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摘    要

  目前，中国同其他国家一样，正在寻求可持续发展的道路。

在能源/电力领域，考虑到中国的核工业能力，核电应是中国可选

择的电力能源之一。作者通过对能源/电力技术的比较评价，研究

核电在未来中国能源/电力系统中所能发挥的作用。主要结论如下：

（1）到 2020 年，中国总装机容量将达到 750～879 GW，这就意

味着从 2001 年到 2020 年需新增装机容量 460～590 GW；（2）到

2020 年，发电产生的 SO2 排放量将达到 16～18 Mt，约为 1995 年

的 2.8～3.2 倍；（3）到 2020 年，发电产生的 CO2排放量将达到 21～
24 Gt；（4）煤电燃料链的环境影响和健康风险要远大于核电链，

在中国，由煤电链引起的归一化健康风险是 20.12 死亡/百万千瓦

年，而核电链是 4.64 死亡/百万千瓦年；（5）据专家估计，即使

考虑到最大的煤炭生产能力、水电和可再生资源的充分利用，到

2050 年，中国仍将有 200 GW 的电力缺口。核电将是填补这一缺

口的唯一途径。
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ABSTRACT
China, as other countries in the world, is seeking for a way of sustainable

development. In energy/electricity field, nuclear power is one of electric energy
options considering the China’s capability of nuclear industry. The purpose of this
study is to investigate the role of nuclear power in China’s energy/electricity
system in future by comprehensive assessment. The main conclusions obtained
from this study are: (1) China will need a total generation capacity of 750～879
GW in 2020, which means new power units of 460～590 GW generation capacity
will be built from 2001 to 2020. (2) the total amount of SO2 emission from power
production will rise to 16～18 Mt in 2020, about 2.8～3.2 times of 1995, even if the
measures to control SO2 emission are taken for all new coal units. (3) CO2 emission
from electricity generation will reach 21～24 Gt in 2020. (4) the environmental
impacts and health risks of coal-fired energy chain are treater than that of nuclear
chain. The normalized health risk caused by coal chain is 20.12 deaths/GW·a but
4.63 deaths/GW·a by nuclear chain in China. (5) As estimated by experts, there
will be a shortage of 200 GW in 2050 in China even if considering the maximum
production of coal, the utilization of hydropower and renewable resource. Nuclear
power is the only way to fill the gap between demand and supply.
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1 COMMENTARY ON THE NINTH FIVE-YEAR PLAN AND
TARGETS OF SOCIAL-ECONOMIC DEVELOPMENT UP TO
2050 FOR CHINA

1. 1  Social-Economic Development Target for China
The grandiose goals for the modernization of China generally fall into three

stages:
 At the first stage, the GNP (Gross National Product) will be doubled based on

1980-level in a bid to meet the people’s basic living demands.
 At the second stage, the GNP will be quadrupled by the end of this century

based on 1980-level, and the per capita GNP will reach about 1,000 US$, with the
people’s living standard up to a moderate well-off level.

 At the last stage, up to the mid of next century, the modernization will
basically be accomplished and the per capita GNP will catch up with that of the
moderately-developed countries, and people will live a relatively comfortable and
wealthy life.

The duration from 1990 to 2050 is seen as critical to the realization of the
objectives for the economic development in our country. As energy is a major input
and output of the national economy, it is a primary concern over what strategy
should be set up for the energy development to ensure the accomplishment of the
modernization of China.

The study made by economists over the course of economic development in
many countries shows that the economic development of each country shares
certain structural similarities and stage-division in spite of a variety of differences
with other countries. At a specific stage of its economic development, there
generally exist some corresponding regularities of changes such as its economic
growth rate, the alternation of industrial structures, the changes of the residential
consumption level and consumptive structure, the increase of energy usage and the
changing elasticity of energy and electric power consumption, whole social
demand for main products etc. Therefore, the comparative method is utilized for
the analysis of the future development in China referring to the development
history of the developed countries.

The past economic development in China has indicated that China is
characterized as a fledgling industrializing country. Since 1952 China set out to
establish large-scale enterprises, marking the beginning of the transformation from
a traditional agricultural economy to an industrial system. After her economic
construction was conducted over 40 years, China has accomplished the
establishment of a self-contained and complete industrial system, and the overall
national economic strength has improved significantly. Thanks to the
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implementation of the policy of opening to the outside world and the
transformation from a central-planned system to a socialist market-oriented
economy, China has opened its door much wider and introduced advanced
technologies and foreign capital, which has promoted a totally new turning-point
from the industrializing beginning stage to a high-speed development period. The
per capita GNP in China in 1990 was 608 US$ (at the price of 1980), while the per
capita GNP in a fledgling industrializing country which has just completed the
transformation from its industrializing stage to a high-speed growth period
generally stands at 300 US$ to 500 US$. Japan began its industrialization in 1885
and underwent an economic take-off in 1955, and the industrialization was
accomplished in about 1975, with the GNP up by 11.9% in two decades, and the
per capita GNP rising from 131 US$ in 1955 to 8,873 US$ in 1980, and the
people’s living standard was improved considerably. The success in Japan’s high
economic growth can serve as a good example for us, and it is conceivable that the
development period of China will be undergoing in the coming 60 years will bear
some resemblance to the high-speed economic growth in Japan.

China has a vast land with a large population, and the economic development
varies significantly from one region to another and the rural population which
mainly relies on the traditional manual cultivation still accounts for 80% of the
total in China. Due to shortage of capital and backward technologies, it will take a
fairly long time for China to accomplish the transformation from a central-planned
economy to a socialist market economy, commodity production , the growth of
markets and the introduction of foreign capital and advanced technologies. All of
these have determined that the time from the economic take-off to the realization
of industrialization in China will be much longer than that in Japan. Various
scenarios over economic growth can be set up to analyze and predict different
schemes of energy demand.

The forecast of the energy demand is one of the initial steps for the study of
energy development. In terms of a long history, the rate of economic and social
development and population growth as well as technologies progress are the main
factors affecting the energy demand. The technological and economic analytical
method have been adopted in the analysis of the influences of the development of
national economy and the advancement of technologies on the future energy
demand. Therefore, the respective energy demands in the year of 2000, 2005, 2010
can be projected.
1. 1. 1  General Objective of Economic Development

As a developing country, China has quite a long way to go comparing with
developed countries and it is in the initial stage of industrialization. Development
and environment are a pair of contradiction and they promote each other as well as
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restrain each other. In accordance with conditions of insufficient natural resources
and environmental tolerant extent and limited funds as well as technical
competence, it is not real for China to slow down economic growth and endure
hardships to provide environment, and it also runs counter to the basic concept of
sustained development of Chinese economy. At present it is the most important
task for China to develop economy and raise living standards of  the people. Gross
domestic product (GDP) of China grew by 6.8 percent annually from 1965 through
1980, and the growth rate in the eighties was 9.8 percent per year. China’s national
economic strength is much inferior to developed countries’ at present. Energy
Information Administration (EIA) of U. S Department of Energy and state-owned
International Energy Administration (IEA) separately give projections on
economic growth and energy demand of the world by the year of 2010 (see Table
1.1.1 and Table 1.1.2). About the economic growth of China in the future, both of
them consider that China will still keep on developing by higher economic growth
rate, but the growth rate forecast by EIA is less than that by IEA.

Table 1.1.1  EIA’s forecast of annual growth rates in Gross Domestic Product[3]      %
1985—1990 1990—2000 2000—2010 1990—2020

Total World 3.1 2.5 2.9 2.7
OECD 3.1 2.5 2.5 2.5
China 7.8 7.3 6.0 6.7

     Table 1.1.2  IEA’s forecast of annual growth Rates in Gross Domestic Product[3]      %
1991—20101971—1991 High Scenario Low Scenario

Total World 3.0 3.8 2.4
OECD 2.9 3.0 1.9
China 7.2 9.5 6.1

Taking a broad view of economic development course of every country in the
world, there are quite a lot of countries whose average rates of economic growth
were beyond 8 percent during several decades. There are precedents in Eastern
Asia areas, such as South Korea and Japan. South Korean average economic
growth rate was nearly 10 percent from 1965 to 1990; Japan’s was 8.7 percent
from 1946 to 1976 and GDP growth rate was beyond 10 percent from 1950 to 1970.
Since 1978, China implemented economic reforms and open policy to out world,
introducing a socialist market economic, so that the rapid growth in China
economy has been obtained. The average annual growth rate in 1980-1995 was
10.2%, GDP of China in 1995 is 3317.9 billion RMB yuan and GDP per capita in
1990 price is 2740 RMB yuan with average annual growth rate 8.7% from 1980 to
1995.
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The proposal of the ninth five-year plan and the prospect of 2010 (hereafter
referred to as “Outline”) on national and social economic development was passed
by the government in September 1995, where were stated. Chief objective on
national economic development of the coming fifteen years for China was defined
in the Outline as following:

 The second strategic plan on modernized constructions will be overall
accomplished during the Ninth Five-Year, per capita gross national product (GDP) in
2000 will be four times as which in 1980 with the condition of net adding 300 million
peoples in 2000, then comfortably well-off standard will be reached for Chinese
people;

 GNP in 2010 is expected to be double as which in 2000 again, and the
people’s living conditions are more comfortable. Political Bureau of the Central
Committee considers that the reasonable rate of economic growth should be about 8
percent during the period of 1995—2000 as the Outline shown.

According to the above-mentioned main points, Table 1.1.3 and 1.1.4
basically reflects government’s demand of economic development objectives in
the Ninth Five-Years and 2010 and assumptions of economic growth in 2020 and
2050 in China.

Table 1.1.3  General objectives of economic development, 1995————2010 (High Scenario)1)

Year 1990 1995 2000 2005 2010
GDP (Billion RMB yuan) 1854.8 3317.9 4980 7300 9620

Population (Million person) 1143.33 1211.21 1285.65 1342.82 1400.00
GDP per capita (RMB yuan) 1622.7 2739.8 3873.5 5372.4 6871.4

Period 1980—1990 1990—1995 1995—2000 2000—2005 2005—2010
Growth rate of  GDP  (%) 9.3 12.0 8.5 7.95 5.67

Growth rate of GDP per capita (%) 7.7 11.0 7.2 6.76 5.04

Notes: 1) The proposal about national economic and social development objectives in the future GDP at 1990
constant prices.

Table 1.1.4  General Objectives of Economic Development, 1995————2050 (Low Scenario)1)

Year 1990 1995 2000 2010 2020 2030 2050
GDP (Billion RMB yuan) 1854.8 3317.9 4760 9132 16800 26500 50000

Population (Million person) 1143.3 1211.2 1285.6 1400.0 1500.0 1560.0 1600.0
GDP per capita (RMB yuan) 1622.7 2739.8 3702.4 6522.9 11200.0 16987.2 31250.0

Period 1980—
1990

1990—
1995

1995—
2000

2000—
2010

2010—
2020

2020—
2030

2030—
2050

Growth rate of GDP (%) 9.3 12.0 7.5 6.7 6.3 4.7 2.1
Growth rate of GDP

per capita (%) 7.7 11.0 6.2 5.8 5.6 4.3 2.1

Notes: 1) The proposal about national economic and social development objectives in the future GDP at 1990
constant prices.



7

1. 2  Population and Urbanization
China has the heaviest population in the world. Just as most developing

countries worldwide, it will meet with population growth, resource development,
environment protection and the issues associated with economy development.

Population change in China have entered “modern stage”, i.e. low birthrate,
low death rate, and low natural growth rate. “Three-Low” shows the feature of this
stage. From the viewpoint of the fertility rate change, general fertility rate has been
fallen below the replacement level. With the radical change of population, there
are comprehensive problems about population growth, quality, structure and
distribution. Doubtlessly, this is very important during the Chinese modernization.

Confronted with low fertility level, the challenge of how to control population
is corresponding to the goal of population change modernization. At present, main
strategy is controlling women’s fertility rate. Now, general fertility rate in China
has reach 2.0 (a low level). That is to say, it began lower than replacement level
(TRF, about 2.1). It is projected that fertility rate will continue fell during 2000 to
2050. As a Chinese basic state strategy, the policy of family planning to control
population growth will still face with the server situation, it must be carried out
without hesitation as last decades.

China has been trying her best to lighten the pressure of enormous population
on the environment and raise the living standards of the people. In recent years the
natural population growth of China has been between 1.1 percent and 1.44 percent,
which is below the average growth of the world. There is more than 10,000,000
new increasing persons every year in China because of the huge population base.
The Outline suggests that the total population of China should be controlled within
13,00 millions up to 2000, 14,00 millions up to 2010, which means that the natural
growth rate of population will be 1.2%, 1.2%, 0.9% relatively (see Table 1.2.1).

With the reform deepen, and national economy sustained and reasonably rapid
development, the constantly increasing rural surplus labor force must lash Chinese
employment market. Referring to the study of domestic authoritative departments,
the urbanization rate is expected to be among 33 and 35 percent by 2000, may be
about 45 percent by 2010, 60% by 2020, 70% by 2050 (see Table 1.2.1).

Table 1.2.1  Forecast on population and urbanization in China in 1990————2010[3]

Year 1990 1995 2000 2010
Population (Million person) 1143.3 1211.2 1285.6 1400.0

Natural growth rate of population (%) 1.5 1.2 1.2 0.9
Urbanization rate (%) 26.4 29.0 35.0 45.0

Population in urban area (Million persons) 301.7 35.1 44.5 63.0
Population in rural area (Million persons) 841.3 859.8 835.7 77.0
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1. 3  Economic Structure
During the modern economy development, the growth speed in each sector

and their long-range variation trend of the share in GDP are paid attention by our
Government. Because different annual per capita income level has different
demand elasticity corresponding to different type of terminal products, this means
that variation of domestic demand structure is the main factor boosting the
variation of national product structure. Meanwhile, technology advance, promotion
of productivity also will bring some influence on variation of industry structure.

Whether analyzing the tendency presented during the development process in
developed countries or comparing crosswisely the situations in the countries with
different per capita GNP and different rates of growth of per capita GDP, one can
find out that industry structure variation takes on the same varying trend. The share
of agriculture sector in GDP is inversely proportional to growth of per capita GDP,
which is about 33 per cent in the countries group of low income, and 3 per cent in
industry developed countries group. GDP share of service sector increase with the
growth of per capita GDP, which is only 35 per cent in low income countries group,
and about 60 percent in industry developed countries group. But transportation and
communication industries vary not too much, and the share is about 6 per cent. The
tendency of industry share varying with the rising of per capita GDP looks not
apparent. Generally, during industrialization stage, the share of industry increases
with the growth of per capita GDP. After industrialization, the industry share
began to drop down with the growth of per capita GDP.

Chinese future industry structure scenarios are displayed in Table 1.3.1. These
scenarios are based on the following assumption.

1) Variation tendency of the future industry structure in China will follow the
common rule reflected during the most countries’ development process in the
world. For instance, along with the growth of per capita GDP, the proportion of
agriculture in GDP will reduce gradually, and the proportion of tertiary industry
will increase apparently, and the proportion of secondary industry will drop down
somewhat with the alleviating economy growth speed gradually.

2) In China, the present industry structure has it’s exclusive characteristic.
Compared with the countries with the same per capita income, the proportion of
industry is very high in China. In 1995, it reached up to 48.8 per cent (World
Bank’s statistics was 42 per cent). It is not only higher than the level of low
income’s countries but also higher than the average level of medium income
countries and high income countries. However, the proportion of tertiary industry,
sharing just 30.7 percent, is much lower than 40 per cent in India, which has the
same per capita GNP with China. The proportion of agriculture is similar to that of
the countries which have approximately the same income level as China does. The
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characteristics of Chinese industry structure is caused by policy implemented in
long term, to which more attention is paid in material product sector, ignored the
development of service trade, transportation and communication, housing sector.
And partial reasons of the high proportion of industry lie in that Chinese economy
always grows speedily. This way of economy growth depends upon capital
accumulation, decided by people’s conventional view about capital determinism.
The higher the rate of accumulation of nation’s high incomes, the larger the
demand share of capital goods. Thus, the proportion of industry, especially
manufacturing industry, will certainly increase.

However, if only with capital accumulation, it is unable to keep the economy
increase continuously. The decisive factor also should include science and
technology advancement and labor capital. Certainly, the power contributed by
science and technology advancement and labor capital is realized under a proper
economy mechanism. Through proper incentives, we can promote the best
allocation and utilization of resource, advance science and technology, adjust
industry structure, product structure further so that economy can keep increasing
rapidly. At present, Chinese economy is in active period. The mechanism is
transforming gradually. Industry proportion depending on tangible assets inputs
and technology development inputs still keep high proportion.

3) Villages are widely scattered in China. In 1995, 0.86 billion people live in
the rural areas. The task of urbanization in the future is very arduous. Therefore,
with the growth of per capita GDP, the proportion of agriculture will decrease
gradually.

Table 1.3.1  Chinese industrial structure variations during 1990————2050[3]        %
Year 1990 1995 2000 2010 2020 2030 2050

Primary industry 27.1 20.5 20.8 16.2 13.0 10.0 6.0
Secondary industry 41.6 48.8 48.0 46.5 43.0 40.0 34.0

Tertiary industry 31.3 30.7 31.2 37.3 44.0 50.0 60.0
GDP 100 100 100 100 100 100 100

The variation trend of future industry structure has advantage to the reduction
of unit GDP energy consumption intensity. And in the same industry, the
adjustment of product structure, increment of high & new technologies with high
additional value and development of high-tech information industry will cause the
future energy consumption intensity to present a dropping down tendency, i.e.,
urge energy saving of structure adjustment.

2  CHINA’S ENERGY DEMAND FORECAST UP TO 2050

2. 1  Sectional Energy Demand
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As proved by the practices in both domestic and international energy demand
forecasts, energy end-use demand is usually generated by means of so-called
spectral tech-economic analysis. Social and economic sectors should have as an
elaborate division as possible, in order to obtain more reliable energy demand
scenarios in end-use side and then primary supply side. Generally, the total energy
end-use demand is equal to the sum of all sectors and all energy type, which could
be expressed by the following formula:

∑∑
= =

=
n

i

m

j
iij XAE

1 1

where: E—— Total energy end-use demand
           Xi—— Activity in i sector , i=1, 2, …, 5
           Aij—— Energy intensity in i sector j energy type, j=1, 2, …, 5
In this study five sectors are classified in line with the state statistics system in
order to make data base available, i.e. agriculture, industry (includes construction),
transportation, service and residential.

The composition of commercial energy end-use in five sectors of China from
1980 to 1995 are illustrated in Fig. 2.1.1, industry sector was the biggest energy
consumer and the residential sector followed. The share of transportation sector
will increase greatly, though it is presently less than 5%. The principal factors
influencing medium- and long-term energy demand in the five sectors are
discussed below. In our calculations, 1 kW·h of electricity = 420 gce, and the same
in the following text.

The composition of commercial energy end-use in energy type of China from
1980 to 1996 are shown in Fig. 2.1.2, coal made up the biggest energy share, but it
declined from 55.9% in 1980 to 43.4% in 1996, and electricity went up from 21%
in 1980 to 30% in 1996. Fuel gas rose from 5% in 1980 to 7% in 1996. The share of
oil basically kept about 16%.

End-use energy consumption by sect

0

10

20

30

40

50

60

70

1980 1985 1990 1991 1992 1993 1994 1995

Y

%

Agricultu Industry Reside

Fig. 2.1.1  Energy end-use by sectors in 1980—1995[3]

Transportation & post Service

1980      1985      1990       1991      1992       1993      1994     1995  year

%
70
60
50
40
30
20
10
0



11

Fig. 2.1.2  Energy end-use by energy type in 1980—1996[3]

Table 2.1.1  Energy end-use composition by sectors from 1990 to 1995[3]          %
1980 1985 1990 1991 1992 1993 1994 1995

Total end-use 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Agriculture 6.03 5.49 5.14 5.16 4.82 4.29 4.36 4.42

Industry (end-use) 68.19 66.98 68.30 68.53 69.76 70.31 71.38 72.96
Transpor. & teleco. 5.04 5.04 4.81 4.81 4.86 4.70 4.80 4.71

Service 4.09 4.39 5.00 5.31 5.55 6.59 6.31 5.25
Residential 16.65 18.09 16.74 16.19 15.01 14.11 13.16 12.65

Table 2.1.2  Energy end-use consumption mix by energy type[3]    %
Energy type 1980 1985 1990 1991 1992 1993 1994 1995 1996

Coal 65.38 68.63 65.46 63.87 62.52 60.54 59.11 55.03 54.56
Petroleum 19.52 16.68 17.44 18.37 18.89 19.46 19.58 20.30 21.30
Fuel gas 5.73 5.06 5.31 5.36 5.35 5.89 5.92 9.51 8.84

Electricity 7.15 7.53 9.09 9.53 10.22 10.62 11.39 11.53 11.64
Thermal power 2.22 2.10 2.70 2.86 3.02 3.50 4.01 3.64 3.66

Total 100. 100. 100. 100. 100. 100. 100. 100. 100.

2. 2  The Industry Sector
In this sector, both output and specific energy consumption (SEC) of energy-

intensive products play an important role in increasing or decreasing total energy
consumption of entire sector. It is estimated approximately that sum of energy
consumption of eight typical kinds of energy-intensive products, such as steel,
aluminum, synthetic ammonia, cement, caustic soda, paper, vehicles and ethylene,
accounts for about 37% of the sector total.

Per capita output and SEC of energy-intensive industrial products in major
developed nations can be used to make realistic assumptions for energy end-use
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demand forecasting. The scenarios for China in the future are generated in Tables
2.2.1 and 2.2.2.

Table 2.2.1  Output per capita of major energy-intensive products[3]

China
Products Major OECD

countries 1990 1995 2000 2020 2050

Steel (kg)
Aluminum (kg)
Ammonia (kg)
Cement (kg)

Caustic soda (kg)
Paper (kg)

vehicles (Set. /103 )
Ethylene (kg)

350～450
10～22

400～600
25～40

100～200
50～75
40～70

58.0
0.7

18.6
184.0

2.9
12.0
0.4
1.4

78.7
1.5

22.8
392.7

4.4
23.2
1.5
2.0

68～70
1.8～2.0
21～23

218～222
4.0～4.2
20～22

1.9～2.1
3.7～4.0

130～140
4～6

32～38
300～340

6～8
40～50

6～7
8～10

165～175
8～10

40～50
400～440

10～12
60～70
18～20
12～15

Generally speaking, per capita output of main industrial products in China will
not be increased to the current level in developed countries by 2050, because the
population is larger and per capita GDP is only US$ 8500～9500 (in 1980 price).
With few exceptions, such as cement, the per capita output of most products would
be less than 50% of the value in developed countries now, generally falling in the
range of 30%～50%.

Furthermore, comparison of SEC of typical industrial products between China
and the major developed nations is given in Table 2.2.2. The energy intensity of
most products in China in 1990 was 10%～85% higher than the advanced level in
the industrialized world at the present time. This implies that there exists fairly
larger energy conservation potential in industrial production. Targets of energy
conservation in industrial sector in the coming 60 years up to 2050 can be broken
into the following two phases. (1) The average SEC of products would approach
the level in the early 1980s in the industrialized world during the first phase,
around 2000; and (2) the average SEC would reach the advanced level in the 1990s
in the industrialized world in the second phase, around 2020.

