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摘 要 

从国家能源安全与能源可持续发展的角度论述了核能的优势、 

地位和作用，及核能在满足能源和电力安全供应需求、缓解生态环境 

污染和降低温室气体排放等方面的作用。讲述了中国能源安全和可 

持续发展面临的挑战和严峻形势，指出发展核能是中国优化能源结 

构的客观要求，是我国未来能源及电力安全供应的重要保证。阐明 

了发展核能是实现中国能源与电力可持续发展的必然选择，核能利 

用符合循环经济的原则。研究分析了核电发展对中国未来生态环境 

保护的贡献，并对中国核能发展提出了一些建议。 
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*本报告系国家科技部国家软科学研究计划项目（2003DGS3B037)“核能在新时期国家能源安全战略与可持续发展 

战略中的地位和作用”的部分内容。 
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The Status and Role of Nuclear Energy in the 
Sustainable Energy Development Strategy in China 

W A N G Y o n g p i n g Z H A O Shou feng Z H E N G Y u h u i Y U A N Y u j u n 

R A O Shuang L I U Q u n D I N G Ru i j i e 

( C h i n a I n s t i t u t e of N u c l e a r I n f o r m a t i o n & E c o n o m i c s , B e i j i n g , 100037) 

ABSTRACT 

T h e s ta tus and ro le o f nuc lear energy i n the energy secur i t y and sus ta inab le 

energy deve lopmen t s t r a tegy i n Ch ina are d iscussed. Spec i f i ca l l y , t he ro le of 

nuclear energy i n mee t i ng the requ i remen ts o f ene rgy and e lec t r i c i t y supp ly? en-

v i r o n m e n t p r o t e c t i o n and greenhouse gas ( G H G ) emiss ion - reduc t i on is focused 

on. T h e r e p o r t is m a i n l y composed of t h ree c o m p o n e n t par ts . T h e ser ious s i t u -

a t i on and chal lenges concern ing the na t i ona l ene rgy secur i t y and energy sus ta in -

able deve lopmen t are expounded. I t is ind ica ted t h a t the deve lopmen t of nuc lea r 

energy is the ob jec t i ve r equ i r emen t f o r o p t i m i z i n g na t i ona l energy s t r uc tu re . I t 

is p roposed t h a t t he deve lopmen t of nuc lear ene rgy is the i m p o r t a n t secu r i t y op -

t i o n f o r safe ly s u p p l y i n g the na t i ona l energy and e lec t r i c i t y i n the f u t u r e . I t is 

e labora ted t h a t t he deve lopmen t of nuc lear energy is the inev i tab le se lec t ion f o r 

c a r r y i n g ou t t h e na t i ona l energy and e lec t r i c i t y sus ta inab le deve lopment . N u c l e -

ar energy is a p re fe rence co inc id ing w i t h t h e p r i nc ip les o f the c i rcu la r e c o n o m y , 

a se lec t ion c o n t r i b u t i n g to i m p r o v e m e n t o f eco log ica l e n v i r o n m e n t and an i n e x -

haus t i b le resource i n the l ong t e r m . Some sugges t ions are p u t f o r w a r d to t h e 

nuc lear energy deve lopmen t i n Ch ina . 

Key words： Energy, Nuclear energy. Energy sustainable development, Position and role 

* This report is a main part of state-funded soft science research project(2003 DGS 3B037) titled " T H E 
S T A T U S AND ROLE OF NUCLEAR ENERGY IN T H E NATIONAL STRATEGIES OF ENER-
GY SECURITY AND SUSTAINABLE ENERGY DEVELOPMENT IN CHINA" 

207 



China now st i l l largely relies on conventional energy to satisfy its consumption needs， 

as coal and oil account for about two-thirds and one quarter of the total energy consump-

tion mix respectively, delivering sustainability has become a clear pr ior i ty of the energy 

sector consisting w i th national objectives for sustainable development. In order to realize 

the strategic goal of economic and social development, a sustainable development strategy 

should be adopted concerning energy in the new era： focusing on the theme of sustainable 

development, fo l lowing the main thread of structure adjustment and optimization, giving 

impetus to comprehensive innovation, improving competitiveness and energy efficiency， 

and promoting coordinated development among energy, economy and environment. In ac-

cordance w i t h the sustainable energy development strategy in the new era，China has 

brought forward three main tasks： energy structure optimization, energy efficiency im-

provement and comprehensive innovation. 

1 CHALLENGES FACING ENERGY DEVELOPMENT FROM 

THE IMPLEMENTATION OF SUSTAINABLE ENERGY 

DEVELOPMENT STRATEGY IN CHINA 

Energy is the fundamental pi l lar of national economy and the provision of adequate en-

ergy services at affordable costs，in a secure and environmentally benign manner, and in 

conformity w i th social and economic developmental needs，is an essential element of sus-

tainable development. 

