palgrave
macmillan

Nuclear Energy
Development in Asia

Problems and Prospects

Edited by
Xu Yi-chong




Nuclear Energy Development in Asia



Energy, Climate and the Environment Series

Series Editor: David Elliott, Emeritus Professor of Technology, Open University, UK

Titles include:

David Elliott (editor)
NUCLEAR OR NOT?
Does Nuclear Power Have a Place in a Sustainable Future?

David Elliott (editor)
SUSTAINABLE ENERGY
Opportunities and Limitations

Horace Herring and Steve Sorrell (editors)
ENERGY EFFICIENCY AND SUSTAINABLE CONSUMPTION
The Rebound Effect

Matti Kojo and Tapio Litmanen (editors)
THE RENEWAL OF NUCLEAR POWER IN FINLAND

Antonio Marquina (editor)
GLOBAL WARMING AND CLIMATE CHANGE
Prospects and Policies in Asia and Europe

Catherine Mitchell
THE POLITICAL ECONOMY OF SUSTAINABLE ENERGY

Ivan Scrase and Gordon MacKerron (editors)
ENERGY FOR THE FUTURE
A New Agenda

Gill Seyfang

SUSTAINABLE CONSUMPTION, COMMUNITY ACTION AND THE NEW ECONOMICS
Seeds of Change

Joseph Szarka

WIND POWER IN EUROPE

Politics, Business and Society

David Toke

ECOLOGICAL MODERNISATION AND RENEWABLE ENERGY
Xu Yi-chong (editor)

NUCLEAR ENERGY DEVELOPMENT IN ASIA

Problems and Prospects

Xu Yi-chong
THE POLITICS OF NUCLEAR ENERGY IN CHINA

Energy, Climate and the Environment
Series Standing Order ISBN 978-0-230-00800-7 (hb) 978-0-230-22150-5 (pb)
(outside North America only)

You can receive future titles in this series as they are published by placing a standing order. Please
contact your bookseller or, in case of difficulty, write to us at the address below with your name
and address, the title of the series and the ISBN quoted above.

Customer Services Department, Macmillan Distribution Ltd, Houndmills, Basingstoke, Hampshire
RG21 6XS, England




Nuclear Energy Development
in Asia
Problems and Prospects

Edited by

Xu Yi-chong

Research Professor, Centre for Governance and Public Policy, Griffith University, Australia



Introduction, conclusion, editorial matter and selection © Xu Yi-chong 2011
All remaining chapters © respective authors 2011
Softcover reprint of the hardcover 1st edition 2011 978-0-230-24024-7

All rights reserved. No reproduction, copy or transmission of this
publication may be made without written permission.

No portion of this publication may be reproduced, copied or transmitted
save with written permission or in accordance with the provisions of the
Copyright, Designs and Patents Act 1988, or under the terms of any licence
permitting limited copying issued by the Copyright Licensing Agency,
Saffron House, 6-10 Kirby Street, London ECTN 8TS.

Any person who does any unauthorized act in relation to this publication
may be liable to criminal prosecution and civil claims for damages.

The author has asserted her right to be identified
as the author of this work in accordance with the Copyright,
Designs and Patents Act 1988.

First published 2011 by

PALGRAVE MACMILLAN

Palgrave Macmillan in the UK is an imprint of Macmillan Publishers Limited,
registered in England, company number 785998, of Houndmills, Basingstoke,
Hampshire RG21 6XS.

Palgrave Macmillan in the US is a division of St Martin’s Press LLC,
175 Fifth Avenue, New York, NY 10010.

Palgrave Macmillan is the global academic imprint of the above companies
and has companies and representatives throughout the world.

Palgrave® and Macmillan® are registered trademarks in the United States,
the United Kingdom, Europe and other countries.

ISBN 978-1-349-31645-8 ISBN 978-0-230-30633-2 (eBook)

DOI 10.1057/9780230306332

This book is printed on paper suitable for recycling and made from fully
managed and sustained forest sources. Logging, pulping and manufacturing
processes are expected to conform to the environmental regulations of the
country of origin.

A catalogue record for this book is available from the British Library.
A catalog record for this book is available from the Library of Congress.

M7 9 8 7 6 5 4 3 2 1
20 19 18 17 16 15 14 13 12 11



Contents

List of Figures and Tables vii
Preface ix
Series Editor Preface xi
Abbreviations Xiv
List of Contributors xvii
1 Nuclear Energy in Asia: An Overview 1
Xu Yi-chong
2 The Politics of Nuclear Energy in Asia 14
Xu Yi-chong
3 Nuclear Energy Development in China 43
Sang Dongli
4 The Indian Nuclear Energy Programme: the Quest for
Independence 68
Lavina Lee
5 Nuclear Energy Development in Japan 98
Toshihiko Nakata
6 Japan’s Commitment to Nuclear Power: Grand Scheme or
Pipedream? 116
Jeff Graham
7 Nuclear Energy Development in South Korea 141

Maeng-Ho Yang and Xu Yi-chong

8 The Past, Present and Future of Nuclear Power in Taiwan 163
Min Lee

9 Challenging Chernobyl’s Legacy: Nuclear Power Policies in
Europe, Russia and North America in the Early Twenty-First
Century 190
Per Hogselius



vi Contents

10 Implications for Australia as a Supplier of Uranium to the

Asian Region 211
Stuart Harris

11 Nuclear Energy and Development 231
Xu Yi-chong

Index 241



List of Figures and Tables

Figures

2.1 Electricity production by source, 2007

5.1 Nuclear power plants in Japan

5.2 Changes in operating rates of nuclear power stations

7.1 Trend of GDP, export and import growth rate in South Korea,

1962-2007
9.1 Number of nuclear power reactors in commercial operation in
Europe, Russia and North America, 1950-2007

Tables

1.1  Status as emitter of CO, per capita, 2007

2.1  Nuclear power plants under construction by country in 2010

2.2 ASEAN electricity access by country, 2008

2.3 Fuel shares for electricity generation in 2006

2.4  World energy use by fuel type, 1980-2005

2.5  Asian nuclear reactor plans to 2030

2.6 Costs of electric generation alternatives

2.7  Global fuel cycle capability by country

2.8  Nuclear fuel supply proposals, 2003-07

3.1 Nuclear power plants in operation in China

3.2 Nuclear power construction projects schedule assumption

3.3 Nuclear power plants under construction in China

3.4 Nuclear power projects under early-stage preparations to
construct in China

3.5  Electricity consumption per capita in China, OECD and
worldwide, 2003-07

3.6 Investment in the electricity industry, 2002-07

3.7  Producers of nuclear electricity

3.8 Comparative costs of nuclear and coal-fired power in
Guangdong

3.9 Comparative nuclear power tariffs in the same grid

4.1 The approximate potential available from nuclear energy

4.2  Projections for electricity requirements

4.3  Possible development of nuclear power installed capacity

5.1 Nuclear power stations in Japan

5.2 Nuclear power stations by sites

vii

18
104
108

156

194

15
17
19
20
22
23
27
28
44
46
47

55

56
57
59

61
62
86
87
88
102
102



viii

5.3
5.4
5.5
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8

7.9
7.10
8.1
8.2
8.3
8.4
8.5
8.6
8.7

List of Figures and Tables

Changes in growth rate of GDP and energy supply
Lifetime energy availability factor

Basic political measures for nuclear energy in Japan
Electricity generation by sources in South Korea
Localisation schedule of nuclear power plant technologies
Reactor technology of Korea

Cost-competitive energy in Korea

Investment plan for CNEPP

Investment plan for national R&D programme

Prospects of nuclear power capacity, 2030

Factors affecting public opinion towards nuclear power
plants in their neighbourhood

Nuclear power plants in operation in South Korea
Nuclear power development plan

Reactors in operation in the world

Energy mix in Taiwan

Nuclear power plants in Taiwan

Schedule and budget of Taipower’s nuclear power plants
Median construction time span in the world, 1976-2008
World average factors of nuclear power plants, 1990-2008
Profit before tax of Taipower

105
107
109
146
149
149
150
152
152
153

157
158
159
165
167
167
170
170
171
187



Preface

Over 80 per cent of the world’s energy supply is currently derived from fossil
sources and the energy sector accounts for 84 per cent of global CO, emis-
sions and 64 per cent of the world’s greenhouse gas emissions. The energy
sector must be at the heart of a comprehensive programme of robust, collec-
tive actions not simply to reduce emissions at the margins, but to undertake
fundamental changes in our approach to producing and consuming energy.
Energy is an essential foundation for economic and personal well-being.
Somehow the energy needs of the world’s ever growing population must
be met, and it is not an option to respond to the depleting energy resources
and the climate change threat by expecting that people in many developing
countries would be happy to live in the dark or would be willing to keep
their energy consumption much below the level of those in rich countries.

As the world’s appetite for modern energy is growing exponentially, so is
the interest in nuclear power. This is driven by many factors, including rising
and volatile fossil fuel prices, the geographic concentration of the remaining
significant oil and gas reserves with resultant energy security concerns, and
already felt climate change consequences. Some Asian countries are clearly
in the lead in nuclear energy expansion — China, India and South Korea are
on the top of the list. Nuclear energy expansion, however, raises a series
of concerns: how can the nuclear energy industry expand without incur-
ring any serious proliferation problems? Nuclear development requires many
components of the necessary infrastructure, including legal and regulatory
capability, educated and trained manpower, a stable electrical grid, access to
financial and industrial resources, and the nurturing of an appropriate safety
culture in the generating entity.

It has been a great challenge for me working with the contributors who
are from various disciplines and I am sure it has been a great challenge
too for the contributors, especially those in nuclear and electrical engi-
neering, trying to write policy analyses. Fortunately, we have all benefited
immensely from the workshop held in Brisbane in July 2009 and especially
from the comments made by the workshop participants who are fine politi-
cal scientists and country specialists. We thank Malcolm Cook and Michael
Wesley (Lowy Institute), Ciaran O’Faircheallaigh and Leong Liew (Griffith
University), Bruce Jacobs (Monash University), David Hundt (Deakin Univer-
sity), Andrew MacIntyre (Australian National University) and R.A.W. Rhodes
(University of Tasmania).

We also thank Keith Whittam for editing the manuscript, Natasha Vary
for organising the workshop, and Paula Cowan for editing and doing the
index for the manuscript. We acknowledge the financial support of the



X Preface

Australian Research Council and the Centre for Governance and Public
Policy at Griffith University to fund the workshop.

Finally, I wish to acknowledge my special appreciation to Pat Weller, as
a director of the Griffith Centre for Governance and Public Policy, and
as a colleague who encouraged and supported this project from the very
beginning.

Xu Yi-chong



Series Editor Preface

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 activ-
ities and climate systems, but, in the words of no less than the 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
adapation 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 gases from the combustion of fossil fuels in vehicles and power
stations. Given that around 80 per cent 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 lifestyle 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 relation
to strategies and policies for pursuing them. These conflicts and associated
debates sometimes concern technical issues, but there are usually also under-
lying political and ideological commitments and agendas which shape, or at
least colour, the ostensibly technical debates. In particular, at times, tech-
nical assertions can be used to buttress specific policy frameworks in ways
which subsequently prove to be flawed.

The aim of this series is to provide texts which 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 var-
ious options. However, the main focus is the policy conflicts over which
strategy to pursue. The series adopts a critical approach and attempts to

xi
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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, indi-
cating clearly the divergent views that have emerged and also identifying
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 Asia, where nuclear power is being
touted as a key way ahead. A previous book in this series looked in detail
at the situation in China. This book widens the focus to look at Asia as
a whole - covering developments and policies in China, Taiwan, Indonesia,
Japan, South Korea and India, as well as in Australia, as a supplier of uranium
to the region.

As with the previous book on China, a key initial point to make is that
nuclear is only one option on the table. Renewable energy is also a major
contender. For example, China’s current target is to get 15 per cent of its
energy (not just electricity) from renewables by 2020, although this is likely
to be raised to 20 per cent. It is pushing ahead with both wind and solar
as well as hydro and biomass. As well as having major biomass and solar
resources, India is already one of the world leaders in wind power utilisation.
Japan was an early technological leader in photovoltaic (PV) solar. South
Korea is a global pioneer in tidal energy development with around 2.6 GW
of tidal barrage and tidal current turbine capacity in place or planned, well
beyond anything yet considered in Europe.

Technologically and strategically, renewables clearly have a major poten-
tial in and for the region, with the resources being very large and most
of these countries now having adopted Feed-In Tariff schemes to acceler-
ate their development. The spread of wind power technology is particularly
marked. It is expanding at nearly 30 per cent per annum globally and the
Global Wind Energy Council estimates that by 2013 global wind generat-
ing capacity will rise to 117 GW in Asia. The potential for energy saving is
also very large, especially since, in some as yet undeveloped areas, there is
an opportunity to invest in new state-of-the-art energy efficient systems on
greenfield sites.

However, as in parts of Europe, despite its problems (as witness the var-
ious accidents that have befallen the reactor programme in Japan and the
relatively slow progress made in India), the nuclear option is also seen as
attractive. This book explains why, and looks at what is envisaged. With,
until recently, progress in much of Western Europe and the USA stalled,
Western purveyors of nuclear technology have long looked to the East as
a potentially very large new market, but indigenous nuclear technology
has emerged, including some novel ideas, like China’s version of the high
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temperature modular ‘Pebble Bed’ reactor. What happens in the East may
well feed back to shape what happens in the West — as well as influencing
what emerges in other, less developed countries in the East.

The problems of climate change are becoming ever more apparent in this
part of the world, and are likely to have more serious social and economic
consequences here than elsewhere. However, at the same time, continued
economic growth is seen as vital for the region, both for the developed
and rapidly developing countries, with emissions continually expanding.
Nuclear power is portrayed as at least part of a possible solution. As ear-
lier books in this series have argued, there are alternative views: nuclear may
prove to be an expensive and unreliable diversion from developing truly
sustainable energy sources. The response from the East to the climate chal-
lenge, and the position it adopts on the nuclear issue, thus could be central
not only to the future of the East, but also to the world as a whole.
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1

Nuclear Energy in Asia: An Overview
Xu Yi-chong

Nuclear power has been used as a source of energy for more than half a
century and it has recently found its new significance in some developing
countries. Politicians and those concerned about energy security and cli-
mate change are looking at nuclear for a solution. While in many developed
countries the debate is whether they should phase out their nuclear energy
programmes, revive them or start building new nuclear power plants (NPP),
in developing countries, especially those in Asia, the issue is how, rather than
whether, to build or expand their nuclear energy programmes. There is an
overwhelming sense of urgency to deal with the twin challenges — energy
security and climate change — which have brought about different assess-
ments of the benefits and risks of nuclear energy. In many Asian countries,
nuclear energy does not represent an imminent danger of nuclear prolifera-
tion or creating an unsolvable problem of highly radioactive nuclear wastes
(Norris 1994; Frankel 1995; Dittmer 2005). Instead, nuclear energy is pre-
sented by politicians, scientists and energy specialists as an alternative source
of unlimited and clean energy that would allow countries such as China
or India to continue economic development with sufficient energy supplies
while alleviating their energy poverty, reducing their energy security vulner-
ability, easing the pressure of rising energy prices and abating environmental
pollution.

This new assessment of nuclear energy has led to a recent surge of activ-
ity in the nuclear field, with Asia taking the lead. Japan, South Korea
and Taiwan have already developed substantial nuclear generation capacity.
Nuclear power plants provide 25-35 per cent of electricity in these coun-
tries. These countries, along with other Asian countries, are now expanding
their nuclear generation capacity. As of 2010, 54 power plants with a total
capacity of 51 GWe were under construction worldwide and 35 of them
were in Asia. China alone hosted 21 units with 21 GWe capacity, South
Korea 6 units, India 5, Taiwan 2 and Japan 1. In Southeast Asia, Indonesia,
Malaysia, Thailand and Vietnam are all planning to launch their nuclear
energy programimes.



2 Nuclear Energy in Asia: An Overview

Is there a ‘nuclear renaissance’ and, if so, will it be another soon-to-
evaporate fad that emerges every time energy prices rise? Or is it merely
‘nuclear amnesia’ because nuclear energy will never be able to meet the
demand (Patterson 2006)? How is this new desire to build and expand
nuclear programmes being translated into reality in Asian countries that
have different political systems, are at different stages of development and
face different energy security and environment concerns? What are the chal-
lenges governments and industries face in nuclear energy development in
these Asian countries? These are some of the questions explored in this
book.

The drivers for the recent interest in nuclear power are of a similar
nature across countries. They include growing energy demands, concerns
over securing energy supplies, the increasingly volatile price of fossil fuels
and global environmental concerns. Every argument for nuclear energy has
its powerful counter-argument. Rising energy demand can be addressed by
improving energy efficiency and conservation. Energy security can be pro-
vided and greenhouse gas (GHG) emissions reduction can be achieved by
increasing the share of renewable energy sources. No policies can be made
on nuclear energy development without taking into consideration the argu-
ments of both sides. How these arguments are balanced in each country
will decide whether and at what speed its nuclear energy programme will
develop.

Countries initiated their nuclear programmes under different circum-
stances and for different reasons. India, for example, started its civilian
nuclear programme long before all other Asian countries; yet when its
weapons programme overwhelmed its civilian one, nuclear energy devel-
opment became a contentious international issue and a victim too. China
started its nuclear development as a weapons programme that developed
into an energy programme after reforms started in the late 1970s. South
Korea and Taiwan both developed their nuclear energy programmes in
the aftermath of the world oil crisis in the 1970s and under military
authoritarian regimes when little opposition was raised; later, anti-nuclear
movements became the catalysts for democratic movements. Since then,
their nuclear energy development has been subject to increasing public
scrutiny and opposition too. Japan’s nuclear energy programme was initi-
ated and developed with concerted efforts of governments and industries
with little opposition primarily because of its limited energy endowment.
After over three decades, Japanese nuclear energy development faces quite
different challenges, of which accumulated radioactive nuclear waste tops
the list.

This book provides an understanding of why and how five countries in
the Asian region — Japan, South Korea and Taiwan, China and India — have
initiated and developed their nuclear energy programmes and what chal-
lenges they face today. Contributors seek to explain whether the nuclear
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energy development in each country was driven by the low energy resource
endowment, a desire to pursue international prestige, concerns of national
security, environmental pollution or economic development in general.

In all five Asian countries, a combination of reasons has been driving
their nuclear energy development. These different concerns have shaped the
way a country’s nuclear energy programme has been developed. For exam-
ple, when countries are poor in energy endowment, as is the case in Japan,
South Korea and Taiwan, nuclear energy development could gain substantial
political support from governments and the public. When countries have
other energy alternatives, such as China and India with their abundant coal
reserves, the nuclear industry has to compete with other sectors for resources
(financial, material and human), political attention and public support. Con-
sequently, its development can be slow and attract strong opposition from
governments, industries and the public. When a nuclear programme is moti-
vated by both energy and security objectives, however, as is the case in India
and South Korea, governments are often able to allocate substantial resources
to the programme with limited public opposition.

Different motivations behind the initiation and expansion of nuclear
energy programmes shape, and are shaped by, the players — governments,
industries, the military/scientific community, the public, and particularly
the interactions between them. The five Asian countries under study have
different political systems and in the past four or five decades all have gone
through significant political changes. Japan, South Korea and Taiwan have
been seen by many scholars as examples of ‘developmental states’ where
‘a robust and coherent state apparatus facilitates the organisation of indus-
trial capital; an organised class of industrialists facilitates a joint project
of industrialisation, which in turn legitimates both the state and indus-
trialists’ (Evans 1995: 228). In China and India, ‘nuclear nationalists’ and
‘nuclear strategists’ may disagree on how to develop their nuclear energy
programmes, but there seemed to be a consensus that developing sophisti-
cated nuclear capacity is an indication of their scientific and technological
prowess which is equated to social success (Nayar 1983; Chellaney 1991).
This adds a measurable weight to their international position, brings them
to the top of the ‘civilised’ world, validates the potency of their defence and
technological capabilities, and brings recognition and respect from friend
and foe alike (Lewis and Xue 1988; Chengappa 2000).

By weaving together the driving forces behind nuclear energy programmes
and players, the following chapters aim to document the dynamics of
nuclear policy development in these Asian economies. Experience of nuclear
energy development in the first-generation nuclear states can shed light on
the key issues and challenges the newcomers have to deal with, because
many issues involved are similar (Chapter 9).

Holding more than a quarter of the world’s uranium reserves, Australia
faces different challenges: how to take advantage of the rising interests in
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nuclear energy, especially in its neighbouring states; how to ensure its market
share while securing nuclear non-proliferation; and more important, how
to convince the public that uranium mining and milling would not cause
environmental problems in their country (Chapter 10).

This book consciously takes a specific approach and tells only one ‘story’,
which is a story that is told by nuclear scientists, nuclear engineers, indus-
try regulators and those interested in nuclear energy development. There
are other different nuclear stories that could be told by those who are inter-
ested in climate change, non-proliferation, energy market competition, or
national industrial or technological policies. Their narratives would each be
very different from those presented in this book. It is not a question of who
is right or wrong, but who tells the story and what the focus is.

In the following sections, we will first explain the common motiva-
tions behind the current drive for nuclear energy development; we will
then present a brief discussion of other narratives that no government can
ignore in deciding nuclear policies; and finally we will outline the common
challenges these Asian countries face.

Rationales for nuclear energy development

Countries are motivated to start and expand their nuclear energy programme
for a variety of reasons. The more common ones are:

Rising demand for electricity — no country can achieve social and economic
development without providing its citizens with access to a stable and reli-
able supply of electricity, which itself is an indication of ‘development’. The
more developed a country is, the higher electricity consumption per capita
it has. The average electricity consumption per capita in OECD countries
was 4608 kWh (67 per cent higher than the world’s average) while that
of Asia was 705 kWh (26 per cent of the world’s average) in 2007 (IEA
2009b). In OECD countries, electricity is taken for granted and there is a
100 per cent access rate no matter how remote the areas. In many devel-
oping countries, providing people with access to a reliable and adequate
electricity supply is a serious challenge, and in those where energy resources
are either limited or unevenly located, nuclear is increasingly argued to be
an alternative to supplement other sources. To be more specific, roughly
22 per cent of the world’s population still do not have access to electricity
and in 2008 this represented 1.5 billion people, the poorest of the poor in
the world (IEA 2010: 12). In India alone, about 400 million people (exceed-
ing the total population of Western Europe) do not have access to electricity
and their right to vote constantly reminds governments of their needs and
demands.

