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PREFACE

This paper is a product of a major project on China and East Asian Enerygy, which
is an initiative of the East Asia Forum in conjunction with the China Economy and
Business Program in the Crawford School of Economics and Government.

The research program is directed at understanding the factors influencing
China’s energy markets. It also involves high level training and capacity building
to foster long term links between policy thinkers in China and Australia. It
provides for regular dialogue with participants from the energy and policy sectors
in the major markets in East Asia and Australia. The backbone of the dialogue is
an annual conference, the location of which has thus far alternated between
Beijing and Canberra.

The objective is to advance a research agenda that will inform and influence
the energy policy discussion in China, Australia and the region.

This first issue of the newly titled Asia Pacific Economic Papers is a volume
that brings together papers presented at the first conference, held in Beijing in
October 2005. It will be followed by a second volume, that includes papers from
the 2006 conference.

We would like to thank paper writers and all participants in that conference
for their contribution to this work. In particular, paper discussants, provided
careful commentary on the papers in this volume. They included: Tony Beck, Liu
Deshun, Christopher Findlay, Jane Golley, Yiping Huang, Kensuke Kanekiyo,
Ligang Song, B. ] Zhuang and Kim Zin-Oh. We are especially grateful to them
tor their input into the development of the research. We would also like to thank
Dr Kim Zin-Oh for hosting the conference’s concluding lunch.

A number of institutions’ support made the conference possible. In Japan,
the Institute of Energy Economics, in Korea, the Korea Energy Economics
Institute, and in China, the Energy Research Institute, and the National Devel-
opment and Reform Commission of the State Council, China Institute of

Contemporary International Relations, Tsinghua University, Renmin University,

iv



Petro China, the State Administration for Work and Coalmine Safety, the China
Coal Information Institute, State Power, the Chinese Economic Institution
Reform Committee, the National Economy Research Institute and the China
Technical and Economic Research Institute all extended support in various ways.
The East Asia Forum in the Crawford School and the International Centre for
Excellence on Asia and the Pacific at The Australian National University have been
instrumental in carrying the initiative forward.

We are grateful to Trevor Wilson for his advice and assistance in bringing
these volumes to print. We also owe special thanks to Sue Matthews for her careful
work in editing the papers and to Minni Reis for her excellent work in preparing

them for publication.

Peter Drysdale, Kejun Jiang and Dominic Meagher
Canberra and Beijing
April 2007
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1 INTRODUCTION

JoHN GARNAUT

In October 2005, the Crawford School (then the Asia Pacific School of Economics and
Government) within the Australian National University (ANU) initiated a major research
projecton Chinaand East Asian Energy. The projectis being undertaken under the school’s
East Asia Forum in conjunction with the China Economy and Business Program.

The first conference in the series being organised under the auspices of the Chinaand
East Asian Energy Strategies Research Program was hosted in Beijing by the Energy
Research Institute and the ANU on 10-11 October 2005. It was the first of five annual
conferences in the program. This book brings together the key papers presented at that

conference.

In Chapter 2, Ross Garnaut and Ligang Song, of the ANU, discuss the effect of the
rapid industrialisation of China and East Asia on markets for energy and minerals. They argue
that from a historical perspective the decline of energy and mineral prices through the latter
half of last century was an anomaly. From here, they say, it is likely that scarcity will lead to
rising commodity prices, while the phenomenally rapid technological improvements of last
century will decline to arate more in line with thatin the broader economy. They say that the
fact that commodity prices have fallen over much of economic history ‘should be put down
to accident and not considered to be a necessarily a permanent feature of global economic
development’.

Garnautand Songsay that the bullish commodity market outlook will be dramatically
accentuated by China, resulting in a market thatis different not only in scale butin structure.
The rise of Chinese demand has been until now obscured by one-off events, including the
collapse of Eastern bloc economies and the Asian economic crisis. But China has already
attained per capita energy consumption levels that Japan did not reach until incomes reached
$7,000 per person. And the global pattern has been for energy consumption to increase faster
thanincome growth during periods of rapid industrialisation and income growth —meaning
many years of Chinese-led demand growth for commodity markets. This has something to
do with underestimation of Chinese GDP and a lot to do with China having the greatest
investment share of GDP growth that the world has ever seen.

According to Garnaut and Song, “‘While it is not possible for the investment share of

GDP to rise without limit, it will remain extraordinarily high, and probably above the
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unprecedented levels reported for 2004.” Furthermore, they, say, China’s comparative
advantage is heading towards more capital-intensive, and therefore metals-intensive, exports.
They also note that global demand growth has historically been highly sensitive to price —and
that energy use actually fell from 1979 to 1983, coinciding with the largest oil price shock.

In Chapter 3, Tony Beck and Malcolm Gray of the ANU discuss the developments
and prospects for international supplies of energy for China.

The US Department of Energy and the International Energy Agency (IEA) both
foresee oil production shifting quickly to the Organization of the Petroleum Exporting
Countries (OPEC) as non-OPEC suppliers ram up against reserve constraints. Beck and
Gray note that OPEC production will need to roughly double by 2030 to meet projected
demand, while non-OPEC has little room to grow. If OPEC operated more efficiently as a
cartel, it would reduce production significantly from present levels. But the Jiang and Hu
projections assume a declining oil price. Which do we believe?

Beck and Gray highlight pressing environmental constraints and the potential for

substitution by uranium and, particularly, natural gas.

In Chapter 4, Kejun Jiang and Xulian Hu of the China Energy Research Institute
present modelling results of China’s energy market scenarios through to 2020. Crucially,
their work looks at the likely industry costs of environmental control options and the
subsequent effects on demand. They also present scenarios for pollution emissions.

The importance of this subject rests on the scale and pace of China’s economic rise.
Energy demand increased from 400 megatons of oil equivalent (Mtoe ) in 1978 to 1,320 Mtoe
last year (2004), an annual increase of 4.7 per cent. In contrast, between 1978 and 2004,
coal’s share in satistying domestic energy demand fell only marginally, from 70.7 per cent to
69 per cent, while exports increased. This suggests that China’s reliance on domestic coal
reserves has not been challenged by economic reform.

Energy consumption rose significantly more slowly than GDP until the last few years
—when the economy suddenly grew more energy intensive. This has crucial implications for
global energy prices, climate change and the sustainability of economic growth. Is the
experience since 2000 a new trend or a statistical or fundamental anomaly?

Jiang and Hu’s modelling suggests a gradual reduction in China’s coal reliance,
replaced largely by natural gasand oil. They present three scenarios. In the baseline scenario
primary energy demand grows 3.6 per cent annual to 2.1 billion tons of oil equivalent (toe)
in 2020. The industry share of energy consumption is predicted to fall from 70 per cent in
2000 to 61 per centin 2020, being replaced by a doubling in the share of transport energy
use to 20.3 per cent over that period. Significantly, the modelling suggests thatin the baseline

2 INTRODUCTION
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scenario China, the world’s biggest coal producer, will consume 40 per cent of world coal
production by 2020 and import 129 million tons annually by 2030. The modelling also
suggests that by 2020 primary energy demand will grow to 2.3 billion toe (high demand
scenario) or 1.85 million toe (policy scenario).

Under each of the three scenarios, alack of effective policy responses mean that nitrous
oxides (NO, ), total suspended particulates (TSPs) and carbon dioxide (CO, ) emissions are
expected to double by 2030, onaroughly linear trajectory. Sulphur dioxide (SO, ) emissions,

however, are expected to rise sharply by 2010 before declining to current levels by 2030.

In Chapter 5, Jiang and Hu consider environmental issues and theirimpact on energy
use in China. They calculated the sectoral cost of cutting carbon emissions in China and found
that the costwould be highest for agriculture, followed by separate rural and urban categories.
The cost for ‘industry” is much lower. Put the other way round, industry can make huge
emission savings if levied with specific carbon taxes, while the effect of taxes on agricultural
emissions will be negligible. Adding a carbon tax will cut emissions drastically in the power
industry and have a large impact on steel and cement emissions, while the effect on other
industries will be less significant (for any given reduction in output).

Jiang and Hu show that NO_pollution in Beijing (caused largely by automobile traffic)
is the highest ofany northern Chinese city, at three times the national standard. Concentra-
tions of SO,, TSPs and NO_ in Beijing rose in the mid-1990s and seem to have plunged in
years 2000-02. Citing the China Environmental Yearbook, Jiang and Hu note that Beijing
dropped from first to 16th on the northern Chinese comprehensive air pollutionindexin that
period.