Now China st i l l depends on coal as its main energy source, which leads to the out-

standing problems between economic development and environmental pol lut ion. Energy 

sources have long been the hot spot and di f f icul t point in the national economic and social 

development. From the view point of energy development, the present fossil fuel-based 

energy system is too far f rom the goal of sustainable development, and the challenges fa-

cing the sustainable energy development can be summarized as fol lows： 

1.1 The Problems Between Increasing Energy Demand and Relevant Shortage of Energy Re-

sources 

Wi th the rapid growth of our national economy during 25 years of reform and open-

ing, energy consumption in China increases at an average annual rate of about 5 % , w i th 

annual energy consumption growth rate reaching 8. S% f rom 2000 to 2003. In 2003，the 

primary energy consumption has been arrived as high as 1. 678 b i l l ion tons of standard 

coal, accounting for 12 % of the wor ld total energy consumption. However because of the 

large population base，per capita energy consumption in China was low and commercial en-

ergy consumption per capita only accounted for 42 % of the wor ld average level. 

W i t h the prolongation of economic g rowth and urbanization, energy consumption w i l l 

inevitably continue to increase. The special report made by Chinese Academy of Engineer-
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ing on energy predicted that the total pr imary energy demand in 2010 and 2020 would be 

2. 0〜2. 2 bi l l ion tons and 2. 8〜3 . 2 bi l l ion tons of standard coal respectively. From the 

point of longer-term development strategy, if China fol lows the old development road of 

other developed countries, when China reaches the level of medium-developed countries by 

2050, w i th energy consumption per capita reaching 5 tons of standard coal，the total ener-

gy consumption in China w i l l reaches 7. 5 bi l l ion tons of standard coal and the f igure w i l l 

account for 60 % of the present total wor ld energy consumption. 

However, according to relevant data, the reserves of coal, oi l and gas left for exploi-

tation is 90 bi l l ion tons, 2. 4 bi l l ion tons and 2000 bi l l ion cubic meters respectively, which 

w i l l be depleted in 60 to 70 years，14 years and 65 years separately. Because of China，s 

large population base, per capita conventional fossil fuel reserves in China only accounts 

for 56% of the wor ld level. The problem of energy resources shortage per capita, in con-

trast to wor ld level，has become one cri t ical factor curbing energy security and sustainable 

development in China. The increasing demand of energy and the relatively backward and 

inefficient equipment make things even worse. 

1. 2 Non-sustainability of Energy Supply and Consumption System in China 

The non-sustainability of energy supply and consumption system in China is mainly 

reflected f rom the fol lowing ： severe environmental pol lut ion stemming f rom energy devel-

opment； the emission of greenhouse gases ； and the non-renewabil i ty of fossil fuels. 

1. 2 . 1 Severe Environmental Pol lut ion Stemming f rom Energy Development 

The severe pollutant emission result ing f rom energy ut i l izat ion, especially the emis-

sion of smoke dust and acid gases, damages the ecological system and seriously threatens 

the health of mankind. In the coming decades, the main challenge facing energy environ-

ment in China is air pol lut ion and the increase of greenhouse gas emission in cities caused 

by heavy burning of fossil fuels. 

The emission of sulfur dioxide? smoke dust and nitrogen oxide is the chief air pol iu-

t ion caused by energy activities in China and the most important reason for the severe air 

pol lut ion in China is the heavy burning of coal. In 2000，19. 95 mi l l ion tons of sulfur diox-

ide and 11. 65 mi l l ion tons of smoke and dust have been emitted in China. Among them， 

90 % of the sulfur dioxide emission and 70 % of the smoke and dust emission are caused by 

burning coal. More than 1/2 of northern cities and more than 1/3 of southern cities in Chi-

na are threatened by excessive sulfur dioxide emission. The areas south of the Yangtze 

River and east of Qinghai-Tibet Plateau, up to 30 % of the total area in China, have been 

suffered f rom acid rain. According to the estimation of Wor ld Bank in 1995，the economic 

loss caused by air pol lut ion and acid rain amounted to US $ 37 bi l l ion annually, account-

ing for more than 5 % of GDP in China. The environmental pol lut ion f rom the production 

and uti l ization of coal has become one significant environmental problem considered in the 

sustainable development in China. The future demand for energy w i l l remain to increase 

and if this demand for energy is met by increasing use of coal，the environmental problem 

209 



in China w i l l become even more serious. 

1. 2. 2 The Challenge of Greenhouse Gas Emission 

Greenhouse gases caused by social activities mainly come f rom the production and uti-

l ization of energy. And theses gases have begun to produce obvious effects upon global cli-

mate. 

According to the statistics of Wor ld Bank in 2000, the annual emissions of greenhouse 

gases approximately accounted for half of that of al l developing countries, close to 15% of 

total wor ld emission. Energy activities remain to be the f i rst among greenhouse gas emis-

sion sources，accounting for approximately 80% of total emission in China. Among all the 

greenhouse gases emitted f rom human activities in China, the emission of carbon dioxide is 

the f i rst in quant i ty , and among the total volume of carbon dioxide, 96% is caused by en-

ergy activities. W i th the constant increase of energy consumption, i t is estimated that the 

total emission of greenhouse gases in China w i l l also inevitably increase greatly. 

