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Asia’s Energy Future 
The Case of Coal - Opportunities and Constraints’ 

Charles J. Johnson 
East-West Center 

Introduction 

A quarter century ago in 1972, oil sold at about $2.00 per barrel, and OPEC was 

not viewed as a serious threat to oiI supplies; nuclear power was emerging as the Iowest 

cost source of electricity and had tremendous growth pot- @&ai warming was yet to 

be recognized; China was struggling under the Cultural Revolution and 50 unimportant in 
world energy trade that it was seldom even included in energy statistics. In 1972 the 
famous Club of Rome study, Limits to Growth, was released and sounded the alarm that 
the world could not sustain its current population growth rates and rates of resource 

depletion. 

Over the past 25 years, we have seen all of the above assumptions proven to be 
incorrect. In making projections about the future of energy in Asia, I want to emphasize 

that ifthe past quarter century has taught us one lesson, it is that in the next 25 years there 

will be major changes in energy and the Asian region that we do not expect. Therefore, 

we must ensure that the energy policies and strategies allow for rapid and efficient 

responses to unexpected changes in Asia that impact on the energy system. Probably the 

greatest uncertainty with respect to fiiture cod we will be its ability to respond to tighter 
environmental constraints over the next decade. In addition, in South Korea, changes in 
North Korea between now and 2020 could have a major impact on the energy systems of 
the North and South. 

’ Dr. Johnson is Head of the Coal and Environment Project at the East-West Center, Honoldu, Hawaii; 
Tel: 808 944-7550; Fax: 808 944-7559; (e-mail: johnson@ewc.hawaii.edu). The author wishes to thank 
Mr. Eric Hill for his assistance in preparing the graphs for this paper, Wang Xiaodong for technical 
suggestions, ami Dr. Keanon B d e  for editorial assistance. 
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Many would argue today that there is little role for government sponsored research 

into energy issues, and that such research can all be done by private industry. This 
strategy may be acceptable for countries that will foZZow others, but for Zeaders in any 

major field, government support of long-term research is essential. 

More than twenty years ago, I worked for the U.S. National Science Foundation, 

managing energy grants. The rich ideas for research that flowed in from hundreds of 
universities allowed the National Science Foundation to support thousands of creative 

ideas, many of which were too long-range and risky to attract substantial private sector 

support. 
I have worked in both the private sector and governments, and I am convinced that 

to become a world leader, we must combine the best of govermnent sponsored long-term 

research and the shorter-term, more bottom-line, commercially oriented, private- sectof 

research. Neither government nor industry approaches alone can ensure a stable energy 

system in the long term. 

The energy bridge to the future is not built by looking only at the next 10 to 15 

years and at annual corporate balance sheets, but must include sustained research OR 
energy issues that will ensure that our energy bridge reaches the hture generations. The 

most difficult problems to fblly understand and solve often are those that cut across 

disciplines and do not fit neatly into defined boxes. The leaders in building a bridge to a 

sustainable energy fbture will be those that use a sound multidisciplinary approach, that 

will allow us to recognize and better understand the complex interactions of our energy 

system with our environmental system and with our economic systems. 
In this paper I am going to present my views about the changing energy mix in 

Asia to 2020, and why the importance of coal wiII continue. My energy projections have 

little chance of being accurate; however, hopehlly they will provide some insights into 

Asia’s evolving energy mix. 
Asia’s Energy Mix Compared with the Rest of the World 

In looking at Asia’s energy mix, it is important to recognize that Asia is quite 

different from the rest of the world with respect to coal and natural gas use.* Figure 1 

Excludes substantial amounts of ial biomass use. 
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shows the 1995 primary energy mix in Asia and in the rest of the world. In Asia3 cod 
accounts for 46 percent of primary energy compared with 20 percent in the rest of the 

world. The difference is even greater for natural gas, which accounts tbr only 9 percent of 

Asia’s primary energy. That is about one-third of the 28-percent share held by natural gas 

in the rest of the world. Solar and wind energy presently account for an insignificant part 

of the primary energy mix in both Asia and the rest of the world. 

The causes of the differences in energy mix between Asia and the rest of the world 

can provide insights to the future. In this paper, I will suggest some of the factors that 

appear to be most important to projecting each element of Asia’s energy mix. 

