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1.B.1.a.i. CO2 
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I

CO2, CH4, N2O

CO2, CH4,

N2O CH4

1.B

1.B.1

1.B.1.a

1.B.1.a.i. CO2

CO2

CO2

CO2

CO2 NE

1.B.1.a.i. CH4

1.B.1.a.i. CH4

i

CH4

CH4

ii

CH4



1.B.1.a.i. CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

kg-CH4/t 17.9 16.0 14.2 13.7 11.9 9.6 9.4 12.7

1998 1999 2000 2001 2002 2003 2004

kg-CH4/t 11.5 11.5 13.6 11.1 5.4 3.7 2.0

CH4

iii

t CH4 kg

CH4

1990 2004 CH4

 1 CH4

CH4

CH4



1.B.1.a.i. CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

t 7,979,938 7,930,579 7,601,521 7,206,025 6,741,960 6,317,131 6,165,537 3,974,229

t 1,205,320 1,149,231 841,426 814,358 784,253 695,262 644,732 662,181

t 6,774,618 6,781,348 6,760,095 6,391,667 5,957,707 5,621,869 5,520,805 3,312,048

1998 1999 2000 2001 2002 2003 2004

t 3,698,478 3,689,513 2,973,862 2,821,890 1,284,676 1,354,504 1,271,548

t 567,977 587,450 609,813 742,264 550,639 616,114 530,738

t 3,130,501 3,102,063 2,364,049 2,079,626 734,037 738,390 740,810

iv

t

1990 2000

2001 2001

1990 2004

 2

 3 1990 2000

1990

2001

2002 30

2000

1990 2000

 4 2001 2004

2004

2001 2004



1.B.1.a.i. CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 121.51 108.78 96.18 87.67 71.13 54.22 52.17 41.95

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 35.93 35.64 32.23 23.12 3.97 2.74 1.51

v

CH4

 5 CH4

vi

vii

CH4

CH4

GPG (2000)

GPG (2000)

%

%

UE1 UE2 …UEn UE

EnU

UUUU

En

EnEEE

22

2

2

1



1.B.1.a.i. CH4 
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2.0 kg-CH4/t - 740,810 t - 1.51 Gg-CH4 5%

CH 5

 6

viii

1.B.1.a.i. CH4

i

CH4

ii

CH4

CH4 GPG (2000)

Tier1 CH4

AEFE *

%5

25 22

2

2

2

1 EEE UUU



1.B.1.a.i. CH4 
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E : CH4 kg-CH4

EF : kg-CH4/t

A : t

iii

t CH4 kg

1996 IPCC

1.64kg-CH4/t

 7 1996 IPCC

m3/t** Conversion Factor**

Gg/106m3 kg-CH4/t
*

post-mining underground
0.9 – 4.0 0.67 

0.6 – 2.68 

:1.64

1996 IPCC

1990 2004 CH4

 8

 1996 IPCC

CH4

CH4



1.B.1.a.i. CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 11.12 11.13 11.10 10.49 9.78 9.23 9.06 5.44

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 5.14 5.09 3.88 3.41 1.20 1.21 1.22

iv

1.B.1.a.i. CH4

v

 9 CH4

vi

vii

Expert Judgment

GPG (2000) GPG (2000)

CH4

CH4 200



1.B.1.a.ii. CO2 
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1.6 kg-CH4/t 200% 740,810 10% 1.22 Gg-CH4 200%

14

10%

 10

viii

1.B.1.a.ii. CO2

CO2

CO2

CO2

CO2 NE



1.B.1.a.ii. CH4 
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1.B.1.a.ii. CH4

CH4

CH4

CH4

i

CH4

ii

GPG (2000)

Tier1 CH4

iii

E : CH4 kg-CH4

EF : kg-CH4/t

A : t

i :

iv

i

t CH4 kg

ii

CH4

CH4 1996

IPCC

AEFE i *



1.B.1.a.ii. CH4 

11

kg-CH4/t 0.77

kg-CH4/t 0.067

0.77 kg-CH4/t, 0.067 kg-CH4/t

 11 1996 IPCC

m3/t** Conversion Factor**

Gg/106m3 kg-CH4/t
*

mining surface
0.3 – 2.0 0.67 

0.2 – 1.34 

:0.77

post-mining surface
0 – 0.2 0.67 

0 – 0.134 

0.067

1996 IPCC

iii

CH4

 12

iv

 13

1996 IPCC

page 1.108 1.110 

v

i

t

ii

1990 2000

2001

2001



1.B.1.a.ii. CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

t 1,205,320 1,149,231 841,426 814,358 784,253 695,262 644,732 662,181

1998 1999 2000 2001 2002 2003 2004

t 567,977 587,450 609,813 742,264 550,639 616,114 530,738

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 0.93 0.89 0.65 0.63 0.60 0.54 0.50 0.51

Gg-CH4 0.08 0.08 0.06 0.05 0.05 0.05 0.04 0.04

Gg-CH4 1.01 0.96 0.70 0.68 0.66 0.58 0.54 0.55

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 0.44 0.45 0.47 0.57 0.42 0.47 0.41

Gg-CH4 0.04 0.04 0.04 0.05 0.04 0.04 0.04

Gg-CH4 0.48 0.49 0.51 0.62 0.46 0.52 0.44

iii

1990 2004

 14

iv

 15 1990 2000

1990 2001

2002 30

2000

1990 2000

 16 2001 2004

2004

2001 2004

v

 17 CH4



1.B.1.a.ii. CH4 
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i

Expert Judgment

GPG (2000) GPG 

(2000)

CH4

CH4 200

ii

1.B.a.i. CH4

1.B.a.i. CH4

1.B.a.i. CH4

iii



1.B.1.b. CO2, CH4, N2O 
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0.77 kg-CH4/t 200% 10% 0.41 Gg-CH4 200%

0.067 kg-CH4/t 200% 10% 0.04 Gg-CH4 200%
530,738

 18

1.B.1.b. CO2, CH4, N2O

CO2, CH4, N2O

CO2, CH4, N2O

NE

1.B.2

1.B.2.a.