More than one-third of Chinese land is now affected by acid rain. Half of 47 major cities
were hitbyacid rainin 2002. The Huaihe River was found to be by far the most polluted major
river, followed by the Yellow and Yangtze rivers.

Jiang and Hu note that CO, emissions fell from 1996 to 2000, before rapidly climbing
again. There are major problems with China’s huge reliance on coal, especially as most of
the coal used in power generation does not go through washing and selection processes and
has a high ash content.

Indiscussion, conference participants suggested that whenever there isan environmen-
tal problem there is a market failure. By shifting industry to China, the world is exporting
associated environmental costs thatare yet to be internalised into Chinese markets. Also, while
the industry share of economies tends to fall with development, China probably has another
15-20years of heavy industrialisation, which is moving its way steadily west across the nation.

Another questioniswhether the energy and pollution standards of the big cities are likely

to be applied quickly across China as ‘best practice” models. The optimism embedded in
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Chapters 4 and 5 — that energy demand growth will decline — has implications for future
energy policy. The regional and global environmental pressures on China to deal more
efficiently with coal use, or restrict it, are going to be significant. This will increase pressure

for substitution by natural gas.

In Chapter 6, Yong Zhao of China Huaneng Electric Power Group discusses energy
market reform in the electric power sector in China. He provides an overview of the chaotic
energy sector reform program, which hasled to the fragmentation of what had been a unitary
state-owned energy super-company. There are now six connected regional grids plus Tibet.
Generation has been separated from transmission and distribution and is owned by a variety
of state-owned, foreign and local private interests. The 2002 State Councildocument No. 5,
Arrangement of Electric Power Institutional Reform, which was developed by a top-level
State Council steering commiittee, has directed all reform policies since 2002.

Yetin 2003 the State Electricity Regulatory Commission (SERC) was established to
regulate the power marketindependently. In 2005 itissued the Electricity Regulatory Code,
which coexists awkwardly witha 1996 law. Direction from the SERCis frequently inconsistent
with that from the National Developmentand Reform Commission (NDRC), which recently
issued a new pricing edict. In July 2005 the State Council issued a clarification of the roles
of the SERC and NDRC. This may be the first time the State Council has ever given a
clarification ofinter-agency roles.

Little has been achieved in assigning a monetary value to environmental costs. And
China’s fragmented, changing but centrally decreed pricing mechanism is, according to
Yong, ‘perhaps the most complicated in the world’, creating a hazardous and distorted
investment environment. Rising coal costs, for example, have led to large financial losses in
the north but large gains in the south, but coal is still afforded privileges over other forms of
generation. Nevertheless, Zhao observes, Huaneng is moving towards reducing its coal
intensity, with a number of wind and solar generation operations. The incentives forit to do
soremain unclear. There is still no nexus between generator and retail tariffs. Power shortages
in the last few years are expected to shift to an energy surplus by 2007, following recent huge

investment. Zhao also notes a lack of market information and transparency.

In Chapter 7, Ji-Chui Ryu of the Korea Energy Economics Institute (KEEI), gives a
South Korean perspective on energy cooperation in Northeast Asia. On current trends, the
prospect for close energy cooperation in the region cannot be said to be encouraging.
Relations between Chinaand Japan loom asa formidable barrier. There are territorial disputes

and problemswith North Korea’s nuclear program. Russia has acted erratically on policy. The
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two Koreas, Mongoliaand Russia are involved in an international forum established in 2001,
but China and Japan are not, and much depends on the outcome of the six-party talks.

Dr Ryu discusses a road map for international cooperation designed by the KEEI in
which traditional top-down structures like the Association of Southeast Asian Nations
(ASEAN) and the Asia-Pacific Economic Cooperation (APEC) forum are considered. An
alternative approach would be bottom up, like the European Union or the IEA.

There is an energy shortage crisis in North Korea, where usage dropped from about
25 to 15 million toe after Russia and China cut off oil and floods destroyed coal minesin the
mid-1990s. Heating has depended on wood, leading to total deforestation and devastation
in some areas. Transport is powered by oxen and humans. Ryu suggested that North Korea
could be integrated with South Korean power grids — but North Korea would first need to
dismantle its nuclear program, decouple energy from politics, join international bodies, and
consult with South Korea and other countries on the structure of its energy systems.
Alternatively, North Korea could connect to the Russian power grid (at a cost of $180
million).

In Chapter 8, Kensuke Kanekiyo, of the Institute of Energy Economics of Japan,
discusses the energy outlook for China and Northeast Asia and Japanese perceptions of a
regional energy partnership. He points out that the 2004 IEA Outlook predicts that energy
consumption in Northeast Asia will exceed that in North America in the 2020s, but thatin
2002 the IEA predictions substantially undershot real outcomesand are likely to do so again.

Korea and Japan are hugely dependent on energy imports, while China’s 90 per cent
self-reliance is declining rapidly. The lack of import options means that Northeast Asia is
paying a premium of $1 per barrel over Europe and the United States. On top of this, there
is an unusual blow-out in the spread between Arabian light and heavy crude (from $2 to $8
per barrel since mid last year) — further disadvantaging Asia.

Russia’s surging economic growth is hugely reliant on the oil and gas industry (which
accounts for more than half of exports) and it badly needs new markets because Europe is
mature. But the regional barriers to an efficient local market are substantial: there is no
regional cooperation; there is no joint response program; China’s energy efficiency is poor;
and the market is vulnerable to short-term fluctuations.

Kanekiyo suggests that there should be a Northeast Asia energy initiative at
government level as well as a private sector forum; there should be a road map; and
‘establishing confidence in the future market should be the starting point for cooperation’.
Regional cooperationis needed to avoid unnecessary and potentially destabilising competi-

tion, to increase security for everybody and to exchange policy and technology ideas which
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would help late-comers improve energy efficiency. The starting point is easy: non-binding
dialogues, research and information exchange. However, Kanekiyo notes, “The issue iswhere
this might lead to. Practically it can also be very difficult.’

Ultimately, the body should expand beyond Korea, Japan and China. This will make
‘spoiler behaviour’ less likely on a political whim. Long-term stable markets will require the
involvement of suppliers, like Russia, Australia, and Indonesia. Kanekiyo notes: ‘If you only
have consumersin the group, incentives are quite different when the marketis tightand when
itisloose,and the group is unlikely to work. Outsiders would also alleviate political tensions.

There is a huge risk and difficulty if we only include these three economies.’

6 INTRODUCTION



2 RAPID INDUSTRIALISATION
AND THE DEMAND FOR ENERGY AND MINERALS:
CHINA IN THE EAST ASIAN CONTEXT

Ross GARNAUT AND LLIGANG SONG

Introduction

Adequate supplies of natural resources have always been preconditions for economic growth.
The requirements for energy and metallic mineral resources have been larger and more
obvious with the modern economic growth that began in parts of the North Atlantic in the
18th century and has made its main home in East Asiain the late 20th and early 2 1st centuries.
Energy is a major and essential input to all economic activity, including food production,
manufacturing and transportation.

Along with growth in the amount of energy used in the process of economic
development there have been changes in the form in which energy is utilised — a shift both
in the sources of energy and in the transformations through which the energy sources pass
astheyare converted into economically valuable goods and services (Rosenberg 2000). The
availability and price of energy are closely related to the long-term evolution of economic
structure (MacKellar and Vining 1987).

The dependence of economic growth on expanded access to energy has generated
recurrent anxiety over the adequacy of nations’ resources for meeting their apparently
insatiable appetites for energy (Nordhaus 2000). Through the 19th and the first half of the
20th centuries the easing of these anxieties was one motivation for imperialism. In the early
21stcentury, itisstill capable of raising difficultissues about the deployment of national power.

Energy and resource economics have a long history as an area of specialisation within
the discipline. Their elevation in the pecking order from time to time has been driven by real
orperceived crisis (Stevens 2000). Concern over potential impact on British economic power
prompted Jevons to write about British coal reserves in 1866. The first oil shock of 1973
pushed energy back up the agenda of economists. Concerns about climate change have
boosted interestin the economics of energy and the environment since the mid-1980s. More
recently China’s industrial and trade expansion have led many to ask whether its ever-
increasing demand for resources can be met without disruption to economic stability and
growth in China and the world as a whole.

