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a

BOD kg

b

CH4

BOD

1996 IPCC

 89

1000/ii BODWA

Wi : CH4 i m3

BODi : i mgBOD/l

 89  GgBOD/

09 544

10 122

11 86

12 2

15 1,430

17 651

18 2

19 13

20 1

21 3

1996 IPCC

2003 BOD

11 14

1  CH4

CH4

CH4

ionsiteiCHii FFIW ,,4

Ii : i m3

FCH4,i : CH4 -

Fonsite,i : -
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i

m
3
/ 365 366 m

3
/

ii CH4

CH4

 90

 90  %

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

09 58.4 58.4 58.4 57.9 58.8 59.6 58.3 58.4 57.7 60.4 56.5

10 64.3 70.9 71.0 72.2 71.4 70.4 69.3 68.6 62.1 63.4 66.2

11 49.9 49.9 49.7 49.0 50.2 49.8 49.1 48.4 46.7 47.0 46.2

12 39.7 39.7 39.7 39.7 39.7 39.7 39.7 39.7 39.7 39.7 39.7

15 30.9 30.5 30.4 29.9 29.8 29.3 28.6 28.5 29.6 31.3 31.5

17 18.9 17.9 17.8 17.8 17.7 18.4 18.1 18.2 17.9 18.5 18.0

18 11.1 11.9 11.9 12.0 11.9 11.9 12.1 12.0 11.5 11.6 11.6

19 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2

20 17.4 17.7 18.3 19.3 16.2 15.3 15.5 15.6 14.5 16.3 15.1

21 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5

2000 2001 2000

12 19 21 10

1990 2000

iii

1

                                                       
B-16(8) 9
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2

BOD 11

BOD

BOD

c

 91  1990 2004 GgBOD

1990 1991 1992 1993 1994 1995 1996 1997 

1,100 1,127 1,115 1,080 1,062 1,060 1,039 1,024

1998 1999 2000 2001 2002 2003 2004  

1,011 1,058 1,045 1,048 1,035 1,005 1,002 

d

 92  

2 16

 2006 5

1990 2004

 93  CH4

3 13

 2002 3

1990 2000

 94  

11

 1999 10

11

BOD

e

BOD

BOD

BOD

BOD
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1

 95  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997 

113 115 114 110 109 108 106 105

1998 1999 2000 2001 2002 2003 2004  

103 108 107 107 106 103 102 

a

1

6B2 CH4

2

 96

 96  

60%

CH4

CH4 30.9% 2

3
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b

1

CH4

i

iiA

A
A

AU
U

2

,

UA : -

UA,i : i -

Ai : i kgBOD

2

,

2

,

2

,

2

,, 4 iBODionsiteiCHiIiA UUUUU

UI,i : i -

UCH4,i : i CH4 -

Uonsite,i : i -

UBOD,i : i -

2

i

30

20%

j

jjI

iI
I

IU
U

2

,

,

UI,j : j -

Ij : j m3

ii CH4

CH4
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40.0%

CH4 CH4

y

x
yxf ,

      
x

f

yx

f 1

y

f

y

x

y

f
2

f
2

f x
2

x y
2

y

      2

2

2

2

2

2

2

2

2
f

y
f

xy

f

x

f yx

yxf

      

222

yxf

yxf

f fU x xU y yU

      
f

U
f

f 96.1
x

U x

x 96.1
y

U
y

y 96.1

      
222

yxf UUU
22

yxf UUU

2

,,

2

,,, 444 AiCHTiCHiCH UUU

UCH4,i,T
:

i CH4

-

UCH4,i,A : i -

CH4

kj

kjkTjCH

TiCH
I

IU
U

,

2

,,,,

,,

4

4

UCH4,j,T,k : j k -

Ij,k : j k m3

k : 

Kj

KjKAjCH

AiCH
I

IU
U

,

2

,,,,

,,

4

4

UCH4,j,A,K : j K -
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Ij,K : j K m3

K : 

iii

1.0

 97  

0.8

ionsiteDionsiteionsiteionsite FFFU ,,,,, /

= 1.0-0.8 /1.0 

=0.2

Fonsite,i : i -

Fonsite,i,D : i

-

iv

95%

100.0%

iadi

i
iBOD

BODn

s
U

,

,

96.1

Si : i gCH4/m
3

ni : i -

BODad,i : i gCH4/m
3

v

 98
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 98  %

CH4

09 5.7 5.2 20.0 16.7 27.2 

10 11.7 16.0 20.0 30.7 41.7 

11 7.2 5.1 20.0 33.3 39.8 

12 11.0 25.4 20.0 39.4 52.1 

15 15.4 11.4 20.0 74.1 79.1 

17 6.7 10.0 20.0 45.2 50.9 

18 19.2 14.0 20.0 101.7 106.4 

19 11.5 38.7 20.0 54.4 70.6 

20 12.4 20.8 20.0 28.9 42.7 

21 19.8 40.0 20.0 34.4 59.8 

vi

 98

37.4%

3

c

22

AEF UUU

U : 

UEF : 

UA : 

 99  %

6B1 CH4 60.0 37.4 70.7

CH4
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6B1 N2O

N2O

N2O 6B1

a

N2O

b

1996 IPCC GPG 2000 N2O

N2O

6B1 CH4

c

AEFE

E : N2O kgN2O

EF : kgN2O/kgN

A : kgN

d

N2O

a

1kg N2O kg

b

N2O

N2O

6B2 N2O
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6B2 N2O m
3

1000/TNefEF

1.6×10-4/37.2×1000 

0.0043 kgN2O/kgN

ef : 6B2 N2O

kgN2O/m3 1.6×10-4kgN2O/m3

TN : mgN/l

6B2 N2O N2O

15

37.2mgN/l

2006

2003

c

 100  1990 2004 kgN2O/kgN

1990 1991 1992 1993 1994 1995 1996 1997 

0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043

1998 1999 2000 2001 2002 2003 2004  

0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 0.0043 

d

 101  

15

 2005 3

2003

8.

