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ABSTRACT 

This study examines energy use and carbon emissions in the developing world . 
. Based on analyses of present energy-use patterns in 17 developing nations, this 
study presents high emissions and low emissions scenarios for these nations in the 
year 2025. These nations combined account for two thirds of the energy-related 
carbon emissions presently generated in the developing world. The analysis 
reveals that energy demand expands dramatically by 2025 and grows increasingly 
carbon intensive. In the high emissions scenario, carbon emissions from these 
countries increase four-fold. The greatest share of carbon stems from the 
industrial sector in 2025, followed by the transport and residential sectors. With 
the implementation of policies aimed at reducing C02 emissions, the low 
emissions scenario reduces the level of carbon in 2025 by 20 percent relative to 
the high emissions scenario figure. These nations achieve 80 percent of the 
carbon reductions by improving the efficiency of energy production and use and 
the remaining 20 percent by implementing fuel-switching measures. Of all the 
sectors examined, the industrial sector offers the greatest opportunity for absolute 
carbon savings (39 percent of the total). · 

Despite improvements in energy intensity, carbon emissions rise three-fold by 
2025 in the low emissions scenario. These results indicate that rapidly increasing 
energy demands in the developing world, spurred by high rates of population 
growth and the desire for higher levels of material comfort, will continue to 

· outpace the incorporation of energy-efficiency improvements into developing 
world economies. While opportunities exist to restrain the growth of energy use, 
the development paradigms currently being followed by developing nations -
based largely on industrialized world models -- will require substantially larger 
energy inputs in the future. As a result, emissions of carbon dioxide inevitably 
will rise. Despite these increases, according to both scenarios carbon emissions 
per capita in developing countries grow relatively slowly and remain only a 
fraction of per capita levels in industrialized nations in 2025. · 



PREFACE 

Recent years have witnessed a growing recogni~ion of the link between emissions of carbon 
dioxide (C02) and changes in the global climate. Of all anthropogenic activities,· energy 
production and use generate the single largest portion of· these greenhouse gases. Although 
developing countries currently account for a small share of global carbon emissions, their 
contribution is increasing rapidly. Due fo the rapid expansion of energy demand in these 
nations, the developing world's share in global modem energy use rose from 16 to 27 percent 
between 1970 and 1990. 1 If the growth rates observed over the past 20 years persist, energy 
demand in developing nations will surpass that in the countries of the Organization for Economic 
Cooperation and Development (OECD) early in the 21st century. 

Restraining the future growth of carbon dioxide emissions in the developing world entails a 
thorough understanding of present and future patterns of energy use in these regions. To address 
this need, the International Energy Studies Group at the Lawrence Berkeley Laboratory (LBL) 
initiated this study in collaboration with research groups in the developing world. The study 
seeks to examine the forces that galvanize the gro\\fth of energy use and carbon emissions, to 
ass~ss the likely future levels of energy and C02 in selected developing nations and to identify 
opportunities for restraining this growth. The purpose of this report is to provide the 
quantitative information needed to develop effective policy options, not to identify the options 
themselves. The results are being used by the Intergovernmental Panel on Climate Change to 
determine the impact of changes in energy use and supply on carbon emissions and, ultimately, 
on the Earth's climate. The U.S. Environmental Protection Agency supported this work. 

Individual studies were conducted for Argentina, Brazil, Mexico and Venezuela in Latin 
America; China, India, Indonesia and South Korea in Asia; and Nigeria, Sierra Leone and 
Ghana in Africa. A combined study was carried out for the countries of the Gulf Cooperation 
Council (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates). For each 
nation, the participating regional experts derived a set of reasonable assumptions about future 
activity levels from a thorough analysis of energy use patterns in 1985.2 Based on this 
information, the experts then developed high and low scenarios of energy use and carbon 
emissions for the year 2025. Although the same spread-sheet model was used for all of the 
country studies, the socio-economic and energy-related assumptions made in each case differ 
according to the unique conditions of each nation (See appendix A for a description of the 
methodology of the study). 

The summary paper is being published in this volume (Volume 1). The individual country 
studies for the Latin American, Asian and African and GCC countries are being published 
separately (Volumes II, III and IV respectively). 

1 
These figures include the Middle East. British Petroleum Company, BP Statistical Review of World Energy (London: Corporate 

Communications Services, June 1991). 

2 
Alternate base years were chosen in three cases due to the availability of better data (1987 for Mexico and Ghana and 1984 for 

Venezuela). 
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The scenarios and the initial report for each country were prepared by the following experts: 

Argentina 
Brazil 
China 
Ghana/Sierra Leone 
GCC Countries 

India 

Indonesia 
Korea 

Mexico 

Nigeria 
Venezuela 

Alfredo Behrens, Panama 
Gilena Graca, University of Sao Paulo 
Wu Zongxin and Wei Zhihong, Tsing Hua University 
Ogunlade R. Davidson, University of Sierra Leone 
Abdul Majeed Al Shatti, 
Kuwait Institute for Scientific Research 
R.K. Pachauri, Vivek Suri and Sujata Gupta, 
Tata Energy Research Institute 
Saswinadi Sasmojo, Institut Teknologi Bandung 
Ji-Chul Ryu and Seung-Jin Kang, 
Korea Energy Economics Institute 
Yolanda Mendoza, Ministry of Mines and Energy 
Gautam Dutt, National University of Mexico 
A.O. Adegbulugbe, Obafemi Awolowo University 
Nora Pereira, Ministry of Energy and Mines 
Ana Maria Segnini 

In each case, the opinions expressed are those of the authors and do not necessarily reflect those 
of the affiliated institutions. The authors of this summary would like to thank Nina Goldman 
for editing this report. 

Two workshops were held in conjunction with this project. . We would like to thank the 
workshop participants, the individuals who contributed to the development of the scenarios and 
numerous colleagues in the United States and abroad who supported this project. We would 
specifically like to acknowledge the support of Hoe Sung Lee, Korea; A. Arismunandar, 
Indonesia; Zhou, Fengqi and Zhou, Dadi, China; Aaron Dychter and Marcelle Serrato, Mexico; 
Jose Goldemberg, Brazil; Alberto Larralde, Venezuela; Ibrahim Ibrahim, Qatar; and Irving 
Mintzer, United States. 

ii 



Participants in International Workshop on 
Global Climate Change: Long-Tenn Energy Scenarios and 
Policy Options for the Developing World, June 7-16, 1989 

Raul Aleman 
Petroleos de Venezuela S.A. 

Deborah Bleviss 
International Institute for Energy 

Conservation 

Bill Chandler 
Batelle Pacific Northwest Lab 

Ogunlade Davidson 
University of Sierra Leone 

Qiu Daxiong 
Lu Ying-Zhong 
Wu Zongxin 
Tsinghua University 
China 

Joy Dunkerley 
Robin Roy 
Office of Technology Assessment 
U.S. Congress 

Gil en a Graca 
University of Sao Paulo 
Brazil 

Sujata Gupta 
R.K. Pachauri 
Tata Energy Research Institute · 
India 

Stein Hansen 
Norway 

David Jhirad 
U.S. Agency for International 

Development 

Seung-Jin Kang 
Ji-Chul Ryu 
Korea Energy Economics Institute 

Dan Lashof 
Natural· Resources Defense 

Council 

Yolanda Mendoza 
Ministry of Energy 
Mexico 

Alan Miller 
Center for Global Change 
University of Maryland 

Mohan Munasinghe 
World Bank 

Nora Periera 
Ministry of Energy and Mines 
Venezuela 

Yogo Pratomo 
Office of Director-General for 

Power 
Indonesia 

Amulya Reddy 
Indian Institute of Science 

Marc Ross 
University of Michigan 

Saswinadi Sasmojo 
Institut Teknologi Bandung 
Indonesia 

Stephen Schneider 
National Center for Atmospheric 

Research 

111 

Peter Schwartz 
Global Business Network 
Emeryville, CA 

Al Sobey 
Bloomfield Hills, Michigan 

Dan Sperling 
Mark DeLuchi 
University of California -
Davis 

Robert Williams 
Center for Energy and 

Environment Studies 
Princeton University 

U.S. EPA Participants: 

Dilip Ahuja 
Dennis Tirpak 

LBL Participants: 

Charles Campbell 
Ashok Gadgil 
Charles Hitch 
Andrea Ketoff 
Florentin Krause 
Mark Levine 
Omar Masera 
Stephen Meyers 
Jayant Sathaye 
Lee Schipper 
Dave Shirley 
Isaac Turiel 
Rudy Verderber 



Participants in International Workshop on 
Reducing Carbon Dioxide Emissions from the Developing World: 

Assessment of Benefits, Costs and Barriers, October 4-6, 1990 

A. 0. Adegbulugbe 
Obafemi Awolowo University 
Nigeria 

Abdul Majeed Al Shatti 
Kuwait Institute for Scientific 
Research 

Ramesh Bhatia 
University of Delhi 

J OS J. C. Bruggink 
ESC/CN 
Netherlands 

Richard Corrie 
Ministry of Energy and Mines 
Venezuela 

Bill Chandler 
Batelle Pacific Northwest Laboratory 

Ogunlade Davidson 
University of Sierra Leone 

Christine Dawson 
U.S. Department of State 

Joy Dunkerley 
Office of Technology Assessment 
U.S. Congress 

Luis Fernandez 
National University of Mexico 

Gilena Graca 
University of Sao Paulo 
Brazil 

Namkoung Kyun 
Moon Yoon Lee 
Ministry of Energy 
Korea 

Yolanda Mendoza 
Ministry of Energy 
Mexico 

Amulya Reddy 
Indian Institute of Science 

Saswinadi Sasmojo 
Bandung Institute of Technology 
Indonesia 

Jerome Weingart 
U.S. Agency for International 
Development 

John Weyant 
Energy Modeling Forum 
Stanford University 

Wu Zongxin 
Lu Ying-Zhong 
Tsinghua University 
China 

U.S. EPA Participants: 

Paul Schwengels 
Dennis Tirpak 

LBL Participants: 

Charles Campbell 
Maria Figueroa 
Rafael Friedmann 

IV 

Ashok Gadgil 
Nina Goldman 
Florentin Krause 
Martha Krebbs 
Lily Lee 
Mark Levine 
Willy Makundi 
Omar Masera 
Jayant Sathaye 
Lee Schipper 
Stephen Tyler 



1 INTRODUCTION 

In recent years, a number of studies have linked increases in the anthropogenic emissions 
of carbon dioxide1 and other gases to global climate change. Of all human activities, energy 

. production and use generate the single largest portion of these greenhouse gases. 2 

Developing countries currently account for a small share of global emissions of carbon 
dioxide (C02). Their contribution, however, is growing rapidly. Although tropical deforestation 
generates a sizable quantity of carbon emissions,3 energy consumption remains the largest single 
producer of greenhouse gases in developing nations. Energy use in these nations· has increased 
at a faster rate than in the industrialized world over the past two decades (Figure 1); as a result, 
the developing world's share in the global consumption of modem energy rose from 16 to 24 
percent between 1970 and 1989. If the average growth rates observed in the OECD and 
developing countries over the past 20 years persist, the level of energy demand in developing 
nations will approach that in the OECD countries by the year 2004. 

Figure 1 
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1 
Throughout this paper the tenn carbon emissions only refers to those emissions generated from the production and use of commercial 

energy sources. Unless otherwise specified, emissions from the use of biomass fuels are excluded. 

2 
Other significant sources include aerosols, refrigerants, rice cultivation, cement production and deforestation, which generate CFCs, 

methane and carbon dioxide. 