Is it likely or possible that the current phase of Chinese economic growth will be

hampered by exhaustible resource constraints, as Slade (1987) suggested might be the fate
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ofrapidly growing newcomers to industrialisation. Are the energy and other natural resources
available to allow China, India and other developing countries to achieve the living standards
ofthe advanced industrial countries? Or will global living standards eventually be limited by
a ‘finite amount of essential, depletable natural resources’ (Nordhaus 2000, p. 529)?

Economists today, unlike other social scientists and the general polity, do not fear that
the world economic growth will grind to a halt because the world ‘runs out’ of potential for
expanding production of energy, metals or other natural resource-based products. Higher
prices will induce expansion of output and substitution in supply and demand for scarce
resources, as well as some modification of the rate and pattern of economic expansion. But
while, in the end, supply will equal demand at some higher level of global economic output,
the process of adjustment is of great importance.

This paper deals mainly with one corner of these issues: the growth in demand for
resource-based products that can be expected to be associated with economic growth in
China.

The paper examines the experience of growth in resources demand and the associated
pressure on global markets from Japan, Taiwan and Korea during their periods of sustained,
rapid economic growth for periods in the second half of the 20th century. It seeks to draw
lessons from this experience for what we can expect from Chinese growth in the first half of
the 21st century.

There are many parallels between the Chinese experience so far and that of Japan,
Taiwan and Korea two, three and four decades ago. China is different mainly in its size. But
that may turn out to be a decisive difference. It may cause the resources boom associated with
the later decades ofits period of sustained rapid growth to raise the prices of resource-intensive
products by a large amount, not for a few years, but for several decades. This will have
importantimplications for economic developmentand the distribution ofincomes within and
between all countries,and on power relations between statesin the Asia Pacificand through

the world community.

The economics of the mineral resource industries!

The natural resources that are used in the production of the energy and metals that are
essential to economic development are not scarce in any absolute sense. All of the industrial
metalsare abundantin nature, to an extent thatis unlikely to be challenged by human demands
for the foreseeable future at any conceivable rate of global economic growth. And while itis
possible that the growth of human demand might test the limits of some particular sources

ofenergy—notably petroleum, especially in liquid form —the total potential supply of natural

8 RAPID INDUSTRIALISATION AND THE DEMAND FOR ENERGY AND MINERALS
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energy sources that are available for utilisation by humans exceeds any conceivable
requirements.

All of the important economic questions about natural resource ‘limits to growth’ are
about the costs of converting naturally occurring metallic minerals and the various sources
of'energy into forms that are suitable for supporting economic development, and the costs
of transporting them to the loci of human demand.

For the fossil fuels, there are separate issues about the environmental costs of their use.
It may be —indeed, itis likely — that the environmental limits to the rational use of fossil fuels
are reached long before the absolute availability of the natural resources comes into question.
Ifthis were to lead to effective controls on the use of fossil fuels, the demands on other energy
sources would be increased. Supply of energy from some combination of other sources could
be expanded beyond practical limit at some cost. We recognise the environmental limits on
the use of some sources of energy, but do not analyse them in this paper. We will treat them
in some detail in other work on the implications of Chinese economic growth for global
supplies of natural resources.

All of the economically valuable minerals are available abundantly in nature, but at
varying concentrations, and in different chemical associations with other elements thataffect
the cost of extraction, concentration and purification. They are available in nature at varying
depths below the earth’s surface, and separated by varying distances and natural barriers from
the locations in which they are in demand for economic activity.

The costs of supplying minerals to the places where there is demand for them have
several elements. One is the cost of discovery and definition of the ore bodies that have the
concentrations of the economically valuable element, and other characteristics, that make
total costs of supply relatively low, and therefore make the ore body suitable for economic
use. A second is the capital cost of building the mine and the processing facilities to convert
the natural mineral into an economically valuable form. The third is the recurrent cost of
producing and processing the mineral. The fourth is the cost of transporting the product of
mining to the place where it is to be used.

In the early stages of use of minerals in modern economic activity, mines were usually
located close to the main centres of economic activity — first of all in the North Atlantic. In
these early stages, mining was confined to ore bodies of high concentration, close to the
surface of the earth, in chemical forms from which they could be extracted at low cost with
simple technology. The expansion of global industrial activity led to expansion of the locations
of mining beyond the main industrial centres, to the mining of lower concentrations of
minerals, and to technological innovation that expanded the types of ore that had economic

value.

Ross GARNAUT AND LiGANG SoNG 9
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There are high capital costsin exploration and mine development. The supply price of
investment is higher in some locations than in others — today, typically much higher in
developing countries with less developed legal and political institutions and in which
international investors have less confidence in the stability of property rights, contracts, the
fiscal regime and the political order more generally.

It is typically much cheaper to expand production of valuable minerals from an
established mine than to create new capacity to mine an ore body which, at the margin, has
similar characteristics. Itis obviously much cheaper to supply minerals from an ore body close
to an established centre of industrial activity and joined to it by an established transport
infrastructure. Transport economics plays a much larger role in the supply of commodities
with low value relative to volume or weight (iron ore, bauxite ) than to commodities with high
value to weight (for example, gold).

These characteristics of the economics of the global minerals industries might be
expected to lead to steadily increasing mineral prices with the expansion of global demand.
Depletion of the best-located and highest-quality ore bodies would require the mining of
higher-costand more distant mines, located in countries where the supply price ofinvestment
was higher. The more global economic activity expanded, the faster would be the rate of
increase in global mineral prices. Within this framework, more rapid modern economic
growth in major countries — Japan in the third quarter of the 20th century and China in the
late 20th and the 2 1st centuries — would lead to acceleration in the rate of increase in global
commodity prices.

The reflection of these realities in commodity prices has been obscured by a tendency
for technological and institutional change affecting the supply of mineral commodities to
proceed more rapidly than similar change in the total economy. Political change has expanded
the number of countries from which minerals can be drawn into world markets, and lowered
the supply price of investment to many countries. The decentralisation of global economic
activity away from the North Atlantic, especially to East Asia, has reduced the remoteness of
many ore bodies, notably in Asia and the Pacific. Innovations in transport technology have
reduced the costs of supplying minerals from remote locations. Developmentsin technology
have reduced the costs of discovery of new ore bodies, and facilitated identification of potential
mines thatare so deep or otherwise obscured to humans that their presence has hitherto gone
undetected. New processing techniques have allowed the extraction of minerals from
chemical compounds that were once beyond economical human use. New construction
technology has reduced the capital cost of establishing new mines. And innovations in mining

methods and equipment have reduced the recurrent costs of mining.
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The history of technological innovation in economic development tells us that necessity
isthe mother ofinnovation, so looming scarcity and rising prices of minerals could be expected
to support high rates ofinnovation. But this provides no reason why technological change in
mining should have proceeded so much more rapidly in mining than in otherindustries that
the price of minerals relative to other minerals should actually have fallen over much of
modern economic history. And yet it has —a fact that, pending explanation, we should put
down to accident and not consider to be necessarily a permanent feature of global economic
development.

The history of minerals and energy prices in modern times is characterised by wide
cyclical fluctuations more than by secular tendencies to rise or fall. This derives from the long
lead times in the generation of production from investment in exploration and mine
development, and from uncertainty about future demand at times when exploration and mine
development decisions are taken. Once the investment has been committed, the owner ofa
mine has an economic interest in continuing production from it so long as the price of the
product covers recurrent costs, even if it makes little contribution to recoupment of the cost
of capital. Production levels are therefore maintained even if demand growth is unexpectedly
low—asaresult of recession, revolution or other dislocation, or achange in growth trajectory,
in major economies. This can keep pricesatlevels well below the total cost of production for
long periods, while global demand catches up with earlier expectations and investment in new
capacity is discouraged. On the other hand, if one or more major economies grow at an
unexpectedly rapid rate, prices can remain well above the total cost of production for the long
period that is required to find and to develop new mines.

So we can characterise the behaviour of resources prices over time in the following
manner. Thereisatendency for mineral prices to rise over time with global economic growth,
as a result of requirements to bring lower-quality and more poorly located ore bodies into
production. This tendency is stronger the more rapid is global expansion of economic activity.
Itis offset to some extent by institutional and technological innovation, which proceeds more
rapidly at some times than others. A priori, one might expect more rapid institutional and
technological improvementin mining than other industries simply because, inits absence, the
real prices of mineral products would be rising, thus increasing the incentive to innovate. But
there is no reason why the technological improvement should proceed so much more rapidly
in mining than in otherindustries that real prices of mineral products actually fall. Indeed, one
would be surprised to find consistent evidence over long periods that that has occurred.

