLQQOHPPHV
LHQIUHPWLGLJNOLPDDYWDOHVOLNDWQRUVNHPLGOHUVRPEUXNHVIRUnEHYDUHVNRJLQQJnUVRPHQ
GHODYRSSI\OOHOVHQDYYnUIUDPWLGLJHIRUSOLNWHOVHIUDGHWWLGVSXQNWHQIUDPWLGLJNOLPDDYWDOHHU
SnSODVV

,QWHUQDVMRQDOVNLSVRJOXIWIDUW
3DUWHQHHUHQLJHRPDW1RUJHLIRUKDQGOLQJHQHRPHWJOREDOWNOLPDUHJLPHIRUHVOnUDWGHW
HWDEOHUHVHQDUEHLGVJUXSSHVRPJLVLRSSJDYHnXWDUEHLGHIRUVODJWLOKYRUGDQLQWHUQDVMRQDO
VNLSVRJOXIWIDUWE¡ULQNOXGHUHVLHQSRVWDYWDOH'HQ,QWHUQDVMRQDOH
VM¡IDUWVRUJDQLVDVMRQHQ ,02 RJGHQ,QWHUQDVMRQDOHOXIWIDUWVRUJDQLVDVMRQHQ ,&$2 VNDOV¡NHV
LQNOXGHUWLDUEHLGHW1RUJHYLODUEHLGHIRUnUHGXVHUHXWVOLSSHQHIUDIO\WUDILNNYHVHQWOLJ
JMHQQRPLQWHUQDVMRQDOHDYWDOHU

&2IDQJVWRJWHNQRORJLRYHUI¡ULQJ
.DUERQIDQJVWRJODJULQJYLOLIUDPWLGDEOLYLNWLJIRUnUHGXVHUHGHJOREDOHXWVOLSSHQHRJ
RSSVOXWQLQJRPWHNQRORJLHQYLONXQQHELGUDWLOnInJMHQQRPVODJIRUHQIUDPWLGLJDYWDOH
3DUWHQHHUHQLJHRPDWUHJMHULQJHQVNDOOHJJHIUDPHQKDQGOLQJVSODQIRUGHWLQWHUQDVMRQDOH
DUEHLGHWIRUnIUHPPHNDUERQIDQJVWRJODJULQJVRPNOLPDWLOWDNLO¡SHWDY*MHQQRPHQ
VOLNKDQGOLQJVSODQYLOYLNXQQHELGUDWLOWHNQRORJLRYHUI¡ULQJWLOXODQG

.OLPDRJELVWDQG
3DUWHQHHUHQLJHRPDWHQEHW\GHOLJDQGHODYELVWDQGVPLGOHQHLnUHQHIUDPRYHUVNDOJnWLO
NOLPDUHODWHUWHWLOWDN%LVWDQGVSROLWLNNHQVNDOELGUDWLOUHGXNVMRQDYXWVOLSSVYHNVWHQJMHQQRP
WLOWDNIRUXWYLNOLQJDYNOLPDYHQQOLJWHNQRORJLKHUXQGHU&2KnQGWHULQJ7LOJDQJWLOUHQ
HQHUJLWHNQRORJLRYHUI¡ULQJRJXWYLNOLQJIRUHQHUJLHIIHNWLYLWHWRJIRUQ\EDUHHQHUJLNLOGHUHU
YLNWLJ3DUWHQHHUHQLJHRPnKDVRPPnODW1RUJHVNDOEOLOHGHQGHSnPLOM¡UHWWHWELVWDQG

7LOWDNLXWYLNOLQJVODQGNDQJLWUHGREEHOJHYLQVWLIRUKROGWLOG\UHWLOWDNLULNHODQG,WLOOHJJWLO
HQVW¡UUHNOLPDHIIHNWSHUNURQHRJHQVW¡UUHHIIHNWSnGHWORNDOHPLOM¡HWNDQGHJLHQEHW\GHOLJ
XWYLNOLQJVHIIHNW'HQJU¡QQHXWYLNOLQJVPHNDQLVPHQXQGHU.\RWRSURWRNROOHQ &'0 
LQQHE UHUDWLQGXVWULODQGILQDQVLHUHUXWVOLSSVUHGXVHUHQGHSURVMHNWHULXWYLNOLQJVODQGVRPL
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WLOOHJJWLOnJLLQYHVWRUHQXWVOLSSVNYRWHUELGUDUWLOE UHNUDIWLJXWYLNOLQJLYHUWVODQGHW3DUWHQH
PHQHUDWNDSDVLWHWVE\JJLQJIRUKnQGWHULQJDYNOLPDHQGULQJHURJJMHQQRPI¡ULQJDY
XWVOLSSVUHGXVHUHQGHWLOWDNLXWYLNOLQJVODQGVNDOYHNWOHJJHV

)RUVNQLQJ

.OLPDIRUVNQLQJ
3DUWHQHHUHQLJHRPDW1RUJHVNDOELGUDYHVHQWOLJWLOGHQJOREDOHLQQVDWVHQIRUnVW\UNH
NXQQVNDSVJUXQQODJHWLNOLPDDUEHLGHWRJDWGHQNOLPDUHODWHUWHIRUVNQLQJHQL1RUJHVNDO
VW\UNHV

2SSWUDSSLQJVSODQ
%ODQWDQQHWEDVHUWSnNOLPDKDQGOLQJVSODQHQIUD1RUJHVIRUVNQLQJVUnGHUSDUWHQHHQLJHRPDW
UHJMHULQJHQYLOOHJJHIUDPHQRSSWUDSSLQJVSODQIRUNOLPDIRUVNQLQJLO¡SHWDY

)RUXPIRUVWUDWHJLVNVDPDUEHLG
3DUWHQHHUHQLJHRPDW5HJMHULQJHQVNDOHWDEOHUHHWIRUXPIRUVWUDWHJLVNVDPDUEHLGIRUNOLPD
RJPLOM¡IRUVNQLQJHWWHUPRGHOODYVWUDWHJLSURVHVVHQH2*RJ(QHUJLRJYLOLQYROYHUH
DNW¡UHULQQHQNOLPDRJPLOM¡IRUVNQLQJKYRUEnGHIRUVNQLQJVPLOM¡HUPLOM¡RUJDQLVDVMRQHU
RIIHQWOLJHHWDWHURJQ ULQJVOLYVDPDUEHLGHU2JVnKHQV\QHWWLOQ ULQJVXWYLNOLQJYLOVWnVHQWUDOW
LGHWWHDUEHLGHW

7HPDIRUHQVW\UNHWIRUVNQLQJVLQQVDWV
$NWXHOOHWHPDIRUHQVW\UNHWIRUVNQLQJVLQQVDWVHU
x )RUVNQLQJSnNOLPDHQGULQJHUUHJLRQDOWRJJOREDOW)RUVNQLQJRJRYHUYnNLQJDY
NOLPDSURVHVVHURJNRQVHNYHQVHUDYNOLPDHQGULQJHULQRUGRPUnGHQHHUVSHVLHOWSULRULWHUW
x .RQVHNYHQVHUDYRJWLOSDVQLQJWLONOLPDHQGULQJHUEODQWDQQHWIRUVDPIXQQVRJQ ULQJVOLY
x 6DPIXQQVYLWHQVNDSHOLJIRUVNQLQJVRPJLU¡NWLQQVLNWLEHVOXWQLQJVSURVHVVHURJ
UDPPHEHWLQJHOVHULNOLPDSROLWLNNHQ
x 8WYLNOLQJDYNOLPDYHQQOLJWHNQRORJL
x )RUQ\EDUHQHUJL
x 8WYLNOLQJDYQ ULQJVYLUNVRPKHWEDVHUWSnNOLPDYHQQOLJWHNQRORJLXWYLNOLQJ

'HPRQVWUDVMRQVSURJUDPRJVWUDWHJLIRUIRUQ\EDUHHQHUJLWHNQRORJLHURIIVKRUH
3DUWHQHHUHQLJLDWGHWRSSUHWWHVHWGHPRQVWUDVMRQVSURJUDPIRUXWYLNOLQJRJLQWURGXNVMRQDY
Q\HIRUQ\EDUHHQHUJLWHNQRORJLHURIIVKRUHPHGHQUDPPHSnPLOOLRQHUNURQHUL
VWDWVEXGVMHWWHWIRU3DUWHQHHUHQLJHRPDWGHWVNDOODJHVHQQDVMRQDOVWUDWHJLIRU
NUDIWSURGXNVMRQIUDKDYP¡OOHURJDQGUHPDULQHIRUQ\EDUHHQHUJLNLOGHU(QVOLNVWUDWHJLPnVH
SnEHKRYHWIRUV UVNLOWIRUVNQLQJVLQQVDWVYXUGHUHnRSSUHWWHHWHJHWVHQWHUIRUIRUVNLQJVGUHYHW
LQQRYDVMRQSnRPUnGHWXWUHGHQ¡GYHQGLJHORYHQGULQJHUIRUnNXQQHXWVWHGHNRQVHVMRQHUVH
XWSODVVHULQJDYKDYP¡OOHULVDPPHQKHQJPHGHOHNWULILVHULQJDYDNWLYLWHWSnVRNNHOHQRJ
JMHQQRPI¡UHHQDUHDOYXUGHULQJIRUXWSODVVHULQJDYIUHPWLGLJHDQOHJJKYRUKHQV\QHWWLO
ILVNHULHQHGHWPDULQHPLOM¡HWRJDQGUHQ ULQJHULYDUHWDV

)RUVNQLQJSnQ\IRUQ\EDUHQHUJL
3DUWHQHHUHQLJHRPDWVDWVLQJHQSnIRUVNQLQJRJXWYLNOLQJLQQHQIRUQ\EDUHHQHUJLNLOGHURJ
NDUERQIDQJVWRJODJULQJPn¡NHVI¡UVWPHGPLOONUL51%RJYLGHUHWLOHQWRWDO
¡NQLQJSnPLOONULVWDWVEXGVMHWWHWIRURJWLOPLQLPXPPLOONULVWDWVEXGVMHWWHW
IRU
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'HRIIHQWOLJHELGUDJHQHUHODWHUWWLOIRUVNQLQJHQSnQ\HIRUQ\EDUHHQHUJLNLOGHUVNDOLQQHQ
PLQVWY UHSnQLYnPHGWLOVYDUHQGHRIIHQWOLJHELGUDJWLOSHWUROHXPVIRUVNQLQJHQ

'HQRIIHQWOLJHILQDQVLHUWHSHWUROHXPVIRUVNQLQJHQVNDOLWLOOHJJKDHWEHW\GHOLJIRNXVSnNOLPD

3HWUROHXPRJHQHUJL

&2KnQGWHULQJJDVVNUDIW
3DUWHQHPHQHUDWGHWHUHWVWRUWEHKRYIRUWHNQRORJLXWYLNOLQJRJGHPRQVWUDVMRQIRUnNXQQH
UHDOLVHUHPnOHQHIRUIDQJVWRJODJULQJDY&2L1RUJH3DUWHQHYLVHUWLODWGHWVnODQJWHUODJW
RSSWLOWRSURVMHNWHUIRU&2KnQGWHULQJSnJDVVNUDIWYHUNL1RUJHHWWRWULQQVRSSOHJJL
WLONQ\WQLQJWLONUDIWYDUPHYHUNHWSn0RQJVWDGRJHWIDQJVWDQOHJJWLONQ\WWHW1DWXUNUDIWV
JDVVNUDIWYHUNSn.nUVW¡'HWHUDYGHNNHWEnGHWHNQRORJLVNHRJ¡NRQRPLVNHXWIRUGULQJHUVRP
PnP¡WHV

8WVOLSSVIULNUDIWWLOSHWUROHXPVVHNWRUHQ
3DUWHQHHUHQLJHRPDWDUEHLGHWPHGXWVOLSSVIULNUDIWLQWHQVLYHUHVRJPHGEDNJUXQQLWHNQLVNH
¡NRQRPLVNHRJIRUV\QLQJVPHVVLJHIRUKROGVNDONUDIWIUDODQGXWVOLSSVIULNUDIWYXUGHUHVYHG
Q\HXWE\JJLQJHURJVW¡UUHXWYLNOLQJVSURVMHNWHU,GHQQHIRUELQGHOVHKDU2OMHGLUHNWRUDWHW19(
6)7RJ3HWUROHXPVWLOV\QHWQ\OLJODJWIUDPHQUDSSRUWPHGHQJMHQQRPJDQJDY
SUREOHPVWLOOLQJHUNQ\WWHWWLOnIRUV\QHSHWUROHXPVYLUNVRPKHWHQSnVRNNHOHQPHGNUDIWIUDODQG

3DUWHQHHUHQLJHRPDWHOHNWULILVHULQJRJNOLPDWLOWDNLSHWUROHXPVQ ULQJHQYLOEOLRPWDOWL
HJQHWGRNXPHQWIUD2OMHRJHQHUJLGHSDUWHPHQWHWWLO6WRUWLQJHWL

$YJLIWV¡NQLQJ
3DUWHQHHUHQLJHRPDWDXWRGLHVHODYJLIWHQ¡NHVPHG¡UHSUOLWHURJDWEHQVLQDYJLIWHQ¡NHV
PHG¡UHSUOLWHULVWDWVEXGVMHWWHWIRU

)RUQ\EDUHQHUJL
3DUWHQHHUHQLJHRPDW1RUJHVNDOJMHQRSSWDGU¡IWLQJHQHPHG6YHULJHRPJU¡QQHVHUWLILNDWHU

'HUVRPGHWLNNHO\NNHVnNRPPHIUHPWLOHWUHVXOWDWRPJU¡QQHVHUWLILNDWHULQQHQMXOL
YLOUHJMHULQJHQNRPPHWLOEDNHWLO6WRUWLQJHWPHGHWIRUVODJWLORPOHJJLQJDYRUGQLQJHQIRU
IRUQ\EDUHOHNWULVLWHW2UGQLQJHQPnLQQUHWWHVVOLNDWGHQRYHUWLGOHJJHUWLOUHWWHIRU¡NW
XWE\JJLQJDYQ\IRUQ\EDUNUDIWL1RUJHLVDPPHVW¡UUHOVHVRUGHQVRPHQRUGQLQJPHGJU¡QQH
VHUWLILNDWHUYLOOHJLWW6DPWLGLJPnRUGQLQJHQLQQUHWWHVVOLNDWGHQJLUPHVWPXOLJQ\
NUDIWSURGXNVMRQLJMHQIRUGHQRIIHQWOLJHVW¡WWHQ

)UDPWLOJU¡QWVHUWLILNDWPDUNHGHUSnSODVVYLOLQYHVWHULQJVVW¡WWHWLOIRUQ\EDUNUDIWLQQHQIRU
GDJHQVQRWLILVHUWHRUGQLQJVW\UNHVJMHQQRPnnSQHIRUK¡\HUHVW¡WWHQLYnIRUnXWO¡VHQ\H
SURVMHNWHU

6PnNUDIW
3DUWHQHEHU5HJMHULQJHQRPnOHJJHIUDPHQEUHGYXUGHULQJDYLQVHQWLYHQHIRU¡NW
PLOM¡YHQQOLJXWE\JJLQJDYYDQQNUDIWRJDQQHQIRUQ\EDUHQHUJLL51%

3DUWHQHHUHQLJHRPDWV¡NQDGHURPNRQVHVMRQKRV19(LQQNRPPHWIUDI¡URNWREHU
EHKDQGOHVHWWHUWLGOLJHUHUHJHOYHUN
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(QHUJLHIIHNWLYLWHWHQLHOQHWWHW
3DUWHQHHUHQLJHRPGHWHUHQPnOVHWWLQJn¡NHHQHUJLHIIHNWLYLWHWHQLHOQHWWHWRJ
NUDIWSURGXNVMRQHQPHGSURVHQWLQQHQJMHQQRPRSSUXVWLQJDYHOQHWWHWHIIHNWLYLVHULQJ
IRUnUHGXVHUHQHWWDSHWRJXWEHGULQJRJIRUQ\HOVHDYHNVLVWHUHQGHYDQQNUDIWYHUN0LQGUH
NUDIWYHUNPnJLVOHWWHUHWLOJDQJWLOHOQHWWHW

7UDQVSRUW

173
3DUWHQHHUHQLJHRPDWNOLPDPnOHWIRUWUDQVSRUWVHNWRUHQHUHWYLNWLJJUXQQODJIRUDUEHLGHWPHG
QDVMRQDOWUDQVSRUWSODQ3DUWHQHIUHPKHYHUNROOHNWLYEUXNRJV\NNHORJJDQJWUDILNNVDPWWLOWDN
VRPUHGXVHUHUXWVOLSSIUDYHLWUDILNN

-HUQEDQH
3DUWHQHHUHQLJHRPnIRUWVHWWHVW\UNLQJHQDYMHUQEDQHQVSHVLHOWLEHIRONQLQJVWHWWHRPUnGHURJ
SnVWUHNQLQJHUPHGP\HJRGVWUDQVSRUW3nEDNJUXQQDYHWWHUVOHSHWL173VNDOYHNVWHQL
MHUQEDQHLQYHVWHULQJHQH¡NHPHUHQQYHNVWHQLYHLLQYHVWHULQJHQHL3DUWHQHHUHQLJHRP
DWIRUnRSSQnGHWWHVNDOEHYLOJQLQJHQHWLOLQYHVWHULQJHULMHUQEDQHQ¡NHVPHGPLOOLRQHU
NURQHULVWDWVEXGVMHWWHWIRU

+¡\KDVWLJKHWVEDQH
)RUHOLJJHQGHXWUHGQLQJRPK¡\KDVWLJKHWVEDQHHUWLOEHKDQGOLQJKRV
VDPIHUGVHOVP\QGLJKHWHQHRJSDUWHQHHUHQLJHRPDWGHWWHVNDORPWDOHVQ UPHUHL173


.OLPDHIIHNWHU
3DUWHQHHUHQLJHRPDWUHJMHULQJHQVHWWHULJDQJDUEHLGIRUnXWYLNOHJRGHYHUNW¡\VRP
YXUGHUHUNOLPDHIIHNWHUDYXOLNHWLOWDN,IRUELQGHOVHPHGUXOOHULQJHQDY1DVMRQDO
7UDQVSRUWSODQ±VNDOGHWVnODQJWGHWHUPXOLJIRUHOLJJHHWNDUERQEXGVMHWWNQ\WWHW
RSSWLODOOHVW¡UUHSURVMHNWHUVRPV\QOLJJM¡UHIIHNWHQHSURVMHNWHQHRJSODQHQVRPKHOKHWYLOKD
SnGHQDVMRQDOHNOLPDJDVVXWVOLSSHQH

%HO¡QQLQJVRUGQLQJHQIRUNROOHNWLYWUDQVSRUW
3DUWHQHHUHQLJHRPDWEHO¡QQLQJVRUGQLQJHQIRUEHGUHNROOHNWLYWUDQVSRUWRJPLQGUHELOEUXN
HOOHUWLOVYDUHQGHRUGQLQJVNDOVW\UNHV

3DUWHQHHUHQLJHRPDWEHYLOJQLQJHQWLOEHO¡QQLQJVRUGQLQJHQIRUNROOHNWLYWUDILNNHQGREOHVL
VWDWVEXGVMHWWHWIRUIRUXWVDWWDWGHWLQQJnVELQGHQGHDYWDOHURPORNDOHRJUHJLRQDOHWLOWDN
IRUUHGXVHUWELOWUDILNN

%\RPUnGHUVRP¡QVNHUnXWSU¡YHYHLSULVLQJGLIIHUHQVLHUWHERPSHQJHVDWVHUHOOHUDQGUH
WUDILNNUHJXOHUHQGHWLOWDNVNDOSULRULWHUHV9HLSULVLQJHUHWORNDOWYLUNHPLGGHO'HWYLOGHUIRU
LNNHLQQI¡UHVYHLSULVLQJXWHQORNDOWLOVOXWQLQJ

%HO¡QQLQJVRUGQLQJHQVNDOSUHPLHUHGRNXPHQWHUWHUHVXOWDWHUGHWYLOVLHQSnYLVWYHNVWL
DQGHOHQNROOHNWLYWUDQVSRUWSnEHNRVWQLQJDYSHUVRQELOWUDILNNHQ,HQIDVHKYRURUGQLQJHQ
XWYLGHVRJVW\UNHVYLOGHWRJVnY UHQ¡GYHQGLJnEDVHUHWLOGHOLQJSnEDVLVDYSODQODJWHRJ
SROLWLVNYHGWDWWHWUDQVSRUWWLOWDN





2080
(QIRUXWVHWQLQJIRUWLOGHOLQJDYPLGOHUIUDEHO¡QQLQJVRUGQLQJHQHUDWGHWLYHUNVHWWHVWLOWDN
HOOHUQ\OLJKDUEOLWWLYHUNVDWWWLOWDNVRPYLUNHUEHJUHQVHQGHSnSHUVRQELOWUDILNNHQ'HWHUHQ
ORNDOEHVOXWQLQJKYLONHWLOWDNVRPLYHUNVHWWHV

%LOGHOLQJVRUGQLQJ
3DUWHQHHUHQLJHRPDWGHWVNDOXWUHGHVKYRUGDQPDQNDQLQWHJUHUHELOGHOLQJVRUGQLQJHUL
MHUQEDQHVWDVMRQHURJ¡YULJHNROOHNWLYNQXWHSXQNWHU

*DQJRJV\NNHOYHLHU
3DUWHQHHUHQLJHRPDWDUEHLGHWPHGJDQJRJV\NNHOYHLHUODQJVVNROHYHJHURJL
EHIRONQLQJVWHWWHRPUnGHUVNDOLQWHQVLYHUHV

0LOM¡YHQQOLJWUDQVSRUW
3DUWHQHHUHQLJHRPDWGHWVNDOXWYLNOHVVWHUNHUHRJPHUHIIHNWLYHYLUNHPLGOHUVRPYLOELGUDWLO
nUHGXVHUHXWVOLSSHQHSnWUDQVSRUWRPUnGHWXWRYHUGHWLOWDNVRPDOOHUHGHHUVDWWLYHUNRJDWGHW
HUEHKRYIRUEHGUHVDPRUGQLQJSnIHOWHW3DUWHQHHUHQLJHRPDWGHWLVWDWVEXGVMHWWHWIRU
VRPHQGHODY6DPIHUGVHOVGHSDUWHPHQWHWVHJHQRUJDQLVDVMRQRSSUHWWHVHWSU¡YHSURVMHNW±
7UDQVQRYD±LIRUPDYHQHJHQEXGVMHWWVW\UWEHYLOJQLQJSnPLOONURQHU%HYLOJQLQJHQVNDO
YLGHUHI¡UHVLPLQVWWUHnURJYLOGHUHWWHUEOLHYDOXHUW0LGOHQHWLO7UDQVQRYDVNDOLNNHEUXNHVSn
LQIUDVWUXNWXUSURVMHNWHUPHQHNVHPSHOYLVWLOn¡NHEUXNHQDYDOWHUQDWLYHGULYVWRII

6WDWOLJHLQQNM¡SDYSHUVRQELOHU
3DUWHQHHUHQLJHRPDWRIIHQWOLJHYLUNVRPKHWHUPnOLJJHLIURQWLQQHQEUXNDY
ODYXWVOLSSVNM¡UHW¡\LHJHQYLUNVRPKHWRJYLODUEHLGHIRUDWRIIHQWOLJHELOHUVNDOJnSn&2
IULWWHOOHU&2Q¡\WUDOWGULYVWRIILQQHQ

2POHJJLQJDYNM¡UHW¡\UHODWHUWHVNDWWHUDYJLIWHU
3DUWHQHHUHQLJHRPnDUEHLGHYLGHUHPHGGHQJU¡QQHRPOHJJLQJHQDYNM¡UHW¡\UHODWHUWH
VNDWWHUDYJLIWHURJDQQHQUHJXOHULQJVRPSnYLUNHUYHLWUDILNNHQRJIUHPPHUODYXWVOLSSVRJ
QXOOXWVOLSSVDOWHUQDWLYHU

+\GURJHQELOHU
3DUWHQHHUHQLJHRPDWK\GURJHQELOHUE¡UInVOLSSHJUDWLVJMHQQRPERPULQJHQRJKDJUDWLV
RIIHQWOLJSDUNHULQJSnOLNOLQMHPHGHOELOHU

%LRGULYVWRII
3DUWHQHPHQHUDWGHWYLGHUHDUEHLGHWPHGELRGULYVWRIIE¡UYXUGHUHVSnEDNJUXQQDYK¡ULQJHQ
DYIRUVODJHWRPDWPLQLPXPWRYROXPSURVHQWDYnUOLJRPVDWWYROXPGULYVWRIIWLOYHJWUDILNN
VNDOEHVWnDYELRGULYVWRIIVWLJHQGHWLOIHPSURVHQWL

)RUXWVDWWE UHNUDIWLJSURGXNVMRQRJDWDQQHQJHQHUDVMRQVELRGULYVWRIIHUNRPPHUVLHOW
WLOJMHQJHOLJYLOGHWYXUGHUHVHQ\WWHUOLJHUHRSSWUDSSLQJDYDQGHOHQELRGULYVWRIIDYnUOLJRPVDWW
YROXPWLOYHJWUDILNN

3DUWHQHHUHQLJHRPDW1RUJHVNDOVDPDUEHLGHPHGEODQWDQQHW(8LQWHUQDVMRQDOHRUJDQHURJ
GULYVWRIIEUDQVMHQIRUnInSnSODVVRUGQLQJHUIRUnIUHPPHE UHNUDIWLJSURGXNVMRQRJLPSRUW
DYELRGULYVWRII

3DUWHQHHUHQLJHRPDWUHJMHULQJHQWDULQLWLDWLYWLOHQVWUDWHJLIRU¡NW)R8SnDQQHQJHQHUDVMRQV
ELRGULYVWRIIRJnJLRIIHQWOLJVW¡WWHWLOXWYDOJWHGHPRQVWUDVMRQVSURVMHNWHU
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.UDYWLOSHUVRQELOHU
3DUWHQHHUHQLJHRPDWGHWVNDOY UHHWPnODWIUDVNDOGHWJMHQQRPVQLWWOLJHXWVOLSSHWIUD
Q\HSHUVRQELOHUY UHSnXQGHUJNP)RUnQnGHWWHPnOHWPnRPOHJJLQJHQDYELODYJLIWHQH
LPLOM¡YHQQOLJUHWQLQJIRUWVDWWHIUDRJPHGVWDWVEXGVMHWWHW

.YRWHV\VWHPWUDQVSRUW
3DUWHQHHUHQLJHRPUHJMHULQJHQVNDOXWUHGHRPKHOHHOOHUGHOHUDYWUDQVSRUWVHNWRUHQE¡U
RPIDWWHVDYHWNYRWHV\VWHP

0LOM¡YHQQOLJVNLSVIDUW
3DUWHQHYLVHUWLOUHJMHULQJHQVPDULWLPHVWUDWHJLVRPEOHSUHVHQWHUWRNWREHU,VWUDWHJLHQ
KHWHUGHWDW5HJMHULQJHQYLOELGUDWLODWGHQRUVNHPDULWLPHQ ULQJHUVNDOOHYHUHIUDPWLGHQV
LQQRYDWLYHRJPLOM¡YHQQOLJHO¡VQLQJHU´

3DUWHQHHUHQLJHRPDWLVDPDUEHLGPHGYHUIWVQ ULQJHQRJUHGHULHQHE¡UVWDWHQDUEHLGHIRU
YLGHUHXWYLNOLQJRJXWSU¡YLQJDYJDVVGUHYQHVNLSIDUW¡\GUHYHWPHGEUHQVHOFHOOHURJ
PLOM¡YHQQOLJHILVNHIDUW¡\

,QGXVWUL

8WYLGHOVHDYGHWHXURSHLVNHNYRWHV\VWHPHW
3DUWHQHDQVHUGHWVRPYLNWLJDW1RUJHDUEHLGHUIRUnXWYLGHGHWHXURSHLVNHNYRWHV\VWHPHW
$NWXHOOHVHNWRUHUHUEODPHWDOOLQGXVWULNMHPLVNLQGXVWULRJWUDQVSRUWVHNWRUHQ

9LUNHPLGOHUIRUIDVWODQGVLQGXVWULVRPLNNHHUXQGHUODJWNYRWHSOLNW
3DUWHQHHUHQLJHRPDWUHJMHULQJHQLGLDORJPHGLQGXVWULHQLO¡SHWDYYXUGHUHU
YLUNHPLGOHUKHUXQGHUNYRWHSOLNWRJIULYLOOLJHDYWDOHUIRUGHQGHOHQDYLQGXVWULHQVRPLNNHHU
XQGHUODJW&2DYJLIWHOOHUREOLJDWRULVNNYRWHSOLNW

%\JJ

6DWVLQJSnHQHUJLHIIHNWLYHE\JJJMHQQRP(QRYD
3DUWHQHHUHQLJHRPHQEHW\GHOLJ¡NWDNWLYLWHWLQQHQXWYLNOLQJDYHQHUJLHIIHNWLYHE\JJ3DUWHQH
OHJJHUWLOJUXQQDWHQGHODY¡NQLQJHQL(QHUJLIRQGHWJnUWLOnVW\UNH(QRYDVSURJUDPIRU
%\JJEROLJRJDQOHJJVOLNDWGHWJLVVW¡UUHPXOLJKHWHUWLOnXWYLNOHRJWDLEUXNQ\HHIIHNWLYH
E\JJHPHWRGHURJPDWHULDOHU,GDJGHNNHUSURJUDPPHWEnGHHNVLVWHUHQGHRJQ\H
Q ULQJVE\JJEROLJHURJDQOHJJVSURVMHNWHU6W\UNLQJHQDYVDWVLQJHQYLOLQQHE UHDWGHWQnJLV
PXOLJKHWHUIRUnXWYLGHSURJUDPPHWRJRSSQnIOHUHNRQNUHWHUHVXOWDWHURJYDULJH
PDUNHGVHQGULQJHUSnE\JJRJDQOHJJVVLGHQ

3DUWHQHHUHQLJHRPDWYLONnUHQHIRUXWE\JJLQJDYIMHUQYDUPHPnVW\UNHV

8WIDVLQJDYROMHI\ULQJJMHQQRP(QRYD
3DUWHQHDQVHUGHWVRPYLNWLJPHG¡NWLQQVDWVSnWLOWDNIRUnHUVWDWWHROMHI\ULQJPHGIRUQ\EDU
HQHUJL6W¡WWHWLOLQYHVWHULQJHULYDUPHSURGXNVMRQEDVHUWSnELRHQHUJLDYIDOOHOOHU
YDUPHSXPSHUHUGHNNHWDY(QRYDVSURJUDPPHULQQHQYDUPHRJIRUHGOLQJDYEUHQVHO(QRYDV
SURJUDPPHUUHWWHWLQQPRWLQGXVWULVHNWRUHQELGUDURJVnWLOUHGXVHUWEUXNDYROMHHOOHU
RPOHJJLQJWLOIRUQ\EDUHQHUJL3DUWHQHOHJJHUWLOJUXQQDWGH¡NWHUDPPHQHL(QHUJLIRQGHW
ELGUDUWLOHQEHW\GHOLJ¡NWDNWLYLWHWRJEHW\GHOLJ¡NWHUHVXOWDWHULQQHQNRQYHUWHULQJDY
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ROMHI\ULQJRJRPOHJJLQJWLOIRUQ\EDUHQHUJL6RPYDUVOHWLNOLPDPHOGLQJHQYLOUHJMHULQJHQ
YXUGHUHnLQQI¡UHIRUEXGPRWnHUVWDWWHJDPOHROMHNMHOHUPHGQ\LEHVWnHQGHE\JJ

+DQGOLQJVSODQIRURYHUJDQJIUDIRVVLOHWLOIRUQ\EDUHHQHUJLNLOGHUWLORSSYDUPLQJ
3DUWHQHHUHQLJHRPDWGHWLQQHQXWJDQJHQDYODJHVHQKDQGOLQJVSODQIRURYHUJDQJIUD
IRVVLOHHQHUJLNLOGHUWLOIRUQ\EDUHHQHUJLNLOGHUWLORSSYDUPLQJ3DUWHQHHUHQLJHRPDWGHWVNDO
VLNUHVPnOUHWWHWRJNRRUGLQHUWYLUNHPLGGHOEUXNIRU¡NWXWE\JJLQJDYELRHQHUJLPHGLQQWLO
7:KLQQHQ3DUWHQHHUHQLJHRPDWGHWVNDOHWDEOHUHVHQVW¡WWHRUGQLQJWLONRQYHUWHULQJDY
ROMHNMHOHUWLOIRUQ\EDUYDUPHLUHJLDY(QRYD3DUWHQHHUHQLJHnRPnYXUGHUHnLQQI¡UHIRUEXG
PRWnHUVWDWWHJDPOHROMHNMHOHUPHGQ\LEHVWnHQGHE\JJRJnLQQI¡UHIRUEXGPHGKMHPPHOL
SODQRJE\JQLQJVORYHQPRWLQVWDOOHULQJDYROMHNMHOLQ\HE\JQLQJHU/RYHQVNDOHWWHUSODQHQ
WUHLNUDIWMDQXDU3DUWHQHHUYLGHUHHQLJHRPDWGHWVNDODUEHLGHVYLGHUHPHGnVLNUHDW
GHWLNNHOHJJHVRPIUDROMHWLOVWU¡PYHGXWVNLIWLQJDYROMHNMHOLEHVWnHQGHE\JJ

%\JQLQJVVWDQGDUG
3DUWHQHDQVHUGHWVRPYLNWLJDWGHWHUIDVWVOnWWDWHQHUJLNUDYHQHL7HNQLVNIRUVNULIWVNDO
UHYLGHUHVODQJWRIWHUHHQQGHWVRPKLWWLOKDUY UWYDQOLJPLQLPXPKYHUWIHPWHnU

3DUWHQHHUHQLJHRPDWHUIDULQJHQHPHGSDVVLYKXVVNDOI¡OJHVRSSRJDWGHWVNDOYXUGHUHVn
LQQI¡UHNUDYRPSDVVLYKXVVWDQGDUGIRUDOOHQ\E\JJLQQHQ

/DYHQHUJLSURJUDPPHW
3DUWHQHHUHQLJHRPDWVDWVLQJHQSnGHWQ\OLJHWDEOHUWHODYHQHUJLSURJUDPPHWWUDSSHVRSS'HW
VHWWHVDYWLOVWUHNNHOLJHPLGOHUWLONRPSHWDQVHRSSE\JQLQJLQ ULQJHQJMHQQRPI¡ULQJDY
IRUELOGHSURVMHNWHURJIRUVNQLQJRJXWYLNOLQJSnVWDGLJPHUHQHUJLRJPLOM¡YHQQOLJH
E\JJHYDUHURJE\JJHO¡VQLQJHU

.RQWUROORJWLOV\QLE\JJHVDNHU
3DUWHQHDQVHULNNHGDJHQVV\VWHPPHGHJHQNRQWUROOLE\JJHVDNHUVRPWLOIUHGVVWLOOHQGHRJGHW
HUGHUIRUHQLJKHWRPDWGHWVNDOLQQI¡UHVQ\HRJVWUHQJHUHUHJOHURPNRQWUROORJWLOV\QL
E\JJHVDNHULIRUELQGHOVHPHGQ\SODQRJE\JQLQJVORY.RQWUROOHQVNDOY UHREOLJDWRULVNRJ
XDYKHQJLJ'HWNDQRJVnJLVIRUVNULIWHURPKYLONHRPUnGHUGHWNDQI¡UHVXDYKHQJLJNRQWUROO
RJWLOV\QSn3DUWHQHPHQHWDWQ\HHQHUJLNUDYYLOY UHHWYLNWLJRPUnGHIRUVNMHUSHWNRQWUROO
PHGE\JJHWLOWDNHWRJ¡NWWLOV\QVYLUNVRPKHWIUDNRPPXQHQVVLGH

(Q¡N
3DUWHQHHUHQLJHRPDWGHWVNDOY UHJRGHVW¡WWHRUGQLQJHUJMHQQRP+XVEDQNHQRJ(QRYDIRU
HQ¡NWLOWDNLEHGULIWHURJKXVKROGQLQJHU

)OHNVLEOHHQHUJLV\VWHPHUWLORSSYDUPLQJLRIIHQWOLJHE\JJ
3DUWHQHHUHQLJLDWRIIHQWOLJHQ\E\JJVnODQJWGHWHUSUDNWLVNPXOLJPnRYHUJnGHWLOHQKYHU
WLGJMHOGHQGHHQHUJLNUDY

3DUWHQHHUHQLJHRPnLQQI¡UHNUDYRPIOHNVLEOHHQHUJLV\VWHPHULDOOHQ\HRIIHQWOLJHE\JJRJ
YHGKRYHGRPE\JJLQJDYRIIHQWOLJHE\JJSnRYHUNYP

3DUWHQHHUHQLJHRPnIRUEHUHGHIRUEXGPRWROMHI\ULQJVRPJUXQQODVWLRIIHQWOLJHE\JJRJ
Q ULQJVE\JJRYHUNYPQnUPDQHUVWDWWHUJDPOHROMHNMHOHUHOOHULIRUELQGHOVHPHG
KRYHGRPE\JJLQJHUVRPEHU¡UHUYDUPHDQOHJJIUD'HWWDVHQGHOLJVWLOOLQJWLOVS¡UVPnOHW
LIRUELQGHOVHPHGVWDWVEXGVMHWWHWIRU
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(QHUJLVMHNN
3DUWHQHHUHQLJHRPDWGHWVNDODUEHLGHVYLGHUHPHGHQRUGQLQJPHGWLOEXGRPHQHUJLVMHNNDY
EROLJE\JJIRUnELGUDWLOnUHDOLVHUHHQNOHRJHIIHNWLYHVSDUHWLOWDNLQQHQ
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.OLPDVWDQGDUGIRUVWDWOLJHLQQNM¡S
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Ut by gg ing og drift av Goliatfeltet
2009,
Tilråding fra Olje- og energidepartementet av 8. mai
godkjent i statsråd samme dag
(Regjeringen Stoltenberg Il)
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promed en flytende prod uksjo nsinn retni ng med
sisesse ring, lagring og lasting av olje på feltet. Ved
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arde r Sm3• Gassen vil i en første fase bli reinjisert

profor trykkstøtte, men det forventes at den skal
vil
entet
duse res på et sene re tidspunkt. Depa rtem
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stille vilkår om at det legge s fram en plan
av gass fra feltet.
Investeringene knyttet til Goliat er estim ert til i
overk ant av 28 milliarder kroner. Utbyggingsprosjekt er må være lønns omm e for at rettighetshaveren
ne skal velge å investere i dem. Goliatutbygging
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I tillegg til skatt einnt ekter til staten fra produksjonen på Goliat, vil utbyggingen gi lokale og regio
sdspla
nale ringvirkninger. Flere hund re nye arbei
ser vil følge av utbyggingen i regionen. Regionkon
mertoret med driftsfunksjoner vil legge s til Ham
s
fest. Helikopterterminal og forsyningsbase legge
sin
til Hammerfestområdet. Oper atøre n vil tilpasse
kontr aktss trate gi for driftsfasen slik at lokale leverand ører blir mer konkurransedyktige, samt etter-
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strebe at leverandører innen vedlikehold og modifikasjon er tilstede i regionen.
Goliat vil bidra til en videreutvikling av petroleumsvirksomheten i Barentshavet. Etter utbyggingen av Snøhvit vil utbyggingen av Goliat være det
største industriprosjektet som noen gang er gjennomført i Nord-Norge. Prosjekter som dette har
gitt og vil gi nye og svært viktige bidrag til den økonomiske aktiviteten i nord. Skal man opprettholde
og øke den petroleumsrelaterte aktiviteten i nord,
er man avhengig av at det er både letevirksomhet
og utbygging av felt i regionen. En utbygging av
Goliat bidrar til mer aktivitet både innen leting, utbygging og produksjon. Bærekraftig utnyttelse av
petroleumsressursene er en viktig del av regjeringens nordområdestrategi.
Det er gjennomført konsekvensutredning for
Goliat. Det valgte utbyggingskonseptet er den beste miljømessige løsningen. Planen for utbygging og
drift har tilfredsstillende miljøløsninger med hensyn til utslipp til sjø og til luft. Goliat vil oppfylle de
kravene til petroleumsvirksomhet i området som er
trukket opp i forvaltningsplanen for Barentshavet.
Oljevernberedskapen for Goliat skal være minst like god som på øvrige deler av norsk sokkel og skal
ta utgangspunkt i de behov for konkretisering av
tiltak som Kystverket har påpekt i høringsrunden.
Utforming av oljevernberedskapen skal behandles
av Statens forurensingstilsyn (SFf) når operatøren
søker om tillatelse til virksomhet etter forurensingsloven for produksjonsboring og drift i henholdsvis 2011 og 2013.
Goliatfeltet vil være omfattet av kvotesystemet
for klimagasser og betale C02-avgift. Energibehovet på Goliatfeltet vil bli dekket av kraft fra land
kombinert med en gassturbin på fl.yteren. Den valgte løsningen gir redusert utslipp til luft fra flyteren i
forhold til kun å bruke gassturbiner, den gir høy
driftsregularitet og den gir en akseptabel økning i
sårbarheten til kraftforsyningen i Finnmark. Opera-

tøren planlegger å oversende konsesjonssøknad etter energiloven for kabel mellom Goliat og Hammerfest til NVE i løpet av mai 2009. Denne prosessen er uavhengig av behandlingen av stortingsproposisjonen om utbygging av Goliat.
Det planlegges for at sentralnettet i Hammerfest-området vil bli styrket i 2017 med forbehold om
konsesjonsbehandling. Statnett arbeider med flere
prosjekter som over tid vil kunne styrke overføringsnettet inn til og innen regionen, deriblant ny
420 kV ledning fra Ofoten via Balsfjord til Hammerfest. Statnett vil oversende NVE konsesjonssøknad
for Balsfjord-Hammerfest i løpet av mai 2009 og
planlegger oversendelse av konsesjonssøknad for
Ofoten-Balsfjord vinteren/våren 2010.
Det er stilt vilkår om at operatøren skal vurdere
om man kan øke kapasiteten på kabelen for overføring av kraft fra land. Departementet kan pålegge
operatøren å øke kapasiteten på kabelen. Det stilles
videre krav til at det skal legges til rette for innkopling av en ekstra kabel for overføring av kraft fra
land på innretningen.
Departementet vil også stille krav til at operatøren skal melde strømforbruket knyttet til at innretningen kun benytter kraft fra land fra 2017 til Statnett SF innen 31.12.09.
Rettighetshaverne skal fremlegge en plan om
økt bruk av kraft fra land til Goliat for departementet så snart kraftsituasjonen i området er styrket,
men uansett senest 01.01.2019. Planen skal omfatte
videre fremdrift, tiltakskostnader og tekniske utfordringer av å øke bruken av kraft fra land. Dersom tiltakskostnadene er på et nivå som gjør at tiltaket er hensiktsmessig å iverksette under den gjeldende klimapolitikk, og de tekniske utfordringer
etter departementets oppfatning er akseptable vil
departementet, i dialog med rettighetshaverne, vurdere om og hvordan det skal gjennomføres ytterligere tiltak for å øke bruken av kraft fra land på
Goliat.

2086
12

St.prp. nr. 64

2008--2009

Utbygging og drift av Goliatfeltet

3

Konsekvensutredningen

Konsekvensutredningen for Goliat ble sendt på offentlig høring 7. november 2008. Konsekvensutredningen var basert på utredningsprogrammet som
ble fastsatt 20. desember 2007 etter offentlig høring. Om lag 70 høringsinstanser har uttalt seg om
konsekvensutredningen. Høringen har ikke avdekket forhold som tilsier at prosjektet ikke bør gjennomføres eller at ytterligere avbøtende tiltak, utover de som er planlagt som følge av lover, regler
og kontakt mellom operatør og myndighetsorganer, samt innspill fra høringsprosessen, bør iverksettes.
Det er ikke ventet at Goliat vil ha vesentlige negative konsekvenser for naturressurser og miljø.
Investeringene i Goliat og inntektene til rettighetshaverne og staten vil ha positive virkninger for samfunnet. Som det første oljefunnet i Barentshavet
kan Goliat også bidra til videreutvikling av petroleumsnæringen i regionen.
Et sammendrag av høringsuttalelsene og operatørens kommentarer til disse, samt merknader fra
departementet, er gjengitt som trykt vedlegg til
denne proposisjonen.

3.1

Alternative utbyggingsløsninger

I tråd med det fastsatte utredningsprogrammet har
operatøren utredet følgende utbyggingsalternativer
i arbeidet med konsekvensutredningen:
1. Utbygging til havs: Prosessering, lagring og lasting av olje på feltet.
2. Utbygging til havs med oljeterminal på land:
Prosessering på feltet og rør til oljeterminal på
land.
3. Ilandføring: Direkte ilandføring fra havbunnsanlegg på feltet. Prosessanlegg og oljeterminal på
land.
Valget av utbyggingsløsning er basert på økonomiske forhold, miljøhensyn og tekniske forhold. Alternativ 3 er en løsning hvor Goliat bygges ut med
havbunnsbrønner og hvor brønnstrømmen blir delvis separert i et anlegg på havbunnen før olje og
gass føres i egne rør til et landanlegg for endelig
prosessering. En slik løsning betinger et teknolo-

giutviklingsprogram knyttet til separasjon, trykkøkning, materialvalg for rør, og oppvarming av brønnstrøm fra havbunnsanlegget til land. Operatøren
har konkludert med at en slik løsning er teknisk
muHg, men at den trenger mer tid for kvalifisering.
Operatørens kostnadsestimater legger til grunn
bruk av rør av høyverdig rustfritt materiale, noe
som medfører store merkostnader for denne løsningen. Bruk av rimeligere rørmateriale krever et
omfattende kvali:fiseringsprogram.
Operatørens beregninger viser at en utbygging
til havs vil koste 5-10 milliarder kroner mindre enn
landløsningene, gitt de forutsetninger som ble lagt
til grunn ved konseptvalg. Ulike sensitivitetsberegninger av samordning med andre fremtidige funn,
høyere oljepris og større tilleggsreserver er utført,
men ved alle disse sensitivitetene er en utbygging
til havs mest lønnsom. Landløsningene vil også
medføre vesentlige forsinkelser sammenlignet med
en utbygging til havs.
I følge konsekvensutredningen er en utbyggingsløsning til havs den mest miljøvennlige og
minst kraftkrevende løsningen. Utbygging til havs
vurderes også som den beste løsningen med hensyn til ressursforvaltning, ettersom den er velegnet
for tilkobling av nye funn. Ilandføringsløsningen er
det beste alternativet med tanke på arbeidsmiljø og
personrisiko, men alle løsningene tilfredsstiller kravene til helse, miljø og sikkerhet.

3.2

Utslipp til sjø

Goliatfeltet er underlagt strenge miljømessige rammebetingelser som er fastsatt i forvaltningsplanen
for Barentshavet. Der stilles det blant annet krav til
null utslipp til sjø under normal drift. Dette krever
injeksjon eller annen teknologi som hindrer utslipp
av produsert vann. I tilfelle driftsavvik kan maksimum 5 pst. av det produserte vannet slippes ut under forutsetning av at det er renset. Dette medfører
ikke at 5 pst av vannet vil slippes ut til sjø. Formålet
er å ta høyde for reelle operasjonelle driftsavvik.
Eksakte rensekrav vil stilles av SIT.
For Barentshavet er det også krav til at borekaks og boreslam må reinjiseres eller tas til land for
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behandling. Borekaks og boreslam fra boring av
topphullet vil normalt kunne slippes ut dersom det
ikke inneholder miljøfarlige stoffer. Dette gjelder
kun i områder hvor potensialet for skade på sårbare
miljøkomponenter vurderes som lavt. Som grunnlag for slike vurderinger, skal det foreligge grundige kartlegginger av sårbare miljøkomponenter. Videre skal petroleumsvirksomhet i området ikke føre til skade på sårbar flora og fauna. Før aktivitet
igangsettes må områder som kan påvirkes kartlegges.
Goliat vil møte kravet til null utslipp til sjø under
normal drift. Produsert vann vil bli reinjisert i reservoarene. Goliat vil innfri kravene om 95 pst. regularitet på injeksjonssystemene. Det planlegges å rense produsert vann før injeksjon for å sikre at rensesystemet er operativt ved en eventuell nedstenging
av injeksjonssystemet. Det produserte vannet på
Goliat forventes renset til ca 10 ppm, slik at eventuelt produsert vann som slippes ut er vesentlig under gjeldende krav for norsk kontinentalsokkel om
30 ppm innhold av olje i vannet. I tillegg vil det være
oppsamlingstanker som midlertidig kan lagre produsert vann for en periode med bortfall av injeksjonssystemet. Disse tankene på Goliat vil kunne
samle opp og mellomlagre 8 - 10 000 m 3 vann.
Undersøkelser ved funnet har ikke avdekket
koraller eller viktige svampområder. Borekaks er
planlagt fraktet til land, med unntak av borekaks fra
topphullseksjonen som vil slippes ut på havbunnen.
Kjemikaliene som benyttes i borevæske for topphullet anses ikke å ha negativ miljøeffekt Konsekvensene av utslipp av utboret masse fra topphullseksjonen vil være lokal nedslamming av bunnfauna. Modellering av utslippene og erfaring fra tidligere boreoperasjoner viser at risiko for skade på
bunnfauna er begrenset til en radius på 50-150 m
rundt boringene. Utslipp av topphullsmassene til
havbunnen vurderes som den beste miljøløsningen. Borekaks med vedheng av borevæske fra dypere seksjoner, planlegges oppsamlet på boreriggen og transportert til land for videre behandling.
Det er utført miljørisikoanalyse for Goliat som
viser sannsynligheten for akutte utslipp til sjø og
konsekvensene av disse. Frekvenser for de forskjellige hendelsene er utarbeidet av en uavhengig
tredjepart og lagt til grunn for konsekvensutredningen. I det følgende er begrepet »returperiode» benyttet som mål for hyppigheten av utslipp. Returperioden uttrykker det forventede antall år mellom
hver hendelse.
Sannsynligheten for et alvorlig uhell som utblåsing på Goliat er lav. For den perioden i feltets levetid med høyeste sannsynlighet for utblåsning, boreog kompletteringsfasen, er det anslått en returpe-

riode på mer enn 2100 år. I en slik situasjon vil det i
henhold til utførte analyser være 55 pst. sannsynlighet for at olje strander. Siktemålet med oljevernberedskapen er at denne skal kunne redusere miljørisikoen betydelig, også når det gjelder slike alvorlige hendelser.
Det er stor variasjon i hvor ofte mindre hendelser med typisk varighet på under et døgn statistisk
sett kan inntreffe. Operatøren anslår i arbeidet med
konsekvensutredningen at for eksempel sjøbunnslekkasjer fra interne rørledninger og stigerør i
driftsfasen har en returperiode på 25 år, mens utslipp i forbindelse med lossing fra flyteren har en
returperiode på 4000 år. Utslippsvolumene som er
lagt til grunn for mindre hendelser varierer mellom
50 m 3 for brønnlekkasjer og 1000 m3 for lossing fra
flyteren. For slike mindre hendelser er det kun to
hendelser Oossing fra flyteren og brønnlekkasje fra
realgrunnenformasjonen under produksjonsboring) hvor resultater viser at det er mer enn 5 pst.
sannsynlighet for stranding av mer enn 1 tonn olje i
enkeltruter, uten at det er tatt hensyn til oljevernberedskap. Siktemålet med oljevernberedskapen er at
den skal redusere miljørisikoen betydelig utover
dette.

