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Table B12. Average N2O emission factors for road traffic including cold start emissions and evaporation, g N2O/ kg fuel 

 V11 Motor gasoline V15 Auto diesel  

 
Passenger car Other light 

duty cars 
Heavy duty 

vehicles
Moped Motorcycle Passenger car Other light 

duty cars
Heavy duty 

vehicles

1973 0.024 0.017 0.031 0.059 0.061 0.038 0.025 0.146
1980 0.026 0.018 0.032 0.058 0.058 0.037 0.025 0.136
1986 0.029 0.02 0.034 0.059 0.054 0.038 0.025 0.127
1987 0.03 0.02 0.036 0.059 0.054 0.037 0.025 0.128
1989 0.036 0.02 0.039 0.059 0.053 0.037 0.025 0.128
1990 0.049 0.02 0.041 0.059 0.052 0.037 0.025 0.128
1991 0.062 0.02 0.042 0.059 0.052 0.037 0.025 0.128
1992 0.071 0.023 0.043 0.059 0.052 0.038 0.025 0.128
1993 0.087 0.03 0.044 0.059 0.052 0.039 0.025 0.13
1994 0.107 0.04 0.045 0.059 0.051 0.039 0.025 0.128
1995 0.132 0.053 0.045 0.059 0.051 0.04 0.025 0.131
1996 0.161 0.069 0.045 0.059 0.051 0.04 0.025 0.131
1997 0.188 0.086 0.045 0.059 0.051 0.042 0.025 0.133
1998 0.207 0.1 0.045 0.059 0.051 0.044 0.026 0.129
1999 0.228 0.112 0.045 0.059 0.051 0.045 0.028 0.126
2000 0.25 0.125 0.044 0.059 0.051 0.047 0.029 0.126
2001 0.262 0.133 0.044 0.059 0.051 0.052 0.032 0.126
2002 0.273 0.138 0.044 0.059 0.051 0.058 0.036 0.126
2003 0.28 0.143 0.044 0.059 0.051 0.065 0.04 0.126
2004 0.283 0.145 0.045 0.059 0.052 0.072 0.044 0.126
2005 0.286 0.148 0.045 0.059 0.052 0.078 0.048 0.126

2006 0.284 0.147 0.046 0.059 0.052 0.082 0.051 0.126
Source: Statistics Norways' road model. 

Navigation (M.1A3D) - CH4, N2O, NOX, NMVOC, CO, particles and POPs 

Table B13. General emission factors for navigation 
 CH4 

kg/ 
tonne 

N2O 
kg/ 

tonne 

NOX 
kg/ 

tonne 

NMVOC 
kg

/tonne

CO kg/
tonne

NH3 kg/
tonne

TSP, 
PM10 kg/

tonne

PM2.5
kg/

tonne

PAH g/ 
tonne 

PAH-
OSPAR 

g 
/tonne 

PAH-4 
g/

tonne

Dioxin 
ug/

tonne

V17 Marine gas oil/diesel, 
V18 Light fuel oils, V19 
Heavy distillate, V20 
Heavy fuel oil 0.23 0.08 60.8 2.4 2.9 0 0.7 0.665 1.6 0.26 0.04 4
V31 Natural gas  
(1000 Sm3) 40.029 0 7.407 0.814 2.143 0 0.018 0.018 0.0153 0.00085 0 0.05
Numbers in italics have exceptions for some sectors, see Table B14, and bold numbers are different for different years, see Table B15 and B16. 
Source: Flugsrud and Rypdal (1996), Tornsjø (2001), Finstad et al. (2001), Finstad et al. (2002a) and Finstad et al. (2003).  
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Table B14. Exceptions from the general factors for navigation 
Component Emission 

factor 
(kg/tonne) 

Fuel Sector 

CH4 0.8 V17 Marine gas oil/diesel 231110 -231120 
CH4 1.9 V20 Heavy fuel oil 231110 -231120 
N2O 0.02 V17 Marine gas oil/diesel 231110 -231120 
NOX 56.76 V17, 18, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 230510 
NOX 69.34 V17, 19,20 Marine gas oil/diesel, light fuel oils, heavy distillate, Heavy fuel oil 231110 - 231120 
     
NOX 54,68 V17, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 247520 
NMVOC 1.4 V17, 18, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 230510 
NMVOC 2.3 V17, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 247520 
NMVOC 5 V17 Marine gas oil/diesel, light fuel oils  231110 -231120 
NMVOC 5 V19, 20 Heavy distillate, heavy fuel oil 231110 -231120 
CO 7.9 V17, 18, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 230510 
CO 7 V17, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 231110 -231120 
CO  2.3 V17, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 247520 
TSP, PM10  0.5 V17, 18, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 230510, 231110 - 

231120, 247520 
PM2.5  0.5 V17, 18, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 230510 
PM2.5  0.48 V17, 19, 20 Marine gas oil/diesel, light fuel oils, heavy distillate, heavy fuel oil 231110 -231120, 

247520 

Table B15. Time series for variable emission factors for navigation. NOX 
Sector Fuel 1980-2003 1980-1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004-
General V17-20  61.70 61.77 61.84 61.92 61.99 62.06 61.85 61.64 61.43 61.22 61.01 60.80
230510 V17-20  56.27 56.34 56.41 56.48 56.56 56.63 56.65 56.67 56.69 56.72 56.74 56.76
231110 -
231120 

V17-20 
70                 69.34

Table B16. Time series for variable emission factors for navigation. NMVOC, CO, TSP, PM10 and PM2.5 
  NMVOC CO TSP, PM10 PM2.5 

Sector Fuel 1980-
1990 1980-1997 1980-1998 1991- 1998- 1999- 1980-1997 1998-

1980-
1997 1993- 1998- 1980-1997 1993-

1998-

General V17-20    3.1 2.9 0.6  0.7 0.57 0.665
230510 V17-20    1.5 1.4   
231110 -
231120 

V19,20 
6.4   5 0.5  0.48

231110 -
231120 

V 20 
     

247520 V17-20  2.2  2.3   

Other mobile sources including railways - CH4, N2O, NOX, NMVOC, CO, NH3, particles and POPs 
Table B17. General emission factors for other mobile sources 

    

CH4 kg/ 
tonne 

N2O 
kg/ 

tonne 

NOX 
kg/

tonne

NMVOC 
kg/

tonne

CO 
kg/

tonne

NH3 
kg/

Tonne

TSP, 
PM10 

kg/
tonne

PM2.5 
kg/ 

tonne 

PAH 
g/ 

tonne 

PAH-
OSPA

R 
g/tonn

e 

PAH-4 
g/

tonne

Dioxin 
ug/

tonne

M.1A3C 
Railway 

V15 Auto 
diesel 0.18 1.2 47 4 11 0 3.8 3.8 3.3 0.53 0.08 0.1

M.1A3E.21 
Small boats 2 
stroke  

V11 Motor 
gasoline  5.1 0.02 6 240 415  0 8 8 2 0.53 0.08 0.1
V11 Motor 
gasoline 1.7 0.08 12 40 1 000  0 1 1 2 0.53 0.08 0.1M.1A3E.22 

Small boats 4 
stroke  V15 Auto 

diesel  0.18 0.03 54 27 25  0 4 4 3.3 0.53 0.08  0.1 
M.1A3E.31 
Motorized 
equipment 2 
stroke  

V11 Motor 
gasoline 6 0.02 21 500 700  0 8 8 2 0.53 0.08 0.1
V11 Motor 
gasoline 2.2 0.07 10 110 1 200 0 1 1 2 0.53 0.08 0.1
V15 Auto 
diesel  0.17 1.3 33.7 6 15 0.005 4 3.8 3.3 0.53 0.08  0.1

M.1A3E.32 
Motorized 
equipment 4t  V18 Light 

fuel oils  0.17 1.3 50 6 15 0.005 7.1 6.75 3.3 0.53 0.08 0.1
M.1A3E.1 Snow scooter has the same emission factors as M.1A3B.41 Moped, see Table B9. 
Bold numbers are different for different years. 1Before 1995 the emission factor was 1.3.  
Numbers in italics have exceptions for some sectors, see Table B18, Table B19 and Table B20. 
Sources: Bang (1993), SFT (1999c), Finstad et al. (2001), Finstad et al. (2002a), Finstad et al. (2003) and Winther and Nielsen (2006). 
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Table B18. Exceptions from the general factors for greenhouse gases and precursors for other mobile sources  
Component Emission 

factor 
(kg/tonne) 

Fuel Source Sectors 

CH4 6.2 V11 Motor gasoline M.1A3E.31 Motorized equipment 2 stroke  230100 
CH4 3.7 V11 Motor gasoline M.1A3E.32 Motorized equipment 4 stroke  230100 
CH4 7.7 V11 Motor gasoline M.1A3E.31 Motorized equipment 2 stroke  230200 
CH4 8.1 V11 Motor gasoline M.1A3E.31 Motorized equipment 2 stroke  330000 
CH4 5.5 V11 Motor gasoline M.1A3E.32 Motorized equipment 4 stroke  330000 
CH4 0.18 V15 Auto diesel M.1A3E.32 Motorized equipment 4 stroke  330000 
N2O 0.08 V11 Motor gasoline M.1A3E.32 Motorized equipment 4 stroke  231000-233720  
NOX 36.4 V15 Auto diesel M.1A3E.32 Motorized equipment 4 stroke  230100 
NOX 32.3 V15 Auto diesel M.1A3E.32 Motorized equipment 4 stroke  230200 
NOX 54 V18 Light fuel oils M.1A3E.32 Motorized equipment 4 stroke  230100 
NOX 52 V18 Light fuel oils M.1A3E.32 Motorized equipment 4 stroke  230200 
NOX 47 V18 Light fuel oils M.1A3E.32 Motorized equipment 4 stroke  231300-231400, 

236010  
NOX 48 V18 Light fuel oils M.1A3E.32 Motorized equipment 4 stroke  232640, 247520  
NOX 46 V18 Light fuel oils M.1A3E.32 Motorized equipment 4 stroke  234500 
NMVOC 7.2 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  230100 
NMVOC 5.7 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  230200 
NMVOC 4 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  231300-

231400,236010  
NMVOC 4.8 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  232640, 247520  
NMVOC 3.8 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  234500 
CO  25 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  230100 
CO  20 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  230200 
CO  11 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  231300-231400, 

236010  
CO  17 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  234500 
CO  18 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  247520 

Table B19. Exceptions from the general factors for other pollutants for other mobile sources 
Component Emission 

factor 
(kg/tonne) 

Fuel Source Sectors 

TSP, PM10  7.1 V15 Auto diesel M.1A3E.32 Motorized equipment 4 stroke  230100-230200  
TSP, PM10  3.8 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  231300-231400, 236010  
TSP, PM10  4.2 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  232640 
TSP, PM10  5.3 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  234500 
TSP, PM10  5.4 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  247520 
PM2.5  6.75 V15 Auto diesel M.1A3E.32 Motorized equipment 4 stroke  230100-230200  
PM2.5 3.61 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  231300-231400, 236010  
PM2.5 3.99 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  232640 
PM2.5 5.04 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  234500 
PM2.5 5.13 V15, 18 Auto diesel, light fuel oils M.1A3E.32 Motorized equipment 4 stroke  247520 

Table B20. Time series for NOX emission factors for use of auto diesel in motorized equipment 4t 
Sector 1980 1987 1989 1990 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
General 38.8 39.4 39.9 40.2 43.4 43.9 44.3 44.5 43.6 42.6 41.2 39.7 37.7 35.7 34.0 32.2
230100 30.1 31.2 32.2 32.7 36.6 38.3 39.3 40.0 40.7 41.3 41.8 40.8 39.3 37.9 36.3 34.4
230200 31.2 34.0 36.2 37.2 43.7 44.5 45.4 46.0 45.7 45.4 44.8 42.3 38.7 35.5 32.0 28.1
Source: Winther and Nielsen (2006).  Data for 2005 and later are extrapolations. 

