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Series Editor’s Preface

Energy, Climate and the Environment

Concerns about the potential environmental, social and economic impacts
of climate change have led to a major international debate over what could
and should be done to reduce emissions of greenhouse gases, which are
claimed to be the main cause. There is still a scientific debate over the likely
scale of climate change, and the complex interactions between human
activities and climate systems, but, in the words of no less than the present
Governor of California, Arnold Schwarzenegger, ‘I say the debate is over. We
know the science, we see the threat, and the time for action is now”.

Whatever we now do, there will have to be a lot of social and economic
adaptation to climate change, preparing for increased flooding and other
climate related problems. However, the more fundamental response is to
try to reduce or avoid the human activities that are seen as causing climate
change. That means, primarily, trying to reduce or eliminate emission of
greenhouse gasses from the combustion of fossil fuels in vehicles and power
stations. Given that around 80% of the energy used in the world at present
comes from these sources, this will be a major technological, economic and
political undertaking. It will involve reducing demand for energy (via life-
style choice changes), producing and using whatever energy we still need
more efficiently (getting more from less), and supplying the reduced amount
of energy from non-fossil sources (basically switching over to renewables
and/or nuclear power).

Each of these options opens up a range of social, economic and environ-
mental issues. Industrial society and modern consumer cultures have been
based on the ever-expanding use of fossil fuels, so the changes required will
inevitably be challenging. Perhaps equally inevitable are disagreements and
conflicts over the merits and demerits of the various options and in rela-
tion to strategies and policies for pursuing them. These conflicts and associ-
ated debates sometimes concern technical issues, but there are usually also
underlying political and ideological commitments and agendas that shape,
or at least colour, the ostensibly technical debates. In particular, at times,
technical assertions can be used to buttress specific policy frameworks in
ways that subsequently prove to be flawed

The aim of this series is to provide texts that lay out the technical, envi-
ronmental and political issues relating to the various proposed policies for
responding to climate change. The focus is not primarily on the science
of climate change, or on the technological detail, although there will be
accounts of the state of the art, to aid assessment of the viability of the

xii
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various options. Rather, the main focus is on the policy conflicts over which
strategy to pursue. The series adopts a critical approach and attempts to
identify flaws in emerging policies, propositions and assertions. In partic-
ular, it seeks to illuminate counter-intuitive assessments, conclusions and
new perspectives. The aim is not simply to map the debates, but to explore
their structure, their underlying assumptions and their limitations. Texts
are incisive and authoritative sources of critical analysis and commentary,
indicating clearly the divergent views that have emerged and also identify-
ing the shortcomings of these views. However, the books do not simply
provide an overview, they also offer policy prescriptions.

The present volume looks at what is arguably a key energy and climate
issue — the approach being adopted in China. Given China’s huge popu-
lation and rapidly growing economy, what China does in terms of devel-
oping energy technologies will have immense impacts on the rest of the
world. China’s greenhouse gas emissions have already overtaken those of
the USA, as economic growth has stimulated a rapid expansion of coal burn-
ing. China is well aware of the problem and is supporting a number of key
zero or low carbon initiatives — including the exploitation of its massive
renewable energy resources and the expansion of nuclear power. The lat-
ter is the focus of this book. However, it is important to realise that this is
only one option - probably the most urgent is the adoption of clean coal
carbon capture and storage technology. Equally, since both fossil and fis-
sile reserves are finite, building up renewables must surely be the long-term
goal. China is already doing a lot in that area. If hydro is included (this
is a major source in China), it now produces more energy from renewable
sources any other country in the world. That, of course, in part reflects the
sheer size of the country and its booming economy. But even in percentage
terms, it is one of the world leaders. It now gets over 8% of its total energy —
17% of electricity — from renewables and its initial target of getting 15%
of total energy from renewables by 2020 now seems likely to be exceeded.
Recent reports suggest that it might even get to 20% of primary energy by
2020 - or par with the EU aim.

Hydro has been the main focus, along with biomass, but wind-power is
now expanding rapidly. The existing target was to have 30 GW of wind
capacity in place by 2020, but that has now been overtaken by events —
there is now 25GW in place — with 150GW being touted as the new target.
The longer term potential for wind is very large — it has been estimated that
the total wind resource could support up to 3,000GW of wind capacity. By
comparison, total world energy capacity is currently around 13,000 GW.

Biomass and biogas also represent very large but only partly developed
sources in China. A recent REEEP study suggested that 30% of China’s rural
energy demand could be met through bioenergy. There is also a large poten-
tial for solar energy. China already has 65 GW of installed solar thermal power
out of the global total of over 128 GW(th) and the potential for expansion is



xiv  Series Editor’s Preface

significant, including large-scale concentrating solar power units in desert
areas feeding power by HVDC links to the cities. A 1IGW prototype plant is
planned. PV solar is also set to expand rapidly. China is already the largest
producer of solar cells globally and, although until recently most of them
were exported (around 1GW is 2007) , the emphasis has now changed so
that the current national target of having 3GW of capacity in place by 2020
could be exceeded by perhaps a factor of three. Looking further ahead, work
is also underway on tidal and wave energy projects.

However, renewables are still seen as relatively novel options, and,
although the potential is very large, rapid expansion beyond around 20% of
total energy will be challenging. Given the rapid economic growth and the
linked growth in energy demand, it is not surprising then that China has
also seen nuclear power as an important option. As is argued in this book,
there have been few debates about whether to go nuclear; the main issue has
rather been how fast it can be expanded. Given that the nuclear issue has
been very contentious in the West, it might be suggested that the absence
of much public debate in China reflects a lack of democratic processes and
open discussion. However, even if wide-scale public participation may have
been lacking, there has certainly been plenty of debate within the institu-
tions that run China, and this book tracks through the internal political
process and linked issues. As it indicates, there have certainly been doubts
as to whether this very capital-intensive technology is the best bet for rapid
development. Given that many other newly developing countries may also
consider the nuclear option, the debates within China clearly have wider
implications.
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Introduction

China is planning to increase its nuclear generation capacity by building
two or three nuclear power plants every year until at least 2020, as one
step to meet its rapidly rising energy demands and mitigate climate change
threats. Will China be able to expand its nuclear power generation capacity
in sufficient quantities and with sufficient speed to beat the urgent twin
challenges it faces — energy security and climate change? This book seeks
to understand the constellation of political forces in China that has shaped its
nuclear energy development.

Economy, energy and environment are inextricably linked. A secure energy
supply is needed to fuel economic growth; energy production and consump-
tion, particularly combustion of fossil fuels, produce environmental pollu-
tion, and this pollution has direct impacts and social costs. These challenges
have become more pressing in the past three decades as developing coun-
tries enter the stage of industrialisation and urbanisation and struggle to
provide their citizens with modern energy - electricity and heat. Providing
adequate and reliable energy supplies to meet the demand for economic
and social development while controlling or even reducing greenhouse
gas (GHG) emissions is necessary for sustainable development. Eliminating
or mitigating the effects of pollution, or moving to non-polluting energy
sources also entails economic costs and requires changes in personal, com-
munity, corporate and national behaviour.

These challenges are not just technical or economic; nor are they unique
to any single country. Energy is a political issue. On one side of the politi-
cal spectrum, the answer to the energy problems rests on a continuation of
globalisation based on free market principles — free markets will ensure ade-
quate investment capital to meet rising energy demands! and free markets
can also change consumers’ behaviour to deal with environmental prob-
lems. On the other side of the spectrum is the argument for government
intervention and regulation: energy is essential to the national economy
and living standards of the people and therefore governments should decide
how capital and energy supplies are apportioned and allocated.
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More importantly, energy issues often pit one group of interests against
another.? Energy companies stand to benefit from high energy prices while
end-users affected by the high price of inputs may lose their margins of
profit or even their livelihood. As energy end-users, we like to maintain
and improve the comfort of our living (driving SUVs and keeping electric
appliances on stand-by) but do not want to see power plants, hydro dams,
transmission grids or uranium disposal sites in our backyards. While devel-
opment of renewable energy is urgent and needs more resources, traditional
fossil fuels sectors are unwilling to give up their dominant position. These
are only a few examples of the difficult political issues. Governments have
to find the right balance between energy and economy, energy and develop-
ment, energy and environment, energy and security, and, more importantly,
clean energy and adequate and reliable energy supplies. To understand simi-
lar challenges that China is facing, however, we need to consider all these
difficulties, multiply by the number of its population, and square it with
low GDP per capita and poor natural resources endowment.?

After three decades of a near double-digit annual growth rate, China had
achieved what seemed impossible: over 500 million people had been lifted
from absolute poverty; more than 268 million people had entered into the
urban domain; its economy had become the second largest in the world
in purchasing power parity terms; it had become the third world’s largest
trader; and in less than a generation, China moved “from being a minor and
largely self-sufficient energy consumer to become the world’s fastest-growing
energy consumer and major player on the global energy market.” China is
also facing the most difficult and ‘unique energy security challenge’s - to
sustain rapid economic development and growth in output in a way that
is more equitable, more environmentally sustainable and, therefore, less
energy-intensive than has so far been the case.

These ‘difficult-to-reconcile’ objectives become more challenging when
China faces the ‘extremely fundamental forces’ in its development - that is,
China is like “a group of relatively developed islands with a cumulative pop-
ulation of over 400 million people that are scattered around in a sea of over
800 million people who live very much in developing-country conditions.”®
To accommodate about 15 million people moving into urban areas each
year, ‘effectively, China has to build urban infrastructure and create urban
jobs for a new, relatively poor city of 1.25 million people every month, and
that will likely continue for the better part of the next two decades.”” Given
that the per capita energy consumption for urban citizens is 3.5 times that
of rural citizens, demands for energy and other infrastructure in China have
placed tremendous pressure on resources and the environment, especially
in the past decade.

By 2002, China had to stare at the dark side of its double-digit growth.
Blackouts rolled in and factory lights flickered; the grid sucked dry by a
decade of breakneck industrialisation. Oil and natural gas were running
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low. China’s increasing import of oil triggered global panic in oil supplies
in the mid-decade. On the home front, belching power plants were burn-
ing coal faster than cracked old railroads could deliver it. The most popu-
lous country on the planet was passing the US to become the largest GHG
emitter and the home of 20 of the world’s 30 worst polluted cities. A 2007
World Bank report, ‘The Cost of Pollution in China: Economic Estimates of
Physical Damage’, estimates the total cost of air and water pollution as about
5.8% of its GDP annually; other scholars raised the direct cost of pollu-
tion damage to China’s economy to between 8% and 13%. In human costs,
an estimated 750,000 people die in China of pollution-related illness every
year. Pollution is causing problems for the government as the frequency and
size of protests over local environmental conditions increase.

Chinese leaders encounter fundamental problems regarding human capi-
tal, infrastructure, social malaise, technical capabilities and, more impor-
tantly, institutional capabilities when facing several extremely fundamental
facts of life in its development: (a) urbanisation and industrialisation will
continue; (b) energy consumption will keep rising; (c) coal will remain the
main source of its energy supply and (d) CO, emissions will keep rising too.
Yet, some balance needs to be found and serious measures have to be taken
to avoid one of ‘the high-probability failures’ — ‘a power supply failure”: a
situation that is akin to the car running out of gas either because of the
inability to secure energy supplies or an environmental collapse.’

To manage these twin challenges of ‘energy security’ and ‘climate change’,
China seeks a reliable fuel supply from an array of sources, grasping at every
energy alternative within its reach, including the traditional fossil fuels (coal,
oil and natural gas), renewable resources (wind, solar, biomass, hydro and
other forms), and nuclear. Development of renewable and nuclear energy
will, and can, only supplement part of the increase in energy demands and
its success depends on how the politics plays out.

The state of play

The human being has always sought ‘to supplement [its] puny muscles by
whatever means [it] could find: horses, elephants, tides, wind, water-mills,
slaves.”l% The discovery of coal and its usage in the 18th century brought
about steam engines and made industrialisation possible; it also allowed a
society to feed itself on the produce of foreign farms. The discovery of oil
in the late 19th century and its wide usage in the 20th century were the
preconditions for the industrialisation of North America and then around
the world. Finding new energy sources has always been part of the human
endeavour and controlling energy resources and their production is a neces-
sary condition for a modern economy. Energy, however, is not used for its
own sake, but rather for the services it makes possible — lighting, cooking,
heating, cooling, generating electricity, and transporting freight and people.
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There are different means of providing a desired service, each with its own
costs and benefits. People in industrialised countries and the wealthy in
developing countries use gas and electricity for lighting, cooking and heat-
ing while the poor burn charcoal, agricultural residues or animal dung to
cook meals or to warm up their homes.

Providing people with access to modern energy - electricity and heat —
has been considered a key to social and economic development in all coun-
tries by most politicians and all international organisations. As early as the
1930s, farmers in Texas were telling their Congressman, Lyndon Johnson,
later the US President, about their life without electricity:

Living was just drudgery then...Living — just living — was a problem. No
lights. No plumbing. Nothing. Just living on the edge of starvation. That
was farm life for us. God, city people think there was something fine
about it. If they only knew. ...}t

‘T'll get it for you,” had promised Johnson. When people in Hill County,
Texas, finally got electricity, ‘people began to name their kids for Lyndon
Johnson.'? This was what the Chinese government promised to do when
reform started in the late 1970s — building up electricity infrastructure to
support economic growth and thereby improve the standard of living of its
people.

China’s total electricity consumption quadrupled between 1980 and 2000
(from 259TWh to 1081TWh). It then grew by 14% per year between 2000 and
2007 and reached 2717TWh in 2007.!3 Over 400 million people in the coun-
try were connected to electricity and its consumption per capita rose from
a little over 307kwh in 1980 to 2328kwh in 2007, which remained below
the world’s average (2752kwh) and still only 27% of that in OECD coun-
tries (8477kwh). Total installed generation capacity expanded from 66GW in
1980 to 316GW in 2000 and then more than doubled in the next 7 years to
706GW in 2007. It is expected to double again to 1460GW by 2020.14

Given that China is poor in other energy resources, coal meets about 70%
of its total energy consumption. Coal-fired thermal generation plants pro-
duce 82% of its electricity and they are expanding too. In 2008, the total
coal-fired thermal generation capacity under construction in China (112GW)
was twice Australia’s current total capacity from all sources (52GW). Heavy
reliance on coal has had two immediate consequences: (a) coal is depleting
quickly (see Chapter 3), and (b) ‘burning coal contributes to 90% of the
national total sulphur dioxide (SO,) emissions, about 70% of the national
total dust, nitrogen oxide (NO,) emissions and carbon dioxide (CO,) emis-
sions’!S (see Chapter 8). Both issues have raised serious concerns in China as
well as in the international community.

The Chinese government has initiated a wide range of measures related
to energy and climate change. It has specifically emphasised its intent to
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improve energy efficiency and lower energy intensity — the amount of energy
used per unit of GDP. In 2002, for example, China announced that it aimed
at quadrupling its economy while only doubling its energy use by 2020.
In 2004, the State Council approved the Medium- and Long-term Energy
Development Plan Outline 2004-2020 and the National Development
and Reform Commission (NDRC) formulated the Medium- and Long-term
Energy Conservation plan in the same year. In 2005, the Renewable Energy
Law was adopted that particularly emphasised diversifying energy mix by
expanding the share of renewable energy to 16% of China’s total energy
production by 2020.

China’s 11th Five-Year Plan (FYP) (2006-10) was formulated in 2003-05
when it had become clear that capital-intensive and industry-led growth
had placed tremendous pressures on energy, natural resources and the
environment. The 11th FYP gave priority to rebalancing the economic
structure and to environmental and social objectives. It set an ambitious
target for energy-efficiency improvement: China would double its 2000
per capita GDP and reduce energy intensity of GDP by 20% by 2010. To
achieve this ambitious objective, China would have to adopt structural,
technical and managerial changes: ‘() structural, resulting from rebalanc-
ing the economic and industrial structure, particularly reducing the share
of energy intensive industries; (ii) technical, through technical progress
to reduce energy consumption per unit of product; and (iii) managerial,
by reducing energy waste during energy production, transportation, and
consumption through strengthening regulatory and administrative insti-
tutional capacity.’! Restructuring its economy, especially moving away
from energy-intensive industries, such as steel, aluminium or petrochemi-
cal, to service sectors takes time and involves heavy social, economic and
even political costs. It has never happened in any country without radical
changes.!

Other specific policies include: improving energy efficiency, promoting
clean and renewable energy, closing down small-sized and highly polluting
power plants, building super-critical power plants (with capacity of 600MW
plus), and developing a coal-bed methane industry as a way to use clean coal
technology. In 2007, for example, it closed 533 small coal-fired power plants
with a capacity of 21.6GW. It also closed small-sized steel and iron mills
with a capacity of 84 billion tonnes, exceeding the planned 65 billion tonne
target. By the end of 2007, 74% of ordered thermal capacity is 600MW and
above.!® The Chinese government also adopted policies to encourage the
development of renewable energy.

In September 2007, a target was set for the five major power generation
companies that at least 3% of their generation capacity would have to be
from renewable resources by 2020. Wind and solar generation capacity has
expanded much faster than anticipated. By 2008, over 60% of the world'’s
solar water heaters were used in China. Most targets for renewable energy
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set in the early 2000s had already been exceeded by the end of 2008 (see
Table 1.1).

Wind power generation capacity in China, especially, expanded at a
much faster speed than anticipated. The first wind farm was completed
and connected to the grid as early as 1986, but its development was very
slow.’ According to the Global Wind Energy Council, the total installed
wind capacity increased from 346MW in 2000 to 12210MW in 2008 (see
Table 1.2).

Given that the availability rate of wind power is only 20% and wind mills
tend to locate in remote areas, there are technical barriers to connecting
wind power to the grids. Consequently, a share of generation capacity does
not translate into the same share of electricity production. For example,
wind power accounted for 1.1% of the total installed generation capacity
in 2008 in China and produced only 0.4% of its electricity.?° According to
NDRC, even if the target of ‘non-hydro renewables (over 60GW by 2020) is
achieved by 2020, [it] will represent a small fraction of total installed capac-
ity for many years to come.’?!

In addition to renewable energy (wind, solar and biomass), nuclear energy
has also been advocated and promoted by the Chinese government as an
alternative to meet rising demand and to deal with the environmental

Table 1.1 Renewable energy targets

20102 2020  End of 2008P

Proportion of RE in national 10 16 9
energy mix (%)
Hydro (GW) 180 300 170
Biomass (GW) 5.5 30 3.15
Wind (GW) 5 30 12.2
Solar (MW) 500 1800 150
Solar collection (million m3) 150 300 125
Biogas (billion m3) 15 30 14
Liquid fuel (million tonnes) 2 10 1.65

Source: *Baker & McKenzie, ‘RELaw Assist: Renewable Energy Law in China - Issue
Paper’, p. 21, at http://www.bakernet.com/NR/rdonlyres/BO6FB192-EF10-4304-
B966-FBDF1A076A8C/0/relaw_issues_paper_jun07.pdf, June 2007.

O [ R e, RSS2 GRS R KRS AR, 22 September
2009 (China Statistical Bureau, ‘Report Series No.13: ‘Increased Energy Production
with Improved Industrial Structure’, 22 September 2009).

Table 1.2 Total installed wind capacity in China, 2000-08

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008

MW 346 402 469 567 764 1260 2599 5910 12210

Source: Global Wind Energy Council, ‘China’, at http://www.gwec.net/index.php?id=125
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pollution from burning coal. China’s 10th FYP (2000-05) included the con-
struction of 8 nuclear power plants and the 11th FYP (2006-10) proposed
the construction of 14 new reactors. In 2005, the State Council adopted the
Medium- to Long-term Nuclear Energy Development Plan, which specified
the target of building 40GWe nuclear capacity by 2020 with another 18GW
under construction. In 2009, the target was upgraded to 60-70GWe and
more than 16 provinces, regions and municipalities announced intentions
to build nuclear power plants to increase nuclear electricity production. By
the end of 2009, China hosted 20 out of 54 nuclear power stations under
construction in the world.

China has decided to expand its nuclear energy capacity. Many in the coun-
try believe nuclear is the future for China and the world because it is clean and
has zero CO, emissions and near zero emission of other GHGs. It can meet
base-load demand in areas where population is dense and demand is high.
This position is supported by the International Energy Agency (IEA) that sug-
gested nuclear energy expansion would alleviate the impending global energy
crisis, reduce energy vulnerability, ease the impact of rising fossil-fuel prices,
and mitigate GHG emissions.?? It is also endorsed by the International Atomic
Energy Agency (IAEA) that argues nuclear energy is an option, especially in
places where: (a) energy demands grow rapidly; (b) alternative sources are scarce
and expensive and (¢) a nuclear energy programme is already in place.?®

Understanding the nuclear development in China

Is nuclear energy indeed the future? The government in Beijing seems to think
so and is putting a lot of resources into it. It eyes the nuclear industry in
France, Japan and especially South Korea as examples. Nuclear energy pro-
duces 75% of the electricity in France, 29% in Japan, 20% in Taiwan and
35% in South Korea. In China, nuclear power plants produced only 1.9%
of the country’s electricity. China has had its nuclear energy programme
since late 1970s and by the end of 2009, there were eleven reactors at six
nuclear power stations in operation with an installed capacity of 9.1GWe -
approximately 1.3% of the country’s total installed generation capacity.
Twenty-one units with capacity of over 20GWe were under construction
and 24 units had been approved for construction, totalling 25.4GWe of
capacity. Nuclear development is inseparable from the support of a nuclear
fuel cycle industry and currently China has mastered the key technologies
with uranium prospecting, mining, milling, conversion, enrichment and
fuel fabrication. A dual objective in nuclear technology has been set up to
adopt standardised technology for long-term nuclear development and to
develop a home-based technology. It is nonetheless important to note that
even if China manages to expand its nuclear generation capacity to 40GWe
by 2020, it would still only account for 2.7% of its total generation capacity
and produce less than 5% of the country’s total electricity.*
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Can China do it? Does the country have the political, economic, technical and
human capacity to make nuclear power a viable option? History shows what
China is capable of: it detonated nuclear bombs when it had a high degree
of poverty, political instability and international isolation. It had gath-
ered a small group of scientists, provided them with the necessary finan-
cial and other resources, and rallied its people behind the programme.?
Now the country is facing different challenges: rapid transformation from
an agriculture-based economy to an industrialised one and corresponding
urbanisation are having a significant impact on the quantity and quality of
energy resources available for production process and consumption, and on
the ability of the environment to absorb the waste by-products deposited in
the air, water and soil.

Adding to the urgency is the real and substantial depletion of global low-
cost fossil fuel resources. China’s aggressive search for adequate energy
supplies around the world is causing widespread concerns. Consequently,
nuclear power is seen as crucially important to help reduce its energy vul-
nerability and the risks of global climate change. Can it apply the same ded-
ication and build more capacities to engage in an extensive nuclear energy
programme that raises different challenges from nuclear weaponry?

The experience of nuclear energy development in other countries provides
a cautionary tale: nuclear energy development often faces serious political
opposition from both the left and the right,?® high costs that no one is will-
ing to absorb,?” changing technology that even scientists cannot agree on,?8
and risks of waste management and proliferation that scare and deter many
countries from undertaking the project.?’ Has the nuclear energy develop-
ment in China met similar political challenges? What support and opposi-
tion has China confronted? What can its nuclear development, especially
the transformation from a weapons programme to an energy one, tell us
about the politics involved, and about the political, economic, technical
and human capacity that will be needed for the expansion of nuclear energy
as a clean energy source on a sustainable basis?

China’s own record of nuclear energy leads to another cautionary tale.
The nuclear policies have been inconsistent, contested and fragmented. In
the past 30 years, various targets have been set up: in the early 1980s, the
government wanted to build 10GWe nuclear generating capacity by 2000;
in the early 1990s, the target of 18GWe was set for 2010; it was followed by
36GWe by 2020, which was upgraded to 40GWe in 2007. This repeated fail-
ure to meet targets is in contrast to most sectors of the economy, including
renewable energy, where development has far exceeded targets set along the
way in the past 30 years.

Is this failure of nuclear energy development the result of high economic
risks and inadequate financial resources, which are often argued to be the
determining factors for nuclear futures? Are ‘economics and the comparative
long-term costs of alternatives more likely to drive the politics’*° in nuclear
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energy development, as some argue? Or are nuclear-related economic issues
shaped more by politics than economic consideration, especially in transi-
tion economies? Would this economic calculation make any difference in
developing and transition economies? Who should pay for energy invest-
ment and in what form? Have investment sources been different in nuclear
energy from other energy sectors? If so, why?

Nuclear energy technology has been developed and debated ever since
scientists extracted energy from the fission of uranium in 1939 - fission or
fusion, using uranium or thorium, pressurised water reactor or boiling water
reactor, or a full nuclear fuel cycle or only the once-through technology.
The technical debate is beyond the discussion in this book; the choice of
technology, however, is a political issue. What has been driving the deci-
sion on technological selection and adoption in China? Who is involved in
the decision making and what are their interests? The issue on technology
selection, more precisely the standardisation of reactors, is at the core of
reducing the costs and ensuring the safety of the industry. It is also at the
centre of politics because an array of players — from the government, the
nuclear industry, the auxiliary industries, the scientific community, foreign
affairs officials, to international nuclear vendors — compete to maximise
their interests, whatever they may be.

In the intensifying debate about the merits of nuclear energy as a clean
and sustainable energy source, scientists cannot even agree on the issue.
Nuclear energy development, however, has to deal with the challenges of
balancing the immediate consequences of burning fossil fuel and the long-
term effects of radioactive waste management and the potential for nuclear
annihilation. Who shapes the debate? What was the balance between the
arguments over the immediate and pressing environmental pollution of
burning fossil fuels and the longer-term issues of nuclear waste hazards?
How have the changing social and economic conditions in the past 30 years
in China affected this debate?

The plan of this book

No matter how small a proportion nuclear energy may contribute to the total
electricity production in China, its development has much broader implica-
tion beyond the nuclear sector. This is especially the case when the nuclear
industry is a truly global industry, any successes and failures in China have
the potential to make the whole industry thrive or die. Furthermore, at the
core of the nuclear energy development is the politics, which is not unique,
but needs to be understood. Little has been written on the subject. Those
who study China’s energy policies seldom write about nuclear energy and
those who write about nuclear power tend to focus on nuclear weapons pro-
grammes.3! The literature on nuclear energy is primarily about developed
countries where the influence of interest groups could make the industry
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possible but could also Kkill it. China remains a one-party-state that is not
accountable to elections. Its political system and decision-making process
are ‘opaque and shrouded in secrecy’ that require detailed examinations.3?

This book is designed to fill the gap by examining the development of the
nuclear energy programme in China over the past 30 years. The narrative
of this development is designed not only to recount events, most of which
have never been documented. More importantly, this account of events is
designed to provide an understanding of the politics involved in nuclear
energy development in China as a composite entity of Chinese politics. It
will highlight the economic, technical, environmental and, more impor-
tant, political challenges that nuclear energy development faces and the
capacities that the nuclear industry needs to meet these challenges.

Chapters 2 and 3 provide this narrative in a sequential way to underscore
four counter-intuitive stories about China’s nuclear energy development:
(@) the nuclear sector has always been torn by internal competition and
rivalry and therefore for a long time no one in the sector wanted nuclear
power projects; (b) the existing nuclear energy projects were not part of the
energy development; rather they were initiated to achieve political, diplo-
matic or specific regional interests; (c) there has not been a close tie between
the government and the nuclear industry, as usually exists in the indus-
try around the world; and (d) the industry has enjoyed extensive access
to information from abroad and close international cooperation. None of
these characteristics are in line with the general thinking about Chinese
politics — that is, the Communist Party has close control over a strategic sec-
tor, there is little distinction between the government and its state-owned
corporations, and the Chinese would insist on their motto of ‘self-reliance’
in this strategic sector.

The four features that have defined nuclear energy development in
China are grounded in their institutional bases. Institutions, as defined by
Douglass C. North, have two main components — formal organisations that
‘are consciously created and have an explicit purpose’, such as government
agencies, think tanks and other players; and informal ones, akin to the ‘rules
of the game’, which refer to ‘a set of common habits, norms, and interactions
between individuals, groups and organisations.’ Institutional structures and
norms were crucial in shaping China’s nuclear energy development.

Chapter 4 examines the politics of nuclear energy development in China by
focusing on the changes in formal and informal institutions within which
players interact. These players include different government agencies, regu-
latory bodies, state-owned corporations and increasingly ‘non-state’ players,
such as think tanks and activist groups. In nuclear energy development, ‘the
lack of a cohesive, consistent national energy development policy is quite
evident.”®? It concludes there was no one ‘decision-making point’ where bar-
gaining and compromises among different interests could even take place.
Most nuclear power projects were initiated for reasons other than as part
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of an energy programme. Policy-making arenas shifted accordingly; some-
times they were predominantly foreign policy, at other times central-local
relations. Nuclear power projects have become part of the energy considera-
tions only in the past few years when demand for new nuclear power plants
escalated and could no longer be managed on an ad hoc basis. It is yet to
be proven whether the decision of 2008 to place nuclear energy under the
auspice of a national energy authority, which itself may not have sufficient
manpower or expertise on all energy issues, changes the fundamental rules
of the game for nuclear energy.

The following four chapters then concentrate on specific challenges -
economic feasibility, technological selection, nuclear fuel cycle capabilities
and environmental considerations. Each of these four issues will be dis-
cussed in the context of the interaction among the formal organisational
structure, key players and informal rules of the game.

Economic competitiveness — The cost of nuclear power is identified as the
determining factor for nuclear futures. Many studies highlight the low eco-
nomic competitiveness of nuclear energy as the result of its intensive initial
investment, long construction periods and high risks. With rising fossil-fuel
prices and worsening environmental pollution, however, ‘the economics
have moved in nuclear power’s favour,’3* argues the IEA.

The rapid rise of China as a major economic power within a time span
of about 30 years is often described as one of the greatest economic suc-
cess stories in modern times. From 1980 to 2008, China’s economy grew
14-fold in real terms. China seems to be in a position to invest a great deal
of financial and other resources into nuclear energy development. It does,
however, remain a developing country where ‘a group of relatively devel-
oped islands with a cumulative population of over 400 million people are
scattered around in a sea of over 800 million people who live very much in
developing-country conditions.”*> Nuclear economics has to be discussed in
this context.

There are several questions. First, how have the competing demands for
financial capital and other resources been balanced? Which should have
priority in receiving the financial support — nuclear energy or basic social
and economic development? Second, given the country’s intensive invest-
ment, a rush into nuclear energy would place tremendous pressure on the
macroeconomic structure. How have the central and provincial govern-
ments, and different government agencies and large state-owned enter-
prises, cooperated in order to balance both economic stability and nuclear
energy development? Third, who can invest, own, manage and operate
nuclear power plants? On what terms are utilities going to be allowed to
invest, own or operate nuclear power plants? Fourth, who should pay the
cost (private or public, domestic or foreign) and under what conditions?
How has the government established a pricing system that reflects the costs
across the whole value chain and rewards good performance? At the core of
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these economic challenges is politics — which government institutions are
in charge of investment and pricing and how are investment and pricing
regulated?

Technology innovation — Technology selection and standardisation are
the key factors in ensuring a sustainable and safe nuclear development.
Although some argue that technological innovation is primarily driven
by its internal logic and its inherent ‘best’ design, in practice technology
selection and innovation are never immune from politics. In all countries
that have developed a nuclear energy industry, there has been a consensus
that one way to manage escalating plant costs and delayed construction
times and to ensure safety of nuclear power plants is to standardise the tech-
nology. In all of them, there has been tension between those pressing for
the industry’s rapid development and those urging caution in technology
development and selection,¢ and between those pursuing a ‘technological
nationalism’ - ‘national grandeur first and foremost in terms of technologi-
cal prowess’? — and those willing to deemphasise national origins in favour
of an internationalist vision and more rapid progress.

China has made an official decision to focus on pressurised water reactors,
yet it has had different types of reactors built or under construction — from
Russia, France, Canada, and the US and, of course, its own. What have been
the debates in terms of technology selection and development in China?
How China can standardise and localise imported technologies and develop
its own brand remains a serious challenge for the government in its strategic
policy making and for industry in ensuring both economic competitiveness
and safe operation. Rapid expansion of any industry is a concern from the
standpoint of assuring quality of construction and trained staff and opera-
tors. How to train craft labour, technical professionals and, more important,
regulatory staff with technical expertise is a challenge for all countries that
want to build a nuclear energy industry. These questions are examined in
Chapter 6.

Nuclear fuel services — Concerns over energy security and surging fossil-
fuel prices are among the important reasons for countries to choose nuclear
energy. Though fuel constitutes a small portion of the total costs of nuclear
energy and uranium reserves are much more widely available than oil and
gas, securing an adequate uranium supply has been important for China.
Chapter 7 examines the three-pronged approach China has adopted in
securing its nuclear fuel supplies — expanding domestic uranium explora-
tion, prospecting and mining, investing in overseas uranium exploration
and mining, and increasing its imports of uranium, uranium products
and fuel services. Each of these approaches presents challenges. In addi-
tion, China is developing an integrated nuclear fuel cycle with reprocessing
capacity and fast breeder reactors to make nuclear fuel recyclable and the
industry sustainable. China supports multilateral approaches to the nuclear
fuel cycle. Yet, until recently, it had a bad record of nuclear export controls.
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The challenge is how it can secure its position as a supplier while benefiting
from multilateral fuel supplies when needed.

Environmental protection — Fossil-fuel combustion is a major source of
worldwide environmental degradation, with coal the most polluting.
Nowhere in the world do people feel the consequences more than in
China. Nuclear energy is attractive because it is essentially free from CO,
and other GHG emissions. Yet, China’s leaders have been facing compet-
ing environmental concerns: indoor pollution as the result of lack of or
low access to electricity, air pollution as the result of burning coal directly
and the visual pollution of large nuclear power plants. There are also
competing concerns about the immediate environmental pollution from
fossil-fuel consumption and long-term radioactive waste management and
decommissioning. Chapter 8 examines how the Chinese government has
tried to balance these competing interests in its nuclear energy develop-
ment, especially in the light of media liberalisation and the rising middle
class.

Evidence shows that nuclear energy expansion in China is not, as is
occasionally implied, devised out of a single plan from a dominant regime,
transferred from the top level of government to its scientists and the indus-
try. Decision making in this sector has always been based on a fragmented
authoritarian structure. It has become more fragmented and competitive as
the debate among various interests is brought into the open and has become
increasingly lively. There is an argument about the relative contributions
of coal and nuclear power to national development, between general eco-
nomic and specific industry interests, between quick electricity profits and
the development of local skills and ingenuity, between engineering and sci-
entific communities, and between international and domestic perspectives
and designs.

This public debate may be surprising in an arena that was traditionally
regarded as intensely secretive and governmental. Nevertheless, the institu-
tional fragmentation and new technologies have brought new players into
the discussion. The issues under dispute, the different bureaucratic and sci-
entific interests, and alternative strategies can all be discerned by careful
reading of the evidence. There is no one dominant view, no unchallenged
centre of knowledge and authority, and no guaranteed path of develop-
ment. Nuclear energy policy making might have been liable to a burst of
authoritarian directions from the top but without concentrated attention
to its progress.

Without doubt, China will continue its nuclear energy development and
expansion; nuclear energy is needed to address the twin challenges the
country is facing — energy security and climate change. It would be unwise,
however, to underestimate the tensions and debates and their impacts on
nuclear energy development. The politics involved will continue to shape
this industry and determine its future.



14

The Politics of Nuclear Energy in China

Notes

1.
2.
3.

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.
22.
23.

Evans, 2002.

Chubb, 1983; Haggard and McCubbins, 2001.

A NATO official describes the difficulties working as an international civil serv-
ant: ‘to understand the daily life of an international civil service, consider the
troubles of a national civil service, multiply by the number of member countries,
and square it’ with operation in both civilian and military fronts. An analogy
can well summarise the challenges China faces — the large population base makes
everything any government has to deal with exponentially more difficult, and
low GDP per capita and low natural resources endowment further complicate the
challenges. See Hans Mouritzen. 1990. The International Civil Service: A Study of
Bureaucracy: International Organisations. Aldershot, UK: Dartmouth, p. xiii.

. Ravallion and Chen 2004; IEA, 2007, p. 262; Yusuf and Saich, 2008.
. Steinfeld, 2008, p. 133.
. Kenneth Lieberthal, ‘Statement to the Hearing before the Committee on Foreign

Relations, US Senate’, 4 June 2009, p. 7.
Ibid.

. World Bank, 2007. Jonathan Schwartz, statement at the hearing on ‘China’s

Energy Policies and Their Environmental Impacts’, US-China Economic and
Security Commission, 13 August 2008.

See Woo, 2007.

Price, 1990, p. 3.

Caro, 1982, p. 513.

Ibid, p. 528.

IEA, 2009, p. 96.

IEA, 2007, p. 349.

Zhang, 2007, p. 3547.

World Bank, 2008, p. 36.

Jiang Lin, Nan Zhou, Mark D. Levine and Favid Fridley. 2006. ‘Achieving China'’s
Target for Energy Intensity Reduction in 2010: An Exploration of Recent Trends
and Possible Future Scenarios’, Ernest Orlando Lawrence Berkeley National
Laboratory, LBNL-61800, December.

World Bank, 2008.

Joanna Ingram Lewis, ‘From Technology Transfer to Local Manufacturing:
China’s emergence in the global wind power industry’, PhD thesis, University of
California, Berkeley, 2005.

McElroy et al. recently, in the abstract of their article, claim ‘wind could accom-
modate all of the demand for electricity projected for 2030, about twice current
consumption.” In the text, they explain that 640GW of wind power installed
capacity would be needed to accommodate a reduction in CO, emission of 30%
of the additional capacity to be needed by 2030. This means (a) the remaining
two-thirds of the additional generation capacity would have to be met by coal-
fired capacity; and (b) the expansion of the current 12.2GW wind power capac-
ity to 640GW in 20 years, that seems to be neither realistic nor likely in terms
of physical location and operation or the investment required (see Michael B.
McElroy, Xi Lu, Chris P. Nielsen and Yuxuan Wang. 2009. ‘Potential for Wind-
Generated Electricity in China’, Science, 325, pp. 1378-80.

IEA, 2007, p. 274.

IEA, 2006b.

IAEA, 2006.



24.
25.
26.
27.

28.
29.
30.

31.
32.
. Lieberthal and Oksenberg, 1988, p. 25.
34.
3s.

36.
37.

Introduction 15

IEA, 20009, p. 647.

Feigenbaum, 2003; Lewis and Xue, 1988.

Falk, 1982; Camilleri, 1984; Byrne and Hoffman, 1996.

Price, 1990; Grimston and Beck, 2002; MIT, 2003, 2009; Joskow and Parsons,
2009; Young, 1998.

Campbell, 1988; Mounfield, 1991; Elliott, 2007.

Kursunoglu, Mintz and Perlmutter, eds. 1998.

Hans-Holger Rogner, ‘Nuclear Power Revival: Short-Term Anomaly or Long-Term
Trend’? World Nuclear Association Annual Symposium, 7-9 September 2005,
London, p. 4.

Smil, 1988; Smil, 2004; Andrews-Speed, 2004.

Dumbaugh and Martin, 2009.

IEA, 2006Db, p. 384.

Kenneth Lieberthal, ‘Challenges and Opportunities for US-China Cooperation
on Climate Change’, Testimony before the US Senate Committee on Foreign
Relations, (4 June 2009), p. 7.

Campbell, 1988, pp. 68-72.

Hecht, 1998, p. 65.



2

From Bomb to Power

By the late 1970s, China was the only nuclear power state without nuclear
power; a state of affairs that caused a great deal of anxiety and embarrass-
ment among the Chinese nuclear establishment. In the early 1970s, at an
international conference on the peaceful use of nuclear energy, the chair-
man of the conference called the Chinese delegate to the podium, which
had been reserved for those from countries that had nuclear power plants.
The chairman said: ‘We welcome the Chinese delegate to join us because,
after all, Taiwan has built two nuclear power reactors.” The chairman’s com-
ments embarrassed the Chinese, who had to accept the invitation if they
wanted to insist on a ‘one-China’ policy although they knew that at that
time they did not have the ability to build nuclear power plants.!

This story may or may not be true, but it reflects the mentality of many
Chinese policy makers and China’s nuclear establishment of that era. China
had begun its nuclear programme not much later than Britain and almost
at the same time as France. Despite difficulties with international isolation,
it had successfully pursued a nuclear weapons programme, building its first
reactor in 1956 and testing its first atomic bomb in 1964 (with fission U?3%)
and its hydrogen bomb (thermonuclear device, fission-fusion-fission type
using U?%, U?%, and heavy hydrogen) in 1967. Reprocessing and enrich-
ment plants were also constructed in the 1960s, despite political turmoil
and economic impoverishment.

China had done little, however, on a civil nuclear energy programme.
From the 1950s to the 1970s, priority was given to the nuclear weapons
programme in line with Mao’s claim to break up the monopoly of nuclear
weapons by a few Western states, and to demonstrate that China could do
what other developed countries had already done.? Nonetheless, a blueprint
was approved in 1958 to develop technology that would produce and con-
trol the release of energy from splitting the atom, a technology that could
be used for nuclear submarines and civilian nuclear power plants.

The dual nature of the programme led to constant competition for
attention and resources between the civilian and military branches of the

16
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nuclear establishment. The reactor programme was abandoned in 1962
because of a severe shortage of financial, material and human resources. A
group of scientists working on the programme were moved between various
institutions. First, they were removed from the 2nd Ministry of Machine
Building, which was in charge of nuclear development, and placed under
the 7th Academy of the Commission of Science, Technology and Industry
for National Defence (COSTIND); then, in 1965, they were sent back to the
2nd Ministry.® Without political patrons or a stable institutional base, the
reactor programme existed in name only.

In the 1970s, a nuclear energy industry was blossoming in the West, but
in China resources went into the weapons programme while electricity
shortages haunted all sectors. Then Premier Zhou Enlai (J8/ZK) ordered
that a portion of nuclear research and development be shifted from mili-
tary to civilian use. A decade later, the State Council approved two nuclear
power plant projects: the Qinshan (Zl1l1) nuclear power plant (NPP) in
November 1981 and the Daya Bay (KIV{%) NPP in December 1982. The
two projects represented two trends of nuclear energy development — one
relied on self-finance and indigenous technology and the other mirrored
the reform that was underway, with new thinking, new ways of financing
and new ways of managing a large project. Different sets of politics were
involved. The development of these two projects has also set the trend for
nuclear development in China, which is rife with contention, competition
and rivalry.

The issues debated and fought over included: (a) whether China should
build NPPs when it was so poor; (b) what priority the projects should be
given when there was abundant cheap coal and large hydro poten-
tial; (c) how the projects could be financed; (d) whose technology should
be used for the nuclear projects; (e) where nuclear power plants should
be located; and (f) who should lead the efforts. In the late 1970s and
1980s, the division over these issues was sometimes between the Ministry
of Nuclear Industry (MNI) and the Ministry of Electric Power (MEP),
sometimes between the central and provincial governments, sometimes
between the Ministry of Finance and line ministries, and often among
various competing interests. Nuclear development in China, therefore, is
an exemplar for understanding politics in China in general and reform
in particular.

The bomb programme

China started its nuclear programme in the 1950s. Although Mao had once
called nuclear weapons ‘paper tigers’, he demanded a nuclear programme
to improve China’s international status and its military power. ‘As for the
atomic bomb, this big thing,” Mao was quoted as saying, ‘without it people
say you don’t count for much. Fine, then we should build some.*
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Geologists were asked to look for the country’s uranium reserves as early
as 1953-54, while nuclear physicists were directed to start researching on
heavy water reactors and accelerators. In the 1950s, the country had few
technical experts, except for a small number of scientists who had been
primarily educated in the West: mainly in Britain, France, Germany and
the US. They filled the positions in the newly created Institute of Physics,
headed by Qian Sanqgiang (£:=5%), a nuclear scientist trained and worked at
Institut Curie in France. In a bilateral agreement signed in 1957, the Soviet
Union agreed to help China explore uranium mining, develop a nuclear
weapons programme and train scientists at Soviet universities and laborato-
ries. A Joint Institute for Nuclear Research was established in Dubna, in the
eastern part of the Soviet Union, where more than 1000 Chinese scientists
were eventually trained. A team was assembled in China. At least 60% of
them were under the age of 22 and few had university degrees. Resources
were poured in at a time when millions of people were close to starvation
and many promising students were then sent to the Soviet Union for their
undergraduate and postgraduate studies in the following decade.’

In 1958, to support the efforts, the Chinese government merged the then
Scientific Planning Commission and the State Technological Commission
into a State Science and Technology Commission (SSTC) to oversee the
civilian side of science and technology research, including nuclear science.
It also created the Commission of Science, Technology and Industry for
National Defence (COSTIND), headed by Nie Rongzhen (£%¢%%), a general
in the People’s Liberation Army (PLA). COSTIND had dual accountability to
the Central Military Commission (CMC) of the Chinese Communist Party
(CCP) and the State Council. This team led by Nie Rongzhen would ‘control
the scientific and technical resources of the PLA, the State Council’s military
industrial system, and the defence-related sciences of the Chinese Academy
of Sciences.”

Two other major reorganisations took place in the 1950s: the 3rd Ministry
of Machine Building was renamed as the 2nd Ministry of Machine Building
(hereafter called the 2nd Ministry), which was responsible for the nuclear
development programme (civil and military), and the Institute of Modern
Physics of the Academy of Sciences, which was renamed as the Atomic Energy
Research Institute (AERI) in 1958 and placed under the 2nd Ministry. It was
directly accountable to COSTIND and thereby the CMC. In the decades that
followed, the 2nd Ministry was the centre for nuclear research and its appli-
cation in China and the AERI was where most nuclear scientists and experts
were located. The significance of relocating the AERI from the Academy of
Sciences to the 2nd Ministry (and thereby COSTIND) was that these experts
were placed under tight military and political control. This meant that any
competition for resources and control would involve internal politics of the
2nd Ministry.
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The arrangement was also a way to insulate the scientists and experts from
political campaigns launched by Mao and protect them from political perse-
cution. This was at a time when the anti-rightist movement particularly tar-
geted intellectuals who were not interested in politics or what the party was
doing. Indeed, according to some sources, General Nie ‘quietly transferred
most of the civilian employees at the nuclear and missile research institutes
into military service’ to protect them from being investigated and persecut-
ed.” Many more, however, were relocated to the newly created field in the
Gobi Desert, far away from the political epicentre and to a place where the
atomic bomb tests would eventually take place.

Just after the organisational structure was put in place, and while scien-
tists began working on their first blueprint of the atomic bomb, the Soviets
told the Chinese government on 20 June 1959 that ‘because of negotiations
on a test ban under way in Geneva, Moscow would not supply the prototype
bomb or blueprint and technical data on the bomb.”® With their relation-
ship with China deteriorating rapidly, on 23 August 1960 the Soviet Union
withdrew all its 233 experts working on nuclear programmes in China.
Although China was suffering from a terrible famine in the aftermath of
the Great Leap Forward and everything was in short supply, Mao decided
that the bomb programme would continue.

The weapons programme continued at the expense of many other pro-
grammes, including the one on nuclear reactors. In 1962, the Politburo
decided to form a Special Commission led by Premier Zhou Enlai, and
consisting of the premier, seven vice-premiers of the State Council and
seven ministers, to be in charge of the nuclear weapons programme. It
also decided to close down some other programmes, including the one
on nuclear reactors, so that resources could be poured into the bomb pro-
grammes. To save the experts and their research, some proposed to place
them under the control of the Navy, which was unable and unwilling to
host them. In 1962, this group of scientists (fewer than 50) was moved
out of the 2nd Ministry and placed under the Institute of Atomic Energy
under the COSTIND. After the first bomb test in 1965, the Politburo
decided to revive the reactor programme as part of the nuclear submarine
development and ordered the 2nd Ministry to complete the test model
of a nuclear submarine by 1970. The 2nd Ministry brought back from
COSTIND a small team of experts, researching nuclear reactors, to work
with the experts on nuclear weapons programmes. Less than a year later,
the Cultural Revolution started and political turmoil affected everyone
involved in the project. In 1969, some scientists working on the nuclear
submarine programme were placed under the Navy to shield them from
political persecution. Just before the first nuclear-powered submarine was
sent to sea for trial-testing in 1971, the Navy made a decision to move the
whole team back to the 2nd Ministry.’



20 The Politics of Nuclear Energy in China

In a little over a decade, the research on nuclear reactors went through
seven rounds of reorganisation:

1958 Emerged as the nuclear energy division within the Institute of Atomic
Energy, which was moved from the Academy of Sciences to the 2nd
Ministry

1960 Merged into the Design Bureau of the 2nd Ministry

1962 Moved to the COSTIND

1965 Moved back to 2nd Ministry

1966 Moved to the COSTIND

1969 Moved to the Navy

1971 Moved back to the 2nd Ministry

In contrast to the nuclear weapons programme that was under a central-
ised control led by General Nie and located far away from the eye of the
political hurricane (in Beijing), the nuclear reactor programme went through
constant organisation and reorganisation, changing leaders, changing per-
sonnel and changing locations,'® and then they were subject to the frequent
political turmoil that was sweeping the country. Some who were involved in
the project for decades argued that the short-sighted view of leaders was the
main reason for the failure of China to have developed its own technology
of nuclear reactors.!!

In sum, several important developments in the bomb programmes have had
deep impacts on nuclear energy development: (a) the nuclear weapons pro-
gramme had always received top priority on talent and resources; (b) nuclear
development was subject to political campaigns launched by Mao as all the
other sectors in the country; (c) nuclear development was affected by political
and economic isolation and (d) both military and civilian aspects of nuclear
development had to deal with bureaucratic fragmentation and competition.
Meanwhile, two developments were critical for the nuclear energy programme
once the reform started in the late 1970s: (a) the nuclear weapons programme
kept a team of scientists and experts alive and active, despite constant political
campaigns. This included an older generation who were trained in the West
and returned to China in the early 1950s, a group of scientists trained in the
Soviet Union, and those trained in Chinese universities. By the late 1970s,
there were about 4000 of them, who had suffered political persecution but
not as badly as many intellectuals outside the military. And (b) the weapons
programme allowed scientists to continue their research and experiment on
reactor and related programmes, all of which made a switch to a civil nuclear
programme possible.

Moving into power

An interest in harnessing the dual-use potential of nuclear technology did
not rise in China until the 1970s when the country faced a severe shortage
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of electricity supply. While nuclear energy in general seemed to be accepted
by Chinese political leaders, doubts and debates about whether the country
should develop a nuclear energy programme, how it could do it and who
would be in charge were prevalent. The internal political turmoil made all
this discussion moot and the actual programme was put in place only after
the economic reform started in 1979.

When the Cultural Revolution came to an end, a generation of ‘old’ revo-
lutionary cadres with reforms in mind, such as Deng Xiaoping, returned
to power. They were willing to try new ideas and even to speak up, at least
within the decision-making circle. It was then accepted that: (a) it might
not be a bad idea to start a nuclear energy programme, despite that the
country had many other energy resources, especially coal and hydropower;
and (b) there might be a way to get sufficient financial resources to start the
programme if they were willing to think beyond the traditional framework.
Resistance was real too, from the political leaders, the nuclear establishment
and ordinary workers in the related industries. By the early 1980s, a nuclear
energy programme was finally put in place and details were being worked
out for the two quite different nuclear power projects. The debate over the
first two NPP projects and the process to make them a reality were signifi-
cant because they mirrored the vicissitudes in the early stage of the reform.

