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(Relevance)

(Completeness)

(Consistency)

(Transparency)

(Accuracy)
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CO, CH,4
N,O HFC
PFC SFs
HFC PFC

CO2 1
CHg4 21
N20 310

HFC
HFC-23 11,700
HFC-32 650
HFC-41 150
1112 2- HFC-125 2,800
1122 HFC-134 1,000
1112 HFC-134a 1,300
11 2- HFC-143 300
111- HFC-143a 3,800
11- HFC-152a 140
111233 3- HFC-227ea 2,900
11133 3- HFC-236fa 6,300
1122 3- HFC-245ca 560
111234455 5- HFC-43-10mee 1,300

PFC
PFC-14 6,500
PFC-116 9,200
PFC-218 7,000
PFC-31-10 7,000
PFC-c318 8,700
PFC-41-12 7,500
PFC-51-14 7,400
SFs 23,900

(CO2)

21 kg 21kg
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kgCO2/MJ

= or kgC/kg or | or Nm3
< 44 12 = or MJ/kg or | or Nm3 4.1
CO2
1
CHs4 N20
CHs4 N20
CHs4 N20
kgCHa or N2O/MJ
= kgCHa4or N2O/Nm3 > Nm3
= kg or l or Nm3 > MJ/kg or | or Nm3 4.2
kgCHaor N20/km
= kgCHa or N2O/Nm3 < Nm3
= km 4.3
2 1km
0.000011kg/km
CO;
44 12 12 44
LPG
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CO2 CH4 N.O | HFC | PFC SFe
1.1 o
1.2 o
1.3
CO2 CHa4
N20 HFC
PFC SFe
|
12 CO2
87 CO2
2.6% CO2 1.8%
CO2
|
CO2
CO2
1
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CO2

CO2
(kgCO2) (kg,l,Nm3)x (MJ/(kg,l,Nm3))
X (kgCO2/MJ)
No.
1 kg 26.6 MJ/kg 0.0906 kgC0O2/MJ
2 | 34.6 MJ/I 0.0671 kgCO2/MJ
3 | 36.7 MJ/I 0.0679 kgCO2/MJ
4 I 38.2 MJ/I 0.0687 kgCO2/MJ
5 | 39.1 MJ/l 0.0693 kgCO2/MJ
6 | 41.7 MJ/ 0.0716 kgCO2/MJ
7 (LPG) | kg 50.2 MJ/kg 0.0598 kgC0O2/MJ
8 Nm3 41.1 MJ/Nm3 0.0513 kgCO2/MJ




No.
9 kg 28.9 MJ/kg 0.0867 kgCO2/MJ
10 kg 22.5 MJ/kg 0.0913 kgCO2/MJ
11 kg 27.2 MJ/kg 0.0906 kgCO2/MJ
12 kg 30.1 MJ/kg 0.108 kgCO2/MJ
13 kg 23.9 MJ/kg 0.0906 kgCO2/MJ
14 | 38.2 MJ/I 0.0684 kgCO2/MJ
15 NGL | 35.3MJ/I 0.0684 kgCO2/MJ
16 | 34.1 MJ/l 0.0666 kgCO2/MJ
17 | 36.7 MJ/I 0.0671 kgCO2/MJ
18 | 40.4 MJ/ 0.0705 kgCO2/MJ
19 | 40.2 MJ/ 0.0705 kgCO2/MJ
20 kg 35.6 MJ/kg 0.0930 kgCO2/MJ
21 LNG kg 54.5 MJ/kg 0.0494 kgCO2/MJ
22 LNG Nm3 40.9 MJ/Nm3 0.0494 kgCO2/MJ
23 Nm3 21.1 MJ/Nm3 0.0403 kgCO2/MJ
24 Nm?3 3.41 MJ/Nm3 0.258 kgCO2/MJ
25 Nm3 8.41 MJ/Nm3 0.182 kgCO2/MJ
26 Nm3 44.9 MJ/Nm3 0.0519 kgCO2/MJ
27 I 42.3 MJ/I 0.0762 kgCO2/MJ

22 LNG (LNG)

27 1 26
0

1.02
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, 73+T,
VN Nm3
Vi =1 12 ) m3
Ti =1 12 )

15
NS (e 273288 ]
Mf =>'D, /F,

Mf |
Di km
Fi km/l




CO2

kWh
(kg CO2) (kWh)x (kg CO2/kWh)
No
1 9 0.378 kgCO2/kWh
2 0.602 kgCO2/ kWh
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CO2

CO2

MJ

(kg CO2)

(MJ)x

(kg CO2/MJ)

No

0.067 kgCO2/MJ
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<
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e el e i A Al i —
CH4 N20
CO2
CH4 N20
kg,l
(kg CHa) (g, 1)x (MJ/kg,)x (kgCHa /MJ)
(kg N20) (kg,1)x (MJ/kg,1)x (kgN20 /MJ)
CHa N2O
kg | 26.6 MJ/kg
kg | 30.1 MJ/kg 0.00000056
kgN20/MJ
kg | 14.4MIkg | 0000071, . o0 | (5:6x107) g
kg | 15.3 MJ/kg | (7.1x10%) <9~
| | 38.2 M
0.000000014
| | 40.4 MJ/I (Lax10) KINZ0/MJ
| | 41.7 MJ/I
kg | 13.9 MJ/kg 0('??%301%?’3 kgCH4/MJ
kg | 26.6 MJ/kg
kg | 30.1 MJ/kg 0.000053
kg | 14.4 MJ/kg (5.3x10-5) KIN20/MJ
kg |15.3 MJ/kg
0.0000050
kg | 26.6 MJ/kg (5.0x10.6) KIN20/MJ
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CHas

CO2
CO2
CHa
kWh

(kg CHa4) (kwh)x (kg CH4 /kWh)

No
0.000020

1 (2.0x 10°%) kg CH4/kWh

2-13



CH4
N20 CO2
CHa N20
(kg CHa4) (kg,l,Nm3)x (MJ/( kg,I,Nm3))
(kg CH4 /MJ)
(kg N20) (kg,I,Nm3)x (MJ/( kg,I,Nm3))

(kg N20 /MJ)

CHg4

N2O

0.000000028

(2.8x10%) KIN20/MJ

0.0000016

(1610 KIN20/MJ

0.000054
(5.4%x105)

kgCHa/MJ

0.00000060

(6.0x107) KIN20/MJ
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38.2 MJ/I
NGL 35.3 MJ/I
34.6 MJ/I
34.1 MJ/I
36.7 MJ/I
36.7 MJ/I
38.2 MJ/I
39.1 MJ/I
40.4 MJ/
41.7 MJN
40.2 MJ/
35.6 MJ/kg
LPG 50.2 MJ/kg
LNG 54.5 MJ/Kg
40.9 MJ/Nm3
21.1 MJ/Nm3
3.41 MJ/Nm?3
8.41 MJ/Nm3
44.9 MJ/Nm?3
41.1 MJ/Nm3
42.3 MJ/kg

— e — — i —— i — — - — — - —— - — — = — — A — — i — — - — — - —— - —
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CH4

CHa4 N20 CO2
N20
(kg CHa) (kg,l,Nm3)x (MJ/kg,l, Nm3)
(kg CH4 /MJ)
(kg N20) (kg,l, Nm3)x (MJ/kg,l, Nm3)

(kg N20 /MJ)
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CH4

N-2O

0.00000062

(6.2x107) KIN20/MJ

0.000029

(2.9x105) KICHIMI

0.00000062

(6.2x10) KIN20/MJ

0.00000093

(0.3x107) KNZ0/MJ

0.000000040

(4.0x10) KIN2O/MJ

0.000000054

(5.4x10) KICHIMI

0.00000062

(6.2x107) KINZO/MJ

0.00000093

(0.3x107) KN20/MJ

0.000000040

(4.0x10-%) KINZ0/MJ

0.00000062

(6.2x107) KIN2O/MJ

0.00000093

(0.3x107) KINZ0/MJ

0.000000040

(4.0x10%) KINZ0/MJ

0.0000072

(7.2x106) KIN20/MJ

0.000024

(2.4x105) KICHAM

0.00000062

(6.2x107) KIN2O/MJ

0.00000093

(0.3x107) KINZ0/MJ

0.000000040

(4.0x10%) KINZ0/MJ

0.0000028

(2.8x10) KICHIMI

0.00000062

(6.2x107) KIN20/MJ

0.00000093

(.3x107) KIN20/MJ

0.000000040

(4.0x10%) KINZO/MJ

(

)

