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Foreword Eileen Claussen, President, Pew Center on Global Climate Change

One of the most contentious issues in the debate over global climate change is the perceived

divide between the interests and obligations of developed and developing countries. Equity demands that

developed countries—the source of most past and current emissions of greenhouse gases—act first to

reduce emissions. That principle is embedded in the 1992 United Nations Framework Convention on

Climate Change and in the 1997 Kyoto Protocol, which sets binding emission targets for developed 

countries only. With the Protocol now likely to enter into force, the focus will turn increasingly to the

question of developing country emissions. 

Addressing climate change in developing countries poses a fundamentally different challenge.

For most, emission reduction is not a viable option in the near term. With income levels far below those

of developed countries—and per capita emissions on average just one-sixth those of the industrialized

world—developing countries will continue to increase their emissions as they strive for economic growth

and a better quality of life. But their steadfast resistance to the idea of limiting their emissions has led 

to claims in some quarters that developing countries are not doing their fair share. Indeed, the Bush

administration, in rejecting Kyoto, declared the Protocol unfair to the United States because it does not

mandate action by large developing countries. 

Accepting emission limits, however, is not the only measure of whether a country is contributing

to climate change mitigation. Efforts that serve to reduce or avoid greenhouse gas emissions, whether or

not undertaken in the name of climate protection, nonetheless contribute to climate mitigation. These

efforts can occur across virtually every sector of an economy. This report seeks to document and quantify

the climate mitigation resulting from such efforts in six developing countries—Brazil, China, India,

Mexico, South Africa, and Turkey. 

The report demonstrates that efforts undertaken by these six countries have reduced their emis-

sions growth over the past three decades by approximately 300 million tons a year.  Further, it finds that

many of these efforts are motivated by common drivers: economic development and poverty alleviation,

energy security, and local environmental protection. Put another way, there are multiple drivers for actions

that reduce emissions, and they produce multiple benefits. The most promising policy approaches, then,

will be those that capitalize on natural synergies between climate protection and development priorities to

simultaneously advance both. 

Just as equity demands that developed countries act first, the physical workings of our planet

demand that in time developing countries limit and, ultimately, reduce their emissions as well. The

search for consensus on an equitable sharing of responsibility must begin with a fair accounting of how

nations already are contributing to this common effort. 

The authors and the Pew Center gratefully acknowledge Charles Feinstein, Alan Miller, 

Jiahua Pan, Cedric Philibert, and Leena Srivastava for their review of previous drafts of this report.

Climate change mitigation in  developing countries
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Executive Summary
Greenhouse gas emissions from developing countries will likely surpass those from developed 

countries within the first half of this century, highlighting the need for developing country efforts to reduce

the risk of climate change. While developing nations have been reluctant to accept binding emissions targets,

asking that richer nations take action first, many are undertaking efforts that have significantly reduced the

growth of their own greenhouse gas emissions. In most cases, climate mitigation is not the goal, but rather 

an outgrowth of efforts driven by economic, security, or local environmental concerns. This study attempts 

to document the climate mitigation resulting from such efforts in six key countries—Brazil, China, India,

Mexico, South Africa, and Turkey—and to inform policy-making aimed at further mitigation in these and 

other developing nations.

The six countries examined here reflect significant regional, economic, demographic, and energy

resource diversity.  They include the world’s two most populous nations, a major oil exporter, Africa’s 

largest greenhouse gas emitter, and the country with the largest expanse of tropical forest. While their 

circumstances vary widely, these countries share common concerns that have motivated actions resulting 

in reduced greenhouse gas emissions growth.  Primary among these concerns are economic growth, energy

security, and improved air quality. The analysis presented here demonstrates that actions taken by these

countries to achieve these and other goals have reduced the growth of their combined annual greenhouse

gas emissions over the past three decades by nearly 300 million tons a year. If not for these actions, the

annual emissions of these six countries would likely be about 18 percent higher than they are today. To put

these figures in perspective, if all developed countries were to meet the emission targets set by the Kyoto

Protocol, they would have to reduce their emissions by an estimated 392 million tons from where they are

projected to be in 2010.1 

The six case studies identify a broad range of mitigation activities and potentials:

Brazil’s annual emissions are 91 million tons, or 10 percent lower than they would be if not for

aggressive biofuels and energy efficiency programs aimed at reducing energy imports and diversifying

energy supplies. A tax incentive for buyers of cars with low-powered engines, adopted to make 

transportation more affordable for the middle class, accounted for nearly 2 million tons of carbon

abatement in the year 2000. If alcohol fuels, renewable electricity, cogeneration, and energy 

efficiency are encouraged in the future, carbon emissions growth could be further cut by an 

estimated 45 million tons a year by 2020. Deforestation, however, produces almost twice as much

carbon dioxide as the energy sector. Government policy, with few exceptions, indirectly 

encourages emissions growth in the forestry sector.
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China has dramatically reduced its emissions growth rate, now just half its economic growth rate,

through slower population growth, energy efficiency improvements, fuel switching from coal to 

natural gas, and afforestation. Emissions growth has been reduced over the past three decades by 

an estimated 250 million tons of carbon per year, about one-third of China’s current emissions.

Continued policies for economic reform, efficiency, and environmental protection could reduce 

emissions growth by an additional 500 million tons a year in 2020.

India’s growth in energy-related carbon dioxide emissions was reduced over the last decade 

through economic restructuring, enforcement of existing clean air laws by the nation’s highest court,

and renewable energy programs. In 2000, energy policy initiatives reduced carbon emissions 

by 18 million tons—over 5 percent of India's gross carbon emissions. About 120 million tons 

of additional carbon mitigation could be achieved over the next decade at a cost ranging from 

$0-15 per ton. Major opportunities include improved efficiency in both energy supply and demand,

fuel switching from coal to gas, power transmission improvements, and afforestation.

Mexico was the first large oil-producing nation to ratify the Kyoto Protocol. Major factors affecting

Mexican greenhouse gas emissions are population growth, economic development, energy supply

growth, technological change, and land use change. Mexico has begun to reduce deforestation rates,

switch to natural gas, and save energy, reducing annual emissions growth over the last decade by 

5 percent, or 10 million tons of carbon per year. Mexican carbon dioxide emissions are projected to

grow 69 percent by 2010, but alternative strategies could cut this growth by 45 percent.

South Africa’s post-Apartheid government places its highest priority on development and meeting the

needs of the poor. Over one-third of the nation’s households are not even connected to a power grid.

Yet, emissions growth could be reduced 3-4 percent a year by 2010 through efforts to reform the 

economy and improve energy efficiency. The government is already taking steps to phase out subsidies

to its unusual, carbon-intensive coal liquefaction industry and to open the country to natural gas

imports. As in many other developing countries, the absence of rigorous and publicly available studies

of future energy use and greenhouse gas emissions remains an obstacle to future emissions mitigation.

Turkey’s high rate of energy-related carbon emissions growth is expected to accelerate, with 

emissions climbing from 57 million tons in 2000 to almost 210 million tons in 2020. Carbon 

intensity in Turkey is higher than the western developed nation average. Energy-intensive, inefficient

industries remain under government control with soft budget constraints, contributing to 

undisciplined energy use. Planned industrial privatizations may close the oldest and most 

inefficient operations and modernize surviving ones. Elimination of energy price subsidies could 

stimulate energy conservation, reducing energy and emissions growth below current projections. 
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Taken together, these six country studies support four broad conclusions: 

• Many developing countries are already taking action that is significantly reducing their greenhouse

gas emissions growth. 

• These efforts are driven not by climate policy but by imperatives for development and poverty 

alleviation, local environmental protection, and energy security. 

• Developing nations offer large opportunities for further emissions mitigation, but competing

demands for resources may hamper progress. 

• Developing countries can use policies to leverage human capacity, investment, and technology to

capture large-scale mitigation opportunities, while simultaneously augmenting their development goals.

The six case studies also identified common barriers to climate mitigation. In many cases, the lack of

good data impedes efforts to identify and realize mitigation potential. Insufficient human capacity—to analyze

energy and emission futures, identify mitigation opportunities, execute economic reforms, and cultivate

investment opportunities—represents another significant barrier.  In most countries, public control of at least

a portion of energy resources works against emissions mitigation by preventing the emergence of more 

efficient private actors. Finally, a range of concerns—from the absence of transparency and rule of law to the

extra risk associated with nontraditional energy investment—impedes investment and technology transfer that

would contribute to emission mitigation.  

The experiences of these six countries have implications for future policy at multiple levels—for

national efforts within developing countries, for the evolving international climate framework, and for other

bilateral or multilateral efforts aimed at encouraging emission reduction in developing countries.

One broad lesson, given the diversity of drivers and co-benefits, is the need at both the national and

international levels for flexible policy approaches promoting and crediting a broad range of emission reduction

and sequestration activities. Other policy priorities include: continuing to promote market reforms, such as

more realistic energy pricing, that can accelerate economic growth while reducing emissions growth; working

within developing countries and through bilateral and multilateral efforts to improve investment environments

and create stronger incentives for climate-friendly investments; targeting capacity-building assistance to most

effectively capitalize on natural synergies between climate mitigation and other development priorities; and

supporting policies that address both climate and local environmental needs, such as improving air quality

and reducing deforestation.

While this analysis has documented significant greenhouse gas mitigation in key developing 

countries, energy use and emissions will continue to climb as these countries attain higher levels of 

development. Far greater efforts to reduce emissions in both developed and developing countries will be

required in the coming decades to avert the worst consequences of global climate change. These efforts 

must include stronger national policies as well as an evolving international regime that ensures adequate

efforts by all major emitting countries. By highlighting the current and potential contribution of developing

countries to emission mitigation, this report aims to enhance the prospects for stronger international 

cooperation toward the shared goal of climate protection.
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I. Introduction

The risk of global climate change as a result of rising greenhouse gas

(GHG) emissions presents a profound challenge to the international community.

Emissions of carbon dioxide, the principal greenhouse gas, have risen more than ten-fold since the 

start of the industrial revolution. Atmospheric concentrations of carbon dioxide have risen more than 

30 percent as a result and, at present emission rates, are projected to reach twice the pre-industrial level

by the middle of this century. Although there is no consensus on a safe concentration level, stabilizing

concentrations at any given target will ultimately require reducing net emissions to zero.

Developed countries account for over half of global GHG emissions, and historically have

accounted for a much larger share. The Kyoto Protocol, expected to enter into force in 2003, would

establish the first binding international limits on greenhouse gas emissions. The Protocol establishes 

targets for developed countries only and aims to reduce their collective emissions 5.2 percent from 1990

levels. However, the actual reduction will likely be substantially less because of compromises negotiated

by the parties and the withdrawal of the United States. 

In developing countries, rising populations, income levels, and energy use are leading to rapid

increases in GHG emissions. At present growth rates, developing country emissions are expected to 

surpass those of developed countries within a matter of decades.  The magnitude of this future emissions

growth, however, is by no means certain. This report examines measures already underway that are 

tempering the growth of developing country emissions, the forces that drive these measures, and the

opportunities that may exist for furthering them.

The six countries chosen for this study—Brazil, China, India, Mexico, South Africa, and Turkey—

reflect broad economic, demographic, and resource diversity (see Table 1).  Brazil is the most populous

nation in South America, has more tropical forest than any other country, and is almost unique in its

heavy reliance on water power and biomass energy. China, the world’s most populous nation, has reduced

its energy intensity impressively for economic reasons, but within decades could surpass the United

States as the largest emitter of greenhouse gases. India will soon overtake China in population, and
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remains very poor, but has undertaken innovative renewable energy programs. Mexico, an oil producer and

exporter, is undergoing economic restructuring and reform and is becoming more integrated with its North

American trading partners. South Africa is the largest national source of emissions in Africa, almost equal

to that of France. Turkey stands at a cultural crossroads between Asia, Europe, and Africa, and is a tran-

sit route for energy exports from Caspian Sea oil and gas fields.

Each of the six national analyses is presented in three parts. Each begins with an energy and

emissions profile of the country. This profile identifies principal energy sources and uses, recent energy

trends, and the leading sources of energy-related and other GHG emissions.

Second, each case study describes significant actions, policies and other measures already

underway that serve to reduce the growth of that country’s greenhouse gas emissions.  In most instances,

these efforts are not motivated by climate concerns. Rather, they are driven by concerns higher on the

agenda of most developing countries, such as promoting economic growth, increasing energy security, and

improving local environmental conditions. Because reducing emissions growth is not a primary objective,

relatively little work has been done to reliably estimate the emissions impact of these measures. The case

studies provide the best data available, in some cases drawing on previous analyses, and in other cases

generating new estimates. The methodologies employed to generate these new estimates vary and are

Climate change mitigation in  developing countries

2

Table 1

Key Indicators  by Country

Brazil 170 44 0.5 73

China 1,262 27 0.7 175

India 1,016 13 0.3 121

Mexico 98 56 1.1 210

South Africa 43 106 2.3 233

Turkey 65 47 0.9 137

World 6,057 63 1.1 155

OECD 1,116 200 3.0 128

USA 282 341 5.4 186

Primary Energy CO2 per Capita, 1998 CO2/GDP
Population, 2000 per Capita, 2000 (Tons of Carbon (Tons of Carbon/

Country (millions)  (GJ per year) per year) million 1995 US$ in PPP)

Sources: World Bank Development Indicators, 2002; British Petroleum, BP Statistical Review of World Energy 2002; OECD: Basic Statistics,
August 2002; Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, 2002.
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summarized in the text or in endnotes for the respective figures. In the case of South Africa and Turkey,

the paucity of data precludes reliable estimates without additional analysis. 

Third, the case studies identify opportunities for further GHG mitigation. They examine influential

studies projecting future energy trends and the associated growth in emissions. Specific measures are 

presented with significant potential to reduce emissions below the levels projected. Where possible, 

the case studies quantify the potential emissions impact of those measures, again drawing on previous

analyses and new estimates generated for this report.

Any attempt to quantify the emissions impact of ongoing efforts, or to project the likely emissions

impact of future efforts, encounters significant uncertainties. First, data may be incomplete or difficult 

to verify. This is particularly true when examining developing countries. Second, any such analysis turns

heavily on assumptions. For instance, estimates of “baseline” emissions—the level of emissions that would

occur in the absence of mitigation efforts—rest in part on empirical data but also on critical assumptions

about economic and social behavior. These, in turn, rest in large measure on the analysts’ best judgment.

