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Preface

I

ncreasingly, people around the world are
becoming aware of China’s rapidly growing energy needs and of the unprecedented levels of coal combustion needed
to satiate this appetite. The results of this coal
dependence are clear: China’s citizens are suffering from some of the worst pollution in
history, while the nation’s carbon dioxide
emissions are adding to the significant climate
burden already imposed by the emissions of
industrial countries.
When I visited Beijing in April 2007, I was
struck as before by the dense layer of smog
that obscures the impressive mountain ranges
north of the city. But during my week of meetings in the Chinese capital, I was even more
impressed by another story that is beginning
to unfold: the near-explosive growth of the
wind and solar energy industries. China’s production of wind turbines and solar cells both
more than doubled in 2006. The country is
on track to rival the world’s leaders in wind
power and solar photovoltaics—in Europe,
Japan, and North America—and it already
dominates the markets for solar hot water and
small hydropower.
As our two Beijing-based authors explain,
China’s meteoric rise in the most dynamic of
today’s energy sectors can be traced to a combination of policy leadership and entrepreneurial acumen. The country’s new Renewable
Energy Law, adopted by the National Peoples’
Congress in February 2005, is the product of
an extensive process of international research
and consultation, as planners within the powerful National Development and Reform Commission sought to learn from the successes and
failures of other nations.

w w w. w o r l d w a t c h . o r g

We at Worldwatch are pleased to have
played a small role in advising the Chinese
government on that policy and are impressed
by the strength and potential of the law that
emerged. No less impressive in our view is
the rapid growth of China’s renewables industry. This is particularly true in solar energy,
where a dozen start-up companies have
entered the business in the past few years,
many of them fueled with venture capital from
international investors.
Renewable energy will not by itself solve
China’s energy problems. But together with
energy efficiency and the cleaner and moreefficient use of coal, it can make a big difference. The question now is whether China can
ramp up its renewable energy development to
the point where it puts a serious dent in the
nation’s dependence on coal and builds the
foundation for a cleaner energy economy.
How this story ends up may have as large an
impact on the world’s future as it does on
China’s. If China is able to scale up its renewable energy technologies to the levels needed
to have an impact domestically, and if it is able
to achieve the low prices needed to succeed in
the local market (known in manufacturing
circles as the “China price”), it may be virtually
inevitable that these same technologies will
soon be adopted on a massive scale around
the globe.
The future of the global climate may rest in
large measure on China’s ability to lead the
world into the age of renewable energy, much
as the United States led the world into the age
of oil roughly a century ago.
—Christopher Flavin, President,
Worldwatch Institute
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Summary

C

hina’s need for secure, affordable,
and environmentally sustainable
energy for its 1.3 billion people is
palpable. In 2006, China’s energy use
was already the second highest in the world,
having nearly doubled in the last decade, and
its electricity use is growing even faster, having
doubled since 2000. With both energy-intensive industry and high-tech manufacturing,
China now serves as factory to the world. Rising living standards also mean more domestic
consumption, including high-energy-use items
like air conditioners and cars. By 2020, annual
vehicle sales in China are expected to exceed
those in the United States.
While most of China’s electricity comes
from coal and hydropower, the growing use of
oil for China’s burgeoning vehicle fleet is
adding greatly to concerns about energy security. Already, China must import nearly half of
its oil. Concerns about energy security, power
capacity shortages, and air pollution are all
adding urgency and pressure to switch to alternative technologies and fuels, including greater
energy efficiency, “clean coal” technologies,
nuclear power, and renewable energy. Climate
change also adds pressure—China will soon
pass the United States as the largest emitter of
carbon dioxide from fossil fuels.
China has become a global leader in renewable energy. It is expected to invest more than
$10 billion in new renewable energy capacity
in 2007, second only to Germany. Most of this
is for small hydropower, solar hot water, and
wind power. Meanwhile, investment in large
hydropower continues at $6–10 billion annually. A landmark renewable energy law, enacted
in 2005, supports continued expansion of
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renewables as a national priority. China currently obtains 8 percent of its energy and 17
percent of its electricity from renewables—
shares that are projected to increase to 15
percent and 21 percent by 2020.
Among renewable energy sources:
• Wind power is the fastest-growing powergeneration technology in China, having doubled in capacity during 2006 alone. While
wind is still slightly more expensive than coal
power, policies encourage competitive pressure on costs, and new mandates require
power companies to obtain a minimum
share of their power from wind and other
renewables. China is home to more than 50
aspiring domestic manufacturers of wind
turbines and a number of foreign producers.
• Solar power is still in its infancy in China,
although a growing amount is used in rural
areas and other off-grid applications. A large
market for grid-tied solar photovoltaic (PV)
is still several years away, once costs decline
further. Already, China is a global manufacturing powerhouse for solar PV, third only to
Japan and Germany, with huge investments
in recent years and much more expected.
• China is the world’s largest market for solar
hot water, with nearly two-thirds of global
capacity. The country’s 40 million solar hot
water systems mean that more than 10 percent of Chinese households rely on the sun
to heat their water. When Chinese firms
eventually turn to exporting, the lower costs
of their units—seven times less than in
Europe—could affect markets globally.
• Biomass power in China comes mostly from
sugarcane wastes and rice husks, and has not
grown in recent years. New policies will likely

D E V E L O P M E N T
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Summary
mean more biomass power from other
sources, such as agricultural and forestry
wastes. In addition, industrial-scale biogas,
such as from animal wastes, is starting to
make a contribution to power generation.
• Biofuels for transportation have received
widespread attention in China. Ethanol is
produced in modest amounts from corn, and
biodiesel is produced in small amounts from
waste cooking oil. The government plans to
expand biofuels production from cassava,
sweet sorghum, and oilseed crops, although
the large-scale potential is limited. The greatest promise lies with cellulosic ethanol, which
many expect to become commercially viable
within 7–10 years. If China could use its vast
cellulosic resource of agricultural and
forestry wastes—up to half a billion tons per
year—it might become a major ethanol producer after 2020.
It is likely that China will meet and even
exceed its renewable energy development

targets for 2020. Total power capacity from
renewables could reach 400 gigawatts by 2020,
nearly triple the 135 gigawatts existing in 2006,
with hydro, wind, biomass, and solar PV power
making the greatest contributions. More than
one-third of China’s households could be
using solar hot water by 2020 if current targets
and policies are continued. Use of other
renewables, including biogas and perhaps solar
thermal power, will increase as well.
Achieving these outcomes will depend on
domestic industry development, the availability of skilled personnel, technology cost reductions, continued aggressive government policy,
appropriate pricing levels, and allowance for
distributed power generation by electric utilities. Given China’s strong commitment to
becoming a world leader in renewables manufacturing, as well as concerns about energy
security, power shortages, air pollution, and
climate change, the future of renewable energy
in China appears bright.

This report is a product of Worldwatch’s China Program and was made possible through the support
of the Blue Moon Fund. The China Program aims to bridge the perspectives of Worldwatch
researchers with the expertise of researchers in China and to provide accurate, accessible, and timely information to the widest audience possible. For additional analysis on China's sustainable development, visit the Institute's China Watch news service at www.worldwatch.org/taxonomy/term/53.
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China’s Energy Crossroads

W
Steel mills blow
smoke over residential buildings in
Benxi, one of China’s
most polluted cities.
© Gilles Sabrie/Corbis

hen Forbes Magazine published
its annual list of the world’s billionaires in 2006, there were
more Chinese on the list than
ever before. More surprising was the name
that topped the national list. One might have
expected the richest person in China to be the
chief executive of a recently privatized steel
company, or perhaps an investor in one of
the giant trading firms or software companies
that have sprung up in the country. And if the
newly minted billionaire were in the energy
business, it would be natural to expect him to
be a baron of coal, the country’s dominant
energy source. Instead, the Bill Gates of China
turned out to be Shi Zhengrong, a littleknown scientist and founding CEO of a small
solar company that had just gone public the
year before.1*
Wealth creation is often a leading economic
indicator, signaling where an economy is

headed rather than where it is today. John D.
Rockefeller became the richest American by
dominating the oil industry well before the
widespread use of automobiles began, and Bill
Gates took that title long before most Americans had personal computers. Shi Zhengrong’s
company, Suntech Power Holdings Ltd., has
experienced a similarly meteoric rise—topping
all U.S. competitors to become the world’s
fourth-largest producer of solar cells only a
few years after beginning production.2
Founded with just 20 employees in 2002, Suntech now claims a market value of more than
$6 billion.3†
Although virtually all of Suntech’s products
are exported, leaving coal at the commanding
heights of China’s energy industry, the dramatic emergence of this renewable energy
powerhouse in the world’s fastest-growing
economy carries a symbolic significance with
global implications. The use of renewable
energy is undergoing unprecedented worldwide growth—with over $50 billion invested
during 2006—and China is poised to lead continued growth in the decade ahead.4
China’s need for secure, affordable, and
environmentally sustainable energy for its 1.3
billion people is palpable. Indeed, China’s leaders frequently describe meeting the energy
needs of their booming economy as one of the
principal economic development challenges
facing the nation. In 2006, China’s energy use
was already the second highest in the world,

*Endnotes are grouped by section and begin on page 37.
†All

dollar amounts are expressed in U.S. dollars unless
indicated otherwise.
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*Units of measure throughout this report are metric
unless common usage dictates otherwise.
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Figure 1. Primary Energy Consumption in China,
1990–2006
3,000

2,500
Million Tons of Coal Equivalent

having increased 75 percent in the last decade.5
(See Figure 1.) This rapid growth reflects the
fact that China has embarked on the most
energy-intensive stage of its development—
effectively entering the industrial age and the
information age simultaneously. And China is
not only meeting the rapidly growing needs of
its own people for services like transportation,
refrigeration, and hot water; it is also serving as
factory to the world, using large amounts of
energy to make goods that are consumed
abroad. Never in history have the energy needs
of a large country grown so rapidly.
Despite its surging energy demand, China’s
per-capita energy use is still far below that of
industrial countries. In 2006, it reached 1.3
tons of oil equivalent (toe), compared to 4.2
toe in Japan and 7.9 toe in the United States.6*
However, urban dwellers in China use nearly
three times more electricity and commercial
energy per person than rural residents do, and
the nation’s urban population has grown rapidly, from 375 million in 1999 to 540 million in
2006.7 This massive rural-to-urban transition
continues today, adding tens of millions of
people to China’s cities each year and driving
up national energy use.
Seventy percent of China’s primary energy
comes from coal, compared with less than 25
percent in the United States and Japan.8 Coal is
used to satisfy a wide range of domestic energy
needs, including electricity and heating, and it
is a key driver of the nation’s industrial development. Coal also provides energy security to
China—which has many decades of reserves—
and is less expensive than other energy sources.
The booming electric power industry is
responsible for most of the surge in China’s
coal use in the past five years. Coal alone
currently provides 80 percent of the nation’s
electricity.9 Chinese electricity demand doubled between 2000 and 2006, catching the
nation’s power industry by surprise.10 Since
2003, the country has faced electricity shortages and frequent blackouts in many