Taking four kinds of products (steel, aluminum, synthetic ammonia and
cement) as example, the average annual decrease rate (AADR) of SEC for the best
technologies in the developed world was within the range of 0.3%～2.7% in the
period 1980~1990. If the SEC of China’s industrial products in 2050 were to reach
or surpass the advanced level in the 1990s, then the AADR of SEC would have to
be 0.2%～1.1% over the period 1990～2050. The targets, hence, seem to be
reasonable and could be accomplished by adopting effective measures.
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Table 2.2.2 Comparison of SEC of major energy-intensive products        kgce/t
Advanced in the world China

Products
1980 1990 1990 1995 2000 2020 2050

Steel
Aluminum1)

Ammonia2)

Cement
Caustic soda

Paper3)

Ethylene

705
13,390
1,320
136

629
12,956
1,000
113

1,428
440
670

1,611
16223
1,290
201

2331
826

1,580

1440
14530
1284
194.2
2386
796

1285

1,450
14,500
1,235
175

1,516
760

1,280

1,180
14,000
1,160
138

1,500
650

1,100

900
13,300
1,050
114

1,480
500
800

Notes: 1) Aluminum produced by the electrolytic process.
            2) Ammonia is the product from large-scale enterprises with natural gas as feed stock.
            3) Paper means newspaper making; the value for the advanced level was for 1989.

2. 3  The Transportation Sector
The turnover of freight and passenger transport in 1990 and 1995 in China are

given in Table 2.3.1. It is shown that roadway transport was under-developed,
especially as lower as 12.8% in 1990 and 13.4% in 1995 in freight transport.
Freight turnover of road transport often accounts for more than half of the total and
the freight transport within the average distances 200～250 km is mainly carried
out by roadway in developed countries. But the average distances of road transport
in China is only 46 km in 1990 and 50 km in 1995, because quite a lot of short
freight transport is dependent on railway, which is obviously unreasonable. The
share of turnover of freight by railway declined from 40.5% in 1990 to 36.02% in
1995, and one by airway increased from 0.1% in 1990 to 3% in 1995. The share of
turnover of passenger by railway dropped from 46.4% in 1990 to 39.4% in 1995,
and one by airway increased from 4.1% in 1990 to 7.6% in 1995. These indicated a
developing trend in the future.

Table 2.3.1  Transport turnover in 1990 and 1995            billion t-km
Turnover Share (%)

Items
1990 1995 1990 1995

Freight turnover
Railway
Roadway
Waterway

Airway
Pipeline

Passenger turnover
Railway
Roadway
Waterway

Airway

2,621
1,062
336

1,159
1

63
563
261
262
17
23

3573
1287
469.5

1755.2
2.2
59

900.2
354.6
460.3
17.2
68.1

100.0
40.5
12.8
44.2
0.1
2.4

100.0
46.4
46.5
3.0
4.1

100
36.02
13.14
49.12
0.06
1.65

100.00
39.39
51.13
1.91
7.56
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It is estimated that more than 90% of gasoline and over 30% of diesel are
consumed by different transport tools in China now, and oil products shortage has
limited the development of road transportation. For example, the current gasoline
deficit in road transport is estimated to be about 20% and even bigger for diesel.

Based on the analyses for many countries around the world, a research report
of the World Bank indicated that passenger transportation turnover is related to per
capita GDP (See Table 2.3.2) by the following linear relationship:

PT  = -26.62 + 0.865 GDPCA
where                          PT  =  passenger transportation turnover

GDPCA = per capita GDP
Table 2.3.2  Relationship between per capita GDP and passenger turnover

Nations Year Per capita GDP / US$ Passenger turnover / km/man·a
China
India
Korea

USSR (former)
Brazil
Japan
USA

1981
1981
1981
1980
1981
1980
1981

278
232

1,576
5,244
2,027
9,173

11,465

252
785

1,368
3,356
3,735
5,416

11,913

China’s passenger transport depended mainly upon the modes of railway and
road, both having a similar share, 47% and 46% in 1990 and more deferent share,
39.4% and 51.1% in 1995, of total passenger turnover respectively. Although
railway and road will continuously to be the principal transport modes in the future,
there will exist some difference between them. Road transport is expected to grow
faster to the shares of 55% in 2020 and 60% in 2050, respectively, with the
development of highway construction. The share of railway transport is expected
to drop to 30% in 2020 and 25% in 2050.

At present, number of per capita private car in China is very low, lower even
than that in India. Though the discussion of a development strategy for private car
has still to be completed, it is inevitable that a comparatively rapid development of
private car will happen in the coming decades. Table 2.3.3 summarizes the data for
other countries and for China on the average amount of private cars.

Table 2.3.3  The average amount of private cars1)    cal∗/10,000 persons
1986 1990 1995 2000 2020 2050

Recommended number 190
Brazil 87
Japan 234
USA 674
China 0.03 0.21 0.94 2 30 60

Notes: 1) Recommended number is for developing countries with fairly high income and energy efficiency levels.
                                                       
∗ 1 cal = 4.1868 J (All the same in this paper).
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In the scenarios for China given in Table 2.3.3, it is assumed that 10% of total
households in 2020 and 20% in 2050 would possess their own private cars. This
implies that the number of private cars would be total to 44 million and 90 million,
respectively. With regard to the potential role of electric vehicles in China in the
future, it is known that the fuel consumption of electricity-driven cars is only 2/3
of that of internal combustion cars. In view of the oil supply shortage and energy
conservation needs in China, the development of electricity-driven cars should be
taken into consideration, and it is proposed in the scenarios that their share would
account for 5% in 2020 and 15% in 2050 respectively. Finally, some additional
assumptions about cars are listed in Table 2.3.4.

Table 2.3.4  Assumptions of driving distances and fuel consumption
Unit 1990 2000 2020 2050

Driving distances
Fuel consumption

. Inner combustion car

. Electricity-driven car

km/year

L/100 km
kW·h/100 km

7,000

6
17

8,000

5.5
16.5

13,000

4
14

15,000

3
12

Freight transportation turnover, generally grows only in linear proportion to
GDP, and the proportional coefficient, i.e. transport intensity of GDP, lies within
the range of 3～4 t·km/US$. Railway, highway, and waterway are the three major
modes of freight transport, and their corresponding fuel consumption values are
shown in Table 2.3.5.

Table 2.3.5  Fuel consumption of freight transport modes        kcal/t·km
1990 2000 2020 2050

Railway
. Steam locomotives
. Inner combustion

Highway
. Gasoline vehicles

. Diesel vehicles
Waterway

. Inner river
. Coastal sea

78
25

591
440

44
44

78
24.5

572
428

43
43

-
22

520
380

40
40

-
20

470
350

37
37

The fuel consumption values of large- and medium-size diesel vehicles are
less than that of gasoline vehicles. Therefore, replacing gasoline vehicles by diesel
vehicles will be an appropriate way for decreasing energy consumption in the
transportation sector. The ratio of diesel vehicles to gasoline vehicles was about
60% in 1988 in Japan, but the ratio of medium-size diesel vehicles is still only
about 20% in China at present. It is proposed that the share of diesel vehicles will
go up to 45% in 2020 and 55% in 2050.
2. 4  The Agriculture Sector

China now is a great agricultural production country, value added of
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agriculture sector accounts for a big portion of GDP, which is an obvious feature
existing in developing countries around the world. For example, they were 30.4%,
28.4% and 20.2% in 1980, 1990 and 1995, respectively. However, energy
consumption in agriculture sector only accounts for much less share of total
amount, e.g. 6.0%, 5.1% and 4.2% in 1980, 1990 and in 1995, the major reasons
for lower energy consumption are probably as follows:

First, agricultural is of low level of mechanization. According to China’s
statistics system, agriculture covers five sub-sectors, i.e. farming, forestry, animal
husbandry, sideline production and fishery. It’s output value composition is shown
in Table 2.4.1.

Table 2. 4.1 Output value structure in agriculture in 1990 and in 1995[3]          %
Sub-sector 1990 1995
Farming
Forestry

Animal husbandry
Side-line production

Fishery

58.5
4.3

25.6
6.2
5.4

54.3
3.5

29.7
4.1
8.4

The total mechanical power for all agricultural production was 287 GW in
1990, they are mainly used for ploughing, sowing, harvesting, drainage and
irrigation, herbage crusher, fishery boats, trucks etc. The distribution of
mechanical power is listed in Table 2.4.2.

China’s land was about 95.7 million hectares in 1990 and 94.97 million
hectares in 1995, thus it could be known that agricultural mechanization is not
higher based on the total power mentioned above. Taking agricultural farming as
an example, mechanization of crop production was 54.5% and that of drainage and
irrigation only 28.4% (Table 2.4.3). In addition, total power of tractors was 90 GW
in 1990, the land performed by one tractor was more than 10 times higher than that
in developed countries.

Table 2.4.2 Distribution of agricultural mechanical power in 1990 and in 1995
1990

End-use GW %
Total power

of which:
Ploughing

Drainage & irrigation
. electricity

. diesel
Fishery
Trucks

287

91
71

37.5
33.5

7
46

100

31.7
24.7
13.1
11.6
2.4

16.0

Second, sharp contradiction between energy supply and demand. It is
estimated diesel supply was about 30% short for the demand, i.e. 3 million tons



17

deficit to 10 million tons of actual demand. Electricity shortage also existed,
whose supply for agricultural use was just guaranteed by less 40%, hence power
cut down often occurred even in irrigation seasons. Inadequate energy supply has
resulted in much lower utilization rate of agricultural machinery.

Table 2.4.3  Agricultural mechanization in 1990
Items Area /106 ha %

Total cultivated land area
Total sowing land

Land farmed by machines
. ploughing

. sowing
. harvesting

Land drainaged & irrigated
by electric & diesel pumps

95.7
148.4
80.8
48.3
21.5
11.0

27.2
3)

54.5
1)

28.4
2)

Notes: 1) Ratio between land farmed by machines and total sowing land.
   2) Ratio between land by electric and diesel pumps and total arable land.

           3) Total drainage area and irrigated land was 47.4 million hectares in 1990, of which by electric & diesel
pumps accounted for 57.4% accordingly.

Table 2.4.4  Assumptions of agriculture sector
Items 1990 2000 2020 2050

Total cultivated land area (106 ha)
Multiple crop index
Farm mechanization(%)
Irrigation proportion(%)
Irrigation mechanization(%)
Capacity (in fishery)
    .  diesel engine (GW)
    .  power motor (GW)
Capacity (in side-line prod.)
    .  diesel engine (GW)
    .  power motor (GW)
Energy intensity
    .  farming (kg/ha)
    .  irrigation
        .. diesel (kg/ha)
        .. power  (kW·h/ha)
    .  fishery (kg/kW·h)
    .  side-line production (kg/kW·h)

95.7
1.54
54.5
49.5
28.4

7.9
1.4

22
30

12.2

230
1,100
0.16
0.16

92
1.55
60
53
35

12
1.9

27
42

11.5

240
1,170
0.15
0.15

85
1.57
70
60
45

22
3.0

40
70

10.6

255
1,300
0.14
0.14

78
1.60
80
75
60

46
5.0

68
130

10.3

280
1,600
0.13
0.13

Based on current energy consumption in agriculture sector, some principles of
change trends of major factors, which are of important roles and then necessary
while generating energy demand scenarios in future, could be made as follow:

 Increase of mechanical equipment. It would be inevitable that area of
arable land decreases gradually in China with population expansion, urbanization
and development of village industry. In order to provide more and more
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agricultural products, several effective measures have to be implemented among
which higher agricultural mechanization will be one of the key ways besides other
ones such as raising multiple crop index, breeding new biological varieties etc.

 Increase of operation period. Now, most of the machinery, e.g. tractors,
pumps, fishing boats, machines for preliminary processing of agricultural products
and so on, have to shorten their performance time since big shortages of diesel and
electricity. With the improvement of energy supply, it could image that all
agricultural machinery will try to make their full use as far as possible to increase
agricultural productivity.

 Energy intensity of agricultural activities. There would be two cases in
energy intensity change. On one hand, machinery will consume less energy while
technological progress is always made in future, e.g. engines and motors equipped
in farming machines, pumps, boats, trucks etc. On the other hand, some activities
will need higher energy intensity, for example, irrigation would increase diesel or
electricity consumption because of ground water becoming deeper or lands being
far away from the water sources.

Summarily, major assumptions on agricultural activities, mechanization,
energy intensity etc. in line with the principles analyzed above are demonstrated in
Table 2.4.4 and used for making energy demand of agriculture sector.
2. 5  The Residential and Service Sectors (Exclude Transport Sector)

Energy is principally consumed for three purposes in Chinese household daily life:
····Cooking and hot water
····Space heating
····Appliances and lighting

Estimates of energy consumption for various end-use for households in developing
countries with fairly high income and high energy utilization efficiency levels are
summarized in Table 2.5.1.

Table 2.5.1  Estimates of energy end-use in developing countries
with fairly high income and energy efficiency levels

Energy end-use Activity level Technology performance
Cooking

Hot water
Refrigerator

Lighting
Television set

Washing machine

Food habit of own nationality
50 L/d·man

volume of 315 L
-

One set/household,  4 h/d
One set/household,  1 time/d

Coal gas,  N.G.,  LPG
Gas  or  electricity

475  kW·h/a
Fluorescent lamp

75  W/set
0.2  kW·h/time

At present, urban households in China already use commercial energy for
cooking and hot water, of which households being supplied with gas accounted for
about 40% in 1990 and 70% in 1995. Natural gas, LPG and coal gas are the major
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gas resources. Since no obvious changes in food composition and cooking habits
are expected to occur, the energy used for cooking is unlikely to change. On the
contrary, energy used for hot water would increase greatly, because hot water
demand will be considerablely higher in the future. Finally, it could be expected
that efficiencies of stoves would be improved.

Fuel composition for cooking and hot water in rural households is mostly
bio-mass and coal, whose shares are roughly 74% for bio-mass and 26% for coal in
1990 and 60% for bio-mass and 30% for coal in 1996. It is proposed that some
rural households will be supplied with LPG and N.G. in the future. Though energy
used for hot water in rural households will also go up, the absolute value will be
certainly lower than that of urban households.

Data concerning energy consumption for cooking and hot water in urban and
rural households are summarized in Table 2.5.2.

Table 2.5.2  Scenario of energy use for cooking and hot water in households sector
1990 1995 2000 2020 2050

Urban household
  . Use of gas   (%)
  . Index of energy used  for cooking
       (1990 = 100)
  . Index of energy used for hot water
       (1990 = 100)
  . Efficiency of coal stoves    (%)
  . Efficiency of gas stoves     (%)

40
100

100

20
55

70
101

105

22
55

75
102

300

24
57

90
105

600

28
62

98
100

700

35
68

Rural household
  . Use of gas   (%)
  . Index of energy used for cooking
       (1990 = 100)
  . Index of energy used for hot water
       (1990 = 100)
  . Efficiency of coal stoves    (%)
  . Efficiency of gas stoves     (%)

0
100

100

15
55

0.1
105

150

16
55

1
110

250

18
56

10
140

700

24
60

25
160

1,500

30
65

Because of serious shortage of oil and natural gas resources in China, natural
gas will be imported to provide for more households to use fuel gas for cooking
and hot water.
Factors influencing energy consumption for space heating are as follows:

····Population being provided with space heating
····Living floor space
····Heating load
····Heating period
····Technology modes supplying space heating
Approximately 50%～60% of households in China needs indoor space heating in

winter for certain duration, which is currently 120 days on the average. Assumptions
of energy demand for space heating in the future are shown in Table 2.5.3.
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Table 2.5.3  Assumptions of factors influencing energy consumption of space heating[3]

1990 1995 2000 2020 2050
Urban household
  . Ratio of space heating     (%)
  . Per capita floor space     (m2)
  . Heating load      (kcal/m2·h)
  .Heating period           (d)
  . Ratio of district heating   (%)

40
8

50
120
10

45
8.1
50

120
11

50
8.5
49.5
119
12

60
10
48

116
18

80
13
45

112
24

Rural  household
  . Ratio of space heating    (%)
  . Per capita floor for heating (m2)
  . Heating load      (kcal/m2·h)
  . Heating period    (d)

20
10
25

120

25
10.2
26

120

35
10.5
27

119

52
12
35

115

65
14
40

110

Table 2.5.4 Possession per 100 households and use of appliances and lighting[3]

1990 1995 2000 2020 2050
Urban household
  . Refrigerator
    Power consumption index
  . Washing machine
    Power consumption index
  . Air conditioner
    Power consumption index
  . Power consumption of lighting

%
1990=100

%
1990=100

%
1990=100
kW·h/a

42
100
78

100
0.5
100
85

66.2
98
89

110
8.1
105
100

55
96
82

120
1.5
110
110

90
88
88

220
10

150
180

95
85
98

300
24

300
340

Rural household
  . Refrigerator
    Power consumption index
  . Washing machine
    Power consumption index
  . Air conditioner
    Power consumption index
  . Power consumption of lighting

%
1990=100

%
1990=100

%
1990=100
kW·h/a

1.2
100
9.1
100

0
100
50

5.2
98
17

110
-

105
55

3
96
14

120
0

110
60

20
88
35

220
0.4
150
85

40
85
70

300
3

300
150

These assumptions reflect the following trends:
 Increase in the number of households provided with space heating,

because of an increase in the population living in heating region and transition
region of China, and enlarge of living space floor per capita as well as heating
region with improvement of households living level.

A reduction of heating load because of adoption of measures for energy saving in
buildings and increase efficiencies of thermal resource and thermal nets.

 Decrease of the average heating period, because of a shift towards regions
with shorter space heating duration.

 Improvement of heating efficiency, because of increase in the share of district
heating, having comparatively higher energy efficiency.

Household use of electricity is for lighting and appliances, such as refrigerator,
washing machine, and air conditioners (see Table 2.5.4). On the one hand, an
increase in electricity consumption in households will be inevitable, owing to the
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increased number of appliances and lights as well as extension of their
performance time. On the other hand, electricity consumption could be reduced
through using energy-saving appliances and fluorescent or impact energy-saving
lamps with 3～4 times higher energy efficiency.

The basic situation of energy consumption in service sector can be summed up
as follows:

 Low level of energy consumption. The value added of service sector
accounted for 25.1% in 1990 and 25.5% in 1995 of GDP, but the energy consumption
of service sector made up at 5% and 5.25% in 1990 and 1995, which was in a low
level and varied a little.

In service sector, energy demand is mainly estimated in terms of the value added
and energy intensity of value added (EIVA).  Hence, some assumptions are made on
them (see Table 2.5.5):

Table 2.5.5  Historical data and forecasting scenario of energy consumption    RMB yuan
1990 1995 2000 2020 2050

low high low high low high
SSGDP (108) 4666 9364 9807 10550 43349 51183 154665 265227

EIVA (tce/104) 0.97 0.69 0.7 0.75 0.53 0.57 0.35 0.4
CIVA (t/104) 0.65 0.32 0.4 0.35 0.15 0.09 0.06 0.08
OIVA (t/104) 0.18 0.18 0.15 0.17 0.10 0.12 0.06 0.08

ELIVA (kW·h/104) 597 463 600 700 500 600 300 400
GIVA (m3/104) 2.6 1.87 6 10 53 62 72 78

 Note: SSGDP—value added in service sector by 1990 constant price, following as same.
EIVA—energy intensity of value added in service sector.
CIVA—coal intensity of value added in service sector.
OIVA—oil intensity of value added in service sector.
ELIVA—electricity intensity of value added in service sector.
GIVA—natural gas intensity of value added in service sector.
 At present, the share of energy consumption taken by service ranks the

lowest place among all sectors. However, because its share of value added would rise
greatly, e.g. from 25.1% in 1990 and 25.5% up to 37% in 2020 and 45% in 2050, the
total energy consumption for service will certainly increase despite its EIVA
decrease.

 It is natural that EIVA of service sector will obey the decreasing trend with
the economy development and per capita GDP increase, because there still is a
common task in service sector to make great efforts to improve energy efficiency and
to get more economic benefits. Table 2.5.5 shows the situation and scenario of energy
consumption.
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2. 6  Summary of Energy End-Use Demand
Using the assumptions described in sections 2.1 to 2.6 for the sectoral

development of China’s energy demand over time, two scenarios were developed,
as summarized in Tables 2.6.1, 2.6.2 and 2.6.3.

Total end-use demand under the low scenario is projected to grow from 770
MTce in 1990 and 977  MTce in 1995 to 3000  MTce (low growth) or 3859  MTce
(high growth) in 2050. The electricity end-use demand will be increase from 577
TW·h in 1990 and 928 TW·h in 1995 to 5500 TW·h (low growth) or 7500 TW·h
(high growth) in 2050. Oil end-use demand is projected to add from 93 MT in 1990
and 137 Mt in 1995 to 450 Mt (low growth) or 580 Mt (high growth) in 2050.

The scenarios generally reflect an increasing sector share of energy for the
transportation, service, and residential sectors over time and a declining share for
agriculture and industry.

Table 2.6.1 Scenarios of commercial energy end-use demand for high
and low economic growth rates by energy type1)

2000 2020 20501990 1995 low high low high low high
Total end-use (Mtce) 771 977 1123 1191 1857 2026 3000 3859

Coal  (Mt) 602 662 698 709 870 841 1220 1356
Oil products (Mt) 93 137 180 195 280 310 450 580

Electricity  (TW·h) 577 928 1210 1300 3000 3500 5500 7500
Fuel gas   (Mtce) 42 94 116 140 319 399 585 865

Thermal power (PJ) 619 1056 1268 1373 2155 2403 3556 4686
Oil for transport (Mt) 30 49 55 65 120 150 260 360

19 29 32 35 65 78 131 176
9 16 18 23 45 56 98 138

In which
Gasoline  (Mt)
Diesel   (Mt)

Kerosene (Mt) 1 3 5 7 10 15 30 45

Note: 1) In the table, electricity is converted into Mtce according to the equivalent value of electricity, i.e. 860
kcal/kW·h, 1 kW·h electricity = 122.9 gce;

          2) Fuel gas covers natural gas, Coal gas and LPG;
          3) Thermal power means central heating supply.

Table 2.6.2  Scenarios of commercial energy end-use composition for both high and
low economic growth rate by energy type                              %

2000 2020 20501990 1995 low high low high low high
Total end-use 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Coal 65.4 55.0 49.7 47.6 37.5 33.2 32.5 28.1
Oil products 17.2 20.0 22.9 23.4 21.5 21.8 21.4 21.4
Electricity 9.2 11.7 13.2 13.4 19.9 21.2 22.5 23.9
Fuel gas 5.4 9.6 10.3 11.7 17.2 19.7 19.5 22.4

Thermal power 2.7 3.7 3.9 3.9 4.0 4.0 4.0 4.1
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Table 2.6.3 Scenarios of commercial energy end-use demand for high and
Low economic growth rates by economic sector                              %

2000 2020 20501990 1995 low high low high low high
Total end-use 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Agriculture 4.0 3.1 4.8 4.7 4.1 3.9 3.1 3.0

Industry(end-use)1) 64.9 70.8 66.0 65.0 57.5 55.1 43.3 38.0
Transport.2) 8.3 9.0 9.7 10.0 12.4 12.8 16.9 21.0

Service 4.2 4.0 5.4 5.8 9.5 11.0 19.2 20.0
Residential 18.7 13.1 14.1 14.4 16.5 17.1 17.5 18.0

Note: 1) In the table, industry sector includes industry and construction sectors in the statistical year book in China.
          2) In the table, transportation sector includes whole social transportation.

