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Foreword

The world is heading for a rise in average temperatures of 4° Celsius 

by the end of the century and possibly more in higher latitudes. We 

could face a climate that has not been experienced in the millennia in 

which human civilizations have developed. Given the speed of cli-

mate change, adaptation can be costly and is unlikely to eliminate all 

risks, especially for the poorest and most vulnerable. As World Bank 

Group President Jim Yong Kim warned recently: “Lack of action on cli-

mate change threatens to make the world that our children will inherit a com-

pletely different world than we are living in today. Climate change is one of 

the biggest challenges facing development, and we need to take action on 

behalf of future generations.”

Most countries in the Europe and Central Asia (ECA) region have 

been slow to respond to this challenge. In light of the prospect of 

more frequent and severe droughts, floods, heat waves, and wildfires, 

many ECA countries have teamed up with the World Bank and other 

development partners to explore adaptation options for coping with 

a warmer and more variable climate. Our 2010 regional report, Adapt-

ing to Climate Change in Eastern Europe and Central Asia, was written to 

inform these efforts. Adaptation will remain important as current 

heat-trapping emissions commit the world to further warming. But 

to prevent climate change that exceeds our adaptation capacity, 
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climate action to significantly reduce emissions must become 

a  greater priority for all countries. This report, along with two 

companion reports that distill the lessons from successful countries in 

increasing energy efficiency and in mitigating the welfare conse-

quences of reductions in energy subsidies, shows how this can be 

made to happen.

There are legitimate concerns about the economic costs and social 

impacts of climate policies. But this report shows that well-designed 

climate action can bring numerous benefits, while its costs can be 

contained. It will be important for policy makers to be mindful of the 

following key considerations:

First, reducing emissions from energy consumption will require 

large investments but, given the high energy intensity of the ECA 

region, these investments offer attractive rates of return. This is par-

ticularly true for industrial energy use, which could be cut by half 

without loss of output. This is also true for reducing losses in power 

and heat generation, and for raising the efficiency of energy use by 

households and in public service delivery. By 2017, World Bank 

financed investments in energy efficiency in ECA will annually avoid 

the equivalent of today’s CO2 emissions of countries such as Bulgaria 

or Switzerland. There are many more cases where climate benefits 

are a small part of overall benefits. Improving sustainable transporta-

tion reduces congestion, local air pollution, and accidents. These local 

and immediate benefits dwarf those from lower greenhouse gas 

emissions. Air pollution from power generation alone causes almost 

$20 billion in health damages in ECA each year. In the rural sector, 

better land and forest management brings urgently needed produc-

tivity gains while also increasing the amount of atmospheric carbon 

captured in soils and trees. Restoring land abandoned in Western 

Russia since 2001 could yield 11 million tons of grain at a time of ris-

ing global demand for food. For some mitigation options costs still 

exceed immediate benefits—as is the case with some renewable 

energy technologies. Such options may not become a priority in 

many ECA countries for some time. But the costs of action have been 

falling as new technologies and experiences become widely shared, 

while the costs of inaction leading to dangerous climate change will 

continue to rise if mitigation is delayed. The time to act is now.

Second, climate action will require some difficult adjustments 

across the economy, but it will also bring new economic opportuni-

ties. Many firms have benefited from fiscally unsustainable and envi-

ronmentally harmful energy subsidies. Protection from the true cost 

of energy has contributed to a lack of competitiveness in ECA com-

pared to neighbors in Western Europe and East Asia. A modern 
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industry should be able to cope with real input costs by using those 

inputs far more efficiently. The large shifts in energy and economic 

systems over the next few decades will also create entire new indus-

tries and businesses. The global market for renewable energy, for 

example, was $250 billion in 2011 and is growing fast. Opportunities 

exist in all countries and across the technology spectrum. Govern-

ments can encourage green growth by pursuing ambitious climate 

policies and by improving their business climate. Countries that have 

learned the lessons of experience in the ECA Region’s recent assess-

ment of the European growth model (“Golden Growth”) will be in a 

good position to benefit from the transition to a low-carbon 

economy.

Third, by raising the cost of energy, climate action can affect 

employment and household welfare. Greater energy efficiency and 

effective social protection systems can soften those impacts. Labor 

market reforms and active labor market policies can facilitate job 

transitions, and social safety nets can help those unable to find ade-

quate new work. Similarly, rising energy bills would hit the budgets 

of the poorest households the most. Assistance for better home insu-

lation and more efficient appliances can reduce those bills. And many 

ECA countries have already improved social assistance programs to 

provide additional support with energy costs of poor households.

Climate action is one of the ECA Region’s three strategic pillars. As 

this report shows, it is closely linked to the other two—competitive-

ness and social inclusion. Climate policies should prioritize actions 

that will strengthen competitiveness and promote economic growth. 

There are many opportunities to do so in the ECA region. And they 

can be complemented by affordable policies that moderate the costs 

of climate action for the poor and vulnerable. By becoming leaders 

on climate action, ECA countries can “grow green.”

Philippe Le Houérou	 Indermit Gill

Vice President	 Chief Economist

Europe and Central Asia	 Europe and Central Asia
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CHAPTER 1

Introduction

Main Messages

•	 In the first post-transition decade after the fall of Commu-

nism, Europe and Central Asia (ECA) moved its economy 

from plan to market. In the second decade, the 2000s, it 

moved from social division to inclusion. The region has an 

opportunity to use the third decade, the 2010s, to move 

from brown to green growth—making production and con-

sumption more sustainable, increasing quality of life, and 

reducing impacts on the climate.

•	 Lowering climate change risks in ECA will involve many 

different actions that fall broadly into three areas: Some, 

like energy efficiency improvements, are often economi-

cally beneficial regardless of climate concerns. Others, like 

creating a good business environment for green enter-

prises, are investments that create new growth opportuni-

ties. Finally, actions like expanding wind and solar energy 

will have net costs for some time but are essential to tack-

ling climate change.



2	 Growing Green: The Economic Benefits of Climate Action

•	 A simple framework helps guide climate action. The 

priorities are to use energy more efficiently, use cleaner 

energy, and manage natural resources better. Although 

price instruments like carbon or energy taxes tend to be 

most effective, climate action will also require regulations 

and investments such as fuel efficiency standards or 

research and development spending. Complementary 

growth, social, and environmental policies promote the 

broader benefits of climate action while limiting its costs. 

A Third Transition

The ECA region has experienced remarkable changes over the past 

20 years. The region spent the first decade after the fall of Commu-

nism freeing itself from the legacy of central planning and mending 

its economies in an often painful adjustment process. The reward has 

been economic recovery and growth built on integration with West-

ern Europe and the rest of the world, as figure 1.1 illustrates. ECA 

spent the next decade, the 2000s, making growth more inclusive by 

improving public services, education, and social safety nets. The 

rewards have been a fall in poverty, an emerging middle class, and 

higher living standards overall as the benefits from the economic 

shift have been shared more widely, as shown in figure 1.2. 

These two transitions—from plan to market and from division to 

inclusion—took enormous effort up front but eventually paid ample 

dividends. They are also by no means complete. There is still much 

that could be done to increase competitiveness and ensure opportu-

nities for all. 

The financial crisis has understandably distracted from the long-

term view. Among the World Bank regions, ECA was hit hardest. 

Countries had to focus on crisis management rather than on broad-

ening past gains. Despite the recent turmoil, policy makers should not 

lose sight of another transition that is necessary to make development 

in ECA truly sustainable: the region’s third transition will be to reduce 

the adverse environmental side effects of economic growth. For 

example, greenhouse gas (GHG) emissions fell after the first decade of 

transition but steadily rose in the 2000s until the recent economic cri-

sis put the brakes on economic growth, as shown in figure 1.3. 
The consequences of neglecting the environment will affect ECA’s 

most vulnerable citizens more than anyone. To thrive in the long 
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term, the region’s countries need to reduce acute, but often revers-

ible, local pollution and ecological degradation by embracing greener 

approaches to growth (World Bank 2012). And they should join their 

Western European peers and tackle the danger of severe and irre-

versible climate change. The reward will be an economy that is far 

more efficient, clean, and green. 

This third transition will be challenging. Globally, avoiding poten-

tially dangerous climate change will require a reduction of per capita 

carbon dioxide (CO2) emissions from 7 tons to 2 tons and an 80–90 

percent reduction in harmful GHG emissions per unit of gross domes-

tic product (GDP) (see Spotlight 1 at the end of this chapter). Some 

have called for an energy-industrial revolution (Stern 2009). ECA 

countries, which know about revolutions better than anyone else, 

will know that even ambitious climate action will not be anywhere 

near as disruptive or divisive. 

This report will show that climate action in ECA would benefit 

from rapid progress in three main areas: (a) further, large improve-

ments in energy efficiency; (b) a shift to cleaner energy systems that 

will also improve local health and energy security; and (c) better 

management of “green” natural resources that will make the coun-

tries more economically productive while keeping more carbon out 

of the atmosphere. The region has already achieved much progress in 

these areas, but much more could be done without jeopardizing 

other development objectives. Achieving these shifts will require 
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smart and consistent policies because market prices for the use of 

energy and other resources do not reflect their impact on local popu-

lations and on the global climate.

As in any major transition, some firms and households face greater 

challenges than others. Well-balanced development strategies cush-

ion the negative impacts of climate action to ensure social cohesion 

while promoting benefits to economic growth and competitiveness. 

The climate problem is difficult but not intractable. Without down-

playing the urgency and magnitude of the challenge, what is needed 

more than anything else is a strong commitment and forward-looking 

policy making.

What are the main principles of a growth-promoting climate 

action strategy? 

The first priority is to pursue measures that address existing ineffi-

ciencies in the use of resources, including energy and land. The ben-

efits will generally exceed their costs, sometimes significantly. The 

best examples are energy efficiency investments such as improved air 

conditioning and heating systems, but such opportunities also exist 

through improved land use management, such as new farming tech-

niques that increase soil productivity and also trap more carbon in 

the soil. 

The second priority is to actively pursue green growth opportuni-

ties where climate action translates into new economic activities, 

jobs, and income growth. Manufacturing of green capital goods like 

wind turbines is one such growth opportunity, as are mostly non-

tradable energy services. 

The third priority area is one in which low- and middle-income 

countries in particular should be most selective. It includes measures 

that are not financially viable without a subsidy but that are neces-

sary to reduce climate change risk. Most renewable energy options 

still fall into this category, although their prices have been falling to 

an extent that they can soon become economically viable once cli-

mate, health, and energy security benefits are considered. Following 

these principles, climate action can be seen as a co-benefit, as an 

investment, and as an insurance policy.

Climate Action as a Co-Benefit

Advocates of climate action often seek to promote climate change 

mitigation policies by pointing out their co-benefits. Shifting electric-

ity generation from coal-fired to lower-emission natural gas or 

renewables not only lowers GHG emissions but also reduces air pol-

lution that causes respiratory health issues. Including these hidden 
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costs of high-carbon energy options will make low-carbon options 

economically more competitive. 

There are also climate-friendly measures that make economic 

sense even without considering climate benefits, which come as an 

added bonus. These “win-wins” are by no means abundant and by 

themselves will not be sufficient to achieve climate goals, but priori-

tizing policies that yield immediate and local benefits goes a long way 

toward a sustainable economy. In ECA in particular, large inefficien-

cies remain in the way energy is used. Energy use per unit of output 

in the region has been falling, but on average it is still more than 

twice that of Western Europe when using purchasing power parity 

(PPP) GDP (more than five times if measured using GDP at exchange 

rates). Waste of energy is particularly large in industrial production 

(chapter 8) and in buildings and urban services (chapter 9), which 

together account for 49 percent of GHG emissions in Europe and 

Central Asia. Energy efficiency gains could contribute as much as half 

of ECA’s contribution to global emission reductions required to stabi-

lize atmospheric greenhouse gas concentrations. 

Energy efficiency is not the only area where economic gains 

exceed the costs of climate-friendly policies. The transport sector is 

the fastest-growing source of carbon emissions in ECA. A higher 

share of public transit and rail freight (relative to road transport) has 

benefits that are typically not reflected in market prices for transport 

services. Only about 5 percent of these side benefits from reduced 

road transport come from avoiding the damages of climate change. 

Ninety-five percent of the benefits come from reduced congestion, 

health issues, noise, and accidents (chapter 8). These benefits accrue 

immediately and justify sustainable transport policies that lower the 

price of transit or raise the costs of motorized transport where they 

are currently too low. 

As a further example, the contribution of natural ecosystems to cli-

mate change mitigation is often overlooked. Forests in ECA store about 

44 billion tons of carbon, and topsoil stores 55–120 billion tons. Com-

bined, these carbon stores are equivalent to 8–12 times annual global 

GHG emissions. Deforestation is a far smaller problem in ECA than in 

tropical world regions, but poor forest management and increased fre-

quency of fires jeopardize forest health. Further, about 685 million 

hectares of land are degraded in the region. With better management, 

ECA’s natural ecosystems could store more carbon while also raising 

farm and forest productivity from levels that are generally lower than 

in other regions. Rates of return from land reclamation projects in 

Turkey and Uzbekistan, for example, have been around 20 percent 

even without including climate benefits (chapter 10). 
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Many of these seemingly attractive opportunities are ignored, and 

not just in ECA. One reason is that they compete with alternative 

investment opportunities that could have even higher payoffs. 

Another is that there are market, information, financial, and behav-

ioral failures that cause firms, individuals, and governments to 

underinvest in projects that make economic sense and have climate 

benefits (chapter 2). Market signals are necessary but not sufficient, 

so governments would benefit from creating a policy environment 

that helps overcome these barriers. Even measures that pay for 

themselves within reasonable time frames may require a nudge. 

Doing so to take advantage of investments for which climate action is 

simply a co-benefit is a priority for all ECA countries. 

Climate Action as Investment

Measures that reduce energy waste raise economic efficiency and 

thus contribute to growth. But policies that promote climate change 

mitigation can also contribute to economic growth more directly. The 

low-carbon transition is well under way and requires massive invest-

ments that generate economic opportunities and jobs. Currently this 

is happening mostly in the Organisation for Economic Co-operation 

and Development (OECD) countries and in China. These countries 

have ambitious domestic climate policies that promote the manufac-

ture of energy-efficient capital and consumer goods, the develop-

ment of clean energy infrastructure, and the emergence of green 

services such as energy services companies. Many start-up compa-

nies emerged to take advantage of new opportunities, but established 

companies are equally engaged. The engineering firm Siemens now 

generates a quarter of its turnover from green solutions and expects 

this share to grow. The solar and wind energy markets in Europe are 

now about €30 billion and growing at 15 percent per year. Globally 

as much as US$2.3 trillion could flow into renewable energy alone in 

this decade (Pew Charitable Trusts 2012).

As in traditional industries, green product leaders will concentrate 

on design and development. As these industries mature, they will 

seek locations with lower labor costs for other tasks and standardized 

manufacturing. ECA countries could capture a share of these eco-

nomic opportunities. They have two main ways to do so: They can 

link up to the green part of “Factory Europe” by emulating other 

industries and becoming a part of green goods production networks. 

And they can develop domestic industries, initially mostly focused on 

lower-technology activities and green services. How can the region’s 

countries attract domestic and foreign investments? A necessary 
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condition is a good overall business environment. Many of these 

countries have made progress in this area and have climbed in the 

ranks of the World Bank Group’s Doing Business indicators.1 But 

others have lagged, and far more can be done to attract foreign and 

encourage domestic investment (Gill and Raiser 2012). 
To attract green foreign direct investment (FDI), countries can go 

further (chapter 4). In traditional sectors, investments often followed 

historical strengths. Western European car manufacturers engaged in 

regions with long-established but uncompetitive automobile produc-

tion. Volkswagen invested in the Czech Republic’s Skoda, Fiat in Ser-

bia’s Zastava Automobiles and Turkey’s TOFAS. Because most 

green-technology industries did not exist even 25 years ago, such 

historical links will not help. Instead, one way to attract such invest-

ments is to introduce strong and credible domestic climate policies. 

Such policies signal to investors that there is a commitment to climate 

action, a domestic market for green products, and strong support for 

an emerging domestic green economy sector. Some years ago, Costa 

Rica branded itself as a major hot spot for biodiversity by introducing 

comprehensive nature protection policies. This strategy yielded not 

just international publicity and goodwill but also a large increase in 

ecotourism and investments by bioresources companies, which are 

now mainstays of the economy. An ECA country that can brand itself 

as a leader in climate action will equally position itself as a preferred 

destination for green investment.

Besides reducing the environmental impacts of domestic produc-

tion and consumption, growing green also means taking advantage 

of the economic opportunities presented by the large investments 

required for a low-carbon transformation. Climate policies—and 

related green policies not primarily motivated by climate concerns—

will create some jobs and income opportunities in all countries. 

Going further and benefiting from global investment in green tech-

nology will be an opportunity that most countries in Europe and 

Central Asia can pursue.

Climate Action as Insurance

Some climate change actions will pay for themselves. However, 

solely relying on these interventions will not be sufficient to avoid 

potentially dangerous global warming. Achieving climate goals will 

also require measures that are initially more expensive than their 

conventional alternatives. Some are more expensive even when con-

sidering avoided future damages or immediate benefits such as lower 

public health impacts. 
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The shift from fossil fuels to an increasing share of clean energy in 

Europe, for example, requires support for renewable technologies 

through subsidies or incentives. Given the high price of clean energy 

technologies when policies such as feed-in tariffs were first intro-

duced, these support policies were initially not justified by most esti-

mates of the social cost of carbon emissions they avoided.2 Instead 

they were motivated by the realization that climate change, if 

unchecked, could lead to catastrophic impacts as early as the second 

half of this century. The response to low-probability but high-impact 

events such as severe traffic accidents or a home burning down is to 

take out car or fire insurance. No insurance is available to protect 

against future catastrophic climate change (even though insurers and 

reinsurers are at the forefront of thinking about the implications of 

climate change for their businesses). Therefore, the subsidies required 

to make some climate change interventions (such as renewable 

energy technologies) competitive with traditional energy sources 

could be considered an insurance premium. As the use of these inter-

ventions increases, the industry will become more efficient, costs will 

fall, and the interventions will require less support. 

The question is who should pay for what is essentially the global 

public good of low-cost clean energy or other mitigation technolo-

gies? Feed-in tariffs raised utility bills for ratepayers and taxpayers in 

Western Europe (chapter 6). The increases have been relatively 

minor, although they can add to hardship among poorer households 

even in wealthier countries. Low- or middle-income countries have 

understandably been reluctant to commit substantial resources to 

support technologies that are not competitive at current market 

prices. They do well in leaving the funding of initial cost reductions 

to high-income countries. But there are good reasons why they 

should not completely ignore developments among the climate 

action leaders. 

One is that prices for green technology have been falling as 

demand—and therefore the scale of production—has increased. 

Solar panel prices have dropped by half in just the past two to three 

years. Wind energy in good locations is already cost-competitive with 

most conventional energy sources. It will be some time before such 

technologies will be able to consistently compete with fossil fuels at 

market prices, especially where conventional energy is subsidized. 

However, countries that make careful and early investments will 

develop the domestic expertise for quick and widespread deploy-

ment, while also promoting domestic jobs and energy security and 

lowering health costs from local air pollution. Smart power-sector 

strategies keep options open to invest in cleaner energy generation 
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once prices reach parity. They will avoid lock-in to conventional gen-

eration, whose relative prices may well increase as renewables 

mature, fuel costs rise, or policy mandates emerge (chapter 3). Euro-

pean Union (EU) member states already face binding emission 

restrictions and clean energy targets, and EU-candidate countries will 

soon, too. 

International support is available for countries willing to pursue 

clean energy investments. Several ECA countries can also take 

advantage of the Clean Development and Joint Implementation 

mechanisms under the United Nations Framework Convention on 

Climate Change to support clean energy investments. Also, the Clean 

Technology Fund, which channels funds through the multilateral 

investment banks, already supports investments in Kazakhstan, 

Turkey, and Ukraine. However, these funds are too limited to trigger 

large-scale changes and are best used strategically as additional incen-

tives or for demonstration programs. Low- and middle-income econ-

omies should carefully evaluate domestic investments and support 

mechanisms for currently relatively expensive mitigation options 

(chapter 6). The benefits of well-designed programs will exceed the 

costs in many ECA countries. 

Costs of Climate Action 

Green growth is not free growth. Although win-wins exist, many 

mitigation measures will have net costs at least in the short to 

medium term, including transition or adjustment costs. These costs 

are the price for avoiding future damages that could be severe. What 

is important is to design climate policies that keep these costs as low 

as possible, which includes taking advantage of economic opportuni-

ties that a low-carbon transition brings. 

Estimates of the annual cost of required climate change mitigation 

vary widely, from slightly negative to 3–4 percent of GDP. The 

European Commission expects its carbon cap to cost 0.3–0.7 percent 

of GDP to 2020. Most estimates, both globally and nationally, peg 

these costs at about 1 percent of GDP or less per year, with most pre-

dicting that net costs will turn into net benefits—for instance, when 

initial investments start to pay off in the form of reduced energy 

expenditures (World Bank 2011). 

These cost estimates rely on economic models that include some 

notion of cost reductions due to technical change, but they are diffi-

cult to predict. Technical barriers may delay the low-carbon transi-

tion or make it more expensive than expected. Yet, in many 
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instances, technical change happens faster and at lower cost than ini-

tially predicted when market signals or policy-induced demand 

growth create the right incentives. For instance, deployment of wind 

energy among the EU-15 countries3 far exceeded the amounts fore-

cast in the past, thanks to a combination of strong policies and rapid 

cost reductions, as shown in figure 1.4. 

Besides the necessary investment costs of the low-carbon transi-

tion, climate action can put additional burdens on households—

especially poor and middle-income families (chapter 5). Phasing out 

energy price subsidies makes economic sense and helps reduce 

wasteful energy use that harms the environment. Some countries in 

ECA have already moved to include some of the environmental costs 

of energy use in energy prices. This raises utility bills, which can cre-

ate hardship among low-income households. Raising industrial 

energy prices or changing the price of high-emission fuels such as 

coal can also change the competitiveness of private firms and extrac-

tive industries, leading to employment losses that may be only par-

tially offset by growth elsewhere. These kinds of impacts need to be 

anticipated. 
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To win broad public support, climate and energy policies should 

be complemented by measures to reduce their social consequences 

(Ruggeri Laderchi, Olivier, and Trimble 2013). Policy-induced 

impacts of climate action are similar to those caused by other eco-

nomic dynamics. Changes in trade regimes, commodity prices, or 

structural economic shifts due to changing prices for labor or inputs 

have triggered far greater disruptions in the past. The ECA region, 

therefore, has a lot of experience in dealing with such adjustments. It 

is important to ensure that energy services remain affordable for 

low-income households. It is also important to make it easier to 

invest in improved energy efficiency and to pursue labor market pol-

icies that help people to transition to new jobs in growing industries. 

Climate policies that are more inclusive will enjoy broader public 

approval.

The Elements of a Climate Action Strategy

From this brief overview emerge the elements of a climate action 

strategy, as shown in figure 1.5. Countries pursue economic, social, 

and environmental sustainability objectives. They pursue these objec-

tives through various types of development policies: sectoral (or 

industrial) policies, social protection policies, and environmental safe-

guards. Climate action is often considered a subset of environmental 

Energy efficiency
Cleaner energy

Natural resources

Climate action
priorities

Economic growth
Social inclusion

Environmental quality

Development
objectives

Sectoral policies
Social protection

Environmental safeguards

Policy
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Prices
Regulations
Investments

Development
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Achieving climate
action objectives

Making climate
action consistent

with other objectives

FIGURE 1.5
Elements of a Climate Action Strategy
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sustainability, but this report shows that it is closely linked to all three 

major development objectives. Climate policies therefore need to be 

coordinated with policy making in other domains. 

There are three priorities for climate action: use less energy, use 

cleaner energy, and maintain carbon-storing natural resources. To 

achieve EU climate objectives, for instance, Europe’s climate action 

leaders pursue all feasible emission-reduction options, but their rela-

tive importance and weighting will differ across countries. All coun-

tries need to continually improve energy efficiency where emission 

reductions come at lowest cost. There are large unrealized efficiency 

gains even in countries with low energy intensities such as Denmark 

or Ireland (Stuggins, Sharabaroff, and Semikolenova 2013). By 

switching to natural gas, further emission reductions are possible in 

countries that rely heavily on coal for electricity generation. Further, 

many countries in ECA have ample renewable energy endowments. 

These countries should be the regional leaders in renewable energy 

as the costs for generating clean energy continue to fall. Most of the 

region’s countries can improve productivity in agriculture and for-

estry, which can also increase carbon sequestration. But it is in the 

very large ECA countries with enormous land and forest resources—

such as Kazakhstan, Poland, the Russian Federation, Turkey, and 

Ukraine—that mitigation in the natural resource sector is of the high-

est importance globally.

Textbook environmental economics would suggest that, in an 

ideal world, a single policy instrument should be sufficient to achieve 

climate change mitigation: a general carbon price that reflects the 

damages that emissions will cause. That price triggers emission reduc-

tions in the economy, where they are most cost-effective. Yet, no 

country has introduced a general and sufficiently high carbon tax, 

and Europe’s cap-and-trade system (a similar approach) extends to 

only a few sectors with an emissions cap that has so far been overly 

generous. Climate action therefore also requires other nonprice pol-

icy instruments to encourage energy efficiency, cleaner energy, and 

better natural resource management. 

Price instruments should ensure that energy and natural 

resource use reflect market prices, whereas subsidies distort energy 

markets and encourage wasteful energy use. Ultimately, instru-

ments should also reflect the indirect social cost of energy and natu-

ral resource use. The environmental economist Ernst Ulrich von 

Weizsäcker put it starkly: “Communism collapsed because it was 

not allowing prices to tell the economic truth, . . . capitalism may 

also collapse if it does not allow prices to tell the ecological truth” 
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(Von Weizsäcker et al. 2009). Price instruments include not only 

taxes and fees but also subsidies or preferential feed-in tariffs for 

renewable energy. Where price instruments are insufficient or not 

feasible, often for political reasons, regulations will be required. 

Almost all countries have fuel efficiency standards or restrict the 

release of harmful pollutants.

Governments can also support climate action more directly 

through investments. Most important, they should support knowledge 

creation and dissemination such as through information programs to 

help increase the adoption of energy efficiency measures. Where the 

private sector is unable to do so, public investments can also finance 

complementary infrastructure such as the grid expansion and 

management that support a higher share of renewables. Usually a 

combination of instruments is desirable or even necessary. For 

instance, when raising fuel taxes, governments must also make sure 

that people have alternative mobility options, which requires invest-

ment in public transit.

To ensure that climate action does not compromise other develop-

ment objectives, climate policies need to be closely coordinated with 

growth, social, and environmental policies. To encourage growth ben-

efits from climate policies, for example, governments can support 

national innovation systems and well-functioning labor markets. 

Removal of fossil-fuel subsidies raises heating costs and electricity 

prices for households. Poor households may need assistance to cope 

with such price shocks, either through the social safety net or assis-

tance in energy efficiency investments. And environmental safe-

guards ensure that investments in climate change mitigation, such as 

hydropower or wind turbines, do not harm biological resources such 

as river ecosystems or birdlife. In sum, climate action needs to be 

closely integrated with policy making in other spheres of the econ-

omy and society.

Outline of the Report

The remainder of this report is divided into three parts: the first on pri-

orities for a low-carbon transformation; the second on promoting 

growth and ensuring social inclusion; and the third on sectoral policies. 

Part I: Priorities for Low-Carbon Transformation

Chapters 2 and 3 cover two of the main climate action priorities that 

cut across the issues discussed in later chapters: energy efficiency and 

cleaner energy sources. 
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•	 Chapter 2: Energy efficiency is still the highest climate change miti-

gation priority for all ECA countries and one that is relevant for all 

economic sectors. Energy efficiency enables a decoupling of eco-

nomic growth from energy use and emissions; however, by itself, it 

will not yield sufficiently large reductions in emissions. 

•	 Chapter 3: Large-scale emission reduction requires switching to 

low-carbon energy sources; the large uncertainties in power sector 

planning favor a greater focus on more decentralized and cleaner 

energy infrastructure. 

Part II: Promoting Growth and Ensuring Social Inclusion

The second part of this report focuses on the link between climate 

action and the other main pillars of the ECA strategy: growth and 

social inclusion. 

•	 Chapter 4: Green growth, in a narrow sense, concerns how coun-

tries can benefit economically from the low-carbon transition by 

encouraging green FDI, trade, innovation, and job creation in rising 

industries. 

•	 Chapter 5: Several options address the potential negative impacts 

of climate action. The chapter examines how the increasing cost 

of traditional fossil fuels will affect competitiveness in mining and 

energy-intensive industries. In addition, it discusses labor market 

and household-level impacts and proposes strategies to buffer 

them, and it presents evidence of the direct social benefit of cli-

mate action in the form of reduced health impacts from fossil-fuel 

burning.

Part III: Sectoral Policies

The final part of the report discusses specific sectoral strategies and 

policy options for climate change mitigation. 

•	 Chapter 6: Options for cleaner electricity generation include a switch 

from coal to natural gas in the short term and a much higher share 

of renewable energy in the medium to long term—whereas the 

potential contributions of carbon capture and sequestration and 

nuclear power remain uncertain. 

•	 Chapter 7: This examination of production issues discusses options 

for realizing the large energy efficiency potential in energy-intensive 

industrial sectors. 
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•	 Chapter 8: Policies for more sustainable transport should take 

into account that the trend toward greater motorization will be 

hard to slow, let alone reverse. But ECA’s compact cities and 

high rail share are a basis for sustainable mobility strategies. 

•	 Chapter 9: Urban areas will be a focal point for climate action. 

The largest share of GHG emissions originates there, but cities 

also present a large and concentrated potential for emission 

reductions in buildings and public services as well as by manag-

ing urban form and its interaction with public transit. 

•	 Chapter 10: Policies to reduce emissions and increase sequestra-

tion in rural areas include improved soil management, more 

sustainable livestock production, and better forestry practices. 

Spotlights

Three short spotlights interspersed among this report’s main parts 

provide context: 

•	 Spotlight 1, which follows below, outlines the climate challenge. 

Given scientists’ best assessment of risks if current emission trends 

continue, climate action is an urgent and formidable task. 

•	 Spotlight 2, at the conclusion of chapter 3, summarizes current 

emission trends in ECA, over time and across sectors, and com-

pares them with those in other world regions. 

•	 Spotlight 3, at the conclusion of chapter 5, discusses why climate 

action is a particularly difficult task in the ECA region—not for 

technical or economic reasons, but because public perceptions do 

not favor immediate and ambitious mitigation.

Notes

	 1.	 For more about the Doing Business indicators, see http://www	
.doingbusiness.org/. 

	 2.	 Environmental economics suggests that the subsidy for clean energy (or 
the penalty for dirty energy) should equal the marginal damage it avoids 
(or causes), as discussed, for example, in Aldy et al. (2010).

	 3.	 The EU-15 countries include Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 
Portugal, Spain, Sweden, and the United Kingdom.

http://www.doingbusiness.org/
http://www.doingbusiness.org/
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CHAPTER 3

Globally, heat-trapping emissions need to peak within a decade and drop by 

80–90 percent by 2050 to reduce the risk of more frequent and severe impacts 

from flooding, heat waves, droughts, and forest fires in ECA.

Mikhail Ivanovich Budyko, who spent most of his career at aca-

demic institutions in Leningrad (today’s St. Petersburg), was one of 

the fathers of climatology as a quantitative science. Following his 

pathbreaking work on global heat balances in the 1950s, he began 

to study the “earth snowball effect”: a significant drop in atmo-

spheric CO2 could trigger a self-reinforcing process that might cause 

the earth to be completely covered in ice. Budyko did not believe 

this had ever happened in geological history, but by studying global 

cooling, he also clarified the role of CO2 in warming the planet. He 

was one of the first to scientifically estimate the global warming 

effects of rising CO2 levels, and he became convinced of humans’ 

role in this process: “The conclusion is made that present-day cli-

mate appears to have changed as a result of man’s inadvertent 

impact and this change may be considerably increased in the nearest 

decade” (Budyko 1977). It took almost half a century after his pio-

neering research for this insight to become the scientific consensus 

with the Third Assessment Report of the Intergovernmental Panel 

on Climate Change (IPCC 2001).

The Climate Challenge
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Rise in Global Land Air Temperatures, Deviations from the 1951–80 Mean

Sources: NASA, NOAA, CRU/UEA.
Note: NASA = National Aeronautics and Space Administration (http://data.giss.nasa.gov); NOAA = National Oceanic and Atmospheric Administration  
(www.ncdc.noaa.gov); CRU/NEA = Climatic Research Unit of the University of East Anglia (www.cru.uea.ac.uk).

For the past 200 years, since the start of the Industrial Revolu-

tion, energy derived from coal, oil, and gas has fueled unprecedented 

economic growth and welfare gains. These carbon-rich resources 

had been safely stored in the ground for more than 300 million 

years in the case of coal. Burning them within the space of a few 

generations—each year we burn the products of 1 million years of 

photosynthesis1—has added far more carbon to the atmosphere 

than land and oceans can absorb. For the past 400,000 years, atmo-

spheric CO2 concentrations varied between 180 and 300 parts per 

million (ppm); in the past 10,000 years—the time in which modern 

civilizations developed—concentrations ranged between 260 and 

280 ppm. Since the Industrial Revolution, they have increased to 

394 ppm as of early 2012, a level the earth had last seen about 	

3 million years ago in the early Pliocene Epoch. Adding the effect of 

other greenhouse gases such as methane brings current concentra-

tions to about 450 ppm of CO2-equivalent or CO2e. Atmospheric 

CO2 and other gases trap incoming radiation from the sun, causing 

a gradual warming—the so-called greenhouse effect. Over the past 

100 years, this phenomenon caused temperatures to increase by 

about 0.8°C, as shown in figure S1.1. 

20	 Growing Green: The Economic Benefits of Climate Action

www.ncdc.noaa.gov
www.cru.uea.ac.uk
http://data.giss.nasa.gov


The fundamental physics of this process have been known since 

Joseph Fourier’s work in the 1820s, and in 1896, Svante Arrhenius 

established the link between human-induced emissions of GHGs and 

global warming. Today, basic science, climate models, and an increas-

ing body of empirical evidence all confirm the existence of global 

warming. In response, the global community has adopted the scien-

tific consensus that the increase in global temperature should remain 

below 2°C to prevent dangerous changes in the climate system. This 

is the goal that governments agreed to at the global climate summit 

in Copenhagen in 2009.2 Without effective climate action, under cur-

rent policies, temperatures will go up further—possibly by 5°C or 6°C 

above preindustrial levels by the end of the century. These are levels 

last seen about 30 million years ago, when snow and ice had largely 

disappeared and sea levels were 30–70 meters higher.

CO2e concentrations are currently growing at about 2–2.5 ppm per 

year. But what drives warming is not the rate but the cumulative emis-

sions that determine GHG concentrations and thus temperatures for at 

least 1,000 years after emissions stop (Solomon et al. 2009).3 To have 

a good chance of keeping warming to 2°C, the world must limit cumu-

lative emissions to 1.2 trillion tons of carbon (or about 4.4 trillion tons 

of CO2e). About half of this has already been emitted since the Indus-

trial Revolution. To achieve the Copenhagen goal, today’s annual 

emissions of about 48 billion tons of CO2e need to peak within the next 

10 years and then drop quickly to about 20 billion tons by 2050 (Roeglj 

et al. 2011; NRC 2011). In per capita terms, emissions need to drop 

from today’s 7 tons of CO2e to about 4 tons by 2030 and 2 tons by 

2050, when world population will be between 9 billion and 10 billion. 

If economic output increases threefold as more countries achieve 

middle- and high-income status, emissions per unit of output will 

have to fall by 80–90 percent over the next four decades. This is a 

daunting task that must involve all countries in the world and one that 

will become harder the longer climate action is delayed. Countries 

with historically high emissions will need to cut more, and some 

developing countries may need to temporarily overshoot these targets. 

Although the drivers of climate change are well understood, there is 

far more uncertainty about its future impacts. The earth’s climate is 

already experiencing higher variability against a warming trend, as 

shown in map S1.1. Global temperatures are generally higher than in 

the middle of the 20th century. Temperatures vary from year to year 

and from place to place, but there is now a greater probability that any 

given place will experience higher than historically expected tempera-

tures—sometimes much warmer, as in the heat waves in Western 

Europe in 2003 and Western Russia in 2010 that led to many deaths.4
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MAP S1.1
Trends in Global Surface Temperature, 1955–2011 
June-July-August surface temperature deviations relative to 1951–80 mean, °C

Source: Hansen, Sato, and Ruedy 2011.
Note: The number on the top right of each map shows the average annual temperature deviation from the 1951–80 mean.

Although it is impossible to definitively attribute specific events 

to climate change, such heat waves are consistent with climate 

model forecasts. In fact, changes such as shrinking glaciers and 

diminishing sea ice have occurred faster than models predicted. For 

the ECA region, these models predict changes in agriculture, hydrol-

ogy, and temperature extremes that could bring more frequent 

flooding, thawing of northern permafrost, unreliable harvests, and 

severe fires in forests and drained peatlands. A previous World Bank 

ECA Regional Study summarized climate change impacts and adap-

tation in the region, and five more detailed adaptation pilots 

analyzed probable impacts and response options in Southeastern 

Europe and Central Asia (Fay, Block, and Ebinger 2010; Hoffer and 

Horvathova 2012; World Bank 2012b). 
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Notes

	 1.	 According to James Barber at Imperial College London. See http://
www.gatsbyplants.leeds.ac.uk/TR/resource/uploads/Barber_J/player	
.html.

	 2.	 Some scientists doubt whether this is an achievable goal. New research 
also suggests that damages from such warming could be larger than pre-
viously estimated. See Anderson and Bows (2011).

	 3.	 Raymond T. Pierrehumbert makes this point forcefully: “It is the CO2 
emissions, and the CO2 emissions alone, that determine the climate that 
humanity will need to live with for a time that stretches into the future at 
least as long as the time since the founding of the first Sumerian cities 
stretches into the past. The usual wimpy statement that CO2 stays in the 
air for ‘centuries’ doesn’t begin to convey the far-reaching consequences 
of the amount of CO2 we decide to pump out in the coming several 
decades” (Pierrehumbert 2010). The scenario following this note in the 
text is adapted from Stern (2009). 

	 4.	 The 2010 Russian heat wave coincided with 50,000 more deaths in the 
affected region than would have been expected under normal summer 
conditions, according to MunichRe Reinsurance’s NatCatSERVICE 
database, “Natural catastrophes in 2010” (www.munichre.com/en	
/reinsurance/business/non-life/georisks/natcatservice/default.aspx). 
The 2003 Western European heat wave had a similar impact. There is a 
lively academic debate about whether the Russian heat wave can be 
attributed to climate change (Rahmstorf and Coumou 2011) or natural 
long-term variability (Dole et al. 2011). By the time there is statistical 
certainty about attribution of specific events to human-induced climate 
change, the world will likely have committed to warming beyond pre-
sumably safe limits.
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PART I 

Continuing current trends and patterns of energy use would lead to 

global warming of as much as 4 degrees Celsius (°C) by the end of 

this century even if the modest current mitigation commitments are 

kept. Some observers think we will run out of fossil fuels before 

cumulative carbon emissions have led to unsustainable climate 

change. That seems unlikely given recent large discoveries of uncon-

ventional fossil fuels and improved exploration and production tech-

niques. The main climate action priority therefore must be to 

gradually transform the way we produce and use energy. The next 

two chapters discuss issues related to energy efficiency and cleaner 

energy that cut across the sector-specific policy priorities covered in 

chapters 6–10. Natural resource management, the third main prior-

ity, relates more directly to policies for agriculture and forestry, dis-

cussed in chapter 10. 

Energy efficiency and cleaner energy would address severe market 

failures contributing to the climate change problem. One of these 

failures is that households and firms often use more energy to 

perform a given task than is necessary and economically beneficial. 

Lower or zero-emission energy more directly addresses the contribu-

tion of traditional fossil-fuel emissions to local air pollution and global 

warming.

Priorities for a Low-Carbon 
Transformation 
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As chapters 2 and 3 show, energy efficiency and cleaner energy 

objectives are interwoven in a number of areas. Both contribute to 

reducing environmental impacts relative to economic output. Energy 

efficiency can prevent growth in energy consumption and emissions 

that would otherwise result from economic growth. But achieving 

climate objectives will require absolute reductions in emissions, 

which will require both greater energy efficiency and a greater share 

of clean energy. 

The cost-effectiveness of energy efficiency investments also 

depends on the price of energy. Where energy production—whether 

traditional or clean—is subsidized, energy efficiency measures become 

less profitable. Fossil-fuel subsidies are hard to justify even on social 

grounds because there are far more efficient ways to deal with afford-

ability issues. By the same token, clean-energy subsidies should be 

scaled back as these technologies reach market competitiveness, so 

that incentives for greater energy efficiency remain strong.

Energy efficiency and clean-energy investments also share simi-

larities when it comes to financing. Both require high up-front 

investments and relatively low operations and maintenance costs. 

Promoting them therefore requires similar financing instruments. 

Finally, energy efficiency is also an important part of energy sector 

planning. Europe and Central Asia (ECA) will need to replace a large 

share of the energy capital stock and build some new generation capac-

ity. Given the need for a low-carbon transition, the speed at which 

technology and prices have changed recently, and possible impacts of 

climate change on the power sector itself, improving energy efficiency 

can delay or even avoid costly and possibly suboptimal investments. 

Chapter 2 begins by showing that because ECA countries signifi-

cantly reduced energy intensity—the amount of energy that is used 

to produce a dollar of gross domestic product (GDP)—they avoided 

increases in total energy use that would have been expected with 

economic growth. Efficiency will continue to be an important com-

ponent of climate action but will not by itself achieve sufficient 

reductions in energy use and emissions. The chapter discusses policy 

options for overcoming barriers to energy efficiency investments and 

concludes with a survey of financing options that are also relevant 

for clean-energy investments. 

Chapter 3 discusses several sources of uncertainty that influence 

power sector investment planning. It argues that these uncertainties—

in terms of regulations, technology development, and climate 

impacts—favor an increasing share of smaller-scale, decentralized, and 

clean-energy generation as ECA’s power sector replaces and expands 

its energy infrastructure over the coming decades.
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CHAPTER 2

Energy Efficiency1

Main Messages

•	 Energy use in relation to output in much of Europe and 

Central Asia (ECA) is still high. If the region produced out-

put as efficiently as the Organisation for Economic Co-

operation and Development (OECD) average, it could save 

energy equivalent to South America’s entire consumption. 

But ECA’s energy intensity has been falling—on track to 

gradually converge with Western European levels while 

also contributing to overall productivity gains.

•	 Introducing an economywide tax on emissions would pro-

mote energy efficiency but is politically difficult. Achieving 

higher energy efficiency will therefore involve numerous 

sector-specific policies. Price instruments, including revenue-

neutral environmental taxation (ecotax) reform, can best 

trigger market-friendly solutions. Regulations and incentives 

will sometimes be necessary to overcome behavioral or 

financial barriers.
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On September 4, 1882, the world’s first electric power plant started 

its operation in New York City.2 The Edison Electric Illuminating Co. 

had spent two years building the Pearl Street Station, where a steam 

engine drove six 27-ton “Jumbo” generators with a capacity of 100 

kilowatts. The first underground electric mains had been installed the 

year before and enabled connection to individual customers in lower 

Manhattan. This system established the model of electricity genera-

tion, transmission, and distribution that persists to this day. But Edi-

son’s enterprise differed from today’s electric utilities in one crucial 

respect: rather than selling kilowatt-hours, his first 59 customers pur-

chased electric light. Rather than electricity, they bought the services 

that electricity provided. It was therefore in the interest of Edison’s 

company not only to generate electricity as efficiently as possible but 

also to produce lightbulbs that required the least amount of energy. 

This model did not survive. Soon, electric utility profits started to 

depend on how much electricity they sold, and lightbulb manufac-

turers worried little about how much electricity their bulbs consumed 

because customers paid the utility bill.

Edison’s business model of selling “illumination” rather than 

electrons highlights one of the most important aspects of energy 

efficiency: people do not want to consume energy; they want to 

consume the services that energy provides. So reducing energy con-

sumption is not welfare reducing as long as it delivers comfortable 

temperatures in buildings, convenient travel, or the use of time-

saving household appliances. Countries achieve similar living stan-

dards at levels of energy consumption that sometimes vary by an 

order of magnitude, as shown in figure 2.1. 

•	 Although a wide range of energy efficiency policies has 

been used, there is scope for further policy innovation, 

sharing experience across countries, and learning from eco-

nomic and impact analysis. 

•	 Economic growth—facilitated by higher energy efficiency—

leads to more energy use, so total energy consumption and 

associated greenhouse gas emissions have not been falling 

as they must to achieve climate goals. Energy efficiency’s 

contribution to emission reduction will thus be largely indi-

rect by helping to create the wealth required for a transition 

to clean energy sources.
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Some of these differences can be explained by climate (see, for 

example, Neumayer 2002). Very cold places need a great deal of 

energy for heating, and hot places need more energy for cooling. 

Some differences can be explained by economic structure: a large 

mining and basic manufacturing sector requires more energy input 

than a service economy. But the differences also have to do largely 

with how efficiently energy is used for household, commercial, and 

industrial uses. A main determinant of these remaining differences is 

the price of energy, which tends to be lower in countries with large 

deposits of oil, natural gas, and coal. Per capita energy use in coun-

tries with fossil-fuel reserves—including several in ECA—is about  

80 percent higher on average than in countries with no reserves, 

and the larger the reserves relative to population, the larger the 

energy use, as figure 2.2 illustrates.3

ECA countries have substantial untapped potential to reduce 

energy consumption relative to economic output. If the region 

could match the OECD’s average energy intensity, it would pro-

duce its current output using around 42 percent less energy, saving 

FIGURE 2.1
Countries’ Per Capita Energy Consumption Relative to Per Capita 
Incomes, 2009

Source: IEA 2011.
Note: Blue dots indicate Europe and Central Asia countries; green dots indicate other countries; toe = tons of oil 
equivalent.
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around 570 million tons of oil equivalent (mtoe)—or more than all 

of South America’s energy consumption in 2009.4 The Russian 

Federation alone could save the equivalent of the energy use of the 

United Kingdom—or, with best available technology, the even-

higher equivalent of France’s energy consumption (Bashmakov et al. 

2008; IEA 2011). Because most energy is still derived from fossil 

fuels, lowering energy use also helps keep greenhouse gas (GHG) 

emissions in check. The International Energy Agency (IEA) expects 

that energy efficiency could contribute up to half of the required 

emission reductions needed to limit temperature changes to pre-

sumably safe levels. 

This chapter discusses an important empirical observation about 

energy intensities (the ratios of primary energy consumption to 

gross domestic product [GDP]) in ECA: although they are still high 

in many of the region’s countries, they have much improved and are 

gradually moving toward Western European levels. This is signifi-

cant for economic growth because lower energy intensities, through 

FIGURE 2.2
Countries’ Per Capita Energy Consumption Relative to Per Capita 
Fossil-Fuel Reserves, 2009  

Sources: IEA 2011; BP 2011. 
Note: Fossil-fuel reserves include oil, natural gas, and coal. Includes all countries with significant fossil-fuel reserves for 
which data were available. Blue dots indicate Europe and Central Asia countries; green dots indicate other countries; toe = 
tons of oil equivalent.
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improved energy efficiency, raise the productivity of firms. Improved 

energy efficiency in ECA has led to a decoupling of economic 

growth and energy use. But because of rising GDP, energy con-

sumption and GHG emissions have, at best, remained constant 

rather than falling, which would be necessary to keep climate 

change in check. 

The chapter then briefly reviews the well-studied but largely 

unresolved issue of why seemingly profitable energy efficiency 

opportunities are often ignored; it subsequently summarizes the 

energy efficiency policies that have worked. Stuggins, Sharabaroff, 

and Semikolenova (2013) discuss household-level energy effi-

ciency in more detail, and chapters 6–10 do so for specific sectors. 

The chapter concludes with a discussion of fiscal and financing 

instruments. Environmental taxation (or ecotax) has become an 

important tool to encourage energy savings, while productive 

deployment of the resulting revenue can promote growth. Financ-

ing energy efficiency and investing in clean energy share many 

characteristics, so they are discussed together in this chapter. 

These financing instruments make it easier to obtain funding for 

projects that are perceived as risky or that have high initial costs 

with long payback periods. 

Energy Intensities Still High but Converging

Energy intensities are still higher in much of ECA than in the Euro-

pean Union (EU)-15 countries, as shown in figure 2.3.5 In 2009, the 

average ECA country used twice as much energy to produce a given 

amount of output as the average EU-10 country—0.29 kilograms of oil 

equivalent (kgoe) versus 0.14 kgoe per US$ purchasing power parity 

(PPP), GDP, respectively. The variation across countries is large. 

Uzbekistan has by far the highest energy intensities at 0.73 kgoe per 

US$, followed by Kazakhstan (0.49), Serbia (0.44), and Russia (0.42)—

each of which is more than three times the EU-15 average. On the 

other hand, 16 countries in ECA do better than the worst performer in 

the EU-15: Finland. Albania, Croatia, and Turkey have the lowest 

energy intensities, all below the EU-15 average.

Between 1995 (when energy intensities peaked after the transi-

tion from Communism) and 2009, ECA countries lowered energy 

intensities by about 4 percent per year—to almost half their initial 

values. The EU-10, Turkey, and the Western Balkan countries6 

already had levels similar to those in the EU-15, as figure 2.4 illus-

trates. The most impressive reduction was achieved in the Southern 
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FIGURE 2.3
Energy Intensities in Europe and Central Asia  
Countries Relative to EU-15 Average, 2009

Source: IEA 2011.
Note: Energy intensity is the amount of energy used to produce US$1 of GDP. kgoe = kilogram of oil equivalent; PPP = 
purchasing power parity; EU = European Union.

0.0 0.1 0.2 0.3
kg of oil equivalent per US$ GDP PPP

0.4 0.5 0.6 0.7 0.8

Uzbekistan

Kazakhstan

Serbia

Russian Federation

Ukraine

Turkmenistan

Belarus

Moldova

Kyrgyz Republic

Tajikistan

Estonia

Bulgaria

Czech Republic

Georgia

Macedonia, FYR

Slovak Republic

Lithuania

Bosnia and Herzegovina

Romania

Hungary

Armenia

Poland

Azerbaijan

Latvia

Slovenia

Croatia

Turkey

Albania

ECA
average

EU-15
average

Caucasus (Armenia, Azerbaijan, and Georgia), where Azerbaijan 

managed to reduce energy intensity by 12.5 percent per year—from 

0.9 kgoe per US$ to 0.16 kgoe per US$—largely due to rapid GDP 

growth but also because of effective energy efficiency policies. Georgia 

improved its energy intensity by 8 percent per year, from 0.53 kgoe 
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per US$ to 0.2 kgoe per US$. The Central Asian countries as well as 

a group including Belarus, Moldova, and Ukraine also showed rapid 

reduction, while Russia’s energy intensity dropped by a relatively 

moderate 3.5 percent per year. 

ECA countries with high initial energy intensity levels achieved 

faster improvements than those economies that already had lower 

energy intensity, as shown in figure 2.5, panel a. This is consistent 

with the general observation that high energy intensities in the 

region’s countries reflected significant inefficiencies in energy use 

and not just a higher share of energy-intensive industries. All coun-

tries are gradually moving toward the energy intensity levels of the 

EU-15. The chart in figure 2.5, panel b, compares the distributions of 

countries’ energy intensities in 1995 and 2009. Not only has the 

average intensity decreased, but the distribution is also narrowing so 

countries’ energy intensities are becoming more similar. 

Rapid drops in energy intensities in most ECA countries after 1990 

are not a surprise, given the inefficient industrial structures the 

region inherited. But intrinsic energy efficiency gains (lower energy 

use to produce the same amount of a specific good) have been a more 

important driver of falling energy intensity than structural change 

FIGURE 2.4
Energy Intensities in Europe and Central Asia Relative to EU-15 Levels, 
1990–2009

Sources: Calculations based on data from IEA 2011 and World Bank, World Development Indicators.
Note: Energy intensity is the amount of energy used to produce US$1 of GDP. The shaded area represents the 
minimum-maximum range of the EU-15. EU-10 + 1 includes the EU-10 countries plus Croatia; kgoe = kilograms of oil 
equivalent. 
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FIGURE 2.5
Convergence in Energy Intensity within Europe and Central Asia, 1995–2009

Source: Based on data from IEA 2011.
Note: Energy intensity is the amount of energy used to produce US$1 of GDP. kgoe = kilograms of oil equivalent.
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(producing different goods that require lower energy inputs).7 

Chapter 7 discusses these trends for the production sector. 

With Growth after Transition, Improvements in Energy 
Intensity

Figure 2.6 shows the same energy intensity trajectories as in figure 2.5 

but in relation to per capita incomes. After 1990, economic output in 

Eastern European and Central Asian transition countries initially 

dropped for a number of years, in some countries quite significantly. 

Energy consumption also fell but not as much—because some basic 

energy services continued to be delivered even with lower income 

and production—which led to an initial worsening of energy 

intensities. 

Subsequent declines in energy intensity and increases in per capita 

income occurred largely in tandem, though the trends differed con-

siderably across ECA depending on the countries’ varying starting 

points. In the Southern Caucasus region, the decline in energy inten-

sity was accompanied by an acceleration in per capita economic 

growth (hence the curvature of the trace of points for that region in 

figure 2.6). In other regions, the comparisons of the two rates of 

change do not seem to show as discernible a change over time. The 

relationships look similar but less pronounced across Central Asia; a 

group including Belarus, Moldova, and Ukraine; and Russia, 
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FIGURE 2.6
Energy Intensities in Europe and Central Asia, by Country Group 
Relative to European Union, 1990−2009

Source: Data from IEA 2011. 
Note: Per capita GDP is indicated as PPP GDP in 2000 US$ (log scale). Energy intensity: kilograms of oil equivalent per 
US$1,000 PPP GDP. The blue lines show the average regional trajectories, starting at the higher energy intensity levels. 
Green circles indicate individual country values. “Caucasus” includes Armenia, Azerbaijan, and Georgia. “Balkans” include 
Albania, Bosnia and Herzegovina, Croatia, Kosovo, FYR Macedonia, Montenegro, Serbia and Slovenia.
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although actual energy intensities and per capita incomes differ con-

siderably among them. Much smaller declines in energy intensity 

occurred in the Western Balkans and especially in Turkey as per cap-

ita incomes rose. 

As such, these patterns do not establish causality. However, they 

do highlight that one important potential channel for enhancing 

growth is increasing energy efficiency to overcome past distortions in 

energy use that have been economically wasteful. By lowering the 

use of a costly input, energy efficiency can increase productivity and 

households can use energy savings to buy other things. Thus the pat-

terns in figure 2.6 again suggest how growth in countries with the 

highest energy intensity was, to a great extent, predicated on 

removal of preexisting distortions that also engendered serious 

energy inefficiency. In such circumstances, encouraging energy effi-

ciency is a growth strategy with climate benefits (as box 2.1 further 

discusses).

Lower Energy Intensity Insufficient to Reduce Greenhouse 
Gas Emissions 

Economic growth benefits from greater energy efficiency, but if 

dangerous climate change is to be avoided, climate action must also 
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BOX 2.1

Energy Efficiency, Energy Intensity, and Growth

A country’s energy intensity tends to first rise as the economy shifts from agriculture to indus-

tries and then tends to fall as it moves toward higher-value manufacturing and services.8 This 

pattern raises two questions: Can policies reduce the energy-intensity peak and induce a more 

rapid turnaround and reduction in energy intensity? And would speeding up this process also 

speed up growth? 

The first question is easier to answer. Almost every country has policies to increase energy 

efficiency that either tax energy use or introduce regulations that force companies and house-

holds to lower energy inputs to production and consumption. Where large initial inefficiencies 

exist, the required investments have a high rate of return.

The second question is more difficult because isolating the causal effect of energy efficiency 

on growth is difficult. Growth is influenced by numerous other factors, and many are more sig-

nificant than energy efficiency. Further, abundant domestic fossil energy endowments can both 

fuel economic growth through export earnings and encourage wasteful domestic energy use. 

Analysis is hampered by the paucity of data on energy efficiency proper and usually has to rely 

on a measure of energy intensity instead. Without controlling for other factors, higher-income 

countries in ECA generally have lower energy intensities, as figure B2.1.1, panel a, shows.

Countries that grew faster also reduced energy intensity the most over the past decade. This 

change of energy intensity is due to both GDP growth itself and genuine improvement in energy 

efficiency, with the relative contribution varying by country. Therefore, lower energy intensity 

does not necessarily imply falling total energy use.

Uzbekistan

a. Energy intensity relative to incomes

0
0

1

2

3

4

5

6

7

8

5,000  10,000  15,000  20,000  25,000

En
er

gy
 in

te
ns

ity
, 2

00
9,

 k
go

e/
GD

P 
(P

PP
 2

00
0 

US
$)

Per capita income, 2009 (PPP 2000 US$)

b. Energy intensity relative to growth

Azerbaijan

Kazakhstan

Turkmenistan

–16
–14
–12
–10

–8
–6
–4
–2

0
2

0 2 4 6 8 10 12 14 16A
ve

ra
ge

 a
nn

ua
l %

 c
ha

ng
e 

in
 e

ne
rg

y
in

te
ns

ity
, 2

00
0–

09

Average annual PPP GDP growth, 2000–09 (%)

Source: IEA 2011.
Note: Energy intensity is the amount of energy used to produce US$1 of GDP; kgoe = kilograms of oil equivalent; PPP = purchasing power parity.

FIGURE B2.1.1
Energy Intensity (2009) and Average Annual Change in Energy Intensity (2000–09)  
of Europe and Central Asia Countries 

continued



Energy Efficiency� 37

What might be the channels by which energy efficiency policies encourage growth?

•	 Higher energy costs will encourage firms to reduce the energy input in their production 

processes. Energy efficiency policies will stimulate investment and innovation, provided 

that an unrealized energy savings potential exists and taxes or regulatory costs are not 

excessive. If energy prices increase further—as is likely because of resource scarcity and 

rising energy exploration and production costs—energy-efficient firms will be more com-

petitive internationally. This is particularly evident in sectors that are sensitive to energy 

prices. 

•	 By taxing energy, governments raise revenue while encouraging energy efficiency. If there is 

a shortfall in public goods that affects companies, governments can spend revenues on 

growth-enhancing investments that lower companies’ costs—such as education that 

increases the availability of skilled workers. Where government revenue is spent inefficiently, 

these benefits will not be realized and such policies could be growth reducing.

•	 Where nonwage labor costs like health care or social security are high, energy tax revenues can 

be used to lower them. This encourages companies to reduce their use of energy and to hire 

workers. Additional employment creates extra consumption, stimulating growth. Implemented 

well, such ecotax reforms yield a “double dividend,” reducing environmental damages and low-

ering distortions or costs in the overall tax system (Cottrell 2011; Jones, Keen, and Strand 2012).

•	 For energy-importing countries, foreign exchange reserves used to buy energy abroad can 

instead be invested domestically. 

•	 �Higher energy costs or regulations also encourage households to use less energy. Even if 

there are initial investments, they will be recovered in the long-term savings that can result in 

growth-promoting consumption. 

•	 Reduced output from polluting fossil-fuel power plants or industrial facilities due to improved 

energy efficiency lowers health impacts and associated costs to the economy (see chapter 5).

Energy efficiency can, but does not have to, increase growth and competitiveness. Some 

countries will grow even though they do not use energy efficiently. The United States and Can-

ada are highly competitive and innovative despite consuming more than 60 percent and 110 

percent more energy per unit of output, respectively, than the best performers in Western 

Europe. They still achieve relatively low energy intensity with very high energy consumption 

because output is also very high. But little of that output today comes from industries that 

directly compete with Western European or Asian companies that are more energy efficient. 

Most of the economic growth in the United States and Canada is in services and high-end man-

ufacturing, where energy accounts for a small share of input costs.

BOX 2.1 continued
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significantly reduce the absolute volume of energy-related GHG 

emissions. There is a lively debate over whether energy efficiency 

will really be able to generate reductions in total energy consump-

tion and emissions. This debate centers on the size, or indeed the 

existence, of the so-called energy rebound effect, or “Jevons’ para-

dox,” named after a 19th-century British economist, who wrote in 

1865: “It is wholly a confusion of ideas to suppose that the econom-

ical use of fuel is equivalent to a diminished consumption. The very 

contrary is the truth” (Jevons 1866). In a narrow sense, the rebound 

effect implies that as energy efficiency improves, the cost of using 

energy-consuming goods and services goes down and people will 

use more of them. As fuel efficiency of cars goes up, people will 

drive their cars more because the cost per kilometer of travel goes 

down. A large literature on this topic suggests that this is indeed the 

case but that this increase is relatively modest, in the range of 10–20 

percent (Madlener and Alcott 2009; Maxwell et al. 2011).9

In a broader sense, economywide effects can offset the gains from 

energy efficiency. Where energy efficiency increases productivity 

and accelerates growth, more economic activity occurs and wealth-

ier households consume more goods. Rather than not owning a car 

or sharing one in a household, each adult family member will buy 

one. Energy use will grow accordingly. Even as there has been a 

decoupling of energy use from economic growth, total energy 

consumption and the emissions it causes have not come down in 

most ECA countries, whose citizens, at lower per capita incomes, 

still have a large pent-up demand for energy consumption, as shown 

in figure 2.7.10 The Slovak Republic, Ukraine, and Uzbekistan are 

examples. Only a few EU-15 countries, such as Belgium and 

Germany, have been able to reduce emissions, even with slower 

drops in energy use. In these countries, an already high living stan-

dard—where most who want a car already own one—coincides 

with a smaller share of energy-intensive industries and effective 

energy efficiency and renewable energy policies. 

Under a simple scenario for ECA, on the other hand—with eco-

nomic growth at 4 percent and a continuation of past energy intensity 

trends moving toward a gradual convergence with the EU-15— 

total energy consumption would not drop at all, as figure 2.8 illus-

trates. Moreover, unless the region begins using greener energy 

sources, emissions would not drop, either.

Taken together, the charts in this section indicate that ECA coun-

tries are approaching the energy efficiency levels of their Western 

European neighbors—though at different speeds and with room to 

improve. These energy efficiency gains can support growth and raise 
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FIGURE 2.7
Trajectories of Economic Output, Energy Intensity, and Carbon Dioxide 
Emissions, Selected Eastern European and Central Asian and Western 
European Countries, 1990–2010 

Source: IEA 2011. 
Note: Energy intensity is the amount of energy used to produce a defined unit of GDP, in this case ktoe per US$ billions of 
GDP. Ktoe = kilotons of oil equivalent; CO2 = carbon dioxide. 
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living standards, but they are insufficient to reduce overall energy 

consumption or to lower GHG emissions. At best, both energy use 

and emissions would remain flat for the foreseeable future. 

For climate action, this means, as IEA scenarios suggest, that 

energy efficiency could indeed contribute about half of the emission 

reductions needed to achieve climate stabilization goals and will be a 

major component in national energy transition strategies. But this 

would mean that the ECA region will simply “tread water” in terms 

of emission growth. Therefore, energy efficiency should primarily be 

seen as a way to stabilize carbon emissions. Its role in reducing emis-

sions will be indirect: by helping to achieve growth, energy efficiency 
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also helps to generate the financial resources needed to fund the 

transition to a low-carbon energy future (see also Herring 2006). 

Why Promoting Energy Efficiency Is Often Difficult

Improving energy efficiency appears deceptively simple. Economic 

and engineering studies—neatly summarized in marginal abatement 

cost curves—suggest that many energy efficiency investments have 

very attractive rates of return. They are expected to pay for themselves 

in a few years. But take-up in the real world, including in ECA, has 

been woefully slow aside from the relatively easy initial gains through 

economic restructuring and more market-oriented energy pricing. 

Much has been written about why this is the case, but no clear 

consensus has emerged. There are a number of possible reasons: 

•	 Engineering studies focus too much on up-front costs and ignore 

opportunity costs or unobserved factors such as the risk of using 

new equipment or lack of implementation capacity (see box 2.2). 

FIGURE 2.8
Projected Trajectories of Economic Output, Energy Intensity, and 
Carbon Dioxide Emissions in Europe and Central Asia Countries,  
2000–30
2000 = 0 

Source: IEA 2011. 
Note: This scenario assumes 4 percent growth, and energy intensity convergence implies a continued decrease of 
1.8 percent per year in EU-15 countries and 3.5 percent in ECA countries. This illustrative scenario differs from that in 
World Bank (2010b), referred to later in this report, which assumes a growth rate of 4.4 percent, energy intensity reduc-
tion of only 1.2 percent per year, and therefore an energy consumption growth of 3.1 percent. PPP = purchasing power 
parity; CO2 = carbon dioxide. Energy intensity is the amount of energy use per unit of GDP.
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BOX 2.2

MAC Curves Can Make the Energy Efficiency Challenge Look Easier than It Is

No report on climate change mitigation today is complete without showing a marginal abate-

ment cost (MAC) curve. A MAC curve is a graphic representation of the relative economic costs 

of different mitigation technologies, many of which involve energy efficiency investments. The 

cost per unit of emission reduction is shown on the vertical axis, and the total amount of poten-

tial reductions on the horizontal axis. Mitigation technologies are arranged from lowest to high-

est costs, so the cheapest options appear on the left (typically with negative costs, meaning 

adopting them would actually save money), and the most expensive ones are toward the right. 

The basic idea is that any option with a unit cost below zero, or below a given carbon tax, can be 

profitably implemented. Most recently, MAC curves have been popularized by the global con-

sulting firm McKinsey & Company. But electricity MAC curves were already used in the early 

1980s in the aftermath of the oil crisis. For carbon emissions, they were first used in the early 

1990s.

MAC curves are effective in summarizing a bewildering range of technical measures in an 

easily understood graphic. But they have some limitations (see, for example, Ekins, Kesicki, and 

Smith 2010): 

•	 Basic economics would suggest that there should not be large unexploited opportunities at 

negative costs—that is, mitigation options that more than pay for themselves. If they are 

highly profitable, why have markets not seized these opportunities? One reason could be that 

MAC curve calculations ignore additional nontechnical costs, such as transaction costs or 

adjustment costs (for example, the employment impacts of switching from labor-intensive 

coal to imported gas for power generation). Another reason is that market and behavioral 

failures may prevent their adoption, as discussed elsewhere in this chapter.

•	 MAC curves sometimes underestimate not only costs but also the co-benefits of climate 

action. For example, excluding the health benefits of switching from coal to renewable power 

leads to overestimating the cost of solar and wind energy.

•	 MAC curves share the problem of many analytical tools in that they are a static representation 

of a dynamic process. Implementing one or more of the options will change the relative costs 

of others. For instance, large investments in renewable energy will affect the climate benefits 

from energy efficiency measures. In addition, assumptions that appear valid at the time of 

producing the MAC curve—such as the price of oil—may not hold in the future. So the shape 

of the curve is constantly changing, in large part as a direct response to policies. In addition to 

these general concerns, the utility of MAC curves is often difficult to evaluate when the data 

and assumptions that went into their construction are not published.

continued
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•	 Similarly, engineering estimates based on ideal conditions or moti-

vated by commercial interests may not reflect real-world condi-

tions. Predicted energy savings from building insulation, for 

instance, are often larger than those actually realized. 

•	 Energy efficiency policies need to be tailored to numerous indi-

vidual sectors and subsectors because energy is used in just about 

every economic and consumption activity (as described in chapters 

Abatement curves are useful as an initial ranking of mitigation options. But the MAC curve 

debate shows that reducing the task of climate change mitigation to a simple choice between 

competing technologies ignores some real-world complexity. Technology will play a crucial, per-

haps dominant, role in addressing the climate problem. To properly deploy it also requires con-

sidering behavioral issues and market imperfections, being aware of the dynamic interactions 

between different policy choices, and paying attention to the inherent uncertainty in processes 

that will play out over many decades.
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FIGURE B2.2.1
Marginal Abatement Cost (MAC) Curve of Climate Change Mitigation Technologies for 
Poland, 2030

Source: World Bank 2011. 
Note: The bar width is the amount that emissions can be reduced against business-as-usual levels projected for 2030. €/tCO2e = euros per ton of carbon 
dioxide equivalent; MtCO2e = millions of tons of carbon dioxide equivalent; LDV = light duty vehicles; CCS = carbon capture and storage. 

BOX 2.2 continued
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BOX 2.3

Small Energy Savings Can Avoid Big Power Plant Investments 

Improving energy efficiency in ECA will require numerous changes in technology and behav-

ior. High-tech solutions will be required, but large gains can come from relatively simple 

actions by firms and home owners. One power company executive “fell in love with 

customer-communication technology, real-time price signals, and fantastic sensory capability 

in 1998. I have only now come to realize that what I really wish my customers would do [is] to 

use more caulking.” 

Because energy is used in all walks of life and all economic sectors, the energy efficiency 

challenge is highly diffuse. Relatively concentrated improvements in the industrial sector 

present large efficiency opportunities. The ECA region’s iron and steel, cement, and pulp 

and paper industries could reduce energy consumption by half while maintaining or increas-

ing output (see chapter 7). Supply-side efficiency projects have high rates of return. This is 

especially the case for efforts to reduce losses in transmission and distribution, which are 

more than 35 percent in countries like Albania, Kosovo, and Moldova. However, equally profit-

able are more diffuse targets, such as replacement of incandescent lighting with compact fluo-

rescent or light-emitting diode (LED) lightbulbs. A modest US$5 million program to promote 

efficient lightbulbs in Poland saved more than 430 gigawatt-hours (GWh), equivalent to the 

total annual electricity consumption of 43,000 households. Overall, as discussed in the sec-

toral chapters (6–10), large energy savings will come from millions of individual firm and house-

hold-level investments and behavioral changes in practically all sectors of the economy.

A particularly impressive example from China illustrates the potential. First envisioned more 

than 90 years ago, China’s Three Gorges Dam has an installed capacity of more than 20 giga-

watts (GW), making it the largest power plant in the world. Its construction took 17 years; cost 

more than US$30 billion; and required 27 million cubic meters of concrete, 463,000 tons of steel, 

and the displacement of 102 million cubic meters of earth. The dam’s social and environmental 

impacts are significant: 1.2 million people were relocated from the 1,084-square-kilometer reser-

voir area. The dam helps control flooding and facilitates shipping on the Yangtze River down-

stream, but it also causes sedimentation and erosion and might worsen water quality.

The Three Gorges Dam will produce about 85 terawatt-hours (TWh) of electricity per year. 

This is equivalent to the total electricity and heat output of countries such as Romania or 

Vietnam (IEA 2011). It is also equivalent to the annual amount of electricity that could be saved 

by 2020 if all of China’s air conditioners and refrigerators complied with the country’s 2005 appli-

ance standards. By 2030 the equivalent of two Three Gorges Dams would be saved. The com-

parison is even more striking when expressed in monetary terms. The energy savings come at 

retail (consumer) price levels, which are typically twice the wholesale producer prices realized 

by the Three Gorges power plant operator.

continued
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This example illustrates that energy efficiency should be considered a source of energy. 

Some call saved electricity “negawatts.” Seemingly small energy savings at the household level 

add up to a point where they replace large investments in new power plants. A fast-growing 

economy such as China will require both new capacity and faster efficiency gains. But by invest-

ing in energy efficiency, construction of many new power plants can be avoided. A rule of thumb 

often quoted by energy economists is that a dollar invested in energy efficiency avoids two 

dollars spent on new capacity.

BOX 2.3 continued
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FIGURE B2.3.1 
Projected Electricity Savings from Appliance Energy Efficiency Standards in China, 
2015–30

Sources: Rosenfeld and Poskanzer 2009; IEA 2007; Stone 2008; Embassy of China 2010; World Bank 2010b.
Note: Bars indicate electricity savings, in TWh per year, if all air conditioners and refrigerators meet existing standards. TWh = terawatt-hours.

6–10 of this report). Very large gains can come from many spread-

out energy savings that individually are quite small (see box 2.3). 

However, policy coordination and effective implementation is a 

challenging task, especially in lower-income countries with lower 

institutional capacity. 

•	 The most often-cited reason is that a number of failures in energy, 

capital, innovation, and information markets—as well as quirks in 

human behavior—inhibit the uptake of profitable energy efficiency 

investments, as shown in table 2.1 (Gillingham, Newell, and 

Palmer 2009).
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These market failures have two main consequences: One is that 

households and firms use more energy than is socially optimal, for 

instance by heating more than would be necessary with even small 

investments in reducing heat leaks around windows. The second is 

that they make inefficient investment decisions, focusing on up-front 

costs and discounting long-term energy savings when buying 

machines, cars, or appliances (Allcott and Greenstone 2012). A low 

cost of energy—below full-cost recovery levels in low-income 

countries and below the social cost in middle- and high-income 

countries—encourages excessive energy use because users respond 

to prices.

Direct and indirect subsidies to energy producers or consumers 

persist in several ECA countries and encourage the more liberal use 

of energy. In 2000, total underpricing of energy—the gap between 

market prices and prices charged—exceeded 10 percent of GDP in 

Albania, Azerbaijan, Georgia, the Kyrgyz Republic, Moldova, 

Serbia, and Tajikistan (Ebinger 2006). Subsidy reform is politically 

TABLE 2.1
Market and Behavioral Failures Affecting Energy Efficiency and  
Low-Carbon Investments

Potential market failures Potential policy options

Energy market failures

Environmental externalities Emissions pricing (tax, cap-and-trade)

Average-cost electricity pricing Real-time pricing, market pricing

Energy security Energy taxation, strategic reserves

Capital market failures

Liquidity constraints Financing, loan, energy services programs

Innovation market failures

R&D spillovers R&D tax credits, public funding

Learning-by-doing spillovers Incentives for early market adoption

Information problems

Lack of information, asymmetric information Information programs

Principal-agent problems Information programs

Learning by using Information programs

Potential behavioral failures Potential policy options

Prospect theory (preferences such as loss aversion) Education, information, product standards

Bounded rationality (nonrational decision making) Education, information, product standards

Heuristic decision making Education, information, product standards

Source: Adapted from Gillingham, Newell, and Palmer 2009.
Note: R&D = research and development.
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difficult, but the experiences in a number of countries provide 

useful insights on how to approach it, as discussed in box 2.4 (see 

also Bacon, Ley, and Kojima 2010; and Vagliasindi 2012). New 

estimates for a selection of the region’s countries, for which consis-

tent data were available, suggest that several have greatly reduced 

power sector subsidies. Tajikistan’s subsidies, for instance, dropped 

from 28 percent to less than 2 percent in 2009, as figure 2.9 shows. 

On the other hand, total energy sector subsidies (oil, gas, coal, and 

electricity) remain high in many countries. Consumption subsidies 

alone were US$39.2 billion in Russia in 2010, US$11.9 billion in 

Uzbekistan, US$7.7 billion in Ukraine, US$5 billion in Turkmenistan, 

US$4.3 billion in Kazakhstan, and US$0.8 billion in Azerbaijan.11 

BOX 2.4

Energy Price Reform: Lessons from a World Bank Review

The removal of energy subsidies is associated with substantial reductions of CO2 emissions. In 

the transition countries, the World Bank has supported energy price reforms through technical 

assistance and policy advice as well as investment, and in most cases, the reforms have led to a 

decline in emission intensities. In Ukraine, for example, energy tariffs (electricity, gas, and coal) 

were increased by 25–50 percent during 2002–07, and CO2 emissions dropped from 8.3 tons 

per dollar of GDP in 2002 to 5.9 tons in 2007.

Price reform should be accompanied by a poverty and social impact analysis (PSIA) and mon-

itoring. Energy price reform poses social and political risks, but better-targeted and more effec-

tive social protection systems supported by strong analysis can mitigate these challenges. This 

process includes systematic analysis and monitoring of the distributional impact of energy price 

reform (see chapter 5). Experiences in both Ghana and Indonesia, where people were compen-

sated when fuel prices increased, suggest that careful analysis and preparation can inform the 

design and implementation of price reforms and buffer their impacts.

