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summary 

the world is facing its worst economic crisis in many decades, caused by 
massive strains in the global financial system, falling asset prices and a sharp 
drop in wealth and aggregate demand. to re-start growth, ambitious fiscal 
stimulus measures have been announced in most G20 member countries and 
further measures are under consideration. the need for a substantial fiscal 
boost in the short term provides a great opportunity to undertake projects 
with a high social return, at a time when inputs are relatively cheap and underuti-
lised resources and workers are available. But additional measures should be 
timely, well targeted, and taken within a clear long-term framework if they are 
to help lay the foundations of sustainable growth in the medium and long term 
without threatening fiscal sustainability when recovery comes.

Public spending aimed at stimulating private investments that help reducing 
greenhouse gas emissions can perform very well against these criteria for  
an effective stimulus, while providing the additional benefits of lower energy 
costs and increased energy security. By focusing on correcting well-known 
market failures in energy use and r&d, it can avoid crowding out private-sector 
activity. In fact, green recovery programmes have the potential to stimulate 
private investment in low-carbon technologies, thereby developing new opportu-
nities for employment, innovation, and wealth creation.

G20 member countries’ participation in the fight against both the global reces-
sion and climate change is essential. they represent at least three quarters  
of global GdP, energy consumption and carbon emissions. they have the 
human and financial resources to push technological boundaries, creating 
positive spill-over effects and synergies. the present report highlights key 
measures that G20 members can take to tackle the economic crisis and 
re-orient development towards sustainable, low-carbon growth. We recom-
mend G20 nations focus their recovery programmes on the following seven 
strategic areas:

incrE asinG EnEr Gy EfficiEncy G20 members should initiate and extend programmes 
that provide loans to home-owners and small and medium-sized enterprises 
for boosting energy efficiency in buildings. they should strengthen informa-
tion campaigns about energy efficiency and apply and enforce more stringent 
standards of energy efficiency to appliances. In the transport sector, intro-
ducing fuel efficiency standards, restructuring vehicle taxation, encouraging 
modal shift, improving urban planning and supporting electrification would 
ensure that energy is used more efficiently.

u p G r a d i n G p h y s i c a L i n f r a s t r u c t u r E G20 members should undertake investments 
in electricity grid upgrades and extensions, public transportation, integrated 
freight transport systems and Co2 pipelines for carbon capture and storage 
projects. existing international forums and treaties can be used to encourage 
additional co-financing and technology transfer for trans-boundary pipelines 
and electricity grids. G20 members should ensure that new infrastructure 
investments are ‘climate proof’, to counter those impacts of climate change  
to which the world is now committed. G20 members should avoid the 
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additional risks that would be incurred by investing in infrastructure that 
locks economies into high-carbon paths.

s u p p O r t i n G c L E a n t E c h n O L O Gy m a r K E t s Given the strains in private credit markets 
due to heightened uncertainty, risk aversion and capital shortages among 
financial institutions, G20 members should facilitate the financing of clean-
technology projects by providing and expanding feed-in tariffs, renewable 
portfolio standards, production tax credits, guarantees and loans. they should 
review and refine national procurement guidelines with the aim of going 
‘carbon neutral’, evaluate the possibility of significantly expanding the Clean 
technology fund and the strategic Climate fund and aim to dismantle trade 
barriers affecting clean energy technologies and services. 

i n i t i at i n G f L a G s h i p p r O j E c t s G20 members should initiate large-scale demon–
stration projects for carbon capture and storage ( CCs ) , concentrated solar 
power, liquids and synthetic gases from ligno-cellulosic biomass, power 
storage and integrated hydrogen systems, and establish research communities 
to support such projects jointly, sharing the associated costs and benefits.
 
E n h a n c i n G i n t E r n at i O n a L r E s E a r c h a n d d E v E L O p m E n t G20 members should at least 
triple their total spending on r&d related to energy efficiency, renewables,  
and CCs. they should establish publicly financed venture capital funds that 
target innovative clean-energy technologies and develop a G20 strategic 
energy technology Plan.

i n c E n t i v i s i n G i n v E s t m E n t G20 members should provide a strong commitment  
to pricing carbon across all sectors and regions in order to trigger follow-up 
investments by the private sector and strengthen incentives to invest in 
technologies and processes that lock in low-carbon production.

c O - O r d i n at i n G G 2 0 E f f O r t s G20 members should reaffirm their commitment  
to an open trading system and refrain from discriminatory provisions in 
national stimulus packages. specialised ‘energy & Climate sherpas’ should  
be  appointed to co-ordinate follow-up meetings and fill gaps in existing 
knowledge.

the main message of this report is one of confidence. Confidence that G20 
members will shape an opportunity out of the current crisis. once economic 
recovery is under way, markets have to deliver a different quality of growth 
that is more sustainable – a return to past production patterns is economi-
cally neither wise nor desirable.  a global green recovery can deliver immediate 
and long-term economic benefits, cut the risk of dangerous climate change,  
reduce energy insecurity and competition for natural resources, and prepare 
the ground for a successful post-Kyoto agreement in Copenhagen  
in december 2009.



the leaders of the Group of twenty ( G20 ) advanced and emerging nations 
gathering in london will rightly focus on ensuring that a global recession does 
not turn into a global depression. But, as the uK Government has highlighted 
ahead of the summit, the environmental implications of the fiscal measures 
taken by G20 leaders need to be considered. ensuring that national recovery 
programmes are ‘green’ makes sense not only because climate change poses 
a far more serious threat to the global economy in the long term than do tempo-
rary economic downturns. It makes sense because otherwise, once the world 
economy recovers, sharply increasing energy prices are likely at some stage  
to trigger subsequent slowdowns. Without the transition towards a low-carbon 
global energy system, the next economic crisis is pre-programmed. ‘Green’ 
recovery programmes are not only an option for sound and effective crisis 
relief; they are a precondition.

encompassing countries that account for roughly two thirds of the world’s 
population and three quarters of global gross national product, energy 
consumption and carbon emissions ( see table 1 ), the G20 is critical to tackling 
the global twin economic and climate crises. as emphasised by the united 
nations environmental Programme in its call for a ‘Global Green new deal’ 
( uneP, 2009 ), the G20 is the key arena for promoting international action for  
a global green recovery.

the need for a substantial fiscal boost in the short term provides a great opportu-
nity to undertake projects with a high social return, at a time when inputs are 
relatively cheap and underutilised resources and workers are available. But 
additional measures should be timely and well targeted if they are to help lay 
the foundations of sustainable growth in the medium and long term without 
threatening fiscal sustainability when recovery comes. Public spending aimed 
at reducing greenhouse gas emissions can perform very well against these 
criteria for an effective stimulus, while providing the additional benefits of 
lower energy costs and increased energy security. By focusing on correcting 
well-known market failures in r&d and energy use, it can avoid crowding out 
private-sector activity. 

Governments should structure their approach towards a global green recov-
ery in two phases. the first phase includes three measures that would boost 
aggregate demand and employment in the short term. Governments should 
focus on 1 improving energy efficiency, 2 upgrading the physical infrastructure 
of the economy to make it low-carbon,  and  3  supporting clean-technology 
markets. the second phase focuses more on the medium term and comprises 
4 initiating flagship projects, 5 enhancing international research and develop-
ment and 6 incentivise  investment for low-carbon growth.  medium-term 
measures should provide the private sector with incentives to invest more 
resour ces in developing the markets that will underpin future growth. they 
can strengthen investor confidence now and provide the basis for sustained 
productivity growth in the future. finally, 7 co-ordinating G20 efforts supports 
the effectiveness of all the other measures.

1 intrOductiOn
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section 2 of this report outlines the challenges of the double economic and 
climate crisis. section 3 sets out the rationale for a green stimulus that addresses 
both short-term economic decline and the challenge of realising the world 
economy’s long-term growth potential. section 4 presents seven key areas for 
G20 action towards a global green recovery. the concluding section 5 briefly 
highlights the current outlook.
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2
2.1

long before the current economic crisis started to materialise, observers had 
expressed their concerns about ‘global imbalances’, illustrated by the consider-
able current account surpluses and increases in foreign exchange reserves in 
some countries and persistent large current account deficits in the usa, which 
reached more than us$ 750 billion ( almost 6% of GdP ) in 2006 ( Bea, 2009 ).  
there is now a growing consensus that these imbalances, in combination with 
the monetary policy stances taken around the world, played a major part in the 
formation of unsustainable price increases – ‘bubbles’ – in the housing market 
and provided extra incentives for banks to exploit loopholes in regulatory stand-
ards. the result was an opaque redistribution of risks around the globe and seri ous 
vulnerabilities in the financial system due to excessive leverage.

after the housing bubbles burst, banks and other financial institutions found 
themselves with unexpectedly bad loans and impossible-to-value complex 
financial instruments on their balance sheets and started to reduce their debt 
burdens and unwind their lending. the credit crunch has been accompanied  
by efforts by households to increase their saving. drops in stock market valua-
tions and house prices have greatly reduced wealth for many of them. the asian 
development Bank ( adB, 2009 ) estimates that financial assets around the 
world may have fallen in value by more than us$ 50 trillion during 2008, a loss 
equivalent to almost a year’s worth of world economic output. households are 
shifting from consumption towards additional saving to make up for the loss of 
wealth. furthermore, highly uncertain prospects mean that decisions by con-
sumers and investors to spend have been put on hold in order to reduce risk  
and keep options open until the uncertainty is resolved. finally, due to the crisis’ 
origins in the financial system, lending from banks ( particularly across borders ) 
has slowed sharply and investors are facing considerable problems gaining 
access to credit to finance their investment. all of these factors have led to a 
significant drop in aggregate demand in many industrial countries and entail  
the risk of a prolonged recession. 

under normal circumstances, if a single country is affected by an economic crisis 
due to inadequate aggregate demand, a depreciation of the currency brought 
about by expansionary monetary policy can increase export volumes, dampening 
some of the initial fall in demand, as increases in trading partners’ demand 
partly compensates. however, the crisis the world is currently facing is truly 
global; as all countries are affected, there simply is no ‘consumer of last resort’ 
that could help other countries in exporting their way out of the crisis. this 
situation could worsen still further if investment and consumer purchases are 
put off for longer, sparking a vicious cycle of falling demand, investment, innova-
tion and employment, accompanied by steadily increasing global overcapacity, 
credit defaults and stock market devaluation. 

according to the Imf ( 2009b ), us GdP contracted by almost 1% and euro-area 
GdP by 1.25% in the fourth quarter of 2008 ( i.e. 4% and 5% on an annualised 
basis ). In 2009, their output is forecast to shrink by 1.6% and 1.8% respectively. 
While the Imf forecasts negative growth rates for oeCd member states across 
the board, economic expansion in emerging economies is also projected to slow 

thE dOubLE crisis
the eConomIC CrIsIs
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down considerably from the high levels experienced in the past decade, to less 
then 7 % for China and only a bit more than 5 % for India, for example ( see table 1 ).

a deep and prolonged depression also damages long-term growth prospects 
through write-offs of capital owned by firms that go bankrupt during the crisis, 
through workers forgetting professional skills while unemployed or missing out 
on on-the-job training opportunities, and through the erosion of social capital in 
countries in which economic hardship inflicts heavy strains on social relations.

tabLE 1
Gdp, EnErGy cOnsumptiOn and  
GhG EmissiOns Of G20 mEmbErs. 

data ComPIled from 
[1] Imf ( 2008a ), 
[2] Imf ( 2009b ), 
[3] Iea ( 2007a; 2007b ),  
[4] WrI ( 2009 )

tOtaL 2008  
us$ bn

   sharE Of 
GLObaL  

( % )

           %            pj/a sharE Of 
GLObaL 

( % )

 in mt 
cO2eq

sharE Of 
GLObaL  

( % )

arGEntina 339 0.5 0.0 2.670 0.6 321 0.8

austraLia 1.069 1.7 -0.2 5.130 1.1 559 1.4

braziL 1.665 2.7 1.8 7.890 1.7 1.028 2.7

canada 1.564 2.5 -1.2 10.901 2.3 736 1.9

china 4.222 6.8 6.7 72.183 15.4 7.250 18.7

francE 2.978 4.8 -1.9 11.882 2.5 576 1.5

GErmany 3.818 6.1 -2.5 14.367 3.1 1.006 2.7

india 1.237 2.0 5.1 22.389 4.8 1.863 4.8

indOnEsia 497 0.8 3.5 7.499 1.6 598 1.5

itaLy 2.399 3.9 -2.1 7.390 1.6 588 1.5

japan 4.844 7.8 -2.6 22.405 4.8 1.383 3.6

mEXicO 1.143 1.8 -0.3 7.356 1.6 641 1.7

russia 1.779 2.9 -0.7 26.960 5.7 1.992 5.1

saudi-arabia 528 0.9 0.8 5.941 1.3 390 1.0

sOuth africa 300 0.5 1.3 5.440 1.2 434 1.1

sOuth KOrEa 953 1.5 -4.0 9.166 2.0 588 1.5

turKEy 799 1.3 -1.5 3.584 0.8 400 1.0

unitEd KinGdOm 2.787 4.5 -2.8 9.512 2.0 683 2.7

unitEd statEs 14.334 23.1 -1.6 96.523 20.6 7.098 18.3

G20 tOtaL 47.258 76.0 349.188 74.4 28.132 74.6

rEst Of wOrLd 14.884 24.0 120.271 25.6 10.594 26.4

on the macroeconomic front, policy-makers found it difficult over the past 
decade to tackle the growing imbalances in the global economy, asset mar-
kets and financial systems until a global recession materialised. If, similarly, 
we wait until the more serious climate risks have begun to crystallise before 
acting, it will be too late to avoid heavy costs, and the challenges to policy-
makers will be much greater. the difference is that the costs of unrestrained 
climate change will be much more profound and longer-lasting than the costs  
of a temporary economic downturn.

