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1. Background

Rapid increase of energy consumption has brought very big pressure on environment, energy security and resource. Various policies adopted in China to curb the trend of energy use. Most famous one is the 20% energy intensity target for 11th Five Year Plan. Fiscal policies are also used or discussing now. External cost analysis for major energies is good way to support the policy making. Based on the CASES project requirement, here we pick up coal as case study for external cost analysis. Coal is major source for environment problem and resource depletion. There are many difficulties to estimate external cost for coal due to lack of information and quick changing of situation in China. Here in this report we present our analysis for external cost analysis for coal.
2. Energy in China

In China, due to rapid economic growth, total primary energy consumption increased from 400 Mtoe in 1978 to nearly 1520 Mtoe in 2005, with an annual average rate of increase of 4.7% (see Figure 1)(China Energy Year Book 2006, 2007; China Year Book 2006, 2006). Coal is the major energy source, providing 70.7% in 1978 and 69% in 2004 of total primary energy use (see Figure 2). Recent years have witnessed a dramatic surge in the rate of increase of energy use in China and widespread energy shortages.
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Figure 1 Energy production and consumption in China
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Figure 2 Primary energy use in China by energy type

China is the largest coal-producing and -consuming country in the world. Between 1980 and 2004, total raw coal output increased from 620 Mt to more than 1900 Mt, with an average annual growth rate of 4.8% per year. Prior to 2000, the share of coal use in total energy use decreased, but it increased again from 66% in 2000 to 72% in 2004. The heavy dependence on coal has led to serious environmental problems and represents a burden for the transportation system.

From 1980 to 2004, total installed capacity of electricity power generation increased from 66 GW (of which hydropower is 20 GW, accounting for 31%) to 440 GW (of which hydropower is 100 GW, accounting for 23%). In the same period, electricity output increased from 300 TWh (of which hydropower is 58 TWh, accounting for 19%) to 1870 TWh (of which hydropower is 220 TWh, accounting for 12%). In 2004, newly installed capacity reached 50 GW, and newly installed capacity in 2005 and 2006 is expected be around 60 to 70 GW (Power Industry Information, 2005).

Between 1980 and 2004, total crude oil output increased from 106 Mt to 175 Mt (average annual growth rate is 2.1%). In 2002, 149 Mt was produced on land and 18 Mt was produced offshore. Crude oil output in China accounts for 4.7% of the world total.

Energy efficiency improvement and energy conservation are given high priority in the energy development strategy in China, as is the efficient and clean use of coal and other fossil energy sources. The objective of developing clean coal technology is to improve coal utilization efficiency, to reduce environmental pollution and to promote economic development. High efficiency and clean technology will be crucial for China to achieve a low-emission development path. Figure 3 illustrates the way in which energy efficiency improvements in the steel-making industry have been driven by advanced technology diffusion.
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Figure 3 Technology progress and energy efficiency improvement in steel making industry

Note: EF- electric furnace, TRT-Top Gas Pressure Recovery Turbine, DCF-Direct Current Furnace 

3. Environment problem from energy activities

3.1 Environment in China

With the rapid economic growth, environment problems have occurred in many cities and regions. Air pollution, water pollution, soil degradation etc. are the most serious problem in China. Because of large amount coal use, China is the largest emitter of SO2. More then eleven provinces suffered acid rain damages. Figure 4 gives SO2 emission in China.

In many large cities, air pollution is serious problem faced. Besides SO2 emission, PM10, Nox, an CO emission is major pollutant in cities. For example, Beijing was one of cities with worst air pollution in the world4and the situation of air pollution caused by transportation emission has become worsen from middle of 1980s. In recent years, source of air pollution in Beijing has changed from coal burning whose primary pollutant is SO2 to transport driving whose primary pollutant is NOx. As shown in table 1, the annual concentration of NOx in Beijing ranks first in all north cities in China in recent years, exceeding the national standard 3.02 times in 1998 and mainly caused by transport pollution. On the other hand, the concentration of SO2 and TSP are still worse than the national standard.
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Figure 4 SO2 emission in China

Table 1 Annual concentration of air pollutants in Beijing in recent years

	
	1986
	1990
	1996
	1997
	1998
	2000
	2002

	
	Concentration
	Concentration
	Concentration
	position *
	Concentration
	position
	Concentration
	position
	Concentration
	position
	Concentration
	position

	SO2(10-3g/m3)
	0.124
	0.122
	0.099
	15
	0.124
	7
	0.119
	7
	0.119
	7
	0.068
	15

	TSP(10-3g/m3)
	0.346
	0.374
	-
	-
	-
	-
	0.379
	20
	0.379
	20
	--
	--

	NOx(10-3g/m3)
	0.071
	0.098
	0.117
	1
	0.133
	1
	0.151
	1
	0.151
	1
	0.076
	1

	Comprehensive air pollution index
	-
	-
	4.309
	10
	6.612
	3
	6.898
	3
	6.898
	3
	3.74
	16


Source: China Environment Yearbook, 1997-2000

Notes: the position of specified pollutant concentration of Beijing among all north cities in China

Table 2 Air pollution in 47 major environment protection cities

	
	1995
	1998
	2002

	SO2 average concentration, mg/m3
	0.076
	0.060
	0.047

	TSP/PM10 average concentration, mg/m3
	0.287
	0.252
	0.110

	Nox/NO2 average concentration, mg/m3
	0.051
	0.051
	0.037

	Share of cities with exceed SO2 concentration standard
	48.9
	36.2
	23.4

	Share of cities with exceeding dust concentration standard
	72.3
	63.8
	61.7

	Share of cities with reaching air quality standard
	21.3
	27.7
	38.3


Table 3 frequency of acid rain in cities in 2002

	Frequency %
	0
	0-20
	20-40
	40-60
	60-80
	80-100

	Number of Cities
	276
	103
	58
	32
	43
	43

	Share of cities
	49.7%
	18.6
	10.5
	5.8
	7.7
	7.7


Table 4 Pollution in selected rivers

	
	Yangzi River
	Yellow Rive
	Songhuajiang River
	Huaihe River

	
	Number of sample
	Sample exceeding standard
	Number of sample
	Sample exceeding standard
	Number of sample
	Sample exceeding standard
	Number of sample
	Sample exceeding standard

	Ammonia and nitrogen
	82
	19
	36
	22
	36
	15
	86
	66

	MnO4-1
	82
	22
	36
	19
	35
	29
	86
	71

	Oxigen demand for 5 days 
	82
	19
	36
	17
	36
	16
	86
	69

	Hg
	76
	11
	28
	10
	29
	2
	45
	5

	Lead
	77
	4
	30
	2
	29
	0
	41
	1

	Volatile Hydroxybenzene
	80
	9
	30
	9
	31
	14
	83
	29

	Petroleum
	78
	29
	32
	24
	23
	14
	73
	


China has begun to make environmental protection a policy priority. Sustainability has become a key concept for Chinese government, and the government has formulated policies and measures toward goals of sustainable development.

China has also increased its attention to matters directly related to climate change. The government established the inter-ministerial National Climate Change Policy Coordinating Committee in 1990, making it responsible for policies and measures to address climate change. China signed and ratified the United Nations Framework Convention on Climate Change in 1992, and ratified the Kyoto Protocol. The government has cooperated with other governments and multilateral organizations in a number of international programs in the broad field of climate change. For example, there have been five “joint implementation” projects conducted in cooperation with Japan, Norway, and the United States.