2,000

1,500

1,000

500
Source: NDRC, Chen, others
0
1990

1994

1998

2002

provinces. The electric utility industry
responded by adding 66 gigawatts (GW) of
generating capacity in 2005 and 101 GW in
2006—equal to the total capacity of France
and more than any country has ever added in a
single year.11 This represents the addition of
more than two 600-megawatt coal power
plants every week. Power prices are rising in
order to finance the construction of power
plants, transmission lines, and environmental
controls—and to pay for the rising price of the
coal that fuels most of the new plants.12
Total electricity generating capacity in
China reached 620 GW in 2006, compared
with about 1,100 GW in the United States and
730 GW in the European Union.13 While coal
is the backbone of China’s power sector, the
country also has almost 130 GW of
hydropower.14 When the mammoth Three
Gorges dam becomes fully operational in 2009,
it will add 18 GW of capacity and produce 85
billion kilowatt-hours (kWh) of electricity
annually—equivalent to the electricity consumed by 50 million urban Chinese households.15 Several other large hydro projects are
in progress, among them the 6 GW Xiangjiaba
plant on the upper reaches of the Yangtze
River, scheduled for completion by 2015.16
Nuclear power provides just 7 GW of China’s
electric capacity, and despite ambitious con-
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China’s Energy Crossroads
struction plans, it is unlikely to provide more
than 5 percent of the country’s electricity in
the next few decades.17
While coal has provided the bulk of China’s
energy, oil is catching up fast, for one reason:
automobiles. As recently as 2000, it was difficult to buy a private car in China, in part
because auto loans were non-existent, and the
total private vehicle stock stood at about 10
million.18 Fast-forward to 2006, when 4 million passenger cars were sold and 29 million
cars were navigating Chinese roads.19 In Beijing alone, it is said that 1,000 new cars appear
on the streets every day. But even today,
China has just 24 cars per thousand people,
compared to 800 cars per thousand people in
the United States.20 By 2010, the number of
cars in China is expected to swell to over 50
million, and by 2020 annual vehicle sales in
the country are expected to exceed those in
the United States.21
Consequently, the country’s use of oil is
booming. In 2006, China consumed 7.4 million barrels of oil each day, double the 1996
level and second only to the United States.22
Nearly half of this oil (46 percent) was
imported, up from only 31 percent in 2000.23
Since domestic reserves are relatively modest,
Chinese oil production is expected to grow
only slowly and could begin to decline as
early as 2020.24 With global oil reserves also
limited, the question of how to fuel China’s
rapidly growing transportation system could
have a profound effect on the global oil
market and on virtually every other economy
on the planet.
China’s frenzied energy development has
produced environmental problems of unprecedented magnitude, many of them related to the
country’s heavy dependence on coal. According
to one estimate, only 1 percent of the 560 million urban Chinese breathe air that meets
European Union air-quality standards.25 Chinese air contains high quantities of several pollutants that are hazardous to human health as
well as to crops and forests—including sulfur
dioxide, ozone, and particulate matter. Average
particulate levels in Beijing, China’s capital, are
141 micrograms per cubic meter of air, com10
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pared with maximum safety standards of 50
micrograms in the United States and 40 micrograms in the European Union.26
In addition, toxic metals such as mercury
are building up in water supplies and on agricultural fields throughout China. A 2004 study
estimated that pollution was reducing the
country’s gross domestic product (GDP) by 3
percent—a figure that other scholars believe is
an underestimate.27 Much of the burden is
being borne by Chinese citizens. An unpublished World Bank study in 2007 concluded
that poor air quality is causing between
350,000 and 400,000 premature deaths in the
country each year.28
China’s air pollution is rapidly becoming
a regional and global problem as well. Acid
rain and enormous clouds of “brown haze,”
composed mainly of particulate matter,
threaten populations and ecosystems throughout Asia, particularly in Japan and Korea.29
Even as far away as North America, a significant share of the toxic mercury that falls from
the air originates in China. On some days in
Los Angeles, nearly one-quarter of the particulate matter in the air is thought to be of Chinese origin.30
China is also on its way to becoming the
world’s largest contributor to global climate
change. The country’s total emissions of carbon dioxide (CO2) will soon exceed those of
the United States, even as its per-capita emissions are about one-sixth those of the United
States.31 Chinese per-capita emissions are
roughly 3 tons, compared with 10 tons in
Japan and 20 tons in the United States.32
China’s CO2 emissions are growing rapidly,
however—at close to 10 percent annually.* In
June 2007, the government released a report
recognizing climate change as a critical
national and global challenge.33 The report
pointed to several national initiatives aimed at
slowing the growth in carbon emissions and
promised more in the years ahead, including
greater use of renewable energy.

*China’s CO2 emissions are not growing as fast as its
energy use, but almost as fast.
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are: tightening existing energy-saving regulations and standards; developing comprehensive resource planning and demand-side
management in the electric power sector;
regulating the scale of energy-intensive and
pollution-intensive industries; formulating
preferential policies for energy-saving products; and strengthening the development
and dissemination of energy conservation
technologies.
For example, the government has directed
that the efficiency of pumps and fans should
improve from a typical 75–80 percent in 2000
to 80–87 percent by 2010.38 Similarly, coalfired industrial boilers should improve from a
typical 65 percent efficiency to 70–80 percent
by 2010.39 Plans also call for improvements in
the energy intensity of key materials by 2020,
relative to 2000 levels. For example, the energy
needed per ton of steel should decline from
906 kilograms of coal equivalent (kgce) to 700
Figure 2. Energy Intensity of China’s Economy, 1991–2004
3.00
Tons of Coal Equivalent per 1,000 RMB (2000 RMB)

To cope with its air pollution and emissions
problems, China is beginning to require electric utilities to incorporate “end-of-pipe” emission controls on most new power plants,
including flue-gas desulfurization and electrostatic precipitators that remove particulates
from smokestack emissions. The government
has also mandated the shutdown of thousands
of small, inefficient coal-fired power plants,
particularly in rural areas, in favor of larger,
more-efficient plants that average roughly
600 megawatts each. And researchers across
China are working on the “next generation” of
clean-coal power plants, such as integrated
gasification combined-cycle (IGCC) and
“supercritical” power plants, along with largescale fluidized-bed combustion boilers. Government-funded demonstrations of such
plants are planned by 2010, with commercial
plants expected in the following decade.34
To sustain its rapid pace of economic development while mitigating the impacts of rising
energy use, China is pursuing a wide range of
new energy options. At the top of the list are
improving the efficiency of energy conversion
and use and transitioning to renewable energy
sources. As in most countries, energy efficiency
has advanced with Chinese industrialization as
the country has adopted new technologies and
developed less-energy-intensive light industries and services. China’s energy intensity (the
amount of energy required to produce one
yuan of national income) fell by 30 percent
between 1995 and 2004.35 (See Figure 2.) Without this improvement, the nation’s energy consumption would be 30 percent higher
today—a difference equivalent to Japan’s total
energy use.36
China’s leaders recognize the strategic
importance of improving national energy efficiency, and the country’s 11th Five-Year Plan
aims to increase efficiency by 20 percent
between 2006 and 2010—a rate of improvement of 4 percent per year.37 This is to be
accomplished through a set of specific reductions in energy intensity and improvements in
equipment efficiencies.
Among the policies being counted on to
achieve the national energy efficiency target

2.50
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0.50
Source: NDRC and NBS
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kgce; for aluminum from 9.9 tons of coal
equivalent to 9.2 tons; and for cement from
181 kgce to 129 kgce.
Together, these measures represent one of
the most comprehensive energy conservation
policies in the world. But they are also extraordinarily difficult to implement. Across China,
the headlong rush for economic development
has led private industry and local officials to
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China’s Energy Crossroads

A concerto of traditional agriculture
and 21st-century
energy technology,
Tongyu Tongfa Wind
Farm, Jilin.
© Greenpeace/Hu Wei. Photo
courtesy of Li Junfeng.

circumvent regulations that would raise costs
or slow the pace of construction. In 2006, the
overall energy-intensity improvement in China
was reported to be only 1.4 percent—far short
of the 4 percent goal—though it represented
the first time that energy intensity had
declined since 2003.40 At the opening of the
National People’s Congress in March 2007,
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government officials acknowledged the failure
and vowed to redouble their efforts.41 In the
first half of 2007, the reduction in energy
intensity accelerated, and energy intensity was
2.8 percent lower compared with the same
period the previous year, due mainly to industrial efficiency improvements.42
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The Promise of
Renewables

I

n June 2004, the German Government
hosted an international meeting of energy
leaders— dubbed “Renewables 2004”—
intended to launch a renewed global push
for renewable energy.1 Amid the diplomatic
speeches and glitzy corporate displays, one
side-event to the large conference in the former German parliament hall stood out: a
group of senior Chinese officials had flown in
from Beijing to announce an ambitious
national commitment to renewable energy,
including the goal of obtaining 16 percent of
the country’s energy from renewables by
2020.2* Several hundred international energy
officials and experts squeezed into a large
meeting room to hear the announcement—
many of them impressed by China’s ambition,
but skeptical that its goals would be met.
Three frenetic years after that gathering in
Bonn, China’s policy machinery for renewable
energy is in high gear and its renewables sector
is booming, presenting a picture that is far
more diverse, fast changing, and complex than
any of the luminaries assembled in 2004 could
have imagined. China has already become a
global leader in renewable energy, and it is
poised to hold this lead. In total, some $9–10
billion was invested in new renewable energy
capacity in China in 2006 (excluding large
hydropower), and investment in 2007 is likely
to exceed $10 billion.3
China currently gets 8 percent of its primary energy and 17 percent of its electricity
from renewable sources, mostly large hydro-

*The 16 percent target was subsequently revised to 15
percent in the final development plan announced in
September 2007.
w w w. w o r l d w a t c h . o r g

power.4 (See Table 1.) Given that domestic
energy consumption is expected to almost
double by 2020, the government’s goal of doubling the renewable energy share to 15 percent
means that the absolute amount of renewable
energy will more than triple. Some experts
anticipate that this target could be exceeded,
and that the share will keep rising beyond
2020. In October 2006, four renewable energy
industry associations announced a common
goal to envision and work toward a 25 percent
share of renewable energy in China by 2025.5
China’s overall renewable energy target of
15 percent by 2020 (revised from the previ-

Table 1. Renewable Energy Shares of Electricity and Primary Energy
in China, 2006 and Estimates for 2020
2006 actual

Electricity
(terrawatt-hours)
Primary
energy (mtce* )

Renewables 490
Total
2,830
Renewables 200
Total
2,467

* million tons of coal equivalent

2020 estimated

1,300
17% share
6,400
680
8% share
4,500

C H I N A’ S

15% share

Source: See Endnote 4 for this section.

ously announced 16 percent) is not far short of
the European Union’s target of obtaining 12
percent of its energy from renewables by 2010
and 20 percent by 2020.6 China has also established comprehensive targets for individual
renewable energy technologies, such as wind
and solar power, solar hot water, and biofuels.7
(See Table 2.) If all renewable energy targets
are met, China should have over 360 gigawatts
(GW) of renewable power capacity by 2020,
compared to total expected power capacity of
1,000–1,200 GW.8 The government’s goal is to
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Table 2. China Renewable Energy Targets by Technology, 2010 and 2020
Total hydropower (gigawatts)
Small hydropower (gigawatts)
Wind power (gigawatts)
Biomass power (gigawatts)
Solar PV (gigawatts)
Solar hot water (million square meters)
Ethanol (million tons)
Biodiesel (million tons)
Biomass pellets (million tons)
Biogas and biomass gasification
(billion cubic meters)