N2O

6B2 N2O

e

N2O

6B2 N2O

N2O
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N2O

a

kg

b

 102 N2O

1000/ii TNWA

Wi : N2O i m3

TNi : i mgN/l

 102  GgN/

09 27.4

10 6.2

11 7.9

12 0.2

15 53.3

17 224.2

18 0.4

19 0.6

20 0.1

21 0.2

2003

11 14

1  N2O

N2O

N2O

ionsiteiONii FFIW ,,2

Ii : i m3

FN2O,i : N2O -

Fonsite,i : -
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i

6B1 CH4

ii N2O

N2O

6B1 CH4

iii

6B1 CH4

1

2

11

TN

c

 103  1990 2004 GgN

1990 1991 1992 1993 1994 1995 1996 1997 

91.2 88.3 92.5 86.3 86.1 89.7 83.8 83.0

1998 1999 2000 2001 2002 2003 2004  

80.5 80.6 78.1 79.4 78.3 81.0 82.3 

d

6B1 CH4

e

                                                       
CH4 N2O

35-2 1999
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1

 104  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997 

122 118 124 116 115 120 112 111

1998 1999 2000 2001 2002 2003 2004  

108 108 105 106 105 109 110 

2005

NE 2006

N2O

a

1

6B2 N2O

2

 105

 105  

300% 

N2O

N2O 145.7% 2

3

b

1

6B1 CH4
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2

6B1 CH4

 106

51.1%

 106  %

N2O

09 5.7 5.2 20.0 29.7 36.6 

10 11.7 16.0 20.0 82.6 87.3 

11 7.2 5.1 20.0 31.1 38.0 

12 11.0 25.4 20.0 31.6 46.5 

15 15.4 11.4 20.0 76.7 81.5 

17 6.7 10.0 20.0 90.3 93.3 

18 19.2 14.0 20.0 164.1 167.0 

19 11.5 38.7 20.0 57.4 72.9 

20 12.4 20.8 20.0 51.0 59.9 

21 19.8 40.0 20.0 100.0 111.3 

3

c

22

AEF UUU

U : 

UEF : 

UA : 

 107  %

6B1 N2O 300.0 51.1 304.3

N2O
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6B2 CH4

CH4 CH4

6B2 CH4

a

CH4

b

GPG 2000

1996 IPCC COD BOD

CH4

CH4

CH4

c

CH4

AEFE

E : CH4 kgCH4

EF : kgCH4/m
3

A : m3

d

a

1m
3

CH4 kg

b

CH4

CH4
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SW EFEFEF

0.000529+0.000348 

0.00088 

EFW : CH4 kgCH4/m
3

EFS : CH4 kgCH4/m
3

 108  CH4 mgCH4/m
3

--- 59.0 --- 590.0 649.0 510.0 --- 510.0 1 

--- 260.0 260.0 420.0 --- 420.0 1 

--- 37.0 240.0 3.0 280.0 320.0 --- 320.0 2 

--- 16.0 145.0 0.6 161.6 48.0 54.0 102.0 2 

38.0 250.0 89.0 --- 377.0 51.0 190.0 241.0 2 

--- 8.0 253.0 0.0 261.0 194.0 81.0 275.0 2 

--- 51.0 328.0 0.7 379.7 441.0 80.0 521.0 2 

--- 2.0 815.0 0.0 817.0 272.0 123.0 395.0 3 

5.0 21.7 430.0 2.0 458.7 --- --- --- 4 

22.5 4.8 1,002.6 0.0 1,029.9 --- --- --- 4 

0.3 127.0 252.5 1.4 381.2 --- --- --- 4 

2.6 1.8 298.8 0.2 303.4 --- --- --- 4 

1.5 68.1 1,877.3 3.2 1,950.1 --- --- --- 4 

0.3 2.4 89.9 0.5 93.1 --- --- --- 4 

 528.7  348.0  

---

c

 109  1990 2004 kgCH4/m
3

1990 1991 1992 1993 1994 1995 1996 1997 

0.00088 0.00088 0.00088 0.00088 0.00088 0.00088 0.00088 0.00088

1998 1999 2000 2001 2002 2003 2004  

0.00088 0.00088 0.00088 0.00088 0.00088 0.00088 0.00088 

d

 110  CH4

e

CH4
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a

m
3

b

CH4

pall WWA

Wall : m3

Wp : m3

c

 111  1990 2004 10
6
m

3

1990 1991 1992 1993 1994 1995 1996 1997 

9,857 10,461 10,476 11,012 10,471 10,392 11,346 11,947

1998 1999 2000 2001 2002 2003 2004  

12,385 12,138 12,519 12,583 12,757 13,185 13,485 

d

 112  

2 16

 2006 4

1990 2004

e

 113  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997 

181 193 193 203 193 191 209 220
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1998 1999 2000 2001 2002 2003 2004  