3  POWER SUPPLY PROJECTION

3. 1  Current Situation of Power Supply
Following the landmark achievement of a 100 GW installed capacity in 1987,

China boosted the figure to 200 GW in March 1995. By the end of 1995, the
national installed capacity had reached 217.22 GW, of which thermal power
accounted for 162.94 , hydropower 52.18 GW and nuclear power 2.1 GW; the
national electric power generation, which was 1006.9 TW·h, had leaped to the
second place of the world. The chronic nationwide shortage of power was
gradually relieved. From 1990 to 1995, the average annual growth rate of the
national installed capacity and of electric power generation was 9.5% and 10.1%
respectively. It should be noted that the country has witnessed a more-than-10 GW
annual increase of newly installed large and medium plant units in the successive
ten years since 1988. The reform and open door policy has enabled a rapid
development in the power industry. With achievements that have won the world’s
admiration, China’s power industry is playing an important role in a sustained and
fast expansion of the national economy.

Table 3.1  Main indicators of China’s power industry in 1990————1995[3]

1990 1991 1992 1993 1994 1995
Capacity of power generating equipment by year end (GW) 137.89 151.47 166.53 182.91 199.90 217.22

in which: Thermal 101.84 113.59 125.85 137.42 150.88 162.94
Hydro 36.05 37.88 40.68 45.49 49.02 52.18

Nuclear — — — — 2.10 2.10
Power generation (TW·h) 621.3 677.6 754.2 836.4 927.8 1006.9

in which: Thermal 495.0 552.5 622.7 685.7 747.0 807.3
Hydro 126.4 125.1 131.5 150.7 166.8 186.8

Nuclear — — — — 14.0 12.8
Net coal consumption (gce/kW·h) 427 427 420 417 414 412

Coal consumption for power generation (gce/kW·h) 392 390 386 384 381 379
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At the end of the 1980s, the mix of China’s power generation still lacked
variety, only consisting of conventional hydropower and conventional thermal
power which has coal and petroleum as fuel. In 1993, China began to put large
pumped-storage power generating units into operation. In 1994, the first phase of
Qinshan Nuclear Power Plant (in Zhejiang Province) and Daya Bay Nuclear Power
Plant (in Guangdong Province) were completed and put into commercial operation,
which signaled the end of a period without nuclear power in China. In recent years,
significant progress has took place in the development of power generation using
alternative energy resources, such as wind-power, solar energy, geothermal energy
and oceanic energies. China has developed a new structure of energy resources for
power generation, with coal as the dominant and other energies complement one
another. In 1990, thermal power, hydropower and nuclear power accounted for
79.7%, 20.3% and 0% respectively of the total electricity output; in 1995, 80.2%,
18.5% and 1.3% respectively.
3. 1. 1  Thermal Power

In China, the main primary energy resource is coal, while the output of oil and
natural gas is very limited. Accordingly, coal power has for decades absorbed the
most investment in China’s construction of thermal power. At the end of 1995, the
aggregate installed capacity of thermal power was 162.9 GW, among which coal-
fired plant units accounted for 154.4 GW, or 94.8%; gas-fired plant units 3.1 GW,
or 1.9%; oil-fired plant units 5.4 GW, or 3.3%. From 1990 to 1995, the average
annual growth rate of thermal power generating equipment and of the thermal
power generation was 9.9% and 10.3% respectively. The equipment and
technology of thermal power have also been improved. In the 1980s, the largest
proportion of newly installed plant units was those with a capacity of 100～300
MW. In the 1990s, plant units with a capacity of 300～600 MW have gradually
took their place. The ratio of large plant units (100 MW and above) in the total
installed capacity of thermal power has risen from 5.4% in 1987 to more than 63%
in 1995. More than 30 thermal power station have a capacity above 1 GW. The coal
consumption rate for thermal power generation dropped from 392 gce/kW·h in
1990 to 379 gce/kW·h in 1995.
3. 1. 2  Hydropower

In 1995, the installed capacity of hydropower was 52.18 GW, and the power
generation of hydropower was 186.8 TW·h. From 1990 to 1995, the average
annual growth rate of the national installed capacity of hydropower and of the total
power generation was 7.7% and 8.1% respectively. Since 1990, China has
witnessed a rapid expansion in her capacity of hydropower generating equipment.
In 1991, the aggregate capacity of newly installed hydropower units (500 kW and
above) amounted to 1.84 GW. In development of micro-scale hydropower stations,
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China has also made convincing progress. In 1995, the national installed capacity
of micro-scale hydropower stations reached 19 GW, with an annual electric power
generation of 73 TW·h. There were 780 counties, or 36% of all the counties of
China, whose power was mainly supplied by micro-scale hydropower stations.

From 1992 to 1995, the figure was 2.31 GW, 3.68 GW, 4.03 GW and 2.57 GW
respectively. To meet the needs for the operation of newly constructed large
thermal power stations and nuclear power stations, and for better coordination of
the power networks, China has decided to build a series of large pumped-storage
power stations in Guangzhou, Beijing, Zhejiang, etc.

On December 14, 1994, China launched the construction of the Three Gorges
Hydropower Station, which attracted the attention of the whole world. On
November 8, 1997, the damming of the Changjiang River was successfully
achieved. According to the schedule, the first group of plant units will be put into
production in 2003. At the completion of the project in 2009, the station will be the
world’s largest hydropower station. With a total installed capacity of 18.2 GW, it
will not only supply power for Sichuan, Central and East China, but also accelerate
the formation of a nationwide power network. It will definitely make great
contribution to the prosperity of the whole Changjiang River Valley.
3. 1. 3  Nuclear Power

At present, there are two nuclear power stations in operation in China. Their
total installed capacity is 2.1 GW. One of them, the first phase of Qinshan Nuclear
Power Station (300 MW PWR), was designed and constructed by China herself. Its
construction was launched in March 1985, and in December 1991, it began to
generate electricity. After a period of trial operation, it was formally put into
commercial operation on April 1, 1994. The success of the station ushered China
into the few countries who can design and construct nuclear power stations
completely on their own. The other station, Daya Bay Nuclear Power Station (2 ×
900 MW PWR) in Guangdong Province, started to build in August 1987. Its two
units were put into commercial operation in February and May 1994 respectively.
The reactor core system equipment was supplied by the French company
FRAMATOME, and the conventional island system equipment by the British
company GEC. The French company EDF contracted the task of overall design
and construction.
3. 1. 4  Renewable Energy Use in Power Production

Since the 1980s, China has made marked progress in developing renewable 
energy resources, following the principles of flexibility, variety, comprehensiven-
ess and efficiency.

 In 1995, there were 130,000 micro- and small-scale wind-power generators
(100 W～50 kW)in operation nationwide, mainly in the pastoral areas of Inner
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Mongolia, Xinjiang, Qinghai and the coastal areas without the support of a power
network. Their total installed capacity approximated to 17 MW. The development of
wind-power stations of large scale has already entered the stage of commercial
application. 150 wind-power generators (50～450 kW) have been installed in 14
stations across the country, with a total capacity of 32MW. Most of the stations are
situated in Xinjiang, Guangdong, Inner Mongolia, Liaoning and Shandong.

 According to incomplete statistics, by the end of 1995, there were
photovoltaic batteries with a total capacity of 6 MW across the country, Most of them
monocrystalline silicon batteries and a small proportion non-crystalline batteries.
China has built four photovoltaic battery stations in Tibet, two of them10 kW, one 20
kW and one 25 kW. Another five stations are under design and construction.
Monocrystalline silicon batteries made by China boast an efficiency of more than
14%.

 In 1995, the total installed capacity of geothermal power generation
amounted to 28.6 MW. Yangbajing Geothermal Power Station alone has a capacity of
25.2 MW. Its annual electric power generation is 97 GW·h, accounting for 50% of
Lasa’s total power supply. The project of geothermal power stations in West Yunnan
has been approved by the Government and is to be implemented soon.

 By the end of 1995, China has built 7 experimental tide power stations with a
total capacity of 6 MW, one tide-flood power station with a capacity of 5 MW and
more than 300 small wave electricity generating devices used as the energy source of
navigation marks. 3 experimental wave power stations are under construction, with a
capacity of 40 kW.

 Power generation using bio-mass energy: currently only at the stage of
small-scale application. Since experiments in the 1970s, power generation using rice
husk has developed to an installed capacity of 5 MW. There are 143 marsh gas
electricity-generating devices in China with an installed capacity of 2.1 MW. China is
planning to import equipment to construct a garbage power station with capacity of 4
MW.
3. 2  Basic Principles for Future Development of China’s Power Industry

 The current energy development policy of the Chinese government is: “The
development of the energy industry should have power construction as its central task,
coal as its basis. At the same time, we should strengthen our efforts in exploring and
developing petroleum, natural gas and alternative energies.” This policy indicates the
important place of power construction in the energy industry.

 To implement the State General Strategy for a Sustained Development, the
power industry should adapt itself to the overall goals of the national socioeconomic
development. On the one hand, it is to well serve the national socioeconomic
development; on the other hand, it is to take future generations into consideration,
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attaching great importance to energy saving and environmental protection, especially
to reducing the emission of greenhouse gases.

 To optimize the mix of power supply source, we should give priority to the
thermal power and hydropower, develop nuclear power to an adequate degree and
apply renewable and new energies to power generation. In the coastal areas, efforts
should be made to construct oil- and gas-fired combined cycle plant units. Emphasis
is also to be laid on the construction of power stations capable of regulating peaks,
especially on the construction of pumped-storage stations in East China. In the middle
term and long term, sufficient attention should be paid to the development of nuclear
power, hydropower and renewable energies, as application of these carbon-free in
electricity generation will help reduce the emission of CO2 and consequently protect
the environment.

 Improve the overall technological level of the power industry, widely adept
advanced technologies, raise the efficiency of energy resource use and protect the
environment.
3. 3  Prospects of Future Power Supply

In recent years, with the development of the power industry and the
adjustment of the structure of the national economy, the severe shortage of power
supply in the most parts of China has gradually been relieved, and the tension
between the demand and supply of electricity relaxed. In some areas, power supply
has even exceeded the demand. At the same time, the speed of the development of
China’s power industry has gradually shifted from an investment-determined basis
to a market-determined basis.

Notwithstanding this new situation, we should still be aware that the current
relaxation in the tension between power supply and power demand is in a context
of low levels of power consumption. In 1997, the national installed capacity per
capita was 0.21 kW, ranking the 85th in the world’s main countries. The power
consumption per year per capita was 900 kW·h, only 1/3 of the average of the
world. There are still 11 counties without electricity, and a population of 60 million
cannot benefit from electricity. A vast electricity market in the rural areas remains
to be developed. Yearlong shortage and shortage at peak times are still
commonplace, and the tension between the supply and demand of electricity has
not been given a thorough solution. Furthermore, as China is a developing country,
the construction of infrastructure and the expansion of economic scale necessitate
a steady increase in power industry investment. As a result, the load for the power
industry in the future is heavy. To meet the needs of the nations economic
development and the improvement of the people’s living standards, the power
industry has to strive for an adequate speed in its development.
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3. 3. 1  Prospects of Future Hydropower Supply
(1) Hydraulic energy resources
China’s theoretic hydraulic energy resources amount to 676 GW, with a

potential power generation of 5922.2 TW·h. The technologically exploitable
portion amounts to 379 GW, with a potential power generation of 1932.3 TW·h,
ranking the first in the world. The economically exploitable portion amounts to
290 GW, with a potential power generation of 1260 TW·h. China’s hydraulic
energy resources are characterized by a severe imbalance in their regional
distribution. In terms of technologically exploitable resources, Southwest China
gets the lion’s share of a 67.8%; Central China and Northwest China come the
second and the third, with a proportion of 15.5% and 9.9% respectively. In contrast,
the more developed eastern areas lack hydraulic energy resources. The national
aggregate of small-scale (less than 25 MW) hydraulic energy resources amounts to
76 GW. Of the 3166 counties and cities of the country, 1573 counties are in
possession of exploitable small-scale hydropower resources.

Table 3.3.1.1  Regional distribution of technologically exploitable
hydraulic energy resources

Installed capacity Annual power generation
GW TW·h  %

The whole country 378.53 1923.30 100.0
North China 6.92 23.22 1.2

Northeast China 11.99 38.39 2.0
East China 17.90 68.79 3.6

Central China 67.44 297.37 15.5
Southwest China 232.34 1305.04 67.8
Northwest China 41.94 190.49 9.9

 Note: Hydraulic energy resources in Taiwan not included
 Source: Section on Hydropower, Encyclopedia of China’s Power Industry

(2) Main problems in the development of hydraulic energy resources
China’s development rate of waterpower resources is very low. In terms of

total installed capacity, the figure was only 13.8% at the end of 1995, lower than
the world’s average 22%, and far below the figures of the developed countries (the
USA, 63%; Japan, 66%; Canada, more than 53%; Norway, 87%). In terms of
yearly electric power generation, China’s rate of hydraulic energy resources
development in 1995 was 9.7%, also lower than the world’s average 15.5%.

The proportion of hydropower equipment in China’s total installed capacity is
also low, and is declining. In the early 1980s, the figure was 30.8%, but it dropped
to 24.0% at the end of 1994.

The rate of hydropower in China’s primary energy production rose from 3.8%
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in 1980 to 6.2% in 1995. Yet the rate is still disproportionate to the abundant
hydraulic energy resources of the country.

Table 3.3.1.2  River system distribution of exploitable hydraulic energy resources
Installed Capacity Annual power generation

GW TW·h %
The whole country 378.53 1923.30 100.0
Changjiang River 197.24 1027.50 53.4

Yellow River 28.00 116.99 6.1
Zhujiang River 24.85 112.48 5.8

Hai and Luan Rivers 2.14 5.17 0.3
Huai River 0.66 1.89 0.1

Northeastern Rivers 13.71 43.94 2.3
Southeastern Rivers 13.90 54.74 2.9

Southwest Rivers 37.68 209.87 10.9
Tibetan Rivers 50.38 296.86 15.4

Continental Rivers 9.97 53.87 2.8

(3) The guidelines and goals for hydropower planning
Hydropower is a clean, renewable energy resource. Both developed and

developing countries give priority to the exploitation of inexpensive hydropower
resources in the process of developing their economy. With her abundant
hydropower resources, China should make the development of hydropower
resources the basic strategy in power supply and environmental protection and
give priority to it for the maximal social and economic benefits. To accelerate this
process, the departments related to the power industry laid down the following
guidelines.

Develop hydropower in the light of local conditions, integrate large-, medium-
and small-scale projects, and orient the industry toward the market. Promote a
river system based cascade rolling development and a comprehensive utilization.
Intensify efforts to accelerate the exploitation of hydropower resources in
Southwest and Northwest China, so that the goal of transferring electricity from
West China to East China can be achieved. Construct an adequate number of
pumped-storage stations to improve the operation of the power networks.

However, the above-mentioned guidelines have not been satisfactorily
implemented. Since 1990, there has been a considerable increase in newly
installed capacity of hydropower. It is expected that during the Ninth Five Year
Plan period a yearly installed capacity of 3 GW can be maintained. But in recent
years, the scale of hydropower projects launched and under construction has been
declining. During the Eighth Five Year Plan period, it had been planned to launch
45 large- and medium-sized hydropower projects with a capacity of 28.87 GW, but
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only 18 of them were actually launched with a capacity of 12.46 GW. In 1995 only
one project was launched with installed capacity of 240 MW, and in 1996 not a
single project was launched. As the scale of hydropower production is large, but
the scale of projects launched is small, the scale of projects under construction is
yearly decreasing. In 1992, the figure was 23.29 GW. In 1995, it dropped to 17.63
GW, and in 1996, further dropped to 15.00 GW. (The above statistics do not
include the project of Three Gorges Station.) This decline has resulted in a lack of
impetus in the development of hydropower.

Based on the figures of China’s hydraulic energy resources and the current
situation of their exploitation, it is expected that the national installed capacity of
hydropower will reach 69 GW in 2000; 120 GW (in the conservative plan) or 160
GW (in the optimistic plan) in 2010; and 170 GW (in the conservative plan) or 210
GW (in the optimistic plan) in 2020. The installed capacity of small-scale
hydropower is estimated to be 22 GW, 30 GW and 40 GW respectively in 2000,
2010 and 2020. In order to realize the goals of the optimistic plan, we should take
the following measures:

 Make preparations during the Ninth Five Year Plan period for the first decade of
the next century. With regard to those projects whose feasibility report and preliminary
design have been approved, construction should be launched as soon as possible, so that
they can be put into production in the Tenth Five Year Plan period. Accelerate the
planning and designing process of those large-scale hydropower stations so as to launch
their construction at an earliest possible data. Strive for the materialization of the
optimistic plan in 2010.

 As the proportion of hydropower is very low in the eastern areas, a large number
of pumped-storage stations need to be constructed to meet the increasingly urgent needs
for power peak regulation. Apart from the projects arranged, the number of local
pumped-storage stations should increased.

 Following the policy of raising funds for hydropower construction from
multiple sources, we should encourage construction of more local medium-sized station
and development of small-scale hydropower in the rural areas.

 The national government is to support the construction of hydropower stations
in investment loans, system reforms and financial policies.
3. 3. 2  Nuclear Power—Important Alternative Energy and Technological Reserves

In the past four decades, the nuclear power stations worldwide have run for
more than 7000 R.Y. (Reactor-Year). The development and operation of nuclear
power in the past has proved that nuclear power is a safe, clean, economical and
reliable form of energy. It also helps to reduce the emission of greenhouse gases.
Because nuclear power only needs a very limited amount of fuel and therefore it
will not exert pressure on transportation, construction in prosperous Southeast
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China so as to have a triple benefit of supplying electricity, lessening pollution and
relieving the strained transportation. In other words, it will have significant social,
economic and environmental effects. As evidenced by Japan and South Korea’s
practice, the average cost of nuclear power is lower than coal power. Therefore,
development of nuclear power is an important measure in coping with the shortage
of power supply in the southeastern areas and some parts of China’s hinterlands.
Nuclear power can serve as a substitute of coal and help to optimize the mix of
energies.

Judging on the basis of geological theory, China’s uranium resources should
be fairly rich. In terms of the total amount of the deposits, it can provide a solid
basis for China’s development of nuclear power. In the near future, the deposits are
more than sufficient; in the middle term the development of nuclear power can be
guaranteed; and in the long run, there will be potential. Nevertheless, efforts in
exploring uranium should be intensified so as to change resources into reserves.

At present, China possesses a comprehensive economic power, a scientific
research force and a conventional industry sufficient for designing, developing and
supplying equipment for nuclear power. China has formed a nuclear fuel recycling
system that covers the whole range of techniques from uranium exploration,
hydro-metallurgy, conversion, isotope separation, fuel assembly manufacturing up
to reprocessing of spent fuel. China has also developed a nuclear power research
system and a certain capacity of nuclear power equipment production. China
exported to Pakistan a nuclear power unit with a capacity of 300 MW. The project
of Qinshan Phase II was mainly designed by China herself too. The detailed design
of the project was finished and it is under construction now. Through these efforts,
China has acquired an ability to undertake the design and construction of medium-
and small-sized pressurized water reactor plants. Currently, China is preparing to
develop a new type of nuclear unit with a capacity of 1000 MW level. This is a step
toward the goal of acquiring the ability to manufacture domestic nuclear units of a
1000 MW level.

As discussed above, nuclear power will serve to harmonize the relation
between economic development and the environment, support the implementation
of the strategy of a sustained development, and provide a safe and stable energy
source for China. It is both necessary and possible for China to accelerate the
development of nuclear power, giving it a proper place in the mix of energies in the
future, making it a major energy source in the energy-deficient southeastern
coastal areas. At present, in light of China’s economic situation, we can only
propose to develop nuclear power on a certain scale, as an important supplement
for power supply in Southeast China strained by electricity shortage, and as a
preparation for a further development in the next century. Since the beginning of
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the Ninth Five Year Plan period, China has approved 4 nuclear power projects,
which involve 8 units with a total capacity of 6.6 GW. They are Qinshan Phase II (2
× 600 MW), Lingao Station (in Guangdong, 2 × 1000 MW), Lianyungang Station
(in the Jiangsu Province, 2 × 1000 MW) and Qinshan Phase III (2 × 700 MW). The
expected installed capacity of nuclear power in 2000 is 2.1 GW. It is estimated by
power sector that the installed capacity of nuclear power will reach 15～20 GW in
2010. In the year 2020, nuclear power will have a fairly large scale with a capacity
of 30～40 GW, accounting for 5%～7% of all the power supply, only next to coal
power and hydropower.
3. 3. 3  Prospects of Renewable Energies

(1) The objectives and significance for China to develop and utilize renewable energy
Renewable energy holds an important place in China’s energy supply. In 1995,

China’s commercial primary energy consumption was 1.29 tce. The consumption of
renewable energy (including non-commercial energies) amounted to 300 Mtce, or
20% of the total energy consumption of that year. 70% of rural residents’ daily fuel
comes from bio-energy. The objectives for China to develop and utilize renewable
energy is as follows: First, to solve the problem of energy supply in the rural, pastoral
and remote areas and to meet the needs of power and energy use in some special
places, so that pollution can be improved and further destruction of the environment
checked. Second, to develop new technologies and raise the proportion of renewable
energy in the mix of energies so that the coal-dominated mix of energies can be
optimized and the strategic goals for a sustained development better served. In this
way, China can adequately prepare herself technologically, economically and
industrially for future use of new energies. Third, the Kyoto Convention signaled that
China would have to fulfill her obligation to the world in reducing the emission of
greenhouse gases. Developing renewable energy is an important step toward that end.

(2) The general overview about China’s renewable energy
China abounds in renewable energy resources:

 There are two belts abundant in wind-power: one is the northern belt,
covering North Xinjiang, North Inner Mongolia and Northeast China; the other is the
coastal belt, including parts of the southeastern coastal areas and some islands. The
average effective wind-power density in these belts is 150～300 W/m2. The average
time in a year when the valid wind speed exceeds 3 m/s is 4000～8000h. The
exploitable wind-power resources nationwide amount to 253 GW. Because the
geographical distribution of wind-power resources is complementary to that of coal
and waterpower resources, prospects are bright in developing wind-power generated
electricity in areas where coal and waterpower are scarce but wind-power is
abundant.

 Most places in China receive an annual solar radiation of 3.35～8.35 GJ/m2.
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An area over 6, 000, 000 km2 receives a total radiation of more than 6 GJ/m2.
Therefore, prospects of utilizing solar energy are good. In terms of geographical
distribution, solar radiation in Northwest China, North China, the western part of
Northwest China and the Tibetan Tableland is intensive, while South China, East
China and Southwestern China receive a relatively low amount of sunshine.

 China has abundant biomass energy. Crops produce nearly 0.6 Gt of stalk,
half of which is used as energy resources. The rational amount for firewood logging
is 0.16 Gt. Besides, there are aquatic plants, various organic wastes as well as human
and animal excrement that can be used as energy resources. The total yearly biomass
energy consumption is 0.26～0.27 Gtce, accounting for 70% of the daily energy
consumption in the rural areas, and 50% of all energy consumption.