2006 actual

2010 target

2020 target

130
47
2.6
2.0
0.08
100
1
0.05
~0
8

190
60
5
5.5
0.3
150
2
0.2
1
19

300
85
30
30
1.8
300
10
2
50
44

Source: See Endnote 7 for this section.

develop a world-class renewable energy industry that is at the cutting-edge of technology
development.9
To achieve these goals, China’s State Council
and National People’s Congress approved a
comprehensive law in February 2005 for developing and promoting renewable energy.10 The
so-called “Renewable Energy Law” provides
basic principles, which were then followed by
detailed implementing regulations drafted by
several related governmental commissions and
ministries. The law is intended to meet five
overriding goals: (1) establish the importance
of renewable energy in China’s national energy
strategy; (2) remove market barriers; (3) create
markets for renewable energy; (4) set up a
financial guarantee system; and (5) create
awareness, skills, and understanding.
At its core, the Renewable Energy Law is
designed to establish a framework of responsibility, requiring the national government to
formulate development targets, strategic plans,
and financial-guarantee measures for renewable energy. The law also establishes a framework for sharing the extra costs of renewable
energy among designated segments of consumers, and creates economic incentives and
penalties to motivate companies to act consistently with plans and targets. In addition, it
provides a long-term development plan, government research and development (R&D),
resource surveys, technology standards, and
14
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building codes for integrating solar hot water
into new construction.
This groundbreaking law has its roots in
decades of planning for renewables. In the
1980s, the State Council issued “Recommendations on Promoting the Development of Rural
Energy,” which made renewable energy part of
rural energy development plans. As renewable
energy power-generation technologies
matured, in 1994 the Ministry of Power issued
“Recommendations on the Construction and
Management of Wind Farms,” establishing a
firm foundation for development. This was
followed in 1999 by “Policy Recommendations
on Promoting the Development of Renewable
Energy,” which made further progress in
removing barriers to renewable energy. These
policies also provided financial support for
renewables, including tax incentives, preferential pricing, and credit guarantees.
The new Renewable Energy Law took
effect at the start of 2006. One of its key provisions requires power utilities to purchase
power from renewable-energy generators—
an obligation that formerly did not exist. The
law also stipulates a national cost-sharing
mechanism whereby power consumers must
pay for the extra (incremental) costs of renewable power.11 And the law establishes fixed
premium prices (often called “feed-in tariffs”)
and pricing mechanisms for biomass and
wind power.
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For biomass, the law stipulates a 0.25 RMB
(3.2 U.S. cent) per kilowatt-hour (kWh) feedin tariff premium that is added to provincespecific average coal tariffs. This premium has
resulted in biomass feed-in tariffs typically of
0.55 to 0.60 RMB (about 7 U.S. cents) per
kWh, which is considered sufficient to attract
private investment. The same implementing
regulations specify a quasi-feed-in “government-guided price” for wind power that is
influenced by the results of competitive bidding under a parallel “concession” policy. (See
Sidebar 1, p. 18.)
The concession policy has also been an
important mechanism for promoting wind
power since 2003. It establishes a fixed amount
of wind power to be bid each year, and then
accepts competitive bids from qualified companies, awarding the capacity to the winner
based on a number of evaluation criteria,
including price. The policy requires the
power utilities to pay for the
costs of transmission interconnections, an important provision for reducing the costs to
project developers. Beyond the
national concession policy, several provincial initiatives have
already taken hold, and more
are expected. Gansu province
was the first to enact such policies, in 2006, with a tender for
150 megawatts (MW) of wind
farms.12
The Renewable Energy Law
also specifies that a “mandated
market share” of renewable
power should be required of the
major national generating companies. This means each of these
companies must generate or
purchase specific shares of their
total power from renewable sources. In September 2007, the exact mandated shares were
announced as part of the finalized “Medium
and Long-Term Development Plan for Renewable Energy in China.”13 According to the plan,
the share of non-hydro renewables should
reach 1 percent of total power generation by
w w w. w o r l d w a t c h . o r g

2010 and 3 percent by 2020 for regions served
by centralized power grids. In addition, any
power producer with capacity greater than 5
GW must increase its actual ownership of
power capacity from non-hydro renewables to
3 percent by 2010 and 8 percent by 2020.
The Chinese government has also reduced
value-added taxes (VAT) and income taxes for
renewable power technologies. VAT is reduced
from its normal 17 percent to 6 percent for
small hydro, 8.5 percent for wind power, and
13 percent for biogas power generation.14
Income taxes are reduced from 33 percent to
15 percent for wind power and biogas power
projects. Imported wind turbine components,
assemblies, and fully assembled turbines also
receive favorable customs duties or are exempt
from customs duties if they are classified as
“high-tech.” Other power-generation technologies may receive similar treatment, but duties
vary according to individual circumstances. In

addition, a special fund established by the
Ministry of Finance will provide investment
subsidies for power generation, although the
amounts have not been determined.15
Direct R&D spending on renewables is
administered through the Ministry of Science
and Technology and the National Develop-
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Rooftop solar hot
water systems in
Kunming, Yunnan
province.
© U.S. National Renewable Energy
Laboratory/NREL
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ment and Reform Commission (NDRC), as
well as local governments. R&D spending in
the 10th Five-Year Plan (2001–05) reached 1
billion RMB over the five years, equivalent to
$25 million per year.16 In addition, the Renewable Energy Law establishes financial support
for R&D through a special renewable energy
fund administered by the Ministry of Finance.
Funds are expected for technology management, training, equipment certification,
inspection, and other technical functions.
China’s growing commitment to renewable
energy is already visible in the marketplace. By
the end of 2006, China was in second place
globally in total annual investment in renewables, trailing only Germany.17 The United
States ranked third, at about $5 billion, followed by Spain and Japan. Chinese companies
have installed more solar water heaters than
the rest of the world combined, and governments at all levels are integrating solar hot
water into building codes and standards.
Indeed, the national government was poised in
2007 to make solar hot water heaters mandatory in all new construction nationwide.18
Thanks to its large hydropower sector,
China also leads the world in installed renewable power capacity. China had about 135 GW
of renewable power capacity in 2006 (including large hydropower), providing 17 percent of
the country’s electricity.19 Small hydropower—
defined in China as installations less than 50
MW in size—reached 47 GW in 2006, almost
doubling from 25 GW in 2000, and has been
attracting over $4 billion per year in new
investment from a variety of private and public
firms engaged in hundreds of projects along
China’s waterways.20 Historically, much of the
small hydro was used to power county-level
power grids in western China that were gradually integrated into provincial-level and
national grids.
China is also ranked first in biogas development and production—developed in rural
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areas with government support.21 In 2006,
China had 2 GW of biomass power capacity.22
The government is also providing growing
support for biofuels for transportation and for
innovative biomass technologies for rural
households and small industry.
Other advanced renewable technologies in
China include a booming wind industry, which
is manufacturing an ever-growing share of its
state-of-the-art wind turbines domestically.
The amount of wind power being installed has
doubled in each of the past two years.23 As a
result, China was the world’s fifth-largest
installer of wind turbines in 2006, with total
installed capacity reaching 2.6 GW at the end
of the year.24 That same year, China’s booming
solar-cell industry became the world’s thirdlargest producer behind Japan and Germany—
exporting most of the units to Europe and the
United States.25
In just a few years, renewable energy has
become a strategic priority for China’s government and a lucrative investment opportunity
for its private sector. The country is extraordinarily well positioned to further strengthen its
position as a world leader in a sector that is
growing globally at rates above 20 percent
annually.26 China’s first advantage is that its
market for new energy supplies is more than
double that of any other country, creating
uniquely large and lucrative markets.
In addition, China’s expansive and diverse
geography provides it with a rich array of
renewable resources, such that the growth of
wind, solar, and other technologies will not be
resource-constrained for many decades. China
also has the advantage of being the world’s
largest manufacturer of a wide array of industrial and consumer products—and at very low
costs compared to industrialized countries.
These same capacities and skills will be needed
to drive down the cost of renewable energy to
make it competitive with fossil fuels.
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Figure 3. Wind Power Capacity in China, 2000–2006
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ind power is the fastest-growing power-generation technology in China, with existing
capacity doubling during 2006
1
alone. (See Figure 3.) That year, developers
installed a total of 1,450 wind turbines, with a
combined capacity of 1.3 gigawatts (GW). This
was still a small share of the 15 GW of global
installations, however, and China was only
number five in added capacity behind Germany, Spain, the United States, and India.2
In 2007, wind power capacity additions in
China were expected to exceed 2 GW.3 Early in
the year, developers ordered an additional 8
GW of turbines for future installation, and
about 200 project development companies
were actively pursuing or implementing projects.4 Recent trends mean that the national target of 5 GW of wind power capacity by 2010
will likely be exceeded by 2–3 GW.
Most wind power projects in China are
financed through domestic debt and equity
finance, with very little foreign participation.5
Wind power development now proceeds
through two separate but interconnected
avenues.6 (See Sidebar 1, p. 18.) The first is
the government’s “concession” policy of annually awarding competitively bid blocks of
capacity to be installed by both private and
state-owned project developers. The second
is private development through individually
negotiated projects, with prices determined
on a case-by-case basis by provincial pricing
bureaus. In this second case, prices are
“guided” by the results of the concession
bidding, according to the 2005 national
Renewable Energy Law and its implementing regulations.
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Wind power resources in China are especially plentiful in the deserts and plains of the
northwest provinces and Inner Mongolia, and
in mountain and coastal areas of the southwest
and northeast.7 The provinces and regions that
have developed the most wind power so far are
Guangdong, Hebei, Inner Mongolia, Jilin,
Liaoning, and Xinjiang. Other provinces with
good development prospects include Gansu,
Ningxia, and Heilongjiang, and the coastal and
offshore areas of Shandong, Jiangsu, Zhejiang,
Fujian, and Hainan.8 Among individual cities,
Shanghai has taken the most initiative, in part
because of its desire to become a manufacturing center for wind turbines. Geographic wind
resources should not constrain wind power
development in China for decades.
The China Meteorology Research Institute
estimates the nation’s land-based wind
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Sidebar 1. Wind Power Concessions and Private Financing
The Chinese government’s “concession” policy for wind power began in 2003. In the first two years, six separate wind power
projects were awarded in two rounds of bidding, with a total capacity of 850 megawatts (MW). Bidding continued in 2005 with
three more projects with a total capacity of 650 MW, and in 2006 with another three projects totaling 1,000 MW. Altogether, total
capacity from the four rounds of bidding during 2003–06 could reach 2,500 MW if all of the capacity bid is actually installed.
Awarded power prices for the concessions were in the range of 0.46–0.49 RMB (3.8–4.0 U.S. cents) per kilowatt-hour (kWh)
in 2005 (for 3 of 4 projects), and 0.42–0.50 RMB (3.4–4.0 U.S. cents) per kWh in 2006. Many observers have questioned the viability of these tariff levels, stating that projects cannot possibly be profitable at these levels, and either developers will lose money
(hindering sustained industry growth) or the awarded projects simply will not be built. Indeed, actual construction lagged far
behind bid awards. Virtually no concession-bid projects were yet operating in 2006; the first operational projects were expected
to begin coming online during 2007.
Perhaps partly in recognition of pricing problems, the bid evaluation criteria were changed in 2006. Notably, the weighting
assigned to price was reduced from 40 percent to 25 percent, making other non-price factors more important to awards. (Price
was weighted 100 percent in 2003 and 2004.) So far, Chinese project developers have won all of the concession projects, leaving
private foreign developers to pursue individual projects through government-guided prices. Anecdotally, several private foreign
developers, when interviewed, have said they do not expect to be able to win in concession bidding because prices are too low,
and thus they do not participate.
When the 2005 Renewable Energy Law was enacted, many expected that a feed-in tariff for wind power would be included in
the subsequent implementing regulations. Instead, a “government-guided price” based on concession prices was established,
surprising many in the industry. Although there was no official reason given for the lack of a feed-in tariff, it was widely regarded
that the government wished to nurture domestic industry in the early years, and decided that a very favorable feed-in tariff would
hinder domestic industry development. This idea has been questioned by many, given the experience in Europe and elsewhere
where feed-in tariffs have led to strong local industry development. Still, many observers expect that policy may eventually favor a
feed-in tariff as the industry matures and grows.
In the meantime, private project developers are proceeding according to the “government-guided price” established through
concession bidding, through individual project negotiations and approvals. The top developers were Chinese companies, including three of the five big national generating companies. These developers have established relationships with Chinese banks and
are typically financing projects with 80 percent debt and 20 percent equity. There has been no shortage of domestic liquidity, with
domestic interest rates of 6–7 percent. So far, there is very little private or foreign equity or foreign institutional lending.
China also has 17 Clean Development Mechanism (CDM) projects for wind power, registered under the United Nations
Framework Convention on Climate Change. Azure International estimates that carbon credits add approximately 0.06 RMB (0.8
U.S. cents) per kWh to the revenue from such projects. In the future, foreign investors are more likely to be successful in large or
technically difficult projects, or in regions specifically encouraging foreign investment, such as the Western provinces, and are
most likely to remain minority partners, according to Azure.
Source: See Endnote 6 for this section.