Energy efficiency measures and a reduction in subsidies should be promoted to mitigate the 

burden of the low-carbon transition. Savings from reduced subsidy payments could fund effi-

ciency investments, such as mass distribution of energy-efficient lightbulbs. However, few proj-

ects have employed such mechanisms. An exception is the China Heat Reform and Building 

Efficiency Project, which linked improved insulation with heat pricing. Strong collaboration 

across sectors is crucial for analyzing and managing the ripple effects of energy price reform. 

More broadly, climate change projects require cross-sectoral approaches that combine energy 

planning with water management, urban management, and social safety nets.

Source: World Bank 2010a.
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Investment inefficiencies, on the other hand, mean that people do 

not sufficiently invest in energy-efficient goods. The most effective 

policies to address this problem are (a) information programs that 

make consumers and firms aware of energy-efficient options and 

their long-term savings, or (b) programs that encourage disclosure of 

energy use for durable goods or homes (encouraging buyers and 

renters to make energy-saving choices). Other instruments, such as 

subsidies to purchase energy-efficient goods or performance or fuel-

efficiency standards, may sometimes be necessary but tend to be 

more costly. One study in the United States suggests that avoiding 

one ton of CO2 using the Corporate Average Fuel Economy (CAFE) 

standard costs US$222, while achieving the same with a gas tax costs 

US$92 (Jacobsen 2010).

Policies that Have Worked

There is a case for active government programs that help overcome 

these market failures or inefficiencies. Energy efficiency policies 

must have two objectives: they should address investment barriers 

holding back the use of energy-efficient goods, and they should 

reduce the energy-consuming use of those goods. One without the 

other could mean that, for instance, people buy the right number 

FIGURE 2.9
Progress on Power Sector Subsidy Reform, Selected Europe and 
Central Asia Countries, 2000 vs. 2009

Source: Calculations replicating the methodology in Ebinger 2006.
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of fuel-efficient cars but use them too much. Information programs 

and energy taxes are the preferred instruments. However, because 

problems are difficult to manage or politically sensitive, countries 

typically use a mix of instruments—sticks in the form of regulations 

and standards and carrots in the form of tax breaks and subsidies, 

augmented by investments in information provision, research and 

development (R&D), and energy efficiency improvements in the 

public sector.

Although the set of instruments to promote energy efficiency is 

quite standard—prices, regulations, and investments—their design 

and implementation is sector-specific. How they support efficiency 

improvements across all the facets of the economy is discussed in the 

sectoral chapters of this report (chapters 6–10). But some general 

points can be made.12 The first is that the sheer complexity of the 

energy efficiency challenge can give rise to a bewildering array of 

programs. A U.S. Government Accountability Office review identi-

fied 11 federal agencies involved in 94 green building initiatives.13 

The complexity of the challenge suggests an important role for a 

national energy efficiency strategy coordinated by a dedicated 

agency. Some countries in ECA have taken action. Russia, for 

instance, created an Energy Agency in 2009 tasked with promoting a 

40 percent reduction in energy intensity by 2020. 

The second point is that given the broad range of energy efficiency 

levels in the ECA region and its neighborhood, there is much scope 

for learning from each other. Western European countries that have 

significantly lowered their energy intensities, such as Ireland or Swe-

den, provide many lessons to countries with medium energy intensi-

ties in the EU-10 that are catching up to their peers. Their experience 

can inform policies in the Western Balkan countries and EU partner-

ship countries, which outperform Central Asia.14 Better mechanisms 

to transfer and adapt these lessons within the region could have high 

payoffs. 

Third, while most energy efficiency programs have been used 

widely for a long time, there is still scope for disseminating policy 

innovations. One relatively new instrument is market-based trading 

of energy savings certificates, also known as “white certificates.” The 

principle is similar to trading of emission allowances or of green cer-

tificates for production of renewable energy. The following section 

reviews environmental tax instruments that, in contrast to regula-

tions such as efficiency standards, raise revenue that can be rein-

vested. These instruments have been introduced in some ECA 

countries, but their use could be expanded. This discussion is fol-

lowed by an overview of instruments that help overcome financing 
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constraints. Some of the major issues are unique to energy efficiency, 

but some also relate to financing the low-carbon energy investments 

further discussed in chapter 3.

Environmental Taxes15

Tax instruments that change consumption through prices are often 

more efficient than regulations in achieving environmental goals. 

They also raise revenue, which sometimes blurs the line between 

environmental taxation and general revenue generation. Turkey has 

the highest gasoline prices in the world, which largely explains why 

the country ranks highest in the OECD in share of total revenue from 

environmentally related taxation. Turkey’s fuel taxes probably 

exceed an efficient level that reflects the cost of environmental exter-

nalities (Heine, Norregaard, and Parry 2012). Although these taxes 

reduced the growth in vehicle ownership and fuel consumption, they 

were in fact introduced because these transaction-based taxes are 

easier to collect than income taxes.

Environmental taxes are still unfamiliar in many countries. In the 

simplest case, environmental taxes would just flow into general rev-

enue to fund unspecified investments or tax cuts elsewhere. But to 

increase acceptance, they are often introduced as a revenue-neutral 

“ecotax reform.” Switzerland reimburses revenue from a CO2 tax 

uniformly to all citizens through the universal health insurance sys-

tem, largely for ease of implementation. Other countries earmark 

environmental taxes to achieve other policy objectives. In the sim-

plest case, this earmarking shifts the tax burden to activities that 

should be discouraged from those that should be encouraged (“tax-

ing the bads and not the goods”). So a tax on energy replaces a dis-

tortionary tax on wages, for instance. If the policy goal is 

environmental, an energy tax is usually a proxy for taxing pollution 

or carbon emissions that are much harder to measure and monitor. 

A successful tax shift generates a “double dividend,” reducing 

damage to the environment and encouraging higher output and 

employment. Two problems may arise, however: 

•	 Net employment will increase only if the new environmental 

taxes do not have an employment-reducing effect themselves as 

they make energy-intensive products more expensive. This 

requires that the tax rates be set carefully and that firms or house-

holds have the ability to reduce energy consumption by investing 

in energy efficiency. A tax reform that yields a “strong” double 
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dividend—achieving environmental gains and reducing the over-

all distortionary costs of taxation—can be a no-regrets strategy, 

even if it brings fewer environmental benefits from changes in 

energy consumption than expected. However, because such 

reforms can distort hiring decisions in energy-using sectors, a dou-

ble dividend is not guaranteed. Tax policy design matters a lot.

•	 If ecotax reform is very successful, the tax base will shrink as firms 

and households reduce energy consumption. Employment goals 

will get harder to finance. In principle, tax design could include an 

escalation factor that raises the tax in proportion to the energy sav-

ings achieved in the previous period (Von Weizsäcker et al. 2009). 

This provides a dynamic incentive for further energy efficiency 

improvements and helps keep a check on rebound effects. 

Environmental or ecological tax reform has been credited with 

large energy savings and employment gains in a number of countries. 

It raised GDP and employment by up to 0.5 percent in EU countries 

that introduced such reforms: Denmark, Finland, Germany, the 

Netherlands, Slovenia, Sweden, and the United Kingdom (Andersen 

and Ekins 2009). In ECA, the EU-10 countries are subject to environ-

mental taxes, including a minimum tax on energy. Some countries 

have gone beyond that. Slovenia introduced a CO2 tax as early as 

1997. By 2009 its environmental tax revenue represented 3.6 percent 

of GDP. The Czech Republic and Estonia have implemented environ-

mental taxes to comply with EU directives that include a tax-shifting 

element, as shown in figure 2.10. Estonia introduced air pollution 

FIGURE 2.10
Gasoline and Electricity Taxes, Relative to EU Energy Tax Directive Minimums, in Estonia and 
the Czech Republic, 2005–11 

Source: European Commission; see Cottrell 2011.
Note: EU = European Union; ETD = energy tax directive; MWh = megawatt-hour.
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charges in 2006 that were expanded to CO2 charges for electricity 

companies and later also included transport fuels and natural gas and 

electricity. Initially revenue went to an Environmental Investment 

Centre and to the general budget. More recently, revenue has been 

used to reduce labor and income taxes. The Czech Republic’s fiscally 

neutral environmental tax reform followed the German model. Taxes 

on fuel and electricity lowered social security contributions by 1 per-

cent for employees and 1.5 percent for employers. 

The Czech Republic and Estonia use a high share of fossil fuels in 

electricity generation and have high emissions as a result. Estonia has 

the highest per capita emissions in ECA because it relies on oil shale. 

The relatively large revenue raised by tax reforms has therefore been 

largely due to the high energy and emission intensity rather than tax 

rates (see figures 2.10 and 2.11). Though Estonia’s tax rates are 

increasing, they remain comparatively low, and their environmental 

benefits were comparatively low as well. For instance, emissions in 

Estonia fell by about 2 percent by 2012 over 1997 levels, compared 

with Finland’s 7 percent between 1990 and 2005 as a result of energy 

and carbon taxes. 

EU accession countries will need to revise tax systems to conform 

to EU directives. A review of environmental instruments in Com-

monwealth of Independent States countries16 also suggests there is 

potential for efficiency gains from environmental tax reform (Cottrell 

2011). The economically most efficient approach would consist of 

pollution taxes on CO2 as well as other pollutants that reflect their 

FIGURE 2.11
Overall Energy Tax Rates in the Czech Republic and Estonia Compared with Selected  
EU Countries, 2000–09

Sources: Eurostat online database (http://epp.eurostat.ec.europa.eu); see Cottrell 2011.
Note: EU = European Union; toe = tons of oil equivalent.
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total environmental cost. Ideally these should be levied upstream to 

basic energy sources—for example, imported oil or natural gas—with 

a credit for downstream capture, once operational, through carbon 

capture and storage or other abatement. One difficulty is measuring 

the size of these costs. (Chapters 5 and 8 discuss this in the context of 

health and transport.) 

Where environmental levies need to be linked to offsetting tax 

cuts to increase acceptability or where environmental tax reform 

could reduce distortions in the existing tax code, a few general prin-

ciples are useful: The tax policy needs to be transparent with a clear 

definition of environmental targets because this should determine 

tax rates. A clear focus on a limited set of important pollutants, 

including GHGs, helps clearly define the tax base. Policy analysis can 

predict the effects of policy changes, including negative impacts on 

employment or social outcomes. 

Financing the Energy Transition17

The scale and scope of needed investments to significantly reduce 

emissions from the energy sector vastly exceeds governments’ ability 

to raise and redirect financial resources. A key challenge for ECA 

countries is therefore to mobilize private investment in energy effi-

ciency and clean-energy, especially because private gains from these 

categories of energy investments often equal or exceed public bene-

fits significantly. 

To do so, governments have two main tasks: First, there must be 

sufficient long-term financial incentives for private investors to be 

engaged in energy efficiency and clean-energy markets. Credible and 

predictable climate policies such as cost-reflective energy pricing 

align incentives and motivate private participation. It is policy uncer-

tainty that deters investors more than anything. Second, investments 

in energy efficiency and clean energy pose specific financing barriers. 

They require high initial investments but generate long-term savings 

that could be attractive to financial investors. 

Barriers to Investment

The most important barriers to energy efficiency and clean-energy 

investments are the following (Taylor et al. 2008; World Bank 2010a; 

World Bank 2012): 

•	 Many energy efficiency projects have high financial rates of return 

and short payback periods, often between one and five years. 



Energy Efficiency� 53

However, many banks are unfamiliar with energy efficiency 

financing. Benefits in the form of calculated cost savings streams 

appear to be less tangible. Many banks either do not understand 

that the savings flow could back a loan, do not know how to 

appraise that flow, or simply overestimate the risks of these loans. 

•	 There is a lack of long-term financing for renewable energy. The 

capital-intensive nature of most renewable technologies results in 

a higher demand for capital, a longer payback period, and there-

fore greater exposure to market and regulatory risks. Uncertainties 

regarding the performance of new renewable technologies and the 

variable availability of natural resources (such as hydrology and 

geology) further increase the risks associated with investments in 

renewables. 

•	 There are also more general barriers that affect all types of lending. 

For example, households or small and medium-size companies are 

generally considered less creditworthy and face credit constraints 

regardless of the type of investment. When dealing with the resi-

dential sector, projects tend to be small scale and dispersed. In this 

case, transaction costs can prove daunting to banks. 

Financing Instruments

Innovative financing instruments can address these barriers to make 

private investment feasible. These instruments have to be tailored to 

the specific capital market barriers, market segments, and local con-

text. The next paragraphs discuss the most important categories of 

publicly sponsored financing instruments, and table 2.2 summarizes 

their main features.

Dedicated Credit Line through Local Financial Institutions 

Under this instrument, governments, multilateral development 

banks, and donors provide concessional loans to participating banks 

in developing countries, who in turn on-lend to beneficiaries at 

either concessional or market rates. In the case of renewable energy 

financing, the loans are with longer maturity than those available in 

the local market. 

This instrument can be used to demonstrate the financial viability 

of energy efficiency and renewable projects and to generate interest 

among local commercial banks to enter the sector. For example, the 

success of the Turkey Renewable Energy Project led local banks to 

launch long-term financing for renewable energy projects. When 
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combined with technical assistance, such loans act like training 

wheels to help local banks get familiar with appraisal and the struc-

ture of energy efficiency loans. For instance, the China Energy Effi-

ciency Financing Program was designed specifically to build capacity 

of local banks.

Partial Risk Guarantees 

A risk guarantee scheme can offer individual project guarantees or 

portfolio guarantees. This instrument can reduce the perceived 

repayment risks associated with energy efficiency projects (as in the 

Hungary Energy Efficiency Co-financing Program) or cover the spe-

cific technology risks such as insuring partial drilling costs for 

unsuccessful geothermal exploration wells (for example, the Geo-

thermal Fund in Eastern Europe). The guarantees could be useful 

for less-creditworthy borrowers (such as those with short track 

records) in underdeveloped financial markets (World Bank 2010a). 

TABLE 2.2
Market Segments for and Barriers to Energy Efficiency and Clean-Energy Financing Instruments

Financing Instrument Market Segments Market Barriers Examples

Dedicated credit line •  �Local banks’ traditional clients: 
large and medium enterprises 

•  �To reduce the perceived high risks of EE 
and RE lending by demonstrating the 
viability of EE and RE projects and 
overcoming banks’ unfamiliarity with  
these projects 

•  �To provide long-term financing for RE 

•  �Bulgaria Residential Energy 
Efficiency Credit Line 

•  �Turkey Renewable Energy Project

Partial credit or risk 
guarantees

•  �Less-creditworthy borrowers: 
SMEs and first-time ESCOs 

•  �RE technologies with resource or 
technology risks

•  �To overcome the liquidity constraints of 
less-creditworthy borrowers

•  �To mitigate the private sector’s risks of 
financing RE technologies 

•  �Hungary Energy Efficiency 
Co-financing Program

•  �Geothermal Fund in Eastern 
Europe

Equity and mezzanine 
finance 

•  �Start-up ESCOs
•  �SME developers of RE projects and 

early-stage RE technologies
•  �More-developed financial markets

•  �To address limited access to equity fund 
for SMEs

•  �To mitigate private creditors’ risks

•  �European Investment Bank
•  �Global Energy Efficiency 

Renewable Energy Fund (GEEREF)

ESCO financing and 
equipment leasing

•  �SMEs, residential sectors, and 
more-developed financial markets 

•  �To overcome high up-front costs and SMEs’ 
and households’ liquidity constraints 

•  �To bundle similar projects and reduce 
transaction costs

•  �Poland GEF Energy Efficiency 
Project

•  �Argentina Renewable Energy in 
the Rural Market

Utility financing •  �Utility customers •  �To overcome high up-front costs and 
households’ liquidity constraints 

•  �To reduce transaction costs

•  �Brazil end-use energy efficiency 
program

•  �US EE/DSM Fund in California

Source: Adapted from World Bank 2012.
Note: EE = energy efficiency. RE = renewable energy. ESCO = energy service company. SMEs = small and medium enterprises. GEF = Global Environment Facility.  
EE/DSM = Energy Efficiency and Demand Side Management.
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Loan guarantees can also be combined with technical assistance, as 

in the China Utility-Based Energy Efficiency Finance Program, to 

overcome banks’ unfamiliarity with energy efficiency lending.

Equity Funds and Mezzanine Finance 

Multilateral development banks (the International Finance Corpora-

tion and the Global Environmental Facility) and donors as well as, 

recently, governments in a few Asian countries (India and Thailand) 

have provided specialized equity funds targeting renewable energy 

and energy efficiency. Mezzanine finance—an unsecured loan at a 

higher interest rate—is a higher-risk debt in terms of its priority of 

payment or in liquidation. 

Equity funds and mezzanine finance provided by the public sector 

could, by their example, ease some of the concerns that private credi-

tors may have regarding extending credit to higher-risk renewable 

energy or energy efficiency projects. In addition, private lenders typi-

cally demand that borrowers take a certain equity ratio in risky 

investment. But small and medium-size developers have only limited 

equity funds to make the essential contribution. Public equity funds 

can be used to fill the gap. Both instruments tend to be used in rela-

tively mature financial markets.

Energy Service Company Financing and Equipment Leasing 

Energy service companies (ESCOs) provide both finance and tech-

nical know-how to their clients through performance contracting. 

In some cases (such as in Croatia and Poland), ESCOs arrange for 

project financing and provide a wide range of energy efficiency 

services, from auditing to project implementation. Customers bear 

no financial obligation other than to pay a percentage of the 

energy savings to the ESCO over a specified period. In other cases, 

ESCOs simply become equipment leasing companies that install 

energy efficiency equipment and collect monthly payments over 

the lease period. In the case of renewable energy, a consumer 

receives renewable electricity services through an ESCO, generally 

at equal or lower cost than conventional service. The ESCO owns 

the facility (for example, solar panels), obtains available public 

incentives, and is responsible for maintenance and repair over the 

life of the service contract (such as in projects in Argentina and 

California). 

The ESCO model allows for the repayment of the capital cost to be 

treated as operating expense, therefore helping end-users defray the 
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high up-front costs. It can also overcome barriers of perceived high 

risks and is effective in aggregating small-scale projects to reduce trans-

action costs. Today these instruments are used in more-developed 

financial markets, where contracts are easily enforced.

Utility Financing 

This instrument targets the household sector to overcome high up-

front capital investments and consumer liquidity constraints. Under 

such an arrangement, the utility provides or arranges for investment 

financing and collects the loan repayments through the customer’s 

utility bill. Such an arrangement reduces both the transaction costs of 

recovering the loan repayments and the risk of default. Public funds 

are sometimes used to buy down the interest rate to further increase 

loan affordability. 

Strengthening Sustainable Energy Finance

In summary, there is usually not a single, universally applicable sup-

port mechanism or policy for financing low-carbon investment. Most 

countries rely on a mix of financing instruments addressing various 

market barriers. In deciding how to best leverage public support to 

mobilize private funds, some general rules are important.

First, program design requires a firm understanding of the specific 

market barriers that restrict low-carbon financing. For instance, dedi-

cated credit lines that demonstrate the viability of firm-level energy 

efficiency lending will not be effective if the bank’s concern is in fact 

with the general creditworthiness of the firm (World Bank 2010a). 

Likewise, partial credit guarantees that help reduce banks’ perceived 

risks in energy efficiency projects will be inefficient if the high trans-

action costs are the real concern. Often there will be several barriers. 

As in other public policy areas, solving multiple problems usually 

requires multiple instruments.

Second, market readiness is an important factor determining the 

effectiveness of financing instruments. In this regard, government 

can play a role in introducing regulatory reforms and investing in 

education, R&D, and information dissemination to actively shape the 

clean-energy markets and nudge private behavior. In Hungary, the 

regulatory changes and promotion of energy efficiency in the hous-

ing sector created a big push for banks to serve this particular market 

segment. In the Czech Energy Efficiency Project, regulatory change 

and EU subsidies for renewable energy gave an important boost for 

investment.
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Notes

	 1.	 Stuggins, Sharabaroff, and Semikolenova (2013) provide a comprehen-
sive discussion of energy efficiency policies on which this section partly 
draws.

	 2.	 See “A Brief History of Con Edison” (http://www.coned.com/history 
/electricity.asp) and Edison, His Life and Inventions by Frank Lewis Dyer 
and Thomas Commerford Martin (http://www.gutenberg.org 
/ebooks/820).

	 3.	 A country’s energy prices are, of course, not determined solely by its 
reserves, especially because coal, gas, and oil are globally traded, so 
prices reflect overall supply-demand balances. Nevertheless, many 
countries with large fossil energy reserves also maintain policies that 
keep domestic energy prices low and thereby encourage higher energy 
use—notably lower taxes or even energy consumption subsidies.

	 4.	 Based on International Energy Agency (IEA) data and purchasing 
power parity (PPP) GDP. ECA’s kilogram of oil equivalent (kgoe) per 
US$ of PPP GDP in 2009 was 0.29 compared with OECD’s 0.16. Rather 
than 1,333 mtoe, consumption would be 763 mtoe with OECD efficien-
cies. The hypothetical savings would be much larger when GDP is mea-
sured at exchange rates. South American countries consumed 485 mtoe 
in 2009.

	 5.	 The EU-15 countries include Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 
Portugal, Spain, Sweden, and the United Kingdom.

	 6.	 The EU-10 countries include Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia. The Western Balkan countries include Albania, Bosnia and 
Herzegovina, Croatia, Kosovo, FYR Macedonia, Montenegro, Serbia, 
and Slovenia.

	 7.	 EBRD (2011) presents a detailed decomposition analysis.
	 8.	 In reality, most countries have crossed the peak long ago, and energy 

intensities have generally been converging during the period for which 
good data are available. 

	 9.	 The rebound effect could be slightly higher for car travel (for example, 
see Hymel, Small, and Van Dender 2010).

10.	 The income elasticity of demand for energy tends to be higher in lower- 
and middle-income than in high-income countries (for example, 
regarding household demand for electricity: 0.4 for Turkey versus 0.2 
for Norway; see Halicioglu 2007 and Nesbakken 1999).

11.	 Data from the IEA web page: http://www.worldenergyoutlook.org 
/resources/energysubsidies/.

12.	 These points have been adapted from the very comprehensive review of 
Stuggins, Sharabaroff, and Semikolenova (2013). See also Sarkar and 
Singh (2010).

13.	 See the table, “Green Building: List of Initiatives” at http://www.gao.gov 
/assets/590/588818.pdf#page=349.

14.	 EU eastern partnership countries include Belarus, Moldova, Ukraine, 
and the South Caucasus countries of Armenia, Azerbaijan, and Georgia.

http://www.coned.com/history/electricity.asp
http://www.coned.com/history/electricity.asp
http://www.gutenberg.org/ebooks/820
http://www.gutenberg.org/ebooks/820
http://www.worldenergyoutlook.org/resources/energysubsidies/
http://www.worldenergyoutlook.org/resources/energysubsidies/
http://www.gao.gov/assets/590/588818.pdf#page=349
http://www.gao.gov/assets/590/588818.pdf#page=349
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15.	 This section draws on Cottrell (2011); Fullerton, Leicester, and Smith 
(2008); and Heine, Norregaard, and Parry (2012).

16.	 The Commonwealth of Independent States includes Armenia, Azerbaijan, 
Belarus, Georgia, Kazakhstan, the Kyrgyz Republic, Moldova, Russia, 
Tajikistan, Turkmenistan, Ukraine, and Uzbekistan.

17.	 Because energy efficiency and clean or renewable energy investments 
share many characteristics, they are discussed together in this section.
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Cleaner Energy

Main Messages

•	 To ensure a reliable energy supply, by 2030 Europe and 

Central Asia will need to invest in up to 778 gigawatts 

(GW) of new power generation capacity (additions and 

replacement of outdated plants), US$522 billion in trans-

mission and distribution, and additional resources in an 

expansion of natural gas networks. These large invest-

ments present a chance to transition to a more reliable and 

more sustainable energy system.

•	 Planning long-lived energy sector infrastructure faces three 

types of uncertainty: regulatory uncertainty (such as the 

scope and scale of future environmental regulation), tech-

nological uncertainty (relative price shifts between differ-

ent power generation options), and climate uncertainty 

(changes in water availability for hydropower and thermal 

generation). 

•	 The principles for dealing with these uncertainties are pre-

dictability of climate action policies, flexibility in the pace 
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Few areas of the Soviet economy were considered as important as 

the power sector. Following Lenin’s famous dictum—“Communism 

is Soviet power plus electrification of the whole country”—planners 

ventured to expand electrification to production in all branches of 

the economy. This was assumed to yield vast increases in resource 

and labor productivity, thus facilitating the transition from socialism 

to communism (Michel and Klain 1964). However, despite large 

investments (initially in hydropower, later in thermal and nuclear 

power), the last decades of the Soviet Union saw frequent power 

shortages. These were felt especially among households because sup-

ply preference was given to industry.

The reliability of supply improved during transition, but the 

power sector across the Europe and Central Asia (ECA) region still 

faces major challenges over the next several decades. These include 

the needs to secure electricity supply in the face of increasing 

demand, refurbish a deteriorating capital stock, and reduce green-

house gas (GHG) emissions. One recent scenario expects demand 

for electricity to increase by 3.1 percent per year over the next two 

decades.1 Much of the generating capacity is quite old, particularly 

thermal capacity, so many of the existing power plants need to be 

retired or rehabilitated. 

The scale of required investments is enormous. The World Bank 

scenario suggests that additions and rehabilitations will need to add 

capacity from about 84 gigawatts (GW) in the 2006–10 period to 

nearly 233 GW in 2026–30 to meet demand (World Bank 2010). These 

massive capital investments will not only secure reliable electricity 

supply, but will also provide an opportunity to significantly reduce the 

carbon intensity of power generation—one of the largest contributors 

to GHG emissions, accounting for 21 percent of total emissions in ECA 

in 2008. International Energy Agency (IEA) scenarios consistent with 

warming below 2 degrees Celsius (°C) foresee a continuing role for fos-

sil fuels (in the future, using carbon capture and storage [CCS] tech-

nologies) but a gradual shift to greater contributions from nuclear, 

and composition of energy sector investments, and 	

reliability of supply through greater diversity and a larger 

share of climate-resilient generation techniques.

•	 These principles call for even greater efforts to improve 

energy efficiency to avoid or delay investments as well as a 

gradual move to a more decentralized, diversified energy 

mix with a rising share of renewables.
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hydro, and renewable energy sources (IEA 2011). This shift would 

allow emissions to fall even with an expansion of generation capacity.

This transition to lower-emission electricity generation will not 

proceed according to a regional blueprint. It will depend on 

national-level decisions by planners, regulators, utilities, and inves-

tors. Many of the technical and economic issues that guide this pro-

cess have been discussed in the World Bank’s Lights Out? report 

(World Bank 2010). Chapter 6 of this volume discusses options for 

low-emission power production. This chapter takes a step back and 

discusses some general concepts that could serve as a guide for 

energy sector planning. It focuses on three types of uncertainty in 

making decisions about long-lived infrastructure investments 

against a backdrop of constantly changing economic, technological, 

and natural environments: 

•	 Regulatory uncertainty. Although a global climate agreement cur-

rently looks unlikely, some form of a carbon constraint will likely 

be introduced, sooner or later, in all countries. 

•	 Technological uncertainty. Constant changes in resource costs and 

massive investment in energy research and development imply 

that relative prices between different energy and power generation 

technologies will continue to shift frequently. 

•	 Climate uncertainty. Climate change itself could affect hydro, as well 

as thermal, nuclear, and some solar power production, all of which 

rely on abundant water for cooling.

This chapter suggests that decision makers can reduce these 

uncertainties in ways that also provide major climate benefits. Pre-

dictability of policies, such as those addressing carbon emissions, gives 

investors a clear framework for long-term investment planning. 

Flexibility means moving away from a supply expansion paradigm in 

power planning to one favoring both supply- and demand-side effi-

ciency as well as smaller, decentralized generation. Efficiency and 

decentralization help avoid or delay larger and infrequent or lumpy 

investments when technological change could quickly alter the rela-

tive costs of power generation options. Finally, reliability of supply 

can be improved by designing power systems that are resilient to 

changes in hydrology and temperature due to climate change. 

Supplying Reliable, Sustainable, and Affordable Power

During evening rush hour on August 20, 2010, a failure of anti-

quated equipment at two substations near St. Petersburg left the 



64	 Growing Green: The Economic Benefits of Climate Action

Russian Federation’s second-largest city paralyzed. Half of the city 

was plunged into darkness. Traffic lights were off on the city’s central 

avenue, causing traffic jams. Commuter and long-distance trains got 

stuck, forcing many passengers on the world’s deepest subway to 

walk through tunnels and up escalators to exit. Other basic services 

including water, mobile, and Internet communications were subse-

quently disrupted. The power outage lasted for more than an hour 

and cost the city more than US$3 million. 

Electricity disruptions such as the one in St. Petersburg have been 

increasing again in parts of ECA during the past few years. The rea-

son is that the power sector has suffered from the deterioration of an 

aging infrastructure that dates back to the planned-economy era. 

There is a vast backlog of existing capacity that needs upgrading and 

modernizing, and too few new facilities were added over the past two 

decades. The installed capacity in ECA in 2009 totaled an estimated 

519 GW, compared with 443 GW in 1991. Most of the increase was 

in Russia and Turkey, where generation capacity increased by 12 GW 

and 28 GW, respectively. In the rest of the region, the capacity 

increase has been almost negligible, as figure 3.1 shows. 

FIGURE 3.1
Total Installed Electricity Capacity in Selected Regions, 1991–2009

Source: U.S. EIA n.d.
Note: EU = European Union; Central Asia = Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan; 
Western Balkans = Albania, Bosnia and Herzegovina, Croatia, Kosovo, FYR Macedonia, Montenegro, Slovenia, and Serbia; 
EU-10 = Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia; Eastern Partnership = Armenia, Azerbaijan, Belarus, Georgia, Moldova, and Ukraine.
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FIGURE 3.2
Projected Capacity Additions, Rehabilitations, and Retirements in the Electricity Infrastructure 
of Europe and Central Asia, 2006–30

Source: World Bank 2010.
Note: GW = gigawatts. 

The problem of underinvestment was not immediately felt in the 

1990s. After the collapse of the Soviet Union, electricity demand 

dropped markedly with lower industrial output, particularly the out-

put of heavy industry. Although electricity output also shrank, gen-

eration still exceeded demand. However, from the mid-1990s on, 

with rising incomes and industrial growth recovering, electricity 

demand quickly increased. By 2008, the legacy of abundant electric-

ity infrastructure had disappeared. Energy importers were experienc-

ing shortages leading to periodic brownouts and blackouts. However, 

currently even energy exporters face problems. In Russia, a large 

share of power stations will reach the end of their planned life spans 

in a matter of years and will need replacement—even without an 

increase in demand (Ketting 2008). 

Meanwhile, the whole ECA region could see electricity consump-

tion rising at about 3 percent annually for the next two decades. Over 

20 years, that translates into demand growth of over 90 percent from 

2007 levels. Taking together additions, rehabilitations, and retire-

ments, the required new generation capacity is equivalent to almost 	

560 new standard-size coal-fired plants, as figure 3.2 indicates. This 

could cost US$970 billion (in 2008 dollars) by 2030, with another 
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US$520 billion needed for investment into the transmission and 

distribution network (World Bank 2010). 

These massive investments will stretch the financial and imple-

mentation capacity in many ECA countries. But with the challenge 

also comes an opportunity to create a more reliable and sustainable 

power supply infrastructure. This development will involve a transi-

tion from carbon-intensive fuels such as coal to natural gas and to a 

much larger share of renewables. The Commonwealth of Indepen-

dent States (CIS) countries already rely heavily on natural gas, which 

gradually increased from 39 percent to 42 percent of total electricity 

generation from 1990 to 2008, as shown in figure 3.3, panel a.2 Coal 

is the CIS region’s second most important fuel, at around 20 percent. 

Nuclear power and hydropower each provided about 17 percent by 

2008. The biggest change has been with oil, whose share dropped 

from almost 15 percent to just 1.6 percent over the past two decades. 

The share of non-hydro renewable energy sources remains negligible.

Among the European Union (EU)-10 and Western Balkan countries, 

coal is the dominant fuel for electricity, at around 60 percent on average, 

as shown in figure 3.3, panels b and c.3 For the EU-10 countries, nuclear 
power represents around 21 percent of total generation, followed by 

hydropower and natural gas at about 8 percent. Non-hydro renewables 

have increased from almost zero in 1990 to 2 percent in 2008. 

Hydropower is the second-largest source of electricity (after coal 

and peat power) in the Western Balkan countries, fluctuating 

between 30 percent and 40 percent in recent years. Gas is around 

3–4 percent, while oil has declined from 8 percent to 3 percent. The 

share of non-hydro renewables is 0.8 percent. 

In Turkey, gas significantly increased, from 18 percent to 50 percent 

from 1990 through 2008, as shown in figure 3.3, panel d. Meanwhile, 

coal’s share—once at 35 percent—has declined to about 29 percent. 

Hydropower is next at 16 percent, having declined from almost 	

40 percent 20 years ago. Non-hydro renewables is at 0.6 percent. 

Overall, ECA is heavily dependent on fossil fuels and nuclear 

power, with hydropower the leading source of renewable energy. 

From a very low base, non-hydro renewables—mainly solar, wind, 

and biomass—have increased rapidly, especially in Turkey and the 

EU-member countries. The ECA region (shown as “Non-OECD 

Europe and Eurasia” in figures 3.4 and 3.5) does not have high car-

bon intensity relative to other world regions because of the region’s 

relatively large share of lower-emission energy sources including gas, 

hydro, and nuclear, as figure 3.5 illustrates. 

However, while overall carbon intensities have remained flat, indi-

vidual country experience varies. In Azerbaijan, as natural gas almost 
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completely replaced oil for electricity generation (from almost nothing 

to 82 percent), the country’s carbon intensity fell from 864 grams (g) 

per kilowatt-hour (kWh) to 443 g per kWh from 1992 to 2009. Bosnia 

and Herzegovina and Turkmenistan, on the other hand, have some of 

the most carbon-intensive power sectors in the world at 776 g per kWh 

and 789 g per kWh, respectively. Estonia and Turkmenistan have also 

significantly increased their carbon intensity in the past two decades.
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Source: IEA n.d. 
Note: Commonwealth of Independent States = Azerbaijan, Armenia, Belarus, Georgia, Kazakhstan, the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, 
Turkmenistan, Uzbekistan, and Ukraine. EU-10 = Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia. Western Balkans = Albania, Bosnia and Herzegovina, Croatia, the former Yugoslav Republic of Macedonia, Kosovo, Montenegro, Serbia, and Slovenia. 
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FIGURE 3.4
Carbon Intensity of Electricity and Heat Generation,  
by World Region, 1992–2009

Source: IEA 2011.
Note: IEA’s “Non-OECD Europe and Eurasia” region includes all ECA countries except the Czech Republic, Hungary, Poland, 
the Slovak Republic, and Turkey. OECD = Organisation for Economic Co-operation and Development; CO2 = carbon dioxide; 
kWh = kilowatt-hour.
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When carbon intensities remain stable in the power sector, expan-

sion of generation capacity raises total emissions. In 2008, the region’s 

total emissions were up to 2,678 million tons from 2,427 million tons 

in 2000. But stabilizing atmospheric GHGs at 450 parts per million 

(ppm) would mean that ECA’s power sector will have to reduce car-

bon dioxide (CO2) emissions by 76 percent by 2050—which would 
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require a drop in CO2 intensity to 67g per kWh, according to the IEA 

450 ppm scenario (IEA 2011). To achieve this goal, the IEA scenario 

assumes that renewables will account for 48 percent of power gener-

ation, nuclear will provide 24 percent, and 17 percent of the plants 

will be equipped with CCS technologies. 

Uncertainties: Regulation, Technology, and Climate 

Energy infrastructure such as electric power facilities is a long-term 

business. Consumers may change mobile phones every 2 years, and 

traditional centralized planning works in 5-year increments, but a 

power plant built today may still be operating 60 or 70 years from 

now. It is also an expensive big-ticket item. A new coal plant may 

cost as much as US$2 billion. With such a long planning horizon and 

the enormous amount of capital at stake, planning and decision mak-

ing must take into account the large uncertainties in future regula-

tions, technology, and climatic conditions. 

Regulatory Uncertainty

Just a few years ago, the United States was thought to be in a new 

coal rush. By 2006, 150 new coal-burning plants were on drawing 

boards across the nation. Things have changed considerably in the 

past few years. By 2010, power companies dropped or delayed plans 

to build 80 coal units while announcing that they would retire 	

48 aging, inefficient ones. One reason is a price drop in natural gas, 

which also requires lower capital investments in plant construction. 

But environmental issues, particularly CO2 emissions, were the most 

cited reason for cancellations and delays (Washington Post 2011).4 The 

fate of the long-planned Glades County coal facility in Florida is one 

example. In 2007, the state utility commission rejected the proposal 

to build what would have been the nation’s largest coal-burning 

power plant—a 1,960-megawatt (MW) ultra super critical coal plant. 

In its decision to reject the proposal, the commission said that “the 

plant was cost-effective in fewer than half the scenarios examined”—

a major reason being uncertainty about the future cost of curbing 

CO2 emissions. 

The rapid shift away from coal in the United States shows how con-

cerns about future carbon emission penalties affect planning in the 

power industry. A price on carbon, either through a cap-and-trade sys-

tem or a tax, can profoundly alter the comparative economics of different 

power generation technologies. With a price on carbon emissions, the 
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cost differential between fossil-fuel plants and low-carbon alternatives 

shrinks and sometimes disappears. The expected cost of carbon compli-

ance will be highest for conventional coal-based power generation. 

Coal is the most carbon-intensive fuel. A traditional coal-fired 

power plant produces roughly one ton of CO2 emissions for every 

one megawatt-hour (MWh) of electricity. Projected prices of one ton 

of CO2 range widely, from US$8 to US$364, depending on the timing 

and stringency of carbon control (ICCG 2010). That translates into 

added costs of anywhere between 13 percent and 587 percent of the 

original price of coal power. The IEA shows that the cost of coal-based 

electricity is far more sensitive to changes in CO2 costs than the cost 

of electricity generated by natural gas or coal with CCS, as shown in 

figure 3.6.

Natural gas is considered a cleaner and more environmentally 

attractive fuel than coal. Although natural gas is low in carbon, it is 

not carbon free: generating one MWh of gas-fired electricity releases 

about half a ton of CO2, half as much as coal.5 GHG emissions from 

venting and leakage during the production and transport processes 

raise the carbon intensity of gas plants (as further discussed in chapter 6). 

Therefore, natural gas can help to reduce emissions substantially in 

FIGURE 3.6
Projected Sensitivity of the Costs of Fossil Fuel–Based Generation to CO2 Pricing under Two 
Discount Rate Scenarios

Source: IEA 2010. 
Note: Unabated coal generation is most sensitive to future carbon prices. A +/– 50 percent variation in carbon costs translates into a +/– 18 percent, +/– 6 percent, or 
a +/– 3 percent change in the total LCOE of coal-fired plants, gas-fired plants, and coal plants equipped with CCS technology, respectively. LCOE = levelized cost of 
electricity; CCS = carbon capture and storage. 
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the short and medium term, but even gas could be under pressure in 

the long term when carbon prices are sufficiently high—unless CCS 

becomes feasible for natural gas as well as coal-fired generation. In the 

United Kingdom, for instance, onshore wind is projected to match the 

most-efficient gas plants as the least cost-generating option in 2017, 

given a carbon price of US$26 per ton (Mott Macdonald 2010).

It is not clear for most ECA countries when or how carbon emis-

sions will be priced in the absence of a successor to the Kyoto Proto-

col.6 Regulatory uncertainty differs significantly among the countries 

in the region. The EU-member countries have made the clearest com-

mitment, pledging to reduce carbon emissions to at least 20 percent 

below 1990 levels by 2020. An EU-wide emission trading scheme has 

already put a mandatory and declining cap on carbon emissions. 

Although carbon prices traded on the EU market have been volatile 

and difficult to predict, they nonetheless send price signals, allowing 

climate considerations to influence long-term technology choices. 

The EU candidates and prospective members are not yet subject to 

EU regulations on carbon mitigation. But EU aspiration sets these 

countries on a path toward a carbon-conscious future. Turkey, for 

example, is exploring a domestic cap-and-trade market for carbon 

emissions under the World Bank-led Partnership for Market Readi-

ness. Although none of these countries has yet adopted mandatory 

mitigation targets, they have incentives to explore imposing a carbon 

constraint. The CIS countries, in contrast—especially energy export-

ers rich in fossil fuels—currently have the least incentive in the 

region to significantly reduce carbon emissions. Investors in these 

countries could face the most extreme scenarios if binding climate 

policies are eventually adopted.

Technological Uncertainty

Another feature of power sector investment is that the future costs of 

technologies, especially emerging low-carbon technologies, are 

uncertain. For conventional fossil-fuel power plants, a large portion 

of the risk lies in the fuel costs. Figure 3.7 shows large price swings in 

all major fossil fuels. Relatively recently, 10 years ago, the natural gas 

price rose in Europe with increased use of gas in power generation, 

but the price dropped in the United States as unconventional sources 

such as shale gas entered the market. 

There are no fuel costs for most renewable energy, so the variable 

costs are low, and while initial capital investments are substantial, 

they are predictable at the time of investment. Intermittent power 

availability and grid integration of many decentralized generation 
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units create additional obstacles that increase costs. The challenge 

for power system planning is that the future technology costs are 

difficult to predict. Just as coal has been sidelined in some countries 

for both regulatory and market reasons, continued innovation and 

possible technological breakthroughs could shift relative prices in 

favor of renewable energy within the next few decades—well 

within the life span of large power infrastructure. 

Among renewable energy technologies, onshore wind, biomass 

combustion, and geothermal are relatively well developed. They have 

been widely used and can often compete with conventional energy in 

highly suitable areas, with access to the grid and relatively high 

energy prices. Emerging renewable generation technologies include 

offshore wind, several types of bioenergy, and solar photovoltaic. 

These technologies are proven technologically but will require sub-

stantial cost reduction for large-scale, unsubsidized use. In a third 

group are the technologies still mostly in the research and develop-

ment (R&D) phase, including concentrated solar power, ocean 

energy, CCS (coal and gas), and more advanced forms of bioenergy 

such as fuel from algae. Chapter 6 discusses low-emission electricity 

generation in more detail. 

Whether and when renewables and other clean technologies 

(such as coal with CCS) become economically viable depends on a 
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number of variables. The more widespread the use of renewable 

technologies, the cheaper they will become, so the pace at which 

they are adopted affects their price. A larger share of renewables will 

require large investments in hardware (transmission capacity) and 

software (grid management) for integrating a very large share of dis-

persed electricity generating units. This shift toward renewables will 

affect the profitability of conventional power plants that may run less 

frequently. Government policies have a large influence on these 

dynamics. A shift in the support system for renewables in Germany, 

for instance, encouraged a far faster expansion of renewable energy 

generation than almost all previous scenarios or forecasts had pre-

dicted (as shown in figure 3.8; see also figure 1.4 in chapter 1). 

Although this process is policy induced, deployment will come from 

the private sector. In the United States, clean technology represented 

16 percent of total venture capital investment, rising from $317 

million in 2001 to US$3.7 billion in 2010.7 

Technology uncertainty affects energy planning in all countries, 

whether they have a strong domestic R&D capacity or not. Larger and 

higher-income ECA countries have the resources to create both sup-

ply push (in the form of R&D) and demand pull (in terms of subsidies 

FIGURE 3.8
Renewable Energy Generation Trends in Germany, Predicted vs. 
Actual, 1995–2020 (as of 2009) 
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for large-scale deployment) of low-carbon technologies. They there-

fore influence the direction and the speed of technology develop-

ment. Smaller countries do not. Although learning may occur at the 

local level, technology uncertainty is largely beyond the control of 

these countries. Either way, in the absence of trade barriers protect-

ing incumbent power systems, all countries will be subject to global 

trends in the relative prices of energy supply technologies.

Climate Uncertainty

The last and probably least discussed source of uncertainty is the dif-

ficulty of predicting climate change and its impact on the power sup-

ply. This is where climate change mitigation and adaptation most 

clearly overlap. Climate change could affect thermal generation such 

as in fossil-fuel and nuclear power plants that require a constant sup-

ply of cooling water to discharge the surplus heat while at the same 

time producing steam, which in turn drives a turbine and produces 

electricity, (table 3.1). 

When high water temperatures and low water levels occur simulta-

neously, thermal power supply could be severely disrupted. This is what 

happened during the 2003 summer heat wave in Europe, the hottest 

on record since at least 1540. France, where over 70 percent of the elec-

tricity comes from nuclear power, was hit especially hard. Electricity 

demand reached peak levels, but cooling-water shortages forced about 

a third of the nuclear power stations to shut down. Millions of people 

across France suffered through an extended power shortage. 

Climate change will also affect hydropower production in 

regions subject to changing patterns of precipitation or snowmelt. 

TABLE 3.1
Water Withdrawn and Consumed for Power Plant Cooling
gallons of water required per MWh of electricity produced

Fuel Source Once-through
Wet-recirculating with  

cooling tower Dry-cooling

Withdrawal Consumption Withdrawal Consumption Withdrawal Consumption

Coal 20,000–50,000 300 500–600 480 0 0

Natural gas combined cycle 7,500–20,000 100 230 180 0 0

Nuclear 25,000–60,000 400 800–1,100 720 — —

Solar thermal (through) — — 600–850 — — —

Solar 0 0 0 0 0 0

Wind 0 0 0 0 0 0

Source: U.S. GAO 2009. 
Note: — = no data available; MWh = megawatt-hour.
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Hydroelectric generation is very sensitive to changes in water sup-

ply. Every 1 percent decrease in precipitation results in a 2–3 per-

cent drop in stream flow, and every 1 percent decrease in stream 

flow in a river basin may result in a 3 percent drop in power gener-

ation (ORNL 2007). 

Such magnifying sensitivities—occurring because water flows 

through multiple power plants in a river basin—underscore the vul-

nerability of a power system dominated by hydro resources. In 2001, 

a severe drought triggered the worst energy crisis in Brazil’s history. 

The hydroelectric power plants that had generated 94 percent of Bra-

zil’s electricity supply before the crisis were left with reservoirs 	

70 percent empty. The crisis led to electricity rationing for nine 

months with cutbacks in use ranging from 15 percent to 20 percent. 

Six years later, during the winter of 2007–08, record-low hydrologic 

conditions occurred in the Kyrgyz Republic and Tajikistan, where 

90 percent of the electricity is generated by water. Acute electricity 

shortages had major social impacts as people needed heat and elec-

tricity to cope with the winter cold. 

The best current projections for changes in hydrological conditions 

suggest that the northern and eastern parts of ECA will see increases, 

while the southern and western parts of the region will see decreas-

ing water availability in the long run, as map 3.1 illustrates. The area 

around the Mediterranean, for instance, could see decreases of 

hydropower potential of 20–50 percent (IPCC 2011). However, the 

intrayear changes in water availability are hard to predict.

Currently, nuclear power provides about 17 percent of the electricity 

supply of ECA, while hydropower provides about 16 percent. Climate 

change-related extreme weather events such as heat waves and 

water shortages are expected to increase. These events could cause 

more frequent disruptions in the use of nuclear and hydropower 

plants. Planning and design of new power infrastructure thus needs 

to take into account the likelihood of the impact—especially because 

many projects built today could still be in place in 50 or more years. 

Climate change could also affect non-hydro renewable energy 

sources. For example, changing cloud cover affects solar energy 

resources although current models predict only minor changes in 

sunshine intensity (IPCC 2011). Changes may be more significant for 

wind energy resources and for temperature and precipitation patterns 

that affect biomass production. The limited research to date suggests 

that ECA may benefit from increased solar radiance, especially 

around the Mediterranean (Ebinger et al. 2008). A moderate temper-

ature rise will increase timber supply and flatten or reduce prices, 

therefore promoting biomass production in the region (Kirilenko and 
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Sedjo 2007). Wind strength will rise, particularly in northern parts of 

ECA, but there will also be increased variability. However, the overall 

impact will likely be small (Pryor and Barthelmie 2010). 

Dealing with Uncertainty in Power Sector Planning 

Power sector planning has always had to deal with uncertainty, espe-

cially because many projects are very large, putting enormous 

amounts of capital at stake. Climate change policies and potential 

impacts further complicate power investment decisions. Given the 

long-lived nature of power infrastructure, uncertainty can lead to 

decisions that ultimately impose unnecessary costs on the economy. 

Locking in carbon-intensive technology, for example, could result in 

facilities that soon end up obsolete if they subsequently prove to be 

inadequate to meet future carbon regulations. At the same time, power 

planners must keep up with electricity demand and cannot always 

adopt a wait-and-see attitude. There is no simple solution to dealing 

with this uncertainty, but emphasizing predictability, flexibility, and 

MAP 3.1
Projected Global Changes in Water Availability, 1980–99 vs. 2090–99
large-scale changes in annual runoff (water availability, in percent)

Source: IPCC 2011.
Note: Values represent the median of 12 climate model projections using the Special Report on Emissions Scenarios (SRES) A1B scenario of the Intergovernmental 
Panel on Climate Change (IPCC). (The A1B scenario describes a balanced technological emphasis across all energy sources—both fossil intensive and non-fossil 
intensive.) White areas are where fewer than 66 percent of the 12 models agree on the sign of change, and hatched areas are where more than 90 percent of models 
agree on the sign of change.
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reliability can help improve the security of affordable power supply 

while also supporting climate change mitigation goals. 

Predictable Policies 

The likelihood of a new global climate treaty appears small at the 

moment, but many countries, including most in ECA, have made 

national climate change mitigation commitments following the 2009 

United Nations Climate Change Conference, commonly known as 

the Copenhagen Summit. EU-member states and accession countries 

are obligated to further emission reductions. 

For all countries, credible and predictable climate change mitiga-

tion policies will facilitate long-term planning in the power sector for 

two main reasons. First, resolving regulatory uncertainty will help 

companies to better assess risks and opportunities and to optimize 

their investment decisions. Given the limited funds available for pub-

lic investment, private capital will be crucial to address the large 

investment needs in the power sector. But when rules and policies are 

vague, private financing will be either delayed or come at higher 

costs. A recent pan-European survey on the power sector finds that 

regulatory and policy changes are perceived as the most significant 

risk for investments in electricity generation capacity (DNV 2009). 

In the United Kingdom, perceptions of greater risk are estimated to 

result in a capital cost that is 3 percentage points higher for low-

carbon technologies (Redpoint Energy 2010). IEA analysis shows that 

the risk premium of climate change uncertainty can add 40 percent to 

construction costs of the plant for power investors and 10 percent of 

price surcharges for the electricity end users (IEA 2007). 

Providing a stable regulatory environment is therefore important 

for attracting private financing, especially for capital-intensive low-

carbon alternatives. For example, in 2005 and 2007, the Turkish 

government passed two laws favoring renewable investments. Invest-

ment levels were noticeably low in those years as firms held back 

investments and waited for clearer rules, as indicated in figure 3.9. 

Once it was announced that the new law would provide a 10-year 

purchase agreement coupled with a guaranteed price of 5–5.5 € cents 

per kWh for renewable electricity, the private sector became engaged. 

A guaranteed purchase agreement and a floor price significantly 

reduced uncertainties of investment in renewable power. In 2006, 

investment more than doubled. In 2008, investment further tripled 

relative to 2006.8

The second argument for predictable policies is that acting now will 

allow time for modest initial steps, followed by a gradual phase-in of 
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more stringent requirements. A smoother transition will allow eco-

nomic systems to gradually adjust to changing energy prices and tech-

nologies rather than waiting until it becomes necessary to implement 

drastic reductions in a shorter time frame (Grubb, Chapuis, and 

Ha-Duong 1995; Grubb 1997). The overall adjustment costs will be 

lower—sometimes by a factor of six or more—when policies are 

announced early, defined clearly, and implemented consistently 

(Atkeson 1997). This is the basic insight of the Nobel Prize–winning 

work by the economists Finn E. Kydland and Edward C. Prescott on 

the time consistency of economic policy. 

For the power sector specifically, gradual and predictable phase-in 

of climate policies minimizes the adjustment costs. To change the 

carbon intensity of power generation, it is often necessary to change 

the fuel and equipment used. When the reduction targets are known 

with enough certainty and far enough in advance, companies can 

match the cycle of capital stock turnover with the ramping up of 

mitigation efforts. They can avoid the costs of stranded assets or 

investments that have become obsolete. In countries where domes-

tic climate policies are not foreseeable in the near future, other strat-

egies may be needed to overcome investment hurdles imposed by 

regulatory uncertainty. One alternative is for the government to 

provide revenue guarantees (power purchase agreements, for exam-

ple) to mitigate investment risks. Such an approach will require the 

government to take on some of the risk itself. The uncertainty asso-

ciated with the scope and continuity of the guarantee policies may 

also make investors less interested in long-term projects. 
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Flexible Systems

Technology uncertainty complicates investment decisions in areas 

where technological change occurs quickly. When there is a risk to 

make a wrong choice, such as selecting a power-generation technology 

that later turns out more expensive than alternatives, there is value in 

being able to delay the decision. In other words, there is an opportu-

nity cost to investing rather than waiting for new information.9 This 

insight represents a general investment philosophy and is also the basic 

conclusion derived from the “putty-clay” investment model, so called 

because capital in monetary form can be turned into any type of 

investment, but once capital has been used to buy equipment, it hard-

ens like clay and is no longer malleable (Albrecht and Hart 1983).

Keeping options open suggests a two-pronged strategy for ECA’s 

power sector. The first is to encourage efficiency, so there is a close 

relationship between energy efficiency (as discussed in chapter 2) 

and cleaner energy. The safest investment is the one that does not 

need to be made. So if more energy can be produced with existing 

equipment (supply-side efficiency) or if households and firms can be 

encouraged to reduce their energy use (demand-side efficiency), the 

risks of misallocating investments are smaller. Second, where new 

capacity needs to be added or existing equipment replaced, investors 

could favor smaller, incremental investments in response to price and 

technology changes. Such a flexible expansion will favor a model of 

decentralized generation.

Supply-Side Efficiency 

Generating, transmitting, and distributing electricity more efficiently 

delays or avoids the need for large-scale investment in new capacity. 

It will also avoid carbon emissions from the power sector. The scope 

for efficiency gains in ECA’s power generation is large. The average 

efficiency covering all generation technologies in the region is 43 

percent, as shown in figure 3.10—slightly better than the world and 

the Organisation for Economic Co-operation and Development 

(OECD) averages, which are both at around 40 percent. However, for 

thermal generation, the average efficiency of ECA plants is 30 percent 

compared with the world average of 35 percent and the OECD aver-

age of 41 percent. 

There are also substantial differences among countries. Tajikistan 

has the lowest thermal efficiency, at 15 percent, but also the highest 

overall efficiency owing to a large share of hydroelectric generation. 

Turkey has the highest thermal efficiency, at 43 percent, as well as a 

very high overall generation efficiency level at 46 percent. The 	
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CIS countries as a whole performed poorly on both accounts. Their 

average thermal efficiency is 26 percent, and average overall effi-

ciency is 31 percent.

The main reason for the low thermal efficiency is the large num-

ber of plants built during the 1960s and 1970s that use outmoded 

technologies and are still operating. For example, many gas-fired 

Efficiency of total electricity generation, 2008 Efficiency of thermal power plants, 2008
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plants in ECA are traditional steam-cycle units or gas turbines in 

open cycles. Compared with the latest generation of combined-cycle 

gas turbine units capable of 52–60 percent efficiency, these old units 

can at best deliver around 40 percent. A further problem is that many 

of these assets have also deteriorated significantly because of insuffi-

cient maintenance since the 1990s. As a consequence, they operate 

at below the designed capacity. 

Rehabilitation of existing infrastructure is a cost-effective way to 

improve efficiency, bring in additional generation, and reduce emis-

sions. This typically involves refurbishing or upgrading generating 

facilities, such as gas turbines and boilers, and putting in place 

improved operating and maintenance practices. Rehabilitation and 

refurbishment can significantly increase the operational life and 

capacity of a plant at a fraction of its replacement cost. It is also faster 

than replacement, avoiding many steps in the planning, site selec-

tion, and construction cycle.

In Poland, Romania, and the Western Balkan countries, extensive 

restoration and upgrade programs are in progress in preparation for 

meeting EU environmental standards. Generation efficiency has 

been encouraged through funding by multilateral organizations such 

as the World Bank and the European Bank for Reconstruction and 

Development (EBRD), often supported by the Kyoto Protocol’s Clean 

Development Mechanism, including projects in Albania, Azerbaijan, 

Kazakhstan, Russia, and Ukraine. Given the carbon intensity of ther-

mal power generation, these programs can result in large emission 

reductions. The rehabilitation of the largest thermal power station, 

AzDRES in Azerbaijan, will increase plant efficiency by 14 percent, 

leading to an increase in output by 20 percent and a reduction in CO2 

emissions of 2.2 million tons a year (EBRD 2009). 

There is also great potential to improve efficiency of electricity 

transmission and distribution (T&D). T&D losses represent the single 

biggest “use” in any electricity system. In OECD countries, they con-

sume 6–8 percent of electricity generated. In ECA, the average T&D 

loss has decreased slightly, from 13 percent in 2000 to 11 percent in 

2009. There is also large variation between countries, as figure 3.11 

shows. In 2009, the Slovak Republic had the region’s lowest T&D 

losses, at 3 percent. In contrast, T&D losses in Moldova reached 

almost 40 percent, six times higher than the EU average. At a national 

average retail price of electricity at US$0.1 per kWh, those losses cost 

the Moldavan economy US$360 million in 2009. 

T&D losses come in two forms: commercial and technical. Com-

mercial losses are caused by electricity theft or malfunctioning 

meters. Enforcing payment discipline is the key to reducing commer-

cial losses. To encourage lower technical losses, improving regulation 
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is critical. Currently in most of the ECA countries, the cost of network 

losses can be entirely passed on to the customer. This tariff system 

produces a strong disincentive for investing in network efficiency 

because the network operator does not cover the losses. In some EU 

countries, maximum values are set for the amount of network losses 

that can be passed on. This practice forces network operators to pre-

vent losses from increasing, but it does not yet stimulate them to 
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reduce losses. An effective regulatory approach to reduce network 

losses has been used in Estonia and the United Kingdom. Every year, 

Estonia lowers the maximum network loss that can be passed on by 

1 percent of the total load. In the United Kingdom, the distribution 

network operator is charged £48 per MWh for losses that exceed a 

certain target rate (Leonardo Energy 2010).

Rehabilitation and improved maintenance further reduce technical 

losses. In Albania, the rehabilitation work carried out on the T&D sys-

tem has significantly reduced electricity losses from 31.5 percent in 

2008 to 17 percent in 2010. Optimizing grid operation can also reduce 

technical losses. For example, moving from a bilateral or intraday mar-

ket (which is common in ECA) to real-time balancing could improve 

grid reliability as well as transmission efficiency. This is because when 

transmission flows can be adjusted within a short time frame, power 

plants can change their output to avoid congestion and redundancy. 

As a result, the electricity system is operated more efficiently. 

More flexible market mechanisms and more responsive infrastruc-

ture and grid management constitute one aspect of so-called smart 

grids, whose development is being accelerated to enable integration 

of a growing share of intermittent renewable energy. In ECA, Poland 

has become the first country to invest in smart grid technology. In 

2011, with World Bank support, Poland started a US$187 million 

investment program to build a regional pilot smart grid. The purpose 

is to boost energy efficiency and accommodate a greater share of 

renewable energy. About 65 percent of the funding is to be spent on 

smart grid infrastructure, while the remaining 35 percent will be 

invested in renewable energy and low-energy lighting. Smart grid 

technology promises improved efficiency throughout the energy sys-

tem. The IEA analysis estimates that smart grids could help to achieve 

global net annual emissions reductions of 0.7–2.1 gigatons (Gt) of 

CO2 by 2050 (IEA 2011). 

Demand-Side Efficiency 

Demand-side efficiency encompasses more general energy efficiency 

issues, as further discussed in chapters 7–10. The perspective is usually 

from the energy consumer who should be induced by public policies 

(such as prices or regulations) to change behavior or make more 

energy-efficient purchasing decisions. However, utilities also have an 

important role in increasing demand-side efficiency. With regulations 

that ensure that profits do not depend solely on the amount of energy 

sold, utilities have a greater incentive to promote energy efficiency 

among their customers (see box 3.1). 
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Regulation gives utilities the incentives to help customers reduce 

electricity use. The customer side of smart grid technologies provides 

the means to do so. An advanced smart grid system will have three 

components: advanced metering that allows real-time communication 

between utilities and customer; dynamic tariffs that react to supply 

and demand constraints; and automated response technology that 

allows customers’ electricity-using systems to react automatically to 

changes in prices.

Advanced metering infrastructure enables remote reading of 

meters by sending information directly back to the utility, which 

allows it to monitor demand patterns in real time. At the same time, 

it provides homeowners with information about how much electricity 

they are using at any given moment so they can adjust their load 

BOX 3.1

Reducing, not Just Producing, Megawatts

California pioneered incentives that reward utilities for conserving rather than just selling energy. 

The state decoupled profits from energy sales in 1982 and later allowed utilities to earn addi-

tional profits if energy-saving targets were met or exceeded. Under the California program, utili-

ties get to keep as profit about 12 percent of the value of the energy they help their customers 

save. In 2008, the San Francisco-based Pacific Gas & Electric Company earned US$41.9 million 

in profit this way. 

In neighboring Nevada, regulators treat expenditures on energy efficiency programs, once 

savings are proven, essentially the same way they treat expenditures on a new power plant: 

both are capital outlays that the utility can recoup through regulated prices. In fact, the regula-

tions add a small premium on investments in energy efficiency so that energy efficiency outlays 

earn the highest rate of return of any investments a Nevada utility can make. This regulatory 

approach moves power generation companies toward “a business model in which reducing 

megawatts is treated the same way from an investment point of view as producing megawatts,” 

says James Rogers, CEO of Duke Energy, a U.S. energy utility. 

The beneficial side effect for utility companies is that these programs avoid risky invest-

ments in new generation capacity, saving capital while also reducing carbon emissions. 

Between the early beginnings of California’s energy efficiency programs in 1974 and 1998, no 

large power plant was built in California—a staggering 24 years in a state with one of the world’s 

largest economies. Rising demand in a state with a rapidly growing population was entirely cov-

ered by energy efficiency gains (the largest contributor), small-scale independent producers, 

cogeneration, renewables, and imports.

Sources: Fox-Penner 2010; Rosenfeld and Poskanzer 2009.
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accordingly to save money. Dynamic, or real-time, pricing adjusts 

tariffs in response to current utility production costs. During peak 

hours—for instance, during midday in hot areas with high air condi-

tioning use—prices per kWh will increase. Customers therefore have 

the incentive to shift energy-intensive tasks to times when tariffs are 

low, which in turn reduces the peak capacity utilities need to main-

tain. The next step is to equip electricity-using appliances or machines 

to react independently to changes in prices. For instance, tempera-

ture settings on air conditioners could be raised, or equipment doing 

tasks that are not time sensitive could be turned off when prices 

peak. Similarly, large customers can give utilities the permission to 

turn off nonessential equipment to avoid system shortages. 

The penetration rate of smart meters in ECA has so far been quite 

low, at below 1 percent in 2009, as shown in table 3.2. Most of these 

meters do not use the advanced features described above. In ECA 

countries where electricity theft has been a serious issue, smart meters 

have been installed mainly to curb commercial losses. The new meters 

are theft proof and will allow the utility to detect commercial losses. 

Small-Scale and Decentralized Generation 

Energy efficiency and efforts to reduce demand may not alone be 

enough to bridge the demand-supply gap. In cases where new capac-

ity is needed, one solution to avoid the risk of being locked in is to 

invest in smaller-scale units and deploy a range of different generation 

technologies for electricity and heat. In doing so, investors also obtain 

TABLE 3.2
Penetration Rate of Electricity Smart Meters in Selected Europe and Central Asia Countries, 2009
percentage

Country

Household Commercial Commercial or Industry Commercial or Industry

TotalLow voltage Medium voltage

Albania 0 0 0 0 0

Bosnia and Herzegovina 0.2 0.2 11.8 38 0.2

Croatia 0 7.1 100 100 0.75

Georgia — —  — 100 —

Kosovo 0.33 0.91 0.42 100 0.42

Macedonia, FYR 0 0 0 0 0

Montenegro — —  — 100 —

Serbia 0.9 2.8 31 100 1

Turkey 0 0 2 — 0.02

Source: Energy Community Regulatory Board 2010. 
Note: — = not available.
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BOX 3.2

The Future of Base Load Power

The backbone of traditional power systems consists of large generation plants that run continu-

ously, that usually use coal or nuclear fuel, and that are slow to start and shut down but whose 

operating costs are relatively low. These plants produce the bulk of what is required for a coun-

try’s energy needs. Power plants that can react faster, such as natural gas plants, smooth out 

variable or peak demand. However, scenarios in some countries with ambitious goals for renew-

able energy, such as Denmark or Germany, see future energy systems relying less and less on 

base load plants. Those countries want to phase out coal-fired power plants, and some have 

also decided to shut down nuclear plants. With a large share of intermittent and distributed 

power sources, supply would be adjusted flexibly with the lowest-cost combination of currently 

available sources. In fact, large base load plants become too inflexible to fit into such a system. 

Simulation scenarios suggest that even large national power systems could be run entirely with 

renewable energy sources without traditional base load power, provided that some critical tech-

nical problems can be resolved and the economics of renewables continue to improve. The 

main challenge is to develop better transmission infrastructure and the “software” of market-

based power system integration and management.

These transformations will probably take many decades to unfold because they require sophis-

ticated grid management and a larger capacity to store electricity. However, their impacts could be 

substantial. As Stanford University researcher Roy Amara noted, “We tend to overestimate the 

effect of a technology in the short run and underestimate the effect in the long run.” The analogy to 

computing is instructive: In the 1970s, few could have imagined a future without powerful main-

frame computers. Instead, the Internet today is fueled by millions of small servers, home and 

office computers, and personal digital devices that provide flexible, inexpensive, and easily scal-

able computing services where they are needed. The power system of the future may look similar.

Source: World Bank; Nitsch et al. 2012. 

useful operational experience for future large-scale deployment of 

new technologies. Distributed generation relies on smaller, modular 

generators such as wind installations and solar photovoltaic installa-

tions, interconnected through a low-voltage distribution system that 

can function either in concert with, or independent of, the larger grid. 

Because renewable energy sources are by nature small and widely 

spread out, distributed generation facilitates the use of different types 

of renewable resources. For example, distributed generation units 

could burn landfill gases near landfills or other locally available bio-

mass resources and use them to generate electricity on site. In some 

scenarios, because distributed generation accounts for most of all gen-

eration, it removes the need for traditional larger plants (see box 3.2).
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The most common distributed generation is a combined heat and 

power (CHP) system, also known as cogeneration. A CHP system 

generates electricity by burning fuel and then captures heat from the 

combustion process to produce steam or hot water. Alternatively, 

electricity is generated as a by-product of heat production. CHP relies 

heavily on on-site distributed generation, thus avoiding energy losses 

during heat transmission and storage. Compared with separate gen-

eration of heat and electricity, CHP generation may result in energy 

conservation, varying from 10 percent to 30 percent depending on 

the size of the cogeneration units (Voorspools and D’haeseleer 2002). 

Many ECA countries have in fact successfully expanded the use of 

CHP. Hungary, Latvia, the Slovak Republic, and Poland are leaders in 

CHP-based power generation in the region, as figure 3.12 shows. 

Two additional advantages of distributed generation are increased 

reliability (because any individual plant is less critical in the overall 

supply) and smaller investment requirements that encourage experi-

mentation and faster rollout of promising technologies. This experi-

mentation and speed also encourages learning and development of 

locally appropriate solutions because simply adopting internationally 

developed technology is often risky (Neuhoff 2005; IEA 2003). On 

the other hand, a more decentralized power system with a large 

number of generators will be more difficult to manage. Western 

European countries that aggressively increase their share of renew-

able energy are currently developing the tools and operational proce-

dures for efficient management of complex power systems. 

Regulation that rewards power generators’ efficiency efforts, smart 

grids, more decentralized generation, and more complex grid manage-

ment will change the profile of electric utilities. In the future, utilities 

may operate the power grid and its control systems but may not actually 

own or sell the power delivered by the grid. Their mission will be to 

transmit and deliver electricity with high reliability at prices set by 	

regulator-approved market mechanisms. Unlike traditional utilities—

which may have incentives to block the entry of renewable generation if 

it takes market share from their conventional power plants—future util-

ities will accommodate any sources if they increase reliability and reduce 

costs. Power markets in some countries are moving in this direction.

Reliable Networks

Diversification is a risk-hedging strategy in the face of uncertainty, 

including the uncertainty brought on by climate change. There are 

two basic measures for diversification: fuel diversification and supply-

source diversification. Fuel diversification can be achieved through 

the development of alternative generation methods such as solar and 
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wind. Following the energy crisis in 2001, for example, the Brazilian 

government created a program to foster alternative sources of electric 

power, promoting wind and biomass as the primary alternatives to 

lessen the country’s dependence on hydropower. Wind is considered 

a good hedge against low rainfall because, in Brazil, wind energy’s 

greatest potential is during the dry season. According to the IEA, 

wind energy capacity in Brazil has since grown from 22MW in 2003 

to 602MW in 2009, with a goal to reach 10GW by 2020. Wind gen-

eration increased by 200 percent during the 2003–09 period. 

Regional energy cooperation through trade and power swaps is 

another way to diversify supply and increase energy security when 
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BOX 3.3

The Benefits of Energy Portfolio Diversification

Energy security—reliable access to energy at affordable prices—is a frequently stated policy 

goal. It is often conflated with energy independence, but the two concepts are different. Few 

countries today can rely entirely on domestic energy resources. For those that cannot, the more 

integrated their energy systems are with those of their neighbors and the more their energy 

imports are spread across different exporters and energy sources, the more secure will be their 

overall supply and the less affected they will be by price swings in any one energy source. So 

rather than energy independence, it is energy diversification that contributes most to energy 

security.

Energy diversification has several aspects: (a) variety—the number of options in the energy 

mix (such as coal, oil, gas, solar, wind, and hydro); (b) balance—the contribution each source can 

make to the energy mix; and (c) disparity—the degree of independence of price and other char-

acteristics between alternative sources (such as between fossil fuels and renewables) (Stirling 

1994, 2011; Grubb, Butler, and Twomey 2006). Each of these conditions is necessary but individ-

ually insufficient because each contributes differently to the energy security goal.

For ECA countries that rely heavily on (often imported) fossil fuels, a larger share of renew-

ables diversifies the energy mix. What would be the diversification benefits if all of the region’s 

countries reached a target of 20 percent renewable energy by 2020? A few countries (Albania, 

Estonia, Georgia, the Kyrgyz Republic, Latvia, Romania, and Tajikistan) already use more than  

20 percent emission-free energy. Others are between 2 percent and 20 percent short of the 

goal, with Azerbaijan, Kazakhstan, Turkmenistan, Ukraine, and Uzbekistan having the largest gaps. 

A simple scenario replaces the most carbon-intensive fuels with renewables that have the 

highest potential in the country, as shown in figure B3.3.1. The measure of benefit is borrowed 

from financial portfolio theory. By allocating funds across many uncorrelated assets (stocks, 

bonds, and so on), an investor trades off some potential return for lower risk. Applied to energy 

portfolios, the shift to renewables lowers portfolio returns—the amount of electricity generated 

per US$0.01 of investment. However, it also reduces volatility risk as measured in standard 

deviations (a simple measure of variability of investment returns) because a less-correlated port-

folio of energy sources, with a higher share having no fuel costs, reduces the impact of price 

volatility (as previously shown in figure 3.7).

continued

countries share complementary power sources and different supply 

and demand patterns (see also box 3.3). When the heat wave crip-

pled France’s nuclear power generation, much of the shortfall was 

met by imports from the United Kingdom, which, since 1986, has 

been linked to the French power grid by a 45-kilometer subsea power 
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BOX 3.3 continued

Figure B3.3.2 shows that many ECA countries could achieve large risk reductions at fairly 

modest costs. Uzbekistan, for instance, reduces volatility by about one-third for a drop in portfo-

lio returns of about 10 percent. This is a significant cost, but lower risk also has an economic 

value because volatility reduces overall economic growth by raising inflation and unemployment 

and by depressing the value of financial and other assets (Awerbuch and Sauter 2006).a 

FIGURE B3.3.1
Implied Fuel Switch with 20 Percent Renewable Target in Europe and Central Asia 
Countries, 2020
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cable. Where a large share of renewable energy is part of the fuel mix, 

supply diversification helps manage the intermittency of renewable 

energy sources. In Denmark, for example, interconnection to neigh-

boring power systems supports a 44 percent share of renewable 

energy. Denmark exports wind-generated electricity to Norway when 

demand is low and imports Norwegian hydropower during peak peri-

ods. Norway’s hydropower system effectively smooths the variability 

of wind power along with cheap energy storage in the form of water 

reservoirs. Quebec and the U.S. Pacific Northwest are other regions 

where wind is complemented well by existing hydropower. A hypo-

thetical Europe-wide power grid analysis has shown that wind energy 

penetration levels could reach as high as 70 percent. With the cost of 

BOX 3.3 continued

Source: Contributed by Craig Meisner; see Meisner 2012.
Note: kWh = kilowatt-hour.
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Fuel importers, such as Belarus, Moldova, and Ukraine, see additional benefits from 

improved current account balances. According to the scenario shown here, Armenia, Belarus, 

Kazakhstan, Moldova, Russia, Turkmenistan, Ukraine, and Uzbekistan could all achieve “sav-

ings” of more than 1 percent of gross domestic product (GDP). The total annual savings for the 

ECA region amount to US$68 billion. These benefits could offset some of the additional costs 

of deploying renewable energy sources. 
a. For instance, the oil-GDP effect is estimated to lead to losses on the order of 0.5 percent of GDP for a 10 percent oil price increase. 
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the extra transmission lines at around 10 percent of the turbine cost, 

this could yield power at around present-day prices (Murray n.d.).

Exploiting this portfolio effect of diversification depends impor-

tantly on the cross-border transmission capacity and coordinated 

market rules and regulation. In ECA, the Southeast European (SEE) 

countries are taking the lead in developing an integrated power mar-

ket. Under the Athens Process, 10 SEE countries have entered into a 

cooperative agreement to develop a regional electricity market and to 

integrate it into the EU electricity market.10 

However, in the rest of ECA, even though the potential for 

regional cooperation is high, power exchange still remains largely 

confined to within countries. For instance, the Central Asian coun-

tries had been historically connected by a bulk power transmission 

network and depended on one another for energy and water. The 

water resources in upstream Kyrgyz Republic and Tajikistan pro-

vided abundant and cheap electricity to downstream Kazakhstan, 

Turkmenistan, and Uzbekistan during the summer. In exchange, the 

Kyrgyz Republic and Tajikistan imported thermal power from the 

downstream countries in winter when hydropower conditions were 

poor. However, since the breakup of the Soviet Union, the regional 

power exchange has collapsed, falling from 25,413 GWh in 1990 to 

3,714 GWh in 2008. 

Intraregional power trade would be a cost-effective option to 

address winter energy shortages in the Kyrgyz Republic and Tajikistan. 

The World Bank, together with the Asian Development Bank, has 

been facilitating policy dialogue among the Central Asian countries to 

overcome obstacles to regional cooperation. Another World Bank-

funded study has analyzed the prospect of regional power cooperation 

in the South Caucasus region where Armenia, Azerbaijan, and Georgia 

could export power to Turkey (World Bank 2012). The potential trade 

could reach between US$1 billion and US$1.7 billion annually in the 

next 5–10 years. 

Notes

	 1.	 World Bank (2010), p. 10, assumes an annual gross domestic product 
(GDP) growth rate of 4.4 percent and a 3.1 percent increase in energy 
consumption.

	 2.	 The Commonwealth of Independent States includes Armenia, Azerbaijan, 
Belarus, Georgia, Kazakhstan, the Kyrgyz Republic, Moldova, the Russian 
Federation, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan.

	 3.	 The EU-10 countries include Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia. The Western Balkan countries include Albania, Bosnia and 
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Herzegovina, Croatia, the former Yugoslav Republic of Macedonia, 
Kosovo, Montenegro, Serbia, and Slovenia. 