 At present, the proven reserves of geothermal energy are 462.7 Gtce, among
which high-temperature water (>150°C) resources account for 6744 MW. Large
amounts of geothermal resources remain to be explored.

 China is also endowed with rich oceanic energy. The exploitable tide energy
alone is 21.8 GW, with a yearly electric power generation of 62.4 TW·h, 47.4% and
40.9% of which go to Zhejiang and Fujian provinces respectively. The theoretic
amount of wave energy is 12.9 GW, 1/3 of which is possessed by Taiwan. The
theoretic amount of sea stream energy is 14.0 GW, of which Zhejiang province owns
1/2. The exploitable amount of temperature-gap energy is 1320～1480 GW. Xisha
Isleds and the waters east of Taiwan have favorable conditions for development of
this form of energy.

(3) Prospects of renewable energy supply
China’s Guidelines for Development of New and Renewable Energy Resources

in 1996～2010 clearly put forward the general goals for China’s development of new
and renewable energy resources in the next fifteen years: raise transformation
efficiency, reduce production costs, and increase their proportion in the mix of
energies. There should be major breakthroughs in new technologies and techniques.
Technologies already ripe for practical application should be put into large-scale
modernized production. A complete production and service system should be
established. As China abounds in renewable energy resources, the potential for new
energy supply is great. Power generation using renewable energy resources will grow
at a rapid speed in the future. To ensure the implementation of this plan, the
government should increase its investment in this field and make out some favorable
policies.

The emphases in exploiting solar energy in the future are put on producing
low-cost solar batteries of high-efficiency; improving and developing the
components and accessories of solar batteries so as to cut down the system costs;
popularizing small-power photovoltaic systems; constructing disperse and
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concentrated GW-level demonstrative photovoltaic stations as well as 10 GW
level demonstrative solar energy power stations.

The major tasks for wind-power electricity generation in the future are:
perfecting small windmill production and sales services; boosting the designing
ability and manufacturing techniques of large wind-power turbines; accelerating
the domestication process, concentrating on the development of wind-power
turbines with a capacity of more than 200 kW and the control-manage system of
wind-power fields; improving the survey and selection of sites for wind-power
fields and developing a number of large-scale wind-power fields. With the help of
the State’s support and international cooperation and with the advancement in
production and technology, the unit investment and production costs of wind-
power electricity generation will drop and the industry will obtain a further
development in China in the future.

It is estimated that the installed capacity and power generation of renewable
energy will reach 0.5 GW and 1.6 TW·h; 2GW and 5.8 TW·h; 14.1 GW and 41
TW·h respectively in 2000, 2010 and 2020.
3. 3. 4  Prospects of Thermal Power Supply

(1) Oil- and gas-power
China’s oil and natural gas resources are fairly rich. According to the

nationwide oil and natural gas resources assessment completed in 1993, the 150
basins onshore and continental shelf (Taiwan and the southern part of South China
Sea not included) contain more than 94.0 Gt of oil and 38 Tm3 of natural gas.
Experts estimate that the exploitable amount of oil is 13～15 Gt, and that of natural
gas 7～10 Tm3. However, in the prediction period, the technologically and
economically exploitable portion of oil and natural gas is limited. It is expected
that there will be a gap between China’s oil and natural gas output and the needs of
her industrial, agricultural, transportation and other sectors. Therefore, it is
unlikely that oil and natural gas can be applied to power generation on a large scale.
On the other hand, to better regulate power consumption peaks and to relieve the
environmental pressures that are facing China, power stations using oil and natural
gas as fuel have to be developed in the future. In the Southeastern coastal areas
especially, because of the fragility of the environment, of the difficulty of coal
supply and of their economic prosperity, oil-fired power stations, gas-fired
combined cycle turbine plant units should be given an adequate development. For
the purpose of supplying oil and gas for power generation, we should accelerate
the exploration and development of national resources, and in the meantime make
full use of international resources by importing more oil and natural gas.

The installed capacity of oil-generated electricity is expected to reach 20 GW
in the year 2000; 30 GW in 2010; and 40 GW in 2020. The installed capacity of
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gas-generated electricity is about 3.1 GW at present. The figure is expected to rise
to 8 GW in 2000, 17 GW (conservative) and 22 GW (optimistic) in 2010. With the
increase in the production and importation of natural gas, the installed capacity
will reach 30 GW (conservative) and 40 GW (optimistic) in 2020.

(2) Coal power
According to the third national assessment of coal resources completed in

1997, the aggregate amount of China’s coal resources with the depth of 2000 m is
5.57 Tt, and within 1000 m, 2.86 Tt. By the end of 1995, the proven deposits were
604.4 Gt, among which the exploitable portion 114.5 Gt. The unused intensively
explored deposits were 77.7 Gt. Of the total deposits, thermal coal accounted for
83%, which is mainly distributed in North and Northwest China (46% and 38% of
the national thermal coal deposits respectively). The average rate of sulfur
contained in these thermal power deposits is 1.15%, and the average rate of dust is
16.84%.

The distribution of China’s coal resources is wide but not balanced. Every
province except Shanghai has coal deposits. 90% of China’s coal is distributed
north of the line extending from Qinling Mountain to Dabie Mountain; 91% west
of the line extending from the Big Xinan Mountain to Xuefeng Mountain. 26.2%
of the proved deposits go to Shanxi province, 22.4% to Inner Mongolia and 16.6%
to Shaanxi province. The developed areas in Southeast China lack coal resources
and have to import large quantities of coal from other provinces.

Coal is predominant in China’s primary energies. Although hydropower,
nuclear power, and electricity utilizing oil, natural gas and renewable energy will
be given sufficient opportunity to grow, the increase in power supply in the future
will mainly rely on coal-generated electricity. In the mix of power output in 2000,
the proportion of coal-generated electricity will be 72.9% (in the conservative plan)
or 74.9% (in the optimistic plan), higher than that of 1990 (68.7%). The main
reason for this is the decline of the proportion of hydropower. In 2010, the
proportion of coal-generated power will drop to 70.2% (conservative) or 68.1%
(optimistic); and in 2020, 66.3% (conservative) or 65.3% (optimistic). The
guidelines for the development of coal-generated electricity are as follows:

 Try every means to relieve pressure on transportation and the environment
when considering the geographical distribution of coal power, with a view to a
balance between coal, electricity and transportation. Accelerate the construction of
pinhead ore mine area power stations, developing thermal power bases near the large
mines in Shanxi, Inner Mongolia, Shaanxi, Henan, Guizhou and Yunnan to transfer
electricity to North, East and South China.

 According to the needs of the power networks, construct a number of port-side
and railway-side thermal stations by fully exploiting the potential of the railway system.
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 Renovate medium- and low-pressure plant units and superannuated plant
units. Replace small with large plant units to reduce coals consumption and improves
the environment.

 Make efforts to study, develop and demonstrate coal-cleaning techniques,
including coal-gasification recycling electricity generation, FBC and low NOx burner
and funnel purifying techniques. At present, technicians are conducting preliminary
feasibility study of a 200～400 MW coal-gasification combined cycle power station.

 Mainly utilize 300 MW or 600 MW plant units when constructing new
thermal power stations. Encourage the development of heat-electricity combined
production where heat load is intensive.
3. 3. 5  Scenarios of power supply in the future

According to the Three-Step Strategic Goals for the national economy in the
next 50 years laid down in the 15th National Congress of the Communist Party, and
based on the predictions about electricity demand in future as presented in Section
2.1, the objectives of power industry development in China are as follows.

By the end of the century (in the year 2000), the national installed capacity
should reach 300 GW, and the total electric power generation 1300～1400 TW·h.
By the year 2010, the national installed capacity will be over 500 GW. With the
Three Gorges Power Station supplying electricity to Central China, East China,
Sichuan and Chongqing, three inter-connected cross-regional power networks
should be built up by then. Electrification should basically be realized in the rural
areas. The main economic and technological indicators of the power industry
should approach the advanced level of the world. By the year 2020, the national
installed capacity should amount to 700～800 GW. A rational mix of electricity
generation should be achieved and a nationwide power network formed. Resources
are to be reasonably distributed nationwide and enable a sustainable development.

(1) China’s future power supply ought to be characterized by the following
features:

 Coal will keep its dominant place among the energies for power generation.
Its proportion in the mix of power source is expected to be 66.3% (low scenario) or
65.3% (high scenario) in the year 2020.

 Although there will be a significant increase in the installed capacity of
hydropower, its portion in the mix of electricity generation is expected to drop to
15.4% (low scenario) or 16.2% (high scenario) in the year 2020.

 Electricity generation using oil and natural gas will be developed to an
adequate scale.

 The proportion of nuclear power will rise steadily, and the figure is expected
to be 7.0% (low scenario) or 7.5% (high scenario) in the year 2020. By then it will
have become the third most important source of power supply, only next to coal
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power and hydropower.
(2) The Future Electric Source Distribution of China

 Accelerating the construction of large hydropower basis greatly, transmitting
the west electricity to the eastern area through the south way, the north way and the
middle way.  In the south way, accelerating the hydropower basis construction of the
Hongshuihe River of South Panjiang River, Lancang River and Wujiang River. In the
middly way, developing the hydropower station of Three Gorges and the hydropower
basis of Jinshajiang River. In the north way, developing the hydropower resources of
the upper reaches of Yellow River; in addition, constructing hydropower basis of
Daduhe River, Yapanjiang River and Xiangjiang River, providing the electricity to the
local area mainly.

 Coal-fired power basis will be constructed in the north of China, including
“three west” (Shanxi, Shaanxi, and the west of Inner Mongolia), Huolin River, Yimin,
both sides of Huaihe River, and Liupanshui, etc..

 Oil and gas fired power stations will be built in the eastern coastal area
mainly.

 The focus of nuclear power development is the southeast coastal area with
developed economy and insufficient energy supply. And it will be developed properly
in the provinces with serious lack of the inner coal of inner continent of China and a
long transportation distance, or a big portion of hydropower.

(3) China’s future power supply ought to be characterized by the following
features:

 Coal will keep its dominant place among the energies for power generation.
Its proportion in the mix of power source is expected to be 66.3% (in the conservative
scenario) or 65.3% (in the optimistic scenario) in the year 2020.

 Although there will be a significant increase in the installed capacity of
waterpower, its proportion in the mix of electricity generation is expected to drop to
15.4% (in the conservative scenario) or 16.2% (in the optimistic scenario) in the year
2020.

 Electricity generation using oil and natural gas will be developed to an
adequate scale.

 The proportion of nuclear power will rise steadily, and the figure is expected
to be 7.0% (in the conservative scenario) or 7.5% (in the optimistic scenario) in the
year 2020. By then it will have become the third most important source of power
supply, only next to coal power and hydropower.
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Table 3.3.5.1  Installed capacity in the future                            GW
1995 2000 2010 2020

low high low high low high
Thermal power: 162.9 216.2 232.2 396.5 433.1 526.1 605.2

Coal power 154.4 206.8 222.8 349.5 381.1 456.1 525.2
Oil power 5.4 6 6 30 30 40 40
Gas power 3.1 3.4 3.4 17 22 30 40

Hydro power 52.2 69 69 120 160 170 210
Nuclear power 2.1 2.1 2.1 15 20 40 50

Renewable 0.06 0.5 0.5 2 2 14.1 14.1
Total 217.3 287.8 303.8 533.5 615.1 750.2 879.3

Table 3.3.5.2  Installed capacity mix in the future                             %
1995 2000 2010 2020

low high Low high low high
Thermal power: 75.0 75.1 76.4 73.6 70.4 70.1 68.8

Coal power 71.1 71.9 73.3 56.5 62.0 60.8 59.7
Oil power 2.5 2.1 2.0 5.6 4.9 5.3 4.5
Gas power 1.4 1.2 1.1 3.2 3.6 4.0 4.5

Hydro power 24.0 24.0 22.7 22.3 26.0 22.7 23.9
Nuclear power 1.0 0.7 0.7 2.8 3.3 5.3 5.7

Renewable 0.0 0.2 0.2 0.4 0.3 1.9 1.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 3.3.5.3  Power generation in the future                      TW·h
1995 2000 2010 2020

Low high Low high low high
Thermal power: 807.3 1080.9 1160.9 1982.6 2165.4 2630.3 3026

Coal power 766.1 1033.9 1113.9 1747.6 1905.4 2280.3 2626
Oil power 26.2 30 30 150 150 200 200
Gas power 15 17 17 85 110 150 200

Hydro power 186.8 224.9 224.9 381.6 508.8 528.7 653
Nuclear power 12.8 12.6 12.6 90 120 240 300

Renewable 0.2 1.6 1.6 5.8 5.8 41 41
Total 1007.1 1320 1400 2460 2800 3440 4020

Table 3.3.5.4  Power generation mix in the future                         %
1995 2000 2010 2020

Low high Low high low high
Thermal power: 80.2 81.9 82.9 80.6 77.3 76.5 75.3

Coal power 76.1 78.3 79.6 71.0 68.1 66.3 65.3
Oil power 2.6 2.3 2.1 6.1 5.4 5.8 5.0
Gas power 1.5 1.3 1.2 3.5 3.9 4.4 5.0

Hydro power 18.5 17.0 16.1 15.5 18.2 15.4 16.2
Nuclear power 1.3 1.0 0.9 3.7 4.3 7.0 7.5

Renewable 0.0 0.1 0.1 0.2 0.2 1.2 1.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Fig. 3.3.5.1  Installed capacity in the future  (unit: GW)

Fig. 3.3.5.2  Power generation in the future (unit: TW·h)

Fig. 3.3.5.3  Power generation mix in the future

Note：In Fig. 3.3.5.1～3.3.5.3，the digits “1” ～“7” represent 1995 (scenario), 2000 (low scenario), 2000
(high scenario), 2010 (low scenario), 2010 (high scenario), 2020 (low scenario), 2020 (high scenario)
respectively.
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3. 4  Energy Mix in Electricity Production in Future
Calculated on the basis of the capacity of China’s electricity sources in the

future, the predicted amount of each kind of energy needed for future power
generation is listed in Table 3.4.1.

Table 3.4.1 indicates that there will be a rapid growth in energies used for
electricity generation in China, corresponding to a rapid increase in the needs of
the nation’s economic development for power supply. While coal still holds a
dominant place in the mix of electricity-generating energies, steady progress will
be made toward utilization of new and more efficient energies. In the next 25 years,
it is expected that the consumption of natural gas in power generation will grow at
an annual rate of 9.6%～10.9%. In 2020, the consumption of natural gas for this
end will amount to 277～370 × 108 m3, in contrast to 9.47×108 m3 in 1995. The
consumption of petroleum in power generation will grow at an annual rate of
8.47%, reaching 34.4 Mt in 2020. The consumption of coal will have an annual
growth rate of 4.7%～5%, and in 2020 the figure will rise to 11.18～12.87 × 108 t.

Table 3.4.1 indicates that there will be a rapid growth in energies used for
electricity generation in China, corresponding to a rapid increase in the needs of
the nation’s economic development for power supply. While coal still holds a
dominant place in the mix of electricity-generating energies, steady progress will
be made toward utilization of high quality fuels. In the next 25 years, it is expected
that the consumption of natural gas in power generation will grow at an annual rate
of 9.6%～10.9%. In 2020, the consumption of natural gas for this end will amount
to 277～370 × 108 m3, in contrast to 27.74 108 m3 in 1995. The consumption of
petroleum in power generation will grow at an annual rate of 8.47%, reaching 34.4
Mt in 2020. The consumption of coal will have an annual growth rate of 4.7%～

5%, and in 2020 the figure will rise to 1118～1287 Mt.
Table 3.4.1  Amount of energies used in electricity generation in the future

1995 2000 2010 2020
actual low high low high low high

Coal (Mt) 375.54 500.44 554.36 856.67 934.02 1117.79 1287.25
Standard Coal (Mt) 268.14 357.32 395.82 611.66 666.89 798.11 919.10

Petroleum (Mt) 4.51 17.21 17.21 25.82 25.82 34.43 34.43
Standard Coal (Mt) 6.45 24.60 24.60 36.90 36.90 49.20 49.20
Natural gas(108m3) 27.74 73.98 73.98 157.22 203.46 277.44 369.92
Standard Coal (Mt) 3.69 9.84 9.84 20.91 27.06 36.90 49.20

Hydropower(TW·h) 186.8 224.9 224.9 381.6 508.8 528.7 653
Standard Coal (Mt) 65.38 78.72 78.72 125.93 167.90 169.18 208.96

Nuclear Power (TW·h) 12.8 12.6 12.6 120 120 240 300
Standard Coal (Mt) 4.48 4.41 4.41 39.60 39.60 76.80 96.00

Renewableenergy (TW·h) 0.2 1.6 1.6 5.8 5.8 41 41
Standard Coal (Mt) 0.07 0.56 0.56 1.91 1.91 13.12 13.12

Total (Mt) 348.20 475.44 513.94 836.91 940.27 1143.31 1335.58
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3. 5  Predictions about the investment demand of power construction
As the capital cost of power generating equipment is influenced by a number of

factors, there is a great difference between the capital cost of one power project and
that of another. In our study, we have made predictions about various investment
figures on the basis of the statistics of China’s power industry since 1995 and
experts’ opinions, and modified them with reference to related foreign data.

 Investment in coal power
Following the development strategy of making 300～600 MW units the

dominant type in the future, China will only install high-efficiency large-capacity
units in coal-power construction from the year 2000 on. In 1995 and 1996, the
average capital cost of domestically constructed units with a capacity of 300 MW
and above was 4543 RMB yuan/kW and 5404 RMB yuan/kW respectively.
However, the thermal efficiency of such units is considerably lower than that of
imported supercritical 60 MW units, although they have by now been largely
standardized.  If they are to reach the standards of foreign units, their capital cost is
estimated to rise about 10%. Therefore, we have settled on a figure of 5500 RMB
yuan/kW in our calculations of investment in coal power equipment.

 Investment in hydropower
In 1995, the average comprehensive capital cost of the hydropower stations

nationwide was 8296 RMB yuan/kW，and the unit investment of hydropower has
exceeded 10,000 RMB yuan/kW in recent years. Taking these facts into
consideration, we have estimated the average investment of large- and medium-
scale stations in the future to be 10,000 RMB yuan/kW, and that of small stations
to be 7,000 RMB yuan/kW.

 Investment in gas- and oil-power
At present, only very few areas in China are equipped with gas units and the

CCGT units are mostly imported. In our study, we have assumed both gas-fired
and oil-fired units to be CCGT units, and based our prediction on the average
capital cost of domestic units of the same kind in recent years, which is 5000 RMB
yuan/kW.

 Investment in nuclear power
The construction costs of Lingao and Qinshan Phase III nuclear projects,

which are under construction, will be around 2000 US$/kW including IDC.
According to the experience of Qinshan Phase II, it has been estimated that two
1000 MW PWR units with above 50% localization would cost 11500 RMB
yuan/kW before 2010. Around 2010 China will have the capability to build 1000
MW domestic nuclear units and the capital cost would be about 10000 RMB
yuan/kW. Accordingly, we assume the average investment cost be 11500 RMB
yuan/kW for 1000 MW nuclear units, which will be completed during 2006～2010
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and 10000 RMB yuan/kW after the year 2010.
 Investment in wind power unit

Table 3.5.1  Predicted investment in the power industry in 1996————2020
Newly added installed capacity(GW) 1996—2000 2001—2010 2011—2020

Coal power 52.4～68.4 142.7～158.3 106.6～144.1
Oil power 0.6 24 10
Gas power 0.3 13.6～18.6 13～18

Large-sized hydropower 13.8 43～83 40
Small-sized hydropower 3 8 10

Nuclear power 0 12.9 20～30
Renewable energy 0.44 1.55 12.1

Total 70.5～86.5 250.7～311.3 211.7～264.2
New investment (￥108 )

Coal power 2882～3762 7849～8707 5863～7926
Oil power 30 1200 500
Gas power 15 680～930 650～900

Large-sized hydropower 1518 4730～9130 4400
Small-sized hydropower 210 560 700

Nuclear power 0 1700 2000～3000
Renewable energy 44 150 1210

Total 4699～5579 16869～22377 15323～18636

As large and medium-sized wind power units are technologically intensive
products, China is not yet able to design and manufacture them. Currently installed
units are mostly imported and have a relative high cost, the average being  9,000～
10,000 RMB yuan/kW. Expecting improvements on future wind power technologies,
we foresee an increase in the capacity of wind power units and a drop in their costs.
Therefore, we have estimated the average cost to be 10,000 RMB yuan/kW.

A calculation with reference to the predicted newly installed capacity in the
future and the above analysis of investment in the power industry indicates that,
taking the present prices as the benchmark, China need to invest 3.3～4.1 trillion
RMB yuan in the power industry in the next twenty years (2001~2020). The details
are given in Table 3.5.1.
3. 6  Status quo of Environment and Environment Protection Measures of

Power Industry
3. 6. 1  Status quo of Environment in China

Despite the steady improvements in China’s environment protection, the
status quo of the environment does not presents an optimistic picture. The air
pollution in China falls into the category of smoke pollution, with suspended
particulate and acid rain as the main pollutants. In 1996, the concentration of total
suspended particulate in atmosphere, annually averaged 309 µg/m3, generally
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exceeded the limit of the national standard in urban areas. The concentration was
387 µg/m3 for cities in Northern China, and 230 µg/m3 for cities in Southern China.
In Northern China, the concentration in 85% cities was 30% higher than the limit.
Data collected by air monitoring systems in Beijing, Shenyang, Xi’an, Shanghai
and Guangzhou, which have joined the program of global air monitoring, indicate
an average daily concentration of suspended particulate of 200～550 µg/m3, 3～9
times higher than the health standards set by the World Health Organization. These
five cities are all among the 10 worst polluted cities of the world. Of the nation’s
more than 500 cities, less than 1% have reaches Level I standards for the air.

In 1996, the average concentration of SO2 in urban areas all over the country
was 79 µg/m3. Cities in Northern China have 83 µg/m3 of average concentration
and 76 µg/m3 for Southern China urban area.  Because it has not yet taken effective
measures against SO2, China is suffering from regional serious acid rains and SO2

pollution. Recent years have witnessed an aggravation of pollution. Areas with
acid rain records have extended from parts of Southwest China in the early 1980s
to most places in Southwest, South, North and East China. It was estimated that
acid rains in Southwest and South China alone caused an economic loss of 14
billion RMB yuan (taking prices in 1988 as the benchmark).