Gdp GrOwth  
 prOjEctiOn 2009 [ 2 ]

Gdp 2008 [ 1 ] EnErGy cOnsumptiOn 
2005 [3 ]

GhG EmissiOns  
2005 [ 4 ]

cOuntriEs
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2.2 the ClImate CrIsIs

While the world economy is in temporary decline, dangerous climate change 
poses a permanent and far more serious threat to human development and 
prosperity. G20 nations account for roughly three quarters of global energy 
consumption and carbon emissions ( table 1 ). With rising temperatures, climate 
change is likely to become unmanageable and catastrophic, pushing the earth’s 
complex ecology past known and as yet unknown tipping points, which may 
fundamentally and irreversibly alter the way our planet functions ( lenton et al., 
2008 ). new research indicates that the risks from any given global tem pe ra ture 
increase are greater than previously thought ( see figure 1 ). scientists also 
underestimated the difficulty of containing temperature increases. staying below a 
2°C increase – the limit proposed by the european union – will be challenging 
because the climate system already contains more warming potential than 
previously assumed. Greenhouse gas ( GhG ) emissions are increasing at faster 
pace ( raupach et al., 2007 ), the planet’s capacity to sequester carbon in natu ral 
sinks is decreasing ( Canadell et al., 2007 ) and the temporary cooling effects  
of aerosols in the atmosphere are likely to diminish as more stringent clean- 
air policies are applied ( ramanathan and feng, 2008 ). thus the likelihood of 
global warming in the 21st century even beyond the threshold of a 2.4°C increase  
is dangerously high ( schellnhuber, 2008 ).

fiGurE 1 
risKs frOm cLimatE chanGE, by 
rEasOn fOr cOncErn, as appraisEd 
by thE ipcc third assEssmEnt 
rEpOrt Of 2001- cOmparEd with 
rEcEntLy updatEd data. cLimatE 
chanGE impacts arE pLOttEd 
aGainst incrEasEs in GLObaL mEan 
tEmpEraturE ( °c ) aftEr 1990 

smIth et al. ( 2009 )

update of the RFCs and the ‘‘burning embers’’ figure derived
from the recently released IPCC AR4 and subsequent literature.
The final section compares the earlier representation with the
updated version.

The IPCC TAR and Reasons for Concern. Fig. 1 Left replicates the
version of the ‘‘burning embers’’ diagram that was offered as
figure SPM-2 in the Summary for Policymakers of the contri-
bution of Working Group II to the TAR (4). IPCC AR4
projected a range of 1.1 °C to 6.4 °C increase in GMT from 1990
to 2100 (5) based on 6 IPCC Special Report on Emissions
Scenarios (SRES) nonmitigation scenarios (6). Although uncer-
tainty in the response of the climate system to increasing
greenhouse gas concentrations contributes to this very broad
spread in projections of increase in GMT, the magnitude of
future emissions driven by alternative development pathways
plays a comparable role. The assessed ‘‘likely range’’ (66–90%)
of global temperature increase by 2100 for the lowest emissions
scenario (SRES B1) is 1.1 °C to 2.9 °C, whereas the likely range
for the highest scenario (SRES A1FI) is 2.4 °C to 6.4 °C. Since
2000, the trajectory of global emissions is above the highest
SRES scenario (5). The observed temperature change, reflect-
ing the response to date of the climate system to historical
emissions, is also at the top of the projected range of temperature
increase (7). The temperature increases in Fig. 1 go up to 5 °C
although, as the IPCC projects, the increase in GMT could

exceed 5 °C by 2100. An increase in GMT �5 °C by 2100 would
have even more adverse effects within each RFC than has been
analyzed.

The right side of Fig. 1 tracks the updated 5 RFCs against
increases in GMT above 1990.§

Risk to Unique and Threatened Systems. This RFC addresses the
potential for increased damage to or irreversible loss of unique
and threatened systems, such as coral reefs, tropical glaciers,
endangered species, unique ecosystems, biodiversity hotspots,
small island states, and indigenous communities.

Risk of Extreme Weather Events. This RFC tracks increases in
extreme events with substantial consequences for societies and
natural systems. Examples include increase in the frequency,
intensity, or consequences of heat waves, f loods, droughts,
wildfires, or tropical cyclones.

Distribution of Impacts. This RFC concerns disparities of impacts.
Some regions, countries, and populations face greater harm
from climate change, whereas other regions, countries, or pop-

§It is recognized that vulnerability can also be partly a function of the expected rate of
climate change, but this assessment focuses on the magnitude of change. These magni-
tudes are, however, projected to occur over time frames that imply rates of change that
are very likely to exceed the abilities of natural and human systems to adapt completely.
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Fig. 1. Risks from climate change, by reason for concern—2001 compared with updated data. Climate change consequences are plotted against increases in
global mean temperature (°C) after 1990. Each column corresponds to a specific RFC and represents additional outcomes associated with increasing global mean
temperature. The color scheme represents progressively increasing levels of risk and should not be interpreted as representing ‘‘dangerous anthropogenic
interference,’’ which is a value judgment. The historical period 1900 to 2000 warmed by �0.6 °C and led to some impacts. It should be noted that this figure
addresses only how risks change as global mean temperature increases, not how risks might change at different rates of warming. Furthermore, it does not
address when impacts might be realized, nor does it account for the effects of different development pathways on vulnerability. (A) RFCs from the IPCC TAR as
described in section 1. (B) Updated RFCs derived from IPCC AR4 as supported by the discussion in section 2. (Reproduced with permission from Climate Change
2001: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate
Change. Figure SPM-2. Cambridge University Press.)

4134 � www.pnas.org�cgi�doi�10.1073�pnas.0812355106 Smith et al.

tar (2001) rEasOns fOr cOncErn updatEd rEasOns fOr cOncErn
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many of factors responsible for higher risks were not yet adequately under-
stood when stern ( 2007 ) concluded that the costs of climate change over the 
next two centuries, under business as usual, could be similar in magnitude to 
a loss of 15% of global consumption per head, now and forever. But, as that 
review itself made clear, ultimately it is a matter of collective judgement by 
people around the world what risks they want to run with the planet. Whatever 
metric is used, those risks are very large if no action is taken.

 as with the damages from unrestrained climate change, it is difficult to be 
precise about the costs of avoiding it. the Intergovernmental Panel on Climate 
Change ( IPCC, 2007 ) reviewed various estimates, finding that the projected 
global costs of stabilising GhG concentrations would be between 5.5% and 
-1% of annual GdP by 2050 ( some studies calculate net gains to abatement 
activities even without factoring in benefits of averted climate change ), 
depending on model assumptions and the stabilisation target ( ranging from 
445 to 710 ppm Co2eq ) . stern ( 2007 ) concluded that to stabilise eventually  
at 500-550 ppm Co2eq would cost around 1% of GdP by 2050 ( + / - 3% ). some 
more recent analyses suggest that global cumulative costs of an ambitious 
low-stabilisation scenario of 400 ppm Co2eq ( after overshooting ) could lie 
below 2.5% of GdP up to 2100 ( Knopf et al., 2009 ). the key conclusion to be 
drawn from these estimates is that the costs of action are likely to be much less 
than the costs of inaction1. thus strong and urgent action makes economic sense.

1 Please refer to the appendix for a detailed discussion of the costs of action and inaction.
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update of the RFCs and the ‘‘burning embers’’ figure derived
from the recently released IPCC AR4 and subsequent literature.
The final section compares the earlier representation with the
updated version.

The IPCC TAR and Reasons for Concern. Fig. 1 Left replicates the
version of the ‘‘burning embers’’ diagram that was offered as
figure SPM-2 in the Summary for Policymakers of the contri-
bution of Working Group II to the TAR (4). IPCC AR4
projected a range of 1.1 °C to 6.4 °C increase in GMT from 1990
to 2100 (5) based on 6 IPCC Special Report on Emissions
Scenarios (SRES) nonmitigation scenarios (6). Although uncer-
tainty in the response of the climate system to increasing
greenhouse gas concentrations contributes to this very broad
spread in projections of increase in GMT, the magnitude of
future emissions driven by alternative development pathways
plays a comparable role. The assessed ‘‘likely range’’ (66–90%)
of global temperature increase by 2100 for the lowest emissions
scenario (SRES B1) is 1.1 °C to 2.9 °C, whereas the likely range
for the highest scenario (SRES A1FI) is 2.4 °C to 6.4 °C. Since
2000, the trajectory of global emissions is above the highest
SRES scenario (5). The observed temperature change, reflect-
ing the response to date of the climate system to historical
emissions, is also at the top of the projected range of temperature
increase (7). The temperature increases in Fig. 1 go up to 5 °C
although, as the IPCC projects, the increase in GMT could

exceed 5 °C by 2100. An increase in GMT �5 °C by 2100 would
have even more adverse effects within each RFC than has been
analyzed.

The right side of Fig. 1 tracks the updated 5 RFCs against
increases in GMT above 1990.§

Risk to Unique and Threatened Systems. This RFC addresses the
potential for increased damage to or irreversible loss of unique
and threatened systems, such as coral reefs, tropical glaciers,
endangered species, unique ecosystems, biodiversity hotspots,
small island states, and indigenous communities.

Risk of Extreme Weather Events. This RFC tracks increases in
extreme events with substantial consequences for societies and
natural systems. Examples include increase in the frequency,
intensity, or consequences of heat waves, f loods, droughts,
wildfires, or tropical cyclones.

Distribution of Impacts. This RFC concerns disparities of impacts.
Some regions, countries, and populations face greater harm
from climate change, whereas other regions, countries, or pop-

§It is recognized that vulnerability can also be partly a function of the expected rate of
climate change, but this assessment focuses on the magnitude of change. These magni-
tudes are, however, projected to occur over time frames that imply rates of change that
are very likely to exceed the abilities of natural and human systems to adapt completely.
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Fig. 1. Risks from climate change, by reason for concern—2001 compared with updated data. Climate change consequences are plotted against increases in
global mean temperature (°C) after 1990. Each column corresponds to a specific RFC and represents additional outcomes associated with increasing global mean
temperature. The color scheme represents progressively increasing levels of risk and should not be interpreted as representing ‘‘dangerous anthropogenic
interference,’’ which is a value judgment. The historical period 1900 to 2000 warmed by �0.6 °C and led to some impacts. It should be noted that this figure
addresses only how risks change as global mean temperature increases, not how risks might change at different rates of warming. Furthermore, it does not
address when impacts might be realized, nor does it account for the effects of different development pathways on vulnerability. (A) RFCs from the IPCC TAR as
described in section 1. (B) Updated RFCs derived from IPCC AR4 as supported by the discussion in section 2. (Reproduced with permission from Climate Change
2001: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate
Change. Figure SPM-2. Cambridge University Press.)

4134 � www.pnas.org�cgi�doi�10.1073�pnas.0812355106 Smith et al.

tar (2001) rEasOns fOr cOncErn updatEd rEasOns fOr cOncErn
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3 shapinG an OppOrtunity Out Of crisis

Providing a stimulus to the economy and protecting the climate do not stand 
in opposition to each other. Quite to the contrary, well-designed stimulus 
packages that give priority to spending on ‘green’ measures designed to avoid 
carbon emissions can simultaneously help to stabilise aggregate demand in 
the short run ( thus contributing to a quick recovery of the global economy ) 
and yield ( potentially large ) positive economic returns in the medium and long 
run by developing the world economy’s low-carbon growth potential. most 
measures aimed at reducing GhG emissions are related to the improvement  
of existing capital stocks and development of new technologies. thus climate 
change policy can create opportunities for savings to be directed into valuable 
real capital and wealth formation.

reversInG short-term deClIne
In a crisis that is turning out to be the worst since the Great depression, 
de cisive action to fix the banking system and stimulate demand is needed  
to return the economy to its potential level of productivity and capacity uti li-
sation. for national governments, there are two ways to correct temporary 
shortfalls in aggregate demand and stimulate economic activity: monetary 
and fiscal policies.

Implementing looser monetary policies in the conventional fashion by lowering 
interest rates provides cheap central bank money to the banking system. this 
extra liquidity, if passed on to firms and consumers in the form of the expan-
sion of credit, in normal circumstances spurs economic activity. due to its 
speedy transmission and relative ease of implementation, monetary policy  
has been the preferred instrument of macro-economic interventions in recent 
decades. as a reaction to the crisis, central banks have lowered interest rates 
considerably, often to historically low levels ( e.g. the us federal reserve’s 
overnight lending rate now is 0.25%-0.5%, while the european Central Bank 
has set its rate to 1.5% and the Bank of england to 0.5%, the lowest rate in its 
long history ). But these cuts have not been sufficient to contain the crisis and 
restore growth. Given the low level of interest rates, there is little leeway for 
further reductions. more unconventional means of loosening monetary poli-
cies, such as the quantitative easing 2 under way in some countries, can still 
be used when interest rates are near zero, but they are not as well-under-
stood as interest rate policies and their impact is uncertain. an additional, 
at least as important, question is how effective monetary policy will turn out 
to be in the face of the banking crisis. Given the huge uncertainties in the 
market and the need to conserve capital, banks have greatly reduced their 
lending activities. Credit spreads3 on all types of risky assets have risen 
dramatically. further, investment to expand productive capacity is inhibited 
by current perceptions of overcapacity and falling prices. this development 
greatly undermines the effectiveness of the banking system as a transmis-
sion channel for monetary policy.