Table B21. Time series for variable emission factors for other mobile sources 
Fuel Component 1980-1990 1991 1992 1993 1994 1995 1996 1997-
V11 Gasoline Dioxin 1.32 1.11 0.95 0.69 0.25 0.23 0.11 0.1
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CH4 - Stationary combustion  

Table B22. General emission factors, kg CH4/tonne fuel  
Source V01 

Coal 
V02 

Coke 
V03 

Petrol 
coke 

V41 
Fuel 

wood 

V42 
Wood 
waste 

V43 
Black 
liquor 

V44 
Wood 

pellets 

V45 
Wood 

briquettes

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 

fur-
nace 
gas

V36 
Land-

fill 
gas

V35 
Fuel 
gas

V32 
LPG

V13 
Kero-
sene 

(heating) 

V17 
Marine 

gas 
oil/ 

diesel 

V18 
Light 

fuel 
oils 

V19 
Heavy 

dis-
tillate 

V20 
Heavy 

fuel 
oil

V51 
Muni-
cipal 

waste

V52 
Special 

waste

S.01 
Direct-
fired 
furnaces 0.028 0 0 . . . . . . 0.05 0.054 0.054 . 0.05 . . 0.016 . 0.04 0.04 . 0.04
S.02 
Gas 
turbines . . . . . . . . . 0.91 . . . . . . 0 . . . . .
S.03 
Boilers 0.28 0.28 0.28 . 0.25 0.25 0.25 0.25 . 0.2 0.24 0.24 0.24 0.24 0.17 0.17 0.4 0.4 0.4 0.4 0.23 0.4
S.04 
Small 
stoves 8.4 8.4 . 5.3 . . 5.3 . 8.4 . . . . . 0.24 0.3 . 0.4 0.4 . . .
S.1B2C 
Flares . . . . . . . . . 0.24 0.28 . 0.37 . . . . . . . . .
Numbers in italics have exceptions for some sectors, see Table B23. 
Source: IPCC (1997b), SFT (1996), SINTEF (1995) and OLF (1994). 

Table B23. Exceptions from the general factors for CH4, stationary combustion (kg CH4/tonne fuel) 
Emission 
factor 

Fuel Source Sectors 

0 V31, 35 Natural gas (1000 Sm3), fuel gas S.01 Direct fired furnaces 232640-232650 
0.085 V31 Natural gas (1000 Sm3) S.01 Direct fired furnaces 232416 
0.03 V01  Coal S.03 Boilers 231000, 231110, 232320, 232340, 

234010-234040 
0.1 V17, 18, 19, 20, 52 Fuel oils incl. spezial waste S.03 Boilers 231000-234040 (Industry incl. power 

supply) 
0.0425 V31 Natural gas (1000 Sm3) S.03 Boilers 231000, 231110, 232320, 232340, 

234010-234040 
0 V34 Blast furnace gas S.03 Boilers 232320 

N2O - Stationary combustion  
Table B24. General emission factors. kg N2O/tonne fuel  
Source V01 

Coal 
V02 

Coke 
V03 

Petrol 
coke 

V41 
Fuel 

wood 

V42 
Wood 
waste 

V43 
Black 
liquor 

V44 
Wood 

pellets 

V45 
Wood 

bri-
quettes 

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 
furn-
ace 
gas

V36 
Land-

fill 
gas

V35 
Fuel 
gas

V32 
LPG

V13 
Kero-
sene 

(heating)

V17 
Marine 

gas 
oil/ 

diesel 

V18 
Light 

fuel 
oils 

V19 
Heavy 

dis-
tillate 

V20 
Heavy 
fuel oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

S.01 
Direct-
fired 
furnaces 0 0 0 . . . . . . 0.02 0.024 0.024 0.024 0.024 . . 0.03 . 0.03 0.03 . 0.03
S.02 
Gas 
turbines . . . . . . . . . 0.019 . . . . . . 0.024 . . . . .
S.03 
Boilers 0.04 0.04 0.04 . 0,07 0,07 0.07 0.07 . 0.004 0.005 0.005 0.005 0.005 0.03 0.03 0.03 0.03 0.03 0.03 0.035 0.03
S.04 
Small 
stoves 0.04 0.04 . 0.032 . . 0.032 . 0.04 . . . . . 0.03 0.03 . 0.03 0.03 . . .
S.1B2C 
Flares . . . . . . . . . 0.02 0.024 . 0.002 . . . . . . . . .
Numbers in italics have exceptions for some sectors, see Table B25. 
Source: IPCC (1997b), SFT (1996) and OLF (1994). 

Table B25. Exceptions from the general factors for N2O. Stationary combustion (kg N2O/1000 Sm3 natural gas) 
Emission factor Fuel Source Sectors 
0.017 V31 Natural gas  S.01 Direct-fired furnaces 232416  
0.06 V31 Natural gas  S.1B2C Flares 231120 
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NOX - Stationary combustion  

Table B26. General emission factors. kg NOX/tonne fuel  
Source V01

Coal
V02 

Coke 
V03 

Petrol 
coke

V41 
Fuel 

wood

V42 
Wood 
waste 

V43 
Black 
liquor

V44 
Wood 

pellets

V45 
Wood 

bri-
quettes

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 
furn-
ace 
gas

V36 
Land-

fill 
gas

V35 
Fuel 
gas

V32 
LPG

V13
Kero-
sene

(heating)

V17 
Marine 

gas 
oil/ 

diesel 

V18
Light

fuel
oils

V19 
Heavy 

dis-
tillate 

V20 
Heavy 

fuel 
oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

S.01 
Direct-
fired 
furnaces 16 20 20 . . . . . . 5.95 5.4 5.4 . 5.4 . . 70 . 5 5 . 5
S.02 
Gas 
turbines . . . . . . . . . 6.27 . . . . . . 16 . . . . .
S.03 
Boilers 3 3 3.4 . 0.9 0.9 1.3 1.3 . 2.55 3 3 0.01 3 2.3 3 2.5 2.5 2.5 4.2 1.365 4.2
S.04 
Small 
stoves 3 3 .0.981 . . 1.1 . 1.4 . . . . . 2.3 2.5 . 2.5 2.5 . . .
S.1B2C 
Flares . . . . . . . . . 1.4 7 . 0.17 . . . . . . . . .
Numbers in italics have exceptions for some sectors, see Table B27, and bold numbers are different for different years, see Table B28. 
Source: Rosland (1987). 

Table B27. Exceptions from the general factors for NOX. Stationary combustion (kg NOX /tonne fuel) 
Emission 
factor 

Fuel Source Sectors 

24 V19, 20, 52 Heavy distillate, heavy fuel oil, special waste S.01 Direct-fired furnaces  231009, 232650 
6.13 V31 Natural gas (1000 Sm3) S.01 Direct-fired furnaces  232416 
9.5 V19, 20 Heavy distillate, heavy fuel oil S.01 Direct-fired furnaces  232640 

8.68124 V31 Natural gas (1000 Sm3) S.02 Gas turbines  231110 
3 V17, 18, 19 Fuel oils  S.03 Boilers 231000-233720 
4.5 V01 Coal S.03 Boilers  231000-233720 
3.4 V02 Coke S.03 Boilers  231000-233720 
5 V20, 52 Heavy fuel oil, special waste S.03 Boilers  231000-233720 
2.9 V35 Fuel gas S.03 Boilers  232411-232470, 232710-232740 
0.01 V34 Blast furnace gas S.03 Boilers  234010-234040  
1.4 V01, 02 Coal, coke S.04 Small stoves  330000  

 

Table B28. Time series for variable emission factors for NOX. Stationary combustion (kg NOX /tonne fuel) 
Sector Source Fuel 1980-

1990 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000-

General S.04 V41 0.98241 0.981 0.98235 0.98236 0.98231 0.981 0.98239 0.98234 0.98213 0.981 0.981
231110 S.02 V31 8.22299 8.17156 8.23417 8.44355 8.61688 8.87385 9.12833 9.18543 9.52767 9.0867 8.68124
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NMVOC - Stationary combustion  

Table B29. General emission factors. kg NMVOC/tonne fuel  
Source V01

Coal
V02 

Coke
V03 

Petrol 
coke

V41 
Fuel 

wood

V42 
Wood 
waste 

V43
Black
liquor

V44 
Wood 

pellets

V45 
Wood 

bri-
quettes

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 

furnace 
gas

V36
Land-

fill
gas

V35 
Fuel 
gas

V32 
LPG

V13
Kero-
sene

(heating)

V17 
Marine 
gas oil/ 
diesel 

V18 
Light 

fuel 
oils

V19 
Heavy 

dis-
tillate

V20 
Heavy 
fuel oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

S.01 
Direct-
fired 
furnaces 0 0 0 . . . . . . 0 0.1 0. 0. . 5 . 0.3 0.3 . 0.3
S.02 
Gas 
turbines . . . . . . . . . 0.24 . . . . . . 0.03 . . . . .
S.03 
Boilers 1.1 0.6 0.6. 1.30 1.3 1.3 . 0.085 0.1 0.10 0.1 0.1 0.4 0.4 0.4 0.4 0.3 0.7 0.3
S.04 
Small 
stoves 1.1 0.6 . 7.0 . . 6.501 . 10. .. . . 0.1 0.4. 0.4 0.4 . .
S.1B2C 
Flares . . . . . . . . . 0.06 13.5. 0 . . . . . . . . .
Numbers in italics have exceptions for some sectors, see Table B30. Source: Rosland (1987) and SFT (1996). 

Table B30. Exceptions from the general factors for NMVOC. Stationary combustion (kg NMVOC/tonne fuel) 
Emission 
factor 

Fuel Source Sectors 

0 V 19, 20, 52 Heavy distillate, heavy fuel oil, special waste S.01 Direct-fired 
furnaces  

231009, 232650 
0.1 V34 Blast furnace gas S.01 Direct-fired 

furnaces  
231009 

0.085034 V31 Natural gas (1000 Sm3) S.01 Direct-fired 
furnaces  

232416 
0.9 V19, 20 Heavy distillate, heavy fuel oil S.01 Direct-fired 

furnaces  
232640 

0.8 V01 Coal S.03 Boilers  231000-233720  
0 V32, 34, 35, 42 LPG, blast furnace gas, fuel gas, wood waste S.03 Boilers 231000-233720, 232110, 232411-

232470, 234010-234040  
0.6 V17, 18, 19 Fuel oils S.03 Boilers 330000 
10 V01 Coal S.04 Small stoves  330000 
0.6 V13 Kerosene (heating) S.04 Small stoves  330000 
0.02 V31 Natural gas (1000 Sm3) S.1B2C Flares 231120 

CO - Stationary combustion  

Table B31. General emission factors. kg CO/tonne fuel  
Source V01 

Coal 
V02 

Coke 
V03 

Petrol 
coke 

V41 
Fuel 

wood 

V42 
Wood 
waste 

V43 
Black 
liquor 

V44 
Wood 

pellets 

V45 
Wood 

bri-
quettes 

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 
furn-
ace 
gas

V36 
Land-

fill 
gas

V35 
Fuel 
gas

V32 
LPG

V13 
Kero-
sene 

(heating) 

V17 
Marine 

gas 
oil/ 

diesel 

V18 
Light 
fuel 
oils 

V19 
Heavy 

dis-
tillate 

V20 
Heavy 

fuel 
oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

S.01 
Direct-
fired 
furnaces 0 0 0 . . . . . . 0 0 0 . 0 . . 5 . 0.2 0.2 . 0.2
S.02 
Gas 
turbines . . . . . . . . . 1.7 . . . . . . 0.7 . . . . .
S.03 
Boilers 3 3 3 . 15 0 15 15 . 0 0 0 0 0 0.5 2 2 2 2 0.4 2.8 0.4
S.04 
Small 
stoves 3 3 . 115.9 . . 2.6 . 100 . . . . . 0.5 2 . 2 2 . . .
S.1B2C 
Flares . . . . . . . . . 1.5 0 . 0.04 . . . . . . . . .
Numbers in italics have exceptions for some sectors, see Table B32, and bold numbers are different for different years, see Table B33. 
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Table B32. Exceptions from the general factors for CO. Stationary combustion (kg CO/tonne fuel) 
Emission 
factor 

Fuel Source Sectors 

0 V 19, 20, 52 Heavy distillate, heavy fuel oil, special waste S.01 Direct-fired furnaces  231009, 232640, 232650 
0.01 V34 Blast furnace gas S.01 Direct-fired furnaces  231009 
0.2 V20. 52 Heavy fuel oil, special waste S.03 Boilers  231000-233720  
0 V32, 42 LPG, wood waste S.03 Boilers 231000-233720, 232110 
6.5 V17, 18, 19 Fuel oils S.03 Boilers 330000 
100 V01, 02 Coal, coke S.04 Small stoves  330000 
6.5 V13 Kerosene (heating) S.04 Small stoves  330000 
1.7 V31 Natural gas (1000 Sm3) S.1B2C Flares 232320 

Table B33. Time series for variable emission factors for CO. Stationary combustion (kg CO/tonne fuel) 
Sector Source Fuel 1980-

1990 
1991 1992-

1994 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

General S.04 V41 149.1 149.2 149.1 149.2 149.1 149.1 145.5 142.1 138.5 135.0 131.4 127.4 123.5 115.5 111.9
1 Emission factoes for the years 1991 to 1994 can be  given on request. 