1.B.2.a.i. CO2, CH , N2O

CO2, CH4, N2O

i

CO2, CH4, N2O

ii

GPG (2000) Tier1

CO2, CH4, N2O
1

iii

                                                 

ii AEFE *



1.B.2.a.i. CO2, CH , N2O 
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E : CO2, CH4, N2O Gg-GHG

EFi : Gg-GHG/

Ai :

i :

iv

i

Gg

ii

GPG (2000)

iii

 19

CO2 CH4 N2O

Drilling  Gg-GHG/ 2.8*10
-8

 4.3*10
-7

 0 

Testing  Gg-GHG/ 5.7*10
-3

 2.7*10
-4

 6.8*10
-8

iv

 20

GPG (2000) p.2.86 table 2.16 

v



1.B.2.a.i. CO2, CH , N2O 
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1990 1991 1992 1993 1994 1995 1996 1997

8 10 8 10 7 7 7 10

1 2 5 5 3 3 3 5

5 6 7 8 5 5 5 8

1998 1999 2000 2001 2002 2003 2004

7 8 6 6 6 2 8

2 3 4 3 2 5 4

5 6 5 5 4 4 6

i

ii

iii

1990 2004

 21



1.B.2.a.i. CO2, CH , N2O 
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1990 1991 1992 1993 1994 1995 1996 1997

Gg-CO2 2.2*10
-7

2.8*10
-7

2.2*10
-7

2.8*10
-7

2.0*10
-7

2.0*10
-7

2.0*10
-7

2.8*10
-7

Gg-CO2 0.026 0.034 0.037 0.043 0.029 0.029 0.029 0.043

Gg-CO2 0.026 0.034 0.037 0.043 0.029 0.029 0.029 0.043

1998 1999 2000 2001 2002 2003 2004

Gg-CO2 2.0*10
-7

2.2*10
-7

1.7*10
-7

1.7*10
-7

1.7*10
-7

5.6*10
-8

2.2*10
-7

Gg-CO2 0.026 0.031 0.029 0.026 0.023 0.020 0.034

Gg-CO2 0.026 0.031 0.029 0.026 0.023 0.020 0.034

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 3.4*10
-6

4.3*10
-6

3.4*10
-6

4.3*10
-6

3.0*10
-6

3.0*10
-6

3.0*10
-6

4.3*10
-6

Gg-CH4 0.001 0.002 0.002 0.002 0.001 0.001 0.001 0.002

Gg-CH4 1.2*10
-3

1.6*10
-3

1.8*10
-3

2.0*10
-3

1.4*10
-3

1.4*10
-3

1.4*10
-3

2.0*10
-3

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 3.0*10
-6

3.4*10
-6

2.6*10
-6

2.6*10
-6

2.6*10
-6

8.6*10
-7

3.4*10
-6

Gg-CH4 0.001 0.001 0.001 0.001 0.001 0.001 0.002

Gg-CH4 1.2*10
-3

1.5*10
-3

1.4*10
-3

1.2*10
-3

1.1*10
-3

9.5*10
-4

1.6*10
-3

1990 1991 1992 1993 1994 1995 1996 1997

Gg-N2O 0 0 0 0 0 0 0 0

Gg-N2O 3.1*10
-7

4.1*10
-7

4.4*10
-7

5.1*10
-7

3.4*10
-7

3.4*10
-7

3.4*10
-7

5.1*10
-7

Gg-N2O 3.1*10
-7

4.1*10
-7

4.4*10
-7

5.1*10
-7

3.4*10
-7

3.4*10
-7

3.4*10
-7

5.1*10
-7

1998 1999 2000 2001 2002 2003 2004

Gg-N2O 0 0 0 0 0 0 0

Gg-N2O 3.1*10
-7

3.7*10
-7

3.4*10
-7

3.1*10
-7

2.7*10
-7

2.4*10
-7

4.1*10
-7

Gg-N2O 3.1*10
-7

3.7*10
-7

3.4*10
-7

3.1*10
-7

2.7*10
-7

2.4*10
-7

4.1*10
-7

iv

 22

1990 2004

2006 31

2004

1990 2004

v

 23 CO2

 24 CH4

 25 N2O



1.B.2.a.i. CO2, CH , N2O 

 18

i

CO2, CH4, N2O GPG 

(2000)

Expert Judgment GPG (2000)

GPG (2000)

CH4

CO2, CH4, N2O

25%

ii

14

14 10



1.B.2.a.ii. CO2, CH4

19

CO2 2.8*10
-8 Gg-CO2/ 25% 8 10% 2.2*10

-7 Gg-CO2 27%

8

4

CH4 4.3*10
-7 Gg-CH4/ 25% 8 10% 3.4*10

-6 Gg-CH4 27%

8

4

8

4

27%

27%

27%

Gg-CH4

Gg-N2O

0.034

0.002

4.1*10
-7

25%

25%

25%

10%

10%

10%

CO2

CH4

N2O

5.7*10
-3

2.7*10
-4

6.8*10
-8

Gg-CO2Gg-CO2/

Gg-CH4/

Gg-N2O/

iii

 26

1.B.2.a.ii.

1.B.2.a.ii. CO2, CH4

i

CO2, CH4

ii

CO2, CH4

GPG (2000) Tier1

CO2, CH4

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/1,000m3

A : 1,000kl

AEFE *



1.B.2.a.ii. CO2, CH4 

 20

iii

1,000 m
3

CO2 CH4 Gg

GPG (2000)

CH4 N2O

0

 27

CO2 CH4 N2O

 Gg/1,000m3 1 2.7*10-4
1.45*10-3 2 0

1) m3=kl

2) 1.4*10-3 1.5*10-3

 28

GPG (2000)page 2.86 table 2.16 

iv

1,000 kl



1.B.2.a.ii. CO2, CH4

21

1990 1991 1992 1993 1994 1995 1996 1997

10
3
kl 420 667 717 657 624 623 601 575

1998 1999 2000 2001 2002 2003 2004

10
3
kl 497 427 386 334 295 344 343

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.11 0.18 0.19 0.18 0.17 0.17 0.16 0.16

CH4 Gg-CH4 0.61 0.97 1.04 0.95 0.90 0.90 0.87 0.83

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.13 0.12 0.10 0.09 0.08 0.09 0.09

CH4 Gg-CH4 0.72 0.62 0.56 0.48 0.43 0.50 0.50

1990 2004

 29

 30 1990 2000

1990 2001

2002 30

2000

1990 2000

 31 2001 2004

2002 2004

2005 15

2004

2001 2004

v

 32 CO2, CH4



1.B.2.a.ii. CO2, CH4 
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vi

vii

CO2, CH4 GPG (2000)

Expert 

Judgment GPG (2000)

GPG (2000)

CO2, CH4

CO2, CH4 25

14

11

14

5



1.B.2.a.i. CO2, CH4 

23

CO2 2.7*10
-4 Gg-CO2/1,000kl 25% 5% 0.09 Gg-CO2 25%

CH4 1.45*10
-3 Gg-CH4/1,000kl 25% 5% 0.50 Gg-CH4 25%

343 *1,000kl

 33

viii

1.B.2.a.i. CO2, CH4

1.B.2.b.i IE

1.B.2.a.iii

CO2, CH4

i

CO2, CH4

ii



CO2, CH4 

 24

GPG (2000) Tier1 CO2, CH4

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/1,000kl

A : 1,000 kl

iii

1,000 kl CO2, CH4 Gg

GPG (2000)