	 4.	 A more complete discussion of coal-fired plants planned and canceled 
can be found in NETL (2011).

	 5.	 Values from the 2006 Intergovernmental Panel on Climate Change 
guidelines for National Greenhouse Gas Inventories, Vol. 2, Chapter 2, 
“Stationary Combustion,” p. 2.16. http://www.ipcc-nggip.iges.or.jp	
/public/2006gl/index.html.

	 6.	 The Kyoto Protocol is an international agreement, linked to the United 
Nations Framework Convention on Climate Change, that set legally 
binding obligations on 37 industrialized countries and the European 
community to reduce their GHG emissions. It was initially adopted on 
December 11, 1997, and entered into force on February 16, 2005. See 
http://unfccc.int/kyoto_protocol/items/2830.php. 

	 7.	 Historical trend data for the United States come from Thomson Reuters, 
as published by PriceWaterhouseCoopers on its Money Tree Report 
website: https://www.pwcmoneytree.com/MTPublic/ns/nav	
.jsp?page=notice&iden=B.

	 8.	 Many other factors also contributed to the uptake of private investment 
in renewable power generation, such as the establishment of a competi-
tive wholesale market and the development of a necessary legal and 
regulatory basis for exploiting renewable resources. The Project Imple-
mentation Completion Report of the Renewable Energy Project in 
Turkey (World Bank 2009) provides a detailed discussion.

	 9.	 This is an insight from real options theory, which implies that every 
investment competes for funds not only against alternative investments 
but also against itself in the future. See McDonald and Siegel 1986; Dixit 
and Pindyck 1994.

10.	 The signatories to the Athens Memorandum are Albania, Bosnia and 
Herzegovina, Bulgaria, Croatia, Kosovo, the former Yugoslav Republic 
of Macedonia, Montenegro, Romania, Serbia, and Turkey.
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Emission Trends in the Europe and 
Central Asia Region

ECA’s heat-trapping emissions are falling relative to output, but per capita levels 

have risen to an average of 6.9 tons in 2011. With more ambitious policies, they 

could fall back to around 6 tons of CO2 per capita by 2035. Action is most press-

ing for the five largest emitters (in order of emission volumes): the Russian 

Federation, Poland, Ukraine, Turkey, and Kazakhstan, which collectively 

account for 77 percent of the region’s total.

The reasons for ECA’s large contribution to global greenhouse gas 

(GHG) emissions—relative to the size of its population and econ-

omy—have been well documented (see, for example, Fay, Block, and 

Ebinger 2010; World Bank 2010). Several countries in the region 

have abundant coal, gas, and oil resources which, when combined 

with low energy prices, encourage wasteful energy consumption. 

There has been progress, but there is still a persistent legacy of inef-

ficient energy use in private buildings, industry, and transport as well 

as a backlog of modernization of the public capital stock (public build-

ings, street lighting, water treatment plants, and so forth), leading to 

high energy use in power production, water supply, and public trans-

portation. The following paragraphs illustrate the scale of the region’s 

emissions. This summary mostly focuses on CO2 emissions that come 

largely from fossil-fuel combustion, but it also discusses other GHGs 

emitted from noncombustion activities. 

SPOTLIGHT 2
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ECA’s share of global emissions is larger than its share of GDP or 

population. The region accounts for 7 percent of world population, 7.3 

percent of global GDP (purchasing power parity [PPP]-based), 11.2 

percent of all GHG emissions (5.4 billion of 48.4 billion tons of CO2 

equivalent), and 13.1 percent of CO2 emissions from fuel combustion 

(3.8 billion of 29 billion tons). Among World Bank regions, it ranks 

second in total emissions, behind East Asia and Pacific, although com-

bined emissions from high-income economies are still far larger, as 

shown in figure S2.1.

Per capita CO2 emissions from fossil-fuel burning in ECA (6.9 tons 

of CO2) are the highest among World Bank regions but are still rela-

tively low compared with the OECD average (which is pulled up by 

very high emissions in North America) and slightly below those of the 

EU-15. There are notable exceptions at the country level: the national 

average emissions vary from less than half a ton in Tajikistan to more 

than 12 tons in Kazakhstan (see figures S2.2 and S2.3). 

Per capita emissions are likely to rise considerably without effec-

tive climate action. Figure S2.4 shows future per capita CO2 emis-

sions based on three scenarios developed by the IEA (2011): 

•	 The first assumes that current energy and climate change policies 

will prevail in the region over the next 25 years. 

•	 The second assumes that already-announced new policies are 

effectively implemented. 

Europe and
Central Asia, 12%

East Asia and
Pacific, 31%

South Asia, 6%
Latin America and the 

Caribbean, 5%

Middle East and
North Africa, 7%

Africa, 2%

High-income
economies, 37%

FIGURE S2.1
Shares of Global CO2 Emissions among World Bank Regions, 2009

Source: IEA 2011. 
Note: CO2 = carbon dioxide.  
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Source: Calculations based on IEA 2011.
Note: CO2 = carbon dioxide. 
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•	 The third assumes policies will be adopted in the region that are 

consistent with the goal of stabilizing CO2 equivalent concentra-

tions in the atmosphere at a level of 450 ppm—the level at which 

global warming is projected to be limited to 2°C. 

The choice of these policies determines future emissions. For the 

IEA Eastern Europe and Eurasia region as a whole, it will determine 

whether emissions in 2035 will be 23 percent below 2008 levels or 	

24 percent above them. For the IEA Caspian subregion,1 emissions 

might grow by either 58 percent or by only about 9 percent.

Emissions are highly concentrated among ECA countries. Just five 

countries account for 77 percent of emissions (as shown in table S2.1 

and figure S2.3). The 15 countries with the smallest emissions account 

for less than 6 percent of the region’s total. Russia alone emits almost 

half of the region’s emissions. Its per capita emissions are higher than 

the OECD average, and it is by far the largest country in the region by 

population. 

ECA still uses far more energy per unit of output than other 

regions. It remains the region with the highest energy intensities in 

the world: 285 tons of oil equivalent (toe) per US$1 million of GDP 

(2000 PPP) compared with a global average of 189 toe and an EU-15 

average of 133. The region’s share of global total primary energy 

supply is 11 percent.

Source: IEA scenarios from IEA 2011; UNPD n.d. 
Note: IEA’s Europe and Eurasia region includes all ECA countries except the Czech Republic, Hungary, Poland, the Slovak Republic, and Turkey. The 450 Scenario 
indicates policies consistent with the goal of stabilizing CO2 equivalent concentrations in the atmosphere at a level of 450 ppm. CO2 = carbon dioxide. 
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TABLE S2.1
Five Largest CO2 Emitters from Fuel Burning in Europe and Central Asia, 2009 

Country
Per capita emissions  

(tons of CO2) Population (millions)
Total emissions  

(tons of CO2, millions)

Russian Federation 10.8 141.9 1,532.6

Poland 7.5 38.2 286.8

Ukraine 5.6 46.0 256.4

Turkey 3.6 71.9 256.3

Kazakhstan 12.0 15.9 190.0

Source: IEA 2011.
Note: CO2 = carbon dioxide.

Emission intensities—emissions per unit of GDP—are consequently 

also higher than in other regions. Uzbekistan emits 1.7 kilograms (kg) 

of CO2 per US$1 of GDP (2000 PPP), compared with a world average of 

0.5 kg per US$1. Kazakhstan, Russia, Serbia, and Uzbekistan also have 

emission intensities above 1 kg per US$1. These levels are not primarily 

due to the region’s carbon intensity of power generation (the amount 

of CO2 per unit of energy produced), which has steadily decreased 

because of the increased share of natural gas in the fuel mix. (It is now 

approximately the same as the world average and only 17 percent 

higher than in the EU-15, as figure S2.6 shows.) However, the ECA 

region uses considerably more energy to produce a given output. 

Emission intensities have fallen steadily over the past four decades, 

with the notable exception of the immediate transition period, when 

GDP fell far more than fuel combustion (see figures S2.5 and S2.6). So 

the trend is in the right direction, and the challenge is to maintain and 

accelerate it. Emission intensities also vary greatly among ECA subre-

gions, with Central Asia having the highest values (see figure S2.7).

In addition to burning fossil fuels, noncombustion activities also 

release significant amounts of CO2, methane, and other GHGs. Vent-

ing and flaring is the major source of methane and noncombustion 

CO2. Russia is the world’s leading gas-flaring country (responsible for 

26 percent of flaring in 2010), and Kazakhstan is ranked seventh 

(responsible for 3 percent). Agricultural and forestry practices emit 

the largest amount of nitrous oxide in addition to CO2 and methane. 

Manufacturing of aluminum and cement and other industrial prod-

ucts releases CO2 and industrial gases, such as hydrofluorocarbons 

(HFCs) and perfluorocarbons (PFCs). In 2008, fuel combustion con-

stituted 64 percent of total GHG emissions, among which natural gas 

contributed 26 percent, followed by coal at 24 percent and oil at 	

14 percent. Noncombustion-related GHGs totaled 1.9 billion tons of 

CO2 equivalent, or 36 percent of ECA’s overall emissions, including 	

15 percent from venting and flaring; 6 percent each from agriculture, 
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FIGURE S2.5 
CO2 Emission Intensities in Europe and Central Asia Relative to Other 
Regions, 1970–2010

Source: IEA 2011. 
Note: GDP using purchasing power parities (PPP) in 2000 U.S. dollars. CO2 = carbon dioxide; kg = kilogram.
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Note: CO2 = carbon dioxide; t = tons. 
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FIGURE S2.9
Annual Greenhouse Gas Emissions, by Source, Europe and Central Asia, 2008

Source: Calculations based on IEA 2011, PBL 2010, and EDGAR (Emission Database for Global Atmospheric Research) 4.1 data sets. 
Note: “Industry” refers to the noncombustion emissions from manufacturing of cement, lime, aluminum, and other materials. “Agriculture” comprises emissions from 
animals, animal waste, rice production, fertilizer use, and the like. “Forest and other” refers to direction emissions from forest fires plus emissions from decay of 
biomass.

forestry, and industrial processes; and 3 percent from landfills and 

waste treatment, as shown in figure S2.9.

ECA’s per capita emissions of non-CO2 GHGs is the highest in the 

world, mostly from methane released by gas flaring and venting, as 

figure S2.8 indicates. Non-CO2 pollutants usually have life spans 

shorter than CO2 but are much more potent warmers. For example, 

emitting one ton of methane or nitrous oxide would have the same 

immediate effect on warming as emitting 25 or 289 tons of CO2 within 

a 100-year horizon. Efforts to limit these pollutants would therefore 

have a strong and quick effect in mitigating climate change. 

Electricity and heat production accounts for the largest share of 

GHG emissions in ECA. The sector accounts for 31 percent of emis-

sions, including 21 percent from power generation. When allocating 

electricity and heat to consuming sectors, industrial production con-

tributes the largest share, at about 28 percent; followed by the built 

environment (urban) sector, at 21 percent; agriculture and forestry, 13 

percent; and transport, 10 percent (see figure S2.10). These patterns 
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vary somewhat by country. Electricity, heat, and other energy indus-

tries account for the largest share of emissions in most ECA countries. 

However, transport is the highest emitter in Albania, Armenia, Georgia, 

and the Kyrgyz Republic. Emissions from farming are significant in ECA 

but less so than in tropical regions. The region’s emissions from agricul-

ture were 331 million tons of CO2 equivalent in 2008—approximately 

6 percent of global emissions in this sector. Russia, Turkey, and Ukraine 

are the largest emitters. 

Emissions from all sectors have increased in the past decade except 

for those from agriculture and forestry. The transportation sector has 

seen the largest increase in emissions, by 36 percent since 2000. In 

power generation and industrial production, emissions have increased 

by 15 percent and 9 percent, respectively. Emissions from urban sec-

tors have increased by 11 percent since 1990 but have almost stabi-

lized in the past decade. On the other hand, emissions from agriculture 

and forestry have steadily declined by 29 percent over the past decade, 

as shown in figure S2.11. 

Power
21%

Production
28%

Mobility
10%

Cities
21%

Agriculture
6%

Forest
6%

Agriculture/forest
fuel use

1% 

Other
7%

FIGURE S2.10
Annual Greenhouse Gas Emissions, by Sector, Europe and Central  
Asia, 2008

Source: Calculations based on IEA 2011. 
Note: “Power” constitutes emissions from electricity production and other energy own use. “Production” refers to green-
house gas emissions from manufacturing, construction, and other industrial activities. “Mobility” refers to emissions from 
transportation. “Built environment” comprises emissions from residential, commerce, public sector, and waste treatment. 
“Forest” emissions include those from forest or peat fires or deforestation, but not offsetting forest growth elsewhere.
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Note

	 1.	 The IEA Caspian subregion includes Armenia, Azerbaijan, Georgia, and 
the five Central Asian countries: Kazakhstan, the Kyrgyz Republic, 
Tajikistan, Turkmenistan, and Uzbekistan.
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Fears of unintended side effects have always accompanied major 

transformations. In 1941, the U.S. Temporary National Economic 

Committee wrote the following: “There is unmistakable evidence of a 

change in kind as well as severity of unemployment in the last 

depression. This change is characterized by the widespread use of 

electrical power and mass production methods which have shown a 

capacity to increase industrial activity on the upturn of the business 

cycle without a corresponding ability to absorb unemployed labor” 

(Cyert and Mowery 1987).

In 1964, a national commission warned about a “glut of produc-

tivity” caused by technological change that would reduce the demand 

for labor. In 1985, a prominent report predicted job losses in clerical 

and office occupations of 40 percent by 2000 (Cyert and Mowery 

1987). 

Clearly, electricity and automation did not lead to widespread 

unemployment in the postwar period. Rather than reducing labor 

demand, productivity growth from the emerging information tech-

nology (IT) sector created new jobs and growth. Job-loss scenarios 

for office professions assumed that the duties of these positions 

would remain unchanged and failed to realize that rising productiv-

ity would increase demand for such services. There were losers as 

well as winners along the way, and one should not underestimate 

Promoting Growth and  
Ensuring Social Inclusion

PART II
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the disruptions that major transformations can bring. But neither 

should one overstate them. 

The low-carbon transition that will be required to avoid dangerous 

global warming will cause significant changes in national economies—

though of a much smaller magnitude than the industrial or IT revolu-

tions. Energy and other resources will need to be used far more 

efficiently. The energy system needs to gradually move toward low- 

and zero-carbon sources. Land use management will need to become 

far more sustainable. Shifts in relative prices will make some activities 

unprofitable and encourage others. They will also affect household 

budgets. 

It is therefore important to ensure that there is broad public accep-

tance of climate action. One way to achieve this is through greater 

public discussion about the risks and rewards of action and inaction. 

Initial costs to avoid climate change impacts early will be lower than 

paying for damages or for the far more rapid emission reductions that 

would be required later.1 Better-informed citizens will be more likely 

to support ambitious climate and energy policies. They will also be 

more likely to change their behavior to avoid damages, thus reducing 

the need for public policies (Stern 2010). 

In addition, climate action will succeed only if smart policies maxi-

mize its economic and social benefits and minimize its costs. In other 

words, climate action needs to be closely aligned with the other pil-

lars of the World Bank’s regional strategy for Europe and Central Asia 

(ECA): growth and social inclusion. The following chapters discuss 

how this can be done. The main message is that to make climate 

action economically beneficial and socially benign does not require a 

lot of new or special policies. It requires the same conditions that are 

necessary to ensure “golden growth” (Gill and Raiser 2012): a good 

business climate, education and research systems that encourage 

innovation, flexible and mobile labor markets, and efficient govern-

ments that provide safety nets and social security.
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Economic Growth

CHAPTER 4 

Main Messages

•	 Europe and Central Asia (ECA) countries can attract a 

share of growing green foreign direct investment (FDI) and 

trade, especially from Western Europe. This requires gen-

eral investment climate reforms. In addition, credible 

domestic green and climate policies make a country a more 

attractive investment destination in this rapidly growing 

sector: globally, in this decade, US$2.3 trillion is expected 

to flow into renewable energy alone.

•	 Globally, ECA accounts for only a small share of green 

innovation. This reflects generally weak national innova-

tion systems that could better enable catch-up innovation 

and increase absorptive capacity, with opportunities for 

frontier innovation in some countries. 

•	 Climate policies have created millions of jobs worldwide, in 

part reflecting the high labor intensity of energy efficiency 

and renewable energy technologies. But short-term 
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There is little agreement on the question of whether climate action 

will help or hurt economic growth. The main consensus appears to 

be that many of the actions necessary to avoid dangerous climate 

change will have a net cost but that this cost is manageable; its impact 

on firms and households can be moderated by well-designed policies; 

and dynamic economies will adjust to new cost structures relatively 

quickly. Most of the evidence comes from models rather than empiri-

cal research, with most estimates of the cost of effective climate 

action ranging between 0.5 percent and 1 percent of gross domestic 

product (GDP) per year during a transition time of two decades or so. 

There are more pessimistic views that peg the price tag higher. How-

ever, there are also those who believe that good environmental pol-

icy instruments—such as a carbon tax reinvested strategically to 

reduce other tax distortions—will stimulate innovation, economic 

activity, and productivity gains that will offset most or all of the cost 

of regulation.2

There is clearly no simple answer to this question. One reason is 

that country conditions vary greatly in terms of carbon intensity, eco-

nomic capacity, and other relevant characteristics. Another reason is 

that different climate action policies will have different costs and 

benefits and these will change over time—sometimes quite rapidly. 

Energy efficiency measures are generally cost-effective within any 

reasonable time frame and will therefore be productivity and growth 

enhancing. Some elements of a cleaner energy strategy, such as 

reductions of gas flaring or pipeline leaks, share characteristics of 

energy efficiency investments and can pay off quickly. On the other 

hand, solutions such as carbon capture and storage, most renewable 

energy in low-energy-price countries, or electric vehicles will con-

tinue to require some form of subsidy for some time. Welfare gains 

such as lower health impacts, hard-to-quantify benefits from energy 

diversification, and the option value of postponing large capital 

investments can narrow the cost-benefit gap but will not necessarily 

close it. Large-scale deployment can then have a high opportunity 

cost in terms of growth. A sensible strategy for poorer countries is to 

concentrate on the more-affordable or already profitable actions and 

employment creation should not dominate climate policy 

design. Low-carbon investments trigger medium- to long-

term changes in efficiency and productivity that will be a 

more important determinant of economywide gains.
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wait for large-scale deployment of costlier solutions until research 

and development (R&D) and widespread adoption in wealthier 

countries have brought down prices. 

Yet, there is a case to be made that climate action will generate 

many economic opportunities. The renewable energy sector alone 

invested about US$263 billion in 2011, an increase of 6.5 percent 

over the previous year and 600 percent higher than five years earlier 

(Pew Charitable Trusts 2012). For governments, the major question 

is how actively they should promote promising green industries. The 

case for so-called vertical industrial policies that target specific firms 

(picking winners or rescuing losers) remains weak. A qualified case 

can be made for supporting broader sectors. For instance, a carbon 

tax by itself would, at least in the short term, promote the cheapest 

renewable energy technology at the expense of all others. However, 

a diverse mix of renewable options will be required to address the 

problem of intermittent availability. Support for solar or ocean 

power could thus be justified even if they remain relatively more 

expensive. 

The strongest case can be made for economywide horizontal 

industrial policies that create the structural conditions for the private 

sector to take advantage of new opportunities and for households to 

strengthen their resilience through adjustments that are inevitable in 

a low-carbon transition. The industrial policies must be based on 

clear and stable domestic climate policies that signal to domestic pro-

ducers that there will be a long-term market for their products and 

therefore a return on innovation and investment. Without appropri-

ate incentives provided by climate policies, other growth-promoting 

instruments will be far less effective. Beyond this, the following sec-

tions briefly discuss three areas that will influence the growth bene-

fits from climate action:

•	 Promoting foreign direct investment (FDI) and trade in sectors 

related to climate action to facilitate access to new technology and 

create economic opportunities in promising new industries

•	 Creating domestic innovation systems—from technical education 

to incentives for R&D and financing—that enable firms to adopt 

and diffuse advanced efficiency and clean-energy technologies and 

to develop locally adapted technologies and services

•	 Ensuring that job markets function well and support the shift from 

shrinking to growing industries

These growth-promoting priority areas are, of course, familiar. 

Creating a policy environment and business climate that is conducive 
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to growth more generally (as described in the recent Golden Growth 

report [Gill and Raiser 2012]) will also make economic benefits from 

the low-carbon transition more likely. 

Foreign Investment and Trade

Not all climate change mitigation-related products and services are 

technology intensive, but many are. Given Europe and Central Asia 

(ECA) countries’ economic structure and domestic R&D capacity, the 

greatest opportunities in the production of green goods will likely be 

in medium to low technology. As with the car industry in Central 

Europe, initial production of components for foreign manufacturers 

can become increasingly sophisticated as countries develop expertise, 

deepen labor skills, and set up complementary supply systems. 

Investment from foreign firms in cleaner production generally and in 

the production of green goods specifically is one way to start this pro-

cess in the fast-growing area of clean technology.

The main objective of attracting FDI is to stimulate economic 

activity and job growth in the country. In the environmental context, 

the benefits of green FDI include access for domestic companies to 

technology that is cleaner than locally available solutions. It allows 

recipient companies to leapfrog to state-of-the-art, “cleanest” tech-

nology. It will also generate spillovers from recipient firms to domes-

tic competitors and suppliers.

Data and information about green FDI are scarce (Golub, 

Kauffmann, and Yeres 2011). Globally, total FDI flows to developing 

countries were about US$514 billion in 2010, of which US$87 billion 

went to ECA’s low- and middle-income countries (World Bank, World 

Development Indicators). This compares with about US$130 billion in 

official global development assistance (about US$7 billion to ECA), of 

which about US$14 billion supported climate change mitigation-

related activities.3 There are no detailed, systematic data on the share 

of FDI in environmental goods and services sectors or on FDI that 

supports cleaner and more efficient production in other sectors. In 

Europe as a whole, this “green” FDI still represents a fairly small 

share of overall FDI—about 5 percent of all FDI projects but growing 

almost fivefold between 2005 and 2009.4

How can ECA countries increase their share of incoming FDI in 

climate change mitigation-related activities such as clean-energy 

technologies or energy-efficient goods? In general, to attract green 

investments, it helps to have a green reputation. Firms will look at 

factor costs and the ease of doing business. More specifically, they 
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will also be more willing to invest in places that have clear and con-

sistent environmental policies. Such policies ensure a high level of 

support for their activities as well as a domestic market for their prod-

ucts. Further, they signal to investors that the country is a good place 

to invest in clean production and in the production of clean 

products. 

Costa Rica has shown that such branding can be successful. The 

Central American country started to market itself as an environmen-

tal and biodiversity hot spot in the early 1990s. It pursued compre-

hensive environmental regulations, setting aside large protected 

areas and promoting sustainable development of tourism infrastruc-

ture. It even implemented innovative new policy instruments such 

as payments for environmental services. The reward has been recog-

nition as one of the world’s primary ecotourism destinations. By the 

mid-1990s, tourism became the country’s largest foreign exchange 

earner, and by 2009, it accounted for 17 percent of FDI inflows.

More specifically, countries can consider incentives for green FDI 

and remove barriers that prevent it. Incentives for green FDI do not 

differ significantly from those for other types of investment. How-

ever, they can be more targeted to capture a share of a fast-growing 

market. China and other countries have used instruments including 

reduced corporate taxes, tax holidays to encourage clean-energy 

technology transfer, investment allowances, accelerated depreciation 

for environmentally friendly goods, or exemptions from import tar-

iffs on inputs (Bakker 2009). Similarly, policy makers need to ensure 

that there are few restrictions on environmental FDI. Research by 

the Organisation for Economic Co-operation and Development 

(OECD) suggests that such barriers tend to be low, including in sev-

eral ECA countries except for the Russian Federation, as shown in 

figure 4.1. Assessments for other countries in the region would be 

useful.

The effects of trade on domestic greenhouse gas (GHG) emissions 

are ambiguous, and there is relatively little evidence on this for ECA 

(Onder 2011). By increasing overall economic activity, trade expan-

sion without technical change would increase emissions (a scale 

effect). By changing relative prices in favor of exported goods, a 

country will produce more of those goods (a composition effect). The 

effect on emissions depends on what is exported. For the Balkan 

countries, the share of imported and exported manufacturing prod-

ucts is roughly balanced at 95 percent versus 91 percent.5 In the 

Commonwealth of Independent States (CIS) economies, about half 

of exports are minerals, while 95 percent of imports are manufac-

tured goods.6 The composition effect thus depends on the relative 
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FIGURE 4.1
Restrictions on Two Dimensions of Green FDI and Economywide 
Restrictions, Selected Countries, 2010 

Source: Golub, Kauffmann, and Yeres 2011, based on the OECD Regulatory Restrictiveness Index (http://www.oecd.org 
/investment/fdiindex.htm) and the World Bank’s Investing Across Borders (http://iab.worldbank.org/) indicators. 
Note: “Narrow” indicates FDI to produce environmental goods and services. “Broad” indicates FDI for cleaner production. 
“Economywide” refers to all FDI for comparison. FDI = foreign direct investment; OECD = Organisation for Economic 
Co-operation and Development.

0.70.60.50.40.30.20.10

Slovak Republic

Regulatory restrictiveness index (0 = open; 1 = closed)

Slovenia

Romania

Spain

Sweden

Greece

Egypt, Arab Rep.

Czech Republic

France

United Kingdom

Austria

Argentina

Morocco

Chile

Turkey

South Africa

United States

Peru

Poland

Brazil

Korea, Rep.

Canada

Japan

India

Mexico

Russian Federation

Indonesia

Saudi Arabia

China

Narrow green FDIBroad green FDI (mitigation)Economywide-average restrictions

http://www.oecd.org/investment/fdiindex.htm
http://www.oecd.org/investment/fdiindex.htm
http://iab.worldbank.org/


Economic Growth� 115

energy intensity of manufacturing versus mineral extraction. Trade 

will also lead to a change in the types of inputs used in production (a 

technique effect). Trade, like FDI, often provides access to cleaner 

and more efficient technology and other inputs. This has no doubt 

contributed to a reduction of emission intensities in ECA firms. 

Another trade-related issue is how domestic emission policies will 

affect firms exposed to trade. For domestic consumption, both locally 

produced and imported goods are subject to the same policies. There-

fore, producers of appliances would be subject to the same efficiency 

standards, and car producers to the same emission restrictions. 

Regarding production-related emission policies, there is concern that 

more-stringent domestic emission policies will hurt the international 

competitiveness of pollution-intensive industries. The empirical evi-

dence is mostly from industrialized countries and suggests that this 

effect is usually small and short term (Copeland 2012). Other cost 

factors or agglomeration economies have a far greater impact on firm 

location decisions. Regarding emissions from energy use, the 

increased short-run compliance costs are likely offset by longer-term 

efficiency gains. 

The third trade-related question, finally, is how local firms are 

affected by emission policies in export markets. European Union (EU) 

climate policies impose a price on carbon through the cap-and-trade 

system and a host of national policies that price emissions or make 

energy more expensive. These policies impose a cost on EU firms. 

Policy makers worry that this cost will shift energy and emission-

intensive production to countries without, or with more lenient, 

emission regulations. Indeed, many EU countries have a large “CO2 

trade deficit,” which means that the EU imports more carbon-

intensive products than it exports (Peters et al. 2011). Not surprisingly, 

China has piled up the largest “CO2 trade surplus” as its economy’s 

global share of manufacturing has increased. ECA countries for which 

estimates are available divide about equally into net importers of car-

bon dioxide (CO2) embedded in traded goods, and net exporters, with 

Russia having by far the largest carbon exports, followed by Ukraine, 

Kazakhstan, and Poland, as figure 4.2 illustrates. About half of the 

exports of oil, gas, and products from six energy-intensive industries 

in Azerbaijan, Kazakhstan, and Russia go to the EU. Most of the net 

carbon importers are EU-10 or candidate countries.7 

It is unlikely that climate change policies have been the major 

cause of the relocation of manufacturing industries and the resulting 

imbalances in the trade of virtual carbon. Empirical evidence is 

scarce, but model estimates suggest a so-called carbon leakage of no 

more than 5–30 percent. Cost advantages related to labor and other 
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FIGURE 4.2
Average Annual Net Exports of Embedded CO2 Emissions, Selected 
Europe and Central Asia Countries, 1990–2008

Source: Peters et al. 2011. 
Note: Bar for Russia is truncated (428 MtCO2e). Negative values = country is a net importer of CO2 emissions; CO2 = carbon 
dioxide; MtCO2e = million tons of CO2 equivalent.
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production factors, and the emergence of tightly integrated produc-

tion networks in East Asia, were far more important. Nevertheless, in 

2006, France proposed to introduce so-called border tax adjustments 

into international climate negotiations (Umweltbundesamt 2009). 

These would impose a charge on goods imported into the EU that is 

equivalent to the cost of carbon regulation faced by domestic 

producers.8

As long as foreign firms face emission-related charges that are no 

higher than those paid by domestic firms, the consensus is that bor-

der tax adjustments would be legal under World Trade Organization 

rules. So far, none has been introduced, although in 2012 the EU 

introduced requirements for including foreign air carriers in its emis-

sion trading system. One reason why the EU has not yet introduced 

border tax adjustments is that their implementation would be com-

plex. Any so-called prior burdens or environmental charges imposed 

by the exporting countries would need to be subtracted because they 

represent equivalent measures. This would lead to an extremely 

complex adjustment system whose cost may well exceed the benefits 

for countries imposing such taxes. Simplified approaches—based on 

average energy intensity and fuel mix, for instance—would be poorly 

targeted.

Unilateral introduction of emission-based border taxes by indus-

trialized countries could have significant impacts on developing and 

emerging countries’ manufacturing sectors, including those in Tur-

key or the CIS countries, especially if the taxes are based on the 

export countries’ emission intensities rather than the generally lower 

ones in importing countries (Mattoo et al. 2009). (See box 4.1.) Such 

charges would shift some of the costs of emission reductions from 

high-income countries to low- and middle-income countries through 

terms-of-trade effects (Copeland 2012). 

Alternative policy responses are preferable. One is to encourage 

adoption of cleaner production technology in exporting countries—

for instance, through technical assistance or export guarantees for 

green capital goods. Another is to support the introduction of emis-

sion regulations in exporting countries, in the form of either a 

domestic carbon tax or cap-and-trade system, or an export tax. 

Choosing either option would remove the argument for border tax 

adjustments in importing countries. It would also keep the revenue 

from carbon pollution charges in the exporting country, where it 

could be reinvested to reduce emissions or to lower other production 

costs. To facilitate the design and introduction of market-based 

instruments for carbon mitigation, the World Bank–coordinated 

Partnership for Market Readiness provides support for low- and 
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BOX 4.1

Differentiated Climate Action, Carbon Leakage, and Anti-Leakage Measures

Unilateral climate policies can have spillovers to other countries. An example is the EU’s emis-

sion reduction commitment of 14 percent by 2020 relative to 2005—currently the only binding 

regional climate agreement. Economic modeling captures policy-induced interactions between 

countries and economic sectors in the global economy and illustrates how climate action in the 

EU affects emissions and welfare elsewhere (see Kasek et al. 2012).

The analysis divides the world into three groups: (a) the 27 EU countries; (b) Annex I coun-

tries (A1) that have emission reduction obligations under the Kyoto Protocol, including Russia 

and Ukraine; and (c) non-Annex I countries (non-A1) that have no formal obligations, such as the 

South Caucasus and Central Asian countries.a In the reference scenario (figure B4.1.1), the EU 
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Groups by 2020

Source: Kasek et al. 2012.
Note: The figure decomposes emission changes by 2020 in a reference (Kyoto Protocol) scenario as opposed to a business-as-usual (no climate action) 
scenario. Annex 1 countries are those with emission reduction obligations under the Kyoto Protocol. EU = European Union; MtCO2e = million tons of CO2 
equivalent.  

middle-income countries. In ECA, Turkey and Ukraine participate in 

this program, which includes setting up monitoring, reporting, and 

verification systems; piloting market exchanges; and planning for 

emission trading systems.9 
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fulfills its commitment by 2020, the other A1 countries reduce their emissions by 4 percent, and 

the remaining (non-A1) countries do not introduce carbon reduction targets. This scenario 

reduces global CO2 emissions by 6 percent relative to business-as-usual (with no climate 

action). This scenario causes a modest economic loss in the EU and A1 countries, with real GDP 

less than 1 percent lower than under business-as-usual (without considering co-benefits such 

as health improvements).

Under this scenario, global emissions fall by almost 2 billion tons of carbon dioxide equivalent 

(CO2e) annually by 2020, mostly in A1 countries outside of the EU that accounted for about a third 

of global emissions from fossil-fuel burning in 2009. The EU, which emitted 12 percent of global 

CO2 in 2009, would lower emissions by more than 600 million tons. About a quarter of the emis-

sion reductions comes from decreasing energy intensity as countries invest in energy-saving 

technology. Another 5 percent comes from an economic shift toward less-energy-intensive 

sectors. This effect is small in the EU, where these shifts have mostly already taken place.

Two-thirds of emission reductions comes from a change in the energy mix, through a gradual 

replacement of coal with cleaner fuels and higher imports of electricity from non-A1 countries. 

Increased demand for electricity from countries not required to cut emissions causes their 

emissions to rise. This is the essence of the carbon leakage problem: strict policies in one place 

encourage emission-intensive industries to relocate to places with fewer or no restrictions.

The loss of competitiveness from unilateral climate policies can be addressed by imposing 

duties equivalent to the domestic carbon charge for emissions embedded in imported goods 

(border tax adjustment on imports, or BTA). Model simulations show that such duties reduce 

carbon leakage significantly, but they are controversial (as further discussed in the main text). 

Less effective is output-based allocation of free emission permits to energy-intensive and trade-

exposed sectors. Such permits reduce the leakage rate slightly but contradict the initial objec-

tive of making domestic production cleaner. A Clean Development Mechanism (CDM) scenario 

can either avoid or increase carbon leakage, depending on implementation.b All of these policies 

affect opportunities in countries not adopting strong climate policies. The welfare effect for non-

A1 countries is most detrimental under the BTA regime and modest under the CDM scenarios.

What becomes clear is that unilateral carbon abatement policies are less effective than coor-

dinated global climate action because some part of the emissions reduction in the EU or A1 

countries will be offset by an increase in emissions elsewhere. The stricter the unilateral policy, 

the higher the leakage rate. The more aggressive the countermeasures, the greater the welfare 

and output loss elsewhere. Therefore, unilateral action will always be a second-best option. 

Source: Contributed by Leszek Kasek.

a. The South Caucasus countries include Armenia, Azerbaijan, and Georgia. The Central Asian countries include Kazakhstan, 

the Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan.

b. For more about the Clean Development Mechanism, see http://unfccc.int/kyoto_protocol/mechanisms/clean_development_

mechanism/items/2718.php.

BOX 4.1 continued

http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php
http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php
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Innovation10

There has been a large increase in green innovations worldwide as 

countries have put a greater emphasis on environmental protection. 

The vast majority of green innovations have been in industrialized 

countries, with Germany, Japan, and the United States accounting for 

60 percent of the global patents related to GHG mitigation. Developing 

and emerging economies account for a very small share of those inno-

vations. The number of green patents has increased in Latin America 

and East Asia but has been stagnant in the ECA region, as shown in 

figure 4.3.11 Within ECA, Russia accounts for the largest share over the 

past two decades (with 19 of the region’s 45 green patents), followed 

by the Czech Republic and Hungary, as figure 4.4 indicates. 

Patent data reflect frontier innovation, creating new products or 

techniques. More important for many countries is catch-up innova-

tion, which involves adoption and adaptation of existing technology. 

One way to assess the economic opportunities from catch-up innova-

tion is to look at the trade structure. The share of imports of green 

products is about the same in ECA, Latin America, and East Asia and 

slightly higher than in high-income countries, as shown in figure 4.5. 
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Source: United Nations Comtrade database and proximity matrix based on 6-digit Comtrade; see Dutz and Sharma 2012.
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However, their export share is far lower in ECA and, in contrast espe-

cially to East Asia, is not expanding (see figure 4.6). 

To gauge the potential for expanding these exports, one can look 

at exports that are similar to green products. The idea is that a coun-

try that exports many such similar goods and services should have a 

comparable advantage in expanding production into green products. 

Figure 4.7 shows that—relative to Latin America and East Asia, 

which have a far higher share of green and close-to-green exports—

ECA’s potential for green export expansion is only about twice as 

large as the actual green export share. 

Firms increase investments in green innovation in response to 

market demand. Environmental and climate policies will generate 

such market demand for green goods by requiring pollution control 

technology or higher-efficiency consumer products, for instance. Evi-

dence from Western Europe suggests that “demand-pull” policies, 

such as feed-in tariffs for renewable energy and other environmental 

regulations, are indeed a major driver for environmental innova-

tions. ECA’s relatively low share of green products may well reflect 

weaker environmental standards. Firm surveys suggest that existing 

or future environmental regulations, followed by market demand 
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from customers, are the main drivers of introducing environmental 

innovations. Incentives that “push the supply” of innovations will 

still be necessary because firms tend to underinvest in knowledge 

creation and R&D generally (because they can usually capture only a 

small share of the value of the innovation) and in environmental 

technology in particular (because environmental damages are rarely 

fully priced). 

Green innovation policies need to be tailored to country needs and 

characteristics. They will require a mix of all three types of innova-

tion support (as summarized in table 4.1), implemented with the 

help of suitable policy instruments:

•	 Frontier innovation needs to focus on countries with advanced tech-

nological capabilities. Apart from strengthening of intellectual 

property rights and early-stage technology finance, public R&D 

funding is most important. However, support for environmental 

R&D is low in the ECA countries for which data are available—a 

fraction of 1 percent in Russia, for instance. 

•	 Catch-up innovation involves stimulating the adoption of technolo-

gies that are new to firms. An important instrument is support for 

early adopters and demonstration programs. For example, several 

Eastern European countries, including the Czech Republic, 

Source: United Nations Comtrade database and proximity matrix based on 6-digit Comtrade; see Dutz and Sharma 2012.

FIGURE 4.7 
Exports of Green and Close-to-Green Goods and Services in Europe 
and Central Asia Relative to Selected Other Regions, 2000–10
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TABLE 4.1
Public Policies that Promote Innovation, by Type 

Innovation policy type
Intended 

beneficiaries Policy instruments

1. Promoting frontier innovation 
(innovation finance and other policies 
for development and 
commercialization of new-to-the-
world knowledge)

Firms with sufficient 
technological 
capabilities; financiers

Government-funded R&D (public labs, matching grants, soft loans, and tax credits for 
private firms) 
Patents and other support for intellectual property rights (IPRs)
Support for early-stage technology development (ESTD) finance, including support for 
private capital (angels, early-stage VC)
Prizes and advanced market commitments (AMCs)

2. Promoting catch-up innovation 
(policies to facilitate access to new-
to-the-firm knowledge and to 
stimulate technology absorption)

All firms;
public labs and 
universities;
all citizens

Open trade, FDI, IPRs, diaspora, and ICT policies
Patent buyouts and compulsory licenses
Patent pools and open-source mechanisms
Public procurement, standards, and regulations
Support for finance to early adopters and demonstrations

3. Developing absorptive capacity 
(policies to strengthen skills and 
more broadly to spur the 
accumulation of new knowledge by 
entrepreneurs and firms)

All firms; 
workers and managers; 
researchers; trainers

Education and life-long learning policies
Enterprise-based worker, management, and entrepreneurship training as well as other 
technical and vocational education and training (TVET)
Facilitation of connectivity through global alliances and supplier development links to 
global value chains
Rule of law, contract enforcement, competition, bankruptcy and re-entry facilitation; 
urban policies (“sticky” cities to attract and retain talent)

Source: Dutz and Sharma 2012, which discusses these policy instruments in detail in the context of innovation for climate action.
Note: Although some policy instruments such as public procurement, standards, and regulation are relevant for all three policy areas, they are listed in the areas 
deemed most important to stimulate green innovation in most developing countries. R&D = research and development. VC = venture capital. FDI = foreign direct 
development. ICT = information and communication technology.

benefited from a pilot training course by the Certified European 

Passive House Designer project that trains architects, engineers, 

and building designers in the construction of buildings that require 

90 percent less energy than conventional ones.12 

•	 Absorptive capacity is promoted by more general educational and 

training programs and by making it easier to access global informa-

tion, value chains, and entrepreneurial practices. An example is 

Mexico’s Green Supply Chains Program, which brought together 

14 multinational and 146 small and medium-size enterprises to 

exchange knowledge and build buyer-supplier links for environ-

mental products. 

ECA countries have so far not played a large role in innovation for 

environmental and climate action technologies and services. Innova-

tion research suggests some lessons for more effective innovation 

policies (Popp 2011; Dutz and Sharma 2012): 

•	 A major reason for the region’s underperformance is the relatively 

low level of public support. Both demand-pull signals (in the form 

of effective climate change policies) and supply-push incentives 
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(such as support for innovation systems) are inadequate. Increased 

policy support will be critical for ECA to benefit from green growth 

opportunities. 

•	 Current technology leaders will continue to dominate cutting-edge 

R&D activities, but ECA can benefit greatly from catch-up innova-

tion and improved absorptive capacity that stimulates investment 

and growth in locally relevant areas of environmental manage-

ment. Adaptive R&D must be a core component of the region’s 

overall innovation system, as box 4.2 discusses. 

•	 Firms in ECA take insufficient advantage of their proximity to 

green-technology leaders in Western Europe. China and India 

have shown how to mobilize knowledge generated abroad to build 

successful renewable energy companies—for instance, through 

licensing agreements with industry leaders. ECA can do much bet-

ter in exploiting such beneficial spillovers. 

•	 Development or introduction of new technologies is only the first 

step. These technologies also need to spread widely within a coun-

try. Too often they run into additional barriers such as limited 

BOX 4.2

Broader Innovation System Reforms Promote ECA’s Competitiveness

Innovation in the areas of climate change mitigation specifically and environmental manage-

ment more generally constitute just one subsector of a country’s innovation system. A recent 

World Bank report on innovation in ECA argues that the region needs to move much closer to 

the scientific and technological frontier if its economies are to become more diversified and 

competitive (Goldberg et al. 2011). 

The report identifies four specific priorities that apply equally to innovation for climate action:

•	 Enhancing integration in the global R&D community by supporting collaboration between 

local and foreign researchers and by attracting FDI in R&D in ECA countries 

•	 Restructuring research and development institutions to make them more effective in support-

ing commercialization of R&D 

•	 Promoting risk taking by reforming and strengthening financial support instruments such as 

investment grants or tax exemptions 

•	 Improving the business climate to facilitate trade, FDI, and entrepreneurial start-ups

Source: Goldberg et al. 2011.
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financing or limited ease of use. Measures to promote innovation 

diffusion should complement ECA’s policies for innovation cre-

ation and initial adoption.

Jobs13

Innovation makes existing firms more productive and generates new 

business opportunities. These results, in turn, create employment. 

Employment generation is considered one of the main benefits of a 

policy-induced transformation of energy systems—creating jobs in 

renewable energy, energy efficiency, and the natural resources sector. 

Many such jobs have been created in countries with ambitious climate 

policies, but both the net employment effects and the cost-effectiveness 

of such policy-induced job creation are somewhat ambiguous. What 

emerges from empirical evidence is that employment gains by them-

selves are a poor criterion for evaluating climate action projects or poli-

cies. Such projects and policies should be implemented if they are 

profitable based on a cost-benefit analysis that considers wages as well 

as indirect benefits from environmental improvements, learning, and 

R&D. Employment effects should be seen in the context of the broader 

transition to a low-carbon economy where the most significant payoffs 

may be indirect and longer term. Labor market policies should aim at 

preparing workers to take advantage of new opportunities wherever 

they emerge and cushioning adjustment shocks in industries that are 

adversely affected (see chapter 5).

There is no simple definition of a green job or one that is induced by 

climate action. Green employment overall, which includes traditional 

environmental sectors such as conservation or pollution control, cur-

rently constitutes a fairly small share of total employment—about 

1.7 percent in Europe, for instance, and around 1 percent in most 

low- and middle-income countries. These jobs range from highly 

skilled R&D to unskilled construction and agricultural jobs, though 

there is some evidence from the United States that green sector 

wages are 13 percent higher than the average (Muro, Rothwell, and 

Saha 2011). However, most low- to medium-skilled green jobs do 

not require unique or highly specialized skills, so they are unlikely 

to command a wage premium. 

Statistics on job creation in the energy efficiency sector are scarce, 

in part because energy-efficient construction and energy-related 

services are typically provided among many other services by estab-

lished companies. For example, a construction firm will offer to add 

home insulation in addition to conventional building-related 
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services. Better evidence exists for renewable energy manufactur-

ing, installation, and operations and maintenance. In the EU, this 

sector employs more than 1.1 million people, about one tenth of 

those (111,000) in the EU-10. The three largest subsectors account 

for 70 percent of these jobs: solid biomass with 273,000, solar 

photovoltaics with 268,000, and wind with 253,000. Across 

countries, the sector’s importance varies, with the biggest absolute 

job numbers in large Western European countries, as shown in  

figure 4.8. As a share of total employment, the Nordic and Baltic 

countries stand out. 

Many of these jobs are indirect, in installation or maintenance, rather 

than in the production of clean-energy capital goods. In Germany, only 

about 18,000 of 130,000 solar energy jobs have been in photovoltaic 

module manufacturing.14 This also implies that even countries that are 

not at the technology frontier can realize large employment gains in the 

clean-energy and energy efficiency sectors as domestic policies and, 

increasingly, market forces promote such investments.

The large number of jobs created in the clean-energy field also 

points to a weakness. At least some renewable energy technologies 

Sources: European Commission n.d.; EurObserv’ER Report’s 11th Annual Overview Barometer (http://www.eurobserv-er.org/observer.asp). 
Note: EU = European Union.

FIGURE 4.8
Employment and Shares of Employment in the Renewable Energy Sector in the EU, 2010 
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are currently far more labor intensive than traditional ones,  

especially when viewed in relation to energy production. Solar pho-

tovoltaics, for instance, generate between 7 and 10 times the employ-

ment per megawatt of coal, gas, or even advanced wind energy 

(Kammen, Kapadia, and Fripp 2006). This larger labor input require-

ment is probably a larger barrier to market competitiveness than 

equipment prices, which have been falling rapidly. Employment cre-

ation alone is therefore an insufficient argument for renewable 

energy, also because there may be other employment-intensive activ-

ities that would have higher payoffs. The main emphasis should be on 

raising efficiency and productivity to generate growth, which in turn 

creates jobs—not only in new energy-related sectors but also in the 

rest of the economy. For example, better management and more effi-

cient use of forest resources in ECA would increase carbon sequestra-

tion and thus contribute to climate change mitigation. It could also 

generate 3 million additional jobs (as further discussed in chapter 10). 

As in any major economic transformation, gains from job creation 

in new sectors could be partly offset by losses in traditional indus-

tries. These are discussed in chapter 5 along with policies that create 

the labor market conditions that facilitate such a transition.

Notes

	 1.	 Nordhaus (2008) is one of many papers to point out that the earlier that 
one tackles climate change, the lower the costs will be.

	 2.	 This argument goes back to Porter and van der Linde (1995).
	 3.	 See “OECD DAC Statistics on Climate-Related Aid”: http://www.oecd 

.org/dac/aidstatistics/FactsheetRio.pdf. 
	 4.	 Ernst & Young (2010) defines green FDI as investments in industries or 

services with a focus on renewable and clean technology.
	 5.	 The Balkan countries include Albania, Bosnia and Herzegovina, Croatia, 

Kosovo, the former Yugoslav Republic of Macedonia, Montenegro, 
Serbia, and Slovenia.

	 6.	 The Commonwealth of Independent States (CIS), created in December 
1991, currently includes Armenia, Azerbaijan, Belarus, Georgia, 
Kazakhstan, Moldova, Russia, Tajikistan, Turkmenistan, Ukraine, and 
Uzbekistan. For more, see http://www.cisstat.com/eng/cis.htm. 

	 7.	 The EU-10 countries are those countries that joined the EU in 2004: 
Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, 
Poland, Romania, the Slovak Republic, and Slovenia.

	 8.	 This is not a new idea; see Markusen (1975).
	 9.	 For more about the World Bank’s Carbon Finance Unit, see http://

wbcarbonfinance.org.
	10.	 This section is based on Dutz and Sharma (2012).
	11.	 This finding is based on patent applications in 13 GHG mitigation tech-

nology fields filed in 76 countries, with “high quality” restricted to 

http://www.oecd.org/dac/aidstatistics/FactsheetRio.pdf
http://www.oecd.org/dac/aidstatistics/FactsheetRio.pdf
http://www.cisstat.com/eng/cis.htm
http://wbcarbonfinance.org
http://wbcarbonfinance.org
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patents filed in more than one country. See Dutz and Sharma (2012) for 
details.

	12.	 For more about the Certified European Passive House Designer project, 
see http://eu.passivehousedesigner.de/. 

	13.	 This section draws on Bowen (2012).
	14.	 Estimate is for 2011, according to the German Solar Business 

Association.
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Social Inclusion

Main Messages

•	 Climate policies will raise the price of energy and the cost 

of polluting. Energy- and emission-intensive firms will 

become less competitive and may reduce employment. As 

in other structural transformations, good labor market pol-

icies and greater labor mobility let workers move from sun-

set to sunrise industries. Social safety nets help those who 

are unable to make the transition.

•	 Energy price reform, motivated by energy security as well 

as fiscal and climate objectives, could create economic 

distress, particularly for low-income households. More-

targeted social safety nets will avoid hardships but should 

be complemented by support for household-level energy 

efficiency improvements that are a more sustainable 

solution in the long term.
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It is tempting to design policies intended to achieve two desirable 

outcomes at once. On rare occasions this can work. Fuel taxes, for 

instance, raise funds for financing transport infrastructure (or for 

subsidizing public transit) and also encourage fuel efficiency in cars, 

reducing local and climate pollution.1 However, more often it is bet-

ter to break down a problem into its components and address each 

with a separate policy instrument. This is the case with green jobs. 

As chapter 4 argued, rather than subsidizing green job creation 

directly, it is preferable to have relatively neutral climate and energy 

policies aimed at emission reductions and a separate set of labor mar-

ket policies that encourage skill development and flexible hiring. 

Robert Stavins, an environmental economist, describes a related 

example of this general principle in the context of the world’s first 

large-scale pollution cap-and-trade system (Stavins 2009; see also 

Bennear and Stavins 2007):

In 1990, when Congress sought to cut sulfur dioxide (SO2) emissions 

from coal-fired power plants by 50% to reduce acid rain, Senator Rob-

ert Byrd (West Virginia) argued against the proposal for a national 

cap-and-trade system, because it would displace Appalachian coal 

mining jobs through reduced demand for high-sulfur coal. He recom-

mended instead a national requirement for all plants to install scrub-

bers, which would have increased costs nationally by $1 billion per 

year in perpetuity. 

Fortunately, Senator Ted Kennedy (Massachusetts) recognized that 

these two problems (acid rain and displaced miners) called for two sep-

arate policy instruments. Simultaneous with the passage of the Clean 

Air Act amendments of 1990, which established the path-breaking SO2 

allowance trading program, Congress passed a job training and com-

pensation initiative for Appalachian coal miners, at a one-time cost of 

$250 million. Acid rain was cut by 50%, $1 billion per year was saved 

for the economy, and sensible and meaningful aid was provided to the 

displaced miners. Two different policies were used to address two dif-

ferent purposes. Sometimes that is the wisest course.

•	 Lower public health burdens are a direct social benefit from 

climate action that reduces emissions from fossil-fuel plants. 

These plants cause an estimated US$19 billion in annual 

health damages in Europe and Central Asia (ECA). Econo-

mywide climate action can often be more cost effective in 

reducing local pollution than increasingly expensive plant-

level reductions in emissions.
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This chapter discusses the potential social impacts of climate poli-

cies and the complementary policies that help soften those impacts. 

The first section complements the discussion of employment growth 

by looking at potential job losses caused by policies that make energy 

more expensive. The Europe and Central Asia (ECA) region has 

already gone through a period of significant industrial restructuring 

and energy price reforms. Still more can be done to promote eco-

nomic efficiency and to contribute to climate goals. Countries vary 

greatly in vulnerability to energy price increases as well as their abil-

ity to respond and adapt to the labor market shocks that the price 

increases could trigger. In most cases, these shocks will be relatively 

modest and will play out over a long transition period. They will 

unlikely be more severe than the shocks from market opening or 

major economic crises, for instance. There is broad experience in 

managing such impacts by making labor markets efficient and by 

using more active labor policies and social safety nets where 

necessary. 

Energy price increases caused by subsidy reform or environmental 

policies affect not only firms but also households more directly, as the 

second section on distributional impacts discusses. As a result, the 

energy budget share can exceed sustainable levels among low-

income households that may not be able to reduce already minimal 

consumption. As with labor market impacts in ECA, existing social 

policy instruments and safety nets can help buffer these impacts. But 

equally important is to help households reduce their energy con-

sumption through investments in energy efficiency, especially in 

building insulation and appliances.

Climate action can also have direct welfare benefits for vulnerable 

populations, like increasing the comfort in buildings that are more 

efficiently heated or improving public transport and reducing its cost 

for those who can’t afford a car. Another important benefit, discussed 

in the final section of this chapter, is the reduction in health impacts 

from fossil-fuel emissions. Reducing energy use and replacing fossil 

fuels with renewable energy would significantly lower mortality and 

health expenditures in many ECA countries.

Labor Markets2

Job creation in green sectors shows only one side of the employment 

implications of low-carbon growth policies. A price on carbon emis-

sions changes the relative prices across energy technologies and can 

make energy generally more expensive, so gains in clean energy may 
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coincide with job losses in coal mining or fossil-fuel power plants. 

Energy-intensive firms in other industries such as chemicals or paper 

production will face a higher energy price that reflects the real cost to 

the environment. If they can’t pass on these costs or if they face for-

eign competition not subject to carbon pricing, jobs could be lost. Fur-

thermore, targeted subsidies for low-carbon technologies that are still 

uncompetitive at market prices divert funds that could be invested 

elsewhere, possibly generating more employment. This is an impor-

tant consideration if employment creation is the main objective—for 

instance, in green stimulus programs (Strand and Toman 2010). 

The employment implications of climate action are part of a neces-

sary economic transition, similar to other transformations that are 

usually market driven rather than policy induced. These transforma-

tions cause both losses and gains in different industries. Such a tran-

sition would see three types of effects (Fankhauser, Sehlleier, and 

Stern 2008):

•	 Short-term job creation and job losses would occur in sectors directly 

affected by climate policies.

•	 Medium-term economywide impacts would occur as other sectors 

are affected by energy price increases, either directly or indirectly 

through supply chains, for instance. Price changes will trigger 

changes in the mix of inputs in production (for example, the use of 

more capital to reduce energy use).

•	 Long-term effects would occur as the economy responds and adjusts 

to the new prices of various products. This adjustment results in 

changes in the composition of durable and investment goods such 

as household appliances or machine tools and encourages more 

innovation and research and development (R&D).

Of most concern to policy makers is usually the immediate effect. 

Most ECA economies have comparatively higher shares of employ-

ment and value added in energy-intensive industries than their 

Western European counterparts, as shown in figure 5.1. Other indus-

tries that use less energy depend on the products from these energy-

intensive companies, accounting for about 16 percent of cleaner 

sectors’ inputs in the Czech Republic, for instance. Countries where 

many people rely on energy-intensive industries for jobs will be more 

vulnerable to energy price increases than countries where these 

industries play a smaller role. The illustrative analysis in this section 

considers the impact of both a rise of energy prices to market costs of 

US$0.125 per kilowatt-hour (kWh) and a carbon tax of US$15 per 

ton of carbon dioxide equivalent (CO2e) (see figure 5.6 in the “Distri-

butional Impacts” section below).
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Countries differ not only by vulnerability but also in their ability to 

respond to labor market impacts. Social and labor market policies 

cushion negative effects by creating incentives for mobility to grow-

ing (and greener) sectors. Labor market adaptability to energy price 

shocks is determined by four main factors: 

•	 Labor market costs and flexibility such as employment protection leg-

islation or minimum wage levels

FIGURE 5.1
Employment and Value Added in Energy-Intensive Sectors of Europe and Central Asia  
Countries, 2007 

Source: United Nations Statistics Division (http://unstats.un.org/unsd/).
Note: Energy-intensive industries comprise the following sectors: mining, quarrying, other utilities, construction, and transportation. More disaggregated data for 
energy-intensive manufacturing sectors are not consistently available.
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•	 Skills development and innovation that equip workers to transition to 

new jobs 

•	 Active labor market policies that enhance labor supply (for example, 

training); increase labor demand (such as through public works or 

hiring and wage subsidies); and improve the functioning of the 

labor market (for example, employment services) 

•	 Social protection that provides safety nets 

Assessing both vulnerability to energy price increases and adapt-

ability to labor market impacts suggests two broad categories of coun-

tries in ECA: (a) Bulgaria, Croatia, Hungary, Latvia, Lithuania, 

Poland, and the Slovak Republic will likely be less affected by climate 

policies that raise energy prices. Their energy prices are already quite 

high, and most derive a smaller share of economic output from 

energy-intensive industries. (b) Azerbaijan, Georgia, Kazakhstan, and 

Ukraine, in contrast, are more vulnerable to carbon pricing but also 

have labor market characteristics that support adaptation to energy 

price changes. In contrast to those two categories, the former Yugo-

slav Republic of Macedonia, the Russian Federation, and Serbia com-

bine high vulnerability with low adaptability, as figure 5.2 illustrates.

Countries that are most at risk of adverse employment impacts 

from climate action that raises energy prices can respond by reducing 

their vulnerability or by increasing adaptability. They can reduce 

vulnerability in one of two ways: by increasing energy efficiency in 

the industrial sector (as discussed in chapter 7), or by accelerating the 

shift out of energy-intensive industrial sectors—an economic shift 

that has been ongoing in many countries independently of climate 

policies. The latter is obviously not a sensible strategy where other 

factors make those sectors highly competitive or essential to the 

national economy. 

Increasing adaptability involves strengthening the overall business 

environment and increasing labor market flexibility so that workers 

in sunset industries can find jobs in growing sectors. Many ECA coun-

tries rank low in the World Bank’s Doing Business Indicators3 and 

have overly restrictive employment protection legislation, so firms are 

reluctant to hire. Experience in Western European countries such as 

Denmark shows that greater labor market flexibility combined with a 

strong social protection system tends to raise employment levels. 

Support for skills training is a second way to increase adaptability. 

Relatively few green jobs require unique skills, but acquiring new 

skills will be important for workers losing jobs in shrinking indus-

tries. Training is also important when structural transformation 

occurs within rather than between companies—for instance, when a 
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firm switches from making internal combustion motors to high-

efficiency electric ones. 

Although firms and workers have the greatest incentive for training 

and retraining, public assistance can also facilitate green-technology 

skills development through national education systems. Many ECA 

countries face significant challenges in this area. A large share of busi-

nesses rate insufficient or inappropriate worker skills as a “major” or 

“very severe” constraint. Skills constraints appear most severe in some 

of the Commonwealth of Independent States (CIS) countries such as 

Belarus, Kazakhstan, Moldova, Russia, and Ukraine. Beyond flexibil-

ity and skills, labor market policies such as hiring incentives or match-

ing services can ease some of the challenges of an economic transition. 

However, experience with these kinds of policies has been mixed. 

FIGURE 5.2
Employment Vulnerability and Adaptability of Europe and Central Asia Countries, 2008

Source: Calculations based on UN data. See Oral, Santos, and Zhang 2012 for details. 
Note: Countries with high vulnerability (higher values) are those with higher shares of employment and value added originating from energy-intensive industries, as 
well as those that would experience a higher energy price increase. Countries with high adaptability (higher values) are the ones with high labor market flexibility, 
high skills, high social protection readiness, and higher spending on active labor market policies. The value 0 represents the average position in terms of vulnerability 
and adaptability across all countries in our sample. This analysis takes into account the overall manufacturing sector. A more detailed breakdown of the manufactur-
ing sector that results in a similar analysis, but covering fewer countries, is in Oral, Santos, and Zhang (2012, annex 1).
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BOX 5.1

Impact of Climate Policies on Employment Patterns in Poland Relative  
to Overall Structural Transformations

The evidence is mixed on whether environmental policies affect the poor more than the rich. 

Studies in the United States and Australia show that a carbon tax would hit lower-income house-

holds more severely, while studies in Italy and Spain showed the impact to be neutral. A carbon 

tax in China would be progressive, reflecting differences in goods consumed at the household 

level across income groups. In general, impacts on household income would largely stem from 

people who lost jobs in energy-intensive companies subject to a carbon tax, for instance.

Poland’s energy mix has a high share of coal, so a significant carbon tax will have an impact on 

the cost structure of energy-intensive firms and consequently also on employment. A study of the 

impact of carbon policies, building on the World Bank’s recent Poland Low Carbon Growth Study, 

compares a business-as-usual (BAU) scenario with a green scenario. The BAU scenario is not 

static because Poland continues to undergo significant economic transformations unrelated to cli-

mate policies. The results suggest that the BAU scenario will decrease employment of lower-

skilled workers as fewer low-paid jobs in agriculture and industry get created. Green policies have 

only a small additional influence. In the longer term, the impact would be relatively neutral. Also, in 

the longer term, the effects of labor market turnover would be lower on the poor than on the rich.

However, the analysis also shows that local impacts can be severe. Under the green sce-

nario, the Slaskie (Upper Silesia) and Mazowieckie regions see the highest job impacts. But 

although gains roughly balance losses in Mazowieckie, the Slaskie region—home to much of 

Poland’s heavy industry and mining—experiences net job losses. With the implementation of 

green policies, Slaskie would account for 36 percent of all the jobs lost but for only 20 percent of 

the jobs gained in Poland by 2030 in comparison to the BAU scenario, as shown in figure B5.1.1.

Poland could do more to ensure that its labor markets support reallocation of jobs across sec-

tors as the structure of the economy changes. The country still has relatively high nonwage labor 

costs and about average employment protection laws. Poland does spend significant resources 

on active labor market policies compared with other countries. However, its social protection 

continued

Policy makers are understandably split over the job market impli-

cations of climate policies. Some expect large job growth in modern, 

competitive industries. Others fear the adjustment costs of increasing 

energy prices. But, with some exceptions among technology leaders 

and heavily fossil-fuel-dependent countries, the impacts will likely be 

relatively modest in both directions and will be further softened by 

their occurrence over a number of decades (UNEP 2011; ILO 2009; 

Dupressoir et al. 2007; also see box 5.1). 
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spending relative to gross domestic product (GDP) is the lowest in the region at 1.6 percent, and 

a quarter leaks to the richest 20 percent of the population. Unemployment benefits are not gen-

erous compared with other countries, although they are paid over a long duration of 18 months. 

Equally important, Poland has made strides in improving its education system as reflected in 

improvements in its Organisation for Economic Co-operation and Development (OECD) educa-

tional attainment rankings. In addition, the country could improve its innovation systems to sup-

port uptake of green technologies in its firms. These structural improvements are at least as 

important as more direct employment policies in aiding labor market adjustments.

Sources: Jorgensen, Kasek, and Shkaratan 2012; Oral, Santos, and Zhang 2012.

Slas
kie

Mazo
wiec

kie

Doln
osl

ask
ie

Malo
po

lsk
ie

Wiel
kop

ols
kie

Lod
zki

e

Lub
els

kie

Po
mors

kie

Kuja
wsko

-Po
m.

Po
dka

rpa
cki

e

Za
cho

dn
iop

om
ors

kie

Opo
lsk

ie

Swiet
okr

zys
kie

Warm
ins

ko-
Mazu

rsk
ie

Lub
usk

ie

Po
dla

ski
e

40
a. Job losses 

b. Job gains

35
30
25
20
15
10

5

Pe
rc

en
t

0

Voivodships

Slas
kie

Mazo
wiec

kie

Doln
osl

ask
ie

Malo
po

lsk
ie

Wiel
kop

ols
kie

Lod
zki

e

Lub
els

kie

Po
mors

kie

Kuja
wsko

-Po
m.

Po
dka

rpa
cki

e

Za
cho

dn
iop

om
ors

kie

Opo
lsk

ie

Swiet
okr

zys
kie

Warm
ins

ko-
Mazu

rsk
ie

Lub
usk

ie

Po
dla

ski
e

40
35
30
25
20
15
10

5

Pe
rc

en
t

0

Green 2020 Green 2030

Voivodships

FIGURE B5.1.1
Projected Job Losses and Gains in Poland, by Region, under a Green Scenario Relative 
to a BAU Scenario, 2020 and 2030

Source: Calculations based on the 2009 household budget survey for Poland.
Note: BAU = business as usual, that is, a scenario without new green policies.

BOX 5.1 continued
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Rather than designing climate policies specifically to create 

green jobs, policy makers should generally ensure a good business 

environment, a flexible labor market, and a functioning social pro-

tection system. Where more active programs are used, it is impor-

tant to coordinate climate policies with labor market policies aimed 

at supporting green job creation. Some states in the United States, 

for instance, implemented training programs for solar photovoltaic 

technicians only to then cut solar incentive programs. 

Distributional Impacts of Energy Price Reform4

Environmental objectives are not the main reason for energy price 

reform in ECA countries. More important motivations have been 

reductions of subsidies to improve fiscal health and tax increases 

to fund investments. Past price increases have already contributed to 

falling energy intensities. In the future, countries may also decide to 

add a pollution or carbon tax to reduce local air pollution and carbon 

emissions. Experience from past price reforms will be a guide to gauge 

the likely impacts, especially on low-income households, as well as 

the effectiveness of measures to moderate the impact of price shocks.

Price Effects

Higher energy prices affect welfare directly through higher utility or 

fuel bills and through rising costs of products and services that require 

energy in their production. When energy eats up a higher proportion of 

income, households need to reduce spending on food and other basic 

necessities.5 Alternatively, they may switch to cheaper fuels such as 

coal and wood that are dirtier, harming the environment and people’s 

health. Previous studies in ECA suggest that higher energy prices are 

likely to hurt the poor more than the rich. Poor households generally 

spend a larger share of income on energy. They also have fewer alter-

natives such as access to natural gas and district heating. Households 

whose electricity payments make up a larger share of their budgets are 

also more likely to be behind in payments (Lampietti, Sudeshna, and 

Amelia 2007; Zhang 2011). Cost recovery in the form of strengthened 

collection will therefore affect the poor more than others.

Electricity prices in the region’s countries have steadily increased 

over the past decade as a result of power market reforms. Depending 

on the country, these reforms raised tariffs to cost-recovery levels, to 

market levels, or to rates that reflect some of the social costs of energy 

use including those related to climate change. On average, residential 

electricity tariffs in real terms jumped by 40 percent over the past 

decade, rising from US$0.047 per kWh in 2000 to US$0.066 per kWh 
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FIGURE 5.3
Residential Electricity Prices in Europe and Central Asia, by 
Subregion, 2000–10

Source: Calculations based on ERRA n.d. 
Note: EU member countries include Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, 
and the Slovak Republic. EU candidate countries in this analysis include Albania, Bosnia and Herzegovina, Croatia, FYR 
Macedonia, Montenegro, Serbia, and Turkey. CIS (Commonwealth of Independent States) countries include Armenia, 
Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, the Russian Federation, and Ukraine. Other ECA countries are not 
included in the analysis because of limited data availability. kWh = kilowatt hour.
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in 2010. Across subregions, the picture varied, as figure 5.3 shows. 

There has been much progress in tariff reform, with average real resi-

dential prices increasing by 75 percent in the European Union (EU)-

10 and 17 percent in the EU candidate countries during 2000–10.6 

Tariffs in CIS countries7 are still substantially lower and have increased 

only slightly over the period.8 

Despite recent progress, residential electricity is still underpriced 

in many ECA countries. Substantial cross-subsidization exists between 

residential and nonresidential customers, especially in Albania, 

FYR Macedonia, Russia, and Ukraine, as shown in figure 5.4. Because 

the costs of serving industrial customers are typically lower, these 

customers should have lower tariffs. However, in almost half the 

region’s countries, industrial tariffs are currently higher than residen-

tial tariffs. In Ukraine, for instance, industrial customers pay three 

times more for electricity than residential customers, much higher 

than the EU-27 average of 70 percent.9 A common benchmark for 

the long-run marginal cost of power generation is determined by the 

average cost of building and operating a gas-fired combined cycle 

power plant. The benchmark suggests that the average cost recovery 

price of electricity supply in ECA is around US$0.125 per kWh.10 

More than half of the region’s countries are still below that level. 
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Electricity prices will likely rise further in all ECA countries for at 

least three main reasons: 

•	 Fiscal pressure. Energy subsidies are expensive. According to the 

International Energy Agency (IEA), electricity subsidies in Russia 

reached US$22.26 billion in 2010, the highest in the world (IEA 

2011c). When viewed as a percentage of GDP, Uzbekistan had the 

biggest subsidies for electricity, at almost 6 percent of GDP. Electricity 

subsidies in Kazakhstan, Turkmenistan, and Ukraine collectively 

reached US$4.76 billion in 2010 and ranged from 1 percent to 

3 percent of GDP.11 Most countries in the region face significant fiscal 

deficits and increasing government debt. Electricity subsidies further 

strain public finance. The need to restore fiscal stability makes con-

tinued price liberalization an urgent issue for governments.

•	 Investment needs. Demand for electricity was expected to increase at 

an annual rate of 3.1 percent between 2005 and 2010 in ECA in the 

FIGURE 5.4
Residential Electricity Prices and Cross-Subsidization between Residential and Nonresidential 
Consumers in Selected Europe and Central Asia Countries, 2011

Source: Calculations based on the ERRA n.d. and European Commission n.d. 
Note: The blue columns show average residential electricity prices in 2011. The green dots show the ratio between nonresidential and residential electricity prices. The 
red line indicates that the average price ratio between nonresidential and residential consumers is 0.73 in EU-27 countries. The orange line is the considered cost-
recovery price of electricity supply at US$0.125 per kWh in ECA. Many countries had block tariff structures; prices in the chart show weighted averages of electricity 
prices; kWh = kilowatt hour.
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absence of greater gains from energy efficiency measures (World 

Bank 2010). Because much of the supply capacity is old and needs 

to be retired or restored, enormous capital investments are needed 

to maintain supply. The estimated investment amounts to US$3.3 

trillion, including US$1.3 trillion for primary energy development 

and US$2 trillion for the power and heat infrastructure. To fully 

meet capital needs, tariffs have to rise to cover the incremental costs. 

•	 New norms. EU and EU accession countries will have to conform to 

EU climate and energy policies, including a 20 percent reduction of 

greenhouse gas emissions (compared with 1990 levels), a 20 percent 

increase in energy efficiency, and a 20 percent share of renewable 

energy, all by 2020. Many CIS countries also plan to invest in higher 

energy efficiency and renewable energy generation. These results 

require up-front investments, often funded through electricity prices. 

In fact, all members of the Energy Community of South East 

Europe,12 as well as Armenia, Belarus, and Kazakhstan, have adopted 

or proposed incentive programs (such as feed-in tariffs) to guarantee 

higher prices for renewable electricity (Fischer and Preonas 2012). 

Raising electricity prices to cost recovery levels of US$0.125 per 

kWh combined with a carbon charge of US$15 per ton of CO2 equiv-

alent would raise electricity prices considerably in a number of ECA 

countries, as figure 5.5 indicates. Some CIS countries (such as 

Kazakhstan, the Kyrgyz Republic, Tajikistan, and Ukraine) need to 

make large adjustments to reach cost recovery. Some EU and EU can-

didate countries that rely more heavily on fossil fuel-fired generation 

(such as Bosnia and Herzegovina, Estonia, and FYR Macedonia) 

would be significantly affected by a carbon price. At the other end of 

the scale, Hungary, Latvia, and Lithuania already have prices higher 

than the “social cost of electricity” assumed in this scenario. In coun-

tries such as Albania, Azerbaijan, Kosovo, the Kyrgyz Republic, FYR 

Macedonia, and Uzbekistan, where arrears and nonpayment remain 

a persistent challenge, cost recovery also requires the removal of 

implicit subsidies by strengthening collections (World Bank 2010). 

With these potential price hikes, households would have to allocate 

a higher share of their expenditures to electricity, as shown in figure 

5.6. These figures assume that households do not respond to price 

increases by consuming less energy, so they represent an upper-bound 

estimate of actual impacts.13 In the EU-10 countries, electricity bills for 

average-income households would remain the same or increase by no 

more than 0.42 percent of their budget. Households in Hungary, 

Latvia, and Lithuania (where no price shock is expected) would not 

have to pay more, while Bulgarians and Estonians, for instance, 

would pay an additional US$27 per month. In EU accession countries, 
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the increase is between 0.02 and 1.4 percent of total household expen-

ditures, or from US$3 per month in Albania to US$88 per month in 

FYR Macedonia and Serbia. In the CIS countries (excluding Tajikistan), 

budget shares would increase 0.3–7 percent, or between US$6 in 

Belarus to US$44 per month in Russia. In Tajikistan, the welfare con-

sequence would be by far the largest at US$51 per month or 17 percent 

of household budget. Higher-income households typically spend a 

smaller share of their total expenditures on electricity (Albania and 

FYR Macedonia are exceptions), so poorer households will experience 

a sometimes significantly higher increase in electricity budget shares.

These increases in expenditures are significant, but are they also 

unaffordable? A commonly used benchmark is that households 

should not have to spend more than 10 percent of their income on 

an adequate supply of electricity (Bagdadioglu et al. 2009; World 

Bank 2010; Ruggeri Laderchi, Olivier, and Trimble 2012). Current 

FIGURE 5.5
Potential Electricity Price Hikes with Subsidy Removal and a Carbon Tax, Europe and  
Central Asia Countries, 2009 

Source: Calculations based on IEA CO2 emissions database (www.iea.org) and ERRA n.d. 
Note: Electricity price charges are determined by the gap between prevailing electricity price and the average long-term cost recovery price at US$0.125 per kWh. 
Carbon subsidies are determined by the CO2 intensity of power generation and a carbon price of US$15 per ton of CO2 equivalent. No data were available for ECA 
countries excluded from the figure. kWh = kilowatt hour.
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FIGURE 5.6
Estimated Change in Total Household Expenditure on Electricity after 
Price Increase, by Expenditure Quintile, Selected Europe and 
Central Asia Countries 

Source: Calculations based on World Bank’s ECAPOV database. 
Note: The magnitude of price increase is based on the estimation previously illustrated in figure 5.5. Assuming zero price 
elasticity, the figure illustrates an upper-bound estimate for the impact of price increases on household welfare. 
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actual household expenditure shares for average-income households 

in ECA range from below 2 percent in Kazakhstan, Tajikistan, and 

Ukraine to above 7 percent in Bulgaria, Montenegro, and Serbia, as 

shown in figure 5.7. On average, households in EU-10 and EU acces-

sion countries spend 5 percent and 6 percent of total expenditure 	

on electricity, respectively. CIS countries have a lower share, at 	

3 percent, largely due to high subsidies. Figure 5.7 also shows that 

poorer households typically allocate a higher share of expenditure 

for electricity (except in Albania and FYR Macedonia), although in all 

countries, their expenditure shares are currently below 10 percent.

The impact on affordability in this price reform scenario is propor-

tional to the increase in electricity prices, as shown in figure 5.8. In 

EU-10 countries, the budget share of electricity would increase by 

1.8 percentage points on average. Some lower-income households in 

Bulgaria and Estonia would exceed the affordability benchmark. The 

impact is substantially higher in EU accession and CIS countries, where 

household expenditure on electricity would, on average, increase by 

4.5 and 7.1 percentage points, respectively. Several countries would 

face drastic adjustments, including Bosnia and Herzegovina, FYR 

Macedonia, and Serbia in the Western Balkans, which rely on electricity 

for heating and are heavily dependent on coal for power generation. 

The impact of price increases is even larger in the CIS countries, where 

electricity subsidies are widespread. In the Kyrgyz Republic, Tajikistan, 

and Ukraine, complete removal of electricity subsidies combined with 

a carbon charge would raise electricity budget shares by 10, 8, and 

4  times the current level, respectively. In the remaining countries, 

electricity expenditure shares remain below 10 percent on average 

but are close to or above 10 percent for the poorest households.