resources at 250 GW and offshore resources at
750 GW.9 But these estimates apply to a 10meter hub height; in practice, modern wind
turbines have grown much higher, with hub
heights now exceeding 30 meters. Since wind
speed (and thus energy) increases with distance above the ground, higher hub heights
will produce more energy and power. A recent
study by the United Nations Environment Programme showed 3,000 GW of wind resources
in China at a hub height of 50 meters.10
By 2007, China was home to four Chinese
manufacturers of wind turbines, another six
18
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foreign subsidiary manufacturers, and more
than 40 firms developing prototypes and aspiring to produce turbines commercially.11 These
companies are developing and producing turbines ranging from 600 kilowatts (kW) to 2
megawatts (MW) in size. In general, Chinese
firms have not yet caught up to foreign levels
of technology development, in part because
foreign firms have been reluctant to license
their latest technologies. But Chinese firms are
working hard to catch up and amass a domestic “homegrown” base of skilled engineers and
technologies. Turbine manufacturing in China

D E V E L O P M E N T

w w w. w o r l d w a t c h . o r g

Wind Power
has accelerated due to an important “localization” provision of the concession program,
which requires that 70 percent of the value of
turbines installed under the program be manufactured domestically.*
China’s primary domestic wind turbine
manufacturer, Goldwind, has been aggressively developing new technology and expanding its market. In 2006, the company’s market
share of annual turbine sales in China by all
manufacturers rose to 33 percent.12 (See Sidebar 2.) However, Goldwind still lags behind
its European counterparts in both technology
and scale.
Three other Chinese turbine manufacturers
had small market shares in 2006: Huarui (6
percent), Zhejiang “Windey” Engineering (1.5
percent), and Dong Fang Steam Turbine
Works (0.8 percent).13 Other Chinese companies have been developing prototypes and
installing test turbines. Hunan Xiangdian Electrical Engineering Co. commissioned a 1.3
MW turbine in Liaoning in 2005 and was gearing up for manufacturing. Hunan Xiangdian
was one of two major Chinese electrical equipment manufacturers being supported by the
government to develop wind turbine technology.14 Other companies include Harbin Power
Plant Equipment Corporation (Harbin PPEC),
a major manufacturing of electrical equipment, Harbin Hafei Winwind, Huide Wind
Energy Engineering, and the Wind Energy
Research Institute of the Shenyang University
of Technology. Harbin PPEC claims its turbine
was developed independently and is the first
turbine produced entirely as Chinese intellectual property without the use of foreign technology licenses.15
Several foreign wind manufacturers are also
operating in China, including Vestas of Denmark (with a 24 percent market share in 2006),
Gamesa of Spain (17 percent), GE of the
United States (13 percent), Nordex of Ger-

*Chinese customs rulings have also recently begun favoring domestic production of wind turbines, with a 3 percent import duty for individual parts, 8 percent for
assembled components, and 17 percent for entire preassembled turbines.
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many (2 percent), and Suzlon of India (1 percent). These firms are bringing new competencies to the Chinese wind market, including
technology, finance, marketing, and production scale. Most of these foreign firms have
established new production facilities in China
in recent years with tens of millions of dollars
of new investment into wholly owned manufacturing subsidiaries. Acciona of Spain, a new
entrant in the Chinese market, is an exception,
and is establishing a 50/50 manufacturing joint
venture with a Chinese partner.16

Sidebar 2. Wind Turbine Manufacturer Goldwind Leaps Ahead
Since its establishment in 1997, the wind turbine manufacturer Goldwind
has played a key role in developing China’s wind power industry. By the
end of 2006, the company had cumulatively sold nearly 1,500 turbines
with total capacity of 1,100 megawatts (MW). Goldwind has also witnessed a rapid rise in its share of China’s cumulative wind power capacity,
increasing from 5 percent in 2002 to 26 percent in 2006.
Goldwind has taken advantage of the growing wind power market and
enjoys a competitive edge in costs and services due to proximity to the
local market. However, the company still lags behind European counterparts in both technology and scale. Most of Goldwind’s sales are still of
750 kilowatt models, while most state-of-the-art European products have
capacities of 2 MW and above. Additionally, most Goldwind turbines use
an older “fixed pitch, constant speed” control system, compared with
more sophisticated “variable pitch, variable speed” systems. Consequently, Goldwind has intensified efforts at technological innovation,
including employing the services of foreign design companies. Following
this model, the company tested and installed its first 1.2 MW wind turbine
in 2005–06 and was working on 2.5 and 3 MW models.
Goldwind’s technology is viewed as an important national asset. This
was illustrated in 2006 when Goldwind explored the prospect of an initial
public offering (IPO) on a foreign stock exchange. Although many existing
Goldwind investors favored an overseas IPO, the Chinese government was
resistant to the idea because it might lead to a subsequent buy-out by foreign owners. This was considered unacceptable given the company’s leading position in a strategic industry for China. Instead, Goldwind
announced in 2007 that it would list on China’s domestic stock market.
Source: See Endnote 12 for this section.

Among Chinese wind farm developers,
Longyuan is the leader, having developed
almost 40 percent of the nation’s existing wind
power capacity.17 Close behind is Huaneng,
which is also one of China’s five major powergenerating companies. Other major project
developers are Datang, Guohua, Huadian, and
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Herdsman drives his
sheep through He
Lan Shan Wind
Farm, Ningxia.
© Greenpeace/Hu Wei. Photo
courtesy of Li Junfeng.

China Power Investment. Some foreign project
developers have also been part of the picture.
One of the big problems facing China’s
domestic wind industry is the need for operational experience, testing, and redesign cycles.
This process can take several years, and U.S.
and European manufacturers have a long head
start. This means that uncertainties about
quality and technical performance will continue to plague Chinese producers for many
years unless shortcuts employing foreign
expertise can be found.
Because of the apparent lower costs of wind
turbine production in China relative to the
United States and Europe, domestically produced turbines, even those made by foreign
firms, offer cost advantages to imported turbines. This is also true because of favorable