Around these determinants oflong-term tendencies in real prices of mineral products,
there are wide and sometimes long-lasting cyclesin prices, resulting from market participants’

failure to anticipate correctly the growth in global demand.
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The discussion so far has been in terms of a single mineral commodity. In reality, the
many natural sources of energy and the many metallic minerals are substitutes for each other,
and for non-mineral products, in supply and in demand. These tendencies introduce powerful

corrective forces if the real price of one product rises or falls a great deal.

Resource prices and Northeast Asian demand

The extraordinarily rapid economic growth in Northeast Asia over the past half century —at
first in Japan, then in the newly industrialising economies, with South Korea showing the
largest growth, followed by China —has added significantly to growth in global demand for
energy and metallic minerals. The Northeast Asian economies now loom large enough in
global demand for unanticipated fluctuations in the growth in their demand to affect global
prices.

Figure 2.1 presents data on global demand for petroleum over the period in which the
Northeast Asian economies have been growing strongly. The most striking story to be taken
from the chart is that global demand growth is highly sensitive to price, independently of
growth in global economic output. The period of rapid Japanese economic growth, ending
in 1973, was characterised by rapid growth in global energy demand, commonly around 8
per cent perannum, and well in excess of world economic growth. Growth in Japanese energy
demand was very strong, commonly contributing around 2 per cent per annum to growth

in total global demand, but the rapid pace of consumption increases elsewhere meant that this

Figure 2.1 Growth rates of demand for petroleum: Northeast Asian and the world
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Figure 2.2  Crude oil prices adjusted for inflation, 1946-2004 ($/barrel)
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was only one-quarter of the world total. This happened to be a period of stable oil prices in
real terms (Figure 2.2), which ended with the ‘oil shock’ 0of 1973. Over the two decades to
1973, global supply was able to keep pace with rapid increases in demand as new discoveries
were made in the Middle Eastand as major US and British oil companies turned themselves
into effective multinational corporations.

Japan contributed a significant part of the growth in global consumptionin the 1960s
and early 1970s (Figure 2.3). It is therefore part of the cause of the tightening in world
markets in the early 1970s that set the scene for the large lift in oil prices. But the shift that

generated the higher prices was more evident in supply than in demand conditions.

Figure 2.3 Shares of petroleum consumption in the world, Japan, Korea, China and
Northeast Asia as a whole, 1960-2003 (per cent)
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The much higher energy prices from 1973 to 1986 (gradually extending from oil to
energy inallits forms) had a dramatic effectin reducing growth in consumption. World energy
use fell from 1979 to 1983 —at first as the United States and some other major economies
went into recession, but still as global economic activity recovered. This was a time when
Northeast Asia moved more or less in line with global demand — after the deceleration of
Japanese growth, and at a time of deliberate and effective phasing out of energy-intensive
industries and processes in Japan, and before Korea and China were large enough to make
a mark on the global economy. From 1987, rapid expansion in the Korean and Chinese
economies began to contribute alarge proportion of the growth in global demand for energy,
butatatime when demand growthin the rest of the world was weak. Continued strong growth
in Chinese demand came to be associated with tightness in global markets only in the early
21st century, when reasonably strong growth in consumption was again evident in the rest
of'the world — encouraged by historically low prices in the immediate aftermath of the East
Asian financial crisis.

The story of growth in the global demand for copper in the second half of the 21st
century is also an interesting one. Per capita global consumption was exceptionally strong
through the period of sustained rapid growth in Japan, with reasonably strong growth in the
North Atlantic economies, from the early 1950s to 197 3. Per capita copper consumption then
grew slowly, dipping sharply during the recession of the early 1990s (which coincided with
the collapse of the Soviet economy), and again in the United States recession of 2000-01.
It has since resumed strong growth, with China the major influence.

The global price of copperin real terms has fluctuated widely with cyclical and periodic
variations in consumption growth. In this long run perspective, there have been four
distinctive periods for global copper prices since the late 19th century. Prices fluctuated
around 180 cents per pound in today’s values in the rapid global economic expansion from
the recession of the early 1890s until the First World War. They fluctuated around a much
lower level through the relative stagnation of the 1920s and 1930s — with a mean of about
100 cents per pound in today’s prices. The price trend was steadily upward from the Second
World War until the oil crisis of 197 3. It reached a historically high average ofabove 200 cents
per pound over the last decade of this period, corresponding to the time of sustained rapid
Japanese growth after Japan had become large enough to influence global markets. The trend
was then steadily down, to Great Depression levels near and below 80 cents in the years
straddling the turn of the century. Since then, we may have entered a fifth period, marked
by price revival, with the current (October 2005) spot price of 180 cents being shockingly
high by the standards of the immediate past, but no more than normal for earlier periods of
sustained global prosperity, in the quarter century leading up to the First World War, and the

two decades preceding the first oil crisis.
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Copper prices, much more than energy or oil, have fluctuated widely with cyclical
variations in global economic activity. In this, copper and other metals are affected by their
intensive use in capital goods, the demand for which is highly sensitive to the business cycle.

Similar cyclical volatility is evident in prices for steel.

A closer look at resource demand in Northeast Asia and China

The preceding section suggested that, for both energy and copper, strong growth in Chinese
demand has been associated with anew era of rising real global prices in the early 2 1st century.
Figure 2.4 underlines the importance of China to the recent period of rising real mineral
prices. It complements Figure 2.3, which revealed the large position of Chinain recent growth
in global energy consumption. It shows that China accounted for a majority of the growth
in world consumption for each of the main industrial metals in the decade from 1995, and
for virtually all of the growth for several metals in the early years of the 21st century.
China has achieved this large position in global markets when it is in the early stages
of what is likely to be a long period of rapid economic growth, and when its per capita
consumption of energy and metals islow by the standards of the advanced industrial countries
(Table 2.1). This follows, of course, from China’s demographic size: China’s population is

almost twice as large as that of all of the developed countries combined.

Figure 2.4 China’s shares of world demand and growth of key metals, 1995-2003
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What eftect will China’s continued economic growth have on global energy and metal
demand? Here we look at the experience of East Asian and otheradvanced economiesin their
periods of rapid growth, industrialisation and urbanisation, and discuss ways in which China
may be similar to and different from those which have gone before it.

In seeking to draw lessons from the experience of other countries, we quickly come up
against an awkward fact: China consumes far more of virtually all goods than other countries
which have, orwhen they had, per capitaincomes similar to China’s. Work undertaken alittle
over a decade ago suggested at that time that China’s consumption per capita of most
foodstufts was comparable to that of other East Asian economies when their per capita
incomes, as measured by the standard national accounts, had been three times as high as
China’sin the early 1990s. The consumption of energy and metals was comparable to that
of other economies when their per capitaincomes were four or five times as high as China’s
atthattime (Garnautand Ma 1993). While the legacy of central planning and price distortion
may have contributed to some upward bias in metals and energy use, the divergences across
countries could not be explained without acceptance that there wasa degree ofunderestima-
tion ofincome in the Chinese national accounts used by the international financial institutions.
The apparentunderestimation of Chinese income was less pronounced but still presentin the
international purchasing power parity estimates of national output and incomes.

In the years since then, there has been some upward adjustment to Chinese national
income as reported by the Chinese domestic statistical agency and the international financial
institutions. However, the levels of consumption for virtually all goods remain high for a

country with China’s reported per capita output and income.

Table 2.1 International comparison of energy consumption per capita, 2003 (toe)

Year Coal Petroleum Natural gas Hydro- Total
and other power

United States 1.95 3.11 1.93 0.83 7.82
France 0.21 1.57 0.66 1.91 4.34
Germany 1.06 1.52 0.93 0.52 4.03
Japan 0.88 1.95 0.54 0.59 3.95
United Kingdom 0.66 1.29 1.45 0.36 3.76
China 0.61 0.21 0.02 0.06 0.90
World average 0.41 0.58 0.37 0.19 1.55

Note:  toe = tons of oil equivalent.
Source: China Energy Research Institute.
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Figure 2.5 Total energy consumption intensity
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Figure 2.5 shows that Chinese per capita energy use has risen rapidly in recent years,
to levels attained by Japan when its per capita income was almost $7,000 in constant dollars
of the year 2000. Energy demand in all of the Northeast Asian economies expanded more
rapidly than income until, in Japan’s case, average incomes reached almost $20,000. Energy
consumption relative to income has increased more rapidly in Taiwan and Korea than in
Japan, and more rapidly again so far in China. The general pattern is for per capita energy
and metals consumption to rise more rapidly than per capita GDP during the period of rapid
growth associated with the movement to and through middle incomes, but to fall behind as
the global frontiers ofaverage productivity and income levels are approached (Slade 1987).
This pattern is evident in the experience of Japan (Figure 2.3), but not yet in that of Taiwan
or Korea.