Overall, higher-income households would lose more in absolute 

terms, but as a percentage of total expenditure, lower-income groups 

bear a disproportionately higher share of the burden (see table 5.1). 

The relative price increases for the poor are 25–50 percent higher 

than those for the average households. The additional monthly cost 

due to the electricity price increases (previously indicated in figure 

5.5) is approximately US$10 for an average-income household in the 

EU-10 states, US$41 in EU accession countries, and US$24 in the CIS 

countries. This is equivalent to 0.12 percent of monthly household 

expenditure in the EU-10, 0.54 percent in the EU accession coun-

tries, and 3.4 percent in the CIS. 

In absolute terms, Western Balkan countries would see the largest 

price impacts.14 Their households use electricity as the main source 

for heating because of limited access to natural gas or district heating. 

Household electricity consumption in that subregion is almost twice 
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FIGURE 5.7
Current Share of Electricity Expenses in 
Total Household Expenditure, by Expenditure 
Quintile, in Europe and Central Asia Countries 

Source: Data from the World Bank’s ECAPOV database, based on the latest 
available household budget surveys. 
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FIGURE 5.8
Estimated Share of Electricity Expenses in 
Total Household Expenditure after Potential 
Price Increase, by Quintile, in Europe and 
Central Asia Countries

Source: Calculations using data from the World Bank’s ECAPOV database.
Note: The magnitude of price increase is based on estimation illustrated in 
figure 5.3. Assuming zero price elasticity, the figure illustrates an upper-bound 
estimate for the impact of price increases on household electricity budget share.
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as high as in EU or CIS countries. In relative terms, the largest wel-

fare impact would occur in the CIS countries, where prices are 

expected to rise by the highest percentage. 

In all subregions, the lower-income households would suffer a 

greater impact on their welfare. For the poorest one-fifth of house-

holds in EU and EU accession countries, the increase as a percentage 

of total expenditure is 1.8 times higher than that of the wealthiest, 

and 2.2 times higher in the CIS.15 

Estimates of indirect effects of electricity price increases, channeled 

through higher prices of other energy-intensive commodities, are 

not available for ECA countries. However, studies on other coun-

tries and regions suggest that such indirect effects may also place a 

higher burden on low-income households. In the United States, for 

example, the poorest fifth of households are responsible for an aver-

age of about 2 metric tons of CO2 emissions per US$1,000 worth of 

income, whereas the richest fifth of households are responsible for 

about 0.7 metric tons. Wealthier households are nearly three times 

more efficient because energy-intensive goods, such as food, take 

up a large percentage of a low-income person’s budget (Grainger 

and Kolstad 2010). Studies in the EU and New Zealand also find 

that the indirect impact of a carbon tax is likely to be regressive 

(Brännlund and Nordström 2004; Kerkhof et al. 2008; Wier et al. 

2005; Callan et al. 2009). 

These estimates assume that households can respond to electricity 

price increases only by paying more. In reality, they will have two 

other options: they can consume less electricity, and they can switch 

to other fuels, as further discussed in box 5.2. Reducing consumption 

is easier for wealthier households. A recent study on Turkey reveals 

TABLE 5.1
Estimated Impact of Potential Electricity Tariff Increases, by Subregion, on Europe and Central 
Asia Households

Average Bottom 20%

Subregion

Electricity expenses 
as a share of total 
expenditure (%)

Consumer 
surplus change 

(US$/month)

Consumer surplus 
change as a share of 
total expenditure (%)

Electricity expenses 
as a share of total 
expenditure (%)

Consumer surplus 
change as a share of 
total expenditure (%)

EU 6.8
(1.1)

10.1
(4.5)

0.12
(0.06)

8.9
(1.4)

0.15
(0.08)

EU Accession 10.5
(2.4)

41.2
(16.4)

0.54
(0.24)

13.4
(3.3)

0.69
(0.30)

CIS 10.1
(1.7)

24.0
(5.0)

3.42
(1.90)

14.3
(2.7)

5.10
(3.0)

Source: Calculations based on the World Bank’s ECAPOV database. 
Note: Standard deviations are reported in parentheses. EU = European Union. CIS = Commonwealth of Independent States.
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BOX 5.2

Fuel Substitution as a Response to Energy Price Increases

The Turkish example illustrates the degree of fuel substitution for heating or cooking, typically to 

coal or wood (Zhang 2013). Burned indoors in inefficient stoves, these fuels can cause respira-

tory health problems, especially for women and children. Although sustainably harvested wood 

is a renewable resource, household-level coal burning adds to CO2 emissions even when it 

replaces electricity generated from coal. Before 2008, both retail gas and electricity tariffs were 

regulated in Turkey with cross-subsidies from industrial consumers to households. In 2008, as 

part of market reforms designed to improve efficiency and attract outside investors, the govern-

ment pegged retail gas and electricity rates to fuel costs, inflation, and the exchange rate. Retail 

gas prices rose by a cumulative 75 percent in one year because of higher import prices that are 

fully passed on to consumers. On the other hand, Turkey produces all the lignite coal it uses, and 

domestic lignite prices remained stable, as figure B5.2.1 shows.

Heating represents more than 80 percent of Turkish households’ total energy consumption. 

Historically, solid fuels such as coal and fuelwood were the dominant heating fuel. In the late 

1980s, natural gas was promoted as a cleaner fuel for residential heating to reduce major air pol-

lution problems in Istanbul and Ankara. Since then, the expansion of natural gas distribution 

networks for residential areas has promoted nationwide gasification. As a result, natural gas 
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FIGURE B5.2.1
Change in Relative Residential Fuel Prices from 2007 in Turkey

Sources: Turkish Ministry of Energy and Natural Resources and Turkish Electricity Distribution Company.
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that rich households are three times more responsive in adjusting 

consumption to price changes than the poor (Zhang 2011). Poor 

households already consume a minimum amount of electricity and 

are therefore unable to respond by consuming less. 

Policy Responses

To buffer the social impacts of energy price reform, many ECA coun-

tries have implemented complementary social protection programs. In 

consumption has increased rapidly, rising from zero in 1990 to one-third of demand in the resi-

dential sector, mostly for heating. However, the change in relative prices between coal and gas 

since energy tariff reform in 2008 has prompted concerns that the country may again face air 

pollution problems as consumers return to coal for heating. Indeed, while residential gas 

consumption fell by 33 percent after the price hikes in 2008, coal consumption increased by  

20 percent, as figure B5.2.2 illustrates. On average, a 1 percent increase in gas prices increases 

the probability of switching to coal or wood by 0.7 percent; for households that already partially 

rely on coal or wood, a 1 percent increase in gas prices will on average increase solid fuel 

consumption by 3 percent, all else being equal.

FIGURE B5.2.2
Residential Energy Consumption in Turkey, by Source, 2000–09 

Source: IEA 2011b. 
Note: toe = tons of oil equivalent.
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the past, income transfers and lifeline tariffs were the dominant policy 

instruments (Lampietti, Sudeshna, and Amelia 2007; Ruggeri Lader-

chi, Olivier, and Trimble 2012). The former requires efficient targeting, 

while the latter causes benefit leakage to those who may not need it. 

However, in each case, the primary objective is to reduce expenses. 

A third, more sustainable approach is to help poor households 

reduce their energy consumption—for instance, by supporting 

improved home insulation or energy-efficient appliances. This 

requires higher administrative efforts but avoids long-term recurrent 

assistance and reduces fuel consumption overall. Although it takes 

time to improve energy efficiency, social assistance programs can 

provide immediate relief and ensure a smooth transition in the short 

term. In most cases, both strategies (short-term relief through social 

protection and a long-term transition through energy efficiency) are 

needed to help households cope with higher energy prices. 

Lifeline Tariff and Direct Cash Transfers 

Most ECA countries have put in place some form of social assistance 

program to ensure energy affordability. These programs include life-

line tariffs (low rates for a small but essential amount of energy) and 

direct cash transfers, which are sometimes earmarked for energy 

consumption. Lifeline tariffs offer the benefits of high coverage but 

often end up leaking significant amounts of benefits to those who do 

not need them.16 In Albania, for example, the subsidy embedded in 

the lifeline tariff is estimated to cover about 80 percent of the popula-

tion. To the extent that lifeline tariff arrangements are based on 

cross-subsidization from larger-scale, including industrial, consum-

ers, they also violate the EU acquis17 on energy. Direct cash transfer 

programs that fund those in greatest financial need have better tar-

geting but lower coverage, while categorical cash transfer programs, 

in which eligibility is determined by belonging to a certain group 

such as veterans or public sector employees, have higher coverage 

but often poor targeting because eligibility status is often not con-

nected to income levels.

Targeting of energy social assistance programs varies in the ECA 

region. The poorest households in EU countries receive 30–60 percent 

of the benefits, the richest households less than 10 percent. Social 

programs in the CIS countries are, in contrast, often poorly targeted. 

For example, the housing and utility allowances in Ukraine compen-

sate households for utility expenditures that are above 20 percent of 

income. However, fewer of the poor qualify because they spend 

mostly on food and are less likely to be connected to utilities. In 

Kazakhstan, the richest households receive the same share of social 

benefits as the poor (Ruggeri Laderchi, Olivier, and Trimble 2012). 
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In the wake of the global financial crisis, many ECA countries 

have started reforming existing social assistance schemes to address 

the increasing needs for social benefit assistance and growing pres-

sure on government fiscal balance. Ongoing reforms aim to improve 

program targeting and to increase the transparency and efficiency of 

service delivery. The measures taken include removing benefits that 

are not directly linked to income, creating a unified registry of benefi-

ciaries, and consolidating small social assistance programs.18 Some 

countries, such as FYR Macedonia and Moldova, have adopted easy-

to-implement and often flat payment schemes to ensure quick dis-

bursement in times of stress. A flat payment also delinks benefits 

from energy consumption to preserve incentives for energy saving.19 

Finally, the business community and civil society have also been 

playing a role in helping poor communities to deal with increased 

energy costs. In Turkey, some consumers obtain assistance for the 

payment of their electricity bills from social solidarity foundations as 

well as private foundations and charity groups. In Bulgaria, an Aus-

trian company called EVN worked closely with nongovernmental 

organizations (NGOs) and local communities to mitigate the impact 

of rising electricity prices while also improving bill collection (Rug-

geri Laderchi, Olivier, and Trimble 2012).

Energy Efficiency Programs 

Although energy price reform is usually motivated primarily by fiscal 

concerns, it is also an instrument to raise energy efficiency. Efficiency 

improvements are, in turn, an effective response to improve energy 

affordability. Assistance in the form of preferential loans and grants 

to low-income households make energy savings investments, such as 

home insulation and energy efficiency appliances, more affordable. 

Educational or information programs provide practical information 

about energy-saving measures tailored to low-income households.

Energy efficiency programs for low-income households in ECA 

should be a priority for at least two reasons: 

•	 Direct cash transfer is expensive and insufficient. Analysis shows that 

many of the existing welfare transfer programs are too small to 

serve their targeted groups effectively once subsidies are com-

pletely phased out, while expanding these programs could be pro-

hibitively expensive. Energy efficiency investment, on the other 

hand, avoids recurrent expenses and provides a cost-effective long-

term solution. Results of efficiency programs in other regions dem-

onstrate such an impact (see box 5.3). 

•	 There are large opportunities to reduce energy consumption in households. 

For example, most buildings in the region still use two or three 
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BOX 5.3

Energy Efficiency Programs Targeting Low-Income Households

Brazil End-Use Energy Efficiency Program 

In 2005, the Brazilian government established an energy efficiency program that requires utili-

ties to invest 0.5 percent of their annual revenues in improving customers’ energy efficiency, of 

which 50 percent should go toward low-income households. Eligibility for the program is deter-

mined by consumption levels, connection type, and enrollment in other social assistance 

schemes. The utilities are in charge of designing and implementing the efficiency projects but 

are also allowed to subcontract energy service companies.

So far, most of the efforts have targeted low-income households and include these solutions: 

•	 Replacing old, inefficient refrigerators 

•	 Installing compact fluorescent lightbulbs 

•	 Replacing inefficient electrically heated showers with more efficient ones or solar water 

heaters 

•	 Informing households about efficient use of electricity 

Investments are sometimes covered by the utilities and sometimes shared with households. 

In the latter case, utilities offer financing schemes including rebates and monthly payment (inte-

grated with electricity bills).

Between 2005 and 2007, over 5 million compact fluorescent lightbulbs and 60,000 efficient 

refrigerators were installed under the program. Because refrigerators and lighting account for the 

bulk of the electricity consumption of low-income households in Brazil (90 percent), the program 

achieved significant reductions in energy consumption. According to field assessments, electricity 

consumption of refrigerators and lighting on average has been reduced by around 70 percent and 

22.7 percent, respectively. As a result, peak demand for power has decreased by 15–20 percent.

U.S. Weatherization Assistance Program 

In the United States, energy efficiency programs for low-income households have always 

existed in parallel with direct financial aid. The Weatherization Assistance Program, established 

in 1976, is one of the most successful and largest efficiency programs in the United States. The 

program provides low-income households with weatherization services, initially targeting heat-

ing (insulation and heating systems) and broadening over time to include cooling, appliances, 

and lighting. Eligibility for the program is based mainly on income levels, using thresholds 

defined according to the national poverty guidelines. The weatherization services are managed 

by local agencies and include a visit by an energy auditor, then the installation of the chosen 

energy-saving measures, and finally the verification of the works done by an inspector.

continued
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times as much heat as buildings in comparable climates in Western 

Europe (see chapter 9). Investments in efficiency and insulation 

can therefore substantially reduce consumption. 

The payoffs of efficiency improvements in ECA could be large 

even with modest investments such as basic insulation or caulking 

windows. A US$50 investment could lead to as much as a 10 percent 

reduction in energy demand and a 2 percent reduction in the energy 

budget share in the region. The benefits would be highest for the 

lowest-income households and most significant in CIS countries.

As with direct cash transfers, the difficulty in energy efficiency 

programs for low-income households is defining eligibility criteria to 

minimize administrative costs and to ensure that subsidized 

resources end up with those who need them the most. For example, 

programs that provide tax incentives to support retrofit measures in 

France and Italy have boosted retrofit investment in the residential 

sector, but they also have resulted in high free-rider rates, particu-

larly for replacement of windows (Neuhoff et al. 2011). Eligibility 

and targeting design depends on the national (or even local) context. 

One recommendation is to develop local partnerships facilitated 

through utilities like the Brazilian efficiency program. Local stake-

holders (local authorities, NGOs, and so forth) have better knowl-

edge of their territories and where to focus the efforts (WEC 2010). 

Although a number of easy-to-achieve opportunities might be 

available, addressing energy efficiency comprehensively requires 

longer-term investments, and it takes time for the benefits to reach 

the households. An effective social assistance package should 

therefore consist of both welfare transfers that offer immediate relief 

and efficiency programs that provide sustainable long-term solutions. 

Based on regular monitoring and evaluation, it is estimated that the program has achieved 

average annual energy savings of about 30,000 British thermal units (Btu) per year per 

household—a 30 percent reduction that, in total, saves the equivalent of the Republic of 

Georgia’s entire primary energy supply. Thus, the program also reduced CO2 emissions by 

around 2.6 metric tons per household per year. At the same time, beneficiary households have 

saved between US$300 and US$400 per year. A recent cost-benefit analysis suggests that for 

every US$1 invested, US$1.80 is returned in reduced energy bills, and US$0.71 is returned to 

ratepayers, households, and communities through increased local employment, reduced uncol-

lectible utility bills, improved housing quality, and better health and safety.

Source: WEC 2010.

BOX 5.3 continued
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When such a strategy is implemented together with the removal of 

energy subsidies, analysis shows that all ECA countries (except Latvia 

and Montenegro) could expect to have a net fiscal gain of around 

0.5–1.0 percent of GDP annually, as shown in figure 5.9. 

Health Impacts

A shift to more efficient energy use and cleaner energy sources also 

has direct social benefits. Fossil-fuel combustion in power plants, 

industrial facilities, and motor vehicles is the main source of CO2 

emissions that cause global warming. However, it also causes emis-

sions of particulate matter (PM2.5 and PM10), nitrous oxides (NOx), 

sulfur dioxide (SO2), organic aerosols, and black carbon, among 

others. Less fossil-fuel use reduces the probability of climate change 

damages in the future. It also reduces damages to health and quality 

of life from air pollution today. 

These damages, expressed as economic costs (see box 5.4), are 

large, and 94 percent of them come from premature deaths caused 

by respiratory disease, congestive heart failure, and cancer that can 

FIGURE 5.9
Estimated Gains from Removing Energy Subsidies while Compensating Poor Households and 
Improving Energy Efficiency in Europe and Central Asia Countries 

Source: Ruggeri Laderchi, Olivier, and Trimble 2012.
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be attributed to emissions from fossil-fuel burning in power plants or 

cars (NRC 2010). According to estimates from the Global Burden of 

Disease and Risk Factors study, particulate pollution caused 2.4 million 

premature deaths worldwide in 2000, although that number includes 

mortality attributed to indoor air pollution from burning biofuels in 

poor countries (Lopez et al. 2006). Wealthy countries are not spared 

from severe impacts on the health of their citizens along with other 

costs. In 2005, coal-fired power plants in the United States generated 

approximately US$62 billion in aggregate damages, with individual 

plants causing between US$0.002 and US$0.12 of damages per kWh 

depending on their pollution intensity (NRC 2010). These damages 

are highly concentrated: the dirtiest 10 percent of plants produced 	

25 percent of electricity but accounted for 43 percent of all damages.

According to another study, despite emission regulations that are 

already relatively strict, air pollution damages from the utility sector 

may equal more than a third of its total value added (Muller, 

Mendelsohn, and Nordhaus 2011). All of these estimates do not even 

include other damages such as acid rain, ozone pollution, eutrophi-

cation of water bodies, haze and reduced visibility, or the health 

impacts and mortality from occupational risks and accidents in the 

fossil-fuel mining and power sectors.

BOX 5.4

How Air Pollution Damages Are Estimated

Estimates of health damages from air pollution are based on empirical models that relate emis-

sions from power plants to health impacts on people living in the vicinity. A spatial emission 

model predicts how pollutants disperse around the plant, generating estimates of ambient con-

centrations for each place. Maps of population distribution then yield the number of people 

exposed to different pollution loads. A dose-response function derived from detailed epidemio-

logical studies then estimates the impacts. 

These impacts are often expressed as disability adjusted life years (DALYs)—essentially the 

number of years lost due to poor health, disability, or early death. This number is then translated 

into monetary terms using a value of a statistical life (VSL), usually derived from an estimate of 

how much people would be willing to spend to reduce their mortality risk. This is the most criti-

cal step in translating health impacts into economic terms (for example, in Ashenfelter 2006). 

The estimates presented here use a value of €60,000 (US$78,000) in 2010 prices—compared 

with €40,000 in 2000 prices in the original pan-European study. This is far lower than the 

US$6 million in 2000 prices used in a recent U.S. study.

Source: Markandya, Bigano, and Porchia 2010; NRC 2010.
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FIGURE 5.10
Change in PM2.5 and SOx Emissions in Europe and Central Asia 
Countries, 1999–2009 

Source: EMEP 2011. 
Note: Trends of emissions as used in European Monitoring and Evaluation Programme (EMEP) models. Russia is split into 
several zones. There were insufficient data for excluded ECA countries. PM2.5 = particulate matter; SOx = sulfur oxide.
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Air pollution fell significantly in ECA countries after transition 

when many polluting facilities were decommissioned for economic 

reasons. Over the past decade, the economy rebounded but with a 

somewhat cleaner stock of factories and vehicles. The new EU mem-

bers, for example, had to introduce more-stringent emission stan-

dards. Fine particulate matter, PM2.5, which is associated with 

cardiovascular and lung disease, dropped in most of the region’s 

countries, as did sulfur oxide emissions, as shown in figure 5.10.
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Estimates of damages from air pollution caused by fossil-fuel burn-

ing in ECA countries are generally lower than in the United States, 

largely because of differences in the assumed value of a statistical life 

(see box 5.4). Damages vary greatly by country depending on the 

technology and fuel used to generate power. Power plants using 

heavy oil emit the largest amount of pollutants, followed by coal and 

natural gas. New estimates produced for this report range from as 

low as US$0.002 per kWh for electricity from natural gas in several 

countries to as high as US$0.052 per kWh for oil-fired power in Hun-

gary, as table 5.2 indicates.20 These estimates are fairly uncertain 

because of the wide variety of power plants in operation as well as 

data limitations. Most estimates are based on detailed pollution-

dispersion modeling. For Serbia, the South Caucasus, and Central 

Asian countries, additional assumptions needed to be made.21 With 

these caveats in mind, the new estimates suggest that total health 

damages from fossil-fuel burning in the ECA region amount to US$19 

billion per year, as figure 5.11 illustrates. About a third of these dam-

ages, amounting to almost US$6 billion, occur in Russia, followed by 

Poland with US$3.3 billion and Turkey with US$1.8 billion. 

Climate action that reduces energy consumption or promotes a shift 

to cleaner energy sources therefore also brings large ancillary benefits 

from reduced air pollution. The magnitude of these co-benefits depends 

on the scale and characteristics of climate change mitigation strategies. 

In Western Europe, a reduction of CO2 emissions by 4–7 percent under 

various scenarios of Kyoto Protocol implementation would reduce SO2 

emissions, for instance, by 5–14 percent (Van Vuuren et al. 2006). The 

benefits from reduced local and regional air pollution would offset 

about half the cost of the climate policies (€2.5–€7 billion of the €4–€12 

billion price tag). Other studies found somewhat lower benefits of 

about 20–30 percent of climate change mitigation costs. These esti-

mates suggest that climate action could sometimes be a more attractive 

way to reduce immediate, local, and severe environmental health 

impacts than installing increasingly expensive technologies at the plant 

level that reduce harmful pollutants. 

Better information collection and more consistent analytical 

methods would assist efforts to assess the health benefits of climate 

change mitigation in ECA and to determine the costs and benefits of 

national climate action versus local emission-reduction efforts. More 

detailed estimates of damages from air pollution should be generated 

in country-specific analyses using more detailed data, spatial model-

ing, and locally agreed-upon estimates of the value of a statistical life. 

More comprehensive and transparent monitoring of air pollutants 

creates incentives for air pollution control and, indirectly, also for 

climate change mitigation. Moscow has developed a comprehensive 
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TABLE 5.2
Estimated Health Damages from Power Generation, by Fuel Source,  
in Europe and Central Asia Countries, 2009
U.S. cents per kilowatt-hour

Country Coal Oil Gas

Albania .. 2.8 ..

Armeniaa .. .. 0.9

Azerbaijana .. 1.3 0.3

Belarus 2.1 3.8 1.2

Bosnia and Herzegovina 1.5 2.8 0.9

Bulgaria 1.8 3.4 1.5

Croatia 2.3 4.1 1.8

Czech Republic 2.8 5.0 2.1

Estonia 1.1 2.2 0.5

Georgiaa 1.0 1.6 0.4

Hungary .. 5.2 2.5

Kazakhstana 2.7 4.1 1.5

Kyrgyz Republica 0.5 .. 0.2

Latvia 1.5 2.8 0.8

Lithuania 1.9 3.4 1.2

Macedonia, FYR 1.3 2.5 0.9

Moldova 2.9 4.8 1.8

Poland 2.3 4.2 1.5

Romania 2.5 4.3 2.1

Russian Federation 1.7 2.5 0.6

Serbiaa 1.5 2.8 1.1

Slovak Republic 2.7 4.8 2.2

Slovenia 2.7 4.8 2.1

Tajikistana .. .. 0.2

Turkey 1.6 3.0 0.8

Turkmenistana .. .. 0.7

Ukraine 2.3 3.9 1.2

Uzbekistana .. 1.0 0.3

Source: Markandya and Golub 2012.
Note: These are mean estimates; .. = negligible. 
a. Countries for which damages were imputed because earlier direct damage estimates were unavailable.

and transparent air pollution monitoring system.22 China’s air pollu-

tion transparency index, a comparative ranking of Chinese and other 

cities, is an example of public information disclosure that encourages 

improvements (RUC Law and IPE 2010). The Intergovernmental 

Panel on Climate Change (IPCC) of the United Nations Framework 

Convention on Climate Change (UNFCCC) and the World Health 
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FIGURE 5.11
Total Estimated Health Damages from Fossil-Fuel Power Generation in 
Europe and Central Asia Countries, 2009

Source: Markandya and Golub 2012.
a. Countries for which damages were imputed because earlier direct damage estimates were unavailable.
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Organization (WHO) have developed standard methods for estimat-

ing health and climate co-benefits (Smith and Haigler 2008). More 

generally, a sustainable energy policy must take account of all costs of 

energy production and consumption, including nonmarket costs that 

are too often ignored.
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Notes

	 1.	 Frankel (2009) proposes that a fuel tax actually addresses seven public 
issues: traffic congestion, traffic accidents, local air pollution (health 
benefits), global climate change, national security (cutting energy 
dependence), trade deficits (by reducing oil imports), and a budget 
deficit.

	 2.	 This section is based on Oral, Santos, and Zhang (2012).
	 3.	 For more about the World Bank’s Doing Business Indicators (database), 

see http://www.doingbusiness.org/.
	 4.	 This section builds on Ruggeri Laderchi, Olivier, and Trimble (2012) and 

Zhang (2013).
	 5.	 In Armenia, households’ spending on food dropped by 8 percent, and 

spending on health care dropped by 50 percent following a decade-long 
substantial increase in gas prices (Ruggeri Laderci, Olivier, and Trimble 
2012).

	 6.	 The EU-10 countries include Cyprus, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Malta, Poland, the Slovak Republic, and 
Slovenia. EU candidate countries include Albania, Bosnia and Herzegov-
ina, Croatia, Kosovo, FYR Macedonia, Montenegro, Serbia, and Turkey.

	 7.	 CIS countries include Armenia, Azerbaijan, Belarus, Georgia, 
Kazakhstan, the Kyrgyz Republic, Moldova, Russia, Tajikistan, Turkmen-
istan, Ukraine, and Uzbekistan.

	 8.	 To some extent, differences in electricity prices between subregions also 
reflect the difference in fuel mix and the state of energy supply 
infrastructure.

	 9.	 The EU-27 countries include all current EU members.
	10.	 The long-run marginal cost of generation is estimated to be US$0.125 

per kWh. This estimate is based on construction of a gas-fired combined 
cycle power plant and includes costs associated with transmission and 
distribution. Refer to World Bank (2009) and Ruggeri Laderchi, Olivier, 
and Trimble (2012) for details.

	11.	 IEA Energy Subsidies Database: http://www.worldenergyoutlook.org	
/subsidies.asp.

	12.	 Albania, Bosnia, Bulgaria, Croatia, Georgia, Kosovo, FYR Macedonia, 
Moldova, Montenegro, Romania, Serbia, and Ukraine are party to (or 
observers of) the Energy Community of South East Europe.

	13.	 The financial burden of higher electricity prices will be lower when 
consumers respond to price increases by reducing electricity 
consumption.

	14.	 The Western Balkan countries include Albania, Bosnia and Herzegovina, 
Croatia, Kosovo, FYR Macedonia, Montenegro, Serbia, and Slovenia.

	15.	 These estimates should be viewed as an upper bound on the welfare 
impact but a lower bound on the regressivity of the price reform. A 
higher electricity price will likely induce a household to reduce electricity 
consumption and thus its financial burden. But because poor households 
will be less able to respond to price changes (they consume the bare min-
imum), assuming zero price elasticity for all will underestimate the dif-
ferential impact across income groups.

http://www.doingbusiness.org/
http://www.worldenergyoutlook.org/subsidies.asp
http://www.worldenergyoutlook.org/subsidies.asp
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	16.	 Ruggeri Laderchi, Olivier, and Trimble (2012) provide a detailed review 
of the mixed results of implementing lifeline tariffs in ECA.

	17.	 The EU acquis refers to the body of European Union law, of which 
Energy is one of the 31 chapters.

	18.	 For example, in Moldova, the government consolidated social assistance 
programs by linking a new heating allowance program with an existing 
means-tested program. 

	19.	 For more details of energy social assistance systems in ECA, see Ruggeri 
Laderchi, Olivier, and Trimble (2012).

	20.	 See Markandya and Golub (2012). These updated estimates are based 
on prior work described in Markandya, Bigano, and Porchia (2010).

	21.	 The South Caucasus countries include Armenia, Azerbaijan, and 
Georgia. The Central Asian countries include Kazakhstan, the Kyrgyz 
Republic, Tajikistan, Turkmenistan, and Uzbekistan.

	22.	 For more about the Moscow City Government’s air-quality monitoring 
effort, see http://www.mos.ru/en/authority/activity/ecology/index	
.php?id_14=22254.
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SPOTLIGHT 3

Why Climate Action Is a Harder 
Sell in ECA

Relative to other regions, Europe and Central Asia (ECA) will be more affected 

by emission pricing (because of high energy intensities and high dependency on 

fossil fuels) and less affected by climate change impacts. Public support for 

climate action is therefore generally lower than in Western Europe. But locally, 

future impacts will be severe, as recent heat waves, droughts, and floods already 

indicate. Support for climate action is indeed higher in those ECA countries that 

are more affected by climate change. Better information dissemination and 

education could help to further shift public opinion in support of climate action.

Despite significant progress in some countries, climate action in 

the ECA region has lagged behind developments in many other 

regions.1 Map S3.1 gives some indication of why decision makers 

and the public in ECA might be less supportive of climate action. It 

groups countries on two dimensions: 

•	 Source vulnerability is determined by fossil-fuel resources; employ-

ment in the coal, oil, and gas sectors; renewable energy potential; and 

scope for carbon sequestration in soils and forests. The economies of 

countries highlighted at the bottom of the map matrix would be less 

affected by the imposition of a global price on carbon; the economies 

of countries in the top row would be most affected. 
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MAP S3.1
Vulnerability to Higher Carbon Prices and Effects of Global Warming

Source: Buys et al. 2009.
Note: “Source vulnerability” concerns levels of fossil-fuel resources, related employment, and renewable energy potential. High source vulnerability indicates greater 
likelihood to be affected by a global price on carbon. “Impact vulnerability” concerns potential exposure to effects of climate change on agriculture, extreme weather 
events, and sea-level rise. High impact vulnerability indicates greater likelihood of being threatened by climate change effects.
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•	 Impact vulnerability indicates countries’ likely exposure to the effects 

of climate change on agriculture, extreme natural hazard events, 

and sea-level rise. Countries on the left set of maps are more threat-

ened, countries on the right, less. 

Almost all of the ECA region’s countries are clustered in the top 

right map. They are highly dependent on fossil fuels and, on average, 

have lower renewable energy potential than many other countries. 

Although predicted impacts are severe in some parts of the region, 

ECA countries are also generally less threatened by climate change 

impacts than are countries such as Bangladesh or Mexico. The region’s 

reluctance to embrace ambitious climate action—as reflected in recent 

survey data reviewed below—is therefore not entirely irrational. 

Perceptions and Attitudes toward Climate Change in ECA: 
From Concern to Action?

The climate change module of the 2010 Life in Transition Survey 

explores the perceptions and attitudes of Europe’s2 and Central 
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Asia’s people with respect to climate change (EBRD and World 

Bank 2011). For comparison, it also contains information on five 

Western European countries (France, Germany, Great Britain, Italy, 

and Sweden). Climate change is a source of concern for most peo-

ple in most countries, although there is variability: Higher-concern 

countries include Azerbaijan, Germany, Moldova, Slovenia, and 

Sweden. Lower-concern countries include Great Britain, Poland, 

and Russia. Although over 80 percent of Moldovans and 77 percent 

of Swedes agree that climate change is a serious problem currently 

facing the world, this opinion is shared by only 37 percent in Great 

Britain and 40 percent in Poland. When asked to rank the most 

important problems in the world today, respondents in ECA rank 

climate change in fifth position on average, after poverty, terrorism, 

infectious disease, and economic downturns, and before armed 

conflicts, nuclear weapons, or the increasing world population. This 

is in contrast with Germany or Sweden, where climate change 

comes second only to poverty as the most important problem facing 

the world.

People in ECA consider themselves to be less informed about the 

causes and consequences of climate change than their neighbors in 

Western Europe. But concern about climate change is not unfounded: 

it is related to genuine risks and can translate into policy under cer-

tain conditions. There is a positive relationship between the average 

degree of concern in ECA countries and their vulnerability to climate 

change, as measured by the vulnerability index created for the 

region’s countries that captures each country’s exposure, sensitivity, 

and adaptive capacity to climate change (figure S3.1). Concern about 

climate change is greater in countries with higher exposure and sen-

sitivity to climate change. 

Although people in ECA are no less concerned about climate 

change than their Western European neighbors, they are much less 

likely to have taken personal action: only 23 percent of respondents 

in the region say they have “personally taken actions aimed at help-

ing to fight climate change,” versus 60 percent in Western European 

countries. In fact, there is a positive correlation between a country’s 

per capita income and the extent of reported climate change mitigat-

ing actions taken by the general population: EU-10 countries and 

Croatia show levels of action that are comparable to Western Euro-

pean countries, whereas much lower levels of action are reported in 

Central Asia and the Caucasus. In Armenia, Azerbaijan, and Georgia, 

only 3 percent of the population report taking personal action. The 

correlation is nevertheless imperfect, with Russia notably standing 

among the countries with the lowest proportion of people reporting 

taking action personally. 
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FIGURE S3.1
Concern about Climate Change among Populations of Europe and Central Asia Countries, 2010 

Source: Diagne and Rodriguez-Chamussy 2012 using the vulnerability index from Fay and Patel 2008.

At the individual level, taking personal actions to help fight cli-

mate change also correlates with measures of economic welfare such 

as assets or consumption per capita, and has no significant relation-

ship with education, age, or gender. The most commonly taken spe-

cific actions in ECA are also cost saving (11 percent reduced water 

consumption, and 10 percent reduced energy consumption at home). 

The greater number of specific actions taken by Western Europeans 

indicate greater public coordination (for example, 45 percent started 

separating waste for recycling, versus only 8 percent in ECA); greater 

choice by richer consumers (for example, 13 percent in Western 

Europe purchased a more environmentally friendly car versus 

1.9  percent in ECA); or better public services (with much larger 

numbers choosing public transportation or reducing the use of a car). 

Another way in which people can take action against climate 

change is by demanding climate change mitigation through the polit-

ical process. The proportion of people who support the environment 

as a first priority for government spending is relatively low in most 
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ECA countries, and most are not willing to pay extra taxes to fight 

climate change. There is, however, a positive relationship between 

individual information, citizen engagement, concern about climate 

change, and willingness to pay: controlling for economic characteris-

tics and education, the probability that individuals may be willing to 

pay higher taxes or give part of their income to fight climate change 

is higher when they live in a country more vulnerable to climate 

change, feel well informed on the causes and consequences of cli-

mate change, and have high levels of concern.

The evidence thus suggests that translating concern about climate 

change or climate change vulnerability into mitigation action 

(through individual behaviors or collective action) hinges on agency 

and public coordination, the expansion of economic opportunities, 

and the availability of information at the individual level. 

Notes

	 1.	 As reflected, for example, in the national communications to the 
UNFCCC and Copenhagen Summit commitments. 

	 2.	 “Europe,” in this instance, includes Eastern Europe and five Western 
European countries.
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There are two main ways to think about climate action. The first, 

favored by most economists, is to see climate change as a single, large 

externality problem. Markets for energy and natural resources deter-

mine price based on production and transport costs and supply and 

demand. But these prices do not currently reflect the impacts of 

fossil-fuel burning and natural resource degradation on the atmo-

sphere and the resulting future damages from climate change. There 

is little that economists agree on, but almost all would say that the 

best solution to this problem is to put a price on greenhouse gas emis-

sions that reflects these damages.1 With a price on carbon emissions, 

firms and households will find the most efficient ways to reduce 

energy and resource use without the need for additional policies 

aimed at changing technology use or behavior. 

In practice, with few exceptions, countries have not been willing 

to introduce such a carbon tax. One problem is the difficulty of 

determining the carbon price given uncertainties about the magni-

tude of damages: representative estimates range from US$33 to 

US$88 per ton of carbon dioxide (CO2) and rising over time to reach a 

450 parts per million (ppm) stabilization target (Aldy et al. 2010). 

Another problem is a lack of popular support for a carbon tax—perhaps 

Sectoral Priorities
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because of a general aversion to taxes, opposition to the idea that 

firms and households should be allowed to just pay to pollute, and 

skepticism that such a scheme would actually reduce pollution. 

Instead, what has been implemented to a limited extent is cap-and-

trade: a system with an overall emission limit and tradable pollution 

permits whose price is determined in a carbon market. The largest 

existing cap-and-trade system is the European Union’s (EU) Emis-

sions Trading System (ETS) for energy-intensive economic sectors. 

Whether such a system, which under certain conditions is equiva-

lent to a carbon tax, will be effective remains to be seen. The EU ETS 

has helped reduce emissions in Europe but has recently seen carbon 

prices plummet because of an overallocation of permits. Carbon 

markets will play an important role in climate change mitigation in 

the future, but they will likely be confined to some countries and 

selected sectors. 

A second approach to climate action, therefore, adopts a less effi-

cient but more pragmatic perspective. It accepts that addressing cli-

mate change will require a large number of smaller steps—taxes, 

quotas, standards, incentives, and so on—that together will add up to 

significant reductions in emissions. There are two common ways to 

illustrate this approach: 

•	 In so-called stabilization wedges, the gap between emissions in a 

business-as-usual scenario and one consistent with stabilization is 

broken down into smaller, manageable steps such as changing the 

power sector fuel mix or raising energy efficiency in buildings 

(Pacala and Socolow 2004). Each wedge would then require a sep-

arate set of policy instruments. 

•	 A marginal abatement cost (MAC) curve (further discussed in 

chapter 2) evaluates numerous technical mitigation options and 

sorts them by cost of avoided emissions and cumulative emission 

reduction. Some actions make immediate economic sense. Some 

will be attractive only if there is a price on carbon emissions or an 

equivalent subsidy. And some are uneconomical even at any rea-

sonable carbon price. 

Stabilization wedges and MAC curves reflect the fact that cli-

mate action will involve numerous individual policies, some of 

which may not even be primarily motivated by climate objectives. 
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The five following chapters discuss priorities in the main sectors of 

the economy: 

•	 A lower carbon power sector (chapter 6)

•	 More efficient industrial production (chapter 7)

•	 Lower emission mobility within cities and regionally (chapter 8)

•	 Less-energy-intensive buildings and public services in cities 

(chapter 9)

•	 Fewer emissions from land use on farms and in forests (chapter 10)
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Main Messages

•	 Europe and Central Asia (ECA) countries should pursue 

all cleaner energy sources, but a successful low-carbon 

transition will likely rely mostly on natural gas in the 

short term and renewables in the medium to long term.

•	 Natural gas will be the main bridge fuel, but solely switch-

ing from coal to gas will still result in dangerous global 

warming later this century. In the short run, the impact 

of natural gas can be reduced by making pipeline trans-

mission far more efficient. Emissions from some aging 

pipelines could add up to a fifth of total emissions from 

burning gas.

•	 Capturing carbon at coal, gas, or industrial plants and 

storing it underground could contribute to climate action 

if technical, economic, and social barriers can be over-

come. But the uncertain prospect of carbon capture and 

storage (CCS) should not justify unchecked expansion of 

fossil-fuel use today. Further, although nuclear power has 
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The European Union (EU) target of a 20 percent renewable energy 

share by 2020 seems ambitious, but it is only a first step toward a 

low-carbon energy future. On the small Danish island of Bornholm 

in the Baltic Sea, a group of 16 firms and academic institutions, 

including the Tallinn University of Technology, is testing a prototype 

smart grid and electricity market that can handle a 50 percent share 

of renewables supplied by a large number of distributed producers.2 

To the south, in Germany, engineers are exploring how more than 

90 percent of the country’s electricity could be generated from 

renewables by 2050 (Umweltbundesamt 2010; Nitsch et al. 2012). 

Academic work suggests that, theoretically, all the world’s energy 

needs could be supplied by wind, water, and solar power someday 

(Jacobson and Delucchi 2011). It is impossible to predict what the 

electricity system of the future will look like. However, while fossil 

fuels will contribute a significant share for several more decades, it is 

clear that the future system will look very different from the one that 

has sustained economic growth for the past 100 years. 

Energy efficiency by itself will not lead to a sufficient fall in total 

energy consumption, and thus a sufficient fall in emissions, because 

reductions in energy intensity are offset by rising demand fueled by 

economic growth. Therefore, along with strong energy efficiency 

policies, it is also necessary to lower the emission intensity of energy 

a significant share in the energy mix of several ECA coun-

tries, rising costs suggest that technological breakthroughs 

may be necessary to further increase nuclear power’s 

share of electricity production.

•	 A long-term strategy for a low-carbon transition requires 

an increasing role for renewable energy sources. In high-

income countries, investments will need to further reduce 

the costs of renewables so that they become competitive 

with fossil-fuel alternatives, and so that future renewable 

expansion will be market driven rather than policy 

induced. ECA countries should focus on locally competi-

tive renewables and design sensible support strategies for a 

gradual and economically sustainable expansion as costs 

come down. All of the region’s countries have some form 

of renewables support, but not all incentives are well 

designed.
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consumption. This requires a switch to cleaner and eventually 

renewable energy sources. The Europe and Central Asia (ECA) 

region is currently not well positioned to pursue a clean energy path. 

It is highly dependent on fossil fuels, which provide 85 percent of the 

total energy supply. It has large fossil-fuel reserves that generate 

export earnings and have been intensively exploited: in 2010, the 

region accounted for 9.3 percent of proved oil reserves, 31.7 percent 

of proved natural gas reserves, and 34.8 percent of proved coal 

reserves (BP 2011). 

At the same time, the electricity supply system in ECA needs mas-

sive investments to replace aging infrastructure and add new capac-

ity. The scope of this task has been laid out in a recent report on the 

outlook for energy in the region (World Bank 2010b). An estimated 

500–600 gigawatts (GW) of generating capacity will need to be built or 

replaced between 2010 and 2030 even if energy intensities continue to 

decrease. Including transmission and distribution improvements, this 

could require US$1.5 trillion in investments. Governments and inves-

tors will have to make decisions about long-lived investments in the 

face of great uncertainty, as described in chapter 3—regulatory 

uncertainty concerning future environmental and climate change 

regulation; technological uncertainty about the future price of differ-

ent power generation technologies; and climate uncertainty as future 

temperature and rainfall patterns affect hydropower and thermal 

electricity generation. 

The large-scale replacement and addition of power generation 

capacity in ECA provides an opportunity to reshape the region’s elec-

tricity systems. Apart from standard investment criteria such as tech-

nical feasibility and economic viability, this process should be guided 

by the principles for dealing with the abovementioned uncertainties 

in power sector planning. Predictable climate policies will encourage 

cleaner, more flexible electricity generating systems that are more 

reliable in the face of environmental changes. 

This chapter discusses the four main options for reducing emis-

sions in ECA’s electricity sector:

•	 The most immediate task is to diversify away from highly 

emission-intensive, coal-fired power to a greater share of natural 

gas, especially if inefficiencies in gas supply networks can be 

reduced. 

•	 Where coal is expected to remain important, options for carbon 

capture and storage (CCS) should be explored. 

•	 Nuclear energy provides a large share of zero-emission energy in 

several countries, some of which plan to expand it further. 
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•	 Finally, although the share of renewable energy in the region is still 

small, it will increase quite rapidly in the EU-member countries 

and eventually also in the rest of ECA. 

As this chapter shows, none of these four major options provide 

an easy or quick solution.

Natural Gas3

Natural gas plays a large role in the energy sector of all ECA countries 

and will continue to do so in coming decades. The region contains two 

of the main gas production centers in the world—namely the Russian 

Federation (Siberia) and Central Asia (Kazakhstan, Turkmenistan, 

Uzbekistan)—and an extensive pipeline system connects these to all 

centers of consumption. Producing, processing, and transporting gas 

within this regional system generates substantial greenhouse gas 

(GHG) emissions. These emissions upstream from the point of use are 

of concern in that they are large in themselves and offset some of the 

advantage of gas over fuels like coal that emit more carbon dioxide 

(CO2). However, there is believed to be considerable potential for 

reducing GHG emissions from the region’s gas system, at relatively 

low cost. 

History and geography have combined to make most of the gas-

importing countries in the region extremely dependent upon the 

exports from within the region, particularly from Russia. The coun-

tries of Central and Eastern Europe obtained only 29 percent of their 

supplies from domestic production in 2010 and were dependent on 

imports from Russia and Central Asia for the rest of their needs. 

Turkey’s history and geography have enabled it to have diverse sources 

of supply, complementing sources from ECA with large imports from 

North Africa and the Middle East. Gas is likely to maintain its key role 

in ECA’s energy systems in coming decades for the following reasons: 

•	 Rigidities of existing energy infrastructure 

•	 Limited competition from coal and nuclear power 

•	 Lack of alternative fuels in the domestic and residential sectors 

•	 Slow penetration of renewables

•	 Environmental policies that favor gas use 

In the past few years, natural gas from shale formations has been 

identified as a new and large potential source of supply, particularly 

in Central and Eastern Europe, and this could further entrench the 

use of gas in these areas while changing the patterns of supply. 
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Conventional Gas

The gas sector in ECA is a major contributor to the region’s aggregate 

GHG emissions. Russia’s GHG emissions from the gas sector in 2009 

were 199 million tons of CO2 equivalent (CO2e) (excluding distribu-

tion), constituting about 11 percent of national emissions, according 

to the United Nations Framework Convention on Climate Change 

(UNFCCC). By comparison, the gas industry in North America 

accounts for around 3 percent of the continent’s total GHG emissions. 

Two types of GHG emissions are of concern: methane4 that is leaked 

or vented from gas systems and the CO2 emitted by energy use for 

gas production, processing, and transport. Leakage and venting of 

methane is a concern because of its relatively high Global Warming 

Potential, which is 25 times greater than that of CO2.
5 Use of gas to 

provide the energy for gas systems is mostly of concern where gas 

must be transported over long distances, either by pipeline or as 

liquefied natural gas (LNG).

The total GHG emissions from systems bringing natural gas from 

the field to the point of use are described using a life-cycle model. 

In this methodology, the corresponding GHG emissions are attrib-

uted to each element of the supply chain. The natural gas supply 

chain is shown in figure 6.1. Gas that is produced from gas wells is 

subjected to processing to bring it up to standard quality specifica-

tions for the main transmission lines. During processing, hydrocar-

bon fractions heavier than methane, and any nonmethane gases 

FIGURE 6.1
Life-Cycle GHG Emissions from Natural Gas

Source: Levitsky, Howorth, and Zhang 2012. 
Note: CO2 = carbon dioxide; CH4 = methane. 
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(including CO2) are separated. Gas entering the pipeline system will 

then be transported to the point of final use, either directly through 

pipelines or by a combination of pipeline and LNG, which is most 

often transported using special trucks or sea vessels. Large natural 

gas users, such as power stations, will mostly receive gas directly 

from a main high-pressure pipeline, while smaller users will obtain 

gas at lower pressure through a local gas distribution system.

Defining the life-cycle emissions of gas raises two methodological 

issues. First, the boundaries for the life cycle need to be fully defined. 

A life-cycle analysis could take the supply chain to include further 

activities upstream or downstream. For example, the natural gas life 

cycle shown in figure 6.1 could be extended back to include the 

GHG emissions arising from production of the steel used in the gas 

pipelines. Similarly, in some analyses, the life cycle is completed not 

at a point of delivery but when the gas is combusted to produce 

energy at the final point of use such as a power station or a domestic 

heater. 

The second major methodological question is how to deal with 

joint products. During processing, natural gas liquids must be 

removed from the raw gas. The liquids are taken for separate use. 

The GHGs emitted in processing could be divided between the natu-

ral gas and the co-products, and this can be done according to either 

physical quantity (for example, weight or volume) or energy con-

tent. It could also be argued that because the gas liquids arise only 

because of the activity of gas production, all of the GHGs arising from 

them should be attributed to the pure natural gas leaving the pro-

cessing plant.6 An important aspect of using life-cycle emissions is 

that when comparing emissions from different products or processes, 

the scope of the life cycle must be consistent. For example, when the 

GHG emissions from gas are compared with those from coal, the life-

cycle emissions of both need to be considered on a comparable basis. 

The patterns of gas supply and use in ECA involve long-distance 

transport by pipelines because production is primarily in peripheral 

regions such as Siberia and Central Asia. Distances are large: pipelines 

from northwest Siberia and from Central Asia to Central Europe are 

approximately 4,600 kilometers (km) long. The energy to move gas 

through such pipelines comes from compressor stations. Compressor 

units are located every 100–200 km along a major transmission pipe-

line, and the typical power capacity of each station is in the range of 

50–200 megawatts (MW), which is equivalent to some 10 percent of a 

large power generating station. The gas system in ECA requires an 

enormous amount of compression; the Gazprom system, which covers 

all of Russia, has 47 GW of installed compressor capacity, which is 
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approximately equivalent to the power generation capacity of 

Ukraine. The compressors are powered by the natural gas coming 

through the pipeline and are thus major sources of CO2. Compressors 

are also a source of leaks and vents because gas passing through them 

must go through many valves. Valves can leak gas because of imper-

fect seals (“fugitive emissions”). Maintenance of compressor stations 

may also require some gas to be vented, for safety reasons.

A further potential source of gas for parts of ECA is LNG. The only 

country in the region that imports LNG is Turkey, where it repre-

sented 22 percent of gas imports in 2011. Although other parts of 

ECA have not yet imported LNG directly, plans have been discussed 

for imports to Southeastern Europe, which has coastal locations 

suited to construction of an LNG receiving terminal. Life-cycle emis-

sions from LNG are different from those for pipeline gas in that they 

must include the energy needed to cool gas at the liquefaction plant, 

to ship the LNG by tanker or by truck, and to regasify it at the receiv-

ing terminal. Some venting and leaks also occur in these processes. 

To these leaks, the emissions associated with gas production must be 

added, along with the emissions associated with transport of gas from 

the field to the LNG plant as well as during similar transportation 

after regasification.

To assess the amount of GHG emissions needed to deliver gas to 

Central and Eastern Europe, gas systems originating in Russia and 

Central Asia and gas supplies in the form of LNG from Algeria were 

simulated. Figure 6.2 shows the major sources of GHG emissions 

from these systems. As can be seen, the largest sources of GHGs 

come from the energy needed for operation rather than the venting 

and leakage of methane. In the case of pipeline transport, the domi-

nant source is compressor fuel use. In the case of LNG, gas liquefac-

tion is extremely energy intensive and contributes most of the 

emissions. 

The efficiency of the pipeline system is an important determinant 

of emissions, especially when gas is transported over very long dis-

tance. For example, emissions for gas from Turkmenistan in Central 

Asia are much higher than those from Russia (even allowing for the 

additional distance involved). This is because the Russian emissions 

are based upon simulation of a new pipeline system from Yamal, 

while gas from Central Asia is assumed to travel through pipelines 

largely dating from the Soviet era, with very inefficient compressors.7 

The simulation of an existing Russian export pipeline shows emis-

sions that are twice those from the new Yamal system. 

A large proportion of production in ECA is used in the countries 

where it is produced. In 2010, 70 percent of total Russian and Central 
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Asian production was used domestically. Given the pattern of energy 

consumption in Russia, much of the gas produced in Siberia will 

travel to central Russia. The length of a pipeline from Yamal to 

Moscow is 2,700 km, 40 percent shorter than the distance to Central 

and Eastern Europe. The life-cycle emissions for this route are corre-

spondingly lower than for Russia’s gas exports.

The life-cycle analysis described here considers gas up to the point 

where it is delivered from the high-pressure transmission line (the 

“city gate”). Significant GHG emissions can also arise from two fur-

ther parts of the gas system. First, gas is often put into underground 

storage. This is done both to guarantee local security of supply and to 

FIGURE 6.2
Life-cycle GHG Emissions of Natural Gas Supply, as a Percentage of 
Field Production Volumes, in Europe and Central Asia

Source: Levitsky, Howorth, and Zhang 2012.
Note: Simulation shows the main sources of GHG emissions from the production, processing, and transmission of gas sup-
plies originating in Russia and Central Asia and gas supplies in the form of LNG from Algeria. Assuming that 1 bcm in final 
use produces X tons of CO2 equivalent of emissions and getting 1 bcm from field to use requires Y tons of CO2 equivalent, 
then the percentage terms measured in the vertical axis equals Y/X. GHG = greenhouse gas; bcm = billion cubic meters; 
CO2 = carbon dioxide; LNG = liquefied natural gas.
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allow gas supplies to consumers to adjust to meet changes in demand. 

Demand in ECA regions changes both seasonally and daily, and stor-

age requirements are large relative to warmer regions, including 

most developing countries. Pumping gas into storage requires signifi-

cant energy, and the whole process can generate leaks and venting. 

For example, in the case of the supply of gas to Moscow (as described 

above), operating storage could add around one-third to the total 

life-cycle emissions of gas.

Second, small users of gas, primarily in the residential and com-

mercial sectors, receive gas through distribution systems. Unlike 

transmission, distribution uses little energy to transport gas but is 

more prone to leaks and to some operational venting because of 

the large number of pipeline connections involved. Estimates of the 

amount of gas that enters the distribution system but does not 

reach the end user vary greatly depending on the age and the qual-

ity of maintenance of the system. Although it is difficult to measure 

the overall supply balance of gas systems in practice, gas distribu-

tion systems are generally estimated to have loss rates ranging from 

0.5 percent of total supplies, for the best system, to 2 percent or 

more for older systems that are less well maintained. Gas distribu-

tion systems in ECA are generally relatively old and may have had 

inadequate maintenance, and overall losses could be over 2 percent 

for many systems.8

Emissions from production, processing, and transport of natural 

gas produced and used within ECA could add between 8 percent and 

25 percent to emissions from gas use. For LNG, this figure is 17 per-

cent for gas from high-pressure systems, as used by power stations. 

Where gas is put through a low-pressure distribution system and 

storage is fully factored in, emissions upstream of final use could be 

around 18 percent of those from final consumption for Russian gas 

used in Central and Eastern Europe.9 Although life-cycle GHG 

emissions add significantly to the emissions from gas in final use, 

they do not diminish the climate benefits of substituting gas for 

coal, the main alternative fossil fuel. 

As a result of the size of GHG emissions from the ECA gas sector, 

there has been considerable interest in reducing them by upgrading 

gas infrastructure and improving operating practices. Three differ-

ent types of interventions are available, as figure 6.3 illustrates. 

First, there are a number of relatively low-cost options to replace 

parts in compressor stations to reduce leaks considerably, of which 

the most significant is replacement of wet with dry seals on centrif-

ugal compressors. Second, improved inspection and maintenance 

standards are also relatively low cost and can substantially reduce 
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emissions. These two categories of low-cost interventions can 

reduce emissions by 20–30 percent. The third large category of 

emissions reductions involves replacing all old and outdated com-

pressors. This action involves much larger investments, but it can 

reduce emissions by a further 30–40 percent in long-distance sys-

tems. Directed investments can thus reduce the emissions from 

large ECA transmission pipelines by some 50–70 percent. Given 

that these pipeline systems account for up to 10 percent of total 

GHG emissions in the region, such investments represent a large 

opportunity to curb emissions. 

Shale Gas

Shale gas has been playing a rapidly growing role on the global gas 

stage, and parts of ECA could hold large resources. Shale gas is 

extracted from deep shale rocks using high-pressure injection of 

water and chemicals into wells to “fracture” the rock, which permits 

gas that is otherwise trapped within the rock to flow through the well 

to the surface. Over the past 10 years, shale gas has transformed the 

U.S. gas market from deficit to surplus; production has grown by a 

factor of 12 and now accounts for 25 percent of supplies, with this 

rapid growth expected to continue. 

FIGURE 6.3
Marginal Abatement Cost Curve for Emission Reductions from 
Natural Gas

Source: Levitsky, Howorth, and Zhang 2012.
Note: A MAC curve is one way of illustrating the effect of technical emission-mitigation options on costs in terms of avoided 
emissions and cumulative emission reduction at a given break-even carbon price. CO2e = carbon dioxide equivalent; t =tons; 
MAC = marginal abatement curve.
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Many countries in ECA also contain shale formations that are 

likely capable of producing gas, but exploration is in the early stages 

and definite results will emerge from drilling over the next few 

years. According to an analysis of world resources by the U.S. 

Energy Information Administration (EIA 2011), Poland is one of 

the countries with the largest technically recoverable resources of 

shale gas, amounting to 5.3 trillion cubic meters (tcm), although 

this estimate has recently been questioned as too high.10 If correct, 

this amount would be sufficient to cover 360 years of consumption 

at Poland’s current rates. Ukraine also has major shale potential of 

about 1.2 tcm, equivalent to 23 years of domestic consumption. 

Successful development of these and other possible resources in 

Central and Eastern Europe would substantially change the pattern 

of regional gas production and trade flows.

Shale gas emissions are higher than conventional natural gas emis-

sions at the preproduction phase because they involve more energy 

for drilling and fracturing and may also require more venting and 

flaring of gas during well completion. Water injected for fracturing 

comes back to the surface with gas in a solution. Current practices in 

the United States lead to this initial gas being vented or flared. Flaring 

converts the methane to CO2, and this reduces the global warming 

impact of this phase of production by a factor of about nine because 

methane is a more damaging GHG in the short term. The volume of 

methane that needs to be flared is much higher than would usually 

arise in a conventional well. However, there is considerable contro-

versy about how much more GHGs come from shale wells in the 

United States than from conventional wells. It has now been shown 

that best-practice operations for shale gas can lead to all or most of the 

early gas being collected, which greatly reduces emissions provided 

that regulations are well enforced (IEA 2012). 

A further factor that affects the life-cycle GHG emissions from 

shale gas, when compared with conventional gas, is that shale wells 

produce gas at a very different rate over time than conventional 

wells. A conventional gas well’s daily production may be constant for 

several years before declining by several percent per year. A shale 

well’s daily production falls by 70 percent during the first year, after 

which it enters a slow decline.11 For this reason, maintaining a given 

level of production from shale gas over a period of years requires 

drilling more wells than would be the case for conventional gas, and 

aggregate production emissions may also be correspondingly higher. 

For example, the number of wells needed to produce a given quan-

tity of gas from Russia’s highly productive wells will be a fraction of 

that needed for shale gas. 
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Shale gas production on a large scale from Poland and Ukraine 

would introduce a new element into the gas life cycle in these coun-

tries. The gas would supplement existing conventional gas produc-

tion and would replace imports, mainly from Russia. The GHG 

emissions from transporting Russian gas to these markets would be 

avoided. To compare GHG emissions from supplying gas needs from 

local shale sources in Eastern Europe with emissions from Russian 

imports, a case was simulated in which 10 percent of Ukraine’s 

imports from Russia were replaced by shale produced from the 

Dnieper-Donets Basin in Eastern Ukraine. It is assumed that shale gas 

production would use best practices to minimize GHG emissions 

from drilling.12 Shale gas emissions were compared with emissions 

from the simulation for imports of Russian gas from Yamal. These 

estimates show that production and transport of local shale gas 

would produce approximately the same lifetime GHG emissions as 

gas imported from Russia through current pipeline systems. How 

best-practice shale production would compare with best-practice 

pipeline transportation is uncertain.

Shale gas production also has a much greater local environmental 

impact than conventional gas production. A range of factors are at 

work here: large demands for fresh water, the need to dispose of the 

wastewater after drilling, the larger footprint of well pads, the greater 

number of wells drilled, and the amount of traffic generated by all of 

these activities. In the case simulated for Ukraine to replace 10 percent 

of imports, about 260 wells would need to be drilled in the first year 

and 50 per year thereafter to maintain production.13 The amount of 

fresh water used for fracturing would be around 200,000 cubic 

meters per day. In an area such as Ukraine, this water is easily avail-

able but is still significant; for example, it amounts to 23 percent of 

the daily flow rate of the Dnieper River, the largest in Ukraine. The 

wells drilled would directly cover an area of up to 145 square kilome-

ters, and the activity would generate about 130 truck trips per day. 

This environmental impact needs to be carefully managed, with 

appropriate regulation and protection of local resources. Production 

of shale gas in Europe will benefit from the long and deep experience 

of the United States, and local environmental impacts can thus be 

contained to a lower level by application of best practices.

Natural Gas Outlook

Natural gas will be an important part of ECA’s energy future for at 

least the next few decades and maybe beyond if CCS for natural gas 

becomes a realistic option. Modern, high-efficiency gas power plants 
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are attractive economically at today’s gas prices, although prices may 

of course rise in the future again. Small and flexible gas-fired units 

work well with intermittent renewable energy.14 Efficient, small-

scale combined heat and power (CHP) generation units fueled by 

natural gas already power some single-family homes in Western 

Europe with surplus power fed into the grid. 

A “golden age of gas” may be possible (IEA 2011b). However, for 

climate goals to remain within reach, such an age would either need 

to involve CCS for natural gas or be relatively short lived. The Inter-

national Energy Agency’s (IEA) global natural gas scenario still leads 

to global warming of 3.5 degrees Celsius—beyond safe limits. The 

switch to a higher share of natural gas in ECA’s energy mix therefore 

needs to be embedded in a broader low-carbon energy strategy that 

includes these elements:

•	 Reduce pipeline emissions by 50–70 percent to increase efficiency 

and realize climate benefits. Low-cost measures include replace-

ment of wet seals with dry seals on centrifugal pipeline compres-

sors and improved inspection and maintenance standards. A 

higher-cost option is to replace all or most parts of the compressors. 

•	 Phase in natural gas power infrastructure gradually to maintain the 

option of switching to cleaner and more efficient technology as it 

becomes available or as gas prices rise in the future. 

•	 Aggressively pursue energy efficiency gains, which also buy time 

or even avoid major capital investments. 

•	 Ensure that gas systems are optimized to offset the intermittent 

nature of power from renewable sources, such as wind.

•	 Introduce some form of gradually increasing carbon charge as a 

natural check to fossil-fuel expansion. EU countries are already 

subject to such charges through the Emissions Trading System.

•	 Develop a sensible strategy for expanding the use of renewable 

energy that favors the most cost-competitive technologies, build-

ing on the continuing cost reductions achieved by research and 

development (R&D) and deployment growth in Western Europe 

and elsewhere.

Carbon Capture and Storage15 

Within the European Union, Poland ranks third in total CO2 emissions 

from large thermal power stations, with 139 million tons in 2009—

well behind Germany and the United Kingdom, with 297 million and 
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171 million tons, respectively. However, Poland is also home to the 

largest CO2-emitting power plant in Europe: PGE Elektrownia 

Bełchatów S.A. in the Łódź Voivodeship in south-central Poland. In 

2009, the plant emitted almost 30 million tons of CO2.
16 This is equiv-

alent to about three-quarters of Poland’s CO2 emissions from the 

entire road transport sector (European Commission 2011). 

The Bełchatów power plant is fueled by lignite (brown coal), 

which emits about 7 percent more CO2 per unit of produced  

energy than hard coal and about 80 percent more than natural  

gas.17 Coal is cheap and abundant in Poland, and it fuels well over  

90 percent of electricity production. Coal mining employs more  

than 100,000 miners—although this is only about a quarter of the 

total employed in 1990 (Suwala 2010). 

Although a large share of coal in the fuel mix is likely to persist 

for some time, to achieve national and EU climate goals, Poland, like 

several other ECA countries, will have to diversify its power mix and 

aim for a much larger share of cleaner and renewable energy. Poland 

could therefore benefit greatly from the successful development of 

carbon capture and storage technology. The Bełchatów plant will 

play a role in this process. In 2009, it was selected as one of six coal-

fired power plants that received €180 million from the European 

Commission for CCS demonstration projects.

CCS involves capturing CO2 released in burning fossil fuels before it 

reaches the atmosphere and permanently storing it underground or 

undersea. CCS is designed to operate on so-called point sources of 

emissions such as coal-fired power plants, where large amounts of CO2 

can be intercepted. Another requirement for CCS is a suitable CO2 

storage site, typically in stable geological formations such as depleted 

oil and gas fields or saline aquifers. Carbon dioxide capture can occur 

either postcombustion (after pulverized coal has been burned) or pre-

combustion (in which carbon is separated out at an earlier stage). 

Despite its lower efficiency, most research currently focuses on post-

combustion CO2 capture because of the prospect of retrofitting existing 

coal power plants, most of which are pulverized coal plants and there-

fore use technology that would be suitable only for postcombustion 

capture. 

The captured CO2 is liquefied and transported by pipeline or tank-

ers. Most scenarios envision a system of pipelines connecting large 

emission sources with suitable storage fields. CCS could also be 

applied to natural-gas power plants or large industrial emissions 

such as those from gas processing. More long-term scenarios envi-

sion CCS for biomass burning, enabling a net absorption of CO2 from 
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the atmosphere. This is known as bioenergy with CCS (BECCS). 

Other forms of capturing CO2 directly from the atmosphere with 

subsequent sequestration are on the drawing board but remain a 

distant possibility.

Almost all parts of the CCS cycle have been applied in some 

form, so the technology is, in principle, well understood and 

proven. Large-scale applications that integrate all the processes 

involved in CCS have been scarce, however. At the moment, there 

are eight integrated commercial-scale CCS applications in Algeria, 

Canada, Norway, and the United States, although none is in power 

generation. Most applications are for enhanced oil recovery 

(EOR), in which gas is pumped into nearly depleted oil reservoirs 

to increase well pressure and produce more oil, improving the eco-

nomics of CCS though not its contribution to climate action.18 At 

the end of 2010, the Global CCS Institute identified a further 234 

ongoing or planned projects across all sectors. 

Despite the experience with many aspects of the technology, CCS 

faces a number of technical, economic, and social barriers before it 

can make a significant contribution to climate-change mitigation.

Technical Issues 

As a mitigation strategy, CCS has a number of inherent inefficiencies. 

The carbon capture, transport, and storage process requires addi-

tional energy. Therefore, the amount of CO2 produced and captured 

will always be significantly larger than the amount of emissions 

avoided. CCS will not be able to capture all emissions. Estimates are 

that by 2020, capture rates will be 68–87 percent—in exceptional 

cases, 95 percent but at increased cost. 

However, the most challenging technical issue is safe storage. 

Determining the suitability of geological storage sites is a costly pro-

cess. Because most of the operational projects to date have been for 

EOR, where the goal is to increase oil recovery rather than perma-

nent storage, there has been relatively little monitoring. Even very 

small leakage rates can reverse the mitigation benefits.19 More sud-

den, accidental releases would make climate benefits obsolete. 

There are also concerns about health impacts if the release 

occurs near populated areas, although CO2 generally dissipates 

quickly when released. These barriers and the time to develop the 

transport and storage infrastructure mean that CCS will not likely 

make a significant contribution to climate change mitigation until 

2025 or 2030.
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Economic Issues 

Although electricity from renewable sources could end up costing 

the same as conventional sources, coal power with CCS will, by defi-

nition, always be more expensive than coal power without it. The 

IEA currently estimates that the cost of electricity with postcombus-

tion CCS will be 63 percent higher. Additional capital costs include 

the CO2 capture and transport equipment and the required larger 

plant capacity because the CCS process requires about 20 percent of 

the plant’s output—though this may be reduced to 15 percent by 

2015. Cost estimates will be unreliable until large-scale experience is 

available. However, because of this premium, CCS will always 

require some form of policy support such as a carbon tax or carbon 

finance. 

The long period until large-scale deployment of CCS is likely also 

means that alternative clean power-generation technologies may 

catch up and become cost competitive before CCS is ready, especially 

if either resource prices or carbon charges rise significantly. For West-

ern European countries with aggressive climate policies, some 

experts think that within 15 years, widespread use of renewables will 

make CCS in the power sector less relevant. However, this is unlikely 

to be the case in many ECA countries, let alone China or India, and 

CCS will still be desirable for industrial processes where CO2 release 

is part of the manufacturing process. 

Social Issues

As a result of concerns about the safety of storage, CCS has the attri-

butes of other “not in my backyard” and liability issues such as 

high-voltage power lines or nuclear waste storage. Popular opposi-

tion has already derailed pilot projects in Western Europe. A study 

in Germany found that attitudes toward CCS varied greatly between 

the Ruhr area, where most of the carbon emissions originate (in 

favor), and potential storage sites in northern Germany (against) 

(Wuppertal Institute 2010). 

Science needs to refine assessment methodologies, and compa-

nies that implement CCS must demonstrate the safety of storage—

especially because current policies envisage that liability will transfer 

from the operator to the state after only 20 years.20 Early informa-

tion campaigns and stakeholder involvement will be essential for 

public acceptance. Furthermore, opposition could be reduced by 

allowing local communities to share in the benefits such as storage 

fees. Concern and impacts will be reduced by selecting storage sites 
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in less densely populated areas or under the seabed as in existing 

Norwegian CCS projects. 

CCS Outlook

Provided these barriers can be overcome, CCS can play a major role 

in climate change mitigation in the ECA region. However, countries 

vary in terms of the three main prerequisites for successful CCS 

implementation: climate change mitigation ambition, large point 

sources of emissions, and suitable storage sites (Kulichenko and 

Ereira 2011). The CCS outlook by country subgroup follows:

•	 EU-member and candidate countries. These countries have both the 

climate goals and the incentives to deploy CCS in principle. EU law 

already requires large coal-fired power plants to be ready for CO2 

capture, although this currently only involves setting aside land for 

capture equipment and demonstrating that retrofitting and trans-

port to a suitable site are feasible (Graus et al. 2011). The EU also 

supports CCS using revenues from carbon trading and by funding  

pilot studies. A number of ECA’s EU-member and candidate coun-

tries have explored CCS potential in more detail. Besides Poland, a 

recent World Bank study has investigated CCS storage options for 

the Southeastern Europe region; the study estimated transport and 

storage costs across a number of Balkan countries of about US$12 

to US$18 per ton of CO2 (Kulichenko and Ereira 2011).

•	 Non-EU, non-Annex I countries.21 CCS has not yet been included as a 

mitigation tool under the Clean Development Mechanism (CDM), 

which supports emissions-reduction projects in developing coun-

tries. (See also box 6.3.) If CCS becomes eligible under CDM or 

another post-Kyoto Protocol market mechanism, countries such as 

Azerbaijan and Uzbekistan have CO2 point sources and potential 

storage sites that could make CCS feasible. Azerbaijan, for instance, 

could use depleted oil or gas fields. However, little electricity is gen-

erated using coal in either country, so CCS would more likely be 

applied to natural-gas power plants or industrial processes. More 

study is needed to assess the suitability in other ECA countries that 

are eligible for funding through the CDM.

•	 Non-EU, Annex I countries. Russia, Kazakhstan, and Ukraine are the 

5th-, 10th-, and 12th-largest coal producers in the world, respec-

tively. Coal consequently plays a major role in electricity production 

in all three countries. In fact, Russia plans to build more coal power 

plants so it can export more natural gas. Under the current global 
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climate regime, these countries have little incentive to aggres-

sively reduce carbon emissions. The collapse of inefficient indus-

tries during transition lowered their emissions below 1990 levels, 

and they are not eligible for climate finance under the CDM. 

They are also not subject to EU regulations and are ineligible for 

EU financial incentives for CCS. With the exception of CCS for 

EOR, other emission reduction options may be more attractive 

for these countries. 

This overview of CCS in the ECA region has two major implica-

tions. The first is that it would be wise for the region’s countries to 

more systematically explore CCS as a climate change mitigation strat-

egy and to develop the information base, regulatory framework, and 

institutional capacity to prepare for CCS. Currently, the region is lag-

ging behind Western Europe in laying the groundwork for deploy-

ment once the technology is mature. All countries, not just the EU 

candidates, will likely face stricter emission limits in the future. Those 

that master the technology early could benefit from selling their 

expertise to others. Poland, for instance, is pursuing a number of CCS 

pilot studies. Besides Bełchatów, another utility is building a 288 MW 

coal-fired power plant equipped with precombustion CO2 capture 

technology. In addition, the country is planning a “Zero Emission 

Power and Chemical Complex” in Silesia that will apply CCS to 

power and industrial processes. Poland has both the resources and 

incentives to become a world leader in CCS.

Second, however, the uncertain prospect of large-scale deploy-

ment of CCS technology should not distract from the urgent need 

to decarbonize energy systems. Over the next few decades, the cost 

of alternative energy generation may well match coal or gas with 

CCS or with a price on carbon, so investing in a large-scale, long-

lived fossil-fuel power infrastructure that lasts many decades 

involves a risk. Perhaps most important, CCS does not address other 

environmental and health impacts from coal use. Besides CO2, the 

Bełchatów plant, for instance, also emits significant amounts of 

mercury (1.6 tons in 2009), lead (316 kg), arsenic (258 kg), and 

sulphur oxides (50,700 tons). Safety issues in coal mining and the 

impact on natural landscapes—especially in open-pit or mountain-

top removal mining—represent significant additional costs.

Nuclear Power

Nuclear power stations generate electricity without producing GHG 

emissions. Most climate change mitigation scenarios therefore expect 



Power� 193

TABLE 6.1
Nuclear Power in Selected Europe and Central Asia Countries, 2011–12

Country

Nuclear electricity generation, 
2011 Reactors operable

Reactors under 
construction Reactors planned

billion kWh 
Share of 

electricity (%)  No.  MW net  Median year No. 
MWe 
gross  No.

MWe 
gross 

Armenia  2.4 33 1 376 1980 0 0 1 1,060

Bulgaria  15.3 33 2 1,906 1989 0 0 1 950

Czech Republic 26.7 33 6 3,764 1987 0 0 2 2,400

Hungary  14.7 43 4 1,880 1985 0 0 0 0

Kazakhstan 0 0 0 0 n.a. 0 0 2 600

Lithuania  0 0 0 0 n.a. 0 0 1 1,350

Poland  0 0 0 0 n.a. 0 0 6 6,000

Romania  10.8 19 2 1,310 2002 0 0 2 1,310

Russian Federation  162.0 18 33 24,164 1982 10 9,160 24 24,180

Slovak Republic  14.3 54 4 1,816 1992 2 880 0 0

Turkey  0 0 0 0 n.a. 0 0 4 4,800

Ukraine  84.9 47 15 13,168 1987 0 0 2 1,900

Total 3,311 – 67 48,384 1986 12 10,040 45 44,550

Source: World Nuclear Association (http://www.world-nuclear.org/info/reactors.html). 
Note: Information as of April 2012, except energy production for 2011. “Median year” of “Reactors operable” refers to the year of reactor completion. kWh = kilowatt-
hours; MW = megawatts; n.a. = not applicable; MWe = megawatts of electrical output. 

nuclear power to contribute toward achieving climate goals while 

ensuring a sufficient supply of electricity. Under the IEA’s new poli-

cies scenario, for instance, nuclear power’s share of electricity pro-

duction in Eastern Europe and Eurasia is expected to rise from about 

10 percent to 13 percent by 2035 (IEA 2011a). 

Eight ECA countries currently operate a total of 67 nuclear reac-

tors, as shown in table 6.1 and map 6.2. They generated about 

18 percent of Russia’s electricity in 2011 and about half the elec-

tricity in the Slovak Republic and Ukraine. Twelve new reactors 

are under construction, and a further 45 are currently planned, 

including 13 in countries that do not yet or do not currently use 

nuclear power. (Lithuania closed its last nuclear reactor, which 

generated 70 percent of its electricity, at the end of 2009.) The total 

capacity of all ongoing and planned projects is 55 GW, about the 

same as current operating capacity. However, 60 percent of current 

plants are more than 25 years old, and 25 percent are older than 

30 years. Therefore, many plants will need to be decommissioned 

in the coming decades.22

http://www.world-nuclear.org/info/reactors.html
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Nuclear Power Issues

Although nuclear power will continue to contribute to the energy 

mix in several ECA countries, there are questions about the com-

mercial feasibility of expansion plans and thus about the sector’s 

contribution to climate action. The pros and cons of nuclear energy 

are well documented (for example, MIT 2009; Jacobson and Deluc-

chi 2011). Apart from being a zero-emission-generation technology, 

MAP 6.2
Nuclear Power Plants in Europe and Central Asia, 2012

Czech Republic

Kyrgyz Republic

Slovak Republic

Source: Nuclear Power Stations of the World - GNV181, UNEP/DEWA/GRID-Geneva (http://www.grid.unep.ch)

http://www.grid.unep.ch
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nuclear power can be scaled up to provide very large amounts of 

power without consuming much land area. It uses relatively small 

quantities of uranium—an abundant fuel source. Kazakhstan is the 

world’s largest producer, accounting for 33 percent of the global 

supply, and Russia, Uzbekistan, and Ukraine are also in the top ten.

