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Huang Yicheng
Minister of Energy

PREFACE

The development of human society always encounters with diverse challenges. The global conventional energy
resources (mainly consisted of hydrocarbons)is being greatly consumed due to increasing human demands. This also
inevitably results in worldwide environmental problems. For coping with the potential global energy shortage as well
as improving natural environment, the program of research, development and utilization of new and renewable
sources of energy (NRSE)as well as adopting advanced energy convetsion technologies will be a significant task
facing the energy scientists in all the countries.

In the beginning of the founding of the People’ s Republic of China,an independent and initiative energy
industry was established and has supplied huge amount of coal, petroleum and electric power for state socialist
economic construction even under a weak industry base at that time. However,the gap between energy demand and
supply has been widening along with the rapid development of national economy. Since the 3rd Plenary Session of
Central Committee of lith Congress of Chinese Communist Party ,great changes have happened throughout the rural
villages in China. The increase of agricultural input,the speedy development of rural township run enterprises and
the improvement of farmers’ living standard are bringing about an accelerated growth in rural energy demands. So
the R & D of NRSE will provide an alternative possible solutions for easing up the rural energy shortage ,especially
in remote locations,and progressively reducing the reliance on conventional energy supply in those areas.

On the other hand, the development of modern technologies and commercialization of new materials will no
doubt provide the possibility and promising prospects for efficient and economical use of the natural energy
resources ,such as solar,wind ,biomass,ocean and geothermal energy.

Since 1970’ s Chinese Government has paid much attention to R & D and utilization of new and renewable
energy. A coherent strategy governing the R & D and utilization of NRSE has been pursued for planners and
decisionmakers. It is stated as “planning in accordance with local resources availabie and economic conditions;
multienergy complementatry supply ;integrated use and concern of commercial and economic viability” . During the
period of Sixth and Seventh Five-Year Plan,the K & D project of NRSE was listed in the National Science and
Technology Development Program ,and the international co-operations have been carried out. An expertise team has
been organized,a number of technology development centers for NRSE have been set up and some demonstration
projects are under way.

At present ,some new and renewable energy appliances have served peoples daily life and some others are still
in demonstration stage. All these achievements in new and renewable energy application considered as an important
part of technological and industrial revolution in forthcomlag new era have displayed a picture of ptromising
prospects and attract the attention and concern of energy circle in national aig 5lobal scale.

For the purpose of introducing the status of research and development of new and renewable energy utilization
in China as well as exchanging information with foreign counterparts, Chinese Solar Energy Society edited and
published this work—— (THE DEVELOPMENT OF NEW AND RENEWABLE SOURCES OF ENERGY IN
CHINA). I am confident that the publication of this book will further promote the NRSE utilization in China as weli
as provide the up-to-date worthwhile information to the outside world.

With my best wishes to a prosperous future of NRSE utilization for benefitting all the people!
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PRESENT STATUS AND POLICY ON THE DEVELOPMENT OF NEW AND
RENEWABLE SOURCES OF ENERGY IN CHINA

Hu Chengchun

(State Science and Technology Commission )

China is a populous developing country with a very weak industrial foundation. In the past forty years, an
independent energy industry has been established, covering coal, oil and electricity generation. Towards the end of
1989, it was estimated that China’s annual production capacity stood as follows: 1040 million tons of coal, 137
million tons of oils, 14 billion cubic meters of natural gas and 582 billion kWh of electricity. In the last ten years,
the implementation of the reform and open policy has resulted in rapid development of the national economy. But on
the other hand, the dramatic growth also gave rise to increased energy consumption ,creating an imbalance between
energy supply and demand. It was particularly so in the rural areas, whete over 80 per cent of the country’s
population depends on firewood as a major source of fuel for cooking. The recent boom of rural and township
industry , which contributes to the formation of a diversified economy in tural China,adds to the severe energy
shortage.

This is further aggravated by the increasing energy consumption needed to improve the livelihood of urban
residents. Given her present financial constraints, China is unable to increase government inputs to satisfy her
annual conventional energy demand in industry and everyday life in urban areas,not to speak of meeting the needs
in rural areas, The only way to ease energy shortage in rural areas is to mabilize local governments’ resources and
develop small-scale energy production patterns suited to local conditions, which include, among other things,the
construction of small coal mines, small hydropower stations and small wind power stations .