1.2.3 The Non-renewabil i ty of Conventional Fossil Fuel Energy Resources 

The existing fossil fuels, especially oi l and natural gas，are all nonrenewable energy-

sources and w i l l become exhausted in the near future. The non-renewabil i ty of convention-

al fossil fuel resources determines the non-sustainability of present conventional energy 

supply in China. 

1. 3 The Challenges of the Adjustment and Optimization of Energy Structure 

A t the beginning of the 20th century, the wor ld consumption of oi l and natural gas 

has been on a sharp rise w i th the exploitation of cheap oi l and natural gas. By the mid 20th 

century, developed countries have completed their t ransit ion of energy consumption f rom 

coal to oil and natural gas. Today, the co ri sump t ion of oi l and natural gas accounts for 

62 % in the wor ld pr imary energy consumption structure. 

In 2002» fossil fuels accounted for more than 95 % in the pr imary energy consumption 

structure in China f w i t h oi l and natural gas ( including part imported f rom abroad) only at 

26 % » which is closely related to the shortage of high-quali ty oi l and natural gas resources 

in China. According to relevant data, proven oil reserves per capita in China only accounts 

for 8% of that of the wor ld and i t is di f f icul t to explore, exploit and use. Proven natural 

gas reserves per capita only accounts for 6% of that of the wor ld and the resources are 

quite l imi ted, even though they can be exploited longer than oil. 

Hydropower is comparatively rich in China, but there are many constrains in hydro-

power exploitation that may affect its exploitation and uti l izat ion： inconvenient transporta-

t ion, the economical problem of long-distance electricity transmission, ecological prob-

lems , a s wel l as other restrictions. As the high-quality energy resources w i th great poten-

t ial in the fu ture, nuclear power is restricted and affected by social，economic and polit ical 

aspects, as wel l as the international development situation of nuclear power. As to nuclear 

energy in China, we have just begun to transit to a small number of power units construc-

t ion. Other clean and renewable energy sources such as w ind , solar and geothermal energy 
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wi l l not significantly contribute to the high-quali ty and diversification of energy supply be-

cause they are st i l l immature both technologically and economically at present and in the 

coming several decades. 

1. 4 The Challenge of the Supply Security of Imported Energy Resources 

In order to solve the problems of increasing energy demand and energy supply short-

age, China should actively expand the ut i l izat ion of overseas energy resources. 

Since China became a net oi l import ing country in 1993，the amount of imported oi l 

has been increasing rapidly. China has taken high-quali ty energy import as one important 

measure to deal w i th the shortage of high-qual i ty energy supply in the country. However , 

w i th the increase of imported energy, the supply security of energy import has increasingly 

drawn the attention. Because many unstabil izing factors exist in the international energy 

market concerning the security of energy import， for example, some conflicts in the M id -

dle East and other areas in Asia, i t should be more cautious in energy import. 

1. 5 The Challenge of Increasingly Heavy Energy Transportation 

The coal resources and energy demand in China are distr ibuted in the opposite direc-

tion. Because of the unbalanced distr ibut ion of coal mining areas and energy demand areas, 

a large amount of coal must be transported over a long distance f rom the west to the east 

and f rom the nor th to the south. Annual rai l transport volume of coal accounts for more 

than 40% of the total of rai lway freight volume, and about 1/3 of inshore and water carri-

age along middle and lower reaches of the Yangtze River. 

W i t h the constant increase of energy demand in China, especially the acceleration of 

high-quality energy power construction, the expansion of coal exploitation and transporta-

tion v/ i l l be considered as the precondition for the construction of coal-fired power plants, 

which occupy a large proport ion in China. The expansion of coal exploitation and uti l iza-

t ion w i l l not only impose pressure on transportat ion, but also increase energy consumption 

and pol lutant emissions. 

2 THE STATUS AND ROLE OF NUCLEAR ENERGY IN 

SUSTAINABLE ENERGY DEVELOPMENT STRATEGY IN 

CHINA 

2.1 Developing Nuclear Energy is the Imperative of Energy Structure Optimization in China 

2.1 . 1 The Optimization of-Energy Structure Requires the Transi t ion f rom Conventional 

Fossil Fuels to High-qual i ty Energy 

In the energy consumption in China, the dominant position of coal w i l l remain in the 

near future. W i t h the constant increase of energy consumption, environmental challenges 

w i l l become more pressing. The carrying capacity of the environment and mankind against 

pol lut ion is l imited and the carrying capacity of environment against pol lut ion w i l l become 

a restrict ion towards economic development in China if it is not possible to tu rn the tables. 
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From a global perspective, in order to curb the increase of environmental pollution 

and to reduce the density of carbon dioxide, relevant international (energy) organizations 

suggest it be necessary to formulate and implement the strategy to develop energy sources 

w i th greenhouse emission as l i t t le as possible. From the viewpoint of climate and environ-

ment protection, energy mix is required to transit f rom conventional fossil fuels to high-
m i f l l i t v pnprp"v ./ C3.J ' 

2. 1. 2 The Role of Hydro and other Renewable Energy Sources in Energy Structure Op-

timization in China 

In order to ease the energy and power strain arising f rom its rapid economic growth 

and also to reduce pol lut ion, China is considering enacting a law to promote the use of re-

newable energy. 

