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China’s emerging middle class requires preparation and security for strategic
commodities reserves. One way to plan for emerging needs is to secure
more energy partnerships throughout the world and to invest in more com-
modities projects with, for instance, the foreign exchange reserves surplus
of about $1 trillion equivalent as of end of 2006. Very much like the growing
foreign currency reserves, the accumulation of Chinese commodities reserves
has been quiet and remarkable, despite consumption overriding supply. One
could believe that the commodities reserves that are of real tangible value
may serve as collateral assets for the bubble-like foreign exchange currency
reserves of 2006 mostly financed by American Treasury bills and growing
home equity loans that began to deplete in November 2005. This means that
the current value of the renminbi is also evaporating, in concert with the
gradual slow down and fall of matured real estate markets. While the Chinese
yuan is appreciating in the face of other currencies, the investments driving
the Chinese economy are no longer going to return as much as was the case
prior to the yuan’s re-evaluations. They will gradually become of equal value
to those of matured economies. This would also imply that the valuations
of Chinese companies will rise apropos their peers as they comprise manu-
facturing hubs with less unemployment and more capital creation, while
the service consuming economies will become impoverished and dependent
on this wealth creation. China creates manufacturing centers and India
intellectual capitalism at lower cost, while technologies replace service
economies. China’s dilemma is that while it concentrates its financial reserves
in China, it has subcontracted geopolitical alliances throughout the world to
secure commodities imports for the next decades, primarily because China
has been a net importer of oil since 1993. All contracts are still negotiated in
dollars despite the fact that the main geopolitical zones at risk are far from
the dollar and the yuan. The prices of those contracts are mainly linked to the
relative value of the dollar against the yuan and thus, upon the arrival of
financial derivatives in the Chinese markets, the real ‘dollar’ value of these

Introduction
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tangible assets will change, but not for the better. The commodities reserves
may serve as tangible collateral assets to support and hedge the actual value
of the Chinese foreign exchange currency reserves evaluated at US$1.2 trillion
as of the first quarter of 2007. Yet, with the rising consumption and living stan-
dards of the 1.5 billion Chinese, the current commodities reserves will soon
appear insufficient.

As of 2005, Chinese proven oil reserves amounted to 18.3 billion barrels.
Chinese oil production in 2005 amounted to 3.62 million barrels per day 
of which 3.49 million barrels were crude oil. The Energy Information
Administration reported that Chinese oil production in mid-2006 was
about 3.8 million barrels a day. They also reported the following statistics:
Chinese oil consumption is around 6.53 million barrel per day; crude oil
refining capacity amounts to 4.65 million barrels per day; 2005 natural gas
reserves totalled 53.3 trillion cubic feet (Tcf) while production creates a
yearly 1.21 Tcf. 

Chinese energy companies have bought stakes in many global geopolitical
strategic areas to diversify partnerships and acquire economic means for
negotiating in global affairs for the future. Until 2005, Chinese energy compa-
nies remained old fashioned and suffered from a lack of innovation, tech-
nologies, synergies, scientific diversification and international partnerships.
Due to their lengthy isolation from world affairs, they have been immune
from speculative financial engineering and inflationary trading. While the
Chinese energy markets’ infrastructures and operations remain highly tra-
ditional and unsophisticated, the financial statements of the companies
have also been immured from financial engineering and speculative ficti-
tious valuations. So while they are producing excess tangible reserves, they
are also behind in commodities financial engineering and risk management
partnerships and trading. The development of financial engineering instru-
ments such as derivatives had just started to appear on the Chinese market
in 2005, but many new reserves are also being explored in Africa, South
America, Northern Europe, and Russia. However, the new world order cre-
ates many challenges as to the cost of commodities transportation from
point to point. It is obvious that the global competition for natural resources
will soon intensify. And those who can will use their accumulated built-in
reserves to control policies, possibly dangerously. How will this be seen 
in the real world? The fallacy of replacing fictitious financial derivatives by
tangible real value assets will inevitably create tensions in global futures
markets. Geopolitical insecurity, rising competition, and insufficient opera-
tional risk management within companies enables us to understand that it
may be more costly in the long term to import from distant areas than to
invest in nearby production centers. While this does not hold in the short
term, it is a certainty over the longer term. The rising global economic com-
petition between states also engenders insufficient risk management, trans-
parency, and corporate governance among international corporations. Now,

INTRODUCT ION xxi
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while we have the means to invest in new technology and commodities
production, global oil companies are going out of their way to promote
alternative solutions or to invest in neighboring production centers (for
example, the United Kingdom and Norway in 2006). However, this book
will also demonstrate that the diversification to alternative energy solutions
is just as expensive, if not more so, than traditional solutions, in that they
are inefficient and inadequate for 1.5 billion Chinese citizens and are not
enough to respond to the demands of the rising Chinese middle class. The
book also discusses operational risks and corporate governance in Chinese
energy companies, which, as a stand alone solution, will not be able to
respond to the rising consumption of the new Asian democracies’ middle
classes.

INTRODUCT IONxxii
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1

1.1 THE HISTORY OF CHINESE COMMODITIES MARKETS

The history of Chinese energy policy is relatively short. It is less than 60 years
since the first discovery of exploitable energy resources on Chinese soil.
However, in an era of advanced technologies and global competition, the
Chinese government has been improving its infrastructures and focusing
on expanding its energy policies and the means to secure its own reserves
since the beginning of the twenty-first century (Figure 1.1).

American Mobil, Texaco and British Asia companies used to hold the
vast majority of global market shares prior to 1949; the total global output
of crude oil in 1948 was only 89,000 tons. In September 1949, the People’s
Liberation Army took control of the Yumen Oil Field in Gansu Province,
and this event marks the start of the Chinese government setting its own
policies on petroleum production and the accumulation of reserves. In the
aftermath of World War II, governments throughout the world were design-
ing political and economic plans and policies according to industrial devel-
opment and the modernization of transportation. The Chinese government
similarly became aware of energy resources and considered them to be an
important strategic resource. Thus, like its global counterparts, China devel-
oped its own policies to implement a national petroleum industry in the
post-war era.

The first important Chinese onshore petroleum enterprise was initiated
in the Daqing oilfield in northeast China in 1959. This is one of the major
oilfields in China and is still used as the main reference basis in the pricing
of oil for China. Around the Daqing oil field, other drilling enterprises started.
Despite the focus on one geographical region, this was considered sufficient
to sustain national consumption through to the late 1970s. However, with
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2

Figure 1.1 Map of China
Source: CIA World Factbook.
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3THE  H ISTORY  OF  CH INESE  ENERGY  POL ICY

industrialization and the rapid development of cars and other vehicles,
consumption and demand increased rapidly. Chinese production in key
onshore fields declined at the same time as oil began to be used as an alter-
native source of energy for heating and the increase in consumption became
exponential.

With the development of new technology, China’s offshore area and far
western onshore region proved to hold substantial resources and reserves.
And this is when China began to adopt foreign technology, expertise and
capital in the drilling of its neighboring reserves. The Chinese Ministry of
Oil Industry initiated its first political conference in February 1956 to promote
oil policies. Initially, Chinese policy aimed to develop its internal capacities,
to prospect and produce petroleum reserves from the large basins. With
new technologies and capabilities, new oil sources were discovered, including
Karamay in the Xinjiang Uygur Autonomous Region and Lenghu in Qinghai
Province. The Chinese enterprises involved in commodities markets not only
strove continuously for new global partnerships, but they also invested in
new technological developments, advanced methodologies and products.
These tactics embarked China on a voyage towards new ‘unknown’ markets
in the global search for oil, and affected the more serious design of internal
strategic policy.

China’s output of crude oil hit a record high of 1 million tons in 1956. In
1958, The Chinese Ministry of Oil Industry established three petroleum
branches – in Songliao, North China, and East China regions – to monitor
and develop Chinese energy policy. Songliao Basin is known as one of the
main resources and as the bridge to more oil in the eastward part of the region.
In the early 1960s, to further develop the industry, a production campaign
was launched, marking a significant turning point. China became self-
sufficient and independent in terms of oil policies in 1965. Developments
were expanded to the Bohai Sea which is still a main resource center for
CNOOC. During the mid-1960s new reserves, such as Shengli, Dagang and
Liaohe, were also found. These new discoveries enabled Chinese crude oil
to reach a production record of 100 million tons in 1978, equaling other peer
international main producers.

Further reforms and new policies were initiated in the 1970s with the
third development plan for oil and natural gas research. The search for oil
extended to the Tarim Basin, the Junggar Basin and the Turpan Hami Basin
toward the western region of China, the continental shelf in the Hunghai
Sea, and the East China Sea in the eastern region as well as the offshore areas
of the South China Sea. From 1979 to 1996, Chinese proven oil reserves
amounted to 1.27 times that of thirty years earlier and 5.5 times that of natural
gas. Chinese annual crude oil output increased by 51.5 per cent in comparison
to its early historical start of 1950 while natural gas production rose by at
least 46.5 per cent from the mid-century mark. The study of Chinese energy
markets demonstrates that the geopolitical allocation of energy production
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will be complemented and subordinated by new resources (alternatives),
strategies (geopolitical partnerships), and means (financial engineering and
infrastructures). This will also be reflected in the pricing of oil types across
various geopolitical zones. It is expected that commodities pricing structures
will be subject to wider pricing spreads or differences and more opportuni-
ties for the exploitation of financial inefficiencies and arbitrage trading. The
uniqueness of this analysis is the taking into account of the oil pricing
trends of all geopolitical points and integrating various research forecasts to
project futuristic pricing variations.

In 1996 Chinese oil output accumulated approximately 157 million tons
which rose to some 161 million tons in 1998. Chinese natural gas accumu-
lated some 20.1 billion cubic meters by the end of the century. In 1998, the
Chinese government expanded its oil and natural gas prospecting and
development at around twenty different sites throughout the country. The
twenty newly created petrochemical industrial enterprises were created and
financed with a crude oil capacity totaling about 210 million tons per year.
Consequently, Chinese oil and gas production have increased by 19.1 per
cent since the middle of the last century, or since the inception of petroleum
discovery and policy-making in China in 1949.

The first historical cooperation in the global competition for oil between
the United States and China occurred in 1922.

From 1914 to 1921, the US Mobil Oil Company drilled samples to survey
for oil in China. They found six basins in middle-west China and were among
the first to assert that the Chinese market had substantial potential oil
reserves. At that time, however, they could only retrieve 175 million tons.
From 1922 to 1994 various entities, corporations, associations and govern-
ment agencies drilled and tested for oil in China at least 15 times.
Technological progress advanced the skills of these entities in their search
for oil. For instance, in 1935 China Mine Summary found about 175 million
tons. Two years later, Xie Jiarong forecast that Chinese resources amount-
ing to 182 million tons surrounded the middle-west basins. Yumen and
Changqing’s reserves – in addition to the middle-west basins – inspired
further predictions by 1944 that Chinese reserves totaled approximately
521 million tons. With more investment and improvements in machinery,
the Ministry of Fuel Industry concluded in 1954 that the ten Chinese oil
resources already being exploited could provide 1.5 billion tons. In the
1960s, Chinese oil corporations expanded the search and from 1959 to 1963
numerous substantial findings amounted to potential reserves worth about
$10 billion in 1964, through about 20 basins. And so the Shengli and
Dagang oil fields were also added to the cumulative rising wealth of Chinese
natural resources between 1965 and 1970. Only a year later, in 1971, Chinese
oil resources totaled 20 billion tons. During the following five years, the ter-
ritorial search expanded towards the eastern region of China, along the sea
coast, and further developments were achieved in Liaohe, Zhongyuan,
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Huabei, Henan, Jianghan, Subei, Erlian and Baise. The development of
marine and ocean drilling produced resources enough to meet Chinese
demand until 1993. The development of eastern production centers was also
increasingly substantial as more city centers developed alongside sea ports
and in neighboring regions. The eastern regions remained untouched for
much longer as it is geologically more difficult to drill and install infrastruc-
tural machinery in mountainous landscapes. While developments improved
along the eastern coasts, new areas of interest appeared along with advanced
progressive drilling methods and new resources continued to be added,
with the rich-soiled Xinjiang, Qinghai and Changqing in the central region
of China. Thus by 1997, China benefited from 94.9 billion tons of petroleum
resources. The new resources were estimated to comprise 292 million tons
of the total – more than ten times the estimation three years previously.
Taking all these new data into account, the macro total petroleum resources
in China in 1997 ought to be estimated at 105 billion tons.

By this time there was a new sense of urgency in the discovery of country-
wide resources as China’s human resources and energy consumption were
outrunning its production abilities. Effectively, in the four years to 1993,
China had undergone a net importing balance, causing it substantially to
change its geopolitical strategies. Yet it still remained quietly uninvolved in
global financial markets. Chinese government policy did not realize at that
time the tremendous capacities and consequences of the new technological
era. China still believed it could isolate its people and its resources and live
substantially cut off from neighbors and global competitors. Technology
forced it to realize otherwise. It is with the rise of the technological bubble
that the Chinese government had: (1) to accelerate its capacities to balance
its internal markets in terms of demand and supply (for financial and com-
modities markets); and (2) to increase its abilities to meet global standards
to better integrate in specific ways its own challenges and needs. Following
this breakthrough, numerous agencies and research centers developed at a
phenomenal pace. For instance, the China Energy Society and geologists
Guan Shicong and Gin Tongluo evaluated Chinese reserves at about 45 to 66
billion tons from 1979 to 1985. In addition to this agency, in 1984 the Reijing
Research Institute of Petroleum Exploration and Development (ROPED)
increased its drilling activities and discovered 114 new basins. Between
1984 and 1987 the expected total resources amounted to 78.75 billion tons.
Other agencies, such as the Science and Technology Bureau of CNPC, also
started to initiate large scale oil programs in order to meet common standards
and Chinese rising demand. Thus by 1994 the Chinese reserves were up to
15.3 billion tons. At the beginning of the 1990s, other associations and
research institutes added 81.47 billion tons in 1991 and 83.45 billion tons in
1993. With governmental subventions and additional efforts to meet growing
demand, total oil resources rose. Daqing’s reserves have grown by six times
its original capacity and still met Chinese demand in 2006. (The pricing of
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Daqing oil is in correlation with global markets and will be discussed in the
next chapters.) The Chinese authorities have also enhanced discoveries in
the Shengli, Dagang, Huabei, and Zhongyuan oil fields, partly due to the
global petroleum oil disputes in the early 1970s.

Research analysis discovered that the Chinese authorities could meet
increasing consumption demand if they were able to evaluate the approxi-
mate maturity of their maximal reserves and if they were also able to rec-
ognize the degree of hydrocarbon distribution in each basin. Thus, more
advanced research led to new forms of energy such as Paleozoic and
Mesozoic, which were found in Qaidam Basin, with 2.86 billion tons.
Consequently, oil resources increased from 1.24 billion tons in 1993 to the
current 4.1 billion tons. New basins such as Junggar, Ordos and Qiangtang
allowed China to add a total of new sources amounting to 5.5 billion tons.
China’s main oil corporations also added East China’s Songliaa and Bohai
Bay basins. Almost 3.5 billion tons of resources were found as far as 3500
meters underground. New advanced drilling technologies and deep drilling
machinery enabled Chinese corporations to continue the discovery of new
energy and resources. Thus Santangku, Kumishi and Duihuang basins
were added to the growing list of Chinese domestic strategic resources.
However, new discoveries are relatively small compared with historical ones,
such as Daqing, and these new sources, such as Yanqi Basin only account
for 27 million tons. Nonetheless, by the beginning of 1997, the discovered
reserve was far greater than the resources estimated previously.

Since China joined the World Trade Organization in 2001, Chinese com-
panies have entered into global partnerships and deals to standardize its
policies with regards to energy and commodities in order to satisfy its
domestic needs and to adjust to global competitive demands. Institutional
reform of the existing oil companies and enterprises is also needed to com-
pete with global peers. Chinese companies’ income from sales of oil prod-
ucts are estimated to have doubled between 1995 and 2005, reaching 250 or
300 billion yuan. The productivity of the sector’s labor force is also esti-
mated to have doubled that of 1995, reaching 200 tons or more in per capita
production of oil and gas in less than ten years.

Chinese corporations were created by the government. In response to
rising global demand and technological progress, China created CNOOC
in 1982 to survey offshore territories for oil. With the project in mind of
globalizing Chinese corporations via offshore partnerships and projects,
the Chinese authorities multiplied foreign alliances. Thus, since CNOOC’s
inception, China has experienced rapid economic growth, which has gen-
erated a strong increase in demand for petroleum and other primary energy
sources. For instance, China’s gross domestic product (GDP) increased
throughout the 1990s at an exponential real annual rate of 10.4 per cent
transforming China into the fastest growing economy in the world, primarily
benefiting from its underpaid labor and pegged yuan against other currencies,
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and inducing many foreign firms to inject capital into various industries. At
this time the world’s mature economies transformed their production cen-
ters into service hubs, mostly easily substituted by technology and machin-
ery, while China dominated the tangible capital wealth of the world by
holding a monopolistic 50 per cent of the global manufacturing market.
Guizot (2007) observed that China holds phenomenal economic records in
most industries since the early 1990s and that it is applying economic tricks
such as special tariffs and taxing incentives to attract foreign investors and
retain them in high-technology and advanced industries to participate in
and promote Chinese world leadership in these fields. China is also securing
a brain drain by hiring intelligence to maintain its geopolitical competitive
leadership. It is also promoting the offshoring of its manufacturing capital
to Africa to leverage its own labor force into new sectors such as science,
technology, or engineering. And while creating a new economic leadership,
China is converting its gargantuan foreign exchange reserves into commodi-
ties contracts throughout the world. In the 1990s, petroleum consumption
increased at a compound annual rate of 6.3 per cent and China’s oil pro-
duction grew at a compound annual rate of 1.7 per cent. Since 1993, China
has been a net importer of oil which influences the increasing importance
placed on the further development and diversification of offshore crude oil
production activities. Particularly among China’s three main oil and gas
companies: China National Petroleum Corporation (CNPC), China National
Petrochemical Corporation (Sinopec) and CNOOC.

Chinese commodities markets’ data according to the Oil and Gas
Committee’s Global Reserves Committee’s mapping terminology and def-
initions indicate that total oil reserves amount to 94 billion tons, with a final
recoverable total of 14 billion tons; proven reserves account for 5.28 billion
tons; Chinese oil proven rate is 37.5 per cent; accumulated recoverable total
is 3.03 billion tons; total in reserves at immediate disposal amounts to 2.25
billion tons; and finally, output in 1997 totaled 160.74 million tons. China
also uses natural gas as a complementary source of energy, of which it has
total reserves of 3.8 billion cubic meters; final recoverable of 1.05 billion
cubic meters; proven reserves of 95 million cubic meters; a proven rate of 9
per cent; accumulated recoverable totaling 22.8 million cubic meters; still to
be used reserves of 72.2 million cubic meters; and finally an average annual
output since 1997 of 2.27 million cubic meters. The insufficient natural
resources cannot be proportionally shared among entities. Since June 2006,
world oil prices have decreased by approximately $10 a barrel. Between
June and December 2006, the pricing of Chinese oil companies’ stocks 
rose by about 30 per cent. The rise brought them into line with the valua-
tions of competitive international peers, so that the foreign exchange 
gradual appreciation of the yuan to July 2005 does not hold back the
progress of Chinese companies in comparison with their international
energy competitors.
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1.2 AFTER CHINA BECAME A NET IMPORTER 
OF OIL IN 1993

By the end of 1994, based on 20 billion tons of proven and controlled reserves
in 150 basins all over the country, China National Petroleum Corporation
(CNPC) reported that the petroleum resources to be discovered in China
amount to 74 billion tons. The total petroleum resources in China are 94 bil-
lion tons. China became a net oil importer in 1993, and dependence on foreign
oil has been increasing exponentially since then (Figure 1.2). In 1999, 22 per
cent of total oil consumption came from net imported oil, a figure that is
expected to reach 40 per cent by 2010. According to the Chinabidding and
Xinhua Journal (21 July 2006) and the China Petroleum and Chemical Industry
Association (CPCIA), between July 2005 and July 2006 China produced
91.664 million tons of crude oil, a rise of 2.1 per cent over the corresponding
period in 2004–05. The output of refined oil products was 84.822 million
tons, up 5.6 per cent year on year.

China started to build national oil reserve bases in 2004. The first four
are in Zhenhai and Daishan in Zhejiang Province, Huangdao in East China’s
Shandong Province, and Dalian in the northeastern Liaoning Province. The
bases are included in the government’s social and economic development
plan for 2006–10. According to NDRC, the National Energy Office, they were
completed in 2005 and have a total storage capacity of between 10 and 12
million tons. China worked out a three-phase blueprint for building the
national petroleum reserves to cope with the global oil price fluctuation.
China aims to increase the oil reserves by 12 million tons in the first phase,
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and by 28 million tons of petroleum in the second and third phases. Currently,
China imports about 100 million tons of oil a year, and the gradual growth
in stored oil does not yet affect international oil pricing curves. What does
affect oil prices is financial engineering speculations on oil trading. The
price of oil has an embedded premium – especially since 2000 – due to the
rise of global financial engineering speculations. Since the downfall of Enron,
more and more financial institutions have got into the lucrative business of
commodities and energy trading. Global economies are currently in a pre-
liminary, intermediary phase of peaceful economic contestation, during which
states are competing to gain substantial commercial corporate contracts, to
secure strategic energy reserves, to ally with geopolitical partnerships and
to maximize economic efficiencies. Compared with its huge imports, China’s
strategic oil reserves remain globally irrelevant. The petroleum amount
reserved by the China National Petroleum Corporation and the China
National Petrochemical Corporation, two major oil giants in China, is only
equal to 21 days of China’s crude oil imports. In comparison, the United
States’ petroleum strategic reserve is equivalent to 158 days of crude oil
imports, Japan’s is 161 days and Germany’s 117 days.

According to the statistics of the General Administration of Customs,
China’s net imports of crude oil were 70.33 million tons in the first six months
of 2005, up 17.6 per cent year on year, and those of refined oil products were
12.03 million tons, with a growth of 48.3 per cent. According to the Xinhua
China Securities Journal of July 2006, the operational draft for a new national
petroleum reserve center has been submitted to the central government.

China is thus becoming more vulnerable to the uncertainty of global oil
markets and to political volatility in oil producing areas of the world. The
import dependency was 34 per cent in 2001 and will reach 50 per cent by 2020.
Until 2005, China was not part of international statistical reports in the finan-
cial markets. Yet, financial markets have played an increasingly important
role in the pricing of oil globally. One example of oil pricing distortions was
that initiated by Enron. There is a fictitious pricing premium embedded in
the recent inflationary pricing of oil due to financial engineering speculation,
the over-usage of derivatives and the inability to provide accurate collater-
alized asset valuations for commodities trading operations in financial banks.
Another reason for the increase in pricing structure was disparate global
regulation, which forced institutional entities to trade on market inefficien-
cies. Hedge funds also take advantage of geopolitical regulatory imbalances
to arbitrage systemic valuations. For instance, Chinese foreign exchange
valuations are not included in the Foreign Exchange and Derivatives Market
Activity published by the Bank of International Settlements in 2004. Before
2006, all oil prices correlated with each other and there was little disparity
between geopolitical points of production. Global oil pricing curves tripled
in relation to one another from 2001 to October 2006 and doubled from 2001
and June 2006. Effectively, average oil prices decreased by approximately
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$10 per barrel from June to October 2006. From 2007, the pricing structures
of oil curves between geopolitical zones will diverge from traditional cor-
relations and will incur widening of pricing spreads due to transportation
costs and financial fluctuations (Figure 1.3).

Greater insecurities are also likely to develop between geopolitical areas.
These cost variations and foreign exchange valuations will be directly cor-
related to trading deficits versus surpluses. But with growing time gaps, oil
price spreads between given countries are going to widen and will have a
consequential economical impact on individual countries’ gross domestic
product, consumer pricing index, and purchasing powers, which will also
affect living standards. The author proposes an economic model to evaluate
the price of oil in the future in the following chapters. The more partnerships
and tangible production centers are initiated now – in 2006 – the more security
in the future for that particular country. Commodities will be the weapon of
choice in the future in negotiating vetos on important decisions in global
matters and in securing specific trading partners. Oil prices will also directly
affect the value of foreign exchange and the cost of credit. Estimates show
that as of 2006, the values of tangible markets do not reflect their actual real
values due to the lagging effect of the events of 2001 and the numerous
accounting scandals of 2002. Since then, financial markets have been subject
to much greater speculation by large financial (and non-financial) institu-
tions which have made the accurate pricing of oil difficult. Commodities
prices are the most volatile and difficult to explain as the prices are highly
correlated to transportation and delivery conditions. Commodities prices
have also been subject to conspicuous manipulation and unhelpful influences
that have reduced actual economic variables. These effects have become
more obvious since 2000. Markets are inefficient and highly used and eroded
by large operational risks and gaps within corporation’s databases and
technological frameworks. The pricing of oil depends on the main produc-
ing countries (Organization of Petroleum Exporting Countries, OPEC)
within the global pricing structure, regardless of any single powerful entity.
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12

In this book, the reader will be able to review pricing for about fifty years of
real historical data with regard to oil production and supply. World oil
reserves trended upwards from 1950 to the end of 2006. While production
reserves still remain substantial in sustaining actual timing phases, research
reveals that production capacities are being outrun by consumption and
exponential over-speculation within financial market trading institutions
speculating with commodities pricing structures, particularly since 2001.
Figure 2.1 shows the energy supply structure of the world in 2001.

We do not know how or what alternatives may be used to sustain new
global needs beyond the second part of this new century. Oil and Gas Journal
estimates that proved oil reserves are approximately 15 billion barrels, about
1 per cent higher than the 2005 estimate for January 2006, while according
to www.globalfirepower.com, the Chinese proved oil reserves as of 2005
stood at 18.3 billion barrels. China’s proven reserves thus represent approx-
imately one-tenth those of Canada. According to the US Energy Information
Administration (EIA), China is the world’s second largest consumer of oil
behind the United States. In 2006, the EIA reported that China consumed
7.4 million barrels of oil per day, while its production was only 3.8 million
barrels per day. This places China as the third largest net importer of oil
after the US and Japan.

According to the China Daily (14 June 2005) Xinjiang Uygur Autonomous
Region plans to overtake northeast China’s Daqing to become the country’s
largest oil production area in the next few years. Xinjiang, currently China’s
third largest oil producing area, plans to more than double its oil produc-
tion to 50 million tons in the near future from 22 million tons in 2005.
According to the China Daily (2006), Xinjiang is expected to pump 100 mil-
lion tons of crude oil a year in the future, or nearly 60 per cent of China’s
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total in 2005. The targets, if realized, will greatly help China offset the slow-
ing production of its older oilfields. Table 2.1 indicates the efficiency of the
main production centers by provincial regions.

Total recoverable petroleum resources are derived from estimates of find-
ings to be discovered and cumulative production. The total recoverable
resources rise in function of those variables. The final recoverable resources
are increasing and are directly correlated with increasing exploration in pre-
viously unexplored areas and the improved exploration maturity. Explo-
rations are enhanced with new neighboring production centers. Production
associations and experts provide an approximation of the production data
from the recoverable resources. According to the Oil and Gas Research
Institute, USGS, Chinese recoverable resources were approximately 11.9 and
9.702 billion tons respectively in l988 and 1987. The Thirteenth World
Petroleum Congress announced that the total recoverable oil resources in
China were 10.6 billion tons in 1991. And the Fifteenth World Petroleum
Congress announced that the recoverable oil resources in China were about
14 billion tons in 1997. This represents about 3.4 billion tons more than 1991.
According to ROPED, recoverable oil resources in China in 1991 approximate
about 11.8 billion tons. This figure rose to 12.7 billion tons in 1995. These sta-
tistics represent 4 billion tons more than the estimate of four years previously.
The Ministry of Geology and Minerals estimated in 1993 that the total recov-
erable Chinese oil resources amounted to about 11.8 billion tons. The capacity
increase from 1991 to 1995 represents about 900 million tons more than that
of 1993. On a net cumulative basis and comparing the incremental increase,

Gas
21.20%

Oil
35.00%

Coal
23.40%

Renewable
Energy
13.50%

Nuclear Energy
6.90%

Combustible
Biomass and
Waste
10.80%

Hydropower
2.20%

Other
0.50%

Figure 2.1 Energy supply structure of the world, 2001
Source: Chinese Energy Ministry Energy and Technology Symposium,

2003.
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Table 2.1 Net profits from petroleum and natural gas extraction, by region, as of May 2006 (thousand yuan)

Region 2006/05 2006/04 2006/03 2006/02 2005/12 2005/11

National total 55,472,968 43,331,281 36,776,847 26,767,573 118,190,284 114,114,237

Beijing * * * * * *

Tianjin 7773610 5876767 4669206 3712129 10,999,712 10,713,263

Hebei 1915529 1739660 1601849 960326 3912577 3997794

Shanxi – – – – – –

Inner Mongolia 240504 200051 207272 114729 365137 583778

Liaoning 1937202 1237548 1240731 761231 4110235 3819973

Jilin 2029913 1611102 1423718 1072390 4338270 4097029

Heilongjiang 14,437,381 9985862 9146074 6189743 31,532,681 31,395,382

Shanghai * * * * * *

Jiangsu * * * * 1457532 1394898

Zhejiang – – – – – –

Anhui – – – – – –

Fujian – – – – – –

Jiangxi – – – – – –

Shandong 6867135 5751449 4785577 3965349 17,487,015 15,992,737
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(Continued )

Henan 1202756 1081233 848782 586117 3029981 2278937

Hubei 429585 342665 320036 267765 1193773 1330508

Hunan – – – – – –

Guangdong 1238081 1242323 1238096 903183 4846820 4844103

Guangxi – – – – – –

Hainan 59570 54179 70899 62990 * 199794

Chongqing 3877 7247 5600 3935 �16756 �14408

Sichuan 753287 565614 322714 369454 �248797 194279

Guizhou – – – – – –

Yunnan * * * * * *

Tibet – – – – – –

Shaanxi 4685900 3541680 2771828 1984520 11,401,441 11,591,420

Gansu 806587 675918 594268 371262 2214225 1877753

Qinghai 586670 482690 403030 317550 2392820 1556910

Ningxia * * * * * *

Xinjiang 10,009,548 8432891 6600402 4819017 18,872,652 18,154,344
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16Table 2.1 (Continued)

Region 2005/10 2005/09 2005/08 2005/07 2005/06 2005/05 2005/04

National total 107,987,046 94,978,398 83,111,874 68,674,865 56,308,212 44,272,630 33,731,742

Beijing * * * * * * *

Tianjin 9783863 8647032 7517620 5633798 4720485 3827700 2884308

Hebei 4039981 3557517 3249323 2791726 2619480 1965464 1427952

Shanxi – – – – – – –

Inner Mongolia 526529 420110 360808 294471 244563 167359 92773

Liaoning 3552724 3294707 2856616 2399381 1963431 1420700 1157012

Jilin 3914403 3351976 2727894 2438281 2042822 1415746 926007

Heilongjiang 30,768,414 27,288,747 23,906,894 20,281,392 16,657,996 11,082,219 9356138

Shanghai * * * * * * *

Jiangsu 1295137 1190165 1058549 910611 788093 664934 533754

Zhejiang – – – – – – –

Anhui – – – – – – –

Fujian – – – – – – –

Jiangxi – – – – – – –

Shandong 14,776,750 11,821,767 10,320,861 8416831 6168024 5362682 3768524
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Henan 2196816 1975965 1462592 1091601 947874 724021 454274

Hubei 1388710 1207240 1007085 863040 738971 569420 467094

Hunan – – – – – – –

Guangdong 4603115 4116960 4253184 4014745 3707135 3289023 2884543

Guangxi – – – – – – –

Hainan 169727 171675 149167 114438 88712 69356 62789

Chongqing �11263 �9938 �8978 �5448 �6375 �4027 �3495

Sichuan 659594 587353 482530 416488 182755 457625 374854

Guizhou – – – – – – –

Yunnan * * * * * * *

Tibet – – – – – – –

Shaanxi 9619017 8695874 7837757 5868634 4828279 4334891 3324423

Gansu 1803594 1650533 1394365 1155840 1046201 894461 640100

Qinghai 1632550 1594960 1480660 1253470 1118770 483180 391138

Ningxia * * * * * * *

Xinjiang 17,128,340 15,288,092 13,000,082 10,671,372 8384656 7488506 4962378

Notes: *: no extractions for given month; – : not available/no production.
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research shows that the new statistics are higher than the old figures. This ris-
ing net accumulation is due to the fact that most basins experience a low
exploration maturity. Data rise with the improved exploration maturity. In
addition, cumulative reserves increase due to advanced technological
processes and new engineering methods of finding, extracting or conserving
reserves. The recovery of low-porosity and low-permeability dams is also
improved with progress in oilfield development technologies. Explored
resources and recovery are also greater due to progress in drilling technology
in oil exploration and development. The total Chinese petroleum recoverable
resources may be projected to 20–23 billion tons. According to the Interna-
tional Energy Administration, China was the twelth main producing coun-
try in the world in 2006. With added valued international partnerships and
new technology progresses since December 2001, China is likely to become
a main producer and consumer. The International Energy Administration
also reports that the largest increases in proved oil reserves is in Iran. Iranian
oil reserves increased by 5 per cent, from 125.8 billion barrels in 2005 to 132.5
billion barrels in 2006. Saudi Arabia reports similar trends with reserves
which increased by 4.9 billion barrels or 2 per cent in 2006. Kuwait’s reserves
also increased by 2.5 billion barrels, up 3 per cent from 2005. Venezuela’s
reserves also gained 2.5 billion barrels or 3 per cent. According to Oil and
Gas Journal, Chad reported 1.5 billion barrels of proved oil reserves in 2006
and is believed to have great resources. Africa has significant reserves that
are yet to be adequately financed and sponsored. According to Stephanie
Hanson in ‘Vying for West Africa’s Oil’ at www.cfr.org, 7 May 2007, ‘Africa
contains only 10 per cent of the world’s proven oil reserves, but in an increas-
ingly uncertain market, oil companies are eyeing crude from West Africa’s
Gulf of Guinea for reasons beyond sheer output.’ In 2006, for example,
Sinopec, China’s state-owned energy company, bid $2.2 billion for two deep-
water blocks off the Angolan coast among many other investment projects
in other African countries. Esther Pan reports in ‘China, Africa and Oil’, pub-
lished with www.efr.org on 26 January 2007 that Chinese corporations
invested a total of $175 million in African countries, primarily on oil explo-
ration projects and infrastructure. On 9 January 2007 state-owned Chinese
energy company CNOOC said that it would buy a 45 per cent stake in an
offshore oil field in Nigeria for $2.27 billion. Where Western markets failed to
colonize emerging markets for natural resources, China contributes to 64 per
cent of Sudan’s oil exports to supply its new middle class consuming force.

Oil reserves remain primarily within the Middle Eastern region which
owns almost half the world total (see figures 2.2 and 2.3 and tables 2.2–2.4).

In future, the pricing of the oil structure, will more likely depend on the
contracts set between large consuming nations, such as China or India, and
producing countries such as South America, Africa, the countries of the
Middle East and Russia. In 2003, despite geopolitical tensions, those countries
multiplied partnerships, commercial contracts and corporate cooperation.

9780230_554207_03_cha02.qxp  9/18/2007  10:12  Page 18



19

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

2002 2003 2004 2005

Total OPEC Oil Supply Former USSR China Total Supply

Figure 2.2 World oil supply, 2002–05 (million b/d)
Sources: OECD and EIA, http://www.eia.doe.gov/emeu/ipsr/appa.html.
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Figure 2.3 World proved oil reserves by region, 1 January 2006 
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Source: ‘Worldwide Look at Reserves and Production’, Oil and Gas Journal,
103 (47) (19 December 2005): 24–5.
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Table 2.2 World oil supply, 1997–2007 (thousand b/d)a

United Persian OAPECd OPEC-121e OPEC-11f World
Statesb Gulfc

1997 Average 9,461 19,578 20,372 30,442 29,729 74,185

1998 Average 9,278 20,895 21,594 31,615 30,881 75,679

1999 Average 8,993 20,232 20,961 30,512 29,767 74,879

2000 Average 9,058 21,520 22,175 32,329 31,583 77,793

2001 January 8,453 21,571 22,091 32,721 31,976 78,316

February 8,825 21,287 21,869 32,261 31,512 78,204

March 8,978 21,975 22,488 32,867 32,137 78,946

April 8,963 21,425 21,959 32,101 31,363 77,961

May 9,058 21,292 21,846 31,867 31,134 77,320

June 8,940 19,712 20,235 30,408 29,680 75,776

July 8,966 21,020 21,463 31,632 30,920 77,747

August 8,913 21,459 22,014 32,106 31,406 77,934

September 9,002 20,628 21,242 31,198 30,489 77,579

October 9,130 20,547 21,233 31,122 30,369 77,576

November 9,241 20,413 21,105 31,009 30,225 78,004

December 9,012 19,523 20,261 30,075 29,255 77,243

2001 Average 8,957 20,905 21,484 31,614 30,872 77,717

2002 January 9,014 19,429 20,122 29,615 28,705 76,537

February 9,077 19,492 20,213 29,622 28,672 76,662

March 9,116 19,644 20,373 29,834 28,894 76,470

April 9,144 18,551 19,313 28,671 27,731 75,951

May 9,312 19,246 20,067 29,536 28,606 76,645

June 9,154 18,976 19,765 29,246 28,351 76,344

July 8,973 19,573 20,375 29,833 28,963 76,751

August 9,151 19,323 20,101 29,708 28,798 76,592

September 8,686 19,881 20,668 30,524 29,639 77,170

October 8,553 20,618 21,444 31,343 30,448 78,582

November 8,921 20,790 21,608 31,415 30,600 78,861

December 8,902 20,814 21,645 29,319 28,499 76,902

2002 Average 9,000 19,698 20,478 29,890 28,994 76,957

2003 January 8,901 21,447 22,289 29,773 28,954 77,459

February 8,936 21,892 22,685 31,194 30,369 79,216

March 8,928 21,833 22,661 31,845 30,995 79,702
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United Persian OAPECd OPEC-121e OPEC-11f World
Statesb Gulfc

April 8,781 20,794 21,745 31,115 30,205 78,567

May 8,746 20,718 21,675 31,263 30,343 78,568

June 8,677 19,964 20,890 30,575 29,655 77,866

July 8,550 20,118 21,018 30,806 29,886 78,675

August 8,719 20,597 21,487 31,340 30,420 79,237

September 8,971 20,857 21,755 31,700 30,780 80,127

October 8,774 21,556 22,449 32,390 31,470 81,097

November 8,769 21,655 22,493 32,434 31,514 81,446

December 8,830 22,205 22,959 33,126 32,146 82,784

2003 Average 8,797 21,134 22,006 31,466 30,563 79,565

2004 January 8,780 22,507 23,203 33,324 32,294 82,322

February 8,810 22,437 23,120 33,253 32,223 82,354

March 8,868 22,191 22,838 32,997 31,968 82,191

April 8,779 21,985 22,598 32,792 31,762 81,925

May 8,790 21,805 22,422 32,607 31,577 81,564

June 8,584 23,205 23,869 34,117 33,088 83,467

July 8,708 23,545 24,280 34,537 33,508 83,953

August 8,731 23,435 24,137 34,365 33,315 82,941

September 8,283 23,935 24,637 34,885 33,815 83,426

October 8,470 23,842 24,537 34,912 33,822 84,205

November 8,818 23,357 24,098 34,407 33,307 84,034

December 8,780 23,567 24,270 34,640 33,540 83,661

2004 Average 8,700 22,986 23,669 33,905 32,854 83,005

2005 January 8,687 23,643 24,473 34,974 33,864 83,953

February 8,792 23,713 24,530 35,099 33,979 84,326

March 8,854 23,763 24,617 35,277 34,131 84,452

April 8,880 23,923 24,772 35,438 34,280 84,896

May 8,917 23,733 24,573 35,335 34,157 85,313

June 8,727 23,848 24,601 35,481 34,304 84,871

July 8,353 24,058 24,809 32,742 34,523 84,482

August 8,399 24,023 24,789 32,782 34,418 84,776

September 7,060 24,283 25,091 36,119 34,711 84,072

October 7,365 23,898 24,760 35,760 34,392 84,094

(Continued )
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Table 2.2 (Continued)

United Persian OAPECd OPEC-121e OPEC-11f World
Statesb Gulfc

November 7,918 23,798 24,660 35,703 34,295 84,865

December 7,930 23,703 24,588 35,618 34,200 84,657

2005 Average 8,322 23,866 24,689 35,529 34,272 84,564

2006 January E 8,225 23,554 24,450 35,349 33,921 84,417

February E 8,232 23,759 24,699 35,399 33,981 84,412

March E 8,096 23,634 24,645 35,267 33,839 83,924

April E 8,239 23,658 24,685 35,293 33,865 84,246

May E 8,348 23,458 24,495 34,966 33,638 84,188

June E 8,463 23,713 24,661 35,300 34,007 84,081

July E 8,456 24,098 25,078 35,697 34,230 85,427

August E 8,486 24,128 25,106 35,823 34,355 85,186

September E 8,499 23,778 24,801 35,446 34,000 84,720

October E 8,455 23,573 24,601 35,269 33,885 84,934

November E 8,378 23,243 24,193 34,894 33,435 84,366

December E 8,556 23,133 24,103 34,813 33,323 84,200

2006 Average E 8,370 23,644 24,626 35,293 33,873 84,511

2007 January E 8,462 22,945 23,981 34,659 33,069 83,844

February PE 8,727 22,837 24,000 34,553 32,948 84,675

2007 2-Month PE 8,588 22,894 23,990 34,609 33,012 84,239
Average

Notes: a. ‘Oil Supply’ is defined as the production of crude oil (including lease condensate), natural
gas plant liquids, and other liquids and refinery processing gain (loss). For definitions of these terms
see: http://www.eia.doe.gov/emeu/ipsr/appc.html; b. US geographic coverage is the 50 states and
the District of Columbia. Beginning in 1993, includes fuel ethanol blended into finished motor
gasoline and oxygenate production from merchant MTBE plants. For definitions of fuel ethanol,
oxygenates and merchant MTBE plants see: http://www.eia.doe.gov/emeu/ipsr/appc.html; c. The
Persian Gulf countries are Bahrain, Iran, Iraq, Kuwait, Qatar, Saudi Arabia, and the United Arab
Emirates. Production from the Kuwait-Saudi Arabia Neutral Zone is included in Persian Gulf
production; d. OAPEC: Organization of Arab Petroleum Exporting Countries: Algeria, Iraq, Kuwait,
Libya, Qatar, Saudi Arabia, and the UAE; e. OPEC-12: Organization of Petroleum Exporting
Countries: Algeria, Angola, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the
United Arab Emirates, and Venezuela; f. OPEC-11 does not include Angola.

E � Estimated data. RE � Revised estimated data. PE � Preliminary estimated data.

Revised data are in bold italic font.

Monthly data are often preliminary and also may not average to the annual totals due to rounding.

For historical series see: http://www.eia.doe.gov/emeu/ipsr/t44.xls.

Source: http://www.eia.doe.gov/emeu/ipsr/source1.html.
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Let us review in particular the involvement of African countries in global
oil markets. According to Esther Pan in ‘China, Africa and Oil’, reporting in
January 2007:

Angola is the second-largest oil producer in sub-Saharan Africa after Nigeria.
Angola is one of the main oil producers with an estimated productivity of 2 million
barrels per day by 2008. Additionally, Angola disposes of offshore gas resources.
Angola generated more than $20 billion in foreign direct investment since 2003 with
energy supplies alone. Oil accounts for over 40 per cent of gross domestic product
(GDP) and 90 per cent of government’s revenues. The World Bank reports in 2005
that Angola represents half of China’s oil imports from Africa. Equatorial Guinea
has total proven oil reserves of about 1.28 billion barrels. Oil production averaged
371,700 barrels per day in 2004 which accounts for 90 per cent of the total national
exports in 2003. Equatorial Guinea maximized productions at 350,000 barrels per
day as of December 2004. Gabon disposes of proven oil reserves of roughly 2.5 bil-
lion barrels and produces about 230,000 barrels per day. This represents a decline of
37 per cent since its peak production levels in 1997. Exports of crude oil account for
approximately 60 per cent of the government’s budget and more than 40 per cent of
GDP. Nigeria is the largest African oil producer to supply Western hemisphere. It
produces 2.5 million barrels per day. Nigeria’s proven oil reserves are 35.2 billion
barrels but targets 40 billion barrels by 2010. Oil natural resources account for 80 per
cent of total economic revenues. Sudan produces 500,000 barrels per day in 2005 in
the northern region of Darfur. Sudan has proven reserves of some 563 million bar-
rels of oil. Republic of Congo has 1.5 billion barrels in proven reserves and averaged
235,000 barrels of crude oil production per day in 2004. Oil accounts for about 80 per
cent of the country’s revenues in 2005 and 90 per cent of exports.

Table 2.3 World oil reserves by country, 1 January 2006 (billion barrels)

Country Oil reserves Country Oil reserves

Saudi Arabia 264.3 China 18.3

Canada 178.8 Qatar 15.2

Iran 132.5 Mexico 12.9

Iraq 115.0 Algeria 11.4

Kuwait 101.5 Brazil 11.2

UAE 97.8 Kazakhstan 9.0

Venezuela 79.7 Norway 7.7

Russia 60.0 Azerbaijan 7.0

Libya 39.1 India 5.8

Nigeria 35.9 Rest of world 68.1

United States 21.4 World total 1292.5

Source: ‘Worldwide Look at Reserves and Production’, Oil and Gas Journal, 103 (47) 19 December
2005: 24–45.
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However, while new resources are being discovered throughout the world,
older producing centers are diminishing in capacity. For instance, Mexico
has reduced production and is down by 1.7 billion barrels as compared to
figures from the end of the twentieth century. Norway is also recording
losses of 0.8 billion barrels, the United States shows production down by
0.5 billion barrels, and the United Kingdom by 0.5 billion barrels. These
countries are experiencing sustained productivity at a decreasing rate. The
Middle East and Canada record the largest production concentration with

Table 2.4 Estimated world oil resources, 1995–2025a (billion barrels)

Region Proved Reserve Undiscovered Total
reserves growth

OECD

United States 21.4 76.0 63.0 180.4

Canada 176.5 12.5 32.6 223.9

Mexico 12.9 25.6 46.8 84.3

OECD Europe 15.1 20.0 35.9 71.0

Japan 0.1 0.1 0.3 0.5

Australia/New Zealand 1.5 2.7 5.9 10.1

Non-OECD

Russia 60.0 106.2 115.3 291.5

Other non-OECD 19.1 32.3 55.6 107.0
Europe/Eurasia

China 18.3 19.6 14.6 52.5

India 5.8 3.5 6.5 16.4

Other non-OECD Asia 10.3 14.6 23.9 48.8

Middle East 743.4 252.5 269.2 1,265.1

Africa 102.6 73.5 124.7 300.8

Central and South 103.4 90.8 125.3 319.5
America

Total world 1,292.5 730.2 936.9 2,961.6

OPEC 901.7 395.6 400.5 1,697.8

Non-OPEC 390.9 334.6 538.4 1,263.9

Notes: a. The US Geological Survey’s assessment extends only to 2025.
Reserves include crude oil (including lease condensates) and natural gas plant liquids.

Sources: Proved reserves as of 1 January 2006; Oil and Gas Journal, 103(47) (19 December 2005):
24–25. Reserve growth (total) and undiscovered: US Geological Survey, World Petroleum Assessment
2000, website http://pubs.usgs.gov/dds/dds-OBD. Estimates of regional reserve growth: Energy
Information Administration, Office of Integrated Analysis and Forecasting.
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a production capacity of 71 per cent of the world’s total proved oil reserves.
According to the Canadian Association for Petroleum Producers, Canada is
considered as a main reserve with 174.1 billion barrels. According to the Oil
and Gas Journal, World Energy, OPEC and British Petroleum Statistical
Review of World Energy, about 40 per cent of the oil reserves’ producers are
OPEC countries, which account for at least 65 per cent of the world’s total
reserves. In January 2006, the Chinese oil supply accounted for 18.3 billion
barrels. The International Energy Oil Administration estimates that the
2030 global oil supply will exceed the 2003 level by 38 million barrels per
day. Increases in production are expected for both OPEC and non-OPEC
producers with about 38 per cent from OPEC.

In 2006, OPEC expects to produce 45.3 million barrels a day, and non-
OPEC producers expect to produce 72.6 million barrels a day by 2030. Non-
OPEC oil supply growth from 1993 to 2006 resulted in an OPEC market
share substantially under its high of 52 per cent in 1973. And OPEC created
39 per cent of the world’s oil supplies in 2003. About 62 per cent of the rise
in petroleum demand over the next 25 years will be sustained by increased
production from non-OPEC suppliers. Non-OPEC production in 2030 is
projected to be almost 24 million barrels per day higher than it was in 2003.
Earlier estimates of 2010 OPEC production capacity diminished in the 2005
projections. OPEC countries have not made significant changes in opera-
tional transparency infrastructures, and global oil prices will remain high
for a while. Prices have remained high primarily as a result of the increased
geopolitical tensions in the Middle East. OPEC adopted conservative policies
to maintain high oil pricing, to gain control and to benefit from an added
premium embedded in the barrel price. This added premium was particu-
larly high from January to June 2006 as the barrel decreased by $10 from
June to October 2006. The lack of policy reforms at OPEC also means that sub-
stantial re-engineering changes are needed to remedy global economic
imbalances or inadequate dispatching of oil supplies to rising new major
oil dependants. The lack of restructuring among OPEC leaders and within
the OPEC organization also contributes to the illegitimate rise of world oil
prices. And while OPEC could raise daily production to higher levels, the
organization has purposely maintained low production levels from 2003
and predicted until 2030 to support global oil prices at sustainably high lev-
els, around the $60 limit. The inflationary pressure put on oil prices also
directly affects global economic imbalances with a rising American deficit
that becomes increasingly expensive to finance and an abnormally high
euro blocking exports and economic growth within the eurozone. OPEC
suppliers aim to increase production capacity by only 4 million barrels per
day between 2003 and 2030, while they have the ability to raise daily produc-
tion significantly or alter the supply levels to change the state of the global
economic landscape. Figures 2.4 and 2.5 provide more information about
projected production estimates for OPEC and other production centers.
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In 2003 oil pricing projections were in line with reality, while they signif-
icantly increased – by almost 50 per cent – from 2003 to 2006. The 2006 pricing
structure had already reached levels that are similar to those projected for
2015–20. In June 2006 and late July 2007, oil prices flirted with the $78–$80
range which represented a level even higher than the 2030 forecasts. Global
oil prices decreased by approximately $10 a barrel and came back to around
$60 a barrel at the end of June 2006, despite rising oil consumption during sum-
mer 2006 and geopolitical tensions in Libya and Israel. This fits the projections
of oil prices of 2015. Increased price volatility exacerbates the gaps in pricing
structures between entities and geopolitical zones. It reduces the economic
accuracy and creates further operational risks in the future pricing of energy.

There is a mismatch between what government agencies have reported to
the general public and what the public has actually experienced. For exam-
ple, INSEE (Institut National de la Statistique et des Études Économiques,
www.insee.fr) reports that the differential gap in sentiments about inflation
experienced by consumers versus that reported by government entities has
significantly diverged since 2000 by at least 3 per cent. Eurostat and INSEE
assert that inflation reported by government statistics in 2000 is between 1.5
to 2 per cent while consumers witness inflation on their wallets rising from
2 per cent in 1999, to 3 per cent in 2001, to 4 per cent in 2002, and to 5 per cent
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Figure 2.4 OPEC and non-OPEC total petroleum liquids production,
1990, 2003 and 2010–30 (million barrels a day)

Sources: 2003 Energy Information Administration EIA, International Energy
Annual 2003, Annual Energy Review 2004 DOE, EIA 2000 Washington

DC, August 2005, www.eia.doe.gov/emeu/; projection EIA, Annual
Energy Outlook 2006 DOE EIA, 2006.
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in 2003 and 2004. Figure 2.6 reflects the disparities in oil pricing under differ-
ent assumptions.

The historically high oil prices since 2001 and in the first quarter of 2006
are correlated to a global, inexplicable and unjustifiable gradual inflation-
ary pressure on daily goods. For instance, Le Figaro magazine of 6 January
2007 includes an economic report about the operational difference between
inflationary statistics reported by government and the actual perception of
inflation by consumers. Le Figaro asserts that according to INSEE prices of
daily goods rose significantly from 2001 to December 2006. For example, real
estate rose by 90.22 per cent in Paris, rents 30 per cent, a loaf of bread 39.5
per cent, a cup of coffee by 44.73 per cent, cereal 95.9 per cent, tobacco 46.26
per cent, chicken 24 per cent, champagne 31.19 per cent, a pair of jeans 5 per
cent, a movie 20.48 per cent, Paris subway passes (2 zones) 18.35 per cent, cars
15.8 per cent, while prices in a few sectors, such as electronics and enter-
tainment, fell by 8 times. As shown below, the price of oil from June 2006
until December 2006 levels off around the reference levels of $60 a barrel.
And the price of oil fell by 13 per cent in the first two weeks of January 2007
alone. While oil prices have exhibited significant (sometimes extreme) pricing
volatility since 2001, the changes in oil pricing are minimally reflected at
macro levels and have a relatively small impact on other economic variables.
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Figure 2.5 OPEC, non-OPEC and unconventional oil production, 1990,
2003 and 2010–30 (million barrels a day)

Sources: Energy Information Administration, 2003; International Energy
Annual, 2003; May–June 2005: www.eia.doe.gov/iea; 2030: EIA system

for the Analysis of Global Energy Markets, 2006.
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Financial speculation exacerbated by large financial institutions and
hedge funds creates more volatility in commodities prices in order to profit
more significantly from derivatives trading. The following explains the worst,
reference and best pricing scenarios as of 2006 given worst, unchanged and
ameliorated external factors and assumptions, respectively.

Non-OPEC supply became increasingly diverse from the beginning of
the 1970s. Similarly, non-OPEC oil production participated in the erosion 
of power of the main OPEC organization. OPEC participation in global 
production fell from 52 per cent in 1973 to 39 per cent in 2003 due to the
increasingly wide distribution of production and dispersion to subsidiary
centers in non-OPEC countries. Non-OPEC producers created cumulative
strategic reserves and contingency resources to meet global demands over
time. The North American market was one of the main producers from 1970
to the mid-1980s. The North Sea and Mexico gained more controls in the
1980s. Since 1990, newly emerging economies such as South America, West
Africa, the non-OPEC Middle East, and China are accessing new market
shares. Non-OPEC countries also partially control global oil prices until at
least 2030 as they have sufficient estimated proven reserves to meet global
demand until then assuming no major changes from 2006 infrastructures.
Non-OPEC members expect to achieve such goals by producing 48.9 mil-
lion barrels per day in 2003, rising to 72.6 million barrels per day in 2030.
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Figure 2.6 World oil prices in three cases, 1980–2006 ($ per barrel)
Sources: EIA, Annual Energy Review 2004; Annual Energy Outlook 2006.
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With these estimates, the non-OPEC market is estimated to sustain 62 per cent
of the world’s oil supply. Estimates in 2003 were at 61 per cent. Production
is also targeted to rise, with added unconventional alternative liquids such
as oil sands and ultra-heavy oils with an estimated unconventional pro-
duction rising to 5.7 million barrels per day in 2025, unconventional sup-
plies reaching 9.7 million barrels daily in 2025 and 11.5 million barrels daily
by 2030. Unconventional liquids production is expected to rise to 16.3 million
barrels per day in 2025 and 21.1 million barrels per day in 2030. According
to the International Energy Organization 2006 report, North Sea production
and Norway raised production to 3.6 million barrels per day in 2006, but these
are estimated to decline to 2.5 million daily barrels by 2030. The United
Kingdom is also expected to produce about 2.2 million daily barrels by 2010
and then is forecast to decline to 1.4 daily million barrels by 2030.

The Daqing oilfield

The Daqing oilfield is located on a large plateau between the Songhua
River and Nunjiang River in Heilongjiang Province. Daqing is the largest
and considered to be the oldest oil production reserve in China. It is also
considered to be one of the biggest oilfields in the world. It was discovered
over fifty years ago and is still operating on a daily basis. Daqing was put
into operation in May 1960, and produces 66 per cent of Chinese oil. Crude
oil output reached 50.3 million tons in 1976, making it one of the ten largest
oil fields in production at that time. Statistics show that Daqing’s proven
recoverable reserves exceed 5.3 billion tons, and it has produced 1.405 bil-
lion tons of crude oil, accounting for 47.2 per cent of the national total.
Daqing oil is the main pricing reference for Chinese oil in global oil tables.
It has been used as the reference base since the 1970s.

The Shengli oilfield

The Shengli oilfield is located in the Yellow River Delta in the north of
Shandong Province and on the shore of the Bohai Sea. The Shengli oilfield
started production in 1962 and is used as a main strategic domestic oil base
to serve most of the eastern coast of China, including Shanghai and sur-
rounding urban centers. Shengli’s oil output in 1993 accounted for 20 per
cent of China’s total production. Shengli is the second largest oilfield in the
country.

The Liaohe oilfield

The Liaohe oilfield is the third largest oilfield in China and is situated on
the lower reaches of the Liaohe River. Liaohe started to produce oil in the
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1960s. The proven recoverable reserves are over 90 million tons and its 
controlled reserves exceed 100 million tons.

The Dagang oilfield

The Dagang oilfield is located in the Bohai New Area about 50 km to the
southeast of Tianjin city. Dagang is the only land-based, large-scale oil–gas
field in the coastal regions. Dagang was discovered in 1966 and was found
to occupy a total land area of 18,600 square km. It also has proven oil reserves
of 725 million tons and natural gas reserves of 28.719 billion cubic meters.

The Huabei North China oilfield

The Huabei oilfield was the first buried oilfield to be discovered in China.
It was found in 1975. Huabei is located in a plateau in the central section of
Hebei Province.

The Jidong East Hebei oilfield

The Jidong oilfield is located in the east part of Hebei Province, adjacent to
Tangshan city. It is an offshore oilfield which was first exploited in 1978.

The Zhongyuan oilfield

The Zhongyuan oilfield is located in the north around Shandong and south
within Henan Province. Zhongyuan oilfield was discovered in 1975. The
Zhongyuan oilfield has an annual output of about 4 million tons.

The Sichuan oil–gas field

Sichuan oilfield is located in the central section of Sichuan Province and it
is the largest natural gas production base in China. Sichuan was first
exploited in 1953. Its annual output of natural gas ranks first among the 21
similar fields in China.

The Datianchi gas field

The Datianchi gas field is located in the east of Sichuan Province and rep-
resents the third largest field in China. Datianchi gas field has three gas lay-
ers with a total length of 200 km and width of 20 km. Datianchi has proven

9780230_554207_03_cha02.qxp  9/18/2007  10:12  Page 30



OIL  AVA I LAB I L I TY:  SUPPLY  AND PRODUCT ION 31

reserves greater than 50 billion cubic meters. Datianchi’s expected annual
output was about 3 billion cubic meters in 2000.

The Changqing gas field

Changqing gas field is located in northwestern China’s Erdous Basin.
Changqing is the largest land-based gas field, and is considered among the
largest gas fields in the world. Changqing started operations in 1995. In
1997, Changqing produced 3.3 million tons of crude oil. Changqing has
proven natural gas reserves of 300 billion cubic meters.

The Tarim oilfield

Tarim oilfield was discovered by the China National Petroleum Corporation
(CNPC) in April 1989. However CNPC did not start production until 1990.
The proven reserves of oil–gas came to over 400 million tons, including 206.2
billion cubic meters of natural gas in 1996.

The Turpan-Hami oilfield

Turpan is located in the Turpan-Hami Basin. Turpan’s field covers 53,000
square km. Turpan is divided into 14 oil–gas fields with the proven reserves
being 220 million tons.

The Cainan oilfield

Cainan oilfield is in the Kurban-Tonggute Desert in the Junggar Basin. It
was the first integrated oilfield to be found in a desert in China. It was dis-
covered in 1991 and put into operation in 1995. The annual output has
reached 1.483 million tons.

The offshore oil–gas fields in the Bohai Sea

The Suizhong 36-1 oilfield is located in Liaodong Bay, about 50 km to the
west of Suizhong County in Liaoning Province. Bohai is a large offshore oil-
field with a proven reserve of about 300 million tons. The field started its
operations in 1995. Chengbei oilfield is in the southwest part of the Bohai
Sea and was exploited in 1986. It is the first Chinese–Japanese joint venture.
The Qinhuangdao 32-6 oilfield is located in the central part of the Bohai
Sea. Qinhuangdao was also found in 1995 and has an estimated proven
reserve of 200 million tons.
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The offshore oil–gas fields in the East China Sea

Pinghu oil–gas field is located on the continential side of the East China
Sea, and is approximately 420 km from Shanghai. It is the first combined
oil–gas field with natural gas as its main product. The East China resort
was exploited from November 1996 to the end of 1998. The Eastern China
field has also been providing qualitative natural gas of 1.2 million cubic
meters to serve the urban population along the eastern sea coast and in the
Pudong New Area of Shanghai.

The offshore oil–gas fields in the South China Sea

The Liuhua 11-1 field is located in the 29/04 ‘cooperation area’, about
220 km from Hong Kong. It primarily serves the southeastern part of China
and also urban centers along the eastern sea coast. China Offshore
Petroleum Nanhai East Company and Amoco Oil Company of the United
States jointly operate and extract from South China Sea production centers.
China’s offshore cooperation area totals 317 square km, with the controlled
reserves being 233 million tons. South China Sea is the largest known off-
shore oilfield in China. It started operating in March 1996, with an output
of 1.68 million tons annually during peak period (see tables 2.5 and 2.6).

The Fanyu 4-2 oilfield was discovered in a basin in the east part of the
South China Sea in May 1998. Fanyu was also developed by the American
Santa Fe Energy Resources Co. Ltd. Fanyu’s oil production capacity can
reach 1102 tons per day. Fanyu’s estimated recoverable reserves are around
20 million tons.

Table 2.5 Oil and gas in the South China Sea – comparison with other
regions

Proven oil Proven gas Oil Gas 
reserves reserves production production
(billion (trillion (million b/d) (trillion cubic
barrels) cubic feet) feet/year)

Caspian Sea 17.2–32.8 232 1.6 4.5

North Sea 16.8 178.7 6.4 9.4

Persian Gulf 674.0 1,923.0 19.3 8.0

South China (est.) 7.0 (est.) 150.3 2.2 3.2
Sea

Notes: Proved reserves as of 1 January 2003. Oil production as of 2002. Oil supply includes crude oil,
natural gas plant liquids, and other liquids. Natural gas production as of 2001.

Source: Energy Information Administration (various years).
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Table 2.6 Oil and gas in the South China Sea

Proven oil Proven gas Oil Gas
reserves reserves production production
(billion (trillion (b/d) (billion cubic
barrels) cubic feet) feet)

Brunei 1.4 13.8 189 366

Cambodia 0 0 0 0

China* (est.) 1 (est.) 5.0 (est.) � 350,000 (est.) �200

Indonesia* (est.) 0.1 (est.) 32.0 (est.) � 323,000 (est.) �50

Malaysia 3.0 75.0 751,973 1.895

Philippines 0.2 3.8 24,512 �1

Singapore 0 0 0 0

Taiwan �0.01 2.7 3.3 26

Thailand 0.6 13.3 193,162 661

Vietnam 0.6 6.8 339,595 46

Total (est.) 7.0 (est.) 150.3 2,174,542 3.244

Notes: *Only the regions around the South China Sea are included; there are no proved reserves for
the Spratly and Paracel Islands. Proved oil and natural gas reserves are as of 1 January 2003. Oil
production is a 2002 average. Oil supply includes crude oil, natural gas plant liquids, and other
liquids. Natural gas production is the 2001 average. All figures cited for China and Indonesia are
estimates of offshore reserves and production in the South China Sea only.

Source: Energy Information Administration (various years).

Yinggehai Yacheng 13-1 natural gas field surrounds the Yinggehai Basin
and Qiongnan Basin, about 96 km to the south of Sanya city, Hainan
Province. Yinggehai covers 53.58 square km and is the largest offshore nat-
ural gas field found in China. Yinggehai also has proven reserves of 96.8
billion cubic meters and a production capacity of 3.45 billion cubic meters
per year. Yinggehai is estimated to be able to maintain stable production for
twenty years. It is also jointly developed by Chinese and American corpo-
rations. Yinggehai Yacheng started operation in January 1996 and repre-
sents the main supplier of the Hong Kong Special Administrative Region
with 2.9 billion cubic meters of natural gas per year. Yinggehai also sup-
plies Hainan Province with 550 million cubic meters of natural gas per year.
It is expected to have a minimum exploitation duration of 20 years.

The Dongfang 1-1 gas field is also located in the Yinggehai Basin, having
a natural gas area of 229.6 square km. Dongfang was discovered in 1995
and is the second largest offshore gas field in China, with proven reserves
of 80.1 billion cubic meters as of 2006.
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According to the International Energy Administration World Energy out-
look (2007), natural gas is China’s primary energy resource. China’s domestic
reserves of natural gas amounted to 53.3 trillion cubic feet (Tcf) as of the
beginning of 2005. Because China has been a net importer of oil since 1993 and
it is estimated that oil exploration will reduce towards the 2030 limit, China
has intensified the diversification into alternative products as well as the
usage of cleaner products which are non-corrosive to the environment.
Consumers can now use less polluting hydrogen vehicles.

Since China opened its borders in December 2001, there has been a lag 
in domestic infrastructures, policies and regulations. The Chinese energy
system does not have an operational research program to optimize trans-
portation costs between areas. Until the beginning of the twenty-first century,
there was no real regulation of Chinese energy, and as far as is known
China has never had a centralized energy ministry. Although according to
the People’s Daily online, of 3 December 2004, Chinese government depart-
ments have been restructured to replace the current Energy Bureau under
the ministry-level National Development Reform Commission (NDRC). The
Chinese Energy Bureau counts only a dozen members of staff and is not ade-
quately resourced to manage the gargantuan energy industry with its total
assets of more than 10 trillion yuan (US$1.2 trillion). The restructuring may
continue until at least 2008. China created a Ministry of Energy in 1988 but
it was dismantled five years later, in 1993. It had become overly bureaucratic
and administrative and duplicated work from other departments, such as
the State Development Planning Commission. Additionally, the energy sector
faced increasing energy shortages, and insufficient infrastructures to contend
with the growing manufacturing sector and increasing living standards.