Initiatives

In early 1970, just before the Chinese New Year, an emergency report
was sent to the central government stating that a severe power shortage
had forced many factories in Shanghai to close. At the time, industry in
Shanghai accounted for one-sixth of the national total industrial produc-
tion. The immediate cause of the shortage was that the city was running
out of coal. Transporting coal to generate electricity took more than 70% of
the rail capacity in China. Political turmoil and a bottleneck in transport
infrastructure paralysed the industry in Shanghai.

On 8 February 1970, at a State Council meeting, Premier Zhou Enlai out-
lined his view: because the coastal regions were short in energy resources, in
the long run they needed to develop nuclear generation capacity to solve the
problems of electricity shortage. Zhou told the 2nd Ministry that it should
not only focus on the weapons programme but also begin researching on
nuclear energy. Zhou'’s speech signalled the beginning of China’s nuclear
programme, known as the ‘728 project’, which represented the date of the
speech.

The municipal government in Shanghai and the Chinese Academy of
Sciences Shanghai branch jointly assembled a team of scientists from uni-
versities and research institutes. Ouyang Yu (X 7-), a Soviet-trained nuclear
scientist, was brought back from a labour camp to lead the team as chief
engineer for the 728 project. The 2nd Ministry sent eight experts to join the
team. It took more than two years to decide who was qualified to work on
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the project and about 4000 people were transferred from military to work
on it with the team.!? The team was placed under the Shanghai Institute of
Nuclear Research, also known as the ‘728 Institute’, which was transferred
from the 2nd Ministry to the Shanghai government in July 1974.

As soon as the team was assembled, fights erupted. Those from the nuclear
establishment complained that civilian engineers and scientists were neither
trained in the field nor qualified to work on a nuclear energy project and that
they did not even know how to draw a blueprint. Those from universities and
research institutions said that the nuclear establishment might be able to build
a bomb, but it could not handle more sophisticated nuclear power technology.
Some wanted the research to focus on pressurised water reactors (PWR) that
had been used by more than two-thirds of the world’s nuclear power stations.
Those from the 2nd Ministry who had worked on experimental heavy water
reactors (HWR) insisted that the new project be based on that technology.

At that time, China had only two small research reactors in Beijing: a
swimming-pool type unit of 3.5MW and a 7MW heavy-water-reactor. Both
had been developed as part of the weapons programme under the 2nd
Ministry. The bitter argument that ensued was not only about who was in
charge but also about the direction of China’s nuclear programme and the
way it would develop. More importantly, it reflected a power struggle among
different factions.'®

The Cultural Revolution was in its death throes and political rivalries
made it impossible for the project to proceed. The 728 project was quickly
hijacked by the Gang of Four, which had its stronghold in Shanghai. Given
that the 728 project was Zhou'’s initiative, the Gang of Four could not reject
it outright. Instead, they demanded the country be rid of ‘capitalist intel-
lectuals’ in defence industries while calling on it to ‘catch up with the West
in nuclear development in three years and then surpass it in the following
two years’. Ironically, this achievement would depend on the very people
they had tried to remove.

The radicals insisted that China must develop something so advanced
that no other country would be able to match them in such a short period.
Against the advice of scientists, they ordered the 728 Institute to put all the
resources in a project to develop a molten salt reactor (MSR). The concept
of MSR emerged in the 1960s, but no one had believed that the technol-
ogy could reach an application stage in the near future. Indeed, in 2002 at
an international forum called by the American government and attended
by the government-supported research institutes in a few countries (UK,
Switzerland, South Africa, Japan, France, Canada, Brazil and China) to dis-
cuss the fourth generation of nuclear technology, scientists decided that six
concepts could be used to develop the fourth generation of nuclear reactor
and one of them was MSR. The Gang of Four insisted that the Chinese sci-
entists could complete the research of MSR in three months and refused to
put resources elsewhere.
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More than four years later, and after pouring in more than a million
yuan (huge resources considering that the country was constantly short
of capital), no progress was made. The chief engineer of the 728 project
and another top nuclear scientist who had led the research on reactors for
nuclear submarines took the issue back to Zhou Enlai. In March 1974, Zhou
was already ill and at the meeting of the Special Commission he chaired
for the last time, the issue of technology for the 728 project was raised.
Regarding MSR, Zhou asked whether the technology was safe and whether
it had been used in the US. After being told that the technology was still
under-researched and would ‘probably’ be safe, he rejected the idea outright.
Zhou instructed that nuclear energy development must follow four princi-
ples: safety, economy, practicality and self-reliance,’* and the Shanghai 728
project would use the PRW technology, as suggested by scientists, based on
its nuclear submarine experience, with a capacity of 300MW. In April of
that year, the State Planning Commission (SPC) included it in the national
economic plan for 1975.

Four modernisations

One guiding principle behind the 728 project initiatives was the ‘four mod-
ernisations’. In January 1975, in his last public appearance outside hospital,
Zhou delivered his government report as the premier at the 4th National
People’s Congress. In the second stage of his two-stage development plan
(1980-2000), Zhou stated that the country would pursue ‘the compre-
hensive modernisation in agriculture, industry, defence, and science and
technology’.

By February 1975, Zhou was too ill to be in charge and Deng, who had
been brought back from the cold in 1973 by Zhou, was put in charge of the
daily work of the State Council. Throughout 1975, in a series of documents
and speeches, Deng argued that the priority of the country should be to
improve productivity rather than concentrate on ‘class struggle’, and the
way to achieve the four modernisations was to restructure the economy by
opening up to foreign trade and providing more incentives to local govern-
ments and individuals.!®> The four modernisations, along with six sugges-
tions on reforming the economy, were quickly identified by the Gang of
Four as the ‘three poisonous weeds’, and Deng became the target of the
‘anti-rightist deviationist wind campaign’ while he was still in charge of
the State Council. It took another year, a critical period of power struggle
between the Gang of Four and the moderates, before the four modernisa-
tions were formally adopted as official policies in 1977.16

In August 1977, at the 11th National Congress of the CCP, in announcing
the end of the Cultural Revolution, Deng also restated the four modernisa-
tions, which in practical terms meant: electricity in the rural areas, indus-
trial automation, a new economic outlook and greatly enhanced defence
strength. In March 1978, at the National Science Conference in Beijing,
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Fang Yi, vice-premier in charge of the State Science and Technology
Commission, listed nuclear energy, high-energy research and nuclear fusion
research as Chinese scientific and technological priorities. Fang Yi also pro-
vided a more detailed plan of action to achieve the four modernisations at
the conference. The plan included:

e Agricultural technology.

e Energy — nuclear power, solar energy, etc.

e Natural resources — iron ore, copper, aluminium, nickel, cobalt, titanium,
vanadium, etc.

e Computer sciences — giant computers, computer networks and serial

production.

Aerospace technology — satellites, skylabs and space probes.

High energy physics — proton accelerator development.

Genetic engineering — molecular genetics and biology.

Anti-pollution technology.

Fang Yi commented: ‘Atomic power generation is developing rapidly in
the world, and we should accelerate our scientific and technical research
in this field and speed up the building of atomic power plants.’’” He also
emphasised the need to introduce foreign technology. An important com-
ponent of this plan was an exchange of scientists between China and
other countries, especially the US. Chinese Academy of Sciences and the
US National Science Foundation (NSF) signed an agreement for exchang-
ing students and scholars in early 1978. In 1977 and 1978, the Institute of
Atomic Energy in Beijing also entertained delegates from France, Germany
and Japan and in return, sent its nuclear scientists to these countries. As
one of the first groups of scientists invited to the US, Chinese nuclear
physicists visited Illinois National Accelerator Laboratory in 1978. They
told their American colleagues that China was interested in purchasing
American technology, including two or three nuclear reactors by the end
of the decade.!®

NSF sent a mission of academic and commercial representatives to Beijing
in the same year. At the request of their hosts, the Chinese Academy of
Sciences, the Americans gave lectures in their specialties: pressurised water
reactors (manufactured by Combustion Engineering), radioactive waste
management, metallurgy and fuels, education of nuclear scientists and
engineers, high-temperature gas-cooled reactors and research reactors based
on Triga-type reactors (manufactured by General Atomic). The papers on
pressurised water reactors and high-temperature gas-cooled reactors were
specifically asked for in advance.”

These activities gave the world an indication that China was serious
about nuclear energy development. The Executive Director of the American
Nuclear Society, Octave Du Temple, stated after a visit to China in April-May



From Bomb to Power 25

1978, that: ‘It is clear that China will acquire probably two or three nuclear
reactors from the West within the current eight-year plan.’?°

Power shortages

Throughout the 1970s and 1980s, power shortages were one of the main
obstacles to economic growth. It was estimated that 25-40 % of China’s pro-
ductive capacity lay idle at the end of the 1970s as the result of power short-
ages. Coastal regions suffered even more. In Guangdong, for example, only
61% of the electricity requirements of its industries could be met in 1980.
Consequently, the province endured 7500 million yuan losses in industrial
output in 1979.2! Electricity shortages led to a series of editorial articles in
the official newspapers, People’s Daily, Economic Daily and Guangming Daily.
Some identified this shortage as the result of lack of generation capacity.
Electricity generation in China accounted for a mere 2.8% of the world'’s
total power generation, while the country had 20% of the world’s popula-
tion. Electricity consumption per capita in China was 247 kilowatt-hour
(kwh) in 1978 in comparison with the world’s average of 1,527 kwh and
9,604 kwh in the US. Many emphasised that the problem was not shortage
but waste and inefficiency. Energy intensity in China (energy used per unit
of GDP) was more than 50% above the average of advanced countries. This
poor performance was largely due to very low efficiencies in coal combus-
tion. According to the minister of Electric Power, ‘Average 1978 coal con-
sumption by large thermal power plants under the ministry was 433 grams
of standard coal per kilowatt-hour, [compared] with the current US aver-
age of about 360 and the Soviet mean of 330 grams of standard coal per
kilowatt-hour.””? ‘Much of our energy is wasted with the country’s ineffi-
cient 180 000 boilers’, proclaimed one newspaper editorial, continuing ‘If
we can replace them with larger and more advanced boilers, we can save
more than 20% of the 200 million tonnes of coal consumed each year’.
Whether the root of the problem was the lack of generation capacity or
inefficient generation capacity, power shortages impeded economic reform.
How to solve the problem of power shortages, however, was a topic for debate.
Some saw the solution as an increase in coal production and expansion of
thermal power generation capacity. In 1978, Liu Lanbo (XI[iif#), minister of
Electric Power, announced through the People’s Daily that ‘The general line
of China’s energy policy is to develop hydropower and coal resources, in
accordance with local conditions.””® Opponents argued that coal might be
abundant in China, but not along the coastal regions and transporting coal
to power stations in these places became particularly problematic because of
the bottlenecks in the rail system. Some paid attention to developing renew-
able capacities — small hydro stations, biomass, photovoltaic arrays or wind
turbines that would operate independently from electrical grids, but they also
realised their limitations.?* Oil, though fuelling many of the country’s power
stations at the time, was regarded as ‘too precious a commodity to burn.’?®
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Energy problems, particularly shortages of electricity, became one of the
key issues discussed at a meeting of the CCP Central Committee’s Leading
Group on Finance and Economics held on 21 June 1980. After heated dis-
cussion, the participants agreed that the country would increase coal pro-
duction by 200 million tonnes during the 6th FYP (1981-85) and add 4GW
generation capacity each year in the next five years. They also agreed to
lower the entry barriers: local and even foreign investment would also be
allowed in coal and power generation. Finally, they decided the country
would increase its oil exports in order to get foreign exchange to support
the reform. Li Peng (%), then deputy minister of Electric Power, argued
that some of the revenue from oil exports should be allocated to the power
sector development. When the committee decided to allocate 10% of the
revenue to the power sector, he argued for more but failed to get what he
wanted. The participants also decided that, to the outside world, the official
policy was ‘the combination of energy development and energy conserva-
tion’ with no specific sector given priority. Regarding nuclear energy, the
committee simply passed on Deng’s message that China would build two
nuclear power stations somewhere along the coast. However, no specific
decisions were made. Nuclear energy sounded a great idea, but few knew
how China could develop it when the country had neither the resources,
nor human capacity, nor technology.®

Facing the energy shortages, some in the nuclear establishment responded
immediately. Given the bottleneck of coal and transport, unstable petroleum
prices and supplies, depletion of fossil-fuel resources and the country’s under-
developed and fragmented grid system, nuclear energy was championed as a
real alternative energy source in China’s pursuit of the four modernisations.
It was argued, nuclear technology was mature, and nuclear energy was safe,
reliable and economically viable. It became the only new energy resource
capable of alleviating the energy shortage on an industrial scale.?’

The nuclear establishment argued: (a) a large-scale introduction of NPPs
in the densely populated industrial areas would help overcome the trans-
port bottleneck associated with the further expansion of coal output;
(b) with the introduction of nuclear power, electricity generation would
become less dependent on coal production and (c) development of nuclear
power stations would help deal with the problems of pollution from coal-
fired plants, of which the Chinese were increasingly aware — existing coal
plants had no scrubbers or electro-static and produced the most pollution
in the country, including, ashes, particles and CO,.?® ‘China cannot wait
any more to build a couple of nuclear power plants, as France, Japan and
the US did, to alleviate power shortages and reduce some of the pollution as
the result of coal burning,’ stated one editorial article in the People’s Daily
in 1980

Scientists presented their arguments to policy makers when they were
invited to give seminars to the members of CCP Central Committee. They
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were also brought in to brief members of the Politburo, which included
Hua Guofeng, Li Xiannian, Yu Qiuli, Yao Yilin, Hu Yaobang and Wan Li.?
These were the politicians who held the real decision-making power at the
time. Such consultation could only take place because of the initiation of
the reform. After nearly a decade of complete institutional paralysis and the
destruction of education during the Cultural Revolution, in 1977 Deng led
the decision to reopen universities as one of the new approaches towards
the relationship between Marxism and the natural sciences on the one
hand and between science and technology and economic development on
the other.3° Science and technology were seen as the motors of the future
growth and modernisation of the Chinese economy. Bringing scientists,
especially the leading ones, back from labour camps and giving them the
opportunity to resume some of the research became part of the effort to fit
the needs of readjustment and economic reform. Very quickly, these scien-
tists became the driving force behind ‘China’s nuclear lobby ... pushing for
nuclear energy out of self-interest.”!

Jiang Shengjie, a well-known nuclear scientist and the president of the
Chinese Nuclear Society wrote in 1984: ‘At the present rate of coal extrac-
tion, China cannot keep up with electric power requirements... [W]ithout
nuclear power China would find it impossible to achieve its programme of
industrial, military and agricultural development by the year 2000 target
date.? While the nuclear establishment might have presented ‘a firm, one
might even say, blind commitment to nuclear energy,”®® those in charge of
electricity in the Ministry of Water Resources and Electric Power (MWREP)
had quite a different view.

Indeed, with its ‘two quite different types of agencies’ having contacts
‘with different portions of the Chinese bureaucracy,’®* the MWREP held
several positions on the nuclear issue. Agencies representing water wanted
to see resources going into the development of hydro stations while some
sections of the power agencies wanted to see the development of thermal
power plants. A few wanted a rapid expansion of nuclear energy but were
impatient with the domestically developed technology to meet the rising
demand. According to one observer, two leading officials of the MWREP
were publicly opposed to nuclear power because, they argued, it would take
too long and too much investment to build a nuclear power plant with the
same capacity of a thermal power plant, which would take approximately
18-20 months and a fraction of the capital to complete. The debates carried
on in the first half of the 1980s as different segments of the energy industry
were fighting for resources.

Taking-off

On 4 December 1978, at a press conference on a Sino-Franco economic
cooperation agreement, Deng Xiaoping announced that China had
already decided to purchase two nuclear power stations from France. The
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announcement surprised everyone. It might be true that from 1978 to 1993,
‘no major policies were adopted of which Deng did not approve, and Deng
himself was the initiator of many important policies.”*® Deng neither man-
aged economic policy on a daily basis nor intervened in economic policy-
making on a regular basis. As a ‘hands-off leader’, Deng established a general
orientation for policy while other policy makers, especially those in charge
of the macro-economy and those at line ministries, had to come up with
specific plans to bring his announcement to fruition.

It became clear from that point on that the debate was no longer whether
China would start a nuclear energy programme, but on: (a) how to finance
it; (b) whose technology would be used; (c) where the first nuclear power
station would be built and (d) who would be in charge. ‘The Chinese energy
industry is part of the complex, hierarchical, Chinese political-economic
system,” wrote Lieberthal and Oksenberg.3¢ In this system, ‘to translate their
policy pronouncements into reality, the top leaders must use their lim-
ited leverage and weave their policies and projects into the existing web of
bureaucratic exchanges through a protracted process of negotiations and
consensus building.””” What is interesting for this study is not this bargain-
ing process per se, but that debates, bargaining and lobbying actually took
place over one of the most sensitive issues at a time when the country was
just starting to open up.

Several key institutions involved in the decision over the nuclear energy
development included the State Council, State Planning Commission (SPC),
State Economic Commission (SEC), Commission of Science, Technology and
Industry for National Defence (COSTIND), MWREP, Ministry of Nuclear
Industry (MNI, the successor of the 2nd Ministry of Machine Building),
Ministry of Urban and Rural Construction and Environmental Protection,
Ministry of Metallurgical Industry, Ministry of Geology and Mineral
Resources, Ministry of Finance and Ministry of Foreign Affairs. ‘Regional
interests representing such areas as Guangdong and Liaoning, which [had]
their uranium, also [saw] the nuclear option as a way to reduce depend-
ency on outside bureaucracies that controlled fuel and transportation.’
Two projects were at the centre of the debate — the 728 project, later known
as the Qinshan I, and the Guangdong project, later known as the Daya Bay
project. Each involved its distinct politics in their preparatory stage: the
728 was fought over among the nuclear establishment while the Daya Bay
project was pushed by the provincial government in Guangdong.

The 728 project

In February 1978, Li Xiannian (ZF/t4%), the vice-premier in charge of the
economy, approved a report on the 728 NPP project submitted jointly by
the SPC, the State Construction Commission (SCC) and the COSTIND. The
State Council also decided to move the 728 Institute out of the hands of the
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Shanghai Municipal Government and placed it back to the 2nd Ministry.
Following the 3rd Plenum Session of the 11th Central Committee of the
CCP in December 1978, where the decision was made on reforms, it was
time to decide again on how to push the 728 project ahead.

On 31 January 1979, Gu Mu (#+4X), vice-premier of the State Council in
charge of the economy, and the secretary of the Party Central Committee
Secretariat, also heading the Foreign Investment Control Commission and
Imports and Exports Control Commission, called a meeting on behalf of
the State Council to discuss the 728 project. The meeting was attended by
ministers from SPC, COSTIND, the State Construction Commission, the 1st
and the 2nd Ministry of Machine Building and MWREP.

Three of the six ministers supported the continuation of the project and
three opposed it. Gu Mu chaired the meeting and had to cast his decid-
ing vote. He stated that the 728 project should continue for the foreseeable
future before the country could obtain the foreign technology for nuclear
power stations, because the government had already invested so much into
it. Meanwhile, he also qualified his decision by saying that the project,
nonetheless, should not be taken as a starting point for the systematic
development of a nuclear energy industry in China: the 728 project was an
experimental project for the scientists to learn all the necessary technology
for potential future development.

The Ministry of Electric Power paid little attention to the 728 project. As
far as those in the power sector were concerned, the 728 project was nei-
ther an energy project, nor a commercial project. It was as before, a defence
project under the jurisdiction of the 2nd Ministry, and its funding would
be from the defence budget, not from the budget for energy development.
Oddly, the 2nd Ministry did not take the project seriously either because, as
far as it was concerned, the 728 project was an energy project. The Ministry
insisted only on its control over nuclear fuel production and utilisation but
not the rest of the project. Neither ministry wanted to take the lead, espe-
cially in ensuring its funding. This vacuum caused many concerns among
those nuclear scientists who had argued for nuclear energy development.

In 1980, ‘some 100 nuclear energy scientists and specialists advised the
government that nuclear energy development should be made a long-term
stable policy for meeting the country’s energy requirements.3’ ‘In February
1980, a barrage of arguments in favour of nuclear power poured forth at the
first congress of the Chinese Nuclear Society, again at the second congress of
the Chinese Scientific and Technological Association in March, and in fea-
tured articles in the People’s Daily, and Guangming Daily.*° They proposed to
construct six nuclear power stations in China, with two each in Guangdong
province, in East China and in Liaoning province, all these places of acute
power shortage. Some leading scientists, who had also recently taken on high
official positions, such as Jiang Shengjie, vice minister of the 2nd Ministry,
and Peng Shilu, chief engineer for the nuclear submarine programme,
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made their views known by giving lectures to the Party and government
officials and writing featured articles in the official newspapers, such as
People’s Daily and Guangming Daily. A few leading nuclear scientists, includ-
ing Qian Sangiang and Wang Ganchang, were asked to give lectures to the
top officials of the Community Party. The reasons for nuclear energy pro-
grammes included:

(@) Developing nuclear energy on a large scale was a fundamental measure
to help the country meet the rising energy demands.

(b) Developing nuclear energy in industrial and densely populated regions
would help alleviate the bottleneck pressure from the coal and trans-
port sector and the limitation of the country’s power grid system.

(¢) China had already completed scientific research and experiments on
nuclear power for military use and it would be easily adopted for civil-
ian nuclear programmes.

(d) China had sufficient uranium ore to operate nuclear power plants in
addition to satisfying military use.

(¢) Nuclear energy was as economical as thermal energy, with little
pollution.*!

These scientists had the support of Deng in particular, who was willing
and ready to open the country to the outside world as fast as possible. They
also had the support of a few in the military. China had already invested
heavily in the nuclear weapons programme and it needed to reap some
urgently needed economic benefits in the form of power generation. ‘By
the early 1980s, mainland China had a large and diverse network of nuclear
research institutes, more than ten experimental and production reactors,
uranium enrichment plants and other facilities’ and the estimated employ-
ment in this sector was between 100 000 and 300 000.%2 ‘If we do not make
an early decision about the principle of development for nuclear energy
and allow things to be put off, this would not only be detrimental to the
development of the nuclear industry but will also bring about waste and loss
among the nuclear power science and technology forces,’ a People’s Daily
article stated in June 1980. An official from the 2nd Ministry wrote an arti-
cle in Guangming Daily in December 1979, sending out a similar message:
‘“We must see that if the human potential is not brought into play, the exist-
ing contingent will be lost. Such losses will be irreparable.”3

The scientists’ proposal might have been supported by the policy makers
in principle, but without bureaucratic endorsement from ministries or polit-
ical patrons from the provinces scientists could not have fought the battle
over resources allocation. The initial decision to base the 728 project in
Shanghai was made partly because the city had research facilities and partly
because of the uneven geographic allocation of resources. Coal was mainly
in North and Northwest China while Southwest China was rich in hydro
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resources. Therefore, it had long been decided that if the nuclear project was
to go ahead it would have to be located along the east coast. Anhui, Jiangsu,
Shanghai, Zhejiang and Guangdong had been considered.

The government in Shanghai did not want to host a nuclear power sta-
tion because of its high population density. Jiangsu was worried that the
waste water from a nuclear power plant might harm its agriculture, while
its southern neighbour, Zhejiang, did not want it because of the concerns
with its fishery industry. Without ‘both vertical and horizontal’ support
from the top leaders of the ministries, commissions and provinces, the 728
project did not have the political patrons to exert significant pressure and
influence in the decision-making process.** On 22 April 1981, Gu Mu was
recorded saying that the central government still had to decide whether
the 300MW project led by the 2nd Ministry would go ahead. Two months
later, Gu Mu instructed the 2nd Ministry and the Ministry of Electric Power
(MEP) to form a leading group to take charge of nuclear energy development
in China.

On 31 October 1981, the State Council finally approved the feasibility
report on the 728 NPP project, located in Qinshan, Haiyan County, Zhejiang
province, along the coast about 50 km from the Shanghai border. In
Qinshan, the population was sparse; its seismic conditions were favourable
and there was enough space for the installation of two 300MW units. The
State Council reportedly allocated $100 million in foreign exchange to the
project. The project was supposed to be domestically designed and domesti-
cally built, even though it was acknowledged from the beginning that ‘a few
key components - reactor coolant circulating pumps, several lesser pumps,
and the neutron flux-mapping system, as well as a few complex castings
and forgings’ would be imported.*® Another round of meetings was held
in April and May 1982 between the 2nd Ministry and MEP that focussed
on several issues: safety, technology and financing. It was agreed that even
after an accident at the Three Mile Island nuclear generating station in the
US, it was safe to build a nuclear power station with the current technology.
A 300MW pressurised water reactor might be smaller than would be consid-
ered economical in the West, but the Chinese felt it was more manageable
for the first try. The project would be constructed predominantly with its
own finance and the foreign exchange would come from coal exports in
Jiangsu and Anhui.

On 2 November 1982, the project was formally renamed as the Qinshan
project and the 728 Institute changed formally to Shanghai Nuclear Engineer-
ing Research and Design Institute (SNERDI). SNERDI was given the responsi-
bility of designing the reactors and the Electrical Energy Institute of Eastern
China, the Shanghai Turbine Plant (under the Ministry of Machine Building)
were assigned to design and manufacture the turbine. Zhejiang province made
sure that water from the plant would be channelled to the sea so that it would
not affectits fishingindustry. The relatively small size of this NPP ‘underscores
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the fact that the economics of power planning is not the primary consid-
eration behind 728.4¢ The principle of the Qinshan project was shown in a
slogan that had been clipped into Chinese characters in bushes outside the
test centre: self-reliance and hard work (H 1584, % 4r31). On 1 June 1983,
the project formally started.

Much of the debate over the Qinshan project was political and the decision
to implement the project was also made for political reasons. China needed
to develop nuclear energy not only to generate electricity but also to dem-
onstrate its ability to do so as a nuclear power and to keep the contingent of
nuclear scientists and engineers together and alive at a time of rapid politi-
cal and economic changes. Given these broad political issues, the project did
not have specific political patrons fighting for its interests, except for a few
nuclear scientists. None of the three key government agencies contributed
many resources to the project: the Ministry of Nuclear Industry (a successor
to the 2nd Ministry) insisted on its control over nuclear fuel production and
distribution, but was just beginning to find its way into the nuclear energy
field. It was ‘manifestly clear that the authorities, in particular those of the
MWREP and of the Ministry of Machine Building, had no intention what-
ever of patiently awaiting the coming about of the development.’

Daya Bay project

The nuclear project in Guangdong was a completely different story. It was
not only a nuclear project but also a battlefield where the central and pro-
vincial government, the nuclear and electricity ministry, reformers and
conservatives, and the Chinese and foreign governments were fighting for
control, influence and interests.

Initiative

If the main controversy over the Qinshan project (also known as the 728
project) was whether the country should start a nuclear power programme,
the Daya Bay project was started simultaneously with completely different
objectives in mind. While the Qinshan project almost suffered an early
death, the Daya Bay project emerged with hope for change. Its proponents,
especially those in Guangdong province, had a much broader objective in
mind than simply building a power generation plant. Therefore, the issues
involved in the Daya Bay project were not whether the project would fly, but
how it could take off, where it would be located, how it would be financed
and who would be in charge.

A large body of literature is available on the origins of economic reform
in China. What is important for this study is the rise of Deng and the pro-
vincial government in Guangdong. “Without such a coalition, Guangdong’s
take-off would not have been possible.*® When Deng Xiaoping was formally
brought back to the decision-making position for the third time in his career
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in the summer of 1977, a group of senior government and party officials was
also brought back from the cold. One of them was Xi Zhongxun (Jffil)),
who since 1962 had spent almost 16 years, much longer than most officials,
in a labour camp and exile. Xi had always worked in interior China, but
when he was ‘restored’, he asked to work in Guangdong. His request was
granted but he was surprised at what he saw.

Xibecame first the deputy party general secretary of Guangdong province
in April 1978 and then the governor at the beginning of 1979. In the late
1970s, the community in Guangdong suffered from as hard a life as the rest
of the country. Yet one thing set them apart from everyone else - its close
proximity to Hong Kong. GDP per capita in Guangdong was about RMB130,
while in Hong Kong it was more than HK$13 000. In August 1978 alone,
almost 7000 people tried to cross the border illegally to Hong Kong every
day. In the first six months of 1979, the detention centre had collected more
than 100 000 illegal immigrants. Land had been abandoned and many peo-
ple were detained. Xi was caught in the middle of this.

At night when everything was lit up on one side of the border, it was com-
pletely dark on the other side. It was not only farmers who sought to cross
the border as illegal immigrants, but poverty also drove many officials to do
so. It was clear to the new leadership team that the issue was not to stop the
illegal immigrants but to create opportunities for the impoverished people
within their own country.

In April 1979, Xi went to the central government proposing that it give the
province more autonomous decision-making power to facilitate economic
growth. He argued that Guangdong had a different culture, history and
economies from the rest of the country and it had a long history and exten-
sive connection with Hong Kong and overseas communities. If the prov-
ince were given some autonomous decision-making power, it could catch up
with the economy in Hong Kong within a couple of years. Even though his
suggestion of adopting a federal relationship between Guangdong and the
central government was declined by leaders in Beijing,*° the idea of granting
more independence and autonomy to Guangdong was welcomed by Deng,
who was then considering new strategies for the country’s development.
Deng was recorded as saying:

We can carve out a patch of land and call it a special zone. Shan-Gan-
Ning [Communist revolutionary base area] was a special zone! The centre
doesn’t have any money, though, and wants you people to do it by your-
selves; squeeze out a bit of precious cash.>°

In late 1979, the central government issued the Document 1979/50, specu-
lating that Guangdong and Fujian could use their advantage (e.g. their over-
seas connections) to develop local economies. In the same document, the
central government also created four coastal special economic zones (SEZs)
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as enclaves where foreign investment could receive special treatment. Three
of the four were in Guangdong — Shenzhen, Zhuhai and Shantou - and the
fourth one, Xiamen, was in Fujian province.

According to Gu Mu, who liaised with Guangdong, when he told Xi that
the central government approved the SEZs, Xi's immediate response was to
ask, ‘Does this mean that these special areas would be taken away from us
and placed under the direct control of the central governments?’>! Gu Mu
assured Xi and the Guangdong government that the decision was made
mainly to allow the province to experiment in various ways to open up to
the outside world before the rest of the country could do so. The Guangdong
provincial government decided to take advantage of the capital available
in Hong Kong to start its processing industries — using the capital, technol-
ogy, equipment and orders from Hong Kong to produce for export — so that
it could offer jobs to its impoverished people and earn foreign exchanges
for its development. Meanwhile, it started negotiations with the central
government on revenue sharing from special sources, especially its foreign
exchange earnings.

A trip to Europe by a delegation from four provinces in China, Guangdong,
Guangxi, Shandong and Beijing brought one opportunity. Visiting 25 cities
in five Western European countries in the summer of 1978, the delegation
was impressed by the nuclear power plants in France and Belgium and the
assembly lines in West Germany. The lesson they drew was that since these
European countries could use foreign capital and rebuild their economies
with imported technology in such a short time, China should be able to do
so as well. Building processing industries with foreign capital, technology,
equipment and market orders was one of the first driving forces for reform.

After Deng announced that China would import two nuclear power sta-
tions from France in December 1978, no provinces, except Guangdong, took
the initiative. In Guangdong, its provincial leaders saw the opportunity:
Building a large nuclear power station would help alleviate the pressure of
power shortages and, more important, allow the province to introduce for-
eign capital, technology and management skill and then by selling electric-
ity to Hong Kong it would be able to make foreign currencies, which were in
short supply in China.

There was a consensus among the political leaders in Guangdong to take
advantage of the capital and market available in Hong Kong for the prov-
ince’s development. In December 1979, the Guangdong party secretary,
Wang Quanguo (-4:[H), and the minister of the Ministry of Electric Power,
Wang Lin, sent a joint memo to Go Mu, vice-premier of the State Council,
and the SPC, on a proposed NPP in Guangdong. The idea was to form a joint
venture with a utility company in Hong Kong, which would contribute a
portion of the initial investment and then be able to purchase electricity
from Guangdong. In doing so, the NPP project would be able to service
the debt with the payment of the electricity sale. The idea was novel when
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foreign borrowing was still considered as reliance on foreign capitalists. Yet,
the central government’s decision to create SEZs made this possible and
Guangdong made ‘the project the linchpin of its strategy to develop both
the special economic zones and the heartland.’?

Competing interests

The initiative and push for the Daya Bay project by the Guangdong gov-
ernment was balanced by various forces in the central government. Unlike
the Qinshan project, the support for the Guangdong project in central
government hinged on two issues: how to finance it and whose technol-
ogy it would use. The country’s economy was close to collapse. ‘Mao’s bias
against foreign technology and foreign products had severely hurt China’s
modernisation, and per capita grain output in 1978 was the same as it was
in the mid-1950s.”>® China’s near isolation meant the country had no for-
eign reserves to finance its necessary imports of advanced technology and
equipment that would facilitate a rapid start to the reform. In 1978, China
faced a growing trade deficit, despite increase in income from its petroleum
exports. Clearly new and increasing sources of foreign exchange had to be
discovered. If the government wanted to provide more than 40% of Chinese
villages, with a population of about 300 million peasants with access to
electricity, it required a large amount of capital, something unfortunately
the country did not have.

In 1977, the SPC submitted a plan to the State Council on importing the
whole-set equipment to speed up the four modernisations. It estimated that
in the next eight years (up to 1985), China would need at least $6.5 billion
in foreign exchange. In 1978, at a State Council meeting, line ministries
reported that they would need to import at least 22 projects, which would
be worth $7.8 billion. In 1978 alone, the country would need $1.2 trillion
in foreign exchange. Yet, in 1977, the total exports were $7.95 billion and
imports were $7.21 billion. China’s trade in 1978 accounted for only 0.75 %
of total world trade.’* In 1978, China had a total foreign exchange reserves
of only US$167 million and by 1980, it had gone down to a deficit of US$1.36
billion. A limited amount of total trade and especially foreign exchange
reserves would not be able to support the necessary imports.

To finance a large scale of imports, the Bank of China had adopted aggres-
sive policies to attract depositors at its overseas branches. It also borrowed at
the European financial markets at an interest rate of 15-16 %. The estimated
total cost of $5.1 billion for the Daya Bay project meant a heavy financial
burden for the country, while the investment would not see an immediate
return or even an immediate impact on alleviating power shortages.

Following the decision made at the 3rd Plenary Session of the 11th
National Congress of the CCP to start economic reform and the opening
up of the country, the Chinese minister of Foreign Trade announced at
a press conference in Hong Kong on 15 December 1978 that the Chinese
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government had abandoned its traditional two restrictions: (a) no sovereign
borrowing - the government would not borrow or guarantee any foreign
borrowing; and (b) no foreign direct investment.> The two restrictions were
based on the belief that the country should not have domestic and foreign
debts. This was a significant change in ideological thinking and in practice:
it was now possible to use the capital from capitalists to develop a social-
ist economy. When asked, ‘What would be left of Communist ideology in
China’ if China depended on foreign capital and technology for its nuclear
development, then Premier Zhao Ziyang replied:

I have complete confidence in the ideas of Marx and Lenin. But I deal
with the concrete situation in which China finds itself. China would seek
to take what was good from the West, keep out the bad.>®

In the following year, the State Council confirmed this significant change
by issuing a series of directives that allowed selected provinces and cities to
bypass the Ministry of Foreign Trade and deal directly with foreign firms,
while retaining a share of foreign exchange earnings. Selected provinces
and state-owned enterprises were also allowed to receive bank loans as part
of their investment rather than strictly relying on budget allocation. It was
a tentative and cautious step because even though foreign borrowing would
be encouraged for key projects, it would have to be based on the principle
of the ability to service its debt. If one could not demonstrate the ability to
repay the debt, one would not be allowed to borrow.

Meanwhile, as a measure to open its economy, the central government
also announced its policy on foreign investment. Foreign companies that
wanted to move their processing industries to China, initially to special
economic zones, could do so and China would offer cheap land, cheap
labour and a stable environment for the investment. Finally, the Ministry
of Finance submitted a report to the State Council that illustrated ways
for short-term borrowing from overseas markets to address overall balance
requirements.%’

These policy changes made it possible for the Guangdong government to
approach businesses in Hong Kong, in this case, Hong Kong’s utility com-
pany, China Light & Power Co. Ltd. (hereafter called China Light), to form
a joint venture in the autumn of 1979. This was the first joint venture in
China. Despite the major reform measures adopted following the decision
made by the Politburo in 1979, debates on financing the Daya Bay project
remained controversial.

At first, many officials at the central government felt uncomfortable work-
ing with ‘capitalists’. ‘Maybe we should scale down the size of the project
and then we could finance and build it on our own and then we could sell
the electricity to Hong Kong to earn foreign exchange,” suggested the head
of the nuclear department of the MEP. The idea of working with Hong Kong
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was at the heart of Deng’s idea of ‘opening up’ and at the centre of the
Guangdong government’s plan. The advocates argued, with the participa-
tion of China Light, the joint venture would be able to access international
finance, technology and managerial skills. It would also be able to sell no
less than 50% of its electricity back to Hong Kong as a way to pay the debts.
Moreover, to make this project economically viable, it had to have a large
size, which was financially and technically impossible at the time in China.
This would mean a fundamental shift from self-reliance to whole-plant
imports. The plan drew immediate criticism from all directions, mainly
from those who were concerned about the ability to finance the system and
those who insisted that the project should be based on the principle of self-
reliance, as instructed by Zhou Enlai.

The resistance from the SPC, the Ministry of Finance and some senior
officials continued. Chen Yun (%%=) and many others did not oppose the
project per se because they held the view that the project was achievable
with a joint venture, foreign borrowing and through the future sale of elec-
tricity to Hong Kong. They were, nonetheless, concerned that China might
have ‘only a limited capacity to absorb foreign capital’ and that cooperation
should proceed carefully, keeping risks at a minimum.58

Regarding the ability to finance the project, several high-level meetings
were held, attended by ministers from line ministries and various state com-
missions. The statement made by Yu Qiuli (2Fk ), vice-premier of the State
Council, in 1981 well reflected the mentality at the time:

I support the nuclear energy development program because it was
approved by Zhou Enlai and Deng Xiaoping, but given the current eco-
nomic situation, I would say it is better for us to expand our thermal
generation capacity than develop a nuclear power project; if we have to
have a nuclear power plant, it is better for us to build one than purchase
one from overseas.>’

Others made their case. The prevailing view was: ‘China has a lot of coal
and hydro potential and we should allocate the resources to develop this
potential rather than use precious foreign exchange to purchase foreign
reactors’. It was not only different ministries and commissions that were
tfighting for their projects to be financed, the competition was also among
different provinces. At the time when power shortages spread across the
country, ‘deciding the size, type, and location of China’s new power plants
was an extremely politicised subject’ with localities fighting for as much
electricity as they could get and coal power, hydropower and nuclear inter-
ests competing for limited funds.®°

In early 1981, the SPC asked the MEP to submit a comparative study on the
proposed NPP in Guangdong and a hydropower project in Guangxi along
the Hongshui River. The MEP was in favour of the hydro project because it
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could be completed at a lower cost and more rapidly than a nuclear project
to deal with immediate challenges of power shortages. The SPC and Ministry
of Finance raised concerns about high costs of NPPs but did not openly
oppose the project because Deng and the Politburo approved the project in
principle.

Knowing the reservations of many in the central government, officials
from Guangdong made frequent trips to Beijing to lobby the central gov-
ernment. In May-June 1981, a series of meetings were held in Guangzhou
and Beijing to discuss the nuclear project. They were sometimes attended by
more than 250 people from some 20 institutions, including those from the
SPC, MWREDP, Ministry of Finance, Bank of China, COSTIND and Tsinghua
University. No consensus was achieved on the issue. At one of the meet-
ings called by the State Council and chaired by the SPC, eleven ministers
and commissioners discussed the feasibility report of the Guangdong NPP
project. There were seven items on the agenda: the types of reactors to be
built, the grid connection, safety, equipment, siting, laws and regulations,
and economics and finance. A general consensus was achieved on six of
the seven items, the exception being economics and finance. The feasibility
report was rejected at this meeting because the SPC refused to give the green
light on economic grounds. After the meeting, Gu Mu repeated the mes-
sage to the participants that the issue was not whether China would start a
nuclear energy programme or not, but how it would carry it out.

Others were worried about the message and implication to other provinces
and regions that Guangdong was receiving ‘special treatment’ from the cen-
tral government if the project went ahead. Given that the project might
cost as much as US$4 billion or more and the country had only a limited
amount of resources for large projects, ‘should we give it all to Guangdong?’
some asked. When Fujian, the other province that was allowed to set up
special economic zones, asked for more power generation projects, Li Peng,
vice minister of MWREDP, told its governor that the province should expand
its thermal generation capacity rather than think about nuclear projects.
His colleagues, however, suggested that this might not be a wise suggestion
given the provincial rivalry.

Another contentious issue was whether China should import a turnkey
NPP station or it should rely on its own technology and human capital and
import only some of the components. Guangdong pushed for a turnkey
project because, its officials argued, China did not have the technology or
human capital to build a nuclear power station. It would take more than two
decades to develop these capacities and Guangdong could not, and did not
want to, wait. Some argued against importing a turnkey project as a route
for nuclear energy development in China because it would use up much of
the country’s hard-earned foreign exchanges and squeeze out its own indus-
tries; it would be better to invest the resources in developing its own tech-
nologies and human resources. Others argued that, even though it would be
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expensive, resources would be better used because China could introduce
the most advanced technology for NPPs with the estimated 40-60 year life
span. In addition, the argument went that China had already fallen behind
the West in nuclear development, and it was critical to ‘actively import
advanced equipment, advanced technologies and advanced management
experience, as well as funds and personnel.’®® With imported advanced
technology, the Chinese nuclear community could digest, absorb and mas-
ter it and then build its own more advanced brand with further research.
During the next three decades, this argument was to be repeated by those
supporting technology imports.

Wang Ganchang, one of China’s leading scientists and trained in Germany,
along with some of his colleagues in the nuclear establishment, opined that
China should be ready to import foreign technology and equipment for
larger nuclear power plants. In November 1980, Wang told the American
Nuclear Society that China would implement a nuclear energy programme
and the only question was to what extent it would seek foreign technical
assistance:

We might seek technical help from a friendly country well-advanced in
nuclear power and undertake with her an all-out cooperative program,
like that between Brazil and the Federal Republic of Germany, so as to
realize technical transfer in the shortest time, leading to a capacity of
designing, building, and operating a commercial nuclear power plant by
ourselves in the 1990s. As an alternative, we might also choose to rely
mainly on self-reliance with a limited amount of technical help from
abroad.®?

The position taken by many scientists was attacked by those who would
have liked to see the resources put into the development of domestic tech-
nology and equipment. Zhang Aiping (7k%3¥), the minister of COSTIND,
wrote to Chen Yun asking for his support for the position that China should
develop its own nuclear energy programme rather than import a turnkey
project: “We support importing advanced technology, but we oppose rely-
ing on foreign technology for our nuclear energy development,” stated Chen
Yun. Zhang represented those who had been involved in the nuclear weap-
ons programme and believed that the sector needed the full support of the
government.

The potential import of foreign technology was also seen as a threat to
the domestic industries. On 19 June 1982, as Li Peng recalled, Zhang Jinfu
(5k#h7%), the State Council councillor in charge of finance and economy,
passed him a letter from a foreman at a Beijing Boiler Factory, accusing the
MWREDP of being traitors by negotiating with France on importing a nuclear
power station. Some people from the Shanghai Boiler Factory sent letters
directly to the Politburo. Zhang Jinfu had been involved in the nuclear
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weapons programme in the 1950s and 1960s and had been beaten up dur-
ing the Cultural Revolution for making similar accusations. He understood
the implication of making these accusations and passed on the letter as a
precaution.%?

These two issues — financing and technology - continued to be at the
centre of debates well into the mid-1980s. The opposition to borrowing
on international markets was strong. A joint venture was considered to be
selling out national interests, while purchasing whole plants was strongly
resented by conservatives and by some officials at key factories building
generators and turbines.

For the proponents, the project represented a new era for the country to
open up to the outside world and take advantage of the capital and technol-
ogy that could be supplied by the developed countries. One of the negotia-
tors for the Daya Bay project described foreign borrowing as ‘borrowing a
chicken to lay eggs for China’. In May 1982, at a State Council meeting,
heated debates broke out on the potential financial as well as physical risks
of the project.

Finally, the participants reached several tentative agreements: (a) there
were risks involved in all nuclear power projects no matter where they
were, but the risks were manageable; (b) negotiation should take place with
Hong Kong on nuclear power projects; (c) it was acceptable to borrow to
build domestic infrastructure and the borrowing would require some level
of imports; importing goods from foreign countries would not necessarily
mean being subservient to these countries; (d) if Guangdong would not grab
the opportunity, Hong Kong would go elsewhere to build power projects and
(e) there were disadvantages as well as advantages in having a joint project —
interest on borrowings would rise and so would electricity prices, because
capitalists would not invest without profits. These basic understandings
mirrored changing ideas at the time, as the country moved from a rigid,
closed and autarchic economy to a more flexible, open one.

Based on these common understandings, the State Planning Commission
agreed that: (a) the Guangdong provincial government could start negotiat-
ing with their foreign counterparts, and if required, it could bring MWREP
into the negotiation. However, at this stage it was not a formal bilateral
negotiation; (b) the State Council would form a negotiation coordination
group with members from the SPC, MWREP, Bank of China, the Ministry
of Finance, MNI and other relevant ministries, but the group would be led
by MWREP, not the SPC; (c) the negotiation team would approach as many
of its foreign counterparts as possible to create a sense of competition, but
China would not open its bidding at that time and (d) a formal message
would be sent out to the international community that China was serious
about its nuclear energy programme. A vice commissioner from the SPC
emphasised that even though the team could now start approaching its for-
eign counterparts, this was not going to be a formal bilateral negotiation
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because the SPC still had strong reservations about financing and technol-
ogy imports.

In the following months, the debates continued. Various delegations were
sent to visit nuclear power stations in Britain, France, Finland and some
Eastern European countries. In December 1982, the State Council formally
approved the construction of a nuclear power station in Guangdong prov-
ince, but no decision was made on how it would be financed, whose tech-
nology it would use or who — MNI or MWREP - would lead the project.

Given that the first nuclear project was to be constructed primarily for
selling electricity to Hong Kong for foreign exchange, the site had to be
close to Hong Kong. It had to be on the coast and in a SEZ so that it could
take advantage of the special policies. It was quickly decided that Daya Bay,
about 45 km from Shenzheng, then a small village at the border to Hong
Kong, and about 50 km from Hong Kong, was to be the site. Daya Bay was
chosen to kill two birds with one stone — to supply the power hungry prov-
ince with much needed electricity but, more importantly to bring Hong
Kong in on the deal and thereby offer a more tangible gesture than Vice
Chairman Deng Xiaoping’s verbal assurance in April 1979 that investors in
Hong Kong — worried about the territory’s future — ‘should put their hearts
at ease.’** The State Council also decided upon the principles of the project:
‘loans for construction, power sale for debt payment, and joint manage-
ment’ (fFETEL, BHURTY, GRAE).

International cooperation

China started its nuclear energy programme at a time when it had just
opened up to the outside world and it was important to build good diplo-
matic relationships with other countries. The Daya Bay project was approved
at a time when the nuclear industry in developed countries had suffered its
first setback after the Three Mile Island accident and faced an increasingly
organised anti-nuclear movement. International vendors were competing
for business outside their countries just to survive. This meant that political
and diplomatic considerations became part of the general background for
the negotiation with nuclear vendors. Meanwhile, Chinese decision makers
were being lobbied by international companies, whose governments were
backing bids for business both in and outside China.

Chinese nuclear scientists were part of the first groups of scientists to visit
the US and to have exchange programmes with their American colleagues.
Chinese scientists preferred the commercially successful PWRs produced by
Westinghouse, while American businesses were also keen to pursue busi-
ness opportunities with China. To get their foot into the Chinese market,
some American Chinese lobbied Li Peng and other leaders. One long-term
American friend of Li Peng and some leaders in China told the Chinese
government that the Tennessee Valley Authority (TVA) had two units of
130MW PWR in storage and, if China wanted them, TVA had the political
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support from the Republican leader in the Senate. Li Peng’s friend suggested
that even if in the end the US would not sell the units to China because of
restrictions of the Nuclear Non-Proliferation Treaty (NPT), just getting the
deal to the discussion stage would allow China to bargain with the French.5®
Knowing that there was little hope of getting nuclear technology or equip-
ment from the US, the new deputy minister of Foreign Affairs in China was
delegated to help build up economic contacts with other countries and to
help negotiate a nuclear deal.

Long before the Chinese made a formal decision on a turnkey project
in Daya Bay, scientists in China tried to convince their government that
American technology was to be preferred. Deng wanted to build up a rela-
tionship with the US, and negotiations between China and the US over a
nuclear cooperation agreement started in 1981. ‘In January 1983, US officials
negotiating a nuclear cooperation agreement with China linked possible
US nuclear exports to China with its reported nuclear proliferation prac-
tices, particularly in Pakistan.’®® Without changing its position on nuclear
non-proliferation, China submitted its application to join the International
Atomic Energy Agency (IAEA) in 1983. This was at a time when China was
learning how to be a member of an international community. It joined the
World Bank and the IMF in the same year and started seeking assistance
from these institutions, including the IAEA.

The Chinese expressed their strong desire to acquire American technol-
ogy and Westinghouse wanted to sell its reactors to China. In 1982, when
‘discussing with the Chinese on the possibility of an agreement for peaceful
nuclear cooperation, which would enable us to compete commercially in
the development of China’s nuclear power program’, US State Department
officials told the Chinese that they would have to provide assurance on
the peaceful use of the nuclear technology. The US would also demand a
guarantee against future re-export if nuclear fuel were to be provided. The
Chinese told the Americans that ‘they would use such technology only for
power, but they had problems with allowing international inspection.®’
This led to an agreement between the US and China that President Ronald
Reagan brought back to Washington after he had visited Beijing in 1984.
The agreement was rejected by the Congress.

Meanwhile, in Beijing, foreign affairs officials lobbied on behalf of
the countries to which they were appointed. The Chinese ambassador
to Moscow tried to convince those at MWREP and MNI that the Soviet
Union had mature technology and China already had experience in
building heavy water reactors. If China could make a deal with the Soviet
Union, it would help improve bilateral relations and help China’s position
in Southeast Asia, especially over Vietnam and Cambodia. By and large,
their lobbying was ignored because many in the central government did
not think the relationship with the Soviet Union would improve in the
short term.
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The Chinese ambassador to France pushed for the deal with the French.
When French Premier Raymond Barre visited China in January 1978, he
took with him the two chairmen of Alsthom, a large French multinational
conglomerate. In December 1978, as part of a seven-year trade agreement,
Deng announced that China would import two nuclear reactors from France,
valued at $14 billion.®® The sale hinged on the Chinese agreement that the
technology would only be used for peaceful purposes and be subject to the
inspection of IAEA. This was at least the understanding of the Americans
because when the French company Framatome used technology licensed
by the Westinghouse Electric Corp. in constructing its atomic power plants
it agreed any future sale would have to be approved by the White House.
This was just before Deng’s announcement that ‘the White House issued
a statement in late November [1978] saying it would not oppose the sale if
France and China would agree to ensure that plutonium is not extracted
from spent fuel to use in nuclear weapons.’®®

Given the restrictions of the US Nuclear Non-Proliferation Act that for-
bade the sale of nuclear power equipment to countries that had not agreed
to international inspection of their installations by the IAEA, the choice
for China would be between the French Framatome and West Germany's
Kraftwerk Union - a joint venture between Siemens and AEG. Both had
substantially modified the Westinghouse PWRs, which they claimed they
would be able to export without American permission.

