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1. Production and consumption of natural gas in China

In China the utilization of natural gas has a long history, but the natural gas industry started very late. The natural gas consumption only shared 0.02% in the total energy consumption in 1953. Its development was extremely slow in a rather long period later. After revolution and opening, the exploitation and utilization of natural gas began to development rapidly especially in Northeast, Northwest, Sichuan and marine areas. In the recent years, the transportation pipe was built as long as more than 20 thousand kilometers, mainly including Shanxi North-Beijing, Tianjin; Shanxi North-Xi’an: Shanxi North-Yinchuan; Shanshan- Urumchi; Sichuan Basin; Yacheng 13-1 in South China Sea-Hongkong, Hainan; Pinghu in East Sea-Shanghhai; Jingzhou in Bohai Sea 20-2 – Jingxi; Boxi-Tanggu. The natural gas transportation network of China has developed in a rather large scale and provided the basis for the rapid development of natural gas.  In 1996 the natural gas yield first broke through 20 billion cubic meters and turned into a rapid development period. The annual natural gas increase rate was 10% on average in the ninth five-year period. In 2006 the natural gas yield reached to 59.5 billion cubic meters. Recently, the natural gas is being utilized in industry and civilian living as clean fuel in the big and medium cities such as Beijing, Tianjin, Chongqing, Chendu etc. Now it began to be used in natural gas automobiles and power generation, so the worsening of the urban atmospheric environment is controlled in some extent. 

Totally, the exploitation and development of natural gas is still in preliminary stage in China and there is a big gap in comparison to the developed countries and regions. Now the annual natural gas yield is 59.9 billion cubic meters and only shares 3% in the energy consumption structure, which is far less than 24% of the world average level and 8.8% of the Asia average level.

From the consumption structure, the natural gas is mainly used in the sectors of power generation, chemical raw materials, industrial combustion, urban domestic living and commercial services. In the early 21st centuries, the chemistry industry and industrial combustion were the primary natural gas utilization styles and the ratio of natural gas in power generation is rather small. In the energy consumption structure of 2006, coal shared 70%, petroleum shared 21%, natural gas only hared 3%, which was far lower than the 8% of the world average level.

From now on the ratio of natural gas in power generation will increase year by year and the ratio of natural gas in power generation will share 30% of the total consumption. The urban gasification rate will increase from 23% in 2000 to 30% in 2020. In the future 20 years, the natural gas will increase in the fastest speed and it is estimated the annual increase rate will reach 9% to 10%. In 2012 the total national consumption will broke through 140 billion cubic meters. Now the natural gas only shares 3% in the total primary energy consumption.

The annual probed natural gas is about 300 billion cubic meters in China. The total proven resource reaches to 25 trillion cubic meters and it only shares 24.6%. The total resource is 38 trillion cubic meters and 60% of the resource distributes in the four biggest natural gas rich areas such as Sichuan, Chongqing-Shanxi region, Gansu-Ningxia, Qinghai and Xinjiang. Besides the four inland natural gas zones, the coastal resource is also very plentiful, and China South Sea, East Sea, and Bohai Sea are also the natural gas enrichment areas. The 10% of the inland natural gas distributes above 2000 meters, and 58.39% of the inland natural gas is below 3500 meters. The areas of yellow soil plateau, mountain, and desert with bad geographic conditions share about 64% of total resources.

2. External cost analysis methods for natural gas

The external cost analysis of natural gas should consider the environmental effects in its lifecycle including exploitation, transport and consumption. The external cost of natural gas is the summarization of the external cost in these processes.

2.1 Environmental effects in the exploitation process of natural gas

The important activities in the natural gas exploitation include exploration, drilling, drill, workover, gas collection and transportation and purification etc and will produce the following environmental impacts.

(1) Land or farmland occupancy

It mainly includes the land occupancy in the processes of drilling, road construction, purification plant, collection and transportation pipes. The environmental impact is small in this process, so it can be neglected.

(2) Emission of waste gas

It mainly includes the waste gas in drilling process, purification plant and pressurization process.

(3) Emission of wastewater
It mainly includes wastewater in drilling process, purification plant and desulphurization process. 

After the waster with high chloride concentration is discharged into the soil, it will make the soil sanitized and alkalized, change the physical and chemical characteristics of the soil, and decrease the fertility.

If the petroleum contents enter into the environment it will form an oil-film and the oil-film will prevent the oxygen from entering into the water body. The oxidization and biological degradation of the petroleum will exhaust the oxygen at the same time. The dissolved oxygen in the water will be reduced greatly and the survival of the aquicolous creatures will be endangered seriously. 

After the wastewater from the gas filed enters into soil, it will promote the permanent hardness of the groundwater. If the groundwater is exploited, the softening cost will be increased. Secondly if the wastewater from gas field enters into groundwater through soil or drill, the pollution of heavy metals will reduce the utilization value of the groundwater, even it cannot be utilized completely.