3 
Annual C02 emissions from tropical deforestation are estimated to be 700 million tons of carbon. This figure compares with. 

approximately 1200 million tons a year from energy use in the same group of countries. 
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Restraining the future growth of carbon dioxide emissions in the developing world entails 
a thorough understanding of present and future patterns of energy use in these regions. To 
address this need, the International Energy Studies Group at the Lawrence Berkeley Laboratory 
has initiated a study in collaboration with research groups in a number of developing countries. 
The study seeks to examine the forces that galvanize the growth of energy use and carbon 
emissions, to assess the likely future levels of energy and C02 in selected developing nations and 
to identify opportunities for restraining this growth. The purpose of this report is to provide the 
quantitative information needed to develop effective policy options, not to identify the options 
themselves. An earlier report examined similar scenarios for five developing regions. 4 

Follow-up studies will examine the costs and benefits of reducing C02 emissions. The scenarios 
reported in this paper are being used by the Intergovernmental Panel on Climate Change to 
determine the impact of changes in energy use and supply on carbon emissions and, ultimately, 
on the Earth's climate. 

This paper summarizes the results of long-term energy scenarios for China, India, 
Indonesia, Korea, Argentina, Brazil, Mexico, Venezuela, Nigeria, Ghana, Sierra Leone and the 
group of six member countries of the Gulf Cooperation Council (GCC).5 In 1985, these nations 
consumed 62 exajoules of energy. China and India together accounted for just under two thirds 
of this total (Figure 2). Hence, the aggregate figures for energy use and fuel shares presented 
throughout this paper are largely influenced by patterns of energy use in these two nations. 

Figure 2 

Country Shares in Primary Energy, 1985 
(including biomass) 

• 1987 data 
•• 1984 data 

China 48% 

Mexico· 8% 

Total: 62 Exajoules 

4 
J. Sathaye, A. Ketoff, L. Schipper and S. Lele, An End-Use Approach to Development of I.ong-Tenn Energy Demand Scenarios for 

Developing Countries, Report No. LBL-25611 (Berkeley, California: Lawrence Berkeley Laboratory, 1989). 

5 
In this paper we refer to the study ofGCC countries as one country study. The GCC countries include: Bah.rain, Kuwait, Oman, Qatar, 

Saudi Arabia and the United Arab Emirates (UAE). The study presents the individual findings from the scenarios for the first II countries and 
an aggregate scenario for energy use in the GCC countries. 
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Primary energy per capita varies considerably among the 17 countries, ranging from a low of 
12 gigajoules (GJ) per capita in India to a high of 208 GJ per capita in the GCC nations. Aside 
from in the Gulf region, levels of primary energy per capita in the study countries are far below 
per capita levels in industrialized countries (Figure 3). 

Figure 3 

Primary Energy Per Capita, 1985 
(including biomass) 
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Based on a thorough analysis o(energy-use patterns in 1985, regional experts from the 
participating developing countries derived a set of reasonable assumptions for the future. The 
experts then proceeded to create high and low estimates of energy use and carbon emissions for 
the year 2025. The low estimate for 2025 shows carbon emissions rising by almost 2 billion 
tons in the 12 study countries combined; the high estimate shows far greater C02 growth. These 
results indicate that even with substantial investment and technology transfer, population 
expansion and the growing demand for energy services in developing nations will lead to huge 
increases in carbon emissions by 2025. On a per capita basis, however, carbon emissions in the 
developing countries will remain far below average levels in industrialized nations in 2025. 

The scenarios examine the implications of economic and population growth on changes 
in economic structure, ownership of consumer goods, production of industrial goods, unit-energy 
consumption and the mix of fuels. In addition, they help to identify the extent to which 
inadequate energy supply might constrain economic growth in some countries. This paper does 
not attempt to summarize the scenarios in a comprehensive manner, but rather to provide the 
reader with a sense of the set of transitions and issues that emerge as important to address in the 
debate on greenhouse gas emissions.· 

3 



2 METHODOLOGY 

The methodology used to construct the long-term energy scenarios combines elements 
of a detailed end-use analysis with judicious international comparisons to provide a guide to the 
likely level of activities in the future. The scenarios provide a self-consistent picture of the 
future from which energy demand and supply can be derived. The primary focus is on this 
picture of 2025; we do not explicitly analyze the path to the year 2025 quantitatively. Footnote 
4 reports the detailed methodology. 

Each country study examines the residential, transport, industrial, commercial and 
agricultural sectors and, for each of these sectors, estimates the demand for delivered energy, 
broken down into three major forms: fossil fuels, electricity and biomass.6 The studies further 
disaggregate the demand for fossil fuels into the use of coal, oil and natural gas. Based on the 
above analysis, the scenarios calculate the size of the fuel supply required to meet the energy 
demand. The scenarios rely on gross domestic product (GDP), in real terms, as the indicator 
of overall economic activity. The estimates of energy demand in the industrial, agriculture and 
service sectors and for freight transport take into account changes in the composition of GDP. 

The approach used consists of three basic elements. First, the analysis separates energy 
demand according to its major end uses. Where information on future distribution of income 
is available, energy demand is further disaggregated by income class. The supply of primary 
energy is estimated on the basis of the demand for individual fuels and electricity for each major 
end use in each economic sector. Second, the study uses international comparisons to estimate 
future activity levels (e.g., the production of materials per capita and the saturation of consumer 
goods, such as appliances and cars). This method assumes that in the future developing 
countries will reach income levels similar to those enjoyed by more qeveloped economies today 
and that purchases of consumer goods in developing countries will increase accordingly. In 
some countries changes in income distribution are analyzed explicitly for their impaCt on the 
saturation of consumer goods. Third, the scenarios balance levels of energy demand with energy 
supply in order to ascertain the availability of domestic and worldwide resources to meet 2025 
demand levels. The use of the Atmospheric Stabilization Framework (ASF) checks the ability 
of the energy markets to meet the estimated demand at the assumed energy prices. The ASF 
has been applied extensively in the analysis of global energy scenarios.7 We report on the 
comparison of the 17 country studies and the ASF analysis at a later point in the paper. 

Each sectoral discussion begins with a discussion of the particular end-use approach used. 
Each research group used the same spread sheet model (STAIR) to estimate the end-use and 
sectoral energy demand and the total primary energy supply (Figure 4). For each sector, the 
STAIR framework provides alternative ways of estimating energy demand. Different alternatives 
are chosen based on the availability of end-use data. 

6 
The terms "biomass" and "traditional energy sources" refer to agricultural residues, dung and fuelwood unless otherwise specified. 

7 D. Lashofand D. Tirpak, Policy Options for Stabilizing Global Climate-- Repon to Congress, ry./ashington, D.C.: U.S. Environmental 

Protection Agency, Office of Policy, Planning and Evaluation, February 1990). 
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For each end-use, the estimate of energy demand depends on a series of driving forces. 
For example, factors such as distances traveled per car, fuel use per kilometer (fuel intensity) 
and levels of car ownership determine the energy demand for automobiles. The perceived 
availability of fuels and the relative prices as influenced by government policies determine the 
choice of fuels. Table 1 provides examples of the types of indicators used to estimate energy 
demand for 2025 for various end-uses. 

Table 1 
Structure and Indicators, Examples 

Sector & End-Use 

General 

Residential 

Heating 
Cooking 
Refrigerators 

Transportation 

Cars and Motorcycles 
Trucks and Buses 
Air and Water 

Industry 

Energy-Intensive 
(Steel, Cement, etc.) 
Non-Energy-Intensive 
Mining 

Commercial 

Agriculture 

Indicators 

Population (urban and rural), GOP and structure, 
fuel price, income distribution 

Urban and rural population and number of households 
Level of electrification 

Fuel use/household/degree-day 
Fuel use/capita per meal 
Unit electricity use per month 

Ton-kilometer by mode, distance traveled, 
number of vehicles/capita 

Fuel use/kilometer 
Fuel use/kilometer 
Fuel use/value added 

Physical output and value added 

Fuel and electricity usejton of output 

Fuel and electricity usejvalue added 
Fuel and electricity usejvalue added 

Fuel and electricity use and value added 

Fuel and electricity use and value added 

In most countries 1985 served as the base year for the scenarios. Different years were 
selected for Venezuela (1984), Ghana (1987) and Mexico (1987) due to the availability of better 
data. Estimates of changes in end-use efficiency and energy and fuel intensity are based on 
historical analyses of energy-consumption patterns. Researchers in individual countries relied 

·primarily on literature available from sources within the countries. Comparative historical 
analyses have also been reported by Sathaye and Meyers, Sathaye, Ghirardi and Schipper, 
Goldemberg et al. among others. 8•

9
•
10 

8 
J. Goldemberg, T. Johansson, A. Reddy and R. Williams, Energy for a Sustainable World {New Delhi: Wiley Eastern Limited, 1988). 

9 
I. Sathaye and S. Meyers, "Energy Use in the Cities of the Developing Countries," Annual Review of Energy, vol. 10, pp.l09-33. 

10 
I. Sathaye, A. Ghirardi and L. Schipper, "Energy Demand in Developing Countries: A Sectoral Analysis of Recent Trends," Annual 

Review of Energy, vol. 12, 1987, pp.253-81 

6 



The use of international comparisons helps to determine the saturation of various 
energy-consuming goods in the residential and transportation sectors and to estimate the 
production levels of energy-intensive materials in the industrial sector. Basic elements oftoday's 
energy-use patterns (e.g., automobile and truck use, household appliance ownership, etc.) at 
different income levels are used to select future activity levels consistent with the income levels 
each developing country. is projected to reach by 2025. Future activity levels are then modified 
to take into account the fact that changes in the ownership of energy-consuming goods depend 
not only on changes in income but also on changes in the prices of goods. In choosing . 
comparison countries, researchers look for similarities in · saturation levels across countries 
and/or regions. For example, automobile saturations in Latin America are several times those 
in Asia at relatively similar average income levels. Hence, Latin American countries may not 
serve as good guides to future levels of car saturation in Asia. 

Figure 4 shows the concept used to project the 2025 activity levels for materials 
production and the saturation of consumer goods. Future activity levels are based on activity 
levels for countries at that income today. This assumption implies that the saturation of cars per 
household in country A will reach the same level in 2025 as that of country B today. Because 
the comparisons take into account the fact that the ownership of energy-consuming goods 
depends both on income and prices and that the prices of goods relative to income levels are 
likely to decline in the future, the future growth curve for the saturation of consumer goods will 
then be steeper as shown in Figure 4. Government policies can either delay or speed up the 
acquisition of consumer goods depending on the tariffs and licensing schemes that these policies 
promulgate. 

3 SCENARIOS 

The researchers developed two scenarios, a high emissions (HE) scenario and a low 
emissions (LE) scenario, to explore energy demand in a world where no exogenous constraints, 
such as the availability of capital, restrict the growth of the economy and energy demand. In 
the HE scenario, the governments of the developing countries promote policies between the base 
year and 2025 that do not explicitly address the need to limit the potential environmental damage 
associated with continued energy growth. In contrast, the LE scenario examines how far carbon 
emissions can be reasonably lowered in a world where the consequences of the increased 
atmospheric concentration of carbon dioxide are accepted as a major environmental concern. 

The HE and LE scenarios incorporate the same economic and population growth rates, 
but different economic structures, energy intensities and fuel mixes. The reductions in carbon 
emissions achieved in the LEscenario occur largely as a result of efficiency improvements, fuel
switching efforts and small changes in economic structure. The scenarios assume a modest 
increase in energy prices over the observed time period. Consistent with earlier analyses of 
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global energy supply and demand, international oil prices increase to $40/barrel (bbl) by the year 
2025.U-

3.1 DEMOGRAPHIC AND ECONOMIC ASSUMPTIONS 

The population growth rates for each country- are based on projections by local 
demographic experts. Population growth rates vary from 0.5 percent per year in Korea to over 
3 percent per year in Nigeria and the GCC (Table 2). The population growth rate remains low 
in China, where the birth rate is mandated· to one child per family. Due to the inability of the 
government to control population growth in China's rural areas, however, the number of 
children averages two per family. India's population grows more rapidly than China's and, as 
a result, the size of India's total population exceeds that of China by 2025. The highly 
urbanized environments in most Latin American countries (Brazil, in particular) have led to 
substantial declines in overall population growth in recent years; this trend accounts for the low 
growth rates assumed in the scenarios for this region. 