Water pollution in China is also becoming a serious problem. Half of the
waterways of the seven main river systems have been contaminated by organic
matters or heavy metals. The water quality of 86% of all in-city river sections has
exceeded pollution standards. Tai Lake, Chao Lake and Dianchi Lake and many
other lakes are threatened with excessive nutritious matters. Soil erosion is also
alarming. Areas suffering from soil erosion and wind erosion cover 38% of
China’s territory.
3. 6. 2  Status-quo of Environment in Power Industry

Because of a more-than-normal content of sulfur in China’s coal and of the
Chinese’s huge consumption of coal, coal burning is the main cause of the country’s
air pollution. The power industry is the largest user, whose yearly consumption of
coal accounts for more than 1/4 of the nation’s coal production. Therefore, thermal
power is the main source of pollutants in China. In 1994, the country’s emission of
SO2 was 18.25 Mt, of which coal burning in the industrial sector accounted for
13.41 Mt, or 73.4%, and thermal power plants alone accounted for 5.81 Mt, or
31.8%. The nation’s emission of dust was 14.14 Mt, of which coal burning in the
industrial sector accounted for 8.07 Mt, or 57.1%, and thermal power plants alone
accounted for 3.97 Mt, or 28.1%. It is obvious that coal-fired thermal power is
responsible for nearly a third of the main indicators of China’s air pollution. Table
3.6.2.1 lists the most important environment-related statistics of China’s thermal
power plants with a capacity of 50 MW and above in recent years.
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Table 3.6.2.1  Basic environment-related data of China’s 50kW-and-above
thermal power plants in 1985————1995

Year
Installed
capacity

MW

Raw coal
consumption

Mt

Emission
of dust

Mt

Emission
of SO2

Mt

Emission
of cinder

Mt

Comprehens-ively-
utilized cinder

 Mt

Emission of cinder
cleansing

Mt
1985 43571 142.04 3.35 2.49 37.69 7.32 649.16
1986 51508 157.95 3.75 2.92 42.17 9.38 N/A
1987 55267 180.36 3.68 3.29 48.09 11.28 600.26
1988 60728 201.18 3.35 3.73 55.45 14.69 624.19
1989 60356 219.09 3.64 4.05 63.19 17.86 674.28
1990 74644 231.64 3.43 4.03 65.19 18.40 737.33
1993 10658 312.60 3.77 5.00 93.53 30.10 781.38
1994 10828 331.31 3.98 5.81 91.16 37.00 N/A

Source: Mao Chuanjian: Strategy on Power Industry & Environment Protection in China delivered at ’93
Sino-US Conference on Energy;China’s Environmental Statistical Annals ’95—’97.

Though the electric power industry is the major sector of causing China’s
environmental pollution and faces more and more serious environmental problems
to the industry, with several years of intense effort, the industry has made
considerable progress in the battle against pollution, as shown below:

(1) Dust control  
The amount of dust emissions has been harnessed. In 1987, the total installed

capacity of China’s in-network 6 MW-and-above thermal power plants was 55,270
MW and the emission of dust was 3.68 Mt. In 1995, the total installed capacity rose
to 116,250 MW, and the emission of dust was 395 Mt. While there was an increase
of 110% in installed capacity, the emission of dust only climbed up 7%.

The average dust-removal efficiency of China’s thermal plants in 1987 was
around 92%. In 1995, the figure rose to 95.6%, and the goal for the Eighth Five-
Year Plan was realized three years ahead of schedule.

(2) Treatment of SO2

China has laid it down as its second largest goal in air pollution prevention to
reduce and control SO2 emissions. The government has imposed new standards on
the SO2 emissions of newly constructed power plants. By the end of 1995,
desulphurization devices in operation, in construction and in the stage of research
and design corresponded to a total installed capacity of 6,000 MW. Although they
are not yet playing an appreciable role in controlling SO2 emissions, these projects
and programs signal the starting point of desulphurization in Chinese thermal
plants.

(3) Control and comprehensive use of cinder
China has almost solved the problem of dumping cinder into rivers. By the end

of 1994, 13 power plants had stopped dumping cinder into rivers, and the other
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thermal plants were taking active measures. In 1995, the problem was completely
solved. In the same year, the amount of cinder comprehensively utilized by in-
network thermal plants reached 41.45 Mt, and the utilization rate was 40%.

(4) Control of wastewater
The rate of power plants that reach the standards for wastewater (cinder

cleansing water not included) emission is rising year by year. In 1987, the rate was
only 60%. In 1995, it rose to around 80%.

The emission of cinder cleansing water of unit power generation is yearly
decreasing. Cinder cleansing water accounts for 80% of the wastewater emitted by
power plants. To reduce its emission, some plants have adopted close-circuit
recycling systems. As a result, cinder cleansing water emissions have been
considerably reduced.

Power plants are also making efforts to recycle wastewater and make it a
valuable resource. They began to recycle wastewater in 1987, and in 1994, the
recycled wastewater amounted to 0.77 Gt. Recycling wastewater has not only
saved a large amount of money, but also relieved water pollution.
3. 6. 3  Environment Protection Measures in Power Industry

The Chinese government lays great emphasis on environment protection and
takes it as a basic national policy. Apart from Environment Protection Law of the
People’s republic of China, the government has in recent years made out and
issued a series of specific environment-related laws and administrative regulations,
among which energy related are: the Air Pollution Prevention Law, the Water
Pollution Prevention Law and the Solid Waste Pollution Prevention Law. It is
currently implementing China’s 21st Century Agenda, The Ninth Five-Year Plan
and Blueprint in 1996—2010 for Environment protection, Plan for Aggregate
Control of the Nation’s Main Pollutants in the Ninth Five-Year Period, China’s
Cross-Century Green Project and a series of other action programs. To realize its
goals for aggregate control of SO2 emission, the government has designated Acid
Rain Control Areas and SO2 Control Areas. Total area of Acid Rain Control Areas
is 0.8 million km2, or 8.4% of the national territory, covering Shanghai city and
provinces of Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Hubei, Hunan, Guangdong,
Guangxi Sichuan, Guizhou and Yunnan and so on. The SO2Control Areas include
137 places including Beijing, Tianjin and Hebei. Altogether, they account for an
area of 1.09 million km2, or 11.4% of China’s territory. In order to reduce SO2

emissions and acid rain pollution in these areas, the level of SO2 emission in the
year 2010 is to be kept at the level of the year 2000.

To control the environmental pollution by the electric power sector the
Chinese government has made clear stipulation for the environmental protection of
the sector in the Air Pollution Prevention Law. It includes:
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  The construction of new thermal power plants in the urban areas should be
based on the requirement and conditions of the areas and the co-production of
thermal and electric power generation should be conducted.  In this way, the thermal
pipe network and the main parts of the thermal power plant is better simultaneously
constructed, Checked and put into use.

  Power plants, as well as other large-scale and medium-scale enterprises, built
in acid control areas and SO2 emission control areas, must use low-sulfur coal or, if
high-sulfur coal is used, the plants must use desulfurization devices and electric
precipitators or take other measures to reduce SO2 emissions and remove dust.
Existing enterprizes using high-sulfur coal should take measures to reduce SO2

emissions. The Chinese government encourages enterprizes to use advanced
desulfurization devices and dust removal technologies.

In addition, the electric power sector issued some regulations on the
environmental protection of thermal power plant, such as Detailed Rules and
Regulation on Environmental Protection of Thermal Power Plant and so on.  And
it has also made efforts to improve the quality of coal supplies to reduce pollution.
The average sulfur content in coal supplied to power plants decreased from 1.2%
in 1988 to 1.1% in 1994.  This small change lowered annual SO2 emissions by
450,000.

The Chinese government has begun to consider how to engage in international
cooperation to deal with the global environment problem. China’s long-term
strategy for reducing the emission of greenhouse gases is to curb and lower the
increase rate of the emission of the main greenhouse gases such as CO2 and
methane as a first step, and to achieve a zero growth and even a drop in the absolute
amount of greenhouse gas emissions.
3. 6. 4  Goals and measures of the power industry for environment protection in the

Ninth Five-Year Plan period
To adapt to the strategy for a sustained development, and to ensure a rapid,

stable and healthy growth of the power industry, the government attached great
importance to rational use of resources, energy saving and environment protection
when delineating the development blueprint for the power industry in the Ninth
Five-Year Plan period. Environment protection was given serious consideration in
the guidelines, general strategy, power construction distribution and industrial
policies.

The power industry’s goals for environment protections in the Ninth five-year
plan period are as follows:

(1) The total amount of dust emission is to be kept at the level of the year 1992,
that is, within 3.80 Mt, so as to achieve a growth in production without an
attendant increase in pollution. The average dust-removal rate of in-network 6
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MW-and-above thermal power units is to reach 97.5%.
(2) Desulphurization devices are to be gradually introduced into the thermal

power plants in those areas and cities that have a fast growing economy but suffer
from serious pollution, especially from acid rain. With nationwide implementation
of charging for SO2 emissions and other relevant economic policies, the total
capacity of desulphurization devices in operation and in construction is to reach 10
GW so that a preliminary control over SO2 emissions by the power plants in these
areas could be achieved.

(3) All fully occupied cinder fields are to be reclaimed and replanted, so as to
prevent a second pollution. The amount of fine coal ash comprehensively utilized
is to reach 45 Mt.

(4) All plants are to rise to the standards for wastewater emission. The rate of
cinder cleansing water recycled is to reach 40%.

(5) The construction of large- and medium-sized hydropower stations,
especially the development of cascade stations, should take measures to protect
ecological equilibrium.

(6) In the planning and site selection of nuclear power stations, serious
consideration should be given to environment protection.

In order to realize the above goals, the power industry will take the following
environment protection measures in the future:

(1) In planning the development of the power industry, lay emphasis on both
hydropower and thermal power, and allow for an adequate development of nuclear
power. Construct more minemouth power stations, so that coal transportation could
be changed to electricity transfer. Build a number of gas- and oil-fired combined
cycle gas turbine units so as to optimize the mix of power source, ameliorate the
disposition of energies and resources and improve the ecological environment.

(2) Raise the efficiency of power generation and reduce the consumption of
energy resources. Generally use high-parameter high-efficiency units when
installing new units. Accelerate the renovation of the existing units and reduce coal
consumption in power generation. Strive to renovate superannuated high-energy-
consumption high-pollution medium- and small-scale units with a total capacity of
8 GW before the year 2000. Try to realize a drop of 50 g/kW·h in coal
consumption on the figure of the year 1992. This achieved, more than 50 Mtce
would be saved, which means that 0.78 Mt of dust, 1.10 Mt of SO2 and 17 Mt of
cinder would not be emitted to the detriment of the environment.

(3) Improve the quality of coal for power generation. Strive to reduce the
content of sulphur in coal used by power plants. Try to realize an average drop of
0.1%～0.2% in the content of sulphur in thermal coal and a drop of 0.70～0.80 Mt
in SO2 emissions.
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(4) Accelerate the development of clean coal technologies. Gradually promote
the domestication of desulphurization devices and equipment in thermal power, so
as to make preparations for its future application.
3. 7  Predictions of SO2 and CO2 Emissions by Power Industry in Future
3. 7. 1  Predictions of SO2 Emissions

In order to calculate and analyze CO2 and SO2 emissions by China’s primary
energy in the future, some assumptions we made are as follows:

 China’s primary energy demand in the future can be calculated based on the
above prediction of China’s commercial energy end-use demand (see section 2.6).

 There will be no marked change in the average content of carbon and sulphur
in China’s fossil fuels in 2000～2020. So we assume the average content of carbon in
coal to be 56%, in petroleum to be 85% and in natural gas to be 73%; the average
content of sulphur in coal to be 1.16%, in petroleum to be 0.15% and in natural gas to
be 0.13 g/m3.

  The emission factors of CO2 and SO2 used in our report are supplied by
Chinese experts.

Table 3.7.1.1  The development trends of CO2  and SO2 emissions by China’s
primary energy consumption in the future

2000 2010 2020
1995

low high low high low high
Primary energy / MTCE 1257.05 1450 1500 1950 2085 2515 2684

Coal / Mt 1334.62 1477.45 1488.82 1748.53 1820.17 2156.83 2125.11
Oil / Mt 147.95 190 210 290 310 380 417

Gas / billion cm3 17.95 30.0 40.0 90.0 100.0 130.0 190.0
CO2 emission factor coal / t-CO2/t 1.75 1.75 1.76 1.76 1.76 1.76 1.76

oil / t-CO2/t 2.5 2.5 2.5 2.5 2.5 2.5 2.5
gas / kg-O2/m3 2.2 2.2 2.2 2.2 2.2 2.2 2.2

SO2 emission factor coal / kg-O2/t 14.6 14.6 14.6 14.6 14.6 14.6 14.6
oil / kg-SO2/t 2.00 2.00 2.00 2.00 2.00 2.00 2.00

CO2  emissions Coal / Mt 2335.59 2585.54 2620.33 3077.41 3203.50 3796.03 3740.19
Oil / Mt 369.88 475.00 525.00 725.00 775.00 950.00 1042.52
Gas / Mt 39.48 66.00 88.00 198.00 220.00 286.00 418.00

Total / Mt 2744.94 3126.54 3233.33 4000.41 4198.50 5032.03 5200.69
SO2 emissions Cola / Mt 19.49 21.57 21.74 25.53 26.57 31.49 31.03

Oil / Mt 0.30 0.38 0.42 0.58 0.62 0.76 0.83
Total / Mt 19.78 21.95 22.16 26.11 27.19 32.25 31.86

  Note: the data in 1995 is calculating one based on the above assumptions.

Based on the above assumptions, the amount of CO2 emissions by China’s
primary energy consumption will reach 3127～3233 million tons by the year 2000,
of which, CO2 emissions by coal consumption will account for 82%～81%.
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Compared to 1995, CO2 emissions by primary energy consumption will increase
annually 2.6% ～ 3.3%; the amount of SO2 emissions by primary energy
consumption will come to 21.95～22.16 million tons by the year 2000 , compared
to 1995, it grows annually 2.1%～2.3%.  In the year 2010 and 2020, the amount of
CO2 emissions by primary energy consumption will amount to 4000～4199 million
tons and 5032～5201 million tons respectively, of which, CO2 emissions by coal
consumption will be respectively 77%～76% and 75%～72%.  Compared to 1995,
the average annual growth rate in the year 2010 and 2020 will be respectively
2.5%～2.9% and 2.5%～2.6% ; the amount of SO2 emissions by primary energy
consumption will respectively amount to 26.11～27.19 million tons and 32.25～
31.86 million tons in the year 2010 and 2020, compared to 1995, the average
annual growth rate in the year 2010 and 2020 will come to 1.9%～2.1% and 2%～

1.9%, respectively.  Table 3.7.1.1 shows the development trends of CO2 and SO2

emissions by primary energy consumption in the future.
3. 7. 2  Predictions about SO2 emissions by China’s power industry in the future

This study makes two analyses of SO2 emissions by China’s power in the
future. One analysis assumes that coal-fired power plants do not take measures to
reduce SO2 emissions, while the other assumes that the opposite is the case.

a. Analysis I－assuming that coal-fired power plants do not take any measures
to reduce SO2 emissions

As we assume that power plants will not take any measures to reduce SO2

emissions, in the future SO2 emissions by China’s power industry will increase
with a rapid growth in the demand for electricity. Calculations indicate that SO2

emissions will amount to 9818～10576 kt in the year 2000, 16054～17497 kt in
the year 2010 and 20951～24112 kt in the year 2020. The average annual growth
rate of SO2 emissions will be: 5.43%～7.01% in 1995～2000, 5.04%～5.16% in
2000～2010 and 2.7%～3.26% in 2010～2020.  The trend predicted of SO2

emission by China’s power industry in the future is given in Table 3.7.2.1 and
Table 3.7.2.2.

Table 3.7.2.1  SO2 emissions projection by China’s power industry  (low scenario)   104 t
1995 2000 2010 2020

Coal power 752.31 980.14 1597.31 2084.19
Oil power 1.36 1.56 7.80 10.40
Gas power 0.05 0.06 0.29 0.51

Total 753.72 981.76 1605.40 2095.10

  Note: the data in 1995 is based on the above assumptions.
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Table 3.7.2.2  SO2 emissions projection by China’s power industry (high scenario) 104 t
1995 2000 2010 2020

Coal power 752.31 1055.98 1741.54 2400.16
Oil power 1.36 1.56 7.80 10.40
Gas power 0.05 0.06 0.37 0.68

Total 753.72 1057.6 1749.71 2411.24

  Note: the data in 1995 is based on the above assumptions.
b. Analysis II－assuming that coal-fired power plants take some measures to

reduce SO2 emissions
We have made the following assumptions:

  The average content of sulphur in fuels used for power generation is the
same;

  The total capacity of units with desulphurization devices in 2000 is 30.8
GW, and the figure in 2010 is twice that in 2000, or 61.6 GW. All new 300 MW-
and-above units will be equipped with desulphurization devices.

  The average efficiency of the desulphurization devices installed in future
power plants is 90%.

  Most Chinese experts think that installing desulphurization devices will
increase investment costs in power generation by 15%～25%. In our calculations,
we have assumed the average cost of such devices to be 1150 RMB yuan/kW.

Based on the above assumptions, we have re-calculated the low and high
scenarios of SO2 emissions (see Table 3.7.2.3). As we assume that the power
industry will take measures to reduce SO2 emissions after the year 2000, there is
considerable reduction in SO2 emissions at every time that our study covers. In the
low (with desulphurization devices) scenario, the amount of SO2 emissions in 2000,
2010 and 2020 is respectively 1230 kt, 2534 kt and 4384 kt lower than the
corresponding figure in the low (without desulphurization devices) scenario. In the
high (with desulphurization devices) scenario, the amount of SO2 emissions in
2000, 2010, 2020 is respectively 1230 kt, 2534 kt and 5926 kt lower than the
corresponding figure in the high (without desulphurization devices) scenario.
According to our estimation, for the purpose of reducing SO2 emissions, 228.8
billion RMB yuan (272.0 billion RMB yuan) more investment has to be put into
the power industry in the low (high) scenario. As installing desulphurization
devices in coal-fired power plants will increase investment costs, washing and
dressing high-sulphur coal before burning might be another alternative. In cases
where restrictions on SO2 are not strict, it can reduce SO2 emissions and does not
need huge investments.

In addition, natural gas has many advantages over coal as a fuel to generate
electric power. Natural gas or oil-fed turbines enjoy lower capital costs, air
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pollution emissions, and construction lead times as well as greater efficiencies,
modularity, and reliability compared to coal-based technologies. Therefore,
accelerating the development of gas power is an important way to reduce China’s
SO2 emissions.  Another way for reducing SO2 and CO2 emissions is improving
energy efficiency and energy conservation. Based on our estimate, at present, if we
can save electricity of around 100 million kW·h each year total emission reduction
will be 640 tons and 24700 tons respectively for SO2 and CO2.
Table 3.7.2.3  SO2 emissions projection by China’s power industry in different scenarios

Low (without
desulphurization

devices)

Low (with
desulphurization

devices)

High (without
desulphurization

devices)

High (with
desulphurization

devices)
1995 7.54 7.54 7.54 7.54
2000 9.82 8.59 10.58 9.35
2010 16.05 13.52 17.50 14.96
2020 20.95 16.57 24.11 18.19

    Note: the data in 1995 is based on the above assumptions.

3. 7. 3  Predictions about CO2 emissions by China’s power industry in the future
Based on the CO2 emission factor and the future power supply scenario

mentioned above, we make analysis on the future development trend of CO2

emissions by China’s power industry.
As the future electric power structure of China will be still dominated by coal

power, in line with the high growth of electric power demand, the CO2 emission by
power industry increases dramatically throughout the study period.  Table 3.7.3.1
and Table 3.7.3.2 demonstrate the development trend of CO2 emissions by China’s
power industry in the year 2000, 2010 and 2020.  The amount of CO2 emissions by
power industry in 2000 will reach to 910～977 million tons, and the amount of
CO2 emissions in the year 2010 and 2020 will amount to 1598～1745 million tons
and 2117～2435 million tons, respectively. The total CO2 emission by power
industry will increase by a factor of 3 over the period 1995～2020, especially, the
CO2 emission by gas power will grow very rapidly and it increases by a factor of 10
over the period 1995～2020.  The average annual increase rate of CO2 emission in
the milestone years is as follows: the average annual increase rate will be 5.9%～

7.4% from 1995 to 2000, being 5.8%～6% for 2001 to 2010 and being 2.9%～

3.4% for 2011 to 2020 (see Table 3.7.5 and Table 3.7.6).
Table 3.7.3.1  CO2 emissions projection by China’s power industry (low scenario)  Mt

1995 2000 2010 2020
Coal power 653.18 875.2 1426.04 1860.72
Oil power 19.43 22.25 111.24 148.32
Gas power 10.79 12.22 61.12 107.85

Total 683.39 909.67 1598.40 2116.90
 Note: the data in 1995 is based on the above assumptions.
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Table 3.7.3.2   CO2 emissions projection by China’s power industry (high scenario)  Mt
1995 2000 2010 2020

Coal power 653.18 942.92 1554.81 2142.82
Oil power 19.43 22.25 111.24 148.32
Gas power 10.79 12.22 79.09 143.80

Total 683.39 977.39 1745.14 2434.94

 Note: the data in 1995 is based on the above assumptions.

Table 3.7.3.3  CO2 and SO2 emissions projections by China’s primary energy
consumption and by China’s power industry (without desulphurization devices)

2000 2010 2020
1995

low high low high low high
CO2 emission energy consumption/Mt 2744.94 3126.54 3233.33 4000.41 4198.50 5032.03 5200.69

in which, power industry 683 910 977 1598 1745 2117 2435
Share of power industry

 to total / % 25 29 30 40 42 42 47

SO2 emission energy consumption/Mt 19.78 21.95 22.16 26.11 27.19 32.25 31.86
in which, power

industry 7.54 9.82 10.58 16.05 17.50 20.95 24.11

share of power / % 38.12 44.73 47.73 61.47 64.35 64.96 75.67

  Note: the data in 1995 is based on the above assumptions.

Table 3.7.3.4   CO2 and SO2 emissions projections by China’s primary energy
consumption and by China’s power industry (with desulphurization devices)

2000 2010 2020
1995

low high low high low high
CO2 emission energy consumption/Mt 2744.94 3126.54 3233.33 4000.01 4198.50 5032.03 5200.69

in which, power industry 683 910 977 1598 1745 2117 2435
share of power industry

to total / % 25 29 30 40 42 42 47

SO2 emission energy consumption 19.78 21.95 22.16 26.11 27.19 32.25 31.86
in which, power industry 7.54 8.59 9.35 13.52 14.96 16.57 18.19
share of power industry

to total / % 38.12 39.12 42.18 51.78 55.01 51.38 57.09

  Note: the data in 1995 is based on the above assumptions.

Table 3.7.3.3 and Table 3.7.3.4 show the development trends of CO2 and SO2

emissions by China’s primary energy consumption and by China’s power industry
in the future.  It can be seen that, if power plants does not take any measures to
reduce SO2 emission, the percentage of SO2 emission by power industry to total
SO2 emissions by primary energy consumption in the year 2000 will be 45%～

47.7%, and this percentage in the year 2010 and 2020 will increase to 61%～64%
and 65%～76%, respectively. But, if power plants take some measures to reduce
SO2 emission, the percentage of SO2 emission by power industry to total SO2
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emissions in the future will decrease dramatically.  In the control SO2 emission
scenarios, the percentage of SO2 emission by power industry to total SO2 emissions
in the year 2020 will decrease 14～19 percentage.  In line with the rapid increase
of electric power demand, the percentage of CO2 emission by power industry to
total CO2 emissions by primary energy consumption in the future increase rapidly.
The percentage of CO2 emission by power industry to total CO2 emissions will
increase from 25% in 1995 to 42%～46% in 2020.  Accordingly, power industry is
not only the major source of SO2 emissions, but also it is the major source of CO2

emissions.
Through the above analysis, we can reach the following conclusions:
(1) With a rapid increase in China’s demand for electricity in the future,

environmental problems caused by power generation will become more and more
prominent. As China possesses abundant coal resources, a mix of energies
dominated by coal is unlikely to change in a long period of time. According to our
analysis of two SO2 emission scenarios, even if power plants take measures to
reduce SO2 emissions, the total amount of SO2 emissions by the power industry
will still rise to 16.57～18.189 million tons in 2020, which is 2.8～3.2 times the
figure in 1995, accounting for around 55% of the total SO2 emissions by primary
energy consumption .