 34 CO2 CH4

CO2 Gg-CO2/103 kl 2.3*10-6

CH4 Gg-CH4/103 kl 2.5*10-5

 35

CO2 CH4 GPG (2000)page 2.87 table 2.16 

AEFE *



CO2, CH4 

25

1990 1991 1992 1993 1994 1995 1996 1997

10
3
kl 420 667 717 657 624 623 601 575

1998 1999 2000 2001 2002 2003 2004

10
3
kl 497 427 386 334 295 344 343

iv

1.000kl

1990 2004

 36

 37 1990 2000

1990 2001

2002 30

2000

1990 2000

 38 2001 2004

2002 2004

2005 15

2004

2001 2004



CO2, CH4 

 26

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.001 0.002 0.002 0.002 0.001 0.001 0.001 0.001

CH4 Gg-CH4 0.011 0.017 0.018 0.016 0.016 0.016 0.015 0.014

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.001 0.001 0.001 0.001 0.001 0.001 0.001

CH4 Gg-CH4 0.012 0.011 0.010 0.008 0.007 0.009 0.009

v

 39 CO2, CH4

vi

vii

CO2, CH4 GPG (2000)

Expert 

Judgment GPG (2000)

GPG (2000)

CH4

CO2, CH4 25



CO2, CH4 

27

CO2 2.3*10
-6 Gg-CO2/10

3
kl 25% 5% 0.001 Gg-CO2 25%

CH4 2.5*10
-5 Gg-CH4/10

3
kl 25% 5% 0.009 Gg-CH4 25%

343 *10
3
kl

14

11

14 5

 40

viii

CO2, CH4

i

CO2, CH4

ii

CO2, CH4



CO2, CH4 

 28

GPG (2000) Tier1

CO2, CH4

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/1,000 m3

A : 1,000 kl

iii

1,000 m
3

CO2, CH4 Gg

GPG (2000)

 41 CO2 CH4

CO2 Gg-CO2/103 m3 7.2*10-6

CH4 Gg-CH4/103 m3 1.1*10-4

 42

CO2 CH4
GPG (2000)page 2.86 table 2.16 

AEFE *



CO2, CH4 

29

1990 1991 1992 1993 1994 1995 1996 1997

10
3
kl 234 279 264 242 239 243 233 266

1998 1999 2000 2001 2002 2003 2004

10
3
kl 276 301 375 399 461 487 518

iv

1,000 kl

1990 2004

 43

 44 1990 2000

1990 2001

2002 30

2000

1990 2000

 45 2001 2004

2002 2004

2005 15

2004

2001 2004



CO2, CH4 

 30

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

CH4 Gg-CH4 0.026 0.031 0.029 0.027 0.026 0.027 0.026 0.029

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.002 0.002 0.003 0.003 0.003 0.004 0.004

CH4 Gg-CH4 0.030 0.033 0.041 0.044 0.051 0.054 0.057

v

 46 CO2, CH4

vi

vii

CO2, CH4 GPG (2000)

Expert Judgment GPG (2000)

GPG (2000)

CH4

CO2, CH4 25



1.B.2.a.iv CO2 

31

CO2 7.2*10
-6 Gg-CO2/10

3
kl 25% 5% 0.004 Gg-CO2 25%

CH4 1.1*10
-4 Gg-CH4/10

3
kl 25% 5% 0.057 Gg-CH4 25%

518 *10
3
kl

14

11

14

5

 47

viii

1.B.2.a.iv CO2

NGL CO2

CO2 CO2

CO2

NE



1.B.2.a.iv CH4 

 32

1.B.2.a.iv CH4

CH4

i

CH4

ii

GPG (2000) Tier1

iii

E : CH4

EFi : kg-CH4/PJ

A : PJ

i :

iv

i

PJ CH4 kg

ii

1996 IPCC

CH4 CH4

AEFE i *



1.B.2.a.iv CH4 

33

 48 1996 IPCC

90 1,400 

CH4

CH4

CH4

CH4

CH4

0.007 t/ 1998

 49

 50

CH4

kg-CH4/y PJ GCV PJ NCV kg-CH4/PJ

7,000 9,921 9,425 0.7427 

NCV  0.95×GCV

iii

kg-CH4/PJ

Crude Oil Transportation, Storage  and 

Refining/Refining/Oil Refined
90



1.B.2.a.iv CH4 

 34

1990 1991 1992 1993 1994 1995 1996 1997

NGL PJ:NCV 7,732 8,140 8,592 8,708 9,108 8,907 9,008 9,250

1998 1999 2000 2001 2002 2003 2004

NGL PJ:NCV 8,969 8,878 8,898 8,598 8,621 8,703 8,566

 51 CH4

kg-CH4/PJ 90

kg-CH4/PJ 0.7427

iv

1999 CH4

 52

 1996 IPCC p.1.121 table 1-58 

v

CH4

CH4

i

NGL PJ

ii

NGL

iii

1990 2004 NGL

 53



1.B.2.a.iv CH4 

35

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 0.70 0.73 0.77 0.78 0.82 0.80 0.81 0.83

Gg-CH4 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Gg-CH4 0.70 0.74 0.78 0.79 0.83 0.81 0.82 0.84

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 0.81 0.80 0.80 0.77 0.78 0.78 0.77

Gg-CH4 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Gg-CH4 0.81 0.81 0.81 0.78 0.78 0.79 0.78

iv

 54

1990 2003

 2005 15

2003

NGL 1990 2003

#2610 

 55

2004

NGL 2004

#2610 

v

 56 CH4



1.B.2.a.iv CH4 
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a NGL

i

NGL CH4 1996 IPCC

Expert Judgment GPG (2000)

GPG (2000)

CH4

NGL CH4 25

ii

NGL NGL

NGL

PJ

1A

A A1 A2

NG

E NGL CH4

EF

A1

A2 NGL

21* AAEFE



1.B.2.a.iv CH4 

37

Uai

1

8,486 PJ 0.9%

NGL 81 PJ 0.9%

5,832

1
0.9%

Ai (Uai*Ai)
2

90 kg-CH4/PJ 25% 8,566 PJ 0.9% 0.77 Gg-CH4 25%

NGL

 57 0.9% NGL 0.9%
2

 57

 57 NGL

NGL 0.9%

NGL

iii

NGL

 58

                                                 
2

nAn

AA

totalA

AU

AA

AUAU
U

21

2

22

2

11 **



1.B.2.a.v CO2, CH4 

 38

0.74 kg-CH4/PJ 25% 8,566 PJ 0.9% 0.01 Gg-CH4 25%

b NGL

i

NGL CH4

Expert Judgment GPG (2000)

GPG (2000)

CH4

NGL 25

ii

NGL

iii

 59

CH4

1.B.2.a.v CO2, CH4

CO2 CH4

CO2 CH4 CO2, CH4



CO2, CH4 
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CO2 CH4

NE

1B.2.b.

1B.2.b.i CO2, CH4, N2O

CO2, CH4, N2O

1.B.2.a.i. exploration IE

1.B.2.b.ii.