228 223 230 232 235 243 248 

CH4

CH4

a

1

CH4

SW

SSWW

EF
EFEF

EFUEFU
U

22

UEF : -

UW : CH4 -

US : CH4 -

EFW : CH4 kgCH4/m
3

EFS : CH4 kgCH4/m
3

2

CH4  108

CH4 95%  114

30.9%

 114  CH4

kgCH4/m
3 kgCH4/m

3

14 482 529 47.8 

8 142 348 28.3 

3
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b

1

pall

ppAallallA

A
AA

AUAU
U

2

,

2

,

UA : -

UA,all : -

UA,p : -

Aall : m3

Ap : m3

2

10.0%

10.4%

3

c

22

AEF UUU

U : -

UEF : -

UA : -

 115  %

6B2

CH4

30.9 10.4 32.6

CH4
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6B2 N2O

N2O N2O

6B2 N2O

a

N2O

b

1996 IPCC

N2O N2O

c

N2O

AEFE

E : N2O kgN2O

EF : kgN2O/m3

A : m3

d

a

1m
3

N2O kg

b

N2O

N2O

SW EFEFEF
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0.000160+0.0000006 

0.00016 

EFW : N2O kgN2O/m3

EFS : N2O kgN2O/m3

 116  N2O mgN2O/m
3

0.0 17.9 0.0 17.9 0.6 --- 0.6 1 

0.0 20.3 0.0 20.3 1.2 --- 1.2 1 

0.0 1.3 0.1 1.4 0.0 --- 0.0 1 

--- 28.3 0.0 28.3 --- --- --- 2 

--- 994.7 0.0 994.7 --- --- --- 2 

--- 60.7 0.0 60.7 --- --- --- 2 

--- --- --- 91.8 --- --- --- 3 

--- --- --- 67.6 --- --- --- 3 

160.3 0.6 

2 3 (mg-N/m3) (mgN2O/m3)

---

c

 117  1990 2004 kgN2O/m
3

1990 1991 1992 1993 1994 1995 1996 1997 

0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 0.00016

1998 1999 2000 2001 2002 2003 2004  

0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 

d

 118  N2O

1
B-2 7 5

2
B-16 8

9

3
B-51 2 CH4 N2O 10

e

N2O

N2O

6B2 CH4
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 119  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997 

492 522 523 549 522 518 566 596

1998 1999 2000 2001 2002 2003 2004  

618 606 625 628 636 658 673 

N2O

a

1

N2O

SW

SSWW

EF
EFEF

EFUEFU
U

22

UEF : -

UW : N2O -

US : N2O -

EFW : N2O kgN2O/m3

EFS : N2O kgN2O/m3

2

N2O  116 N2O

95% N2O

100.0%

145.7%

 120  N2O

kgN2O/m3 kgN2O/m3

8 338 160 146.3 

0.6 100.0 
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3

b

6B2 CH4

10.4

c

22

AEF UUU

U : -

UEF : -

UA : -

 121  %

6B2

N2O
145.7 10.4 146.1

N2O
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6B2 CH4

CH4 CH4

6B2 CH4

a

CH4

b

GPG 2000

c

CH4

ii AEFE

E : 

CH4 kgCH4

EFi : i kgCH4/

Ai : i

d

a

1 1

CH4 kg

b

CH4 CH4
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3651000/ii efEF

efi : i gCH4/

1

1998

 122  gCH4/

0.03 1.04 0.54 

1998 p339

2

1998

 123  gCH4/

0.40 5.56 3.03 

1998 p339

3

B-2 7

5 B-2 7

6

 124  gCH4/

1 2 3 4 5 6

0.50 0.53 0.34 0.97 0.43 0.46 0.54

B-2 7 5 B-2

7 6

4

CH4 CH4
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c

 125  1990 2004 kgCH4/

1990 1991 1992 1993 1994 1995 1996 1997

0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11

0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

1998 1999 2000 2001 2002 2003 2004

0.20 0.20 0.20 0.20 0.20 0.20 0.20 

1.11 1.11 1.11 1.11 1.11 1.11 1.11 

0.20 0.20 0.20 0.20 0.20 0.20 0.20 

0.20 0.20 0.20 0.20 0.20 0.20 0.20 

d

(1998)

B-2 7 5

B-2 7 6

e

CH4

CH4

CH4

a

b
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c

 126  1990 2004

1990 1991 1992 1993 1994 1995 1996 1997

493 439 397 401 395 398 384 381

7,983 6,776 7,370 7,586 8,062 8,515 9,037 9,566

25,119 27,116 27,056 26,818 26,564 26,105 25,708 25,151

38,920 36,983 35,128 33,297 31,208 29,409 27,427 25,547

1998 1999 2000 2001 2002 2003 2004

418 416 414 458 438 362 362 

9,357 10,210 10,806 11,377 11,843 12,560 12,560 

25,231 24,311 23,289 22,215 21,191 19,956 19,956 

23,760 22,078 20,353 18,818 17,348 16,049 16,049 

2004 2003

d

 127  

2 15

 2005 11

1990 2003

e

 128  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997

2.0 1.8 1.6 1.6 1.6 1.6 1.6 1.6

185 157 171 176 187 198 210 222

104 112 112 111 110 108 106 104

161 153 145 137 129 121 113 105

452 424 430 426 427 429 431 433

1998 1999 2000 2001 2002 2003 2004

1.7 1.7 1.7 1.9 1.8 1.5 1.5 

217 237 251 264 275 292 292 

104 100 96 92 87 82 82 

98 91 84 78 72 66 66 

421 430 433 436 436 442 442 
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a