The acute energy shortage also has led to the worsening of the environment and caused an undesirable
ecosystem imbalance. Despite the vigoroues efforts by the government to plant trees, little progress was attained as
indiscriminate deforestation by the peasantry in search of firewood more often than not offsets achievement made
along that line. Serious consequences arose ; in the last fifty years, the total area of desertified land in China has
expanded by 50,000 square kilometers. It is believed that the annual agricultural wastes consumption in rural China
totals 500 million tons. But the yearly need in China for agricultural wastes as fuel ,animal feed and industrial raw
materials is estimated to amount to at least 700 million tons. To ensute the basic supply of agricultural wastes for
animal feed and industrial raw material ,the farmers’ need for fuel can not be met. It is estimated that every year
about 80 million households in the countryside suffer the lack of firewood for about fifty days .

Indeed, this grave energy shortage poses a big challenge to the Chinese government. In the teeth of the crisis,a
number of measures have been taken by the Chinese competent authorities since the late 70s, which included yamong
other things,the adoption of a set of preferential policies to encourage the exploitation of new and renewable sources
of energy (NRSE). Research and development in NRSE received national priority in the Sixth Five — Year Plan
(1981—1985) and demonstration ptrojects ,established on the basis of research achievements, went into operation
to develop a keen public awareness of availability of NRSE. Efforts were made to pool wisdom and resources to
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tackle key technological obstables that hindered progress in that direction . A fairly big amount of financial resources
were earmarked for that purpose . Under the current Seventh Five—Year Plan (1986 — 1990) ., now still under
implementation , the central government persists in allocating a special fund for priority projects in NRSE research
and development. In the meantime ,extensive international exchanges and cooperation were encouraged and received
a prominent place in the NRSE program ,including some selected NRSE technology and equipment. ‘

All these national efforts,as mentioned above, have contributed to the remarkable progress that have been
achieved over the last 10 years. This includes the establishment of over 20 NRSE research institutes across the
country and development of programs in some universities and colleges as well as industry in support of research
and development in NRSE. Up to now ,there are some 3000 engineers and technicians in China specialized in NRSE
research and development. In the various provinces, more than 100 factories were set up and devoted to the
manufacture of solar heaters, photovoltaic cells and wind powered electricity generators. Furthermore ,a number of
national technology development centres as well as training centres concerned with NRSE were also established to
bring together and capitalise on the strengths found in different localities and ministries. They include the Chinese
Wind Energy Development Centre, the China Biomass Development Centre, the China National Photovoltaic
Technology Development Centre , Hangzhou Regional Centre ( Asia-Pacific) For Small Hydropower, the China
Centre of Rural Energy Research and Training ,the China Chengdu Biogas Research and Training Centre for Asia
and the Pacific and the Tianjin Geothermal Research and Training Centre.

To complement these national efforts, extensive international exchanges and cooperations in NRSE were also
conducted. So far, 23 cooperative projects between China and the UN system, European Economic Community ,
Italy , the Federal Republic of Germany , Belgium, England, Denmark , the Netherlands and Japan. To ensure the
successful completion of these cooperative projects , the Chinese government put in an enormous amount of human,
material and financial resources, whereas the foreign counterparts provided the Chinese institutions involved with
large quantities of equipment and expertise. These cooperative efforts have not only vigorously promoted the
development of NRSE in China, but also helped strengthening the mutual understanding and friendly ties between
China and these international organizations and countries.

Needless to say , the various types of research and training centres serves first of all the domestic needs, but
they are open to international trainees as well. International experts are welcome to undertake cooperative research
in these centres and offer consultant services and technical training to trainees from other parts of the world. In
fact,in these centres a numbet of regional training activities have already been carried out in cooperation with the
United Nations Economic and Social Commissijon in Asia and the Pacific. They were well received. We plan to
expand both international and regional cooperative activities in these centres,so that they can provide a wider range
of services to a greater number of foreign visitors from a broader geographical area. International scientific
communities are cordially invited to join us in this lofty undertaking. Recently , we have more contact with Soviet
Union and East European Countries.