Hong Kong’s China Light wanted the British to win the deal and the
Thatcher government believed it held an advantage with its control over
Hong Kong. Yet after spending millions of pounds since World War II devel-
oping various kinds of nuclear reactors, Britain had not been able to build
one that was regarded as being suitable for export. Nevertheless, the British
government was determined to get involved in the project:

Although it cannot hope to supply an export reactor at this stage, Britain
would like to supply the associated turbine island consisting of turbine-
generators and auxiliary equipment. These could be valuable orders run-
ning into hundreds of millions of pounds and would provide several
years of work to the still order-short British process plant industry as well
as numerous jobs to help alleviate the country’s serious unemployment
problem.”®

Sir Lawrence (later Lord) Kadoorie, chairman of China Light, had every
intention of keeping the British in the game. Right after the idea of forming a
joint venture between Guangdong and China Light, Sir Lawrence requested
a feasibility study of a nuclear power plant be done conjointly by the British
Department of Industry, the Central Electricity Generating Board and the
Atomic Energy Authority. The feasibility study was completed in late 1980,
which made it possible for China Light to go ahead with the negotiation
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on the project with their Chinese counterparts. It also ensured a place for
British General Electric Corp (GEC).

The CCP Central Committee and the State Council decided that nego-
tiations on the nuclear project and negotiations with the British govern-
ment on the return of Hong Kong after 1997 were two separate matters:
one was between the Guangdong power sector and a Hong Kong corpora-
tion; the other was between two sovereign states. The two issues nonethe-
less became entangled throughout the prolonged negotiations. For example,
a deputy minister of Foreign Affairs in China warned her colleagues from
the MWREP not to push for the deal because the gap between China and
Britain over the Hong Kong issue was huge and the result of these negotia-
tions might affect the Daya Bay deal. China wanted a return of sovereignty,
to retain the capitalist system and special management of Hong Kong, while
Prime Minister Margaret Thatcher wanted to keep the status quo with an
extension of the lease.

By the end of 1982, it became a three-way negotiation between the
Chinese (joint efforts between the central government represented by the
MWREP and the Guangdong government), the Anglo-French joint force,
and China Light and Britain. The Chinese wanted to purchase the reactors,
which were eventually provided by France, and turbine generators, which
were provided by the British, they also insisted on technology transfers and
loans with preferential conditions and low interest rates as conditions for
the agreements.

In May 1983, French president Francois Mitterrand visited China and
secured from the Chinese another memorandum of understanding ‘ensur-
ing a substantial participation by France in the Chinese project.” British
officials reacted immediately, claiming: ‘We are not aware of any serious
approval of this nature and we still believe the Chinese are seriously con-
sidering signing contracts with GEC.””! Indeed, in March 1983, the British
delegate led by the Deputy Secretary of Industry signed a similar memo-
randum regarding the supply of power-generating turbines by GEC.”? The
final agreements were signed in 1984 and the Daya Bay Project started its
construction in 1987, ending a decade of learning experience in dealing
with the outside world.

Conclusion

From the early 1950s to the 1970s, nuclear programmes had been the priority
in terms of political support and allocation of finance, physical and human
resources. It was under the tight control and subject to the strict instruction
of the CCP Central Military Commission and the Politburo. Nuclear weap-
ons programmes could not escape the political turmoil that had swept the
country for two decades. Many scientists were protected by those in charge
of the weapons programmes, especially by the military generals who moved
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them to the Gobi Desert or other remote areas close to testing places, but
also away from the epicentre of politics in Beijing.

The basic research on reactors (civil and submarine alike) was not so fortu-
nate. It competed with the weapons programme for resources and political
attention and was kicked like a football from one organisation to another,
none of which could spare resources for it.

The internal debate and competition for priority in the nuclear sector
continued after the 1970s when China decided to pursue a nuclear energy
programme. It took about a decade for China to obtain its first commercial
nuclear power station. The construction of Daya Bay started in August 1987.
This indicated the beginning of the Chinese nuclear programme, and also
the beginning of the reform in the energy sector. Daya Bay was the first
joint venture in the energy sector after the central government removed its
restrictions on non-foreign borrowing and foreign investment.

How the Qinshan and Daya Bay projects were initiated and developed
also reflected politics in China — both were pushed by special or local inter-
ests rather than by a set of coherent policies developed by the central gov-
ernment. Guangdong not only obtained a nuclear power plant but also the
autonomy it had demanded to start a new path to economic development —
market rather than planned, open rather than closed, and integrating with
international economies rather than existing in isolation from them. The
two projects — one an example of self-reliance and the other an imported
turnkey project — set the two distinct paths of China’s nuclear development
in the following three decades.
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Expanding the Nuclear Energy
Programme

After the two nuclear power projects were initiated in the late 1970s and
early 1980s, nuclear energy development in China stalled, primarily because
there was no coherent policy from the central government, no voice speak-
ing on nuclear energy in high places, and no institution at the central level
willing and able to host its development. Nuclear energy became a subject
driven by political and diplomatic concerns and specific and local interests.
It did not become an energy issue until the 2000s, when power shortages
hit two-thirds of the provinces from 2002 on and environmental pollu-
tion, because of a heavy reliance on coal, became a more pressing challenge
for the Chinese government. Looking for alternatives led to a new call for
expanding nuclear energy in China. In March 2005, Premier Wen Jiabao
said at a meeting of the Standing Committee of the State Council that
‘China needs to change its structure of its electricity generation; expand its
hydro capacity, optimise its thermal development, actively promote nuclear
energy, appropriately develop gas-fired electricity and encourage renewable
energy’ (WG, KIITTARKAL, DUk e, BAERERZ L, JE R R
SRS, BEHTREVE K HL). By June 2010, China had 11 nuclear reactors in opera-
tion and another 24 under construction (see Table 3.1).

The new enthusiasm for nuclear energy expansion in China placed new
challenges on resources allocation, technology selection, waste manage-
ment and safety regulation. By and large, however, the development was
pushed by provinces and the major players in the nuclear and power sector.
In 2008, when the National Energy Administration was created, the nuclear
sector was placed for the first time under the umbrella of energy policy-
making.

Stalled development in the 1990s

In the 1990s, four NPP projects received approval and went into construc-
tion: Qinshan III in 1994, Qinshan IT in 1995, Lingao in 1995 and Tianwan
in 1997. Each of these four projects had been pushed by different players
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and approved for different reasons. In general, however, their approvals
mirrored the political and economic development in the country at the
time. Qinshan II was approved because, as the Chinese premier Li Peng said
repeatedly in 1995, ‘the whole nuclear industry would collapse if we do not
give it some projects.”t Lingao was pushed by the China Guangdong Nuclear
Power Corporation (CGNPC) that had owned and operated the Daya Bay
NPP using its own profits to finance it. The Tianwan project was the prod-
uct of bilateral diplomacy between Russia and China. Qianshan III, built
in cooperation with Canada, was one piece of a whole bargaining process
with the OECD countries, especially the US, to break the isolation that had
followed 1989.

All four projects were made possible because the then premier Li Peng was
a strong advocate and supporter of nuclear energy. This all changed in late
1990s when Zhu Rongji replaced Li and became the premier. Zhu was ‘by
leaps and bounds the more hard-charging reformer compared with Li.’> He
had consistently stressed the need to break up government monopolies and
to create competition in previously protected sectors. When he became the
premier, Zhu quickly wielded a heavy axe on state-owned enterprises (SOEs)
and presided over a 40% reduction in the public enterprise workforce. He did
not believe it was economically beneficial for China to build nuclear power
stations and was determined that no new NPPs would receive approval
unless the nuclear sector, the China Nuclear Power Corporation (CNNC),
reversed its loss-making situation. The Asian financial crisis offered him the
opportunity and Zhu at the end of the 1990s ordered to freeze construction
of all electricity generation projects, including nuclear power stations, for at
least three years.

One paradoxical challenge facing nuclear energy development around the
world is that the nature of nuclear energy development - intensive capital
investment and long-life expansion - requires long-term planning and long-
term stability in policies and commitment. However, nuclear energy devel-
opment often faces two big uncertainties — turbulent politics and economic
uncertainties. China faced both in the 1990s. In the end, political decisions
prevailed. Because of the political nature of the decisions on all four NPPs,
nuclear development in China fell into a pattern that many in the sector had
warned against — different models of reactors to be adopted would make it
difficult to bring the costs down and to regulate the industry. By the end of
the decade, China had been building NPPs with technology from Canada,
France, Russia and its own.

The normal impression of Qinshan I, II and III is that they must have
been sequential projects. This, however, is not the case. Indeed, Qinshan III
was approved before Qinshan II. They were three ‘relatively independent’
projects, owned by different institutional arrangements, operated by differ-
ent institutions, with different models of reactors, and based on different
technology.
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The reactor adopted in the Qinshan I project was extrapolated from a
Chinese nuclear submarine reactor design; Qinshan II used the Daya Bay
PWR as a reference design and Qinshan III had Canadian CANDU heavy
water reactors. They share the same name only because they are located in
one large geographical area: Qinshan, Zhejiang province. The development
of the three projects is a reflection of historical development and an indica-
tion of a lack of central planning and long-term strategic thinking when
projects were put on the agenda.

Qinshan III: Canada showed its intention to sell CANDU reactors to China
as early as the 1980s, but China preferred the American PWR to the HWR
technology on which CANDU was based. When the Daya Bay project was
approved and went under construction, China indicated that it would
build more NPPs and it became clear that the US would not and could not
sell nuclear technology to China. Canada approached China again, and
in 1988, the governments in Ontario and Jiangsu province signed memo-
randa of understanding (MOU) on energy cooperation. One of the items
on the agenda was to assess the potential for Canada’s CANDU reactor.
‘Government, power, and nuclear industry spokesmen from both sides of
the Pacific say Canadian-Chinese nuclear trade is both feasible and likely
in the near future.”® Some Chinese were interested in this cooperation because
they were familiar with heavy water reactors and liked the fact that with
them they would be able to burn recycled PWR fuel, while the Canadians
were eager ‘to market Canada’s nuclear technology abroad.”* In 1989, just
when the two sides were close to a breakthrough in their negotiations for
potential cooperation, the negotiations collapsed when Canada along with
others imposed an embargo against China.

After almost a decade of on-off negotiations, serious negotiation was
resumed only after Deng’s ‘Southern Tour’ that brought the reform back to
life. In November 1994, the Canadian Prime Minister, Jean Chretien, and
Chinese Premier Li Peng signed a Nuclear Cooperation Agreement to assure
compliance with TAEA non-proliferation terms. The negotiation was also
shifted from the MEP and the MNI to the Ministry of Energy and CNNC.
In the following 20 months, hard bargaining took place mainly over project
financing. Negotiations were also conducted to show the US and some
OECD countries that Canada was more than willing to do serious business
with China even if the US refused to do so.

The initial price tag set by Canada was $4.2 billion, while the Chinese
government budgeted for only $2.4 billion. In addition to the large gap in
the estimated costs, China also expected ‘all financing (for the plant) should
be from Canada at an interest rate lower than that set by the OECD’, which
was 8.85% at the time.> During the negotiation, it was reported that the
Canadian government had ‘committed $1.5 billion in financing for the
Qinshan project and AECL [Atomic Energy of Canada Limited] obtained
commitments for additional financing from external partners, but the
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Chinese still required more to make this viable.* One explanation of the
hard bargaining conducted by the Chinese was that the country had limited
foreign reserves. In 1992, for example, the country had foreign exchange
reserves of US$21.2 billion, but in the following year it ran trade deficits
of US$12.2 billion. To finance such capital-intensive projects, the country
depended on the financing that foreign suppliers could bring to the coun-
try. Meanwhile, with severe power shortages across China, few would want
to wait for seven to ten years for electricity to be generated by a NPP.

Another explanation for the hard bargaining was that even though some
in the nuclear sector preferred CANDU reactors because they were famil-
iar with the technology and would have liked to continue using it, many
more in the electricity industry and other government agencies preferred to
expand PWRs because: (a) more than 60% of the world’s nuclear generation
capacity was based on PWR technology and there was a record of success;
and (b) China had already imported Framatome’s PWRs, which had been
built based on Westinghouse PWR technology — an expansion of the same
technology could bring down the costs and improve the safety record.

This debate among different players in China affected those sitting at the
negotiation table, who were half-hearted some of the time while serious
at other times. Finally, the international nuclear market at the time was a
buyers’ market and OECD countries had either stopped their nuclear power
projects completely or simply banned further NPP expansion. Major inter-
national nuclear suppliers, such as CANDU, Framatome and Westinghouse,
were competing in countries such as China.

When the project of Qinshan III was approved by the SPC on 26 February
1996 and the contract between CNNC and AECL was signed in November
1996, some commented that ‘this deal with Canada would be a political
answer to the US that says “to hell with your embargo”.”” For many, while
the project might not make a great deal of economic or technical sense, it
did make a political statement to the US, which had imposed technology
exports to China but from which China would prefer to get its technol-
ogy. The contract became effective on 12 February 1997. CNNC created a
subsidiary, the Third Qinshan Nuclear Power Company (TQNPC), holding
51% of its stake and the rest was shared among China Power Investment
Corporation (20%), Zhejiang Power Corporation (10%) and another two
investment companies of the Jiangsu (9%) and Shanghai governments
(10%). TQNPC was the designated owner of the project while AECL was the
main contractor.

AECL would build two CANDU 6 reactors with the capacity of 728MW,
the only two heavy water reactors China has to this day. As the main con-
tractor, AECL then subcontracted out to American Bechtel and Japanese
Hitachi. All three were supported by the credits provided by the export-
import banks in their relevant countries. AECL received $1.5 billion credits
from the Export Development Corporation of Canada (EDC). The specific
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financial structure was: 71% of the total costs were provided by the three
export credit agencies (made up of EDC 70%, US EXIM 16% and JEXIM
14%). These credits were provided following the OECD guideline of a 7.5%
interest rate for 15 years. The justification for AECL to obtain assistance
from EDC was that the deal would provide 15 000 jobs in Canada and the
same argument was made by Bechtel and Hitachi. For the remaining 29%
of the total cost, the State Development Bank guaranteed international bor-
rowing (22%) and the remaining 7% was self-financing.

Among other things, TQNPC was responsible for preparing the site, pro-
viding permanent site facilities and local staff to the AECL Site Project
Management Organisation, managing construction by sub-contract to
Shanghai Nuclear Engineering Research and Design Institute (the former
728 Institute), managing licensing, providing the first fuel loan and initial
heavy water fill. AECL, meanwhile, was responsible for providing the design
and reactors, managing the reactor construction, and providing guidance
and direction to TQNPC for commission. Bechtel/Hitachi was subcontracted
to provide turbine generators. The construction of Qinshan III started on
10 March 1997 and its commercial operation began on 19 November 2002.
The second unit was connected to the grid a year later. As the AECL pre-
dicted, the construction schedule was shorter than for PWRs.

Qinshan II: at the inauguration ceremony for the Daya Bay project, Li
Peng declared, ‘The conditions are fulfilled for the construction of the sec-
ond phase of the [Chinese PWR] project.”® The idea of duplicating the PWR
technology introduced from France for Daya Bay to develop its own more
advanced reactors originated in the late 1980s. In 1988, CNNC and Jiangsu
and Zhejiang provinces pooled their resources to plan for another NPP in
either province and created what was later known as the CNNC Nuclear
Power Qinshan Joint Venture Company Limited. The Beijing Institute of
Nuclear Engineering and the Nuclear Power Institute of China in Chengdu,
Sichuan province, were asked to design a 600MW PWR based on the model
imported from France for the Daya Bay project. This was the origin of
Qinshan II.

The project ran into trouble as soon as it was proposed. Following the
Tiananmen incident in 1989, OECD countries imposed embargos against
China. Without access to finance and foreign technology, the project had no
hope of proceeding. The government also shifted its emphasis. In both 1990
and 1991, the State Planning Commission headed by vice-premier Zou Jiahua
made it clear that capital investment would not go to new projects but would
only go to those projects that could help with economic recovery. Qinshan II
was put on the backburner. Even after Deng’s ‘Southern Tour’, which revived
the reform, the priority of the government was to prevent the economy from
overheating. Capital investment was tightly controlled. New projects with
the central government’s funding were put on hold. Meanwhile, CNNC and
its subsidiary put together a feasibility study, which was sent to the State
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Planning Commission for approval in 1992. For the next four or five years,
debate continued over several issues: (a) whether China had the resources to
expand its nuclear energy programme at a time when demand for finance
came from all directions and while the sources of finance were limited;
and (b) whether Qinshan II should be based on indigenous technology or
whether China should concentrate its efforts on one imported reactor-line,
as France did in the 1970s, in order to speed up progress.

Some vice-premiers of the State Council supported the nuclear energy
development in principle but emphasised that the country should tighten
capital investments in order to control inflation; this should apply to
Qinshan II too. In the long term, said Zou Jiahua, nuclear energy develop-
ment was necessary because sooner or later fossil fuels would run out, but
given the current macroeconomic situation it was too difficult to finance
such a large capital-intensive project. However, Li Peng, the premier at the
time, believed that Qinshan II should be given the green light in order to
save the nuclear industry. Li Peng said, ‘At the moment, it is very difficult
for the nuclear sector because there are few government procurements; we
approve this project under special conditions to save the whole industry.”
The SPC finally approved the project on 15 December 1995.

Both Daya Bay and Qinshan III were turnkey projects, while the Qinshan II
project was billed as ‘a step towards self-reliance’. The Chinese were supposed
to build two 600MW PWRs with the Framatome’s 900-MW PWRs installed
in Daya Bay as a reference design. Because of differences in site conditions,
capacity, grid connection and the desire to improve on the French design,
engineers at the Beijing Institute of Nuclear Research had to make substan-
tial and substantive modifications to the PWR model at Daya Bay.

The Chinese retained technical cooperation and assistance from France’s
Framatome and Electricité de France (EDF). Siemens AG’s Kraftwerk Union
(KWU) had wanted to get into the Chinese market since the early 1980s,
because ‘the days when KWU officials symbolically licked their chops over
prospective nuclear power plant contracts in a host of countries’ in Asia,
Europe and North Africa had added.!° They had placed their hope on China
and the Soviet Union when the Chernobyl disaster destroyed the possibility
of making deals within the Soviet republics. When Qinshan II was placed
on the agenda, KWU was hoping to help design and build these two 600MW
PWRs. The 1989 embargo brought this to an end.

When the project was back on track, CNNC signed a contract with
Westinghouse in early 1995 to deliver two 650MW steam turbines to be used
for Qinshan II. The US nuclear industry had long been lobbying intensely to
free nuclear trade with China, while the experts in China had long expressed
their desire to obtain the American technology. Indeed, the Chinese signed
the agreement with Westinghouse when US Secretary of Energy, Hazel
O’Leary, visited China. Before the Clinton administration could get con-
gressional approval for the certification, however, Westinghouse could
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only sell the equipment to China that would be manufactured outside the
US by Westinghouse licensees. Westinghouse itself, and its Spanish licen-
see Equipos Nucleares S.A., would supply steam generators and Mitsubishi
Heavy Industries in Japan and would make the reactor coolant pumps and
motors. The Chinese were supposed to assemble them. Because of this,
CNNC also reached an agreement with Westinghouse for the engineering,
project management and quality assistance support.

The Tianwan project was pursued for quite different reasons, mainly politi-
cal and diplomatic rather than for economic, energy or technical. One of the
items on the agenda when Soviet leader Mikhail Gorbachev visited China
in May 1989 was potential cooperation on nuclear energy development,
which was confirmed a year later when Li Peng visited Moscow. The idea
was quickly pursued because of the political developments on both sides.

China became isolated once again after June 1989 when Western countries
imposed sanctions and negotiations on several potential NPP projects stalled.
Building a strong partnership with the Soviet Union was politically and dip-
lomatically important for the Chinese government. Shortly after Gorbachev’s
visit, the Soviet Union started to crumble and the economy in most former
Soviet republics collapsed, including that of Russia. The potential to build a
NPP would have created an opportunity for Russia to keep one of its industries
alive, while allowing China to start rebuilding its relationship with Russia now
that OECD countries had shunned China. German KWU officials commented
that the nuclear cooperation between the Soviets and Chinese was ‘a logical
consequence of the warming trend in Sino-Soviet relations.’!!

In December 1992, China and Russia signed an agreement on cooperation
in building NPPs in China. The agreement had been pushed through by
China as a counter-response to the Bush administration’s decision to approve
leasing warships to Taiwan in July 1992. The supply of warships through a
lease arrangement was seen as a violation of the principles set out in the
Sino-US Communiqué, agreed upon on 17 August 1982. It was expected
that with a newly elected president in office later in the year, Washington
would ‘step up pressure against foreign states seeking to intensify com-
mercial relations with China’ and Moscow was strongly urged by the Bush
administration ‘to exercise restraint in nuclear commerce with Beijing.!? To
counter the US policies, China happily engaged in serious negotiation with
its Russian counterparts on the nuclear energy project.

The project, however, received its share of criticism in China. Some liked
the deal because a Soviet plant would ‘be considerably cheaper than its
Western equivalent, and a deal could be arranged on barter terms.'* Many
others, however, especially nuclear experts, raised serious concerns about
the safety standards of VVERs — the Russian version of light water pressu-
rised reactors, especially after the Chernobyl disaster in 1986 when one of
the four Russian-built VVERs was completely destroyed by fire. Finally, the
political agenda overrode other considerations.
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While people involved in the negotiations were asked to push through the
deal as a ‘political and diplomatic task’,'* safety concerns had to be taken
into serious consideration. China demanded serious modification of VVERs
and ordered that the new design be approved by the IAEA. Meanwhile,
it was negotiating with Siemens to provide instrumentation and control
equipment. Finally, it insisted that Chinese organisations would take charge
of construction. Russia agreed on the last point but made sure that it would
not pay for Chinese labour.

In addition to concerns about safety standards of those in the nuclear
sector, or concerns about economic costs from those in the electricity sec-
tor and the province in China, both China and Russia were going through
significant political changes. Government reorganisation took place in both
countries in 1992 and 1993. On the Russian side, because the Ministry of
Atomic Energy brought the military and electricity components together
in 1992, officials from Minatom, the Russian nuclear power ministry,
said that the ministry would ‘not be directly involved in pending com-
mercial talks’ on the nuclear power project in China. The Russian firm
Zarubeshatomenergostroy would be the party at the negotiating table.

On the Chinese side, the Ministry of Energy was dissolved and in its place
several line ministries were created. Ministry of Electric Power was restored
but not the ministry of nuclear industry. ‘The Russian side is a ministry; which
ministry should we have?’ asked Li Peng, the then premier.!> The Chinese gov-
ernment decided that the Ministry of Electric Power would take the lead of
the Chinese team, which consisted of representatives from the power sector,
CNNC and Liaoning province. In the middle of negotiations, in June 1995,
the State Council decided to change the leader of the Chinese team from
the Ministry of Electric Power to CNNC. ‘The complex relationship among
Chinese organisations involved’ — CNNC, the Ministry of Electric Power and
the Liaoning provincial government — undoubtedly was one of the factors for
the prolonged negotiation, commented Western observers.!®

The changing organisational arrangement highlighted a politically sensi-
tive issue that had been lingering since the time the nuclear energy pro-
gramme was placed on the agenda in China — who was in control? When
the Ministry of Electric Power was the lead agency, it insisted that it would
approve the site, the feasibility study and the long-term planning for the
electricity connection to the grid before all these matters were submitted
to the State Council for approval and before the next step could be taken
in the negotiation. In sum, at every step, the Ministry wanted a say on all
matters. This might be understandable given that electricity eventually had
to be provided through a grid and that needed long-term planning. It cre-
ated organisational jealousy because CNNC was ‘a corporation’ rather than
a Ministry.

It was made known to the world that the site for this project would be
near Dalian, Liaoning province. The Russians had done substantial work
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to modify the reactor designs to the Liaoning site without the protection
of a formal contract. Two weeks after officials from CNNC told representa-
tives from the European Commission about this project and the site; the
State Council in September 1996 changed the site from Liaoning to Jiangsu.
Speculation was made about the last minute change in the site’s location.
Some suspected that the change was a way for the Chinese to get out of
the project contract because of their domestic concerns about the safety
of Russian reactors. Some wondered whether this was an excuse for the
Chinese to pull out because of the financial concerns. Even though the
Russians offered a lower price for project than other Western vendors did,
the Chinese had to come up with all the financing.

Some argued that it made sense for the Chinese to pull out of the deal
because Li Peng had just announced that there would be no new nuclear
power project for the 9th Five-Year plan (1996-2000). Some insisted that pull-
ing out the deal was necessary because, with the background of Chernobyl,
‘unless the reactors are built on a site already approved by the Chinese gov-
ernment, such as Qinshan, the local and regional authorities will have to be
involved, and these won't likely favour construction of a Russian reactor on
their territory.’l Others believed that changing the site was a rational deci-
sion made by the central government to meet rising electricity demand in
places around Shanghai, while the northeast part of China, with its heavy
industry, was under pressure to restructure. NPPs, argued many Chinese
leaders, should be built at places where the energy endowment was low
while economic growth was high so that it would be easier for the util-
ity companies to up-adjust prices for electricity. Even though the GDP per
capita in both Liaoning and Jiangsu was above the national average in the
early 1990s, that of Liaoning was about 7% lower than that for Jiangsu.
This might explain the reluctance for Liaoning province to help finance the
project. It would make economic sense for relocating the site to Jiangsu.

With the Chernobyl disaster at its back, the Russians were in a disadvan-
tageous negotiating position. After several changes, the Chinese pushed
for further concessions. Given that both sides suffered shortages of foreign
reserves in the early 1990s, the Tianwan project provided a good opportu-
nity for them to make a barter deal work. Russia would supply ‘all equip-
ment and material’ for the reactors and supply all the enriched uranium
fuel of the VVERs, while China would pay for them with meat, eggs, cloth-
ing and the consumer goods that were in short supply in Russia, even
though officials from Minatom said that they would expect China to pay
for the two reactors in large part with foreign exchange. It was never made
clear what specific financial arrangements had been reached between the
two sides.

Once the State Council announced the site, all the agreements and con-
tracts, the feasibility study, technology cooperation and the contract for the
project itself were pushed through in record time.
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In April 1998, the construction on the project was started. More problems
emerged. For example, normally, a construction should not start until 60%
of the blueprints are in place, but in the case of the Tianwan project, only
about 6-7% of blueprints were in place when the project began. Delayed
delivery of materials, equipment and blueprints was caused by a combina-
tion of factors, among which was the turbulent political situation in Russia
where voucher privatisation in the early 1990s and then loans for share
privatisation in 1995 to get Yeltsin re-elected completely threw the economy
off balance. The producers could not meet the deadlines to deliver the prod-
ucts and when they did, the quality was always in question.

Both sides suffered from a shortage of experts. In Russia’s case, many experts
had left the field after the collapse of the Soviet Union, when they could not be
paid. The reactor model used in Tianwan was AES-91, a modified version after
the Chernobyl disaster. The Russians often did not know how to deal with the
problems. Jiangsu Nuclear Power Corporation borrowed experts from other
NPP projects around China for help. Meanwhile, with several NPPs under
construction, there was a shortage of skilled labour everywhere.

In 1995, concerns about the safety of VVERs prompted CNNC to join the
World Association of Nuclear Operators (WANO), an organisation formed
after the Chernobyl disaster to improve safety by exchanging information
and providing technical assistance. Daya Bay had already been a part of
WANO because it is a two-PWR Framatome plant with management and
operational assistance from EDF. CNNC joined partly because it would not
be isolated by the nuclear community and partly because of the safety con-
cerns in other NPPs. The triggering point was the Tianwan project.

Lingao: The development of the Lingao NPP project illustrates another
aspect of the politics in the 1990s in China - the central and provincial rela-
tionship. While the Daya Bay project was under construction, Guangdong
province and the joint venture created for the Daya Bay project were plan-
ning to buy another two 900MW-class PWRs, with technology transfer pro-
visions from foreign vendors. The site was already chosen to be at Lingao,
about 5 km from Daya Bay.

Framatome had long believed that it had positioned itself well with the
arrangement of Daya Bay. When ‘the award intention agreement’ was
signed in Beijing on 15 January 1995, the CEO of Framatome, Jean-Claude
Leny, sighed with relief: ‘The French nuclear industry found “a new reason
to live”.!® The entire Lingao project was estimated to cost 18 billion francs
(about US$3.4 billion) at the time when Framatome almost went bankrupt
because there were no orders for NPPs. The project, said another senior man-
ager at Framatome, would not ‘fill our workshop, but without it our situa-
tion would have been extremely serious.” It would ‘assure the equivalent of
9000 jobs per year, or an estimated 15 million hours of direct work.?

The arrangement for the Lingao project was similar to that of Daya Bay:
Framatome would supply 2x900MW nuclear islands based on the Daya
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Bay PWRs and GEC Alsthom from the UK would supply two conventional
islands, with EDF providing engineering support. The actual construction
and assembly work would be done by Chinese enterprises under Framatome's
and GEC Alsthom’s supervision and with their technical assistance. A con-
sortium of French banks would provide financing. The Chinese counter-
parts included CGNPC, Guangdong provincial utility, the CNNC and the
Ministry of Electric Power.

Decisions on the Lingao project were controversial for several reasons.
(a) whether another large nuclear power station was necessary around the
same area in Guangdong; the province continued experiencing severe elec-
tricity shortages, but it would take another seven or eight years before it could
generate electricity and high economic growth depended on the immediate
addition of generation capacities; (b) whether the central government could
finance such a large capital-intensive project at a time when the ratio of its
revenue to GDP had dropped dangerously low, and when the China Light
decided not to participate in another nuclear project (see Chapter 5) and
(c) whether the country should import another turnkey nuclear power plant
rather than reserving the resources to support its own nuclear industry (see
Chapter 6). The Daya Bay project was a successful application of Western
technology and enterprise practices; it started cultivating the nuclear safety
culture, which was the necessary component for a sustainable nuclear energy
industry. Yet, when the nuclear sector had to close down facilities and lay off
its employees, giving such a large project to foreign companies was argued to
destroy China’s own industries (see Chapter 4). Many veterans in the nuclear
sector were particularly angry about the ‘betrayal’ by the government for
turning its back on an industry that had made the country so proud.

2000s: Rushing into nuclear energy expansion

After more than 25 years of continuing economic growth, by the beginning
of the 21st century China had changed from being a minor and largely
self-sufficient energy consumer to the world’s second-largest and fastest-
growing energy consumer, a major player in the global energy market and
the second-largest polluter. To achieve the formidable goals set in the 11th
Five-Year Plan - to double 2000 GDP by 2010 while reducing energy inten-
sity by 20% - the power industry faced the most challenges. Several sets of
challenges became more acute in the 21st century:

Supply/demand imbalances — it is well acknowledged that ‘China has alle-
viated energy poverty on a scale and at a pace seen nowhere else...all but
around 10 million households now have some access to electricity.”?? This
development, however, has gone through aboom-bust cycle since the reform
started: the country suffered power shortages during the periods 1982-90,
1993-97 and 2002-05. At the end of each period, there were signs of over-
capacity, followed by an adjustment of investment. For example, at the end
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of the 1990s, as demand for electricity dropped, overcapacity reached 10%.
Consequently, the government shifted its own investment to transmission
and distribution networks in 1999 and ordered that no more investment
would be approved for new power generation plants.

In 2002, the country started suffering from unprecedented power short-
ages that lasted until 2005. Of China’s 31 provinces and major municipalities,
25 sustained significant power shortages. Industries suffered consequential
losses and even experienced closures; households felt the impact of reduc-
tions in basic comfort levels. This was partly because economic growth
picked up speed in the early 2000s after the country came out of the shadow
of the 1997 Asian financial crisis. One indication of this growth was rising
electricity demand, which jumped from 1253TWh in 2000 to 2288TWh in
2005, representing an average annual growth rate of 12.8%, exceeding the
annual economic growth rate. Since 2006, the power industry has moved
back to the boom part of the cycle, with an unsustainable average annual
growth rate of 18.4%. The challenge today is how to minimise the fluctua-
tions while expanding the electricity supply.

Another more urgent challenge is to meet the steady increase in electric-
ity demand caused by urbanisation. ‘Since 1992, nearly 200 million Chinese
have shifted from rural to urban life, and the current pace of migration of
about 15 million people per year moving into the cities is likely to continue
for another 15 to 20 years.”?! In China, energy consumption per capita of
urban citizens is 3.5 times that of rural citizens and the electricity con-
sumption per capita for urban population is more than doubled that of the
rural population. This greatest migratory flow in human history has placed
significant pressure on expanding electricity generation capacity as people
switch from biomass and coal to modern energy, electricity and heat. The
total installed power generation capacity in China has already become the
second largest in the world (624GW in 2007), just behind the US (1088GW
in 2007), and it is expected to double by 2020, reaching 1500GW.?? This
rapid increase in energy demand is putting enormous pressure on natural
resources and the environment.

Energy security — given that about 80% of electricity is generated at coal-
fired thermal plants, it is not difficult to imagine a situation where coal
reserves will be depleted in the near future. No one wants to contemplate
the prospect, not the Chinese government nor any international organisa-
tions or private companies; at least not openly for fear of triggering market
panics. Yet, this is a real probability. China may have large coal reserves
(about 12.8% of the world’s total), but they are depleting quickly as produc-
tion has been far exceeding its share of coal reserves. According to calcula-
tions of British Petroleum (BP), coal reserves in China will last no more than
40 years at the current rate of production.

Some Chinese scientists in the mid-1980s had already warned that the coal
consumption would reach its peak of 2 billion tonnes a year by 2020 and
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Table 3.2 Coal production in China (million tonnes)

1981 1985 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008

China 616 872 1080 1361 1299 1382 1455 1722 1992 2206 2373 2526 2782
World 3381 4420 4719 4593 4607 4819 4853 5189 5588 5896 6189 6421 6781
% of 16.1 19.7 229 29.6 28.2 28.7 30.0 33.2 35.7 374 383 39.3 410
World

Source: BP, Statistic Review of World Energy, Full Report 2009.

then would drop sharply.?* China had already reached this level in 2004 (see
Table 3.2). Recently, a group of academics at Uppsala University in Sweden
confirmed this early study: at least 30-40% of the coal reserves in China
have already been produced and the peak will be reached in 2020 or even
earlier, and then there will be a rapid decline with little tail production.
Energy insiders in China also acknowledge this situation, even though it is
not an official line. As current Indian Prime Minister Manmohan Singh com-
mented on the food situation in India, ‘If India cannot produce enough food
to feed the Indians, no one can’; likewise China needs to find a way to meet
its own energy demands. Securing the energy needed to power the future is
crucial and nuclear power becomes an increasingly attractive option.

Rising pollution levels — burning coal to generate electricity has been the
most important contributor to GHG emission in China. China’s power sec-
tor is the single largest culprit, responsible for an estimated 50% of the
country’s SO, emissions, 80% of NO, emissions and 49% of CO, emissions
in the mid-2000s. In addition to air pollution, thermal power generation
(almost 80% of the total capacity) requires a large amount of processed
water and contributes to severe water shortages in many parts of the coun-
try. They also discharge more than 70 million tonnes of solid waste a year.

According to a joint study carried out by the China State Environmental
Protection Administration and the World Bank, the cost of air and water
pollution adjusted to human capital ran at about 5.78% of GDP.?* This does
not include social and political costs. Air, water and soil pollutions have led
to popular protests, and non-governmental organisations (NGOs) and sec-
tions of the media have lodged some of the most serious complaints against
environmental pollution, which have now become political issues. China
is also under increasing international pressure to reduce its CO, and other
GHG emissions.

Two fundamental ways of dealing with climate change are by improving
energy efficiency and increasing the share of renewable energy. China has
promised to increase the share of renewable energy to about 15% of its total
energy consumption. It is already the largest producer of hydro-electricity
in the world. By 2008, with 170GW capacity, hydro stations provided about
14% of the total electricity. The country may have more hydro potential
(estimated 540GW), but its development has slowed down considerably
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because of the problems of resettlement and environmental issues. It had
built about 16GW wind power capacity by the end of 2009. With its low
availability factor (15-20%), wind power is experiencing serious problems of
getting on grids and having sufficient back-up capacities. It is also difficult
to build large wind power mills at places where there are end-users.

Humans have always used wind, sun and rain as sources of energy — from
windmills to dams. Nonetheless, wind, sun and rain suffer from intermit-
tency. While the load factor (utilisation rate) for coal-fired thermal genera-
tion power plants is about 70-90% and that for nuclear power plants is
80-90%, for wind power it is about 30% and only 15% for solar. A coal-
fired or nuclear generation plant with 600-1000MW capacity occupies a
few square kilometres of ground space, while it takes several hundred square
kilometres to build solar or wind generators with the same capacity. Even
with advanced technologies to improve the availability of solar power from
the current 15% to 36%, to generate one megawatt of electricity per year
would require 40 acres of photovoltaic cells. Given the low availability rate,
wind and solar powers need back-up or supplementary generators or battery
back-up and this seriously limits their capacity as energy sources to com-
bat CO, emission. Given that nuclear power plants can produce more than
1000MW at one plant, when compared with renewable energy, rated at sev-
eral megawatts each, it would be a daunting challenge to expand renewable
energy sources to meaningful levels in a short time.

Energy efficiency — after a steady improvement in energy efficiency for two
decades (there was a 65% decline in energy intensity in 1980-2000), the
trend of GDP growing at a faster rate than energy consumption reversed
after 2002. Rising energy intensity (energy use per unit of GDP) threatens
both energy security and the environment. Energy efficiency in various
sectors in China is about 20-40% lower than in developed countries. There
is clearly room to improve. Given that the power sector contributes almost
half of CO, emission in the country, improving the performance of power
plants, especially thermal plants, is a crucial component in dealing with the
twin problems in China - energy security and climate change.

One way to improve energy efficiency and reduce GHG emissions is to
close down small-sized (300MW and below), inefficient and highly pollut-
ing coal-fired generation plants and to replace them with the most advanced
technologies in super-critical power capacity (600MW plus). In 2006, coal-
fired generation units smaller than 135MW still accounted for approxi-
mately 30% of the country’s total installed capacity. These smaller units
consumed about 40% more coal than large ones to generate each kilowatt of
electricity. Closing down small power plants, however, has been politically
difficult. It often affects the very people and regions that need help and can-
not afford to build large and more efficient plants.

To meet local electricity demand and meet the energy-efficiency target
handed down from the central government, provincial governments have
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chosen the nuclear option to add more clean electricity supplies rather than
closing down small dirty coal power stations. To build nuclear power sta-
tions would bring in the central government’s investment, create jobs and
build local infrastructure, from roads, water and sewage to electricity distri-
bution networks.

These challenges require ‘the accommodation of difficult-to-reconcile
objectives: adequate energy for long-term economic growth, energy that
can be secured without exposure to undue geopolitical risk, energy supply
and utilisation consistent with long-term public health, and energy supply
flexible enough to meet rising popular expectations for public and private
goods.”?s The Chinese government has decided to pursue an ‘active’ nuclear
energy programme to supplement other measures, such as improvement in
energy efficiency and development of renewable energy, in dealing with
these challenges.

‘Nuclear energy, as a proven, clean, safe, competitive technology, will
make an increasing contribution to the sustainable development of human-
kind throughout the 21st century and beyond,’ declared the minister of
Industry and Information Technology of China.?® In late 2002, the SPC
submitted a report to the State Council, announceing that the country
would build a total generation capacity of 800GW by 2020 and 4% of this
would be nuclear generation capacity (an equivalent of 32GWe). The tar-
get was revised by the chairman of the China Atomic Energy Authority in
2004 to 36GWe by 2020. Two months later, Zen Peiyan, vice-premier of the
State Council informed the Shanghai Institute of Nuclear Research that by
2020 China would build a total nuclear generation capacity of 40GWe.?’
On 2 March 2005, premier Wen Jiabao adjusted the government’s policy
on NPP development from ‘appropriate’ to ‘active’ development. This idea
of ‘active’ development of nuclear energy was incorporated into the 11th
FYP (2006-10) and then into the Medium- to Long-Term Nuclear Energy
Development (2005-20) in 2006.

In the Medium- to Long-Term Nuclear Energy Development Plan, the
NDRC provided a tentative plan for nuclear development (see Table 3.3):

Table 3.3 Tentative plan for nuclear development (GWe)

Initial Under Total capacity
construction construction Continuation in operation
Prior to 2000 2.268
2001-05 3.46 4.68 5.58 6.948
2006-10 12.44 5.58 12.44 12.528
2011-15 20 12.44 20 24.968
2016-20 18 20 18 44.968

Source: NDRC, #ZHH K& MK (2005-10), October 2007, p.8.(NDRC, ‘The Long- and
Mid-term Nuclear Energy Development, 2005-10’, October 2007, p.8.
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The plan listed 13 sites in 7 provinces and all along the coastline. Interior
provinces, especially those with rapid economic growth but without natural
resources, such as Hunan, Jiangxi and Anhui, were also pushing to build
nuclear power stations. High demand for new nuclear energy projects high-
lighted some perennial challenges the industry has faced - intensive capital
costs, long construction periods, the need for intensive human capital, and
safety and security concerns.

The high demand has also intensified some unique debates in China - who
should be in charge of the projects, whose technology should be adopted,
how can the interests of the general public and those of people who have
to be relocated and resettled for nuclear projects be balanced, and how can
the short-term and long-term environmental impacts of energy production
and consumption be assessed and balanced? These are questions that have
dominated the debate in nuclear energy development in China for the past
30 years and will continue to do so. Most importantly, the institutional and
technical capacity or, rather more accurately, the lack of it, is the greatest
challenge China’s leadership faces in achieving the target of nuclear energy
expansion. As one Western diplomat commented:

The Chinese have competing government agencies in regulating
nuclear power. All these entities gave a different opinion and a dif-
ferent vested interest in promoting nuclear power or putting it on the
back burner.?8

Uncertainty is the biggest enemy.

The next four chapters will examine the institutional configuration of
agencies, choices and contingencies across four aspects of nuclear develop-
ment — economics, technology, fuel services and environment.
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Who Decides? The Politics
of Nuclear Energy

A popular image of China is: ‘a large unitary state characterised by an unu-
sual degree of cultural and linguistic homogeneity, a tradition of statehood
that stretches back into distant antiquity, and a government that insists on
representing itself in strict post-Westphalian terms as sovereign, unitary and
rational.”! Many observers of China still hold that: ‘China remains authori-
tarian’? because of the Communist Party’s ‘exclusive guidance of economic,
social, military and political goals.”® The Party’s leadership is guaranteed
institutionally by the boundless power of the Politburo and its Standing
Committee. The government is no more than a servant of the Party.

This image of China as ‘a one-party state that would think, speak, and
act with one mind, one voice, and one purpose’ evaporates quickly as soon
as one investigates any policy issue.* Those who have done extensive stud-
ies on energy policy in China, in particular, have come to the conclusion
that ‘energy policy in China today is a battleground of negotiation among
powerful actors with conflicting interests that are evident at all levels of
analysis.”> Indeed this energy institutional landscape, characterised by over-
lapping jurisdictions and inconsistent waves of centralisation and decen-
tralisation, is not new.

Examining the decision-making processes over energy policies about 30
years ago, Lieberthal and Oksenberg concluded that within the Chinese
authoritarian system there was a scattered, disconnected and layered gov-
ernmental structure that required any policy initiatives gain the active
cooperation and support of many separate and competing bureaucratic units
that effectively have mutual veto power. ‘Policy is the aggregate response of
leaders or factions of the participants, their strategies for advancing their
beliefs and political interests, and their differentiated understanding of the
problem at hand.”®

To understand China’s fragmented authoritarian decision-making proc-
ess, some scholars focus on the roles and controls of individual leaders,
especially their competing interests and struggle for leadership.” Some focus
on the institutions, particularly the lack of centralised institutions and
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capacities in coordinating policy making.® Some emphasise the importance
of informal networks in the fragmented decision-making processes. Others
argue that how decision making is fragmented varies from one policy issue
to another.

Nuclear policy is one of the issue areas where we would expect a relatively
closed policy-making process and consequently much more coherent and
integrated policies. This was the experience in most countries with nuclear
energy programmes. In France, a tight network of bureaucrats and engineers
‘wove links between technology and national identity into the fabric of
reactor designs and program development.’ In South Korea, it was the gov-
ernment that created institutions, decided the national strategies, fostered
industries and eventually invested in nuclear development. There was not
only a coherent national strategy but also a set of institutions that translated
the strategy into real development. The public were not involved until long
after the nuclear programme was put in place. Similar closed policy-making
circles on nuclear development can be easily found in Britain, Japan and
many other countries.

In China, however, there has never been a set of coherent nuclear energy
policy, nor has there been a centralised government agency in charge of
making nuclear energy policies. This is the result of several developments:

First, nuclear energy came out of the weapons programme — for any new
policy issues to appear on the agenda, they need powerful political cham-
pions to change the expectations and the existing rules of the game. Major
public policies, scholars have long argued, ‘constitute important rules of the
game, influencing the allocation of economic and political resources, modi-
fying the costs and benefits associated with alternative political strategies,
and consequently altering ensuing political development.’!

Second, the economic reform in China has been accompanied by several
rounds of government reorganisation. Institutions responsible for various
energy sectors were eliminated, merged, recreated or reorganised at frequent
intervals. For example, two rounds of reorganisations were conducted in
1982 and 1988 to make ‘the state’ more compatible to the economic reform,
In 1982, the ministry in charge of the nuclear weapons programme was
renamed the Ministry of Nuclear Industry (MNI) to reflect the government'’s
desire to move into the civilian nuclear programme. In 1988, the MNI was
merged with the rest of the energy sectors to the Ministry of Energy (a) to
downsize the government and (b) to separate government from economic
functions. The first objective might have been achieved in terms of num-
bers but the second object was quickly aborted.

In the 1990s, government reorganisations were conducted to refine some
functions of the government in the national economy. In 1993 and 1998,
the number of institutions under the State Council shrank significantly as
the ministries responsible for industries were abolished while their busi-
ness segments were commercialised and corporatised. In this process, the



Who Decides? The Politics of Nuclear Energy 69

nuclear industry lost its status as a ministry but failed to be corporatised
successfully. No one government agency was in charge of its policy mak-
ing while all wanted to maximise their interests if opportunities opened.
Nuclear energy development lurched forward with several projects yet with-
out a long-term strategy or a well-thought-out national plan.

Third, when nuclear development found its home in energy, it fell into the
notorious ‘fragmented energy policymaking structure’ with, as a Chinese
official describes, its ‘weak coordinating capability, inadequate policy
enforcement ability, insufficient social supervision, inconsistent central and
local policies, substandard regulation entangled with loopholes, inadequate
administrative and regulatory effort, and severe personnel shortages.’!!

This chapter examines the political changes that the nuclear sector has
gone through, and especially focuses its discussion on the idea of nuclear
energy looking for high-level sponsors in Beijing, and the ad hoc nature of
the first few NPPs. Understanding nuclear energy development in China,
therefore, becomes a task of identifying and understanding the interests
of individual top leaders and those of ministries, their roles, resources,
arguments and specifics of their pertinent functions in the policy-making
process.

Nuclear energy: An idea seeking a champion

The world’s nuclear industry is organised in two ways: one emphasising its
‘electricity’ component, and the other the ‘atom’ component. In countries,
such as Brazil, Britain, France, Japan, Mexico, South Korea and the US, the
public utility companies (some are public while others are private) invest,
construct, operate and manage NPPs, while research and design are car-
ried out by the government atomic agency. In countries such as Argentina,
India, Pakistan and the former Soviet republics, the nuclear energy pro-
gramme is an integral part of the atomic sector under the direct control of
a government agency, independent from public utilities. In both organi-
sational models, public institutions serve as instruments of national pol-
icy, mobilising public support, providing economies of scale, sponsoring
mission-oriented research and development (R&D), coping with the scale
of risks and benefits, and taking the long-term view. Safety, waste manage-
ment and uranium enrichment are managed and regulated by separate and
independent institutions.

Typically, ‘government-owned national champions were used to develop
a range of industries, especially the commanding heights of the national
economy - energy and electricity supply.”? Government agencies in charge
of R&D have established close ties with the companies that build and operate
NPPs, as in the case of the British Atomic Energy Authority and the Central
Electricity Board or in France, CEA and EDF.!® Even in the US where pri-
vate ownership is the rule, the close tie between the government-sponsored
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R&D and utilities has been at the core of its nuclear energy development.
The centre stage the government occupies in the nuclear industry is nec-
essary because of the economic, technical and safety nature of the indus-
try. Governments’ long-term strategies are fundamental for the success of
nuclear energy development and expansion.

In China, the nuclear industry started as a weapons programme and
consequently followed the model of the second group - it was ‘atom’
rather than ‘power’ that dominated the organisational structure, policies,
resources allocations and development in general. When Deng Xiaoping
started pushing his ‘strategy of demilitarisation, liberalisation, and opening
up of China’s economy to market forces through closer integration with the
international economy,’** the military-defence industries, nuclear included,
lost their privileged status and priority access to national resources. To make
radical shifts from ‘atom’ to ‘power’ and from serving the national mili-
tary and defence to engaging in civilian production required organisational
reconfiguration.

In 1982, the 2nd Ministry was renamed the Ministry of Nuclear Industry
(MNI) to facilitate the process of moving into the civilian nuclear pro-
gramme. Along with its counterparts in the defence-military industries, the
nuclear sector was supposed to adjust and adapt to the new environment
and general economic reform by ‘combining the military and civil, com-
bining peace and war, giving priority to military products, and making the
civil support the military.”'> If a nuclear energy programme were the future
for the nuclear sector, MNI would have to depend on Li Peng, who was the
deputy minister of energy, ‘to be its voice among the 25 to 30 top policy
makers, and those 25 to 30 in turn looked to Li as their links to the energy
bureaucracy.!® Nuclear energy, however, was not seen as the future for the
nuclear sector nor an option for its conversion or for its reinvention. In
organisational terms, instead of looking for political patrons in the energy
arena, MNI had their patrons in the military and military-defence, who
soon lost their political favour of Deng.

There are several reasons the people in the nuclear sector did not see
nuclear as their future or understand the necessity of switching their loyalty
from the weapons programme to a nuclear energy programme.

First, nuclear energy development was at its embryonic stage and it would
take a long time and huge resources for its development to get off the
ground, the resources that the nuclear industry could not spare. No political
leaders would be likely to make a political issue or a career out of an infant
industry with high risks. Furthermore, nuclear energy development would
be too expensive and too slow to attract people who sought to take advan-
tage of restructuring the military and defence industries. In August 1982,
Hu Yaobang told the minister of Nuclear Industry that he should take full
responsibility for the slow nuclear energy development and the Ministry
should support and participate in nuclear energy development.” As far
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as the MNI was concerned, however, even if a nuclear energy programme
could be developed quickly it would not be able to solve the problems it
faced — substantial budget cuts from the central government, significantly
reduced military orders, excessive numbers of employees, narrowly focused
specialties, remote locations and a heavy social burden.!®

While the majority of the Ministry’s thousands of factories, research
institutes and other facilities were located in remote areas, potential nuclear
power stations would only be built along the coastline. At the time, relo-
cation was strictly regulated and it was almost impossible to move from
interior remote places to cities. Even if nuclear energy projects could create
jobs for a few hundred of its technicians and skilled workers, there were no
other employment opportunities for their families and the next generation,
which was part of the responsibility of MNI. With more than 200 enter-
prises and 300 000 employees, covering the construction and operation of
nuclear facilities, the prospecting and mining of nuclear and related fuels,
and the disposal of waste, under its flag, the MNI would have to find new
opportunities to employ these people and take care of their basic needs.
Nuclear energy was just not a valid option.