1

2

i

94.4%

 129  CH4

kgCH4/ kgCH4/ kgCH4/ %

0.54 0.03 1.04 94.4 

ii

86.8%

 130  CH4

kgCH4/ kgCH4/ kgCH4/ %

3.03 0.40 5.66 86.8 

iii

124 95% 32.9%

 131  CH4

kgCH4/ kgCH4/

6 0.22 0.54 32.9 

iv

100.0%

3
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b

1

2

10.0%

3

c

22

AEF UUU

U : -

UEF : -

UA : -

 132  %

94.4 10.0 94.9

86.8 10.0 87.4

32.9 10.0 34.4

100.0 10.0 100.5

CH4

CH4
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6B2 N2O

N2O N2O

6B2 N2O

a

N2O

b

1996 IPCC

N2O

c

N2O

ii AEFE

E : 

N2O kgN2O

EFi : i kgN2O/

Ai : i

d

a

1 1

N2O kg

b

N2O N2O
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3651000/ii efEF

efi : i gN2O/

1

B-2 1

6

 133  gN2O/

1 2

0.109 0.107 0.108 

B-2 1 6

2

B-2 1

6

 134  gN2O/

1 2 3 4 5 6

0.00943 0.1410 0.0754 0.1570 0.0103 0.0414 0.0724

B-2 1 6

3

B-2 7

5 B-2 1

6

 135  gN2O/

1 2 3 4 5 6 7 8 9

0.00295 0.00943 0.00471 0.00566 0.02829 0.1414 0.160 0.083 0.058 0.0548

B-2 1 6 B-2 7

5 B-2 7

6

4

N2O N2O
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c

 136  1990 2004 kgN2O/

1990 1991 1992 1993 1994 1995 1996 1997

0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039

0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026

0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020

0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020

1998 1999 2000 2001 2002 2003 2004

0.039 0.039 0.039 0.039 0.039 0.039 0.039 

0.026 0.026 0.026 0.026 0.026 0.026 0.026 

0.020 0.020 0.020 0.020 0.020 0.020 0.020 

0.020 0.020 0.020 0.020 0.020 0.020 0.020 

d

B-2 1

6

B-2 7 5

B-2 7 6

e

N2O

N2O

N2O

6B2 CH4

 137  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997

6.0 5.4 4.9 4.9 4.8 4.9 4.7 4.7

65 56 60 62 66 70 74 78

156 168 168 166 165 162 159 156

241 229 218 207 194 182 170 158

469 459 451 440 429 419 408 398
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1998 1999 2000 2001 2002 2003 2004