3.3
3.3.1

Beredskap mot akutt
forurensning
Myndighetenes krav til beredskap mot
akutt forurensning

En utbygging av Goliat vil være den første utbyggingen av et oljefelt i Barentshavet. For virksomhet
i Barentshavet har myndighetene stilt krav om at
effekten av beredskapen skal være minst like god
som ellers på norsk sokkel.
Det primære formålet for beredskap mot akutt
forurensning er å redusere miljøkonsekvensene av
et utslipp. Beredskapen skal være dimensjonert i
forhold til risikoen ved virksomheten.
Operatørens beredskapsplaner vil bli nærmere
beskrevet i søknadene om tillatelse til aktivitet etter
forurensingsloven for produksjonsboring og drift,
som vil sendes Statens forurensingstilsyn (SFT) for
behandling i 2011 og 2013. SFT vil vurdere operatørens beredskapsplaner ved behandlingen av søknadene. Forutsatt at tillatelse gis, vil SFT fastsette
hvilke konkrete krav til beredskap mot akutt forurensning som skal gjelde for Goliat
I høringsuttalelsene til konsekvensutredningen
kommenterte flere aktører viktigheten og utformingen av beredskapen mot akutt forurensning. Operatøren må i det videre arbeidet med beredskapen
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vurdere hvordan høringsuttalelsene skal hensyntas
i søknaden til SIT.
3.3.2

Organisering av beredskapen mot
akutt forurensing i Norge

I Norge er beredskapen mot akutt forurensing bygget opp av privat beredskap, kommunal beredskap
og statlig beredskap. Fiskeri- og kystdepartementet, ved Kystverket, har ansvaret for å koordinere
den samlede nasjonale oljevernberedskapen og statens beredskap mot akutt forurensing. Kystverket
er tilsynsmyndighet under aksjoner knyttet til akutte utslipp. Ved en aksjon i forbindelse med en hendelse med fare for akutt forurensing, vil Kystverket
føre tilsyn med aksjonen, og vil kunne ta over en
aksjon dersom det vurderes som nødvendig. Miljøverndepartementet ved SIT har ansvar for å stille
krav til beredskap mot akutt forurensing i kommuner og private virksomheter og kontrollerer at kravene overholdes.
Oljeselskapene ved operatøren er ansvarlige for
åta se,g av akutte hendelser fra egen virksomhet og
at beredskapen er dimensjonert for dette. Norsk oljevernforening for operatøreselskap (NOFO), hvor
eierne er en rekke rettighetshavere på norsk sokkel, har i tillegg etablert regionale planer for forsterking av havgående beredskap, kyst- og strandsoneberedskap. NOFO etablerer og administrerer
en beredskap som inkluderer personell, utstyr og
fartøy_ I tillegg til baser langs kysten i Stavanger,
Mongstad, Kristiansund, Træna og Hammerfest er
det utplassert utstyr på enkelte felt. NOFO har totalt 20 oljevernsystemer og gjennomfører minst to
fullskala øvelser hvert år i tillegg til en olje på vann
øvelse. NOFO har i senere tid foretatt en utskifting

2008-2009

metoder og verifisert av uavhengig tredjepart. Resultatene viser at miljørisikoen er lav, selv uten effekten av beredskapen. SFT påpekte i sin høringsuttalelse til konsekvensvurderingen at miljørisikoog beredskapsanalysen i forbindelse med framtidig
søknad til SFT må oppdateres i henhold til løsninger som detaljeres senere i utviklingsarbeidet,
samt i forhold til eventuelle endringer i metodikk,
teknologi, utstyrstilgang og datagrunnlag.
I følge konsekvensutredningen vil operatøren
følge de prioriteringer som er gitt i regelverket med
hensyn til beskyttelse av liv og helse, miljøet og materielle verdier. Operatøren redegjør for at beredskapen mot akutt forurensning for Goliat skal være
robust, effektiv og godt tilpasset lokale forhold. Beredskapen skal kunne håndtere alle typer utslipp,
også store akutte utslipp som driver inn til kysten.
Operatøren vil bygge videre på beredskapsløsninger som er etablert av Kystverket, NOFO og interkommunale utvalg mot akutt forurensning (IUA).
Operatøren uttrykker også at de tar sikte på å styrke
samarbeidet mellom offentlige og private aktører for
å oppnå en helhetlig og forbedret beredskap.
Operatøren vil gjøre bruk av lokal kompetanse
og kunnskap gjennom samarbeid med lokale fiskere. Fiskebåter med mannskap tilpasset oljevernberedskap vil rekrutteres fra kommunene Hasvik,
Måsøy, Nordkapp og Hammerfest til bruk i beredskapen.
Det finnes ikke i dag et klart regelverk for bruk
av mindre fiskefartøy i oljevernaksjoner i kystnære
strøk. For å kunne utnytte denne ressursen fullt ut
er det viktig å få formalisert dette initiativet, noe
som vil kreve samarbeid med offentlige og private
aktører.
I lys av Kystverkets rolle som tilsynsmyndighet

av de havgående NO FO-systemene og opprettet en

og koordinator for nasjonal beredskap mot akutt

innsatsstyrke til innsats i strandsonen. Det er også
øremerket midler fra organisasjonen til leverandører i de tre nordligste fylkene. Foreningen har en
avtale med Kystverket som vil kunne gi tilgang til
det statlige oljevernmateriellet som er lagret på statens 16 oljeverndepoter og 9 mellomdepoter. Avtalen omfatter også tilgang til det statlige oljevernutstyret som er lagret om bord på Kystvaktens fartøy.

forurensing er det viktig at operatøren er i samråd
med etaten i oppbyggingen av oljevernberedskapen. Operatøren vil samarbeide med Kystverket i
Finnmark og bidra til den faglige utviklingen av
dette kompetansemiljøet.
Konsekvensutredningen beskriver at operatøren vil:
- utvikle nye metoder og teknologi for oppsamling av olje i kyst- og strandsonen.
- forbedre og anvende teknologi for å oppdage utslipp og lekkasjer av olje og kjemikalier så tidlig
som mulig, og overvåke olje på sjø også under
forhold med redusert sikt.
- forbedre kunnskapsgrunnlaget om hvordan ol•
jen oppfører seg på havoverflaten og nedblanding i vannmassene. Dette er viktig kunnskap
for videreutvikling av bekjempningsmetoder og
teknologi.

3.3.3

Operatørens beskrivelse av arbeidet
med risiko- og beredskapsanalyse

Operatøren har redegjort overordnet for oljevernberedskap i konsekvensutredningen. Operatørens
miljørettede risiko- og beredskapsanalyse ligger til
grunn for utformingen av beredskapen. Analysene
som er gjennomført i forbindelse med konsekvensutredningen er utført i henhold til standardiserte
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-

-

ha kapasitet og utstyr til å samle opp olje så nær
kilden som mulig.
i tråd med styringsforskriftens krav til barrierer
skal det etableres flere barrierer mot akutt forurensing.
etablere en robust beredskapsorganisasjon som
har tilstrekkelig opplæring og kompetanse, og
som på kort varsel er i stand til å rykke ut og
gjennomføre nødvendige aksjoner. Det skal være tilstrekkelig kommunikasjon og samhandling mellom operatør, myndigheter og øvrige
involverte parter til å gjennomføre operasjonen
på en effektiv måte.

Utforming av beredskapen på Goliat vil måtte ta
hensyn til utfordringer knyttet til oljevernberedskap
i Barentshavet, som for eksempel dårlig vær. Under
dårlige værforhold som sterk vind og brytende bølger vil oljen i større grad blandes ned i vannmassene og gjøres tilgjengelig for vannlevende organismer. Oljen vil imidlertid fortynnes til konsentrasjoner som har lavt potensiale for å påføre skade på
miljøet samtidig som den naturlige nedbrytingen
øker. Vind- og bølgestatistikken for Barentshavet viser at forholdene i sommer- og vinterhalvåret er tilnærmet lik dem man finner i Norskehavet og Nordsjøen, og tidvis noe bedre. Utfordringer med bølger
er derfor ikke spesifikke for Goliat.
Dårlige lysforhold under mørketiden har tradisjonelt vært en betydelig utfordring for oljevernet i
nordområdene. De siste årene har det vært arbeidet med utvikling av teknologi for å lokalisere olje
på sjø under forhold med redusert sikt. Informasjon
fra radar, helikopter og andre former for fjernmåling kan lastes ned til fartøyene som deltar i aksjonen. Derved kan ressursene prioriteres på en mer
effektiv måte også i situasjoner med dårlig lys. Teknologien vil være tilgjengelig og bli implementert i
beredskapsløsningene for Goliat. Det gjenstår imidlertid fortsatt teknologiske utfordringer knyttet til
oljevernaksjoner. Utformingen av oljevernberedskapen på Goliat vil måtte ta hensyn til dette.
Lave temperaturer i kombinasjon med sterk
vind kan medføre ising av utstyret. Kombinasjonen
med kulde og mørke kan også sette begrensninger
i forhold til å kunne gjennom.føre sikre og effektive
oppryddingsaksjoner i strandsonen. Disse forholdene understreker viktigheten av å ivareta helse og
sikkerhetsaspektet, ikke minst i oljevernberedskapen. Operatøren arbeider med prosjekter for å gjøre beredskapen i kulde og mørke mer effektiv. Erfaringene fra disse prosjektene vil bli implementert
i beredskapsløsningen for Goliat.
I samsvar med regjeringens nordområdestrategi vil operatøren etablere særskilte overvåkings- og

kommunikasjonssystemer for effektivt å kunne
overvåke potensielle forurensende utslipp.
Kystverket pekte i sin høringsuttalelse til konsekvensutredningen for Goliat på en del spesielle
utfordringer og behov for konkretisering av tiltak.
Dette gjelder blant annet:
- tekniske utfordringer knyttet til «vinterisering»
av oljevernutstyr
- betydningen av infrastruktur og bosettingsmønster i Finnmark for tilgang på personell og
materiell og dermed gjennomføringen av aksjoner
- gjennomføring av øvelser og trening i kulde og
mørke
- konkretiseringsbehov knyttet til organisering
av den kystnære oljevernberedskapen og
strandsoneberedskapen
- konkretiseringsbehov knyttet til opplegg for
bruk av lokale ressurser og vurdering av hvordan fiskefartøy ev. kan brukes i oljevernberedskapen
- konkretisering av planer for samordning av
øvelser og opplæring av identifisert personell
- konkretisering av operative retningslinjer for
når det kan være hensiktsmessig å bruke dispergeringsmidler.
Kystverket pekte på at de forventer at det i den videre prosessen konkretiseres hvordan disse utfordringene skal løses. Disse utfordringene må håndteres i den videre prosessen fram mot oppstart av aktiviteten. Operatøren skal samarbeide med både SFf
og Kystverket for å utarbeide løsninger som på best
mulig måte sikrer en helhetlig oljevernberedskap.

Boks 3.1 Opplæringstiltak innen
oljevernberedskap

Operatøren vil gjennom.føre opplæringstiltak
innen oljeverneberedskap for representanter
fra Finnmark ved at representanter fra kommuner (IDA-personell) eller selskap/organisasjoner får tilbud om opplæring eller hospitering i
etablerte beredskapsorganisasjoner og Eni.
For å øke kompetansen innen oljevern i regionen vil operatøren gjennomføre regelmessige
kurs og øvelser. Selskapet vil bygge videre på
sentrale institusjoner for opplæring innen oljevern. Kurs og øvelser vil så langt som mulig bli
gjennom.ført lokalt.
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Boks: 3.2 Operatørens forsknings- og utviklingsprosjekter innenfor oljevern

Eni Norge har i samarbeid med StatoilHydro iverksatt over 30 prosjekter om oljevern for å styrke teknologi, metodikk og løsninger for det kystnære oljevernet i nordområdene. Samlet har prosjektene en
kostnadsramme på mer enn 30 millioner kroner. Hensikten er å løse utfordringer gjennom å videreutvikle lokal og regional kunnskap i samarbeid med ekspertmiljøer. Prosjektene omfatter følgende hovedområder:
- Kartlegging, deteksjon og overvåking
- Kompetanse og beslutningsstøtte
- Nye og forbedrede metoder for kyst- og strandsone
Prosjekter for over 13 millioner kroner involverer leverandører og institusjoner i Nord-Norge. Eni Norge har bl.a. inngått en 3-årig avtale med NOFI Tromsø om utvikling av oljevernutstyr for bruk i kystnære farvann. Andre viktige utviklingsprosjekter er etablert i samarbeid med Norlense, VacumKjempen Nord-Norge, Hasvik I Utvikling, Norut, Akvaplan-niva og Mercur Maritime.

Beredskapsplaner for Goliat

Bedre overvåking av oljeutslipp
For å identifisere utslipp og overvåke olje på havoverflaten planlegger Goliat å benytte et system hvor
signaler hentes fra en rekke forskjellige sensorer som er plassert både på flyteren, beredskapsfartøy og
bunnrammer. Informasjon vil deles med beredskapsorganisasjonen over internett for å gi et felles situasjonsbilde. Systemet vil gi en forbedret beslutningsstøtte i forbindelse med oljevernaksjoner.

Nytt og bedre beredskapsfartøy
Beredskapsfartøyet som planlegges brukt på Goliat vil være et nybygg som vil tilfredsstille de siste kravene til søk, redning og oljevern (NOFO 2008). Fartøyet vil bli utstyrt med best tilgjengelig utstyr med
tanke på deteksjon, overvåking og oppsamling av olje på havoverflaten. Fartøyet vil ha betydelig slepekapasitet og vil, foruten å dekke behovene for Goliat, heve den generelle beredskapen i regionen.

Styrking av den kystnære beredskapen ved bruk av lokale fiskefartøyer
I den kystnære beredskapen vil det etableres ressurser i form av bruk av lokale fiskefartøyer og mannskap som har andre primæroppgaver i området. Selskapet samarbeider bl.a. med Finnmark fiskarlag,
Kystverket, NOFO og Statoi!Hydro om dette. Fartøyene til Goliat søkes rekruttert fra Måsøy, Hasvik,
Hammerfest og Nordkapp kommuner. Operatøren vil sørge for tilstrekkelig opplæring, og trening og
øvelser vil gjennomføres lokalt. Selskapet har bidratt til utvikling av oljevernutstyr øremerket for bruk
for denne fartøysgruppen. Dette omfatter bl.a. lensesystemer som kan opereres av ett fartøy.

Bedre beredskap i strandsonen
Operatøren har tatt initiativ til å utvikle detaljerte beredskapsplaner og vil bygge opp en desentralisert
kystnær oljevernberedskap. Planene omfatter lokalisering av beredskapsmateriell, detaljerte aksjonsog logistikkplaner og plan for avfallshåndtering. Beredskapsressurser for oppstart av en strandsaneringsoperasjon vil bli lagret på strategiske steder i influensområdet. Operatøren vil sørge for at personell for gjennomføring av strandaksjoner blir øremerket og tilført nødvendig kompetanse. Tiltakene for
aksjoner i strandsonen vil bety en betydelig styrking av oljevernberedskapen i hele regionen. Selskapet
har bidratt til utvikling av oljevernutstyr øremerket for bruk for fiskefartøy i kystnære farvann. Dette
omfatter bl.a. lensesystemer som kan opereres av ett fartøy.
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3.4

Utslipp til luft

Utslippene av C02 fra feltet er omfattet av kvotesystemet og C02-avgifter, og utslippene av NO. er omfattet av NO.-avgifter. I tillegg kommer krav om
bruk av best tilgjengelig teknologi.
Utslippene i utbyggingsperioden er en konsekvens av aktivitetene ved boring og komplettering,
forsynings- og beredskapsfartøy samt helikoptertransport.
Normalt vil innretningen operere med lukket
fakkel både på lavtrykk- og høytrykksystemet. Gass
fra fakkelsystemet vil bli tilbakeført til prosessen.
Det vil ikke være pilotflamme, men et automatisk
system for tenning av fakkel ved behov.
Det er et krav fra myndighetene at bruk av kraft
fra land skal vurderes ved alle nye utbygginger og
større ombygginger på norsk sokkel. Operatøren
har vurdert flere alternative løsninger med hensyn
på valg av energiløsning. Flere nivåer av kraft fra
land er vurdert, og operatøren har gjort valget ut fra
tekniske løsninger på kabelen, miljøforhold, tilgjengelig kapasitet i nettet på land, driftsregularitet og
kostnader.
Goliat vil ha et samlet energibehov på mellom
90-100 MW, hvorav behov for strøm utgjør 40-60
MW og behovet for varme utgjør 30-40 MW. Energibehovet vil dekkes av kraft fra land kombinert
med en gassturbin på innretningen. Varmebehovet
vil bli dekket ved at det installeres en varmegjenvinningsenhet på turbinen og ved elektriske varmere
på innretningen. Turbinen sammen med varmegjenvinningsenheten har en virkningsgrad på over
75 pst. Turbinen vil installeres med lav-NOx•teknologi, som er best tilgjengelig teknologi.
Det vil bli installert en kabel fra land med kapasitet på minimum 60 MW. Turbinen vil ha en elektrisk kapasitet på rundt 30 MW og varmekapasitet
på 35 MW. I tillegg blir det installert en elektrisk
varmer med kapasitet på 15 MW. Det legges opp til
et energistyringssystem som skal optimalisere
energiforbruket og minimalisere utslippene til luft.
Løsningen gir høy driftsregularitet ved at produksjonen kan opprettholdes ved kortvarig utfall av en
energikilde.
Mengden av kraft fra land skal kunne økes både
for å heve andelen av energiforbruket på Goliat
som dekkes av kraft fra land, og for å kunne fase
inn petroleumsressurser fra andre felt. Det vil derfor bli lagt til rette for innkopling av ekstra kabel fra
land på innretningen. Når det gjelder krav til økt
overføring av kraft fra land, se departementets vurdering pkt. 4.2.
Den anbefalte kraftløsningen på Goliat vil bidra
til å redusere utslippene på norsk sokkel med gjen-

nomsnittlig 115 000 tonn C02 årlig over feltets levetid i forhold til en løsning uten kraft fra land. Forventningene til utslipp til luft fra både kraftgenerering og estimert takling fra Goliat i utbyggings- og
driftsfasen er vist i tabell 3.1

3.5

Arealdekking og fysiske inngrep

Produksjonsboringen vil kreve en egen sikkerhetssone med radius på 500 meter rundt boreinnretningen. Dette medfører et tidsbegrenset arealbeslag
så lenge produksjonsboringen pågår (2011-2014).
Ettersom det skal bores på ulike lokaliteter, vil arealet som beslaglegges endres gjennom boreperioden, men det vil utgjøre om lag 1 km2• Området
som vil være omfattet av det tidsbegrensede arealbeslaget vil imidlertid være større som følge av ankerbeltet rundt riggen, anslagsvis 10 km2•
Havbunnsinnretningene og rørledningene vil
være overtrålbare. Rørledninger og kabler vil graves ned. Dette gjelder også kabel for overføring av
elektrisk kraft fra land. Det skal således ikke være

noe arealbeslag knyttet til disse enhetene i driftsfasen. I driftsfasen vil flyteren ha en permanent sikk,e rhetssone med radius 500 meter, inkludert området for oljelasting til tankskip. I tillegg vil ankerlinjene fra flyteren representere et arealbeslag for trålfiske på totalt 7 km2•

3.6

Konsekvenser for
næringsvirksomhet av
utbyggingen

Erfaring tilsier at etableringen av et regions- og
driftskontor med helikopterterminal og basetjenester i Hammerfestområdet vil føre til økt lokal aktivitet også i andre næringer. Ringvirkningsanalyser
av Snøhvitutbyggingen viser at aktiviteten har hatt
betydelige positive effekter lokalt.
De negative konsekvensene av et mulig akutt
utslipp til sjø for fiskeri, havbruk, skipstrafikk, reiseliv og landbruk er utredet For fiskerinæringen
vil utbyggingsfasen ikke medføre vesentlige fangstreduksjoner. Virkningen for fiske vil ved normal
drift stort sett være begrenset til arealbeslag fra
innretninger, trafikken til og fra feltet og seismikkvirksomhet. Havbunnsinnretningene, rørledningene og kabel for overføring av elektrisk kraft fra land
vil være overtrålbare eller gravd ned. Det skal således ikke være noe arealbeslag knyttet til disse innretningene i driftsfasen.
Eventuelle akutte utslipp vil kunne skade egg
og larver. Større fisk flytter seg bort fra eventuelle
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Tabell 3.1 Forventningene til utslipp til luft fra kraftgenerering og estimert fakling i utbyggings- og
driftsfasen
Utslipp CO 2 (mill tonn)

Utslipp NOx (1000 tonn)

Utbygging

Utbygging

Drift

Drift

Utslipp nmVOC
(1000 tonn)
Utbygging

Drift

Utslipp CH,
(1000 tonn)
Utbygging

Drift

2011

0,039

0,566

0,060

< 0,001

2012

0,064

0,944

0,101

<

0,001

2013

0,064

0,154

0,944

0,110

0,101

0,065

<

0,001

0,008

2014

0,050

0,156

0,736

0,112

0,078

0,648

< 0,001

0,084

2015

0,147

0,106

0,612

0,080

2016

0,138

0,101

0,485

0,063

2017

0,134

0,098

0,371

0,048

2018

0,130

0,096

0,292

0,038

2019

0,130

0,096

0,211

0,028

2020

0,129

0,096

0,164

0,021

2021

0,133

0,098

0,134

0,017

2022

0,133

0,098

0,112

0,015

2023

0,131

0,096

0,095

0,012

2024

0,126

0,093

0,082

0,011

2025

0,128

0,094

0,072

0,009

2026

0,128

0,094

0,065

0,008

2027

0,126

0,094

0,060

0,008

2028

0,125

0,093

0,055

0,007

oljeforurensing. Det er gjennom miljørisikoanalysen vist at sannsynligheten er svært lav for å påvirke fiskebestander negativt i et målbart omfang. Fisket vil imidlertid kunne bli midlertidig stanset, og
det vil bli innført restriksjoner på omsetning av sjømat fra området. Rettighetshaverne vil være økonomisk ansvarlig for eventuelle tap som måtte bli påført fiskeriene. Avbøtende tiltak i form av oljevern
og konsultasjon med fiskerne, for eksempel i forbindelse med seismisk aktivitet, vil bli iverksatt.
Når det gjelder skipstrafikk ligger Goliat like innenfor seilingsledene og kommer således ikke i direkte konflikt med disse. Et beredskapsfartøy vil
overvåke trafikkbildet og kontakte fartøy på feilaktig kurs.
Det er ikke utredet hvilke positive konsekvenser utbyggingen av Goliat vil kunne medføre for reiselivsnæringen i Finnmark. Basert på erfaring fra
Snøhvit forventes det at utbygging og drift av Goliat

kan føre til økt reiseaktivitet og overnattingsbehov.
Dette kan virke positivt på reiselivet i regionen. Et
større oljeutslipp vil imidlertid kunne medføre negative konsekvenser for turistnæringen.
Reindrift er vurdert nedenfor, se punkt <<samiske interesser». Virkninger på annet landbruk vurderes ikke som relevant for planlagt utbygging og
drift av Goliat.

3.7

Konsekvenser for samfunnet

Investeringene i Goliat og inntektene til rettighetshaverne og staten vil ha positive virkninger for samfunnet. Goliat kan legge til rette for videre utvikling
av petroleumsvirksomheten i Barentshavet og bidra til videre inntekter til samfunnet og økonomisk
aktivitet i regionen. Dette er en viktig del av regjeringens nordområdestrategi.
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Utbygging og drift av Goliat vil bidra til lokale
og regionale ringvirkninger. Regionkontoret med
driftsfunksjoner vil legges til Hammerfest, og helikopter- og forsyningsbase til Hammetiestområdet.
Goliat vil også indirekte skape arbeidsplasser knyttet til lokale og regionale leveranser av varer og tjenester til olje- og gassvirksomheten. Selv uten tilknytting av nye ressurser, er driftsfasen beregnet
til 15 år. Dette gir lokale og regionale selskaper og
arbeidskraft mulighet til å bygge opp petroleumsrelatert kompetanse og kapasitet.
Operatøren vil aktivt legge tilrette for å styrke
ringvirkningene av petroleumsvirksomheten. Operatøren vil blant annet tilpasse kontraktsstrategien
på vedlikeholds- og driftskontraktene, bygge opp
lokal og regional kompetanse, informere og kvalifisere lokale og regionale leverandører gjennom såkalte leverandørnettverk og etablere hospitantordninger for lokale leverandører i egen organisasjon.
Selskapet vil gjennomføre tiltak rettet mot kompetanseutvikling for å øke rekrutteringen til petroleumsrelaterte næringer og i dette arbeidet særlig
vektlegge tiltak rettet mot ungdom i regionen.
Dialogen og samarbeidet med Sametinget, fylkeskommuner og kommuner for å legge til rette for
positive samfunnsmessige ringvirkninger av både
bygge- og driftsfasen vil fortsette.

Boks 3.3 Tiltak fra operatøren som vil øke
petroleumsrettet kompetanse og
rekruttering til næringen i landsdelen

Operatøren vil iverksette kompetanse- og rekrutteringstiltak for unge i regionen. Operatøren har inngått partnerskapsavtaler med videregående skoler og miljøer for høyere utdanning og forskning i Finnmark. Operatøren samarbeider med Nordkapp Maritime Simulator
Treningssenter og med EnergiCampus Nord.
Operatøren støtter et digitalt formidlingsprosjekt for reindriftskunnskap. Operatøren vil
jevnlig tildele stipend til studenter fra fylket til
1- og 2- årige masterprogrammer ved petroleumsrelaterte universiteter i Italia. Operatøren
vil utvide satsingen på kompetanseutvikling i
årene som kommer og utarbeide en rekrutteringsplan. Dette vil bidra til å sørge for at så
mange som mulig av den kommende arbeidsstokken rekrutteres lokalt.

3.8

Samiske interesser

I følge konsekvensutredningen har eventuelle virkninger for den samiske befolkningen blitt vurdert i
henhold til internasjonale konvensjoner og nasjonal
lovgivning. Utbyggingen vil ikke gi noen store negative effekter for samisk kultur og språk.
Konsekvensutredningen peker imidlertid på at
ulempene for reindrift vil være middels store, og
påvirke trekkleier, kalvingsområder og vårbeiter. I
tillegg vil helikoptertrafikk over Kvaløya kunne forstyrre rein, særlig i kalvingstiden. Negative konsekvenser på tradisjonelle samiske næringsveier,
først og fremst reindrift, vil søkes avbøtet gjennom
tiltak utviklet i samarbeid og i dialog med det samiske samfunnet. Operatøren vil søke å redusere
ulempene for reindriften av kraftkabelen og helikoptertransport, samt å trekke reindriftsnæringen
inn i prosesser om bosetting og infrastruktur på et
tidlig stadium. Som omtalt tidligere, medfører Goliat begrensede ulemper for fiskerier.
Operatøren vil gjennomføre tiltak for å styrke
positive effekter på næringsliv, kompetanse og utvikling rettet spesielt mot den samiske befolkningen.
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Boks 3.4 Tiltak fra operatøren som vil øke regionale og lokale ringvirkninger

-

-

-

-

-

-

Etablering av operatørens regionkontor i Hammerfest.
Etablering av driftorganisasjonen for Goliat i Hammerfest.
Etablering av forsynings- og helikopterbase i Hammerlest, herunder logistikk og maritime tjenester.
Kontraktsstrategi tilpasset lokale og regionale leverandører: I forbindelse med drift og vedlikehold
vil operatøren sette ut mindre kontrakter fremfor store pakker som kun et fåtall leverandører kan
levere. Operatøren har ingen bindende rammeavtaler for drift og vedlikehold.
Ansettelse av en industrikoordinator knyttet til regionkontoret i Hammerlest for kontakt med lokale
og regionale leverandører.
Sørge for at leverandører som vinner sentrale kontrakter innenfor vedlikehold og modifikasjon er
tilstede i Finnmark.
Videreutvikle den regionale kompetansen innen petroleumsvirksomheten, ikke minst ved tanke på
fremtidige aktiviteter i Barentshavet. Dette vil blant annet gjøres ved å iverksette utvekslingstiltak
mellom ansatte i ingeniørbedrifter i Finnmark og Eni Norge i utbyggingsprosjektet og organisasjonen som er under oppbygging. Dette er viktig fordi det vil øke lokale og regionale bedrifters generelle petroleumskompetanse og kunnskap om Goliat spesielt.
Iverksette et lærlingprogram innefor boring i samarbeid med videregående skoler i Finnmark og
etablerte boreselskap, som enten er ansvarlig for produksjonsboring i utbyggingsfasen eller for leteboring i Barentshavet. Dette vil gi ungdom i regionen kunnskap som er relevant både for driftsfasen på Goliat og for annen petroleumsutvikling.
Operatøren vil støtte industriutvikling i Finnmark for å styrke regionalt næringslivs muligheter for å
kunne delta i konkurranse om fremtidige kontrakter og aktiviteter innefor olje- og gassnæringen
gjennom samarbeid med leverandørnettverk, som gir opplæring og informasjon om selskapets behov for leveranser og hvilke krav selskapet stillen- til disse.
Støtte opp under næringsutviklingen i influenskommunene. Det kan være aktuelt å støtte og videreføre prosjekter innenfor :fiskeri- og turistnæringen som er de to viktigste næringene i disse kommunene. Operatøren har allerede støttet slike tiltak i influensområdet og vil vurdere en videreføring av
disse aktivitetene.
Iverksette følgeforskning for å dokumentere lokale og regionale effekter av utbygging og drift.
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4

4.1

Myndighetenes vurdering av plan for
utbygging og drift

Oljedirektoratets vurdering

I følge Oljedirektoratet er de geofaglige beskrivelsene og tolkningene i plan for utbygging og drift
gode. Etter Oljedirektoratets vurdering er det imidlertid en noe større sannsynlighet for kanalsander i
et av reservoarene enn det som fremkommer i planen, noe som kan gjøre det mindre egnet for gassinjeksjon. Direktoratet påpeker at muligheten for
gasskapper i alle segmenter i realgrunnen ikke er
omfattet av operatørens analyser. Dette kan innebære en økning av det totale gassvolumet på Goliat.
Oljedirektoratet vurderer valgt utbyggingsløsning som en robust og fleksibel løsning. Det er lagt
til rette for å øke antall brønner og stigerør. Tilsvarende anses vekt- og plasskapasitet å ivareta tilleggsressurser på Goliat og ressurser fra tredjepartfunn på en tilstrekkelig måte. De fiskale målesystemene er vurdert, og beskrivelsen er funnet tilfredsstillende etter forskriftene.
Oljeproduksjonen fra Goliat har i følge Oljedirektoratet en økonomisk levetid på over 15 år. Direktoratet mener det er lagt fram dokumentasjon
på at utbyggingen kan gjennomføres innenfor de
kostnads- og tidsrammer som fremkommer i planene.
Oljedirektoratet mener at planen har tilfredsstillende miljøløsninger både med hensyn på utslipp til
sjø og til luft. Løsningen kombinerer elektrisk kraft
fra land med bruk av en gassturbin på feltet. Denne
løsning innebærer en betydelig reduksjon i feltets
utslipp til luft i forhold til en ren gassturbinløsning.
Operatørens kraftstudier viser usikkerhet i tilgjengelighet og regularitet på kraft fra land. Ved å
benytte to uavhengige energikilder kan produksjonen opprettholdes ved kortvarig bortfall av en av
kraftkildene. Med det varmebehovet som er på innretningen, mener Oljedirektoratet at det valgte konseptet med en gassturbin på innretningen med høy
varmekapasitet i tillegg ti.I kabel fra land er en god
løsning.
Operatøren har lagt fram kostnadene knyttet til
en og to kabler på 60 MW og en på 100 MW. Oljedirektoratet har bedt om at operatøren legger fram
kostnadene knyttet til ulike kapasiteter i kabelen

(mellom 60 og 100 MW) utover det som er lagt til
grunn i planen, før det inngås kontrakt med leverandør av kabel. Rettighetshaverne skal ta avgjørelsen om kapasitet på kabelen i samråd med myndighetene.
Direktoratet mener at det er lagt fram dokumentasjon på at utbyggingen kan gjennomføres innenfor de kostnads - og tidsrammer som fremkommer i planene og at det med de gitte forutsetningene er en tilfredsstillende samfunnsøkonomi i prosjektet.
Planen o,mfatter ikke vurderinger knyttet til produksjon av gassen i funnet. Det er kun vist til at det
er lagt til rette for en eventuell senere eksport av
gassen ved at det er lagt inn fleksibilitet til å kunne
installere gasseksportsti.gerør. Oljedirektoratet finner ikke dette tilfredsstillende.
Det er i planen presentert en mulig oppside
med eksport av gassen i forlengelse av oljeproduksjonen. Operatøren har i plan for utbygging og drift
vist at en mulig gassavsetningsløsning fra produksjonsstart via Melkøya med stor sannsynlighet vil
gi positiv effekt på oljeproduksjonsprofilen. Hvor
stor denne verdien er, avhenger av hvor mye gass
som kan leveres og hvor tidlig i produksjonsforløpet gasseksporten kommer.
Oljedirektoratet vurderer det derfor som viktig
at det er etablert alternative gassløsninger allerede
fra produksjonsstart, for å unngå negative effekter
ved gassinjeksjon. Operatørens reservoarsimulering viser at: gasseksport fra produksjonsstart kan
bidra til akselerert utvinning av olje og en økt utvinning av olje og gass. Det er direktoratets vurdering
at rettighetshaverne til Snøhvit må spille en sentral
rolle for å få en akseptabel eksportløsning på plass.

4.2

Olje- og energidepartementets
vurdering

Utbyggingsprosjekter må være lønnsomme for at
rettighetshaverne skal velge å investere i dem. Utbyggingen av Goliat er lønnsom med de forutsetningene rettighetshaverne har lagt til grunn i planen. Rettighetshaverne vurderer utbyggingen som
marginalt lønnsom med utgangspunkt i planens
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forventninger til kostnader, produksjon og oljepris.
Prosjektet er ikke lønnsomt med forverrede forutsetninger. Rettighetshaverne har i utbyggingsplanen tatt forbehold om at de vil vurdere lønnsomheten i prosjektet før de tildeler kontrakter i 2009.
Operatørens oljeprisforutsetning for utbyggingen av Goliat er på 400 kroner fatet Prosjektet har
en balansepris på om lag 300 kroner fatet. Til sammenligning har oljeprisen i første kvartal 2009 ligget på om lag 300 kroner fatet. Oljeprisen medio
april 2009 var på 344 kroner fatet.
Det er usikkert om oljeprisen vil øke til et til-

fredsstillende nivå for prosjektet, slik rettighetshaverne har lagt til grunn og slik som myndighetenes
prognoser for produksjonsperioden tilsier. En fortsatt lav oljepris, for eksempel på det nivået vi har
sett i begynnelsen av 2009, vil true gjennomføringen av prosjektet. Med oljepris tilsvarende medio
april 2009 på 344 kroner fatet har Goliat en nåverdi
før skatt på 4,4 mrd. kroner. Goliat vil imidlertid
ikke komme i produksjon før i 2013.
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Figur 4.1 Sensitivitetsanalyse for prosjektet.

Departementet har gjennomført en sensitivitetsanalyse som gir uttrykk for konsekvenser av variasjonene av økonomiske parametre ved prosjektet.

Figuren viser hva den økonomiske virkningen vil
bli av endring av tre parametre; pris, produserte
ressurser og investeringenes størrelse.

Tabell 4.1 Variasjon i nåverdien som resultat av variasjon i oljeprisen

Oljepris (NOK/fat) .............................. .
Nåverdi før skatt (mrd. NOK) ............ .

258
-4,4

I prisvariasjonen i sensitivitetsdiagrammet er
midtpunktet 344 kr fatet. Det gir en nåverdi på 4,4
mrd kroner hvis operatørens forutsetninger om
produserte ressurser og utbyggingskostnadene ikke varieres. Hvis prisen er lavere, for eksempel 300

300
-0,1

344

4,4

400
10,0

430
13,1

475
17,6

kroner fatet, er nåverdien omtrent null. Hvis prisen
er 400 kroner fatet, blir nåverdien 10 mrd kroner.
Variasjonen i nåverdi kan leses av på grunnlinjen
(x-aksen).

Tabell 4.2 Variasjon i nåverdien som resultat av variasjon i produserte ressurser

Produksjon ............................................ .
Nåverdi før skatt (mrd. NOK) ........... ..

-30 %
-6,1

I variasjonen over produserte ressurser tar man
også utgangspunkt i 344 kroner fatet og 28 mrd
kroner i investeringer, men her varieres produksjo-

-20 %
-2,6

-10 %
0,9

10%
7,8

20 %
11,3

30%
14,8

nen. Nåverdien vil påvirkes av om produksjonen
over feltets levetid er høyere eller lavere enn forutsatt.
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Tabell 4.3 Variasjon i nåverdien som resultat

Investeringer .........................................
Nåverdi før skatt (mrd. NOK) .............

av variasjon i investeringskostnadene

-30 %
11,3

I investeringsvariasjonen er midtpunktet også
344 kroner fatet og ressurser produsert varierer
heller ikke. Denne figuren viser på tilvarende måte
økningen eller fallet i nåverdi avhengig av om investeringene blir lavere eller høyere enn 28 mrd
kroner som er de antatte kostnader.
Naturligvis kan alle disse faktorene varieres
samtidig, for eksempel ved at både prisen på olje
blir betydelig lavere samtidig som utbyggingskostnadene blir høyere og reservene mindre. Hvis alt
dette skulle skje samtidig, vil virkningen bli betydelig. Tilsvarende vil virkningene bli betydelig hvis alle faktorene beveger seg i positiv retning.
Det er altså knyttet usikkerhet til lønnsomheten
i utbyggingen. Det er likevel ikke grunn til å ta utgangspunkt i at de valgte forutsetningene ikke vil
være rimelige. Selv om prosjektet ikke er robust,
mener departementet at utbygging og drift av Goliat med de gitte forutsetningene vil gi tilstrekkelig
samfunnsøkonomisk lønnsomhet.
Investeringene i Goliat og inntektene til rettighetshaverne og staten vil ha positive virkninger for
samfunnet Som den første oljeutbyggingen i Barentshavet vil Goliat bidra til videreutvikling av petroleumsnæringen i regionen. Dette er en viktig del
av regjeringens nordområdestrategi. Etter utbyggingen av Snøhvit vil utbyggingen av Goliat være
det største industriprosjektet som noen gang er
gjennomført i Nord-Norge.
Goliatutbyggingen vil gi lokale og regionale
ringvirkninger. Flere hundre nye arbeidsplasser vil
direkte eller indirekte følge av utbyggingen i regionen. Regionkontoret med driftsfunksjoner vil legges til Hammerfest, og helikopter- og forsyningsbase legges til Hammerfest-området. Operatøren vil
tilpasse sin kontraktsstrategi for driftfasen slik at
lokale leverandører blir mer konkurransedyktige,
etterstrebe at leverandører innen vedlikehold og
modifikasjon er tilstede i regionen og etablere hospitantordninger for å styrke den petroleumsrelaterte kompetansen hos lokale og regionale leverandører.
Operatøren har utredet alternative utbyggingsløsninger med ulik grad av ilandføring. Disse løsningene gir vesentlig lavere lønnsomhet. De vil også medføre vesentlige forsinkelser i prosjektet,
blant annet på grunn av behov for å kvalifisere teknologi. Operatøren har valgt den planlagte utbyggingsløsningen på bakgrunn av vurderinger av øko-

-20 %
9,0

-10 %
6,7

10%
2,0

20%
-0,3

30%
-2,6

nomi, miljø, sikkerhet og teknisk modenhet. Utbygging til havs er den eneste realistiske utbyggingsløsningen. Ut fra de gitte forutsetningene er flyteren det eneste konseptet med tilstrekkelig lønnsomhet. Den er også det beste med hensyn til miljø
og ressursforvaltning. Utbyggingsløsningen på Goliat skaper ikke presedens for senere utbygginger.
Hver enkelt plan for utbygging og drift vurderes for
seg.
Det er ikke avdekket forhold gjennom konsekvensutredningen som tilsier at prosjektet ikke bør
gjennomføres, eller at avbøtende tiltak utover de
som er planlagt bør iverksettes.
Utbyggingen vil ikke gi særlige negative effekter på muligheten for å opprettholde samisk kultur
og språk. Konsekvensutredningen peker imidlertid
på at ulempene for reindrift vil være middels store
og vil kunne påvirke trekk.leier, kalvingsområder
og vårbeiter. I tillegg vil helikoptertrafikk over Kvaløya kunne forstyrre rein, særlig i kalvingstiden.
Negative konsekvenser på tradisjonelle samiske
næringsveier vil søkes avbøtet gjennom tiltak utviklet i samarbeid og dialog med reindriften og samene.
Det er avholdt konsultasjoner mellom Sametinget og departementet om Goliat. I konsultasjonene
var det enighet om at operatøren har utført en omfattende konsekvensutredning for Goliat. Det ble
ikke oppnådd enighet mellom partene om et urfolksfond i forbindelse med petroleumsvirksomheten eller hvorvidt samene har særlige rettigheter til
petroleumsressursene. Sametinget står fast på prinsippet om at det samiske folk etter folkeretten har
rettigheter til petroleumsressursene i Barentshavet. Sametinget mener at urfolksperspektivet må
gjenspeile hvordan avkastningen fra petroleumsvirksomhet i Barentshavet fordeles, og foreslår at
en del av nytteverdien avsettes i et urfolksfond som
virkemiddel for ringvirkninger i nord til samfunnsog næringsutvikling. På bakgrunn av uenigheten er
det Sametingets samlede vurdering at det ikke foreligger et tilstrekkelig grunnlag i utkastet til proposisjon for å gi tilslutning til utbygging og drift av Goli•
atfeltet. Når det gjelder disse spørsmålene viste departementet i konsultasjonen til Stortingsmelding
nr. 7 (200~2007) Om Sametingets virksomhet i
2005 som redegjør for at regjeringen ikke kan se at
det foreligger folkerettslige forpliktelser i forhold
til samene når det gjelder avkastningen fra petrole-
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umsvirksomhet på kontinentalsokkelen. Dette gjelder også spørsmålet om opprettelsen av et eventuelt urfolksfond. Det vises for øvrig til vedlegget
med høringsuttalelser til konsekvensutredningen
for Sametingets vedtak og Sametingsrådets forslag
til vedtak og besvarelsene av disse. Det var enighet
om at det var viktig at tiltak for å øke generelle lokale ringvirkninger og kompetanse også må komme
samene til gode. Det var også enighet om at oljevernberedskapen på Goliat må holde en meget høy
standard. Videre var det enighet om at både Sametingets vedtak og Sametingsrådets forslag til vedtak vedrørende høringsuttalelser skulle besvares.
Goliat medfører begrensede ulemper for fiskerier, men er ikke antatt å påføre negative konsekvenser for landbruk eller utmarksnæringer. Utbyggingen vil ikke medføre betydelige ulemper for annen
næringsvirksomhet i området.
Det er ikke ventet at Goliat vil ha vesentlige negative konsekvenser for naturressurser og miljø.
Utbygging og drift av Goliat skal følge rammene
som trekkes opp for petroleumsvirksomheten i forvaltningsplanen for Barentshavet. Den valgte løsningen har gode miljøløsninger både med hensyn
til utslipp til sjø og til luft.
Det er et krav fra myndighetene at oljevernberedskapen for Goliat blir minst like god som for øvrige deler av norsk sokkel. Operatøren planlegger
en oljevernberedskap som skal være robust, effektiv og godt tilpasset de lokale forholdene. Beredskapen vil beskrives i større detalj i søknad om tillatelse til virksomhet etter forurensingsloven for
produksjonsboring og drift som vil sendes SIT for
behandling i henholdsvis 2011 og 2013.
Goliatfeltet blir den første oljeutbyggingen i Barentshavet. Feltet ligger nær kysten og inntil et område som i forvaltningsplanen for Barentshavet er
identifisert som særlig verdifullt og sårbart. Det er
derfor viktig med strenge miljøkrav til prosjektet,
og det er høye forventninger til oppfyllelsen av målsetningen om nullutslipp og valg av energiløsninger for å oppfylle nasjonale mål og forpliktelser.
Det vil også være særlig viktig å redusere sannsynligheten for og konsekvensene av akutt forurensning. Dette er forhold som vil bli sentrale i SFTs behandling av operatørens søknad om tillatelse til
virksomhet etter forurensningsloven, og SIT vil da
vurdere hvilke konkrete miljøkrav som skal stilles
for virksomhet på Goliat.
Goliatfeltet vil være omfattet av kvotesystemet
for klimagasser og betale C02-avgift. Energibehovet på Goliatfeltet vil bli dekket av kraft fra land
kombinert med en gassturbin på flyteren. Den valgte løsningen gir redusert utslipp til luft fra flyteren i
forhold til kun å bruke gassturbiner, den gir høy

driftsregularitet og den gir en akseptabel økning i
sårbarheten til kraftforsyningen i Finnmark. Operatøren planlegger å oversende konsesjonssøknad etter energiloven for kabel mellom Goliat og Hammerfest til NVE i løpet av mai 2009. Denne prosessen er uavhengig av behandlingen av stortingsproposisjonen om utbygging av Goliat. NVE vil i forbindelse med behandlingen av konsesjonssøknaden vurdere behovet for eventuelle utredninger
knyttet til behandlingen av en slik søknad etter
energiloven.
Kraftnettet i Troms og Finnmark har begrenset
kapasitet både innen og ut av regionen. Kraftnettet
er sårbart ved større driftforstyrrelser i kraftsystemet, mens evnen til å håndtere tørrår vurderes som
akseptabel. Departementet legger til grunn at med
en tilknytning av Goliat til nettet vil sårbarheten til
en viss grad øke både i forhold til å håndtere perioder med svikt i nedbøren og akutte driftsforstyrrelser. Det planlegges for at sentralnettet i Hammerfest-området vil bli styrket i 2017 med forbehold om
konsesjonsbehandling. Statnett arbeider med flere
prosjekter som over tid vil kunne styrke overføringsnettet inn til og innen regionen, deriblant ny
420 kV ledning fra Ofoten via Balsfjord til Hammerfest. Statnett vil oversende NVE konsesjonssøknad
for Balsfjord-Hammerfest i løpet av mai 2009 og
planlegger oversendelse av konsesjonssøknad for
Ofoten-Balsfjord vinteren/våren 2010.
I Ot.prp. nr. 62 (2008-2009) har departementet
foreslått å lovfeste tilknytningsplikt også for forbruk på sentral- og regionalnett. Tilknytningsplikten innebærer at forbrukeren har rett til å bli tilknyttet nettet. Dersom det ikke er driftsmessig forsvarlig å tilknytte forbruket med en gang og innenfor rammene av eksisterende nettkapasitet, har
nettselskapet rett til å kreve at forbruksenheten må
vente med å tilknytte seg nettet eller foreta forbruksøkninger til det er driftsmessig forsvarlig.
Nettselskapet plikter da å utrede, omsøke og bygge
nett uten ugrunnet opphold, slik at en tilknytning
kan skje så snart som mulig. Etter forslaget kan det
kun i ekstraordinære tilfeller gis unntak fra tilknytnings- og investeringsplikten for forbruk. Unntaksbestemmelsen kan komme til anvendelse i helt spesielle tilfeller, for eksempel i situasjoner der tilknytning av forbruk vil være ekstremt krevende for
kraftsystemet med hensyn til kostnader og tid eller
kraftbalansen regionalt eller nasjonalt
Ved tilknytning til kraftsystemet på land vil prosjektet måtte forholde seg til de vilkårene som gjelder for kraftmarkedet og tilknytning til overføringsnettet. Dette innebærer blant annet ordinære vilkår
hva gjelder avtaler om kraftkjøp, leveringspålitelig-
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het og tilkobling til overiøringsnettet, inkludert
eventuelle anleggsbidrag.
Det er stilt vilkår om at operatøren skal vurdere
om man kan øke kapasiteten på kabelen for overføring av kraft fra land. Departementet kan pålegge
operatøren å øke kapasiteten på kabelen. Det stilles
videre krav til at det skal legges til rette for innkopling av en ekstra kabel for overiøring av kraft fra
land på innretningen.
Departementet vil også stille krav til at operatøren skal melde strømforbruket knyttet til at innretningen kun benytter kraft fra land fra 2017 til Stat•
nett SF innen 31.12.09.
Rettighetshaverne skal fremlegge en plan om
økt bruk av kraft fra land til Goliat for departementet så snart kraftsituasjonen i området er styrket,
men uansett senest 01.01. 2019. Planen skal omfatte videre fremdrift, tiltakskostnader og tekniske utfordringer av å øke bruken av kraft fra land. Der•
som tiltakskostnadene er på et nivå som gjør at tiltaket er hensiktsmessig å iverksett under den gjeldende klimapolitikk, og de tekniske utfordringer
etter departementets oppfatning er akseptable vil
departementet, i dialog med rettighetshaverne, vurdere om og hvordan det skal gjennomføres ytterligere tiltak for å øke bruken av kraft fra land på Goliat.
I følge planen vil gassen på Goliat først bli reinjisert for trykkstøtte, men det planlegges at gassen
skal produseres og selges på et senere tidspunkt.
Operatøren skal senest to år før oppstart av driften
på feltet, forelegge en plan for avtak av gass fra Goliat for departementet. Planen skal omfatte en mulighet for avtak av gass fra Goliat fra oppstart av
drift fra feltet. Operatøren skal sørge for at løsningen med avtak av gass fra oppstart av drift fra feltet
modnes tilstrekkelig til at den kan gjennomføres
dersom departementet bestemmer dette av hensyn
til god ressursforvaltning.
I forbindelse med Nasjonal transportplan er det
avsatt 430 millioner kroner til oppgradering av
Riksveg 94 Skaidi-Hammerlest. Det er naturlig at
effekter av Goliat-utbyggingen blir vurdert i den videre planleggingen av prosjektet og at eventuelle
ytterligere behov for opprusting av infrastrukturen
vurderes ved revisjon av Nasjonal transportplan.

4.3

Arbeids- og
inkluderingsdepartementets
vurdering

Arbeids- og inkluderingsdepartementet har forelagt saken for Petroleumstilsynet for vurdering. Petroleumstilsynet anbefaler at plan for utbygging og
drift for Goliat godkjennes. Arbeids- og inkluderingsdepartementet støtter Petroleumstilsynets
konklusjon.
Det forebyggende sikkerhetsarbeidet vil redusere sannsynligheten for akutte utslipp til ytre miljø
i petroleumsvirksomheten. HMS-forskriftene er risikobaserte, det vil si at sikkerhets- og beredskapstiltak skal stå i forhold til risikoen i hver enkelt virksomhet. Dette sikrer blant annet at løsninger for å
forebygge akutt forurensning og dimensjonering
av oljevernberedskap er tilpasset virksomhetens
særtrekk og lokasjon. Forskriftene krever blant annet at regionspesifikke forhold vil bli ivaretatt ved
styring av risiko i havområdet.
Dette innebærer eksempelvis at det i sårbare
områder vil stilles strengere krav til virksomheten
enn i andre mindre sårbare områder. Dette har
som konsekvens at aktivitet i sårbare områder kan
medføre betydelige merkostnader for næringen i
form av teknologiutvikling, kunnskaps- og kompetanseoppbygging og drift, selv om regleverket er
uforandret. Streng regulering og tilsyn innen petroleumsvirksomheten utgjør viktige bidrag for å forebygge og bekjempe akutte oljeutslipp. Tiltakene er
derior kombinert med en økt satsing på tilsyn med
petroleumsaktivitet i sårbare og verdifulle områder.
Det etablerte regelverks- og tilsynsregimet for
petroleumsvirksomheten vil således bidra til å ivareta HMS også ved eventuell ny virksomhet og i
sårbare og verdifulle områder. Operatøren må i tillegg innhente Petroleumstilsynets samtykke til
oppstart av boreaktivitet. Operatøren må i søknaden dokumentere overior myndighetene at de er i
stand til å gjennomføre den planlagte aktiviteten i
overensstemmelse med regelverket.
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5

Konklusjoner og vilkår

Departementet slutter seg til plan for utbygging og
drift av Goliat i samsvar med planene operatøren
har fremlagt og de merknader som fremgår av denne proposisjonen, og på følgende vilkår :
1. Operatøren skal vurdere om man kan øke kapasiteten på kabelen for overføring av kraft fra
land. Vurderingen skal fremlegges for departementet før det inngås kontrakt med leverandør
av kabelen. Departementet kan pålegge operatøren å øke kapasiteten på kabelen.
2. Det skal legges til rette for innkopling av en
ekstra kabel for overføring av kraft fra land på
innretningen.
3. Rettighetshaverne skal innen 31.12.2009 melde
til Statnett SF strømforbruket knyttet til full
elektrifisering fra 2017. Etter de foreslåtte endringene av energiloven vil en slik melding initiere en prosess som foreslått i Ot.prp. nr. 62
(2008-2009). Dette vil også innebære forpliktelser for rettighetshaverne til Goliat i samsvar
med energiloven og tilhørende forskrifter, inkludert eventuelle anleggsbidrag.
4. Det planlegges for at sentralnettet i Hammerfest-området vil bli styrket i 2017 med forbehold
om konsesjonsbehandling. Statnett vil oversende NVE konsesjonssøknad for en ny overføringsledning Balsfjord-Hammerfest i løpet av
mai 2009. Rettighetshaverne skal fremlegge en
plan om økt bruk av kraft fra land til Goliat for
departementet så snart kraftsituasjonen i området er styrket, men uansett senest 01.01. 2019.
Planen skal omfatte videre fremdrift, tiltakskostnader og tekniske utfordringer av å øke
bruken av kraft fra land. Dersom tiltakskostnadene er på et nivå som gjør at tiltaket er hensiktsmessig å iverksette under den gjeldende
klimapolitikk, og de tekniske utfordringer etter
departementets oppfatning er aksepteble vil de-

partementet, i dialog med rettighetshaverne,
vurdere om og hvordan det skal gjennomføres
ytterligere tiltak for å øke bruken av kraft fra
land på Goliat.
5. Operatøren skal senest to år før oppstart av driften på feltet, forelegge en plan for avtak av gass
fra Goliat for departementet. Planen skal omfatte en mulighet for avtak av gass fra Goliat fra
oppstart av drift fra feltet. Operatøren skal sørge for at løsningen med avtak av gass fra opir
start av feltet modnes tilstrekkelig til at den kan
gjennomføres dersom departementet bestemmer dette av hensyn til god ressursforvaltning.
6. I lys av særlige utfordringer i nord og Goliat-feltets nærhet til kysten, skal oljevernberedskap
være meget høyt prioritert. Operatøren skal foreta en detaljert kartlegging av infrastrukturen
innen influensområdet for forurensende utslipp
fra Goliat. Operatøren skal gjennomføre tiltak
for å styrke oljevernberedskapen i berørte kommuner, som Måsøy, Hasvik og Nordkapp, med
utgangspunkt i de behov for konkretisering av
tiltak som Kystverket har påpekt i høringsrunden.
7. Det forutsettes at operatøren følger opp tiltak
som vil øke de lokale og regionale ringvirkningene av Goliat-utbyggingen, jf. boks s. 19 og
boks s. 20 i denne proposisjonen.

Olje- og energidepartementet
tilrår:
At Deres Majestet godkjenner og skriver under
et fremlagt forslag til proposisjon til Stortinget om
utbygging og drift av Goliat.
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Vi HARALD, Norges Konge,
stadfester:
Stortinget blir bedt om å gjøre vedtak om utbygging og drift av Goliat i samsvar med et vedlagt forslag.

Forslag
til vedtak om utbygging og drift av Goliat
I
Stortinget samtykker i at Olje- og energidepartementet godkjenner plan for utbygging og drift av Goliat.

