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1 12 264 2,852 
- - 49 323 
- - 15 69 
1 12  328  3,244 

79 786 
103 612 8,595 64,441 
145 3,131 7,659 167,017 
248 3,743  16,333  232,244 

5 11 158 4,415 
9 65 641 14,535 

32 664 2,003 46,635 
403 2,298 24,816 176,362 
13 132 1,311 19,286 
31 42 3,984 9,636 
75 507 9,203 54,690 
75 1,218 5,438 94,440 
64 589 3,473 43,245 
10 156 1,023 11,876 

215 1,270 15,936 105,955 
13 343 780 25,106 

945 7,925 68,766 606,181 
1,194 11,050 85,427 841,669 

 
 
 
 

1 0.08% 328 0.38% 
12 0.11% 3,244 0.39% 

248 20.77% 16,333 19.12% 
3,743 33.87% 232,244 27.59% 

945 79.15% 68,766 80.50% 
7,925 66.02% 606,181 72.02% 
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194,000 195,300  136,000  525,300  

 
0 100,000 200,000 300,000

0 100,000 200,000 300,000



 

21 

70,706 32,025  102,731 

31,754 70,575  102,329 

  71,236 71,236 

102,460 102,600 71,236 276,296 

46.6%

36.9%

28.2%

37.2%

25.1%

25.9%

0% 20% 40% 60% 80% 100%



 

 22 

 
 
 
 
 
 
 
 
 
 
 
 

 

1,059
1,067

1,074
1,068

1,123
1,135

1,147 1,143

1,113

1,148

1,167
1,153

1,193 1,198 1,198 1,203

1,185

1,218

1,138

8.57 8.60 8.63
8.56

8.98 9.04
9.11 9.06

8.80

9.06
9.19

9.06

9.36 9.39 9.39 9.41
9.28

9.54

8.91

6.00

6.50

7.00

7.50

8.00

8.50

9.00

9.50

10.00

1,000

1,050

1,100

1,150

1,200

1,250

1,300

1,350

CO
2

CO
2

t-CO
2 /

CO
2

(
2)



 

23 

 

 

 

21,867 23,167 105.9% 22,360 102.3% 22,501 102.9% 

13,404 15,628 116.6% 16,757 125.0% 18,236 136.0% 

48,260 39,057 80.9% 41,826 86.7% 42,250 87.5% 

23,142 27,189 117.5% 28,016 121.1% 30,774 133.0% 

106,674 105,041 98.5% 108,958 102.1% 113,761 106.6% 

 

57,736 61,195 106.0% 59,038 102.3% 59,410 102.9% 

35,427 41,267 116.5% 44,289 125.0% 48,198 136.0% 

126,896 102,600 80.9% 109,977 86.7% 111,093 87.5% 

60,632 71,236 117.5% 73,401 121.1% 80,628 133.0% 

280,691 276,298 98.4% 286,705 102.1% 299,329 106.6% 
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4.21kWh m 15.2MJ/m2 28.9

NEDO  
4.6GJ m2 66.46km2

365,500TJ 9,568,000k  

5.5 GJ/ 2  15.2MJ×365  
1GJ=103MJ 

365,500TJ  5.5GJ/ 2×(66.46×106) m2 
1TJ=103GJ 

9,568,000   k 38.2 GJ 

 
 

kW  
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15 
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m2 kW  9  
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kWh/  
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150 20
4.0kW 36 2

 
 

3 15 7
25 135 2 15kW
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173,025 kWh
623TJ 16,309k  

 

173,025 623 16,309 

 
 

4.21kWh 36.0 2 0.065 365 3,596kWh/  
3,596kWh/ 12,080 43,440 kWh/  

 

4.21kWh 135m2 0.065 365 13,484kWh/  
13,484kWh/ 337 kWh/  

4.21kWh 1,294,000m2 0.065 365  
129,248 kWh/  

 31,000 m2  
1,263,000 m2  
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 0.4  
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4 2  

5
20 2  

106.2TJ 2,780k
 

106.2 2,780 

5.5GJ/ 2 12,080 4 2 
    50 80 106TJ/

5.5GJ/ 2 5 20 2 
    50 80 0.2TJ/
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130 49 6.4 0.025 58,400 

37,327 0.3 4,087 20% 92% 0.71 533,900 

1,421  35,240 
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58,400 1.3 34 
533,900 11.9 312 
35,240 0.8 21 

627,540 14.0 366 
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2.4TJ 62k

0 0 0 
72,077 1.6 41 
35,240 0.8 21 

107,317 2.4 62 
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37.18MJ/  

k 38.2GJ 1TJ 106MJ 
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386,708 14 366 

 

 
400,000,000kg 0.0292 0.92kg/ 107,456

40

0.0292 17 37,327/127,756,815
0.92kg/     

 
306ha 1,190 /ha 364,140  

306ha   
1,190 /ha  PURDUE  

 
471,596 82 386,708  

82%   
 0.92kg/  

BDF k 35.7GJ NEDO  
 k 38.2GJ      1TJ 103GJ 
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3,392 3 500kg/ 3 
 3,000kcal/kg 5,088 106kcal 21TJ  

5.5m3/ha 88ha 1.1 m3/ha 2,644ha 
3,392 3  
19 3  

 20 3,000kcal/kg  
  500kg/ 3 
  k 38.2GJ   TJ=(4.186 10-3) 106kcal 
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NEDO 70 500
4.7 1,000kW