NH3 - Stationary combustion  

Table B34. General emission factors. kg NH3/tonne fuel  
Source V01

Coal
V02 

Coke
V03 

Petrol 
coke

V41 
Fuel 

wood

V42 
Wood 
waste 

V43 
Black 
liquor

V44 
Wood 

pellets 

V45
Wood

bri-
quettes

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 
furn-
ace 
gas

V36 
Land-

fill gas

V35 
Fuel 
gas

V32
LPG

V13 
Kero-
sene 

(heating)

V17 
Marine 

gas 
oil/ 

diesel 

V18
Light
fuel
oils

V19 
Heavy 

dis-
tillate 

V20 
Heavy 
fuel oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

S.04 
Small 
stoves . . . 0.066 . . 0.066 . . . . . . . . . . . . . . .
All other 
sources 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Particulate matter - Stationary combustion  

Table B35. General emission factors. kg particle component/tonne fuel  
Com-
po-
nent 

Source V01 
Coal 

V02 
Coke 

V03 
Pe-
trol 

coke 

V41 
Fuel 

wood 

V42 
Wood 
waste 

V43 
Black 
liquor 

V44 
Wood 

pellets

V45 
Wood 

bri-
quettes

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 
furn-
ace 
gas

V36 
Landf

ill 
gas

V35 
Fuel 
gas

V32 
LPG 

V13 
Kero-
sene 

(heat-
ing) 

V17 
Marine 

gas 
oil/ 

diesel 

V18 
Light 
fuel 
oils 

V19 
Heavy 

dis-
tillate

V20 
Heavy 

fuel 
oil

V51 
Munici-

pal 
waste

V52 
Spe-
ciall 

waste

TSP 

S.01 
Direct-
fired 
furnaces 1.6 1.6 1.6 . . . . . . 0.122 0.144 0.144 . 0.144 . . 0.286 . *) *) . 5.68

TSP 
S.02 Gas 
turbines . . . . . . . . . 0.122 . . . . . . 0.286 . . . . .

TSP 
S.03 
Boilers 1.6 1.6 1.6 . 0.22 0 0.216 0.216 . 0.122 0.144 0.144 0.144 0.144 0.136 0.296 0.286 0.286 *) *) 0.05 5.68

TSP 

S.04 
Small 
stoves 4.2 2.85 3.5 27.92 . . 1.1 . 2.4 . . . . . 0.136 0.3 . 0.3 . . . .

TSP 
S.1B2C 
Flares . . . . . . . . . 0.002 0.144 . 0.144 . . . . . . . . .

PM10 

S.01 
Direct-
fired 
furnaces 1.14 1.14 1.14 . . . . . . 0.122 0.144 0.144 . 0.144 . . 0.143 . *) *) . 4.87

PM10 
S.02 Gas 
turbines . . . . . . . . . 0.122 . . . . . . 0.143 . . . . .

PM10 
S.03 
Boilers 1.14 1.14 1.14 . 0.22 0 0.216 0.216 . 0.122 0.144 0.144 0.144 0.144 0.136 0.148 0.143 0.15 *) *) 0.05 4.87

PM10 

S.04 
Small 
stoves 2.8 1.71 2.1 27.92 . . 1.1 . 2.4 . . . . . 0.136 0.16 . 0.155 . . . .

PM10 
S.1B2C 
Flares . . . . . . . . . 0.002 0.144 . 0.144 . . . . . . . . .

PM2.5 

S.01 
Direct-
fired 
furnaces 0.82 0.82 0.82 . . . . . . 0.122 0.144 0.144 . 0.144 . . 0.036 . *) *) . 3.2

PM2.5 
S.02 Gas 
turbines . . . . . . . . . 0.122 . . . . . . 0.036 . . . . .

PM2.5 
S.03 
Boilers 0.82 0.82 0.82 . 0.22 0 0.216 0.216 . 0.122 0.144 0.144 0.144 0.144 0.136 0.037 0.12 0.12 *) *) 0.05 3.2

PM2.5 

S.04 
Small 
stoves 0.86 0.86 1.05 27.92 . . 1.1 . 2.4 . . . . . 0.136 0.12 . 0.119 . . . .

PM2.5 
S.1B2C 
Flares . . . . . . . . . 0.002 0.144 . 0.144 . . . . . . . . .

Numbers in italics have exceptions for some sectors, see Table B37, and bold numbers are different for different years, see Table B38. 
* General emission factors for all sources for heavy distillate and heavy fuel oil are given in Table B36 for all years. 
Source: Finstad et al. (2003). 

Table B36. General particle emission factors for heavy distillate and heavy fuel oil for all sources. Factors dependent on 
sulphur content (kg particle component /tonne fuel) 

Fuel Com-
ponent 

1980-
1981 

1982 1983 1984 1985-
1986 

1987-
1988

1989 1990 1991 1992 1993 1994 1995 1996-
1997 

1998 1999 2000-
2006

TSP 1.3761 1.05766 1.18504 1.05766 1.05766 0.99398 0.90481 0.80291 0.71375 0.70101 0.70101 0.68828 0.71375 0.6628 0.68828 0.70101 0.71375
PM10 1.18305 0.90929 1.01879 0.90929 0.90929 0.85453 0.77788 0.69028 0.61362 0.60267 0.60267 0.59172 0.61362 0.56982 0.59172 0.60267 0.61362

V19 

PM2.5 0.77055 0.59224 0.66356 0.59224 0.59224 0.55658 0.50665 0.44959 0.39967 0.39253 0.39253 0.3854 0.39967 0.37114 0.3854 0.39253 0.39967
TSP 1.4644 1.4644 1.5216 1.3501 1.4873 1.4644 1.4187 1.3501 1.3386 1.3157 1.3043 1.1899 1.0527 1.0984 1.087 1.1099 1.2014
PM10 1.25899 1.25899 1.30816 1.16066 1.27866 1.25899 1.21966 1.16066 1.15083 1.13116 1.12133 1.023 0.905 0.94433 0.9345 0.95417 1.03283

V20 

PM2.5 0.82528 0.82528 0.85751 0.76082 0.83817 0.82528 0.7995 0.76082 0.75438 0.74149 0.73504 0.67058 0.59324 0.61902 0.61257 0.62546 0.67703

Numbers in italics have exceptions for some sectors, see Table B35, and bold numbers are different for different years, see Table B38. 
Source: Finstad et al. (2003). 



 

 

Reports 2008/48 The Norwegian Emission Inventory 2008

Statistisk sentralbyrå 199

Table B37. Exceptions from the general factors for particles. Stationary combustion  
Emission factor 
(kg TSP/tonne) 

Emission factor  
(kg PM10/tonne) 

Emission factor  
(kg PM2.5/tonne) 

Fuel Source Sectors 

4.06 2.4 1.4 V52 Special waste S.01 Direct-fired furnaces  231000-233720  
5.45 3.54 1.45 V01 Coal S.01 Direct-fired furnaces  234040 
4.2 2.8 0.86 V01 Coal S.03 Boilers  230100 
. 0.143 (V18) 0.036 (V17, 18) V17, 18 Light fuel oils S.03 Boilers 231000-233720 
4.06 2.4 1.4 V52 Special waste S.03 Boilers 231000-233720 
5.45 3.54 1.45 V01 Coal S.03 Boilers 234040 
0.5 0.5 0.5 V51 Municipal waste S.03 Boilers 259000 
0.3 0.155 0.119 V13 Kerosene (heating) S.04 Small stoves  330000 

Table B38. Time series for variable emission factors for particles1. Stationary combustion (kg particle component /tonne fuel) 
Sector Source Fuel 1980-

1990 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

General S.04 V41 38.86 39.24 38.89 38.90 37.74 36.83 35.62 34.41 33.20 31.85 30.50 27.50 26.35
General S.03 V51 0.2 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
1 Emission factoes for the years 1991 to 1994 can be  given on request. 

POPs (Persistent Organic Pollutants) - Stationary combustion 

Table B39. General emission factors for PAH  
Component Source V01

Coal
V02 

Coke
V03 

Petrol 
coke

V41 
Fuel 

wood

V42 
Wood
waste 

V43 
Black 
liquor

V44 
Wood 

pellets

V45 
Wood 

bri-
quettes

V04
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finery 
gas

V34 
Blast 
furn-
ace 
gas

V36 
Land-

fill 
gas

V35 
Fuel 
gas

V32 
LPG

V13 
Kero-
sene 

(heat-
ing)

V17 
Marine 
gas oil/
diesel

V18 
Light 
fuel 
oils 

V19 
Heavy 

dis-
tillate

V20
Heavy
fuel oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

PAH 
g/tonne 

S.01 
Direct-
fired 
furnaces 0.17 0.17 0.17 . 0.0180.018 . . . 0.015 0.0180.018 .0.018 . . 1.6 . 0.015 0.015 . 0.015

PAH 
g/tonne 

S.02 
Gas 
turbines . . . . . . . . . 0.015 . . . . . . 1.6 . . . . .

PAH 
g/tonne 

S.03 
Boilers 0.46 0.46 0.46 . 0.0180.018 0.16 0.16 . 0.015 0.018 0 0.0180.0180.018 0.007 0.01 0.01 0.015 0.015 2.5 0.015

PAH 
g/tonne 

S.04 
Small 
stoves 39.9 27.8 27.8 33.3 . .38.8 . 39.9 . . . . .0.039 0.039 . 1.01 . . . .

PAH 
g/tonne 

S.1B2C 
Flares . . . . . . . . . 0.015 0.018 . 0.018 . . . . . . . . .

PAH-
OSPAR 
g/tonne 

S.01 
Direct-
fired 
furnaces 0.02 0.02 0.02 . . . . . . 9E-04 0.0010.001 .0.001 . . 0.26 . 0.004 0.004 . 0.004

PAH-
OSPAR 
g/tonne 

S.02 
Gas 
turbines . . . . . . . . . 9E-04 . . . . . . 0.26 . . . . .

PAH-
OSPAR 
g/tonne 

S.03 
Boilers 

0.16 0.16 0.16 . 0.0610.061 0.061 0.061 . 9E-04 0.001 0.001 00.0010.001 8E-040 0 0.004 0.004 0.7 0.004
 PAH-
OSPAR 
g/tonne 

S.04 
Small 
stoves 18 13.4 13.4 5.9 . . 6.8 . 18 . . . . .0.007 0.007 . 0.57 . . . .

 PAH-
OSPAR 
g/tonne 

S.1B2C 
Flares 

. . . . . . . . . 9E-04 0.001 . 0 . . . . . . . . .
 PAH-4 
g/tonne 

S.01 
Direct-
fired 
furnaces 0 0 0 . . . . . . 0 0 0 . 0 . . 0.04 . 4E-04 4E-04 . 4E-04

PAH-4 
g/tonne 

S.02 
Gas 
turbines . . . . . . . . . 0 . . . . . . 0.04 . . . . .