2102
2008-2009

St.prp. nr. 64

33

Utbygging og drift av Goliatfeltet

I høringskommentarene til kraftløsningen på
Goliat er det uttrykt bekymring om det regionale
og sentrale overføringsnettet vil ha tilstrekkelig kapasitet til å koble på Goliat uten at dette reduserer
stabiliteten i det eksisterende nettet. I forkant av
beslutning om elektrifisering av Goliat med strøm
fra land, gjennomførte Eni Norge en analyse av kapasiteten i det eksisterende kraftsystemet i Finnmark og hvilken påvirkning Goliat ville ha på dette.
Analysen ble videre gjennomgått og verifisert av
Statnett i dialog med NVE. Konklusjonene fra dette
arbeidet viser at det planlagte uttaket av kraft til Goliat med inntil 60 MW, ikke krever noen spesielle
tiltak i det regionale ovetiøringsnettet. Ved eventuell knapphet på strømtilførsel, er Goliat forberedt
på å redusere og i ekstraordinære situasjoner,
eventuelt avstå fra landkraft i kortere perioder. Redusert landstrøm kan delvis kompenseres for ved
høyere kraftuttak fra turbinen på innretningen. Studier viser at kraftkapasiteten og nettet i Finnmark,
Troms og Nordland i dag ikke er tilstrekkelig til å
forsvare fullelektrifisering av Goliat.
Det er videre i høringsuttalelsene kommentert
at valg av kraftløsning ikke bidrar tilstrekkelig til
reduserte utslipp av CO2 og NOx i forhold til en konvensjonell kraftløsning med full kraftgenerering på
innretningen. Eni Norge har vurdert den valgte løsningen til å være den beste totalt sett med hensyn
til sikkerhet, miljø og drift. Løsningen innebærer
også utvikling av tekniske systemer som gir mulighet for større grad av elektrifisering på norsk sokkel i fremtiden. Dette bekreftes av miljømyndighetenes høringsuttalelser, der de vurderer den valgte
løsningen med utbygging til havs til å være den miljømessig minst belastende når det gjelder energibruk
Gjennom høringsrunden har det vært interesse
for hvordan kraftløsningen kan få positiv effekt på
utvikling av fornybar energi i regionen. All forbruk
som fører til økt behov for kraft i regionen, vil på
lengre sikt kunne ha positiv virkning for utbygging
av alternativ energi.
Eni Norge prioriterer dialog med de lokale partene som vil bli berørt av Goliatutbyggingen, og vil
fortsette med jevnlige møter for å ivareta alle forhold som er relevante for videre aktivitet. Eni Norge viser videre til konsekvensutredningen som er
del av konsesjonssøknaden til NVE for bygging av
landanlegg og kraftkabelen til Goliat FPSO.

4
4.1

Høringsuttalelser og Eni Norges
vurderinger
Arbeids- og inkluderingsdepartementet

Eni Norge har identifisert følgende høringskommentarer fra Arbeids- og inkluderingsdepartementet:
1. Arbeids- og inkluderingsdepartementet viser til Petroleumstilsynets uttalelse og har ingen ytterligere
merknader.
Vurdering: Eni Norge tar kommentaren til etterretning. Se også svar til Petroleumstilsynet side 89.
4.2

Bellona/Natur og Ungdom/Norges
Naturvernforbund

Eni Norge har identifisert følgende høringskommentarer avgitt i felles uttalelse fra Bellona, Natur
og Ungdom og Norges Naturvernforbund:
l. Oljevernberedskap er ikke tilfredsstillende med hensyn til bølgehøyde, mørke og temperatur i området.
Vurdering: Oljevernberedskapen for Goliat skal
være operativ og tilgjengelig gjennom hele året.
Flere tiltak har i de senere år blitt iverksatt for å
gjøre oljevernberedskapen mer robust og tilpasset
operasjoner i mørke og vinterforhold.
Etter 2003 har oljeindustrien skiftet ut hele de
havgående oljevernsystemene og investert mer enn
250 millioner kroner i nytt utstyr. Alle havgående
NOFO-systemer er nå utstyrt med nye lenser som
har økt kapasitet, bedre tilpasning i forhold til operasjoner under lave temperaturer og som er enklere å operere enn tidligere system. Blant annet vil
automatisk fylling av luft føre til hurtigere utsetting
av lensene. I tillegg vil antall NOFO-systemer i løpet av 2009 bli økt fra 16 til 20. Forbedret teknologi
og flere systemer har gjort kapasiteten på havgående systemer bedre og mer robust også i nordområdene.
Dårlige lysforhold under mørketiden har tradisjonelt vært en betydelig utfordring for oljevernet i
nordområdene. Lysforholdene i nord er dårligere
enn for Nordsjøen i månedene november, desember og januar, men for året under ett er det ca 500
timer mer arbeidslys hvis man sammenligner Goliat med Ekofisk-området. Teknologiutvikling har
også redusert utfordringen knyttet til dårlig sikt/
lysforhold. Oljeindustrien har i flere år prioritert utviklingen av radarteknologi som kan lokalisere olje
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på sjø i mørke, til bruk på oljevernfartøyer. Utviklingen av denne typen teknologi fortsetter, eksempelvis slik at all informasjon fra radar, helikopter og
andre former for fjernmåling, kan lastes ned til broen på skipet. Derved kan ressursene prioriteres på
en langt mer effektiv måte også i situasjoner med
dårlig lys. Teknologien vil være tilgjengelig og bli
implementert i oljevernberedskapen for Goliat. Beredskapsløsningen vil derlor ivareta utfordringene
knyttet til mørke om vinteren på en god måte.
I tillegg er Eni Norge er engasjert i en rekke
prosjekter for blant annet utvikling av forbedret oljevernutstyr. Det henvises til KU, kapittel 10.6.2 for
en oversikt over relevante prosjekter Effektiviteten
av oljevernberedskapen vil avta under dårlige værforhold. Dette er det tatt hensyn til i de miljørisikoog beredskapsanalyser som Eni Norge har fått utarbeidet i forbindelse med konsekvensutredningen
for Goliat. Analysene viser at miljørisikoen forbundet med et større oljeutslipp fra feltet like vel vil være lav. Under dårlig vær må også innsatspersonellets sikkerhet vektlegges. Eni Norge har ut fra detaljert kunnskap om oljetypene fra Goliatfeltet, antatt at tilgjengeligheten til bekjempbar olje være liten på grunn av naturlig nedbryting i vannmassene
under slike værlorhold.

2. MAREANO-prosjektet er ikke ferdigstilt og resultatene fra prosjektet kan dermed ikke sees i tilknytning
til utbyggingen.
Vurdering: Det første MAREANO toktet ble gjennomført i løpet av tre uker våren 2006 og dekket totalt 3200 km2 havbunn, 2100 km2 nord for Sørøya
(Tromsøflaket/Snøhvitfeltet) og 1100 km 2 i Lopphavet med Sørøysund og Stjernsund. Området hvor
Goliat er lokalisert (nordsida av Tromsøflaket) var
en del av området som ble dekket. Havforskningsinstituttet har i sin underlagsstudie "Konsekvensutredning for utbygging og drift av Goliat. Grunnlagsrapport: Naturressursar og miljøforhold i Barentshavet 2007" gitt en kort oppsummering av resultatene på side 54-56. For ytterligere informasjon kan
11
Mareano-Statusrapport for 200611 lastes ned fra
Mareano sin internettside (www.mareano.no).
Grunnlagsundersøkelse for Goliat bestående av
både visuell undersøkelse og sediment innsamling
er gjennomført i henhold til gjeldende regelverk etter et program som er forelagt og godkjent av SFT.
Resultater fra denne undersøkelsen vil bli ferdigstilt i løpet av våren 2009 og rapporten vil bli lagt ut
på både OLF og SFT sin nettside. Ytterligere detaljerte kartlegginger vil gjennomføres i regi av Eni
Norge som del av forberedelsene til installering og
drift av innretningene.

3. Prosessen rundt verneplanen for Lopphavet er ikke
ferdigstilt.
Vurdering: Normal virksomhet fra Goliat vil ikke
berøre foreslått verneområde Lopphavet. Fylkesmannen i Finnmark har uttrykt at formålet med marin verneplan å beskytte et representativt utvalg av
marine områder i norsk territorialfarvann, med hovedvekt på bunnlevende organismer. Dersom det
skjer et stort utslipp av olje fra Goliat, er det meget
lav sannsynlighet for at olje vil drive inn i det området som er foreslått vernet, da området ligger i
randsonen av Goliat sitt influensområde slik det er
definert av gjennomført oljedriftmodellering. Dette
i kombinasjon med at oljen i tillegg må treffe land
og/eller synke ned til bunnen i slikt omfang at det
oppstår medføre skade på bunnlevende organismer, er meget lite sannsynlig. Eni Norge anser ikke
at et eventuelt vern av området vil være i konflikt
med planlagt utbygging og drift av Goliat. Foreløpig er verneplanen på forslagsstadiet. At verneverdiene ivaretas, skjer gjennom de planer myndighetene etablerer for marine områder.

4. Potensiell forurensingsrisiko fra Goliat i forhold til
Repparjjorden og Porsangerfjorden er ikke utredet.
Vurdering: Forurensning av laksefjordene Repparfjorden og Porsangerfjorden er lite relevant basert
på anbefalt utbyggingsløsning både under normal
drift og ved et eventuelt akuttutslipp Gf. utførte statistiske oljedriftsmodelleringer). Vurdering av !aksefjorder var imidlertid en del av grunnlaget for
vurdering av ilandføringslokaliteter for alternativ 2
og 3, og ble derigjennom belyst.

5. Det er ikke gjennomført en beregning av de reelle
konsekvenser og samfunnsmessige kostnader for fiskeribasert næringsliv ved oljepåslag.
Vurdering: En av grunnlagsutredningene (utført
av Acona/Akvaplan-NIVA) belyser ulike typer og
omfang av konsekvenser på henholdsvis :fiskerinæring og havbruksnæring ved et eventuelt større oljeutslipp fra Goliat. Videre er det gjort en vurdering
(utført av Agenda) som også inkluderer økonomiske konsekvenser knyttet til sanering av oppdrettsanlegg og båndlegging av areal, som representerer
verst tenkelige type konsekvenser. Hovedresultatene er gjengitt i KU. Mange ytre faktorer kan påvirke type og omfang av effekter på næringslivet ved
et akutt oljeutslipp (for eksempel hvor stort område
påvirkes, hvor viktig er området, hvilke fangst-/
omsetningsrestriksjoner innføres av myndighetene, hvordan reagerer markedet, etc.). Det vil derlor
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nødvendigvis være usikkerheter knyttet til resultatene av en konsekvensvurdering. Dette gjelder også for de omtalte rapportene som KU bygger på.
vurderingene er gjort på et nivå som Eni Norge mener er faglig fornuftig og det tas til etterretning at
det er ulike syn på dette. Kompensasjon for skade
er garantert gjennom petroleumslovens kapittel 7.
Mulige konsekvenser for reiselivsnæringen er
også belyst i KU. Som for fiskeri og havbruk vil omfang og varighet av konsekvenser kunne variere betydelig. I KU er det forsøkt å eksemplifisere på hvilken måte og i hvilket omfang konsekvenser kan
opptre. Det er vurdert som realistisk med en nedgang i turistbasert virksomhet på 20-50 %første år,
gradvis avtakende over tid og med merkbar konsekvens etter 4-5 år. Påslag av olje på land vurderes å i
liten grad kunne ha målbare konsekvenser på reindrift. Oljeforurensede områder kan skjermes slik at
det ikke er kontakt mellom rein og forurenset materiale. Potensialet for skade vurderes som lavt.
6. Det er ikke gjennomført en markedsanalyse for hvilke konsekvenser et oljeutslipp vil kunne få for prisen
på fisk fra Barentshavet.

Vurdering: Eni Norge har gjennomført to forskningsprosjekt der en har vurdert hvilke effekter
større oljeutslipp har hatt på markedet for fisk og
sjømat. Erfaringsdata er innsamlet fra oljeutslipp
fra skipsfart. Gjennomført forskning indikerer at effektene er kortvarige og at forbrukerne har tillit til
at myndighetene iverksetter nødvendige restriksjoner for å hindre at forurenset fisk kommer på markedet. Konsekvenser vil derfor komme i form av
omsetningsforbud av fisk fra et oljeforurenset område. Her er det usikkerhet knyttet til omfang av
konsekvens avhengig av blant annet hvor stort område som påvirkes, viktigheten av området og varighet av omsetningsforbudet. Se for øvrig svar til
Bellona mfl. nr 5.

7. Det er ikke gjennomført en konsekvensanalyse for
påvirkning på fiskeriene fra den seismiske aktiviteten
knyttet til Goliat.
Vurdering: I KU er det redegjort for type, omfang
og mulig frekvens av fremtidig seismisk aktivitet på
Goliat (kapittel 6.2.5). Det er videre gjort vurderinger av konsekvenser både knyttet til dødelighet og
adferdsmessig/skremmeeffekter på fisk (kapittel
8.3). Vurderingene av konsekvenser er i tråd med
nylig utgitt rapport fra HI mfl datert 19.12.2008. Behovet for analyse av konsekvenser knyttet til seismiske undersøkelser vurderes som tilstrekkelig
dekket. I tillegg vil søknadsprosesser gjennomfø-

res ved fremtidig seismikkinnsamling, med tilhørende prosesser for å redusere de operasjonelle
ulempene knyttet til fiskeri. For å minimalisere skade på naturressursene, er det tidsbegrensning på
seismikkinnsamling i lisensen.
8. Det må etterprøves hvorvidt miljørisikoanalysen og

underlagsutredningene er basert på korrekt informasjon om eksisterende næringsvirksomhet i utredningsområdet.
Vurdering: Underlagsstudiene er utført av uavhengige institusjoner og er basert på mest mulig oppdatert informasjon og kunnskap. Når det gjelder
områdets viktighet for ulike næringer/næringsutøvelse, registrerer Eni Norge at det er ulike oppfatninger om dette. Eni Norge vil imidlertid henvise til
høringsuttalelse fra Finnmark Fiskarlag som langt
på vei bekrefter fiskeribeskrivelsene; «Goliatfeltet
befinner seg stort sett utenfor aksjonsområdet til
kystflåten, men vil fra tid til annen kunne være til
hinder for trålaktivitet i området». Dette bekreftes
også av Fiskeridirektoratet som skriver: « ...finner
beskrivelsen av fiskeriene og konsekvensene for
fiskeriene som godt belyst». Miljørisikoanalysen er
basert på mest oppdaterte kunnskap om naturressursene og er ikke relatert til næringsvirksomhet.

9. Det er ikke utredet/or om utbygging og drift av Goliat vil ha en fortrengingseffekt i forhold til utbygging
av fornybar energi i Finnmark.
Vurdering: Operatør har gjort grundige analyser
og beregninger av Goliat innretningspåvirkning på
det eksisterende kraftsystem hvor konsekvensene
for kraftsystemet i Finnmark er vurdert. Disse vurderinger og beregninger er gjennomgått og verifisert av Statnett i dialog med NVE. Kraftuttak til Goliat fra land vil ha positiv innvirkning på tilkobling
av fornybar energi avhengig av lokalisering og i begrenset omfang. En større utbygging av for eksempel fornybar energi er avhengig av en vesentlig utbygging av nettkapasiteten i landsdelen. Ved eventuell knapphet på strømtilførsel, er Goliat forberedt
på å redusere sitt uttak, eventuelt frastå fra landkraft for kortere perioder.
OEDs merknad:

Tilknytning til landnettet er en prosess uavhengig
av proposisjonen om utbygging og drift av Goliat.
Dette fremgår av omtalen i proposisjonen.
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10. MIRA-analysen må nyanseres og utbedres, både
når det gjelder akutt dødelighet og langvarige konsekvenser av ikke-dødelig oljesøl på levende organismer.
Vurdering: Eni Norge vil understreke at den metoden som er benyttet, har over en årrekke vært etab·
!ert som industriell standard, og er ansett som den
beste tilgjengelige metoden for å vurdere miljørisiko knyttet til akutte utslipp fra petroleumsaktivitet.
Metoden er videreutviklet gjennom en årrekke og i
samarbeid med norske fagmyndigheter. Usikkerhet i datagrunnlag og modeller er generelt kompensert for ved konservative valg i metodeoppsettet.
Det er riktig at MIRA kun belyser risiko knyttet
til akutte utslipp. Kroniske virkninger av eventuelle
utslipp er derfor belyst i selve KU-en. For et eventuelt akuttutslipp til havs er imidlertid de akutte virkningene vurdert som av størst betydning. MIRAmetoden baseres på bruk av valgte økosystemindikatorer, hvor de mest sårbare ressursene normalt
legges til grunn for analyse. Dyreplankton vurderes
generelt som relativt sett mindre sårbare enn ressurser på høyere trofisk nivå, som følge av volum
og utbredelse. Disse er derfor ikke lagt til grunn for
i MIRA-en. Det stilles videre spørsmål til risikobildet dersom loddebestanden fortsatt vil være svak.
Basert på siste informasjon fra Havforskningsinstituttet og Fiskeridirektoratet, er bestandssituasjonen bedret og det åpnes for fiske i 2009. Se også
svar til Havforskningsinstituttet nr. 16.
11. Det er ikke konsekvensutredet for hvordan belastningen på økosystemet i Barentshavet kan øke som
følge av klimaendringer, og dermed bidra til at en utbygging av Goliat-funnet kan bidra til konsekvenser
da den samlede belastningen for økosystemet økes ytterligere.

Vurdering: Dette er riktig og i tråd med fastsatt utredningsprogram. Eni Norge har i vurderingen av
kommentarene til forslaget til utredningsprogram
poengtert at en legger til grunn fremtidsbildet for
klimapåvirkning som er benyttet for Forvaltningsplanen for Lofoten-Barentshavet, og at eventuelle
endringer i økosystemet utover dette vil være gjenstand for en vurdering av oppdatering av risiko- og
beredskapsanalyser (i henhold til regelverkets
krav).

12. En eventuell utbygging må utelukkende forsynes
med CO2-/ri kraft fra land.
Vurdering: Kraft fra land til Goliat er basert på
kraft fra det regionale nettet i Finnmark. Det er ik-

ke lagt til grunn C02-utslipp for kraft fra land i Eni
Norges fremskriving av C02-utslippsprofiler. Dette
er i tråd med myndighetenes anbefaling (OD). Studier viser at kraftkapasiteten og nettet i Finnmark,
Troms og Nordland i dag ikke er tilstrekkelig til å
forsvare fullelektri.fisering av Goliat.
OEDs merknad:

Olje- og energidepartementet viser til omtalen av
kraftløsningen under departementets vurdering i
proposisjonen.
4.3

Fellesforbundet

Eni Norge har identifisert følgende høringskommentarer fra Fellesforbundet:

1. Goliatjeltet, som oljepioner i Barentshavet, har

muligheter for å bli en god rollemodell for videre utbygging i området. Da bør de utbyggingsløsninger som
velges gi størst mulig lokale, regionale og nasjonale
ringvirkninger. Generelt er vi opptatt av at det velges
kontraktsstrategier og kontraktsvilkår som gir norske
leverandører reelle muligheter til å påta seg oppdrag.
Vurdering: Gjennom etableringen av Eni Norges
regionkontor med driftssenter, sokkelorganisasjon
og basetjenester blir det, dersom Goliat bygges ut,
etablert mellom 150 og 200 direkte arbeidsplasser i
Finnmark. Etableringen vil også generere indirekte
arbeidsplasser og avledet virksomhet. Dette gjelder i utbyggingsfasen og ikke minst i driftsfasen,
når regionale og lokale leverandører vil kunne tilby
tjenester og utstyr hvor nærhet til aktivitetene vil
kunne være et fortrinn. I tillegg kan en forvente at
de direkte og indirekte arbeidsplassene vil føre
med seg flere positive effekter for fylket som ikke
er fullt ut mulig å forutsi omfanget av på dette stadiet i prosjektet.
Eni Norge må legge norsk og EØS lovgivningen til grunn for alle anskaffelser. TIideling av kontrakter og kjøp av varer og tjenester innenfor dette
området er undergitt prinsipper om en fri, åpen og
ikke-diskriminerende konkurranse mellom anbyderne. Eni Norge er forpliktet til å oppfylle disse
kravene for sine anskaffelser. I forbindelse med lokale og regionale leveranser, vil Eni Norge legge til
rette for at disse kan konkurrere om leveranser.
Følgende punkter vil bidra til dette:
- Eni Norge har etablert et regionkontor i Hammerfest.
- Eni Norge har i Plan for Utbygging og Drift
(PUD) foreslått å etablere driftorganisasjonen
for Goliat i Hammerfest.
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Hasvik kommune nr.5 og Hammerfest kommune
nr. 5.

5. Konsekvenser for eksisterende næringsliv ved akutt
utslipp må utredes ytterligere. Det må etableres robust
kompensasjon og forsikringsordninger som er dekkende for alle tap som påføres de ulike næringer. Konsekvenser for andre næringer omfatter fiskeri, havbruk,
reiseliv og reindrift. Det konkluderes med at det bare
er fiskerinæringen som vil bli påvirket direkte ved regulær drift. Alle de tre næringene vil få negative konsekvenser ved et eventuelt akutt utslipp. Et oljeutslipp
utenfor Finnmarkskysten vil kunne gi negative konsekvenser som går langt utover tap av bruk og utstyr,
permitteringer i fiskeindustrien pga. fiskeflåten er
opptatt med opprydding etter utslipp, oljeskadd fisk eller utgifter knyttet til fravær av turister i perioden like
etter ulykken inntraff Skadepotensialet for næringene vil også omfatte tap av marked for rene og ferske
fiskeriprodukter fra Finnmark, og fylkets omdømme
som reiselivsdestinasjon vil sannsynligvis være svekket i lang tid. Eni Norge i samarbeid med både offentlige myndigheter og private aktører i næringen samarbeider om å utvikle gode forebyggende omdømmeprogram og markedskampanjer for å hemme markedssvikt når ulykken først er ute.
Vurdering: Se svar til Bellona mfl. nr. 5.

6. Akutte oljeutslipp og lekkasjer fra produksjon vil
være ødeleggende for fiskeegg og larver. Hvilke konsekvenser dette kan få må utredes bedre før produksjon
kan starte opp.
Vurdering: Det påpekte forhold er utredet av uavhengig instans og i henhold til beste tilgjengelige
metode. Resultatene viser gjennomgående en meget lav sannsynlighet for målbare konsekvenser,
modellert forventning ved oljeutblåsning er en tapsandel for torskeegg/larver på [0,4 %uansett periode på året (KU, kapittel 9.4.7).
4.15

Greenpeace Norge

Eni Norge har identifisert følgende høringskommentarer fra Greenpeace Norge:

Goliat-funnet ligger i et område regjeringen selv
har definert som særlig sårbart og verdifullt (St. meld
8 2005-2006). Verden har allerede funnet mer fossile
ressurser enn vi noensinne kan forbrenne ute å ødelegge klimaet. Greenpeace mener hensynet til klima
og miljø tilsier at prosjektet ikke kan bygges ut, og at
omfattende kunnskapshull gjør at føre var-prinsippet
må legges til grunn. En rekke aktører har forsøkt å
1.

skape inntrykk av at Norge er pålagt gjennom Petroleumsloven å tillate at Eni skal få lov til å bygge ut Goliat/eltet. Dette stemmer ikke. (. ... ) Ved å la Eni fremme sin utbyggingssøknad, har regjeringen nå gjort
sitt. Basert på den miljømessige risikoen som fortsatt
er til stede, sammen med den økte erkjennelsen av et
betydelig klimaproblem, bør regjeringen nå avslå søknaden om utbygging og drift.
Vurdering: Dette spørsmålet er av en karakter
som går ut over rammene for operatørs/rettighetshaveres ansvar.
OEDs merknad:
Den delen av Barentshavet hvor Goliat ligger er åpnet for petroleumsvirksomhet. Retningslinjer for
petroleumsvirksomhet i Barentshavet ble trukket
opp i St.meld. nr. 8 (2005-2006) Helhetlig forvaltning av det marine miljø i Barentshavet og havområdene utenfor Lofoten. Goliat innfrir kravene som
stilles her.

2. Bunnfaunaen i Barentshavet er lite undersøkt.
MAREANO-prosjektet som ble startet i 2006 skal
kartlegge det biologiske mangfoldet i Barentshavet
(http://www.mareano.no). MAREANOs arbeid er
kommet relativt kort, og dette svekker kunnskapsgrunnlaget i konsekvensutredningen. MAREANO må
ferdigstilles og resultatene vurderes før oljevirksomhet
kan være aktuelt på Goliat.
Vurdering: Det henvises til tilsvarende kommentar fra Bellona mfl. nr. 2. Aktuelt område ved Goliat
er d ekket av MAREANO.
3. Innenfor Goliats influensområde ligger Lopphavet,
som huser flere dype korallrev og flere naturtyper med
særegne kvaliteter (Hl og NINA). Lopphavet er foreslått som marint verneområde, og oljevirksomhet vil
undergrave hensikten med et eventuelt vern. Prosessen rundt verneplanen må ferdigstilles, før det kan tas
stilling til oljevirksomhet på Goliat. Det samme gjelder flere viktige sjøfuglområder, blant annet Gjersværstappan.

Vurdering: For foreslått verneområde Lopphavet
vises til kommentar og svar til Bellona mfl. nr 3. Beskyttelse av viktige naturressurser vil inngå som en
del av feltets beredskapsplaner.

4. Barentshavet er preget av lave temperaturer, mørke, ising, tåke og svært skiftende værforhold. Dette
vanskeliggjør effektiv oljevernberedskap på Goliat
(Sintef 2003). Ved oljevirksomhet på Goliat på det
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stilles krav til en oljevernberedskap hvor mekanisk
oppsamling på sjø fungerer også over 3,5 meters bølgehøyde. En forutsetning for eventuell oljevirksomhet
på Goliat må være en 100% fungerende oljevernberedskap, hele året, uansett værforhold. Dette er ikke
oppnådd.
Vurdering: Se svar til Bellona mfl. nr. 1.

5. Greenpeace reagerer på at Det Norske Veritas' nye
MIRA-verktøy benyttes for å belyse miljørisiko. Havforskningsinstituttet har kommentert at analysen ikke
tar tilstrekkelig høyde for de kunnskapshull som eksisterer, og at potensialet for akutt dødelighet på fiskebestander er undervurdert (Sunnmørsposten). Greenpeace mener DNVs MIRA-verktøy er misvisende, og ikke kan anvendes.

gen på og utbyggingen av fornybar energi i Finnmark. I underlagsrapporten skrevet av Barlindhaug
blir det vist at en utbygging og drift av Goliat vil kunne føre til en fortrengning av andre næringer (Barlindhaug 2008).
Vurdering: Barlindhaugs rapport og KU-en peker
ikke på vindkraft/alternativ energi som den spesifikke næringen som fortrenges. Det er snakk om at
hvis alternativ 2 eller 3 bygges ut, vil behovet for arbeidskraft i byggeperioden fortrenge andre byggeprosjekter som er planlagt for samme periode. Goliat i seg selv vil kunne øke behovet for tilgang på
elektrisk strøm totalt, og dermed ha betydning på
lengre sikt for basisen for utbygging av vindkraft i
regionen.
10. Greenpeace krever at Plan for utbygging og drift

Vurdering: Se svar til Bellona mfl. nr. 10 og svar til
Havforskningsinstituttet nr. 7.

av Goliat avvises av hensyn til miljøet i Barentshavet
og det globale klimaet.

6. Greenpeace mener konsekvensutredningen har et
manglende fokus på annen næringsaktivitet i området rundt Goliat. Dette gjelder i stor grad fornybare
næringer som fiskeri og fornybar energi.

Vurde ring: Dette spørsmålet er av en karakter
som går ut over rammene for rettighetshaveres ansvar.

Vurdering: Kommentaren tas til orientering. Fiskeri er behørig utredet i KU (se også kommentar
fra Fiskeridirektoratet nr. 1). Eni Norge har anbefalt en energiløsning med delvis elkraft fra land.
Det har imidlertid ikke vært en del av utredningsprogrammet å utrede kildene til denne kraften, herunder eventuelle kilder for fornybar energi.

OEDs merknad:

7. Greenpeace mener det er svært beklagelig at det ikke er gjennomført en markedsanalysefor hvilke konsekvenser et oljeutslipp kan få for markedsprisen for fisk
i Barentshavet. Vi viser blant annet til uttalelser fra
Eksportutvalget for fisk om hvordan oljevirksomhet
kan kunne påvirke markedsprisen på fisk(..) Greenpeace mener en slik analyse må utføres og gi grunnlag
for en vurdering av de næringsmessige konsekvensene
av feks. et oljeutslipp. En vil da kunne foreta en interesseavveiing mellom de ulike næringene.
Vurdering: Se svar til Bellona mfl. nr. 5.

8. Greenpeace krever at det gjennomføres en konsekvensanalyse for fiskerier som berøres av seismikkaktiviteten knyttet til Goliat.
Vurdering: Se svar til Bellona mfl. nr. 7.

9. Greenpeace krever at EN! Norge utreder hvordan
en utbygging av og drift på Goliat vil påvirke satsnin-

Den delen av Barentshavet hvor Goliat ligger er åpnet for petroleumsvirksomhet. Retningslinjer for
petroleumsvirksomhet i Barentshavet ble trukket
opp i St.meld. nr. 8 (2005-2006) Helhetlig forvaltning av det marine miljø i Barentshavet og havområdene utenfor Lofoten. Goliat innfrir kravene som
stilles her.
4.16

Hammerfest Havn KF

Eni Norge har identifisert følgende høringskommentarer fra Hammerfest Havn KF:
1. Konsekvensutredningens Alternativ 3, med utskiping fra Slettnes på Sørøya, ville i utgangspunktet være å foretrekke ut fra flere forhold:
- Utvikling av nye teknologiske løsninger som gir
miljøgevinst
- Størst mulig ringvirkningseffekt og samfunnsøkonomiske gevinster
- Nærhet til naturgassanlegg for avsetning av gassen i feltet og egenproduksjon av nødvendig elektrisk kraft
- Kontrollert lasting ved kai av tankskip for viderebefraktning
- Utvidelsesmuligheter for utvikling av andre felt
både for olje og gass
- Behandling av alt ballastvann
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Konsekvenser av akutte oljeutslipp er grundig
vurdert av Acona/Akvaplan-NIVA. Hoved-resultatene er gjengitt i KU. Mange ytre faktorer kan påvirke type og omfang av effekter på næringslivet ved
et akutt oljeutslipp (for eksempel hvor stort område
som påvirkes, hvor viktig er området, hvilke
fangst-/omsetningsrestriksjoner innføres av myndighetene, hvordan reagerer markedet etc.) . Det
vil derfor nødvendigvis være usikkerheter knyttet
til resultatene av en konsekvensvurdering. Dette
gjelder også for de omtalte rapportene som KU
bygger på. Det er i disse rapportene også benyttet
noe forskjellig begrepsbruk om konsekvenser. Utførte analyser og all erfaring tilsier imidlertid at
konklusjonen om svært lav sannsynlighet for påvirkning av fiskebestander ved et akutt oljeutslipp
er fullt ut gyldig. Eni Norge viser også til at fiskeribeskrivelsene og konsekvensvurderingene i forhold til fiskeri er omtalt som godt belyst av Fiskeridirektoratet.

9. Klimaendringer medfører også konsekvenser for
landbaserte næringer, spesielt for reindriften. Dette
utgjør også en mangel i konsekvensutredningen. I
denne sammenhengen vises det til pågående forskningsprosjekt, «Ealat», som tar for seg klimaendringens konsekvenser for reindriften.
Vurdering: I henhold til fastsatt utredningsprogram har Eni Norge utredet konsekvenser av valgt
utbyggingsløsning og relevante alternativer. Med
tanke på eventuelle økologiske endringer som følge av klimaendringer, er det valgt å legge til grunn
et fremtidsbilde tilsvarende som Forvaltningsplanen for Lofoten-Barentshavet, jf. kommentar 1
over. Bidraget fra Goliat til selve klimaeffektene vil
være marginale/ikke målbare og inngår ikke i tema for utredning i henhold til utredningsprogrammet Gjennom konsekvensutredningen er det vist
at miljørelaterte konsekvenser for samiske næringer, herunder reindrift, er moderate. Virkninger av
elkabelen til Goliat i forhold til reindriftsnæringen
er utredet i konsekvensutredningen for elektrifiseringen. Etter Eni Norges syn er det påpekte forhold
således ivaretatt på en hensiktsmessig måte.

10. Oljevernberedskapen og andre beredskapsplaner
langs kysten må være av høyeste standard, og den må
inneholde særskilte løsninger for et til tider ekstremt
klima med lave temperaturer, uvær og mørketid. Sametinget foreslår at det etableres statlige bindende forsikringer som garantist dersom uhell skulle skje, herunder tiltak for å sikre samiske næringer og lokalsamfunn langs kysten.

Vurdering: Eni Norge sier seg enig med at oljevernberedskapen for Goliat skal være av høyeste
standard. De best egnede bekjempingsmetoder og
oljevernressurser skal legges til grunn for beredskapen.
Dette gjelder også for vinterisering av utstyr
hvor det gjennom arbeid i NOFO har skjedd en positiv utvikling med hensyn til havgående beredskap. Eni Norge har også for egen del gjennomført
flere prosjekter for å gjøre oljevernberedskapen i
kulde og mørke mer effektiv. Erfaringene fra disse
prosjektene vil bli implementert i oljevernberedskapen for Goliat.
I likhet med utvikling av teknologi, er profesjonalisering av innsatsstyrken en kontinuerlig prosess. I løpet av 2008 har Eni Norge i samarbeid
med StatoilHydro gjennomført laglederkurs og skadestedslederkurs oljevern for IUA-ene Midt- og
Nord-Troms, Vest-Finnmark, Midt-Finnmark og
Øst-Finnmark, samt en større oljevernøvelse med
deltakelse fra tre av de nevnte IUA-ene. Dette arbeidet vil bli systematisk videreført fram mot planlagt
oppstart for produksjonsboring i 2011. Dette gjelder også opplegg for kursing av innsatspersonell
for eventuelle operasjoner i strandsonen hvor behovet for personell-ressurser er størst. Eni Norge vil
også gjennomføre oljevernøvelser i vinte rhalvåret
for å verifisere at oljevernberedskapen er tilstrekkelig i denne delen av året.
Eventuelle gap mellom analysert behov og faktisk tilgang på materiellressurser vil bli dekket før
oppstart av produksjonsboring. Med hensyn til utplassering av oljevernmateriell, vil disse bli lokalisert slik at kravene til responstid i de ulike barrierene ivaretas med god margin.
Samlet sett er den totale tilgangen på private og
offentlige beredskapsressurser god innen influensområdet for Goliat. Utfordringen ligger i en bedre
samordning og nytenking når det gjelder utnyttelse
av disse ressursene. I samsvar med innholdet i dokumentet «Nye byggesteiner i nord - Neste trinn i
Regjeringens nordområdestrategi», vil Eni Norge
bidra aktivt til godt samspill slik at den samlede oljevernberedskapen i området blir best mulig uavhengig av utslippskilde.
Eni Norges anbefalte beredskapsløsning blir
beskrevet i søknad til SFT om tillatelse til virksomhet for produksjonsboring (oppstart 2011) og drift
(oppstart 2013) . Videreutvikling og detaljering av
beredskapen vil gjennomføres i samarbeid med relevante sentrale og lokale myndigheter og andre
aktører som inngår i beredskapsorganisasjonen.
Kompensasjon for skade er garantert gjennom
petroleumslovens kapittel 7.
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3. Sosialistisk Ungdom (SU) mener det er forbundet
med stor risiko for fremtidig bosetting, miljøet og
fremtidig grønn industrisatsning å bygge ut Goliatfeltet. I tillegg mener SU at både de menneskeskapte klimaendringene og Norges finansielle situasjon gjør at
det beste er å spare ressursene i størst mulig grad på
bunnen av havet, framfor på det internasjonale aksjemarkedet. Sosialistisk Ungdom går mot en utbygging
av Goliatfeltet.
Vurdering: Dette spørsmålet er av en karakter
som går ut over rammene for operatørs/rettighetshaveres ansvar.

4. Goliat/eltet må sees i en større industriell sammenheng i forhold til påkopling av eksisterende/framtidige funn i området, slik at et eventuelt økt ressursgrunnlag kan tas med i de økonomiske beregningene
som ligger til grunn for valg av utbyggingskonsept.
Eni Norge må utrede hvordan drift av en eventuell utbygging vil påvirke sameksistens med utvinning av
fornybar energi og drift av spesielt vindkraftverk til
lands og på havet.
Vurdering: Se kommentar og svar til Finnmark fylkeskommune nr. 3, angående fremtidige funn.
Kraftuttak til Goliat fra land vil ha positiv innvirkning på tilkobling av fornybar energi avhengig av
lokalisering og i begrenset omfang. En større utbygging av f.eks. fornybar energi er avhengig av en
vesentlig utbygging av nettkapasiteten i landsdelen.
OEDs merknad:

Departementet viser til omtalen av kraftløsningen
under departementets vurdering i proposisjonen.

5. Konsekvenser for energisituasjonen i Finnmark
ved økt belastning av sentral- og regionalnettet som
følge av Goliatutbyggingen, må utredes ytterligere.
Det må også defineres tiltak for kapasitetsøkning i
strømnettet. Dette må utredes med et perspektiv på
fylkets helhetlige energistrategi, og spesielt ijht. alternative energiformer og fremtidig satsning på grønn
industri.
Vurdering: Se svar til Bellona mfl. nr. 9.
OEDs merknad:

Tilknytning til landnettet er en prosess uavhengig
av denne proposisjonen.

6. Beredskapen langs Finnmarkskysten må være av
høyeste standard, og følgende punkter må utredes ytterligere:
a) Vinterisering av utstyr
b) Profesjonalisering av innsatsstyrken
c) Opplæring av- og plan for mobilisering av frivillig
mannskap
d) Strategisk lokalisering av utstyrsdepot og beredskapssentraler
e) Mørketidsoperasjoner
f) Bølgehøydens påvirkning på oljelensene vinterstid

Vurdering: Se svar til Finnmark fylkeskommune
nr. 5.

7. Det må utarbeides en omfattende nytte/kostnadsanalyse som beregner samfunnets totale nytte og kostnader av utbyggingen. Dette som supplement til konsekvensutredningens samfunnsøkonomiske beregninger. Spesielt skal det utredes om fremtidig kjønnsdeling i arbeidslivet som følge av en eventuell utbygging,
samt analyser av behov for innhenting av arbeidskraft fra andre regioner og land som leverandører og i
produksjon/drift. Eni Norge må forplikte seg til en
dialog med fylkeskommunen om utdanningsmuligheter i tråd med etterspørsel for spesiell arbeidskraft.
Vurdering: Se svar til Finnmark fylkeskommune
nr. 2. og Finnmark Arbeiderparti nr. 8.

8. Miljø- og risikovurderingene som ligger til grunn
for konseptvalget må gjennomgås slik at en uavhengig
og etterprøvbar analyse kan legges til grunn for Stortingets behandling av PUD. Utslippene til luft og sjø,

samt andre påvirkninger på miljøet må sees i tråd
med nasjonale klimakuttmålsettinger, ikke kun som
lokal forurensing.
Vurdering: Det vises til tilsvarende kommentar og
svar til Finnmark fylkeskommune nr. 4.

9. Eni Norge må utarbeide en strategi for å forhindre
pendling gjennom rekruttering av kvalifisert arbeidskraft av begge kjønn til Finnmark, og en plan for
etablering av hele fylket som et felles arbeidsmarked.
Det må også etableres strategier for kompetanseheving i samfunnet generelt, innen leverandørindustrien, og for næringsliv og industri gjennom samarbeid
med utdanningsmiljøer i Nord-Norge.
Vurdering: Se svar til Finnmark Arbeiderparti nr.
8.
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Innstilling fra energi- og miljøkomiteen om
utbygging og drift av Goliat-feltet

Til Stortinget
SAMMENDRAG
Regjeringen legger i proposisjonen frem plan for
utbygging og drift av Goliat-feltet. Goliat ligger om
lag 85 km nordvest for Hammerfest og 50 km sørøst
for Snøhvitfeltet.
Goliat vil bidra til en videreutvikling av petroleumsvirksomheten i Barentshavet. Etter utbyggingen
av Snøhvit vil utbyggingen av Goliat være det største
industriprosjektet som noen gang er gjennomført i
Nord-Norge. Planlagt produksjonsstart er i 2013, og
investeringene knyttet til Goliat er estimert til i overkant av 28 mrd. kroner.
Utbyggingen av Goliat skal gi lokale og regionale ringvirkninger. Regionkontor med driftsfunksjoner skal legges til Hammerfest, helikopterterminal
og forsyningsbase skal legges til Hammerfestområdet. Samlet skal dette skape 150–200 direkte arbeidsplasser, og departementet forutsetter i proposisjonen
at operatøren følger opp tiltak som vil øke ringvirkningene av utbyggingen.
Oljevernberedskapen for Goliat skal være minst
like god som på øvrige deler av norsk sokkel. Utforming av oljevernberedskapen skal behandles av Statens forurensingstilsyn (SFT) når operatøren søker
om tillatelse til virksomhet etter forurensingsloven
for produksjonsboring og drift i henholdsvis 2011 og
2013.
Goliat-feltet vil være omfattet av kvotesystemet
for klimagasser og betale CO2-avgift. Energibehovet
på Goliat-feltet vil bli dekket av kraft fra land kombi-

nert med en gassturbin på flyteren. Det planlegges for
at sentralnettet i Hammerfest-området vil bli styrket i
2017 med forbehold om konsesjonsbehandling.
Det vises i proposisjonen til at ved beslutning om
utbygging vil Goliat bli det første oljefeltet i produksjon i Barentshavet, og derved legge til rette for
mulige fremtidige tilknytning av andre funn. Utbyggingen vil stimulere til økt interesse for og utforskning av området, siden Goliat kan utnyttes som et
feltsenter for mindre funn.
Utbygging og drift av Goliat
Goliat er i hovedsak et oljefelt, men inneholder
også gass. Reservene på feltet er på om lag 174 mill.
fat olje, og med en oljepris på dagens nivå utgjør
salgsverdien av dette over 60 mrd. kroner. Goliatutbyggingen er av rettighetshaverne – med dagens
forventninger til kostnader, produksjon og oljepris,
vurdert til å være marginalt lønnsom. Rettighetshaverne har i utbyggingsplanen tatt forbehold om at de
vil vurdere lønnsomheten i prosjektet før de tildeler
kontrakter høsten 2009.
Eni Norge AS (Eni) er operatør for feltet – med
en eierandel på 65 pst., StatoilHydro Petroleum AS
har en eierandel på 35 pst. Oljereservene er av operatøren beregnet til 28 millioner Sm3 olje, som planlegges produsert over en antatt levetid på 15 år. Det vil
bli tilrettelagt for tilleggsbrønner som kan øke oljeutvinningen.
De utvinnbare gassreservene er beregnet til om
lag 8 milliarder Sm3. I henhold til planen vil gassen i
den første fasen bli reinjisert for trykkstøtte, men
operatøren forventer at gassen vil bli produsert og
solgt på et senere tidspunkt. Salg av gass er identifisert som en mulig tilleggsinntekt. Tidspunktet for
oppstart av gassalg er blant annet avhengig av produksjonsforløpet på feltet og etablering av mulige
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eksportløsninger. I følge planen vil muligheten for
eksport gjennom Snøhvitanleggene bli undersøkt.
Operatøren skal senest to år før oppstart av driften på feltet, forelegge en plan for avtak av gass fra
Goliat for departementet.
Goliat skal bygges ut med en flytende produksjonsenhet med tilknyttede havbunnsbrønner. Det er
valgt en fast forankret flytende enhet, som skal skal
tilpasses rådende klimatiske forhold. Innretningen vil
tilfredsstille kravene i Barentshavet om at det ikke
skal forekomme utslipp av produsert vann til sjø ved
normal drift.
Utvinningsgraden for Goliat er anslått til i overkant av 30 pst., som er relativt lav sammenlignet med
andre felt på norsk sokkel.
Kraft fra land
Operatøren har vurdert ulike energiløsninger,
herunder kraft- og varmeproduksjon utelukkende
basert på turbiner på innretningen, delvis elektrifisering fra land og fullstendig elektrifisering fra land.
Goliat vil ha et samlet energibehov på mellom 90
og 100 MW, hvorav behovet for kraft utgjør 40–60
MW og behovet for varme utgjør 30–40 MW. Energibehovet vil variere noe over feltets levetid.
Goliat vil ha kraftforsyning fra land, som vil gå
gjennom en 100 km lang sjøkabel.
Departementet setter som vilkår for utbygging og
drift av Goliat at operatøren skal vurdere om man kan
øke kapasiteten på kabelen for overføring av kraft fra
land. Vurderingen skal fremlegges for departementet
før det inngås kontrakt med leverandør av kabelen.
Departementet kan pålegge operatøren å øke kapasiteten på kabelen. Det skal legges til rette for innkopling av en ekstra kabel for overføring av kraft fra land
på innretningen.
Rettighetshaverne skal innen 31. desember 2009
melde til Statnett SF strømforbruket knyttet til full
elektrifisering fra 2017.
Sårbarheten i kraftforsyningen i Finnmark vil
øke som følge av det planlagte forbruket på Goliat,
men dette skal over tid avhjelpes ved tilstrekkelige
nettutbygginger. Det planlegges for at sentralnettet i
Hammerfest-området vil bli styrket i 2017 – med forbehold om konsesjonsbehandling. Statnett oversender NVE konsesjonssøknad for en ny overføringsledning Balsfjord-Hammerfest i mai 2009. Rettighetshaverne skal fremlegge en plan om økt bruk av kraft
fra land til Goliat for departementet så snart kraftsituasjonen i området er styrket, men uansett senest
1. januar 2019. Planen skal omfatte videre fremdrift,
tiltakskostnader og tekniske utfordringer av å øke
bruken av kraft fra land.
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Konsekvensutredning
Departementet viser til at konsekvensutredningen av utbygging og drift av Goliat-feltet ikke har
avdekket forhold som tilsier at prosjektet ikke bør
gjennomføres eller at ytterligere avbøtende tiltak,
utover de som er planlagt som følge av lover, regler
og kontakt mellom operatør og myndighetsorganer,
samt innspill fra høringsprosessen, bør iverksettes.
Det er ikke ventet at Goliat vil ha vesentlige
negative konsekvenser for naturressurser og miljø.
Som det første oljefunnet i Barentshavet kan Goliat
også bidra til videreutvikling av petroleumsnæringen
i regionen.
Et sammendrag av høringsuttalelsene og operatørens kommentarer til disse, samt merknader fra
departementet, er gjengitt som trykt vedlegg til proposisjonen.
Ifølge konsekvensutredningen er en utbyggingsløsning til havs den mest miljøvennlige og minst
kraftkrevende løsningen. Utbygging til havs vurderes
også som den beste løsningen med hensyn til ressursforvaltning, ettersom den er velegnet for tilkobling
av nye funn, og den vurderes som det beste alternativet med tanke på arbeidsmiljø og personrisiko.
De negative konsekvensene av et mulig akutt
utslipp til sjø for fiskeri, havbruk, skipstrafikk, reiseliv og landbruk er utredet. For fiskerinæringen vil
utbyggingsfasen ikke medføre vesentlige fangstreduksjoner. Virkningen for fiske vil ved normal drift
stort sett være begrenset til arealbeslag fra innretninger, trafikken til og fra feltet og seismikkvirksomhet.
Havbunnsinnretningene, rørledningene og kabel for
overføring av elektrisk kraft fra land vil være overtrålbare eller gravd ned.
Ifølge konsekvensutredningen har eventuelle
virkninger for den samiske befolkningen blitt vurdert
i henhold til internasjonale konvensjoner og nasjonal
lovgivning. Utbyggingen vil ikke gi noen store negative effekter for samisk kultur og språk.
Utslipp til sjø og til luft
Goliat-feltet er underlagt strenge miljømessige
rammebetingelser som er fastsatt i forvaltningsplanen for Barentshavet. Der stilles det blant annet krav
til null utslipp til sjø under normal drift.
For Barentshavet er det også krav til at borekaks
og boreslam må reinjiseres eller tas til land for
behandling. Som grunnlag for slike vurderinger, skal
det foreligge grundige kartlegginger av sårbare miljøkomponenter. Petroleumsvirksomhet i området
skal ikke føre til skade på sårbar flora og fauna. Før
aktivitet igangsettes må områder som kan påvirkes
kartlegges.
Goliat vil møte kravet til null utslipp til sjø under
normal drift. Produsert vann vil bli reinjisert i reservoarene, og Goliat vil innfri kravene om 95 pst. regu-
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laritet på injeksjonssystemene. Det planlegges å
rense produsert vann før injeksjon for å sikre at rensesystemet er operativt ved en eventuell nedstenging
av injeksjonssystemet.
Undersøkelser ved funnet har ikke avdekket koraller eller viktige svampområder. Borekaks er planlagt fraktet til land, med unntak av borekaks fra topphullseksjonen som vil slippes ut på havbunnen.
Det er utført miljørisikoanalyse for Goliat som
viser sannsynligheten for akutte utslipp til sjø og
konsekvensene av disse. Sannsynligheten for et
alvorlig uhell – som utblåsing på Goliat – er lav.
Utslippene av CO2 fra feltet er omfattet av kvotesystemet og CO2-avgifter, og utslippene av NOx er
omfattet av NOx-avgifter. I tillegg kommer krav om
bruk av best tilgjengelig teknologi.
Når det gjelder utslipp til luft legges det opp til et
energistyringssystem som skal optimalisere energiforbruket og minimalisere utslippene til luft. Den
anbefalte kraftløsningen på Goliat vil bidra til å redusere utslippene på norsk sokkel med gjennomsnittlig
115 000 tonn CO2 årlig over feltets levetid i forhold
til en løsning uten kraft fra land.
Beredskap mot akutt forurensning
Departementet viser til at myndighetene har stilt
krav om at effekten av beredskapen for virksomhet i
Barentshavet skal være minst like god som ellers på
norsk sokkel.
Operatørens beredskapsplaner vil bli nærmere
beskrevet i søknadene om tillatelse til aktivitet etter
forurensingsloven for produksjonsboring og drift,
som vil sendes Statens forurensingstilsyn (SFT) for
behandling i 2011 og 2013. SFT vil vurdere operatørens beredskapsplaner ved behandlingen av søknadene. Forutsatt at tillatelse gis, vil SFT fastsette
hvilke konkrete krav til beredskap mot akutt forurensning som skal gjelde for Goliat.
Det gjenstår fortsatt teknologiske utfordringer
knyttet til oljevernaksjoner. I lys av særlige utfordringer i nord og Goliat-feltets nærhet til kysten, skal i
følge departementet oljevernberedskapen være
meget høyt prioritert. Det skal settes som vilkår at
operatøren skal foreta en detaljert kartlegging av
infrastrukturen innen influensområdet for forurensende utslipp fra Goliat. Videre skal operatøren gjennomføre tiltak for å styrke oljevernberedskapen i
berørte kommuner, som Måsøy, Hasvik og Nordkapp, med utgangspunkt i de behov for konkretisering av tiltak som bl.a. Kystverket har påpekt i
høringsrunden.
KOMITEENS MERKNADER
Komiteens flertall, medlemmene fra
Arbeiderpartiet, Ann-Kristin Engstad,
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Asmund
Kristoffersen,
Marianne
Marthinsen,
Tore
Nordtun,
Torny
Pedersen og Terje Aasland, fra Fremskrittspartiet, Torbjørn Andersen, Tord
Lien og Ketil Solvik-Olsen, fra Høyre,
Peter Skovholt Gitmark og Ivar Kristiansen, fra Sosialistisk Venstreparti,
Inga Marte Thorkildsen og fra Senterp a r t i e t , E r l i n g S a n d e , viser til at Goliat er det
første oljefelt som er planlagt utbygd i Barentshavet.
Prosjektet er i så måte en viktig milepæl for utviklingen av petroleumsnæringen i nordområdene.
F l e r t a l l e t viser til at Regjeringen bemerker i
proposisjonen at:
"Skal man opprettholde og øke den petroleumsrelaterte aktiviteten i nord, er man avhengig av at det
er både letevirksomhet og utbygging av felt i regionen."
F l e r t a l l e t støtter dette.
E t a n n e t f l e r t a l l , alle unntatt medlemmene
fra Fremskrittspartiet, vil påpeke at oljevirksomheten
må sees i sammenheng med norske klimamål.
D e t t e f l e r t a l l e t vil særlig påpeke at Barentshavet er et særlig verdifullt område som er sårbart for
akutte utslipp. Det må derfor utvises ekstra varsomhet for å redusere negative påvirkninger på miljøet –
både i normal drift og i akutte situasjoner.
Komiteens medlemmer fra Frems k r i t t s p a r t i e t o g H ø y r e viser til at oljevirksomhet i nordområdene er hyppig debattert med mye
følelser og sterke påstander.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmet
fra Venstre, viser til at resultatene fra Goliat-prosjektet er svært viktig for næringen, for å vise at man
behersker de naturgitte forhold i nord-områdene, og
prosjektet vil i stor grad anses som et referansepunkt
i den videre debatten i forhold til teknologivalg, miljøhensyn, lokale ringvirkninger, med mer. F l e r t a l l e t vil derfor understreke det alvor og ansvar som
dermed påligger utbygger i forhold å gjennomføre
prosjektet på en best mulig måte.
Komiteens medlem fra Kristelig Folkeparti, Line Henriette Holten Hjemdal
og medlemmet fra Venstre, lederen
G u n n a r K v a s s h e i m , vil peke på at Goliat ble tildelt i 1997 under Thorbjørn Jaglands regjering.
D i s s e m e d l e m m e r vil vise til at regjeringen
Bondevik II ga tillatelse til nødvendige boringer for å
avklare om feltet var drivverdig, men det ble samtidig presisert at man dermed ikke tok stilling til en
eventuell utbygging.
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Komiteens medlem fra Kristelig Folk e p a r t i viser til St.meld. nr. 38 (2003–2004) hvor
regjeringen Bondevik II oppsummerte resultatene av
Utredningen av konsekvenser for petroleumsvirksomhet i Lofoten og Barentshavet, som lå til grunn
for forvaltningsplanen for Barentshavet. I sin vurdering av Goliat-feltet skrev regjeringen følgende:
"Det understrekes at dette ikke innebærer et
endelig ja til utbygging av Goliatfeltet hvis dette
skulle bli aktuelt. Dette må det tas stilling til når rettighetshaverne fremmer sin utbyggingsplan. Det blir
da opp til selskapene å demonstrere at en eventuell
utbygging tar tilstrekkelig hensyn til miljøet og det
særlig verdifulle området."
K o m i t e e n s m e d l e m f r a V e n s t r e er mot
olje- og gassaktivitet i et belte på 50 km fra Finnmarkskysten. D e t t e m e d l e m vil peke på at
Goliat-feltet ligger 48 km utenfor kysten av Finnmark, altså innenfor 50 km-beltet utenfor kysten som
gjennom forvaltningsplanen om Lofoten og Barentshavet er definert som særlig sårbart og verdifullt. Det
er fra miljøfaglig holdt blitt frarådet en utbygging i
området.
Om prosjektet
K o m i t e e n mener det er viktig med langsiktighet og forutsigbarhet for petroleumsnæringen. Bransjen er svært kapitalintensiv, med langsiktige prosjekter og internasjonal konkurranse. Bransjen er
også preget av tidvis sterke svingninger i både oljepris og pris på produksjonsutstyr.
K o m i t e e n viser til at de funn som gjøres på
norsk sokkel i dag gjennomgående er mindre enn de
felt som er i produksjon. Flere av de senere funnene i
umodne områder er ikke robuste nok økonomisk til å
løfte en utbygging og tilhørende transportinfrastruktur. K o m i t e e n vil bemerke at denne trenden tilsier
at man for slike funn bør forsøke å se flere prosjekter
i en sammenheng – med tanke på infrastrukturutbygging, slik at en rasjonell ressursutnyttelse muliggjøres.
K o m i t e e n viser til at dette øker kravet til kompetanse og teknologibruk. Det gjør også prosjektene
mindre robuste økonomisk, og stiller derfor krav til
streng kostnadskontroll og effektive produksjonsteknologier.
Komiteens medlemmer fra Frems k r i t t s p a r t i e t o g H ø y r e peker på at petroleumsnæringen er en kompetanseintensiv næring.
D i s s e m e d l e m m e r peker videre på at den
norske petroleumsklyngen er blant de ledende i verden hva gjelder kompetanse på olje og gassutvinning
til havs. Det er etter d i s s e m e d l e m m e r s syn
svært viktig å vedlikeholde og videreutvikle denne
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kompetansen gjennom en jevn strøm av nye, utfordrende olje- og gassprosjekter.
D i s s e m e d l e m m e r viser til at antallet nye,
store utbyggingsprosjekter på norsk sokkel er fallende, og at det derfor er svært viktig å få realisert
utbyggingsprosjekter som Goliat.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmene fra Kristelig Folkeparti og Venstre, har merket
seg det brede ønsket i politiske miljøer og næringsliv
i nord om å ilegge krav om ilandføring som utbyggingsløsning for Goliat-feltet. Da feltet anses som
marginalt lønnsomt, anser ikke f l e r t a l l e t det realistisk å ilegge et slikt krav. F l e r t a l l e t vil også
påpeke at de miljømessige konsekvenser ifølge fagmyndigheter er bedre ivaretatt ved den valgte løsningen.
E t a n n e t f l e r t a l l , alle unntatt medlemmene
fra Høyre og Venstre, understreker at utbyggingsløsningen for Goliat må ses isolert, og må dermed ikke
være retningsgivende for senere utbygginger.
Komiteens medlemmer fra Høyre
peker på at Goliat-feltet anses som marginalt lønnsomt, gitt dagens forventninger om utviklingen i oljeprisen fremover. D i s s e m e d l e m m e r mener derfor at det er svært viktig at det ikke kommer nye krav
fra myndighetene som vil øke kostnadene for prosjektet og dermed sette hele prosjektet i fare.
K o m i t e e n viser til at Goliat-prosjektet er estimert til ca. 28 mrd. kroner. I driftsfasen vil de årlige
driftkostnadene være om lag 0,9 mrd. kroner, og erfaring viser at deler av driftstjenestene kan tilfalle
lokalt og regionalt næringsliv. Dette kan også øke
utover i feltets levetid, siden nærhet til aktivitetene
vil kunne være et fortrinn i denne fasen. K o m i t e e n
har merket seg at størrelsen på prosjektet, målt i oljeekvivalenter, tilsvarer omlagt en sjettedel av reservene på Snøhvit. K o m i t e e n har også merket seg at
prosjektet vurderes som marginalt lønnsomt.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmene fra Kristelig Folkeparti og Venstre, viser til at
det er planlagt at gassen på Goliat først blir reinjisert
for trykkstøtte, men at det planlegges at gassen skal
produseres og selges på et senere tidspunkt. Operatøren skal senest 2 år før oppstart av driften på feltet
forelegge en plan for avtak av gass fra Goliat for
departementet. Planen skal omfatte en mulighet for
avtak av gass fra Goliat fra oppstart av drift fra feltet.
Komiteens medlem fra Kristelig Folk e p a r t i tar den valgte utbyggingsløsningen til
etterretning, men viser til at en ilandføringsløsning