1,000 kW 1
0.36km2  

421TJ 11,021k  
 

421 11,021 

0.118kW/m2 2,461.8m2 184  
25 8,760 117,057 kWh/ 421TJ  

1/2 1.9 1.2kg/m3 (4.7m/s 3=118W/m2 

 66.46 km2 1 0.36 km2 184  
 56 1/2 2 3.14 2,461.8m2 

 25  



  

70 8

A D A B 5.8 C
D 5 A B 1,000kW

A B 1  
2,394 kWh 8TJ 209k

 
 

2,394 8 209 

 

 
 
 
 
 
 
 
 

0.222kWh/m2 2,461.8m2 5  
25 8,760 2,394 kWh/ 8TJ  

1/2 1.9 1.2kg/m3 (5.8m/s 3=222W/m2 
 

 5.8m/s 
 56m 1/2 2 3.14 2,461.8m2 

 25  



 

 36 

 

 
21.7m 0m  

21.7m 4,285 kWh 15TJ 393k
 

15 393 

 

 
 
 
 
 

0.1ha 4.5ha 328
1ha 33 1kw

 
17 kWh 0.1TJ 3k  

 

17 0.1 3 

 
9.8 2.3 3/s 21.7 8,760 4,285 kWh/ 15TJ  

 
9.8 3/s  

 
 1084.1mm 72,049,000m3 

 72,049,000m3 8,760 3,600 2.3 3/s 

 21.7m 
 1kWh 3.6MJ 1TJ 106MJ  1k 38.2GJ  

 
9.8 0.012 3/s 2 2,190 33 17 kWh/  

 0.012 3/s 0.004 0.02 3/s  
 2m 
 2,190 24 365 8,760 1/4  
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 8.6kW/ 26,584 8,760 3.6MJ/kW 7,210TJ/  

 8.6kW/  
  66.46 106 2 2,500 2 26,584  

 
 

  1,000kg/ 3 
   4.186kJ/kg  

   5  
 

  1kWh 3.6MJ 1TJ 106MJ 1TJ 109kJ 
  1 38.2GJ 
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12,080 20

 
628TJ 16,440  

628 16,440 
 

 
 
 
 
 
 

 
8.6kW/ 12,080 1,680hr/  

3.6MJ/kWh 628TJ/  

8.6kW/  
1,680hr/ 8hr 30 / 7 /  



  

 

 

365,500 9,568,000 
173,025 623 16,309 96,029 

 106.2 2,780 7,284 

14 366  2.4 62 162 

14 366  14 366 959 

21 550  0.06 2 5 
421 11,021 2,394 8 209 1,329 
15 393 17 0.1 3 5 

7,210 188,740  620 16,440 43,073 

373,195 9,769,436 175,436 1,374 36,171 148,846 
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2020  
2008 2012

0.491kg-CO2/kWh 2009 0.555 2020
 

2020 89,466k
1990 83.9  

 

21,867 23,167 22,501 20,931 3,792 4,851 12,288 56.2%

13,404 15,628 18,236 16,854 1,760 895 14,199 106.3%

48,260 39,057 42,250 40,729 333 2,063 38,333 79.4%

23,142 27,189 30,774 30,774 4,035 2,093 24,646 106.5%

106,674 105,041 113,761 109,289 9,920 9,902 89,466 83.9%
 

 

57,736 61,195 59,410 55,266 9,935 12,966 32,365 56.1%

35,427 41,267 48,198 44,546 4,611 2,268 37,667 106.3%

126,896 102,600 111,093 107,094 872 5,227 100,995 79.6%

60,632 71,236 80,628 80,628 10,572 5,481 64,575 106.5%

280,691 276,298 299,329 287,534 25,990 25,941 235,603 83.9%
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http://www.enecho.meti.go.jp/energy/newenergy/wakaru.pdf 
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NEDO  
http://app2.infoc.nedo.go.jp/kaisetsu/neg/neg01/index.html 
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http://www.nef.or.jp/what/whats01.html 
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2010  
http://www.enecho.meti.go.jp/topics/energy-in-japan/energy2010html
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http://www.enecho.meti.go.jp/kaitori/ 



 

 

 
 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 

1-6

http://www.ssda.or.jp/energy/index.html 
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1-8

http://www.ssda.or.jp/energy/mechanism.html#water 
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http://www.enecho.meti.go.jp/energy/newenergy/wakaru.pdf 

1-9 1-10



 

 
2009 218 1,683

1 2004 1,000

1,000kW 1 5
 2,000kW 2 4

http://www.nedo.go.jp/library/fuuryoku/state/1-01.html 

1-11



 

 



 

 
5,000

HP http://www.pref.ehime.jp/kankyou/k-hp/theme/biomass/dizel.html 
1-13
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1-15
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http://www.nef.or.jp/what/whats01.html 
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http://www.nef.or.jp/what/whats07.html 
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http://app2.infoc.nedo.go.jp/kaisetsu/fue/fue01/index.html#elmtop 
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  http://www.meti.go.jp/
  http://www.env.go.jp/

(NEDO)  http://www.nedo.go.jp/
NEF          http://www.nef.or.jp/

(ECJJ)           http://www.eccj.or.jp/
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 