Table 2 
Population (Millions) 

Country 1985 2025 AAGR 

China 1045 1420 0.8% 
India 766 1692 2.0% 
Indonesia 165 267 1.2% 
Korea 41 50 0.5% 

Argentina 31 47 1.1% 
Brazil 132 214 1.2% 
Mexico 77 8 143 1. 7% 
Venezuela 17b 34 1. 7% 

Ghana 13 8 43 2.9% 
GCC Countries 16 66 3.5% 
Nigeria 96 317 3.0% 
Sierra Leone 4 9 2.3% 

AAGR = average annual growth rate 
a 1987 data; b ·1984 data 

Most African and GCC countries historically have experienced high population growth 
rates. In the recent past, however, these rates have increased in the African countries and 
declined in the GCC countries. Growth rates in Nigeria increased from 2.5 percent between 
1965 and 1980 to 3.4 percent between 1980 and 1987. Over the same period rates declined in 
Saudi Arabia from 4. 7 percent to 4.0 percent. The scenarios assume future growth rates will 
be commensurate with past trends for Nigeria, Ghana, Sierra Leone and the GCC countries. 

11 
Lashofand Tirpak, op cit, Ref. 7. 
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The economic growth rates correspond with national projections or expert judgement. 
Since no long-term economic scenarios were available for 2025, the growth rates were based on 
each country's past economic history, weighed against current expectations of the effect of future 
internal and international economic conditions. The scenarios for some of the countries reflect 
optimistic visions, and incorporate economic growth rates that are relatively high, although still 
within the bounds of those experienced by these countries in the past. 

The GDP growth rates shown in Table 3 reflect 40 year averages for each country. In 
the Asian countries, the economic growth rates remain high during the 1990s and then gradually 
decline. In contrast, the Latin American countries experience slower rates of economic growth 
in the early 1990s which then increase through 2010 before stabilizing. For Argentina, the 
outlook is more sober; the economy grows at a moderate pace over the four decades as the 
economy makes the transition towards agriculture-based industry. China's growth rates are 
based on the government's goal of achieving an average GDP per capita of $2000 by 2025. 

Table 3 
GDP (1985 Billion US$) 

Country 1985 2025 AAGR 

China 324 2840 5.4% 
India 191 1347 4.9% 
Indonesia 84 280 3.0% 
Korea 93 926 5.8% 

Argentina 70 156 2.0% 
.Brazil 249 891 3.2% 
Mexico 189" 1000 4.4% 
Venezuela sob 248 4.0% 

Ghana s• 23 4.0% 
GCC Countries 163 1084 4.7% 
Nigeria 75 373 4.0% 
Sierra Leone 1 3 3.0% 

AAGR = avera~e annual growth rate 
a 1987 data; 1984 data 

In Korea, high economic growth through 2025 causes income per capita to reach 
$18,000, or roughly the 1985 U.S. level. The poor economic performance which has afflicted 
the Latin American countries over the past two decades continues to temper future economic 
growth; hence, these nations witness slower increases in GDP per capita (Table 4). 

In Nigeria, the GCC countries and Venezuela, oil export revenues continue to color the 
national economic outlook. Because a substantial share of the world's oil exports originate from 
these countries, increases in the price of oil lead to substantial GDP growth. However, high 
population growth slows the increase in GDP per capita to more moderate levels in the GCC 
countries and Nigeria. 
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Some of the scenarios consider improvements in income distribution as an important 
element accompanying economic growth. Income distribution improves in Brazil and Venezuela, 
for example, increasing the number of middle-income families and implicitly spurring higher 
ownership levels of home appliances and cars. 

Table 4 
GOP/Capita (US$ 1985) 

Country 1985 2025 AAGR 

China 310 2000 4.7% 
India 250 796 2.9% 
Indonesia 510 1050 1.8% 
Korea 2276 18400 5.2% 

Argentina 2296 3294 0.9% 
Brazil 1879 4163 2.2% 
Mexico 2470" 6980 2.7% 
Venezuela 2943b . 7318 2.3% 

Ghana 343" 533 1.2% 
GCC Countries 10200 16400 1.2% 
Nigeria 788 1176 1.0% 
Sierra Leone 247 327 0.7% 

AAGR = annual average growth rate 
a 1984 data; b 1987 data 

4 SECTORAL ASSUMPTIONS AND RESULTS 

In the following section, we describe the salient characteristics of the residential, 
industrial, transportation, agricultural and service sectors in the developing countries. The 
discussion focuses on the transitions in the structure, unit energy consumption and fuel mix that 
directly influence the level of carbon emissions and highlights the end-uses and fuels that offer 
the greatest potential for reducing carbon emissions. 

4.1 DELIVERED ENERGY AND CARBON EMISSIONS 

Table 5 shows the sectoral shares in 1985 for the 17 study countries combined. These 
shares are heavily influenced by energy use in China and India, which together account for over 
60 percent of the total demand (Figure 2). 

The residential sector consumes 37 percent of the delivered energy demand, including 
biomass, in the study countries (Table 5). In some countries, because of the large proportion 
of biomass used, the residential sector uses a far higher percentage of the delivered energy (e.g., 
50 percent in India, 73 percent in Nigeria and 77 percent in Sierra Leone). In Venezuela, on 
the other hand, the household sector accounts for only 6 percent of total energy use, almost half 
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of which is in the form of electricity. Biomass use releases negligible net emissions. of carbon, 
because crop residues and dung constitute the bulk of the biomass fuel supply. The residential 
sector, therefore, accounts for a much larger share of delivered energy demand than of total 
carbon emissions; 17 percent of the emissions produced in the study countries originate from the 
use of fuel and electricity in this sector. 

Table 5 
Delivered Energy and Carbon Dioxide Emissions, 1985 

Delivered Energy 
(Exajoules) · 

Residential 
Transport 
Industry 
Services 
Agricultural 
Other 
Total 

18.1 
7.0 

19.8 
2.6 
1.6 
0.1 

49.3 

(37%) 
(14%) 
(40%) 

(5%) 
(3%) 
(1%) 

(100%) 

C02 Emissions• 
(Million Tons) 

155 
135 
470 

65 
40 
40 

900 

(17%) 
(15%) 
(52%) 

(7%) 
(4%) 
(5%) 

(100%) 

a Counted as carbon. Emissions associated with 
electricity generation are included, but those 
related to fuel supply loss are excluded. 

MT = 106 Tons; EJ = 1018 Joules 

The use of diesel and gasoline dominates energy use for transportation. In the 12 study 
countries combined, transport activities consume 15 percent of the delivered energy. Once 
again, the share of transport energy in total demand varies considerably among countries, 
ranging from a low of 5 percent in China to a high of 38 percent in the GCC countries. Carbon 
emissions from the transport sector accounted for 135 million tons of the total in the base year. 

Industry consumes the largest share of energy and generates the greatest portion of 
carbon; 40 percent of the total energy used in the study countries and over half of the total 
carbon emissions stem from the industrial sector. While industrial activities consume only 3 
percent of Sierra Leone's total energy demand, they account for 58 percent of Venezuela's 
en~rgy use. The composition of the industrial fuel mix varies across the countries. 

The service sector accounts for only 5 percent of delivered energy use and a 
correspondingly small (7 percent) share of the total carbon emissions in the study countries. 

While agriculture comprises a key component of most regions' economies, it accounts 
for only 3 percent of energy use in the developing world and 4 percent of carbon emissions. 
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4.2 RESIDENTIAL 

A number of factors determine the level of energy demand in the residential sector: the 
extent of urbanization, the access to modern fuels (e.g., electrification), the size of households 
and the ownership of appliances. These factors are influenced by income levels, fuel prices, 
appliance costs and lifestyles. 

Higher levels of urbanization correspond with higher average levels of monetary 
income. The level of urbanization differs across nations with similar income levels, however, 
and varies according to other factors, such as migration and settlement patterns. These factors 
particularly come into play in the four Latin American countries considered here and the GCC 
countries, where more than 70 percent of the population already resides in urban areas. 

By 2025, the urban population share in the Latin countries and in Korea exceeds 80 
percent but remains at around 50 percent in India and China. In the latter two countries, around 
1.5 billion persons live in cities in 2025, compared to 400 million in 1985. The growth of the 
urban population increases the demand for modern fuels and electricity. 

Consistent with past trends in today's more economically advanced developing countries, 
household sizes decline alongside rising incomes. The average household in India, for example, 
averages 5.5 members while that in higher income South Korea averages 4. 7 at present. Within 
each country, the sizes of rural households exceed the sizes of urban ones. Therefore, the 
urbanization process serves to reduce average household sizes. Each country experiences a 
considerable drop in both urban and rural household sizes between 1985 and 2025, although the 
differences in average household sizes among the various countries remain large. While 
Argentina has 3.4 persons per rural household in 2025, Mexico has 5.0. 

Most urban areas already have high electrification levels; by 2025, electricity reaches 
close to 100 percent of all urban households. A far smaller portion of rural homes has access 
to electricity. In Brazil, for example, a significant fraction of rural households (which account 
for 20 percent of Brazil's total population) remains without electricity in 2025, because the 
population migrates toward smaller villages and hamlets located in internal regions where the 
supply of electricity proves more difficult. 

4.2.1 FUELS FOR COOKING, 'VATER AND SPACE HEATING 

Households in developing countries channel the bulk of their residential energy supply 
towards cooking and water-heating activities. In nations that rely heavily upon biomass, 
kerosene and LPG to carry out these end uses it is not possible to distinguish between their 
application for cooking and water heating. Regions with available and affordable electricity 
supplies tend to use electricity for water heating. 
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With the exception of those households located in Indonesia, India and the African 
countries, most urban households do not use traditional fuels (i.e., fuel wood, charcoal and dung) 
for cooking and heating. In India, biomass serves as the primary fuel in 42 percent of all urban 
households. Biomass use in rural households, however, ranges from 90 percent in Brazil and 
82 percent in India to 27 percent in Korea. LPG and kerosene constitute the two main 
commercial fuels used in this sector. Some nations with indigenous natural gas supplies (e.g., 
Argentina and Venezuela) have incorporated gas into their residential fuel mixes. Higher income 
households in certain nations use electricity for cooking (e.g., Venezuela). 

In the scenarios, the use of biomass gives way to more convenient modem fuels by 2025 
(Table 6). As modem fuels grow more available and as first costs grow less prohibitive, 
consumers switch from biomass fuels to kerosene and LPG and occasionally to electricity. 

Table 6 
Biomass Share of Residential Energy for 

Selected Countries (%) 

1985 2025 
High Low 

China 64 24 24 
India 87 67 61 
Indonesia 56 37 32 
Nigeria 92 56 50 

In countries such as India, where biomass use predominates, the substitutiqn of more 
efficient modem fuels for traditional energy sources lowers the growth rate of residential energy 
demand in 2025. As a result, the share of energy used in India's residential sector declines from 
49 percent in 1985 to 23 percent in 2025 in the HE scenario and to 20 percent in the LE 
scenario. This increased reliance on modern fuels adds to the residential sector's carbon 
emissions, however; as a result, the share of emissions produced by the residential sector rises 
from 10 percent in 1985 to 13 percent in 2025. 