Hydropower is a reasonable basic component of energy or electricity in China. Among 

the major projects commissioned in China include the Three Gorges Dam. When completed 

in 2009，it w i l l include 26 separate 700 M W generators. Another large hydropower project 

involves a series of dams on the upper port ion of the Yel low Rivei，which would construct 

25 generating stations w i th a combined installed capacity of 15 800 M W . Considering con-

strains in hydropower exploitation f i t is impossible for hydropower to substantially con-

tr ibute to energy structure optimization in the period after 2020. 

Other clean and renewable energy sources，such as wind，solar, biomass，geothermal 

and wave energy, are now taking less than 1 per cent of the total share mainly because 

they tend to be much more expensive due to higher production costs. In the foreseeable fu-

ture , t h e y may be not competitive in scale production and their effects in energy structure 

optimization w i l l be very l imited in the coming several decades. 

2 .1 . 3 Developing Nuclear Energy is the Imperative of Energy Structure and Electricity 

Structure Optimization in China 

2. 1. 3. 1 The Alternative Function of Nuclear Energy in Energy Structure Optimization 

in China 

A t present, in order to solve the problem of oil and natural gas exhaustion and envi-

ronmental problems caused by burning coal, scientists around the wor ld have been press-

ing forward in their research and development of new energy and renewable energy 

sources，such as nuclear energy，wind, solar, geothermal and hydropower. As a new kind 

of clean, safe and economical energy source，nuclear energy w i l l l ikely and gradually re-

place present fossil fuels (coal and o i l ) . 

In the adjustment and optimization of energy structure, clean energy sources，such as 

nuclear energy，should be used as more as possible to replace fossil fuels w i th high carbon 

content. This has been widely accepted and become an urgent requirement in China and al-

so becomes a principle observed in the development of energy industry. 

2. 1. 3. 2 Compared w i th Wor ld Level, the Proportion of Nuclear Energy is Small but 

w i th Great Potential in China 
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Compared w i th wor ld level, the proport ion of nuclear energy in pr imary energy supply 

structure, or in electricity structure in China is very small, w i t h both figures at about 1/10 

of wor ld level. Considering the abundance of nuclear energy resources in the wor ld and in 

China ？ nuclear energy has great development potential in China. From the viewpoint of di-

versification of energy and power sources，the energy structure and power source structure 

in China need to be adjusted and optimized. 

2. 1. 3. 3 Developing Nuclear Power is the Urgent Demand of Energy Structure and Pow-

er Source Structure Optimization in the Eastern Coastal Area 

Developing nuclear energy in China is conducive not only to the increasing energy con-

sumption demand, but to the relief of environmental problems caused by energy industry. 

I t is necessary for the eastern coastal area to look for new, clean and safe alternative ener-

gy sources which are suitable to the development of the area. A n d quickening the develop-

ment of nuclear power is the inevitable choice. According to relevant forecast, by 2020， 

nuclear power w i l l supply about 15 % of the electricity generation in the eastern coastal ar-

ea ,especial ly in some provinces, such as Guangdong and Zhejiang, the figure w i l l possibly 

exceed 20 %，higher than the wor ld average level. 

Summarizing the above analysis，we conclude that the proport ion of nuclear power in 

our present energy structure is s t i l l very small and it has great development potentials. 

Through vigorous development of nuclear power, the proport ion of nuclear power in ener-

gy , and especially in electricity power w i l l gradually become bigger. I t is particularly im-

portant to speed up the development of nuclear power in the eastern coastal area w i t h de-

veloped economy yet lacking conventional energy, which is strategically significant for Chi-
T-k Q tr\ i rr» OT'ÔJ-*3 on or CTV J T ra Q r» H OQ e> A t h O OT T'Mn fnor* tp 】no11”t!o” IO— 
丄 i d k-v x.x.lxi-'a. vy T ^1.1. ̂ /X g y \j ui. L U..1. U-XJLVI c l x V̂  LVX \J i v ^ i i r k ^ w l i - u k i O i x * v- t N-' A 

ping nuclear power is a practical choice for China to optimize energy structure and promote 

the strategy of energy diversification. 