C H A P T E R  3

Natural Gas Availability
and Utilization
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The government implemented the Energy Bureau under the NDRC during
reform of the administration in March 2003. Since then, more than two-thirds
of China has suffered power blackouts. Coal mines are old fashioned and
dangerous and are not well equipped to remedy to less polluting infra-
structures. Finally, oil imports as well as other commodities such as steel,
aluminum, and copper have, since 1993, sky rocketed. Oil and coal imports
and exports, and oil market regulations are supervised by the Ministry of
Commerce, while the Ministry of Land and Resources oversees resource
exploration. As of 2004, according to the article, the Chinese Energy Bureau
only counted some 20 personnel compared with more than 1000 employees
in the Ministry of Energy in the United States. Natural gas prices are, there-
fore monitored and set arbitrarily by local authorities and local regulation.
Most recently, however, the Chinese government has been drafting a new
energy policy framework to legalize its internal regulations, policies, and
taxation, and to manage the efficient distribution of energy to the general
public. Such natural gas policies as existed have mostly been archaic and
lacking in innovation. They were never efficiently ramified to neighboring
countries, such as Russia, before the beginning of the twenty-first century.
Since 2003, China and Russia have accelerated their cooperation programs to
exploit Russian resources and support growing Chinese demand.

Until the 1990s, natural gas was primarily used for agricultural purposes,
as a feedstock for fertilizer plants. However, it also started to be used as an
alternative source of energy for electricity generation in urban areas. The
International Energy Administration estimates that natural gas accounts
for about 3 per cent of all Chinese energy consumption. (Consumption is
expected almost to double by 2010 as the new middle class is formed.)
Natural gas is recognized in China as a clean, abundant and comparatively
cheap energy source. Carbon dioxide and Nox emissions from natural gas
are only 50 per cent and 20 per cent respectively of emissions from coal pol-
lution, and environmental pollution produced from natural gas burning is
only 25 per cent of that from petroleum or 1/800 compared to coal. While
Chinese energy consumption is rising, natural gas remains at 3 per cent of
total consumption. In developed countries, natural gas represents, on aver-
age, 22 per cent of energy consumption.

In EIA (2007), it is stated that the rising domestic demand will be met by
a combination of domestic production and imports via pipeline and in the
form of liquefied natural gas (LNG). The largest reserves of natural gas in
China surround western and northern central China. These reserves require
greater investment in transportation and distribution and in the establish-
ment of a pipeline infrastructure to feed eastern cities. The Chinese liquefied
natural gas market is structured by regional zones. OilGas (www.oilgas.
com.cn) issue a report that gives the main Chinese domestic prices by region
(see chapter Appendix 3.1 below). EIA (2007) also reports that it is intended
that imported liquefied natural gas (LNG) will primarily serve China’s
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southeastern coastal region. A new intra-country market for LNG has
developed and private investors now trade LNG indices. The main Chinese
commodities indices are displayed by regions in Appendix 2.

Chinese indices have an upward trend over time and are correlated to
those of their international counterparts. While both private and government
entities in China are improving liquidity and market trading infrastructures,
new projects are also under way. This is because the limited solutions at pres-
ent available depend heavily on international pricing conditions. Examples of
new infrastructures and projects to improve the Chinese gas market include
the following. In January 2005, the China National Petroleum Corporation
(CNPC) participated in the construction of the west-to-east pipeline, which
transports natural gas to various urban centers along the southeastern coast of
China but also to Shanghai in the western Xinjiang Province. The west-to-east
pipeline also transports natural gas along its route from the Ordos Basin. This
part of the pipeline was created around July 2002 and the eastern section of
the Ordos Basin started operations in 2004. Most Chinese commodities firms
have a stake in the project and own a minority interest share. Some foreign
entities are also connected to the project. For instance, Shell participated in
the development of Changbei natural gas deposit, which investment also par-
tially contributes to the pipeline’s infrastructure and architecture, with a seed
investment of $600 million with cashflow intake until 2007.

Beside the major west-to-east pipeline project, in 2001 the Chinese dis-
covered a gas field at Sulige in the Ordos Basin in the Inner Mongolia
Autonomous Region near the Changqing oilfield. Estimated reserves of
these resources are about 16–21 Tcf. Additionally, CNPC also invested in
the building of substantial new infrastructural reserves, with the drilling of
the Sulige fields in 2005. CNPC shares resources with other Chinese energy
suppliers to participate in the proportional share allocations of those natu-
ral reserves. The Ordos Basin is intended to feed the west-to-east pipeline
in order to distribute natural resources to populated areas and economic
development regions.

In 1997, another ramified pipeline was completed surrounding the regions
of Ordos Basin and Beijing. A further pipeline was constructed and rami-
fied to this grid to feed the demand for natural gas in Beijing, Tianjin, and
Hebei provinces. Beijing’s main pipeline is also expected eventually to feed
into the northeastern region. The west-to-east pipeline project is also planned
to be ramified and branched with the Russian natural gas grid in Siberia
extending to China and South Korea through a pipeline from the Kovykta
gas fields near Irkutsk which hold reserves of more than 50 Tcf. The invest-
ment to connect the Chinese, South Korean and Russian lines is around $12
billion. The investment’s forecast capacity is around 2.9 billion cubic feet
per day (Bcf/d) with an estimated Chinese consumption of about 1.9 Bcf/d
and South Korean demand of 1 Bcf/d. Kogas is the main South Korean
company which joined the feasibility study in November 2000. Brother
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firms Kogas and CNPC agreed to participate in the project in November
2003. Western commodities companies also participated in the project, with
a minority interest stake of 30 per cent in Russia Petroleum which is the
licensing agent for the Kovykta gas field. However, geopolitical tensions
surrounding the Korean peninsula mean that the pipeline transportation
route to South Korea will bypass North Korea via an undersea pipeline
from Dalian in China to the South Korean coast near Seoul. This new
mapped circuit would also bypass Mongolia. Due to the portion of the
pipeline through Russia, Gazprom also owns a minority interest stake in
the 2004 investment agreement. Additionally, China and South Korea also
have a stake in the pricing and terms for Russian natural gas imports.

The Chinese authorities have also influenced energy and commodities
firms to accelerate the construction of other smaller natural gas deposits in
order to respond to rising consumer demand. Thus, for example, a pipeline
was completed in 2002 connecting the Sebei natural gas field in the Qaidam
Basin with the city of Lanzhou. In addition, CNPC also completed a
pipeline from natural gas resources in Sichuan region to feed the demand
of southwestern urban areas in Hubei and Hunan regions and in central
China. This project also cost around $600 million.

Offshore gas projects are also significantly expanding in order to build
strategic cumulative reserves to add to the Chinese gas supply. For instance,
the Yacheng 13-1 field was initiated and developed around 1995, and in
1996 was already producing energy for the main urban center of Hong
Kong as well as Hainan Island. Chunxiao gas field, which is located in the
East China Sea, is targeted to be one of the main energy contributors for
southeastern urban areas from 2000 to at least 2010. Chunxiao gas field is
near Xihu and is part of the Eastern China Sea. This area is very rich in nat-
ural resources and has already been the subject of geopolitical tensions
between China and Japan as there are no well defined sea areas to enable
allocation of economic goods disputed between China and Japan. As we
shall see below, natural resources beneath seas and oceans are no longer the
subject of governmental authorities but are shared privately-owned invest-
ment projects sponsored by various international corporations redistributing
resources and cashflow to their respective ‘national’ entities.

The northern region of China is used as a contingency resource in case of
Russian embargoes of energy feeds from natural resource centers.
Guangdong Province implemented six regional energy generating resource
centers with 320-megawatt (MW) gas-fired power plants that transform
energy derivatives. From this, the center converts oil-fired plants with a
capacity of 1.8 gigawatts (GW) to liquified natural gas. In March 2001,
British Petroleum financed the construction of the first Chinese liquified
natural gas plant to import resources and feed the urban area of Guangdong.
In this project, British Petroleum owns an investing minority interest share
of 30 per cent equity in the returning cashflow in partnership with China
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National Offshore Oil Corporation (CNOOC), which owns 31 per cent. The
remaining interest shares are distributed among smaller shareholder entities
located in Guangdong and Hong Kong. As well as these various natural
gas projects to sustain future rising demand, another supply agreement has
been reached with the Australian North West Shelf liquified natural gas
center. A liquefied natural gas line has been started in Zhangzhou in the
Fujian region along the northern coast and is scheduled to finish later in
2007. British Petroleum also entered another contract to provide liquefied
natural gas from Tangguh in Indonesia to China. Other residual, smaller
projects also involve CNPC in Dalian, Hebei, and Jiangsu, and CNOOC in
Zhejiang and Shanghai. There is also a Sinopec project in Shangdong. In
addition to these projects, China owns a 3 million square kilometer offshore
area with significant natural gas reserves. Sampled drilling shows that
China owns seven gas basins of 14,000 billion cubic meters and 5000 billion
cubic meters of economic value in offshore areas. Nansha Basin appears to
be the richest with 8000 to 10,000 billion cubic meters of gas.

Liquefied petroleum is another alternative solution to insufficient global
resources and to secure Chinese energy supplies. Liquefied petroleum gas is
also utilized as a substitute or a complementary solution to alleviate energy
prices. According to ChinaBidding (31 July 2006) and the Hong Kong
Electrical and Mechanical Services Department, the price of liquefied petro-
leum gas (LPG) rose by about 14 cents per liter in August 2006. The prices at
LPG stations were also revised, ranging from 2.89 to 3.26 Hong Kong dollars
for a liter. Ceiling prices were adjusted to a specified pricing formula that
has two elements – the LPG international price and the LPG operating price.
The former is the LPG international price of the preceding month, while the
latter is adjusted annually on the first day of February according to the
movement in the Composite Consumer Price Index in the previous year.

The China National Offshore Oil Corporation (CNOOC) also aims to
participate in more significant resource extraction projects in the future.
Private Chinese energy corporations are now in line with global (as well as
domestic) competition in terms of meeting domestic demand and interven-
ing to affect global energy pricing and to create inflationary pressures on
global middle classes. Natural gas demand is expected to reach 6.8 billion
cubic meters (bcm) by 2010, accounting for 60 per cent of the entire domestic
capacity. The Dalian LNG first-phase project was originally planned to
open by 2011 to secure an annual supply of about 3 million tons of liquefied
gas, or 3.9 bcm of un-liquefied gas. The capacity is expected to double in the
second phase of development. China’s main domestic oil corporations,
Sinopec and China National Offshore Oil Corp (CNOOC), are also increas-
ing their fuel supplies with planned LNG terminals along the east coast.

So while the country expands technology, capabilities and resource
reserves, private Chinese firms are developing the following additional
energy centers (according to the government of China).
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Liaoning Province

JZ20-2 condensate gas field is the first gas field in offshore China to have a
steady supply capacity of 400 million cubic meters of high-quality gas to
Liaoning Province annually for 20 consecutive years through a 48-km sub-sea
pipeline. Liaoning has utilized offshore gas to establish a plant, Jingzhou
Gas Chemical Plant, producing 520,000 tons of urea and 300,000 tons of
synthetic ammonia each year, partially for civil use. 

Tianjin

Boxi gas field was set up and brought into production on 1 January 1998.
About 100 million cubic meters of gas are transported to Tanggu, Tianjin
through a 46-km sub-sea pipeline. Two hundred thousand local residents
benefit from this natural gas pipeline. Local municipalities also built a gas-
generated power plant with offshore natural gas. Tianjin Coastal Gas Power
Plant officially started operating on 1 July 1999.

Shanghai

Pinghu gas field is situated about 265 kilometers offshore from Shanghai
and started producing as of 11 November 1998. Pudong International Airport,
Buick car manufacturing centers and the urban population of Shanghai get
their energy resources directly from the East China Sea. Pinghu gas field has
a generating capacity of 1.2 million cubic meters of gas per day for 15 years,
and is able to maintain continuous supplies to one million consumers. The
Pinghu gas field production center contributes to the reduction in con-
sumption of 13.6 million tons of standard coal and emissions reductions of
43,400 tons of sulfur dioxide and 91,200 tons of carbon monoxide.

Hainan Province and Hong Kong

Yacheng 13-1 gas field is situated in the South China Sea a few kilometers
offshore from Hainan Island. Hainan is the largest gas field ever discovered
in China, with a natural gas capacity reserve of 100 billion cubic meters.
CNOOC, ARCO and KUFPEK are the private energy companies contribut-
ing to an annual gas production of 3.4 billion cubic meters. They ramified
to two sub-sea pipelines from the field to connect to onshore supplying cen-
ters near urban areas. The 800 kilometers of pipeline supply 2.9 billion
cubic meters of gas to CAPCO in Hong Kong, while the 100-kilometer
pipeline transports natural gas to Hainan Island for power generation.
Yacheng 13-1 gas field also contributes to Sanya urban region.
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Guangxi Zhuang Autonomous Region

Guangxi is situated in Beibu Bay. Wei Xinan gas field started producing as
of 6 June 1999. Natural gas from this pipeline provides supplies to Weizhou
Island, Beihai. After being cleaned and generated the natural gas is used for
power generation and chemical projects, and is used for alternative energy
gas projects.

Chinese government future projects

CNOOC, one of the major Chinese corporations, is building a domestic
national transmission grid for natural gas to supply internal domestic
urban centers in coastal regions and to distribute energy resources equally
across the region. The energy grid aims to cover three economic zones
along Bohai Bay, in the Yangtze River Delta and the Pearl River Delta.
According to ChinaBidding, the Chinese authorities have developed an
increasing reserve of gas, primarily exploiting the output in the East China
Sea and the Puguang field in Sichuan Province and with the help of the
west-to-east gas pipeline. The supply capacity will be between 5.5 billion
and 6 billion cubic meters by 2010. In 2005, the natural gas supply was less
than 2 billion cubic meters and was short of market demand. Nonetheless,
2005’s 2 billion cubic meters was about seven times the level of 2002, mean-
ing it could become the fastest growing energy sector in the city. Shanghai
is also speeding up the construction of state and commercial energy
reserves, especially for natural gas. Shanghai is scheduled to supply all
households with natural gas instead of coal gas by 2010. There are many
benefits to exploiting natural gas, which is widely also used to fuel power
generation. Up to now, China has used natural gas primarily because it is a
widespread natural resource, which is less expensive to exploit and extract
than other energy sources, less polluting than coal, and cheaper than alter-
native energy resources. Additionally, it is easily transportable via under-
ground pipelines and consequently less vulnerable to foreign geopolitical
risks. ChinaBidding also reports that central government plans to boost the
use of clean-burning fuels and reduce reliance on coal and oil. The Chinese
Ministry of Land and Resources reported that a natural gas field discovered
in the South China Sea in June 2006 is estimated to be China’s largest off-
shore gas deposit.
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APPENDIX 3.1: EXAMPLE OF DAILY MARKET RISK REPORT BY REGION
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Source: www.oilgas.com, 10 October 2006.
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According to the International Energy Administration, world oil consump-
tion rose by about 1.2 million barrels per day in 2005, after an increase of 
2.6 million barrels per day in 2004. The non-OECD countries accounted for
1.1 million barrels per day of the 2005 increase, and the OECD as a whole
accounted for 0.1 million barrels per day. Conversely, in China in 2004 oil use
rose by 0.9 million barrels per day and demand rose by only 0.4 million bar-
rels per day 2005. The United States experienced a 0.4 per cent decline in oil
demand in 2005. On a longer timescale though, despite the lower demand
levels of a few random years such as 2005, United States’ consumption con-
tinues to rise as a result of larger numbers of SUVs, disruptive weather con-
ditions and geopolitical concerns. Nonetheless, 2005 saw the first decline in
US demand since 2001.

According to the 2006 International Energy Administration report,
growth in world oil demand will average 1.4 per cent per year from 2003 to
2030. The International Energy Administration also estimates that world oil
prices in 2025 will be around 35 per cent higher than those projected in 2005.
It is estimated that oil demand will rise more slowly to 111 million barrels per
day in 2025, as compared to 2005 predictions of 119 million barrels daily.
The 2006 International Energy Association report predicts that the total
consumption of liquid petroleum will have increased by 115 to 120 million
barrels daily by 2030. Consumption levels are expected to rise by at least a
third of demand as of 2005 (Table 4.1 and Table 4.2).

Since the beginning of the twenty-first century, the increase in oil demand
has encountered significant operational variation, especially between 2001

C H A P T E R  4

Chinese Energy: Rising
Demand, Consumption

and Forecasts
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and 2004. These variations have been reflected in global macroeconomic
statistics but not at national levels. In 2004, Chinese demand represented
one-third of total global demand (see Table 4.3 and figures 4.1 and 4.2).

However, demand per capita in China remains significantly smaller and
trivial in comparison to that of the United States, Russia or Japan. There
are no substantial discrepancies when comparing the energy demand/
consumption relative to the gross domestic product variable (Table 4.4 and
figures 4.3 and 4.4).

Table 4.1 World energy demand, 2004 and 2030 (million b/d oe and 
per cent)

2004 (%) 2030 (%) Increase

North America 55 25 69 20.6 25

Latin America 13 5.9 24 7.2 85

Europe 39 17.7 46 13.7 18

Russia and Caspian Region 20 9.1 28 8.4 40

China 26 11.8 52 15.5 100

Japan 11 5 12 3.6 9

Africa 12 5.5 19 5.7 58

Middle East 11 5 18 5.4 64

India 11 5 29 8.7 164

Rest of Asia Pacific 22 10 38 11.3 73

Total 220 100 335 100 52

Note: Figures are rounded.

Source: Bustelo (2005) and Exxon Mobil.

Table 4.2 Distribution of primary energy consumption by source, 1991
and 2004 (%)

China China Japan Korea US World
1991 2004 2004 2004 2004 2004

Oil 17.7 22.3 46.9 48.3 40.2 36.8

Natural gas 2.1 2.5 12.6 13.1 25 23.7

Coal 78.7 69 23.5 24.4 24.2 27.2

Nuclear 0 0.8 12.6 13.6 8.1 6.1

Hydroelectric and others 1.5 5.4 4.4 0.6 2.6 6.2

Total 100 100 100 100 100 100

Sources: British Petroleum (2005); Asia Pacific Energy Research Centre (2004); Bustelo (2005).
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Table 4.3 Increase in world and Chinese oil demand,
1994–2004 (thousand b/d compared with prior year, 
and in %)

World China %

1994 1459 232 15.9

1995 1127 245 21.7

1996 1523 282 18.5

1997 1917 263 13.7

1998 446 112 25.1

1999 1616 370 22.9

2000 904 568 62.8

2001 501 46 9.1

2002 793 349 43.9

2003 1248 412 33.0

2004 2464 893 36.2

Sources: British Petroleum (2005); Bustelo (2005).
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Figure 4.1 Comparisons between China and world oil demand,
1994–2004 (thousand barrels per day)

Sources: British Petroleum (2005); Bustelo (2005).
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Table 4.5 and Figure 4.5 show exponential oil consumption predictions. This
demand has not been more statistically obvious since 2000. This significant
operational rise coincides with the appearance of China in global statistical
reports. It is interesting to note that statistics reported by private corporate
entities, such as Goldman Sachs (see Figure 4.5), are significantly higher – or
overestimated – than those of government agencies such as IEA or IEEJ.
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Figure 4.2 Capacity allocation of Chinese oil demand, 1994–2004
(thousand barrels per day, %)

Sources: British Petroleum (2005); Bustelo (2005).

Table 4.4 Energy polluting emission and energy economic data, by
country

GDP/energy Energy per CO2 CO2 CO2
(US$ in PPP) capita emissions/ emissions/ emissions/

(kg of oe) GDP per capita energy (tons
(kg per US$) (tons) per toe)

China 4.6 960 0.6 2.2 3.64

USA 4.4 7943 0.6 19.8 2.42

India 5.0 513 0.4 1.1 3.34

Japan 6.4 4058 0.4 9.3 2.3

Russia 1.9 4288 1.4 9.9 2.26

Indonesia 4.1 737 0.4 0.5 2.83

Brazil 6.8 1093 0.2 1.8 1.74

World 4.6 1699 0.5 2.1 2.53

Sources: World Bank (2005); British Petroleum (2005); International Energy Agency 2005; and
Bustelo (2005).
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Table 4.6 summarizes production and consumption balances for oil, nat-
ural gas, coal and electricity.

In Guizot (2006), the author considers the expansion of the Chinese
economy under a situation of enclosed self-dependency during the 1990s
and the capacity to mass produce manufactured goods at economically
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Figure 4.3 Energy per capita (kg of oe)
Sources: World Bank (2005), British Petroleum (2005), International

Energy Agency 2005, and Bustelo (2005).
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Table 4.5 Oil consumption predictions, 2004–30 (millions of barrels per day)

2004 2010 2015 2020 2025 2030

EIA, 2005 6.6 9.2 10.7 12.3 14.2

IEA, 2004 6.6 7.5 10.1 12.8

EIA, 2004 6.6 7.6 9.2 11.0 12.8

IEEJ, 2004 6.6 7.3 11.9

GS, 2004 6.6 10.6 14.2 17.6 20.6 22.9

DRC, 2004 6.6 7.6 9.0–12.2

DRC, 2003 6.6 6.4 7.2 8.8

ERI-LBNL, 2003 6.6 10.4

APERC, 2002 6.6 10.0

Others (1) 6.6 7.1–9.6 8.3–11.4 8.4–9.5–12.8 10.6–15.2

Sources: British Petroleum (2005) www.bp.com; International Energy Agency (2005) www.iea.org;
Asia Pacific Energy Research Center (2005) www.ieej.or.jp/aperc; Energy Information Administration
(2004 and 2005); ERI-LBNL (2005); Goldman Sachs Research (2004) www.gs.com; Institute of
Energy Economic Japan www.ieej.or.jp/en/.

competitive prices and taking advantage of productivity efficiencies. The peg-
ging of foreign exchange remained fixed for more than a decade and China
was closed and thus prohibited to highly speculative instruments. This
enabled China to finance significant capital projects at low cost and without
significant international standards interventions. Thus, China created the
biggest manufacturing hub in the world, supplying 50 per cent of goods to the
global consuming classes. According to The Economist (19 August 2006),
China’s industrial production in 2006 rose by 19.5 per cent in the year to June
and by 16.7 per cent in the year to July. The rise of industrial and manufactur-
ing production centers consequently engendered a significant increase in
energy consumption. Figures 4.6 and 4.7 model Chinese supply and demand
of energy functions using the last ten years of actual historical data.

Clearly, consumption has been outrunning production at exponential
rates since 1993. Despite the proliferation of international partnerships and
advanced technological means to increase supplies, these plateaued or lev-
eled off in relation to demand. The Economist online (19–25 August 2006)
revealed that the tangible values of investment in fixed assets, such as fac-
tories and real estate, were 30.5 per cent greater during the first seven months
of 2006 than in 2005. These economic developments have made China the
world’s second largest energy producer with a rising consumer middle class.
As a response to rising oil prices worldwide as a result of geopolitical risks
and intense international competition, the Chinese government has created a
strategic oil reserve through international partnerships, cooperative drilling
alliances and internal production. China reached a record high in domestic
oil production and consumption in the first half of 2006. 
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China’s apparently sudden recent economic rise has a long dormant his-
tory to which its exploding demand in energy goods is also correlated. The
root of the rise primarily comes from China’s deliberate, voluntary alien-
ation and isolation from global affairs: a strategy utilized by many political
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Figure 4.5 Oil consumption predictions, 2004–30 (million b/d)
Sources: British Petroleum (2005) www.bp.com; International Energy

Agency (2005) www.iea.org; Asia Pacific Energy Research Center (2005)
www.ieej.or.jp/aperc; Energy Information Administration (2004 and

2005); ERI-LBNL (2005); Goldman Sachs Research (2004) www.gs.com;
Institute of Energy Economic Japan www.ieej.or.jp/en/.
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52Table 4.6 Production and consumption balance for oil, natural gas, coal and electricity

(a) Oil (thousand barrels per day)

Production Refinery Imports Exports Stock Consumption
output build

Crude oil 3408.87 1805.80 162.67 0.00

NGLs 0.00 0.00 0.00 0.00 0.00

Other oils 0.00 0.00 0.00 0.00 0.00

Refinery gain 150.13

Gasoline 1119.62 0.00 176.26 0.00 944.59

Jet fuel 127.92 0.00 0.00 0.00 127.92

Kerosene 56.44 44.53 42.71 0.00 57.77

Distillate 1744.95 17.34 45.78 0.00 1716.97

Residual 430.85 437.09 13.89 0.00 854.05

LPGs 392.00 202.36 .76 0.00 587.25

Unspecified 1252.05 95.19 57.68 0.00 1289.56

Totals 3559.00 5123.83 2602.31 499.75 0.00 5578.11

(b) Natural gas (billion cubic feet and quadrillion Btu)

Gross Production (Bcf) 1211.30 Dry Imports (Bcf) 0.00

Vented and Flared (Bcf) 0.00 Dry Exports (Bcf) 67.88

Reinjected (Bcf) 0.00

Marketed Production (Bcf) 1211.30

Dry Production (Bcf) 1211.30 Dry Production (Quads) 1,4075

Dry Consumption (Bcf) 1143.43 Dry Consumption (Quads) 1,3287
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(c) Coal (thousand short tons and quadrillion Btu)

Production Imports Exports Stock build Stock build Stock build Stock build Stock build
(1000 Tons) (Quads) (1000 Tons) (Quads) (1000 Tons) (Quads) (1000 Tons) (Quads)

Hard Coal 12233 .2312 103649 2.5465 �5566

–Anthracite 335314 6.8592

–Bituminous 1427726 29.2051

Lignite 74513 .5633 0 0.0000 0 0.0000 0

2 .0001 16227 .3925 �4111

Coke 1837553 36.6276 12235 .2313 119876 2.9390 �9677

Total Coal Consumption: 1720236 (Quads) 33.7066
(1000 Tons)

(d) Electricity (million kilowatts, billion kilowatt hours, and quadrillion Btu)

Capacity Generation (Billion kwh) (Quads)
(million kW)

(Billion kWh) (Quads)

Hydroelectric 86.075 278.517 2.8523 Total Imports 2.975 .0102

Nuclear 4.468 41.661 .4210 Total Exports 10.339 .0353

Geothermal and Other .468 2.348 .0240 Losses 126.473

Thermal 265.547 1484.232

Totals 356.558 1806.758 Consumption 1672.91

Source: International Energy Administration (2003).

9
7
8
0
2
3
0
_
5
5
4
2
0
7
_
0
5
_
c
h
a
0
4
.
q
x
p
 
 
9
/
1
8
/
2
0
0
7
 
 
1
0
:
1
3
 
 
P
a
g
e
 
5
3



54
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Figure 4.6 Oil consumption and production in China, 1990–2025
(estimations in thousand b/d)

Sources: British Petroleum (2005); Information Energy Administration
(2005); and author’s estimates.
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Figure 4.7 Estimated oil market inefficiency and imbalance between
supply and demand (Gap) in future Chinese market (thousand b/d)

Sources: British Petroleum (2005); International Energy Administration
(2005); and author’s estimates.
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global players who aim to remain leaders for as long as they can despite the
vanishing economic credibility of their systems. This isolation meant that
the calibration of financial indices did not take place among various financial
markets in 2001, leaving, as a result, significant operational pricing discrepan-
cies between market players. In addition, although China entered the World
Trade Organization in winter 2001, foreign exchange data and statistics were
excluded from global financial statistics reported by the Bank of International
Settlements (www.bis.org) from 2001 to 2004. Foreign exchange information
started to appear in international reports as of the introduction of the yuan
in July 2005 as a connected variable to other currencies. 

Why did China wait to join the WTO until December 2001? Why not join
the WTO in 1990 while it had the capacity to be at the same economic and pro-
ductivity levels as some of its democratic counterparts? China could then
have been included in parallel with peer market players; instead it was
excluded and financial markets exhibited a consequential operational lag in
infrastructures, reforms and efficiencies in the first few years of the twenty-
first century. Inevitably, it is impossible to know how demand would have
been in reality had Chinese foreign exchange data been included in global
financial reports in the 1990s. The calibration of market indices and valuations
is not included in the exponential rise of demand. Demand depends on the
financial ability to pay for the goods. Effectively, at this point in time, there are
no known market efficiencies primarily because there is no enforcing single
regulator. Globalization has been so far synonymous with deregulation at
higher future prices. China’s energy efficiency was 25.9 per cent in 1980 and
29 per cent in 1992 – an increase of 3.1 per cent in 12 years. In 1995, after
reforms in finance, taxation, prices, investment and financing, China’s energy
efficiency reached 34.1 per cent, increasing by 5.1 per cent in three years.
China has maintained an energy saving rate of 3.6 per cent from 1981 to 1990.

While the Chinese government witnessed a subtle economic rise, it also
initiated changes in internal domestic policy planning through various fore-
casting estimations. First, in the 1990s China participated in energy price
adjustments and reformulated an energy market mechanism that was in line
with supply and demand in order to be able to keep global energy prices in
balance. The Chinese government’s annual average energy saving rate
managed to reach 5.6 per cent during the Eighth Five-Year Plan and continued
to rise to 7.1 per cent during the Ninth Five-Year Plan. Mainly due to the
country’s domestic productive and production capacities, the Chinese middle
class contributed to a gargantuan rise in oil consumption, which doubled
between 1984 and 1995, from 1.7. million to 3.4 million barrels per day. Energy
goods – mainly oil demand – doubled from 1995 to 2005. The author estimates
that it is currently around 6.8 million b/d. Chinese oil consumption reached
6.6 million b/d in 2004 which represents 33 per cent of the US consumption
with 20.5 million b/d, but as the Chinese population is seven times that 
of the US the scaling balance is expected to reverse. Chinese demand 
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represents a 16 per cent increase since 2003. Commercial and manufactur-
ing demand represent the largest concentrations in the rise of Chinese energy
consumption (see Table 4.7 and Figure 4.8 for figures on rural energy
demand).

The International Energy Agency has revised its January 2007 oil market
report by raising China’s 2006 and 2007 demand forecasts from 6.98 to 7.35
million barrels per day to 7.11 to 7.54 million b/d. These changes are due to
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Table 4.7 Chinese rural energy consumption, 1991–2000

1991 1995 2000 Increase Increase Increase 
rate in rate in rate in 

1991–95 1995–2000 1991–2000
(%) (%) (%)

Commercial energy, 90.5 109.7 160.0 4.93 7.84 6.53
Mtce

Non-commercial 285.7 266.6 219.1 �1.71 �3.85 �2.90
energy, Mtce

Total, Mtce 376.2 376.3 379.1 0.01 0.15 0.09

Note: Non-commercial energy consumption includes a little of producing energy use in the rural areas.

Source: Chinese Energy Ministry, Energy and Technology Symposium (2003).
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Figure 4.8 Change in rural energy consumption, 1991–2000 (%)
Source: Chinese Energy Ministry, Chinese Energy and Technology

Symposium (2003).
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preliminary understatements of evaluated Chinese oil demand data high-
lighted in the January 2007 oil market report. Newly submitted 2005 data and
more detailed refinery throughput data led to the revisions. IEA also revised
upwards China’s first and second quarter 2007 demand projections by 0.16
and 0.37 million b/d to 7.27 and 7.76 million b/d. The IEA reports that state-
owned refinery output grew rapidly in the second half of 2006 primarily
due to increased capacity and a more favorable pricing environment for the
refineries. State-owned refineries are defined by the agency as relatively
large refineries owned by local governments or as joint ventures with inter-
national oil companies. The IEA defines refineries as very small unsophis-
ticated units usually located close to supply sources. The agency added that
under current forecasts, China is expected to account for nearly half of all
Asian demand by 2011, when the agency projects China’s requirements at
9.39 million b/d. 

On a global scale the lack of significant changes from 2003 consumption
levels seems to have a minimal impact on global statistical forecasts, and
other government agencies report less substantial changes than the Chinese
Energy Ministry and US Department of Energy for the next decades with
respect to Asian energy demand (Table 4.8 and Figure 4.9).

However, the research did not consider consumption per capita, which
will soon become of greater relevance in comparing countries’ oil consump-
tion levels than comparisons of consumption at either country or macro
levels. At the individual level, the ratios are reversed, so that individual per
capita consumption in China is at least seven times less than that of the US.
This individual consumption ratio ought to be a way of measuring countries’
consumption in terms of global citizenship and morals, taking into account
territorial variations or geographical idiosyncracies. The Chinese population
is expected to adopt similar living standards to those of American citizens;
consequently, the Chinese population is expected to need an average of 150
million barrels per day by 2010 to 2014. This projection represents 22–23 times

CHINESE  ENERGY:  R I S ING DEMAND,  CONSUMPT ION AND FORECASTS 57

Table 4.8 World oil consumption by sector, 2003–30 (million b/d)

Residential Commercial Industrial Transportation Electricity

2003 5.22045 2.48543 26.06731 41.19233 5.04239

2010 6.08503 2.59073 30.17086 46.56570 6.22229

2015 6.33334 2.72143 33.16457 49.50239 6.59973

2020 6.44925 2.81493 35.96807 51.90088 6.94660

2025 6.60108 2.90822 38.41879 55.52224 7.27805

2030 6.74788 3.00253 40.73825 59.91817 7.55301

Source: International Energy Administration, International Energy Outlook (2007).
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the consumption levels of 2006. This estimation is supported by the fact that
energy consumption in China has been rising by at least 10 per cent per year
since its entry into the World Trade Organization and its floating of curren-
cies on international financial markets. While consumption levels will rise
exponentially in China, they are estimated to plateau in the United States,
with a mature population that will maintain its current living standards or
at least undergo no drastic changes. China has been a net importer of oil since
1993 and China’s gross oil imports have increased to 3.4 million b/d; this
represents more than 50 per cent of the total country’s consumption. By
2000, Chinese imports accounted for 38 per cent of the total consumption
with a daily input of 1.9 million barrels. China has been pressured to raise its
internal production through new deals and production centers in order to
secure its own reserves for futuristic needs. As shown in figures 4.10 and
4.11 and tables 4.9 and 4.10, China’s reserves remain minimal in comparison
to global competitors.

In her first book China’s Economy: Financial and Banking System, Foreign
Exchange and Interest Rate Risks, the author vastly expands on the dimensions
of Chinese economic development principally due to its enclosure and self-
dependence during the 1990s. The pegging of China’s foreign exchange was
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Figure 4.10 Oil reserves, 2004 (million of barrels)
Source: International Energy Administration (2004).
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Figure 4.11 Oil production, 2004 (thousands b/d)
Source: International Energy Administration (2004).
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Saudi Arabia 262,700,000,000
Canada 178,900,000,000
Iran 133,300,000,000
Iraq 112,500,000,000
Venezuela 75,590,000,000
Russia 69,000,000,000
Libya 40,000,000,000
Mexico 33,310,000,000
United States 22,450,000,000
China 18,260,000,000
Brazil 15,120,000,000
Norway 9,859,000,000
India 5,700,000,000
Indonesia 4,600,000,000
Great Britain 4,500,000,000
Australia 3,664,000,000
Argentina 2,950,000,000
Egypt 2,700,000,000
Syria 2,500,000,000
Italy 586,600,000

Thailand 583,000,000
Germany 395,800,000
Ukraine 395,000,000
Pakistan 341,800,000
Turkey 288,400,000
Philippines 152,000,000
France 144,300,000
Poland 142,400,000
Japan 29,290,000
Spain 10,500,000
Greece 4,500,000
Taiwan 2,900,000
Israel 1,920,000
Lebanon NR
Sweden NR
Afghanistan 0
South Korea NR
North Korea NR
Nepal NR

Table 4.9 Top proven oil reserves in the world, 2005 (barrels)

Note: NR � not reported.

Source: www.globalfirepower.com.

Saudi Arabia 9,475,000
Russia 9,150,000
United States 7,610,000
Iran 3,979,000
China 3,504,000
Mexico 3,420,000
Norway 3,220,000
Venezuela 3,081,000
Canada 3,070,000
Great Britain 2,393,000
Iraq 2,093,000
Brazil 2,010,000
Libya 1,643,000
Indonesia 1,094,000
India 785
Argentina 745
Egypt 700
Australia 530
Syria 403.8
Thailand 230

Germany 158.7
Italy 136.2
Japan 120.7
Ukraine 85.66
France 76.3
Pakistan 63
Turkey 50
Spain 24.54
Poland 24.53
Philippines 14.36
Taiwan 8.354
Greece 5.805
Israel 2.74
Sweden 2.441
Afghanistan 0
Lebanon 0
South Korea 0
North Korea 0
Nepal 0

Table 4.10 Top oil producers in the world, to December 2005 (b/d)

Source: www.globalfirepower.com.
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fixed for more than a decade and the country remained closed to the intro-
duction of highly speculative instruments. Thus China slowly created the
biggest manufacturing hub of the world supplying 50 per cent of goods to
the global market. As shown in Table 4.11, China has 1.5 billion citizens and
currently consumes three times less oil than the United States (300 million
consumers) or only three times more than France (35 million consumers).
In retrospect, China’s consumption remains very low because it has not yet
reached average globalized living standards. 

According to ChinaBidding news of 28 July 2006, the Ministry of
Commerce reported that China’s dependence on foreign oil reached 47.3
per cent in the first quarter of 2006, up 4.4 per cent from the first quarter of
2005. Net imports of crude oil amounted to 70.33 million tons as of June 2006,
which represents an increase of 17.6 per cent over the same period in 2005.
Refined oil products totaled 12 million tons, 48.3 per cent up on 2005. The
Ministry of Commerce declared that China’s first 2006 quarter produced 91.66
million tons of crude oil, up by 2.1 per cent. According to China Studies China
depends on imported oil, and its rising middle class will correlate with a rising
dependence by at least 50 per cent in 2010.

In order to meet its rising demand, China’s major national oil companies
and international contracts continue to exploit reserves. Since 2003, China has
also gone out of its way to partner with Russian neighbors to increase the oil
inflows for its rising population, and China is even now subcontracting and
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United States 20,030,000
China 6,391,000
Japan 5,578,000
Russia 2,800,000
Germany 2,677,000
India 2,320,000
Canada 2,300,000
South Korea 2,168,000
Brazil 2,100,000
France 2,060,000
Italy 1,874,000
Saudi Arabia 1,775,000
Mexico 1,752,000
Great Britain 1,722,000
Spain 1,544,000
Iran 1,425,000
Indonesia 1,155,000
Taiwan 915
Australia 875.6
Thailand 851

Turkey 715.1
Egypt 566
Venezuela 530
Ukraine 491.7
Poland 476.2
Argentina 450
Greece 435.7
Pakistan 365
Iraq 351.5
Sweden 346.1
Philippines 335
Israel 270.1
Norway 257.2
Syria 240
Libya 236
Lebanon 102
North Korea 25
Nepal 15.4
Afghanistan 5

Table 4.11 Main oil consumers in the world, to December 2005 (b/d)

Source: www.globalfirepower.com.
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offshoring deals in Africa and South America to leverage its labor markets in
science, technology, and engineering. 

The China Petroleum and Chemical Industry Association reports that,
during the first quarter of 2006, China’s domestic production of crude oil
amounted to 92 million tons, a 2.1 per cent rise on the first quarter of 2005, and
that domestic oil production over the same period totaled 85 million tons,
up 5.6 per cent. Various researches provide forecasts of oil consumption.
The prediction model in Figure 4.12 is issued by a private corporation (British
Petroleum) and shows that consumption rose by a coefficient of 8 from 1965
to 2005.

Oil consumption in China could reach 12 million b/d by 2020 and 16 million
b/d in 2030 while imports rise at an increasing rate, reaching 7 million b/d
in 2020 and 11 million b/d in 2030. Given the developing pace of the new
Chinese middle class, it is foreseeable that China will continue to increase
its consumption of crude oil by about 4.5 per cent per year for at least
twenty years into the future, without taking into account any additional
inflationary premium, financial engineering overvaluations from specula-
tions, real intergovernmental financing rates and the rise in daily living
costs. The added premiums could accentuate the exponential shape of the
demand function. By 2020, consumption per capita will be of equal standing
with those of Western societies. Part of this growth will come from increas-
ing car utilization, from 20 million vehicles in 2004 to at least 130 million in
2020. NBS (2005) calculates that the number of individual vehicles – cars,
trucks, and motorcycles – increased from 6.3 million in 1990 to 12.9 million

CHINESE  ENERGY  MARKETS62

R2�0.9853

0

200

400

600

800

1000

1200

1400

1600

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
04

20
05

Figure 4.12 Approximate energy consumption in China, 1965–2005
(million toe)

Source: BP (2005) and author’s calculations.

9780230_554207_05_cha04.qxp  9/18/2007  10:13  Page 62



in 1995, from 22.3 million in 2000 to 36 million in 2003. This substantial rise
in the number of registered transportation vehicles is primarily due to the
rise of individual per capita income. Some estimates reckon that the 20 mil-
lion vehicles registered in 2004 will rise to 60 million in 2010, 80–100 million
in 2015 and 130–165 million in 2020. In the short term, Crompton and Wu
(2005) predict that energy consumption will rise to 1521.4 Mtoe in 2010
with an annual growth rate of 3.8 per cent. By 2004, transportation
accounted for 33 per cent of oil consumption, and this could rise to 57 per cent
by 2020 according to Dorian (2005). In 2003 China’s consumption in global
terms represented 27 per cent of global steel consumption, 20 per cent of the
copper share, 19 per cent of the aluminum, and 8 per cent of oil. According
to Bustelo (2005) Chinese oil imports increased from 4 million b/d in 2005
to 7 million b/d in 2020, to 8 million b/d in 2025 and to 11 million b/d in
2030. The security of oil reserves held by large global leaders and the shar-
ing of natural resources are topics found in a number of national strategic
military plans. Bustelo (2005) also provides information about Chinese
energy consumption, noting that it rose from 766 Mtoe to 1386 Mtoe, rising
from 8.4 per cent to 13.6 per cent of world consumption in 2004. Annual
growth in energy consumption averaged 16 per cent from 2000 to 2004 a
period during which China caused a 54.2 per cent increase in world energy
consumption.

The rise in consumption is a result of the substantial rise in manufacturing
and industrial energy demand in the 1990s when foreign capital flows were
heavily injected into China for production under cheaper labor. Until 2005,
the depreciated local foreign exchange favored foreign direct investment in
China and contributed to prosperous production centers. Since 2005, the
appreciation of the yuan necessary to rebalance its value with competitive
counterparts (US and EUR) has made oil imports more expensive and inter-
national partnerships more costly. Chinese commodities companies are cur-
rently scrambling to partner and make deals in foreign markets while the
foreign exchange rate remains at favorably low levels as has been the situa-
tion from its floating in mid-2005 until beginning 2007. China will encounter
more expensive dependencies in the future, due to both rising demand and to
rising prices from the appreciation of foreign exchange valuations. This dou-
ble rise will put internal stability at stake. For this reason China relies heavily
on public transportation infrastructures and alternative transportation sys-
tems. This is also why, according to Logan (2005), the government decided in
2004 to start building a progressive energy reserve with a daily stockpiling of
35 days’ imports or 100 million barrels by 2008, 50 days’ imports or 300 mil-
lion barrels by 2015 and 90 days’ imports or 600 million barrels by 2020.

Let us now review Chinese consumption levels in comparison to specific
geopolitical counterparts. The International Energy Agency (2004) estimates
that China will consume 2100 Mtoe in 2020 – more than the estimate for
Western Europe – and 2500 Mtoe in 2030, close to the current consumption
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of the US and Canada combined. Per capita energy consumption in 2004 was
1.1 toe in China, 4.0 toe in Japan and Germany, and 4.3 toe in the US. Thus
in 2004, on a per capita basis China consumed four times less than Japan,
Germany or France and seven times less than the United States. Various
research centers, including the Center for Energy Economics and
Development and Beijing Energy Efficiency Center, suggest that between
2002 and 2025 oil consumption will increase at an average annual rate of 4.5
per cent in China versus 3.5 per cent in India, 1.4 per cent in the United
States, 0 per cent in Japan, 1.3 per cent in South Korea and 1.9 per cent in the
world as a whole. The fact that China is raising its current production to
very high levels compared with past trends is not alarming; it aims to reach
average peer levels in global per capita terms. China remains a below aver-
age consumer. In 2004, oil consumption was 236 kg in China, 452 kg in
Brazil, 473 kg in Argentina, 1500 kg in Germany, 1551 kg in France, 1876 kg
in Japan and 3171 kg in the United States. Part of the reasons underlying
diversification in China and the intense rise in productivity is to alleviate its
dependence on coal and other types of energy, with some of them per-
ceived as more polluting and less energy efficient. The Institute of Energy
Economics (2006) also forecasts that the proportion of oil used as a primary
source of energy will increase from 22 per cent in 2004 to 29 per cent in 2020,
while the proportion of coal will diminish from 69 per cent to 56 per cent.

The International Energy Agency (2004) also estimates that Chinese GDP
will grow between 6 per cent and 7 per cent over the next twenty years based
on a number of forecasts. In 2004, the IEA forecast 8.4 per cent growth in
1971–2002, 6.4 per cent in 2002–10, 4.9 per cent in 2010–20 and 4 per cent in
2020–30. The US Energy Information Administration (2005) estimated a rise
of 6.2 per cent in 2001–25 in the basic scenario with a possible high of 7 per
cent and lows around 5.3 per cent. The Institute of Energy Economics of
Japan (2004) predicts 7.2 per cent in 2000–2020, versus 2.7 per cent for the
entire world. Exxon Mobile (2004) estimates that between 2004 and 2030
Chinese energy demand will double. In the meantime, world demand is also
estimated to double and European demand estimated to grow by 18 per cent.
Exxon Mobile also reports that Indian demand will outgrow all counterparts,
with an estimated demand of 164 per cent, but, by 2030, it would still be
lower than China, with 29 million barrels a day of oil versus 52 million.

The Energy International Agency (2004 and 2005) also noted that China
will no longer be self-sufficient in natural gas production since consumption
will rise to 2.6 trillion cubic feet (Tcf) in 2010, 3.4 Tcf in 2015, 4.2 Tcf in 2020
and 6.5 Tcf in 2025 while production will grow much less: 1.6 Tcf in 2010, 
1.9 Tcf in 2015, 2.3 Tcf in 2020 and 3.1 Tcf in 2025. It is also estimated that
China’s imports will reach more than half of its natural gas production capac-
ity. China is expected to become a net importer of natural gas by 2010.

British Petroleum also provided some forecasts in 2005: its production level
forecasts have a logarithmic shaped curve leveled off and plateaued at less
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than a 4 billion b/d limit line in 1993, since when consumption accelerated
at an exponential pace to reach 3 billion b/d in 1993, 4 billion b/d in 1999, 5
billion b/d in 2000, and 7 billion b/d in 2004. Effectively, the mathematical
curve of the supply versus demand for oil demonstrates that the market is
no longer efficient as was the case in 1993 when the curves crossed each
other. Since the intersection, consumption has an exponential shape while the
production side has flattened, with an apparent limit of 4000 b/d. With this
assertion, the adequacy of energy resources comes into question once Chinese
consumption per capita rise to Western levels and Chinese citizens adopt
Westernized standards of living and middle-class consumer life styles. 

British Petroleum also evaluated the function of coal production and con-
sumption in China. This appears in line or correlated with others and reflects
market efficiency, as of 2004, between coal supply and demand. Andrews-
Speed (2005) reports that in the short to medium term, global energy policy-
makers believe that markets are manageable and sustainable despite drastic
shifts between supply and demand since 1993 which have created globally
unbalanced and inefficient markets, both at the tangible and the intangible
level. However, most policy-makers are also looking to find alternative solu-
tions to cope with the longer term taking into account current global standards
of living, assuming no further progress in response to the growing demand
and in line with global emissions policies. However, coal remains a major
energy source in China. The International Energy Agency (2005) estimates
that Chinese carbon dioxide emissions will reach 8.13 billion tons in 2025 or 
21 per cent of world emissions, compared to 3.32 billion tons in 2002, or 
14 per cent of world emissions. Of these 8.1 billion tons, about 5.8 billion
comes from coal consumption. According to British Petroleum and the
National Bureau of Statistics (Bustelo, 2005), Chinese energy intensity is con-
verging only slowly and is stabilizing; its lognormal decreasing at an acceler-
ating rate, was, in 2003, the same as that of mature Western economies. Despite
its increased consumption, China also contributed to the reduction of car-
bon dioxide emissions, up to 770 million tons, and 19 million tons of sulfur
dioxide from 1981 to 2002, due to energy saving and reduction in energy use.

China is also making progress in advanced technologies, including hydro
systems, since the 1980s. It has also established energy saving technologies
in rural areas to reduce pollution levels. Energy-saving buildings have been
erected in urban areas. New energy sources, such as solar, wind and geo-
thermal energy have been under development and utilization. The benefits
brought by these measures in the first decade of this century are energy
savings of 30 Mtce conventional commodity energy, equal to a carbon diox-
ide emission reduction of 20 million tons each year. Thus some progress has
been made with respect to the sustainable development path.

According to BTM (2005), in 2003, China needed 832 toe to produce $1
million of GDP at given foreign exchange rates, which is four times more than
the United States with 209 toe, or six times more than Germany (138 toe) and
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seven times more than Japan (118 toe). The International Energy Agency
(2005) also reported that by 2025, per capita carbon dioxide emissions are
estimated to be lower than US emissions, at 5.6 and 22.7 tons, respectively.
Total US emissions will reach 7.98 billion tons, but China will be producing
the world’s largest carbon dioxide emissions between 2020 and 2025. The
amount of energy consumption has only doubled while GDP has quadrupled.
Consumption of primary energy amounted to 1480 Mtce in 2002, ranking
second in the world. While China’s GDP grew by 9.7–10 per cent between
1980 and 2000, its corresponding average annual energy consumption rose
by only 4.6 per cent. Thus, energy consumption remained below the eco-
nomic growth rate, especially during the 1990s. The elasticity coefficient of
energy consumption was only up to 0.47. About 1260 Mtce was saved from
1981 to 2002, meeting the energy supply goal for economic growth to be
achieved half by exploitation and half by saving. Such a low elasticity coef-
ficient of energy consumption is rare both in developing countries and
developed countries.

Energy usage has become more efficient and individual citizens have
become more conscious and aware of energy waste. Energy consumption per
unit of GDP has continuously decreased. Energy consumption (by 10,000
RMB GDP), calculated on the basis of constant price of the year 2000, fell
from 4.28 tce in 1980 to 1.45 tce in 2000. GDP produced per ton of coal equiv-
alent rose from 2335 RMB in 1980 to 6880 RMB in 2000. The energy consump-
tion per unit output was reduced by 64 per cent with an average annual
conservation rate of up to 4.6 per cent during the 20 years from 1980 until
2000. The world average energy consumption per unit output fell by 19 per
cent during the same period. The Organization for Economic Cooperation
and Development countries experienced an average drop of about 20 per cent.
Energy consumption per unit product also fell in high energy consuming
industries and sectors, for example, metallurgy, the chemical industry, build-
ing materials, petrochemicals, and power. The unit consumption indicator
of general energy consumption per ton of steel, copper metallurgy, and
compound ammonia and oil consumption of internal combustion engines fell
by more than 30 per cent, narrowing the energy consumption gap of major
energy consuming products with international advanced levels. For example,
coal consumption by thermal power generation decreased from 32.5 per
cent in 1980 to around 21 per cent in 2006, and the comparable energy con-
sumption per ton of steel has also dropped from 70.4 per cent in 1980 to
approximately 20 per cent in 2006.

China’s Social Sciences Academic Press forecast that China’s dependence
on imported oil will reach 50 per cent in 2010. These predictions are in line
with car production and rising daily living standards of the new Chinese
middle class. Bustelo (2005) reveals that China became the second biggest
world consumer of oil in 2003 and actually surpassed Japan. According to
his research, only 30 per cent of the consumption is used for transportation.
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China has still not reached its full potential with respect to consumption
targeted for transportation as the world average is 48 per cent. The Chinese
government also reports that China’s net crude oil imports reached 70 million
tons, up 17.6 per cent, and China’s net import of processed oil reached 
12 million tons, up 48 per cent. The Commerce Ministry revealed that Chinese
imports totaled about 47 per cent of total oil consumption in the first quarter
of 2006. The NDRC said that China relies primarily on domestic energy
supplies and that its oil production will remain approximately 180 and 200
million tons a year for at least a decade.

China is currently producing a new middle class with high expectations
of improved standards of living. In 2005, China ranked second to the US,
surpassing Japan, in global oil consumption, with demand of around 314 to
318 million tons of oil per year, and used approximately 6.69 million b/d
(Bustelo, 2005). Car sales rose by almost 50 per cent in the first quarter of
2006 which contributed to a 20 per cent rise in demand for gasoline, to 1.2
million b/d, in April 2006. More cars are needed to service a more mobile
middle class migrating from rural areas to expanding city centers where job
opportunities are rising and individual wealth is created. American and
German car markers have exported production centers to China to facilitate
rising demand and to cut costs. Goldman Sachs (2004) estimates that car
production in China will rise from 19.2 million in 2005 to 42.5 million in 2010
to 131.6 million in 2020 and to 198.8 million in 2030, overtaking the number
of automobiles in the US between 2020 and 2025. Although China (2004)
will surpass the US in absolute numbers of automobiles, individual owner-
ship will remain far below US levels, with around 188 per thousand individu-
als in China versus 538 in 2030, compared to 32 versus 513 in 2010.

The Global Association of Risk Professionals reported that China incurred
an increased demand for 318 million tons of oil in 2005, largely due to grow-
ing car production and improvements in living standards. An estimated
123 million tons of this was connected to life style changes. The fact that the
yuan remains slow to appreciate in relation to other currencies is also due to
this sudden rise in living standards of a billion and a half individuals. To avoid
internal social distortions and revolts, the rate of appreciation is increasing
at a decelerating pace. According to the International Energy Agency (IEA),
the Chinese demand for oil is estimated to increase by 20 per cent until
2020. The IEA also forecasts that China’s oil consumption will rise from 
2 million barrels in 2006 to near 10 million barrels in 2030, almost 80 per cent
of which represents domestic oil demand. China Studies forecast that depend-
ence on imported oil in China will rise 50 per cent from current levels by
2010. Consumption climbed by nearly 10.8 per cent in April 2006, which is
the strongest rise since 2004. This acceleration in energy consumption corre-
lates to a sudden burst in manufacturing production enterprises. The
Chinese National Bureau of Statistics reports that energy consumption as of
December 2005 totaled about 2.22 billion tons of standard coal equivalent, up
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9.5 per cent since 2004. Of this total, coal comprised 2.14 billion tons, up 10.6
per cent, consumption of crude oil was 300 million tons, up 2.1 per cent,
that of natural gas 50 billion cubic meters, up 20.6 per cent, that of hydro-
electric power 401 billion kilowatt hours, up 13.4 per cent, and that of
nuclear power 52.3 billion kilowatt hours, up 3.7 per cent. Energy con-
sumption for producing 10,000 yuan of GDP was 1.43 tons of standard coal
equivalent, the same level as in 2004.

China’s refineries also shifted production capacity to diesel and cheaper
gasoline grades. China’s National Development and Reform Commission
raised gasoline and diesel prices to record highs of 300 and 250 yuan per ton,
respectively. China’s domestic oil prices are adjusted with reference to those
of the international markets and in correlation with foreign exchange valu-
ations and domestic debts and demands. The International Monetary Fund
had foreseen a scattered regional and geopolitical fall in the global oil supply
in the middle of the first decade of the twenty-first century until infrastruc-
tural investments with Russia and in the neighboring drilling seas would be
re-established and enable distribution of greater oil supplies. Reported oil
supply levels are also a function of transparency of political pricing structure
formulas, unregulated and unenforced growing global financial speculative
trading activities, infrastructural extraction capacities, transportation costs,
geopolitical and natural events, pricing unit, alternative energy usage, rising
living standards of the mass consumption, individual economic purchasing
power and geopolitical partnerships’ drilling activities. The global pricing of
oil from 2001 to 2006 has been more strongly influenced by speculative trad-
ing activities by financial institutions and hedge funds dealing in commodi-
ties and energy derivatives instruments than by OPEC. The price of oil tripled
from mid-2001 to summer 2006 and doubled its value from 2001 to 2007.

Since 2002, Russia, China and other eastern countries rich in oil have
been cooperating to implement adequate infrastructures for oil flows in
responses to geopolitical requirements for distribution and resource sharing.
On 31 July 2006, PetroChina announced that a first batch of crude oil was
floated in pipes from Kazakhstan to its reserves in northwestern Xinjiang
Uygur Autonomous Region through the China-Kazakhstan grid. This was
the first crude oil import operation between the countries. The transnational
grid pipe is 962 km long and carries 10 million tons of crude oil per year. It
starts at Atasu in west Kazakhstan and enters China at Alashankou port on
the Sino-Kazakhstan border before reaching its destination at PetroChina’s
Dushanzi Petrochemical Company. This project is one of PetroChina’s first
and is in partnership with China National Petroleum Corporation, China’s
largest oil producer and the parent company of PetroChina. This is aimed
to strengthen China’s oil supply security by offering an alternative option
in case of future shortages.

Aside from creating infrastructures to diversify oil production in response
to rising demand, deals are also being made with Shell, Esso, British
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Petroleum, Total and others to take minority stakes and shares in new
emerging markets such as Africa or South America. Another factor in the
growing demand for oil is the increase of national strategic reserves, simi-
lar to that of the US, which is used to influence monetary policies in case of
abnormal market pricing conditions. The Chinese national strategic reserve
was initiated in 2005 in Zhejiang, Shandong and Liaoning provinces.
Reserves will rise from 100 million barrels in 2008 to more than 600 million
barrels by 2020. Reserves are also created as part of the Three Gorges Dam
Project in relation to its intended reduction in oil energy consumption, from
5.4 per cent in 2004 to 2.7 per cent in 2020.

Rising oil prices are exacerbated by shortages in supplies that are unable
to meet growing demands despite improved technological progress, inter-
national partnerships and energy saving efforts. The inability of supplies to
keep up with demand is also due to geopolitical factors, which are sometimes
already discounted in the prices and financial trading speculations of trading
institutions with tangible and intangible commodities instruments. The pro-
portion of actual demand versus supply, financial speculations and geopo-
litical factors affecting the price per barrel is unknown. Higher energy prices
are directly correlated to the rising intangible fictitious trading activities of
financial entities indulging in high speculation during periods of global
restructuring during which time arbitrage opportunities by hedge funds
are proliferating unlawfully and illegally. The National Bureau of Statistics
reported that in the first half of 2005 China’s gross production of crude oil
was 89.797 million tons; this represents a rise of about 5 per cent since 2004.
Chinese imports of crude oil also rose by about 4.1 per cent to 63.552 mil-
lion tons; this represents a growth rate of about 35.2 per cent since 2004.
This is possible because China has multiplied its foreign partnerships with
South America, Africa, and Russia since 2003. These relationships and
alliances, coupled with lower foreign currency rates, have enabled China to
build up a significant strategic reserve while there are no global regulations
in force or limits as to what a country is able to import per year. According
to TIME Asia, China’s oil imports have doubled since 2001 and grew by 40
per cent in the first half of 2004. The Global Association of Financial Engineers
also reported that competitive international financial oil trading and inter-
national oil organizations purposely reduced and slowed down oil produc-
tion centers to push prices up so that the buying of energy, notably oil, for
domestic reserves is also reduced. OPEC uses a non-transparent mecha-
nism of altering daily oil production to manipulate oil prices and regulate
global economies. Yet, China has been shrewd in diversifying partnerships
globally and geopolitically in not relying exclusively on a single region,
rather diversifying, for instance, in Africa, where Chinese manufacturing
companies are also now subcontracting labor and creating new wealth pro-
duction centers. Chinese oil companies are multiplying deals and partner-
ships to build reliable reserves for a rainy day and to ensure pricing security.
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China is also trading with emerging trading partners such as Nigeria and
other African countries, not only to locate cheaper manufacturing centers but
also to create oil production drilling centers to sustain competitiveness and
to keep its regional prices steady.

In 2001, China created an open market, but domestically it is not suffi-
ciently mature to fully integrate its oil prices with international markets.
The National Development and Reform Commission reported, on 9 July 2005,
that China intended to launch reforms on the price forming mechanism of
refined oil products to transform the price from delayed to real time to
enhance trading liquidity across China. The Chinese authorities are also
forecasting an exponential demand to meet the overdevelopment in car
manufacturing since 2002 and have formed alliances with Russian oil pro-
duction centers in northeastern Russia to transport petroleum to China and
facilitate the supply of reserves. China is also boosting its domestic oil infra-
structural reserves and creating oil production centers. The state press
reported on 19 June 2006 that construction of the first facility for strategic oil
reserves had been completed. The China Daily reported that the plant has
the capacity to hold about 5.2 million cubic meters or 32.7 million barrels of
crude oil, and is located in the coastal city of Zhenhai in China’s eastern
province of Zhejiang. The National Development and Reform Commission
reported that another plant was under construction in Zhejiang and opera-
tions should be begun in early 2007. There are already plants operating in the
eastern provinces of Liaoning and Shandong. Chinese authorities expect to
use those reserves to maintain half a year’s supply of oil within 10 years.
China is now investing in production centers in the Chinese Sea, the Straits
of Malacca and near the Philippines.

According to Gary Vasey in ‘Oil and China’ of 15 August 2005, 
riskcenter.com, China is also a leader in forming economic alliances. China
took a $150 million share via CNOOC in the Alberta Oil sands, and
PetroChina signed a commercial partnership with Enbridge for half of the
supply from a $2 billion project to transport oil from Alberta to Prince
Rupert in British Columbia. New emerging democracies such as China or
India are taking the lead in colonizing less transparent and infrastructurally
weaker and poorer cultures to import natural resources and construct strat-
egic reserves. While Western democracies use sophisticated transportation
means, modern technologies, cleaner alternatives and hydrogen cars, and
diminish dependencies on foreign partners, emerging countries are adopting
their old ways of securing their strategic reserves. China is also getting
involved in Africa and South America. Major Chinese oil and gas companies
are making enormous investments abroad, most particularly in Latin
America, Africa and Australia to ensure sufficient reserves in advance for its
demand. Other energy companies are also in pursuit of investments on which
returns are anticipated on capital in ten or twenty years. China’s energy
demand fell in late 2005 due to the start of foreign exchange currency
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adjustments, reappreciations, inflationary pressure on the industry sectors in
fixed assets and manufacturing sectors, and an overheated economy from
2002 to 2005. The creation of new manufacturing and industrial production
centers engenders rising energy demand. Electricity consumption is directly
correlated to the rise in industrial and manufacturing production and man-
ufacturers accounted for 74 per cent of 2005’s total electricity production.

China’s foreign exchange adjustment occurred in July 2005 and conse-
quently inflows of capital have decreased, creating slowdowns in industrial
and manufacturing production output in December 2005 and continuously
since then. The Chinese economy overheated from 2002 to 2006, and the
March 2007 Asia market downturn was foreseeable in preliminary indicative
signs such as plateaus in the industrial and manufacturing sectors with elec-
tricity consumption reduced by 14.4 per cent in December 2005. This growth
rate was further eroded in March 2006 with electricity consumption down
by 19.4 per cent. As a consequence of further reforms and tightening of reg-
ulation, the industrial growth rate has fallen steadily since late 2005.

Weather conditions also impact energy prices and demand, and domestic
electricity demand reached 2.43 trillion kilowatt hours, a rise of 12 per cent,
since 2005. It should be noted, however, that in 2005 oil demand decreased
at least in part as a result of the initial adjustment and appreciation in the
Chinese currency. It is expected that if weather remains normal without cat-
astrophic conditions, the industrial sector’s electricity demand will average
an increase of about 14 per cent per year in the next few years. The government
has installed electricity generation infrastructures capable of producing about
70 million kilowatts. So demand and supply rose in parallel with shortages
of supplies in the summer and winter due to typical peak seasonal demands.
Regional markets within China are more affected than others; with, for
instance, provinces in eastern China such as Jiangsu and Zhejiang having
less regular supply availability. Electricity prices also rose due to shortages
of coal and due to shortages of the substitute; this accounts for a premium
of 4 per cent alone. Coal consumption in the industrial sector accounts for
more than 90 per cent of the total energy. And the major industries, among
them electricity, metallurgy, building materials and oils consumed about 75
per cent of the total coal availability. Like other substitutes, demand for coal
rose with the overheated economy for about three years. Consequently, the
electricity industry increased its coal consumption by about 120 million
tons in 2005 and the coal industry increased its output by about 150 million
tons the same year. Total coal output in 2005 reached about 2 billion tons,
about 9 per cent increase from 2004. Pollution, global warming, safety and
infrastructures are all of major concern within the coal mining sectors of
China where numerous explosions have occurred since 2002. Coal prices in
China were kept artificially high due to unsustainable overheating and eco-
nomic variables. The metallurgical sector increased consumption by about
30 million tons.
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Maintaining a stable oil supply and obtaining the highest level of profits
are in accordance with the interests of major oil exporters. The increasing
interdependence of oil exporting countries and main oil consuming coun-
tries means that it is beneficial for all sides to maintain and to strengthen
geopolitical and economic cooperation. This global cooperation is part of a
consensus in sharing global oil supplies and contributing to finding energy
derivatives. It is also less costly.
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The largest regional difference between 2006 and 2007 – and the only
instance in which IEA regional growth projections fall outside the range
defined by the International Energy Outlook 2007 low and high macro-
economic growth cases – is for China. The IEA anticipates that China’s energy
demand growth will slow to 2 per cent per year for the final 15 years of the
outlook, whereas the IEO 2007 reference case expects that China will main-
tain a 2.7 per cent annual growth rate in energy demand through the end of
the projection period. The IEA growth projection for energy use in China
from 2015 to 2030 is lower than the IEO 2007 low macroeconomic growth
case projection. The IEA asserts that world oil demand will grow from 80
million barrels per day in 2003 to 98 million barrels per day in 2015 and 118
million barrels per day in 2030. With rising living standards in China,
world demand will reach 150 million barrels per day by 2015. China has
represented at least 30 per cent of the global energy demand from the end
of 2001. If this consumption trend continues at a rate greater than 20 per
cent per year, the 150 million barrels per day estimate becomes a conserva-
tive understatement. Demand will continue to increase strongly despite
world oil prices that are expected to be 35 per cent higher in 2025 than in
2005’s Outlook. Much of the demand is expected to occur in parallel in the
nations of non-OECD Asia. Basically all markets enjoying an economic sur-
plus will profit from future strong continuing exponential economic condi-
tions, and global oil demand will rise at greater pace than ever before.
Non-OECD Asia, including China and India, are also expected to con-
tribute to 43 per cent of the total increase in world oil consumption until at
least 2025. The International Energy Administration also estimated that to
maintain 2006 energy levels, the total petroleum supply in 2030 will need to
increase by 38 million barrels per day to 118 million barrels per day in 2030.