Space heating absorbs much of the residential energy demand in China and Korea. 
Households located throughout China and rural Korea use coal for this purpose. Over the long 
run, Korea, which has already begun phasing coal out of its residential fuel mix, eliminates its 
use of coal. In China, on the other hand, biomass use gives way to coal use as the number of 
urban households expands. China has no ready alternative to coal at present, despite government 
efforts to gasify coal and to promote the use of town gas. As Korea ends its reliance on coal, 
the contribution of space heating to carbon emissions per unit of delivered energy declines. 
Further, as electricity satisfies a growing share of the nation's space:... heating needs, the share of 
space heating in total residential energy declines to 64 percent cor1~pared to 75 percent today. 
Argentina uses natural gas and electricity to satisfy its much smaller household space-heating 
requirements. 
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4.2.2 ELECTRICITY FOR LIGHTING, APPLIANCES AND WATER HEATING 

Lighting is the first service for which electricity is used, followed by small appliances, · 
radios and television sets. Refrigerators tend to be the first major electricity-intensive appliance 
purchased by developing world households, although in some of the more "appearance
conscious" countries the saturation of irons occurs equally as fast. Electric water heaters and 
clothes washers come next in regions where electricity is inexpensive, followed by air 
conditioners in nations with hot climates. 

Levels of appliance ownership vary between the urban and rural areas within each 
country and across the study countries. In Mexico, for example, 80 percent of the urban 
households have refrigerators compared to only 45 percent of the rural ones; in contrast, in 
China only 10 percent of the urban and a negligible fraction of the rural households own 
refrigerators. 

The ownership of appliances increases with rising incomes. Because of the falling prices 
of appliances relative to average income levels, however, consumers increasingly find themselves 
able to· acquire appliances at lower income levels than consumers in the past. For example, a 
low-income consumer in Caracas in 2025 has all of the same appliances owned by an average
income household in today's industrialized countries. Because of the differences in household 
incomes and the relatively higher first cost and availability of appliances, households in rural 
areas have fewer appliances than their urban counterparts. The scenarios incorporate these 
differences when estimating the appliance ownership levels for 2025. With the exception of air 
conditioners, which have saturation levels that vary depending on local climate conditions, major 
appliances saturate almost 100 percent of the urban households in most countries by 2025. 

Available data indicate that the unit electricity consumption of appliances has declined 
over the years. In Korea, for example, technical improvements have reduced electricity use in 
new refrigerators by 74 percent since 1973. Improvements have occurred in other appliances 
due to the use of advanced electronics and better compressors. In the future, increases in the 
average size of the appliances purchased by consumers demanding more or better service offset 
some of these gains. The scenarios show, for example, an increase in the unit electricity 
consumption of refrigerators in Korea; an increase in the average refrigerator size, from 240 to 
400 liters, accounts for this rise. In Venezuela, on the other hand, where the present 
refrigerator stock already averages about 550 liters in size, economic growth allows for more 
efficient devices to saturate urban households lowering unit consumption by 2025. 

Overall, electricity use for appliances per urban household (excluding electricity use for 
water heating and cooking) increases four-fold in China, over two-fold in Korea and 75 percent 
in Brazil in the HE scenario. In contrast, electricity use for appliances increases by 20-30 
percent in Mexico and Venezuela (Figure 5). The figures expected for 2025 reflect current 
levels of electricity use for appliances in industrialized countries, particularly in Europe. In the 
LE scenario, Brazil, Mexico and Korea achieve particularly substantial reductions in unit 
consumption. 

14 



Figure 5 
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4.2.3 ENERGY TRANSITIONS AND CARBON EMISSIONS 

In the residential sector, fuel transitions largely influence future levels of energy 
consumption and carbon emissions. Two major trends characterize the type of transitions 
occurring in this sector: the substitution of modern fuels for biomass and the rapid increase in 
electricity demand. Due to the general inefficiency of biomass fuel use, the replacement of 
modern fuels for biomass slows the increase in total residential fuel use. The spread of electric 
water heaters, refrigerators and other electricity-intensive appliances leads to a much larger share 
of electricity use in 2025 compared to 1985 (Table 7). 

Table 7 
Residential Fuel Shares and Carbon Emissions 

17 Study Countries 

1985 2025 
High Low 

Carbon Emissions (MT) 155 570 470 
Delivered Energy (EJ) 18.1 30.8 25.6 

Coal 22% 30% 32% 
Oil 7% 13% 11% 
Natural Gas 1% 6% 8% 
Biomass 66% 34% 31% 
Electricity 4% 18% 18% 
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The transition to modem fuels restrains the increase in energy use but accelerates that 
of carbon emissions. 12 For example, in India and China, the share of biomass in the ·residential 
fuel mix shifts from 87 percent and 67 percent respectively in 1985 to 67 percent and 24 percent 
respectively by 2025 (Table 6). C02 emissions from commercial fuel use increase 265 percent 
in China and 304 percent in India. The transition to electricity contributes to an increase in both 
energy use and C02 emissions. 

Together, these two transitions serve to increase- the quantity of carbon emissions 
associated with fuel and electricity use in this sector more than three-fold, from 155 million tons 
in 1985 to 570 million tons in 2025 in the HE scenario. Over this same time period, delivered 
energy increases by only 72 percent. The LE scenario restrains total carbon emissions to 470 
million tons in 2025. The LE figure represents an 18 percent reduction with respect to the HE 
scenario figure. The difference between the two scenarios occurs primarily as a result of the 
use of more efficient lighting and appliances within households and the use of less carbon
intensive fuels to generate electricity in the LE scenario. Biomass maintains a similar share in 
the fuel mix in both scenarios in 2025. 

4.3 TRANSPORTATION 

The scenarios depend critically on assumptions about mobility, motorization, vehicle 
modes and efficiency levels (measured in vehicle-kilometers per unit of energy). This analysis 
distinguishes between the energy demand for road, air, rail and ship transport, and within the 
passenger transport sub-sector, between energy demand for different vehicles types (e.g., cars, 
motorcycles, taxis and buses). 

The scenarios for China and Venezuela analyze the movement of freight and passengers 
using ton-kilometers (ton-km) and passenger-kilometers (pass-km). The analyses for the other 
countries rely on the number of vehicles, distance traveled and unit fuel consumption to estimate 
the energy use of passenger vehicles and trucks and on value added to calculate air, rail and ship 
transport energy demands. 

4.3.1 FREIGHT TRANSPORT 

Rail, trucks, water barges and ships constitute the principal modes for freight movement. 
The shares of these modes vary over time and across countries. In. the industrialized countries, 
rail traffic predominated during the early part of this century. Trucks gradually replaced 
railways as the major carriers of freight partially because new rail infrastructure requires much 
higher capital investments and partially because obtaining new right of ways proves difficult. 

12 It is possible that biomass may release other greenhouse gases, such as N,O and methane, in much higher proportions than fossil fuels. 

Thus, the transition from biomass to fossil fuels may actually raise the aggregate level of greenhouse gases released into the atmosphere. 
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A similar modal transition from rail to truck and air travel occurs in the 17 study 
countries and from rail to ship travel in Indonesia and China. With the exception of China and 
India, rail networks in the other countries remain relatively small and account for a negligible 
amount of traffic (railroads dedicated to carrying minerals are an exception). Venezuela's 
scenarios incorporate plans for developing a major national rrulroad system. In water-dominated 
countries like Indonesia barges and ships account for a larger proportion of traffic than 
elsewhere, and the shares of these modes increase. 

The efficiency of trucks improves, although the improvement of diesel engines remains 
limited to around 30-40 percent of current levels, except in those countries where efficiencies 
are particularly low at present. China and India cease using coal to power their railways by 
2025 and rely on more efficient diesel and electric traction instead. The other minor fuel 
transitions occurring lead to the increased use of natural gas and biomass alcohol. 

4.3.2 PASSENGER TRANSPORT 

Passenger travelis measured in passenger-kilometers to account for the distance traveled 
and the number of passengers serviced. When data on occupancy for personal vehicles are not 
available, the number of vehicles and distance traveled serve as the main indicators of passenger 
transport. 

CARS, MOTORCYCLES AND BUSES 

The scenarios assume that consumers continue to demand private cars to satisfy the desire 
for higher mobility and that while congestion and local pollution might limit car use and 
efficiency, these factors do not reduce levels of car ownership. 

Even at similar income levels, levels of car and motorcycle ownership in Latin American 
and Asian countries vary widely. In the GCC countries, the types of cars owned resemble those 
in the United States and travel comparable distances. At present, car saturation ranges from a 

.low of 0.6 cars per 1000 persons in China to 87 cars per 1000 persons in Venezuela and 145 
cars per 1000 persons in the GCC countries (Table 8). 

In China and India, the saturation of cars reaches about 20 and 16 cars per 1000 persons 
respectively by 2025. This growth implies that the two countries have about 28 and 2Tmillion 
cars respectively. If 80 percent of these cars remain in urban areas, Chinese and Indian cities 
have about 35 cars per 1000 persons by 2025. This level may be compared to Bombay, which 
had about 21 cars per 1000 persons in 1980. On average, the congestion level in these two 
cities will exceed the current level in Bombay, unless infrastructure improves significantly. Car 
saturation in Korea increases more than fifteen-fold between 1985 and 2025. Despite this large 
increase, the country remains under-motorized in 2025 relative to the saturation of cars in 
industrialized countries at that income level today. By 2000, the cohort of adults reaching 
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dr:iving age in Brazil are exposed to motorcycles and mopeds and, therefore, may acquire these 
vehicle types to increase their mobility in congested cities. By 2025, the saturation of 
motorcycles in Brazil far surpasses today's levels. 

Table 8 
Cars/'000 Persons 

Country 1985 2025 
High Low 

China 0.6 20 15 
India 2.1 16 16 
Indonesia 5.9 45 35 
Korea 11.2 210 170 

Argentina 126 200 200 
Brazil 63 245 245 
Mexico 64" 250 200 
Venezuela 87b 320 320 

Ghana 3. a• 5 5 
GCC Countries 145 232 232 
Nigeria 11 14 14 
Sierra Leone 7.1 10 10 

a 1987 data; b 1984 data 

Historical evidence indicates that the average distance driven by cars declines 
dramatically as ownership passes from very low levels (i.e., under 25 cars per 1000 persons) 
to higher levels of 80 to 100 cars per 1000 personsY·14 Beyond that level, far smaller drops 
in the distances traveled occur. Thus, distance traveled declines by 2025, particularly in Asia, 
where saturation levels increase dramatically. In all countries, however, vehicle-miles/capita 
increase, because the growth in car ownership offsets the decline in distance traveled per car. 

Cars and motorcycles tend to be less energy intensive in Asian than in Latin American 
countries. China, India and Korea have smaller car and engine sizes compared to Mexico, 
Venezuela and the GCC countries. Because of the large car sizes and heavy congestion in 
Lagos, Nigeria, gasoline consumption per car surpasses that in Asian countries two-fold. 
Therefore, substantial potential for savings exists. · The other two African countries alsq have 
low fuel efficiencies due to the use of older vintage cars and the tendency to hold onto vehicles 
for long periods of time. 

Fuel efficiency, expressed in km/liter, improves as a consequence of technological 
improvements (Table 9). Efficiency increases more rapidly alongside higher economic growth 
as new vehicles penetrate the marketplace at a faster rate. Intensity does not decline as much 
in Korea as in the other countries, since the purchase of larger, more comfortable cars offsets 

13 
Reents, Die Entwiclamg des sektoralen End-und Nutzenergiebedaifs in der Bundersrepublik, Juelich, 1977. 

14 
Deutsches Institut fuer Wirtschaft (DIW), Verkehr in Zahlen 1987 (Berlin: DIW, 1987). 
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efficiency improvements. India and China have achieved significant efficiency improvements 
in recent years due to the implementation of a government policy which permits joint ventures 
with foreign manufacturers of smaller, more fuel-efficient vehicles. 

Table 9 
Fuel Efficiency (Km/Liter) 

Country 1985 2025 
High Low 

China 10 17 20 
India 11 17 20 
Indonesia 10 20 25 
Korea 10 13 17 

Argentina 8 12 16 
Brazil 7.2 13.8 20 
Mexico 5. 4" 15 19 
Venezuela 4. 4b 8.3 14 

Ghana 4. 2" 5.9 8.3 
GCC Countries 10.0 16.6 25.0 
Nigeria 5.3 11 15 
Sierra Leone 5.0 6.3 7.1 

• 1987 data; b 1984 data 

In some countries, the low emissions scenario assumes that the implementation of taxation 
measures and import restriction policies and the licensing of the manufacture of vehicles can 
restrain levels of car ownership. Many of the scenarios additionally assume that by 
simultaneously mandating higher standards and bolstering fuel prices through higher taxes fuel 
efficiency can be improved. Improvements in mass transport, which lead to higher bus 
saturations, complement these actions. 