PAH-4 
g/tonne 

S.03 
Boilers 0.0240.024 0.024 . 0.0160.016 0.016 0.016 . 0 0 0 0 0 0 1E-04 1E-04 1E-04 4E-04 4E-04 0.03 4E-04

PAH-4 
g/tonne 

S.04 
Small 
stoves 2.6 0.4 0.4 1.7 . . 2.5 . 2.6 . . . . . 0 0 . 0.003 . . . .

PAH-4 
g/tonne 

S.1B2C 
Flares . . . . . . . . . 0 0 . 0 . . . . . . . . .

Numbers in italics have exceptions for some sectors, see Table B41, and bold numbers are different for different years, see Table B42. 
Source: Finstad et al. (2001). 
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Table B40. Time series for variable emission factors for PAH1. Stationary combustion (g component /tonne fuel) 
Compo-
nent 

Source Fuel 1980-
1990 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

PAH S.04 V41 50.69 50.85 50.70 50.70 48.85 47.13 45.27 43.41 41.55 39.47 37.39 32.94 31.33
PAH-
OSPAR S.04 V41 8.02 8.03 8.02 8.02 7.73 7.45 7.16 6.88 6.59 6.26 5.93 6.14 5.85
PAH-4 S.04 V41 2.71 2.71 2.71 2.71 2.61 2.52 2.42 2.32 2.23 2.12 2.01 1.81 1.71
1 Emission factoes for the years 1991 to 1994 can be  given on request. 

Table B41. General emission factors for dioxin 
Com-
ponent 

Source V01 
Coal 

V02 
Coke 

V03 
Petrol 
coke 

V41 
Fuel 

wood 

V42 
Wood 
waste 

V43 
Black 
liquor 

V44 
Wood 

pellets

V45 
Wood 

bri-
quettes

V04 
Char-

coal

V31 
Natural 

gas 
(1000 
Sm3)

V33 
Re-

finer
y 

gas

V34 
Blast 
furn-
ace 
gas

V36 
Land-

fill 
gas

V35 
Fuel 
gas

V32 
LPG

V13 
Kero-
sene 

(heat-
ing) 

V17 
Marine 

gas 
oil/ 

diesel 

V18 
Light 

fuel 
oils 

V19 
Heavy 

dis-
tillate

V20 
Heavy 

fuel 
oil

V51 
Munici-

pal 
waste

V52 
Special 

waste

Dioxin 
ug/tonne 

S.01 
Direct-
fired 
furnaces 1.6 1.6 1.6 . . . . . . 0.05 0 0 . 0 . . 4 . 0.1 0.1 . 4

Dioxin 
ug/tonne 

S.02 
Gas 
turbines . . . . . . . . . 0.05 . . . . . . 4 . . . . .

Dioxin 
ug/tonne 

S.03 
Boilers 1.6 1.6 1.6 . 1 1 1 1 . 0.05 0 0 0 1 0.06 0.1 0.1 0.1 0.1 0.1 0.02 4

Dioxin 
ug/tonne 

S.04 
Small 
stoves 10 10 10 5.9 . . 5.9 . 10 . . . . . 0.06 0.06 . 0.2 . . . .

Dioxin 
ug/tonne 

S.1B2C 
Flares . . . . . . . . . 0.05 0 . 0 . . . . . . . . .

Numbers in italics have exceptions for some sectors, see Table B41.  
Source: Finstad et al. (2002a). 

Table B42. Exceptions from the general factors for POPs. Stationary combustion  
Emission 
factor (g 
PAH/tonne) 

Emission factor 
(g PAH-
OSPAR/tonne) 

Emission factor 
(g PAH-4/tonne) 

Emission factor 
(ug 
dioxin/tonne) 

Fuel Source Sectors 

0.0008 0.0005 . . V17, 18 Fuel oils S.03 Boilers 231000-
233720 

. . . 0.2 V18, 19 Heavy distillate, heavy fuel oil S.03 Boilers 330000 
0.75 0.2 0.01 . V51 Municipal waste S.03 Boilers 234040 

Table B43. Time series for variable emission factors for PAH. Stationary combustion  
   1980-1994 1995- 
Sector Source Fuel Emission factor 

(g PAH/tonne) 
Emission factor 

(g PAH-
OSPAR/tonne)

Emission factor 
(g PAH-4/tonne)

Emission factor 
(g PAH/tonne)

Emission factor 
(g PAH-

OSPAR/tonne) 

Emission factor 
(g PAH-4/tonne)

General S.03 V51 2.5 0.7 0.03 0.75 0.2 0.01
Source: NILU/NIVA (1995)/ Karlsson et al. (1992). 
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Appendix C  

Activity data and emission figures 
StatBank Norway is a service operated by Statistics Norway where you may select 
scope and content of each table, and then may export the result in various formats 
to your own PC. For air emissions you find data for:  
• Emissions to air, summary data (1973-2005). 
• Emissions to air, by source and fuel (1980-2004). 
 
The StatBank is found at: 
http://statbank.ssb.no//statistikkbanken/default_fr.asp?PLanguage=1  
 
Reported air emission data for Norway, and the activity data used in the 
calculations, is given at the homepage to the European Environment Information 
and Observation Network (EIONET): 
• Data for greenhouse gases reported to the UNFCCC: 

http://cdr.eionet.eu.int/no/un/UNFCCC/ 
• Data for long-range transboundary air pollutants reported to the ECE: 

http://cdr.eionet.eu.int/no/un/CLRTAP/ 
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Appendix D 

Uncertainty estimates for single sources 
Greenhouse gases 
B. Hoem, K. Flugsrud and L-C. Zhang 
 
When this uncertainty analysis was performed, the emission sources 1B1b and 2G were still 
not included in the emission inventory. 
 
Summary 
The national greenhouse gas (GHG) emission inventory is compiled from estimates 
based on emission factors and activity data and direct measurements by plants. All 
these data and parameters will contribute to the overall inventory uncertainty. The 
uncertainties and probability distributions of the inventory input parameters have 
been assessed based on available data and expert judgements. Finally, the level and 
trend uncertainties of the national GHG emission inventory have been estimated 
using Monte Carlo simulation. The methods used in the analysis correspond to an 
IPCC Tier 2 method, as described in (IPCC 2001). Analyses have been made both 
excluding and including the sector LULUCF (land use, land-use change and 
forestry).  
 
This project has been an update of the uncertainty analysis Uncertainties in the 
Norwegian Greenhouse Gas Emission Inventory, documented in (Rypdal and 
Zhang 2000), which also include more detailed documentation of the analysis 
method used, and result discussions. In this note we mainly focus on the changes 
since (Rypdal and Zhang 2000). This includes new methodology for several source 
categories as well as revised uncertainty estimates. 
 
During the project we have been in contact with the manufacturing industries, 
which contribute the main emission sources in the industry sector, and other 
experts, and have collected information about uncertainty from them. 
 
The results show that the uncertainty in the calculated greenhouse gas emissions 
for 2004 is ±6 per cent. The uncertainty estimate is lower now than earlier analyses 
have shown. This is partly due to a considerable work made to improve the 
calculation methodology. It is also partly the uncertainty estimates themselves that 
have been improved. 
 
Level of the analysis 
The uncertainty analysis is performed at the most detailed level of IPCC source 
categories (IPCC 2000). For some sources even a more detailed separation is made, 
e.g. where different pollutants from a source sector have to be connected to 
different activity measures, as for example for the source category 6B Waste water, 
or to be able to consider dependencies between only parts of the source groups, 
which for example is the case for the source categories 4D1 Direct soil emissions 
and 4D3 Indirect soil emissions. Energy carriers have been grouped into five main 
types; oil, gas, coal, waste and bio energy. In Table D7, source category level used 
in the study is listed.  
 
For some emission sources a separation into activity and emission factors is not 
possible due to lack of information. Examples are estimates based on 
measurements, emissions reported by plants (in the cases when the plants have 
only reported emissions and not activity data and emission factor used), and 
emissions that are aggregated from sources with diverse methods (for example 
emissions from road traffic, which is calculated separately in a complex road traffic 
model). These emissions have been assigned activity equal to 1, and emission 
factor to be equal to the estimated value. This is possible since the total uncertainty 
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estimate is independent of scale for activity and emission factor.7 Emissions from 
landfills, HFCs and some other sources have been transferred into the form of 
emission factor multiplied with activity rate, in spite of the fact that the estimates 
are based on more complex estimation models (e.g. taking time lag into account 
and using several activity data and emission factors). 

Uncertainties in input parameters 
Emission estimates 
In the analysis emission estimates for the different source categories (Table D7) for 
the years 1990 and 2004 are given from the Norwegian emission inventory. Data 
published 09.02.2006 is used for all categories, with an exception for LULUCF, 
where data from the UNFCCC reporting 2005 is used (NIJOS 2005). Because of 
lack of LULUCF data for 2004 we had to use emission data for 2003 instead.  
The emission estimates used in the analysis comes from the national GHG 
emission inventory and is based on Norwegian measurements, literature data or 
statistical surveys. Uncertainty estimates for some data are based on expert 
judgements. The uncertainty estimates for many LULUCF categories are not of the 
same quality as the rest of the inventory. More information about the uncertainty 
estimates for LULUCF is given in (NIJOS 2005). 
 
Standard deviation and probability density 
The probability densities used in this study have been divided into four types of 
model shapes: 
1. Normal distribution 
2. Truncated normal distribution 
3. Lognormal distribution 
4. Beta distribution 
 
For low uncertainties all the distributions 2-4 above approach the normal 
distributions. For large uncertainties the normal distribution may lead to negative 
values. To avoid this, the distributions are when necessary truncated at 0, which 
means that there is a given probability of the value 0. The lognormal distribution 
and beta distribution are both asymmetrical distributions, giving a heavier tail of 
probabilities towards higher values. These two distributions are very similar in 
shape for low to medium size uncertainties. For higher uncertainties the beta 
distribution is more flat and the peak in the distribution is more close to the mean 
value. The beta distribution is, however, only defined for variables taking values 
between 0 and 1. 

                                                      
7 We may state the activity in any given unit, as long as the emission factor is stated in the 
corresponding unit. Examples: tonnes and kg/tonne, Gg and kg/Gg, or, as in this case, unit value and 
total emissions in kg. 
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Activity data 
The assessed standard deviations and corresponding probability densities are summarised in Table D1. 