Here, the authors employ the most recent and reliable data available and, where judgments are necessary,

draw on their extensive experience to provide their best expert opinion.

A closer examination of efforts undertaken explicitly to address climate change—such as 

establishing new focal points within government, establishing partnerships with other governments 

or the private sector, or launching pilot projects—would also contribute to a fuller understanding of 

developing country actions with the potential to affect future emissions. However, such a review was

beyond the scope of this analysis, which focuses instead on the broader underlying forces that directly

shape emissions paths in these countries.

Following the case studies, the report draws policy implications from the experiences of these six

countries.  It identifies common drivers, or forces, operating across most or all of the countries to reduce

the growth of GHG emissions, and common barriers to emission mitigation.  Finally, the report suggests 

a set of robust policy approaches to promote further climate change mitigation while advancing key 

development objectives of developing countries.

3
Climate change mitigation in  developing countries
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II. Brazil

Brazil ranks as the world’s ninth largest economy with a gross domes-

tic product (GDP) per capita of about $7,300. With 170 million people, the nation ranks as

the fifth most populous country. More than 10 percent of the population has no access to electricity and

20 percent live in poverty (see Table 2).  

Rapid economic growth and industri-

alization over several decades has brought

increasing reliance on fossil fuels and

increasing GHG emissions. Brazil’s 91 million

tons of energy-related carbon emissions are

estimated to be 20 million to 25 million

tons, or 20 percent, lower than they would be

if not for measures intended primarily to

reduce dependence on energy imports, diver-

sify energy supplies, increase energy efficien-

cy, reduce local environmental impacts, and

spur social and economic development. 

Brazil ratified the United 

Nations Framework Convention on Climate

Change (UNFCCC) in 1992 and the Kyoto

Protocol in 2002.

Climate change mitigation in  developing countries

Table 2

Key Socio-Economic Indicators  

for Brazil

Annual carbon emissions 
(energy-related) 2000 

Population, 2000 

Population growth rate 

Per capita GDP, 2000
Based on exchange rate
Purchasing power parity

GDP growth rate

Primary energy consumption, 1998

Electricity consumption 

Persons below poverty line 

Persons without electricity 

Notes: 
(1) Includes CO2 emissions derived from fossil fuel and non-renewable

biomass consumption; 
(2) This level is defined as persons earning less than $0.20 per day, 

in exchange rate values. 

Sources: World Bank Development Indicators, 2002; Instituto Brasileiro de
Geografia e Estatística, 2002; Ministry of Mines and Energy, National Energy
Balance, 2001.

91(1) million tons

170.4 million

1.3% per year

$3,580
$7,300

4.4% per year in constant local
currency units

42 Gigajoules per capita

1,949 Kilowatt-hours 
per capita/year

37.4(2) million

20 million
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Energy and Emissions Profile

Brazil’s GHG emissions in the early 1990s averaged 225 million tons 

of carbon per year, with about one-third coming from energy-related activities

and the remainder from land use practices, primarily deforestation (see Figure 1).

Brazil ranks relatively low in energy-related carbon emissions because the nation derives almost half of

its energy from hydropower and biomass. Over 90 percent of the country’s electricity comes from hydro-

electric plants and about 15 percent of total

energy from renewables. In 2000, the nation

produced energy-related carbon emissions of

about 91 million tons, or about one-half ton

per capita. This figure is slightly lower than

the average for developing countries but only

one-sixth and one-half, respectively, of the

average for members of the Organization for

Economic Cooperation and Development

(OECD) and for the world.

Petroleum use accounts for roughly

half of all commercial energy use excluding

biomass (see Figure 2). The transportation 

sector accounts for over 40 percent of all 

energy-related carbon emissions, reflecting

Brazil’s heavy reliance on no- or low-carbon

fuels in other sectors.

The largest share of Brazil’s GHG emissions derives from non-energy sources such as agriculture

and livestock, land use change and forestry, and waste treatment. A recent series of studies from 1990 

to 19942 shows that land use change and forestry were the most important sources of carbon dioxide

emissions, followed by energy, soils and liming. New forest plantings, mainly eucalyptus and pine, provide

the single most important carbon dioxide removal in this sector.

5
Climate change mitigation in  developing countries

Figure 1

Annual Carbon Dioxide Emissions 

in Brazil, 1990-94

Energy
76.2 (32%)

Land-use Change
139.9 (58.7%)

Soils and Agriculture
22.2 (9.3%)

Million Tons of Carbon

Note: Removals from planted forests account for approximately 
11 MtC annually, resulting in net CO2 emissions of 227.3 MtC.

Source: Ministério da Ciéncia e Tecnologia. First Brazilian Inventory 
of Anthropogenic Greenhouse Gas Emissions. 2002. 
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Deforestation in the Brazilian Amazon over the last decade increased some 32 percent, from

almost 14,000 square kilometers per year to just over 18,000 square kilometers per year.3 Some analysts

believe that public policy in Brazil indirectly serves to increase emissions related to forestry.4 The major

causes of deforestation include development of the highway transportation system, settlement programs,

government incentives for agriculture, financing of large-scale projects such as hydro dams, and land

speculation.5 More recently, some specialists have also cited the influence of export-oriented companies

moving to the Amazon and Cerrado regions where they log, produce beef, and grow soybeans, all with

detrimental impacts on the forests.6 Historically, the Brazilian government has expressed strong reserva-

tions about international climate efforts that could affect forest management.7

Mitigating Measures

Brazilian mitigating measures—measures that reduce greenhouse gas

emissions regardless of whether that was their direct purpose—include 

production and use of ethanol and sugar-cane bagasse, development of the

natural gas industrial market, and use of alternative energy sources for

power generation. Also successful has been a set of demand-side programs promoting conservation

and efficiency in the electricity and transportation sectors, which accounted for 7.1 and 1.5 million tons

Climate change mitigation in  developing countries
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Figure 2

Energy and Emissions in Brazil, 1998

Source: Energy Information Administration, U.S. Department of Energy, 2002.

Hydro
35%

Transportation
42%

Residential
7% Industry

49%

Commercial
2%

Nuclear
2%

Gas
6%

Primary Energy Use

Energy-related Carbon Dioxide

Emissions

Coal
8% Oil

49%
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of emissions reduction, respectively, in 2000. These measures accounted for almost all the 10 million

tons of carbon emissions abatement by 2000.8

Sugar production has given rise to the large-scale use of two major alternative sources of energy

used in Brazil—automotive ethanol and sugar-cane bagasse used to generate electricity. These biomass

fuels reduced Brazil’s carbon dioxide emissions by 7 percent in 2000. 

The alcohol program was a key element of Brazil’s energy policy for more than a quarter-century.

Brazil first launched its National Alcohol Fuel Program (PRO-ALCOOL) in 1975 to promote ethanol 

production as a substitute for gasoline. The first oil embargo had shaken the nation, which was then

importing over 80 percent of its oil supply, and the international price of sugar was also very low. 

Ethanol production was justified to reduce dependence on oil imports and the environmental impacts 

of energy use, and to create domestic jobs and income. The government offered a variety of incentives

including low-interest loans to build distilleries, ethanol purchase guarantees, favorable pricing relative 

to gasoline, and sales tax reductions.9

From 1985 to 1990, 90 percent of new cars sold were fueled on pure ethanol. However, rising

sugar prices led to ethanol shortages and price hikes, and sales of ethanol-fueled cars fell almost to zero

by the late 1990s.10 About 4-5 million cars were fueled solely by pure ethanol in 2000, about a quarter

of the total automobile fleet.11 But with few ethanol-only cars being manufactured and about 300,000 to

400,000 ethanol-fueled cars being scrapped each year, the market for pure ethanol fuel is in sharp

decline. Today, ethanol is used in Brazil mainly as a gasoline additive. About one-quarter of gasoline sold

in Brazil today contains ethanol in a blend required by law to control local air pollution. Alcohol fuel in

2000 still avoided 5.4 million tons of carbon emissions.12

The use of sugar-cane bagasse is a special case of renewable energy use in Brazil. Bagasse is a waste

by-product of alcohol production and is used in combined heat and power (cogeneration) plants. In 2000,

bagasse used for power generation reduced carbon emissions in Brazil by almost 1 million tons. A recent 

program to promote bagasse is noteworthy because it finances more efficient power generation that channels

surplus electricity to power utilities on a steady basis. Almost 1,000 megawatts (MW) of bagasse-fired 

cogeneration capacity has been created, some 40 percent of that added in 1999-2001. A recent incentive

program for alternative energy sources launched in 2002, known as the PROINFA Program, established a goal

for 2006 of increasing sugar-cane bagasse fired-cogeneration capacity by 1,100 MW. 

7
Climate change mitigation in  developing countries
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The Brazilian government has also promoted importing natural gas in a deliberate effort to 

diversify the nation’s energy supply.13 For example, the Bolivia-Brazil Gas Pipeline was put into service

recently and authorization has been granted to import natural gas from Argentina.14 Similarly, Brazil has

opened access to the transmission grid to independent power producers and to certain types of power

customers, thus liberalizing the power supply market. This move opens market opportunities for new 

gas-fired cogeneration plants.15

A recent power supply crisis, brought on by a long drought that dramatically reduced 

hydroelectric power generation, forced the government to quickly devise incentives for expanding 

electricity supplies. In May 2001, Brazil faced nationwide power rationing intended to avert major 

blackouts and save valuable water in severely depleted reservoirs. Households were required to reduce

consumption by 20 percent or face significantly higher rates or even electricity cuts of up to three 

days. Industrial and commercial users were required to reduce consumption by 15-20 percent, 

and to postpone any major expansions that would require additional electric power. 

Trying first to avoid and then to solve the power supply crisis, an emergency power-supply program

launched in 2000 helped increase gas-fired cogeneration capacity, encouraging gas use instead of fuel oil.

In 2000, the reduction in carbon emissions due to industrial fuel switching to gas amounted to 0.4 million

tons. Gas use by Brazilian industry should continue to expand over the next decade, assuming competitive-

ness of natural gas prices and expansion of the natural gas distribution network. The resulting reduction in

carbon emissions growth should reach 1.1 million tons by 2005 and 1.4 million tons by 2010.

Demand-side measures have yielded large emissions reductions in Brazil. The government creat-

ed the National Electricity Conservation Program (PROCEL) in 1985. PROCEL funds or co-funds a wide

range of energy efficiency projects focused on information, utility demand-side management programs,

direct implementation of efficiency measures, and technical support.16 PROCEL long advocated 

mandatory efficiency standards for household appliances, lighting products, and motors; appliance and

lighting standards were enacted in 2001. PROCEL’s target is to reduce electricity consumption and sup-

ply-side losses by about 8.4 terawatt-hours per year by 2003, equivalent to 2.5 percent of Brazil's power

consumption. The program is on-track to meet these targets.

Climate change mitigation in  developing countries
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A tax incentive introduced in 1993

to encourage the use of less powerful cars

(cars with engines less than 1 liter in size)

reduced emissions by nearly 2 million tons

of carbon per year. For qualifying cars, the

so-called Tax on Industrialized Products was

cut from 25 percent to 10 percent. This 

policy was meant to encourage production of

more efficient automobiles and make them

accessible to lower-income buyers. By 2001,

almost three-quarters of domestic sales of

new automobiles consisted of one-liter

engine automobiles. Assuming that the tax

reduction did not lead to a net increase in

car sales, and that one-liter engine cars

replaced more powerful automobiles, the

policy saved nearly 2 million tons of carbon in 2000 (see Figure 3).17

A small group of programs and measures related to forestry and land use has probably, as a side-

benefit, reduced emissions. For example, nullification of land titles by Brazil’s land reform agency has

shifted control of more than 20 million hectares from land speculators, loggers, and ranchers back to

small-scale farmers, probably decreasing deforestation.18 Fire control programs and tax incentives for

landowners who protect forest cover on their property also may have helped reduce emissions. However,

emissions reductions from these programs and measures are difficult to quantify. 

Future Mitigation Opportunities

A “business-as-usual” scenario of future energy-related carbon emis-

sions, the government-sponsored “CNPE Scenario,” ranks among the most

influential studies of its type in Brazil.19 This scenario projects that Brazilian GDP will

grow at about 5 percent per year for the next two decades, and industry will grow faster than services and

9
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Figure 3

Key Mitigation Measures 

in Brazil, 2000

Source: Estimates by Roberto Schaeffer, Alexandre Salem Szklo, and
Marcio Edgar Schuler, Federal University of Rio de Janeiro, 2002.
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much faster than agriculture. Energy use will grow slightly less quickly, but will nearly double from 2000

to 2020. These results assume that population grows more slowly; energy intensity remains constant while

energy use per capita almost doubles; energy efficiency continues to improve in end-use equipment and

appliances; ownership of electric appliances grows in lower-income households; and natural gas continues

to penetrate the industrial sector.20 Total energy-related carbon emissions would grow from 91 million tons

in 2000 to 139 million tons in 2010 and to 223 million tons in 2020. 

The CNPE scenario further assumes that the hydrated ethanol production is halted, with no more

automobiles fueled by pure ethanol after 2010, thus dramatically increasing transportation sector 

emissions. The scenario also assumes that ethanol composes only 22 percent of gasoline compared to 

26 percent in 2002. The scenario is also very modest regarding bagasse-fired cogeneration and alternative

energy sources. Although 4 gigawatts (GW) of wind power is already planned for 2004, the scenario

assumes an addition of only around 1 GW by 2020. Small-scale hydro is projected to reach only half its

estimated economic potential of 14 GW. 

The scenario estimates an increase in the

average fuel economy for the passenger 

car fleet to 14 kilometers per liter 

(about 31.5 miles per gallon) in 2020. 