(1) Nuclear Power 
Nuclear power experienced the fastest growth rate of any energy option over the 

1980-1995 period in both Asia (10.4 percenuyear) and the rest of the world (8.3 

percenuyear). The high growth rate in nuclear power was due to: (i) government policies 

to diversifjl away fiom oil-based power plants following the oil crises in the 1970s, (ii) 

favorable financing and loan repayment terms, (ii) expectations that the prices of fossil 
fbels would increase substantially in real terms, (iv) the belief that consumer acceptance of 

nuclear power would increase over time, (v) projections that the capital costs of nuclear 

power would decline, and (vi) the belief that nuclear waste management costs would not 

become a serious constraint to nuclear power decisions. 

However, over the past 10 to 15 years (i) the prices of fossil fuels (coal, oil and 

natural gas) have been decreasing in real terms; (ii) decreases in the capital costs of 

nuclear power plants have been matched by decreases in the costs of fossil-he1 plants; (i) 

the trend to introduce greater private Sector participation in the energy sector, and 

decreased government intervention, fivors lower cost, less risky, fossil-fbel options; and 
(iv) increased public concerns about nuclear waste management and nuclear safety are 
resulting in added uncertainty and delays to nuclear power development plans. Most 

independent power companies are unwilling to invest in new nuclear power plants, 

because the economics and risks are higher than for fossil-fbel plants. 

Australia and New zealand are iachded with Asia in this paper. 
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Over the period 1995-2020, nuclear power is projected to grow at a modest 2.0- 

2.5 percent per year in Asia (partly owing to favorable government policies toward 

nuclear power in China and India), and 1 .O- 1.5 percent per year in the rest of the world. 

China’s policy is to rapidly expand nuclear power capacity in its energy-short coastal 

regions, which could result in additions of 500-1,500 MW per year over the 2000-2020 

period. Energy policy reforms and the introduction of independent private power in Japan 

will drive generation costs down to US 6-8 cents/kWh, and slow the development of US 

9-1 1 centskwh nuclear power. 

(2) Hydropower 
Hydropower fiom prime sites can generate electricity at less than half the cost of 

fossil-fuel plants. However, most of the best sites, near markets, have already been 

developed. Hydropower projects face three important constraints: (i) high capital costs 

(typically 50-100 percent more than fossil-fuel plants), (ii) long construction periods 

(typically double those of fossil-fuel plants), (G) lower average load factors than fossil-fie1 

plants, and (iv) substantial environmental and social costs associated most major 

hydroprojects. 
However, Asia appears to have more favorable hydropower sites than most 

regions of the world, and some governments (particularly China, Laos, and Vietnam) 

strongly support hydropower developments. Over the 1995-2020 period, hydropower is 

projected to grow at 3.5-4.0 percent per year in Asia, and 1.5-2.5 percent per year in the 

rest of the world.4 

(3) Solar and Wind Energy 

Costs of electricity from photovoltaics and wind power have deciined dramatically 

over the past two decades, with wind-generated electricity approaching conventional 
power at favorable wind sites. Both technologies have failed to meet the projections of 

their proponents over the past two decades, and represent only a fraction of 1 percent of 

the total primary energy mix. However, wind power now appears competitive with fossil- 
fuel plants in numerous locations across Asia (particularly in China). A gowth rate of 8- 

Geothermal power is included witb hydtopower in the statistics shown in this paper. In Asia, 
geothermal power is significant in the energy mix in Indonesia and the Philippines. 
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1L percent is believed reasonable over the 1995-2020 period, with a number of Iwge-scale 

wind farms in operation by 2010. 

(4) Oil 

Oil remains the most versatile energy form available, and remains the 
overwhelming &el of choice for the world’s transport industry. The collapse of oil prices 

in the mjd-l980s, and the continued trend of relatively low oil prices, could result in a 

higher share of oil in the primary energy mix than assumed in the projections in this paper. 

With respect to electricity generation, beginning in the late-l970s, governments in 

most countries encouraged their utilities to switch from oil-fired capacity to alternative 

energy options. Most large, base-load, oil-fired plants have converted to other &ds; 

however, improved economics of oil-fired plants, and continued low oil prices, are 

resulting in continued growth in oil use for smaller-size generation capacity. 