3.1

 2  i.e. central banks buying assets from the private sector, expanding their balance sheets
 3  i.e. the extra interest margin paid compared with that paid on relatively secure government bonds
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as a consequence, there is a widespread agreement that the use of fiscal meas-
ures as well as monetary policies is required. G20 leaders have recognised this 
need in the call for “fiscal measures to stimulate domestic demand to rapid 
effect, as appropriate, while maintaining a policy framework conducive to fiscal 
sustainability” included in the declaration following the G20 meeting of 15 novem-
ber 2008 in Washington ( G20, 2008, p.2 ). Imf experts have recommended em-
ploying large amounts of public spending, financed by government borrowing, to 
counter the economic crisis ( spilimbergo et al., 2008 ), and, in december 2008, 
the Imf’s managing director suggested that a fiscal stimulus exceeding 2% of 
world GdP would constitute an appropriate response to the current downturn 
( Imf, 2008b ). despite announced fiscal stimulus packages, growth forecasts have 
subsequently been considerably revised downwards. the Imf ( 2009b ) reduced 
its global growth forecast from november 2008 by 1.75 percentage points to 
minus 0.5%, while hsBC ( King and Green, 2009 ) projects global economic activity 
to contract by as much as 1.4% in 2009. these figures suggest that even larger 
fiscal stimulus packages than previously expected will be necessary. a good case 
can be made for a stimulus of at least 4% of world GdP over the next 12 to 18 
months – corresponding to a figure of more than us$ 2 trillion ( Bowen et al., 2009 ). 

table 2 and figure 2 present an overview of announced G20 stimulus packages; 
further announcements are expected in many countries as government budgets 
are reviewed during 2009. In interpreting these figures, it should be kept in mind 
that some countries  – especially in europe – have adopted smaller stimulus pack-
ages because of the assumed size of automatic fiscal stabilisers ( such as unemploy-
ment and social security benefits ) that kick in during periods of recession. 

fiGurE 2
fiscaL stimuLus mEasurEs  
by G20 mEmbErs 

Prasad and sorKIn ( 2009 ) 
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Prasad and sorkin ( 2009 ), drawing on Imf estimates, present data on the  
size of new measures in fiscal stimulus packages. these numbers differ from 
official announcements by national governments, as the latter typically 
include some measures that had already been designed before the full extent 
of the crisis became clear. for many countries, the size of the packages is 
substantial, amounting to us$ 841.2 billion in the us ( 5.9% of GdP ), us$ 
204.3 billion in China ( 4.8% of GdP ), and us$ 104.4 billion in Japan ( 2.2% of 
GdP ). adding up to an overall amount of us$ 1.6 trillion, this corresponds to 
3.3% of the combined GdP of those G20 members for which data are available.4 
the timing of planned spending varies, but is generally spread over two or 
three years. on average, funds of roughly us$ 670 billion ( i.e. 1.4% of the G20 
members’ combined GdP ) will be made available in 2009, and about us$ 890 
billion ( corresponding to 1.9% of GdP ) in 2010 or later ( table 2 ). how stimulus 
measures are to be implemented varies across countries. on average, one 
third is to be implemented through tax cuts and the remaining two thirds 
through fiscal spending. Given the estimates of the size of the discretionary 
measures that have already been proposed, there is room for the G20 as a 
whole to take further action.

tabLE 2
fiscaL stimuLus mEasurEs  
in G20 cOuntriEs 

Prasad and sorKIn ( 2009 )
2008  

us$ bn
%of  
Gdp

2008  
us$ bn

 % of year  
2008 Gdp

2008  
us$ bn

% of year  
2008 

arGEntina 4.4 1.3 0.0 0.0 4.4 1.3

austraLia 8.5 0.8 10.8 1.0 19.3 1.8

braziL 5.1 0.3 3.5 0.2 8.6 0.5

canada 23.2 1.5 20.4 1.3 43.6 2.8

china 90.1 2.1 114.2 2.7 204.3 4.8

francE 20.5 0.7 0.0 0.0 20.5 0.7

GErmany 55.8 1.5 74.6 2.0 130.4 3.4

india 6.5 0.5 0.0 0.0 6.5 0.5

indOnEsia 6.7 1.3 5.8 1.2 12.5 2.5

itaLy 4.7 0.2 2.3 0.1 7.0 0.3

japan 66.1 1.4 38.3 0.8 104.4 2.2

mEXicO 11.4 1.0 0.0 0.0 11.4 1.0

russia 30.0 1.7 0.0 0.0 30.0 1.7

saudi-arabia 17.6 3.3 32.0 6.1 49.6 9.4

sOuth africa 4.0 1.3 3.9 1.3 7.9 2.6

sOuth KOrEa 13.7 1.4 12.4 1.3 26.1 2.7

unitEd KinGdOm 37.9 1.4 2.9 0.1 40.8 1.5

unitEd statEs 268.0 1.9 573.2 4.0 841.2 5.9

G20 674.2 1.4 894.3 1.9 1568.5 3.3

cOuntriEs    fund 2009     fund aftEr 2009               tOtaL fund

4  data on fiscal stimulus measures are reported for all G20 members except for turkey.
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however, a number of developing G20 countries have dedicated only small 
amounts toward fiscal stabilisation measures. for example, argentina, 
Brazil, India, Indonesia, and mexico have passed plans to spend us$ 4.4 
billion, us$ 8.6 billion, us$ 6.5 billion, us$ 12.5 billion and us$ 11.4 billion 
respectively. this is especially worrisome as inflows of foreign direct invest-
ment ( fdI ), which constitute an important source of finance for a large 
number of developing countries, are starting to fall or reverse. according  
to figures by the united Conference on trade and development ( unCtad, 2009 ), 
the annual growth rate of fdI inflows to developing countries was still 
positive but dropped to 4% in 2008, after more than 20% in 2007. If the crisis 
worsens still further, the likely decrease in fdI inflows would create serious 
vulnerabilities for developing countries’ financial systems. Co-ordinated global 
fiscal stimulus packages should take this fact into account and ensure  
that some of the additional investment that they generate bene fits the develop-
ing countries most vulnerable to the slowdown in global financial flows.
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fiscal policy – supported by accommodatory monetary policy – is the right 
approach to address current economic challenges. But it can do much more.  
It could, at the same time, trigger the ‘third Industrial revolution’ many have 
long called for. failure to seize this opportunity will mean that resources  
will be squandered, further cementing our economies’ carbon dependence 
and leaving behind enormous financial and environmental debts for future 
generations to pay off. the need for a substantial fiscal boost in the short 
term provides a great opportunity to undertake projects with a high social 
return, at a time when inputs are relatively cheap and underutilised resources 
and workers are available. the challenge of stopping climate change opens 
up new opportunities for investment and wealth creation, and hence also  
for savers.

World economic growth is likely to benefit from limiting global warming over 
the long run because the costs of acting on climate change are expected  
to be much lower than the costs of inaction. It is not a question of whether  
or not to act on global warming. nor is there doubt about timing, because 
preliminary results of modelling exercises suggest that delaying action 
would sharply increase the cost of subsequent action 

5
 . to keep costs down,  

a broad agreement on the scale and pace of emissions reductions, and  
on cost-effective institutions and instruments to achieve them, needs to  
be implemented as soon as possible. In other words, cost-efficient action 
urgently requires a Global deal on Climate Change, as outlined by lse’s 
Grantham research Institute, PIK and the european Commission.6 the key 
elements of a Global deal on Climate Change comprise:

• the establishment of a global carbon market
• technology co-operation and sharing
• action to slow deforestation
• funds to assist adaptation to residual climate change in developing countries

such an agreement will be the objective of the upcoming united nations 
framework Convention on Climate Change ( unfCCC ) conference in Copen-
hagen in december 2009. Given that past negotiations have made little 
progress, any vehicle that could facilitate the process towards reaching a 
successful post-Kyoto agreement in Copenhagen is desirable. the fiscal 
packages currently being prepared and reviewed by G20 nations represent 
such a vehicle. fiscal spending on the decarbonisation of the energy system 
would lower the cost of reaching given reduction targets and hence facilitate 
their agreement. figure 3 puts the G20 london summit and the unfCCC 
Copenhagen summit into perspective. Both events sit within a context of 
mutually reinforcing objectives. a fiscal green stimulus induces short-term 
recovery while also developing the economy’s low-carbon growth potential. 
the anticipation of low-carbon growth facilitates efforts to reach an agree-
ment in Copenhagen.

5  together with fondazione eni enrico mattei ( feem ) and Centre International pour l'environnement et le développement ( CIred ), PIK is 
currently conducting an in-depth comparison of energy-economy models ( reCIPe - report on energy and Climate Policies in europe ) to 
assess global mitigation options and costs on regional and sectoral levels. first results will be made available in may 2009.
6  stern et al. (2008) ; edenhofer et al. (2008) ; eC (2009)

PromotInG lonG-term GroWth3.2
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over recent months, various contributions have highlighted the merits  
of ‘greening’ fiscal stimuli 7. though they differ in geographical scope and 
sectoral detail, they all share a common argument: capital- and labour- 
intensive initiatives ( such as enhancing energy efficiency in buildings and 
appliances, upgrading power grids, developing renewable energy sources, 
building demonstration plants for carbon capture and storage and extend-
ing public transportation ) will create jobs, increase energy security and  
help to head off dangerous climate change. G20 leaders now have the opportu-
nity to pave the way towards a successful Copenhagen agreement by gree-
ning their fiscal spending and jointly developing the world economy’s low- 
carbon growth potential. 

fiGurE 3
thE G20 LOndOn summit as a 
GatE-KEEpEr fOr shOrt-tErm 
rEcOvEry and LOnG-tErm GrOwth

7 new economics foundation ( 2008 ); Pollin et al. ( 2008 ); Bowen et al. ( 2009 ); uneP ( 2009 ); houser et al. ( 2009 ); mabey ( 2009 )

past prEsEnt futurE timE

G8 / G20 
mEEtinGs 
GleneaGles / 
heIlIGendamm/
hoKKaIdo / 
WashInGton

LOw- 
carbOn 
GrOwthKICKstart

antICIPatIon eases aGreement

aCCelerates CaPItal turnover

an
tI

CI
Pa

tI
o

n
 e

as
es

 
aG

r
ee

m
en

t

ex
Pe

Ct
at

Io
n

 In
d

u
C

es
 In

ve
st

m
en

t

natiOnaL prOGrams
intErnatiOnaL r & d

EcOnOmic
rEcOvEry

KyOtO 
1997

cOpEnhaGEn 
2009

futurE
cOmmitmEnt

LOnG -tErm 
EmissiOn 
rEductiOn

G20 
LOndOn 

fiscaL 
GrEEn 
stimuLus



t O w a r d s  a  G L O b a L  G r E E n  r E c O v E r y18

In the current discussion, it is often emphasised that stimulus measures 
have to be timely, targeted and time-limited in order to achieve maximum 
impact without generating adverse lock-in effects or crowding out private 
spending in the recovery. many of the investments proposed here will auto-
matically cease once the associated capital stock ( such as an electricity 
grid ) is completed. But some measures ( e. g. support for r&d or renewable 
energies ) will need to be provided with new sources of funding ( from tax 
revenues or private sources ) as deficit financing is reined in, and will need  
to extend beyond the current slowdown, because they address market 
failures that will remain when the economy recovers. moreover, green fiscal 
measures not only have to stimulate economic activity but also help to  
avoid dangerous climate change.
 
hence, we suggest that any proposed policy has to meet the following criteria 
to qualify as part of an effective green stimulus:

• speed is a crucial issue, as only measures that can be decided and imple- 
mented relatively quickly can take effect in time to slow down and reverse 
the current downward trend of economic growth 

• In the same vein, a measure will have a higher potential to contain the 
looming recession if it triggers additional spending from the private sector, 
i. e. if the associated multiplier effect is large

• Besides being timely and having a large multiplier effect, green fiscal stimulus 
measures should facilitate the transition towards sustainable growth in a 
low-carbon economy and result in long-term climate benefits, such as 
reducing future energy consumption and contributing to the decarboni-
sation of the energy system

Green recovery measures promise to be superior to deficit-financed spending 
on consumption from a public finance perspective, because tax-payers 
implicitly receive compensation for higher future taxes in the form of 
decreased expenses on energy and lower costs of abating GhG emissions.

the following points should also be taken into account when adopting fiscal 
measures: first, implementation lags ( i.e. the time until spending plans are 
formulated and a measure achieves its desired impact ) might be rather  
long, at least for certain types of public spending. second, deficit spending 
increases public debt, which will eventually have to be paid back. Countries 
which already bear a significant debt burden might also see the perceived 
risks of default on sovereign debt ( and/or of higher inflation in the medium 
term ) increase, thus raising risk premiums and consequently the costs of 
refinancing their respective debts. third, public spending can create lock-in 
effects, in the sense that sunk costs and the creation of vested interests 
make it hard to phase out certain measures once an immediate crisis has 
been resolved, which then leads to continued subsidisation of uncompeti-
tive activities.

CrIterIa and Instruments3.3
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In order to direct funds to those economic activities where they are most 
urgently needed and that contribute most to a green economic recovery, 
governments have a number of possible tools at their disposal. as there are 
large uncertainties about which measures will prove most effective in the 
current situation, there is a case for adopting diversified packages of fiscal 
measures:

• governments can increase their spending on public procurement, i .e.  
on items that show up directly on their balance sheets, such as schools, 
government edifices, public infrastructure, etc. to make such spending 
part of a green recovery package, priority can be given to measures which 
bring about climate benefits, such as retrofitting buildings to make them 
more energy efficient, or investing in public transport ( especially when 
fuelled by low-carbon energy sources ) and energy grids.

• across-the-board tax cuts can be implemented relatively quickly and 
leave higher disposable incomes in the hands of consumers. given the 
current climate of uncertainty affecting households, it is likely that a 
large share of this additional income will be saved and hence will not do 
much to stimulate demand ( however, increased saving might turn out  
to be a boon for the ailing banking sector) .

• given the large amounts of finance required, mobilising private sector 
investment and engaging in public-private partnerships will be crucial  
to any successful attempt to tackle the economic crisis. this includes 
government loan guarantees or ( upfront ) refundable tax credits targeted  
at private sector investments in green recovery measures.

• finally, setting appropriate standards and regulations, such as energy 
efficiency standards for household appliances or vehicle fuel efficiency 
standards, can induce investment, provided that the appropriate general 
conditions are in place. however, it is well known that command-and-
control measures often result in inefficient outcomes. therefore, policy-
makers should be careful to avoid those inefficiencies when designing 
standards and regulations and try to meet environmental objectives at 
the lowest costs by targ eting negative externalities as close as possible 
to their origin.