0.000012

(1.2x10%) KOCHIMI

0.00000062

(6.2x107) KINZ0/MJ

0.00000093

(0.3x107) KIN20/MJ

0.00000046

(4.6x107) KICHAM

0.000000040

(4.0x10%) KIN2O/MJ
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28.9 MJ/kg
22.5 MJ/kg
26.6 MJ/kg
27.2 MJ/kg
30.1 MJ/kg
23.9 MJ/kg
14.4 MJ/kg
15.3 MJ/kg
33.1 MJ/kg
38.2 MJ/I
NGL 35.3 MJ/I
34.6 MJ/I
34.1 MJ/I
36.7 MJ/I
36.7 MJ/I
38.2 MJ/I
39.1 MJ/I
40.4 MJ/I
41.7 MJ/I
40.2 MJ/I
35.6 MJ/kg
LPG 50.2 MJ/kg
LNG 54.5 MJ/kg
LNG 40.9 MJ/Nm?
21.1 MJ/Nm?
3.41 MJ/Nm?
8.41 MJ/Nm?
44.9 MJI/Nm?
41.1 MJI/Nm?
42.3 MJ/kg
13.9 MJ/kg

e — e — — e — — - — — - —— - — — A — — i — — ——— — —f—— — i —
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CHa4 N20

CO2
CHa4 N20
(kg CHa4) (kg,l, Nm3)>=< (MJ/(kg,I, Nm?3))
> (kg CH4 /MJ)
(kg N20) (kg,1, Nm3)>< (MJ/(kg,1, Nm3))
> (kg N20 /MJ)
N
0 CH. N2O
1 kg | 26.6 MJ/kg 0.00029 0.0000013
kgCH4/MJ kg N20 /MJ
2 kg |23.9 M/kg | (2.9>104) I~ (1.3=10%) 977
0.0000095 0.00000057
3 I |36.7 MJN (6.5%10¢) KICH4MJ (5.7%107) KO N20 /M3
3 3
4 Nm?/41.1 MIINM? | g 5556045 G /Mg | 0000000090 -
5 kg |50.2 MJ/kg | (45>10%) <9~ (9.0<108) <9 ™2
(LPG)
-
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CHa

N20 CO2
CH4 N20
LTO
LTO (kg CHs) LTO x LTO (kg CH4 /LTO)
LTO (kg N20) LTO x LTO (kg N20O /LTO)
kl
(kg CHa) (Kl)x (kg CHa /KI)
(kg N20) (Kl)x (kg N20 /KI)
(kgCH4) LTO (kg CHa4) (kg CHa)
(kg N2O) LTO (kg N2O) (kg N2O)
No CHa Nz0
1 | LTO 0.3 kg CH4/LTO 0.1 kg N2O/LTO
2 0.078 kg N2O/KI
CHs N20

2-20




CHa N20
CO2
CHa N20
km
(kg CHa) (km)x (kg CH4 /km)
(kg N20) (km)x (kg N20 /km)
No *
1 10 (LPG)
2 11
3
4
5
6
7
8 10
9 11
10
11
12
26 185
3
(LPG) (No.1)
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No CHa N20
1 (LPG) (L 109 K CHMM | 50,015 Ko MO
2 SO e | S
5 (f'loxoigf) kg CHa/km (20_ > 01%?52) kg N20/km
4 S | S5 o
- (3??301%?5? kg CHa/km (20_ o 01%257) kg N2O/km
. (1(_)£|_Ox0?_%:'[5])- kg CHa/km (20_ o 01%353), kg N20/km
; (3??301%?5? kg CHa/km (39_ o ol%gg kg N2O/km
8 0 cunn | S aonn
9 T o | S5 o
” (10_'5?301%%5? kg CHa/km (20_ > 01%?; kg N20/km
" ?é?ffol%il) kg CHa/km (20_ o 01%?; kg N20/km
o (f-??fi%f; kg CHa/km (20_ > ol%gg kg N20/km
D= z Mf, x F,
i

D km

Mfi !

- km/1
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CHas N20 CO2

CHa N20
ki
(kg CHa) (k)x (kg CHa4 /KI)
(kg N20) (kD)% (kg N20 /kl)
No CHa N0
1 Kkl 0.15 kg CHa/klI 1.1 kg N2O/KI
— - ——— - — A — i — — - ——
CHas N20
CO2
CHa N20
ki
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(kg CHa) (k1) (kg CHa /Kl)

(kg N20) (k1) (kg N2O /kI)
No CHq N2O
1 Kl 0.26 kg CHa/kl 0.073 kg N20O /Kl
2 Kl 0.26 kg CHa/kI 0.074 kg N20O /Kl
3 Kl 0.27 kg CHa/kI 0.076 kg N20O /KI
4 Kl 0.27 kg CHa/KI 0.078 kg N2O /I
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—— e — ———— — e — — e ——
CHg4
CHa4
t
(kg CHa4) (t)x (kg CH4 ft)
N
0 CH.

1 17.6 kg CHalt

2 0.84 kg CHalt
——— e — — e — e —— i —

CO2 CHs N20

CO2 CHa N20
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(kg CO2) ( )% (kg CO2/ )

(kg CHa4) ( )% (kg CHa4 / )
(kg N20) ( )x (kg N20O/ )
(kg CO2) ( )
x (kg CO2/ )
(kg CH4) « )
X (kg CHa/ )
(kg N20) «( )
x (kg N20/ )
(kg CO2) (kg CO2) (kg CO2)
(kg CHa) (kg CHa) (kg CHa)
(kg N20) (kg N20) (kg N20O)
No
CO2 CHa4 N-20O
1 0.028 kg CO2/ 0.43 kg CH4/ 0 kg N20O/
2 5,700 kg CO2/ 270 kg CH4/ 0.068 kg N20O/
CO2 CHa4
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CO2 CHa4

Kl
(kg CO2) (kI (kg CO2 /KI)
(kg CHa) (kI)x (kg CHa /K1)
(kg CO2) ()% (kgCO2/ 1)
X ()
(kg CHa) ()% (kgCHs/ | )
X ()
(kg CO2) (kg CO2) (kg CO2)
(kg CHa) (kg CHa) (kg CHa)
No COx CHa
1 0.282 kg COzKI 2.83 kg CHa/KI
2 0.48kg COz | 64kg CHy |

—— e e — e — — e ——
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CO2 CHa4
kl
(kg CO2) (k1) (kg CO2 /KI)
(kg CHa) (k1) (kg CHa /Kl)
No CO» CHa
1 0.0023 kg CO/kI 0.025 kg CHa/kI
——— — - — — = — — - — — =~ — — = — — == — — i — — == — — == — — — - — — &~ —
CHa
CH4
PJ
(kg CHa4) (PJ)x (kg CH4 /PJ)

CO2 CHa4
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No
CH4

1 90.7 kg CH4/PJ
PJ
———— e —— i — — e — — e —— - — ——— — i — — i — — - — — - —— - —
CO2 CHa4
CO2 CHg4
Nm3
(kg CO2) (Nms3)x (kg CO2/ Nms3)
(kg CHa) (Nms3)x (kg CH4 / Nm3)
(kg CO2) ( )% (kg CO2/ /)
x ()
(kg CHa4) ( )% (kg CHa / /)
X ()
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Nms3

(kg CO) (Nm2)x (kg CO2/ Nm?)
(kg CH4) (Nm3)x (kg CHa / Nm3)
(kg CO2)
(kg CHa4) (kg CHa) (kg CHe)
(kg CHa4)
o CO2 CHa4
' (g? L:(,)f 01%?55)’ kg CO2/Nm3 0.00275 kg CH4/Nm3
2 0.48kg COs | 64k CHd |
0.000027 0.00088
’ (2.7x 109 K9 COMNM | (ggx 104 K9 CHINM’
CHa
CHa
PJ
(kg CHa) (PI)x (kg CHa /PJ)
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N
° CHa
1 LNG PJ 905 kg CH4 /PJ
2 LNG PJ 905 kg CH4 /PJ
LNG (LNG)
PJ
—_——— — i — — = — i — =l —— e —— e — = e = = = e = — e —— ———
CO: CHa
CO2 CHa
km
(kg CO2) (km)x (kg CO2 /km/ )
x ()
(kg CHa) (km)x (kg CH4 /km/ )
X ()
No CO2 CHa
1 24.5 kg CO2/km/ 3,500 kg CHa4/km/
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e

CO2

CO2

(kg CO») (t)x (kg CO2 /t)

No
CO2
1 t 417 kg CO2/t
x ...... J——
3.1%
—_— - — = — — - — — i — e — — e ——

CO2

CO2
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(kg CO2) (t)x (kg CO2 /1)
No CO2
1 t 428 kg CO2/t
2 t 449 kg CO2/t
—_—— e el e e e e e e e e el e e e e e e e — - —
CO2
CO2
t
(kg CO2) (t)x (kg CO2 /1)
No CO2
1 t 435 kg CO2/t
2 t 471 kg CO2/t
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CO2

CO2
(kg CO2) (kg,l,Nm3)x (kg CO2/(kg,lI,Nm?3))
No CO2
1 kg 2.4 kg CO2/kg
2 I 2.22 kg CO2/I
3 kg 3.3 kg CO2/kg
4 LPG kg 2.94 kg COq2/kg
5 LNG kg 2.77 kg COq2/kg
6 LNG Nm3 2.1 kg CO2/Nm3
7 Nms3 0.850 kg CO2/Nms3
8 Nm3 2.41 kg CO2/Nm3
——r— — o —— = — = — e —— e —— e — — e —— e — — = — = —— -~
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1 2-

CO2 CHs+ N20
CO2 CHa N20
t
CO2, CH4 N2O

(kg CO2) (t)x (kg CO2 /1)