2114
Innst. S. nr. 363 – 2008–2009

ville gitt langt større gevinster for regionen i form av
sysselsetting og ringvirkninger.
D e t t e m e d l e m viser til at det har vært skapt
store forventninger til ringvirkninger av petroleumsvirksomheten i den nordlige landsdel. På grunn av
ulik struktur hva gjelder type næring og kompetanse
i ulike deler av landet, er det ikke de samme forutsetninger for industrielle og andre lokale ringvirkninger
av petroleumsvirksomhet i Barentshavet.
D e t t e m e d l e m mener derfor det bør vurderes
å etablere fond eller andre modeller som sikrer den
nordlige landsdelen en større andel av inntektene av
fremtidige petroleumsprosjekter i Barentshavet.
Driftsorganisasjon, basestruktur og
ringvirkninger
K o m i t e e n viser til at det er et generelt mål at
petroleumsvirksomheten skal komme hele landet til
gode. K o m i t e e n er også opptatt av at oljevirksomheten skal gi lokale ringvirkninger. Det er viktig både
for utviklingen av leverandørindustrien over hele
landet, men også sett i forhold til den globale
finanskrisen som også rammer Norge.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmet
fra Venstre, mener utbyggerne har gjort et godt arbeid
med å tilrettelegge for dette. F l e r t a l l e t viser til at
Eni Norge vil etablere et helt nytt regionskontor med
driftsfunksjoner som vil bli lagt til Hammerfest. I tillegg vil helikopterterminal og forsyningsbase bli lagt
til Hammerfest-området. Disse funksjonene vil
sammen med offshore-organisasjonen skape mellom
150 og 200 direkte arbeidsplasser.
F l e r t a l l e t har merket seg at regionskontoret i
første omgang vil bli bemannet med ressurser som
skal følge opp boreoperasjoner som starter i 2011.
Fra produksjonsstart i 2013, vil kontoret også ha personell innenfor ingeniørfag, geologi og reservoar,
samt administrativt personell knyttet til driften av
Goliat-feltet. På regionkontoret vil det være 30–40
ansatte fra 2013. F l e r t a l l e t har også merket seg at
anslag antyder at Goliat-feltet totalt kan, inkludert
indirekte sysselsatte, gi 450–600 lokale og regionale
arbeidsplasser i driftsfasen.
F l e r t a l l e t viser til at operatøren aktivt skal
legge til rette for å styrke ringvirkningene av petroleumsvirksomheten.
F l e r t a l l e t viser til svar fra olje- og energiministeren, datert 5. juni 2009, på spørsmål fra komiteen – om hva som ligger i at "regionkontoret med
driftsfunksjoner vil legges til Hammerfest", som det
står i proposisjonen. Statsråden sier i sitt svar følgende:
"Driftsorganisasjonen for Goliat skal være en
selvstendig driftsenhet i Hammerfest og kjernen av
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driften av Goliat skal skje fra Hammerfest. Foruten
de operasjonelle driftsfunksjonene som basetjenester, logistikk samt aktivitet knyttet til vedlikehold og
modifikasjoner, vil organisasjonen også arbeide med
planlegging og styring av feltet."
F l e r t a l l e t viser til at departementet opplyser at
operatørens innkjøpskontor skal ligge i Stavanger.
F l e r t a l l e t legger til grunn at operatøren, og selskaper med kontrakter for vedlikehold og modifikasjon,
skal ha tilstrekkelig bemanning i Hammerfest for å
ivareta nødvendige funksjoner overfor leverandørindustrien lokalt.
F l e r t a l l e t legger videre til grunn at operatøren
skal ha tilstrekkelig bemanning i Hammerfest til å
håndtere relevante anskaffelser til Goliat. Operatøren
vil blant annet tilpasse kontraktsstrategien på vedlikeholds- og driftskontraktene, bygge opp lokal og
regional kompetanse, informere og kvalifisere lokale
og regionale leverandører gjennom såkalte leverandørnettverk, og etablere hospiteringsordninger for
lokale leverandører i egen organisasjon. Operatøren
skal ansette en industrikoordinator knyttet til driftsorganisasjonen for Goliat i Hammerfest for kontakt
med lokale og regionale leverandører. Operatøren
skal også sørge for at leverandører som vinner sentrale kontrakter innenfor vedlikehold og modifikasjon er tilstede i Finnmark.
F l e r t a l l e t viser til at Eni Norge ikke har rammeavtaler for sine leveranser i forbindelse med
utbygging og drift i Norge. F l e r t a l l e t viser til at
det gir mulighet til å sette ut mindre kontrakter til
lokalt og regionalt næringsliv, fremfor store pakker
som kun et fåtall leverandører kan levere.
Komiteens medlemmer fra Høyre og
K r i s t e l i g F o l k e p a r t i viser til svar fra statsråden, datert 10. juni 2009, på spørsmål fra komiteen –
om hvor innkjøpsfunksjonen for Goliat-feltet vil
være lokalisert, i utbyggingsfasen og i driftsfasen.
Statsråden svarer her at:
"innkjøpsfunksjonen for Goliat-feltet i utbyggingsfasen og i driftsfasen vil være lokalisert til
hovedkontoret til operatøren i Stavanger."
D i s s e m e d l e m m e r peker på at innkjøpsfunksjonen er en viktig funksjon, ikke minst i forhold til
underleverandører, og finner det litt merkelig at
denne er lokalisert utenfor driftsorganisasjonen for
Goliat i Hammerfest.
Komiteens medlemmer fra Frems k r i t t s p a r t i e t viser til at den lokale verdiskapingen fra Snøhvit-prosjektet ble større enn forventet,
og håper det samme kan bli tilfelle på Goliat-prosjektet.
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K o m i t e e n s f l e r t a l l , alle unntatt medlemmet
fra Venstre, viser til at Eni Norge i planleggingsfasen
har gjennomført flere leverandørseminarer i Finnmark med målsetting om å forberede nordnorsk
næringsliv for å kunne levere tjenester og utstyr til
Goliat.
Et annet flertall, medlemmene fra
Arbeiderpartiet, Sosialistisk Venstrep a r t i o g S e n t e r p a r t i e t , legger til grunn at slike
leverandørseminarer bidrar til at lokale og regionale
leverandører er kvalifisert for oppdrag.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmet
fra Venstre, har merket seg at Eni Norge har signalisert at de vil fortsette dette arbeidet med Petro Arctic
og andre organisasjoner både i forkant av utbyggings- og driftsfasen. F l e r t a l l e t har også merket
seg at Eni Norge vil ansette en industrikoordinator i
Finnmark, som vil følge opp arbeidet med lokale og
regionale leverandører.
F l e r t a l l e t har merket seg at operatøren vil
støtte opp under næringsutviklingen i influenskommunene.
F l e r t a l l e t viser til at det i forbindelse med
arbeidet med Nasjonal Transportplan er avsatt 430
mill. kroner til oppgradering av riksveg 94 Skaidi–
Hammerfest. Det er naturlig at effekter av Goliatutbyggingen blir vurdert i den videre planleggingen
av prosjektet, og at eventuelle ytterligere behov for
opprusting av infrastrukturen vurderes.
Kompetanse
K o m i t e e n viser til at Eni Norge har gjennomført tiltak rettet mot kompetanseutvikling med tanke
på rekruttering til petroleumsrelaterte næringer.
K o m i t e e n merket seg på høringen 14. mai
2009 om Goliat-prosjektet at Eni Norge har inngått
samarbeid med ulike aktører innenfor regionen, og at
dette inkluderer grunnskoler, videregående skoler,
høyskoler og universitet. Eni Norge har også en samarbeidsavtale med EnergiCampus Nord (høyere
utdannelse og forskning). K o m i t e e n viser til at Eni
Norge tilbyr årlig 3 studenter fra Finnmark 1-årig
masterprogram og 2-årig Master of Science in Petroleum Engineering ved universitet i Italia.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmet
fra Venstre, viser til at operatøren vil utvide satsingen
på kompetanseutvikling i årene som kommer og utarbeide en kompetanseplan. Operatøren skal også
iverksette et lærlingprogram innenfor boring i samarbeid med videregående skoler i Finnmark og etablerte boreselskap.
F l e r t a l l e t viser til innspill fra Hammerfest
kommune gjennom komiteens åpne høring 14. mai
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2009 vedrørende gjeldende sak, hvor de blant annet
påpeker følgende:
"Hammerfest kommune vil derfor poengtere at
ved en produksjonsstart i 2013 må det allerede nå satses hardt på å forme utdanningstilbud og rekrutteringsprogrammer tilpasset kompetansebehovet for
offshoreproduksjon. Erfaringer fra Snøhvitprosjektet
var at vi kom for sent i gang med dette slik at man
ikke klarte å optimalisere rekruttering fra regionen
pga manglende kompetanseoppbygging. Dette er
svært viktig innen regionale ringvirkninger, samt at
det er med på å bygge opp lokal og regional kompetanse innen denne næringen. Operatørens rekrutteringsplan må fremlegges raskest mulig, og tilpasset
utdanningsløp må være på plass senest 2010."
F l e r t a l l e t viser til at dette arbeidet er viktig for
å sikre tilgang på nødvendig kompetent arbeidskraft
fra regionen. Tett dialog med regionale myndigheter
og kunnskapsmiljøer for å forankre dette arbeidet er
essensielt ved utforming av operatørens kompetanseplan. Det forventes også at regionale og lokale myndigheter legger til rette for utdanningsløp, som vil
sikre lokal rekruttering til næringen.
F l e r t a l l e t mener også det er viktig at lokale
myndigheter tar utfordringen knyttet til utvikling av
fremtidig kompetanse i regionen på alvor. Det bør
derfor utarbeides en konkret strategi knyttet til dette,
der alle relevante aktører inngår.
Energiforsyning
K o m i t e e n viser til at kraftsituasjonen i Finnmark tidvis er anstrengt. Lokale energiaktører har
påpekt behovet for styrking av nettsituasjonen, og
nylig fremla Statnett en plan for betydelig styrking av
kraftnettet i nord. Statnett har en tiårs horisont.
K o m i t e e n viser til at Goliat-prosjektet planlegges med elektrifisering fra land. K o m i t e e n stiller seg positiv til elektrifisering av offshore-installasjoner.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmene fra Kristelig Folkeparti og Venstre, vil understreke at det forutsetter tilstrekkelig kraftforsyning på
land, samt at tiltakskostnadene er på et nivå som gjør
at tiltaket er hensiktsmessig å iverksette under den
gjeldende klimapolitikk, og at de tekniske utfordringene etter departementets oppfatning er akseptable.
Energiløsningen må også være så robust at den gir en
tilstrekkelig driftsregularitet på feltet.
Komiteens medlemmer fra Frems k r i t t s p a r t i e t o g H ø y r e viser til at full elektrifisering av Goliat krever uttak på mer enn 100 MW
fra nettet. D i s s e m e d l e m m e r mener dette er
uforsvarlig med dagens situasjon, og viser til at studier av nettkapasiteten i Finnmark indikerer at Goliat
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kan ta maksimalt 60 MW kraft uten at det fører til
overbelastning av dagens system.
D i s s e m e d l e m m e r vil videre bemerke at nye
brukere av nettet, f.eks. Varanger Gruver vil ytterligere belaste kapasiteten, og kritiske leveransesituasjoner vil oftere kunne oppstå. D i s s e m e d l e m m e r vil derfor understreke at elektrifisering av
Goliat må sees i sammenheng med styrking av sentralnettet i Finnmark, samt utbygging av ny produksjonskapasitet på land.
Komiteens flertall, medlemmene fra
Arbeiderpartiet, Sosialistisk Venstrep a r t i o g S e n t e r p a r t i e t , støtter Regjeringens
vurderinger knyttet til elektrifisering.
F l e r t a l l e t viser til at målsettingen om full
elektrifisering også må sees i sammenheng med
målene i klimaforliket fra 2008.
E t a n n e t f l e r t a l l , alle unntatt medlemmene
fra Kristelig Folkeparti og Venstre, viser til at det er
et krav fra myndigheter at kraft fra land skal vurderes
ved alle nye utbygginger og større ombygginger på
norsk sokkel. Som følge av departementets føringer
vil Goliat få kraft fra land. Departementet kan
pålegge operatøren å øke kapasiteten på kabelen. Det
er stilt vilkår om at det skal legges til rette for innkopling av en ekstra kabel for overføring av kraft fra land
på innretningen.
D e t t e f l e r t a l l e t viser til at rettighetshaverne
skal fremlegge en plan om økt bruk av kraft fra land
til Goliat for departementet så snart kraftsituasjonen
i området er styrket, men uansett senest 1. januar
2019.
Komiteens medlemmer fra Frems k r i t t s p a r t i e t o g H ø y r e støtter at kravet om
elektrifisering av prosjektet ikke medfører elektrifisering allerede ved oppstart.
D i s s e m e d l e m m e r forutsetter samtidig at
løsningen på kraftforsyningen ikke skal forsinke
Goliat-prosjektet.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmene fra Kristelig Folkeparti og Venstre, har merket
seg at Goliat-lisensen har foreslått en kraftløsning
som balanserer mål om reduksjon av CO2-utslipp til
havs med begrenset tilgang på elektrisk kraft innad i
nettet i Finnmark. Forslaget kombinerer strøm fra
land (20–40 MW) med egengenerert strøm på Goliat
(20–30 MW) og utnyttelse av varme fra avgassen fra
gassturbinen om bord (20–35 MW). F l e r t a l l e t har
merket seg at gassturbinen sammen med varmegjenvinningen av restvarmen har en høy virkningsgrad på
godt over 75 pst., noe som er betydelig høyere enn
gjennomsnittlig virkningsgrad for gassturbinene på
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norsk sokkel. Utnyttelsen av restvarmen fra gassturbinen øker virkningsgraden for anlegget betydelig
uten økte utslipp og vil også redusere behovet fra
kraft fra nettet.
F l e r t a l l e t viser til at Eni Norge hevder denne
løsningen gir høy regularitet og god energiutnyttelse,
og at man oppnår redusert sannsynlighet for akutte
driftsavbrudd med potensielle utslipp til sjø og luft.
F l e r t a l l e t mener dette fremstår som en god og
praktisk løsning inntil kraftforsyningen på land blir
mer robust.
Komiteens medlemmer fra Fremskrittspartiet, Høyre, Kristelig Folkep a r t i o g V e n s t r e merket seg at Sargas, under
høringen i energi- og miljøkomiteen 14. mai, fremla
planer for et gasskraftverk med CO2-rensing fra oppstart. Sargas hevder deres teknologi er moden for
bruk, og at et slikt gasskraftverk kan stå ferdig innen
Goliat er ferdig utbygget. Dette vil styrke muligheten
for å full-elektrifisere Goliat-prosjektet på et langt
tidligere tidspunkt enn Regjeringen legger opp til.
D i s s e m e d l e m m e r viser til Stortingets
behandling av Testsenteret for CO2-rensing på
Mongstad. D i s s e m e d l e m m e r viser til at man
anser utvikling av kommersiell CO2-renseteknologi
som viktig i norsk klimapolitikk.
Komiteens medlemmer fra Fremskrittspartiet, Høyre og Kristelig Folk e p a r t i ber derfor Regjeringen komme tilbake til
Stortinget med en vurdering av muligheten for å
bidra til at Sargas kan bygge et gasskraftverk med
CO2-rensing og med mulighet for raskere elektrifisering av Goliat-prosjektet. Et slikt prosjekt ville styrket norske teknologimiljøer i forhold til å utvikle og
utprøve CO2-renseteknologier, samt styrke norsk troverdighet i forhold til det arbeidet som skjer på
Mongstad.
Komiteens medlemmer fra Frems k r i t t s p a r t i e t o g H ø y r e forutsetter at dette
ikke forsinker Goliat-utbyggingen, samt at Goliatlisensen ikke tillegges noen kostnader for dette.
Komiteens medlemmer fra Kristelig
F o l k e p a r t i o g V e n s t r e vil vise til at et gasskraftverk basert på rensing fra dag én i tilknytning til
Snøhvit-anlegget i Hammerfest, vil kunne legge til
rette for full elektrifisering av Goliat og bidra til betydelig reduksjon av CO2-utslippene ved Snøhvitanlegget.
D i s s e m e d l e m m e r vil peke på at denne
muligheten kan ha stor betydning for å nå de klimamål det er bred enighet på Stortinget, jf. behandlingen av St.meld. nr. 34 (2006–2007), Innst. S. nr. 145
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(2007–2008). D i s s e m e d l e m m e r viser til at
disse mulighetene ikke er grundig utredet.
K o m i t e e n s m e d l e m f r a V e n s t r e mener
disse mulighetene må sees nærmere på – og i en helhet – før Stortinget fatter vedtak om utbygging og
drift av Goliat-feltet.
D e t t e m e d l e m vil på denne bakgrunn fremme
følgende forslag:
"St.prp. nr. 64 (2008–2009) – om utbygging og
drift av Goliat-feltet sendes tilbake til Regjeringen.
Stortinget ber Regjeringen utrede en løsning hvor en
ser på kraftforsyning til Goliat i sammenheng med ny
kraftproduksjon basert på CO2-rensing fra dag én tilknyttet Snøhvit-anlegget."
Komiteens medlemmer fra Frems k r i t t s p a r t i e t o g H ø y r e viser til at gjeldende
klimapolitikk innebærer at utslippene av CO2 fra
petroleumsvirksomheten på sokkelen er underlagt
kvoteplikt, og handelen med utslippskvoter skjer
innenfor EUs felles marked for klimagasskvoter.
Reduserte utslipp fra kvotepliktige virksomheter vil
bli motsvart av tilsvarende økte utslipp fra andre
virksomheter som deltar i EUs kvotemarked. Selv
om den valgte løsning for Goliat med delvis elektrifisering fra land innebærer at utslipp til luft fra feltet
blir redusert med 115 000 tonn CO2 i et gjennomsnittsår, så innebærer dette at elektrifisering ikke vil
ha noen effekt i forhold til de totale globale klimagassutslipp.
D i s s e m e d l e m m e r viser videre til svar fra
statsråden på spørsmål fra komiteen, datert 9. juli
2009, der det fremkommer at dersom man ikke hadde
valgt elektrifisering av Goliat-feltet, men i stedet
brukt de inntektene staten da hadde fått fra CO2avgiften til kjøp og sletting av klimakvoter i EUs
kvotehandelssystem, ville de globale klimagassutslipp blitt redusert med 95 000–320 000 tonn årlig –
med kvotepriser på henholdsvis 230 og 70 kroner per
tonn CO2.
Komiteens medlemmer fra Høyre,
K r i s t e l i g F o l k e p a r t i o g V e n s t r e viser til at
energibehovet på feltet dels skal dekkes av kraft fra
land, og dels skal dekkes av gassturbin offshore. Rettighetshaverne pålegges å fremlegge en plan om økt
bruk av kraft fra land til Goliat senest innen 2019.
Departementet tar imidlertid forbehold knyttet til
ytterligere elektrifisering både knyttet tiltakskostnader, tekniske utfordringer for en eventuell økt bruk av
kraft fra land.
Komiteens medlemmer fra Kristelig
F o l k e p a r t i o g V e n s t r e viser til at departemen-
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tet i tabellen over forventede utslipp på side 18 i proposisjonen, oppgir utslippstall for CO2 helt fram til
2028. D i s s e m e d l e m m e r mener summen av
dette viser at det er stor usikkerhet knyttet til om full
kraftforsyning fra land i det hele tatt vil bli gjennomført.
Det vises til pressemelding fra Olje- og energidepartementet av 7. mai 2009 hvor statsråden uttaler:
"Kraftsituasjonen i Finnmark tillater ikke at feltet
drives kun med kraft fra land fra produksjonsstart.
Jeg har imidlertid satt i gang en prosess slik at vi kan
få gjennomført dette fra 2017."
D i s s e m e d l e m m e r mener denne uttalelsen er
villedende i forhold til innholdet i proposisjonen.
D i s s e m e d l e m m e r viser til St.meld. nr. 34
(2006–2007) om klimaforliket, hvor det ble enighet
om et mål om reduksjon av nasjonale klimagassutslipp på 15–17 millioner tonn CO2-ekvivalenter
innen 2020 i forhold til referansebanen, når skog er
inkludert.
D i s s e m e d l e m m e r mener dette vil kreve
betydelige tiltak for å fjerne eller redusere utslipp fra
mange utslippskilder. Den marginale tiltakskostnaden forventes å bli relativt høy. Dette innebærer at
nye utslippspunkt som etableres må kompenseres
med tilsvarende kutt andre steder. Dersom man velger de billigste tiltakene for å oppfylle målet, vil kostnadene for å kompensere den nye utslippskilden være
minst på nivå med, eller høyere enn, det dyreste tiltaket som gjennomføres.
D i s s e m e d l e m m e r viser til at med Regjeringens opplegg og de forbehold som er gitt, vil man
måtte legge til grunn at det er en betydelig fare for at
gassturbinen er i bruk i 2020. Forventede utslipp er i
proposisjonen beregnet til 129 000 tonn CO2. Regjeringens opplegg for kraftforsyning til Goliat vil derfor kunne gjøre utfordringen med å oppfylle klimaforliket langt større og påføre staten og klimapolitikken betydelige merkostnader. Dersom for eksempel
marginal tiltakskostnad for klimaforliket ligger i
intervallet 700–1 000 kroner pr. tonn, vil ekstrakostnaden ved å oppfylle klimaforliket i 2020 ligge i
området 90–130 mill. kroner, som en følge av utslippene fra Goliat.
D i s s e m e d l e m m e r mener derfor Regjeringens opplegg påfører klimaforliket en ekstra utfordring og øker risikoen for at en allerede krevende
oppgave ikke lykkes. Det har vi etter d i s s e m e d l e m m e r s oppfatning ikke råd til.
Komiteens medlem fra Kristelig Folk e p a r t i viser for øvrig til at forsterkning av sentralnettet i Finnmark har flere fordeler, ikke minst for
utbygging av fornybar energi. D e t t e m e d l e m
fremmer følgende forslag:
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"Stortinget ber Regjeringen stille krav om
utslippsfri kraftforsyning senest fra og med 2020,
som vilkår for utbyggingen av Goliat-feltet."
Oljevernberedskap for Goliat
K o m i t e e n vil understreke betydningen av god
miljøforvaltning i forbindelse med oljevirksomhet.
Det må gjenspeile seg i krav til utbygger og gjennom
vedlikehold og drift av anleggene. Skulle uhell oppstå, er det viktig å ha en oljevernberedskap som er
robust, effektiv og godt tilpasset lokale forhold.
K o m i t e e n s f l e r t a l l , alle unntatt medlemmene fra Kristelig Folkeparti og Venstre, viser til at
utbyggerne har lagt stor vekt på god oljevernberedskap. Oljevernberedskapen for Goliat vil generelt
styrke den totale beredskapen langs kysten av Finnmark uavhengig utslippskilde.
F l e r t a l l e t viser til at det er stilt krav om at oljevernberedskapen for Goliat skal være minst likt god
som på øvrige deler av norsk sokkel, og skal ta
utgangspunkt i de behov for konkretisering av tiltak
som Kystverket har påpekt i høringsrunden. F l e r t a l l e t viser til at beredskapsbehovet er identifisert,
men at det i konsekvensutredningen ikke er skissert
fullt ut hvordan gapet mellom dagens situasjon og det
identifiserte behovet skal fylles.
Utforming av oljevernberedskapen skal behandles av Statens forurensningstilsyn (SFT), når operatøren søker om tillatelse til virksomhet etter forurensningsloven for produksjonsboring og drift i henholdsvis 2011 og 2013.
F l e r t a l l e t påpeker at oljeselskapene ved operatøren er ansvarlige for å ta seg av akutte hendelser
fra egen virksomhet og at beredskapen er dimensjonert for dette og viser til de tiltak som er nærmere
beskrevet i konsekvensutredningen.
F l e r t a l l e t viser også til Kystverkets høringsuttalelse til konsekvensutredningen for Goliat, og de
spesielle utfordringer som der er beskrevet i forhold
til behov for konkretisering av tiltak.
F l e r t a l l e t forventer at disse forhold blir sentrale i den nærmere utredning rundt oljevernberedskap, som skal foretas før SFT skal vurdere en søknad om utslippstillatelse i 2011.
F l e r t a l l e t viser til at det i konsekvensutredningen for Goliat-feltet kun er oppgitt konkret responstid for oljevernmateriellet fra OSRL i Southampton.
I det videre arbeidet med oljevernberedskapen forventes responstid å bli nærmere vurdert.
F l e r t a l l e t understreker at i lys av særlige
utfordringer i nord og Goliat-feltets nærhet til kysten,
skal oljevernberedskap være meget høyt prioritert.
Operatøren skal foreta en detaljert kartlegging av
infrastrukturen innen influensområdet for forurensende utslipp fra Goliat. Operatøren skal gjennom-
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føre tiltak for å styrke oljevernberedskapen i berørte
kommuner, som Måsøy, Hasvik og Nordkapp, med
utgangspunkt i de behov for konkretisering av tiltak
som Kystverket har påpekt i høringsrunden.
F l e r t a l l e t viser til at det de siste årene har vært
arbeidet med utvikling av teknologi for å lokalisere
olje på sjø under forhold med redusert sikt. Teknologien vil være tilgjengelig og bli implementert i beredskapsløsningene for Goliat. Det gjenstår imidlertid
fortsatt teknologiske utfordringer knyttet til oljevernaksjoner. Lave temperaturer i kombinasjon med sterk
vind kan medføre ising av utstyret. F l e r t a l l e t forutsetter derfor at operatøren bidrar til å utvikle teknologi for å møte disse utfordringene.
F l e r t a l l e t har merket seg at utbygger legger
opp til at mest mulig av et potensielt oljeutslipp skal
bekjempes nær kilden (NOFO barriere 1 og 2), i samsvar med overordnet bekjempningsstrategi på norsk
sokkel, og at best tilgjengelig teknologi for overvåking og bekjempning av oljeutslipp vil bli benyttet i
beredskapen. Utbygger hevder dette vil sikre at oljevernaksjoner også kan gjennomføres på en effektiv
måte også under perioder med kulde og mørke.
F l e r t a l l e t har merket seg at utbygger vil samarbeide med NOFO, Kystverket, SFT, IUA og kommunene om å etablere en best mulig koordinering
mellom statlig og privat oljevernberedskap og at
beredskapen tilpasses til de lokale forholdene.
Utbygger har understreket at de vil vektlegge
oljevernberedskapen i kyst- og strandsonen (NOFO
barriere 3 og 4) på bakgrunn av feltes kystnære beliggenhet. F l e r t a l l e t har merket seg at utbygger har
inngått et samarbeid med Finnmark fiskarlag med
målsetting om bruk av lokale fiskefartøy i oljevernberedskapen og at bekjempningsutstyr i den senere
tid særskilt er utviklet og tilpasset for denne fartøysgruppen.
F l e r t a l l e t viser til at operatøren har tatt initiativ til å utvikle detaljerte beredskapsplaner og vil
bygge opp en desentralisert kystnær oljevernberedskap.
F l e r t a l l e t viser til at det gjenstår å løse enkelte
utfordringer knyttet til teknologi og organisering av
dette samarbeidet.
Komiteens medlemmer fra Kristelig
F o l k e p a r t i o g V e n s t r e viser til at Goliat ligger
nær kysten og inntil et område som i forvaltningsplanen for Barentshavet er identifisert som særlig verdifullt og sårbart. Dette stiller etter d i s s e m e d l e m m e r s oppfatning særlige krav til oljevernberedskapen. Det er imidlertid spesielle utfordringer i området
knyttet til lave temperaturer, mørketid, ising og "vinterisering" av utstyr. Kystverket påpeker i sin
høringsuttalelse at:
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" … i konsekvensutredningen er det imidlertid
ikke skissert fullt ut hvordan gapet mellom dagens
situasjon og det identifiserte behovet skal fylles."
D i s s e m e d l e m m e r viser til at til tross for
dette gir ikke Regjeringen klare signaler om særskilte
krav til oljevernberedskap, ut fra feltets plassering og
de særlige utfordringer dette gir. Departementet slår
fast at det er et krav at oljevernberedskapen for Goliat
blir minst like god som for øvrige deler av norsk sokkel. Videre sier departementet i proposisjonen:
"Beredskapen vil beskrives i større detalj i søknad om tillatelse til virksomhet etter forurensningsloven for produksjonsboring og drift som vil sendes
SFT for behandling i henholdsvis 2011 og 2013."
D i s s e m e d l e m m e r viser til at Goliat er et
oljefelt som ligger nær kysten og inntil et særlig verdifullt og sårbart område. Det er derfor ikke tilstrekkelig som beslutningsgrunnlag i saken, når Stortinget
ikke får vite hvilke krav Regjeringen vil stille, hvorvidt Regjeringen vil legge særskilte standarder til
grunn i dette området, og ikke på annen måte får
grunnlag for å vurdere hvorvidt oljevernberedskapen
blir god nok.
Komiteens medlem fra Kristelig Folk e p a r t i fremmer derfor følgende forslag:
"Stortinget ber Regjeringen fremme en egen sak
for Stortinget om en forsvarlig oljevernberedskap tilpasset Goliat-feltets særskilte utfordringer, før SFT
gir tillatelse etter forurensningsloven, og i god tid før
aktiviteten igangsettes."
Komiteens medlemmer fra Kristelig
F o l k e p a r t i o g V e n s t r e viser også til at selv om
stadig lengre erfaring med virksomhet på norsk sokkel og teknologisk utvikling gir et bedre grunnlag for
sikker drift, så har vi de siste ti år hatt en rekke uforutsette og til dels alvorlige hendelser på norsk sokkel,
både ut fra et sikkerhets- og et miljøperspektiv. Dette
må tas med i betraktning når man vurderer utbyggingsplaner i sårbare områder som denne saken gjelder.
D i s s e m e d l e m m e r viser til proposisjonens
omtale av operatørens arbeid med utviklingsprosjekter som er rettet mot beredskapsutfordringene i området. D i s s e m e d l e m m e r vil peke på at det er viktig å styrke forskning og utvikling på dette området.
Utslipp til sjø
K o m i t e e n s f l e r t a l l , alle unntatt medlemmet
fra Venstre, har merket seg at utbygger har lagt stor
vekt på å møte de rammebetingelser og krav som
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gjelder for utslipp til sjø i Barentshavet, både i forbindelse med gjennomført aktivitet i Barentshavet og
planleggingen av utbygging og drift av Goliat.
F l e r t a l l e t viser til at kravene til null-utslipp
primært er rettet mot produsert vann og utslipp fra
boring. For utslipp som ikke er spesielt omhandlet,
gjelder de generelle målsettingene for sokkelen om
nullskadelige utslipp, jf. St.meld. nr. 38 (2003–2004)
og St.meld. nr. 8 (2005–2006). F l e r t a l l e t merker
seg i denne sammenheng også SFTs høringsuttalelse.
E t a n n e t f l e r t a l l , alle unntatt medlemmene
fra Kristelig Folkeparti og Venstre, viser til at undersøkelser ved funnet ikke har avdekket koraller eller
viktige svampområder.
D e t t e f l e r t a l l e t viser til høringsinnspill fra
Fiskeri- og kystdepartementet i forbindelse med konsekvensutredning for utbygging av Goliat-feltet og
St.meld. nr. 8 (2005–2006) Forvaltningsplanen for
Barentshavet, der utslippskravene i disse havområdene er nærmere beskrevet.
D e t t e f l e r t a l l e t viser også til at i tilfelle
driftsavvik kan maksimum 5 pst. av det produserte
vannet slippes ut under forutsetning av at det er renset. Dette medfører ikke at 5 pst. av vannet vil slippes
ut til sjø. Formålet er å ta høyde for reelle operasjonelle driftsavvik. Eksakte rensekrav vil stilles av
SFT.
FORSLAG FRA MINDRETALL
Forslag fra Kristelig Folkeparti:
Forslag 1
Stortinget ber Regjeringen stille krav om
utslippsfri kraftforsyning senest fra og med 2020,
som vilkår for utbyggingen av Goliat-feltet.
Forslag 2
Stortinget ber Regjeringen fremme en egen sak
for Stortinget om en forsvarlig oljevernberedskap tilpasset Goliat-feltets særskilte utfordringer, før SFT
gir tillatelse etter forurensningsloven, og i god tid før
aktiviteten igangsettes.
Forslag fra Venstre:
Forslag 3
St.prp. nr. 64 (2008–2009) – om utbygging og
drift av Goliat-feltet – sendes tilbake til Regjeringen.
Stortinget ber Regjeringen utrede en løsning hvor en
ser på kraftforsyning til Goliat i sammenheng med ny
kraftproduksjon basert på CO2-rensing fra dag én tilknyttet Snøhvit-anlegget.

2120
Innst. S. nr. 363 – 2008–2009

11

KOMITEENS TILRÅDING
K o m i t e e n har for øvrig ingen merknader, viser til proposisjonen og rår Stortinget til å gjøre slikt
vedtak:
Stortinget samtykker i at Olje- og energidepartementet godkjenner plan for utbygging og drift av Goliat.
Oslo, i energi- og miljøkomiteen, den 15. juni 2009
Gunnar Kvassheim

Ketil Solvik-Olsen

leder

ordfører

www.stortinget.no

A/S O. Fredr. Arnesen
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S a k n r . 1 6 [20:06:44]
Forslag fra stortingsrepresentant Robert Eriksson på
vegne av Fremskrittspartiet oversendt fra Odelstingets
møte 5. juni 2009 (jf. Innst. O. nr. 84):
«Stortinget ber Regjeringen fremme forslag om at aldersgrensen i lovverket fjernes, og at det kun er ordinære
oppsigelsesvilkår som skal kunne føre til oppsigelse fra et
arbeidsforhold.»
Presidenten: Ingen har bedt om ordet.
(Votering, se side 4018)

S a k n r . 1 7 [20:06:56]
Forslag fra stortingsrepresentant Martin Engeset på
vegne av Høyre oversendt fra Odelstingets møte 5. juni
2009 (jf. Innst. O. nr. 84):
«Stortinget ber Regjeringen legge frem forslag til løsninger på rekrutteringsutfordringene samt de kostnadsmessige og administrative konsekvensene av forslaget om
gradvis kompensasjon for ubekvem arbeidstid.»
Presidenten: Ingen har bedt om ordet.
(Votering, se side 4018)

