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Abstract

Many people in the world express the concern that global warming will become an increasingly serious
problem. A rapid increase in population and demand for energy in the Asian region must be discussed in this context.
Despite the forecast of an increase in demand for energy, the Asian region is short of oil and natural gas resources. In
addition, only less energy can be supplied by renewable energy sources in the Asian region than in the other regions
because of high population density. Nuclear energy is an important energy resource for fulfilling the future
increasing energy demand in the Asian region and for contributing to the suppression of carbon dioxide emissions. In
the Asian region alone, however, we cannot rely limitlessly on LWR which does not use plutonium. According to a
scenario analysis, the total capacity of nuclear power plants in the Asian region would reach large scale and the
cumulative amount of demand for natural uranium will increase to about 5 million tons in the Asian region alone.
Just the nuclear power plants of this scale in Asia alone will rapidly consume the world's cheap natural uranium
resources if we rely only on natural uranium. In the Asian region, few countries have embarked on nuclear power
generation and the capacity of equipment is still small. Currently, however, many plans for nuclear power generation
are being designed. Many Asian countries obviously consider nuclear power generation as a valid option. Many
potential policies must be examined in the light of future uncertainty. In the future, both renewable energy and
nuclear energy must be resorted to. When nuclear energy is utilized, the use of plutonium and FBR in the Asian
region must be taken into account in order to attain continual growth and development.

1. INTRODUCTION

Many people in the world express the concern that global warming will become an
increasingly serious problem. A rapid increase in population and demand for energy in the Asian
region must be discussed in this context. For example, it is forecast that the population in the Asian
region will account for more than 50 percent and a demand for primary energy will reach about 35
percent in the world totals ( Response Strategy Working Group / IPCC, 1990).

Despite the forecast of an increase in demand for energy, the Asian region is short of oil
and natural gas resources. In addition, only less energy can be supplied by renewable energy sources
in the Asian region than in the other regions because of high population density. Moreover, energy
supply to the Asian region is accompanied by many difficulties, which will be amplified if the use of
coal resources found relatively abundantly in the Asian region is restricted by problems with global
warming. The problems with global warming must be met by all countries in the world and,
therefore, it is not only the Asian region that must always address those problems. It is, however,
important that the Asian countries also suppress the discharge of greenhouse gases wherever
possible. Furthermore, it is desirable that the share of the Asian region in the use of fossil fuel does
not increase significantly. Many investigators have discussed the future image of energy supply and
demand in the world. On the basis of this discussion, this report clarifies conditions of the future
growth and development of the Asian region in the light of its characteristics.

2. ENERGY DEMAND GROWTH IN ASIAN COUNTRIES

The demand for energy per capita in the Asian region is currently relatively low. On the
other hand, a number of actions can be taken to save energy in the Asian region. For example, the
iron and cement industries consume much energy and those industries in the Asian region are inferior
to their counterparts in the other regions in terms of energy consumption efficiency. The efficiency
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could be enhanced technologically by 30 or 40 percent ( IEA, 1994, 1995 ). In addition, market
principles have not completely penetrated many Asian countries, which might save more energy
through the introduction of market principles in the future.

We must not, however, overestimate this energy saving. In the Asian region as well,
current state-of-the-art equipment implements moderate energy consumption efficiency. Moreover,
some technological limits cannot be overcome because of the wall of theoretical efficiency. This
means that energy can not be saved limitlessly. Macroeconomically speaking, energy consumption
per GDP differs by no more than 30 percent between the Asian developing countries and developed
countries. 0 (See Figure 1.)
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FIG. 1. Primary energy consumption per capita of Asian countries

Many investigators have made simulations of how demand for energy in the Asian
countries will develop usually based on energy - GDP relations. A possible means for such
simulation is to use energy demand on a per capita basis (electric power demand/fuel demand) as the
index. The use of energy demand per unit of GDP as the index, which is often adopted, is
accompanied by difficult problems with international GDP comparisons. (The use of PPP leads to
the problem of whether the currency value can be fully converted.) The use of a demand for energy
on a per capita basis as the index is exempted from those problems. This index provides relatively
stable, intuitively understandable data despite differences in climate conditions and population
density between countries.

Furthermore, the equilibrium point of long-term energy demand, which may be expressed
by per capita energy consumption, should be taken into account rather than the rate of increase in
demand in order to more effectively examine sustainability.