(kg CHa4) (t)x (kg CHa4/t)

(kg N20) (t)x (kg N20 /t)

N20
No CO2 CHa4 N-2O
1 t 101 kg N20/t
2 t 3.92 kg N20O/t
3 t 28kg COt | 0.015kg CHalt
4 t 0.35 kg CHa/t
5 t 0.190 kg CHa/t
6 12- t 0.005 kg CHa/t
7 t 0.031 kg CHa/t
——— e — e — e — e — — A — — — — - — — i —
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PFC-14 CF4
PFC-116 C2Fe

PFC PFC-14 PFC-116

t PFC
(kg) (t)x (kg /t)

No PFC PEC

1 | PFC-14 (CFa) t 0.37 kg PFC/t

2 | PFC-116(CzFs) t 0.037 kg PFC/t

N20
N20
N20 kg
N20
(kg N20) (kg N2O) N:20 (kg N20O)
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—— e — ———— — e — — e ——
CHg4
CHa4
(kg CHa4) ( )x* (kg CH4/ )

No CH.
1 68 kg CHd/
2 18 kg CHa/
3 4.1 kg CHadl
4 4.1 kg CHa/
5 1.1 kg CHd/

CHas N20

CHa N20
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(kg CHa) ( )x (kgCHa/ )

(kg N20) ( )x (kg N2O/ )
N
0 CHa N0
1 5.3 kg CH4/ 4.84 kg N2O/
2 2.08 kg CH4/
3 0.28 kg CH4/
4 0.18 kg CH4/
5 0.92 kg CH4/ 1.01 kg N20O/
6 0.037 kg CH4/ 0.04 kg N20O/
— i — - —— - —— S —— S —— i — ——— ————
CHas
CHa
CHa
m2
(kg CHa4) (m2)x (kg CH4/ m2)
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No

CH4
1 0.016 kg CH4/m2
10ha 3ha
i (m) ((10-3hax 1 3hax 2)x 10,000 m?/ha 130,000 m? |
—_——— — i — — i — — e — — . — — e — — e — — e — — = — — i — — e —— e f——
N20
NHs
NOx
N20
N20
t
(kg N20) (t)x (kg N20O / 1)
NHs NOXx
N
0 N-2O
1 29.0 kg N20O/t
2 24.0 kg N20O/t
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— e — — e —— - — — - — — - —— - —— - — — A — — i — — - — — - —— =

N20
NH3 NOx
N20

N20

(kg N20) (t)x (kg N20 / 1)

NHs NOx

No

N20
12.1 kg N2O/t
10.6 kg N2O/t
10.8 kg N20/t
74.5 kg N2O/t
31.6 kg N2O/t
9.43 kg N2O/t

OO W|IN|F
- [+ |+ |||+
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——— — e —— = — — e — — = —— i —— - — — i — — e — — - — — = — — = —
CH4
N20
CHa N20
(kg CHa4) ( )x* (kg CH4f [ )x ()
(kg N20) ( )x (kg N20/ | )x ()
No
CH4 N2O
1 1.34kg CH4/ |/ 0.18 kg N2O/ /
——— — e —— = — — - — — = —— i —— i — — i — — e — — - — — = — — = —
CHa N20
CO2
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CHa N20
kg
(kg CHa) (kg)x (kg CHa/kg)
(kg N20) (kg)x (kg N20/kQ)
No CH. N0
0.000060
1 kg 0.0058 kg CH4/kg (6.0 10%) kg N20/kg
0.00062
2 kg 0.0043 kg CH4/kg (6.2x 104) kg N20/kg
0.000080
3 kg 0.0028 kg CH4/kg (8.0x 10%) kg N20/kg
0.00014
4 kg 0.0027 kg CHa4/kg (1.4x 10) kg N20/kg
0.00023
5 kg 0.0027 kg CH4/kg (2.3 104) kg N20/kg
0.00023
6 kg 0.0027 kg CH4/kg (2.3% 10-) kg N20/kg
0.00011
7 kg 0.0025 kg CHa4/kg (1.1x 104) kg N20/kg
0.00023
8 kg 0.0024 kg CH4/kg (2.3 104) kg N20/kg
0.000040
9 kg 0.0025 kg CH4/kg (4.0 10) kg N20/kg
T -
(kg) /
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1 0.78
15 0.87
2.1 0.87
2.1 0.86
0.4 0.45
0.2 0.15

0.32
1.62 0.83

0.1

Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories

Good Practice Guidance and Uncertainty Management in National Greenhouse

Gas Inventories
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—— e — — i —— - —— - ——— — i — — i — ——— — - ——
CHa
CHa
t
(kg CHa) (t)x (kg CHa /t)
N
0 CHa
1 t 142 kg CHalt
2 140 kg CHa/t
3 t 140 kg CHa/t
W=> R xD,
i
w t
Ri t
Di
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1
@ ) ( )

- ——
| x.a X-1 X
Ri
"""""""""" o )
@) (0)( ) (b) (0)( )
@ (0 )
2 X X
(b) (t)( )
75% 78% 54%
X))
Di
1/7
1/15 1/75
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m Sheldon Arleta
Sheldon Arleta
35%
No
3 10
2 7 21
3 36 103
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0.0387] 0.1220] 0.3393] 0.2407] 0.1295] 0.0686] 0.0353] 0.0171] 0.0071] 0.0017] 0.0000
0.0078] 0.0155 0.0276] 0.0468] 0.0771] 0.1249] 0.2004] 0.1333] 0.0994] 0.0740] 0.0549] 0.0406] 0.0299] 0.0218] 0.0158
0.0005[ 0.0009] 0.0014] 0.0019] 0.0023] 0.0027] 0.0031] 0.0035] 0.0040] 0.0044] 0.0049] 0.0054] 0.0057] 0.0061] 0.0065
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
0.0112] 0.0078] 0.0053] 0.0034] 0.0019] 0.0008] 0.0000
0.0068] 0.0076] 0.0083] 0.0090] 0.0097] 0.0107] 0.0117[ 0.0127] 0.0136] 0.0153] 0.0170] 0.0188] 0.0205] 0.0236] 0.0268
| | 31] 32] 33] 34] 35] 36] 37] 38] 39] 40] 41] 42] 43] 44] 45|
| ] 0.0300] 0.0331] 0.0370] 0.0409] 0.0448] 0.0487] 0.0304] 0.0294] 0.0283] 0.0272] 0.0258] 0.0243] 0.0229] 0.0214] 0.0201]
| | 46] 47] 48] 49] 50] 51] 52] 53] 54] 55] 56] 57] 58] 59] 60|
| [ 0.0187] 0.0174] 0.0161] 0.0150] 0.0140] 0.0130] 0.0120] 0.0111] 0.0102] 0.0094] 0.0085] 0.0080] 0.0076] 0.0071] 0.0066|
| | 61] 62] 63] 64] 65] 66] 67] 68] 69] 70] 71] 72] 73] 74] 75]
| ] 0.0062] 0.0058] 0.0054] 0.0050] 0.0048] 0.0045] 0.0042] 0.0039] 0.0037] 0.0035] 0.0033] 0.0031] 0.0030] 0.0028] 0.0027|
| | 76] 77] 78] 79] 80] 81] 82| 83] 84] 85] 86] 87] 88| 89] 90|
| ] 0.0025] 0.0024] 0.0023] 0.0022] 0.0020] 0.0019] 0.0018] 0.0017] 0.0016] 0.0015] 0.0014] 0.0013] 0.0013] 0.0012] 0.0011]
[ | 91] 92] 93] 94] 95] 96] 97] 98] 99] 100] 101] 102] 103] 104]
[ [ 0.0010] 0.0009] 0.0009] 0.0008] 0.0007] 0.0006] 0.0006] 0.0005] 0.0004] 0.0003] 0.0002] 0.0002] 0.0001] 0.0000]
—— e — - —— i — — i — — i —— - —— - — — i —— i — — i — — = —— -

CH4

CHa4
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BOD

(kg CHs) BOD (kgBOD)x (kg CH4 /kgBOD)
N
0 CH.
1 0.0049 kg CH4 /kgBOD
BOD BOD
{_..BOD___ (kgBOD) ____ (m3x BOD __ (mgBOD/)x 1_1000(/m? kgimg) _}
—— e e el e e e e e e e e ——
CHa N20
CHa N20
m3
(kg CHa4) (m3)x (kg CH4/ m3)
(kg N20) (m3)x (kg N2O / m3)
N
0 CH. Nz0
0.00088 0.00016
1 (8.8x 104) kg CH4/ m3 (1.6x 10-) kg N20 / m3
2 0.056 kg CH4 / m3 0.097 kg N20O / m3
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14

