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G E N E R A L I N F O R M AT I O N

◆ Implementing institution
New Energy Development Division, Department of Electricity
Power, State Power Development Corporation of China

◆ Head 
Yuwen Zhao

◆ Details of institution
Address: 86 West Chang-An Avenue, West City District,
Beijing 100031

Tel.: (+86) 10 6201 2881

Fax: (+86) 10 6201 2880

E-mail: zhaobts@public.bta.net.cn

◆ Implementation period 
Two years (1997-1999).

◆ Costs 
US$2.18 million: US$1,962,000 (90 per cent of total) from the
central government and US$218,000 (10 per cent of total)
from the local government (Tibet).
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S U M M A R Y

In China, about 50 million people still do
not have access to electricity. Most of the
people without power live in remote
areas of western China where population
density is low and the inhabitants are
often nomadic. The climate is dry with
intense solar radiation. Solar photovolta-
ic (PV) energy, therefore, is a good
potential source of electricity.

To encourage the development of
renewable energy applications, the local
government has introduced incentives,
including subsidies, tax breaks and access
to credit. These policies have promoted
the use of PV power and, over the last 10
years, the PV market has increased at an
average of 20 per cent per year. From
near zero in 1981, more than 3,500 kilo-
watts of solar power were being generat-
ed by nearly 25,000 PV systems through-
out China by 2001.

As part of this initiative, between
1993 and 1999, seven PV power stations
were constructed in Tibet, the area with
the highest incidence of solar radiation in
the country. The 100-kilowatt PV power
station in Anduo county is the largest of
these seven power stations. It offers an
excellent example of how PV electricity
can help to solve the power problems of
China and how such electricity can be
generated even in apparently hostile
environmental conditions.

B A C K G R O U N D A N D

J U S T I F I C AT I O N

Anduo power station stands at the foot of
Tangula Mountain in Naqu district on the
plateau of north Tibet at 4,680 metres
above sea level. It is located at one of the
highest elevations and suffers from one of
the harshest climates of any PV power
station in the world. Throughout the year,
the average temperature is about -3°C,
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ranging from a high of 23.3°C to 
a low of -36.7°C. The temperature
remains below zero for seven months of
the year, and only 24 days a year are frost
-free. Strong winds are common, 
average rainfall is 411.6 millimetres and
frequent snowfalls have a serious impact
on both transportation and peoples' 
general standards of living.

However, the area is rich in solar
energy. It has an average of 2,847.4 hours
of sunshine a year, which produce 7,830
megajoules per square metre. As this solar
energy is uniform throughout the year, it
is an ideal source from which to generate
electricity.

When the project began in 1997, the
town had a population of about 4,000
people living in about 1,000 households
served by a single small diesel-powered
generator that was expensive to run and
broke down frequently.

In the early 1990s, as part of its
efforts to promote local economic devel-
opment and improve the material and
cultural living standards of people in
Tibet, the central government decided to
build PV power stations in counties with-
out an electricity supply or hydropower
resources. Anduo power station was 
constructed between 1997 and 1999.

The design of the PV station and its
plant had to allow a large margin of safe-
ty because of the harsh climate, high ele-
vation and thin air. The plateau of north
Tibet also suffers from very poor trans-
port infrastructure, including a complete
lack of railway lines. Because all the mate-
rials for the PV station had to be 

purchased elsewhere and transported to
Anduo, logistical challenges increased
the installation costs. Transport problems
also impact maintenance costs. Moreover,
specialists and technicians from other
areas find it difficult to adapt to the local
conditions. Despite these setbacks, PV
power stations are still the best and most
cost-effective energy option for Tibet.

D E S C R I P T I O N

Standard design criteria for PV power
plants had to be modified to suit the 
special climatic and geographical condi-
tions of Tibet. Reliability and safety were
the main concerns in these design adap-
tations. In addition, extensive efforts
were made to improve the efficiency of
the systems and reduce their costs. The
system at Anduo includes a solar cell
array, a bank of batteries, a DC control
system, an inverter, a rectifier, a charger,
a diesel engine and a distribution system
as well as buildings to house the machin-
ery, accommodate workers and support
the PV arrays. The thin air means that the
design of electrical appliances must allow
for an extra large margin of safety, and a
deionized water system had to be
installed to provide the vast quantities 
of clean water needed to maintain the
batteries for long periods.