Moreover, countries in the process of industrialisation and urbanisation
often face much higher growth rate in energy consumption, including that
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of electricity. At the peak of its development between 1960 and 1974, an
average annual growth rate of electricity consumption per capita in Japan
exceeded 10 per cent, which was much higher than that of many European
and North American countries. Since 1973, the growth rate slowed down
considerably in all OECD countries, including Japan, yet except South Korea,
whose average growth rate was above 10 per cent (IEA 2009a: 1.13). By the
2000s, Japan, South Korea and Taiwan were well over the peak of indus-
trialisation and urbanisation and their electricity consumption per capita
far exceeds the world average, with 367 per cent in Japan, 202 per cent
in South Korea and 375 per cent in Taiwan. Consequently, their average
annual growth rate dropped to below 2 per cent. In China, however, rapid
growth took off only in the 1990s and currently its electricity consumption
per capita is about 77 per cent of the world’s average and 24 per cent of
that of the OECD countries. Electricity consumption per capita falls behind
the world'’s average in India (19 per cent) where more than 35 per cent of
the population do not have access to electricity. Meanwhile, the world’s
two most populated countries are in their process of industrialisation and
urbanisation, with nearly 200 million people in China, for example, having
moved to urban areas in the past 15 years. ‘The current pace of migration of
about 15 million people per year moving into the cities is likely to con-
tinue for another 15 to 20 years’ (Lieberthal 2009: 7). Urbanisation and
industrialisation demand increasing electricity supplies, which ‘grew by over
14 per cent per year between 2000 and 2007’, and is expected to increase by
75 per cent between 2007 and 2015, and almost triple by 2030. India’s elec-
tricity demand will grow at 5.7 per cent annually between 2007 and 2030,
‘the highest in the world’ (IEA 2009b: 97). It is not a surprise that in China,
India and some other countries, such as Malaysia and Vietnam, governments
see nuclear energy as a viable and supplementary source to meet rapidly
rising demands for modern energy.

Limited natural energy endowment — all five Asian countries face serious chal-
lenges of limited energy resources and this has always been a powerful
explanation for a country’s choice of nuclear energy, as in France. Over
90 per cent of energy is imported in Japan, South Korea and Taiwan, where
high energy dependency was a powerful driving force behind the initiation
of their nuclear programmes. The two oil crises in the 1970s and early 1980s
only highlighted the urgency and the need to diversify electricity genera-
tion. A sense of energy insecurity derived from its dependence on energy
imports did not emerge in China until the early 2000s, when rapid expan-
sion of thermal power generation in the previous two decades had led to
serious concerns about the depletion of the country’s abundant coal. This
may partially explain its slow nuclear energy development in the 1980s and
1990s and the urgent push for its expansion in the 2000s. Like China, India
has abundant coal reserves, but good quality coal has always been in short
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supply. To diversify energy sources while meeting rising demands, China and
India are developing every alternative — nuclear as well as renewables, from
hydro, solar, wind, to biogas.

Climate change — in the past decade or so, pressure to mitigate environmental
pollution as the result of fossil fuel combustion has been one of the main
justifications for countries to rush into nuclear development. The energy
sector worldwide accounts for 84 per cent of global CO, emissions and 64
per cent of the GHG emissions. If there is a positive correlation between
GDP per capita and CO, emissions per capita, China and India are facing an
immense challenge to increase their energy supplies without incurring the
same degree of GHG emissions as other developed countries did during their
industrialisation and modernisation (Table 1.1). Their dependence on coal
for over half of their total primary energy consumption and over 70 per cent
of their electricity has had a heavy toll on the environment and climate
change.

China is already suffering the serious environmental consequences from
its heavy reliance on coal to generate electricity (about 80 per cent of genera-
tion capacity is thermal) that has taken its toll on human life, health and the
environment. 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 at about 5.8 per cent of its GDP annually; other scholars
raised the direct cost of pollution damage to China’s economy to 8-13 per
cent of GDP. In human costs, an estimated 750,000 people die in China of
pollution-related illness every year (Schwartz 2008). Pollution also affects
China’s neighbours.

Environmental pollution and GHG emissions in India are not as serious
problems as those in China. Yet, there is a growing concern about their
impacts, with more than 70 per cent of its electricity from thermal power
plants. To avoid the path China took in the past three decades (providing
access by adding 400-500 GW coal-fired generation capacity), India is look-
ing for all alternatives, of which nuclear is only one. Even Japan, where the
record of its energy efficiency is one of the world’s best, sees its nuclear
energy capacity as a way to deal with the energy-related climate change

Table 1.1 Status as emitter of CO, per capita, 2007

Rank Country $GDP per capita  CO, emissions per capita (t)
20 South Korea 27,100 9.9
23 Japan 34,303 9.6
59 China 5,500 4.6
108 India 2,728 1.2
World average 10,156 4.4

Source: TEA (2009b: 177).
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issues. How the risk of climate changes is calculated in energy policy making
will shape the choice of energy sources in these countries.

Technological development — the nuclear industry is technology-intensive and
its development tends to have spill-over effects on the country’s industrial
development and enhance the productivity of capital, labour and other
factors of production. It is, however, dominated by a few Western con-
glomerates, which control nuclear fuel, reactor and support technologies:
the French Areva, the American Westinghouse (77 per cent owned by the
Japanese Toshiba), the joined American-Japanese General Electric-Hitachi
and Atomic Energy of Canada Limited (AECL). For these Asian countries,
developing the technology and technical capacity is essential for both
domestic and international concerns. The dual nature of nuclear technology
has allowed countries to use it in medicine, agriculture and national defence.
Using the nuclear energy programme to drive broader economic and techno-
logical development is a powerful motivation for a country’s nuclear energy
development, which in turn shapes technology diffusion and facilitates the
development of indigenous engineering capacity (Chapters 7 and 8). Master-
ing advanced technologies and developing technological capacities are also
promoted in these Asian countries so that they can compete in international
nuclear energy markets, as demonstrated in the 2009 deal, with which South
Korea would build 4 nuclear reactors in the United Arab Emirates (UAE) with
a price tag of US$20.4 billion. Achieving technological prowess has been the
consistent objective for all five countries in this study not only to satisfy
their domestic development but also to become internationally competi-
tive exporters in advanced industries, as they did in automobile and other
electronic industries.

National prestige — nuclear development has been seen as a symbol of national
prestige and standing in the international community. It is also a serious
consideration as far as national security in Asia is concerned. The American
nuclear and security protection for Japan, South Korea and Taiwan has
shaped their current nuclear energy programmes. We are now seeing per-
haps the last major attempt to reduce the number of nuclear weapons by
the major nuclear weapon states: Russia and the USA. This raises particular
strategic questions for Japan and South Korea that may in turn affect the
direction of their nuclear energy development. For China and India, to what
extent national security, the national prestige of being a nuclear power or
simply self-confidence are taken into account in explaining their nuclear
energy development is important because those issues decide which groups
of players — energy or nuclear — have a crucial input in their nuclear energy
decision making.

These motivations behind nuclear energy development are common in
all countries but they assume different levels of importance at different his-
torical periods and in different countries. In the 1970s, when the first wave
of nuclear energy development started, energy security was of paramount
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concern in countries such as Japan, South Korea and Taiwan where a large
amount of resources were allocated to nuclear energy programmes with lit-
tle domestic opposition. Meanwhile, nuclear energy programme was also
pursued in South Korea for both national security and energy reasons
(Pollack and Reiss 2004). Diversifying energy sources remains a key moti-
vation in Japan, South Korea and Taiwan. The issues of national prestige and
security drove the nuclear programme in China and India (Hart 1983; Lewis
and Xue 1988; Chakravarty 1992). In the 2000s, energy security and envi-
ronmental concerns became the overwhelming motivations for China to
expand its nuclear generation capacity, while in India the nuclear weapons
programme remains a key issue for both the government and the nuclear
community. Finally, for Japan and South Korea, capturing the world’s mar-
ket in nuclear reactors and in nuclear engineering has been recently added to
the objectives (Chanlett-Avery and Nikitin 2009; Holt 2010). Behind each set
of rationales for nuclear energy development is a group of players whose role
in policy making is part of the nuclear politics in a given country. In China,
for example, the military was part of the initial drive for civilian nuclear
programmes in the late 1970s and 1980s because reform threatened its priv-
ileged position of guaranteed government budget allocation. To survive, it
needed to expand, and nuclear energy development offered this opportu-
nity. This is no longer the case, however, as electricity generation companies
and provincial governments are now pushing for nuclear expansion. In
South Korea, for example, industries were initially weak and it was the gov-
ernment that drove the programme by adopting a coherent national strategy
with its targeted allocation of resources to support national industries, of
which nuclear was an important component. Later, it was the coalition of its
industrial conglomerates and the government that made its nuclear indus-
try internationally competitive. In Taiwan, the rise of the greens and other
non-government organisations (NGOs) broke up the monopolised decision
making of nuclear energy and introduced different sets of politics into the
debate. In Australia, anti-nuclear forces remain dominant even after three
decades and despite the emergence of concerns about climate change.

Policy changes

This book documents the changes that have taken place in the nuclear
energy policy making of the five Asian countries, as well as in Australia and
OECD countries. We live in the present; but the past shapes our thinking,
influences our selection of choices and guides how we will act. Even though
the past does not determine our present or the future, it is important to
deconstruct the past in order to understand the interaction between devel-
oping new ideas and changes in formal and informal institutions. This is
the precondition to understand what options we have and what the likely
choices we may select. By examining why and how the nuclear energy
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programme has evolved in each case, we will be able to identify the players,
their roles and their interactions.

There is one significant difference between the public attitude in Asia and
in Europe. In Asia, nuclear energy represents the future and a viable alter-
native energy source to deal with multiple challenges. In Europe, it signifies
risks. For many in Europe, (a) nuclear energy is capital intensive and expen-
sive and resources could be better used to develop other low-carbon energy
alternatives; (b) nuclear power plants require complicated technologies and
qualified people to design, construct, operate and manage nuclear power
plants, all of which are in short supply in developing countries; (c) nuclear
ambitions of ‘non-democratic’ and non-Western countries highlight pro-
liferation risks; and (d) nuclear waste management remains an unsolvable
issue. In sum, nuclear energy is a risk not worthwhile pursuing. This attitude
was to a large extent shaped by the development of Europe’s nuclear indus-
try and particularly the Chernobyl nuclear disaster and the Three Mile Island
accident. The public opinion in Europe would have been so different ‘if the
industry had worked from the start to minimise fear as hard as it has worked
to minimise danger’ because public thinking and their fear are ‘socially con-
structed perceptions and away from the world of quantitative or “true” risk’
(Nuttall 2007: 226).

Just as Chernobyl and Three Mile Island shaped the public opinion, atti-
tude and consequently the public policy in Europe, the successful nuclear
power programmes in France, Japan and South Korea shape the general pub-
lic attitude towards nuclear energy in China, India and other Asian countries
and are reinforced by their lack of energy endowment, a sense of energy inse-
curity and immediate suffering from environmental pollution as the result
of heavy reliance on coal. Such perceptions in each case set the parameters
within which governments make their policies. Understanding how the atti-
tudes were developed and policies were made in Asia is one main objective
of this book.

Nuclear energy develops within a broader national political and economic
environment, and a pre-existing pattern of political economy in each place
shapes the direction, the way and the speed at which nuclear development
takes place. For example, in Japan, South Korea and Taiwan, one would
expect a close relationship between government agencies and industries,
whether through the so-called ‘revolving door’ as in the case of Japan, where
those in the nuclear industry alternate between government agencies and
utility companies, or in South Korea where a powerful corporation was sup-
ported by ‘sectorally specific financial incentives and use of government
procurement’ (Evans 1995: 212). In Taiwan, even though the state-owned
Taipower was ‘long led by a stable cadre of technocrats, it had considerable
day-to-day operating independence, and it was always subject to oversight
by the executive and the ruling party’ (Haggard and Noble 2001: 257).
Democratisation processes introduced ‘more open oversight mechanisms



10 Nuclear Energy in Asia: An Overview

that provide opportunities for legislators and interest groups to participate’
in energy policy making, but they also ‘reduced the influence of cronies and
constituents in the state sector’ (Haggard and Noble 2001: 289).

Universal access to stable and reliable electricity is often taken for granted
when economies have reached a developed stage; however, economies
cannot develop without electricity in the first place. When a country
is still developing, its government must balance competing demands for
resources — financial, material and human — from various industries, societal
groups and bureaucracies. Furthermore, in many countries, even in some old
democracies, nuclear energy policy used to be an area where only nuclear
scientists, energy specialists and government officials interacted. They were
able to seal off the decision-making process, because energy is a complicated
technical matter that they alone were qualified to deal with. In general, the
public did not care where their electricity came from so long as when they
flipped a switch a light came on.

The nuclear community and governments added another layer of secrecy
to nuclear energy because of the dual use of technology. This changed, espe-
cially after the Three Mile Island accident in 1979 and the Chernobyl disaster
in 1986, and with increasing global economic integration. The public were
worried about the safety of nuclear power plants; environmentalists raised
concerns about nuclear waste disposal; local industries demanded their share
of opportunity in nuclear energy development; and security specialists drew
attention to concerns about nuclear proliferation. The nuclear energy world
has become a much more complicated field where a wide range of interests
compete for attention and agenda.

The next chapter provides an overview of the issues involved in nuclear
energy development in Asia. These countries face many similar challenges,
including, for example, obtaining access to finance to meet the demand
of intensive capital investment, fuel services supply and waste manage-
ment. Public acceptance is a necessary condition for nuclear development
in all countries, but public opinion can vary significantly from country
to country depending on the availability of electricity, alternative energy
sources and finance. Public opinion also differs from one country to another
because of the urgency of environmental pollution concerns. This general
discussion provides a context within which case studies of five countries
are discussed. These five case studies cover nuclear energy development in
China, Japan, India, South Korea and Taiwan. In each chapter, the contribu-
tor seeks to explain: (a) what the government policies are regarding nuclear
energy development; (b) who are the main players in nuclear energy making;
(c) what their interests are; (d) how different interests interact in shap-
ing nuclear energy policies, particularly those on resources allocation and
technology adoption; and (e) what the prospects of future development are.

These case studies outline the similar concerns and motivations that
are behind their nuclear energy programmes, but they also highlight the
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different challenges each country faces. For example, Sang Dongli explains
the more recent development in China and why and how the govern-
ment tries to use nuclear energy expansion to deal with some of the most
‘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’ (Steinfeld 2008: 133). Toshihiko Nakata focuses on
the physical constraints of nuclear power plants in meeting the electricity
demand. Jeff Graham focuses his discussion on the efforts made and chal-
lenges faced by the Japanese nuclear community to build a full nuclear fuel
cycle. The driving force behind this development is a combination of energy
security and environmental concerns. Building a full nuclear fuel cycle has
created its own security and environmental concerns.

Nuclear energy development in South Korea is one of the best examples of
a consistent national commitment, coherent development strategy and tar-
geted government support in its industrialisation and modernisation. Yang
and Xu show how South Korea has moved from technology borrowing to
its imitation, adoption, localisation and standardisation and has built an
internationally competitive industry.

India started its nuclear development as a civilian programme before all
the other Asian countries that are covered in this book. It was then, however,
mainly denied access to technology because of its refusal to participate in the
non-proliferation regime. Despite this, Lavina Lee argues, ‘India managed to
develop a truly indigenous nuclear energy capacity and has made progress
on its long held goal of establishing a fast breeder programme.’ As a professor
of nuclear engineering, Min Lee provides a comprehensive discussion on the
nuclear energy programme in Taiwan, covering its history, financing, safe
operation, public acceptance and the politics involved. The politics involved
in the fourth nuclear power project in Taiwan is in clear contrast with that
of the previous three projects which were pushed through so quickly and so
easily without no public input and no opposition. Party politics and public
involvement in a democratised society mean that the government has to
seek a wide range of support to get any power station on line.

In discussing the nuclear development among OECD countries, Per
Hogselius points out similar issues and challenges that both ‘old’ and ‘new’
nuclear powers have faced in their development. The chapter particularly
focuses its discussion on the collapse of the nuclear industry in OECD coun-
tries after the Chernobyl disaster and how it is reviving under the pressure of
climate change in Europe and North America. Nuclear energy development
and expansion in Asia cannot happen without adequate supply of uranium
because none of them have a large quantity of uranium reserves. This devel-
opment provides special challenges to uranium suppliers, such as Australia.
Stuart Harris asks how Australia is responding to that renewed interest and
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how it seeks to balance its economic and environmental interests against
the implications for its traditional nuclear non-proliferation activism. The
chapters by Per Hogselius and Stuart Harris provide a broader context for us
to understand nuclear energy development in Asia.

The International Atomic Energy Agency (IAEA) and International Energy
Agency (IEA) are calling for not only a ‘technical breakthrough’ but also
‘active, perhaps even revolutionary, government intervention’ to replace the
current ‘dirty, insecure and expensive’ energy with a ‘clean, clever and com-
petitive’ one (IAEA 2006; IEA 2006). At the same time, anxieties are rising
about the quality and safety of nuclear power plants. This is a particular
concern for developing countries that may not have the necessary human
capacity to accommodate rapid nuclear energy expansion, or an operational
legal and regulatory regime to ensure the quality and safety of nuclear power
plants. Given that the nuclear industry is a truly global industry, it is impor-
tant to understand the challenges it faces in those countries where nuclear
power programmes are expanding quickly.
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2

The Politics of Nuclear Energy in Asia
Xu Yi-chong

Introduction

Nuclear energy is politically sensitive. For its proponents, it is clean, highly
efficient and the only alternative to fossil fuels in providing a base supply of
electricity. For its opponents, however, nuclear energy is nothing but trou-
ble — a symbol of war and weaponry, dangerous and highly risky, and it
creates environmental problems not only for the current generation but the
future too.

What is remarkable in this highly emotional debate is the general division
between developed and developing countries. In many developed coun-
tries, such as Australia, where 22 per cent of the world’s known recoverable
uranium resides, the public and politicians prefer not to discuss the issue
because it is too divisive. In other countries, such as Belgium and Germany,
the decision has long been made to phase out existing nuclear power plants.
Even in those countries where the government recently made a decision to
revive its nuclear energy programme, such as Britain and Sweden, the debate
is as intense and intensive as ever. In contrast, in developing countries, large
and small, rich and poor, from Africa and Asia to the Middle East, nuclear
energy is presented as a viable alternative to fossil fuels to meet their rising
demands for modern energy while curtailing environmental pollution from
energy production.

While the public may be divided on the issue, governments in develop-
ing countries seem to be speaking with the same voice. At the International
Atomic Energy Agency (IAEA) Ministerial Conference on Nuclear Energy for
the 21st Century, held in Beijing in April 2009, delegates from energy or
science and technology ministries in both developed and developing coun-
tries — from Cameroon to Nigeria, from Chile to Argentina, from Jordan to
Saudi Arabia, from Finland to Belarus, and in Asia from Bangladesh to India,
from Malaysia to Vietnam, from China to Japan — all outlined their plans to
expand their current nuclear energy programme or to start one.

14
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Table 2.1 Nuclear power plants under construction by country in 2010

Country No. of units Total MWe
Argentina 1 692
Bulgaria 2 1,906
China 21 20,920
Finland 1 1,600
France 1 1,600
India 4 2,506
Iran 1 915
Japan 1 1,325
Korea 6 6,520
Pakistan 1 300
Russia 8 5,944
Slovak 2 810
Taiwan 2 2,600
Ukraine 2 1,900
United States 1 1,165
Total 54 50,703

Source: IAEA (2010).

Asian countries are more active than many in other continents in expand-
ing or developing their nuclear energy capacities. In 2009, worldwide
construction was started on 11 new reactors, 10 of them in Asia. China alone
hosted 9 reactors. By 2010, a total of 54 reactors were under construction
worldwide and Asia hosted 36 of them (Table 2.1). Three of the six countries
that will have the largest installed nuclear capacity in the world by 2020 will
be in Asia — China, Japan and South Korea (NEA 2008: 52).

The justification for nuclear expansion and development has two compo-
nents: one is that there is a close and positive correlation between energy
supply and development — that is, no development can take place without
energy and poor countries cannot achieve their UN Millennium Devel-
opment Goals (MDG) unless a large number of citizens have access to
electricity. Given that many Asian countries do not have sufficient fossil fuel
resources in their territory, the uncertainty of supply and price of natural gas
and oil in global markets makes diversification of energy sources crucial for
energy security. The other justification for nuclear power is climate change,
which is occurring because of CO, emissions from fossil fuel burning. The
Inter-governmental Panel on Climate Change (IPCC) data show that emis-
sions from power plants are the largest (27 per cent) and fastest growing
contributor to CO, releases. In developed countries, according to some scien-
tists, 39 per cent of ‘the energy forms that produce CO; is used for generating
electricity, 36% is used for generating heat for buildings and industry, and
25% is used in transportation’ (Baruch 2008: 112). Since neither energy for
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heating nor energy for transportation account for a large share of total pri-
mary energy consumption in developing countries, their main challenge is
how to expand electricity generation capacity while limiting CO, emissions.
Given that nuclear energy has relatively low carbon emissions (virtually
CO,-free), it is argued that nuclear science and technology offer one of the
possible solutions to the unsolved conundrum of combining economic and
social development with energy security and environmental sustainability.

For many developing countries, therefore, the question is not whether
they want to build or expand the number of nuclear power plants (NPPs), but
whether they will be able to do so, at what speed this development will take
place, what technology they will adopt and how they can achieve a rapid
development or expansion without undermining the general economic and
social development in the country or triggering nuclear weapons prolifer-
ation across countries. The evolution of energy supply (quantity as well as
source) depends to a large extent on the policies adopted by governments
regarding general economic and social development and the decarbonisa-
tion in energy supplies to address climate change issues. It is important to
understand the challenges these countries face in trying to achieve their
desired objectives, the different policy options available and government
capacity in making the choices and dealing with the challenges.

Rising energy demands

The population boom, poverty, environmental problems and energy security
are the colossal challenges many developing countries are facing, especially
in Asia. Countless studies have shown that there is a positive correlation
between energy consumption and economic and social development. In
2006, OECD countries, with 10 per cent of the world’s total population,
consumed more than 47 per cent of primary energy used worldwide; in con-
trast, Asia (excluding China), with 32.4 per cent of the world’s population,
consumed 11.3 per cent of the primary energy used worldwide. The gap in
electricity consumption per capita was even larger between rich and poor
countries, in 2006 with an annual consumption per capita of 8381 kWh in
OECD countries but only 667 kWh in Asia, less than 8 per cent of that in
OECD countries (IEA 2008: 48-49). In OECD countries, even in remote areas,
citizens have access to stable and reliable supplies of electricity. Any blackout
or brownout, even if it lasts for a few hours has the potential to bring down
a government not only because electricity is essential for modern economy
and life but also because electricity is taken for granted by the public which
sees it as the duty of governments to ensure its reliable supplies. This is far
from the case in many developing countries.

According to the International Energy Agency (IEA), about 1.4 billion peo-
ple in the world still do not have access to electricity. In sub-Saharan Africa,
nearly 75 per cent of the population do not have access to electricity. In
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Table 2.2 ASEAN electricity access by country, 2008

Country Electrification Electricity Country  Electrification Electricity
rate (%) consumption rate (%) consumption

per capita per capita
(kWh)! (KWh)!

Brunei 100 8,209 Myanmar 13 98

Cambodia 24 112 Philippines 86 588

Indonesia 65 589 Singapore 100 8,186

Lao 55 N.A. Thailand 99 2,079

Malaysia 99 3.493 Vietnam 89 799

! Data is from IEA (2010).
Source: IEA (2009: 561).

South Asia, the electrification rate reached 52 per cent by 2005 and this still
left 580 million in rural areas and 126 million people in urban areas without
access to electricity. In the rest of the Asian and Pacific region (Table 2.2),
even though on average the electrification rate had reached 89 per cent
by 2005, 182 million people in rural areas and 41 million people in urban
areas remained without access to electricity (IAEA 2006: 156). In India alone,
the number of people without access to electricity exceeds that of the total
population in Western Europe.