An alternative scenario developed

for this analysis assumes that the meas-

ures underway and analyzed here will con-

tinue over the long term. Unlike the CNPE

Scenario, it assumes that 10 percent of

the car fleet uses ethanol in 2020,21 the

efficiency of bagasse-fired cogeneration is

improved by some 50 percent, small-scale

hydro reaches 14 GW by 2020, all-natural

gas-fired cogeneration replaces all thermal

power plants, and additional electricity

conservation saves 20 percent of projected

Climate change mitigation in  developing countries
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Table 3

Mitigation Potential  

in Brazil, 2010 and 2020

Use of ethanol(2)

CHP fired by sugar-cane bagasse(3)

Wind power(4)

Small-scale hydro(5)

CHP fired by natural gas 

Electricity conservation(6)

Notes: 
(1) Reductions from CNPE Scenario’s projected CO2 emissions of 

138.7 MtC/year in 2010 and 223.1 MtC/year in 2020.
(2) Assumes that 5% of the fleet still consists of automobiles fueled solely

by ethanol in 2010 and 10% in 2020. 
(3) Assumes that the power generation efficiency enhancement program 

for cogeneration plants continues. 
(4) Assumes the pace of implementation forecast for the next four years 

and 15 GW installed by 2020. 
(5) Assumes that capacity reaches 7 GW in 2010 and 14 GW in 2020. 
(6) Assumes conservation savings of 10% of energy consumption in 2010

and 20% in 2020. 

Mitigation potentials may not be completely additive.

Source: Estimates by Roberto Schaeffer, Alexandre Salem Szklo, and Marcio
Edgar Schuler, Federal University of Rio de Janeiro, 2002.
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electricity consumption in 2020.22 If all these measures were successful, emissions would fall below 

the CNPE Scenario by 18 million tons of carbon, or 13 percent, in 2010; and by 45 million tons, or 

20 percent, in 2020 (see Table 3).

A comparison of the alternative and the CNPE Scenario shows that the government forecast 

is modest regarding the potential reduction in carbon emissions from maintaining or expanding current

programs. For instance, merely maintaining a fleet of 5 percent of vehicles fueled solely by ethanol 

and upgrading bagasse-fired cogeneration systems would abate approximately 5 million tons of carbon 

in 2010 and 7 million tons in 2020. 

Alternative sources of power generation are becoming increasingly competitive in Brazil. Bagasse-

fueled generation can supplement hydropower very effectively at costs as low as $0.03 per kilowatt-

hour.23 Regarding small-scale hydropower, this technological alternative tends to be competitive over the

short- and medium-term. Despite wind power’s considerable potential of almost 144 GW, it has a low

capacity factor at around 25 percent. However, wind could supplement hydropower in some regions of

Brazil.24 For gas-fired cogeneration, doubts over the purchase and sale of electricity and lack of an incen-

tive policy still hamper wider use of this alternative.25 Finally, enhancing the efficiency of electricity use

in Brazil is extremely cost-effective. A recent survey of electricity conservation measures implemented by

distribution utilities shows an average cost of $0.02-0.03 per kilowatt-hour saved through efficiency

measures.26 In contrast, the average residential rate in Brazil was $0.08 per kilowatt-hour in early 2002.

In summary, while little progress has been made in reducing emissions from the land use sector,

the energy-related programs and measures reviewed here have provided a broad range of benefits for the

Brazilian economy, and helped lower carbon emissions. These programs and measures have cut 

investment requirements in the energy sector, reduced net energy imports and improved the balance of

trade, enhanced energy efficiency, expanded renewable energy use, and ushered in several positive social

and environmental changes. If implemented on a broader scale, these programs and measures would

sharply curtail projected increases in carbon emissions. However, the largest source of carbon dioxide

emissions in Brazil remains land use change. A top priority for carbon mitigation is the adoption of 

specific measures to curb deforestation. 

11
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III. China

China ranks second among nations in GHG emissions, mainly as a

result of fossil fuel combustion. The nation’s leaders view this fact in the context of China’s

large population, which is more than four times that of the United States, the world’s largest emitter.

Chinese decisions profoundly affect global emissions growth, and these decisions are, as elsewhere, 

driven by trends in economic development, local environmental protection, and technological change.

Development policy in China has reduced its emissions growth well below expected levels, and a conver-

gence of environmental issues with development imperatives offers an ongoing if uncertain opportunity 

to continue to slow emissions growth. 

China remains a developing nation with per capita GDP averaging only one-eighth that of devel-

oped countries (see Table 4).27 Three decades ago, China ranked among the world’s poorest countries and

had strictly a planned economy. Economic

liberalization was adopted in 1979, with

the Chinese government explicitly setting

out to reduce energy demand growth while

expanding the economy. The government

believed that China could not afford the

capital required to meets its development

goals without dramatic change. The pro-

gram of economic restructuring and liberal-

ization it set in motion has achieved signif-

icant economic growth and improvements

in living standards over the past quarter-

century. As part of its broader structural

reforms, China has undertaken extensive

efforts in energy efficiency, renewable

Climate change mitigation in  developing countries

Table 4

Key Socio-Economic Indicators  

for China

Annual carbon emissions 
(energy and cement), 2000

Population, 2000 

Population growth rate 

Per capita GDP, 2000
Based on exchange rate
Purchasing power parity

GDP growth rate

Primary energy consumption, 1998

Residential energy consumption, 1998 

Electric power consumption

Persons below poverty line 

Persons without electricity 

Source: China Statistical Yearbook 2001; OECD: Basic Statistics, August
2002; World Bank Development Indicators, 2002; Oak Ridge National
Laboratory, 2002. 

848 million tons
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0.7% per year

$855
$3,830
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per capita/year
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energy, and reforestation. The resulting energy-intensity reduction remains unmatched in the history of

economic development.

China has begun to make environmental protection a basic national priority. Many government lead-

ers now recognize that economic growth cannot be sustained in the long term without reversing the damage to

human health, national infrastructure, agricultural output, and natural ecosystems resulting from environmen-

tal pollution and resource depletion.  Sustainability has become a key concept for Chinese leaders, and the

government has begun to formulate policies and measures to promote sustainable development. 

China ratified the Framework Convention in 1992 and the Kyoto Protocol in 2002.  The govern-

ment established the inter-ministerial National Climate Change Coordinating Committee in 1990, making

it responsible for policies and measures to address climate change. 

Energy and Emissions Profile

The nation’s per capita use of commercial energy is roughly one-eighth

the OECD level, though rapid economic growth continues to drive energy

demand growth. In many rural areas, people still lack access to commercial energy supplies and

instead use firewood and crop waste for cooking and heating. Use of these non-commercial forms of bio-

mass energy fell in both relative (as a percentage of total energy use) and absolute terms since the late

1980s, but still accounted for about 14 percent of total energy use in 1998.28 Some 23 million Chinese

have no access to electric power of any kind. Industry consumes about two-thirds of all energy used in

China, but this ratio is rapidly changing. As the country develops, more energy will be used in buildings

and transportation. 

Two-thirds of China’s energy use is now supplied by coal (see Figure 4), which when burned

releases sulfur and particulates that cause severe air pollution. Coal releases nearly twice as much carbon

dioxide per unit of energy as natural gas. In order to take advantage of cleaner-burning, more efficient

fuels, China is reducing coal’s dominant position by increasing the share of natural gas, oil, hydropower,

and renewable energy. The current five-year plan (2001-2005) sets goals of improving the energy infra-

structure, increasing the share of energy provided by natural gas, and reducing coal use.

13
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In 1998, China’s energy-related carbon emissions totaled nearly 850 million tons of carbon. 

The transportation sector is currently responsible for only 9 percent of these emissions, but that figure 

is likely to grow dramatically even with strong government action. Rising incomes and China’s entry to 

the World Trade Organization are making cars more affordable to the growing number of middle-income

Chinese. Car sales during the first five months of 2002, for example, were up nearly 40 percent from

2001.29 Many policymakers in China believe that the automobile sector can help spur economic growth

over the coming decades, much as it did in some industrialized countries. Others challenge this 

assumption and call for greater reliance on modern mass transit systems and smart growth policies. 

The resolution of this debate will have a dramatic impact on China’s future environmental profile.

Renewables contribute only small amounts of energy. Modern renewables such as wind, biogas,

and solar thermal and photovoltaic sources (as opposed to firewood, crop waste, and dung) contribute

several million tons of coal equivalent annually. 

Climate change mitigation in  developing countries
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Figure 4

Energy and Emissions in China, 1998

Source: Energy Information Administration, U.S. Department of Energy, 2002.
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Mitigating Measures

Growth in GHG emissions has been slowed to almost half the economic

growth rate over the past two decades through economic reform, energy 

efficiency improvements, switching from coal to natural gas, renewable energy

development, afforestation, and slowing population growth. Chinese researchers 

have not comprehensively documented the reductions in emissions growth resulting from these efforts.

The following analysis documents reductions of 250 million tons a year—150 million as a result of slower

population growth and 100 million as a result of reduced energy intensity.

Population growth is a principal driver of economic and energy demand growth.  China, the

world’s most populous nation, has in recent decades sought to reduce pressure on social and economic

development in China by slowing population growth. The government calculates that over the past 30

years the fertility rate has declined to within two, reducing births by more than 300 million—more than

the population of the United States. Although motivated by other concerns, reduced population growth

has made a real if indirect contribution to greenhouse gas mitigation in China. The resulting reduction in

emissions growth amounts to approximately 150 million tons of carbon per year.30

China’s energy intensity—the amount of energy needed to fuel economic growth—declined

approximately 60 percent between 1977 and 1997, an average of 4 percent a year.31 Most developing

countries at China’s level of economic development have either steady or rising levels of energy 

intensity. Much of the technological progress achieved in China since the late 1970s can be considered

“normal” due to the very inefficient state of the economy then. However, by 2000, additional measures 

in economic restructuring, energy price reform, and technological progress beyond the status quo are 

estimated to have resulted in 100 million tons of carbon mitigation a year.32

The Chinese economy of 2002 is vastly different from that of 1979 when economic reforms were

first initiated. State-owned enterprises now account for half the GDP and the market now sets almost all

prices for goods and services. Industrial policies enacted during the 1980s and 1990s, especially structural

adjustment, tax reform, hard-budget constraints (removal of subsidies for unprofitable enterprises) and 

price rationalization played an important role in China’s energy efficiency improvement. Energy prices are

generally set by market mechanisms today and reflect world levels.33
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One major consequence of China’s energy and economic reforms has been a sharp reduction in

the share of coal in total Chinese primary energy consumption. Official statistics show that coal produc-

tion peaked in 1996 and declined nearly 25 percent by the end of 1999. A significant factor was the

government effort begun in the late 1990s to close small, inefficient coal mines. By 2001, the govern-

ment had shut down some 47,000 mines producing 350 million tons of coal. Fuel switching and

improved coal quality also contributed to the steep decline in coal consumption. However, there has been

considerable debate over the precise reduction in coal consumption, the degree to which it can be sus-

tained, and its impact on carbon emissions. It appears likely that at least a portion of the reported

decline is due to previously unreported coal production and consumption. Also, reduced consumption

does not translate directly to reduced carbon emissions. Improved coal quality means less ash is burned,

so less coal by weight is consumed, but net emissions may be unchanged. While coal use and associated

emissions probably have not declined as much as earlier reported, more recent estimates show a decline

of 10 percent or more in the 1990s, reducing coal’s share of primary energy consumption from 76 per-

cent in 1990 to 66 percent in 2000 (see Figure 5).34 

The government at the same time has increased exploration and development of natural gas

resources and has made significant discoveries in central and western China.35 Some 28 new large- and
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Figure 5

Energy Supply Shift in China, 1990 vs. 2000

Source: China Statistical Yearbook, 2001.
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medium- scale gas fields are now under development, with resources estimated at more than 38 trillion

cubic meters. The city of Beijing has required the use of gas in place of coal in new fuel applications, a

measure made possible by the 1997 completion of the Shan-Jing gas pipeline from Shaanxi Province. A

much larger step was taken in 2000 to help meet demand for high-quality energy along the populous east

coast. The west-to-east project, a 4,200-kilometer high-pressure gas transmission line from Xinjiang

Province in far western China to Shanghai is expected to be completed by 2007. The gas pipeline will sup-

ply 12 billion cubic meters per year (almost one-half exajoule, or one half quadrillion BTU per year), and

will substitute for over 20 million tons of coal annually. A natural gas development project began in the

East China Sea in 2000 and is expected to produce 10 billion cubic meters per year by 2010. In addition,

a project to import liquefied natural gas (LNG) has been started with an initial annual target of importing 3

million tons a year (equivalent to roughly 4 billion cubic meters of natural gas). 

China is endowed with only 159 million hectares of forest, less than 4 percent of the world’s

total forested area and less than half the size of the U.S. National Forest system.36 But forest cover has

increased from 13 percent of the country in 1986 to almost 17 percent today. Forestry protection is

China’s largest ecological investment program. Major afforestation efforts have been undertaken since

1978 along the Yangtze River, in the eastern coastal area, on the plains, in the north and western

deserts, and elsewhere.  Similar efforts have been made to replace croplands with woods and grass.

The goals of the forestry protection drive are to reduce wood production by approximately 

20 million cubic meters per year and to afforest almost 13 million hectares, protecting 94 million

hectares of forests in 18 provinces. While motivated by the need to improve local environmental quality

and to support development efforts, these projects also have increased the carbon sink in China by 

47 million hectares. The contribution to carbon dioxide absorption by afforestation over the last half 

century has reached 123 million tons of carbon.37

Future Mitigation Opportunities

Because the nation’s top priorities are social and economic development

and the eradication of poverty, China expects to continue high rates of economic

growth for decades. Even so, per capita GDP will reach that of today’s middle-income countries only

after several decades. While China anticipates reaching higher income levels, it hopes to do so with much

lower per capita GHG emissions than is common in developed countries today. 
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Climate change mitigation in  developing countries



+

+

+

Over the past decade, Chinese researchers, often through international partnerships, have pro-

duced scenario-based studies of future emissions pathways. These studies incorporate assumptions about

key factors of population growth, the rate and structure of economic growth, and changes in energy 

supply and demand technologies. China’s ability to continue to slow the growth of GHG emissions for

non-climate reasons depends on four major factors: sustaining economic reform; promoting energy 

efficiency in a more market-oriented economy; committing the country to clean air through fuel switching

and enforcement of environmental regulations; and continuing slower population growth trends. 