C H A P T E R  5

Market Forecasts and
Research Predictions
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These are conservative estimates considering that despite the rise of new
technologies and advanced alternative renewables, rampant consumerism
and the growth of the market for higher-fuel more expensive, consuming
cars (such as SUVs) outrun the global resourcing abilities in the foreseeable
future. Some countries have become more dependent on cars because of new
routing infrastructures. Other nations rely more on public transport sys-
tems as a result of insufficient infrastructures and expensive energy prices.
OPEC producers are expected to provide 14.6 million barrels per day of the
increase. Higher oil prices cause a substantial increase in non-OPEC oil pro-
duction, as much as 23.7 million barrels per day; this represents 62 per cent
of the increase in total world oil supplies to 2015. The International Energy
Administration also estimates that production increases reflect actual proved
reserves. The International Energy Agency evaluated global oil demand at
around 83.7 million barrels per day in 2005 or an increase of 1.7 per cent
from 2004. Figure 5.1 shows exponential net consumption functions out-
pacing the supply function. Figure 5.2 illustrates predictions by Chinese
energy experts that the domestic consumption function will increase by
more than 20 per cent from 2005 to 2020.

The growth rate of oil demand effectively started to slow down, by 
3.2 per cent, in 2004. However, China’s finished oil demand has grown rap-
idly since 1993, as the new Chinese middle class bought more consumer
goods, domestic machinery and cars. Consequently, the use of diesel for 
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Figure 5.1 Chinese oil consumption and imports to China, 2004–30
(thousands barrel/day)

Source: International Energy Administration (2004).
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generating electricity also increased demand. The Chinese authorities also
developed new public transportation infrastructures to facilitate communica-
tion between regions and from rural to urban areas. This also created a
higher demand for finished oil products. Finished oil consumption is forecast
to rise by at least 10 per cent per year on average. These energy predictions
are correlated and embedded in the pricing of financial instruments.

Various studies have participated in the independent evaluation of pre-
dictions on oil consumption and the expected national availability of oil in
given global regions as part of a global strategic security safeguard. These
studies and policy variations are readjusted annually according to new deals
and changes in global companies’ progress and international partnerships.
The International Energy Administration carried out surveys in 2004 and
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2005 and with IEEJ in 2004 to evaluate future projections of oil demand.
Most 2004 estimates predict that oil demand in China will reach 7.5 million
b/d in 2010, or 11 million b/d in 2020 and 13 million b/d in 2030. EIA (2005)
projects energy demand in China at:

■ 9 million b/d in 2010

■ 12 million b/d in 2020

■ in each case applying a growth rate of 3.9 per cent in 2025–30 same as in
2020 to 2025

■ 16.4 million b/d in 2030

This equates to a projected rise of:

■ 6.4 per cent in 2002–10

■ 4.9 per cent in 2010–20

■ 4 per cent in 2020–30

And forecasts of:

■ 6.1 per cent in 2001–25

■ with alternative energies of 5.1 per cent and 7.1 per cent

The EIA also reissued the following re-evaluations, despite major variations
from the earlier year’s predictions:

■ 6.2 per cent in 2002–25

■ with alternative energies of 7 per cent and 5.3 per cent

The IEEJ also provided the following data:

■ 7.2 per cent in 2000–20

■ with alternative energies of 5.6 per cent and 8.3 per cent

EIA (2005) predicts in imports that:

■ China would consume 14.2 million b/d that is about 12 per cent of world
consumption

■ China could import 10.7 million b/d of this consumption level

■ Oil imports could reach 11 million b/d in 2030; this represents 85 per cent
of domestic consumption
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■ Imports could rise to 8.6 million b/d in 2025; of this, 5.7 million b/d or 
69 per cent could come from the Persian Gulf and 1.7 million b/d or 
20 per cent could come from the Soviet countries.

The APEC (2005) predicts that:

■ The Middle East’s share of world production could rise to 46 per cent in
2030

Wu (2004) forecasts that:

■ The Middle East’s share could increase to 70–80 per cent by 2015

Crompton and Wu (2005) predict output of 7.3 million b/d in 2010.
Frisch (1982) provided estimates by commodities types (Table 5.1).

The consumption function is directly correlated to imports. Figure 5.3
shows countries in need and by capacity of imports relative to others to 2030.

Figure 5.4 provides another similar function, highlighting the average
annual increases in industrial natural gas consumption until 2030.

Looking at the research, it does appear that two outliers stand out:
Goldman Sachs with significantly higher than normal predictions and the
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Table 5.1 Estimates for the energy exploitation time limit in the world

Sort Proved reservation (PR) Used up day
and assumption reservation (AR)

Coal 900(PR) About 2200

2700 (AR)

Oil 100 (PR) Before 2020

36 (AR)

Natural gas 74 (PR) About 2040

60 (AR)

Uranium According to the thermal According to the 
reactor calculation thermal reactor
60 (PR � AR) calculation 2073

According to the breeder According to the
reactor calculation breeder reactor
1300 (PR) calculation 2110–2120

1600 (AR)

Total non-renewable 1100 (PR) About 2200

Energy 300 (AR)

Source: Frisch (1982).
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Development Research Center of the Chinese State Council (DRC) whose
2003 predictions were overtaken by events. It predicted that consumption
in 2010 would be around 6.6 million b/d, levels actually reached in 2004.

According to the International Energy Agency (2004), Chinese con-
sumption in 2030 will reach about 12.8 million b/d of a world total of
around 121 million b/d. China’s proportion of oil consumption will increase
from 8 per cent in 2004 to 11 per cent in 2030. And according to the
International Energy Agency (2005), China’s proportion will rise to 12 per
cent in 2025 assuming that Chinese consumption in 2025 is around 14.2 million
b/d and world consumption is 119.2 million b/d.

As of 2004, China was in the top five world oil producers including
international offshore operations. China’s production counts 3.5 million
b/d, and according to the Energy Information Administration (July 2006),
in 2004 China surpassed Canada’s total of 2.4 million b/d and Norway’s
total of 2.9 million b/d. India produced 0.8 million b/d in 2004 and
imported 70 per cent of its supplies, that is, 2.5 million b/d. India reserves
a total of 5.6 billion barrels as of 2004. As of mid-2006, China’s production
totaled 3.7 million b/d versus 2.5 million b/d in Norway and 2.3 million
b/d in Canada. Only the North Sea counts 4.5 million b/d. Yet, China
remains well behind the largest global producers: Saudi Arabia, Russia and
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the US. According to British Petroleum (2005), Chinese reserves total 17.1
billion barrels; this represents a proportion of 1.4 per cent of the global
reserves (see Figure 5.5).

In line with other curves reflecting the supply side of global markets,
while demand has grown exponentially, the supplies leveled off and 
flattened around 2003. Production rose from 3.3 million b/d to 3.5 million
b/d from 2000 to 2004. The average production growth rate of 1.8 per cent
per year is outstripped by the average exponential consumption rate of 
7.6 per cent.

According to the International Energy Agency (2005), petroleum firms
predicted that production would reach a maximum of 3.7 million b/d in
2010 and asserted that it would fall to 3.5 million b/d in 2025. Chinese oil
companies are aware of possible future production saturation given rising
demand function and thus are already creating adequate infrastructures 
to sustain the consumption function. China partnered with Russia and
Kazhakstan to import Russian oil into various parts of western China.
However, China is keen on developing and maximizing domestic resources
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Figure 5.5 Individual countries’ rates of production of oil over time as a
percentage of global rate

Note: Equations represent the oil production rate functions.
Source: EIA, International Petroleum Monthly,
www.eia.doe.gov/emen/ipsr/source4.html.
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Figure 5.5 (Continued)
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Figure 5.5 (Continued)
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while also multiplying international partnerships to secure internal
demands in case of future international embargoes. The east coast relies on
actual Chinese production coming from the eastern sea side. China’s oil
resources are currently primarily in Daqing, Shengli and Diaohe in the
northeast. Yet, research (Kenny, 2004) also shows that new infrastructures
and production centers in the East China Sea, the Gulf of Bohai and the
South China Sea are small in response to the exponential demand. KPMG
(2005) also asserted that western production centers such as Xinjiang are
scheduled to produce 1 million b/d by 2008. A study conducted by British
Petroleum and the Energy Information Administration (2005) shows that
there exists a growing gap between the production (flat at less than 3.5 mil-
lion b/d) and the consumption levels (rising at 6.5 million b/d) as of mid-
2006. The new production centers, despite their proliferation, are not
sustaining actual levels of consumption or demand. Assuming all condi-
tions remain the same between 2006 and 2025 in infrastructures and part-
nerships within Chinese energy companies, it is assumed that the gap
between production and consumption will widen as follows:

■ 2011: 3.7 million b/d production, versus 7.8 million b/d consumption

■ 2020: 4 million b/d production, versus 10 million b/d consumption

■ 2025: 4 to 6 (conservative) million b/d production, versus 13 million b/d
consumption

New peer democracies are poorer than China in both natural resources
and in productivity levels, thus devouring some of the international
demand for oil. For instance, while India and neighboring Asian countries
are growing in population and improving average standards of living, their
oil production remains the same and their imports are expected to rise, 
creating higher competing prices.

Also while those larger emerging countries provide statistical data, new
Eastern European countries do not yet figure in the reporting agencies’ 
statistical tables. They are rich in natural resources but are as yet unexploited
infrastructurally and economically.

The Energy Information Administration (2004) estimates that China’s
imports of crude oil will rise from 3.4 million b/d in 2004 possibly to 
5 million b/d in 2010 (sustaining half of demand from internal production)
to 7 million b/d in 2020 and 11 million b/d in 2030. As a net oil importer
since 1993, current levels do not as yet reflect the actual change and impact
of rising living standards and foreign investment capital injections of the
1990s. The Energy Information Administration (2005) conservatively reveals
that the imported part of oil consumption will rise from 51 per cent in 2004
to 66 per cent in 2010 and to 85 per cent in 2030.
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On the same lines, the Institute of Energy Economics in Japan revealed
in 2004 that net imports of 3.5 million b/d would represent 52 per cent of
Chinese consumption in 2010 and 9 million b/d would represent 75 per
cent in 2020. The Energy Information Agency also predicted in 2004 that
gross imports of 8.6 million b/d in 2025 with consumption of 12.8 million
b/d would represent an import share of 67 per cent. The Energy Information
Agency predicted in 2005 that imports will reach 10.7 million b/d in 2025 to
equal about 75 per cent of consumption. The future of oil consumption and
the global sharing of resources will depend much on large corporations’
ability to gain global market shares and partnerships via temporary permis-
sion to drill on national soils and through financial stakes in corporations.
Yet, it does appear that oil is a matter of concern in national reports with
respect to military plans. The fact that alternative forms of transportation
such as hydrogen cars or oil substitutes have not been pushed further is
also of concern. Research shows that geopolitical resources are shared on a
regional basis with, for instance, a focus on Russia, Eastern European countries
and China, while Europe focuses on hegemony with North African and
Scandinavian countries and the United States’ influence is connected with
Venezuela and South and Central American geopolitical entities.
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Ever since its entrance to the World Trade Organization in December 2001,
China has intensified its global partnerships and proliferated its international
infrastructural developments towards the creation of a more balanced 
and diversified portfolio of geopolitical and economical partners. The com-
petitive race for strategic reserves and natural resources’ cumulative depend-
encies is coupled with a significant rise in domestic and international private
equity deals between global commodities corporations. Deals are multiplying
now more than ever, particularly since the beginning of this century, deregu-
lation favors corporations, foreign exchange currencies give China a signifi-
cant advantage and the Chinese need a strategic reserve to secure the future.
The new Chinese middle class exponentially consumes energy in various
forms in correlation with the rise of their living standards.

This chapter aims to provide more transparency about these intra- and
supra-national partnerships and calls for more corporate governance and
implicit risk management in relation to these deals, which are occurring now
at a pace never seen before. It also questions the ongoing risk-monitoring of
these private equity deals and their ultimate economic efficiencies to reward
us with a safer future. Figure 6.1 illustrates the evolution of Chinese oil
imports from various foreign entities.

6.1 INTERNATIONAL PARTNERSHIPS: INTENSIFICATION
AND PROLIFERATION

Dannreuther (2003) provides more information about the Qingdao initiative
on energy cooperation that was approved in June 2004 by foreign ministers

C H A P T E R  6

Geopolitical Balance of
Powers and Private–
Public Equity Deals
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of some 22 countries of the Asian Cooperation Dialogue. The ACD includes
China, Japan, India, and South Korea. The international partnerships consist
of greater coordination and cooperation towards the further development of
energy exploration and extraction, conservation, efficiency, creation of renew-
ables, the construction of new pipelines, strategic reserves accumulation, and
transportation security.

Another similar example is the 2002 Code of Conduct agreement between
Beijing and Hanoi on the sharing of energy resources in the Southern Chinese
Sea. In 2005, there was a tripartite accord to facilitate the sharing of the 
Southern China Sea, and the Spratly and Paracel Islands energy resources.

China is also pressing India to allow a Chinese naval presence in the
Indian Ocean and attempting to reach closer ties with Myanmar. In ‘China
and India: a Rage for Oil’ (2005), it is shown how both expanding Asian
economies are fighting to establish connections with Angola, Russia and
Kazakhstan. Prior to making major investments and constructing infrastruc-
tures between national and regional states to facilitate the transportation of
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various energy alternatives to relieve China’s growing dependence on foreign
oil, the Chinese government and firms developed a variety of partnership
schemes and international cooperative arrangements. During the 1990s,
China extended international cooperation and partnerships with Russia,
Kazakhstan, Canada, Australia, Sudan, Tunisia, Iran, Azerbaijan, Peru,
Brazil, Argentina, and Venezuela through trade agreements and acquisition
of minority stakes in corporations.

Sinopec has made a significant gas discovery in the northern part of the
South China Sea with an estimated reserve of more than 100 billion cubic
metres of natural gas. The National Offshore Oil Company and Canada’s
Husky Energy Corporation confirmed the discovery. Husky is involved in
China’s oil and gas exploration in partnership with China National Offshore
Oil. Together, they announced a major gas discovery in June 2006 in the Liwan
3-1-1 field in the Zhujiangkou Basin, 250 kilometers (155 miles) south of
Hong Kong.

The Information Energy Administration (2000) distinguished three main
stages in the process of international acquisition and energy policy-making in
China with the three main Chinese corporations:

■ China National Petroleum Corporation (CNPC)

■ China National Offshore Oil Corporation (CNOOC)

■ China Petroleum and Chemical Corporation (Sinopec)

The main policy periods are:

■ Prior to the 1990s, China was interested in securing its domestic demand
and was simply exploring whatever new energy resources its domestic soil
could offer. It is not until the beginning of the 1990s that China began to
become involved in international resources, not least because during that
decade, China attracted many foreign corporations to invest in its massive
growth in manufacturing. With this major economic change, China foresaw
that it would also eventually depend on international counterparts prin-
cipally to buy resources that it does not have that are natural goods.

■ From 1992–95, Chinese firms entered experimental arrangements in
Thailand, Canada, Indonesia, Peru, and Sudan.

■ From 1997–2002, Chinese companies entered arrangements in Sudan,
Venezuela, Iraq, Kazakhstan, Algeria, Azerbaijan, Chad, Ecuador,
Indonesia, Iran, Myanmar, Niger, Oman, Uzbekistan, Russia, Syria, Tunisia,
and Turkmenistan.

■ As of 2003, since the United States’ involvement in Iraq, China has entered
new deals with Algeria, Gabon, Egypt, Brazil, Argentina, Iran, Venezuela,
and Canada.
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The fact that China has quietly developed strong relationships and
acquired minority interests in all regions of the globe increases competition
between all partners in the new era for resources. And China has shrewdly
diversified its portfolio of importers in all regions of the globe, including
South America and Africa, with minority stakes in all partnerships and
deals. This ensures that China secures a global geopolitical presence that is
also one of well balanced partnerships (see Figure 6.1 above).

Other agreements are intended to gain control of oil transportation grid
routes. The Shanghai Cooperation Organization (SCO) is made up with the
participation of China, Russia, Kazakhstan, Kyrgyzstan, Tajikistan, and
Uzbekistan to secure energy and security controls. The 2005 meeting of SCO
in Astana, Kazakhstan, suggested that China also wants to propose a new
pipeline project from Iran to India passing through Pakistan and leading to
China. In 2005, China also signed a contract agreement with Uzbekistan.

The acquisition of stakes in various parts of the world shows that China
aims to develop its control of the transport and the servicing of energy in the
world in the next decades. This control will also allow China to influence eco-
nomic and geopolitical policy in peer global corporations. However, it is also
possible that the cost of transportation will rise as a result of geopolitical ten-
sions and intensifying international competition. Figure 6.2 shows Japanese
involvement in the competitive race for natural resources. Its strategic location
near China, size and maturity forced Japan to maintain global alliances with
the Middle East to secure its own strategic reserves.

This dilution of energy dependencies is aimed to provide a more 
balanced model of geopolitical influence in order to enable negotiations
between economic, industrial and geopolitic interests in all regions of the
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globe. This is a new form of shared influence, different to a long-term focus
on a concentrated area as the US maintained towards the Middle East. The
Middle Eastern region controls global oil markets through the OPEC pricing
mechanism which influences financial speculation on commodities as the
OPEC countries are the main investors in those corporations. For instance,
OPEC countries are vested in large financial institutions and hedge funds and
they alter the pricing structure of energy markets by creating pricing volatil-
ity. Financial entities (corporate banks and hedge funds) trade their portfolios
in coordination with such market interferences. This is why so many financial
entities became involved in the business of commodities trading.

As of 2004, about 60 per cent of global oil reserves represent 37 per cent of
Chinese imports. Chinese imports are projected to represent between 20 to 30
per cent of global demand. This rise will create geopolitical dependencies
between the Middle Eastern region countries and China. While OPEC con-
trols the pricing of oil, the added Chinese demand will exacerbate volatility
pressures on the oil pricing structure. Unlike China, other countries, such as
the US, are not expected to change their economic needs significantly by 2010.
And if there is no transparency in the economic mechanism of global oil
pricing by then, further geopolitical tensions will develop. The pricing of oil
between regions could exhibit much wider valuation spreads, providing
ample opportunities to profit from more inefficient market arbitrage, thus cre-
ating greater insecurity in the world. APEC (2005) estimates that the Middle
East could have increased production levels by 46 per cent in 2030, depending
on geopolitical availability and opportunities. There are also many undiscov-
ered markets yet to be exploited to enable a more balanced sharing of wealth
and resources in Africa. Yemen, Nigeria, and neighboring regions have oil
capacities underground but have not yet been infrastructurally exploited and
invested. Since 2002 and the start of the global war against terrorrism, oil
reserves and transportation are exacerbating geopolitical tensions –  the full
extent of this may not be apparent as of yet but it will certainly be real in the
future. The US hegemony in Iraq created a significant change, suggesting that
control of geopolitical regions through force no longer brings an economic
advantage; the result has been highly disadvantageous in macroeconomic
affairs, causing the price of oil to become more volatile, the US deficit to
widen, and the sharing of resources with new geopolitical competitive part-
ners more difficult to achieve. However, new partners are invited to join the
combat against terrorism and to prepare for their own future needs and in this
situation, developing partnerships throughout the world, as China did, pro-
vides a route to exercising control in those regions on other matters as well as
oil. Partnerships are valuable means of negotiation and bringing pressure to
bear in other deals and other industries, especially when it comes to merging
and acquiring large corporations across various industries. This is primarily
why the development of transparency in the Middle East and the pricing
mechanism of oil for adequate global distribution is crucial. In addition,
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assuming that the United States does not change its current high levels of
consumption and that new emerging countries, such as China or India or
Eastern Europe, increase by a factor of 22 times their 2006 levels within the
next few decades, it is also foreseeable that an exchange of currency pegging
in the pricing of oil will occur in the future. Figures 6.3 and 6.4 from National
Geographic (2004) provide more evidence about the implications of oil in the
future and the partitioning of resources between various foreign entities.
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Mature markets peg their currencies against developing economies such as
China in order to maintain and protect their domestic economic and social
conditions. They are less affected by the rising middle classes’ potential for
eroding the purchasing powers of their own middle classes. A potential
reverse of foreign currency pegging would fix the dollar and immunize its
system against a floating yuan that would result for Chinese society in the
fluctuating inflationary costs exacerbated by the increasing consumption of
its own new middle class. And to diminish the disparities between concen-
trated regional demands, pricing spreads weaken with the diversity of energy
resource distribution in South America, Canada, the North Sea, Africa, the
seas of Asia and the Middle East.

The International Energy Administration (2006) expects that Iraq will be of
particular interest in the next decade, once it has developed its own multi-
secular governing structure. Iraq expanded its production capacity to 2.8
million barrels per day in 1999 to reach $5.2 billion in oil exports. According to
the International Energy Administration (2006), Iraq planned to maintain its
current oil production capacity of about 2.5 million barrels per day in 2006
despite global oil pricing volatility. It also aims to expand its production
capacity more aggressively once its infrastructures are reconstructed and pri-
vate corporations are allowed to negotiate partnerships and to produce
more than 6 million barrels per day. The oil pricing structure is not expected to
be subject to higher volatilities and would also be required to provide more
democratic transparency vis-à-vis rising global competing countries. How-
ever, OPEC continues to use its political influence to alter volatility; this was
especially the case in January 2007 with oil prices falling back to just below
$50 a barrel or near to $78 in July 2007. The transparency of the oil pricing
mechanism will occur in line with the restructuring and re-engineering of
those OPEC countries currently under arbitrary autocratic dictatorships.
Outside investors and private international corporations are also contributing
to the economic changes in the region and in the distribution of future
resources. Preliminary discussions of exploration projects have already been
held with a number of potential outside investors. Dubai is an example of
such economic development. In addition, significant increases in Iraqi oil
exports would ease market tightness and would foster domestic economic
developments. Iraq’s oil production reaches 5.5 million barrels per day in 2030
in the reference case. Implementing oil infrastructures, drilling in foreign
territories or controlling the construction of a 4000-kilometer oil pipeline
throughout the whole of the Middle Eastern region is part of a strategic eco-
nomic plan to globally balance resources and establish future leadership.

The Asian region will increase its dependency on those Middle Eastern
countries that remain the heaviest oil producers. In 2003, the Asia Pacific
Energy Research Center (APERC) asserted that this dependency will become
increasingly significant as costs of drilling in Siberia and importing
Siberian oil increase. It is also expected that a major premium in the oil pricing
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structure will arise as a result of more costly transportation through the
regions of the Middle East, Pakistan, or India. China has not yet gained as
much influence as its Western counterparts in the Middle East, although it is
increasing its involvement in building relationships and creating partnerships
with Saudi Arabia, Iran, and Iraq. This is increasingly important as global
competition for oil rises, especially among the US, Japan, India, and the EU,
according to Izraelewicz (2005).

Security of oil transportation and long routes to conduct energy supplies
are all subject to higher costs as the war on terrorrism intensifies. As 75 per
cent of Chinese oil imports go through the Strait of Malacca, this concentrated
dependence on one route makes Chinese imports strategically vulnerable.
According to Kellner (2005), the Strait of Malacca opens strategic alternatives
in energy transportation routes, enabling:

■ Implementation of a 250-kilometer oil pipeline along the Isthmus of Kra in
Thailand from the Andaman Sea to the Gulf of Siam.

■ Utilization of the Sunda Strait between the Sumatra and Java.

■ Leverage of the Lombok Strait in Eastern Java through the Makassar Strait.
Transportation costs could rise to more than $2 a barrel in addition to the
raw barrel oil price as the transportation route is longer and subject to
greater risks.

■ Implementation of an oil pipeline from Myanmar to China from the port
of Sittwe in the Bengal Gulf to Kunming in Yunnan Province.

According to the China Daily (2004), the recent intense diversification of
energy development, especially within the Asian region, creates tensions
between the national interests of Asian countries, such as Japan, Australia,
Taiwan, and Hong Kong and the mainland policies of Thailand, Vietnam,
and the Indonesian region.

Wealthier countries are also perceived as growing competitors, in particu-
lar in forming alliances with Russia, Iran, Kazakhstan, and Sudan. For
instance, the Economist Intelligence Unit reports on 1 September 2006 in
‘China and Japan Compete for Gas and Oil’, that a visit by Japanese prime
minister Koizumi to Kazakhstan and Uzbekistan underlined the significance
of the economic and strategic influence of Japan in ensuring energy secu-
rity and maintaining an international Japanese diplomatic profile. Japan
relies on imported supplies of fuel (80 per cent) and it aims at diversifying
away from the Middle East. Kazakhstan’s oil reserves totaled 40 bn barrels at
the end of 2004, 3.3 per cent of the world’s total and second only to Russia out-
side the Middle East. It also had 3 trillion cubic meters of gas reserves.
Uzbekistan has 100 m barrels of oil and 1.86 trillion cubic meters of gas. Both
Kazakhstan, and Uzbekistan also have rich reserves of uranium, and both
countries’ domestic mining capabilities are backed by Japanese investments.
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Sumitomo, Japan’s third-largest trading firm, and Kansai Electric Power
Co. (KEPCO) have signed an agreement to develop a uranium deposit with
KazAtomProm, the state-owned Kazakhstan uranium monopoly. Sumitomo
gets a 25 per cent stake and KEPCO 10 per cent, with the combined initial
investment expected to be around US$100 million. Itochu, another Japanese
trading firm, has also signed a deal with KazAtomProm. Kazakhstan could
provide as much as 25 per cent of Japanese demand for uranium in a few
years. In 2005, China outbid Japan to develop uranium mines in Kazakhstan.
In December 2005, a US$800 million oil pipeline was opened linking Atasu
in central Kazakhstan with Alashankou in the northwestern Chinese
province of Xinjiang. The pipeline has a capacity of 10 million tons a year
(China’s total consumption last year was 300 million tons). This is expected
to double by 2010. In October 2005 the state-run China National Petroleum
Corporation (CNPC) bought the Canadian-owned firm PetroKazakhstan,
which operates the Kumkol oilfield. Joint ventures were developed in
Uzbekistan with the state-owned oil and gas monopoly, Uzbekneftegaz.
China National Oil Development Corporation (CNODC) also agreed to provide
geological exploration work at five hydrocarbons blocks. CNODC plans to
invest US$209 million. Figure 6.5 shows cumulative strategic oil reserves.
The proportional production by participating countries indicates (Figure 6.6)
that there may also be more production centers outside the Middle East.
However, prior to expanding internationally with neighboring markets,
Chinese corporations are also attempting to maintain internal national
demand and to secure domestic demand (Figure 6.7).

According to ChinaBidding of 31 July 2006, Chinese energy corporations,
such as the China National Petroleum Corporation (CNPC), intend to speed
up oil exploration in the Tarim basin and upgrade China’s prospecting

GEOPOL IT ICAL  BALANCE  OF  POWERS 93

26

42

1

9 5
4

4

3
11

1

3

Saudi Arabia Iran Iraq Kuwait

UAE Rest of the Middle East Entire Middle East Russia

Kazakhstan China USA World

Figure 6.5 Proportion of oil reserves by countries of interest (%)

9780230_554207_07_cha06.qxp  9/18/2007  10:14  Page 93



capability. About nine new exploration zones will be open to international
oil firms. CNOOC initiated the first LNG terminal in Southern Guangdong
province in 2005. It also plans to invest in four projects in Fujian, Shanghai,
Ningbo, and Zhuhai. The plan is to base them all along the east and south-
eastern coasts by about 2010. CNOOC intends to implement a second phase
of the Guangdong terminal to increase productivity and capacity by 6.2 mil-
lion tonnes per year (tpy). The other four projects are each intended to reach
3 million tpy from around 2010. CNOOC will need to buy about 18 million
tpy of LNG to ensure the successful implementation of those infrastructures
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and to secure imports to South Korea, which is the world’s second largest
buyer of LPG. China intends to complement its energy production of oil with
gas, and is planning to double its gas production share by 2010. CNOOC also
faces intra-market competition with Sinopec Corporation and PetroChina.
They both also intend to establish about six terminals along the northern
coast. In addition to competition between the main Chinese energy companies,
new private entities are also forming, with private investment, to increase
LNG supplies until at least 2012, pre-sold to Japanese or Western buyers.
Private Chinese entities also finance new projects for export to Australia and
Qatar. Due to the increasing intramarket and international competition for
supplies, China is also looking to secure renewable short-term contracts –
5–10 years rather than the usual 25–30 years – with less established suppliers
with short-term availability. China sees potential in Indonesia, which
hedged its domestic energy supplies with Japanese counterparties in deals
that will expire in 2010, and Iran, which also aims to enter the LNG market.
The Chinese National Energy Commission also intends to approve another 
25-year agreement for one of China’s big three state-owned energy compa-
nies to buy liquefied natural gas (LNG) from Petronas, the Malaysian state-
owned energy corporation. According to the Xinhua China Securities Journal
and the China National Offshore Oil Corporation (CNOOC), Petronas will
supply the Shanghai LNG terminal at a contract price of US$5–6 per million
British thermal units (MBtu) from the opening of the terminal in 2008. This
particular project is designed to receive six million tons of LNG annually at
what will be China’s third LNG terminal in Shanghai, built in two phases.
The first phase is targeted for completion by 2008 to enable the processing of
three million tons of LNG and to supply four billion cubic meters of natural
gas annually to the Shanghai municipality. Part of the project is financed by
the Shenergy Group, a state-owned energy company based in Shanghai,
which holds a 55 per cent stake, and part by CNOOC, China’s largest off-
shore oil company, owning a minority interest with 45 per cent. Insurance
and freight costs are additional price inflationary pressures. For instance,
the world’s largest LNG importer, Japan, increased its costs of LNG primarily
as a result of increased insurance and freight, from $3.05 per MBtu in 1998 
to $6.05 in 2005. International LNG prices increased primarily due to
increased consumption, most particularly outside city centers, but were also
affected by trading speculations, financial engineering, and insufficient
guidelines with respect to risk management infrastructures in the trading of
global commodities. For instance, the Shanghai supply price is expected to be
higher than for CNOOC’s LNG projects in Southeastern Fujian and Shenzhen
city, in Guangdong province. Shenzhen prices were around $3 per MBtu as 
of June 2006. Fujian Province prices are negotiated with Indonesian suppliers.

Geopolitical partnerships have also been proliferating. For instance,
according to ChinaBidding of 27 July 2006, China’s biggest oil producer,
PetroChina, will submit a feasibility study to the government to establish a
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liquefied natural gas (LNG) terminal in northeast China to maintain fuel
supplies from Australia, Iran, and Qatar. Another ChinaBidding report of July
2006 says that PetroChina was in negotiations with more than 10 international
suppliers to source fuel for three terminals, including Dalian. PetroChina has
received governmental approval to contract a feasibility study to build LNG
facilities in Dalian, Tangshan in Hebei Province and Rudong in Jiangsu.
Apart from its Petronas deal discussed above China National Offshore 
also received governmental approval for two LNG terminals, one each in
Guangdong and Fujian. The Guangdong venture has already received its
first shipment of 60,000 tons of LNG from Karratha in Australia. BP Gas China
also agreed with China National Offshore to supply 2.6 million tons of LNG
annually for 25 years to its Fujian terminal, and they were waiting for final
approval from the Indonesian government. Partnerships are also internation-
alizing, with a proliferation of commercial contracts. For instance, accord-
ing to a Dow Jones report of July 2006, Shell submitted a development plan
to PetroChina to help secure production in the largest gas field in southwest
China’s Sichuan Province with 58 billion cubic meters of proven reserves.
According to ChinaBidding of 17 July 2006, Royal Dutch Shell, Europe’s
second-biggest oil company, and Shenhua Ningxia Coal Industry Group
agreed to study the feasibility of spending as much as US$6 billion on a
Chinese plant to convert coal into alternative fuels and chemicals. Shell and
Shenhua Ningxia, a unit of Shenhua Group Corporation, China’s biggest
coal producer, will study the technical and commercial viability of building
a 70,000 barrel-a-day plant in northern China’s Ningxia province.

For another example, ChinaBidding reported on 6 July 2006 that China
and Russia aim to build a pipeline in Altay in Xinjiang Uygur Autonomous
Region to transport natural gas from Russia to the coastal areas of east
China. According to the report, Altay region Communist Party secretary Li
Xianglin said that China and Russia are accelerating their partnerships in the
energy field. The Russian Natural Gas Industry Corporation is the coun-
try’s largest firm in natural gas drilling and is allying with China for
pipeline construction. The final version of the negotiation agreement had
been handed over to the Xingjiang Transportation Bureau and local gov-
ernment for approval. The Russian Natural Gas Industry Company aims to
construct two pipelines to China which would transport 68 billion cubic
meters of gas from Russia to China each year. The western part of the
pipeline will go through west Siberia in Russia to Altay, and then connect
to the west-to-east natural gas transmission pipeline, which stretches along
the coastal areas of China. This project aims to support the economic region
of Xinjiang. The western part of the pipeline represents the main transmis-
sion line, as the natural gas fields in west Siberia were close to the existing
natural gas infrastructure. Most newly constructed pipelines are branched
from these main ‘arteries’ to feed the domestic regions and rural areas
whose infrastructures are yet to be improved. It is expected that the western
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pipeline will transport 30 billion cubic meters of gas every year. ChinaBidding
also reports that Chinese policy-makers have mapped out China’s natural
gas pipeline network, which is to be implemented in the next 20 years.
Natural gas, as cheaper than oil and the most easily available alternative
source of energy, is seen as the best solution to alleviate petroleum supplies
and inflation on global prices. The Chinese natural gas framework began
construction in the 1990s with the Shaanxi-Beijing pipeline and west–east
gas pipeline that runs from Lunnan Oilfield in the Tarim Basin in Northwest
China’s Xinjiang Uygur Autonomous Region via eight provinces and regions
to Shanghai. The Zhongwu line transports gas out of Sichuan Province with
a second Shaanxi-Beijing pipeline.

According to research at the University of Petroleum in China, China is
now partnering with Russia and Kazakhstan to build a basic framework of gas
transportation pipelines. In 2006, China’s natural gas pipelines measured a
total of 24,000 kilometers. According to research at the Guangdong Oil and
Gas Association, this will increase to 36,000 kilometers by the end of 2010.
The Petroleum Reserve and Transportation Committee of the China Petroleum
Society also reports that China’s natural gas pipeline industry is undergoing
major investment and re-engineering to compensate for rising oil demand
and energy needs anticipated until at least 2020, and in order to alleviate poten-
tial inflationary pressures on global oil prices which could reduce global
competitors’ average purchasing powers and contribute to more expensive
credit costs. The new Chinese middle class market is expected to mature
around 2025, at which time they would probably share the same life style as
their Western counterparts. Natural gas and oil are both in demand and
China is expected to experience some natural gas shortage by 2020, perhaps
by around 90 billion cubic meters. China expects to compensate for these
shortages with rising imports of liquefied natural gas (LNG) and natural gas
via land pipelines according to research at China National Petroleum
Corporation (CNPC)’s Natural Gas and Pipeline Branch Company. As a
result of this and projected demands from China’s new middle classes,
China has already started several LNG import projects in association with
Australia, one of the main regional exporters. In mid-2006, 11 coastal
provinces, municipalities and autonomous regions had participated in the
construction of large-scale LNG import projects to feed the region of
Guangdong. In addition, about 12 new LNG projects have been proposed
to the Chinese government to expand resource reserves.

Oilfields such as Daqing, which accounts for 33 per cent of China’s oil
production will become depleted, and the government is pinning oil hopes
on vast virgin fields in Xinjiang. Xinjiang sits on 30 per cent of the nation’s
total oil reserves and 34 per cent of its natural gas resources, and the gov-
ernment’s energy plan is to further expedite oil exploration in areas such as
Karamay, Turpan Basin and Tarim Basin. China Daily reported that the oil
and gas industry accounted for 60 per cent of the incremental industrial
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value of Xinjiang as of 2005. For the previous two years Xinjiang had main-
tained a gross domestic product growth of more than 10 per cent annually,
representing a level beyond the national average.

CNOOC is increasing its partnerships primarily because of rising global
energy prices but it seems unaware that a major source of inflationary pres-
sure is new forms of financial engineering speculation and disguised trad-
ing gambling. According to the EIA’s historical pricing time series, LNG
contract prices approximately doubled between the end of 2001 and the
end of 2006. Natural gas and oil are the two primary natural resources that
are exploited by financial engineering speculators and hedge funds and
whose rising prices are the result of speculative trading by commodities
trading advisors and commodities pool operators. The underlying prices of
commodities are volatile and can be exploited to magnify the profits of
financial institutions. The equivalent of those speculative financial instru-
ments are now active in China and are starting to trade with their Western
counterparts, mostly since November 2005.

China cooperates with Russia and Central Asia to remediate and balance
its rising demand. In October 2006, Russia also entered deals with European
counterparts to hedge demand and distribute natural resources equitably.
In March 2006, China and Russia signed a commercial contract to transport
natural gas between Russia and China. From 2011, Russia was then expected
to be the first and largest global natural gas exporter to supply more than 60
to 80 billion cubic meters annually to China. Exports will be transported in
two ways: the west pipeline will enter China’s Xinjiang province through
Siberia and Altai and will connect with the west–east gas pipeline to supply
natural gas to China’s coastal areas. The east pipeline is also expected to
transport natural gas from Kovykta or Sakhalin and Chayandinskoye gas-
fields located in Yakut. Russia and two of China’s major oil companies, CNPC
and Sinopec, are also scheduled to build the 3000-kilometer west pipeline.
This is expected to transport gas within five years and to supply 30 to 40 bil-
lion cubic meters of natural gas to China per year. The projects are signifi-
cant and intended to ramify the east and west markets. Turkmenistan will
supply China with 30 billion cubic meters of natural gas per year, starting in
2009, under an agreement signed in April 2006 between China and
Turkmenistan during President Saparmurat Niyazov’s visit to China. Under
the 30-year contract, imports from Turkmenistan will begin two years earlier
than from Russia under the March 2006 contract. The contract indicates that
the China-Turkmenistan natural gas pipeline will be completed by 2009.
Because China and Turkmenistan do not share any borders, financial and
logistical arrangements had to be agreed to transport the natural gas through
Uzbekistan and several Kazakhstani territories before finally connecting
with the west–east gas pipeline. Uzbekistan and Kazakhstan also have rich
natural resources, especially in natural gas. Both aim to export to China to
alleviate the rising oil inflationary trends affecting global economic conditions
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and their peers’ average purchasing powers. Once the China-Turkmenistan
pipeline is constructed, all three Central Asian countries will be able to supply
natural gas to China simultaneously.

According to the China Daily of 11 November 2002, the Lanzhou-
Chengdu-Chongqing oil product transportation pipeline is the country’s
longest oil pipeline, with the largest diameter and highest pressure. The
PetroChina branch in southwest China’s Sichuan Province announced its
completion at the end of 2002. This pipeline is part of 12 major projects that
form a strategic plan to ‘go West’ to connect with more western Asian
neighboring countries and on to Eastern Europe. This project aimed to fore-
stall population migrations from western areas to eastern urban centers
that are already saturated as a result of rising economic growth, thereby
increasing economic distortion inside China. The balanced distribution of
economic and energy resources to the western regions aims to promote fur-
ther developments in those ‘desertified’ areas. Oil consumption in Sichuan
and Chongqing is 4.4 million tons a year and more than 90 per cent of the
oil is still transported through old infrastructures that are inefficient, inse-
cure, and inadequate to cope with increasing demand. The transportation
grids in China are currently being overhauled and modernized to adjust to
new rising consumption needs. In addition to ensuring a steady oil supply,
PetroChina also reports that the main ‘go West’ pipeline could save up to
150 million yuan or $18 million per year in transportation fees.

In 2006, PetroChina invested almost 4 billion yuan or $483 million in the
‘go West’ pipeline project. The annual transportation capacity is more than
5 million tons and the 1250-kilometer pipeline starts in Xigu District in
Lanzhou, passes through 40 counties, cities and districts in Gansu, Shaanxi
and Sichuan provinces and the Chongqing Municipality and ends in the
Dadukou District in Chongqing. It traverses diverse topography, from
Loess Plateau, Mount Qinling, the Daba Mountains to the Chengdu Plain.
The pipeline is equipped with ultrasonic waves to differentiate various
energy goods and is the most sophisticated advanced technology in China.

In 2004, Russia initiated in cooperation with China the Tayshet-
Skovorodino Nakhodka oil pipeline that runs from Eastern Siberia to
Perevoznaya Bay in the Pacific, including a stretch of over 2300 kilometers
along the Angarsk-Daqing route in China. The route runs from the south of
Lake Baikal to the main Chinese distribution center in the northeastern
province of Heilongjiang. According to Kenny (2004), China National
Petroleum and Chemical Corporation (CNPC) and the Russian firm Yukos
entered an agreement in 2003 against competition from a Japanese firm.
Finally, the Russian firm Transneft won the contract to construct the
Tayshet Nakhodka pipeline to connect to the Chinese domestic grid. To
compensate China for the loss of their stake in this, Russia agreed in July
2005 to offer Beijing priority participation in the establishment of railway
transportation to deliver oil from Skovorodino to the Pacific, scheduled to
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finish by 2010, and a pipeline from Skovorodino to Daqing, due to be effec-
tive by 2020.

However, pipelines through insecure eastern regions are subject to
geopolitical risks. For instance, since 2002, American forces reallocated to
Kyrgyzstan and Uzbekistan have been considered a potential risk to the
Atasu-Alanshankou pipeline between Kazakhstan and Xinjiang. This
pipeline also connects the eastern Chinese coast to the Caspian Sea through
pipes from Charjou in Turkmenistan. Additional geopolitical risks and
archaic infrastructures make development and construction more expen-
sive in these regions. Further, many geopolitical players are increasing their
efforts to secure new resources as transportation costs and prices are rising.

According to Kellner (2005), in 2006, Russian and Kazakh pipelines were
conducting about 30 million tons of natural gas each year. This strategic
infrastructure is aimed to alleviate petroleum dependence on the Middle East,
which provides support half of the planet’s demand.

At the same time, China is investing heavily in significant drilling projects in
the neighboring seas and is developing deep water ports in Myanmar to
access the Andaman Sea, on the southwestern coast of Pakistan in Gwadar,
and on the Sea of Oman near the Strait of Hormuz to control crude oil imports
from the Middle East and Africa.

With regard to international projects, some of them aim only to transport
energy while others aim to produce and drill to obtain energy in response
to growing demand. According to APEC (2005) and KPMG (2005), the fol-
lowing projects primarily aim to improve energy distribution:

■ Gas pipeline from Irkutsk to Korea and China with Russia also distributing
oil from Irkutsk as of 2010.

■ Natural gas pipelines aimed to distribute energy to the Chinese province of
Shenyang from Sakhalin.

■ Liquefied natural gas (LNG) import terminals servicing the southern
provinces of Guangdong and Fujian to receive LNG imports from
Australia and Indonesia from 2007.

■ Oil pipeline from Kazakhstan to the Xinjiang region.

■ Oil pipeline transporting oil from Skovorodino to Daqing.

■ West–east power transmission grid to transport electric energy produced
from coal and hydroelectric power, effective as of 2020.

■ West–eastern pipeline transporting natural gas from Sichuan, Xinjiang and
Shaanxi to Beijing and eastern and northeastern cities.

■ West–eastern oil pipelines transporting oils through Shanshan, Lanzhou
and Gansu.
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Other international partnerships include that of Sinopec Corporation in
Teheran in November 2004 to explore and develop the Yadavaran Oil field in
Iran. The Chinese government also became involved in Caracas, Venezuela,
in December 2004, in a partnership to operate in fifteen oil drillings in the
Eastern Venezuela region. This alliance was reinforced with more partner-
ships in 2005 and 2006. According to ChinaBidding on 19 July 2006,
Venezuela plans to enter into a joint venture with China to manufacture oil
drills instead of buying them from American companies. ChinaBidding
also disclosed that President Chavez and the Chinese president planned to
diversify geopolitical partnerships to reduce concentrations in areas of
geopolitical risk. Since the beginning of this century, China has worked at
multiplying alliances and at securing oil reserves for its growing domestic
demand. The Chinese government thus also helps in the financing of the
construction of manufactories, and factories to build oil drills. Venezuela is
the world’s fifth-largest oil exporter and is used primarily to support the
United States. However, since 2003, states have made an effort at diversifying
risk concentration and at reducing concentrated geopolitical economic
dependencies. This is also to avoid specific states taking oil for granted and to
force global citizens to be more efficient in their oil consumption. China offers
a proactive example. The Chinese invented cheap low fuel-consumption
cars, which have been available globally since 2006. At less than $5000 they are
accessible to the general public. They are much smaller than other cars and
run on hydrogen. Chavez also aims to alleviate one-way oil dependency
with the United States, as relations between the countries have deteriorated
since the beginning of this century. As the result of new global and geopo-
litical alliances with China, Venezuela agreed to sell 160,000 barrels a day of
crude and diesel to China, with the aim of doubling that by the end of 2006.

Furthermore, in August 2005, according to the International Herald Tribune
of 23 August 2005, in an article entitled ‘Chinese Beat India for Kazakh Oil
Fields’, the CNPC took over the Canadian oil company PetroKazakhstan
for $4.18 billion, superseding the Indian offer by ONGC Mittal Group. The
Straits Times of 7 January 2005 also reported that China and other Asian
countries were attempting to gain hegemony in Indonesian and Malaysian
oil and gas and with Singapore refining capacity. Berger (2004) notes that
Chinese firms relied on foreign companies in sharing resources in border
areas, such as Japan in Diaoyu and Senkaku islands, and Vietnam in Nansha,
Spratly, Xisha and Paracel islands.

Major energy corporations are also partnering to share intelligence, means
and resources. According to ChinaBidding on 18 July 2006, China’s biggest
oil firm PetroChina will invite major foreign oil companies to help the state-
owned company explore for oil and gas in northwest China’s Xinjiang Uygur
Autonomous Region. The new projects are mainly distributed throughout the
southwestern, central and eastern parts of the Tarim Basin, which has total
proven reserves of 6 billion tons of oil and 8 trillion cubic metres of natural gas.
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This private capitalistic initiative marks the most significant cooperation
with foreign giants in oil and gas exploration in the past 12 years. PetroChina
reveals that more gas discoveries in the northwestern region will increase
energy supplies to the 3800-kilometer natural gas pipeline which runs from
Xinjiang in the west to coastal cities in the east. PetroChina intends to partner
with several major international oil companies through product sharing con-
tracts to share drilling technologies, alternative energy intelligence processes,
and natural resources. The foreign listed companies also reported that they
would enlist state-of-the-art technology worldwide to tap the huge energy
potential in the northwestern region. According to ChinaBidding, the foreign
oil companies dealing with the main Chinese entities in those geopolitical
plans are Exxon Mobil, Total, Chevron, and Royal Dutch Shell. The intelli-
gence report also reveals that over the past 20 years, PetroChina and its parent
firm CNPC teamed up with as many as 46 overseas oil companies, including
Total, ConocoPhillips and Shell, to work on 16 oil and gas projects in China
and to strategically alleviate resource shortage. These joint efforts produced
22 million tons of oil and 2.5 billion cubic metres of natural gas as of 2006.

6.2 THE NEW WORLD ORDER DOES NOT COME FREE OF
POLITICAL TENSION

The creation of international partnerships and the prosperity of these part-
nerships will partially depend on the economic stability of global oil pric-
ing and the main variables impacting this balance. The pricing of oil
depends on supply, demand, technology, alternatives and geopolical tensions.
But pricing disparities and various spreads will also depend on transporta-
tion costs and security issues that could substantially change the pricing
structure of future oil curves due to geopolitical concerns. Since 2003 and
the entry of China to the World Trade Organization, the new world order has
also provoked new tensions and suspicions among players. For instance,
some American analysts have suggested that the proliferation of energy
partnerships may also be used as weapons of exchange for military and arms
deals or used as political levers and to provide possible veto influences in
international negotiations far into the future.

The creation of these new axes of economic dependencies also increases
the turmoil within established international institutions, such as the United
Nations, which are too centralized and bureaucratic to monitor the prolif-
eration and continuity of partnerships. Its role has changed in a period of
private globalization evolution, and diminished in the face of rising private
corporate controls. More independent research centers are being created to
monitor more objectively the corporate partnerships between national
players in various strategic corners of the world, substituting for the role of
the centralized, old-fashioned and mature United Nations.
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Herberg (2005) considers the negative connotations of China’s rising
power in the face of its neighbors, and the National Bureau of Asian
Research in Seattle also looks at the rising tensions resulting from China’s
increasing control of energy in the Asia Pacific region. Articles such as ‘China
Gorging and Japan-China Resource and Energy Conflicts’ (Shimbum, 2005)
and ‘Caspian Oil Heading East’ (Sukhanov, 2005), discuss the ways in
which China’s rising power and correlated energy needs contribute to
added tensions between Russia, China and Japan. China once suspended
exports from Daqing to Japan and Russia is open to preferential usage of
the Taishet-Nakhodka oil pipeline. Despite the fact that regional zones are
currently mostly experiencing cooperative partnerships and alliances in
relation to resources, it is nonetheless anticipated that the demands of the
new Chinese middle class will exacerbate tensions among neighboring
countries which are experiencing diminishing resources. In the eastern
Chinese Sea, resources are already starting to become a focus of disputes.
For instance, the Chun Xiao, Dunquiao and Tianwaitan offshore gas fields
are operated by China. Yet, Japan claimed partial ownership due to its geo-
graphical proximity to the median line. Japan considers the median line as
a border to an exclusive economic zone while China claims the entire own-
ership of soil and oil drilling operations.

Harrison (2005) also notes that the Senkaku or Diaoyu islands, which
generate 95 billion barrels of oil per year are the subject of dispute between
Japan and China. The sharing of oil production centers in the region goes as
follows: the South China Sea and the Gulf of Tonkin are shared by Vietnam
and other East Asian countries and territories (although in 2003, China and
the Philippines reached a partnership agreement for joint explorations in
the South China Sea, which created tensions with Vietnam); China,
Vietnam, and Taiwan claim shared interest stakes in the Paracel Islands and
the Spratly Islands (Table 6.1). The Philippines, Brunei, Indonesia and
Malaysia also own partial minority stakes in these production centers.

PetroChina is involved in the drilling of the South China Sea on behalf of
the Chinese government. The Energy Information Administration provides
more data about the region’s geopolitical tensions due to the sharing of
resources (tables 6.2 and 6.3).

As we have seen, China has come a long way in diversifying its strategic
resources to be able to respond to its future growing energy demand and to
alleviate geopolitical tensions. It has also come a long way in the creation of
partnerships with international players to integrate the global mechanism of
oil pricing. However, these partnerships have mainly been created by pri-
vate corporations, principally the three main Chinese energy corporations,
CNOOC, Sinopec and PetroChina. The main challenge remains how to
integrate Chinese government policies with the corporations. The Chinese
government is still highly centralized and aims to keep the structure of cor-
porations vertical, with all reporting eventually to the central government
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Table 6.1 Territorial claims in the Spratly and Paracel islands

Country Claim

Brunei Does not occupy any of the islands, but claims part of the South China
Sea nearest to it as part of its continental shelf and exclusive economic
zone (EEZ). The boundary lines are drawn perpendicularly from two
outermost points on the Brunei coastline. In 1984, Brunei declared an
EEZ that includes Louisa Reef.

China Refers to the Spratly Islands as the Nansha Islands, and claims all of the
islands and most of the South China Sea for historical reasons. These
claims are not marked by coordinates or otherwise clearly defined. China
also claims the Paracel Islands (referred to as the Xisha Islands), and
includes them as part of its Hainan Island province.

Chinese claims are based on a number of historical events, including 
the naval expeditions to the Spratly Islands by the Han Dynasty in AD

110 and the Ming Dynasty from 1403–33. Chinese fishermen and 
merchants have worked the region over time, and China is using 
archaeological evidence to bolster its claims of sovereignty.

In the 19th and early 20th centuries, China asserted claims to the 
Spratly and Paracel islands. During World War II, the islands were 
claimed by the Japanese. In 1947, China produced a map with nine 
undefined dotted lines, and claimed all of the islands within those lines. 
A 1992 Chinese law restated its claims in the region.

China has occupied eight islands to enforce its claims. In 1974, China 
seized the Paracel Islands from Vietnam.

Indonesia Not a claimant to any of the Spratly Islands. However, Chinese and
Taiwanese claims in the South China Sea may extend into Indonesia’s
EEZ and continental shelf, including Indonesia’s Natuna gas field.

Malaysia Its Spratly claims are based upon the continental shelf principle, and
have clearly defined coordinates. Malaysia has occupied three islands
that it considers to be within its continental shelf. Malaysia has tried to build
up one atoll by bringing soil from the mainland and has built a hotel.

Philippines Its Spratly claims have clearly defined coordinates, based both upon the
proximity principle as well as on the explorations of a Philippine explorer
in 1956. In 1971, the Philippines officially claimed eight islands that it 

(Continued )

of China. Yet, with the latest multiplication of international partnerships,
despite their minority stakes, it is foreseeable that China will experience a
breakdown of authority or its centralized leadership due to the infiltration
of foreign entities into the fabric of the Chinese system. Thus, the policy
framework that we are about to consider will be subject to overhaul and re-
engineering in the decades to come depending on the levels of involve-
ments of foreign entities in Chinese private corporations and in the
influencing of the oil pricing structure.
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Country Claim

refers to as the Kalayaan, partly on the basis of this exploration, arguing 
that the islands: (1) were not part of the Spratly Islands; and (2) had not 
belonged to anyone and were open to being claimed. In 1972, they 
were designated as part of Palawan Province, and have been occupied.

Taiwan Taiwan’s claims are similar to those of China, and are based upon the
same principles. As with China, Taiwan’s claims are also not clearly
defined. Occupies Pratas Island in the Spratlys.

Vietnam Vietnamese claims are based on history and the continental shelf 
principle. Vietnam claims the entire Spratly Islands (Truong Sa in 
Vietnamese) as an offshore district of the province of Khanh Hoa. 

Vietnamese claims also cover an extensive area of the South China 
Sea, although they are not clearly defined. In addition, Vietnam claims 
the Paracel Islands (the Hoang Sa in Vietnamese), although they were 
seized by the Chinese in 1974.

The Vietnamese have followed the Chinese example of using 
archaeological evidence to bolster sovereignty claims. In the 1930s, 
France claimed the Spratly and Paracel Islands on behalf of its then-
colony Vietnam. Vietnam has since occupied 20 of the Spratly Islands to 
enforce its claims.

Note: The South China Sea is defined by the International Hydrographic Bureau as the body of water
stretching in a southwest to northeast direction, whose southern border is 3º south latitude between
South Sumatra and Kalimantan (Karimata Straits), and whose northern border is the Strait of Taiwan
from the northern tip of Taiwan to the Fujian coast of China.

Source: Energy Information Administration (2003).

Table 6.2 Disputes over drilling and exploration in the South China Sea

Date Countries Disputes

1992 China, In May, China signed a contract with US firm Crestone
Vietnam to explore for oil near the Spratly Islands in an area that 

Vietnam says is located on its continental shelf, over 600 
miles south of China’s Hainan Island. In September, 
Vietnam accused China of drilling for oil in Vietnamese 
waters in the Gulf of Tonkin.

1993 China, In May, Vietnam accused a Chinese seismic survey ship 
Vietnam of interfering with British Petroleum’s exploration work 

in Vietnamese waters. The Chinese ship left Vietnamese 
block 06 following the appearance of two Vietnamese 
naval ships.

(Continued)

Table 6.1 (Continued)
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Table 6.2 (Continued)

Date Countries Disputes

1993 China, In December, Vietnam demanded that Crestone cancel
Vietnam offshore oil development in nearby waters.

1994 China, Crestone joined with a Chinese partner to explore 
Vietnam China’s Wan’ Bei-21 (WAB-21) block. Vietnam protested 

that the exploration was in Vietnamese waters in their 
blocks 133, 134, and 135. China offered to split Wan’ 
Bei production with Vietnam, as long as China retained 
all sovereignty.

1994 China, In August, Vietnamese gunboats forced a a Chinese
Vietnam exploration ship to leave an oilfield in a region claimed 

by the Vietnamese.

1996 China, In April, Vietnam leased exploration blocks to US firm 
Vietnam Conoco, and ruled out cooperation with US oil firms 

that signed Chinese exploration contracts in disputed 
waters. Vietnamese blocks 133 and 134 cover half the 
zone leased to Crestone by China. China protested, and 
reaffirmed a national law claiming the South China Sea 
as its own in May.

1997 China, In March, Vietnamese issued a protest after drilling by 
Vietnam the Chinese Kantan-3 oil rig near Spratly Islands in

March. The drilling occurred offshore Da Nang, in an
area Vietnam calls Block 113. The block is located 64
nautical miles off Chan May Cape in Vietnam, and 71
nautical miles off China’s Hainan Island. The diplomatic
protests were followed by the departure of the Chinese rig.

1997 China, In December, Vietnamese protested after Exploration 
Vietnam Ship No. 8 and two supply ships entered the Wan’ Bei

exploration block. All three vessels were escorted away
by the Vietnamese navy.

1998 China, In September, Vietnamese protested after a Chinese 
Vietnam report stated that Crestone and China were continuing

their survey of the Spratly Islands and the Tu Chinh
region (Wan’ Bei in Chinese). (The dispute over this area
was resolved by an agreement between China and
Vietnam concluded in December 2000.)

2003 Malaysia, In May 2003, a patrol boat from Brunei acted
Brunei to prevent TotalFinaElf from undertaking exploration

activities in an area offshore from Northern Borneo
disputed by the two countries.

Source: Energy Information Administration (2003).
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Table 6.3 Military clashes in the South China Sea, 1974–99

Date Countries Military action

1974 China, Chinese seized the Paracel Islands from Vietnam, with 18 
Vietnam of its troops killed in clashes on one of the islands.

1988 China, Chinese and Vietnamese navies clashed at Johnson Reef
Vietnam in the Spratly Islands. Several Vietnamese boats were sunk 

and over 70 sailors killed.

1992 China, Vietnam accused China of landing troops on Da Luc Reef.
Vietnam China seized almost 20 Vietnamese cargo ships trans-

porting goods from Hong Kong from June–September.

1994 China, China and Vietnam had naval confrontations within
Vietnam Vietnam’s internationally recognized territorial waters over

Vietnam’s Tu Chinh oil exploration blocks 133, 134, and
135. Chinese claim the area as part of their Wan’ Bei-21
(WAB-21) block.

1995 China, China occupied Philippine-claimed Mischief Reef.
Philippines Philippine military evicted the Chinese in March and

destroyed Chinese markers.

1995 Taiwan, Taiwanese artillery fired on a Vietnamese 
Vietnam supply ship.

1996 China, In January, Chinese vessels engaged in a 90-minute gun
Philippines battle with a Philippine navy gunboat near Capones

Island.

1997 China, The Philippine navy ordered a Chinese speedboat and
Philippines two fishing boats to leave Scarborough Shoal in April; the

Philippine navy later removed Chinese markers and raised
its flag. China sent three warships to survey Philippine-
occupied Panata and Kota Islands

1998 Philippines, In January, Vietnamese soldiers fired on a Philippine fishing 
Vietnam boat near Tennent (Pigeon) Reef.

1999 China, In May, a Chinese fishing boat was sunk in a collision
Philippines with a Philippine warship. In July, another Chinese fishing

boat was sunk in a collision with a Philippine warship.

1999 China, In May, Chinese warships were accused of harassing a
Philippines Philippine navy vessel after it ran aground near the Spratly

Islands.

1999 Philippines, In October, Vietnamese troops fired upon a Philippine 
Vietnam air force plane on reconnaissance in the Spratly Islands.

1999 Malaysia, In October, Philippine defense sources reported that two 
Philippines Malaysian fighter planes and two Philippine air force

surveillance planes nearly engaged over a Malaysian-
occupied reef in the Spratly Islands. The Malaysian Defense
Ministry stated that it was not a stand-off.

Source: Energy Information Administration (2003).
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7.1 HISTORY AND CHRONOLOGY OF GOVERNMENT
ENERGY POLICIES IN CHINA

According to Yao et al. (2005), China’s energy policies have three levels or may
be classified into three various categories. The first level of policies pro-
vides general guidance and directions; the second level deals with objec-
tives and develops plans and strategic structures; and the third consists in
producing specific rules and guidelines, for instance non-compliance
penalties. Most Chinese policy plans are defined by time-scales, every five
or ten years, depending on the strategies and budgetary conditions set by
the Chinese government. Yao et al. report that general energy policies center
on a five-year forecasting plan. According to the NREL (2004) and Yao et al.
(2005), the Chinese government began to be concerned about the country’s
environmental pollution emissions around 1978. Beginning in the 1980s, the
sixth, seventh, eighth, ninth, tenth and eleventh five-year plans demonstrated
a growing attention and awareness to Chinese national energy policy. The
sixth five-year program, from 1981 to 1985, required that 10 per cent of
energy supply profits are reinvested in reserves for energy conservation
projects and future growing need. This policy continued through the sev-
enth five-year plan, though the percentage was decreased to 8 per cent. In the
ninth five-year plan, from 1996 to 2000, China summarized its Agenda 21
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response, encouraging the development of renewable energy production,
savings, and efficiency as fundamental state policy. According to Yao et al.
(2005), this ninth five-year program enabled the National Environmental
Protection Agency (NEPA) to set up a long term ‘Green Project Plan’. The
tenth five-year policy program, from 2001 to 2005, also emphasized renew-
ables and introduced a plan for sustainable development, consolidated
with the enactment of the February 2005 law. This policy program also
developed the tenth five-year plan for renewable energy commercializa-
tion development. NREL (2004) asserts that this energy regulation program
promotes renewable and alternative substitutes. Energy using coal, solar,
wind, geothermal, and hydro sources should be enhanced to meet rising
demand and offset the inflationary pressure of oil prices. Zhao Jiarong
(1998) provided ample information on renewable energies in ‘Economic
Incentives Policy Study for China Renewable Energy Development’. More
information about Chinese policy development is available in ‘China
National Energy Strategy and Policy 2020’, Zhenmin et al. (2005), who are
based at the Development Research Center at the State Council of the
People’s Republic of China. Andrews-Speed (2004) also considers similar
policies in Energy Policy and Regulation in the People’s Republic of China.

Yao et al. (2005) provide a chronology of the evolution of energy policies
in China. First level policies include:

■ 1983: Reinforcing the development of rural energy.

■ 1992: China’s Agenda 21 response and the release of the ten strategies for
China’s environment and development.

■ 1995: State Science and Technology Commission (SSTC) Blue paper No.
4 ‘China Energy Technology Policy’; Outline on New and Renewable
Energy Development in China, State Planning Commission (SPC), SSTC,
State Economic and Trade Commission (SETC); Electric Power Law.

■ 1996: Guidelines for the ninth five-year plan and 2010 long-term objectives
on economic and social development of China; state energy technology
policy.

■ 1997: Energy Saving Law.

■ 2003: Renewable Energy Promotion Law.

The second level of policies includes:

■ 1994: Wind program produced by SPC.

■ 1995: New and ongoing energy development projects in mainland China
from 1996–2010 sponsored by the State Science and Technology
Commission (SSTC), State Power Corporation, and the State Economic
and Trade Commission (SETC).
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■ 1996: Ninth five-year plan and 2010 plan for energy conservation and
new energy development by the state power corporation; ninth five-year
plan for industrialization of new and renewable energy by SETC.

■ 1998: Incentive policies for renewable energy technology by State Devel-
opment and Planning Commission SDPC and Ministry of Science and
Technology (MOST).

■ 2001: Tenth five-year plan for new and renewable energy commercial-
ization development by SETC.

■ 2003: Rural energy development plan to 2020 for western areas.

The third level of policies includes:

■ 1997: Circular from the communication and energy department of SPC
on the provisional regulations on the management of new energy capital
construction projects.

■ 1999: Circular from MOST and SDPC on further supporting the devel-
opment of renewable energy.

■ 2001: Adjustment of value added tax for some resource-intensive prod-
ucts by Ministry of Finance (MOF) and State Tax Administration; elec-
tricity facility construction in non-electrified townships in the Western
Provinces of China with a coordination program by SDPC and MOF.

With respect to trading and contractual agreements, the Chinese govern-
ment now lets private trading entities generate their own legal bidding with
independent compliance for independent firms. The legal aspect of the
Chinese energy markets has become increasingly open to foreign partners and
trading firms since 2005 and most legal contracts are performed by interna-
tional counterparty law firms to ensure independence and to monitor objec-
tively the terms of the contractual agreements. Yet, in the case of rising
international competition and enforceability of rights, it is becoming more and
more difficult for independent law firms to rule objectively. In 2003, China
National Aviation Corporation’s Singapore (CNAC) subsidiary lost around
$500 in oil trading. This raises issues regarding control in Chinese oil trading,
and the subsequent disowning of the contracts by the parent company raises
issue regarding the enforceability of legal contracts. These issues follow on
from a case involving Lehman’s losses in metal trading with a Chinese entity
in the late 1990s. Chinese energy markets are becoming increasingly open
and the interaction with international independent law firms is also gain-
ing importance in commercial contractual agreements and rulings. This is
all part of the open market strategy that the Chinese market is adopting.

On 17 April 2005, Doug Ogden, director of the China Sustainable Energy
Program in Beijing and San Francisco and a policy activist warning about
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global warming, released the ‘China Sustainable Energy Program’ policy doc-
ument. China’s National People’s Congress adopted a Renewable Energy
Law on 28 February 2005 to improve and accelerate domestic energy infra-
structures and policies. The new policies require utilities to purchase 100
per cent of new substitute renewable energy available – using hydro (under
25 Megawatts), wind, solar, geothermal, and biomass. This compliance cre-
ated a national fund to promote renewable energy developments with dis-
counted lending and tax preferences for renewable energies. The usage of
renewables is also encouraged through tariff reductions, special discounts
and tax deductions. In ‘Renewable Energy Policy Options for China’, Wiser
et al. (2002) report on the implications of tariffs, taxes, and hidden costs in
the development of renewables. In addition to such advantages, some invest-
ments promoting the developments of alternative energy are interest-free,
and lending discounts favor advanced technologies towards renewables.
The National Development and Reform Commission (NDRC) developed
renewable energy programs at discounted tax rates or marginal costs to
spread the national grid and balance energy consumption in rural and urban
areas. NDRC is in charge of developing new solutions and regulations to
ensure the secure and safe development of energy provision for the rising
middle class. NDRC developed a renewable energy plan that includes a
national electricity target of 10 per cent renewables by 2020, up from 3 per cent
in 2005. NDRC approved the third batch of wind concession projects totaling
450 megawatts, a $400 million investment in new wind energy technologies.
The eleventh five-year plan, from 2006 to 2010, supports the implementation
of the Renewable Energy Law starting 1 January 2006. This policy overhaul
is part of the wider overhaul of energy policy to renew and complement the
usage of oil and natural gas, and is a major step in the history of Chinese
energy regulation. The Chinese Center for Renewable Energy Development
(CRED) aims to meet short-term energy needs with long-term clean energy
objectives through the development of a widespread national grid and via
purchase obligations according to the IFC (2006). The Renewable Energy
Law announced a goal of producing 60 GW or 10 per cent of power supply
with renewables by 2020 according to Jing (2005). The China Daily (2005)
reported that it would raise by 15 per cent the goal set in March 2006.