No CHa4 N2O
1 0.543 kgCHa/m3 0.00001 kgN>O/m3
2 0.00545 kgCHa/m3 0.00001 kgN20O/m3
3 0.0059 kgCH4/m3 0.00001 kgN2O/m3
4 0.005 kgCHa/m3 0.45 kgN20O/m3
5 0.00545 kgCH4/m3 0.45 kgN20/m3
6 0.00545 kgCHa/m3 0.00001 kgN20O/m3
—_—— - f-——--——-%—— % — ——f--————f—— ——F— — - —— - —
CH4 N2O
CH4 N20
(kg CHa) ( )x (kg CHa4/ )
(kg N20) ()% (kg N20/ )
No CHa N20
1 0.46 kg CHa4/ 0.022 kg N2O /
2 0.196 kg CHa4 / 0.0200 kg N2O /
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14
No
CH4 N-2O
1 0.195 kg CH4/ [/ 0.0394 kg CH4/ /
2 1.106 kg CHa4/ / 0.0264 kg CHa/ |/
3 0.196 kg CH4/ / 0.0200 kg CH4/ /
i i i i el i i i i i i =
CO2 CH4
N20O
CO2 CHa N20
CO2
t
(kgCOy2) (t)x (kgCO2/t)
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CH4+ N20

(kg CHa) (t)x (kg CHa4 /t)
(kg N20) (t)x (kg N20 /t)
CO2
No CO2
1 2,680 kg CO2/t
CO2
CHs4+ N20
No CHa N0
0.000079
1 (7.0% 105) K9 CHa It 0.0493 kg N2O /t
2 0.058 kg CHa /t 0.0489 kg N2O /t
3 0.063 kg CHa /t 0.0592 kg N2O /t
CO2
CH4+ N20
——— e — e — e — e — — A — — — — - — — i —
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CO2 CHa

N20
CO2 CHa N20
t
(kgCO2) (t)x (kgCO2/t)

(kg CHa4) (t)x (kg CH4 /t)

(kg N20) (t)x (kg N20 /1)
No CO2 CH4 N-2O
1 t 0.010 kg N20 /t

0.00056

2 t 2,900 kg CO2 /t (5.6x 10) kg CHa4 /t 0.0098 kg N20 /t
3 2,600 kg CO2 /t 0.17 kg N20 /t
4 0.0097 kg CHa /t 0.45 kg N2O /t
5 0.0097 kg CHa /t 0.903 kg N2O /t
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HFC

o S ——
HCFC-22 HFC-23
HCFC-22
HFC-23 HFEC-23
HFC HEC-23
(HCFC-22) kg
(HFC-23)
(kg) HCFC-22 (kg)x (kg HFC-23/kg HCFC-22)
No HFC-23
1 | HCFC HFC-23 0.011 kg HFC-23/kg HCFC-22
HFC-23

0.017kg HFC-23/kg HCFC-22

HCFC-22
HCFC-22
e — e — — - — — e — — - —— - — — A — — i — — - — — i — — i —
HFC
HFC HFC

HFC
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HFC kg

(kg) HFC (kg)x (kg Ikg )
HFC
HFC
No HFC
1 | HFC 0.0050 kg kg
HFC HFC
HFC
PFC
PFC PFC
PFC
PFC kg
(kg) PFC (kg)x (kg lkg )
PFC
PFC
No PFC
1 | PFC 0.079 kg kg
PFC
PFC
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SFs

SFs SFe
SFe
SFe kg
(kg)x (kg kg )
No SFs
1 | SFe 0.023 kg kg
HFC ()
HFC ()
HFC
HFC
HFC HFC-32, HFC-125, HFC-134a
1112 2- 111 2-
HFC HFC kg
(ko) % HFC (kg)x (kg kg )
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No
HFC
1 () 0.010 kg Ikg
2 0.041 kg /kg
3 0.01 kg /kg
()
e — A — i — i — — - — — e — —
SFs
SFe SFe
SFs
SFe kg
(kg) % SFe (kg)x (kg kg )
N
° SFs
1 0.15 kg /kg
SFe SFe
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HFC
HFC ()
HFC
HFC HFC-32, HFC-125, HFC-134a
1112 2- 111 2-
HFC HFC kg
(kg) = HFC (kg)x (kg /kg [)x ()
HFC
HFC
No HFC
1 () 0.003 kg /kg /
2 0.010 kg /kg /
3 0.01 kg /kg /
()
HFC HFC
R-410A, R-407A HFC
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() HFC

HFC
)
HFC-134a
1998 HCFC-22 HCFC-22
16 15
R-410A R-410A HFC-32(50 ) HFC-125(50 )
R-407A R-410A HFC-134a R-407A

HFC-32(20 ) HFC-125(40 ) HFC-134a(40%)

—_—— e e e el el el e e el e el e e — - —
SF¢
SFs
SFs
SFs
SFs kg
(kg) Z SFe (kg)x (kg kg [)x ()
No SFs
1 | SFe 0.001 kg /kg /
SFe SFe
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SFg
SFs
SFs
SFs
SFe kg
SFe
(kg) SFe (kg) (kg)
SFs
HFC
HFC ()
HFC
HFC HFC-32, HFC-125, HFC-134a
1112 2- 111 2-
HFC kg kg
(kg) = HFC (kg) (kg)
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No No No
1 () 2 3
HFC
0
HFC
HFC
HFC
i ke z  HFC (kg
kg T HFC (kg (ko) i
1
HFC
] () HFC
()
HFC HFC
1 HFC
HFC
15 3
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SFe
SFe
SFs
SFs
SFe kg kg
(kg) SFs (kg) (k9)
SFe
SFe
SFs
SFs SFe
SFs
D=Mx(1-V, xT)
SFs
SFs
u SFs
SFs
HFC
HFC HFC
HFC
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HFC HFC-134a 111 2-

(kg) () kg’ )
No HFC
1 | HFC 0.0035 kg /
HFC
HFC
HFC
HFC HFC-134a 1112
HFC
HFC
(kg) (kg)
(kg)
(kg) ()
X (kg/ 1 )x ()
(kg) Z HFC  (kg)

2-62



No

kg

HFC

HFC
1 | HFC 0.015kg/ /
HFC 3
7
e — i — i — i il — i i = — - —
HFC
HFC
HFC
HFC HFC-134a 111 2-
HFC kg
(kg) HFC (ka) (ka)
0
HFC
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= HFC
HFC HFC
— i il e i el i e e e — e ——
HFC
HFC
HFC HFC
HFC HFC-134a 1112
HFC kg
(kg) HFC (kg)x (kg HFC / kg HFC )
No HFC
1 J—
2 0.11 kg HFC / kg HFC
3 1.0 kg HFC / kg HFC
4 _
14
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e — i — — i — - — — —— — e —— i —

HFC
HFC HFC
(MDI)

HFC HFC-134a, HFC-23, HFC-227ea

1112 1112333
HFC HFC kg
kg
(kg) = HFC (kg) (kg)
HFC HFC
HFC
HFC
o ub =(c,+C_,)x05 _
{ UD HFC
P HFC
ML ... HFC .
o U=Hx005+Fx005 ]
U HFC
H HFC
F HFC
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HFC PFC

HFC PFC
HFC PFC
HFC PFC kg kg
(kg) % (ka) (ka)

HFC PFC SFs

(CvD )
HFC HFC-23
PFC PFC-14, PFC-116, PFC-218, PFC-c318
SFs
HFC PFC SFs kg
kg PFC-14 PFC-116
PFC-218
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PFC-14

(kg) % (kg)x (kg lkg ) (ko)
PFC-14
(kg) PFC-14 (kg)x (kg kg ) PFC-14 (kg)
> PFC-116 PFC-218 (kg)x (kg kg )
(k)
No HFC | PFC SFo
1 | HFC-23 0.30 kg / kg
2 | PFC-14 0.80 kg / kg
3 PFC-116 0.70 kg / kg
4 PFC-218 0.40 kg / kg
5 | PFC-c318 0.30 kg / kg
6 | SFs 0.50| kg / kg
7 PFC-116 , PFC-14 0.10 kgPFC-14/kgPFC-116
8 PFC-218 , PFC-14 0.20 kgPFC-14/kgPFC-218

HFC PFC SFs
10%

(kg) (kg)x 0.9
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CO2

CHa N20
CO2 CHa4 N2O HFC | PFC SFs

1.1 o
1.2 o
1.3
2.1.1
2.1.3
2.1.4

CO2 CO2

N20 HFC HFC
CHa N20
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CO2

CHg4

N2O

HFC

PFC

SFs

11

1.2

13

211

2.1.3

2.1.4

2.3.2

2.3.4

235

2.6.1

HCFC-22 HFC-23

2.6.2

HFC

2.6.3

PFC

2.6.4

SFe

CO2

CHa4

CO2

N20

CO2

CHa4

N2O

HFC

PFC

SFs

1.1

1.2

1.3

211

2.1.3

2.1.4

2.2.2

O|O0 |0 |O

2.2.3

2.2.4

2.2.5

o|o|lO0|O|O|O|O

CO2

CHa4
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CO2 CHa N20O

HFC

PFC

SFs

11

1.2

13

211

214

23.1

CO2 CHa N2O

HFC

PFC

SFs

11

1.2

1.3

211

2.1.3

2.1.4

2.3.3

HFC
SF6

CO2
HFC

CH4

N20

CO2 CHa4 N-2O

HFC

PFC

SFe

11

1.2

1.3

2.1.1

HFC

2.6.5 ()

