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ABSTRACT 

China is one of the fastest growing economies in the world. With 1.3 billion people China also 
has the largest population worldwide. The growing economy, the migration of people from rural areas 
to cities and the augmentation in living standard will drive the energy demand of China in the coming 
decades. 

At present the installed electrical power is about 500 GW. In the years 2004 and 2005 the 
added electrical capacity was around 60 GW per year. Chinas primary energy demand is covered 
mainly by the use of coal. Coal also will remain the main energy source in the coming decades in 
China. Nevertheless taking into account more and more environmental aspects and the goal to reduce 
dependencies on energy imports a better energy mix strategy is planed to change including at an 
increasing level the renewable and nuclear option.  

Present the nuclear park is characterised by a large variety of different types of reactors. With 
the AP-1000, EPR and the gas-cooled High Temperature Reactor (HTR) the spectrum of different 
reactor types will be further enlarged. 

1 INTRODUCTION  

China is one of the fastest growing economies in the world. With 1.3 billion people China also 
has the largest population worldwide. 2/3 of this population still lives in rural areas where their energy 
demand is satisfied mainly by renewable energy sources like wood, straw etc.. About 20 Mio. people 
per year move from rural areas to the cities switching from renewable to fossil energy while at the 
same time increasing their energy demand due to higher living standards. The growing economy, the 
migration of people from rural areas to cities and the augmentation in living standard will drive the 
energy demand of China in the coming decades. 

At present the installed electrical power is about 500 GW. In the years 2004 and 2005 the 
added electrical capacity was around 60 GW per year. For comparison the total installed electrical 
generation capacity in Germany is about 82 GW and 18 GW in Switzerland. Chinas primary energy 
demand is covered mainly by the use of coal. Coal also will remain the main energy source in the 
coming decades in China. Nevertheless taking into account environmental aspects and the target to 
reduce the dependency on energy imports the energy mix is planed to change.  

The nuclear power installed in China today is around 10 GW. The prospective for the next 15 
years is to increase the installed nuclear power to about 40 GW. This means there is a need for 
30 GWel of new nuclear installations. The reactor fleet in China is very inhomogeneous today and 
shows an open interest in different reactor technologies. Russian VVER, Canadian Candu, French 
PWRs and different Chinese designs are already in operation. In the near future further own reactor 
designs and Generation III and IV designs like the EPR, the AP1000 and the HTR-PM will add to the 
future experience of the Chinese nuclear industry. In 2007 China ordered two EPRs, four AP1000 and 
one fuel reprocessing facility. China in parallel is developing its own reactor concepts based on the 
French Areva design or on the German THTR design. First announcements of an evolutionary 
AP1400 design have already been made. 
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As the AP1000 is a Westinghouse design and the HTR-PM is based on the German THTR 
technology which today is Westinghouse property (with Chinese improvements) these two reactor 
concepts will be presented here in more detail. 

 The Westinghouse AP1000 is the first Generation III+ reactor to be build designed for in-vessel 
retention under severe accident conditions. Key features are: 
• Competitive construction and electricity production costs,  
• improved safety by use of inherently safe passive design for residual heat removal and passive 

makeup systems for the cooling systems,  
• simplification by the use of passive safety features and standardisation, 
• use of proven technology and modular construction. 

Considering only passive safety systems of the AP1000 the estimated core melt frequency is 
already so low that some of the systems classified as safety related in other designs do not need to be 
classified safety related anymore. This results in lower costs for operation and equipment. As a result 
the AP1000 is a mature, safe, simple and affordable reactor concept. 

The Tsinghua University (
����

) in Beijing designed, constructed, commissioned and is 

currently operating a High Temperature (HTR) research reactor with a thermal power of about 10 MW 
(HTR-10). In 2006 the construction of a 500 MWth demonstration plant (HTR-PM) became a national 
project of China. Thus the Chinese are competing with the South African PBMR project to build the 
first Generation IV reactor. Unlike the PBMR the Chinese design will be simpler and will use a steam 
cycle for electricity generation. With the inherent safety characteristics, high outlet temperatures (up-to 
950°C) and the small modular design this concept is suitable for many different applications (chemical 
process heat, hydrogen production). The small size also is beneficial to operation on undeveloped 
electrical grids. With the AP1000 and the HTR-PM under operation in the middle of the coming decade 
China will have access to the most modern reactor concepts worldwide. 