Japan, Korea and Taiwan all experienced rapid increases in the share of fluid energy
forms in total energy use through their periods of rapid growth. So far, China has followed
onlyweakly on that path (Table 2.2 ) although the growth in oil consumption was fast enough
for it to overtake Japan as the second largest in the world in the early 21st century (Figure
2.1). China remains exceptionally dependent on coal as a source of energy (Table 2.2). Its
large domestic reserves of coal and limited domestic petroleum resources will ensure that
China will remain different from the global norm in this respect. The distinctive Chinese
reliance on coal is evident in the comparison with Japan in Table 2.3, and with the other

Northeast Asian economies in Figure 2.6.
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Table 2.2 China’s energy consumption breakdown, 1980-2004 (per cent)

Year Coal Petroleum Natural gas  Hydro- and Total
other power

1980 72.2 20.7 3.1 4.0 100
1985 75.8 17.1 2.2 49 100
1990 76.2 16.6 2.1 5.1 100
1995 74.6 17.5 1.8 6.1 100
2000 66.1 24.6 2.5 6.8 100
2004 67.7 22.7 2.6 7.0 100
Source: China Statistical Summary and Energy Research Institute.

Table 2.3 Japan’s primary energy supply, 1955-90 (per cent)

Year Coal  Petroleum Natural  Hydro-  Nuclear Other Total Imports
gas power
1955 48.3 16.7 0.4 27.1 0.0 7.6 100 20.7
1960 44.2 334 1.0 16.6 0.0 4.9 100 46.0
1965 29.3 55.9 1.3 11.8 0.0 1.7 100 74.0
1970 21.3 69.9 1.3 6.0 0.4 1.1 100 90.6
1975 17 .4 71.6 2.7 5.6 1.6 1.0 100 93.7
1980 17.6 64.7 6.4 5.4 49 1.1 100 88.9
1985 19.6 55.4 9.7 4.9 9.1 1.3 100 84.2
1990 17.3 56.6 10.6 44 9.8 1.4 100 86.8

Source: Table 2 from Murota and Yano (1993).

While there are important similarities in the relationship between resource use and
economic growth across the Northeast Asian economies, there are also differences.
Figure 2.7 reveals higher income elasticity in metals demand in Taiwan and Korea than in
Japan. The data suggest that China so far is following a Taiwan—Korea pattern for aluminium
demand (notshown), butanintermediate position for steel. The difterence between Taiwan—
Koreaand Japan seems to derive to a considerable extent from the much greaterinternational
orientation of Taiwan and Korea: the continued strong growth in exports, and their size

relative to GDP, together with the considerable metals content of those exports, has
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Figure 2.6  China’s coal consumption in comparison with East Asia economies
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Figure 2.7 Metal demand and economic growth in Northeast Asia (using purchasing
power parity exchange rates for China)
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maintained strong demand growth for metals through the period when services have come
to occupy a large place in domestic demand growth.

On a global scale, it is Taiwan and Korea rather than Japan that are distinctive in the
relationship between incomes and resource use. Figure 2.8 reveals that Japanese per capita

steel consumption is high by the standards of other developed countries, but much less than
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Figure 2.8 Steel consumption and level of development (national accounts GDP)
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that of Taiwan and Korea. Japan’s per capita electricity consumption is close to the general
relationship between consumption and per capita GDP (Figure 2.9).

However one looks at the comparative data, the expectation must be that the rapid
growth in Chinese demand for metals and energy will continue asincomes rise in the decades
ahead. The analysisin the following section suggests that the Chinese experience may contain
some of the elements of that of Taiwan and Korea, in which economic development was
associated with exceptional growth in demand for resources.

A further clue to likely future growth in demand for energy and metals can be found
in analysis of the typical relationship between urbanisation and resource consumption. The
extent of urbanisation in China (defined as the proportion of the population living in urban
areas) islow for China’sincome levels (Figure 2.10). Thisis to a considerable extent the result
of controls on internal migration. These have loosened and urban growth has been rapid in
the reform period. The urban population more than trebled, from 172 million to 524 million,
between 1978 and 2003. Continued rapid urbanisation can be expected to underpin demand

for resources in the decades ahead.

Determinants of resource intensity of Chinese economic activity

We have noted that per capita resource use in China has been showing some similarity to that
of other Northeast Asian economies in their periods of rapid growth. What factors will

contribute to similarities and differences in future?
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Figure 2.9 Electricity consumption and level of development (national accounts GDP)
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Figure 2.10 Steel consumption and urbanisation, 2002
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Thelegacy of central planning and price distortion has provided some artificial stimulus

tometalsand energy consumption. This has been largely unwound over the past two decades

ofreform, but energy prices remain artificially low, and the degree of distortion hasincreased

through the recent period of rising world oil prices. Low energy prices have provided minor

stimulation to the use of metals through the encouragement that they have provided to

consumption of metallic consumer durables, first of all automobiles. The likely unwinding of

remaining price distortions in the years ahead will dampen energy consumption growth.

The unwinding through reform ofartificial constraints on rural to urban migration will

be a significant factor in the opposite direction, encouraging the use of both energy and

metals.
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Chinese input—output tables reveal amuch higher direct and indirect metal contentin
investment than in other components of GDP (Table 2.4). By 2000, the metal product
contribution to each unit ofinvestment output was twice as high as the metals component of
total GDP. The coal and petroleum content of investment was also much higher than of GDP.

The extraordinarily high investment share in Chinese growth is therefore highly
stimulative to metals consumption. The investment share in GDPis higherin Northeast Asia
(and in Singapore) than in any other economies, now or in any historical period. Itis already
higher in China than at any stage of development of any other Northeast Asian economy.
Investment continues to grow more rapidly than total output. While it is not possible for the
investmentshare of GDP to rise without limit, it will remain extraordinarily high, and probably
above the unprecedented levels reported for 2004 in Figure 2.11 (Garnautand Huang 2005).

The unusual level of and growth in investment has contributed to per capita
consumption of fossil fuels and especially metals being high for China’s income. It will help
tounderpin high levels of resources use for along period into the future, although it will not
for much longer be a separate source of rising consumption.

We have commented that the high export orientation of Taiwan and Korea together
with their strong and strengthening comparative advantage in metal manufactures has
contributed to the continued rapid growth in per capita consumption of metals, beyond the
income levels when per capita metals consumption began to slowin Japan. The metals value
added in Chinese exports is currently little higher than in total GDP, because China’s
comparative advantage remains strong in labour-intensive products. But this comparative
advantage is evolving into more capital-intensive and therefore more metals-intensive
products as rapid growth continues and Chinese incomes rise.

Chinese export orientation is and will continue to be stronger than Japanese, butis less

pronounced than in Taiwan or Korea. The ‘export factor’, to the extent that it is influential

Table 2.4 China: shares of resource sectors in total investments, exports and outputs

(per cent)
Sector Investment Exports Total output
1997 2000 1997 2000 1997 2000
Coal and petroleum 2.09 5.58 1.51 1.92 191 3.35
Metal product 11.29 13.56 6.94 7.81 6.25 6.28

Source: Calculated using the Input-Output Tables of China for 1997 and 2000.
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Figure 2.11 Long run investment shares of GDP, 1960-2005
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inamixoffactors, will therefore tend to place China on a path of metals consumption growth
somewhere between the high levels of Japan and the extraordinarily high levels of other

Northeast Asian economies.

Who will fuel China?

While there are risks to the sustainability of rapid economic growth in China, there is a
reasonable prospect that growth will proceed at average rates near the average for the past
quarter century (9 per cent per annum) for several decades (Garnaut 2005).

The above analysis suggests that China’s per capita rates of consumption of energy and
metals will have approached the average for the developed world by the end of that time. In
the absence of major changes in behaviour in response to higher prices or realisation of
negative environmental effects, the expansion in China’s own consumption will have raised
global energy demand by something like 40 per cent of today’s level. With the same
qualificationsabout responses to price, on the expectation thatits pattern of growth in demand
for metals will be somewhere between that of Japan and Korea, China’s proportionate impact
on global metals markets will be somewhat larger. Atits peak, the trend increase in Chinese
demand may be augmenting global energy demand by about 3 per cent per annum.