(2) Pressures from the needs of environment protection will result in an
increase in investment costs of power construction. Our study indicates that RMB
yuan 228.8～272.0 billion more money have to be put into the industry if power
plants install desulphurization devices of a certain capacity.

 (3) At present, that thermal power plants use washed coal is the foremost
economical and effective way to reduce SO2 emissions. Therefore, great efforts
should be made to develop coal selecting, washing, processing and utilizing
technologies to raise the rate of raw coal washed and to give priority to the
development of low-sulphur kinds of coal.

(4) Desulphurization in coal-fired power plants and gas-fired combined cycle
gas turbine power generation technologies are, in the long term, the most
economical and effective measures to control SO2 emissions. The sectors
concerned should set out to make preparations for accelerating the
desulphurization process of thermal power plants.

(5) The least expensive way for China to reduce CO2 emissions is to substitute
nuclear power for thermal power. The government should speed up the
development pace of domestically made equipment and change the competition
potential of nuclear power into its competition ability so that nuclear power can
play a role in improving energy consumption structure and reducing SO2 and CO2

emissions. As the rapidly growing economy in the coastal areas are strained by an
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urgent demand for electricity, and as the lack of energy resources and the pressure
on the environment are approaching their limits, the State should encourage and
support these areas to give priority to nuclear power development so as to control
CO2 emissions.

4  ECONOMICAL COMPARISON BETWEEN NUCLEAR AND
    COAL-FUELED POWER OPTIONS

In China nuclear power has been and will be further developed at the coastal
area of the East and the Southeast, where there is a lack of the primary energy
resources such as coal, oil and natural gas. So the analysis and comparison between
nuclear and coal power systems were carried out for the Guangdong Province as an
example.
4. 1  Specific Investments for Full Fuel-chain Facilities of Electricity Production

The so-called specific investments for full fuel-chain facilities can be defined
as the sum of investments, which are invested to build all facilities in full fuel-
chains of any power generation technologies to have a power generation capacity
of one kWe. The full fuel chain includes fuel-mining, fuel-transporting, fuel-
processing, fuel-refining, power station, spent-fuel reprocessing, waste disposal,
etc..
4. 1. 1  Specific Investment of Power Station

The construction costs for the selected nuclear and coal-fired power stations
should be comparable. In the study, Qinshan Phase II (2×642 MW) and Zouxian
Phase III (2×600 MW) in the Shandong Province are selected as nuclear and
coal-fired power station cases, respectively. The construction of Qinshan II began
in 1996 and is expected to complete in 2002 and 2003. The final investment was
estimated to be about 14.73 billion RMB yuan. The construction of Zouxian III
began in November 25,1993 and in November 5,1997 it was put into operation. Its
total investment is 6.54 billion RMB yuan. So we have that the specific investment
for nuclear power station, Qinshan II, is about 11500 RMB yuan/kW and the
specific investment for coal-fired power station, Zouxian III, is 5450 RMB
yuan/kW.
4. 1. 2  Specific Investment of Fuel System

(1)  The investment for nuclear fuel cycle facilities that can meet needs of 10
GW nuclear units for 30 years’ operation and spent-fuel reprocessing and final
waste disposal are estimated to be 10 billion RMB yuan. So its specific investment
is 1000 RMB yuan/kW.

(2) Fuel supply for coal-fired power station is mainly based on the
construction of large-scale coal mine. To take the modern large-scale coal mine in
Zouxian Dongtang as an example, it was put into production in December 23, 1989
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with a total investment of 1.25 billion RMB yuan. Its annual production capacity is
4 million tons, which means its specific investment is 312.5 RMB yuan/t. If the
investment of auxiliary facilities is taken into account, 416 RMB yuan/t for total
(auxiliary facilities cause a 1/3 investment of mine). In fact the specific investment
for newly built mines is even larger, with an average value of 500 RMB yuan/t.
Thus, the specific investment for coal mine turns out to be 1500 RMB yuan/kW
assuming that 1 kW capacity of thermal power station needs 3 tons of coal each
year.
4. 1. 3  Specific Investment of Transportation System

(1)  Investment for the transportation of nuclear fuel is so small that it can be
omitted.

(2) According to the reliable data by some experts from integrated
transportation organizations, the average unit investment to coal transportation
system for a newly-built thermal power station in the Guangdong Province is 2250
RMB yuan/kW with a range from 2000 RMB yuan/kW to 2500 RMB yuan/kW.
This largely results from the long-distance and large-quantity transportation of
coal and also from the requirement for the construction of railways, ports and ship
by newly built thermal power stations.
4. 1. 4  Specific Investment of Power Transmission System

There are two schemes for power transmission: one is to build power stations
near coal mines and transmit power to the Guangdong Province by high-tension
transmission line; the other is to build power stations in Guangdong near the load
center to decline power transmission cost.

(1)  The specific investment for the power transmission from power stations
near coal mine in the Shangxi Province to Guangdong is 3000 RMB yuan/kW.

(2)  The unit investment for electricity transmission system from local power
stations to load center is estimated to be 800 RMB yuan/kW.
4. 1. 5  Specific Investment of Environmental Protection System

(1) For nuclear power projects all the investments for environmental protection
facilities are normally included in that of power stations and nuclear fuel cycle facilities.

(2) However, most of coal-fired power plants in China, like the above-mentioned
Zhouxian III Plant, have not been equipped with devices to reduce emissions of SOx,
NOx and so on. The specific investment of domestic desulphurization facility for coal-
fired power plant is about 970 RMB yuan/kW (～117 US$/kW) according to experts
estimate, although 150～230 US$/kW was estimated in abroad.
4. 1. 6  Comparison of Specific Investments for Full Fuel-chain Facilities between

Nuclear and Coal-fired Power System
Integrated comparison of specific investments for full fuel-chain facilities was

made here for the Guangdong power system. For coal-fired power option, two
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cases were considered as follows. (a) Coal-transportation case, in which thermal
power station was supposed to be built in Guangdong and long-distance coal
transportation from Shanxi to Guangdong is required; (b) power transmission case,
in which power station is built near coal mines in Shanxi and electricity is
transmitted to Guangdong. The specific investment for nuclear power station built
in Guangdong was compared with these two cases.

(1) Coal-Transportation Case
This case assumes that coal is transmitted from Datong in the Shanxi Province to

Guangdong by the optimal transmission scheme of railway-waterway combination.
Specific investment to thermal power station: 5450 RMB yuan/kW
Specific investment to coal mine: 1500 RMB yuan/kW
Unit investment for coal transportation: 2250 RMB yuan/kW (Datong—

Guangdong)
Unit investment for desulphuration: 970 RMB yuan/kW
Unit investment to power transmission: 800 RMB yuan/kW
Total: 10970 RMB yuan/kW
(2) Power-Transmission Case
Unit investment to thermal power station: 5450 RMB yuan/kW
Unit investment to coal mine: 1500 RMB yuan/kW
Unit investment to desulphuration:  970 RMB yuan/kW
Unit investment to power transmission:  3000 RMB yuan/kW
Total: 10920 RMB yuan/kW
(3) Specific Investment to Nuclear Power System
Unit investment to nuclear power station: 11500 RMB yuan/kW
Unit investment to nuclear fuel system: 1000 RMB yuan/kW
Unit investment to power transmission: 800 RMB yuan/kW
Total: 13300 RMB yuan/kW
(4) Conclusion
If we compare only the investment for nuclear and coal-fired power stations,

investment for nuclear case will be 1.5～2 times of that for coal case. This is the
reason why it is widely spread that nuclear power is more expensive than coal-
fired power.

However, if the full fuel-chain facilities for electricity production are taken
into account, different result can be obtained: in the Guangdong Province, the full
fuel-chain investment for nuclear power system is 13300 RMB yuan/kW while
that for thermal power system is about 10970 RMB yuan/kW. This means nuclear
power is only 21% more expensive than thermal power. Comparison between two
cases of thermal power system shows that specific investments for these two cases
are almost the same.
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4. 2  Comparisons of Generation Costs and Electricity Prices between Nuclear,
Coal-fired and Gas-fired Power Projects after 2005 in Coastal Area of the
East and South-East China

4. 2. 1  Background
The coastal area of the East and South-east China has been the most developed

region in China, where there are the Shandong, Jiangshu, Anhui, Fujian,
Guangdong and Hainan Provinces and the Shanghai City. The economic
development and the energy/electricity demands in the area have grown much
faster than other areas. However, the area is lack of primary energy resources (coal,
oil, gas and hydropower resources). The fuels used to generate electricity are
mainly transported from the North China. The long-distance transportation of a
huge amount of coal has brought and will continuously bring great pressure to the
total transportation capacity of not only the area but also the main railway lines
through North to South China.

On the other hand, the limitation of environmental capacities of the area is a
critical issue for the further development of power plants fueled by coal and other
fossil fuels. For example, there has been serious acid-rain pollution in recent years
in the Guangdong Province, where the frequency occurring acid rain is close to
50%. Facing the serious air pollution the province has stopped building new diesel
units and intended not to develop new coal-fired power plants at the Zhujiang
Delta area.

After the Qinshan NPP (300 MWe) and Daya Bay NPP (2 × 984 MWe) started
to be put into commercial operation successively in 1994, four new NPPs with
around 6.6 GWe of total capacity are under construction at this area now and will
be commissioned from 2003 to 2005 respectively.

It has been a common understanding from the viewpoint of sustainable
development in China’s energy, electricity and environmental protection fields to
develop nuclear power to an appropriate extent in the coastal area. However, the
specific investments of three nuclear projects (Daya Bay, Lingao and Qinshan III)
are around 2000 US$ per kWe, about 3 times of investment requirements for coal
units without desulphurization devices and that the electricity prices from NPP’s to
grids are higher. So the main problem, which has to be solved in order to continue
to develop nuclear power in China, is the nuclear power’s economical
competitiveness.

The purpose of this study is to compare the economical competitiveness of
coal-fired, gas and nuclear power in the coastal area after 2005, when the
investments of nuclear power plants with large units may be reduced through the
efforts in self-reliant design and construction.
4. 2. 2  Technical and Economical Parameters of Projected Power Projects
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The assumed new power projects, which are considered to start commission
after 2005, are as follows:

 Coal-fired Power Projects
       / C1 /  2×300 MW (domestic)
       / C2 /  2×600 MW (domestic)

 CCGT Project
/ G1 /  2×330 MW (imported)

 Nuclear Power Projects
/ N1 /  2×650 MW  (PWR, domestic)
/ N2 /  2×1000 MW (PWR, China-foreign cooperation)
/ N3 /  2×1000 MW (PWR, domestic)

The coal-fired power projects were assumed to be equipped with domestic units
and desulphurization devices.

Table 4.2.2.1 Basic technical and economical parameters of coal-, gas- fired and
Nuclear power projects analyzed in study

Project C1 C2 G1 N1 N2 N3
Capacity / MWe 2×300 2×600 2×330 2×650 2×1000 2×1000
Discount rate / % 10.0

Economic life time / a 25
Depreciation period / a 20

Interest rate of loans / % 8
Loan repayment period / a 15

Construction period / a 5.0 6.0 3.0 7.0 8.0 7.0
Unit efficiency / % 38.4 40.3 52.0 32.1 36.0 36.0

Service consumption rate / % 8.0 7.5 2.0 7.0 5.0 5.0
Overnight cost (1999.12) /RMB

yuan/kWe 5520 4830 3735 7705 8100 7220

Ratio of owners capital / % 20 20 20 10 10 10
Decommissioning funds rate / % 10 10 10

Fixed O&M cost / RMB yuan/kW·a 145 130 90 260 267 253
Variable O&M cost / RMB yuan/kW·h 0.025 0.025 0.005 0.0095 0.009 0.009

Coal price / RMB yuan/tce 400 400
LNG price / US $/Mbtu 3.6

Nuclear fuel cost1) / RMB yuan/k W·h 0.075 0.057 0.057

Notes: 1) The value of nuclear fuel cost includes the frond- and back- end costs and is derived on the principle
of lifetime average.

For the nuclear project N1, two units were assumed to be the type of Qinshan
II and built domestically. N2 was assumed as a pioneer project of Chinese 1000
MW nuclear unit with fuel assemblies of high performance (high burnup, long
cycle period and low damage probability). Chinese and foreign designers would
complete the design of N2 in a cooperative way, but about 50 percent of N2’s
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equipment in money term are imported from abroad. The units of N3 were
assumed be the type of N2 but the main part of equipment would be made
domestically. It should be point out that here the units of Projects N2 and N3 were
assumed to be available just after 2005 in China, although the practical situation
may not be the case. The basic technical and economical parameters of the above
new power projects are listed in Table 4.2.2.1.

Some parameters in Table 4.2.2.1 were determined in the following way:
(1) The overnight capital costs of coal-fired units were determined according

to the experiences in recent years and the reference cost indices published by the
former Ministry of Electric Power in 1997. Table 4.2.2.2 shows the estimates of the
total investment costs including IDC of some new coal-fired power plants in China,
which will not be equipped with desulphurization devices. From the table one can
find out that the investment costs of coal units in China are much cheaper than that
in most of developed countries. It should be noticed that the overnight capital cost
of the assumed coal-fired power projects C1, C2 and C3 in Table 4.2.1 include the
investments of desulphurisation devices.

(2) As to the nuclear project N1 (2 × 650 MW), the overnight cost was
estimated on the basis of the experience of Qinshan Phase II and the assumption
that self-reliance be achieved.

Table 4.2.2.2  Estimates of total investment costs of some new coal units
under construction1)               As spent RMB yuan/kW 2)

Project Name Capacity
MW

Investment
RMB yuan, US$/kW Reference Date Source Date

Baoji Phase II 4 × 300 5206/627 Foundation 96.07.02 1996.07.09
Xiangfan Phase I 4 × 300 5343/644 Units 1,2 in operation 1996.12.05

Pingliang 4 × 300 4840/583 Approval  98.06.22 1998.08.11
Wunzhou Phase II 2 × 300 5700/687 Contract valid 1998.07.05

Jinggangshan 2 ×300 6330/760 Feasibility approval 1997.09.27
Fugu 2 × 300 6000/720 Agreement 96.12.25 1997.01.23

Xiangtan B 2 × 300 5766/690 Approval 97.03.17 1997.04.10
Zhouxian III 2 × 600 5410/650 Operation 98.11.05 1997.12.16

Qinbei 2 × 600 4745/570 Agreement 98.11.17 1998.12.03

  Notes: 1) Source: China Electric Power News;  2) 1 US$ = 8.3 RMB yuan.

As mentioned above, N2 (2 × 1000 MW) was assumed as a pioneer project of
Chinese 1000 MW nuclear units. Its overnight construction cost was determined on the
principle of the size factor theory and derived from the overnight cost of Project N1.

Project N3 would have the same nuclear units as Project N2, but be built
almost completely with Chinese resources. In this case the overnight capital cost of
N3 would be 10% lower than that of N2 in constant money term.



60

(3) For gas-fired power plant, it was assumed that combined cycle gas-turbine
units would be equipped and fueled with LNG imported abroad, say from the
Middle-East or NG from the off-shore gas field at South Sea.

The LNG price used in the study includes the cost of LNG re-gasification and
referred to that in Korea and Japan. So the investment needed to build LNG re-
gasification station was excluded in the construction cost of CCGT project.

(4) As mentioned above, the coastal area is lack of coal resources, so coal
supply for coal-fired power plants is mainly from North China and part from
abroad, say Australia, and thus the coal prices vary due to different sources of coal
supply. In this study an average coal price, 400 RMB yuan/tce, was estimated.

(5) In recent two years the interest rate in China has been decreased several
times. Now the rate for long-term construction loans for large construction projects
approved by the government is lower than 8%. Considering the present study is to
make projection for next decade’s projects, the annual interest rates of loans for all
the above 6 projects were determined to be 8%.

(6) All the units of the analyzed projects were considered as of base load, so an
average load factor of 70% per year was assumed in the study.

The total investment costs including IDC of the 6 new power projects were
calculated and listed in Table 4.2.2.3.

Table 4.2.2.3 Projected total investment costs of 6 projects           US $/kW1)

Project C1 C2 G1 N1 N2 N3
Total investment cost 798 732 506 1278 1350 1198

  Notes: 1)  1 US$ = 8.3 RMB yuan

4. 2. 3  Methodologies to Estimate Electricity Generation Cost
For any electricity generation plant project in China, apart from its specific

investment, the generation cost and the to-grid tariff during operation is the most
important indicators of its economical competitiveness.

Generally speaking, the electricity generation cost is composed of three parts:
investment cost, operation and maintenance (O&M) cost, and fuels cost. However,
the cost breakdown of each part and the cost calculation method differ from
country to country. In this report the cost estimation methods and the cost
breakdown adopted in China are described for power plant projects. Two different
concepts of generation cost have been applied, that is, lifetime levelised
discounted cost and average cost.
4. 2. 3. 1  Lifetime Leveled Discounted Generation Cost Method

The method was established by UNIPED and has been widely used in many
countries and international organizations for the purpose of comparing different
power project candidates. The lifetime levelised electricity generation cost of a
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power plant project is calculated by using Eq.4.1:
[ ] [ ]∑∑ ++++=
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Where:   It ——Construction investment in the year t
          OMt ——Operation and maintenance costs in the year t
              Ft ——Fuel costs in the year t
              Et ——Electricity generated in the year t
                d ——Discount rate
                 t ——A time variable for summation with a range of the full   
                           construction period and the economic lifetime.
The summation of It in Eq. 4.1 over t is the so-called overnight cost of construction
project. In China, it is divided into the following parts:

 Cost of civil work (including labors and materials).
 Cost of equipment purchasing (including equipment, freight and insurance).
 Cost of erection (including labors and materials).
 Other engineering cost (including cost for land, management, feasibility

study, prospecting and design, licensing, import duty, and so on).
 Cost of full (for PHWR) or 2/3 (for PWR) nuclear fuel of initial core.
 Contingency.

So, overnight cost of project can also be composed of two parts: base
construction cost and contingency, the concepts of which have been adopted in
OECD/NEA study on Projected Costs of Generating Electricity in recent years.

It should be pointed out that the fuel cost of initial core was included in
overnight cost of nuclear power project in China, which may be different from
other countries and international organizations in energy field.

As usual, the constant money term of an assumed reference date was used in
estimating all expenditures and costs occurring in construction and operation
periods of project.

In the study a discount rate of 10% is used in discount calculations and as
interest rate to calculate interest during construction (IDC) in leveled generation
cost estimation.
4. 2. 3. 2  Average Generation Cost Method

It should be pointed out that the leveled generation cost method has not been
widely adopted in China. A commonly used method in China is of the average
generation cost, in which unit generation cost is a simple average value obtained
through dividing total generation costs by total amount of electricity produced
during an analysis period, such as loan repayment period, depreciation period and
full lifetime period. The main formulas of generation cost estimates in the method
are presented as follows.
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(1)  Total Construction Cost
According to the national rule of economical evaluation of power projects, the

total construction cost of project is estimated in the current money term and
includes owner’s capital, loans and interests during construction. Suppose C0, Cf

and Ct are, respectively, the overnight cost, the fixed cost (or fore cost) and the
total construction cost of project, one has the following relations:
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Where e and i are annual price escalation rate and interest rate respectively, Cf1(n)
and Cf2(n) are owner’s capital invested in project and loan’s principal at the year N.
The project has a construction period of  N years. In Eq.4.3 N0 (in a unit of year) is
the interval between the zero point of project construction and the reference date of
currency in which the overnight cost is expressed. In the average cost method the
escalation and interest rates are in nominal terms, which means that inflation is
included in the rates and Ct is in current money term.

(2) O&M Costs and Fuel Costs
All the expenditures occurred during operation period, that is, O&M costs and

fuel costs, are estimated in the fixed price of the first operation year of project,
which means that no inflation and price escalation are taken into account during
operation period.
The O&M cost breakdown is as follows:

 overhaul fund  insurance
 salary and welfare fund  interests of working capital loan
 cost of water and materials  costs of administration

●   low- and middle-radioactive
waste management cost

 others

Fuel costs include all expenditures for the front-end and the back-end of nuclear fuel.
(3) Average Unit Cost of Generating Electricity
In the method, investment depreciation fund and construction loans’ interests

present the cost component in generation cost, which has to be paid during loan-
repayment period. (The depreciation funds during loan-repayment period should
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be used to pay the principals of construction loans.)
The average unit cost of generating electricity during a certain operation period is
divided into three parts as usual,

average unit cost (Tc) = average investment cost (Ic) +
                                 average O&M cost (OMc)+                     (4.5)

                        average fuel cost (Fc)
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Where Em, Im, OMm and FUm are, respectively, electricity generated, investment
cost, O&M cost and fuel cost at the year m; Dm, Rm, and Ym being depreciation fund,
interest of construction loans and reserve fund of decommissioning cost,
respectively; and Fm, Sm fuel costs of front end and back end. The whole lifetime is
assumed to be M years. In Eq.4.6 the annual depreciation fund Dm is calculated by
using output method with an assumed depreciation period of D years, that is,
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with Em being the electricity output at year m.
4. 2. 3. 3  Calculated Results of Projected Generation Costs of Different Power Projects

Using the assumed technical and economical parameters listed in Table 4.2.1
the generation costs of all the above-mentioned power plant projects were obtained.
The results are presented in Tables 4.2.3.1～4.2.3.2 respectively with the above-
mentioned 2 different generation cost concepts: 1) life-time levelised discounted
generation cost; and 2) average generation cost. In China plant owners are more
interested in the latter concept.

It is addressed that for nuclear projects the following treatments of cost
components were made:

 The back-end cost of nuclear fuel was included in fuel cost. But the total fuel
back-end cost was averagely counted in annual fuel cost from the 11th year through
the end of the economic lifetime period due to that spent fuel would be stored in plant
site for about 8 years and then transported to reprocessing plant.
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 The decommissioning cost of nuclear plant was treated as a reserve fund and
shared in annual generation costs of the last 10 operation years.

Table 4.2.3.1  Projected leveled generation costs of different power plants after 20051)

Plant C1 C2 G1 N1 N2 N3
Total leveled cost / RMB yuan/kW·h 0.318 0.300 0.340 0.300 0.287 0.265

Investment / % 39.3 38.9 21.1 61.1 65.0 62.5
O&M / % 17.0 17.1 3.9 19.1 19.2 20.4
Fuel / % ) 43.7 44.0 75.0 19.8 15.8 17.1

Cost ratio to N3 1.20 1.13 1.28 1.13 1.08 1.0

  Notes: 1) d = 10%, 2000.1.1.