On the other hand, nuclear power plants have raised concern 

about low-level radiation leaks with health risks that are hard to cal-

culate (Beyea 2012). Major nuclear accidents in the Ukraine and 

more recently in Japan have demonstrated severe risks from cata-

strophic failures. Most nuclear countries have still not resolved the 

problem of safe storage of nuclear waste. Decommissioning of nuclear 

plants after their useful life span is complex, time consuming, and 

expensive. In addition, civilian nuclear operations pose the risk of 

proliferation for military purposes. 

Large nuclear power plants may also not fit well into the power 

systems of the future—an important consideration because new 

nuclear plants will take many years to plan and construct and are 

expected to have a life span of half a century or more. Nuclear power 

plants currently provide continuous base load power, but in energy 

systems with a very high share of renewables, there will be a pre-

mium on flexible electricity sources that can be brought online or 

shut off quickly. Nuclear power plants take far longer than any other 

to shut down and restart, and to avoid disruptions during emergency 

shutdowns, they need very large backup capacity. 

Nuclear Power Outlook

Although climate benefits have brought nuclear power much atten-

tion in recent years, the initial push for nuclear power more than 

60  years ago was motivated mostly by military needs. Its deploy-

ment as a commercial power source was driven by presumed low 

costs. Reliable cost estimates for nuclear power are difficult to 

obtain, and those available are sometimes incomplete—for instance, 

omitting the full cost of nuclear waste storage or decommissioning. 

Estimates for the United States suggest that nuclear power is more 

expensive than electricity from coal or gas: market prices were about 

US$0.105 per kWh versus US$0.074 for coal and US$0.052 for gas 

in 2010 (Davis 2012).23 It would require a CO2 tax of more than 

US$35 per ton for nuclear power to compete with coal, and a tax of 

more than US$130 per ton to compete with gas. These cost esti-

mates may also be low. Others who consider the crucial cost of capi-

tal, especially with construction time delays, find levelized costs as 

high as US$0.15–US$0.21 per kWh for nuclear power.24 If damages 
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from potential accidents were not implicitly covered by government 

guarantees—no private insurer can cover the risk of nuclear 

accidents—risk-adjusted insurance premiums would make nuclear 

power significantly more expensive.25 

Furthermore, while operating costs of nuclear power plants have 

been relatively stable, construction costs have gone up, in part 

because of rising safety requirements. As documented for the United 

States and France—the two countries with the largest number of 

nuclear reactors—both construction times and costs have increased 

significantly over time (see figure 6.4 for France) (Davis 2012; Grübler 

2010). Learning or experience curves show changes in costs as more 

and more generation units are installed. They are steeply downward 

sloping for most renewables (as the next section discusses); those for 

FIGURE 6.4
Nuclear Reactor Construction Costs in France in Relation to 
Cumulative Capacity, 1977–99 

Source: Grübler 2010, table A12. 
Note: The gray vertical lines indicate the min/max range of estimated construction costs. A total of 58 reactors were com-
pleted in this period. FF = French francs (1998); kW = kilowatt; GW = gigawatts.
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nuclear power rise. Barring technical advances—such as break-

throughs from China’s ambitious nuclear program or from research 

into small, safe, and less expensive nuclear reactor units—recent cost 

trends suggest that nuclear power plants will not be able to compete 

in unregulated markets without significant government involvement. 

Countries may support nuclear power for noneconomic reasons such 

as energy security. However, combined with the short-term opportu-

nities of a switch to natural gas and the medium- to long-term pros-

pects for renewables and possibly CCS, nuclear power’s role in climate 

change mitigation may not significantly increase.

Renewable Energy26

With the prospects for CCS and nuclear power uncertain and burning 

natural gas (without CCS) still releasing too much CO2, a low-carbon 

energy future has to involve much larger use of renewable energy 

resources. As with the other cleaner-energy technologies, renewables 

are no panacea. How much and how quickly renewables can make a 

significant contribution to a country’s energy mix depends most of all 

on technology costs and natural endowments. Recent years have 

seen significant cost reductions as the amount of energy produced 

through renewables expanded rapidly, especially in wind, solar, and 

some types of bioenergy. Their local competitiveness also depends on 

the costs of fossil-fuel alternatives, which may be artificially low 

because of subsidies or high because of energy or carbon taxes. 

Resource capacity in most ECA countries appears sufficient for 

supplying all or most electricity needs with renewables, although 

currently not at any reasonable cost (for example, see Buys et al. 

2009). Starting from generally small shares, a realistic medium-term 

goal for ECA would be the EU’s 20 percent target, which some coun-

tries could achieve earlier than others. Five of the region’s countries 

already exceed this level. 

This section briefly reviews the current status of renewable energy, 

resource endowments in ECA, and technology costs. Some renewable 

energy options are already cost competitive, such as hydro, wind, or 

bioenergy, especially in places with high overall energy prices. Others 

require support. The section concludes with a discussion of the design 

of support policies, particularly feed-in tariffs. The most relevant 

types of renewable energy for power production are hydro, wind, 

solar, and geothermal. Some types of bioenergy also generate elec-

tricity, although it mostly produces biofuels for transport or heating. 

Bioenergy is discussed in more detail in chapter 10. 
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Renewable Energy Production and Renewable Resources

Globally, renewable energy investment trends appear to be going 

in the right direction. In just eight years, investments shot up: in 

2011, US$263 billion was invested in renewables—up from 

US$33.7 billion in 2004. Of these investments, 95 percent were in  

Group of 20 (G-20) countries. Turkey accounted for US$1.2 billion 

of the investments, of which three-quarters were in wind energy 

(Pew Charitable Trusts 2012).27 Over the 10 years from 2010 to 

2020, renewables could be a US$2.3 trillion market if climate poli-

cies are strengthened—or US$1.7 trillion under current policies. 

With 83.5 GW in capacity added in 2011, globally installed renew-

able capacity is now at 565 GW. Although this is 50 percent more 

than installed nuclear power capacity, renewable generation will 

actually be less than its installed capacity figures suggest because 

renewables such as wind and solar are intermittent. 

ECA falls well below the world average in renewable energy gener-

ation. In 2009, renewable resources contributed 4.7 percent of total 

primary energy supply in the region, or 649 million tons of oil equiva-

lent compared with 10.4 percent in the EU-15 or 13 percent world-

wide.28 Hydropower and bioenergy each provide 2–3 percent of total 

energy supply in ECA, with very small fractions (well below 1 percent) 

coming from wind, solar, and other advanced technologies. 

The distribution of renewable generation varies significantly 

among the region’s countries, as shown in figure 6.5. Hydropower is 

the dominant renewable source in Albania, Georgia, the Kyrgyz 

Republic, and Tajikistan, accounting for 20–60 percent of total pri-

mary energy supply in 2009. The Baltic countries have a high share 

of biomass production, with 30 percent in Latvia, 15 percent in 

Estonia, and 10 percent in Lithuania. Turkey and Georgia lead the 

region in the use of geothermal resources, ranking 10th and 11th 

globally, respectively. Wind, solar, and other more-advanced renew-

ables are still almost unnoticeable in ECA’s energy mix, although 

they increased significantly in Turkey and the EU-10 countries over 

the past decade, as figure 6.6 illustrates.29 
The potential to generate power from wind and solar sources is 

unevenly distributed across the region, as map 6.3 shows. Among 

ECA countries, Estonia, Latvia, Lithuania, and areas of the Czech 

Republic and Romania have higher potential for producing electric-

ity from onshore wind power, while Southeastern Europe and 

Turkey have good conditions for solar. Russia, the largest country in 

the world, has enormous technical potential for bioenergy, wind, 

solar, and geothermal. At 170 terawatt-hours (TWh), it is also the 
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FIGURE 6.5
Shares of Renewable Energy in Total Primary Energy Supply, Europe 
and Central Asia Countries, 2009

Source: Calculations based on IEA 2011c. 
Note: EU = European Union. The EU-15 countries include Austria, Belgium, Denmark, Finland, France, Germany, Greece, 
Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden, and the United Kingdom.
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fifth-largest hydropower producer in the world, using 18 percent of 

its potential. (See also box 6.1 on hydropower.) 

Identifying the geographic distribution of these resources is criti-

cally important for the profitability of investments in renewables 

because choosing the best location strongly affects how much 
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energy can be generated by an intermittent resource—also known 

as capacity utilization. Boosting capacity utilization by just a few 

percentage points can influence rates of return as much as a carbon 

credit or a significant change in construction costs (World Bank 

2010a). Some ECA countries have had renewable resource assess-

ments, typically resulting in wind or solar atlases. A study for the 

Commonwealth of Independent States (CIS) countries used data 

from 3,600 surface meteorological stations and 150 upper air 

stations to generate a detailed wind resources map. It estimates 

technical potential for wind energy at 14,000 TWh per year 

(Nikolaev et al. 2010).30

Costs of Renewables 

Renewables, especially more advanced technologies, are generally 

still more expensive than fossil fuels. Energy cost comparisons are 

notoriously unreliable because local construction and fuel costs 

vary greatly, as do the methods for estimating full life-cycle costs—

especially for large, capital-intensive plants. Incorporating the 

damages to health and the environment that were avoided through 

the use of renewables changes relative costs. A technology’s suit-

ability for specific tasks such as covering peak demand also changes 

FIGURE 6.6
Total Energy Generation from Solar and Wind, Europe and Central Asia, 
Selected Regions, 2000–09 

Source: IEA 2011c. 
Note: The EU-10 countries include Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the 
Slovak Republic, and Slovenia. ktoe = kilotons of oil equivalent; EU = European Union. 
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competitiveness. A large share of renewables will also usually 

require complementary investments for grid integration of new 

power generation units and extension of transmission lines if the 

best renewable resource locations are far away from major 

demand, which raises their costs. Finally, much depends on the 

overall price of electricity. Where fossil fuels are unsubsidized or 

MAP 6.3
Renewable Energy Resources in Europe and Central Asia, 2012 

Source: NASA Surface meteorology and Solar Energy (SSE) Release 5 Data Set (Jan. 2005) [windspeed; edited] and Release 6.0 Data Set (Jan 2008) [insolation]  
(http://eosweb.larc.nasa.gov/sse); Global Reservoir and Dam (GRanD) database, Version 1.1 (http://www.gwsp.org/85.html and http://sedac.ciesin.columbia.edu/
pfs/grand.html).

http://eosweb.larc.nasa.gov/sse
http://www.gwsp.org/85.html
http://sedac.ciesin.columbia.edu/pfs/grand.html
http://sedac.ciesin.columbia.edu/pfs/grand.html
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BOX 6.1

Hydropower

Hydropower is an important electricity source in the ECA region, with an installed capacity 

of 107 GW, or 21 percent of total capacity. It is also important for load balancing: the storing 

of excess electrical power for release as needed. Further, hydropower is a good backup 

intermittent power source—a role that becomes more critical with a growing share of 

renewable energy. Hydropower plants with storage serve as giant batteries that “charge” 

when system demand is lower than generation and feed power into the grid when demand 

is high. The 716 MW Zarnowiec pumped-storage hydro plant in Northern Poland, for exam-

ple, balances loads in a system that receives large amounts of intermittent wind energy 

from Germany and increasingly from Polish wind turbines. It also allows thermal—mostly 

coal-fired—power plants to reduce the number of start-ups and shut-downs, reducing oper-

ations and maintenance costs. Pumped-storage hydro plants can start up within five min-

utes, while fossil-fuel plants require an hour or more, and nuclear plants several days. Hydro 

can therefore also help stabilize frequency and voltage after sudden load shifts. In less than 

30 seconds, the Zarnowiec plant helped reestablish grid stability in November 2006 when a 

routine disconnection of a power line in Germany caused a blackout that cascaded as far as 

Greece and Portugal.

Hydropower is the dominant source of low- or zero-carbon renewable energy, respon-

sible for almost 96  percent of renewable power in ECA, as figure B6.1.1 shows. It gen-

erated about 17 percent of the region’s electricity in 2009 and more than 90 percent in 

Albania, the Kyrgyz Republic, and Tajikistan. Nearly every country in the region has some 

hydropower capacity. However, the distribution is uneven. Russia and Turkey account for 

almost 60 percent of generation capacity, as shown in figure B6.1.2. There is large potential 

for hydropower energy expansion. The overall technical potential is estimated at more than 

2,622 TWh per year in ECA, only 12 percent of which has been exploited so far, as shown in  

figure B6.1.3. 

For all their benefits, hydropower projects can face environmental, social, and economic chal-

lenges and risks.

Large hydropower projects can affect aquatic habitats and threaten ecological balance. Even 

smaller run-of-river projects—designed to minimize the need for a reservoir—could cause 

stream-flow variations. When multiple projects are built along the same site, the cumulative 

impacts can be significant. Building access to a dam area imposes environmental impacts that 

are both direct (for example, on vegetation) and indirect (for example, air pollution). From the 

continued
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BOX 6.1 continued

continued

FIGURE B6.1.1
Hydropower vs. Total Renewable Power Capacity in Europe and Central Asia, 1990–2010 

Source: EIA n.d.
Note: kW = kilowatt.
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FIGURE B6.1.2
Distribution of Hydropower Capacity, by Subregion, in Europe and Central Asia, 2009

Source: EIA n.d.
Note: EU-10 = Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania. the Slovak Republic, and Slovenia.
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climate change perspective, hydroelectric plants can produce CO2 and methane from the 

decomposition of biomass in the reservoirs—although this is a minor issue in ECA. The con-

struction of dams can also change GHG fluxes because of land use change. A comprehensive 

accounting and assessment of a dam’s contribution to GHGs should take these effects into 

account.

BOX 6.1 continued

FIGURE B6.1.3
Hydropower Development Potential and Production, Europe and Central Asia  
Countries, 2009 

Source: WEC 2010; EIA n.d. 
Note: The percentage number indicates the ratio of production to potential. Production bar shows 2009 actual generation. Russia’s production  
(162 TWh) and potential (1,670 TWh) are not shown. TWh = terawatt-hours.
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Hydropower development can encourage rural development by creating jobs and income by 

enabling rural electrification and by providing flood control and irrigation services. On the other 

hand, hydropower development often requires resettlement, which results in additional social 

and livelihood consequences. Public acceptance plays a key role in the success or failure of 

such a project. Local citizens, including those stakeholders most affected by the project, need to 

be fully consulted as part of the project development process. Project objectives should be 

clearly communicated and beneficial for all parties involved. 

Hydropower can also be a tool for climate adaptation. Dammed reservoirs provide a buf-

fer against impacts from floods and droughts. However, climate change and its conse-

quences for water resources also increase the uncertainty over hydropower generation. 

Variability in rainfall has already had significant impacts on the stability of electricity supply in 

Southeastern Europe and Central Asia. Understanding the impacts of potential changes in 

climate and hydrology is essential for project design and for the operation of new and exist-

ing power facilities. Furthermore, hydropower development involves competition between 

energy and food production for water and land use as well as benefits sharing between 

downstream and upstream communities. This has sometimes created conflicts in the devel-

opment of new dams. It is important to develop integrated land and water management 

strategies to ensure optimal allocation of land and water, as well as mechanisms to ensure 

shared benefits. 

These potential environmental, social, and economic costs need to be carefully assessed 

and managed to develop hydropower in a sustainable manner. In the short run, ECA should 

focus on rehabilitating aging plants. Rehabilitation is a cost-effective way of expanding capacity 

with minimal risks.

Sources: IEA 2010; Eurelectric 2011; World Bank 2009.

BOX 6.1 continued

subject to environmental taxes, renewables are more competitive. 

In Turkey, for example, a tight supply-demand balance results in 

high wholesale electricity prices (around US$0.10 per kWh). All of 

this implies that simple levelized cost comparisons are incomplete 

descriptions of the relative competitiveness of different generation 

options, as box 6.2 discusses further. 

Figure 6.7 shows a comprehensive recent cost comparison from 

the Intergovernmental Panel on Climate Change. Renewable power 

from wind and small hydro is often already cost competitive in the 

wholesale market. Although many types of renewable energy can 

be cost competitive under good conditions—especially if co-benefits 
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BOX 6.2

Comparing Costs of Electricity Generation Technologies 

Cost assessments of different electricity generation technologies usually compare their level-

ized costs—or the price for energy from a given source after all of the related costs for it have 

been factored in (see, for example, figure 6.7). These are the total life-cycle costs per unit of 

electricity output, including capital and operating costs. This comparison works well for “dis-

patchable” base load power plants (typically coal or nuclear, sometimes natural gas) that can 

produce power around the clock. However, renewable generating technologies such as wind or 

solar are “intermittent”: they can only feed power into the grid when the resource (wind or sun-

shine) is available. They can be highly variable, although predicting generation potential hours or 

even a day in advance is steadily becoming more accurate. 

Levelized costs do not take into account the fact that in many electricity markets, the price of 

electricity varies over the course of a year and even during a single day. The difference between 

off-peak and peak electricity prices can be several orders of magnitude because demand varies 

strongly, the capacity to store electricity is still very limited, and power systems always need to 

balance supply and demand exactly. A generating technology that produces power at peak 

times will thus have more favorable economics than one available only during off-peak times. 

For instance, a dispatchable generator and an intermittent generator may have identical level-

ized costs, but if the intermittent resource mostly produces during peak hours when prices are 

high, it can be more profitable than the dispatchable technology. If it mostly produces off-peak, 

it would be less competitive. Levelized cost comparisons therefore often undervalue solar 

power (which is available during the day when prices are high) and sometimes overvalue wind 

(if it is more available during off-peak times). Competitive power markets—and policy makers 

considering support for renewables—need to evaluate the economics of all power generation 

technologies based on the expected market value of supplied electricity and their life-cycle 

costs, which together determine profitability.

Sources: Joskow 2011; Borggrefe and Neuhoff 2011.

are considered—energy from fossil fuels net of their social costs is 

generally cheaper. 

Costs tend to fall with installed capacity as learning and standard-

ization help improve efficiency and refine technology. In the past 15 

years, wind generation costs have fallen by more than 50 percent. 

This is mostly related to learning associated with increased market 

experience (Neij 2008). Figure 6.8 shows how wind and solar 

technologies have consistently fallen in price with the expansion  

of production—in contrast to the trends in nuclear power plant 
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FIGURE 6.7
Levelized Cost of Energy, by Source, 2011 

Source: IPCC 2011.
Note: kWh = kilowatt-hour; GJ = gigajoule.
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construction discussed in the previous section. In many cases, wind 

is already competitive with fossil fuels. Solar photovoltaics (PV) 

could match the cost of other energy sources in high-energy-price 

countries within the next few years. Further cost reductions for 

renewables are likely but difficult to predict. The recent rapid decline 

in the cost of solar PV shown in figure 6.7, for instance, is due to 

massive expansion of production capacity in China. The cost of sili-

con, a key input for producing solar panels, has fallen 93 percent—

from US$475 per kilogram three years ago, when there were supply 

shortages, to US$33 per kilogram now.
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Renewables Incentive Policies 

The expansion of renewable power that drove these cost reductions 

has so far predominantly been policy induced rather than market 

driven. Fairly generous support mechanisms in Western Europe and 

parts of the United States created a market and thus incentives for 

research and development and for scaling up production. The implicit 

FIGURE 6.8
Learning Curves of Renewable Technologies in Relation to Price

Source: IPCC 2011.
Note: W= watt; MW = megawatts; PV = photovoltaic.

1

10

1981

1990

2000 2006

Cumulative capacity (MW)

a. Wind power price (1981–2006)

10 100 1,000 10,000 100,000

W
in

d 
po

w
er

 p
ri

ce
, U

S$
 (2

00
5)

/W
Av

er
ag

e 
pr

ic
e,

 U
S$

 (2
00

5)
/W

b. Solar PV module price (1976–2010)

1976
(US$65/W)

2010
(US$1.40/W)

100

50

10

5

1

0.5

Cumulative global capacity (MW)
1,000,0001 10 100 1,000 10,000 100,000

Produced silicon PV modules (global)



Power� 209

or explicit subsidies either come out of government budgets or are 

collected by utilities that charge all customers extra to cover the cost 

of renewable energy. These policies for promoting renewable energy 

have raised some controversy in high-income countries but are gen-

erally accepted because the added cost represents a small share of 

household expenditures.31 The question is whether they are also jus-

tified in poor or middle-income countries. In other words, should 

households with far lower incomes than those in Western Europe, 

for instance, pay extra for energy to reduce global emissions and to 

bring technology costs down? 

Various incentive programs promote renewable energy deploy-

ment around the world. These programs include direct subsidies or 

tax incentives; mandates that a certain share of energy production 

must be renewable (so-called renewable portfolio standards); and 

competitive bidding for government-sponsored renewable energy 

contracts. Table 6.2 summarizes the main design features of the most 

important renewable energy support policies and compares their 

pros and cons. Table 6.3 shows which policies are used, to varying 

degrees, in ECA countries for which information is available. 

All of the region’s countries for which information is available 

have some form of renewable energy support policy. Feed-in tariffs 

are the most common. These are long-term contracts for clean energy 

producers that compensate them based on their costs of production 

(solar power producers are paid more, wind power producers, less). 

Renewable portfolio standards, fiscal incentives, and public loans or 

grants are further support mechanisms used by some EU-10 coun-

tries that introduced comprehensive policy packages. Renewable 

energy auctions, in which the utility buys a specified amount of 

renewable power from the lowest bidder, have so far not been used 

in ECA. Table 6.3 also shows current renewable energy shares and 

the 2020 targets for EU members. 

Feed-in tariffs are by far the most popular support program world-

wide. Nearly all ECA countries that have adopted renewable incen-

tive programs have chosen feed-in tariff mechanisms, with Poland 

and Romania the only two opting for tradable quotas. Under a feed-

in tariff scheme, governments set prices for different types of renew-

able power to compensate producers for the higher cost of producing 

clean energy. Utilities are required to purchase power from renew-

able electricity producers at this price, but they can spread the addi-

tional cost across their entire customer base or receive compensation 

from the government to cover the incremental costs.

Feed-in tariff policies have been effective in accelerating the 

deployment of renewable resources, but setting the “right” level of 
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support is difficult. A feed-in tariff has to provide sufficient incentives 

to achieve an overall quantity of renewable generation; on the other 

hand, it should not be so generous as to allow poorly performing 

renewable energy investments to survive solely based on heavy sub-

sidies. Furthermore, if the implicit subsidy for renewables is paid by 

energy consumers, high feed-in tariffs may impose an adverse impact 

on growth and affordability. This is a particular concern to develop-

ing countries, where households devote a larger portion of income to 

energy and are more vulnerable to rising tariffs (see chapter 5).

This trade-off in setting feed-in tariffs is evident in Ukraine 

(Trypolska 2012). The country’s feed-in tariff for utility-scale solar 

TABLE 6.2
Comparison of Major Renewable Energy Policies

Design feature Advantage Disadvantage Examples

Feed-in tariffs Give renewable energy 
installations long-term 
contracts to sell renewable 
generation to the electricity 
grid at a guaranteed price 
(normally with a price 
premium above the 
electricity market price). 

The certainty of renewable 
electricity prices enhances 
the attractiveness of 
investment.
Renewable prices are less 
susceptible to market 
manipulation or political 
influence on specific 
projects.

Overly generous feed-in 
tariffs may encourage 
inefficient production and 
increase government or 
household fiscal burden. 

Globally, feed-in tariffs are 
now used in more than  
65 countries, including 13 in 
ECA.a

Renewable portfolio 
standards (tradable 
green certificates)

Creates a market for 
renewable energy 
certificates, which are 
awarded to renewable 
producers based on their 
renewable energy output. 
Electricity suppliers must 
purchase certificates or 
otherwise supply renewable 
energy for a certain 
percentage of their total 
end-use delivery.

The fixed number of 
certificates avoids the risk 
of overinvestment (quantity 
certainty). 

Investors may require a 
higher expected premium to 
compensate for the price 
uncertainty of tradable 
certificates.
There is no price 
differentiation among 
technologies, and standards 
tend to benefit nearly 
commercial technologies.

Belgium, Italy, Poland, 
Romania, Sweden, and the 
United Kingdom

Renewable auction 
mechanisms

Utilities are required to 
conduct auctions for the 
supply of a fixed amount of 
renewable capacity. The 
cheapest proposals are 
awarded contracts first, 
followed by the next 
cheapest proposals, and so 
on, until each utility meets 
its quota for auction.

A specific capacity target is 
likely to be met with the 
least costly and most viable 
projects. 

Auction mechanisms tend to 
favor larger-scale projects, 
putting small firms and 
locally distributed 
generation at a 
disadvantage. A robust 
market of large players may 
be needed to ensure a 
competitive auction.

India, Ireland, and South 
Africa

Source: Fischer and Preonas 2012.
a. In order of introduction since 1999: Slovenia, Latvia, the Czech Republic, Lithuania, Estonia, Hungary, the Slovak Republic, Turkey, Albania, Bulgaria, FYR Macedonia, 
Ukraine, and Serbia. For details, see http://www.globalfeedintariffscom/.

http://www.globalfeedintariffscom/
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TABLE 6.3
Renewable Energy Support Policies in Europe and Central Asia, 2011 

Regulatory policies Fiscal incentives Public financing RE shares (%)

Feed-in tariff 
(including 
premium 
payment)

Electric utility 
quota obligation/

RPS
Net 

metering

Biofuels 
obligation/
mandate

Tradable 
REC

Capital subsidy, 
grant, or rebate

Investment or 
production tax 

credits

Reductions in 
sales, energy, 
CO2, VAT, or 
other taxes

Energy 
production 

payment

Public 
investment, 

loans, or 
grants

Public 
competitive 

bidding

Renewable 
share in 

2009/2010a

EU 
Directive 

target 
2020

Armenia 6.7 n.a.

Belarus 6.0 n.a.

Bosnia and 
Herzegovina 12.1 n.a.

Bulgaria 6.3 16

Croatia 11.0 n.a.

Czech Republic 6.8a 13

Estonia 14.4a 25

Hungary 7.9a 13

Kazakhstan 1.1 n.a.

Kyrgyz Republic 28.4 n.a.

Latvia 37.2 40

Lithuania 10.4 23

Macedonia, FYR 11.3 n.a.

Moldova 3.5 n.a.

Poland 7.6a 15

Romania 15.4 24

Russian Federation 3.4 n.a.

Serbia 8.4 n.a.

Slovak Republic 6.9a 14

Slovenia 13.1a 25

Turkey 11.0a n.a.

Ukraine 1.6 n.a.

Sources: REN21 2011; IEA 2011a. 
Note: No information available for unlisted ECA countries. RE = renewable energy; RPS = renewable portfolio standards; REC = renewable energy credit; CO2 = carbon dioxide; VAT = value added tax; n.a. = not applicable. 
a. Indicates renewable share in 2010. 
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projects is €0.46 per kWh, the highest in Europe and more than 

twice Germany’s in 2012. As a consequence, the largest PV plant 

in Europe, at 100 MW capacity, opened recently at Perovo on the 

Crimean Peninsula. The country is targeting 1 gigawatt of solar 

capacity by 2015 as part of a strategy to diversify from Russian gas 

imports that also includes construction of an LNG terminal. There 

may be some justification for higher tariffs to compensate for 

higher project risk in less-mature markets for renewable energy. 

However, there is also a real risk that tariffs are set higher than 

necessary and provide excessive windfall profits for investors.

Global experiences show that higher feed-in tariffs do not neces-

sarily yield greater levels of renewable deployment. A number of 

noneconomic barriers can reduce their effectiveness, such as admin-

istrative hurdles (including planning delays and restrictions, lack of 

coordination between different authorities, and long lead times in 

obtaining authorizations), grid access problems, electricity market 

design issues, lack of social acceptance, and disputes over how the 

costs are distributed (see box 6.3) (IEA 2008). 

An analysis of 35 European countries suggests that guaranteed 

grid access, the length of guaranteed feed-in tariffs, and the structure 

of the electricity market are more important than actual feed-in tariff 

levels in determining the effectiveness of renewables policy (Zhang 

2012). In fact, high subsidies may have driven up investment costs by 

allowing inefficient investment in low-wind-speed sites. The success 

BOX 6.3

How Will the Costs of Feed-In Tariffs Be Distributed?

Consumer Costs 

The price impacts of a feed-in tariff in an ECA country are actually quite hard to predict, being so 

intertwined with the electricity market regulatory structure as well as the tariff’s design. Assume 

that the burden of the premium is imposed on the electricity sector, as opposed to being 

financed explicitly from public coffers; then the question is how the system passes along costs. 

If prices are set by public authorities with nonmarket goals in mind (for example, price stability 

or below-cost energy access rather than cost recovery or profit maximization), then the burden 

of additional shortfalls will likely be passed back to the government. However, the trend in ECA 

countries is toward greater liberalization and, at a minimum, pricing for cost recovery. 

continued
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If retail prices are set based on average costs, the feed-in tariff costs will be transferred to 

utility customers. If, on the other hand, wholesale electricity prices are determined competi-

tively rather than by the government, then what matters is the effect of introducing renewables 

on the cost of producing the last unit of electricity—the marginal generation cost—in the 

market to meet demand. It is possible that a modest feed-in tariff could lower marginal genera-

tion costs and consequently lower the wholesale rates, which would mitigate the tariff’s effects 

on consumers. For example, the variable cost of wind production is generally lower than 

fossil-fuel-based power generation. When wind is strong during peak demand hours, wind 

generation can replace gas-fired power plants and reduce the marginal cost of power supply.

Fiscal Costs 

The fiscal costs of feed-in tariff policies could be high for either of two reasons. First, when gov-

ernment owns a large share of the assets in the generation sector, subsidies to renewable gen-

eration are paid by taxpayers. Second, governments may choose to subsidize end-use electricity 

consumption to offset price increases for low-income consumers. Governments may also have 

responsibilities for making the necessary infrastructure investments to support distributed and 

intermittent generation. Thus, public officials designing feed-in tariffs must also consider the 

trade-offs with other priorities for public finances, including health, education, other infrastruc-

ture investments, and so on.

CDM, JI, and Technology Transfer 

One opportunity available to ECA countries that are not EU members is the potential for sell-

ing credits through Kyoto Protocol compliance vehicles, including the Clean Development 

Mechanism (CDM) and Joint Implementation (JI). These initiatives can help fund renewable 

energy projects in developing countries in exchange for credits that count toward meeting 

buying countries’ emissions targets.a As yet, ECA countries have not been major contributors 

of these certified emission reductions (CERs), representing only around 1 percent of cumula-

tive CDM credits. However, a recent review found favorable institutional conditions and some 

economic potential for CDM and JI implementation in most of the region’s countries. Although 

landfill gas and methane capture projects typically generate the most CERs, significant poten-

tial for renewable energy projects was identified in Armenia, Azerbaijan, and FYR Macedonia. 

Governments in these countries thus have the opportunity for additional external financing. 

However, proper institutions and streamlined, transparent administrative processes must be 

in place to attract and manage CDM projects.

Source: Fischer and Preonas 2012.

a. JI is relevant for countries (like Belarus and Turkey) listed in Annex B of the Kyoto Protocol, which sets binding emissions 

targets. CDM is designed for developing countries without firm targets.

BOX 6.3 continued
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of countries with the highest level of wind deployment stems from 

high investment stability guaranteed by a long-term guaranteed 

feed-in tariff, an appropriate framework that allows competition in 

the renewable energy market, low administrative and regulatory 

barriers, and favorable grid access conditions. The average feed-in 

tariffs in the countries with largest deployment were often lower 

than the average in Europe and also lower than those in countries 

applying tradable quota systems, as shown in figure 6.9. In contrast, 

the highest levels of feed-in tariffs in ECA are seen in Croatia and the 

former Yugoslav Republic of Macedonia. Yet neither of these coun-

tries achieved high levels of wind power development, likely due to 

significant noneconomic barriers.32

To improve the effectiveness and cost-efficiency of renewable 

incentive programs in ECA, some lessons can be drawn from global 

experiences with feed-in tariffs (Fischer and Preonas 2012):

•	 The chosen mechanism should emphasize simplicity, transpar-

ency, and compatibility with the national circumstances, includ-

ing the degree of competition in renewable energy markets and 

the capacity of government institutions. A feed-in tariff works 

well if the price cannot be manipulated and all successful com-

petitors have guaranteed access. Other mechanisms, including 

tradable certificates, auctions, and certain kinds of grants, are 

FIGURE 6.9
Average Annual Generation of Onshore Wind Energy as a Share of Power Generation and 
Relative to Average Feed-In Tariffs and Tradable Certificate Prices in Selected Europe and 
Central Asia Countries, 1991–2010 

Soruce: Zhang 2012.
Note: Annual wind installation is normalized by per capita GDP to reflect the country scale effect on renewable development. Feed-in tariffs are in 2000 euros 
deflated by country consumer price index. FiT = feed-in tariff; kWh = kilowatt-hour.
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more susceptible to market manipulation or political influence if 

robust competition and transparency are not assured. Feed-in tar-

iffs should be as simply designed as possible to avoid tailoring to 

specific favored projects.

•	 Feed-in tariffs will not be effective without institutional founda-

tions. Serbia, for instance, introduced a feed-in tariff for wind 

energy of €0.095 in 2009 (Komarov et al. 2012). However, com-

plex legal procedures for permits, a lack of standardization, and 

difficult grid connections have slowed investments. Policies sup-

porting renewables need to be accompanied by general energy 

market reforms, grid access requirements, net metering regula-

tions, training and certification of installers, monitoring capacity, 

permitting and transmission line siting processes, and the removal 

of other administrative barriers; all of these activities also improve 

the efficiency of the electricity sector generally.

•	 Because renewable generation will be more distributed, comple-

mentary investments need to ensure grid access and more sophis-

ticated grid management than is necessary with fewer, large 

generators. Coping with intermittency may require investments  

in electricity storage (where options are so far still limited) or 

additional flexible generation capacity (in the short term, mostly 

natural-gas power plants).

•	 Limiting the scope of feed-in tariffs to the locally most appropriate 

technologies keeps costs low. Attention should be focused on the 

few renewable energy technologies with the greatest resource 

availability in a given country, the lowest costs, and the greatest 

potential to lower those costs through learning. Locations and 

technologies that are also likely to improve energy access or dis-

place local pollutants such as sulfur and particulate matter may 

also be given greater weight.

Notes

	 1.	 However, some realize that, in practice, the solution is not so simple: 
“We know enough to be very clear that a simple approach confined  
to price equals marginal social cost will not be good enough” (Stern 
2010, 275).

	 2.	 For more information, see EcoGrid EU: http://www.eu-ecogrid.net.
	 3.	 This section has been drafted by Michael Levitsky and is based on 

Levitsky, Howorth, and Zhang (2012).
	 4.	 After it has been processed, natural gas consists mainly of methane.
	 5.	 Global Warming Potential is the amount by which a substance increases 

temperatures over a certain time frame, compared with CO2. Because 

http://www.eu-ecogrid.net
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methane’s life in the atmosphere is only about 12 years, compared with 
over 100 years for CO2, methane’s impact is relatively greater in the 
short term. For a list of Global Warming Potentials, by species and 
chemical formula, see http://unfccc.int/ghg_data/items/3825.php. 

	 6.	 Some natural gas is produced together with oil (“associated gas”). This 
raises similar issues of coproduction. Associated gas has not been 
included as an element in the calculations of GHG emissions in the esti-
mates presented here.

	 7.	 In practice, gas from Central Asia (Kazakhstan, Turkmenistan, and 
Uzbekistan) is exported to Russia, and this allows a similar quantity of 
Russian gas to be exported. The whole route from Turkmenistan to 
Central and Eastern Europe is simulated to provide a “maximum” for 
the life-cycle emissions of gas trade within the region.

	 8.	 Despite the importance of GHG emissions from distribution systems, 
data about these are scarce, and accurate measurements are difficult 
over large systems.

	 9.	 This is estimated as follows: Russian gas export system 13 percent, stor-
age system 4 percent, and distribution 1 percent.

10.	 A more recent study from the Polish Geological Institute puts reserves 
at 0.35–0.77 tcm; this demonstrates the highly uncertain and early state 
of understanding of shale gas outside the United States.

11.	 This estimate is based upon the behavior of wells in the Marcellus shale 
in the northeastern United States. The United States is the only country 
where shale gas data are available. Productivity of actual wells drilled in 
Poland and Ukraine is likely to be very different, although the basic pat-
tern of rapid initial decline will be the same. 

12.	 It is assumed here that future policy in Eastern and Central Europe will 
regulate for best practices in shale drilling as a means of gaining public 
acceptance of this industry.

13.	 Development of shale gas on a large scale in Europe will call for much 
larger resources or services, particularly drilling rigs, than are currently 
available. Production is thus likely to be ramped up over a period of 
many years.

14.	 To offset intermittency from renewables, gas systems need to have addi-
tional flexibility, which may require additional investments in storage 
and pipelines. 

15.	 This section is based on Kulichenko and Ereira (2011).
16.	 Bełchatów accounts for 2.5 percent of all CO2 emissions from the 982 

facilities in the European Pollutant Release and Transfer Register. The 
register includes facilities from EU member states plus Iceland, 
Liechtenstein, Norway, Serbia, and Switzerland. For more about the 
register, see http://prtr.ec.europa.eu.

17.	 Lignite emits 101.2 kgCO2 per gigajoule (GJ); hard coal emits 94.6; and 
natural gas emits 56.1 (Quaschning 2011).

18.	 EOR’s use as a mitigation option is, of course, questionable because for 
every ton of CO2 injected, the processing and use of the produced oil 
will release four tons of CO2 (Wuppertal Institute 2010).

19.	 Shaffer (2010), for instance, suggests that leakage rates must remain 
below 1 percent per 1,000 years to retain mitigation benefits. Dooley 
(2010) disputes this estimate.

http://unfccc.int/ghg_data/items/3825.php
http://prtr.ec.europa.eu


Power� 217

20.	 As suggested in the EU CCS Directive (2009/31/EC).
21.	 Parties to the UNFCCC are classified as (a) Annex I countries, (industri-

alized countries and economies in transition), and (b) non-Annex I 
countries (developing countries). 

22.	 The design life span of nuclear power plants is 30 to 40 years, but many 
reactors’ licenses have been extended by 10 to 20 years. 

23.	 These estimates are for the United States. The cost of gas power is higher 
in Europe and Asia. 

24.	 Lovins, Sheikh, and Markevich (2009) surveyed several detailed esti-
mates. At a cost of US$5,500 per kW produced by a nuclear plant, capi-
tal accounts for 75 percent of total nuclear costs in Europe and America 
(Economist 2012). 

25.	 A study by insurance sector experts suggests insurance costs per kWh of 
at least another US$0.18 and potentially much more for nuclear power 
plants in Germany (Versicherungsforen Leipzig 2011).

26.	 This section draws on Fischer and Preonas (2012) and Zhang (2012).
27.	 Included are all biomass, geothermal, and wind generation projects of 

more than 1 MW; all hydropower projects between 0.5 and 50 MW; all 
commercial solar projects of more than 0.3 MW; all marine energy proj-
ects; and all biofuel projects with a capacity of 1 million liters or more 
per year. This leaves out a large number of smaller-scale systems.

28.	 The EU-15 countries include Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 
Portugal, Spain, Sweden, and the United Kingdom.

29.	 The EU-10 countries include Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia.

30.	 The CIS countries are Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, 
the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, 
Turkmenistan, Ukraine, and Uzbekistan.

31.	 For instance, according to the German Environment Ministry, in 2011 
this extra charge added €0.035 per kWh to cover the feed-in tariff in 
Germany. Electricity prices for German households had gone up from 
€0.143 in 2000 to €0.216 in 2008. Many blamed the feed-in tariff. 
However, only about 5 percent of the charges and 7–17 percent of 
annual increases were due to feed-in tariff legislation. Market struc-
ture in the electricity sector (lack of competition among large suppli-
ers) contributed far more.

32.	 These patterns hold under alternative definitions of deployment such as 
generation/wind potential or MW/per capita GDP.
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Production

Main Messages

•	 Industrial production accounts for 28 percent of Europe 

and Central Asia’s (ECA) energy use and a third of its car-

bon dioxide (CO2) emissions. Industrial energy efficiency 

has increased by 30 percent since transition—largely 

through genuine efficiency improvements rather than 

changes in what is being produced. 

•	 Industrial energy intensity remains high. In several ECA 

countries, it is several times higher than in Western 

Europe. The region accounts for 5 percent of global manu-

facturing output but 9 percent of industrial energy use. By 

achieving global best practice, energy savings of 50 percent 

are possible in energy-intensive sectors and 10–20 percent 

across all sectors.

•	 Accelerating efficiency gains in the industrial sector will 

require price instruments, regulations, and investments, 

especially in information provision. Gains can also come 
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Industry was the cornerstone of the centrally planned economies in 

Europe and Central Asia (ECA).1 Today, it still plays an important 

role, measured by both its economic contribution and its environ-

mental impact. Industry is the largest energy user, accounting for 

28 percent of total energy use, and the second-largest carbon emitter, 

responsible for 34 percent of total carbon dioxide (CO2) emissions in 

the region in 2009. Recent value added by manufacturing totaled 

US$1 trillion in 2005 purchasing power parity (PPP) dollars, or 

17 percent of overall gross domestic product (GDP) in the region.2 In 

countries such as Belarus and Turkmenistan, the share is as high as 

30 percent and 25 percent, respectively. The industrial sectors offer 

perhaps the largest opportunities for energy savings in ECA, increas-

ing competitiveness and reducing emissions. That does not mean, 

however, that such savings will come automatically. As two promi-

nent examples show, efficiency-oriented entrepreneurial manage-

ment yields large energy savings, but sometimes a nudge from policy 

makers helps set the process in motion.

DuPont is the world’s third-largest chemical company and also one 

of the world’s largest industrial energy consumers: its annual energy 

bill is over US$1.1 billion. DuPont’s corporate leaders realize that 

energy management is essential to maintaining competitiveness. 

Between 1990 and 2010, DuPont reduced its energy use by 18 percent 

despite a 40 percent growth in production. This improvement saved 

US$6 billion in energy use. DuPont achieved these reductions with 

projects that required little or no out-of-pocket spending and funded 

capital projects with a blended rate of return of 65 percent.3 Savings 

came from a wide range of projects: repairs and improvements to steam 

traps, correcting metering problems with purchased energy, and 

upgrading boilers with new equipment design. DuPont also built large, 

efficient heat and power cogeneration plants. More important, there 

was a deep change of culture inside the company. In 2008, it launched 

the “Bold Energy Plan” that called for all plants to accelerate energy 

efficiency improvements. DuPont has now set a new target: a 5 percent 

(US$50 million) annual decrease in energy use and a 65 percent reduc-

tion in greenhouse gas (GHG) emissions below 1990 levels by 2020.

from voluntary agreements in sectors with a few large 

players such as cement production or from private sector 

initiatives where innovative companies pursue efficiency 

gains to raise competitiveness.
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In China’s 11th Five Year Plan in 2006, the government adopted 

the slogan “Jieneng Jianpai”—“Save Energy! Cut Emissions!”—as a 

pillar for economic development. The plan was to reduce energy con-

sumption and to create a “new industrial system”: competitive new 

industries based on low-carbon technologies that will make China a 

leader in green technology. The goal was to reduce energy intensity 

by 20 percent between 2005 and 2010. This ambitious objective was 

pursued in many ways. One of the key initiatives was the “Top-1,000 

Energy-Consuming Enterprises Program,” which aimed to cut energy 

consumption by 70 million tons of oil equivalent (mtoe) among 

China’s 1,000 largest energy users by 2010. Each company signed 

conservation agreements with local governments, which in turn 

signed agreements with the central government. In return for accept-

ing binding energy targets, companies received capacity building, 

such as training workshops on energy benchmarking and audits. The 

program is reported to have saved some 14 mtoe in its first year from 

increased attention to energy management, including the appoint-

ment of energy managers, the closure of inefficient production pro-

cesses, and the implementation of retrofit projects such as the 

renovation of fans and pumps. Almost overnight, the program has 

become a model for other companies. A new “Top-10,000” program 

is currently under preparation.

ECA’s Industrial Energy Intensities 

ECA had one of the least efficient industrial sectors in the world 

because of the region’s historical emphasis on heavy industries and 

artificially low energy prices during the Soviet era. Since the transi-

tion period started two decades ago, the sector’s energy productivity 

output per unit of (energy inputs) has consistently improved—by 

almost 30 percent by 2009. The bulk of the improvement came from 

enhancements in efficiency rather than changes in the mix of indus-

trial activities. Both economic growth and energy price reform have 

driven the change. Economic growth makes it possible to build new 

plants and close down old ones, while energy price reform ensured 

that enterprises had proper incentives to minimize energy costs.

Despite big strides in reducing energy intensity, substantial oppor-

tunities remain to further improve efficiency and reduce CO2 emis-

sions. Many ECA countries currently use several times more energy 

per unit of output than their Western partners, as shown in figure 

7.1. The region as a whole produces 5 percent of manufacturing out-

put in the world but consumes 9 percent of energy. If all countries 
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Source: Data from IEA 2011; World Bank, World Development Indicators.
Note: The x-axis is proportional to value added of manufacturing at constant PPP in 2005 international prices. toe = tons of oil equivalent; PPP = purchasing power 
parity; EU = European Union.

adopt best-practice technologies, the energy savings potential is 

estimated to be 50 percent of current energy use in the energy-

intensive sectors (iron and steel, cement, and pulp and paper) and 

10–20 percent across the board. Given the old age of many of the 

region’s industrial plants, upgrading to energy-efficient technology 

is likely to be cost effective if undertaken as part of the natural cycle 

of plant replacement and offers an excellent opportunity for achiev-

ing energy savings and associated GHG emission reductions in the 

near to medium term.

Most industry sectors consist of a relatively small number of large 

players with similar manufacturing processes. This helps achieve 

large gains quickly. In the International Energy Agency (IEA) “BLUE 

Map” scenarios—in which global warming stays between 2 degrees 

Celsius (oC) and 3oC—more than a quarter of all energy efficiency 

gains come from the industrial sector, largely by changing the pattern 

of industrial energy use (IEA 2011). By 2050, this scenario anticipates 

CO2 emission reductions of more than 30 percent in the industrial 

sector of transition economies. This goal is unlikely to be achieved 

without government action. As shown in figure 7.2 in the baseline 

scenario (assuming currently implemented or planned policies), total 

industrial CO2 emissions in ECA would rise 62–70 percent in the 

low- and high-demand scenarios in 2050 compared with 2006 levels. 

Continued energy price reform and help for businesses to overcome 

financing and information barriers could instead yield large energy 

savings and avoid about 1 gigaton of CO2 emissions per year.
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A Region Catching Up

In the Soviet era, leaders in ECA emphasized rapid industrialization, 

particularly of heavy industry, to foster economic growth. Much of 

the production was linked to the military-industrial complex, includ-

ing the vast armaments-producing factories, with their demands for 

steel, chemicals, and energy. In 1988, the Soviet Union produced 	

17 times more steel per dollar of GDP than the United States (with 

GDP measured in PPP terms) (Sachs 1995). Meanwhile, the Eastern 

European countries developed large industrial sectors to process 

Soviet raw materials and then reexported them to the Soviet Union 

in semifinished or finished form. In 1987, for example, the industrial 

sector in Poland produced 52 percent of GDP, compared with just 	

23 percent in Organisation for Economic Co-operation and Develop-

ment (OECD) countries. 

Source: IEA 2011.
Note: The IEA Baseline scenario assumes that governments introduce no new energy and climate policies. In contrast, 
the BLUE Map scenario sets the goal of halving global energy-related CO2 emissions by 2050 (compared with 2005 lev-
els) and examines the least-cost means of achieving that goal through the deployment of existing and new low-carbon 
technologies. “Low” and “high” refer to low- and high-demand scenarios. Demand is assumed to be 15–30 percent 
lower in the low-demand cases than in the high-demand cases in 2050, depending on the industrial sectors. CO2 = car-
bon dioxide; MtCO2 = millions of tons of carbon dioxide; GtCO2 = gigatons of carbon dioxide; IEA = International Energy 
Agency; CCS = carbon capture and storage.

Em
is

si
on

s 
(M

t C
O

2)

Em
is

si
on

 re
du

ct
io

ns
: 0

.9
 G

t C
O 2

Em
is

si
on

 re
du

ct
io

ns
: 1

.0
 G

t C
O 2

Baseline low
2050

BLUE low
2050

Baseline high
2050

BLUE high
2050

2006

1,600

1,400

1,200

1,000

800

600

400

200

0

Emission reduction fromTotal emissions

Indirect electricity emissions

Direct process emissions

Direct energy emissions

Other (efficiency and fuel switching)

Electricity supply side measures

Electricity demand reduction

CCS (energy and process)

FIGURE 7.2
Total Industrial CO2 Emissions in Transition Economies under Baseline 
and IEA BLUE Scenarios, 2006 and 2050



228	 Growing Green: The Economic Benefits of Climate Action

This heavy industry was also vastly inefficient. To facilitate indus-

trial production and social welfare, central planners kept energy 

prices well below cost-recovery levels. Of all non-OECD subsidies to 

fossil fuels (including electricity) in 1991, totaling US$270–US$330 

billion, roughly two-thirds were in the former Soviet Union and 

Eastern Europe (Myers and Kent 2001). Subsidies distorted prices 

and led to extraordinarily wasteful use of energy. In 1990, the former 

Soviet Union’s energy intensity—the ratio of primary energy con-

sumption to GDP—was 70 percent higher than in the United States 

and 2.5 times that of Western Europe. The gap was especially evident 

in the industrial sector, where energy use per unit of output was 

three times higher than in the United States and 3.5 times higher 

than in Western Europe (U.S. Congress 1993). 

The early years of transition brought a sharp contraction in indus-

trial output following the disruption of traditional trade and finan-

cial links and an end to centrally planned production (Havrylyshyn, 

Izvorski, and Rooden 1998). Between 1991 and 1993, industrial 

value added fell on average by 30 percent. In parallel, industrial 

energy consumption dropped on average by 27 percent across 

all  countries, as shown in figure 7.3.4 Most transition countries 
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continued the comprehensive reform programs, including the liber-

alization of energy prices. Price supports for fossil fuels in the Rus-

sian Federation and Eastern Europe were greatly reduced. In Poland, 

for example, industrial coal prices quintupled in January 1990 

(Myers and Kent 2001). By 1992, electricity and gas prices for indus-

try in the Czech Republic, Hungary, and Poland were close to levels 

in Western Europe (UNEP 2003). Collections have also improved 

dramatically since 1992, in part because of privatization and meter-

ing. Bringing laws into agreement with the European Union’s (EU) 

further accelerated the process of eliminating remaining subsidies. 

Even in Russia, gasoline and diesel prices for industry (which 

received two-thirds of energy subsidies in 1994) have increased to 

world market levels, although gas prices still remain below border 

price levels (World Bank 2008). 

The market-friendly reform had a far-reaching impact on the 

transformation of the energy economies. When the sharp initial 

decline gave way to gradual economic recovery, energy consump-

tion continued to decline and then stabilized, resulting in an abso-

lute decoupling of industrial production and energy consumption, 

as figure 7.3 illustrates. Although manufacturing output has more 

than doubled between 2002 and 2008, annual industrial energy 

use has stabilized at around 250 million tons of oil equivalent 

(mtoe). During the same period, industrial energy intensity 

declined by 28 percent, from 369 tons of oil equivalent (toe) per 

US$1 million (PPP) in 2002 to 266 toe per US$1 million dollars 

(PPP) in 2008, also shown in Figure 7.3.5 If energy intensity had 

remained at its 2002 level, energy demand would have been 776 

mtoe higher, the equivalent of 10 years’ total energy consumption 

in Ukraine today.

This rapid decline in energy intensity is largely a story of catch-

up. The region as a whole is converging to EU-15 levels, and the dif-

ference in energy productivity between ECA and EU-15 countries 

has almost halved over the past decade.6 Meanwhile, the gap 

between the most- and least-efficient countries within the region 

has also shrunk at an average rate of 4.7 percent per year since 

2002, as shown in figures 7.4 and 7.5. However, not all countries 

are doing equally well. While most parts of ECA have sharply 

reduced energy intensity (faster than the EU-15 and world aver-

ages), the Central Asian countries have been lagging.7 The average 

energy intensity in Central Asia is still seven times higher than that 

of Turkey, as shown in figure 7.6. From 2000 to 2009, Kazakhstan, 

the Kyrgyz Republic, and Tajikistan all experienced a decline in 

energy productivity.
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equivalent; EU = European Union. 

FIGURE 7.4
Convergence in Industrial Energy Intensity of Europe and Central Asia 
Relative to EU-15, 2002–09 
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FIGURE 7.5
Convergence in Industrial Energy Intensity within Europe and Central Asia, 1996–2009

Source: Data from IEA 2011; World Bank’s World Development Indicators. 
Note: The initial and latest years are, for most countries, 1996 and 2009, respectively. The initial year for the Russian Federation is 2002, while the latest year for 
Azerbaijan, Estonia, Hungary, the Kyrgyz Republic, and Slovenia is 2008. 
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Source: Data from IEA 2011; World Bank’s World Development Indicators.
Note: EU-10 countries include Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the Slovak 
Republic, and Slovenia. EU accession countries in this analysis include Albania, Bosnia and Herzegovina, Croatia, the former 
Yugoslav Republic of Macedonia, and Serbia. Neighborhood states include Armenia, Azerbaijan, Belarus, Georgia, Moldova, 
and Ukraine. Central Asian nations include Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan. 
Energy consumption data for Kosovo and Montenegro are not available, and these two countries are not included in the 
analysis. kgoe = kilograms of oil equivalent; PPP = purchasing power parity.
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Structural or Efficiency Change

Industrial energy intensity can drop for two main reasons: manufac-

turing shifts toward different products that require less energy to 

make (the structural effect), or increased efficiency of manufacturing 

processes so they require less energy to produce the same products 

(the efficiency effect). Changes in what is being produced—the indus-

trial production mix—can have a major impact on overall energy 

intensity. For example, the machinery industry may grow much 

faster than the steel industry over time, and because using steel to 

make machines is substantially less energy intensive than making 

steel itself, these differential growth rates make the manufacturing 

sector less energy intensive. 

Although both factors contributed to the ECA’s impressive 

reduction in energy intensity, the bulk of these gains was due to 

efficiency improvements, whereas structural change had less 
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influence—and even contributed to increasing energy intensity in 

some countries. 

Energy-Intensive Industries

Some industries require significantly more energy than others to 

produce a dollar’s worth of output. The top four energy-using sectors 

in ECA consume more than half of the total industrial energy use but 

produce only 28 percent of value added (gross economic output less 

the value of purchased inputs). The four producing sectors are iron 

and steel (accounting for 25 percent of industrial energy use);8 

chemicals, including plastics, rubber, fertilizers, and pesticides 	

(19 percent);9 nonmetallic minerals such as glass, ceramic, and 

cement (11 percent); and paper and pulp (5 percent). Most industrial 

value added is created not by these basic materials industries but by 

manufacturing firms that process their output at lower energy inten-

sity, as shown in figure 7.7.10 Although the structural composition of 

industry varies from country to country, the energy-intensive sectors 

generally command most of a country’s industrial energy consump-

tion, as figure 7.8 illustrates.

Decomposition of Structural and Efficiency Effects

Efficiency improvements (rather than shifts from energy-intensive 

to less-intensive manufacturing activities) contributed to most of 

the improvements in energy productivity in Albania, Azerbaijan, 

Hungary, Lithuania, the former Yugoslav Republic of Macedonia, 

Moldova, Poland, Romania, and Russia (Zhang 2012). For exam-

ple, in Moldova, total energy intensity of the manufacturing sector 

in 2008 was 85 percent of its intensity level in 2004. The index 

measuring the impact of industrial production mix on energy inten-

sity (the structural index) was 97 percent of its level in 2004, while 

the index measuring energy consumption per unit of production (the 

efficiency index) was 88 percent of its 2004 level. In other words, had 

the energy efficiency stayed the same, total energy intensity would 

have decreased by just 3 percent between 2004 and 2008. In Russia, 

the 32 percent reduction in energy intensity is almost entirely due to 

improvements in energy efficiency between 2001 and 2008, as 

shown in figure 7.9, panel b. In Azerbaijan, Lithuania, and Poland, 

shifts in the mix of economic activities offset gains in energy effi-

ciency by 7 percent, 26 percent, and 12 percent, respectively. 

Another way to disentangle the impact of structural change and 

efficiency improvement on overall productivity is to analyze the trend 

of energy intensity and manufacturing value added.11 Efficiency has 
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FIGURE 7.7
Industry Energy Intensity vs. Value Added, by Subsector, in Europe and 
Central Asia, 2009

Sources: Calculations based on IEA 2011; UNIDO 2011. 
Note: The figure depicts industry energy intensity by sector versus value added. The width of the bars is proportional to 
the total energy use of each subsector. The figure is based on aggregated energy consumption and value-added data of 
Albania, Azerbaijan, the Czech Republic, Hungary, Lithuania, FYR Macedonia, Moldova, Poland, and Russia. Those coun-
tries represent 77 percent of industrial energy use and 76 percent of industrial value added in ECA. Other countries of the 
region are not included because of limited data availability. Non-specified industry corresponds to ISIC Rev.4 22, 31 and 42 
(manufacture of furniture) and any other manufacturing that is not included in the other categories. When countries cannot 
provide a complete industrial breakdown for all fuels, the non-specified industry category is used. toe = tons of oil equiva-
lent; PPP = purchasing power parity.
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Source: Calculations based on IEA 2011. 
Note: “Nonspecified industry” corresponds to ISIC Rev.4 22, 31, and 42 (manufacture of furniture) and any other manufac-
turing that is not included in the other categories. When countries cannot provide a complete industrial breakdown for all 
fuels, the “nonspecified industry” category is used. To calculate the regional-level industrial energy share (the bottom bar 
in the figure labeled “Total”), countries for which the nonspecified industry constitutes more than 15 percent of the total 
energy use are excluded (Armenia, Bosnia and Herzegovina, Georgia, Kazakhstan, the Kyrgyz Republic, Turkey, 
Turkmenistan, Ukraine, and Uzbekistan).
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Source: Calculations based on IEA 2011; UNIDO 2011.
Note: The structure index measures the composition of industrial activities. The efficiency index measures the energy efficiency of industrial production. The intensity 
index measures the overall energy intensity of industrial production.
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improved in all heavy industries, especially for iron and steel, chemi-

cals, and nonferrous metals (like zinc, copper, and aluminum) in most 

EU countries—including Bulgaria, the Czech Republic, Estonia, Latvia, 

the Slovak Republic, and Slovenia. In addition, the value-added share 

of heavy industries has been relatively stable. The machinery sector 

experienced strong economic growth in the Czech Republic, Estonia, 

and Turkey, while food and textiles had a declining economic trend. 

Because food and textile production are more energy intensive than 

machinery, economic shifts may have contributed slightly to the 

decrease in overall energy intensity in these countries. 

Trade Specialization and Carbon Leakage

Efficiency improvements had a stronger positive impact than 

changes in the economy on energy productivity for a number of rea-

sons. First, production increased enormously for some of the energy-

intensive industries in ECA countries during the commodity boom 

in the 2000s. For example, Russian crude steel production increased 

by more than 22 percent between 2000 and 2007.12 Cement output 

increased by 25 percent between 1998 and 2007 in EU countries 

(European Commission n.d.). To facilitate output growth, countries 

have increased the use of existing production capacity—for example, 

as they have in Hungary (Odyssee 2009). Alternatively, they built 

new manufacturing plants that are more efficient than old ones.
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Second, EU enlargement offers access to a larger market and 

opportunities for specialization. Within the EU, some new member 

states including Bulgaria, Estonia, Hungary, Latvia, and Romania 

have ECA’s most specialized industrial structures. For example, 

Hungary is highly specialized in refined petroleum products, while 

Bulgaria shows high specialization in mining and quarrying 

(European Commission 2011). Specialization brings economies of 

scale, which increases efficiency in energy use. Countries may have 

also reinforced their position in industries of higher energy intensity 

through specialization.

Finally, EU energy polices, such as the Emissions Trading System, 

could encourage relocation of energy-intensive industries to ECA 

countries that have fewer carbon restrictions. Industries such as 

cement and aluminum that are emission intensive and cannot simply 

add the increased energy costs to product prices are most likely to relo-

cate. Because the region’s industrial energy efficiency is lower on aver-

age than in EU countries, outsourcing of emission intensive products 

leads to concerns about “carbon leakage” (see also chapter 4). That 

would mean that an increase of energy-intensive manufacturing prod-

ucts in non-EU countries will offset the decrease in EU manufacturing 

sector emissions. Many studies have simulated the potential leakage 

rates in specific industries. Based on different assumptions regarding 

CO2 prices, these studies find carbon leakage rates could range from 

the very low to significant at 30 percent or more (Reinaud 2008).13 

Determinants of Industrial Energy Intensity

The convergence in energy productivity and changes in the compo-

sition of economic activities and energy efficiency are driven by 

several factors, including income and price effects. As income grows, 

consumer demand and investment for manufactured goods expand. 

Countries turn over their capital stock—equipment and factories—

to meet increasing demand, and efficiency rises. When energy prices 

are high, there is a greater incentive for firms to invest in efficiency. 

When it is cheap, there is little incentive for industry to reduce 

energy use or shift to less energy-intensive sectors. 

Both income growth and rising energy prices helped lower over-

all industrial energy intensity in ECA (see figure 7.10), mostly 

through changes in energy efficiency rather than changes in the mix 

of manufacturing activities (see figure 7.11).14 Controlling for other 

influences, a 1 percent increase in per capita GDP is on average asso-

ciated with a 1.3 percent reduction in energy intensity (Zhang 

2012). A 10 percent increase in an electricity price is associated with 

a 2.3 percent reduction in energy intensity. 
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Inverse Relationship between Energy Intensity and Income or Energy Price in Selected 
Countries, Europe and Central Asia, 1998–2009
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Source: Calculations based on Zhang 2012.
Note: The graph shows the sensitivity of aggregate energy intensity, energy efficiency, and structural indexes to price and 
income changes. A 1 percent increase in electricity prices is associated with a 0.41 percentage point decrease in aggre-
gate energy intensity and a 0.52 percentage point improvement in energy efficiency, but a 0.22 percentage point increase 
in the structural index. A 1 percent increase in per capita GDP is associated with a 0.6 percentage point decrease in energy 
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Before the global financial crisis, GDP grew on average by 7 percent 

annually in ECA countries. This economic growth led to an increase 

in the demand for manufacturing commodities such as iron and 

steel. To satisfy increased demand for commodities, countries added 

new, more efficient factories, thereby reducing the share of smaller, 

less efficient plants. In addition, industries undergoing rapid growth 

were less capital-restricted and were more receptive to efforts to 

improve their competitive edge through increased management of 

energy costs. For example, because Romania experienced strong 

growth in demand, industrialists rapidly introduced modern tech-

nologies into outmoded or newly built facilities; increased the pro-

duction of commodities (especially those for sale in foreign 

markets); and invested profits into further upgrading and expansion 

of industrial production. By contrast, in Central Asia, where pro-

duction levels have stalled, manufacturers have failed to upgrade to 

more-efficient technologies. 

Rising energy prices contribute to energy productivity by encour-

aging the adoption of energy-saving technologies—especially in sec-

tors where energy constitutes a significant portion of their total costs. 

These efforts include the introduction of more energy-efficient 

machines, production processes, or materials. For example, produc-

ing clinker from raw material is the main energy-consuming process 

in a cement factory. Using other synthetic material to substitute for 

clinker can significantly reduce energy use in cement production.

The cost and availability of capital significantly shapes energy 

intensity in industry. When capital and energy are interchangeable, a 

more capital-intensive manufacturing sector will consume less 

energy. In much of ECA, however, capital and energy are comple-

ments. A larger share of capital-intensive heavy industries (such as 

iron and steel, chemicals, and so on) is associated with higher energy 

intensity. This effect indicates that the legacy of heavy industry con-

tinues to mark the region because a negative relationship between 

capital and energy inputs would indicate a transition to high-tech 

industries such as electronics.

Finally, trade brings information and technology spillovers that 

improve energy efficiency (see chapter 4). Trade also exposes 

enterprises to higher levels of competition in international markets 

and creates pressure to cut costs and save energy (EBRD 2010). On 

the other hand, trade could increase differences in energy intensity 

between countries by stimulating international specialization 

(Grossman and Helpman 1991). Energy intensity increases slightly 

with higher shares of manufacturing exports in ECA countries, 

implying that trade induces specialization in more energy-intensive 
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industries. Many of the region’s countries are net carbon exporters, 

as the average carbon intensity of exports in many of the countries 

is higher than the world average, as figure 7.12 shows. In fact, 

Ukraine, Russia, and Kazakhstan are the first-, third-, and fourth-

most carbon- (and energy-) intensive exporters in the world (Davis 

and Caldera 2010). This finding is not surprising. Energy- and 

emission-intensive goods tend to be produced in countries with 

abundant energy resources, low energy prices, and more lenient 

emissions rules. This effect dominates other, potentially positive 

effects of trade on energy productivity, such as increased 

competition. 

One implication of this result is that domestic manufacturers 

whose products have enjoyed high energy subsidies would lose com-

petitiveness if ECA countries integrated more closely into global 

markets where they are more bound by international norms. With 

World Trade Organization (WTO) membership, industrial producers 

in Russia, for instance, “should understand one thing: the time of 

national markets is over. There will be no more comfortable niches,” 

Vladimir Putin stated in a blog post (Financial Times 2012). With 

greater market opening, industrial energy efficiency must improve 	

to international standards.

Source: EBRD 2010. 
Note: EU-15 countries include Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden, 
and the United Kingdom. kgCO2 = kilograms of carbon dioxide; toe = tons of oil equivalent.
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Industrial Energy Efficiency: Where Are the  
Low-Hanging Fruits?

Although ECA countries have made significant strides in reducing 

industrial energy intensity, substantial opportunities to further 

improve efficiency and reduce CO2 emissions remain. The energy sav-

ings potential of the three most energy-intensive sectors—iron and 

steel, cement, and paper and pulp—is estimated to be 50 percent of 

current energy use with best-practice technologies, already proved to 

be cost effective.15 In addition, generic technologies that could improve 

steam and motor systems could further deliver 10–20 percent of 

energy savings across the board, as shown in table 7.1.

Iron and Steel

In ECA, a region with a strong steel manufacturing tradition, steel 

has maintained its important role in production but also in terms of 

its environmental impact. This sector is the largest industrial energy 

user (consuming 61,288 mtoe in 2009) and the largest industrial 

source of CO2 emissions (at about 35 percent of total manufacturing 

emissions). Steel production is highly energy intensive and relies on 

coal as the main energy source. Russia, Ukraine, and Turkey are the 

third-, seventh-, and ninth-largest steel producers in the world, 

respectively. The ECA region accounted for 12 percent of total world 

steel production in 2010.16

Variations in production technology contribute to considerable vari-

ation in countries’ energy efficiency of steel production, as figure 7.13 

illustrates. Russia uses almost twice as much energy to produce a ton 

of steel as the world average. After Russia, Bulgaria, Ukraine, and Cro-

atia are also among the world’s least-efficient steel producers. 

TABLE 7.1
Potential Energy Savings from Adoption of Best-Practice Commercial 
Technologies in Europe and Central Asia

Sector Energy savings potential Share of current energy use (%)

Iron and steel 15.5 GJ/t 56

Cement 2.8 ~ 3.2 GJ/t 50

Paper and pulp 3.7 ~ 7 GJ/t 50

Steam systems 0.31 EJ/yr 10

Motors 0.22 EJ/yr 20

Sources: Calculations based on UNIDO 2010; IEA 2007b; IEA 2009; World Bank 2008; Worrell et al. 2008.
Note: GJ/t = gigajoules per ton; EJ/yr = exajoules per year.
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Source: Global energy and CO2 data from Enerdata 2011.
Note: EU-27 countries include all current EU members. CIS countries include Azerbaijan, Armenia, Belarus, Georgia, 
Kazakhstan, the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan. 
Energy intensity is the energy used per ton of steel produced. CO2 = carbon dioxide; toe = tons of oil equivalent;  
EU = European Union; CIS = Commonwealth of Independent States. 
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FIGURE 7.13
Energy Intensity of Steel Production in Selected Europe and Central 
Asia Countries Relative to Other Regional Averages, 2008 

Across the world, two major processes are applied for the produc-

tion of crude steel: (a) the blast furnace or basic oxygen furnace (BF/

BOF) process, which uses iron ore and scrap; and (b) the electric arc 

furnace process (EAF), which uses direct reduced iron, scrap, and 

cast iron. The EAF process is much less energy intensive (4–6 giga-

joules [GJ] per ton) than the BF/BOF process (13–14 GJ per ton) 

because there is no need to convert iron ore into iron, and it removes 

the need for the ore preparation steps (IEA 2009). However, the steel 

industry in ECA (except in Turkey) relies heavily on the more energy 

intensive BF/BOF processes, as shown in table 7.2.17 Only 1.2 

percent of all steel in the world is produced through other processes 

such as open-hearth furnaces, which are outdated and extremely 
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TABLE 7.2
Steel Production and Technology in Europe and Central Asia Countries 
Relative to Selected Other Countries and Regions, 2010

Country or region
Production 
(Mt/year)

Share in 
world (%) Electric steel (%) BOF steel (%)

Open hearth 
furnace steel (%)

Russian Federation 67.0 4.7 26.9 63.3 9.8

Ukraine 33.6 2.4 4.5 69.3 26.2

Turkey 29.0 2.1 71.7 28.3 0

Poland 8.0 0.6 50.0 50.0 0

Czech Republic 5.2 0.4 8.1 91.9 0

Slovak Republic 4.6 0.3 7.3 92.7 0

Kazakhstan 4.3 0.3 n.a. n.a. n.a.

Romania 3.9 0.3 46.5 53.5 0

Hungary 1.7 0.1 5.4 94.6 0

China 626.7 44.3 9.8 88.7 1.5

India 66.8 4.7 60.4 39.6 0

United States 80.6 5.7 61.3 38.7 0

Asia 881.2 62.3 19.9 80.0 0.1

EU-27 172.9 12.2 41.9 57.7 0.4

Latin America 43.8 3.1 34.5 65.5 0

World 1,414 100.0 29.0 69.8 1.2

Source: IISI 2011.
Note: The nine ECA countries listed in the table represent more than 97 percent of total steel production in the region. 
EU-27 countries include all current EU members. Mt = millions of tons; BOF = basic oxygen furnace (process); n.a. = not 
applicable; EU = European Union. 

inefficient. Gone in most of the world, this process is still used in 

Russia and Ukraine.18 

Other factors influencing energy efficiency in steel production are 

economies of scale, the level of waste-energy recovery, the quality of 

iron ore, operational know-how, and quality control.19 So even using 

the same production technology, there is significant difference in 

energy efficiency between plants. For example, electric arc furnaces in 

former Soviet Union (FSU) countries use on average 630 kWh per ton 

versus 400 kWh per ton in OECD countries (IEA 2007b). Continuous 

casting, which uses two to three times less energy, is used in only 	

17 percent of FSU castings, and around 20 percent in the EU-10, 

compared with 53 percent in the United States and 90 percent in 

Japan (UNIDO 2008). Overall, economies in transition have the high-

est energy intensity and also the highest potential for energy savings 

(15 GJ per ton of crude steel production), as shown in figure 7.14. 
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Source: UNIDO 2010. 
Note: Regional average energy savings potential is denoted by the purple dots with respect to the y-axis on the right side. 
The energy efficiency index divides actual energy use of steel plants by the energy use of the best practice technology.  
EIT = economies in transition; GJ/t = gigajoules per ton; Mt/yr = millions of tons per year.
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Industry, Selected Countries and Regions, 2005

In the past decades, the region has made great progress in mod-

ernizing steel production (as in Romania; see box 7.1). The industry 

can further improve its energy efficiency by closing open-hearth 

furnaces, switching from oxygen to electric processes, increasing 

continuous casting, improving quality control and process manage-

ment, and adopting other energy-efficient technologies.20 The sec-

tor can also make more use of recycled materials to reduce its 

energy consumption because the remelting of scrap typically 

requires about 40 percent less energy than the production of iron 

and steel from iron ore. Finally, diminishing the role of the iron and 

steel industry in the economy is a structural strategy to improve 

economywide efficiency. This can be accomplished by reducing 

metals use, either absolutely or by substituting with other lighter-

weight materials such as aluminum.

Cement

In growing economies from Asia to Eastern Europe, cement is the 

glue of progress. The main ingredient of concrete, cement is essen-

tial for constructing buildings and laying roads. Cement is also the 

single biggest material source of carbon emissions in the world. It 

requires less energy per ton of product than steel or aluminum, but 
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the volume of cement production is much larger, with an estimated 

2.6 billion tons produced in 2007 (IEA 2009). Russia and Turkey 

are the sixth- and ninth-ranked cement manufacturers in the 

world, accounting for 2.1 percent and 1.9 percent of global output, 

respectively. 

Cement is produced from a feedstock of limestone, clay, and sand. 

The raw material is fed into a rotating kiln and exposed to intense 

heat to form “clinker.” Clinker is then ground with other additives to 

create cement. Most of the energy consumption occurs during the 

fabrication of clinker using either a “wet” or “dry” process, depend-

ing on the water content of the raw material feedstock. The dry pro-

cess using preheaters consumes 20–30 percent less energy than the 

wet process because it avoids the need for water evaporation (IEA 

2007b). Kiln type also affects energy consumption: the rotary kilns 

are more efficient than vertical shaft kilns.

Figure 7.15 compares the average energy consumption per ton of 

clinker between regions. In the Commonwealth of Independent 

States (CIS) countries, the thermal energy needed per ton of clinker 

is the highest in the world at 6.1 GJ per ton of clinker in 2009 (as 

shown in figure 7.15), compared with 3.3 GJ per ton in Asia and 

4.1 GJ per ton in North America.21 Former Soviet Union countries 

BOX 7.1

Energy Efficiency Investment in Romania’s Steel Industry

Ductil Steel is one of Romania’s main producers of steel billets, wire, and wire products. To 

increase its production capacity by 2.5 times without increasing energy costs, the plant replaced 

an old furnace with a state-of-the-art electric arc furnace and introduced continuous melting tech-

nology. The new system is expected to lower energy use per ton of liquid steel by 44 percent, 

cutting energy costs by €15 million per year. The GHG emissions are expected to fall by around 

140,000 tons per year.

BETA Buzau is a Romanian company making steel and nonferrous specialized equipment, 

such as pressure vessels, tanks, and heat exchangers. The company implemented a suite of  

12 energy efficiency investments that yielded 67 percent energy savings on average. For exam-

ple, by replacing a press and drawing technology that removed the need for heating the metal, 

the company achieved 91 percent (3.7 gigawatt-hours [GWh]) energy savings per year with an 

investment of €50,000. By improving the insulation of two industrial buildings, the company 

saved another 1.1 GWh per year with an investment cost of €400,000.

Source: Case studies, EU/EBRD Energy Efficiency Financing Facility (http://www.eeff.ro/).

http://www.eeff.ro/
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(which in the IEA data include the CIS as well as the Baltic coun-

tries of Estonia, Latvia, and Lithuania) have the highest share of 

less-efficient wet process kilns—used for 78 percent of production 

compared with 3 percent in China and 18 percent in the United 

States, as table 7.3 shows. Replacing production technology could 

significantly improve the industry’s energy efficiency in ECA. 

Garadagh, the largest cement producer in Azerbaijian, reduced its 

energy consumption by about 50 percent by turning from a water-

intensive wet system to a more energy-efficient dry system in 2009. 