2 CHINA – BASIC INFORMATIONS AND ENERGY CONSUMPTION [1]  

 

Figure 1: China in comparison to Switzerland and Germany. 

In Figure 1 a map of China in comparison with maps of Switzerland and Germany is shown. The 
area of China is 9.571.302 km

2
. This is more than one order of magnitude larger than Germany with 

357.092 km
2
. Compared to Switzerland (41.285 km

2
) it’s even more than two orders of magnitude. 
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Concerning the population or the steel production proportions are similar. China today has around 
41.000 km of highways. Taking into account that in the nineties China had no highways at all this is 
one indicator representing the dynamics in the development of China. As a comparison the interstate 
highway system in the U.S. was built from 1956 till 1991 having now a length of 68.720 km. The total 
primary energy consumption of China is of the same order of magnitude compared to the U.S.A.. The 
per capita consumption of primary energy in China is only 15% of the one in the U.S and 30% of the 
one in Germany.  

 

Table 1: Basic Figures of China in comparison with Switzerland and Germany. 

 Unit China U.S.A. Switzerland Germany 
Area km

2
 9.571.302 9.826.630 41.285 357.092 

Population 
Steel Production 

10
6
 

10
6
 t/a 

1,400 
349 

300 
93 

7,6 
0,8 

82 
45 

Highways 
Primary Energy Consumption 
       total 
       per habitant 

km 
 

10
6
 tSKE 

tSKE 

41.000 
 

2.274 
1,75 

68.720 
 

3.730 
11,38 

1.638 
 

31,7 
4,18 

12.000 
 

492 
5,97 

 
About 2/3 of the Chinese population still live in rural areas where their energy demand is 

covered mainly by renewable sources like wood, straw etc.. The migration of the population from rural  
areas to the cities, the increase of the standard of living in the cities as well as in the rural areas and 
the development of the Chinese economy will result in a further increase of the energy demand in the 
coming decades.  

In Figure 2 the primary energy mix in China in 2005 is shown. Around 69% of the primary 
energy consumption of China is covered by coal and around 22% by oil. In total more than 90% of the 
primary energy consumed is fossil contributing to the global CO2 emissions. The total power installed 
in China in 2006 was around 500 GWel. For comparison the installed power in China in 1990 was 
130 GWel, the installed power in Germany 82 GWel and in Switzerland 18 GWel. In the years 2004 and 
2005 the newly installed capacity was 80 GWel per year. In 2007 the new capacity was even 
100 GWel. Nuclear energy is contributing with 0,7% which corresponds to a installed power of 9 GWel. 

69,0%

2,8% 5,7%

21,5%

0,7% 0,3%

Coal
Oil
Natural Gas
large Hydropower
Nuclear
Renewable

 
Figure 2: Primary energy mix in China in 2005. 

 
In Figure 3 the contribution of the different energy sources to the Chinese electricity production 

as it is predicted for 2020 is shown. With a contribution of more than 60% coal will remain the 
fundamental primary energy source for China. Renewable energy like hydropower, wind power and 
biomass shall provide a remarkable contribution of 20% to the electricity production. Although it is 
planned to increase the installed nuclear power from 9 GWel to about 40 GWel the contribution of 
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nuclear power to the overall electrical energy production in 2020 will only be around 2%. Nevertheless 
this represents 30 GWel of new installed nuclear power to be built in the coming 12 years or at a 
minimum about 20 new nuclear power stations.     
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4,4% 4,4%
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Figure 3: Primary energy mix in China 2005. 

 
 

3 THE CHINESE REACTOR FLEET TODAY AND TOMORROW 

Today the reactor fleet in China is very inhomogeneous but it shows an open interest in different 
reactor technologies. Russian VVER, Canadian Candu, French PWRs and different Chinese designs 
are already in operation. In the near future further own Chinese reactor designs, the EPR, the AP1000 
and the HTR-PM will add in the future to the experience of the Chinese nuclear industry. In 2007 
China ordered two EPRs, four AP1000 and one fuel reprocessing facility. Since many years China is 
developing it’s own reactor concepts based on the French Areva design or on the German THTR 
design. First announcements of an evolutionary AP1400 design already have been made. 