We emphasise that, where public spending is advocated, it should be carried 
out in the context of a clear long-term framework that will ensure fiscal 
sustainability as well as sustainable growth over the long term. that entails 
developing an incentive structure, including carbon pricing, that passes more 
responsibility for climate-change action to the private sector over time.
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recognising the need for green measures in recovery programmes, the large 
majority of G20 recovery packages that have been announced so far include 
elements of increased spending on some or all of low-carbon power, energy 
efficiency, r&d, modal shift ( i. e. encouraging people to switch from road to rail ) as 
well as waste and water treatment and pollution control ( see table 3 below ). 

owing to the complexity of the issue and the multitude of channels through 
which stabilisation policies and environmental policy interact, it is hard to 
quantify precisely what the appropriate share of green measures in stabilisation 
packages would be, but there are some yardsticks to guide policy-makers. 
Bowen et al. ( 2009 ) present a ‘ball-park’ figure of 20 % of the discretionary 
fiscal stimuli. that would allow for the diversity in fiscal measures that is 
advisable given the uncertainty about fiscal multipliers in present circumstances. 
It would also generate a flow of spending of the same order of magnitude as 
model results suggest is necessary for investment in emission abatement. 
With fiscal packages announced so far totalling us $ 1. 6 trillion for G20 mem-
ber states, the ‘ball-park’ figure corresponds to more than us $ 300 billion.  
to put this number in perspective, it is of the same order of magnitude as the 
us $ 200 – 350 billion per year that, according to mcKinsey & Company ( 2009 ), 
are required in additional investment flows to set the world economy on a 
low-carbon growth path8 . 

While under normal circumstances the lion’s share ( roughly 80%, according  
to estimates by unfCCC, 2008 ) of required investment is likely to be provided by 
the private sector, a higher proportion needs to be spent by governments in the 
near future, while private investment is severely discouraged by the short-term 
economic outlook. estimates by uneP and new energy finance ( 2008 ) indicate 
that transactions related to clean-energy projects dropped sharply last year, 
falling by more than 30% in the first quarter of 2008 compared with the last 
quarter of 2007 and by a further 15% in the second quarter, lending support to 
the argument that urgent government action is required to sustain investment.

table 3 gives an overview of green fiscal measures in G20 countries. the numbers 
cited, taken from hsBC ( robins et al., 2009 ), are based on announcements 
from national governments and finance ministries. they differ from estimates 
provided by Imf ( 2009c ) analyses, reflecting ambiguities about the additional-
ity and timing of proposed measures9. even the most comprehensive available 
data on proposed green measures are plagued by serious shortcomings, making 
additional research highly desirable. the numbers should at best be regarded as 
an indication of different governments’ propensities to spend on green measures 
and of overall funds available for green spending in the near term.

Given announced fiscal stimulus packages, G20 governments have dedicated 
roughly 15% of the total to green measures. there are pronounced 

8  however, note that most fiscal packages run over several years.
9  adding up the announced stimulus packages yields a total of us$ 2.6 trillion, in contrast to the Imf estimate of us$ 1.6 trillion summarised in 
figure 2. But robins et al. ( 2009 ) estimate that for China, for example, only 30-40% of the government’s announced us$ 586.1 billion 
spending plan will comprise additional funds; for Italy, only us$ 6.5 billion out of an announced us$ 103.5 billion constitute new spending.

G 20 actiOn tOwards  
a GLObaL GrEEn rEcOvEry 
Current InItIatIves at 
natIonal level

4

4.1
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differences across countries. While most countries remain well below the 
20% suggested by Bowen et al., south Korea and China will spend as much 
as 80.5% and 34.3% respectively of their stimulus packages on broadly 
green measures – 3.2% and 4.8% of total GdP respectively. as in the past 
some countries have put more emphasis on green measures than others, 
fiscal stimulus packages are now a good opportunity for the latter countries 
to close existing gaps in spending on environmental issues.

With regard to sectors relevant to halting climate change, rail transport, 
electricity grid expansion, building efficiency and ( to a lesser extent ) sup-
port for renewable energies are the main beneficiaries. China’s national 
development and reform Commission’s stimulus package, for example, 
includes almost us$ 100 billion for rail infrastructure, and us$ 70 billion  
for grid expansion. In the usa, the combined amount proposed within the 
framework of the emergency economic stabilization act ( eesa ) and the 
american recovery and reinvestment Plan ( arrP ) includes more than  
us $ 30 billion on both renewables and building energy efficiency.

It is difficult to project accurately the fiscal multiplier effects and the job 
creation likely to be associated with these measures. each crisis is different, 
individual countries are affected in different ways and the effectiveness of 
fiscal spending depends very much on country-specific conditions. Imf 
( 2009a ) staff estimates suggest that investing in infrastructure yields the 
highest multipliers, ranging from 0.5 to 1.8; many green measures fall in this 
category. mapping these estimates of multipliers to areas of green fiscal 
spending, robins et al. ( 2009 ) estimate a total multiplier effect of just over one. 

tabLE 3
GrEEn fiscaL mEasurEs in thE G20

data Were rePorted for all G20 
memBers exCePt BraZIl, russIa,  
south afrICa  and turKey.   
Based on roBIns et al. ( 2009 )  
and oWn CalCulatIons

% % %

arGEntina 3.7 0.0 1.1 0.0 0.0 - - - - - - - 2009

austraLia 26.7 2.5 2.5 9.3 0.2 - - 2.5 - - - - 2009 - 2012

canada 31.8 2.6 2.0 8.3 0.2 - 1.1 0.2 - 0.4 0.8 0.1 2009 - 2013

china 586.1 200.8 13.9 34.3 4.8 - - - 1.5 98.7 70.0 30.7 2009 - 2010

francE 33.7 7.1 1.1 21.2 0.2 0.9 - 0.8 - 1.3 4.1 - 2009 - 2010

GErmany 104.8 13.8 2.7 13.2 0.4 - - 10.4 0.7 2.8 - - 2009 - 2010

india 13.7 0.0 1.1 0.0 0.0 - - - - - - - 2009

indOnEsia 5.9 0.1 1.2 1.6 0.0 0.1 - - - - - - 2009

itaLy 103.5 1.3 4.3 1.3 0.1 - - - - 1.3 - - 2009 onwards

japan 485.9 12.4 10.0 2.6 0.3 - - 12.4 - - - - 2009 onwards

mEXicO 7.7 0.8 0.7 9.7 0.1 - - 0.8 - - - - 2009

saudi-arabia 126.8 9.5 24.0 7.5 1.8 - - - - - - 9.5 2009

sOuth KOrEa 38.1 30.7 4.0 80.5 3.2 1.8 - 6.2 1.8 7.0 - 13.9 2009 - 2012
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this compares favourably with multipliers for tax cuts, for which the corre-
sponding range is 0.3 to 0.6, and spending on safety nets, transfers to state 
and local governments, assistance to small and medium enterprises, and 
support for the housing market, with a range of 0.3 to 1.0 ( Imf, 2009a ). 

many political leaders have announced ambitious goals for the employment 
effects of green stimuli. With its green spending of us$ 30.7 billion, south Korea 
aims to protect more than 700,000 workers from unemployment. In its september 
2008 report, the Center for american Progress ( Pollin et al., 2008 ) estimates that  
a green stimulus of us$ 100 billion could safe roughly 2 million jobs in the usa. 
these numbers are in line with a recent study by the Peterson Institute for Inter-
natio nal economics and the World resources Institute ( houser et al., 2009 ), 
which argues that us$ 1 billion spent on green fiscal measures has the poten-
tial to create about 30,000 jobs while saving the us economy us$ 450 million on 
energy costs and avoiding more than 0.5 mt of Co2 emissions. 

fiscal measures taken in the next few quarters can also help to provide the 
basis for sustaining employment in the longer term. the potential for green 
jobs in the long run is significant. for example, uneP ( 2009 ) estimates that, 
globally, more that 10 million jobs in the biofuels industry and more than 3.8 
million in the production of highly efficient vehicles are possible in the long 
term if the world economy is re-directed towards low-carbon growth. 

fiGurE 4
annOuncEd GrEEn funds as sharE 
Of tOtaL fiscaL pacKaGE and sharE 
Of yEar 2008 Gdp 

roBIns et al. (2009)  
and oWn CalCulatIons
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In tackling the economic crisis, it would be helpful for G20 governments to 
structure their efforts towards a global green recovery in two phases. the 
first phase would include three measures aimed at directly boosting aggre-
gate demand and employment in the short term:  1  improving energy effi-
ciency,  2  upgrading the physical infrastructure and 3  supporting clean 
technology markets. the second phase would focus on the medium term  
and comprise  4  initiating flagship projects, 5  enhancing international re-
search and development and  6 incentivise investment for low-carbon 
growth. medium-term measures should boost investment and demand by 
providing incentives for the private sector to develop the high-growth mar-
kets of the future. they would strengthen economic confidence now and 
provide the basis for future productivity growth. finally,  7  co-ordinating  
G20 efforts would enhance the effectiveness of all other measures, building 
synergies and lessening competitiveness concerns. as G20 countries 
account for roughly three quarters of global gross national product, energy 
consumption and carbon emissions, their combined efforts constitute a 
critical mass to trigger a global green recovery.

Improve energy effIcIency

energy efficiency improvements are well-suited for mitigating the current 
economic crisis. all G20 nations have the potential for substantial energy 
efficiency improvements, many of which have already been identified in 
country-specific analyses. such studies provide valuable guidance as to the 
most promising technology options on which to concentrate efforts. some 
G20 members have already launched related policy programmes, such as  
the Integrated energy and Climate Programme ( IeKP ) in Germany. In all 
countries, further potential for energy efficiency improvements exists, so 
these programmes may be scaled up while the downturn lasts, as idle capacity 
provides the opportunity for accelerated modernisation and replacement.

s p E E d  regarding the speed of implementation, public programmes by G20 
members can be put into place quickly by providing targeted credit support 
combined with increased efficiency standards. Planning precisely how to 
implement these standards can be left to decentralised decision-making by 
firms and households, avoiding the frictions and inefficiencies of more 
detailed bureaucratic intervention.

m u Lt i p L i E r  energy efficiency measures are expected to have a high multiplier 
effect because they are aimed at sectors like construction that are suf-
fering severely from the current demand reduction and where employment  
is at serious risk. Providing the right incentives for modernisation and early 
replacement of buildings and appliances can trigger large private investments 
that would otherwise be put on hold by households and firms. as pointed  
out by fuller et al. ( 2009 ), investments in energy efficiency are very often 
cost-efficient even under normal circumstances, but are not undertaken for 

seven strateGIC areas 
for G20 aCtIon

4.2
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various reasons, such as home-owners shying away from large up-front 
expenditures. Innovative public finance mechanisms and underwriting of new 
private-sector finance initiatives are ways of remedying this economic ineffi-
ciency. In addition, lower spending on energy costs frees up income that can 
be spent in other sectors of the economy.

LOnG-tErm cLimatE bEnEfits energy efficiency improvements have a double long-term 
benefit as they reduce emissions and energy costs simultaneously. temporarily 
low energy prices due to the reduction in aggregate demand do not provide 
sufficiently strong signals to undertake necessary efficiency investments now. 
additional instruments such as efficiency standards and targeted subsidies 
are needed. otherwise, resurgent energy prices will constrain growth once 
economies start to recover. In its latest World energy outlook ( Iea, 2008a ),  
the Iea cautioned that increasing world demand could cause oil prices to rise 
as high as us$ 200 per barrel by 2030. In a recent interview, the Iea’s executive 
director had warned that supply bottlenecks could result in oil prices of up to 
us$ 200 per barrel already by 2013 ( süddeutsche Zeitung, 2009 ). Without 
substantial investments in energy efficiency, resurgent energy prices would 
impose a serious obstacle to continued growth once economies start to recover. 
Improvements in energy efficiency allow importing countries to increase their 
energy security and save on energy costs.10

Box 1 on energy efficiency improvements summarises a collection of sector 
studies of G20 members, focusing on buildings, transport, industrial electricity 
use and electricity generation. the empirical basis for assessing the scope of 
private investments that would imply cost-effective energy efficiency improve-
ments is thin. the same is true for the public spending needed to induce these 
efforts. however, as a rough estimate, it seems reasonable to assume that 
countries have the capability to realise private investments for energy effi-
ciency improvements in the order of 1% of GdP, of which at least 20% should 
come from public support ( probably more given the current circumstances  
in financial markets ).

for all countries included in the table in Box 1, ‘retrofitting’ buildings with insulation is 
a highly promising option to achieve cost-efficient energy savings. many of these 
improvements can be expected to be of the ‘no-regret’ type, as pointed out by the 
IPCC ( 2007 ) in its fourth assessment report, which suggests that, globally, 
energy used by buildings can be reduced by 29% by 2030 at zero net costs.10

We recommend that G20 members grant subsidised loans for building retrofit 
to homeowners, initiate information campaigns, and apply and enforce energy 
efficiency standards for buildings and appliances, so that ‘no-regret’ options 
in building energy efficiency will indeed be realised.

 10   according to several studies performed by mcKinsey&Company ( mcKinsey, 2008 ), most of the efficiency investments generate an 
internal rate of return of 10% or higher and should therefore be seen as profitable investment schemes.



