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33.2  
1996 2007
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 10,355km2 

 193 ( 78   114.8 ) 

 64.3  

 
5  

2  

GDP GDP14,880 /  78 : 27,732 /  

  

 6 5 7 5  

 15.9  

 29 5  

 420mm 540mm/  

 61% 

 
8

(PM) (SOx) (NOx)
CO2

240 2,885ha 12 m3
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2000 TSP 0.32mg/m3

SO2 CO 0.095 
mg/m3 1.5 mg/m3 7 2000

SO2
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3-2-2 1996-2000  
mg/m3 

 
  

.  
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LPG
116 m3 34.8 m3 9

2009 7,000 m3 1.63 3 43%
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2010 4 72.5 kW
2010  12 8,238 kWh

13 2012 180 kW
40 2012  23 64

kWh 20
2001 2012 123

1,000 kW
2011 -2020 2010 2015 12 5 100 kW
2015-2020 12 5 325kW 2020 1,000 kW

20
2020 200

kWh   

62 2,760 5,080MJ/m2

12 5
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300 kW 2011 2015   
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12 5 2

3 kW 30MW
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20
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SOx
 

� (Cq)
(Eq) (Hc)

 
u 860kcal/kWh  

��� =
���

	�

× u ×



��

        1  

1990 2000 0.37 2001 0.38 2002 2004
0.39 2005 2007 0.40 2008 2009 0.41

c 7,143kcal/kg  
SOx SO2

(S) 0.9 0.3 1.5 2007 0.7
95
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Q(d)� = �� × ℎ� × �� × (
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) × (1 − � × ��) (2) 

Q(o)� = �� × ℎ� × �� × (
��
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)                 (3) 
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Eqw Cdc CO2

Cei 0.38g-CO2/kcal
2007 0.21g-CO2/kcal

(CO2 0 ) 2010 CO2

0.80 -CO2/kWh 0.69 -CO2/kWh 13
0.42 2002 2010 5

 
 

Cei =
Eqc × η × ��� + Eql × η × ��� + Eqw × η × ��� 
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SO2 NO2 CO PM10
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(0.033 ppm) (0.019 ppm) -
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(0.025 ppm) (0.014 ppm) -

0.084 - - 0.118
(0.029 ppm) - -

0.073 0.043 1.090 0.107
(0.025 ppm) (0.021 ppm) (0.872 ppm)

0.061 0.037 0.670 0.098
(0.021 ppm) (0.018 ppm) (0.536 ppm)

0.054 0.036 0.740 0.095
(0.019 ppm) (0.018 ppm) (0.592 ppm)

0.048 0.034 0.650 0.094
(0.017 ppm) (0.017 ppm) (0.520 ppm)
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(0.013 ppm) (0.019 ppm) (0.496 ppm)
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1 1.5
0.6 0.7

0.23 0.42

0.27 -0.32 0.39-0.49

0.9 1
0.51 0.77

0.35-0.42 0.49-0.58
0.9 1

0.66 0.77
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2001 59
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52.32 72%
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2  World Coal Report 2013, ( )  

   
3  Siqi Zheng, Rui Wang, The Greenness of China: “Household Carbon Dioxide 
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HHV

LHV

CO2
 

2005
1  

 25.7 MJ /kg  =6139kcal/kg   

2 3

 
(kcal/kg) (kcal/kg) 6(9H W)  

 H ( )  W ( )  

4.8-5.9 1.8-3 4  
7,150kcal/kg 6,830kcal/kg

6,820kcal/kg 6,550kcal/kg
0.95 0.96 5

26.6MJ/kg 6355kcal/kg
25.3MJ/kg(6,037kcal/kg) 0.95 A

0.94 A 0.9  

5
2  

 
 

J-power
7 15

840 kW J-power 585 kWh
576 kWh 98.5 1.5 8.62 kWh

                                                 
1 http://www.enecho.meti.go.jp/info/statistics/jukyu/resource/pdf/070601.pdf 
2 http://www.jsrae.or.jp/annai/yougo/153.html  
3 http://www.brain-c-jcoal.info/coaldb/download/publication/kisoku.html 
4 2011 2 24  
5 http://www.pref.miyazaki.lg.jp/parts/000141336.pdf  
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0.36 kWh  
J-power 2012