The high energy intensity of ECA’s cement production also stems 

from the age of the capital stock. Almost 80 percent of the plants 

were built before the 1980s, requiring more than 6.0 GJ per ton level 

(see figure 7.16). In Western Europe, new plants represent almost 

80 percent of the capital stock. Replacing or retrofitting these plants 

could halve energy inputs to 2.9–3.3 GJ per ton of clinker (UNIDO 

2010). In addition to phasing out wet kilns, increasing the use of 

alternative fuels (such as waste plastic) and clinker substitutes 

(reducing the amount of clinker produced) also improve energy 

efficiency.
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FIGURE 7.15
Thermal Energy Consumption in Production of Clinker, Selected Countries and Regions,  
1990–2009 
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FIGURE 7.16
Energy Efficiency of Clinker Production, CIS Countries Relative to EU-27, 2009
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Note: The figure compares the distribution of energy consumption for clinker production in CIS and EU-27 countries (at company level). Plants producing at around 
3,500 MJ per t of clinker or less are new, built since the 1980s. The figure therefore reflects the age profile of cement plants in the two regions. EU-27 countries 
include all current members of the European Union. CIS = Commonwealth of Independent States. CIS countries include Armenia, Azerbaijan, Belarus, Georgia, 
Kazakhstan, the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan. MJ/t = megajoules per ton. 

TABLE 7.3
Cement Production Processes, Selected Countries and Regions,  
2002–06 
Percent

Country or region

Process type

Dry Semi-dry Wet Vertical

Former Soviet Uniona 12 3 78 7

Europe 92 5 4 0

China 50 0 3 47

United States 82 0 18 0

India 50 9 25 16

Latin America 67 9 23 1

Source: IEA 2007b.
a. “Former Soviet Union” countries include Commonwealth of Independent States (CIS) countries as well as the Baltic 
states of Estonia, Latvia, and Lithuania. CIS countries include Azerbaijan, Armenia, Belarus, Georgia, Kazakhstan, the 
Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan.

Paper and Pulp

Paper production is an extremely energy-intensive process. Every 

pound of wood pulp used to make a paper product also requires 100 

pounds of water. During the production process, this water must 

then be removed mechanically or by evaporation, which makes the 

industry the fourth-most energy intensive in ECA. The sector con-

sumed 9,825 mtoe of energy in 2009, or 4 percent of total industrial 
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FIGURE 7.17
Energy Efficiency Benchmarks for the Pulp and Paper Industry, 
Selected Countries and Regions, 2006

Source: UNIDO 2010.
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energy consumption. Russia is one of the world’s leading producers 

of paper and pulp, accounting for 2 percent of world production 

(IEA 2007b). Poland and the Czech Republic are two of the largest 

paper producers among the newer EU member states, accounting 

for 0.7 percent and 0.3 percent of global output, respectively 

(UNIDO 2010; Enerdata 2011). 

Most energy used in paper production is for mechanical pulping 

and paper drying using heat and electricity. Economies in transition, 

particularly Russia, have the largest energy savings potential by 

adopting best-practice technologies, as figure 7.17 indicates. The 

region currently also has the highest energy intensity in the world, as 

shown in table 7.4. Within the EU, the Czech Republic and Poland 

are among the least efficient, using almost twice as much energy per 

ton of paper as the average level of the EU-15 (Enerdata 2011). 

Russia has some of the oldest stock of paper and pulp mills in the 

world, with many over 30 years old, as shown in figure 7.18. Energy 

efficiency gains from using the latest technology differ depending on 

whether the mills are greenfield mills or retrofits. Retrofitting can be 

more costly and less effective than greenfield investment, but 

upgrading equipment and processes still yields large energy savings 

(see box 7.2).
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TABLE 7.4
Energy Savings Potential in the Pulp and Paper Sector Using Best 
Available Technology, Selected Countries, 2006

Region or country Improvement potential (GJ/t)

OECD Asia 0.2–0.5

OECD Europe 0.6–2.0

OECD North America 5.2–7.0

Brazil 2.4

China 0.9

Russian Federation 11.6

Source: IEA 2007b.
Note: OECD = Organisation for Economic Co-operation and Development. GJ/t = gigajoules per ton.
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FIGURE 7.18
Age Distribution of Paper and Pulp Mills, Selected Countries, 2009 

Source: IEA 2009.

Increased paper recycling and use of recovered paper can also 

substantially reduce energy consumption in the sector. Pulp produc-

tion is more energy intensive than paper production. Paper pro-

duced from recycled paper uses 10 GJ less energy per ton than the 

production of raw pulp.22 Each 1 percent increase in paper recycling 

saves 39.2 petajoules (PJ) of energy (IEA 2007b). Current levels of 

recovered paper production is 30 percent in Russia, and varies from 
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10 percent to 50 percent in many non-OECD countries compared 

with 70 percent in Japan. The upper technical limit to waste paper 

collection is 81 percent (IEA 2011). More effective policies that 

encourage paper recycling could realize large energy savings. 

Steam Generation and Electric Motors

There are numerous opportunities for significant energy savings 

through the use of simple, low-cost retrofit technologies, such as fix-

ing pipes, plugging leaks, insulating buildings, and improving the 

lighting systems. Below we review two cross-cutting options: 

improvement of steam generation and electric motors. In many 

cases, investments in these technologies pay for themselves in less 

than one year. Realizing these options also requires shifts in corpo-

rate culture that enable energy-focused management in the context 

of total corporate sustainability or social responsibility commitment. 

Companies that have made the shift in organizational culture report 

many benefits in cost savings, productivity, and operational 

BOX 7.2

Efficiency Investment in Arkhangelsk Pulp and Paper Mill in Russia

Arkhangelsk Pulp and Paper Mill (APPM) is one of the leading pulp and paper producers in 

Russia and Europe. The company specializes in manufacturing paperboard and market pulp, 

fiberboard, paper, and paper stationery products. To strengthen its leadership in the industry, 

the company adopted an energy efficiency strategy in 2002. In 2003, the company became the 

first Russian enterprise to accept voluntary GHG emission reduction obligations and pledge 

to  keep emissions under 2.6 million tons of CO2 equivalent until 2012. This represented a  

12 percent reduction from its 1990 level, while pulp production was set to increase by  

8.5 percent during the same period.

During 1994–2006, despite doubling of production, APPM’s consumption of energy has 

increased by just 25 percent, while consumption of fossil fuel (coal and black oil) has remained 

flat and biofuel consumption has increased twofold. The energy use per ton of pulp decreased 

by 35 percent from 2.24 toe in 1994 to 1.45 toe in 2006. The fossil-fuel intensity dropped by 

almost half, from 1.7 toe per ton to 0.9 toe per ton. To achieve this result, APPM updated its pro-

cessing and production equipment and its lye recovery system. Moreover, APPM installed two 

new fluidized-bed boilers that allow efficient use of bark, wood waste, and even deposits from 

treatment facilities (up to 30 percent) without using black oil for flame stabilization.

Source: Yulkin 2005, 2010.
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efficiency. Where companies do not pursue efficiency opportunities 

on their own, the state can provide incentives, as in the case of 

China’s “Top 1,000” program described previously.

Despite the diversity of products and processes of industrial 

operation, most industrial energy use has just two purposes: heating 

materials (typically through steam) and running motors. According 

to the IEA, steam and motor systems account for 15 percent and 	

38 percent, respectively, of global final manufacturing energy use 

(IEA 2007a). 

Simple measures such as insulating tanks and pipes, repairing 

steam leaks, installing and maintaining steam traps, and operating 

boilers at optimal temperatures and pressures can deliver big energy 

savings. For example, increased insulation and steam traps each alone 

can reduce energy use by 5 percent (IEA 2006). The use of insulated 

pipelines and steam traps in non-OECD countries is 50 percent lower 

than in OECD countries (IEA 2009). Adding electronic temperature 

controls and installing improved boilers involve higher up-front cost 

but have short payback times. Arkhangelsk Pulp and Paper Mill 

decreased fuel consumption by 35 percent by upgrading to a high-

efficiency boiler (Yulkin 2010). New chemical catalysts and process 

routes can reduce the need for steam.

Combined heat and power (CHP) systems use surplus heat from 

power generation or generate power as a by-product of industrial 

processes. CHP systems can yield fuel-use reduction of up to 

35 percent. They lower transmission and distribution losses because 

they generate heat and electricity on site—ideal for industries that 

need both steam and electricity, such as chemicals, pulp and paper, 

aluminum, metallurgy, food, textile, and minerals. Estimated energy 

savings from existing industrial CHP systems in Russia and Turkey 

are 384 PJ and 75 PJ, respectively (IEA 2007b). A few ECA coun-

tries, such as the Czech Republic and the Slovak Republic, have a 

relatively high share of industrial CHP, but many could greatly 

expand its use, as shown in figure 7.19. 

Electric motors consume more than 60 percent of industrial elec-

tricity (IEA 2009). These motors are used for pumps, fans, compres-

sors, materials processing (such as grinding), and materials 

movement (cranes, elevators, and so on). New high-efficiency 

motors are about 85–95 percent more efficient than standard-

efficiency motors. Replacing outdated air compressors with higher-

efficiency models could reduce energy costs of the largest ferroalloy 

manufacturer in Russia by around 40 percent (RUSEFF 2011). These 

motors typically cost about 20 percent more than standard motors 

but can pay back the investment rapidly. 
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Source: Global energy and CO2 data from Enerdata 2011.
Note: EU-15 countries include Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, 
the Netherlands, Portugal, Spain, Sweden, and the United Kingdom. CHP = combined heat and power (system); EU = 
European Union; CO2 = carbon dioxide.
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FIGURE 7.19
CHP Share of Industrial Power Generation, Selected Europe and 
Central Asia Countries and Others, 2008

Overall, a combination of energy-efficient technologies and 

improved maintenance practices is expected to save around 10 percent 

of total steam energy use and 20 percent of total motor energy use in 

the four largest manufacturing countries in ECA: Poland, Russia, 

Turkey, and Ukraine, as shown in table 7.5. 
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Closing the Efficiency Gap 

Improving energy efficiency lowers costs and raises competitiveness, 

particularly in an environment of fluctuating energy prices. How-

ever, as with household energy efficiency, firms might underinvest in 

lowering energy use for several reasons (see also chapter 2):

•	 Price barriers. Low energy prices or uncertainties related to energy 

prices can lead to high hurdle rates for energy efficiency invest-

ments. Russia is sometimes called the “Saudi Arabia of energy con-

servation” because of its energy savings potential. However, some 

of the most energy-intensive industries in Russia (such as iron and 

steel and cement) lack the incentive to save energy because prod-

uct prices are growing faster than domestic energy tariffs, espe-

cially for natural gas (IEA 2011).

•	 Information barriers. Lack of knowledge of energy-efficient tech-

nologies or the limited ability to monitor and evaluate energy con-

sumption is another barrier. An International Finance Corporation 

(IFC) survey of 1,350 industrial enterprises in Armenia, Azerbai-

jan, Belarus, Georgia, Russia, and Ukraine found that companies 

have consistently underestimated potential energy savings by a 

wide margin—deviating an average of 40 percent from interna-

tional best practice. They have limited information on their own 

energy use and of improved technology and processes (World 

Bank 2010a).

•	 Capital barriers. Insufficient long-term capital to finance energy-

efficient modernization is a problem, especially for small and 

medium-size enterprises. This shortage makes it difficult to finance 

capital-intensive investments such as the transition from wet to 

TABLE 7.5
Steam and Motor System Energy Savings Potential in Selected Europe 
and Central Asia Countries, 2006
exajoules per year

Country

Manufacturing 
fossil-fuel-based 

electricity use

Steam 
system 

energy use

Steam 
systems 
savings 

potential

Motor 
systems 

energy use

Motor systems 
savings 

potential

Poland 0.70 0.25 0.02 0.09 0.02

Russian Federation 5.32 2.13 0.21 0.72 0.14

Turkey 0.84 0.34 0.03 0.13 0.03

Ukraine 1.40 0.49 0.05 0.14 0.03

Source: IEA 2007a.
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dry kilns in cement manufacturing, or from the blast furnace and 

coke plant to direct iron ore reduction in steelmaking. 

Industrial energy efficiency is an important economic and climate 

action priority. EU countries have implemented or considered around 

260 industrial energy efficiency policies (Intelligent Energy 2009). 

Many CIS countries, such as Russia and Ukraine, have also passed 

national energy efficiency legislation and introduced national action 

plans (World Bank 2010a). A comprehensive energy efficiency law in 

Belarus brought substantial reductions in energy use. There is no 

silver-bullet policy. The best solution will be an “integrated approach” 

that combines fiscal incentives with regulations and investments. 

Price Incentives: Energy Price Reform, Taxes, and Subsidies

Despite recent progress in energy price reforms, subsidies still persist 

in many ECA countries, as seen in a sample of countries in table 7.6. 

Because saved energy is increasingly seen as an energy source, the 

cost of energy efficiency measures will be compared with the cost of 

energy production. Removing energy price subsidies makes this a fair 

comparison. 

The broader benefits of energy efficiency will also often justify 

more direct support, such as reduced taxes on energy-efficient equip-

ment, accelerated depreciation, and tax credits. For example, in 

France, investments in energy efficiency are awarded with lease 

credits. These credits can be used to finance associated costs such as 

equipment, construction, land, and transport (Bernstein et al. 2007). 

Tradable energy efficiency certificates (“white certificates”) are 

another emerging policy instrument. Under a white-certificate 

scheme, energy suppliers, distributers, and end users must fulfill 	

TABLE 7.6
Fossil-Fuel Consumption Subsidies, Selected Europe and Central Asia 
Countries, 2010

Country
Average subsidization  

rate (%) Subsidy (US$ per person) Total subsidy (% of GDP)

Azerbaijan 22.1 90.4 1.5

Kazakhstan 29.3 269.2 3.1

Russian Federation 22.6 274.3 2.7

Turkmenistan 65.1 994.9 19.3

Ukraine 25.7 168.7 5.6

Uzbekistan 57.1 433.7 30.5

Source: IEA 2011.
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certain energy savings targets. A white certificate is issued to certify 

that a certain reduction of energy consumption has been achieved. 

White certificates are tradable so those who have overcomplied can 

sell their unused certificates to those who have not met their obliga-

tions. In 2009, Poland became the first ECA country to introduce a 

white certificate scheme. It is expected to achieve energy savings of 

about US$4.2 billion by 2020.

Regulations: Standards, Voluntary Energy-Saving Agreements, 
and the Importance of Data Collection 

Economies of scale matter in many energy-intensive industrial sec-

tors. A company that achieves economies of scale lowers the aver-

age production cost through increased production because fixed 

costs are shared over an increased number of goods. These indus-

tries are therefore typically dominated by relatively few large firms, 

which reduces the coordination costs of regulation and encourages 

negotiated or voluntary agreements. One frequent difficulty in 

developing efficient regulation is scarcity of data at both the firm 

and country level.

Governments have imposed technology specifications in cases 

(such as motors and boilers) where equipment shares large com-

monalities. Another form of direct regulation involves energy man-

agement standards. An energy management standard requires a 

facility to develop an energy management plan, which may include 

appointment of energy managers, mandatory periodic audits, and 

the implementation of energy efficiency plans. Governments can 

also introduce targets and agreements at the plant, firm, or sector 

levels that, without specifying technologies and processes, encour-

age firms to identify and implement appropriate technical action. 

These agreements range from completely voluntary, to voluntary 

with the threat of future taxes or regulation if shown to be ineffec-

tive, and voluntary but associated with an energy or carbon tax 

(Price 2005).

An IEA evaluation shows that regulating equipment performance 

standards has a high potential to save energy but also requires a high 

level of technical support so that policies are designed to leave little 

flexibility for interpretation (Tanaka 2009). In contrast, energy 

management standards are seen to be relatively effective under all 

criteria. Experiences with negotiated voluntary agreements are mixed. 

The most effective agreements are those that set realistic long-term 

targets (typically 5–10 years); require facility or company-level imple-

mentation plans for reaching the targets; require annual monitoring 
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and reporting of progress toward the targets; and include a real threat 

of increased government regulation of energy or GHG taxes if targets 

are not achieved. Government support, such as information sharing, 

financial assistance, and awards and recognition is an essential part of 

an effective voluntary program (Bernstein et al. 2007).

Voluntary agreements for industrial energy efficiency improve-

ment and reduction of energy-related GHG emissions have been 

used by several governments since the early 1990s, such as in Brazil, 

Denmark, and the United States. Energy savings achieved after the 

implementation of long-term agreements are estimated to be 10–20 

percent in EU countries (Intelligent Energy 2009). In Lithuania, 

three energy-intensive companies in the cement industry have 

signed voluntary agreements with the government and achieved 

electricity savings of more than 10 GWh during 2007–09 (Balezentis, 

Balezentis, and Streimikiene 2011). Currently, the Czech Republic 

and Romania are also preparing to adopt target-setting voluntary 

agreements (Odyssee 2009).

The lack of energy-use data is one of the stumbling blocks to 

developing rational energy efficiency strategies and policies. At the 

facility level, metering is important for monitoring and evaluating 

the implementation of energy efficiency measures. Auditing is 

important for identifying where energy can be saved and for priori-

tizing energy savings opportunities. However, fewer than 20 percent 

of the 1,350 companies that participated in the IFC survey had 

installed meters at the division level. Even fewer enterprises had con-

ducted energy audits (World Bank 2010b). In recent years, many 

countries have recognized the importance of energy audits. For 

example, in Poland, enterprises received financing of energy audits 

through government energy efficiency programs. Meanwhile, in 

Bulgaria and Romania, all enterprises whose annual energy con-

sumption surpasses certain thresholds have to carry out an energy 

audit every year (Odyssee 2009). 

At the macro level, important data gaps also remain, especially 

in Central Asian countries. For example, as shown previously in 

figure 7.8, 97 percent of all industrial energy use is reported as “non-

specified” in Uzbekistan (the shares are 90 percent, 88 percent, and 

78 percent in Turkmenistan, the Kyrgyz Republic, and Kazakhstan, 

respectively). The lack of monitoring poses a major problem for 

industrial energy efficiency and climate policy making. Collection of 

reliable, timely, comparable, and detailed data that go well beyond 

those currently available should be a priority in these countries to 

provide the basis for rational policy making. 
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Investment: Access to Capital and Information Programs

In the long term, major increases in energy efficiency will come from 

replacement of technically outdated industrial facilities with new 

facilities that use modern technologies and practices. The capital 

requirements for rebuilding industrial facilities will be enormous. 

Liquidity constraints particularly affect small and medium enterprises 

(SMEs), which lack the scale and capacity to overcome relatively 

high transaction costs and technical complexities in project 

identification. 

The public sector can help leverage private capital for energy effi-

ciency. Developing an industry that profits by bundling small projects 

overcomes the difficulty that small-scale energy efficiency projects 

have in attracting financiers. This industry consists of energy auditors, 

construction firms, equipment suppliers, and energy service compa-

nies (ESCOs). Improving their capacity and demonstrating the viabil-

ity of such a business is the key to success. In China, for example, the 

government worked with the World Bank for more than 10 years to 

develop an ESCO market. There are now hundreds of ESCOs in 

China doing billions of dollars of energy efficiency projects each year 

(almost all in industry) (World Bank 2010a). In Turkey, a recent 

World Bank project was specifically designed to finance energy effi-

ciency of SMEs. The project not only supports the development of 

ESCOs but also encourages the provision of standardized loan prod-

ucts to further reduce transaction costs (see box 7.3). Chapter 2 pro-

vides more details on energy efficiency financing mechanisms.

Finally, an opportunity available to ECA countries that are not EU 

members is to take advantage of the Clean Development Mechanism 

(CDM) and Joint Implementation (JI) mechanisms under the Kyoto 

Protocol to finance energy efficiency.23 So far, the region’s countries 

have not been major contributors of certified emission reductions 

(CERs), representing only around 1 percent of cumulative CDM 

credits (Fischer and Preonas 2012). Multilateral organizations such as 

the World Bank and IFC have provided a direct line of credit or 

worked with financial intermediaries to provide long-term financing 

and build capacity of local banks to support industrial energy effi-

ciency in various countries across the region. Many countries have 

also benefited from the EU’s funding for energy efficiency and Euro-

pean Bank for Reconstruction and Development (EBRD) Energy 

Efficiency Financing Facility. 

The role and potential contribution of public awareness campaign-

ing to promote rational use of energy is widely recognized in the 

OECD countries. However, the full potential of communicative 
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instruments in pursuing energy efficiency is still largely untapped, 

particularly outside the OECD countries, including those in Eastern 

Europe (IEA 2009). Governments in ECA would benefit from energy 

efficiency communication strategies to raise awareness and expand 

information programs through energy efficiency centers, technical 

demonstrations, and training to promote and assist the adaptation of 

energy-efficient technologies. Good benchmark data and case studies 

that show the business case, financial modalities, and performance 

should be used to target company managers at the very top.

BOX 7.3

Turkey SME Energy Efficiency Project

The industrial sector is the largest energy user in Turkey, accounting for about 39 percent of total 

final energy consumption. More than 99 percent of industries are classified as small and 

medium enterprises (SMEs), having fewer than 250 employees. Despite recent legislation for 

energy efficiency, various audit and incentive schemes, and energy price reforms, energy effi-

ciency (EE) has remained relatively untapped in the industrial sector.

The World Bank is now developing an SME EE credit line with three Turkish banks—Vakif, 

Ziraat, and Halk—to support energy efficiency investments among SMEs. Unlike typical credit 

lines, this project has a specific goal to help lower the transaction costs of such investments 

while developing alternative business models, such as ESCOs, to support them. In terms of 

transaction costs, simple, standard product lines would be developed around key technical sys-

tems (for example, boilers, kilns and furnaces, motors and drive systems, heating and air condi-

tioning, pumps and fans, lighting, solar water heating, and building envelope measures). The 

World Bank-administered Energy Sector Management Assistance Program is now supporting 

the development of a simple EE calculator and project screening tool to help bank loan officers 

assess such investments. It is also proposed that a portion of the credit line be made available 

to the banks’ subsidiary leasing companies to offer EE equipment leasing as well. 

Global Environment Facility funds are being sought to reduce the risks associated with these 

kinds of new loan products and leasing or ESCO business models. Use of these funds is still 

under development but may include subordinated debt cofinancing for new product lines and 

ESCO financing, a loan-loss reserve fund for new EE project types, and initial ESCO subloans to 

help test these new products without having the private finance initiatives take on excessive 

risks. Experiences gained under these schemes will help the banks expand their potential mar-

kets, improving the prospects for quick use of the International Bank for Reconstruction and 

Development credit line and continuing with their own capital resources once the project is 

completed.
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Notes

	 1.	 The industry sector covers the manufacturing sector (the manufacture 
of finished goods and products), mining and quarrying of raw materials, 
and construction. Power generation; refineries; and the distribution of 
electricity, gas, and water are excluded from the industry sector in this 
analysis.

	 2.	 Manufacturing consists of all industrial activity outside of mining and 
construction. Value added presents the net economic output, or gross 
economic output less the value of purchased inputs. It is derived by sub-
tracting the cost of materials, supplies, fuel, and purchased electricity 
from the value of final outputs. For example, the value added of the 
refining sector excludes intermediate inputs, such as crude oil used to 
produce refined oil products. 

	 3.	 The rate of return was based on the 72 projects carried out in 2008 
(DuPont 2010).

	 4.	 Industrial value-added data are not available for many ECA countries 
before 1996. The percentage decline in industrial value added is calcu-
lated based on a subset of countries for which these data are available. 
The percentage decline in energy consumption is calculated based on 
data of all ECA countries.

	 5.	 Energy intensity is measured by energy use per unit of value added. 
Following the IEA, energy use is defined as final energy consumption 
per million tons of oil equivalent (mtoe), excluding energy losses in the 
generation, transmission, and distribution of purchased electric power. 

	 6.	 The EU-15 countries include Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 
Portugal, Spain, Sweden, and the United Kingdom.

	 7.	 The Central Asian countries include Kazakhstan, the Kyrgyz Republic, 
Tajikistan, Turkmenistan, and Uzbekistan.

	 8.	 The iron and steel industry uses most of its energy in two forms: coal is 
used as a feedstock to produce coke, which is then used to form steel, 
and coal and other fuels are used to produce heat. 

	 9.	 Feedstocks—raw materials that fuel machines or industrial processes—
account for about half the energy used in the chemical industry. For 
example, natural gas is a principal feedstock for the production of 
ammonia, which is used as a fertilizer. The remainder is used for process 
heat, motor drive, and a variety of other uses.

	10.	 Because steel or cement production both have a lower economic value 
and a higher energy input, the energy intensity of these basic manufac-
turing industries is higher than many industries producing finished goods.

	11.	 See detailed results in Zhang (2012). This is done for countries where 
energy consumption and value-added data are not always available at 
the subsector level, and we focus on sectors that are energy-intensive.

	12.	 Data from World Steel Association Statistics (http://www.worldsteel	
.org/statistics/statistics-archive/annual-steel-archive.html).

	13.	 Most of these studies are based on ex ante simulation; few ex post 
empirical studies exist.

	14.	 This finding is consistent with previous decomposition analysis, which 
suggests that most of the reduction in energy intensity has occurred 

http://www.worldsteel.org/statistics/statistics-archive/annual-steel-archive.html
http://www.worldsteel.org/statistics/statistics-archive/annual-steel-archive.html
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because of improvements in energy efficiency as opposed to shifts from 
energy-intensive to less-intensive manufacturing activity.

	15.	 The chemical sector encompasses a broad range of manufacturing pro-
cesses and products. For lack of publicly available data on the product 
mix in the sector, we do not provide benchmarking based on physical 
energy intensity. Cross-country comparison of the economic energy 
intensity of the chemical sector can be found in Zhang (2012).

	16.	 World Steel Association Statistics: http://www.worldsteel.org/statistics	
/statistics-archive/annual-steel-archive.html.

	17.	 The choice between BOF and EAF also depends on the existence of 
scrap and iron ore supply in the country. Because scrap and iron ore 
supply are limited, there is a limit to the proportion of total steel output 
that can be produced by the EAF route.

	18.	 The share of open-hearth furnaces has declined in Russia from 26.3 per-
cent in 2000 to 9.8 percent in 2010 and in Ukraine from 48.2 percent to 
26.2 percent.

	19.	 The low efficiencies of ECA steel production also reflect the region’s 
shrinking production volumes. Many countries in the region have 
passed through long recession periods of steel production before the 
commodity boom, which led to low levels of capacity unitization—with 
the Czech Republic, Poland, Romania, Russia, and Ukraine being the 
most affected. For example, Russian steel production in 2005 was only 
74 percent of the production volume in 1990 (IEA 2007a).

	20.	 Researchers at the U.S. Lawrence Berkeley National Laboratory have 
identified 47 cost-effective, energy-efficient measures to reduce energy 
use of steel production (Worrell et al. 2008).

	21.	 CIS countries include Azerbaijan, Armenia, Belarus, Georgia, Kazakh-
stan, the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, 
Turkmenistan, Ukraine, and Uzbekistan.

	22.	 Although the use of recovered paper is less energy intensive, the impact 
of the use of recovered paper on CO2 emissions is less clear because the 
energy used from the production of recovered paper pulp comes from 
fossil fuels. The production of raw pulp can be based on biomass. 

	23.	 JI is relevant for countries (like Belarus and Turkey) listed in Annex B 
of the Protocol, which sets binding emissions targets. CDM is designed 
for developing countries without firm targets.
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Latest available data: Georgia 2006, Kyrgyzstan 2005, FYR Macedonia 2002, Moldova 2005,
Tajikistan 2006, Turkmenistan 2004, and Uzbekistan 2005

CO2  emissions from all transport sectors (road, rail, aviation): Armenia, Georgia, Kyrgyzstan,
Moldova, Tajikistan, Turkmenistan, and Uzbekistan 

MAP 8.1 
Greenhouse Gas Emissions from Road Transportation

Source: World Bank, World Development Indicators (http://data.worldbank.org); Eurostat 2011 Energy, transport and environment indicators, Luxembourg (http://
ec.europa.eu/eurostat); United Nations Framework Convetion on Climate Change (http://unfccc.int/ol/FlexibleQueries.do).
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Mobility1

Main Messages

•	 Local and immediate benefits from reduced congestion, 

lower health impacts from air pollution, fewer accidents, and 

less noise pollution alone make the economic case for climate 

action in road transport. Predicted climate change impacts 

represent only about 5 percent of these external costs from 

transport that can add up to almost US$0.50 per kilometer.

•	 Europe and Central Asia (ECA) countries still have relatively 

compact cities, a legacy of good public transit, and high rail 

shares that enable a more carbon-efficient transport sector. 

But recent policies have favored increasing the use of cars 

and trucks. A further shift toward more energy-intensive 

transport options will be hard to reverse.

•	 A broad range of well-understood policies support sustain-

able urban and regional transport. These can slow but are 

unlikely to reverse the increase in transport-related emis-

sions that come with rising wealth. However, they will pro-

mote more sustainable and efficient multimodal mobility.
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Mobility is essential for economic development. It fosters growth by 

matching people and firms with economic opportunities and by 

enabling the geography of production to adapt to market demand 

(World Bank 2009). Europe and Central Asia (ECA) countries have 

benefited from greater economic integration made possible by 

improved transport links. The EU-10 countries are now fully tied into 

the European Union’s (EU) production networks.2 For instance, the 

Slovak Republic’s foreign direct investment (FDI)-driven vehicle 

manufacturers more than doubled production between 2004 and 

2008. EU candidate countries are upgrading their transport systems 

to support the economic convergence that membership promises.3 

Better transport infrastructure in Southeastern Europe will promote 

domestic integration and provide crucial links between Western 

Europe, the Balkan countries, Turkey, and beyond.4 On a broader 

scale, Central Asia is becoming a bridge between Asia and Europe.5 

The entire region will benefit from interregional transport invest-

ments connecting China with Europe. On a more local scale, eco-

nomic development comes with greater concentration of economic 

activity in cities. Growing cities—whether from population growth or 

migration—require smart transport policies to ensure efficient and 

sustainable urban mobility.

But a transport sector that benefits development also has significant 

costs. Transport accounts for 22 percent of global carbon dioxide (CO2) 

emissions from fuel combustion, three-quarters of which come from 

road transport. With rising motorization, emissions from transport are 

bound to grow further both in absolute and relative terms. Countries 

and cities face the challenge of reducing these emissions without jeop-

ardizing mobility. This requires three main changes: (a) fewer or 

shorter trips, for instance through better logistics and land use plan-

ning; (b) lower fuel use per kilometer (km) traveled or shipped 

through efficiency gains and shifts to greener forms of transportation; 

and (c) a shrinking share of fossil fuels in powering transport. These 

improvements will contribute to climate change mitigation. But the 

same policies that promote climate goals also help achieve three 

important objectives with large and more immediate benefits:

•	 First, transport sector policies aimed at emission reductions have significant 

welfare benefits, especially in urban areas. CO2 emissions are only one 

of the negative externalities—or unwanted side effects—from trans-

port, and they are not even the most significant one. The largest 

costs come from the loss of time and cost of extra fuel on congested 

roads, the local health effects from vehicle noise and air pollution, 

and the damages from traffic accidents. Together these account for 

as much as 95 percent of the hidden cost of road transport, climate 
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change impacts accounting for the remaining 5 percent (Proost and 

Van Dender 2011). Reducing these local impacts of transport raises 

the quality of life in cities. As economies become more knowledge 

intensive, cities need to compete for qualified workers and entrepre-

neurs. They will want to live in cities that provide a clean, safe, and 

efficient environment for work and life. Sustainable transport 

becomes ever more important. Cities from New York to Copenha-

gen are moving away from car-centered to people-centered trans-

port planning to strengthen their economic competitiveness.

•	 Second, a more efficient transport sector supports economic growth. Lower-

ing transport emissions by reducing fuel use and congestion raises 

the efficiency of the sector. Lower transport costs facilitate inter- and 

intraindustry trade, labor market pooling, and the exchange of 

knowledge and ideas. These “agglomeration economies” favor 

concentration of economic activities and lead to productivity 

improvements. As the ECA region continues to diversify its 

economies—away from being resource based in the east and toward 

closer integration with the EU in the west—steady improvements in 

transport will be necessary to promote the emergence of productive 

cities across the urban hierarchy. Growth may well increase the 

demand for mobility overall, even with good policies, which would 

make it even more important to shrink the footprint of transport 

services.

•	 Third, climate-smart transport policies that reduce fossil-fuel consumption 

provide insurance against future economic shocks. Even if “peak oil” 

remains in the distant future, fossil-fuel prices will likely increase 

as production becomes more expensive and global demand 

increases. And even if a global climate agreement is unlikely in the 

near future, some form of carbon price will become likely once 

climate change impacts become more apparent. It is important to 

act early because transport infrastructure is subject to three types 

of long-term inertia (World Bank 2012a; Shalizi and Lecocq 2009): 

	 Infrastructure inertia favors improving existing (carbon-intensive) 

infrastructure over replacement with new (low-carbon) options. 

Once a dominant road-oriented transport network is established, 

it becomes difficult to move to an integrated, multimodal structure 

that also provides other mass-transit options like light rail or buses. 

	 Technology inertia implies that major road investments favor 

additional investments in infrastructure or services that build on 

them and make it harder for alternatives to compete. For 

instance, a powerful trucking industry will encourage future 

investments in roads rather than rail. 
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	 Built-environment inertia means that transport investments guide 

consumers’ and firms’ investments in housing and commercial 

real estate. Car-oriented development encourages low urban 

densities, which make public transport less sustainable.

There is immense potential for ECA countries to pursue CO2 

emission-reducing transport policies, local welfare benefits, and eco-

nomic productivity gains. Like their Western European counter-

parts, ECA cities are still relatively compact and have a legacy of 

extensive and efficient public transportation. If the recent underin-

vestment in buses, metros, and light rail systems can be reversed, 

the region’s cities will achieve greater and cleaner mobility—focus-

ing on moving people rather than moving cars. 

At the interregional level, ECA has an extensive rail network, and 

many of the railways are relatively well managed and well used. In 

2009, railways accounted for an average of 30 percent of total inland 

freight transport among the region’s EU members versus 13 percent in 

Western Europe.6 But much of the recent investment has been in 

interregional roads and highways, leading to an increasing road share 

in freight transport. Western European countries that favored road 

investments for too long are now trying to shift more freight and pas-

senger traffic back to railways. ECA can still limit the shift to increased 

dependence on roads in the first place. Supply-side policies and invest-

ments in public transport will be necessary but are not sufficient. They 

need to be complemented by demand-side policies that reflect the full 

economic and social costs of car and truck use, encouraging the switch 

to public transportation and fewer trips in more fuel-efficient vehicles.

Although the principles of sustainable mobility are well known, 

putting them into practice is challenging. In the absence of technical 

breakthroughs, such as inexpensive electric cars charged by renewable 

energy, they require behavioral changes that policies encourage but do 

not guarantee. Transport volumes tend to increase with rising incomes, 

and many will pay a premium to be able to travel independently. Eco-

nomic analysis suggests that with a general carbon price, transport 

emissions would fall less than those in other sectors such as power 

generation and industrial production (where emission reductions are 

often cheaper and fewer actors make coordination easier). However, 

given the broader benefits of an efficient transport sector, climate-

smart transport policies are worth pursuing. Rather than following 

the car-oriented, energy- and emission-intensive mobility patterns of 

North American and some Middle Eastern countries, ECA could 

emulate high-income European and Asian countries that have a 

much smaller transport footprint (figure 8.1). This chapter discusses 

the policies that promote this goal. 
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Emissions from the Transport Sector

Transport-sector CO2 emissions generated in ECA are a fraction of 

EU-15 emissions, but they are rising fast (see box 8.1 for a caution-

ary note on the accuracy of transport emission statistics).7 In 2000, 

emissions from the region’s transport sector were equivalent to 	

47 percent of EU-15 emissions. This level rose to 64 percent by 2008, 

as shown in figure 8.2. This rising trend, as figure 8.3 illustrates, sug-

gests convergence with EU-15 levels within a decade. Emissions are 

heavily concentrated in just a few countries: the Russian Federation 

generated 48 percent, followed by Turkey, Poland, and Ukraine, as 

figure 8.4 shows. Together these four countries account for 72 percent 

of transport sector emissions. Road transport emissions are the larg-

est contributor, exceeding 70 percent, as seen in figure 8.5. Data 

from the EU-278 suggest that the fastest-growing emissions come 

from air transport, a trend that is likely to be replicated in the ECA 

region as a whole.

The large increase in transport emissions in ECA is being driven by 

growth in road transport demand. Passenger vehicle registrations in 
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BOX 8.1

Improving Measurement of Transport Sector Emissions

Information on emissions from transport in ECA is limited. The data reported here on CO2 and 

GHG emissions from transport are based on fuel consumption—a top-down approach to mea-

suring emissions. This approach can be problematic because there is no direct correspondence 

between changes in transport activity and changes in fuel use; there is no official breakdown of 

fuel use by vehicle type; and not all countries in the region publish data on the total kilometers 

traveled per vehicle or per passenger. The situation is somewhat better for rail and air transport.

Good transport policy analysis requires far better information. For example, to assess policies 

aimed at improving vehicle fuel economy (kilometers traveled per liter of fuel consumed) 

requires data on fuel consumed for each type of vehicle-fuel combination (whether diesel, gaso-

line, or natural gas)—data that are not currently available in most ECA countries. Measuring 

emissions from road transport properly would require a bottom-up framework to collect infor-

mation on (a) the number of vehicles by fuel type and vehicle type; (b) the average annual num-

ber of kilometers traveled for each vehicle type; and (c) the total number of passengers and the 

total freight transported by each mode (ADB 2009). Tools such as the World Bank’s Transport 

Activity Measurement Toolkit support collection of such data.a

a. The World Bank Latin America and the Caribbean Region Sustainable Development Department Transport Cluster, in 

conjunction with the World Bank’s Environment-Climate Change (ENV-CC) Department, sponsored the development of the 

Transport Activity Measurement Toolkit (TAMT). TAMT provides a framework that helps local institutions to collect high-

quality, low-cost vehicle activity data in a simplified standardized manner. Further information can be found at http://code 

.google.com/p/tamt/.

Poland, Russia, and Turkey have grown dramatically this decade, 

exceeding 50 percent, as shown in figure 8.6. The new EU member 

states are not far behind, with 43 percent growth; this contrasts with 

the 13 percent growth rate for the EU-15 countries. High growth 

reflects large differences in motorization rates: 352 vehicles per 1,000 

people in EU-10 in 2008, compared with 501 for EU-15, as figure 8.7 

indicates. The motorization rates are much lower in the non-EU ECA 

countries. In the case of Turkey, the rate is only 95 per 1,000 people, 

although rising rapidly. This rapid motorization trend translates into 

rising CO2 emissions, as shown in figure 8.8. Growth rates of road 

transport CO2 emissions vary widely across countries—from negative 

values to triple-digit growth over the 2000–08 period. Total transport 

sector emissions reveal wide dispersion, seen in figure 8.9—reflecting 

in part the size of countries, the structure of their economies, and 

their levels of development. 

There is a close correlation between per capita income and the 

increasing number of cars and trucks on the roads in ECA, as 	

figure 8.10 shows. As incomes rise above about US$5,000, vehicle 

http://code.google.com/p/tamt/
http://code.google.com/p/tamt/
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ownership increases rapidly. But there are nuances. For instance, 

among Group of Seven (G-7) economies, such as Canada, France, 

Germany, Italy, and the United Kingdom, with broadly comparable 

gross domestic product (GDP) per capita, motorization rates—the 

number of cars per 1,000 persons—vary from a low of 399 for 

Canada to a high of 596 for Italy. Such variation suggests a large 
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FIGURE 8.2 
Volume of Transport Sector CO2 Emissions, 
Europe and Central Asia, Relative  
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Source: International Energy Agency (IEA) “CO2 Emissions from Fuel 
Combustion” statistics from OECD iLibrary, http://stats.oecd.org.
Note: EU-15 countries include Austria, Belgium, Denmark, Finland, France, 
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Sweden, and the United Kingdom. CO2 = carbon dioxide; EU = European Union. 

FIGURE 8.3 
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FIGURE 8.4 
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role for country-specific factors and a role for transport policies. 

Policy measures that affect the cost of car ownership and the desir-

ability of alternative transportation options can affect motoriza-

tion trends and therefore road sector emissions. 

Cars and trucks account for an increasing share of all trips in 

Eastern Europe—what transport experts call the modal split. The 

share of vehicle passenger trips among the EU-10 has risen from 	

68 percent in 2000 to 77 percent in 2008, with passenger rail trans-

port dropping from 13 percent to 6 percent and the share of bus and 

coach rides falling from 22 percent to 14 percent over the same period. 

In the case of Poland, the share of passenger vehicle trips increased 

from 65 percent in 2000 to 85 percent in 2008, while for Turkey, vehi-

cle trips jumped from 35 percent to 50 percent over the same period. 

Road transport also accounts for a rising share of ECA’s freight, 

replacing rail. Among the EU-10, rail freight transport has seen a 

sharp decline, with the share of traffic declining from 43 percent in 

2000 to 26 percent in 2008, paralleled by a rise in road freight trans-

port from 55 percent to 71 percent over the period, as shown in 

figure 8.11. Poland’s use of rail dropped from 57 percent in 2000 to 

26 percent in 2008. In the case of Russia—the largest greenhouse gas 

(GHG) emitter in the region—the use of rail has remained largely 

unchanged, from 15 percent in 2000 to 16 percent in 2008, while for 

Turkey, use of freight is very limited, at 5 percent in 2008, down from 

6 percent in 2000. For a number of ECA countries, use of rail freight 
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FIGURE 8.8 
Growth in Road CO2 Emissions, Selected 
Europe and Central Asia Countries Relative to 
Region and EU Groups, 2000–08
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FIGURE 8.9 
Transport Sector CO2 Emissions, Selected 
Europe and Central Asia Countries, 2008

Source: IEA “CO2 Emissions from Fuel Combustion” statistics from OECD  
iLibrary, http://stats.oecd.org. 
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transport is higher than for the EU-15. But this gap is narrowing, and 

for the largest emitters, rail carries relatively low levels of freight 

except in Poland.

EU-27 air transport CO2 emissions increased from 8.8 percent of 

total transport emissions in 1990 to 12.5 percent by 2007 and are the 

fastest growing source of emissions in the sector. The situation in 

ECA varies by country, with air transport emissions accounting for 

only 3.5 percent of the total in Poland, compared with 11.9 percent 

in Turkey. Future aircraft emissions are expected to increase more 

rapidly than transport emissions in general because of projected air 

passenger growth, in part due to the continued strength of low-cost 

airlines. To date, the energy efficiency of the aviation system has not 
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FIGURE 8.12
Air Transport GHG Emissions in Selected Europe and Central Asia 
Countries Relative to EU-15, 2000–09

Source: Eurostat (European Commission n.d.).
Note: “Selected Europe and Central Asia countries” include the region’s EU-member states plus Turkey. EU-15 countries 
include Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 
Portugal, Spain, Sweden, and the United Kingdom. GHG = greenhouse gas; EU = European Union.
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kept pace with the growth of the sector, and unlike other transport 

modes, GHG emissions vary according to flight distance because the 

largest emissions occur at takeoff. In contrast to land transport 

modes, the impact of aviation is also compounded by the fact that 

GHG emissions are released directly into the atmosphere (Ross 

2009).9 Before the international economic crisis that started in 2008, 

air transport emissions were going up in the EU-15 countries. They 

were also rising more sharply in the EU-10 countries but from a 

much lower base, as figure 8.12 shows.

What role will the transport sector play in supporting global GHG 

reductions? The answer depends on the mitigation approach. The 

International Energy Agency’s (IEA) scenarios assess what is possible 

from a technical-engineering perspective. They investigate the bene-

fits of numerous feasible improvements in fuel efficiency and fuel 

switching, coupled with demand-side policies that shift passengers 

and freight to more sustainable transport modes (IEA 2009). Glob-

ally, the result is a reduction in transport CO2 emissions of 40 percent 

by 2050 compared with 2006 levels—and a massive reduction of 

70–80 percent compared with business-as-usual scenarios. 

An alternative approach, using a so-called integrated assessment 

model, estimates what is likely given an economywide carbon price 

that would limit warming to 2 degrees Celsius (Clarke et al. 2007).10 
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A universal carbon price shifts reductions to sectors where mitigation 

is easiest and cheapest. In these scenarios, emissions from transport, 

rather than falling, surprisingly increase by 47 percent over 2005 lev-

els, and transport surpasses the power sector as the largest emitter. 

Both of these studies make strong assumptions. The IEA predicts 

rapid development and adoption of advanced vehicle technologies. 

The integrated assessment model assumes that carbon capture and 

storage enables inexpensive mitigation in the power sector that 

makes cuts in transport emissions less pressing (see chapter 6). It is 

also unlikely that a global carbon price will be the main, let alone the 

only, climate mitigation instrument, at least in the short to medium 

term. In the absence of a carbon tax or a cap-and-trade system that 

includes transport, countries are best off designing policies that seek 

to lower all external costs of the transport sector—with emission 

reductions as one of several benefits. 

The Broader Benefits of Sustainable Mobility

Passenger and freight transport by road accounts for the largest share 

of transport energy use and consequently of emissions. Road trans-

port by car or truck is usually preferred because it is often faster and 

always more flexible, not dependent on fixed routes or schedules. 

With rising incomes, households can afford the purchase of a car, 

which supports a greater range of activities such as commuting to dis-

tant work places, shopping, or recreation. Globally, a rapid takeoff in 

car ownership tends to happen once countries reach an average per 

capita GDP of about US$5,000, a level that most ECA countries have 

already reached, as shown in figure 8.13. 

This rising use of cars and trucks can have broader economic as 

well as individual welfare benefits. But as the number of drivers 

increases, damages from the road transport sector rise as well. GHG 

emissions are one problem—each liter of gasoline burned by a vehicle 

emits 2.3 kilograms (kg) of CO2 (2.6 kg for diesel). But estimated dam-

ages from carbon emissions are dwarfed by those from other 

unwanted side effects from road transport. Costs or damages from 

congestion, air pollution, traffic accidents, and even noise pollution 

are larger. At the high end of available estimates, climate change 

impacts add US$0.037 per mile, but congestion adds US$0.357 and air 

pollution US$0.148 (see table 8.1). The range of estimates is broad, 

reflecting their sensitivity to specific conditions and analytical meth-

ods. Total external costs might therefore vary between about US$0.07 

and US$0.74 per mile (US$0.04 and US$0.46 per km). These costs 

exceed typical fuel taxes. One study for the United States estimates that 
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accounting for externalities could add US$2.28 to a gallon of gasoline, 

well above the average fuel tax of US$0.40 per gallon.11 Many ECA 

countries have notably higher fuel taxes. 

Addressing these additional externalities, especially congestion 

and health, offers climate change mitigation benefits. For exam-

ple, Washington, DC—site of the World Bank’s headquarters—is 

considered the most congested metro area in the United States 

(TTI 2011). Its approximately 2.6 million commuters each spent 

an average of 73 hours annually in traffic jams in 2010, each burn-

ing an extra 37 gallons (140 liters) of gasoline. In total, this wastes 

95 million gallons (360 million liters) and adds 840,000 tons of CO2 

to the already significant emissions from the region’s road transport. 

The extra gasoline and wasted time cost the regional economy 

US$3.8 billion or about US$1,495 per commuter per year. No similar 

studies have been conducted in ECA cities, and comparable data on 

average travel speed or other indicators of congestion are scarce, but 

in some cities, costs will likely be high as well. 

For example, Moscow now has 3.9 million cars, four times the 

number in 1990, and 200,000 are added every year. Its traffic jams 

FIGURE 8.13
Car Ownership in Relation to Per Capita Incomes, Selected Europe and 
Central Asia Countries and Others, 2008

Source: World Bank’s World Development Indicators. 
Note: Blue dots indicate ECA countries; green dots indicate other countries.
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are legendary (Gessen 2010). To reduce them, the city recently 

announced plans to double its geographic footprint and move many 

government offices to new territory in the southwest of the city.12 

Meanwhile, as Istanbul’s population increased by 3.3 percent per 

year, average motorized travel times increased from 41 minutes in 

1996 to 49 minutes in 2007, and estimated CO2 emissions jumped 

from 7 million to 9 million tons (Gerçek and Demir 2008).

Regarding the impacts on health, most of the detailed research has 

been done in the United States. In addition to CO2, gasoline vehicles 

emit carbon monoxide (CO), nitrogen oxides (NOx), and volatile 

organic compounds. The latter two combine to form particulate mat-

ter (PM10 and PM2.5) that contributes to heart and lung disease. One 

comprehensive recent study estimates that the road vehicle sector 

generated US$56 billion in health damages in America in 2005, with 

US$36 billion from passenger cars and $20 billion from trucks (NRC 

2009). This translates to a per-mile cost (at the low end of the esti-

mates in table 8.1) of US$0.012 to US$0.017. 

Information on the health impacts of transport in ECA countries is 

sparse. With the phasing out of inefficient industries after transition, 

TABLE 8.1
Road Transport Externalities

Externality Source Nature of costs

Orders of 
magnitude of costs 

(U.S. cents per 
mile, 2005 prices)

Public abatement 
and supply-type 

policies

Policies affecting 
demand and vehicle 

characteristics

Climate change GHG
emissions from fossil-
fuel use

Wide-ranging and 
uncertain adverse 
impacts from climate 
change

0.3–3.7 n.a. Fuel efficiency standards, 
CO2 or fuel taxes, 
cap-and-trade

Congestion Volume of use
approaches or exceeds 
design capacity per unit 
of time

Mainly time and 
schedule delay costs

4.2–35.7 Network capacity Congestion charges, fuel 
taxes, access restrictions, 
land-use regulation, 
quantity controls

Air pollution Fuel combustion and 
exhaust

Mainly health, loss of 
life, and environmental 
degradation

1.1–14.8 n.a. Standards (vehicle 
equipment, fuel quality), 
access charges

Traffic safety High traffic density and 
heterogeneity in vehicle 
weight and speed, 
increased average 
accident risk

Mainly health and loss 
of life; material 
damage

1.1–10.5 Adaptation of road 
infrastructure, 
emergency services, 
mandatory insurance

Traffic rules and 
procedures, risk-dependent 
insurance premiums 

Noise Engines and movement Health, discomfort 0.1–9.5 Sound barriers, silent 
road surfacing, curfews

Standards, curfews, 
tradable permits

Source: Proost and Van Dender 2011. 
Note: GHG = greenhouse gas; CO2 = carbon dioxide; n.a. = not applicable.
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the share of pollution that is from transport rather than industrial 

activity has increased. In Moscow, motor vehicles now account for 

70 percent of total air pollution, exacerbated by high levels of con-

gestion. The European Environment Agency collects data on air 

pollution for EU and accession countries (see map 8.2). Transport is 

Annual mean nitrogen
dioxide 2009, based on
daily averages with
percentage of valid
measurements  ≥ 75 %
in µg/m3

≤ 20

20–40

40–42

≥ 42

No data

Outside data
coverage

MAP 8.2
NO2 Emissions, Selected European Countries, 2009

Source: EEA 2011a.
Note: NO2 = nitrogen dioxide.
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the largest contributor to NOx emissions (including nitrogen oxide). 

These still tend to be lower in much of Eastern Europe than in parts 

of Italy or Germany, but they will rise with more drivers on the road 

(EEA 2011b).

Climate-Smart Mobility Policies

As in other areas of climate mitigation, policy instruments related to 

mobility aim to improve energy efficiency or promote a shift to 

cleaner energy (see table 8.2). Efficiency measures can be broadly 

categorized into those that help avoid unnecessary travel, those that 

shift travel to transportation that has fewer negative side effects—for 

instance, from individual cars to buses with high user rates—or 

those that improve vehicle technology so vehicles operate more 

efficiently.13 Public investments in transport infrastructure, informa-

tion dissemination, or support for research and development (R&D) 

complement demand-side management through price and regula-

tory instruments. 

The instruments in table 8.2 address different aspects of the trans-

port sector and will usually be used in some combination as part of 

an overall mobility strategy, which raises two issues: 

•	 Policies need to be complementary. Reducing energy use and emissions 

while ensuring mobility requires combinations of policy instru-

ments. For instance, Swiss cities such as Zurich have started to 	

use fairly drastic measures to discourage car use in their centers 

(Rosenthal 2011). They include changing traffic lights to delay car 

travel, removing parking spaces, or closing entire streets to car 

traffic. Household car ownership in Zurich dropped in the past 	

10 years, from 60 percent to 55 percent, as has overall car use. The 

TABLE 8.2
Policy Instruments for Sustainable Road Transport

Energy efficiency Cleaner energy

Avoid Shift Improve Fuel switch

Supply-side 
(investments)

Expand IT access for 
telework

Improve public transport 
infrastructure and capital stock,  
use of IT or smart ticketing

Information campaigns, 
facilitate improved vehicle 
technology adoption

Facilitate R&D, tech adoption, 
support alternative fuel 
infrastructure

Demand-side  
(prices and 
regulations)

Land-use regulations for 
transport-oriented 
densification

Fuel taxes, congestion pricing, 
parking fees; reduce parking 
availability; traffic management; 
public transit subsidies

Fuel efficiency standards; 
registration fees based on 
emissions

Subsidies or requirements for 
alternative fuels

Note: IT = information technology. R&D = research and development.
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measures to restrict car use were implemented gradually in differ-

ent parts of the city, but only after significant improvements in 

public transit were made. If car use is restricted without providing 

alternative means of transport, mobility is reduced, with adverse 

economic and welfare consequences. Conversely, if investments in 

public transit are not complemented by policies reducing private 

vehicle traffic, then buses or rail systems will be underused and 

investments will be uneconomical. This has been the experience of 

rail systems in some U.S. cities such as Los Angeles or Detroit. 

•	 There is often a trade-off between public acceptability and revenue genera-

tion. To stay with the Swiss example, rather than simply making life 

more difficult for drivers, some form of congestion pricing and 

higher parking fees could achieve the same objective and would 

raise funding that could support public transit investments. How-

ever, charging drivers is always unpopular, in part because such 

charges are regressive—hurting low-income drivers more than 

wealthier citizens. Therefore, second-best, less-efficient policies 

often prevail because they are politically more feasible even if eco-

nomically inefficient.

Policies that Reduce Vehicle Emissions

Fuel Taxes

Fuel taxes are the main instrument to account for the broader costs 

of vehicle use. By making gasoline or diesel fuel more expensive, 

taxes discourage driving and encourage more fuel-efficient vehicles. 

Although the oil price is global and refinery costs do not vary greatly, 

gasoline and diesel prices at the pump differ greatly among coun-

tries. In ECA, they vary by more than an order of magnitude—from 

US$0.22 per liter in Turkmenistan to US$2.52 in Turkey.14 The aver-

age ECA price has tripled for diesel and more than doubled for gaso-

line between 2000–10. These prices are below what is considered 

the unsubsidized fuel price in only four countries for diesel and one 

for gasoline, as shown in figure 8.14. But 14 of the region’s countries 

still have fuel prices below those of Romania, which has the lowest 

in the EU. 

In principle, fuel taxes should be a combination of (a) a charge per 

liter to account for carbon emissions and oil dependence, and (b) a 

charge per kilometer traveled to account for congestion, local 

pollution, and accidents—representing what economists call a Pigou-

vian tax reflecting all damages caused by vehicle use. Some countries 

earmark a share or all of tax revenues for road building and 
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maintenance, which increases public acceptance. Others use fuel 

taxes as a significant source of general revenue that is relatively easy 

to collect; this is the case in Turkey, where fuel surcharges are higher 

than environmental objectives would suggest. 

Fuel taxes tend to be effective in reducing energy use. Increasing 

the price of gasoline by 10 percent lowers consumption by about 

6–7 percent on average. But fuel taxes can be harmful to the poorest 

car-owning families because fuel is a larger share of low-income 

household budgets. Fuel tax revenue can be invested in convenient 

and affordable public transit, which helps to address this problem. 

Fuel taxes are also quite unpopular and therefore difficult to increase, 

in part because drivers are usually more aware of the price at the pump 

than of electricity prices, for instance. 

Fuel tax revenue could grow significantly in some ECA countries, 

where gasoline and especially diesel prices are still very low. In the 

extreme case of Turkmenistan, raising gasoline prices from a heavily 

subsidized US$0.22 per liter to the U.S. level of US$0.56 per liter in 

2008 could free up US$375 million per year.15 Raising fuel prices 
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FIGURE 8.14
Transport Fuel Prices in Selected Europe and Central Asia Countries, 2000–10

Source: GIZ 2012. 
Note: Vertical orange lines indicate 2008 prices in the United States, an international minimum benchmark for a nonsubsidized road transport policy. Vertical purple 
lines indicate prices in Romania, the lowest in the EU, which could be considered a lower bound for a social price of transport fuel. 
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further to incorporate at least some of their social costs from car use 

and fossil-fuel burning can generate significant additional revenue. 

A fuel tax increase corresponding to a carbon charge of US$100 per 

ton (far higher than current EU Emissions Trading System [ETS] 

prices) would add about US$0.06 per liter of gasoline. Based on 

2008 gasoline consumption, this would raise about US$2.2 billion 

in revenue in Russia. 

But countries should not rely too much on fuel taxes as a revenue 

income source. If they are successful in achieving their objectives, 

especially when combined with other policies, this income will 

decrease. Fuel economy standards that reduce gasoline consumption 

and demand-side policies that reduce car use more generally further 

erode the tax base and can create shortfalls in road funding or general 

revenue. In the United States, fuel tax revenue is earmarked for fed-

eral and state road funds. New fuel economy standards will save 

more than 60 billion gallons (227 billion liters) of fuel between 2012 

and 2016 (Van Dender and Crist 2010). With a fixed (and quite low) 

fuel tax, revenue will fall by US$26 billion or 72 percent of the 2008 

U.S. Highway Trust Fund receipts. To maintain revenue that ensures 

an efficient transport infrastructure and at the same time retain 

incentives for reducing fuel consumption and emissions, fuel taxes 

will need to be indexed or taxes levied on distance traveled rather 

than fuel consumption. 

Fuel Economy Standards16 

New-vehicle buyers are often said to be more concerned about the 

number of cup holders than the car’s fuel efficiency. This presumed 

market failure, where consumers undervalue vehicle efficiency or 

have short time horizons in their decisions, justifies fuel economy 

standards that regulate vehicle sales in most countries. Researchers are 

divided over whether this market failure really exists. If it did, provid-

ing better information to consumers would be a better policy. More 

likely, it reflects consumer preferences for other vehicle attributes such 

as styling or horsepower. 

Studies on the effectiveness of standards in reducing overall fuel 

consumption are also inconclusive. Fuel economy has generally 

improved in most countries, but much of that could be due to fuel 

costs or changing consumer preferences. Basic economic analysis 

suggests that higher fuel taxes are more effective than fuel econ-

omy standards. Standards also impose the same initial cost on peo-

ple who drive a lot and those who drive less, so they do not 

necessarily reduce emissions as much. Fuel economy standards also 

take time to affect overall emissions because complete vehicle stock 
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turnover takes about 15 years. From a manufacturer’s perspective, 

strict standards are inefficient because they typically face different 

costs of improvement. Some element of trading of fuel economy 

credits—or “feebates,” as further discussed in box 8.2—would lower 

these costs overall. 

The wide adoption of fuel economy standards shows that they are 

politically feasible and, in the absence of other measures, likely to 

have some impact. Most ECA countries have either adopted or plan 

to introduce fuel economy standards (GFEI 2010). EU members are 

subject to regionwide standards that target a fuel economy consistent 

with emissions of 130 grams of CO2 per km by 2012. In ECA coun-

tries for which data are available, average fuel economy has gener-

ally improved—by as much as 3 percent in the case of Lithuania in 

just three years (2005–08), as figure 8.15 shows. Because many of 

the region’s countries import all or most of their cars, including large 

numbers of used cars, fuel economy regulations typically work 

through import restrictions on vehicle age, technology, emissions, or 

import taxes. The scope of these policies varies. Albania has no 

restrictions, while Russia limits imports to cars that adhere to EU 

standards (EU 4 norms for domestic and imported cars since 2010). 

BOX 8.2

Fuel Economy Standards or Feebates?

Feebates are an alternative to uniform or fleetwide fuel economy standards (Anderson et al. 

2011; Parry 2011). The principle is simple: Feebates impose a fee on manufacturers or buyers of 

new vehicles that have a fuel consumption above some level—the so-called pivot point—and 

give a rebate to those with consumption below that point. Like fuel economy standards, fee-

bates do not charge in proportion to actual car use (and emissions), so they do not affect the 

amount of driving. Feebates are revenue-neutral and therefore often more politically acceptable 

than fuel taxes. The main advantage of feebates over standards is that they allow for differenti-

ated costs of compliance across manufacturers, thus minimizing efficiency losses. Both manu-

facturers of cars above and below the pivot point have an incentive to innovate to minimize fees 

or maximize rebates. The greatest improvements will be made where the costs of doing so are 

lowest.

Canada’s feebate system ran from 2007 to 2008 and consisted of two programs: 

•	 The EcoAuto Rebate offered rebates from Can$1,000 to Can$2,000 to buyers of fuel-efficient 

vehicles (better than 6.5 liters per 100 km) (Banerjee 2007). 

•	 The Green Levy program imposed a tax on fuel-inefficient vehicles (consuming more than  

13 liters per 100 km) from Can$1,000 to Can$4,000.
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Registration Taxes 

Seventeen countries in the EU (among them Latvia and Romania) 

now base all or part of their registration fees on a vehicle’s CO2 emis-

sions (ACEA 2010). Registration taxes share the disadvantage of fuel 

economy standards in increasing the cost of a vehicle purchase but 

not considering its amount of use and therefore emissions. High reg-

istration taxes, like high import duties, can also act as a barrier to 

vehicle fleet turnover. To avoid the high one-time cost, consumers 

will keep aging and polluting cars on the road longer.

Road Pricing 

The typical response to congestion is to build new roads. Post-transition 

in Moscow, as the number of people owning cars shot up from 60 	

to more than 300 cars per 1,000 residents, the city government 	

widened the Moscow Ring Road, completed the Third Ring Road, 
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and started construction of a fourth (Gessen 2010). However, con-

gestion continued to worsen, confirming the “fundamental law of 

road congestion”: traffic volumes increase in proportion to additional 

road capacity (Duranton and Turner 2011). In fact, in U.S. cities, the 

benefits of a marginal increase in road capacity generally do not jus-

tify the costs of construction unless it is accompanied by some form 

of congestion pricing. This does not imply that road investments are 

generally bad but that they tend to be ineffective in relieving conges-

tion where demand growth is high. 

Rather than adding roads until congestion eases, making driving 

more expensive reduces traffic and generates revenue that can be 

used for road maintenance or to strengthen public transit alternatives 

(Anas and Lindsey 2011). Road pricing is used for both interregional 

and urban traffic, either as a charge per distance traveled (for exam-

ple, toll roads) or as a charge to enter or park in a typically high-

traffic area (congestion charges or parking fees). London, Singapore, 

Stockholm, and Milan all introduced a fixed or time-varying charge 

to enter the busiest zones. They have been generally successful in 

reducing time lost due to congestion. Traffic volumes in the center of 

London dropped by 34 percent for cars, and congestion delays fell by 

30 percent. 

Benefits from reduced environmental impacts are lower than 

those from easing congestion, but not insignificant. Reduced idling 

and stop-and-go traffic lowered local air pollution by 8–19 percent 

and CO2 emissions by 14–19 percent in London, Stockholm, and 

Milan. 

About 50 countries worldwide use highway tolls, including sev-

eral in ECA such as Croatia and Hungary, where all highways are toll 

roads. A disadvantage of toll roads—and, to some extent, also of 

urban congestion charging—is that they often simply divert traffic, 

causing higher congestion in other parts of the road network. 

Parking Fees 

Congestion pricing is effective, but it is complex to implement. An 

alternative way to reduce traffic in congested areas is to increase the 

cost of parking by raising fees directly or by reducing the number of 

parking spaces—for instance, for newly constructed buildings. Some 

cities in the United Kingdom relate residential parking fees to vehicle 

CO2 emissions. 

With few exceptions, commercial parking rates in Eastern 

European cities are lower than in Western Europe (figure 8.16), 

reflecting lower average incomes. In some places, parking is not 
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priced or regulated at all. Municipalities in Kazakhstan, Russia, and 

some other Commonwealth of Independent States (CIS) coun-

tries,17 lack the legal basis to charge for on-street parking or to set 

fines for illegal parking (Podolske 2010). The resulting chaotic 

parking behavior adds to congestion, yet fails to discourage driving 

into the city center. In Western Europe, meanwhile, cities raise 

prices and reduce supply of parking as a lower-cost alternative to 

congestion pricing. Freed-up space—each spot takes up 15–30 

square meters—and revenue is used to support lower-carbon trans-

port modes such as public transport and cycling (Kodransky and 

Hermann 2011). 

Lower-Carbon Fuels 

Improvements in conventional internal combustion engines will 

continue to gradually lower fuel consumption and emissions. A 

higher share of diesel engines yields further decreases. Diesel fuel 

produces higher CO2 emissions per liter, but this is more than offset 

by higher fuel efficiency, so that emissions are 10–20 percent lower. 

In Western Europe, more than half of all passenger vehicles are now 

diesel fueled and, through FDI and exports of new and used vehicles, 

this will also help lower ECA’s emissions from transport. 

Compressed natural gas (CNG)-fueled vehicles are used in Arme-

nia, Belarus, Moldova, Russia, Tajikistan, and Ukraine, although only 

in Armenia is their market share over 30 percent. CNG vehicles emit 

25 percent less CO2 than gasoline-powered cars and also emit fewer 

local pollutants.18 

Expanded use of biofuels from food crops can lower emissions fur-

ther. EU countries are subject to a target of 10 percent biofuels in 

transport energy, although the implications for food production and 

land use are still debated (Fonseca et al. 2010). In countries with 

abundant land and large potential to raise agricultural efficiencies, 

such as Russia and Ukraine, biofuels could play a larger role in 

domestic fuel markets as well as in exports. 

In the future, hybrid electric and fully electric vehicles will capture 

a larger share of the vehicle market, but they currently need large 

subsidies to be competitive. They will also need to rely on cleaner 

energy, such as renewables or coal with carbon capture and storage, 

to contribute to emission reductions.

Public Transit

Adding road capacity will rarely relieve congestion or reduce fuel 

consumption and emissions in the long term. Increased road capacity 
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improves speeds and saves fuel temporarily, but it also encourages 

more driving and a return to congestion. Estimates for São Paulo, for 

example, suggest that increasing road capacity by 20 percent would 

increase fuel use by 5 percent and emissions by 3 percent (Anas and 

Timilsina 2009). Beyond a certain point, the more cars that use the 

road network, the less efficient it gets as each additional car will 

reduce average travel speed. The opposite is generally true for public 

transit, provided it operates on separate tracks or lanes. The more it 

is used, the more routes can be supported, the more frequently it can 

run, and the more efficiently it will operate. On average, the GHG 

intensity (per passenger) of well-used bus transit, for example, is less 

than a third of a car’s, as shown in figure 8.17. 

To achieve a sufficiently large shift away from cars, public transit 

needs to be convenient for residents and financially sustainable for 

local governments. Convenience means an affordable, accessible net-

work that covers the service area well and frequent service at speeds 

comparable to cars. Close integration of different transit modes such 

as rail, bus, and metro attracts riders. Some cities have been introduc-

ing “mobility smart cards” for payment of all public transit, as well as 

car sharing, electric or shared bikes, or discounted taxi rides. Travelers 

between Szczecin or Warsaw and Berlin can now use a single ticket 

for the rail portion and public transit at both ends of the trip. Making 

public transport attractive creates positive feedbacks as increased 

demand justifies network expansion and service improvements.

ECA countries historically had good public transport, but in many 

parts of the region, transit systems have had trouble sustaining oper-

ations since financial responsibility was transferred from central to 
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local governments. The share of public transportation in total land 

passenger transport dropped by 3.4 percent between 2000 and 2008 

in the EU-10 countries while it increased slightly (0.1 percent) in the 

EU-15 (Odyssee n.d.). 

To be financially sustainable (and to realize large emission bene-

fits), public transport systems need to be well used. That requires 

convenient service, complementary demand-side policies discourag-

ing car travel, and land use planning favoring development around 

transport corridors (see chapter 9). Unconventional financing can 

make capital investment more feasible, especially in the case of metro 

construction. In Warsaw, housing within 1 km of a metro station 

commands a 7 percent value premium (Medda and Modelewska 

2009). Various forms of land value capture or property taxation can 

recover some of these gains from homeowners and businesses that 

profit from increased traffic around stations to fund the investments. 

Even with high ridership and creative financing, public transit will 

in most cases not be self-financing. Therefore, subsidies may be 

required, and these can be justified on efficiency grounds given the 

social benefits of reduced congestion, road safety, reduced local pol-

lution, and emission reductions. In economic analysis, even quite 

large subsidies (as high as 50 percent of operating budgets) can be 

welfare improving (Parry and Small 2009). Because these subsidies 

must come out of the general budget or earmarked taxes, champions 

for public transit need to build a strong case on the basis of socioeco-

nomic analysis.

Where public transport systems have deteriorated, private opera-

tors fill the gap. In cities such as Istanbul or Tbilisi, minibuses or 

shared taxis (“dolmus” and “marshrutka”) account for a high propor-

tion of trips (see box 8.3). They are often uncomfortable and poorly 

regulated, they tend to be more demand responsive. In Tbilisi, public 

transit users make but five trips a week on average by minibus, three 

by bus, and only two by metro (Grdzelishvili and Sathre 2011). Well-

regulated minibuses with fixed fares and assigned routes can form an 

efficient feeder system for bus and rail, as is the case in Hong Kong. 

But minibuses are a poor substitute for higher-capacity systems for 

reducing congestion and emissions. Strategies to introduce formal 

alternatives need to mitigate the employment losses when minibuses 

and other informal transport services are phased out.

The ECA region has 25 of the world’s 140 metro systems, includ-

ing the second busiest, in Moscow, with 2.3 billion passengers in 

2010. Those systems in the former Soviet Union are a legacy of a pol-

icy to have a metro in each city above one million inhabitants. How-

ever, their share of urban trips is relatively low, in large part because 
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the systems tend to be small. Among Russian metros, only Moscow’s 

(301 km) and St. Petersburg’s (110 km) have extensive networks. 

Five others range in length from 9 km to 16 km. On average, ECA 

metro systems have 40 km of lines with 30 stations, while Western 

European metros have an average of 73 km and 77 stations. Many of 

these metro systems are functioning at capacity, and improvement 

would require more automation. Extending metro lines is far more 

expensive than light rail or bus rapid transit (BRT) and is therefore 

justified only where travel volumes are very high. 

Compared with other regions, cities in ECA have been less eager 

to adopt BRT with high-frequency buses on dedicated lanes. Only 

Turkey has introduced BRT, in Ankara and Istanbul. By compari-

son, Brazil has 16 systems and Indonesia, 12. Istanbul’s BRT system 

started in 2007, taking only 77 days to set up, and by 2009, trans-

ported 800,000 passengers between 31 stations. The system annu-

ally avoids emitting an estimated 78.5 tons of carbon monoxide 

and 283 tons of nitrogen oxide into the air.19 BRT is usually 

BOX 8.3

Avoiding Emissions by Reforming Private Transport Services in Tbilisi

Minibuses (locally called “marshrutka”) are among the most important transport modes in 

major cities of Georgia. They are used predominantly by low-income earners, students, and pen-

sioners. For example, in Tbilisi, minibuses carry about 430,000 passengers daily, compared with 

260,000 passengers who use metro and 215,000 who use municipal buses. Most of the vehi-

cles are 11–20 years old and highly polluting, and the frequent stops aggravate congestion. The 

Tbilisi City Hall began implementing its minibus reform program by introducing a zone-based 

competitive tender. This requires bidders to form limited liability companies (LLCs) and to pur-

chase brand-new vehicles as a requirement for participating in the tender. Some routes have 

already been tendered under this scheme in 2011, and the operators have subsequently intro-

duced fare increases of more than 50 percent to cover the cost of new vehicles. City Hall plans 

to extend this scheme to all minibus routes in 2012, but resistance is mounting from citizens.

Reforming this minibus market is challenging and cannot be done by just replacing old vehi-

cles. Better outcomes could be achieved if minibus reforms were geared toward a broader 

reform effort of the public transport system, not just minibus services. This would require funda-

mental changes in how public transport services are procured and managed, which in turn 

requires institutional, legal, and regulatory reforms; initial capital investments; and development 

and implementation of a long-term fiscal plan.

Source: World Bank 2012b. Contributed by Jen Jung Eun Oh.
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introduced on existing roads, so it will reduce the space available to 

other vehicles. BRT and other public transit options need to be an 

attractive alternative to car use to avoid increased congestion else-

where, to reach high capacity, and to contribute to overall emission 

reductions (see box 8.4).

BOX 8.4

How Seoul Effectively Integrated Supply- and Demand-Side Urban Transport 
Policies

The Republic of Korea moved from low to high income in the second half of the 20th century, 

averaging about 8 percent annual growth. Car ownership grew in parallel, from 2 cars per 1,000 

people in 1970 to almost 350 by 2008. The number of daily trips in Seoul grew fivefold between 

1970 and 2002 to almost 30 million. The share of public transport dropped from  

75 percent to 60 percent between 1980 and 1996, while the share of private car trips increased 

from 4 percent to 21 percent, choking the city’s arterial roads and contributing to high air pollu-

tion levels. Seoul was able to halt, and to some extent reverse, these trends. The city made 

large investments and operational improvements in public transport and adopted measures  

that discouraged private car use. By 2002, public transport’s share had increased again to  

65 percent, while the car share dropped to 18 percent.

The keys to increased public transit use were investments in the metro system and improve-

ments in bus services. The metro network is now 500 km long and serves an increasing share 

of public transport ridership. Investments in bus rapid transit (BRT); better service coordination; 

a switch to modern, cleaner vehicles; and a multipurpose smart card for integrated ticket pay-

ment made bus use more convenient. After the major bus system reforms in 2004, daily bus 

ridership increased by 700,000. As public transit improved, private car use was discouraged. 

Rather than expand parking in the inner city, building policies now discourage setting aside 

space for vehicles. The direct cost of car use increased with higher fuel taxes, parking fees, 

vehicle registration fees, and congestion charges.

Seoul’s transition from car-oriented to transit-oriented transport has not been easy. The major 

reform of the bus system initially caused much confusion and debate, showing that such 

changes need to be accompanied by extensive consultations and information campaigns. But 

the main challenge is in financing. In the mid-2000s, Seoul’s cumulative debt from metro expan-

sion represented 82 percent of its total debt, and the system continues to run deficits. National 

transfers provide relief. The city makes up for the remaining shortfall in large part with revenue 

from charging individual car users. By charging the modes of transportation with the highest 

negative side effects while subsidizing more efficient modes, Seoul is shifting the burden to the 

sector that is most responsible for the environmental, health, and congestion costs.

Source: Pucher et al. 2005.
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The viability of urban public transport depends greatly on urban 

form and land use. Development along high-density transit corridors 

supports higher volume and more efficient metro, rail, or bus lines. 

Sprawling development favors car use, and urban density is nega-

tively correlated with per capita GHG emissions (Kennedy et al. 

2009). Because these issues are closely related to urban land use 

planning, they are discussed further in chapter 9.

Rail and Air Transport 

Railways are complex, long-lived systems, so expanding network 

length or capacity is difficult in the short term but can have large pay-

offs in the long term. Even without large-scale investments, a shift 

from road to rail using existing tracks will reduce GHG emissions. 

Transporting 100 tons of freight by road from Basel in Switzerland to 

the port of Rotterdam in the Netherlands generates 4.7 tons of CO2 

emissions, but transporting the same load by inland waterways gen-

erates only 2.4 tons, and by rail, 0.6 tons (Krohn, Ledbury, and 

Schwarz 2009). 

Rail system electrification—switching from diesel to electric 

engines—promotes further energy savings and emission reductions of 

20–40 percent (Hazeldine et al. 2009). Electric trains are lighter, and 

electricity generation is typically more efficient than a diesel engine. 

Rail electrification rates in ECA vary from 7 percent in Lithuania to 	

75 percent of the network in Bosnia and Herzegovina, which is well 

above the EU-27 average of 52 percent, as shown in figure 8.18. 

Increasing electrification of the ECA rail network would be expensive 

but worth it on high-traffic lines and where integration with the rest 

of the network is feasible. Energy use and emission reductions in rail 

operations come from improved aerodynamics, reduction of train 

weight, regenerative braking and on-board energy storage, lower-

carbon electricity generation, and better traffic management.