2, 2 Developing Nuclear Energy is an Important Way to Secure Future Energy and Electricity 

Supply in China 

As a clean and efficient terminal energy, electricity has become one of the most often-

used energy in society today. In future energy supply and consumption structure，the stra-

tegic status of electricity w i l l become more and more important. According to estimates of 

departments concerned, an installed capacity of 900〜1 100 GW of electric power w i l l be 

demanded by 2020 in China. 

A t present, the power source structure in China is not reasonable enough and there 

exists some hidden trouble as to the safety and stabil i ty of electricity supply. Unreasonable 

power source structure leads to unstable power supply, which in tu rn threatens the nation-

al economy. And it has become a serious problem in recent years. 

Since 2003，many areas in China has fallen into great shortage of electric power, that 

is，all-year long power shortage. According to statistics, 15 GW were in shortage in 2003. 

In 2004，China experienced severe shortage of electr icity, coal and oi l , which is rare after 
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the founding of the PRC, and a gap of more than 30 GW of electric power was reported. 

As a result , China has to restrict the production of high energy consuming industries, such 

as，iron and steel, electrolytic aluminum and cement, which in turn restrict the develop-

ment of the national economy. 

Nuclear power as a reliable, clean and high quality energy source? its mature technol-

ogy and availabil i ty have been proved widely in nuclear-developed countries in the world. 

As energy security and power supply called fo r , the energy mix and power source structure 

should be adjusted. We believe that quickening nuclear development is one important 

measure to optimize the energy mix and structure of electric power. Developing nuclear en-

ergy is conducive to the diversHied structure of electric power, optimization of electricity 

d istr ibut ion, improvement of security and stabi l i ty of power supply and grid operation； 

and i t is one important way to secure the safe supply of energy and electric power in China. 

2. 2. 1 Nuclear Energy Maintaining Safe Operational Records 

No similar nuclear accidents happened in the past 18 years after the Chernobyl acci-

dent in 1986，which proves that nuclear power plants are safe. The record high safe opera-

t ion is unprecedented in the history energy development, including conventional power 

plants, coal mines, oi l wells and dams. I t has been widely accepted in the wor ld energy-

field that nuclear power is safe and clean. 

A t present, the nuclear power units installed and under construction in China amount 

to 11, 9 of which have been put into operation. Statistics show that the operation perform-

ance and safety record of Chinese nuclear power units are good. And the operation level is 

being improved. The chief data of characteristic operation parameters are higher than the 

average figures oi that of the world. I t is wor th rnBiitioning that the operation level of 

Daya Bay NPP keeps abreast w i th nuclear-developed countries w i th its operation perform-

ance ranking high in the world. 

2. 2. 2 Nuclear Power Providing Stable and Reliable Power Supply 

Nuclear power outputs stable and reliable electricity to electric grids in that： 

(1 ) Nuclear power operation is highly reliable. The available hours of nuclear power 

plants are much higher than that of other power generation forms and the power supply of 

nuclear power plants are also much more reliable than other forms of power plants. 

(2 ) Nuclear power plants can operate continuously for several years once they are fu-

eled. However, coal，the fuel used in coal-fired plants, needs to be transported constant-

ly. And these plants w i l l have to reduce their outputs, or even stop operation, if coal sup-

ply or transportation is hindered by natural disasters or vicious weather conditions. 

(3 ) Natural uranium only accounts for 5% in the cost of nuclear power and its price 

f luctuation has l i t t le influence on electricity price. So, the electricity price of nuclear pow-

er can remain stable for a long t ime, while it is not the case for other forms of power gen-

eration. 
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2. 2. 3 Nuclear Power Improving the Structure of Electric Power and Security of Power 

Source 

The general scale of nuclear power is st i l l small in China and because of the small 

scale the function of nuclear power in improving national power structure can hardly be no-

ticed. Bu t , the function is quite noticeable in Guangdong and Zhejiang province where nu-

clear power is densely distributed. 

Especially in Guangdong, the proport ion of nuclear power produced to the gr id 

reached wor ld average level in 2002, and exceeded wor ld average level in 2003. We can 

reasonably conclude that nuclear power has become an important component of power 

structure in the two provinces. Owing to the high stabil ity of nuclear power, it improves 

the power structure and the security of power source as well. 

2。2. 4 Nuclear Power Relieving the Burden of Coal Exploitat ion and Transportat ion 

In recent years，the persistent shortages of ‘‘coal，electricity，oil and transportation 

capacity" have become four bottlenecks curbing the economic development of China，which 

is more serious in 2004. I t was estimated that because of severe power shortage, 24 pro-

vincial power grids had to take outage measures to control electricity consuming in summer 

in the f i rst half of 2004. 

And the superiority of nuclear power is quite outstanding if we observe it under the 

circumstance of the summer of 2004 when coal, electricity, oi l and transportation were 

badly needed. To f i l l the gap of electricity shortage, it only involves the efforts of nuclear 

power plants themselves. While thermal power needs to involve all relevant departments 

nationwide, even requires the attention of the State Council. Nuclear power can at one 

time relieve three of the four bottlenecks ( i t can also relieve the pressure of the four if we 

consider that the relief of transportation w i l l in tu rn decrease the oil consumption)，which 

is far beyond the abil i ty of thermal power. 