The combination of a very large population in Asia, and mote than a halfbiUion 

people likely to reach middle-class income status by 2020, could result in unprecedented 

increases in automobile ownership across Asia. Even in China, the new generation of 

college-educated youth is thinking about someday owning a car, something that was 

unthinkable for their parents. 

Between 1995 and 2020, oil consumption is projected to increase at an average of 

2.8-3.4 percent per year in Asia and 1.1-1.7 percent per year in the rest of the world. 

(5) coal 

Coal is the dominant energy source in Asia, accounting for 46 percent of Asia’s 

primary energy consumption. The dominance of coal is most pronounced in China, where 

coal accounts for about 75 percent of primary commercial energy consumption. Asia’s 

coal consumption grew at an impressive 4.5 percent per year over the 1980-1995 period, 

and is projected to grow at 2.7-3.2 percent per year over the 1995-2020 period. 

Coal is the dirtiest fossil &el, and is the most serious polluter over major regions of 
Asia. At the same time, it is the lowest-cost major source of energy presently available for 
most of Asia. The key to fiture growth in coal consumption in Asia is the ability of coal 

to meet the costs of tighter environmental standards and remain competitive with other 
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fbels. The development and commercialization of cleaner coal technologies are the key to 

sustained growth of coal use in Asia over the long term. 

After decades of heavy emphasis on economic growth, and too little attention to 

the environment, change is coming to Asia. As shown in Table 1, a 1996 survey of eight 

Asian economies, carried out by the APEC Expert’s Group on Clean Fossil Energy, 

revealed a major shift among these economies to more stringent SO2 emissions limits in 

the 1990s. Table 1 shows that in the early 1990s only Japan had strict SO2 emission 

limits. However by 2000, all eight economies will have medium to strict national SO2 

emission limits in force. By 2000, six economies - Indonesia, Chinese Taipei, South 

Korea, the Philippines, Hong Kong, and Japan - will have strict emission limits that 

require SO2 control technologies on power plants, or compliance coal of 0.4 percent 

sulfur or less. Thailand’s limit requires about 0.47 percent sulfbr compliance coal, and 

China now requires all new plants to install SO2 control technologies if they bum coal 

with more than 1.0 percent sulfbr.’ Most coal burned in China averages ovet 1.0 

percent sulfbr, and most international traded coal in Asia has an average suffir content of 
0.5-0.7 percent. 

It is projected that after 2000 the majority of new coal-fired power plants in Asia, 

fueled with imported coal, wilt include SO2 control technologies - mostly flue gas 

desulfurization (FGD). Advanced SO2 control systems add roughly $0.01 per kwh to the 

cost of generating electricity and improve the competitive position of cleaner fuels - low 

sulfbr compliance coal, natural gas, and coalbed methane6. The economics and availability 

of natural gas is probably the most important factor in&lencing fiibufe market shares for 

coal in Asia. 

A number of the high-growth ooastai areas and cities in China - such as the Pearl River Delta, in 

The potential of coalbed methane from major coal basins in China and India appears large, and may 
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Guangdong Province, and Beijing - have more stringent emissions regulations. 

exceed the proven natural gas resecves of these two countries. 
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(6) Natural Gas 

Natural gas is the cleanest-burning fossil &el (coal, oil and natural gas).' Natural 

gas is widely used in industrialized economies, which can afford extensive pipeline 

networks required to distribute natural gas. In addition to pipeline transport of natural 

gas, liquefied natural gas (LNG) transportation is common for long-distance movements; 

however, LNG is the highest-cost fossil fbel per energy unit of all fossil-fuel options. 

LNG is most attractive in energy-short, middle-to-high-income countries in Asia (Japan, 

South Korea, and Taiwan). 

The move to tighten environmental standards across Asia - combined with major 

advances in the efficiencies of combined-cycle gas-fired plants (which are about one-third 

more efficient than conventional coal and oil fired power plants) and decreases in capital 

costs of 20-35 percent - have made natural gas competitive with coal-fired plants at 

many coastal locations across Asia. 