CO2, CH4

i

CO2, CH4



1.B.2.b.ii.

40

ii

CO2, CH4

GPG (2000) Tier1

CO2, CH4

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/106 m3

A : 106 m3

iii

 10
6 3

CO2 CH4 Gg

GPG (2000)

CH4

 60

CO2 CH4 N2O
 2

Gg/106 m3 9.5*10-5
2.75*10-3 1 0

1) 2.6*10-3 2.9*10-3

2) 0

AEFE *



CO2, CH4 

41

1990 1991 1992 1993 1994 1995 1996 1997

10
6
m

3 2,066 2,173 2,155 2,229 2,272 2,237 2,209 2,301

1998 1999 2000 2001 2002 2003 2004

10
6
m

3 2,297 2,313 2,499 2,466 2,752 2,814 2,957

 61

GPG (2000) p2.86 table2.16 

iv

10
6
m

3

1990 2004

 62

 63 1990 2000

1990 2001

2002 30

2000

1990 2000

 64 2001 2004

2002 2004

2005 15



1.B.2.b.ii.

 42

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.20 0.21 0.20 0.21 0.22 0.21 0.21 0.22

CH4 Gg-CH4 5.68 5.98 5.93 6.13 6.25 6.15 6.08 6.33

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.22 0.22 0.24 0.23 0.26 0.27 0.28

CH4 Gg-CH4 6.32 6.36 6.87 6.78 7.57 7.74 8.13

2004

2001 2004

v

 65 CO2, CH4

vi

vii

CO2, CH4 GPG (2000)

Expert 

Judgement GPG (2000)

GPG (2000)

CH4

CO2, CH4 25



CO2, CH4 

43

CO2 9.5*10
-5 Gg-CO2/10

6
m

3 25% 5% 0.28 Gg-CO2 25%

CH4 2.75*10
-3 Gg-CH4/10

6
m

3 25% 5% 8.13 Gg-CH4 25%
2,957 10

6
m

3

14

11

14 5

 66

viii

CO2, CH4

i

CO2 CH4



1.B.2.b.ii.

 44

ii

CO2, CH4

GPG (2000)

Tier1 CO2, CH4

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/

A :

iii

CO2 CH4 Gg

GPG (2000)

 67

CO2 CH4 N2O

Servicing
Gg-GHG 4.8*10-7 6.4*10-5 0 

AEFE *



CO2, CH4 

45

1990 1991 1992 1993 1994 1995 1996 1997

1,230 1,215 1,196 1,156 1,097 1,205 1,209 1,167

1998 1999 2000 2001 2002 2003 2004

1,151 1,164 1,137 1,106 1,107 1,130 1,106

 68

GPG (2000) p2.86 table2.16 

iv

 69

 70

1990 2004

2005 31

2004

1990 2004



1.B.2.b.ii.

 46

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.00059 0.00058 0.00057 0.00055 0.00053 0.00058 0.00058 0.00056

CH4 Gg-CH4 0.08 0.08 0.08 0.07 0.07 0.08 0.08 0.07

1998 1999 2000 2001 2002 2003 2003

CO2 Gg-CO2 0.00055 0.00056 0.00055 0.00053 0.00053 0.00054 0.00053

CH4 Gg-CH4 0.07 0.07 0.07 0.07 0.07 0.07 0.07

v

 71

vi

vii

CO2, CH4 GPG (2000)

Expert 

Judgement GPG (2000)

GPG (2000)

CH4

CO2, CH4 25

14



CO2, CH4 

47

CO2 4.8*10
-7 Gg-CO2/ 25% 10% 0.0005 Gg-CO2 27%

CH4 6.4*10
-5 Gg-CH4/ 25% 10% 0.07 Gg-CH4 27%

1,106

14 10%

 72

viii

CO2, CH4

i

CO2, CH4

ii

CO2 CH4

GPG (2000) Tier

CO2 CH4



1.B.2.b.ii.

 48

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/106 m3

A : 106 m3

iii

 10
6 3

CO2 CH4 Gg

GPG (2000) CH4

 73

CO2 CH4 N2O
 2

Gg/106 m3 2.7*10-5 8.8*10-4 0 

1) 6.9*10-4  10.7*10-4

2) 0

 74

GPG (2000) p2.86 table2.16

AEFE *



CO2, CH4 

49

1990 1991 1992 1993 1994 1995 1996 1997

10
6
m

3 2,066 2,173 2,155 2,229 2,272 2,237 2,209 2,301

1998 1999 2000 2001 2002 2003 2004

10
6
m

3 2,297 2,313 2,499 2,466 2,752 2,814 2,957

iv

10
6 3

1990 2004

 75

 76 1990 2000

1990 2001

2002 30

2000

1990 2000

 77 2001 2004

2002 2004

2005 15

2004

2001 2004



1.B.2.b.ii.

 50

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

CH4 Gg-CH4 1.82 1.91 1.90 1.96 2.00 1.97 1.94 2.02

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.06 0.06 0.07 0.07 0.07 0.08 0.08

CH4 Gg-CH4 2.02 2.04 2.20 2.17 2.42 2.48 2.60

v

 78

vi

vii

CO2, CH4 GPG (2000)

Expert Ju

 dgement GPG (2000)

GPG (2000)

CH4

CO2, CH4 25%



51

CO2 2.7*10
-5

Gg/10
6
m

3 25% 5% 0.08 Gg-CO2 25%

CH4 8.8*10
-4

Gg/10
6
m

3 25% 5% 2.60 Gg-CH4 25%
2,957 10

6
m

3

 79

viii

1.B.2.b.iii. CO2

CO2

i

CO2

ii

GPG (2000) Tier1

CO2

iii

E : CO2 Gg-CO2

EF : Gg- CO2/km

A : km

iv

AEFE *



1.B.2.b.iii. CO2 

 52

i

km CO2 Gg

ii

GPG (2000)

iii

 80

CO2 N2O
 1

Transmission
Gg-GHG/km- 1.6*10-5 0 

1) 0

iv

 81

GPG (2000) p2.86 table2.16 

v

i

km

ii



1.B.2.b.iii. CO2 

53

1990 1991 1992 1993 1994 1995 1996 1997

km 1,984 1,992 1,992 2,059 2,127 2,195 2,262 2,317

1998 1999 2000 2001 2002 2003 2004

km 2,357 2,448 2,434 2,545 2,617 2,615 2,721

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.032 0.032 0.032 0.033 0.034 0.035 0.036 0.037

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.038 0.039 0.039 0.041 0.042 0.042 0.044

iii

1990 2004

 82

iv

 83

1990 2004

2006 31

2004

1990 2004

v

 84



1.B.2.b.iii. CO2 

 54

i

CO2 GPG (2000)

Expert Judgment

GPG (2000) GPG (2000)