By using IPCC emission factors[IPCC, 1997 ] and some revised emission factors in China, CO2 emission was calculated and is shown in figure 4[Davids et al, 2001].
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Figure 4 CO2 emissions in China

What we see is there is a reduction on GHGs in China for last several years. However there is no any climate change focused policies were used. Local policies for energy development and environment could contribute fully to the response to climate change. So far priority faced by China and other developing countries is development. Local environment problem already prompt the understanding of sustainable development. Because of the limitation of human and financial resources, climate change issue is still not in the front of the list. International negotiation process made climate change topic more and more political. In some sense this put more difficulty to make action on climate change. Therefore the way to combine climate change with local development policies should be explored.
3.2 Pollution from Energy Activities in China
Large use of energy in China made pressure on energy supply, and envrioment pollutions. By rough estimation, in 2003 the SO2 emission is 21.7million ton with an increase of 12.5% compared with that in 2002; flue dust smoke 10.63million ton with 5% increase, industrial soot emission 10.16million ton with 8% increase(see table 5). 

Table 5 Major pollutant emissions from 2000 to 2003, Unit: million ton

	Year
	SO2 emission
	Soot emission

	
	total
	Industry
	Resident
	total
	Industry
	Resident

	2000
	19.9
	16.1
	3.8
	11.6
	9.5
	2.1

	2001
	19.5
	15.7
	3.8
	10.7
	8.5
	2.2

	2002
	19.3
	15.6
	3.6
	10.1
	8.0
	2.1

	2003
	21.7
	
	
	10.63
	
	


3.2.1 Environment issues in coal development 
Coal developed in a great quantity and coal combustion have already made environment capacity become smaller and smaller in coal mining areas. Air pollution in the urban and rural areas become more and more seriously. Coal production in 2002 was over 1.3 billion tons, equal to nearly 40 times of that at the beginning of PRC establishment. Since 1970s of 20th century, China government focus its efforts on environment protection, but limited by economy and technical development level, it cannot put enough input in it. In general speaking, it is mainly reflected in following aspects:

(1)Damage land resource by coal exploration. Up to 2000, about 48 thousand ha. lands was collapsed. Averagely, 0.2 ha. lands will be collapsed with 10 thousand coal being mined. It has increased by more than 20 thousand ha. for land collapsed each year. But rate of recovery is now only about 20 percent.   

(2)Coal exploration has caused the damage of water resource and pollution. For example, 19 percent of water resource in bedrock was polluted to some extent in North China. There are 2.2 billion tons,28million tons of waste water discharged from various coal mine and coal washing process. 
(3) coal stone from coal production reached 3billion ton accumulated, with a rate to increase 150 to 200million ton per year. This occupied land and made demage to river bed, caused burning of wasted coal stone pile.

(4) Methane was emitted during coal mining process, which account for around 10% of total methane emission from anthropic sources. In China methane emission from coal industry accounts for one third or one fourth of total methane emission from coal mining in the world.

(5) coal combustion is a major source for air pollution in China.SO2 emission is 19.5 million ton in 2001 and around 85% of that is emitted from coal combustion. Acid rains happened in more than one third of area in China.

3.2.2 Environment issues from oil and natural gas industry

There are many aspects of impact from oil and natural gas exploitation, exploration, processing, transport and use. Oil leakage, waste water, and polluted water discharge will cause pollution from oil exploration, such as oil well accident, leakage from off shore oil well, and processing water etc. 

Evaporation and leakage from oil stock and transport will cause environment problem. Evaporation mainly comes from oil tank, load and unload process. Vaporized substances are hydrocarbon and sulfurated hydrogen. Leakage mainly comes from accident, such as pipe line break, overturn of oil tanker etc. And washing water, mud in oil tank can also cause environment demage.

Waste water, exhausted gas, waste residue are major pollutant from oil refinery. Waste water has malfeasance compound transformed from sulfur, oxygen and nitrogen contended in crude oil. It could be 3 to 4 tons waste water discharged per ton oil processed in 1980s in China. Major pollutants in exhausted gas include SO2，H2S, NOX, CO, hydrocarbon components, and dust. Much of exhausted gas is fetor which has bad impact on human. Waste residue is mainly chemical waste which has toxicity, could be damage for soil, water and air.
There is waste water from natural gas exploration. There are sulfur, lithium, kalium, bromine, cesium contended in waste water, it could damage soil.

3.2.3 Environment issues from power generation industry

Power generation in China ranks second in the world just after United State now. There is 1654TWh generated in 2002 while 95% comes from coal fired power plants. Power generation consumed 656million tons coal in 2002.

Most of coal used in power generation do not go through washing and selection process, with high ash rate. Therefore coal used in power generation is major source for SO2, Nox, dust, which are important reason for acid rain in China. And in the same time it is also a major emitter for CO2. 

According to data from China Environment Year Book, in 2002 there are 6.7million tons SO2,emitted from power generation, account for 34.6% of national total; dust emission is 2.9million tons, account for 29% of national total. Estimated by experts, there is around 4.7million tons Nox emitted from power generation.
In 2002 there is 1.9billion tons waste water and 146million tons waste residue discharged in this sector.
4. External cost analysis for coal 

4.1 Methodology framework

4.1.1 Environment cost for coal

Environment cost for coal includes environment cost in coal mine, environment cost in coal stock, environment cost in coal washing, environment cost in coal transport, environment cost during coal combustion. It could be given as:

EC=Em+Ew+Et+Ecom

In which:


EC is environment coal for coal, Em is environment cost for coal mine, Ew is Environment cost in coal washing, Et is environment cost in coal transport, Ecom is environment cost during coal combustion.
Due to very different situation in different region, there is no unified data for calculation of environment cost. The way to calculate environment cost, especially for environment cost in coal mine, and environment impact due to air pollution, will be given based on case studies. 

4.1.2 Environment cost in coal mining

Carrying on the environment breakage economic loss analysis of mining and making use of coal, we can evaluate environmental influence of mining by monetary from the environment economic angle. That is to say, combine the basic regulation of environment subject and the principle of market value, then convert various types of ecosystem broken by quantitative or half quantitative, and end with the form of economy loss, which is used as the negative benefit of environment broken because of exploiting coal. In view of the angle of market, the economic loss estimates mainly contains following kinds:

1） Market Value Method or Productivity Method
The market value method is a basic cost-benefit analysis method. It is applied in the environmental economic analysis to critically expatiate the economic loss estimate, which is caused by the mankind’s develop activity influencing natural ecosystem or artificial ecosystem. This kind of method takes ecosystem environment as production factor. The variety of ecosystem environment quality causes the variety of production rate and production cost, even the variety of yield and profits which are calculated by the marketing price. These are economy loss of ecosystem environment quality variety which calculated by the variety of yield and profits.

Main considerations are: the loss caused by the ecosystem environment, market price of the product, the quantity of the product ecosystem decreasing.

2）Opportunity Cost Method
Opportunity cost, is also called alternative opportunity which is the classical school leaded into a concept of economics in 19 centuries. Since the resource is limited, any natural resource has many mutually exclusive choices. To make the most valid economy of choice, it needs to find out the biggest project of social economic performance. The resources is limited, choosing this kind of usage opportunity means giving up another kind usage opportunity, losing opportunity to get benefit from the latter. The biggest economic performance acquiring in the projects, is called the opportunity cost of the alternative of that resource.

Main considerations are: the value of opportunity cost from resource losing, the opportunity cost of the resource per unit, the amount of resources loss.

3) Instauration Expenses Method
It is also called instauration and protection expenses method. Evaluating the profitability of the improvement of the environmental quality,  is very difficult under many conditions. Actually, many decisions concerning environmental quality are going in shot of evaluating the performance monetarily. The lowest estimation of ecosystem environment quality can acquire from the experience expenses of the clearance or the decrease of influence for the harmful ecosystem environment, that is, if a kind of resources is broken, the expenses to recover it or protect it is deemed economic lose from breaking environment resources.
    Main considerations are: economy loss before recovering, expenses of resuming.