Where would the supplies come from and what would be the nature of the impact on
global markets?

We have drawn on historical analogy in this paper, and we will do so again. Given the

slowdownin growth in established developed economies, even this rate of growth in Chinese
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demand would not push the total rate of increase in global energy consumption to the high
levels of the last decade of rapid economic growth in Japan, 1963-73. Those high rates of
increase in energy demand were supported by the low-cost expansion of petroleum
production. There wassome tightening in oil markets over time, but prices did not move until
the political shocks of 1973.

Thelonglead timesin exploration and development mean that we know now that there
are no opportunities in the decade ahead painlessly to expand global oil expansion in the
manner of the years of rapid growth in Japan. This time, the international market response
will be more varied and complex. Prices will rise above the average levels of the past two
decades. Thiswill lead to economisation in the use of oil, as did the high pricesin the decade
after 1973. It will lead to more rapid development of the many alternative sources of energy
all over the world. Amongst much else, there will be heavy investment in expanding
production from China’s own coal reserves, and in nuclear energy generation in China.

The increases over the past two years have already taken oil prices to levels where
economisation in the use of energy occursatarate thatis evidentin the global numbers. Prices
have already reached levels at which investments in many alternative energy sources are
profitable. The increases over this period may turn out to be unnecessarily large or small, but
there are reasonable prospects that we have seen most of the necessary adjustmentin relative
prices. For the global economy, the greatest costs ofhigher prices are borne in the adjustment
to change, and we are in the process now of bearing a major part of those costs.

The experience ofthe 1960s and early 1970, covering the last decade of rapid economic
growth in Japan, may provide a closer guide to prospective global market developments for
metals than for energy. The strong growth in postwar demand led to average real prices that
were twice as high for most metals as the average during the long stagnation from 1914 until
the years of recovery from the Second World War. Thisinduced steadily expanding supplies,
including from countries which had hitherto played marginal roles in global markets. New
forms oflong-term contracts and project finance underpinned the development of major new
sources of coal and alumina in Australia and iron ore in Australia and Brazil.

The big lift over the past two years has taken copper prices to just 10 per cent below
the high averages of the 1960s and early 1970s. There have also been large price increases
for other metals —some a bit more than for copper, some a bit less. For all metals, there have
been large increases in investment in exploration and mine development, and increasing
output from established mines. Asin the 1960s, new institutional arrangements (the Chinese
multinational corporation) and new suppliers (Papua New Guinea for nickel and several
African and Latin American and Central Asian countries for a wide range of metals) are the

focus oflarge investments. As with oil, much and probably most of the price adjustment has
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already occurred, and there is no reason to doubt global markets’ capacity to meet the new
demands on them.

We should end with one note of caution. China’s rapid growth involves economic, social
and political change on ascale thatis unprecedented in world history. Itis unlikely to proceed
over decades without bumpsin the road, and an occasional dead end and detour. With China
in a few decades consuming annually as many resource-based products from world markets
as the whole of the currently developed world, the rest of the world will feel every bump

through energy and metals as well as other markets.

Notes

We thank Shiro Armstrong and Sheng Yu for their assistance in processing the data used in the paper.

1 Some of the concepts introduced in this section are explained in more detail in Garnaut and
Clunies Ross (1983), especially Chapter 3.
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3 INTERNATIONAL SUPPLIES OF ENERGY FOR CHINA:
DEVELOPMENTS AND PROSPECTS

ToNy BECK AND MALCOLM GRAY

Introduction

Asrapid economic growth continues, China’s energy requirements are changing the shape
of regional and international energy markets, resulting in both new pressures and new
opportunities. Like many other countries, Chinais facing the challenge of finding secure and
sustainable sources of energy to supportits growing economy. While the physical reserves of
the main energy commodities —oil, coal, gas and uranium —are generally adequate to support
growing global demand, concerns about cost, supply security and environmental sustainability
are becoming more pressing.

The challenge for China is also the global challenge. In this paper we explore the
developmentsand prospects for international supplies of energy to China, taking each energy

commodity in turn, giving particular attention to the emerging market for natural gas.

Climate change

Apart from supply and price issues associated with future energy supplies, there is growing
concern about greenhouse gas emissions and the impact of climate change. Both the
producers and consumers of fossil fuels are increasingly aware of the need to reduce
emissions. The most concerted international effort to manage global emissions is the Kyoto
Protocol, which sets legally binding emission targets for developed country members
alongside various programs and mechanisms to assist with emission management in
developing countries.

Animportant Kyoto mechanism which China has demonstrated a propensity to utilise
is the Clean Development Mechanism (CDM). The CDM allows annex II countries (rich
countries) to generate tradeable emission credits from emission reduction projects in non-
annex II countries (such as China). Such market mechanisms may be the forerunner to a
global emissions market that will place a price on emissions and provide market incentives to
improve energy efficiency and control emissions. If such a market develops it will add to the
cost of fossil fuels, especially emission-intensive fuels such as coal, and encourage substitution

by cleaner energy fuels such as natural gas, hydroelectricity and nuclear energy.
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China faces a challenging time over the next 25 years as it tries to meet its growing
energy demand in a secure and sustainable manner. If current policies continue, the world’s
energy needs will be almost 60 per cent higher in 2030 than they are now, with China
accounting for over 20 per cent of the growth. Fossil fuels will continue to dominate the energy
mix, meeting most of the increase in overall energy use both within China and at the global
level (IEA2004).

Given this continuing dependence on fossil fuels, concerns about energy security
(especially related to oil) and environmental sustainability (especially related to coal) are
expected to grow. Even without these concernsitwill be a challenge to finance and build the
huge amounts of new infrastructure needed to extract, transport and utilise the energy
commoditiesinvolved.

China is already an important player in the market for oil. In economic terms, China
is a ‘large country’ with growing Chinese demand leading to a tightening of international
suppliesand upward pressures on prices. Thisinfluence will continue to grow over the period
to 2030 not only in the oil market but in energy markets generally. China’s share of world
primary energy demand will increase from 12 per cent to 16 per cent, its share of world oil
demand will increase from 7 per cent to 11 per cent, and it will continue to be the world’s
largest coal market. This means that China will account for 21 per cent of world growth in
primary energy demand, 53 per cent of incremental coal demand and 19 per cent of
incremental oil demand over the period (IEA 2004).

With this growing share of energy demand will come increasing market influence. As
with oil, China will need to anticipate thatits growing demand will put upward price pressure

on most energy commodities.

Coal

The dominant feature of China’s energy market (other than its sheer size) is the abundance
of domestically available coal. For the last two decades around 70 per cent of China’s energy
consumption has been fuelled by coal. China is the world’s largest coal producer and the
second largest coal exporter after Australia. Such abundant domestic supplies of coal have
dampened the impact of China’s rapid industrialisation on international energy markets.
However this situation began to change in the last years of the 20th century as energy fuels
other than coal, aswell asimported ‘clean coal’, became more significantin China. Notonly
is China’s energy demand growing rapidly, but international energy markets are becoming

more responsive to developments in China.
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The global situation

Globally, coal accounts for almost a quarter of the world’s primary commercial energy
consumption and is expected to remain a major contributor until at least the middle of the
century.

Over 4 billion tons of coal is currently produced (a 38 per cent increase over the past
20 years). Global coal production is expected to reach 7 billion tons in 2030, with China
accounting for around half the increase. Steam coal production is projected to account for
around 5.2 billion tons, with coking coal accounting for 624 million tons and brown coal 1.2
billion tons (WCI2005). Production is not dominated by any one region, with the top five
producers being China, the United States, India, Australiaand South Africa. Growth in coal
production has been greatestin Asia, while Europe has actually seen a decline in production.

Much of global coal production is used in the country in which it was produced, with
only around 18 per cent of hard coal production destined for the international market (the
main exporters being Australia, China, Indonesia, South Africa, Russia and Columbia, as
shown in Figure 3.1).

With the necessary investment in mining and transport systems, China could continue
to be the largest producer and a major exporter of coal for the foreseeable future. International
Energy Agency (IEA) projections show that coal production in China could increase from
1,389 megatons (Mt) in 2002 to 2,490 Mt in 2030 given an investment of $130 billion.
Exports would increase steadily to around 130 Mt in 2030, with the main focus on Asian

markets.