Second, even though the traditional nuclear programme was a military
programme, under the direct control of the Party Politburo, it was subject
to frequent juggling of competing interests, internal debates and fights for
what the priorities should be and where resources should go and conse-
quently organisational changes.!® The three main institutions representing
the interests of political leaders, military planners and scientists seldom
agreed on any specific policies regarding China’s nuclear programme, mili-
tary or civilian - these institutions were the Ministry of National Defence
under the control of the Party Central Military Commission, headed by
Mao and Later Deng, the Defence Science and Technology Commission,
in charge directly of the 2nd Ministry, and the Institute of Atomic Energy
under the Chinese Academy of Sciences. Ministry of National Defence and
the 2nd Ministry preferred an expansion of nuclear weapons programme,
while the Institute of Atomic Energy demanded more resources for nuclear
energy development. This struggle among the competing interests might be
the most important reason that by the 1970s China was the only ‘nuclear
state’ without nuclear power.2® After MNI was established, while the com-
peting interests could not agree on where the industry should go and how
it could reinvent itself, they seemed to agree that nuclear energy was not an
option that could save them.

Third, various policy options were discussed and implemented to adapt
and adjust to the general reform, but nuclear energy development was not
considered by those in MNI.2! They tried to get into the production of con-
sumer goods, such as televisions, refrigerators and electric fans, but there
was no advantage in doing so. MNI borrowed heavily on behalf of some
units so that they could get into the petrochemical industry. People were
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even sent to the Daging oil field where they were resented by the employ-
ees in the petrochemical industry for encroaching into their territory. They
failed and ended up with more losses than gains. Among the civilian goods
produced by the nuclear industry, isotope irradiation devices were the main
money-making products.

Some proposed to export its surplus of enriched uranium and ‘some nuclear
related products abroad’. Some suggested China should accept nuclear waste
for storage from other developed countries.?? Both were designed to make
money and especially in foreign currency earnings, but neither of the ideas
really worked. The nuclear sector ‘failed to create reliable, “main-stay” prod-
uct lines or develop a more consumer-savvy attitude when it came to price,
quality, and adding new features.’?® Yet, nuclear energy did not enter discus-
sions even though the State Council repeated its message, first sent out in
1980, that the nuclear energy programme was now under the jurisdiction of
the MNI and the industry should take advantage of the opportunity to adjust
itself to the new environment. In 1983 and 1984, Zhao Ziyang, the Premier
of the State Council, specifically told the MNI that it should start R&D on
nuclear energy not only for electricity but also for heating, the technology
that was considered to be advanced even in developed countries. Another
project was approved for MNI to work together with Tsinghua University on
high-temperature gas-cooled-reactor technology. Tsinghau University went
ahead with the project, but MNI showed little interest because the central
government had allocated limited resources to the programme due to its
own shrinking revenues.?*

Fourth, a ‘planned economy mentality’?® and a mentality of superiority
of many in the nuclear sector did not help the industry in its conversion or
to see nuclear energy as an option, as it was explained by the minister of
Nuclear Industry:

The nuclear industry in the past was solely concerned with war production
and operated as an independent system. Its assignments were handed down
from the higher levels. Its products were sold by the state on a quota basis.
Special fund allocations were made available for it. Its material and equip-
ments were guaranteed on a priority basis. The switchover to civilian use
has called for its operating on its own and making independent exploratory
and operational research efforts and for its meeting market and consumer
needs with regard to economic, technical, quality and service levels.2°

With this mentality of entitlement, many resented the central govern-
ment for marginalising and abandoning an important sector. They insisted
that they deserve the continuing support of the central government because
the industry had made a great contribution to the country’s nuclear weapon
and missile programme. Their attitudes did not help discover new opportu-
nities and develop innovative ideas.
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This mentality of being privileged was to an extent supported by some on
the top. Zhang Aiping, vice chairman of the Central Military Commission
of the CCP and long-time aide to Nie Rongzheng, was responsible for over-
seeing and coordinating defence science, technology and industrial affairs,
which put him in effective charge of the defence economy. He repeat-
edly defended the nuclear sector, arguing for continuing and increased
government support.?’

In the mid-1980s, Deng increasingly considered these senior military
and defence officials, who had defended the record of the nuclear sector
and demanded more assistance to save the country’s greatest industry, an
impediment to the reform. Deng wanted a nuclear industry that would
transform itself and be able to support itself when the central government
was no longer able to bankroll the loss-making industry the way it used to.
As he grew impatient with some senior military and military-defence offi-
cials, referring to them as ‘undisciplined, arrogant, extravagant and lazy’,
Deng initiated ‘a series of deftly engineered personnel shuffles, including a
wholesale pruning of the PLA’s bloated senior officer corps’ to neutralise the
military and military-defence industries to his reforms.?® Those who did not
retire were asked to retreat from the Central Committee of the CCP to the
National Committee of the People’s Political Consultative Conference — a
nominal adviser to the government.

Deng’s decision to demobilise one million soldiers in 1985 led to further
cuts in military budgets and military orders for the nuclear sector. Despite
all the pressures and losing a political protector in a high place, the industry
as a whole did not accept nuclear energy development as a viable alternative
for its survival and revival.?

Those who did advocate nuclear energy development and wanted the
nuclear sector to take the lead were almost exclusively nuclear scientists,
both military and civilian. They were not in government and spoke with
authority only because of their expertise. They advised that nuclear energy
could be the future not only for country’s future energy needs but also
for China’s nuclear industry. Yet, by the time their advice was accepted by
some senior officials in the sector, it was too late — the industry had lost its
political status, its spokesmen in high places, and many talented people as
well. More importantly, China’s nuclear energy development had already
gone on a route driven by local and specific interests rather than a national
policy.

In 1987, the MNI provided its vision of the future for nuclear energy: ‘the
Minister of Nuclear Industry should become a “second energy minister”
to do a good job in the peaceful use of nuclear energy.”** The Minister’s
vision was crushed a year later when the central government dissolved the
ministries of coal, petroleum, and the nuclear industry, split MWREP and
created the Ministry of Energy (MOE). The nuclear industry was placed
under the Ministry of Energy, together with the power industry, the electric
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machinery portion of the Ministry of Machinery Building Industries, the
coal and petroleum industry. MOE was designed to ‘comprehensively regu-
late all energy industries in the country, to be responsible for mapping out
principles, policies and strategic development for the energy sector, to work
for overall balance and macro-decision making, promote rational utilisa-
tion and development of energy, formulate relevant laws, regulations and
policies, supervise and coordinate production and construction, improve
economic results, formulate technology policies and promote energy con-
servation and overall utilisation of energy by the whole society.”®!

The reorganisation of 1988 was an effort by the central government to cut
the size of the State Council, improve its efficiency and eliminate bureau-
cratic red tape. It was also designed to centralise energy policy-making and
the control of investment allocation in all energy sectors. ‘Unfortunately,
the MOE was little more than a collection of the same vested interests
within one umbrella organisation, the same personnel, the same allegiance,
and the same entrenched interests.”?

Each energy sub-sector had its own problems and agenda, and main-
tained its own political patron. The coal industry, for example, was a per-
ennial loss-making industry, which by 1992 had acquired a total loss of
5.75 billion yuan.3® It was also an industry where local interests exerted
significant influence. The petroleum industries that had amassed a huge
amount of debt, which forced the industry to face the prospect of insol-
vency, soon found their political support in the form of the new govern-
ment under Zhu Rongji. Zhu was willing to give a great deal more financial
and administrative autonomy to the large state-owned corporations such as
the petroleum industry, on which the Chinese Government had developed
fiscal dependence, to prepare for the listing of their subsidiaries on domestic
and international stock exchanges.3*

The nuclear energy did not find its place under a single umbrella either,
for several reasons. First, as an insider explained, in the reorganisation, even
though the MOE ‘struggled vigorously for leadership in nuclear power devel-
opment’, the State Council preferred to have direct control over civilian
nuclear development through the leading group headed by Li Peng, who
became the Premier of the State Council in 1988. Second, regarding the
policy of separating the government’s ‘main economic responsibility from
direct management of economic enterprises to macro supervision and regu-
lation’3, the government functions of MNI were absorbed by the MOE. The
economic and management responsibilities were taken over by a newly cre-
ated state-owned company — the China Nuclear Power Company (CNNC).
The nuclear sector under CNNC continued its struggle for identity as it was
accountable to both the State Council and the COSTIND, along with the
rest of the military-defence sectors — aviation, space/missile, ordnance and
shipbuilding. Given that COSTIND controlled ‘only research, development,
and production of certain high technology weapons and provided related
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policy guidance,”” CNNC was seen as part of the military-defence industry,
taking little interest in nuclear energy.

Third, under the CNNC banner, there were more than 200 enterprises, cov-
ering the construction and operation of nuclear power plants, prospecting
and mining of nuclear and related fuels, and the disposal of nuclear waste.
Instead of becoming productive forces to ‘help feed mainland China’s civil-
ian sector...and expand into new and profitable areas’,?® most of CNNC’s
300 000 employees struggled to survive in their military and semi-military
segments and were constantly begging for more support and subsidies.

The Ministry of Energy was never in a position to take over nuclear energy
development, mainly because it was paralysed with internal conflicts and by
‘a collection of bickering interest groups.’® Five years later, the Ministry of
Energy was dissolved and several line ministries were recreated — the Ministry
of Coal and the Ministry of Electric Power (MEP), but not the Ministry of
Nuclear Industry. The nuclear industry remained under the umbrella of
CNNC as a company that was running heavy losses. Nuclear energy had
missed another chance.

Many in the sector blamed their downgraded status as the main reason
for its downfall and repeatedly called for the government to restore the
Ministry of Nuclear Industry to secure direct access to the central govern-
ment’s budget allocation and decision-making process.*® Others started to
realise that concentrating on civilian nuclear programmes was a way out;
‘without economic wealth, it did not matter whether you enjoyed the sta-
tus of ministry or direct subordination of the State Council.*! By then it
was too late; the industry was trapped in a Catch-22 situation. Expanding
the nuclear energy programme seemed to be the main option for the
sector to revive itself, but Zhu Rongji made it clear that the government
would not approve any new nuclear energy projects until CNNC became
profitable. By then, many of its factories had closed, many talented people
had left the field, especially those that the future nuclear energy develop-
ment would depend on, and many more were ‘laid off” with minimum
support as part of the larger restructuring of SOEs. The industry was com-
pletely ‘demoralised’ in 1999 when, under Zhu, another round of govern-
ment reorganisation forced the CNNC to be split into two — the China
Nuclear Energy Corporation (CNNC) and China Nuclear Engineering and
Construction Corporation. Most of the loss-making segments, such as ura-
nium exploration and mining, were decentralised to provinces, but CNNC
had to find a way to finance the transfer and lay-offs.*? It was not until
2003 that the nuclear sector was finally able to turn around from a loss-
making venture to a profit-making venture, mainly thanks to its nuclear
energy projects.

Just as the nuclear sector did not see nuclear energy as its future, the
power sector did not see nuclear energy as the future for the country’s elec-
tricity. In contrast to the struggling nuclear sector in the first two decades of
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the reform, the power sector had built on its success because, as the World
Bank officials summarised:

First, the government has been able to set and focus on priorities at each
stage rather than diffuse limited institutional capacity implementing
reforms on multiple fronts. Second, policy makers have been able to pilot
different approaches in a few provinces, await preliminary results, deter-
mine a preferred strategy, and then pass the enabling legislation required
to mainstream the selected strategy. Third, the approach has made it pos-
sible to build broad consensus by acknowledging regional diversity in
the power sector and trying alternative approaches to achieve the same
objective. Fourth, and perhaps most important, the government has
been consistent and determined in moving the power sector toward a com-
mercially stable future.*?

Consistent and coherent policies were not possible without politi-
cal champions and people speaking up for nuclear energy in high places.
From the beginning of the reform, the power sector was led and later pro-
tected by Li Peng, a Soviet-trained electrical engineer, who was not ‘an old
revolutionary ...nonetheless was associated with the communist movement
almost literally from birth.”** As Li Peng moved up the political ladder, he
took his interests in electricity along with him to the core decision-making
circle. He argued and advocated that in building up primary industry, the
country must first speed up energy construction, centred on electric power.
This belief was pushed forward, with new ideas and concepts on how to
bring about resources for electricity expansion, which included lowering
entry barriers to encourage investment made by local government and large
enterprises, and the utilisation of foreign capital, especially multilateral and
bilateral economic assistance.*® Li was able to move ahead not only ‘because
of his martyred father and illustrious patrons’, but also because he ‘exhib-
ited good technical mastery over his field.”*® Thus, nuclear energy develop-
ment fell into his hands.

In 1983, the State Council formed its Leading Group on Nuclear Development,
headed by Li Peng, vice-premier, and two deputies, the deputy chairman of
the SPC and the deputy minister of Nuclear Energy. The Group also included
members from the SPC, the SEC, the COSTIND, the Ministry of Foreign
Affairs, MNI, the Ministry of Machine Building, MWREP and the Ministry of
Foreign Trade. The Leading Group was designed to coordinate ministries and,
in fact, became a forum for ministries to compete and compromise on their
diverse interests. Some analysts argued that ‘since the original task of the 2nd
Ministry did not include the civil application of nuclear power...the Chinese
Ministry of Power claimed its leading role in nuclear power."’

There was an initial struggle for leadership when the nuclear energy issue
was first discussed in late the 1970s. Yet, when the first two nuclear projects
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were underway, neither MNI nor the MWREP wanted them. Indeed, Li Peng,
who had the political backing of Deng and had a vision on how to build a
nuclear energy programme, at one time suggested MNI take over the nuclear
energy programme because of the ‘crowded agenda’ of MWREP. MNI passed
on the offer because of its internal disagreements on many issues.

The power sector wanted to put all the resources into expanding power
generation capacity as soon as possible and nuclear energy was unable
to achieve this goal. At the beginning of the 1980s, the MEP called for a
gradual but eventually ‘immense’ increase in investment in power genera-
tion; the major emphases were on: the expansion of hydro capacity, acceler-
ated construction of coal-fired mine-mouth thermal power plants and the
speedy development of large generation plants along the coast.*® The cen-
tral government introduced a policy of multiple channels of investment
in power generation that would allow third parties other than the central
government — mainly provincial and local governments, but also domes-
tic companies — to invest in power generation. It also decided to approach
multilateral and regional financial institutions, such as the World Bank and
Asian Development Bank (ADB) for assistance.

Loans from the World Bank were the main source of sovereign borrow-
ing in the power industry. From 1980 to the end of 1992, the power indus-
try signed contracts of US$9.7 billion in loans with the World Bank, the
ADB and foreign governments, all of which were prohibited from financing
nuclear power projects. Meanwhile, none of the domestic players was will-
ing or able to put the required capital together quickly for nuclear power
projects. Finally, the MEP simply never saw NPPs as a viable alternative to
meet the demand for electricity.*’

By the early 1990s when the reform resumed, the power sector was well
on its way to expand the country’s generation capacities in both thermal
and hydro stations, large and small. In great contrast to the nuclear sector,
the power sector was not only profitable but also expanding fast. When the
Ministry of Energy was dissolved in 1993, the electricity industry managed
to have its ministry restored. With the MEP in place, the sector was central-
ised in the process of commercialisation and corporatisation, which led to
the creation of the State Power Corporation of China (SPCC). As a vertically
integrated monopoly, SPCC co-existed with the MEP for two years before
the Ministry was disbanded in 1998.5° Nuclear energy remained outside the
MEP and SPCC.

With two potential hosts of nuclear energy showing no interest in its
development, and without a central champion for its development, nuclear
energy projects were picked up by specific and local interests. The central
government approved the Qinshan I and Daya Bay projects, both of which
then took on a life of their own under two quite independent institutions —
a small team centred on the 728 Institute and Guangdong province. For
Tainwan and Qinshan III, little debate took place in the central government
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because they were more political and diplomatic exercises than economic
or energy projects. A nuclear energy programme did not develop until the
2000s when both the nuclear and power sectors saw the opportunities in
expansion and the nuclear sector was brought under the energy umbrella.
Yet, the old structure and inertia prevented the nuclear industry from inte-
grating into and competing with the electricity sector.

Fragmented decision-making

Entering the new millennium, China struggled to meet rising energy
demands and to deal with environmental pollution as the result of its
heavy reliance on coal. Governance became a more pressing issue too, as
China’s fragmented energy bureaucracy was one of the main contributors
to the country’s unsustainable energy situation. The old central planning
in terms of organisational structure was long gone but with the notorious
‘fragmented bureaucratic authority, decision making in which consensus
building is central, and a policy process that is protracted, disjointed, and
incremental’ continued.’! The finding of the study conducted by Liberthal
and Oksenberg 30 years ago that ‘the structure of the energy sector high-
lights the fragmentation of authority’ remains a valid description of the
policy-making today. This is a challenge the central government has tried
to deal with since the early 2000s.

The last time China had a single centralised institution coordinating pol-
icy making for all energy sub-sectors, including nuclear, was in 1993 before
the Ministry of Energy was disbanded. In 1998, the last two standing energy
ministries, coal and electricity, were dissolved too. Their administrative func-
tions were transferred to the State Economic and Trade Commission (SETC).
With the rise of Zhu Rongji, the SETC became the ‘mini State Council’ while
long-term and short-term planning in the energy sectors was significantly
dispersed. The SPC survived the 1993 reorganisation, although it was appar-
ently weakened as for the first time it was headed by a non-Politburo mem-
ber. In theory, the SPC was still responsible for making national economic
plans, approving major projects and setting prices for all energies. The func-
tion of formulating long-term economic plans, however, was shared with
the State Commission for Restructuring the Economy, which was created in
1982 and was tasked with studying the interaction between economic, tech-
nical and foreign developments and China’s political, social and economic
reform.

The system was deemed unworkable and within a few years both
macro-level commissions (SPC and SETC) were defunct. The SPC, whose
name changed to the State Planning and Developing Commission in
1998, dropping the last vestige of the planning economy, was renamed
the National Development and Reform Commission (NDRC) in 2003 after
absorbing some functions of the SETC, which was eliminated. No longer
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did NDRC have to compete with its counterpart, SETC. Nonetheless, it faced
powerful players in another category — large state-owned corporations. It
became increasingly clear that the country should create a mega-ministry to
be charged with the authority in making energy policies, coordinating the
activities of all energy sectors and with other sectors of the economy, and
ensuring policies be implemented according to their design.

Unlike most countries, there is no one ministry or department in charge
of setting a broad energy strategy and making energy policies for the coun-
try as a whole, as the US Department of Energy (DOE) or the French PEON
(production d’électricité d’origine nucléaire) — ‘an influential advisory com-
mission formed by government officials, EDF, CEA, and industry’ in the
1950s.52 In China, more than a dozen government agencies at the central
level can claim to have authority over energy policy-making.

Among them, the NDRC sees itself as the ministry above all others. As
a macroeconomic planning agency, the NDRC has many responsibilities,
among which are: deciding macroeconomic policies, planning for the
national economic development, approving investment, setting prices,
ensuring agricultural and regional development, stockpiling strategic com-
modities and high-tech development. It has three relevant bureaus for
energy:

® Energy Bureau, responsible for energy policy and strategy making and
project approval.

e Pricing Department, responsible for setting prices for the energy sectors.

¢ Environment and Resources Comprehensive Utilisation Department, in
charge mainly of energy efficiency.

Its energy bureau was supposed to work out the national energy strat-
egy and coordinate the actions of various energy sub-sectors. Until 2008,
however, it employed fewer than 50 people. It had to coordinate with other
departments in project approval and energy price setting. This proved more
problematic for nuclear energy because it did not even have the authority to
approve nuclear power projects. That authority was in the hands of the State
Council, the equivalent of the cabinet in the Westminster parliamentary
system of government.

When energy shortages reached a critical stage from 2002 onwards, it was
imperative that there be better coordination of all energy sub-sectors. In
2005, the State Council created the National Energy Leading Group as a new
inter-agency body to improve policy making and policy coordination among
fragmented energy sectors. The Leading Group was headed by Premier
Wen Jiabao, with two vice-premiers serving as vice-chairs. It included:
leaders from 13 major government agencies; the NDRC; the Ministry of
Foreign Affairs; the Ministry of Commerce; the Commission of Science,
Technology and Industry for National Defence; the Ministry of Defence and
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others. The group was responsible for formulating the country’s energy
strategy and for providing policy suggestions to the State Council regard-
ing energy exploration, conservation, security and international coopera-
tion within the energy sector. NDRC Minister Ma Kai led the 24-person,
vice-ministry-level State Energy Office, charged with overseeing day-to-day
work for the Leading Group. The idea of creating a single agency appeared
to be sound in order to develop a coherent national energy strategy, monitor
energy security, organise energy-related research and coordinate activities
of all state-owned energy corporations. Nevertheless, the effort failed. The
Leading Group met only twice in the next two and half years — 2 June 2005
and 20 April 2006. Little was achieved.

Leading groups had long been used to strengthen the domination of the
Communist Party over government affairs, as was explained by the Central
Committee of the CCP in the early 1950s when the first leading group was
created:

These leading groups belong to the party centre, are directly subordinate
to and directly report to the Politburo of the CCP Central Committee
and the Secretariat. Strategy and principal policies are dominated by
the Politburo, and detailed arrangements are the responsibility of the
Secretariat. There is only one, rather than two, ‘political design institute’.
All major strategic policies and concrete arrangements are centralised;
there is no dispersion between the party and government.>?

The Leading Group is the preferred mechanism to coordinate policies and
works in a similar way as the 15-Member Special Group headed by Zhou
Enlai in the early 1970s, the Nuclear Development Leading Group headed
by Li Peng in 1983, or the National Energy Leading Group of 2005.5* These
leading groups are created by the State Council and can be ad hoc depend-
ing on the importance of the issue of the day and the difficulties of coor-
dination among various ministries. For those leading groups of the Central
Committee of the CCP, such as Finance and Economics, Taiwan Work, or
Combating Commercial Bribery, ensuring party dominance of decision-
making power on strategies and major principles is the first priority. For the
State Council’s leading groups, it is often more pressing to have the coopera-
tion of various ministries. For example, in the 2000s, the State Council also
created the Leading Group of the State Nuclear Power Self-Reliance Work to
coordinate the strategy of introducing the most advanced nuclear technol-
ogy and its adoption and absorption. Their effectiveness often depends on
how urgent the matter is, how much attention the Premier decides to give
it, and who takes the lead if the Premier does not.

The National Energy Leading Group, created in 2005, was undoubtedly
formed to centralise the decision-making authority on all energy issues. This
Group, however, was different from many others created since the reform
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because it was led by the Premier and was an initiative and a prerogative
of the government. In the energy sector, even though all major players are
state-owned corporations, they do not operate in the same way as old-style
state-owned enterprises (SOEs) in a planned economy, nor old-fashioned
nationalised companies run by the government and designed to control
chunks of the national economy. Their pursuit of self-interests was the very
reason for the need to create a centralised institution to coordinate policy-
making and their activities. In the end, the Group failed to achieve a great
deal, also because of the changed players. Often leading groups were cre-
ated to ‘provide a forum for bargaining and compromise, or rather consulta-
tion and reconciliation...and for policy analysis and assessments to reach a
consensus.>® None of the ministries represented in the Group could speak
on behalf of all energy sub-sectors or had direct jurisdiction over all the
major state-owned energy corporations.

The problems and ineffectiveness of the National Energy Leading Group
quickly became apparent. ‘Some Chinese and foreign commentators even
maintained that China’s energy security was undermined by the very insti-
tutions responsible for enhancing it.”® The central government held exten-
sive consultations with energy SOEs, academics and think tanks, looking
for suggestions on a new governance structure for energy sectors. In 2008,
after nearly five years of intensive national debate, the National People’s
Congress (NPC) suggested the creation of the National Energy Commission
(NEC) - a senior level discussion and coordinating body put together by the
State Council - and the National Energy Administration (NEA), in charge
of managing the country’s energy industries, formulating energy strategies,
drafting energy plans and policies, negotiating with international energy
agencies and approving foreign energy investment. NEA replaced the
Energy Department of the NDRC and absorbed the nuclear power adminis-
tration of the Commission of Science, Technology and Industry for National
Defence (COSTIND), which was downgraded again to a department, and
placed under the Ministry of Industry and Information Technology (MIIT).
This is the first time ever that nuclear has been brought under the umbrella
of national energy policy-making.

NEA is not a ‘super’ Ministry of Energy, as many recommended and
expected it to be. It can be seen as a halfway house between a full
ministry and a subordinate department of the NDRC. It is set at the
vice-ministerial level, accountable to both the NDRC and the State
Council. The head of NEA is also the deputy minister of the NDRC, but
NEA did not sever its relationship with the NDRC. ‘One of the uncertain-
ties surrounding NEA’s establishment is how much autonomy it would
have from the NDRC on energy policy.””” Indeed, it is not clear about the
line of accountabilities: would it report directly to the State Council and
the Premier or would it be accountable to the NDRC? To what extent can
it deal with other relevant ministries on an equal level since it was set
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below the ministerial level? A year after its creation, the State Council
announced the size of this organisation - 120 full-time positions. This
is a minute number compared with energy ministries in other coun-
tries. The US Energy Department has more than 10 000 employees in its
headquarters.

According to the deputy director of the newly created NEA, Sun Qin, the
creation of NEA streamlined the decision making for nuclear energy. In the
old days, the NDRC was in charge of planning, siting and project approval,
as well as acceptance checks; COSTIND was in charge of technology devel-
opment, personnel training; NSSA was in charge of safety, among other
things. Although safety still belongs to an independent regulator, every-
thing else in terms of strategy, policies, R&D, technology, equipment manu-
facturing and international cooperation was under the jurisdiction of NEA.
Not everyone agreed with Sun Qin’s analysis in 2008 and it is not clear he
would agree with his own statement a year later after he took over as the
general manager of CNNC in August 2009.

The organisation of the Chinese nuclear industry remains fragmented.
The State Council sets the overall plan, the national strategies and spe-
cific development targets. Under the State Council, several ministerial level
institutions are in charge of different aspects of nuclear energy: the NDRC
and its NEA are in charge of project approval (but in practice all nuclear
power projects must have the approval of the State Council); the Ministry
of Environmental Protection (MEP) is in charge of environmental assess-
ment and environmental approval for siting and other aspects of nuclear
power station operations; the Ministry of Finance sets policy on taxation
and lending for the policy banks; and the Ministry of Land and Resources
sets policies and regulates uranium exploration and mining, and land use.
These ministries all have some responsibilities over the nuclear energy
industry, but they do not overlap and it is unlikely that these ministries
would run into conflicts over specific policies or nuclear projects. Because
of this, people in the industry always point their finger at the State Council
and the NDRC.

According to many Western observers, however, ‘nuclear energy policy is
determined by the China Atomic Energy Authority with the approval of the
Commission for Science, Technology and Industry for National Defence,
which reports to the State Council.’*® China Atomic Energy Authority
(CAEA) was created in 1984 to represent China at the International Atomic
Energy Agency (IAEA). It used to be an independent agency, reporting to the
State Council. Currently, it is integrated into the Ministry of Industry and
Information Technology (MIIT). To the outside world, the name of CAEA
is still used and represents China at IAEA and other related institutions
and treaties, such as the Non-Proliferation Treaty, Nuclear Supply Group
and other related multilateral institutions or treaties. Its director is also a
deputy minister of MIIT, and heads the downgraded COSTIND, currently
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a department under MIIT. According to CAEA’s website, its main functions
include:

e Deliberating and drawing up policies and regulations on peaceful uses of
nuclear energy.

e Deliberating and drawing up the development programming, planning
and industrial standards for peaceful uses of nuclear energy.

e Organising argumentation and giving approval to China’s major nuclear
R&D projects; supervising and coordinating the implementation of the
major nuclear R&D projects.

e Carrying out nuclear material control, nuclear export supervision and
management.

® Dealing with the exchange and cooperation in governments and inter-
national organisations, and taking part in IAEA and its activities in the
name of the Chinese government.

e Taking the lead to organise the State Committee of Nuclear Accident
Coordination, deliberating, drawing up and implementing national plan
for nuclear accidents and emergencies.>

It also states that its work includes nuclear safety, research and develop-
ment, the application of nuclear technologies, nuclear energy development
in China, and activities with IAEA. In practice, none of these functions
or categories of work are taken by or carried out by CAEA, except when
representing China at IAEA. The policy-making function is in the hand of
NEA; the technical licensing and technical approval are under the National
Nuclear Safety Administration, which is not only independent but also
under the auspice of the MEP. The international cooperation falls into the
jurisdiction of the Ministry of Commerce and sometimes the Ministry of
Foreign Affairs is also involved.

Over the past 30 years, the decision-making structure of the nuclear indus-
try has changed significantly, not only because ministries were merged, sep-
arated and recreated, but also because the industry was commercialised and
corporatized. In 19835, it was the government ministries that were in charge
of various segments of the activities of the nuclear industry (see Figure 4.1).
In 2010, the state-owned corporations in the industry are accountable to the
SASAC while decision-making authorities are shared by various ministries
(see Figure 4.2). In both years, efforts were made to create a single authority
to coordinate energy policy-making.

Powerful corporations

In contrast to the fragmented and powerless government agencies, the large
corporations — the country’s powerful elite organisations — have gained
substantial economic wealth and political clout. Today they are deeply
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enmeshed in a new kind of politics in China. Their monopoly or oligopolis-
tic positions provide them with significant weight in decision making and
their economic power has provided them with a good deal of autonomous
room to manoeuvre vis-a-vis government agencies. This political clout is
not derived from the old planning system; rather it is the by-product of the
reform.

In general, enterprises in China have gone through four stages of trans-
formation: 1978-86, 1987-92, 1993-96 and 1997 to the present. In the first
stage of reform, while SOEs remained state-owned, their managers had more
decision-making autonomy and property ownership was separated from the
operation of the company. It was during this stage that private companies
and joint ventures first emerged. In the second stage, a contract-based sys-
tem between the manager and the government was promoted as a new gov-
ernance mechanism for managing the operation of SOEs.

In 1992, private companies were officially recognised and the govern-
ment placed a great deal of pressure on SOEs to improve their performance.
The third stage started with commercialisation and corporatisation of SOEs
and the government’s policy of ‘grabbing the large, and letting go the small’
pushed many small-sized companies into privatising. Large SOEs, especially
those in key sectors (including energy), were commercialised and corpora-
tised. Since 1997, concerted efforts have been made by the central govern-
ment to create ‘national champions’ in key sectors.

The nuclear industry had been under tremendous pressure to turn around
its loss-making situation since the beginning of the reform, but it was not
until the end of the 1990s that the State Council decided that the sector
would either reinvent itself to join a trial run to become part of the national
champions or die by being integrated into other sectors.

In 1999, the government made the fourth significant decision on SOEs.
SOEs should focus on core industries, such as electricity, petroleum, tel-
ecommunications and banking. All large energy corporations, including
the two nuclear corporations, were reorganised and centralised as mem-
bers of a selected number of China’s national champion business groups.
Consequently, between 1994 and 2004, the number of SOEs declined from
2 million to under 1 million, and ‘by 2006, there were 2856 officially rec-
ognised business groups with 27 950 directly owned first tier subsidiaries,
employing around 30 million people in China.®® Among these groups,
100 are selected as national champions, which include four nuclear com-
panies, CNNC, CGNPC, CNEC and SNPTC, and all major corporations in
the electricity sector. In 2009, the central government streamlined the core
national champions to strengthen their international competitiveness to
27 so-called ‘Chinese backbone corporations’ (f'E#%%). CGNPC, but not
CNNC, made it onto the list.

The political influence and economic clout allowed their top managers
and employees to collect high salaries and rich managerial compensations.
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This bred resentment among the general population and sometimes opposi-
tion from existing or potential private entrepreneurs, who were blocked by
these firms from exploiting lucrative opportunities. Efforts to subject the
corporations to increasing transparency and greater regulation have been
undermined by the fragmented government agencies and the growing bar-
gaining power of these corporations. Their power rests in their political and
economic positions, their control of investment decisions and bargaining
power with other sectors and the government. Ironically, they were the prod-
ucts of the government’s actions — that is, they were created by the gov-
ernment and were a spin-off from the ministries in the field. Then they
were encouraged and supported by the central government to become the
national flagship companies. CNNC originated from the Ministry of Nuclear
Industry and has evolved into a conglomerate with more than 100 subsidi-
ary companies and a research institute. Until recently it controlled most
of the business in the nuclear sector, including research and development
(until the Shanghai Nuclear Engineering Research and Design Institute was
taken out to be the core of SNPTC), engineering design, uranium mining,
and fuel fabrication and fuel cycle services, and nuclear application in medi-
cine and agriculture. The China Institute of Atomic Energy (CIAE) is at the
core of its basic research in all aspects of nuclear sciences and engineering. It
is responsible for the research and development of faster breed reactors and
the back-end of the nuclear fuel cycle. It owns and operates Qinshan I, II
and Il in Zhejiang and Tianwan in Jiangsu. Its other nuclear power stations
under construction include Sanmen in Zhengjian (2 units of AP1000) and
Fuqing in Fujian (2 units of CNP1000).

CNEC was split from CNNC in 1998. It is the only corporation in China
that is able to build nuclear power stations and indeed has constructed
all of them. At the initial state, CNEC went through a similar shedding
of employees to the CNNC and almost one-third of its labour force was
retrenched between 1999 and 2002. Now it is a monopoly in all aspects of
nuclear power station construction. The company has had great experience
in the installation of reactors throughout the world - French, Russian and
Canadian, as well as Chinese reactors, including the HTR-10. Indeed, it is
the only company in China that is licensed to install the components and
systems of the nuclear island. Even officials at several international institu-
tions, such as IEA, TAEA and the World Bank, argue that this may be the
major obstacle for Chinese nuclear expansion. It has no intention of loosen-
ing its grip on this monopoly.

In late 2009, CNEC and CGNPC signed a major contract worth 5.3 billion
yuan for CNEC to install eight nuclear reactors (unit 3 and 4 at Ningde,
Fujian province, unit 3 and 4 at Yangjiang in Guangdong, and unit 1 and
2 at Fanchenggang in Guangxi autonomous region — all CPR1000 - and 2
units of EPR at Taishan in Guangdong). The core team of CNEC, the China
Nuclear Industry 23 Construction Co. Ltd (CNI23), will install all of them.
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CNI23 has installed nuclear facilities (regular and nuclear islands and other
facilities) of all nuclear power stations. As a broader strategy to promote
CPR1000 as the model for China’s nuclear expansion, CGNPC needed a
team that was able to construct nuclear stations.

In 2004, CGNPC created a subsidiary, China Nuclear Power Engineering
Co Ltd. With the permission of SASAC, in 2009, the China Nuclear Power
Engineering Co Ltd of CGNPC injected a cash investment into CNI23 so
that CGNPC could partake in construction as well. This is an interesting
development because, more than a year before this alliance could have
developed, the media reported that the central government was consider-
ing the possibility of a merger between CNNC and CNEC after a decade of
separation. Some board members of CNNC thought the merger would be a
natural development because, when CNNC was ordered to split in 1999, two
companies were created with their own specialties and no real competition
was created. Now, it was argued, they should join forces to better utilise
their resources. Some disagree with the alliance, arguing that instead of
having fewer players the industry should allow more players to compete so
that China can speed up its nuclear energy expansion.®! As this merger did
not take place, SASAC approved CGNPC'’s investment in CNI23. It has not
been made public why SASAC approved the CGNPC’s investment in CNEC,
but not the merger between CNNC and CNEC.

The fastest-growing nuclear operating company is the China Guangdong
Nuclear Power Corporation (CGNPC). It was formally established in 1994
when Daya Bay was connected to the grid and it started its commercial
operation with a registered capital of 10 billion yuan. CNNC owns 45%
of its shares, Guangdong province owns 45% and CPI has the rest, which
used to be in the hands of the Ministry of Electric Power. It is, however,
very much a product of the Guangdong government. The nuclear operating
company started with nothing except sheer determination. It borrowed to
build its first nuclear power station, sold its electricity to Hong Kong, paid
back its borrowing and has built huge assets for further expansion. By 2007,
it had a total nuclear capacity of 4GWe, almost half of the country’s total.
It had total asset of 60 billion yuan compared with initial total assets of
3.24 billion yuan in 1994. In 2007, its total profit rose to 3 billion yuan and
became the envy of the nation. It was so successful that several banks were
chasing it to provide a line of credit for its expansion. CGNPC started issu-
ing corporate bonds. In 2007, the State Council approved an experiment
in Guangdong to build a 10 billion yuan fund for future nuclear energy
development.?

CGNPC now owns and operates Daya Bay and Lingao, and Lingdong
(2x1000), Yangjiang (2x1000) and Taishan (2x1700) in Guangdong,
Hongyanhe (4x1000) in Liaoning, and Ningde (2x1000) in Fujian is under
construction. Construction of its project in Guangxi (Fangchenggang
6x1000) is about to commence.
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CGNPC has also expanded to other parts of the country. It signed an
agreement with Hubei provincial government to prepare and develop
nuclear power stations there, and it also signed a similar agreement with
Anhui provincial government. It moved into Jiangsu where Tianwan is
already in operation with CNNC as the owner and operator. In addition to
nuclear energy, CGNPC has invested in wind, solar, hydro and other renew-
able energy projects. Finally, it is building a vertically integrated alliance
system with its own subsidiaries as well as other major corporations in ura-
nium trading, construction, research and development and personnel train-
ing. The simple fact that CGNPC made it onto the list of Chinese Backbone
Corporations, but not the CNNC, says a lot about its development and its
expansion strategy.

State Nuclear Power Technology Corporation Ltd (SNPTC) was formally
created by the State Council in 2007 as one of the elite SOEs in China.
The initial investment for SNPTC came from the State Council (2.4 billion
yuan, 60%), the large SOEs in the nuclear industry, CNNC, CGNPC, CPI and
China National Technical Import and Export Corporation, with 10% each.
SNPTC is authorised by the State Council to sign contracts with foreign
parties to receive the transferred Generation 3 nuclear power technology, to
carry out the relevant engineering design and project management. SNPTC
is the key place where Generation 3 technology is introduced, adopted and
absorbed. SNPTC is expected to develop a Chinese brand of nuclear reactors
through the introduction of foreign technology. Its core is the Shanghai
Nuclear Engineering Research and Design Institute — one of the oldest
research institutes in China.

Five generating companies have tried to get their foot in the door of
nuclear energy development because, in recent years, thermal generation
has been a loss-making business for them and it faces a great deal of uncer-
tainty — mainly because of unreliable coal supplies and undependable rail
transportation of coal. These generating companies are squeezed in the mid-
dle by rising coal prices and they are not allowed to pass on the increases
to end-users. Nuclear power stations, so far, are all making money. These
power-generating companies are state-owned as well, and like their coun-
terparts in the nuclear sector - CNNC, CNEC and CGNPC - they are busi-
ness entities, and pursuing profits seems to be their first priority. Nuclear
energy development represents new opportunities. The major power genera-
tion companies want to compete in the field for the same reasons that the
nuclear companies seek to invest in renewable energy. Currently, they all
have investment in some nuclear projects, either the ones under construc-
tion or those in a state of preparation.

Whether nuclear or power, they are all part of the elite state-owned large
corporations in China under the SASAC. These state-owned corporations are
in essence amphibious creatures that have never been seen before; the clos-
est relatives are the European trading companies of the 16th—19th centuries,
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such as Britain’s East India Company.”®® They maintain close ties with the
government and often occupy privileged positions in the country’s econ-
omy. Yet, like the developed world’s private giants, they have to compete for
their market shares and profits and often behave not much differently from
their global counterparts.

They have the political clout and the economic muscle. They are at
the vanguard of China’s changing corporate culture. These corporations
are headed by a group of young, well-educated, urban economic elites —
China’s ‘yuppie corps’. The majority of them have obtained postgradu-
ate degrees, some from overseas. They often have advanced their careers
within the same firm or in the same industry. This has allowed many of
them to build extensive networks with party and government officials and
others in the industry. These top managers have the Party’s trust and this
is the reason they were appointed in the first place by the CCP personnel
department. Many of them are representatives of the National People’s
Congress and some even serve on the Central Committee of the CCP.
However, unlike the old party cadres, they see themselves as managers of
modern corporations rather than as ideologues, and their responsibility
is to maximise profits of their respective companies, rather than slavishly
following the Party’s line. They are considered heavyweight players in the
Chinese economy.

Second, the top managers of these large state-owned corporations have
unique access to information of both governments and markets. Their
political appointment by the Party personnel department means that their
political status often gives them easy access to information about decision
making in both the Party and the government. Their business connections
with domestic and international counterparts provides them with access
to market information, which is often not obtainable by Party officials.
Information is power.

Third, the influence of the large companies rests on their financial
power. They are state-owned and have been making profits. Yet, for his-
torical reasons, neither the Ministry of Finance nor SASAC received divi-
dends from them until recently. This practice allowed these large firms
to accumulate a large amount of assets. In principle, all nuclear power
projects must obtain approval from the State Council. With their ability
to make initial investments, either of the three, CNNC, CGNPC or CPI,
could align with provinces to start pre-preparation work while lobbying
the government for approval. This is an effective way to get their projects
approved as it normally takes three to seven years to do pre-preparation
work before siting starts. CNNC, CGNPC and CPI can easily align the
support from banks, while provincial governments can ‘convince’ local
branches of banks to make financial commitments. Once all the facili-
ties are put in place, it is difficult for the central government to reject the
project outright.
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Weak and fragmented regulators

Regulation is necessary and important for a market system. Creating regula-
tory regimes in various sectors is a relatively new phenomenon in China. A
regulatory agency in the nuclear sector acts as a representative for the soci-
ety to ensure that the operation of nuclear facilities does not introduce any
undue threats. Nuclear safety builds on a set of general safety principles that
are applied in the design and operation of the facilities. ‘These principles
have been developed over time by analysing failure mechanisms and failure
propagation and by applying methods of safety engineering to the tech-
nical, human and organisational systems at the nuclear facilities.** When
China started its civilian nuclear programme, much of the safety regulation
was written by adopting the American codes of safety (see Chapter 6). The
country did create a regulatory agency in 1984 to ensure safety of nuclear
power plants as early as 1984. The National Nuclear Safety Administration
(NNSA) was created as an independent agency to issue licences and grant
technical approvals. The challenge China currently faces is the expansion
of a team of professional regulators.

In addition to safety regulations, economic regulation has to be in place -
that is regulation of prices and other commercial terms, investment and
service quality. Regulation is necessary because: (a) the behaviour of ‘natural
monopolies’ needs to be controlled to prevent monopoly enterprises from
raising prices at will while reducing the electricity supply services; (b) fair
and efficient competition is needed; and (c) public interests need to be pro-
moted and protected. It is a great challenge to have an effective regulatory
regime while encouraging competition in the electricity sector. In China,
the challenge is to distinguish between regulatory and decision-making
functions and to encourage those traditional decision-making institutions
to transfer their regulatory functions to the regulators. This has proved
extremely difficult.

The Chinese government has invited multilateral organisations, such as
the World Bank and Asian Development Bank, foreign regulatory agencies
and international consulting firms to help draft regulations and create regu-
latory regimes. The effort has not been as successful as the efforts in cre-
ating safety regulations in the nuclear industry. This is primarily because
the institutions holding decision-making authorities, such as NDRC or the
Ministry of Finance, were reluctant to give up their regulatory functions to
the newly created regulatory agencies. Consequently, there developed three
new problems:

First, policymaking and regulatory functions are mixed.

Second, planning approvals and investment supervision functions are
confused.

Third, tariff regulation functions are not allocated effectively.®®
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A study conducted by the IEA and a joint study of the World Bank and
international consultants show that, despite the success in reforming the
electricity sector in China, there is still little distinction between direct con-
trol and regulation, and the existing distribution of regulatory functions
is inefficient and inconsistent. When market forces are introduced but a
regulatory system is not in place, government agencies have constantly tried
to rein in SOEs with little success or effect. For example, when competi-
tion among the companies led to excessive investment in power generation,
the multiplication and competition among different government agencies
undermined the state’s capacity to manage this crucial sector.

In 2002, four main agencies were mandated to oversee the development of
the power sector: the NDRC; the newly created State Electricity Regulatory
Commission (SERC); the State Asset Supervision and Administration
Commission (SASAC) and the State Environmental Protection Administra-
tion (SEPA). The NDRC nonetheless is not a regulator. It is China’s main
macroeconomic planning and monitoring agency under the State Council.
After 2002, it insisted it maintain its authority over investment approvals
in the power sector and over electricity pricing. This has created difficul-
ties in pricing and investment because in a market system pricing can no
longer be an effective instrument to ensure macroeconomic stability as in
a planned economy. Therefore, electricity tariff regulation should not be
confused with economic macro-regulation. ‘Effective power price regula-
tion may be possible only when the regulator is in charge, so that decisions
are not influenced by political considerations.’s®

® SERC was established in 2002 as an independent regulatory agency for the
newly liberalised power sector, but it was not granted the powers that were
crucial for the job. SERC is responsible for establishing and overseeing
market rules, including competitive bidding rules and those protecting
fair competition. It is in charge of supervising market entry and licens-
ing, yet it does not have control over project or investment approval. It is
asked to propose modifications to power tariffs but does not set tariffs. It
is also supposed to participate in and regulate technical standard setting,
yet it has neither the manpower nor expertise to do so. In sum, without
any authority over regulating investment and pricing, SERC, the sector’s
independent regulator, is an empty shell.

® SASAC was created in 2003 to ‘own’ and manage state-owned corporations
in the public interest. As the ultimate owner of state-owned corporations,
SASAC is to oversee the largest and centrally owned non-financial SOEs,
a total of 189 entities initially. SASAC is under the direct authority of the
State Council, and its main responsibilities are defined as (a) to carry out
its responsibilities as investor and to guide and promote the reform and
reorganisation of the SOEs; (b) to represent the state on the supervisory
boards of some large enterprises; (c) to appoint, dismiss and assess senior
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executives and to assign rewards and penalties on the basis of performance;
(d) to monitor the extent to which SOE value is maintained or enhanced;
(e) to draft laws and regulations on the administration of SOEs and set
related rules and regulations; (f) to direct and supervise the administration
of SOEs under local ownership in conformity with the law.

The fundamental idea underpinning the SASAC is to exercise ownership
rights in a centralised and unified manner, and according to Company Law
it has not developed into a full-fledged regulatory agency yet. For exam-
ple, it seeks to ensure high returns on state assets, but it does not have the
authority to collect dividends from SOEs. That power is in the hands of the
Ministry of Finance. Neither does it have direct control over their budgets.
Consequently, SASAC has few resources and little power to ensure the value
of state assets or to monitor these state-owned corporations. SASAC is man-
dated to supervise the business performance of these large corporations, but
it does not have control over the appointment of senior people in these com-
panies. This power vests with the Organisation Bureau of the CCP Central
Committee. SASAC only makes the less important personnel decisions,
while the Party appoints the senior managers. However, unlike SASAC, the
Organisation Bureau of the CCP Central Committee has no authority over
the actual operation of these corporations

e SEPA - in March 2008, the State Environment Protection Administration
was upgraded into a full-ministerial agency, the Ministry of Environmental
Protection (MEP). This is a clear indication of how environmental prob-
lems have caused serious concerns for the central government. For the first
time, the National Nuclear Safety Administration was integrated into the
SEPA. The chairman of NNSA is the deputy minister of SEPA. NNSA was
created in 1984 to ensure the safety of nuclear power plants in terms of
construction and operation. It was accountable to the State Council until
2008, when it was placed under the MEP. All nuclear power plants need to
obtain approval from both NNSA and MEP: NNSA issues the licence and
approves the project based on technical and safety standards, while MEP
approves the project based on environmental assessment.

MEP should be the key player in ensuring the protection of the envi-
ronment, especially in the electricity sector, which contributes 40-60%
of the country’s GHG emissions. While NDRC considers the approval of a
project, the power company is required to seek approval from SEPA simul-
taneously. The environmental assessment and approval are integral parts
of all nuclear power projects. One of the main problems the MEP has is
the lack of human or financial capacity to sanction erring companies and
a lack of the authority to repudiate the project approvals granted by the
NDRC. MEP has a limited manpower of 2600, with only 300 working out
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of the headquarters in Beijing. The US EPA has 17 000 employees, nearly
9000 of whom work in Washington, DC.

In dealing with large energy corporations and local governments, the MEP
seems to be dwarfed by both. Making profits and maximising local develop-
ment are the first priority, and both the energy corporations and local govern-
ments have much more resources at hand in dealing with the MEP. Finally,
the MEP is not as heavyweight a player in economic decision making as, for
example, is NDRC or the Ministry of Finance. So frustrated by the spread
of environmental pollution, the MEP minister was recorded criticising ‘the
lack of respect for the environment as the country carries out its economic
stimulus plan,” and some government officials, ‘what is the point of driving
a Mercedes Benz while breathing dirty air and drinking dirty water.’

Provincial and local governments have powerful political interests in the
power sector that often work against effective regulation. Even though the
main power companies are owned by the central government, they all run
large numbers of subsidiaries across the country. These are often subject
to political pressure by the host provincial governments while being lured
by the financial incentives given by them to invest and expand their local
operations, even, at times, in violation of the ‘rules’ set by the central gov-
ernment. Every provincial government has an interest in making sure that
it has sufficient electricity supply and wants the benefits from job opportu-
nities offered by the industry. Holding exactly the same bureaucratic rank as
provincial governments, central ministries are explicitly forbidden to issue
instructions to their local counterparts. The Politburo and the State Council
are the ultimate authority for battles between central regulators and provin-
cial governments. Yet, neither have the human resources nor the ability to
deal with every power project in question.