History has shown that no economic and social development can take
place without providing ordinary citizens access to electricity. The OECD
has set electricity consumption of 4,000 kWh per capita as the threshold
level below which ‘social indicators such as life expectancy and educational
attainment are becoming significantly lower than in countries having access
to more electricity supply’ (NEA 2009: 21). On average, Asia has electricity
consumption per capita of only 667 kWh, less than 20 per cent of the thresh-
old. Rapid expansion of electricity supplies is not only necessary but will also
place great pressure on resources, both financial and natural, as well as on
environment and climate change.

According to the IEA, primary energy demand in the world will grow by 40
per cent between 2007 and 2030, and just over 90 per cent of this increase
will come from non-OECD countries. In the same period, electricity demand
will grow by 76 per cent, growing at an annual rate of 2.7 per cent in
2007-15, slowing to 2.4 per cent in 2015-30. Over 80 per cent of the growth
in 2007-30 is in non-OECD countries where an annual growth rate will
exceed 5 per cent in 2007-15, slowing to 3.3 per cent in 2015-30. Coal-based
electricity generation will be 5 per cent higher by 2030, ‘with OECD reduced
by 8% and non-OECD Asia increased by 10%’ (IEA 2009: 98). Particularly,
coal-fired generation will grow by 2.5 times in China and by 3.5 times in
India in the period of 2007-30. While fossil fuels will remain the main
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Figure 2.1 Electricity production by source, 2007
Source: TEA (2009), Electricity Information 2009. Paris: OECD, pp. IL.8, 11.10.

electricity sources, many Asian countries have limited natural energy
endowments to meet their rising demands. With about 20 per cent of the
world’s population, China has 1.3 per cent of the world’s proven oil reserves,
1.1 per cent of the natural gas and 13.5 per cent of the coal. India, with 17
per cent of the world’s population, has 0.4 per cent of the world’s proven oil
reserves, 0.6 per cent of the natural gas and 6.7 per cent of the coal. Indonesia
fares no better. With almost 4 per cent of the world’s population, Indonesia
has 0.4 per cent of the world'’s proven oil reserves, 1.7 per cent of the natural
gas and 0.5 per cent of the coal (BP 2010). Consequently, fossil fuels (mainly
coal) are the main sources for electricity generation: 92 per cent in Australia,
61 per cent in Japan, 62 per cent in Korea, 78 per cent in Taiwan, 83 per cent
in China, 88 per cent in Indonesia and 81 per cent in India (Figure 2.1).
Together Southeast and East Asian regions have higher reliance on fos-
sil fuels to generate electricity than other regions in the world (Table 2.3).
Heavy reliance on coal for electricity generation has already taken its toll
on coal reserves, which are depleting rapidly, and, more importantly, on
the environment. With a growing share of electricity in energy consump-
tion in developing countries, CO, emissions from the power sector will,
by 2030, grow by 131 per cent from the 2006 level. China and India
alone will account for 58 per cent of the global increase in CO, emissions
from power generation because of their heavy reliance on coal. China has
already become the major contributor to global CO, emissions, contribut-
ing 20.2 per cent of the world’s total CO, emissions by 2006, compared
with just 5.7 per cent of the world’s total CO, emissions in 1973. It is not
only CO, emissions that threaten people’s health and their livelihood, but
also other substances of environmental pollution such as SOy or NOy, and
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Table 2.3 Fuel shares for electricity generation in 2006 (per cent)

Thermal Hydro Nuclear Renewables

North America 65.71 14.53 18.99 0.77
Latin America 38.28 58.31 2.61 0.81
Western Europe 52.32 15.86 29.14 2.68
Eastern Europe 64.95 17.21 17.80 0.05
Africa 80.01 17.74 1.84 0.41
Middle East and South Asia 82.42 15.51 1.57 0.50
Southeast Asia and Pacific 88.17 10.73 1.10
Far East 75.65 12.50 11.52 0.33
World 73.5 6.9 18.2 1.4

Source: TAEA (2007b).

indoor air pollution caused by burning traditional biomasses such as crop
residues and animal dung. This is the major difference between developed
and developing countries on environmental and health issues: ‘Developed
countries have for the most part eliminated the main sources of local and
regional pollution and their main environmental concern is climate change,’
while many developing countries ‘experience immediate losses from smog
and acid deposition’ (Toth 2008: 15).

Two fundamental ways of dealing with climate change are by improv-
ing energy efficiency and increasing the share of renewable energy. With
very low-level energy consumption per capita and low levels of industriali-
sation and urbanisation in many developing countries, an improvement in
energy efficiency will help deal with environmental challenges, but will not
reverse the upward trend of energy demands. Most countries are committed
to increasing their share of renewable energy in their total energy consump-
tion. Wind, sun and rain have always been sources of energy. Nonetheless,
‘wind, sun, and rain suffer from intermittency’ (Baruch 2008: 113), and
developing their capacity not only is expensive but also takes time.

While the load factor (utilisation rate) for coal-fired thermal generation
power plants is about 70-90 per cent and for NPPs is 80-90 per cent, that for
wind power is about 30 per cent and only 15 per cent for solar. It takes only
a few square kilometres of space to build a one-gigawatt (GW) coal-fired or
nuclear generation capacity, while it takes hundreds of square kilometres to
build the same sized solar or wind capacity. Even with advanced technologies
that improve the availability of solar power from the current 15 per cent to
36 per cent, to generate one megawatt of electricity per year ‘would require
40 acres of photovoltaic cells’ (Baruch 2008: 113). Others do not agree with
this assessment, arguing that, for example, much of the photovoltaic (PV)
solar capacity could be on rooftops, so involving no extra land use, or that
wind turbines only take relatively small areas themselves so that the land
around them can still be used for farming (Lovins 2009).
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These alternative suggestions about solar and wind generation capacity
may be appropriate for Europe and North America; it is however difficult to
see how they could be adopted in many Asian countries where the popu-
lation density limits the capacity of placing solar panels on rooftops. Nor
are there large spare pieces of land for wind farms except in remote regions.
Furthermore, given their low availability rate, wind and solar power need
grid balancing backup capacities. Building extensive transmission grids and
additional backup generation capacity will significantly increase the costs
of providing access to modern energy. In Europe, where access to electricity
is universal, there are proposals to deal with the local variability problems
of renewable energy by, for example, building pan-EU grid interconnections
to widen the geographical footprint and allow for grid balancing across a
much wider area (Elliot 2009, 2010). In Asia, with vastly larger distances and
populations, the first and foremost priority for all governments is to provide
people with access to adequate and reliable electricity supplies as quickly as
possible in an environmentally sustainable way and with assured technol-
ogy. It is consequently no surprise that many of them, such as China and
South Korea, not only are spending massive funds on developing renewable
energy, but also have made concrete plans to build and expand their nuclear
energy programmes.

Nuclear programmes

Currently, nuclear power meets less than 10 per cent of the world’s
total energy needs. It nonetheless provides about 15 per cent of the
world’s electricity, a share similar to that of hydropower, which is much
more widespread than nuclear power (Table 2.4). Only 30 countries have
NPPs in operation and those countries where nuclear electricity accounts
for large shares of total electricity supplies are all developed countries:

Table 2.4 World energy use by fuel type, 1980-2005 (per cent)

1980 1985 1990 1995 2000 2005

Solids 27.7 29.8 27.4 25.7 22.7 25.7
Liquids 42.8 36.9 36.5 34.9 34.8 33.7
Gases 19.2 20.2 21.4 22.5 23.9 23.2
Fossil fuels 89.7 87 85.3 83.2 81.4 82.7
(sub-total)
Biomass 5.5 5.7 6.2 7.7 9.4 8.5
Hydro 2.2 2.3 2.3 2.4 2.4 2.3
Nuclear 2.4 4.7 5.9 6.2 6.4 6.1
Renewables 0.2 0.3 0.4 0.4 0.5 0.5

Source: TAEA (2007b: 6).
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France 78 per cent, Belgium 54 per cent, Sweden 48 per cent, Switzerland
37 per cent, Finland 28 per cent, USA 19 per cent, UK 18 per cent and some
transition economies in East Europe. Only two Asian countries join this list:
Korea 39 per cent and Japan 30 per cent. Meanwhile, studying the general
energy development, IAEA concluded that the share of fossil fuels in the
world’s total energy use declined from 90 per cent in 1980 to 82.7 per cent
in 2005 and this ‘decline in the share of fossil fuels was taken up by an
increase in the use of nuclear power and biomass’ (IAEA 2007b: 6). The use
of nuclear energy increased faster than the total energy consumption.

This trend of replacing fossil fuels with nuclear energy did not happen in
developing countries, which remain dependent on fossil fuels as their most
important energy source. The heavy reliance on fossil fuels has caused seri-
ous concerns worldwide, especially among some developing countries that
have been feeling the pressures of rising energy prices and the threats of cli-
mate change. When the price of oil, natural gas and coal doubled, tripled or
even quadrupled after 2000, those countries that depended heavily on burn-
ing fossil fuels for their electricity generation started to look for alternatives
to diversify their energy sources. The release of the report of the IPCC in
2000 put further pressure on these countries. Even though the IPCC has not
taken a formal position on nuclear energy as an alternative, the UN Com-
mittee on Sustainable Development has acknowledged at various meetings
that advanced technology is the key to dealing with environmental pollu-
tion and that whether and when to develop a nuclear energy programme is
in the hands of individual states.

Since the early 2000s, according to the IAEA, more than 60 countries —
mostly in the developing world - have informed the IAEA that they are
interested in launching nuclear energy programmes. Of these, 12 countries
are actively considering it. In the next 15-20 years, more than two-thirds
of new NPPs will be built in developing countries, with Asia taking the lead
(Table 2.5). In East Asia, China, Japan, South Korea and Taiwan have already
had a well-established nuclear energy programme, and in 2008, China,
South Korea and India each had six reactors under construction; Taiwan and
Japan had two each; and Pakistan had one under construction (IAEA 2008:
52). In the Southeast Asian region, Vietnam was planning to build 8,000
MWe nuclear capacity and in Indonesia 2,000 MWe was planned. Malaysia,
the Philippines and Thailand were discussing plans for nuclear energy pro-
grammes. In Indonesia, the government issued a national energy plan in
2000 which raised a nuclear energy option; a national Nuclear Energy Regu-
latory Agency (NERA) was consequently created in 2005. NERA then worked
out a blueprint of nuclear energy development and planned to have its sit-
ing and construction approval before 2010. Even though the Indonesian
president then rejected the plan, NERA is still actively promoting the devel-
opment of nuclear energy in Indonesia. While nuclear energy is presented
by many in the field as the ‘only’ clean energy that can be used as a base
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Table 2.5 Asian nuclear reactor plans to 2030 (MWe)

Operating Construction Planned Proposed

China 8,587 12,100 35,320 94,000
India 3,779 2,976 9,760 11,200
Indonesia 2,000 4,000
Japan 46,236 2,285 17,915 1,300
Korea 17,716 5,350 9,450

Pakistan 400 300 600 2,000
Thailand 2,000 4,000
Vietnam 2,000 8,000
Asia 76,718 23,011 84,495 142,000
World 372,220 39,948 131,145 299,405
Asian 21 58 64 47

(per cent)

Source: Platts (2009).

supply, its development raises several challenges: (a) how to obtain its ini-
tial intensive investment and meet a high demand for human resources
and advanced technology; (b) even though the cost of fuel for NPPs is low,
how to secure nuclear fuel services without triggering nuclear weapon pro-
liferation; and (c¢) how to manage and dispose of its radioactive waste. In
addition, the potential of nuclear development needs to be kept in per-
spective. That is, even if governments’ very ambitious expansion plans can
be fully implemented, nuclear energy will provide only a minute share of
total energy consumption in the near future, as in China where 60-70 GWe
would meet just 4-5 per cent of the country’s total energy consumption
by 2020.

Access to finance and technology: two related issues

It is expensive to build nuclear energy programmes. How to finance them,
what technology countries should adopt and how governments can bal-
ance the demands for financial and other resources while their countries
are still developing economically and socially are all serious challenges for
those countries looking to nuclear energy as an alternative to fossil fuels. In
a lifetime cycle, nuclear power may be economically competitive. Financing
it can be problematic. Developing electricity generation capacity involves
intensive and sunk-capital investment. This is the case for all sources: ther-
mal, hydro, solar and wind, as well as nuclear. Recently, several institutions,
such as Massachusetts Institute of Technology (MIT), University of Chicago,
IAEA and IEA, have conducted studies comparing the cost of electricity
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generated by NPPs with coal- or gas-fired thermal power plants, MIT’s study
in 2003 argued that:

In deregulated markets, nuclear power is not now cost competitive with
coal and natural gas. However, plausible reductions by industry in capi-
tal cost, operation and maintenance costs, and construction time could
reduce the gap. Carbon emission credits, if enacted by government, can
give nuclear power a cost advantage. (2003: ix)

In its recent updated study, the team at MIT showed ‘there remains signifi-
cant uncertainty about the capital costs, and the cost of its financing, which
are the main components of the cost of electricity from new nuclear plants’
(MIT 2009: 6). Since the early 2000s, there has been a significant rise in
the upfront capital costs of constructing NPPs (about 15 per cent increase
each year) because ‘construction costs of all types of large-scale engineered
projects have escalated dramatically’ (MIT 2009: 6). This means that a single
nuclear reactor with 1,000 MWe capacity would cost US$4 billion in 2009,
doubling the 2003 cost (Table 2.6).

The oligopolistic structure of the nuclear industry in the world does not
help in bringing down costs. In the past 20 years or so, the number of nuclear
suppliers has significantly reduced — there are few reactor designers and few
reactor choices. Currently, the worldwide nuclear energy sector is dominated
by four major suppliers: Westinghouse from the USA with its AP1000, AECL
from Canada with its CANDU 6, Areva from France with its EPR1000 and

Table 2.6  Costs of electric generation alternatives

Overnight Fuel cost LCOE
cost
Base cost w/Carbon w/Same cost
charge of capital
$25/tCO,
$/KW $/mmBtu  ¢/kWh ¢/KWh ¢/KWh
MIT (2003)
US$2002
Nuclear 2,000 0.47 6.7 5.5
Coal 1,300 1.20 4.3 6.4
Gas 500 3.50 4.1 5.1
MIT (2009)
US$2007
Nuclear 4,000 0.67 8.4 6.6
Coal 2,300 2.60 6.2 8.3
Gas 850 7.00 6.5 7.4

Source: MIT (2009: 6).
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Rosatom from Russia with its VVER. They offer mature technology and expe-
rience in constructing and operating NPPs, which either are in short supply
or do not exist in many developing countries. Meanwhile, as plant size grew
and as operational issues began to moderate the industry’s confidence in
the ultimate safety of the plants, more stringent safety requirements were
imposed and the elegant simplicity of the original light water reactor (LWR)
plants gave way to a complex layering of redundant safety and auxiliary sys-
tems. This has not only led to a rapid increase in costs, licensing delays,
and construction and operation complexities, but has also made it difficult
for others to duplicate the technology and standardise it in their domestic
markets to bring down the cost.

Even though many in the field prefer to argue that investments in nuclear
energy ‘are subject to a common risk/reward standard since finance is glob-
ally fungible’ (Besant-Jones and Glendenning 2000: 133), obtaining a large
sum of financial capital has never been easy for developing countries.

This is one of the main challenges developing countries face in undertak-
ing a nuclear energy programme — how to finance it. Demands on financial
capital in developing countries are multiple and many countries do not
even have the proper infrastructure to accommodate the NPPs because of
the initial lack of capital. It is almost impossible to obtain sufficient finance
from domestic sources. Multilateral financial institutions, such as the World
Bank and the Asian Development Bank (ADB), do not offer financial assis-
tance to build NPPs. A nuclear investment project involves long-term debt
financing and this poses risks for both lenders and borrowers. Most develop-
ing countries are subject to pressure from the long construction period and
high uncertainty of exchange markets. As the finance minister in Indonesia
recently pointed out, many Southeast Asian countries learned hard lessons
from the 1997 financial crisis and have imposed tight fiscal and finan-
cial disciplines on themselves because economic confidence is crucial in
developing countries. Even if they could borrow from the international
financial markets, the exchange rate uncertainty would not work to their
advantage. Their governments would also have to consider how to bal-
ance the rising demands for capital in other areas and how to balance
the demand for energy development and their country’s macroeconomic
conditions.

Finally, obtaining export credits from international nuclear vendors is an
option, but this increasingly has its limitations as well. As more develop-
ing countries chase the same vendors for credits, the cost of borrowing goes
up in the same manner as ‘construction costs for nuclear power plants [go
up] by increasing demand for scarce components that are necessary to build
reactors (for example, specialised steel forgings)’ (CBO 2008: 10). Further-
more, export credits normally come with conditions, which often limit the
opportunities for domestic firms to become involved in the construction and
operation.
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Nuclear energy has a high requirement for technological and human
resources. While the nuclear energy market is dominated by corporations
producing large reactors with more advanced technology and better safety
records, it is difficult for developing countries to adopt the technology of
these large reactors when the electricity market is relatively small and its
infrastructure has not been fully developed. Large NPPs with a capacity of
1,000 MWe will significantly exceed that of other types of power genera-
tion capacities in most developing countries and place great pressure on
the infrastructure, particularly the transmission networks, which have to
be strengthened at a time when demands for financial resources are high
and rising. Given the nature of their ‘natural monopoly’, transmission grids
worldwide are financed by governments. How to calculate power tariffs by
including all of the investment (NPPs as well as other infrastructures) to
reflect the real cost and to balance affordability is not an easy issue for
governments to deal with. Adopting large and mature reactors also means
low or zero participation of local industries in their construction and little
participation of local technology and supply for maintenance.

The challenge for newcomers is that they need to look for mature and
simple technology and proven reactor designs, with an electric power out-
put appropriate to their existing infrastructure (especially their grid capacity)
and their available human resources. The challenge for those that have
already had capacity is to provide competitive reactor designs for the new-
comers. The study carried out by the Nuclear Energy Agency (NEA) of OECD
shows that the larger the capacity a reactor has, the lower the costs it incurs
(NEA 2008), and there is little incentive for the nuclear conglomerates to
invest in developing small- and medium-sized reactors. While the four con-
glomerates are competing for the global market, some newcomers are joining
in to build larger reactors: South Korea has built its own model ARP 1400
after decades of introducing, adapting and upgrading the technology of
French reactors.

The IAEA has been coordinating the development of small-sized reactors
for their developing newcomers. It defines a small reactor as one with elec-
tricity output of less than 300 MWe and a medium-sized reactor as one with
a capacity of 300-700 MWe. Currently, several countries have been able to
build small- and medium-sized reactors; India has developed its own 300
MWe advanced heavy water reactors (AHWRs), Argentina has its integrated
pressurised water reactor (PWR) of 25-300 MWe capacity, and China has its
300 MWe PWR. These new players in the world nuclear market have argued
that developing countries should, and could, adopt these small-sized reactors
as a bridging programme for their nuclear energy development because
they are relatively inexpensive, and their smaller size also makes it easier
to deal with transmission problems. Meanwhile, many of these new players
are unable to offer export credits to those developing countries wishing to
build their nuclear energy programmes. Even if these new players are able to
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provide finance for exports, they are competing with much larger and more
mature manufacturers of reactors and the auxiliaries. In the coming decades,
the nuclear sector will see increasing competition among the established and
large vendors as well as competition between those who offer large and those
who offer smaller-sized reactors. Since nuclear research almost everywhere
depends on governments’ allocation of resources, how does this affect the
technology development and market competition for any coming nuclear
renaissance?

Nuclear energy development cannot have a future until countries have
built adequate human capital. In some countries, there are well-established
education programmes in nuclear engineering, nuclear physics, mechanical
engineering and related fields at universities and technical colleges. This is
not the case in many developing countries. Investing in education often
makes sense when long-term benefits are considered, but in the short term it
is very difficult for governments to increase education spending when basic
needs still have to be met.

Fuel supplies

One of the main arguments in favour of nuclear energy is that uranium
is more widely available than other fossil fuels and therefore it can help
countries secure their energy diversification. Furthermore, the high capital
investment of NPPs can be compensated by the low fuel cost. ‘A doubling
of fuel prices would increase generation costs by about 40% for coal, 75%
for gas and 4% for nuclear’ (NEA 2008: 189). Finally, the uranium market
has become a true global market as government intervention at the front
end of the nuclear fuel cycle ‘has decreased considerably from the high lev-
els of the 1970s’ (NEA 2004: 45). In 2006, for example, only Canada and
South Africa produced sufficient uranium for their requirements and other
countries depended on uranium imports to various degrees.

The uranium market, meanwhile, has had its ups and downs. In the 1980s
and 1990s, while uranium requirements exceeded supplies, the gap was met
after the Cold War ended by the secondary market with accumulated inven-
tories and downgraded weaponry of highly enriched uranium (HEU). This
led to a prolonged period of low uranium prices, which in turn ‘led to the
closure of all but the lowest-cost mining facilities, stimulated market con-
solidation and curtailed investment in exploration and mine development’
(NEA 2008: 157). However insignificant the impact of fuel costs may be on
the total cost of nuclear power, costs of uranium and nuclear fuel services
all rose considerably as many developing countries were trying to develop
or expand their nuclear energy sector. Since the early 2000s, the price of ura-
nium has climbed rapidly from US$18/kgU in 2000 to US$52/kgU in 2005
and US$351/kgU in mid-2007, almost 20 times that of prices that existed less
than seven years earlier.
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Table 2.7 Global fuel cycle capability by country

Country Conversion Enrichment Fuel Reprocessing
fabrication

Argentina
Belgium
Brazil
Canada
China
France
Germany
India

Japan
Kazakhstan
Korea
Netherlands
Pakistan
Romania
Russian VA

Federation

Spain

Sweden

UK v v
USA N N
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Note: Japan had plans to begin reprocessing in 2008.
Source: NEA (2008: 57).

Uranium needs to be converted and enriched to be used to produce energy
in a nuclear reactor. Globally, nuclear fuel cycle services, such as enrichment
and fuel fabrication, are readily available with excess capacity and intense
competition, but only a few countries worldwide have full nuclear cycle
capability and can provide such services (Table 2.7). The international com-
munity seems determined to allow nuclear energy expansion but at the same
time to restrict nuclear fuel cycle services from spreading.

There are good reasons for the international community to have tight con-
trol on nuclear fuel production and services. Countries that have mastered
uranium enrichment and plutonium separation can be viewed as nuclear
weapon capable states because they could develop nuclear weapons within a
short time span if they chose to do so. According to the Director General of
IAEA, Dr Mohamed ElBaradei (2009):

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.
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Most countries that have nuclear fuel cycle capacity do not want to change
the status quo and prefer to maintain their dominant positions in nuclear
fuel services, even when more countries start building nuclear energy pro-
grammes. In general, the consensus is that the market approach - that is,
countries that have the capacity to enrich uranium and reprocess spent fuel
can lease or sell their fuel on the markets and the government of buyers will
ensure the safeguard of the nuclear fuel in the country — would not work
because nuclear fuel can easily be used for weapon programmes. It is the
responsibility of the international community as a whole to ensure that the
number of countries that possess enrichment facilities will not expand. The
IAEA has been pushing for a multilateral mechanism to provide nuclear fuel
cycle services, including enrichment, under the control of the IAEA in order
to ensure the two objectives can be achieved simultaneously: nuclear energy
expansion and stronger international regulation on non-proliferation.

In June 2004, the director general of IAEA appointed a group of experts
from 27 countries to consider multilateral approaches to the civilian nuclear
fuel cycle. Since then, various proposals have been put on the table
(Table 2.8).