20

P O W E R I N G

C H I N A’ S

import tariffs on components that prevailed in
2006 and 2007: 17 percent for entire preassembled turbines, but only 8 percent for
assembled components and 3 percent for
individual wind turbine parts.
Thus, foreign manufacturers are profiting
by establishing joint ventures and wholly
owned subsidiaries for turbine manufacturing.
Substantial technology and knowledge can be
transferred to local Chinese firms and engineers through joint ventures, less so through
the wholly owned subsidiaries. Chinese firms
are struggling to acquire specialized engineering knowledge, particularly in aerodynamics,
blade design, materials, and control systems,
and are turning to foreign design firms for
contracted design tools and services, rather
than to foreign turbine manufacturers.
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hina’s solar energy potential is
enormous.1 Most of the country
has solar resources that are far
superior to those in Germany and
Japan, the two world leaders in solar power
use. However, compared to those countries,
solar power is still in its infancy in China. In
2006, China had just 80 megawatts (MW) of
solar photovoltaic (PV) capacity installed,
compared to 7,700 MW globally.2
About half of China’s capacity is employed
in rural off-grid applications, a market that is
increasing at around 5–10 MW per year.3 (See
Sidebar 3, p. 22.) The rest is used for communications, industry, and consumer products.
Grid-connected (often called “grid-tied”) solar
PV is still marginal, just a few megawatts.4
Rural street lighting is another application that
shows large promise: in 2006, Beijing installed
about 5 MW of solar power for streetlights in
surrounding rural areas.5 In total, China’s
domestic PV market grew by about 10 MW
in 2006.6
A large grid-tied market, such as the 1,000
MW installed in Germany in 2006, is still per-
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haps 5–7 years away in China, as the cost of
solar PV declines further and as conventional
power costs rise.7 Solar power is still too
expensive, and the huge subsidies required
have made the government reluctant to provide them. In countries where solar PV is
doing well around the world today, one or
more factors are at work: conventional power
prices are extremely high (such as in Japan),
large subsidies are being provided (such as in
the United States), or favorable feed-in tariffs
are offered to small solar PV generators (such
as in Europe).
Nevertheless, there are promising developments for grid-tied or building-integrated
solar PV in China. In 2005, the Shanghai government announced it was considering a
“100,000 roofs” initiative that would put solar
PV on residential and commercial buildings.8
(That initiative was on hold as of late 2007,
however.) The Jiangsu provincial government
is working on the first phases of a 10,000-roof
program and has started to discuss a feed-in
tariff policy with local utilities.9 The city of
Shenzhen has built a 1 MW grid-tied solar PV
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Yang Ba Jing gridconnected solar PV
station, Tibet.
© Photo courtesy of Li Junfeng.
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riveted to the fast growth potential and expansion plans of the Chinese solar PV industry.12
More than 15 major solar cell manufacturers
employed over 20,000 people in 2006, and new
companies were appearing monthly during
2007.13 Solar PV cell production capacity in
China jumped from 350 MW in
2005 to over 1,000 MW in 2006,
and virtually every player in the
Sidebar 3. Electrifying Rural China: The Role of Renewables
industry announced further
Due to intensive rural electrification programs in recent decades, only a small fraction of
capacity expansion, some planrural households in China still lack access to electricity. In 2006, an estimated 4 million
ning to double or triple capacity
households remained un-electrified, representing roughly 15 million people. Renewable
energy technologies, including household solar PV systems, biogas digesters (see Sidebar 6, in just a few years.14 (See Table
p. 29), and solar hot water heaters, have played an important role in providing electricity,
3.) Production capacity was
heating, and lighting to rural households. By 2006, nearly 1 million “solar home systems”
expected to reach 1,500 MW in
were being used by rural households in China. Such systems are sold through a thriving net- 2007.15 These production levels
work of private dealers and installers and typically include a solar panel, storage battery, and
are much higher than domestic
lights. A standard 20-watt PV system sells for around 850–1,000 RMB ($115–135).
demand, so virtually all producOther renewable energy systems used in China to provide power to rural households are
tion is exported. Some believe
small wind turbines and micro-hydro systems (smaller than 100 kilowatts). Micro-hydro systhis could hinder the industry,
tems serve about 500,000 rural households. Household-scale wind systems serve about
but others believe that Chinese
200,000 rural households, primarily in Inner Mongolia, Xinjiang, Gansu, and Qinghai
industry can continue to grow
regions, with an average capacity per household of just 170 watts. In recent years, new “vilbased on exports alone.
lage power” systems have been promoted by the government, often combining solar PV,
Chinese solar PV companies
small hydro, wind power, and sometimes battery storage.
are becoming very ambitious in
The Chinese government and some local governments have conducted programs and
provided investment subsidies for the development of rural renewable energy. These include, their investment and expansion
for example, a program of subsidies to small-scale PV systems and wind systems in remote
plans. In 2005, Suntech Power
areas as well as rural programs for small hydropower and household biogas. During
Holdings Ltd. started operating
2001–04, the national “Brightness Program” conducted pilot projects and installed about
a new 150 MW production
30,000 household-scale solar PV systems and 40 village-scale solar PV systems in Inner
facility, and the company
Mongolia, Gansu, Tibet, Xinjiang, and Qinghai. This was followed by the “Township Electrifireached 270 MW of capacity in
cation Program,” which electrified an impressive 300,000 households (1.3 million people)
2006.16 (See Sidebar 4, p. 24.)
using renewable energy in just two years (2003–04). That program served about 900,000
Suntech, which started up only
people in 270 townships with small hydro, and another 350,000 people in 720 townships
six years ago, is now China’s
with PV-only and PV-wind village-scale systems (typically 30–150 kilowatts in size).
leading manufacturer of solar
Following past programs, the Chinese government in 2006 was planning further village
electrification programs through 2015 that would be designed to achieve full rural electrifica- PV cells, modules, and systems,
and has grown into an equaltion of remaining un-served populations. However, it appeared that national priority was
shifting toward power-grid extension to the remaining un-electrified rural households, rather weight competitor to major
than use of distributed renewable energy.
Japanese and European producers in international markets. A
Source: See Endnote 3 for this section.
second company, China Sunergy
(formerly Nanjing CEEG PV
Tech), is planning new capacity of 600 MW by
solar PV arrays at all entrances of the Olympic
2008 and 1,500 MW by 2010.17 Tianwei Yingli
National Stadium. Several other smaller
demonstrations of building-integrated PV
is planning 600 MW by 2008.18
were proceeding in 2006 and 2007.
Total investment by these three compaLed by a number of high-profile initial pubnies—Suntech, China Sunergy, and Tianwei
lic stock offerings (IPOs), some valued in the
Yingli—might exceed 10 billion RMB ($1.3
billions of dollars, global attention has been
billion) by the 2008–10 timeframe.19 Other
plant on its World Garden Expo building.10
Other exhibition buildings and demonstration
projects are being constructed for the Beijing
2008 Olympics and the Shanghai 2010 World
Expo.11 The Beijing site includes a 500-kilowatt
(kW) solar PV generating plant and smaller
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Solar Power
Table 3. Planned Additions to Chinese Solar PV Production Capacity, 2007–2010
Existing

Planned

Capacity
2006

Additions
2007–10
(megawatts)

Suntech
China Sunergy
Jiangsu Linyang
Ningbo
Baoding Tianwei-Yingli
Trina Solar
Solarfun
Xian Jiayang
Total (including others)

270
190
100
100
90
75
60
50
>1,000

500
600
500
100
600
500
240
100
>3,000

Source: See Endnote 14 for this section.

companies entering the picture include Jiangxi
LDK Solar Hi-Tech, a wafer manufacturer that
has a currently installed capacity of about 100
MW and plans to expand this to 1,000 MW by
2010.20 Considering all companies and
announced plans, some industry observers
believe solar PV production capacity in China
will reach more than 4,000 MW by 2010, up
from 1,000 MW in 2006.21
One of the uncertainties for the Chinese
solar PV industry is the availability of poly-silicon feedstock. This “silicon shortage” has been
much discussed in the industry worldwide
since 2004 and is expected to continue through
2008. China had virtually no domestic silicon
producers in the earlier years, but in response

w w w. w o r l d w a t c h . o r g

to the rapid rise of the solar PV industry, new
sources of solar-grade silicon are emerging.
Chinese silicon production for PV use was
about 340 tons in 2006, compared to domestic
demand of over 3,000 tons, with the difference
being imported.22 However, over 4,000 tons of
new silicon production capacity by several
firms was under development and expected to
come online in 2007 and 2008.23
Chinese solar PV manufacturers seem confident they can out-compete foreign manufacturers. Lower labor costs may play a small
part, as some amount of production equipment can be substituted with cheaper manual
labor, thus reducing capital equipment costs.
Right now, solar PV prices are high due to sup-
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PV-powered streetlights in Rizhao.
© Rizhao Municipal Government
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Solar Power
Sidebar 4. PV Manufacturer Suntech Gains International Recognition
Suntech Power Holdings Ltd. flipped the switch on its first polycrystalline silicon solar cell assembly line in September 2002.
Founded the year before with a $6 million grant from its home city of Wuxi, Suntech’s initial production capacity was very modest—just 10 megawatts (MW). Since then, the company’s production capacity has rocketed higher, reaching 270 MW in 2006
and expected to hit 470 MW in 2007, making Suntech the world’s fourth-largest solar cell maker. Major competitors include
Sharp and Kyocera of Japan, and Q-cells of Germany. Suntech is eyeing the year 2010, with production capacity ambitiously projected to reach 1,000 MW, along with a likely ranking among the world’s top three solar cell producers.
Suntech is striving to hold a competitive edge among Chinese solar PV manufacturers by emphasizing innovation and the
building of technical know-how. Its founder and CEO, Shi Zhengrong, received a doctorate in thin-film solar cell research while
studying in Australia. He remained a researcher in Australia long enough to bring back dozens of patented innovations to China,
as well as business savvy about the importance of innovation to business growth. Suntech invests 5 percent of its annual revenue
back into R&D, and has established a world-class R&D center housing more than 20 senior experts.
In 2006, Suntech set up a second R&D center in nearby Shanghai to attract even more high-quality talent. That facility will
focus on thin-film PV, a leading-edge technology that is expected to reduce future solar PV costs substantially. The Shanghai facility also includes a thin-film manufacturing facility, expected to become operational in 2008 and to reach 50 MW of production
capacity in 2009.
Suntech became the first private Chinese firm to be listed on the New York Stock Exchange with its initial public offering in
December 2005, which saw Suntech’s market capitalization soar to $6 billion and pushed Dr. Shi’s personal net worth to $2.2 billion. With its economic security, Suntech has been able to plan far ahead and secure future sources of silicon, a critical raw material, amidst a tight global silicon market. In 2006, Suntech signed a $6 billion contract with U.S. silicon wafer giant EMEC to
ensure supply for the next 10 years, as well as long-term silicon supply contracts with several other firms.
Paradoxically, almost none of the company’s products—some $600 million worth in 2006—are used in China. Solar power is
still too expensive domestically, and the government has not provided subsidies or feed-in tariffs for solar PV like those found in
the growing solar markets of the United States and Europe. Much of Suntech’s output is exported to Spain and Germany. In Germany, households and businesses install the panels on rooftops and collect 37–49 eurocents (48–65 U.S. cents) per kilowatthour in revenue—enough to pay for the panels and make a tidy profit.
Source: See Endnote 16 for this section.

ply shortages relative to global demand, but as
supply increases and technology improves,
prices should start to fall (maybe to $2.50 per
watt by 2010, from $3.50 per watt today). As
that happens, Chinese competitiveness will be
put to the real test.
Chinese firms are freely able to purchase
solar PV manufacturing equipment from foreign vendors. They are also working on their
own R&D programs. But the Chinese firms are
currently so focused on expanding production
capacity (at breakneck rates) that technology
innovation takes a distant second place in priority. Thus, at present Chinese solar PV firms
do not really need technology cooperation
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with the United States and Europe. Capital and
management expertise (including quality control and marketing) are probably the most
important elements presently.
This situation could change if the technology landscape changes in the future and Chinese firms face more pressure to innovate due
to new technologies entering the commercial
marketplace and lower profit margins from
declining prices. Given the current rate of
growth of the global solar industry, serious
competitive pressure to innovate seems some
years distant, unless there is a severe downturn
in global demand for solar PV.
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Solar Hot Water
and Heating

W

hile China has only limited
experience with solar power, it is
already a global leader in taking
advantage of the sun’s energy for
heating. The country is now the largest market
for solar hot water in the world, with nearly
two-thirds of total global capacity (excluding
systems used to heat swimming pools).
Growth has been rapid, rising from 35 million
square meters of installed capacity in 2000 to
100 million square meters by the end of 2006.1
China added 20 million square meters of
new capacity in 2006 alone, for an estimated 40
million solar thermal systems overall.2 This
means that more than 10 percent of Chinese
households now rely on the sun to heat their
water. In 2005, China avoided nearly 14 million tons of carbon dioxide emissions through
its use of solar thermal systems, according to
an International Energy Agency report.3
Historically, the demand for solar hot water
came primarily from China’s rural areas, which
typically lack central and district heating systems. Solar thermal systems have, for example,
enabled farmers to bathe with warm water in
the privacy of their homes rather than in cold
local streams or communal baths, dramatically
improving the quality of life for many.4 But
while rural demand continues, recent growth
has been driven mainly by urban installations
on existing and new structures, including highrise apartment buildings.
Today, solar heating systems can be found
everywhere in urban China—on homes, apartment and office towers, schools, and hotels—
particularly in the southern provinces. In many
southern cities, and in some northern ones
such as Rizhao, vast “forests” of solar hot water
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heaters can be seen jostling for space on the
rooftops of entire neighborhoods.5 (See Sidebar 5, p. 26.) By 2005, more than one-third of
the national market for the systems was in
urban areas, and this share continues to grow.6
A typical Chinese system comprises two
square meters of vacuum tube
collectors, a 180-liter storage tank,
and an open circulation system,
suitable for warmer regions.
Increasingly, the Chinese view
solar water heaters as desirable
appliances that rank high on their
lists of priorities. System costs
have fallen dramatically over the
years and solar heating is relatively affordable today, thanks to a
combination of low-cost labor, cheap materials, and competition among a large number of
domestic solar companies.7
Chinese companies now produce solar hot
water heaters at costs that are one-fifth to one-
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Solar hot water systems installed on the
roof of an apartment
building in Rizhao.
© Rizhao Municipal Government