The project was implemented by the
State Power Development Corporation
of China which, in 1992, identified PV
energy as the best choice for supplying
electricity to Tibet. Construction was
implemented in a step-by-step process
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with the approval of and funding from
the government. In early 1993, the 
Power Development Department of
Tibet invited bids for the construction 
of PV power stations in seven counties
across Tibet.

The Institute of Electrical Engineering
of the Chinese Academy of Science won
the contract and began work on the ini-
tial designs for Anduo in 1997.
Construction took place between May
and September 1998, and the station
started to operate in October. During
construction, five technicians from
Anduo were sent for training to learn
how to operate the PV power station.
The completed project was checked and
approved by the government in August
2000. Most devices were found to be
working correctly, and the station had
also operated safely for more than 21
months, which proved that its design,
installation and construction met the
requirements of the initial plan. 

During the assessment by the govern-
ment, it was demonstrated that the
Anduo power station generated an aver-
age of 240 kilowatts a day, supplying
electricity for seven hours a day. The
diesel engine generated 1,600 kilowatts
of electricity. The charge and discharge
function of the PV system was also found
to meet with design requirements. 
The cost of the oil saved as a result of
having the PV station was US$180,000,
and supplying electricity to the service
industry had generated $12,000 of rev-
enue. Therefore, there were good social
and economic results from the installa-
tion and use of the PV power station.

P AT E N T I N G A N D

C O M M E R C I A L I Z AT I O N

The successful design, installation and
implementation of the seven initial PV
power stations, including Anduo, are
being used as a model for similar projects
across western China. PV technology is
becoming one of the most important com-
mercialized technologies for providing
electricity to communities that currently
lack access to power across the region.

P A R T N E R S H I P S

The Institute of Electrical Engineering,
the project contractor, was responsible
for the overall design and construction of
the PV systems as well as the develop-
ment or purchase of other required
machinery and equipment. It subcontract-
ed the Hydropower Company of the
Electricity Division in Naqu District to
construct some of the necessary technical
equipment, including the invert/transform
devices, and the building to house the
generating equipment. The Anduo
County government was subcontracted to
construct the supports for the PV array,
the workers' accommodation and the
enclosing wall around the whole plant.

R E P L I C A B I L I T Y

PV technology can easily be extended to
other countries. It is relatively straightfor-
ward to install and use, so most countries
will have the necessary technical expertise
to do so. PV power is unlikely to encounter
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barriers from national or international pol-
icy because it is a clean, renewable source
of electricity whose development is
encouraged all over the world. The work
done by this project to adapt standard PV
power-station designs to local climatic and
geographical conditions, and the strict
quality controls to which all the compo-
nents of the PV systems were subjected
resulted in a PV system that could be repli-
cated in western China and other regions
with similar conditions throughout the
developing world. High costs are the main
obstacle to the spread of PV technology in
developing countries.

L E S S O N S L E A R N E D

Despite the high annual growth rate in
PV energy production, the Chinese PV
industry still lags far behind those of
developed countries and regions such as
Japan, the United States and Europe. The
output of PV production and the number
of PV systems installed in China account
for only about 1 to 1.5 percent of world
totals. One of the main reasons for this is
that the central government has not yet
introduced systematic incentive policies
such as the Renewable Portfolio Standard
(RPS) of Europe and the United States.
This lack of a supportive government
policy is one of the main obstacles facing
the Chinese PV market and industry
today. However, the central government
is working on new policies and regula-
tions that will encourage the develop-
ment of renewable energy technology.

The economy of China is rapidly

changing and expanding, but the PV mar-
ket has not yet been standardized. For
example, there are no product standards,
product quality is not uniform and the
maintenance service system is inefficient
and unreliable. In some areas, the PV mar-
ket is in disorder, owing to a lack of regu-
lations and systems for examining and
checking product quality and the fact that
a few traders have been overcharging for
products, equipment and services. All of
these factors have an adverse effect on
consumer confidence in and acceptance
of PV power systems. At present, the PV
market is being reorganized through such
measures as the setting up of standards for
marketed PV products, the introduction
of a bidding system and the establishment
of a supervisory system for training in PV
engineering and technology. A national
standard — Technology Standards of
Home Solar PV Systems — has been draft-
ed and several institutions for quality con-
trol and certification have been created.