Table 2.8 Nuclear fuel supply proposals, 2003-07

Year Agency Proposal

2003 TIAEA Would establish internationally owned fuel cycle
centres.

2004 USA Would keep uranium enrichment and plutonium

reprocessing in the hands of current technology
holders, while providing fuel guarantees to those
who abandon the option.

2005 TIAEA Explored a variety of options to address front end
and back end problems and their attractiveness to
different groups of states, and surveyed past

proposals.
2005 Russia Would establish international fuel cycle centres.
2006 USA US Global Nuclear Energy Partnership originally

proposed that certain recognised fuel cycle
countries would ensure reliable supply to the rest
of the world in return for commitments to
renounce enrichment and reprocessing; it also
proposed solutions for recycling of spent fuel and
storage issues.

2006 USA, UK, Six Country Concept would establish reliable
Russia, France, access to nuclear fuel.
Germany and the
Netherlands
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2006 Nuclear Threat Promised $50 million for an international nuclear
Initiative fuel bank under IAEA supervision provided
another $100 million donated within two years
and IAEA organises implementation.

2007 USA Revised Global Nuclear Energy Partnership would
promote an international nuclear fuel supply
framework (without explicit renunciation of fuel
technology) to reduce proliferation risk and a
closed fuel cycle featuring recycling techniques
that do not separate plutonium.

Source: Nikitin et al. (2009: 3).

One proposal is for the creation of regional co-production centres; for
example, Brazil and Argentina, both of which have already had facilities,
would expand their current facilities to provide nuclear fuels to the coun-
tries in the region that want to build NPPs. Such facilities would be overseen
by the IAEA. This kind of arrangement is relatively easy for Latin American
countries because, until now, no other countries have demanded to build
uranium enrichment facilities. In Asia, such an arrangement seems almost
impossible. Some experts discussed the possibility of the potential cooper-
ation between Japan and South Korea in building a co-production facility.
Both countries already have vast experience and a good record in operating
their NPPs. Japan has developed full nuclear fuel cycle facilities while South
Korea wanted to do so too. Even if the two countries cooperate, to whom
are they going to supply nuclear fuel in the region? China has its own facili-
ties and it does not seem feasible for China to give up or subject its facilities
to cooperation with its eastern neighbours. Some countries in the Southeast
Asian region, such as Malaysia and Indonesia, have made it clear that they
do not intend to build nuclear fuel cycle facilities because even when they
launch their nuclear energy programmes, the planned capacity for the next
10-20 years will not exceed 1,000 MWe each. Building nuclear fuel cycle
facilities is not only costly but technically complicated. Some countries have
reservations concerning the proposal because they want to maintain inde-
pendence in fuel supplies. The issue is particularly difficult for countries in
the South Asian sub-continent and the Middle East.

Russia has proposed a single international centre providing nuclear fuels,
under the control of the IAEA. “To achieve this goal, a decision was taken
to launch a pilot project to establish on the territory of the Russian Feder-
ation the International Uranium Enrichment Centre (IUEC) on the site of
the Angarsk Elecyrolysis Chemical Complex [and] the main function of the
IUEC is to provide IUEC participating organisations with guaranteed access
to uranium enrichment capabilities’ (IAEA 2007a). This proposal had a wide
range of opponents and limited support because it features a Russian facility
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and many countries do not want to see their nuclear fuel supplies lie in a
country that they do not and cannot trust.

Germany has submitted a proposal for a multilateral approach to ensur-
ing nuclear fuel supplies: the ‘Multilateral Enrichment Sanctuary Project’.
It called for the construction of an IAEA supervised, commercially admin-
istered uranium enrichment plant based on international property, which
would be donated by a host country. The legal standing of the plant’s ter-
ritory would be akin to the status afforded to international organisations
in host countries, whereby the IAEA would be given sovereign rights over
the territory. The plant would be operated by a private firm, while the IJAEA
would retain control of a buffer fuel stock to be distributed on request by a
state facing political or economic blockage of shipment. The extraterritorial
status of the facility is at the centre of the proposal and the country that
agrees to host the facility would have to be willing to cede administration
and sovereign rights over a certain area to the IAEA. On this extraterritorial
land, any country or firm could establish facilities, individually or collec-
tively, that would be subject to the tight regulation of the IAEA, but would
operate on a commercial basis. The German position is that this is the only
way to break the monopoly of nuclear weapon states over enrichment and
reprocessing.

Japan, while supporting the principles behind the Russian and German
proposals for a multilateral approach to nuclear fuel supplies, submitted a
very different proposal: they called for the establishment of a system called
the ‘TAEA Standby Arrangement System for the Assurance of Nuclear Fuel
Supply’. According to this proposal, all countries would be allowed to have
their own full nuclear cycle if they chose to do so, but they must register the
uranium ore supply capacity, the uranium reserve capacity (including recov-
ered uranium), the uranium conversion capacity, the uranium enrichment
capacity and the fuel fabrication capacity with the IAEA. It would be ‘a vir-
tual arrangement, as participating states are supposed to continue to possess
and control nuclear fuel supply capacity’ (IAEA 2006).

The Nuclear Threat Initiative, a US-based non-governmental organisation
(NGO), proposed the establishment of a nuclear fuel bank in a location
to be designated by the IAEA, and called for the IAEA and its mem-
ber states to administer a stockpile of low-enriched uranium (LEU) that
would be available on a non-discriminatory, non-political basis to states
that meet non-proliferation requirements. Until late 2008, US$100 million
was donated for the plan - US$50 million from US investor and philan-
thropist Warren Buffett and US$50 million allocated by the US Congress.
The American government has also adopted a bilateral approach, guarantee-
ing nuclear fuel supplies if countries agree not to establish a full nuclear fuel
cycle.

Key issues that emerged in the debate over a multilateral approach to
nuclear fuel services do not seem to affect countries that have already had
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the facilities to enrich uranium or even to separate plutonium. Rather, they
concern countries that are planning to build a nuclear energy programme.
How are they planning to obtain nuclear fuels for their power plants? All
countries agree on ‘the right of every country to decide its own energy mix’,
including nuclear energy, and ‘the inalienable right of every country to the
peaceful use of nuclear energy’. The question is how to respect these rights
while minimising possible proliferation risks emanating from the predicted
wider use of nuclear power for civil purposes.

Public acceptance

Each method of producing electricity has its drawbacks and its own explicit
and implicit environmental and health impacts. Of all the energy sources,
nuclear is the most subject to polemics because of the way it is presented
by the mass media, politicians and the nuclear community itself. The con-
troversy over and opposition to nuclear energy have a great deal to do with
its history: nuclear science was conceived with a military application and
anti-nuclear discourse takes good advantage of this by playing on the pub-
lic perception that nuclear technology is nothing more than a system for
producing lethal weapons. Yet history alone cannot explain the concerns
and fears of the public. For example, Japan is the only country that has suf-
fered from the military use of nuclear science and technology, but it is a
country that holds about 13 per cent of the world’s total nuclear power gen-
eration capacity and its NPPs supply about 27 per cent of its total electricity
consumption.

At the national level, the argument for and against nuclear energy is
closely bound to national politics, national security, availability of alterna-
tive energy sources and environmental pollution. Where traditional forms
of energy (oil, gas, coal and hydropower) are limited, or environmental
pollution is a serious problem as a result of fossil fuels consumption, the
nuclear option often seems to be viewed more favourably, as in the case of
France, Japan and China. In countries with abundant energy resources, such
as Australia and Germany, political or emotional debates can overshadow
the analysis of nuclear energy. Within a given country, at the regional level,
the line of debate is less clear. Debates are often tied to local economic condi-
tions, employment opportunities, social mix and so on (NEA 2002). In some
countries, the nuclear debate can be politicised in national politics while
in others it is very much a local issue. In many countries ‘even if there is
a majority in support of the technology or business operation in a general
sense at the national level, this does not guarantee support at the local level
on a local issue of individual nuclear facility siting or operation’ (Nagano
2008: 304).

The main generic concerns of the public about nuclear energy are famil-
iar ones, including the safety of NPPs, radioactive waste management and
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disposal, and non-proliferation issues. The secrecy that is often involved in
decision making on nuclear-related issues, for peaceful or military use, can
aggravate public concern rather than contribute to a better understanding
of the nuclear option.

Public concerns on the safety of NPPs focus on two main issues: the tech-
nical problems that can lead to disastrous accidents as seen at Chernobyl and
Three Mile Island, and the potential for terrorist attacks on NPPs, which can
be easy targets. There is a remarkable disparity in the fears over operational
safety between developed and developing countries (Toth and Rogner 2008).
Safety concerns appear to be the most strident in Europe — under the long
shadow of Chernobyl - in Japan because of recent incidents, but also in Latin
America despite it having only a few operating reactors, and in the South
Pacific (Australia and New Zealand), which has no nuclear facilities at all. In
contrast, safety issues cause less anxiety in South and Southwest Asia, where
almost 20 reactors operate in densely populated areas. In South Asia, the
public is generally supportive of expanding the nuclear energy programme;
in Southeast Asia, traditional opposition among politicians and the public is
shifting slowly towards being more positive to nuclear energy development
(Grover 2008, Sudarsono 2008).

In Japan, pre-construction has witnessed the most difficult predicament
and most difficulties because of public resistance to having NPPs in their
backyards (Lesbirel 1998, Nagano 2008). In South Korea and Taiwan, two
apparently contradictory statements have been presented: those who know
little about nuclear energy development in the country often argue that nei-
ther country could build a new NPP as they did in the 1980s under the
military and authoritarian regime because the public would resist the new
NPP project. At the same time, both countries have new projects under con-
struction (six in South Korea and two in Taiwan) and the public does not
seem to be opposed to these projects. In both South Korea and China, the
argument presented by government that the nuclear energy programme will
have a significant technological spill-over effect on the whole economy is,
by and large, endorsed by the public (Yoo and Yoo 2009). The nuclear energy
programme has broad support in China mainly because of the environmen-
tal problems the country is facing while increasing concerns were raised on
the specific siting of several NPPs (Xu 2008).

Public fear of nuclear accidents is nonetheless real, even though there may
be misinformation and misunderstanding of these accidents. For example,
after the Chernobyl disaster, public opinion on nuclear energy was the main
reason that many OECD countries halted, or decided to phase out, their
nuclear energy programmes. To some scientists, however, ‘there is a gulf
between public perception of nuclear safety and the reality’ (Baruch 2008:
115). According to their estimates, as the result of the Chernobyl accident,
28 people died from acute radioactive syndrome, 2 people died at Unit 5
from injuries related to radiation, 1 person died of coronary thrombosis,
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and 19 people died between 1987 and 2004 of various causes not definitely
attributed to radiation exposure. According to others, the accident was a real
disaster because it ‘killed at least 4056 people and damaged almost $7 billion
of property’ (Sovacool 2008: 1806).

In the USA, which has the largest number of NPPs, ‘while one can eas-
ily count scores of workers who have been killed in refinery, petrochemical
plant and coal mining operations over the decades, not a single US nuclear
worker has been killed in the workplace or in accidents relating to workplace
conditions’ (Herbst and Hopley 2007: 127).

Meanwhile, there has been a significant and fundamental change in the
technology used in NPPs. The generation III reactors are efficient, with
capacity factors exceeding 90 per cent, and have a high degree of passive
safety based on the inherent principles of physics. The reactors in Chernobyl
that caused the disaster used a graphite moderator and graphite to cool
the system. Light water pressurised reactors, which account for more than
two-thirds of the world’s reactors, use ordinary water as a coolant and as a
moderator to slow the neurons emitted by the core. ‘There is a great dif-
ference between the two: water has a negative reactivity coefficient, while
graphite-moderated reactors (no longer being produced) have the opposite
effect that can “run away” and burn with disastrous results if the temperature
in the reactor rises’ (Baruch 2008: 115). Comparing the reactors used today
against the type of reactor that was destroyed at Chernobyl in the Ukraine
is like ‘comparing the safety of a World War I biplane against a modern
jetliner’. ‘Nuclear power plants have better safety performance today than
ever, and future generations of reactors will have design modifications that
enhance safety even further’ (Meserve 2004: 433).

This world of difference in technology used in NPPs is seldom recognised
by anti-nuclear campaigners, who do not make any distinction between
types of reactors. The fact that nuclear reactors can break down and have
the capacity to harm people and their livelihoods can be much more readily
embraced by the public than the complicated technical reality presented by
scientists. Consequently, a simple equation is drawn by anti-nuclear cam-
paigners: NPPs equal Chernobyl or Three Mile Island disasters. It is clear
that the public needs to be better informed about the technology used in
NPPs and the accidents and long-term impact of nuclear energy, especially
in the context of other energy sources. Some observers have argued that the
real obstacle to nuclear energy development, however, is not negative pub-
lic attitudes but political opposition - that is, politicians tend to use nuclear
issues for their own political gains.

According to the communication director of Foratom, the European
atomic forum for nuclear energy in Europe:

¢ In Germany in the year 2000, 60 per cent believed that phase out is not
realistic in the short term.
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e In Sweden in the year 2000, 77 per cent opposed early closure of nuclear
power plants.

e In Finland in the year 2000, more than 66 per cent believed nuclear was
‘not risk-bearing’.

e In France in 2001, 67 per cent said that nuclear is important to the
country’s security of energy supply.

e In the Czech Republic in 2001, 58 per cent supported the completion of
the Temelin nuclear power plant.

e In the USA in 2001, 68 per cent said that nuclear energy should play
an important role in meeting future energy needs (http://www.iaea.org/
worldatom/Meetings/2001/KDaifuku-Opening.pdf).

Of course, this is the research conducted by the nuclear industry, which
stands to benefit from the results. The issue, however, is that there are dif-
ferences between what is presented to the public by politicians and what
the public understands about nuclear energy. For example, in Japan, even
though about 70 per cent of people who were surveyed ‘felt uneasy about
nuclear energy due to the risk of incidents and some recent scandal’, ‘two
thirds of the public considered nuclear power as a significant energy source
for Japan’s electricity supply’ (NEA 2002: 114). In Finland, while nuclear
power was considered to ‘be contributing to economic and reliable energy
supply as well as welfare and to the reduction of the greenhouse effect’,
about 70 per cent of people who were surveyed ‘regarded nuclear power as a
potentially dangerous and risky method of electricity generation’. There was
similar contradictory public opinion in other OECD countries, as in the USA,
‘there was nearly a consensus on keeping the existing nuclear power plants
in operation and renewing the licences of those plants’ and nearly three-
quarters of those surveyed ‘agreed to keep the option to build more nuclear
energy plants in the future’ (NEA 2002: 114). Yet, when asked whether they
would support the construction of an NPP in their region, the ‘not-in-my-
backyard’ principle remains strong in OECD countries, where increasingly
‘nuclear power was considered a main source of energy that would make the
greatest contribution to energy supply in the next 10 years’ (NEA 2002: 112).

Some studies in Finland, Sweden and the UK have demonstrated that the
better the public is informed, the less opposition they have to NPPs, and in
many cases, the closer they are to an NPP site, the less opposition they have,
again because they are better informed. Studies have also demonstrated that
when energy resources are not accessible, or where there are frequent black-
outs or brownouts, the public has much less resistance to nuclear energy
than those who take reliable supply of electricity for granted or those in
countries where natural energy endowment is high. When environmental
pollution as the result of thermal power generation has an immediate impact
on people’s health and quality of life, the public weighs the benefit of nuclear
energy above the problem of its long-term waste disposal.
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‘Public perception is also dependent on many factors specific to a given
society such as the local energy supply position, national experience with
nuclear power and national perceptions of environmental considerations’
(TAEA 2008: 31). Recently, public acceptance of nuclear energy has improved
greatly because of concerns regarding higher fossil fuel prices, supply secu-
rity and climate change, and because of an improved nuclear safety record.
Including nuclear power in the energy mix is seen as a safe option that
can perform a crucial role in meeting energy needs. As studies have shown,
more transparency and better access to information have encouraged public
acceptance for nuclear power.

Waste management

Another factor ‘shaping the public perception of nuclear energy is the risks
associated with the interim storage of spent fuel and the long-term disposal
of nuclear waste’ (Toth 2008: 17). Radioactive waste is generated at each
stage of the nuclear fuel cycle: uranium mining, uranium enrichment and
fuel fabrication, NPP operation, reprocessing and decommissioning of NPPs.
It may be low radioactive or high radioactive waste, both of which have to be
carefully managed and accounted for because they are potentially hazardous
to human health. Uranium mining and milling produce a large amount of
tailings, containing 70 per cent of the radioactivity originally present in the
ore. This is the issue Australia has been struggling with and currently, ‘where
possible, the tailings are covered by water to reduce the production of acid
water [and] the water is treated until the permitted discharge quality is met.
Where such treatment is not possible, the tailings are stabilised and covered
with soil’ (IAEA 2007c: 7).

The great majority of radioactivity produced during the nuclear fuel cycle
is contained in the spent fuel. While the volume of radioactive waste is much
less than that of many other kinds of hazardous chemo-toxic waste, it has
some features which set it apart. Simply being in close proximity to radioac-
tive waste can be hazardous and that is the reason radioactive wastes are
generally managed by isolation. Another feature is that radiation contained
in waste decays very slowly, from 300 years in low-level waste from uranium
mining and milling to more than 10,000 years in intermediate-level waste
from general operation and maintenance of nuclear facilities, and more than
100,000 years in high-level waste from the reprocessing of spent fuel. A posi-
tive aspect is that, compared with other classes of radioactive waste and with
the waste production of other industrial sectors, spent fuel and high-level
waste are generated in relatively small volumes and masses. Nonetheless,
accumulation of radioactive material is a burden for human society both at
present and in the future.
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For now, both the IAEA and NEA are optimistic about waste management
worldwide. The technology for disposal of short-lived low- and intermediate-
level waste is well defined and developed, and ‘most countries with major
nuclear power programmes operate repositories for this kind of waste’ (NEA
2008: 244). The spent fuel from nuclear reactors is generally stored in
purpose-built storage facilities on sites close to reactors. Globally, there is
sufficient storage capacity and ‘a storage shortage is not expected glob-
ally, as measures can be undertaken to increase the capacity of current
storage facilities or new storage projects may be launched’ (NEA 2007,
2008: 247).

Presently, waste management is not a major obstacle for many Asian
countries that wish to expand or develop their nuclear energy programmes,
partly because they have not faced the issue to the same extent as countries
that have already accumulated a large quantity of radioactive waste and are
facing the issue of decommissioning. In many developing countries, such
as China and India, the challenge posed by waste management (long-term
potential environmental problems) seems to be overshadowed by the imme-
diate threat of many environmental problems. They also depend on the
human capacity to develop new technology to deal with these issues by, for
example, developing closed fuel cycles with recycling transuranic elements
extracting more usable materials from uranium and spent fuel.

A number of countries have had plans to build geological disposal facilities
to be in operation within the next two or three decades. ‘These reposito-
ries are generally designed to provide disposal capacity for all the high-level
waste resulting both from historical nuclear power generation and from the
lifetime operation of the existing and planned nuclear fleet’ (NEA 2008: 256).
Building such facilities may not be possible in many developing countries
given their high population density and geological conditions. It is not a
problem for the next two or three decades but an issue that needs to be
discussed well before any nuclear energy programme is launched. Waste
management may eventually become an international issue that requires
multilateral cooperation. Proposals have been on the table for multilat-
eral cooperation together with those on multilateral cooperation on fuel
supplies.

Planning and regulation

As most Asian countries are preparing to expand or to build their nuclear
energy programmes, how to deal with the challenges of each of the above-
mentioned issues depends, by and large, on a government’s role and
capacity in planning and regulating the field. No expansion or develop-
ment of nuclear energy programmes can take place without a well-developed
long-term strategy.
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With this in mind, the following questions are pertinent. What would
be the optimal energy mix in a country given its natural resources endow-
ment? What would be the favourable macroeconomic conditions for nuclear
development? What would be the strategy for technology introduction and
adaptation? How can plant safety and radioactive waste be managed? And
how can public support be secured for nuclear energy development?

Investors will not be interested if the investment environment is unstable
or the price system does not allow them to recover costs. Even if a coun-
try decides to build its nuclear energy programme by introducing turnkey
reactors, it needs a local labour force that has the capacity to operate them.
Public support is necessary and a better informed public is more receptive to
nuclear energy, as has been demonstrated in many countries. In sum, gov-
ernments have been deeply involved in the development of nuclear energy,
and their capacity to make long-term plans, to create an amenable polit-
ical and economic environment, and to establish sets of laws, rules and
regulations varies greatly.

First, a well-developed long-term energy strategy is necessary. ‘Energy pol-
icy and its implementation are still a core function of governments and their
intervention in this regard is globally beneficial to society’ (NEA 2004: 23).
In deciding the country’s energy mix, a government has to take into con-
sideration population growth, economic development (e.g. how energy can
promote development in order to achieve the MDG), electricity demand,
natural resources endowments and the environmental consequences of each
of the energy sources. For example, some Asian countries such as Japan
and South Korea have limited energy resources; others may have abundant
energy resources in aggregate terms but these may be limited on a per capita
basis, such as in China and India.

When countries rely on coal to generate electricity, as is the case with
China, Indonesia and India, climate change considerations may force them
to re-evaluate their energy mix. In deciding the energy mix, a government
has hard choices to make. What energy sources should be given priority
in order to ensure secure and adequate supplies? When and how should
a government intervene to ensure public goods can be delivered and the
long-term interests of the country can be protected? When costs favour
fossil fuels, which of these fuels can have detrimental environmental conse-
quences? How can a government ensure measures, such as energy efficiency,
renewable energy sources and carbon capture, are integrated in its policy
on nuclear energy? Common to all of these issues is that there are difficult
political decisions to be made. For example, when the coal industry is one
of the oldest industries, employs a substantial number of people and has
strong political clout, it is difficult for the government to decide to replace
dirty coal-fired power plants with NPPs, which involve higher costs and
risks.
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Second, electricity sectors worldwide used to be vertically integrated and
monopolistic. Since the 1990s, however, pressure to restructure electricity
supply industries has led to the unbundling of its segments for those that
can be open for competition (generation and retailing) and those that should
be regulated (transmission and distribution). In many OECD countries the
old regulated public utility no longer exists and the merchant investment
framework has significantly increased the cost of capital faced by investors,
which makes long lead time and capital-intensive generation technologies
in the nuclear sector much less attractive (Joskow and Parsons 2009).

In countries such as France and South Korea, the vertically integrated
structure of their electricity markets remains in favour of nuclear energy.
Reforms in the electricity sector have also been adopted in some Asian coun-
tries. In China, for example, generation is mainly open for competition
but not for transmission and distribution. In India, limited competition is
allowed in generation while regulation has been put in place in most states
for transmission and distribution. Many developing countries are still in the
process of unbundling and restructuring their electricity sector and decisions
made by governments will affect the scope and speed of their nuclear energy
programmes.

Although the introduction of competition in electricity supply is rel-
atively new, one effect of market liberalisation is to expose the cost of
meeting public policy objectives; that is, the cost of supporting uneconomic
domestic coal mining, or supporting domestic equipment supplies, is to be
shifted from within the internal accounts of power generation companies
to explicit, publicly accessible accounts, which are shouldered by investors
rather than governments. With these changes, utilities undertake more risks
in investing in nuclear energy industry. Governments meanwhile have to
strengthen their regulatory capacity to ensure that the public interest is pro-
tected and the risks are better allocated to parties able to take action to
mitigate them.