Figure 3.1  Major coal exporters (Mt)
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Source: IEA (2004).
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Demand

Coal’s vital role in power generation is set to continue. It currently fuels 39 per cent of the
world’s electricity and this proportion is expected to remain at similar levels over the next 30
years. Consumption of steam coal is projected to grow by 1.5 per cent per year between 2002
and 2030 while demand for coking coal in iron and steel production is set to increase by 0.9
per cent per year over this period.

The biggest market for coal is Asia, which currently accounts for 54 per cent of global
coal consumption (China being responsible for a significant proportion of this). Many
countries do not have natural energy resources sufficient to cover their energy needs, and
therefore need to import energy to help meet their requirements. Japan, Taiwan and South
Korea, for example, import significant quantities of steam coal for electricity generation and
coking coal for steel production.

Coal will continue to play a key role in the world’s energy mix, with demand in certain
regions set to grow rapidly. Growth in both the steam and coking coal markets will be
strongestin developing Asian countries, where demand for electricity and the need for steel
in construction, car production and household appliances will increase as incomes rise (WCI

2005).

Trade

Because of the relatively high transport costs associated with coal (due to coal’s very high ratio
of mass and volume to value) coal producers generally aim to satiate domestic markets before
turning to export markets. China’s export surplus is therefore uncertain and could become
adeficitifdomestic supply growth fails to meet growth in demand. Under these circumstances
China may need to seek additional supply from the global coal market. While coal is available
from a range of countries, transportation costs are sufficiently high that competitiveness
demands relatively local suppliers. The best placed countries to supply China with coal are
those in the Asia Pacific region (including Australia and Indonesia).

Howeveritis notjustalack ofindigenous coal supplies that prompts countries to import
coal; obtaining specific types of coal is also important. Major coal producers such as China,
the United States and India, for example, import quantities of coal for quality, logistical and
environmental reasons.

Coal is traded all over the world, with coal shipped long distances by sea to reach
markets. Over the last 20 years, seaborne trade in steam coal has increased on average by
about 8 per cent each year, while seaborne coking coal trade has increased by 2 per cent a
year. Overall international trade in coal reached 718 Mt in 2003; while this is a significant

amount of coal, it still accounts for only about 18 per cent of total coal consumed.
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Owing to the large share of total delivered price accruing to transportation costs,
international trade in coal is divided into two regional markets: the Atlantic and the Pacific.
The (smaller) Atlantic market is made up ofimporting countries in western Europe, notably
the United Kingdom, Germany and Spain, while the (larger) Pacific market consists of
developing and Organisation for Economic Co-operation and Development Asian importers,
notably Japan, Korea and Taiwan. The Pacific market currently accounts for about 60 per
cent of world steam coal trade. The two regional markets tend to overlap when coal prices
are high (i.e. when transportation costs are lower relative to total cost) and supplies plentiful,
with South Africa acting as a natural point of convergence between the two markets (WCI
2005).

The IEA (2004 ) projects that the volume of hard coal traded internationally will increase
steadily to 2030, driven mainly by the continuing industrialisation of developing Asian
countriesand the decline of coal miningin Europe. Total trade is expected toincrease to 1,063
Mtin 2030. Projections for patterns of trade suggest that there will be an increase in exports

from northwest China to Asia and imports to southeast China (IEA 2004 ).

International market pressuves

The dynamic impacts of China’s growth on international coal markets are complex and
contradictory. As China grows, both demand for and production of coal rise. China’s
production of coal is projected to be sufficient for China to remain a major exporter; however,
its demand is shifting away from brown coal toward clean coal, which Chinaimports. Growth
inindustrial, construction and manufacturing industries is driving demand for coking coal,
and steam coal demand is driven more generally by increased energy demands. However
improving incomes and urbanisation, and increased awareness of environmental issues, are

driving demand away from coal as a primary source of energy.
Oil

Oil, in contrast to coal, is not overwhelmingly abundantin China. It has therefore historically
not been as dominant as coal. However the importance of oil in China has increased
significantly over the last five years, largely driven by growth in China’s transport industry.
As China begins to require higher proportions ofimported oil, the international and Chinese
energy markets are becoming more entwined. Given the vastness of China’s energy demand,
the international oil market is highly responsive to changes in China (the world’s second
largest consuming nation); given China’s increasing dependence on imported oil, it is

increasingly vulnerable to changes in the international market.
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Over the last two years the oil market has entered a period of instability and uncertainty
which may signal a fundamental change in the global oil market. Recentincreases in energy
prices, particularly for oil, could well be indicative of energy markets in the future because
the global distribution of oil reserves and production capacity indicate that the market share
(and corresponding capacity to influence market prices) enjoyed by members of the
Organization of the Petroleum Exporting Countries (OPEC), particularly Middle Eastern
producers, will grow over time. Concerns regarding the vulnerability of oil production and
transportare also likely to continue, especially as signs of political stability in the key producing
regions remain unforthcoming.

Consequently, Chinaisalready looking to diversify oil sources asa primary strategy to
improve supply security. Two countries thatare likely to become more important as suppliers
ofeenergy for Chinain the future are Russia, with its capacity to supply China by pipeline from

its Siberian fields, and Canada, with its vast reserves of oil in the form of oil sands.

Demand

The main oil consumers continue to be the advanced economies—the United States, Europe
and Japan —which together consume about half of the annual oil output. But consumption
in the major developing economies has been growing at a faster pace as their economies grow
rapidly and their use of energy, including oil, in the transport industry and residential sectors
expands (IMF2005).

China’s consumption of petroleum products in 2003 was 5.7 million barrels per day
(mbd), surpassing that of Japan for the first time and making it the second largest national
consumer. The TEA projects that China’s oil demand will reach 13.3 mbd by 2030, with
importdemand ofalmost 10 mbd, as much as the United States imports today. As the source
of around 40 per cent of world oil demand growth over the past four years, Chinese oil

demand already is a significant factor in world oil markets and this is expected to continue.

Supply

Proven oil reserves are sufficient to meet world demand at current levels for over 40 years.
However, this figure significantly underestimates the volume of oil that may be eventually
recoverable with improved technology orat higher oil prices. On this basis the IEA estimates
that remaining oil resources could cover 70 years of average annual consumption between
2003 and 2030. Table 3.1 shows the distribution of world oil reserves.

In considering the future oil supply situation itis useful to differentiate between OPEC

producers! and non-OPEC producers.
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Table 3.1 Proven world oil reserves at the end of 2004 (trillion barrels)

Region Amount
Middle East 733.9
Europe and Eurasia 139.2
Africa 112.2
South and Central America 101.2
North America 61.0
Asia Pacific 41.1

Source: BP Statistical Review of World Energy 2005.

OPEC producers

OPEC countries account forabout 70 per cent of proven oil reserves; they currently produce
40 per cent of total world output and supply about 55 per cent of oil traded internationally.
Their output share was around 50 per centin the 1970s but the oil shocks of that erareduced
demand; in the early 1980s, OPEC, in particular Saudi Arabia, responded by cutting
production to stabilise prices.

Over the last two years spare production capacity has been eroded by surging oil
demand. OPEC now produces close to its capacity, which is slightly lower than it was in the
mid-1970s.

In the short term, to about 2010, the call on OPEC is expected to stay roughly
unchanged at currentlevels of 32 mbd. The call on OPEC s projected to grow to about 61—
74 mbd by 2030, implying a more than doubling of OPEC oil production. This would require
asignificantamount of investment, particularly by the Middle East OPEC members, which
have the largest oil reserves (IMF 2005).

However, OPEC may choose to limit production to benefit from the resulting higher
prices. The International Monetary Fund (IMF) has conducted a modelling study of OPEC
responses to demand pressures (IMF 2005). It concludes that it OPEC bases its production
decisions on maximising the net present value of future profits then OPEC’s optimal market
share will be between 41 per cent and 46 per cent. This corresponds to an OPEC output of
52-59 mbd, well below the initial hypothetical callon OPEC of 61-74 mbd referred to above.
The IMF concludes that once non-OPEC production peaks, there will probably be a strong
upward pressure on prices. Based on the above scenario, oil prices expressed in 2003 dollars

would range between $39 and $56 a barrel in 2030, with the shortfall in OPEC production
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of'12.5 mbd offset by reduced oil demand (8.5 mbd) and higher non-OPEC supply (around
4 mbd).

Thus, while long run forecasts of oil supply and demand are subject to substantial
uncertainties, there is a strong likelihood that the oil market will continue to be tightinto the
future,leaving China, and other major oil importing countries, facing increasing and possibly

volatile prices and a growing dependence on Middle East sources.