5.1 5.1 5.1 5.6 5.3 4.4 4.4 

77 84 89 93 97 103 103 

157 151 144 138 131 124 124 

147 137 126 117 108 100 100 

386 377 364 353 341 331 331 

a

1

2

i

2

 133

100.0%

ii

134 95%

 138  N2O

kgN2O/ kgN2O/

6 0.064 0.072 71.0 

iii

135 95%

 139  N2O

kgN2O/ kgN2O/

9 0.061 0.055 72.7 

iv



6B2 N2O 

100

100.0%

3

b

10.0

c

22

AEF UUU

U : -

UEF : -

UA : -

 140  %

100.0 10.0 100.5

71.0 10.0 71.7

72.7 10.0 73.3

100.0 10.0 100.5

N2O

N2O
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6B2 CH4

CH4 CH4

6B2 CH4

a

CH4

b

GPG 2000

c

CH4

ii AEFE

E : CH4 kgCH4

EFi : i kgCH4/m
3

Ai : i m3

d

a

1m
3

CH4 kg

b

CH4 CH4
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1

CH4

7.6kl/m
3

CH4 CH4 CH4

90% 10

RefEF anan 1164.22/

7.6/22.4 16 0.1

0.54 

EFan : CH4 kgCH4/m
3

efan : CH4 kl/m3

R : CH4 -

2

2/hnnnae EFEFEF

0.0059+0.005 /2 

0.0055 

EFae : CH4 kgCH4/m
3

EFnn : CH4 kgCH4/m
3

EFhn : CH4 kgCH4/m
3

3

B-2 1

6

0.0059 kgCH4/m
3

4

B-2 1

6

0.005 kgCH4/m
3

5
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6

CH4

c

 141  1990 2004 kgCH4/m
3

1990 1991 1992 1993 1994 1995 1996 1997

0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54

0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055

0.0059 0.0059 0.0059 0.0059 0.0059 0.0059 0.0059 0.0059

0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050

0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055

0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055

1998 1999 2000 2001 2002 2003 2004

0.54 0.54 0.54 0.54 0.54 0.54 0.54 

0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 

0.0059 0.0059 0.0059 0.0059 0.0059 0.0059 0.0059 

0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 0.0050 

0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 

0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 

d

B-2 1

6

e

CH4

CH4

a

m
3

b
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iSHi FWWA

WH : m3

WS : m3

Fi : i -

1

 142  m
3

1990 1991 1992 1993 1994 1995 1996 1997 

20,406 20,371 19,716 19,412 18,632 18,049 17,726 16,973

9,224 9,695 10,266 10,583 11,074 11,545 12,056 12,371

1998 1999 2000 2001 2002 2003 2004  

16,368 15,312 14,673 14,101 14,490 12,390 12,390 

12,777 13,178 13,234 13,596 14,305 13,797 13,797 

2004 2003

2

 143  m
3
/

1990 1991 1992 1993 1994 1995 1996 1997

34,580 30,681 26,312 24,021 22,901 19,869 17,510 15,585

26,654 33,353 22,745 22,306 21,261 19,716 17,951 17,215

25,196 26,048 25,995 27,816 30,149 30,157 30,751 31,251

8,158 9,672 10,681 10,674 12,310 13,817 15,312 17,525

0 212 509 653 994 1,616 1,645 2,042

13,777 17,841 23,068 21,558 21,080 20,028 21,474 21,422

1998 1999 2000 2001 2002 2003 2004

14,068 12,277 10,996 9,892 8,518 8,090 8,090 

14,781 12,730 12,166 11,070 10,411 10,005 10,005 

31,850 31,815 31,908 32,245 32,230 32,375 32,375 

16,235 16,331 16,498 16,177 16,735 17,177 17,177 

2,036 2,314 2,375 2,597 2,759 4,401 4,401 

24,795 25,159 25,917 27,551 27,566 28,716 28,716 

1990 1991

2004 2003



6B2 CH4 
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c

 144  1990 2004 m
3

1990 1991 1992 1993 1994 1995 1996 1997

9,455 7,830 7,217 6,732 6,259 5,589 4,983 4,354

7,288 8,512 6,239 6,251 5,811 5,546 5,109 4,809

6,889 6,648 7,130 7,796 8,240 8,483 8,752 8,730

2,231 2,468 2,930 2,991 3,364 3,887 4,358 4,896

0 54 140 183 272 455 468 570

3,767 4,553 6,327 6,042 5,761 5,634 6,112 5,985

29,630 30,066 29,982 29,995 29,706 29,594 29,782 29,344

1998 1999 2000 2001 2002 2003 2004

3,951 3,476 3,073 2,753 2,497 2,102 2,102 

4,152 3,604 3,400 3,080 3,052 2,600 2,600 

8,946 9,008 8,917 8,973 9,449 8,414 8,414 

4,560 4,624 4,611 4,502 4,906 4,464 4,464 

572 655 664 723 809 1,144 1,144 

6,964 7,123 7,243 7,667 8,082 7,463 7,463 

29,145 28,490 27,907 27,697 28,795 26,187 26,187 

d

 145  

2 15

 2005 11

1990 2003

e

 146  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997

108 89 82 77 71 64 57 50

0.8 1.0 0.7 0.7 0.7 0.6 0.6 0.6

0.9 0.8 0.9 1.0 1.0 1.1 1.1 1.1

0.2 0.3 0.3 0.3 0.4 0.4 0.5 0.5

0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1

0.4 0.5 0.7 0.7 0.7 0.6 0.7 0.7

110 92 85 79 74 67 60 53
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1998 1999 2000 2001 2002 2003 2004

45 40 35 31 28 24 24 

0.5 0.4 0.4 0.4 0.3 0.3 0.3 

1.1 1.1 1.1 1.1 1.2 1.0 1.0 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 

0.8 0.8 0.8 0.9 0.9 0.9 0.9 

48 43 38 34 32 27 27 

a

1

2

i

100.0%

ii

100.0%

iii

B-2 1

6

100.0%

iv

B-2 1

6

100.0%
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v

100.0%

vi

100.0%

3

b

1

2

,

2

, iFWiA UUU

UA,i : i -

UW : -

UF,i : i -

2

i

10.0%

7.1%

ii

10.0%

iii

12.3%

3

c
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22

AEF UUU

U : -

UEF : -

UA : -

 147  %

100.0 12.3 100.7

100.0 12.3 100.7

100.0 12.3 100.7

100.0 12.3 100.7

100.0 12.3 100.7

100.0 12.3 100.7

CH4
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6B2 N2O

N2O N2O

6B2 N2O

a

N2O

b

1996 IPCC

N2O

c

2004 6B2

CH4 m
3

N2O

2005

N2O

ii AEFE

E : N2O kgN2O

EFi : i kgN2O/kgN

Ai : i kgN

d

a

1kg

N2O kg

                                                       
260 2004
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b

N2O

1

2004

B-16 7

9

1994 2003

260 2004 10

1995 2002 1994 2003

 148  1990 1994 N2O

N2O

gN2O-N/kgN

1 79.0 

2 42.0 

3 450.0 

4 19.0 

5 890.0 

6 1.2 

7 99.0 

8 6.3 

9 5.2 

10 140.0 

11 1.6 

12 2.4 

13 21.0 

21.0

B-16 7

9

 149  2003 N2O

N2O

gN2O-N/kgN

1 1.2 

2 15.4 

3 15.6 

4 47.7 

5 0.0 

6 0.2 

7 2.6 

8 36.1 

9 0.2 

10 0.5 

1.9

260 2004
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 150  1990 2004 kgN2O/kgN