4.3.3 ENERGY USE 

Fuel use for transport expands more than four-fold .in the 17 study countries (Table 10). 

Table 10 
Transportation Fuel Shares and Carbon Emissions 

1985 2025 
High Low 

Carbon Emissions (MT) 135 660 495 
Delivered Energy (EJ) 7.0 33.6 25.7 

Coal 9% 0% 0% 
Oil 87% 93% 90% 
Natural Gas 0% 1% 3% 
Biomass 3% 3% 4% 
Electricity 0% 3% 4% 

Note: Percentages do not always add up to 100 
percent due to rounding. 
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The increases range from seven- to ten-fold in the Asian countries, but remain smaller in the 
Latin American and African countries. Rapid increases in the ownership of cars and other 
personal vehicles, as well as an increase in freight transport, spur the bulk of the growth of 
transport energy demand in the Asian countries. The other countries, which already have 
witnessed high motorization levels and have greater potential for reducing fuel intensity, 
experience smaller percentage increases in fuel use. 

Freight transport accounts for about half of the fuel used in the transport sector today. 
Ranging from 49 percent in Indonesia to 81 percent in China, the share of freight in transport 
energy in the Asian countries far surpasses freight's shares in other nations. In Latin America, 
freight's share ranges from 32 percent in Mexico to 48 percent in Brazil. By 2025, freight's 
share increases from 81 to 86 percent in China. This growth adds to the overall increase in 
freight's share for the 17 study countries combined from 52 percent in 1985 to 58 percent in 
2025 in the HE scenario. Freight's share remains unchanged in the LE case. 

Increases in overall GDP influence the growth of freight transport. In Nigeria and the 
GCC countries, for example, the rapid increase in GDP causes freight fuel use to rise very 
rapidly over the next four decades. In these two regions, GDP per capita increases much more 
slowly over the same period due to the high population growth rates; as a result, car saturations 
rise far more slowly. The share of freight in transport fuel use increases from 14 percent in 
1985 to· 26 percent in 2025 in Nigeria's HE scenario. 

The types of fuels used for transport change most dramatically in India and China, where 
coal use for railways disappears by 2025. By 2025, oil and a small share of electricity satisfy 
the transportation needs of the 17 study countries combined. Natural gas plays a role in 
transport in both scenarios in Argentina, China and Indonesia and in the LE scenarios for India, 
Venezuela, Korea and Nigeria. Biomass, which provided significant quantities (15 percent) of 
transport .fuel in Brazil in 1985, plays a larger rol~ in both scenarios. Other countries also begin 
to integrate biomass into their transport fuel mixes. 

4.3.4 CARBON EMISSIONS 

Transport carbon emissions increase almost five-fold in the HE scenario, rising from 135 
million tons in the base year to 665 million tons by 2025. This increase represents the largest 
growth in C02 emissions from any one sector. The LE scenario reduces emissions by 25 
percent relative to the HE figure by improving fuel efficiency and increasing the use of mass 
transport. 

Curtailing carbon emissions in the transport sector will require implementing efforts 
aimed at reducing unit fuel consumption in gasoline engines ·and air transport, where the 
potential for achieving reductions is larger than for diesel engines. Vehicle manufacturing 
processes have already been internationalized and the handful of large automobile manufacturers 
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already produce very similar engine and emissions-control systems. In a world where the 
reduction of carbon emissions becomes paramount, reducing unit fuel consumption in vehicles 
will prove easier than achieving reductions for goods produced by a large number of small 
manufacturers. 

4.4 INDUSTRY 

The industrial sector includes the mining, manufacturing and construction sub-sectors. 
Industrial structure depends on the type of final demand (including exports) that industries ·satisfy 
and the type of domestic resources that industry can readily exploit. Industry's share of GDP 
ranges from 42 to 50 percent, except in India, Ghana and Sierra Leone where industry plays a 
more minor role in the economy. Manufacturing constitutes a small component of GDP in 
India, Indonesia, Venezuela and the African and GCC countries. In India, Ghana and Sierra 
Leone agriculture still dominates the overall GDP, while in Venezuela and the GCC nations 
mining (mainly for oil and gas) accounts for a large share of the GDP. 

Energy-intensive manufacturing accounts for a small fraction (16 percent) of industrial 
value added. However, energy-intensive activities consume a disproportionately larger fraction 
(60 percent or more) of the energy used in this sector. Energy-intensive activities include the 
production of steel, aluminum, cement, pulp and paper and petrochemicals. The larger countries 
--Brazil, China and India-- produce virtually every type of energy-intensive product. The more 
resource-based economies-- which include Nigeria, the GCC countries, Mexico, Venezuela and 
Indonesia-- produce petrochemicals and one or two other energy-intensive products. The large
scale production of aluminum, which relies heavily on electricity, dominates industrial activity 
in Ghana. 

Projecting changes within the industriai sector over a 40-year period proves difficult, but 
historical tre11ds showing increases in materials consumption per capita provide a guide to the 
level of industrial production that might be expected in each country by 2025. Projected trends 
of future consumption can be translated into likely levels of physical output and then used to 
provide estimates of energy use for the energy-intensive industries. 

The output of material per capita varies by an order of magnitude among the study 
countries. For example, steel output per capita in China surpasses that in India by a factor of 
three at present; by 2025, China's steel output per capita exceeds India'·s by a factor of seven 
(Figure 6). Korea, Venezuela and Brazil each have 1985 output levels substantially above those 
of the former two countries. But of the present output of steel, about 30 percent from Korea 
and 40 percent from Venezuela are exported. 

Fertilizers constitute an important part of the Indian government's policy of food 
self-reliance. This policy has led to significant increases in their manufacture of fertilizer and 
further increases are planned. China has also increased its production of fertilizers in recent 
years. Venezuela produces large quantities of petrochemicals from indigenous oil and gas 
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resources and of aluminum from inexpensive hydroelectricity supplies. Petrochemicals form the 
backbone of future industrial development in Venezuela, the GCC countries and Nigeria; in these 
three nations, petrochemical output increases several-fold by 2025. 

Figure 6 
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The share of energy-intensive industries as a proportion of value added in 2025 declines 
in Brazil, China, India, Korea, Argentina and Mexico. In contrast, in some of the energy-rich 
countries -- such as Indonesia, Nigeria and the GCC countries --the share of energy-intensive 
industries increases in the future. The expansion of these industries adds significantly to the 
industry sector's energy consumption in these nations. 

Comparing energy intensity across countries proves difficult, even when relating energy 
use to physical output. When comparing the energy intensity of steel production in different 
nations, for example, two characteristics must be considered: first, that the use of scrap reduces 
overall energy ·intensity and second, that the manufacture of more complex and higher value
added products increases overall energy intensity. Considering these factors, if the Chinese 
industry took on the characteristics of the U.S. industry in these two respects, the overall 
intensity would remain about 20 percent higher in China than in the U.S. (it is about 60 percent 
higher at present). 15 In cement production, the use of dry versus wet cement plants influences 
the energy intensity. Additional modifications to each process also yield some improvement. 

15 
M. Ross and F. Liu, "The Energy Efficiency of the Steel Industry of China," Energy, vol.l6, no. 5, 1991, pp.833-848. 
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Across countries, marked differences exist in energy use per unit of steel output (Figure 
7). 16 In Venezuela, steel production is far more electricity intensive than in the other countries. 
Brazil uses large amounts of charcoal to produce steel; hence, Brazil uses noticeably less emil 
than the other countries. In Japan, plants use about 18 GJ to produce one ton of steel while 
those in the other industrialized countries use up to 22 GJ/ton. In most scenarios reported here, 
the intensity of steel production today surpasses the figures assumed in the HE scenario. While 
the LE scenario assumes additional improvements, these remain small in most countries. India, 
for example, has experienced little or no improvement in unit energy consumption over the past 
30 years and, therefore, witnesses minimal progress in the energy intensity of steel and cement 
production in the future. In China, even in the HE scenario, the levels of energy intensity 
assumed for steel production push the limit of what is assumed to be technologically feasible 
today. 

Figure 7 
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Industrial energy demand in the study countries increases from 20 EJ in 1985 to 70 EJ 
in 2025 in the HE case and to 60 EJ in the LE case (Table 11). Industry's share in total 
delivered energy increases from 40 percent in 1985 to 46 percent in 2025 in the HE scenario, 

16 
Due to the heavy use of biomass (charcoal) in Brazil's steel industry, figure 7 provides separate estimates for the fuel intensity of steel 

production in Brazil excluding biomass and for the biomass intensity of the Brazilian steel industry. In order to calculate the total fuel intensity 
of steel production in Brazil, the two figures must be added together. Hence, the total fuel intensity equals 26 GJ/ton in 1985, 24 GJ/ton in 2025 
HE and 13 GJ/ton in 2025 LE. 
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but remains virtually unchanged in the LE scenario. Energy demand almost triples in China 
while increasing almost seven-fold in India despite similar growth in industrial output and in 
industrial value added. The substantial improvement in the efficiency of energy use in China's 
energy-intensive industries accounts for this disparity. 

Table 11 
Industrial Fuel Shares and Carbon Emissions 

1985 2025 
High Low 

Carbon Emissions (MT) 470 1680 1385 
Delivered Energy (EJ) 19.8 70.1 60.4 

Coal 50% 40% 38% 
Oil 22% 23% 21% 
Natural Gas 12% 17% 21% 
Biomass 5% 4% 3% 
Electricity 12% 17% 18% 

The industrial fuel mix grows less carbon intensive as the share of coal declines and that 
of natural gas increases. Industry presently depends heavily on coal in India, China and Korea, 
on oil and gas in Indonesia, Mexico, Venezuela, Argentina, Nigeria and the GCC countries, on 
hydroelectricity in Ghana and on biomass, oil and coal in Brazil. Electricity presently forms a 
significant share of the energy used by industry in each country. The share of electricity . 
increases or remains stable as the emphasis of industrial activities shifts towards the production 
of higher value-added products. 

In the HE case, the share of coal use declines by 2025, except in Indonesia and Nigeria, 
·where the production of energy-intensive goods increases sharply. Coal use declines sharply in 
Korea's low emissions scenario, because Korea imports all of its the fuels and economic planners 
have tried to maintain a diversified mix of imported fuels. Indonesia limits the extent of its 
industrial coal use in the LE scenario by channeling a larger share of its abundant natural gas 
resources into the industrial fuel mix. In India and China, the fuel mix does not differ 
significantly in the HE and LE scenarios due to the limited potential for substituting less carbon
intensive fuels for coal. In both of these countries, the LE scenarios integrate larger quantities 
of natural gas into the industrial fuel mix in 2025 than do the HE scenarios. 

4.4.2 CARBON EMISSIONS 

By 2025, industry continues to make an overwhelming contribution to total -carbon 
emissions .. Carbon emissions increase three-fold between 1985 and 2025, rising from 470 to 
1680 million tons in the HE scenario. The LE scenario reduces emissions by 296 million tons 
(or 18 percent) relative to the HE scenario. 

Many opportunities exist for reducing carbon emissions in this sector, particularly in 
countries where fuels have been subsidized or where the optimal fuel choices have not been 
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incorporated into various industrial processes. For example, Venezuela heavily subsidizes the 
use of electricity in aluminum production at present and, in the mid-1980s, Brazil promoted the 
inefficient practice of using electricity in boilers. Countries can improve their unit energy 
consumption by implementing traditional energy-conservation measures and also by better 
utilizing their production capacity. For example, the Indian steel industry could decrease its unit 
energy consumption by 12 percent by increasing capacity utilization by 10 percent.17 Reducing 
emissions through fuel-switching measures proves difficult in countries which have limited 
energy sources, but should be easier to achieve in the energy-rich countries. 