Conclusion

China ‘has opened up to and is being buffered by far more pluralisa-
tion and omnidirectional influences.””” This has also been the case with
nuclear energy decision making. The old bargaining dominated by three
pillars — the Chinese Communist Party (CCP), the military and the scien-
tific community — was considerably broadened to include not only relevant
government agencies, powerful corporations and provinces, but also think
tanks and organised or semi-organised groups. Facing the two challenges —
energy security and climate change - the central government sees nuclear
energy as an alternative, and everyone wants to have a say on what strategy
the country should adopt regarding nuclear energy development, at what
speed nuclear energy should develop, where power plants should be located,
or whose technology the country should adopt in its nuclear energy expan-
sion. Nuclear energy has come a long way from a sector no one wanted to
host, to an integrated part of the energy industry.
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Given that the Chinese energy institutional landscape is characterised
by overlapping jurisdictions and inconsistent waves of centralisation
and decentralisation, ‘energy policy in China today is a battleground
of negotiation among power actors with conflicting interests that are in
evidence at all levels of analysis.”® The failure of the National Energy
Leading Group, formed in 2005, to coordinate energy policies led to the
creation of the National Energy Administration in 2008, under which
nuclear was brought in. Yet with growing political and economic influ-
ence, some have argued, China’s large state-owned energy corporations
have been driving the national energy priorities and policies. Given these
energy corporations have their own distinct interests to promote in the
decision-making process, it is not difficult to see the complexity of the
bargaining process.
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Who Pays? The Economics
of Nuclear Energy

The cost of nuclear power has been identified as one of the determining
factors for the future of nuclear energy development and expansion. Some
argue that it does not make economic sense to build NPPs, given that the
required capital investment is much higher than for other forms of electric-
ity generation, that it takes much longer to build NPPs, and their financing
is subject to far more uncertainties. Others argue that the intensive capital
investment can be compensated by low fuel and operating costs. New NPPs
can be competitive when fossil-fuel prices rise and potential external costs
are taken into consideration. These external costs could include air pollu-
tion, greenhouse gas emissions, import dependence, the uncertainties of
fuel costs and the comparative risks of different alternatives. To some, ‘it is
clear that nuclear power has been unusually difficult to assess in economic
terms’! because national or even local conditions vary, including the costs
of capital, labour and materials, the regulatory environment, and the avail-
ability and costs of alternative generating technologies. More importantly,
political acceptance of, and public opinion on, nuclear energy can throw
any economic calculation off balance.

Nuclear energy development takes place in a macroeconomic context and
hence the issue is not only what should be included in the cost calculation,
but also how it can be financed (by private or public, domestic or foreign,
equity or debt) and under what conditions. Many developing and transition
economies desiring to develop or expand nuclear energy, including China,
face another major challenge — competing demands for investment. Since
multilateral and regional financial institutions, such as the World Bank and
the ADB, are prohibited from making concession loans to nuclear energy
projects, putting resources, especially foreign exchanges, into nuclear
projects is competing with the pressing needs for health, education, poverty
alleviation and environmental protection.

The questions of where to put the resources and how resources are allo-
cated are political issues that require more than a simple economic calcula-
tion. In an increasingly competitive market system, investors (private as well
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as public) are unwilling and unable to invest in NPPs unless they can ensure
at least the cost can be recovered and with a reasonable rate of returns.
Therefore, electricity prices must be set high enough to allow the investors
to achieve these objectives.

This chapter explores the economic challenges in nuclear energy expan-
sion from two angles: the investment and operational costs of a NPP, and
power tariffs setting. Price setting in conjunction with investment plan-
ning is the most powerful instrument available to governments in man-
aging the economy. They have been thorny political and social questions.
Once the economic reform started in the late 1970s and early 1980s, gov-
ernment budgetary financing was gradually replaced by credit allocation
through the banking system. By acceding to a dramatic reduction in its
direct control over investment resources, the central government lowered
entry barriers step by step across sectors. Electricity generation was open
to other sources of investment at the early stage of the reform. Pricing
was another instrument the government used to shape economic incen-
tives and to attract investment in the sector. Price reform was not as dras-
tic as that in investment, especially not in the electricity sector. Power
pricing remains under tight government regulation. Yet, as Douglass C.
North points out, ‘a change in relative price leads one or both parties
to an exchange, whether it is political or economic, to perceive that
either or both could do better with an altered arrangement or contract.’?
Renegotiating a new arrangement leads to a change in formal rules and
laws and also a gradual erosion or replacement of the old norms. Thus,
price changes alter the incentive structure as well as the organisational
structure of players.

Economic rules are made in the political arena and changes in pricing and
investment have mirrored domestic and international political changes.
An analysis of the political processes involved in making these decisions is
at the core of this chapter. The government, through its central planning
agency (SPC and then NDRC), its regulatory agency (the State Electricity
Regulatory Commission, SERC) and other concerned agencies has been try-
ing to reorganise the pricing system for electricity.

The 1992 Price Law was revised in 1998 but the section concerning
electricity was not changed. Power tariffs were still under the category of
government-set prices, determined by the relevant government depart-
ments at the national and provincial levels. In 2003, the State Council, in
its document ‘Scheme for Power Price Reform’, tabled proposals for further
reform linked to the development of competitive regional power markets.
A follow-up document in March 2005 set out the plans in more details, but
only moderate changes were made, especially on end-user pricing. Pricing
for nuclear power is part of the general development in electricity tariff
reform that can only be achieved in conjunction with economic and politi-
cal reform in the industry and in the economy in general.
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How to calculate the cost?

The capital investment required to construct a NPP typically represents
some 60% of the total cost of nuclear electricity generation and this high
cost of capital can be offset by low and more stable costs of fuel (15%) and
of operation and management (O&M) (25%). Most economic arguments for
or against nuclear power tend to focus on the factors that may affect capital
investment, such as the length of construction that is ‘a source of extra cost
due to the interim interest charges on investment capital,”® and exchange
rates for developing and transition economies, the rising cost of materials
for construction, such as steel or non-iron materials, which rose by 50-100%
in 2007 alone, depending on location, quality and quantity.*

The capital-intensive nature of the nuclear industry, however, is not
unique in the electricity industry; major hydro projects carry costs per kilo-
watt installed capacity that are of the same order of magnitude. It is also a
fundamental feature in other segments of the electricity industry, such as
transmission and distribution networks. The initial investment is high and
long term (a large hydro project often takes much longer to build than a
NPP); it is specific, and therefore asset-sunk (once investment is made in
any of the segments of the power industry, it cannot easily be refitted for
another operating environment); and it is highly interdependent - inves-
tors would not invest in generation capacity unless they have guaranteed
access to the grid and to future customers. For these reasons, power plants,
including nuclear ones, used to be financed by governments directly or with
government-guaranteed financing.

When China started its first NPP (Qinshan I), neither the cost nor the
investment was an issue because it was approved as a political project.
Nonetheless, debates on the economic merits of nuclear power projects were
soon underway. Since the beginning, the argument that nuclear energy
would not be economically competitive in China has been upheld by many
policy makers, people in the electricity sector and scholars of macroeco-
nomics because: (a) China has abundant coal reserves; and (b) as a develop-
ing country, China faces multiple competing demands for resources. This
may explain, at least partially, the reluctance of the central government to
put resources into nuclear energy development and the unwillingness of the
power industry to invest in nuclear power plants until the 21st century.

While those against nuclear energy tend to focus their argument on
the initial intensive investment and the costs of managing nuclear power
plants’ after-life, those in the nuclear community have repeatedly empha-
sised the low cost over the lifetime of nuclear power plants. Indeed, the lat-
ter were quite optimistic about nuclear energy development, both in terms
of technology and economics. ‘In 1980, after exhaustive investigations and
analyses were carried out by the Nuclear Energy Investigation and Research
Group of the State Science and Technology Commission, it was concluded
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that while we had the technology to construct nuclear power plants, the
difference in investments, together with the investments in the systems
needed for the maintenance of the operation between the large nuclear
power plants in the southeast and the coal-fired power plants of the same
capacity is negligible.”

Two years later, a joint working group - the China Electrical Engineering
Society, the Chinese Nuclear Society and the China Mechanical Engineering
Society — published an additional estimate of the costs of NPPs. A number
of articles appeared in several Chinese newspapers and magazines compar-
ing the cost of electricity from coal-fired and oil-fired thermal power plants
with that of nuclear power. The general conclusion was that the cost for a
kilowatt of electricity from nuclear power stations could be ‘18% cheaper
than the power station fired by coal and 59% cheaper than the power sta-
tion fired by oil.”®

Studies were also published on comparative costs of nuclear power plants
based on their size. Table 5.1 also shows that the larger the unit, the more
efficient it was.

This calculation was made based on the domestically designed pressu-
rised water reactors with 300MW and 125MW capacity. The investment cost
(including fuel) would be 2500 yuan and 2130 yuan per kilowatt, respec-
tively. The estimated cost for a unit of 1000MW was lower, at 1500 yuan per
kilowatt, ‘based on the condition that they would be in serial production
after the technology to construct them has been acquired.”

In 1982, a MEP’s study, ‘Provisional Regulations for the Economic Analysis
of Electric Power Engineering’, concurred that it was more economical to
construct nuclear power stations with 1000MW capacity than coal-fired
power plants of the same capacity in Shanghai. The conclusion was drawn
from the fact that both coal and transport prices were at the time too low
and would soon see a significant increase.

The optimistic calculation of nuclear power was not a dream only of
Chinese economists and nuclear scientists. In the 1970s, many coun-
tries in the West, where nuclear power was considered as a solution to
the energy crisis during the oil crises, were of the same opinion, espe-
cially when NPPs could be installed with standardised technology and
equipment.

Table 5.1 Costs of nuclear energy calculated in 1982

Capacity of a unit 1000MW  300MW 125MW
Investment yuan/kw (including fuel) 1500 2500 2130
Capacity factor (%) 70 70 70

% of electricity consumption by the plant 5 7 7

Source: Luo Anren, ‘Economic Advantages of Nuclear vs. Coal-Fired Power Plants Weighted’,
Nuclear Power Engineering, 4: 6, 1983, p.144.
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Nonetheless, this optimistic argument on nuclear energy was drowned
out by those in favour of coal. In September 1984, Yang Haiqun of the SPC’s
Economic Institute, published an article, ‘On the Decline of the World
Nuclear Energy’, arguing that China should abandon its nuclear develop-
ment plan in the interest of both economics and safety.® In his article, Yang
pointed to the economic challenges the nuclear industry was facing: inten-
sive initial capital investment, long construction periods, competition for
resources among sectors, low load factor, and high and uncertain costs for
decommissioning and waste disposal. According to Yang, the construction
costs for NPPs in 1983 were at least 60% higher than those for coal-fired
capacity in developed countries, and the costs would be even higher in
China where coal supply was abundant. That this article was published at
all at the beginning of the reform, when different ideas challenging the
policies were rarely made openly, highlights the internal debates among top
policy makers. Yang Haiqun’s argument was used repeatedly by those who
had doubts on nuclear energy.’

By the early 1990s, as the central government insisted on making ‘electric
power the core’ in its energy policy, many argued that nuclear power devel-
opment made even less economic sense than in the early 1980s, for sev-
eral reasons.!? First, the economic challenges NPPs faced earlier remained:
high capital investment, and long construction periods compounded with
high interest rates. Second, competition for resources became an even more
serious challenge as generation capacities had expanded but transmission
and distribution had fallen behind. Without adequate investment in trans-
mission and distribution, investing in nuclear power generation made no
economic sense. Third, throughout the 1980s and 1990s, China had been
going through an expansion-contraction cycle and this made investment
decisions on nuclear energy very difficult. Indeed, decisions on all large
investments were subject to rapid macroeconomic and political changes.
Finally, until the early 2000s, coal prices had remained low in China and
the world. As IEA suggested in 2006, so long as coal prices remained below
US$70/tonne, nuclear power would not be economically competitive.!!

A number of changes in the past few years have led to a growing interest
in nuclear energy. One was the rising coal prices and tight coal supplies. The
average annual increase in coal prices between 2000 and 2006 was 16.84%,
compared with consumer price index (CPI) being a little over 1% of the
same period (see Table 5.2).

During the same period, tight domestic coal supplies meant more coal
imports (see Table 5.3) and higher coal prices in the world market. The price
of thermal coal from Australia rose steadily from US$51/tonne in 2005 to
US$70/tonne in 2007, US$136/tonne in 2008 and back down toUS$77 in
2009 in the midst of the global financial crisis. As soon as the economy
recovered, coal price at the world market jumped to US$95/tonne in the first
week of 2010 and reached $100/tonne 10 days later.
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Table 5.2 Annual change in consumer price and coal price (previous year = 100)

2000 2001 2002 2003 2004 2005 2006

CPI 100.4 100.7 99.2 101.2 103.9 101.8 101.5
Coal price 119.8 109.7 111.6 109.7 130.2 128.7 108.2

Source: National Bureau of Statistics of China, China Statistical Yearbook 2008, Beijing:
China Statistics Press, 2009; #RE, PHEEEHELEMRE, 2008, dbnt: R0k H R,
2008, p.55 (Blue Book of Energy: Annual Report of China’s Energy Development, 2008).

Table 5.3 Coal imports, 2000-07 (million tonnes)

2000 2001 2002 2003 2004 2005 2006 2007

2.18 2.49 10.81 11.03 18.61 26.17 38.25 52.00

Source: (ERIE, PHEAEHARIRDE, 2008, Jbnt: 4R CHRHEA, 2008, p.59 (Blue
Book of Energy: Annual Report of China’s Energy Development, 2008).

The rising coal imports took place at a time when study after study showed
that cheap, better quality and more accessible coal is disappearing quickly
in China. Coal depletion presents an ‘energy security’ issue to both cen-
tral and provincial policy makers. It also means the trend of coal prices is
moving upwards rather than downwards. Economic incentive structures are
increasingly shifting in favour of nuclear energy.

A second important consideration relates to climate change. Climate change
is real and it is now a widely held view that energy production and con-
sumption contribute the lion’s share of changes to our planet’s climate. This
means: (a) low-carbon base-load power must be developed; and (b) the costs
of environmental pollution incurred in energy production and consumption
must be calculated in energy prices. ‘The economics of nuclear relative to
fossil-fuelled generation, particularly coal, improves with carbon pricing.’'?

Several studies on comparative costs of nuclear and thermal power carried
out by various foreign institutions were introduced to support the argu-
ments for and against nuclear development in China. Studies done by MIT
in 2003 and 2009 were taken as authoritative references in supporting NPP
development in China (see Table 5.4). The studies show that the costs of
generating a kwh of electricity for base-load nuclear, coal and natural gas
generating technologies had gone up during the period under study, and so
had the capital cost for the three technologies, expressed as an overnight
cost per unit of capacity.

The overnight cost for the construction of a new nuclear power plant dou-
bled from US$2000/kw in 2003 to US$4000/kw in 2007. The overnight cost
for coal-fired and gas-fired thermal plants also increased, but not as much as
the increase of nuclear power. The studies also showed a substantial increase
in carbon emission costs.
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Table 5.4 Costs of electric generation alternatives

Levelised cost of electricity

(¢/kwh)
Overnight Fuel cost With carbon With
2003 study cost? (US$/ charge same cost
(in US$ 2002) (US$/kW) mmBtu®) Base cost US$25/tCO, of capital
Nuclear 2000 0.47 6.7 5.5
Coal 1300 1.20 4.3 6.4
Gas 500 3.50 4.1 5.1

2009 update
(in US$ 2007)

Nuclear 4000 0.67 8.4 6.6
Coal 2300 2.60 6.2 8.3
Gas 850 7.00 6.5 7.4

Note: 2The overnight construction cost, defined as the total of all costs for constructing
a power plant as if they were spent instantaneously, tends to be high for nuclear power
plants.

®MMBtu - million metric British thermal units.

Source: MIT, ‘Update of the MIT 2003: Future of Nuclear Power’, 2009, p.6.

Table 5.5 Costs of electric generation alternatives, including carbon charge

Levelised cost of electricity

(c/kwh)
Overnight  Fuel cost With carbon = With carbon
cost (US$/ charge charge

In US$ 2007 (US$/kw) mmBtu) US$25/tCo, US$50/tCO,
Nuclear 4000 0.67 8.4 8.4
Coal (low) 2300 1.60 7.3 9.4
Coal (moderate) 2300 2.60 8.3 10.4
Coal (high) 2300 3.60 9.3 11.4
Gas (low) 850 4.00 5.1 6.0
Gas (moderate) 850 7.00 7.4 8.3
Gas (high) 850 10.00 9.6 10.5

Source: Paul Joskow and John E. Parsons, ‘The Economic Future of Nuclear Power’,
Daedalus, 138:4, 2009, p.54.

In 2009, Professor Paul Joskow from MIT published another more updated
comparative study on costs, taking into consideration the different prices for
coal and natural gas and the price for carbon emission, which will change
the whole scenario for nuclear energy development.
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Table 5.5 shows that the cost of nuclear power would be competitive against
the cost of power from coal at a moderate price even at the lower charge of
US$25/metric tonne of CO,. With $50/metric tonne of CO,, nuclear power
would be cheaper than all options except natural gas. ‘These numbers illus-
trate the tradeoffs facing an investor making a choice on which type of
capacity to install.”’3

Other studies have also been used in the analyses and debates in China.
The French Energy Secretary released a study in 2003, stating that capital
cost for EPR was about €1650-1700/kw, compared with €1200-1400/kw for
a coal plant. The capital cost of CANDU 6 in Ontario was Can $2972/kw,
compared with Can $1600 for coal, which is abundant in Ontario.!* The
costs of GHG emissions have become an integral part of the cost calculation.
‘The August 2003 figure put nuclear costs at €2.37c/kwh, coal €2.81c/kwh
and natural gas at €3.23c/kwh (on the basis of 91% capacity factor, 5% inter-
est rates, 40 year plant life),” according to the World Nuclear Association. If
the price of CO, is €20, the electricity price of coal generation would reach
€4.53c/kwh," far higher than nuclear power. This made nuclear energy very
competitive with other electricity generation technologies.

This conclusion was confirmed by the US Congressional Budget Office,
which in 2008 provided its own reference scenario for comparing the costs
of electricity from nuclear, coal and gas power plants (see Table 5.6).

For NPPs, any cost figures normally include spent fuel management,
plant decommissioning and final waste proposal. ‘These costs, while usu-
ally external for other technologies, are internal for nuclear power (i.e., they
have to be paid or set aside securely by the utility generating the power, and
the cost passed on to the customer in the actual tariff).”’® These ‘external’
costs vary considerably (about 9-15% of the initial capital cost of a NPP) and
have already been accepted as part of the integrated costs of nuclear power

Table 5.6 Key assumptions underlying CBO’s reference scenario

Advanced Conventional Conventional Innovative Innovative

nuclear coal gas coal natural gas
Construction
Time (year) 6 4 3 4 3
Overnight costs 2358 1499 685 2471 1388
(US$1000/MW)?
Operating costs
Fuel (US$/MWh)® 8 16 40 17 52
Fixed O&M (US$/ 8 4 1 6 3
MWh)

Note: *Overnight construction costs do not include financing charges.
PFuel costs include a US$1 per megawatt hour charge to cover the cost of spent fuel disposal.

Source: Congressional Budget Office, ‘Nuclear Power’s Role in Generating Electricity’, May 2008, p.19.
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generation. Recent studies, as indicated above, all include costs of GHG
emissions. The message is clear: if carbon dioxide charges are to be imposed
in the future, these costs would have to be included in the calculation and
the utilities would have to assume the full cost of their fuel choice — that is,
they would have to pay for the damage inflicted by emitting carbon dioxide.
Once the costs of carbon emissions are incorporated, nuclear energy would
become economically competitive. This would have significant effects on
investment decisions and plant dispatch.

Meanwhile, ‘the cost of nuclear power is highly sensitive to its capital costs
(both the absolute levels of capital expenditure and the cost of capital) because
of high capital intensity (typically that cost of a new 1600MW plant is likely
to exceed $5 billion) and long lead times.”!” Interest rates, availability of capi-
tal, charges on carbon emissions, and construction time are among the major
hurdles for nuclear development. Furthermore, costs vary greatly because
‘labour and material costs vary and their impact varies with the localisation
rate (i.e., the percentage of plant components that are locally manufactured
or procured).!’® Uncertainty is the most serious challenge to investors.

In China, costs have also gone up significantly because of rising labour
and land costs in the past two decades (see Table 5.7). While they remain
below the costs in developed countries, the capital costs for NPPs currently
in operation vary considerably, depending on the technology used and espe-
cially the proportion of the indigenous technology, materials and workforce
used to build them. For example, both Lingao and Qinshan III nuclear used
the imported technology — French and Canadian — and their overnight costs
were similar, about RMB12 000/kw, compared with the overnight cost of
RMBS5000/kw for coal-fired capacity.

Costs for the first-of-a-kind nuclear project are always much higher, some-
times 50% higher, than the following projects. Daya Bay was the first com-
mercial NPP in China with the imported turnkey technology, and it was
constructed by companies from France, UK and elsewhere. Consequently,

Table 5.7 Costs of nuclear power plants in China

Total investment Overnight cost

NPP Capacity (US$ million) (US$/KW)
Daya Bay 2x984MW 4400 2236
Lingao I 2x900MW 3640 1838
Tianwan 2x1060MW 3200 1509
Qinshan I 1x300MW 210 685
Qinshan II 2X642MW 1779 1386
Qinshan III 2x728MW 2800 1923

Source: Bt FET TARUGEM KAHUBRAIEIL T KUY, RS, (Chen
Chenlan, ‘Comparing the Investment and Overnight Cost of Nuclear and Coal
Energy’, Science, Technology and Management, 32:4, 2005, p.6.
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its overnight cost was much higher than the world average at the time. The
Nuclear Energy Agency of OECD (NEA) pointed out that using standardised
plant designs and constructing multiple units on a single site can reduce the
capital investment costs.!” An earlier study showed that capital cost savings
obtained by standardisation and series construction could range from 15% to
40%.2° Lingao was a duplicate of the Daya Bay NPPs. With 30% of domestic
contribution in equipment and labour, the cost was nearly 20% lower than
that of Daya Bay. Qinshan I and II used indigenous technology and construc-
tion even though both had imported components and the cost was signifi-
cantly lower than if they had used imported technology and equipment.

Qinshan I and Daya Bay were given the green light, not because it would
make perfect economic sense to provide nuclear energy, but rather because
a combination of economic, social, technical and political considerations
prompted the government to go ahead with the projects. Increasingly,
development of nuclear energy is driven by market players who, at the very
least, like to think their decisions are made based on the economic calcula-
tions of a project. Calculating the NPP costs becomes more important and
controversial because it can indicate government policies on a wide range of
issues — energy development, environmental protection and climate change,
technology preferences and even labour policy.

Recent studies show that, based on the overnight cost of RMB 12000/kw
(2005 prices), China would have to invest at least RMB 372 billion in initial
capital investment to meet its target of 40GWe by 2020. To achieve the
target of 70GWe, with 30GWe in construction by 2020, the industry would
need an initial capital investment of RMB 732 billion (2005 prices). In addi-
tion, there would be another 30% of construction costs (RMB 108 billion) to
be added on. By 2020, the country would need an investment of nearly one
trillion yuan. This amount would double when taking into consideration
inflation, interest rates, and rising labour, material and technology costs.?!

IEA predicted that ‘the cumulative investment needed to underpin the
projected growth in energy supply in China is $3.7 billion (in year 2006
dollar) over the period of 2006-2030,” an average annual investment of $150
billion.?? About 74% of this amount would go to electricity generation, trans-
mission and distribution. To build 60-70GWe nuclear capacity by 2020, the
country would have to devote more than 30% of its planned investment.
The questions then are: (a) how would different energy sectors be balanced;
(b) how would nuclear energy be financed at the expense of other renewable
energy or electricity transmission and distribution and more importantly,
(c) who can and should be allowed to invest in nuclear power plants?

Financing nuclear power projects

Nuclear energy development poses difficult economic challenges for all
countries, developed and developing. NPPs are only part of an electricity
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system that is historically considered a natural monopoly. The firms that
invest in and operate parts of an electricity system are known as public
utilities. Products of a natural monopoly tend: ‘(1) to be capital-intensive
(having sufficient fixed costs or scale of economies); (2) to be viewed as
necessities (or essential to the community); (3) to be non-storable (yielding
rents); and (4) to involve direct connections with customers.’??

Because of these features, ‘much of the financing for these plants was
provided by governments or with government backing or government guar-
antees of some kind.”>* For example, in Britain and France, nuclear power
plants were invested in and built by government-owned national utility
companies, some of whose shares are publicly traded. In some other coun-
tries, such as South Korea, nuclear plant financing has evolved over time
from fully government financed to fully commercial private sector financ-
ing. In Germany and the US, private sectors have often arranged commer-
cial financing with some government credits or/and guarantees.

In China, investment in electricity has gone through fundamental changes
along with its general economic reform and the global push for electricity
privatisation and deregulation.?® Before 1979, almost all revenue collected
by the localities and all profits from state-owned enterprises (SOEs) were
submitted to the central government while all expenditures were financed
by central government transfer. Virtually, all capital investment was fun-
nelled through downward investment planning through its five-year plans.
The SPC determined the kind of resources that sectors, areas and projects
would receive and ‘issued annual investment control targets to govern-
ment departments, which then formulated investment project plans on the
basis of these targets and submitted them for approval.’?® Funds were to be
allocated according to the plan and disbursed by the Ministry of Finance
through the Construction Bank, which acted as a checking mechanism to
make sure the plan was followed. The SEC later gained some power over
capital investment through its control of the budget for technical renova-
tion of existing enterprises. The State Bureau of Supplies allocated materials
according to the five-year and annual plan issued by the SPC.

For power projects, the central government invested in all coal-fired gen-
eration plants, large- and medium-sized hydro stations and all transmission
and distribution networks, with the exception of those generating electricity
exclusively for the use of enterprises, and small hydro stations, with capac-
ity of SOMW in 1980.%” With the reform, the central government increased
its investment in the power industry, which was seen as the vanguard of
general economic development. In 1981, for example, while budgets were
slashed for other industries, the share of the national budget on capital con-
struction for the electricity industry rose to 9.1%, from 6.9% in 1980.

Qinshan I was financed in this context. It had been included in the FYP
of the SPC and the annual budget planning of the Ministry of Finance.
There was little ‘discussion and demonstration on the economic value of
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constructing 100 MW and 300 MW nuclear power plants in our country,’?
or who could finance it or how it could be financed.

Policy makers in Beijing raised two questions: (a) how could the country
spare the large of amount of investment, estimated to be $290 million, for a
project that would not see immediate results, while it was struggling to keep
the whole economy from collapsing? (b) How could the central government
come up with the foreign exchanges for the necessary imports of compo-
nents, such as cooling systems? The answers to these questions depended
on how different ministries and bureaucracies could balance their interests,
whose priorities would prevail and who could come out as a winner or loser.
These had been the perennial debates on budget allocation. There was no
fundamental shift in policy - the central government would allocate finan-
cial resources for the project — but the debates were intense among the lead-
ing policy makers.

On 21 June 1979, at the Plenary Session of the 2nd Session of the 5th NPC,
Yu Qiuli, vice-premier and minister in charge of the SPC, delivered a report
on the national economic plan. He emphasised that the investment would
have to focus on agriculture, light industry, fuel and power, building mate-
rials and transport services. In particular, investment would go to those
enterprises that would have quick returns with high profits and possibly
with foreign exchange earnings.?° Deng Xiaoping, although known for his
support for the nuclear energy project, raised a similar concern: could the
country afford it at the time.

Eventually, coal, power and transport took priority over nuclear energy.
Despite these real challenges and concerns, the first NPP project went ahead.
For China, the project indicated a move towards modernisation, a boost
to its technical prowess, and the beginning of a major reorientation of its
military-industrial complex. It was never meant to be a commercial project.
Nonetheless, it turned out to be a low-budget project because its main com-
ponents were from domestic sources, and its labour, land and materials were
allocated through central planning.

Financing the Daya Bay project was a different matter. It pioneered utilisa-
tion of foreign investment, a combination of financing from government-
budget, policy-lending, export-credits and commercial borrowing, and
represented a major shift from the policies of the day. It was an experiment
in seeking foreign assistance. In 1978, three delegations were sent out — one
to Hong Kong and Marco, one to Yugoslavia and Romania and the third
one to five countries in Western Europe (Belgium, France, Switzerland, West
Germany and the UK). The lessons they brought back were that foreign
capital should and could be used for development, and trade could be used
for national development. Indeed, trade had already been encouraged since
the mid-1970s and in the second half of 1977, ‘China’s imports were almost
double their level in the last half of 1976.”° The decision on sovereign bor-
rowing and foreign investment inflows of the central government in 1978
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made it possible for the Guangdong government to propose a joint venture
with Hong Kong’s China Light as a co-financer and buyer of electricity.

Because of the oil crises, at the end of the 1970s, China Light was seek-
ing to diversify its fuel mix to mitigate the impact of future oil shocks on
its economy. Across the border, the Guangdong provincial government was
desperately looking for investments and technologies to expand its power
supply for its growing economy.

Driven by complementary interests, China Light began exploring the
joint development of a nuclear power plant in Guangdong Province. The
power company and the provincial government prepared a prefeasibility
study and a project proposal that they submitted to the central govern-
ment for approval....Guangdong’s proposal surprised the central gov-
ernment. Numerous lengthy discussions among government agencies
ensued. It took two years before the State Council approved the project
proposal (1982). Another two years passed before the completion of the
negotiations for the project agreements... It took an additional two years
to mobilise the capital and reach financial closure.?!

From the beginning, those in Guangdong decided that they would allow
the project to pay for itself over time. The Chinese government created a
corporation, the Guangdong Power Company, so that a joint venture could
be formed with China Light. Guangdong Nuclear Power Joint Venture Co.
(GNPJV) had its initial investment of US$400 million — $300 million was
borrowed from the Bank of China and $100 million was raised by the Hong
Kong Nuclear Investment Corporation (HKNIC), the vehicle for Hong Kong
investors, with China Light as the major shareholder. In line with the new
Chinese joint-venture practice, the joint venture would revert to wholly
Chinese ownership after its expected operational life of 20 years.

The joint venture then had to raise 90% of the station’s cost ($3.6 billion)
to finance the project. A difficult and prolonged negotiation started with
three teams of industrialists, bankers and government officials on: (a) pur-
chasing nuclear reactors from Framatome; (b) purchasing turbines and gen-
erators from GEC and (c) designs, service and technology transfer from EDF.
The estimated cost for reactors was more than US$1.37 billion, while the
deal with the British was estimated at £500 million.

The Chinese team was led jointly by the party secretary of Guangdong
province, Ye Xuanping (*i%*¥) and the vice- minister of MWREP, who
was also a nuclear expert, Peng Shilu (iZ1:4%). The Chinese held several
advantages in the negotiation: (a) there was an economic slowdown in all
OECD countries and securing a deal with China would mean the creation of
thousands of jobs for their countries; (b) since 1979 nuclear expansion had
been severely hit by anti-nuclear movements, safety concerns, construction
delays and soaring costs in developed countries; (c) western countries were
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competing to sell their products to China because of its future potential and
(d) it would be much faster and cheaper for China to build coal-fired ther-
mal generation plants anyway. In France, for example, some argued that by
the end of the 1980s it might have as many as 15 full-scale nuclear plants in
excess of requirements. It became a challenge to turn this surplus to France’s
advantage by increasing exports. For Britain, its turbine generators were
competing fiercely with those made by the Germans and the Japanese.

The Chinese had several disadvantages: (a) China had little hard cash
with which it could purchase a plant; (b) most factories in Guangdong, the
fastest-growing province in China at the time, could only open three or
four days a week because of the power shortage and it needed electricity and
needed it immediately; and (c) the project was politically and economically
important for Guangdong to build a closer relationship with Hong Kong.

It took more than two years to complete the negotiations on the three
agreements. It was a very difficult negotiation partly because the Chinese
demanded a 20% discount for the French reactors and a 25% discount for
the British turbine generators. They also demanded the French offer export-
credit terms comparable to the Japanese Exim-bank. France was bound by
the OECD'’s ‘gentleman’s agreement’ that set the interest rates for export
credits in the range of 10-12.4%, while Japan was allowed to set its rates at
0.3% over its long-term prime rate, which was about 5.5%.3? Meanwhile,
the ultimate objective for many in China was to build their own NPPs and
consequently link the deal to the technology transfer.

When the contracts were signed, it was a great relief for all sides. The
total value of the plant was about US$4.1 billion (£2.8 billion). The French
share, including supervision of design and construction by EDF, was about
10 billion French francs (£920 million), with 60% going to Framatome. Even
at 20% less than the asked-for price, GEC secured an initial order of £250
million to supply equipment for the Day Bay project. The order was signifi-
cant for GEC because it would help secure about 7000 jobs for about four
years from 1987, and would allow GEC to compete with Mitsubishi of Japan
for making large turbine generators. ‘Obviously, this first order from China
is a very important milestone in our efforts to enter the Chinese market,’
explained the head of GEC Turbine Generators.3® This also represented the
mentality of the French. The Chinese were apparently pleased with their
bargaining: ‘“We’ve been able to reduce the equipment costs from US$1.5
billion to US$1.1 billion,” explained Peng Shilu. ‘We allow foreign compa-
nies to make some money, but not too much.’3

The deal with the British did not involve aid or soft credit terms. Rather, the
Bank of China borrowed money on behalf of the Guangdong Nuclear Power
Joint Venture Company. This loan was put together with the ‘extremely
helpful and cooperative’ British government, by a consortium of 10 British
banks, led by the Midland Bank, and the loan was underwritten by the
UK’s Export Credit Guarantee Department (ECGD). The loan, covering 85%
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of the contract values, was set for payment in 15 years and at an interest
rate of 9.85%, lower than the rates in the market, especially lower than the
US rate. The remaining 15% of the GEC contract value would be borrowed
by the Chinese at competitive commercial rates. Banque Nationale de Paris
was doing the same with French banks for the Framatome contract and the
loans were guaranteed by Coface, the ECGD’s French counterpart.

Diversified investment in power projects

Utilisation of export credits became a trait of NPP construction in China
and financing Daya Bay pioneered the early diversification of investment.
It mirrored new thinking and new ideas — lowering the entry levels would
help attract investment in a sector where investment was intensive and at a
time when the central government was no longer in a position to finance.
This change was the major contributor to a rapid expansion of power gener-
ation capacity in China and had long-term impacts on future investment.
In 1985, the central government ‘introduced the Provisional Regulations
on Encouraging Fundraising for Power Construction and Introducing a
Multi-Rate Power Tariff,®> which removed the government monopoly as
the sole investor in electricity (see Table 5.8). The contribution from the
central government budget to the power sector financing dropped from
60% in 1980 to 0.2% in 1996 and foreign funds jumped from nothing to
nearly 12%. Provincial and local governments also mobilized their own
resources by forming partnerships with the central government, SOEs or
foreign companies to acquire necessary capital for power generation facility
expansion.3¢

Table 5.8 Power sector investment sources for capital construction in
% (1980-96)

1980 1985 1991 1996
Government appropriation 66.4 41.2 0.5 0.2
Operational funds 7.0 1.6
Domestic loans 25.0 24.0 23.6 38.2
Foreign funds 5.0 10.9 11.7
Transferred to local authority 3.0 1.5
Fund raising 9.0 18.5 16.9
Bonds 7.4 1.0
Self-financing 9.6 6.4 15.7 24.8
Oil to coal fund 4.6 1.17
Other 14.4 7.7 2.8
All financing (billion yuan) 4.124 9.669 31.601 97.419

Source: World Bank, ‘The Private Sector and Power Generation in China’, World
Bank Discussion Paper No.406, February 2000, p.36.
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The policy of diversified investment sources led to an expansion of invest-
ment in the power sector and the investment in electricity generation as a
share of the total investment in energy industry increased steadily in the
1980s, especially the second half of the decade, from 4.01% in 1980 to 7.70%
in 1984 to 33.01% in 1990.%

The policy of diversifying investment resources also created an opportu-
nity for Guangdong to build its second NPP after the Daya Bay project. In
the early 1990s, the Guangdong government proposed another NPP next
to Daya Bay. The central government could not and did not want to spare
the resources for a single project that would only be beneficial to a single
province. China Light that had financed 25% of the initial investment in
Daya Bay declined to participate in the new project. When the feasibility
study was under way, questions were raised on how to finance it. Li Peng,
the Premier of the State Council, who had supported the Daya Bay project,
acknowledged the benefits of the project in public, but refused to endorse
the new project because of the macroeconomic situation in the country.

As soon as the State Council approved the establishment of the China
Guangdong Nuclear Power Corporation (CGNPC) in 1994 based on the
structure of the GNPJV, CGNPC announced its strategy of ‘rolling develop-
ment’ — using the profits from Daya Bay to finance another NPP at Lingao. It
would do so with or without the central government’s support. CNNC lent
its support, as its chairman, Jiang Xinxiong (#-0f), stated that the income
from Daya Bay would ‘provide the necessary capital for the construction of
a second nuclear project in the province.”*® There was no mention of the ini-
tial guaranteed preferential loans from the central government. Many ques-
tioned whether the country could afford another major turnkey nuclear
project or if it was a good time to invest in such an expensive project when
the economy had gone through regular inflation cycles. All these concerns
were brushed off by the Guangdong government because ‘the emperor is far
away’ and by CGNPC because it came up with the finance. Money talked.

Rules are developed to achieve certain defined objectives and they shape
the opportunities in a society where each individual responds differently.
New rules and their enforcement often produce positive and negative,
expected and unanticipated consequences. Devolving investment authority
brought about a rapid expansion of generation capacity — total installed gen-
eration capacity in the country almost tripled between 1987 and 1995 — and
an increase in power production. For example, ‘Guangdong province spent
8.28 billion yuan ($1.36 billion) from 1986-1990 to add 44 000 megawatts
of capacity to its grid, more than the total installed capacity achieved in
the 36 years before 1986.”*° The installed capacity quadrupled from 1987 to
1993 and then doubled again from 1993 to 1998.

As ‘much of the financing burden shifted from the central govern-
ment to the provinces and cities,*® new problems emerged as well, with
the implementation of new rules — inadequate investment in transmission
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and distribution networks, an increasing number of small-sized inefficient
power generation units, competition for ownership of new power plants,
and their off-shoot problems, such as unreliable and unstable power supply,
high line loss, and impediment to competition. Changed rules also fostered
large enterprises whose behaviour became increasingly difficult for the cen-
tral government to regulate. Even though nuclear power projects must be
approved by the State Council, having one of the two nuclear power com-
panies in the province gives Guangdong substantial power and economic
influence in the industry.

Who invests in nuclear power plants?

The nuclear industry was dominated by two investors - CNNC and CGNPC -
and these were the only entities that were allowed to be controlling share-
holders even after the country conducted serious commercialisation and
corporatisation in energy industries in the mid-1990s. This monopolistic
structure follows the normal international practice — one large state-owned
corporation owns and operates all NPPs in most countries. China had two
major players because of the historical development of its civilian nuclear
programme. CNNC was the owner and operator of Qinshan I. GNPJVC was
the owner and operator of the Daya Bay project. Its capital came from China
Light (25%), the MNI and then the CNNC (33.75%), Guangdong prov-
ince (33.75%) and the MEP and then SPCC (7.5%). While CNNC control-
led nuclear fuel production and services and basic research in the nuclear
industry, CGNPC was the one that grew very quickly.

This structure was challenged in the 2000s, partly because the expan-
sion of a nuclear energy programme requires large amounts of finan-
cial resources. Investment in NPPs before the mid-1990s depended on
government-guaranteed borrowing from domestic and international sources
when China did not have financial markets that would allow investors,
public or private, to raise the capital. Even after the two stock markets in
Shanghai and Shenzhen went into operation in the mid-1990s, nuclear com-
panies were not allowed to raise capital there. CNNC was loss-making until
2003 when it finally made a profit of about RMB 240 million. In the follow-
ing five years, it significantly strengthened its financial position. In 2008, its
estimated profit was RMB 4.8 to 7 billion, while that of CGNPC was about
RMB 4 billion.*! Alone they were clearly unable to meet future demand. In
November 2005, the National Energy Leading Group decided to grant the
China Power Investment Corporation (CPI) permission to invest in a nuclear
power project as a controlling shareholder, partly because an expansion of
a nuclear energy programme demanded more financial resources and partly
because CPI had already controlled some portions of NPPs in operation.

CPI was created in 1995 by the MEP when the State Council decided to
corporatise the business segments of the Ministry into the SPCC. CPI, whose
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assets were spin-offs from the Ministry, was to carry out several respon-
sibilities, described by its first president as ‘floating public power plants
assets, issuing corporate bonds, establishing power development funds and
channelling foreign investment for build-operate-transfer (BOT) power
projects.?

CPI's international financing arm, China Power International, was
designed to raise funds on the overseas market. The SPCC hoped that
through CPI it would eventually be able to list in Hong Kong, New York and
London - following the path trodden by China Telecom in raising funds for
the country’s telecommunication requirements. Quickly, CPI gained inter-
national recognition in raising not only domestic but also international
funds with its active involvement in the power industry’s development. It
also obtained ‘stakes in nine plants, though not all the assets of it [held] in
these plants have been transferred to its books, pending financial agree-
ment by local power officials and other parties on asset valuation.”?

In 2002, in another major round of reform, China moved from a sin-
gle, vertically integrated utility to two grid companies (a large one cover-
ing most of the country and a small one in the south) and a diverse set
of generation companies (five large companies that were spin-offs from
the original incumbent and a large number of other companies). The five
companies are China Huaneng Power Group Corp, China Datang Corp
(KJH), China Huadian Corp (#£H1), China Guodian Corp (HH) and China
Power Investment Corp (CPI, H'Hi#%). They joined the elite team of large
state-owned corporations under the supervision of the State-owned Asset
Supervision and Administration Commission (SASAC). This unbundling
was made on the principle that none of the five new generating companies
were allocated more than 20% of the shares of any one of the regional
power markets. Each was allotted about 20GW generation capacity. By
the end of 2008, they controlled 44.9% of the country’s total generation
capacity (353GW in total).#* These changes took place in the context of
wider economic reforms to promote growth and economic development
in China and also in the context of a global shift in organising the power
industry.*

When the SPCC was unbundled in 2002, CPI, the smallest of the five
companies, absorbed some non-productive segments of the SPCC. It also
inherited the stakes in all NPPs in China, originally held by the MEP/
SPCC (6% of Qinshan II, 20% of Qinshan III, 7.5% of Daya Bay and 10% of
Lingao). The current registered capital of CPI amounts to RMB12 billion and
it owns a little over 8% of the country’s total installed generation capacity,
far behind the other four majors, but it does own the nuclear generation
capacity that the five major generation companies would like to have. It
owns a total generation capacity of 51GW, among which 15.54GW is hydro
(20.3%), 41.12GW is thermal (79.1%), 0.33GW is wind (0.6%) and 1.35GWe
is nuclear (3.37%).
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With the changed government policy, CPI invested in the Haiyang NNP
in Shandong (6x1000MW), as the controlling shareholder, with 40% of
the ownership and the rest is split between CNNC (20%), Guodian (20%),
Shandong Luneng (10%), Huaneng (5%) and Yantai Power Development
Corporation (5%). The first stage of the development has two units of AP1000
with a total investment of RMB26 billion. The construction, according to
IAEA, officially started on 24 September 2009, and CPI hopes that it would
be commissioned in operation by 2014. Only time will tell, because in 2007
some sections of the media reported that the Haiyang project would go into
commercial operation in 2010. The public debate on whether there should

Table 5.9 Financial structure of nuclear power projects in China

Equity/total Ownership Electricity
Capacity investment structure market

Daya Bay 2x1000MW  US$400 million/ China Light (25%) 70% Hong
NI US$4 billion GNPJV (75%): Kong 30%
Guangdong (45%), Guangdong
CNNC (45%),
SPCC (10%)
Lingao 2x1000MW  US$400 million/ CGNPC (100%): Guangdong
k] US$4.2 billion  Guangdong (45%),
CNNC (45%),
SPCC (10%)
Qinshan I 1x300MW RMB2.4 billion = CNNC (100%): Zhejiang
Zil 1 CNNC (50%), Huadong
Zhejiang (20%),
Shanghai (12%),
Jiangsu (10%),
Huadong (6%),
Anhuai (2%)

Qinshan II 2x600MW US$1.968 billion CNNC (50%), Zhejiang
Zl 10 Local (50%) Huadong
Qinshan III ~ 2x728MW RMBI billion/ CNNC (51%), Zhejiang
Z&ilr 111 US$2.88 billion  CPI (20%) Huadong
Local (29%)
Tianwan 2x1000MW  $3.2 billion CNNC (50%), Jiangsu
FHYS CPI (30%) Huadong
Jiangsu Power (20%)
Hongyanhe 4x1000MW CGNPC (45%), Liaoning
AR CPI (45%)
Dalian (10%)
Ningde 4x1000MW RMB 49 billion = CGNPC (51%), Fujian
Tl Datang (49%)

Source: {5 PH, ARPEE, FRIERZ L W AT R RISCE AR K22 244], (Gao Yang and
Zou Shuliang, ‘The Monopolisation of China’s Nuclear Energy Industry and the Plans for its
Reform’, Nanhua University Press, 6:6, December 2005, pp.27-28.



Who Pays? The Economics of Nuclear Energy 117

be a nuclear power plant built in the region along the coast contributed
greatly to the delay in the project.

Since 2005, CNNC, CGNPC and CPI consequently are the only control-
ling shareholders of nuclear power plants in China (see Table 5.9).

After the unbundling of SPCC in 2002, the generating companies were set
free and ‘quickly learnt how to benefit from a situation in which they are
no longer part of “a plan” but are not yet under the effective supervision of
a regulator ... they find it more lucrative to grow market share and increase
profits, and far less interesting to cut costs and become more efficient.”¢
In less than four years, they significantly expanded an amount of capacity
ranging between 30 and 38GW, 150-200% of their initial allocation. By
the end of 2008, together they controlled more than half of the country’s
generation capacity (see Table 5.10).

Since 2003, their capital investment raised constant concerns because of
the overheated economy and potential oversupplies of generation capacity.

Table 5.10 Generation capacity and total assets of the five generating companies in
China, 2002-08

2002 2003 2004 2005 2006 2007 2008

Huaneng Generation capacity (GW) 26.8 31.7 33.6 43.2 572 71.6 85.9
Total assets (billion yuan) 125 146 156 227 286 376 464
Guodian Generation capacity (GW) 22.1 253 29.3 351 44.5 60.1 70
Total assets (billion yuan) 67 75 101 132 193 246 304
Huadian Generation capacity (GW) 25.5 28.6 30.8 38.8 50 63 69
Total assets (billion yuan) 84 96 118 147 198 243 293
Datang  Generation capacity (GW) 239 27.5 33.5 41.7 541 64.8 824
Total assets (billion yuan) 94 112 140 183 226 295 408
CPI Generation capacity (GW) - 23 244 295 355 43 52
Total assets (billion yuan) - 88 103 138 178 218 275

Sources: Data is from the website of each of the five generating companies: http://www.chng.com.cn;
http://www.chd.com.cn; http://www.cgdc.com.cn; http://www.china-cdt.com; http://www.cpicorp.
com.cn, accessed on 20 December 2009.

Table 5.11 Composition of generation capacity of five generating companies,

2008

Huaneng Huadian Guodian Datang CPI
Total (GW) 86 69 78 90 52
Thermal (%) 92.5 86.8 88.9 80.8 79
Hydro (%) 6 12.7 6.5 16.6 20.3
Wind (%) 1.2 0.5 4.54 2.61 0.6

Source: Data is from the website of each of the five generating companies: http://www.
chng.com.cn; http://www.chd.com.cn; http://www.cgdc.com.cn; http://www.china-
cdt.com; http://www.cpicorp.com.cn, accessed on 20 December 2009.
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‘The central government has been trying to restrict new investment and
consolidate existing capacity ... with very few visible signs of success.*” In
addition to their ‘empire-building’ mentality, and despite its high risks and
uncertainties, these large State-owned generating companies were moti-
vated to stake a claim in the nuclear industry by utilising the changes in
government policies. The adoption of the Medium- to Long-Term Nuclear
Energy Development Plan (2005-20) presented new opportunities for their
expansion. Another motivation behind their push to become involved in
the nuclear sector was a heavy reliance on thermal capacity.

Their heavy dependence on thermal generation capacity became more
problematic after 2002 (see Table 5.11). With rising electricity demands,
power companies had difficulties in getting sufficient coal, partly because
of tight coal supplies and partly because of rail transportation congestion.
Coal prices had long been deregulated and were, by and large, set by mar-
kets. The coal prices rose 40% in 2004 and the trend continued, and power
companies could not pass on the rising costs to end-users as power tariffs
are set and regulated by the central government.

As large state-owned corporations, the five power-generating companies
had obligations to supply electricity even as a loss-making exercise. In 2008,
the five together incurred a total loss of RMB 32.5 billion. Their losses from
thermal generation were more than RMB 40 billion. The debt-equity ratio
for all five power companies was more than 80% and Huadian had the high-
est debt—equity ratio of 87.6%. The profit margin of Huaneng dropped from
a positive RMB 10 billion in 2007 to a negative loss of RMB 5.8 billion in
2008. High dependence always means vulnerability and these power compa-
nies wanted to change this. Finally, their large thermal generation capacity
brought increasing pressure to reduce GHG emissions as the central govern-
ment issued top-down targets for energy efficiency.*® Nuclear was now seen
an alternative for them in dealing with greenhouse gas emissions.

The five power-generating companies lobbied the central government to
lower entry barriers to the nuclear energy sector and they certainly made
their voice heard. The media were used to spread the message that the gov-
ernment should break the nuclear monopoly and allow them to ‘compete’ in
this sector. Facing pressure to give up their monopoly, CNNC and CGNPC
behaved in the same way as other monopolies or oligopolies in the capitalist
system did, trying to hold on their position by lobbying the government.
The difference between these Chinese monopolies and their international
counterparts was that they had closer ties and easier access to government
agencies in support of their position.

In 2005, the National Nuclear Safety Administration (NNSA) organ-
ised CNNC, CGNPC and CPI to draft a set of requirements for entering
the nuclear power industry. The draft of the regulation, though not at that
time approved by the State Council or the NPC, was already considered
binding by all power companies. To no one’s surprise the requirements for
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entering the nuclear energy sector were written in such a way to protect
these very oligopolies that others tried to challenge. The document con-
tained three major requirements for any company to become a controlling
shareholder of a new nuclear power project:

® 20% of shares in two separate nuclear power projects, one of which had to
be the second-largest shareholder.

e At least six years experience in managing nuclear power projects.

o At least six years experience of operating nuclear reactors.

These requirements meant exclusion, rather than inclusion, for other
investors, except the three that participated in drafting the requirements.
Indeed, currently, only CNNC and CGNPC meet these requirements. CPI is
expanding its ownership of nuclear power plants but has not demonstrated
any desire to become an operator. The other four major power-generating
companies are struggling to get their foot in the door and are part of the
recent drive for nuclear expansion into interior provinces.

In 2006, Datang joined forces with CGNPC and formed the Fujian Ningde
Nuclear Power Company Limited, with CGNPC controlling 51% of the shares
and Datang 49%. This is a 4x1000MW project and its initial investment
was 49.4 billion yuan. In 2008, with the support of Datang and CGNPC,
the Ningde project secured 40 billion yuan from the China Industrial and
Commercial Bank and another three policy banks — the Agriculture Bank,
Development Bank and Bank of China. Its main finance was from domes-
tic sources because the State Council made it clear that foreign borrowing
for nuclear power projects should be restricted. Huadian joined forces with
CNNC and the Fujian Provincial Government in the Fujian Fuqing nuclear
project (6x1000MW) and work for the first stage (2x1000MW) began in
November 2008 and June 2009. CNNC is the controlling shareholder (51%),
Huadian owns 39% of the shares and the rest was contributed by the Fujian
Development Corporation, a provincial government investment instrument.