Box 1 
enerGy effICIenCy 
ImProvements

Improving energy efficiency is a top 
priority in public policy and research. 
numerous studies have highlighted 
the potential for greater efficiency in 
various countries and several public 
programmes target this sector. most 
engineering studies start from 
present conditions and consider the 
improvements achievable with avail-
able tech  no logy. they find a large 
potential for reducing energy con-
sumption that would pay off ( given 
plausible discount rates ) even in the 
absence of climate policies. these 
options are termed ‘no-regret’. 

economic studies apply the concept of 
x-inefficiency, which exists where a 
given output could be achieved with 
fewer inputs; see feijoó et al. ( 2002 ). 
Both strands of literature point to vast 
potential cost savings. the figure 
below presents current emissions, 
baseline emissions in 2030 and the 
cost-effective reduc tion potential for 
various sectors.

the assessment is based on ‘bot-
tom-up’ analysis, which limits the 
scope of investigation to a given set  
of options. It is therefore reasonable 
to assume that the estimates are at 
the lower end of the range of what is 
possible. despite this qualification,  
it remains clear that no-regret options 
are not sufficient to bring emissions 
below current levels if baseline emis-
sions continue outpacing efficiency 
improvements. no-regret options are 
only the ‘low-hanging fruits’ that  
can be plucked to reduce emissions 
growth. achieving substantial emis-
sion reduction requires more far-
reaching changes in the longer term.

for a green recovery programme, we 
reviewed a number of recent engi-
neering-based studies that consider 
specific measures and technology 
solutions for energy savings. In addition, 
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In all G20 members, a significant fraction of energy use is in the transport 
sector. the transport sector is especially hard to decarbonise, because of the 
limited technological options. Box 1 highlights the potential for energy savings 
in transport, where cost-efficient energy savings between 18% ( uK ) and 31% 
( Germany ) by 2030 are realistic options.

We recommend that G20 members increase energy efficiency in the transport 
sector by adopting fuel efficiency standards, restructuring vehicle taxation 
based on carbon emissions, encouraging modal shift from road to rail in 
passenger as well as freight transport, shortening trips through improved 
urban planning and supporting the move toward electrification of transport.

fiGurE 
basELinE EmissiOns and 
rEductiOn pOtEntiaLs  
fOr buiLdinGs, industry,  
transpOrt, and aGricuLturE.
buiLdinGs and industry  
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these studies provide data on how 
much investment is needed to achieve 
energy savings, which can be trans-
lated in turn into energy cost savings 
and GhG emission reductions. the 
following table com pares immediate 
gross total investments with longer-
term cost-effective energy savings 
and emission reductions. 

the studies cited did not take into 
account the circumstances of the 
current economic crisis. rather, they 
costed investment as if it crowds out 
other activities. the issue of overca-
pacity in the sectors supplying invest-
ment goods and services was not the 
focus of these studies. moreover, the 
results are highly sensitive to assumed 
replacement and modernisation rates. 
Given these factors, there is room to 
achieve the longer-term efficiency 
improvements earlier than the table 
implies. Investment data are reported 
as gross totals. they include public 
and private investment. efficient 
policies induce private investment 
with as little public intervention as 
possible. for example, the German 
Bank for re-construction ( KfW ) 
estimates that every euro of public 
spending in residential credit support 
programmes induces five euro of 
private investment.

GErmany buildings 33 1400 120 15

industry Elec. 24 470 40 3

transport 31 850 60 11

power Generation 10 330 35 2

uK buildings 32 1200 90

industry Elec. 21 250 20

transport 18 400 29

power Generation 5 200 20

usa buildings 28 9000 1100 18

industry Elec. 14 650 90 3

transport 18 6000 400 21

power Generation 8 1500 140 4

japan buildings 31 2100 220 7

transport 30 1000 71 5

power Generation 4 200 20

india buildings 30 4500 450 5

industry Elec. 30 1200 120 3

transport 28 1400 100

power Generation 26 4300 350 5

% of 
sector

peta
joule

mtcO
2
eq billion dom. 

currency

EnErGy  
savinGs in 2030

EmissiOn  
rEductiOn in 2030

annuaL invEstmEnts 
startinG tOday

tabLE  
EnErGy savinG, EmissiOn rEduc-
tiOns, and invEstmEnt rEquirE-
mEnts in sELEctEd cOuntriEs.
buiLdinGs incLudE ELEctricity  
usEd by appLiancEs.

data ComPIled from several 
studIes. more detaIled analysIs  
Is avaIlaBle from PIK. the 
numBers only refer to fIrst-
order effeCts of enerGy savInGs 
and emIssIon reduCtIons and 
IGnore any seCond-order effeCts 
suCh as ‘reBound’ effeCts.

fiGurE 
EnErGy cOsts and EfficiEncy in 
privatE sEctOr diffErEntiatEd by 
annuaL rEvEnuE

KfW ( 2005 )

7

6

5

4

3

2

1

0

50

45

40

35

30

25

20

15

10

5

0 c
O

s
t 

s
h

a
r

E
 O

f 
E

n
E

r
G

y 
( %

 )

s
h

a
r

E
 O

f 
c

O
m

pa
n

iE
s

  (
 %

 )

rEvEnuE 
Of cOmpa-
niEs 

< 1 m
io €

1 - 2.5 m
io €

2.5 - 5 m
io €

5 – 25 m
io €

> 25 m
io €

EnErGy sharE Of tOtaL cOst
spEciaLisEd EnErGy staff 
EE mEasurEs aLrEady undErtaKEn



27t O w a r d s  a  G L O b a L  G r E E n  r E c O v E r y

fiGurE 
EnErGy cOsts and EfficiEncy in 
privatE sEctOr diffErEntiatEd  
by sEctOrs

KfW ( 2005 )

Gas
 LOssEs

rEductiOn 
pOtEntiaL

EmissiOns mitiGatiOn 
pOtEntiaL

Gas distributiOn LEaKs 183 121 80 53

Gas cOmbustiOn Of cOmprEssOrs 1414 283 82 16

cOmprEssOr & transmissiOn pipELinE LEaKs 213 86 93 37

Gas fLarinG 517 506 43 43

tOtaL 2327 996 298 149

pEtajOuLE ( pj ) mtcO2eq

KfW surveyed energy efficiency 
measures among small to medium-
sized companies in Germany. the left 
panel below indicates that small 
firms tend to have a relatively higher 
share of energy in total cost ( blue line ). 
at the same time they lag behind in 
regard to the implementation of 
energy efficiency measures ( blue bar ). 
smaller firms have tended to finance 
investments internally or rely on 
public support programmes without 
taking loans from banks. the right 
panel below shows that service and 
retail companies have higher shares 
of energy costs than construct ion 
and manufacturing companies. 
though the former group appears  
to be aware of the issue, a compara-
tively low proportion of firms has 
already implemented energy effi-
ciency improvements. the survey 
suggests that credit support pro-
grammes targeted at small firms  
in the service and retail sectors are  
a particularly promising way of deliver-
ing energy savings. Credit programmes 
should be accompanied by informa-
tion campaigns to raise awareness  
of opportunities among these firms.

another example of energy ineffi-
ciency is the russian gas pipeline 
system. first, leaks of natural gas 
( methane ) are especially worrisome 
because these emissions have a high 

global warming potential compared 
with the Co2 deriving from its 
combus tion. second, pipeline leaks 
in crease the recompression required, 
which in turn consumes more power. 
third, more compression still further 
increases emissions because this 
process step is particularly prone to 
gas leakage. fourth, gas flaring from 
crude oil production is wasteful and 
creates yet more emissions. the 
table below summarises the energy 
losses and emissions as well as their 
cost-effective mitigation potential. 
Current emissions are equivalent to 
14% of russia’s total GhG emissions. 
realising the potential is also in the 
interest of russia’s trading partners 
in Western europe, because higher 
efficiency improves their availability 
of natural gas.

tabLE 
EnErGy LOssEs, EmissiOns 
and cOst EffEctivE 
mitiGatiOn pOtEntiaL fOr 
russian Gas pipELinEs

Iea ( 2006 )
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appropriate infrastructure design is a key way of integrating new emissions abate-
ment technologies into existing structures. In many cases, building infrastructure 
requires large up-front investments, but the associated social benefits cannot be 
fully appropriated by private investors. they are therefore under-provided by the 
market, requiring policy-makers to intervene. appropriate infrastructure invest-
ment can generate considerable social returns as it enables private investors to 
supply products and services to larger markets and decreases input costs. 

spEEd not all infrastructure projects can be implemented quickly; many require  
a prolonged phase of planning and deliberation. Priority should be given to 
infrastructure that is ready to be built. In addition, as currently all signs 
suggest that the global economy is unlikely to emerge from recession soon, 
infrastructure projects that are currently in their planning phase should be 
accelerated, as they could be a helpful way of increasing aggregate demand in 
the later stages of the economic crisis.

m u Lt i p L i E r In times of recession, the construction sector suffers particularly 
heavily as demand for construction of new buildings slumps and overca-
pacity build up. hence investments in infrastructure projects can have high 
multipliers. this is confirmed by the findings of Imf ( 2009a ) country teams 
and model-based research, prepared for the G20 meeting of the deputies,  
in which infrastructure investments show the highest average multipliers, 
ranging from 0.5 to 1.8.

L O n G -t E r m c L i m at E b E n E f i t s Infrastructure investment by itself does not neces-
sarily imply gains for the climate. however, having the appropriate infrastruc-
ture in place is a necessary precondition for harnessing the potential of novel 
climate-friendly technologies. Given the long life-time of most kinds of 
infrastructure, it is of crucial importance to act with foresight and take the 
right decisions now in order not to lock in high carbon emissions on an ulti-
mately unsustainable growth path.

We recommend that G20 members assess with urgency the need for and 
feasibility of infrastructure investments in the following four areas:

1.  E L E c t r i c i t y G r i d E X t E n s i O n s a n d u p - G r a d i n G improve the efficiency of renewable 
energy carriers and increase the grid’s accessibility to the cleanest and 
most modern energy carriers. Broad, affordable and reliable provision of 
electricity can improve the return of many private investments ( see Box 2 )

2 .  p u b L i c t r a n s p O r t saves time and improves the functioning of labour markets 
with high energy efficiency. moreover, public procurement of vehicles can 
set emission standards for Co2 and local air pollutants.

 
3 .  i n t E G r at E d f r E i G h t t r a n s p O r t s y s t E m s ease cross-border trade and, if using 

rail, can contribute to the decarbonisation of transport by facilitating the 
switch from petroleum products to electricity generated from carbon-
free energy sources. 

Upgrade physIcal InfrastrUctUre
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4 .  c O 2 p i p E L i n E s for CCs projects connect sources of emissions with Co2 sinks. 
Co-ordination and public support of pipeline construction can reduce 
costs compared with privately planned pipelines. 

as infrastructure generally has a lifetime of several decades, it is important  
to take into account the potential impacts a changing climate will have in the 
future on infrastructure being planned now. G20 nations will be affected by 
the unavoidable aspects of climate change, such as water scarcity, sea-level 
rise and increased frequencies of tropical storms. to deal with the associated 
impacts, targeted investments in infrastructure will be required. however, 
relatively little is known about optimal adaptation strategies and existing 
knowledge is hard to generalise because of the highly country-specific nature 
of these impacts. In addition, many of these impacts are likely to materialise 
in the more distant future, so that investing in adaptation infrastructure at a 
later stage is likely to be a more suitable approach.

 Box 2
PreParInG eleCtrICIty GrIds 
for reneWaBle InteGratIon 

In mature economies, electricity 
grids are inherited from the past, 
when the generation mix was based 
on large-scale centralised and 
‘dispatchable’ power plants. these 
grids now need to be upgraded so 
that they can absorb substantial 
volumes of fluctuating electricity 
flows from renewables, especially 
wind. otherwise, limited distribution 
capacity will force wind farms to 
decrease dispatch frequently, thus 
reducing the return on green elec-
tricity investments. necessary 
system modifications comprise 
electro-technical control equipment, 
transmission lines and low-carbon 
back-up generation and storage 
capacities. the required investment 
costs are estimated to be below 10% 
of the total green generation capac-
ity investment requirement.

Grid-related investments usually 
have long lead times. however, some 

extensions to the transmission grid 
can be implemented very quickly,  
as plans for grid upgrades have been 
under preparation for several years 
in many countries. for instance, 
additional cables can be added to 
existing electrical towers. this is  
also possible at already congested 
cross-border connections in europe. 

numerous studies have assessed  
the potential for grid extensions and 
control facilities. the table below 
summarises some results by report-
ing the different targets for wind 
power installation and the estimated 
investment costs for off-shore and 
on-shore grids as well as wind 
turbines and, in the case of off-shore 
wind-parks, the cost for connection 
with the on-shore grid. It turns out 
that wind turbines are the main cost 
driver, followed by grid connection. 
Investment needs for the preparation 
of on-shore grids are relatively 
modest. however, these investments 
are essential for integration of large 
amounts of off-shore wind into the 
existing electricity network.
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tarGEt fOr 
wind pOwEr

Grid On-shOrE cOnnEctiOn 
Off-shOrE

wind turbinEs rEfErEncE

GErmany 18.6Gw off-shore -2010 € 500 mio 
-2015 € 350 mio
-2020 € 1800 mio

north s.: € 10 bn 
baltic s.: € 0.6 bn

dena ( 2005 ) 

nEthErLands 6Gw off-shore € 300 mio € 1.8 bn € 8.5 bn ( off-shore ) Engel ( 2004 )

irELand 4Gw until 2020 € 500 mio € 5bn   ( on-shore ) aiGs ( 2008 )
uK 20% until 2020

30% until 2020
£ 400 mio
£ 1.3 bn

strbac ( 2002 )

usa 20% until 2030 us $200 bn ( on-shore ) usdOE and nrEL ( 2008 )

targets partially include expansions  
in generation capacity that are 
currently under construction or in 
final planning stage. the number  
for europe needs to be put into 
perspective with respect to expec-
tations about future developments.  
the european Wind energy associa-
tion ( eWea ) estimates that up  
to 180GW of wind power could  
be installed by 2020, delivering 15%  
of europe’s electricity demand. this  
will only be in line with maintaining 
high levels of system stability if 
sufficient investment in on-shore 
transmission grids is undertaken. 
hence, the numbers cited above  
need to be revised if higher penetra-
tion of wind power is achieved.

a country of particular concern is 
India. the electricity sector needs 
to grow rapidly to modernise all 

parts of the country. this mostly 
involves improving the low effi-
ciency of coal power plants and  
the electricity grid. moreover, the 
country is well-endowed with hydro, 
wind and solar energy resource 
potential. only a small part of this 
potential has yet been realised, 
though 25% of all recently installed 
capacity is in the renewables 
sector. this rapidly growing infant 
industry may need support to  
bridge the current credit crunch. 
India faces the great challenge  
and opportunity of developing a  
grid infrastructure that can inte-
grate large shares of renewables. 
low-carbon growth in India should  
be seen as a means to achieve the 
millennium development Goals 
targeting energy poverty, local air 
pollution and global warming.

tabLE  
tarGEts fOr wind pOwEr and 
invEstmEnt nEEds in Grid 
EXtEnsiOn and GEnEratiOn 
capacitiEs in sELEctEd cOuntriEs

We recommend that G20 members ensure that new infrastructure investments  
are ‘climate proof’, i. e. that they take into account the impacts of unavoidable 
climate change. regular exchange of information and the establishment of a 
common set of criteria would facilitate this task. G20 members should take steps 
to initiate country-specific assessments of vulnerabilities to climate change and 
optimal adaptation strategies. G20 members should further identify the optimal 
timing as well as the required amount of investment in adaptation infrastructure.