The greatest perceived uncertainties are not in population and economic growth assumptions, however,

but in economic structure, energy efficiency, and technological progress.38

Chinese researchers also project that energy demand will grow nearly four-fold by 2050 to 

122-150 exajoules. The resulting range for energy-related carbon emissions is large—from 1.5 billion-

2.8 billion tons of carbon per year in 2030. China’s economic structure is expected to continue to change,

with agriculture declining and services increasing. Manufacturing and heavy industry, however, are project-

ed over the long term to maintain their current share of GDP. The service sector is expected to develop

more quickly than the rest of the economy, gradually providing the largest share of economic output. 
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Figure 6

Projected Emissions Mitigation in China, 2000-2030
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One of China’s most recent attempts to define future mitigation options in the energy sector is

the China Energy and Carbon Scenarios Project undertaken by China’s Energy Research Institute and

international partners. Economic restructuring, efficiency technology, natural gas substitution, and 

renewable energy options contribute in roughly equal proportions to potential carbon mitigation, estimated

at more than 800 million tons by 2030 (see Figure 6). The lowest emissions scenarios envision a greater

shift to higher value-added service jobs at the expense of heavy industry. Energy supply will continue 

to shift from coal to oil and gas, but with no clear trend yet in sight for nuclear power. Technological

improvement will also play an important role in energy efficiency. Energy use per unit of output for

China’s basic material products remains 40 percent higher than in more technologically advanced 

countries. Scenarios in this study with lower fossil energy demand were driven by policy measures

assumed to introduce new energy conservation technologies, new power generation and clean energy 

systems, modern renewable technologies, and economic instruments such as taxation and incentives.

Additional climate mitigation could be achieved through tax and subsidies reforms. Tax reform

in China started 10 years ago and energy subsidies have been reduced. Although a fuel tax for 

transportation will be introduced soon, to date there is no centralized energy tax. Chinese policymakers

attempted to introduce such a tax in the late 1990s to replace steep and inconsistent local taxes.

Implementation has been postponed due to relatively high international fuel prices and domestic 

political issues.40 A carbon tax may not be possible in the short term, but could be implemented

through a mixed energy tax. 

Economic reform, fuel switching, population planning, and other measures have dramatically

altered China’s emissions trajectory. Many emissions mitigation opportunities that are consistent with 

economic development remain and can be realized through greater international cooperation, and direct

and indirect domestic climate policy measures.
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IV. India

India has the world’s second largest population and fourth largest econ-

omy, with a per capita annual GDP of $2,358 (see Table 5).41 The nation aims to reduce

the poverty rate to 10 percent, provide full employment, ensure food, energy, and economic security, 

and double per capita income—all by 2012.42 In pursuit of these goals, India has developed an open,

market-based economy, and a highly sophisticated science and technology sector. 

India’s economy grew at a rate of almost 6.6 percent per year during the 1990s, nearly doubling

over that time. Energy use grew even faster, at a rate close to 7 percent. Electric power demand has

grown still faster—on the order of 8 percent per year. While these trends contrast with China’s, where

both power and energy have grown more slowly than the economy, India’s per capita electricity use 

averages only one-half that of China, and one-sixth of the world average. 

India's carbon emissions per capita

rank among the lowest in the world, averaging

only one-quarter of the global average and

one-twentieth the U.S. rate.43 While India

places a higher priority on development

needs, policies driven by economic and 

environmental challenge have reduced growth

in greenhouse gas emissions. The greatest

challenge has been economic liberalization

and restructuring to improve living standards.

Pressure from citizen activists to reduce air

pollution has also led to court decisions 

mandating strong clean air measures that

affect energy systems. 

Table 5

Key Socio-Economic Indicators  

for India

Annual carbon emissions 
(energy and cement), 1998

Population, 2001 

Population growth rate 

Per capita GDP, 2000
Based on exchange rate
Purchasing power parity

GDP growth rate

Primary energy consumption, 1998

Electric power consumption

Persons below poverty line 

Persons without electricity 

Source: World Bank Development Indicators, 2002; India Census, 2002;
Tata Energy Research Group, 2002; U.S. DOE Energy Information
Administration, 2002; Carbon Dioxide Information Analysis Center, 
Oak Ridge National Laboratory, 2002.
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India ratified the United Nations Framework Convention on Climate Change in 1993 and the

Kyoto Protocol in 2002.

Energy and Emissions Profile

After climbing steadily for at least two decades, India’s energy, power,

and carbon intensities all began to decline rapidly after 1995. This shift suggests

the start of a decoupling of energy and economic growth, as has historically occurred in industrialized

nations at higher per capita income levels.

Industrial development has contributed significantly to economic growth in India, though not

without an environmental price. With coal accounting for over half of total primary energy consumption,

this industrial development has been fueled by a relatively high-polluting energy source (see Figure 7).

Industrial pollution is increasing public health risks, and abatement efforts are consuming a significant

portion of India's GDP. Energy consumption by the industrial sector accounted for 41 percent of total

energy consumption in 1998.44

Industrial energy intensity has declined gradually over the past decade, mainly due to the 

adoption of new and efficient technologies and rapid expansion of non-energy-intensive industries. 
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Figure 7

Energy and Emissions in India, 1998
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Because Indian industry is still highly energy intensive compared to industrialized countries, there is 

considerable room for improvement. 

Non-commercial biomass energy meets the cooking needs of most rural Indian households and

nearly half of urban households.45 Although commercial forms of energy are penetrating rural and tradi-

tional sectors, biomass still accounts for roughly one-third of total Indian energy use. 

India’s carbon emissions have grown by 63 percent over the last decade, despite the decline in

carbon intensity later in the decade. This emissions growth results primarily from energy use associated

with economic development and heavy dependence on coal. Methane, originating primarily from rice 

paddies and ruminant cattle, contributed one-third of India’s total GHG emissions, although its share

decreased rapidly with the rise in energy-related carbon emissions. 

Mitigating Measures

Growth of energy-related carbon dioxide emissions in India was

reduced over the last decade by an estimated 111 million tons.46 The key factors in

these reductions have been economic restructuring, local environmental protection, and technological

change. These drivers have been mediated through economic reform, enforcement of existing clean air laws

by the nation’s highest court, and renewable energy incentives and development programs funded by the

national government and foreign donors. In 2000 alone, energy policy initiatives reduced carbon emissions

growth by 18 million tons—about 6 percent of India's gross energy-related carbon emissions. 

Market reform driven by domestic policy and international dynamics over the past decade has

improved India’s fuel quality, technology standards, infrastructure, and operating practices. A key exam-

ple is power sector restructuring and reform. The Electricity Supply Act of 1905 designated electricity as

essentially a human right in India. The advent of market-based pricing for both power and liquid fuels is

replacing the administered-price system of the old planned economy. Current prices and bill collections

now cover about two-thirds of the cost of power; the remainder is covered by various forms of subsidy. 

In some cities such as Ahmedabad, power costs more than the U.S. average. Many people still do not 

pay for power, meaning that the high price reflects a large cross subsidy for the poor and free riders.

Liquefied petroleum gas, which is used widely for cooking, is modestly subsidized, but prices are headed

Climate change mitigation in  developing countries

22



+

+

+

toward international levels. Other market reforms have allowed the import of foreign cars and appliances,

which generally are more energy-efficient than those they replace. 

Restructuring of the coal sector has been encouraged through privatization, price reform, and

technological improvements. Historically, subsidies for coal production encouraged coal use and therefore

increased carbon dioxide emissions. Price reforms have reduced subsidies, bringing the coal price close to

world levels.  The private sector still accounts for less than 10 percent of coal production, and the shift

from state ownership of mines is proceeding slowly because of political resistance by unions and vested

interests. Moreover, mineral rights belong to the states, ensuring a public-sector role in coal development. 

Technology development measures in the energy sector have contributed a series of small but

notable reductions in emissions growth. Improvements in stoves, reduction of gas flaring in fossil-fuel 

production, improvements in demand- and supply-side efficiency, and the introduction of modern renewable

energy systems now mitigate about 18 million tons of carbon per year. None of these measures has been

exploited to its full potential, and many could lead to further reductions in emissions growth in the future.

There has been sweeping change in India’s vehicle stock over the past decade. Economic reforms

enlarged the vehicle market and prompted rapid penetration by foreign brands. Rising concern about air

quality prompted the introduction of emissions-limiting performance standards in 2000. European-level

emission norms for new cars and passenger vehicles were introduced in 2002 in Delhi, Mumbai, Chennai,

and Kolkatta.47 Apart from mitigating local pollutants, vehicles meeting these norms are more energy 

efficient and emit fewer GHGs for the same level of service. 

In Delhi, 84,000 public vehicles—all buses, taxis, and three-wheelers—were converted from

gasoline and diesel to compressed natural gas (CNG).48 This rapid achievement, accomplished in about

one year, was mandated by the Indian Supreme Court in response to a lawsuit filed by a non-governmen-

tal organization seeking enforcement of clean air laws. Though the compliance cost per vehicle was 

relatively high—up to $300 for a three-wheel vehicle and $1,000 for a car—the policy has been applied

uniformly and effectively. The resulting reduction in carbon emissions is not yet certain and the CNG

mandate is unlikely to be replicated in other cities due to its cost. However, vehicle emissions limits are

likely to be enforced elsewhere, requiring other solutions that may also reduce carbon emissions.
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The Indian electricity sector has long been carbon intensive and the largest source of carbon

dioxide emissions. In 2000, the sector emitted 115 million tons of carbon, about 42 percent of India's

carbon emissions. Natural gas has penetrated this market in recent years and helped to reduce the 

carbon intensity of electric power generation. Improvement in the combustion efficiency of conventional

coal technologies along with strong promotion of renewable technologies has made measurable 

contributions to mitigation. Improved combustion in coal-fired power plants slowed the growth of carbon

emissions by 2.5 million tons between 1990 and 2000. The Indian government has set a goal of using

renewables for 10 percent of new power generating capacity by 2010.

Lower carbon emissions also have resulted from important technological advancements in coal

washing.  Indian coal averages approximately one-third ash, wreaking havoc with boilers and their effi-

ciency, driving up transportation costs, and creating serious air pollution. One recent government policy

restricts the transportation of unwashed coal to less than 1,000 kilometers. As Poland experienced after

the collapse of Communism, the appearance of market competition and consumer choice made it possible

to buy higher quality coal.49 Customers are motivated to reduce ash content to improve efficiency, reduce

local pollution, and cut freight costs. New combustion technologies, including supercritical coal-fired

power plants, are being introduced, and the capture of coal-bed methane is being promoted. 

Annual reporting of energy conservation measures, mandatory for private companies since 1995,

has helped identify significant opportunities for efficiency improvement. One notable example is a 

dramatic reduction in gas flaring, which amounted to 29 percent of gas production in 1990, and less

than 6 percent by 2000.50 This improvement was supported by government investment in natural gas 

collection and delivery pipelines.

Government policy has included public investment to develop the natural gas infrastructure for

long-distance and local distribution. One example is the HBJ 1,500-kilometer high-pressure gas pipeline

from near Mumbai to the north of Delhi, which carries 4 billion to 5 billion cubic meters of gas from off-

shore production. The share of gas in power generating capacity has risen to 8 percent from only 2 percent

ten years ago. Liquefied petroleum gas has significantly replaced commercial coal and kerosene in urban

households. Public vehicles have been converted to compressed natural gas.
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India has instituted a sizable renewable energy program over the past 20 years, including the

creation of the Ministry of Non-Conventional Energy Sources in 1992. About 3.3 million household 

biomass gasification systems have been built. These systems produce 3-4 cubic meters of biogas per unit

per day, enough to supply cooking fuel for a large percentage of rural homes. A larger scale program has

improved the efficiency of wood stoves in 34 million homes, reducing deforestation in areas where wood

fuels were unsustainably harvested. 

“Technology push” programs, supported by subsidies, have created niche markets for otherwise

expensive solar technologies. These include solar lanterns (photovoltaic cells) capable of powering a 

100-watt bulb, home and street lighting systems, water pumps, and stand-alone power plants. Direct

solar water heating systems have also found a market in urban buildings. Similar strategies have led to

high initial penetration of wind, small hydro, biomass, and industrial waste-based electricity generation

technologies. While the quantitative impact of these systems may appear quite small, Indian analysts

argue that the most significant achievement of the renewable energy program is the creation of domestic

capacity that could sustain renewable energy markets in the future (see Figure 8).
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Figure 8

Emissions Mitigation  in India’s Energy Sector, 1991-2000
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On the demand side, rationalization of power rates has been slow due to political resistance, but has

nevertheless been the most significant action. The resulting carbon mitigation is small and difficult to 

measure, but the policy has prepared the way for future efficiency improvements through consumer response

to prices. Transmission and distribution reforms to minimize the theft of electricity, coupled with consumer

education, have produced some carbon emissions reductions. 

Forests cover nearly one-fifth of India's land mass. The per capita deforestation rate has been

among the lowest of the major tropical countries. In recent years, closed forests have actually increased

in total area.51 Forest conservation measures include prohibiting the use of forest land for non-forestry

purposes, encouraging agroforestry and private plantations to meet industrial wood needs, and expanding

areas under protection. During the last decade, over 14 million hectares were protected under Indian

forestry programs. These efforts have led to a steady increase in the rate of forestation, significantly 

contributing to the removal of atmospheric carbon.

Future Mitigation Opportunities

Business-as-usual projections, assuming sustained economic growth

and continued dependence on domestic coal resources, suggest sharply rising

energy use and GHG emissions in India. One influential study, the Asia Least-Cost

Greenhouse Gas Abatement Strategy (ALGAS), projected energy-sector carbon emissions of at least 

688 million tons in 2030, nearly three times the current level. Forestry-related emissions would reach 

21 million tons of carbon by 2020 and about 29 million tons by 2030. More recent studies have given

lower energy-related estimates, one projecting 572 million tons in 2020.52

The ALGAS scenario is driven by a continuation of economic, demographic, and energy trends

and current policies. The economy would grow at an annual rate of 5 percent, increasing GDP in 2030 

to nearly five times the present level. India’s population would increase from 1 billion to 1.35 billion.