2.6.6

2.6.10 HFC

2.6.12 HFC

2.6.18
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CO2 CH4 N20
CO2 CHa N.O | HFC | PFC SFe
1.1 o
1.2 o
1.3 o
2.1.1
2.1.7
CH4 N20
CO2 CHa N.O | HFC | PFC SFe

1.1 o

1.2 o

1.3 o

2.1.7 o o

CO2
CHa N20
CO2 CHs | N2O | HFC | PFC | SFs

1.1 o

1.2 o

1.3 o

25.1

2.5.6 o o
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[AAT

1/5

Co, CH, N,O HFC PFC SF,

1.1 kgCO,/MJ 0.0867
kgCO,/MJ 0.0913
kgCO,/MJ 0.0906
kgCO,/MJ 0.0906

kgCO,/MJ 0.108

kgCO,/MJ 0.090
kgCO,/MJ 0.0684
(NGL) kgCO,/MJ 0.0684
kgCO,/MJ 0.0671
kgCO,/MJ 0.0666
kgCO,/MJ 0.0671
kgCO,/MJ 0.0679
kgCO,/MJ 0.0687
kgCO,/MJ 0.0693
kgCO,/MJ 0.0705
kgCO,/MJ 0.0716
kgCO,/MJ 0.0705
kgCO,/MJ 0.0930
(LPG) |kgCO,/MJ 0.0598
(LNG) |kgCO,/MJ 0.0494
kgCO,/MJ 0.0494
kgCO,/MJ 0.0403

kgCO,/MJ 0.258

kgCO,/MJ 0.182
kgCO,/MJ 0.0519
kgCO,/MJ 0.0513
kgCO,/MJ 0.0762

1.2 kgCO,/KWh 0.378
kgCO,/KWh 0.602

1.3 kgCO,/MJ 0.067




€L¢

2/5

co, CH, N,O HEC PEC SE.
21 211 kgN,O/GJ 0.00056
kgN,O/GJ 0.000014
kgGHG/GJ 0071 | 0.00056
kgCH,/GJ 0.0039
kgN,O/GJ 0.053
kgN,O/GJ 0.0050
212 kgCH,/kWh 0.000020
213 kgN,0/GJ 0.000028
kgN,O/GJ 0.0016
kgGHG/GJ 0.054 | 0.00060
214 kgN,0/GJ 0.00062
kgGHG/GJ 0.029
kgGHG/GJ 0.000054
kgN,O/GJ
kgN,O/GJ 0.0072
, kgGHG/GJ 0.024
kgGHG/GJ 0.0028
kgGHG/GJ 0012 | 0.00062
kgN,O/GJ 0.00093
kgGHG/GJ 0.00046 | 0.000040
215 kgGHG/GJ 0.29 0.0013
kgGHG/GJ 0.0095 | 0.00057
(Lpe) |<oGHG/GI 0.0045 | 0.000090
216 LTO kgGHG/LTO 03 0.1
kgGHG/KI 0 0.078
217 (Lpe) |KoGHGHKm 0.000011 | 0.000030
kgGHG/Km 0.000035 | 0.000044
kgGHG/Km 0.000011 | 0.000022
kgGHG/Km 0.000035 | 0.000039
kgGHG/Km 0.000035 | 0.000027
kgGHG/Km 0.000011 | 0.000023
kgGHG/Km 0.000035 | 0.000038
kgGHG/Km 0.0000020 | 0.000007
kgGHG/Km 0.000017 | 0.000025
kgGHG/Km 0.000015 | 0.000025
kgGHG/Km 0.0000081 | 0.000025
kgGHG/Km 0.000013 | 0.000025
218 kgGHG/KI 0.15 11
219 kgGHG/KI 0.26 0073
KgGHG/KI 0.26 0.074
KgGHG/KI 027 0.076
kgGHGI/KI 0.27 0.078
GHG GHG GHG




v.-¢

3/5

co, CH, N,O HFC PFC SFg
2.2 221 kgCH,/t 17.6
kgCH,/t 0.84
222 kgGHG/ 0.028 0.43 0
kgGHG/ 5,700 270 0.068
223 kgGHG/KI 0.282 2.83
kgGHG/ /| 0.48 64
2.2.4 kgGHG/KI 0.0023 0.025
225 kgCH,/PJ 90.7
226 kgGHG/Nm®  |[ 0.000095 | 0.00275
kgGHG/ /| 0.48 64
kgGHG/Nm?® 0.000027 | 0.00088
227 kgCH,/PJ 905
228 kgGHG/km/ 245 3,500
2.3 231 kgCO,/t 417
232 kgCO,/t 428
kgCO,/t 449
233 kgCO,/t 435
kgCO,/t 471
2.3.4 kgCO,/kg 2.4
kgCO,/I 2.22
kgCO,/kg 3.3
(LPG) kgCO,/kg 2.94
(LNG) kgCO,/kg 2.77
(LNG ) kgCO,/Nm* 21
kgCO,/Nm* 0.850
kgCO,/Nm® 2.41
235 kgN,O/t 101
kgN,O/t 3.92
kgGHGI/t 28 0.015
kgCH,/t 0.35
kgCH,/t 0.190
1.2- kgCH 4/t 0.005
kgCH,/t 0.031
236 PFC-14 CF, kgPFC/t 0.37
PFC-116 C,Fg kgPFC/t 0.037
237 )
1)
GHG GHG GHG




Gl-¢
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co, CH, N,O HFC PFC SFq
2.4 241 kgCH,/ 68
kgCH,/ 18
kgCH,/ 41
kgCH,/ 41
kgCH,/ 1.1
242 kgGHG/ 5.3 4.84
kgCH,/ 2.08
kgCH,/ 0.28
kgCH,/ 0.18
kgGHG/ 0.92 1.01
kgGHG/ 0.037 0.04
2.4.3 kgCH.,/m? 0.016
2.4.4 kgN,O/t 29.0
kgN,O/t 24.0
245 kgN,O/t 12.1
kgN,O/t 10.6
kgN,O/t 10.8
kgN,O/t 74.5
kgN,O/t 31.6
kgN,O/t 9.43
2.4.6 kgGHG/ [ 1.34 0.18
247 kaGHG/kg 0.0058 | 0.000060
kaGHG/kg 0.0043 | 0.00062
kaGHG/kg 0.0028 | 0.000080
kaGHG/kg 0.0027 | 0.00014
kaGHG/kg 0.0027 | 0.00023
kaGHG/kg 0.0027 | 0.00023
kaGHG/kg 0.0025 | 0.00011
kgGHG/kg 0.0024 | 0.00023
kgGHG/kg 0.0025 | 0.000040
25 25.1 KgCH,/t 142
KgCH /t 140
kgCH /t 140
25.2 kgCH,/kgBOD 0.0049
25.3 kaGHG/m® 0.00088 | 0.00016
kaGHG/m® 0.056 0.097
25.4 kgGHG/ 0.46 0.022
kgGHG/ 0.196 0.0200
255 kgCO,/t 2,680
kgGHG/t 0.000079 | 0.0493
kgGHG/t 0.058 0.0489
kgGHG/t 0.063 0.0592
25.6 kgN,O/t 0.010
kgGHG/t 2,900 0.00056 | 0.0098
kgGHG/t 2,600 0.17
kgGHG/t 0.0097 0.45
kgGHG/t 0.0097 0.903
GHG GHG GHG




9.-¢
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26 HFC 3 2.6.1 HCFC-22 HFC-23 kgHFC-23/
kgHCFC-22
2.6.2 HFC kgHFC/kg
2.6.3 PFC kgPFC/kg
2.6.4 SFg kgSFe/kg
2.6.5 HFC () kgHFC/kg
() kgHFC/kg
kgHFC/kg
2.6.6 kgSFe/kg
2.6.7 HFC () kgHFC/kg/
kgHFC/kg/
kgHFC/kg/
2.6.8 SFg kgSFe/kg/
2.6.9 SFe
2.6.10 HFC ()
2.6.11 SFs
26.12 HFC kgHFC/
2613 HFC kgHFC/ /
2614 HFC
2.6.15 HFC kgHFC/kg
kgHFC/kg
kgHFC/kg
kgHFC/kg
2.6.16 /
2.6.17
2.6.18 HFC-23 CHF, kgHFC/kg
PFC-14 CF, kgPFC/kg
PFC-116 C,Fg kgPFC/kg
PFC-218 C,Fg) kgPFC/kg
PFC-c318 c¢-C,Fq kgPFC/kg
SF¢ kgSFe/kg
kgPFC-14/
PFC-116 PFC-14 KQPEO-116
kgPFC-14/
PFC-218 PFC-14 KQPEG-218