Figure 4. shows the locations of the existing as well as the planned nuclear power plants in 
China. The locations are mostly in the eastern part of the country near the coast. Recently China 
Nuclear Guangdong Power Group (CGNPG) and the Hubei provincial government signed an 
agreement to construct China’s first inland nuclear power plant. The plant would be located in 
Xianning City near Wuhan. The western parts of China have a very low population density and the 
economic is not far developed yet. The eastern part privileged by nature hosts the major part of the 
population and industry.  
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� Shidaowan – ���: HTR-PM

� Haiyang – ��: Westinghouse AP-1000

�Tianwan – 	�: VVER

� Qinshan – 
�: CNNC DWR & Candu

�Sanmen – �: Westinghouse AP-1000

�Ningde – ��: VVER

�Ling'ao – ��: Areva & CNNC DWR

�Dayawan – ���: Areva DWR

�Yangjiang – ��: Areva EPR

 
 

Figure 4: Locations of nuclear power plants in China today and tomorrow. 
 
 
In China the names of the nuclear power stations are derived from their location. In table 2 the 

names, construction costs, type of reactor and the electrical power are shown. In table 3 the units 
under construction and on schedule are shown.  

 

Table 2: Nuclear power plants under operation in China.  

    ��/Name ���/Investment ���/Reactor ��/Power

    � !/Daya bay 4.4 Mrd. $ Areva PWR - M310 2 x 984 MW  

    "#$%/Qin shan stage Ι  --- Chinese first prototype PWR 300 MW  

    "#&%/Qin shan stage II 1.78 Mrd. $ Chinese design PWR 2 x 642 MW  

    "#'%/Qin shan stage III 2.8 Mrd. $ Canadian CANDU 2 x 728 MW  

    ()$%/Ling'ao stage Ι 3.64 Mrd. $ Areva PWR - M310 2 x 990 MW  

    *!$%/Tian wan stage Ι 3.2 Mrd. $ Russian VVER 2 x 1060 MW  
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Table 3: Nuclear power plants under construction in China.  

    +,/Name -.//Reactor 01/Power 23456/First Concret Date78
/Status 9:/under construction

    ;<=>/Ling'ao stage ? Areva PWR - M310 2 x 1000 MW  15.12.2005

    @A=B/Enhance Project of Qin shan stage ? Chineese PWR, based on M310 2 x 642 MW  28.03.2006

    CDE /Hong Yanhe CPR-1000 - improved M310 2 x 1000 MW  15.08.2007

    FGH=>/Chashma stage ? Chniese first prototype PWR 1 x 300 MW  28.12.200578
/Status IJ/on schedule

    KLMN/Yangjiang, Guangdong French,PWR,EPR 2 x 1650 MW  2009

    ONPQ/Sanmen, Zhejiang Westinghouse AP-1000 2 x 1000MW  01.03.2009

    ALRM/Haiyang, Shandong Westinghouse AP-1000 2 x 1000MW  

    STUV/Ningde Fujian Pro. CPR-1000 6 x 1000 MW  15.04.2008

    @AWB XYZA[/ Qinshan stage Ι-2 (Fangjia Mountain) Chniese design PWR 2 x 642 MW  01.06.2009

    AL\AC]^/Rushan, Shandong  Pro. 6_8` 6 x 1000 MW  2009

    ALab]cd/Shi Daowan, Rongcheng, Shandong Pro. HTR-PM 20×20 MW  01.05.2009

    STSe/Fuqing, Fujian Pro. N.N. 6 x 1000 MW  

    KLfA/Tai shan, Guangdong Pro. CPR-1000:6×1000 6 x 1000 MW  2007  
 
In the past Westinghouse was not present in the Chinese market with their design. 

Westinghouse has competence in the AP1000 design and in the development of HTRs. The HTR-PM 
is at present developed by the Tsinghua University in Beijing, China. Thus in the following paragraphs 
both concepts will be presented.  