However, energy use would only triple, mainly because the current energy intensity reduction rate of 

1.5 percent per year is assumed to continue. Carbon emissions would increase at about half the rate 

of GDP—2.7 times—because carbon intensity would decrease as gas and renewables substitute for coal.

Methane emissions would grow slowly due to low growth in the agriculture and livestock sectors, the main

contributors of methane emissions. Local air pollutants would rise at much lower rates—and particulate
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emissions would actually decline—due to policies that are already being implemented as a result of

increasing public pressure. 

Most studies of future emissions in India suggest a hierarchy of mitigation options. These include

energy efficiency and forest sinks, fuel switching from coal to gas and renewables, and advanced 

technologies such as solar photovoltaics and nuclear power under more stringent mitigation requirements.

Indian experts estimate that India could reduce projected emissions over the next 30 years by

nearly one-quarter for less than $25 per ton of carbon equivalent, with a substantial portion available 

at a very low cost (see Table 6). Over the next decade, 120 million tons of carbon mitigation could be

achieved at a cost of $0-15 per ton avoided. Major opportunities include demand- and supply-side 

efficiency measures, fuel switching from coal to gas, afforestation, and power transmission improvements.

Demand- and supply-side efficiency measures alone could avoid 45 million tons of emissions.

The cost of these measures depends on the extent to which they would be applied, which in turn

depends in part on the stringency of GHG reduction policies. India could in the midterm help finance

these mitigation measures 

by selling emission reduction

credits, either through 

the Clean Development

Mechanism established 

under the Kyoto Protocol, 

or in a futures market based

on expectations that future 

global policies will impose

more stringent GHG 

restrictions, provided that

credits could be banked 

and sold. 

27
Climate change mitigation in  developing countries

Table 6

Mitigation Potential  in India

Carbon Demand-side energy efficiency 45 0-15

Supply-side energy efficiency 32 0-12

Electricity transmission and distribution 12 5-30

Renewable electricity technologies 23 3-15

Fuel switching (gas for coal) 8 5-20

Forestry 18 5-10

Methane Enhanced cattle feed 0.66 5-30

Anaerobic manure digesters 0.38 3-10

Low methane rice varieties marginal 5-20

Cultivation practices marginal 0-20

Nitrous Oxide Improved fertilizer application marginal 0-20

Nitrification inhibitors marginal 20-40

Mitigation Long-term 
Potential Marginal Cost  

Greenhouse 2002-2012 ($/ton of carbon
Gas Mitigation Options (million tons) equivalent)

Source: Based on modeling exercises reported in Rana, A. and Shukla, P.R. (2001), Ghosh et al.
(2001); Garg A. and Shukla, P.R. (2002); and ALGAS (1998).
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V. Mexico

Like most Latin American and Caribbean countries, Mexico, with its

population of nearly 100 million is more than halfway through the process of

demographic transition. Population growth rates have steadily declined from 3.3 percent per

year in 1965 to 1.4 percent per year today, and the population is aging.53 Poverty affects more than half

the population, three-fifths of whom live in urban areas (see Table 7).54

Factors driving the evolution of Mexican emissions include population, economic development,

energy sector growth, technological change, and land use policies. Measures undertaken to reduce 

deforestation rates, switch to natural gas, and save energy have indirectly reduced carbon emission

growth by over 50 million tons, cumulatively, over the last decade. 

Mexico has so far been unable to decouple to any clear extent the dynamics of emissions growth

from those of the economy as a whole. Mexico’s agitated economic history of the last two decades 

included the 1994-95 crisis during which GDP declined over 6 percent, followed by an economic 

recovery that lasted until 2001. 

Mexican carbon intensity, though much

lower than the world average, seems to

have stagnated over the last two decades. 

Mexico ratified the Framework

Convention in March 1993, as a develop-

ing (non-Annex I) country. This status did

not change when Mexico joined the OECD,

historically considered an association of

developed or industrialized countries.

Mexico at that time withdrew from the 

G-77, the group of developing countries
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Table 7

Key Socio-Economic Indicators  

for Mexico

Annual carbon emissions, 1996

Population, 2000 

Population growth rate 

Per capita GDP, 2000
Based on exchange rate
Purchasing power parity

GDP growth rate

Residential energy consumption, 2000

Persons below poverty line 

Persons without electricity 

Sources: OECD Basic Statistics, August 2002; National Institute of Statistics,
2000; Carbon Dioxide Information Analysis Center, Oak Ridge National
Laboratory, 2002; World Bank Development Indicators, 2002.

187 million tons

100.5 million

1.4% per year

$6,000  
$9,100

1.5% expected for 2002

333 Kilowatt-hour 
per capita/year

54 million

5 million 
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aligned as a negotiating bloc in multilateral climate negotiations. Mexico became the first large oil-export-

ing country to ratify the Kyoto Protocol. It was also the first non-Annex I country to submit two National

Communications summarizing emissions data and measures, as required under the Framework Convention. 

Energy and Emissions Profile

Mexico is the largest source of energy-related greenhouse gases in Latin

America, but remains well below the per capita average of industrialized

countries. Mexican net emissions of carbon dioxide in the mid-1990s represented less than 2 percent

of the world’s total.55 Per capita net emissions amounted to 2 tons of carbon equivalent, almost half of

which come from fuel combustion.56

GHG emissions totaled 143 million tons of carbon equivalent in 1990, and grew about 31 percent

to 187 million tons by 1996. Carbon dioxide, methane, and nitrous oxide contributed 140 million, 

43 million, and just under 4 million tons, respectively.57 (Half the apparent absolute increase corresponded

to “industrial processes” and “municipal and industrial wastes,” two areas where major changes occurred

in the inventory methodology.58) Methane fugitive emissions from the oil and natural gas industry 

amounted to 12 million tons of carbon equivalent, more than 6 percent of Mexico’s total emissions.

Energy-related activities, including transportation, industrial processes, and fugitive methane

emissions, produced almost 60 percent of Mexico’s total emissions. Urban and industrial wastes 

accounted for nearly 9 percent, with agriculture, livestock, land use change, and forestry accounting for

the remaining 32 percent. Industrial processes, especially in the cement, metal, chemical, and mining

sectors, produced 6 percent of total greenhouse gases, but are growing fast. The transport sector, 

dominated by trucks, buses and small vehicles, accounts for over 30 percent of Mexico’s energy-related

carbon dioxide emissions (see Figure 9). 

Mexico’s oil and gas industries were nationalized in 1938, as were electric utilities in 1960. The

energy sector has essentially remained a state monopoly for the last four decades. The discovery in the

1970s of huge crude oil deposits, particularly in the southern Gulf of Mexico, determined the current

structure of Mexico’s primary energy supply.  Dominated by oil and gas, it is quite different from that of

most developed nations and even from the world average. While Mexico evolved from an oil importer to

one of the world’s largest exporters, domestic consumption of primary energy has remained quite low.
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Total primary energy supply in 2000 reached 9.7 exajoules, growing at an annual rate of 4.1 percent over

the previous 5 years. Over half of all crude oil produced—some 3 million barrels per day in 1998—is

exported, primarily to the United States. Although steadily decreasing since 1983, Mexico’s proven

reserves of crude oil rank ninth worldwide.59 Known natural gas reserves are smaller, with Mexico ranking

behind 20 other countries in that low-carbon resource. The Mexican government runs to a large extent on

oil, which provides 37 percent of all federal revenues. The government has stressed the view in recent

years that the long-run adverse effects of climate change may represent a much more serious threat than

the loss of income derived from reduced international demand of oil.

Domestic primary energy consumption totaled 6.4 exajoules in 2000, some 16 percent higher

than in 1995. Consumption is dominated by the energy sector itself, transport, and industry. Oil provides

53 percent of energy supply, followed by natural gas at 30 percent. Biomass, coal, hydro, and nuclear 

supply 6, 4, 4, and 2 percent, respectively. Geothermal and wind together provide less than 1 percent. 

Production of electricity increased 5.2 percent per year over the last decade, much faster than

GDP.60 This growth has nevertheless been insufficient to satisfy expanding demand. The industrial, house-

hold, commercial, and agricultural sectors consumed 60, 23, 8, and 5 percent of Mexican electricity,

respectively. A large part of the power generation and transmission infrastructure has become obsolete
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Figure 9

Energy and Emissions in Mexico, 1998
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and inefficient due to insufficient public investment.  A constitutional provision giving the government

primacy in the power sector61 has thwarted private-sector participation in power production. 

Power has long been subsidized in Mexico. Rates are 30-49 percent lower than real costs. 

The resulting subsidies amounted to nearly $6 billion in 2000.  The industrial power rate is nevertheless

among the highest in Latin America, and higher than industrial power rates in Canada and the United

States, the two other parties to the North American Free Trade Agreement. Transport fuel prices have also

been steadily increasing in Mexico during the last decade, with gasoline costing more than in the United

States. High energy prices in Mexico and specific air pollution control efforts in Mexico City contributed to

some decrease in demand and associated emissions. However, efforts in the capital city have fallen short

of achieving compliance with air quality norms, especially with respect to ozone and particulate matter. 

Mitigating Measures

In the 1990’s, Mexico adopted policies and measures that have helped

curb the growth of the country’s energy-related GHG emissions by 10 million

tons of carbon per year.62 Expanding use of natural gas in place of more carbon-intensive fuels,

promoting energy efficiency, and abating some deforestation are the main contributors to climate mitigation. 

The most significant efforts in the energy sector have been improving energy efficiency and fuel 

substitution, by means that include energy pricing mechanisms. Capacity-building efforts assisted by the

World Bank and others led to the creation of two important institutions for energy efficiency: the National

Commission for Energy Saving (CONAE) and the Fund for Saving Electric Energy, created in 1989 and 1990,

respectively. The former promotes energy savings nationwide, fosters the use of renewable energy, develops

official norms for energy use, and supports research and development for rational energy use. The latter, 

a non-profit organization, helps implement a utility-based program for power savings.63 The substitution of 

compact fluorescent lamps for home lighting began in the early 1990s with small-scale projects that proved

the feasibility of this energy-saving strategy, which was eventually expanded. By 1999, approximately 3.3 

million lamps had been replaced, with annual savings of 500 gigawatt-hours, thereby avoiding the addition 

of over 100 MW in generating capacity. CONAE has successfully promoted energy efficiency standards for 

various appliances and equipment. Existing legislation mandates 18 appliance efficiency standards that

reduced Mexican energy consumption in 2000 by 7.5 terawatt-hours, avoiding the need for 1,000 MW 

of base-load generating capacity, the equivalent of a large power plant. 
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Demand-side efficiency and clean energy project savings directly reduced 1999 emissions in

Mexico by 2.1 percent64 and reduced peak power capacity requirements by over 5 percent, saving 

$1.2 billion. About one-fifth of total energy savings and emission reductions in electricity use stemmed

from more efficient electric pumping for irrigation. 

Petróleos Mexicanos (PEMEX), the state-owned oil company that monopolizes crude oil and gas

extraction in Mexico, is also one the country’s largest energy consumers. A program of energy saving 

within the company has already reduced its emissions by about 11 million tons of carbon a year.65

Mexico has considerably expanded natural gas use, for environmental as well as economic 

reasons, although demand has continued to outstrip supply. Reforms established in 1995 allow the 

private sector to participate in the transport and distribution of natural gas. However, exploration and

development is still largely controlled by PEMEX. Natural gas consumption grew by 2.5 percent annually

during the 1990s, faster than growth in the petroleum sector. In May 2002, natural gas imports reached

an unprecedented level of 0.6 exajoules, while production fell to 4.4 exajoules.66 Most of Mexico’s 

natural gas supply is located in the south, far from centers of demand, but budget constraints have

slowed construction of new natural gas pipelines.

The availability of cheap fossil fuel has restricted the expansion of renewable energy, which 

previously played an important role through the construction of hydropower dams. Nevertheless, Mexico

has a large potential for renewable energy, which the government has been exploring through a series 

of demonstration projects since the mid-1970s. These projects have significantly increased industrial

capacity in areas such as the manufacture of solar technologies.67

The terrestrial carbon stock in Mexico’s vegetation represents nearly 24 billion tons of carbon, more

than the equivalent of three years of global energy-related emissions.68 The biotic quality of this carbon pool

is striking: Mexico is one of 12 countries recognized as “mega-diverse.” With just under 2 million square 

kilometers, or 1.5 percent of the world’s terrestrial surface, Mexico possesses 10-12 percent of all known 

animal and plant species. A large proportion of these species is endemic—that is, found only in Mexico.69

Decades of deforestation, habitat destruction, and land transformation have erased 45 percent

of Mexico’s original forests since the 1950s. The situation in the humid tropics was even more serious,

with less than one-fourth of the original rainforest remaining.70 Deforestation continues, affecting
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600,000-800,000 hectares per year over the past decade. The expansion of extensive cattle ranching

has been the main cause of deforestation, particularly in the humid tropics of the southeast. Rough 

estimates of 1996 emissions from land use change and forestry suggested that the carbon sequestration

of Mexican natural areas had been reduced by 44 million tons of carbon equivalent. Natural vegetation

still covers about 135 million hectares, or two-thirds of the total terrestrial surface, with about half of

that amount covered by forests. 

Future Mitigation Opportunities

The Mexican government projects that nearly 29 million people will be

added to Mexico’s population before it stabilizes after around 2040 at about

131 million.71 Keeping pace with population growth and maintaining the present per capita GDP

would raise domestic energy consumption by nearly 2 exajoules a year.  