S a k n r . 1 8 [20:07:11]
Innstilling fra energi- og miljøkomiteen om utbygging
og drift av Goliat-feltet (Innst. S. nr. 363 (2008–2009), jf.
St.prp. nr. 64 (2008–2009))
Presidenten: Etter ønske fra energi- og miljøkomiteen
vil presidenten foreslå at debatten blir begrenset til 1 time
og 5 minutter, og at taletiden blir fordelt slik på gruppene:
Arbeiderpartiet 20 minutter, Fremskrittspartiet 15 minutter, Høyre 10 minutter, Sosialistisk Venstreparti 5 minutter, Kristelig Folkeparti 5 minutter, Senterpartiet 5 minutter og Venstre 5 minutter.
Videre vil presidenten foreslå at det blir gitt anledning til replikkordskifte på inntil fem replikker med svar
etter innlegg fra medlemmer av Regjeringen innenfor den
fordelte taletid.
Videre blir det foreslått at de som måtte tegne seg på talerlisten utover den fordelte taletid, får en taletid på inntil
3 minutter.
– Det anses vedtatt.
Ketil Solvik-Olsen (FrP) [20:08:15] (ordfører for
saken): Dette er en gledens dag for Norge som energinasjon og petroleumsnasjon. Stortinget vedtar i dag et nytt
viktig skritt i norsk oljehistorie.
Goliat er det første oljefeltet som er planlagt utbygd i
Barentshavet, og det er et viktig skritt. Prosjektet er dermed en viktig milepæl for utviklingen av petroleumsnæ-
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ringen i nordområdene, og vil styrke Norges renommé som
en energileverandør til verden.
Saken har vært gjenstand for mye debatt, både om Norges framtid som oljenasjon og rundt spørsmål som oljevern og lokale ringvirkninger. Det er derfor gledelig at et
stort flertall på Stortinget står sammen og gir grønt lys for
denne satsingen. På en del områder har riktignok Venstre
og til dels Kristelig Folkeparti avvikende synspunkter. Det
vil de få anledning til å redegjøre for i sine innlegg. Når
både SV og Fremskrittspartiet står sammen om innholdet i
denne innstillingen, vet vi at prosjektet er politisk robust.
Jeg er glad for at SV har beveget seg langt i en positiv
retning for å få flertall i denne saken.
Den rød-grønne regjeringen bemerker også i proposisjonen:
«Skal man opprettholde og øke den petroleumsrelaterte aktiviteten i nord, er man avhengig av at det er
både letevirksomhet og utbygging av felt i regionen.»
Dette signaliserer etter mitt skjønn både viktige mål
og en riktig tilnærming. Jeg skulle av personlige grunner
likevel ønsket at de målene også kom til uttrykk i en oljemelding, slik at de gjaldt generelt og ikke bare kom til
uttrykk i en proposisjon som denne.
Uansett: Gjennomføringen og resultatene av Goliatprosjektet er viktig fordi prosjektet av mange vil anses
som et referansepunkt i den videre oljedebatten i Norge.
I Goliat-prosjektet må derfor petroleumsnæringen vise
at de behersker de naturgitte forhold. Det må de ha in
mente når de viser økonomistyring, teknologivalg, lokale
ringvirkninger, miljøhensyn og oljevernberedskap – for å
nevne noe. Jeg sier dette for å understreke det alvor og
ansvar som påligger utbygger og operatør for å gjennomføre prosjektet på en best mulig måte og dermed skape
en positiv grobunn for videre petroleumsvirksomhet i
Barentshavet.
Goliat ligger 85 km nordvest for Hammerfest og 50 km
sørøst for Snøhvit-feltet. Eni Norge er operatør for feltet,
og har en eierandel på 65 pst. Statoil har en eierandel på
35 pst. Reservene på feltet er omtrent 174 millioner fat
olje. Det vil være det en i utgangspunktet skal utvinne.
Det er gass i feltet, ca. 8 milliarder Sm3. Det er ikke stort
nok til å være utvinnbart i denne runden, i hvert fall ikke
kommersielt, og vil i første runde bli reinjisert for trykkstøtte. På et senere tidspunkt forventer operatøren at også
gassen vil bli produsert og solgt.
Planlagt produksjonsstart er 2013, og investeringene
knyttet til Goliat er estimert til i overkant av 28 milliarder kr. Foruten utbyggingen av Snøhvit vil Goliat-prosjektet være det største industriprosjekt som noen gang har
vært gjennomført i Nord-Norge. Det er også verdt å merke
seg.
Rent teknisk skal Goliat bygges ut med en flytende
produksjonsenhet med tilknyttede havbunnsbrønner. Innretningen vil tilfredsstille kravene i Barentshavet om at det
ikke skal forekomme utslipp av produsert vann til sjø ved
normal drift. Det er valgt en fast forankret flytende enhet
som skal tilpasses rådende klimatiske forhold.
I noen politiske miljøer og i deler av næringslivet i nord
vet vi at det var ønske om å ilegge krav om ilandføring
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som utbyggingsløsning for Goliat. Prosjektets marginale
lønnsomhet kan ikke forsvare en slik løsning, og det er en
realitet som komiteen har tatt inn over seg. Dermed har
det heller ikke vært stor debatt om det.
De lokale ringvirkningene blir sterkt vektlagt i innstillingen. Det er et generelt mål at petroleumsvirksomheten
skal komme hele landet til gode, noe jeg tror de aller fleste
føler skjer. Oljevirksomheten skal også gi lokale ringvirkninger. Når det gjelder den petroleumsdebatten som har
vært i Norge, tror jeg at oljeselskapene også skal merke
seg ønsket om lokale ringvirkninger for å skape aksept for
videre utvikling av oljenæringen, spesielt i nord.
Anslag tyder på at Goliat-feltet kan, inkludert indirekte sysselsatte, gi mellom 450 og 600 lokale og regionale arbeidsplasser i driftsfasen. Det vil jeg betegne som
bra. Eni Norge vil etablere et helt nytt regionkontor med
driftsfunksjoner, som blir lagt til Hammerfest. Kontoret
vil etter hvert få personell innenfor bl.a. ingeniørfag, geologi, reservoarteknikk samt administrativt personell knyttet til driften av Goliat-feltet. Det viser at dette er mer
enn en enkel supply-base. Det ivaretar også komiteens
ønske om å sikre at det blir reell aktivitet i Hammerfest-området av Goliat-feltet. Det vil også komme en helikopterterminal og forsyningsbase som blir lagt til området. De funksjonene vil omfatte ca. 150–200 direkte
arbeidsplasser.
Jeg vil også nevne at operatøren vil tilpasse kontraktsstrategien på vedlikeholds- og driftskontraktene og bygge
opp lokal og regional kompetanse både gjennom utdanningspersonell i bedrifter og i videregående skole på ulike
måter. De vil informere og kvalifisere lokale og regionale
leverandører gjennom såkalte leverandørnettverk, og de
vil etablere hospiteringsordninger for lokale leverandører
i egen organisasjon.
Det er også verdt å merke seg at Eni Norge ikke har
rammeavtaler for sine leveranser i forbindelse med utbygging og drift. Det gir mulighet for å sette ut deler av
kontraktene til lokale og regionale leverandører, som gir
mulighet for å utvikle den næringen.
Når det er sagt, vil jeg som enkeltpolitiker gi uttrykk
for at vi får håpe at vi unngår en kopi av Luteland-tilnærmingen etter at Stortinget har behandlet saken, hvor enkelte får en interesse av å klage eller anke enkelte deler
av prosjektet inn, og at en ikke behandler den i departementet, og vi får kvasiløsninger, som vi har sett i Gjøaprosjektet. La oss ta de signalene som er kommet fra komiteen, som tydelig sier at hvis det blir tilsvarende anke
som vi har sett på Lutelandet, vil den bli behandlet fort
og raskt og vil ikke sette prosjektet i fare, slik man kan
oppfatte at skjedde med Luteland-prosjektet.
Energiforsyningsmessig planlegges prosjektet med
elektrifisering fra land. Det er komiteen positiv til. Samtidig er det en del forutsetninger som må være innfridd.
Det gjelder tilstrekkelig kraftforsyning på land. Det gjelder at tiltakskostnadene her står i rimelig stil med det man
skal forvente i gjeldende klimapolitikk, og at de tekniske
utfordringene er akseptable.
Full elektrifisering av Goliat vil kreve uttak av mer enn
100 MW fra nettet. Studier av kraftsituasjonen viser at det
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vil ikke være mulig på kort sikt. Kraftsituasjonen i Finnmark tillater altså ikke full elektrifisering, og det har også
komiteen tatt inn over seg. Det er viktig å unngå å få en
kopi av situasjonen f.eks. i Midt-Norge, der man tillater industriutvikling uten at kraftforsyningen følger med. Derfor vil full elektrifisering kanskje drøye så lenge som ti år
før det skjer, men planen står likevel fast. Goliat vil starte opp med en kombinasjonsløsning der man både har en
gassturbin på plattformen som genererer en del megawatt,
og man vil få strøm fra land som utgjør ca. 20–40 MW.
Nå vil jeg også bemerke at gassturbinen framstår som
svært effektiv med 75 pst. virkningsgrad, og det er betydelig høyere enn gjennomsnittlig virkningsgrad for andre
turbiner på norsk sokkel.
Oljevernberedskap er også en viktig del av denne debatten. God miljøforvaltning generelt er av stor betydning
i forbindelse med oljevirksomhet, både for å få aksept og
for å ha minimal risiko for at uhell kan skje. Det gjelder,
som jeg nevnte innledningsvis, utslipp til sjø, der vi har
krav om nullutslipp ved ordinær drift. Borekaks og boreslam må reinjiseres eller tas inn til behandling i tråd med
kravene som er i Barentshavet generelt. Men oljevernberedskapen er særdeles viktig, og skal ha høy prioritet. Det
har den hatt fra utbygger, og det har den hatt fra komiteen,
og det har den hatt fra Regjeringen. Det er viktig å ha en
oljevernberedskap som er robust, effektiv og godt tilpasset lokale forhold. Oljeselskapene, ved operatøren, er ansvarlig for å ta seg av akutte hendelser fra egen virksomhet, og for at beredskapen rundt er dimensjonert for dette.
I forhold til avstanden til land, er det spesielt viktig å ha
kort beredskapstid, slik at det ikke blir unødig stor risiko
for å få oljen på land ved et uhell. Det er også verdt å nevne
at utformingen av oljevernberedskapen skal behandles av
Statens forurensningstilsyn når operatøren søker om tillatelse til virksomhet etter forurensningsloven for produksjonsboring og drift i henholdsvis 2011 og 2013, så her
har bransjen også noen år på seg til å videreutvikle den
oljevernteknologien som finnes.
Så vil jeg også si at det er positivt, som en følge av Goliat-prosjektet, at oljevernberedskapen generelt blir styrket, når man vet at skipsfarten langs kysten vil øke i tiden
framover. Sånn sett er jeg som saksordfører veldig glad
for at komiteen har stått så samlet som den har på mange
områder, og jeg er glad for at man kan komme i gang med
det første oljefeltet i Barentshavet.
Ann-Kristin Engstad (A) [20:18:52]: I dag markeres
en ny æra – oljeeventyret kryper nordover. Nordområdesatsingen har vært denne rød-grønne regjeringens viktigste satsingsområde, og det legger sterke føringer for den
petroleumsaktiviteten som nå skal foregå i dette området.
Det har skapt enorme forventninger, og visjonene har vært
oppe i skyene. Mulighetene som byr seg, tindrer i øynene
på folk i små samfunn som ellers preges av fraflytting.
Med både fiskeri, turisme, nydelig natur og nå Goliat som
nærmeste nabo er folkekravet at det er de som tar risikoen, som også skal ha godene i form av arbeidsplasser
og aktivitet.
Goliat representerer 25 000 årsverk, og anslag tyder på
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at det i driftsfasen vil være 450–600 lokale og regionale
arbeidsplasser som følge av utbyggingen. I Hammerfest
skal det etableres et selvstendig driftskontor med de operasjonelle driftsfunksjonene som basetjenester, logistikk,
aktiviteter knyttet til vedlikehold og modifikasjon, planlegging og styring av feltet. Også andre funksjoner, som
subsea-aktiviteten, skal legges til Hammerfest.
Videre skal operatøren også sørge for at de som vinner
sentrale kontrakter innenfor vedlikehold og modifikasjon,
er til stede i Finnmark, og både disse og operatøren selv
skal også ha tilstrekkelig bemanning i Hammerfest for å
ivareta nødvendige funksjoner overfor leverandørindustrien lokalt.
Av utbyggingen av Snøhvit-anlegget tok man viktig
lærdom. Forventningene til å bygge opp leverandørindustri lokalt var store, men det var vanskelig for små leverandører å kunne konkurrere om store rammeavtaler – som
gjerne også var tildelt på forhånd. Det har derfor vært
viktig at i utbyggingen av Goliat deler man opp anbudene i mindre pakker, slik at man er med på å bygge opp
lokal leverandørindustri. Det vil også bli avholdt leverandørseminarer for å forberede lokale leverandører på hvilke tjenester som kan tilbys, og for å kvalifisere dem til å
delta i disse rundene. Utbygger skal også ansette en egen
industrikoordinator for å bidra til dette arbeidet.
Etter at utbyggingen av Snøhvit-prosjektet startet, ser
vi at befolkningen i Hammerfest-regionen blir yngre. Det
har vært en markant økning i aldersgruppen 25–40 år, og
ungdom søker hjem til spennende kompetansearbeidsplasser. I alle de innspill vi har mottatt fra lokale og regionale
myndigheter, står satsing på kompetansmiljøer og utdanning helt sentralt. Jeg kunne ikke ha vært mer enig, men
jeg spiller samtidig ballen tilbake til nevnte myndigheter.
Operatøren selv skal utvikle en egen kompetanseplan, og
de skal iverksette et eget lærlingprogram innenfor boring.
Det er allerede etablert tilbud som ALE-prosjektet ved
Hammerfest videregående skole, og gjennom statsbudsjettet har Regjeringen støttet oppbygging av Energi Campus
Nord, som er et samarbeid mellom seks høyskoler og universitet landet over. Det er viktig å utvikle disse tilbudene,
slik at tilgjengelig arbeidskraft utdannes i regionen, men
vi trenger en konkret strategi for utdanningstilbud i regionen. Jeg utfordrer spesielt Finnmark fylkeskommune til å
koordinere det arbeidet.
Politiske føringer som har vært lagt av den rød-grønne
regjeringen, fører til at nærmere halvparten av kraftbehovet til Goliat skal dekkes fra land. Når kraftsituasjonen på
land er styrket, skal det lages en plan for hvordan man kan
benytte enda mer strøm.
Kraft-Norge har lenge stoppet i Balsfjord. På grunn av
Goliat skal det nå endelig bygges en 420 kV linje fra Balsfjord til Hammerfest. Målet må være å strekke den videre helt til Varangerbotn, slik at hele Norge kan knyttes til
sentralnettet.
70 pst. av Norges potensial for vindkraft på land finnes
i Finnmark. Men så lenge vi ikke kan frakte den strømmen ut av regionen, lar vindkraftprosjektene vente på seg.
I så måte er Goliat-utbyggingen en døråpner for å bygge
ut fornybar energiproduksjon. Det har vært store debatter
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om EUs fornybardirektiv. Vi vet at Norge også vil bli pålagt forpliktelser. Jeg ser det som ganske umulig å oppfylle disse forpliktelsene uten å ta i bruk mulighetene som
byr seg innen kraftproduksjonen i Finnmark.
Flere opposisjonspartier viser i merknadene til planene
om å bygge et gasskraftverk med CO2-håndtering i Hammerfest. Søknad om denne er anket til olje- og energiministeren, og for oss i Arbeiderpartiet er det unaturlig å
konkludere i en helt annen sak når vi nå behandler Goliat.
Venstre fremmer sågar forslag om å utsette hele Goliatsaken. De begrunner det med at de ønsker en utredning av
dette gasskraftverket. Jeg utfordrer Venstre til å være ærlige i sitt standpunkt om Goliat. Venstre sier selv i merknader at de er imot olje- og gassproduksjon i et belte på
50 km fra land, og de viser til at Goliat ligger 48 km fra
land. Videre finner jeg det rart at de knytter gasskraftverk
med CO2-håndtering direkte til Melkøya, som er et tredje
prosjekt, og som også er uavhengig av Sargas sitt planlagte
gasskraftverk på land.
Gjennom forvaltningsplanen for Barentshavet har Stortinget lagt meget sterke føringer for miljøkravene som
stilles til aktivitet i området. Fiskeriene skal i framtiden
gå hånd i hånd med aktiviteten fra petroleumsindustrien
i dette området. Fiskeriene er bærebjelken i kystsamfunnene som nå får Goliat som sin nabo. Det stilles derfor
store forventninger til at man tar høyde for alt som kan gå
galt. Effekten av oljevernberedskapen for Goliat skal være
minst like god som ellers på norsk sokkel. Den skal konkretiseres videre når søknad om utslippstillatelse skal behandles av SFT i 2011. Beredskapsbehovet er identifisert.
I tiden framover skal man utarbeide de konkrete planene
for hvordan gapet mellom dagens situasjon og det konkrete identifiserte behovet skal fylles, ikke minst er det viktig å få på plass på grunn av det store antall leveranser av
russisk olje som hver dag passerer utenfor kysten vår. Den
aktiviteten er forventet å øke.
Det har vært påvist utfordringer rundt «vinterisering»
av utstyret. Utfordringer med mørketid og lave temperaturer krever også at man utvikler ny teknologi. Kystverket pekte på en rekke utfordringer og behov for konkretisering i sin høringsuttalelse til konsekvensutredningen.
Jeg vil understreke at et bredt flertall i komiteen forventer
at den høringsuttalelsen blir sentral når planene om oljevernberedskap skal utarbeides videre. Jeg vil særlig peke
på noen punkter:
– vurdering av om det er behov for påbudte seilingsleder
– trafikkseparasjonssystemer
– sikkerhetssoner og forbudssoner
– nye navigasjonsinstallasjoner
– arealbehov
– slepebåtberedskap og responstid
– bruk av los
– beredskapsmessige forhold
Da «Prestige» gikk på grunn utenfor Spania, var 16 000
personer i sving for å rydde opp. Det byr på særlige utfordringer å mobilisere nok hender dersom en ulykke skulle inntreffe i et område der vi har en befolkning på knapt
72 000 innbyggere spredt over et område på størrelse med
Danmark.
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I planene for oljevernberedskapen for Goliat inngår
bruk av lokale fiskere. Det er spennende tanker og vil
bidra til den kystnære beredskapen, men det byr ennå på
tekniske utfordringer.
Kommunene Måsøy, Hasvik og Nordkapp er de geografiske områdene som først vil rammes av en eventuell
ulykke. I det videre arbeidet med konkretisering av oljevernberedskapen må derfor disse kommunene være helt
sentrale.
Helt til slutt vil jeg benytte sjansen til å takke saksordføreren og hele komiteen for et konstruktivt arbeid med
denne saken. Jeg er stolt av at de aller fleste partier har klart
å samle seg bak store deler av innstillingen. Jeg gratulerer
med dette både nasjonen og regionen.
Ivar Kristiansen (H) [20:28:09]: I likhet med foregående taler har jeg også lyst til å takke saksordføreren
for godt utført arbeid. I tillegg vil jeg bare si at jeg slutter
meg til det meste av det som representanten Engstad gav
uttrykk for her i sitt og Arbeiderpartiets hovedinnlegg.
Dette er en svært positiv og god sak. La meg bare ha
sagt følgende: Vi er en komité som i løpet av den siste
måneden har hatt flere saker enn vi har hatt i den siste fireårsperioden – på én måned! Når komiteen stiller spørsmål til departementet, er ikke departementets responstid
å anse som tilfredsstillende for fremdriften. I en ekstremt
hektisk sluttfase i sesjonen er det å måtte vente på svar i
opptil to uker ikke å anse som tilfredsstillende. Når man
har et fleksibelt storting og en fleksibel komité, som selv
har et eget ønske om å få gjennom og behandle saker, må
man stille opp fra departementets side når det stilles kompliserte spørsmål som er helt avhengig av at det gis svar
fra departement, slik at man kan sørge for en forsvarlig
fremdrift.
Men til saken. Til tross for navnet, Goliat-feltet, er dette
et lite oljefelt på norsk sokkel. Men det forhindrer ikke at
Goliat-feltet er en viktig milepæl i norsk oljehistorie, da
dette er det første oljefelt som åpnes i Barentshavet. Goliat
er jo et oljefelt, men inneholder også gassforekomster.
Barentshavet tar nå for alvor steget til å bli en viktig
petroleumsregion i Norge, og vi kan i flere årtier komme
til å bli et stort energikammer for resten av verden, samtidig som det bidrar til velstand og utvikling i hele landet. Høyre er bekymret over at petroleumsproduksjonen
på norsk sokkel er synkende. Høy leteaktivitet og igangsetting av nye felt er sentralt dersom Norge skal bevare sin
posisjon som fremtidig, robust energieksportør.
Petroleumssektoren bidrar i dag til høy sysselsetting og
ikke minst til teknologiutvikling. Inntektene fra petroleum
er med på å sikre velferd og økonomisk vekst, etter hvert
også i nord – nå innenfor denne regionen i Finnmark. Vi
har stor løpende aktivitet gående på Helgelandskysten, og
jeg håper og tror at kommende storting vil ta nye beslutninger om aktivitet i Lofoten-, Vesterålen- og Sør-Tromsregionen.
Et Norge uten olje- og gassinntekter er for mange helt
utenkelig, og dagens politikere vil bli målt på hvordan man
i dag tilrettelegger for inntekter for morgendagen. Derfor er Høyre positiv til petroleumsaktivitet både i Nors-
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kehavet, på Helgelandskysten og etter hvert også utenfor
Sør-Troms-, Lofoten- og Vesterålen-regionen, da det er
disse områdene som skal bidra til fremtidig utvikling av
den norske velferden etter hvert som feltene i Nordsjøen
trappes ned i sin produksjonsfase.
Goliat-utbyggingen er viktig for Norge, fordi man tar
nye steg, man tar nye grep, man befinner seg i nye områder, man er i krevende områder som stiller nye krav til
miljøstandard og til teknologiutfordringer. Samtidig er det
vel ingen tvil om at det sitter en hel landsdel og følger
med på hva Stortinget nå i natt kommer til å vedta. Jeg har
forstått det slik at man i Hammerfest i morgen planlegger
en folkefest på torget for å markere dagens vedtak i Stortinget. Jeg tror vi alle sammen skal legge merke til at lokalbefolkningen setter stor pris på at man tar disse grepene fra Stortingets side og fatter disse vedtakene, som har
bred tilslutning, fordi man har sett fysisk og vet hva slags
ringvirkninger denne nye aktiviteten gir, hva slags ringvirkninger petroleumsnæringen bringer inn i en landsdel
med spesielle utfordringer – ikke minst i Finnmark fylke.
Hammerfest har som følge av Snøhvit-utbyggingen snudd
nedgang til medgang og motgang til optimisme, og Goliatutbyggingen tenner nå en ny gnist i både folk og næringsliv
i hele den nordlige landsdelen.
I forkant av stortingsproposisjonen har mange vært involvert i og berørt av prosessen. Mange aspekter har vært
diskutert. Flere har i denne prosessen fremført ilandføring
som et viktig moment i Goliat-prosjektet, ikke minst var jo
det den røde tråden i en nokså langvarig debatt i og rundt
Finnmark fylkeskommune. Men når Goliat nå er et lite,
og på mange måter definert som et marginalt lønnsomt,
felt, er det viktig at myndighetene tilrettelegger for en aktivitet rundt feltet som sørger for at man får de forventede ringvirkningene lokalt. Derfor støtter Høyre også en
utbyggingsløsning til havs, som Regjeringen fremmer, og
som selskapene/lisenshaverne foreslår, da dette til syvende
og sist er med og sørger for at utbyggingen blir realisert. Det er i alles interesse at Goliat-feltet bygges ut så
snart som mulig, da dette sikrer stabil aktivitet i regionen,
i en vekstbransje i regionen som forventes å gi betydelige ringvirkninger. For Høyre er også miljøaspektet ved en
utbyggingsløsning til havs tungtveiende, da denne løsningen anses for å være den beste løsningen med hensyn til
fremtidig risikovurdering.
Selv om Goliat-feltet bygges ut til havs, vil det gi store
ringvirkninger på land, noe begge de to foregående talerne
har vært inne på. Goliat-feltet kan totalt, inkludert direkte
og indirekte sysselsetting, gi 450–600 lokale og regionale
arbeidsplasser i driftsfasen. Dette, sammen med at Goliat-lisensen legger sin driftsorganisasjon til Hammerfest,
vil naturlig nok gi betydelige ringvirkninger langt utover
Hammerfest-regionen. Goliat-feltet kommer til å sørge for
kjøp av varer og tjenester for nesten 1 milliard kr i året
i driftsfasen, og dette vil naturlig nok gi betydelige ringvirkninger. Høyre mener og håper derfor at også innkjøpsfunksjoner for Goliat-feltet i størst mulig grad skal ligge
ved driftskontoret i Hammerfest.
Jeg har lyst til å gi uttrykk for en viss overraskelse
over departementets tilnærming til dette spørsmålet, som
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er veldig sentralt. Høyre er derfor glad for at Stortinget,
også ved hjelp av regjeringspartiene, i sterk grad presiserer at man forventer tilstrekkelig kapasitet på innkjøp ved
drifts- og regionkontoret i Hammerfest. Innkjøp er en nøkkelfunksjon. Det er der nettverkene er, det er der kunnskapen er, og det er der man får ringvirkninger og sideeffekter
som er betydelige. Jeg anmoder selvfølgelig selskapene,
i særdeles grad Eni og Statoil, om ikke å ta lett på dette
spørsmålet.
Høyre ønsker petroleumsaktivitet i Barentshavet, men
dette skal gjøres med de strengeste sikkerhetskrav for både
folk og miljø. Høyre synes det er spennende at Goliatlisensen tenker nytt med hensyn til oljevernberedskap når
man involverer fiskere med både utstyr og kompetanse i
dette arbeidet. Goliat-feltet er relativt sett nær land, og
myndighetskravene skal være strenge. Høyre mener proposisjonen legger til grunn strenge og gode krav, og mener
derfor at utbygging er forsvarlig.
Goliat-feltet skal delvis forsynes med elektrisk kraft
fra land. Dette har de to foregående talerne vært inne på.
Jeg anser det ikke for å være en trussel at man må utvikle
ny teknologi, at man står foran utvikling av ny infrastruktur og nytt nett i Finnmark. Det kommer hele Finnmark
og hele den nordlige regionen til å få betydelige positive
ringvirkninger av etter hvert. Man må ikke se på dette som
en trussel, men kanskje i større grad ha evnen til å se de
utgifter dette medfører, som utgifter til fremtidig inntekts
ervervelse både for Finnmark og for nasjonen totalt sett.
Høyre håper at Goliat-utbyggingen kommer i gang så
snart som mulig. Høyre mener at komitéinnstillingen om
Goliat-utbyggingen legger et godt grunnlag for at lisensen
kan komme raskt i gang og ta hensyn til de behov som
er presentert fra den nordlige landsdel. At dagens råoljepris kryper oppover, og har gjort det mens vi har behandlet denne saken, er jo positivt, og det skulle jeg tro bidrar
til å gjøre feltet, som er definert som marginalt lønnsomt,
enda mer lønnsomt, slik at man kommer raskere i gang
enn kanskje noen fryktet at en normalt ville kunne gjøre.
Inga Marte Thorkildsen (SV) [20:38:31]: Det viktigste slaget i denne saken stod før Kristelig Folkeparti,
Venstre og Høyre gav tillatelse til prøveboring. Goliat ble
tildelt i 1997, under Thorbjørn Jaglands regjering. Men
partiene i Bondevik II-regjeringen gav tillatelse til prøveboring, noe som resulterte i funnet man gjorde på Goliat. Kristelig Folkeparti og Venstre trenger ikke å ha fulgt
så veldig nøye med i timen før man vet at når prøveboring resulterer i funn, har det i praksis gjennom mange år
betydd utvinningstillatelse.
På borgerlig side er splittelsen i saken total. Venstre,
som i sin tid velsignet prøveboringa, har i opposisjon gått
imot Goliat. Kristelig Folkeparti sier tja, mens Høyre og
Fremskrittspartiet sier et rungende ja. Høyre og Fremskrittspartiet vil i tillegg smøre oljeindustrien med «en jevn
strøm av nye, utfordrende olje- og gassprosjekter».
Høyres servilitet overfor oljeindustrien kommer fram
i innstillinga, hvor de understreker at «det er svært viktig
at det ikke kommer nye krav fra myndighetene som vil
øke kostnadene for prosjektet og dermed sette hele pro-
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sjektet i fare». Samtidig vet vi at feltene på norsk sokkel
ofte har en lengre levetid enn hva som er oppgitt i PUD,
noe som også bedrer lønnsomheten etter hvert. Så det kan
være grunner til å holde en viss avstand til det som blir
lagt inn i utgangspunktet, og ha en viss kritisk sans.
Fremskrittspartiet skriver at «den lokale verdiskapingen fra Snøhvit-prosjektet ble større enn forventet, og (…)
håper det samme kan bli tilfelle på Goliat-prosjektet».
Jeg vet ikke hvilke forventninger Fremskrittspartiet
hadde til Snøhvit-prosjektet, men hvis det er overskridelsene partiet her sikter til, får vi håpe at Goliat kommer bedre
ut. Jeg tror at vi alle ønsker lokale ringvirkninger, men
som både NUPI og Fafo har påpekt i ulike rapporter, har
det primært vært den etablerte leverandørindustrien i SørNorge som har tjent på oljevirksomhet i nord, Oljevirksomhet i Barentshavet vil ikke «snu Norge på hodet» slik
oljeindustriens konsulenter framstiller det. Det er antakelig også derfor f.eks. Rogaland Høyre har vært så tydelige
på at de er for olje i nord «for Rogalands skyld».
Likevel: Vi er opptatt av at Goliat skal gi lokale ringvirkninger nå når dette først kommer. Dette har vi hatt en
lengre dialog med olje- og energiministeren om i prosessen
fram til dette vedtaket, og vi har hatt en aktiv storfraksjon
på dette punktet. Finnmark SV er sterkt kritisk til Goliat.
Ikke minst ble det forsterket på grunn av at ilandføringsalternativet i sin tid ble skrinlagt. Og det er klart at engasjementet i Finnmark er stort for å få ringvirkninger lokalt – det skulle bare mangle. På samme måte som mange
andre steder langs kysten, særlig i Nord-Norge, opplever
mange fraflytting, de opplever en manglende optimisme,
og at særlig ungdommen flytter, noe som selvfølgelig gjør
folk der ekstra bekymret. Det syns jeg vi skal være ydmyke for. Så spørsmålet er: Hvordan er svarene våre på det?
Og da har vi ulike svar.
Høyre og Fremskrittspartiet viser at CO2-utslippene
offshore er underlagt kvoteplikt. De skriver: «Reduserte
utslipp fra kvotepliktige virksomheter vil bli motsvart av
tilsvarende økte utslipp fra andre virksomheter.»
Da er det ikke så farlig, liksom. Likevel har Høyre i
klimaforliket vært med på å sette et mål for nasjonale utslipp i 2020. Å redusere nasjonale utslipp er viktig ikke
bare for klimaet og vår troverdighet i internasjonale klimaforhandlinger, men også for muligheten til å stramme inn
kvotemarkedet i framtida. Første innstramming skal skje
allerede fra 2013, samme år som Goliat etter planen skal
settes i drift.
Det påhviler oss alle et ansvar for å sørge for at norske utslipp går ned, og de må mer ned enn vi hittil har
håpet og trodd. Vi vil få økte utslipp fra oljenæringa framover, og SFT anbefaler derfor oss politikere å ta «Nasjonale og internasjonale klimaforpliktelser (…) i betraktning i
forbindelse med konsesjonsrunder».
Hadde SV bestemt alene, hadde ikke Goliat blitt bygd
ut – jeg sier det rett ut. Partier som ikke ønsker Goliat, er
i rungende mindretall i Stortinget. Vi har med andre ord
en jobb å gjøre for å mobilisere folket til en mer ansvarlig og framtidsrettet klima- og næringspolitikk. Den jobben skal SV gjøre. Vi har jobbet hardt for å få mer forpliktende formuleringer på elektrifisering av Goliat, og er
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optimistiske med tanke på de nye signalene fra Statnett.
Finnmark har 70 pst. av vindkraftressursene i landet, men
disse har i liten grad blitt bygd ut. Nå tror vi at vi har mulighet til å få fart på dette, og det er vi i hvert fall glad
for.
Line Henriette Holten Hjemdal (KrF) [20:43:38]:
Spørsmålet om utbygging av Goliat gir behov for viktige avklaringer. Forvaltningsplanen for Barentshavet og
klimaforliket må og skal være viktige premisser for alle
avgjørelser som berører disse saksområdene.
Goliat-feltet er ikke et stort oljefelt, det er marginalt
lønnsomt, og det er ikke valgt ilandføring, som kunne gitt
langt større ringvirkninger i regionen. Utbyggingen kan
likevel gi en positiv stimulans i regionen. Kristelig Folkeparti har tatt til orde for at det bør vurderes å opprette et fond slik at en større andel av inntektene fra petroleumsvirksomheten i Barentshavet tilfaller den nordlige
landsdelen.
Det er viktig å se på hvilke krav som må stilles for at
man skal kunne forene ønsket om utbygging med hensynet til havmiljø og klimapolitikk. Det var derfor med stor
forventning og spenning vi så fram til Regjeringens proposisjon om Plan for utbygging og drift av Goliat-feltet.
For det er nettopp dette som må være grunnlaget, om utbyggingen er i tråd med klimapolitiske mål og våre mål
for forvaltning av dette sårbare området.
I proposisjonen sies det at feltet ligger nær kysten og
inntil et område som i forvaltningsplanen for Barentshavet er identifisert som særlig verdifullt og sårbart. I svaret til komiteen 12. juni fra statsråden heter det at Goliat
ligger delvis innenfor dette området. På denne bakgrunn
er det derfor skuffende å lese Regjeringens tilnærming til
beredskap og oljevirksomhet i dette sårbare området.
Kristelig Folkeparti har respekt for prosessen med hensyn til søknader til SFT etter forurensningsloven, som gjør
at detaljene i oljevernberedskapen ikke er klare før senere i prosessen. Men det er spesielt at Regjeringen ser ut
til å forvente at Stortinget skal godkjenne oljeutbygging
i et slikt område uten å få drøftet hvilke krav og standarder som må stilles, på tross av utfordringer som følger
av den spesielle plasseringen Goliat-feltet har. Den eneste forsikringen Regjeringen kan gi er at beredskapen skal
bli «minst like god som på øvrige deler av norsk sokkel».
Når Regjeringen ikke kan gjøre det klart at det skal legges høyere standarder til grunn, ikke kan varsle særskilte
krav, og heller ikke på noen måte kan vise til hvilke konsekvenser oljeproduksjon i et sårbart område har, ja, da må
man spørre hvilken betydning forvaltningsplanen har for
dette området, og hvilke praktiske konsekvenser det får
at Stortinget gjennom behandlingen av forvaltningsplanen
for Barentshavet markerer at noen områder er mer sårbare
enn andre.
Kristelig Folkeparti mener at Goliat-feltets spesielle
plassering tilsier at Stortinget bør få anledning til å vurdere oljevernberedskapen før det gis tillatelse etter forurensningsloven. Etter å ha hørt representanten Engstad fra
Arbeiderpartiet, som peker på høringsuttalelsen fra Kystverket, og som peker på antall hender, opplever jeg også at
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Arbeiderpartiet er enig i Kristelig Folkepartis tilnærming
til dette punktet.
Så er det også slik at Stortinget ikke er ferdig med å
behandle Goliat-saken før vi voterer senere i dag, derfor
utfordrer jeg statsråden til å avklare om han støtter Kristelig Folkeparti i at Stortinget bør få seg forelagt en sak om
oljevernberedskap tilpasset Goliat-feltets særskilte utfordringer før SFT behandler saken etter forurensingslovens
bestemmelser.
Klimaforliket var en viktig miljøpolitisk milepæl. Å
kutte 15–17 mill. tonn CO2-ekvivalenter fram til 2020 er
en stor utfordring, og vi har dårlig tid.
Kristelig Folkeparti har forståelse for at kraftsituasjonen ikke tilsier full elektrifisering fra dag én i dette prosjektet. Vi har imidlertid ikke forståelse for at Regjeringen velger å skyve vurderingen av full elektrifisering foran
seg med ulike forbehold som etterlater stor usikkerhet om
hvorvidt dette vil bli gjennomført.
Kristelig Folkeparti er positiv til utbygging av Goliat,
men vi stiller krav. Vi stiler krav om en bedre oljevernberedskap, og vi stiller krav om helelektrifisering. Uten
at dette er på plass, kommer vi til å stemme imot Goliatutbyggingen.
Jeg tar opp de forslagene som Kristelig Folkeparti har
fremmet. For at Kristelig Folkeparti skal være med, må vi
oppfylle klimaforliket, og vi må ha en forsvarlig behandling av oljevernberedskapen i et slikt sårbart område. Det
er avgjørende premisser for Kristelig Folkeparti.
Presidenten: Representanten Line Henriette Holten
Hjemdal har tatt opp de forslagene hun refererte til.
Gunnar Kvassheim (V) [20:49:13] (komiteens leder):
Venstre er for olje- og gassaktivitet i nord. Vi vil åpne for
aktivitet i noen områder, men samtidig balansere dette ved
å si nei til aktivitet i de mest sårbare områdene.
Venstre er imot olje- og gassaktivitet i et belte på 50 km
fra Finnmarkskysten. Goliat-feltet ligger 48 km utenfor
kysten av Finnmark, altså innenfor det 50 km-beltet utenfor kysten som forvaltningsplanen for Lofoten og Barentshavet har definert som særlig sårbart og verdifullt. Det er
fra miljøfaglig hold blitt frarådet en utbygging i området.
Det har blitt sagt at det var forrige regjering som la opp
til utbygging av Goliat. Det var imidlertid under Arbeiderpartiet og Thorbjørn Jaglands regjering Goliat ble tildelt
i 1997. Regjeringen Bondevik II gav tillatelse til nødvendige boringer for å avklare om feltet var drivverdig, men
det ble samtidig tydelig understreket at en dermed ikke
tok stilling til en eventuell utbygging. Venstres standpunkt
i denne saken er således konsistent.
Når det gjelder SV, var det det eneste partiet som før
valget lovte velgerne at de skulle være imot all oljeaktivitet
i nord. Det står i grell kontrast til den begeistrede tilslutning til Goliat-utbyggingen og videre aktivitet i nordområdene som framgår av merknadene i innstillingen. Det sies
at angrep ofte er det beste forsvar. Inga Marte Thorkildsens innlegg i dag viser at det ikke alltid er tilfellet. Det
er et univers mellom det standpunkt SV lovte velgerne at
de skulle slåss for, og det de nå står for i denne saken.
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Slik planen for utbygging og drift er lagt opp, hefter
det betydelig usikkerhet om og eventuelt når full elektrifisering av Goliat kan komme på plass. Dette er beklagelig, for det kan bidra til å gjøre det vanskeligere å nå de
nasjonale klimamålene.
Rettighetshaverne pålegges å fremme en plan for økt
bruk av kraft fra land til Goliat senest høsten 2019. Regjeringen tar imidlertid forbehold vedrørende ytterligere
elektrifisering knyttet både til tiltakskostnader og tekniske
utfordringer ved økt bruk av kraft fra land.
Under høringen i energi- og miljøkomiteen 14. mai
framla Sargas planer for et gasskraftverk med CO2-rensing
allerede fra oppstart. Sargas hevdet at deres teknologi er
moden for bruk, og at et slikt gasskraftverk kan stå ferdig
innen Goliat er ferdig utbygd.
Et gasskraftverk basert på rensing fra dag én i tilknytning til Snøhvit-anlegget i Hammerfest vil kunne legge
til rette for full elektrifisering av Goliat og samtidig bidra
til en eventuell reduksjon av CO2-utslippene ved Snøhvitanlegget. Denne løsningen kan ha betydning for arbeidet
med å nå de klimamål det er bred enighet om i Stortinget.
Derfor mener Venstre, og foreslår det i innstillingen, at
dette bør utredes i en helhetlig sammenheng, før Stortinget
fatter vedtak om utbygging og drift av Goliat-feltet.
Venstre er heller ikke beroliget når det gjelder beredskapen mot oljesøl i forbindelse med driften av feltet. Utbygging ved Goliat stiller særlige krav til oljevernberedskapen. Det er spesielle utfordringer i området knyttet
til lave temperaturer, mørketid, ising og «vinterising» av
utstyr. Kystverket påpeker i sin høringsuttalelse at
«(…) i konsekvensutredningen er det imidlertid ikke
skissert fullt ut hvordan gapet mellom dagens situasjon
og det identifiserte behovet skal fylles.»
Til tross for dette gir ikke Regjeringen klare signaler
om særskilte krav til oljevernberedskap ut fra feltets plassering og de særlige utfordringer dette gir. Venstre er bekymret for beredskapen knyttet til en utbygging som er så
nær land i et sårbart område med store miljøkvaliteter.
Det er et bredt flertall som i dag åpner for Goliat-utbyggingen. I fortsettelsen blir det viktig for Venstre å bidra til
en raskest mulig elektrifisering av feltet. Vi vil også stå
på for å få en forbedret oljvernberedskap.
For de involverte oljeselskapene og for verkstedindustrien innebærer Goliat-utbyggingen muligheter og utfordringer. Hvordan de utnyttes og løses, vil bli av stor betydning for olje- og gassaktiviteten i nordområdene i årene
framover.
Presidenten: Ønsker representanten å ta opp Venstres
forslag?
Gunnar Kvassheim (V) [20:53:32]: Jeg tar hermed
opp Venstres forslag.
Presidenten: Representanten Gunnar Kvassheim har
tatt opp det forslaget han refererte til.
Statsråd Terje Riis-Johansen [20:53:46]: Regjeringas nylig lanserte plattform for arbeidet med nordområde-
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strategien fikk navnet «Nye byggesteiner i nord». Et av de
viktigste målene i nordområdestrategien har vært å legge
til rette for en bærekraftig utvinning av petroleumsressursene og relatert næringsutvikling i nord. Dagens godkjennelse av utbygging og drift av Goliat-feltet viser at vi har
lyktes med å legge til rette for dette.
Som flertallet i komiteen gir uttrykk for, er prosjektet,
som den første utbygginga av et oljefelt i Barentshavet, et
viktig skritt for petroleumsvirksomheten i nord. Jeg synes
derfor det er meget positivt at vi har kunnet legge fram et
prosjekt som for det første vil skape arbeidsplasser og økt
aktivitet i nord, for det andre vil tilfredsstille strenge miljøkrav for Barentshavet, og for det tredje vil få en meget
god og balansert kraftløsning.
Tross sitt navn er Goliat ingen kjempe på norsk sokkel med sine anslåtte reserver på 28 millioner Sm3 olje.
Det har konsekvenser for lønnsomheten i prosjektet. Ifølge
konsekvensutredningen var utbygging til havs den eneste
lønnsomme løsningen, og – jeg vil skyte inn – også den
løsningen som er best av hensyn til miljøet.
I tillegg til inntektene som hele Norges befolkning vil
nyte godt av, kan Goliat også bli en drivkraft for utvikling
i nord. Snøhvit gav store lokale ringvirkninger, og Goliat
må bidra til å videreutvikle dette. Driften til havs, regionkontoret samt helikopter- og forsyningsbase vil sammen
sysselsette 150–200 personer i regionen. På bakgrunn av
erfaring fra petroleumsvirksomheten andre steder i landet
er det vanlig å regne med at virksomheten gir to til tre ganger så store indirekte som direkte ringvirkninger. Dersom
man legger dette til grunn, kan Goliat bidra til over 500
arbeidsplasser i regionen. Det er bra, og det er betydelig.
I dialogen med myndighetene, lokalpolitikerne og næringslivet er det lagt til rette for tiltak som kan øke nordnorsk næringslivs olje- og gasskompetanse, fremme nordnorsk næringslivs konkurranseevne, og vekke interesse for
energifaget blant ungdom i landsdelen.
Goliats levetid er beregnet til 15 år. Det gir oss tid til
å bygge opp kompetanse og næringsliv i regionen basert
på denne tenkningen.
Flertallet i komiteen sier seg enig i at letevirksomhet
og utbygging av felt i regionen er nødvendig dersom man
skal opprettholde, og øke, den petroleumsrelaterte aktiviteten i nord. Det er også nødvendig dersom man skal øke
ringvirkningene.
Goliat ligger om lag 50 km til havs og delvis innenfor et område som er identifisert som særlig verdifullt og
sårbart. Utbygging og drift av feltet vil derfor underlegges strenge miljøkrav som er trukket opp i forvaltningsplanen for Barentshavet. Det betyr bl.a. at feltet skal oppfylle målsettingen om nullutslipp til sjø under normal drift. I
tillegg vil oljevernberedskapen redusere konsekvenser av
et eventuelt akutt utslipp. Oljevernberedskapen skal behandles på et senere tidspunkt av Statens forurensningstilsyn. Det vil skje når operatøren søker om tillatelse til
virksomhet i henholdsvis 2011 og 2013.
Det har vært meget viktig for Regjeringa at oljevernberedskap blir høyt prioritert, ikke minst i lys av særlige utfordringer i nord og feltets nærhet til kysten. Vi har
derfor stilt krav om at utbygger skal gjennomføre tiltak
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for å styrke oljevernberedskapen i berørte kommuner som
Måsøy, Hasvik og Nordkapp. Med dette understreker vi
betydningen av oljevernberedskap uten å foregripe SFTs
behandling.
Endelig er jeg glad for at komiteens medlemmer støtter
Regjeringas vurdering knyttet til kraft fra land. Jeg mener
vi har kommet fram til en balansert løsning ved at kraften til Goliat dels kommer fra land og dels fra gassturbinen på innretningen. Jeg mener det ville vært ønskelig at
Goliat utelukkende ble forsynt med kraft fra land. Det er
dessverre urealistisk når kraftsituasjonen i regionen er så
sårbar som den er. På sikt er imidlertid min ambisjon full
elektrifisering av feltet. Det har derfor vært viktig for meg
å sette i gang prosesser som kan muliggjøre det. Regjeringa har stilt vilkår om at Goliat allerede innen utgangen av
dette året melder kraftforbruket knyttet til full elektrifisering. Vi gjør her bruk av de nye endringene i energiloven
for å få en god prosess mellom de ulike sentrale aktørene. Vi har også stilt vilkår om at rettighetshaverne skal
framlegge en plan om økt bruk av kraft fra land til Goliat
så snart kraftsituasjonen i området er styrket, men senest
innen 1. januar 2019.
Det planlegges for at sentralnettet i Hammerfest-området vil bli styrket i 2017, med forbehold om at prosjektet
skal gjennom en konsesjonsbehandling etter energiloven.
På bakgrunn av situasjonen i regionen og vilkårene vi har
stilt, mener jeg derfor at kraftløsningen på Goliat pr. i dag
er den best mulige løsningen.
Goliat vil bli en viktig kraft for næringsvirksomhet og
sysselsetting i nord. Feltet oppfyller strenge miljøkrav til
petroleumsvirksomhet, og det har en god og balansert løsning. Goliat vil derfor kunne bli en av våre viktigste nye
byggesteiner i nord.
E i r i n F a l d e t hadde her gjeninntatt presidentplassen.
Presidenten: Det blir replikkordskifte.
Tord Lien (FrP) [20:59:05]: I merknadene står det
bl.a. at flertallet – som består av regjeringspartiene, Fremskrittspartiet og Høyre – «viser til at det er stilt krav om
at oljevernberedskapen for Goliat skal være minst likt
god som på øvrige deler av norsk sokkel». Deri ligger
det nok en del teknologiske utfordringer. Goliat-lisensen
er ikke en veldig stor lisens, så det vil være naturlig, i
hvert fall etter min oppfatning, at staten bidrar til den
teknologiutviklingen.
Er dette et syn statsråden deler? Og på hvilken måte vil
Olje- og energidepartementet og Regjeringen bidra til, og
delta i, den teknologiutviklingen som er nødvendig, bl.a.
for å få oljelenser som vil fungere tilfredsstillende i disse
områdene?
Statsråd Terje Riis-Johansen [20:59:58]: Jeg tror
ikke jeg vil gå noe lenger i å konkretisere forholdet til
oljevernberedskap basert på det spørsmålet representanten tok opp nå, enn det som er skissert i proposisjonen.
Vi gir her operatøren et klart ansvar for bl.a. de ramme-
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ne jeg nettopp refererte til i mitt innlegg. Samtidig gir vi
SFT ansvar for å sørge for at den konkrete oppfølginga av
dette blir gjort innenfor de rammene som står i proposisjonen, og som jeg oppfatter at Stortinget i dag gir sin tilslutning til. Det er jeg trygg på kommer til å bli en solid
og god oljevernberedskap for området, og jeg legger til
grunn at også Eni og StatoilHydro sammen har lagt inn
oljevernberedskap som en del av planlegginga og en del
av kostnadsberegninga for prosjektet.
Ivar Kristiansen (H) [21:01:07]: Det er unntaksvis
grunn til å gi statsråden honnør for handlekraft i en energisak, og vi har et unntak her. Det er ikke noe problem for
meg å gi kompliment for håndteringen av denne saken fra
departementets side.
I et spørsmål fra komiteen som går på innkjøpsfunksjonen, svarer departementet utvetydig at innkjøpsfunksjonen
for Goliat-feltet i utbyggingsfasen og driftsfasen vil være
lokalisert til operatørens hovedkontor i Stavanger. Jeg går
ut fra at vi snakker både formelt og reelt her. Men er det
ikke slik at innkjøpsfunksjonen anses å være en nøkkelfunksjon for i det hele tatt å kunne se de maksimale lokale
ringvirkningene i både drifts- og utviklingsfasen?
Statsråd Terje Riis-Johansen [21:02:10]: Dette er en
avveining i forhold til hvilken kompetanse selskapene har
knyttet til ulike oppdrag og ulike funksjoner på ulike lokaliteter. Sånn sett er det, som representanten her viser til,
funnet naturlig å håndtere en løsning for innkjøp på den
måten som er skissert. Jeg legger til grunn og forutsetter
at den ambisjonen som representanten Kristiansen her tar
opp, og som jeg deler, om en betydelig andel lokale innkjøp kommer til syne og blir realisert i dette prosjektet,
sjøl om deler av det – eller mer enn det – skal styres fra
andre steder enn Hammerfest.
Line Henriette Holten Hjemdal (KrF) [21:03:15]:
Oljevernberedskap er viktig. Det snakkes om et sårbart
område. Ordføreren i Hasvik sa at beredskapen har for
mange av kystkommunene vært en av de viktigste fanesakene i forhold til Goliat, ikke minst i den kommunen hun
er ordfører i, Hasvik kommune, som er nærmeste nabo til
Goliat. Det var det hun uttrykte på høringen i denne saken.
Uten å foregripe SFTs vurderinger har Kristelig Folkeparti utfordret statsråden gjennom spørsmål og i mitt innlegg i denne saken tidligere på at vi ønsker å få en sak til
Stortinget, der vi kunne få drøftet hvilke krav som det bør
være for å få lov til å drive olje- og gassutvinning i et slikt
sårbart område. Støtter statsråden en slik tankerekke?
Statsråd Terje Riis-Johansen [21:04:15]: Jeg mener
at jeg i proposisjonen til Stortinget har foreslått og presentert ambisiøse planer og et høyt nivå på oljevernberedskapen. Stortinget er sånn sett i dag invitert til å fatte en beslutning knyttet til det, og jeg oppfatter at stortingsflertallet
slutter seg til det.
En ryddig prosess videre er at vi, som normalt, gir fagmyndighetene, altså Statens forurensningstilsyn, i oppdrag
å konkretisere hva en svært god oljevernberedskap i dette
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området i praksis skal innbefatte. Jeg er helt trygg på at
den prosessen vi nå legger opp til, ivaretar den gode intensjonen som jeg oppfatter ligger bak Kristelig Folkepartis
engasjement i denne saken.
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vise om historien blir sånn, men jeg er helt trygg på at dette
prosjektet kommer til å gi betydelige ringvirkninger i området, og det er en viktig del av hele prosjektet for min del.
Presidenten: Replikkordskiftet er omme.

Gunnar Kvassheim (V) [21:05:14]: Statsråden understrekte i sitt innlegg betydningen av elektrifisering fra land
når det gjelder kraftforsyning til Goliat. Det henger selvfølgelig sammen med at det er av avgjørende betydning
hvis vi skal nå våre klimamål. Inga Marte Thorkildsen fra
SV sa i sitt innlegg at SV vil jobbe «hardt for å få mer forpliktende formuleringer på elektrifisering». Det må bygge
på en holdning om at SV synes at de formuleringene som
står i innstillingen, er lite forpliktende, skaper usikkerhet
og er heftet med mange forbehold. Det er en rett vurdering av SV. Hva slags muligheter ser statsråden for å få til
mer forpliktende formuleringer når det gjelder elektrifisering? Altså: Hvilke muligheter har SV til å nå fram når
de ønsker å arbeide for dette?
Statsråd Terje Riis-Johansen [21:06:07]: Jeg kan forsikre representanten Kvassheim om at jeg personlig har
brukt betydelig med både tid og tankekraft på spørsmålet
om elektrifisering av Goliat-prosjektet. Jeg har hatt én ambisjon, og det er å gå så langt som jeg synes det er mulig
å gå, i det å ha en høy andel elektrisitet på denne enheten.
Realiteten er at det ikke er mer kraft tilgjengelig pr. i dag.
Derfor kan vi ikke gå lenger enn vi nå gjør.
Når vi har valgt den planen videre, som ligger i proposisjonen, er det fordi vi i dag ikke konkret har den kraften
tilgjengelig for 2017, som vi ønsker skal være tilgjengelig. Vi legger nå en plan for at kraften skal være der i
2017. Det betyr en videre prosess i forhold til elektrifisering. Men når det gjelder den konkrete situasjonen i området, er det vi nå gjør i proposisjonen, det lengste vi kan
gå. Det betyr også en prosess for å få mer strøm til Goliat,
og vi ser også nå mer nett i Finnmark.
Ketil Solvik-Olsen (FrP) [21:07:10]: Komiteen har,
som statsråden vet, lagt stor vekt på de lokale ringvirkningene, og anslagene tilsier 450–600 sysselsatte – direkte og
indirekte. Da vi hørte innlegget fra representanten Thorkildsen fra SV, fikk en derimot inntrykk av at det knapt
ville bli lokal sysselsetting ved prosjektet, at alt ville havne
i sør.
Kan statsråden bruke et minutt til å bekrefte hvordan
Olje- og energidepartementet ser på den lokale sysselsettingseffekten? Har komiteen oppfattet riktig tall når man
anslår det til 450–600, eller er det lite sannsynlig at man
oppnår det?
Statsråd Terje Riis-Johansen [21:07:52]: Jeg mener
å huske at jeg sjøl brukte tallet 500 fra talerstolen for noen
minutter siden, og jeg står fortsatt inne for det tallet. Det er
basert delvis på erfaringer med tilleggssysselsetting knyttet til oljerelatert virksomhet, de konkrete arbeidsplassene
hvis jeg får oss knyttet til baser i Hammerfest, i forbindelse med sjølve produksjonen til sjøs. Så jeg mener at vi har
godt belegg for å bruke de tallene vi nå bruker. Framtida vil