NDRC represents the main regulatory body for national energy devel-
opment. It also fosters growth and development through tax programs and
incentives including a tax break of 50 per cent for solar, wind, and biomass
energy investments, according to Jing (2005). The Renewable Energy Law
drastically changed traditional policy-making, providing a new trajectory
for future energy policy towards a more diversified program of energy sub-
stitution and diversification. The NDRC is the equivalent of a ministry of
energy, remaining inaccessible to the general public and lacking trans-
parency. Most of the information about energy policy comes from private
research centers and institutes.
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7.2 IMPLICATIONS FOR GOVERNMENT IN ENERGY
POLICIES

Energy policy-making in China is not as centralized as peer governmental
entities. It lacks a ministry and is instead governed by the NDRC relying
mainly on research from a variety of private research centers. Although there
have been calls for China to establish an energy ministry, as yet what cen-
tralization of policy that exists comes from research centers and cooperative
studies. Meanwhile, a variety of energy strategy plans have been formulated.

In 2004 the Development Research Center of China’s State Council con-
cluded the National Energy and Strategy Report (NESP). The China Energy
Group’s China National Energy Strategy and Policy 2020 (NESP 2020) 
recommended new ways in which China’s government might link high-
level policy goals. The report includes energy security, economic growth,
equity, and specific ideas for changes to improve energy investment, supply,
and efficiency. The report prioritizes energy policy goals, reviews the role
of the state in achieving them, and provides specific recommendations for
key energy subsectors. Energy efficiency at the beginning of this new 
century is central to ensuring pricing stability and to meeting demands, as
well as providing all these benefits within environmental pollution limits.
To achieve these efficiency goals within a more-sustainable energy supply
mix, the Chinese government and energy agencies focus on objectives that
finance energy policies via low-cost loans, tariffs, taxes, educational advocacy
through private and governmental programs, and regulation of market
activities. NESP’s goals also aim to integrate institutional and corporate
restructuring to establish a new potential ministry of energy (MOE).

This entity would aggregate and monitor all policies and set future energy
pricing to balance supply and demand and in response to international
partners. The entity would be intended to set market efficiencies at the
Chinese commodities levels, thus also connecting Chinese futures and com-
modities exchanges to ensure the development of trading in coordination
with international commodities exchanges. In fact, it is even more impor-
tant to have a governmental agency overseeing this particular segment of
the market because commodities are, in effect, the trading product par
excellence, and oversight is needed so as not to reflect its ‘tangible’ value
via added speculations on undeliverable products. The suggested ministry
(currently unknown to the general public and internet research engines)
would act as an independent entity to monitor large state-owned energy
supply companies, resolve monopolistic situations, and manage disputes
between international corporations about resource sharing, sponsorships
and partnerships, and strategic global energy resources reserves in order to
negotiate oil pricing with foreign entities. This would include the future
negotiating with American or OPEC counterparts in the price fixing of oil
at various geographical points of the global grid. The ministry would also
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ensure prices remained acceptable and affordable by the Chinese middle
class to ensure that citizens are not subject to too many inflationary pres-
sures. Thus, China’s transition from policy to applications has been charac-
terized by gradual liberalization and decentralization of state power toward
a more liberal institutional style.

The shift or transition in energy policies has been marked by a transfer
of power and resources from centralized agencies to state-owned energy
companies such as the China National Petroleum Corporation (CNPC),
PetroChina and Sinopec. Along the same lines, the 2004 National Energy
Strategy Report proposes multiple strategies to run alongside the sustain-
able energy development strategy.

On the production side, the report suggests improving energy security
through various means, such as expanding energy diplomacy and partner-
ships, creating strategic petroleum reserves and limit benchmarks, reducing
energy imports through additional alternatives, and raising energy efficiency
to encourage Chinese citizens to consume less and save more. Another part
of the policy supply side includes increasing natural gas reserves and devel-
opments, promoting hydro and nuclear power resources, promoting renew-
ables to provincial legislations, and improving domestic oil drilling and
infrastructures. The policy also suggests managing risk instead of regulat-
ing and monitoring oil pricing to implement and to ensure efficient pricing
of oil throughout the domestic areas of the grid. Another part of the supply
side is to promote investments to favor production and reserves.

The demand side of the policy involves changing energy types and
using cheaper resources, such as coal and fossil fuels, promoting energy
efficiency, prioritizing energy savings, raising public awareness, imple-
menting economic programs to save energy and monitor power pricing,
and implementing energy efficiency with advanced technology and new
infrastructures and equipment.

Other government policy plans have developed over 5–10-year policy
strategy guidelines on a rolling basis. However, the nature of these programs
seems more bureaucratic than substantially innovating and overhauling.
The various plans aim at enhancing energy conservation, reducing consump-
tion, and promoting economic growth. The Chinese State Energy Council
produced various research and made recommendations to formulate poli-
cies to promote market efficiencies. For instance, CSEP developed policies
to force industrial enterprises to cut energy use in line with global interna-
tional standards, and when the Chinese government entered the World Trade
Organization in December 2001 it also promised to bring internal infra-
structures in line with those of international standards. CSEP started some
pilot programs in Shandong Province with two large steel enterprises.

The Chinese State Council implemented the Energy Conservation Law
and the Clean Production Law with the aim of improving energy efficiency
at the same rate as over the past 20 years. The Chinese State Council had
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brought in 22 administrative measures, 7 standards, 8 plans and 14 policies
to enhance energy-saving technologies between 1980 and 2000. Part of the
market efficiency program is to reduce energy demand as well as increas-
ing energy supply. The fact that emerging markets such as China are 
‘late’ in entering the WTO and introducing upscale infrastructures to create
energy market efficiencies creates grave market inefficiencies in their first
few years of entry to the global markets. A mature, over-regulated energy pol-
icy is also vulnerable to global market efficiencies (for example, Californian
power defaults in the late 1990s versus the deregulation of European
energy markets). China also experienced some challenges in smoothing its
market, with significant power shortages in 24 of 31 provinces in 2004.
China also suffered an energy crisis by expanding power plant construc-
tion, and by adding over 40 GW of capacity per year. Increasing capacity
proved to be too costly without energy efficiency policies incorporated
within the new energy frameworks. Investments also started to dry up since
the introduction of the yuan to global forex markets meant that it became
more costly to investors to inject capital into Chinese energy markets as of
2005. During the 1980s, energy conservation investment schemes repre-
sented 10 to 13 per cent of supply investments. The 1990s saw energy con-
servation investments decrease by 7 per cent. China invested RMB 424
billion in energy supplies and only RMB 23 billion in energy conservation
in 2004. This century shows falling investments in the conservation of
energy. Policy priorities shifted to investment in infrastructures and energy
creation rather than in energy saving as alternative ways to meet the expo-
nential increasing demand (see Figure 7.1).

Rising demand for energy creates a problem at both industrial and manu-
facturing levels. National surveys show that industry consumes 70 per cent
of energy while industrial energy consumption rises by 4.2 per cent per year.

The National People’s Congress passed the Energy Conservation Law
(ECL) to renovate the outdated legislation from the 1980s, which was no
longer applicable to the new era’s technologies and living standards. The
Shanghai Energy Conservation Supervision Center created the new frame-
work to help regenerate outdated technology.

Another part of the efficiency framework is to introduce industrial equip-
ment standards for electric motors, compressors, fans and other machinery.
Electric engines consume the majority of China’s electricity, especially
those in old manufacturing infrastructures. CSEP is supporting new engine
standards that could save 240 million tons of carbon by 2020 and cut the
need for 37 500-megawatt coal-fired power plants. In addition, as part of the
energy efficiency saving plan, the Chinese Energy State Council produced
a list of building codes to reduce energy waste. Codes require buildings to
use modern materials, insulation, and advanced windows to reduce energy
leakage. Those new rules also catalyze economic development in new indus-
tries set up to produce advanced, energy efficient products that meet the

9780230_554207_08_cha07.qxp  9/18/2007  10:24  Page 114



GOVERNMENT POL IC I ES  AND DEVELOPMENTS 115

code requirements. Energy efficient building codes have been developed in
both Central and South China which should decrease carbon emissions by
250 million tons by 2020 and thus displace the need for 50 500-megawatt
coal-fired power plants. The Ministry of Commerce has required that Chinese
national commercial buildings apply the energy efficiency rules since 2005.
The new rules applied to all industrial and manufacturing buildings will
save 50 million tons of carbon by 2020. In additional to new legislation on
energy saving, China has implemented rules applicable to individual con-
sumer appliances such as refrigerators, air conditioners, light bulbs, and
various engines throughout the country. The savings on air conditioners in
China in five years is equivalent to the entire electricity output of the mas-
sive Three Gorges Dam. China also requires emission reductions from coal-
fired electricity plants. Advanced technologies are less corrosive to the
environment and much more efficient because of the use of new materials.
Energy investments have improved efficiencies in the manufacturing of
refrigerators, air conditioners, televisions, fluorescent lamps, clothes wash-
ers, and gas appliances which displaces the need for 51 500-megawatt coal-
fired power plants by 2020.

From 1 March 2005, it has been a requirement of the Chinese Energy
State Council that all home appliances have regulation labels indicating
energy consumption and informing users about energy efficiency aware-
ness. For instance, home refrigerators and room air conditioners manufac-
tured, sold or imported into China must carry an energy efficiency label.
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Figure 7.1 Percentage of energy investments for conservation purposes
Sources: National Bureau of Statistics of China (2004); China Statistical

Yearbook (2004); Lawrence Berkeley National Laboratory estimates.
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Furthermore, the Chinese National Institute of Standardization also con-
ducted due diligence audits to evaluate the practicality of new energy
restrictions starting on 5 March 2005. According to the China Sustainable
Energy Program, the State Bureau of Quality, Technical Supervision and
NDRC’s Energy Conservation Division recommended the integration of
such restrictions into the Chinese population’s daily practices. Energy sav-
ing regulations on labels are also supplemented by additional pricing tar-
iffs and reforms with regard to electricity usage. For instance, NDRC
reforms at the end of March 2005 regulated and smoothed electricity prices
in terms of interconnection fees to the domestic grid and to neighboring
Asian and Russian pricing grids, transmission and distribution fees, and
retail tariffs. NDRC also charges additional penalties to those entities with
above average electricity consumption or utilizing old machinery that con-
sumes more energy.

In addition to these guidelines, the Energy State Council also provided
some recommendations with regard to fuel efficiency in order to diminish
dependency on foreign oils and fuel grades. For instance, the China Energy
Administration requires energy efficiency practices for car engine technolo-
gies intended to save 23 million tons of carbon in 2020. This measure should
save 212 million barrels of oil, equivalent to 25 million polluting cars.
Mopeds, trucks, and motorcycles should also save twice as much through
using alternative fuels by 2020. This encourages the development of low and
zero-emission vehicles such as hybrid-electric vehicles. China aims to bypass
the traditional applications of matured markets and to move directly to
hybrid-electric vehicles. It also aims to export them and create a new mar-
ket in order to conserve energy or at least to maintain global energy pricing in
balance. To achieve that goal, the Chinese Ministry of Science and Technology
has invested more than $100 million over 5 years in the development of
advanced hybrid-electric and fuel cell vehicles. Since 2002, China has been
undergoing a growing demand for vehicles, leaving bicycles behind and
employing more modern technologies at cheaper costs than mature counter-
parts. This phenomenon is also drastically changing the daily lives of those
Chinese citizens who are soon to be the leading global middle class. Evident
since 1993 the phenomenon has been more obvious since 2002 with new car
sales rising by 25 per cent on average each year, up by 38 per cent in 2003 alone.

Research and development of new machinery continues, and so do
reforms, fiscal policies, and tariff legislation. The Chinese Energy State
Council formulated a new taxing and fiscal framework, and the Chinese
government is leveraging rising oil imports by adding intermediary tax
spread interests. To achieve this goal, the China Automotive Technology
and Research Center (CATARC) proposed recommendations on tax and fiscal
policies for promoting cleaner and more efficient vehicle technologies on 21
and 22 March 2005 in Beijing. The Ministry of Finance, the National Devel-
opment and Reform Commission (NDRC), and the State Environmental
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Protection Administration are currently developing further reforms towards
that goal. The Ministry of Finance (MOF) and NDRC also created a tax and
developed fiscal policy reforms to promote energy efficiency and renewable
energy. The State Council Development Research Center also recommended
various energy pricing reforms, taxes, fiscal and investment policies to pro-
mote energy efficiency and renewable energy developments. Additionally,
the Chinese State Council also promulgated new rules to favor transportion
by buses, trains and other forms of public transportation to limit per capita
energy consumption as well as pollution. Ultra-modern, dedicated-lane
buses, moving station-to-station may move people with subway efficiency
at 5 per cent of subway costs. Beijing created a 15-kilometer Bus Rapid
Transit (BRT) in 2004. Kunming also created a 39.5-kilometer system.

The State Environment Protection Administration (SEPA) promulgated
new national emission standards on 27 April 2004. SEPA also imposes tar-
iffs and penalties for light and heavy duty vehicles and noise limits for
motorcycles and mopeds. Demand-side management (DSM) also created
energy saving programs in Eastern China. For instance, Beijing imposes
off-peak power tariff and other policies to promote the efficient use of elec-
tricity. Hebei Province also imposes electricity wiring fees that finance a
fund of about $10 million per year for energy efficiency projects. Jiangsu
Province also invested $5 million in 2002 to leverage over $70 million in
investments financed by about 70 industrial and commercial enterprises.
Generation performance standards (GPS) cap emissions on a kilowatt-hour
production basis, requiring older and dirtier power plants to limit pollu-
tion. These plants are also penalized for emissions. Such programs are
promulgated in Zhejiang, Jiangsu, Shandong, and Shanxi provinces.
Another program is the mandatory market share (MMS), which demands
that Chinese citizens use a minimum energy percentage from renewable
energies. Fujian and Sichuan regions have begun to apply the MMS pro-
gram. CRED has required that 14 per cent MMS is allocated for Fujian
Province and 10 per cent MMS for Sichuan Province by 2015. CRED and
NDRC also require that 10 per cent is allocated in MMS by 2020. 

According to the China Sustainable Energy Program, the Center for
Renewable Energy Development (CRED) works in association with the
Energy Research Institute (ERI) of the National Development and Reform
Commission (NDRC). CRED and NDRC write renewable energy regula-
tory policies. CRED has worked with the World Bank, the United Nations
Development Program, and the Global Environment Facility. Since 2001,
CRED has been attempting to establish a renewable energy law in China
with the US Center for Resource Solution. CRED’s participation helped the
Environment Protection and resources Conservation Committee of the
National People’s Congress (NPC) to establish the National Renewable
Energy Law in August 2003. This enabled 15 per cent of all China’s energy
to come from renewable energy by 2020. CRED assists regions such as
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Gansu, Jiangsu, Jilin, and Fujian provinces to implement the National
Renewable Energy Law. For example, CRED partnered with Fujian Energy
Research Society and Sichuan University, and the Global Environment
Facility to create 200 Megawatts of wind energy in Fujian, at a cost of $200
million through the MMS program.

7.3 ENERGY LAW FOR RENEWABLES AND ALTERNATIVES

According to the China Sustainable Energy Program, the National People’s
Congress (NPC) Legal Affairs Committee, Environment and Resources
Committee, Legislative Affairs Committee, National Development Reform
Commission, Ministry of Finance, and the State Council’s Legal Affairs Office
in April 2005 implemented the Renewable Energy Law with regulations to
come into effect by 1 January 2006. The renewable energy regulations impose
fixed power tariffs and fees. CRED, the Energy Bureau and the Department
of Pricing of NDRC define pricing legislation to monitor and control China’s
rising energy demand. New regulations require China to allocate a targeted
volume for renewable energy. The National Development and Reform
Commission (NDRC) created the 2020 Renewable Energy Development
Plan. The framework requires that 10 per cent of electricity is generated by
renewables by 2020 and that renewable technologies employ wind and bio-
mass. The Chinese Sustainable Energy Program also speeds up the devel-
opment of demand-side energy efficiency and renewable energy programs
across most Chinese provinces. Table 7.1 provides a description of wind and
solar energy policies’ regulatory framework by regions within China.

According to the Chinese government and the NESP, China’s target for
renewable energy amounts to an additional 90 to 100 GW of capacity by
2020, which includes 60 to 70 GW of small-scale hydropower, 20 GW of wind
power, 1 GW of biomass-fired electricity, and residual rises in solar, geo-
thermal, ocean and tidal energy. In addition, the Chinese plan also meets
two-thirds of the renewable energy target with small-scale hydropower.
The Chinese plan for wind power is to produce 20 GW of wind power by
2020, or roughly 1 GW per year. Zhengming et al. (2000) provide a descrip-
tion of the evolution of Chinese energy policy (Table 7.2).

Table 7.3 gives an overview of alternative energy resources in 2002.

7.4 THE CHINESE GOVERNMENT’S 10-YEAR GUIDELINES
FOR ENERGY POLICY

A National Energy Research Scientific Center (ERI-LBNL) study (2005) con-
tributed to the discussion of efficient energy use within a context of dom-
estic economic balance, the avoidance of inflationary pressure on national
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Table 7.1 Incentives for wind/solar energy development

Inner Mongolia

Current status 14.5 MW of large wind power generators, 18.5 MW of small wind
power generation; household photovoltaic (PV) systems
dominated by 10–20 Wp.

Subsidy policies RMB 25 million to users in 1986–90; RMB 200 for each 100 W
wind power generator purchased or each 16 W PV unit from
financial budget. Annual subsidies of RMB 300,000 for R&D
activities; working capital provided by local authorities for
establishment of extension station in 56 countries.

Taxation policies 3% VAT surtax on wind power generation; income tax relief for 2
years; 10.69–14.43 yuan for VAT surtax on PV units of
16 Wp–21.6 Wp.

Pricing policies Tariff calculated on repayment of principal and interest.
713 yuan/MWh including VAT in 1995 and 609 yuan/MWh not
including VAT; the difference is shared by grid and subscribers with
200 yuan/MWh by grid and rest by subscribers in the form of
subsidies 2.5 yuan/kWh.

Loan policies RMB 400 million for wind power by State Economic and Trade
Commission; Danish government loans for wind power
generation.

Other Land use policies: Land tax collected on the land actually
occupied; 5-year income tax holiday for occupying arable land;
10-year land tax holiday for occupying unused land.

Xinjiang

Current status 16.7 MW of large wind power generation; 8000 household PV
systems dominated by 10–20 Wp.

Subsidy policies 50–200 yuan for PV unit and small wind power generation unit
purchased; 1 million yuan for R&D; working capital for extension
stations; 300 yuan subsidies for PV users.

Taxation policies 2-year tax holidays, 3-year tax relief and 5-year 15% income tax
for foreign invested or joint venture with an operational life of 10
years. VAT holiday for products export. Monthly collected VAT and
surtax at 17% and 10% respectively. Seasonal collected income tax
at 15–33%; import tariff and VAT at 12% and 17% respectively,
with duty free for international donation.

Pricing policies Tariff calculated on repayment of principal and interest.
698 yuan/MWh including VAT in 1995. The regular grid tariff is
118 yuan/MWh in the area; the difference is shared by grid and
subscribers. The added 2 cents/kWh with 0.5 cent for difference
with rest borne by grid.

(Continued )

9780230_554207_08_cha07.qxp  9/18/2007  10:24  Page 119



120

Table 7.1 (Continued)

Gansu

Current status 5000 household PV units mainly of 20 Wp.

Subsidy policies 300 yuan for each PV unit purchased; subsidies for R&D; support
for extension station.

Taxation policies Policies similar to that of Xinjiang in taxation on PV system with
only exception for monthly collected value added tax on non-
donated PV system.

Loan policies Guarantee by local government for household PV system to secure
a loan with interest rate at 3%. The subsidies came from additional
tariff by 3 yuan/MWh and 20% interest subsidized from financial
budget.

Qinghai

Subsidy policies 300 yuan for each PV unit purchased, RMB 500,000 for R&D;
working capital for extension stations.

Pricing policies Addition tariff 2 yuan/MWh, with some of the revenues used to
finance installation PV system.

Northeast grid

Current status 6 MW of wind generation.

Taxation policies 6% VAT on wind generation. No tax relief for high power tariff
(900 yuan/MWh) in Henshan, Liaonin. 6% for Donggang, Liaonin
(100 yuan/MWh).

Pricing policies Tariff calculated on repayment of principal and interest.

Loan policies Discount loans for wind power.

Other Land use fee paid on the area actually occupied by wind power
generation with preferential treatment as foreign invested
businesses.

Gaungdong

Current status 11.7 MW of wind power generation.

Taxation policies VAT collected at 20 yuan/MWh and 15% for income tax.

Pricing policies Tariff calculated on repayment of principal and interest; grid tariff
770 yuan/MWh with difference shared by subscribers.

Zhejiang

Current status 1 MW of wind power generation.

Pricing policies Tariff calculated on repayment of principal and interest.

Sources: Zhengming et al. (2000); Draft Final Report on Financial Policies Promoting China’s Renewable
Energy Development by World Bank and China.
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prices, and international security, through the monitoring of energy pricing
efficiency to avoid future conflicts over pricing inefficiencies, and the 
adequate sharing of natural resources. Part of the Chinese government’s
10-year plan objectives is the monitoring of pricing mechanisms and adjust-
ments between actual tangible commodities and the trading in speculative
negotiated prices among international entities. The government’s strategic
guidelines aim to set relative prices, such as rising renewables and energy
prices, or decreasing prices of natural gas. Part of the plan is to maintain mar-
ket efficiencies and ensure that commodities deliverables are not subject to
liquidity gaps domestically or internationally that would endanger the sta-
bility of ramified financial markets and commodities exchange or trading
entities. The Chinese 10-year guidelines also suggest the establishment of
an energy ministry, with adequate administrative powers to coordinate all

Table 7.2 Typical renewable energy developmental phases

Phase I Research, development and demonstration of new technologies

• Resource assessment

• Technology development and demonstration

Phase II Wholesale market development

• Establishment of stable wholesale market rules and processes

• Establishment of companies willing and able to undertake resource
development (usually IPPs)

• Establishment of manufacturing facilities

• Development of a financing framework

Phase III Cost reduction

• Project experience (multiple projects by individual companies)

• Increased manufacturing volume

• Development of related infrastructure and service companies to support
the technology

• Standardized product

Phase IV Price reduction

• Assured volume/long-term opportunities

• Competitive market

Phase V Retail market development

• Clear market rules

• Four or more individual companies

• Public education/information

Source: Zhengming et al. (2000).
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entities – private, governmental, institutional, international corporations,
exchanges, and financial reserves. Wiser et al. (2005) compared energy poli-
cies as shown in Table 7.4.

As of 2005, the 10-year energy policy focused on the following objectives:

■ Energy saving and conservation The 2005 energy demand of 10,000 yuan
GDP should be reduced to 2.2 tons of coal. The guidelines also target the
accumulation of alternative reserves to 340 million tons of standard coal
with a recommended yearly energy conservation ratio of approximately
4.5 per cent. Fuel oil savings and substitution ought to be around 16 million
tons and 5 million tons, respectively. Additionally, the Chinese energy
demand per unit for most usable energy products, such as oil and natural
gas, ought to be monitored and reduced, based on ‘needs’ not on ‘wants’,
to avoid creating inflationary pricing trends based on ‘waste’ and ‘system-
atic consumerism’. China’s 2005 energy consumption per ton of steel for
medium and large iron and steel enterprises is expected to be less than 0.8
tons of standard coal. Coal demand for thermal power generation produc-
tion is to be decreased to 380 g standard coal/KWh. Additional guidelines
to reduce consumption also involve ammonia, down to 37 Giga-joule,
and cement and glass, down by 20 per cent. In addition to these savings
standards, the energy conservation ratio in 2005 for public works, admin-
istrative, industrial and residential should reach 50 per cent.

Table 7.3 Overview of technically exploitable potential and currently
installed capacity of renewable energy for power generation in China, 2002

Renewable energy source Technically exploitable Installed capacity 
potential (MW)

Grid connected RE power production

Bagasse fired power 21.2 m ton bagasse 807
generation

Wind energy 253 GWa 440

Large and small hydropower 265 GW 90,200

Geothermal 5.8 GW 30

Tidal energy 110 GW 5.9

Decentralized RE power production

Solar PV 43

Wind energy 25

Mini-hydro (�10 kW) 80 GW 154

Note: a. Based on an evaluation of winds at 10 meters above ground.

Source: Zhengmin et al. (2000).
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Table 7.4 Comparing the policies

Policy objective RPS Feed-in Tendering

Incentives for cost and price Policy creates incentives for generators Few inherent incentives to Policy creates significant 
minimization to lower RE prices in order to compete minimize market prices for competitive pressures for price 

for contracts; does not inherently reduce renewable energy, though minimization that will be linked to 
costs of generation except those related to there are likely to be project cost minimization where there is 
technology learning and efficiencies of scale cost reductions related to sufficient competition, technology

technology learning and learning and manufacturing volume
manufacturing volume

Ability to maintain targets Purchase obligation can be effective at Ability of feed-in tariff to Ability of tendering policy to help
for renewable energy meeting RE targets provided RPS is well help government meet RE government meet RE targets is 

designed targets is variable depending variable depending on host of 
on host of factors factors

Assurance of resource Diversity possible with bands and tiers, but Can successfully stimulate a Diversity possible with bands, 
diversity has administrative drawbacks more diverse set of resources but as with targets, policy does not 

by setting one price that guarantee that projects will be built
many technologies can meet 
or setting a separate price 
for each technology band

Sustainable market for All three policies build markets for RE Can be vulnerable to Tends to be tied to a resource 
power power – RPS may be more technically & political ‘tinkering’ and if planning process that can make it 

politically sustainable viewed as ‘subsidy’ makes it more politically vulnerable if 
less economically and planning out of favor
politically sustainable

Political viability Depends on circumstances – unclear Depends on circumstances – Depends on circumstances – 
in China unclear in China unclear in China

(Continued)
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Table 7.4 (Continued)

Policy objective RPS Feed-in Tendering

Local industry development Needs companion policies to ensure Feed-in tariffs can create Will favor least cost 
local development local manufacturing and generation over local industry 

development infrastructure development; benefits established 
benefits industry

Compatibility with RPS is compatible with industry and Compatible with existing Tendering is compatible with 
electricity industry and regulatory structure in China, though regulatory and industry industry and regulatory structure in 
regulatory structure appropriate phase-in and enforcement structure but current tariff China and can be used by utilities in 

are important structure needs fixing conjunction with an RPS.
to work

Policy stability Provides less certainty than feed-in tariffs, Provides high degree of Can provide high degree of 
must be carefully designed certainty and stability certainty and stability, but only if 

well designed

Competitive parity Creates competitive parity as the same Parity achieved only if cost Policy favors established market 
standard applies to utilities and sharing mechanisms are players over new market entrants 
developers equally established that spread the and can allow market manipulation 

costs broadly by existing companies

Integration of renewable Creates incentives for full integration and Fewer incentives than under Neutral – doesn’t help reduce 
energy supplies barrier reduction RPS to reduce institutional institutional barriers

barriers

Simplicity More challenging policy to design and Most simple design, More complex than feed-in laws, 
administer, and more complex contractual administration, enforcement, because requires the development 
and development process for generators as contractual, and of a system to raise money for the 
compared to feed-in development simplicity incremental costs of RE.

Source: Wiser et al. (2005).
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■ Energy usage efficiency In 2005 industrial energy usage efficiency tar-
geted an output of 40 billion yuan. Additionally, recycling and waste
reutilization are intended to save 55 billion yuan. Industrial waste usage
ratio is targeted at a 60 per cent limit for 10 years.

Since 2002, China has overhauled its entire domestic energy program.
Between 2002 and 2006, it has reformulated its energy policy program with
the aim of quadrupling GDP by 2020. At beginning of 2002, the China
Sustainable Energy Program aimed to bring together 11 central govern-
ment ministries and research institutes to develop a National Energy Plan
for 2004–20. This consists of the analysis of five-year energy scenarios. The
resulting study states that aggressive energy efficiency and renewable
energy policies will contribute to a decrease in coal consumption by one bil-
lion tons by 2020. It also shows that fossil fuel consumption will rise by 90
per cent. The study also demonstrates that carbon emissions will diminish
by 40 per cent and that Chinese per capita carbon emissions will decrease
by less than one ton by 2020, which represents at least 33 per cent of OECD
countries and 93 per cent of the global average.

The following policies and measures applied as of February 2006:

■ According to CNPC and NESP, the government’s primary goal is to
improve the legal framework to conscientiously apply the energy con-
servation law, new measures and regulations, and to guide and stan-
dardize the activities of energy utilization. Government’s new policies
focus on the organization of the formulation of Provisions for the Adminis-
tration of Petroleum Conservation and Provisions for the Administration of
Energy Efficiency Identification.

■ Renewable Resources Recycling and Utilization Law.

■ Provisions for the Administration of Tailing Comprehensive Utilization.

■ Provisions for the Administration of the Recovery and Utilization of
Waste.

■ Circular of the State Council on Approving and Transmitting Proposals
of Departments including the State Economic and Trade Commission on
Further Implementing Resources Comprehensive Utilization.

■ Revise and improve List of Resources Comprehensive Utilization.

■ Improve preferential policies on tax reduction and exemption.

■ Implement energy efficiency policies.

■ Standardize and regulate market of energy-saving products.

■ Improve energy efficiency standards for energy-using products.
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■ Include energy efficiency standards for key industrial energy-consuming
tools such as industrial apparels, electric engines, fans, air conditioners,
pumps and transformers, and domestic appliances, lighting tools, and
devices consuming intensive energy.

■ Implement adequate technology and energy-saving product certification
and energy efficiency identification systems.

■ Install an energy-saving product certification program.

■ Adopt the international intercertification system for certified engines and
products.

■ Create an energy efficiency identification system with codes to apply
foreign energy regulations that save energy and are energy efficient.

■ Implement international guidelines identification systems and create prod-
ucts compliant with international energy standards.

■ Scale up the Chinese industrial infrastructure and product mix to develop
tertiary industry with advanced new technologies with low energy 
consumption.

■ Upgrade traditional industrial infrastructures with advanced high and
new technologies.

■ Invest in new techniques that do not pollute and are not harmful to the
environment.

■ Develop and implement clean coal technologies.

■ Expand natural gas investments and projects.

■ Develop new energy resources and renewables.

■ Promote efficient and clean energy utilization.

■ Promote technological advances and improve technological levels of
energy conservation and resources.

■ Establish and accelerate technological energy innovations and inven-
tions and develop technologies.

■ Promote education and research.

■ Enhance the industrialization of scientific and technological improvements.

■ Establish a new taxation framework to give tax benefits to energy saving
technology investments, to restrain excessive consumption, and to benefit
companies that implement energy saving programs.

■ Impose heavy taxes on products and equipment with high energy con-
sumption and heavy pollution, and implement the obsolescence of prod-
ucts with high energy consumption.
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■ Enhance energy pricing structures to further deepen energy prices and
install adequate reforms. (This 2006 energy price forming mechanism to
establish an energy price forecast system is new. The pricing of com-
modities in China had previously been performed separately from
financial markets. The appearance of financial engineering derivatives
trading in the Chinese financial markets in November 2005 forced the
Chinese government to study energy prices more closely to value its tan-
gible assets used as collateral against those intangible financial derivatives
and to evaluate the pricing adequacy of its internal regime vis-à-vis out-
sider traders investing in the Chinese system. The fact that China has
been a net importer of oil since 1993 forced China to cooperate with inter-
national investment banks and to allow speculative instruments in its sys-
tems. However, it is harmful to overspeculate on non-deliverables without
having collateral assets as back up for potential defaulting securities and
to create valuation gaps between the actual commodities reserves used
as collateral goods for derivatives tradings on commodities.)

■ Promote financial investments to favor policy-related banks and give
preferential loan terms.

■ Study new global market economies to connect to the international energy
pricing grid and smooth policy regulation and pricing accordingly with
energy transportation costs.

■ Install a broad market-based energy savings program that promotes the
popularization and application of new technologies, techniques and
equipment.

■ Promote information services, marketing campaigns, publicity, educa-
tion, and training, to create a society aware of energy saving.

■ Develop information services and create an intelligent network system.

■ Implement an annual nationwide energy-saving publicity week.

■ Create a centralized ministry to govern international partnerships and
internal Chinese commodities firms and to enhance policy-making.

According to Fan et al. (2005), China’s national energy policy focuses on
transparent operational rules. The evolution of Chinese energy policies
began with its entrance to the World Trade Organization and continues
with the inclusion of Chinese financial derivatives within the global finan-
cial markets. Chinese policy trends are now diversifying in various ways,
primarily to ensure future global demand and geopolitical security. The
Chinese energy authorities encourage energy firms to create international
partnerships, new products, technologies, qualitative grades, and regula-
tions, although, Chinese energy policy remains non-transparent and lacks
operational rules and compliance (Fan et al. 2005). Since 1997, Chinese energy
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policies have included more transparency as part of the framework for
partnerships with international entities. They also demonstrate various ways
in which China has responded to the rising demand for energy resources.
According to Sabina Sequeira (2006), however, Chinese policies still lack
internal coordination, operational transparency and compliance between
the various legal entities developing energy policies. According to her 2006
research, there is still a ‘gap’ between policy-making and the regulatory
framework implementing and ensuring policies’ efficiency and effectiveness.

From 1990 to 2000, energy policies were produced by:

■ State Planning Commissions

■ State Economic and Trade Commission

■ State Science and Technology Commission

■ Ministry of Finance

■ State Environmental Protection Agency

According to Andrews-Speed (2004), in 2003, the National Development
Reform Committee Energy Bureau (NDRC) replaced the State Commissions,
becoming the major Chinese government delegate in energy affairs. The
National Energy Leading Group (NELG) is responsible for coordinating
energy policy. Andrews-Speed (2004) asserts that industry experts would
prefer to see China have a ministry of energy to centralize policy-making
and regulations. Until recently the Chinese government has attempted to
remain independent as regards energy policy, concentrating on fulfilling its
own rising needs. However, China’s national oil policies are now con-
nected with foreign exchange valuations and will eventually be directly
connected to global resource availability and proportional market sharing
and economic conditions.
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As seen in previous chapters, Chinese oil pricing mainly depends on sup-
ply and demand, but is also affected by external factors, such as global his-
torical oil prices, geopolitical uncertainties, alternative energies and financial
market speculation. The analysis of oil prices no longer depends only on
supply and demand, but also on arbitrary political decisions by OPEC, on
operational technological and infrastructural flaws between interconnected
financial systems, on financial speculation on commodities prices and
volatilities, which create an element of uncertainty, and on geopolitical fac-
tors, local regulatory policies and transportation and freight capabilities.
So, now that China has integrated its financial and commodities industries
to global markets, we have to add more variables into the equation of
global oil pricings and their impact on various economies and policies.
Inflationary oil prices, coupled with global warming and increasing emis-
sions, have promoted the use of new technologies, such as hydrogen vehicles
or models of car which use a water additive to make them cleaner and
cheaper to run. But as yet we have advanced only tentatively towards these
alternatives because oil is still the main, often the only, revenue source of
African and Middle Eastern countries that have never reformed as inde-
pendent democracies and the interdependencies on oil provides a valuable
political weapon in dealing with these countries. However, if significantly
larger numbers of consumers are competing for oil – such as in India and
China (given population versus up-scaling globalization consuming aver-
age ratios) – it is foreseeable that oil reserves will no longer be sufficient as
a sole dependency trading tool and revenue source. With this in mind, the
impact of energy pricing on global economic equations also changes.

C H A P T E R  8

Chinese Oil Pricing and
Global Market

Integration

9780230_554207_09_cha08.qxp  9/18/2007  16:47  Page 129



130 CHINESE  ENERGY  MARKETS

Energy costs as a share of GDP fell from 8 per cent in 1973 to only 2 per
cent in 2005. Western economies rely more on services now than in 1973.
Also, higher oil prices forced individuals to become more energy efficient
by using alternatives. Increased Chinese demand contributed to the rise in
commodity prices, especially since 2001. Chinese demand alone is the pri-
mary variable leading to the assertion that global prices will rise exponen-
tially. Yet, as the main global manufacturing hub of the world China needs
50 per cent more energy and commodities. So, China incurs rising costs not
only because of its new consuming middle class but because it needs to sus-
tain its manufacturing activities. This double embedded premium within
Chinese oil prices is countered by global citizens who purchase cheaper
Chinese goods and can afford to pay an extra premium in rising oil prices.
Most ‘passive’ European middle classes already suffer slowly eroding eco-
nomic purchasing power in relation to day to day goods (food, health,
insurance) as they export less and become dependent on expensive over-
valued currencies. Yet, barrels are priced in dollars which reduces this mar-
gin slightly. In addition, Europeans pay an added premium in the form of a
tax on oil. It is also worth noting that while the European middle classes are
enjoying special, if diminishing rights, that other global competitors do not
share, they pay inflationary premiums that will eventually reduce their
economic freedom and democratic values. The new global economy’s
trade-offs offer costs and benefits, and the key to leveraging these changes
is to select the newest and best opportunities that justify resource efficiency,
high productivity, capital wealth creation, savings and adequate usages
(based on needs not wants – unlike consumerism).

Since it joined the WTO (2001), China has changed its international trad-
ing terms to favor countries exporting commodities and importing manu-
factured goods, such as Australia, while moving the terms of trade against
countries importing commodities and exporting manufactured goods,
such as Bangladesh. In fact, China has already started to exploit those
cheaper forex Third World countries to leverage wealth creation in technol-
ogy, science, and advanced innovative industries. China has multiplied
international partnerships with countries that have natural resources, and
subsequently has already leveraged with technologies to subcontract
heavy manufacturing work to poorer countries whose foreign currencies
have not been readjusted or revalued against the dollar or other currencies.
This is notably the case for countries rich in oil in Africa (Guinea, Kenya,
Nigeria, Chad, and others) and also in some cases in South America, for
example, Venezuela. Yet, it seems that despite rising inflationary pressures
on day to day goods, since the end of the 1990s interest rate policies have
not shown any correlation with rising oil prices. The rise of oil prices in the
late 1990s was significantly affected by speculative investment, notably
from the proliferation of hedge funds, private speculators trading on their
own accounts, commodities pool operators (CPOs), and commodities trad-
ing advisors (CTAs) (Figures 8.1–8.4).
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As the figures in this chapter show, energy traded investments have cor-
related rising returns with traditional indices, except that physically traded
instruments correlated more closely with the supply curve of energy and
plateau at saturation levels. In 2005, physical traded instruments diverge
from previously correlated functions and are no longer correlated to finan-
cial speculative instruments. Physicals use actual tangible asset valuations
as collateral contingency in case of defaults.

In 2002, it is more difficult to determine what component of the oil price
increases comes from geopolitical events, a global unquantifiable supply
shortage, financial speculations on commodities prices distorting ‘real’
asset quantifications and delivery, corruption, or non-transparent bureau-
cratic decisions by OPEC. But each of these elements certainly has an
impact on the actual barrel price at various points on the Chinese grid. A
random internet study indicates that ‘lower interest rates signify that the
inflationary impact of higher oil prices is small’. The bond markets do not
expect higher oil prices to trigger an inflationary spiral similar to that of the
1970s. Bond markets in the late 1990s were more reflective of debt levels
and tended to alleviate correlating factors with commodities. Now, asset
classes are immune from each other primarily as a result of greater techno-
logical, infrastructural and operational risks affecting the correlations of
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Figure 8.1 CISDM CTA asset weighted index
Note: See note to Figure 8.4.
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those products. But by how much? No one knows. Insurance companies
have problems in calculating correlations and thus overprice premiums to
insure for all risks in their models. Another major difference between the
1970s and the 1990s comes from the immunization or ‘wall’ between finan-
cial trading markets and the economy, fiscal and monetary policies. There is
less and less correlation between Chinese economic growth in all sectors (out-
performing yearly growth rates of 20 per cent) with a yearly GDP of 	2 per
cent barely deviating from the 10 per cent mark since the beginning of 2000.
So, in effect, rising oil prices have little direct impact on the economy.

Energy costs are less significant to GDP than service economies and the
deflationary impact of greater manufactured exports from China in con-
junction with less accommodating monetary policies which reduce the
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inflationary impact of higher oil prices. This is also partly due to the trans-
ition period during which substantial global economies such as the United
States or Western Europe are undergoing a ‘soft’ landing, marked by a
depletion in real estate, and gradual rising interest rates from overvalued
tangible assets facing new ‘hard’ landing economies such as China and
India. They also have been subject to rampant inflationary rising interest
rates due to overheating producing and capital generating economies.
There are now global distortions between supply and demand, which are
both inelastic. Speculative trading in correlation to geopolitical events
added a speculative premium to the price of oil globally, especially since
the fall of Enron. Consequently, this no longer reflects accurately the rela-
tionship between supply and demand. An embedded element of error is
increasingly accounted for in the pricing sub-layers of oil, creating more
inefficient global markets. The added speculative element also comes from
increases in financial banking institutions trading commodities and other
energy derivatives, which are extremely lucrative businesses offering
instruments through which to disguise unexplainable profits, especially in
the case of derivatives. Figures below provide information about the evo-
lution of energy reserves, current account balance correlations with energy
exports and bank deposits.

From 1999 onwards, additional variables, such as direct and portfolio
investments, change the initial models. However, the International Monetary
Fund should be more exponentially shaped with added errors from opera-
tional, infrastructural and geopolitical risks. While numbers become more
accurate in market and credit risks, the level of errors remains as important
as before, if not more so, due to added new types of risks (Figure 8.5).

Figure 8.6 represents the impact of energy exports on current account
balances, surpluses and their correlations on financial instruments’ traded
volumes and valuations. As in Figure 8.5, there are added embedded vari-
ables, such as operational infrastructural risks, that are not taken into
account in the exponentially rising functions. These operational infrastruc-
tural risks are within the accurate accounting of financial instrument valu-
ations in financial institutions. These risks have risen exponentially since 2002.

Additional financial institutions in global energy markets created an
extra volatility in the pricing of oil from overtrading products without 
adequate infrastructures. This is also partly why the price of oil increased by
70 per cent between December 2003 and 2006. Prior to 2001 global oil prices
were broadly correlated, but in the intervening years, oil pricing functions
from various regions have no longer been so closely correlated and have
begun to diverge. Some oils are going to be more expensive than others due
to their vulnerabilities to geopolitical tensions and transportation risks and
costs which add a premium. Yet evidence also shows that global oil prices
remain correlated to some degree and that all exhibit a common similitude
toward an exponential rise (see Figure 8.7).
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Figure 8.5 continued
Note: Current account surpluses in the 1970s were associated with

significant increases in official reserves and bank deposits. During the past
few years, there has been relatively little accumulation of bank deposits,

while portfolio investment flows have been sizable.
Source: IMF staff calculations: a. cumulative, starting from 1974; 

b. cumulative, starting from 1979; c. cumulative, starting from 1999.
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Figure 8.6 Fuel exporters’ cumulative current account balances and
identified asset purchases ($US billions, cumulative since 1999)

Note: In contrast to the 1970s, tracking the precise assets and countries
into which oil revenues have been invested over the past few years is
difficult. Identified purchases only account for a small share of current
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Sources: Bank for International Settlements: Treasury International Capital

System; IMF staff calculations.

Global oil pricing curves have risen exponentially from 2002 to June
2006. From then to January 2007, prices declined, primarily due to interven-
tions by OPEC, which altered supplies in order to soften overinflated global
prices. Brent and WTI pricing curves reflect this (see Figures 8.8 and 8.9).
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All main oil curves were modelled for various geopolitical points to evaluate
pricing forecasts.

Geopolitical changes in the supply or demand for oil cause dramatic
shifts in the oil pricing structure. Since the beginning of the twenty-first
century, higher oil prices have encouraged more drilling and further explo-
ration, and spurred technological progress. Inflationary oil price trends
also increased the demand for oil substitutes and encouraged oil conserva-
tion. Historical oil prices increased in line with traditional global indices on
the broader scale of a century. Yet, what is most significant about historical
financial markets and commodities is the major shift between the plateaus
that traditional indices have undergone since 2002 while commodities
prices rose exponentially, flirting with vertical limit lines (except between
June 2006 and January 2007). The correlation between traditional financial
indices and oil markets is also marked and consistent throughout various
infrastructural economic shifts as seen in the analysis below. Real reserves
have been substituted by ‘artificial intangible’ investments, such as deriva-
tives and financial engineering products, thus adding a falsifying intangi-
ble layer in the pricing structure of oil.

According to the ChinaBidding report of 2 February 2007, the Chinese
Ministry of Commerce declared on 30 January 2007, that China’s crude and
refined oil market would open to the world in 2007. As part of its WTO
required standards, China opened retail and wholesale oil markets on 
11 December 2004, and 11 December 2006 respectively. Investors from all
countries now have the opportunity to access China’s markets with money,
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technology and services. Domestic civilian-run enterprises and private
companies can also access China’s oil market. As the oil market grows,
China should both open it and improve management and domestic regula-
tory policies.

8.1 OIL FINANCING

Oil exporting nations secure oil revenues from capital flows to offshore
investments and structured financial corporations (notably hedge funds),
which are unregulated. Part of this financial capital goes into lost invest-
ments or eroded evaporated assets and part of it remains under the control
of hedge fund managers. Guizot (2007) shows capital flow depletion and
erosion resulting from malpractice, misappropriation, misrepresentation,
mispricing and insufficient compliance in this industry. Operational risk
failures are even more obvious in hedge funds trading foreign exchange
and commodities (CTA and CPOs). These market abuses are more exagger-
ated when transparency is low. When those financing shells appear in the
Chinese and Indian markets, there will be no immediate substitutes to
enforce compliance, and global market pricing could soon become anar-
chic. Spiralling corruption in global financial markets could outrun corpo-
rate governance standards and increase with rising economic competition
to gain market shares. This is partly why the Bank for International
Settlements cannot identify or trail 70 per cent of oil exporting nations’ 
combined revenue surpluses since 1999. The US Treasury data indicates
that oil exporting nations made net purchases and deposits of approxi-
mately $270 billion in US instruments between June 2003 and the end of
2005. Figure 8.10 indicates that, as opposed to the twentieth century, the oil
pricing structure is now being operationally readjusted as a function of the
wealth redistribution between the widening deficits of mature economies
versus emerging democracies occurring trade surpluses. Since the begin-
ning of the twenty-first century, the value of oil imports, goods and serv-
ices, and of oil exports has risen exponentially. Between 2000 and 2005 the
value of oil exports from OPEC countries (excluding Iraq and Indonesia)
nearly tripled, reaching more than US$500 billion in 2006 (see figures 8.11
and 8.12).

However, the International Energy Administration estimates that $270
billion accounts for approximately 25–33 per cent of total oil exporting
investment revenues. Investments are now being scattered throughout the
globe in various innovative ways through corporate shareholding purchas-
ing or offshore unregulated investment structures. Various OPEC countries
are affiliated with those unregulated shells and own minority interest
shares. For instance, Kuwait Investment Authority is the largest share-
holder in DaimlerChrysler AG with a 7 per cent stake worth $3.7 billion.
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In recent years, the oil price shock has instead contributed to a widening
US current account deficit and has redistributed current account 

surpluses from other advanced economies and emerging Asia 
toward fuel exporters.
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Dubai Investment Group, an affiliate of Dubai Holding LLC, joined New
York-based The Milestone Group and bought 21,000 apartments in Dubai.
Additionally, Russia – a non-OPEC country – aims to use $22.3 billion of 
its $262.9 billion in reserves to repay debts owed to official creditors. Yet,
Table 8.1 shows that oil-rich countries have reduced their own strategic oil
revenue utilization since the beginning of the twenty-first century.

Norway, the world’s third-biggest oil exporter, has a government pen-
sion fund that is funded by oil revenues and assets of $234 billion. It is
already clear that owners of debts are backing their debts with revenues
from commodities. The financing of the countries incurring deficits will be
as expensive as the financing of imported oil and energy.

According to the International Energy Administration, China needs to
accumulate $2.3 trillion by 2030 to secure its domestic energy consumption.
This represents one-third of its foreign currency reserves valuations,
financed primarily by US Treasuries until the introduction of new curren-
cies onto world trading exchanges. This implies that China – upon the re-
evaluations of its monetary policy – will also make energy imports more
expensive and will have to create and issue its own bonds and debts. The
introduction of derivatives to the Chinese markets since 2005 is accelerat-
ing the monetary conversion of new financing means. And so it is expected
that the price of oil in China will be directly linked to the rise of its interest
rates and will be implicitly more expensive beyond 2010. Most research
centers do not think that insufficient resources will be an issue by 2030 and
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Table 8.1 Marginal propensity to import out of oil revenuesa

1973–1974 1973–1975 1978–1980 1978–1981 2003–2005

GCCb 0.08 0.34 0.18 0.25 0.15

OPECc 0.14 0.52 0.24 0.42 0.24

Iran, I.R. of 0.17 0.68 0.35 0.24 0.37

Saudi Arabia 0.01 0.32 0.27 0.39 0.26

Venezuela 0.18 0.65 �0.15 0.01 0.46

Major non-OPECd … … … … 0.31

Russia 0.77 1.37 0.76 1.08 0.20

Norway … … 0.18 �0.30 �0.13

Mexico … … … … 0.78

Notes: a. Defined as (change in imports net of non-oil exports. Investment income, and
transfers)/(change in oil exports); b. The Cooperation Council of the Arab States of the Gulf (GCG)
includes Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates; c. OPEC-9
excluding Iraq and Indonesia, data for the United Arab Emirates start from 1971; d. Major non-OPEC
includes Angola, Canada, Kazakhstan, Mexico, Norway, Oman, and Russia.

Sources: World Integrated Trade Solution: OECD: World Economic Outlook; IMF staff calculations.
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Note: Large global external imbalances emerged starting around 1996. In
particular, the United States is now running an unprecedented current
account deficit, with fuel exporters emerging as the main counterparts.

Also, the United States is by far the world’s largest net debtor. As a group,
other advanced economies remain the largest creditors; fuel exporters’

net foreign assets, while growing, remain relatively small.
Sources: IMF staff calculations; Lane and Milesi-Ferretti (2006).
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that there are sufficient resources to meet demands; however, it is also per-
ceived that apprehensions of shortage might realistically surge by then,
thus causing oil prices to rise above normal historical ($45–$55 a barrel)
ranges. Lane and Milesi-Ferretti (2006) demonstrate the current account
balances and net foreign asset positions of the US, China, and emerging
countries with those of exporting countries as a percentage of global GDP
(Figure 8.13).

In the meantime, drastic changes in political, economic, and environ-
mental circumstances could also improve or worsen oil supply and
demand balances, global market efficiencies, and trading equilibriums
(Tables 8.2–8.4 and Figure 8.14).

8.2 NATIONAL AND INTERNATIONAL MONETARY
POLICIES

Chinese government oil policies are directly linked to international mon-
etary valuations and national debt financing. Oil prices are correlated to
depreciating US dollar values against those currencies corresponding 
to national surpluses and rising yuan/renminbi valuations. Monetary
forex, despite current values, will be realigned on actual tangible natural
resources in the future. Guizot (2007) explains how China’s $1 trillion forex
monetary reserve was accumulated and how it is financed by US Treasury
bills in depletion and currently being artificially substituted by other types
of speculative investments such as derivatives. Yet, what does not get sub-
stituted is the tangible collateralizations of asset valuations created by real
capital wealth but highly contaminated by injections of bad loans and arti-
ficial debts.

Thus increasing debt in order to invest in new projects and foster eco-
nomic growth might deplete Chinese wealth faster than expected, reducing
its country risk accreditation to the level of those of mature markets
depleted by abnormal debt levels. As shown in Figure 8.15, oil prices corre-
late with global interest rates. Thus, oil prices rose exponentially in correla-
tion with global average interest rate risks. The premium absorbed into
pricing per barrel equates to a reduction of the daily purchasing power of
the global consumer, thus forcing consumers to borrow to purchase every-
day goods.

Real rates of interest declined (Figure 8.16) since they are immune to the
inflationary factor which is not included in the figure. Figure 8.17 provides
a more thorough description of the operational risk variations between var-
ious interest rate policies. The pricing of oil is inversely correlated to US
interest rate policies and is a direct function of the US deficit gap. This bal-
ancing act is also reflected in the less obvious changes in interest rate risk
policies across various countries.
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Table 8.2 Increase in fuel exporters’ net oil exports ($US billions, constant 2005)a

CPI deflated Trade price Per cent of Per cent of Per cent of world Per cent of world stock
deflatedb world GDPc own GDPc private capital flowsc market capitalizationc

1973–81 436 289 1.9 48.9 78.6 7.6

1973–76 239 139 1.1 27.8 58.4 5.5

1978–81 218 174 0.8 14.5 39.3 4.5

2002–05 437 382 1.2 33.2 37.3 1.6

Notes: a. All values deflated by US CPI, except where otherwise noted; b. Trade price deflated figure is calculated using a trade-weighted average of the G-7 non-oil
export price deflator; c. World GDP, own GDP, private capital flows, and stock market capitalization are all computed for the first year of the relevant period (except
for private capital flows and stock market capitalization during 1973–76 and 1978–81, when the final year of the relevant period was used instead, reflecting limited
data availability). Private capital flows are defined as the sum of net direct investment, portfolio investment, and other investment, from the balance of payments.
Russia is excluded from all calculations in the ‘Percent of own GDP’ column, since it was not a market economy during 1973–81.

Sources: IMF staff calculations, World Economic Outlook, International Financial Statistics; World Bank, Financial Structure and Economic Development Database.
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Table 8.3 Change in net oil exports, 2002–05

Billions of Per cent of Per cent of
constant 2005 world GDPb own GDPb

US dollarsa

Fuel exportersc 437 1.24 33.2

United States �124 �0.35 �1.1

Other advanced �198 �0.56 �1.3
economiesd

China �53 �0.15 �3.8

Other developing �53 �0.15 �1.2
countriese

Notes: a. All values deflated by US CPI; b. both world GDP and own GDP are computed for 2002; c.
includes all the countries in the World Economic Outlook group of fuel exporters, with the addition of
Kazakhstan and Norway; d. includes all the countries in the World Economic Outlook group of
advanced economies, except for the United States; e. includes all other countries.

Source: IMF staff calculations.

The fact that oil prices are primarily quoted in dollars and that the dollar
is depreciating in the face of global rising interest rates on main national
debts is causing an imbalance between the actual price of oil in the US com-
pared to some of the counterparts experiencing a national surplus with
strengthening of their domestic monetary exchange values. Figure 8.18
shows the exponential rise of US Treasuries owned by foreign entities.
Commodities are also subject to speculation inflating the real value of the
underlying deliverable tangible assets.

On 1 August 2006, the Global Association of Risk Professionals and Risk
Center released a paper about oil excesses being priced with national debts.
Oil-producing nations are challenging the Asian central banks as the
biggest source of cash in world financial markets, and the result may be
higher US borrowing costs. The current account surplus of countries such
as Kuwait and Norway is projected to widen to $311 billion in 2006 from
$242 billion in 2005, according to an International Monetary Fund report in
April 2006. Asian central banks tend to invest their surpluses in US
Treasury securities which help finance the US current account deficit. US
Treasury securities used to be considered as guaranteed instruments, but
with the depreciation of the dollar and rising interest rates, the debt owed
back on home equity loans, personal credit cards, educational loans and car
leases are huge, thus depleting further the value of US Treasuries. This
gradual depletion effect is a result of the aggressive monetary policies
employed to force service industries to keep the economy afloat as service
jobs replace manufacturing jobs which are being offshored into cheaper,
more cost efficient countries. Figure 8.19 depicts falling US economic
growth with depleted US Treasury yields.
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Table 8.4 Composition of merchandise imports (% of imports of given importing region sourced from given exporting
region)

Exporting region

Fuel United States Other advanced China Other developing Total
exportersa economiesb countriesc

Importing region – 2004

Fuel exportersa – 8.4 59.0 7.6 25.0 100

United States 8.3 – 54.0 13.8 23.9 100

Other advanced economiesb 19.5 25.8 – 21.3 33.4 100

China 9.2 8.6 65.3 – 17.0 100

Other developing countriesc 13.3 19.5 59.3 8.0 – 100

Importing region – change between
1981 and 2004d

Fuel exportersa – �5.7 �9.0 6.6 8.0 –

United States �11.4 – �4.9 13.0 3.2 –

Other advanced economiesb �19.6 �8.7 – 18.1 10.1 –

China 8.5 2.6 �14.7 – 3.6 –

Other developing countriesc �9.2 �4.8 7.8 6.3 – –

Notes: a. This group is as defined in the text; b. This group includes all the countries in the World Economic Outlook group of advanced economies, except for the United
States; c. This group includes all other countries; d. Percentage point difference in the share of imports between 1981 and 2004 (i.e., a positive number indicates an
increase since 1981). The year 1981 is the earliest date available with data coverage comparable to 2004.

Source: IMF, Direction of Trade Statistics.
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Source: IMF staff estimates.

Service jobs will also eventually be substituted by more cost efficient and
productive machinery. What has maintained the strong levels of the dollar
is the buying of US Treasuries by Asian foreign banks in order to keep
exports high. While China is increasing its financial infrastructures and is
gradually readjusting the yuan according to domestic economic growth
potential, the liquidity for ownership of short-term capital in dollars is ris-
ing among various international competing players such as Japan, Europe,
the Middle East, and Asia (Figure 8.20).

Ultimately, it is the over-consumerism of Western societies that lost then
economic control over the so-called new democracies. To keep Asian cur-
rencies weaker and exports competitive, Asian central banks used revenues
received from selling goods to the US and Western Europe to buy 
low-yielding, dollar-denominated Treasuries. Figure 8.21 shows a change
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in Treasury yields prior to and after an increase in the overnight Federal
Reserve rate.

By selling their own currencies to buy dollars, Asian central banks kept
the US currency stronger than it should have been. This cycle has been
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maintained for almost a decade. This mechanism fueled more purchases of
Asian goods. Consequently, the significant buying of US Treasuries main-
tained US interest rates at an artificially low level causing American con-
sumers to take out more home equity loans, car leasings, educational loans,
and credit debt card. At the corporate level, financial banking institutions
are currently restructuring debts with structured and derivatives instru-
ments (Figure 8.22).
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The ownership of commodities and energy will be used in the foreseeable
future as a contribution to the credit quality of the country. Commodities are
tangible goods that may be used as collateral assets to negotiate the country
risk accreditations and government or sovereign bonds credit spreads. In
economic distress, countries use tangible goods, such as commodities, to
trade as a real currency of exchange in negotiating political deals at the
United Nations or corporate commercial contracts in global affairs.

8.3 NET EMBEDDED ECONOMIC PREMIUMS AND
DISCOUNTING EFFECTS

Oil prices rose exponentially in the 1860s, 1910s and 1970s, declining in the
intermediate periods primarily due to the fact that oil supply and demand
are more elastic in the long run, thus smoothing or stretching long-term oil
prices to more stable levels. Oil prices rose in 1999 principally as a result of
financial speculation by firms like Enron, energy competitors and financial
institutions. Now, all financial firms and hedge funds trade commodities
and energy derivatives. Additionally, commodities pool operators (CPOs)
and commodities trading advisors (CTAs), as well as derivative futures
managers, have proliferated, contributing to the rising prices of energy
products through speculation. For instance, Jim Rogers, co-founder of
Quantum Fund with George Soros, reported at the Hedge Funds World
Global Opportunities 2005 conference that oil prices could run to $150 
by 2015. My own estimates are not too far from his predictions. These
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assumptions are based on the assumption that once Chinese firms get into
the trading of financial derivatives and commodities, the valuations of new
Asian equities firms will pump up global oil prices and institutional trad-
ing activities at international exchange levels to stimulate added specula-
tion from new democratic markets. In addition to China, India is also
allowing hedge funds into its financial markets, creating an added element
in the speculation of oil prices through financial trading. This embedded
‘invisible’ premium may be estimated as follows. As of the beginning of
2006, the (oil price) reference was around $55 a barrel, $78 by mid-2006,
back down to $50 by mid-January 2007 and up to $75 by end July 2007.
Emerging new democracies and new exchanges facilitate liquidity and trading
as well as volatility. Figure 8.23 depicts the evolution of the actual value of
real oil prices since 1970. The embedded rise in oil prices since 2002 is prin-
cipally due to the speculative premium from overtrading on energy deriv-
atives markets by large financial firms that have replaced Enron. The
increased oil pricing since 2000 also coincides with rising volatility, specula-
tive investments, Chinese demand, and geopolitical uncertainties after 2003.

To adjust for inflationary value, the average price of global oil curves
was $23 through the twentieth century, taking the 2004 price as a historical
reference. While the real price of oil varied from $10 to $20 until the early
1970, it spiked to $38 in 1973. Prices increased five-fold from $15.5 in 1973
to $83 in 1981 – still under the 2004 base pricing reference. Historical trends
then show that prices fell to $13 in November 1998. With adjusted inflationary
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factors, this was the lowest price since the Second World War. Since 1998 oil
prices have risen from $11 to $73 as of mid-2006. Note that the financial
engineering derivatives did not come into play until 1973.

The application of financial engineering derivatives into commodities
and energy appeared in the mid-1980s and by the 1990s heavy speculation
contributed to the exponential premium. Yet, despite the fact that oil prices
reached a historical peak in mid-2006, oil prices remained cheaper than in
1981, under the base level of 2004, without the inflation factors discounted
back. In reality, oil prices would have to rise by at least 50 per cent from the
actual price level of $73 to get to the real levels of 1981.

It is difficult to differentiate actual inflationary factors from speculative
influences and to evaluate the importance of each in the extra layer between
1981 and 2006 prices. Yet, 2006 oil prices were 50 per cent higher than the
average oil prices since the 1973 shock. As Jim Rogers (2005) has noted,
most high peaks in oil commodities have been followed by shocks, but
unusually since the beginning of the twenty-first century, oil prices have
risen continuously and record six consecutive years of cumulative gains.
Unprecedently, the same trends have been recorded in the hedge fund
industry, while traditional indices levelled off in 2005.
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Note: Energy prices started to increases in 1999, with a sharp rise after
2003. This upsurge is to a large extent driven by growing demand in

advanced and emerging economies, as well as by expectations of future
market tightness. However, current and expected future real oil prices are

still significantly below their value in the late 1970s and early 1980s.
Source: IMF, 2006.
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In addition to being connected to foreign exchange volatilities and eco-
nomic levels, oil prices are also directly linked to geopolitical risks in the
Middle East where most of the world’s proven reserves are concentrated.
The price of oil also includes a ‘terrorism premium’ embedded in its actual
pricing structure.

However, these factors contributing towards higher oil prices are com-
pensated by the heavier usage of information technology and services
which are less dependent on oil but more on alternative energies. Thus oil
also has a minimizing effect on economic statistics such as GDP. As we saw
earlier, the oil price represented 2 per cent of global GDP in 2005 while it
accounted for 8 per cent in 1973.

8.4 FOREIGN EXCHANGE VOLATILITY FACTOR IN 
OIL PRICING VALUATIONS

An added variable in the pricing of oil is foreign exchange volatility with
respect to the base price per barrel. Thus, in addition to financial trading
volatilities, supply, demand, operational technological infrastructural risks,
and political risks, the volatility of the embedded foreign exchange that is
subject to the debt or surplus of a country also affects oil prices. Thus,
although the price of oil is set in US dollars, the cost of oil in Europe, Japan
or China also depends on forex volatility and is subject to a speculative pre-
mium embedded in the price of oil. The price of oil rose exponentially,
especially from 2002 to 2006, as depicted in Figure 8.24.

In correlation to price increases, historical spreads also widened signifi-
cantly from 2004 to 2006 as shown in Figures 8.25 and 8.26.

As a consequence of significant infrastructural operational shifts within
global economies and trading activities, historical implied volatility signif-
icantly altered also from December 2005 (Figure 8.27). This produces fur-
ther opportunities for dislocations of the underlying pricing structure as
more and more arbitrage trades exacerbate volatility and expose underlying
market economic efficiencies.

European currencies appreciated relative to the US dollar in the 1970s,
reducing the economic impact of higher oil prices. The price per barrel rose
from about € 3 at the beginning of 1973 to € 25 by the summer of 1980. Similar
volatility shifts occurred again from 2002 to 2006. Although the US price for oil
peaked in February 1981 at $38, the decline in the value of European curren-
cies meant that the cost of oil continued to rise until 1984. Oil rose from € 32 in
February 1981 to € 40 in September 1984. The price of oil increased by 20 per
cent in euros during those three years, but fell by 30 per cent in US dollars. The
price declined to around € 11 per barrel by March 1986 and remained under 
€ 20 until 1999. The strengthening of the euro against the dollar had a miti-
gating effect on the eurozone compared to the US, while the American deficit
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actually accelerated. The dollar currency depreciation implies that it takes an
additional $1 trillion to finance the deficit every 20 months. The US has been a
net creditor since 1988, and profited from this situation until 2000. The price of
oil per barrel reached € 38.50 or $33.60 in November 2000, and climbed up to
€ 44.20 or $56.37 in October 2004, and to $73 mid-2006. Basically, the barrel
price increased by at least 70 per cent after November 2000 in dollars, but by
only 15 per cent in euros, simply as a result of the serious unexpected cur-
rency depreciations on the dollar side. But the dollar depreciation did not 
come only from its ‘own’ twin deficits, part of it is related to the overwhelm-
ing internal debt in the US, and another part of it is implicitly due to the much
higher productivity levels in new democracies, not adjusting currencies
accordingly, and thus implicitly financing wealth artificially. Consequently,
currency volatility also depreciates internal liquidity and the qualitative rat-
ings of government sovereign bonds. The Chinese yuan was fixed against other
currencies until mid-2005 when it started floating against a basket of other
currencies. It was institutionally traded prior to that date at a fixed rate of 8.33
yuan to the dollar. It is now available at floating adjusting rates, and is traded
institutionally and individually (figures 8.28 and 8.29).

This monetary depreciation or erosion of indebted countries’ currencies
in deficit also revalues actual commodities prices, which rose after 2002.
The rise of commodities prices also implied more speculation, most particu-
larly in hedge funds and large financial institutions, exacerbating derivatives
trading activities in energy and commodities instruments. Consequently,
commodities prices also suffered from an increase in volatility as shown in
figures 8.30 and 8.31.

The logical scenario also implies that this over-abused volatility created
a depreciation or devaluation of the actual natural pricing of the under-
lying asset class.

While in 2006 oil prices have been at their highest since the 1980s in both
the US and in the eurozone, Japanese manufacturing still benefits from
forex volatilities as shown in Figures 8.32 and 8.33.

A barrel of oil in Japan cost around 1000 yen in 1972 and rose to over 9000
yen in October 1982. When the yen strengthened, Japanese oil decreased, to
1750 by July 1986 or by 75 per cent from its 1972 level. Japanese manufac-
turing was at its highest productivity levels in the 1980s, partly as a result
of lower oil prices, but also the economy was still in the inflationary period.
The price of oil increased by 400 per cent in the US and Europe between
1973 and 1986, but it increased by only 150 per cent in Japan, principally
because of the strengthening yen. Further strength in the yen meant that by
the end of 1998, a barrel of oil cost only 1400 yen, only 40 per cent higher
than in 1972. As of the end of 2005, the Japanese oil price was about 6000
yen, which is still lower than the yen price in 1982. Thus with foreign cur-
rency volatilities included in the model of global oil price fluctuations, the
real value of oil takes a different shape.
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8.5 OIL VOLATILITY FACTOR

Global oil prices have been especially volatile over the last 25 years. Oil
pricing volatility has also been subject to geopolitical and economic insta-
bilities. High real prices exacerbate competition from large marginal sources
of oil.