Baseline projections of energy sector growth indicate that carbon dioxide emissions will continue 

rising. National consumption of electric power is expected to grow at a rate of 6.3 percent a year. Marketed

electric power may grow from 162 terawatt-hours in 2001 to 265 terawatt-hours in 2010, a 63 percent

increase.72 By 2010, capacity to generate electric power is expected to grow by at least 3,000 MW per year,

requiring investments up to $72 billion. This is beyond the reach of the government’s investing capacity, 

so new reforms will likely be necessary. The speed and depth of the renovation of electric infrastructure will

depend on the outcome of the ongoing constitutional debates on public delivery of energy services.73

The dynamics of natural gas production and distribution will determine energy sector emissions

for at least the next decade. Domestic reserves of natural gas are highly uncertain. Gas development

faces many of the same constitutional and political obstacles as the power sector. Natural gas production

is expected to grow at a rate of over 6 percent per year, reaching 7.6 exajoules annually by 2010.74

Domestic demand is expected to continue to grow faster than supply, pointing to the need to expand

imports. Nuclear power has faced strong opposition from broad sectors of Mexican society, and the gov-

ernment has no plan to expand existing nuclear power generating capacity. Specific plans have been

drawn to foster the development of renewable energy.75

One influential study projected an increase in Mexico’s carbon dioxide emissions of 149 percent

from fuel combustion, and a decrease of one-third from land use and forest changes, between 1990 and

33
Climate change mitigation in  developing countries



+

+

+

2010.76 According to this study, total carbon dioxide emissions would grow 69 percent. Should sufficient

investment be available, mitigation strategies identified in the study could reduce emissions 45 percent

below the baseline projection for 2010, reaching a level close to that of 1990. 

According to Mexico’s Second National Communication, the climate change mitigation potential is

107 million tons of carbon in 2010. About one-third from fuel combustion (see Figure 10) and two-thirds

from the forestry sector.77 In both sectors, insufficient investment is the main bottleneck. The evolution of

energy-related emissions will depend on the outcome of negotiations to change the energy sector’s legal

framework. Ideological differences and the existing balance of power in Congress make it difficult to reach a

consensus to amend the Mexican constitution, which currently limits participation of the private sector in the

production and distribution of energy. A recent attempt by the government to circumvent some of the existing

legal barriers by means of stretching regulations was stalled by a resolution of the Supreme Court of Justice

on a constitutional controversy raised by Congress. Full-fledged legal reform is therefore necessary to expand

private participation in a significant way.78

An evaluation of the costs of viable mitigation strategies in the energy and land use sectors was

undertaken recently as part of Mexico’s Second National Communication.79 Actions such as replacing

light bulbs and improving pumping systems are considered to be “no-regrets” options, providing benefits

even in the absence of emissions mitigation. While sustainable management of agroforestry and planta-

tions is not the least expensive mitigation option—contrary to widespread perception—its potential is

much greater than that of the no-regrets alternatives in the energy sector. A recent comparative study of

mitigation potential and forestry options demonstrates that negative cost options, abundant in other

developing countries, are not easily found in Mexico.80 As elsewhere, market failures and institutional and

socio-cultural barriers limit the feasibility of forestry options.

The country’s largest city, Mexico City, and its largest company, PEMEX, both are developing plans

to deal with climate change. Mexico City, in hopes of achieving multiple benefits, plans to become the

largest local government in the western hemisphere to adopt a formal strategy for mitigating climate change.

PEMEX is the first oil company or large enterprise of any kind in a developing country to establish a 

voluntary internal emissions trading system.81 Twenty-five business units participate in this experimental

market, based on a cap-and-trade system. PEMEX has met its early emissions reduction targets with virtual, 

or shadow, internal trades amounting to over 3 million tons of emissions, a value of nearly $19 million.82

The trading will use real exchanges of money beginning in 2003. 
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Two-thirds of the potential for mitigating climate change is to be found in the forestry sector and

could, through an administrative reform process, be achieved without any radical change in Mexico’s legal

framework.83 However, other restrictions such as lack of investments and infrastructure, market failures, 

and ill-defined property rights and other factors may prevent the full realization of these mitigation options. 

Total land area suitable for forestation on degraded forest land may be much greater—from 21 million 

to 36 million hectares.84 The total mitigation potential for these lands reaches 300 million tons of 

carbon in 2012 and 1,382 million tons in 2030.85

Mexico demonstrates that a large developing, oil-exporting country may nevertheless carry out 

mitigation efforts and adopt a proactive stance in the climate change negotiations, including early 

ratification of the Kyoto Protocol. While overall mitigation results in Mexico are still modest, activities 

undertaken to date may pave the way for more ambitious goals in the near future.
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Figure 10

Energy and Forestry Mitigation Potential  in Mexico, 2010
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VI. South Africa

South Africa is the most industrialized country in Africa. Located at the

southern end of the African continent, South Africa has a population of about 43 million people (see

Table 8). It is the world’s largest producer of gold and platinum, the fifth largest producer of diamonds,

and the fourth largest producer of hard coal. The nation’s economy is tied to energy production and use,

with coal accounting for about 75 percent of total energy use and 91 percent of power generation.  

South Africa continues to undergo

profound economic change following the

democratic elections of 1994, which shifted

the government from Apartheid to democra-

cy. This gave new direction to almost all

aspects of government. South Africa’s ruling

party, the African National Congress, outlined

a development path in its Reconstruction

and Development Programme in 1994. The

program’s objective is to meet basic human

needs for housing, water, sanitation, trans-

port, telecommunications, and energy, and to

create jobs through public works. A new

macroeconomic policy launched in 1996,

known as the “Growth, Employment, and

Redistribution” strategy, outlined goals for reducing the trade deficit, creating jobs, and lowering inflation

and interest rates. While the overriding objective of these development efforts is sustainable economic

development, they offer the complementary benefit of reducing GHG emissions growth.  

South Africa ratified the Framework Convention in 1997 and the Kyoto Protocol in 2002.
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Table 8

Key Socio-Economic Indicators  

for South Africa

Annual carbon emissions 
(energy and cement), 1998

Population, 2000

Population growth rate 

Per capita GDP, 2000
Based on exchange rate
Purchasing power parity

GDP growth rate

Primary energy consumption, 1998

Electric power consumption

Persons below poverty line 

Persons without electricity 

Sources: World Bank Development Indicators, 2002; U.S. DOE Energy
Information Administration, 2002; Statistics South Africa, 2000; 
South African Reserve Bank, 2002; National Electricity Regulator, 2001, 
“Lighting Up South Africa 2001,” available at www.ner.org.za.

94 million tons 

43 million

2.0% per year

$3,020
$9,401

3.4% per year in constant
local currency units

110 Gigajoules per capita

4,221 Kilowatt-hours 
per capita/year

6.1 million

15 million
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Energy and Emissions Profile

South Africa’s total GHG emissions in 1999 equaled 1.6 percent of 

global emissions.86 The energy and cement sectors in 1999 produced 94 million tons of carbon,

or 2.3 tons per capita—nearly ten times the African and twice the world average. While total emissions

increased substantially from 1990 to 2000, per capita emissions remained roughly constant.87

Compared to other major developing countries, South Africa’s emissions intensity—emissions per

unit of economic output—is relatively high. While coal use in electricity production is a main reason for

this emission profile, other reasons include the production of synthetic liquid fuels from coal, a high 

proportion of energy-intensive industry and mining, and inefficient use of energy. The driving force behind

dependence on these high-carbon fuels was the need to produce fuel from domestic sources during the

period of isolation brought on by Apartheid. Natural gas currently accounts for only about 2 percent of

total primary energy consumption (1.6 billion cubic meters), but 86 billion cubic meters of confirmed

reserves were found offshore in late 2000. This was the first major domestic find.

The energy sector contributed 78 percent of South Africa’s total GHG emissions in 1994, and

more than 90 percent of carbon dioxide emissions. Although South Africa represents only 5 percent of

Africa’s population, the nation consumes half the electricity produced on the continent. Industry accounts

for 55 percent of the nation’s overall annual energy consumption, with transportation, residential 

buildings, and commercial buildings responsible for only 17, 16, and 11 percent, respectively. Industry’s

share of energy-related carbon dioxide emissions is even higher, at 65 percent (see Figure 11).

Fifteen million South Africans, one-third of the population, meet their daily energy needs using

firewood. Only about two-thirds of households are connected to the power supply grid. An initiative to

increase residential power connections, a priority since 1991, connects about 300,000 homes per year.

The connection cost in 1999 had been cut almost by half from 1992. While increasing access to energy

increases emissions, it is fundamental to economic development.  The government recently began to 

provide free electricity up to 60 kilowatt-hours per household per month to the very poor as a means of

alleviating poverty. This subsidy is intended to help displace the use of paraffin, coal, wood, candles, and

batteries, thus reducing local and indoor air pollution as well as tree cutting.  
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Little information has been gathered concerning non-energy GHG emissions. Two-thirds of South

Africa, roughly the size of Texas, is pastureland, with only 7 percent containing forests and woodland.

According to a recent report by the Department of Environmental Affairs and Tourism, land use change, 

agriculture, and forestry are a net carbon sink due to the absorption of carbon in forests and woodlands.88 

Mitigating Measures

South Africa has initiated a number of actions that will reduce the pace

of carbon emissions growth. These include policies to restructure the energy sector, stimulate

economic development, increase access to affordable energy services, manage energy-related environmen-

tal impacts, and secure energy supply through diversification, as articulated in the government’s 1998

“Energy White Paper.”89 The impact of these measures can be estimated only in a qualitative sense, how-

ever, because resources have not been available in South Africa to conduct detailed studies. 

Restructuring of the energy sector is underway with privatization of government-owned enterprises,

including the state-owned utility Eskom and the transportation company Transnet. The motivation for these

reforms is to improve economic performance and increase economic well-being by introducing private-sec-

tor involvement and economic incentives. The government will sell 30 percent of Eskom’s assets by 2006,

and combine Eskom and municipal power distributors into six new regional electricity companies. Reforms

are aimed at improving economic efficiency and freeing government budgets to focus on more pressing
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Figure 11

Energy and Emissions in South Africa, 1998
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issues. Discussion continues on whether and how to allow independent power producers and competition in

the electricity sector. The Southern African Power Pool now has a control center in Harare, Zimbabwe that

will facilitate electricity trading among countries in the region. Regional energy cooperation will provide

improved capacity utilization and efficiencies while diversifying electricity supplies.  

South Africa has set in motion changes that will replace coal-based synthetic fuel with cleaner

regional sources, especially natural gas and hydroelectric power to be obtained from neighboring members of

the Southern African Development Community. The lifting of the international embargo imposed on Apartheid

South Africa permitted the nation to pursue external energy sources. Significantly, Sasol (South Africa’s main

synthetic fuel producer) has invested in large natural gas fields in Namibia and Mozambique, and South

Africa and Mozambique have signed an agreement to build a gas pipeline to supply South Africa. Sasol will

build the pipeline and use the natural gas to replace the coal feedstock for making liquid fuels. Subsidies and

purchase requirements for Sasol’s coal-based liquid fuels and coal liquefaction are expected to end by 2005

since this process is no longer economically competitive. Natural gas use has been promoted through passage

of the Gas Act of 2001, which creates a regulatory body to regulate the energy sector. New legislation is

expected to establish pricing and access rules for oil and gas pipelines. 

South Africa has several programs addressing energy efficiency in energy production and the

main energy-consuming sectors. Programs in the electricity sector are largely oriented around load 

management at peak hours, introducing consumers to efficient equipment such as compact fluorescent

lamps and power management practices. Selected industries are involved with Eskom in trial programs 

to introduce efficient motors and other equipment. These programs are expected to save the region 

1,000 MW within three years, largely in South Africa.90 A recent study showed that a 5 percent increase

in electricity efficiency in 2010 would lead to a net increase of some 39,000 jobs and income of about

$80 million. A national drive toward energy efficiency of this scale would reduce emissions of carbon

dioxide by roughly 1.5 million tons of carbon in 2010.91 

At the household level, a major initiative has disseminated compact fluorescent lamps to replace

incandescent bulbs. The Global Environment Facility and Eskom targeted all households with the intention

of installing around 18 million compact fluorescents over 20 years. Eskom estimates a total energy savings

of 4 terawatt-hours per year, with carbon dioxide savings of almost 1 million tons of carbon per year.92

Other activities include installing ceilings for proper light reflection in inexpensive houses and no-cost

measures such as proper site orientation for taking advantage of solar energy. Efforts have encouraged use
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of more efficient refrigerators and switching from paraffin to natural gas for cooking. These initiatives aim

to improve the standard of living, reduce electricity bills, and improve health. For example, harmful paraf-

fin combustion products are a significant cause of death among South African children. 

The government plans to establish energy efficiency norms and standards for commercial build-

ings. Guidelines in place for energy efficiency in commercial buildings will, after a five-year trial period,

become mandatory. The guidelines cover minimum energy performance of the building shell and major

energy-using services, including insulation values for walls, roofs, ceilings, and floors. The Department of

Housing has also developed national standards for permanent residential structures, including low-cost

housing.93 These residential standards, however, are not mandatory. The government is moving toward the

introduction of a commercial and domestic appliance labeling program, but progress has been slow and

research on appliance labeling limited. 

In the transportation sector, efforts are being made to correct the effect of urban planning under

Apartheid, which forced low-income commuters to travel much longer than high-income commuters. The

Department of Transport is addressing this legacy in part by trying to introduce clean energy systems for

transportation, including conversion of internal combustion engines to natural gas, gas-to-liquids technolo-

gy, and fuel-cell technology. 

Renewable energy sources provide less than 2 percent of electric power generation, but Eskom is

developing over 100 MW of wind and solar thermal power. These would be the largest such investments

ever in South Africa. The electrification program goes beyond grid electricity with an off-grid rural conces-

sions program that is to provide 350,000 solar home systems in seven concession areas.  Proposals have

been made to extend the concept to a package that would also include liquefied petroleum gas for cooking

and other uses. There are also five combined bagasse-and-coal-fired power stations run by private sugar

companies, primarily using sugar cane residues with coal as a back-up. 

Recently, nuclear power has received much attention following Eskon’s announcement of plans to

develop and build a new generation of ‘pocket sized’ nuclear reactors, for export as well as domestic power

generation. Like all other nuclear projects, this has been the subject of significant controversy. Eskom is

planning a test site for these 100 MW modular reactors, with support from several local and possibly some

international investors.

Climate change mitigation in  developing countries

40



+

+

+

Future Mitigation Opportunities

Relatively little work has been done to project future energy use and

GHG emissions in South Africa. Merely extrapolating from emissions trends of the past decade

would imply that economic and energy growth will continue as they have since Apartheid was abolished.