The rapid development of new and renewable sources of energy in China finds forceful expression in the
following statistics , which , though incomplete ,tell its own tale. By the end of 1989,biogas digesters currently in use
in rural China total 4. 6 million. A total installed capacity of 12,400 MW of mini-hydropower stations had been
registered with electricity generated therefrom reaching 34 billion kWh. Small-scale wind power generators 105,
000, the total installed capacity of these smali-scale wind turbine generators including that of medium-sized ones
amounting to 15,000 kW. Wind pumps also come up to 1,600 with a total capacity of 2,110 kW. Geothermal
power station 20,000 kW. A total of 380,000 kilowatts of low temperature geothermal energy had been exploited
for direct application. Tidal power stations had generated some 8,300 kW. Solar water heaters installed had totaled
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1. 5 million square meters. Solar houses built had taken up 290,000 square meters. Solar green houses constructed
had occupied 110,000 hectares. And the solar cell installed reached 1,250 kW.

In recent years, great efforts have been made to develop technology on biomass gasifiers, sorghum-based
alcohol fuel. Useful work is also being carried out to utilize wind power for navigation and wave power for
electricity generation. Other projects already under way include amorphous silicon solar cells. biomass-based diesel
production, energy production—oriented urban wastes dispersal, wind power heaters, new technology on hydrogen
production and hydrogen storage technology. It is gratifying to note that progress has been achieved to differing
degrees.

The Chinese government adopts an overall policy on NRSE which is characterized by integrated development
and efficient utilization of various forms of energy sources for complementary and practical purposcs,with local
conditions taken into full account. At the national level, attention is given to pooling resources from government
departments in support of research and development in priority NRSE projects, while international cooperation
should also be strengthened to supplement national efforts. At the local level, care should be taken to work out
preferential measures to develop NRSE pilot industrial enterprises with accompanying service stations.

Shortage of energy in China can not be expected to be overcome in a shott petiod of time. The only way out is
to adopt various kinds of energy conservation measures and increase the utilization of NRSE, while expanding the
production of conventional energy. At present, China’s encrgy production is carried out on a self-reliant basis by
and large. For this reason, fluctuations in oil prices in the international market produce no major impact on our
energy situation. However,China’s population is so large that it accounts for one fifth of the wotld’ s total ydespite
its vigorous family planning efforts, the absolute population growth would still be considerable due to its enormous
population base line. This can not but affect the future of the whole mankind. Faced with the three global problems
of population explosion,energy shortage and the environment deterioration »soon or later.China will be dragged into
the global energy cycle. We therefore resolutely favour the development of NRSE and support the implementation
of Nairobi programme of Action for the Development and Utilization of NRSE. The Chinese people are ready to

work together with the peoples of the whole world for peace, progress and the common economic prosperity.
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SOLAR WATER HEATING IN CHINA

Lu Weide
(Beijing Solar Energy Research Institute)

A vatiety of solar water heaters have been produced in China for twenty years and now is at commercialization
stage with a gradual increase of annual output,although its technology has to be improved. At present, there are
more than a hundred of small factories and wotkshops manufacturing solat water heaters with a yearly output of
400, 000 m? (aperture area). The total amount of installed solar water heaters reaches 1. 5 million m®, mainly for
domestic hot water supply while a few for public bath tooms and other commercial uses in rural as well as urban
area for saving conventional energy and improving hygienic condition.

The solar water heaters developed in China could be classified into integrated and separated systems. For
integrated water heaters,a solar collector and hot water tank are integrated into the same unit ,simple to install,and
cheaper in price. So they are of interest to the domestic sectors, of which around 159% of solar water heaters
produced in China pertain to integrated type. Separated systems, with collector and storage tank ,can be operated
either on pumped or natural(thermosyphon )circulation. In China most of them are of thermosyphon type.

The newly formed solar hot water industry in China,which started in 1980’ s, receives the encouraging support
from Central Government as well as the technological support from the tesearch institutions and universities and has
got positive results on improving cost-effectiveness of the products.

Early in 1958,two pilot solar water heating systems of natural circulation supplying hot water for public bath
rooms were built in Tianjin University and Beijing Tiantanghe State-run Farm respectively. Their operation and
service experience proved that the systems did work ,inspite of their imperfect design and poor performance.