4.5 SERVICES 

Little is known about the detailed structure of the service sector in developing nations. 
Offices, schools, hospitals, restaurants and hotels absorb. most of this sector's energy. 

Value added denotes activity levels in this sector. This figure is multiplied by the 
intensity of fuel use to obtain the fuel use for this sector. 1 

Electricity and oil constitute the two major sources of energy in the service sector, except 
in China, where coal use dominates. Because of the high energy demand of C~ina's service 
sector, mostly a result of its heavy space-heating requirements, coal supplied over half of the 
1985 energy used in this sector for the 17 study countries combined (Table 12). 

Table 12 
Service Sector, Fuel Shares and Carbon Emissions 

1985 2025 
High Low 

Carbon Emissions (MT) 65 285 240 
Delivered Energy (EJ) 2.6 10.6 9.5 

Coal 54% 44% 45% 
Oil 23% 20% 19% 
Natural Gas 4% 7% 9% 
Biomass 1% 1% 1% 
Electricity 18% 28% 26% 

The service sector currently accounts for only 10 percent of the total electricity consumed in the 
study countries. Over the next four decades, however, as lighting and cooling levels increase 
and more stores, offices and other electricity-intensive buildings are erected, the use of 
electricity in the service sector increases faster than in any other sector. Oil consumption 
currently surpasses electricity use in the service sectors of Mexico and Argentina, where LPG 
fuels a large share of the cooking and water-heating activities in the nations' restaurants, hotels, 
hospitals, etc. The availability of piped natural gas in Argentina also influences its application 

17 
R.K. Pachauri, V. Suri and S. Gupta, Long-Term Energy Scenarios for India Using the Stair·Model, (New Delhi, India: Tata Energy 

Research Institute, 1990). 
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in the service sector. In Korea, where the climate entails the heavy use of space heating, oil 
comprises almost 60 percent of the services' fuel mix. Electricity dominates the services' fuel 
mix in most of the other countries. 

Between 1985 and 2025, services' energy use increases almost four-fold; the sector's 
share of total energy use increases from 5 percent in 1985 to 7 percent by 2025 in both scenarios 
(Table 13). Natural gas and electricity increasingly penetrate the services' fuel mix by 2025. 
Notably, electricity's share rises to 28 percent in the HE scenario and to 26 percent in the LE 
scenario. As a result, the fuel mix grows less coal intensive. This growth serves to increase 
services' carbon emissions four-fold (from 65 to 285 million tons) between 1985 and 2025 in 
the HE scenario. The LE scenario contains emissions to 240 million tons. The opportunities 
for improving the efficiency of lighting and space conditioning, the two major end-uses in the 
service sector, resemble those for the residential sector. 

4.6 AGRICULTURE 

Agriculture's share of GDP has decreased with industrialization and, except for in 
Argentina, this trend continues in each study country. Agriculture uses most of its energy to 
power irrigation pumping and on-farm equipment. Irrigation pumping accounts for most of the 
electricity used in this sector, while fossil fuel use is divided somewhat evenly between pumping 
and the operation of other machinery. In India and China, the use of irrigation has increased 
over the years due to the limited availability of land; in order to maintain high levels of food 
production, these two nations have been forced to use the available land more intensively. 

Agriculture consumes 20 percent of the electricity used in India today. India highly 
subsidizes electricity prices for agriculture and, as a result, its use has increased more rapidly 
in the agriculture activities than in any other sector. In both scenarios, as the availability of 
irrigable land grows increasingly limited due to the scarcity of water, the growth rate of 
electricity declines. · 

Agricultural energy demand more than doubles by 2025; its 3 percent share of total 
energy use rises to 4 percent in both scenarios. The fuel mix grows less oil intensive and more 
natural gas and electricity intensive. The carbon emissions associated with agriculture rise from 
40 million tons to 145 million tons in 2025 in the HE scenario. The LE scenario lowers the 
level of agricultural carbon emissions by 19 percent of the HE figure, to 120 million tons. 
Because most nations' agricultural sectors highly subsidize energy costs and use energy quite 
inefficiently, great potential exists for improving the energy efficiency of agricultural activities. 

4.7 AGGREGATE DELIVERED ENERGY DEMAND 

The total delivered energy demand for the 17 study countries increases from 49 to 152 
FJ by 2025 in the HE scenario (Table 13). The LE scenario reduces this total to 127 FJ. 

26 



Table 13 
Aggregate Fuel Shares and Carbon Emissions 

.1985 2025 
High Low 

carbon Emissions (MT) 905 3635 2885 
Residential 17% 16% 16% 
Transport 15% 18% 17% 
Industry 52% 46% 48% 
Services 7% 8% 8% 
Agriculture 4% 4% 4% 
Other 5% 8% 7% 

Delivered Energy (EJ) 49.2 151.5 126.5 
Residential 37% 20% 20% 
Industry 40% 46% 48% 
Transport 14% 22% 20% 
Services 5% 7% .8% 
Agriculture 3% 4% 4% 

Delivered Energy by Fuel Type 
Coal 33% 28'% 29% 
Oil 27% 38% 34% 
Natural Gas 5% 10% 13% 
Biomass 27% 10% 9% 
Electricity 8% 15% 16% 

Note: Carbon emissions include those from fuels used 
to generate electricity and from fuel supply losses. 

On a per capita basis, the average delivered energy in 2025 equals only a fraction of that 
enjoyed in the United States today (333 GJ) (Table 14). Delivered energy/capita increases 
between 1985 and 2025 in both scenarios. In Sierra Leone and Nigeria, the only two 
exceptions, the massive substitution of modern fuels for biomass leads to a decline in energy use 
per capita, although carbon emissions per capita increase. Even in those nations where the 

· economy grows most rapidly, energy consumption per capita remains at relatively low levels. 

Electricity use increases almost six-fold, representing the largest increase for any type 
of energy aside from natural gas. Electricity's share in total energy demand increases from 8 
to 15 percent in the HE scenario and to 16 percent in the LE scenario. 

Electricity consumption per capita varies considerably among these countries (Table 14). 
Even at similar income levels, China's consumption per capita surpasses that of India. The four 
Latin American countries, Korea and the GCC nations historically have experienced higher 
levels of electricity consumption per capita than the other study countries. In the HE scenario, 
China's electricity consumption per capita reaches about the same level as Brazil's. By 2025, 
Korea's GDP per capita equals that in the United States today, but electricity consumption per 
capita remains 36 percent lower. On the other hand, at a lower GDP per capita, Venezuela's 
generation per capita in 2025 exceeds that of Korea in the LE scenario. In the GCC countries, 
due to the ubiquitous use of air conditioning and other household appliances, electricity 
consumption per capita in 2025 exceeds that of the United States today. 
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Table 14 
Delivered Energy and Electricity Per Capita 

Energy/capita Electricity/capita 
(GJ) (kWh) 

1985 2025 1985 2025 
High Low High Low 

China 23 42 37 370 1750 1620 
India 9 18 15 160 610 550 
Indonesia 10 27 23 150 420 390 
Korea 48 153 120 1240 7555 6626 

Argentina 36 47 39 1190 2090 1630 
Brazil 32 so 31 1300 2780 1620 
Mexico 47" 68 54 1075" 2325 2000 
Venezuela 69b 126 115 2570b 7340 7310 

Ghana 14" 14 11 260" 700 580 
GCC Countries 136 233 196 7400 14400 12200 
Nigeria 14 10 8 70 290 260 
Sierra Leone 15 13 11 40 150 120 

Average 20 35 29 440 1470 128 

a 1987 data; b 1984 data 

5 ELECTRICITY GENERATION 

We estimate the level of electricity generation in order to calculate the primary energy 
demand and carbon emissions for the two scenarios. We also calculate the shares of the various 
generating technologies in electricity production and, for selected countries, the capital 
requirements associated with these technologies. 

Carbon emissions from the fuels used to generate electricity account for about 190 million 
tons, or 21 percent, of the total emissions in the 17 study countries.18 Only the carbon 
emissions generated by fuel use in the industrial sector surpass the magnitude of these emissions. 

Compared to industrialized nations, developing nations generate and distribute electricity 
highly inefficiently. The thermal efficiency of electricity generation ranges from 24 percent in 
Venezuela to 29 percent in India to 34 percent in Korea. In each country, significant 
improvements in efficiency occur between 1985 and 2025, raising efficiency levels to those 
observed in the industrialized world today. The improvements occur with the introduction of 
more efficient power plants, improved institutional structures and better plant management. 

Transmission and distribution losses, which reflect technical losses as well as theft and 
the electricity consumed during plant use, vary across the countries. Korea and Venezuela 

18 
We count all primary inputs to electricity (whether electricity is supplied by fossil fuel, nuclear power, hydro or some other form) at 

the same thermal efficiency (the inverse of the heat rate). 
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average relatively low losses, while those in Mexico, Brazil and India reach 15, 11 and 22 
percent respectively. With the improved management of electric-utility systems and better 
technical control, both scenarios significantly reduce these losses by 2025. 

The generation of electricity increases almost six-fold from 1200 TWh in 1985 to 7200 
TWh in the HE scenario in 2025 and to 6240 TWh in the LE scenario. Electricity generation 
relies heavily on coal, particularly in the Asian study countries. This dependence increases by 
2025 as nations try to phase oil out of the generation mix and exhaust other options (Table 15). 

Table 15 
Electricity Generation, Fuel Shares and Carbon Emissions 

1985 2025 
Hi h Low 

Carbon Emissions (MT) 190 1030 790 
Electricity Generation (TWh) 1205 7240 6275 
Fuel Use for Generation(EJ) 14.8 72.9 62.1 

Coal 32% 43% 39% 
Oil 21% 12% 11% 
Natural Gas 8% 11% 8% 
Biomass 0% 0% 1% 
Nuclear and Geothermal 3% 7% 8% 
Hydro & Other 36% 27% 33% 

Note: Non-fossil electricity generation is counted in 
terms of fossil fuel equivalent. 

China, exploits its nuclear, hydro and natural gas options to levels approa~hing their 
resource limits by 2025. As a result, electricity generation beyond 2025 may have to rely more 
heavily on coal, unless China discovers new resources and/or can find an economical way of 
using renewable resources. Hydro has great potential in the Latin American study countries, 
although these countries will have to develop more expensive sites. The LE scenario calls for 
a larger share of hydro generation by 2025. Mexico's scenarios consider the development of 
new medium-sized hydro projects, based on the recent trends in construction. In Brazil, on the 
other hand, the construction of large hydro plants slows down considerably (due to capital 
constraints and environmental concerns); natural gas serves as the principal supply source for 
the additional capacity required in the HE scenario. 

Carbon emissions from the fuels used to generate electricity register the largest increase 
of all the sectors. Emissions increase more than five-fold, from 190 to 1030 million tons, in the 
HE scenario. The LE scenario reduces emissions by 24 percent, to 790 million tons. Much of 
the reduction occurs because of reduced demand for electricity in the LE scenario. Fuel 
switching plays a smaller role; efforts to change the electricity fuel mix are thwarted because 
of the lack of alternative energy sources in many of the study countries. Brazil achieves large 
reductions in the LE case, which help to restrict the role of non-hydro power generation to 10 
percent of the nation's total electricity demand. 
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Capital costs for power plants vary considerably across the developing countries. 
Generally, China has much lower plant costs (56 percent of those in India for coal plants), 
largely because of the artificially low labor costs and the domestic manufacture of most 
components. Total capital costs as a fraction of GDP do not change significantly over the 40-
year period, although they witness a large increase in absolute terms. These future estimates 
represent a reversal of present trends; in the recent past,· capital costs have come to comprise 
an increasing share of GDP. In part, this difference results from the considerable improvement 
in plant efficiencies and the lower transmission and distribution losses achieved by 2025. In 
some nations, the construction of less capital-intensive fossil plants, with higher capacity factors 
compared to hydro plants, contributes to the drop in the capital cost/GDP ratio. 