Huaneng is the largest and oldest among the five generating companies,
and the only generating company listed as ‘China’s Backbone Corporation’.
About 95% of its total generation capacity of 89GW is thermal. For some
time, Huaneng had harboured a strong desire to move into the nuclear arena.
In March 2004, Huaneng signed an agreement with Tsinghua University
and China Nuclear Engineering and Construction Corp (CNEC) to build an
experimental module of HTR-PM in Rongcheng, Shandong. In November
2005, Huaneng created a subsidiary, Huaneng Nuclear Development
Company Ltd, to invest in the nuclear sector. CNEC is the only company
able to install the components and systems of the nuclear island in China.
INET of Tsinghua University would be responsible for the engineering
design work for the HTR-PM. The site for this demonstration HTR-PM is in
Shandong.
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In December 2006, the three parties formed a joint venture with Huaneng
as the controlling shareholder (47.5%), CNEC (32.5%) and Tsinghua Univer-
sity (20%). The initial investment was 3.2 billion yuan: 1.2 billion yuan
came from the government budget allocation, 2.4 billion yuan was a guar-
anteed loan for technical assistance, and the rest of the 600 million yuan
came from the three shareholders. Huaneng also invested 5% of its share
of Haiyang in Shandong. The high risks involved in the HTR-PM project
made many at Huaneng wonder whether it was a wise decision to take on
the project.* Huaneng is known to lobby harder than other companies in
staking its claim in nuclear energy development.

Finally, in the early 1990s, as an experiment to see how the core of the
capitalist system would work in China, the central government decided to
create two stock markets — the Shanghai Securities Exchange (December
1990) and the Shenzhen Stock Exchange (July 1991). In the mid-1990s,
to facilitate the reform of SOEs, the government expanded the two stock
exchanges so that enterprises, state-owned or otherwise, could issue corpo-
rate bonds to invest in their expansion. These changes paved the way for
nuclear energy development in the 2000s.

After years of relying on government budget allocation and/or bank
loans, in August 2007, China launched a key reform to allow the China
Securities Regulatory Commission (CSRC) to take over authority from the
NDRC to approve listed companies’ issuance of corporate bonds of one year
or more. CNNC and CGNPC responded quickly. After two successful issu-
ing of bonds, on 11 November 2008, CNNC raised another 1.8 billion yuan
on a five-year bond and on 15 July 2009, it raised 4 billion yuan on a ten-
year bond to finance the Fuqing project exclusively. In early 2009, CGNPC
issued bonds amounting to 7 billion yuan to finance Yangjiang and Taishan
projects in the province. The bond market allowed the companies to raise
huge capital to finance nuclear energy expansion. It also created opportuni-
ties for corruption because of the lack of regulation. This was the triggering
point for the downfall of the general manager of CNNC (FEH#i) in 2009.%°

One problem with the current investment structure in NPP projects in
China is that all the players are state-owned under the direct control of
the SASAC. This means that ‘many of the risks associated with construc-
tion costs, operating performance, fuel price changes, and other factors
were borne by consumers rather than the supplier’ through lending by
policy banks. State-ownership or government-guaranteed loans for nuclear
development are often needed as the American government has recently
‘enacted measures to provide loan guarantees and tax incentives for...new
NPPs, intended to overcome investor reluctance to take on first-of-a-kind
risks.’?

Governments everywhere have adopted similar policies. They have a series
of instruments at their disposal to ‘assist’ nuclear power project financing.
Such guaranteed assistance can also create moral hazards as state-owned
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corporations invest recklessly for their empire-building. This now seems to
be the case in China. Three major players are joining forces with provinces,
planning as many as 70 sites for potential nuclear power plants. Whether
the projects go ahead or not, as soon as a site is identified and a company is
formed with one of the three nuclear companies, the province could start
putting money into infrastructure: roads, water and electricity, all of which
create jobs for the local economy and which also became the major con-
tributors to the heated economy in 2009-10.

How should electricity be priced?

How to price electricity can either facilitate or obstruct NPP development.
‘The price of a unit depends not only on the price of any fuel involved, but
on asset accounting, taxation, regulation, risk, subsidies, network and sys-
tem effects, and other factors usually unmentioned.”® Any price given to
electricity is arbitrary, and is decided by contracts for services on who owns
and operates the infrastructure, who has access to it, and who uses it and
for what purpose. Therefore, power tariff setting is often as much a political
matter as it is an economic matter. It is frequently regulated, but not set, by
the government regulatory agency because of the natural monopoly nature
of electricity, especially its transmission and distribution.

In China, power tariff setting has gone through several rounds of changes
in the past 30 years. In 1977-84, the government raised prices for all essen-
tial commodities to encourage production. ‘Negotiated’ prices started to
appear in ‘free markets’ where farmers were allowed to sell some of their
produce. In the second period (1984-88), the central government main-
tained price setting for many commodities, while also adopting ‘guided-
pricing’ for many more. A dual-pricing system was also adopted — those
commodities under the central plan could be sold only at a government-set
price, while any extra (out-of-plan) portions could be sold at a negotiated
price between buyers and sellers.

Major reform measures were adopted in the mid-1980s. ‘To alleviate the
extreme shortage of electricity and encourage more generation from differ-
ent sources, the state in 1985 implemented a “diversified tariff system for
electricity produced outside the plan”.5* The dual-pricing system had two
components: planned output from the existing power generation plants con-
tinued to be distributed at prices fixed by the government and to the end-
users as designated, whereas the extra supplies could be charged at a price
20% higher than the planned one. In the same year, the central government
allowed the power industry to pass on some of the increasing costs of fuels
and transportation to end-users. This was adopted to help the power sector
deal with the squeeze between ever-rising costs for fuels and transportation
and the government-fixed power tariffs. When ‘fuel costs accounted for an
average of 50-55% of power industry operating costs,” the policy alleviated
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some pressures from the power sector.>® In 1987, the State Council issued
the Price Administration Regulations, which prescribed the three categories
of pricing: market-determined, government-guided and government-set prices.
This freed some of the prices but not that of electricity, which remained
under the category of government-set prices. Reforms, nonetheless, moved
on. In 1988, the central government adopted three policies that changed
the power tariff setting significantly:

1. It changed the policy from SOEs submitting profits to paying taxes and
it ‘raised tax on production and sale of electric power from 15% to 25%,
including a 10 yuan/MWh charge on producers and a 10% revenue tax
on distributors.’s¢

2. It began levying fees for developing selected generation and grid projects.
These included: (a) a surcharge of 2 cents/kwh to be used for substitut-
ing coal for oil in the early 1980s, which was soon used to finance the
formation of Huaneng Power Corporation; (b) a surcharge of 2 cents/
kwh to finance local power development (in 1996, the central govern-
ment divided this surcharge into two parts: 1 cent/kwh for local power
development and 1 cent/kwh for transmission construction) and (c) a fee
of 4 cents/kwh was levied to help finance the construction of the Three
Gorges Dam, which was later increased to 0.007 yuan/kwh.>’

3. It started to allow investment from other sources and new plants were
allowed to charge higher prices to recover costs and to provide a fixed
return on profit. This created a two-tiered pricing system - ‘new price for
new plant’. The aim was to encourage investment from non-government
sources.>®

Initially, the ‘new price for new plant’ policy was only applied to plants
constructed between 1986 and 1992 that did not use central government
funds. The principle was incorporated into the Electric Power Law of 1995,
which stipulated that tariffs should permit cost recovery with allowance
for taxes and reasonable profits. The policy of ‘cost-profit-tax” was designed
to encourage domestic and international investors other than the central
government to invest in power generation. The formal power tariff approval
consisted of a two-tier system: the establishment of initial tariff levels and
annual tariff adjustments. The annual tariff review process was particularly
adopted to ensure that increases were ‘socially’ acceptable. In the case of
high tariffs, companies were offered financial incentives to keep the tariff
increases at acceptable levels.

The ‘new plant, new price’ regulations played a major role in attracting
domestic and foreign investors to China’s power sector and in alleviating
power shortages. Meanwhile, the policy of ‘cost-plus pricing’ created a situ-
ation of one price for one plant, one price for one region and one price
for one category of end-users. It created opportunities for various levels of
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government to add on a wide range of legal and illegal surcharges and fees.
Throughout the 1990s, the government tried to unify the power prices and
clean up the illegal surcharges and fees, which had run up to 21.7 billion
yuan by 1998.% It then introduced a policy of ‘operating period tariff’,
which set the tariff on the expected lifetime of the plant, rather than on
the debt payment period. The objective was to deal with the opaque power
tariff setting and to control and lower the capital cost of new plants and
to place the responsibility for negotiating suitable financing terms on the
project sponsors. In 2004, another new pricing policy was adopted: ‘each
price is based on current estimated construction and operating costs of the
various technologies, specific to the provinces in which they are located.’®®
This policy was to encourage the construction of coal-fired generation with
flue gas desulphurisation. The price set based on desulphurisation has been
used as a base for comparison of thermal and nuclear power.

These measures fundamentally altered the previously planned system by
changing the incentive structures for producers. Unfortunately, these reform
measures carried with them some serious problems — inflation became a
recurrent trend and corruption spread quickly. The combination of these
two problems triggered student protests in 1989, and resulted in a tight-
ening up of investment policies, which prevailed during the third period
(1989-92). From 1993, price reform policies were speeded up. The price for
most commodities, including coal, was open to the market operation. One
exception is electricity.

Nuclear power is often the price-taker, especially when it contributes
only a small proportion of electricity to the grid. For nuclear energy, power
tariffs were set retroactively after the projects were completed, rather than
according to the contracts for the power projects, as was the case in coal-
fired thermal plants. In addition, ‘one price for one plant, one price for one
region’ was the principle by which power tariffs were set. Initially, power
tariff setting for nuclear power also followed the principle of guaranteeing
the recovery of cost. This principle was abandoned partly because initial
capital investment in each nuclear power project varied greatly: some was
from direct government budget allocation; others were from domestic or
foreign borrowing; and some were in the form of an equity-debt arrange-
ment secured from the market. In sum, nuclear power tariff setting now
remains an ad hoc exercise. For example, for Daya Bay, the principle was to
recover the value of its investment. Only in the following years were profits
adjusted into the price setting.

For the Lingao project, initially the power tariff was based on a combina-
tion of the operating period of the nuclear station, 80% of the load factor,
10% profit margin and depreciation of 25 years based on the initial capital
investment (equity portion, not including debt). This arrangement was set
in the initial contract between the operating company (CGNPC) and the
China Southern Grid for five years. Before the five-year period had ended,
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Table 5.12 Comparative power tariffs in a given grid, 2005 (yuan/kwh)

Average Benchmark Differential Differential
price to price for Nuclear power from average from coal-
get on grid coal-fired price benchmark fired price
Guangdong 0.485 0.45332  Average 0.415 -0.070 -0.0382
Daya Bay 0.414 -0.071 -0.0392
Lingao 0.429 -0.056 -0.0242
Zhejiang 0.441 0.4195 Average 0.426 -0.015 +0.0065
QinshanI  0.420 -0.021 +0.0005
QinshanII  0.393 -0.048 -0.0265
Qinshan III  0.464 +0.023 +0.0445

Note: Power tariffs refer to the price generating companies receive for their product on an output
basis, i.e., per kilowatt hour. In a market system, they will usually be sufficiently high to recover
their annual capital, fuel and operation costs.

Source: XM, ¥lh, Wit 00, BEEBEMMERBLEITIY, PEM (Liu Shujie, Yang Jun, Peng Suying,
‘An Analysis of Nuclear Power Pricing’, Chian Price), October 2006, p.19.

renegotiation on this price arrangement took place to develop some new
power tariff setting for Lingao.5!

‘One price for one plant, and one price for one region’ created a similarly
chaotic power tariff for nuclear as it did for thermal. In 2005, for example,
the nuclear power tariff was 0.414 yuan/kwh for Daya Bay, 0.429 yuan/kwh
for Lingao, 0.40 yuan/kwh for Qinshan I, 0.393 yuan/kwh for Qinshan II
and 0.464 yuan/kwh for Qinshan III.

In 2004, NDRC readjusted tariffs for different types of generators, the
2005 figure being:

e Nuclear operators had an average tariff of around 0.41 yuan/kwh.
e Thermal generators had an average tariff of around 0.36 yuan/kwh.
e Hydro generators had an average tariff of around 0.30 yuan/kwh.52

Table 5.12 shows the difference not so much because tariffs were decided
with consideration of investment costs, rather it was set based on the histor-
ical cost of the region with thermal power as the benchmark. This explains
why nuclear power could currently be sold at a price equal to or cheaper
than electricity generated using other technologies. These arbitrary prices
could hardly be seen as the corresponding reflection of the combined costs
of investment, operation and management, fuel, discount rates and risks.
Many have argued that because the price for thermal power in China is
below the ‘cost-plus marginal profit’, using the power tariffs for thermal
generation for nuclear power pricing is clearly a distorted price setting.

Several developments can explain the difficulties in power tariffs at a
level that would be conducive to efficiency and fair to customers as well as
investors.
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First, in most countries, the public is confused about whether nuclear
power is a cheap source of electricity because ‘when most existing nuclear
power plants were planned and constructed, electricity supply was the
responsibility of price-regulated or state-owned, vertically integrated utili-
ties, often with a monopoly or near-monopoly in their national or regional
service areas.”® This means that power tariffs were related to costs on aver-
age and utilities were not under competitive pressures even when they also
owned and operated nuclear power stations. This can explain the practice
of setting nuclear power tariffs by using thermal as a benchmark, and also
its consequent low prices.

Second, SERC acknowledges the price for generators completed before
2006 and for all renewables, including nuclear, was low.%* It is estimated
that average power prices are 10-15% below long-term marginal costs in
coastal provinces and 30% and more in interior provinces.®> Low power
tariffs are often blamed for inadequate investment and low efficiency in the
electricity industry.®® Yet, power tariffs are often decided not only based on
economic calculations but also for social and political reasons. Electricity
is not a normal commodity and its price has far-reaching impacts on the
country’s general economy and standard of living.

Even though ‘cost-reflective prices across the value chain would provide
signals to trigger efficient investment and to curb consumption’?, it has
never been easy anywhere to set power tariffs according to this principle.
Radical changes to power tariffs are unlikely anywhere in the world. Given
that power tariffs started at a low rate in China, it is even more difficult to
change them. In 2003, for example, a study done jointly between the China
Academy of Environmental Sciences and Tsinghua University showed that
the cost of SO, emissions would run as high as 110 billion yuan a year and
this would and should be translated into 0.0676 yuan for every kilowatt
hour of electricity generated.

In the same year, a new regulation on waste management was adopted
jointly by the State Planning Commission, the Ministry of Finance, the State
Environmental Protection Administration, and the State Economic and
Trade Commission. The regulation included 0.63 yuan for every tonne of
SO, emission, which meant that a power plant with a capacity of 1000MW
would have to pay 47.25 million yuan a year. Despite this calculation, how-
ever, the regulation demanded only 0.0086 yuan/kwh be added to the base
price (1.3% of that suggested). When power plants had to pay only a little
over 1% of the real costs they incurred in SO, emission, it is not surprising
to see more than one-third of the coal-fired thermal power plants have done
nothing with desulphurisation.®®

Third, nuclear energy is developed everywhere with considerable govern-
ment assistance, either with guaranteed and preferential loans, or outright
subsidies. This is partly because the initial capital investment costs are high.
More important, it is because nuclear energy is seen as an embodiment
of: (a) advanced technology development; (b) economic sophistication;
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(c) national defence capability; and increasingly (d) the ability to secure
energy supply and (e) the ability to tackle climate change. These are what
economist like to call ‘externalities’ that can hardly be measured in pure
dollar terms.

In China, preferential financial assistance is provided to nuclear energy
development by the central as well as provincial governments. The assist-
ance comes in all forms - direct subsidies, guaranteed loans and direct
investment. For example, CNNC and CGNPC are state-owned. As discussed
in the chapter on politics (Chapter 4), they are not required to pay divi-
dends to the ultimate shareholder through either SASAC or the Ministry of
Finance. And neither are they fully expected to recover the costs of their ini-
tial investment in a short period. When a substantial share of initial invest-
ment comes from loans made by policy banks, the interest rates and terms
of these loans can be quite generous. As many economists have discussed,
income tax can be a major factor affecting the nuclear power tariffs and
financial performance of nuclear companies. It is not included in the calcu-
lation of power tariff setting in China.

Fourth, in most countries, research and development on nuclear technol-
ogy is financed by government and companies pay for their application.
Transfer of technology is often free. Since capital investment costs consti-
tute the largest share of generation costs (60%) and ‘capital cost savings
obtained by standardisation and series construction are reported to range
from 15% to 40%,’®° a large share of the capital investment at the moment is
to ‘purchase’ new technology for future standardisation. Instead of allocat-
ing a large amount of the budget to basic research and development, finan-
cial resources are used to purchase the most advanced technology, which
is used as a reference to develop domestic technology and industry. It is
difficult for the government to demand this cost be recovered through elec-
tricity pricing. This issue is discussed in the chapter on technology transfer
(Chapter 6). If China expands its nuclear generation capacity to 40-60GWe,
it will create 500-700 billion yuan in business by 2020.

Fifth, the electricity industry retains all the features of natural monopoly.
Therefore, even after market competition is introduced into generation,
regulations should be in place — regulation of prices, investment and serv-
ice qualities. In 2002, when the central government unbundled the SPCC,
it created SERC. The regulatory responsibilities, however, are split among
a number of different organisations and the regulatory powers of each of
them is lacking in clear definition. NDRC is responsible for planning and
price regulation. The Ministry of Finance has some decision-making pow-
ers relating to certain financial rules and cost standards; and the SASAC
exercises a supervisory role over state-owned enterprises, in particularly in
appointing and supervising senior executives.

As NDRC insists that power tariffs are one of a few instruments it still has
to manage macroeconomic stability, SERC was not given sufficient authority
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in regulating pricing. Many have seen this as an exercise of NDRC to hold
on its control over an industry where market forces are playing an increas-
ingly important role. The debate continues.

Conclusion

High initial investment in nuclear power plants has always been a chal-
lenge for all countries wishing to expand nuclear energy programmes. The
economics of nuclear power relative to fossil-fuelled generation, particularly
coal, has improved with carbon pricing and rising coal prices in China.
The following questions remain: Who should finance nuclear expansion in
China? How can the government balance the allocation of scarce resources
when other social and economic demands remain high? What would be the
incentive structures to attract investors in a sector involving many political,
economic, technical or security risks?

China was one of the first among developing countries to use foreign capi-
tal for nuclear energy development in its early stages. This was made possible
when the central government abandoned the old isolationist economic poli-
cies to allow sovereign borrowing and foreign investment at the end of the
1970s. The second major reform was the diversification in electricity invest-
ment that ensured a rapid expansion of power generation. It also shaped
the incentive structure within which provinces, large generation companies
and the traditional nuclear power companies all now try to invest in nuclear
energy expansion. Financing new nuclear power projects remains a chal-
lenge because of its huge up-front investment. The government in one form
or another has been either a direct investor or facilitated other sources of
capital for all existing power projects. This practice is increasingly at odds
with present strong market liberalisation policies.

Moreover, China remains a developing country. Demands for governmen-
tal resources are multiple and high. It is contentious to ‘subsidise’ nuclear
power plants while other social and economic demands are not met. The
huge capital requirements, combined with risks of cost overruns and regu-
latory uncertainties, make other investors and lenders very cautious even
when demand growth is robust. Currently, in China, the government
remains the last resort of the risk taker. And this distorted investment envi-
ronment has created a situation where utilities want to get into the nuclear
sector regardless of risks.

Cost-reflective pricing is the key to ensuring adequate investment. Indeed,
getting pricing right can go a long way towards both the economic and
energy efficiency. In China, the price of nuclear power does not yet have
a life of its own. It is made with coal-fired thermal as a reference point.
It is still difficult to calculate the real ‘costs-plus profit’ for nuclear power
because a large amount of capital investment comes from the government
sources in one form or another. Many hidden subsidies remain. The overlap
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in regulatory functions between the NDRC and SERC further undermines
the government capacity in policy making, investment approval and in
pricing regulation.

The IEA has suggested the Chinese government adopt ‘a more transpar-
ent approach to pricing and the application of cost - reflective method-
ologies are needed to identify the extent of the use of public funds in
the power sector — and to wean the power sector from this dependency.
Creating a system that pays its own way is an essential foundation for
effective competition.’’® Indeed this is the principle the Chinese govern-
ment has nominally been promoting since the mid-1980s. Yet, creating
a market for electricity has been difficult because of the current frag-
mented regulatory system. After all, ‘political rules in place lead to eco-
nomic rules.””!
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6

Technology Adoption or
Technology Innovation

Nuclear energy development involves certain degrees of technology trans-
fer, either through ‘private-sector arrangements such as foreign direct
investment (FDI), licensing, and joint ventures, or bilateral or multilateral
technology agreements among governments.”! Some technology transfer
leads to the adoption, innovation and development of indigenous technol-
ogy. Technology imports, however, may also impede local innovation and
development. Technology transfer and its standardisation and location can
significantly bring down the cost and make it easier to regulate and there-
fore improve safety record.

To foster the development and diffusion of new technologies and the growth
of new industrial capacities, the recipient country needs to have an enabling
environment where the government and its policies can create ‘greenhouses’
that provide ‘space for local entrepreneurs to experiment protected from tran-
snational competition.’? At the core of this enabling environment is a set of
coherent and strategic policies agreed upon by all government agencies.

What has been absent in China’s nuclear energy development is any set
of policies that can provide consistent guidelines for technology imports,
standardisation and localisation. This is the result of (a) ideological debates
between those who preferred the old self-reliance policy and those who
emphasised the advantages of the market; (b) bureaucratic bickering; (c) rival-
ries within the nuclear industry and (d) competition for resources between
those seeking ‘quick returns’ from technology imports and those wishing
to develop domestic technological capacity. These problems have been com-
pounded by the government’s efforts to prevent the monopolistic control of
the two players in the nuclear industry.

One of the early concerns about the transfer of nuclear technology to
China for its energy programme was that ‘China obviously ha[d] very good
bomb designers; therefore, unlike practically every other developing coun-
try, it could make reliable, high yield weapons (at least in the kiloton equiva-
lent range) from reactor grade plutonium.” In retrospect, this assessment
might have overestimated China’s capacity in absorbing and upgrading
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the imported technology not so much because of the technical capacity of
individual researchers but because of the erratic policies that made difficult
to secure sufficient financial, human and material resources for the basic
research and development.

Nuclear technology development in China is in great contrast to that in
South Korea where a variety of nuclear reactors from France, Canada and the
US was imported. South Korea, however, has successfully absorbed, adapted,
upgraded these technologies and developed its own brand of large PWR
(APR1400). The success of the nuclear industry in South Korea was possible
because of a shared belief between the government and the industry that
if the country wished to leapfrog towards modernisation, it should develop
a nuclear industry, which, with its industry-wide technology spill-over
effects, would enhance the productivity of capital, labour and other factors
of production in the economy as a whole. Nuclear energy never meant reac-
tor technology alone, but also its related fields — machinery, electrical equip-
ment, basic design and architecture.* With the shared belief, the ‘efficacious
state [that] combined a well-developed, bureaucratic internal organisation
with dense public-private ties” was able to provide policy stability and spe-
cific financial incentives to foster and support large, powerful firms in their
efforts of adopting and absorbing imported technologies.

China’s failure in nuclear technology development also confirms how
important consistent policies and enabling measures were. It had developed
its nuclear weapon capability not because the country had resources to spare,
but rather because of its concerted efforts to put resources together to support
the nuclear programme. Once China started its civilian nuclear development,
the consensus collapsed, not only on whether the country should launch a
nuclear energy programme, but also on how to develop the industry.

The debate whether the country should put its resources into develop-
ing indigenous technology or importing the most advanced technology has
divided policy makers and the nuclear community. It continues between
those who prefer a ‘one-step’ process — introducing the most advanced types
of nuclear reactor and standardising it in order to have the fastest develop-
ment, and those who argue for a ‘two-step’ process - introducing a small
number of advanced reactors and absorbing the technology, upgrading its
own type, and then standardising it. In the process, China has built nuclear
reactors from France, Canada, Russia and the US as well as its own, with key
components supplied from more than a dozen countries. Domestic indus-
tries complain that they have been squeezed out by imports and research
institutes complain that they are not given the opportunity to apply their
innovation to nuclear projects.

Given that standardisation and localisation of technology is the main way
toreduce costsand ensure the safe development of nuclear energy, the Chinese
government in the Medium- and Long-term Nuclear Energy Development
Plan (2005-20) stipulates that China will follow the path of ‘introduction,
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digestion, absorption and re-innovation’ in its nuclear technology devel-
opment. This chapter will explore what China has been doing in terms of
nuclear technology development, its successes and failures in technology
imports and adoption, the forces behind the debate and the competition for
different paths of technology development. It will also examine what China
has been doing in meeting one of the most pressing challenges in its nuclear
expansion — inadequate human capital.

Agreement on disagreements

One of the first priorities in the reform agenda in late 1970s was to ‘restruc-
ture the research sector and to modernise indigenous scientific and techno-
logical capabilities.”® Energy, including nuclear power, was one of the ‘new
priorities for technology development’ in the initiative. Introducing tech-
nology from abroad was advocated by those who charted the reform: ‘We
should introduce selected advanced technologies that play a key and pace-
setting role in line with the needs for modernising our country,” announced
China’s Minister of the State Science and Technology Commission (SSTC).”

This idea of ‘introducing’ technologies was interpreted quite differently.
There were, by and large, three positions in terms of nuclear energy develop-
ment. The first position held that nuclear energy development should rely
only on self-designed, self-manufactured and self-managed and operated
projects. The second asked, as other countries had already developed mature
technology for safe and reliable NPPs, why reinvent the wheel? Importing
turnkey NPPs would allow China to build a nuclear programme quickly and
in the process learn how to make its own NPPs. The third position argued
that China had fallen behind in nuclear technology and it was necessary to
import the most advanced technology, but the focus should be on how to
develop its own capacity for designing, manufacturing, constructing and
managing NPPs. This debate carries on today.

The argument based on the strict interpretation of self-reliance lost its
appeal quickly as the first NPP in China — Qinshan I — progressed. Those
who had been working on HWRs for the submarine programme insisted
that China should build its nuclear energy programme based on HWR tech-
nology it had already developed and limit imports to the minimum to avoid
becoming dependent on foreign technology. ‘We must rely mainly on our
own efforts while making foreign assistance subsidiary,’”® they argued. They
were criticised for continuing ‘to look back fondly on its previous successes in
science and technology, primarily the development of the country’s nuclear
weapons and intercontinental ballistic missiles.”” Their opponents argued
that PWRs were used in most countries and should be the technology for
China. To do so might require initial imports of Western technologies and
substantial international assistance and cooperation, but Chinese scientists
could build their own brand name of technologies through imports.
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Qinshan I was built on this principle: it was a PWR with a 300MW capac-
ity, designed by the Shanghai Nuclear Engineering Research and Design
Institute (SNEDRI) and constructed by a Chinese team, but many impor-
tant components were imported: the pressure vessel was manufactured by
Mitsubishiin Japan to Chinese designers’ specifications from a Westinghouse
design; the polar crane and reactor coolant pumps were imported from West
Germany, and tubing for the turbine generators came from Sweden.

The proponents of this revised version of the ‘self-reliance’ approach
argued that, given sufficient time and resources, Chinese scientists would
be able to develop their own brand name of designs and to manufacture,
construct and operate NPPs as other countries did without further resort-
ing to foreign technology. Their insistence on using domestic designs and
limiting imports led to an eruption of disagreement with MWREP in the
process of constructing Qinshan I. MWREP was granted overall jurisdiction
for constructing the NPP while MNI was delegated primary responsibility to
build nuclear islands (the nuclear reactor and primary cooling system). MNI
insisted on the importance of indigenous technology even though it would
take longer and cost more. While MWREDP preferred a quick development to
alleviate the pressures of power shortages, MNI wanted to see the industry
thrive. Their disagreement enhanced the unwillingness of MWREP to take
nuclear as its solution to power shortages. It is important to note that com-
petition among bureaucracies, nuclear industries and other related sectors
over reactor designs was common in all countries with nuclear energy pro-
grammes. It was novel, however, in the early 1980s in China where disagree-
ments among government bureaucracies were seldom made open.!°

The opponents to the self-reliance approach argued that even if Chinese
scientists were able to design, manufacture, build and operate their 300MW
and 600MW models, if no one else adopted them, the technology would
not have the economies of scale or safety record to be able to compete with
Western technologies. They cited nuclear development in Britain as an
example. Britain started researching and manufacturing graphite moder-
ated gas-cooled reactors (Magnox). But, when Britain decided not to be part
of the Euratom and the Germans first ordered a boiling water reactor (BWR)
from the American General Electric, it became clear that the Magnox could
not be used as the base model for nuclear development. France decided to
stay away from the technology too and turned to light water reactors. ‘The
decision stemmed from a different consideration: a realisation that unless
a switch was made, France would be cut off from the benefit of the oper-
ating experience which was being accumulated around the world, and in
all probability from world markets for reactor exports.’'! Framatome took
a Westinghouse licence as a practical means of obtaining the new technol-
ogy. By the time the oil crisis came, the French parliament authorised a
sharply increased annual rate of ordering of five or six nuclear stations a
year because ‘Framatome’s PWR proved cheaper.’1?
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Those from Guangdong passionately argued for importing a turnkey
NPP for the Daya Bay project because they wanted to have it built with the
most advanced technology. A turnkey project would bring power on stream
sooner than would a contract with several suppliers for various components.
It would take two decades, some argued, for domestic technology even to
get close to what Western nuclear vendors could offer. This position to a
large extent was shaped by the situation in Guangdong, which was the first
province that pioneered opening up to the outside world and introducing
foreign investment. A turnkey project would not only bring in the hardware
the country needed but also improve its ‘software’ as its people would be
trained by the international vendors and as local people would watch the
Western technicians build and operate the nuclear power plant.

In addition to a nuclear island from Framatome and a conventional island
from the Franco-British joint venture GEC Alsthom, the contract for the
Daya Bay project put in place a comprehensive training programme for
Chinese technicians and professionals. A French civil engineering consor-
tium was in charge of construction and EDF managed the operation and
provided technical assistance in project management and the coordination
of start-up. All 800 workers employed at the power plant underwent some
form of training, either in China or in France. Three hundred people (half
fresh from universities and half from operating facilities and research insti-
tutes) were recruited and trained as shift supervisors and deputy managers
by experts from EDF in China. Twenty of them were sent for 18-months
training at EDF nuclear plants in Blayais, Cattenom and Chinon. Another
130 or so were sent to France and Britain for 6-months training in PWR
principles and on partial and full-scope simulators.

Another 350 candidates were recruited from universities and technical
colleges and given specific training in China, France and Britain in such
fields as fuel handling and sludge lancing. The rest were trained mainly in
China by French and British experts as field operators and support staff.
France’s Institut de Protection et de Sureté Nucléaire (IPSN) cooperated with
China’s National Nuclear Safety Administration (NNSA) mainly for safety
analysis of the two units. Some 20 Chinese safety experts received several
months training at IPSN’s headquarters to work on the plant’s preliminary
safety reports, design document evaluation, prepare final safety reports,
and assess a start-up test programme and their results.!® By the time the
Daya Bay NPPs went into commercial operation, CGNPC had built a team of
engineers, control room operators and management staff who had gathered
a rigorous five-year training programme supervised by people from EDF.
They were ready to take on a next project.

The development strategy preferred by people in Guangdong was shaped
by their reform experience and the experience in nuclear development in
France and Japan, both of which had imported the Westinghouse PWR and
then built their own nuclear industry. They were particularly impressed
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by the nuclear development experience in South Korea that shows the
imported technology from turnkey projects could be standardised and
localised through a learning-by-doing process, and then develop its own
unique model."* These are the experiences people in Guangdong decided
to emulate. CGNPC would import another turnkey project, increase the
domestically manufactured components from zero to 30%, and standard-
ise the design and manufacturing to fit local conditions. Eventually, they
would be able to localise the technology for nuclear expansion in China.

The third view was held largely by the nuclear science community, which
rejected the strict ‘self-reliance’ approach and opposed the turnkey approach
too. This position was discussed by Wang Ganchang, one of China'’s fore-
most nuclear scientists and president of the Chinese Nuclear Society in the
early 1980s:

We might seek technical help from a friendly country well-advanced in
nuclear power and undertake with her an all-out cooperative program,
like that between Brazil and the Federal Republic of Germany, so as to
realise technical transfer in the shortest time, leading to a capacity of
designing, building, and operating a commercial nuclear power plant
by ourselves in the 1990s. As an alternative, we might also choose to
rely mainly on self-reliance with a limited amount of technical help
from abroad. In this alternative, demonstration nuclear power plants of
smaller capacity are to be built and operated as a first step before full-
sized commercial plants are constructed.!

In discussing the two alternatives, Wang made it clear that the second
alternative would significantly delay the start-up of China’s nuclear energy
development. Delay in the nuclear programme would ‘not only be detrimen-
tal to the development of nuclear industry but also bring about waste and
loss among the nuclear power science and technology forces,” many in the
nuclear community argued. ‘Such losses would be irreparable.’’® According
to Wang, China should adopt the first strategy — negotiating with other
countries for cooperation in building NPPs. Importing foreign technology
was necessary, but it should include heavy components of technology trans-
fer as a condition. China then could capitalise on the existing research and
human capacity to manage a process of innovation and improvement.

They opposed turnkey projects because, as they argued, ‘when you buy
a bag of rice from a shop, you do not buy the ability to grow rice’. If China
wanted to have a nuclear industry, it would have to develop its own capac-
ity to design, manufacture, operate and manage NPPs. Technology imports
therefore must be conditional on technology transfer, while turnkey projects
would minimise technology transfer. ‘Even under the current reform and
opening up policy, China cannot depend on the import of nuclear power
stations,” Ouyang Yu, the chief engineer and designer of the Qinshan NPP,
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said. ‘It should master the complete technology needed in building and
running a nuclear power plant, including the research and design and the
skills to manufacture, construct, manage and operate a plant.’'” Self-reliance
remained their basic idea, but self-reliance did not or should not preclude
foreign cooperation. They followed Mao’s interpretation of self-reliance —
‘keep the initiative in your own hands.’'®

This became the dominant position among people in various research
institutes under MNI and later CNNC. It won over many in the first group,
especially after the performance of these domestic components for the
Qinshan project adversely affected the viability of the plant and many
components had to be replaced. The indigenously manufactured compo-
nents (mainly for the non-nuclear balance of plant generating equipment)
were for the most part ‘off the shelf’ and therefore not designed specifi-
cally for the Qinshan facility. This experience with domestic components
prompted the NNSA to initiate a vendor quality assurance programme. For
the Chinese designers, engineers and constructors who had not undertaken
such a project before, this project was necessary to shorten the ‘learning
experience’ in building nuclear power plants.!” Many others, however, rec-
ommended the greater use of imports to enable Chinese scientists to adopt
and absorb the advanced technology. This position was shaped as much by
the history of China’s nuclear development as by the organisational cul-
ture of the nuclear sector, which had emerged from a military programme
shrouded in secrecy and was much more closed than Guangdong province.

The two positions were apparent along regional lines too: those in
Guangdong pursued the strategy of importing foreign equipment and tech-
nology to minimise the time needed to master the technology while those
at CNNC preferred to develop indigenous capabilities by incorporating the
best technology available on the world market. The two groups agreed to dis-
agree in the 1980-90s: after Qinshan I, CNNC would start another project
with predominantly domestic design and manufacturing, the CNP series,
while CGNPC would import another turnkey project, the CPR series.

In 1987, when the State Council approved in principle a new project at
the Qinshan site, it made it clear that the new project would be designed,
manufactured and constructed by the Chinese, scaling up the technology to
600MW, with some international cooperation (CNP600). Like Qinshan I, this
project was designed by Chinese engineers from several research institutes
attached to the then MNI, the MEP, particularly the Beijing Institute of Nuclear
Engineering, and the Shanghai Boiler Works Corporation, the Harbin Turbine
Works Corporation and others. They undertook the design of 47 out of the 55
key components of the reactor, accounting for 55% of the total components.

Unlike Qinshan I, which was extrapolated from a Chinese nuclear subma-
rine reactor design, Qinshan II was the scaling-up reactor of the model used
at Qinshan I and adopted the PWR used at Daya Bay as a reference design.
Engineers then modified them to suit differences in site conditions, capacity,
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and grid requirements and with a desire to improve on the French design. Even
though this meant only about 40% of the reactor’s island, 60% of the conven-
tional island and 76% of turbines were designed and constructed domestically,
the project was proudly announced by the Chinese as ‘a new step toward self-
reliance’ and ‘one of the major engineering projects of the Chinese state.’?°

To make this upgraded model of reactor possible, the Chinese needed
more experience. The opportunity came when Pakistan approached China
to build a replica of the 300MW PWR at Qinshan. China and Pakistan signed
a preliminary contract on 31 December 1991, just 15 days after Qinshan I
was connected to the grid. With the agreement, China provided and built
a nuclear power plant with 300MW capacity in Chashma, supplied nuclear
fuel to run it, and transferred nuclear technology to Pakistan. China also
provided funds for foreign exchange needs while Pakistan paid for the
local expenses. In March 1992, China acceded to the Non-Proliferation
Treaty, partly to place this project under the IAEA safeguard provisions.
On 24 February 1993, China, Pakistan and IAEA signed the Safeguard
Agreement for Chashma. The project went ahead.

This contract to build a NPP in Pakistan was significant for the Chinese
nuclear industry at the time because: (a) it was the first time ever that China
had exported nuclear technology and equipment; (b) it was the largest order
the nuclear industry had received in China and (c) it received an order at
a time when the industry enjoyed the least growth among all industries.
There was a hope that by building another 300MW PWR, the Chinese
would make this model of reactor with both 300MW and 600MW capacity
standardised. Indeed, in the early 1990s, many in the sector believed that a
small to medium-size PWR would be suitable for China because the country
had limited financial resources to support large expensive units and their
smaller size also meant that there would be less pressure on the grids. They
would also put less pressure on human capital too.?!

Ironically, nearly 20 years later, as many Chinese scientists and policy mak-
ers have moved on and endorsed large-sized and more advanced models of
reactor (AP1000 and EPR), small and medium-sized reactors with the equiva-
lent electric power of less than 700MW provide an attractive and afford-
able nuclear power option for many developing countries with small electric
grids, insufficient infrastructure and limited invest capability. IAEA has listed
Chinese CNP 300MW and 600MW as one of the options even though China
has decided not to build them anymore. The Chinese government and its
nuclear industry have closed the door on their future opportunities.

CGNPC pursued its own alternative strategy, importing French reactors
while increasing the share of domestic components. After Daya Bay went
into commercial operation, CGNPC proposed another project in Guangdong
(Lingao, 5 km away from Daya Bay) with turnkey reactors but with an
increasing share of domestically manufactured components, from 1% in
Daya Bay to 30% in Lingao. Like Daya Bay, the nuclear reactor for Lingao
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was designed, manufactured and installed by Framatome and non-nuclear
facilities by GEC Alsthom. Unlike Daya Bay, construction and assembly
work at Lingao was undertaken by Chinese enterprises under Framatome’s
and GEC Alsthom's supervision and technical assistance. The same people
of CGNPC who managed Daya Bay would manage Lingao.

The unforeseeable political developments in 1989 and renewed isola-
tion of China from the international community changed the context in
which nuclear policies were made. China signed on with Russia to import
VVER in the Tianwan project and with Canada to import CANDU HWRs
for Qinshan III, primarily for political and diplomatic reasons. Opposition
to introducing Russian VVER reactors came from several directions: some
were concerned about the safety record of the reactor design, which had
been used in the Chernobyl NPPs. They did not think China should take
the risk only four or five years after the meltdown. Others were concerned
that, given Russia had not built any new NPPs for more than two decades
and the whole country was in political chaos, it was questionable whether
the country could deliver safe nuclear reactors on time. These turned out to
be real problems once the project started.

‘The Russians might have had some 50 years of experience in the nuclear
industry, but they had not built a nuclear power plant for over 20 years,’
recalled some Chinese officials. ‘In addition, RRV had incorporated some new
technologies that became real challenges for the Russians. On many occasions,
we had to come in and help because they could not solve the problems.”?? The
chairman of the Tianwan project board later admitted, ‘This is not a commer-
cial project, but a political task.””® Introducing a Russian reactor did not help
China standardise the technology at all. It created many problems, among
which was the intensified debate on technology selection: China had already
adopted PWRs from Framatome, why did the government decide to waste
money on a problematic technology instead of allocating resources to support
domestic institutions in upgrading its own PWR used in Qinshan I?

This was also the argument used for the Qinshan III project, which used
CANDU reactors. The difference was that while there was no support in the
nuclear industry for importing the Russian model, a group of experts from
China’s weapons programme wanted to continue the HWR technology. They
had been marginalised in nuclear energy development, yet after 1989 their
preference for HWRs coincided with those who wanted to resume China’s
relationship with the West and end the new isolation. Others welcomed the
importation of the CANDU reactor because they saw nuclear fuel supply as
a major obstacle for China’s nuclear development. CANDU reactors do not
require enriched uranium and CANDU components were easier to fabricate
than major PWR components and the fuel was simpler because on-load refu-
elling provided more fuel cycle flexibility. This was also the time when many
reformers in China were attracted to the development models of Japan and
South Korea, both of which had imported CANDU reactors.
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For many in the industry, Tianwan (with Russia) and Qinshan III (with
Canada) were the two worst cases in technology development. Neither con-
tract included provisions for technology transfer; the Chinese counterparts,
indeed, had no intention of even learning the technology. Import for the
sake of import, argued the opposition, was opening the door for foreign
companies while killing China’s own industry.?* Yet few people could argue
against their political importance.

In sum, in the first two decades of its nuclear energy development, the
debate on how to develop the Chinese nuclear industry and the best route
by which to do so was largely conducted among those in the industry and
within a limited circle of policy makers. Decisions were shaped by the gen-
eral political situation in the country, while the emphasis on developing
self-capacity was upheld. CNNC and CGNPC did not agree on what indig-
enous technology meant — building from scratch or on imported technol-
ogy. They did agree that the industry would have a future only when they
were able to make the technology standardised and localised. Nonetheless,
they could not agree on the best way to achieve their aims. Those at CGNPC
believed in the path taken by South Korea and Japan, while those at CNNC
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wanted to have a Chinese brand rather than making something that had
been designed by others. By the end of 1990s, both CNNC and CGNPC had
decided to build their own upgraded Generation II reactors: CNNC would
build on its CNP300 and CNP600 while CGNPC would start working on
CPR1000, based on the French M310 model.

Continuing debates in the 2000s

The agreement to disagree on the two paths of technology development
was threatened in the 2000s when the central government showed growing
interest in nuclear energy development and different government agencies
began to push forward their own views in the decision-making process.

At the end of the 1990s, there was an outcry in the nuclear community
that China had adopted too many types of reactors that made standardisa-
tion and regulation so difficult. ‘The proliferation of plant types increases
the probability of error,” advised an American consultant. ‘Without stand-
ardisation, maintaining safety can become extremely complicated, and
plant operation and maintenance costs can become excessive, as such design
requires regulators, regulations, and maintenance and training procedures
tailored to that plant’s characteristics.’?®

A joint study published in 1999 represented the beginning of an era when
think tanks can make a significant contribution to policy making. A team
of experts, led by the Development Research Centre of the State Council,
discussed the issues of technology selection. It pointed out that the ‘two-leg’
policy was an official policy on nuclear energy development: the policy of
‘self-design, self-manufacture, self-construct and self-operate’ (HF:# i, HI
HlxE, FEEY, HI48%) and that of ‘self-reliance as priority, international
cooperation, introducing advanced technology and promoting indigenous
technology’. To simplify, it is a combination of self-reliance and the impor-
tation of advanced technology. This might be a correct strategy, but in prac-
tice, it failed completely.

The report highlighted three major problems of technology adoption and
adaptation in China: (a) the eleven nuclear reactors in China came in five
models and from four countries; (b) financing was in favour of imported
technology at the expense of domestic technology development and (c)
each NPP project had its own plan in technology adoption and application
and there was little coordination. Introducing varieties of technology not
only raised costs of NPP development but also created many difficulties
in construction, operation, maintenance, human resources and regulation.
More importantly, it impeded the development of indigenous technology.

The report acknowledged the complicated reasons for this development,
which included lack of a national strategy, financial constraints and contra-
dictions among several sectors in the economy.?° The key to all the problems
was the lack of a single institution that had the expertise and the authority to
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make decisions on technology selection. Many organisations were involved
in making decisions on nuclear energy: SPC, SETC, CONSTIND, CNNC,
CGNPC, the Ministry of Science and Technology, the Ministry of Finance
and many others, while each had its own interests to pursue and its own
limitations in making decisions.

In January 2000, the central government called a meeting of five lead-
ing Chinese nuclear organisations (CNNC, the Ministry of Machinery,
the Beijing Institute of Nuclear Engineering, also known as the Second
Engineering Institute of Nuclear Energy, the SPCC and CGNPC) ‘to pool
their resources and collaboration on the development of a standardised
commercial power reactor which might be ordered sometime during the
10th FYP (2001-05).”>” At the meeting, participants reached an understand-
ing that China would not order turnkey nuclear power reactors anymore;
instead it would work on the standardisation and localisation of the two
main models used in Qinshan I and II (CNP300 and CNP600) and in Daya
Bay and Lingao (CPR1000 based on the French M310). With this under-
standing, CNNC would work on the extension at the Qinshan site and build
a new model of CNP1000, while CGNPC would start work on another two
units at the Lingao site by adapting and upgrading the technology imported
from Framatome and increasing the portion of domestic components.2?

In 1999, CNNC had been notified that the site for its upgraded CNP1000
would be moved from Qinshan to Sanmen in Zhejiang province. In the fol-
lowing five years, CNNC invested 90 million yuan and also borrowed a total
of 500 million yuan from two of the four state-owned banks to prepare for
the project at Sanmen. It gathered a group of some 70 experts to develop and
design its CNP1000. CNNC also reached an agreement with CGNPC in 2002
to cooperate on upgrading CNP600 to CNP1000 and the M310 to CPR1000.
This cooperation might have been pushed by the central government to ration-
alise R&D in nuclear technology. It made sense for the nuclear industry for
both political and technical reasons. Politically, Premier Zhu Rongji was not
about to approve any nuclear projects before leaving office in mid-2003. While
still in office, Zhu charted the economic course to shunt hydroelectric power
from central and western China and coal-fired electricity from Guizhou to
Guangdong in order to spread economic development to the poor, land-locked
regions. CNNC and CGNPC needed a combined voice to protect themselves.

While major efforts were made along the two lines for the extensions
of Qinshan II and Lingao, in early 2002 the State Development and
Planning Commission, the predecessor of NDRC, issued a document,
No. 2866, stating that China’s nuclear energy development would build
on its indigenous CNP600 and develop CNP1000, while introducing
the most advanced technology if necessary. Many in the industry inter-
preted the document as encouragement and support of the central govern-
ment for domestically developed nuclear power reactors. Of course, this
was not what CGNPC preferred. Neither CNNC nor CGNPC was ready
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to give up its development strategy and endorse the other as the base model
for China’s nuclear energy development.

Less than a year later, in April 2003, SDPC announced that China would
call for international bidding for two nuclear power projects at Sanmen
in Zhejiang and Yangjiang in Guangdong with two units each. Many
assumed that the bidding would be for the most popular model of reactors
of Generation II. SDPC emphasised that the objective for international bid-
ding was to introduce technical and engineering expertise and reactor com-
ponents on the principle of ‘combining technology and trade, and market
for technology’ (F:H45#, Llig#ti K). The announcement caused uproar
in the Chinese industry which had believed that the dual track strategy
had been the accepted policy and that the country would not import any
new models. The decision, however, was not a surprise in the international
nuclear community because the word had already been out in 2002 that
China would import foreign technology to fulfil its nuclear ambition set
in the 10th FYP - to build 36GWe capacity by 2020 with 18GWe under
construction.

To prepare for the bidding, CNNC and CGNPC brought in China
Technology Import and Export Corporation (CTIEC). Before their work could
go anywhere, there was a change of government. The team of Hu Jintao and
Wen Jiabao replaced Jiang Zemin and Zhu Rongji and SDPC was renamed
as NDRC. In March 2004, just days before US vice-president Cheney vis-
ited Beijing to discuss nuclear energy cooperation with the Politburo, NDRC
announced that, instead of introducing advanced Generation II technology,
China would call for international bidding for Generation III PWR technol-
0gy.?’ This excluded the Canadian CANDU, which is a heavy water reactor.
It also shut the door on CNNC and CGNC for the new projects because both
CNP1000 and the CPR1000 were Generation II technology.

NDRC did not explain why it had changed the policy except that the coun-
try needed the most advanced technology for its nuclear development so
that eventually China would become a leader in the field. Neither the public,
media or those in the nuclear industry was satisfied with the explanation.
Many speculations then emerged: some suspected this change had a lot to
do with the change of government from the Jiang-Zhu team to the Hu-Wen
team, which was quietly making many changes regarding energy policies.
Some suspected that as the electricity shortage spread across the country,
NDRC had decided that the quick expansion of nuclear generation capacity
depended on the adoption of the most advanced technology (this explana-
tion, of course, does not stand up since it would always take longer for a new
model of reactors to be constructed and installed). Many were convinced
that the decision was made because the Bush administration had signalled
that it might actually decide to sell civil nuclear technology to China.

China had always wanted to introduce nuclear technology from the US
and it had negotiated with every administration since Ronald Reagan'’s
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presidency, but the deals had not been given the green light by Congress.
When there was a sign that the Bush administration might change its stand
on the issue, China grabbed the opportunity. The nuclear industry in the
US had lobbied fiercely for more than two decades to get into the Chinese
market. Their representatives told Congress that if the ban of nuclear tech-
nology transfers to China was extended indefinitely, ‘it could mark the
beginning of the end for the US and other Western nuclear-plant builders
whose markets had dried up at home.”*® Between 1998 and 2000, 16 applica-
tions for licences were filed to the Nuclear Regulatory Commission (NRC)
and the Department of Energy to export US nuclear technology to China.

At TAEA in Vienna, increasing diplomatic exchanges took place between
the Americans and the Chinese, who assured the Americans that ‘US
nuclear technology would not be re-transferred by China to third parties
without prior US consent.”*! In 2002, when China announced that it would
put two nuclear projects up for international bidding, the US embassy in
Beijing reported back to Washington that it believed ‘about 300 enterprises
are engaging in the development and production of nuclear technology in
China.”*? For the Americans, this meant that billions of dollars were at stake.
The Bush administration decided to help Westinghouse win the bid.

“The US government began working with the Chinese government to sup-
port the bid of a US manufacturing in 2004.”3® The Department of Energy
had a cost-sharing agreement with Westinghouse for the AP1000 design,
the completion of the NRC design certification and for the NRC licensing
and construction of the first standard AP1000 nuclear plant design. The
NRC fast-tracked the approval process for the AP1000 specifically so that
Westinghouse could participate in the bidding for the Chinese contract.
Just before the formal bid was filed, ‘the Export-Import Bank approved a
Preliminary Commitment for guaranteed and/or direct loans of up to
US$5 billion to support Westinghouse.?* ‘Secretary of State Condoleezza
Rice and Secretary of Commerce Carlos Gutierrez contributed support to
Westinghouse’s bid,” t0o.3> Vice-president Cheney visited China in 2004,
in an orchestrated media campaign to condemn North Korea’s nuclear
programme, but he spent much of his time praising Westinghouse’s new
AP1000 design. By then, it was clear that the US Government linked the
bid with the issue of China’s trade surplus and its currency appreciation.
‘Coincidentally’, NDRC in 2004 revised its decision from Generation II to
Generation III reactors.