Despite the search for alternative energy, those substitutes are insufficient
and too expensive to meet the rising demand for energy. In fact, the avail-
ability of alternative fuels, such as natural gas, hydro, power, wind, and
solar are minimal compared to oil, causing prices to rise exponentially and
with added volatility.

8.6 FUTURE OIL PRICING MODELS

The International Energy Administration (2007) predicted that oil prices
from 2003 to 2006 would experience historical highs and that oil prices in
the following ten to thirty years would not rise beyond what has already
been exhibited. Many financial analysts also think that oil prices have
peaked, and expect them to be lower in future than the peaks and expo-
nential trends experienced between 2003 to 2006: 2004 oil prices rose by
more than $9 per barrel; 2005 oil prices continued to exhibit an escalation to
$15 per barrel; in 2006 the price neared $75 per barrel. The International
Energy Administration reported in IEO2006 reference case that these expo-
nential trends did not reflect longer term predictions and that prices are
expected to fall, not exceeding $60 until 2030. From June 2006 to January
2007, the price per barrel of oil fell by almost $18. From record nominal high
levels throughout 2006, oil prices in the reference case are predicted to
decline gradually to $47 per barrel in 2014, then rise by about 1.2 per cent
per year to $57 per barrel in 2030 with adjusted forex volatilities. According
to the IEA’s forecasts, oil demand increases substantially. Oil consumption
is expected to rise between 2003 and 2030 and is forecast to be between a
lowest level of 22 million barrels per day and a high point of 48 million bar-
rels per day.

The model presented below is straightforward and concurs with the IEA
forecasts of significant rise in consumption primarily due to increased
geopolitical risks, new democracies’ rising demands, and scarce resources
shared among many more people. It does not consider the forex and infla-
tionary factors because debt will be assumed and distributed between all
nations by 2020, and debt will be taken into the forex and yield curves, net-
ting the benefits from increased service jobs relying more on hydrogen or
other alternatives substituting for oil. The model is a simplistic representa-
tion of the forecast supply and demand, given historical consumption and
production levels in China and erasing most of the new assumptions and
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distorting variables netting each other out. Those variables are considered
to have an insignificant impact in comparison to the rising demands for oil
by the new democracies. In addition to these assumptions, the author also
takes into account the entry of the Chinese market into the global deriva-
tives and financial engineering markets which subject oil prices to added
speculative premiums, not yet of huge significance in China as it only
started trading derivatives in November 2005 (figures 8.34 and 8.35).

The resulting oil pricing curves are exponentially shaped as demand
will ‘unbalance’ or create an inefficient market, aggravated in part by rising
geopolitical tensions and financial speculation which no longer assumes
that for each buyer there is a seller. (See figures 8.36–8.43.)

The slope of the convexely shaped curve since 2002 reflects a never pre-
viously seen historical pricing trend exacerbated by the rise of demand and
scarcer resources disputed among many new globalized emerging nations.
This would be true if and only if there was perfect matching and netting of
assets collateralized valuations, but there is not. The rise of credit deriva-
tives also reinforces this school of thought.

Another factor in the predicted inflationary oil prices is the integration
of Chinese energy firms into the global trading and speculating scenes.
According to ChinaBidding of 31 January 2007 in ‘China Adopts New
Pricing System for Oil Products’, the Chinese State Development and
Reform Commission reported that it was considering the trial operation of
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a new system to put an end to heavy losses in the oil processing and petro-
chemical industries. The new system means that domestic oil prices will
become more closely linked to those on international markets, and con-
sumers will have to bear bigger margin price rises on imported oil. The
‘crude price plus cost’ method was based on the Brent, Dubai and Minas
crude oil prices, taking into account processing costs and possible opportu-
nities for enterprises to profit. Sinopec, China’s leading oil processing and
petrochemical enterprise, relied on imports for three-quarters of the total
crude it processed a year. It was highly sensitive to price hikes on interna-
tional crude markets. It often bought crude at a high price, but sold oil
products at a low price, as prescribed by the state to stabilize the domestic
market and safeguard consumers’ interests. Though the state subsidized
the company substantially in 2005 and 2006, the move failed to stem losses
for the oil refiner and petrochemicals producer. China needs to build more
oil production entities to meet rising demand.

In the past regulations have imposed limits on energy prices (for example,
the California power crises in 1999 and 2000) and the capping of energy prices
has exaggerated inflation. This has forced private companies to trade in
other countries or to create offshore corporations and this has created market

164 CHINESE  ENERGY  MARKETS

0

�10

10

20

30

40

50

60

70

80

90

19
00

19
10

19
20

19
30

19
90

19
95

20
00

20
04

19
40

19
50

19
60

19
70

19
75

19
80

19
85

Nominal 2004 Prices

y�0.0014x6�0.0516x5�0.68x4�3.4179x3�3.2823x2

     �16.382x�7.9044
R2�0.762

y�0.0013x6�0.0541x5�0.8624x4�6.3805x3�22.46x2

     �34.112x�17.712
R2�0.9559

Figure 8.35 Historical oil prices ($/barrel)
Sources: Bloomberg LP and Yahoo finance 2004.

9780230_554207_09_cha08.qxp  9/18/2007  16:47  Page 164



165CHINESE  O I L  PR IC ING AND GLOBAL  MARKET  INTEGRAT ION 

y�12.309e0.1948x

R2�0.9632

y�0.1112x3�1.4195x2�12.546x�0.7142
R2�0.9776

0

50

100

150

200

250

300

Jan
 6

 1
97

8

Jan
 3

 2
00

3

Jan
 7

 2
00

5

Ju
ly 

21
 2

00
6

Jan
 2

00
7

Jan
 3

1 
20

10

Jan
 3

1 
20

20

Jan
 3

1 
20

30

Arabian Light 34� Arabian Medium 31� Arabian Heavy 27�

Figure 8.36 Saudi Arabian oil price approximations, 1978–2030
(estimations as 2006 in $/barrel)

Notes: Unkeyed curves indicate various grades of Saudi Arabian oils.
Figure assumes no political change in the region.
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illiquidity and inefficiencies. The same phenomena occur with financial
corporations and hedge funds trading commodities and energy products.

Another fundamental cause of rising energy prices is that the high cost
of higher grades of oil will rise substantially. A longer-term view demon-
strates that oil pricing varies significantly from one geographical point to
another, creating greater economic tension in adequate resource sharing.
Some countries will be able to buy oil more cheaply than others because of
their natural resources, proximity to exporting countries, and capital and 
or productivity abilities such as the Middle Eastern countries or China,
while others will incur a higher pricing premium as a result of total
dependency and a lack of compensating alternatives to the purchase of oil,
such as the United States or Western European countries. Moreover, China
is likely to incur higher oil prices as a result of import transportation costs,
which will be the main variable affecting the spreads in oil pricing between
various global geopolitical points in the future. With rising living stan-
dards, the Chinese will eventually own a car per household; the average cost
of a car made and assembled in China is equivalent to € 5000 as of 2007.
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Figure 8.44 depicts the actual spreads and pricing spreads given various
geographical points and world average.

8.7 CORRELATIONS WITH GOLD AND THE REAL ESTATE
MARKET

Global energy and commodities prices are also correlated with gold prices
and global real estate markets. According to the Global Association of Risk
Professionals and Riskcenter’s report of 15 August 2006, ‘Rising Oil Prices
Could Boster Gold’, gold prices climbed 25 per cent in 2006, primarily due
to a 22 per cent increase in oil prices. The gold price was $644.40 an ounce
on 14 August 2006. When oil prices fell to $52.51, gold fell to $635.30 an
ounce on 22 January 2006. The rise of oil directly affects inflationary trends
in all major commodities. This inflationary trend also has an impact on
energy costs, chemicals, labor, and industrial production. US consumer
prices rose by 4.3 per cent between June 2005 and June 2006, compared to a
2.5 per cent increase over the previous year (Figure 8.45).

Along with gold, oil prices are correlated with real estate prices. While
the United States’ real estate market started a historical downturn in
November 2005, new international emerging markets are surging. As
shown in Figures 8.46–8.48, the trading of real estate investment vehicles in
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volume and asset value rose exponentially in correlation with global oil
pricing trends.

The 1990s were a decade of indulgent speculation, highly destabilizing
to the future of global financial markets and providing a poor basis for
geopolitical balance. Transparency in pricing has been poor in large corpo-
rations, as has corporate governance.

8.8 OIL PRICING CORRELATION TO ALTERNATIVE ENERGY

Unlike at any other time in history, oil prices are not expected to decrease in
the immediate future, not only because of the factors listed above but also
due to alternative energy and renewables, which create barriers to entry,
principally as a result of their inadequacies and inability to provide global
market pricing efficiencies. We should note that alternative energies, used
alone and unconnected to traditional energies, are irrelevant to China’s
emerging middle class, which is adding a significant share to the global
consumption function. Utility barriers are considered by the Chinese
national energy state council to define regulatory boundaries around
wholesale and retail markets.
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Private Chinese firms are not invested significantly in renewable energy
generating projects unless they are founded in partnerships or with foreign
investors. This is primarily because renewable energies, taken individually,
do not create sufficient resources to provide large-scale market pricing effi-
ciencies. Renewable energies have to be bundled together as a complemen-
tary package in order to replace one individual traditional type of energy,
such as oil or natural gas, and to be economically feasible and efficient. In
addition to utility barriers, global regulating agencies put pressure on
domestic corruption and red tape, such as regional regulations capping and
ranging energy prices to provide governments with an added layer of rev-
enues. National energy frameworks lack enforceable policies to favor the
development of a globally independent power industry. The Chinese gov-
ernment – like all others, including the United States – has too many internal
layers of bureaucratic regulation mainly imposing restrictions at national
level rather than affecting international market policies. For instance, the
US Congress passed the Public Utilities Regulatory Policy Act (PURPA) in
1978 to require utilities to buy power within specific pricing ranges and
caps from independent power producers (IPPs). China arranged similar
policies but does not enforce the utilities pricing floors and caps. Chinese
utilities may also refuse to buy electricity from IPPs. Thus, international
entities, such as the World Bank, can access special wind programs in Inner
Mongolia at special negotiated prices. These prices add to the inefficiencies
of the market between more regular dealers. Additionally, Chinese utilities
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may only buy a small number of kWh at the IPP price formula, then must
agree to buy the rest of the output at the average system price. Very much
like emerging markets which lack significant transparencies and corporate
governance, China’s separate negotiations of power purchase agreements
for proposed generation projects have embedded added transaction costs
and additional uncertainties.

As well as utility barriers and national government regulations, pricing
policy is an additional disadvantage to the utilization of renewable ener-
gies. Chinese electricity prices are arbitrarily set, depending on consump-
tion and production at various points of the domestic grid. Prices are then
distributed with an added transportation function linked to the power pric-
ing function. On a wider scale, national functions are being ‘smoothed’ in
order to link them to international geopolitical global supply and demand.
But these functions will be more effective if there are additional infrastruc-
tures between neighboring countries. Actually, Chinese utilities must still
obtain national approval from the central government to raise prices. These
national prices are still subject to local tariffs and quotas, and national gov-
ernment will finance infrastructures if and only if domestic budgets are
well allocated and financed. Depending on the engineering of the national
infrastructures, transportation costs create a more efficient system, thus
facilitating new economic advantages for imports. Curiously, there are
more barriers to entry the more local we get, so that the most backwards
rural infrastructures are subject to the highest costs because of the extra lay-
ers of bureaucracy between international and national systems, regions,
municipalities and even down to villages. So, intelligent governments
ought to invest in modern adequate balanced infrastructures in order to be
able to maintain future demand and enable international trading to facili-
tate improving globalization standards.

Another factor that allows renewables to remain as secondary energy
resources is insufficient capital. Large Chinese firms do not have significant
capital to invest into renewables, which are too expensive taken individu-
ally to meet demand levels. Not only are they insufficient in quantity but
their scarcity also makes them extremely expensive. Added to that, there
are extra levels of regulation to limit impractical utilizations. For instance,
hydropower is 1.2 times the cost of coal, biogas 1.5 times, or wind power 
1.7 times. Another barrier to expansion of use of renewables is the market
itself. Renewables require far reaching investments in research and devel-
opment. For instance, hydropower and solar water heating require
advanced technologies that are more expensive to produce on a large scale.
This is another reason why traditional energies have been more popular,
despite the fact that global reserves are finite.

Since the late 1990s, China has focused primarily on renewable energies
to meet rising demand in the manufacturing and industrial sectors. Yet, pri-
vate companies incur a cost. With the exception of hydro-electricity, the
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power generation cost of renewable energy is much higher than the normal
energy resources in China. For example, the initial investment in grid wind
power is 8000 yuan/kw, unit power generation cost is 0.33 yuan/kWh, and
the grid price including VAT is 0.52 yuan/kWh. The cost of power genera-
tion may climb to 40,000 yuan/kW, while the unit power generation cost 
is around 2.38 yuan/kWh. The unit investment cost of coal generating 300
thousand kW without the desulfurating equipment is 5000 yuan/kW, the
unit power generation cost is only 0.21 yuan/kWh, the grid price including
VAT is 0.33 yuan/kWh.

Renewable energies are much slower to develop because they require
advanced technologies, regulatory approval and investment. In addition to
the dependency on renewables pricing, oil prices also vary with regula-
tions and new policies affecting other energies. For instance, the China
Energy Research Society (CERS) provides a review on energy financing
mechanisms. CERS reported results in the ‘Study of the Investment
Mechanism for Off-grid Electricity Generation Systems in Rural China’. In
the report, CERS suggested that the government should increase invest-
ment in rural off-grid distributed generation systems. The Institute of
Electric Engineering of the Chinese Academy of Sciences also developed
similar policies in 2005.

8.9 THE PRICING OF OIL WILL BE AFFECTED BY 
FAST-PACED DEVELOPING PROJECTS

The pricing of oil in China will also be affected by new corporate valuation
standards. This is partly due to the fact that China’s domestic market is
upgrading to international governance standards, and that there is new for-
eign competition entering and accessing the market. Thus, the price of
domestic markets is subject to corporate governance changes and evolu-
tion, as well as alterations in internal financial valuations. According to
ChinaBidding of 19 July 2006, China Petroleum and Chemical Corporation,
or Sinopec, processed 5.3 per cent more crude oil in the first half of 2006 as
China’s economic growth boosted demand. Oil refining at Sinopec, Asia’s
largest oil refiner, rose to 71.7 million metric tons (527 million barrels).
Crude oil production rose 3.1 per cent, and natural gas output rose by 20
per cent. Sinopec supplies about 75 per cent of the fuels sold in China,
where the economy expanded 10.9 per cent in the first half of 2006, the
fastest growth in more than a decade. The author’s research proves that this
figure is actually highly conservative and that a more realistic view demon-
strates an overheating economy with annual growth rates close to 15–18
per cent per year since at least 2004. China’s curbs on fuel prices, aimed at
shielding consumers and manufacturers from higher energy bills, may
cause Sinopec further refining losses because of record crude oil costs.
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Sinopec shares fell in late July 2006, dropping 1.8 per cent to HK$4.15 (53
US cents). The stock gained 7.8 per cent in the first half of 2006, lagging
behind PetroChina’s 31 per cent advance. Oil output rose to 140.9 million
barrels and natural gas production reached 126.2 billion cubic feet. Diesel
output climbed 7.6 per cent to 28.3 million tons, while gasoline output
declined 0.8 per cent to 11.2 million tons. Kerosene production dropped 
6.2 per cent to 3.2 million tons. Sinopec’s domestic sales of fuels including
gasoline and diesel rose 7 per cent to 54.3 million tons in the first six months
of 2006. Retail sales increased 19.5 per cent to 35.3 million tons. Production
of ethylene, a chemical raw material used to make plastics, rose 24.5 per
cent to 3 million tons. Sinopec’s first-quarter profit fell 3.6 per cent to 9.29
billion yuan (US$1.16 billion) as it recorded an operating loss of 7.88 billion
yuan (US$985 million) at its refining division, compared with a profit of
1.67 billion yuan (US$208.7 million) around April 2005. High oil prices have
a negative impact on downstream companies like Sinopec. On 24 May
2006, China increased fuel prices for the second time that year to help refin-
ers cover the rising cost of crude oil. Gasoline prices rose by 10.6 per cent ,
diesel prices by 12.3 per cent, and jet fuel by 10.3 per cent. Sinopec
increased oil production at a faster pace in the first half of 2006 than bigger
rival PetroChina. Oil output increased 1.8 per cent to 419.1 million barrels.
Natural gas output surged 31 per cent to 684.7 billion cubic feet at China’s
biggest oil company. PetroChina’s oil processing rose 3.5 per cent in the
first half of 2006 to 392.6 million barrels. Crude oil prices in New York also
climbed 32 per cent in 2005, reaching a record US$78.40 on 14 July 2006, the
highest since the New York Mercantile Exchange began trading in 1983.
Between 2007 and 2014 China may consume 5.5 per cent more crude oil as
a result of rising living standards and higher car ownership (IEA 2007). Oil
pricing has been subject to major volatilities throughout 2006, and accord-
ing to the Energy International Administration, demand is expected to rise
to 7.4 million barrels a day in 2007, or 390,000 barrels a day more than 2006.

In conclusion, China is challenged by its overheating domestic growth
in all industry sectors. The Chinese market downturn at the end of March
2007 shows that it is not vulnerable to future corrections and that global
markets are fully ramified to the Chinese economy. As a consequence of its
rising living standards, China already faces, as of 2007, internal economic
imbalances in the management of its resources versus the demand. The
demand for oil has dramatically risen since the beginning of this century
and so did its price which doubled from 2001 to 2007 and tripled from 
summer 2002 to summer 2006. It is unclear what premium of the global oil
pricing structure comes from Chinese demand alone. It will be less transpar-
ent once the large Chinese energy companies become fully integrated into
global commodities derivatives markets and engage actively in speculative
trading with international commodities exchanges. Let us now review how
the Chinese commodities corporations are preparing for this integration.
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The three largest Chinese oil and gas firms are Sinopec, the China National
Petroleum Corporation (CNPC), and China National Offshore Oil
Corporation (CNOOC). The main difference between those firms and their
foreign peers is that the Chinese companies are solely involved in the phys-
ical trading of natural resources as opposed to international peers which
have already significantly developed their financial derivatives operations.
Chinese companies are not focused on the trading of financial derivatives
primarily because derivatives did not exist in China until 2005. Chinese
commodities companies focused instead on developing foreign partner-
ships in the trading of physical goods that will serve them as collateral
value and forms of payments when resources become scarce and in case of
defaults by financial derivatives contracts. Soon enough, they will be able
to monetarize their physical tangible goods at much higher prices, and thus
gain value and catch up with financial engineering forms of payment.

This is also partly why Chinese companies are behind their international
counterparts in investing in corporate governance and infrastructural
transparencies. Corporate ethics, compliance and global regulatory man-
dates impose major costs that do not provide any competitive edge to the
future of global resource sharing. And the fact of the matter is that these are
ideal concepts that are costly and serve little purpose in the face of economic
competition.Yet, since China’s entry into the World Trade Organization in
2001, Chinese oil companies have partnered with foreign counterparts to
share physical commodities and energy resources on a rotational basis. It 
is as of yet unclear to Chinese commodities companies what the effect of
financial derivatives will be to financial statements, but it is most likely to
occur in the same fashion as the integration of speculative financial instru-
ments on competitive foreign peers.

C H A P T E R  9

Chinese Commodities
Corporations
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The corporate capitalization of China did not occur until 2001, when
China was preparing to become the most significant manufacturing hub in
the world. Chinese oil companies were just starting to initiate capitalistic
public offerings (IPOs) of stocks in 2000, raising billions of dollars in for-
eign and domestic capital. The Chinese system has been very astute and
aggressive in teaching Chinese citizens to day trade with ebanking tools
and advanced internet telephony. In fact, Chinese individual investors
bought shares of the Bank of China’s stocks and are becoming more finan-
cially educated and aware – more so than European consumers, relying
on service industries to maintain their way of life. A ‘relative injustice’ 
contributing to this global imbalance is that, as of 2006, most day trading
operations do not provide European investors with any Chinese financial
products in euros, or very few. All proposed Chinese products are either in
dollars or quoted as Chinese shares directly for knowledgeable traders.
European middle-class investors are thus deprived of any opportunities for
direct returns on investments from Chinese economic growth and are
reduced to investments mainly in euros. It is, however, worth noting that
most European politicians signed major trading corporate agreements with
the Chinese government, selling out European know-how and resources
and cashing in on those contracts to profit boards of directors and corporate
management. Thus, the majority of European investors never saw a share
in this dream. Europe has short working hours and a high currency. It is
utopian to believe that Europe’s economy runs on its exports and high pro-
ductivity rates.

Since the start of the twenty-first century, it has become highly notice-
able that major Chinese companies are adopting capitalist forms and are
restructuring in a more Westernized style. Thus, CNPC reorganized in 2000
to separate assets and to create a subsidiary named PetroChina. CNPC
floated its share with an initial public offering (IPO) of its minority interest
shares on both the Hong Kong and New York stock exchanges in April
2000. The IPO created more than $3 billion, and British Petroleum now
owns 20 per cent of minority shares. Sinopec also conducted its initial pub-
lic offering in New York and Hong Kong in October 2000 and managed 
to get approximately $3.5 billion. In this deal, the minority interest share
amounted to 15 per cent. ExxonMobil, British Petroleum, and Shell all con-
tributed to about $ 2 billion of the initial public offering. CNOOC conducted
its initial public offering with 27.5 per cent in interest in February 2001 after
an earlier attempt in September 1999 had been abandoned. Shell bought a
large block of shares valued at around $200 million. As of 2002, Chinese oil
companies started to re-engineer to separate their business units into sub-
sidiaries and different legal structured shells. CNPC created subsidiaries
for drilling services and geological sample drilling work. CNOOC created
oilfield services, such as the China Oilfield Service (COSL), which was listed
on the Hong Kong stock exchange in November 2002. Let us review, in this

9780230_554207_10_cha09.qxp  9/18/2007  10:26  Page 178



179CHINESE  COMMODIT I ES  CORPORAT IONS

chapter, the three main Chinese corporations: Sinopec, PetroChina and
CNOOC. We will conclude with a review of smaller firms.

9.1 SINOPEC: CHINA PETROLEUM AND CHEMICAL
CORPORATION

The following information is issued by Sinopec Corporation to investors,
customers, regulators, media and press contacts.

China Petrochemical Corporation, the sole initiator of Sinopec, is a very
large petroleum and petrochemical group re-engineered and restructured
as the main Chinese state entity as of 1998. It is a state-owned company
functioning as a state-authorized investment institution. The state holds
the controlling share of the entity. Sinopec Group is one of China’s largest
oil producers with some of the largest revenues, with 832.5 billion yuan
(US$104 billion) as of 2005 for sales, accounting for 14.25 per cent of the
total revenue of the 500 companies. Three Chinese firms are among the top
companies ranked with China National Petroleum Corporation (CNPC)
and Sinochem Corporation. China Petroleum and Chemical Corporation,
Sinopec, is a publicly listed company re-engineered in February 2000 by the
China Petrochemical Corporation (Sinopec Group) according to the Company
Law of the People’s Republic of China. Sinopec’s financial statements include
16.78 billion H shares as of October 2000 with 2.8 billion A shares floated on
the Shanghai Stock Exchange in July 2001. Sinopec counts an approximate
total number of shares of 86.702 billion. The state holds the majority control
with 71.23 per cent of the shares in the legal name of Sinopec Group.
Additionally, other domestic banks and minority asset management com-
panies hold a major stake of 6.2 per cent of main equities, 19.35 per cent by
H shares and 3.23 per cent by various private investors in China.

Sinopec describes itself as an integrated energy and chemical company,
and its major business lines are oil and gas exploration and drilling throughout
the world. Other business lines include renewables development, com-
modities production, oil refining, chemicals and fuel derivatives production,
petrochemical production and usage, chemical derivatives such as chemi-
cal fibers, chemical fertilizers and others. In addition to producing chemi-
cals, commodities and energy derivatives, the company also engineers oil
reserves storage and builds pipelines for transportation of crude oil and
natural gas within China and with neighboring countries. Sinopec is an
expert in the import and export of crude oil, natural gas, refined oil prod-
ucts, petrochemicals, chemicals, and other commodities and technologies.
Sinopec is also involved in the research, development and application of
technology and information to advance in more efficient ways the produc-
tion of energy derivatives and commodities in China to respond to rising
demands. Sinopec is China’s largest producer and supplier of oil products
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such as gasoline, diesel and jet fuel and major petrochemical alternatives such
as petrochemical intermediates, synthetic resin, synthetic fiber monomers
and polymers, synthetic fiber and chemical fertilizer.

Sinopec’s proved recoverable oil reserves total 3294 million barrels and
its proved recoverable natural gas reserve was approximately 2951.7 bcf as
of the beginning of 2006. Sinopec’s crude oil processing capacity totals 160
million tons with an ethylene production capacity of 5.395 million tons.
Sinopec also owns 29,647 service stations around China, with 27,367 self-
owned entrepreneurships. Additionally, Sinopec produced 39.27 million
tons of crude oil and 6.3 billion cubic meters of natural gas as of end of 2005.
In 2007 Sinopec progressed in marine exploration in Northeast Sichuan
Province, in Western Tahe and Eastern China. In March 2007 output of
crude oil and natural gas increased by 2 per cent and 10.1 per cent over
2006. Sinopec’s refining processing volume of crude oil as of March 2007
increased by 5 per cent from March 2006 figures (see Table 9.1). Refining
products also amount to 140 million tons, oil product output to 84.52 mil-
lion tons including gasoline, kerosene and diesel. Sinopec also created 5.32
million tons of ethylene, 7.61 million tons of synthetic resin, 0.63 million
tons of synthetic rubber, 6.72 million tons of synthetic fiber monomers and
polymers, and 1.57 million tons of synthetic fiber. Moreover, Sinopec’s
annual oil products sales volume reached 105 million tons with retail amount-
ing to 63.52 million tons.

During the restructuring of its corporate strategy, Sinopec re-engineered
corporate governance and developed a management system with central-
ized decision-making, delegated managed networks and business opera-
tions handled by specialized business units. Sinopec counts more than
80 subsidiaries and branches with wholly-owned, equity holding, share-
holding entities also engaged in oil and gas exploration and production,
refining, chemicals, marketing, research and development and foreign
trading partnerships. Sinopec has also participated in advanced technolog-
ical developments and research to improve energy reliability diversification.
In addition to major developments in research and development and
advanced technologies, CNPC also enhanced and proliferated partnerships
and deals throughout the world.

According to Ellen Silverman of riskcenters.com (6 July 2006) in ‘Energy
Risk China’s Oil Giant Looking at $3 Billion Stake in Rosneft’, CNPC pur-
chased stakes of $3 billion worth of shares in the initial public offering of
Russian state-owned oil group Rosneft which was issuing an initial public
offering worth $11.6 billion in order to remodel and re-engineer its capital
structure. The oil companies can stake one to two billion dollars and CNPC
responded by offering three billion dollars. Rosneft is to sell shares of the
companies by mid-July 2006 in Moscow and London while other oil com-
panies such as Malaysian Rosneft are also staking into the IPO. Russian
rival Yukos also disputed Rosneft’s IPO claiming that it had stolen some of its
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Table 9.1 Operating data for Sinopec, 2007, first quarter

Operational results Unit Three-month Changes over
period ended the same
31 March period of the

preceding
2007 2006 year (%)

Exploration and production

Crude oil production 10 thousand tonnes 999.43 979.86 2.00

Natural gas production Million cubic meters 1,996 1,813 10.07

Crude oil realized price RMB/tonne 2582.70 3112.81 (17.03)

Natural gas realized price RMB/000 cubic meters 799.27 745.10 7.27

Refining

Refining throughput 10 thousand tonnes 3691.40 3516.88 4.96

Production of gasoline, 10 thousand tonnes 2164.94 2088.87 3.64
diesel oil and kerosene

Of which: Gasoline 10 thousand tonnes 587.24 553.40 6.11

Diesel 10 thousand tonnes 1390.88 1381.87 0.65

Kerosene 10 thousand tonnes 186.82 153.60 21.63

Light chemical feedstock 10 thousand tonnes 608.50 576.81 5.49

Light products yield % 74.31 74.81 (0.50) 
percentage 
point

Refining yield % 93.38 93.64 (0.26) 
percentage 
point

Marketing and distribution

Total domestic sales of 10 thousand tonnes 2746.60 2603.00 5.51
refined oil products

Of which: Retail 10 thousand tonnes 1724.30 1666.80 3.45

Distribution 10 thousand tonnes 469.80 491.50 (4.40)

Wholesale 10 thousand tonnes 552.40 444.80 24.19

Total number of petrol Stations 28885 29744 (2.89)
stations

Of which: Self-operated Stations 28075 27464 2.22

Franchised Stations 810 2280 (64.47)

Annual throughput Tonne/station 2457 2428 1.19
per station

Source: Sinopec.
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assets. China is expanding oil stakes throughout the world with contracts
and partnerships, utilizing its forex surpluses to purchase as many com-
modities stakes as possible while its foreign exchange currency valuation is
still low and reasonably stable. Deals are also particularly lucrative given that
oil prices are conservatively anticipated to rise beyond $100 by 2010.

Sinopec’s American Deposit Stock valuation nearly doubled between
June 2006 and January 2007, from $20 to more than $40, mainly as a result
of global increasing oil prices and rising international trading speculations
(see Figure 9.1).

9.2 PETROCHINA

PetroChina Company Limited or PetroChina is a joint stock company, re-
engineered under the Law of the People’s Republic of China in 1999 as part
of the restructuring of China National Petroleum Corporation (CNPC).
CNPC invested in PetroChina the whole CNPC balance sheet involving the
exploration and production, refining and marketing of oil, and its chemi-
cals and natural gas businesses. PetroChina is China’s largest producer of
crude oil and natural gas, and is engaged in the exploration, development
and production of crude oil and natural gas, refining, transportation, stor-
age and marketing, including import and export of crude oil and petroleum
products, production and sale of chemical products, and transportation,
exploration and exploitation of natural gas.
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Figure 9.1 Sinopec’s American Deposit Stock, as of 19 January 2007
Source: © 2007 Yahoo! Inc.
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PetroChina’s financial statements in 2000 also had some stakes in the
form of ADR American depositary shares and H shares. In addition to
being listed, PetroChina also marked continuous performances with net
profits of RMB 55.2 billion, RMB 45.5 billion and RMB 46.9 billion in 2000,
2001 and 2002.The company manages oil and natural gas exploration and
production through 14 provincial subsidiaries throughout China: Daqing,
Changqing, Liaohe, Xinjiang, Tarim, Southwest, Huabei, Dagang, Jilin,
Qinghai, Turpan-Hami, Jidong, Yumen and Zhejinag. PetroChina provides
energy and commodities resources to the company’s operations in China’s
northern, northeastern, northwestern and southwestern regions. According
to PetroChina’s information page provided to investors, regulators, share-
holders, media and press, the company is the main owner of China’s total oil
reserves with a 55 per cent share and of Chinese total natural gas reserves with
approximately 60 per cent of the country’s natural resources. Investor infor-
mation also reveals that PetroChina owned proven oil reserves of 1.479 billion
tons and natural gas reserves of 1.33 trillion cubic meters at the end of 2005.
PetroChina’s refined products, including gasoline, diesel, kerosene and lubri-
cants, exceeded 40 per cent of the national total. During its major reorganiza-
tion, PetroChina re-engineered the company’s 26 oil refining subsidiaries, 22
refined products legal entities, and a chemical lubricant firm. The company’s
production centers and legal entities mainly operate along the northeastern
and northwestern coasts of China where most of the natural resources are
extracted to meet the demand of major urban centers such as Shanghai.

PetroChina owns the Dalian Marine Shipping Company to import com-
modities from international markets and started in 1999 to develop more
marketing centers. The company installed approximately 430 wholesale
distribution centers around China along the coastal areas, in urban city
areas and along the Yangtze river, 1790 service stations privately franchised
to entrepreneurs, 3600 wholly-owned service stations, and 1050 franchise
service stations owned and operated by commercial third-parties.

9.2.1 Main products

PetroChina is primarily involved in the production of gasoline, kerosene,
diesel, lubricants, light chemical oil, fuel oil, solvent oil, paraffin, bitumen,
petroleum coke, liquefied gas, propylene and refinery benzene. Other
refined products include naphtha, jet fuel and asphalt. It produces high
grade oils such as 90-RON, 93-RON, 95-RON, 97-RON and 98-RON.
PetroChina also produces various types of diesel derivatives, such as light
diesel, diesel for urban vehicles, diesel for military use, Beijing local stan-
dard diesel and diesel for export. PetroChina’s diesel products are graded as
#10, #5, #0, #�10, #�20, #�35 and #�50. It is the country’s main producer of
kerosene, lamp kerosene, #3 jet fuel oil, JetA-1, JP-8, and DERD2494. As well as
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fuel derivatives, PetroChina also produces vehicle lubricating oils, industrial
oils, synthetic lubricating grease and lubricants for metal processing.
Petroleum bitumen for heavy-duty vehicles, modified asphalt, road bitumen,
emulsified bitumen, pipeline protective asphalt, cable asphalt, waterproof
asphalt, rubber asphalt, paint asphalt, and insulating asphalt are also among
PetroChina’s specialties. PetroChina wax products include semi-refined wax,
fully-refined wax, paraffin scale wax, medicinal Vaseline, food-grade wax and
electrical Vaseline. Fushun Petrochemical Company also benefits from Daqing
crude oil with 25 per cent wax and Shenbei crude oil with 42 per cent.

PetroChina is also involved in the exploration and transportation of natural
gas as the main sponsor of the west–east gas pipeline project to connect all
Chinese urban areas within its grid and to ramify it to international energy
providers. The west–east pipeline connects the gas field in Xinjiang’s Tarim
Basin and is ramified with branch lines and storage facilities to transport natu-
ral gas to the Yangtze River Delta area in China’s Central and Eastern regions.
It is also connected to other natural resource areas such as the Changqing.

A natural gas pipeline part-owned by PetroChina starts from Lunnan 
in Xinjiang and runs for almost 4000 kilometers through 66 counties in 
10 regions and municipalities of Xinjiang, Gansu, Ningxia, Shaanxi, Shanxi,
Henan, Anhui, Jiangsu, Shanghai and Zhejiang. PetroChina’s operations
started on 1 October 2004, and natural gas was commercialized by the end
of 2004. The west–east natural gas pipeline gets energy resources from
Tarim Basin that amount to approximately 8.39 trillion cubic meters of 
natural resource reserves. The Tarim Basin is considered the largest single
source of natural gas in China, totalling approximately 38 trillion cubic
meters. According to PetroChina’s own information the company also pro-
duces chemical derivatives to maintain vehicles, cars, for engine construction,
information technology parts, electronics, manufacturing devices, electrical
appliances, household items, packaging, papers, textile, plastics, paints,
footwear, agriculture and the furniture industry level.

PetroChina also creates synthetic resin derivatives such as polyethylene,
polypropylene and polystyrene, as well as synthetic fibers including acry-
lon, dacron, pure terephthalic acid, ethylene glycol, acrylonitrile and poly-
ester, and synthetic rubbers such as 1, 4 polybutadiene rubber, urea, organic
epoxyethane, butanol, adipic acid, alkyl benzene, styrene, benzene, pheny-
lamine, and paraxylene. PetroChina’s inorganic products also include
nitric acid, catalysts, and additives. PetroChina is the major Chinese pro-
ducer of ethylene, synthetic rubber, synthetic fibers and fertilizer.

9.2.2 Productivity

PetroChina extracted 1119.5 billion cubic feet of natural gas in 2005 which
represented an increase of 27.8 per cent over 2004. In 2005 its crude oil and
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natural gas production equated to approximately 1009.5 million barrels of
oil, an increase of 5.1 per cent from 2004, and turnover reached approxi-
mately RMB 552,229 million, up by 39 per cent. Consequently, the company
recorded a consolidated net profit of RMB 133,362 million, representing
a substantial increase of 28.4 per cent from 2004. PetroChina improved
efficiency and productivity levels by investing in new technologies and
advanced materials to increase the capacity of its oilfields. The company
also proliferated international partnerships to secure future rising demand.
PetroChina’s crude oil output in 2006 rose by 419 million barrels, an
increase of 7.3 million barrels or 1.8 per cent. Natural gas production rose
by 684.7 billion cubic feet, up by 161.1 billion cubic feet or 30.8 per cent.
During 2006, PetroChina participated in the balancing of oil pricing to
monitor its internal oil pricing developments based on supply and
demand. In the first half of 2006 the company produced about 392 million
barrels of crude oil, representing an increase of 13.20 million barrels, or 3.5
per cent over the first half of 2005. Gasoline production was 11.064 million
tons and diesel 22.217 million tons, rises of 3.2 per cent and 2.6 per cent,
respectively. To ensure that demand is met and to maintain oil pricing
throughout the country, between January and June 2006 PetroChina opened
737 service stations to reach 17,952 customers, an additional 4.28 per cent
from 2005. In 2006 PetroChina produced 1.003 million tons of ethylene,
0.155 million tons of synthetic rubber, and 1.525 million tons of synthetic
resin, increases of 6.6 per cent, 9.2 per cent and 16.3 per cent respectively
over 2005.

In 2006 PetroChina also extended the west–east gas pipeline, with the
Huai–Wu line connecting to the Zhongxian–Wuhan stretch that constitutes
approximately 90 per cent of the total. The west–east gas pipeline also con-
nected via the Ji-Ning connection line to the second Shaanxi–Beijing gas
pipeline. In addition to the main west–east pipeline project, PetroChina
participated in the implementation of a line to facilitate the transportation
of imported crude oil from Kazakhstan. PetroChina also established a crude
oil pipeline between Shanshan in Xinjiang and Lanzhou in Gansu and a
refined oil pipeline between Urumqi in Xinjiang and Lanzhou. In efforts 
to diversify and intensify its production, PetroChina multiplied its geopo-
litical partnerships and embarked on the production of new energy 
alternatives.

9.2.3 PetroChina’s American Deposit Stock

PetroChina Company’s ADS is valued at more than $100 as of January 2007
and gained more than 25 per cent since June 2006. This is partly due to
gains from global oil prices (Figure 9.2).
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9.3 CNOOC

According to CNOOC’s information provided to investors, shareholders,
regulators, media and the press, it is a state-owned offshore and onshore
petroleum company established in 1982. CNOOC is a Hong Kong incorpo-
rated public company which primarily explores, develops and produces
crude oil and natural gas offshore in China. It is the main provider of oil
and natural gas to most of China, and has net oil and gas reserves of
approximately 2.36 billion barrels of oil equivalent (boe). The 2005 produc-
tion averaged 424,108 boe per day. CNOOC currently expands strategic
Chinese reserves through partnerships and new drilling investments, and
its net proved reserves increased by 668 million boe in 1995 to 2.36 billion
boe in 2005. CNOOC also raised average production from 107,600 boe per
day in 1995 to 424,108 boe per day in 2005. The company has proliferated
its operations through partnerships with multinationals in various offshore
areas and through buying minority interest shares in foreign entities.
CNOOC owns a number of subsidiaries: CNOOC Limited, CNOOC
International Limited, OCGC Malacca, OCGC America Inc, OCGC Myannar,
Malacca Petroleum, CNOOC China Limited, Tianjin Branch, Zhanjang
Branch, Shenzhen Branch, Shanghai Branch, a 30 per cent interest in Shanghai
Petroleum and Natural Gas Company Limited, and China Offshore Oil
Singapore International Limited. Throughout its reorganization, CNOOC
gained the following assets and liabilities: 37 production-sharing contracts,
and one geophysical survey agreement, eight independent development
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Figure 9.2 PetroChina Co. American Deposit Stock, as of
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Source: © 2007 Yahoo! Inc.
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and production projects, the interest noted above in Shanghai Petroleum and
Natural Gas Company Limited, rights to use facilities and rights to land
exploration in Nanhai, Weizhou and the western part of Bohai Bay, and loans
from, and swap agreements with, various Chinese and foreign banks. Table 9.2
and Figure 9.3 illustrate production of oils and gas by CNOOC.
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Table 9.2 Production of oils and gas by CNOOC, 2001–05

Production data 2001 2002 2003 2004 2005

Net production of crude and liquids (barrels/day)

Bohai Bay 99978.0 127756.0 129506.0 134512.0 178840.0

Western South

China Sea 41277.0 5691.0 60944.0 55873.0 49016.0

Eastern South

China Sea 81404.0 73793.0 72981.0 96989.0 103741.0

East China Sea 3967.0 3223.0 2536.0 2121.0 1706.0

Overseas 2247.0 36944.0 40497.0 29941.0 23565.0

Total 228873.0 247407.0 306464.0 319436.0 356868.0

Net production of natural gas (mcf/day)

Bohai Bay 46.2 47.1 47.1 47.7 49.1

Western South

China Sea 139.0 142.3 127.8 215.2 229.6

Eastern South

China Sea 0 0 0 0 0

East China Sea 9.8 12.4 14.2 17.1 18.3

Overseas 0 70.8 101.9 84.1 92.7

Total 195.0 272.6 291.0 364.1 389.7

Total net production (boe) 261379.0 346639.0 356729.0 382513.0 424108.0

Total net proved reserves at year end (mboes)

Bohai Bay 1066 1092.3 1084.8 1092.3 1043.7

Western South

China Sea 535.1 578.9 601.0 603.8 639.7

Eastern South

China Sea 132.2 127.5 246.1 289.8 341.9

East China Sea 45.2 42.4 59.8 88.7 88.5

Overseas 8.4 174.7 136.8 155.5 249.1

Total 1787.1 2015.8 2128.5 2230.0 2362.6

Source: CNOOC (2006).
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CNOOC is investing in a number of major projects (Table 9.3), including
Bohai Basin in northeastern China, 200 kilometers east of Beijing. Bohai is
among the oldest and largest oil resources in China and is still exploitable. Its
net proved reserves total 1044 million boe and account for 44 per cent of the
total resources of CNOOC. Average daily net production is 87,021 boe. Bohai
Basin includes Jingzhou 20-2 gas field, Chengbei, Qikou 18-1, Bozhong,
Jinzhou 9-3, Suizhong 36-1, and the Jinghou 20-2 terminal. In addition to
Bohai the western South China Sea, southwest of Hong Kong, is another of
CNOOC’s significant natural gas areas. CNOOC also owns the Yacheng 13-1
and Dongfang 1-1 natural gas fields which comprise a new production project
which began in 2006. This region generates about 640 million boe of net
proved reserves which represents 27 per cent of CNOOC’s total. Its average
daily net production accounted for 89,583 boe or 21 per cent of the company’s
total. CNOOC is also involved in the western South China Sea at Beibu Gulf,
Yinggehai Basin and Qiongdongnan Basin. The eastern China Sea also totals
88 million boe of net proved reserves accounting for 4 per cent of CNOOC’s
total. Its daily net production amounted to 4751 boe or 1 per cent of CNOOC’s
total. The eastern South China Sea accounted, as of 2005, about 342 million
boe of net proved reserves or 14 per cent. The company’s average daily net
production amounts to 103,741 boe or 24 per cent, shared among Xijiang 24-3,
Lufeng 21-1, Lufeng 13-1-YL, Liuhua 11-1, and Huizhou 26-1. In addition 
to these domestic centers, CNOOC is also becoming involved in offshore
production activities and in investing minority interests in foreign firms. 
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Figure 9.3 CNOOC net production of crude oil (barrels/day)
Source: CNOOC (2006).
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Table 9.3 Major properties under production and development by CNOOC

Name of block Major oil and Oil Total Net Reserves
gas field (b/d) (boe/day) as on

Gas 31 December
(mcf/d) 2005 Total

(million boe)
Oil
(million
barrels)
Gas (Bcf)

Bohal Bay
Production

Jinzhou20-2,
Jinzhou9-3, 104.68 323.0
Suizhong 36-1,
Luda4-2, Oil 98,065 Oil 286.5

Liaoxi 1 Gas 40 Gas 219.1
Sep-18 Chengbel 4.229 5.5

QK18-1, QK18-2, 10.008 18.5
QK17-2, QK17-3 Oil 8,951 Oil 15.9

Boxi Gas 6 Gas 15.4
Nanbao35-2,

May-36 Qinghuangdao32- 21.914 121.3
11-May Penglai19-3 7.422 132.5

Bozhong34-2/4,
Bozhong28-1, 21.797 184.4
Bozhong26-
2, Bozhong25-1, Oil 21,289 Oil 165.2

Bonan Bozhong25-1s Gas 3 Gas 115.2
Caofeidian11-1,
Caofeidian11-2,
Caofeidian11-3,

Apr-36 Caofeidian11-5 16.97 28.8

Development
90.7

Jinzhou21-1/25- Oil 38.9
Liaoxi 1S Gas 310.3

Qinhuangdao33-1,
Bozhong3-1,

Bozhong Bozhong3-2 9.8
Caofeidian18-1,
Caofeidian18-2, 20.1
QK18-9,
Bozhong13-1 Oil 9.0

Boxi Gas 310.3

(continued )
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11-May Penglai25-6 10.5
Caofeidian12-1,

04/36&05/36 Caofeidian12-1S 13.8
Bozhong34-1,
Bozhong34-1S,

Bonan Bozhong34-3/5 28.3
Luda27-2, Luda32

Liaodong 2 37.4
19.1

Bozhong19-4, Oil 16.8
Nov-19 Bozhong26-2N Gas 13.6

187.021 1,043.7
Oil 178,840 Oil 920.2

Bohai subtotal Gas 49 Gas 740.7

Eastern South China Sea
Production
Huizhou14 Huizhou Oil Fields 18.117 22.0

Huizhou19-3
Huizhou19-2

16/19 Huizhou19-1 2.782 21.6
15-Dec Xijiang24-3 16.576 15.0

Xijiang24 Xijiang30-2 10.788 8.5
Huizhou31 Liuhua11-1 18.699 29.8

Lufeng13-1,
16-May Lufeng13-2 3.513 20.6

Lufeng08 Lufeng22-1 2.382 2.4
Panyu4-2, Panyu5

15/34 1 30.885 29.7

Development
96.7

Panyu30-1, Oil 3.0
Liuhua07 Liuhua19-5 Gas 562.0

30.7
Oil 0.6

Panyu33 Panyu34-1 Gas 180.8

Table 9.3 (Continued)

Name of block Major oil and Oil Total Net Reserves
gas field (b/d) (boe/d) as on

Gas 31 December
(mcf/d) 2005 Total

(million boe)
Oil
(million
barrels)
Gas (Bcf)
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Xijiang04 Xijiang23-1 47.2
15/34 Panyu11-6 2.6

9.1
Oil 2.2

Huizhou 14 Huizhou21-1 (G) Gas 41.3
Huizhou25-1,

Huizhou 16 Huizhou25-3 6.1
103.741 341.9

Eastern South Oil 103,741 Oil 211.2
China Sea subtotal Gas 0 Gas 784.2

Western South China Sea
Production

25.864 46.4
Oil 24,706 Oil 44.7

Yulin35 Weizhou Oil Fields Gas 7 Gas 10.5
Wenchang13-1,

Yangjiang31 Wenchang13-2 23.077 30.1
25.02 76.2

Oil 1,027 Oil 4.5
Ledong01 Yacheng13-1 Gas 130 Gas 430.1

15.622 223.1
Oil 208 Oil 3.0

Changjiang25 Dongfang1-1 Gas 92 Gas 1,320.4

Development
Wenchang8-3,
Wenchang14-3, 123.6
Wenchang15-1, Oil 83.6
Wenchang19-1,
Wenchang9-2, Gas 239.7

Yangjiang31/32 Wenchang9-3,
Wenchang10-3

101.8
Yacheng13-4,
Ledong22-1, Oil 1.3

Ledong01 Ledong15-1 Gas 603.3

Name of block Major oil and Oil Total Net Reserves
gas field (b/d) (boe/d) as on

Gas 31 December
(mcf/d) 2005 Total

(million boe)
Oil (million
barrels)
Gas (Bcf)

(continued )
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Weizhou6-1,
Weizhou11-1,
Weizhou11-1,
Weizhou11-
Weizhou6-10,

Yulin35 Weizhou12-8 38.5
89.583 639.7

Western South Oil 49,016 Oil 205.7
China Sea subtotal Gas 230 Gas 2,604.0

East China Sea
Production

4.751 9.1
Oil 1,706 Oil 3.0

Pinghu Pinghu Gas Field Gas 18 Gas 36.5

Development
Xihu Trough

9.4
Oil 5.1

Canxue Gas 25.5
7.8
Oil 2.3

Duanqiao Gas 33.4
32.0
Oil 3.8

Chunxiao Gas 169.0
6.1
Oil 0.5

Tianwaitian Gas 33.7
19.2
Oil 4.6

Baoyunting Gas 87.5
4.7
Oil 1.9

Wuyunting Gas 16.6
4.751 88.3

Table 9.3 (Continued)

Name of block Major oil and Oil Total Net Reserves
gas field (b/d) (boe/d) as on

Gas 31 December
(mcf/d) 2005 Total

(million boe)
Oil (million
barrels)
Gas (Bcf)
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Oil 1,706 Oil 21.2
East China Sea subtotal Gas 18 Gas 402.2

385.095 2,113.7
Offshore China subtotal Oil 333,303 Oil 1,358.5

Gas 297 Gas 4,531.0

Indonesia
Production

39.013 123.2
Oil 23,565 Oil 73.7
Gas 93 Gas 296.9

Development
Australia

12.851 125.9
Oil 167 Oil 25.4

NWS CNOOC Ltd. Gas 76 Gas 603.0
39.013 249.1

Oil 23,565 Oil 99.1
Overseas Subtotal Gas 93 Gas 899.9

424.108 2.363
Oil 356,868 Oil 1,457

Total Gas 390 Gas 5,431

Source: CNOOC (2006).

Name of block Major oil and Oil Total Net Reserves
gas field (b/d) (boe/d) as on

Gas 31 December
(mcf/d) 2005 Total

(million boe)
Oil (million
barrels)
Gas (Bcf)

For instance, CNOOC Limited partnered in 2006 with South Atlantic
Petroleum Limited and owned a 45 per cent interest in the oilfield OML 130 in
Nigeria for US$2.268 billion. Furthermore, CNOOC will acquire a 90 per cent
interest in the PSC and a 45 per cent interest in OML 130. Moreover, CNOOC
also signed a contractual agreement with the National Oil Company of
Equatorial Guinea to produce from 2287 square kilometers in the south off-
shore Equatorial Guinea. To diversify its geopolitical interests, CNOOC also
bought equity stakes with Kerr-McGee Australia Exploration to explore WA-
301-P, WA-303-P, WA-304-P and WA-305-P in the Outer Browse Basin of
Australia. CNOOC is also involved in Kenya with six PSCs, Block 1, Block 9,
Block10A, L2, L3, and L4. The production centers are near Lamu, Anza, and
Mandera within 115,343 square kilometers (see Figures 9.4–9.8).
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On 29 March 2007, CNOOC released its results for 2006. In this year, net
income reached a historical high of RMB 30,926.9 million, or an increase of
RMB 5603.8 million or 22.1 per cent from 2005. Earnings per share reached
RMB 0.73. CNOOC’s total revenue amounted to RMB 88,947 million, up 
28 per cent from 2005. CNOOC generated revenue of RMB 67,828 million
from oil and gas sales, an increase of RMB 14,410 million, or 27 per cent from
2005. CNOOC produced 167 million barrels of oil equivalent in 2006, or a
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Figure 9.4 Total net production (boe) of natural gas in mcf/day
Source: CNOOC (2006).
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Figure 9.5 Bohai production of natural gas in mcf/day
Source: CNOOC (2006).
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year on year increase of 7.9 per cent, including 136 million barrels of oil and
179 billion cubic feet of natural gas. In 2006, CNOOC discovered 10 new oil
and gas resources, including the first deepwater discovery offshore China –
Liwan 3-1, and 6. In 2006, seven new projects started producing new
resources. Internationally, CNOOC acquired a 45 per cent interest in Nigerian
OML 130 block and further extended exploration activities to Kenya,
Equatorial Guinea, Australia and elsewhere.
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Figure 9.6 Western South China Sea net production of natural 
gas in mcf/day

Source: CNOOC (2006).

y = −0.1958x4 + 2.275x3 − 9.1542x2 + 17.075x − 0.2

R2 = 1

0

5

10

15

20

2001 2002 2003 2004 2005 

Figure 9.7 East China Sea net production of natural gas in mcf/day
Source: CNOOC (2006).
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Figure 9.9 CNOOC American Deposit Stock, as of 19 January 2007
Source: CNOOC (2006).
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Finally, CNOOC’s American Deposit stock valuation nearly doubled
from 2004 to January 2007 rising from $40 to more than $80 per share,
mainly due to increasing global oil prices and financial trading activities
(Figure 9.9).

9.3.1 The rise of smaller commodities firms and 
financial institutions

In AsiaRisk of July/August 2006, Pamela Tang reports on Hong Kong-based
utility Towngas which has supplied natural gas for over 140 years and
owns 65 per cent of the Hong Kong residential market share with 33 joint
ventures. Towngas buys naphtha, which is a liquid hydrocarbon mixture, to
refine into natural gas. Purchases are made in US dollars which engenders
an implied forex risk embedded in the purchasing and financing of natural
resources. China’s growth is beyond the 10 per cent GDP line and all 
mainland purchases are currently performed in yuan or renminbi. Upon
revaluations of the yuan against the dollar and the replacement of US
Treasury bills by speculative derivative investments in yuan, the monetary
repercusions on the individual pricing of natural resources will increase,
causing inflationary trends on daily purchasing powers and thus leading 
to rising interest rates on global debts and making financing more expen-
sive. The difference between monetary values in USD and yuan includes
the discounted value of not having the same infrastructures as Western
counterparts in alternative energies and energy efficiency. Though China
has made major strides in recent years in energy efficiency, the gap 
between China and advanced world levels is still significant. In 1997,
China’s energy processing, conversion, transmission and end use efficiency
was only 31.2 per cent, 10 percentage points lower than advanced inter-
national levels. Of 33 products in 11 industries, the energy consumption is
46 per cent higher than advanced international levels, consuming 230 Mtce
more energy.

9.4 OTHER MARKET PARTICIPANTS AND COMPETITORS

Shanghai Zoom Intelligence Analyst reports the following list of industry 
participants in ‘China Energy Topic Players Daily’ (No. 157, Volume I-157) 
on 16 February 2006. Participants and competitors of the main Chinese
energy corporations are Adnoc, Amerada Hess, Anadarko, Apache,
Bashneft, BG Group, British Petroleum, BPCL, BHP Billiton, Burlington,
Canadian NR, Cepsa, Chevron Texaco, Conoco Phillips, Cosino, CPC
Taiwan, Devon Energy, Dominion, Eco Petrol, EGPC, Encana, ENI, EOG
Resources, Exxon Mobil, Fortum, Gazprom, Husky, Energy Intelligence
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Kazmunaigas, Idemitsu, INA, INOC, IOC, Kerr-McGee, KPC, Libya NOC,
Lukoil, Marathon, Maerksh, Murphy oil, Nexen, NIOC, Nippon Oil,
NNPC, Noble Energy, Norsk Hydro, Occidental, OMV, ONGC, PDO, PDV,
Pemex, Pertamina, Petrobras, Petro-Canada, Petroecuador, PetroKazakhstan,
Petronas, Pioneer, Pogo, Premcor, PTT, Qatar Petroleum, Reliance, Repsol
YPF, Rosneft, Royal Dutsch Shell, RWE-DEA, Santos, Sasol, Saudi-Aranco,
Sibneft, Sidanco, SKCorporation, Socar, Sonangol, Sonatrach, Statoil,
Suncor, Sunoco, Surgutneftegaz, Syrian PetroleumCo, Talisman, Taftneft,
Tesoro, TNK, Total, TPAO, Unocal, Valero Energy, WinterShall, Woodside,
XTO, and Yukos.
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The past fifty years have been marked by two major oil crises which severely
affected the global economy and created a greater awareness among nations
of the need to develop renewable energy. Because of the global capacity limi-
tation of oil and natural gas – which is even more obvious with the emerg-
ing democracies – alternative and renewable energies will gradually have
to substitute for traditional energy products. China is exploring the use of
alternative energies and renewables – in spite of the additional costs – as a
way of tackling the problems of polluting emissions and global warming.
In 2001 renewable energies amounted to 2 billion tons standard coal equiva-
lence (tce), or about 13.5 per cent of the total supply of primary energy.
Worldwide, alternatives are composed of 10.8 per cent combustible bio-
mass energy, 2.2 per cent hydropower, and the remainder geothermal,
solar, wind, and tide energy. Wind energy is the fastest growing and most
widely-used alternative. Wind power engines reached 32 kW in 2002, and
Photovoltaic generation reached 560,000 kW, with a total actual installed
capacity of 2.2 GW. Global installed biomass generation capacity rose by
15 GW, and biomass liquid fuel surpassed 20 million tons. Global solar
water heaters increased to 100 million square meters representing about 50
per cent of the total area available in China and supplying about 14 Mtce.
Further advances are being made in geothermal and tidal energy.

In 2002, the Chinese Energy State Council indicated that the situation
concerning renewables was as follows. Hydro energy likely to be exploited
amounts to 378 million kilowatts, of which about 11 per cent is already
developed. Biomass energies, including stalks, firewood and organic waste,
amounts to 260 million tons of standard coal or 70 per cent of domestic
energy consumption and 50 per cent of the total energy consumption. China
benefits from 9.6 million square kilometers of land area with an annual solar

C H A P T E R  1 0

Alternative Energies and
Renewables
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luminosity quantity greater than 600,000 joules per square centimeters. The
Chinese Energy State Council also approximates wind energy of 1.6 billion
kilowatts, representing about 10 per cent of exploitable energy. Exploitation
of geothermal resources is just beginning. In 2002, geothermal resources
exploitation was equal to about 462.6 billion tons of standard coal. More
than 100,000 tons of this is exploitable energy. Ocean energy also amounts
to more than 20 million kilowatts of exploitable resources.

In this chapter we will review Chinese alternative and renewable ener-
gies. After exploring these new resources we will provide a summary of
China’s status with respect to the phenomenon of global warming and pol-
lutant emissions.

10.1 NUCLEAR ENERGY

According to the International Energy Administration, China plans on inten-
sifying its nuclear energy program in order to keep inflationary energy prices
down and global markets balanced and efficient. China already owns nine
nuclear power stations, primarily along the Eastern Sea. China’s goal is to
install more than 40 GW of nuclear power capacity by 2020 (Figure 10.1).

Since China began producing nuclear energy in 1992, it has made signif-
icant technological advances and uses nuclear as a cleaner alternative to
coal. While Europe is the biggest user of nuclear energy, most of its global
competitors are also developing nuclear technologies as a substitute for
scarcer alternatives. In 2003, nuclear was cheaper, more efficient and
cleaner than equivalent energies. Yet, some countries are still reluctant to
use nuclear energy because it is associated with increased security risks in
times of rising geopolitical uncertainty and tensions. Germany passed a
law prohibiting nuclear energy production in 2002, while France relies on
nuclear power for 80 per cent of its national energy production. Due to ris-
ing energy demand and its inability to control market prices, China is com-
pelled to use nuclear energy to keep global commodities prices down and
avoid inflationary pressures on its emerging middle class. China aims to
build between six and eight nuclear power plants a year in the next twenty
years, and to multiply its nuclear capacity fourfold by 2020.

The China National Nuclear Corporation (CNNC) built eight new reac-
tors in May 2004. The CNNC also created new plants in Lingdong and
Sanmen and six in Yangjiang. There are two reactors in Tianwan. The
Chinese adhere to international safety standards with European Siemens
control systems. Additionally, a nuclear reactor in Lanzhou is used for safe
storage of nuclear waste. Japan remains one of the highest consumers of
nuclear energy (Figure 10.2) but consumption is expected to level off after
2010 while the Chinese nuclear energy function slope is expected to con-
tinue to increase at a growing rate. Chinese dependency on nuclear energy
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Figure 10.1 Chinese nuclear power stations
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has risen significantly since 2001 and is expected to double from 2010 
(70 billion kWh) to 2025 (near 150 billion kWh).

Daya Bay 1 is in the Shenzhen area in Guangdong Province. Guangdong
Nuclear Power Joint Venture Company Ltd operates Daya Bay 1. The French
National Company, Framatome, designed and built the reactor in partner-
ship with China. Daya Bay 2 is the twin of Daya Bay 1 and is also run by the
Guangdong Nuclear Power Joint Venture Company Ltd.

The Ling’ao reactors are designed on the same model as the Daya Bay
reactors and are also in Guangdong Province, less than a mile from the
Daya Bay plant. They were also designed by Framatome. The Ling’ao nuclear
power plant has four reactors. Chinese reactors are always created in pairs:
for instance, as at Daya Bay, Ling’ao 1 has its peer Linag’ao 2.

Qinshan 1 is the exception in that it was not built with a twin reactor; the
second in the pair did not come until March 2004. The nuclear power plant
was constructed in 1981, when the reactor was named Qinshan. The second
reactor is Qinshan 2, also known as Qinshan 2-A. China started the Qinshan
2 construction in 1985, two months before the start of Daya Bay 1 (also
known as Guangdong 1). Qinshan 1 was connected to the grid 20 months
before Daya Bay 1. The reactor was shut down for a year for maintenance
in August 1998, and returned to service in September 1999. The Qinshan 2
reactor is the same model as Pakistan’s Chasnupp 1. Renamed as 2-A when
China decided to construct reactors in pairs, it was the first of the two reactors
constructed under phase 2 of the Qinshan project, it is of Chinese design and
manufacture. According to the International Atomic Energy Agency, it was
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built with imported foreign parts and devices and assembled in China. Unit
2-A came into operation on 2 February 2002. Unit 2-A was also identified as
2-1. Qinshan 2-B came into operation on 4 March 2004, a month ahead of
schedule. Both 2-A and 2-B are light water pressurized reactors. About 25
per cent of the world’s commercial nuclear reactors hold a 1000 MWe capac-
ity or more. The largest French reactors have a 1200 net MWe capacity which
is the largest ever built according to EIA. China owns a pair of Russian-built
reactors of this approximate capacity: Tianwan-1 and Tianwan-2, the
largest reactors in China. Qinshan 3-A, is the first Canada Deuterium
Uranium Reactor (CANDU) constructed in China, and it and its twin, 3-B,
are China’s first heavy water pressurized reactors (PHWR). Qinshuan 3-A
and 3-B are also based on a CANDU unit. Tianwan-1 started operations in
2004. China uses a number of nuclear technologies, including pressurized
light water reactors, which are the most common type of commercial reactor,
found in nuclear industries throughout the world. Two-thirds of the commer-
cial nuclear reactors in the United States are of this type. China also has a num-
ber of pressurized heavy water reactors. The VVER model is a Soviet acronym
for a type of light water pressurized reactor that is domestically built or
exported. For light water pressurized reactors designed by countries out-
side the former Soviet Union, the acronym PWR is used instead of VVER.

The International Energy Administration predicts that most Asian coun-
tries will increase nuclear energy utilization in the first part of this century
(Figure 10.3). Table 10.1 shows predictions for Asia and selected countries.
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Table 10.2 provides a description of most commercial nuclear reactors in
China.

According to a multilateral agreement with Asian partners in February
2007, China has given assurances about the dismantlement of Chinese
nuclear reactors and the use of nuclear plants only to enable efficient man-
agement of energy policies and to alleviate emission pollution.

Qinshan Nuclear Power Plant

Qinshan Nuclear Power Plant is located in Hangzhou Bay, Zhejiang Province.
It is the first nuclear power station to use the pressurized water reactors
that were developed, designed and constructed by China. The total installed
capacity is 4.1 million kW. It is designed to function for 30 years. The
Qinshan nuclear power plant generated its first electricity in December
1991. With the construction of the Qinshan power plant China became the
seventh country in the world capable of producing its own nuclear power
station, after the United States, Britain, France, Russia, Canada and Sweden.

Daya Bay Nuclear Power Plant

Daya Bay Nuclear Power Plant is in Shenzhen, Guangdong Province. Daya
was the second nuclear power plant built in China and the first large-scale
one for commercial purposes. Daya Bay required an initial investment of
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Table 10.1 Projected nuclear generated electricity consumption, 1990–2025
(billion kWh)

Country 1990 2000 2001 2010 2015 2020 2025

United 577 754 769 794 812 816 816
States

France 298 394 401 447 478 520 550

Germany 145 161 163 137 107 15 0

Japan 192 294 309 369 394 426 411

Canada 69 69 73 108 110 118 98

Russia 115 122 125 141 154 129 99

South 50 104 107 141 171 209 220
Korea

India 6 14 18 46 55 66 66

China 0 16 17 66 129 142 154

Note: Selected countries, for projections for all countries, see source.

Source: Energy Information Administration, International Energy Outlook 2004.
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US$4 billion. It has two pressurized water reactors imported from France
and Britain. Daya holds an installed capacity of 1.8 million kW and gener-
ates 12.6 billion kWh annually for Guangdong, Hong Kong and other
urban areas in South China. The station was put into operation in 1994 and
the government subjected the plant to technical verifications in 1996. The
plant is operated as a joint venture by two private entities, the Guangdong
Provincial Nuclear Power Investment Co. and Hong Kong Nuclear Power
Investment Co. Ltd.
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Table 10.2 China’s commercial nuclear reactors

Unit name Type Capacity MWe Status
(alternative names) Net Gross (as of March 31, 2004)

(a) Operational units: reactors fully licensed to operate and that are either in service or are
shut down but expected to return to service

Daya Bay 1 PWR 944 984 Connected to the grid
(Guangdong 1) on 31 August 1993

Daya Bay 2 PWR 944 984 Connected to the grid
(Guangdong 2) on 2 February 1994

Ling’ao 1 PWR 938 990 Connected to the grid 
(Lingao A) on 26 February 2002

Ling’ao 2 PWR 938 990 Connected to the grid 
(Lingao B) on 15 December 2002

Qinshan 1 PWR 279 300 Connected to the grid 
(formerly, Qinshan) on 15 December  1991

Qinshan 2-A PWR 610 642 Connected to the grid on 2 
(formerly, Qinshan 2) February 2002

Qinshan 2-B PWR 610 642 Connected to the grid on 4 
(formerly, Qinshan 3) March 2004

Qinshan 3-A PHWR 665 728 Connected to the grid in
April 2003

Qinshan 3-B PHWR 665 728 Connected to the grid in
July 2003

Total Capacity 6.593 6.988

(b) Units in the construction pipeline

Tianwan-1 VVER 1 1.06 Under construction
(Lianyungang)

Tianwan-2 VVER 1 1.06 Under construction
(Lianyungang)

Total Capacity 2 2.12

Source: Energy Information Administration (2003).
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Guangdong Ling’ao Nuclear Power Plant

The Guangdong Ling’ao Nuclear Power Plant is located in the east of
Shenzhen city, Guangdong Province, approximately 1.2 kilometers from the
Daya Bay power plants. Ling’ao was constructed in May 1997 with a total
investment of US$4 billion. It consists of four nuclear generating units, two
of which were installed and generating electricity by 2002.