During the last decade ,research and development were focused on design optimization of various kinds of solar
water heaters. In early years,the collector absorbers were made of steel and in tube-in-sheet structure in which
tound tubing is mechanically fitted by clamps or wires leading to a bad thermal bond conductance. Based on heat
transfer analysis and thermodynamic tests on the existing panels, the processing technology has been greatly
improved, for instance, the extruded fin-tubing and continuous soldering now are used in collector absorber
processing. A SUNSTRIP production line mainly consisting of a rolling machine and a inflating-cutting machine
was imported from Canada in 1986. It produces the aluminum fin-copper tubing SUNSTRIP absorber strip in
excellent quality with high thermai bond conductance and fewer copper consumption meeting the international
quality standard. Some aluminum fin-copper tubing production technology similar to SUNSTRIP’ s has been
domestically developed in Shanghai,Liaoning and Yunnan. Owing to the corrosion problem in water passage of steel
or aluminum absorber , copper water passages are now widely used and become popular. Plastic absorbers are still
under development and the R &. D work is focused on screening the materials which are able to stand ultra-violet
radiation and high stagnation temperature. However ,at present it seems promising to install plastic collectors without
glazings in some locations of Southern China. Scientific investigation on the collector’s optimized design has been
carried out ,and it is found that the optimal spacing between absorber and glazing is recommanded as 4— 6 cm where
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heat transfer is mainly conducted by natural convection. The performance of the collector with transparent
honeycomb structure sandwiched between the spacing of absorber and glazing to suppress collector’s heat loss was
proven positive in the laboratory. However its commercialization still needs further efforts. Besides,a mathematical
model for collector optimized design has been worked out.

The collectors available in China’ s market are usually coated with black paint. As a result of computer
simulation, it is indicated that for low temperature heat collection,or not for year round use,the black paint is in
practice a cost-effective option. Selective coatings with various preparation methods are still in laboratory stage. The
radiation properties of PbS selective paint on polished aluminum of galvanized steel reaches o,=0.85~0.91, =
0. 23~0. 40. For black chrome and black nickel ,a,=0. 91~0. 98,e=0. 06~0. 14 ,but their durability and cost~
cffectiveness are still not proven, while the anodized electroplating colored selective absotption coating on aluminum
surface (o, =0. 92~ 0. 96,e=0. 1 ~ 0. 2)has been succesfully developed and serves as selective coating on
SUNSTRIP absorbers.

The National Standard for Rating the Thermal Performance of Flat Plate Collectors (GB 4271-84) and
National Standard for Evaluating the Quality of Solar Collector Products (GB 6424-86)were published in 1984 and
1986 respectively. The National Supervision Bureau of Products Quality conducts spot check on flat plate collectors
once every year based on the guidance of these Standards. The typical efficiency parameters of the flat plate
collector products made in China are reported as.F’ (1a) =0. 6~0. 8 and F’U_.=6. 0~8. 5W/m?*C.

The dynamic characteristics of thermosyphoning system and the effect of various factors (e. g. climate ,design
parameters of the system etc. Jon the system behavior were studied in connection with computer modelling as well
as experimental methods for obtaining a clear picture of its operation mechanism in order to provide performance
prediction for different designs and guidance for correct installation. An once through type solar water heating
system operating with a thermostat was suggested with its remarkable advantage of flexible siting of the water tank
at a suitable location instead of placing it well above the upper part of the collector like the thermosyphon systems
do. Through theotetical and experimental study, it was indicated that the once through type and the thermosyphonic
system have the same whole day performance if they operate under same conditions (including weather, cold tap
water and hot water temperature level, collector and water tank structure, and ratio of collector area to water
capacity ). In recent years,the once through type water heating system has been widely installed in newly built solar
water heating systems. In addition,the demonstrations of domestic solar water heating systems integrated with the
multi-story apartment building have been undertaken in Beijing, Tianjin and Lanzhou with 1 m? collector, 70 liter
water tank for each residential flat. The flow distribution in large collector system is often a significant design
problem. Hydraulic modelling for such systems has been conducted and provides the useful results for collector
arrangement and layout.

For producing hot water at a temperature around/above 100°C as well as for year round use,two types of
evacuated tubular collector in flat plate pattern are under development. The R & D of all glass concentric tubular
collector started in 1979. During the past decade, numerous fundamental research on its coating pteparation
method, glass-wotk technology , collector tube assembly and system design were carried out. A small scale of trial
production and demonstration of this type of evacuated collectors are under way. A China-Germany international
co-operation project on heat pipe evacuated tubular collectors started in 1986, and has completed the prototype
research and development,now it enters the intermediate experimental stage. However ,there are still lots of work to

do for practical uses as well as economic feasibility study of this kind of higher operation temperature collectors.
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