Nuclear power generation was 43= 806 T W • h in 2003, If the same amount of power is 

generated by coal fired plants, a total of 19. 02 mi l l ion tons of raw coal w i l l be demanded 

as calculated by consuming 310 grams standard coal /kW • h w i th raw coal-standard coal 

conversion ratio of 0. 714. Such a great amount of raw coal w i l l cost 6 340 freight trains a 

year to transport as calculated by each train w i th 50 wagons wi th a loading capacity of 60 

tons of raw coal. This example vividly i l lustrate nuclear power relieves the burden of coal 

exploitation and transportation. 

2. 2. 5 Nuclear Power Reducing the Risk of Energy Security Caused by Dependence on Oi l 

and Natural Gas 

A large part of future oil and natural gas resources demand w i l l depend on import ； 

self-sufficiency ratio is low； the price of oi l and gas is easily subject to wor ld situation. 

Many uncertain factors may often cause price increase and supply interruption which leads 

to economic risks and security risks. Therefore, in the future planning of oi l and natural 

gas supply and the scale of natural gas power generation, we must fu l ly consider the secur-
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i ty problem in oil and natural gas supply, national energy and power supply., 

Nuclear power assumes the task of base load in the electric power system, which can-

not be replaced by natural gas, In the long term, nuclear power can certainly replace natu-

ral gas which is in shortage, and adjust the demand fluctuations of power grids. 

Furthermore, electric power w i l l be increasingly used in express transportation and 

cornmunicatiori in more and more big cities in the future given the environment issues. 

Therefore, nuclear energy w i l l part ly replace oil to meet the new base load demand coming 

f rom transportation. Besides» nuclear energy can provide heat energy w i th different tem-

peratures to serve various industrial purposes wi thout natural gas. 

So，application of nuclear energy in the future can reduce the demand for oi l and natu-

ral gas, reduce the amount of imported oil and natural gas so as to reduce the risks of ener-

gy security caused by excessive dependence on imported oi l and natural gas. 

2. 3 Developing Nuclear Energy the Inevitable Choice for the Sustainable Development of 

Energy and Electric Power in China 

Environmental pol lut ion caused by coal has become one of the severe environmental 

problems which cannot be ignored in the sustainable development of China. A t the same 

time，greenhouse effect caused by heavy usage of fossil fuels has attracted the broad atten-

t ion of international community. China has to improve its energy m ix , especially its power 

source structure, control the development of thermal power and vigorously use alternative 

clean power sources. Among the clean power sources, nuclear power is clean, safe, eco-

nomic f and technically mature w i th high density of energy, which can be developed in 

large scale. Hence developing nuclear power is the inevitable choice. 

2. 3. 1 Nuclear Energy One Clean Energy Option 

Fossil fuel activities can produce various harmful gases and poisonous pol lutants, 

which are the biggest air pol lut ion sources. Bu t , nuclear energy produces l i t t le or no pollu-

tants at all. Besides 5 the burning of fossil fuels can produce large amount of greenhouse 

gases, carbon dioxide. The comparison of the pollutant emission and radiation of a coal-

f ired power plant and nuclear power plant is as fol lows： 

A 1 000 M W coal-fired power plant, wi thout using pol lut ion control technology, can 

averagely produce and give out 44 000 tons of sulfur oxide and 22 000 tons of nitrogen ox-

ide annually? as wel l as 320 000 tons of radioactive dust which contains 400 tons of heavy 

metal. On the contrary, a 1 000 M W nuclear power plant w i l l not release harmful gases 

and other pollutants and its radiation per capita is even lower than that of traveling by 

plane. I t only produces 30 tons of high-level radioactive waste, spent fue l , and 800 tons of 

middle and low-level radioactive wastes. 

Since the beginning of 1990s, 9 nuclear power units have been installed and connected 

to grids in China. Statistics show that the amount of radioactive waste produced by nuclear 

power plants in China is fal l ing on a year-to-year basis and the emission amount of gas and 

l iquid radioactive waste is far below national standard. 
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2. 3. 2 Nuclear Energy an Economical Energy Alternative 

In 1996，NEA， IEA and UNIPEDE used the method of the Same Constant-Money 

Levelised Lifetime Cost to estimate and assess nuclear power plants and fossil fuel power 

plants which were put into operation in 2005. In China, when the discount rate is valued at 

5% f nuclear power is superior to coal-fired power in terms of economical efficiency； when 

the discount rate is valued at 10 % - nuclear power enjoys no economical efficiency over 

coal-fiied power. 