The heavy metals in the wastewater from gas field can be absorbed and accumulated in plants and then enter into human body through food chains. It mainly hurts the kidney and prevents the bone from metabolization, so the human health is affected.

(4) Discharge of the waste residues

The discharge of the waste residues mainly include waste mud, rock debris and sewage sludge from purification plant.

(5) Ground sinking

Exploitation of natural gas, petroleum or groundwater in large area will produce low or negative pressure in the earth layers, the balance of the earth layers is destroyed and the earth surface maybe sink in large area. 

2.2 Environmental effects of the natural gas transportation

There are two primary transportation styles for natural gas: pipe transportation and liquefied natural gas transportation.

(1) Pipe transportation

The environmental impacts of the soil and plantation destroy during the transportation pipe construction are much severe with comparison to the pollutants produced in the running period.

The pollutants in the running period of transportation pipes mainly come from natural gas, including the natural gas discharged in cleaning exercise, the combustion engines with natural gas as fuel and the smoke from the torch combustion in the event of accident etc. The ferrous oxidization powder and residual waste liquid from the pipe cleaning, the industrial wastewater and living sewage from the pressurization station, the noise and vibration of the compress machines, are also the important environmental pollution factors.

 (2) Transportation of liquefied natural gas

Because the volume of the liquefied natural gas is only about 1/625 of the gaseous one, so the LNG is prominently superior in the storage, transportation and reasonable usage of natural gas. Now the transportation styles of LNG mainly include truck and ship. As LNG only shares a very small ratio in the total natural gas used, and the pollutant discharge in the transportation is close to zero because of its special characteristics, so this effect can be neglected. 

2.2.1 Environmental effects of natural gas in utilization process

The utilization of natural gas mainly includes combustion and chemistry materials. The advantages of natural gas are high heat efficiency, low sulphur content, and no ash when it is used as fuel in power generation, industrial fuel and domestic fuel. The natural gas is convenient to be used, easy to be controlled and convenient to be transported, in most situations its combustion efficiency is high and the combustion products do not pollutant environment. So it can be looked as clean energy.

As gaseous fuels with high heat efficiency, the combustion efficiency of natural gas is very high and the oxidization rate is 99.5% when it is utilized in combustion.

There is no waste residues and smoke dust in power generation of natural gas, emission of sulphur oxidizes, and particles and NOX is also reduced greatly.

3. Primary parameters of environmental effects of natural gas

3.1 Exploitation

The pollutant emission parameters in different exploitation process are different. Here the pollutant emission factors come from different research results. A detailed case study was done by Dong et al, with 10 gas well, 550,000m3/day each. The pollutants in the waste gas emission are listed in table 1. 

Table 1. Pollutant list of the waste gas emission in the exploitation process

	Waste gas emission (104m3/a)
	The primary pollutants in the waste gas, t/year

	
	SO2
	H2S
	NOX
	CnHm
	CO

	26410
	833
	-
	320
	592
	31


Another case study given by Hong for Sichuan gas field is presented in table 2.

Table 2. Statistical table of the gas leakage in the gas field

	Name of gas field
	Number of monitor points
	Number of leak points
	Leakage rate (%)
	Leakage amount (cubic meters/year)
	Leakage from leak points (cubic meters/year)
	Point leakage ratio in the total leakage (%)
	Natural gas leakage rate (%)

	Wolonghe River
	16266
	69
	0.4
	132507
	112733
	85
	0.02

	Wubaiti
	5395
	52
	1
	281205
	236126
	84
	0.11

	Dachigan
	2095
	12
	0.6
	38345
	32366
	84
	0.1

	Fuchengzai
	5010
	32
	0.6
	23487
	14829
	63
	0.03

	Zhangjiachang
	9495
	41
	0.4
	103466
	96349
	93
	0.05

	Shapingchang
	8088
	55
	0.7
	185554
	161915
	87
	0.02

	Shaguanping
	10606
	67
	0.6
	101488
	82425
	81
	0.01

	Longmen
	5661
	47
	0.8
	163132
	139357
	85
	0.12

	Gaofengchang
	5139
	47
	0.9
	41954
	28449
	68
	0.03

	Shuangjiaba
	5015
	29
	0.6
	24498
	17925
	73
	0.02

	Total
	72770
	451
	0.6
	1095636
	915474
	84
	 0.04


Waste water discharge in exploitation process of natural gas given by Dong’s case study is listed in table 3.
Table 3. Pollutant list of the wastewater in the exploitation process

	Wastewater discharge (104m3/a)
	The primary pollutants in the waste water

	
	COD
	Oil
	S2-
	Phenol
	Cr6+
	BOD5
	NH3-N
	SS

	30.1
	30.10
	1.894
	0.147
	0.079
	0.156
	9.04
	4.519
	21.072


The discharge of waste residuals are as following: waste mud 900 m3/a; rock debris: 1140 m3/a; sewage sludge 15t/a.