Table D1. Summary of standard deviation and probability density of activity data 
IPCC Source 
category 

Pollutant source Standard 
deviation (2σ). per 
cent1 

Density 
shape 

Source/ comment 

1A1, 1A2 Coal/coke - general 5 Normal Expert judgement industry, Norcem (2006) 
1A4B Coal/coke - residential 20 Normal Expert judgement, Rypdal and Zhang (2000) 
1A4C Coal/coke - agriculture 30 Normal Expert judgement, Statistics Norway 
1A1, 1A2, 
1A4 

Wood 30 Lognormal Expert judgement, Rypdal and Zhang (2000) 

1A1A, 1A1B, 
1A2 

Gas - general 4 Normal Norwegian Petroleum Directorate, Rypdal and 
Zhang (2000) 

1A1C Gas - manufacture of solid fuels and 
other energy industries 

1.8 Normal Norwegian Petroleum Directorate, NPD (2006) 

1A4A Gas - commercial/institutional 10 Normal Expert judgement, Statistics Norway 
1A4B, 1A4C Gas - residential, 

agriculture/forestry/fishing 
30 Normal Expert judgement, Statistics Norway 

1A1, 1A2 Oil - general  3 Normal Spread in data, Rypdal and Zhang (2000) 
1A4A Oil - commercial/institutional 20 Normal Expert judgement, Statistics Norway 
1A4B, 1A4C Oil - residential, agriculture/forestry 10 Normal Expert judgement, Statistics Norway 
1A1A Waste – general 5 Normal Expert judgement, Rypdal and Zhang (2000) 
1A2F, 1A4A Waste - other manufacturing, 

commercial/institutional 
30 Lognormal Expert judgement, Rypdal and Zhang (2000) 

1A3A, 1A3E Transport fuel - civil aviation, motorized 
equipment and pipeline 

20 Normal Expert judgement, Rypdal and Zhang (2000) 

1A3C Transport fuel - railway 5 Normal Expert judgement, Statistics Norway 
1A3B, 1A3D Transport fuel - road, navigation 10 Normal Expert judgement, Statistics Norway 
1A5A, 1A5B Military fuel - stationary and mobile 5 Normal Expert judgement, Statistics Norway 
1B1A, 1B2B Coal mining, extraction of natural gas 3 Normal Expert judgement, Rypdal and Zhang (2000) 
1B2A Extraction of oil - transport, 

refining/storage 
3 Normal Expert judgement, Rypdal and Zhang (2000) 

1B2A Extraction of oil - distribution gasoline 5 Normal Expert judgement, Rypdal and Zhang (2000) 
1B2C Venting - - See emission factor 
1B2C Flaring 4 Normal Expert judgement, Rypdal and Zhang (2000) 
1B2C Well testing 30 Normal Expeert judgement, Rypdal and Zhang (2000) 
2A1 Cement production 0.3 Normal Expert judgement industry, Norcem (2006) 
2A2, 2A3 Lime production, limestone and dolomite 

use 
3 Normal Expert judgement, Statistics Norway 

2B1 Ammonia production 3 Normal Expert judgement industry, Yara (2006) 
2B2 Nitric acid production - - See emission factor 
2B4 Carbide production - SiC 3 Normal Expert judgement industry, St. Gobain and 

Orkla Exolon (2006) 
2B4 Carbide production - CaC 3 Normal Expert judgement, Rypdal and Zhang (2000) 
2B5 Methanol and plastic production 10 Normal Expert judgement, Statistics Norway 
2C1 Iron and steel production 1.23 Normal Expert judgement industry, Tinfos (2006) 
2C2 Ferroalloys production - - See emission factor 
2C3 Aluminium production 3 Normal Expert judgement industry, Norsk Hydro 

(2006a) 
2C4 SF6 used in Al and Mg foundries - - See emission factor 
2C5 Mg production 0.25 Normal Expert judgement industry, Norsk Hydro 

(2006b) 
2C5 Ni production, anodes 10 Normal Expert judgement, Statistics Norway 
2D2 Carbonic acid, bio protein 10 Normal Expert judgement, Statistics Norway 
2F Consumption of halocarbons and SF6 - - See emission factor 
3A, 3B, 3C, 
3D 

Solvent and other product use - CO2 - - See emission factor 

3D Use of N2O in anasthesia and as 
propellant – N2O 

- - See emission factor 

4A Enteric fermentation 5 Normal Expert judgement, Statistics Norway (2006a), 
Division for agricultural statistics 

4B1-9, 4B13 Manure management - CH4 5 Normal Expert judgement, Statistics Norway (2006a), 
Division for agricultural statistics 

4B11-12 Manure management - N2O 24 Normal Expert judgement2, Statistics Norway (2006a), 
Statistics Norway (2006b), and Statistics 
Norway (2006c) 

4D1 Direct soil emission - fertilizer 5 Normal  SFT (1999a)  
4D1 Direct soil emission - manure 20 Normal Rypdal and Zhang (2000) 
4D1 Direct soil emission - organic soil Fac3 Lognormal SFT (1999a) 
4D1 Direct soil emission - other 64 Lognormal Expert judgement3, Statistics Norway and 

Rypdal and Zhang (2000) 
4D2 Animal production 22 Normal Expert judgement4, Statistics Norway 
4D3 Indirect soil emission - deposition 30 Lognormal SFT (1999a) 
4D3 Indirect soil emission - leakage 70 Lognormal SFT (1999a) 
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IPCC Source 
category 

Pollutant source Standard 
deviation (2σ). per 
cent1 

Density 
shape 

Source/ comment 

4F1 Agricultural residue burning 10 Normal Expert judgement, Statistics Norway 
5A Forest remaining forest - - See emission factor 
5B Cropland remaining cropland, Forest 

converted to cropland  
- - See emission factor 

5C Grassland remaining grassland, 
Cropland converted to grassland 

- - See emission factor 

5D1 Wetland remaining wetland, peat 
extraction, soil 

- - See emission factor 

5E1 Forest converted to settlements, living 
biomass 

- - See emission factor 

5P1 Forest fertilizer - - See emission factor 

5Q1, 5Q2 Forest drainage, Wetland drainage - - See emission factor 

5S1 Cropland disturbance - - See emission factor 

5T1, 5T2 Cropland liming, Other liming (lakes and 
rivers) 

5 Normal Expert judgement, Statistics Norway 

5U1 Forest fires 20 Normal Expert judgement, Statistics Norway 
6A Solid waste disposal 20 Normal Statistics Norway (2006d) and SFT (2006a) 

6B Waste water treatment - CH4 1 Normal Expert judgement, Statistics Norway 

6B Waste water treatment - N2O 25 Normal Expert judgement, Statistics Norway (2006e) 

6C Waste incineration 30 Normal Expert judgement, Statistics Norway 
1 Strongly skewed distributions are characterised as fac3 etc, indicating that 2σ is a factor 3 below and above the mean.  
2 Population 5% (Statistics Norway 2006a), Nex 15% (Statistics Norway 2006b), distribution AWMS 10% (Statistics Norway 2006c), distribution pasture/ storage 
15% (Statistics Norway 2006b)  
3 N fixation 40% and crop residues 50% (Rypdal and Zhang 2000)  
4 Population 5% (Statistics Norway 2006a), Nex 15% (Statistics Norway 2006b, distribution pasture/ storage 15% (Statistics Norway 2006b) 
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Dependencies between parameters 
Some of the input parameters (emission factors and activity data) are for various 
reasons not independent, that means that their values are dependent (or correlated). 
The problem of dependencies may be solved by appropriate aggregation of the data 
or explicitly by modelling. In this work we have partly designed the dataset to 
reduce the problem with dependencies as well as introduced a number of 
dependence assumptions into the model. The determination of dependencies is 
sometimes a difficult task and requires some understanding of the data set and the 
assumptions it is based on. Initial estimates with variable assumptions have shown 
that the assumptions on dependencies generally have little effect on the final 
conclusions on uncertainties. The assumptions of dependencies of data between 
years are, however, crucial for the determination of trend uncertainty (Rypdal and 
Zhang 2000). 
 
Dependencies between activity data 
The activity data are in principle independent. However, the same activity data may 
be used to estimate more than one source category (e.g. in the agriculture sector). 
Also the same activity data are used for estimating emissions of more than one 
pollutant (especially in the case of energy emissions). For the energy sector we are 
aware of the dependencies between the activity data used, but we have not found a 
way to handle this in the statistical modelling.  
The cases when activity data are assumed dependent in the statistical modelling 
are: 
• Where the same activity data are used to estimate emissions of more than one 

pollutant. 
• The number of domestic animals. The same population data are used for 

estimation of a) methane from enteric fermentation, b) methane and nitrous 
oxide from manure management and c) nitrous oxide from agricultural soils 

• For estimation of N2O from manure management, N2O from manure spreading 
and N2O from animal production (pasture) the following dependency estimation 
has been used for the activity data:  

 70 % of emissions dependent on cattle population 
 30 % of emissions dependent on cattle population 

• For estimation of N2O from indirect soil emissions the following dependency 
estimation has been used for the activity data:  

 23 % of emissions dependent on cattle population 
 10 % of emissions dependent on cattle population 
 67 % of emissions dependent on amount of synthetic fertilizer used 

 
Dependencies between emission factors 
Where emission factors have been assumed equal, we have treated them as 
dependent in the analysis.  
The following assumptions have been made:  
• The CO2 emission factors for each fuel type are dependent 
• The methane and nitrous oxide emission factors from combustion are 

dependent where they have been assumed equal in the emission inventory 
model 

• In a few cases the emission factors of different pollutants are correlated. That is 
in cases when CO2 is oxidised from methane (oil extraction, loading and coal 
mining). 

• For all direct emissions of N2O from agricultural soils, except for N2O from 
cultivation of organic soil, the same emission factor is being used, and the 
sources are dependent. 

• There is a dependency between the emission factor used for calculating 
emissions from cropland liming and other liming.  
 

We know that it also exists dependencies between other sources in LULUCF, e.g. 
between the activity data in the sources 5A2 Forest remaining forest and 5Q1 
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Forest drainage. But we have no estimates for the uncertainty in activity data, and 
anyhow the uncertainty in the emission factors is so big that even if the activity 
data is given an uncertainty it will have a minimal effect on the total uncertainty 
estimate for the source.  
 
Dependencies between data in base year and end year 
The estimates made for 1990 and 2004 will to a large extent be based on the same 
data and assumptions. 
 
Activity data 
The activity data are determined independently in the two years and are in principle 
not dependent. Correlation could be considered in cases where activity data can not 
be updated annually or where updates are based on extrapolations or interpolations 
of data for another year 
This implies that we have assumed that errors in activity data are random, hence 
that systematic method errors are insignificant. It is, however, likely that there is a 
certain correlation between the activity data as they have been determined using the 
same methods. 
 
Emission factors 
Most of the emission factors are assumed unchanged from 1990 and 2004. Those 
that are not are all based on the same assumptions. This implies that all the 
emission factors are fully correlated between the two years.  
This means that we have assumed that the emission factors assumed unchanged 
actually are unchanged from the base to end year. In reality it is expected that most 
emission factors are changing, but the degree of change is usually not known.  

The statistical modelling  
Uncertainty analysis based on probabilistic analysis implies that uncertainties in 
model inputs are used to propagate uncertainties in model outputs. The result of the 
uncertainty estimation gives us the range and likelihood of various output values 
(Cullen and Frey 1999).  
Having generated a data set according to the specified parametric simultaneous 
distribution of the data described in Table D1 and Table D2, we may calculate any 
desired output defined as a function of the data. This gives us one simulated 
random realisation of this output, according to its marginal distribution derived 
from the underlying simultaneous distribution of the data. Independent repetition of 
the simulation gives an independent sample of the desired output according to its 
marginal distribution. The size of the sample is given by the number of repeated 
simulations, and has nothing to do with the size of the original data set. Based on 
such an independent and identically distributed sample, we may use the sample 
mean as an estimate of the mean of the output; we may also use the sample 
standard deviation as an estimate of the standard deviation of the output.  

Results of the Tier 2 Uncertainty analysis 
Table D3 to D6 give the results for the uncertainties in the total emissions and 
trends for the GHG inventory, excluding and including the LULUCF sector.  
 
Uncertainties in emission level 
The estimated uncertainties of the level of total emissions and in each gas are 
shown in Table D3 and D4. 
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Table D3. Uncertainties in emission level. Each gas and total GWP weighted emissions. 
Excluding the LULUCF sector 

1990 μ (mean) Fraction of total emissions Uncertainty 2σ (per cent of mean) 
Total 50 mill. Tonnes 1 7 
    
CO2 35 mill. Tonnes 0.69 3 
CH4 4.8 mill. Tonnes 0.10 15 
N2O 5.0 mill. Tonnes 0.10 57 
HFC 18 tonnes 0.00 49 
PFC 3.4 mill. Tonnes 0.07 21 
SF6 2.2 mill. Tonnes 0.04 2 
    
2004 μ (mean) Fraction of total emissions Uncertainty 2σ (per cent of mean) 
Total 55 mill. Tonnes 1 6 
    
CO2 44 mill. Tonnes 0.80 3 
CH4 4.8 mill. Tonnes 0.09 14 
N2O 4.9 mill. Tonnes 0.09 59 
HFC 401 ktonnes 0.01 51 
PFC 880 ktonnes 0.02 20 
SF6 274 ktonnes 0.00 15 

Table D4. Uncertainties in emission level. Each gas and total GWP weighted emissions. 
Including the LULUCF sector 

1990 μ (mean) Fraction of total emissions Uncertainty 2σ (per cent of mean) 
Total 35 mill. Tonnes 1 14 
    
CO2 20 mill. Tonnes 0.56 20 
CH4 4.9 mill. Tonnes 0.14 16 
N2O 5.0 mill. Tonnes 0.14 59 
HFC 18 tonnes 0.00 51 
PFC 3.4 mill. Tonnes 0.10 20 
SF6 2.2 mill. Tonnes 0.06 2 
    
2004 μ (mean) Fraction of total emissions Uncertainty 2σ (per cent of mean) 
Total 34 mill. Tonnes 1 14 
    
CO2 23 mill. Tonnes 0.67 18 
CH4 4.8 mill. Tonnes 0.14 14 
N2O 4.9 mill. Tonnes 0.14 53 
HFC 401 ktonnes 0.01 52 
PFC 880 ktonnes 0.03 20 
SF6 274 ktonnes 0.01 15 
 
The total national emissions of GHG in Norway in 1990 are estimated with an 
uncertainty of 7 per cent of the mean. The main emission component CO2 is known 
with an uncertainty of 3 per cent of the mean. In 2004, the total uncertainty has 
decreased to 6 per cent of the mean. The highest uncertainty change between 1990 
and 2004 is in the uncertainty estimates for the SF6 emissions, which has increased 
from 2 to 15 per cent of the mean. However, the SF6 emissions are strongly 
reduced. For N2O and HFC there are a minor increase in the uncertainty between 
the years, for CH4 and PFC a minor decrease, while the uncertainty for CO2 
remained constant. 
 