For rail to play a greater role in freight shipping, it needs to be 

closely integrated with road and water transport. The share of trucks 

in inland freight transport is still lower in ECA than in Western 

Europe. Improving links between different kinds of transport will 

help rail to retain or expand its share, especially along international 

freight corridors. Expanding the share of rail use would result in sig-

nificant emission reduction benefits: shipping a container long haul 

on rail, with short-haul truck transport at either end, can reduce 

energy consumption and emissions by half (Krohn, Ledbury, and 

Schwarz 2009). This change will require not only operational 

performance improvements and infrastructure rehabilitation but 
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FIGURE 8.18
Electrification Rate of Rail Networks, Selected Europe and Central 
Asia Countries and EU-27, 2010

Source: UIC 2012. 
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also reducing delays at border crossings, for instance in Southeast-

ern Europe and Turkey, as discussed in box 8.5. 

Short-sea shipping (moving goods by sea without crossing an 

ocean) and inland waterway transport up rivers and canals can com-

plement rail improvements but also compete with railways. This 

includes the Pan-European Corridor VII along the Danube, multi-

modal corridors with roll-on/roll-off (RoRo) ships between North 

Adriatic ports and Turkish ports, and multimodal corridors with 

short-sea shipping between North Sea ports and Turkish ports. Road 

transport logistics providers use road, inland waterways, and mari-

time links in Southeastern Europe and Turkey, with prices that are 

about 15–30 percent lower than rail rates and with significantly 

shorter transit times.

An important motivation for expanding high-speed passenger rail 

is to reduce travel time and to compete with air transport. For routes 

under 600 km, high-speed rail will be faster than air transport, while 

for distances exceeding 1,000 km, air transport is almost always 

quicker. Emissions per passenger are lower on high-speed rail—for 

instance, one-sixth of the carbon emissions of a plane passenger on 

the Madrid to Barcelona line. But high-speed rail is expensive and 

only feasible where there is highly concentrated demand within suit-

able distances and where incomes are high enough that passengers 

are willing to pay for time savings and convenience. 

An economic assessment of potential high-speed rail projects 

needs to account for benefits from reducing road and air congestion, 

environmental benefits, and economic impacts in connected cities. 

BOX 8.5

Reforming Turkish Railways

The Turkish General Directorate of State Railways Administration (TCDD) has a 5 percent modal 

share. Currently, only its port operations are profitable. Reform proposals envisage a joint stock 

company, the Turkish Railway Transportation Corporation (DETAŞ), with separation of passenger 

and freight operations but retaining state enterprise status. Still, together with other reforms, 

such as a departure from highway-oriented national transport policies, reorganization could 

make rail transport more competitive, take traffic off roads, and raise profitability. Reducing the 

growth of GHG emissions would be a co-benefit of the reform process but not the key driver. 

These changes face formidable hurdles. Unprofitable lines would need to be closed and 

staffing reduced. Turkey’s example illustrates the difficulties faced by ECA countries in operating 

commercially oriented railways.

Source: Monsalve 2011b.
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It also needs to assess the relative costs and benefits of 140–160 km 

per hour versus 200–250 km per hour and 300–350 km per hour ser-

vices. The amount of fast and high-speed rail should reflect potential 

traffic along those lines, composition of traffic, and cost-recovery 

considerations. In the ECA region, both Russia and Turkey—the top 

two GHG emitters in the transport sector—are currently investing in 

high-speed train networks.

Multimodal Mobility

The twin objectives of ensuring mobility while reducing environ-

mental and other side effects from the transport sector require a 

move toward fewer and shorter trips, less fuel consumed per dis-

tance traveled, and a lower share of fossil fuels. A national or 

urban transport strategy needs to combine policy instruments to 

achieve these goals. Price instruments such as fuel taxes are a pri-

ority. As car use gets more expensive, drivers avoid unnecessary 

trips, residential locations near jobs and amenities are more attrac-

tive, relative prices favor public transit, and more fuel-efficient or 

alternative-energy vehicles become more desirable. 

But a fuel tax large enough to trigger significant change will be 

unpopular, especially in countries that have already raised gaso-

line and diesel prices. Regulations such as parking restrictions, car-

free zones in city centers, or fuel efficiency standards reinforce fuel 

price signals. All of these raise the cost of driving or make it less 

convenient. So alternative transportation, public transit, and non-

motorized transport (biking and walking) need to be made more 

attractive while remaining affordable to low-income groups. This 

change requires investments that user fees will only partially 

cover. Instead, these investments need to be cofinanced through 

earmarking fuel tax revenue or other dedicated income sources 

such as a proportion of local sales taxes. International finance, 

including climate or carbon finance, can provide further resources, 

as box 8.6 discusses.

These policies are tried and tested, and many ECA countries already 

pursue many elements of a smart, multimodal transport strategy. 

Many cities in Western Europe have significantly shifted their trans-

port policies along these lines. Although there may have been fears 

that restricting car use obstructs economic development, transit-ori-

ented “green” cities are some of the most attractive and successful in 

the world. Likewise, by ensuring that rail networks are well managed 

and that road freight does not have an unfair advantage, a large share 
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of freight can be transported by low-emission modes like rail that 

reduce congestion, noise, and the risk of accidents on streets and 

highways. 

Unless there are major technological breakthroughs, even quite 

ambitious policies will not lead to a massive reduction of emissions in 

the transport sector because overall demand will continue to increase 

with incomes. In Poland, transport accounts for about 10 percent of 

overall GHG emissions, but these grew by 74 percent between 1988 

and 2006 (World Bank 2011). More than 90 percent of these emis-

sions are from road transport, partially due to a large share of 

imported used cars with poor fuel consumption and emission 

controls: 30 percent of cars in Poland are more than 20 years old, 	

60 percent 10–20 years old. A business-as-usual scenario to 2030 

anticipates road sector emissions to almost double. But even with a 

package of transport sector policy measures, emissions will likely 

grow by 35 percent. The transport sector is thus unlikely to make a 

large contribution to badly needed emission reductions. But with 

climate-smart policies, ECA countries and cities can limit emission 

growth while also reducing the hidden costs of mobility and increas-

ing the quality-of-life benefits from a sustainable transport sector.

BOX 8.6

Climate Finance Can Catalyze Smart Mobility Strategies

The transport sector has so far made less use of international climate and carbon finance than 

other sectors. But it can play a catalytic role. There has been only limited funding from the Global 

Environment Facility (GEF) and the Kyoto Protocol’s Clean Development Mechanism (CDM) for 

transport-related projects. GEF funding leverages about $120 million in transport-related funding 

per year globally, while the CDM has so far supported only three registered transport projects. 

The Clean Technology Fund (CTF), established in 2008 and implemented through the multilat-

eral development banks, has allocated about 16 percent of its funding to transport projects thus 

far. The CTF supports low-carbon infrastructure investments while encouraging countries to 

establish broader, low-carbon mobility strategies. The Colombia Strategic Public Transportation 

Systems Program, for instance, supports the government’s national urban transport policy. The 

program aims to strengthen transport-planning institutions, develop better regulatory frame-

works, and promote transit-oriented urban development that is adapted to user needs. The 

US$20 million CTF grant complements more than US$300 million in Inter-American Develop-

ment Bank and World Bank lending and will focus on seven medium-size Colombian cities.

Source: http://climatechange.worldbank.org.

http://climatechange.worldbank.org
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Notes

	 1.	 This chapter builds on Monsalve (2011a) and World Bank (2012c). 
	 2.	 EU-10 countries include Bulgaria, the Czech Republic, Estonia, 	

Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia.

	 3.	 EU candidate countries include Albania, Bosnia and Herzegovina, Croatia, 
Kosovo, the former Yugoslav Republic of Macedonia, Montenegro, Serbia, 
and Turkey.

	 4.	 Balkan countries include Albania, Bosnia and Herzegovina, Croatia, 
Kosovo, FYR Macedonia, Montenegro, Serbia, and Slovenia.

	 5.	 Central Asian countries include Kazakhstan, the Kyrgyz Republic, 	
Tajikistan, Turkmenistan, and Uzbekistan.

	 6.	 Eurostat data: http://epp.eurostat.ec.europa.eu/portal/page/portal	
/transport/data/main_tables.

	 7.	 EU-15 countries include Austria, Belgium, Denmark, Finland, France, 
Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 	
Portugal, Spain, Sweden, and the United Kingdom.

	 8.	 The EU-27 countries include all current members of the European 
Union.

	 9.	 At the high altitudes flown by large jet airliners, emissions of nitrogen 
oxides (NOx) are particularly effective in forming ozone. High-altitude 
NOx emissions result in greater concentrations of ozone (O3) than sur-
face NOx emissions, and these in turn have a greater global warming 
effect.

	10.	 An integrated assessment model combines scientific and socioeconomic 
aspects of environmental problems and embodies numerous empirical 
relationships between these factors to enable policy evaluation.

	11.	 Parry, Walls, and Harrington (2007, table 2) breaks down these exter-
nalities into greenhouse warming (US$0.06), oil dependency (US$0.12), 
local pollution (US$0.42), congestion (US$1.05), and accidents 
(US$0.63).

	12.	 For more information, see http://capitalcitiesplanninggroup.com.
	13.	 The avoid-shift-improve paradigm was developed by Holger Dalkmann 

(see UNEP 2011).
	14.	 See the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 

GmbH 2010/2011 fuel price data preview: http://www.giz.de/Themen	
/en/29957.htm.

	15.	 Based on GIZ data on fuel prices and the World Bank’s World Develop-
ment Indicators data on gasoline consumption. 

	16.	 Research on fuel economy standards has recently been reviewed by 
Anderson et al. 2011 and Parry, Walls, and Harrington 2007. Note that 
“fuel economy” refers to the amount of fuel used to travel a given dis-
tance, while “fuel efficiency” refers to the amount of energy yielded by 
combustion of a given amount of fuel.

	17.	 CIS countries include Azerbaijan, Armenia, Belarus, Georgia, Kazakhstan, 
the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, 	
Turkmenistan, Ukraine, and Uzbekistan.

	18.	 See http://www.afdc.energy.gov/afdc/vehicles/natural_gas_emissions	
.html.

http://www.giz.de/Themen/en/29957.htm
http://www.giz.de/Themen/en/29957.htm
http://www.afdc.energy.gov/afdc/vehicles/natural_gas_emissions.html
http://www.afdc.energy.gov/afdc/vehicles/natural_gas_emissions.html
http://epp.eurostat.ec.europa.eu/portal/page/portal/transport/data/main_tables
http://epp.eurostat.ec.europa.eu/portal/page/portal/transport/data/main_tables
http://capitalcitiesplanninggroup.com
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	19.	 Data from the World Resources Institute’s (WRI) EMBARQ (WRI Center 
for Sustainable Transport): http://www.embarq.org/en/project/
istanbul-metrobus.
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Main Messages

•	 Cities will be a focus for climate action. They account for 

the largest share of emissions but also provide concentrated 

opportunities for large emission reductions. Globally, city 

leaders have been effective champions for climate action.

•	 Greening urban areas is not just an environmental policy 

but also promotes vibrant and innovative cities that attract 

the best talent for a productive urban economy. That is why 

Western European cities such as Copenhagen pursue cli-

mate action with ambitious goals for emission reductions. 

•	 Energy use in Europe and Central Asia’s (ECA’s) buildings 

could be halved, saving up to 315 million tons of carbon diox-

ide per year, and options for large efficiency gains exist in pub-

lic services, such as in modernizing district heating systems.

•	 Even with stable populations, city size will grow with rising 

wealth. Compact urban areas make public transit and public 

service provision more efficient. Land use planning and zon-

ing must be closely coordinated with urban transport policies.
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A healthy competition is unfolding among European cities to become 

the “greenest” place to live and work. Hamburg, Europe’s green capital 

in 2011, is developing an entire district—the “HafenCity”—along eco-

logical principles. Its predecessor, Stockholm, despite its cold climate, 

managed to reduce per capita carbon dioxide (CO2) emissions to 	

3.4 tons, with a goal below 3 tons by 2015; this is half the European 

and a third of the Organisation for Economic Co-operation and Devel-

opment (OECD) average. Amsterdam has an ambitious goal for 	

100 percent emission-free urban transport by 2040. Tallinn introduced 

an energy efficiency action plan in 2009 with the goal of reducing 

greenhouse gas (GHG) emissions by at least 20 percent by 2020. 

Copenhagen has set the goal of being carbon neutral by 2025. Moscow, 

Warsaw, and Istanbul are all members of the C40 Cities Climate Lead-

ership Group that promotes carbon emission reductions and energy 

efficiency in large cities around the world.2 More than 3,000 cities, 

large and small, including 250 from 23 Europe and Central Asia (ECA) 

countries, have signed the Covenant of Mayors, committing to imple-

mentation of sustainable energy policies.3 Although progress toward 

global agreements among nations has been slow, climate action at the 

city level—where 70–80 percent of all carbon emissions originate—is 

strong (Hoornweg, Sugar, and Lorena 2011).

Reducing the likelihood of dangerous climate change is a major 

motivation for cities’ efforts to reduce carbon emissions. Urban areas 

face adaptation challenges as climate change impacts intensify. There 

is also evidence that local CO2 emissions do not just contribute to 

global GHG concentrations and global warming but also form “urban 

CO2 domes” that aggravate local ozone and particulate matter con-

centrations (Jacobson 2010). 

But environmental concerns are only one of the reasons for green-

ing cities. Another is that green investments save money in the long 

term. Inefficient use of energy in buildings and in the provision of 

public services is expensive. Greener transport reduces costs from 

time lost and health impacts. 

A third reason for greening is equally important. Climate-friendly 

policies help cities improve quality of life for their residents. Energy-

efficient buildings increase comfort, cleaner energy improves air 

quality, and efficient transport avoids nerve-racking time in traffic 

jams. As urban economies transition from industrial to knowledge-

intensive activities, they compete for investments by innovative com-

panies and for highly skilled workers—those most attracted to a city 

with impeccable green credentials. Amenities matter. A study in the 

Russian Federation found a clear correlation between migration rates 

and an index summarizing urban amenities including air and water 
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quality (Berger, Blomquist, and Peter 2008). Environmental quality 

is more and more a competitiveness issue.

Greening a city requires action on many fronts. This chapter 

focuses on three: 

•	 First, residential and commercial buildings account for 40 percent 

of all primary energy consumption but also offer the greatest 

opportunities for energy savings and thus emission reductions 

while increasing the comfort of their occupants. 

•	 Second, the public sector is a large energy consumer. The energy 

performance of public buildings can set an example for others, and 

more efficient public service delivery raises quality and reduces 

emissions and costs. Among urban services, a priority in ECA coun-

tries is to preserve and improve widespread district heating systems. 

•	 Finally, rising wealth tends to drive urban sprawl. City size usually 

grows faster than population, and even cities with stable or slightly 

declining populations often expand. How this growth is managed 

will determine a city’s carbon footprint for generations. 

One barrier to greener policy making is the dearth of high-quality 

information. The chapter concludes with a discussion of efforts to develop 

comparable urban GHG inventories and an approach for urban 

energy audits that let cities quickly determine priority areas for action. 

Buildings

At the time of transition, 80 percent of the building stock in ECA had 

been constructed after the Second World War, mostly consisting of 

large apartment blocks housing a total of 170 million people—more 

than 3 billion square meters in the former Soviet Union alone.4 Most 

of these buildings were constructed with prefabricated concrete pan-

els, creating identical buildings from hot Central Asian deserts to 

Siberia. Concrete has a poor thermal performance, conducting cold 

or heat six to seven times more efficiently than wood or brick. Flat 

roofs, rather than insulated attics, and poor-quality doors and win-

dows reduced heating and cooling efficiency even further. Much has 

improved in the two decades since transition, but the legacy of low 

building standards continues to contribute to the ECA region’s high 

energy intensity—the amount of energy consumed per unit of gross 

domestic product (GDP).

In total, buildings in the ECA region consume an estimated 6.2 

million terajoules (TJ) of energy, as shown in table 9.1. Energy 

consumption per dwelling has come down slightly in the European 
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TABLE 9.1
Potential Energy Savings from Buildings in Europe and Central Asia, with 2008 as a  
Base Year 

Country 

Energy  
consumption in 
buildings (TJ)a 

Total CO2 
emissions (kt) 

Potential 
energy 

savings (TJ)b 

CO2 emissions abatement 
potential (kt)

Percent of total CO2 
emissions

High  
(energy from 
brown coal)

Low (energy 
from gas)

High (brown 
coal) Low (gas)

Albania 10,081 4,239 5,040 509 283 12.01 6.67

Armenia 8,161 5,053 4,080 412 229 8.16 4.53

Azerbaijan 43,938 31,749 21,969 2,219 1,232 6.99 3.88

Belarus 170,095 66,747 85,047 8,590 4,771 12.87 7.15

Bosnia and 
Herzegovina 20,012 29,001 10,006 1,011 561 3.48 1.94

Bulgaria 80,996 51,739 40,498 4,090 2,272 7.91 4.39

Croatia 50,089 24,820 25,045 2,530 1,405 10.19 5.66

Czech Republic 161,830 124,862 80,915 8,172 4,539 6.55 3.64

Estonia 34,793 20,456 17,396 1,757 976 8.59 4.77

Georgia 18,392 6,027 9,196 929 516 15.41 8.56

Hungary 113,434 56,426 56,717 5,728 3,182 10.15 5.64

Kazakhstan 110,855 227,208 55,428 5,598 3,109 2.46 1.37

Kyrgyz Republic 8,258 6,075 4,129 417 232 6.87 3.81

Latvia 38,589 7,819 19,294 1,949 1,082 24.92 13.84

Lithuania 50,190 15,268 25,095 2,535 1,408 16.60 9.22

Macedonia, FYR 18,201 11,267 9,100 919 511 8.16 4.53

Moldova 15,228 4,701 7,614 769 427 16.36 9.09

Poland 446,666 317,119 223,333 22,557 12,529 7.11 3.95

Romania 120,936 94,106 60,468 6,107 3,392 6.49 3.60

Russian Federation 3,898,061 1,536,099 1,949,030 196,852 109,341 12.82 7.12

Slovak Republic 67,552 36,955 33,776 3,411 1,895 9.23 5.13

Slovenia 27,529 15,096 13,765 1,390 772 9.21 5.12

Tajikistan 12,276 7,222 6,138 620 344 8.58 4.77

Turkey 289,195 288,445 144,598 14,604 8,112 5.06 2.81

Turkmenistan 6,613 45,771 3,307 334 186 0.73 0.41

Ukraine 378,200 317,277 189,100 19,099 10,609 6.02 3.34

Uzbekistan 37,969 115,995 18,985 1,917 1,065 1.65 0.92

Total 6,238,139 3,467,540 3,119,070 315,026 174,980 10.10 5.61

Sources: IEA 2011a; World Bank World Development Indicators. 
Note: TJ = terajoules; kt = kilotons; CO2 = carbon dioxide.
a. Refers to electricity and heat delivered during the operational phase of a building. 
b.   Potential energy savings are estimated at 50 percent of the 2008 energy consumption levels. 
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Union (EU)-10 countries for which data are available—and where 

energy consumption per dwelling is, in fact, lower than in many 

EU-15 countries (see figure 9.1).5 This seemingly favorable compari-

son is likely because of smaller dwelling sizes, as energy use per unit 

of area is generally higher. Polish buildings, for instance, consume 

240 kilowatt-hours (kWh) per square meter per year, twice the Dan-

ish average. Energy consumption in Russian buildings is double that 

of Canadian ones. 

Assuming that energy use in buildings can be reduced by half, CO2 

emission reductions of 175 million to 315 million tons per year are 

possible depending on the energy source being replaced. Most poten-

tial energy savings are in space heating in both residential and com-

mercial buildings, followed by appliances, water heating, and air 

conditioning, as shown in table 9.2. Although energy consumption 
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FIGURE 9.1
Energy Consumption (Electricity and Heating) per Dwelling, Selected Countries, 2010, and 
Annual Change, 1990–2010 

Source: Odyssee n.d.
Note: kWh = kilowatt hours; toe = tons of oil equivalent.
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TABLE 9.2
Prospective Energy Savings in Buildings  
percent

Residential Commercial

Space heating 55 40

Appliances 21 —

Water heating 15 16

Air conditioning 6 13

Lighting 3 —

Lighting and miscellaneous electricity  
end uses — 32

Source: IEA 2011a.
Note: — = not available.

for heating has fallen in both EU-10 and EU-15 countries, it has 

increased for lighting and electric appliances, as figure 9.1 illustrates.

Significantly lower building energy consumption is possible. This 

goal is easier to achieve in new buildings where comprehensive energy 

saving adds 5–10 percent to building costs. The EU’s revised Directive 

on Energy Performance in Buildings requires all public buildings to 

follow nearly zero-energy standards by 2018, followed by all new 

buildings by 2020.6 Low-energy buildings consume 40–60 kWh per 

square meter per year. The next level of efficiency is achieved by so-

called passive buildings that use less than 15 kWh per square meter 

per year.7 The most efficient ones do not require a heater even in cool 

climates. In the long term, positive energy buildings with integrated 

solar panels or geothermal heating could generate more energy than 

the buildings consume.

Upgrading existing buildings is far more difficult and costly. Lim-

ited, “shallow” upgrades—such as caulking, adding attic insulation, 

or replacing windows—are easy to implement but leave many energy 

saving opportunities untapped. “Deep” thermal retrofits represent a 

far greater investment. They involve significantly increasing the insu-

lation of the building envelope (roof, walls, and windows) and 

upgrading heating systems and appliances. Both types of renovations 

will deliver energy savings—in the range of 30–50 percent for shal-

low versus 70–90 percent for deep renovations. Depending on energy 

price levels, they will often cost less than the value of energy they 

save even without financial incentives. However, only “deep” reno-

vations can deliver the scale of energy-use reductions that ambitious 

mitigation scenarios envisage—such as the German goal of reducing 

primary energy demand by 80 percent by 2050 (Hermelink and 
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Müller 2010).8 Likely future energy price rises will make the 

economics of efficiency upgrading even more compelling. Signifi-

cantly higher comfort levels further boost the case for building 

improvements, as box 9.1 discusses further. 

Obstacles to Greater Energy Efficiency

Despite seemingly attractive benefits for homeowners, it turns out to 

be quite difficult to get a large number of them to invest in energy-

efficient upgrades. For several reasons, many homeowners appear to 

discount the payoffs. A large share of the ECA building stock has 

been privatized, so ownership rates are quite high by international 

standards—above 90 percent in Albania, Armenia, Bulgaria, Georgia, 

Hungary, Lithuania, and Romania, for instance. But renting remains 

common in other countries. More than half of all dwellings are 

rented in the Czech Republic and the Slovak Republic. In cases where 

tenants pay energy bills directly or the cost of energy is added to the 

rent, there is little incentive for the landlord to invest in energy effi-

ciency because the cost is simply passed on. This landlord-tenant 

BOX 9.1

Thermal Efficiency Upgrading in Romania: Demonstration of Benefits Fosters 
Widespread Adoption

After transition, 82 percent of Romanian households lived in large housing estates, many con-

structed with prefabricated concrete blocks. This inexpensive and quick building technique 

helped relieve housing shortages but at the expense of quality—in particular, thermal insulation. 

Apartments are cold and drafty in the winter and hot in the summer. It took some time after 

transition before serious efforts were made to make improvements, in part because of the 

reluctance of homeowners who didn’t have the funds for upgrades and were unsure about the 

benefits. 

When the Romanian city of Cluj-Napoca introduced a government-sponsored energy-

efficient renovation program that required only a 20 percent contribution, uptake at first was 

low. Only once several building associations implemented the upgrades and residents saw the 

results did the program take off. Besides the energy savings of 40–55 percent, improvements in 

building aesthetics encouraged participation. Within two years, more than 20,000 apartments 

were renovated—three-quarters with private funding after the initial grant program ran out.

Source: Contributed by Marcel Ionescu-Heroiu.
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problem (also called the principal-agent or split incentive problem) 

can be a significant barrier to energy efficiency improvements. One 

study in the Netherlands estimates that a quarter of all residential 

energy used for space heating is potentially caused by the landlord-

tenant problem (IEA 2007a). A study in the United States found that 

landlords provide significantly less-energy-efficient appliances such 

as refrigerators or washing machines when renters pay the utility 

bills (Davis 2010). Defining rules for landlords to transfer investment 

costs to tenants as controlled rent increases helps address these prob-

lems, which are also significant in the commercial building sector and 

for household appliances.

Where apartments have been privatized, owners face a coordina-

tion problem because many upgrades will affect the entire building 

and everyone needs to participate. This is a particular problem where 

households of different means live in the same building. Some may 

simply not be able to afford the investments. A further problem is 

that homeowners tend to focus more on the short-term costs of 

energy-efficient upgrading than on the long-term savings. Achieving 

high investment rates requires extremely short payback periods. 

Economists call these incentive problems behavioral failures—similar 

to market failures—that often require some form of public sector 

involvement to resolve. Getting more homeowners to invest in 

energy efficiency will require a combination of financial incentives, 

regulations, and information dissemination.

Financial Incentives for Energy Efficiency

Financial incentives lower the cost of large up-front investments 	

that pay dividends over time in the form of lower energy bills. One 

common instrument is a tax incentive in the form of accelerated 

depreciation for commercial investments or simple tax write-offs or 

credits. They are available in many countries for energy efficiency 

investments, mostly for single-measure or shallow renovations. Good 

design can prevent people from taking advantage of the system, 

where incentives go to households that would have upgraded appli-

ances or replaced windows anyway. For instance, only the most 

energy-efficient, and likely more expensive, products should qualify. 

Comprehensive renovation will almost always require credit 

financing. In principle, banks should provide medium- or long-term 

financing to homeowners. However, they are often unfamiliar with 

energy efficiency economics and are risk averse as a result. Loan 

guarantees reduce the risk for local lenders, but implementation of 

these programs has been more difficult than expected, as discussed in 
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box 9.2. Some countries use more direct financial support such as 

grants or subsidized loans—often at considerable expense to the pub-

lic purse. These can be justified, for example, where energy efficiency 

upgrades for low-income homeowners reduce long-term energy 

consumption subsidies or where ambitious energy efficiency and cli-

mate goals will otherwise not be achieved.

As an example, Germany’s publicly owned Kreditanstalt für 

Wiederaufbau (KfW), a development bank with roots in the postwar 

Marshall Plan, plays an important role in the national energy 

BOX 9.2

Mixed Success of Partial Credit Guarantees for Home Energy Efficiency 
Investments

Upgrading building energy efficiency is capital intensive, with high up-front costs and long-term 

savings. Financing will almost always be required. Private lenders are often reluctant to fund 

energy efficiency upgrades in buildings because they lack the expertise to evaluate the credit 

risk. The World Bank and its International Finance Corporation, often in collaboration with the 

Global Environment Facility, have used partial credit guarantees to reduce banks’ risk and lever-

age private funding. The outcome has been mixed, with generally poor uptake in the ECA 

region, and there is little clarity as to why this is the case. One possibility is that there is asym-

metric information: lenders may think that only less desirable borrowers purchase guarantees, 

while borrowers may think their use of guarantees reflects uncertainty about energy efficiency 

project quality. A second possibility is that the guarantees applied only to a narrow niche where 

fundamental risk dominates—for instance, where there was incomplete information about the 

expected benefits of the investments rather than just a perceived risk. A third possible reason is 

that, given the small scale of many energy efficiency projects, transaction costs become too 

high with the added expense for a guarantee. Finally, there may be competing financing instru-

ments such as grants or concessional loans available to homeowners.

The World Bank’s Independent Evaluation Group found that loan guarantees are most effec-

tive when targeting less-creditworthy borrowers or when lending in underdeveloped markets 

(World Bank 2010b). For example, a guarantee program in Hungary successfully supported the 

retrofit of apartment blocks by homeowner associations where the market and borrowers were 

new and unconventional. Guarantee programs were less effective in other ECA countries where 

inadequate lending was due to wider credit market failures rather than banks’ unfamiliarity with 

energy efficiency projects. Banks were not looking at energy efficiency investments as project 

finance that generates a return in the form of energy efficiency savings. They were more con-

cerned with the overall creditworthiness of the borrowers.

Source: World Bank 2010b.
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efficiency policy. Complementing broader regulation and informa-

tion provision, KfW has, since 2001, financed building efficiency 

upgrades and new construction of low-energy buildings at very low 

interest rates.9 Between 2006 and 2009, these programs supported 

the construction or modernization of more than 1.4 million houses 

and apartments, avoiding almost 4 million tons of CO2 emissions per 

year and yielding estimated lifetime reductions of about 72 million 

tons (Mt) of CO2 (KfW 2010; Schröder et al. 2011). These programs 

contributed to a halving of building energy use to 60 kWh per square 

meter per year in new homes and reductions to 80 kWh per square 

meter per year in renovated buildings. Residents in KfW-supported 

dwellings saved €1 billion in energy costs per year. Furthermore, the 

program created or secured numerous jobs, mostly in small and 

medium-size firms. 

KfW had been long established before it engaged in residential 

sector energy efficiency financing. In countries where no suitable 

institution exists, special entities or funds can fill that role. The 

World Bank has supported such funds in a number of countries, 

including Bulgaria, Lithuania, Romania, and Turkey (Sarkar and 

Singh 2010). However, most of these funds have distributed rela-

tively limited resources. One reason is that they were not embedded 

in a more comprehensive strategy to nudge building owners toward 

investments.

Codes, Regulations, and Ratings for Energy Efficiency

Building codes and similar regulations that set efficiency standards 

for buildings helped achieve significant energy savings in many 

countries. In the EU, the Directive on Energy Performance of Build-

ings (last updated in 2010) regulates energy standards in member 

countries. By themselves, however, building codes will not achieve 

scale in energy savings quickly because, in any given year, at most 	

3 percent of the building stock gets added or upgraded, and major 

renovations are made only every 25–40 years (Ries, Jenkins, and 

Wise 2009). Because of this low turnover, low efficiency standards at 

the time of construction also have a long-term impact on average 

building efficiencies (Costa and Kahn 2011). 

Building codes will set minimum standards that can be tightened 

over time as new techniques become available and costs drop (Jakob 

2006; Galvin 2009). Most building codes set out clear, firm guidelines 

and regulations. This makes them easier to implement and encour-

ages materials suppliers to standardize production. But prescriptive 

codes can inhibit innovation. Performance-based standards are 
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preferable in principle but are much harder to implement and moni-

tor. Complementary initiatives will ensure that building standards 

are effective. Enforcement requires well-trained inspectors and mea-

sures to reduce or eliminate informal arrangements. Governments 

can make it easier for building material suppliers to deliver more 

energy-efficient products—for example, by reducing import duties or 

providing technical assistance. They can also help ensure that low-

income homeowners can afford compliance with efficiency codes. 

Information programs can promote energy efficiency investments 

and ensure access to reliable information about technical options, 

costs, and benefits. Media campaigns, advisory services, and energy 

audits lower information barriers. Larger, publicly supported invest-

ments can be packaged with an independent professional review to 

ensure deployment of the best possible options. 

It is also important to ensure that energy efficiency performance 

becomes embedded in home and building values. Building certifica-

tion programs provide official ratings. They also reduce the landlord-

tenant problem because homeowners can more easily capitalize on 

the improvements through higher rents or resale values.10 An asset-

based rating is determined by a building’s design characteristics. 

Operational ratings reflect a building’s measured performance, which 

can be monitored relatively easily. Of course, ratings will always be 

an incomplete estimate done in advance of actual energy use, since 

actual consumption depends on behavior of the residents. One study 

of 42 identical low-energy houses in Germany showed actual energy 

use varying by a factor of seven (Ries, Jenkins, and Wise 2009). More 

and larger studies that include both predictions and actual measure-

ment of energy use would help evaluate energy efficiency program 

design. 

This discussion raises a broader question about performance mon-

itoring. Although the benefits of energy efficiency investments are 

rarely questioned, there is surprisingly little empirical evidence of the 

actual costs and benefits of specific policies. Project preparation 

requires estimates of benefits, but few projects have a monitoring 

and evaluation component that follows up to confirm that the sav-

ings were realized and cost effective. An emerging literature has 

started to tackle these questions, often using indirect measurement 

through utility bills, for instance. But much of this work has been in 

the United States or other wealthy countries (for example, Costa and 

Kahn 2010; Jacobsen and Kotchen 2010). Clearly there is much that 

governments and international financial institutions can do to 

improve project and program design by investing relatively modest 

funds to strengthen impact evaluation of building energy efficiency.
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Public Services

The energy efficiency of buildings, as discussed in the previous sec-

tion, is a priority for private residences and commercial structures. It 

also represents a large opportunity in the public sector. Energy effi-

ciency investments in public buildings, such as office space, schools, 

or hospitals, generate emission reductions and long-term savings. 

Given the large number of public buildings, these investments will 

also generate local demand for green building products and services, 

making them more easily available and cheaper for all. Public sector 

energy efficiency measures will also have a large demonstration 

effect, encouraging similar efforts by private building owners.

Public buildings should be subject to at least the same energy 

efficiency requirements as private buildings but ideally should 

adhere to more ambitious efficiency goals. The EU requires that 

public buildings in member countries display an energy certificate 

indicating the building’s energy rating. This is meant to encourage 

public institutions to invest in improvements but also to increase 

citizen awareness about energy efficiency issues. Innovative project 

design and financing terms can also generate large energy 	

savings in low- and middle-income countries, as further discussed 

in boxes 9.3 and 9.4. 

Beyond public buildings, large energy-use and emission reduc-

tions are possible across public services including water supply and 

sanitation, street lighting, and solid waste (see also box 9.5). 

Improvements of district heating systems, most of which are owned 

and operated by municipalities, represent perhaps the largest oppor-

tunity for efficiency gains. 

Water Supply and Sanitation

Water supply is one of the main energy consumers in the public sec-

tor, consuming an estimated 2–3 percent of all energy. The energy 

savings potential is often high because systems that have grown over 

decades are frequently undermaintained, with high nonmetered 

water losses and aging, inefficient equipment. Energy use may not be 

the highest concern in water supply operations, especially where the 

utility does not pay the full electricity market price, but energy is an 

important cost factor. In the lifetime cost of a pump, only 3 percent 

accounts for the purchase price, while almost three-quarters are for 

energy. Therefore, even small efficiency gains have large payoffs. 

Table 9.3 shows some measures that utilities can implement that 

offer attractive payback rates. Additional opportunities exist—for 
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BOX 9.3

Energy-Efficient Services in the Public Sector

Given the large scale and common characteristics of public buildings and services, there are 

opportunities for bundling energy efficiency measures in government-operated facilities. Achiev-

ing this can act as a catalyst by showing the benefits of investing in energy efficiency and thus 

help to develop a local market for such services. But the public sector is rarely at the forefront of 

energy efficiency. Not being commercially oriented, the sector’s energy price signals are less 

effective, and financial management and budgeting can make even profitable investments cum-

bersome. One approach to overcoming these difficulties is an energy savings performance con-

tract. It consists of a bundle of goods and services that improve energy efficiency in a set of 

public facilities and can be contracted to suitable energy services providers—energy suppliers, 

engineering firms, equipment manufacturers, or building management firms—in addition to 

more traditional energy services companies (ESCOs).

There is now a large body of experience with different variations of energy services 

contracting—from purely private sector provided to publicly owned energy service providers, 

and from more traditional fee-for-services contracting to performance-based agreements. 

Projects have been implemented in some ECA countries including Croatia, the Czech Republic, 

Hungary, Poland, and Ukraine. The World Bank Group has supported such projects for about  

10 years through the International Bank of Reconstruction and Development, the International 

Development Association, the Global Environment Facility, and the Clean Technology Fund, 

using instruments such as credit lines, credit guarantees, and direct lending to public energy 

service providers. 

These new energy services procurement models can help overcome inertia in the public 

sector and deal with problems like the large number of relatively small projects that neverthe-

less add up to big energy savings. Efficiency gains in the public sector should then also have 

spillovers to the private sector that can benefit from an emerging market for energy services.

Source: ESMAP 2010.

example, in wastewater treatment—for heat recovery or methane 

capture for power generation. 

Cities with declining populations face particular challenges because 

infrastructure may be built to support a larger population than it 

needs to. A large share of service provision is determined by long-

term fixed costs (as is the case for up to 75 percent of wastewater 

treatment costs in Germany, for instance). With a shrinking popula-

tion, this fixed cost is imposed on a smaller number of ratepayers, so 

per capita costs go up—in a place where incomes are typically low. 

Removing parts of a networked infrastructure system will not be easy 
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BOX 9.4

Innovative Financing of Energy Efficiency Investments in Public Buildings  
in Armenia

Armenia’s reliance on imported fuels (accounting for 90 percent of the country’s energy 

needs) and undermaintained transmission and distribution assets put the country at risk of 

price fluctuations, supply interruptions, and power outages. Over 50 percent of energy is con-

sumed in buildings, and energy bills, at up to 20 percent, are often the second-highest operat-

ing cost. Public and social buildings have suffered from chronic underinvestment because of 

budget shortages and are particularly inefficient. The price shock from recent energy price 

reforms—gas prices have increased by almost 60 percent since 2008 and electricity by about 

25 percent—triggered chronic underheating, with the result that only 40 percent of the popu-

lation felt their homes were heated to a comfortable level.

A 2008 World Bank study found that energy efficiency investments could save Armenia  

132 billion drams (more than US$360 million) annually, equivalent to 4.3 percent of its 2009 

GDP. The Renewable Resources and Energy Efficiency Fund (R2E2 Fund) was established in 

2005 as an independent entity to promote renewable energy and energy efficiency. Under a 

recently approved project, the R2E2 Fund will offer energy service agreements (ESAs), rather 

than loans or grants, to public facilities such as schools. Under this scheme, a school agrees to 

pay its baseline energy costs into an escrow account for an agreed period of time, typically  

7–10 years. The Fund conducts a preliminary diagnosis, prepares tender documents, oversees 

construction of the retrofit, and monitors savings. The Fund will use the escrow account balance 

to pay the school’s energy bills and recover its investment and fees. The ESA will be flexible, so 

the Fund can reduce the contract length if it recovers its investment earlier, which provides an 

incentive for the school to save energy. The Fund expects to sign its first ESA in 2012 and sign 

US$2 million to US$3 million in ESAs each year.

Another innovative element relates to procurement. The Fund wanted to pass on some of 

the project performance risks to private contractors. So, rather than have the usual design con-

tract followed by a construction works contract, the project has combined them in a small 

design-build contract. Rather than select the cheapest option, selection will be made based on 

the contractor offering the best long-term value to the customer. The benefit of this approach is 

that a net present value calculation combines the up-front investment cost with the energy, 

maintenance, and replacement costs in one simple number and provides a transparent way for 

selection of the bid that offers the overall best value to the client. Further, contract payments 

will be partially based on demonstrated energy savings. That is, a portion of the payments will 

be made only if the contractor can verify that the completed project lowers the client’s energy 

costs to the levels promised in its original bid.

Source: Contributed by Jas Singh.
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BOX 9.5

TRACEing Energy Efficiency Opportunities in the Urban Public Sector

With the large number of potential entry points for energy efficiency improvements in public 

services, it can be a daunting prospect to decide where to begin. A tool developed by the World 

Bank-administered Energy Sector Management Assistance Program (ESMAP) assists city man-

agers in identifying priorities. The Tool for Rapid Assessment of City Energy (TRACE) provides a 

structured way to collect basic data on energy consumption in six sectors: urban transport, 

municipal buildings, street lighting, water and wastewater, power and heating, and solid waste.a 

Information collected from other cities allows for benchmarking of performance to identify areas 

of greatest potential efficiency gains (see figure B9.5.1). As more cities participate, this function 

will become more and more valuable. Once information has been collected and analyzed, 

TRACE also provides initial pointers and recommendations for implementing improvements. 

The tool is intended as a way to structure an interactive process that results in a comprehensive 

report and action plan in a short time period.

As one of its first activities, the ECA Region’s Sustainable Cities Initiative (further discussed 

in box 9.7) applied TRACE in the city of Gaziantep, Turkey. The Gaziantep TRACE report provides 

local authorities with recommendations on improving energy efficiency, ranking actions accord-

ing to the highest savings potential, as shown in table B9.5.1. The pilot demonstrates the value 

of this approach as a tool for learning and investment prioritization at the city level across ECA 

FIGURE B9.5.1
Benchmarking Energy Use for Street Lighting in Gaziantep, Turkey, and Other Selected 
Cities, 2011

Source: World Bank 2012. 
Note: km = kilometer; kWh = kilowatt-hours.
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cities. Other opportunities emerged for collaboration with sectoral departments and financial 

intermediaries who were seeking an effective analytical tool to improve energy efficiency diag-

nostics and municipal investment prioritization. This collaboration set the stage for the formula-

tion of a strategic pillar and a new investment lending program in Turkey under the current 

Country Partnership Strategy.

a. For more about ESMAP’s Tool for Rapid Assessment of City Energy (TRACE), see http://www.esmap.org/esmap/node/235. 

TABLE B9.5.1
Ranking of Energy Efficiency Savings Potential in Gaziantep, Turkey, 2011 

Sector
Energy consumption 

(US$)
Relative energy 

intensity (%)

Level of local control  
(0 = no control; 
1 = full control)

Savings potential  
(US$) [Priority]

Potable water  20,046,760 86.1 0.80  13,819,468 [Priority 1] 

Public transita  53,775,872 40.6 0.55  12,015,546 [Priority 2] 

Private vehiclesa  199,442,747 36.5 0.15  10,930,996 [Priority 3] 

Municipal buildings  13,836,029 54.8 1.00  7,586,851 [Priority 4] 

Street lighting  12,999,355 51.2 0.90  5,998,875 [Priority 5] 

Wastewater  1,194,840 5.0 0.90  53,767 

Solid wastea  500,000 48.2 0.75  180,803 

Electricity  538,517,487 31.5 0.01  1,701,657 

Source: World Bank 2012.
a. Sectors for which energy consumption figures have been estimated.

BOX 9.5 continued

or cost effective, so pursuing efficiency improvements becomes even 

more important.

A priority for efficiency improvements is to ensure that both the 

input prices faced by the utility and the service prices paid by end 

users reflect true costs. Therefore, energy for public or private utilities 

should not be subsidized, and households and firms should pay water 

rates that reflect the cost of service provision to reduce wasteful con-

sumption. The utility needs to prevent leaks and other water losses, 

including illegally tapped supplies, to reduce the need to treat and 

pump water. Water losses also mean energy losses because the energy 

used to pump and treat the water is wasted if it does not reach the 

end user. 

Updating or upgrading equipment is the next step in realizing 

energy savings. For example, the Armenian capital Yerevan used an 

innovative performance-based contracting arrangement for a private 

http://www.esmap.org/esmap/node/235
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operator to upgrade water and sewerage services. Besides general 

service improvements, pump upgrades and replacements, more effi-

cient network management, and greater use of gravity-fed water led 

to a decline in energy use by 30 percent in just four years, from 240 

million kWh in 1999/2000 to 169 million kWh in 2003/04 (ESMAP 

2011b). Similar performance-based contracts can be structured to 

overcome capital constraints by financing investments in part with 

future savings. Big savings are also possible under a public utility 

model. A US$15 million investment in Mostar, Bosnia and Herzegov-

ina, rehabilitated infrastructure and introduced an antileakage pro-

gram that contributed to 40 percent energy savings (ESMAP 2011a).

Street Lighting

Street lighting is a straightforward energy efficiency task because the 

savings of higher-performance lights can be fairly easily predicted. 

Still, too often, cities base investment decisions on initial acquisition 

costs rather than operational life-cycle costs. 

Upgrading mercury vapor lamps can reduce energy costs by 30–40 

percent and has additional benefits such as higher-quality light, less 

light pollution outside public spaces, and fewer light poles required. 

A study for the former Yugoslav Republic of Macedonia suggests that 

an investment of about €6.5 million in better street lighting would 

TABLE 9.3
Efficiency Measures in Water Supply and Wastewater Treatment

Area Function Typical payback period (years)

Electricity rates Reduce demand during periods of peak electricity rates 0–2 depending on storage capacity

Electric installations Power factor optimization with capacitors 0.8–1.5

Reduction in voltage imbalance 1–1.5

Operations and 
maintenance

Routine pump maintenance 2

Deep-well maintenance and rehabilitation 1–2

Production and 
distribution

Use automation, for example to control pressure and output in the networks and to 
optimize the operation of pumping equipment

0–5

New efficient pump 1–2

New efficient motor 2–3

Replace impeller 0.5

Optimize distribution network (for example, removing unnecessary valves, sectoring, 
installing variable speed drives, and regulating valves)

0.5–3

End use Incentive program for the use of efficiency technologies 1–3

Effective metering of consumption 1–2

Source: Barry 2007.
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generate €1.16 million in annual savings for a payback period of 5–6 

years and emission reductions of almost 5,000 tons of CO2.
11

Solid Waste

Approximately 3 percent of global GHG emissions are from solid 

waste, mostly methane (CH4) from landfills and wastewater, nitrous 

oxide (N2O), and CO2 emissions from incineration of high-carbon 

waste such as plastics (Bernstein et al. 2007). A wide range of 	

techniques for mitigation in the waste sector include material 	

management that avoids waste generation in the first place, recycling, 

composting of organic waste, landfill gas recovery, and modern incin-

eration with electricity or heat generation. Some of these techniques 

are commercially viable, such as gas recovery in large landfills. 

Western European cities incinerate an increasing share of waste in 

advanced facilities that filter harmful emissions. The city of Copenha-

gen supplies electricity to 60,000 households and heat to 120,000 

households from waste incinerators located within city limits, reduc-

ing the use of fossil fuels such as coal and fuel oil. The city’s share of 

waste going to landfills has dropped to 2 percent from more than 	

40 percent 20 years ago. 

EU-wide, waste reduction goals have not been achieved because 

per capita waste generation has increased in line with materials use 

in almost all countries, as shown in figure 9.2. On average, each per-

son in the EU uses 16 tons of materials per person per year, of which 

6 tons end up as waste. But the management of waste has improved. 

A smaller amount of waste is going into landfills and a higher share is 

recycled or composted (including for the production of biogas), with 

the remainder burned in modern incinerators that generate electric-

ity and heat. ECA countries still produce less waste than Western 

European countries, but they also saw greater increases between 

2003 and 2010.

Most ECA countries lag in the modernization of solid waste man-

agement. Waste often ends up in dump sites that are either illegal or 

are not up to standard; there are not enough modern incineration 

facilities; and far more waste could be recycled. In Romania, for 

instance, only 2 percent of municipal waste gets recycled (World 

Bank 2011). Improvements would significantly contribute to 

EU-wide climate goals (EEA 2010). By 2020, better municipal waste 

management could result in additional reductions of 44 million tons 

of carbon dioxide equivalent (CO2e) compared with 2008 in Europe. 

If all countries complied with the EU Landfill Directive’s targets, 

savings would rise to 62 million tons.12 Adding a ban on landfilling 
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biodegradable waste would increase emission reductions to 77 million 

tons—comparable to the savings from full implementation of the 

EU’s building energy efficiency directive.

Climate change concerns are generally only a minor motivation 

for improvements in solid waste disposal, including for the EU’s 
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landfill directive. More immediate benefits dominate, such as pre-

venting pollution and odors; maintaining air, soil, and water quality; 

and addressing a shortage of space for landfills. Emission reductions 

come as an additional benefit. Still, the mitigation aspects are impor-

tant enough that carbon finance has been used to cofund solid-waste 

management improvements, in particular for capturing landfill gases 

such as in Russia and Ukraine. For ECA EU members, carbon finance 

does not play a major role because the EU landfill directive considers 

methane capture to be a baseline case rather than an additional emis-

sion reduction. EU funding for new member states is available, but 

implementation is lagging behind in areas such as project prepara-

tion, site selection for new landfills, procurement, and monitoring of 

project implementation. 

District Heating Systems

A positive legacy of central planning in the ECA region is the large 

number of urban district heating systems. Because of their large 

potential contribution to climate action, they are discussed here in 

more detail. These systems generate heat in a central facility and dis-

tribute it to residential and commercial customers through a net-

work of pipes. Some systems distribute heat for space heating as well 

as hot water or steam for industrial processes requiring very high 

temperatures. Others also provide cooling during hot summer 

months, often by using lower-temperature lake or ocean water.13 

For heat generation, so-called heat-only systems solely generate 

heat for distribution. Combined heat and power (CHP) or cogenera-

tion systems generate both electricity and heat either by design or as 

a by-product. 

The main advantages of district heating systems are efficiency and 

flexibility. CHP plants typically convert 75–85 percent of the fuel’s 

embedded energy into useful energy—the best of them as much as 

90 percent—compared with 20–35 percent for conventional thermal 

condensing power stations. These efficiency gains translate into sig-

nificant CO2 emission reductions. Because the operational character-

istics of CHP and district heating systems differ greatly, as do the 

systems they replace, CO2 emission reductions will also vary widely, 

but they can be as high as 42–52 percent compared with realistic 

alternatives.14 In the United States, CHP represents around 13 per-

cent of all profitable CO2 emission reductions for buildings by 2030 

and 53 percent for industry (IEA 2007b). 

District heating and cogeneration systems are flexible in terms of 

heat source or fuel use. Some Western European cities now use 
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waste incineration in CHP plants equipped with advanced filters to 

prevent toxic emissions. These plants are clean enough to be located 

within city limits in Copenhagen and Hamburg. Plants can also burn 

biomass, as is common in Scandinavia, or use other renewable 

energy sources such as geothermal or solar collectors. Waste heat can 

come from large power stations, including nuclear reactors, or large-

scale industrial plants.

The share of district heating in residential heat supply is highest in 

Eastern European and Scandinavian countries, as figure 9.3 illus-

trates. Geothermal district heating in Iceland has the highest cover-

age; Norway has among the lowest because most houses are heated 

with hydro-generated electricity. District heating is common in the 

former Soviet Union and other Eastern European countries, where 

its share is around 40 percent and 60 percent, respectively; Russia 

alone accounts for 72 percent of the ECA region’s district heating 

http://www.euroheat.org
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capacity (World Bank 2010c). The region is therefore in a good posi-

tion to achieve high levels of efficiency in the heating sector if utili-

ties can reduce waste and recover costs. The three policy priorities 

will be 

•	 Pricing reform to enhance cost recovery and encourage efficient 

energy use; 

•	 Regulatory reform to improve the operational efficiency on the 

supply side; and 

•	 Investments to upgrade power and heat generation equipment.

Average cost recovery in 2009 among a sample of 35 Ukrainian 

district heating utilities was 79 percent (for heat only) and as low as 

55 percent for individual plants (Semikolenova, Pierce, and Hankin-

son 2012; Brown 2010). Part of the reason is wasteful consumption 

because customers do not face realistic prices. Many district heating 

systems set rates based on the amount of space heated, not actual 

heat consumption. There is therefore no incentive for households to 

conserve energy, and suppliers lack the information to set appropri-

ate tariffs. Fewer than half of the households in Ukraine have meters 

for heat, and even fewer have meters for hot water. In privatized 

apartment buildings, the responsibility for heating common areas 

and maintenance of pipes is often unclear, reducing the incentive to 

heat those spaces efficiently. 

Explicit and implicit subsidies further reduce incentives for 

demand-side efficiency and cost recovery. District heating systems in 

Ukraine pay only a quarter of the estimated cost of natural gas, which 

is the most common fuel used. Undermaintenance and underinvest-

ment further keep costs down but jeopardize long-term sustainabil-

ity. Demand-side subsidies are often allocated based on belonging to 

a certain group (for example, war veterans or government employ-

ees) rather than need. Instead of subsidizing energy use directly, 

households will more likely conserve if they face the cost-recovery 

price of supply. As discussed in chapter 5, affordability issues among 

poor and vulnerable groups are better addressed through the general 

social safety system or by providing assistance for household energy 

efficiency investments. Individual metering and subsidy reform help 

reduce inefficient heat consumption, but those measures cannot be 

seen in isolation from the more general building energy efficiency 

measures discussed before. The best-run district heating system will 

remain inefficient if windows are leaky and walls lack insulation.

District heating systems in ECA tend to operate as regulated 

monopolies. The design of the overall regulatory framework and 
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particularly the choice of a rate- and tariff-setting model will greatly 

influence incentives for efficiency improvements. District heating 

services are provided by numerous municipal or commercial opera-

tors. Ukraine has about 900 operators, with about 7,000 heat-only 

boilers and 250 CHP plants, most of them using natural gas. How-

ever, only about 200 of those systems are large-scale systems. In the 

past, Ukrainian municipalities both operated and regulated their dis-

trict heating systems. 

Although a local government may feel more accountable to local 

customers, there can be a conflict of interest where, for instance, 

general municipal funds are used to avoid unpopular rate hikes. An 

independent regulator with high technical competence and detached 

from political processes is preferable. Centralized regulation has 

advantages over decentralized regulation in many circumstances. It is 

more sheltered from noneconomic considerations, concentrates 

resources and expertise, and is more likely to provide a uniform reg-

ulatory environment that is attractive to investors. Ukraine therefore 

recently set up a National Commission on the Regulation of the Utili-

ties Market.

There are three dominant regulatory approaches for rate setting.15 

In rate of return (ROR) pricing, the utility is allowed to recover a pre-

determined rate of return after adjusting for normal capital invest-

ment, depreciation, and operational expenses. A price cap (PC) 

model addresses the problem of potential overinvestment in the ROR 

model, since the utilities’ profits depend in large part on the level of 

capital investment. PC rates are determined by the utilities’ cost basis 

adjusted for inflation and a factor reflecting productivity increases. 

PC is the model most commonly used because it is simple and less 

subject to manipulation. However, it requires the regulator to be cor-

rect about the cost structure, and it is relatively inflexible. The third 

approach is to introduce a revenue cap (RC) instead. Rather than 

capping the price the utility can charge, an RC sets the revenue level 

it can recover. The price is determined by the cost basis adjusted for 

efficiency gains. So in contrast to the other two approaches, the utili-

ty’s profit does not depend exclusively on the quantity of heat and 

hot water it sells. In fact, the utility has an incentive to encourage 

energy efficiency among its customers because efficiency increases its 

income and profit.

Fixing the district heating business model will increase the ability 

of utilities to make necessary capital investments. Network losses in 

aging systems in Central Europe and the former Soviet Union are 

more than three times those of best-practice utilities in Scandinavia. 

Investments should be sequenced to achieve the highest gains first. 
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For instance, upgrading 10–20 percent of the distribution network 

can often halve the total thermal losses (World Bank 2010c).

Urban Form

Urban density—the number of people living and working per unit of 

a city’s area—affects its GHG emissions. A smaller area means desti-

nations are closer, so the average trip distance in more-compact cities 

is shorter. This shorter distance also means that people make fewer 

trips in cars because it is just as easy to walk or bike, and public trans-

port is typically more efficient. Moreover, the high fixed cost of pub-

lic transit is spread over more people because any given route is 

accessible by more users, which means that trams or buses are better 

used. 

More-compact cities also have smaller dwelling sizes, with many 

residents living in apartments or row houses rather than single-

family houses. These use less energy for cooling and heating. Con-

sistent GHG inventories are not available for many cities, as box 9.6 

discusses, but for those where estimates exist, CO2 emissions per 

capita are indeed generally lower in denser European and Asian cit-

ies than in more sprawling North American cities, as figure 9.4 

shows.16

The concentration of both production and consumption in city 

centers encourages higher population densities. Traditionally most 

industrial jobs were located in city centers. As economies shifted 

toward higher shares of value added from services, jobs in retail, 

finance, and other services replaced factory work. But despite the 

often-forecast “death of distance” due to advances in telecommuni-

cations, service sector firms also benefit from clustering in defined 

urban areas. Face-to-face communication becomes even more 

important, and the centers of many leading world cities are domi-

nated by highly productive financial, legal, and other business ser-

vices firms (Storper and Venables 2004). 

Where most commuters travel to the same or only few centers of 

work, public transit becomes more efficient than driving. The best-

known example is New York City, where the subway system has sup-

ported a high concentration of service sector jobs for more than 100 

years. As one transport expert observed, if rush-hour subway 

commuters heading to Manhattan shifted to cars, the city would 

need 84 Queens Midtown Tunnels, 76 Brooklyn Bridges, or 200 Fifth 

Avenues—in addition to new parking spaces three times the size of 

Central Park.17 Instead, during morning rush hour, a train carrying 
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BOX 9.6

Monitoring Urban Emissions: You Can’t Manage What You Can’t Measure

Good estimates of GHG emissions at the city level, such as those used to illustrate the  

emissions-density relationship, exist for relatively few cities. To better understand such relation-

ships, data for many more cities would be desirable. More important, for cities to play a central 

role in climate action, city managers need better information about the sources of local emissions. 

The Intergovernmental Panel on Climate Change has developed protocols for measuring GHG 

emissions at the national level. The same principles also apply at the local level. Inventories need 

to be transparent so results can be easily understood and replicated; complete, including all rele-

vant sources of emissions; consistent between years and with national GHG inventories; compa-

rable across cities; and accurate so that they do not over- or underestimate actual emissions. 

For an inventory to be complete, it is not enough to count the emissions originating within 

the city limits. Urban activities also cause emissions outside city limits, from electricity genera-

tion in remote power plants or from waste disposal in landfills outside the city. For an inventory 

to be comparable and consistent, cities need to follow standard conventions. The United 

Nations Environment Program and UN-HABITAT (the United Nations Human Settlements Pro-

gram) are preparing an international standard that builds on previous efforts by academic 

researchers such as ICLEI-Local Governments for Sustainability and the C40 Clinton Climate Ini-

tiative, for instance (Kennedy et al. 2009). The methodology will be relatively simple, building on 

data generally available at the city level. Acceptance of such inventories would also facilitate 

citywide approaches to carbon finance (World Bank 2010a).

Source: ICLEI-Local Governments for Sustainability (http://www.iclei.org/).

more than 1,000 people crosses into the central business district 

every six seconds. A similar thought experiment for Moscow, where 

the metro system handles almost 9 million trips per day, suggests that 

if a large proportion of travelers switched to cars, the city would need 

additional parking spaces the size of 1,000 Red Squares.18

Although local urban development strategies focus mostly on 

attracting producers, cities increasingly also cast themselves as “con-

sumer cities” that provide high-quality amenities. Many cities have 

greatly reduced the negative aspects of urban life (pollution, crime, and 

congestion) and promoted the positive ones (entertainment, retail, and 

urban green space). This attracts skilled workers, affluent residents, 

and tourists. “Greening,” in particular, attracts new residents who are 

willing to forgo extra space and businesses that require creative and 

innovative employees. Countering these trends toward dense cities is 

http://www.iclei.org/
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the desire for larger living spaces, especially among families, and for 

more convenient travel by private car. Where public policies did not 

discourage this trend toward sprawl, rising incomes and motorization 

led to far greater suburbanization, as in most North American cities.

Growth of the ECA Urban Footprint

ECA cities have generally maintained the relatively compact urban 

form that is a legacy of low car ownership, relatively good public 

transport, and state-directed housing policies favoring multiunit 

structures close to work places. But urban footprints have grown 

since 1990, not just in cities experiencing fast population growth, 

such as Istanbul, but even in some cities that have stable or declining 

populations, such as Octyabrsky in Russia and Shimkent in Kazakh-

stan (see map 9.2). The reasons are economic, social, and institu-

tional. As incomes rise, per capita housing area tends to go up 

because people desire more living space. Average household sizes 

have been decreasing, as in Western Europe, and the strict institu-

tional restrictions to urban expansion have greatly diminished, 

allowing new developments in the areas around cities. 

Changes in urban form—if they are in the form of unplanned 

sprawl rather than deliberate expansion—make it harder to sustain 

public transit as a popular choice among commuters. The urban 

extent of Skopje, the capital of FYR Macedonia, almost doubled in 
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Population Change in Selected Urban Areas of Kazakhstan, Russia, and Turkey, 1980s–2001

Source: Angel, Sheppard, and Civco 2005.
Note: pop = population; mil = millions.

the transition years. Between 2006 and 2010, growth in the number 

of new dwellings outstripped the rise in the number of households by 

a factor of almost four (Republic of Macedonia 2011). Public transit 

ridership dropped 60 percent, from a peak of 164 million in 1990 to 

64 million in 2010, as transit routes reached fewer people and more 

people could afford cars. The decrease in ridership numbers led to a 

continuous reduction in the size of the existing urban transport net-

work. Between 2006 and 2010, the number of transit lines in Skopje 

fell by 25 percent, while their total length fell by 42 percent. Over the 

same time period, the number of public transport vehicles and over-

all seating capacity dropped by 16 percent.
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Policies to Manage Growth and Curtail Emissions

Policies can influence urban densities and consequently carbon emis-

sions. It is difficult to retrofit a city once it has grown in a car-oriented, 

sprawling pattern. In fact, even aggressive policies would not signifi-

cantly reduce per capita emissions in low-density U.S. cities anytime 

soon (NRC 2009).19 But policies can reduce the risk of excessive sub-

urbanization in the first place in cities that are still relatively compact, 

as is the case in many ECA cities. The following principles promote 

greener, carbon-efficient urban development:

•	 Effective zoning and other land management instruments help 

encourage a high quality of life in cities, making the center attrac-

tive for dense development. Such instruments include separating 

land uses with negative spillovers (such as polluting or noisy man-

ufacturing) from residential and commercial spaces; encouraging 

mixed-use development that allows easy access to nearby shop-

ping, entertainment, education; and sensibly preserving historical 

assets while also making space for new development. 

•	 Maintaining a high modal share of public transit requires that zon-

ing, land development, and transport policies are closely coordi-

nated. Good planning enables people to use public transit. 

Complementary transport-demand management provides the 

incentives to do so (as discussed in chapter 8). 

•	 A city must provide room to grow within its existing borders, on 

brownfields or by facilitating redevelopment (World Bank 2010d). 

Well-intentioned restrictions on dense development such as 

building-height limits lead to rising housing prices, encouraging 

residents to seek cheaper options outside the city. Instead, cities 

should foster high-density development in areas within easy access 

to public transit.

•	 Tax preferences such as mortgage interest deductions encourage 

home ownership that allows people to build assets and can pro-

mote stable communities. But if they are too generous, they 

encourage overconsumption of housing, which often means large 

dwellings away from city centers. Similarly, zoning and develop-

ment fees will promote sprawl if they do not reflect negative side 

effects of spread-out development. 

•	 Where growth cannot be accommodated within cities, good plan-

ning can guide urban expansion along a more sustainable path. 

Copenhagen and Stockholm are examples where transit corridors 

set the parameters for new developments.
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These general principles make sense even if emission reductions 

are not the main goal because compact, efficient, and attractive cities 

are also competitive cities in emerging service economies. Most ECA 

cities still have an opportunity to preserve compact, historically 

grown urban form, in part because, with low population growth, 

they face less pressure for expansive development. But policy making 

needs to preserve a fine balance. It should nudge residents into 

embracing a low-carbon lifestyle, but if it becomes overly restrictive 

and prescriptive, it will drive residential and commercial uses into 

suburban or exurban areas. Drastic policies are justified only if the 

co-benefits—in the form of much-reduced congestion or air pollu-

tion, for instance—are very large or if the benefits from carbon emis-

sion reductions are valued very highly. Otherwise, other policies that 

reduce emissions from transport and buildings are less intrusive and 

more cost effective (Parry, Walls, and Harrington 2007; Proost and 

Van Dender 2011). 

BOX 9.7

The ECA Sustainable Cities Initiative

The ECA Sustainable Cities Initiative (SCI) was formally launched in May 2010 with a knowledge 

exchange that attracted participants from nine ECA countries.a The Initiative started from the 

premise that city-level sustainable development actions can set the stage for worldwide sus-

tainable development. Home to over 50 percent of the world’s population, and accounting for an 

even larger share of global GDP, employment, and innovation, cities are engines of economic 

growth. They are also responsible for 60–80 percent of global energy demand and for more than 

70 percent of GHG emissions.

The SCI is particularly relevant for ECA cities. Cities in ECA face challenges as they continue 

to transition from economies mainly fueled by manufacturing and heavy industry to more  

service-driven market economies. Dilapidated factories and underused urban land in the form of 

brownfields make many cities unattractive as places to live and work. But those areas also pre

sent an opportunity to redevelop cities around more efficient transit corridors that reduce com-

mute times and expand desirable commercial and residential space. The housing stock is often 

poorly constructed and maintained, and it is aging fast. Old concrete-panel apartment buildings 

score badly on energy efficiency, but thermal insulation and service delivery upgrading can 

make these dwellings more comfortable while also reducing utility bills. Overall, to contribute to 

economic development, cities need to be attractive and efficient places to live and do business. 

Efforts to raise their sustainability are therefore also part of an urban economic growth strategy.

continued
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Notes

	 1.	 This chapter builds on Ionescu-Heroiu (2011) and Kahn (2011).
	 2.	 For more about the C40 Cities Climate Leadership Group, see http://

www.c40cities.org/. 
	 3.	 For more on the Covenant of Mayors and its policies, see http://www	

.eumayors.eu.
	 4.	 Estimates from the United Nations Economic Commission for Europe, 

the United Nations Environment Programme, and the European Envi-
ronment Agency (see Ionescu-Heroiu 2011).

	 5.	 The EU-10 countries include Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia. The EU-15 countries include Austria, Belgium, Denmark, Fin-
land, France, Germany, Greece, Ireland, Italy, Luxembourg, the Nether-
lands, Portugal, Spain, Sweden, and the United Kingdom. 

	 6.	 For more information about the Energy Performance of Buildings 
Directive—the main EU legislative instrument to reduce the energy 
consumption of buildings—see http://ec.europa.eu/energy/efficiency	
/buildings/buildings_en.htm. 

	 7.	 Passive houses exploit passive solar gain, triple-pane windows, airtight 
building envelopes, and thermal bridge-free construction with heat 
recovery in the air exchanger. Passive houses require minimal or no 
heating or cooling.

The economic and social realities in ECA cities therefore call for appropriate sustainable 

development solutions. To address some of the issues ECA cities are facing, the SCI applies the 

following approach: 

•	 Knowledge and awareness raising—for example, general orientation workshops, learning 

materials and case studies, knowledge exchange and learning tours, profiling global best 

practice, peer learning, and innovative applications

•	 Diagnostic assessment—for example, baseline surveys and benchmarking, urban planning 

audits, carbon footprint calculation, energy efficiency diagnostics, shadow credit ratings, life-

cycle costing, and traffic system management studies 

•	 Policy reform and investment strategies—for example, updating master plans, updating urban 

planning regulations, setting emissions targets, city energy efficiency targets, and sustain-

able city investment strategies

•	 Financing—for example, specific investment financing, results-based financing, private sec-

tor finance (ESCOs), carbon financing, output-based aid, and donor cofinancing

a. SCI participants included cities from Armenia, Azerbaijan, Bosnia and Herzegovina, Georgia, FYR Macedonia, Romania, Russia, Turkey, and Ukraine.

BOX 9.7 continued

http://www.c40cities.org/
http://www.c40cities.org/
http://www.eumayors.eu
http://www.eumayors.eu
http://ec.europa.eu/energy/efficiency/buildings/buildings_en.htm
http://ec.europa.eu/energy/efficiency/buildings/buildings_en.htm
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	 8.	 This raises the question of whether policies should promote fewer deep 
renovations or many shallow ones to achieve the highest energy and 
emissions savings.

	 9.	 See the Climate Policy Initiative’s policy map for a sketch of the German 
building efficiency program: http://climatepolicyinitiative.org/wp-
content/uploads/2011/12/Policy-Map.pdf.

10.	 Eichholtz, Kok, and Quigley (2010) show that this is indeed the case 
with LEED (Leadership in Energy and Environmental Design)-certified 
buildings in the United States. For more information, see http://new	
.usgbc.org/leed.

11.	 Task Force for Central and Eastern Europe (http://www.taskforcecee	
.com) and World Bank staff calculations.

12.	 For more on the Landfill Directive, see http://ec.europa.eu/environment	
/waste/landfill_index.htm. 

13.	 Demand for cooling is still low in most of ECA, but it may be increasing, 
especially with more frequent hot summers. Warsaw’s electric power con-
sumption for cooling quadrupled in just four years (http://c40citieslive	
.squarespace.com/storage/summit-presentations/Warsaw_Dist%20	
Heating%20%20Cooling.pdf). 

14.	 “CHP Emission Reductions,” UK Department of Energy & Climate 
Change (http://chp.decc.gov.uk/cms/chp-emission-reductions/).

15.	 See, for instance, http://www.regulationbodyofknowledge.org for a gen-
eral discussion. 

16.	 See, for instance, the influential paper by Newman and Kenworthy 
(1989). City dwellers tend to be richer, therefore they consume more 
products made outside the city, take more trips by airplane, and so on. 
But the comparison here is between dense versus (equally wealthy) 
sprawling cities, where these caveats apply equally. 

17.	 Michael Frumin (http://frumin.net/ation/2009/08/whats_capacity_go	
_to_do_with_m.html), based on data from the annual “Hub Report” 
summary of New York City downtown travel (http://www.nymtc.org	
/data_services/HBT.html).

18.	 Assuming 1.5 million vehicle trips replace up to 9 million daily metro 
trips (since there are multiple metro rides per person and more than 
one person per vehicle). The size of Red Square is about 22,500 square 
meters, and a parking space requires about 15 square meters. 

19.	 An ambitious scenario in which 75 percent of new and replacement 
housing units in the United States are located in more-compact devel-
opments and where residents of compact communities will drive 25 
percent less would reduce vehicle miles traveled and associated fuel use 
and CO2 emissions of new and existing households by about 7–8 per-
cent relative to base case conditions by 2030, rising to 8–11 percent in 
reductions by 2050.
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CHAPTER 10

Farms and Forests

Main Messages

•	 A more productive agriculture and forestry sector in Europe 

and Central Asia (ECA) contributes to climate change mit-

igation and benefits rural economies. Better-managed 

farms retain more carbon in soils. Additional production 

on ECA’s vast abandoned and degraded lands increases 

global food supplies and avoids land conversion and associ-

ated emissions in other world regions. Reclaiming just the 

land abandoned since 2001 in the western portion of the 

Russian Federation could yield 11 million tons of grain at 

relatively low economic and ecological cost. 

•	 Increasing the productivity of agriculture is a priority. It 

could be doubled in Kazakhstan or Ukraine and raised by 

two-thirds in Russia, for instance. Done right, increased 

productivity will also reduce emissions from land use. 

More directly, climate action in agriculture will involve 

restoring degraded land to increase carbon sequestration; 

reducing direct emissions from unsustainable land use, 
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Growing population and rising wealth will not just increase the 

demand for energy-consuming goods and services. It will also raise 

demand for products and ecological services from natural resources 

such as food from agriculture and timber from forests. Meeting this 

demand will require continued increases in the productivity of the 

rural sectors. This will involve trade-offs. Some modern agricultural 

practices contribute to global greenhouse gas (GHG) emissions 

through mechanized farming practices that deplete soils; excessive 

use of fertilizers; and large-scale, concentrated livestock operations. 

And deforestation, mostly in tropical forests, is the second-largest 

source of global carbon emissions. Yet, without intensification, agri-

cultural areas would have already expanded much farther into grass-

lands and forests, which would have added vast amounts of carbon 

to the atmosphere. Instead, yield increases have avoided (net) emis-

sions of up to 590 billion tons of carbon dioxide equivalent (CO2e) 

between 1961 and 2005 at a cost of US$4 invested in yield improve-

ment per ton of avoided CO2e (Burney, Davis, and Lobell 2010). 

With rapidly rising demand for food, feed, and fuel, continued pro-

ductivity improvements in agriculture and forestry will have to be an 

essential feature of climate action.

Topsoils in Europe and Central Asia (ECA) hold carbon equivalent 

to about 5 to 10 times global annual GHG emissions. Forest biomass 

holds another 3 times annual emissions.1 Although tropical forests are 

a hot spot for climate mitigation because they contain enormous car-

bon stocks and are under far greater pressure, ECA’s vast land mass 

has an important role in the global carbon balance as well. Unlike 

most of the rest of the world, ECA’s agriculture and natural resources 

are, overall, likely a net global carbon sink. There is significant poten-

tial to maintain and often increase these carbon stocks while contrib-

uting positively to meeting the global food challenge. The region’s 

livestock production, and use of inefficient farm equip-

ment; and exploring the potential for sustainable bioen-

ergy production.

•	 Forest areas in ECA, while expanding, are threatened by 

increased fire frequency and locally unsustainable defores-

tation. Better management could increase forest carbon 

sequestration while increasing economic use of forest 

resources and significantly raising employment in forestry 

and wood processing.
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forests, the largest in the world, are growing along with carbon seques-

tration and are now the world’s second-largest sink. Between 1990 

and 2010, carbon stocks in forests rose by about 4 billion tons or 	

10 percent (Shvidenko et al. 2011). But there is also evidence of 

greater human-caused fire frequency and unsustainable deforestation 

practices in parts of the region. This evidence suggests the need for 

better forest management to maintain economically productive forests 

and prevent forests from turning from carbon sinks to carbon sources.

ECA’s land mass is vast, but unlike other regions, its agricultural 

land use has been declining as abandoned land reverts back to natural 

vegetation. The composition of the region’s livestock herd has shifted 

away from cattle, which are emission intensive. ECA’s population is 

also declining and aging, and the legacy of the land distribution and 

restitution process has put an unusually high share of agricultural 

land under the ownership or management of older generations. 

Finally, despite significant progress throughout the region since the 

onset of the economic transition, ECA’s performance in agriculture 

and natural resources such as forestry remains well below potential.

These trends suggest that ECA’s natural resources could further 
contribute to global carbon sequestration even as productivity and 

total outputs in the agricultural and forest sectors increase. This chap-

ter first discusses climate action in agriculture, describing the link 

between productivity, mitigation, and adaptation, followed by a dis-

cussion of the main mitigation options on farms. These options 

include increasing the ability of soils to store carbon (sequestration); 

reducing direct emissions from land use change, livestock produc-

tion, and energy use in the sector; and exploring the potential for 

sustainable bioenergy production. The chapter then turns to forest 

ecosystems and surveys options for increasing their economic poten-

tial while maintaining or increasing carbon sequestration. 

Agriculture2

ECA’s agriculture accounts for 6–8 percent of the region’s total GHG 

emissions or almost 400 million tons (t) of CO2e in 2005.
3 Although 

CO2 is the main GHG from fossil-fuel burning, agricultural activities 

also emit nitrous oxide (N2O) and methane (CH4). CO2 emissions 

from agricultural activities are less significant. Globally, methane 

emissions from agriculture total about 3.3 gigatons (Gt) of CO2e per 

year, and nitrous oxide about 2.8 GtCO2e. Comparing the relative 

global warming contribution of these gases is complicated because 

they trap different amounts of solar radiation per ton emitted, but 
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they also break down in the atmosphere at different speeds. Meth-

ane, for instance, traps heat far more effectively as CO2 and therefore 

makes a strong short-term contribution to global warming. However, 

it breaks down after only 25 years, while CO2 is much longer lived 

and influences climate for hundreds of years. 

The largest shares of agricultural emissions are from soils, livestock 

keeping, and energy use, as follows: 

•	 Agricultural soil management. Nitrous oxide emissions are produced in 

soils naturally, but they are greatly increased by the often-excessive 

application of nitrogen fertilizers for crop cultivation. Globally this 

accounts for about 38 percent of total non-CO2 emissions from agri-

culture. The percentages for ECA countries are likely somewhat 

higher than the global shares because other sources of GHGs such as 

burning of biomass—organic matter that can be a source of energy—

and rice production are less important in ECA. 

•	 Livestock. Methane is produced in the digestive processes of farm 

animals. Beef and dairy cattle are the largest source. Low-quality 

feed increases methane emissions. Globally, manure accounts for 

about 32 percent of emissions from agriculture.

•	 Manure management. If manure from livestock is stored as a liquid 

or slurry, it decomposes without oxygen (anaerobically) and gen-

erates methane emissions. Solid manure or manure spread on 

fields decomposes aerobically with little methane emission. Glob-

ally, this contributes about 7 percent.

•	 CO2 from energy use. Fossil fuel used for operating vehicles and 

machinery, for heating buildings, or for keeping livestock accounts 

for about 7 percent of global agricultural emissions. 