Figures 2 and 3 illustrate results of estimating energy consumption from a population
forecast by the World Bank, as well as the high growth accelerated policy scenario of IPCC/RSWG.
The "Potential" in this estimation are calculated by assuming that direct fuel demand and electric
power demand on a per capita basis in 2100 in the OECD countries are realized in all regions. The
assumed direct fuel demand and electric power demand on a per capita basis in 2100 in the OECD
countries are 0.48 and 1.37 times higher than in 1985, and 0.45 and 1.11 times higher than in 1994,
respectively in the RSWG/IPCC scenario. Even if the OECD countries experience a significant
economic growth in the future, the electric power demand on a per capita basis will level off, and the
fuel demand will be significantly lowered depending on the development of energy saving.
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According to the assumption on which these Figures are based, there is a huge potential of energy
demand in the Asian region even though we assume a considerable energy consumption.

3. ENERGY SUPPLY IN ASIAN COUNTRIES

3.1. Fossil fuels

In the Asian region, relatively abundant coal, some natural gas, and limited oil reserves are
found as fossil fuel resources (see Fig. 4) . Although the Asian region is relatively rich in coal
resources, the coal quality is not necessarily good, and it is not easy to develop coal resources
because of a poor transportation infrastructure. Naturally, an increase in coal consumption is likely
to lead to global warming. Excessive dependence on coal would, therefore, significantly boost costs
to counter global warming.

Natural gas resources are found in Indonesia, Malaysia, Myanmar, Thailand and other
countries. According to a past survey, however, those countries are not rich in reserves of natural
gas.

3.2. Renewable energy

Following are some brief comments on renewable energy resources, which are not abundant
in Asian countries.
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3.2.1. Hydro

A number of large-scale hydroelectric dams including Sanxio Dam in China have been
planned and designed in the Asian region. Apart from China, the Mekong basin and other basins
have abundant water resources. Mini hydro power plants have been utilized actively to electrify
agricultural villages, and the technically exploitable potential is about 4,330 to 5,340 TWh (Burnham
1993). Thus, more hydraulic energy may be exploited in the future. Even if about 50 percent of this
potential energy is developed ( OECD's present level), however, these energy resources cannot cover
the electric power demand that will rise in the future.

3.2.2. Intermittently renewable energy

The Asian region is wealthy in intermittently renewable energy resources for power
generation (solar and wind). Because of high population density and the centralization of population
in urban areas in the Asian region, however, the use of intermittently renewable energy must be
restricted.

For example, in Japan, equipments for photovoltaic cells (PV) must be installed on limited
open spaces, such as roofs or walls of buildings, soundproof walls on streets, slopes of banks, as well
as lakes, ponds and bogs. In addition, estimates show that the potential supply from photovoltaic
cells (PV) hardly exceeds 200 GW. In Japan, the utilization rate of PV is about 12 percent because of
climatic conditions, which means that electric power from PV will not be more than 210 TWh. This
value does not reach even 25 percent of the present Japanese power demand. Moreover, since the
actual use of lakes, ponds and bogs may have an adverse impact on the environment, not all the
equipment for 200 GW can be introduced. In Japan, the actual extension of solar optical electric
conversion to such a large scale may result in an increase in costs and carbon dioxide emission 2).
(See Figure 5.)

Wind is often used to generate electric power. In particular, India has a number of wind
power stations, and China plans the development of wind power generation of 2 GW by 2010. But
the relative volume of wind power generation is small compared with its total electricity
consumption.
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FIG. 5. CO2 emission, power generation cost and optimal nuclear introduction of PV in Japan

3.2.3. Biomass

In the Asian region, the development of biomass resources must also be restricted. Soil has
been eroded significantly, and many cultivated fields have been lost because of urbanization. An
important issue in Asian countries is to procure food or to prevent an increase in food imports. In
China, India and other countries, many trees have been planted, but forestry has been destroyed
gradually. Because of high population density, reduction in cultivated fields resulting from
urbanization must restrict biomass resources available on a per capita basis.

3.2.4. Others

In the Asian region, the Pacific volcano belt provides geothermal resources. Japan, the
Philippines and Indonesia are rich in geothermal resources. China also has geothermal resources in
the southeastern part, and in Tibet geothermal power plants rated at 25 MW are installed. A report
shows that geothermal power generation of 400 to 590 MW will have been developed by 2020, but
the volume of geothermal power generation will still be small.