1990 1991 1992 1993 1994 1995 1996 1997 

0.033 0.033 0.033 0.033 0.033 0.030 0.026 0.023

1998 1999 2000 2001 2002 2003 2004  

0.020 0.016 0.013 0.0096 0.0063 0.0029 0.0029 

1990 1994  148 N2O

2003  149 N2O

1995 2002

2

2003

260 2004

11 1995 2002 1994

 148 2003

 151  2003 N2O

N2O

gN2O-N/kgN

1 3.3 

2 2.2 

3 0.1 

4 0.2 

5 15.2 

6 1.8 

7 20.1 

8 0.2 

9 0.7 

10 0.7 

11 1.6 

1.6

260 2004

 152  1990 2004 kgN2O/kgN

1990 1991 1992 1993 1994 1995 1996 1997 

0.033 0.033 0.033 0.033 0.033 0.030 0.026 0.023

1998 1999 2000 2001 2002 2003 2004  

0.019 0.016 0.013 0.0092 0.0058 0.0024 0.0024 

1990 1994  148 N2O

2003  151 N2O

1995 2002
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3

N2O

B-2 1

6

0.00001kgN2O/m
3

1994

2,211mgN/l  154

c

 153  1990 2004 kgN2O/kgN

1990 1991 1992 1993 1994 1995 1996 1997

0.033 0.033 0.033 0.033 0.033 0.030 0.026 0.023

0.033 0.033 0.033 0.033 0.033 0.030 0.026 0.023

0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3

1998 1999 2000 2001 2002 2003 2004

0.020 0.016 0.013 0.0096 0.0063 0.0029 0.0029 

0.019 0.016 0.013 0.0092 0.0058 0.0024 0.0024 

0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3 0.0045*10-3

d

B-16 7

9

260 2004

e

N2O

N2O

a

kgN

                                                       
6B2 CH4
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b

1000/iSSHHi FNWNWA

WH : m3

WS : m3

NH : mgN/l

NS : mgN/l

Fi : i -

1

6B2 CH4

 142

2

6B2 CH4

 143

3

4

28 2001

 154  mgN/l

1990 1991 1992 1993 1994 1995 1996 1997 

3,940 3,940 3,300 3,300 3,300 3,100 3,100 3,100

1,060 1,060 380 380 380 300 300 300

3,043 3,011 2,300 2,270 2,211 2,008 1,967 1,920

1998 1999 2000 2001 2002 2003 2004  

2,700 2,700 2,700 2,700 2,700 2,700 2,700 

580 580 580 580 580 580 580 

1,771 1,719 1,695 1,659 1,647 1,583 1,583 

4

28 2001

1989 1991 1992 1994 1995 1997 1998 2000 4

2001 2000

 142
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c

 155  1990 2004 tN

1990 1991 1992 1993 1994 1995 1996 1997

6.8 7.4 6.7 6.8 7.4 7.8 8.6 9.4

0.0 0.2 0.3 0.4 0.6 0.9 0.9 1.1

83.4 82.9 61.9 60.9 57.7 50.7 49.1 45.8

90.2 90.5 69.0 68.1 65.7 59.4 58.6 56.3

1998 1999 2000 2001 2002 2003 2004  

8.1 8.0 7.8 7.5 8.1 7.1 7.1 

1.0 1.1 1.1 1.2 1.3 1.8 1.8 

42.5 39.9 38.4 37.3 38.0 32.6 32.6 

51.6 49.0 47.3 46.0 47.4 41.5 41.5 

d

6B2 CH4  145

4

28 2001

e

 156  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997

69 76 69 69 76 72 70 67

0.0 1.7 3.3 4.2 6.1 8.4 7.5 7.7

0.12 0.12 0.087 0.085 0.081 0.071 0.069 0.064

70 78 72 74 82 80 77 75

1998 1999 2000 2001 2002 2003 2004  

49 40 31 22 16 6.4 6.4 

6.1 5.6 4.4 3.4 2.4 1.4 1.4 

0.060 0.056 0.054 0.052 0.053 0.046 0.046 

55 46 36 26 18 7.8 7.8 

2004 6B2

CH4 m
3

N2O 2005

N2O
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a

1

2

i

260 2004

 149 95%

 157  

gN2O-N/kgN gN2O-N/kgN

10 17.1 1.9 572.3 

ii

260 2004

 151 95%

 158  

gN2O-N/kgN gN2O-N/kgN

11 6.8 1.6 259.9 

iii

B-2 1

6

1994

100.0%

3
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b

1

2

,

22

, iFNWiA UUUU

UA,i : i -

UW : -

UN : -

UF,i : i -

2

i

6B2 CH4 7.1%

ii

4

28 2001 4

95%

32.4%

 159  

mgN/l mgN/l

4 517 2,700 18.8

4 341 580 57.6

iii

6B2 CH4 10.0%

iv

33.9%

3

c

22

AEF UUU
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U : -

UEF : -

UA : -

 160  %

100.0 33.9 105.6

100.0 33.9 105.6

100.0 33.9 105.6

572.3 33.9 573.3

259.9 33.9 262.1

100.0 33.9 105.6

6B2 CH4

N2O
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6B2 CH4

CH4

CH4 6B2

a

CH4

b

2006 IPCC

c

2006 IPCC

CH4

2006 IPCC equation 6.1

REFSTOWE

E : CH4

TOW : 

S : 

EF : kgCH4/kgBOD

R : CH4

CH4

BOD CH4

AEFE

E : CH4 kgCH4

EF : kgCH4/kgBOD

A : kgBOD

d
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a

BOD 1kg

CH4 kg

b

2006 IPCC

Maximum CH4 producing capacity MCF

Methane correction factor

CH4

MCFBEF 0

0.6 0.1

0.06 kgCH4/kgBOD

B0 : kgCH4/kgBOD

MCF : -

2006 IPCC table 6.8 Domestic 

wastewater 0.6 kgCH4/kgBOD MCF

3.3 Untreated system Sea, river and lake discharge

0.1

c

 161  1990 2004 kgCH4/kgBOD

1990 1991 1992 1993 1994 1995 1996 1997 

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

1998 1999 2000 2001 2002 2003 2004  

0.06 0.06 0.06 0.06 0.06 0.06 0.06 

d

2006 IPCC table 6.8

e

CH4

2006 IPCC

                                                       
 2006 IPCC
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a

BOD kg

b

1

BOD

1000/365dhumsep BODPPA

A : 

kgBOD

Psep : 

