The current renewable energy development status in China and in other TRADP Countries

Energy Research Institute

State Development and Planning Commission

The Government of China (GOC) has long attached a great importance to the development of renewable energy, and linking the development of renewable energy with the local condition has become one of the important parts of the country's energy policy and energy development strategy. From the implementation of the reform and opening up policy, the renewable energy technology, especially the wind energy, solar PV, and solar water heater, developed very fast. Till the end of year 2000, the wind power installed capacity reached 344 MW from 20 MW in early 1990's, solar PV increased to 15 MW from 0.5 MW, solar water heater to 26 M m2 from 1 M m2, and geothermal and biomass energy also developed in a great scale. In 1999, the application of renewable energy reached 300 million tce. Renewable energy technology is now playing a very important role in meeting the electricity requirement in rural areas where no electricity is accessible. Renewable energy application can also contribute to the development of local economy, the improvement of environment, treatment of the organic pollution, and reduction of GHG emission.
Conventional energy are facing two crucial problems, one is the limitation of the resources, and the other one is the serious harm to the environment in which human being survive for long time usage. Clean, no pollution or less pollution is the most significant characteristic of renewable energy. It is believed that with the development of economy, renewable energy will find a great opportunity to be further promoted in China and in the world as well. While the development of renewable energy will in turn help solve the problems in energy supply, economy development, and environment protection, therefore contribute to the sustainable development human society.   
1．Wind energy
Resource status

China enjoys a rich wind energy resource.  Its total applicable wind energy resource is as big as 250 million kW. The wind energy is mainly distributed in Inner Mongolia, Xin Jiang, South East coast line, He Bei, and North East.

The status of wind farm development
By the end of year 2000, 26 wind farms have been built in China, and more than 700 wind turbines were installed in these wind farms with the total capacity reached 344 MW. Among the 26 wind farms, 8 farms share capacity over 10 MW. The major type of wind turbines are 600 kW ones. 99% of these wind turbines are imported ones. The annual wind resource utilization hours are 2300, and total annual power production reached 8 billion kWh.

Current technology development status
The localization of the wind turbine has long been the objective of the related Chinese government organizations and enterprises. A great support has been given by the Ministry of Science and Technology in the 6th to 9th five year plan. The similar support also comes from State Economic and Trade Commission and State Development and Planning Commission. Till the end of 2000, there are 6 wind turbine manufactures in China, among them 2 are joint ventures. Serving for these manufactures, there are 13 components suppliers. Now the 250 kW wind turbine can be mass produced in China, while with regard to the 600 kW turbines, only 60% of the whole parts can be produced in China in average. From last year, the State Economic and Trade Commission began to implement the "Guozhai" wind turbine localization project. Now this project is under equipment procurement stage.

Market status
The development of wind energy in China have been mainly based on single projects. There is a big potential market for the development of wind energy. What in great need is the mechanism for developing the market.  A close relationship exists between the market and industry. No market, the industry will never be able to become matured; while no matured industry, the price of the wind power could be reduced to an acceptable level, therefore the wind power will be less competitive compare with the conventional power, and finally it will be difficult for wind power to enter the market.  Building up an appropriate market development mechanism has now become one of the top priorities in wind energy development in China.
Economic characteristic of wind power

Wind energy is a clean and renewable energy. There is no substance consumption in wind power generation, and the operation cost is very low. Therefore it should be competitive theoretically compare with the conventional power. But only because the initial cost of wind turbine is high, making the cost of wind power high also, and finally results high wind power price. In the case of China, since most of the wind [image: image1.wmf]0
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turbine are imported ones, the cost of the equipment is even higher, which making the price of wind power a half to two third higher than that of the conventional one. But it is believed that with technology development, the wind turbine manufacturing localization, the adoption of economic incentive policy and the adoption of some beneficial financial arrangement, the price of the wind power will go down.

2．Solar water heater
Resource status
China is rich of solar energy resource. It is estimated that annual solar radiation received from on the ground is 50 X1018 kJ, which is equal to 170 billion tons of coal equivalent.  The average annual sunshine time in China is 2200 hours. If  converted into electricity, the solar energy will be as much as 1700 TWh, which is 6000 times of the current power generation capacity. From the distribution of the solar energy in China, Xizang, Qinghai, Xinjiang, Southern  part of Inner Mongolia, Shanxi, Northern part of Shanxi, Hebei, Shandong, Liaoning, Western part of Jilin, Middle and southwestern part of Yunnan, southeastern part of Guangdong, southeastern part of Fujian, Eastern and western part of Hainan, and western part Taiwan enjoy a better solar radiation, especially the Qingzang platau. 