China has tidal power resources, and Japanese may be able to use wave power These
power plants can, however, be implemented only at limited sites.

We can thus conclude that the supply of renewable energy will be restricted in the Asian
region. Figure 6 gives us an image of the renewables supply potential in Asia, it shows the result of
dividing the possible supply of renewable energy (in 2050) used for electric power generation
covered in Burnham 1993 by population in each region. This literature provides a scenario based on
the assumption that as much renewable energy as possible will be introduced in the light of some
regional characteristics. The scenario can, therefore, be regarded as approaching the upper limit of
introduction of renewables. It also reveals that a significantly small volume of renewable energy will
be introduced for electric power generation on a per capita basis in the Asian region as in the Middle
East and Africa.
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4. ENERGY SUPPLY/DEMAND BALANCE IN ASIA

As shown above, demand for and supply of energy in the Asian region are characterized by
the following:

• In the future, the population will have increased considerably and demand for
energy will grow significantly;

• Coal resources will play a major part in energy supply;

• Renewable energy resources can be used in limited amount.

The following scenario developed in IEEJ 1995 reflects those characteristics. It covers
China, India, Indonesia, Japan, Pakistan, Bangladesh, Vietnam, the Philippines, Thailand, Korea,
Taiwan, Malaysia, Myanmar, Sri Lanka, Nepal, Hong Kong and Singapore. This analysis estimates
the future demand for energy for each country. It supposes that an increase in energy demand in the
Asian region in the future will be accompanied by significant energy saving. (Energy intensity will
be reduced by 1.5 percent per year.) It also sets low economic growth for the Asian region. (The
economic growth rate of the whole Asian region is 6.2 percent in 1992 to 2010, 3.7 percent in 2010 to
2030, and 2.4 percent in 2030 to 2050.) The rate of electrification in the Asian region, which is
currently low, is assumed to reach 35 percent by 2050. This scenario presumes that electricity will
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FIG. 6. Per capita renewable energy supply for electricity generation

FIG. 7. Energy demand in Asia for nuclear 20% scenario
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FIG. 9. Energy demand in Asia for nuclear 60% scenario

be covered mainly by hydraulic power plants, coal fired power plants and nuclear. This presumption
is based on the following considerations:

• The Asian region is short of fossil fuel resources other than coal.

• Oil resources will become insufficient because of the possible development of motorization
in the future.

• The introduction of a large amount of natural gas for electric power generation would make
Asian countries depend more heavily on the Middle East.

• LNG to be imported could be handled at limited appropriate sites.

• The implementation of renewable energy other than hydraulic power must overcome
restrictions in terms of costs which are not sufficiently low.
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Figure 7 showss the energy demand in the Asian region reflecting this scenario and
presuming that nuclear power generation is 20 percent of total power generation (in 2050).

According to this scenario, demand for fossil fuel in the Asian region will rise
considerably. As shown in Figure 8, the cumulative consumption of oil and natural gas in the Asian
region will rapidly approach the limits of oil and natural gas reserves in Asia and the Middle East
toward 2050.

The scenario illustrated in Figure 9 for encouraging the introduction of nuclear power aims
at preventing an increase in fossil fuel consumption. It assumes an enhancement of the ratio of
nuclear power in total electric power generation to 60 percent in 2050. Energy consumption in this
scenario is based on the assumption that the rate of electrification in 2050 is 50 percent. This
scenario estimates that the consumption of fossil fuel in the Asian region will decline from around
2030.

Figure 10 shows carbon dioxide emissions for each of the above scenarios. In each
scenario, carbon dioxide emissions will increase to a much higher level than the current one. If the
introduction of nuclear energy is accelerated, however, carbon dioxide emissions will decline from
around 2030.

Unlike some literature, the above scenarios are not based on a high energy saving rate that
has not been attained historically. They also do not suppose any significant introduction of
renewable energy other than hydro power. In light of the present political and economic climate,
these scenarios can be said to reflect greater efforts than are currently being made to save energy, and
existing energy resources in the Asian region.

Furthermore, the scenarios will not be essentially modified even if such small-scale
renewable energy as is found in rural areas in China and India is actively introduced.