3.2 Transportation process

The pollutant categories and amount of pipe transportation are listed in table 4, assumed natural gas transport amount is 600million m3(Dong et al, 2003).
Table 4. Pollutant list in the process of pipe transportation

	Name
	Air pollutant
	Water pollutant
	Solid waste
	Leaked waste

	Categories
	Dust
	CO
	CnHm(by CH4)
	NOX(by NO2)
	Different kind of sewages
	Pipe cleaning pollutants (oxidize ferrous power)(4 times/a)
	Hydrocarbon

	Number (kg/d)
	3.12
	5.3
	0.94
	143.52
	3800m3/a
	110kg/a
	1800m3/a


3.3 Unitization process

The utilization of natural gas is directly related to its composition. Table 5 is the contents of the natural gas in Daqing oil field(Dong et al, 2003).

Table 5. Composition of the natural gas in Daqing oil field

	Composition
	CH4
	C2H6
	C3H8
	C4H10
	CO2
	N2
	Others

	Volume fraction
	91.3
	1.96
	1.34
	0.9
	0.2
	0.38
	3.92


It should be pointed that when LNG is used for power generation, the sulphur, water and CO2 and other poisonous substance are removed during liquefaction, so its environmental benefit is more excellent in gaseous combustion.

The emission pollutants of the natural gas turbine see table 6. 
Table 6. 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
	39.00
	102.00
	28.00

	Emission rate of gas combustion power plant/(10-6kg.m-3)
	11.6
	6200
	
	2010000
	
	
	


As summary, the emission list for 1000m3 natural gas is given in table 7(Dong et al, 2003). It is seen the difference on CO2 emission per m3 natural gas in table 6 and 7 for combustion. The data in table 6 is similar with other studies(IPCC, 1996; David, et al, 2001).
Table 7. Analysis list of natural gas lifecycle

	　
	　
	Exploitation period
	Transportation Period
	Utilization Period
	Total

	Waste gas
	CO2 (kg)
	232.6
	
	1440
	1672.6

	
	SO2 (kg)
	0.415
	
	0
	0.415

	
	H2S (kg)
	
	
	0
	0

	
	NOX (kg)
	0.159
	0.087
	2.734
	2.98

	
	CH4 (kg)
	0.295
	0.006
	0.144
	0.445

	
	CO (kg)
	0.015
	0.003
	1.312
	1.33

	Waste water
	　
	0.15
	0.006
	2.607
	2.763

	Solid waste
	Waste residuals (kg)
	6.4
	
	—
	6.4

	
	Rock debris (kg)
	6.814
	
	—
	6.814

	
	Sewage (kg)
	0.007
	
	—
	0.007


CH4 emission calculated based on table 2 and table 5 is similar with that in table 7, so here data in table 7 is acceptable. 
4. External cost of natural gas

In the report for external cost analysis for coal, external cost for different pollutant are discussed. Here we just pick up cost data from that report, and calculate external cost for natural gas. In the life cycle of natural gas, there is nearly no emission of PM, which is key targeted air pollutant in China with many studies. Here we use some data from China Pollutants Charge Standard (PCS) and the U.S Environmental Value Standard (U.S. EVS). The environment cost for different pollutant is given in table 8(same with that in coal report table 11).

Table 8. 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


Based on the cost for CO2, here we calculate the cost for CH4 as 0.483yuan/kg, with GWP.


The environmental cost of the thermal power plant could be calculated by formula (1) as listed in table 13, analyzed by Huang et al. Some other studies presents similar results(Xu, et al, 2004; Wei et al, 2002)
Table 9. 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



With the above discussion, cost for different pollutant emission is given in table 10.

Table 10 cost for various pollutant
	
	Cost
	Source

	SO2, yuan/kg
	6
	Table 8

	CO2, yuan/kg
	0.023
	Table 8

	CH4, yuan/kg
	0.483
	Based on CO2 cost

	NOx, yuan/kg
	8
	Table 8

	Waste water, yuan/m3
	0.5
	Study for coal external cost


By summarizing above discussion, emission from natural gas is given in table 11.

Table 11 pollutant emission for natural gas
	
	Emission
	Source

	SO2, kg/m3
	0.000415
	Table 8

	CO2, kg/m3
	2.242
	Table 8

	CH4, kg/m3
	0.000445
	Table2, table 5, table 7

	NOx, kg/m3
	0.00298
	Table 8

	NOx, kg/m3
	0.0062
	Wei et al, table 6

	Waste water, m3/m3
	0.002763
	Table 8


If use low NOx emission in table 10, then external cost for natural gas is 0.079yuan/m3. If use high NOx Emission, external cost for natural gas is 0.105yuan/m3.
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