@




No. No.
(MJ) (MJ)
1 kg | 28.9 24 kg 35.6
2 kg | 225 25 (LPG) kg 50.2
3 kg | 26.6 26 (LNG) kg 54.5
4 kg | 27.2 27 Nm3| 40.9
5 kg | 30.1 28 Nm3| 21.1
6 kg | 23.9 29 Nm3| 341
7 kg | 14.4 30 Nm3| 8.41
8 kg | 15.3 31 Nm3| 449
9 kg | 33.1 32 Nm3| 41.1
10 | 38.2 33 Nm3| 28.5
11 (NGL) | 35.3 34 Nm3| 40.3
12 | 34.6 35 Nm3| 19.1
13 | 34.1 36 Nm3| 38.2
14 | 36.7 37 Nm3| 23.4
15 | 36.7 38 kg 42.3
16 | 38.2 39 kg 13.9
17 | 39.1
18 | 40.4
19 | 41.7
20 | 40.2
21 | 37.9
22 | 37.7
23 | 35.8
1
2
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1 CO2 1
2 CHa4 21
3 N20 310
4 HFC
HFC-23 11,700
HFC-32 650
HFC-41 150
1112 2- HFC-125 2,800
112 2- HFC-134 1,000
111 2- HFC-134a 1,300
11 2- HFC-143 300
111- HFC-143a 3,800
11- HFC-152a 140
1112333 HFC-227ea 2,900
111383 3- HFC-236fa 6,300
11223 HFC-245ca 560
111234455 5- HFC-43-10mee 1,300
5 PFC
PFC-14 6,500
PFC-116 9,200
PFC-218 7,000
PFC-31-10 7,000
PFC-c318 8,700
PFC-41-12 7,500
PFC-51-14 7,400
6 SFe 23,900




(1)

(2)

®3)

(4)
20Wt% 80Wt%

©®)

(6)

(7)

(8) NGL

©)
Jis

(10)
30~240
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(11)

(12)

(13)

(14)

JIS

(15)
Jis

(16)
Jis

(17)

(18)

(19) LPG

(20) LNG

(21) LNG

(22)

2-80

JIS

JIS

LNG



(23)

(24)

(25)
LPG

(26)
LPG

(27)

(LPG)

(28)

(29) Nm3
(43)

(30) R-407A
HFC-32(20 ) HFC-125(40 ) HFC-134a(40%)

(31) R-410A
HFC-32(50 ) HFC-125(50 )

(32)

(33)
10 6 5 97
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(34)

(39)

(36)

(37)

(38)

(39)

(40)

CO2

(dry matter fraction)

(residue/crop production ratio)

54 6 22 49

CO2
CO2
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(41)

(42)

(43)

(44)

(45)

(46)

14

(23)

64

3 7 11

(fraction of residue burned in the field)

2-83

Nms3

800 900

13

22

10






GHG *1 GHG
GHG
http://www.ghgprotocol.org/standard/ghg.pdf

GHG
GHG 1998 World Business
Council for Sustainable and Development: WBCSD World Resource
Institute: WRI NGO

GHG
http://www.ghgprotocol.org

Relevance

Completeness

Consistency

Transparency

Accuracy

*1 The Greenhouse Gas Protocol: a common corporate accounting and reporting standard

-2



4
1)
GRI
(2)NGO
WWF
Environmental Resources Trust, Inc.
3

UK Emissions Trading Scheme
Chicago Climate Exchange

GHG




50

20

50

1 @
100%
1)
(2 ©)
3)
A

GHG




GHG

GHG

HFC

CH4

GHG




GHG

GHG



CO2
PFC

CO2

CH4




2003 2 -12

HFC

HCFC-22 HFC-23

GHG




'soft’

GHG

GHG

11




CO2 CHs N2O HFCs PFCs SFs
CO2

CFCs NOx

-10



GHG

ton kWh

-11



GHG

GHG 2003 2 28
CO2
CO2
(RAC) RAC
HFC
HFC
CO2 ( CO2
(anode effect) PFC )
SFs
CO2
N20O
CO2
N20O
CO2
CO2
HCFC-22
HEC-23 HCFC-22 HFC-23
PFC
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ISO

1SO

14064

2002 6 WG5S

ISO 2003
2003 3
wWDI’

ISO

ISO
WD1'
Entity

ISO 14064

GHG

(Guidance)

(Entity quantification)

(Principle) (Project quantification)

(Validation,Verification)

ISO 14064

-13

1SO

ISO 1SO
ISO TC207

TC207

WD 2004

WD1

Principle
Project

Validation Verification

Requirement




WD1'

1
Greenhouse gases - Part 1: Specification for the quantification, monitoring

and reporting of entity emissions and removals

18
(Activity level) (Base Year)
(Boundaries) CO:2 (CO2 equivalent)
(Emission factor) (Emissions, direct)
(Emissions, indirect) (Entity)
(Facility) (Global Warming Potential)
(Greenhouse gas (GHG)) GHG (GHG Inventory)
(Inventory quality) (Materiality)
(Project) (Removals)
(Source) (Uncertainty)

(Completeness)

(Consistency)

(Accuracy)

(Transparency)

-14



6 CO2 CHs N20 HFC PFC
SFs

CO2
GHG

-15



(GUM) GUM  ISO/WD
20988

-16



Greenhouse gases - Part 3: Specification and guidance for validation, verification and

certification

ISO 14050: 2002, Environment management — Vocabulary
ISO 14064: 2004, Greenhouse gases — Part 1: Specification for the quantification,

monitoring and reporting of entity-level emissions and removals
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ISO 14064: 2004, Greenhouse gases — Part 2: Specification for the quantification,
monitoring and reporting of project emissions and removals
ISO 19011: 2002, Guidelines for quality and/or environmental management systems

auditing
3
Accuracy Analytical testing base year
51
4
Consistency
Transparency
Independency
Ethical conduct
Fair presentation
Due professional care
5.0
5.1
5.2
5.3
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54

5.5

5.6

5.7

5.8

59

internal control environments
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5.10

511

5.12

5.13



(Guidelines for the Measurement and Reporting of Emissions
by Direct Participants in the UK Emissions Trading Scheme, Oct. 2002, DEFRA™)

UK
UK
UK
UK
UK CO2
UK 2001 8
CO2 A CO2 B
CO2
DEFRA
UK
UK
UK
DEFRA
CO2 CO2
IPCC

"L DEFRA Department for Environment, Food and Rural Affairs.
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UK

Faithful Representation

Completeness

Consistency

IPCC

Reliability

Transparency

IPCC

EU

IPCC




IPCC UK
CO2 CO2
IPCC
DEFRA
CO2 UK
UK
1 3
|
UK
No
UK UK
Yes
DEFRA
I
DEFRA
| I
DEFRA/ETA




UK

UK



1999 2000

IPCC

DEFRA

2000

UK



UK

1SO14001

EMAS

CO2

UK



GHG

CO2 IPCC

CO2

CO2

Al

A2

A3

CO2

Bl

B2

B3

B4

B5

B6

B7

Cl

HF, CTF, HCFC-22, HFC-125, HFC-134A

HFC

PFC

Cc2

HF, CTF, HCFC-22, HFC-125, HFC-134A

PFC

HFC

C3

HFC  PFC

C4

HFC

C5

CO2 CHa4

C6

CO2

C7

CO2

C8

CHa4

C9

HFC  PFC

C10

CO2 CHs4 N20




Climate Leaders Program US Voluntary Reporting of

Greenhouse Gases

Climate Leaders Program

EPA

EPA

Energy Star, Waste Wise, Green Power Partnership, etc.

Climate Leaders
EPA

EPA

EPA

Climate Leaders

Climate Leaders WRI
GHG
EPA

Climate Leaders




Inventory Design

. Climate Leaders
Principles

Core Module

Optional Module

Reporting Form

GHG protocol

Climate Leaders GHG
GHG
10% GHG
- Significant Influence
*1 *1
100% 100% 100%
50% *2 100%
10-50% *3
10%
Source: Climate Leaders Design Principles (Draft) — Oct. 21, 2002, Table 2-1 (p.12)
*1
*2
*3



Climate Leaders

emissions
Core direct and indirect emissions
Optional emissions

Offsets emissions

Indirect core

AW NP

Source: Climate Leaders Design Principles (Draft) — Oct. 21, 2002, Table 5-1 (p.28)




GHG Climate Leaders
Guidance on setting a GHG reduction goal

GHG CLIMATE LEADERS GREENHOUSE GAS

(The Greenhouse Gas Protocol INVENTORY PROTOCOL

Initiative) CLIMATE LEADERS DESIGN
PRINCIPLES
Corporate  GHG inventory  design

GHG accounting and reporting principles

principles

Business goals and inventory design

v

Setting organizational boundaries

GHG accounting and reporting principles

Setting operational boundaries

Setting organizational boundaries

“—>
—>

Accounting for GHG reductions

Setting operational boundaries

Setting a historic performance datum

Identifying and GHG

emissions

calculating

Identifying and GHG

emissions

calculating

Setting a historic performance datum

Managing inventory quality

Guidance on setting a GHG reduction goal

Reporting GHG emissions

Accounting for GHG reduction/achieving
the reduction goal

Verification of GHG emissions

Reporting GHG emissions

2003 1 10

Pilot Partners 2

Managing inventory quality

i

Verification of GHG emissions

http://www.epa.gov/climateleaders/

Charter Partners 35

Climate Leaders

Climate Leaders Program




US Voluntary Reporting of Greenhouse Gases

1992 Section1605(b)
DOE
Section1605(b)
1987 1990
DOE
2000 222 7%
1994 106%
2000 634
9% 1994 197%
1994 2000
Indicator 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
108 142 150 162 207 207 222
634 960 | 1,040 | 1,288 | 1,549 | 1,721 | 1,882
40 51 56 60 76 83 100