Zhejiang Sanmen Nuclear Power Plant

Zhejiang Sanmen Nuclear Power Plant is in Sanmen County, Zhejiang
Province. Zhejiang Sanmen Nuclear Power Plant consists of four 1 million-
kW energy generating units. Zhejiang’s total investment is worth 10 billion
yuan.

Jiangxi Maozidingshan Nuclear Power Plant

Jiangxi Maozidingshan nuclear power plant is located in Jiujiang city,
Jiangxi Province. The Jiangxi Maozidingshan nuclear power station con-
sists of six 600,000-kW generating units. This station feeds energy to the
Central China and East China urban electricity networks.

Shandong 1 Nuclear Power Plant

Shandong 1 is in Haiyang County, Shandong Province. The nuclear power
station consists of four 1 million-kW pressurized water reactors. The total
investment in Shandong 1 was 40 billion yuan. The plant started operations
at the end of 2003.

Lianyungang Nuclear Power Plant

Lianyungang Nuclear Power Plant is in Lianyungang city, Jiangsu
Province. Its nuclear facilities comprise four 1 million-kW generating units.
Its implementation was studied and approved in March 1996. The
Lianyungang plant is based on two Russian-made wwer-1000 type of reac-
tor engines. They were installed in 1999, and were put into operation in
2004 and 2005.

According to the British Petroleum Statistical Report of 2006, China
started to consume nuclear energy heavily in 1993, with a consumption of
1.6 terawatts per hour, thereafter consumption followed an exponential,
shape reaching a significant peak at 53 terawatts per hour in 2001. The
Chinese nuclear consumption function increases at an accelerating rate in
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parallel to alternative energy demands to meet the demands of China’s
new middle class. Table 10.3 (BP, 2006) provides an overview of historical
upward consumption (particularly significant since the 1970s) of nuclear
energy by various nations. Figures 10.4 and 10.5 enable a comparison of
Chinese nuclear consumption with that of other nations, with European
and Eurasian countries outconsuming all others since around 1980.

10.2 HYDROPOWER

According to the International Energy Administration, China intends to
substantially increase its reliance on hydropower to sustain traditional
energy demand. China’s strategic plan is to have 200 to 240 GW of hydro-
electricity or 7 to 9 GW of new hydropower capacity per year. The Chinese
Energy State Council also aims to speed up the development of small
hydraulic power energy. By 2010, the installed capacity of small hydraulic
power stations ought to reach 27.88 million kilowatts. To reach this policy
target, China will need to construct a dam equivalent to the Three Gorges
Dam every two years. Hydropower is an environmentally clean way to
meet China’s expanding energy demand and the country already has
380 GW of exploitable hydropower. However, China’s difficulty in relying
exclusively on hydropower is water scarcity and the distances from water
points and dams to load centers. China is following Japan in substituting
reliance on oil by producing more energy from hydropower stations. Thus,
Japan built many hydrostations in the 1970s to decrease reliance on oil.
Initially, hydropower is very expensive, with the construction of large
dams, but these will prove effective in the long run in China, balancing
increased demand and potential inflationary prices. The International
Energy Administration estimates that the proposed 7 to 9 GW of hydropower
capacity per year will require $13 to $23 billion per year. During the 1990s,
many hydropower projects were principally funded by the Chinese gov-
ernment, for instance, the Three Gorges and the South-North Water
Diversion projects. With the rise of many foreign investment banking insti-
tutions and foreign ventures in the 1990s, more dams were built in partner-
ship with international entities, in part to keep international interests with
regards to energy prices in balances. The International Energy Administration
also reports that the international funding institutions, such as the IMF and
the World Bank, impressed upon the Chinese government the need to be
more environmentally aware. Huadian, Guodian, Datang and China Power
Investment Company initiated a partnership with Hong Kong’s China Light
and Power company to create a US$4.9 billion thermal and hydropower
plant in southern China to feed the southeastern China region. Chinese dams
are financed via municipal bonds repaid through taxes and tolls. Additional
taxes and usage revenues, such as a tax of 0.0001 RMB on each kWh of 
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Table 10.3 World consumption of energy from nuclear power, 1965–96 (TWh)

1965 1966 1967 1968 1969 1970

USA 3.8 5.8 8.1 13.2 14.7 23.0
Canada – – – – – –
Mexico – – – – – –
Total North America 3.8 5.8 8.1 13.2 14.7 23.0

Argentina – – – – – –
Brazil – – – – – –
Chile – – – – – –
Colombia – – – – – –
Ecuador – – – – – –
Peru – – – – – –
Venezuela – – – – – –
Other S. & Cent. America – – – – – –
Total S. & Cent. America – – – – – –

Austria – – – – – –
Azerbaijan n/a n/a n/a n/a n/a n/a
Belarus n/a n/a n/a n/a n/a n/a
Belgium & Luxembourg – ^ 0.1 0.1 ^ 0.1
Bulgaria – – – – – –
Czech Republic – – – – – –
Denmark – – – – – –
Finland – – – – – –
France 1.1 1.6 2.9 3.5 5.0 5.7
Germany 0.1 0.3 1.5 2.0 5.3 6.5
Greece – – – – – –
Hungary – – – – – –
Iceland – – – – – –
Republic of Ireland – – – – – –
Italy 3.6 3.9 3.2 2.6 1.7 3.2
Kazakhstan n/a n/a n/a n/a n/a n/a
Lithuania n/a n/a n/a n/a n/a n/a
Netherlands – – – ^ 0.3 0.4
Norway – – – – – –
Poland – – – – – –
Portugal – – – – – –
Romania – – – – – –
Russian Federation n/a n/a n/a n/a n/a n/a
Slovakia – – – – – –
Spain – – – 0.1 0.8 0.9
Sweden ^ ^ 0.1 ^ 0.1 0.1
Switzerland – – – – 0.5 2.5
Turkey – – – – – –
Turkmenistan n/a n/a n/a n/a n/a n/a
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1971 1972 1973 1974 1975 1976 1977 1978 1979

40.1 56.9 87.9 120.0 181.6 201.2 264.1 291.30 268.6
4.0 6.7 14.3 13.9 11.8 15.9 26.8 32.9 33.1

– – – – – – – – –
44.1 63.6 102.2 133.9 193.4 217.1 290.8 323.9 301.7

– – – 1.0 2.3 2.3 1.6 2.9 2.7
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – 1.0 2.3 2.3 1.6 2.9 2.7

– – – – – – – – –
n/a n/a n/a n/a n/a n/a n/a n/a n/a
n/a n/a n/a n/a n/a n/a n/a n/a n/a

– ^ 0.1 0.1 6.8 10.0 11.9 12.5 11.4
– – – 0.9 2.6 5.0 5.9 5.9 6.2
– – – – – – – – –
– – – – – – – – –
– – – – – – 2.7 3.3 6.7

9.3 14.6 14.7 14.7 18.2 15.8 18.0 30.5 40.0
6.2 9.5 12.1 14.5 24.1 29.6 41.3 43.9 52.1

– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –

3.4 3.8 3.0 3.3 3.3 3.8 3.4 4.4 4.7
n/a n/a n/a n/a n/a n/a n/a n/a n/a
n/a n/a n/a n/a n/a n/a n/a n/a n/a
0.4 0.3 1.1 3.0 3.1 3.6 3.7 3.5 3.2

– – – – – – – – –
– – – – – – – – –

– – – – – – – – –
– – – – – – – – –

n/a n/a n/a n/a n/a n/a n/a n/a n/a
^ 0.2 0.5 0.2 0.4 0.1 ^ 2.1

2.6 4.7 6.6 7.2 7.5 7.6 6.5 7.6 6.7
0.1 1.5 2.1 2.1 12.0 16.0 19.9 23.8 21.0
2.8 3.6 6.3 6.2 7.4 7.9 8.1 8.0 9.4

– – – – – – – – –
n/a n/a n/a n/a n/a n/a n/a n/a n/a

(Continued )
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Table 10.3 (Continued)

1980 1981 1982 1983 1984 1985 1986

USA 264.3 287.0 297.7 309.1 344.9 403.9 435.8
Canada 35.7 36.0 38.3 48.6 52.2 60.5 71.3
Mexico – – – – – – –
Total North America 300.1 323.1 336.0 357.7 397.1 464.4 507.1

Argentina 2.3 2.8 1.9 3.4 4.6 5.8 5.7
Brazil – – – – 1.6 3.4 0.1
Chile – – – – – – –
Colombia – – – – – – –
Ecuador – – – – – – –
Peru – – – – – – –
Venezuela – – – – – – –
Other S. & Cent. America – – – – – – –
Total S. & Cent. America 2.3 2.8 1.9 3.4 6.2 9.1 5.9

Austria – – – – – – –
Azerbaijan n/a n/a n/a n/a n/a – –
Belarus n/a n/a n/a n/a n/a – –
Belgium & Luxembourg 12.6 12.9 15.7 24.1 27.7 34.6 39.4
Bulgaria 6.2 9.1 10.7 12.3 12.7 13.1 12.1
Czech Republic – – – – – 2.4 6.1
Denmark – – – – – – –
Finland 7.0 14.7 16.8 17.7 18.9 18.9 18.9
France 61.3 105.3 108.9 144.3 191.2 224.2 254.2
Germany 55.6 65.5 74.4 78.1 104.3 138.6 130.5
Greece – – – – – – –
Hungary – – ^ 2.5 3.8 6.5 7.4
Iceland – – – – – – –
Republic of Ireland – – – – – – –
Italy 4.9 5.2 9.2 8.2 6.7 7.0 8.8
Kazakhstan n/a n/a n/a n/a n/a – –
Lithuania n/a n/a n/a n/a n/a 9.5 9.9
Netherlands 3.9 3.4 3.6 3.3 3.5 3.9 4.2
Norway – – – – – – –
Poland – – – – – – –
Portugal – – – – – – –
Romania – – – – – – –
Russian Federation n/a n/a n/a n/a n/a 99.3 105.2
Slovakia 4.5 5.1 5.8 6.2 7.2 9.4 11.7
Spain 5.2 9.6 8.8 10.7 23.1 28.0 37.5
Sweden 26.5 37.7 39.0 41.0 50.9 58.6 69.9
Switzerland 13.6 14.5 14.3 14.8 17.4 22.6 22.6
Turkey – – – – – – –
Turkmenistan n/a n/a n/a n/a n/a – –
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1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

479.2 554.7 557.2 607.2 644.8 651.3 642.4 674.1 708.8 710.2
77.3 82.9 79.9 72.9 84.9 80.6 93.9 107.8 97.8 92.8

– – 0.4 2.9 4.2 3.9 4.9 4.2 8.4 7.9
556.5 637.6 637.5 683.0 734.0 735.8 741.3 786.2 815.1 810.9

6.5 5.8 5.0 7.3 7.8 7.1 7.8 8.2 7.1 7.5
1.0 0.6 1.8 2.2 1.4 1.8 0.4 0.1 2.5 2.4

– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –

7.4 6.4 6.9 9.5 9.2 8.8 8.2 8.3 9.6 9.9

– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –

42.0 43.1 41.2 42.7 42.9 43.5 41.9 40.6 41.4 43.3
12.4 16.0 14.6 14.7 13.2 11.6 14.0 15.3 17.3 18.1
10.7 11.8 12.4 12.6 12.1 12.3 12.6 13.0 12.2 12.8

– – – – – – – – – –
19.5 19.4 19.0 19.1 19.4 19.1 19.8 19.3 19.1 19.7

265.5 275.5 303.9 314.1 331.3 338.4 368.2 360.0 377.2 397.3
141.7 156.8 161.7 152.5 147.5 158.8 153.5 151.2 154.1 161.6

– – – – – – – – – –
11.0 13.4 13.9 13.7 13.7 14.0 13.8 14.1 14.0 14.2

– – – – – – – – – –
– – – – – – – – – –

0.2 – – – – – – – – –
– – 0.1 – 0.5 0.5 0.4 0.4 0.1 0.1

9.2 12.8 16.6 17.0 17.0 14.6 12.3 7.7 11.8 13.9
3.6 3.7 4.0 3.5 3.3 3.8 3.9 4.0 4.0 4.2

– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – 1.4

124.7 134.8 136.3 118.3 120.0 119.6 119.2 97.8 99.4 109.0
11.5 11.5 12.2 12.0 11.7 11.1 11.9 12.1 11.4 11.3
41.3 50.5 56.1 54.3 55.6 55.8 56.1 55.3 55.4 56.3
67.6 69.4 65.6 68.2 76.8 63.5 61.4 73.2 70.0 73.3
23.0 22.8 22.8 23.6 23.0 23.4 23.4 24.4 24.9 25.1

– – – – – – – – – –
– – – – – – – – – –

(Continued )
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1965 1966 1967 1968 1969 1970

Ukraine n/a n/a n/a n/a n/a n/a
United Kingdom 15.1 20.2 23.3 26.2 29.1 26.0
Uzbekistan n/a n/a n/a n/a n/a n/a
Other Europe & Eurasia 1.9 2.1 2.3 3.1 3.6 4.4
Total Europe & Eurasia 21.8 28.2 33.3 37.7 46.5 49.8

Iran – – – – – –
Kuwait – – – – – –
Qatar – – – – – –
Saudi Arabia – – – – – –
United Arab Emirates – – – – – –
Other Middle East – – – – – –
Total Middle East – – – – – –

Algeria – – – – – –
Egypt – – – – – –
South Africa – – – – – –
Other Africa – – – – – –
Total Africa – – – – – –

Australia – – – – – –
Bangladesh – – – – – –
China – – – – – –
China Hong Kong SAR – – – – – –
India – – – – 0.7 1.3
Indonesia – – – – – –
Japan ^ 0.4 0.8 0.7 0.9 3.3
Malaysia – – – – – –
New Zealand – – – – – –
Pakistan – – – – – –
Philippines – – – – – –
Singapore – – – – – –
South Korea – – – – – –
Taiwan – – – – – –
Thailand – – – – – –
Other Asia Pacific – – – – – –
Total Asia Pacific ^ 0.4 0.8 0.7 1.7 4.6

TOTAL WORLD 25.7 34.4 42.2 51.6 62.9 77.3

Of which European Union 25# 19.9 26.1 31.1 34.6 42.4 42.9
OECD 23.8 32.3 40.0 48.5 58.5 71.6
Former Soviet Union 1.9 2.1 2.3 3.1 3.6 4.4

Other EMEs – – – – 0.7 1.3

Table 10.3 (Continued)
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1971 1972 1973 1974 1975 1976 1977 1978 1979

n/a n/a n/a n/a n/a n/a n/a n/a n/a
27.5 29.4 28.0 33.6 30.3 36.2 40.0 37.2 38.3
n/a n/a n/a n/a n/a n/a n/a n/a n/a
5.4 9.8 14.3 21.5 28.6 38.1 51.0 52.5 59.6

57.7 77.3 88.6 107.5 144.2 174.0 212.5 233.1 261.4

– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –

– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –

– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –

1.0 0.9 2.0 1.8 2.1 2.7 1.9 2.3 2.3
– – – – – – – – –

7.1 8.8 9.5 18.6 21.7 36.7 28.2 52.0 61.9
– – – – – – – – –
– – – – – – – – –
^ 0.2 0.4 0.5 0.6 0.5 0.3 0.2 0.1
– – – – – – – – –
– – – – – – – – –
– – – – – – 0.1 2.3 3.2
– – – – – – 0.1 2.7 6.3
– – – – – – – – –
– – – – – – – – –

8.1 9.9 11.8 20.9 24.5 39.9 30.5 59.5 73.8

110.0 150.8 202.6 263.3 364.3 433.3 535.4 619.3 639.6

49.6 63.8 68.0 79.0 105.6 123.0 147.5 166.8 186.3
103.6 139.9 185.9 237.6 328.1 384.7 474.6 553.0 562.5

5.4 9.8 14.3 21.5 28.6 38.1 51.0 52.5 59.6
1.0 1.1 2.3 4.3 7.6 10.5 9.8 13.9 17.6

(Continued )
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1980 1981 1982 1983 1984 1985 1986

Ukraine n/a n/a n/a n/a n/a 53.3 42.7
United Kingdom 37.0 38.0 44.0 49.9 54.0 61.1 59.1
Uzbekistan n/a n/a n/a n/a n/a – –
Other Europe & Eurasia 73.9 87.4 102.8 115.3 148.2 9.3 6.8
Total Europe & Eurasia 312.2 408.3 454.1 528.3 669.6 800.3 846.9

Iran – – – – – – –
Kuwait – – – – – – –
Qatar – – – – – – –
Saudi Arabia – – – – – – –
United Arab Emirates – – – – – – –
Other Middle East – – – – – – –
Total Middle East – – – – – – –

Algeria – – – – – – –
Egypt – – – – – – –
South Africa – – – – 4.1 5.6 9.3
Other Africa – – – – – – –
Total Africa – – – – 4.1 5.6 9.3

Australia – – – – – – –
Bangladesh – – – – – – –
China – – – – – – –
China Hong Kong SAR – – – – – – –
India 2.4 2.5 2.2 3.1 4.0 4.5 5.0
Indonesia – – – – – – –
Japan 82.6 85.6 105.5 108.8 126.7 151.9 166.4
Malaysia – – – – – – –
New Zealand – – – – – – –
Pakistan 0.1 0.2 0.2 0.3 0.3 0.4 0.5
Philippines – – – – – – –
Singapore – – – – – – –
South Korea 3.5 2.9 3.8 9.0 11.8 16.7 28.3
Taiwan 8.2 10.7 13.1 18.9 24.6 28.7 26.9
Thailand – – – – – – –
Other Asia Pacific – – – – – – –
Total Asia Pacific 96.8 101.8 124.7 140.0 167.5 202.3 227.2

TOTAL WORLD 711.3 836.0 916.7 1029.4 1244.5 1481.8 1596.4

Of which European 218.4 297.4 326.3 385.9 491.3 602.7 657.6
Union 25#

OECD 618.2 723.4 785.8 876.2 1044.3 1248.9 1372.2
Former Soviet Union 73.9 87.1 100.2 111.4 143.8 167.3 160.5
Other EMEs 19.2 25.5 30.6 41.9 56.5 65.5 63.7

Notes: ^ Less than 0.05; n/a not available; # Excludes Estonia, Latvia and Lithuania prior to 1985 and
Slovenia prior to 1991; growth rates are adjusted for leap years.

Source: British Petroleum (2006).

Table 10.3 (Continued)
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1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

50.4 72.0 66.5 76.2 75.1 73.8 75.2 68.8 70.5 79.6
55.2 63.5 71.7 65.7 70.5 76.8 89.4 88.3 89.0 94.7

– – – – – – – – – –
8.8 8.9 6.0 4.6 4.0 4.0 4.0 4.6 5.1 6.9

898.3 986.0 1024.7 1012.8 1037.6 1044.5 1080.9 1050.0 1076.9 1142.8
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –

– – – – – – – – – –
– – – – – – – – – –
– – – – – – – – – –

6.5 11.0 11.7 8.9 9.6 9.8 7.6 10.2 11.9 12.4
– – – – – – – – – –

6.5 11.0 11.7 8.9 9.6 9.8 7.6 10.2 11.9 12.4
– – – – – – – – – –
– – – – – – – – – –
– – – – – – 1.6 14.8 12.8 14.3
– – – – – – – – – –

5.3 6.1 4.0 6.4 5.4 6.4 6.2 4.9 7.6 8.4
– – – – – – – – – –

189.4 174.9 186.6 195.7 209.3 218.0 248.6 259.5 287.8 297.5
– – – – – – – – – –
– – – – – – – – – –

0.3 0.2 0.1 0.4 0.4 0.6 0.4 0.6 0.5 0.3
– – – – – – – – – –
– – – – – – – – – –

39.3 40.1 47.4 52.9 56.3 56.5 58.1 58.7 67.0 73.9
33.1 30.7 28.3 32.9 35.3 33.8 34.4 34.9 35.3 37.8

– – – – – – – – – –
– – – – – – – – – –

267.4 252.0 266.4 288.3 306.8 315.3 349.3 373.3 411.1 432.3

1736.1 1892.9 1947.1 2002.6 2097.2 2114.3 2187.3 2228.0 2324.6 2408.2

678.9 731.4 778.4 775.4 805.8 815.6 848.7 843.3 864.4 907.2

1477.9 1594.0 1656.0 1713.7 1807.4 1830.8 1903.8 1959.7 2042.7 2096.1
188.6 224.4 220.8 211.5 212.7 208.5 207.1 174.8 182.1 204.9
69.6 74.5 70.2 77.4 77.1 74.9 76.3 93.6 99.8 107.2
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Figure 10.4 Chinese nuclear consumption function, 1993–2005 (TWh)
Note: Growth rates are adjusted for leap years.

Source: British Petroleum (2006).
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Figure 10.5 Other countries’ nuclear consumption functions, 
1965–2004 (TWh)

Source: British Petroleum (2006).
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electricity generated by a new dam, finance new hydropower energy proj-
ects. Heilongjiang Province currently has a hydro capability of 113 MW;
Jiangsu Province, 100 MW; Fujian Province, 200 MW; Guangdong Province,
100 MW; and Hebei Province, 200 MW.

China has substantial natural resources for hydropower development,
but has not yet reached full capacity. Nonetheless, some of the largest Chinese
dams can generate 676,000 MW. According to the International Energy
Administration, Chinese exploitable reserves are estimated to be 379,000 MW,
and economically feasible exploitable energies approximate about
290,000 MW or 1260 TWh. The International Energy Administration observed
in 1998 that China’s total installed hydropower capacity was 65,000 MW
with an annual power output of 208 TWh which accounts for less than 
25 per cent of the total economically exploitable resources. And as noted in
the British Petroleum statistical report of 2006, Chinese hydro-electricity
energy demand was 22.1 terawatts per hour in the mid-1960s rising expo-
nentially to 400 terawatts per hour in 2005. Compared with international
hydro-electricity consumption functions, Chinese demand is rising faster
than that of its peers. If we compare the demand to demand in mature mar-
kets no longer anticipating drastic intra-social changes and restructuring,
we may estimate that China’s demand – much of it from the new middle
class – will reach beyond 1000 terawatts per hour by 2020. Most mature
peers, including the United States and Europe, plateaued at the 900 ter-
awatt line. According to the Chinese government’s strategic policies for
renewables, installed capacity should rise to 110 GW by 2010, 160–180 GW
by 2020 and 260–290 GW by 2050. The power output is expected to reach
350 TWh by 2010 and 500–563 TWh by 2020.

In 1998, China constructed large and medium-sized hydropower projects
amounting to 40,000 MW, enabling an annual power output of approxi-
mately 128 TW. Since then, various projects have been initiated to increase
hydro-electricity capacity to 31,800 MW and beyond. China’s Three Gorges
project is the largest of its kind in the world and has been operating effi-
ciently since the beginning of 2006.

Medium and large capacity hydropower plants

Ertan hydropower plant is on the Yalong River in Sichuan Province and has
a capacity of 3300 MW. It was completed on 4 December 1999 and was the
largest Chinese hydropower facility of the twentieth century. The Lijiaxia
hydropower station is on the Yellow River in Qinghai Province and has a
capacity of 2000 MW. It was completed on 3 December 1999. The Guangzhou
pump storage facility benefits from a capacity of 2400 MW and was 
completed on 14 March 2000. Altogether, hydropower stations have a gen-
erating capacity of one million kW and include the following: Gezhouba,
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Baishan, Longyangxia, Liujiaxia, Geheyan, Wanjiazhai, Ertan, Wuqiangxi,
Tianshengqiao, Yantan, Tianhuangping, Shuikou, Manwan, Dachaoshan,
Waterfall Valley on Dadu River, Qingjiang Step, Geheyan and Lijiaxia.
Table 10.4 provides a list of hydropower plants in China.

North China Wanjiazhai Key water control project

Wanjiazhai Key hydro-electricity plant stands on the Yellow River in the
northwest of Pianguan County, Shanxi Province and started its operations
in 1993. The Wanjiazhai Key water control project has an installed generating
capacity of 1.08 million kW and has reached a capacity of 2.75 billion kWh.
It is the first generating unit with a capacity of 180,000 kW and ramified the
domestic Chinese power grid on 28 November 1998.

Northeast China Fengman hydropower station

Fengman hydropower is the first northeastern Chinese station and is located
24 kilometers from Jilin on the upper reaches of the No. 2 Songhua River and
250 kilometers from the Baishan hydropower station. Fengman hydropower
station controls a drainage area of 42,500 square kilometers. Fengman
reservoir, which is also called the Songhua lake, is 180 kilometers long and
has a surface area of 550 square kilometers. The deepest part is 75 meters and
the storage capacity is 10.8 billion cubic meters. The dam is 1080 meters long
and the highest section is 91 meters. The top of the dam is 266.5 meters
above sea level. On top of the dam is a 1.2-meter-high wave prevention
wall. The dam has 10 turbo-generator units, one of which has a total gener-
ating capacity of 809,000 kW.

Baishan Hydropower Station

Baishan hydropower station is on the Songhua River at Huadian, Jilin
Province. It is the largest hydropower station in the northeast grid and has
a generating capacity of 1.5 million kW. It started operations in May 1975
and stored water from September 1982. By the beginning of 1985, the dam
had three generating units with a total capacity of 900,000 kW. Baishan had
an installed generating capacity of 600,000 kW as of June 1992. It has a
149.5-meter-high heavy-pressure dam, with four 12 � 13 meter tunnels
above the 404-meter-high spillway dam, three 6 � 7 meter tunnels for dis-
charging water, an underground powerhouse with an installed generating
capacity of 900,000 kW and another powerhouse on the surface with an
installed generating capacity of 600,000 kW. The reservoir has a storage
capacity of 6.812 billion cubic meters. The dam’s highest normal storage
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Table 10.4 Large hydropower stations completed or under construction
(over 1000 MW)

Name Location Installed Year of operation and
capacity MW completion

Three Gorges Hubei 18,200 2003, 2009

Ertan Sichuan 3300 1998, Completed in
1999

Gezhouba Hubei 2715 1981, Completed in
1988

1st, 2nd phases of Guangdong 2400 1993, Completed in
Guangzhou pump March 2000
storage

Lijiaxia Qinghai 2000 1997, Completed in
1999

Xiaolangdi Henan 1800 In progress

Tianhuangping Zhejiang 1800 1997, completed in
2000

1st, 2nd phases of Jilin 1500 1983, Completed in
Baishan 1994

Shuikou Fujian 1400 1993, Completed in
1996

Dachaoshan Yunnan 1350 In progress

Tianshengqiao, 2nd Guizhou, 1320 1994, Completed in
stage Guangxi 1998

Longyangxia Qinghai 1280 1987, Completed in
1989

Manwan Yunnan 1250 1993, Completed in
1995

Yantan Guangxi 1200 1992, Completed in
1994

Geheyan Hubei 1200 1993, Completed in
1994

Tianshengqiao, 1st Yunnan, Guizhou, 1200 In progress
stage Guangxi

Wuqiangxi Hunan 1200 1994, Completed in
1996

Liujiaxia Gansu 1160 1969, Completed in
1974

Wanjiazhai Shanxi 1080 1998, completed in
2000

Fengman Jinlin 1004 1943, Completed in
1998

Source: China Power, 10, 1999.
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water level is 413 meters. The capacity for water control storage is 3.54 billion
cubic meters while the flood control storage capacity is 950 million cubic
meters.

The step hydropower stations

The step hydropower stations are on the Songjiang River near Changbai
Mountain in South Jilin Province and Wusong County near the No. 2 Songhua
River. The dam was part of the Chinese government’s eight-year energy
plan in the 1990s. The three step stations are in Xiaoshan, Shanggou and
Shilong and the project also includes the Songshan and Sandiao Songjiang
water diversion works on the Songjiang River. These stations have a gener-
ating capacity of 510,000 kW and an annual energy production of 831 mil-
lion kWh. The Songjian station required an investment of 1.67 billion yuan.
The Xiaoshan hydropower station is the first at the foot of Changbai mountain
and started operating in July 1994. The second generating unit has a capacity
of 80,000 kW and started to operate in December 1997.

Lianhua hydropower station

Linhua hydropower station is near Lianhua township, Linkou County,
Mudanjiang, Heilongjiang Province. The station is the first large modern
water conservancy project in Heilongjiang Province. The station has 
four 137,500 kW generating units and cost 4.7 billion yuan. It started oper-
ating in November 1992 and connected to the national domestic power grid
in December 1996. Another three hydropower stations were constructed 
in 1998.

East China Tianhuangping hydropower station

The East China Tianhuangping station is in Anji County, Zhejiang Province,
near Tianhuang mountain. It has a reservoir at 900 meters and a lower one
at Xitiao Stream in the Taihu Lake drainage area. The Tianhuangping reser-
voirs hold 8.85 million cubic meters and 8.77 million cubic meters. The sta-
tion has a generating power holding resistance of 607.5 meters. The heads
of the two reservoirs average 570 meters and the headrace tunnels average
1428 meters in length. Total installed generating capacity is 1.8 million kW.
The annual generation capacity is 3.16 billion kWh, and its efficiency is 75
per cent. The East China Tianhuangping station is financed by the Shanghai
Municipality, Jiangsu, Zhejiang and Anhui provinces and the East China
Power Group Co. Investments amount to 7.118 billion yuan. The project
started on 1 March 1994, and ended in June 2000. Construction of the upper
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reservoir started in December 1993 and was finished in October 1997. The
first generating unit holds a capacity of 300,000 kW and started producing
energy in September 1998.

Dongjin hydropower station

The station is at Dongjin township, Xiushui County, Jiangxi Province. It has
functioned since June 1995 and holds two 30,000-kW generating units.

Shuikou hydropower station

Shuikou hydropower station started in late 1996 and was, at the time, the
largest in Eastern China. It is near Xiapu village, Minqing County, Fujian
Province and close to the Minjiang river. The dam was created with fund-
ing from the World Bank. It consists of seven generating units with
installed generating capacity of 1.4 million kW. The capacity of the No. 3
generating unit is 200,000 kW. Construction began in May 1986 and lasted
until November 1996. Shuikou hydropower station generates a capacity of
4.95 billion kW.

Shangyuan reservoir power station

Shangyuan reservoir power station is near Panxi town, Fuding County,
Fujian Province, west of Tailao mountain. Shangyuan is one of 34 large and
medium-sized hydropower stations in the province. The State Planning
Commission and the Ministry of Water Resources approved the reservoir
on 29 October 1991. The dam came into operation in 1992 and required 168
million yuan in funding. There are four main sections to the station: a dual
arch 84.2-meter-high dam; a 6011-meter intake tunnel, 3.8 meters in diame-
ter; a 578-meter pressure steel pipe, 2.2 meters in diameter; the power-
house, and the 31-kilometers 110-volt transmission line and one supporting
project. Shangyuan has a storage capacity of 73.5 million cubic meters and
produces electricity from three 12,500 kW generating units giving an
annual output of 108 million kWh.

Central and South China Qingjiang step power stations

Qingjiang power station extends for 423 kilometers along the Yangtze River
in Hubei Province and generates 3.29 million kW or 11.5 billion kWh a year.
The Qingjiang Hydropower Development Company was established in
1987 with three step power stations at Gaobazhou, Geheyan and Shuibuya
constructed during the next 15 years. These stations generate 3 million kW
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for the central China area. Annual production can increase to 10 billion
kWh with 15,000 cubic meters of floodwater per second.

Geheyan hydropower station

The Geheyan hydropower station is in Changyang County, Yichang, Hubei
Province. Geheyan station consists of a dam, a power reservoir and lifting
machines. The dam is a heavy-pressure dam and the storage capacity is 3.4
billion cubic meters. The four generating units have a capacity of 1.211 mil-
lion kW. The station was the first phase in the Qingjiang step power sta-
tions project. Construction at Geheyan started in December 1986 and was
completed in December 1994. The power station generated 6 billion kWh of
electricity in 1996 and earned 1.8 billion yuan.

Gezhouba hydropower plant

Gezhouba hydropower plant is ramified to the Chinese electric central grid
and connects the central China grid and the east China grid. Gezhouba
hydropower plant has 21 domestic turbo-generating units with a total gen-
erating capacity of 2.715 million kW. Fourteen generating units are
installed in the Dajiang power station producing 1.75 million kW and there
are seven in the Erjiang power plant producing an output of 965,000 kW.
The plant produces 15.7 billion kWh of electrical energy per year. The first
generating unit came on line in 1987 and had produced 200 billion kWh of
electricity valued at 16 billion yuan by October 1997.

Gaobazhou hydropower station

Gaobazhou hydropower station is the lowest dam of the three step power
stations on the Qingjiang River and is in Zhicheng, Hubei Province. It is 50
kilometers from the Geheyan hydropower station on the upper section of
the river, 12 kilometers from the Yangtze and Qingjiang rivers and 45 kilo-
meters from the Gezhouba hydropower station. The dam is 439.5 meters
long, 57 meters high and stores rainwater from 15,650-square kilometers.
Storage capacity is 536 million cubic meters. The station has three 84,000-
kW generating units to provide 898 million kWh of electricity annually. The
first project phase started in October 1996 and the second-phase project in
October 1998. The investment totals 3.076 billion yuan.

Wuqiangxi hydropower station

Wuqiangxi is the largest water conservancy project in Hunan Province. The
station is in Yuanling County, Hunan Province, near the Yuanshui River, and
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is equipped with five 240,000 kW turbo-generator units with an installed
generating capacity of 1.2 million kW. Wuqiangxi provides 5.37 billion
kWh of electricity annually, one-fifth of the province’s total. The storage
capacity is 4.27 billion cubic meters. The station required 7 billion yuan
investment and a low-interest loan of 25.09 billion Japanese yen from the
Overseas Economic Cooperative Fund of Japan. The Wuqiangxi was
approved in 1986 and in operation by December 1994.

Zhexi hydropower station

Zhexi station is 10 kilometers west of Anhua County, in Hunan Province
and has six turbo-generator units to generate a capacity of 447,500 kW. The
station is able to increase its capacity to 500,000 kW.

Dongjiang hydropower station

Dongjiang was built in 11 years. Dongjiang was the first dual-arched thin
dam designed and constructed by China, the second of its kind in the world
and the first in Asia. The station has stored water since August 1986. The
reservoir has a water surface of 160 square kilometers and a storage capac-
ity of 8.12 billion cubic meters, about half that of Dongting Lake.

Yantan hydropower station

Yantan is on the Hongshui River. It is the first large hydropower station in
Yantan Province with a generating capacity of more than one million kW.
The first phase of Yantan consisted of four generating units with a total
capacity of 1.21 million kW to produce 5.3 billion kWh of electricity annu-
ally. The dam is 525 meters long and 110 meters high. Construction of the
main body started in 1985, and the river was blocked in 1988. The first gen-
erating unit began to supply electricity to the local grid in 1992. The other
three generating units were installed and put into operation in June 1995,
and began to generate electricity for the local grid in June 1996. The project
investments totalled 3.532 billion yuan.

Zhaoping hydropower station

Zhaoping station is in Guangxi Zhuang Autonomous Region. The station
became operational and was connected to the Wuzhou area grid in April
1994. It is equipped with three generating units with a total generating
capacity of 63,000 kW to give 304.5 million kWh of electricity annually and
required investments of 125 million yuan.
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Bailongtan hydropower station

Bailongtan hydropower is in Guangxi Zhuang Autonomous Region, and is
the seventh of the ten step hydropower stations on Hongshui River. It has
an installed generating capacity of 192,000 kW and is the first to function
automatically. Bailongtan was constructed from February 1993 and the
dam started to generate energy in December 1995.

Hemianshi hydropower station

Hemianshi Station is in Xindu town, in Hexian County, Guangxi. It was
built in 1970 but did not produce hydro-electricity until September 1974.
Hemianshi hydro-station has four generating units able to generate capac-
ity of 68,000 kW. The station provides 360 million kWh of electricity a year.
The storage capacity is 296 million cubic meters, and the regulated storage
capacity is 112 million cubic meters. Water can irrigate a total of 6867
hectares of farmland.

Yemao hydropower station

Yemao is in Guangxi Zhuang Autonomous Region. It is located in Yizhou and
is the sixth hydropower station on Longjiang River. Guangxi Hydropower
Engineering Bureau approved the contract for the construction of the sta-
tion in June 1992. The first generating unit started to supply the local grid
in January 1996. Yemao dam is 462.58 meters long and 34.7 meters high.
The station is equipped with three 12,500-kW generating units, which 
provide 187.5 million kWh of electricity annually. The station cost 166 mil-
lion yuan.

Southwest China Taipingyi hydropower station

The Taipingyi hydropower station is on the Minjiang River, Aba Prefecture,
Sichuan Province and is equipped with four 65,000-kW generating units.
The project required a total investment of 1.45 billion yuan. Huaneng
Group Company and the State Energy Investment Company invested in
the project. The construction of the station started in 1991, and the No. 1
generating unit joined the local grid on 7 November 1994.

Ertan hydropower station

Ertan hydropower station is on Yalong River in Panzhihua at the borders of
Miyi and Yanbian counties, Sichuan Province. Ertan generates 3.3 million kW
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capacity and can provide 17.035 billion kWh of electricity annually. Its dam
is 240 meters high. It is one of the main power stations in the Sichuan grid
and the second largest next to the Three Gorges Project. The project took 10
years to create and began operation in October 1998. The station was com-
pleted in 2000. Ertan has a 240-meter-high dam with a storage capacity of
5.8 billion cubic meters and the water surface will cover 10,100 hectares. It
has six 550,000-kW turbo generating units. Total investment for the Ertan
hydropower station is 33 billion yuan, of which 24.369 billion yuan are
financed by the State Development and Investment Company, Sichuan
Provincial Investment Company, and Sichuan Provincial Power Company.
Foreign funds amount to US$930 million, of which US$780 million repre-
sent loans from the World Bank and the remaining US$150 million comes
from financial private entities. The 500-kV transmission line is 2097 kilo-
meters long and includes a three-loop line from Ertan to Zigong, a two-loop
line on the same tower from Zigong to Chengdu, a second-loop line from
Zigong to Chongqing for 162 kilometers a single-loop line from Chongqing
to Changshou for 100 kilometers and a single-loop line from Ertan to
Panzhihua for 20 kilometers. Substations include Zhaoju controller in
Liangshan, Honggou substation in Zhigong, Longwang substation in
Chengdu, Chengjiaqiao substation in Chongqing, Changshou substation
and Panzhihua substation. Their transforming capacity totals 5.25 million
kVa. The 220-kV supporting line is 1340 kilometers long with a transform-
ing capacity of 3.38 million kVa. A 550,000 kW sub-grid generating capacity
began operating in August 1998 with connection to the local grid and a sec-
ond sub-grid started operating in December 1998, some 21 months earlier
than scheduled.

Daqiao reservoir hydropower station

Daqiao reservoir is in Mianning County, Liangshan Yi Autonomous Prefecture
of Sichuan Province in the Anning river drainage area. The reservoir is 91
meters high. The normal storage level is 2020 meters above sea level and
the capacity is 658 million cubic meters with a readjusted storage capacity
of 593 million cubic meters. The station has an installed generating capac-
ity of 90 megawatts providing 350 million kWh of electricity annually.
Daqiao cost 419.53 million yuan. Operations started in June 1997.

Gongzui hydropower plant

Gongzui plant is situated at Shawan town, Leshan, Sichuan Province, and
has Gongzui and Tongjiezi hydropower stations under its administration,
with a generating capacity of 1.3 million kW and a designed annual output
of electricity of 6.628 billion kWh. Gongzui has seven 100,000 kW generating

ALTERNAT IVE  ENERG IES  AND RENEWABLES 225

9780230_554207_11_cha10.qxp  9/20/2007  12:43  Page 225



units in the station designed to produce 3.4178 billion kWh of electricity
each year. Its construction started in 1966, the first generating unit started
to operate in December 1971 and all of them were operational as of 1978.
Tongjiezi hydropower station has four 150,000 kW generating units with an
annual output of 3.21 billion kWh. Its construction started in March 1985
and the first generating unit began to supply the domestic grid in October
1992. All the generating units were operating by December 1994. The
Gongzui hydropower plant had provided a total of 84.698 billion kWh by
October 1997, and its output value was 5.756 billion yuan.

Pobugou hydropower station on the Dadu River

Pobugou hydropower station stands on the upper reaches of the Dadu
River in Sichuan Province. It has an installed generating capacity of 3.3 mil-
lion kW, and the reservoir has a storage capacity of 5.177 billion cubic
meters. The station is 186 meters high and the underground powerhouse is
290 meters long, 32 meters wide and 69 meters high.

Shilongba hydropower station

Shilongba was the first hydropower station in China and is located south-
west of Dianchi lake, about 45 kilometers from Kunming. Construction at
Shilongba started in July 1910, and it began producing electric power in
September 1912. The station is installed with two 375-HP machines.

Manwan hydropower station

The Manwan station in Yunnan Province is on the middle reaches of the
Lancang River and on the borders of Yunxian and Jingdong counties. It was
the first large hydropower station on the Lancang River and is equipped
with six 250,000 kW generating units, with a total installed generating
capacity of 1.5 million kW. Its annual production of electricity is 7.795 bil-
lion kWh. The first two generating units were put into operation in 1993 to
add 4 million kWh of electricity to the Yunnan grid. The third and fourth
units connected to the grid in 1994. The fifth began to provide power in
June 1995.

Dachaoshan hydropower station

Dachaoshan hydropower station is in western Yunnan Province on the bor-
ders of Yuxian and Jingdong counties. The station is the second 1 million
kW hydropower station on the Lancang River after the Manwan station.
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Dachaoshan generates a capacity of 1.35 million kW. It has an annual output
of 5.9 billion kWh and can reach 7.021 billion kWh. The station’s dam is 118
meters high and the top is 481 meters long. Its storage capacity is 890 mil-
lion cubic meters. The Dachaoshan station required an estimated investment
of 8.87 billion yuan. The project started in 1993 and ended in 1996. The gen-
erating unit started to generate power in 2001. The whole station was com-
pleted and put into operation in 2003.

Dongfeng hydropower station

Dongfeng station is on the Wujiang River below Dushui hydropower 
station. It is located in a soluble stone canyon, 8 kilometers downstream
from the confluence of the Liuchong and Sancha rivers. Its total installed
generating capacity is 510,000 kW and the annual output of electricity 
can reach 2.42 billion kWh. Wujiang Development Company from
Guizhou, Guiyang and the Ministry of the Power Industry constructed 
the No. 9 Hydropower Bureau. Construction at Dongfeng began in 1984
and 1989 and the entire project was completed and fully operative by
December 1995.

Tianshengqiao second-step hydropower station

The Guiyang Hydropower Survey and Design Institute designed the
Tianshengqiao hydropower station which is the largest diversion-type sta-
tion in China. Its total installed generating capacity is 1.32 million kW, and
the first generating unit started working on 20 December 1992. The
hydropower station has three 9.56 kilometer long intake tunnels with an
inner diameter of 8.7 to 9.8 meters, the largest underground projects in
China. The side slope of the powerhouse area is 380 meters high, a major
achievement by the Ministry of Power Industry, which won the ministry’s
second prize for scientific and technological progress. The dam was the
first to use the new technology for rolling and pressing concrete.

Tianshengqiao first-step hydropower station is able to generate a total
capacity of 1.2 million kW and has an annual output of 5.226 billion kWh.
Tianshengqiao’s station is able to increase the output to 8.839 billion kWh.

Lubuge hydropower station

Lubuge station is on the Huangni River in Yunnan and Guizhou provinces
near Guangxi Zhuang region. Lubuge has generated 600,000 kW of electricity
with its four turbo-generating units since it came on line in 1989. The Lubuge
dam is 103.8 meters high and has a reservoir storage capacity of 111 million

ALTERNAT IVE  ENERG IES  AND RENEWABLES 227

9780230_554207_11_cha10.qxp  9/20/2007  12:43  Page 227



cubic meters. Its system consists of a 9387 meter pressure tunnel and two
470 meter pressure steel pipes.

Tanghe hydropower station

Tanghe station is on the Tanghe River. Tanghe is 47 kilometers from Xigaze
and generates capacity of 6400 kW, which is distributed to the Xigaze area
of Tibet. Work on the Tanghe hydropower station took 10 years and the sta-
tion began operations in 1980. Shandong Province provided the initial
investments of 73.5 million yuan. Tanghe was upgraded in July 1996 with a
415,000-cubic-meter reservoir, and the hydropower output of electricity can
reach 34.73 million kWh.

Yanghu hydropower station

Yanghu hydropower is on the northern slope of the Himalayas at 4440.5
meters. It is south of Yarlung Zangbo River and 80 kilometers from Lhasa.
Yanghu reservoir covers 620 square kilometers with a storage capacity of 15
billion cubic meters. It was designed in 1973 and constructed in 1985. The
Party Central Committee and the State Council remodeled it in August 1989
with an additional pump storage power station. The station has four gen-
erating units and a reserve with a total generating capacity of 112,500 kW.
Yanghu hydropower station cost 1.5 billion yuan, construction started in
July 1991 and the station started working six years later. The station has a
head of 840 meters and an intake tunnel 5600 meters long. The Yanghu
hydropower station is the largest and most advanced power station in Tibet
and supplies electricity to Lhasa, Lhaze and central Tibetan grids.

Woka River first-step hydropower station

Woka River is in Sangri County, Tibet, and the Woka River station is a power
station with a low dam and a generating capacity of 20,000 kW. Water
comes from two head projects and the intake tunnels consist of main and
tributary tunnels of a total length of 6593 meters. Woka holds five water
transmission aqueducts, one back siphon and six floodwater aqueducts.

Zhalong hydropower station

Zhalong hydropower station is in Tibet, on the upper part of the Nujiang
River in Nagqu County in Tibet. Zhalong hydropower is 30 kilometers
from Nagqu town and has a generating capacity of 10,800 kW. The station
includes a masonry dam, spillway, tunnels, and a powerhouse as well as
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transmission and transfer facilities. The Zhalong dam is 39 meters high
with a maximum storage capacity of 140 million cubic meters. The adjusted
storage capacity is 59 million cubic meters.

Jaggang hydropower station

Jaggang hydropower station is at an elevation of 4751 meters, on Qiangtang
Plateau in northern Tibet. In 1997 Jaggang was the highest hydropower sta-
tion in the world. The first generating unit was in operation in 1997, and the
station was tested and approved in September 1998.

Northwest China Qingtongxia hydropower station

The northwest China Qingtongxia station is in the Ningxia Hui region on
the Yellow River. Qingtongxia dam is 42.7 meters high and 697 meters long
and has an installed generating capacity of 272,000 kW.

Liujiaxia hydropower station

Liujiaxia station is in Yongqing County in Gansu Province. Construction
began in 1964. Liujiaxia’s five units started operation in 1974 with a total
installed generating capacity of 1.22 million kW.

Yanguoxia hydropower station

Yanguoxia’s hydropower station is on the Yellow River in Linxia Gansu
Province. Construction began in 1958 and the first generating unit began
operation in 1961, shortly before it was completed. Yanguoxia’s dam is 57.2
meters high, 15.9 meters wide on the top and 321 meters long. Its storage
capacity is 220 million cubic meters. Yanguoxia’s hydropower has eight
axial flow water turbines with a total generating capacity of 352,000 kW.

Daxia hydropower station

Daxia hydropower station is in Gansu Province, at Xixiakou on the Yellow
river, 65 kilometers northeast of Lanzhou. The project was approved in
May 1991 and construction began in October 1991. Its first generating unit
generated capacity of 75,000 kW in 1996 and was connected to the local
domestic grid. Daxia’s last engine was connected to the domestic grid in
June 1998, six months ahead of schedule. Daxia hydropower stations are
built on the section from Longyang Gorge to Qingtong Gorge. Daxia is also
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the first project along the well-known Three Small Gorges, consisting of
Small Gorge, Big Gorge and Wujin Gorge. The hydrostation holds four
75,000-kW generating units and one 24,500-kW axial-flow water turbine.
Daxia’s hydrostation cost 2.5 billion yuan.

Xuelongtan hydropower station

Xuelongtan hydropower is in Menyuan County in Qinghai Province and is
the first of the 13 step hydropower stations on the Datong River. Xuelongtan
hydropower generates capacity of 20,000 kW, and is able to generate an
annual total production of 110 million kWh. Xuelongtan started in May
1994. Xuelongtan holds 250,000 cubic meters with more than 280 meters of
open tunnels.

Nina hydropower station

Nina hydropower station is one of the 13 large and medium-sized
hydropower stations near the Yellow River and is the third step power sta-
tion between Longyang Gorge and Qingtong Gorge. Nina generates capac-
ity of 160,000 kW and has an annual electricity production of 736 million
kWh. Nina hydropower investments cost 1.562 billion yuan.

Lijiaxia hydropower station

Lijiaxia hydropower station is on the Yellow River, in Qinghai Province on
the borders of Janca County and Hualong Autonomous County. The Lijiaxia
hydropower station holds five 400,000-kW turbo-generating units that are
able to produce 2 million kW with an annual electricity production of 
5.9 billion kWh. Lijiaxia cost 5 billion yuan. The dam is 165 meters high and
45 meters wide at the base with a reservoir storage capacity of 1.648 billion
cubic meters of water. Building started in July 1987 and the diversion tunnels
started operating in 1991. The main section was completed is November
1998. By May 1998, most turbines and units came into operation and were
connected to the domestic grid.

Dashankou hydropower station

Dashankou hydropower station is in Hejing County, Xinjiang Uygur
Autonomous Region, near the Kaidu River drainage area, and has an
installed generating capacity of 80,000 kW. Dashankou’s total investment
amounts to 206.61 million yuan. The station produces 310 million kWh
annually. Construction began in June 1985, the first generating unit came
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into production on 28 December 1991, and the second on 9 April 1992.
Dashankou generated 754 million kWh of electricity by 1994. The
hydropower station’s industrial output reached 59.53 million yuan.

The British Petroleum statistics on hydropower consumption estimate that
China will substantially rely on hydropower production to feed its rising
demand. The Chinese consumption curve has risen exponentially since the
mid-1960s while hydropower consumption functions leveled or plateaued
at a maximum consumption of 900 level terawatts per hour. Given the pop-
ulation size and the rising energy demand, the Chinese consumption of
hydroelectricity is expected to increase by three to four times by 2020. Table
10.5 and Figures 10.6 and 10.7 show Chinese hydroelectricity consumption
in comparison to other countries from 1965 to 2005.

10.3 BIOMASS

Between 2000 and 2010, biomass energy is estimated to increase from a gen-
erated capacity of 2.5 million tons to 17 million tons of standard coal. Chinese
biomass production consists of converting methane energy from various
wastes from breweries, sugar refineries, livestock and fowl-breeding farms
into high quality energies. Figure 10.8 shows the estimated output of tradi-
tional biomass and new renewables between 2000 and 2020.

Large and medium-sized methane projects supplied energy to 7.55 mil-
lion households in 2000 and this is expected to increase to 12.35 million
households by 2010. The Chinese Energy State Council aimed to generate a
capacity of 2.26 billion cubic meters, equal to 1.8 million tons of standard
coal, by 2000 and 4 billion cubic meters, equal to 3.14 million tons of stan-
dard coal, by 2010. Modern technologies also encourage biomass energy in
China. Fifty per cent of Chinese farmers have high-efficiency woodburning
cooking stoves, which save 30 per cent to 50 per cent of annual fuel con-
sumption. Methane applications are used frequently in Chinese house-
holds. There are 5.25 million methane tanks in China, with an annual
production capacity of over 1.2 billion cubic meters of methane. China has
over 600 methane projects with a generating capacity of 100 cubic meters of
methane, each capable of supplying up to 84,000 households. According to
the International Energy Administration, biomass is the most cost-effective
renewable resource in China. However biomass is insufficient to feed the
rising domestic demand. It is not that renewable energy is in itself costly, it
is the combination of complementary alternative energies that is needed to
respond adequately to rising domestic demand that causes costs to rise.

Estimates of China’s biomass total 700 million tons of coal equivalent
(Mtce), including 120 Mtce of crop stalks, 90 Mtce of firewood, and other
residual resources. Biomass renewables, including firewood consumption,
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Table 10.5 Global hydropower consumption, 1965–2005 (TWh)

1965 1966 1967 1968 1969 1970

USA 199.0 199.9 227.2 228.2 256.0 253.5
Canada 117.1 128.8 133.1 136.3 148.2 155.3
Mexico 8.9 10.2 11.1 12.6 13.5 15.0
Total North America 324.9 338.9 371.4 377.1 417.8 423.8

Argentina 1.2 1.2 1.3 1.5 1.3 1.5
Brazil 24.0 26.2 27.4 28.7 30.7 39.8
Chile 4.0 4.2 4.3 3.6 4.0 4.3
Colombia 3.5 3.8 4.3 4.8 5.3 5.9
Ecuador 0.3 0.4 0.4 0.5 0.5 0.6
Peru 2.6 2.8 3.2 3.4 3.7 3.8
Venezuela 1.4 1.4 1.7 2.8 3.3 4.1
Other S. & Cent. America 3.2 4.7 4.9 5.1 5.5 6.2
Total S. & Cent. America 40.2 44.8 47.4 50.3 54.4 66.2

Austria 17.7 17.6 18.0 18.5 17.0 21.5
Azerbaijan n/a n/a n/a n/a n/a n/a
Belarus n/a n/a n/a n/a n/a n/a
Belgium & Luxembourg 1.2 1.3 1.2 1.0 1.1 1.1
Bulgaria 2.0 2.0 2.0 1.3 1.8 2.2
Czech Republic 2.2 2.1 1.9 1.5 1.2 1.7
Denmark ^ ^ ^ ^ ^ ^
Finland 9.5 10.6 11.8 10.6 8.8 9.5
France 46.9 52.2 45.4 50.4 53.0 56.7
Germany 17.3 18.7 17.9 18.0 15.2 19.0
Greece 0.8 1.9 1.8 1.5 2.3 2.9
Hungary 0.1 0.1 0.1 0.1 0.1 0.1
Iceland 1.7 1.9 1.9 2.1 2.4 3.7
Republic of Ireland 1.0 0.9 0.8 0.8 0.6 0.7
Italy 46.4 47.8 46.4 47.0 45.6 44.8
Kazakhstan n/a n/a n/a n/a n/a n/a
Lithuania n/a n/a n/a n/a n/a n/a
Netherlands – – – – – –
Norway 49.4 48.7 53.3 60.2 57.4 57.8
Poland 0.9 0.9 1.0 1.1 0.9 1.9
Portugal 4.1 5.4 5.6 5.3 6.4 5.9
Romania 1.0 1.0 1.5 1.6 2.2 2.8
Russian Federation n/a n/a n/a n/a n/a n/a
Slovakia 2.2 2.1 1.8 1.7 1.3 2.0
Spain 20.0 27.8 23.1 24.9 31.2 28.4
Sweden 46.4 45.5 49.3 48.8 41.8 41.5
Switzerland 24.4 27.9 30.2 29.9 28.6 29.8
Turkey 2.2 2.4 2.4 3.2 3.5 3.1
Turkmenistan n/a n/a n/a n/a n/a n/a
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1971 1972 1973 1974 1975 1976 1977 1978 1979

272.3 278.7 278.2 307.3 306.2 289.8 225.9 286.3 285.9
157.0 171.3 178.8 197.9 195.0 202.8 198.5 217.0 212.6

14.5 15.4 16.3 16.8 15.2 17.2 19.2 16.2 18.0
443.7 465.4 473.3 522.0 516.4 509.9 443.6 519.5 516.5

1.5 1.5 3.0 5.0 5.1 4.9 5.7 7.7 10.5
43.2 50.7 57.9 65.7 72.3 82.9 93.5 102.7 116.6

4.4 5.2 5.3 6.0 6.1 6.2 6.5 6.8 6.9
6.3 7.0 7.6 8.6 9.5 10.0 10.3 11.9 13.1
0.6 1.1 0.6 0.6 0.6 0.6 0.9 1.1 1.0
4.3 4.4 4.8 5.2 5.5 5.8 6.0 6.2 6.7
5.4 6.0 6.2 7.7 8.9 10.6 12.2 12.2 14.2
7.6 7.1 7.9 7.9 7.9 8.5 9.7 10.3 10.9

73.3 83.0 93.2 106.7 116.0 129.6 144.7 159.0 179.9

17.0 17.5 19.2 22.3 23.7 20.5 24.9 24.9 28.0
n/a n/a n/a n/a n/a n/a n/a n/a n/a
n/a n/a n/a n/a n/a n/a n/a n/a n/a
1.2 1.5 1.5 1.6 0.9 0.9 0.7 0.8 0.9
2.2 2.1 2.6 2.1 2.5 3.0 3.5 2.9 3.3
1.2 1.3 1.1 1.7 1.8 1.4 2.0 1.8 2.3

^ ^ ^ ^ ^ ^ ^ ^ ^
10.7 9.9 10.1 12.1 12.2 9.4 12.1 9.7 10.9
48.9 48.8 47.7 56.2 60.1 48.8 76.6 68.8 67.3
15.3 14.9 16.8 19.2 18.4 15.2 18.8 19.8 19.8
2.9 3.0 2.5 2.2 2.2 2.1 2.1 3.3 3.9
0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1
4.0 4.7 5.4 4.8 5.4 5.6 4.6 4.9 5.2
0.8 0.5 0.8 0.8 0.8 0.9 1.0 1.0 1.2

43.4 47.0 39.1 37.8 37.4 43.3 56.2 47.4 45.3
n/a n/a n/a n/a n/a n/a n/a n/a n/a
n/a n/a n/a n/a n/a n/a n/a n/a n/a

– – – – – – – – –
63.9 68.1 73.6 76.6 77.4 82.0 72.2 80.9 89.0
1.9 1.9 1.8 2.5 2.4 2.1 2.4 2.4 2.5
6.3 7.6 8.1 7.8 6.3 5.1 10.2 10.4 10.9
4.5 7.3 7.5 8.5 8.7 8.1 9.3 10.6 11.3
n/a n/a n/a n/a n/a n/a n/a n/a n/a
1.5 1.6 1.3 2.3 2.0 2.0 2.4 2.3 1.9

33.3 35.8 29.1 31.7 26.4 22.3 40.7 41.6 47.6
52.0 53.8 59.9 57.3 57.7 54.9 53.5 57.8 61.2
30.0 25.4 27.8 28.9 33.1 26.8 35.8 32.5 30.8
2.5 3.4 2.6 3.4 5.9 8.4 8.6 9.3 10.3

n/a n/a n/a n/a n/a n/a n/a n/a n/a

(Continued )
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Table 10.5 (Continued)

1980 1981 1982 1983 1984 1985

USA 282.0 266.5 315.5 338.7 327.6 287.2
Canada 222.5 225.0 257.9 266.0 286.2 303.7
Mexico 16.9 24.6 22.9 20.7 23.6 26.2
Total North America 521.4 516.1 596.3 625.4 637.4 617.1

Argentina 15.0 14.5 17.5 18.2 19.6 20.7
Brazil 128.9 130.8 141.1 151.5 166.6 178.4
Chile 7.3 7.6 8.5 8.9 9.3 10.4
Colombia 14.3 14.2 15.0 15.1 16.7 18.3
Ecuador 1.2 1.1 1.2 2.3 4.2 3.3
Peru 7.0 8.0 8.4 8.1 8.6 9.4
Venezuela 14.6 15.1 15.8 18.1 20.2 22.6
Other S. & Cent. America 11.9 12.1 12.5 17.8 18.7 21.0
Total S. & Cent. America 200.2 203.4 219.9 240.0 264.0 284.0
Austria 29.1 30.8 30.9 30.6 29.5 31.6
Azerbaijan n/a n/a n/a n/a n/a 1.3
Belarus n/a n/a n/a n/a n/a ^
Belgium & Luxembourg 1.1 1.7 1.5 1.6 1.8 1.9
Bulgaria 3.7 3.6 3.0 3.3 3.3 2.2
Czech Republic 2.4 2.1 1.7 1.7 1.3 1.7
Denmark ^ ^ ^ ^ ^ ^
Finland 10.2 13.7 13.1 13.6 13.2 12.3
France 70.2 73.0 71.3 70.9 67.5 64.1
Germany 20.3 21.7 21.4 20.6 20.2 19.4
Greece 3.8 3.3 3.5 2.3 2.9 2.8
Hungary 0.1 0.2 0.2 0.2 0.2 0.2
Iceland 5.0 5.0 3.8 3.9 3.9 3.8
Republic of Ireland 1.2 1.2 1.2 1.2 1.0 1.2
Italy 43.0 44.3 42.6 42.8 44.0 44.6
Kazakhstan n/a n/a n/a n/a n/a 5.2
Lithuania n/a n/a n/a n/a n/a 0.4
Netherlands – – – – – –
Norway 84.0 93.3 92.9 106.0 106.3 102.9
Poland 3.3 3.0 2.6 3.3 3.3 3.9
Portugal 9.8 8.9 9.6 8.0 10.2 10.8
Romania 12.6 12.7 11.8 10.0 11.3 11.9
Russian Federation n/a n/a n/a n/a n/a 159.7
Slovakia 2.4 2.2 2.1 2.2 2.0 2.7
Spain 30.8 23.2 27.4 28.9 33.4 33.0
Sweden 59.2 60.2 55.6 64.1 68.5 71.6
Switzerland 34.5 36.1 37.0 36.0 30.9 33.0
Turkey 11.3 12.6 14.2 11.3 13.4 12.0
Turkmenistan n/a n/a n/a n/a n/a 0.6
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1986 1987 1988 1989 1990 1991 1992 1993 1994

297.0 255.4 228.4 274.7 295.8 291.9 255.6 283.3 262.8
310.7 316.3 307.6 291.5 296.9 308.5 316.5 321.7 327.9
20.0 18.3 21.0 24.4 23.5 21.9 26.3 26.5 20.3

627.7 590.0 556.9 590.6 616.3 622.3 598.4 631.5 611.0

21.0 21.9 15.8 13.3 18.2 16.4 19.5 24.2 27.2
182.4 185.6 199.1 204.7 206.7 217.8 223.3 235.1 242.7
11.3 12.1 11.5 9.6 9.0 13.1 16.8 17.0 17.3
21.4 21.5 24.5 26.3 27.5 27.7 22.4 28.0 32.3
4.0 4.8 4.8 5.0 5.0 5.1 5.1 5.8 6.7
9.9 10.7 10.4 10.4 10.2 11.2 9.7 11.7 12.8

25.1 30.8 34.2 34.7 37.0 44.5 47.3 47.5 51.3
32.4 38.8 39.7 43.5 50.0 51.3 49.9 55.9 59.1

307.5 326.1 340.1 347.5 363.5 387.2 394.0 425.1 449.3

31.7 36.7 36.5 36.2 32.5 32.7 36.1 38.0 36.9
0.8 0.8 0.7 0.7 0.7 1.8 1.7 2.4 1.8

^ ^ ^ ^ ^ ^ ^ ^ ^
1.9 2.0 2.0 1.8 1.7 1.8 1.8 1.5 1.9
2.3 2.5 2.6 2.7 1.9 2.4 2.1 1.9 1.5
1.9 2.5 2.1 1.6 1.5 1.3 1.6 1.6 1.8
^ ^ ^ ^ ^ ^ ^ ^ ^

12.4 13.8 13.4 13.0 10.9 13.2 15.1 13.5 11.8
65.3 72.9 78.8 50.6 57.3 61.5 72.5 67.9 81.0
20.3 22.3 22.5 20.7 19.7 18.5 21.1 21.5 22.5
3.3 3.0 2.6 2.2 2.0 3.2 2.4 2.5 2.9
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
4.0 4.1 4.4 4.3 4.2 4.2 4.3 4.5 4.5
1.3 1.1 1.2 1.0 1.0 1.0 1.0 1.0 1.2

44.5 42.6 43.5 37.5 35.1 45.6 45.8 44.5 47.7
4.8 5.7 7.0 7.3 7.4 7.2 6.9 7.6 9.2
0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.4 0.7

– – – ^ 0.1 0.1 0.1 0.1 0.1
96.8 103.8 109.5 118.7 121.4 110.6 117.1 119.6 112.8
3.8 4.1 4.2 3.8 3.3 3.4 3.6 3.5 3.8
8.5 9.2 12.3 6.1 9.3 9.2 5.1 8.7 10.7

10.8 11.2 13.6 12.6 11.0 14.2 11.7 12.8 13.0
164.3 162.5 160.9 159.7 166.8 168.1 172.6 175.2 175.8

2.1 2.4 2.3 2.6 2.5 1.9 2.4 3.9 4.6
27.4 28.2 36.2 20.0 26.2 28.4 20.6 25.7 28.8
61.5 72.8 70.5 71.9 73.0 63.7 74.9 75.4 59.4
33.9 35.8 36.8 30.8 31.0 33.4 34.1 36.6 39.9
11.9 18.6 29.0 17.9 23.2 22.7 26.6 34.0 30.6
0.1 0.8 1.0 0.1 0.7 0.7 0.7 – –

(Continued )
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Table 10.5 (Continued)

1995 1996 1997 1998 1999 2000

USA 314.0 350.7 360.1 326.6 322.8 278.4
Canada 335.4 354.4 350.9 331.9 343.9 358.4
Mexico 27.5 31.4 26.4 24.6 32.8 33.1
Total North America 676.9 736.5 737.4 683.1 699.4 669.9

Argentina 26.9 23.0 28.1 26.5 21.7 28.8
Brazil 253.9 265.8 279.0 291.5 293.0 304.4
Chile 18.4 16.8 18.8 15.9 13.6 19.1
Colombia 32.2 35.5 31.4 30.5 33.5 30.7
Ecuador 5.5 6.4 6.6 6.5 7.2 7.6
Peru 12.9 13.3 13.2 13.8 14.5 16.2
Venezuela 51.5 53.8 57.3 57.9 60.6 62.9
Other S. & Cent. America 63.2 72.2 76.2 76.5 78.2 81.6
Total S. & Cent. America 464.6 486.9 510.6 519.1 522.2 551.3