Economics of Coal and Natural Gas 

The trend in prices of internationally traded coal has been generally downward 

over the 1980-1997 period, and is not projected to increase in constant dollar terms over 

the next two decades. Per unit of contained energy, thermal coal imports to Asia cost 

about 40 percent as much as LNG, 50-60 percent as much as pipeline gas, and 65 percent 

as much fuel oil. Such comparisons of the energy content of different fbels are misleading, 
because they do not reflect the total costs to the consumer. For electricity generation, the 

long-term costs per kwh to generate electricity should inchrde tbe diffixences in capital 

costs and operating costs - particularly emissions control costs, thermd efficiencies, 

plant reliability, and risks. 
Based on projections of fbel price trends, and capital and operating costs of 

various coal and natural-gas power plant technologies, the following conclusions are 

made: 

Per unit of contained energy, coal produces about 75 percent more C02 and crude oil produces about 45 7 

percent more C02 than natural gas. The difference per unit of electricity is even larger, owing to the 
greater efficiency of combined-cycle gas-W power plants. 
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Large, base-load, coal-fired plants, without SO2 control equipment, can 

generate electricity at lower costs than natural gas in most locations in Asia. 

Pipeline natural gas is competitive with coal-fired power plants installed with 

high performance SO2 control technologies, in the majority of coastal areas of 

Asia, when coal is imported from other countries. 

Integrated gasification combined-cycle (IGCC) plants using coal are presently 

not competitive with conventional coal-fired plants with SO2 control 

technologies or combined-cycle natural-gas-fired plants. However, the 

combination of high efficiency gains with this technology, coproduct 

advantages, and the trend toward decreasing costs, could make this technology 

the lowest cost, high performance coal technology within a decade. 

The above results need to be used with caution, because modest changes in some 

of the cost and efficiency assumptions could change some of the conclusions. The main 

observation is that natural gas is becoming a serious challenger to coal-fired plants with 

SO2 control technology and imported coal. 

Coal’s long term competitive advantage may hinge on the fbture commercialization 

of IGCC technologies. IGCC technologies are evolving, and by 2010 are likely to be 

competitive with conventional technologies. IGCC has two important advantages ovef 

conventional coal technologies: (i) it produces gas suitable for combined-cycfe electricity 

generating plants and as a feedstock for chemicals; plus (i) its efficiencies (which are 20- 

25 percent higher than conventional coal-fired plants) will result in lower C02 emissions 

per kwh generated. IGCC’s commercial prospects have been enhanced by recent 

advances in gas turbine technologies (higher thermal efficiencies and lower capital costs), 

because these same technologies are an integral part of an IGCC system. 

Often overlooked in the discussion of IGCC technologies is its potential for the 

gasification of low quality, heavy oil wastes from refineries. The economics of using oil in 
IGCC technologies appears to be more favorable than those of using coal. The larger 
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Coal Production and Consumption 

Coal consumption in Asia doubled fiom 0.9 billion tons in 1980 to 1.9 billion tons 

in 1995, and is projected to double again to 3.8 billion tons in 2020. This projection for 

coal consumption may be conservative, and could be 10-20 percent higher. The dominant 
factor in the growth in coal consumption in Asia is China, which accounts for 67 percent 

of Asia’s coal consumption, followed by India with 15 percent of Asia’s total. Japan is 

Asia’s third largest coal consumer with 7 percent of the region’s total. Projections to 

2020 show China’s share of coal consumption in Asia declining slightly to 63-65 percent, 

India’s share increasing to 17-19 percent, and Indonesia possibly replacing Japan as the 

third largest coal consumer. 

Most coal consumed in the region will continue to come from within the region, 
with Australia accounting for more than two-thirds of exports among Asian economies. 
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commercial IGCC plants presently under development are based on using heavy oil as a 

fuel. 

New Energy Sources 

An important area for research is the future impact of new energy fuels on the 

energy mix. The following three fuels appear to have the largest potential to significantly 

impact on Asia’s energy mix by 2020. 

Coalbed Methane. Coalbeds contain methane (natural gas) in the billions of 

fractures within the coal beds. Where there are substantial accumulations of methane, the 

methane can be recovered and used for commercial purposes. The largest advances in 

coalbed methane development over the past decade have been in the United States, where 

coalbed methane now contributes about 5 percent of the country’s natural gas supplies. 