Based on the characteristics and distribution of the solar energy resources, most territories in China, except Sichuan basin and adjacent areas, have rich solar energy resources, and therefore can make better use of solar energy.  
Technology development status
The two major types of solar water heater in China are plate type and vacuum tube type, besides there is another type, simple integrated. For vacuum tube one, there are mainly two models, one is all glass vacuum tube, which can be used in cold area even in winter time. It can not only provide hot water for household, but also provide heat for processing, drying, air conditioning, and sea water salt extraction. The other model is heat pipe one, which combine the characteristics of vacuum tube and that of heat pipe. 

There are many models of plate type solar water heater, the copper and aluminum is the most common one. Till year 2000, the total application of the plate type reached 1.6 million m2, which is 25% of the total. The average efficiency is 45%, and the average heat lost percentage is 9ºC/m2, meet the national standards.
The advantage of simple type of solar water heater is simple in structure, easy to be installed, and cheap. The beginning stage of the application of solar water heater, the simple type shared a major percentage. But in recent years, the simple type only occupies 10% of the total, while the major  part is plate type and vacuum type. 

Though advanced in application, China’s solar water heater industry still involves some problems in technology development, such as less varieties in the design, lack of the technical development capacity, some brands share poor quality, and no well established national standards and testing center. International cooperation may provide a way to solve these problems.   
Table 4 the distribution of the market share of the three major type of solar water heater  1999-2000 

	year
	Vacuum tube
	plate
	Simple

	
	Sale ( 104 m2)
	(%)
	Sale ( 104 m2)
	 (%)
	Sale ( 104 m2)
	 (%)

	1999
	264
	55
	158
	33
	58
	12

	2000
	396
	65
	153
	25
	61
	10


Market development status
By the end of 2000, the accumulated application of solar water heater reached 26 million m2. usually the plate type is installed in southern part of China (south to the Yangzi River) and the vacuum type is installed in the northern part of China (north to the Yangzi River). Since the solar water heater is inexpensive, safe and no pollution, and saving energy, the market of solar water heater began to grows very fast. Because of these advantages, solar water heater becomes more and more competitive to the electric water heater and gas water heater.  The next strategic development step for the solar water heater is the integration with building. Integration with building will provide a dramatic development opportunity for the solar water heater in a larger scale and a more commercialization way. 

Table 5  Accumulated application and annual sale of solar water heater 1997-2000
	Year
	1997
	1998
	1999
	2000

	Accumulated  application (104 m2)
	1200
	1500
	2000
	2600

	Annual sale (104 m2)
	250
	340
	480
	600

	Increase rate (%)
	
	44
	41
	25


Industrialization development
According to the statistics carried out by the Solar Thermal Utilization Committee of  Rural Energy Association, in year 2000, there are more 1000 companies producing solar water heater, and among them,  10 companies annual turn over is over 100 million yuan, another 10 companies’ turn over is between 50 million to 100 million, while 31 companies’ between 10 million to 50 million. Most of the companies in this sector are private business.     

The economic characteristics of solar water heater
Vacuum tube solar water heater is the main type dominating the market, and the market share of vacuum type increased from 35% in 1997 to 65% in 2000, with the annual development rate over 25%. In general cases, the vacuum tube solar water heater with 2 m2 collector will cost 2000 yuan in the market. Since there is no consumption of gas nor electricity, the life time cost of solar water heater will be much lower than that of electric and gas water heater. The performance of heat pipe type of solar water heater is better than vacuum tube type, but the price of the heat pipe one is also much higher, usually 4000 yuan for one system supplying hot water for house hold with 3 to 4 people. Therefore the market share of this type is very small. 
The plate type is of simple structure, long life, and bear higher pressure. In normal condition, one plate type of solar water heater can provide 70 to 100 kg hot water with temperature from 40 to 60oC, which is enough for one family. 
The characteristics of simple type of solar water heater are simple in structure and low cost, which is particularly welcome by families with low income. At present, the market of simple type of solar water heater is mainly found in rural areas. Table 6 shows the specifications and characteristics of the three major types of solar water heater.
Table 6 specifications and characteristics of the three major types of solar water heater
	Item
	Simple
	Plate
	Vacuum tube

	Area of collector (m2/collector)
	0.3-1.0
	1.0-2.0
	1.0-1.2

	Average system efficiency  (%)
	45-50
	45 or so
	40-45

	Hot water production (kg hot water/day)
	60-70
	70-100
	70-100

	The temperature of the water ((C)
	40-60
	40-60
	40-70

	Average price (yuan/m2)
	<500
	700-1000
	1500-2500
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3．Biomass
The modern biomass technology includes high efficient stove, crop residue gasification, biomass oil, biogas, and bagasse co-gen. In this report, only large and medium scale biogas projects and bagasse co-gen will be discussed.
Biomass resource
· Large and medium scale biogas project
There are altogether 14000 large and medium scale livestock and poultry farms in China. The annual manure production is 1.7 billion tons. These manures can be used to generate biogas with the help of anaerobic technology. But the current situation is that only 2% of the manure and rinsing water was treated. According to the experience learnt from the pilot project, 60 m3 biogas can be generated from one ton of manure (pig dung). If we account the potential market of the biogas production with this data, 102 billion tons of biogas could be generated from 1.7 billion tons of wastes from the livestock and poultry farms. 