Austria 38.5 35.6 37.3 38.7 41.7 43.5
Azerbaijan 1.6 1.5 1.7 2.0 1.5 1.5
Belarus ^ ^ ^ ^ ^ ^
Belgium & Luxembourg 2.1 2.1 2.2 2.5 2.2 2.6
Bulgaria 2.3 2.9 2.9 3.3 3.0 2.7
Czech Republic 2.3 2.4 2.1 1.9 2.2 2.3
Denmark ^ ^ ^ ^ ^ ^
Finland 12.9 11.8 12.0 14.7 12.7 14.6
France 75.9 70.2 67.5 66.0 77.6 72.5
Germany 24.2 21.7 20.9 21.2 23.3 26.0
Greece 3.8 4.5 4.1 3.9 4.8 4.1
Hungary 0.2 0.2 0.2 0.2 0.2 0.2
Iceland 4.7 4.8 5.2 5.6 6.0 6.4
Republic of Ireland 1.0 1.0 0.9 1.2 1.1 1.1
Italy 41.9 47.1 46.7 47.4 51.8 50.9
Kazakhstan 8.3 7.3 6.5 6.1 6.1 7.5
Lithuania 0.8 0.9 0.8 0.9 0.9 0.6
Netherlands 0.1 0.1 0.1 0.1 0.1 0.1
Norway 122.5 103.9 110.9 116.3 121.8 142.2
Poland 3.8 3.9 3.8 4.3 4.3 4.1
Portugal 8.5 14.9 13.2 13.1 7.6 11.7
Romania 16.7 15.8 17.5 18.9 18.3 14.8
Russian Federation 177.0 154.0 157.5 158.7 160.9 165.3
Slovakia 5.2 4.5 4.4 4.6 4.8 5.0
Spain 24.5 41.7 37.3 39.0 30.7 36.5
Sweden 67.7 51.5 69.1 73.6 71.7 78.6
Switzerland 36.0 29.7 35.1 34.6 41.0 38.2
Turkey 35.5 40.5 39.0 42.2 34.7 30.9
Turkmenistan – – – – – –

9780230_554207_11_cha10.qxp  9/20/2007  12:43  Page 236



237

2001 2002 2003 2004 2005 Change 2005 2005 share
over 2004 (%) of total (%)

219.2 267.0 278.6 271.1 267.8 �1.0 9.1
333.4 350.7 337.7 337.7 361.0 7.2 12.2
28.5 25.0 19.9 25.2 27.8 10.5 0.9

581.1 642.6 636.1 634.1 656.5 3.8 22.2

37.0 35.9 33.8 30.3 34.8 15.1 1.2
267.9 286.1 305.6 320.8 340.4 6.4 11.5
21.7 23.2 22.6 21.3 25.9 22.0 0.9
31.5 33.7 36.0 39.9 39.6 �0.4 1.3
7.1 7.5 7.2 7.3 7.5 3.3 0.3

17.6 18.0 18.6 17.5 19.0 8.7 0.6
60.4 59.5 60.5 70.1 77.9 11.4 2.6
75.2 79.1 80.5 78.8 80.9 2.9 2.7

518.4 543.1 564.9 586.0 626.0 7.1 21.2

43.5 42.0 38.4 39.9 39.6 �0.4 1.3
1.3 2.0 2.5 2.8 3.0 9.4 0.1

^ ^ ^ ^ ^ 0.3 ♦

2.5 2.5 2.2 2.5 2.6 2.9 0.1
1.7 2.7 3.2 3.3 3.5 7.7 0.1
2.5 2.8 1.8 2.6 3.0 18.4 0.1

^ ^ ^ ^ ^ �16.4 ♦

13.6 10.7 9.4 14.9 13.7 �7.6 0.5
79.4 66.7 64.9 65.1 56.6 �12.8 1.9
27.8 28.4 24.1 27.5 28.0 2.1 0.9
2.7 3.5 5.3 5.2 5.6 9.4 0.2
0.2 0.2 0.2 0.2 0.2 �1.9 ♦

6.6 7.0 7.1 7.1 7.0 �1.4 0.2
0.9 1.3 1.0 1.0 0.9 �11.3 ♦

53.9 47.3 44.3 49.9 42.5 �14.6 1.4
8.1 8.9 8.6 8.1 8.6 7.3 0.3
0.7 0.8 1.0 0.9 0.8 �12.4 ♦

0.1 0.1 0.1 0.1 0.1 �8.8 ♦

121.0 129.7 106.1 109.3 136.6 25.3 4.6
4.2 3.9 3.3 3.7 3.8 2.7 0.1

14.4 8.3 16.1 10.1 5.0 �51.0 0.2
14.9 16.0 13.3 16.5 20.2 22.7 0.7

175.9 164.2 157.2 180.1 174.9 �2.6 5.9
5.1 5.5 3.7 4.2 4.7 12.6 0.2

43.9 26.5 43.8 34.4 23.0 �33.1 0.8
79.2 66.4 53.5 56.1 68.5 22.6 2.3
42.7 36.9 36.8 35.5 33.1 �6.5 1.1
24.0 33.7 35.3 46.0 39.7 �13.6 1.3

– – – – – –
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1965 1966 1967 1968 1969 1970

Ukraine n/a n/a n/a n/a n/a n/a
United Kingdom 4.7 4.5 5.3 4.5 4.4 5.7
Uzbekistan n/a n/a n/a n/a n/a n/a
Other Europe & Eurasia 94.5 106.4 103.8 121.2 133.7 143.3
Total Europe & Eurasia 396.7 429.7 426.5 455.0 460.6 486.2

Iran 1.7 1.8 2.0 2.1 2.3 2.5
Kuwait – – – – – –
Qatar – – – – – –
Saudi Arabia – – – – – –
United Arab Emirates – – – – – –
Other Middle East 0.4 0.5 0.6 0.7 0.8 1.0
Total Middle East 2.1 2.3 2.6 2.8 3.1 3.4

Algeria 0.4 0.4 0.4 0.6 0.4 0.6
Egypt 1.7 1.8 2.0 3.0 4.0 4.7
South Africa – – – – – –
Other Africa 11.4 12.0 13.6 15.6 18.0 19.7
Total Africa 13.6 14.2 16.0 19.1 22.4 24.9

Australia 7.7 7.3 7.6 7.9 8.7 10.4
Bangladesh – – – – – –
China 22.1 22.5 19.4 22.9 23.3 24.0
China Hong Kong SAR – – – – – –
India 19.2 20.0 22.4 25.8 28.7 30.4
Indonesia 1.8 2.4 2.7 3.3 3.4 4.2
Japan 70.4 80.2 70.1 70.4 78.1 78.1
Malaysia 0.6 0.7 0.7 0.8 1.0 1.3
New Zealand 10.0 10.8 11.2 11.8 11.6 12.7
Pakistan 2.2 2.2 2.6 3.1 3.3 2.9
Philippines 0.8 0.8 1.1 0.7 0.8 1.5
Singapore – – – – – –
South Korea 0.7 1.0 1.0 0.9 1.4 1.2
Taiwan 3.7 3.8 3.6 5.2 4.0 3.6
Thailand 1.1 1.3 1.7 1.6 1.2 2.0
Other Asia Pacific 12.6 12.7 12.7 12.9 13.0 13.3
Total Asia Pacific 152.7 165.7 156.8 167.4 178.6 185.7

TOTAL WORLD 930.3 995.7 1020.6 1071.8 1136.8 1190.3

Of which European 
Union 25# 221.4 239.5 231.3 235.5 230.9 243.5

OECD 712.9 758.6 780.5 799.2 840.5 864.2
Former Soviet Union 85.3 96.2 92.8 109.0 118.5 128.1
Other EMEs 132.1 140.9 147.3 163.6 177.8 198.0

Table 10.5 (Continued)
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1971 1972 1973 1974 1975 1976 1977 1978 1979

n/a n/a n/a n/a n/a n/a n/a n/a n/a
4.3 4.3 4.6 4.8 5.0 5.1 5.2 5.2 5.5
n/a n/a n/a n/a n/a n/a n/a n/a n/a

146.0 145.4 143.6 158.0 150.6 162.1 177.8 191.6 208.8
494.0 506.0 506.9 542.7 541.0 530.3 621.0 630.3 668.2

2.7 3.5 3.0 3.3 3.4 3.8 4.0 6.2 5.4
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –

1.1 1.1 0.8 1.6 2.1 2.6 3.3 3.8 4.4
3.8 4.6 3.8 4.9 5.5 6.4 7.2 10.0 9.8

0.3 0.5 0.8 0.5 0.3 0.4 0.3 0.3 0.3
5.0 5.2 5.2 6.1 6.8 8.0 9.0 9.9 9.6
0.1 0.8 0.2 1.1 1.1 1.9 1.9 1.9 1.2

21.1 24.3 25.2 28.3 28.9 30.5 32.0 32.6 34.8
26.5 30.8 31.3 36.0 37.2 40.7 43.3 44.7 45.9

11.8 11.8 12.7 14.3 15.3 14.6 14.1 15.2 14.9
– 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.6

29.1 32.9 36.8 41.7 43.6 44.2 46.1 43.2 48.5
– – – – – – – – –

33.4 32.4 34.5 33.2 39.7 41.5 45.3 56.2 54.2
1.4 1.2 1.6 1.7 1.8 1.1 1.8 1.3 1.4

82.1 86.7 74.9 81.1 83.2 88.3 75.5 72.9 83.4
1.3 1.2 1.3 1.3 1.3 1.2 1.0 1.1 1.3

14.4 15.3 15.1 15.2 16.7 15.5 14.7 15.7 18.4
3.8 4.0 4.2 4.3 4.9 5.3 6.3 7.8 8.5
1.7 1.4 1.8 2.2 2.2 2.6 1.9 2.8 2.8

– – – – – – – – –
1.3 1.4 1.3 1.9 1.7 1.8 1.4 1.8 2.3
3.1 3.6 3.4 4.7 5.3 4.3 4.0 5.0 4.6
2.3 2.1 2.3 3.0 3.0 3.2 2.9 1.9 3.1

13.5 13.7 13.6 14.0 14.1 14.3 14.6 14.8 14.9
199.2 208.2 203.8 218.9 233.1 238.3 230.0 240.1 258.8

1240.4 1298.0 1312.3 1431.2 1449.2 1455.2 1489.8 1603.5 1679.1

240.8 249.5 243.7 260.4 257.4 234.3 309.2 297.5 309.5
894.5 931.8 930.3 1008.6 1012.5 987.2 979.6 1050.2 1080.3
129.7 126.5 126.1 136.1 129.7 139.7 151.2 164.0 179.6
216.2 239.8 255.8 286.5 307.1 328.4 359.0 389.3 419.2
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1980 1981 1982 1983 1984 1985

Ukraine n/a n/a n/a n/a n/a 10.7
United Kingdom 5.1 5.4 5.6 6.5 6.1 6.9
Uzbekistan n/a n/a n/a n/a n/a 5.4
Other Europe & Eurasia 214.7 215.0 201.3 204.6 231.7 58.8
Total Europe & Eurasia 657.9 673.2 654.5 673.7 706.0 716.7

Iran 5.6 6.1 6.4 6.3 5.8 5.6
Kuwait – – – – – –
Qatar – – – – – –
Saudi Arabia – – – – – –
United Arab Emirates – – – – – –
Other Middle East 4.3 4.4 4.2 3.8 3.5 3.2
Total Middle East 9.8 10.5 10.6 10.0 9.3 8.8

Algeria 0.3 0.4 0.5 0.2 0.5 0.7
Egypt 9.8 10.2 10.5 9.8 9.6 8.7
South Africa 1.0 2.1 2.6 2.6 2.6 2.8
Other Africa 36.4 37.7 37.9 34.9 34.7 38.6
Total Africa 47.5 50.3 51.4 47.6 47.3 50.7

Australia 14.3 14.7 13.7 12.9 13.9 15.2
Bangladesh 0.6 0.6 0.6 0.8 0.8 0.6
China 58.2 65.5 74.4 86.4 86.8 92.4
China Hong Kong SAR – – – – – –
India 55.4 59.1 49.8 48.0 53.7 51.8
Indonesia 1.3 1.3 1.4 2.1 2.3 2.8
Japan 90.1 89.8 81.1 90.6 72.2 87.5
Malaysia 1.7 1.8 1.8 2.1 4.1 3.8
New Zealand 19.4 19.7 18.3 19.8 20.4 19.7
Pakistan 8.9 9.3 10.4 12.1 12.5 13.0
Philippines 3.4 3.7 3.8 3.0 5.2 5.6
Singapore – – – – – –
South Korea 2.0 2.7 2.0 2.7 2.4 3.7
Taiwan 2.9 4.8 4.8 5.0 4.4 6.9
Thailand 1.3 2.8 3.5 3.4 4.1 3.7
Other Asia Pacific 15.4 16.0 16.9 17.1 18.5 19.6
Total Asia Pacific 274.9 291.7 282.6 305.8 301.3 326.2

TOTAL WORLD 1711.7 1745.2 1815.2 1902.6 1965.3 2003.6

Of which European 
Union 25# 292.0 294.8 290.4 298.4 305.1 311.9

OECD 1074.0 1084.9 1149.8 1207.1 1206.0 1203.7
Former Soviet Union 183.6 186.6 174.6 179.6 202.5 215.0
Other EMEs 454.1 473.8 490.9 515.9 556.8 585.0
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1986 1987 1988 1989 1990 1991 1992 1993 1994

10.7 9.6 11.9 10.1 10.7 11.9 8.1 11.2 12.3
7.0 6.3 7.1 6.7 7.2 6.2 7.1 5.7 6.6
4.6 6.8 7.2 5.5 6.7 6.0 6.3 7.4 7.2

60.3 63.3 71.3 65.5 65.0 65.5 64.5 64.5 67.7
699.0 745.9 791.6 712.2 734.5 740.8 768.2 793.3 798.8

7.1 8.2 7.5 7.5 6.4 6.8 8.8 9.7 8.0
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –
– – – – – – – – –

2.7 3.8 3.8 2.8 2.1 2.3 3.0 2.9 3.7
9.8 12.0 11.4 10.3 8.5 9.1 11.8 12.6 11.6

0.3 0.5 0.2 0.3 0.1 0.3 0.2 0.4 0.2
9.3 8.7 8.8 9.7 9.8 10.0 10.3 10.7 11.2
3.4 3.4 4.6 3.8 2.9 3.8 2.1 1.5 2.6

41.0 39.9 41.3 44.0 46.0 48.5 48.2 45.6 46.2
54.0 52.5 54.8 57.7 58.8 62.5 60.9 58.2 60.2

15.0 14.8 15.0 15.0 15.5 15.9 16.4 16.8 16.4
0.5 0.6 0.8 0.9 0.9 0.8 0.8 0.6 0.8

94.5 100.0 109.1 118.4 126.7 124.7 130.7 151.8 167.4
– – – – – – – – –

52.6 49.0 54.6 63.4 66.4 73.9 70.0 70.7 80.2
4.5 4.6 5.0 6.3 5.7 5.7 8.6 7.8 6.9

80.8 82.1 87.8 97.0 93.9 103.4 88.4 105.0 76.7
4.1 4.9 5.6 5.3 4.0 4.4 4.4 4.9 6.5

22.1 21.9 23.0 22.6 23.2 22.9 21.1 23.5 25.8
12.5 16.4 17.2 17.4 17.1 18.3 19.9 21.9 21.5
6.0 5.2 6.3 6.5 6.1 5.1 4.3 5.0 5.8

– – – – – – – – –
4.0 5.3 3.6 4.6 6.4 5.0 4.9 6.0 4.1
7.4 7.1 6.2 6.7 8.2 5.5 8.3 6.7 8.9
5.6 4.1 3.8 5.6 5.0 4.6 4.2 3.7 4.5

20.6 20.5 22.6 25.3 28.2 28.6 28.3 29.4 31.4
330.1 336.4 360.6 394.8 407.0 418.9 410.2 454.0 457.1

2028.1 2063.0 2115.3 2113.1 2188.7 2240.9 2243.5 2374.6 2388.0

296.6 324.1 338.7 279.9 288.5 298.6 317.6 321.6 329.2
1189.5 1196.4 1201.3 1177.2 1218.5 1232.1 1222.4 1292.8 1243.7
215.1 220.3 230.9 222.2 235.7 234.7 234.6 245.0 247.2
623.4 646.3 683.1 713.6 734.5 774.1 786.6 836.9 897.1
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1995 1996 1997 1998 1999 2000

Ukraine 10.2 8.8 10.0 15.9 14.5 11.4
United Kingdom 6.4 4.9 5.7 6.7 8.2 7.8
Uzbekistan 6.2 6.5 5.8 5.8 5.7 5.9
Other Europe & Eurasia 66.6 74.2 67.2 68.9 74.3 70.3
Total Europe & Eurasia 807.3 769.0 787.7 818.3 834.0 859.4

Iran 8.3 7.8 5.9 7.5 5.1 3.8
Kuwait – – – – – –
Qatar – – – – – –
Saudi Arabia – – – – – –
United Arab Emirates – – – – – –
Other Middle East 4.2 5.0 4.8 4.8 3.1 4.3
Total Middle East 12.5 12.8 10.8 12.3 8.3 8.1

Algeria 0.2 0.1 0.1 0.2 0.2 0.1
Egypt 11.5 11.8 12.1 13.8 15.0 14.2
South Africa 1.8 3.6 4.7 4.1 3.3 4.0
Other Africa 49.1 49.6 51.4 53.7 60.5 59.4
Total Africa 62.6 65.1 68.3 71.8 79.1 77.6

Australia 16.1 16.6 16.6 16.2 16.1 16.1
Bangladesh 0.4 0.7 0.7 0.9 0.8 0.9
China 190.6 188.0 196.0 208.0 203.8 222.4
China Hong Kong SAR – – – – – –
India 75.9 69.0 70.2 83.6 82.2 77.0
Indonesia 7.5 8.1 5.2 9.7 9.4 10.0
Japan 87.8 86.9 93.7 104.2 92.7 91.3
Malaysia 6.2 5.2 3.9 4.9 7.5 7.4
New Zealand 27.5 26.0 23.2 25.3 23.5 24.6
Pakistan 22.7 24.8 18.4 24.1 21.5 17.6
Philippines 6.2 7.1 6.1 5.1 7.8 7.8
Singapore – – – – – –
South Korea 5.5 5.2 5.4 6.1 6.1 5.6
Taiwan 8.9 9.0 9.6 10.6 8.9 8.9
Thailand 6.7 7.3 7.2 5.2 3.5 6.0
Other Asia Pacific 33.8 32.7 30.9 30.5 34.0 35.6
Total Asia Pacific 495.9 486.8 487.1 534.1 517.9 531.3

TOTAL WORLD 2519.7 2557.1 2601.8 2638.7 2660.9 2697.5

Of which European 
Union 25# 325.9 324.6 334.2 347.8 352.6 368.9

OECD 1331.5 1368.2 1394.0 1372.7 1386.6 1386.8
Former Soviet Union 241.2 216.0 217.7 225.8 227.7 230.0
Other EMEs 947.1 972.8 990.1 1040.3 1046.7 1080.6

Notes: ^ Less than 0.05; ♦ Less than 0.05%; �More than 100%; n/a not available; # Excludes Estonia,
Latvia and Lithuania prior to 1985 and Slovenia prior to 1991; growth rates are adjusted for leap years.

Source: British Petroleum (2006).

Table 10.5 (Continued)
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2001 2002 2003 2004 2005 Change 2005 2005 share
over 2004 (%) of total (%)

12.2 9.8 9.2 11.9 12.4 4.5 0.4
6.5 7.4 6.0 7.6 7.6 0.9 0.3
5.4 7.3 7.6 6.9 7.3 5.2 0.2

68.1 66.7 70.8 74.3 74.5 0.5 2.5
863.0 809.1 776.6 827.7 827.0 0.2 28.0

4.1 8.0 9.6 11.9 12.5 5.0 0.4
– – – – – – –
– – – – – – –
– – – – – – –
– – – – – – –

4.4 4.9 4.6 4.9 4.9 0.4 0.2
8.5 12.9 14.2 16.8 17.4 3.6 0.6

0.1 0.1 0.3 0.3 0.6 � ♦

14.4 14.0 12.9 13.7 13.7 0.3 0.5
3.7 4.1 3.5 3.7 3.5 �5.3 0.1

62.3 67.2 67.8 68.1 70.1 3.3 2.4
80.5 85.4 84.5 85.7 87.9 2.8 3.0

16.1 16.0 16.2 16.1 16.3 1.9 0.6
1.0 1.1 1.1 1.1 1.2 2.2 ♦

277.4 288.0 283.7 353.6 401.0 13.7 13.6
– – – – – – –

72.0 68.5 69.3 83.8 96.0 14.9 3.3
11.7 9.9 9.1 9.4 9.4 0.3 0.3
91.8 93.1 103.0 102.2 87.7 �14.0 3.0
6.4 5.3 5.7 6.2 6.6 7.4 0.2

22.6 25.2 23.7 27.2 24.2 �10.9 0.8
18.3 20.4 25.6 24.2 30.7 27.2 1.0
7.1 7.0 7.9 8.5 8.4 �1.5 0.3

– – – – – – –
4.1 5.3 6.9 5.9 5.2 �11.2 0.2
9.2 6.4 6.9 6.6 7.9 21.0 0.3
6.3 7.5 7.3 6.0 5.8 �3.7 0.2

39.4 38.8 42.0 40.9 39.4 �3.4 1.3
583.5 592.5 608.5 691.7 739.8 7.2 25.0

2635.0 2685.6 2684.9 2842.0 2954.6 4.2 100.0

387.7 330.1 324.3 333.0 312.8 �5.8 10.6
1290.5 1313.0 1289.2 1308.2 1311.6 0.5 44.4
239.5 229.6 226.1 252.0 249.7 �0.6 8.5

1105.1 1143.0 1169.5 1281.9 1393.3 9.0 47.2
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Chinese Hydroelectricity Consumption y = 2E−06x6 − 0.0003x5 + 0.0108x4 − 0.2177x3

                                                                            + 2.2472x2 − 8.3107x + 29.916 
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Figure 10.6 Chinese hydroelectricity consumption function, 
1965–2005 (TWh)

Source: British Petroleum (2006).

Europe and Eurasia y = −2E−06x6 + 0.0003x5 − 0.0102x4 + 0.1538x3 − 0.6397x2 + 13.63x + 393.69

R2 = 0.9737
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Figure 10.7 Other countries’ hydroelectricity consumption functions,
1965–2005 (TWh)

Source: British Petroleum (2006).
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was 100 Mtce, an estimated 11 per cent beyond sustainable use in 1998.
Furthermore, the Chinese government expects that in the future, all kinds
of biomass resources are likely to increase dramatically; with crop stalk use
doubling between 1995 and 2010 and municipal solid waste use rising by
160 per cent. According to the International Energy Administration, the
area of China is relatively small to produce energy sufficient for 1.3 billion
individuals. Chinese irrigated farmland areas decrease as the Chinese
authorities prefer to plant forests rather than maintaining farmland. Chinese
provinces are also modernizing and building more urban centers at the cost
of less farmland, thus biomass production decreased. Various alternative
products can be used to transform into energy. For instance, sugarcane
slugs or bagass are utilized to generate 800 MW of electricity. About 164
centralized gas demonstration projects use crop stalks from villages and
rural areas to produce a total gas production of 45 million cubic meters.
However, this methodology is not appropriate for substantial energy and
electricity production.

Table 10.6 provides more information about the income levels of rural
residents and consumption of energy in daily life.

The Chinese authorities and the NESP also promote the production of
biomass technologies and the increased potential for such alternative
energy usages. The Chinese authorities estimate that potential for biomass
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Figure 10.8 Estimated output of traditional biomass and new renewables,
2000–2020

Source: Chinese Energy Ministry, Chinese Energy and Technology
Symposium 2003.
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power in China could reach 3 GW by 2010 and 10–15 GW by 2020. Biomass
energy production may be used in three main ways: (1) combust biomass
directly to heat; (2) biomass gasification to supply biogas directly or for
generation; (3) product liquid fuel. Biomass energy production is per-
formed through direct combustion. According to the International Energy
Administration, about 2.5 billion people in the world use such alternatives
and the annual consumption amounts to 1.3 billion tons. Biomass develop-
ment trends optimize utilizations through biomass gasification, biomass gen-
eration and product liquid fuel. Biomass gasification and biogas supply is
principally used in Chinese rural areas for cooking but is not used much
elsewhere. China counts about 500 examples of biomass gasification and
biogas supply, and China’s annual biogas production totals about 0.15 bil-
lion cubic meters. Chinese biogas technologies are modern, highly developed
and applied widely throughout the country. According to NESP, approxi-
mately 11.1 million farmers in China are involved in biogas projects.

According to the Association of China Energy Research of June 2003,
Chinese farmers and biomass producers generated an annual output of
about 4.7 billion cubic meters. Biomass is an added value energy resource
in the rural and farming areas where traditional energy networks (oil and
natural gas pipelines) are still difficult to access.

Biomass technology is well-known and applied to some degree in most
countries. Biomass energy may be generated in two ways: by direct com-
bustion or with gas turbines to create a biomass gasfication mechanism. These
two technologies are widely used in China with combustion techniques
mostly used for commercial purposes. The United States counts the most

Table 10.6 Income levels of rural residents and consumption of energy in
daily life, 1997

Per household �1500 4500–6500 6500–9000 9000–14,000 
14,000
income, yuan/yr

Energy for daily 807.0 1033.2 1350.9 1384.4 1645.4
life kgce/yr

Of which,
coal, kg 876.1 999.0 1318.7 1556.3 1042.5

LPG, kg 21.6 28.7 68.5 71.2 103.3

Oil products, 12.1 18.4 35.8 180.0 229.5
kg

Electricity, 204.8 273.3 335.4 504.5 641.3
kWh

Sources: Energy Ministry of China/US Department of Energy, Design for Market-oriented Development
Strategy of Bioenergy Technologies in China, Project Expert Team, sample survey.

9780230_554207_11_cha10.qxp  9/20/2007  12:43  Page 246



biomass installations, with more than 350 biomass plants which are princi-
pally used to produce pulp, paper and forestry.

10.4 ELECTRICITY GENERATION

According to the Chinese authorities (NESP), the Chinese electricity indus-
try had an overcapacity in the late 1990s. The oversupply that unbalanced
market efficiencies was principally due to reduced demand as a result of
the closures of inefficient state-owned industrial units. The Chinese market
does not yet have adequate infrastructures to enable the trading of electricity.
Once domestic markets share enhanced grids with neighbors, and given
the globalization of energy markets, the Chinese market will offer more
opportunities. The short-term oversupply was partially resolved by tem-
porarily shutting down a few power plants to establish an equilibrium.
This power market readjustment lasted until January 2002, until the surg-
ing demand of the new middle class created a further disequilibrium
around 2003.

Prior to reviewing Chinese energy market policies, let us first consider
the Chinese power industry reform in 2002. The State Power Corporation
of China was created in 1997, and the power industry reform was initiated
by State Council in March 2002. Due to the Chinese entry to the WTO in
2001 and the globalization of international energy trading corporations, 
new generation companies and new grid companies were established on 
29 December 2002. The State Council approved the formation of the State
Electricity Regulation Commission (SERC) in February 2003. Power energy
reforms are still ongoing and have produced the retail pricing framework
shown in Table 10.7.

The main objectives of China’s power reform are to break up the mono-
poly with respect to generation and introduce competition into the power
generation (wholesale) market; to reduce costs, improve efficiency, and
improve tariff-setting mechanisms in the power sector; to optimize resource
allocation and promote domestic and international grid interconnection;
and to create an open free power market with balanced monitored compe-
tition under government regulation.

The legal structure of the market in China is currently being re-engineered
to fit with international market integration. In July 2003, Chinese energy
policies regulating electricity were engineering the pricing structure for
electricity in the east and northeast of the country. According to Huaneng
Power International, one of the few Chinese-owned independent operators,
the State Council set a number of short-term objectives: establish a pricing
grid mechanism to efficiently maximize resource utilizations and minimize
transportation costs; accommodate a competitive bidding power pricing
with bid and ask points; focus on more production; establish a preliminary
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pricing mechanism for transmission and distribution to integrate regional
with national power grids and smooth national with international power
grids; link retail pricing systemic grid with the on-grid prices; optimize
retail pricing structure; and test high voltage users to directly purchase
from the power generation companies based on a reasonable price for
transmission and distribution. The State Council decided on 4 June 2004 to
take the following steps to maintain reliability of supply in periods of peak
demand for electricity and avoid congestion of pricing concentrations

CHINESE  ENERGY  MARKETS248

Table 10.7 Retail electricity prices by power station for Huaneng Inter-
national average rate (inclusive of VAT) (RMB/MWh)

2004 2003 Variation (%)

Dalian 283.62 272.69 4.01

Fuzhou 365.00 331.82 10.00

Nantong 325.18 312.52 4.05

Shang’an 303.25 307.94 �1.52

Shantou Oil-Fired 604.08 672.14 �10.13

Shantou 446.86 435.17 2.69

Dandong 289.05 276.95 4.37

Shidongkou II 342.56 332.85 2.92

Nanjing 321.67 307.31 4.67

Dezhou 332.58 333.34 �0.23

Weihai 394.06 386.50 1.96

Jining 299.89 274.66 9.19

Shidongkou I 285.43 256.64 11.22

Taicang 341.10 312.80 9.05

Changxing 351.94 320.57 9.79

Huaiyin 330.88 317.21 4.31

Xindian 1 320.83 342.41 �6.30

Yushe1 282.10 200.63 40.61

Yingkou2 315.48 n/a n/a

Jinggangshan2 325.67 n/a n/a

Luohuang2 286.74 n/a n/a

Yueyang2 316.52 n/a n/a

Qinbei3 273.11 n/a n/a

Average 327.88 318.68 2.89

Source: Austin et al. (2005).
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resulting in an illiquid pricing grid. Regulatory measures included:
demand-side management policies to control demand for electricity and to
ensure supply – this includes restricting power consumption by power
intensive industries; differentiated pricing for off-peak and peak consump-
tion; improving the reliability of power distribution and transmission net-
works; maintaining coal supply and improving coal distribution channels
with an emphasis on decreasing transportation costs; accelerating con-
struction of energy and transport projects to ensure supply; and an
increased emphasis on energy efficient consumption.

Chinese power reforms aim at re-engineering state-owned power assets,
monitoring tariff structures, and creating a transparent and rational power
market with efficient balanced competition under government regulation.
The state power grid (see Figure 10.9) is decomposed into two grid enter-
prises: the State Grid Corporation of China (SGCC), and the China
Southern Power Grid Co. Ltd. There are five national generation compa-
nies (China Huaneng Group, China Datang Group, China Huadian Group,
China Guodian Group, and China Power Investment Group). The new
power market is regulated by the State Council-approved State Electricity
Regulation Commission (SERC). SERC formulates regulatory reforms for
power industry management, proposes tariff adjustments, writes licenses
for power plants and other facilities, and mediates disputes between trad-
ing entities in this industry. The responsibilities of SGCC in the new
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One
Regulator

Two Grid
Enterprises

Four
Assistant
Group

Five National
Generation
Groups

State Grid Corporation of China (SG)
China Southern Power Grid Co Ltd

State Electricity Regulatory Commission of
China (SERC)

Huaneng Group
Datang Group
Huadian Group
Guodian Group
China Power Investment Corporation (CPI)

China Power Engineering Consultation Group
China Hydropower Engineering Consultation Group
China Hydropower Construction Group
China Gezhouba Group

Figure 10.9 Chinese electricity market structure with main national
participants

Source: Austin et al. (2005).
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reformed power market include: trading and dispatching electricity
between regional power grids, coordination with regional power grid com-
panies with respect to daily production issues, participating in investment,
construction and operation of relevant trans-regional transmission and
electricity transformation and interconnection projects, and monitoring of
construction and management of the Three Gorges Dam transmission and
transformation projects. In 2002, China’s electricity supply–demand bal-
ance was overall in equilibrium, but started to exhibit a slim supply short-
age. By the end of 2002, the total Chinese power capacity for production
had risen to 356 GW (gigawatts). In 2002 power generation equaled 1654
billion kWh. The unit utilization average during 2002 for all thermal power
plants in China was 5270 hours and the average capacity utilization coeffi-
cient amounted to 60 per cent. To attract more trading competitors in the
Chinese markets, the Chinese regulatory entities have provided a series of
maps of China’s power markets (figures 10.10–10.13).

The Chinese Energy Department also provides information about power
energy (see tables 10.8 and 10.9).

According to NESP, the Chinese authorities have built dozens of major
new electric power projects since 2003 and expect to create more power
plants to meet rising energy demand in the future. Mainly due to the rising
economy in most industry sectors, by 2010, installed capacity will need to
rise to 600 GW, and total power demand will be 2700 billion kWh. By 2020,
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Figure 10.10 Electricity generation in China by region and capacity
Source: He Xin, ‘The Development and Status of the Power Grid in China

and International Cooperation for Grid Integration in Northeast Asia’,
State Grid Corporation of China, August 2003.
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Figure 10.11 500 kV northeast China power grid, 2002
Source: As Figure 10.10.

the installed capacity in China will reach 900 GW, and the total power con-
sumption that must be met by generation will be about 4300 billion kWh.
From 2003 to 2010, total power generation (and consumption) in China is
expected to rise exponentially at a rate of 6.6 to 7 per cent per year, and from
2010 to 2020, at a rate of 4.5 to 5.5 per cent per year. There are six regional
power networks and three isolated provincial power grids. The six regional
power networks are the Northeast China Power Network (NEPN), the
North China Power Network (NCPN), the East China Power Network
(ECPN), the Central China Power Network (CCPN) (this includes the
Chuanyu (Sichuan and Chongqing) Power Network (CYPN)), the
Northwest China Power Network (NWPN), and the South China Electric
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Joint Venture Power Network (SCPN). The three isolated provincial power
grids are the Hainan Power Grid (HNPN), the Xinjiang Autonomous
Region Power Grid (XJAR), and the Lhasa Power Grid (Tibet). The nation-
wide power grid interconnection, west-to-east power transmission, and
north-south power transaction project are being connected.

The first regional transmission interconnection was constructed in 1989.
It was 1050 km long, with a capacity of 500 kV (kilovolt) direct current (DC)
line from the Central China Power Network (at the Gezhouba hydropower
station) to the East China Power Network (at Shanghai) with a capacity 
of 1200 MW. The second was the Yunnan-Guizhou-Guangxi-Guangdong
transmission interconnection system. The third was completed in May 2001
with a line of 500 kV AC capacity that connects the Northeast China Power
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Table 10.8 Energy consumption and expenditures of herdsmen

Item Annual Unit price Total expenditures
consumption (yuan)

Illumination Kerosene 18 kg Rmb 1.60/kg 28.8

Illumination Candle 730 pieces Rmb 0.275/piece 200.75

Radio Dry battery 18 pairs Rmb 1.05/pair 18.9

Illumination Dry battery 12 pairs Rmb1.05/pair 12.6
for lamb birth

Total 261.05
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Network and the North China Power Network. The fourth was a 500 kV
AC transmission line connecting the independent Fujian Power Grid and
the East China Power Network to facilitate power transfer between two
power grids; a second AC line on this routing was finished in January 2003.
In 2002, SGCC connected the Central China Power Network and the
Chuanyu Power Network through a single 500 kV AC line; a second line
was planned for June 2004. In June 2003, SGCC completed the second DC
line from Three Gorges to East China, and in August 2003, SGCC built up
the first AC line between North China and Central China. By the end of 2002,
the total installed electricity generation capacity in Northeast China had
reached 40.5 GW, of which about 14 per cent came from hydropower, with
the remaining 86 per cent from thermal power. Power generation totaled
167 TWh (terawatt hours) during 2002, overall generation unit utilization
reached an average of 4279 hours in North China over the year, and the
average thermal power unit utilization reached 4749 hours per year. By the
end of 2002, there were 31 segments of 500 kV AC transmission line in
North China, with a total length of 5030 km. In addition, there were 473 seg-
ments of 220 kV line, with a total length of 22,845 km. The total capacity of
500 kV substations in North China as of 2002 was 13,806 MVA (mega volt-
amps), consisting of 16,500 kV substations. As of 2002, the electric power
delivery direction is north to south and west to east inside the Northeast
China Power Network. After a feasibility study, SP (State Power) decided
to build a 500 kV transmission line between the Northeast China Power
Network and the North China Power Network to transfer the surplus
power from the former to the major load center in North China Power
Network. The line as constructed starts from the Suizhong plant and ends
at the Jiangjiaying substation in Tangshan city in the Jing-Jing-Tang power
grid. Construction started on the transmission line in 1999, and the line was
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Table 10.9 Power supply costs of mini power generator

100 W wind power Battery Maintenance Subtotal
generator

Number (unit) 1 2 – –

Price (yuan/unit) 700 360 – –

Life span (year) 10 3 – –

Average annual 70 120 30 222
costs (yuan)

Power output – – – 260
(kWh/year)

Power generation – – – 0.85
costs (Yuan/kWh)

Source: Chinese Energy Ministry/Department.
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put into operation in May 2001. This transmission interconnection provides
a bi-directional power supply, and the North China Network and
Northeast China Network thus form a synchronized power network. The
bi-directional power supply capacity of the line was initially limited to
600 MW. With the second AC line in operation, the bi-directional supply
capacity of the line is 1000 to 1200 MW. The Chinese estimated its power
production at around 30 gigawatts at the end of 2004.

Electricity energy was backed by the usage of oil supplies and primarily
by diesel. The Chinese government 2006 policy reforms promote the instal-
lation of more electricity power plants to meet the rising demand of service
industries which consume more electricity. Part of the reforms is to design
a better connected national power electric grid to ramify to new urban cen-
ters from the northeastern coast to more rural central and western areas. 
In 2003, the Chinese markets opened to neighboring markets such as
Russia to smooth trading grids, supply more energy and enhance corporate
trading opportunities. The State Grid Corporation of China (SGCC) pro-
moted business initiatives to develop a strategy for ‘west to east electricity
delivery, bi-directional power supply between the south and the north,
interconnection nationwide’.

Due to the insufficient coverage of the grid, China experiences a national
shortage of generating capacity with imbalances between supply and
demand throughout the country. Consequently some areas exhibit surplus
capacity while others experience shortages. The Chinese electric power
grid also experiences higher costs at some points of the grid due to insuffi-
cient transmission capacity to feed power shortages. Increased construction
of power plants since 2002, with added capacity to modernize and meet the
new era’s market demand which will be geared to more service industries,
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Table 10.10 China’s electricity
generation (billion kWh)

1989 518.2

1990 550.9

1991 600.9

1992 670.6

1993 744.1

1994 816.2

1995 880.9

1996 926.0

1997 972.7

1998 1,014.0

Source: Energy Information Agency.
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aims to answer these problems. New plants built in China since 2002 have
at least 120 GW of generating capacity. Table 10.10 shows power energy
generation through the 1990s, when manufacturing was expanding and
new factories were being built.

According to the International Energy Administration, with rising serv-
ice and manufacturing industries, power energy demand in China will rise
by an average of 15 per cent per year, at an increasing rate.

The International Energy Administration also reports that China’s
largest power plant project ever, the Three Gorges Dam, is estimated to be
completed by 2009. The Three Gorges Dam includes 26 separate 700-MW
generators and it is able to generate a total of 18.2 GW. In March 2002 the
Three Gorges Dam became the China Yangtze Three Gorges Electric Power
Corporation. The dam was renovated and improved in June 2003 and
began operating with new engines and turbines in July 2003. Part of the
project is complementary to a series of hydropower dams on the Yellow
River. Shaanxi, Qinghai, and Gansu provinces support the creation of addi-
tional reservoirs by the Yellow River Hydroelectric Development Corporation,
with 25 new generating stations providing a combined capacity of 15.8 GW.
The Chinese government are exploring alternative ways to generate energy
as depicted in Table 7.3 above.

Various projections anticipate that Chinese electricity consumption will
increase at an accelerating rate, with an average minimum of 4.3 per cent
per year until 2025. The author forecasts an exponential rise from 2006 to
2025 with given historical data. The British Petroleum Statistical report of
2006 shows that electricity generation doubled from 1990 to 2000, from 621
to 1368 terawatt hours, respectively. Electricity generation is already rising
at an increasing rate, with an annual rise of 12.6 per cent from 2004 to 2005.
The rising consumption almost matches the increase in generation, but it is
hard to assess whether the Chinese government will be able to maintain the
balance between supply and demand and keep electricity market pricing
efficient and inflationary trends under control.

According to the International Energy Administration, the Chinese gov-
ernment is reformulating its policies in response to rising demand. In 2002
the Chinese government re-engineered its long term electric power sector
under the National Power Industry Framework Reform Plan by the State
Council. According to this program, the State Power Corporation (SPC)
separated assets to restructure them into 11 regional transmission and dis-
tribution companies in December 2002 to incorporate transportation of
electricity in the distribution function to energy to various points of the
Chinese grid. The pricing of electricity is regulated in relation to the func-
tion of available supply for demand within the grid, with applicable tariffs
and caps or ceilings in case demand outpaces supply. The Chinese government
also created a new electricity law, updating the law of 1995. As part of the
restructuring of the Chinese energy program, China also plans to upgrade
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a unified power grid network by the year 2020. The Chinese authorities
also aim to construct three significant regional power grid plants by 2010.
These will be installed in northern, southern and central China to generate
electricity and ensure a balanced demand throughout the country.
According to the new re-engineering plans, the central power grid will be
connected to the Three Gorges power grid to feed additional energy to the
Central China Power Grid, East China Power Grid, and Chuanyu in
Sichuan Province in Chongqing Municipality Power Grid. The re-engineered
northern power plant will be connected to the actual North China Power
Grid, Northeast China Power Grid, and Northwest China Power Grid. And
the newly restructured southern plant will provide additional capacity in
Yunnan, Guizhou and Guangdong provinces and the Guangxi Zhuang
Autonomous Region. The Chinese authorities anticipate that the re-engi-
neering program will take around 10 years to connect all the various local
and regional power grid centers to the main framework and to unify the
national power grid network. To realize this goal, the Chinese State Council
built a series of hydropower stations along the Honghe, Lancang, Yellow
and Yangtze rivers. The authorities are also progressing in connecting each
of these new power plants to facilitate the transmission of thermal power
from north to south and of hydropower from the west to the east. These
additional branches on the grid also contribute to reducing the transporta-
tion costs of energy within China. According to the SDPC, the northern
power grid center will also be connected to the Russian power grid net-
work by 2020 to alleviate energy costs between both countries and to
reduce inflationary pressures on global energy prices. In addition to this
international link, the Chinese southern power grid center is also intended
to connect with the Thai power grid network. This international ramifica-
tion is also aimed to alleviate rising energy prices near urban centers such
as Hong Kong and Shanghai. Furthermore, the Chinese authorities also
plan on building additional thermal power plants in Western Inner
Mongolia, Shanxi and Shaanxi provinces, Ningxia Hui Autonomous
Region, and Western Henan Province to facilitate the west-to-east power
transmission program and to keep Asian zone prices down and in balance
with neighboring markets. The Chinese authorities revamped the renew-
ables pricing framework to reduce up-front development costs that create
high up-front prices. Thus, the Shanghai Energy Conservation Supervision
Center (SECSC) and the Shanghai Economic Commission with the interna-
tional assistance of the CRS implemented a green pricing program to deliver
lower energy prices in Shanghai where greater demand creates inflationary
pressures on energy prices.

The Chinese Energy State Council produced further reforms in February
2006. The State Council established some regulatory structures to ensure
lower-cost electricity development and energy efficiency. CSEP also con-
sulted a dozen research institutes to establish regulation of the Chinese

ALTERNAT IVE  ENERG IES  AND RENEWABLES 257

9780230_554207_11_cha10.qxp  9/20/2007  12:43  Page 257



electricity framework and to monitor its market pricing structures from
point to point of the grid, and the government created the State Electricity
Regulatory Commission (SERC). International grantees are providing
training to new commissioners and SERC staff in best international practices
to assure successful reforms, including regulatory incentives for energy effi-
ciency and renewable energy. Table 10.11 and Figures 10.14 and 10.15, rep-
resent the Chinese power production function compared to those of
international competitors according to British Petroleum data from 1965 to
2005. To learn more about the regulatory and legal structure of Chinese power
markets and market re-engineering see http://www.worldbank.org.cn/
English/content/roadmap.pdf.

10.5 GEOTHERMAL ENERGY

The International Energy Administration reports that there are 21 countries
generating 8000 megawatts of electricity from geothermal energy sources.
Global statistics also report that there are 11,300 thermal megawatts in more
than 27 nations for direct use applications such as aquaculture, agricultural
tools, greenhouse operations, manufacturing machinery, and industrial
processing. China uses geothermal energy as a complementary alternative
to meet its rising demand. Geothermal energy sources are increasingly
being developing in China which uses it principally for heating or cooling
devices and machinery in various industries. China principally uses

CHINESE  ENERGY  MARKETS258

Chinese y � �0.0019x6�0.0747x5�0.9274x4�3.2344x3�9.9117x2�8.552x�602.67
R2

� 0.9989

0

500

1000

1500

2000

2500

3000

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

Figure 10.14 Chinese electricity generation function, 1990–2005 (TWh)
Source: British Petroleum (2006).
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medium and low temperature geothermal energy to enhance the function-
ing of industrial machinery.

According to the State Council and the Chinese Department of Energy,
China’s total exploitable high temperature is around 150°C and China’s
geothermal resources approximate about 6744 MW. The main geothermal
centers are in Tibet and west Yunnan where natural resources are most
abundant. It is not expensive to exploit geothermal energy but given its
limitations in feeding demand, it is comparatively expensive to use as an
add-on to other similar alternative resources or as a supplement to the finite
capacity of traditional energies such as oil and natural gas. The Chinese
government aims to further develop geothermal resources to meet market
demand and to remain environmentally sound. The Chinese energy reform
program aims to implement geothermal capacities up to 100 MW by 2010,
and targets a generating capacity of between 500–1000 MW by 2050. In
2005, China had only five operational geothermal facilities with a capacity
of less than 28 MW: JangBaJin geothermal power plant (Tibet); 25.18 MW;
Naqu power plant (Tibet), 1.0 MW; Langjiu power plant (Tibet), 1.0 MW;
Fengshun power plant (Guangdong), 0.3 MW; and Huitang power plant
(Hunan), 0.3 MW. China’s largest geothermal power plant, JangBaJin holds
a capacity of 25.18 MW and generates 97 million kWh per year. It is located
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Table 10.11 Electricity generation, 1990–2005 (TWh)

1990 1991 1992 1993 1994 1995 1996 1997

USA 3185 3223 3235 3354 3407 3517 3611 3661

Canada 482 508 521 532 556 560 573 574

Mexico 122 127 130 135 146 153 163 175
Total North America 3790 3858 3886 4021 4109 4229 4346 4410

Argentina 51 54 56 63 66 67 70 72

Brazil 223 234 242 252 260 276 291 308

Chile 18 20 22 23 25 27 30 33

Colombia 35 37 36 40 43 45 45 46

Venezuela 61 65 69 71 74 77 79 83

Other S. & Cent. America 121 124 125 132 143 151 156 173
Total S. &. Cent. America 509 534 550 582 612 644 671 715

Austria 50 51 51 53 53 57 55 57

Azerbaijan 23 23 20 19 18 17 17 17

Belarus 40 39 38 33 31 25 24 26

Belgium & Luxembourg 72 73 73 72 73 76 77 80

Bulgaria 42 39 36 38 38 42 43 43

Czech Republic 63 61 59 59 59 61 64 65

Denmark 26 36 31 34 41 37 54 44

Finland 54 57 57 61 65 63 69 69

France 420 455 463 473 477 494 513 504

Germany 550 539 537 526 528 535 550 550

Greece 35 36 37 38 41 42 43 44

Hungary 28 30 32 33 34 34 35 35

Iceland 5 4 5 5 5 5 5 6

Republic of Ireland 15 15 16 16 17 18 19 20

Italy 217 222 226 223 232 241 244 251

Kazakhstan 87 86 83 78 67 67 59 52

Lithuania 28 29 19 14 10 14 17 15

Netherlands 72 74 77 77 80 81 85 87

Norway 122 111 118 120 113 123 105 112

Poland 136 135 133 134 135 139 143 143
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1998 1999 2000 2001 2002 2003 2004 2005 Change 2005 
2005 share 
over of 
2004 total 
(%) (%)

3797 3876 3990 3924 4050 4076 4168 4239 2.0 23.3

562 577 605 582 581 568 576 594 3.3 3.3

182 192 204 210 214 217 222 233 5.3 1.3
4541 4645 4800 4716 4845 4861 4967 5066 2.3 27.9

74 81 89 90 85 92 100 106 5.6 0.6

322 335 349 329 346 364 387 405 4.9 2.2

36 38 40 43 44 47 51 52 3.5 0.3

46 44 42 43 46 47 49 49 1.5 0.3

87 86 89 95 97 98 104 112 7.6 0.6

182 185 191 190 200 209 218 227 4.4 1.2
746 769 801 789 816 857 909 951 4.9 5.2

57 60 62 62 63 60 65 61 �5.4 0.3

18 18 19 19 19 21 22 23 4.4 0.1

24 27 26 25 26 27 27 27 1.2 0.1

81 82 85 81 86 88 90 90 1.0 0.5

42 38 41 44 43 43 42 43 3.6 0.2

65 65 73 75 76 83 84 83 �1.8 0.5

41 39 36 38 39 46 40 36 �10.3 0.2

70 69 70 74 75 84 86 70 �17.8 0.4

511 524 541 550 559 567 574 575 0.6 3.2

553 555 564 586 587 608 616 619 0.8 3.4

46 50 54 54 55 58 60 61 2.3 0.3

37 37 35 36 36 34 34 36 6.3 0.2

6 7 8 8 8 8 9 9 1.0 ♦

21 22 24 25 25 25 26 25 �1.6 0.1

260 266 277 279 284 294 303 302 ♦ 1.7

50 47 52 56 59 64 67 68 1.6 0.4

18 14 11 15 18 19 19 15 �23.1 0.1

91 87 89 94 96 97 102 102 �0.2 0.6

117 123 143 122 131 107 111 138 25.2 0.8

143 142 145 146 144 152 154 157 2.1 0.9

(Continued )
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Table 10.11 (Continued)

1990 1991 1992 1993 1994 1995 1996 1997

Portugal 29 30 30 31 31 33 35 34

Romania 64 57 54 55 55 59 61 57

Russian Federation 1082 1068 1008 956 876 862 847 834

Slovakia 24 23 22 24 25 26 25 24

Spain 152 159 161 161 164 169 177 184

Sweden 147 147 146 146 143 148 140 149

Switzerland 56 58 59 61 66 63 57 63

Turkey 58 60 67 74 78 86 95 102

Turkmenistan 15 15 13 13 10 10 10 9

Ukraine 299 279 253 230 203 194 182 176

United Kingdom 320 323 321 323 327 337 351 351

Uzbekistan 56 54 51 49 47 47 45 46

Other Europe & Eurasia 185 168 152 141 140 137 147 147
Total Europe & Eurasia 4569 4558 4449 4369 4283 4341 4393 4394

Iran 58 63 67 75 81 84 89 97

Kuwait 18 11 17 20 23 24 25 27

Qatar 5 5 5 6 6 6 7 7

Saudi Arabia 70 75 80 88 97 100 103 107

United Arab Emirates 17 17 19 22 24 25 27 28

Other Middle East 78 73 84 89 97 102 111 119
Total Middle East 246 243 272 299 327 341 362 386

Algeria 16 17 18 19 20 20 21 21

Egypt 43 45 47 48 50 53 57 61

South Africa 165 168 168 175 182 188 200 210

Other Africa 101 103 105 104 108 112 113 115
Total Africa 325 333 338 346 361 373 390 408

Australia 156 158 162 166 170 175 180 189

Bangladesh 8 9 10 10 11 12 13 13

China 621 678 754 812 928 1007 1081 1105

China Hong Kong SAR 29 32 35 36 27 28 28 29

India 285 309 327 350 379 413 431 455
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1998 1999 2000 2001 2002 2003 2004 2005 Change 2005 
2005 share
over of 
2004 total 
(%) (%)

39 43 44 47 46 47 45 46 2.2 0.3

53 51 52 54 55 57 56 59 5.4 0.3

826 846 878 891 891 912 932 952 2.5 5.2

25 28 31 32 32 31 31 32 3.5 0.2

196 209 225 237 246 264 280 292 4.5 1.6

154 155 146 162 147 135 148 154 4.7 0.8

63 70 67 72 67 67 66 60 �8.6 0.3

111 117 125 123 132 141 150 162 8.6 0.9

9 9 10 11 11 11 11 12 8.3 0.1

172 171 169 171 174 180 182 185 1.8 1.0

363 368 377 385 387 398 396 399 1.2 2.2

46 45 47 47 49 49 50 48 �3.9 0.3

151 146 145 145 143 152 158 161 1.8 0.9
4458 4528 4670 4764 4810 4930 5033 5102 1.6 28.1

102 110 119 128 138 146 156 169 8.5 0.9

30 32 33 35 37 40 43 45 7.0 0.2

8 9 9 10 11 12 13 14 8.0 0.1

113 120 126 134 142 153 165 176 7.5 1.0

33 37 40 43 47 50 53 56 6.0 0.3

126 132 134 139 146 147 150 153 2.3 0.8
413 440 461 489 520 547 579 614 6.3 3.4

24 25 25 26 27 29 31 34 9.0 0.2

65 71 73 80 86 92 97 104 7.2 0.6

205 203 211 210 218 234 245 245 0.4 1.3

118 121 127 138 153 155 157 163 4.4 0.9

412 420 436 455 483 509 529 546 3.3 3.0

200 207 213 217 226 228 239 243 1.8 1.3

14 15 16 17 19 20 22 23 6.9 0.1

1164 1197 1368 1435 1654 1905 2204 2475 12.6 13.6

31 29 31 32 34 36 37 38 3.8 0.2

492 526 555 571 593 612 655 679 4.0 3.7

(Continued)
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near Lhasa, Tibet’s capital, for which it generates almost half the electricity.
Geothermal electricity from this plant averages 0.64 yuan/kWh which is
higher than other means and not enough to cover generation costs. In addi-
tion to this cost, the local administration subsidizes the plant’s operation.
According to the Chinese Energy State Council, JangBaJin and Naqu sta-
tions are the only Chinese geothermal plants with high temperatures
between 140 to 160°C. The temperature of JangBaJin’s natural resources can
reach a peak of 329.8°C in water 2007 meters deep. However, the vast major-
ity of geothermal plants in China have a much lower water temperature.

Geothermal energy production is highly dependent on environmental
and weather factors creating volatility in production which can make it 
difficult for energy production to be stable and consistent with demand.
This unreliability is why geothermal energy is primarily used as a substi-
tute alternative energy.
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Table 10.11 (Continued)

1990 1991 1992 1993 1994 1995 1996 1997

Indonesia 33 38 41 44 52 59 67 76

Japan 841 871 876 887 944 969 989 1015

Malaysia 25 28 32 36 40 47 53 59

New Zealand 32 33 33 34 35 36 36 37

Pakistan 46 50 54 57 58 64 68 62

Philippines 26 26 26 27 30 34 37 40

Singapore 16 17 18 19 21 22 23 26

South Korea 119 132 148 163 185 205 228 249

Taiwan 90 99 106 115 125 133 142 150

Thailand 46 52 60 66 74 84 91 98

Other Asia Pacific 56 57 55 57 59 60 63 66
Total Asia Pacific 2430 2590 2735 2879 3137 3346 3530 3668
TOTAL WORLD 11,870 12,116 12,230 12,495 12,828 13,274 13,693 13,980

Of which: European 2464 2533 2525 2526 2565 2633 2725 2736
Union 25 # 

OECD 7586 7754 7828 8014 8230 8481 8720 8871

Former Soviet Union 1726 1681 1560 1460 1327 1294 1261 1234

Other EMEs 2558 2681 2841 3021 3271 3499 3711 3875
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10.6 WIND ENERGY

Chinese windpower generation started in the 1890s. Nowadays, the
Chinese Energy State Council has developed modern technologies to inten-
sify windpower energy, which is cleaner and one of the more productive of
alternative energy sources. Figure 10.16 and Table 10.12 show that China,
like the UK, does not utilize wind energy to the same extent as international
counterparts. For most countries, the consumption of wind energy
declined significantly in the 1990s as generation costs rose drastically.

The International Energy Administration estimates that the total capac-
ity of global windpower increased from 2 million kW to 32 million kW from
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1998 1999 2000 2001 2002 2003 2004 2005 Change 2005 
2005 share
over of 
2004 total 
(%) (%)

77 84 93 102 108 113 118 123 4.5 0.7

1020 1037 1058 1040 1058 1083 1108 1134 2.6 6.2

60 63 67 72 75 84 91 96 6.4 0.5

38 38 39 40 41 41 43 42 �0.2 0.2

66 65 65 75 82 84 89 96 8.5 0.5

42 41 45 47 48 53 56 57 1.4 0.3

28 30 32 33 35 35 37 38 4.1 0.2

241 267 295 314 336 352 372 395 6.4 2.2

163 169 185 189 199 209 218 227 4.4 1.3

94 94 96 102 109 117 126 131 4.1 0.7

66 69 74 78 85 94 102 110 8.1 0.6
3795 3933 4232 4364 4703 5066 5515 5906 7.4 32.5

14,364 14,734 15,399 15,576 16,179 16,770 17,532 18,184 4.0 100.0

2804 2845 2921 3009 3035 3126 3189 3193 0.4 17.6

9089 9310 9626 9613 9829 9961 10195 10389 2.2 57.1

1221 1236 1270 1292 1303 1343 1372 1393 1.8 7.7

4055 4188 4503 4671 5047 5466 5965 6403 7.6 35.2

Notes: * Based on gross output; ♦ Less than 0.05%; # Excludes Slovenia prior to 1991.

Source: British Petroleum (2006).
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1990 to 2005. The approximate global annual average rate of increase is 
15 per cent. With modern technology, wind energy production costs fell to
US$0.05/kWh. China has been investing in modern wind technology since
the early 1990s. According to the Chinese Ministry of Energy, this alterna-
tive energy source raised production from 20 megawatts in 1990 to 224 MW
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Figure 10.16 Wind power development worldwide, 1983–2002
Source: Chinese Energy Ministry, Chinese Energy and Technology

Symposium, 2003.

Table 10.12 The top ten countries in wind power
installed capacity, 2002 (10 thousand kW)

In 2002 Accumulated amount Ratio (%)

Germany 325 1197 37.3

Spain 149 504 15.7

USA 43 467 14.5

Denmark 53 288 9.0

India 22 170 5.3

Italy 11 81 2.5

Holland 22 73 2.3

UK 5 57 1.8

Japan 13 49 1.5

China 6 47 1.5

Source: Chinese Energy Ministry, Chinese Energy and
Technology Symposium 2003.
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in 1998. Twenty-four wind farms with a total capacity of 268 MW are listed
in Table 10.13.

Chinese wind energy production nonetheless remains far behind its ini-
tial 2000 target of 1000 MW. Wind energy in China has not flourished to the
same extent as in other countries as a result of slow growth, inadequate
government policies and too much bureaucracy, slow and inefficient
reforms in the power sector and pricing inefficiencies due to imbalances
between supply and demand within China. The economic efficiency of
wind energy is illustrated in Tables 10.14 and 10.15.

According to the Chinese Energy State Council, smaller wind generators
with a capacity of 100W–5 kW are found throughout China. Additionally,
in 1998 the Chinese government installed 156,000 units able to reach capacity
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Table 10.13 Installed capacity distribution of China’s wind farms

Facility Capacity (MW)

1. Hebei Zhangbei Wind Farm 9.8

2. Inner Mongolia Zhurihe Wind Farm 4.2

3. Inner Mongolia Xilinhaote Wind Farm 30.7

4. Inner Mongolia Huitengxile Wind Farm 1.0

5. Inner Mongolia Shangdu Wind Farm 3.875

6. Liaoning Donggang/Hengshan Wind Farm 17.2

7. Zhejiang Hedingshan Wind Farm 10.2

8. Zhejiang Sijiao Wind Farm 0.3

9. Shandong Rongcheng Wind Farm 0.165

10. Hainan Dongfang Wind Farm 8.755

11. Shandong Changdao Wind Farm 0.11

12. Guangdong Nan’ao Wind Farm 42.43

13. Fujian Pingtan Wind Farm 1.055

14. Xinjiang Dabanheng Wind Farm 64.1

15. Jilin Tongyu Wind Farm 7.2

16. Shanghai Zongming Wind Farm *

17. Jiangsu Qidong Wind Farm *

18. Zhejiang Linhaiguocangshan Wind Farm 19.8

19. Jiangxi Panyanghu Wind Farm *

20. Guangdong Shantou Huilai Wind Farm 12.0

21. Gansu Yumen Wind Farm 1.2

Note: *Not yet in operation.

Source: From information presented at the Workshop on Wind Energy Development for China in the
21st Century.
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efficiency up to 18.1 MW. The number of users of such energy approximate
159,000, mostly representing local populations in Inner Mongolia. A further
seven provinces also have over 1000 small wind generator units: Inner
Mongolia owns 140,000, Gansu 3120, Henan 2710, Ningxia 1720, Xinjiang
1680, Shandong 1330 and Anhui 1080.

Smaller units have been found to be uncompetitive with medium to
larger scale wind generation projects. Smaller units were also found to be
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Table 10.14 Prices of China’s wind and coal power (yuan/kWh of scale to
network)

(1) Wind power (2) Coal power (1)/(2) (per cent)

Xinjiang 0.70 0.32 218

Inner Mongolia 0.71 0.35 202

Liaoning 0.95 0.45 211

Shandong 0.80 0.45 178

Zhejiang 0.79 0.50 156

Fujian 0.79 0.55 143

Guangdong 0.77 0.60 132

Source: Zhao Jiarong (1998).

Table 10.15 The higher cost of wind power in perspective

As shown by this example, the current cost of grid-connected wind power including
value added tax could be as high as 0.951 yuan/kWh (11.45 c/kWh) in the period of
repayment of both principal and interest. The costs would decrease at 0.37 yuan/kWh
(4.45 c/kWh) after the loan payment period. In this context, the average life-cycle cost
would be 0.472 yuan/kWh (5.68 c/kWh). The basic assumptions for cost calculation are:

Full load power generation hours: 2500 h/year

Capacity Factor: �30 per cent

Initial investment: 8300 yuan/kW, of which

Equity capital investment 20 per cent

Domestic commercial loans: 80 per cent

Domestic commercial loan interest: 7.56 per cent

Debt service period: 7 years

Annual operational costs: 5 per cent of the total investment

Depreciation of wind power generator: 12.5 years

Value added tax: 17 per cent

Source: Chinese Energy Ministry/Department, 2003.
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economically inefficient in regard to keeping up with China’s substantial
energy demand. In 2003, China used 11 sizes of small windpower genera-
tors – 50, 100, 150, 200, 300, and 500-watt, and 1, 2, 3, 6, 10, and 20 kW
machines. Small windpower generators comprise blades, turbine, gyro-
rotor, tail wing, supporting pillar, batteries and a pad. The mechanism
functions with blades turning the turbine to produce electricity which is
stored in batteries. Stored energy is then converted with DC to AC converters
and transmitted to Chinese consumers. Wind energy systems generate
power of various voltages, such as 12 V, 24 V, 36 V, 110 V and 220 V. In 2002,
about 26 provinces, municipalities and regions used wind power.

About 25 manufacturers in China create small household windpower
units and China’s assembly capacity for small wind power generators is
30,000 units per year. The main manufacturers of windpower engines are
Shangdu Husbandry Machinery, the Power Factory in Inner Mongolia and
Shangxi Taiyuan 884 Factory. Table 10.16 lists a number of major manufac-
turers of large turbines.

Thirty domestic manufacturing entities create small-scale wind turbines
in the 50 to 300 W range. Village users can assemble about 130,000 portable
units to obtain a cumulative capacity of 17 MW. Chinese manufacturers can
produce turbines up to 200 kW in size and can also acquire technology for
500 kW size turbines. In addition, groups of wind turbines between 50 to
200 kW size are installed in arrays to produce around 13.4 MW in various
regions of China. China also exports wind turbines to the United States,
Belgian, German, Swedish, and Danish manufacturers. The Chinese mar-
ket has also benefited from exports of small windpower generators to
neighboring countries in Southeast Asia, as well as to Japan, Germany and
Cuba. In addition, China trades new technology and creates commercial
joint ventures. Research and development are also part of the Chinese wind
energy technology program. The Ministry of Electric Power reported that
the national energy renewal program has promoted Chinese wind energy
creation since 2003. According to the ministry, the Chinese national wind
resource capacity exceeds 250 gigawatts (GW). Most of the wind resource is
found in the northern and western regions of China. Additionally, there is
some wind along the eastern sea coast. The Ministry of Electricity Energy
also reports that wind resources may be used for smaller power develop-
ments in rural villages. Wind resources may also be used to supplement
inadequate supply within the Chinese national grid in order to provide a
more uniform supply and demand balance where there are regional areas
suitable for wind energy. The new Chinese energy reforms include the con-
nection to the national grid of all wind farms in the 10 to 30 MW range as
well as medium-sized wind farms with capacities of 100 MW or more.

In addition to the Ministry of Electricity Energy, or State Council, the
National Meteorological Bureau and the Meteorology Institute formulate
policies regulating wind energy allocation and monitor the balance in 
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market pricing efficiencies between supply and demand in China. These
meteorological centers also determine wind energy potential based on a
simple set of parameters, such as average wind energy density (W/m2),
and annual hours of wind speed above given limit levels in m/s.
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Table 10.16 Major large wind power generator manufacturers

Enterprises Basic status

Danish NEG Founded in 1996, joint venture, mainly assembling of 
MICON – Inner 600 kW generators and tower.
Mongolia Wind 
Power Co.

Danish MICON- Founded in 1996, mainly assembling of large wind power 
Zhejiang Power generators. Up to date 17 have been produced.
Equipment
Manufacturer

German NORDEX-Xian Founded in 1997, joint venture designing and
Aviation Generator manufacturing large wind generators – 600 kW and 250 kW.
General Co. Designed capacity for 140 units per year,

unrealised for technical and market reasons.

German HSM-Luoyang Founded in 1994, joint venture designing and
No.1 Tractor Co. manufacturing large wind generators such as 250 kW wind

generators. Ten units produced in 1995 with full German
technologies. The planned 60 units output unrealized as
the result of fund shortage.

Spanish Lude-Luoyang Founded in 1998, joint venture designing and
No.1 Tractor Co. manufacturing 600 kW wind turbines; plan to produce

2 � 600 kW generators in 1999 with a localization rate
reaching 70 per cent.

Beijing Wandian Founded in 1996 with Austria PEHR, designing and
Co. Ltd. manufacturing large wind generators. Purchased one

FLODA636 sample generator. Prototype unit produced
in 1998 with Chinese blades and tower and remained
in operation in Huitengxile Wind Farm. Planned to produce
10 units in 1999 and 30 units in 2000.