.
4) Land Value Method

The coal construction projects cause the earth's surface sinking and the soil damaging (the farmland is subjected to break or changing to be a non- agricultural using), the farmland losing. It not only results in producing loss of the farm crop one year, but perduring all the time. Therefore, we should carry on an economic analysis evaluation in terms of re-farmland fund, land compensating and the land take-up tax etc


5） Willingness To Pay Method
　　The market value method can not be used while price datas are lacking. In this situation, we can survey the experts or the environmental users to evaluate the worth of environment resources or the benefit of protective measure. Such as the aspect of water resources breaking, the willingness to pay can be get by surveying people who are environmental victims.

Here, the research has chosen the instauration expenses method according to the acquired data and research result. The environmental value of pollutant in the paper means the worth quantity of economic loss caused by the business enterprise exhausts pollutant. It is the dimensions which measures environmental cost as well as an important index of environmental evaluation. The pollutants that the different business enterprises exhaust are different, and different pollutants' influence to environment is different.  Therefore, for calculating environmental value availably, then measuring the size of environmental cost, it has to make sure different pollutant's different influence degree for environment, that is to say the influence of different pollutants to the environment appears with currency form. This is the environmental value standard of the pollutant. Building up the environment value standard of various pollutants, environmental cost can be computed according to as following formula:
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In which: C is environment cost; Vei is the environmental value standard of the i item pollutant; n means amounts for the pollutant; Qi is i item exhaust quantity of pollutant after reducing: V is expenses for reducing pollutant.

Measuring environmental cost is critical while turning external to internal. The environmental cost is also the environmental price which the coal development pays. There are land cost and mineral area cost with important specific weight in the environment cost in this introduction, discussed as following.
1） Land Cost
The land cost of the coal development can mean the factors as follows:

Land cost, yuan; The income loss of land sinking, yuan; The re-setting fee of household, yuan; The land income loss by land occupying of wastes, yuan; The land re-cultivation fee, yuan.

(1) The income loss of land sinking is given by the land sinking area and land net income (yuan) (it is annual land net income/land revivification rate. It means the income when the land is best management), the scale of coal developing.

The income loss of land sinking is the comprehensive character of the land quality and the land sinking rate etc. The land quality is higher and the land sinking rate bigger, the income loss of land sinking bigger.

(2) The setting fee of household moving: the annual setting current value equals the current value of reseting price for the public facilities, infrastructure and building etc. The setting fee of household moving is the comprehensive character to the population density in mineral area, the degree of the village construction and living quality etc. The population density in mineral area is bigger, and the village constructing degree and living quality is higher, the setting fee of land moving will be higher.

(3) The land income loss of wastes taking-up: The land area the wastes take up; The land income loss of wastes taking-up is the comprehensive character to the wastes taking-up area quantity and farmland quality. The wastes taking-up area quantity is bigger and farmland quality is better, the land income loss will be bigger.

(4) The land re-cultivation fee: The unit land re-cultivation fee, yuan; The land re-cultivation area, covers the area of sinking farmland and village take-up.

The land re-cultivation fee is the generous character to the degree of breaking land and the difficulty of land re-cultivation (reset price). Having to point out:①Land re-cultivation should be the rebirth of land value, not limited at material appearance to original restore. The land value includes social value, economic value and environmental value. The economic value of the land is the land net income.② The land re-cultivation fee is the value (it equals to reset price) from the aspect of reborn value. However, the income loss of land sinking is the economic value from reflecting economy. It should be to say, the land re-cultivation fee includes the income loss of land sinking, which should not be involved in the cost of mineral area, while our country practices "have one repair one" in ground using system currently,. It is objective that the land re-cultivation fee and the income loss of land sinking are computed together.

2) Cost of Water Resources
It is feasible in technology, environment and economy that mine water is reused in producing, living after disposal. It’s a “win-win-win” technique that can achieve the sustainable development of economy, society and environment of diggings, also an important process of developing the sustainable development of diggings. Total environmental cost of mine water treatment can be expressed by:

 (1)direct environmental cost, including the investment of capital construction of mine water treatment and the running cost. In general the capital construction of treating water full of suspended solids is about 400 yuan per ton, the water of high salinity is about 1100 yuan per ton, and the acidity water is about 750 yuan per ton, and the average is 750 yuan per ton. The running cost is 0.55yuan, 0.95yuan, 0.65yuan per ton respectively, the running cost is calculate by the 10% of capital construction. 
(2) indirect environmental cost, which is the economic benefit of mine water after treatment, including industry, living, farming irrigation and zoology etc. If we use the water’s value in use, treatment fee of wastewater and economic loss on land subsidence to measure the water cost, then the main factors are followed:

Water cost of coal exploitation, yuan/ton, value of water developing, yuan/ton, treatment fee of wastewater, yaun/ton, economic loss on land subsidence, yuan/ton, economic loss on groundwater losing, yuan/ton. 

（1）Value of water developing: marginal cost of water resource developing, yuan/year; mine displacement per year.

Value of water developing is the combine and the reflection of the water natural value and labor value. It is also the measurement of the difficult degree of the water resource developing. 

(2)Wastewater treatment fee: treatment fee of mining drainage, production wastewater, domestic sewage, yuan.; The displacement of mining drainage, production wastewater, domestic sewage.

Wastewater treatment fee is the cost of resume the polluted water resource into utilization.

(3)Economic losses on land subsidence: Economic losses of land subsidence caused by mining drainage, yuan。Economic losses of land subsidence is the measure of bearing value of underground water, of which real and direct influences is generally took into consideration ,other than long-term or indirect influences.

(4) Economic losses on underground water loss: static reserve and dynamic reserve；empty area of coal mining; specific yield of aquifer; underground modulus destroyed by mining; aquifer thickness destroyed by mining; value of per unit of water loss(yuan)。

But, these factors are not adaptive to all conditions. When using this calculation method, all the factors of mining assessed, such as geological structure, hydrogeology condition, deepness of mining ,area of mining ,stage of mining, size of mining and atmospheric water should be focused on, and the results of calculation have to be tested and modified.
4.1.3 Environment cost in coal combustion

Environment in coal combustion mainly include environment cost of air pollution and environment cost of waste. Air pollution from coal combustion includes SO2, PM, NOx, CO, dust etc. The data for impact of air pollution will be reviewed. But it is also important to distinguish contribution of the air pollution from coal combustion. Several case studies in different cities will be given to get idea for the contribution But it is still quite rough estimation.

The impact of air pollution on health is also very controversial. Here we also try to review different studies.

Huang used pollutant charge standard in China(PCS) and Environment Value Standard of United State(U.S.EVS) to give environment value for power plants, given in table 6.

 

Table 6 Environment value for power plants.
	
	SO2
	NOx
	CO
	CO2
	TSP
	Coal Ash
	Waste
	Waste water

	Environment Value
	6.0
	8.0
	1.0
	0.023
	2.2
	0.12
	0.1
	0.008


4.2 Environment cost in coal mining

4.2.1 Aspects of environment externality in coal mine

The production of the coal has resulted inevitably in the surface collapse, the water pollution, the coal mine gas agglomeration, the coal dust pollution, the noxious gas emissions, the pulverized coal ash and the noise pollution and so on. Therefore, the exterior cost of coal must include both the cost of mining and kinds of environmental cost.

In view of the character of coal production, the environment cost of coal includes the environmental management cost, the environmental monitoring cost, the pollution discharge expense, the environmental effect compensation expense, pollutes the scene the cleaning and maintaining cost of pollution site, the compensation of the fall of ground, taken land by the mine, cost of reclamation, the expense of moving villages, the underground backfill expense, cost of preventing and controlling pollution, tax on till-land occupation, cost of reducing the pollution and the improvement environment research and the development, the staff education expenses about environmental protection, the related expense of implementing environment standard, the tree-planting and the afforested expense, and other expenses related to environment.