Bendiks H. Arnesen (A) [21:09:03]: Jeg ser på utbyggingen av Goliat-feltet i Finnmark som en gledelig begivenhet for næringsutvikling, verdiskaping og bosetting i
nordområdene. Nå kan vi med sikkerhet si at petroleumsalderen for alvor har kommet også til den nordlige landsdelen. Dette er meget viktige byggesteiner i nord, og her
har Regjeringen levert.
Nordområdene er veldig rik på ressurser, og Nord
Norge trenger ny virksomhet for å sikre bosetting, næringsutvikling og arbeidsplasser. Da er det viktig at vi får
ta i bruk våre rike olje- og gassressurser, og dermed øke
verdiskapingen i landsdelen.
Jeg er glad for at jeg i min tid på Stortinget også har
fått være med på å vedta utbyggingen av Snøhvit-feltet,
og at dette prosjektet har gitt de positive ringvirkningene
som vi nå ser. Dette har allerede betydd mye for verdiskaping og arbeidsplasser i hele den nordlige landsdelen
og for resten av landet. Slikt trenger vi mer av. Jeg håper
jeg får muligheten til å være med på å vedta flere slike
utbygginger i andre deler av nordområdene.
Jeg er enig med komiteen i at det er viktig med
langsiktighet og forutsigbarhet for petroleumsnæringen.
Planlegging, leteaktivitet og klargjøring for utvinning
tar tid. Derfor er det så viktig at vi fra politisk hold holder
framdriften når det gjelder avklaring av nye arealer som
kan stilles til disposisjon for leteaktivitet.
Jeg reiser mye omkring i den nordlige landsdelen, og
jeg oppfatter at det er en positiv holdning til økt petroleumsaktivitet og dermed økt næringsaktivitet i nord. Jeg
hører også at folk sier at de vil se noe igjen i landsdelen av
denne aktiviteten. Dette betyr at landsdelen ikke bare må
bli en råvareleverandør med noen filialer, men at det blir
etablert næringsaktivitet og ledelsesfunksjoner som gir økt
sysselsetting og bosetting i landsdelen.
Jeg er klar over at dette også er et spørsmål om tilrettelegging fra landsdelens egne myndigheter og næringsliv, men dette jobbes det etter min mening nå godt med i
landsdelen
Næringsaktivitet og sysselsetting opptar folk i nord
sterkt, og mange sier det så sterkt at dersom de ikke ser
slike ringvirkninger av petroleumsaktiviteten i nord, kan
oljen og gassen ligge der den ligger.
Dette er oppfatninger som verken vi på Stortinget eller
oljeselskapene kan se bort fra. Både selskapene og politikerne er opptatt av å få tilgang på nye arealer for leting
og utvinning i nord. Da er det også viktig at innbyggerne ser positive resultater for landsdelen i form av arbeidsplasser og økt bosetting, og at de som sysselsettes i denne
virksomheten, har norske lønns- og arbeidsvilkår.
Jeg er av dem som føler meg trygg på at fiskerinæringen og petroleumsnæringen kan leve godt side om side
også i nord. Jeg tror faktisk at disse to næringene vil utfylle hverandre på en måte som er positiv for begge næ-
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ringene og for samfunnet som helhet. Selvfølgelig skal
miljøfokuset være sterkt i begge disse viktige næringene.
Jeg har stor tro på at aktiviteten som kommer på Goliat-feltet, kan innfri forventningene til lokale ringvirkninger, og at vi gjennom dette kan få på plass ytterligere
petroleumsaktivitet i nord.
Jeg er av dem som ikke tror at ilandføring i dette konkrete prosjektet ville ha vært ensbetydende med en stor
verdiskaping i landsdelen. Derimot tror jeg at innbyggernes krav om ringvirkninger i landsdelen vil gjøre at selskapene vil bestrebe seg på å være til stede og benytte seg
av lokale varer og tjenester og alt det andre positive NordNorge kan bidra med.
Tord Lien (FrP) [21:13:47]: La meg først benytte anledningen på denne egentlig historiske dagen til å gratulere både Finnmark og Hammerfest med den store begivenheten som vi alle er så heldige å få være vitne til og delta
i i dag.
Jeg har også lyst til å gratulere lisensen, Eni og Statoil, med Statoil som operatør, for den jobben de har gjort,
hvor man har synliggjort at sameksistens i rike fiskeriområder mellom oljenæringen og fiskerinæringen er fullt
mulig. Man har sannsynliggjort at naturmangfoldet i området på en utmerket måte kan ivaretas. Det mest eksemplariske er at de har sannsynliggjort at dette kommer til å
føre til sysselsetting lokalt.
I likhet med saksordføreren og flere andre talere har
jeg lyst til å peke spesielt på den måten lisensen har valgt
å organisere avtaleinngåelsen på, og fraværet av store
rammeavtaler, som særlig viktig.
Jeg synes også representanten Bendiks Arnesen er inne
på noe viktig. Det er at landsdelen må forberede seg mer.
Vi vet at de tre fylkene etter hvert har begynt å gjøre ting
på utdanningssiden. Det tror jeg er veldig riktig. Men det
er liten vits å bygge opp et utdanningstilbud i de nordnorske fylkene hvis representanter fra regjeringspartiene reiser rundt i Nord-Norge og kaller oljeindustrien for en skitten næring – en næring som ikke er framtidsrettet. Så jeg
vil oppfordre representanten Arnesen om å revurdere sine
regjeringspartnere i framtiden, for jeg tror i hvert fall ikke
den retorikken fra en del av hans kolleger – i det parlamentariske grunnlaget til Regjeringen – bidrar til å styrke
optimismen og positivismen til de elevene som skal gå på
de nye utdanningsretningene i Nord-Norge.
Så hadde jeg tenkt å gratulere SV med at man har tatt
til fornuft. Men etter å ha finlyttet på innlegget til representanten Inga Marte Thorkildsen kunne jeg ikke finne
én eneste setning i innlegget som indikerer hvorfor SV i
dag stemmer for forslaget. Jeg hadde trodd at når et partis
talsperson tok ordet i salen, var det delvis for å forsvare de
standpunktene man har i innstillingen – og for så vidt ved
stemmegivningen. Det hørte jeg ingenting om. Derimot sa
representanten Thorkildsen noe som jeg bet meg merke i,
nemlig at fordi regjeringen Bondevik hadde åpnet for oljeleting i Barentshavet, var det en automatikk i det, da ble
det også oljeutvinning – at man ikke hadde noe valg. Det
setter jeg stor pris på. For SV har altså stemt for seismikkskyting i Nordland VI og i Troms II. Da regner jeg med at
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automatikken er like klar der, og at man kommer tilbake i
denne sal våren 2010 og sier: Nei, dessverre har vi stemt
for seismikkskyting i Nordland VI, og da er den naturlige
konsekvensen av det – og det nærmest uunngåelige – at
vi også må åpne Nordland VII. Det håper jeg på at vi får
gjort, og at også SV kan bidra til det. Det ser jeg fram til
med stor optimisme.
Så er det slik at lisensen har et enormt ansvar. Goliatfeltet er ikke – til tross for at navnet indikerer noe annet
– et veldig stort felt. Allikevel er det slik at denne lisensen er et flaggskip i forhold til åpning av energiutnyttelse
og petroleumsvirksomhet i hele Nord-Norge – fra Nordland VI og nordover. Det påhviler selvfølgelig lisensen et
viktig ansvar, med den jobben man gjør der, når vi senere
skal diskutere åpningen av andre havområder – og for så
vidt videre aktivitet i Barentshavet.
Så tilbake til det spørsmålet jeg stilte til statsråden. Vi
skal ha en oljevernberedskap på Goliat som er like god
som i resten av Norge. Det er en del utfordringer som vi
i dag ikke har løst, og som jeg er helt sikker på at både
lisenspartnerne og OLF kommer til å gjøre hva de kan for
å løse, før den første oljen kommer opp fra Goliat. Jeg
tror imidlertid at også staten bør engasjere seg i å utvikle
disse teknologisporene.
Så har jeg lyst til å avlegge Høyre en kort visitt på
slutten av mitt innlegg. Man er nå veldig opprørt over at
Goliat-lisensen og Eni har valgt å ha en liten del av sin
organisasjon i Stavanger, mens mange av de store, viktige arbeidsplassene blir liggende i Hammerfest. Da vil jeg
minne Høyre om den debatten vi hadde i denne salen om
Skarv-utbyggingen. Da mente Høyre at det var greit at alle
arbeidsplassene lå i Stavanger. Nå er man misfornøyd med
at 20 pst. blir liggende i Stavanger. Det er underlig.
Alf E. Jakobsen (A) [21:19:14]: Når vi behandler – og
forhåpentligvis vedtar Goliat-feltet senere i dag, er det et
viktig skritt videre i Barentshavet. Vi har naturgassen fra
før, og nå vil vi også kunne ta oljen i bruk. Det skaper en
helhet.
Vi har allerede LNG-prosjektet Snøhvit i produksjon,
og jeg understreker at det nå er i full produksjon, så vidt jeg
kan registrere. Det var denne salen som vedtok det våren
2002. Nå får vi ytterligere befestet den nordlige landsdelens posisjon gjennom beslutning om utbygging av Goliat-feltet utenfor Hammerfest. Det er, som flere har sagt,
det første oljefeltet i Barentshavet. Denne utbyggingen er
viktig for Norge, og ikke minst gir det stimulans til NordNorge og til Finnmark. Jeg registrerer optimisme blant folk
i forhold til at vi har kommet så langt.
Det er også en annen viktig forutsetning her. Dersom vi
nå ser Goliat og Snøhvit-prosjektet i sammenheng, får vi
først effekt av gassen i Goliat-feltet ved at vi kan reinjisere
den for trykkstøtte. Men så er det en effekt nr. 2, som er
umåtelig viktig: Dersom begge parter vil, kan dette være
et vesentlig bidrag av gass for å kunne realisere tog II i
Snøhvit-prosjektet.
Det er gledelig at både Regjeringen og komiteen i sin
innstilling har lagt så bred vekt på regionale ringvirkninger. Ikke minst er det klar tale i innstillingen om at det skal
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være forsvarlig og synlig beredskap i kommunene Hasvik,
Måsøy og Nordkapp.
Det er også viktig at det så tydelig understrekes at
driftsorganisasjonen for Goliat skal legges til Hammerfest,
og det skal være en selvstendig driftsorganisasjon med regionfunksjoner. Jeg har også lyst til å tilføye at som følge
av Snøhvit så vi i løpet av kort tid at 70 bedrifter etablerte
seg i Hammerfest. Hadde det ikke vært for Snøhvit, ville
disse bedriftene aldri ha blitt etablert i Hammerfest.
Selv om understellet av flyteren kan komme til å bli
bygd i utlandet, vil et prosjekt på i underkant av 30 milliarder kr være umåtelig viktig for sysselsettingen i Norge
– og ikke minst Nord-Norge – når vi nå opplever en
internasjonal finanskrise.
Et viktig krav er at avtalene splittes opp slik at nordnorsk næringsliv kan få oppdrag. Det skulle ligge godt til
rette for at operatøren Eni kan splitte opp kontraktene, slik
at også landsdelens næringsliv kan konkurrere og få oppdrag. Eni er ikke på samme måte som StatoilHydro allerede bundet opp i store, inngåtte rammeavtaler, da dette er
det første prosjektet de er operatør for på norsk sokkel.
Nordnorsk næringsliv kan konkurrere, selv om vi er relativt unge i petroleumssammenheng. Vi så det i forbindelse med Snøhvit-prosjektet, der operatøren Statoil beregnet
at nordnorsk næringsliv ville få ca. 600 mill. kr i utbyggingsfasen. Sluttsummen ble 3–3,5 milliarder kr. Snøhvitprosjektet har gitt bedrifter fra landsdelen erfaring. De har
fått kompetanse som det helt klart kan bygges videre på.
Det er særdeles viktig at det er forutsigbarhet, både
ved at det tildeles letelisenser fortløpende, og at selskapene får lov til å utvinne forekomstene når det gjøres funn.
Noen vil sikkert synes det er flåsete sagt, men jeg tror det
er slik at man ikke kjøper en tomt dersom man ikke får
lov til å bygge på den. Får man letelisens, er det etter min
mening en selvfølge at man også skal kunne sette feltet i
drift, dersom det er drivverdig. Det skal selvfølgelig skje
innenfor forsvarlige sikkerhets- og miljømessige rammer.
Vi ser at petroleumsvirksomhet gir kompetansearbeidsplasser og økt bolyst i Nord-Norge og Finnmark. Eksemplet Hammerfest var tydelig. Byen har opplevd en befolkningsvekst fra vedtaket om utbygging ble fattet i 2002, og
fram til i dag, på ca. 500 personer. Det viktigste med dette
er at de menneskene i hovedsak er innenfor aldersgruppen
20–40 år. Mange ungdommer ønsker å komme tilbake til
landsdelen.
Dette er en god dag for Hammerfest, Finnmark, NordNorge og nasjonen Norge i en tid med økende ledighet.
Presidenten: De talere som heretter får ordet, får en
taletid på inntil 3 minutter.
Ola Borten Moe (Sp) [21:24:41]: Jeg vil slutte meg
til siste taler. Dette er en god dag for Norge. Det er en god
dag for Nord-Norge. Jeg har også lyst til å si at både komiteen og saksordføreren har gjort en god jobb med denne
innstillingen.
Miljø og sikkerhet er trukket inn som sentrale argumenter i debatten om utbyggingen av Goliat. Det ble delvis avklart gjennom arbeidet med forvaltningsplanen for
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nordområdene, en plan som Senterpartiet er svært stolt av,
og som vi mener er noe av det viktigste som er gjort denne
perioden. Her er det for det første inngått et bredt forlik,
og for det andre gir det forutsigbarhet for næringen i lang
tid framover.
En av de tingene som er veldig bra med denne utbyggingen, er de regionale og lokale ringvirkningene som
kommer som en følge av den. Det er verd å merke seg at det
er kompetansearbeidsplasser som kommer på plass i området. Jeg synes også at det er verd å si fra denne talerstolen at departementet og direktoratet bør legge vekt på dette
i framtidige tildelinger, slik at de selskapene som viser at
de satser og mener alvor med aktivitet og arbeidsplasser i
Nord-Norge, får betalt for det.
Elektrifiseringsløsningen har vært en annen sentral del
av debatten. Jeg synes for det første at det er viktig og gledelig at Finnmark og Troms nå blir en del av sentralnettet,
og at vi får på plass denne viktige delen av infrastrukturen for denne landsdelen. Det er bra for dem, og det er
bra for resten av landet, fordi det gir muligheter for økt
miljøvennlig kraftutbygging i framtiden.
Det er også positivt at Goliat blir elektrifisert. Jeg tror
det er en svært fornuftig løsning som nå ligger i proposisjonen, nemlig at man sier at dette er målet, og tar forbehold om konsesjon. Det skulle i grunnen bare mangle.
Jeg har imidlertid lyst til å si at det ligger åpning for
anleggsbidrag i proposisjonen. Det er en åpning som jeg
mener departementet bør utnytte. Det er ingen grunn til
at det kun er norske nettkunder som skal betale dette gildet av egen lomme, når vi bygger ut til en aktør. I framtiden bør man kanskje også kunne se på muligheten for å
pålegge utbyggere også produksjonsplikt av miljøvennlig
kraft. Da ville man i så fall ha skapt et marked, som pr.
dags dato ikke er der.
Jeg har lyst til å knytte to korte kommentarer til Venstres posisjon i denne saken. Jeg synes det er på kanten
til å være uansvarlig når man nå stemmer mot utbyggingen av Goliat. Man har tidligere vært med på å legge til
rette for det. Jeg tror det knapt finnes eksempler på at man
har kjørt et slikt løp tidligere. Det andre gjelder elektrifisering. Venstre burde ha lært fra forrige konsesjon de gav
i Trøndelag, at hvis man pålegger elektrifisering uten at
man har på plass verken linjeforsyning eller produksjon,
går landsdelen tom for kraft. Det har i hvert fall resten
av oss lært. Det er forstemmende at Venstre ikke har lært
det.
Torny Pedersen (A) [21:28:10]: Igjen er vi i Barentshavet. Nå gjelder det oljefeltet Goliat, med selskapet Eni
som operatør.
Det knytter seg store forventninger til både regional
utvikling og nye arbeidsplasser. Det hevdes at Goliatprosjektet vil gi inntil 200 direkte arbeidsplasser.
Prosjektet er rimelig marginalt, men det vil nok etter
hvert gi inntekter til Finnmark og til hele det norske
samfunnet.
Det er viktig det som nå skjer med utviklingen av petroleumsvirksomheten i nord, og vi forventer ringvirkninger
i hele landsdelen. Den 20. konsesjonsrunde var god.
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Det er ikke ventet at Goliat vil ha vesentlig negative
konsekvenser for natur og miljø. Likevel er det viktig å utvise varsomhet. De kystnære områdene er svært sårbare, så
her må alle muligheter brukes for å sikre disse områdene
mot et eventuelt oljeutslipp. Det er også utbyggerne klar
over. Jeg har all respekt for den næringen som i århundrer
har vært, og som er svært viktig for bosetting langs kysten, nemlig fiskeriene. Men det er ikke bare negativt med
et samspill mellom fiskeri og petroleum.
Gjennom proposisjonen om Goliat og merknadene i
innstillingen er det ikke tvil om at oljevernberedskapen
blir økt i Finnmark. En robust, effektiv og godt tilpasset
oljevernberedskap vil også være en trygghet for fiskerne.
Vi i nord er utålmodige etter å komme videre med utviklingen av petroleumsnæringene. Vi vet at fra man har
et funn og til utbygging tar det minst 15 år. Derfor er
både Snøhvit og Goliat veldig viktige for landsdelen. Skal
vi snakke om virksomhet i hele Nord-Norge, må vi helt
ned til Helgeland i sør for å finne neste store aktivitet.
Men hva med de store havområdene mellom Finnmark og
Helgeland? Spenningen er stor fram til 2010, da den store
kunnskapsinnhentingen som nå pågår i Nordland VII og
Troms II, skal gi oss noen svar.
I St.meld. nr. 37 for 2008–2009 om Norskehavet, som
vi skal behandle senere i kveld, sies det:
«I forbindelse med oppdateringen av forvaltningsplanen for Barentshavet og havområdene utenfor Lofoten i 2010 vil regjeringen også vurdere om det skal
settes i gang en åpningsprosess, herunder konsekvensutredning for petroleumsvirksomhet i disse områdene.»
Godt skrevet!
Jan Sahl (KrF) [21:31:30]: Kristelig Folkeparti er
opptatt av de store ringvirkningene som Goliat-prosjektet
vil ha for nordnorsk næringsliv, nordnorsk industri. Prosjektet vil skape arbeidsplasser og optimisme i en landsdel
som dessverre har vært inne i en periode med fraflytting
og deprimerende utsikter for framtiden.
Representanten Line Henriette Holten Hjemdal sa i sitt
innlegg at Kristelig Folkeparti i utgangspunktet er for å
gå for Goliat. Men vi har en stor uro, og den uroen har
vi knyttet til to forslag, der vi utfordrer særlig regjeringspartiene. Det gjelder særlig forslag nr. 2, som har med oljevernberedskap å gjøre. Det Kristelig Folkeparti ber om,
er at vi får en melding til Stortinget om hvordan en ser
for seg oljevernberedskapen på det første utbyggingsprosjektet i Barentshavet, før endelig avgjørelse blir tatt. Og
jeg må si at etter å ha lyttet til innleggene fra representantene Ann-Kristin Engstad fra Arbeiderpartiet og Inga
Marte Thorkildsen fra SV, skjønner jeg ikke at Kristelig
Folkeparti kan bli stående alene om å be om at Stortinget
får en sak fra Regjeringen om hvilken oljevernberedskap
som vil bli lagt til grunn ved utbyggingen av Goliat. Resultatet av avstemningen vil være med på å avgjøre hvordan
Kristelig Folkeparti stiller seg til dette til slutt.
Jeg utfordrer særlig ministeren til å respondere på om
han kan se for seg at en vil få en slik sak framlagt for
Stortinget – før en gir den endelige tillatelsen til å gå i
gang.
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Steinar Gullvåg (A) [21:34:08]: Jeg er enig med dem
som sier at dette er en meget god dag for Nord-Norge. Og
jeg har – i likhet med de fleste som har snakket fra denne
talerstolen – forventninger om de næringsmessige og
sysselsettingsmessige virkningene av denne utbyggingen.
Men det kan vise seg å bli en svart dag for norske sjøfolk, med mindre vi nå er føre var. Med det mener jeg å si
at jeg forutsetter nå at vi sørger for at de bøyelastingsskipene som skal betjene Goliat, blir registrert i Norge, og at
mannskapene om bord sikres norske lønns- og arbeidsforhold. Når jeg understreker dette, er det fordi dette ikke er
selvsagt. I Nordsjøen har vi nemlig sett at bøyelastingsskip flagges ut, registreres under bekvemmelighetsflagg
og bemannes med underbetalte filippinske mannskaper.
De selskapene som gjør dette, sier det er for å posisjonere seg for nye oppdrag, bl.a. på Goliat. Derfor blir Goliat
en prøvestein i så måte. Og jeg er meget forundret over
at det statseide StatoilHydro ikke bare aksepterer at rederiene flagger ut – og bidrar til sosial dumping på sokkelen – men også tilskynder det i sin stadige jakt på kostnadskutt. Jeg tror denne politikken er temmelig uklok, for det
skal bli meget vanskelig å få aksept for videre oljeutvinning langs sokkelen vår dersom vi nå opplever at vi skaper
arbeidsplasser for underbetalte filippinske eller asiatiske
mannskaper.
Dette dreier seg i realiteten om tusenvis av arbeidsplasser for norske sjømenn, for dersom denne demningen
nå brister, vil andre rederier følge etter. Vi vil altså få en
betydelig utflagging av norske skip som jobber på norsk
sokkel, og vi vil få en betydelig innførsel av mannskaper
fra land med langt lavere lønninger enn det vi er vant med
her i landet.
Øyvind Korsberg (FrP) [21:37:16]: Jeg har ikke tenkt
å dra debatten i langdrag, men jeg fikk lov av saksordføreren til å si at han beklaget litt at det ikke var plass til skipsfartspolitikk i behandlingen av Goliat – det var myntet på
forrige taler.
Det har vært interessant å følge debatten, spesielt siden
undertegnede har en fortid i energi- og miljøkomiteen i åtte
år før denne perioden. Jeg husker tilbake til da vi behandlet Snøhvit-utbyggingen i forrige periode. Det som var litt
interessant da, var å se hvilke partier som var imot Snøhvitutbyggingen. Det var SV – de var faktisk så mye imot at
enkelte av representantene lenket seg fast der oppe – det
var Senterpartiet, og det var halve Arbeiderpartiet. Venstre
og Kristelig Folkeparti, som den gang satt i regjering, var
for. Så skjer det tydeligvis et eller annet fra man forlater
Stortinget og til man kommer inn i regjeringskontorene –
og motsatt vei. Det hadde egentlig vært ganske interessant
å finne ut hva som skjer på den ferden. Jeg håper at Fremskrittspartiet får muligheten til å høste de erfaringene etter
neste valg. Jeg håper i alle fall at vi ikke vingler like mye
som de andre partiene jeg nå har nevnt.
Jeg er ikke så bekymret for at dette skal gå ut over norsk
fiskerinæring. Ser man på fiskerinæringen rundt omkring
i Norge der man har hatt oljeaktivitet, har den stått seg
meget bra. Jeg er for så vidt heller ikke så bekymret for
framtiden når det gjelder videre utbygging av norsk olje-
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virksomhet i Lofoten og Vesterålen. Jeg tror at det å ha
SV i regjering er en god garanti for at man nå også får fart
på disse områdene. Skulle det være slik at SV av ulike årsaker ramler ut av Regjeringen, er jeg sikker på at de opposisjonspartiene som i dag er imot olje- og gassaktivitet
i Lofoten og Vesterålen, kommer til å endre mening dersom de kommer inn i regjeringskontorene. Det var jo helt
riktig, som saksordføreren sa, at det er sjelden man har
en sak av denne typen som er så bredt politisk forankret
i Stortinget. Det er betryggende. Så dette er en god dag
for Norge, det er en god dag for Nord-Norge, og det er en
god dag for Finnmark, for dette er verdiskaping.
Det som kanskje kan bekymre meg, er at det er noen
som farer med dobbeltmoral. Men hva som er verst, det
ikke å ha moral eller det å ha dobbeltmoral, vet jeg ikke.
Presidenten: Det skal ikke presidenten svare på.
Jan Sahl (KrF) [21:40:38]: Heller ikke jeg skal ta
stilling til moral eller dobbeltmoral.
Jeg hadde håpet at ministeren skulle tegne seg før jeg
tok et kort innlegg til, rett og slett bare for å begrunne egen
stemmegiving. Etter en totalvurdering av det som ligger
i proposisjonen, ut fra de store ringvirkningene dette får
for Nord-Norge, og med utgangspunkt i at Goliat er starten på noe som skal fortsette, har jeg tatt en beslutning
om at jeg vil stemme for Goliat i dag. Så har Line Henriette Holten Hjemdal tegnet seg etter meg, og vil trekke
konklusjonene for partiet totalt sett.
Line Henriette Holten Hjemdal (KrF) [21:41:39]: I
innstillingen sies det fra komiteens flertall at dette er en
«viktig milepæl for utviklingen av petroleumsnæringen i
nordområdene». De siterer også fra PUD-en, der det står:
«Skal man opprettholde og øke den petroleumsrelaterte aktiviteten i nord, er man avhengig av at det er
både leteaktivitet og utbygging av felt i regionen.»
Miljøpolitisk talskvinne i SV er i innlegget imot, i
innstillingen for, i avstemningen for. Og det er vel avstemmingen som til syvende og sist teller for oss som er
stortingsrepresentanter – så lenge vi har sete her. Saksordføreren sa sågar at dette er et politisk robust prosjekt,
siden det er et flertall som favner fra Fremskrittspartiet til
SV, og siden SV har beveget seg i riktig retning i denne
saken. Jeg vil vel heller si at SV bare stadfester den innstillingen som de la til grunn i budsjettet for 2009, der de
også hyller oljeaktivitet i nord.
Fra Kristelig Folkepartis side er vi konsekvente. Vi sa
i 2003 at det er i dag, når PUD-en er til behandling i Stortinget, vi skal avgjøre vårt forhold til Goliat. La meg sitere
fra oljemeldingen, som kom i 2003:
«Det understrekes at denne beslutningen ikke innebærer et endelig ja til utbygging av Goliatfeltet hvis
dette skulle bli aktuelt. Dette må det tas stilling til når
rettighetshaverne fremmer sin utbyggingsplan. Det blir
da opp til selskapene å demonstrere at en eventuell utbygging tar tilstrekkelig hensyn til miljøet og det særlig
verdifulle området.»
Dette gjentok vi i innstillingen til forvaltningsplanen

3971

for samme område. Det er ut fra hensynet til miljø og til
at dette er utbygginger i særlig verdifulle områder at Kristelig Folkeparti har tatt sitt standpunkt. Vi mener at PUDen ikke er god nok med hensyn til oljevernberedskap, og
ikke er klar nok med hensyn til når vi kan få en helelektrifisering. Ut fra dette har vi bedt om at saken forsterkes
på dette området gjennom vedtak i denne salen. Det kaller jeg å være konsekvent – med tanke på det vi sa i 2003
i regjering, og det vi sier i dag i stortingssalen.
Gunnar Kvassheim (V) [21:44:33]: Representanten
Korsberg trakk linjen tilbake til Snøhvit og prøvde å trekke
opp et historisk perspektiv med tanke på partienes stemmegivning. For å supplere den framstillingen vil jeg gjøre
oppmerksom på at realitetene når det gjaldt Snøhvit, var
avgjort før Bondevik II-regjeringen tiltrådte. Derfor ble
det slått fast i Sem-erklæringen at partiene baserte seg på
at dette feltet kunne bygges ut.
En av begrunnelsene for at en gikk inn for det da, var at
det var et gassfelt og at det ikke var tale om oljeutvinning.
Goliat er et oljefelt og er altså i en annen stilling enn Snøhvit-feltet var, som òg hadde en forhistorie hvor realiteten
var at Arbeiderpartiet førte an for å skreddersy et skatteregime som gjorde den utbyggingen mulig. Den avklaringen
var foretatt før Bondevik II-regjeringen overtok.
Ola Borten Moe har vært inne på spørsmålet knyttet til
elektrifisering, og sier at Venstre legger opp til et krav om
full elektrifisering uten at kraft er tilgjengelig. Det er feil.
Det vi sier er: Det bør utredes om det er mulig å forsyne Goliat med elektrisitet fra et gasskraftverk i Finnmark
etter den modellen som Sargas har skissert. Den avklaringen mener vi Stortinget burde hatt på bordet før en tok
stilling til dette. Det er ikke rett at vi vil sende området ut
i den situasjonen som Borten Moe beskrev.
Presidenten: Flere har ikke bedt om ordet til sak nr. 18.
(Votering, se side 4019)

S a k n r . 1 9 [21:46:08]
Innstilling fra energi- og miljøkomiteen om representantforslag fra stortingsrepresentantene Dagfinn Høybråten og Line Henriette Holten Hjemdal om at staten sørger
for at StatoilHydro trekker seg ut av oljesandaktiviteter
i Canada (Innst. S. nr. 367 (2008–2009), jf. Dokument
nr. 8:109 (2008–2009))
Presidenten: Etter ønske fra energi- og miljøkomiteen vil presidenten foreslå at taletiden blir begrenset til
5 minutter til hver gruppe og 5 minutter til statsråden.
Videre vil presidenten foreslå at det blir gitt anledning
til tre replikker med svar etter innlegg fra medlemmer av
Regjeringen innenfor den fordelte taletid.
Videre blir det foreslått at de som måtte tegne seg på talerlisten utover den fordelte taletid, får en taletid på inntil
3 minutter.
– Det anses vedtatt.
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Tore Nordtun (A) [21:47:21] (ordfører for saken): La
meg først for så vidt berømme forslagsstillerne her for
deres sterke engasjement i disse miljøspørsmålene. Men
jeg tror vi her må holde snørr og bart hver for seg, for å
si det slik. Det er òg bra at det er interesse og engasjement rundt denne saken og helhetlig tenkning. Det må vi
ha rundt et statlig selskap, eller selskap der staten har en
stor eierandel. Spesielt i dette selskapet har staten en svært
stor eierandel, og derfor er staten å betrakte som en dominerende eier. Men det som er litt synd, er at det som i
utgangspunktet er en sunn interesse for selskapet, i dette
tilfellet etter mitt syn har blitt kanalisert ut på en noe misforstått måte. Å være dominerende eier i et stort selskap
med tusenvis av ansatte, er et stort ansvar. Dette selskapet
forvalter i tillegg store, ja nesten ufattelige, verdier. Da å
skulle søke å styre dette selskapet etter nær sagt dagsform
og innfallsmetode, er ikke bare populistisk, men beint fram
uansvarlig, etter min oppfatning. Hvordan staten skal opptre som eier, har vært gjenstand for en bred drøfting og god
saksbehandling i denne sal for bare to år siden, i samband
med eierskapsmeldingen – en sak som i hovedtrekk samlet bred tilslutning her på Stortinget og der Kristelig Folkepartis representant Sørfonn for øvrig var saksordfører
på en forbilledlig måte.
Statens engasjement skal i hovedsak kanaliseres gjennom de som sitter i styret på vegne av staten. Staten har
i tillegg årlige kontaktmøter med ledelsen i dette selskapet. En skal òg ha med seg at selskapet er underlagt aksjeloven, med de plikter som nettopp følger av det. Denne
loven gjelder for alle aksjonærer, inklusiv staten. Dersom
en først starter med å gjøre unntak fra våre prinsipp om
statlig styring hver gang vi mener det er såkalt særlige
gode grunner for det, mener jeg at vi er ute på en farlig vei
som det er vanskelig å komme vekk fra. Staten må være en
god og forutsigbar eier, det er den eneste måten man kan
sikre og videreutvikle de store verdiene som ligger i våre
statlige selskap i et lengre perspektiv. Det er det minste
vi skylder det norske folk når vi forvalter disse store verdiene på vegne av oss alle. Av den grunn tar Arbeiderpartiet og jeg sterk avstand fra dette framlegget og mener at
dette dokumentet må avvises, slik òg et solid flertall gjør
i innstillingen.
Jeg vil presisere at dette ikke handler om saken i seg
selv, men mer om man er for eller mot oljesalg, som er
et prosjekt vi ikke har tatt stilling til. At forslagsstillerne
kommer trekkende med dette representantforslaget dagen
før generalforsamlingen, sier mer enn tusen ord. Dette
handler om grunnleggende prinsipp for hvordan vi opptrer
som eier i disse selskapene. I denne sammenheng må ansvarlig styring gå foran kortsiktig populisme, og vårt forvalteransvar på vegne av det norske folk må være det bærende prinsipp i denne saken. Derfor vil jeg i dag stemme
for å avvise det framlagte Dokument nr. 8-forslaget.
Ketil Solvik-Olsen (FrP) [21:51:31]: Fremskrittspartiet støtter ikke Kristelig Folkepartis forslag, av den enkle
grunn at i et demokratisk land bør vi unngå politisk styring
av børsnoterte selskaps prioriteringer. Det blir feil. Ønsker vi å oppnå noe politisk, må vi bruke de generelle ram-
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mevilkårene og lovverket slik at en stimulerer eller forbyr
bransjene å gjøre slikt generelt, og ikke prøve å overstyre
gjennom aksjekjøp på generalforsamlinger.
Jeg vil minne om at Canada er et suverent land, et demokratisk land med en folkevalgt forsamling. Det er de
som bestemmer hva som skal være lov eller ikke lov i sitt
land. Det framstår egentlig som ganske arrogant når en i
den norske politiske debatten kommer fra et rikt, og energirikt, land, og forteller Canada at de ikke skal få lov til
å utnytte sine energiressurser. Spesielt blir det en smule
hyklersk når vi vet at vi selv utvinner kull på Svalbard,
som har et mye dårligere CO2-regnskap enn oljesandprosjektet i Canada. Jeg har ikke hørt en eneste fra SV eller
Kristelig Folkeparti som har tatt til orde for at vi skal stenge kullgruvene i Norge. Det er dessverre slik den politiske debatten er, en henger seg på i symbolsaker og lager
en masse styr i media. Jeg vil allikevel ikke peke på Kristelig Folkeparti i denne sammenhengen, fordi syndbukken sitter hos SV som på en måte har forledet Kristelig
Folkeparti til å tro at det faktisk var mulig å oppnå noe
her.
Det var miljøvernminister Erik Solheim som først begynte å diskutere dette høylytt i den politiske debatten i
Norge. Erik Solheim som i media og ikke minst på SVs
landsmøte, gikk ut og sa at nå må vi ta politisk styring
og stoppe dette. Regjeringspartimedlem Tore Nordtun fra
Arbeiderpartiet burde ikke bli overrasket over at noen opposisjonspartier hopper på, når regjeringsrepresentanter
faktisk gir uttrykk for at de vil noe. Det sier litt mer om
SV og miljøpolitikken, som stort sett har blitt retorikk
og fryktelig lite politikk. Det blir en kamp mot oljesand
før generalforsamlingen, sågar etter generalforsamlingen,
men ikke på generalforsamlingen. Da synes jeg SV i den
saken burde holdt seg for god til i det hele tatt å uttrykke noe som helst, når de ikke kommer til å følge det
opp.
Det blir litt som det vi opplevde i Goliat-saken, der en
i innstillingen til budsjettet for inneværende år sier det er
viktig å opprettholde letevirksomheten. En sier i innstillingen til Goliat at Goliat-utbygging er viktig. En tar altså
ikke dissens på disse sakene i regjering, slik som de har
gjort i saker som de mener det er viktig å uttykke partistandpunkt i. Men når en kommer i media, er det en helt
annen sak. Når en kommer i debatter for å møte velgerne, kommer en med et helt annet budskap enn det en sørger for å få flertall for på Stortinget. Det er typisk SV å
oppføre seg slik i denne sammenheng.
Det som ikke henger sammen, er når SV ikke klarer å framføre en helhetlig politikk som viser hvordan de
mener at Canada eventuelt skulle møtt sine energibehov,
når de ikke får utnyttet de ressursene de har. Når de ikke
tar inn over seg at Det internasjonale energibyrået viser
at selv innenfor et togradersscenario vil forbruket av gass
øke i verden, forbruket av olje vil være noenlunde stabilt,
og forbruket av kull vil reduseres. Hvis vi stopper enkelte
lands mulighet for å utvinne oljesand, kan det isolert sett
være et godt ment miljøtiltak, sett i forhold til å fortsette
produksjonen av olje og gass på norsk sokkel. Men olje
og gass på norsk sokkel kan ikke dekke verdens energibe-
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hov alene, ei heller kan fornybar energi, selv om vi skulle
ønske det. Da vet vi at hvis en stopper oljesandaktiviteter,
blir det mer kull med et dårligere CO2-regnskap. Det må
en ta inn over seg i denne debatten.
Og igjen: SV, og i denne sammenhengen også Kristelig Folkeparti, ville hatt troverdighet med et slikt forslag
og en slik retorikk, hvis de først hadde gått inn for å stoppe norsk kullproduksjon. Da hadde en hatt en konsistent
politikk. Det er bare to dager siden SV stod på denne talerstol og argumenterte for akkurat det motsatte, nemlig
fortsatt kulldrift på Svalbard.
Jeg utfordrer egentlig energiministeren til i denne sammenhengen å være med og bidra til en mer faktabasert debatt, slik at debatten i framtiden – ut ifra et klimaperspektiv – ikke blir at oljesand i utlandet er fæle greier, mens
kull i Norge er helt greit, men klarer å kvantifisere hva som
er CO2-regnskap innenfor de ulike energiteknologiene. Vi
trenger en debatt og en klarhet i hva CO2-regnskapet er
hvis en bruker strøm i en elbil, som alltid vil regnes som
null gram utslipp, mens hvis en bruker strøm til oppvarming i hus, er det 400 gram CO2 for hver kWh vi bruker.
Det er en form for regnskapsføring som gjør at en kan argumentere inn og ut akkurat det en ønsker, avhengig av
om en synes det er greit med strøm, eller ikke greit med
strøm, og greit med olje, eller ikke greit med olje. Vi må
få klare fakta på bordet, som gjør at vi har en konsekvent
diskusjon om hva det handler om.
Peter Skovholt Gitmark (H) [21:56:53]: Det var en
samlet opposisjon som ønsket at denne saken skulle behandles hurtig, at man slapp å gå veien om komiteen, men
tok den direkte i Stortinget, fordi forslaget som var ønsket behandlet av Kristelig Folkeparti, var av en slik natur
at det hastet med å få et vedtak – dersom man gikk inn for
det – i forkant av generalforsamlingen. Det mener jeg det
var arrogant av flertallet ikke å gå inn for. At man nå har
fått denne saken via komiteen, er en form for trenering av
saken, og det har jeg ikke noe problem med å si, selv om
Høyre ikke støtter opp om forslaget fra mindretallet.
La meg veldig tydelig si at Høyre ønsker et begrenset statlig eierskap, et statlig eierskap som er profesjonelt,
et statlig eierskap som er forutsigbart, og et statlig eierskap som overlater de forretningsmessige betraktningene
til styret. Det er også den klare begrunnelsen for hvorfor
Høyre sier nei til denne typen forslag. Vi kan ikke se at
Stortinget gjennom Dokument nr. 8-forslaget er med på å
styre børsnoterte selskap, ei heller andre store statlig eide
selskap.
La meg også si at klimagassutslippene globalt må ned,
og tempoet for nedgangen må bli betydelig. Det er et samlet storting som ønsker en betydelig grad av satsing på
fornybar energi, men like fullt er det slik at dersom man
legger togradersmålet til grunn, vil den samlede bruken
av petroleumsprodukter øke.
Jeg har heller ikke noen problemer med å henvise til at
Canada, som har et av de mest stabile demokratiske styresett, fullt ut har rettighet over sine naturressurser gitt av
det canadiske parlament, og ikke det norske. Samtidig er
oljesand et produkt som dessverre har store miljømessige
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konsekvenser. Det er et faktum at det trengs om lag tre
liter vann for å produsere én liter råolje fra oljesand, det er
en betydelig energimengde som går med i produksjonen
av oljesand, og med dagens teknologi ser man dessverre
svært mange dagbrudd, selv om den teknologien som StatoilHydro ønsker å legge til grunn i Canada, ikke vil benytte seg av det. Det gjør at jeg personlig mener oljesand
er noe svineri med dagens teknologi.
Det er ut fra et miljøaspekt beklagelig at StatoilHydro
ønsker å bruke 12 milliarder kr på nettopp det prosjektet,
men jeg har samtidig ingen problemer med at StatoilHydro, som et suverent selskap med ansvar for inntjening, gjør
de betraktninger de mener er nødvendige for å sikre selskapets videre inntjening og dermed også danner basisen
for fremtidig norsk velferd.
Så vil jeg si at de betraktninger Ketil Solvik-Olsen tar
opp i sitt innlegg knyttet til kullkraft på Svalbard, er svært
relevante. Hvordan enkelte, både fra posisjon og fra opposisjon, kan henvise til dette prosjektet og samtidig ikke
trekke fram norske prosjekt, er på kanten av det hykleriske.
Jeg synes likevel at den personen som fortjener virkelig betegnelsen hyklersk, er statsråd Erik Solheim. Han
burde ha vært her under debatten av denne saken. Han var
svært aktiv i forkant av behandlingen av denne saken, og
ikke minst det faktum at statsråden så ettertrykkelig ønsker å gjøre kjent sitt standpunkt, dermed skulle man tro
også Regjeringens standpunkt, at dette prosjektet ikke fortjener å bli gjennomført, og at han nærmest ønsker å gå
svært langt i å pålegge private aksjonærer å stemme imot,
når han selv som statsråd sitter musestille når statsrådens
kollega, olje- og energiministeren, med flere er med på å
få gjennomført prosjektet, synes jeg er en dobbeltmoral
som ikke tjener Det norske storting eller det demokratiske
Norge.
Presidenten: Presidenten vil påpeke at «hyklersk»
som betegnelse om kollegaer, politiske mot- eller meddebattanter, ikke er et parlamentarisk uttrykk.
Inga Marte Thorkildsen (SV) [22:02:20]: Kristelig
Folkeparti fremmet dette forslaget to dager før generalforsamlinga – ikke én dag før. Dette forslaget kan derfor ikke
oppfattes som annet enn et demonstrasjonsforslag, og det
syns jeg er synd. Hadde Kristelig Folkeparti virkelig villet
få gjennomslag, hadde man benyttet en annen framgangsmåte. Det kan ikke komme som noen overraskelse på Kristelig Folkeparti at det ikke er flertall i dagens storting for
å gjøre det partiet her foreslår.
Det er SV de første til å beklage, fordi oljesandsaken
er svært alvorlig. Jeg vil derfor si høyt og tydelig: SV vil
gjøre alt vi kan for å endre norsk eierskapspolitikk på dette
punktet. Vi kan ikke være bekjente av at et selskap som
det norske folk er majoritetseier av, går seg så totalt vill
som de her har gjort. Jeg skal argumentere mer for hvorfor. Men la meg først konkludere med at SV kommer til
å jobbe for at denne saken blir het i valgkampen. Det kan
da ikke være veldig overraskende at en statsråd som uttaler seg på et partis landsmøte, går ut offensivt på partiets
egen politikk og nettopp mobiliserer med tanke på valg-
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kampen. Vi tar til etterretning at flertallet er som det er i
dagens storting, men snart er det altså valg, og da vil vi
mobilisere folket til å velge noe annet. Da kommer vi som
i sak er enige med hverandre her i dag, til å trenge hverandres støtte. Det bør vi alle reflektere over, hvis det er
saken som betyr noe, og det bør den.
Mange av oss har fått boka «Tar Sands» fra 2008, av
den anerkjente forfatteren Andrew Nikiforuk. Der kan vi
lese følgende:
– Hvert fat tjæreolje, bitumen, produserer tre ganger så
mye klimautslipp som et fat konvensjonell olje.
– Tjæresand er verdens mest vannintensive oljeprodukt.
Hvert fat krever forbruk av tre fat friskt vann fra
Athabasca River.
– Tjæresandindustrien bruker like mye vann hvert år som
en by med to millioner innbyggere.
– For å utvinne tjæreoljen brenner industrien nok fossilgass til å varme opp fire millioner hjem.
– Tjæresandprosjektet i Alberta vil ødelegge eller industrialisere en skog på størrelse med Florida, ødelegge
det biologiske mangfoldet og hydrologien i regionen
for alltid.
En rapport fra WWF i Storbritannia fra i fjor konkluderte med at det utnyttbare potensialet for olje fra tjæresand og oljeskifer i Nord-Amerika vil gi utslipp på
980 milliarder tonn CO2. Med andre ord: Det blir tilnærmet umulig å nå togradersmålet. At Fremskrittspartiets
Ketil Solvik-Olsen ikke bryr seg, er ingen overraskelse.
Klima- og energirådgiver Arild Skedsmo skriver på
Verdens Naturfond Norges hjemmesider:
«Mens verden ledere forhandler om hvordan vi kan
begrense bruken av fossil energi og fremme fornybare
alternativer, er industrien nå i full gang med å forlenge
fossilalderen. Det er uheldig, men forståelig at olje- og
gasselskaper fortsetter den aktiviteten de har historisk
kompetanse på, men det er noe helt annet at selskapene nå satser massivt på å utvikle ny teknologi for å utvinne energiressurser som oljesand og oljeskifer, som
jorda ikke tåler at vi bruker.»
Ifølge fondet vil tjæresandprosjektet låse oss til fossilalderen i 100 år på overtid. CO2-håndtering er utelukket,
fordi det er teknisk umulig. Tjæreoljen vil i tillegg i hovedsak gå til å forsyne det amerikanske transportmarkedet,
som nå er inne i en viktig endringsperiode. Man skal gå fra
bensinslukende biler til energieffektive biler, delvis eller
helt drevet på elektrisitet. Kanskje vil oljesandprosjektet
forsinke en slik nødvendig overgang. Det vil i så fall være
ille, fordi utslipp fra veitrafikk forårsaker en stor del av det
klimaproblemet de fleste av oss tross alt bekymrer oss for,
med unntak av Ketil Solvik-Olsen og noen av hans like.
Verdens Naturfond hevder også at dette prosjektet har
ført til det største naturinngrepet som Norge noensinne har
vært en del av indirekte gjennom StatoilHydro. Vi snakker
om forringelse eller destruksjon av et område tilsvarende
Sør-Norge. Hadde dette vært i Amazonas, ville vi ha brukt
milliarder på å bevare området, hevder Naturfondet. Vi
snakker nemlig om villmark, om uberørt natur verdt å ta
vare på. Problemet er at Canada selv ikke er av den oppfatning. Vi må derfor drive et aktivt påvirkningsarbeid over-
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for Canada, presse på for en ny klimaavtale. Det hadde
vært et kraftig signal om StatoilHydro hadde trukket seg
ut av tjæresandprosjektet. Det hadde blitt lagt merke til.
Vår regjering har lagt opp til et mer aktivt og mer omfattende statlig eierskap enn tidligere regjeringer. Det gir
derfor en ekstra bismak at Statoils planer om å investere i
tjæresand i Canada ble kjent bare dager etter at Stortinget
vedtok at
«statlige selskaper skal være i fremste rekke når det
gjelder miljøtiltak innen sin bransje».
Setningen er hentet fra Regjeringas egen eierskapsmelding. Det er vanskelig å se at investeringene i tjæresand
er i tråd med dette, og derfor må vi få på plass nødvendige virkemidler for å styre StatoilHydro i tråd med
intensjonene.
S i g v a l d O p p e b ø e n H a n s e n hadde her overteke presidentplassen.
Line Henriette Holten Hjemdal (KrF) [22:07:44]:
Helt fra den spede begynnelse har utviklingen av norsk
oljevirksomhet skjedd i en kombinasjon av industrielle og
kommersielle strategier på den ene siden, og aktiv politikk
gjennom myndighetsbestemte krav på den andre siden.
Dette har gitt en virksomhet som drives med høy kvalitet
og høye miljøstandarder i internasjonal målestokk. StatoilHydro står naturlig nok helt sentralt i dette bildet. Dette
har vi vært stolte av, og dette bildet har profilert norsk
oljevirksomhet og norsk industri over hele verden.
Vårt ledende oljeselskap, StatoilHydro, kjøpte seg i
2007 opp i oljesandproduksjon i Canada. Vi står dermed
overfor den paradoksale situasjonen at StatoilHydro nå tar
mål av seg til å produsere olje gjennom en av de mest
utslippsintensive formene for oljeproduksjon.
Det er lett å forstå Erik Solheims uttalelse til SVs
landsmøte hvor han uttalte – og jeg så ham i salen nå:
«(…) det ikke er akseptabelt at et nesten helt statlig eid
selskap ser sin framtid i oljesand i Canada.»
Det er verre å forstå at regjeringen han sitter i, står for
et helt annet syn.
Flertallet i komiteen viser til prinsippene for statlig eierskap som Stortinget gav sin tilslutning til i forbindelse med stortingsmeldingen Et aktivt og langsiktig eierskap. Kristelig Folkeparti står bak disse prinsippene og
merknadene her.
Normalt er svaret på spørsmål om statlig inngripen i
statlig eide selskaper at styret har ansvaret for selskapenes drift, mens staten utøver sin eiermakt gjennom generalforsamlingen. Men det vi nå drøfter, er en overordnet,
strategisk investering som har store, negative miljøkonsekvenser, og som var oppe til behandling på generalforsamlingen. Likevel ønsker ikke Regjeringen å bruke eiermakten. Det er vanskelig å forstå at dette er i tråd
med eierskapsmeldingen, herunder dens klare føringer når
det gjelder betydningen av bedrifters samfunnsansvar og
hensyn til miljøet i utøvelsen av det statlige eierskapet.
Dette er ikke dobbeltmoral i forhold til kulldrift på
Svalbard, fordi dette er et nytt strategisk område som StatoilHydro gikk inn på i 2007. Fra den dagen StatoilHydro
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offentliggjorde at de gikk inn på dette området, har Kristelig Folkeparti hatt dette engasjementet. Vi har tatt saken
opp med statsrådene, både her i salen og på andre måter,
så dette har ingenting med populisme å gjøre.
I denne aktuelle saken er situasjonen at de private eierne er uenige med staten om det er riktig for StatoilHydro
å engasjere seg videre i det sterkt forurensende oljesandprosjektet. Det viste seg også i voteringen på generalforsamlingen, hvor flere private, kommersielle eiere stemte
for forslaget om å trekke seg ut, og enda flere valgte å
være avholdende. Hvorfor skal staten som eier være mer
tilbakeholden enn private eiere med å ta standpunkt til hva
som er en bærekraftig strategi for selskapet? Skal staten
som eier være mer tilbakeholden enn private eiere med å
ta standpunkt til hva som er godt samfunnsansvar?
StatoilHydros investeringer har utløst en offentlig debatt og har høstet mye kritikk, ikke minst fra Regjeringen
selv.
Det kan ikke være slik at det er lettere for både fagbevegelse, miljøorganisasjoner og andre instanser – som har
sterke meninger om faglige rettigheter, miljøhensyn eller
andre etiske forhold i enkeltprosjekter i store selskaper –
å møte forståelse hos private eiere enn hos staten. Det kan
vel heller ikke være dette Regjeringen la opp i eierskapsmeldingen? Men det er det som synes å være konsekvensen av flertallets holdning i denne saken. Her har vi andre
private eiere som vil ta større miljøhensyn, og flertallets
eneste budskap er at dette vil vi ikke ta i.
Det er stadig større grunn til å spørre hvilken rolle miljøvernministeren egentlig har i denne regjeringen. Jeg må
også si at det er stadig større grunn til å spørre hvilken
rolle SV har i denne regjeringen – med Goliat for noen minutter siden og oljesand i denne debatten. Begge to er de
imot. De stemmer for, og jeg skjønner ikke at det holder.
Jeg tar med dette opp forslaget som Venstre og Kristelig
Folkeparti står bak i denne innstillingen.
Presidenten: Representanten Line Henriette Holten
Hjemdal har teke opp det forslaget ho refererte til.
Erling Sande (Sp) [22:13:02]: Lat meg starte her: I
Senterpartiet er vi tilhengarar av ein sterkt offentleg eigarskap, vi er tilhengarar av ein aktivt eigarskap, og vi
er tilhengarar av ein eigarskap som blir nytta til å fremje
omsynet til miljø og klima, ikkje omvendt.
I brevet frå Olje- og energidepartementet til komiteen
blir det vist til eigarskapsmeldinga. Der står det følgjande:
«Regjeringen har i St.meld. nr. 13 (2006–2007) Et
aktivt og langsiktig eierskap, gitt uttrykk for at den ønsker at statlig eide selskaper skal være i fremste rekke
når det gjelder miljøtiltak innen sin bransje.»
Og i Regjeringa sitt årlege eigarpolitikkdokument står
det følgjande:
«… det forventes at arbeidet med miljøspørsmål i det
enkelte selskap må skje systematisk og dekke hele
verdikjeden i virksomheten.»
Det kan godt hende at den oljesandinvesteringa som
StatoilHydro no er inne på, er eit symptom på at vår eigarskap må bli tydelegare, også når det gjeld kva type ak-
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tivitetar vi ynskjer. Då er rette kanalen for å ta det opp
til diskusjon ved revisjon av den samla utøvinga av statleg eigarskap, og ikkje gjennom enkeltrepresentantforslag
i Stortinget. Skulle vi gå inn på ein slik praksis, er vi i
realiteten med på å undergrave den offentlege eigarskapen.
Ein robust offentleg eigarskap må vere meir føreseieleg
enn som så. Det betyr ikkje at ein skal la vere å styre.
Vi i Senterpartiet er svært lite begeistra for oljesandaktiviteten til StatoilHydro. Det er ein ureinande aktivitet,
den er ikkje miljøfremjande og denne type aktivitet møter
på ingen måte dei miljøutfordringane som verda står overfor. Men kva mål og kva krav vi har på f.eks. miljø når det
gjeld eigarskap, vil vi lyfte fram ved krossvegar i denne sal
når vi drøftar vår samla offentlege og statlege eigarskap.
Gunnar Kvassheim (V) [22:15:38] (komiteens leder):
Venstre har stilt seg undrende til StatoilHydros oljesandengasjement i Canada. Det er et dårlig miljøprosjekt som
selskapet ikke burde vært inne i. Det er jo ikke å blande
seg inn i kanadisk politikk og ressursforvaltning. Det er et
synspunkt på hvordan et oljeselskap med et sterkt statlig
eierinnslag bør prioritere.
Det er ikke vanskelig å få tilslutning til det synspunktet jeg nå har framført, ser det ut for. Til VG sa Marianne
Marthinsen fra Arbeiderpartiet at Statoil ikke burde gått
inn i dette prosjektet. Og hun legger til at det er bra om
en slutter seg til forslaget om å trekke seg ut. Det konkluderte Marianne Marthinsen med overfor VG. Det er en
annen konklusjon enn den hennes partifelle Tore Nordtun
trakk i dag, og det skal bli spennende å se om Marianne
Marthinsen følger det synspunktet som hun målbar overfor
VG.
Erik Solheim, vår miljøvernminister, har også vært en
av dem som har sagt at dette er et dårlig miljøprosjekt.
Erik Solheim har faktisk fungert som politisk hare i denne
saken. Det er han som har dratt opp feltet mer enn noen
annen. Det er han som har bestemt fart, og det er han som
har bestemt retning, og så hopper han ut av feltet en runde
før mål. Tore Nordtun sier til VG at han undrer seg over
dette engasjementet, dvs. Tore Nordtun sier mer korrekt at
StatoilHydros «satsing på oljesand skurrer». Det tyder på
at det i denne sal er et flertall som er undrende og skeptiske
til dette engasjementet.
Når det gjelder synspunktet om å bruke eierskapet, har
det vært mulig å få tilslutning til den tenkning som ligger
bak Kristelig Folkeparti og Venstres forslag.
Erik Solheim var klinkende klar på landsmøtet i SV.
Her både kunne og burde staten styre og gi beskjed
til StatoilHydro om at dette engasjementet burde avvikles. Etterpå har vi fått klarhet i at det utsagnet kun var
ment for internt bruk. Det hadde ingen gyldighet utover
landsmøtesalen til SV.
Det forslaget som Kristelig Folkeparti og Venstre har
fremmet, har et klart budskap, og det er utformet på en
klok måte, som bygger på respekt for den arbeidsdeling
som det er mellom eier og styrende organer.
Etter generalforsamlingen i StatoilHydro, der forslaget om å avvikle oljesandengasjementet ble nedstemt,
har SV fortsatt sin dobbelkommunikasjon. Overskriften i
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Dagbladet var etterpå «SV-opprør mot oljesandvedtak».
Ifølge Dagbladet skal bl.a. Inga Marte Thorkildsen skrive til statsråden og kreve et svar, kreve en forklaring, på
hvordan det henger sammen at staten ikke stemte imot
oljesandprosjektet på generalforsamlingen.
Jeg ser fram til statsrådens innlegg, og til å få innsikt
i de svarene som han har gitt til opprørerne i SV.
Statsråd Terje Riis-Johansen [22:19:19]: Jeg er glad
for at flertallet i komiteen slutter seg til mitt syn i denne
saken. Det er helt i tråd med prinsippene om eierstyring, som er nedfelt i stortingsmeldinga om eierskap fra
2006. Et bredt flertall i Stortinget stilte seg bak denne meldinga, hvor det bl.a. står at den forretningsmessige ledelsen av selskapet og ansvaret for den, ligger hos selskapsledelsen. Jeg er overrasket over at mindretallet i komiteen
ser ut til å ville fravike disse prinsippene i dette tilfellet.
Så viser mindretallet i innstillinga til at selskapet også
bør ha et engasjement i andre energibærere. Det er jeg
enig i. Det er et satsingsområde for StatoilHydro, og senest understreket på selskapets generalforsamling 19. mai
i år. Her ble vedtektene endret til også å omfatte virksomhet i andre energiformer. Det betyr økt satsing på fornybar
energi.
Mindretallet viser også til de globale miljøutfordringene vi står overfor. Det er store utfordringer som undertegnede fullt ut deler bekymringene for. Men samtidig er
det åpenbart at denne typen spørsmål må løses på en helt
annen måte, og på en langt bredere måte, enn det som
foreslås i denne saken.
Fra Regjeringens side har vi et bredt engasjement når
det gjelder klimaspørsmål. Det er nedfelt i klimaforliket i
Stortinget, et forlik som Regjeringen jobber med basis i.
Når det gjelder StatoilHydros engasjement i Canada,
er det en illustrasjon på at staten må kunne håndtere flere
roller samtidig. Vi må kunne klare å være en langsiktig og
forutsigbar eier på den ene siden, samtidig som vi jobber
aktivt for å løse de klimautfordringene som vi står overfor
på den andre siden.
Mindretallets forslag vil bidra til å svekke troverdigheten til det statlige eierskapet. Det vil føre til en sammenblanding av disse rollene. Det er en betydelig utfordring. En slik sammenblanding er ikke forenlig med
aksjelovgivinga eller med statens eierskapsprinsipper.
Presidenten: Det blir replikkordskifte.
Tore Nordtun (A) [22:21:38]: I forbindelse med
St.meld. nr. 13 for 2006–2007, Et aktivt og langsiktig eierskap, var Ingebrigt S. Sørfonn fra Kristelig Folkeparti
ordfører for saken. Han uttalte følgende:
«Ein styrer ikkje via politiske signal direkte til bedriftene, men ein styrer via dei styrerepresentantane
ein har valt inn i dei styrande organa, og som myndigheitsutøvar via dei regulatoriske tiltaka og rammevilkåra som vert gjevne. Det er derfor vi presiserer dette
tydelig. Det står faktisk òg i meldinga frå regjeringa,
og eg går ut frå at representanten for regjeringspartia
er einig i det som står der, at regulatoriske tiltak er
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viktigare som styringsdokument enn ei politisk styring
som minner om heilt andre regime.»
Er representanten Sørfonns uttalelse knyttet til statens
eierskapsutøvelse ei god formulering?
Statsråd Terje Riis-Johansen [22:22:41]: Jeg tror jeg
kan svare veldig kort og presist på det. Svaret på det er ja,
det er en presis beskrivelse av også det jeg utdypet i mitt
innlegg nettopp.
Peter Skovholt Gitmark (H) [22:23:02]: Det ble referert gjennom media og også fra en tidligere taler at representanten Inga Marte Thorkildsen har skrevet brev til
statsråden. Hva var statsrådens svar på det?
Statsråd Terje Riis-Johansen [22:23:20]: Undertegnede og representanten Thorkildsen har hatt samtaler, konstruktive samtaler, om disse spørsmålene. Utover det har
ikke jeg noe behov for å kommentere innholdet i dem fra
denne talerstolen.
Ketil Solvik-Olsen (FrP) [22:23:47]: Jeg synes statsråden har vært rimelig klar, og det er bra.
Men jeg vil henvise litt til representanten Thorkildsens
innlegg, der en fikk inntrykk av at grunnen til at i hvert
fall SV og gjerne regjeringspartiene stemte i mot, var at
forslaget kom så sent, bare to dager før generalforsamling, og derfor måtte det oppfattes som et markeringsforslag og ikke som et reelt forslag. Det vil jo da indikere at
hvis forslaget hadde blitt fremmet tidligere, ville en behandlet det med et annet resultat. Ville statsråden under
noen omstendighet sagt at om dette forslaget hadde blitt
fremmet én måned tidligere, to måneder tidligere, ville det
gjort en forskjell? Jeg antar jo at statsråden vil si at politikken til Regjeringen hadde ligget fast uansett, og at det
ikke har noe å si det tidspunktet som forslaget ble fremmet
på. Hva mener statsråden om det? Har tidspunktet noe å
si?
Statsråd Terje Riis-Johansen [22:24:41]: Jeg tror jeg
kan uttrykke meg på følgende måte: Det faktum at forslaget ble fremmet i Stortinget, viser at forslaget ikke kan
vedtas. Med det mener jeg at de rollene som jeg er opptatt
av, også i mitt innlegg, og det behovet vi har for ryddighet
i forhold til styring, er sånn at det ikke er mulig å drive
et stort selskap basert på styring via forslag i Stortinget.
Det vil over tid føre til en utvikling som ingen er tjent
med, og aller minst de av oss som er opptatt av et statlig
eierskap.
Presidenten: Replikkordskiftet er omme.
Dei talarane som heretter får ordet, har ei taletid på
inntil 3 minutt.
Line Henriette Holten Hjemdal (KrF) [22:25:39]:
Som jeg sa i mitt tidligere innlegg, er det normalt at man
skal bruke generalforsamlingen i slike saker som vi i dag
drøfter. La meg få sitere fra eierskapsmeldingen:
«Innenfor de generelle og spesielle rammer som
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Stortinget fastsetter for virksomheten, fremmer staten
som eier sine interesser gjennom generalforsamling/
foretaksmøte.»
Og videre:
«Bestemmelsen i aksjeloven/allmennaksjeloven
§ 5-1 innebærer at statsråden gjennom generalforsamlingen står i et overordningsforhold til styret i statsaksjeselskaper, og kan gi instrukser som styret har plikt
til å følge.»
Og la meg sitere fra innstillingen:
«Komiteen strekar under at staten som eigar må setja
resultatmål for selskapa om langsiktig marknadsmessig
avkastning i dei selskapa der staten primært har forretningsmessige mål. Dette er ikkje til hinder for at staten
som eigar samtidig klårgjer forventningar om at selskapa har eit sterkt fokus på korleis omsyna til m.a. miljø,
omstilling, mangfald, etikk, samt forsking og utvikling
kan fylgjast opp i selskapa si utforming og oppfølging av
forretningsmessige strategiar.»
Dette sa komiteen. Dette gav Stortinget sin tilslutning
til. Det var på denne bakgrunn at vi bad om at Regjeringen brukte muligheten på generalforsamlingen til å følge
opp Stortingets vilje.
Hvis vi tar denne konkrete saken, har representanten
fra Høyre sagt at oljesvinn er noe svineri, representanten
fra SV har sagt at dette er en viktig valgkampsak. SV vil
jobbe for at StatoilHydro trekker seg ut av denne aktiviteten. Senterpartiet har sagt det samme. Arbeiderpartirepresentantene har sagt at de ikke har tatt stilling til saken.
Da er det egentlig bare Fremskrittspartiet den rød-grønne
regjeringen har støtte fra i denne konkrete saken. Ja, ja
– kanskje vi ser en ny regjeringsforbindelse mellom noen
partier, som noen av oss håper ikke skal regjere sammen
i forhold til denne saken.
Ketil Solvik-Olsen (FrP) [22:28:35]: Det var representanten Thorkildsen som fikk meg til å ta ordet. Jeg
håper Thorkildsen vil prøve å avklare litt om sin politikk
og få en helhet i den politikken som nå har blitt ført.
I Thorkildsens innlegg kom det altså klart fram at SV
stemmer imot Kristelig Folkepartis forslag. Vi vet fra to
dager siden at SV stemmer for videre kulldrift i Norge.
Men det er altså Fremskrittspartiet som får kjeften for
det som StatoilHydro nå gjør, og det er vi som skal bære
alle klimabyrder som StatoilHydro påfører verden. SV tar
altså ikke noe ansvar for de vedtak de selv er med på, og
for den regjeringen de sitter i. Denne kritikken mot Fremskrittspartiet kommer altså fra SV, som i dag stemmer for
å bygge ut Goliat, og som i innstillingen til budsjettet for
inneværende år, snakket varmt om viktigheten av å utvikle norsk olje- og gassindustri, og ikke minst å ivareta og
opprettholde letevirksomheten. Jeg klarer ikke å få dette til
å rime når representanten Thorkildsen med relativt kraftig røst, sannsynligvis i frustrasjon over sin egen politikk,
kjefter på Fremskrittspartiet.
Jeg har også merket meg at statsråden sier at det ikke
er gjennom forslag fra Stortinget man skal dirigere selskapene, mens SV hovedargument for ikke å støtte forslaget, var at det var fremmet for sent. Dette viser jo bare at
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uansett hva SV sier, ville forslaget ikke fått støtte fra den
regjeringen SV støtter.
I tillegg kunne jo representanten Thorkildsen og SV,
hvis de faktisk mente det de hevder de mener, men som
de ikke kan støtte fordi forslaget ble fremmet så sent, selv
ha fremmet det forslaget hvis de mente det var viktig –
hvis de faktisk som parti mente noe med å gjennomføre
det.
Så vil jeg også bare minne representanten Thorkildsen
om når det gjelder klima og CO2-utslipp, at Canada har
Kyoto-forpliktelser. Økning av CO2-utslipp som følge av
energiprosjekt de selv iverksetter, er Canadas anliggende.
De har rammer for hva de kan slippe ut, og de industriprosjektene de setter i gang, vil måtte komme inn under de
rammene. Ergo: Hvis SV selv tror på den Kyoto-avtalen
som de forsvarer, vil det i seg selv være begrensende for
at de globale CO2-utslipp ikke øker som følge av dette.
Til slutt ber jeg også representanten Thorkildsen begynne å peke på alle disse fornybarenergiprosjektene som
en snakker om en skal komme med i stedet. En vet at i
løpet av fire år har en ikke fått noen økning i småkraftutbyggingen, sannsynligvis på grunn av SVs politikk i
Soria Moria-erklæringen. En har ikke en eneste vindmølle å vise til som har blitt realisert i Norge som følge av
rød-grønn politikk. Det som skjedde hos Enova i går, der
en avlyser tildeling av støtte samme dag som en innsetter
nytt styre, uten noe forvarsel, viser bare hvorfor en ikke
får resultater.
Jeg regner ikke med at representanten Thorkildsen tar
ordet for å forklare, men jeg synes det er verdt å bemerke
det likevel.
Presidenten: Fleire har ikkje bedt om ordet i sak nr. 19.
(Votering, sjå side 4019)