Xinjiang Wind Its subordinated wind farm was located in Xinjiang
Energy Co. Dabancheng. At the end of 1998, its installed 

capacity reached 40 MW. Through more than a decade’s
operation, rich operational and maintenance experiences 
were accumulated with strong technical strength. In 1997 
it purchased designing technology of Jacobs 600 kW. At 
present, Chinese-made Jacobs unit is working smoothly in 
Dabancheng. Its generator, gear box and yawing system are 
all Chinese made with the components such as blades,
high speed brake, hydraulic system and safety 
mechanism imported.
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The Chinese Center for Renewable Energy Developments (CRED) has
created a ‘wind concession’ approach. The concept is that of an auction
involving the buying and selling of wind rights to private developers with
the lowest bid per kilowatt-hour gaining a geographic share of the wind
market. CRED also implemented a power tariff structure with variables to
evaluate the supply and demand of windpower prices. Four batches of
wind concession projects, each capable of generating 1100 megawatts
(MW), required investments of approximately US $1.1 billion. The wind
grid pricing between bid and ask prices produces a market with tariffs of
US 4.8–6.8 cents/kWh. This system helps generate a new market in the
pricing of wind energy in China to encourage demand. Yet the system is
estimated to be inadequate and pricing tariffs are considered too low to be
cost efficient with initial investment. Demand would have to be greater and
wind energy better utilized throughout China. CRED also completed a
guidebook for wind concessions.

However, installation of wind concession programs is expensive. For
instance, according to the China Sustainable Energy Program, foreign
investors and private developers helped provide capital to design and imple-
ment wind concession programs in Guangdong and Jiangsu regions. Those
investments cost approximately $200 million in new wind installations
over several years. China will also install an additional 700 megawatts of
new wind facilities which will cost at least US$700 million. Chinese policies
are reinforcing the production of advanced large scale turbine technologies.
The Chinese Energy State Council and NDRC intend to install at least
20,000 MW of wind generation by 2020.

CRED, the China Renewable Energy Industry Association (CREIA), and
the China Wind Energy Association are producing a series of measures to
promote the production of wind energy in China. They have tested the pro-
ductivity and efficiency of local wind generating projects to encourage fur-
ther investment in wind turbine manufacturing and have proposed ideas
for expanding the wind energy market in China. They are in contact with
international partners to benefit from competition with peers and align
domestic standards with those of international market participants. They
have also developed a series of recommendations to enhance wind energy
usage. The Center for Resource Solutions (CRS) also has industry contacts
and investments to achieve these goals. Moreover, Clean Development
Mechanism (CDM) projects will account for 5 per cent to 7 per cent of total
energy investment in developing countries between 2001 and 2010. In addi-
tion, the Chinese Energy State Council also participates, with 35 to 45 per
cent of CDM carbon credits in 2010. The return on investments from the
sales of those credit units can bring up to US$1 billion per year for clean
energy projects. Yet, this is considered relatively small compared to the
total energy infrastructure investment which is approximately US$100 bil-
lion per year.
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The Chinese Energy State Council introduced an energy law in February
2006, and the Chinese government enhanced its renewable energy programs
at the Beijing renewable energy conference in November 2005. It has increased
its investments and resources toward a projected national consumption 
of 10 to 15 per cent of total consumption by 2020. The Renewable Energy
and Energy Efficiency Partnership (REEEP) and the Chinese Centre for
Renewable Development (CRED) contributed to research which evaluated
15 per cent of wind energy demand at 764 MW. CRED also reports that
mainland wind developments are able to produce as much as 250 GW and
Chinese offshore resources 750 GW. The Chinese State Council also targets
a total wind generation capacity of 5 GW by 2010 and 30 GW by 2020.

The Chinese Energy State Council is focusing on developing more 200-
kilowatt or larger wind-driven generators and windpower field control and
management system. The whole government strategic plan is to develop
policies and conditions to bring the national windpower capacity to 0.3 to
0.4 million kilowatts, equal to 0.35 to 0.46 million tons of standard coal, by
2000, and 1–1.1 million kilowatts, equal to 1.08 million tons of standard
coal, by 2010.

10.7 SOLAR ENERGY

The Chinese Energy State Council promulgates the usage of energy-saving
solar buildings, solar energy water heaters and photovoltaic generating
systems. Solar energy buildings and solar energy water heaters are most
popular with the general population of China. The strategic development
aim is to generate a total capacity of solar energy equivalent to 1.23 million
tons of standard coal by 2000 and 4.67 million tons of standard coal by 2010.
World solar production is also exponential (see Figure 10.17 and Table 10.17).

The Chinese government includes solar energy in its portfolio of alter-
natives or renewables to alleviate inflationary global energy prices and
adequately to meet rising demand. The Chinese government began to
develop solar power technologies in the 1970s. The new policy programs
plan to further develop solar technological facilities such as those already
installed in Tibet which have a total capacity of 100 MW.

China produced 3 MWp of photovoltaic cells in 1999, and its total cumu-
lative amount in operation totals 15 MWp. The solar market does not repre-
sent a vast capacity compared to other alternative energies. Solar energy
can only ramify 1 per cent of 15 MW to the national grid. Half of the solar
energy produced is used for telecommunication projects. Half of Tibet’s 889
townships had PV-based satellite stations in 1997. Thirty per cent of the
projects are for individual usage and 10 per cent of the telecommunication
tools based on solar energy are for industrial use. Pricing regulations vary
according to the available supply. Sales of photovoltaic cells on the domestic
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Chinese market rose at an increasing rate by an average of 20 per cent per
year since the late 1990s. Pichel (2006) provides more information about the
costs and market pricing of solar energy in China. Solar energy is the sim-
plest and most widely used renewable resource principally due to the
cheap cost of heating water and using solar energy. Among its manufactur-
ing performances, China ranks first in the world in the production of solar
water heaters.

According to Jiménez Viviana (2005) from the Earth Policy Institute,
rises in world sales of solar devices will alleviate Chinese domestic pricing.
Statistical information reveals that from 1990 to 1998, the total heat collection
area used for solar water heaters rose tenfold, that is from 1.5 million square
meters to 15 million m2. Statistics also indicate that 1999 sales reached 5 mil-
lion m2, representing a market worth 3 billion yuan. Chinese authorities also
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Figure 10.17 World production of solar battery components, 
1988–2002 (MW)

Source: China/Spanish Renewable Energy Symposium (2003).

Table 10.17 Number and capacity of minimum large-scale Chinese power
stations, 2003

Large-scale centralized power station (
100 kW) 5 5 5

Total (MWp) 288 395 525

Source: Wang Sicheng, Solar Photovoltaic Generation, China/Spanish Renewable Energy Technology
Symposium, Dec. 2003.
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predict that over the next ten years, solar power water heaters will increase
at an annual rate of 15 per cent to reach 100 million m2 by 2010, 200–250 mil-
lion m2 by 2020 and 400–600 million m2 by 2050. This exponential growth
rate is matched by an increasing industrial and manufacturing rate of 20 to
30 per cent per year providing total capacity of 6 million m2 each year. 
The Chinese Energy State Council also reports that about 1000 Chinese
firms create, manufacture, sell, and install solar water heaters. Solar water
heaters are also being exported to countries in Southeast Asia and Europe.

According to the Chinese Ministry of Energy and a survey conducted
among 188 enterprises involved in the solar heating industry, only 44 are
owned by the state. The survey, conducted by the Specialized Committee
on Solar Energy, indicates that the rest are primarily collectives or private
companies. More enterprises are based in the east than in the west of the
country. The survey also reveals that about 80 per cent of users of solar heat-
ing systems are small to medium-sized enterprises looking to use energy
efficiently. Solar heating systems are not adequate or efficient enough for use
in large manufacturing units and factories which is why only 20 per cent of
large companies have an annual capacity greater than 10,000 m2. The sur-
vey also reports that only two companies exceeded 100,000 m2 per year.

The Chinese Energy Ministry has also reported rapid development in
photovoltaic technology. A new solar heating system uses a single-crystal
silicon battery, a multi-crystal silicon battery, a non-crystal silicon battery, 
a hull cell and a compound battery. This new technology improves the con-
version efficiency of batteries. The conversion efficiency of this solar heat-
ing system generating energy with batteries is able to reach 15 to 17 per cent
in a single crystal silicon battery and 14 to 15 per cent in a multi-crystal silicon
battery. The Chinese Specialized Committee on Solar Energy also observes
that with this new technology, the highest conversion efficiency is over 25
per cent, which also contributes to decreasing the production cost. The price
of a crystal silicon battery component was about US$6.5/Wp in 1995, decreas-
ing to US$5.0/Wp in 2000. It decreased further to US$3.0–3.5/Wp in 2002.
The cost of the solar alternative system has decreased by 47 to 54 per cent
in 7 years. Given other energy alternatives and renewables, the cost of a
crystal silicon solar battery will decrease to US$2/Wp by 2010 and system
price to US$3.12/Wp, while the estimated electricity price will increase to
US$0.11/kWh. The China National Energy Strategy and Policy 2020 pro-
gram ‘Renewable Energy Strategy and Policy’ also reveals that by 2020, the
price of a crystal silicon solar battery will decrease to US$1.0/Wp, system
price will reduce to US$1.52/Wp, and the electricity price will reach
US$0.052/kWh. The report also indicates that production is increasing
exponentially. Since 1988, the production of solar batteries rose fifteen-fold
increasing from 33.6 MWp to 561 MWp in 2002. Production of solar energy
in China is third in the world, behind the United States (second) and Japan
(first). Researchers in the Chinese energy department indicate that research
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and development technologies in solar energy are lowering costs and are
concentrated on high-efficiency and low-cost batteries using special materials
such as non-crystal silicon and micro crystal silicon layers thin film battery.
According to the statistics, global solar water heating reserves were approx-
imately 100 million m2 in 2002. This represents approximately 14 million tons
of standard coal equivalent. According to the 2020 China National Energy
Strategy and Policy half the global reserves are in China. Tables 10.18 and
10.19 provide information on solar water heating in China.

However, solar systems are still not completely reliable as they depend
on climate, which is changeable. There are three types of solar energy sys-
tems used to create heat. One of them uses a line focusing system, another
applies a tower system and a third type uses a system resembling a satellite
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Table 10.18 Major regional distribution of solar water heater manufacturers
in China (based on survey data collected in 1997)

Area Number of Annual capacity Annual capacity
enterprises 
10,000 m2 
5000 m2

China as a whole 188 35 26

Beijing 15 5 2

Titanjin 2 1 1

Hebei 42 5 4

Jiangsu 31 10 4

Anhui 13 3 2

Shandong 25 5 3

Guangdong 7 2 1

Sichuan 3 1 1

Yunnan 16 2 7

Gansu 4 1 1

Shanxi 3 0 0

Liaoning 6 0 0

Zhejiang 4 0 0

Henan 9 0 0

Guangxi 1 0 0

Hainan 1 0 0

Xinjiang 2 0 0

Heilongjiang 1 0 0

Source: Survey Report on Solar Water Heater Manufacturers, 1997, by Chinese Specialized Committee
on Solar Thermal Utilization.

9780230_554207_11_cha10.qxp  9/20/2007  12:43  Page 275



CHINESE  ENERGY  MARKETS276

Table 10.19 Technical and economic features of Chinese-made solar
water heaters

Integrated Flat plate Vacuum

Heat collecting area (m2/unit) 0.3–1.0 1.0–2.0 1.0–1.2

Average system efficiency (per cent) 45–50 About 45 40–45

Hot water output (kg/day) 60–70 70–100 70–100

Water temperature (C) 40–60 40–60 40–70

Average price (yuan/m2) �500 700–1000 1500–2500

Sources: ‘Draft of Rural Energy Development Study in the P.R. China’, Asian Development 
Bank, 1996.

dish. The solar heating system installed capacity is over 350,000 kW.
Researchers Zhang Zhenmin and Wang Gehua forecast in the China National
Energy Strategy and Policy Plan 2020 that solar energy heat generation will
be applied in mature and developed countries in 2020 as an alternative
energy to lower the cost of oil and natural gas and to leverage global mar-
ket prices (see Figure 10.18).

Solar energy applications are now more advanced and benefit from new
technologies and modernization. Appliances such as stoves can utilize
solar energy, as well as passive solar houses and solar energy dryers. China
currently produces solar energy water heaters of 2.3 million square meters,
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Figure 10.18 Solar water heating sales, 1998–2020
Source: China Strategy (2020: 213).
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passive-type solar houses of 1.8 million square meters, solar energy crop
warm houses of 342,000 hectares, 140,000 solar stoves and solar energy dry-
ers of 13,200 square meters.

An average of one square meter of solar water heater can save 100 to 150
kilograms of standard coal per year (Table 10.20; see also Figure 10.19 and
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Table 10.20 Basic technical and economic features of a large household
solar water heater and a coal burning boiler

Solar water heater Coal burning boiler

Local solar radiation total: 585 � 104KJ/m2/year Boiler capacity: 1.0 t/h

Solar energy utilization coefficient: 0.7 Number of boiler: 1 unit

Water heater average conversion rate: 0.65 Boiler efficiency: 0.4

Initial investment: 135,200 yuan Coal thermal value: 16720 kJ/kg

Of which heat collector: 68,000 yuan Coal price: 200 yuan/t

Annual coal consumption: 50 t

Initial investment: 86,850 yuan of
which boiler:45,000 yuan

Annual system operation costs: Annual operational costs: 
50 yuan in first 5 years 11,600 yuan
150 yuan in the second five years

Source: ‘Economic Performance Intercomparison of Large Solar Water Heating System’, Solar Energy,
Henan Academy of Sciences, 1998.

Vacuum
Water Heater

50

Flat Plate
Water Heater

88

Integrated
Water Heater

112

Flat Plate Water
Heater 45%

Vacuum Water
Heater 35%

Integrated Water
Heater 20%

Figure 10.19 China’s solar water heater output and market composition,
1997 (10,000 m2)

Source: Chinese Energy Ministry/Department.
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Table 10.21). An average of one square meter of floor space in a solar 
heated Chinese home saves about 20 to 40 kilograms of standard coal a
year, and a solar stove saves 500 to 700 kilograms of straw or wood 
per year.

As noted above, solar energy photovoltaic power started to develop in
China in the 1970s. From 1983 to 1987, China ran seven solar-cell produc-
tion lines with imported technologies. In 1988 China created a solar-cell
production capacity of 4.5 megawatts, against 200 kilowatts before 1984.
Solar cells are used not only for telecommunications but also in rural areas
where there are no other power sources, accounting for 1.1 megawatts 
per year. China utilizes solar energy in twenty-eight counties, in over a
thousand villages and a thousand islands, many of them hard to access.
There are two photovoltaic power stations in Tibet with capacities of 10 kW
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Table 10.21 Economic performance of solar and gas water heaters

Solar water heater plus Gas water heater
electric heating system
used for backup

Scale 1.5 m2 10 liters

Initial investment 3200 yuan (including
electric heater) 1500 yuan

Life span 10–15 years 5–10 years

Heating efficiency 0.52 0.8

Power tariff 0.6 yuan/kWh –

Gas tariff – 1.2 yuan/m3

Annual power consumption 73 kWh –

Annual gas consumption – 364 m3

Cash interest 2.25 per cent 2.25 per cent

Equipment depreciation 6.7 per cent 6.7 per cent

A) Annual power expenses 43.8 yuan –

B) Annual gas expenses – 436.8 yuan

C) Annual depreciation 214.40 yuan 100.5 yuan

D) Annual interest 80.00 yuan 37.5 yuan

Annual total operation 338.20 yuan (not 574.80 yuan
expenses (A � B � C � D) including compound (not including 

interest) compound 
interest)

Sources: ‘Assessment of Economic Performance of Housebold Solar Water Heater’, Solar Energy, 
Lin Jianmin, 1999.
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and 20 kW, providing energy to nine counties without hydraulic power or
electricity. Solar cell research also provided an efficient and practical model
of the single-silicon cell.

10.8 OCEAN AND SEA ENERGY

According to IEA (2007) modern technologies have been producing energy
from the ocean, waves and tides since 1956. China’s first tidal stations and
engines are in Fujian and Guangdong provinces and are used for pumping
water for irrigation. Tidal energy development is mainly focused on the
areas of Zhejiang and Fujian. Before 2000, experiments and research in
10,000 grade generating sets and sea engineering developed capacity close
to 50,000 kilowatts. The Chinese Energy State Council aims to install power
stations producing 30,000 kW by 2010. Technological progress allows the
conversion of tidal energy to electric energy.

China’s ocean and sea energy evolution progressed in three stages, with
the first phase dating back to 1958. From the early 1960s, China established
about 40 small tidal power stations with a capacity of a few dozen kilo-
watts. The second phase started in 1970 with a small number of tidal power
stations with larger capacities, among them Jiangxia tidal power plant and
Baishakou power plant holding a capacity of 3000 kW each. Tidal power
stations constructed during those two early stages were decommissioned
principally as a result of technological inadequacies, capacity limitations
and substantial conflict between irrigation and navigation purposes. During
the 1970s, power from waves and tides was further developed in urban
centers such as Shanghai, Guangzhou, Dalian, Qingdao, Beijing and Tianjin.
For instance, a Shanghai boiler works invented a prototype for floating
wave energy power near the sea borders around 1975. Zhou Shan sea sta-
tion began operations in 1978. The late 1970s were typified by propeller
engines using tidal power, which were able to reach capacities of 5.7 kW
with a waving flow rate of 3 m/s. Similar developments were also con-
structed in Qingdao and Harbin. According to the Chinese Sustainable
Energy Program, the Guangzhou Institute of Energy Conversion and the
Chinese Academy of Sciences tested new innovations using weather
related variables with the ‘Lifting Cycle by Fog Drops’ and ‘Open Cycle of
Oceanic Thermal Energy Conversion’. The Chinese ocean and marine energy
section ran seven tidal power engines and one tide flood power station
with a total capacity of 11 MW.

The third phase in the evolution of sea and ocean energy production in
China is marked by modern scientific and technological progress enabling an
increase in capacity to 10 MW tidal power stations. This phase also saw test-
ing and surveys on Pingtan Island in Fujian and Dachen Island in Zhejiang.
The Xingfuyang tidal power plant on Pingtan Island was constructed in
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1985 and has been able to hold a capacity of 1.28 MW since May 1989. In
addition, as modern technology advanced, China added robust capacity
and stronger engines to increase energy production and holding capacities,
such as a 10 MW intermediate testing tidal power station in Jiantiao Port in
Zhejiang and Daguanban Port in Fujian and the implementation of the
Maluanwan tidal power plant. Also during the later phases, the China
Sustainable Energy Program reveals that Shanghai Research Institute of
Hydrographic Bureau increased performances and capacities with an addi-
tional four-valve type wave energy power conversion engine for trans-
forming tidal waves into energy. About 10 sets were constructed in 1985.
Additionally, the Guangzhou Research Institute of Energy Conversion of
the Chinese Academy of Sciences invented the BD-102 type wave energy
conversion engine. It utilizes a symmetrical wing air turbine that is patented
in the National Patent Bureau. Many city centers along the eastern coast
used these engines to leverage the usage of sea and marine waves into energy
to feed urban centers such as Guangzhou, Shanghai and Tianjin. Similar to
hydropower energy, Daiwanshan tidal waves station can hold a capacity of
8 kW with generators holding as much as 3 kW each. According to the
China Sustainable Energy Program, more private companies were invest-
ing in renewable energy, such as Taiwan Electric Power Company in 1989.
During the mid-1980s, the Xian manufacturing hub also produced marine
and sea tidal wave generators. Sea and hydro energy tides produced addi-
tional stations with a capacity of 70 kW. However, these have limited 
capacities and are expensive to maintain.

Advanced technologies allow the usage of alternative energies such as
tidal energy, wave energy, ocean thermal energy and weather drops, as well
as the creation of significant capacities of 0.3 million kW. More testing is
ongoing with advanced technologies to utilize ocean energy. The Chinese
Energy State Council, the NESP and the China Sustainable Energy Program
provide ample information about advanced sea technology developments.
China’s coasts benefit from substantial multiple natural resources along
32,000 kilometers of coastline and on more than 6500 offshore islands. With
these geographical advantages, China is able to leverage from large natural
capacities and exploit the potential of tidal and wave energy generation.
The International Energy Administration reports that China has exploitable
tidal resources of 21.8 GW with annual electricity capacities of 62.4 TWh.
Fujian station produces as much as 40 per cent and Zhejiang owns 47 per
cent of this total. The administration also notes that Zhejiang benefits from
wave energy with as much as 14 GW. Wave energy resources are 12.9 GW,
representing a third of total energy resources in Taiwan. Furthermore, the
International Energy Administration reports that the Chinese ocean thermal
energy produces 1320 to 1480 GW near the Xisha Islands and the offshore
areas east of Taiwan.
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10.9 COAL LIQUEFACTION AND TRANSFORMATION
PROCESSES

China has intensified the search for alternative means to secure energy as
consumption continues exponentially to outpace production. To alleviate
the inflationary pressures of energy prices, Chinese government policies
also focus on investing in alternative energies. Coal is a substitute for oil
and natural gas, easy to use energies that are depleting and are partly
responsible for economic pricing dislocations. In this section, we consider
alternative means to solve the forecast energy shortage.

The market for liquefied petroleum gas has risen exponentially since the
1990s, particularly in rural areas (see Figure 10.20). Table 10.22 illustrates
China’s reliance on coal mines to generate energy and its labor productivity
in comparison to the USA (to which it is second), Australia and South
Africa.

According to Credit Suisse Hong Kong research, coal prices in 2010 are
estimated to average about US$45 a ton. Crude oil futures on the New York
Mercantile Exchange rose 25 per cent through 2005 to reach US$75.78 a barrel
on 7 July 2006, which represents the highest peak since New York trading
began in 1983. Credit Suisse calculates that coal liquefaction plants are
exploitable as long as oil continues to trade at US$30 a barrel. To ameliorate
and intensify energy products and maintain prices at affordable levels,
other measures have been taken. Shenhua Ningxia is building a separate
coal-to-chemicals plant at Ningdong, in the east of the province. The plant,
designed to turn 250,000 tons a year of coal into methanol, was intended to
be completed at the end of 2006 and to start producing methanol early in
2007. The plant cost 1 billion yuan (US$125 million). The company also
intends to spend 10 billion yuan to build a plant to transform coal into raw
chemical material, polypropylene, at Ningdong. This is scheduled to start
operation in the first half of 2009. According to the International Energy
Administration (EIA) (2005; 2006), coal represents 65 per cent of China’s
primary energy consumption. China is the world’s biggest global con-
sumer and producer. According to the British Petroleum Statistical Report
(June 2006), China’s coal consumption rose from 978 to 1082 million tonnes
equivalent from 2004 to 2005. Statistics show that coal consumption and
production rose exponentially, in parallel, over the last 20 years. Coal is a
traditional energy source used primarily because it is cheap and abundant
in China. The sole disadvantage for Chinese coal production is that policy-
makers have neither reformed its infrastructures nor re-engineered its
drilling and extraction machinery. More recent Chinese statistics demon-
strate that coal policies remain part of the 2006 renewable energy policy
reforms and that coal mines in China are being renovated with new tech-
nologies and more efficient advanced machinery.
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The International Energy Administration annual energy outlook report
(2006) observes that China’s coal consumption in 2003 was 1.53 billion
short tons and that Chinese consumption represented 28 per cent of the
world total. Recent statistical data also shows that coal consumption rose
significantly from 2001 to 2003, compensating for the decreasing pace from
1997 to 2000. The Chinese economy has been expanding significantly,
boosted by the foreign investments poured into the country during the
1990s, primarily profiting from cheaper forex, limited human rights and
labor law reforms. At the time, the Chinese middle class did not have the
capacity to consume as much as that of the matured markets, neither did it
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Figure 10.20 Rural families using liquefied petroleum gas
Source: Chinese Energy Ministry, Chinese Energy and Technology

Symposium, 2003.

Table 10.22 International comparison in labor productivity and labor cost
of coal industry, 1998

China state- USA Australia South
owned key mines Africa

Coal output, Mt 503.5 927 219.4 219.3

Workers, thousand 2629 78 20.3 58.5

Productivity t/p/yr 192 11,846 10,788 3749

Labor cost, US$/t 4.2 3.8 10.5 2.9

Annual wage, US$1000/p 0.88 44.6 76.2 11.1

Note: One US dollar � 8.3 yuan renminbi; Mt � million tons, t � tons and p � persons.

Source: State Bureau of Coal Industry; IEA, Coal Information, 1999 edition.
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have the incentives to reform its energy policies with the rise of industrial
and manufacturing production. It was not until the late 1990s that China
began to experience problems with its domestic rising demand and poten-
tially unsustainable energy needs over the short term. In consequence,
China reformed its energy policies significantly in 2006, having experi-
enced massive failures in coal mines and other energy sectors as a result of
inadequate capacities, infrastructural inefficiencies and lack of adequate
international standards.

However, developments were delayed until the commitment of foreign
investment needed to enable reform and renovation. At the same time,
China started to use more efficient means of energy such as natural gas, oil,
and electricity generation from a variety of sources, such as hydro or nuclear
power. Consequently, China’s rising dependence on easier but more expen-
sive alternative resources such as oil led to a coal surplus. The Chinese gov-
ernment attempted to export the coal surplus to neighboring markets in
Asia, and as part of the energy reforms, coal mines that were too incapaci-
tated or too expensive to renovate were closed. According to statistical data
from the International Energy Administration (2006), tens of thousands of
small coal mines were closed because inadequate security, employees’
safety hazards and overproduction resulting in surplus capacity made
them too expensive to maintain. By 2004, according to the World Energy
Council and the International Energy Administration the Chinese popula-
tion has been facing grave challenges in meeting the exponentially rising
demand for energy, including coal. Some years saw depressed prices from
low demand, while later years exhibit substantial variations. This market
volatility is principally due to the opening of markets and adoption of glob-
alization standards and policies, enabling significant populations to
increase their lifestyles and energy needs at the cost of others. For instance,
Chinese surpluses are eroded through rising exports to try to decrease the
pricing trend of coal which was the case in 2002 and especially 2003. But
fundamentally, those eroded surpluses, accumulated at the beginning of
the century and dissipated cheaply to exports to purchase more expensive
means of energy, represented the substantial resources extracted from gen-
erations of significant work at very low prices. The author’s study of vari-
ous global oil curving points demonstrates that China’s coal will be on the
rise again, perhaps around 2010 to 2015, primarily because during the ensuing
period, oil prices will vary in disparate geopolitical strategic points of the
globe creating more speculation and discrepencies in oil market pricing
efficiencies. And in the meantime, it will be more expensive for the Chinese
middle class to rely exclusively on oil and natural gas prices as they create
an inflationary pressure on their living standards.

So, from the beginning of its reforming agenda, Chinese policy-makers
smartly diversified into other alternatives in order to leverage fully from its
main capabilities. Thus, coal pricing curves are estimated to continue to rise
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as a reliable contingency substitute for oil and natural gas, and China’s coal
demand is projected to rise significantly. Economically speaking, while coal’s
market share as part of total Chinese energy consumption is projected to
decrease at a growing pace and oil and natural gas demands will rise, coal
consumption as a whole is forecast to rise in absolute terms. Technological
innovations are being installed along with advanced methodologies such
as coal gasification, gas liquefactions and a coal pipeline. These allow for the
creation, transformation and transport of coal in its alternative forms from
point to point within China. For instance, a pipeline transmits gasified coal to
Qingdao port. Another new alternative is to produce coal-bed methane, and
to this end British Petroleum, Chevron Texaco, and Virgin Oil drilled into
Ningxia province in January 2001. According to Chevron Texaco’s informa-
tion for investors, regulators and press officials, Chevron Texaco is the
largest foreign investor in coal-bed methane. Other energy firms such as
ConocoPhillips performed similar experiments in coal-bed methane in April
2004 in Shaanxi province which is near the west-to-east pipeline zone.

Since its entry into the WTO more advanced technologies have become
available to Chinese energy corporations and China has allowed more for-
eign investment into improvements in its coal industry, to modernize exist-
ing coal mines and create more efficient and safer large-scale mines. The
China National Coal Import and Export Corporation is the main Chinese
corporate entity to benefit from foreign intelligence, expertise and invest-
ments to improve capacities and renovate machinery infrastructures. Since
around 2002, the Chinese Energy State Council has rapidly reformed and
re-engineered coal mining sectors to maintain pricing efficiencies in domestic
and international markets. Moreover, China aggregated a number of large
old state coal mines into seven private Chinese corporations at the end of
2005. This corporate governance overhaul is part of the CNPC and Sinopec’s
re-engineering to integrate new technologies and financial structures in its
private entities to compete at an international level and to be able to main-
tain global financial and energy pricing efficiencies. Chinese energy firms
aim to move towards foreign venture capital and private equity businesses
as part of modernization and internationalization of corporate governance
programs and to meet domestic as well as international market needs.

Part of this overhaul consists in integrating new technology such as coal
liquefaction technology to create liquid fuels based on coal. The Shenhua
Group in Inner Mongolia started coal liquefaction projects in 2005. The dis-
advantage of this new technology so far is its cost and economic infeasibil-
ity. According to the Energy Information Administration report (2006),
Chinese energy policies plan on decreasing reliance on coal to less than 60
per cent of total energy use by 2020. China currently relies on coal to meet
66 per cent of its energy needs. In addition, the government is attempting
to increase use of clean coal technologies for power generation, which
includes coal liquefaction for transport fuels.
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The 2006 Energy Information Administration report also asserts that
policies over the next ten years suggest integrating the NDRC’s Energy
Bureau within the State Energy Office, which is independent and an inte-
gral part of the Ministry of Energy. This government body also promotes
research and development in coal technologies. As part of this program,
Chinese government policies are promoting investments in the coal sector
of 279 billion RMB or US$34 billion between 2000 and 2010 and another 200
billion RMB or US$24 billion between 2010 and 2020. The targeted invest-
ment goals also approximate around US$500 billion and US$700 billion for
power generation, principally from coal-fired generation. Since 2002, the
Chinese government has developed liquefied natural gas programs, pri-
marily due to rising demand and supply shortages. Thus, according to the
ChinaBidding reports of July and August 2006, private Chinese corpora-
tions are moving aggressively into more advanced technological research
and development. For instance, the International Energy Administration
(2006) reported on peak-load capacity and growing concern about pollu-
tion from coal firing. Private firms in China have started to use cleaner
burning fuel alternatives such as LNG to generate electricity. Reports say
that electric power demand rose by about 15 per cent in 2004 and that
China experienced a 30-gigawatt nationwide power deficit that year within
its 24 provincial grids. Demand on the domestic grids initiated a rising fuel
oil demand estimated at 170,000 barrels per day to generate electricity.

The International Energy Administration (2006) forecasts a power short-
fall which will become increasingly significant, principally due to the
emerging middle class’s demand for fuel oil in the power sector. The
Chinese government is trying to keep up with this rise by creating new
LNG projects while also accelerating imports, from 1 million metric tons in
2006 to between 20.9 and 25.9 million metric tons in 2015. The Chinese gov-
ernment started construction of LNG regasification stations in Guangdong
Province that began operations in June 2006, importing initially from
Northern West Shelf Australian LNG. The city of Xiuyu in Fujian Province
is also part of the 2008 enlargement plans to facilitate growing demands
and imports. In parallel to these value added infrastructures constructed
from 2005 to 2010, the Chinese government is reviewing more than 10 addi-
tional LNG infrastructures along the coastal zones of China to balance
import delivery throughout the whole country, to reduce transportation
costs and avoid concentrated market inefficiencies surrounding urban cen-
ters. According to the Energy Information Administration (2004–2006), the
Chinese government plans to build additional LNG terminals on China’s
northeastern coast, close to Russia, to facilitate imports of natural gas via
pipelines from Irkutsk. These gargantuan infrastructural engineering projects
aim to regulate international energy pricing more efficiently and to alleviate
global market pricing deficiencies and significant economic gaps between
regional market participants. The intensification of new infrastructural
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pipelines, ports and liquefication technologies are part of the globalization
smoothing framework to equalize pricing within regional zones and to
facilitate the raising of new standards.

Some of the additional infrastructure projects came about as a result of the
lack of progress in negotiations between China and Russia with regard to
Russian natural gas pricing being indexed to domestic Chinese coal prices.
The way to smooth such markets is to introduce derivatives and to introduce
an intermediary market to convert one into the other; thus providing a bridge
between two very different markets in pricing and infrastructural engineering
abilities. This facilitating idea started to appear in late 2005 and is estimated
to take some time to develop over a large scale to bring smoothing capaci-
ties within those regional zones. LNG pricing in Asian contracts tradition-
ally has been linked to the price of oil, not coal. Recently, China has indexed
LNG and natural gas pipeline imports to the price of domestic coal.

Additional LNG projects enhance the industrial and manufacturing
developments in surrounding areas. Guangdong and Fujiang projects in
Shanghai, Ningbao Zhejiang Province and Qingdao Province participate in
the economic improvements of the neighboring regions. These regions of
economic growth and rising industrial output are the most substantial in
capacities. For instance, Shanghai is both China’s largest city and port. As the
most future-oriented city in the world, Shanghai provides an example of lead-
ership within its region. Around 2005, Shanghai consumed more than 46 mil-
lion short tons of coal per year, fulfilling 70 per cent of energy demand.
Shandong’s soil proves to have substantial natural resources, including coal.

The smoothing and regulation of Chinese energy prices within its own
grid has proved a challenge since 2002. As a possible solution to regulate
this market between energy alternatives or renewables, the Chinese Energy
State Council for LNG developments has large coal-fired power plants, and
the government is carefully considering the issue of natural gas and coal
prices charged to the power plants. According to the International Energy
Administration (2004) and the World Energy Council’s Survey of Energy
Sources (2004), the cost of coal from Northern China was approximately
$1.92 per million Btu. Statistical reports confirm that the average cost of
natural gas from China’s west-to-east pipeline is around $4.22 per million
Btu. Chinese coal-fired electricity generation costs on average $34 per
MWh, and Chinese natural gas fired generation $44 per MWh. Potential
users of natural gas in the electric power sector estimate that prices for nat-
ural gas need to be in the range between $3.30 to $3.60 per million Btu to be
able to be feasibly and economically competitive with coal as a similar sub-
stitute. As an example, the expected price of natural gas from the Guangdong
LNG terminal is $2.80 per million Btu, with transportation costs, and an
additional $0.40 per million Btu for liquefaction transformation to gas. The
economics and pricing of the coal market in China have been the subject 
of numerous studies since 2004. SSY Consultancy and Research Limited
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(2005) released a survey of future trade pricings in ‘SSY’s Coal Trade
Forecast’ and Meadows (2005) provides additional information about coal
markets in ‘Coal Plants Toast’ in the Chronicle Journal.

The pricing of the Chinese coal market is relatively smooth domestically,
especially throughout the eastern and southeastern regions, which have
greater coal resources. These areas are economically productive as they
account for half China’s total GDP and their coal resources contribute to
about 17 per cent of total energy resources. Consequently, coal transporta-
tion from those regions to the central, western and northern outreach may
average 340 miles. The Chinese transportation network is being remodeled
and archaic rail infrastructures, potentially hazardous to employees, are
being upgraded. Transportation pricing is embedded in the cost of coal
energy depending on point to point transmission grids. As early as 1992,
the Chinese pricing system was opened to similar international competing
markets with bid and ask prices and negotiable spreads to define market
efficiencies and liquidity. Chinese pricing markets are composed of vari-
ables such as state-run producers, medium-sized wholesalers’ intermedi-
aries, large manufacturing and industrial entities and foreign investors and
importers. The 2005 statistical data reports that domestic coal prices were
around $5 to $7 per short ton higher than the international market price of
high quality steam coal (Figure 10.21 represents a coal pricing function by
region). This added embedded high transportation and maintenance costs
in Chinese domestic prices creates a new opportunistic market of interest to
foreign investors and Chinese importers.

Chinese prices are also subject to an added premium from pollution
emission units imposed by international standards. Companies running on
archaic infrastructures and not modernized according to international stan-
dards are subject to penalties if considered too polluting. Some companies
may purchase pollution emission units to hedge their coal energy production
and not be subject to such regulations. According to the State Environmental
Protection Administration (SEPA), new international pollution regulation
standards require companies to pay a tax or a fee if they pollute and gener-
ate sulfur dioxide emissions. SEPA multiplied the fee tenfold in October
2003 for emissions of sulfur dioxide and nitrogen oxide. Additionally,
Chinese coal-fired plants that use inadequate or inefficient archaic pollut-
ing infrastructures are subject to a governmental due diligence program to
evaluate the adequacy of continuing performances and market efficiencies.
Depending on the age and condition of the infrastructural machinery, the
government audits approve continued usage.

Since 2003, Chinese financial and commodities markets have been more
closely involved with the reforms of market pricing efficiencies, particu-
larly with direct neighbors who have not shared the Chinese experience.
Chinese market officials are rapidly reforming internal infrastructures in order
to smooth domestic pricing with that of linked and correlated regional
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competitors. Thus, the Chinese Energy State Council aims to index its
import contracts for LNG and natural gas pipelines to bring them in line
with domestic coal prices. This is also aimed to smooth the import trading
grid on a global scale. Very few commodity-rich countries use transforma-
tions of one energy into another and they remain primarily reliant on
unique original energies, not least because they are easily exploitable.
However, with the rise of global competition for inevitably limited and
scarce natural resources, the transformation from gas to liquid (GTL) becomes
a more attractive alternative and a means by which to leverage limited natu-
ral gas reserves. It is worth noting that as yet only South Africa and Malaysia
have commercial GTL operations, although since 2003 similar energy options
and derivatives have been planned in other countries rich in energy resources,
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including Algeria, Australia, Egypt, Iran, Nigeria, and Qatar. According to
the International Energy Administration (2006), plant sizes range from 20,000
to 160,000 barrels per day of liquid output. Russia also has significant poten-
tial for GTL production as it is highly rich in natural gas resources.

The Chinese government implemented a framework for increasing 
production of alternative energies to compensate and respond to the rising
demands of the new middle class. In response to the exponential rising
demand for crude oil, substitute and alternative energy products are also
being developed. A professor at Xiamen University in East China’s Fujian
Province reported to ChinaBidding news that substitute products, such as
coal and renewable energies offer ways to avoid full dependence on crude
oil and vulnerability to rising global prices. China started to engineer new
technologies, such as coal-to-liquid fuel processes, twenty year ago. Zhang
Yuzhuo, manager at Shenhua Corporation, China’s largest coal producer,
revealed that coal liquefaction became more important and was heavily uti-
lized when China became a net oil importer in 1993. The Chinese government
created its first coal-to-liquid operation in Pingdingshan, Central China’s
Henan Province, in 1999. The 500,000-ton annual capacity project closed
because the coal grade was not appropriate for the liquefaction process.
The 863 program coal-to-liquid fuel project started in 2001. Shenhua Group
was the first enterprise to initiate its production and in August 2004, the
group started the implementation of a direct coal liquefaction program in
Ordos in North China’s Inner Mongolia Autonomous Region. The annual
capacity is approximately five million tons and costs 24.5 billion yuan or
US$3 billion. The first part of the project aims to produce 3.2 million tons 
of oil derivatives and is targeted to be on production by 2007 while the 
second phase aims for production by 2010 with an annual capacity of 
2.8 million tons.

To help compensate for the rising demand for crude oil, all energy pro-
ducers are investing into more coal and gas productions. In February 2006,
the Lu’an Group initiated another coal liquefaction project with annual
capacity of 160,000 tons in Tunliu, Shanxi Province. In April 2006, Yankuang
Group also started a huge two-phase coal liquefaction project, costing 100
billion yuan, in Yulin in Northwest China’s Shaanxi Province. This invest-
ment is expected to produce a total annual output of 10 million tons of oil
products by 2020. All projects require NDRC approval, and many other
smaller groups and companies have started similar enterprises scattered
throughout the country to help meet rising demand. A total of approxi-
mately 30 coal liquefaction projects were being considered in the first quarter
of 2006 to help meet this rising oil demand and level off global prices. The
total capacity of those new seeded investments is estimated to surpass 
16 million tons for a total of 120 billion yuan or US$15 billion. China’s fore-
cast annual oil output liquefied from coal is to reach 50 million tons 
by 2020.
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Foreign firms are also invested in China. Shell Gas and Power
Developments and the Shenhua Ningxia Coal Industry Company Shenhua-
Ningmei signed a partnership agreement to study coal liquefaction tech-
nology on 11 July 2006 in Yinchuan, capital of Northwest China’s Ningxia
Hui Autonomous Region. This partnership aims to have a daily production
capacity of 70,000 barrels of oil and chemical production. Chinese oil com-
panies also proliferated global partnerships especially in yet unexploited
areas such as South America and Africa. In June 2006, South Africa-based
Sasol, the global leader in production of fuel using coal, partnered with
Shenhua Group to set up two coal-to-liquid plants using a unique Fischer-
Tropsch technology in Northwest China. Part of the partnership agreement
is to initiate a production center of 80,000 barrels a day in Shaanxi Province,
and the other part is to produce 80,000 barrels a day coal-to-liquid project
in the Ningxia Hui Autonomous Region. Both plants require an estimated
US$5 billion and are targeted to operate by 2012. According to a June 2006
Japanese newspaper Nihon Keizai Shimbun, Japan assists China and neigh-
boring Asian nations with the technology to liquefy coal to alleviate rising
regional demand for oil and consequent rising prices.

The transformation of coal and oil to produce oil derivatives through 
liquefaction also creates environmental and ecological challenges. It takes
about 3 to 5 years to produce a liquefaction project to meet oil demand, and
the financing is linked to yearly international fluctuating oil prices. It is an
expensive procedure and inadequate for substantial demand. The different
qualitative grades also vary: for instance exploitable coal reserves were
188.6 billion tons at the end of 2002, but the average resource recovery rate
is only 30 per cent. The reserves are estimated to last only 30 years if annual
coal output is around 1.9 billion tons. According to the NDRC, the coal 
liquefaction industry will be developed in the five-year period from 2006 to
2010, or the 11th Five-Year Development Program period for China. China’s
largest corporations are also extending their capabilities to secure future
demand and to process and transmute natural gas into alternative energies.
According to Chinese media reports, China’s three oil companies, China
National Petroleum Corporation (CNPC), China Petrochemical Corporation
(Sinopec) and CNOOC, have all developed an LNG development plan to
import at least 60 million tons by 2020 (Table 10.23 shows proposed imports
from 2005–15).

In addition to this increased production, Hong Kong’s sole gas supplier,
the Hong Kong and China Gas Company, invested HK$780 million or US$100
million in a coal gasification joint venture in North China. In May 2006, the
company planned to double the mainland investment to HK$12 billion
(US$1.56 billion) until 2009. With a total investment of 6 billion yuan (US$732
million), Towngas currently operates 33 urban projects for piped-gas joint
ventures and four mid-stream projects. Gas distribution on the mainland
contributed HK$240 million (US$31million) to 2005 profits, compared with
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Table 10.23 China’s proposed LNG Imports, 2005–15 (million metric tons per year)

Year Haikou Shenzhen Xiuyu Ningbao Shanghai Rudong Qingdao Hebei/ Dalian Beihai
LNG LNG LNG LNG LNG LNG LNG Tianjin LNG LNG
(Hainan) (Guangdong) (Fujian) (Zhejian) (Jiangsu) (Shandong) LNG (Liaoning) (Guangxi)

2005 – – – – – – – – – –

2006 – 3.9 – – – – – – – –

2008 – 3.9 2.6 – – – 3.0 – – –

2010 1.0 9.9 2.6 4.0 4.0 3.0 5.0 – – –

2012 2.0 12.9 2.6 4.0 4.0 3.0 5.0 2.0 3.0 –

2015 3.0 12.9 5.0 10.0 10.0 5.0 5.0 3.0 6.0 3.0

Sources: International Gas Report, No. 522 (22 April 2005); Wu and Fesharaki (2005); FACTS Inc., China Oil & Gas Monthly (May 2005).
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HK$132 million (US$17 million) in 2004. Towngas is adopting the same
business model as electricity supplier and piped gas distributor XinAo Gas.
Those companies trade shares in Hong Kong and hold majority interests in
three coal-mining companies in Inner Mongolia, Yunnan Province and
Heilongjiang Province to enhance coal gasification projects. These projects
are to improve air cleaning, to reduce the impact of fuels on the environ-
ment, and to protect against pollution.

10.10 ADVANCED TECHNOLOGIES

This section is intended to provide a summary of new advanced technolo-
gies that enable environmental protection and economic energy consump-
tion efficiencies. China is currently focusing on engineering, technologies
and sciences to sell to international partners (Middle East) in exchange for
natural resources such as oil or other forms of energy. The following infor-
mation was provided by the Chinese Department of Energy and is also pub-
licly available. While many manufacturing corporations rapidly depreciated
as a result of archaic architectures, which is the case mostly in the mining
and coal industry, the Chinese government and corporations have invested
in new technologies to enhance economic efficiencies, production, and global
competitivity. Table 10.24 shows the various types of technologies under
development, and the United States Energy Information Administration
(2006) provides cost comparisons for coal, nuclear, natural gas and wind
power (Table 10.25).

Various advanced scientific methods are being used to improve economic
efficiencies in energy production. For instance, the ten-year Chinese gov-
ernment strategic guidelines encourage the use of innovative technologies
such as microbe oil technology. According to the Xinhua News Agency of
29 June 2004, a new microbe oil displacement technology was discovered in
the Shengli Oilfield in East China’s Shandong Province. This new technology
increased production in the 40-year-old oilfield. The new technology con-
sists of pumping air into oil reserves to mix microbes. The water concentration
falls in the oil reserves and enables oil recovery. The air facilitates the
microbe oil displacement technology. This creates daily output savings of
25 per cent. The oil water extraction does not pollute the atmosphere and it
is an economically efficient solution. Shengli oilfield is 40 years old and has
a daily average output of 520,000 barrels. This new technology will become
more widely used and is intended to improve and increase oil recovery effi-
ciency. China has not yet reached its economic apotheosis. A net importer
of oil since 1993, in 2003, China imported almost 100 million tons of crude
oil and consumed about 34 per cent of the world availability.

Alongside new advanced technologies, petroleum conservation and sub-
stitution technologies are also being developed. They focus on clean coal,
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Table 10.24 Phased assessment of China’s renewable energy technology
development

Types of Maturity and development phase
Technologies

R&D Demonstration Early Commercialized
commercialization

Small hydropower *

Solar water heater *

Passive solar house *

Solar stove *

Solar dryer *

Solar cell *

Grid-connected
wind turbines *

Small and mini 
wind turbines *

Geothermal power
generation *

Geothermal heating *

Traditional bioenergy
technology *

Small methane tank *

Large & medium
methane tech *

Municipal organic
waste power *
generation

Biomass gasification *

Other modern bio
energy techniques *

Wave power *
generation

Tidal power *
generation

Ocean thermal 
energy conversion *

New hydrogen
manufacturing tech *

Hydrogen storage *
techniques

Source: Chinese Energy Ministry/Department.
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natural gas substitution, fuel oil technologies, methanol and ethanol substitu-
tion technologies, and oil saving technologies such as process energy opti-
mization, plasma oil-free ignition, fuel emulsification, and fuel additives.

Clean coal technologies focus on the development of large-scale and
advanced coal washing, dressing and processing technologies, coal lique-
fying technologies, large-scale coal gasification technologies, integrated water
gas pulp preparation and application technologies, more than 410 ton/hour
large-scale circulating fluidized bed technologies, integrated gasification
combined circulating (IGCC) power generation technologies, and high-
efficiency/low-pollution coal-fired power generation technologies.

Electricity saving technologies favor the development of high efficiency
motors, high-voltage and high-power frequency conversion speed regulation
technologies, high-efficiency electro optical source and ballast technologies,
S9-and-above transformer and amorphous alloy iron-core transformer tech-
nologies, cold and thermal storage technologies, and energy saving via effi-
cient domestic appliances, electrolytic and electroplated power supply,
transmission and transformer substation network systems and industrial
electrical furnaces.

Multi-gang supply technologies deal with the development of cogenera-
tion, central heating and thermal energy ladder-type utilization technologies.

Residue-heat and top pressure recovery technologies also participate in
the development and popularization of 75-ton/hour and above grade dry
coke quenching technologies, high-capacity full blast furnace gas power
generation technologies, 1000 cubic meters and above blast furnace top dif-
ferential pressure power generation technologies, blast furnace hot-blast
stove residue-heat recovery technologies, converter gas recovery technolo-
gies, oilfield blow-off concentration and recovery technologies, and large-
scale residue-heat boiler and advanced heat exchange technologies.
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Table 10.25 Levelized cost comparison for new generating capacity in the
United States (2004 dollars per MWh)

Cost Technology
Element

Coal Natural Wind Nuclear
gas

Capital 30.4 11.4 40.7 42.7

O&M 4.7 1.4 8.3 7.8

Fuel 14.5 36.9 0.0 6.6

Totala 53.1 52.5 55.8 59.3

Notes: a. Includes transmission hookup costs; O&M � operations and maintenance.

Source: Energy Information Administration (2006).
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Building energy conservation technologies also focus on the develop-
ment of sealing strips for doors and windows, multi-layer airing windows,
exterior thermal insulating composite wall construction, heat calculation
against the household, technologies such as temperature control, heat sup-
ply pipelines and network regulation and control, heat reflecting thermal
insulation and heat protection, solar-energy buildings, high-efficiency
lighting systems, and computer simulation.

‘Three wastes’ comprehensive utilization technologies also focus on the
development of high-capacity gangue power generation technologies, hol-
low brick production technologies through full gangue semi-stiff extrusion
process, technologies to produce cement raw material with gangue instead
of clay, road construction and backfill technologies, high value-added pul-
verized coal ash comprehensive utilization technologies, organic waste
water comprehensive utilization technologies, smelting waste liquor recy-
cling technologies, ground-level crude oil, sump oil and mud recycling
technologies, and petrochemical waste gas recovery technologies.

Paragenous and associated mineral resources comprehensive utilization
technologies also focus on the development of high value-added utilization
and fine and in-depth processing technologies for coal-bed gas, coal series
paragenous and associated minerals, schreyerite magnetite, and metals.

Renewable resources recovery and utilization technologies also deal
with the development of practical recovery, sorting and processing tech-
nologies for renewable resources such as waste rubber, waste plastics,
waste domestic appliances, waste computers and waste batteries.

Oil conservation and substitution projects consist of replacing fuel oil
consumption industries with clean coal and natural gas as key contents
such as water gas pulp, coal gasification, fuel oil conservation projects with
energy optimization by using substitutes such as plasma oil-free, methanol
and ethanol.

Clean coal projects also include thermal coal optimization and processing
technologies such as washing, dressing, shaping, blending, screening and
grinding. The process uses small and medium-sized coal-fired industrial
boilers with fine fire coal, screened lump coal, fixed sulfur shaped coal, and
advanced technologies such as circulating fluidized bed, and pulverized
coal firing as key contents with large-sized circulating fluidized bed boilers.
The full-process consists of liquid sulfur dioxide extraction with pollution
control technologies such as desulfurization while washing and dressing.
The Chinese energy department promotes the industrialization of clean coal
technologies.

Electric motor speed regulation projects include high-voltage and high-
power frequency conversion with the manufacturing of components and
electro-technical frequency converter. This includes low-voltage, small 
and medium-sized power frequency conversion speed regulation, with struc-
ture-simplified special frequency converters and fan and pump system
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optimization demonstration projects with the combination of optimized
hardware and software for high-efficiency electric motors, drive fans, and
pumps. This process increases the efficiency of electric motor systems by 10
to 12 per cent.

Green lighting projects include the certified high-efficiency and energy
saving lighting system for the Olympic Games to be held in Beijing in 2008.
The green lighting projects increase the market share of fine-quality light-
ing electric appliances.

Coal-bed gas projects select regions that are rich in the exploration of
coal-bed gas to establish two to three projects to enhance the development
and utilization of coal-bed gas. This improves the gas utilization ratio and
promotes the industrialization of coal-bed gas exploration, development,
production and utilization.

Mine gangue utilization projects also construct high-capacity power
generation projects to produce new-type building materials for wall and
mine re-cultivation projects in key mines.

Mineral resources utilization projects include technologies involved in
the ultrafining, brightening and modifying of kaolin. This helps organize a
number of projects for the utilization and in-depth processing of bauxite,
fire-clay, pyrite, alta-mud and diatomaceous earth. It develops in-depth
processing and utilization of coal series paragenous and associated resources.
Three regions have been selected to utilize mineral resources – Panzhihua,
Baotou and Jinchuan – to extract the minerals schreyerite and magnetite
and non-ferrous metals.

Energy-saving and clean enterprise projects select several enterprises in
key industries to strengthen administration and create an energy efficient
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Figure 10.22 Energy-related carbon emissions, 2001
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system to reach global competitive standards. Market-oriented energy-saving
technical projects are favored in the 9th Five-Year Plan.

With rising consumption come increasing pollution emissions. While
Westerners have been the main consumers of energies so far (see Figure
10.22), they are only just now starting to become more environmentally
conscious. China is going to become a main consumer and is already 
re-engineering its energy infrastructures to be less polluting. According to
The Economist (2007), China and Australia are unveiling new policies with
respect to global warming. Makai, the minister who is responsible for energy
management and global warming reforms, reports that China is committed
to generating 10 per cent of its electricity from renewables by 2010. Much of
that will come from hydroelectric power. China also aims to deploy greater
use of nuclear power with four new nuclear reactors, as it is more efficient
and cleaner. Another measure to reduce pollution is to impose the use of
smaller more efficient cars by building vehicles which will travel 100 kilo-
meters on 6.5 liters of fuel or 34 miles per gallon, compared with an average
of 9.8 liters per gallon in the United States. Moreover, China intends 
to reduce carbon dioxide emissions by 330 million tonnes per year.
Reforestation has absorbed about 5 billion tonnes of carbon dioxide over
the past 25 years. China aims to reduce the ratio of energy consumption to
economic output by 20 per cent between 2005 and 2010.
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China has made tremendous advances in the construction of infrastruc-
tures to enable efficient energy production and emissions reductions, espe-
cially since the beginning of this century. Despite the fact that Chinese energy
policies are new – initiated only around 50 years ago – the Chinese govern-
ment has made extensive progress in diversifying into new products, includ-
ing renewables, multiplying geopolitical partnerships, and developing
new performing technologies, especially since 2003. It has also developed
substantial strategic alliances to secure its energy reserves and to better
manage its own domestic pricing policies. Among those alliances, China
counts commercial and corporate partnerships in Africa, South America,
the Middle East, Russia and neighboring Asian countries. While its Western
counterparts remain heavily dependent on Middle Eastern producers, China
is becoming increasingly involved in poorer African and South American
countries that have lacked transparencies and governance. Yet, despite these
sudden and recent efforts in securing its own strategic energy reserves, pro-
ducing alternative energies, and inventing still-costly technologies, the
effect of globalization on the Chinese population is increasing their energy
dependence. At present, China – with about 1.5 billion individuals – is the
second largest consumer of oil after the United States, which has a popula-
tion of only 300 million. As China continues to develop, car ownership –
perhaps even two or three cars per household – will become increasingly
commonplace and energy needs will become immense.

Since 1993, China has been an exponential importer of oil and its utiliza-
tion will become increasingly expensive as global oil supplies decrease by
2030. Additionally, the integration of Chinese financial institutions and the
introduction of energy derivatives in global energy markets will also have
an adverse impact on the pricing of energies. This impact is likely to be an
upward inflationary pressure. The tangible collateral assets supporting these
upward trending valuations are likely to be physical commodities and

Conclusion
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energies. Many more private investments and trading opportunities will take
place with the introduction of financial engineering and speculative deriv-
atives. Currently, many domestic and international private equity deals
and mergers and acquisitions are taking place with Chinese energy corpo-
rations in order to profit from lower valuations and the unappreciated foreign
exchange rate. Obviously, the rise of energy prices in China will not occur
overnight, but it is expected to happen within the next fifty years as
Chinese living standards rise. And as the Chinese adopt a Westernized,
high-energy consumption life style, so we will see an as yet unquantified
impact of the Chinese cultural and economic influence in the global
economies.

But in the global competitive race to acquire market shares and achieve
economic efficiencies, China remains behind with respect to the energy and
commodities sectors. On the one hand, it has remained isolated from finan-
cial engineering and speculative derivative trading schemes, but on the
other hand, it has benefited from a simplistic and clear view of its energy
assets and collateral goods. The absence of a global regulator to monitor
corporate governance, transparency, polluting emissions and energy pric-
ing structures will ensure an increasing engagement of Chinese energy cor-
porations with Western style trading entities.
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The Regulatory Assistance Project (2000) recommended the following legal and regula-
tory measures to deal with the Chinese power system:

■ Create a strong central regulatory body with a broad scope charged with implement-
ing reforms to meet China’s goals and constraints, and having direct involvement in
the restructuring process.

■ The regulatory structure should be designed to minimize the possibility of future
conflicts between central, regional, and provincial levels of government.

■ The scope of the regulatory agency should be broad. It should include oversight of
competitive generation markets; anti-monopoly authority; distribution and transmis-
sion prices; access; service quality, reliability, and resource planning for captive cus-
tomers; and environmental performance.

■ There are substantial opportunities to reduce the cost of existing generation with or
without more extensive restructuring. Dispatch rules and the approach to contracting
and privatization provide the main opportunities to reduce costs and prices in the
near term.

■ Demand response by consumers, distribution companies, and energy service com-
panies should be built directly into the structure of wholesale markets.

■ Include some sort of capacity feature in the electricity markets. This is needed to send
early price signals for investors to reduce price volatility.

■ Regulate transmission and distribution utilities in a way that encourages end-use
energy efficiency as well as improvement and expansion of the transmission and dis-
tribution system. There are two basic options: price caps and revenue caps. Price caps
promote increased electricity sales and discourage utility investment in end-use
energy efficiency. Revenue caps encourage cost reductions without giving the incen-
tive to increase sales.

A P P E N D I X  1

Legal and Regulatory
Measures
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APPENDIX  1 :  L EGAL  AND REGULATORY  MEASURES 301

■ Incorporate environmental and economic goals in the restructured markets. The
study noted: ‘Initially, electricity markets in China will be regional in nature and
some of these markets may be relatively small. Over time, as the system grows and as
transmission expands, markets will combine to form fewer and fewer markets with
the distinct possibility that a single national market may ultimately develop.
Structuring the regulatory institutions as well as the transmission institutions in ways
that minimize the possibility of provincial conflicts between different regions will
make the transition to larger and larger markets easier to accomplish.’

■ Coordinate with the other closely related laws in China, including the energy conser-
vation law and clean production law.
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A P P E N D I X  2

Chinese Energy Indices
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Figure A2.1 South China market refineries Aug–Sept 2006
Source: www.oilgas.com.cn.
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Figure A2.2 East China market refineries Aug–Sept 2006
Source: www.oilgas.com.cn.
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Figure A2.3 Mid and upstream of Yangtse market refineries’ pricing
index, Aug–Sept 2006

Source: www.oilgas.com.cn.
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Figure A2.4 Southwest & northwest China market refineries’ pricing
Aug–Sept 2006

Source: www.oilgas.com.cn.
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Figure A2.5 Northeastern China market refineries Aug–Sept 2006
Source: www.oilgas.com.cn.
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Figure A2.6 South China refinery pricing indices 2006
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Figure A2.8 Eastern Chinese refineries’ pricing index 2006
Source: www.oilgas.com.cn.
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Figure A2.9 Mid and upstream Chinese refineries pricing index 2006
Source: www.oilgas.com.cn.
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Source: www.oilgas.com.cn.
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Table A2.1 Indices August–September 2006

Refinery Aug 18 Aug 19 Aug 20 Aug 21 Aug 22 Aug 23 Aug 24 Aug 25 Aug 26
2006 2006 2006 2006 2006 2006 2006 2006 2006

South China market

Maoming 5550 5550 5550 5550 5530 4952 5570 5570 5590
refinery

Guangzhou 5600 5580 5580 5600 5650 5065 5680 5730 5750
refinery

Zhanjiang 5550 5550 5570 4965 5570 5570
Dongxing
refinery

Beihai 4800
refinery

Fujian market

Fujian 5500 5400 5400 5400 5450 4953 5550 5550 5550
refinery

East China market

Zhenhai 5250 5250 5300 5300 5350 4849 5430 5430 5430
refinery

Shanghai 5300 5150 5150 5150 5150 4890 5210 5400 5400
Petrochemical

Shanghai 5150 5150 5150 5150 5150 4790 5250 5300 5300
Gaoqiao

Nanjing 5010 4960 5010 5060 5110 4610 5210 5210 5210
refinery

Yangtsi 4950 4950 5000 5000 5100 4609 5210 5210 5210
refinery

Qingjiang 4950 4850 4850 4900 4980 4785 5050 5130 5130
refinery

Mid & upstream of Yangtse River

Wuhan 5260 5260 5290 5290 5360 4599 5390 5390 5390
refinery

Anqing 5080 5080 5130 5130 5220 4610 5250 5250 5250
refinery

North China market

Jinan 4850 4850 4850 4900 4950 4381 5050 5050 5080
refinery

Qilu 4720 4770 4870 4900 4950 4359 5000 5060 5060
refinery

Qingdao 4750 4750 4840 4940 5000 4409 5010 5010 5030
refinery

Yanshan 4680 4690 4750 4850 4950 4284 4970 4990 5000
refinery

Tianjin 4700 4700 4770 4830 4910 4271 4930 4970 4970
refinery
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Aug 27 Aug 28 Aug 29 Aug 30 Aug 31 Sept 1 Sept 2 Sept 3 Sept 4 Sept 5 Sept 6
2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006

5590 5490 5490 5510 5590 5650 5700 5700 5700 5700 5600

5750 5750 5700 5700 5750 5800 5850 5850 5850 5850 5750

5600 5500 5500 5530 5580 5660 5710 5710 5710 5710 5600

5550

5550 5550 5550 5550 5650 5650 5650 5650 5550 5550

5480 5400 5400 5450 5450 5560 5560 5560 5560 5560 5560

5400 5400 5400 5400 5400 5500 5500 5500 5500 5500 5500

5300 5300 5300 5300 5300 5400 5400 5400 5400 5450 5450

5210 5160 5160 5210 5310 5360 5360 5360 5360 5360 5360

5130 5110 5140 5210 5310 5360 5360 5360 5360 5360 5360

5130 5050 5100 5200 5260 5300 5350 5400 5400 5400 5400

5390 5360 5300 5330 5380 5450 5480 5500 5500 5420 5440

5250 5200 5200 5230 5320 5380 5420 5420 5420 5360 5360

5080 5000 5020 5070 5150 5210 5260 5260 5260 5260 5260

5060 5000 5030 5070 5150 5200 5200 5200 5200 5200 5220

5030 5030 5080 5180 5260 5300 5320 5340 5340 5360 5340

5000 4950 4970 5000 5030 5150 5180 5180 5180 5150 5180

4970 4970 4970 4970 5100 5150 5150 5150 5150 5150 5150

(Continued )
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Table A2.1 (Continued)

Refinery Aug 18 Aug 19 Aug 20 Aug 21 Aug 22 Aug 23 Aug 24 Aug 25 Aug 26
2006 2006 2006 2006 2006 2006 2006 2006 2006

Huabei 4630 4700 4780 4850 4930 4267 4960 4980 4980
refinery

Northeast China market

Daqing 4600 4500 4500 4500 4600 3947 4700 4700 4700
Petrochemical

Fushun 4784 4200 4784 4784 4784 3966 4784 4784 4784
refinery

Jinzhou 4784 4784 4784 4784 4784 4007 4784 4784 4784
refinery

Dallan 4716 4716 4716 4780 4036 4780 4880 4880
refinery

Southwest & northwest market

Nanchong 5150 5050 5050 5050 5050 4302 5050 5050 5120
refinery

XiAn 4720 4720 4720 4720 4850 4116 4850 4850 4900
refinery

Yan’an 4580 4580 4580 4580 4580 3946 4680 4680 4680
refinery

Urumchi 4050 4050 4050 4050 4050 3700 4050 4050 4050
refinery
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Aug 27 Aug 28 Aug 29 Aug 30 Aug 31 Sept 1 Sept 2 Sept 3 Sept 4 Sept 5 Sept 6
2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006

4980 4920 4970 5070 5130 5130 5130 5130 5130 5180

4700 4700 4700 4700 4700 4800 4800 4800 4800 5000 5000

4784 4784 4784 4784 4784 4900 4900 4900 4900 4900 4930

5100 4900 4850 4900 4900 5050 5050 5050 5050 4950 5000

4880 4880 4880 4880 4880 4880 4880 4936 5000 5000 5000

5120 5280 5350 5350 5350 5350 5350 5350 5350 5400 5460

4900 4900 4900 4900 4900 4900 5030 5050 5050 5050 5050

4680 4750 4750 4750 4750 4750 4850 4850 4850 4850 4850

4050 4050 4050 4050 4050 4050 4050 4050 4050 4050 4050

Source: www.oilgas.com.cn.
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Table A2.2 Indices 2006

Jan 2006 Feb 2006 Mar 2006 Apr 2006 May 2006 Jul 2006 Aug 2006

South China market

Maoming refinery 5373 5288 5076 5112 5112 4952 5439

Guangzhou refinery 5525 5437 5241 5204 5204 5065 5555

Zhanjiang Dongxing refinery 5385 5385 5112 5111 5111 4965 5443

Beihai refinery 5393 5550 4800 1850

Fujian market

Fujian refinery 5313 5212 5088 4895 4895 4953 5403

East China market

Zhenhai refinery 5276 5162 4980 4880 4880 4849 5287

Shanghai Petrochemical 5068 5268 4828 4780 4780 4890 5179

Shanghai Gaoqiao 5081 5200 5133 4735 4735 4790 5111

Nanjing refinery 5081 4875 4705 4777 4777 4610 4996

Yangtsi refinery 5031 4875 4736 4786 4786 4609 4998

Qingjiang refinery 4920 4787 4800 4845 4845 4785 4954

Yangtse River

Wuhan refinery 4926 4791 4812 4903 4903 4599 5187

Anqing refinery 5000 4818 4778 4850 4850 4610 5092

North China market

Jinan refinery 4561 4463 4552 4600 4600 4381 4827
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Qilu refinery 4531 4368 4565 4567 4567 4359 4776

Qingdao refinery 4506 4568 4585 4638 4638 4409 4799

Yanshan refinery 4383 4425 4441 4440 4440 4284 4695

Tianjin refinery 4355 4371 4430 4454 4454 4271 4688

Huabei refinery 4280 4317 4414 4515 4515 4267 4684

Northeast China market

Daqing Petrochemical 3615 3950 3986 4136 4136 3947 4456

Fushun refinery 3765 4068 4052 4191 4191 3966 4548

Jinzhou refinery 4025 3975 4105 4259 4259 4007 4630

Dalian refinery 4250 4250 4247 4305 4305 4036 4583

Southwest & northwest market

Nanchong refinery 5021 4892 4801 4302 4988

XiAn refinery 4722 4837 4900 5250 5250 4116 4686

Yan’an refinery 4325 4087 4281 4309 4309 3946 4478

Urumchi refinery 3735 3787 3750 3380 3380 3700 5087

Source: www.oilgas.com.cn.
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Figure A2.12 Northeastern Chinese refineries’ pricing indices 2006
Source: www.oilgas.com.cn.
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