The factors of affecting environment cost of mining mainly includes: mining condition, economic development, technological innovation, mining year, coal productivity and environment standard.

　　1) Coal mining conditions on the impact of environmental costs 
Generally speaking, the worse the coal mining conditions are, the larger the negative impact on the environment is. Thus the environmental cost will be higher. Therefore coal mining conditions had the optimistic relationship with environmental costs. 
    2) The level of economic development 
As China's economic development scale of the continuing expansion of coal resources needs more coal resources exploitation and production of more ecological environmental impact, the more serious environmental pollution is. The environmental costs for pollution control, improving the ecological environment also will increase. 
    3) Technical innovation on the impact of environmental costs 
Technical innovation for the environmental costs of mining areas showed double: on one hand, technological advances make mining depth deeper, increased output, resulting in a growing waste emissions and bigger environmental costs; on the other hand, with the development of technology and environmental protection technology and preparation technology more advanced, it will reduce the environmental cost of coal.

4) The impact on environmental cost from the mine exploitation life 

The older the mine is, the range of mine exploitation is bigger and mining depth is increased. This will cause groundwater resources destruction, surface subsidence area increased, coal gangue and solid waste emissions, and increasing air pollution. The environmental costs were increasing year by year.

5) Impact of coal production on the environment cost

Coal resources are non-renewable resources, and mining will be shorter and shorter. Excessive and improper exploitation will accelerate the depletion of coal resources. The theoretical studies indicate that environmental resource supply system has a threshold, that is the environment of self-purification system. Once the excessive exploitation of coal resources, the environment over the threshold, it will cause premature failure of resources, the degradation of environmental quality, thereby threatening the survival of humanity. 
    6) Environmental standards and improvement of people's environmental awareness 
    As people increasingly demanding of high quality of life, social activities for the production of the ecological environment of increasing constraints, environmental protection laws and regulations are maturing, resulting in increasingly high environmental cost. In recent years, the international community calling for environmental control is also growing. These will make increasingly stringent environmental standards and make nearly environmental costs continue to increase.

4.2.2 Case study for Shanxi Province 

Niu(Niu et al., 2006) made study for the impact of coal mining on eco-environment system. Shanxi Province as an example, the long-term development of coal resources makes the province's 16 ambient air quality monitoring urban pollutant concentrations exceed the second standard of the country. There were 13 cities among the top 30 serious air pollution cities in China. The monitoring results of 103 sections in 26 rivers in the province showed that nearly 70% of the sections are serious and severe polluted, completely lost their function. As coal mining, the underground mined-out area is more than 20,000 square kilometers, 1/7 area in the province. Some ground subsidences are serious, and geological disasters have occurred distribution in area of 6,000 square kilometers which is accounting for 3.8% of the province's area. Some abandoned coal mine fire areas have been expanding and serious threat to the survival and mine production safety. Water damage from mining all over the province is 11.334 billion cubic meters. The water resources per capita in Shanxi is less than the national average of 20%, the countdown to the first place in China. 950,000 villagers and 90,000 livestock are shot of drinking water in more than 1,900 villages. 0.3 million mu of irrigated land all become dry land. According to preliminary calculations, in the 20 years before the year 2000, the direct economic losses amounted to over 150 billion yuan only by pollution in Shanxi Province, accounting for 12% of the total GDP in 20 years. According to the Chinese Academy of Sciences 2004 report on sustainable development, sustainable development capacity in Shanxi Province, survival support systems, environmental support systems are in the first row 28, 31 and 30 in China. 
Table 7 Eco-environment assessment index for coal mine 

	
	PM

pollution index 
	S02

pollution index 
	N02

pollution index 
	Precipitation pH


	Groundwater Quality

index 
	standardized rate of drinking water /%
	environmental noise in Urban Region /dB


	Road Traffic Noise /dB
	Expulsion of Coal/104t


	t



	TaiyuanA,
	1.64
	1.32
	0.28
	6.12
	2.141
	100
	54.4
	67.9
	1084.392
	40.66

	DatongAZ
	1.8
	2.48
	0.63
	6.44
	2.257
	93.7
	57.4
	71.6
	2129.02
	79.84

	YangquanA3
	1.62
	3.85
	0.69
	6.25
	4.301
	100
	52.4
	68.7
	1247.556
	46.78

	ChangzhiA4
	1.73
	1.55
	0.7
	7.23
	2.183
	100
	53.2
	67.2
	1316.872
	49.38

	JinchengAS
	1.73
	3.13
	0.51
	7.05
	4.358
	36
	51.6
	67.8
	2078.25
	77.93

	ShuozhouA6
	1.32
	1.98
	0.39
	6.56
	4.27
	100
	51.7
	65.8
	1607.666
	60.29

	LinfenA7
	2.19
	3.73
	0.69
	6.49
	4.373
	100
	54.5
	71.1
	893.726
	33.51

	YunchengA8
	1.55
	4.73
	0.46
	6.54
	7.113
	76.8
	53.6
	72.1
	60.916
	2.28

	YinxianAy
	1.76
	2.93
	0.53
	6.88
	4.10
	92.4
	53.1
	60.1
	1003.708
	37.64

	JinzhongAio
	1.38
	4.53
	0.48
	6.06
	2.173
	75.4
	55
	67.3
	1109.03
	41.59


The relative amount of surface deformation (xio) from the next major computing by: 

A=N/ H X R-1 X m X 10-2+ a.

In which: A is ground deformation area; N is coal production; H is a seam thickness; R for coal bulk density, from 0.4; M for the correction coefficient, for a value1.05; a for constant. 

Wang (Wang et al, 2006) also reported assessment on environment impact in coal mine in Shanxi Province. 
1) Severe environmental pollution and ecological destruction 
For a long time, the development of the coal industry in Shanxi Province causes serious and startling environmental pollution and ecological damage. The coal industry of the environmental issue has become a constraint to sustainable development as Shanxi major obstacles. The main five performances as follows:
-Destruction and pollution of water resources 

The serious water damage which Mining caused aggravated the shortage of water resources. According to the result of "Influence and evaluation of coal mining on water resources broken in Shanxi ", one per ton of coal mining direct damaged 2.48 tons of water. Each year 500 million tons of recoverable coal caused water damaged with 12 billion cubic meters which equaled to the amount of water of the Yellow River in Shanxi Province projects. The per capita water resource in Shanxi amounted to less than one-fifth of the country's average level. The shortage of water resources in Shanxi seriously affected people's normal production and health living. According to EPA in Shanxi Province in 2003 survey, the coal mine drainage was total 224.909 million tons, 0.869 ton water per coal. A large number of serious mine drainage contaminated surface water body. According to environmental monitoring in Shanxi Province, the monitoring Station showed that almost all rivers in Shanxi have been contaminated, polluted rivers up to 3,753 km. The length of the fifth category water (can not be used) total 67.2%of the whole length. More seriously, as long-phase coal mining, a large number of gangue by rain infiltrated groundwater, resulting in the pollution of groundwater resources. Datong city as an example, the quality of groundwater was affected by long-term effects of coal mining, groundwater salinity and total substantially hardness. Some harmful material were 26 times of standard.
-Air pollution 