Rooftop solar hot
water systems in
Mengzi Residential
Compound, Yunnan
province.
© Photo courtesy of Li Junfeng.
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Sidebar 5. Rizhao: City of Sunshine
Solar hot water has grabbed Rizhao like no other Chinese city. After 15
years of effort—including provincial subsidies, the political will of local
leaders, and local industries that seized the opportunity to advance their
products—this city of nearly three million people in Shandong Province
can truly claim the meaning of its name, “City of Sunshine” in Chinese.
Throughout the city, rooftops or walls of most buildings are covered with
solar collectors. In the central district, 99 percent of households get their
hot water from the sun, as do more than 30 percent of households in local
suburbs and villages. And more than 60,000 local greenhouses stay warm
with solar panels.
By 2007, the solar-collecting area of Rizhao totaled more than half a
million square meters, saving the energy equivalent of 100,000 tons of
coal every year. Technological breakthroughs and economies of scale in
production have brought the costs of solar water heaters down to about
$190 per unit. The units can be attached easily to buildings and enable
owners to save an average of $120 each year in electricity purchases. This
is important in a city where average per-capita incomes are below those of
most other cities in the region.
Solar panels were initially installed on government buildings and on the
homes of city leaders to set an example. The Shandong provincial government invested in the solar thermal industry to help drive innovations. And
the municipal government enacted policies to encourage local development. Today, the City of Rizhao mandates that all new buildings incorporate solar panels; projects that do not include solar heaters in their
blueprints will not be permitted. The city has enacted regulations to standardize the installation and use of solar panels, and is also using methane
gas for some cooking and electricity production.
In addition, the city’s leaders see solar energy as a starting point for
triggering social, economic, and cultural development through a healthier
environment. And their vision appears to be turning to reality. Reduced
use of coal has improved the local environment, and Rizhao is consistently
ranked as one of the top 10 cities for air quality in China. The cleaner environment is playing a role in drawing foreign direct investment, tourists,
and even new university campuses to this coastal city.
Source: See Endnote 5 for this section.

eighth those found in the United States and
Europe. In 2002, 70 percent of all solar hot
water heaters in China were sold at prices
below 1,500 RMB (about $200), which, given
typical sizes, comes to about $120 per square
meter.8 (Typical prices in Europe run to $800 a
square meter and more.) The most expensive
systems, sized 4–6 square meters with forced
circulation and electrical backup, cost $300 a
square meter.9
The Chinese solar hot water industry is
fragmented, with only a few major players, and
it lacks a strong technology and economic
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underpinning. However, several prominent
household appliance makers, including Haier,
Ocma, and Huati (equivalent to a Whirlpool in
the United States or a Miele in Germany), have
also recently entered the solar hot water market. Retailers and installation services are ubiquitous in China, and there is a large selection
of brands, with more than 1,000 manufacturers employing more than 150,000 people
throughout the country.10 In 2005, the industry claimed sales revenue of $2.5 billion.11
Most of this growth to date has occurred
with minimal government involvement.
Increasingly, however, national and local government departments, architects, and realestate developers are paying attention to solar
hot water and working to promote its development and use. In mid-2007 the National
Development and Reform Commission
(NDRC) issued a “Plan on Enforcement of
Utilization of Solar Energy Heating Nationwide” that will soon mandate solar hot water
heating in new construction.12 While detailed
regulations are not yet finalized, the mandate
is expected to apply to hospitals, schools, and
hotels. It is also expected to require new construction to allow space on rooftops for the
addition of solar hot water heaters and to
encourage retrofits of existing government
buildings. In 2006, the booming southern
city of Shenzhen mandated solar hot water in
all new residential buildings below 12 stories
in height.13
The Chinese government aims for 150 million square meters of solar water heating systems by 2010 and 300 million square meters by
2020.14 New policies and building practices
mean that the 20–25 percent annual growth
rates of recent years should continue for the
foreseeable future. And some experts suggest
that China could achieve 400 million square
meters of installed capacity by 2020 and 800
million square meters by 2030.15 If such projections come to pass, more than half of all
Chinese households could be using solar hot
water by 2030.
To meet these targets, domestic production
is expected to increase dramatically, rising
from 20 million square meters in 2006 to per-
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haps 30 million square meters before 2020.16
Some experts estimate that annual production
could reach 45 million square meters by 2020,
and even more if export markets for Chinese
products grow.17 In addition to hot water,
solar-assisted space heating is a relatively new
application that is just taking hold in parts of
Europe and could become part of China’s market as well.18
The largest solar hot water manufacturer in
the world is Himin Group, located in the city
of Dezhou in Shandong province. With 50,000
employees worldwide, Himin produces over 1
million solar hot water systems annually.19
Most of these are for the Chinese domestic
market, but Himin has more recently targeted
export markets. The company’s products
receive national recognition as a top brand,
and Himin’s president, Huang Ming, was
named China’s most influential private entrepreneur in 2003.20
Technology improvements on a number of
fronts will aid in this expansion. Manufacturers are now working to improve the efficiency
of heat collection per unit of area of collector
to allow for accommodation of more heating
capacity on rooftops with limited space. Today,
apartment buildings up to 10 stories can reasonably accommodate solar hot water for all
residents. But many new urban apartment
buildings in China are taller than this.
Improvements in collector efficiency, as well as
applications on building surfaces other than
rooftops alone, will allow application on
taller buildings.
Quality improvements and the adoption of
national standards are also critical for advancing China’s solar heating industry. In 2001 and
2002, the Chinese government developed three
new industry standards, which it began imple-
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menting in 2002. In 2005, the country established national testing and certification centers.
The United Nations Development Programme
and the Global Environment Facility have also
played a role in industry development. In
recent years, they have funded a project that
has established standards and testing certifications in China, with three in place by 2006.21
Assuming China can overcome challenges
associated with system quality, standards, cus-

tomization for different national markets, and
distribution channels—and there is no reason
it cannot—there is enormous potential for it to
export its solar thermal systems around the
world. If Chinese firms can produce products
that meet quality levels and technical standards
of foreign markets, and can partner with major
retail distribution companies, such as WalMart in the United States, the less-expensive
Chinese products may transform foreign markets as well.
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Rooftop solar hot
water systems on a
restaurant in Lijiang.
© Photo courtesy of Li Junfeng.
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Biomass Power
and Biofuels

I

n 2006, China had about 2 gigawatts (GW)
of biomass power-generation capacity.1
Most of this capacity comes from combined heat-and-power (CHP) plants in the
sugar industry, with sugarcane waste (bagasse)
being the primary feedstock. Rice plantations
also use rice waste (husks) in such plants.
China’s biomass power capacity has not
changed appreciably in recent years, though a
new generation of biomass power generation is
now getting started in two primary categories:

Biomass power plant
in Jinzhou, Hebei
province. The plant's
primary feedstocks
are corn and wheat
stalks and tree
branches.
© Photo courtesy of Li Junfeng.
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“industrial-scale” biogas power plants and
large-scale power plants that burn a wide variety of agricultural wastes.2
Industrial-scale biogas plants in China, typically in the range of 10–100 kilowatts in size,
convert industrial and animal wastes into biogas for generating power. There are now more
than 1,600 such plants operating in the country, producing more than 8 billion cubic
meters of biogas a year, and the future potenP O W E R I N G
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tial is high.3 Wastes from agricultural processing and livestock farms could yield 80 billion
cubic meters of biogas annually, well above the
government’s target of 44 billion cubic meters
annually by 2020.4 The government expects 3
GW of power generation from biogas by 2020.5
In addition to industrial biogas, the government has long made progress with rural
household use of biogas in small quantities.6
(See Sidebar 6.)
The second main category of biomass
power generation in China is large-scale combustion of agricultural wastes, typically in a
25-megawatt (MW) size plant.7 Such a plant
can require collection and transport of agricultural waste from a wide area, perhaps even a
substantial portion of an entire county. Transport cost typically limits collection distances to
within 30–50 kilometers from the plant. Agricultural waste must often be purchased from
many different small farmers to supply a single
plant. (Crop agriculture in China occurs
mainly via small farms; consequently, biomass
is often sold in very small quantities and must
be aggregated from multiple sellers.)
China’s first 25 MW biomass power plant
went into commercial operation in 2006 in
Shandong province. The plant cost $35 million
and burns approximately 150,000–200,000
tons of cotton stalks, tree branches, orchard
waste, and forestry waste annually.8 The ash
waste can be used as high-quality potash fertilizer. A few more plants began operation in
2006–07, and the government plans to build
another 30 such plants, for a total capacity of
perhaps 750 MW.9
An estimated 300–350 million tons of
agricultural waste could theoretically be avail-
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able annually nationwide to supply biomass
power plants.10 Estimates for available forestry
waste vary greatly, with some in the range of
100–150 million tons per year and one as high
as 500 million tons per year.11 Available
forestry wastes are expected to increase in the
future due to government tree-planting programs, such as the National Forest Protection
Program and the Sloping Cropland Conversion Program.
If a significant share of these agricultural
and forestry wastes were to be used for largescale biomass power plants, a total of 1,000
such plants might be possible, with a total
capacity of 25 GW. Higher amounts, up to
50–80 GW, have been analyzed in some scenarios, although it is questionable if such levels,
well beyond the government’s 2020 target of 30
GW, can be reached.12 Limitations include
competing uses for the wastes, including biomass pellet and briquette production and
potentially cellulose-to-ethanol technology
when it becomes commercially available.
In addition to biomass for power generation, liquid biofuels for transportation have
received widespread attention in China in
recent years as alternatives to oil imports.13
Ethanol, a biofuel derived from sugars and
starches, is currently being produced in modest
quantities in some parts of the country. Nine
provinces now mandate a 10-percent blending
of ethanol with all gasoline sold.14 The 2005
Renewable Energy Law specifically encourages
ethanol production. For some years, the
national government has provided production
subsidies of 1,300 RMB ($170) per ton of
ethanol to selected producers, equivalent to
about 12 U.S. cents per liter, about the same
level of subsidy that ethanol producers receive
in the United States.* There are two large Chinese ethanol producers, and total production
in 2006 was about 1 billion liters. This compares with global ethanol production of 37 billion liters in 2006, primarily in the United
States and Brazil.15

*Subsidies are limited to certain production levels and
apply only to some producers.
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Sidebar 6. Household-Scale Biogas and Biomass Pellets for
Cooking, Heating, and Lighting
The Chinese government has promoted household biogas digesters,
which produce gas from animal and crop wastes, since the 1950s. By
2006, more than 20 million households were using biogas, mainly in
stoves for cooking and in lamps for lighting. Current digester use in China
represents the equivalent energy of 5 million tons of coal annually, or
about 40 million tons of agricultural wastes.
A typical household-scale digester, sized 6–8 cubic meters, produces
300 cubic meters of biogas a year and costs 1,500–2,000 RMB
($200–250), depending on the province. Systems for northern climates
are designed to operate inside a greenhouse and tend to be a bit larger.
Because digesters are a simple technology, there is no need for advanced
expertise, and the units can be supplied by local small companies. Farmers, after receiving training, can build the digesters themselves.
Government subsidies to rural households for constructing new biogas
digesters have grown from about 1 billion RMB ($130 million) in 2000 to
2.5 billion RMB ($320 million) in 2006. The subsidy is 800–1,200 RMB
($100–150) per digester. Some estimate that more than 1 million biogas
digesters are being produced in China each year, and the government has
set targets for 30 million digesters by 2010 and 45 million by 2020. But as
rural households become wealthier and reduce their reliance on household animal husbandry, this will affect the viability of household biogas for
rural populations.
Biomass pellets are another promising form of energy for rural households. Small-scale pelletizing equipment is just emerging as a commercially viable technology for converting agricultural wastes into compact
pellets for stoves and furnaces, as innovations are made in efficiency, cost,
and reliability. Government targets for pellets are 1 million tons per year by
2010 and 50 million tons per year by 2020. Pellets can also be used in
rural buildings for small combined heat-and-power production, an application common in northern European countries.
Source: See Endnote 6 for this section.