By including the LULUCF sector the results from the analysis show a total 
uncertainty of 14 per cent of the mean both in 1990 and in 2004. The doubling of 
uncertainty is caused mainly by forest biomass and grassland histosoils. 
 
In the uncertainty analysis carried out in the year 2000 (Rypdal and Zhang 2000), 
the uncertainty for the total national emissions of GHG (LULUCF sector excluded) 
in 1990 was estimated to be 21 per cent of the mean. In the new analysis the 
uncertainty estimate is reduced to one third. There are several reasons for the new 
lower estimate. One reason is that Statistics Norway and the Norwegian Pollution 
Control Authorities have increased the inventory quality by using higher tiers for 
some key categories and also improved methodologies for other sources. But the 
main reason for the reduced uncertainty is that Statistics Norway has collected new 
and lower uncertainty estimates for some activity data and emission factors that 
contributed substantially to the total uncertainty in the emission estimate. This 
means that the total uncertainty of the inventory have not been reduced as much as 
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the estimates indicates, since it is partly the uncertainty estimates themselves that 
have been improved. The main reduction lies is in the estimate of the uncertainty 
for the N2O emissions. In 2000 the uncertainty in this components estimate was 
estimated to 200 per cent of the mean. In this years’ analysis the uncertainty 
estimate is reduced to 57 per cent of the mean, see explanation to this reduction in 
the paragraph below. For CO2 the uncertainty estimate is unchanged between the 
two analyses (3 per cent), while all the other emission components show a decrease 
in the uncertainty estimates in the new analysis compared to the analysis from 
2000. 
 
The main reason for the high uncertainty estimate for the N2O emissions in the 
2000 analysis was the high uncertainty estimate used for the emission factor used 
for estimating N2O from agricultural soils (2 orders of magnitude). This uncertainty 
is in the new analysis reduced to an uncertainty of factor 5 for direct soil emission, 
factor 2 for animal production and factor 3 for indirect soil emission. These new 
uncertainty estimates are collected from the guidelines IPCC (2001) and IPCC 
(1997b), where also the emission factor used is collected. 
 
As mentioned above, another reason for the reduced uncertainty is that in the years 
between the two analyses important inventory improvement work has been carried 
through. New emission sources have also been included to make the greenhouse 
gas inventory for Norway more complete, and the inventory is today even more in 
line with the IPCC Guidelines than the case was in 2000.  
 
Uncertainties in emission trend 
The estimated uncertainties of the trend of total emissions and each gas are shown 
in Table D5 and D6. 

Table D5. Uncertainty of emission trend. 1990-2004. Excluding the LULUCF sector 
 Per cent change ((μ2004-μ1990)*100/μ1990) Uncertainty (2*σ*100/μ1990)
Total 10 4
 
CO2 26 4
CH4 -1 11
N2O -2 18
HFC - -
PFC -74 15
SF6 -88 0

Table D6. Uncertainty of emission trend. 1990-2004. Including the LULUCF sector 
 Per cent change ((μ2004-μ1990)*100/μ1990) Uncertainty (2*σ*100/μ1990)
Total -2.1 7
 
CO2 18 11
CH4 -1 12
N2O -2 20
HFC - -
PFC -74 15
SF6 -88 0
 
The result shows that the increase in the total GHG emissions from 1990 to 2004 is 
10 ±4 per cent when the LULUCF sector is not included. Norway has by the 
ratification of the Kyoto Protocol obliged to limit the emissions of greenhouse 
gases in the period 2008-2012 to 1 per cent over the emissions in 1990 after trading 
with CO2 quotas and the other Kyoto mechanisms is taken into account. It is 
important to keep in mind that the emission figures reported in connection to the 
Kyoto Protocol has an uncertainty connected to the reported values.  
 
In (Rypdal and Zhang 2000) the increase from 1990 to 2010 (in a given projection 
scenario) was 21 ±4 per cent. It is reasonable that the emission increase was higher 
in the 2000 analysis, since it was estimated for a longer period.  
 
With the sector LULUCF included in the calculations there has been a decrease in 
the total trend uncertainty with -2 ±7 per cent. 
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Source category level used in the analysis 
Source category level used in the analysis is listed in Table D7. 

Table D7. Source category level used in the analysis 
IPCC  Source Category Pollutant source 
1A1A Public electricity and heat prod General fuel combustion- Coal/coke 
1A1A Public electricity and heat prod General fuel combustion- Wood 
1A1A Public electricity and heat prod General fuel combustion- Gas 
1A1A Public electricity and heat prod General fuel combustion- Oil 
1A1A Public electricity and heat prod General fuel combustion- Waste 
1A1B Petroleum refining General fuel combustion- Gas 
1A1B Petroleum refining General fuel combustion- Oil 
1A1C Manufacture of solid fuels and other energy General fuel combustion- Gas 
1A1C Manufacture of solid fuels and other energy General fuel combustion- Oil 
1A2A Iron and steel General fuel combustion- Coal/coke 
1A2A Iron and steel General fuel combustion- Wood 
1A2A Iron and steel General fuel combustion- Gas 
1A2A Iron and steel General fuel combustion- Oil 
1A2B Non-ferrous metal General fuel combustion- Coal/coke 
1A2B Non-ferrous metal General fuel combustion- Wood 
1A2B Non-ferrous metal General fuel combustion- Gas 
1A2B Non-ferrous metal General fuel combustion- Oil 
1A2C Chemicals General fuel combustion- Wood 
1A2C Chemicals General fuel combustion- Gas 
1A2C Chemicals General fuel combustion- Oil 
1A2D Pulp, paper, print General fuel combustion- Coal/coke 
1A2D Pulp, paper, print General fuel combustion- Wood 
1A2D Pulp, paper, print General fuel combustion- Gas 
1A2D Pulp, paper, print General fuel combustion- Oil 
1A2E Food processing, beverages, tobacco General fuel combustion- Coal/coke 
1A2E Food processing, beverages, tobacco General fuel combustion- Wood 
1A2E Food processing, beverages, tobacco General fuel combustion- Gas 
1A2E Food processing, beverages, tobacco General fuel combustion- Oil 
1A2F Other General fuel combustion- Coal/coke 
1A2F Other General fuel combustion- Wood 
1A2F Other General fuel combustion- Gas 
1A2F Other General fuel combustion- Oil 
1A2F Other Waste combustion- other manufacturing 
1A3A Transport fuel - civil aviation  
1A3B Transport fuel - road transportation  
1A3C Transport fuel - railway  
1A3D Transport fuel - navigation  
1A3E Transport fuel - motorized equipment and pipeline  
1A4A Commercial/institutional General fuel combustion- Wood 
1A4A Commercial/institutional Gas combustion- commercial/institutional 
1A4A Commercial/institutional General fuel combustion- Oil 
1A4A Commercial/institutional Waste combustion - commercial/institutional 
1A4B Residential Coal/coke combustion- residential 
1A4B Residential General fuel combustion- Wood 
1A4B Residential Gas - residential 
1A4B Residential General fuel combustion- Oil 
1A4C Agriculture/forestry/fishing Coal/coke combustion- agriculture 
1A4C Agriculture/forestry/fishing General fuel combustion- Wood 
1A4C Agriculture/forestry/fishing Gas combustion - agriculture/forestry/fishing 
1A4C Agriculture/forestry/fishing General fuel combustion- Oil 
1A5A Military Military fuel - stationary  
1A5B Military Military fuel - mobile 
1B1A Coal mining, Extraction of natural gas  
1B2A Extraction of oil - transport  
1B2A Extraction of oil - refining/storage  
1B2A Extraction of oil - distribution gasoline  
1B2B Coal mining, Extraction of natural gas  
1B2C Venting  
1B2C Flaring  
1B2C Well testing  
2A1 Cement production  
2A2 Lime production  
2A3 Limestone and dolomite use  
2B1 Ammonia production  
2B2 Nitric acid production  
2B4 Silicium carbide production  
2B4 Calcium carbide production  
2B5 Methanol and plastic production  
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2C1 Iron and steel production  
2C2 Ferroalloys production  
2C3 Aluminium production  
2C4 SF6 used in Al and Mg foundries  
2C5 Mg production  
2C5 Ni production, anodes  
2D2 Carbonic acid, bio protein  
2F consumption of halocarbons and SF6  
3A Paint application  
3B Degreasing and dry cleaning  
3C Chemical products, Manufacture and processing  
3D Other  
4A1 Enteric fermentation - cattle   
4A10 Enteric fermentation - other animal  
4A3 Enteric fermentation - sheep  
4A4 Enteric fermentation - goat  
4A6 Enteric fermentation - horse  
4A8 Enteric fermentation - swine  
4A9 Enteric fermentation - poultry  
4B1 Manure management - CH4 -cattle  
4B11 Manure management - N2O - Liquid storage  
4B12 Manure management - N2O - solid storage  
4B13 Manure management - CH4 - other animal  
4B3 Manure management - CH4 - sheep  
4B4 Manure management - CH4 -goat  
4B6 Manure management - CH4- horse  
4B8 Manure management - CH4- swine  
4B9 Manure management - CH4- poultry  
4D1 Direct soil emission - Fertilizer  
4D1 Direct soil emission - Manure  
4D1 Direct soil emission- Organic soil  
4D1 Direct soil emission- Other  
4D2 Animal production  
4D3 Indirect soil emission- Deposition  
4D3 Indirect soil emission - Leaching, other  
4F1 Burning of straw  
5A1 Forest remaining Forest, Living biomass  
5A2 Forest remaining Forest, Soil, Drained organic soils  
5A3 Forest remaining Forest, Dead biomass  
5A4 Forest remaining Forest, Soil, Other  
5B1 Cropland remaining Cropland, Horticulture, Living biomass, increase  
5B2 Cropland remaining Cropland, Horticulture, Living biomass, decrease  
5B3 Forest converted to Cropland, Living biomass  
5B4 Cropland remaining Cropland, Reduced tillage, Soil  
5B5 Cropland remaining Cropland, Histosols, Soil  
5B6 Cropland remaining Cropland Erosion of new agriculture land Soil, net change  
5C1 Grassland remaining Grassland, Histosols, Soil  
5C2 Cropland converted to Grassland, Soil  
5C3 Cropland converted to Grassland, Horticulture, Living biomass, decrease  
5D1 Wetland remaining Wetland, Peat extraction, Soil  
5E1 Forest converted to Settlements, Living biomass  
5P1 Forest Fertilizer  
5Q1 Forest Drainage  
5Q2 Wetland Drainage  
5S1 Cropland Disturbance  
5T1 Cropland Liming  
5T2 Other Liming (Lakes and rivers)  
5U1 Forest Fires  
6A Managed waste disposal on land  
6B Waste water -CH4  
6B Waste water - N2O pipeline  
6B Waste water - N2O plant  
6C Waste incineration  
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Long-range transboundary air pollutants 
Source for the uncertainty estimates for long-range transboundary air pollutants is Rypdal and Zhang (2001). 
 