In the 1990s, slow nuclear power development led to a significant consoli-
dation of the nuclear power construction industry. General Electric joined
forces with Hitachi, Framatome with Siemens, and Westinghouse with British
Nuclear Fuels plc (BNFL), and later Toshiba. Russia’s Atomstroy-export (ASE)
and Canada’s AECL remained in the field. This consolidation had two major
consequences: a limited capacity to construct nuclear power stations and
a focus on pressurised water reactors by only a few manufacturers joining
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forces in competing for the shrinking market. Given the size of the con-
tracts and their importance in terms of each country’s domestic economy,
they all had strong backing from their respective governments to enter the
potentially lucrative Chinese market.

The competition for Chinese contracts was well reported in China. Yet,
unlike the debate over the site selection of NPPs, as discussed in Chapter 8,
the debate on technology importation and adoption was conducted among
the elite — a few top policy makers and those in the nuclear field. Articles
and comments emerged in professional journals, and newspapers, the inter-
net and magazines. For those who cared to seek it out, there was plenty of
information about opposing views; the debate among elites was intense and
both sides made their views clear in the public arena.

The issue, though, did not affect the general public and indeed the public
rarely entered the debate. This development had two implications for policy
making: one was that the debate was relatively self-controlled, not because
the government or the party suppressed the argument, rather because those
in the debate were important political players. Their fights were ‘covert’ and
took place behind the scenes. This leads to the second implication: compro-
mises were made with little public explanation. Indeed, it is not clear if the
Politburo was even aware of the opposing views and/or how seriously they
took the debates. The core issue for those involved in the industry was one
of its survival, while the core issue for the top political leaders was the high
diplomacy and power politics among major players in the world.

One argument provided to support the imports was that AP1000 and EPR
were much better technologies than anything the Chinese had developed and
would develop soon. Some bureaucrats in the nuclear sector publicly claimed
that there was no way that their own model would ever be competitive with
the Westinghouse AP1000. The opposition was mostly at the elite level in the
nuclear industry too. They were eventually overwhelmed in policy terms but
their arguments are important because they represent challenges that China
faces in its nuclear expansion. Some of the arguments also highlight the core
issues that apply to nuclear development throughout the world.

First, one question that was often asked by Chinese scholars and the media
was: why were some government officials so eager to push forward more
imports of nuclear reactors while the country had already demonstrated
that it could build its own? Without naming individual officials, they asked
why some government officials had become salesmen for foreign companies
in China and what benefits they had received from these Western vendors
for pushing through the deal.3¢

Nuclear projects are expensive and capital-intensive. When China plans
to build two or three units a year for the next decade, this means 50-70
billion yuan are up for grabs. Who would benefit from this development —
domestic or foreign players? When some government officials pushed for
international bidding, did they do so because they believed it would serve
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the country’s best interests or were they driven by their institutional inter-
ests or even for personal gain? These questions might sound unreasonable,
because at the time there was no evidence to suggest that decisions were
made with any bad intentions. Yet, corruption cases that were later discov-
ered confirmed the suspicion (see later in this chapter).

Second, there was also a major argument about the future of the domestic
nuclear industry. The nuclear industry is not only about reactors. Related
industries would also be affected if China gave the whole project to for-
eign companies, as stated by the NDRC'’s decision. For example, for two
units of a 1000MW nuclear power stations, there would need to be at least
30 000 valves, with diameters ranging between 0.5 and 440 millimetres,
and pressure levels ranging between 150 pounds and 2500 pounds. The
valves would be made from different materials, from plastic to stainless
steel, and powered by either electricity or gas. Two per cent of the total cost
of a nuclear power station is attributable to valves in all sizes and kinds
and often 50% of the maintenance cost of a nuclear power station is on
valves.?’

Granting nuclear power contracts to foreign companies would endan-
ger all the similar auxiliary industries. With this backdrop, the five major
nuclear equipment makers in China - Shanghai Electrical Corp., Harbin
Electrical Corp., China First Heavy Industries Corp., Orient Group and
China Second Heavy Industries — launched their campaign to secure the
government’s support. They already had experience in producing turbine
generators and other auxiliary facilities, a core part of the Chinese econo-
my.3® They asked, why had the government decided to deprive the Chinese
companies of opportunities and give the jobs to foreign companies?

For those Chinese scientists who had been working on CNP1000 and
CPR1000, the decision was hard to swallow, especially considering that
all international bidders had active government support from their home
countries. The official newspaper China Daily reported on 23 February 2005
that all bidders ‘boasted firm support from their own governments’ and the
claim was supported by the Western media as well: there was ‘very heavy-
handed engagement’ by supporting governments to try to ensure that China
would favour their ‘national champions.’*’

Some in the Chinese nuclear industry argued, introducing so-called
Generation III reactors would spell the end of the industry, which would
never be independent in developing its own brand name of technology,
in the same way as occurred in the automobile industry and the civilian
aeroplane industry. In both fields, the supporters of foreign designs and
technologies had won and the Chinese simply did not have the opportu-
nity or support to develop their own industries. The fields were ‘granted’
to foreign companies, while Chinese companies simply became ‘makers’ of
the Western products. Little technological capacity was developed in the
process. In contrast, because the US had banned the export of military jets
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to China, the Chinese military and scientists had been able to develop a top
quality jet comparable with products from other countries.

Third, there was an issue of safety and security. One major criticism of the
decision was that NDRC placed the country’s nuclear industry at technical,
financial and security risks.*® According to some Chinese nuclear scientists, nei-
ther AP1000 nor EPR was the IAEA-approved Generation III technology. As one
Chinese scientist, who served as the deputy director-general of IAEA for more
than 10 years (1992-2002), explained to some people from Westinghouse:

We started the idea of CNP600 at the same time you started your AP600.
This means that we entered the school at the same time. It was just you
were rich and had the money to continue and we did not. Now you
have graduated to the next level and have developed your AP1000. But,
please don't treat me like an idiot. Your AP1000 can hardly be called as
Generation III despite all the advantages in terms of safety. There are no
fundamental changes in terms of technology from AP600.4!

In addition, there were no precedents. Areva was granted a licence to
build an EPR in Finland in December 2003, but even in its early stages, there
were signs of problems with rising costs and delays. If EPR were so advanced
and attractive, why didn’t France have one in operation? No one country
had built an AP1000 either. No American companies had been willing to
adopt the technology and build one AP1000 in the US. Japan had looked
into AP1000 but dropped it around the time when the Chinese government
decided to pursue it. Why would China want to take the risk and become
the guinea pig for an untested American product?

There would be no experience from which to draw or lessons from which
to learn. Two key requirements of any nuclear reactors are their safety
and their economy. AP1000 almost doubled the price of CNP600 used for
Qinshan II. Moreover, the vast majority of reactors operating in the world
are Generation II designs, which, after many years of tests and trials, have
proved to be safe and economical. If many countries could have built their
nuclear programme with the technology, China should have been able to
do so as well. As for the safety concerns, China already had experience in
building and operating Generation II reactors, but no one had experience
in constructing and operating AP1000, as General III reactor.

Fourth, nationalism entered the debate. Media drew attention to the
fact that Westinghouse was no longer an American company because it
had been bought by the Japanese company Toshiba. If the bid was won by
Westinghouse, it was argued, China would face political and security risks of
subjecting its nuclear industry to the Japanese control. After Westinghouse
put in its bid for the Sanmen and Yangjiang projects, Toshiba beat other
well-known companies, such as General Electric and Mitsubishi Heavy
Industries, in purchasing Westinghouse for US$5.4 billion in early 2006,
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almost tripling the price the UK-government-owned British Nuclear Fuels
had paid when it bought Westinghouse in 1999.

The CEO of Toshiba made it clear that it had paid a hefty sum for the
100% stake in Westinghouse with every expectation that nuclear power
generation would expand quickly, especially in China.*?> The fear was
expressed by the media that giving Westinghouse the contract would mean
that the Japanese would enter into the Chinese nuclear market and fulfil
its ambition to control China’s nuclear development. This issue became a
hot political potato for the Chinese government when negotiations with
Westinghouse were progressing. The government was not prepared to
trigger the public protect by granting the deal to a Japanese company. To
calm anxiety in China, Westinghouse officials announced in public that
Toshiba ‘would allow Westinghouse to operate as if it was an independent
US company’ and ‘“Westinghouse would not acquire a Japanese label in
China.3

Finally, the issue that some policy makers, especially at NDRC, had delib-
erately changed policies agreed upon a couple of years earlier arose: that
is, China would build its model based on its indigenous technology, either
CNP or CPR. While foreign firms were jockeying for influence in decisions
on future contracts and new construction projects, ‘a cat fight’ broke out
‘at the very top of the government’ in China.** Among those involved in
the disputes included the top managers of large state-owned corporations,
particularly CNNC and CGNPC. As far as they and others in the industry
were concerned, the central government had already decided in the late
1990s that the country would not import any more turnkey projects. Why
did NDRC change the previous policy?

In 2002, when visiting Qinshan II, Hu Jintao, then vice-president of the
country, stated that the ‘nuclear energy industry is a strategic industry and
China needs to develop its own technology for its expansion. No money can
buy the core technology. Developing indigenous design and technology is
the only way for nuclear expansion’. This speech was consistent with the
spirit of a document issued early in the year by the NDRC. The 10th FYP
(2001-05) also outlined the strategy for nuclear development of ‘combining
self-reliance with foreign partnership.*

The official policy was to rely on indigenous technology. This was incor-
porated in the draft short- and medium-term plan for nuclear energy devel-
opment, and NDRC was to carry it out. Statements by officials and details of
the policies were quoted and requoted by the opponents of the deal in their
interviews and by the media. Many people in the nuclear sector resented
the enthusiasm shown by some government officials, especially those from
NDRC, to push foreign technology down their throats and to change pre-
viously agreed policies. Meanwhile, to put more pressure on the industry,
NDRC in 2006 announced that no nuclear power plants in interior prov-
inces would be approved without using GIII reactors, AP1000 or EPR1000.
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This bitter fight, no matter how discreet it was supposed to be, was widely
reported in both China and the Western media. Even some officials at the
US Department of Energy admitted that the debate over the introduction of
AP1000 in China was political rather than technical.

In early 2006 while the international bidding was still under way, some
officials from the NNSA explained the Chinese policy on nuclear technol-
ogy development at an international conference in Moscow:

In order to help increase the domestic capability to design, manufacture
and build nuclear power plants independently, some advanced nuclear
power technologies (generation 3, G3) will need to be introduced by
international bidding. However, for meeting the enormously increased
need for electricity in the near future, China will have to continue to
build some generation 2+ (G2+) plants and base their design, subject to
modification, on existing nuclear power plants before undertaking the
large scale importation of generation 3 plants.*¢

This statement clearly did not reflect exactly what NDRC had pursued,
as its officials had pushed for importing Generation III reactors with little
interest in approving more projects using Generation II reactors. The posi-
tion taken by the NNSA might be seen as a compromise that those in the
nuclear sector would be willing to make — that is, in return for China to
agree to import the new type of reactors, they would insist on more projects
with their upgraded technology, particularly CNP1000 and CPR1000.

When the international negotiation moved towards the final stages, it was
clear that the French would not get the project. Yet, the Chinese side still
could not agree whether they would adopt AP1000. Finally, in September
2006, a group of top government and Party officials attended a confer-
ence on nuclear technology development. The participants included people
from the nuclear industry, the power sector and the machinery industry
too. Fourteen out of the 15-member National Leading Group on Nuclear
Technology and another 20 experts from various industries were present.
After heated debates, 24 supported the adoption of AP1000, 10 supported
the two-stage strategy and one abstained. This cleared the way for the final
signing of the agreement with the Americans.

On 16 December 2006, a Memorandum of Understanding (MOU) was
signed between US Secretary of Energy Samuel W. Bodman and the Chinese
minister of the NDRC, Ma Kai. Westinghouse would construct four units
of AP1000 in China, two units at Sanmen in Zhejiang and two at Haiyang
in Shandong province, a site that was introduced just days before the nego-
tiation closed. The Americans agreed on a full transfer of technology and
also accepted China as a partner in the development of the Generation IV
nuclear reactor. At the signing ceremony the US Secretary of Energy was
quoted as saying, ‘the Chinese were very demanding; Chairman Ma and the
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NDRC were very demanding’ in securing the full technology transfer as a
condition for granting the contract. It was not clear if the statement reflected
the difficult negotiations or if it was made to calm domestic opposition on
both sides of the negotiation — those in the US who were concerned about
proliferation issues and those in China who opposed the deal, especially the
position taken by the NDRC.

Westinghouse ‘agreed to transfer technology to the Chinese that could
lead to the construction of many more nuclear reactors in China over the
next 15 to 20 years.*’ Yet, there were conditions for the technology transfer:
Westinghouse would transfer technology to Chinese companies, but with
the initial supply of four units. This is how France started its own nuclear
industry — Framatome was originally licensed to build the Westinghouse
model of reactors and it acquired independent control of its technology
only in the 1980s. This was also similar to the long-term licensing and tech-
nology transfer deal signed between C-E (now part of Westinghouse) and
Korean Doosan Heavy Industries (and other Korean companies).

In China, the opposition argued that it was a bad deal because it gave
away so many resources and opportunities to foreign companies and placed
its own nuclear industry in a position where it would never be able to be
independent. Even the Congressional Research Services admitted that ‘tech-
nological benefits that China might gain from purchasing the Westinghouse
reactor ... are likely to be modest,® because AP1000 uses a conventional two-
loop PWR, similar to other operating reactor plants in China; the digital
instrument and control system is similar to the one used by Siemens-Areva
at the Tianwan project; and even with a larger size, the construction would
be similar to all other projects in China in terms of welding, pipe manufac-
ture and pressure vessel manufacture.*

Westinghouse was a clear winner in signing the deal. It would be able
to gain valuable experience in building AP1000 that had never been built
before. Eventually this would mean a significant reduction in costs since
the cost of the first-of-a-kind is much higher than the projects that follow.
The deal also meant that Westinghouse gained a foothold in the Chinese
market by squeezing out its competitors, especially the less advanced and
less experienced Chinese companies.

Many who had initially criticised the deal finally accepted it because they
were told that the Chinese government was under tremendous pressure
from the Bush administration to address the trade imbalance between the
two countries. China needed large deals like this to make a difference to its
trade surplus with the US. With no choice but to accept, CNNC hoped to use
the opportunity to develop its own version of the technology based on the
imported plant design of AP1000 and prepare for a greater role in the next
round of expansion after 2012. Its ultimate goal was to take over, by licence
from the vendors, the complete design, manufacture and construction of
future nuclear plants. However, this dream was smashed, at least in the
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eye of the CEO of CNNC, when the State Council announced on 19 April
2007 the creation of the State Nuclear Power Technology Corporation Ltd
(SNTPC) to be in charge of technology transfers from foreign countries,
including AP1000 from Westinghouse and later EPR from Areva.

In July 2007, SNPTC signed a contract with Westinghouse and the Shaw
Group for the ‘first-ever deployment of advanced US nuclear power technol-
ogy in China,” with the contract’s value estimated at $8 billion.® SNPTC
was created as a state-owned corporation with an initial capital of 4 billion
yuan in total, coming from the central government budget (60%) and four
large state-owned corporations: CNNC, CPI, CGNPC and CTIEC (10% each).
SNPTC is authorised by the State Council ‘to sign contracts with foreign par-
ties to receive the transferred 3rd generation nuclear power plant technol-
ogy; to execute the relevant engineering design and project management.’
The contract with Westinghouse and the Shaw Group includes the transfer
of ‘technology in the design and analysis, engineering, licensing, procure-
ment, manufacture, construction, start-up operation, and maintenance of
the AP1000 nuclear island.’! Some argued that this would require a new
institution that would be able to organise domestic enterprises and mobilise
resources to ‘localise’ the capabilities for manufacturing and construction,
operation and maintenance, to provide technical support and consulting
services as authorised by the government, and later to develop its own brand
name nuclear power technology.

In organisational terms, however, SNPTC became a fully fledged competi-
tor and rival, at least to the CEO of CNNC. The rivalry went back to 2004
when the preparatory body of the SNPTC was initially formed as a part of
the overall strategy of nuclear expansion in its first stage (before 2010) to:
(@) help assess the bids submitted by international vendors for the 3rd gener-
ation reactors; (b) monitor the international R&D and (c) develop a team of
scientists in the field.>? At the time, neither CNNC nor CGNPC was happy
with the decision to introduce another type of reactor to the industry while
they were trying to develop their own competitive technology, CNP1000
and CPR1000. CNNC, in particular, felt its position was threatened because
the cornerstone of its technology, CNP models, had been developed out of
the SNERDI, the original 728 Institute. Now SNPTC had stripped SNEDRI
from CNNC and made it the centrepiece of the organisation.

Even though CNNC and CGNPC each contributed 10% of the initial
investment, SNPTC joined the elite state-owned corporations under the
supervision of SASAC, on the same level as CNNC and CGNPC. It meant
the old two-way competition between CNNC and CGNPC, which was
slightly tilted towards CNNC, was replaced with a three-way competition
- between Beijing, Shanghai and Guangzhou - for political and administra-
tive supremacy over China’s nuclear development. According to an official
at the NDRC'’s Energy Research Institute, SNPTC was created to balance the
influence of CNNC and CGNPC. If either CNNC or CGNPC gained control
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of AP1000, it would mean a monopoly. The industry needed competition
and the power and influence of CNNC and CGNPC had to be balanced.>?

The animosity seemed to be changing after the fall of Kang Rixin, the
general manager of CNNC. The new CEO, Sun Qin (#)#)), was trying to
build an alliance with SNPTC just two months into the job and signed a
strategic cooperation agreement to work on technology transfer, adoption
and absorption of GIII reactor technology together with SNPTC. It remains
to be seen how this cooperation will work out.

As the main competitor for the Sanmen and Haiyang projects, Areva-ANP
lost in its bids to Westinghouse for a variety of reasons: First, Westinghouse
was able to make a better offer than Areva on technology transfer partly
because it had no significant component fabrication facilities of its own, so
it was ready to commit to a much deeper and quicker technology transfer for
AP1000 design. It was also prepared to use hundreds of Chinese engineers
to do a detailed design for the first Chinese AP1000 units. Areva, instead,
had a vertically integrated supplier model with its own manufacturing capa-
bility and would do everything to protect its position from competition.
Second, after losing the battle with NDRC on developing and expanding its
own CNP1000 or CPR1000 reactors, many scientists in the Chinese nuclear
industry preferred American technology to French technology because,
as Westinghouse had stated, the US had had a better record than France
in transferring technology to others. Finally, diplomatic concerns played an
important part in the decision and the Chinese government was under huge
pressure from the US Congress and the Bush administration to reduce trade
surpluses and to appreciate the yuan and was willing to compromise by
signing large trade deals such as this to calm nerves in Washington.

In contrast, the offer made by Areva was not nearly as good. Given
that Areva-ANP is the joint product of French company Framatome and
German company Siemens, in theory any assistance would come from both
countries. Yet, Germany could not offer credit guarantees for new nuclear
projects due to the policy adopted by the German government in 1998.
Though strongly supporting selling EPR to China, the French government
could provide such export credit guarantees only by Coface, which was a
private company. Coface allowed loans to China of only $325 million, 6.5%
of what the US offered, after the French officials decided that China was a
good candidate for a Coface guarantee because the country was solvent and
the customers had a ‘solid’ financial structure.* The bilateral relationship
with France was never on par with the Sino-US relations.

Strangely, however, Areva did not lose the war completely: less than a
year later, to the surprise of many in China and the international nuclear
community, Areva signed contracts with Chinese organisations to supply
two EPRs together with all the fuel and services required to operate them
(including uranium supply). The scope of the agreement included establish-
ing an engineering joint venture that would acquire the EPR technology for
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the Chinese market (ensuring Areva’s participation in follow-up projects,)
as well as cooperation in the back-end of the fuel cycle, which might lead
to the construction of a reprocessing-recycling plant in China. According to
IAEA, a contract of this size and scope was ‘unprecedented in the nuclear
history’ of the world.

Like Westinghouse, Areva had strong support from the French govern-
ment. China had similar problems with Europe as it had with the US - trade
surpluses and foreign exchange controls and consequently was subject to
the similar pressures from the French government. French president Nicolas
Sarkozy publicly made ‘the sale of nuclear power to be central to his diplo-
macy: it was a badge of France’s technical prowess and a reaffirmation of
its status as a global industrial power.”> The deal was signed just before
Sarkozy’s first visit to China in November 2007. In his formal statement, he
thanked President Hu Jintao for his personal involvement in the deal. Yet it
was not clear how much Hu Jintao was told about the potential impacts of
importing EPR on China’s nuclear technology development.

The deal with Areva on 2 EPRs was not only controversial but also bad. It
was a bad deal politically because Areva secured the contract without hav-
ing to compete in an international tender competition for the project, as
NDRC had promised in the early 2000s. Some defended the deal because
of its fuel component and its financing arrangement — EDF would contrib-
ute a one-third share in the operating company, Taishan Nuclear Power
Company. But to many, this was a ‘dirty’ deal. SNPTC eventually signed
the agreement with the approval of the State Council, yet it was negotiated
by the preparatory body of SNPTC formed by a tripartite team from CNNC,
CGNPC and CTIEC. As soon as the deal with Areva was signed, a series
of investigations was triggered, but only after the damage to the Chinese
nuclear industry had already been done. These investigations eventually
brought down the senior officials of all three institutions on corruption
charges, taking bribes from foreign companies and using inside informa-
tion. Kang Rixin (BH#7), the president of CNNC, and Jiang Xinsheng
(FHr4E), the president of (CTIEC) lost their positions, were expelled from
the Party and are waiting for charges to be laid. The deputy president of
CGNPC, Shen Rugang (PknNl), was sentenced to 10 years imprisonment.
Many more officials, especially at CGNPC, were either charged or removed
from the Party and from their jobs.This was also a bad deal for nuclear
development in China. First, instead of concentrating on adopting, absorb-
ing and adapting AP1000 as Generation III technology, the nuclear indus-
try would have to learn EPR and this would only delay standardisation of
advanced nuclear technology in China and would create severe difficulties
in regulation. Perhaps, this should not be a surprise to the nuclear com-
munity because in 2006, the document on nuclear development issued
by NDRC for the 11th FYP (2006-10) had already dropped the phrase of
‘combining self-reliance with foreign partnership.’ In its place, the plan
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specified that China would introduce Generation 3 reactors from other
countries.*¢

Second, there were serious concerns about EPR technology in its first instal-
lation at Olkiluoto in Finland. The project ran at least three years behind
schedule and €1.5 billion over its initial budget.”” There was no guarantee
that similar delays would not happen in China. Indeed, Framatome ANP,
a subsidiary of Areva, formally requested a pre-application review of the
EPR reactor design on 8 February 2005, less than three weeks before it put
its bid in China. When Areva won the contract from China, the EPR pre-
application process had not been completed.>®

Third, the cost for getting EPR was extremely high: in 2004 the initial bid-
ding was approved by the central government with a price tag of US$1800-
1900 per installed kilowatt; the estimated cost for the AP1000 was about
US$2300/kw. By the end of 2006, the price tag for EPR had gone up to at
least €1800 per installed kilowatt, more than 30% higher than the initial
cap,® 70-80% higher than US$1300/kw for the domestic technology and
design adopted in Qinshan Phase II (CNP600). Finally, this was the first
nuclear power project in which a foreign company (a state-owned too) was
allowed to be the partner of a new project when it was agreed that EDF could
take a 30% share of the company.

One consequence of these policies is that currently all major types of
technologies have been used in China’s nuclear energy industry and none
has been completely localised and standardised (see Table 6.1). This makes
it extremely difficult not only to cut down the costs and improve the speed
of construction but also to ensure safety standards and to regulate the
industry.

Table 6.1 Nuclear power stations under construction in China as of December 2009

Capacity Type of Starting of

Location (MW) reactor construction
Lingao 3, 4 Shenzhen, Guangdong 1080 X 2 CPR1000  December 2005
Qinshan I1 3,4 Haiyan, Zhejiang 650 X 2 CNP600  April 2006
Hongyanhe Dalian, Liaoning 1080 X 4  CPR1000  August 2007
Ningde Ningde, Fujian 1080 X 4 CPR1000  February 2008
Fuqing Fuqing, Fujian 1080 X 2 CNP1000 November 2008
Fanjiashan Haiyen, Zhejiang 1080 X 2 CNP1000 December 2008
Yangjiang Yangjiang, Guangdong 1080 X 6 CPR1000 December 2008
Sanmen Sanmen, Zhejiang 1250 x 2 AP1000 April 2009
Taishan Taishan, Guangdong 1700 X 2 EPR December 2009

Note: TAEA uses different labels: those using CPR1000 include: Fangjiashan, Fuqing, Hongyenhe,
and Yangjiang; Lingao and Ningde use M310, and Qingshan II 3, 4 use CNP600. CNNC and
CGNPC make distinction between the reactors they use: CNNC-CNP and CGNPC-CPR series.

Source: IAEA, ‘Power Reactor Information System’, at http://www.iaea.org/programmemes/a2/.
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The technological development of the Chinese nuclear energy programme
is also bad politics because, when there is no single set of consistent policies
or a national strategy on nuclear technology development, self-interested
enterprises can have a detrimental impact on the whole industry in the
long term. They may give the contracts to foreign companies rather than
supporting domestic industries in return for personal benefits. For exam-
ple, a subsidiary of CNNC in charge of the Tianwan project decided to
offer the contract of making valves to a California-based company, Control
Component Inc., a subsidiary of IMI plc, even though there were Chinese
companies that could do the job. In 2009, six former executives of the
American company were charged by the US Department of Justice for brib-
ing officials of Chinese state-owned corporations, one of which was Jiangsu
Nuclear Power Corp, on the Tianwan project between 1998 and 2007.

When a turnkey project is ordered, major international vendors tend to
bring their own partners in designing, manufacturing and building the
nuclear power plant. Illustrating the point, Framatome provided nuclear
islands, Alstom from the UK provided conventional islands, and German,
Swedish and companies from other countries might be used to supply parts
or to undertake construction and erection work. This was one of the main
complaints from Chinese local industries. The nuclear industry could facili-
tate overall industrial development in the country if a clear policy is in
place. Otherwise, in an environment where foreign companies saw China
as a salvation to their nuclear industry and competed fiercely, the Chinese
companies had no incentives to help local industries. They often gave for-
eign companies the contracts to design, manufacture and even install com-
ponents for a nuclear power plant in the name of securing safety.

Human capital

One key constraining factor on effective technology transfers to developing
countries is their ‘weak domestic technological capabilities.”®® Developing
human capital takes time and resources. Training sufficient qualified people
is more a challenge to China than many developing countries because China
would like to transfer foreign nuclear technology to indigenous design and
manufacturing and eventually develop its own designs and brands. To achieve
these objectives, China will need to train craft labour to build nuclear power
plants to international standards, educate engineers for nuclear plant design
and train operators for NPPs. China also needs to staff its regulatory agencies
with qualified nuclear engineers for oversight and review of new project pro-
posals. This will require significant improvement and expansion of human
capital in R&D as well as additional inspections and regulatory capacity.
There is no consensus on the Chinese capacity to adopt, absorb and
reverse- engineer imported technologies. Some have emphasised this capac-
ity and therefore warned the West not to sell advanced nuclear technologies
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to China. After China signed a contract to purchase AP1000 from Westing-
house with technology transfer as part of the deal, for example, some in
the US raised concerns about technology transfer: China has already dis-
played its ability to reverse engineer other militarily useful technologies and
with the contract, China could reverse engineer major AP1000 technologi-
cal advances such as improved, quieter reactor coolant pumps and a digital
instrument and control system. This would undermine the competitiveness
of American companies.®!

Others take the opposite view, arguing that even if China imports turn-
key projects with an agreement from the vendor on technology transfer, the
Chinese do not have the R&D capacity to reverse engineer the technology for
military purposes or develop their own brands. The reason for this is partly
because the technology is so different — commercial NPPs are not themselves
risks for nuclear proliferation. It is also because of the limited human capacity
to do reverse engineering, and because of ‘poor intellectual property (IP) pro-
tection for both foreign and domestic IP development and a poorly developed
venture capital industry.”? Finally, changed government policies on R&D and
especially its R&D funding for tertiary education have undermined China'’s
capacity to standardise and localise advanced imported technology.

In China, CNNC and CGNPC are supported by their own research insti-
tutions, some of which are teaching universities while others are design
institutes. The research institutes provide technical input. CNNC, for exam-
ple, has seven research and design institutes under its wing. Much of the
researching funding has to come from the operation of these companies.
‘This is quite unlike that of the United States, where the prime vendors, such
as Westinghouse or General Electric, oversee the design and construction of
nuclear power stations and develop the licence application through to final
approval by the regulator.’*® The nuclear technology R&D, however, is by
and large funded by the federal government.

In China, there are at least four large bases of nuclear technology devel-
opment: in the northeast around Beijing, east around Shanghai, southwest
around Chengdu and northwest in Gansu. All key research institutes are
under the auspices of CNNC, except SNERDI, on which the SNPTC was
formed. The most important and the oldest research institute is the China
Institute of Atomic Energy (CIAE). CIAE was created in 1950 to prepare for
launching the nuclear programme. It was part of the Chinese Academy
of Sciences and later placed under the SSTC and COSTIND. It carries out
research on all aspects of nuclear science and engineering, for weapons as
well as civilian usages, including medicine and agriculture. It hosts several
research institutes, such as the Nuclear Power Institute of China, located in
Sichuan.

Despite this sprawling network of research institutes, ‘China has relied
heavily on technology imported from abroad, and the development of its
scientific and technological capability has until recently lagged behind its
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economic growth.”** One explanation of this decline was the reform itself.
With the reform, (a) the old ‘highly bureaucratic and hierarchical R&D
structure’ was replaced with a much more decentralised and diverse busi-
ness-supported R&D;% (b) government funding for research was increas-
ingly replaced by corporate support (see Table 6.2) and (c) when many public
research institutes were converted into business entities, applied research
replaced large-scale basic research because corporations wanted to see the
immediate results in economic terms.%°

Moreover, enrolment in nuclear sciences and engineering at universities
declined steadily and significantly in the 1990s. Science and engineering
were traditionally the favourite fields for university students, while social
sciences were shunned because of the political risks — it was much easier to
get into trouble with the Party and the government if one was a social scien-
tist, a lawyer or a journalist. Economic reforms offered more opportunities
for students in finance, accounting, management, law and other social sci-
ences, and students could easily get jobs in these fields in cities. In addition,
most university students enrolled in the 1990s were the only child of the
family, and fewer people wanted to work in the remote regions and under
the harsh conditions that were often considered normal for people working
in the nuclear sector.

Since the mid-1990s, a shortage of skilled workers was noticed in almost
all nuclear power station constructions. The Qinshan III construction, for
example, had been dogged by a chronic shortage of skilled Chinese workers.
‘There is a limit to the amount of skilled labour qualified to do nuclear con-
struction here,” said an executive of AECL’s subcontractor. ‘There are visible
problems in this area at the Qinshan site and (AECL) has to stay on top of
this if their 2003 deadlines are to be kept.””” To many at AECL, the Lingao
projects in Guangdong had attracted many better-qualified workers because
it offered higher pay. A shortage of skilled labour was not only daunting for
AECL, but could also set back the entire timetable for nuclear expansion
in China. As one of the former senior officials at CGNPC put it, ‘the most
daunting challenge is the qualified labour force.’

Table 6.2 The role of various R&D actors in China, 1987-2004 (% of total R&D
expenditure)

1987 1990 1996 1997 1999 2000 2001 2002 2003 2004

Research Ins. 54.4 50.1 42.8 40.6 38.5 288 277 273 259 220
Universities 159 121 11.8 11.3 93 8.6 9.8 101 10.5 10.2
Enterprises 29.7 274 433 461 49.6 600 604 61.2 624 6638
Others 21 20 26 27 21 1.4 1.2 1.0

Source: OECD, ‘OECD Reviews of Innovation Policy, China’, Paris: OECD, 2008, p.138.
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The shortage of qualified university graduates forced CNNC and CGNPC
to increase their investment in in-house or joint training programmes with
universities to meet the demand. In 1992, CNNC asked Tsinghua University
to train those working in nuclear industry for two years to get a second
degree in nuclear or electrical engineering. In the following three years,
77 students graduated from the programme. In 1996, CNNC and Tsinghua
University signed another contract to train 60 undergraduates in nuclear
engineering and nuclear science each year for 10 years. CNNC and Zhejiang
University signed a similar agreement to train 40 students each year. Some of
these skilled employees were then sent overseas for their training. Between
1978 and 1995, CNNC sent 308 people overseas for postgraduate and other
special training and 243 of them eventually returned.

The co-op programmes run by CNNC and CGNPC have been expanding.
CGNPC has signed training programmes with nine universities, selecting
the third-year university students and providing them with another two
years of special training. A couple of conferences were held to deal with the
shortage of qualified workers. In 2004, CNNC said it would train 2000 new
technicians in three years, and bring in and train about 300 PhDs, 1000
students with master degrees and 10 000 university graduates.

Even with in-house training and enlarged enrolment at universities,
the nuclear industry is suffering from the ‘nuclear talent vacuum’ and the
inadequate experience of those working in the field. According to a senior
official at the Daya Bay Nuclear Power Operations & Management Co., a
subsidiary of CGNPC, the average age of its personnel in 2005 was between
31 and 35 and then it dropped to below 31 years in the following two years.
By comparison, the average age of the workforces in the Japanese and South
Korean nuclear industry is about 8 and 12 years older, and the average age of
the nuclear plant operators is even older. In the US, the average age is over
45 years.®’

China needs young nuclear scientists and engineers and universities need
to attract and cultivate young people in the field for the country’s nuclear
expansion plan. ‘China now needs a batch of young ambitious people
to devote themselves to nuclear science, to explore the world of physics,’
said Zhu Zhiyuan, director of the Chinese Academy of Sciences, Shanghai
branch.”” One indication of this shortage is that during the recent financial
crisis in 2008-09, when the average university placement was a little over
50%, those who had majored in nuclear science and engineering and their
related fields had no problems in landing good jobs.

It is too early to tell if Chinese universities can train sufficient staff to
satisfy the needs of the nuclear industry, people such as qualified scientists,
engineers, operators, managers and regulators. However, the experience in
the US shows that it can be done. In the 1960s and 1970s, when the nuclear
industry was developing in the US, there were 32 nuclear engineering
departments across the country with 1800 students enrolled. This number
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doubled in the late 1970s at the peak of nuclear development. When suf-
ficient resources are allocated to universities and it is clear that the nuclear
energy industry is expanding, enrolments will most likely increase in China.
Meanwhile, major nuclear corporations are training or contracting out the
training of qualified people in China as well as overseas. This is nonetheless
a serious challenge the Chinese nuclear industry is facing - training suffi-
cient professional and technical people skilled in operating and managing
nuclear power plants in time to meet the demand.

Conclusion

For three decades, there has been a constant debate on how China would
develop its nuclear energy programme. Few have opposed importing core
technology, while many are in favour of carefully selected imports condi-
tional upon technology transfer. For many, it is not an issue whether China
should introduce foreign technology or cooperate with multinational corpo-
rations. Foreign suppliers have already played a significant role in its nuclear
energy development: the involvement of French technology in making fuel
for Qinshan and Daya Bay power plants; the Research Institute for Nuclear
Service Operation, a joint venture with Westinghouse; the training in Spain
of operators for Qinshan, and the German main cooling pumps and injec-
tion pumps at Qinshan, just to list a few. Yet there has been deep suspicion
about the willingness of these multinational corporations to share tech-
nology because, on several occasions, they agreed in the contracts to do
so but by the time the contract went into operation the technology had
already been abandoned by the companies.”! ‘Market exchange will never
bring you the most advanced core technology’, claimed Chinese scientists
and engineers.

The main reason China has not been able to achieve what Japan and
South Korea have done in building up a nuclear industry is more about poli-
tics than technology. In China, there is not a set of coherent national strate-
gies that have supported and encouraged basic research and development in
nuclear science and engineering, as was the case in Japan and South Korea.
Nor have there been consistent policies in guiding the technology develop-
ment, adoption and adaptation. As many scholars have pointed out, both
Japan and South Korea managed to grow quickly into industrialised econo-
mies to a large extent because of their governments’ industrial policies that
provided targeted and subsidised credit and public investment in both basic
and applied research and development, the pervasive state administrative
guidance and entrepreneurship, and an overarching ‘reciprocal principle’ of
never giving anything to businesses for free without stipulating a monitor-
able performance standard in exchange. In particular, it was their focus on
production engineering, not cheap labour that allowed both countries to
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start the nuclear industry with imported key technologies and then build
their niche.”?

In China, it is the absence of this set of consistent industrial policies that
has led to what many in the nuclear sector have called the ‘united nations’
approach — importing technologies from many countries without being
able to absorb, localise or standardise any of them. David Nobel argued
some time ago that science and technology policy was far from a value-free
enterprise. Science typically helps legitimise and reproduce the power of
the dominant political and economic interests in society.”®> The absence of
a set of consistent policies for nuclear technology development in China
reflects the politics of China today - bureaucratic infighting and compe-
tition among various levels of government. Rivalries within the nuclear
industry and governments can explain the erratic policies and their adverse
impacts on nuclear technology development.
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Fuelling the Future: The Nuclear
Fuel Cycle

Nuclear fuel supplies have two-dimensions: uranium resources — its explo-
ration and prospecting — and the nuclear fuel production and services that
allows uranium to be converted into fuel to feed reactors. Each of these
two aspects raises different concerns and challenges. There is anxiety about
whether the world’s uranium reserves can sustain the rapid expansion of
nuclear energy programmes. The nuclear fuel cycle consists of the front-end
and back-end. The front-end of the nuclear cycle consists of uranium explo-
ration, mining and milling, conversion, enrichment and fuel fabrication.
The back end consists of spent fuel disposal, reprocessing and storage of
high uranium waste. Currently, only a few countries in the world have full
nuclear cycle capability and only a very few run large commercial nuclear
fuel services (Canada, France, Russia, the UK and the US for conversion;
France, Germany, Netherlands, Russia, the UK and the US for enrichment;
and France and the UK for reprocessing services).

Securing nuclear fuel supplies raises three sets of challenges to the Chinese
nuclear industry: First, China hosts only 1% of the world’s identified ura-
nium resources. Expansion of its nuclear energy programme requires more
investment in domestic uranium exploration and prospecting. Chinese firms
are also encouraged by the government to invest in overseas uranium explo-
ration and mining. The world’s uranium industry is dominated by a few
global conglomerates and the few places where there are still opportunities
for Chinese investment are high-risk and highly unstable places. Chinese
nuclear companies need to identify and purchase uranium resources abroad
and seek production opportunities for those resources. They can only do
so by avoiding direct competition and potential confrontation with major
powers, and therefore face some serious challenges when investing in high-
risk countries both in economic and security terms.

Second, China has built a front-end nuclear fuel cycle capacity, but expan-
sion of a nuclear energy programme would require a significant increase in
nuclear fuel production. China is a nuclear state and has placed its nuclear
energy programme under the safeguard provision of IAEA. This has reduced
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risks in turning a civilian to a weapons programme. Its nuclear fuel pro-
duction and enrichment facilities nonetheless are safety and security
concerns.

Third, given its limited uranium reserves, Chinese scientists have been
working on the back-end of the nuclear fuel cycle — reprocessing capacity and
fast breeder reactors. The policy of the country is to become self-sufficient
in nuclear fuel supplies and to make nuclear fuel recyclable and the industry
sustainable. This is a technical challenge, as well as an economic and politi-
cal change. Developing an integrated nuclear fuel cycle technology and
capacity is expensive and it is difficult to obtain the technologies necessary
to carry out the development. It has the potential to heighten proliferation
concerns in the world, and it will create another set of nuclear waste issues —
for example, smaller quantity but with higher levels of radioactivity.

Nuclear fuel production in all countries is handled by the state in secret,
predominantly because, once countries have mastered uranium enrichment
and plutonium separation technologies, they are nuclear weapon capable
states that have the potential to develop nuclear weapons within a short
time. According to the IAEA Director General, Dr Mohamed ElBaradei:

This is too narrow a margin of security, in my opinion. These countries
may have no intention of ever making nuclear weapons, but that can
change quickly if their perception of the risks to their national security
changes. And security perceptions, as we know, can change very rapidly.!

This is the reason the international community has strict rules regulating
nuclear fuel services and has also been working on a multilateral approach
to nuclear fuel supplies. How to encourage market competition, while main-
taining tight regulation on safety and security, is the challenge facing all
countries. China supports the multilateral measures but prefers to be on the
supply-side.

This chapter examines the development of these three aspects of nuclear
fuel supplies — uranium exploration and mining, fuel production, and devel-
opment of the back-end of the nuclear cycle capacity. In all three aspects,
we will find the repeated message in this book — nuclear energy develop-
ment may be pursued to ensure energy security, the lack of consistent poli-
cies in China can explain some of the failures in securing the nuclear fuel
supplies.

Nuclear fuel supplies

Even though uranium is a relatively common element of the earth’s
crust, China has limited identified uranium reserves (reasonably assured
resources, RAR, and inferred), and about 1% of the world’s total RAR ura-
nium. China had its first uranium discovery in 1954, and between 1954
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and 2007, it invested more than 11 billion yuan in uranium exploration.
The real progress was made in its early years. As in the coal and oil sector,
in the 1980s uranium was exported in order to obtain badly needed foreign
exchange for the country. ‘The first Chinese long-term [uranium] contract
with a US utility was signed in 1988, when China’s export potential was
believed to be 700-1500 metric tonnes U per year.”? Its exports were short-
lived, first as the result of political instability and then because the whole
domestic industry suffered as the government’s budget support and public
procurement were cut considerably.

In the 2000s, the desire to expand its nuclear energy generation capacity
has challenged the domestic uranium industry. According to Chinese offi-
cials, if China expands its current nuclear generation capacity of 9.1GWe to
40GWe by 2020, the accumulated requirement for uranium would reach
10 867 tonnes of uranium (tU) by 2010, 40 300 tU by 2015 and 87 047 tU
by 2020. Currently, according to NEA, China has RAR of 32 000 t at US$40/
kgU and 49 000 t at US$130/kgU.3 It produces about 840 tonnes of natu-
ral uranium each year now, which by 2020 would not be enough even for
one year’s consumption. Given the high costs of domestic exploration and
production, the Chinese government has adopted a three-way strategy to
meet domestic demand - a combination of domestic production, imports
and production from Chinese-invested foreign sources. This is the strategy
written in the Medium- to Long-Term Nuclear Energy Development Plan
(2005-20), a combination of: (a) domestic production; (b) ‘going out’ to
invest in overseas uranium mines and (¢) trade in (purchasing on the inter-
national market) — {32 [E N>, RSN, BB 5 —JRIEIF2E.

Domestic uranium exploration and mining

Domestic uranium exploration and mining suffered greatly from the late
1980s to about 2002, partly because of the international developments and
mainly because of domestic politics. Globally, the 1980s and 1990s saw a
steady decline in uranium exploration and mining as the uranium price
on the world market declined steadily from its peak US$243/kgU in 1977
to US$18/kgU in 2000 (in 2003 dollars).* The prolonged period of low ura-
nium prices led to a steady decline in investment in the industry, which in
turn ‘led to the closure of all but the lowest-cost mining facilities, stimu-
lated market consolidation and curtailed investment in exploration and
mine development.S In the same two decades, the uranium requirements
exceeded its production and the gap was met largely by the secondary sup-
plies — uranium inventories accumulated in the previous years and convert-
ing weapon-grade enriched uranium.

In China, the industry suffered as the central government cut its budget, as
its export markets closed down, and as it was unable to reduce its redundant
labour force. Uranium exploration was labour-intensive and its workforce
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accounted for about 25% of all employees at CNNC. In 1995, CNNC initiated
a reform of its uranium exploration by closing 10 mines and improving per-
formance. As other sectors in China improved rapidly in their productivity
and living standards, the uranium industry moved backwards, accumulating
huge losses. At the end of 1998, under CNNC, there were six regional uranium
geological bureaus, spread across 26 provinces and regions. The total number
of employees was 64 166, but 48% of them were retirees that CNNC had to
support. The rest included not only those working in uranium prospecting
and exploration but also those who worked in hospitals, schools, research
institutes and other facilities. These social functions had been an integral part
of the operation because teams were often located in deserts or remote areas
where there were few opportunities for the employees and their families and
everything had to be provided by the work units. Consequently, uranium
prospecting and exploration of the CNNC was its heavy loss-making segment,
with losses running to 300 million yuan between 1996 and 1998 alone.

In the second half of the 1990s, there were two opposite developments in
China: ‘the decrease of uranium exploration activities from the mid-1990s
to the end of the decade’ and the ‘speed up [of] the construction of nuclear
power plants in coastal areas.”” These were the direct consequences of the
policies adopted by the central government in the mid-1990s, especially
after 1997 when Zhu Rongji took over as the premier of China. He made
it clear that CNNC'’s ambition to add 10GWe of additional nuclear power
plants in the coming decade would be rejected unless it addressed the loss-
making problems. To turn around the situation and, more importantly, to
protect the nuclear industry as a whole, those in charge of restructuring the
institution decided to hive off its non-profitable segments of uranium explo-
ration and mining, and transfer them to the National Bureau of Geology.
The industry was nearing collapse.

In April 1999, the State Council approved this proposal and issued a doc-
ument, the Reorganisation Plan of Geological Exploration (M)ii##r i #ik
IO %), which stated that CNNC would keep a small team of person-
nel on radioactive material exploration, and the majority of the personnel
involved in geological exploration and prospecting would first be transferred
to National Bureau of Geology and then to provinces. The provinces were
not allowed to transfer them down to lower levels of government. CNNC
transferred 30 011 out of its 33 149 regular employees (90%) and 28 684 out
of its 31 017 retired people (92%) to the National Bureau of Geology which
soon cut its employees from 45 000 to only about 5500, with the whole ura-
nium exploration team being transferred to provinces.” CNNC would keep
3138 regular employees and 2333 retired people as its core team engaging in
uranium prospecting and exploration activities.® The State Council ordered
the transfer to be completed in a year. In the following five years, however,
CNNC continued to pay a large amount of money to settle those transferred
and especially those laid off in one form or another.
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At the same time, the number of people working in the nuclear fuel sec-
tor was cut too, and more than 21 000 people were asked to leave.” To keep
the number of employees under control, CNNC adopted a policy in 1998:
it would deduct 100 000 yuan from its exploration and mining budget for
every additional person to be brought on board and provide a ‘reward’ of
30 000 yuan for every person to be dismissed. This ‘strange’ incentive struc-
ture was set up mainly in response to the pressures from the employees — their
remote location meant very limited job opportunities for their children,
who used to get on the payroll as a regular practice.!° This policy caused
resentment not only among the employees but also among some veterans in
the nuclear industry, who demanded that the central government do more
to improve the living conditions for people who had made contributions to
Chinese nuclear development. The plea fell on deaf ears of Zhu Rongji.

In 1999, a major reorganisation was adopted. The old CNNC was split into
two — a new China National Nuclear Corporation that included uranium
exploration, mining and milling, other aspects of nuclear fuel production,
and the nuclear energy industry itself, and the China Nuclear Engineering
and Construction Corporation, which would be in charge of NPP con-
struction. Under CNNC, the China Nuclear Energy Industry Corporation
(CNEIC) was created as its subsidiary, to be in charge of uranium mining
and enrichment services. With the restructuring in 1999, provinces took
over the assets, debts and personnel in geological exploration, including
those in uranium prospecting and exploration.

In 2003, the State Council allowed the geological exploration teams that
had gone through the corporatisation process to lease or transfer the land-
use rights and the right of land-use management. Provinces where these
teams were located benefitted directly from these transfers, which let
them boost uranium exploration at the time of a rising shortage of elec-
tricity supplies. In the provinces where uranium was discovered, uranium
reserves were used as a bargaining chip with the central government for the
approval of NPPs. Jiangxi province, for example, has 1.3% of the national
hydro reserves and 0.137% of the national coal reserves, but one-third of the
country’s known discoverable uranium reserves, two-and-a-half times the
reserves of Guangdong and four times the reserves of Zhejiang. The prevail-
ing view was that since both Guangdong and Zhejiang have had their NPPs,
Jiangxi should have its share too.!! The same argument has been made by
other provinces, such as Hunan and Guangxi, to have their potential sites
for nuclear power plants approved in these inland provinces.

Opportunities for uranium exploration and mining came in the new mil-
lennium. After the IPCC report was issued in 2000, and with rising energy
prices from 2003 onward, nuclear power became an attractive option for
many countries, including China. The world’s uranium price rose stead-
ily, from US$18/kgU in 2000 to US$52/kgU in early 2005 and then from
US$351/kgU in mid-June 2007, an almost 20-fold increase in only seven
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Table 7.1 Industry and government uranium exploration and development
expenditures — domestic

2000 2001 2002 2003 2004 2005 2006

US$ million 115.2 89 951 123.8 218.8 364.1 773.8
% of previous year 77.2 1069 130.2 176.7 166.4  212.5

Source: NEA/IAEA, Uranium 2007: Resources, Production, and Demand. Paris: OECD, 2008, p.32.

Table 7.2 The distribution proportion of known reserves

North South Northwest
Europe Australia America Asia® Asia® Africa Russia America China
RAR 0.1407 0.1252  0.0676 0.0498 0.0124 0.0372 0.0226 0.0156 0.0055
allocation
(tU/km?)

Notes: a —including Kazakhstan, Uzbekistan, Tajikistan and Mongolia
b - not including Kazakhstan, Uzbekistan, Tajikistan and Mongolia

Source: WAL, ‘RIS BN AT RESE A RIS, (Ye Baizhuang, ‘Sustainable Development of
China’s Uranium Resources’, Advances in Earth Science), 21:11, 2006, p.1137.

years!? (see Table 7.1). Higher prices brought in more investment in uranium
exploration. ‘A very significant increase in exploration and development
activities occurred in 2005 and 2006, driven by increases in the uranium
spot price.”t3 In 2003, 19 countries reported domestic exploration and devel-
opment expenditure totalling about US$364 million, an increase of about
66% compared with 2004.

In China, it became clear that the neglect of the uranium industry had to
be reversed if the country insisted on ‘feeding’ its expanding nuclear gen-
eration capacity with its own uranium. To many insiders, uranium reserves
were as widespread in China as they were in many other countries (see
Table 7.2). The difficulty of uranium exploration and mining is three-fold:
(@) it normally takes 10-20 years from exploration to mining; (b) it takes
at least US$8 million to find a regular uranium mine and (c) it takes new
and advanced technology to do so in a country as vast and as diverse as
China. According to those in the industry, the low levels of known reserves
in China did not necessarily mean that China did not have the reserves;
it meant that the country had not poured enough investment into the
industry.!