Smut, self-ignite of gangue hill and coal boiler lead the high concentration of sulfur dioxide and soot in coal mine area, which is heavy soot air pollution and contribute a lot to the low air quality of city. According to the statistic by Environmental Protection Department of Shanxi province, the discharge of sulfur dioxide reached 329,700t, and soot reached 448,200t in shanxi province in 2003, which are 32% and 51.5% of total discharge of whole province. For example, In Datong mine area, the discharge of air soot is 447,300t, and sulfur dioxide is 1,208,700. Sulfur dioxide caused by self-ignite of gangue hill in Yangquan city is 80% of the discharge of sulfur dioxide of the whole city. In the pollution integrated assessment of 113 national important cities in 2003 and 2004, Quanyang city is the last second one and Datong city is the last third one. Days of better air quality than class two is just more than 100. People’s healthy is seriously threatened. All the mine areas and cities the subject group has been have smoky air everywhere and the air pollution is too serious to tolerant.
-Land resource destruction

In recent 20 years, as national main energy bass, shanxi enhanced bass construction, exploiting coal in a bigger way, leading to disasters like sinking, surface disturbing, landslip and mud flood. According to investigation, the mine area of shanxi province reached 8000 square kilometers to 2004, in which, exploited empty area is 5000 square kilometers, disaster causing area is about 2940 square kilometers, and new sinking area is 94 square kilometers each year. At present, land destruction is common in Datong, Shuzhou, Jinzhongm Jincheng, Changzhim, Linfen, Yangquan, Lv liang, Taiyuan and other cities. The second land disaster affects 1900 villages and 950,000 people.

Mine well, mine area and gangue hill also cause land resource destruction. The whole output of coal gangue is 1,140,000,000t at present, and is increasing by 140,000,000t each year. Just in Datong city, the output is 130,000,000t, taking more than 1300 square kilometers. Mine eluviating water and mine dust also cause pollution in different way.
· Mine ecosystem destruction and loss of species resources 

According to the survey of mining districts in source Qinhe, living forest stumpage coal reserves reduced 30.15% than non-mining areas from 1984 to 2000. Datong Coal, Huoxi Coal ecosystem and ground vegetation were severely degraded because of the long-term mining.

According to the monitor of the water conservancy hall of Shanxi province, the whole province’s  average of the river path discharges from 1980 to 2000 are equally worth to 7,289,000,000 cubic meters, compared to 1956－1979’s reducing 4,151,000,000 cubic meters. Digging a coal that changes hydrographic underlying surface is the main reason to result in the river path discharges’ decrease. According to statistics of the Shanxi province national territory resources hall at the end of 2003, The total area of the whole province’s wet land is 358,000 hm2, compared to the early of 1990s reducing about 139,000 hm2, equally reducing close to 10,000 hm2 per year on average. The drying up of rivers and lakes makes the aquatic life lose the existence conditions, resulting in a lot of water living creatures disappearing completely.

The environmental problems have influenced on sustainable social and economic development.

First, the environment pollution caused by coal mining worsens the existence spaces of common people, lowering the living quality of common people, aggravating the society burden. Of the ten most serious polluted cities in the whole country, the top three are all in Shanxi province. Taiyuan was ever in the top first of the 20 most serious polluted cities that the World Bank announces, in which atmosphere the total amount suspends a particle density (TSP) was 8 times of the standard provisioned by the World Health Organization, and SO2 densities are 3 times of the standard announced by the World Health Organization. According to the statistics of the Shanxi province heath hall, in recent years compared to 70's in 20 centuries, the Shanxi province city and country lung cancer outbreak rate and death rate rose 30~50%, The malignant tumor accounts for 30% of the factory mineral officers and workers' death toll, while the outbreak rate and death rate of the respiratory diseases and occupational diseases are also obviously growing. People's existence environment is threatened with severity, the population quality descends, and living burden is increased.

Second, the worsening of ecosystem environment that the coal mining results in prevents the economic development. Huge ecosystem and environment bear leads to regional economies carrying on heavy burden. According to measures and calculations of the Shanxi province environmental protection administration, the Shanxi only abate the environment charge accounts for 2003 years needing to invest 28,877,000,000 dollars, which has already become the heavy burden of the Shanxi economic development, making the whole province’s antinomy of economic, society, environment coordinated development outstanding.

The third, it aggravates ecosystem’ unbalance and prevents regional economies sustainable development. In the natural capital of the whole province, resources capital are just at reduce gradually, the coal resources inside 200 meters explored clearly quantities having already used 43.4%. Ecosystem environment and ecosystem capital are more limited, not only existing pollution of the environment can't be removed in the near future, but also a new pollution and the ecosystem breakage are produced annually. The loss of talented people and the science and technology creative ability's lowering can make the Shanxi sustainable development competition's ability to descend further.

2) The economic loss cost from eco-system destruction
According to the research result from some departments in shanxi province, the loss caused by coal industry environmental pollution and eco-system destruction is 28.877 billion RMB which takes up of 11.5% of GPA in shanxi province; The even loss is 64.23 RMB when counted into standard coal which is 28% of the average price in shanxi province in 2004. And the loss is not counted into the cost of the coal, that is, the price cannot show the loss. Especially, the loss is mainly indirectly economical loss. If we take account of both direct and indirect loss, the loss from coal exploitation will bring more damages to shanxi province everyday.

· Loss from environmental pollution
The environmental pollution loss from coal industry in shanxi mainly includes: water resource destruction loss, the population lack of water caused by leaking, water and soil loss, forest resource growth increment loss, land loss, oxygen loss from vegetation reduction, re-cultivating fee from infield reduction, pitprop consuming and bio-diversity loss, rebuild eco-systemic vegetation fee, everglade eco-system loss, land sinking loss, species resource loss and so on. the loss caused by coal industry environmental pollution and eco-system destruction is 22.677 billion RMB. The even loss is 50.45 RMB when counted into standard coal in 2003(see table 8).

Table 8  Economic loss accounting of environmental pollution caused by mining of Shanxi Province in 2003

	Pollution item
	Pollution loss item
	Economy loss

(ten thousand yuan）
	Pollution loss per ton coal

（yuan per ton coal）

	Loss of atmosphere environment pollution 
	Human body health and mankind's welfare
	182584.7
	4.06

	
	Agriculture lose
	31780
	0.71

	
	Increase cleans expense
	59060.8
	1.31

	
	Subtotal
	273425.5.08
	6.08

	Loss of water environment pollution
	Loss of water shortage due to pollution
	2690
	0.06

	
	Loss of industry square’s wastewater drainage
	26971.1
	0.6

	
	Loss caused by mineral pit drain
	118673
	2.64

	
	Subtotal
	148334.1
	3.3

	Loss of solid discard pollution
	Stockpiling treatment of  gangue
	188797.9
	4.19

	
	Fathering self-ignite waste hill
	9220.9
	0.21

	
	Subtotal
	198018.8
	4.4

	Total
	
	619778.4
	13.78


Table 9  Economic loss accounting of ecological destruction caused by mining of Shanxi Province in 2003

	Ecological loss item
	Economy loss

（million yuan）
	Ecological loss per ton coal(yuan per ton coal)

	Loss of permanent destruction of water resource caused by mining
	8677
	19.30

	Loss of water shortage caused by mining
	31
	0.07

	Soil and water loss caused by mining
	330
	0.74

	Loss of forest resource growth 
	90
	0.20

	Loss of mining occupying land
	1327
	2.95

	Loss of decreasing releasing oxygen quantity caused by mining
	3697
	8.22

	Loss of descendant water-holding function caused by vegetation destruction 
	131
	0.29

	Destructional land reclamation expense 
	216
	0.48

	Biodiversity loss due to expending pitprop 
	4979
	11.08

	Increased cost of vegetation’s restoration and reconstruction 
	23
	0.05

	Loss of wetland ecosystem
	350
	0.78

	Loss of species resource
	1245
	2.77

	Mining subsidence reclamation
	970
	2.16

	Change from irrigated land to dry land 
	49
	0.11

	Building loss
	525
	1.17

	Traffic installation loss
	36
	0.08

	Total
	22677
	0.5


4.2.3 Case study for a region
The Shenfu Coalfield, with proven reserve of 165.9 billion tons, is the eighth largest coalfield in the world. The reserve of natural gas is close to 3.59 trillion cubic meters. There are 359 local coal mines in Shenfu Coalfield with total annual production ability of 5 million tons, among which 5 mineries with total annual production ability of 1.17 million tons belong to state and 354 mineries with total annual production ability of 3.83 million tons belong to village collectivity. The number of mineries with annual production ability beyond 30 thousand tons is 47; and the number of mineries with annual production ability below 10 thousand tons is 307. The local mineries are extremely dense. The simple mining methods, single disorderly and over mining, and lack of consolidate planning result in low recovery rate and severe resource extravagance. The small primitive coking works are developing rapidly. There are 140 primitive coking works even after reorganization in the two counties of Shen and Fu, with total annual production ability of 500 thousand tons. There are more than ten small cement plants only in 17 square kilometers region in Fugu County(He, 2000). 