Table D8. Summary of expert judgements of uncertainties in point sources 
Production type Number of 

plants 
Pollutant Emission determination method and uncertainty evaluation Assessment (average) 

Pulp and paper 6 SO2 Continuous emission measurements and estimations from sulphur 
content of fuel. Diffuse emissions of sulphur compounds when 
producing sulphite pulp. The latter has a higher uncertainty than 
both the measured and estimated stack emissions.  

± 4 % 

Oil refineries 2 (3) SO2 Continuous emission measurements and estimations from sulphur 
content of fuel. 

± 5 % 

  NOx Based on measurements and calculations. ± 10 % 
  NMVOC Combination of point measurements and calculations. Emissions 

are variable with possibilities of systematic errors. Emissions from 
loading of products have lower uncertainty than the fugitive. 
Differences between the refineries due to different technology, 
products and operations.  

± 45 % 

Petrochemical 
industries and 
gas terminal 

4 NOx Annual measurements and/or calculations ± 7 % 

  NMVOC Several emission points. Difficult to measure properly and high 
variability. Uncertainty is in any case lower than for the refineries 
as mostly gas is handled (high demand for security). 

 ± 25 % 

Cement 2 SO2 Continuous measurements and annual 
measurements/calculations. High variability as cement plants 
incinerates special waste. 

 ± 12 % 

  NOx Continuous measurements and annual 
measurements/calculations. High variability as cement plants 
incinerates special waste. 

 ± 12 % 

Ammonia and 
fertiliser 

2 NOx Continuous/weekly measurements. ± 7 % 

  NH3 Several emission points. Several measurements performed each 
year. Low variability. 

 ± 10 % 

Silicon carbide 
(SiC) 

3 SO2 Emissions are estimates based on consumption and sulphur 
content of coke. The sulphur content is measured independently 
for every delivery. There is, however, uncertainty connected to the 
end products and degree of oxidation and definition applied, so 
reporting can seem inconsistent. 

 ± 20 % 

Ferroalloys 16 SO2 Emissions are estimates based on consumption and sulphur 
content of coke and the sulphur in products. The sulphur content is 
measured independently for every delivery. The sulphur content of 
products are measured regularly, but shows small variability. 

 ± 2 % 

  NOx Estimates using emission factors. Emission factors are based on 
measurements. Emission factors are, however, only available for 
some types of ferroalloys and emissions are not estimated for the 
others. 

± 10-20 %* 

Aluminium 8 SO2 Monthly measurements (covering emissions from stack and 
ceiling) 

 ± 7 % 

  NOx Emissions are estimated based on emission factors (see Table 4). - 
Waste 
incineration 

8 SO2 Annual representative measurements. Variable emissions due to 
the waste fraction incinerated. 

 ± 7 % 

  NOx Annual representative measurements.  ± 10 % 
* Additional uncertainty due to possible incomplete reporting. 
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Table D9. Summary of standard deviation and probability density of activity data 
SNAP category Pollutant source Important for Standard deviation 

(2σ). % 
Density 
shape 

Source/Comment 

01, 02, 03 Gas combustion  NOx ± 4 Normal Directorate of oil and 
gas 

01, 02, 03, 07, 
08 

Oil combustion (total) SO2, NOx ± 3 Normal Spread in data.  

0102 Waste combustion - Energy 
industries 

SO2, NOx, NMVOC  ± 5 Normal Expert judgement 

0202 Coal and coke combustion - 
Residential 

SO2, NOx, NMVOC ± 20 Normal Expert judgement 

090201 Waste combustion - Other sectors SO2, NOx, NMVOC  ± 30 Lognormal Expert judgement 
01, 02, 03 Wood combustion - All sectors SO2, NOx, NMVOC  ± 30 Lognormal Expert judgement 
01, 03 Coal and coke combustion- 

Industry 
SO2, NOx, NMVOC ± 5 Normal Spread in data 

07, 08 Oil, road/off-road/catalytic/non-
catalytic 

SO2, NOx, NMVOC, 
NH3 

± 20 Normal Comparisons of data 

0805 Oil combustion - Aviation SO2, NOx, NMVOC ± 20  Normal Expert judgement 
0804 Oil combustion - Shipping SO2, NOx, NMVOC ± 10 Normal Comparisons of data 
      
0401 Refineries (throughput) NMVOC ± 3 Normal Expert judgement 
040301 Aluminium production NOx ± 3 Normal Expert judgement 
040302 Ferroalloy production NOx ± 3 Normal Expert judgement 
040605 Bread production NMVOC ± 30 Normal Expert judgement 
040607 Beer production NMVOC ± 10 Normal Expert judgement 
050202 Loading of crude oil NMVOC ± 3 Normal Expert judgement 
0505 Gasoline distribution NMVOC ± 3 Normal Expert judgement 
0601 Solvent use NMVOC   See emission factor 
09 Waste combustion in small scale SO2, NOx, NMVOC ± 50 Lognormal Expert judgement 
090201 Methane incineration (landfills) NOx, NMVOC ± 5 Normal Expert judgement 
090204 Flaring of natural gas NOx, NMVOC ± 4 Normal As combustion of gas 
090204 "Flaring" of crude oil SO2, NOx, NMVOC ± 10 Normal Expert judgement 
090203/4 Other flaring NOx, NMVOC ± 5 Normal Expert judgement 
090207 Incineration of hospital waste NOx, NMVOC ± 20 Normal Expert judgement 
090901 Cremation SO2, NOx, NMVOC ± 20 Normal Expert judgement 
10 Animal population NH3 ± 5-10 Normal Expert judgement 
10 Agricultural soils - Treatment of 

straw 
NH3   See emission factor 

1001 Agricultural soils - Fertiliser use NH3 ± 5 Normal Agriculture authorities 
1009 Agricultural soils - Manure use NH3 ± 20 Normal Expert judgement 
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Table D10. Summary of standard deviation and probability density of emission factors 
SNAP source 
category 

Pollutant source Standard deviation (2σ). 
% 

Density 
shape 

Source/Comment 

01, 02, 03 SO2 - Oil combustion, general ± 1 Normal Expert judgement. Oil companies 
01, 02, 03 SO2 - Oil combustion, heavy fuel oil -50 - +100 Normal Expert judgement. Oil companies 
01, 03 SO2 - Coal combustion -50 - +100 Lognormal Spread in data 
01, 03 SO2 - Wood combustion -50 - +100 Lognormal Spread in data  
0804 SO2 - Oil combustion, domestic 

shipping 
± 25 Normal Expert judgement. Oil companies 

     
01, 02 (+03) NOx - Combustion in area sources  ± 40-50 Normal Spread in data 
0105 NOx - Combustion off-shore ± 40 Lognormal Expert judgement 
040301 NOx - Aluminium production -50 - +100 Lognormal Expert judgement 
07 NOx - Road traffic ± 25-30 Normal Expert judgement, spread in data 
0704/0705 NOx - Motorcycles ± 40 Normal Expert judgement, spread in data 
0801-02, 0806-09 NOx - Equipment and railways  ± 40 Normal Spread in data 
0804 NOx - Shipping ± 15 Normal Spread in data 
0805 NOx - Aircraft ± 20 Normal EEA (2000) 
0902 NOx - Flaring ± 40 Lognormal Expert judgement 
     
01, 02 (+03) NMVOC - Combustion in area 

sources  
± 40-50 Normal Spread in data 

0105 NMVOC - Combustion offshore ± 50 Lognormal Expert judgement 
040605/07 NMVOC- Beer and bread production -50 - +100 Lognormal EEA (2000) 
050201 NMVOC- Oil loading onshore ± 30 Normal Rypdal (1999), Expert judgement 
050202 NMVOC- Oil loading offshore ± 40 Normal Rypdal (1999), Expert judgement 
0505 NMVOC - Gasoline distribution ± 50 Lognormal EEA (2000) 
0601 NMVOC - Solvent use ± 30 Normal Rypdal (1995a) 
0701 NMVOC - Road traffic (gasoline 

vehicles) 
± 40-50 Normal Expert judgement, spread in data 

0703 NMVOC - Road traffic (diesel 
vehicles) 

± 20-30 Normal Expert judgement, spread in data 

0704/0705 NMVOC - Motorcycles ± 40 Normal Expert judgement, spread in data 
0801-02, 0806-09 NMVOC - Equipment and railways  ± 40 Normal Spread in data 
0804 NMVOC - Shipping ± 50 Normal Spread in data 
0805 NMVOC - Aircraft ± 25 Normal EEA (2000) 
0902 NMVOC - Flaring ± 50 Lognormal Expert judgement 
     
07 NH3 - Road traffic Factor 3 Lognormal Expert judgement, spread in data 
1001 NH3 -Agriculture, fertiliser ± 20 Normal Expert judgement 
1005 NH3 -Agriculture, animal manure ± 30 Normal Expert judgement 
10 NH3 -Agriculture, treatment of straw ± 5 Normal Expert judgement 
 
 

Table D11. Uncertainty in emission level of pollutants. 1990, 1998 and 2010  
1990 μ (mean) 

ktonnes 
Relative standard deviation (σ/μ) Uncertainty  

2σ (% of mean) 
Uncertainty 
2σ (ktonnes) 

     
SO2 52.7 0.02 4.0 2 
NOx 219.0 0.062 12 27 
NMVOC 298.4 0.09 18 54 
NH3 22.9 0.104 21 5 
     
1998 μ (mean) 

ktonnes 
Relative standard deviation (σ/μ) Uncertainty  

2σ (% of mean) 
Uncertainty 
2σ (ktonnes) 

     
SO2 29.8 0.021 4.2 1 
NOx 224.0 0.062 12 42 
NMVOC 344.5 0.105 21 72 
NH3 27.0 0.091 18 5 
     
2010* μ (mean) 

ktonnes 
Relative standard deviation (σ/μ) Uncertainty  

2σ (% of mean) 
Uncertainty 
2σ (ktonnes) 

     
SO2 22.0 0.025 5.0 1 
NOx 156.0 0.062 12 19 
NMVOC 194.0 0.074 15 29 
NH3 23.0 0.105 21 5 
     
* Projected data with uncertainties as if they were historical. 
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Table D12. Uncertainties in emission trends 1990-1998 and 1990-2010 
 Absolute change  

(μ2010-μ1990) 
% change  
((μ2010-μ1990)*100/μ1990) 

Relative standard 
deviation  
(σ/(μ2010-μ1990)) 

Uncertainty 2σ 
(absolute change) 

Uncertainty 
2σ (%-point of change)

1990-1998      
SO2 -23.0 -43 -0.04 1.7 3.2 
NOx +4.8 +2 +3.00 28 13 
NMVOC +43.8 +15 +0.40 35 12 
NH3 +4.1 +18 +0.22 1.8 8.0 
      
1990-2010      
SO2 -30.7 -58 -0.03 1.8 3.4 
NOx -62.8 -29 -0.21 26.9 12 
NMVOC -104.9 -35 -0.18 38 13 
NH3 +0.0 0 61.3 3.1 13 
* Projected values with uncertainties as if they were historical. 
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Appendix E 

Key category analysis for GHG 
This chapter outlines the Tier 2 methodologies used to find which sources are key 
categories in the Norwegian greenhouse gas emission inventory.  
 
Two different methods are used for the key category analysis. First, the standard 
method as described in IPCC Good Practice Guidance (IPCC 2001) is used, both at 
the Tier 1 level and at the Tier 2 level with uncertainties. Second, a sensitivity 
analysis is performed using the specification of the model for the uncertainty 
analysis, as described in Rypdal and Zhang 2000). The uncertainty model is 
presented in Annex II. The discussion focuses primarily on the standard method. 
The sensitivity analysis is presented as supporting data. 
 
Key categories are identified as the emission sources that add up to 90 per cent of 
total uncertainty in level and/or trend. This definition of a key category is 
according to (IPCC 2001). A Tier 2 analysis for the LULUCF sector has also been 
performed. However, key categories for non-LULUCF sources are based on the 
analysis without LULUCF. 
 