Ultimately, this restructure affects the cost of investment and the structure
of power tariff setting. For economic and safety reasons, NPPs are usually
operated as base-load, and they run full-time since capital charges apply
whether a plant runs or not. Technically they are easier to run at a con-
stant output. This means nuclear power can be economically competitive
with existing utilities that operate thermal power plants, which may or may
not want such competition. Given that there is a significant market con-
centration in the nuclear energy industry (in nuclear plant construction
and nuclear fuel supplies), this oligopolistic market structure has the effect
of maintaining prices at a relatively high level, which allows firms to earn
above-market profits. This, in turn, encourages investment. It also calls for
an active role for governments in developing countries to ensure that these
oligopolies do not take advantage of less-developed local economies.
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Third, since the safety of NPPs is the most important public concern,
whether this concern is terrorist related or based on the possibility of tech-
nical failure, it is the government’s responsibility to ensure design and
operational principles, and sound engineering and technical standards are
met. These are key factors for the survival of the nuclear industry. All
OECD countries with nuclear energy programmes have licensing processes
for plant construction and operations mandated by legislation. The licences
are granted either by governments or by regulatory authorities that have a
high degree of independence. All OECD countries also have environmental
assessment processes to ensure that the impact of a new plant is acceptable,
although this may not be the case in many developing countries. In several
countries (such as in Bangladesh, Indonesia, Malaysia and Vietnam), before
a nuclear energy programme is launched, a regulatory agency is created. Cre-
ating an independent regulatory agency does not guarantee an independent
and effective regulation. Building up the government’s regulatory capac-
ity is a precondition for a successful nuclear energy programme and this
takes time.

‘Governments have a role in setting up public processes for the siting
and approval of all nuclear installations’ (NEA 2004: 90). Without a func-
tional legal system and operational regulatory regime to ensure the quality
and safety of NPPs, rushing into nuclear development in many developing
countries may exacerbate the potential for corruption. Studies have long
established that the larger the projects, the more opportunity there is for cor-
ruption unless a well-established institutional framework exists to deal with
the problem. With an established and functional institutional framework,
large projects can also be translated into jobs for local development.

Fourth, nuclear energy development needs a long-term plan because of
its high demand in a country’s human capital and basic research and devel-
opment. ‘Nuclear technology may be a component of a country’s energy
policy for reasons of diversity and security of supply, or because of its con-
tribution to air quality and emissions reduction’ (NEA 2004: 48). It is also
an area where, by deciding the choice of nuclear technology, a government
can generally foster and support research and development in their coun-
try. On issues of both technology selection and research and development,
governments have an important role to play in providing financial resources
to facilitate the process of training and research and development in their
country.

Finally, nuclear security is one of the main platforms of the anti-nuclear
argument because nuclear materials can easily be transported and NPPs are
relatively easy targets for terrorists. “There are security issues associated with
each phase of the nuclear fuel cycle’ (Lowry 2007: 146). This is the reason
the international community has been calling for a multilateral approach
on nuclear fuel supplies and tight national regulation on controls over the
export of sensitive nuclear materials and technologies. It is a government’s
decision whether or not a country’s nuclear energy programme would need a
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compatible nuclear fuel cycle or if they would purchase nuclear fuel from an
international market. It is also a government’s decision to participate in mul-
tilateral negotiations on nuclear fuel supplies under the auspices of the IAEA.

Conclusion

The growing energy demand in the twenty-first century is driven by rapidly
increasing population growth, the desire to connect 1.4 billion people who
do not have access to electricity and 2.4 billion who have no access to a
modern energy system. Limited and rapidly depleting fossil fuel resources
have brought nuclear energy to the fore, especially in Asia where continuing
industrialisation and urbanisation are requiring a large-scale supply of base-
load electricity. Nuclear power that generates almost no direct CO, emissions
and relatively few from the nuclear fuel cycle as a whole is therefore seen
by many as part of the solution to the problems of inadequate electricity
supplies and threats of global warming and climate change. This being said,
nuclear power is not the only option these Asian countries are pursuing.
Countries like China and India are grabbing every opportunity and every
alternative. Nuclear is one of the low-carbon energy sources being developed
to supplement fossil fuels.

This attraction to nuclear energy is supported by the improved perfor-
mance of the nuclear energy industry since the 1980s. With more than
13,000 reactor-years of experience, the safety record of NPPs matches the
improvement in efficiency. For these reasons, developing countries are at
the forefront in the development and expansion of nuclear energy pro-
grammes. Of course, there are major challenges ahead. They include safety,
security, human and technological development, economic and political
support. Different political systems will have different ways of dealing with
these challenges, and building a government’s capacity to plan and regulate
nuclear energy development is a necessary precondition for its development.
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Nuclear Energy Development
in China
Sang Dongli

History of nuclear energy policies

The beginning of nuclear power, 1978-95

The People’s Republic of China is one of the few countries in the world
that has a relatively complete nuclear industry. China embarked on nuclear
power in the late 1970s, during which time the Chinese government
adjusted the strategy on national defence construction and turned their posi-
tion of combativeness to one of peaceful modernisation and construction.
In this context, in March 1981 the State Council made a decision that the
nuclear industry should transfer its work focus to the service of the national
economy and to improving the lives of its citizens. This transformation of
China’s nuclear industry aimed at ‘seeking to develop a diversified energy
base’ (Zhou 1987: 43).

China started its nuclear power construction in the 1980s, based on
the principle of a combination of self-reliance and introduction of foreign
technology and expertise. In accordance with the government’s policy of
developing nuclear power appropriately, China’s nuclear programme pro-
ceeded methodically with the emphasis placed on selected projects (Zhou
1987: 44). The first nuclear power project at Qinshan, in Zhejiang province,
was domestically designed and had a capacity of 300 MWe. It was con-
structed in March 1985 and was connected to the grid for electricity pro-
duction on 15 December 1991. Thus, Qinshan nuclear power plant became
an important milestone in China’s peaceful use of nuclear power.

When economic reform was launched in late 1978, the Chinese govern-
ment started preparations to construct a nuclear power plant (NPP) at Daya
Bay, in Guangdong province, 50 kilometres from Hong Kong, as part of the
initiative of opening up to the outside world. The project was approved in
December 1982. It consisted of two imported turnkey pressurised water reac-
tors (PWRs) with the capacity of 900 MWe each. The Guangdong Nuclear
Power Joint Venture Co. with Hong Kong’s China Light and Power Co. Ltd
as a co-financer (25 per cent of initial investment) and buyer of electricity

43
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(purchasing 70 per cent of electricity from Daya Bay) was the first power
joint venture in China. This joint venture then raised 90 per cent of the
station’s cost (US$3.6 billion) from concession loans and from international
markets. The construction of the Daya Bay project started in 1987 and was
completed in 1994.

The slow development of nuclear power, 1996-2005

The Chinese government put forward a strategy of ‘moderately developing
nuclear power’ in the Ninth Five-Year Plan (1996-2000). Under this strategy,
nuclear power would be developed through a centralised administration and
with unified planning, and be in line with the energy and electricity devel-
opment of the whole country. The coastal region of southeast China, which
was short of energy resources, but had a much faster economic growth rate,
suffered from persistent electricity shortages and it was the region where the
first two nuclear power plants were built, even though the development was
slow for political, economic and technical reasons.

During the Ninth Five-Year Plan period (1996-2000), the Chinese gov-
ernment decided to construct four NPPs — Qinshan Phase II, Lingao of
Guangdong, Qinshan Phase III and Lianyungang — eight units with a total
installed capacity of 6,600 MWe. The Tenth Five-Year Plan (2001-05) incor-
porated the construction of eight NPPs, although the timeline for contracts
was extended, putting the last two into the Eleventh Plan. China currently
has six NPPs with eleven reactor units in commercial operation, with a total
installed capacity of 9,124 MWe, of which six units with a total capacity
of 4,736 MWe went to commercial operation during the Ninth and Tenth
Five-Year Plan period (Table 3.1).

In March 2005, Premier Wen Jiabao said at a meeting of the Standing Com-
mittee of the State Council that ‘China needs to change its structure of its

Table 3.1 Nuclear power plants in operation in China

Name Reactor Technology Capacity Construction Commercial
of NPP type —————————— (MW) commence operation
Type Source

Qinshan PWR CNP300  China 300 Mar 1985 Apr 1994

Qinshan PWR CNP650  China 650x2 Jun 1996 Apr 2002
Phase II

Qinshan PHWR  CANDU6 Canada 728x2 Jun 1998 Jul 2003
Phase 11

Daya Bay  PWR M310 France 984 x2 Aug 1987 May 1994

Lingao PWR CPR1000 China 990 x 2 May 1997 Jan 2003
Phase I

Tianwan PWR AES-91 Russia 1060 x2  Oct 1999 Aug 2007

Source: http://www.heneng.net.cn/?mod=npp.
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electricity generation; expand its hydro capacity, optimise its thermal devel-
opment, actively promote nuclear energy, appropriately develop gas-fired
electricity and encourage renewable energy.” This idea of ‘active’ develop-
ment of nuclear energy was incorporated into the Eleventh Five-Year Plan
(2006-10).

The Eleventh Five-Year Plan stresses that China should focus on the
construction of a 1 million kilowatt-class nuclear power plant. It should
gradually develop its own PWR advanced design, and its capacity to man-
ufacture, construct and operate large-scale nuclear power plants, expand
uranium exploration and mining, and build up nuclear fuel cycle capability,
especially the back-end capacity of reprocessing spent fuel. It also empha-
sised the importance of developing human capacity to meet the demand for
rapid expansion of nuclear energy projects. Nuclear energy development, as
an important part of China’s energy strategy, has been included for the first
time in the National Overall Planning of Electricity Development during the
Eleventh Five-Year Plan period.

Following this, in October 2007 the National Development and Reform
Commission (NDRC) put forward a detailed policy of actively pushing the
development of nuclear power to meet China’s growing electricity demand —
the Medium to Long-Term Nuclear Energy Development Plan (2005-20).
The plan emphasises that nuclear energy development is crucial for ensuring
the country’s energy security, mitigating climate change and assisting gen-
eral technological development. It sets the general development guidelines,
which include unifying, standardising and localising nuclear technology,
developing China’s own Generation III reactor technology, and improv-
ing efficiency and competitiveness in producing nuclear equipment. The
plan highlights the importance of ‘safety first and quality first’ in building,
operating and managing advanced NPPs in conforming to an international
advanced level; and the importance of establishing safety standards and an
effective regulatory system.

In 2007, the State Council further elaborated the Medium to Long-Term
Nuclear Energy Development Plan by issuing a document, ‘China’s Energy
Conditions and Policies’. The document stated that China would encourage
foreign investment in the construction and operation of nuclear power sta-
tions in which it holds the dominant share; China would also continue to
import advanced technology and equipment through international bidding;
and the government would offer preferential investment and taxation poli-
cies for nuclear energy projects. China would also increase its investment
in research and development and in higher education in nuclear science,
nuclear engineering and their related subjects at key universities.

According to the Medium to Long-Term Nuclear Development Plan
(2005-20), China would build a 40 GWe nuclear capacity or about 4 per cent
of the total installed power generating capacity by 2020. This would mean
an annual electricity production of 2,600-2,800 TWh. An additional nuclear
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Table 3.2 Nuclear power construction projects schedule assumption (GWe)

New Under Carry-over for  Total operation
projects  construction next five years by the end of
five years

Before 2000 - - - 2.268
10th FYP 2001-05 3.46 4.68 5.58 6.948
11th FYP 2006-10 12.44 5.58 12.44 12.528
12th FYP 2011-15 20.00 12.44 20.00 24.968
13th FYP 2015-20 18.00 20.00 18.00 44.968

Source: NDRC (2007: 8).

power capacity of about 23 GWe will be added on the basis of the current
capacity of 16.968 GWe in operation or under construction (Table 3.2). By
2020, about 18 GWe of capacity would be under construction. Moreover,
between 2005-10, the compound annual growth rate of China’s installed
nuclear power capacity is expected to be maintained at 11.9 per cent, and
this figure is expected to rise to 12.8 per cent during 2010-20. The strate-
gic development target has been incorporated into the National Electricity
Development Plan. To meet these goals, China needs to find several new
sites for nuclear power plants, while the existing nuclear power sites will be
fully utilised and extended by constructing more reactor units.

These policies have provided opportunities for investors, equipment man-
ufacturers and research institutions in nuclear energy expansion in China.
Many observers believe that the ‘spring’ of nuclear energy development
has come in China. By the end of 2009, China hosted more NPPs under
construction than any other country in the world (Table 3.3).

Major players

Central government

The decision-making process in China in general is known for its fragmen-
tation and bureaucratic rivalry (Lieberthal and Oksenberg 1988). The same
can be said for nuclear energy decision making. The central government
seems to have principal control because all nuclear power projects have
to be approved by the State Council. In practice, however, several govern-
ment agencies are involved in decision making. Unlike most countries in
the world, China does not have a single ministry in charge of energy-making
policy. That responsibility is shared by several agencies: NDRC is responsi-
ble for the country’s general macroeconomic planning and therefore energy
development is part of this planning. The Ministry of Finance has some
decision-making powers relating to certain financial rules and cost standards;
and the State-Owned Assets Supervision and Administration Commission



Table 3.3 Nuclear power plants under construction in China

Name Reactor Technology Capacity Construction Expected

of NPP type (MWe) start commercial
type Source operation

Qinshan Phase II PWR CNP650 China 650 x 2 March 2006 December 2010

#3 April 2006 December 2011

#4

Lingao Phase II PWR CPR1000 China 1000 x 2 December 2005 2010-11

Hongyanhe I PWR CPR1000 China 1000 x 4 August 2007 2012

Ningde I PWR CPR1000 China 1000 x 4 February 2008 2013

Fuqing PWR AdvancedM310 France 1000 x 2 November 2008

#1 June 2009

#2

Yangjiang PWR CPR1000 China 1000 x 6 December 2008 May 2014

Fangjiashan PWR CNP1000 China 1100 x 2 December 2008 Dec. 2013

#1 July 2009 October 2014

#2

China experimental Fast reactor Russia 250 x 1 May 2008 June 2010

fast reactor

Sanmen PWR AP1000 USA 1250 x 2 April 2009 November 2013

#1 December 2009 September 2014

#2

Taishan PWR EPR France 1750 x 2 November 2009 2013

Haiyang PWR AP1000 USA 1250 x 2 September 2009 2014-15

Shidaowan HTGR HTGR China 200 x 1 2009-10 2013-14

Source: http://www.heneng.net.cn/?mod=npp.
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(SASAC) exercises a supervisory role over state-owned enterprises, in partic-
ular in appointing and supervising senior executives.

In 2005, when energy demand exceeded its supplies and electricity
shortages enveloped China, the State Council created the National Energy
Leading Group to centralise the decision-making authority and coordinate
activities of all energy sub-sectors, including nuclear energy. This group was
led by the Premier and was an initiative and a prerogative of the govern-
ment. 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). Their self-interest was the very reason for the need to
create a centralised institution to coordinate policy making and their activ-
ities. In the end, the group failed to achieve a great deal because of the
changed players. None of the ministries represented in the group could speak
on behalf of energy sub-sectors or had direct jurisdiction over all the major
energy SOEs.

The problems and the ineffectiveness of the National Energy Leading
Group quickly became apparent. The central government held extensive
consultations with energy SOEs, academics and think tanks, looking for sug-
gestions of a new governance structure for energy sectors. In 2008, after
nearly five years of intensive national debate, the National People’s Congress
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 administration of the Commis-
sion of Science, Technology and Industry for National Defence (COSTIND),
which was downgraded again to a department, and placed under the Min-
istry of Industry and Information Technology (MIIT). This is the first time
that nuclear power 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 fully fledged
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 uncertainties surround-
ing NEA’s establishment was how much autonomy it would have from the
NDRC on energy policy. Indeed, the line of accountabilities is not clear:
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 rel-
evant ministries on an equal level since it was set below the ministerial
level?
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A year after its creation, the State Council announced the size of the
organisation - it would employ 120 full-time staff. This is a minute number
compared with energy ministries in other countries, such as the US Energy
Department that has more than 10,000 employees in its headquarters.

The China Atomic Energy Agency (CAEA), created in 1984, used to be an
independent agency, reporting to the State Council. Currently, it is inte-
grated into the MIIT. To the outside world, the name CAEA is still used
and represents China at the International Atomic Energy Agency (IAEA) and
other related institutions and treaties, such as the Non-Proliferation Treaty
and Nuclear Supply Group. Its director is also a deputy minister of MIIT,
and heads the downgraded COSTIND, currently a department under MIIT.
According to CAEA’s website, its main functions include:

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

e Deliberating on, and drawing up 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.

e 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 in organising the State Committee of Nuclear Accident
Coordination, deliberating on, and drawing up and implementing a
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 the IAEA. In practice, none of these func-
tions or categories of work are taken on or carried out by the CAEA, except
when representing China at the IAEA. The policy-making function is in the
hands of the NEA; the technical licensing and technical approval is under
the National Nuclear Safety Administration (NNSA), which is independent,
but is also under the auspices of the Ministry of Environmental Protec-
tion (MEP). The international cooperation falls under the jurisdiction of the
Ministry of Commerce and the Ministry of Foreign Affairs.

NNSA was created as an independent agency 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
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and MEP: NNSA issues licences and approves projects based on technical
and safety standards, while MEP approves projects based on environmental
assessment.

Nuclear safety was governed by the Environmental Protection Law of
1989, the Environmental Impact Assessment Law of 2002 and the Radioac-
tive Pollution Prevention Law of 2003. This legislation, particularly the
Environmental Impact Assessment Law of 2002, attaches importance to pre-
cautionary measures and public participation in the environmental impact
assessment of relative plans and construction projects. According to the
Environmental Impact Assessment of 2002, nuclear enterprises, experts
and the public are encouraged to participate in assessing the environmen-
tal impacts of nuclear development (Article 5). The document outlines the
importance of building the basic databases for assessing environmental
impacts and the system of indicators for appraisal, and sharing the informa-
tion about environmental impacts so as to make the environmental impact
appraisals more scientific (Article 6); strengthening the institution to seek
input from relevant entities, experts and the public on reporting the envi-
ronmental impacts by organising public hearings and community meetings
(Articles 11 and 21).

The Radioactive Pollution Prevention Law of 2003 is the most impor-
tant legal document regulating nuclear waste management. Currently, spent
fuel from nuclear power plants is stored on site. The central government
currently concentrates on building facilities to store low- and intermediate-
level radioactive waste. Research is underway to construct facilities for deep
geological disposal of high-level and transuranium radioactive waste. China
has intensified its efforts in research on critical technologies, such as the
decommissioning of nuclear facilities, spent fuel reprocessing, and radioac-
tive waste treatment and disposal to reduce the volume of radioactive waste
and make nuclear energy sustainable.

The nuclear and radiation safety project is one of the Key Environmen-
tal Protection Projects during the Eleventh Five-Year Plan period, accord-
ing to the National Eleventh Five-Year Plan for Environmental Protection
(2006-10). China will set up systems such as a nuclear equipment perfor-
mance examination laboratory, radioactive substance identification labora-
tories, a radioactive waste safety management centre, an electromagnetic
radiation monitoring laboratory, a national radiation environment mon-
itoring network, and a national nuclear and radiation safety supervision
management system. In response to emergencies such as a nuclear accident,
China has established the National Nuclear Emergency Response Coordina-
tion Committee that comprises 18 ministries and organisations. A national
three-level nuclear accident emergency system is in place, with the cen-
tral government, local government and utilities taking their respective
responsibilities and making for a unified coordination.
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China’s ambitious plan for nuclear energy expansion has raised serious
concerns about its regulatory system and regulatory capability. It needs to
intensify its professional training to build a team of qualified regulators. Cur-
rently, that different models of reactors — French, Canadian, American and
Chinese — are all used does not make it easier to regulate the industry. The
call for standardisation and localisation of technology is made by experts in
the industry and by international experts.

State-owned companies

For the past three decades, only two enterprises, which are state owned,
have been allowed to invest, construct and operate nuclear power plants:
China National Nuclear Power Corporation (CNNC) and China Guangdong
Nuclear Power Holding Co. Ltd (CGNPC). China Nuclear Engineering Cor-
poration (CNEC) was split from the CNNC in 1998 and is the only company
that can construct nuclear power plants.

CNNC originated from the Ministry of Nuclear Industry and has evolved
into a conglomerate with more than 100 subsidiary 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 Energy Research and Design Institute was taken out to be the
core of the State Nuclear Power Technology Corporation Ltd (SNPTC)),
engineering design, uranium mining, fuel fabrication and fuel cycle ser-
vices, and nuclear applications in medicine and agriculture. The China
Institute of Atomic Energy (CIAE) is at the core of basic research in all
aspects of nuclear sciences and engineering. It is responsible for research-
ing and developing fast breed reactors and the back end of the nuclear fuel
cycle. It owns and operates Qinshan I, II and III in Zhejiang and Tianwan
in Jiangsu. Its other nuclear power stations under construction include
Sanmen in Zhejiang (units of AP1000) and Fuqging in Fujian (two units of
CNP1000).

The fastest growing nuclear operating company is the CGNPC. It was for-
mally 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 per cent of its share, Guangdong province owns 45 per cent
and China Power Investment Corporation (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 com-
pany 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 4 GWe, almost half of the country’s total.
It had total assets 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
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became the envy of the nation. It was so successful that several banks were
lobbying to provide a line of credit for its expansion and CGNPC started
issuing 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 (2 x 1000) and Taishan (2 x 1700) in Guangdong,
Hongyanhe (4 x 1000) in Liaoning, and Ningde (2 x 1000) in Fujian is
under construction. Construction of its project in Guangxi (Fangchenggang
6 x 1000) is about to commence. 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 renewable energy projects. Finally, it is building a vertically integrated
alliance system with its own subsidiaries as well as other major corporations
in uranium trading, construction, research and development and personnel
training. The simple fact that CGNPC made it onto the list of Chinese Back-
bone Corporations, but not the CNNC, says a great deal for its development
and for its expansion strategy.

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 and they face a great deal of uncertainty, mainly
because of unreliable coal supplies and undependable rail transportation of
coal. However, only CPI gained formal permission from the State Council in
2005 to enter the nuclear energy industry as a major shareholder. CPI was
created in 1995 by the Ministry of Electric Power when the State Council
decided to corporatise the business segments of the Ministry into the State
Power Corporation of China (SPCC). CPI, whose assets were spin-offs from
the Ministry, was to carry out several responsibilities, described by its first
president as ‘floating public power plants assets, issuing corporate bonds,
establishing power development funds and channeling foreign investment
for build-operate-transfer power projects’.

In 2002, in another major round of reform, China moved from a single,
vertically integrated utility to two grid companies (a large one covering 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 incum-
bent and a large number of other companies). The five companies are China
Huaneng Power Group Corp., China Datang Corp., China Huadian Corp.,
China Guodian Corp. and CPI.

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 nuclear power projects in China, originally held
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by the Ministry of Electric Power and then SPCC - 6 per cent of Qinshan II,
20 per cent of Qinshan III, 7.5 per cent of Daya Bay and 10 per cent of
Lingao. It was not a surprise when, in November 2005, the National Energy
Leading Group decided to grant 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 nuclear power projects. The
other four power generation companies all have investment in some nuclear
projects, either the ones under construction or those in a state of prepa-
ration. Zhai Ruoyu, a member of the National Committee of the Chinese
People’s Political Consultative Conference and the President of Datang Cor-
poration, called on the Chinese government to grant licences for the other
four power groups, except CPI, at ‘the two meetings’ of 2009. Huaneng
Corporation has made substantive progress in its nuclear power project
development (Huaneng 2008: 25).