25

ii

14

14 10%

iii



1.B.2.b.iii. CH4 

55

CO2 1.6*10
-5 Gg-CO2/km 25% 2,721 km 10% 0.044 Gg-CO2 27%

 85

1.B.2.b.iii. CH4

CH4

i

CH4

ii

2004

CH4 1990

CH4

iii

CH4

E : CH4 Gg-CH4

EF : Gg- CH4/km

A : km

iv

AEFE *



1.B.2.b.iii. CH4 

 56

i

km 1 CH4 Gg

ii

(1)

(2)

(3)

1

CH4

CH4

CH4 /

CH4 m3 CH4

2

3

CH4 × × m3 CH4

4 1 3

2004 CH4



1.B.2.b.iii. CH4 

57

Nm
3
/ Nm

3

CH4

t-CH4/ Nm
3

CH4

t-CH4

77 843 0.645 544

19 48 333 0.643 215

759

 86 2004 CH4

5

CH4

2004

2,090km

CH4 /

759 t-CH4 / 2,090 km 

0.363 t-CH4/km

iii

iv

 87

v

i

km

ii



1.B.2.b.iii. CH4 

 58

1990 1991 1992 1993 1994 1995 1996 1997

km 1,984 1,992 1,992 2,059 2,127 2,195 2,262 2,317

1998 1999 2000 2001 2002 2003 2004

km 2,357 2,448 2,434 2,545 2,617 2,615 2,721

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 0.72 0.72 0.72 0.75 0.77 0.80 0.82 0.84

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 0.86 0.89 0.88 0.92 0.95 0.95 0.99

iii

1990 2004

 88

iv

 89

1990 2004

2006 31

2004

1990 2004

v

 90



1.B.2.b.iii. CH4 

59

i

CH4

Expert Judgment

GPG (2000) GPG (2000)

25

ii

14

14 10%

iii



1B.2.b.iv

 60

0.363 t-CH4/km 25% 2,721 km 10.0% 0.99 Gg-CH4 27%

 91

1B.2.b.iv

1B.2.b.iv CO2

CO2

CO2

CO2 1.B.2.b.i

NA

1B.2.b.iv CH4

i

CH4

ii

CH4

GPG (2000) Tier1 CH4

E
: CH4

kg-CH4

AEFE *



1B.2.b.iv

61

EF : kg-CH4/PJ

A : LNG PJ

iii

PJ CH4

kg

LNG

27

LPG 15 24

CH4

94%

1990 2004

 92

LNG

LNG

/

/

LNG
12,780 93.9 0.603

27 107 0.8 0.019

LNG
116 0.9 0.016

13,003 95.6 0.638

 707.36 [PJ] 638,000[kg]



1B.2.b.iv CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

LNG PJ: GCV 464 514 552 605 624 676 716 755

PJ: GCV 40 42 44 46 45 48 50 52

1998 1999 2000 2001 2002 2003 2004

LNG PJ: GCV 775 823 864 892 982 1,041 1,122

PJ: GCV 54 57 61 62 68 73 77

NG

NG

106m3/

/

LPG 15 347.6 1.9 0.012

24 229.5 1.3 0.016

NG 218.9 1.2 0.004

796.1 4.4 0.032

 32.64[PJ] 32000[kg]

PJ kg 740.00[PJ] 100.0 670,000[kg]

 670,000[kg-CH4]  740.00[PJ] 

 905.41 [kg-CH4/PJ]

kg-CH4/PJ 905.41

CH4

CH4 905.41 kg-CH4/PJ

1998 CH4

iv

PJ

1990 2004

 93



1B.2.b.iv

63

1990 1991 1992 1993 1994 1995 1996 1997

LNG Gg CH4 0.42 0.47 0.50 0.55 0.56 0.61 0.65 0.68

Gg CH4 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05

Gg CH4 0.46 0.50 0.54 0.59 0.61 0.66 0.69 0.73

1998 1999 2000 2001 2002 2003 2004

LNG Gg CH4 0.70 0.75 0.78 0.81 0.89 0.94 1.02

Gg CH4 0.05 0.05 0.06 0.06 0.06 0.07 0.07

Gg CH4 0.75 0.80 0.84 0.86 0.95 1.01 1.09

 94

1990 2003

 2006 25

2003

1990 2003

 95

2004

2004

v

 96

vi



1B.2.b.iv CH4 

 64

vii

CH4

LNG

LNG

27

LPG 15

24

NG

95

94

GPG (2000)

CH4

CH4

CH4 25

LNG

1A



1B.2.b.iv

65

1

LNG 9.3% 1,122 PJ

LNG 9.3% 77 PJ 51

(UAi*Ai)
2

10,889
8.7%

905 kg-CH4/PJ 25% 1,199 PJ 8.7% 1.02 Gg-CH4 26%

A A1 A2

LNG LNG

 97

LNG 1.9% LNG 1.9%
3

 97

 97 LNG LNG

17

8.7

 98

                                                 

nAn

AA

totalA

AU

AA

AUAU
U

21

2

22

2

11 **



1.B.2.b.iv CO2 
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viii

1.B.2.b.iv CO2

CO2

CO2

CO2 1.B.2.b.i

NA

1.B.2.b.iv CH4

i

CH4

ii

CH4

2004 CH4

1990

CH4

CH4 CH4

CH4

E: CH4 Gg-CH4

EF: t-CH4/km

A: km

i:

ii AEFE *



1B.2.b.iv

67

E: CH4 Gg-CH4

EF: kg-CH4/

A:

iii

km

1 CH4

1,000 1 CH4

i

ii

iii

CH4

CH4

CH4 0.5 CH4

CH4 /0.1013

CH4

0.5 CH4

CH4 /0.1013 CH4 +

0.5 CH4

AEFE *



1.B.2.b.iv CH4 
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CH4

t/

180

93

19

292

i iii

2004 CH4

 99 2004 CH4



1B.2.b.iv

69

2004 1,799 

km

CH4 /

180 t-CH4 / 1,799 km 

0.100 t-CH4/km

2004

226,016 km

CH4 /

93 t-CH4 / 226,016 km 

0.411 kg-CH4/km

2004 27,298 

CH4 /

19 t-CH4 / 27,298 

0.696 kg-CH4/

 100

CH4



1.B.2.b.iv CH4 

 70

iv

km

1,000

1990 2004

 101

 102

1990 2004

 2005 12 10

2004

1990 2004

1990 2004

v

CH4

1990 1991 1992 1993 1994 1995 1996 1997

km 1,067 1,077 1,090 1,121 1,246 1,281 1,310 1,300

km 180,239 183,632 187,105 190,938 194,158 197,474 201,019 204,520

21,334 21,844 22,280 22,703 23,190 23,580 24,087 24,625

1998 1999 2000 2001 2002 2003 2004

km 1,331 1,397 1,443 1,586 1,632 1,716 1,816

km 207,996 211,180 214,312 217,406 220,471 223,476 226,268

25,070 25,456 25,858 26,227 26,566 26,960 27,298



1B.2.b.iv

71

 103 CH4

vi

vii

CH4

Expert Judgment

GPG (2000) GPG (2000)