S a k n r . 2 0 [22:31:53]
Forslag fra stortingsrepresentant Torbjørn Andersen på
vegne av Fremskrittspartiet, Høyre, Kristelig Folkeparti og
Venstre oversendt fra Odelstingets møte 9. juni 2009 (jf.
Innst. O. nr. 104):
«Stortinget ber Regjeringen oppnevne et faglig utvalg
som skal gå gjennom ulike teknologiske løsninger som kan
gi en sikker og mer skånsom kraftoverføring i sårbare naturområder i fremtiden. Regjeringen bes presentere utvalgets anbefalinger for Stortinget på en egnet måte senest i
løpet av 2011.»
Presidenten: Ingen har bedt om ordet.
(Votering, sjå side 4020)

S a k n r . 2 1 [22:32:08]
Forslag fra stortingsrepresentant Ivar Kristiansen på
vegne av Høyre, Kristelig Folkeparti og Venstre oversendt
fra Odelstingets møte 9. juni 2009 (jf. Innst. O. nr. 104):
«Stortinget ber Regjeringen utarbeide retningslinjer
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1. Sammendrag
Med basis i mandat i helhetlig forvaltningsplan for Barentshavet og havområdene utenfor Lofoten i
2006 (St. meld. nr. 8 (2005-2006)) har OD kartlagt områdene og beregnet ressurspotensialet
(Oljedirektoratet (2010)). Med bakgrunn i det oppdaterte ressursbildet er det foretatt en økonomisk
verdisetting av de mulige petroleumsressursene.
Det er bare boret to undersøkelsesbrønner i havområdene utenfor Lofoten, Vesterålen og Senja, og
den geologiske utviklingshistorien er komplisert. ODs anslag over uoppdagede ressurser har derfor et
stort usikkerhetsspenn. For å ta hensyn til det store usikkerhetsspennet i ressursanslaget har OD
benyttet to metoder for verdisetting som utfyller hverandre. En stokastisk modell gir forventet
lønnsomhet og usikkerhetsspennet på tradisjonelt vis. I tillegg er lønnsomheten vurdert med
utgangspunkt i scenariometodikk.
Alle økonomiske beregninger må ta utgangspunkt i en rekke tekniske og økonomiske forutsetninger
og antagelser. Disse omfatter blant annet tidspunkt for åpning av områdene for
petroleumsvirksomhet, leteaktivitet, utbyggingsløsninger, framtidige kostnader, teknologiutvikling og
priser på olje og gass.
Den stokastiske metoden gir en forventet nåverdi på 105 milliarder kroner (med fire prosent
diskonteringsrente). Det er fem prosent sannsynlighet for at nåverdien er om lag 180 milliarder
kroner eller mer. Tilsvarende er forventet kontantstrøm om lag 500 milliarder kroner, og det er fem
prosent sannsynlighet for en kontantstrøm på 1000 milliarder kroner eller mer.
Den stokastiske modellen klarer bare i begrenset grad å fange opp at usikkerheten kan reduseres
over tid, både gjennom ytterligere bearbeiding og tolkning av innsamlet seismikk og ved boring av
letebrønner. Boring av letebrønner vil kunne bekrefte eller avkrefte letemodellene. Reduksjon av
usikkerhet gjennom læring skaper muligheter, eller opsjoner, ved at beslutninger kan tas stegvis
(sekvensielt) og basert på ny informasjon. Stegvise beslutninger gjør det mulig å styre nedsiderisiko
og gjennom det gi prosjektene betydelig verdiøkning. Ny informasjon og mulighetene til å ta stegvise
utforskings- og utbyggingsbeslutninger (beslutningsfleksibilitet) skaper betydelige verdier som det er
krevende å ta hensyn til i den stokastiske økonomiske beregningen. Disse opsjonene er i begrenset
grad ivaretatt i den stokastiske beregningen. Dette medfører at den stokastiske modellen
undervurderer lønnsomheten.
For å illustrere usikkerheten i ressursmengden og få fram tilleggsverdiene som skyldes stegvise
beslutninger, er det i tillegg til den stokastiske analysen brukt scenarioanalyse.
Det er utviklet fire scenarioer, framtidsbilder (A, B, C, D), der hovedvekten er lagt på funnstørrelse
(store funn eller små funn) og samlet ressursmengde (over eller under forventning). Hvert scenario
representerer en bestemt ressursmengde fra ressursfordelingen og en bestemt funnsammensetning
fra fordelingen for funnstørrelse. I tillegg presenteres et ”wild card”-scenario (X). Dette scenarioet
reflekterer at usikkerheten med hensyn til ressursutfallet i et uåpnet område er stor, og at vi ikke kan
utelukke et ressursutfall som ligger helt i ytterkant av ODs ressursfordeling. I scenario X illustreres
dette ved å forutsette at de to letemodellene med størst ressurspotensial bekreftes med høyt
ressursutfall. Verdien av ressursene er beregnet for hvert framtidsbilde.
3

2145
Nåverdien varierer mellom -7 milliarder kroner for scenario C til opp mot 650 milliarder kroner for
scenario X. Tilsvarende varierer kontantstrømmen fra -10 milliarder kroner for scenario C til 1450
milliarder kroner for scenario X.
Scenarioene er basert på mer optimaliserte letestrategier, utbyggings- og transportløsninger i forhold
til løsningene i den stokastiske modellen. Videre er det lagt til grunn raskere innfasing av ressursene.
Dette bidrar til høyere nåverdier.
Beregningene viser at det kan være betydelige verdier knyttet til utvinning av petroleumsressursene
i havområdene utenfor Lofoten, Vesterålen og Senja. Verdien vil være lav dersom ressursmengden er
betydelig mindre enn forventet. Stegvis utforskning av områdene vil uansett være en robust strategi
for å avklare hvor mye ressurser som gjemmer seg der ute, og finne ut om vi har verdier som kan
realiseres. En slik strategi starter med en eller flere riktig plasserte undersøkelsesbrønner.
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3 Innledning
Store deler av norsk sokkel er i dag åpnet for petroleumsvirksomhet, men fortsatt er det betydelige
områder, spesielt i nord, som er uåpnet. Sist nye områder ble åpnet for petroleumsvirksomhet var
for 16 år siden (1994) da områdene på dypt vann i Norskehavet og sørvestlige deler av Nordland VI
ble åpnet. Åpning av områdene og påfølgende utlysning og tildeling av nye tillatelser i 1996 økte
leteaktiviten og førte til at Ormen Lange, Victoria og Luva ble funnet. Dette medførte betydelig
ressurstilvekst og bidro til reduserte funnkostnader på norsk sokkel (Kvaløy og Sørenes (2009)).
De mest aktuelle områdene å åpne for petroleumsvirksomhet på kort sikt, er områdene som er
omfattet av St.meld. nr. 8 (2005-2006): Forvaltningsplanen for Lofoten Barentshavet (HFB).
Forvaltningsplanen beskriver rammene for petroleumsaktivitet for områdene i det sørlige
Barentshavet og områdene utenfor Lofoten og Vesterålen. I stortingsmeldingen heter det at
rammene for petroleumsaktiviteten skal vurderes på nytt med utgangspunkt i den kunnskapen som
til enhver tid foreligger, første gang i 2010. For å øke kunnskapen om mulige petroleumsressurser i
området har Oljedirektoratet (OD) i perioden 2007 – 2009, på oppdrag fra Stortinget, samlet inn ny
seismikk i havområdene utenfor Lofoten, Vesterålen og Senja. Basert på all tilgjengelig seismikk,
inkludert den nye seismikken, har OD gjennomført en ny og grundig geologisk vurdering av de
uoppdagede petroleumsressursene i disse områdene. Kunnskapen om geologien i området bygger i
tillegg på grunne boringer og to letebrønner i områdene. Det er betydelig usikkerhet knyttet til
petroleumssystemene. ODs anslag over de uoppdagede ressursene er derfor forbundet med stor
usikkerhet.
Med bakgrunn i det oppdaterte ressursbildet har OD foretatt en økonomisk verdisetting av de mulige
petroleumsressursene. Usikkerheten i ressursanslaget medfører at anslagene for de økonomiske
verdiene også er svært usikre.
OD har brukt to tilnærminger for verdisetting av ressurser i områdene, en stokastisk metode og en
scenariometode. Den stokastiske metoden tar utgangspunkt i hele sannsynlighetsfordelingen for
ressursene, og får dermed fram både forventet lønnsomhet og usikkerheten i verdisettingen. Ulike
versjoner av modellen som brukes er tidligere benyttet av OD for verdisetting av kartlagte
prospekter. I dette arbeidet er den utvidet til å omfatte hele ressurspotensialet i letemodellene.
En del av usikkerheten rundt geologien i området kan bli avklart over tid gjennom aktive tiltak, slik
som boring av letebrønner. Boring av letebrønner vil kunne bekrefte eller avkrefte letemodeller.
Usikkerheten og læring gjennom aktivitet skaper muligheter eller opsjoner ved at beslutninger kan
optimaliseres til ny informasjon. Dette kan for eksempel medføre at leteaktiviteten i et område
avsluttes dersom resultatene er negative. Verdiene i området realiseres dermed gjennom en sekvens
av beslutninger.
Mulighetene som skapes av ny informasjon og sekvensielle beslutninger er krevende å modellere i de
stokastiske beregningene. Derfor brukes i tillegg scenarioanalyse for å synliggjøre spennet i verdiene
og hvilke verdier sekvensielle beslutninger kan tilføre. Verdier for de uoppdagede ressursene er
estimert for fire ulike scenarioer som alle ligger innenfor ODs usikkerhetsspenn for ressursene.
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I områder der det er lite geologisk informasjon kan usikkerhetsspennet i estimatene undervurderes.
Det er derfor utviklet et såkalt ”wild card”scenario som ligger helt i ytterkant av ODs ressursfordeling.
Et slikt ressursutfall kan for eksempel være resultatet av at to av letemodellene med størst
ressurspotensial bekreftes med høyt ressursutfall. Dette ressursutfallet illustrerer en mulighet som
bør være med i vurderingen av mulige konsekvenser av å åpne områdene for petroleumsvirksomhet.
Ved å kombinere bruk av stokastisk modellering og scenarioanalyse får vi et bedre
beslutningsgrunnlag enn om vi hadde benyttet kun en av metodene. Videre får vi fram et spenn i
verdiene som reflekterer den betydelige usikkerheten som ligger til grunn for verdisettingen.
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4 Utforskningshistorie
Det er Stortinget som, etter forslag fra regjeringen, beslutter om nye områder skal åpnes for
petroleumsvirksomhet. Figur 1 gir en oversikt over områder på norsk kontinentalsokkel som er åpnet
for petroleumsvirksomhet.
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Allerede tidlig på 1970 -tallet ble åpning av områder nord for 62° N diskutert (St.meld. nr.76 (197071)). Tre år senere, i St. meld. nr. 81 (1974 -75), ble det lagt fram en strategi for utlysing av de første
blokker nord for 62° N. Spørsmålet om å starte petroleumsundersøkelser nord for 62° N ble
behandlet i en rekke stortingsmeldinger i årene etter dette. St. meld. nr. 91 (1975 -1976), St. meld.
nr. 57 (1978 -1979) og St. meld. nr. 46 (1979 -1980) var i sin helhet viet dette temaet.
I juni 1979 ble de første blokkene nord for 62° N lyst ut (5. konsesjonsrunde). Det ble lyst ut seks
blokker på Haltenbanken og 20 blokker på Tromsøflaket (Troms I). De første tildelingene skjedde i
1980, og første brønn ble boret samme år.
I perioden 1980 – 85 ble det tildelt flere blokker i nord. Resultatene fra de to første boresesongene i
1980 og 1981 indikerte at det var mulig å gjøre drivverdige funn på sokkelen utenfor Midt- og NordNorge.
Myndighetene har helt siden 1969 samlet inn seismikk innenfor de evaluerte områdene som et ledd i
den generelle kartleggingen av norsk sokkel. Resultatene fra myndighetenes seismikk har ligget til
grunn hver gang det har vært diskusjon om åpning av nye områder. Denne kunnskapen har også vært
viktig for strategien om stegvis utforskning. Dette innebærer at når det letes i nye områder, skal
boring av nye brønner i samme område bygge på kunnskap fra forrige brønn.
På 1990-tallet gjennomførte IKU (Institutt for kontinentalsokkelundersøkelser) grunne boringer, blant
annet i Nordland VI og Nordland VII , dette er boringer ned til 200 meters dyp. Informasjon fra slike
borehull er viktig for den seismiske kartleggingen fordi den gir kunnskap om bergartenes
sammensetning og alder.
Da Stortinget behandlet Stortingsmelding nr. 26 (1993- 1994), ble det vedtatt spesielle vilkår for den
sentrale delen av Nordland VI. Her ble det gitt anledning til å bore et begrenset antall letebrønner før
spørsmålet om videre åpning eventuelt skulle tas opp med Stortinget på nytt. Her ble to
utvinningstillatelser tildelt i 1996, det ble samlet inn 3D-seismikk, og i år 2000 ble det boret en
undersøkelsesbrønn. Brønnen var tørr. Det har ikke vært aktivitet i de to utvinningstillatelsene siden
2001. Regjeringen stanset da aktiviteten i hele Nordland VI og de åpnede delene av Barentshavet i
påvente av ”Utredning av konsekvenser av helårlig petroleumsvirksomhet i området LofotenBarentshavet” (ULB).
Forvaltningsplanen ”Helhetlig forvaltning av det marine miljø i Barentshavet og havområdene
utenfor Lofoten” ble lagt fram for Stortinget i Stortingsmelding nr.8 (2005 -2006) 31. mars 2006.
Forvaltningsplanen fastsetter rammene for petroleumsaktivitet i områdene i det sørlige
Barentshavet, Nordland VI og VII, Troms II og Eggakanten. Da forvaltningsplanen ble lagt fram,
besluttet regjeringen at den skal være rullerende og oppdateres jevnlig. Rammene for
petroleumsvirksomhet i forvaltningsplanområdet skal vurderes på nytt med utgangspunkt i det
kunnskapsgrunnlaget som foreligger og rapporter utarbeidet av direktoratsgrupper med ansvar for
den faglige oppfølgingen av forvaltningsplanen. Første oppdatering ble bestemt til 2010.
Verdisettingen av de uoppdagede ressursene i havområdene utenfor Lofoten, Vesterålen og Senja er
en del av arbeidet med å oppdatere kunnskapsgrunnlaget som skal ligge til grunn for en eventuell
beslutning om å igangsette konsekvensutredning av petroleumsvirksomhet i disse områdene.
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5 Estimering av uoppdagede ressurser
5.1 Bakgrunn
En viktig del av ODs arbeid er å lage anslag for uoppdagede
ressurser på norsk sokkel og for de ulike områdene. Dette er
viktig for myndighetenes valg i forbindelse med utforskningen
av norsk kontinentalsokkel: hvilke områder bør åpnes for
petroleumsaktivitet, når bør områdene åpnes, hvilke
områder bør lyses ut for tildeling, og når skal utlysning og
tildeling finne sted.
OD beregner de uoppdagede ressursene ved hjelp av en
metode som kalles letemodellanalyse. Letemodellanalyse går
ut på å anslå hvor mye petroleum som kan påvises og
produseres fra hver letemodell (se faktaboks).
Hver letemodell bygger på en rekke forutsetninger om
geologiske og reservoartekniske faktorer både på prospektog letemodellnivå, med antagelser om usikkerheten knyttet
til disse. Usikkerhetsfordelingene samt anslag for
funnsannsynligheter er inngangsdata i en stokastisk modell
for letemodellanalyse. Resultatene er ressursfordelinger for
uoppdagede olje- og gassressurser i letemodellene samt
funnsannsynligheter.
Ressursfordelinger som er vektet med funnsannsynligheten
angir såkalte riskede ressurser.
Et risket ressursanslag for en letemodell oppgis derfor ofte
med en letemodellsannsynlighet. Dersom denne er 20
prosent, betyr det at det er 20 prosent sannsynlig at det
finnes produserbar olje eller gass i letemodellen, mens det er
80 prosent sannsynlig at det ikke finnes noe i det hele tatt.
De ulike letemodellene, ressursfordelingene og
letemodellsannsynlighetene, er inngangsdata i den
stokastiske modellen for å anslå de totale ressursene i et
område.
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5.2 Usikkerhet i estimatene
Ressursestimatene og estimatene av
funnsannsynlighet estimeres mest mulig objektivt
på det til enhver tid best oppdaterte
datagrunnlaget.
Anslag over petroleumsressurser er imidlertid
forbundet med usikkerhet, og usikkerheten er
størst for uoppdagede petroleumsressurser.
I tillegg til at det er knyttet usikkerhet til om det i
hele tatt finnes olje og gass, er det også
usikkerhet knyttet til hvor mye ressurser som er
mulig å produsere gitt funn.
De uoppdagede petroleumsressursene kan deles
inn i uoppdagede ressurser i modent område,
umodent område og uåpnet område. Inndelingen
er basert på hvor grundig kartlagt de ulike
geografiske områdene på sokkelen er.
Usikkerheten er minst i modent område og størst
i uåpnet område der det er boret ingen eller
svært få brønner. I områder der det er boret
mange brønner er de fleste store spørsmål om
geologien avklart (”de største geologiske nøttene
er knekt”) og uoppdagede ressurser kan
estimeres på mye sikrere grunnlag. I uåpnede
områder er de fleste store spørsmål om
geologien ikke besvart og det kan ta tid før
svarene finnes.
Denne kategoriseringen er imidlertid ikke
absolutt. I modne områder kan det være
betydelig usikkerhet om mulige olje og
gassressurser i dypere geologiske lag. Det er også
usikkerhet knyttet til at det kan være
letemodeller som er oversett.
Den geologiske usikkerheten er betydelig i uåpnet
område der det er begrenset seismisk
datadekning og ingen undersøkelsesbrønner. I estimeringen av funnsannsynligheter og ressurser
viser både erfaring og forskning at denne usikkerheten lett kan undervurderes (Rose (1987)).
Ettersom de geologiske estimatene både er basert på ODs databaser og kunnskap om geologien på
kontinentalsokkelen og geologenes skjønn og faglige vurderinger, kan det være flere faktorer som
12

2154
bidrar til at usikkerheten under- eller overvurderes. Nedenfor diskuteres kort noen av de faktorene
som kan bidra til over- eller undervurdering av usikkerheten knyttet til ressursestimatene.

5.3 Geologisk avhengighet
Innenfor en letemodell er det avhengighet mellom prospekter. Funn på ett prospekt vil påvirke
funnsannsynlighten for andre prospekter innenfor samme letemodell. Funnets størrelse vil også
kunne påvirke størrelsesfordelingen for de andre prospektene i letemodellen. Tilsvarende kan det
være avhengighet mellom ulike letemodeller. Funn i en letemodell vil kunne påvirke
letemodellsannsynligheten for andre letemodeller.
Generelt vil det være slik at jo større avhengighet det er mellom geologiske faktorer, jo større blir
spredningen i ressursestimatet. Variansen øker og forventningen blir høyere (Smith and Thompson
(2008)). Det er derfor viktig å modellere denne avhengigheten på en mest mulig korrekt måte, slik at
hele usikkerheten i ressursfordelingen blir best mulig avbildet.
En vanlig måte å modellere slik avhengighet på, er gjennom å dele funnsannsynligheten i to; en
prospektsannsynlighet som er unik for hvert prospekt og en letemodellsannsynlighet (Smith and
Thompson (2005), Stabell (2000) og Wang (2000)). Slik avhengighet kan imidlertid være vanskelig å
anslå når det er mange prospekter og flere letemodeller. Ved hjelp av Monte Carlo simulering kan en
modell beregne usikkerhetsfordelinger for ressursutfall ved at det trekkes tilfeldig fra
usikkerhetsfordelingene til de ulike geologiske faktorene (Fishman (1999)). En Monte Carlosimulering trekker tilfeldig fra alle usikkerhetssfordelingene der ulike definerte sammenhenger
mellom usikkerhetsfordelingene er tatt hensyn til. Dersom det foretas tilstrekkelige antall tilfeldige
trekninger vil metoden gi en usikkerhetsfordeling for ressursene i tillegg til forventete ressurser.
Denne fordelingen er da betinget av modellspesifikasjoner som type usikkerhetsfordeling, spredning i
fordelingen og avhengighet mellom de underliggende geologiske faktorene.
Ulempen med Monte Carlo-simuleringer er at metoden er ressurskrevende. I tillegg er det ofte ikke
grunnlag for å gjøre tilstrekkelig konkrete forutsetninger om alle usikre geologiske faktorer og om
sammenhenger mellom disse faktorene. Dersom avhengigheten ikke er modellert riktig, vil både
usikkerheten og forventningen feilvurderes.

5.4 Menneskelige faktorer
Det finnes mye faglitteratur, hovedsakelig innenfor psykologifaget, som omhandler menneskelige
faktorer som kan gi inkonsistens og feil i utarbeidelsen av estimater bl.a. om risiko og
beholdningsstørrelser (Kahneman and Tversky (1973), Tversky and Kahneman(1981)). Innenfor
økonomifaget er menneskelige faktorer i stadig større grad blitt integrert i analyser for å forklare
avvik fra antatt rasjonell atferd. Disse studiene innenfor atferdsøkonomi (Wilkinson(2008)),
modifiserer antakelsen om rasjonell atferd og viser til at menneskelige faktorer blant annet kan
påvirke estimater for risiko og beholdningsstørrelser.
Innenfor ressursestimering har det i lang tid vært kjent at menneskelige faktorer kan påvirke
ressursestimatene (Rose (1987)). Et resultat av dette er at usikkerhetsspennet settes for smalt. En
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tidlig studie (Capen (1976)) viste hvordan estimater kan bli for nøkterne og dermed undervurdere
usikkerheten:
“people tend to build into their ranges those events that they can see as
possibilities. But since much of our uncertainty comes from events we do not
foresee, we end up with ranges that tend to be much too narrow”.
Selv om det har skjedd betydelige forbedringer i metodeapparat og prosesser knyttet til estimering i
de 35 årene som er gått siden artikkelen ble skrevet, peker Capen på en del sentrale forhold som
fortsatt trolig gjelder ved estimering av størrelser med begrenset informasjon og stor usikkerhet.
Andre studier, bl.a utført av OD, viser at industrien ofte overvurderer ressursestimatene (Fosvold et
al. (2000), Ofstad et al (2008), Blystad og Søndenå (2005) og Ofstad et al. (1998)). Dette kan ha flere
årsaker, blant annet at geologer i industrien har en generelt optimistisk holdning. Dette kan skyldes
en optimistisk natur (Armor and Taylor (2002)), men kan også bunne i strategiske forhold
(Osmundsen (1995)) eller være knyttet til insentivstrukturer i selskapene. Et eksempel kan være
ønske om at eget prospekt skal prioriteres i konkurranse om knappe letebudsjettmidler. Dette er
kjent blant annet fra budgiving i auksjoner av utforskningstillatelser (Capen, Clapp and Campbell
(1971)).
Over- eller undervurdering av usikkerhet og skjeve estimater av funnsannsynlighet og ressurser kan
korrigeres gjennom såkalte ”peer-reviews”(eller riskegrupper). Slike grupper kan oppleve
utfordringer knyttet til gruppetenking (Janis (1972)), slik at estimatene også etter gjennomgang i slike
grupper kan bli ”skjeve” avhengig av gruppens sammensetning. Det er viktig at slike grupper settes
sammen slik at det skapes et mangfold i innfallsvinkler (Page (2007)) og at gruppetenking minimeres
(Surowiecki (2004)).

5.5 ”Ting vi ikke ser”
Det finnes flere eksempler fra norsk sokkel hvor letemodeller er oversett. Et kjent eksempel er Ula
som ble funnet av BP og Conoco i 1976 etter at de kjøpte utvinningstillatelsen fra Gulf Oil. Funnet ble
gjort bare 70 meter under det punktet Gulf hadde avsluttet en undersøkelsesbrønn i 1968 (Tønnesen
og Hadland (2010)). Gulf testet kritt letemodell, mens Ula ble funnet i senjura.
Mer kjente eksempler har vi både fra Mexico-gulfen og dyptvannsområdene utenfor Brasil, der ny
teknologi har bidratt til ny forståelse av geologien i området. Mens det tidligere var vanskelig å se
under saltlagene har teknologiutvikling innenfor seismikk og geologisk tolkning gjort det mulig å se
prospekter under saltlagene.
På norsk sokkel er det betydelig med basalt lag som gjør det vanskelig å få gode data fra seismisk
innsamling. I slike områder kan en letebrønn gi helt ny geologisk informasjon som kan føre til
definisjon av en eller flere nye letemodeller, og dermed utvide forståelsen for geologien i området.
Slike mer ”spekulative forhold” blir av naturlige grunner ofte ikke inkludert i analysene, noe som kan
medføre at usikkerheten undervurderes.
Denne form for usikkerhet ligner på det som Nassim Taleb (2007) kaller for ”Svarte svaner”.
Fenomenet ”Svarte svaner” har tre kjennetegn: Det er en hendelse som for det første, virker helt
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utenkelig, for det andre har hendelsen stor betydning og for det tredje framtrer hendelsen som
logisk og forutsigbart i ettertid.
Talebs hovedpoeng et at vi verken har evnen eller viljen til å forestille oss at uforutsette hendelser vil
inntreffe. Vi later som om de ikke kan inntreffe, og innbiller oss at vi har full kontroll. Vi tror at vi har
kunnskaper som vi ikke har.
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6 Uoppdagede petroleumsressurser i havområdene utenfor Lofoten,
Vesterålen og Senja
6.1 Bakgrunn
Store deler av norsk kontinentalsokkel er definert av letemodeller, det vil si områder hvor vi vet eller
tror det kan finnes olje eller gass. OD har definert 69 letemodeller på norsk kontinentalsokkel. 33 av
disse er bekreftet ved påvisning av hydrokarboner. I Nordsjøen, hvor leteaktiviteten har pågått
lengst, er hele tre firedeler av letemodellene bekreftet. I Norskehavet er 9 av 21 bekreftet, mens det i
Barentshavet er færrest bekreftede letemodeller. Bare 6 av 23 letemodeller er bekreftet i dette
området. 73 prosent av anslaget over de uoppdagede ressursene ligger i bekreftede letemodeller.
Ennå er det store områder i Norskehavet og ikke minst i Barentshavet der letemodellene ikke er
bekreftet. Det er også noen områder der OD med dagens kunnskap ikke tror det er mulig å gjøre
funn. Flere områder på norsk sokkel er fortsatt ikke åpnet for petroleumsvirksomhet. Den geologiske
forståelsen av disse områdene vil høyst sannsynlig endre seg dersom områdene blir åpnet for leting.

Havområdene utenfor Lofoten, Vesterålen og Senja er karakterisert som umodne områder fordi det
er begrenset kunnskap om geologien. ODs beregninger av de uoppdagede ressursene i disse
områdene er derfor beheftet med stor grad av usikkerhet. Imidlertid ser det ut til at de nødvendige
geologiske faktorene for å gjøre funn er tilstede, så muligheten for å gjøre funn er vurdert som
relativt høy. Studier viser at noen av reservoarbergartene enkelte steder kan ha ligget begravd
nesten to kilometer dypere enn disse bergartene ligger i dag. Hevingen kan ha ført til lekkasje av
petroleum. Dette må tas hensyn til når petroleumspotensialet til områdene vurderes. Størrelsen og
antallet mulige funn er svært usikker. Selv om det gjøres funn i dette området, er det usikkert om de
vil være store nok til å være lønnsomme.

6.2 Kartlagte prospekter
Revideringen av ressursanslagene har tatt utgangspunkt i kartlegging av prospekter. Prospekter er
kartlagte strukturer der det antas muligheter for funn dersom det bores en letebrønn. Innenfor hele
området er det kartlagt 50 prospekter. Totale ressurser innenfor de kartlagte prospektene er
illustrert i figur 2.
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Figur 2: Ressursestimat olje og gass (millioner Sm o.e.) i de 50 kartlagte prospektene

Figuren viser usikkerhetsfordelingen for totale utvinnbare ressurser i de kartlagte prospektene
(søyler) og en kumulativ versjon av usikkerhetsfordelingen (kurve). De totale forventede utvinnbare
ressursene er beregnet til 67 millioner Sm3 o.e. Fra den kumulative fordelingen kan vi anslå at det er
95 prosent sannsynlig at ressursene er 9 millioner Sm3 o.e. eller mer, og 5 prosent sannsynlig at
ressursene er minst 164 millioner Sm3 o.e.
De kartlagte prospektene er relativt små og ligger i klynger. Fordelingen av olje versus gass forventes
å være 60 prosent olje og 40 prosent gass.
Mulige utvinnbare ressurser og usikkerhet knyttet til ressursestimat er vurdert både for kartlagte
prospekter og letemodeller. De kartlagte prospektene danner grunnlaget for letemodellanalysene.

6.3 Letemodellanalyse
Ressursene innenfor alle områdene er beregnet ut fra ODs definerte letemodeller i området
(Oljedirektoratet (2010)). Med utgangspunkt i disse letemodellene er det gjennomført en
letemodellanalyse. Resultatene fra letemodellanalysen er vist i figur 3.
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Figur 3: Totalt ressursestimat for utvinnbar olje og gass (millioner Sm o.e.) fra letemodellanalyse (dvs for både kartlagte
prospekter og postulerte (ikke-kartlagte) prospekter

De totale forventede utvinnbare ressursene er beregnet til 202 millioner Sm3 o.e. Den kumulative
usikkerhetsfordelingen (kurve) i figur 3 viser at det er 95 prosents sannsynlighet for at ressursene er
større enn 76 millioner Sm3 o.e. Figuren viser også at det er 5 prosent sannsynlighet for at ressursene
er større enn 371 millioner Sm3 o.e.

6.4 Andre ressursestimater
ODs ressursestimater er lavere enn Kon-Krafts ressursanslag. Kon-kraft, som representerer de aller
fleste oljeselskapene på norsk sokkel, anslår i Kon-Kraft-rapport 2 (2008) at det kan være omtrent 3,5
milliarder fat olje og gass tilgjengelig (rundt 2,2 mrd mer enn ODs forventede riskede estimat).
Samtidig anslår rapporten at det kan være en oppside opp mot 10 milliarder fat. Det påpekes videre i
rapporten at det er stor usikkerhet i det ressursanslaget de opererer med, med anbefaling om å
bruke et spenn på 0,5 – 10 milliarder fat oljeekvivalenter. Dette er et betydelig videre spenn enn
Oljedirektoratets usikkerhetsspenn. OD kjenner ikke til det konkrete beregningsgrunnlaget for KonKrafts rapport, og kan derfor ikke kommentere vurderingene som ligger bak disse ulikhetene.
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7 Samfunnsøkonomi og beslutningskriterier
7.1 Samfunnsøkonomi og markedssvikt
Hovedmålet for norsk petroleumspolitikk er å maksimere verdien av petroleumsressursene til det
beste for det norske samfunnet innenfor gitte krav til sikkerhet, helse og miljø. Det er den norske stat
som eier petroleumsressursene. Staten tildeler utvinningstillatelser til norske og utenlandske
selskaper som gir selskapene en rett til å lete, bygge ut og produsere eventuelle felt. Selskapene tar
beslutninger om leting, feltutbygging og utbygging av prosess- og transportkapasitet. Myndighetenes
oppgave er å tilse at lete- og investeringsbeslutningene maksimerer den samfunnsøkonomiske
verdien av petroleumsressursene.
Samfunnsøkonomiske lønnsomhetsvurderinger kan avvike fra selskapenes lønnsomhetsvurderinger.
Ulike typer markedssvikt er årsak til dette. Markedssvikt har vi dersom markedsprisene – både de
som genererer inntekter og de som genererer kostnader – ikke gjenspeiler samfunnsøkonomisk
verdiskapning (alternativverdi) eller ressursbruk (alternativkostnad). Når det er markedssvikt vil ikke
markedet overlatt til seg selv gi den optimale løsningen for samfunnet.
Det er også markedssvikt innenfor leting. Nedenfor skisseres kort de to mest sentrale formene for
markedssvikt.

Kollektivt gode
Leting representerer mulige verdier både for samfunnet og selskapene. I tillegg til direkte verdier og
informasjon for de aktørene som står for leteaktiviteten, genererer leting verdi til aktører som ikke
bidrar til å dekke kostnadene. Vi kan si at leting, i den grad informasjon om resultatene tilflyter alle
aktører i bransjen, genererer et kollektivt gode. Letevirksomhet har dermed et element av et
kollektivt gode (Barrera-Rey, F. (1997):
”The idea is that exploration produces not only discoveries, but also an intermediate input:
information. The fact that information is by nature a public good also leads to strategic behavior
on the part of firms. This possibility was explored by researchers like Stiglitz (1975) and Peterson
(1975), and more recently Hendricks and Kovenock (1989)”.
Som ved andre kollektive goder får vi underforsyning (her i form av for lite leteaktivitet), ettersom
det enkelte selskap ikke tar hensyn til (internaliserer) den økonomiske fordelen som andre selskaper
får av bedringen i informasjonsgrunnlaget.

Eksterne effekter
Leting fører også til positive eksterne effekter ved at leting i en blokk gir informasjon om geologien i
tilgrensede blokker som innehaverne av disse blokkene drar nytte av uten å betale for (Farrow and
Rose (1992)):
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Exploration provides information that can change expectations on geologically similar but
unexplored prospects. This is an external effect if the exploring firm does not own the property
affected by the information.
Fra økonomisk teori vet vi at ettersom et fritt marked vil generere for lite av det kollektive godet eller
den positive eksterne effekten, bør myndighetene påskynde slik aktivitet.
Myndighetene har da også lagt til rette for økt leting de siste årene ved å lette adgangen for nye
aktører, endre skattevilkår og øke tilgangen på areal. Særlig vil tilgang på areal være viktig for å få til
økt leting se Mohn og Osmundsen (2008, 2010).
I en samfunnsøkonomisk verdisetting må den samlede verdien av informasjon inkluderes.

7.2

Beslutningskriterier

7.2.1 Nettonåverdi
OED/ODs hovedmål for lønnsomhet er nettonåverdi. Nettonåverdi er et uttrykk for et prosjekts
verdi. Årlige prosjektoverskudd, Ut, beregnes ved å trekke årets kostnadselementer fra
inntektselementene. Summen av neddiskonterte prosjektoverskudd kalles netto nåverdi (NNV).
Formel for NNV er angitt nedenfor. I0 er investering i år 0. Det forutsettes at diskonteringsrenten, r,
er konstant. Summering gjelder fra t = 0 til T.

NNV

T

I 0  ¦ 1  r

t

Ut

t 0

Et prosjekt er i utgangspunktet lønnsomt dersom NNV er større enn null. Dette innebærer at
prosjektet gir en avkastning som er høyere enn avkastningskravet.
Selv om samlet inntekt er større enn de samlede kostnadene er ikke det nødvendigvis det samme
som at prosjektet er samfunnsøkonomisk lønnsomt. Dette skyldes som hovedregel at enten er ikke
alle eksterne effekter inkludert i analysen eller at ikke alle effekter kan måles i kroner på en god måte
– for eksempel effekter som er nært knyttet til etisk vanskelige spørsmål.
Andre eksempler på at NNV ikke nødvendigvis reflekterer om et prosjekt er lønnsomt eller ikke, har
vi dersom ulike opsjonsverdier ikke er ivaretatt i analysen. Dette er det samme som at ulike
alternativer ikke er tilstrekkelig utredet eller verdisatt i analysen. Dette kan for eksempel være
alternative oppstarttidspunkt, alternative utviklingsbaner for olje- og gassprisene eller alternative
utforminger av prosjektet som ivaretar beslutningsfleksibilitet etter hvert som deler av usikkerheten
oppløses.

7.2.2 Expected monetary value (EMV)
EMV er et begrep brukt i forbindelse med leteøkonomianalyser og verdisetting av uoppdagede
ressurser. Forskjellen fra NNV er at EMV tar hensyn til funnsannsynligheten og letekostnadene. Hvis
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P er lik funnsannsynlighet, og Y er kostnader knyttet til seismikk og letebrønner, blir formelen som
følger:
EMV = ((NNV –Y)x P) – (Y x (1-P))
Hovedregelen er at det bare er lønnsomt å foreta letevirksomhet på prospekter med positiv EMV,
men på samme måte som ved NNV kan leting på prospekter med negativ EMV være lønnsomt. For
eksempel kan leting gi positive eksterne virkninger, som øker forventet verdi av andre prospekter.

7.2.3 Verdi av fleksibilitet
Både tradisjonell nåverdianalyse og beregning av EMV basert på en umiddelbar beslutning, kan
potensielt undervurdere beslutningsfleksibiliteten i et prosjekt og verdien av en stegvis utforskning
gjennom gradvis avsløring av informasjon. Leteprosjekt er ikke ”nå eller aldri” beslutninger og
innebærer dermed ikke innlåsing til hele prosjektet i første fase. Stegvise beslutninger kan derfor gi
betydelig verdiøkning for slike leteprosjekter. Verdien av beslutningsfleksibilitet (opsjonsverdi) bør
derfor inkluderes i analysen.
Opsjonsverdien er en funksjon av volatiliteten til underliggende aktiva. Det betyr at opsjonsverdien
knyttet til letebeslutninger er en funksjon av usikkerheten om hvor mye ressurser det er og hvor
store svingninger det er i oljeprisen og kostnadene. En økning i usikkerheten i slike variabler
(volatilitet) vil føre til større utfallsrom for framtidige verdier for underliggende aktiva (dvs
ressursene). Dette øker verdien av beslutningsfleksibilitet, representert ved en økning i
opsjonsverdien, siden beslutningstaker kan gripe mulighetene og unngå dårlige utfall.
Dette betyr at det kan være lønnsomt å akseptere prosjekt med stor risiko, fordi aktiv forvaltning og
styring av nedsiderisiko (eksempelvis gjennom stegvis leting) kan gi prosjektene en betydelig
verdiøkning. Dette betyr også at prosjekt med negativ nettonåverdi eller EMV i opprinnelig
lønnsomhetsberegning hvor mulige opsjonsverdier ikke er tatt hensyn til, kan være lønnsomme, gitt
at prosjektet har et stort oppsidepotensial. Tas det hensyn til opsjonsverdiene i beregningene kan
det resultere i positiv EMV. Dermed vil det være viktig å få fram både oppsidepotensial og mulige
opsjonsgevinster når verdiene av de uoppdagede ressursene skal estimeres.
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8 Verdisetting av uoppdagede ressurser – valg av metode
8.1 Innledning
Kvantifisering av de økonomiske verdiene av petroleumsressurser i havområdene utenfor Lofoten,
Vesterålen og Senja er forbundet med stor usikkerhet. Den viktigste usikkerheten er om det finnes
olje og gass i disse områdene, eller om for eksempel landheving har medført betydelig lekkasje av
petroleum.
Dersom det finnes petroleumsressurser i området er det usikkert hvor store ressursene er, om de er
fordelt på små eller store forekomster, om de ligger spredt eller samlet i klynger og om det er mest
olje eller gass. Det er også knyttet usikkerhet til kostnadene og prisutviklingen for olje og naturgass.
En del av denne usikkerheten vil bli avslørt over tid gjennom aktive tiltak, slik som boring av
undersøkelsesbrønner.
I dette kapittelet diskuteres ulike metoder for verdisetting av uoppdagede petroleumsressurser som
ivaretar usikkerheten i beregningsgrunnlaget.

8.2

Statisk verdisetting

8.2.1 Verdisetting av forventet utfall – deterministisk metode
Den enkleste og trolig mest utbredte analyseteknikken for å vurdere lønnsomheten av uoppdagede
ressurser, er å regne ut verdien av forventet ressursutfall. Dersom det er relativt liten spredning i
mulige utfall for ressursene, er dette trolig en egnet måte å verdisette ressurser på. Usikkerheten kan
da tas hensyn til gjennom følsomhetsanalyser hvor enkeltparametre endres en om gangen (Bøhren
og Gjærum (1991)).
Gjennomgangen av usikkerheten i ressursestimatene i kapittel 4 og 5 viser at usikkerheten er for stor
til at beregning av verdien basert på forventet ressursutfall er en egnet metode.

8.2.2 Verdisetting av hele ressursutfallet – stokastisk metode
Innenfor verdisetting av uoppdagede ressurser er det blitt mer vanlig med mer avanserte
tilnærminger enn beskrevet i avsnitt 8.2.1. Denne ivaretar hele usikkerhetsfordelingen til ressursene.
(Newendorp (1975)). Her benyttes vanligvis en stokastisk beregningsmodell (Monte
Carlosimulering) der det regnes verdi av alle ressursutfallene i fordelingen. Dette er en modell som
OD normalt bruker til å verdisette blokker i forbindelse med konsesjonsrunder.
Metoden tar utgangspunkt i usikkerhetsfordelingen til ressursene (beskrevet av Snow, Doré og DornLopez, (1996)). I tillegg til forventet kontantstrøm gir stokastiske beregningsmodeller
usikkerhetsfordelinger for kontantstrømmene. Inngangsvariable angis som usikkerhetsfordelinger,
slik som for ressursutfall, kostnader og priser. Øvrige inngangsparametre er for eksempel
funnsannsynligheter. Disse er gitt som enkeltestimater, ikke sannsynlighetsfordelinger. En Monte
Carlo-simulering tar hensyn til funnsannsynlighetene og trekker tilfeldig fra alle
usikkerhetsfordelingene. Deretter beregnes nåverdien for hvert sett med trekninger fra alle
fordelingene. Dersom det foretas tilstrekkelige antall sett med tilfeldige trekninger, vil metoden gi en
usikkerhetsfordeling for nåverdien, i tillegg til forventet nåverdi. Denne fordelingen er da betinget av
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modellspesifikasjoner, herunder fordelingene (type fordeling og spredning i fordelingene) som er
angitt for inngangsvariable og avhengigheter mellom de underliggende parametere og variable.
Usikkerhetsfordelingen for netto nåverdi vil for eksempel kunne besvare spørsmål som «Hvor
sannsynlig er det at lønnsomheten er mer eller lik 500 milliarder kroner?» og «Hvor sannsynlig er det
at lønnsomheten blir negativ?»
Fordelen med denne metoden er at den får fram hele utfallsrommet for lønnsomhet for prosjektet,
og resultatene er relativt enkle å kommunisere til beslutningstakerne.
Ulempen med Monte Carlo-simuleringer er at metoden er ressurskrevende. I tillegg mangler ofte
grunnlaget for å gjøre tilstrekkelig konkrete forutsetninger om alle usikre variable og om
sammenhenger innen og mellom de ulike parametrene og variablene.

8.3 Dynamisk verdisetting
Innenfor en letemodell er det avhengighet mellom prospekter. Funn på ett prospekt vil påvirke
funnsannsynlighten for andre prospekter innenfor samme letemodell. Funnets størrelse vil også
kunne påvirke størrelsesfordelingen for de andre prospektene i letemodellen. Tilsvarende kan det
være avhengighet mellom letemodeller. Funn innenfor en letemodell vil kunne påvirke
letemodellsannsynligheten for andre letemodeller.
Usikkerheten og dens dynamiske element gjennom læring vil i tillegg til å påvirke
funnsannsynlighetene på strukturene i nærheten, også skape muligheter eller opsjoner gjennom at
beslutninger kan optimaliseres basert på ny informasjon. Dette kan for eksempel føre til at
leteaktivitet i et område avsluttes dersom boringer ikke gir funn. Slik fleksibilitet som skapes av at
informasjon gjennom aktivitet avsløres over tid, har reell verdi og kan være betydelig og bør tas
hensyn til i verdisettingen.
Leteprosjekt er ikke ”nå eller aldri” beslutninger og innebærer dermed ikke innlåsing av hele
prosjektet i første fase. Stegvise beslutninger kan gi betydelig verdiøkning siden nedsiden kan
reduseres. Muligheter til skalering av mulige utbygginger og skrinlegging av prosjekter underveis
samtidig som vekstmuligheter kan utnyttes ved positive ressursutfall, vil gi økte verdier. Denne
fleksibiliteten skaper opsjoner som utgjør en stor del av verdien og må identifiseres ved
verdisettelse.
Statisk verdisetting ser bort fra at avsløring av informasjon skjer over tid og at beslutninger kan
dynamisk tilpasses ny informasjon. I en statisk verdisetting vurderes ”nå eller aldri” alternativer, der
alternativene er enten å gjennomføre prosjektet eller å forkaste det i sin helhet. Bjerksund og Ekern
(1990) viser at det kan være problematisk å bruke tradisjonelle diskonterte kontantstrømmer ved
evaluering av prosjekter som har stor grad av usikkerhet, der usikkerheten reduseres over tid og
beslutninger tas sekvensielt og tilpasset ny informasjon.
To metoder for verdisetting som tar hensyn til dynamisk tilpasning av beslutninger til ny informasjon,
er stokastisk dynamisk programmering og bruk av opsjonsteori.
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8.3.1 Verdisetting ved hjelp av stokastisk dynamisk programmering
En del av usikkerheten rundt geologien i området vil bli avslørt over tid gjennom aktive tiltak, slik
som boring av en letebrønn. Boring av en letebrønn vil kunne bekrefte eller avkrefte en letemodell.
Dette vil kunne påvirke funnsannsynlighetene og usikkerhetsfordelingene for ressursanslagene, og
dermed forventet nåverdi for alle prospektene innenfor denne letemodellen. Det er mulig å lage
oppdateringsregler for funnsannsynligheter når leting på en struktur påvirker funnsannsynlighetene
på strukturene rundt. Stokastisk dynamisk programmering (Dixit and Pindyck (1994)) kan brukes for å
velge den optimale letestrategien gjennom området basert på slike oppdateringsregler, for deretter
å beregne verdien av valg av strategi. I Haugland og Stensland (1988) er det flere eksempler på
hvordan slike analyser kan gjennomføres.
En slik metodikk er imidlertid svært omfattende å modellere og krever stor datakapasitet uten at den
bidrar med tilsvarende økning i den økonomiske forståelsen av verdisettingen (Smith og Thompson
(2003)). Ettersom mengden av prosjekter øker, dvs porteføljen av prospekter eller letemodeller øker,
blir det mer og mer krevende både på modelleringssiden og beregningssiden. Både metode og
resultater av beregningene er også krevende å kommunisere til beslutningstakere.

8.3.2 Verdisetting ved hjelp av opsjonsteori og realopsjoner
Bruk av opsjonsteori og real-opsjoner kan være egnet til å verdisette slike dynamiske prosjekter
(Bjerksund og Ekern (1990)), fordi prosjektene har mange likhetstrekk med finansielle opsjoner. En
initialinvestering gir rett til utforskning (kjøpsopsjon) uten noen forpliktelse til videre satsing.
Beslutningen kan utsettes til usikkerheten er avslørt, og deretter kan prosjektet realiseres eller
skrinlegges. Ved å betale initialinvesteringen i form av letekostnader (opsjonspremien) reduseres
risiko samtidig som oppsidepotensialet bevares.
Trigeorgis (1993) beskriver flere eksempler på slike opsjoner. Disse kan være at en beslutning
utsettes (timing option), oppsidemuligheter eksisterer og blir avslørt gjennom handling (growth
option), tilpasningsmuligheter (flexibility option), bytte mellom innsatsfaktorer (option to switch),
fleksibilitet i produksjonen (operating option) og skrinlegging av prosjekter (exit option). Prosjekt er
også sammensatte opsjoner (compound options) som fullføres sekvensielt eller stegvis (staging
option), slik at prosjektet etter hvert kan utvides (expansion option) eller skrinlegges (exit option).
I verdisettingen av uoppdagede ressurser kan hvert prospekt ses på som en sammensatt opsjon som
kan utøves (bores) eller ikke (Sunnevåg (1998). Alle prospektene i området blir da en portefølje av
sammensatte opsjoner. Porteføljen av opsjonene vil være mer verdt enn summen av prospektenes
verdi ettersom tradisjonell verdisetting ser bort fra de verdiene som skapes ved å bruke oppdatert
informasjon til aktivt å styre letesekvensen. En slik porteføljeverdi vil bli enda større som følge av
avhengighet mellom prospektene. Professor James L. Smith (Smith (2002), Smith and Thompson
(2003), Smith and Thompson (2005)) har analysert prospekter som en portefølje av opsjoner, med et
håndterlig antall prospekter.
Verdisetting og identifisering av realopsjoner er imidlertid en komplisert prosess (Pettersen (2005)).
Bruk av realopsjoner kan dermed, på samme måte som stokastisk dynamisk programmering, lett bli
uhåndterlig pga det store antallet opsjoner som vil finnes for en portefølje av prospekter. Erfaring
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viser at det også er krevende å kommunisere kvantitative opsjonsverdiberegninger for
beslutningstakere.
Opsjonstankegangen kan, om ikke annet, være et nyttig verktøy for strukturering av verdiene i et
prosjekt (Pettersen (2005)). Strukturering av opsjonsverdier i et prosjekt ved hjelp av beslutningstrær
er også lettere å kommunisere til beslutningstakere.

8.3.3 Verdisetting ved hjelp av scenarioanslyse
Modelleringsutfordringene, samt hvor vanskelig det er å kommunisere både metode og resultat fra
de mer avanserte metodene som stokastisk dynamisk programmering og realopsjonsanalyse, har
medført at alternative metoder for å få fram opsjonsverdier er blitt vurdert.
Alessandri m.fl (2004) foreslår å kombinere kvalitativ realopsjonsanalyse med scenarioanalyse for å
identifisere og forstå verdiutviklingen og opsjonene forbundet med et prosjekt. De bygger på Myers
(1984) som argumenterer for å kombinere kvantitative metoder innen finansteori med mer
kvalitative metoder fra strategisk planlegging.
I artikkelen (Alessandri m.fl (2004) brukes scenarioplanlegging og kvalitativ realopsjonsanalyse
(beslutningstre) til å evaluere faktorer som ikke er så lett å kvantifisere. Artikkelen drøfter hvorvidt
finansielle verdisettingsmetoder er egnet for alle typer prosjekter, og argumenterer for at det kan
være nyttig å innarbeide en kvalitativ tilnærming for å evaluere realprosjekter som er gjenstand for
mange usikkerhetskilder.
Miller og Waller (2003) foreslår også bruk av kvalitative realopsjonsanalyser kombinert med
scenarioplanlegging for å utvikle et generelt beslutningsverktøy som tar hensyn til fleksibilitet og
usikkerhet, mens Cornelius, Romani og Van De Putte (2004) argumenterer for at bruk av scenarioer
kan være en metode som kan supplere den tradisjonelle nåverdimetoden og få fram de ulike
opsjonene.
Bishop, Hines og Collins (2007) gir en god oversikt over scenario som metode, og status på
bruksområder for metoden. Stoknes og Hermansen (2004) gir en tilsvarende oversikt fra norske
organisasjoners erfaringer med bruk av scenarioer og scenarioanalyse.
Et scenario kan defineres som (Porter (1985), s.63):
”an internally consistent view of what the future might turn out to be – not a forecast, but one
possible future outcome”
Scenarioanalyse eller scenarioplanlegging er en kvalitativ og strukturert måte å beskrive mulige
framtidige utfall (Schoemaker (1995)). Et scenario er ikke en prognose eller forventning om
framtiden. En prognose gir et bilde av den antatt mest sannsynlige framtid (forventet). Et scenario er
heller ikke en visjon som gir et bilde av den framtiden vi ønsker oss. Scenarioer er ulike fortellinger
om noe som kan skje, og som på en tankevekkende måte kaster nytt lys på veivalg og beslutninger vi
står overfor i dag. Hensikten er å utarbeide scenarioer som utfordrer oppfatningen (the mental map)
om hvordan noe vil utvikle seg (Wack (1985)), eksempelvis produksjonen på norsk sokkel
(Oljedirektoratet (2007)). Vi lager ikke scenarioer for utviklingen fram til 2030 for å bli klokere i 2030.
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Vi lager dem for å bli mer innsiktsfulle i dag om hva som kan skje i 2030 og hvordan vi allerede nå kan
bidra til å forme utviklingen.
I scenarioanalyse vil hvert enkelt scenario ha lav sannsynlighet for å inntreffe. Til sammen vil
imidlertid de ulike framtidsbildene spenne ut et mulighetsrom for hva som kan skje, og til sammen
kan de favne både nedsiden og oppsiden.
Scenariometoden handler om å lage et sett av forskjellige, troverdige og utfordrende fortellinger om
framtiden. Fortellingene kan brukes som et bakteppe for strategiarbeid eller igangsetting av tiltak,
eksempelvis om havområdene utenfor Lofoten, Vesterålen og Senja skal åpnes opp for
petroleumsaktivitet. Scenarioer kan på denne måten være et hjelpemiddel til å unngå uheldige
beslutninger, til å etablere strategier som er robuste, og til å identifisere, evaluere og utnytte mulige
realopsjoner.. Scenarioer er i tillegg mulig å kommunisere til beslutningstakere, og er et godt verktøy
til å få i gang diskusjon om de mest sentrale usikkerhetene i prosjektet.