The 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 per cent), and the large SOEs in
the nuclear industry, CNNC, CGNPC, CPI and China National Technical
Import and Export Corporation, with 10 per cent each. SNPTC is autho-
rised by the State Council to sign contracts with foreign parties to receive
the transferred Generation III nuclear power technology, and to carry out
the relevant engineering design and project management. SNPTC is the key
place where Generation III 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 Engi-
neering Research and Design Institute, one of the oldest research institutes
in China.

Even though CNNC and CGNPC each contributed 10 per cent of the
initial investment, SNPTC joined the elite SOEs 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 administrative 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 of AP1000, it would
mean a monopoly. The industry needed competition and the power and
influence of CNNC and CGNPC had to be balanced.

It is often argued in China that the current ownership arrangement in
the nuclear industry is not conducive to competition because, for exam-
ple, both CNNC and CPI are the stockholders of CGNPC. CNNC holds
45 per cent of the stocks in CGNPC while CPI owns a 10 per cent share
of CGNPC. These ownership patterns inevitably lead to conflicting interests
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between competitors as well as contradictions in corporate governance. They
could easily collude or place CGNPC in a disadvantaged position. A similar
problem exists in SNTPC. CNNC, CPI, CGNPC and China National Techni-
cal Import and Export Corporation (CNTIC) each contributes 10 per cent
of the SNTPC's total registered capital of 4 billion yuan. The ownership is
particularly problematic because they are all owned by the state under the
supervision of SASAC.

Another problem with China’s state-owned nuclear companies is their
low level of division of specialisation. Each nuclear company is pursuing
the ‘large and comprehensive’ management mode with self-sufficiency. For
example, initially CNNC was the only company that produced and dis-
tributed nuclear fuel services and now CGNPC is into uranium exploration
and mining as well. CNNC, CGNPC and SNPTC all tried to develop their
desired model of Chinese reactors — CNP600, CNP1000, CPR1000 and even-
tually the Generation IIl. No company concentrated its investment in its
core business. Indeed, a situation has been created of duplicated capac-
ity and construction and even excessive and disordered competition. As
far as the equipment manufacturing companies are concerned, the three
major power equipment groups — Haerbin Power Equipment Company
Ltd, Shanghai Electric Group Co. Ltd and Dongfang Electric Corporation —
have participated in the introduction and manufacture of nuclear power
equipment for nearly 30 years. At present, these three companies are com-
peting among themselves and with foreign companies; yet ‘they are not
interested in competition, but rather, in destroying their competitors (if
the situation threatens the rent they can extract) or else in colluding’
(IEA 2006: 77).

Another main obstacle facing all nuclear corporations is the short supply
of qualified professionals. China has developed its own management sys-
tem and cultivated a group of talented professionals with great ability to
design and build equipment independently. All of this experience and tech-
nological progress has formed a good basis for faster development of China’s
nuclear power industry in the future. However, the current manpower is far
from adequate to meet the needs of the unprecedented development of the
nuclear power industry in China. For example, 5,600 new professionals are
needed for CPI alone, which has less than 1,000 staff at present. According
to CGNPC, to expand nuclear generation capacity as it planned, it would
need to hire more than 13,500 engineers, technicians and operators for their
existing and future nuclear plants. “While 360,000 Chinese scientists and
engineers graduate each year, few of them are trained in nuclear engineer-
ing disciplines’ (Kadak 2008). It would take nearly 30 years for the current
level of enrolment to produce this many skilled workers. Highly skilled and
innovation-oriented technicians and technical workers are in short supply in
industries, which is a serious concern for the industry and Chinese leaders
(Ding 2008: 17).
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Local governments

Many provincial and local governments, including some inland provinces,
have shown a strong desire to develop nuclear power plants in their regions
and launched early-stage site selection one after the other during the
Eleventh Five-Year Plan period, with and without permission from the cen-
tral government. This enthusiasm is partly the result of electricity shortages
over several years and partly the result of relaxed investment regulations. But
more importantly, it is because large projects tend to bring in investment,
jobs and even opportunities for corruption (Table 3.4).

In a sense, nuclear energy development in China seems to follow a trend
of ‘blossoming everywhere’. The nuclear power projects under preparation
for construction in some interior provinces include Hunan, Hubei, Jiangxi,
Chongqing, Sichuan, Anhui, Henan and Jilin, all of which are at different
stages of preparation. This new interest in nuclear projects has raised sev-
eral concerns: (a) whether there is sufficient capital investment from nuclear
corporations and local government and what kinds of economic risks are

Table 3.4 Nuclear power projects under early-stage preparations to construct in
China

NPP Reactor Technology Nominal
type capacity
Site Name Type Source (MWe)
Hunan Taohuajiang NPP  PWR M310 France 1000 x 4
Xiaomoshan NPP  PWR AP1000 USA 1250 x 6
Hubei Dafan NPP PWR Undetermined 4
Jiangxi Pengze NPP PWR AP1000 USA 1250 x 4
Hainan Changjiang NPP  PWR CNP650 China 650 x 4
Guangdong Lufeng Phase | PWR CPR1000 China 1080 x 4
Haifeng NPP PWR Undetermined 1000 x 8
Jieyang NPP PWR AP1000 USA 1000 x 6
Shaoguan NPP PWR Undetermined 1250 x 4
Guangxi Fangchenggang PWR CPR1000 China 1000 x 6
Liaoning Xudapu NPP PWR Undetermined 1000 x 6
Donggang NPP PWR Undetermined 1000 x 4
Chongqing Fuling NPP PWR AP1000 USA 1250 x 4
Sichuan Sanba NPP PWR Undetermined 1000 x 4
Zhejiang Longyou NPP PWR Undetermined 1000 x 4
Fujian Zhangzhou NPP  PWR AP1000 USA 1250 x 6
Sanming NPP PWR Generation-II plus  China 1000 x 4
Anhui Wuhu NPP PWR Undetermined 1000 x 4
Jiyang NPP PWR Undetermined 1000 x 4
Henan Nanyang NPP PWR Undetermined 1000 x 6
Jilin Jingyu NPP PWR AP1000 USA 1250 x 4

Source: http://www.heneng.net.cn.



56 Nuclear Energy Development in China

involved; (b) whether China has already developed technology to build
nuclear power plants in highly populated inland provinces where water
shortage is always a concern; (c) whether the intensive investment in nuclear
power projects would trigger inflation; (d) whether the industry has the
capacity to expand nuclear programmes so widely; and (e) whether the coun-
try has the capacity to regulate the industry to ensure its safe development
and operation.

The main interests for nuclear energy development

Why do China’s policy makers support the development of nuclear energy?
The answer may be found in China’s twin challenges of ensuring electric-
ity supply security and tackling environmental problems, including climate
change. China’s current energy strategy strives to build a stable, economical,
clean and safe energy supply system, so as to support the sustained eco-
nomic and social development with sustained energy development (SCIO
2007: 11).

As the most populated and fastest growing developing country in the
world, China’s total electricity consumption has increased rapidly since the
late 1970s and will continue to grow steadily over the coming decades
along with the rapid development of its economy, industrialisation, urbani-
sation and the substantial improvement in quality of life. Currently, China
is the world’s second-largest energy producer and consumetr, although aver-
age energy consumption per capita still remains at a relatively low level
compared with other developed countries.

China’s electricity development in the past 30 years is recognised by
the World Bank and other institutions as one of the main reasons for its
poverty alleviation. During the same period, about 400 million people were
connected to electricity and electricity consumption per capita rose from
260 kWh in 1978 to 2,328 kWh in 2007. It rose at an even faster speed in
the 2000s, while it was catching up with the world average, but still fell far
behind the average among OECD countries (Table 3.5).

Table 3.5 Electricity consumption per capita in China, OECD and worldwide,
2003-07 (kWh)

2003 2004 2005 2006 2007
World average 2,429 2,516 2,596 2,659 2,752
OECD average 8,033 8,204 8,365 8,381 8,477
China 1,379 1,585 1,781 2,040 2,328
China as % of world 56.8 63.0 68.6 76.7 84.6
China as % of OECD 17.2 19.3 21.3 24.3 27.5

Source: IEA (2005-09).
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Table 3.6 Investment in the electricity industry, 2002-07

2002 2003 2004 2005 2006 2007

Annual GDP growth rate (%) 9.1 10 10.1 10.4 11.1 11.4
Annual growth rate in 16.9 27.7 26.6 33.7 23.9 24.8
capital investment in
electricity (%)

Annual growth rate of total 5.34 9.77 13.03 1691 20.27 18.5
installed generation
capacity (%)

Annual growth rate of 12.26  16.77 14.66 12.89 1530 14.84

electricity generation (%)

Source: Minxuan (2008: 217-227).

After 2002, five generation companies invested heavily in expanding
the installed generation capacity. Investment in power generation capacity
much exceeded the general economic growth (Table 3.6).

Despite this rapid expansion of electricity capacity and production, power
shortages were felt in most provinces. With continuing industrialisation
and urbanisation, the Chinese government predicted that energy demand
would double from the 2005 level by 2020, as would the total genera-
tion capacity, which would reach 1,500 GW by then. This has put great
pressure on resources, especially coal, which has been meeting more than
two-thirds of the total energy demand in China. In the past 25 years,
more than two-thirds of the newly added generation capacity is fuelled by
coal. At the end of 2008, more than 112 GW coal-fired generation capacity
was under construction in China (IEA 2009), twice the existing generating
capacity in all of Australia. Consequently demands for coal will continue
to rise.

Coal production has increased in China. In 2006, China’s coal output rose
by 8.1 per cent to 2.3 billion tonnes, which is more than 45 per cent of the
world’s total production of hard coal. China has less than 14 per cent of the
world’s total coal reserves and its coal production in the past several years
has accounted for 40-46 per cent of the world’s total output. It is no surprise
that coal mines have started to excavate much deeper into the ground and
concerns about imminent depletion are growing as China has turned from
one of the largest coal exporting countries to a coal importer, mainly from
Indonesia, Vietnam and Australia (Mowli 1996; Herberg 2004; Schalizi 2006;
Tang 2006).

Coal has not come cheap as the main fuel for power generation because
it is predominantly located in the west and northwest regions of China and
transporting coal to the load-centres along the coastal regions accounts for
more than 50 per cent of the country’s rail capacity. Heavy reliance on coal
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has had serious environmental consequences in China. ‘Burning coal con-
tributes to 90% of the national total sulphur dioxide (SO,) emissions, about
70% of the national total dust, nitrogen oxide (NOy) emissions and car-
bon dioxide (CO,) emissions’ (Zhang 2007: 3547). In 2006, China produced
2.31 million tonnes of sulphur dioxide, a 30 per cent increase in five years.
China is now the world’s largest emitter of SO, and the second largest of
CO,. Environmental pollution has been a major factor impeding sustainable
economic and social development. According to the State Environmental
Protection Agency, more than 70 per cent of the country’s river systems are
badly polluted, more than 300 million people do not have access to clean
water and more than 400 million people in urban areas do not have clean
air. China has 16 of the most polluted cities on the planet, and pollution in
the air is claimed to cause the deaths of 400,000 people every 12 months. For
China’s neighbours, the problem is acutely visible, whether the pollution is
wind-borne or in the river systems.

The economic costs of environmental pollution are high. According to the
World Bank, the associated costs reached 8 per cent of GDP in China even a
decade ago (World Bank 1997, 2007). The political costs are even higher. The
devastating impact on the environment has become the focus of a growing
number of local protests by disgruntled citizens. In 2005 alone, more than
50,000 disputes on violation of environmental regulations were reported to
different levels of government. In the past two decades, the government
has made a series of efforts to clean up the environment by closing down
energy-intensive industries, small-sized steel mills, cement plants, small-size
power plants and coal mines. It has not been successful, partly because there
is still a demand for these companies’ products, but mainly because these
small-scale operations tend to be located in poor regions where the local
economy depends on them. Instead of spending money and political capital
on closing down these industries, the government would rather show the
public that it was ‘doing something’ for the people and the environment.
Building nuclear power plants is something that is visible and for which the
government can claim credit.

The government has accepted the position that nuclear energy is ‘the
sole energy that can substitute fossil [fuels] in a centralised way and in a
great amount with commercial availability and economic competitiveness’
(Wang and Lu 2002: 8). Development of nuclear energy is seen as a way
to materialise China’s promise that ‘future energy supply depends mainly
on domestic resources’ because uranium is considered as a quasi-domestic
resource in China. Until recently, the price of natural uranium has been rel-
atively low and the total cost of nuclear fuel services accounts for only a
small proportion of the total cost of nuclear power. Moreover, it is possible
to purchase a large quantity of natural uranium for strategic reserves from
the international market when conditions are favourable. Nuclear energy is
also clean, with few emissions of pollutants such as SO,, NOy and CO,. With
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Table 3.7 Producers of nuclear electricity

Country Installed capacity Production % of nuclear
in total
(GW) % of (TWh) % of domestic
world world  electricity
total total production
USA 106 28.5 837 30.8 19.4
France 63 16.9 440 16.2 77.9
Japan 49 13.2 264 9.7 23.5
Russia 22 5.9 160 5.9 15.8
Korea 18 4.8 143 5.3 33.6
Germany 20 5.4 141 5.2 22.3
Canada 13 3.5 93 3.4 14.6
Ukraine 13 3.5 93 3.4 47.2
Sweden 9 2.4 67 2.5 45.0
UK 11 3.0 63 2.3 16.1
Rest of the world 48 12.9 418 15.3 6.6
Total worldwide 372 100 2719 100 13.8

Source: IEA (2009: 17).

its financial, human and technical capacity, China should be able to expand
nuclear energy capacity to deal with the challenges of energy security and
climate change.

Despite the official policy of expanding nuclear energy capacity, its devel-
opment takes time and resources. In 2007, China had only nine nuclear
power reactors in operation with a total capacity of 8 GWe (1.1 per cent
of the country’s total installed generation capacity) and producing 62 TWh
electricity (1.9 per cent of the country’s total electricity generation) (IEA
2009: 647). China is far behind the world'’s leading nuclear power producers
(Table 3.7).

In sum, even though China has decided to expand its nuclear energy
capacity, it remains to be seen whether it can develop sufficiently and
quickly enough to make a difference to energy supplies and to mitigate
environmental pressures because nuclear development requires: (a) intensive
capital investment, (b) high and sophisticated technology, (c) human capital
and (d) operational and effective regulatory systems to ensure its safety.

Nuclear economics

Investment

According to the Medium to Long-Term Nuclear Development Plan, China
would need an investment of 450 billion yuan to build 40 GWe nuclear
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generation capacity by 2020, of which 90 billion yuan would be the ini-
tial capital investment (NDRC 2007: 13). Other capital investment would be
needed, for example, in uranium exploration, prospecting and mining. The
government wants nuclear projects to be ‘self-financed’ by enterprises with
commercial loans (NDRC 2007: 13-14) and these enterprises would be able
to finance at least 20 per cent of the initial capital investment. However,
it is not clear how this would work. Given that all nuclear enterprises are
state owned and the loans would come from state-owned banks, on what
terms and to what extent the government would be involved in allocat-
ing the resources to support nuclear energy expansion is uncertain. Another
question is: which projects should have priority in terms of public financing?

Guangdong Daya Bay project was financed by the joint venture between
Guangdong and Hong-Kong China Light. The loans were negotiated and
secured by the central government. Once Daya Bay went into commercial
operation, it was able to pay back the loans quickly by selling 70 per cent
of the electricity to Hong Kong. This placed CGNPC in a healthy financial
position when it decided to build another project in the late 1990s without
financial assistance from other partners.

The rest of the nuclear power projects were all financed by the govern-
ment, whether it was from the budget allocation, bank loans or international
credits, which were all guaranteed by the central government. They were all
able to ‘make profits’ because their initial loans were long term and conces-
sional and, as SOEs, neither CNNC nor CGNPC had to pay the dividends to
the ‘owner’ - the state represented by SASAC. The principle of constructing
nuclear power plants with loans, and repaying loans with revenue from elec-
tricity sales did not really reflect the financial reality of the operation of all
current nuclear power plants.

At present, CNNC, CGNPC and CPI are all securing cooperation with
domestic banks. For example, CPI signed a Strategic Cooperation Agreement
with the Industrial and Commercial Bank of China (ICBC) in Beijing on 24
June 2009. This is regarded as a milestone in cooperation between these par-
ties. According to the agreement, ICBC would provide CPI with 80 billion
yuan of credit and comprehensive services in cash management and financ-
ing, while CPI would give ICBC priority in financial cooperation on equal
conditions. Soon after this agreement was signed, on 30 June 2009, CPI and
ICBC signed a Syndicated Loans Agreement for CPI Haiyang NPP Phase I for
a total of 36.289 billion yuan.

To make nuclear power a viable option, electricity prices must cover the
cost of investment and operation, and provide an adequate margin of profit.
Supporters of nuclear energy often argue that if the cost of transportation
of fuel and environmental pollution is properly included in electricity pric-
ing, coal-fired generation would not be as competitive as nuclear power. For
example, a million kilowatt nuclear power unit needs nuclear fuel of 20-30
tonnes a year and its transportation would take no more than a few trucks.
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Table 3.8 Comparative costs of nuclear and coal-fired power in Guangdong
(yuan/kWh)

Cost account Nuclear power Coal-fired power
generation cost generation cost
2004 2008 2004 2008
Fuel cost 0.030 0.057 0.140 0.287
Operation and 0.054 0.056 0.048 0.048
maintenance cost
Depreciation 0.082 0.080 0.035 0.030
expense
Financial cost 0.100 0.090 0.052 0.050
Spent fuel cost 0.031 0.028 - -
Retirement cost 0.010 0.010 - -
Desulphurisation cost - - 0.015 0.015
Decarburisation cost - - 0.045 0.045
Total 0.307 0.321 0.335 0.475

Source: Xiao (2008: 4).

In comparison, a thermal power unit with a million kilowatt capacity needs
2-3 million tonnes of coal a year and its transportation would take 100
train wagons every day (CNNC 2008: 22). If the decarburisation costs were
included in the power generation costs in China, coal-fired power generation
cost would be much higher than nuclear power generation cost (Table 3.8).

Currently, the average price of nuclear power in Guangdong Province is
0.415 yuan per kWh, and the price in Zhejiang Province is 0.426 yuan per
kWh. Excluding Qinshan NPP, the nuclear power price from the other four
nuclear power plants in Guangdong Province and Zhejiang Province is lower
than the average on-grid price in the same power network (Table 3.9).

Preferential tax policies

The nuclear power industry requires a huge initial investment, and pref-
erential tax policies are often regarded as an important and effective
way to promote nuclear energy development. The current preferential
tax and investment policies may be divided into two categories: one for
nuclear power generation enterprises and the other for non-generation
enterprises.

As for the former, the Ministry of Finance and the State Taxation Admin-
istration jointly promulgated the ‘Notice on Tax Policy Issue in Relation to
the Guangdong Daya Bay Nuclear Station’ as early as 1998, which aimed
to extend the favourable taxation terms to Guangdong Daya Bay Nuclear
Station. In April 2008, the Ministry of Finance and the State Taxation Admin-
istration again jointly replaced the old policy with a ‘Notice in Regard to
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Table 3.9 Comparative nuclear power tariffs in the same grid (yuan/kWh)

Average Coal Nuclear power price
on-grid desulphurisation
price benchmark Price Difference Difference
price from on-grid from coal
price benchmark
price

Guangdong 0.485 0.4532 Average 0.415 —0.070 —0.0382
Daya Bay 0.414 —0.071 —0.0392
Lingao 0.429 —0.056 —0.0242
Zhejiang 0441 0.4195 Average 0.426 -0.015 +0.0065
QinshanI  0.420 —0.021 +0.0005
Qinshan II  0.393 —0.048 —0.0265
Qinshan III  0.464 +0.023 +0.0445

Source: Shujie et al. (2006).

Tax Policy for the Nuclear Power Industry’. According to this document, for
those nuclear power plants that commenced commercial operation within
the past 15 years, there would be an upfront levy of value-added tax fol-
lowed by subsequent tax refunds, with a gradually decreasing refund rate in
three phases. Such value-added tax refunds should be calculated based on
the nuclear power generation enterprises’ electricity production and sales at
the level of their generating units, and be exempt from corporate income
tax. The specific refund rates are as follows:

e The refund rate is 75 per cent of the tax paid for those going on operation
within the past five years.

e The refund rate would be 70 per cent for those going on operation within
the past 6-10 years.

e For those starting their commercial operation production within the past
11-15 years, the refund rate would be 55 per cent.

e For those that have been in commercial operation production for more
than 15 years, there would be no upfront taxation/subsequent refunds
value-added tax.

Daya Bay Nuclear Power Station and Guangdong Nuclear Power Plant
Investment Co. Ltd would continue to enjoy special treatment until 31
December 2014, including:

e Electricity sales from the Daya Bay Nuclear Power Station to Guangdong
Nuclear Power Plant Investment Co. Ltd would benefit from a full VAT
exemption.
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e Electricity sales by Guangdong Nuclear Power Investment Co. Ltd to
Guangdong Power Grid Corporation would benefit from the upfront tax-
ation/subsequent tax refund policy for VAT, and are exempt from city
maintenance construction tax and additional fees for educational funds.

e Electricity sales from the Daya Bay Nuclear Power Station to Hong Kong
Nuclear Power Plant Investment Co. Ltd, and electricity produced by the
Daya Bay Nuclear Power Station that is resold by Guangdong Nuclear
Power Plant Investment Co. Ltd to Hong Kong Nuclear Power Plant
Investment Co. Ltd, would all be exempt from VAT.

The Medium to Long-Term Development Plan of Nuclear Power also pro-
vided some preferential tax and investment policies to the Supporting
Projects of the State Nuclear Power Self-Reliance Programme approved by the
State Council and domestic enterprises undertaking the task of equipment
manufacture, involving import tariff policy and value-added tax policy.

The main debate on technology adoption

Nuclear technology application is one of the three pillars of China’s nuclear
industry. There has been an endless debate on technology adoption. For
example, what would be the best way for China to develop its own nuclear
technology — through imports or development of indigenous technology?
To what extent should China import nuclear technology? How can China
standardise and localise the imported technology?

All nuclear reactors in operation in China use Generation II technologies,
comprising mainly PWRs, designed and made in France, Russia and the USA,
but also including heavy water reactors developed in Canada. Five of these
11 reactors use domestic technologies — CNP300, CNP650 and CPR1000 —
while the generation units each use French, Canadian and Russian technolo-
gies. As for the 24 nuclear power generations under construction, 20 units
adopt China’s technology and the rest use CPR1000, except for two units
of Qinshan NPP Phase II Extension Project that use CNP650, two units of
Fuqing NPP that use French technology M310 and two units of Sanmen NPP
that use US technology AP1000 (see Table 3.3). Daya Bay NPP was a turnkey
project of the French proven M310 reactor. Qinshan NPP Phase III, as a
project of cooperation between China and Canada, is the first heavy water
NPP within the territory of China. Tianwan NPP adopts a Russian ASE-91
unit (an advanced type), which has been improved based on the experience
of design, construction and operation of WWER-1000/320 series units, and
the upgraded technology of Western PWRs. Qinshan NPP is the first NPP that
has been designed and constructed autonomously. Qinshan NPP Phase II,
following the Qinshan NPP, is another NPP that is designed and constructed
autonomously. Lingao NPP Phase II is a leading project under the national
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self-reliance programme of the industry, which adopted the CGNPC’s own
technological route-CPR1000.