· Bagasse co-gen
PRC sugar production was about 9 million metric tons in 1998/1999 and now ranks fourth in production of sugar. Bagasse is a valuable byproduct in sugar factories as it can be used to produce not only steam in the factory itself, but also excess electricity for power to the local electricity grid. In year 1997, about 19.5 million tons of bagasse was produced. If all the bagasse was used by the boiler to generate electricity and steam, it will be equal to 4.95 million tons of coal equivalent. In last two years, with the help of anti smuggler, the sugar cane production increased, therefore, The annual bagasse production increased accordingly. 

Technology development status
· Large and medium scale biogas project
Biogas technology shares a hundred years of history in China. China also enjoys the largest application of biogas technology. By the end of year 2000, there are more than 5 million home scale biogas pool are under operation, while the number of large and medium scale biogas project reached 700 and plus. Biogas technology has become one of the best technology choices to treat the wastes from large and medium scale live stock and poultry farms to meet the standard of the discharge. 

· Bagasse co-gen
Bagasse co-gen is a matured technology. Since most of the sugar mills in China are of small scale and pay less attention to the utilization of bagasse. Therefore the boilers are usually of low efficiency and small capacity, and the same to the turbine power generators.
Market status
· Large and medium scale biogas project
Anaerobic digestion is a 4-step biological reaction, in which bacteria and other microorganisms decompose organics in anaerobic condition and produce methane and other by-products. With anaerobic technology, we can treat the organic wastes from livestock and poultry farms to control the pollution resulted from manure discharging to meet the discharge standards, and generate biogas. Pollution resulted from wastes discharge of animal manure is getting more and more serious, many local governments has adopted different measures, including the enactment of local regulations, to control the wastes discharged from large and medium scale livestock and poultry farms. People’s Congress in Guangdong, Zhejiang, and Shanghai has approved the corresponding local regulation to urge the livestock and poultry farms to meet the discharge standard. Those failed to meet the local standards will be forced to shut down or move to where less environmentally sensitive. SEPA (State Environmental Protection Agency) issued Pollution Discharge Standard of Breeding Industries and Management Regulations of Breeding Industries Pollution Prevention. Under this pressure, more and more large and medium scale livestock and poultry farms will select biogas technology to treat the wastes from livestock and poultry farmst. 

· Bagasse co-gen
By the end of year 2000, the total installed capacity of bagasse co-gen reached 700MW. Most of these production capability distributes in Guangdong, Guangxi, Yunan, and Hainan. 

The economic characteristics of biomass energy
· Large and medium biogas project
The economic performance of biogas project is remarkably affected by the scale of the livestock and poultry farm. Assume all the other factors are the same, the higher the scale, the better economic performance of the livestock and poultry farm will have. According to the financial analysis on anaerobic digestion technology in large, medium and small scale livestock and poultry farms, following primary conclusions was made. If environmental benefits are not taken into consideration, biogas project in small scale farm will not be profitable. But if the manure was not treated, the farm will face environmental fine, or even will be ordered to shut down.

· Bagasse co-gen
Bagasse co-gen usually has very good economic performance. At present, in average, about 20% of the bagasse in sugar mills could not be used for any purpose. The bagasse compiled in the factory will turn to be fermented and give out odor, which will resulted in environmental pollution fine from local environmental protection agency. In the past, the extra part of bagasse was sold to paper mills to make paper, but nowadays, the small scale paper mills were closed by the government because of pollution problems. Therefore, those bagasse can go nowhere. If those bagasse can be utilized to generate electricity and steam, the sugar mill can  get extra part of benefit with selling the electricity and steam to the grid and the industries near by. 

4. Solar PV

Solar Radiation Resource

The same with solar water heater section
Technology development status
The main solar cell and its specification made in China is as shown in the table bellow
	Type of cell
	Highest efficiency（％）
	Largest dimension

	Single crystal silicon cell 
	20.4

14.5
	2cm×2cm

Ф10cm(practical use)

	Ksi cell
	20.1
	1cm×1cm

	Muti crystalline silicon cell
	14.5

12.5
	1cm×1cm

10cm×10cm

	Multi crystalline silicon film cell
	14.8
	1cm×1cm

	Focus cell
	17.0
	2cm×2cm

	Amorphous 
	11.2(mono joint)