The intended suppression of fossil fuel consumption shown in Figure 9 to the current level would
require the introduction of renewable energy equivalent to the present energy consumption in the
Asian region, and this introduction can not be readily implemented.
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FIG. 10. Future CO2 emission in Asia for three scenarios
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5. ROLE OF NUCLEAR POWER IN ASIA

As shown above, nuclear energy is an important energy resource for fulfilling the future
increasing energy demand in the Asian region and for contributing to the suppression of carbon
dioxide emissions. In the Asian region alone, however, we cannot rely limitlessly on LWR which
does not use plutonium. According to the scenario which assumes that the amount of nuclear power
generation will account for 60 percent as a result of rapid electrification, the total capacity of nuclear
power plants in the Asian region would reach 1,340 GWe. Figure 11 shows that the cumulative
amount of demand for natural uranium will increase to about 5 million tons in the Asian region alone.
Moreover, in 2050, the annual amount of demand for natural uranium will reach 250 thousand tons (
if no plutonium is used).

While reserves of uranium are not well known, just the nuclear power plants of this scale in
Asia alone will rapidly consume the world's natural uranium resources if we rely only on natural
uranium.

In the time frame shown in Figure 11, the use of plutonium and FBR provides no
significant effects. This is because it is not assumed that plutonium and FBR are used in the whole
Asian region and because FBR will be used from around 2030. Naturally, the use of plutonium and
FBR will contribute considerably to the effective utilization of uranium resources. In addition, the
volume of wastes to be disposed of could be reduced significantly.

To actually facilitate the above mentioned nuclear power development requires a
continuing reliance on nuclear power generation and high economic efficiency. In the Asian region,
few countries have embarked on nuclear power generation and the capacity of equipment is still
small. Currently, however, many plans for nuclear power generation are being made. (See Table 1.)
Many Asian countries obviously consider nuclear power generation as a valid option.

1000 tU
9,000

Niclear 20%
Niclear 40%
Niclear 60%
Niclear 40% + Pu-Therral/FBR
Niclear 60%+Ri-Therral/FBR

R / « + E « I . II -$130/ke

RAR +E*,h-$130 )

I960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060

FIG. 11. Accumulated natural uranium demand in Asia for nuclear scenario
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00 TABLE 1-A: TRENDS OF NUCLEAR POWER DEVELOPMENT IN ASIAN COUNTRIES
country
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Trends

- A long-term nuclear power plan developed in December 1995 reports that 28 plants offering
26,329 thousand kW will have started operating by 2010.
- The target has been the domestic procurement of nuclear power technologies. Now, almost all
steps from design to production are covered domestically. The Korean nuclear power industry
intends to offer information on nuclear power to other countries.
- Such organizations as Korean Electric Power Company, Korean Heavy Industry Company and
Korean Nuclear Power Laboratory have assumed tasks for developing specialist fields,
contributing to the attainment of achievements. (About 75 percent of the shares of Korean
Electric Power Company are owned by the Government. Korean Heavy Industry Company is a
subsidiary of Korean Electric Power Company.)

- No domestic nuclear power industry exists. All nuclear energy is imported.
- The introduction of nuclearpower has met with strong opposition. In May 1996, GE became
the successful bidder on the Ryuhmon ABWR project, which was closed by the diet. But, the
bill for closing the project has been upset by a motion, with the project budgeted.
- Part of the primary system is offered by Toshiba and Hitachi under GE. The secondary system
is offered by Mitsubishi Heavy Industry.

- According to the ninth five-year plan developed in 1996, nuclear power of 20 and 25 million
kW is to be implemented by 2010.
- The standard reactor type to be introduced is PWR. Other reactor types may. however, be
adopted if required financing and economic conditions are met. (Actually, CANDU and Russian
PWR have been introduced.)
- The Chinese Government has undertaken the domestic procurement of PWR, actively
intending to export PWR. PWR rated at 325 thousand kW is being constructed in Pakistan.

- In the initial stage, BWR was imported from the U.S., and CANDU from Canada. Because of
nuclear testing in 1974, however, technology cannot be introduced from the U.S. and European
developed countries. Heavy water reactors are designed and built from available technologies.
- This country has not accepted the Non-proliferation Treaty (NPT). Full-scope security steps
offered by IAEA are, therefore, not applied to this country. It has entered into the security
arrangement for part of the nuclear power facilities.

- This country rejected the revision of the nuclear power arrangement for security enhancement
because India had carried out nuclear testing,. The result is that cooperation from developed
countries cannot be obtained. This country nas embarked on nuclear power development by

- This country has not accepted the Non-proliferation Treaty (NPT). Full-scope security steps
offered by IAEA are, therefore, not applied to this country. It has entered into the security
arrangement for part of the nuclear power facilities.