8.3.4 Verdisetting ved hjelp av scenarioanalyse - ”wild-card scenario”
Leting har mange likhetstrekk med forskning og utvikling, se Adelman, M. (1970) side 68:
”The French have a feeling for words, and when they use recherche to mean both research and
exploration, they are conveying a truth we cannot afford to overlook. Greater knowledge of the
earth´s crust and greater knowledge of the science and technology of extraction are only two
exercises of the human spirit, two alternatives for investment”.
På samme måte som innenfor forskning kan resultatet av forskningsprosessen eller leteprosessen bli
noe annet enn hva vi hadde forestilt oss. Det kan være ting vi ikke ser.
Innenfor økonomisk teori skilles det mellom kjent og ukjent usikkerhet. Kjent usikkerhet defineres
som risiko og ukjent usikkerhet som usikkerhet (Knight (1921)). Slik risiko er definert, er
sannsynlighetsfordelingen for de mulige utfall kjent, mens for usikkerhet er denne ikke kjent. Utfallet
av et terningkast er altså forbundet med risiko, men ikke usikkerhet. Risiko er da langt mer
håndterbart for en beslutningstaker enn ren usikkerhet.
I praksis er skillet mellom risiko og usikkerhet trolig ikke noe enten eller, men snarere en kontinuerlig
skala. En kjenner aldri sannsynlighetsfordelingen for de ulike økonomiske variablene fullt ut, selv om
historiske erfaringer gir en viss pekepinn. Men noen variable har mer preg av risiko, i betydning at
utfallsrommet er mer velspesifisert enn andre.
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I et uåpnet område kan det være stor usikkerhet om geologien, både i form av risiko og usikkerhet.
Scenarioanalyse kan være en nyttig metode når usikkerheten er vanskelig å kvantifisere (Wright and
Goodwin (2009)). Ut fra samme argumentasjon anbefaler Courtney, Kirkland and Viguerie (1997) å
bruke kvalitative analyseverktøy som scenarioanalyse dersom usikkerheten er stor.
En form for scenarioanalyse som kan være nyttig ved betydelig usikkerhet er såkalte ”wild-card
scenarios”. Et wild-card er definert av Rockfellow (1994) og Petersen (1999) som en hending eller
utfall med lav sannsynlighet, men med store konsekvenser (Rockfellow (1994)):
”An event having a low probability of occurence, but an inordinately high
impact if it does”
Et wild-card scenario er da et scenario om et framtidig utfall hvor det har skjedd noe uventet, dvs
som er utenfor det vi anser som sannsynlig, men
som har store konserkvenser (Dewar (2002)):

“Wild card” scenarios are, by
definition, less likely than other
plausible futures”.
På samme måte som mer ”vanlige” scenarioer så
vil også et ”wild-card” scenario kunne være del av
et nyttig bakteppe for strategiarbeid eller
igangsetting av tiltak, eksempelvis om
havområdene utenfor Lofoten, Vesterålen og
Senja skal åpnes opp for petroleumsaktivitet. Et
wild card scenario kan på den måten, sammen
med de øvrige scenarioene, være et hjelpemiddel
til å unngå uheldige beslutninger, til å etablere
strategier som er robuste, og til å identifisere,
evaluere og utnytte mulige realopsjoner..

8.4 Valg av analyse metode
Med utgangspunkt i diskusjonen over har OD
valgt å verdisette uoppdagede
petroleumsressurser i havområdene utenfor
Lofoten, Vesterålen og Senja med basis i to
metoder. ODs valg av analysemetode er illustrert i
figur 5.
Ved å kombinere bruk av stokastisk modellering
og scenarioanalyse, får vi fram usikkerheten som

The Appropriate Role of “Wild Card”
Scenarios
All good forecasters and strategic planners
recognize that there are innumerable
plausible futures to consider. No finite set of
future scenarios can ever hope to completely
cover all possible surprises. At some point,
the exercise of generating scenarios must
posit assumptions about what will (and
won’t) occur – what trends are likely to
continue, what changes are likely to occur,
what events are not likely to take place, and
so forth. From a small reasoned set of
assumptions, a set of scenarios can be
developed to address remaining uncertainties
and can be used for their intended purposes.
In the strategic planning arena, AssumptionBased Planning is built on the notion that a
set of “wild card” scenarios should be
developed for purposes of making more
robust the plans that have been developed
(whether by using scenarios or not). Those
plans have made assumptions about the
future, not all of which are certain to come
or remain true. “Wild card” scenarios are
plausible futures that violate one of the
assumptions that underlie the plan. The
specific purpose of the “wild card” scenarios
is to help strategic planners develop
signposts for indicating that an assumption is
being violated, shaping actions to keep the
assumption from failing (to the extent
possible), and hedging actions to prepare the
organization in the event an assumption does
fail.
Dewar (2002).
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ligger til grunn for verdisettingen samt de betydelige verdiene sekvensielle beslutninger om
utforskning, utbygging og utvinning kan gi. Dette er i tråd med Myers (1984) som argumenterer for å
kombinere kvantitative metoder innen finansteori med mer kvalitative metoder fra strategisk
planlegging.

Anslåtte ressurser
i letemodellene

Kartlagte
prospekter

Stokastisk
metode

Forventet verdi
og fordeling
av verdi

Postulerte
prospekter

Scenario
metode

Verdi for
scenario

A, B, C, D

Verdi for
scenario
X

Ve rdien av uoppdagede re ssurser i havområdene utenfor
Lofoten, Vesterålen og Senja

OD 1003055

Figur 4: Verdisetting av uoppdagede ressurser – ulike metoder

I den første analysen (kapittel 10) har OD benyttet en stokastisk beregningsmodell for verdisetting av
ressursene i områdene. Denne tar utgangspunkt i funnsannsynlighetene og ressursfordelingene
knyttet til prospektene og letemodellene. For hvert ressursutfall for de ulike områdene (Nordland VI,
Nordland VII og Troms II) tilknyttes en utbyggingsløsning i modellen. Lønnsomheten for hvert
ressursutfall beregnes ved å benytte angitte prisforutsetninger for olje og gass.
Nøkkeldata og informasjon fra stokastiske beregninger av økonomiske verdier er forventet nåverdi
og fordelingen for nåverdien. Gitt forutsetningene som ligger til grunn for analysen, viser forventet
nåverdi hvorvidt det er økonomisk grunnlag for petroleumsvirksomhet i området. Fordelingen for
nåverdien gir med grunnlag i de samme forutsetningene, nedsiden og oppsiden av en slik beslutning.
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En del av usikkerheten rundt geologien i områdene vil bli avslørt over tid gjennom aktive tiltak slik
som boring av letebrønner. Reduksjon av usikkerhet gjennom læring skaper muligheter, eller
opsjoner, ved at beslutninger kan tas sekvensielt og baseres på ny informasjon. For eksempel kan et
funn gi mer informasjon om geologien i et større område og dermed gi grunnlag for mer effektiv
utforskning av området. Verdiene realiseres dermed gjennom en sekvens av beslutninger.
Ny informasjon og mulighetene til å ta sekvensielle beslutninger er krevende å modellere i
stokastiske beregninger. OD har i begrenset grad tatt hensyn til disse verdiene i den stokastiske
modellen. For å få fram opsjonene har vi valgt å kombinere den stokastiske beregningen med
scenarioanalyse.
Verdier for de uoppdagede ressursene er estimert for fire ulike scenarioer som ligger innenfor ODs
ressursfordeling. Ettersom usikkerheten er stor og det kan være forhold som vi med dagens
kunnskap ikke ser, er det også viktig å spenne usikkerhetsområdet utover ODs ressursfordeling.
Ressursutfall utenfor ODs ressursfordeling kan for eksempel være et resultat av at nye letemodeller
identifiseres. For å fange noe av denne geologiske usikkerheten er det utviklet et såkalt ”wild card”
scenario som ligger helt i ytterkant av ODs ressursfordeling. Ressursutfallet i dette scenarioet
forutsetter at de to letemodellene med høyest ressurspotensial bekreftes med et høyt ressursutfall.
Dette utfallet samsvarer med industriens forventningsestimat og illustrerer en opsjon som bør være
med i vurderingen av mulige konsekvenser av å åpne.
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9 Tekniske og økonomiske forutsetninger
Verdisettingen av de uoppdagede ressursene er basert på en rekke forutsetninger. Disse er også
forbundet med usikkerhet. De mest sentrale er kort omtalt.

9.1 Miljø
Områdene utenfor Lofoten, Vesterålen og Senja er i St. meld. nr. 8 (2005-2006) definert som særlig
verdifulle og sårbare områder. I verdiberegningene er det lagt til grunn samme betingelser for
virksomheten som gjelder i de delene av forvaltningsplanområdet hvor petroleumsvirksomhet er
tillatt.

9.2 Tidsplan for aktivitet
Som grunnlag for denne verdisettingen ligger at havområdene utenfor Lofoten, Vesterålen og Senja
åpnes for petroleumsvirksomhet i 2014.
Det antas at strategien om stegvis leting legges til grunn – slik det gjøres ellers på norsk sokkel. Dette
innebærer at evaluering av leteresultater i tildelte blokker bør foreligge før videre utforsking.
Ved verdivurderingen er det lagt til grunn at Nordland VI og Troms II utforskes først av hensyn til
stegvis utforsking.
I utvinningstillatelse 219 i Nordland VI, som ble tildelt i 1996, er det forutsatt boring av èn letebrønn i
2014. Fra og med 2015 er det forutsatt at det bores inntil to letebrønner per år både i Nordland VI og
Troms II. Utforsking av Nordland VII med boring av inntil to letebrønner per år er forutsatt å starte
noe senere enn utforskingen av Nordland VI og Troms II.
Det er lagt til grunn for verdivurderingen at områdene blir grundig utforsket før det blir tatt
beslutning om utbygging. Den første investeringsbeslutningen er forutsatt tatt i 2024, og det er
antatt inntil fire år fra investeringsbeslutning til produksjonsstart.

9.3 Utbyggingsløsninger
Samlet ressursmengde og type ressurser i områdene bestemmer hvilke utbyggingsløsninger som
velges. Samordnede løsninger er lagt til grunn der dette er mest lønnsomt.
Rene gassfunn føres enten til land for prosessering og videre transport til Haltenbanken, eller
komprimeres på skip offshore og føres videre til Haltenbanken.
Oljefunn (med assosiert gass) føres enten til land eller prosesseres og lastes offshore. Den assosierte
gassen reinjiseres i oljefeltet dersom det ikke er landanlegg for gass i området.
Velges ilandføring av både olje og gass, forutsettes en integrert løsning med havbunnsseparasjon,
hvor væske og gass går i separate rør til land. På land skilles vann fra olje, og vannet transporteres
tilbake til feltene for injeksjon. Oljen transporteres i skip fra landanlegget, mens gassen føres i rør til
Haltenbanken for videre eksport.
Tekniske løsninger som er lagt til grunn for verdisettingen skal representere et kostnadsnivå relatert
til ressursmengden. Helt andre løsninger kan bli valgt. Konseptene forutsetter utstrakt grad av
samordning.
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9.4 Priser og kostnadsnivå
Olje- og energidepartementes prisprognoser for olje og gass er lagt til grunn for beregningene. På
kort sikt ligger oljeprisprognosen på vel $80 per fat, stigende mot $ 97 per fat i 2030 (figur 5). Olje- og
energidepartementes oljeprisprognose er på linje
med prognosene til andre aktører som utarbeider
prisanslag. Basert på denne oljeprisen er det lagt til
grunn en gassprisprognose på 1,78 per Sm3 i 2010,
Oljepris
og deretter en noe stigende gasspris fram mot
140
2030. For å illustrere beregningenes prisfølsomhet ,
120 ,
100
er sensitiviteter på +/- 30 % benyttet. Prisene er
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realpriser målt i 2010-kroner.
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Figur 5:Gass- og oljeprisforutsetninger

Dersom kostnader ved og gevinster av en investering ligger forholdsvis nær i tid, vil valget av
diskonteringsrente ha mindre betydning for verdien av investeringen. I forbindelse med leting i
Lofoten, Vesterålen og Senja kan imidlertid tidsforskjellen mellom når letingen starter opp og når
gevinstene oppnås være store. Dermed vil valg av diskonteringsrente kunne ha stor betydning.
I Finansdepartementet (2005) er det gjort en vurdering av nivået på diskonteringsrenten i
samfunnsøkonomiske analyser. Her er anbefalingen en risikojustert diskonteringsrente på 4 %.
Finansdepartement bruker i St.meld.nr.1 (2009-2010), Nasjonalbudsjettet 2010, en
diskonteringsrente på 4 %. ved beregning av petroleumsformuen. Ettersom petroleumsformuen over
tid utgjør en stadig lavere andel av nasjonalformuen, er dette et argument for at avkastningskravet
for petroleumsprosjekter bør reduseres på lang sikt (Dalen, Hoel og Strøm (2008)).
I denne analysen er det valgt å bruke en diskonteringsrente på 4 % slik som i Finansdepartementet
(2009).
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10 Verdisetting av petroleumsressursene i havområdene utenfor
Lofoten, Vesterålen og Senja ved hjelp av stokastisk modellering
Verdisetting av områdene utenfor Lofoten, Vesterålen og Senja er basert på definerte letemodeller i
områdene. De totale uoppdagede ressursene i letemodellene er summen av ressursene i de
kartlagte prospektene og ressursene i de postulerte prospektene i hver letemodell. Den statistiske
metoden for verdisetting forutsetter følgende utforsknings-, utbygging- og utvinningsstrategi:
x
x
x

alle de kartlagte prospektene i alle letemodellene bores før de postulerte prospektene
det foretas en beslutning om utbyggingsløsning og produksjonskapasitet basert på de totale
ressursene i de kartlagte prospektene
eventuell produksjon av ressurser i de postulerte prospektene fases inn til ledig kapasitet i
allerede etablert infrastruktur

Modellen er stokastisk i den forstand at ressurser knyttet til prospektene, kostnadene og
tidsangivelser er lagt inn med usikkerhetsfordelinger. Det benyttes en Monte Carlo simulering for
uttrekk fra de ulike fordelingene.
Hvert prospekt har en tilhørende funnsannsynlighet, som er lik produktet av
letemodellsannsynligheten og prospektsannsynligheten. Hvis det blir gjort et funn i en letemodell,
det vil si at letemodellen blir bekreftet, vil funnsannsynligheten øke for alle prospektene i denne
letemodellen. Videre kan det være avhengighet mellom prospektene utover
letemodellsannsynligheten. Dersom et prospekt gir funn, vil funnsannsynligheten øke for alle
prospektene i letemodellen, ettersom letemodellen blir bekreftet, og samtidig vil
funnsannsynligheten for prospekter som er definert som avhengig av dette prospektet, øke
ytterligere. Denne avhengigheten i funnsannsynlighetene er reflektert i trekningene i den stokastiske
modellen. Således er den stokastiske modellen dynamisk som beskrevet i 8.3.1.
Stokastisk dynamisk programmering kan også brukes for å finne den optimale lete- , utbygging og
utvinningsstrategi. Dette er til en viss grad tatt hensyn til i den stokastiske modellen. I modellen har
vi antatt at det først tas beslutning om utbygging etter at alle de kartlagte prospektene er boret. Det
vil si at beslutning om utbyggingsløsning og kapasitet er basert på informasjon om det totale
ressursgrunnlaget. På denne måten kan verdien av eventuelle stordriftsfordeler ivaretas ved at flere
funn samordnes i en felles utbygging. I og med at det tas en utbyggingsbeslutning først etter at alle
de kartlagte prospektene er boret, fanger ikke modellen opp en eventuell merverdi av å ta en
tidligere beslutning. Dersom det gjøres store funn tidlig kan det være mer lønnsomt å bygge ut med
en gang.
Videre er produksjonskapasitet knyttet til de ulike valg av utbyggingsløsninger tilpasset et relativt
stort spenn for ressursutfall. Optimering av kapasiteten ville antagelig gitt ekstraverdier.

En optimal letestrategi vil ta hensyn til informasjon fra tidligere utforskning, for eksempel kan det
være optimalt å forlate et område dersom tidligere boringer ikke har gitt funn. En slik stokastisk
dynamisk programmering er svært krevende å modellere, og er ikke tatt hensyn til i den stokastiske
modellen. I denne modellen antas det at alle prospektene bores.
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10.1 Verdisetting av de kartlagde prospektene
Følende forutsetninger ligger til grunn for verdisettingen av de kartlagte prospektene:
x
x
x
x
x
x
x
x

Områdene utenfor Lofoten og Vesterålen åpnes for petroleumsvirksomhet i 2014
Første letebrønn bores i utvinningstillatelse 219 i 2014. Leteaktiviteten i Nordland VI (N6) og
Troms II (T2) starter i 2015
I Nordland VII (N7) starter leteaktiviteten i 2024
Det bores maksimalt to letebrønner per år i hvert av områdene – Nordland VI, Nordland VII
og Troms II
I Nordland VI og Troms II er alle prospektene boret innen 2024
Utbyggingsbeslutning basert på boreresultater i Nordland VI og Troms II tas i 2024
Alle prospektene i Nordland VII er boret innen 2029
Utbyggingsbeslutning basert på boreresultatene i Nordland VII tas i 2029

Figur 6 viser tidsinnfasing av leting og eventuell utbygging samt hvilke alternative
utbyggingsløsninger som er mulig. Det forutsettes at alle prospektene i N6 og T2 bores i perioden fra
2015 til 2024 (periode 1). Hensikten er å finne ut om det er tilstrekkelige ressurser til en samordnet
lønnsom utbygging av alle funnene i områdene. Utbygging av eventuelle funn i N7 er avhengig av
ressursutfallet i N7 samt eksisterende utbyggingskapasitet. Dersom det eksisterer et landanlegg
basert på produksjon av ressurser i N6 og T2 vil produksjon av eventuelle ressurser i N7 fases inn når
det er ledig kapasitet i anlegget. Det bygges ut egen utbyggingsløsning for ressursene i N7 dersom
det ikke eksisterer et landanlegg basert på ressursene i N6 og T2.

2014

2024

2029

Samordnet
utbygging
Landanlegg
N6o T2

Leting
N6& T2

Eget landanlegg
N6 og/eller T2

Samordnet
N6 ogT2 og N7

Samordnet N6 og T2
Ingen produksjon N7

Samordnet
N6 og N7 og/eller T2 og N7

Eget anlegg N6 og/eller T2
Ingen produksjon N7
Offshore
utbygging eller
Ingen utbygging
N6 ogT2

Leting
N7

Eget anlegg N7
Ingen produksjon N6 og T2

Ingen produksjon
N6, N7 ogT2

Figur 6: Tidsinnfasing av leting og eventuell utbygging.
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Verdisettingen av de kartlagte prospektene er basert på alle mulige utfall for det totale
ressursutfallet i et område eller kombinasjoner av områder. Metoden er stokastisk, det vil si at det
benyttes en Monte Carlo metode for tilfeldig trekning fra hver av de kartlagte prospektene i området
basert på letemodellsannsynligheten, prospektsannsynligheten og ressursfordeling for hver av de
kartlagte prospektene.
Følgende syv kombinasjoner av utbyggingsløsninger er mulig etter at leting i periode 1 er avsluttet:

Gass utbyggingsløsninger

Olje utbyggingsløsninger

1

Li te anlegg på land

Integrert med gassanlegg

2

Lite anlegg på land

Offshore løsning • FPSO

3

Stort anlegg på land

Integrert med gassanlegg

4

Stort anlegg på land

Offshore løsning • FPSO

5

Offshore løsning - Komprimert gass

Stort anlegg på land

6

Offshore løsning - Komprimert gass

Lite anlegg på land

7

Offshore løsning - Komprimert gass

Offshore løsning • FPSO

Tabell 1: Kombinasjoner av utbyggingsløsninger for olje og gass i periode 1.

Utbyggingsløsningene for olje og gass har ulike kostnader og kapasiteter. Forutsetningene for valg
av utbyggingsløsninger er utbyggingsløsningen med lavest enhetskostnad for ulike totale
ressursutfall i N6 og T2. Det er antatt to hovedløsninger – stort landanlegg og lite landanlegg
avhengig av det totale gass- eller oljeressursutfallet. Dersom det er tilstrekkelig med både gass- og
oljeressurser velges en integrert olje- og gassutbygging. Dersom det ikke er tilstrekkelig med
oljeressurser for antatt lønnsom utbygging av landanlegg, velges en offshore utbyggingsløsning for
oljefunn. Tilsvarende for gass - dersom det ikke er tilstrekkelig med gassressurser til antatt lønnsom
utbygging av landanlegg, velges en offshore utbyggingsløsning. Det er antatt en minimumsgrense på
11 millioner Sm3 o.e. forlønnsom utbygging av et offshore anlegg.
Håndtering av assosiert gass i oljefunn avhenger av om det er funnet tilstrekkelige med gass til å
bygge et anlegg på land. Hvis det er et gassanlegg på land så føres assosiert gass med rør til
landanlegget. Hvis det ikke er et gassanlegg på land, reinjiseres den assosierte gassen.
Det tas en beslutning om utbyggingsløsning i 2029 (periode 2) basert på leteresultater i N7 og
eksisterende anlegg fra periode 1. Dersom det eksisterer et landanlegg fra periode 1, fases
ressursene i N7 inn i det eksisterende landanlegget. Dersom det ikke eksisterer landanlegg fra
periode 1 bygges offshoreløsninger i N7 dersom det er tilstrekkelig ressurser for antatt lønnsom
utbygging.
Figur 7 viser betingelser knyttet til ressursene for ulike utbyggingsløsninger gitt at vi har tilstrekkelige
gassressurser til å bygge et landanlegg for gass. For å bygge et landanlegg for gass forutsettes det at
ressursene i Nordland VI (N6) eller Troms II (T2) er minst 15 millioner Sm3 o.e (15 milliarder Sm3
gass). Videre er det antatt to ulike kapasiteter på landanlegget avhengig av ressursutfallet.
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Gitt landanlegg for gass
Per iode 1 (2014 - 2024)

Per iode 2 ( 2 025 - 2029 )
[ H aleproduksjon N7

_J

[ Landanleggfor o lje N 7

_J

[ Haleproduksjon N 7

_J

N 6>=1 5 og N 6<3 0
ellerT2>=5 0 og T2<3 0 o g

N6 T2<30
~

anlegg

J

N6>=15 e lle r
T2 >=15
[ Stortanlegg

]

N6>=30 ellerT2>=30
eller N 6T2>=30

[ Landanleggfor olje N7

Figur 7: Beslutningstre for periode 1 og periode 2 gitt landanlegg for gass

Figur 8 viser betingelser knyttet til ressursene for ulike utbyggingsløsninger, gitt at vi har offshore
anlegg for gassressursene i Nordland VI (N6) og Troms II (T2). Det vil si at de totale gassressursene i
både N6 og T2 er mindre enn 15 milliarder Sm3 gass. Videre er det antatt tre ulike
utbyggingsløsninger for olje avhengig av ressursutfallet for olje.

Gitt offshore anlegg for gass

Perio de 1 (2014 - 2024 )

Pe riode 2 (20 25 - 2 0 29)
[ Stort anlegi.J

[ Hale p roduksjon

N
7l

Land a n legg for
o lje
N6>=30 og N6<50
ellerT2>:a:30 og T2<50

N 6<15 og
T 2<1 5

-----<

Offs hore
anlegg for o lje

og N6T2<6 0

G
r -L-it_e_a_n_l_
e_
g -gJ~

N6<30og
T2<30

[ Haleproduksjon N7~

[ Land a n legg for o lje N7

J

[ Offsh o re anlegg fo r olj e N ±.J

Figur 8: Beslutningstre for periode 1 og periode 2 gitt offshore anlegg for gass.
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OD har benyttet dataverktøyet GeoX for den stokastiske beregningen av verdisettingen av
områdene. Valg av utbyggingsløsninger er lagt inn i modellen som betingelser avhengig av de totale
ressursutfallene i de enkelte områdene, eller kombinasjoner av områder. Tilsvarende er minste
ressursmengder for utbygging også lagt inn i modellen som betingelser for utbygging av funn i et
område. Betingelsene (valg av utbyggingsløsning og minste totale ressursmengder for utbygging) er
resultater av egne beregninger av enhetskostnader som er gjort utenfor modellen.
Investeringer og driftskostnader knyttet til de ulike utbyggingsanleggene er kort beskrevet i kapittel
9.3. Videre er det beregnet en gjennomsnittskostnad per letebrønn og produksjonsbrønn for hvert av
områdene (N6, N7 og T2). Denne varierer mellom områdene, og variasjonen skyldes vesentlig
havdyp. Tilsvarende er det beregnet gjennomsnitt for antall produksjonsbrønner og kostnader
knyttet til undervannsinnstallasjoner og rør.
Modellen er stokastisk i den forstand at ressurser, kostnader og tidsangivelser er lagt inn med
usikkerhetsfordelinger. Det benyttes en Monte Carlo simulering for tilfeldig uttrekk fra alle
usikkerhetsfordelingene. Trekningen er også avhengig av letemodellsannsynlighetene,
prospektsannsynlighetene og avhengigheten mellom prospektsannsynlighetene. Det vil si at dersom
en letemodell slår til vil dette øke funnsannsynligheten for tilhørende prospekter i letemodellen.
Videre vil sannsynligheten for avhengige prospekter øke dersom et av de aktuelle prospektene slår
til.
For hver trekning fra ressursfordelingen beregnes en nettonåverdi basert på angitte prisbaner for
olje og gass og et sett av trekninger fra de øvrige usikkerhetsfordelingene (kostnader og
tidsangivelser) og tilhørende funnsannsynligheter. Den stokastiske modellen vil deretter gi en
usikkerhetsfordeling for netto nåverdi basert på alle trekningene i modellen. Forventet nåverdi for
kartlagte prospekter er om lag 50 milliarder kroner.

10.2 Verdisetting av ressurspotensialet i letemodellene
De totale uoppdagede utvinnbare ressurser i en letemodell er summen av ressursene i de kartlagte
prospektene og ressursene i de postulerte prospektene. Verdisettingen av letemodellene bygger på
verdisettingen av de kartlagte prospektene. De fleste av de postulerte prospektene er relativt små i
forhold til de kartlagte. Siden det er rimelig å anta at det letes på de største prospektene først,
forutsettes det i modellen at det bores på de kartlagte prospektene før vi leter på de postulerte
prospektene. Tilleggsressursene fra de postulerte prospektene fases inn i eksisterende
produksjonsanlegg som er basert på resultater fra leting og utbygging av de kartlagte prospektene.
Følgelig antas det at ressurser i de postulerte prospektene ikke gir grunnlag for nye anlegg.
Letemodellanalysene bygger på estimater av antall postulerte prospekter. Dette antallet er selvsagt
usikkert og er derfor gitt ved en fordeling. I modellen har det ikke vært mulig å behandle de
postulerte prospektene på tilsvarende måte som de kartlagte prospektene. Hvert av de kartlagte
prospektene er modellert med ressursfordelinger, funnsannsynligheter og avhengighet mellom
prospektene. De postulerte prospektene i hver letemodell er derimot modellert som ett prospekt i
hver letemodell. Hvert av disse prospektene reflekterer tilhørende letemodellsannsynlighet,
sannsynligheten for minst ett funn, samt usikkerhetsfordelingen for det totale ressurspotensialet for
de postulerte prospektene i letemodellen.
Verdisettingen av letemodellene bygger på verdisettingen av de kartlagte prospektene. Leting på de
postulerte prospektene starter etter at alle de kartlagte prospektene er boret. Eventuell utbygging og
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produksjon av ressursene knyttet til de postulerte prospektene fases inn til eksisterende anlegg når
det er ledig produksjonskapasitet.
Det er benyttet tilsvarende kostnader knyttet til letebrønner, produksjonsbrønner,
undervannsinnstallasjoner og rør for de postulerte prospektene som for de kartlagde prospektene.
Basert på hver trekning fra ressursfordelingene for både de kartlagte og de postulerte prospektene beregner den
stokastiske modellen en nettonåverdi. Modellen gir deretter en usikkerhetsfordeling for netto nåverdi basert på alle
trekningene i modellen.

Figur 9 viser den kumulative fordelingen for netto nåverdi.
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Figur 9: Kumulativ fordeling for netto nåverdi for ressursgrunnlaget i letemodellene.

Forventet nåverdi for letemodellene er 105 milliarder kroner (Figur 9). Det er 88 % sannsynlig at
netto nåverdi er positiv, og det er fem prosent sannsynlig for at netto nåverdi er om lag 180
milliarder eller mer.

Det er også foretatt en nåverdiberegning med en diskonteringsrente på 0 % (udiskontert
kontantstrøm). Forventet verdi av udiskontert kontantstrøm er om lag 480 milliarder kroner.

10.3 Kommentarer til analysen.
Hvert prospekt har en tilhørende funnsannsynlighet, som er lik produktet av
letemodellsannsynligheten og prospektsannsynligheten. Funnsannsynligheten reflekterer at det er
avhengighet mellom prospekter i samme letemodell. Denne avhengigheten i funnsannsynlighetene
er reflektert i trekningene i den stokastiske modellen. Det er imidlertid ikke antatt avhengigheter
mellom letemodellene i analysen. Med 211 letemodeller der vi antar at disse er uavhengige, kan man
1

Geologene har kartlagt 7 letemodeller. I den økonomiske verdisettingen er mange av letemodellene
delt opp i flere letemodeller der disse er tilordnet ulike letemodellsannsynligheter. Følgelig er det
modellert 21 letemodeller i den økonomiske analysen.
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anta at det er om lag 100 % sannsynlighet for å finne petroleum i minst en av letemodellene.
Sannsynligheten for ikke å finne petroleum ville vært større dersom det er avhengighet mellom
letemodellene. Avhengighet vil imidlertid også gi en større oppside. Siden flere av letemodellene er
delanalyser av samme letemodell, kan det være at modellen burde ha inkludert avhengighet mellom
disse.
I analysen antas det at det bores på alle prospekter i området. Stegvis utforskning som tar hensyn til
informasjon fra tidligere boringer, vil gi betydelige verdier i form av mer effektiv leting. Dette har
imidlertid ikke vært mulig å modellere i modellen.
Analysen forutsetter at de kartlagte prospektene bores før de postulerte prospektene. En analyse der
det letes på alle prospektene, kartlagte og postulerte prospekter, kan gi høyere verdier dersom vi
antar at det bores på de største prospektene først (uavhengig om prospektene er kartlagte eller
postulerte). For eksempel vil et utfall der de største funnene foreligger innen det tas en beslutning
om utbygging, gi tilleggsverdier i form av større produksjonskapasitet og følgelig tidligere produksjon.
En viktig antagelse i analysen er at det letes i 10 år før det tas en utbyggingsbeslutning. Dette gir
bedre beslutningsgrunnlag for samordnede utbygginger med stordriftsfordeler. Imidlertid
undervurderes verdien av å ta sekvensielle utbyggingsbeslutninger etter hvert som prospektene
bores. Det kan være mer lønnsomt å bygge ut store funn raskt framfor å vente til hele
ressursgrunnlaget i området er avdekket. Det er imidlertid ikke gitt at en slik stegvis beslutning om
utbygging vil gi ekstra verdier. For det første er det forventet at det gjøres relativt små funn. Det vil si
at på forventningen vil det antagelig være mer lønnsomt å vente på resultater fra all utforskning i
området enn å ta beslutninger basert på enkelte funn. For det andre er det grunn til å anta at enhver
utbyggingsavgjørelse kan ta relativt lang tid.
Videre er produksjonskapasitet knyttet til de ulike utbyggingsløsningene tilpasset et relativt stort
spenn for ressursutfall. Optimering av kapasiteten ville antagelig gitt ekstraverdier.
Det er imidlertid krevende å modellere slike dynamiske optimeringsprosesser.
Prisbanene i modellen er gitt som enkeltestimater og ikke som usikkerhetsfordelinger. Usikkerhet i
olje- og gasspriser samt muligheten for å ta sekvensielle beslutninger om utforskning, utbygging og
utvinning, gir positive opsjonsverdier som ikke er medregnet i denne analysen.
.
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11 Verdisetting av uoppdagede petroleumsressurser i havområdene
utenfor Lofoten, Vesterålen og Senja – en scenarioanalyse
tilnærming
11.1 Bakgrunn
Det er utarbeidet fire scenarioer for verdien av petroleumsressursene i havområdene utenfor
Lofoten, Vesterålen og Senja. Hvert enkelt scenario representerer ett mulig utfall for hva som kan
inntreffe innenfor ODs ressursfordeling.
Scenarioanalyse som metode er beskrevet i Stoknes (2004), Government Office for Science(2009)og
Van der Heijden (1996), og er en alternativ måte å ta hensyn til usikkerhet på enn tradisjonell
beslutningsanalyse ved hjelp av sannsynligheter og fordelinger (van der Heijden, Bradfield, Burt,
Cairns, & Wright (2002)).
”Given the difficulties in assessing probabilities for unique, unprecedented and rare events,
scenario planning, using the intuitive logics method, offers an approach for handling
situations of low predictability which avoids the requirements to make such estimates”
I scenarioanalyse vil hvert enkelt scenario eller framtidsbilde ha en liten sannsynlighet for å inntreffe.
Til sammen vil imidlertid de ulike framtidsbildene spenne ut et mulighetsrom for hva som kan skje,
og til sammen kan de favne hele usikkerhetsbildet.
I utarbeidelsen av framtidsbildene er prisutviklingen for olje og naturgass tatt for gitt. Vi har valgt å
konsentrere oss om de geologiske forholdene i form av funnstørrelse (store funn eller små funn) og
ressurstilvekst (over eller under forventning).
Ettersom usikkerheten er stor er det også viktig å spenne usikkerhetsområdet utover ODs
ressursfordeling. For å fange denne usikkerheten er det utviklet et ”wild card” scenario i tillegg til de
fire scenarioene, som ligger helt i ytterkant av ODs ressursfordeling. Dette scenarioet illustrerer en
opsjon som bør være med i vurderingen av mulige konsekvenser av å åpne.
Nedenfor skisseres først scenarioprosessen før hvert framtidsbilde blir skrevet ut i en kort fortelling
om veien fra i dag og fram til 2030. Det er også foretatt beregninger av verdiene av
petroleumsressursene for hvert framtidsbilde.

11.2 Scenarioprosessen
Metoden for utvikling av scenarioer kan deles opp i fire elementer, se Figur 10.

Scena riofokus

Drivkrefter

Strukt ur

Scenarioer

Figur 10: Elementer i en scenarioprosess
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x
Scenariofokus
Fokus for scenarioene er beslutningen regjeringen vil foreta i 2010 mht hvorvidt det skal
gjennomføres en konsekvensutredning for petroleumsvirksomhet i forbindelse med revideringen av
forvaltningsplanen i 2010. I den forbindelse er det viktig at verdien av olje- og gassressursene i
havområdet utenfor Lofoten, Vesterålen og Senja er med i beslutningsgrunnlaget.
x
Valg av drivkrefter
Drivkreftene er byggesteiner for scenariofortellingene. Det er derfor avgjørende for scenarioene hva
som velges som drivkrefter. Særlig er drivkrefter som vil skape endringer innenfor scenariofokuset verdien av mulige petroleumsressurser i havområdene utenfor Lofoten, Vesterålen og Senja - viktige.
Verdisetting av mulige petroleumsressurser i havområdene er forbundet med stor grad av geologisk
usikkerhet. Det er også knyttet usikkerhet til utviklingen i omgivelsene, spesielt mht prisutviklingen
for olje og naturgass i den perioden eventuelle funn vil være i produksjon. I denne analysen er
drivkrefter i omgivelsene tatt for gitt, og fokus er konsentrert om usikkerheten i de geologiske
forholdene.
x
Scenariostruktur
Fokus har vært på hvorvidt de uoppdagede ressursene i havområdene er over eller under ODs
forventede ressursutfall. Funnenes størrelse og hvorvidt funnene ligger spredt eller mer i klynger, er
også sentralt ettersom dette er viktig for funnenes lønnsomhet. Fire framtidsbilder avhengig av
funnstørrelse og hvorvidt ressursene er over eller under forventning er framstilt i figur 11.
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Figur 11: Scenariokryss

Nedenfor er hvert scenario skrevet ut i en kort fortelling om veien fra i dag og fram til sluttåret for
scenarioanalysen, 2030. Verdianslag for de ulike scenarioene er deretter presentert.
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11.3 Scenarioer for 2030

A – Høyt ressursutfall og små funn
Mange - men små funn i klynger
Nordland VI: Området åpnes for leting i 2014, og den første
brønnen bores samme år. Funnraten er høy, men funnene er
små. Innen 2024 er det gjort åtte funn. De ligger i klynger konsentrert i to avgrensede områder. Samlede utvinnbare
ressurser er 45 millioner Sm3 olje og 30 milliarder Sm3 gass.
Troms II: Leting starter i 2015. Innen 2024 er det gjort sju
mindre funn. De er små og ligger også her i klynger. De samlede
påviste utvinnbare ressursene er 40 millioner Sm3 olje og 25
milliarder Sm3 gass. I perioden 2024-2030 blir det gjort flere
små funn i området.
Nordland VII: I perioden 2024 til 2030 gjøres det to funn på
totalt 20 millioner Sm3 o.e. Dette er ikke tilstrekkelig for å få til
en lønnsom utbygging. Det er imidlertid fortsatt optimisme til å
lete mer i området.
Til sammen blir det funnet 370 millioner Sm3 i områdene,
inkludert funn etter 2030.
Havbunnsinstallasjoner i klynger med landanlegg
Mange små funn gjør at det er utfordrende å finne gode
utbyggingsløsninger. Endelig beslutning om å bygge ut funnene
i Nordland VI og Troms II blir fattet i 2024. Funnporteføljen gjør
at det etableres ett felles integrert landanlegg for prosessering.
Funnene bygges ut med overtrålbare havbunnsrammer. Olje og
gass separeres og føres i atskilte rør til landanlegget. Produsert
vann føres tilbake og injiseres i reservoaret som trykkstøtte.
Gassen føres i rør til Haltenbanken. Oljen skipes ut fra
landterminalen.
Det blir stadig gjort nye funn i årene fremover. Alle funn etter
2024 i Nordland VI, Nordland VII og Troms II fases inn i den
etablerte infrastrukturen i området.
Lang tid å realisere verdiene
Små funn, lang modningstid og mange letebrønner gir en
nettonåverdi på om lag 365 milliarder kroner.
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B – Høyt ressursutfall og store funn
Flere store funn utenfor Lofoten og Vesterålen
Nordland VI: I 2014 blir det første oljefunnet gjort. Fram mot
2030 ble det gjort enda fire funn. I alt blir det i perioden funnet
200 millioner Sm3 olje og 27 Mrd Sm3.
Troms II: Første oljefunn gjøres i 2016. I perioden fram mot
2027 blir det i alt gjort to større oljefunn på til sammen 100
millioner Sm3 og et gassfunn på 25 Mrd Sm3. I tillegg gjøres
flere små olje- og gassfunn.
Nordland VII: Den første brønnen bores i 2025. Det gjøres flere
små og spredte funn, men det kommer ingen avklaring i
forhold til utbygging innen 2030.
Eggakanten og Vestfjorden: På grunn av mange store funn i de
andre områdene, begynner en diskusjon om åpning av
Eggakanten og Vestfjorden.

Havbunnsløsninger og store landanlegg
Ressursene viser seg å ligge langt over ODs forventning fra
2010. Dette gir et grunnlag for ilandføring av ressursene.
Konseptet som blir valgt et stort olje- og gassanlegg. Det store
oljefunnet i Troms II trigger et eget, nytt oljeanlegg på land
Funnene bygges ut med havbunnsløsninger. Olje- og
gasstrømmen sendes i hvert sitt rør til landterminalen. Gassen
transporteres til eksisterende infrastruktur på Haltenbanken,
mens oljen skipes ut fra landterminalen.
Store verdier
Store funn gjør at det tar kortere tid å modne fram en
utbyggingsløsning. Dette bidrar til økte verdier. Nettonåverdi
er estimert til rundt 460 milliarder norske kroner.
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C – Lavt ressursutfall og små funn
Få og små funn i Lofoten og Vesterålen
Nordland VI. Det bores en tørr brønn i utvinningstillatelse 219
i 2014. Deretter bores det flere tørre brønner. Fram mot 2030
gjøres det likevel flere funn, men funnene er små og ligger så
spredt at de er vanskelige å samordne i en utbygging. Jakten
på det store funnet fører til enkelte letebrønner også etter
2030.
Troms II: Den første letebrønnen bores i 2015. Fram til 2022
blir det gjort to små oljefunn og et lite gassfunn. På grunn av
at det bare gjøres små funn, blir det pause i letingen fra 2022
Nordland VII. Første letebrønn bores i 2026. Fram til 2030
bores det fem brønner. Det gjøres funn, men funnene er svært
små og forsvarer ingen utbygging.
Til sammen blir det funnet om lag 75 millioner Sm3 o.e i
områdene, inkludert funn etter 2030.

Ingen utbygginger
Funnene i Nordland VI og Troms II er små og ligger så spredt at
utbygging ikke er lønnsomt, verken selvstendig eller
samordnet.
Bare kostnader
Det er brukt om lag 7 milliarder kroner på leting. Funnene som
er gjort, har ikke ført til noen utbygging. Letingen har
imidlertid gitt geologisk informasjon som vil være viktig for
videre utforskning.
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D – Lavt ressursutfall og store funn
To store funn
Nordland VI. Det bores en tørr brønn i utvinningstillatelse 219
i 2014. Det bores flere tørre brønner i årene som kommer,
men i 2017 blir det gjort et oljefunn på størrelse med Goliat om lag 30 millioner Sm3 o.e. Dette skaper ny optimisme. Flere
letebrønner bores, uten at det blir gjort flere lønnsomme funn
i Nordland VI.
Troms II. Første brønn i området bores høsten 2015. Denne
viser seg å være tørr. Etter flere tørre brønner i området, blir
det i 2023 gjort et gassfunn på om lag 20 milliarder Sm3 gass,
ca. halvparten av Luva-funnet. Flere brønner bores i området,
men ingen gir lønnsomme funn.
Nordland VII. Første brønn bores i 2026. Fram til 2030 bores
det fem brønner. Resultatene er skuffende. Ingen lønnsomme
funn blir gjort.
Til sammen blir det funnet om lag 75 millioner Sm3 i
områdene, inkludert funn etter 2030.
Offshore utbygging
Nordland VI. I 2024 tas det beslutning om utbygging av
oljefunnet i Nordland VI. De samlede ressursene er for små til
å forsvare ilandføring. Derfor velges en flytende
produksjonsinnretning på feltet. Assosiert gass blir injisert
tilbake til reservoaret sammen med det produserte vannet fra
feltet. Injeksjonen bidrar til å øke oljeutvinningen.
Troms II. I 2027 tas det beslutning om å bygge ut gassfunnet
med et skip der gassen komprimeres(CNG skip )). Gassen
skipes til Haltenbanken for videre prosessering og transport.
Nordland VII. Det foretas ingen beslutning om utbygging av
funn i Nordland VII i perioden fram mot 2030.
Begrensede ressurser
Begrensede ressurser gir begrensede verdier. Nettonåverdi er
estimert til om lag 75 milliarder kroner.
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X
Nordland VI: Det bores en brønn i utvinningstillatelse
219 i 2014 der det blir gjort et mindre funn.
Prospektiviteten i området bekreftes av neste brønn
som blir boret i nytt lisensiert område i 2015. Brønnen
gir et stort oljefunn - om lag 100 millioner Sm3 o.e. I
2017 bekreftes en ny letemodell i området. Det blir
gjort et nytt oljefunn på om lag 100 mill Sm3 o.e. De
neste letebrønnene i området fram mot 2030 gir flere
oljefunn som kan knyttes opp mot det første
oljefunnet.
Troms II: Første brønn bores i 2015. Denne gir et større
gassfunn på om lag 40 mrd Sm3 gass. Fram mot 2024
gir leting flere gassfunn av denne størrelsen som kan
danne grunnlag for en felles utbyggingsløsning.
Nordland VII: Den første letebrønnen blir boret i 2024.
Det blir gjort et mindre oljefunn. I 2026 gir imidlertid
leting et oljefunn på om lag 45 millioner Sm3 o.e.
Senere gjøres flere olje- og gassfunn opp mot denne
størrelsen.
Til sammen blir det funnet om lag 550 millioner Sm3 i
områdene (som tilsvarer vel 3,5 milliarder fat).

Flere store funn - krever stor kapasitet på land
Flere store funn medfører et stort integrert landanlegg.
Store ressurser sikrer langsiktig kapasitetsutnyttelse.
Funnene bygges ut med overtrålbare
havbunnsløsninger. Olje- og gasstrømmen sendes i
hvert sitt rør til landterminalen. Gassen transporteres
til eksisterende infrastruktur på Haltenbanken, mens
oljen skipes ut fra landterminalen.
650 milliarder
Store ressurser gir store verdier. Nettonåverdi er
estimert til om lag 650 milliarder kroner.
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11.4 Resultatene av scenarioanalysen
Gitt utformingen av de ulike scenarioene og de tekniske og økonomiske forutsetningene presentert i
kapittel 9, er kostnader og verdier beregnet.
Forventet brutto salgsverdi for totale olje- og gassressurser er beregnet for hvert framtidsbilde.
Denne varierer fra null kroner (scenario C) til om lag 1800 milliarder kroner for scenario X. Som
figuren illustrerer er disse anslagene følsomme for endringer i prisforutsetninger.
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Figur 12: Brutto salgsverdier for olje og gass for de ulike framtidsbildene.

Figur 13 illustrerer lete-, investerings- og driftskostnadene for hvert framtidsbilde. De totale
kostnadene varierer fra 7 milliarder kroner til om lag 440 milliarder kroner. Dette kan gi en indikasjon
på aktivitetsnivået knyttet til petroleumsvirksomheten, inkludert grunnlaget for ringvirkninger i
regionen.
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Figur 13: Lete-, investerings- og driftskostnader for de ulike framtidsbildene.

Netto kontantstrøm av petroleumsressursene varierer mellom -10 milliarder kroner for scenarioet
med minst ressurser (scenario C) til om lag 1450 milliarder kroner for ”wild card”-scenario X (Figur
14).
2000

•
1500

-30%
Olje 97 $ per fat
+30% ....................................................

,._
Q,)

C:

~ 1000

~

,._

Q,)

"O
,._

-~

0

A
-500

B

C

D

X

............................................................................... .

Figur 14: Verdianslag (framtidig netto kontantstrøm) for de ulike framtidsbildene.

Lønnsomheten, målt som netto nåverdi av petroleumsressursene, varierer mellom -7 milliarder
kroner for scenarioet med minst ressurser (scenario C) til om lag 650 milliarder kroner for ”wild
card”-scenario X (Figur 15).
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Figur 15: Verdianslag (netto nåverdi) for de ulike framtidsbildene.

Netto kontantstrøm for A og B er tilnærmet like. Netto nåverdi for B er imidlertid høyere enn for A
siden ressursene i B fases inn tidligere enn i A. A og B scenarioene har tilnærmet samme
ressursgrunnlag. A består av funn som er mindre enn i B. Dette fører til senere innfasing av funnene.
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12 Oppsummering
Kvantifisering av de økonomiske verdiene av mulige petroleumsressurser i havområdene utenfor
Lofoten, Vesterålen og Senja er forbundet med stor usikkerhet. En del av denne usikkerheten vil bli
avslørt over tid gjennom aktive tiltak, som boring av undersøkelsesbrønner og muligheten til å
avvente utviklingen i olje- og gassprisene.
På grunn av den store usikkerheten og at det er mulig å redusere usikkerheten over tid, har OD valgt
å verdisette de uoppdagede petroleumsressursene ved hjelp av to metoder; stokastisk modellering
og scenarioanalyse.
Den første metoden, en stokastisk beregning basert på letemodellanalyser, tar hensyn til den
betydelige usikkerheten i ressursfordelingen fra letemodellanalysen, og beregner forventet verdi av
ressursene, samt gir en nåverdifordeling. Beregningen viser at det er om lag 90 prosent sannsynlighet
for positiv lønnsomhet. Forventet nettonåverdi er beregnet til om lag 105 milliarder kroner. Det er
fem prosent sannsynlighet for at nettonåverdiverdien er 180 milliarder kroner eller mer. Den
stokastiske beregningen viser dermed at beslutningen om å lete er robust.
Den stokastiske modellen tar hensyn til usikkerheten i ressursfordelingen, men tar ikke fullt ut
hensyn til at utforskningen og utbyggingen skjer stegvis. Ny informasjon vil endre optimal
utforsknings- og utbyggingsstrategi. Dette innebærer at en gjennom senere beslutninger kan
redusere nedsiden i de stokastiske beregningene og øke oppsiden. Det vil si at den estimerte
usikkerhetssfordelingen for lønnsomheten, inklusiv forventningen, undervurderer verdien av
petroleumressursene i områdene.
For å illustrere usikkerheten i ressursmengden og få fram tilleggsverdiene som skyldes stegvise
beslutninger, er det i tillegg til den stokastiske analysen brukt scenarioanalyse. Det er beregnet verdi
av fire mulige ressursutfall innenfor ressursfordelingen fra letemodellanalysen. De ulike scenarioene
illustrerer spennet i verdi. I utgangspunktet er hvert scenario ett av mange mulige sett med
trekninger som ligger i den stokastiske beregningen (ressursmengde og funnstørrelse). I scenarioene
er det gjort optimaliseringer knyttet til boring av færre letebrønner og mer ”skreddersydde”
utbyggingsløsninger og tilpasninger med hensyn til ledetid. Dette medfører at verdien av scenarioene
vil være høyere enn for en tilsvarende funnportefølje i den stokastiske modellen. Nettonåverdi for de
ulike scenarioene varierer mellom – 7 milliarder kroner til om lag 500 milliarder kroner.
Ettersom det kun er boret to letebrønner i områdene er beregningene forbundet med stor grad av
usikkerhet. Det kan derfor ikke utelukkes at ressursene går utover ressursfordelingen fra ODs
letemodellanalyse. Det er derfor utviklet et eget wild-card scenario helt i ytterkant av ODs
ressursfordeling, for å reflektere noe av denne usikkerheten. Verdien av ressursene i dette scenarioet
er om lag 650 milliarder kroner.
Verdiberegningene viser at det kan ligge betydelige petroleumsressurser og dermed store verdier i
havområdene utenfor Lofoten, Vesterålen og Senja. Men verdiene kan være lave dersom
ressursmengden er betydelig mindre enn forventet. Stegvis utforskning av områdene vil uansett
være en robust strategi for å avklare hvor mye ressurser som gjemmer seg der, og hvor store verdier
som kan realiseres. En slik strategi starter med en riktig plassert undersøkelsesbrønn.
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1 Sammendrag
Forvaltningsplanens formål
Formålet med forvaltningsplanen er å legge til
rette for verdiskaping gjennom bærekraftig bruk
av ressurser og goder i Barentshavet og havområdene utenfor Lofoten og samtidig opprettholde
økosystemenes struktur, virkemåte, produktivitet
og naturmangfold. Forvaltningsplanen er derfor
et verktøy både for å tilrettelegge for verdiskaping
og for å opprettholde miljøverdiene i havområdet.
Forvaltningsplaner for alle norske havområder
Forvaltningsplanen for Barentshavet og havområdene utenfor Lofoten, som ble varslet i St.meld. nr.
12 (2001±2002) Rent og rikt hav, ble lagt frem av
Regjeringen i St.meld. nr. 8 (2005±2006) Helhetlig
forvaltning av det marine miljø i Barentshavet og
havområdene utenfor Lofoten (forvaltningsplan).

Meldingen ble behandlet i Stortinget våren 2006
og var den første forvaltningsplanen for et norsk
havområde.
St.meld. nr. 37 (2008±2009) Helhetlig forvaltning av det marine miljø i Norskehavet (forvaltningsplan) omfattet Norskehavet og ble behandlet
av Stortinget våren 2009. Regjeringen tar sikte på
å presentere en forvaltningsplan for norsk del av
Nordsjøen og Skagerrak i 2013 og med det etablere forvaltningsplaner som grunnlag for en helhetlig og økosystembasert forvaltning av alle
norske havområder.
For valtningsplanene bidrar til klarhet i overordnede rammer, samordning og prioriteringer i
forvaltningen av havområdene. De bidrar til økt
forutsigbarhet og styrket sameksistens mellom
næringene som er basert på bruk havområdene
og utnyttelse av havområdenes ressurser.