Guidelines
Volume |
Electricity Supply
Residential and Commercial Buildings
Industrial Sector
Volume II

Transportation
Forestry

Agriculture

The Long Form (Form E1A-1605)

The Short Form (Form EI1A-1605EZ7)

Administration

Section (b) (3) Section 552 (b) (4)

Section
DOE

General

Energy Information

5



2002 2 14

2002 5 6
DOE
2002 7 8

2002 11 12

DC
2003 1
2003
2003
DOE

2004

http://www.pi.energy.gov/ienhancingGHGregistry/

1

6
2 14
2
DOE
URL

http://www.eia.doe.gov/oiaf/1605/frntvrgg.html

2002

Federal Register

5

12

20

EIA



(GHG)



Janet Ranganathan World Resource Institute

Dave Moorcroft World Business Council for Sustainable Development

Jasper Koch World Business Council for Sustainable Development

Pankaj Bhatia

Bryan Smith

Hans Aksel Haugen
Vicki Arroyo Cochran
Aidan J.Murphy
Sujata Gupta

Yasuo Hosoya

Rebecca Eaton

Mike McMahon
Don Hames

Bruno Vanderborght
Melanie Eddis
Kjell @ren

Laurent Segalen
Marie Marache
Roberto Acosta
Vincent Camobreco
Cynthia Cummis
Elizabeth Cook

World Resource Institute

Innovation Associates

Norsk Hydro

Pew Center on Global Climate Change
Shell International

Tata Energy Research Institute

Tokyo Electric Power Company

World Wildlife Fund

BP

Dow Chemical Canada
Hplcim

KPMG

Norsk Hydro
PricewaterhouseCoopers
PricewaterhouseCoopers
UNFCCC

U.S. EPA

U.S. EPA

World Resource Institute



GHG



GHG

GHG
GHG 1998 World Business Council for
Sustainable and Development: WBCSD World Resource Institute: WRI
NGO
GHG www.ghgprotocol.org
GHG
6
GHG
GHG
10 30

GHG



dematerialization

common standard

GHG

GHG

GHG

GHG

GHG



GHG

Climate Change: IPCC

GHG
GHG

www.ghgprotocol.org

FAQ

GHG

GHG

www.ghgprotocol.org

Intergovernmental Panel on



GHG

GHG

*1

*2

*1
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Relevance

Completeness

Consistency

Transparency

Accuracy

Relevance



Completeness

Consistency

-10



Transparency

10

Accuracy

2000

20%

1996

-11




Global Reporting Initiative
NGO
Climate Neutral Network ,
WWF Climate Savers Program

Environmental Resources Trust

Canadian Voluntary Challenge Registry ,
Australian Greenhouse Challenge Program
California Climate Action Registry
US EPA Climate Leaders Initiative

cap and trade allowance trading programs
UK Emissions Trading Scheme

Chicago Climate Exchange

-12



directives
EU

European Integrated Pollution Prevention and Control Directive

EU European Pollutant Emission Register

Canadian National Pollutant Release Inventory

carbon taxes

baseline protection

Rio Tinto

1999

5%

-13




GHG
WWF Climate Savers Program
CO:
BP
GHG
Emission Register EU

Control Directive

-14

NGO

Appendix 1

Australian Greenhouse Challenge Program

GHG

EU European Pollutant

European Integrated Pollution Prevention and



10

GHG

GHG

GHG

GHG

GHG

GHG

-15




substance over

form

entity/facility
50

20 50

20
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100%

100%

-17




IAS
US GAAP

100%

50% 60%
50% 60% 50%
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1,950tCO:2
1,630tCO:2

2,050 CO2
2,290 CO2

100 -
700 CO:
80 -
> 400 CO
20 2
50 -
o0 500 CO»
60 -
40 g
600 CO:
10 -
> 800 CO
90 2
100 g 1,000 CO:

-19




100%

100%

CO2

700

W

60%

80%

100%
100%

CO2
CO2

400
600

50%

CO2

250

CO2

1,950

W

60%

100%
80%

CO2
CO2
CO2

CO2

700
320
360

250

CO:

1,630

60%

100%

100%

CO2

1,000

90%

100%

CO2

800

50%

CO2

250

CO2

2,050

100%
90%

CO2
CO2
CO2

1,000
720
250

40%

20%

CO2

CO2

240

80

CO:

2,290




*1

*2

HFC CHa4

*1

NOx, NMVOC, CO
*2

GHG



*1

*1






100




20 50
Loreti et al., 2000

GM 23
EIA, 1997
Voluntary Challenge Program
Greenhouse Challenge Program 1605b US

Department of Energy’s Voluntary 1605b Reporting Program
1605b

US EPA

GHG



US Sulfur Dioxide Trading Program

UK Emissions Trading Scheme

IPPC: the Integrated Pollution and Prevention and Control

Directive 6 "1
2001 IPPC 2003
EPER EPER
EC DGE, 2000
GHG
Canadian Voluntary Challenge Registry(VCR) GHG
GHG
VCR GHG
GHG
VCR GHG
GHG
GHG
VCR GHG
VCR VCR
Champion Reporting status GHG
"I EPER
CO:2 100,000,000 100,000 10,000 100
PFC 100 SFs 50
M C E NOSE P




Swiss Re

Swiss Re Re
Swiss Re 5000 800
1996 1999
2000 Swiss Re
2000 Swiss Re

Norsk Hydro

1990 Norsk Hydro

CF SFe Norsk Hydro

Norsk Hydro
CF SF

Norsk Hydro 1996

80%




GHG

GHG

n
(CDM)



GHG

GHG

GHG






GHG

2000
2000 , 2001



1990

2012

1990

1990

GHG

2008

30

50




60

20

15

80

15

65

65t-CO,

80
C 20

B 30

A 30

60

B 30

A 30

C 15
50

B 25

A 25

100 -
80
0

(021

40

20

B

75

25

90

30

15

60

25

10

50

90

60

50t-CO,

B 30

A 30

C 30

B 30

A 30

75

A 25

100 -

-33



50

30

60

20

15

80

50

50t-CO;

C 20

B 30

A 30

C 15 80
N

60

B 30

A 30

A 25

20 1
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GHG
GHG www.ghgprotocol.org

(Appendix 2)

CO2 CO2 PFC

CH4



1996

9

uTC

uTC

13%

(UTC)

uTC

uTC




1996b)

(heating oil)

GHG

*1

2

3%

*1

CO2

GHG

GHG

(International Aluminium Institute)

(www.ghgprotocol.org)

IPCC

CO2

(IPCC,

CO2

WBCSD



CO2

GHG

HFC



GHG

CO2
(CO2)
HFC HFC
(
CO2 PFC
SFe
(CO2)
(N20)
(CO2)
(N20)
CO2
CO2
HCFC-22 HCFC-22 HFC-23
HFC-23
PFC




e-mail

BP



BP



CO2

BP

BP

(BP,2000)

(pro-forma)
e-mail

(pro-forma)

BP

BP

320

e-mail

BP







(Fair) (Good)*? (Low) (Low)
(High) (Moderate) (Moderate)
(Good) (High) (High) (High)

*1
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/s

CO2



10.

11.

(Vauxhall Motors)

50%

kgCO2/MWh

CHa4

N20




(high)

(good)
(fair)

(poor)

GHG

30

+ W

L
>

S

www.ghgprotocol.org



GHG

COz2 CHs N20 HFCs PFCs SFe CO2

CO2



CFCs NOx

GHG

GHG

CFCs HFCs 6

Texaco



Texaco

Texaco
NOx CO VOCs H2S SOx
CO2 CHas N20
CO2
9 10% IC
CcoO

VOC

Texaco
Texaco
NOx CO VvVOC
NOx CO2
3 4%
50% CcO VOC

0.2% IC 1%
NOX

URS/KPMG Texaco

CO2 CHas N20




CO2

Verfaillie, H. and Bidwell, R., 2000; I1SO 1999; NRTEE, 1999;
GRI, 2000



‘ GHG

BP

BP

NGO



BP

Texaco

kwh



EU

EMAS

1SO14001



API1(2001), Compendium of Greenhouse Gas Emissions Methodologies for the Oil and Gas Industry, Final
Draft, American Petroleum Institute

BP(2000), Environmental Performance . Group Reporting Guideline, Version 2.2

DEFRA(2001), Guidelines for the Measurement and Reporting of Emissions in the UK Emissions Trading
Scheme, UK Department for Environment, Food and Rural Affairs, UK ETS(01)05

DEFRA(1999), Environmental Reporting: Guidelines for Company Reporting on Greenhouse Gas
Emissions, UK Department for Environment, Food and Rural Affairs, London

EC-DGE(2000), Guidance Document for EPER Implementation, European Commission
Directorate-General for Environment