Table 4.2.3.2  Projected average generation costs of different power plants after 20051)   
Plant C1 C2 G1 N1 N2 N3

(1) in repayment period / RMB yuan/kW·h 0.287 0.269 0.324 0.275 0.266 0.244
Cost ratio to N3 1.18 1.10 1.33 1.13 1.09 1.0

(2) in full lifetime / RMB yuan/kW·h 0.260 0.244 0.308 0.251 0.235 0.219
Cost ratio to N3 1.19 1.12 1.41 1.15 1.08 1.0

  Notes: 1) d = 10%, 2000.1.1.

Fig. 4. 1  Leveled generation costs of 6 proposed power projects

One can see from Tables 4.2.3.1～4.2.3.2 and Fig.4.1 that: (1) Under the
above assumptions of technical and economical parameters, the generation cost of
CCGT/LNG project ranks the highest. The reason is very clear that the price of
LNG is too high due to that LNG must be imported from abroad. (2) Among the
three types of generation technologies, the nuclear with large unit and fuel
assemblies of high performance will be the cheapest in the coastal area from the
viewpoint of lifetime generation cost.

The generation cost of nuclear project N3 will be the lowest in any analysis
period and with any cost estimate method, which means nuclear power will have
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economical advantage when self- reliance is achieved in construction of nuclear
power projects in the coastal area. In fact even if the project N2, the pioneer project
of N3, would appear the advantage.

Due to that the units of Nuclear Project N1 are assumed to have low net
efficiency and use low burnup fuel, the generation costs of N1 in both repayment
and lifetime periods are higher than that of Nuclear Projects N2 and N3, and even
Coal Project C2.
4. 2. 4  Projected Electricity Prices to Grid from Different Power Projects

In China prices of electricity from power plants to grid enterprises and from
grid to end-users should be approved by government. For any new power project
its price of electricity to-grid must be estimated in feasibility study in order to see
if it is acceptable for electricity grid enterprise. If the to-grid price requirement is
so high that the relative grid enterprise could not purchase the electricity from the
project after it is completed, the authority concerned could not approve the project.
4. 2. 4. 1  Electricity Price Estimate Method

As well known, the price of any commodity should cover production cost,
taxes and enterprise-owner’s benefit. In feasibility study of a new power plant
project, the price of electricity from the plant to the relative grid is estimated
according to generation cost estimate, fixed tax rates and the requirement of
investment return (benefit). In this study, the electricity prices of 6 assumed
projects were determined on the principle of that the financial internal return rate
(FIRR) of owner’s capital investment (including working capital) is equal to 15%.
The concept of the financial internal return rate is the same as that used in other
countries. However, the detail calculations may be different: in our calculation the
capital investments are counted in current money term, e.g. as spent, while all the
expenditures during operation period are counted in constant money term.
4. 2. 4. 2  Calculated Results of Projected Electricity Prices

Table 4.2.4.1 shows the projected average prices of electricity to grid of 6
different power plants, which were assumed to be commissioning after 2005 in the
coastal area, without value added taxes. The prices were averaged over 2 periods:
loan’s repayment period and full lifetime period.

Table 4.2.4.1 Projected electricity prices of 6 different power plant     RMB yuan/kW·h
Analysis period C1 C2 G1 N1 N2 N3

Repay. period  (first 15 years) 0.382 0.366 0.372 0.375 0.356 0.333
Lifetime period  (25 years) 0.366 0.358 0.362 0.351 0.321 0.309

Under the parameter assumptions listed in Table 4.2.1 nuclear power would be
the cheapest. The order of lifetime average electricity prices from low to high is N3,
N2, N1, C2, G1 and C1, which is a little bit different from that of generation costs.
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As well known, the gas-fueled power project needs less investment per kWe. So
G1 needs less investment loans for construction, which leads to less benefits to meet
loan’s repayment requirements as well as income taxes under a given FIRR. Thus,
the price of electricity produced from G1 (2×330 MW CCGT) would be lower
compared with coal projects C1 (2×300 MW), though G1’s generation cost is higher.
4. 2. 5  Sensitivity Analyses

The study is to forecast economical competitiveness of different power plants
after 2005 in the coastal area of China. The results presented above have
uncertainties to some extent due to the uncertainties of the assumed values of basic
parameters.
4. 2. 5. 1  Effect of Interest Rate

The interest rate of construction loan is a key factor for capital investment cost
of any project, especially for project with long construction period. Normally, the
construction period of nuclear project is the longest among coal, gas and nuclear
power technologies. So the effect of loan interest rate is more serious on nuclear
project. Table 4.2.5.1 shows the changes of the projected capital investments,
lifetime average generation costs and electricity prices of Projects C2, G1 N2 and
N3 when the interest rate rises from 8% to 12%. One can find out from the table
that the economical superiority of N2 and N3 to C2 and G1 will be weakened with
the increasing of interest rate. Although the superiority remains, the lifetime
average generation cost of C2 will be higher than that of G1. On the other hand, the
electricity prices of Projects G1 will be lower than that of Coal Project C2 due to
long construction period of coal project.

Table 4.2.5.1  Sensitivity analysis on effects of interest rate

Interest rate / % 8.0 12.0 Difference
C2 732 779 47

G1/LNG 506 521 15
N2 1350 1445 95

Capital cost / US$/kWe

N3 1198 1302 104
C2 0.244 0.260 0.016

G1/LNG 0.308 0.316 0.008
N2 0.235 0.268 0.033

Lifetime average generation
cost / RMB yuan/kW·h

N3 0.219 0.249 0.030
C2 0.358 0.381 0.023

G1/LNG 0.362 0.372 0.010
N2 0.321 0.360 0.039

Lifetime average Electricity
price / RMB yuan/k W·h

N3 0.309 0.348 0.039

One conclusion is clear from the practical experiences and the above
sensitivity analysis that the economical competitiveness of nuclear power is
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deeply affected by macro-economic conditions, such as inflation and interest rates
due to high capital-intensity and long period of construction.

4. 2. 5. 2  Coal Price Effect
The coal market prices in China vary greatly from place to place due to the

uneven coal resources distribution. The market prices of raw coal with heat value
of 21～23 MJ/kg keep on around 300 RMB yuan per ton in the coastal area of East
China and the South-East China for several years. In this study an average coal
price of 400 RMB yuan/tce (about 48 US$/tce) in plant site was assumed for the
area. The results show that with this price coal power plants have no economical
superiority to the nuclear project. However, a large part of coal used as fuel in
state-owned power plants (e.g. so-called “electric coal”) is still arranged by
government now in China with special prices, several US dollars per ton lower
than market prices. Considering this fact an analysis was made with a coal price of
350 RMB yuan/tce. The results listed in Table 4.2.5.2 indicate that 1) Coal Projects
C1 (2×300 MW) and C2 (2×600 MW) are economically better than Nuclear
Project N1，but N2 and  N3 are still economically competitive to coal projects; and
2) CCGT/LNG units lose economical competitiveness when coal price is lower.

Table 4.2.5.2  Economical comparison between coal-, gas- and nuclear-
projects under coal price of 350 RMB yuan/tce                       RMB yuan/kW·h

C1 C2 G1 N1 N2 N3
Levelised generation cost .301 .283 .340 .300 .287 .265

Lifetime average generation cost .242 .227 .308 .251 .235 .219
Lifetime average electricity price .348 .341 .362 .351 .321 .309

4. 2. 5. 3  Effect of Load Factor
In the above basic parameter assumptions a 75% of average load factor was

taken for all projected power units. If the factor decreases to 70%, the economical
competitiveness of nuclear power project will be weakened and gas project will
change in opposite direction. The reason is very clear that the construction cost
takes a most part in generation cost for nuclear project, however, for gas project the
situation is quite the contrary. When load factor decreases, the component of
construction cost in unit generation cost will increase more for nuclear units and
less for gas units. The Table 4.2.5.3 shows that electricity price will increase by
more than 4% for nuclear power, less than 4% for coal-fired power and 2% for
gas-fired power, respectively, when load factor decreases from 75% to 70%. One
could also find from the table that the electricity price of Nuclear Project N1 will
still be lower than that of Coal Project C2, and the latter is not competitive
compared with Gas Project G1 in lifetime average electricity price when load
factor is 70%.
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Table 4.2.5.3  Changes of economical characteristics of 3 power projects
under different load factors                             RMB yuan/kW·h

N1 C2 G1
Load factor 75 % 70 % 75 % 70 % 75 % 70 %
Leveled generation cost 0.300 0.312 0.300 0.308 0.340 0.345
Lifetime average generation cost 0.251 0.259 0.244 0.250 0.308 0.311
Lifetime average electricity price 0.351 0.365 0.358 0.371 0.362 0.369

4. 2. 5. 4  Effect of Owners Capital Rate
As listed in Table 4.2.2.1 the rate of owner’s capital to total investment was

assumed to be 10% for nuclear project but 20% for coal and gas projects, which is
similar with actual case in China. It has been found that the total construction cost
will decrease from 1198 US$/kW to 1152 US$/kW but the lifetime average
electricity price will rise by 0.041RMB yuan/kW.h for Nuclear Project N3, if 20%
of the rate is also used for nuclear project. In this case, although N3 is still
competitive to coal and gas projects, N1 and N2 lose their competitiveness. The
reason for this is that the loan’s interest rate of 8% was used in the study but the
financial internal return rate (FIRR) for owner’s capital, which was applied to
determine electricity price, was 15%, much higher than the loan’s interest rate. If
the difference between FIRR and interest rate is not too large, the effect of owner’s
capital rate will be little on electricity price.
4. 2. 6  Conclusions

The following several conclusions can be drawn from the present study:
1) Considering the achieved progresses in self-reliance process of nuclear

power construction in China, now China has capability to build middle-scale NPP,
and to build NPP with 1000 MWe units in such a way that the main tasks of design,
construction and project management are completed with domestic resources, and
the equipment and components are partly home-made and the other imported from
abroad. According to rough estimates, the total investment of a nuclear power
project can be reduced to less than 1400 US$ per kWe in present macro-economic
condition in China. Thus, nuclear power plants can provide electricity as cheap as
coal units equipped with desulphurization do and even cheaper in the coastal area.

2) In the coastal area of China, nuclear power will be developed on a certain
scale in the future, because this area, on one hand, is lack of fossil fuel resources
and, on the other, needs to mitigate the air pollution from energy production and
consumption. So, the full self-reliance and standardization must be realized in
China’s nuclear power cause. According to the experiences from some countries
such as France and the South Korea, the investments of nuclear projects can be
reduced about more than 10 percents through standardization and series
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construction. As shown above, the capital investment of nuclear power project
may be reduced to about 1200 US$ per kWe (in the present money term) according
to rough estimates when self-reliance is fully realized in China. Furthermore, the
standardization will reduce specific investment of nuclear power project. Among
coal-fired, gas and nuclear power technologies the nuclear will provide the
cheapest electricity not only for the Guangdong Province, where the price of coal
is the highest, but also for the whole coastal area of East China and the South East
China in the future.

3) In order to enhance economical competitiveness the great efforts, apart
from reducing construction cost, should be made for nuclear power units in China
to improve their reliability and annual capacity factor as most nuclear units in the
world top rank have done. One way to do so is to use nuclear fuel assembly with
high performance; the other way is to improve operation and maintenance
management to reduce unplanned outage. The study has indicated that nuclear
units will be more economically competitive if annual load factor is higher than
75% in the coastal area of China.

4) It can be drawn from the present study that nuclear power will have bright
prospects in China if self-reliance can be achieved.

5  COMPARATIVE ASSESSMENT OF ENVIRONMENT AND
HEALTH RISKS BETWEEN COAL-FIRED POWER AND
NUCLEAR POWER IN CHINA

5. 1  Introduction
Coal-fired energy chain includes some stages such as coal mining, preparation

process, transport, electricity generation and so on. Nuclear energy chain also
includes many stages, mining, hydrometallurgy, enrichment, fuel fabrication,
transportation, electricity generation, reprocessing, waste management and
disposal. It is fair and reasonable to compare the environment and health risks from
the point of view of whole energy chain.

In the report [15], of which contract number is IAEA 7165/R1/R2/RB, we have
compared environment and health risk between coal-fired energy chain and
nuclear energy chain. So supplement and modifying are made in this report
according to recent data.
5. 2  Information about Coal-fired Electrical Generation

The following information is got from the China Energy Annual Review (1997)
compiled by the State Economic and Trade Commission of China[16].
5. 2. 1  Coal Production

China produced a total of 1397.0 Mt of raw coal in 1996. Of which, state-
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owned key coal mines produced 537.2Mt, accounting for 38.5%; state-owned local
coal mines produced 537.2 Mt, accounting for 15.9%; and the remaining 45.6%
was produced by towns and villages coal mines totaling 637.7 Mt.

In 1996, 310 Mt of China’s national total raw coal output was put to
preparation process, which were about 22.2% of the national total. Ash content of
the saleable coals produced by the states-owned key coal mines averaged at 20.2%,
and refuse rate averaged at 0.1%.

Coal mining activates in China is dominated by underground coal mining
method. On the other hand, raw coal produced by the state-owned key mines in
open cast mining operation only accounted for 6.2% of the national total in the
same year.
5. 2. 2  Coal Transport

The energy productive areas are very unbalancing to the energy consumptive
distribution in China. Most of the coal production bases are in the “3 West” regions
(namely, Shanxi, Shannxi and the west Inner Mongolia). And the consumptive
distribution is concentrated along the eastern coastal areas. The net outgoing
traffic of coal in Shanxi and Inner Mongolia amounted to 272.7 Mt, constituting
60.4% of the total inter-provincial net traffic-volume of the whole country in 1996.
The coal net input traffic of the 11 provinces and municipalities along the eastern
coast attained 313.0 Mt, accounting for 74.1% of the inter-provincial net input
traffic of the whole country.

In 1995, the coal traffic by rails reached 674 Mt, which was 71.6% of the total
coal traffic; the coal moved by water ways amounted to 154 Mt, or 16.4% of the
total; highway amounted to 113 Mt, 12.0% of the total. The coal traffic by rails
constituted 42.3% of the total freight traffic, and the waterway held 25.0%,
highways held 22.0%.
5. 2. 3  Coal-fired Power Station

By the end of 1996, 208.37 GW of generating units with an individual capacity
over 6 MW were in operation. Of which, hydropower capacity was 37.27 GW,
accounted for 17.89%; coal-fired capacity was 160.54 GW, account for 77.04%;
gas-turbine capacity was 2.69, accounted for 1.29%; diesel capacity 5.77 GW,
accounted for 2.77%; nuclear capacity was 2.1 GW, accounted for 1.01%. In the
thermal installed capacity, coal-fired unit capacity with an individual capacity under
300 MW was 128.41 GW, accounted for 71.8%. Coal-fired unit capacity with an
individual capacity under 100 MW was 62.26 GW, accounted for 34.8%. Bigger
proportion of small thermal units led to unreasonable power sources mix, caused
low efficiency of the energy utilization and intensified the environmental pollution.

In 1996, fuel consumption of thermal power stations (over 6 MW units,
including 6 MW) was 327.48 MTce. Of which coal consumption were 470.56 MT.
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The ratio of energy consumed for power generation to total primary energy
consumption was 30.76%.

The energy conversion efficiency of thermal power station was 38.43%. The
net fuel consumption for thermal power stations was 410 gce/kW.h. The gross fuel
consumption was 377 gce/kW·h.

According to the data of electric power sector[17], coal ash from coal-fired
power plants was about 110 Mt in China in 1996. The use rate of coal ash was
40.1%, of which 28.1% was used in a variety of building materials.
5. 3  Information about Nuclear Electrical Generation

Since the nuclear energy is in the underway stage in China, the new published
data is lack. Data in Reference [18] and some oversea literatures were used.
5. 4  Comparing the Environmental Impact of Coal-fire and Nuclear

Electrical Generation
Environmental impact of coal-fire chain includes destroying land use,

polluting water and air and making noise because of taking up land, emitting waste
water, gas and solid, and running machine facilities in process of coal mining,
preparation process, transport, electricity generation, waste disposal and so on.

Environmental impact of nuclear energy chain is destroying land use and
polluting environment resulting from taking up land, emitting pollutant exclusion
radio-nuclides in process of mining, hydrometallurgy, enrichment, fuel fabrication,
transportation, electricity generation, reprocessing, waste disposal and tailing piles
decommissioning. (Environmental impact and health risk resulting from radio-
nuclides will be discussed in the following sections).

Normalized environmental impact of coal-fire and nuclear energy chain is
listed in Table 5.4.1. It is based on the reference [1], normalized with 1 GWa, and
modified with new data.

Table  5. 4. 1  Comparison fuel chain environment impact caused by nuclear
and coal power plants with generating of 1 GWa 1)

Coal-fire energy chain Nuclear energy chain
    Mining

Mining volume / t 2.96×106 2.7×105

Barren stone / t 2.96×103 3.0×105

Mine drainage / t 1.43×107 5.0×105

Earth subsidence / ha 59.0
Working volume / man·a 5140

    Processing
Coal washing water Re-use —

Smelting waste water / t — 2.7×106

Tail sand / t — 2.7×105
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Continued

Coal-fire energy chain Nuclear energy chain
HF emission during enrichment / t — 3.6×10-2

Power consumption / kW·h — 1.6×108

Element processing — —

    Transportation
Freight volume / t 2.96×106 A small amount
Coal consumption
SO2

Dust / t 5.64×104

CO2

    Generation
Gaseous：SO2 / t 5.85×104

Dust / t 6.1×104

CO2  / t 1.52×106

Liquid：Ash-sluicing water / t 1.12×107 —

Heat pollution
Solid：Ash / t 4.9×105

     Notes: 1)  Radioactivity emission not included.

5. 5  Health risk of Coal-fired Energy Chain
5. 5. 1  Health Risk of Ionizing Radiation
5. 5. 1. 1  Source Term

In 1996, The gross fuel consumption was 377 gce/kW·h in electric power
generation. So 2.87 Mt of coal is needed for a coal-fired power plant with one GW
power running one year (Average charge factor got 0.62). In other words, one GWa
was equivalent to 2.87 Mt coal consumption. (But in Reference [19], power supply
coal consumption of a coal-fired power plant with one GW power running one year
was adopted, viz. one GWa was equivalent to 5.2 Mt coal consumption).

The specific activities of radio-nuclides 226Ra, 232Th, 210Pb and 40K in coal,
bottom ash and fly ash, with the normalized specific activities of the radio-nuclides
for unit coal-fired electricity supply, in expression of “GWa” of electricity supply,
which is calculated in our study, are listed in Table 5.5.1.1.[20] In the calculation it
was supposed that:

1) 1 gce = 1.4 g coal.
2) Radioactivity in coals all transfer to ash, of which fly ash account for 85%,

bottom ash account for 15%.
3) In 1996, the gross fuel consumption was 377 gce/kW·h in electric power

generation industry.
All of the coals are from underground coal mines. 3% of loss rate in transport

is taken, so the quantities of raw coal needed to be mined, transported and burned
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for one GWa coal-fired electricity supply were 2.96 MT, 2.96 MT and 2.87 MT.

Table 5. 5. 1. 1  Estimated activities of radio-nuclides in coal, bottom ash
and fly ash for unit coal-fired power supply

Specific activities / Bq/ kg Normalized activities / GBq/GWa
226Ra 210Pb 232Th 40K 226Ra 210Pb 232Th 40K

Coal 27 52 26 69 77.5 149 90 198
Bottom ash 93 56 75 172 11.6 22.4 13.5 29.7

Fly ash 94 194 61 128 65.9 116.6 76.5 168.3

5. 5. 1. 2  Public Exposure
(1)  Coal Mining
On the assumption that 222Rn and 226Ra is in radioactive equilibrium and that

20% of the 222Rn is released into the atmosphere during mining process[21], based
on the data in Table 5.5.1.1, 15.5 GBq 222Rn would be released for one GWa of coal
electricity supply. We take dose coefficient, in Reference [21], from unit 222Rn
release to collective effective dose, 1.7×10-4 man·Sv /GBq, the public exposure
from 222Rn releases for coal mining, in terms of normalized annual collective
effective dose, is calculated to be 2.64×10-4 ma n·Sv /GWa.

(2) Coal Transport
In 1995, the coal traffic by rails reached 674 MT, which was 71.6% of the total

coal traffic. In 1996, the coal traffic increased 6.9% over 1995, attained 720.6 MT.
In the main way of coal transport, steam locomotive was substituted by electric
locomotive and diesel locomotive recently. Despite we supposed approximately
that the coal generating of one GWa power, viz. 2.96 MT, were all traffic by rails,
the public exposure brought by radioactivity from steam locomotive transporting
coal by rails was not calculated anymore.

(3) Electricity Generation
The main exposure pathways for the population living near coal power plants

are the inhalation and ingestion of natural radio-nuclides and the external exposure
from the nuclides deposited on the surrounding ground. Based on the technical data
of 255 coal power plants and the average specific activities of 226Ra, 232Th, 210Pb and
40K in coal, bottom and fly ash (Li 1992), as well as in soil, as listed in Table 5.5.1.1,
the normalized collective doses to the public in the 80 km zones were calculated.
The critical pathway is inhalation of radio-nuclides when the plume clouds pass by;
and the critical radio-nuclides identified are 232Th and 228Th in the plume.

The estimated normalized collective dose is 26.2 man·Sv/GW·a for those
plants with capacity larger than 25 MW, based on the UNSCEAR’s methodology [21];
for those with capacity between 500 kW and 25 MW the value is 76
man·Sv/GW·a. The estimated country average is 29.7 man·Sv /GW·a. This value
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is higher than that of world average, 3 man·Sv/GW·a, estimated for coal-fired
power plants by UNSCEAR[21], being 6.2 and 0.5 man·Sv/GW·a for “old” and
“modern” facility, respectively. The reason why our estimated values are higher may
be the reasons of:

a. In China coal-fired power plant, fuel consumption is far higher than that of
world level because of dated facilities and low management level. In 1996, the
gross fuel consumption was 377 gce/kW·h.

b. Till now, electric filters with efficiency 95% only used in new or large power
plants. Efficiency of ordinary filters used in other power plants was just about 85%.

c. Since population density was higher in China, moreover, Coal-fired power
plants were usually constructed between urban and rural zone, and recently, some
power plants were built nearby coal mine, actual population density in the 80 km
zones of power plants was far higher than that used in UNSCEAR[21].

d. The contented of radio-nuclides 226Ra, 232Th and 40K in coal in China, as shown
in Table 5.5.1.1, are higher than the world average estimated by UNSCEAR [21～22].

(4) External Exposure from the Use of Coal Ash
Coal ash is used in a variety of applications, and the manufacture of cement,

concrete, brick and other building materials is one of the major applications in
China. The use of coal ash in building materials may result in additional annual
effective dose to the residents from gamma external exposure since coal ash
contains higher specific activities of 226Ra, 232Th, and 40K. Based on some published
measurement data, the representative values of specific activities of 226Ra, 232Th,
and 40K were 55, 65 and 640 Bq/m3, respectively, for ordinary brick. However, in
coal-ash brick, the value was 100, 80 and 300 Bq/m3, respectively [23～24]. The
calculated additional absorbed dose rate in air in rooms built with coal-ash brick is
16 nGy/h [25]. In our calculation, the representative values listed above, the
UNSCEAR’s Model[21] and its dose conversion coefficients are taken, and an
appropriate correction factor is applied.