The Chinese government clearly stresses the principle of ‘cooperating with
international partners with China playing the key role’ to promote nuclear
power construction and technology research. At an NEA work conference in
2009, Zhang Guobao, head of the NEA, said that the proportion of domestic
technologies and equipment used in China’s nuclear power projects should
be required to reach a certain level, and China can fully rely on its own tech-
nologies to support nuclear power development in the next two or three
decades. Nevertheless, he gave no details on what level would be appropri-
ate, but he did emphasise that developing domestic technologies should be a
‘significant factor’ in the planning, appraisal and approval of nuclear power
projects.

The key question regarding technology adoption is how to deal with the
relationship between technology introduction and indigenous research and
development (R&D). In early February 2009, the State Council unveiled
a plan to support machinery manufacturing industries, and encourage
the use of indigenously developed key technologies and equipment in
major projects. China has developed the ability to self-design, construct
and operate the million kilowatt-class PWR nuclear power plant based
on ‘self-reliance and appropriate introduction of foreign technologies’. For
example, Qinshan Phase II has achieved a high self-reliance and locali-
sation rate, and a much lower specific cost compared with those intro-
duced from abroad during the same period. Both CPR1000 of CGNPC and
CNP1000 of CNNC are the improved Chinese second-generation PWR tech-
nology. CPR1000 has proved to be safe and reliable by its good operating
records in Lingao NPP and is approved for commercial use. Yet CPR1000
was a duplicate of the advanced model French M310, which is not an
indigenously designed and developed model. CNP1000, owned by CNNC,
has not been approved by the NNSA. The construction of the 65 MWe
China Experimental Fast Reactor is moving smoothly, and the feasibility
studies for the 200 MWe high-temperature gas-cooled reactor have been
completed.

A Generation III model was introduced when China decided to import
Westinghouse AP1000 in 2007 to be built in Zhejiang and Shandong. In
late 2007, an advanced French model of reactor, EPR, was introduced to be
built in Guangdong. The SNPTC was created just to adopt Generation III
technology and standardise and localise it so that China would be able, one
day, to design and build its own nuclear power plants.

Before it develops its ability to design, build and operate its own nuclear
power reactors, China has had several models of nuclear reactors in oper-
ation and under construction. While multiple models of technologies are
used, the cost of nuclear energy will remain high and it will be difficult to
regulate within a set of well-developed rules.
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Prospects for the development of nuclear power in the
coming decade

In early 2009, Zhang Guobao, head of the NEA, proposed that China should
‘vigorously develop nuclear power’. The Chinese government updated its
target of nuclear energy expansion from 40 to 60-70 GWe with 30 GWe
under construction by 2020. Even if this target is achieved by then, nuclear
power will account for 2.7-4 per cent of the country’s total generation capac-
ity and produce 4.8-7.2 per cent of electricity in China. Some nuclear experts
would like to see a much faster rate of development. For example, Wang
Dazhong, a renowned professor at Tsinghua University, and his colleagues
would like to see nuclear energy contribute to about 16 per cent of China’s
total electricity generation by 2035. This would be translated into about 180
GWe installed nuclear generation capacity (Zhang et al. 2009). It is difficult
to see how the country could find the financial, technological, material and
human resources to achieve this target so quickly.

Is nuclear energy indeed the future? It depends: IAEA, IEA and the Chinese
government emphasise that nuclear power is efficient, reliable, clean, safe
and large enough to be used as base-load, if not to solve then at least to
alleviate pressures from the twin problems China and the world are facing —
energy security and climate change. Others see the current move as mere
‘nuclear amnesia’ because nuclear power will never be able to meet the grow-
ing demand or cut carbon emissions sufficiently to make a dent in the two
main problems. One way of describing it is: ‘nuclear power alone won't get
us to where we need to be, but we won't get there without it’ (Abu-Khader
2009: 225).

The challenges China is facing are real: while coal currently provides about
70 per cent of China’s energy, it is depleting quickly. With about 15 million
people moving to urban areas each year for the next two decades, it remains
to be seen how China can meet its rising energy demand and keep its GHG
emissions under control. At current rates, even if China meets its nuclear
target, it would only be able to meet 4 per cent of the country’s electricity
demand and its total carbon emission will rise by 72-80 per cent by 2020.
Clearly, something has to be done. China is too large a country to find a
single solution to the challenges. By moving towards nuclear along the coast,
wind and solar in the west and interior, and improving energy efficiency in
general, China might avoid energy and climate disasters in the future.
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The Indian Nuclear Energy
Programme: the Quest for
Independence

Lavina Lee

Introduction

Since independence in 1947, India’s leaders have held a fascination for
nuclear energy in both its benign and destructive forms. As such, in the
present period we cannot speak of a ‘nuclear renaissance’, but rather of a
period of heightened faith in nuclear energy as a solution to three main
problems that have faced the Indian state for some time: the alleviation of
mass poverty, sustaining high levels of economic development and provid-
ing military security against external threats. In recent times, the issues of
sustainable development and climate change have been added to this mix.
Central to understanding India’s trajectory in the nuclear field is the need
to ensure that any solution to these problems builds upon and maintains
India’s ability to act independently in the world — a desire that is often looked
upon by the outside world as stubborn and counterproductive. Nuclear
power has long been seen as a solution to India’s need to bring its people
out of poverty on its own terms by providing an indigenous and poten-
tially limitless source of energy to sustain economic development, while
propelling the modernisation of India’s science and technology capacities
essential to a state aspiring to be among the first rank of nations. Simi-
larly, the pursuit of nuclear weapons was seen to allow India to maintain
a policy of non-alignment during the Cold War years, to provide a deter-
rent against attack by its neighbours China and Pakistan, and to sustain
India’s self-perception as a state with sufficient size and strength to be taken
seriously as a Great Power. All of these considerations remain salient today.
This chapter seeks to explain why India sought to initiate and develop
a nuclear energy programme and the challenges that it faces in expanding
that programme into the future. To do so the chapter traces the historical
development of the nuclear energy programme from the time of indepen-
dence to the present day, analysing the political imperatives that resulted in
India moving from a strictly civil programme to a military one. While the
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emphasis is on the trajectory of the nuclear energy programme, it is impossi-
ble to separate this from the effects of the comprehensive nuclear technology
denial regime that was applied as a consequence of India’s first nuclear
test in 1974. Despite this regime, India managed to develop a truly indige-
nous nuclear energy capacity and has made progress on its long held goal
of establishing a fast breeder programme. The final section of the chapter
deals with the momentous shift in US-India relations during the term of the
Bush Administration that resulted in the successful removal of the major-
ity of international impediments to full civil nuclear cooperation with India
in November 2008. We will assess the reasons for the fraught negotiations
over the deal within the USA, India and the Nuclear Suppliers Group (NSG),
the feared effects of the deal on the non-proliferation regime, the prospects
for expansion of the energy programme and finally the possible climate
mitigation effects of the deal.

The beginning

India’s post-independence leaders were, from the outset, profoundly affected
by the US demonstration of the power of atomic weapons in Japan in 1945,
which ‘reinforce[ed] the power of science for state ends, and India’s own
shortcomings in this regard’ (Abraham 1998: 49). In November of that year,
the future Prime Minister of India, Jawaharlal Nehru, commented upon the
dual nature of nuclear energy as a technological leap with the capacity to
‘either destroy human civilisation, or take it up to unheard of levels’ (Bhatia
1979: 71). In the 1948 Constituent Assembly debates on the potential role
atomic energy could play for India, Nehru made strong attempts to down-
play the use of nuclear energy for defence purposes, and instead argued that
India should develop a nuclear programme of its own or else remain a ‘back-
ward country’ that would be left behind in a new industrial age (Bhatia
1979: 84). Atomic science would provide the solution to the problem of
development while also swelling the pride and confidence of the new nation:
it could be a potent source for electricity supplies essential for economic
growth as well as an instrument by which the scientific and technological
prowess of the country’s educated classes would be developed. As little as
possible was said about the possibility that India would develop a nuclear
weapons programme.

However, Cabinet documents have revealed that in private, defence was
also part of the nuclear equation for Nehru. In 1946, for example, Nehru
wrote to the Cabinet: ‘Modern defence as well as modern industry require
scientific research both on a broad scale and in highly specialised ways.
If India has not got highly qualified scientists and up-to-date scientific
institutions in large numbers, it must remain a weak country incapable of
playing a primary part in war’ (quoted in Abraham 1998: 49). Similarly, in



70 The Indian Nuclear Energy Programme

1948 addressing the Constituent Assembly, he reluctantly acknowledged the
possibility that India might in the future be forced to ‘weaponise’:

Of course if we are compelled to use [atomic energy] for other purposes,
possibly no pious sentiments of any of us will stop the nation from using
it that way. But I do hope that our outlook in regard to this atomic energy
is going to be a peaceful one...and not one of war and hatred.

(quoted in Abraham 1998: 49)

This military element of the nuclear programme can go some way to explain-
ing the secrecy and lack of outside scrutiny that the Indian Atomic Energy
Commission (AEC) was to enjoy under the leadership of the nuclear physi-
cist Dr Homi Bhabha. The AEC was established in 1948 by an Act of
Parliament, the Atomic Energy Act, and was charged with directing the for-
mulation of policy on nuclear matters under the oversight of the prime
minister directly. In 1954, the Department of Atomic Energy (DAE) was cre-
ated under the direction of the AEC as the governmental agency responsible
for implementing its policies.

Over time, subsidiary organisations have been created to carry out this
mission. They include the Nuclear Power Corporation of India Limited
(NPCI), which is responsible for all aspects of the nuclear power programme,
and BHAVINI which is responsible for the breeder reactor programme. The
AEC’s mission was to build up a strong indigenous skill base in physics,
chemistry and metallurgy, to measure, locate and eventually harvest any
atomic minerals, and to construct indigenously built and run nuclear reac-
tors. Bhabha was appointed both as the chairman of the AEC and as the
secretary of the DAE and had full control of the atomic programme (Kharnad
2008: 41). All activities relating to atomic science were to be controlled
by the AEC and the DAE, both reporting directly to the prime minister,
with strong sanctions being imposed to ensure secrecy around its activities.
Funding for the agency was authorised directly by the prime minister with
oversight only at the Cabinet level, which during the Nehru years was min-
imal (Abraham 1998: 61). The two-stage decision-making process between
the prime minister and secretary for the DAE/chairman of the AEC ensured
a high level of secrecy surrounding the atomic programme, while also facili-
tating quick decision making and a steady stream of funding, despite India’s
persistent economic problems (Kharnad 2008: 42).

While a stand-alone indigenous atomic energy capacity was the ultimate
aim, India needed to seek foreign assistance from an early stage in relation
to training, extraction of nuclear materials and the construction of nuclear
power plants. Full use was made of the opportunities for international scien-
tific knowledge sharing in civilian technologies under the 1953 US ‘atoms for
peace’ programme, a programme that by today’s standards fostered a remark-
ably open system of scientific exchange around the world (Kharnad 2008:
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43). Indian scientists and technicians benefited greatly from overseas train-
ing at British, French and American national laboratories and universities.
For example, 1,104 Indian scientists benefited from scientific exchanges at
US facilities between 1955 and 1974, while 263 received training at Canadian
installations before 1971 (Ramana 2007: 76). By 1957, the AEC was also
offering its own graduate training programme, admitting 250 graduates ‘for
one year courses in physics, chemistry, metallurgy and engineering’ (Bhatia
1979: 99).

The construction of nuclear industrial technology was similarly depen-
dent upon external collaboration. In 1952, the extraction of large reserves
of thorium from the monazite sands of South India was made possible via
the construction of a factory in Alawaye, Travancore by the French com-
pany, Société de produits Chimique (Bhatia 1979: 87). British assistance
in the form of enriched uranium fuel rods, technical plans, engineer-
ing drawings and data was invaluable in the construction by India of
its first 1 MWe ‘swimming pool’ type research reactor, Apsara, in 1956
(Abraham 1998: 85). In 1955 the Canadian government agreed to build
a 40 MWe NRX reactor or CIRUS experimental reactor at Trombay under
the Colombo Plan, a scheme in which wealthy commonwealth countries
provided developmental assistance to poorer members.

The Canadian offer was particularly generous as they agreed to absorb all
foreign exchange costs and to waive a requirement for a clear safeguards
agreement on the plutonium by-product of the reactor (Bhatia 1979: 91). In
the following months, agreements were signed with the US Atomic Energy
Commission for the sale of heavy water for the same reactor, and fuel
elements were secured on loan from the UK Atomic Energy Commission.
Finally, in 1960 India made its first power reactor purchases from Canada
and the USA. The Canadians provided a 200 MWe heavy water moderated
natural uranium CANDU reactor that could be fuelled by India’s own natu-
ral resources, while two 200 MWe enriched uranium reactors were purchased
from the American companies Westinghouse and General Electric to be built
at Tarapur, a deal that included a US$80 million loan by the US government
(Nuclear India 1970: 8-9; Abraham 1998: 94).

External scientific assistance to the Indian programme was largely forth-
coming as a result of four factors. First, in the early years, the lure of accessing
India’s large thorium reserves — and preventing the USSR from doing so
as well — provided a strong incentive for Western governments, concerned
about shoring up supplies of nuclear materials, to collaborate in the develop-
ment of the Indian nuclear programme (Abraham 1998: 78, 81). At the time,
India was estimated to host 30-40 per cent of the world’s thorium reserves
(Kharnad 2008: 44). Second, initiatives such as the Colombo Plan formed
part of the ongoing fight against the spread of communism. It was hoped
that assisting a state such as India to develop economically, with its stated
policy of neutrality and aspiring leadership of the developing world, would
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convince other Asian states to follow the capitalist model. The signing of a
nuclear cooperation agreement between India and the Soviet Union in 1960
may well have raised fears about the alternatives (Bhatia 1979: 103).

Third, during this period nuclear states had begun to realise the potential
export value of nuclear technology and materials and had begun actively
to compete for markets among themselves. The first mover advantage was
particularly acute given that the collaborative period of the Manhattan
Project had given way to stand-alone national nuclear establishments, each
becoming proficient in particular types of power generation such as enriched
uranium reactors (the Soviet Union and the USA) or natural uranium reac-
tors (France and Canada). Once a supplier was chosen, the buyer was
essentially reliant upon the supplier for technical assistance and parts. The
buyer, therefore, had an incentive to maintain positive relations with the
seller into the future, providing a further means to bring India within its
sphere of influence.

Fourth, the Indian government was acutely aware that external coopera-
tion was contingent on India refraining from taking the military path and
made consistent efforts to reassure foreign collaborators of their peaceful
intentions. In the period between 1947 and 1957 various senior members
of the government such as the defence minister and prime minister made
repeated public statements about India’s intentions to pursue nuclear tech-
nology as a potentially cheap source of electricity (Bhatia 1979: 89-91). In
a speech to the Lok Sabha in May 1954, Nehru, for example, argued that
‘the use of atomic energy for peaceful purposes is far more important for a
country like India, whose power resources are limited, than for a country
like France, an industrially advanced country’ (Bhatia 1979: 94).

From this point forward the case for nuclear power was framed in terms
of the projected gap between India’s power needs for industrialisation and
its natural resources in oil, coal and hydro-electricity. In 1955, Dr Bhabha
argued that India would have no choice, in the decades to come, but to
expend its foreign exchange reserves to import coal and oil to sustain a
high rate of industrialisation. Nuclear power could not completely avoid this
reality, but it could reduce its impact and become economically viable, par-
ticularly in parts of the country located furthest from known coal deposits
(Bhatia 1979: 95, 101). To attain an element of energy security, Bhabha pro-
posed the development of a three-stage nuclear programme, a plan that
future leaders of the nuclear establishment have faithfully pursued. The core
purpose of this plan was ultimately to set India on a path of energy self-
sufficiency by overcoming the limitations of a nuclear programme based on
uranium, a resource with which India is poorly endowed.

Under the three-stage plan, the existing uranium resources would be
used to its maximum in the early stages while its vast reserves of thorium
would be developed in the later stages, ideally to reduce its dependence
on importing nuclear materials. In simple terms, India’s three-stage nuclear
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programme aims towards a closed nuclear cycle in which fissile materials are
reprocessed and recycled:

e Stage 1 — Pressurised heavy water reactors (PHWRs) use natural uranium
as a fuel, and produce plutonium through reprocessing of the spent fuel.

e Stage 2 — Fast breeder reactors (FBR) use the reprocessed plutonium by-
product and depleted uranium from Stage 1 to produce U233.

e Stage 3 — Advanced heavy water reactors (AHWRs) use the U233 produced
in Stage 2 together with thorium to produce nuclear energy (Department
of Atomic Energy n.d.b: 2; Gopalakrishnan 2002: 372; Glaser and Ramana
2007: 87).

Essential to this plan was the development of (FBRs), which at this time
had not been perfected by any state. Given the development imperatives
faced by India and the electricity demands this would entail, these plans
were enthusiastically supported by the Indian Planning Commission’s Third
Five-Year Plan for 1961-66 (Bhatia 1979: 102).

The dark side of nuclear energy emerges

The October—November 1962 border war with China, in which the Indian
Army was decisively defeated, placed great strain on the political consensus
in the Indian Parliament over the exclusively peaceful nature of the nuclear
programme. In the following year Nehru was initially successful in resisting
the suggestion that India should develop a weapons programme for self-
defence, largely because of the high costs involved, both economic and polit-
ical. Such a move would also have contradicted India’s position in interna-
tional disarmament talks where it strongly called for the disarmament of the
existing nuclear powers. Nehru held on to his public opposition to ‘weapon-
ising’ the nuclear programme, stating on 25 March 1963 to the Lok Sabha:
‘We have often said, from the very first day we started the reactor in Bombay,
that we on no account would manufacture nuclear weapons...I hold to that’
(quoted in Bhatia 1979: 121). Barely a year later, Nehru died and his succes-
sor, Lal Shastri, soon found it difficult to resist the rising calls within his own
majority Congress Party for India to weaponise following China'’s explosion
of its first nuclear device on 16 October of that year.

The Chinese test caused great turmoil within the ruling party in India.
There was a fear that the Congress Party would be seen by the elec-
torate as weak on national security and unable to face up to the reality
of India’s security position by clinging to utopian ‘norms of peaceful co-
existence and non-alignment’ (Abraham 1998: 124). Nuclear weapons, it was
argued, would enable India to regain some of its lost national confidence,
and oppose Chinese aspirations to lead South Asia where India should be
the only leader (Bhatia 1979: 110-111). While the Congress Party held a
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commanding majority with 356 out of 489 seats in the Lok Sabha, these
apprehensions were vindicated with the loss of three by-elections in 1963.

Shastri, in November 1964, introduced a subtle document on the possible
development of nuclear devices for so-called ‘peaceful nuclear explosions’
(PNE) for industrial uses such as ‘tunnelling’ and ‘moving mountains’, as
envisaged under the American Plowshare PNE programme (Bhatia 1979:
120). In January 19635, at the annual conference of the Congress Party, while
Shastri reiterated his support for a peaceful programme, he did not rule out
a future change of stance (Bhatia 1979: 121).

Given the internal pressures on the Congress government to militarise
the nuclear programme from 1962 onwards the question must be asked
why India did not conduct a nuclear weapons test until 1974. The head
of the AEC, Dr Homi Bhabha, had, after the Chinese test, boasted that India
had the scientific capabilities to produce a bomb in 18 months at a rela-
tively low cost (quoted in Bhatia 1979: 114). In terms of fissile material, by
negotiating away the need for safeguards on the Canadian NRX CIRUS reac-
tor, a source of weapons grade plutonium had also been available (Kharnad
2008: 47). By 1964, India had already built a reprocessing plant at Trombay
to produce weapons grade nuclear materials (Kharnad 2008: 47). Accord-
ing to Abraham’s calculations, India would have had enough plutonium
to conduct a single explosive test by 1965 (Abraham 1998: 123). In addi-
tion, India was unable to negotiate protection from a joint USSR-US nuclear
guarantee against a possible Chinese strike (Abraham 1998: 126). In these cir-
cumstances, China’s thermonuclear ‘booster’ test in May 1996 would have
provided an even greater incentive to militarise the nuclear programme.

A number of explanations have been put forward. First, any planning for a
test would likely have been thrown into some disarray by the deaths of three
important players: Nehru in 1964, and Bhabha and Lal Shastri in 1966. Sec-
ond, it was at this time that India hit a financial crisis with rampant budget
deficits and poor balance of trade numbers. Further, the country suffered
crop failures in 1965 and 1966, requiring international emergency food aid
and a devaluation of the rupee. Such a serious crisis inevitably refocused
domestic attention on the role of nuclear energy for poverty alleviation and
sustaining future economic growth rather than for purely defence-related
issues. From a public perspective, the problem of food security and develop-
ment was more pressing than the Chinese threat. Third, on the diplomatic
front, the Indian leadership found it difficult to reconcile a nuclear weapons
test with the state’s carefully cultivated identity as a leader of the non-
aligned movement and believer in peaceful coexistence, disarmament and
non-proliferation. In the negotiations leading up to the 1970 Nuclear Non-
Proliferation Treaty (NPT) India maintained the position that the greatest
threat to peace came not from horizontal proliferation but from vertical
proliferation. Any treaty that sought to restrain nuclear proliferation would
also need to contain firm commitments by the nuclear weapons states to
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disarm or otherwise be discriminatory. Problematically for the negotiators,
the Indian position was seen to have more weight given the perception that
it could credibly claim to have eschewed becoming a weapons state itself,
despite having the capacity and military imperative to do so after the China
tests (Abraham 1998: 139).

Ultimately, India attempted to dispel accusations of hypocrisy in its stance
on the necessity of nuclear disarmament by conducting the 1974 ‘peace-
ful’ nuclear explosion with an externally estimated yield of 8 kilo-tonnes,
close to the 10 kilo-tonnes yield of the Hiroshima bomb (Kharnad 2008: 54).
While India might have demonstrated its capacity to build a working nuclear
weapon for security purposes, few states believed that India had conducted
a non-military test much like those undertaken by the USA under the
Plowshare programme.

Self-sufficiency emerges by necessity

International reaction to the Indian Pokhran PNE was initially mixed, but
soon set in motion the creation of an international technology denial
regime at the instigation of the USA. Canada condemned the tests, ceased
all assistance and parts supplies for the power reactors installed in Rajasthan
and demanded that the International Atomic Energy Agency (IAEA) safe-
guards be placed on all Indian facilities. After India refused these demands all
cooperation was terminated in 1976. To bolster the credibility of the newly
created Nuclear Non-Proliferation Treaty (NPT), the USA was keen to take
serious action internationally and domestically to defend the core bargain
agreed to by the non-nuclear weapons states (NNWS). First, the 20 mem-
bers of the Zanger Committee agreed upon a ‘trigger list’ of items that could
not be exported unless the recipient state subjected their nuclear facilities
to IAEA safeguards. Second, at the instigation of the USA, the NSG was cre-
ated in 1975 as a voluntary association of nuclear suppliers who agreed to
follow guidelines created by consensus to prevent the diversion of exported
nuclear materials and technology to ‘unsafeguarded nuclear fuel cycle or
nuclear explosive activities’ (IAEA 1978).