4 WESTINGHOUSE AP1000: GENERATION III+ 

The AP1000 design is based on the AP600 design. The AP 600 received Final Design 
Certification by the NRC in 1999. The development target at the time being was to reach electricity 
production coasts <4,3 ¢/kWh. In the following years the electricity generation environment has 
changed significantly also due to the deregulation. This resulted in new target electricity generation 
coasts of ~3 ¢/kWh. This goal was not reachable with incremental improvements of the AP600. 
Consequently this motivated Westinghouse to consider a major up-rate alternative 
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Figure 5: AP1000 – Design Overview – Main Features 
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In figure 5 the main design features of the AP1000 concepts are presented. The AP1000 safety 
concept is based on passive systems using natural convection, conduction, radiation, natural 
convection and gravity driven systems to remove the residual heat. This safety systems concept 
allows reducing the number of safety grade components which results in a considerable reduction in 
the number of safety components and commodity components.  

 
 

 
 

Figure 6: AP1000 – Design Overview – Passive cooling system. 
 
In figure 6 the main features of the passive cooling system are shown. The decay heat is 

removed by natural circulation using the heat exchanger (HX) connected to the steam generator (SG) 
and to the hot leg of the reactor coolant system (RCS). Passive safety injection is assured by natural 
circulation and gravity from the core makeup tanks (CMT), by N2 pressurised accumulators and gravity 
drain of the refuelling water storage tank (IRWST). The automatic depressurisation valves on the 
pressuriser and the hot leg will be actuated in order to allow the functions of the inherent safety 
features. These mechanisms led to very low core melt frequencies in the probabilistic risk 
assessment. The conventional heat removal paths do not need to be considered which allows to 
classify the related components not safety grade. This results in a considerable reduction of safety 
grade components and related systems.  
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Figure 6: AP1000 – Design Overview – Passive containment cooling system. 
 
Figure 6 shows the passive containment cooling system (PCCS) concept. Inside the reactor 

containment natural recirculation and condensation are used to transport the heat to the surface of the 
containment. From the outside natural convection and evaporation of water from the PCCS gravity 
drain water tank are used to remove the heat from the building. 

 

 
Figure 7: AP1000 – Design Overview – Main Features. 

 
Another aspect is the modularisation and standardisation of the AP1000. The use of 

standardised proven technology and a consequent modularisation resulted in a further reduction of the 
construction costs as well as construction time. This concept allows the parallel preparation of the 
construction side and the construction of the structural and component modules. The final steps are 
the onsite assembly, commissioning and finally operation. 

During the development of the AP600 a wide variety of tests and experiments were carried out 
to prove the functional and safety features of the reactor concept. Separate effect, Component and 
sub system tests which were carried out include: 

 
• Reactor coolant pump tests 
• Passive residual heat removal heat exchanger tests 
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• Core makeup tank tests 
• Containment water distribution tests 
• Containment shell heat and mass transfer tests 
• Containment cooling wind tunnel test 
• Automatic depressurisation system test (full scale test) 

 
Integral system tests include: 

 
• Integral PCS test 
• Large scale integral PCS test 
• Full height, full pressure integral systems tests 
• Long term cooling integral system test 

 
The philosophy may be summarised by: passive mechanisms, simplification and 

standardisation, wide test program lead to a mature, safe, simple and affordable reactor design. 
 
.  

5 HIGH TEMPERATURE REACTOR - HTR-PM: GENERATION IV 

. The High Temperature Reactor is today the most advanced reactor concept of the 
Generation IV initiative. In the 70s the Arbeitsgemeinschaft Versuchsreaktor (AVR) build the first HTR 
using pebble fuel elements. In Germany the technology proved its commercial feasibility in the THTR 
in the 80s. The development of the HTR technology later was continued by the South African Pebble 
Bed Modular Reactor (PBMR) and in China. In China the Tsinghua University designed, constructed, 
commissioned and operates a 10 MW research reactor.  