In past years, some of the ethanol produced
in China came from rotted (surplus) corn that
had accumulated in storage. But by 2006, it
was clear that most ethanol was being produced from corn newly obtained from farmers,
presumably as the rotted corn stocks were
depleted (although some have questioned how
big these stocks really were). In mid-2007,
China declared a moratorium on expanded
ethanol production from corn due to concerns
about competition with food supplies.16 As
corn prices rose in China in 2007, this translated into higher meat prices due to higher
costs for animal feeds, including soybeans.
(This was similarly true in North American
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Using biogas to cook
and boil water in
Rizhao.
© Rizhao Municipal Government
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corn and soy markets due to the huge expansion of ethanol production in the United States
in recent years.)
With the 2007 corn-based ethanol moratorium, further expansion of Chinese ethanol
production will depend on dedicated plantations. Biofuel plantations are explicitly called
for in the 2005 national
Renewable Energy Law. In
2007, the government
announced it would focus
attention on sweet sorghum
and cassava plantations as the
main feedstocks for ethanol.17
Sweet sorghum is currently
not yet planted on a large
scale in China. One estimate
shows that the crop could
potentially cover more than
600,000 hectares, producing
perhaps 3 billion liters of
ethanol per year.18 Cassava,
meanwhile, is grown largely
in Guangxi and Guangdong
provinces, with estimated
potential there ranging from
1 to 5 billion liters of ethanol per year.19 In
southern China, some cassava is being
imported and the government has waived
import duties. Sugar cane is another potential
energy crop that could be used for ethanol,
with some estimates of potential up to 1.7 billion liters per year.20
Beyond sorghum, cassava, and sugar cane,
the prospects for significant ethanol expansion
in China rest on the future of cellulose-toethanol technology. Most experts expect the
viability of this technology to be proven within
the next 10 years, perhaps even before 2015.21
Indeed, construction of several cellulosic
ethanol plants (based on corn stover or wood
waste) is already under way in the United
States.22 And pilot cellulosic ethanol plants are
expected in China in the coming years.23
The most promising source of ethanol in
China is the annual flow of agricultural wastes,
which represents a huge cellulose feedstock.
Currently, this waste is often left in the field
(where at least some of it is needed for fertilP O W E R I N G
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ization) or is used for animal fodder, household cooking, and other rural applications. As
noted earlier for biomass power, such feedstocks could amount to 300–350 million tons
per year of agricultural waste and 100–150
million tons per year of forestry wastes. If half
of that waste, perhaps 250 million tons per
year total, were devoted to cellulosic ethanol,
up to 90 billion liters of ethanol per year could
be produced.24 For comparison, Chinese consumption of gasoline in 2006 was 70 billion
liters.25
A second biofuel, biodiesel, can be produced
from waste vegetable oils or oilseed plantations. Currently, the amount of biodiesel produced in China is small and is derived mainly
from waste cooking oil.26 There is a large
potential supply of such waste oil if it can be
collected and processed cheaply enough into
fuel. According to one estimate, up to 4 billion
liters per year of biodiesel could be produced
from waste cooking oil in China.27 There is
also potential for producing biodiesel from
oilseed crops, the cheapest of which is Jatropha
curcas, which might yield 7 billion liters per
year nationwide.28 Other oilseed crops considered economically viable are Chinese pistachio,
yellowhorn, and Wilson’s dogwood.
Other potential biodiesel feedstocks include
soybeans, peanuts, rapeseeds, cottonseed, and
sunflower, although all of these are food crops
that are in high demand in China.29 Rapeseed,
for example, can command higher prices as a
cooking oil today, but it might become viable
for biodiesel within the next decade. The theoretical potential is quite high: one study estimates that 29 million hectares could be planted
with rapeseed, producing 21 billion liters of
biodiesel annually.30 A wide variety of pilot
efforts to convert various oilseed crops to
biodiesel are ongoing in several provinces.
Palm oil is another feedstock common in
Southeast Asia, and some small Chinese
biodiesel producers have started to import
palm oil.31
Estimates of the long-term biofuels potential in China vary widely. The Chinese Renewable Energy Industries Association calculates
that energy crops could yield more than 60 bil-
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lion liters of liquid fuel per year, including 35
billion liters of ethanol and 27 billion liters of
biodiesel.32 The China Energy Research Institute has estimated that China could produce
19 billion liters of biofuels per year by 2020
and up to 40 billion liters per year by 2030.33
Other estimates have put the range at 10–30
billion liters by 2020. Most of these estimates
go beyond China’s national target for ethanol
production of 13 billion liters of ethanol and
2.3 billion liters of biodiesel per year by 2020.34
Future prospects for biofuels in China will
depend on oil prices, the pace of technology
development, and the viability and availability
of land for large-scale plantation crops. Plantation crops may prove too expensive in the
short term, or at least until oil prices increase
further. There are also serious concerns about
environmental degradation, water resources,
and competition for land arising from biofuels
plantations.35 For example, tropical deforestation is occurring in Indonesia and Malaysia to
clear land for oil palm plantations, and competition can arise from the use of forest land to
plant jatropha. Other indirect environmental
effects include the use of biomass for fuel that
might otherwise be used to produce heat or
electricity, thereby offsetting coal consumption
and reducing local air pollution as well as carbon dioxide emissions from coal.36
Much of the future of biofuels in China will
hinge on the commercial viability of using cellulosic material, particularly agricultural
wastes, to produce ethanol, which is not
expected before 2015 (although some optimistic forecasts are suggesting 2010–12 is possible). Prospects for cellulose-to-ethanol also
depend on the scale of commercial plants relative to the diffuse nature of agricultural waste.
The prospects are good that China could get
10–20 percent of its transportation fuels from
biofuels by 2020 or 2030. This compares with
an International Energy Agency advancedtechnology scenario that shows the world getting 3–25 percent of its transportation fuels
from bio-based sources by 2050.37
Future prospects for biofuels also depend
on China’s other options for reducing oil
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imports. These include converting coal into
liquid fuels, use of natural gas vehicles, and
the use of electric vehicles. For instance, China
has begun to advance technology to convert
coal to liquid fuels such as methanol and
dimethyl ether, spurred in part by rising oil
prices and energy security concerns. But these
technologies are still a long way from being
economical, and studies suggest they would
produce even more carbon dioxide and other
pollution than oil-based fuels do.38 Natural gas
supply, meanwhile, is very limited in China,
although some cities like Beijing have made
extensive use of natural gas buses in an attempt
to reduce air pollution.
After several years of development, a number of Chinese automakers are planning to roll
out both hybrid gasoline-electric and electriconly vehicles by
2010.39 The national
power grid company
is also developing a
fleet of thousands of
electric-only vehicles
for its own operations
and plans to create
networks of charging
stations starting with
the Beijing 2008
Olympics and the
Shanghai 2010 World
Expo.40 Shanghai
plans to have a fleet of
electric buses in time
for the Expo, possibly
using “super-capacitor” storage rather
than conventional
batteries. Electric
bicycles and scooters
are already a huge and
growing phenomenon throughout China, with
many models now on the roads. This emerging
trend toward electric vehicles may begin to
compete with biofuels as an alternative means
to improve energy security.
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I

n September 2007, Chen Deming, vice
chairman of China’s National Development and Reform Commission (NDRC),
announced the government’s finalized
plan to accelerate the development of renewable energy in China, indicating that the country would invest 2 trillion yuan ($265 billion)
in renewables, most of it from private sources.1
The plan represents another clear step in the
steady ratcheting up of China’s renewable
energy goals and commitments. The early successes of China’s initial wave of renewables
policies, starting in the 1990s, and its growing
manufacturing base in the sector, are giving
government and private leaders added confidence and ambition.
China is well positioned to develop renewable energy on an unprecedented scale in the
years immediately ahead. It has already
become the first developing country to promulgate such a comprehensive and strong set of
national policies to promote renewables, and it
is now positioned to “leapfrog” its renewable
energy development ahead of industrial countries as well. China’s status as the global leader
in low-cost manufacturing may allow it to
overcome the largest single hurdle to largescale development of renewable energy worldwide: the ability to compete economically with
fossil fuels.
In many other sectors, for technology after
technology, China has achieved manufacturing
costs that were once considered impossibly
low. Achieving similar results in renewable
energy will require continuing advances in policy, technical innovation, and human skills
development, with a focus on stronger provincial and local policies as well as progress at the
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national level. Strong policies are needed to
build technological capability, create new
industries, and assemble the supporting
institutions needed for sustained renewable
energy development.
Much of China’s progress in renewable
energy to date has drawn on foreign technology. The next step is to develop indigenous
technical skills and institutions to support
research and technology development, including the skills needed for equipment design and
manufacturing (for example in wind turbine
blade design) as well as system design, component manufacturing, testing and verification,
site selection, resource surveys, project planning and design, construction supervision,
performance monitoring, repair and maintenance, and operations management. The
NDRC has estimated that more than 100,000
skilled scientists and engineers will be needed
by 2020, a tremendous increase from just several hundred such personnel employed today.2
China will need to develop a specialized
energy technology research and development
institution, perhaps along the lines of the U.S.
National Renewable Energy Laboratory. Such
an organization could conduct leading-edge
research in support of Chinese industry; train
engineers and scientists in design, manufacturing, testing, and management; and allow China
to more closely follow international technology trends.
A national renewable energy research
organization could also help fill an important
gap in China: the lack of solid geographic
resource assessments, especially compared to
industrialized countries. Detailed resource
maps are essential for project planning and
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financing and for minimizing investment risks.
Although the Chinese Meteorological Research
Institute has produced national resource
assessments based on data collected at over
2,000 meteorological stations, such assessments are not adequate for detailed project
planning and siting. And virtually no data exist
on offshore wind resources, which offer great
promise for future development. Skills and
institutions for equipment certification and
quality testing also need further strengthening.
The NDRC has begun developing national
industry and research “roadmaps” that point
the way to expansion and innovation, and
these should be solidified and followed. Incentives and mechanisms for international technology cooperation among private firms are
some of the keys to technology development.
Building international partnerships, such as
the Asia-Pacific Partnership to address climate
change, can also help, along with financing
tools like the Clean Development Mechanism
(CDM) and carbon credits.
Renewable energy pricing and financial support are essential for the development of a sustained commercial industry in China—as
other countries have discovered. Even with the
2005 Renewable Energy Law, wind power
prices in China have been significantly lower
than those found in other countries with
robust wind markets, inhibiting the rate of
development. Wind power concession bidprices have been in the range of 0.4–0.5 RMB
(5–6 U.S. cents) per kilowatt-hour. These are
lower than prices found in the United States
and Europe, which are typically in the range
6.5–8 cents per kilowatt-hour if subsidies are
included.3 Despite the relatively low prices,
there has been ample availability of equity and
debt capital for the sector. But financial conditions could change, and the government will
need to be alert to the availability of capital for
the sector. Concessionary financing may
become more necessary for critical tasks such
as pre-project planning.
China is a large country, and further development of renewable energy policies at the
provincial and local levels is essential. There
are many examples of local governments supw w w. w o r l d w a t c h . o r g

porting renewables, with solar hot water heating and other technologies in Rizhao and the
Baoding New High-Tech Industrial Development Zone being prominent examples.4 (See
Sidebar 7.) The city of Beijing is now also
developing its own renewable energy strategy.
At the provincial level, international initiatives
such as the World Bank/Global Environment
Facility China Renewable Energy Scale-Up
Program (CRESP) are providing assistance to
governments to pilot new policies in support
of national objectives. And other bilateral and
multilateral assistance agencies, such as the
Asian Development Bank, United Nations
Development Programme, and German
Agency for Technical Cooperation (GTZ), are