1) The destroy of ecological environment

· Severe air pollution. Coal combustion, oil refining and coke refining are the most important pollution sources. According to the monitoring, after coalfield exploitation the three primary pollution indices of NOX, suspended particles, and SO2 are 4, 17 and 24 times of those indices before coalfield exploitation in Tailiuta village of Yulin region. The daily average suspended particles exceeded the national 2nd grade standard by about 57.9 times. In addition to the self-combustion of stack coal and the low altitude emission of smoke and dust, the air pollution became more severe. The coal transportation and sale are also the important factors causing environmental deterioration.
· Water pollution and water quality deterioration. It is found that the water level is descending, the water source is drying up, the earth surface is sinking and the physiognomy is changing. The large amount of gangues, waste residues and mineral stones are piled up everywhere. After rainy erosion, eluviations, the poisonous substances of sulfur, crude oil and phenol leak into the water body, the industry and living sewage and the residual waste poured into the water caused the water pollution more severe. Nine of the total ten major rivers are polluted in different degrees in Yulin region. The concentration of suspended particles in the Kuye River is 93 times of that before exploitation. The riverbed was raised by 4 meters in Wulanmulun river because of silting. The mineral spots are distributed densely on the riverbed and the riverbed was dug disorderly. The total discarded mineral residues reach to 3.10 million cubic meters, the riverbed of more than 800 meters is occupied by about 90%. Some river sections are less than 100 meters, and the drainage is affected severely. The piers as high as 4 meters of the Daliu road bridge built in 1998 were buried. The drainage ability decreased from 11700 to 7000 cubic meters per second and the flood defense ability decreased by 40.2%.
· Earth surface destruction. After the exploitation of Shenfu coalfield, the human being has destroyed surface plantation about 266 thousand Chinese acres, and occupied 94 million Chinese acres. The sandy desertification rate is increasing by about 1.56 times compared to the natural development rate. 

4.2.4 Case study for coal mine

A case study for a coal mine was done by Pu(Pu, 2004). With synthesis of the present studies on environmental costs and combination of characteristics of coal production, the coal environmental costs are deduced into: A. environmental management cost; B. environmental monitoring cost; C. sewage emission cost; D. compensation cost of environmental impacts; E. clean and clear cost of the polluted spot; F. compensation of earth surface sink and mining land occupation, and cost of recovery to soil and field; G. village moving cost, earth fill cost; H. countermeasures cost; I. Occupation cost of cultivated land; J. research and development cost to reduce pollution and improve environment; K. staff environmental protection education cost; L. relative cost of enterprises to implement ISO14000; M. plantation and greening cost; N. other costs relative to environment. After investigation of a mineral group and comparison with the above items, the environmental cost documents are deduced (Table 1). It can be concluded from table 1 that:

The ratio of environmental cost in the coal product cost is relatively high. It can be found from the unit crude coal cost variation in the past ten years that the unit crude coal cost varied between 109 and 144 Yuan and showed an ascending trend, the coal environmental cost varies between 18 and 26 Yuan and shared about 14%-18% in the total coal cost. This ratio was relatively high and environmental cost was the one of the major constitutes of the crude coal cost.
The environmental cost showed an ascending trend. In the cost calculation of the respective enterprises, there are relatively big randomization to categorize the cost items outside the national laws and financial account system. Some are categorized into product cost, some are categorized into management cost and some are paid from income, so there are certain errors in the settlement and analysis of the environmental cost documents. The difference of environmental costs between the enterprises is relatively big. The environmental cost of the investigated mineral group company showed an overall ascending trend(See table10).

Table 10 Environment costs of a coal mine group, 10000RMB
	Item
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	A
	87
	91
	102
	56
	79
	120
	91
	98
	67
	56

	B
	29
	25
	26
	31
	22
	11
	20
	31
	54
	78

	C
	980
	987
	1021
	1100
	992
	989
	697
	680
	519
	525

	D
	902
	930
	882
	709
	832
	909
	688
	570
	586
	475

	E
	59
	53
	61
	49
	47
	35
	61
	40
	23
	34

	F
	5138
	5276
	5478
	5672
	5823
	5955
	4764
	4098
	3829
	4096

	G
	1390
	1311
	2167
	1560
	1763
	1890
	1209
	1178
	1202
	1518

	H
	1979
	1606
	1598
	1600
	1893
	2098
	2320
	2421
	2643
	2680

	I
	2039
	2671
	2340
	2490
	2281
	2286
	2590
	2509
	2897
	3010

	J/M/N/O
	67
	89
	91
	107
	65
	99
	121
	109
	79
	98

	K/L
	120
	109
	98
	180
	201
	190
	89
	169
	118
	165

	Total
	12790
	13148
	13864
	13554
	13998
	14582
	12650
	11903
	12017
	12735


Note: the meaning of these items is given in above paragraph.
The introduction of environmental cost aims at that the polluters to be responsible for the pollution, that is, the polluters are requested to pay the environmental protection investment or cost. The environmental cost induced by the environmental destruction is imposed by pollution fee or environmental tax to rectify the external diseconomy of the environmental pollution, so the economic essence of environmental cost is environmental fee.
For the power enterprises, the environmental cost is regarded as one part of the total cost. On the one hand the environmental protection is closely combined with economic benefits of the power enterprises to urge the enterprises to change from passive to voluntary in pollutant reduction The power merchants will do their best to improve the technology and reduce the environmental coast to promote their competition ability. On the other hand, the projects with lower environmental cost will be favorable to the investors, so the high-quality energy power and the “green power” of renewable energy will be further encouraged.

4.3 Environment cost of coal combustion

4.3.1 Environment cost of air pollution

4.3.1.1 External cost of SO2 emission

Average loss calculation
According to the news of Beijing Xinhua net, the State Environmental Protection Administration pointed out in the Tenth Five-Year Plan of Acid Rain and SO2 Pollution Control in the “Dual Control Area” that the annual economic loss on ecological environment and human health by acid rain and SO2 is about 110 billion Yuan in the recent years, and it will increase continuously in future. The study results by Chinese Research Academy of Environmental Sciences and Tsinghua University in 2003 indicate that the annual loss of the acid rain induced by SO2 et. al. is about 110 billion Yuan, the total loss of air pollution shares about 2%-3% in the GDP of China. In 2003 the national coal consumption increased suddenly to 15.8 tons, which resulted in the national SO2 emission increased to 22.20 million tons. It is assumed that the loss of one ton SO2 emission is 4.955 thousand Yuan (110.0 billion Yuan/22.20 million tons). 2.50 million tons of coal are combusted in the power plant of 1 million kW, if the average sulphur content in coal is 1.5%, the annual total sulphur content is 37.5 thousand tons and 75 thousand tons of SO2 are produced, the total loss is .4955×7.5=3.72 (100 million Yuan). If the annual electricity production is 5.5 billion kWh, the loss of SO2 to generate 1kWh electricity is 0.0676 Yuan. 