A 200 MWel modular pebble bed HTR (HTR-PM) demonstration project was initiated by the 
HUANENG Group and the Nuclear Industry Construction Group in cooperation with the Institute for 
Nuclear and New Energy Technology (INET) of the Tsinghua University. In 2006 the project became 
one of the 16 key projects within the National Science & Technology Development Program of China 
till 2020. The SHIDAOWAN Nuclear Power Plant was jointly established by the HUANENG Group, 
Nuclear Industry Construction Group and the Tsinghua University. The SHIDAOWAN NPP will be the 
utility running the HTR-PM. The start of construction of a first commercial demonstration plant the 
HTR-PM is scheduled for 2009.  

Figure 8 shows the concept of the HTR fuel element as it is used in China. The basis of most of 
the HTR fuels used or developed worldwide (Germany, China, South Africa, Japan) is the coated 
particle. The coated particle consists of the fuel kernel with a diameter of around 0,5 mm. This kernel 
is surrounded by a porous carbon layer, a graphite layer, a SiC layer and another graphite layer. 
These coated particles are pressed into a spherical graphite matrix with a diameter of 5 cm. This 
matrix is surrounded by a 0,5 cm graphite layer. This fuel concept is characterised by very efficient 
fission product retention up to temperatures of 1600°C and extreme mechanical stability. 
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Figure 8: AP1000 – Design Overview – Main Features 

 
The fuel elements are randomly inserted into a reactor core surrounded by a graphite reflector. 

The control rods are inserted in special channels in the outer reflector. The core of the HTR-PM is of 
cylindrical geometry with one homogeneous fuel zone. Helium is used as a coolant. The Helium flow is 
from top to bottom. In table 4 the main design parameters of the Chinese HTR-PM project are shown. 
The inlet temperature is 250 °C and the outlet temperature 750 °C. This is proven technology as well. 
The AVR in the Research Centre Jülich (FZJ or former KFA, Germany) was operating for over 20 
years with outlet temperatures between 900 and 950 °C. These high operation temperatures can be 
used not only for electricity generation but also for many different heat applications like hydrogen 
production, process heat, sea water desalination etc.. The heat is transferred from primary circuit to 
the steam cycle on the secondary side via a Helium steam generator. This steam circuit also is proven 
technology from conventional power plants. The Helium steam generators were developed and used 
in the German THTR-project.  

 
Table 4: HTR-PM–Overview – Main Design Features 

 
HTR-PM – Main Design Parameters 

Reactor numbers 2 
Thermal power / reactor 250 MW 
Lifetime 40a 
Core diameter/height 3.0/11 m 
Primary system pressure 7.0 MPa 
Helium inlet/outlet temperature 250/750 °C 
Helium mass flow 96 kg/s 
Electric power 200MW 
Fresh Steam 535 °C / 13.5 MPa 
Channels of absorber balls 20 
Control rod number / reactor 10 
Fresh fuel enrichment 8.9% 
Average burn-up 90 GWd/TU 

 
The core design of the HTR-PM is very close to the Siemens Module Reactor concept. However 

one module of the HTR-PM is smaller in size and in power output than for instance the core of the 
South African PBMR design. The HTR-PM project is a two module concept where the two units are 
coupled to one steam turbo generator unit and sharing the same auxiliary systems. This concept 
makes the design economically competitive.  Figure 9 shows a cut through the containment building 
with the two reactor modules and on the right side a cross section of the reactor and steam generator. 
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Figure 9: Cut of the HTR-PM containment and cross section of the reactor. 

 
The central government recently approved the decision to develop, design and built the HTR-

PM in China. According to the schedule it should be in operation in the year 2013. 
 

6 CONCLUSIONS 

The changes in China and the growth of its economy will lead to an significant increase in the 
energy demand. At present and in future the main primary energy source will be coal. It is planned that 
the contribution of renewable energy to the electricity production in 2020 will be 20%. The contribution 
of nuclear power is foreseen to be 2,2% which represents 30 GWel of new installed power in the next 
12 years. The Chinese reactor fleet is characterised by a large variety of different reactor types. With 
Arevas’s EPR, Westinghouse’s AP1000 and different Chinese designs the philosophy of under-
standing and examination of different reactor concepts is preserved. With the construction of the 
AP1000 China is entering the area of Generation III+ reactors. The development of the HTR-PM will 
make China on of the first countries or even the first country with a Generation IV reactor under 
operation.  
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