China and India are estimated to have very large resources of coalbed methane. Estimated 

resources for China are more than 1,100 trillion cubic feet (Tct) or 18 times the total 
reserves of natural gas. If only 6 percent of China’s coalbed resources prove to be 

commercial, they will equal the total natural gas reserves of 60 Tcf. Rapid growth of 



coalbed methane use in China and India is likely over the 2000-2020 period, and might 
account for 5-10 percent of gas supplies in these countries by 2020. 

Heavy Oils and Oil-Water Mixtures. The commercid potential of oil-water 

mixtures, such as Orimulsion from the huge deposits in Venezuela, are presently being 

evaluated for power-plant use. Early indications are that the economics are similar to or 

slightly higher than coal-fired plants equipped with high performance SO2 control systems, 

using imported coal. The key issue is that large supplies of this unconventional energy 

source could enter the market if energy prices were to increase significantly in real terms. 

Orimulsion is expected to sell in Asia for less than $10 per barrel. Its major disadvantage 

is that Orimulsion is a dirty fuel, and plants will need to install advanced pollution control 

systems. 

Natural Gas to Liquid Fuels. The conversion of natural gas to liquid fuels is well 

known, but costs are about double those of conventional oil supplies. However, recent 

breakthroughs in gas conversion processes show the potential of producing liquid fuels 

fiom natural gas at prices similar to conventional oil.* Because of the high capital costs of 

building natural gas pipelines, hundreds of natural gas fields remain undeveloped, or else 

the gas is flared (wasted) in conjunction with the production of oil. If early trial tests 

prove true at commercial scales, then liquid fuels fiom natural gas could become a 

significant factor in the energy mix the energy mix within 15 years. 

Asia’s Energy Mir in 2020 

The projected energy mix in Asia and the world for 2020 is based on the following 

assumptions: (i) continuation of the trend toward open market energy decisions and 

decreasing intervention by governments in the energy choices; (ii) no major interruptions 

of oil supplies fiom the Middle East; (i) strict environmental standards are increasingly 

enforced with respect to S02, NOx, and particulate emissions; (iv) greenhouse gas (C02) 

emission limits remain voluntary, with most governments relying an demand side 

management, increased energy efficiency, and where practical fuel switching to reduce the 

* See William P ine  1997, “Economical Conversion of Natural Gas to Liquid Synthetic Fuels: The Next 
Megatrend?” East-West Center Energy Advisory, No. 192,15 January. 
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rate of growth of greenhouse gas emissions; and (v) household coal use is discouraged 

after 2005, and policies to replace coal use at the household level are widely practiced by 

201 0. 

Total energy consumption in Asia is projected to grow at an average of 3.2-3.6 

percent per year over the 1995-2020 period, in contrast to 0.6-1.2 percent in the rest of 

the world. Total Asian energy consumption is projected to increase by 230 percent over 

the 1996-2020 period, compared with an increase of about 50 percent in the rest of the 

world. The average growth rate of energy in the world is projected to average 2.2 percent 

per year over the 1995-2020 period. 

As shown in Figure 2, in 2020, cod is projected to account for the Iargest share of 

primary energy, with 41 percent of Asia’s primary energy mix, compared with 17 percent 

in the rest of the world. Oil is projected to account for 36 percent of Asia’s primary 

energy mix, about the same as the 37 percent share in the rest of the world. Nuclear’s 

share of primary energy in both Asia and the rest of the world will decline to 4 and 6 

percent, respectively, down fiom 5 and 8 percent respectively in 1995. Hydropower wiil 
maintain about the same share of the total energy primary energy mix at 2 percent in Asia 

and 3 percent in the rest of the world. New renewable energy supplies (shown as “other” 

in Figure 2), primarily photovoltaics and wind power, are projected to increase from 

insigmflcance in 1995 to 1.5 percent by 2020 under fairly optimistic assumptions about the 

rate of introduction of wind power. 

Natural gas is projected to account for the largest increase in share of the Asian 
energy mix, increasing fiom 9 percent in 1995 to 16 percent in 2020. This projection is 

quite optimistic, and is based on the a s ~ ~ m p t i ~ ~  that major pipeline systems are in place 

within 10-15 years. The largest consumer of gas in the world is the United States, which 
consumes about 22 Tcf per year compared with under 8 Tcf in Asia. By 2020, Asian 

natural gas consumption is projected to reach about 31 Tcf, or 40 percent more than 

present U.S. consumption. Such an optimistic projection is possible only under optimistic 

assumptions about cooperation among Asian economies in natural gas pipeline 
infrastructure, and enforcement of tighter environmental standards. 