It is estimated that coal ash constitutes about 20.2% of the coal burned by
weight for coal-fired power plants and about 11.3% of the coal ash, 0.066 MT per
1 GWa of electricity supply, was used as building materials in 1996[17]. If we
suppose that 23 of coal ash are used in building one concrete-brick house, which
has a lifetime of 50 years, and that three persons, on average, lived in the house,
then the quantity of coal ash produced per one GWa coal-fired electricity supply
could provide about 8609 persons with house staying for 15.6 hours (65% of a day).
Based on these figures the estimated collective effective dose arising from gamma
external irradiation attributable to the annual usage of coal ash in building
materials is about 34.1 man·Sv/GW·a.
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5. 5. 1. 3  Coal Mining Occupational Exposure
The coal production of underground coal mines accounts for about 94% of the

total for the whole country. The equilibrium equivalent concentrations of 222Rn
progeny in underground coal mine were reported to vary over two orders of
magnitude, ranging from 7 to 1130 Bq/m3[24]. If we take a rounded average of 170
Bq/m3 as a representative value and use the ICRP’s dose conversion coefficient, 17
nSv/(Bq·h·m-3)[26], then the annual collective effective dose estimated is 35.6
man·Sv/GW·a.

According to Reference [16], in 1996, the raw coal productivity of the state-owned
key coal mine averaged at 1.923 t/shift. There was no data about the state-owned
local coal mine, the town’s and village’s coal mine, but it could be estimated that
their productivity was lower than that of the state-owned key coal mines. It is
calculated that 6157 coal miners were needed to produce 2.96 MT raw coal for one
GWa electricity supply.
5. 5. 1. 4  Health Risk from Ionization Radiation

Based on the normalized dose data summarized and the nominal probability
coefficient, 5×10-2/Sv, for fatal cancer[27], the normalized health risk (cancer deaths)
for the public and coal-miners from radiation released by coal-fired energy chain at
different stages is listed in Table 5.5.1.2.

Table 5.5.1.2  Normalized annual collective dose and health risk of ionizing
radiation from coal-fired power plants
Normalized annual collective

effective dose / man·Sv/GW·a
Normalized annual health

risk1)  / Deaths/GW·a
Public Miners Public Miners

Coal mining 2.64×10-4 (0.05)2) 35.6 (184) 1.32×10-5(0.0025) 1.78 (9.2)
Coal ransportation — (4.05) — — (0.20)

Electricity generation 29.7 (53.8) — 1.49 (2.69)
Use of coal ash 34.1 (157.0) — 1.71 (7.85)

Total 64 (214.9) 35.6 (184) 3.2 (10.7) 1.78 (9.2)

  Notes: 1) Including the fatal cancer from radiation exposure; 2) Data in ‘( )’are take from Reference [19].
5. 5. 2  Health risk of Chemical pollutants

During electricity generation by coal-fired power plants huge amounts of
chemical pollutant are released to the environment in the form of gaseous, liquids
and solid waste discharge, besides radiation releases. In order to evaluate the health
risk of chemical pollutants released by Chinese coal power plants, the
methodology[28～29] is used for chemical carcinogens and non-carcinogens pollutants,
respectively.

The calculated health risk, fatal cancer, from chemical pollutants is 1.66
deaths/GW·a for carcinogens and 0.28 deaths/GW·a for non-carcinogens
(considering only gaseous releases). The results indicate that the health risk caused
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by carcinogens is 5 times higher than that caused by non-carcinogens. The main
pathways are ingestion for carcinogens and inhalation for non-carcinogens, as
listed in Table 5.5.2.1.
Table 5.5.2.1  Health risk of chemical pollutants released from coal-firedpower plants 

                                              deaths/G W·a
Pathways

Pollutants Inhalation Ingestion Total
Carcinogens 0.06 1.60 1.66

Non-carcinogens 0.22 0.06 0.28
Combined 0.28 1.66 1.94

5. 5. 3  Risk caused by accidents
Accidents caused at different stages of the coal-fired energy chain are

accounted as one kind of health risk.
According to Reference [16], in 1996, the fatal rate per million tons of coal

production of the state-owned key coal mines was recorded at 1.168 persons, the
state-owned local mines and towns and villages coal mines were recorded at 4.02
persons and 7.70 persons. State-owned key coal mines produced 537.2 MT of raw
coal in 1996, accounting for 38.5%; and the remaining 45.6% was produced by
towns and villages coal mines totaling 637.7 MT. The average accidental death
rate, 4.6 persons per million tons, was calculated. So, the estimated normalized
annual accidental death rate at coal mining was about 13.2 deaths/GW·a.

As mentioned above, according to an approximate assumption that all coal
consumed by 1 GW·a would be transported by railway, 1 GW·a of power
production caused 2.396 deaths due to accident in 1992 and 1993.

In our calculation the risk of death in generation process was not considered.
In the above estimation of death caused by accident does not include the lose and
risk caused by injurious accident.
5. 6  Health Risk of the Nuclear Energy Chain
5. 6. 1  Public Exposure from Ionizing Radiation
5. 6. 1. 1  Exposure at Stages other than Electricity Generation

Since the nuclear energy is in the underway stage in China, the new published
data is lack. Based on some published data [18, 30] on annual collective effective dose
to the public living in the 80 km zones of nuclear facilities, the roughly estimated
normalized annual collective effective doses are 6.4, 0.57, 0.017, 0.21
man·Sv/GW·a for mining, fuel fabrication, transportation and tailing piles
decommissioning, respectively.
5. 6. 1. 2  Exposure from radionuclides releases at the electricity generation stage

Based on the radio-nuclides effluents data (or anticipate data) of Daya Bay and
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Lingao Nuclear Power Plants and Qinshan Nuclear Power Plants, the weighed
average of normalized annual collective effective dose from the China nuclear
power plants under normal operation status is 0.2 man·Sv/GW·a.[19]

5. 6. 2  Occupational Exposure
Based on a published paper[30] the normalized occupational exposures at

different stages of the nuclear power chain are: 12.8 man·Sv/GW·a for mining and
milling, 1.24 man·Sv/GW·a for element fabrication, 0.083, 1.16 man·Sv/GW·a
for transportation and electricity generation, and the total estimated is 15.3
man·Sv/GW·a per GW·a of electricity supply.
5. 6. 3  Accidents

No deaths are attributable to radiation accidents in the nuclear energy chain in
China so far. Non-radiation accidents happened mainly at the mining stage. The
normalized accident death rate for nuclear energy chain is 3.5 deaths/ GW·a[30].
5. 6. 4  Radiation Exposure and Health Risk from the Nuclear Energy Chain

Table 5.6.4.1  Normalized radiation dose and health risk
for nuclear energy chain in China

Normalized collective effective dose
Man·Sv/GW·a

Normalized health risk1)

deaths/ GW·a
Public
Mining 6.4 0.32

Element fabrication 0.57 0.03
Transportation 0.017 0.001

Generation 0.20 0.01
Tailing piles 0.21 0.01
Occupational

Radiation 15.2 0.77
Accident 3.5

Total 22.7 4.64

   Notes: 1) Health risk include fatal cancer and accident death of non-radiation.
Public and occupational radiation dose and health risk (including fatal cancer

and accidental death) are shown in Table 5.6.4.1. The nominal probability
coefficient[27], 5×10-2/Sv, for fatal cancer, is used to estimate the normalized health
risk. It is shown that the normalized health risk is 0.37 deaths/ GW·a for the public
and 0.77 deaths/ GW·a for the occupational person. With numbering the accidental
death, the total health risk is 4.27 deaths/ GW·a for the occupational person. Total
health risk for the public and occupational person is 4.64 deaths/ GW·a.
5. 7  Conclusion

The environmental impacts and health risks caused by coal-fired and nuclear
energy chains in China are listed in Table 5.7.1. It is shown that the environmental
impacts and health risks of coal-fired energy chain, 20.12 deaths/ GW·a, are
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greater than that of nuclear chain, 4.64 deaths/ GW·a. The reason is that nuclear
energy has higher energy density (to generate the same power, the fuel volume for
nuclear energy is 106 times smaller than that of the coal-fired energy). In addition,
not only a large amount of SO2, dust and CO2 but also the radioactive nuclides and
progeny, the poisonous organic and heavy metals are emitted during coal
combustion in coal-fired power plants.

Table 5.7.1  Normalized health risk caused by coal-fired and
       nuclear energy chain in China                       deaths/ GW·a

Coal-fire chain Nuclear energy chain
Radiation Chemical Accident Subtotal Radiation Accident Subtotal

Public
Mining 1.32×10-5 1.32×10-5 0.35 0.35

Transportation — — 0.002 0.002
Generation 1.49 1.94 3.43 0.01 0.01

Waste 1.71 1.71 0.01 0.01
Subtotal 3.20 1.94 5.14 0.37 0.37

Occupational
Radiation 1.78 1.78 0.77 0.77
Accident 13.2 13.2 3.5 3.5
Subtotal 1.78 13.2 14.98 0.77 3.5 4.27

Total 4.98 1.94 13.2 20.12 1.14 3.5 4.64

5. 8  Primary Study on Externality
The externality includes the loss produced by airborne and liquid pollutants,

casualty accident and serious accident as well as other factors, which are not
included in the cost. At present only the estimate of economic loss produced by
acid deposition was calculated in China. The statistics and analysis of the casualty
accident in both the coal-fired power and nuclear power chains have been carried
out. However how to calculate the value of life is need to be studied further.

The externality of acid deposition caused by coal fired power. According to
the project “Study on the Acid Deposition and It’s Impacts on Ecosystem in
China”, the economic loss caused by the uncontrolled release of SO2 in 1995 and
2000 is listed in Table 5.8.1. The project is carried out with the cooperation of
World Bank. The consumption of coal of China in 1995 was 1376.78 MT and 430
MT was used for coal fired power. The electricity production of coal fired power
was 767 TW·h, which took 95% of the total thermal power. So, it can be calculated
that the externality of acid deposition is 5.54 cents (RMB)/k W·h, about one forth
of the internal cost. In the above calculation, the self-consumption of electricity in
the power plant and the loss on lines are considered. It should be pointed out that
the calculation of economic loss caused by acid deposition in China did not include
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the damage to building, bridge and facilities as well. If these factors are included,
the loss shall be much more.

The analysis of death probability in coal and nuclear chains has been carried
out in this paper. We analyzed the problem of pneumoconiosis[31]. At present there
are no data on the permanent disability. This problem needs to be studied further.
We have estimated the value of life using different methodologies. However, there
are much different opinions on this problem. This is also a problem need to be
studied further.

About serious accidents, we plan to make analysis based on the present data
from hydroelectric and coal fired power.

Table 5.8.1  Economic loss of acid deposition in China      Billion RMB yuan, the price 1995
1995 2000

Agriculture
Forest
Health
Total

21.77
77.58
17.19

116.54

28.48
128.34

19.6
176.42

6  SUGGESTIONS ON NUCLEAR POWER DEVELOPING
STRATEGY IN CHINA

6. 1  Situation and Capability of Nuclear Power Development in China
6. 1. 1  Situation of nuclear power development

In China nuclear industry was set up in the middle of 1950’s. However, the
development of nuclear power and the construction of NPP were very late after a
long-period argument and gestation. The steps to develop nuclear power have been
speeded up since the policy of reforming and opening-to-outside was adopted. The
Qinshan Nuclear Power Station with one unit of 300 MW PWR is the first nuclear
power plant designed and constructed by using local resources and was connected
to grid in December 1991. The Qinshan NPP has ended the history that the
mainland of China had no nuclear power. Two of imported 900 MW PWR units in
the Daya Bay nuclear power station also began commercial operation successively
in 1994.

The program of future development of nuclear power was put into schedule
during the period of preparation and construction of Qinshan & Daya Bay nuclear
projects. In January 1986, the 600 MW PWR unit was determined as the main type
of nuclear reactor locally developed by China herself on a meeting of the State
Council. The policy of mainly self-reliant construction and cooperating with
foreign countries was made at the same time. In August 1987, Qinshan Phase II
with 2×600 MW PWR was approved by the State Council. However, this project
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had not been listed into the new key construction projects until the end of 1995 for
some reasons such as financing difficulty. The construction of Qinshan Phase II
was started in June 1996 and planned to complete in 2003. During the preparation
of Qinshan Phase II in 1995 and 1996 the government determined to start the
following nuclear projects by using foreign investment and importing equipment:
Lingao Project with 2×1000 MW PWR units (France); Lianyungang Project with
2×1000 MW PWR units (Russia) and Qinshan Phase III with 2×700 MW
CANDU-6 units (Canada). The constructions of these three projects started in May
1997, June 1998 and October 1999 respectively and will be finished and put into
commission in the year of 2003～2005.

At present China have three nuclear units with 2100 MW totally in operation
and eight units with 6600 MW in four plants under construction. The total installed
capacity will reach 8700 MW after the above-mentioned 6600 MW units
completed and the share of nuclear will exceed 2% of the total installed capacity in
China.

So far from the beginning of the nuclear power program in 80s’, great efforts
were made on leading-time preparation, construction and operation, localization,
establishment of regulations and management system of nuclear power, and a lot
of progresses have been achieved. All these efforts and progresses have formed a
solid foundation for the future development of nuclear power in China. Up to now,
the general investigation of NPP sites has been done in 15 provinces to different
extents. Besides the sites where NPP has been built or is under construction, more
than 10 sites have passed pre-feasibility view or primary evaluation and about
40～50 nuclear units can be located there.

Apart from above-mentioned achievements, a 5 MW nuclear Integrated Full
Capacity Natural Cycle unit of low temperature heating reactor was built in China,
which is the first of the type in the world. Now a project of industrially
demonstrational low temperature heating reactor of 200 MW has been planned and
approved. Outstanding progresses have been made in the R&D project of AC-600
of innovatory reactor, which follows the development tendency of nuclear reactor
technology in the world. The projects of FBR and HTGC reactor in national “863”
plan are underway. Research activities in peaceful use of nuclear fusion have been
tracked for the purpose of long-term energy program.
6. 1. 2  Local Capabilities in Research, Design and Manufacture Related to Nuclear Power

In China the R&D system for nuclear power and fuel cycle has been set up
through about 40 years hard work. The valuable experiences in nuclear safety,
scientific research, design, construction and operation of nuclear power plant have
been accumulated and a great force of experts and engineers in the nuclear field
has been formed. China also has capability of manufacturing nuclear equipment
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and instrument to a relatively high extent. Several heavy mechanical equipment
factories were renovated in 1970s’ for developing 300 MW nuclear power unit.
The overseas technology of manufacturing equipment of 600 MW thermal power
unit was introduced in 1980s’, which has strengthened the manufacturing
capability of traditional generation equipment. The necessary key technology and
manufacturing capability obtained in Lingao NPP project through cooperation
between local and foreign companies will help the localization of equipment
manufacture for new 1000 MW nuclear unit.
6. 2  Main Issues in Nuclear Power Development in China

The R&D in nuclear power field have a history of about 20 years in China
since preparing to construct Qinshan nuclear power plant, but the progress is not
satisfactory. Firstly, the total installed capacity of nuclear power units till 2000 will
only be 2100 MW, which is far from the original target planned several times.
Secondly, the assumed objective of localization, which would start with 600 MW
units and then extend to 900 MW or 1000 MW units, has not been achieved. The
third, of the eight units of 6600 MW capacity totally started to build six units
during the period of the Ninth Five Year Plan, 5400 MW capacity totally are
imported. So, the aim of introducing technology could not be realized. There are
many reasons to have lead to this situation, but the main are as follows:

(1) Decision objective
As same as other systematic projects, nuclear power development depends on

decision objectives and relevant countermeasures. How to establish the decision
objective of nuclear power development rests with the understanding of position
and role of nuclear power in sustainable energy development strategy.

(2) Administration system
Nuclear power program should be managed by the state according to its

characteristics of sensitivity, large investment requirement, so the central and
many local governments and industrial sectors would be involved. Now, the local
governments and industrial sectors relevant to new nuclear projects have reached a
common consensus that the central government should strengthen the unified
leading, programming and deploying. The key is how to make the unified
management in the administration system of nuclear power development have.
Middle-and long-term programs of nuclear power development had been worked
out for several times by relative administrative bodies, but the programs had not
been finally approved and carried out. Therefore, the administration system in
nuclear power field should not only be unified, but be on the high administrative
level and authoritative.

(3) Financing
Construction of nuclear power plant needs very large investment. The nuclear
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power development in China is still at the beginning stage and does not enter into a
benign cycle of rolling development. Hence, the external investment is needed to
promote nuclear power development. The investment is also needed in order to
reach the goal of localization of nuclear power (including self-reliant design,
domestic manufacture and modern management). The practical experiences have
proved that a nuclear program could not be implemented without enough capital
investment. For example, the Qinshan II project had been proved in 1987 but not
started to build until 1996. One of main reasons, which lead to the delay of the
project, was financing difficulty. So, a financing plan with reliability and
maneuverability needs to be brought into effect for nuclear power development
plan, especially for its self-reliant program.
6. 3  Importance of Developing Nuclear Power in China
6. 3. 1 Developing Nuclear Power Favoring Improvement of Power Sources Structure

and Coordinate Development of Power, Resources and Environment
The present elementary alleviation of conflicts between power supply and

demand is temporary and on a low-level after a long-term shortage. Referring the
level of GDP and the installed capacity per capita in the countries with middle
level of development in the world, about 6000～10000 US$ per capita and
installed capacity of more than 1 kW per capita, the total installed capacity in
China should reach 1500 GWe in 2050. As estimated by experts, there will be a
shortage of 200 GW in 2050 in China even if considering the maximum production
of coal, the utilization of hydropower and renewable resource. Nuclear power is
the only way to fill the gap between demand and supply.

From the above analysis one can see that  now coal takes a share of 75% in the
total energy production and consumption in China. The SO2, NOx and CO2 emitted
from directly burning coal have seriously polluted environment and damaged
ecological system. The area of acid rain has taken one third of the total in the
country and keeps enlarging trend, which has heavily affected the development of
society, economy and public living. From the viewpoint of sustainable
development and international relationship, China must insist the policy of
optimally developing thermal power, giving priority to developing hydropower,
properly developing nuclear power and actively developing generation
technologies using new energy in order to reduce the share of using carbon-base
fuel in the power industry, adjust the structure of energy and power sources and
lighten the environmental and ecological problems. On the other hand, the coal
resources in China are mainly located at the north and west, hydropower resources
mainly located at the northwest. The economically developed region is at the
coastal area of the east and south, where is lack of the primary energy resources.
This situation results in that a huge amount of coal need to be transported towards
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east and south with long distance and that the electricity transmitted to east from
west. Therefore, it is necessary to develop nuclear power in the east of China to
meet the requirement of economic development and lighten the pressures of
environmental protection and transportation.
6. 3. 2  Nuclear Power Localization Improving Other Industries Development

The QA systems and relative rules have been set up in the nuclear industry,
which are very strict, perfect and with maneuverability, since the safety of nuclear
power plants is extremely important. The whole process of NPP including design,
manufacture, construction and operation, and other works relative to nuclear
power is implemented strictly according to QA systems. The QA system and the
consciousness of safety culture could be extended step by step to the whole society
via construction of NPP. Hence the qualities of project constructions, products and
services will be improved, which is helpful to solve the existing problems of poor
qualities and to improve the prestige of commodities and services exported. On the
other hand, the integration of various single and multi-techniques, such as modular
construction technology, fully-digital control and instrument system, can be
extended to many other industries, such as manufacture, instrument and
construction, to drive these industries go-ahead.
6. 4  Suggestions on Nuclear Power Development Guideline

(1)To develop nuclear power should be coincident with the sustainable
development strategy of national economy and the guideline of the electric power
industry development.

(2)The objective of nuclear power development should be a part of the
national objective of the installed capacity expansion considering the distributions
of the primary energy resources and the requirement of regional electricity
consumption. It is suggested that NPP be continuously built at the coastal area of
the east and south of the country.

(3)Localization is the only way to reduce the investment cost of nuclear
project and to make nuclear power economically competitive to coal-fired power.
At present, the localization process of nuclear power is going too slow in China. It
must be pushed ahead with fully utilizing the mastered expertise and experiences
on NPP construction and insisting the direction of self-reliance in design,
manufacture, construction and management.

(4)A step-by-step strategy should be implemented in nuclear power
development. Firstly, reliable and mature technology should be applied before
2010 and the development of advanced technologies in the world must be followed
up to develop domestic advanced NPP technology.  After 2010, nuclear power
units of new generation should be built using the domestic advanced NPP
technology.
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In order to utilize uranium sufficiently and to realize the transition of nuclear
power technology from thermal to fast reactor type at a proper time in future, to
develop fast breed reactor technology must be kept on while thermal reactor
(including high temperature gas cooling reactor) technology is improved.

(5)The objective of nuclear safety should be coincident with that in the world.
At the same time, nuclear power must be economically competitive to clean
thermal power technologies.
6. 5  Principles of Distribution of Nuclear Power Projects

(1)The distribution of new nuclear power projects should be coincident with
the demand, strategy, plan and distribution of energy-power development in the
country and the relative provinces. It also should be decided according to the
project corporation system of job responsibility and the equity and financing
capability of potential owner. The projects can be approved only when it has a
solid financing option and has been estimated that it will be able to repay
construction loan after completed.

(2)Under the precondition of electricity sources distribution coincident with
load demand, the distribution of new nuclear power projects should obey the
principle of multi-units at one site and firstly utilizing the sites where exists NPP in
order to reduce investment and generation cost.

According to the above principles, the key area of nuclear power development
recently is still the east of the country, where economy has developed fast and the
primary energy resources are lack.
6. 6  Policies and Measures to Support Nuclear Power Development

(1)Perfecting law system relative to nuclear power. The law system relative to
nuclear power should be further perfected to accelerate the development of nuclear
power. The authorized bodies of the state should establish or complement the
corresponding regulations and rules about research and development, construction,
operation, management and safety of nuclear power plant, thereby ensuring the
nuclear power industry enter into the legalization orbit. Temporary regulations of
NPP construction and management should be complemented and implemented
according to the relative temporary regulations, the project corporation system of
job responsibility, the bidding system and the project supervising system applied
in the national key projects. The industrial specifications and technical standards
system of nuclear industry should be perfected in accordance with localization of
nuclear power construction based on international standards of nuclear power
technology.

(2)The emphasis of nuclear power localization must be reflected in the
industrial policies of energy and the high-new technology and necessary
supporting policies must be made. Nuclear power localization must be a common
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goal of the government and relative companies. The localization plan should be
implemented through concentrating national relevant resources within the market
economy system. International cooperation under the principle of “equality and
mutual benefit” should be insisted in the localization process.
6. 7  Training Qualified Professional for Nuclear Power

Training qualified professional is the foundation and precondition of nuclear
power development. The government should take measures to encourage and
support educational organizations and relative companies to make efforts in
training the professional in the following fields according to the demand of
national nuclear power development program.

A: Scientific research, development and design of NPP;
B: Construction, installation and debugging of nuclear power station;
C: Operation and maintenance;
D: Management including management, economics, planning, contract,

international trade et al.
6. 8  Public Propaganda

At present the public holds a positive attitude to nuclear power in China.
However, the international anti-nuclear activities are stronger and stronger since
the accident of CHELNOBEL in 1986. It is estimated that the international anti-
nuclear activities will affect the domestic public. The governmental authorities and
companies relative to nuclear power should take effective measures in the
popularity of nuclear science and do proper propaganda among the public.
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