2007 40.1 40.6
2011 40.6 2004

HHV LHV 41.7%
CO2 6 803g/kWh

 
 

CO2  
CO2 90.6 /MJ  

1kg 90.6g/MJ 25.7MJ 2,328g/kg  
Cal 90.6 4.1868g-CO2/1010kcal= 0.37927g/kcal 

 1kg 0.37927g 6139kcal/kg=2328g/kg  
X  

1kWh Y kg 25.7MJ/kg X=3600kJ 
Y= 3600kJ/257000kJ /X=0.14/X 

=2,328 103g 0.14/X=325.92/X(g/kwh) 
 
J-power SOx

3-1
 

3-1  
  2007 2011  

SO  
 

0.2g/kWh  
2008  

0.16 0.21g/kWh 

NO  
 

0.5g/kWh  
2008  

0.44 0.50g/kWh 

 
 

 0.01 0.02g/kWh 

 

 
1960 LHV 40

45 1990 1995
2 1 2 USC

2000 1 2
                                                 
6 CO2 90.6 /MJ 2,328g/ kg  
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USC 4 43 45
SOx

99  NOx 80
91 2008  

1 SOx
18ppm NOx 20ppm 7 /m3  

CO2 CO2 0.766kg-CO2/kWh
4,500t CO2 6,400t/ 

CO2 0.764kg-CO2/kWh  

41 HHV,
700 USC 46 HHV,

1500 IGCC 46-48 HHV,

55 HHV,  
 

3-1  

 
CCS  

 
 

2005
11

7,683 kW 1 kW
66 kW USC170

7 USC 44.63
3 100 kW 2011

44.5
700 A USC 52

                                                 
7 Vol.5 p121 126 
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3-2  

SOx
 

 
3-2  

   
  

 
9

  

SOx 
SO2  

400 mg/m3 
140ppm 

1,200 mg/m3  
420ppm 

50 mg/m3 
17.5ppm 

200 mg/m3 
70ppm 

NO  
NO2  

450 mg/m3 
220ppm 

1,100 mg/m3 
536ppm 

100 mg/m3 
49ppm 

200 mg/m3 
97ppm 

 50mg/m3 200 mg/m3 20 mg/m3 30 mg/m3 

2011 7 29 2012 1 1  
 

 
2015  

 
12

 
 CO2 GDP GDP 2010 17  

SO2 2.9g/kWh 1.5g/kWh 48  
NOx 3.4g/kWh 1.5g/kWh 56  

 
9.7 W 14.9 kW 54  

6.6 kW 9.6 W 45  
2.2 kW 2.9 3000 kW 32  

1082 kW 4000 kW 2.7  
2642 kW 5600 kW 112   
3100 kW kW 223   

86 W 2100 kW 23.4  
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5 2.9 3 35
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11 300 (2008 )
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4-1-3

 
 

1,650 5,940 /
3,040
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 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

 1.00 1.01 1.01 1.02 1.03 1.03 1.04 1.04 1.05 1.05 1.06 1.06 

 1.00 1.00 1.00 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

GDP(  1.00 1.11 1.23 1.38 1.56 1.78 2.06 2.42 2.70 2.97 3.33 3.71 

GDP(  1.00 1.03 1.05 1.08 1.14 1.19 1.25 1.31 1.32 1.26 1.78 1.70 

PES  1.00 1.00 1.10 1.28 1.53 1.67 1.85 1.98 2.15 2.30 2.73 3.08 

PES  1.00 0.98 0.98 0.97 1.01 1.00 1.00 0.99 0.96 0.91 0.96 0.89 

 
1.00 1.19 1.39 1.58 1.77 1.96 2.37 2.77 3.17 3.90 4.85 5.81 

 
1.00 1.01 1.03 1.04 1.05 1.07 1.07 1.07 1.07 1.04 1.06 1.07 

CO2 1.00 1.04 1.09 1.24 1.57 1.68 1.86 2.00 2.14 2.30 2.41 2.63 

CO2 1.00 0.99 1.02 1.02 1.02 1.02 1.01 1.04 0.97 0.91 0.95 0.99 
1 World Energy Key Statistics2  
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