11.4(di-joints）
8.55

7.88

6.17
	Several mm2

Several mm2
10cm×10cm

20cm×20cm

30cm×30cm

	ClS
	8．0
	1cm×1cm

	CdTe 
	5．8
	3mm2


In the research of the balance system, a significant achievement was made in increasing the efficiency of the inverter with the capacity from 15kW to 30 kW (since wave); similar achievements were also reached in controller and other components.  
Market status
Since 1993, the solar PV market grows very fast with the increasing rate 30%. By the end of 1998, the application reached 13.2 MW. The application areas cover Village power, telecommunication, Other industries, Domestic and other.
表8    application and market share

	Application area
	accumulated（kwp）
	Market share（％）

	Village power
	3960
	30

	telecommunication
	5280
	40

	Other industries
	2640
	20

	Domestic and other
	1320
	10

	total
	13200
	100


In China, first PV terrestrial application is in 1973 and used for lighthouse at Tianjin Harbor.  From 1973 to now, it has been 25 years.  During the 25years, PV market has been significantly developed. 

Before 1980's, the annual output of solar modules in China was never higher than 10KWp in total, and the price of solar modules was very high by that time. In 1982, the price of  solar module was  as high as 70 Yuan/Wp (about $20 USD/Wp).  Limited by manufacturing capacity and the prices, solar cells were only used as small power sources in special fields, like: beacons, light houses, railway and highway signal systems, power supply for the mountain weather stations, electric fence, insects trapper lights, DC powered fluorescent lights, etc.. The power range for such system is between several watts to hundred  watts.
Table 2  Historical Evolution of PV Annual Output and Prices* *

	Year
	Annual Production

(KWp)
	Module Price

(Yuan/Wp)
	Installed Power

(KWp)

	1976
	0.5
	400.0
	0.5

	1977
	1.0
	200.0
	1.5

	1978
	2.0
	120.0
	3.5

	1979
	5.0
	100.0
	8.5

	1980
	8.0
	80.0
	16.5

	1981
	15.0
	75 - 80
	31.5

	1982
	20.0
	70.0
	51.5

	1983
	30.0
	60.0
	81.5

	1984
	50.0
	50.0
	131.5

	1985
	70.0
	45 - 50
	200.0

	1986
	80.0
	40 - 45
	280.0

	1987
	100.0
	40.0
	380.0

	1988
	a-Si 200.0

c-Si 150.0
	a-Si 21-23

c-Si 35-45
	730.0

	1989
	a-Si 300.0

c-Si 250.0
	a-Si 23

c-Si 35-37
	1280.0

	1990
	a－Si 100.0

c－Si 400.0
	a－Si  22－25

c－Si 38－40
	1780.0

	1991
	a-Si 100.0

c-Si 450.0
	a-Si 23-25

c-Si 38-40
	2330.0

	1992
	a-Si 150.0

c-Si 500.0
	a-Si 25

c-Si 40-42
	2980.0

	1993
	a-Si 250.0

c-Si 650.0
	a-Si 25-27

c-Si 40-47
	3880.0

	1994
	a-Si 200.0

c-Si 900.0

imported 100.0
	a-Si 25-27

c-Si 40-47
	5080.0

	1995
	a-Si 200.0

c-Si 1000.0

imported 350.0
	a-Si 25-27

c-Si 40-47

50-60
	6630.0

	1996
	a-Si 450.0

c-Si 1420.0

imported 300.0
	a-Si 25-27

c-Si 40-47

50-60
	8800.0

	1997
	a-Si 500.0

c-Si 1500.0

imported 300.0
	a-Si 25-27

c-Si 42-47

46-60
	11100.0

	1998
	
	
	12000.0

	1999
	
	
	13000.0


According to the Long Term Industrialization Plan for Renewable Energy Development made the State Economic and Trade Commission, the production line with the capacity of 10 MW will be put into operation after 2005, and the total installed capacity of the PV system will reach 320 MW.

While the PV roof system will begin to be installed in large scale after 2015.
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The economic characteristic
· Solar home PV system
Solar home system was popular in remote areas where no electricity is accessible. Since economically backward, the affordability is low, system with capacity 10-20W was most preferred. And the price of the 10W system is 650-700 yuan, which can provide electricity for one bulb; while the 20W system can provide electricity for one bulb and one black and white TV set. Solar module and balance system each share half of the cost of the system.

· Village power system
The initial cost of most village power system is around 80-100 yuan/Wp, not considering the transportation cost in specific areas, like in Xizang, among which solar module is about 40 yuan/Wp. If building a 25kW village power system, the total invest will be some 2-2.5 million yuan, annual maintenance cost is 5000 yuan. Given the life time of the system is 20 years, the system is installed in the place where solar radiation is rich enough, and the electricity generation is 80 kWh/d, the cost of the electricity will be 4.3-5.3 yuan/kWh (static data), and 6.4-8.0 yuan/kWh (dynamic data, with). 
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