CH4 25

14

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 0.107 0.108 0.109 0.112 0.125 0.128 0.131 0.130

Gg-CH4 0.074 0.076 0.077 0.079 0.080 0.081 0.083 0.084

Gg-CH4 0.015 0.015 0.016 0.016 0.016 0.016 0.017 0.017

Gg-CH4 0.196 0.199 0.202 0.206 0.221 0.226 0.231 0.231

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 0.133 0.140 0.144 0.159 0.163 0.172 0.182

Gg-CH4 0.086 0.087 0.088 0.089 0.091 0.092 0.093

Gg-CH4 0.017 0.018 0.018 0.018 0.018 0.019 0.019

Gg-CH4 0.236 0.244 0.251 0.266 0.272 0.282 0.294



 72

0.100 t-CH4/km 25% 1,816 km 10% 0.182 Gg-CH4 27%

0.411 kg-CH4/km 25% 226,268 km 10% 0.093 Gg-CH4 27%

0.696 kg-CH4/ 25% 27,298 10% 0.019 Gg-CH4 27%

14 10%

 104

viii

1B.2.b.- CO2, CH4

CO2 CH4

CRF CO2 CH4

NE

1.B.2.c.

1.B.2.c.i CO2, CH4

CO2,



1.B.2.c.i CO2, CH4 

73

CH4

i

CO2 CH4

ii

GPG (2000) Tier1

CO2, CH4

iii

E : CO2, CH4 Gg-GHG

EF : Gg-GHG/103m3

A : 103kl

iv

GPG (2000)

i

1,000m
3

1,000kl CO2 CH4

Gg

ii

GPG (2000)

CH4

iii

 105

CO2 CH4 N2O
 2

AEFE *



1.B.2.c.i CO2, CH4 
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1990 1991 1992 1993 1994 1995 1996 1997

( )
10

3
kl 420 667 717 657 624 623 601 575

1998 1999 2000 2001 2002 2003 2004

( )
10

3
kl 497 427 386 334 295 344 343

Conventional Oil
Gg/103 m3 1.2*10-5

1.38*10-3 1 0

1) 6.2*10-5  2.7*10-3

2) 0

iv

 106

GPG (2000) p2.86 table2.16

v

i

1,000kl

ii

iii

1990 2004

 107

iv

 108 1990 2000

1990 2001

2002 30

2000

1990 2000



1.B.2.c.i CO2, CH4 

75

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.005 0.008 0.009 0.008 0.007 0.007 0.007 0.007

CH4 Gg-CH4 0.581 0.921 0.990 0.907 0.862 0.860 0.830 0.794

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.006 0.005 0.005 0.004 0.004 0.004 0.004

CH4 Gg-CH4 0.687 0.590 0.532 0.462 0.407 0.474 0.473

 109 2001 2004

2002 2004

2005 15

2004

2001 2004

v

 110 CO2, CH4

1.B.2.b.i

i

CO2, CH4 GPG (2000)

Expert Judgement GPG (2000)

GPG (2000)

CH4



1.B.2.c.i CO2, CH4 

 76

CO2 1.2*10
-5 Gg-CO2/1,000kl 25% 5% 0.004 Gg-CO2 25%

CH4 1.38*10
-3 Gg-CH4/1,000kl 25% 5% 0.473 Gg-CH4 25%

343 *10
3
 kl

CO2, CH4 25

ii

14

11

14 5

iii

 111



1B.2.c.ii CO2 

77

1B.2.c.ii CO2

CO2

i

CO2

ii

GPG (2000) Tier1

CO2 GPG (2000)

iii

E : CO2 Gg-CO2

EF : Gg- CO2/km

A : km

iv

GPG (2000)

i

km CO2 Gg

ii

GPG (2000)

iii

AEFE *



1B.2.c.ii CO2 

 78

1990 1991 1992 1993 1994 1995 1996 1997

km 1,984 1,992 1,992 2,059 2,127 2,195 2,262 2,317

1998 1999 2000 2001 2002 2003 2004

km 2,357 2,448 2,434 2,545 2,617 2,615 2,721

 112

CO2

Venting Gg-GHG/km 8.5*10-6

iv

 113

GPG (2000) p2.86 table2.16 

v

i

km

ii

iii

1990 2004

 114

iv

 115

1990 2004

2006 31

2004

1990 2004



1B.2.c.ii CO2 

79

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 0.02 0.02 0.02 0.02 0.02 0.02 0.02

v

 116 CO2

i

CO2 GPG (2000)

Expert

Judgment GPG (2000)

GPG (2000)

CH4

25



1B.2.c.ii CH4 

 80

CO2 8.5*10
-6 Gg-CO2/km 25% 2,721 km 10% 0.02 Gg-CO2 27%

ii

14

14 10

iii

 117

1B.2.c.ii CH4

CH4 1.B.2.b.iii

IE

1.B.2.c.iii CO2, CH4

1.B.2.c.i 1.B.2.c.ii



1.B.2.c.i CO2, CH4, N2O 

81

IE

1.B.2.c.i CO2, CH4, N2O

CO2, CH4,

N2O

i

CO2, CH4, N2O

ii

GPG (2000)

Tier1 CO2, CH4, N2O

iii

E : CO2, CH4, N2O Gg-GHG

EF : Gg-GHG/103m3

A : 1,000 kl

iv

i

CO2, CH4, N2O

ii

GPG (2000)

CH4

AEFE *



1.B.2.c.i CO2, CH4, N2O 
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1990 1991 1992 1993 1994 1995 1996 1997

( )
10

3
kl 420 667 717 657 624 623 601 575

1998 1999 2000 2001 2002 2003 2004

( )
10

3
kl 497 427 386 334 295 344 343

iii

 118

CO2 CH4 N2O

conventional oil Gg/103m3 6.7×10-2 1.38×10-4 6.4×10-7

0.05×10-4 2.7×10-4

iv

 119

conventional oil
GPG (2000) p.2.86 table2.16 

v

i

kl

ii

iii

1990 2004

 120



1.B.2.c.i CO2, CH4, N2O 

83

1990 1991 1992 1993 1994 1995 1996 1997

CO2 Gg-CO2 28.2 44.7 48.0 44.0 41.8 41.7 40.3 38.5

CH4 Gg-CH4 0.06 0.09 0.10 0.09 0.09 0.09 0.08 0.08

N2O Gg-N2O 2.7*10
-4

4.3*10
-4

4.6*10
-4

4.2*10
-4

4.0*10
-4

4.0*10
-4

3.8*10
-4

3.7*10
-4

1998 1999 2000 2001 2002 2003 2004

CO2 Gg-CO2 33.3 28.6 25.8 22.4 19.8 23.0 23.0

CH4 Gg-CH4 0.07 0.06 0.05 0.05 0.04 0.05 0.05

N2O Gg-N2O 3.2*10
-4

2.7*10
-4

2.5*10
-4

2.1*10
-4

1.9*10
-4

2.2*10
-4

2.2*10
-4

iv

 121 1990 2000

1990 2001

2002 30

2000

1990 2000

 122 2001 2004

2002 2004

2005 15

2004

2001 2004

v

 123

i

CO2, CH4, N2O GPG (2000)