Marginal loss calculation
The above is calculated on average. If the allowable emission is occupied by the old users such as old coal power plant, the emission of newly built coal plant is likely superfluous emission. The external cost should be caculated by the concept marginal loss, that is, the superfluous emission (the emission over the amount of allowable emission) bears the caused loss. According to the study reports jointly completed by Chinese Research Academy of Environmental Sciences and Tsinghua University in 2003, the maximum SO2 emission to nearly avoid acid rain is 12.00 million to 14.00 million tons. It is measured by 13 million tons, the marginal loss is about 110 billion Yuan/(22-13) million tons=19.57 thousand Yuan/ton. Then the annual loss of SO2 produced in one newly built coal plant of 1 million kW is 1.1957×7.5=8.968(100 million Yuan). So the loss of SO2 to generate 1kWh electricity is 0.1631 Yuan. 

Calculation by imposed emission fee

According to the rules of the 31st order Management Measurements of Emission Fee Imposition Standards jointly enacted by the State Development Planning Commission, the Ministry of Finance, the State Environmental Protection Administration and the State Economy and Trade Commission in February 2003, and implemented on July 1st, 2003, the imposition fee per 1 kilogram SO2 emission is 0.63 Yuan. The coal power plant of 1 million kW produces 72 thousand tons of SO2 each year, and submit the emission fee of 0.63×7.2×1000=4536(10 thousand Yuan). It is assumed that the annual electricity generation is 5.5 billion kWh, and then the emission fee per 1 kWh is 0.825 Fen. 

Calculation by the direct sulphur mitigation devices installed in the coal power plant

The direct sulphur mitigation cost is the quotient of the cost to mitigate sulphur per kWh and the removed SO2. According to the statistics of the sulphur removing project in 121 coal power plants in U.S.A by U.S Academy of Power Research, the cost of sulphur mitigation devices shares about 15%of the total plant investment, the running cost of sulphur mitigation shares about 17% of the total running cost. It is estimated from the above that the price of the electricity to the networks should be increased by about 18% after sulphur mitigation devices are installed. It is assumed in China that the price of electricity to the network is 30.0 Fen/kWh, then the price of electricity to the network after sulphur mitigation should be increased by about 5.4 Fen/kWh. If the sulphur devices are made domestically and domestic devices are adopted, then the cost will perhaps decrease significantly. If 18% price increase of the electricity price to the network is decreased to 10% for sulphur mitigation, then the electricity price to the network will be decreased from 5.4 Fen/kWh to 3.0 Fen/kWh. The cost of sulphur mitigation devices of the 2 coal power generator groups in the Ruiming Power Corporation, Limited in Huangpu district, Guandong province, is estimated to be 3.95fen/kWh in the future 10-year running period, which is between 5.4 and 3.0 Fen/kWh. If the sulphur mitigation rate is 90%, the SO2 per kWh electricity is removed by 90%, and then the external cost of direct SO2 mitigation per kWh is 0.06 Yuan or 0.033 yuan.
It is concluded from the 4 calculation methods that the 16.31 Fen/kWh caculated by marginal cost is more suitable for SO2 external cost and is consistent to the concept of social loss cost. The calculation by imposed emission fee is directly based on emission mitigation cost. The cost is obviously low and cannot meet the financial requests of the direct mitigation cost. Considering the direct mitigation cost of coal power plant, the cost should be 0.054-0.03.0 yuan/kWh.

4.3.1.2 Environment cost from PM

There are several studies focus on health impact by air pollution, mainly caused by PM(including PM10 and PM2.5). Table 11 gives these studies.
Table 11 selected studies on impact of air pollution

	
	Target region
	Impact considered
	Pollutant
	Loss
Million Yuan

	Chen, 2003
	Shanghai
	Health
	PM
	7120

	Wang, 2005
	
	
	
	

	Dong, 2006
	Shaanxi, Guanzhong
	Health
	PM
	394

	Wang, 2003
	Jiangsu
	Health, Agriculture
	PM, SO2
	11330

	World Bank, 2007
	China, 2003
	Health
	PM
	157300


4.3.1.3 discussion
It is summarized from the above SO2 and CO2 analysis results and there are following opinions:

· This calculation does not have conditions to put forward a scientific, complete and accurate numerical result of external cost.
· The initial qualitative concept: The external cost of the coal electricity is rather high in China. According to the analysis close to the concept of external cost, the external cost resulted from SO2 emission is about 0.1631 yuan/kWh, the external cost resulted from CO2 emission is about 0.15yuan/wKh, the summary of the two items is 31.31 Fen/kWh. Here the external cost of emission of NOx, heavy metal et al. is not included, but the external cost is already beyond the internal cost. 
· The result calculated from the direct mitigation cost analysis can not reflect the true external cost. According to the SO2 emission fee, the external cost is 0.00825 yuan/kWh; According to the CO2 emission fee, the external cost is 0.025 yuan/kWh (the routine energy technology is 10 dollars of every ton carbon), the summary of the two items is only 0.03325 yuan/kWh.
· One of the reasons that the external cost of the coal electricity is higher than internal cost is that the environmental pollution is already very severe. The external cost below allowable emission is zero, the external cost is negative, that is, benefit, under the condition that of emission indices could be saleable. The environmental pollution is more severe, the damage of emission is bigger, and so the external cost is higher.

4.3.1.4 Environmental value standard
For the enterprises including power enterprises whose pollutants are completely discharged, the environmental cost can be caculated directly by the environmental value standard and emission amount of the pollutants. However the environmental value standard of the pollutants in the power industries is still not enacted because of lack of emphasis on the environmental cost and environmental value. On the basis of reference to the China Pollutants Charge Standard (PCS) and the U.S Environmental Value Standard (U.S. EVS), the environmental value standard of the different pollutants in the power industry is assessed as listed in Table 11.

Table11. The environmental value standards of the different pollutants in the power industry in China, yuan/kg
	Pollutant
	SO2
	NOX
	CO
	CO2
	Suspended 
Particles
	Powdered 
Coal ash
	Furnace
Dust
	Sewage

	Environmental value
	6.000
	8.000
	1.000
	0.023
	2.200
	0.120
	0.100
	0.008


4.3.1.5 Environmental cost calculation of power generation enterprises
1) Environmental cost calculation of thermal power enterprises
The coal electricity shares about 80% in the total electricity production in China. The primary pollutants in the power enterprises taking coal as the major fuels include SO2, NOx, CO, CO2, powder coal dust, furnace slag and suspended particles. The primary pollutants of the coal power plants are listed in Table 12. Here the capacity of the electricity generator is 100MW, the annual used time is 6000h, and then annual electricity generation is 6 billion kWh. The heat value of the crude coal is set by 16.74 J/kg, ash content is 15%, the efficiency of static electric dust remove is 99%, and power plant efficiency is 35%, the self plant electricity usage ratio is 5%. The other type of thermal power plant takes natural gas as the fuels; the primary pollutants from these enterprises are SO2, NOx, CO2 and suspended particles. The emission rate of the pollutants in gas power plants is listed in table 2. Here the capacity of the electricity generator is 100MW, the annual used time is 6000h, and then annual electricity generation is 6 billion kWh. The heat value of the natural gas is set by 36 MJ/m3, power plant efficiency is 50%. The environmental cost of the thermal power plant could be calculated by formula (1) as listed in table 13.