Phum : 

BODd : BOD gBOD/

BOD

11

40 gBOD/

 162  tBOD

1990 1991 1992 1993 1994 1995 1996 1997 

367 396 396 392 388 381 376 367

568 540 514 486 456 429 402 373

1998 1999 2000 2001 2002 2003 2004  

368 355 341 324 309 291 292 

347 322 298 275 253 234 235 

BOD

2

BOD
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1000/365dself BODPA

A : kgBOD

Pself : 

BODd : BOD gBOD/

BOD

 163  tBOD

1990 1991 1992 1993 1994 1995 1996 1997 

46 40 34 29 25 21 18 16

1998 1999 2000 2001 2002 2003 2004  

13 11 9 8 7 6 6 

BOD

3

BOD

SSHH BODQBODQA

A : kgBOD

QH : kl) 

BODH : gBOD/l

QS : kl) 

BODS : gBOD/l

i

 164  kl

1990 1991 1992 1993 1994 1995 1996 1997 

1,433 1,262 1,236 1,150 1,000 891 846 828

1,494 1,424 1,445 1,463 1,345 1,293 1,273 1,245
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1998 1999 2000 2001 2002 2003 2004  

725 692 615 479 389 255 255 

1,102 947 883 752 692 587 587 

2004 2003

ii

4 28 2001

 165  mgBOD/l

1990 1991 1992 1993 1994 1995 1996 1997 

10,500 10,500 11,000 11,000 11,000 10,400 10,400 10,400

4,470 4,470 5,400 5,400 5,400 3,300 3,300 3,300

1998 1999 2000 2001 2002 2003 2004  

9,500 9,500 9,500 9,500 9,500 9,500 9,500 

3,900 3,900 3,900 3,900 3,900 3,900 3,900 

4

28 2001

1989 1991 1992 1994 1995 1997 1998 2000 4

2001 2000

 166

 166  tBOD

1990 1991 1992 1993 1994 1995 1996 1997 

15.0 13.3 13.6 12.7 11.0 9.3 8.8 8.6

6.7 6.4 7.8 7.9 7.3 4.3 4.2 4.1

21.7 19.6 21.4 20.6 18.3 13.5 13.0 12.7

1998 1999 2000 2001 2002 2003 2004  

6.9 6.6 5.8 4.6 3.7 2.4 2.4 

4.3 3.7 3.4 2.9 2.7 2.3 2.3 

11.2 10.3 9.3 7.5 6.4 4.7 4.7 

c

 167  1990 2004 tBOD

1990 1991 1992 1993 1994 1995 1996 1997 

367 396 396 392 388 381 376 367

568 540 514 486 456 429 402 373

46 40 34 29 25 21 18 16

22 20 21 21 18 14 13 13

1,003 995 966 927 887 845 809 768
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1998 1999 2000 2001 2002 2003 2004  

368 355 341 324 309 291 292 

347 322 298 275 253 234 235 

13 11 9 8 7 6 6 

11 10 9 7 6.39 5 5 

740 699 658 615 576 536 538 

d

 168  

2 15

 2005 11

1990 2003

 169  BOD

11

 1999 10

11

BOD

e

 170  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997 

462 499 499 493 489 480 474 463

716 680 648 613 574 541 506 470

58 50 43 36 32 27 22 20

27 25 27 26 23 17 16 16

1,264 1,254 1,217 1,168 1,117 1,065 1,019 968

1998 1999 2000 2001 2002 2003 2004  

464 447 430 409 390 367 368 

437 406 375 346 319 295 296 

17 14 12 10 9 7 7 

14 13 12 9 8 6 6 

932 881 829 775 726 676 678 
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2005