Infrastructure also has an explicitly international dimension, as it facilitates  
trade as well as movement of people between countries. In the context of green 
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spending, pipelines and trans-boundary electricity grids are probably the 
most important issues. for example, improvements in the pipeline infrastruc-
ture through international technology support benefits the exporter as well  
as importing countries.

We recommend that G20 members use existing international forums and 
treaties to initiate additional co-financing and technology transfer for trans-
boundary pipeline and electricity grids.

firms engaged in developing and producing clean energy sources are at 
particular risk in the current crisis. first, since the start of the economic 
crisis, primary energy and carbon prices have fallen sharply, rendering 
clean-energy technologies less competitive. second, clean-energy technol-
ogy firms are particularly affected by current credit market constraints.  
they frequently face relatively high capital costs as well as higher risk 
premiums because of the innovative technologies they employ. as a result, 
project finance has been drying up and potential investors have shifted 
towards outdated, more polluting technologies with smaller initial capital 
costs. Potential successors to the first wave of innovating firms may have 
available the financial means, but the transfer of ownership rights from  
their failed predecessors is likely to take years in some cases. 

s p E E d numerous financial schemes to support clean-energy technologies exist 
already, e.g. production tax credits, feed-in tariffs and facilitating access to 
credit. schemes can be initiated, augmented or extended within a short period 
of time and will start to exert a stimulating effect on the economy as soon as 
they are implemented.

m u Lt i p L i E r market observers ( e. g. a.t . Kearney, 2009 ) see many clean-energy 
firms at risk because order books are shrinking and banks reducing lending. 
the lack of liquidity hampers project implementation at all stages. Project 
developers defer or even cancel orders because of tightened credit constraints. 
We therefore expect that fiscal measures targeted at clean-energy technolo-
gies will be highly effective in overcoming credit constraints and preventing 
the decline of these developing industries. 

L O n G -t E r m c L i m at E b E n E f i t s Given continued growth of the global population and 
per-capita incomes, the world will very probably need more, not less, energy 
in the future. Clean energies rank among the most promising options to meet 
this growing demand while preventing dangerous climate change. If firms 
supplying these technologies were to collapse in the current crisis, society 
would not only lose employment and growth opportunities, but also stocks  
of technology, human capital and organisations that are difficult and time-
consuming to re-build.

sUpport clean-technology markets
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Bmu ( 2009 ), Berr ( 2008 )

We recommend that G20 governments ease temporarily high risk aversion 
among potential lenders and facilitate financing of clean-technology projects 
by providing and expanding feed-in tariffs, renewable portfolio standards, 
production tax credits, guarantees and loans.

Clean-technology markets are likely to be a major source of future growth  
in several countries. In Germany, the output of this sector increased by 27% 
between 2005 and 2007, employing almost 1.8 million people ( see Box 3 ). 
Governments can mitigate the adverse effectse of the current economic 
slowdown by directly boosting domestic demand for green technologies and 
services. for instance, public administrations in eu member countries 
account for about 5-10% of national energy consumption, totalling €49 
billion annually. Greener procurement could reduce energy consumption by 
20% by 2020. a good example is the procurement of computers worth €1bil-
lion per year ( Borg et al., 2006 ).

We recommend that G20 governments immediately review and amend national 
procurement guidelines with the aim of going ‘carbon neutral’. Governments 
should mandate all public installations to source energy for electricity, 
heating/cooling and transport from renewable sources. Procurement of build-
ings, vehicles, electronic equipment, etc. should be limited to products with 
the highest efficiency standards available in the market place.

Box 3 
marKets for Clean  
teChnoloGIes In Germany 
and the uK

In Germany, green technologies play 
a prominent role, employing almost 
1.8 million people and accounting for 
more than 5% of industrial produc-
tion. In the period 2005 - 2007, output 
of environmental goods increased by 
27%, and Germany strengthened its 
position as a world-market leader in 
renewable energies, waste manage-
ment, recycling technologies, spe-
cialised electronic equipment, and 
measurement technologies. recent 
expert surveys suggest that environ-
mental technologies ( especially 
renewable energies ) are expected to 
outperform conventional industries, 
such as machine construction or the 
automotive industry, in the mid-term.

In the same vein, the British govern-
ment has recently called for a 
‘green manufacturing and innova-
tion strategy’ designed to re-direct 
economic activity from a contracting 
financial sector towards industries 
focused on sustainable development 
and to reverse the trend of steadily 
declining manufacturing shares in 
national production. this strategy 
aims at creating 1 million ‘green-col-
lar jobs’ by 2030 by investing heavily 
in education and infrastructure, as 
well as r&d. While the uK is already 
a major exporter of environmental 
goods and services, estimates 
indicate that a successful implemen-
tation of the green manufacturing 
strategy could result in a doubling  
of export volumes of ‘green’ goods 
and services – from GBP billion 25 
currently to GBP billion 45 in 2015. 
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on the international level, it is crucial that G20 members find new and innova-
tive ways of mobilising funds for clean-energy investments. as highlighted  
by uneP ( 2009 ), the Clean technology fund ( Ctf ) and the strategic Climate 
fund ( sCf ) administered by the World Bank may serve as appropriate 
vehicles. financial support will be disbursed to developing economies as 
grants, concessional loans and risk mitigation instruments. the Ctf will 
invest in projects and programmes that facilitate the transfer and adoption 
of low-carbon technologies in power generation, transportation and energy 
efficiency. the sCf will target funding to programmes that pilot new devel-
opment approaches or scaled-up activities. Initial projects include a scaling- 
up of the renewable energy programme ( World Bank, 2008 ).

We recommend that G20 members consider significantly expanding the Clean 
technology fund and the strategic Climate fund, with a view to incorporating 
these investment vehicles in the Copenhagen climate change agreement.

In addition, a consensus on supporting clean energy markets internationally 
should go hand-in-hand with a commitment to free trade and the removal  
of import barriers for low-carbon technologies. existing export and, more 
importantly, import restrictions often reduce the availability of low-carbon 
technologies, unnecessarily increasing the cost of climate protection.

We recommend that the G20 strives for a successful conclusion of the  
doha development round of trade negotiations, especially with a view to 
dismantling existing trade barriers for clean-energy technologies and 
services. furthermore, G20 members should seriously consider facilitating 
market access for clean energy technologies by unilaterally lowering respec-
tive trade barriers.

InItIate flagshIp projects

flagship projects improve our technological knowledge and lead to new 
products by proving the feasibility of new technologies and making success 
widely visible. flagship projects are large in scale. as they offer the possibility 
for trial-and-error, not all need to succeed. some projects may fail but still 
lead to better understanding of the options in various fields and help to 
develop new solution approaches. flagship projects involving low-carbon 
technologies are only likely to be profitable for private investors if a price is 
put on carbon emissions. even with carbon pricing, if the associated risks are 
borne by investors and project developers, without them being able to appro-
priate fully the rewards if the project turns out to be successful ( because 
imitators enter the market ), they will be discouraged from participating. state 
intervention can be an appropriate means to solve this incentive problem.
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s p E E d flagship projects are located at the technology frontier, so that planning 
and initiating new ones can be a time-consuming process. however, a 
number of such projects are in the pipeline or awaiting approval. acceler-
ating the realisation of these projects by providing additional financial means 
and removing administrative barriers will deliver timely impacts.

m u Lt i p L i E r as initiating flagship projects is an activity that cuts across different 
industry sectors, it his hard to make general claims about the multiplier 
effects involved. the multiplier associated with a flagship project depends on 
its type, e.g. if it involves creation of infrastructure or if it focuses heavily  
on r & d. In any case, the overall funds required for initiating flagship projects  
are relatively small compared with the total proposed for green stimulus 
measures. rather than providing a direct boost to the economy, flagship 
projects should best be regarded as accompanying measures to make 
information available to private investors about areas at which they should  
aim their investments; in this way, they can trigger substantial investments  
by the private sector.

L O n G -t E r m c L i m at E b E n E f i t s major technological advances are ultimately  
in dis pensable to tackle the climate crisis successfully at moderate cost.  
While technological breakthroughs are by their very nature hard to predict,  
creating the conditions under which they are most likely to occur can trigger 
new inventions and broaden our knowledge with regards to portfolios of 
technology options suited to decarbonising our economies. By identifying 
promising new technologies, flagship projects reduce uncertainty and  
ensure that private sector investments are allocated more efficiently.

We recommend that G20 members assess the feasibility of the following  
flagship projects:

1.  c a r b O n c a p t u r E a n d s E q u E s t r at i O n (  c c s ) technologies reduce Co2 emissions  
in various sectors like the electricity sector, chemicals, cement, steel, 
refinery, etc.

2 .  c O n c E n t r at E d s O L a r p O w E r produces energy without fossil fuels. electricity 
can be produced without suffering from diurnal fluctuations. also high 
temperatures, useful in several industrial processes, can be generated. 11 

3 .  L i q u i d s a n d s y n t h E t i c G a s E s f r O m L i G n O - c E L L u L O s i c b i O m a s s can produce transpor-
tation fuels and natural gas substitutes without competing for arable 
land that should serve for food production. 

4 .  p O w E r s t O r a G E improves the integration of carbon-free, but time-varying, 
flows of renewable electricity in various ways. this ranges from improving 
grid integration to electric vehicles and batteries for off-grid installations 
like solar home systems. 

11 see Pitz-Paal ( 2004 ) and doe ( 2007 )
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 Box 4
CommerCIalIsatIon of CCs

Carbon capture and storage ( CCs ) has 
been successfully implemented in a 
number of projects, e.g. the sleipner 
project in the north sea. since 1996,  
1 million tons of Co2 extracted along 
with natural gas production has been 
separated from the gas stream and 
injected into geological sub-sea forma-
tions. however, existing projects are 
insufficient to demonstrate the large-
scale, continuous separation of Co2  

in power plants and other industrial 

facilities. Co2 separation is a proven 
technology only at the pilot plant level. 
large-scale and continuous separa-
tion of Co2 at power plants is the next 
step for commercialisation of CCs. 

most G20 members have started or 
are planning CCs projects including 
demonstration capture plants and 
injection projects ( see table below ). 
these activities are co-ordinated 
internationally through the Carbon 
sequestration leadership forum 
( Cslf ), bringing together 21 countries 
and a number of other stakeholders. 

5 .  i n t E G r at E d h y d r O G E n s y s t E m s with low carbon emissions are aimed at  
reducing emissions along the whole chain from initial production through 
distribution to final use. these systems may first be applied in niche 
sectors like ships for fisheries, freight transport, and public transport. 

as the financial needs involved are large and success is not guaranteed, 
sharing costs and risks among G20 members by means of joint flagship 
projects makes good economic sense. International financing schemes and 
technology transfer increase the probability of success. the international 
perspective is particularly important for developing clean and renewable 
energy technologies that can be applied at large scale in developing coun-
tries, while also making new energy technologies attractive for economies 
that today are highly dependent on the extraction of fossil fuels, provided 
that they exhibit high renewable energy potential. free trade aids access  
to cutting-edge technologies and generates economies of scale to finance 
the costs of development. International co-ordination reduces welfare 
losses from duplication of efforts and eases knowledge exchange. each 
success will increase our ability to halt climate change, and this is in the 
interest of all nations.

We recommend that G20 members take steps to establish research com-
munities aimed at jointly initiating flagship projects, sharing their associ-
ated costs and benefits. Participation in these communities and projects 
shall also be open for non-G20 countries if deemed desirable by the 
majority of G20 members.

Box 4 on commercialisation of CCs provides a good example. It also shows 
that we can for the time being largely build on existing technology networks 
and platforms. this is also valid for the other flagship projects that we do 
not explain in detail. 
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tabLE  
OvErviEw Of ccs prOjEcts  
in G20 cOuntriEs

data ComPIled from varIous 
s our Ces. more de ta Ils a re 
avaIlaBle from PIK. aBBrevIatIons: 
oxy-fuel Is a sPeCIal method for 
CarBon CaPture; lnG Is lIQuefIed 
natural Gas; Ctl Is Coal to lIQuId; 
eor Is enhanCed oIl reCovery;  
eCBm Is enhanCed Coal Bed 
methane; rCsP Is reGIonal CarBon 
seQuestratIon PartnershIPs.

GErmany schwarze pumpe, 30 mw 
oxy-fuel; € 60mn

Ketzin 34GtcO2

francE Oxy-fuel; €60mn. rousse gas field

itaLy brindisi; 50 mwth oxy-fuel torrevaldaliga 
post-combustion 2000 
mwe

sulcis coal field 7GtcO2

uK post-combustion 300mwe 950GtcO2

Eu Esbjerg, post-combus-
tion; 8 kt cO2

12 demo plants; total  
€ 10 - 12 bn

austraLia 5 projects; e.g. Gorgon 
LnG, 3.3mtcO2 p.a.; total 
a$20bn.