The call for an expansion of nuclear energy programmes in China has led
to an increase in investment in uranium exploration, prospecting and min-
ing. In the 10th FYP (2001-05), CNNC invested 3 billion yuan in uranium
mining. From 2003 onward, the government expenditure on uranium explo-
ration rose from US$7.2 million in 2003 to US$9.5 million in 2004, US$13.5
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million in 2005 and US$25.5 million in 2006, tripling that of 2003. It was
also expected to increase by more than 30% to US$33.6 million in 2007.1%
With increased investment, activities expanded. Some concepts discussed
by scientists in the late 1990s were picked up - that is, China would have to
shift its exploration from hard-rock hosted targets mostly located in south-
east China, to sandstone-hosted uranium deposits in northwest China.!® As
‘investment in uranium exploration steadily increased from the year 2000,
drilling distance experienced a rebound from 40 000m to 70 000m in 2000,
gradually increasing to 130 000m in 2003 and 140 000m in 2004."1 In 2006
and 2007, the total drilling distance increased to 600 000m. ‘As a result,
significant discoveries of uranium resources in northern China added more
than 15 000tU of Identified Resources.’'®

In 2005, the State Council adopted the Framework for Developing the
Country’s Uranium Resources (F&ERRAITHK BTN L) which stated
that uranium exploration should be open to other organisations in addition
to CNNC. Lowering the entry barrier was necessary because the investment
in uranium exploration, prospecting and mining tended to be high and
the CNNC did not have sufficient financial resources to invest in uranium
exploration in large areas. Yet, this opening-up had to be done in an ordered
way to avoid huge waste and losses, as it happened in China’s coal indus-
try.’ On 12 February 2006, the State Council issued a No.4 document on
strengthening geological exploration. This was the first time ever that the
government had issued its official policy on uranium resources — ‘strength-
ening uranium exploration, speeding up its new exploration’.

In 2008, the Ministry of Land and Resources issued a document on ura-
nium exploration and mining. It emphasised the cooperation between the
CNNC's uranium bureau and geological teams in provinces; it called for an
increase in the budget allocation to the industry from the central govern-
ment; and it also made it clear that other investors should be encouraged to
invest in uranium exploration and mining based on the principle of ‘who-
ever invests benefits’ — the principle adopted in the power sector in the
1980s that set in motion a rapid expansion of electricity generation capacity
in China.?®

In 2008, CNNC signed two agreements with Qinghai province and the
Xinjiang Autonomous region to cooperate on resource exploration. It was
expected to sign similar agreements with Gansu and Inner Mongolia.
Despite these efforts, many in the field still argue that domestic uranium
reserves fall far short of meeting the rising demand and, indeed, the gap is
quite large. According to one estimate, if China maintains the current level
of uranium production of 1200tU per year, the gap by 2020 would be about
80% (see Table 7.3).

According to another calculation, even if China significantly increases
its uranium production, the gap in meeting the demands by 2020 remains
large (see Table 7.4).
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Table 7.3 Analyses and prospective of China reactor and related uranium requirements

2010 2015 2020

2002 2003 2005 Low High Low High Low High

Nuclear 4400 6100 8700 12,700 14,700 13,900 15,600 13,900 15,600
generation

capacity (MW)

Uranium 790 1100 1570 2290 2650 3240 4140 3960 5760

Requirement (tU)

Source: MAFE, ‘PelE Al AT FRAL L RGN %, (Ye Baizhuang, ‘Sustainable Development of
China’s Uranium Resources’), Advances in Earth Science, 21:11, 2006, p.1136.

Table 7.4 Natural uranium requirements and production (2010, 2015 and
2020)

Requirement/ Production/ Production Demand/supply

tonnes ton gap/ton ratio %
2010 2971 2180 -790 73.4
2015 4929 3030 -1899 61.5
2020 8769 3870 -4899 44.1

Source: FRILT, VLPE AR SHIIRMED, YLPEEEYE, (Dai Minzhu, ‘Nuclear Development
and Uranium Supplies in Jiangxi’, Jiangxi Energy), 4, 2008, p.3.

Chinese officials at international conferences have stated that the domes-
tic production of natural uranium would be able to meet the demand with
its expansion of nuclear capacity to 40GWe by 2020. Nonetheless, many in
the industry, including IAEA and OECD Nuclear Energy Agency (NEA), have
raised serious doubts and called for more investment in uranium explora-
tion, mining and milling. Concern about inadequate uranium supplies is
one of the reasons some people have called for a cautious expansion of the
nuclear energy programme. For others, this is exactly the reason for adopt-
ing a ‘going out’ strategy — purchasing equity uranium stakes abroad that
would allow for ownership of the resources ‘in the ground’ - to meet rising
domestic demand.

‘Going out’

In the early 2000s, before the uranium industry had recovered from the
reorganisation, the demand for uranium was rising in China. Predictions
emerged that domestic production of uranium would not be able to meet the
need if nuclear generation capacity expanded. The world’s identified uranium
resources (5.55 million tonnes in 2007) are concentrated in a few countries:
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Australia (22%), Kazakhstan (15%), Russia (10%), Canada (8%), South Africa
(8%), Brazil (6%), the US (6%), Niger (5%) and Namibia (5%); together they
account for 85% of the world’s total reserves. Some of these countries such as
Australia, Kazakhstan, Niger and Namibia do not have nuclear power genera-
tion capacities at all. Uranium is a true global market. IAEA estimates that
‘identified uranium resources are sufficient to fuel an expansion of global
nuclear generating capacity, without reprocessing, at least until 2050."2!

Neither the availability of sufficient uranium reserves nor existence of
a global uranium market has calmed the anxieties of many in China. For
them, with only 1% of the world’s total uranium reserves, China must
invest in overseas uranium exploration and mining to meet its future needs.
Their arguments are both economic and geopolitical. The world uranium
industry is dominated by a few conglomerates with huge resources at their
disposal. By 2007, eight major companies controlled about 86% of the glo-
bal production with 52% controlled by the three largest producers alone:
Cemeco, AREVA and Rio Tinto. Merger negotiations between Rio Tinto and
BHP Billiton in 2008-09 triggered a lot concerns among Chinese industries
and policy makers not only because of their control over iron ore or coal but
also uranium, with Rio Tinto controlling 61.5% of the world’s total produc-
tion and BHP Billiton (5.9%).

There is also a long-term relationship between sellers and buyers. About
90% of the world’s uranium is sold and bought on long-term contracts
directly between producers and buyers, which are often nuclear operation
companies, in the name of guaranteed un-interrupted operation. This meant
that much of the current uranium production had already been committed,
and thereby it would be difficult for China, as a new comer, to find sell-
ers. Despite these global market situations, it would make economic sense
for Chinese companies to look into the overseas investment opportunities
because the marginal cost of exploring Chinese resources was on average
considerably higher than for foreign production.

In 2001, in the 10th FYP, the central government included ‘going out’
as one of the ‘four key thrusts to enable China to “adjust itself to the trend
of economic globalisation”.?? In 2002, Zen Peiyuan, then vice-premier of
the State Council in charge of energy policy, said China should open up
two uranium markets: domestic and international. Domestically, the gov-
ernment should put more resources into uranium exploration, mining and
milling, and internationally, its corporations should go out and invest in
overseas uranium exploration and mining. This was an extension of the
policy adopted by the central government in the early 1990s where China
would supplement its early policy of ‘opening up’ by attracting foreign
investment to China with encouragement of ‘its enterprises to expand their
investments abroad and their transnational operations.’??

In 1997, Jiang Zemin reemphasised the importance of encouraging SOEs
to form highly competitive large enterprise groups with transnational
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activities.?* The policy was adopted partially for domestic reasons — turning
many large loss-making SOEs into commercial entities. It was also adopted
because ‘increasingly, the Chinese want to capture a greater portion of the
“value chain” in the production of goods, no longer concentrating on pro-
viding low-cost labour (what the Chinese call jiagong or “adding labour”) to
assemble products.’?®

Chinese energy companies, particularly its oil companies, led the shift:
China National Petroleum Corporation (CNPC) began investing abroad
in the early 1990s. It ‘purchased reserves in Canada in 1992, signed a
production-sharing contract in Thailand, successfully bid to improve oil
recovery at a Peruvian field in 1993, and signed an agreement to explore
oil in central Papua New Guinea in 1994.”2¢ By 1997, it was widely accepted
in China that overseas investment was necessary to secure the country’s
energy supplies, which had become increasingly dependent on imports.

Unless China invests the capital to control some oil resources, any even
insignificant international economic, political, or military conflict could
affect the supply and demand on the spot market, causing severe interfer-
ence to our oil imports, to seriously undermine China’s economic stabil-
ity and sustained development.?’

Chinese large state-owned corporations were encouraged to invest in
Africa, Latin America and Central Asia, not only in resources but also in
other industries. China might or might not have developed a ‘grand strat-
egy’ on its ‘going out’ campaign; its large firms had an immediate interest
in gaining access to the overseas resources for their expansion. This was also
the case with the nuclear industry. CNNC carried ‘an air of improvisation,
if not desperation, and [was] an odd blend of shop-worn party sloganeering
(‘Go Out!), and 21st Century State-directed capitalism.’?® This exercise of
investing in uranium exploration, prospecting and mining, however, took
place in an environment where a few conglomerates dominated the field.

To search for and get access to global uranium resources, the State Council
streamlined and consolidated prospecting operations. In 2004, China
Nuclear International Uranium Corporation (Sino-Uranium) was created as
a subsidiary of CNNC to invest in overseas uranium exploration and min-
ing. Sino-Uranium was given 50 million yuan as initial capital for operation
and it had only six people working for the corporation. With the back-up of
CNNC, Sino-Uranium quickly became a key player in overseas investment.
It collaborated with other large state-owned corporations, supported by the
state-owned policy banks, targeting regions such as Africa and Central Asia.
The Chinese ‘going out’ policy coincided with an increase in investment
by other major countries (see Table 7.5). Competition in Africa and Central
Asia among large uranium mining companies, nuclear power states such as
Japan and South Korea, and the Chinese firms was tense.
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Table 7.5 Non-domestic uranium exploration and development expenditures
(US$1000 in year of expenditure)

Country 2000 2001 2002 2003 2004 2005 2006 2007 exp.

Australia. NA NA NA  NA 1571 8855 4580 4724
Canada 3667 2597 2549 2547 9559 53,968p 12,4546p 139,655p
France 7330 7690 14,370 16701 59,701 127,500 8500 115,000

Total 10,997 10,287 16,919 19,248 70,834 190,323 214,129 259,395

Notes: Domestic exploration and development expenditures represent the total expenditure
from domestic and foreign sources within each country. Expenditures abroad are thus a subset
of domestic expenditures.

p - provisional data.

Source: NEA/TAEA, Uranium 2007: Resources, Production, and Demand. Paris: OECD, 2008, p.30.

In Africa, the Chinese policy was described by a senior official at Sino-
Uranium: ‘Resource-abundant countries give us resources, and we help
them build infrastructure.’? Initially, the battle in Africa was between
CNNC and the Russians over the uranium reserves in Namibia, Niger and
South Africa and then between CNNC and the French Areva. When the
global uranium price jumped from US$18/kg in 2000 to US$52/kg in 2005,
the vice-president of CNNC said that ‘CNNC was alarmed by the very quick
rise in uranium prices on the world market’ and called for ‘a rational price
to facilitate the establishment of a stable nuclear fuel system worldwide and
allow nuclear to compete with other energy sources.”*® China would have to
invest in uranium ventures in Africa, Kazakhstan, Australia and Canada to
ensure ‘greater security’ of its uranium supplies.

In 2005, CNNC approached UraMin, a UK-registered emerging African ura-
nium producer with mineral rights in Namibia, South Africa, Mozambique,
Botswana, Chad and the Central African Republic, with the intention of
buying uranium from or taking over UraMin. ‘We are now facing a new
era of uranium politics or rather “Uranium Politique”,’ cried the media.
Competition for uranium resources in Africa was interpreted by politicians,
scholars and the media as one piece of a larger picture of rivalry for resources
and political influence in Africa. On several occasions, the officials from
CNNC made it clear that China would not rely on any single supplier of
uranium because of energy security considerations. It approached Namibia
as well as Niger and the official visits made by Chinese high-level officials
assisted and facilitated this pursuit of access to uranium in Africa. Rivalry
for uranium resources around the world led to a nearly 600% increase in the
world uranium price from the level of 2005 to US$351/kgU by mid-2007. In
turn, rising prices triggered further fierce competition between CNNC and
many other nuclear powers in negotiating with Namibia and Niger for their
uranium resources.
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In early 2007, as both CNNC and Russia were trying to get hold of
UraMin, Areva came in and quickly concluded a deal of US$2.5 billion to
gain control of a 100% share of UraMin. The deal allowed Areva to produce
7000tU by 2012 in South Africa, Namibia and the Central African Republic.
After Areva took over UraMin, CNNC moved into negotiation with Areva
to secure its uranium supplies from Africa in different forms. A deal of €8
billion was made at the end of 2007 for Areva to supply uranium, conver-
sion, enrichment and fabrication services for up to two decades for two new
1700MW EPRs in Taishan, and Guangdong. Part of the deal on uranium was
equivalent to 35% of the production of UraMin.3!

In Niger, a former French colony, French companies had always had a
dominant presence. China and Niger resumed their diplomatic relations in
1996 and leaders from both sides increased their official visits in the 2000s,
as China had an eye on Niger’s resources while Niger in turn wanted more
assistance from China. In 2001, the presidents from both countries visited
each other and a year later, the second meeting of bilateral joint economic
and trade commission was held in China. As a result, trade between the
two countries doubled from US$6.48 million in 2001 to US$14.7 million in
2002, all of which was made up of China’s exports to Niger, mainly rice, tex-
tile and telecommunication materials. In addition, China also offered schol-
arships for students from Niger to study in China and sent medical teams
as part of the general assistance to the country. With a rapidly developing
diplomatic and trade relationship, the Chinese energy companies rapidly
increased inroads into Niger. Two uranium companies attached to CNNC
and CNEC started exploration projects in Niger, which led to a deal worth
US$140 million. The agreement included the construction of a uranium
mine with an annual output of 600 000 tonnes by Sino-Uranium, a coal-
fired power plant and a hydro-metallurgy plant to be built by Sinohydro
Corp. The deal was supported by the Export-Import Bank of China as part
of a strategic agreement between this policy bank and the two companies.
To prepare for the deal, a year earlier a joint venture had been created with
CNNC holding 37.2% of the shares, the Niger government 33% and another
Chinese company 24.8%.3% In April 2009, China granted Niger another
US$95 million concession loan from its Export-Import Bank to boost this
uranium mining project, which would come online by 2010, with an annual
output of about 700tU.33

China’s efforts to get access to Niger’s uranium have not been without dif-
ficulties. Behind its broad and often rhetorical promotion of being a respon-
sible stakeholder in building a ‘harmonious world’ and promoting ‘peaceful
development’, China had to deal with the reality that ultimately it went to
Africa only to obtain access to the resources. As an increasing number of
Chinese scholars were asking: “‘What makes us different from the old impe-
rial powers going to Africa to explore their resources?’ Perhaps, one major
difference was that China did not know Africa and African people as well
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as European powers and this lack of understanding was a major contributor
to the difficulties Chinese companies encountered and to backlashes of the
bilateral relationships between China and some African countries.

For example, after Sino-Uranium formed a joint venture with three
local partners to explore and mine uranium in Niger, the project had to be
shelved in 2007 because of local unrest. Chinese personnel were kidnapped
by anti-government militants. Some Western observers in Beijing said that
the Chinese government paid a ransom to free the captives from the rebels
who were fighting against the Niger government. Tension arose between
China’s Ministry of Foreign Affairs and its large state-owned corporations
that were in Africa to get access to its resources. When staff of these corpora-
tions found themselves ‘in trouble’, invariably they waited for foreign affairs
officials to clean up the mess and fix the relationship.?*

Sino-Uranium officials admitted the difficulties in its operation in Niger:
‘In addition to bad weather, our people have to deal with diseases, poverty,
ethnic conflicts and political instability’, the deputy general manager of
Sino-Uranium explained:

Some 20 years ago, a Japanese team came to Niger, looking for natural
resources, including uranium. They gave up when they reached the cen-
tre of the desert. It was just too difficult. 20 years later, we are here. It is
a high-risk investment and it is a very difficult operation. I constantly
worry about our people working there. But this is China’s first uranium
mine and we have to succeed.3®

While the competition in Africa intensified, China moved into the
Australian market. While most media and public attention in Australia
focused on Chinese companies trying to take over iron ore companies, such
as Fortescue, Chinese investors such as CITIC Australia and Sino-Uranium
were targeting small ‘grass-root’ uranium exploration companies in South
Australia. In the first part of 2007, South Australia saw a flood of new initial
capital investment worth more than Aus$50 million (US$43 million) in its
resource companies: such as CITIC Australia taking a 19.9% stake in tiny
Marathon Resources in May 2007 and Aus$4 million for a similar stake in
the IPO of Southern Uranium.3¢

Another targeted country is Kazakhstan, which holds 15% of the world’s
known uranium reserves. It was already the theatre of joint ventures with
Russian companies, Cogema (France), Cameco (Canada, the UK) and Korea
Hydro & Nuclear Power Corporations. In the immediate post-Cold War era,
serious concerns were raised about the nuclear weapons left in Kazakhstan,
a country that fortunately decided to disarm - ‘a choice it reached due to a
combination of international pressure, a desire to integrate into the inter-
national community, and assured Western assistance with dismantling its
nuclear weapons and facilities.””” More than a decade later, Kazakhstan
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wanted to: (a) expand its uranium production; (b) become a significant
supplier of nuclear fuel and (c) produce its own nuclear power. China saw
these developments as a great opportunity to strengthen its ‘cooperation’
with Kazakhstan on a variety of issues, one of which was uranium supplies.
As part of the efforts of Shanghai Cooperation Organisation, China and
Kazakhstan established the Kazakh-Chinese Committee for Cooperation
in 2004, which in the following years worked on several major pipeline
projects, and cooperated on nuclear energy.

Until the early 2000s, only CNNC had a licence to purchase uranium
or uranium products from overseas markets. For example, according to the
former CEO of CGNPC, in 1999 Russia was selling enriched uranium con-
verted from it several thousand nuclear warheads, and the price of uranium
was as low as US$11/pound. Unfortunately, CGNPC missed the opportu-
nity because it did not have a licence to purchase enriched uranium on
the international market. With the expansion of China’s nuclear energy
program, the government extended licensing on uranium trade to include
CGNPC. Now both CNNC and CGNPC can purchase enriched uranium
from international markets.®® While CNNC led an overseas expansion,
the central government removed some restrictions to allow other Chinese
companies to invest overseas to secure markets, technology and resources
abroad. This coincided with many large Chinese state-owned corporations
that had accumulated substantial economic wealth for their own disposal
since the mid-1990s.

One main player in search for overseas uranium is CGNPC. In December
2006, Kazatomprom, a state-run energy company that oversees uranium
production in Kazakhstan, and CGNPC signed the Strategic Agreement for a
Mutually Beneficial Partnership, which led to the signing of a series of mem-
oranda on cooperation between the governments of China and Kazakhstan
in September 2007. Two memoranda signed by Kazatomprom and CGNPC
defined the most important directions of strategic partnership in the field
of energy, including the establishment of joint ventures for natural uranium
production and Kazatomprom's investments into the nuclear power indus-
try in China. The memoranda stipulated that all natural uranium produced
by joint Kasakhstani-Chinese enterprises would be delivered to China in
the form of ‘high value added’ nuclear fuel products. A year later, in October
2008, Kazatomprom and two Chinese nuclear companies, CNNC and
CGNPC, signed another strategic partnership, which included long-term
supplies of natural uranium for the nuclear power industry in China, devel-
opment of uranium deposits on Kazakhstan territory (jointly with Chinese
partners), fabrication of fuel for Chinese nuclear power plants and new lines
of activity, that is, the construction of power stations in China.

Kazatomprom controls 51% and its Chinese partners control 49% of the
stakes in three major uranium mines: Itkol with a total annual production
capacity of 750 tonnes of U3%, Semizbay with a total annual production
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capacity of 500 tonnes of U3% and Zhalpak with a total annual production
capacity of 750 tons of U3%8, As Kazakhstan increased its uranium produc-
tion from 6637 tonnes in 2007 to 9445 tonnes in 2008, it also increased its
uranium export to China. In May 2009, the two sides agreed that the total
exports of uranium to China would reach 24 200 tons by 2020.

By 2007, Sino-Uranium had its joint operation in Niger and explora-
tion projects in Namibia. It was also negotiating with Kazakhstan, Algeria,
Zimbabwe, Australia and Jordan.% It was clear that there were high risks
involved in investing in uranium exploration and mining, especially in
countries that are politically unstable. Moreover, it typically takes many
years for a uranium mining project to move from discovery to production.
This long process requires high finance and entails political risks. This
means that despite the recent activities, it will be some time before China
can expect to see any products.

Fuel production

Getting access to uranium is only one step towards securing nuclear fuel
supplies for nuclear power plants and the price of uranium is only a minor
part of the cost of reactor fuel for PWRs. Following the mining of uranium
ore and the production of uranium ore concentration (U;Og, known as
yellow cake), UsOq is then converted to hexafluoride (UF¢), which is then
enriched to increase the proportion of the U235 isotope from 0.71% in natu-
ral uranium to the level required for nuclear fuel (usually in the range of
3.5-5%). Enrichment is measured in separative work units (SWUs). Enriched
UF, then has to be made into nuclear fuel rods (the process being called
fuel fabrication) that are used to power the reactors (see Figure 7.1). If the
uranium price is, for example, US$130/kg, the price for nuclear fuel is about
US$1600/kg, which translates to about 0.5c/kwh. The price of nuclear fuel,
meanwhile, varies from country to country and that made in China tends
to be far more expensive.

Spent fuel from nuclear reactors has three components. Fission fragments
that make up about 4% are intensely radioactive and need to be isolated for
about 500 years until their radioactive level falls below a level of concern.
Uranium makes up 95% and is negligibly radioactive. The remaining 1%
consists of highly toxic substances, including plutonium. These are long-
lived and have to be kept out of the biosphere for hundreds of thousands
of years, or treated to somehow decrease the required isolation time. There
have been debates on how to handle the long-lived substances. The US
advocated the ‘once through’ fuel cycle, in which the spent fuel from PWRs
was kept intact and disposed of untreated in a geological repository. Others,
mainly the French, advocated reprocessing the spent fuel to separate the
plutonium, blending it with uranium from the same spent fuel, and using
this ‘mixed oxide fuel’ (MOX) in their LWRs (this is part of the back-end of
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the nuclear fuel cycle). This can increase the energy for a given amount of
enriched uranium fuel by about 30%.

Enrichment technology is extremely sensitive and strategic and is under
close government control and supervision, even where carried out by
private-sector corporations. The spread of enrichment technology to coun-
tries that do not yet possess it is a matter of great concern and subject to the
control of the IAEA and other multilateral agreements. The recent interest
in nuclear energy worldwide has raised serious concerns about nuclear pro-
liferation not because of electricity generation from NPPs, but because of
the potential spread of enrichment and reprocessing technology.

China is one of the nine countries in the world that have developed
enrichment capacity, but in all stages of nuclear fuel production its capacity
is limited. By the end of 2007, China had a UF, conversion capacity of about
3000t/U, roughly 1.2% of the world’s total capacity. Its enrichment capacity
was about 1000 x 10° SWU, 1.3% of the world’s total.*® The capacity is far
short of meeting the domestic demand. By comparison, CNNC is just not in
the same league as the big producers.*!

China started a programme of producing fissionable materials in the late
1950s and its ‘initial decision in favour of uranium over plutonium came
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in April 1960 [when] Beijing decided to concentrate on the production
of enriched uranium in Lanzhou.”*? No weapons programme could have
been possible if the country could not produce fuel. Despite its promise,
the Soviet Union had no intention of helping China develop enrichment
capacity for the same reason that currently the international community
has strict regulations on which country can develop nuclear fuel capacities.
After the Soviet Union withdrew its experts and materials from China, the
Chinese had no choice but to develop their own technology for nuclear con-
version and enrichment. It managed to build a small facility that adopted
the gaseous diffusion technology. The facility was able to produce enough
low-enriched uranium ‘to satisfy the needs for the development of scientific
research and national defence.*3 It was far short of meeting the demand
when a nuclear energy programme was in place.

How to expand the capacity of nuclear fuel production and service was
subject to debate too. Some wanted to expand China’s existing enrichment
capacity and devote more resources to develop the back-end fuel cycle.
Others argued that most international NPPs vendors can also provide fuel
services and it was possible to purchase these services. By the 1980s, China
had already obtained technology of the front-end of the nuclear fuel cycle —
from mining and milling, to conversion, enrichment and fuel fabrication.
It did not have to demonstrate that it could do what other nuclear power
states were able to do. The issue was how to secure the resources to expand
its nuclear fuel capacity when both the revenue of the central government
and the budget for defence-military was down.

To ensure the nuclear fuel supplies for Qinshan I, in the 1980s, the 2nd
Ministry planned to expand its enrichment facilities in Chengdu in Sichuan
province, the site of important civilian and military nuclear activities.
Little progress was made because of the budget constraints and structural
changes of the industry. In 1989, China applied for IAEA Safeguards so that
it could import more advanced nuclear technology because its own cen-
trifuge development programme went nowhere. Right after, negotiations
took place with the Soviets and then Russians to import a gas centrifuge
enrichment plant with a production capacity of about 500 kilograms of
low-enriched uranium (LEU) each year. This centrifuge enrichment plant
in Chengdu was expected to be able to ‘produce about 200 000SWU per
year, for Qinshan 1.4

Russia had its own reason for selling the technology to China after the
Cold War ended. A director of nuclear material production at the Russian
Ministry of Atomic Energy (Minatom) said that the fate of the sales project
to China would ‘depend on whether or not we are kept out of uranium and
other nuclear markets’ in the US and elsewhere. If our expertise and capa-
bilities are not rewarded in these markets, we will have to export our equip-
ment and material elsewhere.*> For China, the central government had
decided that nuclear fuel for Qinshan would come from domestic sources
and foreign nuclear fuel would not exceed 30% for other nuclear power
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Table 7.6 Forecast of SWU capacity requirement in China

2000 2005 2010 2015 2020 2030

103 SWU 317.5 972.5 2078.3 4189 7413.8 10,213.2

Source: ZE5 Y, ‘FERIEHFFR LGPk FHLE’, (Li Guanxing, Challenges and
Opportunities of Uranium Industry in China’), Uranium Geology, 24:5, 2008,
p.262.

plants. The rationale behind this was that China had to become independ-
ent in supplying crucial energy sources.

In 1992, a bilateral nuclear cooperation agreement was signed: China
agreed that centrifuges for its plant would be manufactured in Russia and
then be installed at the Chinese site by Russian experts. In return, Minatom
officials promised Russia would build the facility for CNNC based on its
‘latest-design, subcritical centrifuges operation in Siberian locations’, but
would not transfer the technology to China.*® This new enrichment plant
with the centrifuge technology would be financed by the Chinese and was
placed under IAEA safeguard provisions. This was a deal for mutual con-
venience: China was once again isolated and various degrees of embargo
were imposed after the Tiananmen incident in 1989 while Yeltsin needed
the business when Russia’s economy collapsed and its military and defence
segments were becoming increasingly distraught over the loss of the Soviet
empire and their privileged position.

In the end, it was political considerations that dominated the 1992
bilateral agreement, but the Chinese negotiators failed to make sure that
the agreement was fulfilled. Instead of selling China the most advanced
technology, the Russian centrifuge facilities at Chengdu represented ‘early
Soviet-design centrifuge technology.”” During the construction, IAEA safe-
guard officials visited both sides to obtain design information and set up an
inspection routine for the facility in Chengdu. The plant started its enrich-
ment operation in 1997.

Meanwhile, Chinese scientists and engineers were trying to develop their
own version of centrifuges at the same location. CNNC also started con-
structing 2 X 2 projects — two facilities for isotope separation and two facili-
ties for fabrication. The two fabrication facilities where enriched uranium is
fabricated into fuel rods to be fed into nuclear power reactors are located in:

e Yibin, Sichuan province — China’s first fabrication facility was designed
to play an important role in Qinshan I. Yibin Fuel Plant, now Jianzhong
(&) Nuclear Fuel Co. Ltd supplied and manufactured the first assem-
blies for the first load of Qinshan I with 11 tonnes a year of fuel assem-
blies. A second production line was built with technology transfer as part
of the contract with Russia signed in July 1996 and the plant started its
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operation in 2001 to supply 26 tonnes a year of fuel assemblies to the
Daya Bay units. The company has 5800 employees and about 30% of
them are technicians with 229 high rank professionals. It increased its
production capacity from about 150tU/y in 2000, to 200tU/y in 2006 and
400tU/y in 2008.48

e Baotou, Inner Mongolia (1998) — The operation was initially known as
Baotou Nuclear Fuel Plant and is now called China North Nuclear Fuel
Co. Ltd. It fabricates UO, fuel for two Canadian PHWRs in China at
Qinshan III, after the Canadians supplied the first load of fuel. It also
makes fuels for the HTR-10. It is also reported that the Baotou plant will
eventually manufacture fuel for AP1000, which uses 4.95% of uranium,
higher than the normal enriched 3.2%.%

Lanzhou, Gansu province and Chengdu, Sichuan province host two
enrichment facilities that initially had gas diffusion technology and later
introduced gas centrifuge technology to produce low-enriched uranium
(LEU). They supplied the first fill and replacement for Qinshan I and Daya
Bay. According to IAEA, CNNC is developing its enrichment plant in coop-
eration with Russia’s Atomenergoprom and may increase its enrichment
capacity to supply most or all of its growing domestic requirements. It is
expected that the Chinese enrichment capacity will increase from the cur-
rent 1.7% of the world’s total to 5.5% by 2015. Currently China, with its
enrichment capacity of one million SWU, can meet its domestic demand
of enriched uranium. However, as the country expands its nuclear genera-
tion capacity, even if all its fuel enrichment capabilities were for civilian
applications, domestic production would still be insufficient. The portion
of foreign supplied nuclear fuel will rise to 50%.

Back-end of the nuclear fuel cycle

The back-end of the nuclear fuel cycle refers to the stage where spent fuel
from a NPP is reprocessed and then used in combination of uranium to
generate electricity. In countries where there is limited nuclear power gen-
eration capacity, spent fuel is often placed in on-site interim storage facili-
ties until it is eventually removed to a permanent disposal facility. In some
countries, spent fuel is reprocessed into plutonium that can be fed back into
the enrichment and fuel fabrication process and used to fuel power plants.

The main purpose of reprocessing is to better utilise natural resources by
recycling the remaining uranium and plutonium, thus reducing demands
for fresh uranium mining and milling, and ensuring a more sustainable and
long-term use of nuclear energy. Reprocessing also reduces the size of radio-
active waste. Building reprocessing capacity is expensive and reprocessing
produces plutonium that can be used in the production of nuclear weap-
ons. The proliferation and economic concerns have been the main reasons
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that some countries have not developed, or have abandoned plans to build
reprocessing facilities, as the US did in 1970. Currently, four countries —
France, Japan, Russia and the UK - have reprocessing facilities, but only
France and the UK operate commercial operations.

The Chinese nuclear community has long argued that the country should
build an integrated nuclear fuel cycle industry. Developing reprocessing
capacity has come to the foreground in recent years when the government
decided to expand the country’s nuclear power plants. Two arguments were
presented to support this programme: (a) efficient utilisation of uranium;
and (b) reducing the burden of accumulation of nuclear waste. Three unspo-
ken reasons were behind the push to build an integrated nuclear fuel cycle
by those at CNNC: (a) China should have control of the most advanced
technology for civilian as well as military purposes; (b) the industry needed
the government’s continuing support and (c) it is prestigious to have the
ability to build an integrated nuclear fuel cycle.

Throughout the 1980s and 1990s, the industry was under pressure to cut
its programmes, lay off employees and make ends meet. Building reproc-
essing capacities, though expensive, was seen as a way to save the team
because the central government might support the programme based on
the principle that it would support R&D in ‘high technology’. Few argued
against building reprocessing capacities because of the military applica-
tions and political implications. R&D needed for this project, however, has
been delayed year after year because of an array of economic, technical and
logistical problems. The internal bickering within the nuclear sector, and
between the nuclear and other energy sectors, and among departments
and ministries of the central government, has been the major obstacle to
addressing the issue in a coordinated manner.

In 1995, CNNC said that it planned to construct and operate a commercial-
scale reprocessing plant by 2010. When building the reprocessing capacity
was placed on the agenda of the central government in the late 1990s, it
caused international safety and proliferation concerns. Officials from US
agencies acknowledged that it was not clear why China would opt to reproc-
ess spent fuel, but they suspected that ‘there is an influential group that
wants to build reprocessing plants’>® and urged China not to proceed with
the plan.

There was opposition in China too. It was argued that a closed nuclear
fuel cycle was a complicated system; it would take a long time and a huge
amount of investment to build. Its requirement for resources was in direct
competition with other more urgent needs in the industry (at the time when
so many of its workers were laid off). There were also inherent security
concerns involved in developing reprocessing technology and fast breeder
reactors. The possible use of nuclear materials and nuclear technologies
for building nuclear weapons (proliferation resistance), and the spread of
the sensitive technologies of the nuclear fuel cycle to where they might
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endanger the peace and stability of the world, would bring China in direct
conflict with other countries at a time when it could not afford to do so.
Finally, it would not be cost-effective or even necessary to develop the indig-
enous closed fuel cycle industry when its nuclear energy industry was not
even developed. Given the domestic and international oppositions, the gov-
ernment invested limited resources in the programme.

Since the early 2000s, renewed efforts have been made as the country’s
nuclear energy programme expanded. For scientists at the CIAE, developing
reprocessing capacity is only a step forward towards making nuclear energy
sustainable and renewable. If PWR is the technology today, fast reactors
would have to be the technology for tomorrow, not only to reprocess spent
fuel to reduce the size of radioactive waste but also to produce more fuel
than they consume. With fast breeder reactors, the utilisation rate of ura-
nium would increase from 1% to 60-70%. The total world uranium reserves
could last 30 times longer than if PWR open cycle technology was used (see
Table 7.7). Chinese scientists want the technology and insist that it is essen-
tial for them to develop it because of the limited domestic uranium reserves.
At the current consumption rate, uranium reserves in the world will last
only 60-100 years with a light water reactor open cycle, shorter than coal
reserves (155 years).>! This is not and should not be a major concern today,
and especially for those countries that will not have a large-scale nuclear
power programme, but many believe it to be a key concern for Chinese
nuclear development.>?

According to senior scientists at CIAE, a pilot reprocessing plant with a
capacity of 50tHM/a has been built and hot testing was underway in 2009
for the stable operation of the plant. China is planning to build a commer-
cial reprocessing plant with a capacity of 800tHM/a by 2025. This plant will
be constructed through international cooperation. CIAE has been under-
taking research on a fast breeder reactor for some time. In 2007, the central
government deliberately slowed the process of commissioning the plant for
safety and security reasons. In 2009, the policy changed when the National

Table 7.7 Lifetime of energy resources (years of present
annual consumption rates)

Uranium with Uranium with
a light water fast breeder
Coal Gas reactor open cycle reactors
155 65 100? > 3000

Note: *The Chinese estimate of the lifetime of uranium sup-
plies with LWR was 60 years, while IAEA and NEA estimated
100 years.

Source: NEA, Nuclear Energy Outlook 2008. Paris: OECD, 2008,
p-199.
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Energy Administration (NEA) listed the project as a step towards ‘independ-
ent nuclear energy technology development’.

In January 2010, the NEA announced 16 energy R&D centres and the
CIAE’s fast reactor is one of them. Scientists at CIAE see the fast breeder reac-
tor as the means leading to sustainable nuclear development; it is designed
to recycle the separated plutonium from the reprocessing process. If the fast
reactor is not in place by 2025, the reprocessed plutonium can still be used
with the remaining uranium as MOX to feed into the nuclear power plants.
In sum, for now, the back-end of the nuclear fuel cycle in China is still at
the testing stage, while R&D is being carried out as the technical support to
the stable operation of the pilot repressing plant.>?

Another reason for the industry to push for the reprocessing and fast
reactor technologies is the accumulated spent fuels from the existing reac-
tors. Radioactive waste might yet become a public concern in China. It has
not been a problem so far because of the limited number of nuclear power.
However, radioactive waste in China has accumulated at a fast rate (as shown
in Table 7.8).

Accumulation of spent fuel raises serious concerns about waste manage-
ment.>* Each NPP has its own on-site storage facility and specific treatment
facility, generally including waste separation, cementation and compaction.
For the Daya Bay project, two near-surface facilities have been built. One is
the Beilong repository in Guangdong province, about 5 km from the Daya
Bay nuclear power station. The design capacity of Phase 1 is 80 000 cubic
metres, and the capacity for the initial phase is 8800 cubic metres. The SEPA
approved its assessment report of environmental impact in March 1998.

Another major repository is under construction near the Gobi Desert in
Gansu province. This will have a 200 000 cubic metre capacity when it is
finished. By the early 2000s, it was about 20 000 cubic metres, including six
disposal units. It has already accepted some waste from Daya Bay because
normally spent fuel is kept on-site until the end of the reactor life — between
40 and 60 years. The storage facility at Daya Bay, however, was full only 10
years after it started operation in 1994. The two French-designed reactors at
Daya Bay were equipped with a small spent fuel storage area similar to that
built in France, where small storage capacity is not a problem because spent

Table 7.8 Forecasts of spent fuels in China

2000 2005 2010 2015 2020

tHM/y 54.4 166.8 272.8 537.9 983.2
Accumulated (10* tHM) 348.2 885.6 1954.8 4055.7 8011.8

Note: tHM - tones of heavy metal.

Source: Zi, FRERZBLEMEH LGP AYLE’, Uranium Geology, 24:5, 2008,
p-264.
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fuel is routinely shipped to Cogema'’s reprocessing facilities at La Hague. In
China, however, no such solution is yet available.. Currently, CGNPC, the
operator of the Daya Bay reactors, is paying CNNC to remove its spent fuel
from Daya Bay and transport it in casks to Gansu province where CNNC
is building a reprocessing facility. A permanent storage place is also under
review in Gansu province.

The most advanced model of nuclear reactor, AP1000, would generate
about 35 tonnes of intermediate level and low level waste each year. China
will build two or three units a year in the coming decades. How to man-
age the rapid accumulation of toxic radioactive waste is becoming one of
the most pressing challenges in China. This has become one of the main
motives for Chinese scientists to develop an integrated fuel cycle industry
so that the size of the waste would reduce significantly.>

Meanwhile, international cooperation is taking place to deal with the
twin challenges of efficient utilisation of uranium and managing radioac-
tive waste. In 2007, as a side agreement for China to purchase two EPRs
from Areva, Areva and CNNC signed an agreement to study the feasibility
of cooperating in constructing a reprocessing and plutonium complex, as
a way of ‘industrial cooperation in the back-end of the nuclear fuel cycle.’
Soon after Areva and China agreed on cooperation, Russia approached
China for a similar bilateral collaboration ‘with the goal of setting up a com-
mercial reprocessing complex in China’ as an extension of their decade-long
partnership in centrifuge uranium enrichment.¢ In late 2008, AECL signed
an agreement with Chinese authorities to develop technology to recover
uranium from the spent fuel of China’s light water reactors so that it could
be used in the two 728-MW Qinshan CANDU reactors. Canada currently
does not have the reprocessing capacity, and neither does China.

Conclusion

Nuclear fuel is the main concern for those calling for slow nuclear energy
development.”” China has limited natural uranium reserves and its nuclear
energy programme depends on resources imported or developed by Chinese
firms in overseas mining. This is the strategy adopted by the Chinese
government- expanding domestic uranium exploration, mining and mill-
ing, encouraging Chinese firms to invest in overseas mines, and importing
from the major producers. Together they are known as ‘two sources, two
markets’ (BFH%J8, B-N173%). Entering the global uranium industry late that
is dominated by a few multinational conglomerates, Chinese companies are
investing in uranium exploration and mining in some very unstable and
highly risky countries.

There is a global market where nuclear power plant operators can buy
nuclear fuel services under the strict supervision and monitoring of IAEA.
While China supports the efforts of the international community to adopt
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a multilateral approach to guarantee nuclear fuel supplies to those countries
wishing to develop and expand their nuclear generation capacity, it wants
to be the supplier of nuclear fuel rather than depending on the external
supplies.

Finally, it has been a strong desire of the Chinese nuclear community
to develop the back-end of the nuclear fuel cycle, specifically the spent
fuel reprocessing and fast breeder reactors. This raises two issues: one is
that given that the technology used in enrichment and reprocessing can
be used to make weapons, China would have to put in place better and
more effective regulations. The other is that developing back-end capacity
is difficult, expensive and time consuming. CNNC is the only player in the
field and many of its scientists treat nuclear fuel production as a scientific
development issue rather than a commercial one. The industry thus faces
the challenge of how to balance the immediate need for fuel and the future
sustainable nuclear development.
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8

Who Cares? The Public and
the Environment

Worldwide, nuclear energy development has been shaped by public opin-
ion, which has to be disaggregated into three levels — elite, sub-elite and
popular.! In some societies, elite opinion holds more sway than the other
two groups, while in others the popular views can have a significant impact
on decision making. The balance also changes with time and across issues.
How public opinion shapes nuclear policies depends on which aspects of
nuclear energy development are debated: issues of environment, safety, sit-
ing, waste management or decommissioning.

Environmental pollution was one the issues that the Chinese government
decided to tackle as early as 1979 when the economic reform had just begun.
Energy production and consumption was identified as the major contribu-
tor to environmental pollution. The central government invited American
scientists to China in 1978 and 1979 to discuss the possibility of developing
renewable energy, solar, wind, geothermal and tidal wave.? In the follow-
ing three decades, environmental pollution has been a perennial challenge
for policy makers, but what constitutes environmental pollution was con-
stantly changing. In the early years, direct coal-burning was identified as
the main threat to environment and as a major reason for energy ineffi-
ciency. Nuclear energy was advocated as a clean, safe and cheap energy to
replace the dirty coal to deal with both air and water pollution and to meet
rising demands for modern energy.

Nuclear energy development did not raise environmental concerns
in China until recently mainly because the desire to meet rising energy
demands overwhelmed concerns of pollution. Nuclear energy involves two
types of environmental concerns: one is ‘offensive’ and the other ‘defensive’.
At every stage, nuclear power production, from uranium mining (such as
radioactive tailing) to electricity generation (spent fuel) to decommission-
ing, produces some adverse impacts on the natural environment. Scientists
have been developing technologies to limit the impact of these offensive
environmental pollutions, which are hardly noticed or talked about by the
general public. Defensive pollution refers to the way in which the public
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and politicians try to protect what they have — people, property, scenery
or the sense of safety and security. These threats to the environment may
only be ‘potential’ and they may affect, or at least are perceived to affect,
people living in the areas where nuclear power stations are built. The pub-
lic responds to these potential negative environmental consequences of
nuclear energy development, such as radioactive leakage into the air, land
and water, or visual pollution, much more strongly and vocally than they
react to the offensive ones.

At the core of this different reaction to offensive and defensive environ-
mental consequences is the issue of ‘dispersed benefits vs. concentrated
costs’.® When people can benefit thousands of miles away and gain access to
electricity without suffering the air and water pollution from burning coal
to generate it, they support nuclear power, but not with any great enthusi-
asm that would make them active advocates of NPPs. For those living in the
vicinity, the change of their livelihood, destruction of scenery and potential
radioactive leakage are more than they want to tolerate; and the impact of
these potential threats would be much more immediate. So they care and
make a noise. The government has to reassure the public about the safety
and security of NPPs with adequate and effective regulation in place. It is
meanwhile often unwilling to push through a project when facing strong
public opposition, even in China, because it is not worthwhile politically.

As economic reform has progressed, the policy-making process has
become more open and organised interests (the sub-elite) have gained sig-
nificant status by making their views known. The civil society and the
‘right-define’ movement, ‘stemming from the substantial expansion of
“public space” available for addressing issues of civil concern,” are making
inroads in shaping public policies. Indeed, a major NPP project in Shandong
was put on hold largely because of the complaints and organised protests of
civil societies.

This chapter examines how a series of issues have been balanced in the
process of nuclear energy development: such as meeting the immediate
need for modern energy, long-term energy security, the immediate human
suffering from air or water pollution, and the long-term safety of radioac-
tive waste. Since public policy-making is all about making choices, there is a
dynamic process in which immediate and future problems and the costs of
dealing with these problems are balanced.

Energy demands vs. environmental protection

Environmental protection and sustainable development have been pro-
claimed among the ‘major tasks and important targets’ in the FYPs since
the 1970s, yet they were overwhelmed by the desire to meet rising energy
demands. In policy terms, expanding electricity capacity was given the pri-
ority for two main reasons: (a) economic growth required stable supply of
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modern energy, and (b) air and water pollution from direct coal-burning
had more immediate impacts on society that the government had to deal
with. Policies adopted to reduce one type of pollution (dust and particles)
by expanding thermal generation capacities then created serious problems
of another type of environmental pollution — greenhouse gas emissions.
Nuclear energy programme was designed to address both rising energy
demand and climate change, but neither proponents nor opponents of
nuclear energy made much difference in this development.

As discussed in Chapter 2, in the early stage of reforms, power shortages
swept the country. In 1978, for example, the Shanghai government issued
a document, stipulating the principles of power rationing. The city govern-
ment allocated power consumption to enterprises, government agencies,
schools, shops and the military. Those that consumed more than their quotas
would have to pay heavy fines. Enterprises would have to rotate their shifts
in order to avoid peak-hour usage of electricity. In 1979, Guangdong could
supply only about 60% of the electricity that was required. In December
1980, the Chinese premier, Zhao Ziyang, admitted that the electricity short-
age was the main reason that China’s industry ran at about 70% capacity.
In 1983, Beijing city government issued a similar document, requiring all
enterprises to rotate their shifts and work on different days of the week to
avoid peak-hour electricity demand. The price of electricity for peak-hour
and for beyond-the-quota consumption was more than double the normal
power tariffs.’

Meanwhile, environmental pollution was a grave problem throughout
the 1980s and 1990s. In the early 1980s, the amount of smog and pollut-
ants released into the atmosphere in China was about 20 million tonnes a
year, which was twice the world average. The concentration of particulates
of sulphur dioxide (SO;) and nitrogen oxide (NO,) in the air in the centre
of Beijing exceeded the national standard by two to four times, and in
Beijing the average dust (total suspended particulate) levels were about
seven times greater than the US air quality standard. In rural areas, bio-
mass fuel uses caused serious hillside soil erosion, excessive water runoff,
deforestation and declines in soil fertility.® ‘To prevent further increases
in already unacceptably high levels of urban air pollution, as well as to
economise on fuel, [required] the replacement of decentralised and uncon-
trolled burning of coal in households and enterprises with centralised,
large-scale, environmentally controlled combustion to produce cleaner
forms of energy (gas, electricity, steam, hot water) for distribution to final
users.”

This was what China did in the following two decades: a large number of
coal-fired power stations, including many small and dirty ones, were built
in the 1980s to replace direct coal-burning. China significantly increased its
generation capacity, from 66GW in 1980 to 217GW in 1995. The proportion
of coal used for power generation expanded from 20.13% in 1980 to 33.26%
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in 1995 and to 45.64% in 1999. The efforts to reduce one type of pollution
were more than balanced out by an increase in GHG emissions as the result
of a rapid expansion of coal-fired thermal power stations and coal gasifica-
tion, both of which were encouraged by the experts from the World Bank
and UN Environment Programme (UNEP).

Nuclear scientists pushed for nuclear energy development for the same
reasons. ‘Environmental pollution from nuclear power stations [was]
much less than power stations burning coal,’ explained the president of
the Chinese Nuclear Society in 1984. They released no sulphur dioxide, no
nitrogen oxide, no dust or other dangerous substances (see Table 8.1). Even
the amount of radiation released by a nuclear power station was less than
that of a coal-fired thermal power plant.

Nuclear scientists’ argument that a heavy reliance on coal had serious
consequences for the environment - it polluted air, dirtied water and created
hazards — might be convincing. To many policy makers, however, building
NPPs would take too much time and resources that the country did not have
to deal with either electricity shortages or pollution.

A series of policies was adopted for environmental protection: in 1989,
the central government introduced the Environmental Protection Law.
The 8th FYP (1991-95) listed environmental protection among the ‘major
tasks and important targets for the following five to ten years.’® After the
Earth Summit at Rio de Janeiro in 1992, China adopted its own version
of ‘Agenda 21'. In the 1990s, environmentalists and nuclear establish-
ment took the same line: fossil-fuel consumption should be controlled.
‘Many environmental specialists indicate that one of the major measures
to improve the Chinese environmental outlook is the development of
nuclear power stations to replace coal power stations,” an official from
CNNC said at the 9th Pacific Basin Nuclear Conference. ‘The practice
of world nuclear power development demonstrates that nuclear power is
a safe, clean and economic energy source, it not only reduces the pres-
sure on railway transportation of coal, but also benefits environmental
protection.”” This statement was a carbon-copy of the speech some top
scientists gave at the end of the 1970s when China decided to adopt a

Table 8.1 Early estimates of environmental consequences

Radiation Sulphur Nitrogen Dust and other
exposure dioxide SO, oxide NO, substance
(mr/year) (tonne/year) (tonne/year) (ton/year)
Thermal power 4.75 46,000-127,500  26,250-30,000 3500
station
NPP 1.8 0 0 0

Source: Jiang Shengjie, ‘Developing China’s Nuclear Power Industry’, Beijing Review, 18 June
1984, p.19.
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nuclear energy programme. Some Western observers in China at the time
made similar statements:

Nuclear power is even more appealing to China’s planners when they
weigh the environmental consequences of other power sources. Compared
to serious air pollution problems caused by hydrocarbon combustion and
the potential for environmental degradation from new large-scale hydro-
power dams, nuclear power appears considerably more benign...Each
1,000MW in new nuclear capacity that displaces a coal-fired power plant
could reduce China’s potential carbon emission by roughly three million
tonnes per year. If China’s nuclear plants account for 5 percent of total
energy consumption by 2020, about 125 million tonnes in carbon emis-
sions could be avoided, or the equivalent of France’s current total annual
carbon emissions.!®

Neither government officials nor the public saw nuclear energy as a viable
alternative to coal, which, many argued, would be the main source of energy
for China in the foreseeable future. This was the position presented by the
Chinese delegate at the Kyoto Conference in 1999.!! Meanwhile, the discus-
sions on environmental pollution in the context of the inhaled particulates
shifted to those on climate change, especially GHG emissions. With a rapid
expansion of thermal generation capacity, China had become the second-
largest GHG emitter, behind the US, producing about 14% of the world'’s
GHGs by the end of the 1990s. Scientists in China pointed out the aggregate
of pollutant emissions was far beyond the environmental loading capacity.

Since energy was at the centre of environmental problems in China, it
was widely agreed among the science and nuclear community that China
should pursue nuclear energy to deal with both rising energy demand and
environmental problems simultaneously. This was the conclusion drawn
by a team of government officials who wrote the report on nuclear energy
development in China in 1999.!2 Unfortunately, a year earlier, Zhu Rongji
announced: ‘Let’s put nuclear power on hold right now and put our empha-
sis on other power sources.”’* In 2000, Zhu repeated the message that nuclear
energy would not be the priority; developing hydro projects in the western
provinces would help to alleviate both poverty in the west and power short-
ages along the coast.

The growth rate of carbon emissions escalated after 2002 as more coal-
fired generation plants were built to deal with resurged power shortages. The
total generation capacity rose by 9.9% in 2003, 9.74% in 2004 and 16.91%
in 2005, and CO, emission per capita in China jumped from 2.89 tonnes
in 2003 to 3.65 tonnes in 2004 (26.3% increase), then increased by another
6.3% in 2005, 10% in 2006 and 7% in 2007.1* ‘Burning coal contributes to
90% of the national total sulphur dioxide (SO,) emissions, about 70% of
the national total dust, nitrogen oxide (NO,) emissions and carbon dioxide
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(CO,) emissions.”> China became the world’s largest emitter of SO, and the
second-largest emitter of CO,.

Environmental pollution has been a major factor impeding sustainable
economic and soc