PV-generated electricity is still expen-
sive to produce and supply. In terms of
price, therefore, it can compete with con-
ventional electricity only in special situa-
tions where there is no access to regular
electricity supplies. If PV technology is to
replace fossil fuels, the technology it uses
must be improved and made far more
cost-effective. In addition, developed
countries dominate PV technology and
the PV industry and they prefer to export
their high-priced products to developing
countries rather than making them more
readily available through the production
of  lower-priced versions. This contributes
to the high prices of PV power and affects
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developing countries more than devel-
oped ones. Governments of developing
countries could work towards reducing
the technology gap between developed
and developing countries by dedicating
research and development (R&D) funds to
improving the cell efficiency and the
manufacturing technology of PV systems.

Wherever PV systems are demon-
strated, more and more people come to
accept and welcome their use. Awareness-
raising activities, such as Renewable
Energy Day and Environment Protecting
Day, have been launched as a way of
increasing public awareness and accept-
ance of PV technology and products. 

I M P A C T

Since the PV station was installed in
Anduo, local people have had reliable
access to lighting, television, radio and
electrical appliances in their homes. As a
result, their standard of living has
improved. Moreover, freed from the
drudgery associated with securing other,
more traditional sources of energy, people
have been able to assume additional posi-
tions outside the home or to participate
more readily in cultural events. Economic
development has progressed owing to
the new industries and restaurants that
have opened up, and the revenue of the
Anduo municipal government has
increased greatly over the first two years
of the operation of the power station.
The situation is similar in the areas of
Tibet and other parts of the country

where PV power stations have been built
to provide a local electricity supply.

Beijing Solar Energy Research
Institute (BSERI) is making efforts to
reduce the cost of PV electricity. BSERI
was set up in 1979 to carry out R&D in
solar energy technology (both PV and
thermal) and to transform its R&D
achievements into commercial production
technology. Its PV laboratory is one of its
main departments and also one of the
main centres for solar PV R&D and appli-
cation in China. In 1991, the State Science
and Technology Ministry (SSTM) estab-
lished the National Engineering Research
Centre for Renewable Energy (NERCRE)
to provide backup to BSERI. The PV R&D
efforts of BSERI and NERCRE focus main-
ly on crystalline silicon high-efficiency
cells, polycrystalline silicon film cells and
PV application technology. 

There have been many successes.
The conversion efficiency of monocrys-
talline silicon solar cells has reached 19.8
per cent, while that of buried-contact
solar cells is now 18.6 per cent. The PV
application technologies that BSERI is
developing include system design, con-
trollers and inverters. These activities
have already reduced the North-South
technology gap, and the Chinese PV
industry is expected to make great
advances over the next 10 years.

PV technology has now been in use
in China for more than 20 years, but the
already fast-growing PV industry is set to
expand even more quickly in the near
future. A large-scale PV project to pro-
vide electrical engineering for towns
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without electricity in seven provinces of
western China was launched in 2002
with the objective of generating up to 15
megawatts of PV power. Provincial gov-
ernments will be responsible for half the
budget of this project, with the central
government providing the other half.

The construction of the seven PV
power stations in remote areas of Tibet
has induced local governments in Tibet,
Inner Mongolia, Qinghai Province and
elsewhere to introduce regulations to
promote PV systems. In 1998, the central
government, the State Development
Planning Commission, the Ministry of
Technology and Science and the State
Economic and Trade Commission sent
out a joint circular instructing all Chinese
electricity companies to allow electricity
from renewable energy sources to be
attached to the grid. These measures are
designed to promote the development of
renewable energy technologies.

As a renewable source of energy, PV
technology contributes to sustainable
development because it protects the ecol-
ogy and the environment. In addition,
the application of PV technology can
promote and encourage the development
of other renewable energy technologies.
The inspiring example of the use of PV
technology in western China is a source
of satisfaction for people involved in sus-
tainable development strategies.

F U T U R E P L A N S

Rapid local and national economic 
development is leading to increased

demand for electric power both in areas
without electricity and in those where
the existing supply is insufficient. In addi-
tion to the building of new PV power 
stations in western China, future plans
include enlarging the seven existing 
stations to meet the increased demand.

The State Development Planning
Commission has drawn up a blueprint,
known as Bright Engineering, for the
development and commercialization of
PV technology. Under this plan, PV sys-
tems supplying a total of 105 megawatts
will be installed by 2005 and will expand
to supply 300 megawatts by 2010.
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