4 projects; e.g. zeroGen, 
80 mwe

2 projects; e.g. 
monash ctL,  
15 mt cO2 p.a.

Otway, victoria 2750GtcO2

canada boundary dam 100 mwe 
post-combustion. alberta 
oil sands ccs projects; 
ca $ 2 bn; 5 mt cO2

weyburn EOr, 
alberta Ecbm

<1000GtcO2

china beijing, post combustion, 
0.3 mt cO2; tianijn, 250 mwe 
pre-combustion

several EOr and 
Ecbm projects

2000GtcO2

india hydrogen; 0.2 mt cO2 p.a. 1000 Gt cO2

japan matsushima; 
post-combustion 4 kt cO2

< 160 Gt cO2

sOuth africa demo plant >100 Gt cO2

usa 6 demo plants ~15 projects ( rcsp ) 3000 Gt cO2

                                                        capturE dEmO pLants 
                                                untiL 2010

capturE dEmO 
pLants untiL 2015

capturE dEmO 
pLants untiL 2020

injEctiOn 
prOjEcts

sEquEstratiOn   
pOtEntiaL

cOuntriEs

a number of commercial projects are 
under way that are financially sup-
ported by governments or, as in the 
case of australia, by the coal indus-
try. south africa is a special case, 
because coal-to-liquid ( Ctl ) plants 
already separate 400 mtCo2 per year 
in existing facilities there. the extra 
effort required for sequestration 
would be relatively small. however, 
the local geology often poses con-
straints. this example as well as the 
sleipner project highlights the avail-
ability of CCs possibilities beyond 
the power sector. other feasible Co2 
capture opportunities include lique-
fied natural gas ( lnG ), hydrogen 
plants, refineries, cement plants and 
coke ovens.

future development of CCs will 
depend on the availability of suitable 

Co2 pipelines. International co-ordi-
nation and support for the imple-
mentation of Co2 pipelines could 
deliver economies of scale. for 
Germany, discounted total invest-
ments of € 6 - 8 billion are required  
to implement pipelines and injection 
equipment that would be capable  
to transport 5.2 billion tons of Co2 
from source to sink over three dec-
ades. In the uK, investment needs 
amount to € 7 -10 billion for 3.7 billion 
tons of Co2; see Kjärstad and 
Johnsson ( 2008 ). In the usa, a maxi-
mum of 1500km annual pipeline 
construction is expected in stringent 
climate stabilisation scenarios.  
this figure is small compared with 
historical experience of natural  
gas pipeline construction, which 
amounted to 8000 km p. a. in the 
1970s; see dooley et al. ( 2008 ).
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In the future, emissions-intensive goods and services will have to be produced 
in less emission-intensive ways. halting climate change will involve substan-
tially increased investments at all stages of technological innovation, includ-
ing basic research and development ( r&d ), demonstration, deployment and 
diffusion. empirical evidence suggests that most low-carbon technologies 
known today have a sizeable potential for further cost reductions due to 
learning effects. But significant r&d investments are necessary before these 
technologies become competitive; see Iea ( 2008b ). stringent carbon pricing 
is the single most important policy instrument to mobilise private funds for 
technological innovation. But the provision of public r&d spending remains 
important, because market failures exist that lead private investors to under-
supply r&d finance even in presence of carbon pricing.

s p E E d limited increases in r&d spending can be triggered relatively quickly  
by providing resources to universities and research institutes to hire new 
staff, create new facilities and buy new equipment. larger increases will take 
longer, as broad research strategies have to be devised, collaborations identified 
and concrete propositions evaluated if the associated funds are to be put to  
the most productive use.

m u Lt i p L i E r It is impossible to be precise about the multiplier effect of in-
creased r&d spending, because of the variety of aspects involved in the 
process of research and development. In times of economic downturns, r&d 
undertaken by the private sector is usually scaled back sharply, but state-
sponsored r&d is largely shielded from the current recession. In addition,  
it matters at which stage of the economic value chain the r&d activity is 
situated. overall, we expect upscaling of r&d budgets to contribute towards 
economic stabilisation; however, the implied monetary flows are at least an 
order of magnitude smaller than spending on energy efficiency, infrastruc-
ture, or clean energy technologies. the main benefits of investing in r&d 
therefore materialise in the long term, when new inventions result in 
technologies that reduce the costs of reducing greenhouse gas emissions.

L O n G -t E r m c L i m at E b E n E f i t s having the right technologies at hand allows energy  
to be used more efficiently or a lower amount of GhG emissions to be pro-
duced in its generation. Both aspects of technological progress significantly 
reduce the costs of starting the transition towards a low-carbon economy. 
having cheaper carbon-free technologies available will improve the prospects 
for a global climate agreement by reducing the overall burden to be distrib-
uted among participating countries. furthermore, increasing public funds for 
climate-related r&d establishes a credible signal for private investors that 
governments are serious about tackling climate change, and that investing in 
the development of green technologies now will pay off in the future.

In 2007, global public r&d spending on renewable energy and energy effi-
ciency was us$ 7.1 billion ( uneP and new energy finance, 2008 ). the Iea 
estimates that energy efficiency and renewables receive only 12% of govern-
ment r&d funding for the energy sector, compared with 40% for nuclear 

enhance InternatIonal r & d
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technologies. at the same time, overall funds provided for energy r&d are 
decreasing. In 2005, public spending on energy r&d amounted to only 4% of 
total public r&d, down from 12% in the early 1980s. this decline is a reason 
for concern, given the growing urgency of developing low-carbon energy 
technologies. numerous recent studies suggest that spending on r&d aimed  
at energy efficiency and clean energy needs to increase at least three- to 
four-fold in order to enable the transition to a low-carbon energy system 
( Bierbaum et al., 2007 ).

We recommend that on average, G20 members increase their total spending  
on r&d related to energy efficiency, renewables and CCs to at least 0.05%  
of GdP. In addition, G20 members who have not yet done so should establish 
publicly financed venture capital funds which target innovative clean-energy 
technologies. unlike private venture capital, public venture capital can 
undertake longer-term investments and make investment decisions based  
on factors such as climate protection and energy security in addition to the 
expected return on investment. the China environment fund and the uK 
Carbon trust venture Capital fund are two examples of publicly backed 
funds in this area ( uneP, 2008 ).

as investments by one country generate knowledge spill-overs, reducing the 
costs of new technology for every other country, international co-ordination  
of r&d efforts can leverage the benefits of every dollar spent.

We recommend the development of a G20 strategic energy technology Plan 
( set Plan ), modelled on the european example and building on the Iea 
energy technology Perspectives report, which could serve to streamline r&d 
efforts globally. the G20 set Plan would evaluate the potential for up-scaling 
joint energy research and identify those technologies for which it is essential 
that the G20 as a whole finds a more effective way of mobilising resources. 
efforts should focus on renewable energy sources and carbon capture and 
sequestration ( CCs ), as modelling exercises suggest that these technolo-
gies offer the highest option value for climate protection ( see figure 5 ).  
the International renewable energy agency and the Carbon sequestration 
leadership forum may serve as appropriate platforms for G20 action.
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IncentIvIse Investment 

Providing a strong, stable carbon price is the single policy action that is likely 
to have the largest effect in promoting economically efficient low-carbon 
growth over the longer term. a uniform global carbon price guarantees that 
emissions are generated where they yield the largest social net benefits, and 
it allows for maximum flexibility in reducing greenhouse gas emissions at the 
minimum cost. a strong and joint commitment to achieve universal carbon 
pricing by G20 leaders would stabilise investors’ confidence and boost the 
expectations of low-carbon technology providers. Putting a universal price on 
carbon emissions is particularly important for major economies because a 
co-ordinated carbon pricing strategy can mitigate the concerns of industrial 
sectors facing international competition that carbon-intensive activities 
would simply relocate to other countries.

a price on carbon, and a firm commitment to carbon pricing in the future, will 
influence market participants’ expectations, ensuring that investment triggered 
by fiscal spending promotes low-carbon technologies and sustained growth 
and employment instead of locking in ultimately unsustainable methods of 
production and consumption. Without a credible commitment to carbon pricing, 
fiscal spending from national stimulus packages runs the risk of building up 
long-lived capital stock that is geared towards the use of fossil energy carri-
ers, making decarbonisation in the future much more difficult and expensive. 
the recent sharp fall in the european carbon price 13 might reduce the short-
term cost burden for carbon-intensive firms, but it also delays the struc-
tural transition required to achieve a low-carbon economy. It is crucial that 

 12   PIK energy-economy model simulations show that some mitigation options are more important for achieving ambitious mitigation 
targets at moderate costs than others. the difference in mitigation costs in the ‘all options’ scenario employing all technological  
options and the ‘all but one option’ scenario indicates a technology’s option value. simulations show that fixing nuclear energy at the 
business-as-usual level would only result in marginally higher mitigation costs. solar power and CCs, by contrast, have greater option 
values. this result is relatively robust as it is consistent across different energy-economy models ( see Knopf et al., 2009 ).
13  the price of allowances in the eu ets has decreased by 60% since summer 2008. the current price level of about € 12 per tonne of  
Co2 is likely to be too low to boost investments in low-carbon energy technologies such as renewables and carbon capture and sequestration.

fiGurE 5
OptiOn vaLuEs Of mitiGatiOn 
tEchnOLOGiEs. cOnsumptiOn 
diffErEncEs in % (businEss-as-
usuaL – stabiLizatiOn), cOmparinG 
thE ‘aLL OptiOns’ scEnariO tO 
scEnariOs whErE OptiOns arE 
rEstrictEd tO thEir rEspEctivE 
usaGE in thE businEss-as-usuaL 
scEnariO (rEmind rEsuLts, 3%  
p. a. purE timE prEfErEncE ratE)

edenhofer et al. (2008 )12

oIl/Gas/Coal exPensIve
oIl/Gas exPensIve, Coal CheaP
oIl/Gas/ Coal CheaP

aLL OptiOns
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policy-makers strengthen the market outlook by clearly and firmly committing 
to a stringent global carbon pricing framework. firms and households need a 
steady, long-run signal about the economic costs of emission-intensive 
technologies so that investing in technologies to mitigate greenhouse gas 
emissions becomes profitable. apart from reducing investment uncertainty 
now, stringent carbon pricing also helps to avoid potential rebound effects 
from improvements in energy efficiency. Investments in energy efficiency raise 
disposable income by reducing the cost of carbon-intensive activities. With-
out a price on carbon, freed-up income will boost the consumption of carbon-
intensive goods and services once the economy recovers.

We recommend that the G20 commit to striving for a global cap-and-trade 
system that establishes a world-wide limit on GhG concentrations, including 
credible short, medium and long-term targets. a global carbon market with  
one single carbon price ensures that emitters have the flexibility to reduce 
emissions wherever this is cheapest. Global carbon trading may be imple-
mented via unfCCC negotiations, or bottom-up by linking regional schemes  
in the context of the International Carbon action Partnership ( ICaP ). these 
approaches can complement each other. all oeCd countries should imple-
ment national cap-and-trade systems as soon as possible. developing coun-
tries may wish to be assured of the commitment of developed countries to 
low-carbon growth before committing to emissions caps but should in the 
short term participate by means of one-sided trading mechanisms such as  
a reformed sectoral Clean development mechanism.

co-ordInate g20 efforts

G20 nations’ fiscal response to the current crisis will benefit from close 
co-operation and co-ordination among governments for four reasons:

first, stabilisation measures in one country will increase that country’s demand 
for imports and therefore have a beneficial spill-over effect on the rest of the 
world. Considering the extreme case of an open economy with a flexible 
exchange rate, an increase in government spending will lead to appreciation of 
the exchange rate, fully crowding out exports, and be of zero ( domestic ) effec-
tiveness in the end – unless accompanied by accommodatory monetary policy. 
however, representing the world’s major economies, the G20 as an aggregate is 
close to being a large closed economy, in which the benefits of public spending 
are fully internalised.

second, joint efforts by G20 leaders to tackle the economic crisis can go  
some way to restore confidence and act as a signal that a recovery is likely. 
management of expectations is crucial to reduce uncertainty and break the 
current deadlock in which expectations of a worsening economic environ-
ment turn into self-fulfilling prophecies.
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third, sizable and well-targeted green fiscal stimulus measures in G20 coun-
tries constitute a valuable first step towards putting the world economy on a 
low-carbon growth path. the prospect of having new climate-friendly technol-
ogies and infrastructure available in the near future is likely to create confi-
dence and pave the way for the negotiations on a global climate agreement, 
which will take place in Copenhagen in december.

fourth, governments acting in isolation may feel tempted to opt for competi-
tive devaluation of their currencies or raise tariffs and other trade barriers  
to strengthen demand for domestic industries to the detriment of imports. 
these so-called ‘beggar-thy-neighbour’ policies are very likely to result in an 
economically inefficient structure of production and higher costs for house-
holds. they could easily provoke retaliation, resulting in a situation in which  
a slowdown in world trade further drags down an already slumping world 
economy. the same argument applies to clauses designed to aim fiscal 
stimulus measures at domestic industries while discriminating against 
foreign suppliers, especially in public procurement.

the effectiveness of fiscal measures can significantly gain from co-ordinating 
G20 efforts towards a global green recovery. We recommend that the G20 
members reaffirm their commitment to an open trading system and refrain 
from discriminatory provisions in national stimulus packages.

one of the key messages that has emerged clearly from this paper is that 
there is a great lack of knowledge regarding the actual and appropriate size  
of green fiscal stimulus measures, the associated multiplier effects and  
their potential to create employment. undertaking further research is neces-
sary to ensure that green stimulus measures can be better designed.