1.B.2.c.i CO2, CH4, N2O 

 84

Expert Judgement GPG (2000)

GPG (2000)

CH4

CO2, CH4, N2O

25

ii

14

11

14 5

iii



1.B.2.c.ii CO2, CH4, N2O 

85

CO2 6.7*10
-2 Gg-CO2/kl 25% 5% 23.0 Gg-CO2 25%

CH4 1.38*10
-4 Gg-CH4/kl 25% 5% 0.05 Gg-CH4 25%

N2O 6.4*10
-7 Gg-N2O/kl 25% 5% 2.2*10

-4 Gg-N2O 25%

343 *10
3
 kl

 124

1.B.2.c.ii CO2, CH4, N2O

CO2, CH4, N2O

i

CO2, CH4,

N2O

ii

GPG (2000)

Tier1 CO2, CH4, N2O

iii

AEFE i *

E : CO2, CH4, N2O Gg-GHG

EFi : Gg-GHG/106m3

A : 106m3

i :

iv



1.B.2.c.ii CO2, CH4, N2O 
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i

CO2, CH4, N2O

ii

GPG (2000)

iii

 125

CO2 CH4 N2O

gas production
Gg/106m3 1.8*10-3 1.1*10-5 2.1*10-8

flaring

gas processing
Gg/106m3 2.1*10-3 1.3*10-5 2.5*10-8

iv

 126

GPG (2000) p.2.86 table2.16 

v

i

10
6
m

3

ii

iii

1990 2004



1.B.2.c.ii CO2, CH4, N2O 

87

1990 1991 1992 1993 1994 1995 1996 1997

10
6
m

3 2,066 2,173 2,155 2,229 2,272 2,237 2,209 2,301

1998 1999 2000 2001 2002 2003 2004

10
6
m

3 2,297 2,313 2,499 2,466 2,752 2,814 2,957

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CO2 3.72 3.91 3.88 4.01 4.09 4.03 3.98 4.14

Gg-CO2 4.34 4.56 4.53 4.68 4.77 4.70 4.64 4.83

Gg-CO2 8.1 8.5 8.4 8.7 8.9 8.7 8.6 9.0

1998 1999 2000 2001 2002 2003 2004

Gg-CO2 4.13 4.16 4.50 4.44 4.95 5.07 5.32

Gg-CO2 4.82 4.86 5.25 5.18 5.78 5.91 6.21

Gg-CO2 9.0 9.0 9.7 9.6 10.7 11.0 11.5

 127

iv

 128 1990 2000

1990 2001

2002 30

2000

1990 2000

 129 2001 2004

2002 2004

2005 15

2004

2001 2004

v

 130 CO2



1.B.2.c.ii CO2, CH4, N2O 

 88

1990 1991 1992 1993 1994 1995 1996 1997

Gg-CH4 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03

Gg-CH4 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Gg-CH4 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06

1998 1999 2000 2001 2002 2003 2004

Gg-CH4 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Gg-CH4 0.03 0.03 0.03 0.03 0.04 0.04 0.04

Gg-CH4 0.06 0.06 0.06 0.06 0.07 0.07 0.07

1990 1991 1992 1993 1994 1995 1996 1997

Gg-N2O 4.3*10
-5

4.6*10
-5

4.5*10
-5

4.7*10
-5

4.8*10
-5

4.7*10
-5

4.6*10
-5

4.8*10
-5

Gg-N2O 5.2*10
-5

5.4*10
-5

5.4*10
-5

5.6*10
-5

5.7*10
-5

5.6*10
-5

5.5*10
-5

5.8*10
-5

Gg-N2O 9.5*10
-5

1.0*10
-4

9.9*10
-5

1.0*10
-4

1.0*10
-4

1.0*10
-4

1.0*10
-4

1.1*10
-4

1998 1999 2000 2001 2002 2003 2004

Gg-N2O 4.8*10
-5

4.9*10
-5

5.2*10
-5

5.2*10
-5

5.8*10
-5

5.9*10
-5

6.2*10
-5

Gg-N2O 5.7*10
-5

5.8*10
-5

6.2*10
-5

6.2*10
-5

6.9*10
-5

7.0*10
-5

7.4*10
-5

Gg-N2O 1.1*10
-4

1.1*10
-4

1.1*10
-4

1.1*10
-4

1.3*10
-4

1.3*10
-4

1.4*10
-4

 131 CH4

 132 N2O

i

CO2, CH4, N2O GPG (2000)

Expert Judgement GPG (2000)

GPG (2000)

CH4

CO2, CH4, N2O

25%



1.B.2.c.ii CO2, CH4, N2O 

89

CO2 1.8*10
-3 Gg-CO2/10

6
m

3 25% 5% 5.32 Gg-CO2 25%

CH4 1.1*10
-5 Gg-CH4/10

6
m

3 25% 5% 0.03 Gg-CH4 25%

N2O 2.1*10
-8 Gg-N2O/10

6
m

3 25% 5% 6.2*10 Gg-N2O 25%

CO2 2.1*10
-3 Gg-CO2/10

6
m

3 25% 5% 6.21 Gg-CO2 25%

CH4 1.3*10
-5 Gg-CH4/10

6
m

3 25% 5% 0.04 Gg-CH4 25%

N2O 2.5*10
-8 Gg-N2O/10

6
m

3 25% 5% 7.4*10 Gg-N2O 25%

2,957 10
6
m

3

ii

14

11

14 5

iii
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1.B.2.c.iii CO2, CH4, N2O 

 90

1.B.2.c.iii CO2, CH4, N2O

1.B.2.c.i 1.B.2.c.ii

IE



2.A.1 CO2 

91

II

CO2, CH4, N2O

2A

2.A.1 CO2

CaCO3

CO2

CO2

CaCO3  CaO + CO2

CO2

GPG (2000) Tier2 CO2

GPG (2000) Tier2

CO2



2.A.1 CO2 
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CKDFAEFE **

E : CO2 t-CO2

EF : t-CO2/t-clinker

A : t

FCKD :

t CO2 t

IPCC CaO

CaO

CaO CaO CaO

CO2

CaO CaO

CaO CaO

2000 2003 1990 1999

CaO

2000 2003  134

CaO 90



2.A.1 CO2 

93

2000 2001 2002 2003 2004

10
3
t-wet 2,343 2,988 3,186 1,911 2,134

10
3
t-wet 1,866 1,224 1,303 1,046 900

10
3
t-wet 1,646 1,285 932 881 688

10
3
t-wet 733 990 806 566 491

10
3
t-wet 1,318 1,070 1,007 1,097 1,259

10
3
t-wet 2,331 2,330 2,705 4,146 4,511

10
3
t-wet 414 541 460 523 545

10
3
t-wet 10,651 10,427 10,399 10,169 10,528

( )