- To solve problems with nuclear policies, this country decided to close and deconstruct three
black-lead moderating reactors. In response to this decision, the U.S., Korea, Japan and other
countries will support the nuclear industry in this country. In March 1995, the Korean Peninsula
Energy Development Organization (KEDO) was established. By 2003, two standard Korean
type reactors (PWR rated at one million kW) will be constructed in Shimpo City on a turnkey
basis. The total construction costs will amount to 4.5 to 5 billion dollars.



TABLE 1-B: TRENDS OF NUCLEAR POWER DEVELOPMENT IN ASIAN COUNTRIES

country

Indonesia

Thailand

Vietnam

Philippines

Running
Under construction
Under planning

lotal

Running
Under construction
Under planning

lotal

Running
Under construction
Under planning

lotal

Running
Under construction
Under planning

lotal

No. ol
reactor

2-3
2-3

1 U.UUU
kW

180
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Trends

- Site investigation into the Muria peninsula at the center of the Diawa Pulau for building nuclear
power plants was carried out by New Jec, a Japanese company Trom 3991. In 1996, me final
report was filed.
- Informal plan contents are such that construction is to be started in 1998 to complete reactors
rated at 1.8 million kW (900,000 x 2 or 600,000 x 3) in 2003. The final target is 7.2 million kW.
- The BOO system will be adopted.

- The plan to start the operation of a nuclear power plant rated at 600.000 kW in 1981/82 was
approved in 1974. But this plan was stopped by the discovery of a submarine natural gas field
and the occurrence of the TMl accident.
- In December 1995, a commission for examining the implementation of nuclear powei
generation was set up. The commission decided to carry out FS on this implementation.

- In November 1996, the Vietnamese nuclear energy commission declared that a two-year plan
(amounting to about 32 million yen) for nuclear power development focusing on FS nad been
started toward the implementation of nuclear power plants.
- The nuclear cooperation arrangement entered into with France in 1996 targets the start oi
nuclear power generation around 2010.

- The Bataan nuclear power plant that was nearly completed in 1985 at a total cost of 2.1 billion
dollars, but closed for political reasons, will be converted to a thermal gas power plant.
- In.May 1995, an administrative order for starting a nuclear power generation control
commission was issued to examine an extensive nuclear power generation development program.
An ad hoc group has been set up to investigate such issues as sites, waste control and power plant
operation. Heportedly, ten candidate sites Tor power plants to be constructed by 2025 have oeen
approved.

. (Sources):Kido 1997



5. CONCLUSIONS

Some investigators have reported that an increase in global demand for energy and the
corresponding augmentation of carbon dioxide emissions might be offset by the active use of
renewable energy and the enhancement of energy saving. This hypothesis is, however, inapplicable
to the Asian region. This report assumes the active encouragement of energy saving policies in
Asian countries, as well as "unprecedented aggressive international cooperation focusing explicitly
on environmental protection and international equity" (IIASA, 1995). First, the applicability of this
supposition itself is questionable. Second, fully renewable energy might not be supplied even if this
supposition is applicable.

To the contrary, should this supposition be inapplicable, nuclear energy could not be relied
on to such an extent that the problems can be solved by nuclear power.

Many potential policies must be examined in the light of future uncertainty. In future, both
renewable energy and nuclear energy must be resorted to. When nuclear energy is utilized, the use of
plutonium and FBR in the Asian region must be taken into account in order to attain a continuous
growth and development.

Notes:

1) Evaluation based on the GDP is misleading. As shown in Figure 1, the evaluation based on
the market rate differs significantly from the evaluation based on the PPP. The evaluation
based on the PPP apparently reflects actual trends more accurately, but cannot be
considered as being absolute.

2) It is assumed in Figure 5 that the annual electric power demand in 2030 will be 1,227 TWh
and costs of solar optical electric conversion will be 9.3 yen per kWh. The costs and
carbon dioxide emissions show U-shaped curves against introduced solar optical electric
conversion; this is because the introduction of such conversion beyond a certain limit would
cause the following problems.

An increase in the proper reserve rate and a reduction in power generation system
usage;

An increase in the number of power plants that use fossil fuel as a response to
changes in the output from solar power plants;

A reduction in the number of nuclear power plants due to an increase in the
number of power plants that use fossil fuel.
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