6 ENERGY INTENSITIES AND ENERGY SUPPLY 

As described above in the sectoral discussion, the industrial structure, the efficiency of 
industrial fuel use, the level of household demand and the vehicles used for transport all 
influence the energy/GDP ratio~ The future ratio depends on changes in these factors. 

Energy consumption grows more slowly than GDP in each country between 1985 and 
2025, except in Indonesia and the African and GCC countries; as a result, the primary 
energy/GDP ratio declines by 2025 (Figure 8). 19 In China and Korea, this decline continues 
an earlier trend which began in the 1980s. For the other countries, the decline calls for a 
reversal of the trend of the last 10 years. Such a reversal has been observed historically in the 
industrialized countries. 

Historically, in industrialized nations the primary energy/GDP ratio has risen over time 
and then eventually dropped. The energy/GDP ratio for the United States peaked in the 1920s; 
those for Italy and Japan peaked in the early 1970s, while West Germany's peaked in the early 
1960s. Thus, it is not impossible to assume that the developing countries will experience a 
similar pattern and achieve lower energy-intensity values in the future. 

The declining ratio in China and India results largely from the replacement of inefficient 
biomass with modem fuels. But even excluding biomass use, the energy/GDP ratio for China 
declines dramatically from 1.66 to 0. 75 tons of oil equivalent/million dollars, or by about 45 
percent of the 1985 figure. Although the decline appears large, the energy/GDP elasticity of 
0.37 corresponds with the elasticity of 0.5 achieved in the 1980s. Further, the rapid growth of 
GDP leads to a substantial turnover in plants and equipment. Hence, China's 2025 industrial 
infrastructure will be of 2012 vintage and, therefore, highly efficient. 

India experiences a rather modest improvement in efficiency and the nation's energy/GDP 
ratio (includin~ biomass) declines to only 67 percent of the value in 1985 in the HE scenario. 

19 Figure 8 provides the primary energy/GOP ratios as estimated in the HE scenario. Due to differing exchange rates, etc., energy/GOP 

ratios cannot be compared among the study countries; rather figure 8 shows how the ratio changes over time in each country. 
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In the LE scenario, the ratio declines to 53 percent. Without the inclusion of biomass, the ratio 
declines only slightly in the high emissions case to 94 percent of the 1985 figure (Figure 8). 
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In Indonesia both scenarios show energy-intensive industries accounting for a higher 
proportion of industrial value added in 2025. This transition differs from those observed in most 
of the other countries. 

In all of the African countries, the expected development of more energy-intensive 
industries leads to an increase in this ratio. In Sierra Leone and Ghana, the historical trend of 
higher energy growth than GDP growth continues as previously high levels of suppressed 
demand, particularly in the household sector, begin to be met. 

The primary energy supply in the 17 study countries combined increases almost four-fold 
in the HE scenario and three-fold in the LE scenario. The difference between the two totals 
indicates a significant potential for reducing energy use by 2025 (Table 16). In both scenarios, 
however, the share of coal increases relative to that in 1985 as China substitutes coal for biomass 
in its residential sector arid as electricity generation relies more heavily on coal. The shares of 
other fuels increase by 2025 as well in order to compensate for the decreased reliance on 
biomass. 

Despite the reductions in the energy/GDP ratio, China and India will find themselves 
hard-pressed for domestic resources of sufficient magnitude to satisfy their growing energy 
needs. In the HE scenario, China will have to mine as much as 3.1 billion tons of coal 
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compared to about 900 million tons in 1985. This amount of coal equals about the amount 
annually mined in the entire world in the late 1980s. India will have to produce about 850 
million tons of coal compared to about 150 million tons in 1985. Judging from the current local 
environmental problems with coal mining and use, this increase will require substantial 
investments in coal clean-up technologies. For example, the concentration of suspended 
particulates in major Chinese cities already surpasses the guidelines set by the World Health 
Organization several-fold. 2° Further, given the deteriorating quality of coal in both countries, 
the amount of coal mined and transported may be even higher than these estimates suggest. 

Table 16 
Primary Energy and Fuel Shares 

1985 2025 
High Low 

Primary Energy Supply (EJ) 62 217 177 
Coal 34% 38% 36% 
Oil 29% 33% 31% 
Natural Gas 6% 11% 13% 
Biomass 22% 7% 6% 
Nuclear and Geothermal 1% 2% 3% 
Hydro & Other 9% 9% 11% 

Total oil demand in the 17 study ~ountries increases from 8. 3 million barrels per day 
(mbpd) in the base year to over 33 mbpd by 2025 in the HE scenario. Oil demand in 2025 
ranges from between 6 and 8 mbpd in China, India and the GCC countries to about 4 mbpd in 
Mexico and around 2 mbpd in Indonesia, Korea and Brazil. This increase in total oil demand 
is large enough to exhaust the known OPEC excess production capacity, thereby placing an 
enormous pressure on the world oil supply. By 2025, China imports about 1.8 mbpd of oil and 
produces about 2.5 mbpd of synthetic oil from coal. Domestic production declines to 0.6 mbpd 
from around 2.0 mbpd today. Oil consumption in India reaches about 6.2 mbpd by 2025, up 
from about 0.8 mbpd in 1985. Domestic production amounts to about 0.6 mbpd today. In July 
1990, with oil prices at only $15/barrel, the Indian government had to adopt regulations to curb 
the use of oil, since insufficient foreign exchange existed to pay for oil imports. The estimated 
level of oil imports for 2025 would require $82 billion (assuming that oil production in India 
stays at the 1985 level) compared -to $1.5 billion today, because the price of oil is assumed to 
be 2.5 times higher and the increased oil demand must be met by imports; this level would 
require far more foreign exchange than India currently generates. In most countries, the use of 
oil and coal increases in the HE scenarios, while that of natural gas and hydro increases in the 
LE scenarios in order to reduce carbon dioxide emissions. 

The hydro capacity increases ten-fold in Venezuela and exhausts all the known 
hydro-reserves in the country today. 21 In China, hydro-capacity approaches 225 GW by 2025, 

20 
H. Wang and D. Zhau, Air Pollution Control and Energy Use in China, published in the Proceedings of the Chinese-American 

Symposium on Energy Markets and the Future of Energy Demand, Nanjing, China, November 1988. 

21 
Hydro capacity has already increased by a factor of four between 1985 and 1990. 
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which would exhaust the hydro-sites close to the population centers. Increases of such 
magnitude, although technically feasible, will create other concerns and may not be achievable 
given the current ecological dilemmas. 

This paper only comments on the capital costs for electric power. A parallel analysis 
using the same methodology, equal population growth rates, but lower economic growth rates 
was conducted recently. This study estimated the capital costs for the energy sector for nine 
world regions. It concluded that there was a high probability that the expansion of the energy 
sector will be severely inhibited by capital scarcity, sharply slowing economic development.22 

Given the higher economic and energy growth rates in the scenarios, the same conclusion 
applies. 

7 CARBON DIOXIDE EMISSIONS 

Total carbon emissions increase from 900 million tons in the base year to 3.6 billion tons 
in 2025 in the high emissions scenario for the 17 study countries (Tables 13 and 17). The low 
emissions scenario reduces emissions by 21 percent (to 2.9 billion tons). In effect, the increase 
in carbon emissions between 1985 and 2025 observed in the HE scenario equals about twice the 
amount produced by the United States in 1985. In the LE scenario, the growth in emissions 
between 1985 and 2025 equals slightly more than the amount produced in the United States in 
1985. 

Table 17 
Carbon Emissions by Country 

(Million Tons of Carbon) 

1985 2025 
High Low 

China 480 1700 1365 
India 115 700 615 
Mexico 75" 225 155 
GCC Countries 60 400 330 
Brazil 45 140 65 
Korea 45 170 120 
Indonesia 25 130 105 
Venezuela 25b 65 55 
Argentina 20 45 30 
Nigeria 10 55 40 
Ghana 1" 4 3 
Sierra Leone 1 1 

Total 900 3635 2880 

8 1987 data; b 1984 data 

22 M. Levine, A. Gadgil, S. Meyers, J. Sathaye, J. Stafurik and T. Wilbanks, Energy Efficie~cy, Developing Nations, and Eastern Europe, 

report to the U.S. Working Group on Global Energy Efficiency (Washington, D.C.: International Institute for Energy Conservation, June 1991). 
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The contribution of each end-use sector to carbon emissions changes little over this time 
period (Table 13). Carbon emissions from industry do not grow as fast as total emissions, 
which reduces industry's share of emissions. Despite the reduced share of biomass in the· 
residential sector, its share of carbon emissions remains virtually unchanged. The opportunities 
for further reduction in carbon emissions from the HE to the LE scenario are more pronounced 
in the transport sector and less so in the industrial sector, which increases industry's share of 
carbon emissions in the LE scenario in 2025. 

The aggregate fuel mix grows more carbon intensive between 1985 and 2025 as the share 
of biomass drops. Had the 1985 fuel mix prevailed in the HE scenario, the total carbon 
emissions generated by the 17 study countries combined in 2025 would equal 3.2 billion tons, 
14 percent lower than the HE figure for 2025. In nine of the 17 study countries the fuel mix 
grows more carbon intensive. The exceptions, Korea, Venezuela and the GCC countries, occur 
primarily because of the reduced share of coal and the increased share of nuclear energy in 
Korea, the greater share of hydro in Venezuela and the larger share of natural gas in the GCC 
countries in 2025. · 

Most of the reductions in carbon emissions achieved in the LE scenario occur as a result 
of improvements in energy efficiency; fuel switching only plays a minor role. The LE scenario 
figure f<;>r carbon emissions in 2025 equals 78 percent of the HE scenario figure. Had the mix 
of fuels in the LE scenario remained the same as in the HE scenario in 2025, the LE carbon 
emissions would be 3 percent higher. In effect, more than 80 percent of the reductions in the 
LE scenario occur because of efficiency improvements and the rest result from fuel switching. 
In Venezuela, the sole exception, carbon reductions from fuel switching surpass those from 
efficiency improvements; 13 percent of the reductions in Venezuela result from fuel switching, 
while only 7 percent stem from efficiency -improvements. 

In absolute terms, China and India rank as the largest emitters of carbon dioxide. By 
2025, while the emissions from China increase more than three-fold in the HE scenario, those 
from India increase six-fold because of fewer improvements in energy intensity. The significant 
use of biomass for industry and transport in Brazil contributes to the nation's relatively low 
emissions. 23 Because of efficiency improvements and because it has the option to rely almost 
completely on hydro-generation, Brazil's emissions decline by 50 percent of the HE figure in 
the LE scenario. 

India, China and Korea, three countries which rely heavily on coal, also produce the 
most carbon dioxide per unit of energy supplied. Brazil, Venezuela and Mexico generate 
correspondingly less carbon dioxide. The amount of carbon emitted per unit of energy increases 
by 14 percent of the 1985 level in the HE scenario. In the LE scenario the C~/primary energy 
ratio drops slightly below the 1985 figure as a result of fuel switching. 