We recommend that G20 members appoint ‘energy & Climate sherpas’ to 
co-ordinate follow-up meetings and ensure that momentum in developing 
policies is maintained. as much further work is needed to fill existing knowl-
edge gaps, sherpas may consider setting up an expert group to help devise  
the optimal design of G20 green recovery programmes.
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the current economic contraction and the growing interest of national governments 
in kick-starting a world-wide recovery represent an opportunity to tackle important 
long-run economic and environmental challenges together. fiscal measures aimed  
at economic recovery and job creation can and need to be made compatible with 
developing a low-carbon world economy. above, we have highlighted seven strategic 
areas for G20 action which, if implemented, would help to foster sustainable eco-
nomic growth, create jobs and wealth, avoid dangerous climate change and reduce 
sources of global instability such as energy insecurity and resource competition.

follow-up summits after london are at risk of taking place in a still worsening 
macroeconomic context. as the current outlook indicates, additional fiscal  
stimulus measures might be required. the Imf suggested last december that  
the G20 collectively should undertake a fiscal expansion of around 2% of annual  
GdP very soon. other studies suggest that in the light of subsequent large downward 
revisions in projections of growth over the next two years, a higher figure – perhaps 
around 4% – might move into the centre of discussions.1  4  additional regulatory and 
fiscal packages of individual countries need to be diversified and should tackle, in 
particular, the malfunctioning of the global financial system. But a fair share 
– around a fifth on average – of additional funds should be directed towards ‘green’ 
measures to fill the gap caused by slumping private sector investment and raise the 
extra capital that will be required to decarbonise the global economy. first estimates 
suggest that the proportion of fiscal stimuli announced so far is approaching that 
fraction, but more can be done. In any case, all public spending should avoid locking 
countries into ultimately unsustainable high-carbon activities for years to come.

once economies recover, the need for some public-sector support in most of the 
above outlined areas will not completely evaporate, given the nature of the relevant 
market failures. avoiding dangerous climate change requires persistence over  
the long term in carbon pricing and technology support, while recognising that the 
balance between public and private funding will have to change as economic recovery 
takes hold. future action will have to be taken responsibly, in the context of a clear 
long-term framework that will ensure fiscal sustainability as well as sustainable 
growth. that entails developing an incentive structure, including carbon pricing, that 
passes more responsibility for tackling climate change to the private sector over  
time. the decisions made during the upcoming unfCCC summit in Copenhagen will 
be critical for developing such an incentive structure geared towards low-carbon 
growth. leaders should credibly reaffirm their commitment to establish an ambitious 
post-Kyoto architecture later this year.

the main message of this report is one of confidence. Confidence that G20 leaders 
will shape an opportunity out of the current crisis. once economic recovery is under 
way, markets have to deliver a different quality of growth that is more sustainable – 
a return to past production patterns is economically neither wise nor desirable. the 
growth-based agenda of building a low-carbon world economy can deliver immediate 
and long-term economic benefits, cut the risk of dangerous climate change thereby 
laying the foundation for sustainable growth and future prosperity.

OutLOOK5

 14  see for example Bowen et al. (2009)
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the economics of climate change has established clearly that the costs of 
inaction are likely to outweigh heavily the costs of action against anthropo ge nic 
climate change. the arguments are rehearsed here. economics can also 
in form the design of policy frameworks and instruments to ensure that action 
is carried out equitably and cost-effectively. ultimately, however, action on 
climate change is necessarily a matter for ethics and social decision-making.

Costs of InaCtIon
at the same time as the world faces an unprecedented economic crisis,  
it also faces the threat of a climate crisis. economic activity around the world 
continues to generate greenhouse gas ( GhG ) emissions, which through  
the ‘greenhouse effect’ lead the earth to retain more of the solar energy it 
receives. the costs of doing nothing to tackle this problem depend on, first, 
how fast GhGs will build up in the atmosphere if ‘business as usual’ is allowed  
to continue; second, what impact that build-up will have on climatic condi-
tions around the world; and, third, what the impacts of the ensuing climate 
change will be and how we value those impacts.

the quantity of greenhouse gases in the atmosphere is increasing, because 
of human activities. the atmospheric concentration of GhGs has increased 
from around 285 ppm Co2eq in pre-industrial times to around 430 ppm 
Co2eq. the pace of increase has been picking up. over the long term, with 
‘business as usual’, the stock of GhGs is likely to continue to increase at 
around this rate, with concentrations reaching well over 650 ppm Co2eq by 
the end of this century. as Garnaut et al. ( 2008 ) have argued, past projec-
tions have probably underestimated the trend increase. and the build-up 
could be even faster, given that temperature increases may release methane 
locked up in perma-frost and the ocean’s capacity to absorb Co2 may be  
less than originally thought. such a build-up would not be prevented by the 
exhaustion of the world’s hydrocarbons, given the stocks of coal and uncon-
ventional oil resources reported by the International energy agency.15 the 
current global slowdown is likely to slow emissions growth temporarily, but 
only pushing back the trajectory of emissions by a year or so.

GhG concentrations of 650 ppm Co2eq or more would entail an expected 
increase in global mean temperatures of more than 4°C, with a significant 
probability of increases above 5°C, according to work by the hadley Centre 
and PIK ( meinshausen, 2006 ) – the same temperature difference that separates 
us from the last Ice age. the change in temperatures would be at a speed 
without precedent. It would bring with it climate changes, higher sea levels  
as polar ice melted and ocean acidification. the frequency of droughts and 
floods would increase. storms would have greater strength. the availability of 
clean water would be reduced. Changes in climate in many regions would be 
too rapid for many plant and animal species to adapt. and there would be a 

appEndiX: thE cOsts  
Of inactiOn and actiOn

 15 see International energy agency World energy outlook, various years
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risk of triggering catastrophes such as the collapse of the West antarctic  
ice sheet and the death of the amazonian rain forest, amplifying the impact  
of emissions from economic activity.

such effects would have drastic consequences for societies, particularly  
the poorest. agricultural productivity would be reduced. fishing and tourism 
would be hit. the infrastructure of transport, communications and utilities 
supply would suffer more rapid depreciation. heat-related illnesses and 
some diseases would become more of a threat. extreme weather would 
cause more loss of life. Water shortages would become more severe. the 
economic development of today’s poorest countries would be much more 
difficult. there would probably be large movements of people, displaced by 
drought and flooding, giving rise to large-scale conflicts. together with 
effects in markets, that would transmit impacts from the worst-hit regions  
to the rest of the world.

many of the adverse impacts could be cushioned by appropriate adaptation  
by firms, households and governments. however, the larger the climate 
change, the more difficult and expensive adaptation will become. and it is 
more difficult to adapt to climate change when the local effects are poten-
tially large but uncertain. some adaptations, such as increased refrigeration 
and air conditioning, could worsen the climate problem.

Coping with uncertainty is intrinsic to the whole climate change challenge, 
not just to adaptation. there are uncertainties about the future trajectory  
of GhG emissions, the climate science and the local impacts and economic 
consequences of any given extent of climate change. that complicates 
policy-making and imposes costs on risk-averse people. for society as a 
whole, it makes sense to manage these huge uncertainties by applying  
the principle of insurance – paying a premium to guard against the most 
severe downside risks crystallising if ‘business as usual’ continued. It also 
makes sense to give more weight to the worse outcomes, because people  
on average will be less well-off than in the better outcomes.

uncertainty is one of the problems that have to be confronted when attempt-
ing to estimate the cost of inaction. another is how to value losses not meas-
ured in the market place, such as the disruption of societies. a third is how  
to model long-term economic growth and whether it is likely to be affected by 
climate change. a fourth problem is deciding what weight to put on climate-
change damages that occur in the future. 

these problems explain why it is impossible to be confident about the precise 
costs of inaction in monetary terms. But it is important not to ignore the costs 
that are particularly uncertain or difficult to value. some efforts have been 
made to come up with a ‘ball-park’ estimate. stern ( 2007 ) concluded that the 
costs of climate change over the next two centuries, under business as usual, 
could be similar in magnitude to a loss of 15% of global consumption per 
head, now and forever. But, as that review itself made clear, ultimately it is a 
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matter of collective judgement by people around the world what risks they 
want to run with the planet. Whatever metric is used, those risks are very 
large if no action is taken. Given the global negative externality at the heart of 
the issue, markets by themselves cannot be expected to contain those risks.

costs of actIon

When due regard is given to downside risks, the costs of inaction are very 
high. In contrast, the costs of halting climate change ( and adapting to what 
cannot be avoided ) are likely to be much lower, if sensible policies are en-
acted globally and the extent of necessary action agreed. these costs will 
arise because of changes in relative prices and technologies of production. 
households will have to alter their consumption patterns when faced by 
higher prices for some products ( relative to incomes ). firms will have to 
scrap emissions-intensive capital equipment ( especially in the initial transi-
tion to an appropriate emissions reduction trajectory ). activities that are 
currently emissions-intensive are likely to be more costly, unless and until 
induced technical progress in low-carbon ways of carrying them out is 
sufficient to drive down their costs. the incremental costs of increased r&d 
and investment in low-carbon production have to be taken into account. 
the overall costs will also depend on how much the global pattern of production 
will be distorted if climate-change policies are not applied with equal vigour 
everywhere. Where policy-makers try to suppress relative price increases, 
resources will be misallocated and real incomes lower.

however, there are also likely to be offsetting factors, which could even 
outweigh the costs in certain circumstances:

• there are likely to be ancillary benefits, such as reduced local pollution 
and greater energy security.

• If induced technical change is more rapid in low-carbon activities than in 
the ones they replace, that will reduce costs at some point in the future. 

 
• policies to fight climate change need to tackle various market failures, 

which might otherwise have been left untouched. examples include:  
the under-provision of innovations due to difficulties in appropriating the 
returns to them; under-investment due to unequal access to information; 
and the lack of clarity about ownership rights in tropical forests. 

• If policies lead to the use of resources that would otherwise be left idle, 
costs will be reduced ( a ‘keynesian’ offset ).

• If policies bring about a change for the better in entrepreneurs’ percep-
tions of future growth opportunities, they could unleash a more general 
stimulus to innovation and demand ( a ‘schumpeterian’ offset ).
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the costs of action against climate change will be kept to a minimum if, 
within a global constraint on cumulative GhG emissions, firms and house-
holds have freedom to decide how to bring about the necessary reductions, 
subject to a broadly equal carbon price across the world, because a tonne  
of emissions imposes the same costs wherever it is emitted. Policy should 
enlist the profit motive to help find the cheapest ways of meeting the policy 
objective, which means giving firms ‘which, where, when’ flexibility:

• which greenhouse gas emissions to reduce ( e.g. co2 or methane? ), 

• at which locations to reduce them ( e.g. germany or china? ), and 

• how quickly to reduce them ( e.g. a ‘quick fix’ now or an investment  
that will bring emissions down more later? ) 

the costs of action will also depend on how quickly and how far countries 
reduce their GhG emissions. large reductions will entail decarbonising 
activities for which, at the moment, no alternative low-carbon technologies 
exist to carry them out at scale. rapid reductions will put a greater burden  
on existing low-carbon technologies before enhanced r&d has increased 
their productivity, resulting in higher costs. But delay risks firms undertaking 
investment that locks in high-carbon technologies for decades to come, 
making it necessary to bring about sharper and more expensive emission 
reductions later.

as with the damages from unrestrained climate change, it is difficult to be 
precise about the costs of action, although the range of uncertainty is 
probably considerably less in the latter case. In the ‘bottom-up’ approach  
to the estimation of abatement costs, the potential to reduce emissions in 
particular activities is estimated. for example, mcKinsey & Company ( 2009 ) 
find that annual global GhG emissions could be reduced by 35% by 2030 
( relative to 1990 levels ) at an annual cost by then of eur200-350 billion – less 
than 1% of forecast global GdP to be on the path to stabilisation at 500  
ppm Co2eq.

In the ‘top-down’ approach, large-scale macroeconomic models are used to 
trace the wider economic impacts of policies to halt climate change.16 this 
has the advantage over the bottom-up approach of capturing more of the 
knock-on effects but it usually cannot use much sectoral detail. the IPCC 
( 2007 ) review of estimates using this approach found that the global costs  
of stabilising GhG concentrations would be between 5.5% and -1% of annual 
GdP by 2050 ( some studies calculate net gains to abatement activities even 
without factoring in benefits of averted climate change ), depending on model 
assumptions and the stabilisation target ( ranging from 445 to 710 ppm Co2eq ). 
the stern review concluded that to stabilise eventually at around 500-550 

 16  together with fondazione eni enrico mattei ( feem ) and Centre International pour l'environnement et le développement ( CIred ), PIK  
is currently conducting an in-depth comparison of energy-economy models ( reCIPe – report on energy and Climate Policies in europe ) 
to assess global mitigation options and costs on regional and sectoral levels. first results will be made available in may 2009.
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ppm Co2eq would cost around 1% of GdP by 2050 ( +/- 3% ). more recent 
energy-economy model comparisons suggest that the costs of an ambitious 
low-stabilisation scenario of 400 ppm Co2eq lie below 2.5% of GdP until 2100 
( see figure 6 ). the key conclusion to be drawn from these estimates is that 
the costs of action can be much less than the costs of inaction. thus, strong 
and urgent action makes economic sense.
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rEfErEncEs



 in Mt 
CO2eq

Share Of 
glObal (%)

argentina 321 0.8

auStralia 559 1.4

brazil 1.028 2.7

Canada 736 1.9

China 7.250 18.7

franCe 576 1.5

gerMany 1.006 2.7

india 1.863 4.8

indOneSia 598 1.5

italy 588 1,5

Japan 1.383 3.6

MexiCO 641 1.7

ruSSia 1.992 5.1

Saudi-arabia 390 1.0

SOuth afriCa 434 1.1

SOuth KOrea 588 1.5

turKey 400 1.0

united KingdOM 683 2.7

united StateS 7.098 18.3

g20 tOtal 28.132 74.6

reSt Of WOrld 10.594 26.4
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