Such a scenario, however, would not take into account the expected impact of restructuring and economic

reform that is currently underway. It is likely that the economy will not continue to grow without the pro-

ductivity and competitive benefits of energy reform, meaning that extrapolation would probably over state

both future emissions and economic development. Failing to account for the fuel-substitution and efficien-

cy improvements that can be expected from reform will also overstate future emissions. 

Carbon dioxide emissions from energy and cement production increased over the last decade 

at a rate of 2 percent per year. The economy grew at about the same pace. Simple extrapolation 

suggests an increase in energy- and cement-related emissions from about 94 million tons in 1998 to 

120 million tons in the year 2010. If the economy were to benefit from reforms and accelerate to 

4 percent growth, emissions would reach 150 million tons in 2010, unless reform and fuel switching

contributed to reduce energy and carbon intensity. Emissions could grow much slower than the economy

under a reform scenario, but it is difficult to quantify the potential in the absence of detailed studies.

Against that context, a variety of ongoing and proposed policy measures would have an effect on this

emissions growth trajectory (see Table 9).  
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Table 9

Mitigation Potential  in South Africa

Stimulate economic development

Stimulate new and renewable
energy sources

Diversify energy sources

Remove trade barriers; facilitate energy sector
investment; promote demand-side management;
eliminate subsidies

Renewable portfolio standard of 5% of electricity
generation by 2010, and 20% by 2025

Replace coal used to produce synthetic
petroleum with natural gas

4 million tons in 2010 

3 million tons in 2010

5-10 million tons if entire capacity 
is switched from coal to natural gas 

Development Objectives Implementation Measures Reductions from Projected Emissions

Source: Estimates by Davidson, O. Energy & Development Research Centre, University of Cape Town, 2002. 
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Several policies that could make the most difference have as their primary intent improving the

quality of life in South Africa. Economic restructuring can have a continuing impact, particularly by remov-

ing subsidies for emissions-intensive synthetic fuels production and replacing those fuels with imported

natural gas. As part of power sector restructuring, regulators can adjust rates to allow return on investment

in energy efficiency, and include external, or environmental, costs in power prices, thus shifting emissions

downward. On a macroeconomic level, removing energy trade barriers and facilitating investment in the

energy sector would have a positive effect. These economic measures could, if completely implemented,

reduce carbon emissions by 4 million tons per year by 2010. However, a more realistic value, based on 

the experience of other developing countries, is probably about one-third that amount.

In the energy sector, increasing access to affordable energy services will mean continuing 

electrification under restructured markets and maintaining the pace of 300,000 connections per year. 

The goal remains providing universal access to modern energy services. Implementing free basic electricity

of 20-60 kilowatt-hours per household per month for 1.4 million poor households will improve health 

by reducing indoor air pollution, but will increase GHG emissions by requiring more power generation. 

The upper bound of this estimate is an increase of a negligible 0.04 million tons per year. 

A national energy efficiency program that ensured a 5-percent reduction in electric power

demand growth by 2010 would create jobs and wealth. These demand-side management measures could

lead to reductions of annual carbon emissions of 2.2 million tons and 5.2 million tons per year in 2010

and 2025, respectively. In the housing sector, where there is a shortage of 2.6 million units, part of the

existing housing subsidy could be diverted toward requiring that all new low-cost houses be built 

according to energy-efficiency standards. The estimated impact on carbon dioxide emissions would 

be 0.16 million tons of carbon per year if aggregated across all low-cost housing.94

South Africa’s Department of Minerals and Energy recently released for public comment a draft

white paper on promoting renewable and clean energy. This paper communicates the government’s princi-

ples, goals, and objectives for a renewable energy strategy, and sets a 10-year target to increase the share 

of renewable energy in final energy consumption from 9 percent today to 14 percent by 2012. There is great

potential for using solar, wind, biomass, ocean energy (waves), and hydropower. Renewable energy, through

enactment of portfolio standards, could provide 5 percent and 20 percent of power generation in 2010 and
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2025, respectively. Reductions in carbon emissions of 3 million and 19 million tons of carbon are 

conceivable in 2010 and 2025, respectively, based on baseline emissions projections for bulk electricity.95

South Africa is approaching a decade of liberation from Apartheid and is beginning to succeed in

addressing its many legacies. Importantly, the government is improving standards of living for the very poor;

enacting reforms needed for an efficient, open economy; and liberalizing energy-sector policies that have a

largely positive impact on GHG emissions. The development challenges South Africa faces are enormous, yet

it remains the richest nation on the African continent. Lessons it learns in reforming its economy and provid-

ing a higher quality life for its citizens could serve as instructive examples for other developing countries.
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VII. Turkey

Turkey is at the crossroads of Asia, Europe, and Africa, occupying 

a strategic position on the energy transit route linking the oil- and gas-rich

Caspian Sea to demand centers in Europe and the Mediterranean.

Turkey’s population of about 65 million is growing at a rate of 1.5 percent per year (see Table 10).

After more than a century of effort

to modernize and industrialize the country,

Turkey’s economy presents a picture of con-

trasts. Modern industries coexist with pock-

ets of subsistence farming. The major cities

of western Turkey are cosmopolitan centers

of industry, finance, and trade, whereas the

eastern part of the country is relatively

underdeveloped. Over the last few decades,

Turks have migrated in large numbers from

the eastern to the western part of the coun-

try. This change exacerbated highly uneven

economic distribution among socio-economic

groups and widened regional disparities.

Turkey’s economy grew 3.2 percent a year between 1990 and 2000. Though it slipped into

recession in 2001, the nation competes successfully in the global economy. The industrial sector has

been the driving force for Turkey’s development since 1980. Tourism has also grown more rapidly than

GDP. The number of passenger cars has tripled over the last decade. Overall energy supply grew about

one-third during the 1990s, parallel to the GDP growth rate.
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Table 10

Key Socio-Economic Indicators  

for Turkey

Annual carbon emissions 
(energy and cement), 2000

Population, 2000 

Population growth rate 

Per capita GDP, 2000
Based on exchange rate
Purchasing power parity

GDP growth rate

Primary energy consumption, 1998

Electric power consumption

Persons below poverty line 

62 million tons

65 million

1.5% per year

$3,061
$6,974

3.8% per year in constant
local currency units

50 Gigajoules per capita

1,756 Kilowatt-hours 
per capita/year

12 million

Sources: World Bank Development Indicators, 2002; U.S. DOE Energy
Information Administration, 2002; Turkish State Institute of Statistics; State
Institute of Statistics, 2002; Statistical Yearbook of Turkey, SIS, Ankara, 1999.
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Seeking to capitalize on its key position on energy transit routes, the government has set a goal

of becoming a Eurasian Energy Corridor. Great importance is attached to realizing large-scale projects

such as the Baku-Tibilisi-Ceyhan crude oil Main Export Pipeline, as well as the Trans-Caspian

Turkmenistan-Turkey-Europe gas pipeline.

Turkey’s rapid energy demand growth, combined with its low income compared to Europe, Japan,

and the United States, led the government to insist that it not be treated as a developed country under

the Framework Convention even though it is a member of the OECD. Parties agreed to the request in

2001 and Turkey is now expected to ratify the Convention.96 The nation has long agreed in principle that

it will attempt to limit emissions, but so far it has not developed specific greenhouse policies. However,

other measures undertaken for local environmental and economic reasons are helping to reduce GHG

emissions growth.

Energy and Emissions Profile

Turkey ranks among the fastest growing energy markets in the world

and is the fastest among member countries of the International Energy

Agency. Oil accounted for 38 percent of Turkey’s energy use in 2000, followed by coal at 25 percent

and natural gas at 17 percent (see Figure 12). Gas use, however, is increasing rapidly. Energy-related 
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Figure 12

Energy and Emissions in Turkey, 1998
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carbon emissions have been growing much faster than the economy at an annual rate of 6 percent per

year since 1990. By 2000, they totaled about 57 million tons of carbon. Emissions per capita stood in

1998 at almost 0.9 tons of carbon, in sharp contrast with the 3 tons per capita average for members of

the OECD.97 Industry accounts for over half of total carbon dioxide emissions, with the residential and 

transportation sectors contributing roughly one-fifth each. Turkey’s high rate of growth in energy-related

emissions is expected to continue and even increase, leading to a projected emissions level of almost

210 million tons in 2020.

Over 40 percent of all energy is used by the industrial sector and nearly 35 percent in the residential

sector. The rest is split between transportation and commercial services. Industry in Turkey is energy intensive,

with the iron and steel manufacturing and cement production sectors by far the largest energy users.  

In the residential and commercial buildings sector, more than 80 percent of energy is used for

space heating. Use of electrical appliances is rapidly increasing and boosting power demand. Increasing

use of air-conditioning, especially in the Mediterranean region, has shifted the peak hours of electricity

demand to noon in the summer. Electricity consumption for lighting accounts for 30-40 percent of power

consumption in the residential sector.

The transport sector is dominated by road transport (90-95 percent or more of passenger 

transport and 85 percent of freight transport).  Vehicle ownership is only seven vehicles per hundred

inhabitants compared to the OECD average of 50.98 Capacity utilization of available rail lines for 

passenger transport is low for inter-city traffic and higher for suburban lines.  

Turkey has limited reserves of oil and natural gas, but has proven reserves of lignite on the

order of 8.4 billion tons. The nation also possesses renewables, especially wood and hydropower.

Natural gas production and use in Turkey began in 1976. Gas demand began to grow rapidly around

1987. Gas is imported mainly through a pipeline from Russia, which supplies power plants, several

large industries and the cities of Ankara, Istanbul, Izmit, Eskisehir and Bursa. A new pipeline, Izmir, 

is expected to come on line in 2002. Conversion of central heating systems from low-quality lignite to 

natural gas has already improved air quality in Ankara, Istanbul and Bursa, specifically in terms of 

sulfur concentration. Sulfur dioxide emissions grew about five-fold from 1982 to 1990 but since 

1990, they have grown at a slower rate.99
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Methane emissions totaled about 1.4 million tons in 1997, a carbon equivalent of 8 million 

tons. Most arose mainly from enteric fermentation, animal wastes, and sanitary landfills. Nitrous oxide

emissions in 2000 totaled 17,500 tons, or about 1.5 million tons of carbon equivalent, with most 

generated in nitric acid production.  

Mitigating Measures

As in South Africa, the overall impact of Turkey’s emission mitigation

measures can be estimated only qualitatively because resources have not

been available to conduct detailed studies. Ongoing emissions mitigation in Turkey is driv-

en by economic restructuring, European integration, price reform, fuel switching, and energy efficiency

measures. Restructuring and reform have resulted from government moves to adopt market-oriented poli-

cies since the 1980s. Turkey established a Customs Union with the European Community in 1996, thus

achieving a much higher level of integration both in commercial and legislative terms, and ratified the

Energy Charter Treaty in 2001.100 The treaty requires each party to minimize energy-related environmental

impacts in an economic manner.

Turkey’s most recent Five-Year Development Plan, adopted in 2000, affects all policies in all 

economic sectors and has an indirect impact on GHG emissions. The first Special Expert Committee on

Climate Change was established as one of 98 consultative committees during preparation of this plan. 

The committee’s recommendations were 

published by the Turkish prime minister as 

official policy for the current planning period

(see Table 11). These recommendations serve

to guide government actions, but their actual

implementation depends on the actions of 

various agencies and regulators.

Under the Electricity Market Act

adopted in 2001, the power sector will soon

undergo profound reform, leading to the intro-

duction of competition and increasing private

involvement. The new Natural Gas Market Law,
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Table 11

Mitigation Potential  in Turkey

• Privatizing energy resource production.

• Increasing the share of natural gas in consumption.

• Transferring electricity production and distribution to the private
sector to make utility services more efficient. 

• Encourage power savings by matching costs to prices and pre-
venting theft.

• Developing new and renewable energy sources and ensuring
their greater role in the market.

• Converting railway management to commercial orientation to
ensure efficient, market-oriented services.

• Investing in natural gas pipelines and storage facilities.

• Increasing energy efficiency and ensuring energy saving.

Source: “Eighth Five-Year Development Plan (2001-2005) of Turkey,” SPO,
Ankara, 2001.
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also adopted in 2001, establishes a competitive gas market and harmonizes Turkish legislation with

European law. The Turkish Council of Ministers has adopted several measures to stabilize fuel prices. An

automatic pricing formula was abolished and gasoline taxes were made consistent with European countries.

For example, taxes comprised over 60 percent of the price of gasoline by late 2000.101 

To increase energy efficiency in industrial sectors, energy conservation regulations were issued in

1995. These required industrial establishments with annual consumption above 84 terajoules to establish

an internal energy management system, conduct energy audits, and appoint an energy manager in their

plants. Some 1,250 plants accounting for 70 percent of Turkish industrial energy use are covered by this

regulation.102 Government incentives are provided for installation and on-site use of combined heat and

power plants with 1,500 MW capacity or less. By the end of 2001, 132 cogenerators were in operation

with a total capacity of about 2,860 MW.103

An insulation standard was made compulsory for new buildings in 2000. Together with regulations

published by the Ministry of Public Works and Settlements, the standard will cut heating requirements by

100-150 kilowatt-hours per square meter in colder regions. After 1990, approximately 75 million square

meters of indoor area was added to the building stock for an annual increase of 5 percent. Refrigerators

must now be labeled for energy consumption and annual energy cost in compliance with the efficiency

standard adopted in 2002, and a similar standard for washing machines has been prepared. 

The 1998 Law on Rangelands was intended to conserve, rehabilitate, maintain, and manage

rangelands by introducing limitations on their use and allocating them to villages and municipalities. 

The law is expected to bring about sustainable use of rangelands, pasturelands, and grasslands, which

have been neglected for centuries and prone to be barren, thus increasing their carbon sink capacity.

Future Mitigation Opportunities

The Turkish Ministry of Energy and Natural Resources has recently

undertaken energy futures analysis. Based on the MAED energy demand model, forecasters

have developed an “intermediate scenario” as the most probable outcome for future energy use.104 This

MAED baseline assumes unchanged government energy policies and programs, and serves as a benchmark

for changes in emissions estimated for the five-year plan as well as supplementary measures examined in

alternative scenarios. In this baseline, the government projects energy demand growth of 7.2 percent
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through 2005, 6.2 percent between 2005 and 2010, and 5.9 percent between 2010 and 2020. Turkey’s

annual per capita energy use, about 53 gigajoules in 2000, is projected to triple by 2020. However, 

experience elsewhere suggests that this growth is unlikely, at least over such a long period.105

Industrial energy demand is expected to represent about 54 percent of total consumption in

2020, consistent with the rapid industrialization expected over that period. In contrast to most developed

and many developing countries, Turkey’s industrial energy use is expected to increase as a share of total

consumption. Car ownership and distances traveled are expected to rise, as is electricity consumption per

dwelling, especially for space heating, water heating, cooking, and other thermal uses. 