•	 CO2 from burning of plant materials and soil organic matter. These emis-

sions occur, for instance, after land clearing.

Productivity, Mitigation, and Adaptation in ECA’s Agriculture

Climate action in agriculture links closely to productivity and adapta-

tion. Good land management practices produce high but sustainable 

yields while also raising the carbon content of soils, and improved 

fertilizer use reduces nitrous oxide emissions. More sustainable agri-

culture should rely on more drought- and pest-resistant crops. Par-

ticularly in areas where productivity has not yet recovered from 

decades of mismanagement in the rural sector, agriculture offers the 

prospect of “triple wins”: raising productivity and incomes, reducing 

emissions, and increasing resilience. 
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During transition, agricultural productivity in the ECA region 	

initially dropped. Both farm output and efficiency of production—

already low—decreased significantly. Macroeconomic instability, 

deteriorating agricultural terms of trade, and the breakdown of supply 

chains, combined with disruptions from land reform and farm 

restructuring, contributed to this decline (Swinnen and Vranken 

2010). Productivity started to recover first in the Balkans and Baltic 

countries and later in the Commonwealth of Independent States 

countries.4 

Since the late 1990s, many countries have achieved significant 

productivity gains. With the adoption of new seeds and farming prac-

tices, yields improved considerably. Productivity in some ECA coun-

tries now matches that of some of the most advanced agricultural 

producers, although in other countries the yield gap is still large, as 

shown in figure 10.1. Improvements have varied across countries 

largely depending on prereform distortions and the effectiveness and 

comprehensiveness of reform implementation, with generally 

greater improvements in Central Europe and the Balkan countries 

(see figure 10.2). Only in Azerbaijan and the Central Asian countries 

of Tajikistan, Turkmenistan, and Uzbekistan were production 

increases greater than yield improvements, indicating that expansion 

of agricultural area largely drove output growth. 

The large and persistent productivity gaps, especially among some 

of the largest agricultural producers (Kazakhstan, the Russian Feder-

ation, and Ukraine), suggest highly inefficient use of land and poten-

tially avoidable emissions. One study estimates it would be possible 

to more than double productivity in Kazakhstan and Ukraine and to 

increase output by 64 percent in Russia (Swinnen and Van Herck 

2011). 

The implications for carbon sequestration—the trapping of CO2 

emissions in soils—are unclear. In principle, the same harvests could 

be produced on a far smaller land area, with fields returning to nat-

ural vegetation cover, which captures more CO2. In practice, the 

goal will more likely be to grow more crops for export. The implica-

tions for emissions would depend on production practices, so a 

trade-off between emission goals and food security is possible but 

not inevitable. This is clearly an area where more analysis would be 

beneficial. 

Besides intensifying production, the ECA region could also put 

back into production a large stock of abandoned agricultural lands. 

Estimates vary, but one detailed study for Russia estimates that 

26 million hectares (ha) of cropland have been abandoned since 

1991—more than the total area of Romania (Schierhorn et al. 
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FIGURE 10.1
Cereal Yields in Europe and Central Asia 
Compared with Argentina, Canada, China, 
and Colombia, 1992–2009 

Source: FAO n.d.
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FIGURE 10.2
Change in Production and Cereal Yields in Europe 
and Central Asia Compared with Argentina, 
Canada, China, and Colombia, 1993–2007

Source: Larson, Dinar, and Blankespoor 2012.

2012). Reclamation should favor areas most recently abandoned 

rather than those where more carbon has already been built up by 

natural vegetation. Recultivation of the 8 million ha abandoned 

since 2001 could produce 11.4 million tons of grain with a relatively 

minor net increase in GHG emissions. Russia—and other ECA 
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countries with similar endowments—could thus play an important 

role in meeting the rising global demand for food with moderate 

impacts on the climate compared with production expansion in 

other world regions. 

As with farming, livestock production underwent significant 

changes after the transition. Figure 10.3 shows how land has shifted 

out of crop production and into pasture and grazing lands as well as 

into abandoned land. This trend is consistent with improved produc-

tion technologies that are land preserving and that accompanied a 

decline in livestock herd size—as measured in “animal units” (a stan-

dard measure of the environmental impact of animals on land). This 

decline was a correction from a livestock system that was large rela-

tive to income levels and dietary needs and heavily reliant on traded 

feed crops. 

Overall, there has been a shift away from cattle and other larger 

animals to poultry production in the region, a trend that is expected 

to continue, as shown in figure 10.4. Poultry production is expected 

to grow by 50 percent in Russia between 2008 and 2015, and pork 

production is expected to grow by 70 percent during the same period 

in the eight European Union (EU) members from Eastern Europe 

(Sutton, Block, and Srivastava 2010). 

In general, the shift places less pressure on grazing lands and cre-

ates greater opportunities for rotating crops and fallowing. At the 

same time, commercial poultry and pig operations tend to be con-

fined to smaller areas. This creates its own set of problems, which is 

why poultry and pig operations are regulated in parts of the United 
States even when GHG emissions are not. However, the concentrated 

FIGURE 10.3
Livestock and Changing Land Use in Europe and Central Asia,  
1961–2007

Source: FAO n.d.
Note: An “animal unit” or “livestock unit” is a standard measure that allows aggregation of the numbers of animals of  
different species into a single summary figure—for instance, to assess the environmental impact of animals on land. 
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FIGURE 10.4
Changing Composition of Livestock in Europe and Central Asia,  
1961–2006

Source: FAO n.d. 
Note: An “animal unit” or “livestock unit” is a standard measure that allows aggregation of the numbers of animals of 
different species into a single summary figure—for instance, to assess the environmental impact of animals on land. 
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nature of livestock operations facilitates the management of manure 

and other wastes, a solution that has often been financed through 

the Clean Development Mechanism of the Kyoto Protocol.5

It is still difficult to attribute specific impacts on agriculture to cli-

mate change because of the natural variability of temperature and 

rainfall and because climatic effects are often aggravated by poor 

management. But continued warming is expected even with more 

effective future mitigation both globally and locally, with faster 

warming in higher latitudes. This warming very likely already affects 

hydrological patterns, causing reduced winter snowfall, increased 

melting of glaciers, and more frequent and severe winter floods and 

summer droughts, especially in Southeast Europe, the South Cauca-

sus, and Central Asia (Sutton, Block, and Srivastava 2010).6 Moder-

ate warming and slightly elevated CO2 concentrations might benefit 

agriculture in some areas, although where farm operations are ineffi-

cient, they may not be able to take advantage of favorable conditions. 

With rapid warming, agricultural systems (soils and plants) may also 

not be able to adapt quickly enough. 

Climate change adaptation strategies overlap in large measure with 

those that raise agricultural productivity. One priority is to close the 
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gap between actual and potential sustainable yields, which would 

involve reducing the stress on land resources through better manage-

ment of soil and the nutrients in it as well as livestock. The second pri-

ority is to increase potential yields through continued advances in 

agricultural research to develop higher-yielding crops and livestock 

species that will thrive in warmer or drier conditions—and by ensuring 

that these innovations reach farmers. These adaptive and productivity-

enhancing practices can also contribute to mitigation (World Bank 

2012). More efficient fertilizer use, farming practices such as conserva-

tion tillage, and improved irrigation all reduce emissions while improv-

ing productivity and resilience. 

Mitigation Options in Agriculture

The 2007 Intergovernmental Panel on Climate Change (IPCC) assess-

ment estimated the global technical mitigation potential in agricul-

ture by 2030 at 5,500 million tons (Mt) of CO2e per year and 

economic potential at about 1,500 MtCO2e per year at carbon prices 

of US$20 per ton of CO2, and at more than 4,000 MtCO2e at prices of 

US$100 (Smith, Martino et al. 2008). ECA accounts for about 15 per-

cent of global technical mitigation potential, at about 400 MtCO2e in 

Russia and about 200 MtCO2e each in Central Asia (which in this 

grouping includes the South Caucasus) and Eastern Europe (which 

here does not include the Baltic and Western Balkan countries) (see 	

figure 10.5). 

There are essentially three ways in which agriculture can contrib-

ute to mitigating global climate change, with a large number of indi-

vidual options available to reduce emissions, as summarized in table 

10.1. First, improved farming methods and restoration of degraded 

lands can increase carbon sequestration—the amount of carbon that 

remains locked up in soils rather than being released into the atmo-

sphere. Second, farmers can reduce direct GHG emissions from live-

stock (methane), inefficient or excessive fertilizer use (nitrous oxide), 

and farm equipment including inefficient irrigation systems (carbon 

dioxide). Finally, agriculture can produce energy crops, and many 

agricultural waste products are also suitable for generation of elec-

tricity, heat, or transport fuels. 

Carbon Sequestration

Global soils contain 3.3 times as much carbon as the atmosphere and 

4.5 times as much as all aboveground biological resources (Lal 2004). 

Soil degradation, mostly through unsustainable land use practices, 

depletes the soil carbon pool and adds to carbon concentrations in 
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FIGURE 10.5
Total Technical Climate Change Mitigation Potentials in Agriculture 
(All Practices, All GHGs), by Global Region, by 2030 

Source: IPCC 2007.
Note: Boxes show 1 standard deviation above and below the mean estimate for per-area mitigation potential, and the hori-
zontal lines show the 95 percent confidence interval around the mean. Calculations are based on the B2 scenario, which 
assumes increasing population and intermediate economic development, although the pattern is similar for all of the 
Intergovernmental Panel on Climate Change’s (IPCC) Special Report on Emissions Scenarios (SRES) scenarios. GHG = green-
house gases; MtCO2e = million tons of carbon dioxide equivalent.
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the atmosphere. Soil restoration and sustainable agriculture encour-

ages carbon sequestration—fixing atmospheric CO2 into long-lived 

soil carbon pools—which could offset about 5–15 percent of global 

fossil-fuel emissions. This will also increase soil productivity. An 
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additional ton of soil carbon in degraded cropland soils can increase 

wheat yields by 20–40 kilograms (kg) per hectare or 10–20 kg per ha 

for maize. Degraded pasture lands can similarly become more pro-

ductive for raising livestock.

ECA’s soils store an immense amount of carbon, somewhere 

between 55 and 120 Gt, particularly in Russia’s boreal forests and 

nearby areas and in some “hot spots” in Central Asia (see table 10.2 

and map 10.2) (Larson, Dinar, and Blankespoor 2012). About 47 per-

cent of ECA’s land area is used for agricultural purposes, although 

only about 24 percent is used for moderate to high-intensity crop or 

livestock activities. Estimates of topsoil carbon in agricultural areas 

range from 21 to 47 Gt of carbon (GtC), or 37–39 percent of the total. 

More than half the soil carbon is contained in soils that are unman-

aged. Moreover, of the 28–60 GtC in unmanaged soils, roughly half is 

TABLE 10.1
Opportunities for Carbon Mitigation from Agriculture

Increase carbon sequestration in soils and above-ground biomass

Replace inversion plowing (fully inverting the top soil layer) with conservation- and zero-tillage systems that do not disturb the soil

Adopt mixed crop rotations with cover crops that add nutrients to the soil to increase biomass build-up in the soil

Adopt agroforestry in cropping systems (combining trees and shrubs with crops or livestock) to increase above-ground standing biomass

Minimize summer fallows and periods with no groundcover to keep nutrients and carbon in the soil

Use soil conservation measures such as planting barriers or terracing to avoid soil erosion and loss of organic matter in the soil

Apply compost and manure to increase nutrients in the soil

Improve pastures, and rangelands through grazing, vegetation, and fire management both to reduce degradation and increase organic matter in the soil

Cultivate perennial grasses (60–80 percent of biomass below ground) rather than annuals (20 percent below ground)

Restore and protect agricultural wetlands

Convert low-quality agricultural land to woodlands to increase standing biomass of carbon

Reduce direct and indirect energy use to avoid GHG emissions (CO2, CH4, and N2O)

Conserve fuel and reduce machinery use to avoid fossil-fuel consumption

Use conservation- or zero-tillage to reduce CO2 emissions from soils

Adopt grass-based grazing systems to reduce methane emissions from ruminant livestock

Use composting to reduce manure methane emissions

Substitute biofuels for fossil-fuel consumption

Reduce the use of inorganic N fertilizers (as manufacturing is highly energy-intensive), and adopt targeted and slow-release fertilizers

Use integrated pest management to reduce pesticide use (avoid indirect energy consumption)

Increase biomass-based renewable energy production to avoid carbon emissions

Cultivate annual and perennial crops, such as grasses and coppiced trees (tree regrowth that can be harvested frequently), for combustion and 
electricity generation, with crops replanted each cycle for continued energy production

Use biogas digesters to produce methane, thus substituting for fossil-fuel sources

Sources: Pretty 2008; DB Climate Change Advisors 2009.
Note: CO2 = carbon dioxide; CH4 = methane; N2O = nitrous oxide. 
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TABLE 10.2
Carbon Stored in Topsoils, by Land Use Type, in Europe and Central 
Asia, 2010

Land use type
Area (km2, 
thousands)

Minimum 
carbon (MtCO2e)

Maximum 
carbon (MtCO2e)

Low-density grazing 2,180 3,043 7,863

Mixed agroforestry 3,332 7,777 16,627

Moderate to high-density crops and livestock 5,727 9,915 22,204

Unprotected virgin forest 5,368 14,535 30,730

Unmanaged 4,760 13,555 29,443

Other 2,348 6,497 13,811

Total 23,715 55,322 120,678

Source: Larson, Dinar, and Blankespoor 2012 based on data from the Food and Agriculture Organization (of the UN) and the 
United Nations Educational, Scientific, and Cultural Organization.
Note: km2 = square kilometers. MtCO2e = million tons of carbon dioxide equivalent.

in soils beneath unprotected virgin forests. Policies aimed at protect-

ing forests would therefore preserve not only aboveground carbon 

stores but also carbon contained in forest floors. However, such poli-

cies do not address the large reserves of soil carbon in the region 

(roughly 25 percent of the total) that are neither managed by farmers 

nor contained in forests.

Because restoring or enhancing soil carbon brings large productiv-

ity benefits, there is less of a need for extra funding that reflects the 

climate benefits. Local benefits to rural communities often far exceed 

MAP 10.2
Organic Carbon Content of Topsoils in Europe and Central Asia, 2010 

Source: Larson, Dinar, and Blankespoor 2012, based on Food and Agriculture Organization data.
Note: kg/m2 = kilograms per square meter.
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global benefits. World Bank projects in Turkey (Anatolia watershed 

rehabilitation) and Uzbekistan (reduction of soil salinity) promoted 

new farming and land management practices that increased soil car-

bon (Sutton, Block, and Srivastava 2010). Even without accounting 

for carbon sequestration benefits, the projects generated rates of 

return of around 20 percent. Agricultural research and extension can 

yield similar rates of return by supplying improved and locally appro-

priate methods to conserve soil nutrients and increase soil moisture. 

Carbon sequestration and increased climate change resilience come 

as an additional bonus. Still, carbon finance can sometimes play a 

catalytic role in sequestration projects, as discussed in box 10.1.

BOX 10.1

Carbon Finance Can Assist in Financing Land Conservation and Restoration

Three land restoration and soil conservation projects in ECA illustrate how payments for envi-

ronmental services (PES) systemsa and carbon financing can be blended with standard develop-

ment project financing. The projects support carbon sequestration while generating significant 

co-benefits, including improvements in agricultural productivity. Land degradation is a pervasive 

problem in the ECA region, and the sequestration of carbon through improved land manage-

ment offers low-cost mitigation potential globally. Even so, land restoration and soil conserva-

tion projects are rare among the Clean Development Mechanism (CDM) and Joint 

Implementation projects that can offset emissions for signatories of global climate 

agreements.

The three projects are the Assisted Natural Regeneration of Degraded Lands Project in Albania; 

the Moldova Soil Conservation Project; and the Moldova Community Forestry Development Proj-

ect. The first two projects are registered under the CDM, while the Moldova Community Forestry 

Development project awaits CDM registration. 

Albania: Assisted Natural Regeneration of Degraded Lands 

A core task of the project in Albania is to transform badly eroded lands into broadleaf forests.b The 

project is expected to benefit over 80,000 people through the sale of project carbon credits, 

employment, improved productivity, access to firewood and other forest products, cleaner water, 

reduced silt in reservoirs, and protection from flooding and erosion. Broader public goods include 

an improved habitat for native flora and fauna and reduced sediment runoff to the  

Adriatic Sea. Coordinating stakeholders is challenging, since 218 communes are involved in the 

project. The mitigation component of the Albanian project is relatively small. The project is expected 

to sequester 140,000 tCO2e by 2012 and 250,000 tCO2e by 2017 because the sequestration is 

continued
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measured on only 6,000 ha managed by 30 communes, even though the project itself is expected 

to result in better management of 660,000 ha of forest and pastureland. The expected project 

costs totaled US$19.4 million, with contributions from the Government of Albania, the Swedish 

Government, the Global Environment Facility (GEF), and the World Bank.

Moldova: Soil Conservation 

The Soil Conservation project in Moldova is expected to establish forests on 15,000 ha of 

degraded agricultural land on nearly 1,900 plots in 151 local communities. It aims to conserve 

and improve the productivity of agricultural soils by planting shrubs and trees. Other benefits 

include access to fuelwood and other forestry products to nearby communities, as well as global 

biodiversity benefits. The project also was expected to sequester an estimated 1.22 MtCO2e by 

2012 and 2.51 MtCO2e by 2017. The project includes financing from a World Bank loan, grants 

from the Government of Japan, and funding from one of the World Bank’s carbon funds. 

Moldova: Community Forest Development

A follow-up project in Moldova provides protective forest belts to reduce erosion and landslides 

and thereby protect agricultural soils, but co-benefits from access to forestry products and 

restored habitats are expected as well. This project involves coordination among 264 local com-

munities and was expected to sequester 229,000 tCO2e by 2012 and 697,000 tCO2e by 2017.

The projects have common features that the Kyoto Protocol project structure cannot easily 

accommodate. To start, the projects deal with reforestation and soil sequestration for which cli-

mate benefits are hard to measure. The produced carbon credits are subject to special rules and 

are not accepted in some carbon-trading schemes. Moreover, land ownership often remains 

with public entities, some of which have little capacity to adequately manage and monitor proj-

ect activities and the disbursement of credit funds. Both the large number of participants and 

stakeholders and the weak capacity of the governing entities add to transaction costs. At the 

same time, the projects generate significant direct and indirect benefits that are hard to value. 

To make the projects work, the governments of Albania and Moldova, the World Bank, and 

other donors funded the projects primarily from non-carbon-market sources, using the rela-

tively small flow of revenue from carbon sales as a source of supplemental funding or as a 

source of payments to communities as an incentive to pursue land management protocols. 

Carbon finance remains the icing on the cake rather than the yeast that expands funding avail-

able for climate action.

Source: Larson, Dinar, and Blankespoor 2012.

a. �Payments for environmental (or ecosystems) services provide funding to landowners or customary land users in return for 

preserving the ability of the land to offer benefits such as maintenance of water flows, soil productivity, or forest cover. In 

the context of climate action, payments could reduce overexploitation of land that would diminish its ability to store carbon.

b. See the World Bank’s Carbon Finance Unit website: https://wbcarbonfinance.org, for project information.

BOX 10.1 continued

https://wbcarbonfinance.org
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The most effective practices that increase soil carbon sequestration 

depend on the ecozone and farming systems, as listed in table 10.3. 

These practices can reduce agriculture’s contribution to global warm-

ing, but they should not be seen as a solution for removing excess 

atmospheric carbon emissions from fossil-fuel burning. Trying to 

sequester the geosphere (fossilized fuels) into the biosphere (soils and 

vegetation), as some scientists have put it, is no substitute for signifi-

cant reductions in emissions from energy use. The contribution of 

sequestration is limited also because of characteristics that complicate 

its inclusion in carbon financing schemes: saturation (soils or trees can 

only capture a limited amount); permanence (human action can quickly 

reverse sequestration gains); leakage or displacement (land degradation 

or deforestation may simply shift elsewhere); and verification (prob-

lems in measurement and monitoring) (Smith, Nabuurs et al. 2008). 

When successful, measures that restore and maintain soil carbon 

can provide vast areas for expanding agricultural production. Up-to-

date estimates are scarce, but in 2000, as many as 685 million ha of 

land in ECA were degraded, of which 162 million ha were degraded 

by agricultural practices, as shown in table 10.4. With proper soil 

management and farming practices, 382 million ha could be suitable 

for production. 

Reducing Direct GHG Emissions

Measures that enhance soil carbon sequestration, as discussed in the 

previous section, also prevent direct emissions from farming. Two 

additional direct sources of emissions are the energy used to operate 

farm machinery and emissions related to livestock production. The 

former is essentially an energy efficiency problem, and mitigation 

policies follow closely from the discussion in chapter 2 and the other 

sectoral chapters. Significant emission sources include oversized and 

outdated tractors, the energy consumed in farm buildings (such as 

TABLE 10.3
Practices Promoting Soil Carbon Sequestration, by Ecosystem Type

Ecosystem Practices benefiting soil sequestration

Cropland soils Conservation tillage, cover crops, the use of manure, diverse cropping systems, mixed crop and 
livestock farming, agroforestry

Rangelands and grasslands Grazing management, improved species, fire management, nutrient management

Restoration of degraded and desertified soils Water and wind erosion control, creating new forests in poor farming land, water conservation and 
water harvesting 

Irrigated soils Using drip or sub irrigation, providing drainage, controlling salinity, enhancing water use efficiency or 
water conservation

Source: Lal 2004.
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TABLE 10.4
Estimated Area of Degraded Lands in Europe and Central Asia  
as of 2000
hectares, thousands

Country
Degraded by 
agriculture Degraded total area

Land suitable for 
agriculture

Albania 400 2,700 544

Armenia 300 300 241

Azerbaijan 4,700 4,900 2,434

Belarus 0 1,300 15,274

Bosnia and Herzegovina 0 5,100 1,922

Bulgaria 3,400 11,100 5,975

Croatia 300 5,600 2,934

Czech Republic 7,300 7,900 4,779

Estonia 0 200 1,997

Federal Republic of Yugoslaviaa 2,000 12,000 4,605

Georgia 700 700 1,800

Hungary 2,700 6,000 6,929

Kazakhstan 3,500 47,300 3,107

Kyrgyz Republic 400 400 414

Latvia 0 4,400 5,258

Lithuania 0 1,200 5,287

Macedonia, FYR 0 2,200 634

Moldova 0 3,400 2,219

Poland 4,600 26,000 22,296

Romania 11,000 23,700 12,238

Russian Federation 100,800 380,800 219,696

Slovenia 100 1,600 665

Tajikistan 900 1,000 1,219

Turkey 3,000 77,000 14,577

Turkmenistan 6,400 6,600 312

Ukraine 3,100 45,900 42,886

Uzbekistan 6,000 6,000 2,027

Total 161,600 685,300 382,269

Source: FAO 2000. 
a. At the time the data were gathered, the Federal Republic of Yugoslavia included the area now known as Kosovo, Serbia, 
and Montenegro.

heated buildings for livestock keeping), or inefficient irrigation 

equipment that wastes energy as well as water. 

Livestock production is growing faster than any other agricultural 

commodity, which could significantly increase emissions. Meat and 

milk demand is expected to grow by 70 percent by 2050 as living 
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standards in transition and developing countries increase. On the 

other hand, increased production efficiency is usually associated with 

lower emissions per unit of output as in the example of dairy produc-

tion, further discussed in box 10.2. Factors improving efficiency are 

reduced losses by improving animal health services; improved pasture 

management; genetic improvement focused on disease resistance, 

BOX 10.2

Mitigation Options in ECA’s Livestock Production Systems

In ECA, all major types of livestock production systems exist, although their importance varies 

by country: for example, in Central Asia, traditional agropastoral systems in which livestock 

grazes across large areas predominate, while in Western Europe, more mixed crop-livestock 

and industrial systems are observed.

Agropastoral grazing system: The potential for mitigation is large, but difficult to attain, 

through carbon sequestration and rehabilitation of degraded pastures. The amount sequestered 

per unit area is relatively low (0.5–1.5 tCO2e per ha under improved management) but is impor-

tant given the large area of these rangelands. Better management includes plans for reducing 

the number of livestock in a given pasture; rotating the fields where they graze; and institutional 

measures such as reform of land tenure, community-based organizations, or pasture-user 

associations.

Ranching system: There is significant potential for mitigation through the use of improved 

management and, where appropriate, deeper-rooting grasses on pastures.a Increasing effi-

ciency is the advocated mitigation strategy highlighted by the recent Low-Carbon Growth Study 

in Brazil.b

Silvopastoral system: Mitigation and adaptation effects are provided through the improve-

ment of degraded pastures, with mixed vegetation from grasses, leguminous herbs and trees, 

and fodder shrubs. The approach has been piloted in a regional project in Central America 

through a program supported by the GEF, the World Bank, and the United Nations (UN) Food 

and Agriculture Organization.

Mixed crop-livestock production: This is the most widespread livestock system. Mitigation 

can be achieved through a focus on efficiency, as shown in figure B10.2.1. CO2e per kilogram 

of milk output declines by a factor of 10 when production increases from a commonly found 

level of 500 liters per year to the Organisation for Economic Co-operation and Development 

(OECD) level of about 7,500 liters per year. This production increase requires improvements in 

veterinary services, livestock breeds, feeding and marketing, and crop residues manage-

ment. Crop residues—the parts of the plant left behind after the harvest—are often in high 

continued
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demand for animal feed, but this use can result in more CO2 emissions from the bare soils 

and nitrous oxide emissions from the organic waste left behind. Partial grazing is therefore 

recommended.

Industrial system: This is the fastest growing subsector. Mitigation opportunities include 

dietary improvements that reduce the amount of land needed to grow feed. One-third of the 

global area cropped is used for feedgrain. A World Bank study looked at the feed conversion 

rate—the lower an animal’s conversion rate, the less food it requires—in pigs and poultry in 

China. The study estimated that a decline of 1.5 percent in the feed conversion rate would save 

25 million tons of feed in 2010, or about 5–7 million ha that would not need to be farmed. 

Another option is better manure management and biogas production from animal waste using 

methane digesters. This option will be economically attractive where energy costs are unsubsi-

dized and surplus power can be sold into the grid.

Technology could soon enhance mitigation in livestock production. Examples of current 

applied research are (a) selecting for low-methane-emitting cattle genomes, as started in New 

Zealand; (b) identifying rumen microbes with enhanced capacity to digest fibrous feeds;  

(c) selecting grasses with low ammonia (NH3) emission; and (d) enhancing knowledge on the 

use of biological nitrification inhibitors (BNI) in grasses.

Source: Contributed by Caroline Plante and Brian G. Bedard.

a. �In the higher-rainfall areas, improved management on degraded pastures can sequester 1.5–4 tCO2e per year for up to 

eight years, at which time the organic soil equilibrium would be expected to be established.

b. �The study projects a decline in demand for land and a reduction of the methane emissions from 23 kg to 18 kg of CO2e 

per kg of beef, through recovery of degraded areas and more intensive stocking and finishing systems (feedlots and crop-

livestock systems) (World Bank 2010).

FIGURE B10.2.1
CO2 Emissions per Dairy Unit of Output, Selected Countries, 2010

Source: Gerber et al. 2010. 
Note: CO2e = carbon dioxide equivalent; kg = kilogram; FPCM = fat and protein corrected milk (a standardized measure of milk production).

2

4

6

8

10

12

14

0 2,000 4,000 6,000 8,000 10,000

kg
 C

O
2e/

kg
 F

PC
M

Productivity (output per cow per year, liters)

BOX 10.2 continued



Farms and Forests� 359

breeding livestock that can convert feed more efficiently, and devel-

oping biological resilience to climatic changes; and fine-tuning of feed 

rations to stock needs to avoid waste. Livestock production systems 

vary depending on ecological and socioeconomic conditions. Broadly 

there are grazing, mixed crop-livestock, and industrial systems, and 

the specific mitigation options vary by system and region, as box 10.2 

also explains. 

There are two primary links between livestock production and cli-

mate change. The first link has to do with how pasturelands are used. In 

cases where land property rights are weak and animal husbandry prac-

tices are poor, lands can be overgrazed, leading to degradation, erosion, 

and the depletion of the carbon stored in plants and the soil. Manure 

from grazing animals is also a source of methane; however, in well-

managed pastures, livestock waste also contributes organic material to 

soils, facilitating sequestration and partly offsetting the methane-related 

effects on climate. With more commercialized livestock operation, feed-

lots and other production methods that concentrate animals on small 

areas of land become more prevalent. This process can lead to water 

contamination and overloaded soils, and manure is often stored in ways 

that release large amounts of methane. But concentrated livestock 

operations also make mitigation easier—for instance, by capturing 

methane to produce biogas or by using organic fertilization.

Bioenergy Production

Advanced bioenergy—as opposed to traditional, direct use of bioen-

ergy such as fuelwood for cooking—includes electricity and heat pro-

duced from forest products, energy crops, agricultural residues, and 

manure or landfill gas as well as transportation fuels derived from 

organic matter such as bioethanol or biodiesel. There is a dazzling 

range of technologies to convert biological products into useful 

energy and heat, as figure 10.6 shows. The solid, gaseous, or liquid 

biofuels can generally be used in standard equipment or used in 

cofiring or fuel blending with fossil fuels. Although burning bioen-

ergy releases carbon into the atmosphere, it is considered a renew-

able energy source because it emits only the carbon that the plants 

had previously captured. When it replaces fossil fuels, bioenergy 

therefore avoids net additions to GHG concentrations. In fact, life-

cycle emissions from bioenergy are typically, but not always, much 

lower than those from fossil fuels (Chum et al. 2011).

Advanced bioenergy currently contributes a relatively small share 

to the global energy supply, perhaps around 1 percent. But in some 

countries its share is much bigger, such as in Sweden, where it pro-

vides almost a third or in Latvia with around 25 percent. In ECA, 
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Poland consumes the largest amount of bioenergy, at more than 	

5 million tons of oil equivalent (mtoe), followed by Romania and 

Russia, as shown in table 10.5. Belarus, the Czech Republic, Hungary, 

and Latvia also all consume more than 1 mtoe. Ninety-three percent 

of bioenergy comes from solid biomass—mostly wood, charcoal, and 

agricultural residue. Biodiesel contributes almost 4 percent. 

Analyses of bioenergy potential in selected countries show large 

expansion opportunities.7 Croatia, for example, has significant tech-

nical potential for fast-growing broadleaved-species energy planta-

tions on abandoned land or on land where agricultural production is 

not profitable. Croatia could technically produce about 0.2 mtoe of 

bioenergy annually from forests and 1.2 mtoe from agricultural 

lands. This is equivalent to about 16 percent of Croatia’s total primary 

energy supply in 2009. Ukraine could produce as much as 12 percent 

of its 2009 energy supply, including 1.6 mtoe annually from forests 

(stem wood, primary forest residues, and secondary forest residues), 

12 mtoe from agriculture (manure, primary agricultural residues, 

and secondary agricultural residues), and 0.4 mtoe from waste (land-

fill gas, sewage sludge, and sewage gas).

FIGURE 10.6
The Many Ways of Producing Bioenergy

Source: Agency for Renewable Resources, German Federal Ministry of Food, Agriculture and Consumer Protection: http://www.nachwachsenderohstoffe.de. 
Note: PME = palm methyl ester (biodiesel).
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Although the potential is large, the expansion of bioenergy pro-

duction needs to proceed carefully for two reasons. The first is often 

called the “food versus fuel” trade-off. High prices for bioenergy can 

crowd out traditional agricultural production, thus raising food 

prices. This has happened globally in recent years when demand for 

bioenergy increased in response to renewable-energy support poli-

cies in industrialized countries. This trade-off is clearly an important 

TABLE 10.5
Bioenergy Consumption in Europe and Central Asia, 2008
tons of oil equivalent

Country Solid biomass Municipal waste Bio or landfill gas Ethanol Biodiesel Total biomass

Albania 215.0 0.0 0.0 0.0 0.0 215.0

Armenia 1.0 0.0 0.0 0.0 0.0 1.0

Azerbaijan 4.4 0.0 0.0 0.0 0.0 4.4

Belarus 1,286.1 0.0 0.4 0.0 7.0 1,293.5

Bosnia and Herzegovina 183.4 0.0 0.0 0.0 0.0 183.4

Bulgaria 684.2 0.0 0.0 0.0 1.8 686.0

Croatia 319.4 0.0 5.0 0.0 1.8 326.2

Czech Republic 1,753.3 42.6 90.0 34.2 75.3 1,995.4

Estonia 629.3 0.0 2.8 0.0 0.0 632.2

Georgia 377.9 0.0 0.1 0.0 0.0 378.0

Hungary 1,219.5 46.1 21.8 46.4 121.8 1,455.6

Kazakhstan 164.2 0.0 0.0 0.0 0.0 164.2

Kyrgyz Republic 3.6 0.0 0.0 0.0 0.0 3.6

Latvia 1,099.2 0.0 8.8 0.0 1.8 1,109.8

Lithuania 737.6 0.0 3.0 15.4 46.6 802.5

Macedonia, FYR 171.8 0.0 0.0 0.0 0.9 172.7

Moldova 71.5 0.0 0.0 0.0 0.0 71.5

Poland 4,749.8 19.1 131.7 126.3 310.7 5,337.5

Romania 3,709.8 0.0 0.6 0.0 210.1 3,920.4

Russian Federation 3,158.4 0.0 0.0 0.0 0.0 3,158.4

Serbia 804.3 0.0 0.0 0.0 0.0 804.3

Slovak Republic 472.9 20.9 10.2 25.7 100.7 630.3

Slovenia 468.7 0.0 14.0 2.6 22.0 507.3

Tajikistan 0.0 0.0 0.0 0.0 0.0 0.0

Turkmenistan 0.0 0.0 0.0 0.0 0.0 0.0

Ukraine 900.0 0.0 0.0 0.0 0.0 900.0

Uzbekistan 0.2 0.0 0.0 0.0 0.0 0.2

Total 23,185.5 128.7 288.4 250.4 900.4 24,753.3 

Source: IEA Bioenergy website, http://www.ieabioenergy.com.

http://www.ieabioenergy.com
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concern, and the implications for the ECA region warrant further 

study. Reasonable increases in prices for agricultural products raise 

farmers’ incomes, which encourages intensification and reintroduc-

tion of abandoned land into production. Some of the larger countries 

such as Russia and Ukraine also have vast land resources relative to 

their populations. Large abandoned or degraded areas could be 

restored to farming (as described above), and the efficiency of agri-

cultural land use is far from the frontier. As outlined earlier, effi-

ciency in livestock production and agricultural yields, while 

improving, are still well below Western European levels in parts of 

ECA. For instance, Belgium produced about 9.5 tons of wheat per ha 

compared with Georgia’s 1.1 tons. Intensification could free up land 

both to expand food production and for bioenergy production on 

land already devoted to agriculture. So, in principle, land scarcity is a 

less significant barrier to the increased production of energy crops 

than in other regions, although the first priority for the region is to 

close the efficiency gap for food crops rather than expand agricultural 

land area for bioenergy production.

The second concern about expansion of bioenergy production is 

that the climate change mitigation benefits of bioenergy also depend 

on the sustainability of farming or forestry practices used to grow 

biomass for energy. Heavy use of fertilizers and other agrochemicals 

will negate some of the emission reductions besides having harmful 

impacts on biodiversity and land and water quality. Expansion of bio-

energy production areas by clearing land, especially carbon-rich land 

such as forests or peat lands, imposes a “carbon debt” that can take 

many years to offset. Therefore, bioenergy strategies need to be con-

sidered within the context of sustainable agriculture more generally. 

A useful way to think about the potential side effects of bioenergy 

is the “CLAW” approach proposed by the venture capital investor 

Vinod Khosla (Khosla 2011). It asks four questions when evaluating 

bioenergy projects:

•	 Are full life-cycle carbon emissions lower than for fossil-fuel 

alternatives like gasoline or diesel? 

•	 Is the impact on land use beneficial or detrimental, especially in 

terms of competition with food crops or in affecting fragile or 
carbon-rich ecosystems? 

•	 Does the bioenergy product cause air pollution during processing 
or consumption, and have external costs been incorporated in 

cost-benefit analysis? 

•	 Finally, how much water is required relative to that required in 

equivalent fossil-fuel production?
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Economics of Bioenergy 

The cost of bioenergy depends on the feedstock, type of energy out-

puts (electricity versus heat), type of combustion, and location of end 

use. Recent estimates compiled for a Special Report by the IPCC 

(Chum et al. 2011) are based on a sample of country cases (see tables 

10.6 and 10.7). For comparison, electricity generation costs about 

US$11–US$23 per gigajoule (GJ) for coal, US$15–US$35 per GJ for 

combined cycle gas turbine, US$7–US$26 per GJ for hydropower, 

and US$19–US$38 per GJ for nuclear power. Biofuels for transport 

tend to be somewhat more expensive than gasoline derived from oil 

(about US$16 per GJ) with the exception of Brazilian ethanol from 

sugar cane. 

TABLE 10.7
Costs of Biofuels for Transportation

Feedstock type Cost range (2005 US$ per GJ) Remarks

Ethanol

Sugarcane 14.8 (Brazil); 31.8 (Australia) Without bagasse revenues 

Corn 20–31 (United States); 34.8 (France) With revenues from using by-products for animal feed

Wheat 22.8 (United Kingdom); 40.7 (Australia) With revenues from using by-products for animal feed 

Sugar beets 24.4 (United Kingdom) With coproduct revenues

Cassava 21–26 (Thailand, China, Australia) No coproducts

Biodiesel

Rapeseed 31–50 (Germany); 41.5 (France); 28.5 
(United Kingdom)

Without coproducts in Germany, and without co-products in France and United Kingdom

Palm oil 26.1 (Indonesia and Malaysia) With coproduct (residues for power generation) revenues

Source: Chum et al. 2011.
Note: GJ = gigajoule.

TABLE 10.6
Costs of Bioenergy for Heat and Power Production, 2005

Production process and energy output

Cost range 
(2005 US$ 

per GJ) Remarks

Wood fuel and agricultural wastes for cofiring with coal (worldwide) 8–15 5–100 MW unit capacity with 30–40 percent efficiency

Wood fuel and agricultural wastes for direct combustion (worldwide) 20–25 10–100 MW unit capacity with 20–30 percent efficiency

Municipal solid waste (worldwide) 9–26 50–400 MW unit capacity with 22 percent efficiency

Wood fuel and agricultural wastes for small-scale gas engines (worldwide) 29–38 5–10 MW unit capacity with 15–30 percent efficiency

Wood pellets (EU countries) for cofiring with coal or cogasification 14–6 12.5–300 MW unit capacity

Biogas from manure (Finland, Sweden) 48–110 Small-scale biogas digesters and power plants

Source: Chum et al. 2011.
Note: GJ = gigajoule; MW = megawatts; EU = European Union.
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ECA’s EU members are subject to EU directives regarding renewable 

energy in general and bioenergy in particular. Among non-EU ECA 

countries, several host CDM projects related to bioenergy, although 

these represent a small share of carbon finance activities.8 At the end of 

2011, ECA hosted 11 CDM projects related to bioenergy (in Armenia, 

Georgia, the former Yugoslav Republic of Macedonia, Moldova, Serbia, 

and Uzbekistan), although many of those were for landfill projects 

rather than agricultural bioenergy. Joint Implementation (JI) projects 

are larger in number, but as with CDM bioenergy projects, they also 

account for a relatively small amount of emission reductions. 

Although there have been some assessments of bioenergy poten-

tial in parts of the ECA region, particularly for the EU-10 countries9 

(see, for example, Van Dam et al. 2007), there is a need for a more 

comprehensive study that explores what role bioenergy could play in 

replacing a share of fossil fuels used for electricity and heat produc-

tion as well as for transport fuels. Sustainable energy production 

requires careful governance and monitoring of land use and produc-

tive but environmentally benign agricultural practices. The best 

options will be site specific, so there is a need for local research and 

experimentation, in particular to determine the best options for 

abandoned lands that are often of lower quality. If done well, bioen-

ergy can not only contribute to climate change mitigation but also 

help raise agricultural incomes by increasing domestic and interna-

tional demand—for instance, to supply countries that have bioenergy 

mandates. Given the growing awareness of bioenergy’s risks, a credi-

ble certification system will be needed. In the short term, however, 

the focus should be on bioenergy options that pose fewer or no trade-

offs with sustainability objectives, such as the use of agricultural 

waste products, residue, and manure for biogas production. 

Promoting Mitigation in Agriculture

Productivity in ECA’s agricultural sector has generally increased, 

although it still has some way to go to reach Western European levels. 

As agriculture both intensifies and expands production areas, GHG 

emissions could rise as well. But this does not have to be the case. 

Well-designed policies that encourage higher productivity can be car-

bon neutral or even increase carbon sequestration. The priority areas 

follow from the three main ways to reduce the sector’s climate impacts: 

•	 Increase incentives for sustainable land management, land 

conservation, and restoration 

•	 Reduce direct emissions, most importantly from livestock 

production and the use of farm equipment 
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•	 Ensure that the emission-reducing benefits from bioenergy 

production are not outweighed by its negative effects. 

EU policies have been successful in making agriculture more sus-

tainable in member states. Much can be learned from that experi-

ence. However, it relies heavily on the incentives provided by the 

direct payment system of the Common Agricultural Policy to change 

farming practices (as discussed in box 10.3), which is not an option 

where rural subsidies are not as generous.

Some of the required actions, especially those that encourage 

greater farm productivity, require institutional reform and not 	

BOX 10.3

EU Policies for Promoting Environmental and Climate Benefits in the 
Agricultural Sector

Western Europe is the only major world region in which, according to IPCC estimates, emis-

sions from agriculture are declining (Smith, Martino et al. 2008). This trend reflects strong 

national actions but also the harmonization of policies through the EU. These policies use a sys-

tem of sticks and carrots to promote environmentally friendly practices among its farmers.

Sticks: EU agricultural policies condition direct income support to compliance with a mini-

mum set of obligations (environmental, but also regarding food safety and animal welfare). 

“Cross-compliance” defines the baseline, or bare minimum, environmental obligations that a 

farmer must comply with. This cross-compliance involves two layers of obligations: 

•	 First, ensuring “good agricultural and environmental conditions,” which include mandatory 

practices such as preventing soil erosion, maintaining soil organic matter, ensuring a mini-

mum level of maintenance, protecting and managing water, and so on. In addition, the ratio of 

permanent pastures must be maintained within certain limits on the national level. 

•	 Second, meeting “statutory management requirements”—a set of directives and regulations 

including those that protect water against nitrate pollution from agricultural sources and those 

promoting nature and wildlife conservation. These requirements are mandatory for farmers 

whether they receive EU support or not. 

Farmers who fail to comply with these obligations are penalized through reductions or total 

loss of EU direct income support. The EU is using a system of strict checks to ensure compli-

ance but is also financially supporting farm advisory systems in each member state to help 

farmers meet their obligations.a

Carrots: The EU rewards farmers who voluntarily undertake environmental commitments  

that go beyond the mandatory requirements mentioned above or in terms of the minimum  

continued
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requirements for fertilizer and plant protection product use. Rewards are administered through one 

of the measures of the EU’s rural development menu, called agri-environment. It consists of area-

based payments made to farmers who undertake voluntary environmental commitments over a 

period of at least five years. Payments are made every year, and there is a system for checking 

compliance (involving a certain percentage of on-the-spot controls). These payments are subject to 

a per-hectare ceiling regulated at the EU level, but their actual levels differ by country or region.

In addition, the EU aims to more explicitly integrate climate change into rural development mea-

sures. For instance, it is using existing rural development support schemes to support projects that 

have eligible mitigation or adaptation benefits. This means, for example, that farmers who make 

investments to introduce precision agriculture, improve manure storage, or introduce water-saving 

technologies can recover up to half of their costs from EU-funded rural development programs.

Source: Contributed by Irina Ramniceanu.

a. �For more information about the EU cross-compliance mechanism, see http://ec.europa.eu/agriculture/direct-support/

cross-compliance.

BOX 10.3 continued

predominantly climate policies. Removal or reduction of price distor-

tions for water and energy increases efficiency and lowers fiscal 	

burdens—with emissions reductions as a side benefit. Where land 

ownership is uncertain, farmers have fewer incentives to invest in 

sustainable farming practices for the long term. Where ownership is 

scattered among many small and fragmented land holdings, effi-

ciency will be limited; land consolidation on 7.5 million ha in Turkey 

reduced fuel consumption in agriculture by 25 percent (Republic of 

Turkey 2011). Restrictive land policies also discourage foreign direct 

investment (FDI) that could bring needed resources and expertise 

(Swinnen and van Herck 2011). Given the countries’ size, inward 

FDI in agriculture could be much larger in Russia, Ukraine, and espe-

cially in Kazakhstan. Trade policy distortions—such as export bans 

during global food price spikes—further deter investors. 

Complementary changes in access to credit, infrastructure (includ-

ing grain handling, storage, and export facilities), and labor mobility 

are required for farmers to realize the benefits from these institutional 

reforms. Regulatory frameworks for sustainable bioenergy production 

are an example of climate-oriented institutional policies. These should 

be a prerequisite for introduction of bioenergy targets or inclusion of 

bioenergy production in feed-in tariff policies. They should favor low-

risk options such as bioenergy from waste products but be open to 

opportunities for sustainable bioenergy crop production. 

http://ec.europa.eu/agriculture/direct-support/cross-compliance
http://ec.europa.eu/agriculture/direct-support/cross-compliance
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More direct policies target farming practices through information 

programs such as extension services or through regulations. For 

instance, using nitrogen more efficiently—through slow-release fertil-

izers or precision farming techniques—reduces emissions from fertil-

izer manufacturing as well as nitrous dioxide emissions in the fields. 

Encouraging more efficient animal feeding and regulations on manure 

management reduces emissions from livestock production. Agricul-

ture is not the largest source of GHG emissions in the ECA region. But 

good policies could reduce the sector’s impact on the global climate, 

while at the same time generating economic benefits in rural areas.

Forests10

The ECA region has the largest forest cover of all the World Bank’s 

regions, accounting for more than 25 percent of the world’s forests 

and storing more than 44 billion tons of carbon. The forestry sector 

also currently employs 2.2 million people and contributes 1.1–1.5 

percent of GDP. If sustainably managed, the sector could potentially 

employ an additional 3.3 million workers and double its contribution 

to GDP. Unlike other regions, ECA has forests that have expanded 

steadily (1.6 percent over the past 20 years), and the potential for 

additional growth (both in terms of area and volume per hectare) is 

substantial. However, if ECA is to fully develop this economic and 

employment potential and further increase its carbon sequestration 

capacity, the region needs to 

•	 Protect the forest from current and projected threats; 

•	 Improve the enabling policy environment by deepening current 

reform processes; and 

•	 Invest in forest infrastructure such as access roads, better harvest-

ing techniques, and sustainable forest management practices.

Growing Forest Cover

Forests in ECA play an integral role in the global climate change miti-

gation agenda. By 2010, more than 1 billion ha were forested. How-

ever, these forests are not uniformly distributed. Most are in Russia, 

which is home to close to 20 percent of the world’s forests and more 

than 60  percent of the world’s standing softwood. Siberia is more 

than 50 percent forest, while forest cover in Europe ranges from 	

20 percent to 40 percent. Kazakhstan is the least forested country in 

the region with 1.2 percent. The average growing stock varies from 
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10 cubic meters per ha in Central Asia up to 202 cubic meters per ha 

in Central and Eastern Europe. In terms of forest area as a percentage 

of total land area, Slovenia, Latvia, and Estonia are leading in the 

ECA region, followed by Russia, Bosnia and Herzegovina, and 

Belarus, as shown in figure 10.7.

In the past 20 years, the planet lost more than 135 million ha of 

forests, whereas in ECA, the forest cover has increased by 15.7 million 

ha—an area the size of Croatia and Hungary combined. In the past 	

10 years, the forest area in ECA surpassed that of Latin America and 

the Caribbean for the first time, as table 10.8 shows. Overall, the for-

est area in ECA has increased at a steady rate of 1.6 percent over the 

past 20 years, and 39 percent of the region is now forest. This growth 

has frequently not been driven by a plan or a careful design process 

but rather is mainly the result of reductions in the rural population 

and the associated change in land use from agriculture and pasture to 

FIGURE 10.7
Forest Area Trends in Europe and Central Asia, 1990–2010 

Source: Shvidenko et al. 2011.
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land that has become forested through natural processes. This process 

is in direct contrast to the trend in tropical areas, where deforestation 

has been mainly caused by encroaching agriculture (commercial and 

subsistence). 

The increase in forest cover is distributed across most ECA countries 

and has been larger than any other region. Unlike other regions—	

particularly Latin America and the Caribbean, Sub-Saharan Africa, and 

the Middle East and North Africa—most ECA countries have not had a 

deforestation issue. In the past 20 years, forest cover has grown in 

almost all ECA countries with the exception of Albania, Armenia, 	

Bosnia and Herzegovina, Georgia, and Kazakhstan. Forests in East Asia 

and the Pacific and South Asia have also expanded; however, their 

growth has been concentrated in one major country in each region 

(that is, China in East Asia and the Pacific, and India in South Asia), 

with almost all the other countries experiencing varying degrees of 

deforestation. The forest area expansion in ECA is larger than that of 

East Asia and the Pacific, South Asia, and North America combined. 

Currently, the carbon stock—or the amount of carbon stored—in 

ECA forests is second only to Latin America and the Caribbean. This 

growth in forest cover has also led to an increase in the amount of 

carbon stock in the trees. The overall carbon stock locked in ECA for-

est biomass is now estimated to exceed 44 billion tons of carbon. 

Even though ECA’s forest cover has exceeded that of Latin America 

and the Caribbean, the carbon stock of the latter’s forests is still the 

largest in the world, as shown in map 10.3. ECA’s carbon stock has 

grown by 0.87 billion tons during the 1990s and by another 2.29 bil-

lion tons between 2000 and 2010, as table 10.9 shows. Annually, the 

TABLE 10.8
Change in Forest Cover in Selected Regions, 1990–2010

Region 

Area (ha, thousands) Annual change (ha, thousands) Percentage change (%)

1990 2010 1990–2010 1990–2010

Sub-Saharan Africa 664,112 595,605 (3,425.35) –10.3

East Asia and Pacific 655,202 660,074 243.60 0.7

South Asia 79,513 81,659 107.30 2.7

Latin America and the Caribbean 1,048,363 955,584 (4,638.95) –8.8

Europe and Central Asia 1,005,372 1,021,017 782.25 1.6

Middle East and North Africa 109,404 104,961 (222.15) –4.1

North America 606,469 614,156 384.35 1.3

World Total 4,168,435 4,033,056 (6,768.95) –3.2

Source: Shvidenko et al. 2011.
Note: ha = hectares.
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TABLE 10.9 
Carbon Stock in Living Forest Biomass in Europe and Central Asia,  
by Subregion, 1990–2010
Tons of carbon, millions

Region 1990 2000 2005 2010

Southeastern Europe 1,479 1,666 1,766 1,955

Central and Eastern Europe 1,688 1,929 2,018 2,117

Baltics 1,572 1,837 1,989 2,169

South Caucasus 263 272 275 279

Central Asia 49 62 70 90

Kazakhstan 137 137 137 137

European–Ural Russian Federation 
Northa

5,339 5,516 5,600 5,737

European–Ural Central Russian 
Federation a

4,112 4,248 4,312 4,418

European–Ural South Russian 
Federation a

357 369 374 383

Western Siberiaa 4,073 4,208 4,272 4,377

Siberian and Far Eastern Northa 5,566 5,751 5,838 5,981

Siberian and Far Eastern Southa 15,453 15,964 16,207 16,604

Russian Federation total 34,900 36,055 36,602 37,500

Total ECA 40,088 41,958 42,857 44,247

Source: Shvidenko et al. 2011.
a. Included in Russian Federation total.

MAP 10.3
The World’s Forest Carbon Stock, by Region, 2009

Source: UNEP/GRID-Arendal (http://www.grida.no/).
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ECA region produces around 3.5 billion tons of carbon emissions 

from fossil-fuel combustion. However, 6.5 percent of these emissions 

are annually captured and stored by ECA forests.

Potential for Increased Employment and GDP Contribution

The ECA forest sector employs about 2.2 million people (FAO 

2011). This represents a little over 1 percent of the region’s total 

labor force, a share slightly higher than in the EU-15 countries.11 In 

ECA countries, value added in forestry in 2010 was about US$26 

billion versus US$113 billion in the EU-15. Although the contribu-

tion of the forestry sector to GDP was slightly higher—1.3 percent 

in ECA versus 0.9 percent in the EU-15—the percentage translates 

into very different labor productivities. The value added per forest 

sector employee ranged from less than US$5,000 in much of the 

eastern part of ECA to more than US$25,000 in Slovenia, as shown 

in figure 10.8. In the EU-15, the value added per employee was 

around US$70,000. 

Globally, approximately one person is employed in forestry for 

every 1,000 ha of forest, and this employment is supplemented by 

another two jobs in forest processing (the wood and pulp and paper 

industries). In developing countries, there is one job in forest pro-

cessing for every job in forestry, while in North America this ratio is 1 

to 7. In Western Europe, one job in forestry leads to 4.4 jobs in forest 

processing, while in Eastern Europe this ratio is only 1 to 2, as figure 

10.9 illustrates (FAO 2004). 

More than 1 billion ha of forests in ECA should therefore be able to 

sustain around 1 million jobs in the forestry sector, and if wood and 

timber processing is further developed to reach Western European 

standards, 4.4 million people could be employed in wood processing. 

Hence, more than 3 million additional jobs could potentially be 	

sustainably created in ECA’s forestry sector. Even accounting for the 

inaccessibility of some of Russia’s forest areas, the job creation 	

potential will be great.

The forestry sector also contributes to GDP. This contribution 

varies greatly by country. In most ECA countries, the forestry sector 

contributes 1–1.5 percent of GDP. In Estonia and Latvia, where the 

forestry sector is more developed, the sector contributes around 

4–5 percent of GDP. In comparison, in Canada and Sweden, this 

percentage is around 3 percent, and in Austria it is around 	

2.1 percent. Hence, many ECA countries could potentially double 

the forest sector’s contribution—from 1–1.5 percent of national 

GDP to 2–3 percent of GDP.
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FIGURE 10.8
Labor Productivity in the Forest Sector in Europe and Central Asia, 2010

Source: FAO 2011.
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Additional Value of ECA’s Forests

In addition to the economic contribution from sustainable wood 

harvesting and processing and the global climate benefits, forests 

provide an array of direct nontimber forest benefits such as mush-

rooms, berries, honey, hunting and wildlife management, tourism, 

and recreation. Indirect benefits include watershed protection, 

nutrient cycling, and ecological functions. Unfortunately, almost all 

of these global and local benefits are rarely captured as revenue to 

forest owners or managers. If these side effects were priced and cap-

tured, this would create additional incentives that would encourage 

forest area to increase faster, and the contributions from employ-

ment as well as timber, fuelwood, and other forest products would 

be even larger. 

Even though EU accession has helped some countries in the 

region to benefit from payments for environmental services (for 

example, Natura 200012 and agri-environment payments), many 

ECA countries still need to develop domestic policies to pay for and 

encourage the delivery of additional environmental services. The 

GEF and other international donor environment programs should 

also be used to help internalize some of the global and local positive 

benefits from forests.13 

Challenges and Opportunities for Forests in ECA

ECA’s forestry sector is grappling with a diverse set of challenges, in 

particular, climate change and poor forest governance (described fur-

ther below). However, the sector also offers several significant oppor-

tunities: there is further scope to increase the forested area as well as 

the yield, productivity, and in-country value added. Investing in the 

forestry sector would significantly increase both income and employ-

ment generation, environmental services, and global climate change 

mitigation benefits. The considerable direct economic benefits 

(income and employment) from sustainable, economic use of forest 

resources alone are sufficient to justify the protection of ECA’s forests 

as a global carbon sink. 

A priority for ECA countries is to create both the enabling envi-

ronment and the incentives for investments in the forest sector. The 

former includes investments in market development and infrastruc-

ture (such as forest roads) that raise the profitability of the sector. The 

latter means improving the investment climate in the forestry sector 

through sensible regulation and support policies (such as energy poli-

cies that encourage sustainable forest bioenergy), governance of 

access, and improved investment finance. 
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Currently, the forests in ECA are consistently being harvested at 

less than the annual allowable cut. Better management could 

increase both the harvest and the growth and sink potential. The 

expanding forest area will allow for an even greater sustainable yield 

over time. The yield can be further enhanced by 

•	 Preventing forest degradation (for example, from forest fires, poor 

maintenance, or lack of thinning);

•	 Increasing and improving the forests through afforestation and 

interplanting desirable tree species (enrichment planting); and 

•	 Making better use of technology to improve yields in wood har-

vesting and processing. 

The forest sector therefore has the potential to sustain a larger tim-

ber industry employing more people in rural areas and providing a 

larger contribution to GDP.

The forest cover in ECA is projected to continue to grow in the 

foreseeable future. Assuming that the growth experienced continues 

over the next 20 years, the region could annually gain 370,000 ha of 

forests, and the size of the carbon sink would increase by about 	

20 percent to around 48 billion tons of carbon. To put this in perspec-

tive: ECA’s annual forest sink potential could be roughly equivalent 

to the annual GHG emissions of over 135 million passenger vehicles 

or the CO2 emissions from 163 coal-fired power plants for one year.14 

Better management, improved local policies, and infrastructure 

investment are projected to further improve forest cover and increase 

the size of the carbon sink.

Forests in ECA can also contribute further toward climate change 

mitigation by fossil-fuel substitution with forest-derived biomass. 

Sweden now obtains almost 30 percent of its energy (120 terawatt-

hours [TWh])15 from biomass, much of it from by-products from log-

ging in well-managed forests.16 In 2009, Eastern Europe produced 

81.3 million cubic meters of fuelwood while consuming only 78.6 

million cubic meters. The rest was exported mainly to Western 

Europe, which produced 71.2 million cubic meters and consumed 

73.1 million cubic meters. (Central Asia produced almost exactly 

what it consumed, 0.8 million cubic meters.) 

A larger, sustainably managed ECA forest would allow for a larger 

maximum sustainable cut and increased sequestration. In 2008, 

northwestern Russia (including St. Petersburg and the surrounding 

area, which holds a population of around 13 million) consumed 

around 943 TWh of fossil fuels, out of which only 1 percent origi-

nated from biomass sources, as shown in figure 10.10. The same 
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region has an estimated 56 TWh supply of energy wood that is cur-

rently unused.17 Based on the full annual allowable cut in that area, 

an additional 86 TWh could be developed. If full use of thinning were 

also included, around 200.8 TWh could be produced from wood 

sources, as shown in figure 10.11 (Gerasimov and Karjalainen 2009). 

Hence, northwestern Russia has the potential to use wood energy to 

supply around 22 percent of its energy needs. This amount would be 

equivalent to reducing consumption of natural gas by around 20 bil-

lion cubic meters every year, which could be exported instead. 

Hence there is scope for ECA forests to continue to grow, provide 

more harvested wood, sequester more carbon, increase employment 

and contribution to GDP, allow for more fuel switches, and provide 

more environmental services. For forests in ECA to achieve this 

potential, they have to be better managed and protected from exist-

ing and growing threats. In particular, ECA forests will require invest-

ments in sustainable forest management, including improving 

governance, strengthening institutions, and adapting to the changing 

climate. 

Protecting ECA Forests

Climate change is projected to significantly affect the region and 

increase the risk of forest fires, pests, and diseases. Forest fires have 

become a growing problem in ECA (see map 10.4). In Bulgaria, for 

FIGURE 10.10
Fuel Consumption Mix, Northwestern 
Russian Federation, 2008

Source: Gerasimov and Karjalainen 2009.
Note: TWh = terawatt hour. 

Source: Gerasimov and Karjalainen 2009.
Note: TWh = terawatt hour; AAC = annual allowable cut. 
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instance, the average forest area lost annually to fire has increased 

from 324 ha in the 1980s to 3,868 ha in the 1990s and further to 7,163 

ha in the 2000s. Today, 40–50 percent of the forests in Bulgaria are 

classified as high risk in terms of fire. In Russia, a vast area of forest 

burns every year, ranging from 4 million to 17 million ha according to 

satellite imagery. Direct emissions from forest fires in the country are 

estimated at around 120 million tons of carbon annually. 

These losses are of global concern in terms of carbon emissions 

into the atmosphere; for example, in the forest fires of 2010, plumes 

of smoke rose to the stratosphere over western Russia, and by 

August, coalesced into one massive cloud 3,000 kilometers (km) 

long. The economic costs in terms of lost timber, damage to prop-

erty, carbon emissions, and people’s health may have exceeded 

US$1 billion.18 Almost all climate change models predict that the 

dry season in many ECA countries will become longer and dryer, 

creating the conditions for more fires. It is difficult to categorize 

concretely the direct causes of forest fires; however, it is generally 

accepted that 80–95 percent of forest fires are of human origin, 

caused through carelessness, escapes from burning agricultural resi-

due, or arson. There is a clear link between forest governance and 

poor policy having unintended negative impacts (for example, ban-

ning of agricultural fires and lack of access to legitimate sources of 

timber). 

Even though natural ecosystems, including forests, have coped 

with changing climates in the past, the current and projected 	

MAP 10.4
Estimated Vegetation Area Destroyed Annually by Fire, by Region, 2006

Source: UNEP/GRID-Arendal (http://www.grida.no/).
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climatic changes are estimated to be occurring faster than ecosys-

tems’ capacity to adapt. For example, the major tree species in the 

Northern Hemisphere cannot migrate by more than 0.3–0.5 km per 

year. It is projected that movement of the boundaries between eco-

logical zones can occur at twice that order of magnitude (Gustafson 

et al. 2010). In other words, tree species will not migrate fast enough 

to more appropriate climates, and large forested areas would have 

tree species that are not completely compatible with new climatic 

conditions and therefore are more susceptible to disease, pests, and 

especially, forest fires. 

Climate change is also predicted to have an impact on the produc-

tivity and carbon storage capacity of ECA’s forests. Forests in the 

southern part of ECA will be under substantial risk of higher temper-

atures, increased droughts, and changes in precipitation. If these risks 

materialize, they could lead to a moderate decline in the productivity 

and health of forests in Southeastern Europe and European south 

Russia, and some scenarios predict a decrease in the current sink by 

approximately one-fourth. The carbon budget of Central Asia will 

likely not change significantly, although some decrease in productiv-

ity (and carbon sink) is expected in mountain forests. The Baltic 

States could see productivity gains of up to 30 percent with the sink 

function increasing by around a third. Although Russia’s forests are 

expected to remain a net sink, there will be variations in the subre-

gions. In Siberia and the far eastern north, for instance, the thawing 

of permafrost and the climate becoming drier could lead to a decrease 

in the expected net carbon budget of 30–50 percent. Forest fire pre-

vention, anticipatory strategies to address climate change (particu-

larly in taiga landscapes), and the introduction of adaptive forest 

management will be important to mitigate future impacts and to 

improve the resilience of Russia’s forests. 

Continuing the Policy Reform Process

ECA’s forestry sector is frequently subject to poor governance char-

acterized by a weak legislative and policy framework, policies with 

unintended negative consequences, and an uneven distribution of 

the benefits from forest resources, rather than the inadequate 

monitoring and enforcement of laws alone. Poor governance 

undermines sustainable economic growth, societal equity, and 	

forest conservation and management. Illegal logging and trade, for 

instance, distorts timber markets and causes a loss of revenue for 

responsible forest enterprises that could be invested in sustainable 

forest management or economic development. Illicit activities also 
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put at risk poor and forest-dependent populations who rely on tim-

ber and nontimber forest products for their livelihoods. Conse-

quently, good forest governance is essential for achieving 

development outcomes. 

Many ECA countries are struggling with how to transform their 

forestry institutions. A particular challenge in the ECA region has 

been how to transform formerly financially secure and centrally 

planned forestry institutions with strong regulatory functions to 

respond to a changing environment. This need for change has grown 

out of the political and economic reform process in Europe’s transi-

tion countries, which created a significant incentive for forestry 

institutions to be more responsive to local demands. In the same 

way, forestry organizations are fundamentally service delivery–	

oriented and need to be supported through public expenditures in 

an environment where resources are increasingly constrained. This 

requires forestry organizations to ensure that forests are sustainably 

managed and to deliver services for forest industries (such as timber) 

and households (such as firewood), while continuing to perform 

their public-good functions (such as carbon sequestration, water-

shed protection, and biodiversity conservation). 

For the ECA forestry sector to remain competitive and capture 

higher-value European and North American markets, timber har-

vesting has to comply with new international forestry standards. 

Many countries in the region have embraced international forest 

certification schemes to demonstrate compliance with environmen-

tal and forest conservation and management requirements, consis-

tent with international and EU commitments. The new EU Timber 

Regulation (to become effective 2013) and the U.S. Lacey Act 

(recently amended to include forest products) are particularly rele-

vant for the ECA region. Both address legality of timber and timber 

products by requiring the importer and timber trader to exercise 

“due diligence” or “due care” to ensure the legal sourcing of their 

wood. Enforcement will require greater transparency and a more 

sophisticated documentation of the legality of harvesting forest 

products along the entire supply chain of timber and timber prod-

ucts. Compliance with these new regulations will pose a challenge 

for ECA countries, especially the forest-rich but governance-poor 

wood-exporting countries (Belarus, Russia, Ukraine, and to a lesser 

extent Georgia). Russia, in particular, will be affected, considering 

that a large volume of Russian timber is processed and refined in 

China before being exported to the United States. The EU is helping 

Russia and the Eastern partnership countries19 to address many of 

these policy reform issues, as box 10.4 discusses.
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BOX 10.4

Improving Forest Governance in ECA

An EU– and Austrian Development Cooperation–funded program (the ENPI [European Neighbor-

hood Policy East] FLEG [Forest Law Enforcement and Governance] Program: Improving Forest Law 

Enforcement and Governance in the European Neighborhood Policy East Countries and Russia) has 

developed a unique approach to contributing to legal and sustainable forest management. It has 

also improved local livelihoods in the participating countries (Armenia, Azerbaijan, Belarus, Georgia, 

Moldova, Russia, and Ukraine) by addressing the underlying drivers of poor governance.

Through legislative changes, stakeholder involvement, education and training, and other 

activities that strengthen governance and anticorruption measures, the ENPI FLEG Program has 

successfully created an environmentally, socially, and economically sound approach that 

engages and links governments with the business, academic, civil society, and rural communi-

ties. Progress has been made in improving forest governance, strengthening local capacity, cre-

ating transparency and greater understanding of specific forestry issues, and building inclusive 

relationships. The ENPI FLEG Program is working to institutionalize and transform these suc-

cesses into changes in behavior that become engrained into everyday life.

In Russia, for instance, the Forest Code was recently amended, based in part on the ENPI 

FLEG Program’s analysis, which identified measures to improve forest legislation and forest  

management and to combat illegal logging. In Ukraine, training manuals have been developed on 

forest crime processing and on the classification of wood species to educate forest guards. 

Other achievements include improved transparency through better state-level forestry websites 

(Belarus); increased public awareness of forestry issues, including training of journalists (Georgia, 

Moldova); assessment of the scale of firewood removal (Armenia); and the preparation of a long-

term strategy on development of the forest sector (Azerbaijan).

The ENPI FLEG Program (http://www.enpi-fleg.org) arose out of the Europe and North Asia 

FLEG Ministerial conference held in St. Petersburg in 2005. The program has been implemented 

by the World Bank, in partnership with the International Union for Conservation of Nature (IUCN) 

and the World Wildlife Fund (WWF) from 2008–12 with support from the EU and the Austrian 

Development Cooperation.

Investing in Sustainable Forest Management

The forestry sector in the ECA region has almost universally suffered 

from underinvestment. Even some of the Eastern European coun-

tries that have since joined the European Union continue to have 

difficulties investing adequately in forest infrastructure. There is no 

specific EU Forest Directive, and there are few opportunities for 

externally supported investments in state forests. In addition, ECA 

countries have been unable to benefit from international efforts 

http://www.enpi-fleg.org
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aimed at creating financial value for the carbon stored in forests, 

including mechanisms such as the UN’s REDD program (Reducing 

Emissions from Deforestation and Forest Degradation) and REDD+, 

which includes the role of conservation, sustainable management of 

forests, and enhancement of forest carbon stocks. 

Carbon prices frequently do not reflect the true cost of avoiding 

CO2 emissions, and by early 2013, the price of carbon per ton fell 

below US$5 in EU emissions trading. The incentives for carbon 

financing were therefore limited. However, there is potential to 

reward countries whose carbon stock has increased by further devel-

oping price signals and market instruments that encourage invest-

ment in forest operations, not least through domestic policies that 

support payments for environmental services or by including forests 

in national carbon trading schemes that are being developed (for 

example, in Turkey and Ukraine). Initial modeling shows that at a 

price of US$10 per ton of CO2, an additional 28 million tons of CO2e 

could be sequestered annually. If this price increased to US$30 or 

US$50, an additional 68 and 110 million tons of CO2e, respectively, 

could be stored annually (Shvidenko et al. 2011). 

Overall, appropriate interventions in sustainable forest manage-

ment could include support for 

•	 The forest policy, legislation, and institutional reform process—creating 

laws that encourage effective and transparent forest management 

institutions;

•	 Continued governance improvement—increasing transparency through 

stakeholder participation, strengthening anticorruption measures 

and law enforcement, strengthening land ownership structures, 

expanding forest certification, and using modern information and 

communication technology; 

•	 Improving forest infrastructure—rehabilitating forest road 	

networks, improving design and maintenance standards to 

increase the efficiency of sustainable timber harvesting and trans-

portation, improving selective seed collection and treatment, 

increasing nursery capacity and silvicultural systems, and better 

maintenance and tending of both plantations and natural forests;

•	 Forest fire prevention and protection—improving policies targeting 

the causes of forest fires as well as forest fire detection, monitor-

ing, management, and control; and better forest pest detection 

and treatment systems;

•	 Protecting global benefits—mitigating climate change (for example, 

through fuel switching and enhancing carbon stocks), protecting 
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biodiversity by developing payments for environmental services, 

adapting to the changing climate, and supporting domestic policies 

that include forests as part of carbon trading;

•	 Rural development—working with forest-dependent and rural 

communities to address their sustainable development needs in 

the broader rural landscape; and

•	 New technologies—improving forest harvesting and processing; creat-

ing higher-value wood products; developing forest information sys-

tems that support forest cadastre, inventory, growth, and yield 

monitoring; annual harvesting plans; carbon accounting; the tracking 

of timber origin, ownership, and legality; and forest certification. 

The Way Forward

Although ECA’s forests already play a crucial role in global GHG 	

mitigation, they have the potential to make a significantly larger 

contribution. However, such a contribution will require targeted 

investments to address existing challenges and seize opportunities in 

the sector. Better management and governance of forests could cre-

ate up to 3.3 million additional jobs and could double the sector’s 

contribution to GDP. The full economic value of ECA’s forests—

including biodiversity, recreational value, and other direct and indi-

rect benefits—should be at least accounted for if not completely 

captured. Doing so would allow ECA countries to benefit from pay-

ments for environmental services and take advantage of possible 

conservation and environmental finance opportunities. In the con-

text of improving forest management, important opportunities exist 

for creating a more inclusive, transparent, and sustainable forest sec-

tor. Achieving this requires commitment to improving the regula-

tory environment, developing better price instruments, and 

investing in sustainable forest management. 
On the regulatory side, land ownership structure, forest certifica-

tion, and forest law enforcement and governance policies should 

support the development of wood industries and wood energy. The 

capacity of institutions should be developed to transparently manage 

and supervise the use of state and, where appropriate, privately 

owned forest resources, according to international best practices. 

There is also the need to address forest policy issues, which can unin-

tentionally encourage poor governance and forest degradation. Even 

though demand for support in these areas is strong, these opportuni-

ties have been constrained by the recent global economic crises and 

countries’ reluctance to invest in the environment.
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Notes

	 1.	 ECA’s soils contain an estimated 55 to 121 billion tons of carbon, forests 
44 billion tons of carbon. One ton of carbon is equivalent to 3.67 tons of 
CO2e (Larson, Dinar, and Blankspoor 2012; Shvidenko et al. 2011). 

	 2.	 This section draws on background papers by Larson, Dinar, and Blanke
spoor (2012) and Timilsina (2012) and contributions from Benoit Blarel, 
Brian G. Bedard, Caroline Plante, and Irina Ramniceanu.

	 3.	 Although consistent estimates of emissions from fossil-fuel burning are 
available from the International Energy Agency (IEA), estimates on 
other emission sources are more dated and less clear. This section used 
data from the World Resources Institute’s Climate Analysis Indicators 
Tool (WRI-CAIT) and the Joint Research Centre of the European Com-
mission’s Emission Database for Global Atmospheric Research 
(JRC-EDGAR).

	 4.	 The Balkan countries include Albania, Bosnia and Herzegovina, Croatia, 
Kosovo, FYR Macedonia, Montenegro, Serbia, and Slovenia. The CIS 
countries include Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, 
the Kyrgyz Republic, Moldova, the Russian Federation, Tajikistan, Turk-
menistan, Ukraine, and Uzbekistan.

	 5.	 For more about the Clean Development Mechanism, see http://unfccc.
int/kyoto_protocol/mechanisms/clean_development_mechanism/
items/2718.php.

	 6.	 The South Caucasus countries include Armenia, Azerbaijan, and Georgia. 
Central Asian countries include Kazakhstan, the Kyrgyz Republic, 	
Tajikistan, Turkmenistan, and Uzbekistan

	 7.	 See the Biomass Energy Europe (BEE) project of the European Com-
mission: http://www.eu-bee.info.

	 8.	 ECA countries that are not EU members have an opportunity to sell 
credits through Kyoto Protocol compliance vehicles, including the 
Clean Development Mechanism (CDM) and Joint Implementation (JI). 
These initiatives can help fund renewable energy projects in develop-
ing countries in exchange for credits that count toward meeting buying 
countries’ emissions targets. JI is relevant for countries (like Belarus 
and Turkey) listed in Annex B of the Kyoto Protocol, which sets bind-
ing emissions targets. CDM is designed for developing countries with-
out firm targets.

	 9.	 The EU-10 countries include Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic, and 
Slovenia.

10.	 This section was prepared by Ahmad Slaibi, Nina Rinnerberger, and 
Andrew Mitchell, and builds on Shvidenko et al. (2011).

11.	 The EU-15 countries include Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 
Portugal, Spain, Sweden, and the United Kingdom.

12.	 Natura 2000 is an EU-wide network of nature protection areas estab-
lished under the European Commission’s 1992 Habitats Directive 
(which, together with the Birds Directive, is the cornerstone of Europe’s 
nature conservation policy). For more information about Natura 2000, 
see http://ec.europa.eu/environment/nature/natura2000/index	
_en.htm or http://www.natura.org/. 

http://www.eu-bee.info
http://ec.europa.eu/environment/nature/natura2000/index_en.htm
http://ec.europa.eu/environment/nature/natura2000/index_en.htm
http://www.natura.org/
http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php
http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php
http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php
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13.	 GEF 5, which started in July 2010 and ends in June 2014, includes 
US$317.5 million allocated to ECA countries. More than 90 percent of 
these funds have not been used.

14.	 U.S. Environmental Protection Agency, Greenhouse Gas Equivalencies 
Calculator: http://www.epa.gov/cleanenergy/energy-resources	
/calculator.html.

15.	 One terawatt-hour is equivalent to 114 megawatts. 
16.	 The Swedish Bioenergy Association presents an overview of wood fuel 

use for energy generation: http://svebio.agriprim.com/attachments	
/33/118.pdf.

17.	 This supply includes the use of spruce stumps, nonindustrial wood, 
unused branches, and damaged wood during harvesting. There is a pos-
sibility that, in certain cases, full use of forest cut may lead to decreased 
forest soil fertility.

18.	 In Moscow on August 7, 2010, air samples showed 6.6 times the normal 
levels of carbon monoxide, and illness and pollution due to extreme air 
pollution reached high levels.

19.	 The Eastern partnership countries (also known as the European Neigh-
borhood Policy East [ENPI] countries) include Armenia, Azerbaijan, 
Belarus, Georgia, Moldova, and Ukraine.
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