The economical competitiveness of nuclear power should be greatly improved and ex-

ceed that of coal-fired power in China, based on the fol lowing reasons： 

Firstly， the investment cost of nuclear power w i l l be greatly reduced wi th the localiza-

tion of nuclear power in China； Secondly, the cost of electricity generation of coal-fired 

power w i l l greatly rise because of the fol lowing two reasons： (1) external cost ( including 

the investment in desulfurization equipment and pol lut ion control equipment) of environ-

mental emission of coal-fired power，(2) the price of coal-fired power wi l l soar because of 

the dif f iculty in exploitation and higher pressure of transportation； Th i rd l y , the social dis-

count rate in China is in a tendency of lett ing down because the rediscount rate or basic in-

terests rate of the People? s Bank of China has been reduced continuously to a very low lev-

el. 

I t has been proved that nuclear power in China is competitive over coal-fired power in 

terms of economical efficiency when i t develops in a certain industrial scale w i th localized, 

standardized and serialized power units to produce base load electricity. 

2. 3. 3 Nuclear Energy a Feasible Technical Choice to Greatly Reduce Emission of Green-

house Gases 

I t has been proved that 90 % of the total global emission of greenhouse gases is caused 

by fossil fuel activities. I t is estimated that in 2002，the emission of carbon dioxide f rom 

energy activities iri China was 3. 31 bi l l ion tons，ranking second next to the US. I f the 

present energy mix is not changed, the total emission of greenhouse gases w i l l constantly 

increase in China in the future w i th the increase of energy consumption. The emission of 

C〇2 is l ikely to be more than double to as much as 6. 6 bi l l ion tons by 2020 according to 

some research reports. Given the requirement of sustainable development, proper policy 

shall be developed and effective measures be taken to improve the energy mix , promote 

sustainable development of social economy and reduce the emission of greenhouse gases. 

And nuclear energy is the only feasible technical choice for largely reducing the emission of 

greenhouse gases in China for the moment. 

From the global v iewpoint, the present nuclear energy accounts for 17% of wor ld 

power supply and 7% of primary energy consumption. I t can reduce the emission of carbon 

dioxide by more than 2 bi l l ion tons annually，that is，1/3 of total carbon dioxide emission 

of global electric power industry. Considering the technical capacity of mankind today，nu-

clear power is the feasible technical choice to control greenhouse effect in this century or in 
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longer term, especially thermonuclear fusion energy in the future,, 

2. 3. 4 Nuclear Energy a Preference Coinciding w i th the Principles of the Circular Econo-

my 

Circular economy encourages the application of technologies harmless to environment, 

focuses on improving ecological efficiency, stresses on saving, recycling and recovering re-

source，takes advantage of economic resources and environrnental resources in an environ -

ment friendly way so as to achieve the ecology (afforestation) of economic activities. De-

veloping cyclic economy is the best model for future sustainable development of social 

economy in China. 

The development and application of nuclear energy in China conforms to the principle 

of circular economy. From the viewpoint of fu l l fuel chain, the complete process of closed 

nuclear fuel cycle, f rom resources (uranium mining, uranium conversion and enrichment, 

fuel element production) , to product (nuclear power) , and to renewable resources (spent 

fuel reprocessing) , fu l l y conforms to the closed cycle of circular economy： resources-prod-

uct-renewable resources. A t the same t ime， f rom the above nuclear energy analysis, we 

can see that it is a clean energy. The complete nuclear power generation process only pro-

duces a l i t t le amount of wastes which poses l i t t le pol lut ion threat to ecological environ-

ment , therefore, i t is one “green technology，，system w i th less investment, less pollut ion 

and high output. 

2. 3. 5 Nuclear Energy an Inexhaustible Resource in the Long Term 

I f fission thermal reactor adopts the "one-through" technical line of nuclear fuels， 

which is wi thout reprocessing, the total uranium resources in the wor ld w i l l only last sev-

eral decades for our use. Ir fission reactor adopts the uranium and plutonium cycling tech-

nology and develops fast breeder reactor and because fast breeder reactor can converse ura-

nium-238 to fissile material plutonium-239» the usage efficiency of natural uranium w i l l in-

crease f rom 1 % of thermal neutron reactor to 60% 〜70% and the wor ld uranium resources 

can last thousands of years. 

At tempts have been made for evaluation of nuclear energy systems in which Fusion 

Reactors and Accelerator-Driven System ( A D S ) are incorporated mainly to improve the 

neutronics environment in the system as a whole. Being invited as neutron sources either 

to eliminate the long-lived hazardous isotopes or to fabricate advanced fuels w i th improved 

proliferation resistance properties, they are l ikely to be treated as the components of the 

fuel cycle. From this stand-point，the energy associated w i th their functioning along w i th 

additional associated toxicity come as meaningful characteristics which could affect the 

prospects and potentials of dominant energy-producing technology. In the farther future， 

energy exploitation w i l l depend more on controlled thermonuclear reaction, that is，fusion 

reactor. If a breakthrough can be made in the technology of thermonuclear reaction, peo-

ple can benefits greatly from i t： thermonuclear fuel is rich and almost inexhaustible； the 

product of thermonuclear fusion reaction does not produce radiation like fission product 

218 



and therefore, i t is safer than the present nuclear power plants. So，the successful applica-

t ion of commercial fusion reactor plants w i l l solve the problem of energy demand for good. 