The share of hydroelectric generation and other renewables is expected to fall to around 21 percent

by 2010, while thermal power generation will increase from 60 percent to 79 percent. Government 

projections for the near future indicate a progressive decrease in use of wood, animal wastes, and other

combustible and renewable energy sources. The reasons for this are the expected rise in living standards 

as well as limits on deforestation. 

Turkey’s power planning includes the huge South-east Anatolia Project, a combined hydroelectric

and irrigation project. Situated in the lower reaches of the Euphrates and Tigris rivers and covering 

the plains between them, the 22-dam project will flood an area of at least 74,000 square kilometers,

one-tenth of Turkey’s total land surface. The project is supposed to provide capacity of 7,476 MW, and

27,300 gigawatt-hours of hydroelectricity annually.

Major energy transit projects underway, such as the Baku-Tibilisi-Ceyhan oil pipeline and Trans-

Caspian Turkmenistan-Turkey-Europe gas pipeline, are important for bringing energy diversification and secu-

rity not only to Turkey but also to the region. By permitting increased natural gas consumption, the pipelines

offer the opportunity to lower GHG emissions through gas substitution for low-quality indigenous coal. 

Separate studies of Turkey’s energy supply and demand system have suggested specific technical

and policy options that differ from the MAED baseline and which, if implemented, could reduce energy-

related carbon emissions to around 100 million tons in 2010, 9 percent lower than the baseline 

projection (see Figure 13).106 Potential measures include reducing power transmission losses, increasing

use of biomass energy, and improving residential and industrial energy efficiency.
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Further increasing the use of natural gas in power generation and space heating in Turkey could

bring large environmental benefits.107 New gas plants, especially combined-cycle gas turbines, have 

lower capital costs than new coal plants, and can be installed quickly and in small increments. 

Private operators in competitive power markets needing new capacity have shown a marked preference 

for combined-cycle gas turbines where natural gas was available. 

Solar energy has significant potential in Turkey. An estimated 3.5 million square meters of flat

plate collectors for solar heating have been installed, primarily in the southern and western regions in

the residential and commercial sectors. Solar energy use is expected to increase by a factor of four by

2020, but will remain a small percentage of total energy use.108 Installed solar cells are located in rural

and remote locations and are not connected to the transmission grid system. Power generation by solar

energy is not envisioned in the current Five-Year Development Plan because the government does not

view it as cost-effective.

The western coast and southeastern Anatolia have been identified as favorable locations for wind

power generation. Progress in wind energy technology in recent years has drawn private-sector attention,

and three new wind power plants have been commissioned. The Five-Year Plan sets specific targets for

implementation of alternative energy measures. The target for wind-generated power is 2,000 MW by

2005. Other government-sanctioned studies have set targets to cut energy intensity by 2 percent and 

3 percent per year, respectively, in residential and commercial buildings.109

Demand-side measures could also significantly reduce Turkish emissions relative to the baseline.

According to the National Energy Conservation Centre (NECC), the technical potential for conservation 

in heavy industry sectors ranges from 20 percent to 35 percent. A considerable share of the energy-

intensive industries, including some of the most inefficient ones, remains under government control.

Industry privatization, if pursued according to plan, is likely to result in closure of the oldest and most

inefficient operations and in modernization of the surviving ones. The progressive elimination of energy

price subsidies will also stimulate energy conservation. This process may well boost the overall energy

efficiency of Turkish industry and government projections of industrial energy demand may prove to have

been significantly overestimated. 

Climate change mitigation in  developing countries

50



+

+

+

Energy use per unit of building area could be reduced by nearly half according to a study con-

ducted by the Electric Power Resources Survey and Development Administration.110

According to a country review by the

International Energy Agency (and based on the

MAED baseline), energy-sector reforms plus

massive investment in gas pipelines and power

plants would bring much needed new technology

and higher energy conversion efficiencies.111

Because more efficient gas turbines, for 

example, generate lower GHG emissions per 

unit of power, along with lower local pollution, 

it appears unlikely that private investors would

install flue gas desulfurization equipment in

existing coal-fired power plants, opting instead

for natural gas-fired plants. Thus, the expecta-

tion of massive use of domestic lignite and

imported hard coal in industry and power generation appears exaggerated. 

Policies and measures have significant potential to effect changes in carbon emissions while

achieving Turkey’s economic and environmental goals. This can be accomplished by encouraging wider use

of natural gas and high-quality coal, especially through financing mechanisms that would result in poor

households switching from coal to gas, and by making natural gas available to smaller gas consumers

through extended distribution grids. If Turkey becomes a party to the Framework Convention and the Kyoto

Protocol, the nation will be eligible to market carbon credits through the Clean Development Mechanism,

which could introduce new technologies and funds to the country. To accomplish this, institutional 

capacities and information systems would also need to be improved.
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Figure 13

Mitigation Potential  in Turkey, 2010

M
ill

io
n 

To
ns

 C
ar

b
on

0

1

2

3

4

5

6

Power Transm
ission

Efficiency

Biom
ass Energy

Building Energy 

Efficiency

Industrial Energy

Efficiency

Geotherm
al

Source: Estimates by Alpan-Atamer, S. Med-Consult, 2002 utilizing studies
referenced in endnote 106.



+

+

+

52

VIII. Conclusions

The six country studies support four broad conclusions. First, efforts under-

way by developing countries have significantly reduced growth in their GHG emissions. Second, these

efforts have been driven not by climate concerns but by imperatives for development, poverty reduction,

local environmental protection, and energy security. Third, while their energy use and emissions will 

continue rising for the foreseeable future, developing nations offer continuing, large opportunities for

emissions mitigation if social and economic barriers can be overcome. Finally, policy makers can combine

mitigation efforts with development objectives and augment the outcomes for both.

Together, the six countries examined in this report have over the past 30 years reduced their 

carbon emissions growth by nearly 300 million tons a year. Their annual emissions would likely be about 

18 percent higher than they are today if not for the measures they have undertaken. To put these figures

in perspective, if all developed countries were to meet the emission targets set by the Kyoto Protocol,

they would have to reduce their emissions by an estimated 392 million tons from where they are 

projected to be in 2010.112 

Developing country mitigation has been inadvertent in the sense that it has been driven largely

by concerns other than climate. Some of these drivers are unique to specific countries. For instance, 

a substantial portion of the total mitigation attributable to these six countries results from China’s effort

to slow population growth, an effort unique in its scale and results. Taken together, however, the case

studies demonstrate that there are common drivers for climate mitigation operating across most or all of

the six countries. The most powerful are development and poverty alleviation, energy security, and local

environmental protection.

The drive for economic development has led to significant market reforms and economic 

restructuring. In each of the six countries, economic reform—especially making energy prices realistic

and requiring consumers to pay—has both accelerated economic growth and reduced energy waste. 

In China, for example, rising coal prices and hard budget constraints at state-owned enterprises have 
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disciplined producers and consumers to waste less energy. South Africa is cutting subsidies to 

manufacturers of synthetic petroleum derived from coal and relying instead on cleaner, more efficient 

natural gas. While market mechanisms alone will by no means solve all development, security, and 

environmental problems, they can be a powerful force for climate mitigation. 

Likewise, meeting energy security needs can also help nations reduce GHG emissions. Brazil 

has cut reliance on imported oil by providing incentives for alcohol production and consumption and 

one-liter car engines, reducing carbon emissions growth by 7 million to 8 million tons per year in the

process. India has reduced dependence on imported oil by expanding natural gas use, which also 

reduces emissions growth. 

Efforts to protect local environments can also contribute to carbon mitigation. Improving local air

quality often results in fewer GHG emissions (exceptions include sulfur scrubbing on power plants).113

Fuel switching from high- to low-carbon fuels and promoting energy efficiency result in better air quality

and lower carbon emissions. Reducing deforestation protects water supplies and agricultural land while

increasing carbon sequestration.

Each of the six nations studied here offers large-scale emissions mitigation opportunities. In

Brazil, encouraging alcohol fuels, cogeneration, and energy efficiency could cut emissions by an estimat-

ed 45 million tons in 2020. By continuing policies for economic reform, efficiency, and environmental

protection, China could reduce emissions growth by an additional 500 million tons in 2020. In India,

about 120 million tons of carbon mitigation could be achieved by 2012 at a cost of no more than 

$15 per ton. Similar opportunities exist in Mexico, South Africa, and Turkey. The uniformity of these

results, and the diversity of cultures and conditions represented in these six countries, suggest that 

developing countries everywhere offer large mitigation potentials. 

However, continuing mitigation in these and other developing nations can by no means be taken

for granted. The six case studies also reveal significant barriers to mitigation opportunities—indeed to

development itself. These include: 

• Lack of information. Of these countries, only Mexico has consistently submitted emissions

inventories and national communications to the UNFCCC Secretariat. South Africa and Turkey

lack rigorous, transparent studies of future energy and emissions trends, making more difficult
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the challenge of responding to opportunities identified. Efforts to mitigate emissions on any level

will not be credible unless mitigation measures are made transparent and verifiable.  At the

international level, the paucity of reliable data raises questions about the viability of any

approach relying heavily on data to establish or monitor progress toward emission objectives for

developing countries.

• Lack of capacity. The efficiency gains and technological advances described here attest to the

strong and growing technical expertise of some developing countries. However, in many developing

countries, further mitigation is seriously impeded by a lack of institutional capacity—specifically,

the expertise and personnel to analyze energy and emission futures, identify mitigation opportuni-

ties, integrate climate efforts with other development priorities, execute economic reforms, and

cultivate investment opportunities. 

• Market distortion. Public control of energy resources, and public subsidies for certain types of

energy use, often stand in the way of carbon mitigation. In most of the countries studied here,

public control of at least a portion of energy resources has prevented the emergence of private

actors more likely to promote emissions-reducing efficiencies. State-owned institutions play

major roles in supplying energy in China, Mexico, and South Africa, for example. In many 

countries, both developed and developing, energy subsidies favor fuels and patterns of energy

use that promote higher carbon emissions. 

• Lack of technology and investment. Technology transfer happens primarily through private-sector

investment. But investment in developing countries is impeded by lack of transparency in 

business transactions and uncertainty in recovering loans and equity investments. While many

potentially profitable projects can be identified, as the six case studies attest, prospects for

return on investment are made uncertain by unclear policies regarding ownership, pricing, and

contract enforceability. Often the perceived risk is so high that would-be investors are unwilling

to finance even a feasibility study, which developing country industries and governments fre-

quently cannot undertake on their own.
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In light of these barriers, efforts to promote further emissions mitigation will require new policies

leveraging drivers for other developing country objectives. Policy makers can employ a variety of strategies to

support development, security, and environmental goals as a way of encouraging emissions mitigation. One

broad lesson, given the diversity of drivers and co-benefits, is the need for flexible policy approaches promot-

ing and crediting a wide range of emission reduction and sequestration activities. Appropriate policies would

do the following: 

• Promote continuing market reforms. Each country study showed that national policies making

energy prices realistic, making prices matter, and removing subsides for consumption reduce

both economic and energy waste, hence accelerating economic growth while cutting emissions

growth. National and international policy makers can support programs that shape energy-sector

reform to accelerate financial performance and provide incentives for energy-technology innova-

tion. Further, allowing prices to rise to global market levels provides incentives for industry to

achieve global levels of efficiency and competitiveness.

• Mobilize investment. Each country study demonstrates both the need for international technolo-

gy transfer and investment, and the need for reforms to facilitate investment. Some reforms—

such as increased transparency and stronger rule of law—are needed to improve the investment

environment broadly. Other efforts should be directed specifically at promoting climate-friendly

investment. Investment opportunities often are obscured by lack of funds to identify good 

projects for mitigating measures; an important role for international assistance would be to

demonstrate how any investment will be repaid. Market-based approaches such as the Clean

Development Mechanism could help generate investment in cleaner energy. However, given the

reduced demand for carbon credits resulting from the U.S. withdrawal from Kyoto, the price of

carbon credits in the foreseeable future is unlikely to cover much of the cost of mitigation 

projects.114 Additional resources could be brought to bear through multilateral banks and 

bilateral mechanisms that traditionally have supported trade and development, but now are 

in need of an updated mission.115
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• Build capacity. Bilateral and multilateral programs can mobilize private- and public-sector

experts to provide technical and policy advice, particularly for price reform and imposition 

of hard budget constraints. Sometimes human capacity exists but is underutilized due to 

insufficient funding for relevant efforts such as project identification and preparation. 

Priority investments also include developing the supporting data and models that would 

enable analysts to understand emissions profiles, trajectories, and mitigation opportunities. 

• Promote environmental improvements. Efforts should be made wherever possible to realize 

synergies between climate mitigation and local environmental objectives, such as improving 

air quality and encouraging forest and land conservation. Priorities include removing subsidies

and incentives that accelerate deforestation—policies, for example, that develop highways, 

agriculture, and large projects leading to land speculation. Another priority is funding for forestry

intended to protect water supplies and reduce erosion and dust. 

While much of the mitigation potential in developing countries can be realized through national

policies, or with bilateral or multilateral assistance, emission reductions on the scale needed to avert climate

disaster likely will be achieved only with agreement on an international regime that includes all major 

emitting countries. A fuller understanding of the ongoing and potential contribution of developing countries

to greenhouse gas mitigation can help achieve further progress toward the shared goal of climate protection.  
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This report examines measures contributing to 

climate change mitigation in key developing 

countries—Brazil, China, India, Mexico, South

Africa, and Turkey—and identifies future mitigation 

opportunities. The Pew Center on Global Climate
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Trusts to bring a new cooperative approach and 

critical scientific, economic, and technological 

expertise to the global climate change debate. 
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