2000 2001 2002 2003 2004
2000-2004

% 9.3 9.7 7.2 14.5 12.1 10.6

% 7.2 7.4 8.7 5.0 7.0 7.1

% 6.1 5.7 5.8 6.4 6.2 6.0

% 7.7 8.6 7.9 8.7 11.4 8.9

% 6.9 5.6 7.6 7.5 6.9 6.9

% 3.9 3.7 1.7 1.6 1.4 2.5

% 8.9 14.3 12.1 12.6 13.9 12.3( )

2000 2001 2002 2003 2004

10
3
t-dry 2,124 2,698 2,956 1,634 1,875

10
3
t-dry 1,731 1,133 1,189 994 836

10
3
t-dry 1,545 1,212 878 825 645

10
3
t-dry 676 905 743 516 435

10
3
t-dry 1,227 1,010 930 1,014 1,173

10
3
t-dry 2,241 2,244 2,658 4,077 4,447

10
3
t-dry 378 464 404 457 469

10
3
t-dry 9,922 9,664 9,759 9,518 9,881

( )

2000 2001 2002 2003 2004
2000-2004

% 5.3 5.3 5.0 5.7 5.8 5.3

% 41.3 41.4 40.0 42.2 42.4 41.2

% 41.4 41.5 41.0 40.8 40.8 41.2

% 37.1 38.8 40.5 39.6 38.5 39.0

% 10.0 7.1 7.2 6.7 6.4 7.7

% 4.7 4.6 5.0 4.7 4.8 4.8

% 11.5 11.9 10.4 13.4 9.0 11.8( )

 134 2000 2004

 135

 136

135

136

CaO CaO

 137 CaO

CaO  138

 137 CaO



2.A.1 CO2 
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2000 2001 2002 2003 2004

 dry 10
3
t-dry 113 144 149 92 109

10
3
t-dry 714 469 475 419 354

10
3
t-dry 639 503 360 336 263

10
3
t-dry 251 351 301 204 167

10
3
t-dry 123 71 67 68 75

10
3
t-dry 106 103 134 191 214

10
3
t-dry 44 55 42 61 42

10
3
t-dry 1,990 1,695 1,527 1,372 1,225

( )

1990 1991 1992 1993 1994 1995 1996 1997

10
3
t 76,253 79,495 82,094 81,224 83,338 83,032 83,855 78,666

10
3
t 0 0 0 0 0 0 0 0

% 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

1998 1999 2000 2001 2002 2003 2004

10
3
t 69,675 68,980 69,528 67,729 63,778 62,653 62,653

10
3
t 0 0 1,990 1,695 1,527 1,372 1,225

% 2.5 2.5 2.9 2.5 2.4 2.2 2.0

CaO

CaO

CaO

CaO

2000 2001 2002 2003 2004
2000-2004

CaO % 66.0 65.9 65.9 65.9 65.9 65.9

1990 1991 1992 1993 1994 1995 1996 1997

% 65.9 65.9 65.9 65.9 65.9 65.9 65.9 65.9

% 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

% 63.4 63.4 63.4 63.4 63.4 63.4 63.4 63.4

1998 1999 2000 2001 2002 2003 2004

% 65.9 65.9 66.0 65.9 65.9 65.9 65.9

% 2.5 2.5 2.9 2.5 2.4 2.2 2.0

% 63.4 63.4 63.1 63.4 63.5 63.7 63.9

CaO

CaO

CaO

CaO

CaO

CaO

 138 CaO

CaO CaO

1990 1999 CaO

1990 1990 1999 CaO

2000 2004

CaO  139

 139 CaO

CaO CaO

CaO  140 CaO

CaO  141

 140 CaO

 141 CaO CaO



2.A.1 CO2 
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1990 1991 1992 1993 1994 1995 1996 1997

% 63.4 63.4 63.4 63.4 63.4 63.4 63.4 63.4

0.785 0.785 0.785 0.785 0.785 0.785 0.785 0.785

t-CO2/t 0.498 0.498 0.498 0.498 0.498 0.498 0.498 0.498

1998 1999 2000 2001 2002 2003 2004

% 63.4 63.4 63.1 63.4 63.5 63.7 63.9

0.785 0.785 0.785 0.785 0.785 0.785 0.785

t-CO2/t 0.498 0.498 0.495 0.498 0.499 0.500 0.501

CaO

CO2/CaO

CaO

CO2/CaO

2000 2001 2002 2003 2004

10
3
t 69,528 67,729 63,778 62,653 62,653

CaO CO2 0.785 CaO

CKD CKD

1.00

1990 2004

 142 CO2

CO2

 143

CaO

CaO

t

2000 2004

 144 2000-2004



2.A.1 CO2 
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1990 1991 1992 1993 1994 1995 1996 1997

10
3
t-dry 89,366 93,166 96,211 95,192 97,669 97,311 98,275 92,194

10
3
t 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

0.853 0.853 0.853 0.853 0.853 0.853 0.853 0.853

10
3
t 76,253 79,495 82,094 81,224 83,338 83,032 83,855 78,666

1998 1999 2000 2001 2002 2003 2004

10
3
t-dry 81,657 80,843 81,376 78,328 75,406 73,869

10
3
t 0.0% 0.0% 69,528 67,729 63,778 62,653 62,653

0.853 0.853 0.854 0.865 0.846 0.848

10
3
t 69,675 68,980 69,528 67,729 63,778 62,653 62,653

2000 2003

/

1990 1999

2000 2003

/

1990 1999

1990 1999

2000 2004

1990 1999

1993 2004

1992

1990 1992

0.99 1990 1992

/0.99

/

CO2

145

1990 1999 / 2000 2004

 146

2004

2000 2004



2.A.1 CO2 
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1990 1991 1992 1993 1994 1995 1996 1997

Gg-CO2 37,966 39,581 40,875 40,442 41,494 41,342 41,751 39,168

1998 1999 2000 2001 2002 2003 2004

Gg-CO2 34,691 34,345 34,434 33,718 31,805 31,316 31,416

CO2

CO2

 147 CO2

CO2

Expert Judgment

GPG (2000) GPG (2000)

CaO

CaO

GPG (2000)

CaO

CaO

UE1 UE2 …UEn UE

EnU

UUUU

En

EnEEE

22

2

2

1

%3

22 22

2

2

2
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