2006

CH4

a

1

22

MCFBEF UUU

UEF : -

UB : -

UMCF : -

2

i

2006 IPCC

 171  

kgCH4/kgBOD kgCH4/kgBOD kgCH4/kgBOD %

0.6 0.8 0.4 30.0 

ii

2006 IPCC

 172  

- - - %

0.1 0.2 0.0 100.0 

iii

104.4%
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3

b

1

2

i

BOD

22

,, BODiPiA UUU

UA,i : i -

UP,i : i -

UBOD : BOD -

10.0%

BOD

BOD 11

BOD

30.0%

 173  BOD gBOD/

52

28

11

BOD BOD

BODBODBODU DBOD /

= 52-40 /40 

=0.30

BOD : BOD -

BODD : BOD
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-

31.6

ii

22

22

22

sss

hhh

sh

BODWA

BODWA

sh

sAhA

A

UUU

UUU

AA

AUAU
U

UA : -

UAh : -

UAs : -

Ah : tBOD

A : tBOD

UWh : -

UWs : -

UBODh : -

UBODs : -

10.0%

4

28 2001 4

95%

 174  

mgBOD/l mgBOD/l

4 624 9,500 6.4

4 823 3,900 22.5
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13.4%

 175  

% % tBOD %

10.0 6.4 2.4 11.9

10.0 22.5 2.3 24.6

13.4

3

c

22

AEF UUU

U : -

UEF : -

UA : -

 176  %

104.4 31.6 109.1

104.4 31.6 109.1

104.4 31.6 109.1

104.4 13.4 105.3

6B2 CH4  76.1
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6B2 N2O

N2O

N2O 6B2

a

N2O

b

2006 IPCC

c

2006 IPCC 3.6

AEFE

E : N2O kgN2O

EF : kgN2O/kgN

A : kgN

d

a

1kg

N2O kg

b

2006 IPCC

kgN2O/kgN

 177  2006 IPCC

0.0125 

0.006-0.025
kgN2O-N/kgN 

N2O
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4428/NEF

0.0125/28 44

0.020 kgN2O/kgN

N : 2006 IPCC kgN2O-N/kgN

c

 178  1990 2004 kgN2O/kgN

1990 1991 1992 1993 1994 1995 1996 1997 

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

1998 1999 2000 2001 2002 2003 2004  

0.02 0.02 0.02 0.02 0.02 0.02 0.02 

d

2006 IPCC

e

N2O

2006 IPCC

a

kg

b

6B2 CH4

11

2 gN/ 9 gN/

4 28 2001

 179  mgN/l

1990 1991 1992 1993 1994 1995 1996 1997 

3,940 3,940 3,300 3,300 3,300 3,100 3,100 3,100

1,060 1,060 380 380 380 300 300 300
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1998 1999 2000 2001 2002 2003 2004  

2,700 2,700 2,700 2,700 2,700 2,700 2,700 

580 580 580 580 580 580 580 

4

28 2001

1989 1991 1992 1994 1995 1997 1998 2000 4

2001 2000

c

 180  1990 2004 tN

1990 1991 1992 1993 1994 1995 1996 1997 

18.3 19.8 19.8 19.6 19.4 19.1 18.8 18.4

28.4 27.0 25.7 24.3 22.8 21.5 20.1 18.6

2.3 2.0 1.7 1.4 1.3 1.1 0.9 0.8

7.2 6.5 4.6 4.4 3.8 3.2 3.0 2.9

56.3 55.3 51.8 49.7 47.2 44.7 42.8 40.7

1998 1999 2000 2001 2002 2003 2004  

18.4 17.7 17.0 16.2 15.5 14.6 14.6 

17.3 16.1 14.9 13.7 12.7 11.7 11.7 

0.7 0.6 0.5 0.4 0.3 0.3 0.3 

2.6 2.4 2.2 1.7 1.5 1.0 1.0 

39.0 36.8 34.6 32.1 29.9 27.6 27.7 

d

6B2 CH4

e

6B2 CH4

 181  1990 2004 GgCO2

1990 1991 1992 1993 1994 1995 1996 1997 

112 121 121 119 118 116 115 112

173 164 157 148 139 131 122 114

14 12 10 9 8 6 5 5

44 39 28 26 23 19 18 18

343 336 316 302 288 272 261 248

1998 1999 2000 2001 2002 2003 2004  

112 108 104 99 94 89 89 

106 98 91 84 77 71 72 

4 3 3 3 2 2 2 

16 15 13 11 9 6 6 

238 224 211 195 182 168 169 
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2005

2006

N2O

N2O

4D 2

a

1

2006 IPCC

2

2006 IPCC

 182  N2O

kgN2O-N/kgN kgN2O-N/kgN kgN2O-N/kgN %

0.0125 0.025 0.006 100.0 

3

b

1

2

i

22

,, TNiPiA UUU

UA,i : i -

UP,i : i -

UTN : -
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10.0%

11

50.0%

 183  gN/

3

1

11

TNTNTNU DTN /

= 2-1 /2 

=0.5

TN : -

TND : 

-

51.0

ii

22

22

22

sss

hhh

sh

TNWA

TNWA

sh

sAhA

A

UUU

UUU

AA

AUAU
U

UA : -

UAh : -

UAs : -

Ah : tBOD

A : tBOD

UWh : -
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UWs : -

UTNh : -

UTNs : -

6B2 CH4 10.0%

4

28 2001 4

95%

 184  

mgN/l mgN/l

4 517 2,700 18.8

4 341 580 57.6

24.0%

 185  

% % tN %

10.0 18.8 0.7 21.3

10.0 57.6 0.3 58.5

24.0

3

c

22

AEF UUU

U : -

UEF : -

UA : -



6B2 N2O 

134

 186  %

100.0 51.0 112.2

100.0 51.0 112.2

100.0 51.0 112.2

100.0 24.0 102.8

6B2 N2O  76.1
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CH4 6B2

CH4

CH4 6B2

a

CH4 CH4

b

GPG 2000 CH4 CH4

CH4

CH4 CH4

CH4 CH4

c

CH4

CH4

AEFE

E : CH4 kgCH4

EF : kgCH4/m
3

A : m3

d

a

CH4 kg

b

CH4

4.22/16
4CHFEF

=0.6 16/22.4 

=0.43

FCH4 : CH4 -
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CH4

CH4 60%

c

 187  1990 2004 kgCH4/m
3

1990 1991 1992 1993 1994 1995 1996 1997 

0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43

1998 1999 2000 2001 2002 2003 2004  

0.43 0.43 0.43 0.43 0.43 0.43 0.43 

d

e

a

m
3

b

c

 188  1990 2004 10
3 3

1990 1991 1992 1993 1994 1995 1996 1997 

206,870 224,488 223,102 230,060 230,229 257,740 267,280 264,236

152,335 162,930 161,576 166,707 164,733 172,350 181,368 181,870

1998 1999 2000 2001 2002 2003 2004  

248,872 255,672 264,446 272,381 285,147 290,582 291,702 

170,933 173,887 175,698 175,752 182,537 215,148 216,049 