Resource Depletion 

An important issue to be considered is when depletion of specific energy resources 

will result in higher energy costs and prices. On a global scale there is strong evidence to 

support arguments that serious depletion and higher energy costs and prices are unlikely 

before 20 10. 

Figure 3 provides the percentage shares of coal, oil, and natural gas reserves in 

1995 in Asia and the rest of the world. The figure shows the heavy dominance of coal in 

Asia, which accounts for 92 percent of total fossil-fuel reserves, based on energy content. 

However, reserves are a misleading indicator of total resources and fbture supplies, 

because new reserves are being proven each year. Reserves are one indicator of the likely 

roles of energy in an economy, particularly for power generation. 

One way of looking at reserves is to consider the relationship between reserves and 

consumption. This is complicated, because reserves are continuously being discovered, 

but at a broadly predictable rate. In preparing Figure 4, it was assumed that over the 

1995-2020 period, exploration will add new reserves equal to total reserves reported in 
1995. In Figure 3, cumulative consumption of coal, gas, and oil over the 1995-2020 

period was divided by 200 percent of the reported 1995 reserves for Asia. As shown in 

Figure 4, over the 1995-2020 period, only 12 percent of Asia’s coal reserves will be 

consumed, but 65 percent of natural gas reserves, and 270 percent of oil reserves 

assuming all supplies came from Asia. It is risky to draw more than the following broad 

conclusions fiom Figure 4. Depletion of coal reserves is not a sigruficant factor for Asia; 

however, location and transport factors will prevent coal from competing in all markets. 

Natural gas reserves could support rapid growth in consumption over the 1995-2020 

period, if sufficient pipeline hfhstmcture is provided. Under all scenarios, Asia will have 

to continue to depend on major imports of oil from the Middle East. 

Conclusions 

Accurate long-term projections of Asia’s energy mix are unlikely, and policies 

need to ensure that the energy system can respond quickly and efficiently to unforeseen 

changes. The largest f o r  influencing the fbture energy mix in Asia is expected to be 
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tighter environmental regulations and its impact on the competitive positions of different 

energy options. 

Coal’s dominant position in Asia’s energy mix is being challenged by cleaner 

energy options that are expected to erode some of coal’s traditional markets. Natural gas 

is projected to achieve the largest increase in market shares over the 1995-2020 period. 

Nuclear power’s share of Asia and the world energy mix is projected to decrease, owing 

to its higher costs as well as societal concerns about nuclear risks. 

The long-term future growth of coal is dependent on the adoption of cleaner and 

more efficient technologies that will reduce the environmental impacts of coal. The most 

promising long-term technology for coal is IGCC technology, in which coal is converted 

to a gas then burned in a combined-cycle power plant. 

Asia’s energy base is coal, and research is needed to ensure that coal can meet the 

fbture energy needs of Asia at much lower environmental costs. 

It would be a mistake to conclude that market forces alone will ensure an optimum 

energy and environmental future for Asia. The timely introduction and enforcement of 

sound environmental laws across Asia, along with the introduction of cleaner energy 

technologies, are best secured by a combination of open competitive energy markets and 
international cooperation in selected areas. Important areas for cooperation include: (i) 

improving government energy policies to attract more private sector investment, (ii) 

cooperation to remove barriers to the development of an Asia region natural gas pipeline 

system, (iii) working toward Asia-wide environmental goals and standards, (iv) 

accelerating the introduction of appropriate clean coal technologies, particularly IGCC 

technologies, and (v) developing more flexible bank loans to accommodate the higher 

investments in clean energy technologies. 
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*Assumes 1995 reserves are doubled by 2020 as a result of exploration and advances in 
recovery technologies 



Table 1 
Existence of Strict Limits on SO2 Emissions for 

Coal-Fired Power Plants 

Early 1990s 2000 
China No Yes* 
Chinese Taipei No Yes 
Hong Kong No Yes 
Indonesia No Yes 

Japan Yes Yes 
Philippines No Yes 
S. Korea No Yes 
hailand No Yes 

* China's 1996 legislation varies from medium to tight emission limits 