EIA(1999), Wluntary Reporting of Greenhouse Gases, DOE/IEA-0608(95), U.S.Energy Information
Administration, Department of Energy

EIA(1997), Mitigating Greenhouse Gas Emissions: \Voluntary Reporting. U.S.Energy Information
Administration, Department of Energy, Washington DC

EPA(1999), Emission Inventory Improvement Program, \olume VI: Quality Assurance/Quality Control.
U.S.Environmental Protection Agency

GRI(2000), Global Reporting Initiative, Sustainability Reporting Guidelines on Economic, Environmental,
and Social Performance, Global Reporting Initiative

IEA(2000), International Energy Agency, Paris (personal communication with Karen Treanton

IPCC(2000), Good Practice Guidance and Uncertainty Management in National Greenhouse Gas
Inventories, Intergovernmental Panel on Climate Change

IPCC(1996a), Revised IPCC Guidelines for National GHG Inventories: Reference Manual,
Intergovernmental Panel on Climate Change

IPCC(1996b), Revised IPCC Guidelines for National GHG Inventories: Reference Manual,
Intergovernmental Panel on Climate Change

ISO(1999), [International Standard on Environmental Performance Evaluation, (1ISO 14031),
International Standard Organization, Geneva

Loreti, C., Wescott, W., and M. Isenberg(2000), An Overview of Greenhouse Gas Emissions Inventory
Issues, Pew Center on Global Climate Change, Washington DC

NRTEE(1999), Measuring Eco-efficiency in Business.: Feasibility of a Core set of Indicators, National
Roundtable on the Environment and Economy, Ottawa

Thomas, C., Tennant, T., and J.Rolls(2000), 7he GHS Indicator: UNEP Guidelines for calculating
Greenhouse Gas Emissions for Business and Non-commercial Organizations, United Nations

Environment Programme

Verfallie, H., and R.Bidwell(2000), Measuring Eco-efficiency: A guide to Reporting Company Performarice,
World Business Council for Sustainable Development, Geneva
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voluntary GHG initiatives

GHG
co2
ERT
EPA GHG
1605b
WWF co2 GHG




GHG

GHG

GHG

www.greenhouse.gov.au

90

www.climateregistry.org

www.vcrmvr.ca

www.ert.net,
Www.ecoregistry.org

10
90

cummis.cynthia@epa.gov

www.eia.doe.gov/oiaf/1605/
frntvrgg.html

90

GHG




HFC
*iii
CHa HFC
CHa
CO2
CHa4
HFC
CHa
CO2
HFC CHa
CO2
HFC
CHa
CO2




HFC

CHa
CO2
*
iv
HFC
CHas
CO2
*v
CHa4
CO2
*vi
CHa
CO2
CHa
CO2
HFC PFC SFe HCFC22 *vii
HCFC22
HFC
CHa CO2




*viii

HFC
CHa
CO2 HFC

HFC

HFC

CHa4
CO2

HFC

*i

*ii SFe

*1ii (American Petroleum
Institute) (API, 2001)

*iv. WBCSD

*v

*Vi

*vii HFC PFC SFs

*viii HFC




(Accounting)

(Additionality)

|
(Annex 1 countries)

(Base year)

(Base year emissions)

(Baseline)

(Biofuels)

(Boundaries)

(Calculation tools) www.ghgprotocol.org

(Cap and trade system)

(Control)

CO2 (CO2z equivalent)

(Cross-sector calculation
tool)

(Direct GHG emissions)

(Direct monitoring) 8

(Emissions)

(Emissions credit)

(Emissions factor)

(Equity Share)

(Fugitive emissions) 7

(GHG accounting principles)

GHG
GHG (WRI)

(GHG Protocol Initiative (WBCSD)

and GHG Protocol)

(GWP)
(Global warming potential) CO2
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(Green power)

(Heating value)

(HHV)

www.ghgprotocol.org

(Indirect GHG emissions) 4
IPCC
(IPCC)
(Intergovernmental  Panel
on Climate Change)
(Inventory)
(Inventory quality)
(Kyoto Protocol)
2008 2012

1990

(Mobile combustion)

I
(Non-Annex 1 countries)

(Offset)

/
(Organic growth/decline)

(Outsourcing)

(Permit)

(Process emissions)

(Project reduction module)

(Ratio indicator)

(Renewable energy)

(Reporting)

(Reporting for control)

(Reporting for equity share)

(Scope)

(Scope 1 inventory)
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(Scope 2 inventory)

(Scope 3 Inventory)

(Sector specific calculation
tools)

(Sequestration)

(Significant threshold)

(Sink)

(Source)

(Stationary combustion)

(Structural change)

(Uncertainty)

(Value chain module)

www.ghgprotocol.org

URL

(Verification)

10
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ROAD TESTERS

Baxter International
BP

CODELCO

Dow Chemical Canada
Duncans Industries
DuPont Company
Ford Motor Company

Fortum Power and Heat
General Motors Corporation

Hindalco Industries
IBM Corporation
Maihar Cement
Nike

Norsk Hydro

CONTRIBUTORS

Dawn Fenton
Paul-Antoine Lacour
Ron Nielsen

Steve Pomper
Kenneth Martchek
David Jaber

Alain Bill

Walter C. Retzsch
Dale Louda

Tom Carter

Ted Gullison

John Molburg
Fiona Gadd

Scot Foster

Mike Isenberg
Chris Loreti

Bill Wescott
Thomas E. Werkem
David Harrison
Linda Powell
James Shevlin
Bronwyn Pollock
Jean-Bernard Carrasco
William Work
Ronald E. Meissen
Nick Hughes
JoAnna Bullock
David Cahn

Molly Tirpak
David Olsen

Alan D. Willis

Ellina Levina

Steve Winkelman
Paul Blacklock
Mark Fallon

Lisa Nelowet
Charlene R. Garland
Donna Boysen
Jennifer DuBose

Ontario Power Generation
Petro-Canada

PricewaterhouseCoopers road tested with companies in the European
non-ferrous metal sector

Public Service Electric and Gas

Shree Cement
Shell Canada
Suncor Energy

Tokyo Electric Power Company

\Volkswagen
World Business Council for Sustainable Development
World Resources Institute
500 PPM - road tested with several small and medium sized companies

in Germany
ABB Sue Hall
AFOCEL Michael Burnett
Alcan Elizabeth Arner
Alcan Fernando E. Toledo
ALCOA Bruce Steiner
Alliance to Save Energy Lynn Preston
Alstom Annick Carpentier

American Petroleum Institute
American Portland Cement Alliance
American Portland Cement Alliance
Anova

Argonne National Laboratory
Arthur Andersen

Arthur D. Little

Arthur D. Little

Arthur D. Little

Arthur D. Little

Atofina Chemicals

Australian Greenhouse Office
Australian Greenhouse Office
Australian Greenhouse Office
Australian Greenhouse Office
Australian Greenhouse Office
BASF Corporation

Baxter International

BP

Business for Social Responsibility
California Portland Cement
California Climate Action Registry
California Climate Action Registry
Canadian Institute of Chartered
Accountants

Center for Clean Air Policy

Center for Clean Air Policy

Calor Gas Limited

CH2M Hill

CH2M Hill

Clean Air-Cool Planet

Clean Energy Group

Climate Neutral Network

Sonal Pandya
Michael Totten
Dominick J. Mormile
Satish Malik
Fred Zobrist

lan Lewis
Raymond P. Cote
Markus Lehni

Mr. Tost

Einar Telnes
Philip Comer
Scott Noesen
Paul Cicio
Francesco Balocco
Frank Farfone
Stephen Rose

R. Swarup

John B. Carberry
David Childs

Tom Jacob

Ed Mongan

Ron Reimer

Fred Whiting
Mack McFarland
Brian Glazebrook
Alan Tate

Justin Guest
Pedro Moura Costa
Kyle Davis
Marcus Schneider
Patrick Nollet
James L. Wolf
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Climate Neutral Network
Climate Trust
CO2e.com/Cantor Fitzgerald
CODELCO

Collier Shannon Scott
Collins & Aikman
Confederation of European Paper
Industries

Conservation International
Conservation International
Consolidated Edison Company
CTI Project

CTI Project

Cumming Cockburn Limited
Dalhousie University
Deloitte & Touche Experta
Deloitte & Touche

Det Norske Veritas

Det Norske Veritas

Dow Chemical Company
Dow Chemical Company
Dow Chemical Company
Dow Chemical Company
Dow Chemical Company
Duncans Industries

DuPont Company

DuPont Company

DuPont Company

DuPont Company

DuPont Company

DuPont Company

DuPont Company
Ecobalance

Ecos Corporation
EcoSecurities

EcoSecurities

Edison Mission Energy
Energy Foundation
Entreprises pour I'Environnement
Envinta



Kenneth Olsen
Adrian Steenkamer
Millie Chu

Sarah Wade

Satish Kumar
John Cowan

Alice LeBlanc
Edward W. Repa

William B. Weil

Barney Brannen
Ben Feldman

Al Daily

Anita M. Celdran

William E. Kirksey

Juerg Fuessler
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