2. 3. 6 Nuclear Energy a Selection Contr ibut ing to Improvement of Ecological Environ-

ment 

According to prediction, by 2020, the total installed capacity of nuclear power in Chi-

na w i l l reach 40 GW? by 2050 w i l l reach at least 120 G W , and 240 GW at the utmost. In 

view of this goal of nuclear power development, the reduction of C0 2，S0 2，NO r and dust 

( including poisonous heavy metal and radioact ivi ty) emission in China in the future is 

shown in the fol lowing Table 1. 

Table 1 Development of Nuclear Power Contributing to the Improvement of 
Ecological Environment in China 

Year 2003 2006 2020 2050 

Nuclear installed capacity/MW 6 364 9 100 40 000 
minimum m a x i m u m 

Nuclear installed capacity/MW 6 364 9 100 40 000 
120 000 240 000 

Nuclear power generation/TW • h
n 

43.. 81 67.. 76 297.84 893.. 52 1 787. 04 

CO2 (million ton) 41,. 37 59,. 15 260 780 1 560 

Emission 

reduction 

SO2 (million ton) 0„ 28 0.40 1„ 76 5„ 28 10,. 56 

Emission 

reduction 
N O - ( million ton) 0,, 14 0. 20 0.. 88 2„ 64 5.28 

Emission 

reduction 

Dust (including poisonous heavy metal and radio-

activity) (million ton) 
2.04 2. 92 12,. 8 38,. 4 76. 8 

Note* 1) nuclear power generation ( T W • h) is calculated at 8 5 % of the load factor of nuclear power plants. 

From Table 1，we can see that developing nuclear power w i l l greatly relieve and help 

solve the problem of environmental pol lut ion and ecological situation. 

From the above analysis, we can predict that greenhouse effect and nuclear power 

technology w i l l be the crit ical elements dominating the energy usage in the 21st century. I f 

the greenhouse effect is not as serious as predicted，the l i fe of fossil fuels w i l l last longer. 

On the contrary, the present fission nuclear power technology w i l l come back again and 

electricity w i l l replace direct usage of fossil fuels and become the principal part of energy 

consumption* especially in the field of transportat ion, and electric vehicles w i l l become the 

mainstream of the new age. And on a more optimistic basis，we can further envisage a 

br ight future w i th clean energy and clean air. if the commercial application of thermonucler 

reaction technology can be achieved. A t that t ime, the history of fossil fuel as an energy-

source w i l l be put to end，and electric power w i l l be a symbol of all energy sources. 

3 CONCLUSIONS 

China now st i l l largely relies on conventional energy to satisfy its consumption needs, 

as coal and oil account for about two-th i rds and one quarter of the total energy consump-
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t ion mix respectively. In accordance wi th the sustainable energy development strategy in 

the new era, energy supply in China must take the road of energy diversification, optimize 

energy structure，especially increase the proportion of clean and renewable energy sources, 

including nuclear energy， in the process of energy increment construction and inventory 

adjustment, and take fu l l advantage of various energy resources as possible so as to ensure 

CKina? s future demand or energy supply in both quantity and. Quality. 

Nuclear power should occupy a significant position in the energy development strategy 

in China and should be a strategic choice so as to implement energy security and sustain-

able energy development strategy. The policy in power sector about developing nuclear 

power to an adequate degree should be changed to promoting the nuclear generation capaci-

ty as extensively as possible. 

(1)Chinese government should include nuclear energy development in the national en-

ergy development strategy so as to unify its deployment and planning. 

( 2 ) I t is important to focus our attention on the digestion and adoption of nuclear pow-

er technology, constantly accumulate experiences so as to realize the goal of self-designing 

and equipment production of 1 000 MW-class PWR nuclear power project in large quanti-

ties, establish nuclear power plant of Chinese brand and achieve the ultimate objective ol 

building nuclear power plant entirely relying on our own national capacity. 

(3)China should strengthen the research and development of nuclear energy» speed up 

the research and engineering construction of the reprocessing of nuclear spent fuel and the 

disposal of radioactive wastes» increase the investment in research and development, solve 

problems existing in sustainable nuclear development so as to realize the coordinated devel-

opment of energy (nuclear energy)，economy and environment w i th a starting point reduc-

ing R & D redundancies through international cooperation. 

( 4 ) Based on the successful experience of the construction of some nuclear power 

plants in China，learning f rom the successful operation and experience of foreign countries 

w i th developed nuclear technology, and cooperating w i th foreign countries, China w i l l 

possibly reach the fol lowing goal： 40 GW installed capacity of nuclear power in China by 

2020. 
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