Table 12 Pollutant emission rate of the coal and natural gas power plants

	Pollutant
	SO2
	NOX
	CO
	CO2
	Suspended Particles
	Powder coal ash
	Furnace dust

	Emission rate of coal combustion power plant/(kg.t-1)
	16.00
	78.00
	24.00
	1598.00
	39.00
	102.00
	28.00

	Emission rate of gas combustion power plant/(10-6kg.m-3)
	11.6
	6200
	
	2010
	
	
	


Table 13 Environmental cost calculation of the thermal power plants

	Pollutant
	Environmental cost of 
coal combustion plant
	Environmental cost of 
gas combustion plant

	
	Emission/

(g.kWh-1)
	Environmental cost/

(Fen.kWh-1)
	Emission/

(g.kWh-1)
	Environmental cost/

(Fen.kWh-1)

	SO2
	8.416
	5.050
	0.023
	0.001

	NOX
	3.792
	3.326
	1.240
	0.992

	CO
	816.640
	1.878
	402.000
	0.925

	CO2
	0.122
	0.012
	
	0.010

	Suspended Particles
	0.189
	0.041
	0.047
	

	Powdered coal ash
	51.947
	0.623
	
	

	Furnace dust
	14.210
	0.142
	
	

	Total
	
	11.072
	
	1.928


4.3.3 Contribution of Coal combustion on air pollution
Health impact of air pollution is reported in previous session. In order to calculate environment cost from coal combustion, it is essential to analyze the contribution of coal combustion to air pollution.
SO2 emission mainly comes from coal combustion. Studies shows the contribution from coal to total SO2 emission is 94%( ).
Many studies on impact of air pollution focus on PM, PM10 and PM2.5. However it is difficult to identify contribution from coal combustion. We review some studies and several cases for selected cities is given as following. 

· Beijing. 

As of 2002 in Beijing, the main air pollutants were TSP,PM10, SO2, and NOx. Levels of TSP and PM10 are very high, primarily as a result of increased construction activity and meteorologic events, such as sandstorms (Beijing Environmental Protection Bureau 2004). Annual mean levels of TSP and PM10 were relatively stable between 1999 and 2002: 370 µg/m3 and 160 µg/m3, respectively. SO2 concentrations in Beijing rapidly increased in the early 1990s mainly because of industrialization, urbanization, and increased domestic coal consumption. Annual mean SO2 levels decreased 44% from 120 µg/m3 in 1998 to 67 µg/m3 in 2002, however, as a result of switching to cleaner fuel and implementing control measures to reduce industrial emissions. Increasing numbers of motor vehicles and relatively slow increases in transportation infrastructure have resulted in annual mean levels of NO2 that remained fixed at a relatively high level: about 75 µg/m3 between 1999 and 2002. 

· Jinan City.
Zhu(Zhu, 2002) studied air pollution of on sources of atmosphere granule pollution in urban districts of Jinan City. The main sources of granules were the dust blown bv wind, fulunigio and sand blown by wind，the three kinds of dust accounted for 34％ and 30％, 25% and 19%, 18% and 22% respectively in the quantity of TSP and PM10.

· Lanzhou City.
By using factor contribution methodology, analyzed sources for atmosphere granule pollution in Lan Zhou City. It is concluded the major 4 contributors are: coal 41.04%, dust blown bv wind 22.97%, vehicle 18.67%, construction site 12.84%, and other 4.48%. 

· Chengdu City

Zhou analyzed sources for atmosphere granule pollution in Chengdu City. It is concluded the major sources include: coal 54.3%, dust from metal melting industry 19.2%, vehicle 16.8%, rubbish and grass burning 16.8%. Coal combustion is the major source.

· Shanghai City.

Chen made study for particulates in Shanghai urban area. The average of contribution  from different particulate sources were 32.1% from building construction,27％ from soil，24％ from steel factory, 14.8％ from coal burning,0.2％ from motor vehicle.
· Yuxi city.

Ke analyzed sources for atmosphere granule pollution in Yuxi City. It is concluded the major sources include: cement and lime stone 52.32%, soil 22.74%, vehicle 12.06%, steel industry 7.54%, coal combustion 3.51%. 

· Nanning City.

Xu used chemical element Balance to identify sources of total sus-pended particles and accumulated dusts, which were from city of Nanjing. The results show that 31～45%of the aerosols came from limestone, which is the main source,20～38%from coal ash, 15～23%from soil dust and 1～2.5%from refined dusts. 
· Guangzhou City.

Li(Li, 2004) used chemical components and factor analysis to identify sources of total suspended particles and accumulated dusts in Guang Zhou city. The results show that major source is vehicle and coal combustion. Emission from vehicle account for 69%, and coal combustion account for 31%. 
4.4 Environment cost for coal processing and transport

In the wet coal washing process, water is used. In general, water use is 4m3/t, with fresh water  0.5 to 1.5m3/t. Therefore the water discharge is 0.5 to 1.5m3/t(Gong, 2000)..
The emission during transport of coal was analyzed preliminarily by Song(Song et al, 1993). A monitoring study was reported(see table 14). Lose of coal during transport is around 1.74% to 3.1%. The lose mainly include solid coal lose and water lose. There is no good data on this. Here we assume solid coal lost is given as 1%.
Table 14 TSP concentration for railway coal transport monitoring result

	Monitoring point
	Distance to railway
M
	Max/Min value

(mg/m3)
	Average value

(mg/m3)

	1
	20
	0.37/1.23
	0.83

	2
	30
	0.31/1.89
	1.04

	3
	50
	0.42/1.76
	0.78

	4
	80
	0.26/1.21
	0.69

	5
	120
	0.20/1.22
	0.66


4.5 External cost for coal
4.5.1 External cost in coal mining

Based on the discussion in previous session , we can give following assumption:

Table 15 External cost for coal mining, by selected cases

	
	External cost, Yuan/t coal
	Note

	Shanxi Case
	34.42
	Eco-system cost

	Yulin Case
	18-26
	Cost in coal mine, actually covered in coal price


The shanxi case study considered environment cost from coal mining and also eco-system damage cost. This could be used as external cost for coal mining. The case study for Yulin is actually the cost paid by the coal mine. This could be used for supporting data and uncertainty analysis.
4.5.2 External cost in coal combustion

With the discussion on contribution to air pollution from coal, we give the assumption in table 16.


Table 16 Contribution to air pollution from coal

	
	Contribution

%
	Source

	SO2
	94%
	

	PM
	28%(3.5% to 41% range)
	


Here we use the data from State Environment Administration, the total loss by SO2 emission in 2003 is 110billion yuan(see 4.3.1.1), the coal contribute 103.4billion yuan. Total coal use in 2003 is 1.58billion ton, then environment cost for SO2 emission is 65.4yuan. 

This is similar with the data calculate based on table 11. But different with the data for Shanxi case study, which is 5.37yuan/t. The reason for this is the calculation for Shanxi case study includes only part of health impact, while the State Environment Administration covers health impact and also impact on building and land.
For the impact of PM, by picking up data in table 11 for China and Shanghai, we can roughly calculate environment cost for coal is 27.8yuan/t coal.
4.5.3 Other external cost


Other external cost covers here could pick up the data from table 8 and 9, by including stockpiling treatment of waste gangue, fathering self-ignite waste hill. It is 4.4yuan/t.

Environment cost for coal washing is given here by the price of re-processing of waste water, it is 0.5yuan/m3. Then the cost is 0.5yuan/t coal(taking average fresh water use 1m3/t).
4.5.4 External cost for coal


Based on the above calculation, the external cost for coal could be calculated:


EC=34.42+65.4+27.8+4.4+0.5=132.52.


Due to data availability and methodology to calculate the external cost, there is quite big uncertainty for the external cost for coal. Here we present the preliminary data and methodology for the calculation, together with the external cost for coal. Further data collection and uncertainty analysis is necessary.
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