23 
If the emissions from biomass use are counted, total Brazilian emissions almost double, from 45 to 80 million tons, in 1985. The same 

proportion prevails in 2025. 
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The rate of population growth largely determines increases in carbon emiSSions and, 
therefore, emissions per capita increase much more slowly in each country than total emissions 
(Table 18). However, given the substantial differences in population growth rates, the increase 
in emissions per capita can be misleading. For example, emissions per capita almost triple in 
both China and India, despite the fact that the increase in total emissions for India is double that 
of China. · 

Table 18 
Carbon Emissions per Capita (Tons) 

1985 2025 
High Low 

China 0.46 1.12 0.96 
India 0.15 0.41 0.36 
Indonesia 0.15 0.49 0.39 
Korea 1.10 3.38 2.39 

Argentina 0.65 0.95 0.63 
Brazil 0.34 0.65 0.30 
Mexico 0. 98" 1. 57 1.08 
Veneuzela 1. 47b 1.91 1.62 

Ghana 0. 07 8 0.09 0.07 
GCC Countries 3.68 6.05 4.99 
Nigeria 0.10 0.17 0.13 
Sierra Leone 0.11 0.11 

. 1987 data; b 1984 data 

Table 19 
C02 Emissions per Unit of GDP 

China 
India 
Indonesia 
Korea 

Argentina 
Brazil 
Mexico 
Veneuzela 

Ghana 
GCC Countr iesc 
Nigeria 
Sierra Leone 

Using Exchange Rates 

(Kgs/US$ 1985) 
1985 2025 

1.51 
0.61 
0.30 
0.49 

0.29 
0.18 
o.4o• 
0. 51b 

0.14 
0.37 
0.14 
0.38 

High 
0.61 
0.53 
0.47 
0.19 

0.29 
0.16 
0.23 
0.27 

0. 20 
0.37 
0.15 
0.44 

Low 
0.49 
0.46 
0.38 
0.13 

0.20 
0.07 

·0.16 
0.23 

0.12 
0.31 
0.11 
0.35 

Using Purchasing Power 
Parities (PPP) 

(Kgs/US$ 1985 PPP) 
1985 2025 

0.27 
0.21 
0.13 
0.35 

0.17 
0.09 
0. 27" 
0. 44b 

0.22 
0.11 
0.09 
0.26 

·High 
0.11 
0.19 
0.19 
0.13 

0.17 
0.08 
0.16 
0.23 

0.19 
0.11 
0.11 
0.33 

Low 
0.09 
0.16 
0.15 
0.09 

0.12 
0.04 
0.11 
0.20 

0.14 
0.09 
0.08 
0.26 

• 1987 data; b 1984 data; c Estimates of purchasing power 
parities exclude Qatar for thi• region. 
Note: 1985 ppp values were used for 2025 as well. 
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A comparison of carbon emissions per unit of GDP reveals that this ratio is highest for 
China (Table 19) than for any other study country. The sector-specific analysis of fuel use and 
efficiency described above explains the many reasons for the levels of carbon intensity displayed 
in Table 19. However, the use of PPP to estimate the carbon intensity reveals that China does 
not have the highest intensity, and that Venezuela and Korea have higher intensities than the 

·other study countries. In effect, because of the structure of their economies, the types of fuels 
they use and the efficiency of their fuel use, the latter two countries emit more carbon to achieve 
the same level of purchasing power. These ratios and the ·corresponding ninkings change in the 
future. By 2025 Venezuela arid Sierra Leone display the highest intensities. 

8 INTEGRA TED ANALYSIS 

This section compares the results of this study with those of an analysis using the 
Atmospheric Stabilization Framework model to check the accuracy of the fuel supply estimates 
for 2025. The ASF model incorporated the data on delivered energy demand from this study 
and data from similar studies on the industrialized at}d other countries to create an integrated 
picture of world energy demand in 2025.24 The model then attempted to satisfy this estimated 
demand, taking into account the availability of energy supplies at stipulated energy prices. 
While the ASF model initially incorporated the same assumptions about fuel prices as did the 
individual country studies, it then adjusted prices according to its own supply curves. The ASF 
model then came up with new estimates for energy supply in 2025 as a result of placing the 
individual country studies in a global context. 

Overall, the estimates of primary energy demand and supply for the 17 developing 
countries described here do not differ substantially between the country studies and the ASF 
runs, but the composition of the energy mix shifts. According to the ASF analysis, primary 
demand is 6 percent lower than the level indicated in the country studies. In terms of the fuel 
mix, coal production was higher and the conversion of coal to synthetic fuels played a much 
larger role in the ASF runs. The production of natural gas and the consumption of gaseous fuels 
fell below the levels estimated in the country studies, but energy from biofuels increased more 
rapidly in the ASF runs. 

The differences in the mix of fuels stem from some simplifying assumptions about natural 
gas prices made by the ASF model and from the model's more optimistic assumptions about the 
availability and use of biomass. The ASF model assumes that natural gas prices track those of 
oil and that uniform changes in natural gas prices occur in each sector. In reality, neither holds 
true. The prices of natural gas and other fuels are administered by governments and selectively 
set for each end-use. The higher production levels of synthetic coal and biomass fuels (in liquid 
and gaseous forms) result from these higher gas prices as well as from differences in the 
underlying assumptions about the use of biomass. 

24 
United States/Japan Expert Group, Integrated Analysis of Country Case Studies, report to the Energy and Industry Sub-group of the 

Intergovernmental Panel on Climate Change, September 1990. 
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Global carbon dioxide emissions, including those for the industrialized countries, amount 
to 12.4 billion tons in the country study base case. At 12.8 billion tons, this estimate is 
somewhat higher in the ASF scenarios due to the increased use of synthetic fuels. 

9 CONCLUSIONS 

The results of the scenario analyses indicate that the overall expansion of energy demand 
and the increasingly carbon-intensive composition of the energy mix (a result of resource 
constraints and the transition from biomass to modem fuels) will lead to a substantial growth in 
carbon emissions from developing countries between 1985 and 2025. Despite impressive 
declines in the intensity of energy use in most of the nations, carbon emissions in the study 
countries increase by 2. 7 billion tons between 1985 and 2025 in the HE scenario. The LE 
scenario moderates this growth by improving the efficiency of energy use for most production 
processes and appliances in the developing world in 2025 to levels equivalent to those found in 
the industrializ¢ world today. Nonetheless, carbon emissions still rise by 2 billion tons relative 
to the 1985 level. 

Although overall emissions of C02 witness a dramatic increase, the growth of emissions 
on a per capita basis remains quite modest. Relative to industrialized countries, emissions per 
capita in the study countries remain at very low levels in 2025. For example, based on the 
growth rates of population and C02 assumed in these scenarios, carbon emissions per capita in 
India will not reach 1985 levels of emissions per capita in the United States until the year 2100. 
The high growth in total emissions coupled with the continuing low levels of emissions per 
capita in 2025 highlights a key controversy surrounding the role ~f developing countries in future 
efforts to arrest global climate change. On one hand, the growing contribution of developing 
countries to global emissions over the 40-year period suggests that developing countries must 
participate in international efforts to restrain emissions; curtailing the growth of emissions 
exclusively in industrialized countries will not ·be sufficient to avert the threats of global 
warming. On the other hand, any consideration of equity based on population sizes in the 
developing world implies that developing countries should be exempted from worldwide efforts 
to restrain the growth of energy and carbon emissions. 

The analysis shows a wide variance in levels of emissions per capita and emissions per 
unit of GDP among the study countries. For example, carbon emissions per capita are 
significantly higher in the GCC countries than in any of the other study countries. Similar 
disparities prevail in emissions per unit of GDP (although the rankings change when GDP is 
estimated using purchasing power parity rates rather than exchange rates). These differences 
suggest that in order to assess the role of developing nations in future emissions-abatement 
activities, the developing world should not be lumped together as a single bloc of countries; 
rather each country must be evaluated according to its own unique circumstances. 

Improvements in energy efficiency and fuel-switching measures serve as the two major 
avenues for controlling emissions of carbon dioxide in the country studies. Of the 23 percent 
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reduction in carbon emissions achieved in the LE scenario relative to the HE scenario, 19 
percent results from efficiency improvements while only 4 percent results from fuel switching. 
Efficiency improvements prove the more effective of the two means, largely because by 2025 
most of the study countries (except Venezuela and the GCC countries) have few indigenous fuel 
alternatives available and, therefore, have little flexibility in terms of changing the composition 
of their fuel mixes. 

Hence, the scenarios indicate that the combination of higher energy efficiency and modest 
fuel switching can slow the growth of energy use and emissions in the developing world. 
However, achieving the potential gains associated with improved energy. efficiency and fuel 
switching will entail a concerted effort on the part of consumers, manufacturers, energy-supply 
companies and governments. In addition, these improvements will not reverse the trend towards 
increased energy demand in these nations. Raising levels of economic growth will continue to 
entail increaSingly higher levels of energy use across the developing world through 2025 and 
beyond. 

Coal and oil shortages and constraints on the capital available for energy supply could 
lead to slower rates of economic growth than assumed in the scenarios. In China and India, 
where non-coal energy resources are limited, the scenarios show an unprecedented level of coal 
mining and oil imports. If these nations fail to raise energy efficiency to the targets set in the 
scenarios, even higher levels of coal production will be required. In both cases, socio-economic 
and local environmental constraints may block efforts to increase coal production. 

In both scenarios, the industrial sector makes the largest contribution to total carbon 
emissions, followed by the transport and residential sectors. Emissions from the transport sector 
rise more rapidly than from any other sector. In absolute terms, the greatest opportunities for 
lowering emissions of carbon dioxide lie in the industrial sector; industry accounts for just under 
40 percent of the reduction in emissions achieved in the LE scenario. The transport sector 
displays the largest relative potential for containing emissions (the aggregate LE scenario for the 
study countries reduces transport emissions by 25 percent relative to the HE scenario). 
However, the most promising sectors for reducing intensity arid/or for switching fuels vary 
across the countries. In each country, the extent of the reductions possible within each sector 
is determined by the growth that the sector experiences and the potential for reducing fuel use 
in that sector, which in turn depends on the cost of supplying fuels to and the cost of conserving 
fuels in that end-use sector. 

The shares of the industrial and transport sectors in total fuel use increase between 1985 
and 2025. Simultaneously, the share of the residential sector declines. The drop in biomass 
consumption accounts for the falling share of the residential sector. As incomes increase, 
consumers· shift to the use of more convenient and efficient fuels, such as kerosene and LPG, 
and eventually to electricity. · 

The trend towards increased use of coal and other fossil sources for generating electricity 
leads to higher carbon emissions per unit of electricity generated in both scenarios. The LE 
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scenario relies less heavily on coal and other fossil fuels than the HE scenario due to the greater 
exploitation of hydroelectric and nuclear sources. The use of biomass in electricity generation 
could offer an effective means for reducing carbon emissions from electricity generation in many 
developing nations; this potential strategy needs to be investigated more thoroughly. 

Electricity takes on a far more important role in all of the countries studied over the next 
four decades. For this reason, the composition of the electricity fuel mix and the efficiency of 
electricity generation will have a major impact on future levels of energy-related carbon 
emissions. Most of the countries have plans to increase the use of carbon-based fuels for 
generation in the future; of particular concern, many of the countries hope to expand the 
production of coal-generated electricity. Both international lending institutions and electric 
power companies in developing countries have shown a growing interest in improving the 
efficiency of electricity generation and use in recent years. And in a number of countries, 
capital scarcity and growing concerns about local environmental issues have led to the re
evaluation of electricity-generation schemes. Efforts to better manage the growing demand for 
electricity through improving the efficiency of electricity supply and use can make a major 
contribution to restraining the growth of carbon emissions in the future. 

The extent to which developing nations will be able to curtail the growth of energy 
demand and, correspondingly, emissions of carbon dioxide in the future will hinge on a number 
of crucial determinants ranging from the availability of natural resources and capital to the 
development and implementation of effective policy measures. Maximizing the potential for 
abating C02 emissions will entail a combination of both domestic efforts and international 
assistance. While this paper points out many common trends within this group of developing 
countries, it also highlights the wide variance in the economic, demographic and other energy
related factors among countries. The ability to optimize the opportunities for restaining the 
growth of C02 in these nations lies in recognizing and defining these differences. A thorough 
understanding of each nation's past, present and future patterns of energy use is the first step 
towards identifying the most effective path to a less carbon-intensive energy future. 
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