On the domestic front, US Congress passed the Nuclear Non-Proliferation
Act 1978 to ensure that any future civilian cooperation with a NNWS could
not be subverted for the production of nuclear weapons. Under this Act,
nuclear exports to NNWS would require the application of full scope safe-
guards with termination of any agreement should that state conduct a
weapons test or attempt to manufacture nuclear weapons (among other
termination provisions). With India refusing to accept IAEA safeguards on
the Tarapur reactors, the USA stopped its supply of low-enriched uranium
(LEU) while General Electric was banned from providing India with nuclear
spare parts or technical assistance (Gopalakrishnan 2002: 376). Initially,
India was able to obtain alternative supplies of LEU from France until
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it too demanded full safeguards in 1995. This brought France into confor-
mance with this requirement adopted by the NSG in 1992. China stepped in
to supply nuclear fuel for these reactors until the 1998 weapons tests. From
2001 to 2004, and again after 2006, Russia provided India with nuclear fuels
under the safety exception (Gopalakrishnan 2002: 377; Kerr 2009: 3).

The effective barring of exports of nuclear fuel, reactor components,
equipment and dual use items to both the public and private sectors in India
forced the Indian nuclear programme — military and civilian - to become a
truly indigenous programme (Gonsalves 2009: 20-21). From 1987 onwards
a public company was created by the DAE — the Nuclear Power Corporation
of India - to be in charge of all aspects of nuclear energy development. The
DAE was responsible for the construction and development of new reactor
designs, utilising a growing pool of nuclear engineering and science grad-
uates trained at the BARC Training School and, from the 1990s onwards,
from Indian institutions of technology and universities. Most activities were
directed towards the consolidation of Stage 1 of the nuclear plan - the expan-
sion of the PHWR system — with all reactor components and subsystems
having to be indigenously designed.

While self-reliance was the initial aim of the founders of the Indian
nuclear programme, they were initially willing to work with other countries.
The comprehensive international technology denial regime then created a
siege mentality among the nuclear establishment. Self-reliance became a
badge of honour, with members of this group taking on the role of guardians
of India’s ability to function independently and autonomously in both
military and energy programmes. Yet, even though the indigenous civil-
ian programme made significant strides, the ambitious plans for expanding
nuclear power to meet the country’s electricity needs have fallen far short
because of international nuclear ostracism.

The nuclear weapons programme continued. India conducted a series of
tests on 11 and 13 May 1998, which were followed by Pakistani nuclear tests
on 28 May. Two major developments influenced the timing of these tests.
First, there was a growing concern within the military establishment over the
vulnerability of India to ‘nuclear coercion’ by China (Chellany 1998: 97) and
its falling behind in its nuclear weapons programme. Taking the next step
from fission to thermonuclear weaponry was argued to be necessary but it
would require further testing. Second, following the conflicts between India
and Pakistan in 1987 during the Brass Tacks military exercises and over the
control of Kashmir (Khan 2009: 101-106) in 1990, the Indian government
considered Pakistan as a serious immediate security threat.

From the Indian perspective, China had, and continues to have, a size-
able advantage in the size of its nuclear arsenal (estimated at around
400 warheads), a well-tested and proven thermonuclear weapons capabil-
ity, and a superior capability to deliver these payloads to major Indian
cities via intercontinental ballistic missiles with ranges of 8,000 to 12,000
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kilometres. In addition, China remained Pakistan’s key supplier of missile
technology and nuclear assistance ‘including the setting up of the Khushab
plutonium-production reactor’ (Chellany 1998: 97, 100). While the two
countries had signed an agreement on ‘The Maintenance of Peace and
Tranquility Along the Line or Actual Control in the China-India Border
Areas’ in 1993, this agreement served only to de-escalate tensions over their
disputed borders in Arunachal Pradesh and Aksai Chin, but did not resolve
them. Further, in the years prior to 1998 Indian fears about the ‘nuclearisa-
tion’ of the Tibetan plateau were increased by intelligence showing Chinese
modifications to airfields in Tibet to allow sorties on India to take place using
Sukhoi aircraft (Synnott 1999: 15-16).

The impetus to test was also related to the opening for signature of the
Comprehensive Test Ban Treaty (CTBT) in 1996 (Preparatory Commission
2010). The Indian leadership understood that it would come under increas-
ing pressure to sign up and therefore the window of opportunity to close
the nuclear gap with China would irretrievably disappear unless further test-
ing was conducted (Karnad 2008: 64). On the domestic front, the ruling
Bharatiya Janata Party (BJP) sought to use the nuclear issue to shore up sup-
port to hold this coalition government together (Synnott 1999: 18). The
centrality of the nuclear programme for India’s military and energy secu-
rity was one issue on which all coalition members agreed. Apart from the
security-based interests in testing, nuclear weapons were seen as a symbol of
prestige, great power status and a guarantor of independent foreign policy
action. These sentiments were shared, by and large, with the majority of the
population.

As before, the 1998 tests were immediately condemned by a broad spec-
trum of the international community including the G-8, European Union,
Organisation of American States, the Gulf Cooperation Council, the Organ-
isation of the Islamic Conference, the Nordic Council of Ministers and 152
individual states. The United Nations Security Council (UNSC) issued res-
olution 1172 on 6 June 1998 which called upon both India and Pakistan
to abandon any further testing, resume dialogue over Kashmir, stop their
nuclear weapons programmes, end fissile material production, join the NPT,
CTBT and participate in negotiations on a fissile material cut-off treaty and
‘confirm their policies not to export equipment, materials or technology that
could contribute to weapons of mass destruction or missiles capable of deliv-
ering them’ (UNSC 1998; Synnott 1999: 28). Both countries came under a
range of sanctions by 14 states, with the most serious applied by the USA
and to a lesser extent Japan. The USA ceased development aid and new credit
guarantees, suspended military sales, toughened export controls on dual-use
equipment and also prevented private US banks from providing finance to
both governments. These sanctions were designed to both bolster the credi-
bility of the non-proliferation regime as well as to constrain an escalation in
the nuclear competition between the two countries (Synnott 1999: 29). No
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consensus could be established, however, on a UNSC-based sanctions regime
which was rejected by Russia, France and China. In the case of India, there
was a concern that comprehensive economic sanctions might affect the poor
disproportionately and reverse the difficult financial reforms put in place in
1991, which had reversed the long-standing commitment to self-reliance by
opening the country to the global economy (Synnott 1999: 32).

Apart from sanctions, the USA, under the Clinton Administration, sought
to use direct diplomacy to contain the Indian military programme. Soon
after the May tests, US Deputy Secretary of State, Strobe Talbott, initiated
a dialogue with the Indian deputy chairman of the Planning Commission,
Jaswant Singh, to work towards the achievement of benchmarks mirroring
those set out in UNSC Resolution 1172, the most important to the USA being
Indian signature and ratification of the CTBT. Binding constraints were effec-
tively sought on the Indian nuclear weapons programme, with the ultimate
aim of ‘roll-back’, with the withdrawal of sanctions offered as a carrot. India
refused to countenance roll-back but offered voluntary restraint by adopting
a minimum credible deterrent nuclear posture and a ‘no first-use’ commit-
ment in return for the removal of all sanctions, going back to 1974 (Mohan
2006: 19-20; Karnad 2008: 92). US insistence on India signing the CTBT was
to ultimately founder with the US Senate’s refusal to ratify the treaty in 1999
(Kimball 2005). Removal of the high technology sanctions were strongly
opposed by the arms control establishment in the USA that viewed this as
a reward for India’s refusal to join and abide by the norms contained in the
Nuclear Non-Proliferation Treaty.

Ending India’s nuclear ostracism - the US-India civilian
nuclear cooperation

The George W. Bush Administration finally ended India’s nuclear ostracism.
From the outset, the new administration sought to build a stronger bilat-
eral relationship with India. Talks began on closer cooperation on ‘a trinity
of issues’ (Mishra 2003), namely trade in high technology, space cooper-
ation and civilian nuclear cooperation in November 2001 (Mohan 2006:
22-23). In September 2004, the two countries announced the details of the
Next Steps in Strategic Partnership (NSSP) that included cooperation on all
issues as well as intent to expand ‘dialogue on missile defence’. The NSSP
contained promises of the Indian government to strengthen controls to pre-
vent weapons of mass destruction (WMD) proliferation, while the USA took
steps to relax export licensing rules to ‘foster cooperation in commercial
space programs and permit certain exports to power plants at safeguarded
nuclear facilities’” with the latter referring to dual-use items not controlled
by the NSG (Bureau of Industry and Security 2004). Such cooperation on
high technology would have to take place within existing US laws.

It was not until 18 July 2005 that President Bush signalled the inten-
tion to take the momentous step to remove existing legal impediments to
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civil nuclear cooperation with India, thereby taking a significant U-turn in
non-proliferation policy domestically and internationally. In a joint state-
ment with Prime Minister Manmohan Singh, both countries declared a
‘resolve to transform the relationship between their countries and estab-
lish a global partnership’ (Embassy of India 2005). While a number of other
broad-based economic, environmental, democratic and security-based objec-
tives were announced, the most dramatic was the US pledge to commence
full nuclear energy cooperation with India as a solution to the twin prob-
lems of energy security and climate change, with India being described as
a ‘responsible’ nuclear power. In practical terms, full civilian cooperation
would require the approval of the Congress, the agreement of the NSG to
make an India-specific exception to their ban on trade in civilian technol-
ogy and nuclear materials with non-NPT members, and the conclusion of a
safeguards agreement with the IAEA (Embassy of India 2005).

Over the course of 2005-06, the Bush Administration set about ensuring
that the domestic legal impediments to nuclear cooperation were overcome.
The first step was to navigate the requirements of the Atomic Energy Act
1954 (AEA), as amended, which contains strict non-proliferation criteria on
any civilian nuclear trade agreements, including the requirement that all
trade with a non-nuclear weapons state be subject to full scope safeguards.
After contentious congressional hearings, both houses passed unanimously
the Henry J. Hyde US-India Peaceful Atomic Energy Cooperation Act 2006
(the Hyde Act) on 9 December 2006. The Act contained a series of condi-
tions on any civilian nuclear trade with India (GovTrack 2006; Squassoni
and Parillo 2006; Weiss 2007). Congress agreed to waive the requirement
in the AEA that full scope safeguards be applied to any facilities/materials
traded on the condition that India would:

e Provide a ‘credible’ plan to separate its civilian military nuclear materials,
facilities and programmes and make a declaration of these to the IAFA.

e Conclude an agreement for the application of IAEA safeguards in perpe-
tuity to its civilian nuclear facilities, materials and programmes.

e Make ‘substantial progress’ towards the conclusion of an Additional
Protocol with the IAEA.

e ‘Work actively’ with the USA to conclude a multilateral fissile material
cut-off treaty.

e Support US efforts to stop the spread of enrichment and reprocessing
technology to any state that does not yet have them.

e Adhere to Missile Technology Control Regime (MTCR) and NSG guide-
lines in order to secure nuclear and other sensitive materials and
technology.

The NSG would have to give permission for civilian nuclear trade with
India (Hyde Act Section 104(b)(1)-(7)). The Hyde Act explicitly includes
the requirement of termination should India detonate a nuclear device
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(Section 106, Section 104(d)(3)). It also restricts the export of nuclear
enrichment, reprocessing and heavy water technologies to India unless its
purpose is to build a multinational facility, adequately safeguarded by the
IAEA, using a proliferation-resistant fuel cycle (Section 104(d)(4)).

In the USA, the concern was raised that even if India was forced to separate
its civil and military programmes/facilities, and place only the former under
safeguards, without a stipulation that India freeze fissile material production,
the deal would allow scarce domestic uranium resources to be reserved for
the military programme, while US nuclear fuel supplies could be imported to
supply the civilian programme. This was the precise course of action advo-
cated publicly by K. Subrahmanyam,' the well-known nuclear advocate who
wrote in The Times of India on 12 December 2005:

Given India’s uranium ore crunch, and the need to build up our mini-
mum credible nuclear deterrent arsenal as fast as possible, it is to India’s
advantage to categorise as many power reactors as possible as civilian ones
to be refueled by imported uranium and conserve our native uranium fuel
for weapon-grade plutonium production.

In rejecting some amendments to the Act on these issues, Congress clearly
understood that nuclear trade could potentially allow India to build its
nuclear weapons programme.

Other concerns included the inability of IAEA safeguards to prevent the
diversion of US-derived technology to the military programme and the ade-
quacy of the separation plan. In particular, under this plan key elements of
the nuclear programme would remain unsafeguarded (i.e. reserved for the
military programme) including all elements of the fast breeder programme
and existing enrichment and spent fuel reprocessing facilities. Thus, a sig-
nificant proportion of India’s nuclear programme would remain available
for the production of fissile material for nuclear weaponry, particularly if
the fast breeder programme reached its potential. Ultimately the advocates
for the deal won the day on the grounds that India had proven itself to be
a ‘responsible’ nuclear power (Sasikumar 2007: 829), and that it was better
to bring India within the non-proliferation regime, albeit informally, than to
continue a policy of isolation. Congress was further persuaded by the admin-
istration’s view that the deal would enable the USA to develop stronger ties
with a great power in the making that could potentially provide a valuable
counterweight to a rising China in the region, which it had not yet defini-
tively classified as a ‘strategic ally’ or ‘strategic competitor’ (Mearsheimer
2001: 101-102; Harvey 2003; Bromley 2008: 191-195; Tellis 2005: 55).

On the Indian side, debate was just as fraught with the primary considera-
tion being whether the deal would constrain the future development of the
military programme in particular, and in more general terms compromise
India’s cherished independent foreign policy making. In the parliamentary
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debates over the deal the Congress Party argued strongly that it would allow
India to finally expand the share of electricity contributed by nuclear power,
which was ever more essential to maintain the high level of economic
growth and development experienced in the preceding years. In addition,
nuclear power was argued to be both affordable and competitive with coal,
while also being a ‘clean source of energy’ that would ‘enable us to meet
the twin challenges of energy security and environmental sustainability’
(Congress Party 2007). However, the leftist parties within the United Pro-
gressive Alliance Coalition government did not believe that the economic,
developmental and environmental arguments were persuasive. Remaining
locked in a Cold War mindset, which preferred Indian non-alignment, they
viewed the deal as a means by which the USA could exert pressure on India to
take future actions contrary to the national interest (Chakravarthi 2009: 68).
These parties pointed to the pressure exerted on India by the USA to refer
Iran to the UNSC over its nuclear programme.

The most significant opposition party, the BJP, opposed the deal mainly
on the grounds that it compromised India’s future military needs by placing
‘“two-thirds’ (Sify News 2006) of its power plants under safeguards in perpetu-
ity (Kazi 2009: 85), and compromised India’s ‘right to test’ (Chakravarthi
2009: 67). It argued that the deal should be renegotiated to remove any
suggestion that India was legally bound to give up this right. On 22 July
2008, in a last ditch attempt to scupper the deal, the BJP joined the left-
ist parties in calling for a vote of no confidence in the government in
the Lok Sabha. However, the collapse of the government was narrowly
averted by a margin of 19 votes (in a total vote count of 487) because of
a last minute defection by the Samajwadi Party (SP) (Chakravarthi 2009:
65; Kazi 2009: 96). The last remaining obstacle to the implementation of
the deal was soon to be removed with the backing of strong US diplomatic
pressure. On 6 September 2008, the NSG agreed to allow an India-specific
waiver of the 1992 rule banning nuclear trade with NNWS unless they
adopted full-scope safeguards (IAEA 1992). This was a considerable diplo-
matic success for India as no serious conditions were attached to the waiver,
including any automatic termination provisions should it decide to conduct
nuclear tests again. Further, on the issue of trade in sensitive technologies,
the waiver simply requires members to ‘exercise restraint’. All international
impediments to civilian nuclear trade with India have thus now been
removed.

Post-deal prospects for the nuclear energy programme

The connection between poverty, electoral success, economic growth
and energy security

Before we turn to the implications of the nuclear deal and NSG waiver for
the Indian nuclear energy programme, it is important to understand why
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the Congress Party risked the collapse of the United Progressive Alliance
Coalition government, which it leads, in order to push through the nuclear
cooperation agreement with the USA. The connection in India between
electoral success, economic growth, the ability to provide higher living stan-
dards; access to basic services for a greater number, and energy supplies, is
understandably strong. The scale of the problem of poverty in India remains
large even though, according to the World Bank’s figures, more than half of
its population has been brought out of poverty over the last 62 years. As of
2008, 28 per cent of the rural population and 26 per cent of the urban pop-
ulation remained below the poverty line (World Bank 2008, 2009). Infant
mortality was still high at a rate of 57 per 1,000 live births, while 46 per cent
of children under the age of five were underweight (World Bank 2008). Lit-
eracy among the population as a whole over 15 stood at 61 per cent in 2007,
with male adults having a literacy rate of 73 per cent and females 48 per cent.
With a population of around 1.1 billion in 2007, the sheer numbers living
below the poverty line highlight the extent of the problem of underdevel-
opment faced by the country. As such, Indian government planners openly
acknowledge the real and pressing need to continue the path of economic
growth in a manner that brings higher living standards and access to basic
services such as health and education, to clean drinking water, sanitation,
and reliable sources of energy supply to the greatest number (India Planning
Commission 2006Db).

Inroads into alleviating poverty have been made in recent times, espe-
cially since the start of reforms to liberalise the economy in 1991. Eco-
nomic growth in India has accelerated significantly since 1997 with average
GDP growth increasing from 5.5 per cent between 1997 and 2002 to
7.2 per cent in the period between 2002 and 2007 (India Planning Commis-
sion 2006b: 2). While the global financial crisis has taken a toll, with growth
declining from a high point of 9.7 per cent in 2006-07 to 6.1 per cent in
the quarter ending June 2009 (World Bank 2009), this is still an enviable
result in the global context. Although this represents an objective indica-
tor of good economic management by successive governments, the pressure
of population growth and ever increasing numbers of young people enter-
ing the labour force with comparatively better skills and higher expectations
than their predecessors means that future governments cannot afford to be
complacent. Maintaining and increasing growth rates provide the key to
the future prosperity of a larger proportion of the population. The Indian
Planning Commission, for example, estimates that ‘[w]ith the population
growing at 1.5 % per year, 9% growth in GDP would double the real per
capita income in 10 years’ (India Planning Commission 2006b: 2). Con-
versely, it is feared that a failure to sustain high levels of growth into
the future will result in the demographic dividend turning into a demo-
graphic tinderbox with unmet expectations fuelling social and political
unrest.
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Electorally, all political parties have understood that their political for-
tunes are indelibly tied to their ability to deliver continuing high rates of
economic growth but importantly to spread the benefits of such growth to
the masses. Ensuring adequate energy supplies to fuel high growth rates,
particularly electricity supplies, is thus central to any government’s ability
to fulfil its electoral promises. In the recent 2009 national elections the
United Progressive Alliance coalition led by the Indian National Congress
was returned to power with 262 seats out of 543 in the Lok Sabha (the lower
house of Parliament). Importantly for the Congress Party, it is now able to
govern with only three regional coalition partners and did not need to seek
the support of the communist parties that had opposed the US-India deal.
These parties lost the most seats compared with any other party, dropping
from 43 to 16 seats (Ganguly 2009: 83).

While both the major parties, the BJP (BJP 2009) and the Congress Party,
emphasised the importance of development, post-election analyses of the
results attribute Congress’s success to a party platform that sought to capi-
talise on the government’s economic successes in the previous term and its
championing of ‘inclusive growth’, with an emphasis on rural development.
Given that almost two-thirds of the electorate come from poor rural areas,
three election promises in particular were seen to give the Congress Party
the edge: the promise to expand the existing rural infrastructure programme
(the Bharat Nirman Programme — ‘India Construction Programme’), directed
towards the provision of ‘irrigation, all-weather roads, houses for the poor,
drinking water, electricity for all poor families and phone connectivity in all
villages’; the National Rural Employment Guarantee Act that guaranteed 100
days of employment to each rural household in public works programmes
at Rs 100 per day (Indian National Congress 2009: 11); and the writing off
of farm debt of around 37 million farmer families (Ganguly 2009: 85; Indian
National Congress 2009: 12).

An essential input required to deliver on the governing coalition’s man-
date to pursue ‘inclusive growth, equitable development and a secular and
plural India’ (Patil 2009) is access to reliable sources of energy supply at com-
petitive prices to both industry and households. Access to reliable energy
supplies by the majority of the population has not yet been achieved. In
2000 ‘around 57% of the rural households and 12% of the urban households
(i.e. 84 million households [more than 44.2% of the total] in the country) did
not have electricity’, while those who did have access experienced ‘unsched-
uled outages, load shedding, fluctuating voltage and erratic frequency’ of
supply (India Planning Commission 2006a: 2). This has implications for
both human development as well as economic growth with 86 per cent of
rural households reliant on firewood, woodchips or dung cakes for cooking.
This imposes a heavy burden on women and girls who are largely respon-
sible for gathering fuel, and impacts upon the ability of the latter to access
education (India Planning Commission 2006a: 6). While the challenge of
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providing reliable energy supplies is already real, it is expected to become
even more challenging over the coming years.

The Indian Planning Commission projects that India will need to grow at
between 8-9 per cent over the next 25 years in order to meet its develop-
ment goals for a population expected to reach 1.47 billion (India Planning
Commission 2006a: 68). Based on this calculation, the total primary energy
requirement to sustain 8 per cent and 9 per cent growth, respectively,
over this time period will mean that overall energy capacity will need to
increase by 238 per cent and 271 per cent, respectively, between 2006-07
and 2031-32 (India Planning Commission 2006a: 31). What options does
India have to meet its energy projected energy needs? India cannot be
described as a particularly resource-rich country. It has very small reserves
of crude oil, which if extracted in entirety, would be used within seven years
going by consumption levels in 2004-05. Natural gas reserves have been
boosted by recent discoveries but are still relatively modest. India’s planners
have hopes that hydro-electricity will play a greater role in managing peak
demand. Hydro-electricity capacity in 2006 stood at around 32,000 MW at
a 29 per cent load factor, with the potential to add a further 50,000 MW
of new capacity by 2025-26. Hydro power has, however, natural limitations
given the environmental impact and social resistance to the building of large
dams in populated areas (India Planning Commission 2006a: 38).

The most abundant energy resource is coal, which should last for 45 years
on the assumption that production levels grow at 5 per cent per year (India
Planning Commission 2006a: 34). However, these reserves are ‘of low calorie
and high ash content’ and are therefore expensive to extract (India Planning
Commission 2006a: 33). Further, beyond this 45-year period, India will be
forced to rely on imports of coal for electricity production with the attendant
concerns about energy security in terms of increasing competition for coal
resources on international markets and the ability to ensure consistent sup-
ply at a reasonable price. It will be impossible for India to avoid increasing its
consumption of coal even with the full expansion and deployment of other
renewable and non-conventional energy sources. Indian planners now look
to the nuclear programme as a means to minimise the level of India’s future
reliance on imported coal for energy security reasons, for climate change rea-
sons and for strategic reasons (Department of Atomic Energy n.d.a: 1, 15).
The Congress Party has also now emphasised nuclear power as the solution
to these three problems, with the growing middle class receptive to the view
that their future prosperity is tied to the growth of the nuclear programme.

Nuclear power and energy security

In terms of nuclear-related resources, India has access to proven and poten-
tial nucl