Non-OPEC producers

Expansion of non-OPEC production will be constrained by the decline of many traditional
fields and by limited and relatively high cost reserves. Additional capacity is planned in Africa,
the Commonwealth of Independent States (CIS) and Latin America in the medium term.
However,itisnotclearifnon-OPEC production can be sustained in the long run (IMF 2005).

The IEA expects non-OPEC oil production to rise from 50 mbd in 2004 to 57 mbd
in 2010 and stay broadly constant thereafter. The US Department of Energy (DOE)
anticipates more growth in non-OPEC production, with outputincreasing from 50 mbd in
2004 to 56 mbd in 2010 and about 65 mbd in 2025.

Evenifthe more optimistic DOE projection eventuates, reliance on the OPEC supply
tomeet growing demand will increase over time, giving OPEC increased power in the market

to manage both volume and price.

New oil sonrces

About half of China’s oil imports come from the Middle East, mainly Saudi Arabia, Oman
and Iran. In order to secure future supplies, Chinese national oil companies have been
investing in exploration and production in Russia, the Caspian countries, Indonesia, Africa
and Latin America.

Apart from traditional OPEC sources there are two significant new sources that will be
prospective for China: Russia and Canada.

The Russian Federation has the seventh largest proven conventional oil reserves in the
world and is the largest non-OPEC producer (BP 2004). Various sources estimate Russian
proven oil reserves at 60—69 billion barrels (IEA 2004 ), equivalent to 5 per cent of total proven
reserves and around a quarter of Saudi Arabian reserves (the world’s largest). Adding
probable reserves (those which have less probability of being produced profitably ) brings the
estimated reserves to 116 billion barrels, with West Siberia accounting for about 74 per cent

and the rest split among fields to the cast and west of this region (IEA 2004).
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Ofinterest to Chinais the expectation that West Siberia’s share of reserves will decline
while East Siberia’s share is expected to increase significantly. These resources are not
expected to come into production until the second decade of the century (Kim 2005).

Since 2000 Russia has been increasing its oil output to become the world’s largest crude
oil producer and the second largest exporter. This has important implications for supply
security and provides some scope for supply diversification. Russian oil production is
projected to continue to grow to 2020, although at a slower rate than over the period 1999-
2003. Production is expected to reach 10.4 mbd in 2010 and 10.7 mbd in 2020, with non-
CIS exports stabilising at around 6—7 mbd. These projections by the IEA and the Russian
government assume an easing of the current high prices. If high world prices were to be
sustained foralong period, additional investment could lead to a greater expansion in Russian
oil outputand exports.

The Sino-Russian pipeline currently planned will be an importantinitial link to Russian
supplies. Up to 2 mbd could eventually flow from Russia to China through this and other
pipelines (IEA2004).

Animportant future role could be played by non-conventional oil sources, especially
Canada’s oil sands, which make up about halfof the proven reserves of non-OPEC countries
(if non-conventional oil is taken into account) and 14 per cent of total proven reserves. The
production cost of such oil has fallen considerably over the past decades, in many areas to
about $10-15 a barrel including producer taxes (National Energy Board 2004 ). Potential
output growth from this source is very high, but achieving high output from the fields is a
complex and time-consuming task since significant investment in extracting and refining
infrastructure is needed, together with large quantities of water and natural gas (IMF 2005).
The IEA estimates that it takes five to seven years for investment in oil sands projects to come

on stream, and therefore the speed of price responsiveness may be slow.

Uranium

A number of countries are showing renewed interest in nuclear power as electricity demand
and concern about greenhouse gases from fossil fuel grow. China has a growing nuclear
power sector that is set to play an even greater role in national electricity generation in the
decadesahead, especially in the coastal areas which are remote from coalfields and where the
economyisdeveloping rapidly.

Chinaalso hasawell-developed uranium mining sector that currently supplies most of
China’s uranium requirements. While there is scope to expand domestic production,

increased imports of uranium may be required in the future.
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Supply

Reserves of uranium are widely dispersed. Globally, important reserves can be found
particularly in Australia, Kazakhstan, Canada, South Africa and Namibia.

Changesin costs or prices, or further exploration, may alter measured resource figures
markedly. Thus, for any mineral, including uranium, any predictions of the future availability
which are based on current cost and price data and current geological knowledge are likely
to be conservative.

With those major qualifications, Table 3.2 gives an indication of known uranium
resources. [t can be seen that Australia hasa substantial part (about 30 per cent) of the world’s
low-cost uranium, Kazakhstan 17 per cent, and Canada 12 per cent.

The Nuclear Energy Agency (NEA) and International Atomic Energy Agency have
published figuresindicating that total reserves could be significantly greater than the economic
reserves listed above (see OECD et al. 2005). If conventional resources are considered,
estimated reserves total 9.7 million tons (beyond the 3.5 Mt known economic resources),
which is some 140 years supply at today’s rate of consumption. This still ignores the
technological factor mentioned above.

Current usage of uranium is about 68,000 tons per year. Thus the world’s present
measured resources of uranium in the lower cost category (3.5 Mt), used only in conventional
reactors, are enough to last for some 50 years. This represents a higher level of assured

resources than is normal for most minerals. On the basis of present geological knowledge,

Table 3.2 Known recoverable resources of uranium?

Amount (tons) Share of world supply (%)

Australia 1,074,000 30
Kazakhstan 622,000 17
Canada 439,000 12
South Africa 298,000 8
Namibia 213,000 6
Brazil 143,000 4
Russian Federation 158,000 4
United States 102,000 3
Uzbekistan 93,000 3
World total 3,537,000

Notes: a  Reasonably assured resources plus inferred resources.
Source: OECD et al. (2005).
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further exploration and higher prices will certainly yield further resources as present ones are
used up (UIC 2005).

Widespread use of fast breeder reactors could increase the utilisation of uranium 60-
fold or more. This type of reactor can be started up on plutonium derived from conventional
reactors and operated in closed circuit with its reprocessing plant. Such a reactor, supplied
with natural uranium for its ‘fertile blanket’, can be operated so that each ton of ore yields

60 times more energy than in a conventional reactor.

Nuclear weapons as a source of fuel

Animportantsource of nuclear fuelis the world’s nuclear weapon stockpiles. Since 1987 the
United States and countries of the former Union of Soviet Socialist Republics (USSR) have
signed a series of disarmament treaties to reduce the nuclear arsenals of the signatory
countries by approximately 80 per cent.

The weapons containa greatdeal of uranium enriched to over 90 per cent U-235 (about
25 times the proportion in reactor fuel ). Some weapons have plutonium-239, which can be
used in diluted formin either conventional or fast breeder reactors. From 2000, the dilution
of 30 tons of military high-enriched uraniumis displacing about 9,000 tons of uranium oxide

peryear from mines, which representsabout 11 per cent of the world’s reactor requirements.

Reactor fuel requivements

The world’s power reactors, with combined capacity of some 365 gigawatt hours (GWh),
require about 68,000 tons of uranium from mines (or the equivalent from stockpiles) each
year. While this capacity is being run more productively, with higher capacity factors and
reactor power levels, the uranium fuel requirement is increasing, but not necessarily at the
same rate. The factorsincreasing fuel demand are offset by a trend for higher burn-up of fuel
and other efficiencies, so demand is steady. Reducing the tails assay in enrichment reduces
the amount of natural uranium required for a given amount of fuel. Reprocessing of spent
fuel from conventional light water reactors also utilises present resources more efficiently, by
afactor ofabout 1.3 overall. Over the 18 years to 1993, the electricity generated by nuclear
powerincreased 5.5-fold while uranium consumption increased only just over threefold). It

is likely that the annual uranium demand will grow only slightly to 2010.

Gas

Gasisafuel thatis becomingincreasingly sought after foranumber of reasons. Itis arelatively

clean fuelin terms of both local pollutants and levels of greenhouse gases emitted. It haslower
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capital costs and greater operational flexibility than coal. It can help to diversify energy sources
and enhance security, especially as there are a number of prospective supply sources around
the Asia Pacific region. However substitution toward gas is constrained by large initial capital
requirements, both at the export and import ends and at the transportation stage.

Gas markets are currently in the early stages of development, having been dominated
to date by long-term bilateral contracts. New, more flexible market arrangements are only
now being established to facilitate supply and demand matching over shorter-term fluctua-
tions. To secure trading relationships, investors and their financiers will require clear,
predictable and transparent policy and legal frameworks for investment protection and
taxation. Also important will be effective training, educati