Sidebar 7. Baoding New High-Tech Industrial Development Zone
The Baoding New High-Tech Industrial Development Zone embodies a
new approach to technology development in China. Located close to Beijing, it was established in 1992 during a national frenzy of building hightech zones to attract foreign investment. Since then, it has defined itself as
a center of new energy technology and has won the title of “National New
Energy and Energy Equipment Industrial Base.”
Baoding now includes a solar PV industrial park and a wind power
industrial park. Two large renewable energy manufacturers call Baoding
home: Yingli Solar, one of China’s top producers, and Zhonghang Baoding
Huiteng Wind Energy, the country’s leading wind-turbine blade manufacturer. The success stories of those two companies illustrate how local government support for renewable energy has enabled innovation.
The local government has made direct investments in many of Baoding’s companies, helped them obtain outside financing and business partners, and has made connections with research institutes within China and
abroad. Enticed by the existing industrial base, more new-energy enterprises have joined the zone in recent years, including manufacturers of
solar PV and wind turbines, blades, control systems, and towers.
The marriage between the local government and enterprises is indispensable, as local enterprises and the business environment are far from
mature, according to Ma Xuelu, head of the Baoding zone government. In
his view, the most important benefit that this marriage brings is bypassing
the red tape of the government “command role,” which has hindered the
pace of business development in the past.
Source: See Endnote 4 for this section.

helping at both the national and local levels.5
Technology demonstrations, business-model
testing, and market-building assistance have
played a key role in China’s current renewable
energy momentum.
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China will likely achieve its target of obtaining 15 percent of its energy from renewables by
2020, and may well exceed this goal. According
to a number of scenarios, if China’s commitment continues to grow, it could derive over 30
percent of its energy from renewables by 2050.6
(See Sidebar 8.) This is consistent with recent
global scenarios that suggest that the world
could obtain 30–50 percent of its energy sup-

Sidebar 8. Future Scenarios for Renewable Energy in China
Several scenarios show renewable energy achieving significant shares in
China by 2020 and 2050:
• A 2002 study by the China Energy Research Institute and the Lawrence
Berkeley Laboratory considered three scenarios to 2020, all with the
same GDP growth but differing in urbanization rates, technology development, and policies for energy supply and efficiency. A “promoting sustainability” scenario shows environmental policies and goals being met,
while a ”green-growth” scenario represents extra effort in energy efficiency and renewables. With green growth, the study envisioned renewables expanding to 200 gigawatts (GW) of large hydro, 30 GW of wind
power, and 40 GW of small hydro, comparable to policy targets now in
place.
• The Chinese Task Force on Energy Strategies and Technologies developed an “advanced technology” scenario that relies heavily on coal gasification, which expands from zero in 2000 to 60 percent of primary energy
by 2050 (with coal falling to just 8 percent). At the same time, the primary energy share of renewables increases from 7 percent to 18 percent.
Because of energy-intensity improvements, while the economy expands
13-fold by 2050, primary energy increases only 3.5-fold, from 42 exajoules
(EJ) in 2000 to 135 EJ in 2050, accompanied by a ninefold increase in
renewables from 2.8 EJ to 24 EJ.
• The World Business Council for Sustainable Development envisioned 38
percent of China’s electricity from renewables by 2050, with a total of
1,000 GW of wind capacity.
• A Tsinghua University scenario shows the share of primary energy from
renewables reaching 28 percent by 2050, with economy and energy projections to 2050 updated from the Chinese Task Force scenario. Although
energy use increases 3.5-fold in China, primary energy share increases
fourfold, leading to a 14-fold increase in renewables by 2050.
Source: See Endnote 6 for this section.

ply from renewables by 2050.7 European
scenarios have shown that up to 50 percent of
primary energy from renewables would be
possible as early as 2030 in Europe, and such
a level for China is not implausible in the
longer term.
34
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China’s total power generation from renewables could reach 400 gigawatts (GW) by 2020,
nearly triple the 135 GW in place in 2006, with
hydropower, wind, and solar photovoltaics
(PV) making the most important contributions.8 By 2050, this renewable power capacity
might reach 2,000 or even 3,000 GW. This
would yield avoided carbon dioxide emissions
of 3.5–5 billion tons, equivalent to China’s
total emissions of the gas in 2005.9 Specific
technology prognoses are:
Wind power. Many believe the government’s target of 30 GW of wind power by 2020
will be exceeded, perhaps reaching 60 GW.
Beyond that, wind power could reach 100–200
GW by 2030 and as much as 600 GW by
2050.10
Solar PV. Estimates for the future of solar
PV vary widely, but 2–10 GW by 2020 is not an
unreasonable goal if expected cost reductions
in technology occur in the coming years.
Beyond that, 20–40 GW could be installed by
2030, and 500–1,000 GW by 2050.11 By comparison, global grid-tied solar PV reached 5
GW in 2006, and some scenarios show as
much as 500–1,000 GW of grid-tied solar PV
worldwide by 2030.12
Solar thermal power. The future of concentrating solar thermal power generation is still
uncertain. It is currently experiencing a renaissance in the United States and Europe, but has
virtually no technology or commercial base in
China. China has extensive desert areas that are
well suited to solar thermal power generation,
so if the technology becomes successful internationally and costs fall, it is possible that hundreds of GW of solar thermal power plants
could be installed in China in the coming
decades.13
Hydropower. China’s hydropower capacity
may reach 300–350 GW by 2020, before beginning to stabilize.14
Biomass power. It is unlikely that biomass
power will make a major contribution beyond
the government’s target of 30 GW by 2020, as
the resource is limited and collection of widely
dispersed agricultural waste for use in large
centralized generating plants is problematic in
many areas if transport costs and logistics are
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considered. Given that there are only a few
such plants yet running, the prospects of
achieving even 30 GW by 2020 are uncertain.
Other. Smaller contributions from geothermal and tidal power of roughly 50 MW each
are expected by 2020.
Achieving these goals in the power sector
will depend on a number of factors. For wind
power, these include the speed of domestic
industry development and technology cost
reductions, the evolution of government policy
(including renewable portfolio requirements
for the national generating companies), renewable power pricing levels, and the prospect for
offshore wind. For biomass power, key factors
include the viability of large-scale biomass
power plants, the potential for developing
industrial-scale biogas technology, the continuation of feed-in tariffs for favorable power
pricing, and new technology development such
as biomass gasifiers.
For solar PV, key factors include the speed
of technology cost reductions, new policies to
support building-integrated photovoltaics
(BIPV) and other grid-tied applications
(including feed-in prices or other incentives
and construction standards and policies), and
the speed with which electric power utilities
accommodate so-called “distributed generation.” Chinese utilities are not generally obligated to purchase power generated locally by
their customers, nor are they as familiar with
the engineering and institutional means for
doing so.*
Prospects for continuing growth in solar hot
water and heating use are good.15 It is likely
that more than one-third of China’s households will be using solar hot water in the
2020–30 timeframe if current targets and policies are continued. Continued growth depends
on additional policies and incentives for solar

*All forms of power generation could potentially be
boosted by green power sales, in which consumers can
choose to buy renewable power from suppliers offering
it. Such sales (and also "utility green pricing") have
become common in the United States and Europe where
power sector restructuring has allowed retail competition. But retail competition does not yet exist in China.
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hot water and space heating, particularly integration into building codes and standards and
construction practices. Other important needs
are tax and export incentives, quality standards
and labeling, and better consumer information. This is a challenge not just for the
national government, but for municipal and
provincial governments as well. The potential
for export-led growth of the solar hot water
manufacturing industry is large but remains
untapped. Chinese manufacturers will need to
understand and adapt to foreign technical
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Turbines at
Dabancheng Wind
Farm, Xinjiang.
Some of China’s
best wind resources
are made possible by
the natural breach in
Tian Mountain.
© Greenpeace/Hu Wei. Photo
courtesy of Li Junfeng.
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standards and quality expectations, but the
prize is a global market for low-cost Chinese
solar hot water heaters.
Future prospects for biofuels depend on oil
prices, technology development, and largescale viability of plantation crops, although
plantation crops may prove too expensive.
Biofuels prospects may also depend on
progress with electric vehicles and other substitutes for oil-based transportation. Prospects
for cellulose-to-ethanol depend on technology
commercialization and biorefinery sizes that
are both efficient and suitable for the diffuse
nature of China’s rural biomass resources.
Prospects for rural use of renewable energy
are diminishing as virtually all of China’s rural
population becomes electrified in the next 5–7
years. Nevertheless, biogas for cooking fuels
will continue to be important, with expectations that the number of rural households
using biogas will double by 2020. Markets for
household solar electric and wind systems will
continue to be important in more remote
areas, particularly in western China. Prospects
for village-scale power systems based on
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renewables, following the completed 2004–06
Township Electrification Program, will depend
on future government policy directions.
China is on track to assume global leadership in renewable energy in the years immediately ahead. Reaching this milestone in such a
short time would constitute a remarkable
achievement, with clear benefits for meeting
China’s energy needs and improving its energy
security, while also reducing air pollution and
lowering carbon emissions. China’s leadership
in renewable energy will provide a strong
example for other developing countries, while
helping to drive down renewable energy costs
to the point that they become competitive with
fossil fuels in rich and poor countries alike.
With fortunes to be made and men like
Suntech’s Shi Zhengrong leading the way,
China’s success in renewable energy seems all
but assured. That success could constitute a
true “tipping point” for the global energy economy, with far-reaching benefits not only for 1.3
billion Chinese, but also for the world’s 5 billion other people.
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SPECIAL REPORT
Powering China’s Development
The Role of Renewable Energy
The breakneck expansion of China’s economy has no equal in modern times.
In its quest for prosperity, China must consume ever more energy to power its
buildings, fuel its vehicles, and support its rapidly expanding industries. With
domestic coal as the dominant energy form but imported oil growing quickly,
the country is now grappling with the far-reaching environmental, security,
and social implications of its growth.
Fortunately, China is already a global leader in renewable energy, with ambitious plans for the future. In 2006, China was first in the world in solar heating and small hydropower, third in solar power manufacturing, and fifth in
wind power. Many Chinese renewable energy companies are set to become
global leaders. By 2020, Chinese agricultural and forestry wastes might supply
the next generation of biofuels for transportation.
With global investment in renewable energy now exceeding $60 billion per
year, renewables can no longer be ignored as a significant energy source for
China and the world. As China overtakes the United States as the top emitter
of greenhouse gases in the next few years, the need to transition to cleaner,
more secure, and more sustainable energy has never been more important.
With its economic ambitions and growing role as a global manufacturing
powerhouse, can China help lead the world to a more sustainable future?
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