The key category analysis is performed at the level of IPCC source categories and 
each GHG from each source category is considered separately with respect to total 
GWP weighted emissions. The advantage in using a Tier 2 rather than the Tier 1 
methodology is that uncertainties are taken into account so the ranking shows 
where uncertainties can be reduced.  
 
The steps taken to find key categories with respect to level and trend were the 
determination of uncertainties in input parameters (AD = activity data and EF = 
emission factors). Uncertainties of activity data and emissions factors were 
combined to source uncertainty by the error propagation rule 

22
EFADsource UUU += (IPCC 2001, equation 6.4).  

 
The next step was the use of sensitivity analysis to identify which parameters in the 
inventory influence most the total GHG emissions in level and in trend. The 
standard method does not take correlations into account. This has partly been 
handled by aggregating sources with the same emission factors. However, sources 
with similar emission factors in stationary combustion, categories 1A1, 1A2, and 
1A4, were treated separately as suggested in the proposed 2006 guidelines. 
However, correlations due to common activity data for several pollutants have not 
been taken into account. This may lead to an underestimation of the uncertainty 
importance for such sources. In the sensitivity analysis, such correlations may be 
specified in the model. The sensitivity analysis also allows separate treatment of 
activity data and emission factors. 
 
Compilations of the uncertainty importance elasticity lead to the estimation of 
uncertainty importance of each input parameter with respect to total level and trend 
uncertainty. Out of this we get a ranked list of parameters which add up to 90 per 
cent of total uncertainty in level and trend. The LULUCF key categories come in 
addition to this. 
 
A summary of the key categories are given in Table E3 for the emissions 
categories, and a summary for removal key categories are given in Table E4. The 
results in level and trend from the Tier 1 analysis for emissions sources is in Table 
E5.  
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The new uncertainty analysis has caused several changes in the key categories. 
Several different effects can be distinguished: 
• Improved methodology and reduced uncertainty estimates for 4D - N2O from 

agriculture - has reduced the dominance of this source. Thus, more sources 
need to be included in order to reach the 90 per cent threshold.  

• The energy use sectors (1A) have been treated at a more disaggregated level. 
The result is that some of the major sources have a lower assessment value. 
They are still assigned as key, but the reduced dominance has the same effect 
as the previous point in increasing the total number of key categories. 

• Some sources have reduced uncertainty estimates, and their ranks in the 
analyses are lowered.  

• Some sources have increased emissions due to revised methods, and their ranks 
are higher. 

 
Only one source that was identified as key in the 2005 NIR is absent from the new 
Tier 2 analysis. The uncertainty estimate for 2C4 SF6 used in Aluminum and 
Magnesium Foundries is significantly reduced. However, the source is still 
identified in the Tier 1 analysis. 
Several new sources were assigned as key categories. In the Tier 2 analysis, the 
new sources shown in Table E1 were included.  

Table E1. Summary of new identified emission key categories in the Tier 2 analysis 

1A1 Energy Industries, Waste CO2 level 

1A3e Other (snow scooters, boats, motorized  CO2 level (trend at T1) 

1A4 Other Sectors, Wood etc. CH4 level, trend 

1B2b Natural Gas CH4 trend 

2B4 Carbide Production CO2 trend (level at T1) 

2D2 Food and Drink CO2 trend (level at T1) 

4B Manure Management CH4 level 

4B Manure Management N2O level 

6B Wastewater Handling N2O level 
 
According to IPCC (2001) it is good practice to give the results at the Tier 2 level 
if available. However, in the proposed 2006 guidelines it is suggested that good 
practice reporting should include key categories from both the Tier 1 and Tier 2 
analyses. The Tier 1 analysis includes the following sources which were not 
assigned as key at Tier 2:  

Table E2. Summary of new identified key categories in the Tier 1 analysis 

1A1 Energy Industries, Coal/coke CO2 level, trend 

1A1 Energy Industries, Oil CO2 level, trend 

1A2 Manufacturing Industries and Construction, Coal/coke CO2 level, trend 

1A4 Other Sectors, Gas CO2 trend 

1A5b Military - Mobile CO2 level, trend 

2A1 Cement Production CO2 level 

2B1 Ammonia Production CO2 level 

2C1 Iron and Steel Production CO2 level, trend 

2C4 SF6 used in Aluminium and Magnesium Foundries SF6 level, trend 
 
The other differences between the current analysis and Rypdal and Zhang (2000) 
have no bearings on the conclusions on key categories. There are some differences 
in ranking and in whether the sources are identified by the level, trend or both 
analyses.  
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CH4 from coal mining - 1B1a - has been designated key in the previous National 
Inventory Reports. This source is not identified by the quantitative method. It is 
included because the national emission factor we use is in an order of magnitude 
less than IPCC’s default factors (not shown in the tables). 
 
The sensitivity analysis generally supports the results from the standard key 
category analysis. Using thresholds for the uncertainty importance at 0.002 for 
level and 0.01 for trend (Rypdal and Zhang 2000), no sources were identified that 
were not identified in the standard method. The sensitivity to changes in activity 
data and emission factors were assessed separately. In general, the uncertainty 
importance of activity data is lower than that of emission factors. 
 
The analyses have been performed for 1990 and 2004 GHG emission data. The 
main conclusion is that there are few differences in the result for 1990 compared 
with 2004. 

Land-use, Land-use Change and Forestry (LULUCF) 
Table E1-E4 shows the results of the Tier 2 key category analysis performed as 
described in GPG20048. Uncertainties were not determined by a rigid analysis. 
There are some differences between the two tiers. Tier 1 level analysis does not 
identify forest drained organic soil, cropland histosoils and forest converted for 
settlements. The reason is that these categories have large uncertainties. For the 
trend analysis there are small differences between the two tiers with respect to the 
LULUCF categories identified, and the trend analysis does not identify any 
additional LULUCF categories to those identified in the level analysis. Including 
LULUCF also influences other key categories identified. However, according to 
GPG2004 the LULUCF key categories are additional to those identified analyzing 
the inventory excluding LULUCF. In both analyses, forest remaining forest (all 
three pools) are among the top key categories. 

                                                      
8 Tier 1 is based on only the size of emissions/removals and estimate their contribution to the level 
and trend. In the Tier 2 method the contribution is also multiplied with the relative uncertainty (two 
standard deviations). 
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Table E3. Summary of identified emission key categories. Excluding LULUCF. Bold numbers are key 
 

Source category Gas 

Level 
assessment 
Tier 2 1990

Level 
assessment 
Tier 2 2004 

Trend 
assessment 
Tier 2 1990-

2004 
Method 
(Tier) 2004

4D1 Direct soil emissions N2O  25.80 22.94 11.18 Tier 1a 
1A3b Road Transportation CO2  8.34 9.82 4.35 Tier 2 
1A1 Energy Industries, Gas CO2  4.53 7.98 11.14 Tier 2 
4D3 Indirect emissions N2O  5.77 5.24 2.15 Tier 1a 
1B2a Oil (incl. oil refineries, gasoline dist CO2  4.58 4.98 1.03 Tier 2 
6A Solid Waste Disposal on Land CH4  6.70 4.94 6.26 Tier 2 
4A Enteric Fermentation CH4  5.05 4.54 1.99 Tier 1/2*** 
1A4 Other Sectors, Oil CO2  4.33 3.41 3.35 Tier 2 
1B2c Venting and Flaring CH4  1.58 3.20 5.25 Tier 2 
1A3d Navigation CO2  2.05 2.35 0.88 Tier 2 
2C3 Aluminium Production CO2  1.51 2.05 1.69 Tier 2 
2F Consumption of Halocarbons and Sulphur Hexafluoride HFCs 0.00 1.89 6.25 Tier 2 
1A3a Civil Aviation CO2  1.40 1.80 1.23 Tier 2 
2C3 Aluminium Production PFCs 6.93 1.67 17.88 Tier 2 
1A3b Road Transportation N2O  0.50 1.65 3.76 Tier 2 
4D2 Animal production N2O  1.70 1.58 0.52 Tier 1a 
1A2 Manufacturing Industries and Construction, Gas CO2  0.92 1.48 1.82 Tier 2 
1B2c Venting and Flaring CO2  1.64 1.32 1.17 Tier 2 
1B2a Oil (incl. oil refineries, gasoline dist CH4  0.67 1.32 2.12 Tier 2 
1A3e Other (snow scooters, boats, motorized e CO2  1.12 1.31 0.57 Tier 2 
2B2 Nitric Acid Production N2O  1.47 1.21 0.94 Tier 2 
1A4 Other Sectors, Wood etc. CH4  0.88 1.12 0.75 Tier 2 
4B Manure Management N2O  1.03 0.87 0.59 Tier 1 
6B Wastewater Handling N2O  0.69 0.77 0.21 Tier 1 
2C2 Ferroalloys Production CO2  0.78 0.76 0.09 Tier 2 
4B Manure Management CH4  0.77 0.74 0.15 Tier 2 
1A2 Manufacturing Industries and Construction, Oil CO2  0.89 0.61 0.97 Tier 2 
1A4 Other Sectors, Oil N2O  0.76 0.56 0.69 Tier 1 
1A1 Energy Industries, Waste CO2  0.30 0.51 0.69 Tier 2 
2D2 Food and Drink CO2  0.10 0.31 0.70 Tier 1/2 
1B2b Natural Gas CH4  0.02 0.24 0.72 Tier 2 
2B4 Carbide Production CO2  0.42 0.10 1.10 Tier 2 
2A1 Cement * CO2    Tier 2 
2B1 Ammonia Production * CO2   Tier 2 
1B1a Coal Mining and Handling ** CH4    Tier 2 
 Capture and storage ** CO2    CS (Tier 2)
* Identified as key category because of large contribution to the total emissions (Tier 1). 
** Defined as key category from qualitative criteria 
*** Tier 2 used for the significant animal groups 
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Table E4. Summary of identified LULUCF key categories Tier 2. Bold numbers are key 
Level assessment IPCC Category Gas 

1990 2004 
Trend 

assessment 
1990-2004 

Method 
(Tier) 2004 

5A1 Forest land remaining forest land, living biomass, other CO2 11.53 19.27 32.48 Tier 3 
5C1 Grassland remaining grassland, soils, histosols CO2 13.51 11.66 6.26 Tier 2* 
5A1 Forest land remaining forest land, soils CO2 6.34 5.09 1.81 Tier 3 
5A1 Forest land remaining forest land, dead biomass, other CO2 2.52 2.28 1.46 Tier 3 
5A1 Forest land remaining forest land, soils, drained organic soils CO2 2.38 2.17 1.44 Tier 1 
5B1 Cropland remaining cropland, histosols, soils CO2 1.50 1.30 0.70 Tier 2 
5E2 Forest converted to Settlements, Living biomass CO2 0.68 0.47 0.05 Tier 3 

Table E5. Summary of identified key categories Tier 1. Excluding LULUCF 
 

Source category Gas 

Level 
assess-
ment tier 
1 1990 

Level 
assess-
ment tier 
1 2004 

Cumulative 
assess-
ment 2004 

Key 
cat. 
tier 1 
any 
year 

Key 
cat. 
tier 1 
1990 

Key 
cat. 
tier 1 
2004 

1A1 Energy Industries, Gas CO2  12.28 21.22 21.22 1 1 1 
1A3b Road Transportation CO2  15.77 18.21 39.43 1 1 1 
1A4 Other Sectors, Oil CO2  8.20 6.32 45.75 1 1 1 
2C2 Ferroalloys Production CO2  5.12 4.94 50.69 1 1 1 
1A3d Navigation CO2  3.87 4.37 55.05 1 1 1 
2C3 Aluminium Production CO2  2.85 3.79 58.85 1 1 1 
1A2 Manufacturing Industries and Construction, Gas CO2  2.24 3.56 62.41 1 1 1 
4A Enteric Fermentation CH4  3.91 3.45 65.86 1 1 1 
2B2 Nitric Acid Production N2O  4.14 3.36 69.22 1 1 1 
1A2 Manufacturing Industries and Construction, Oil CO2  4.14 2.80 72.02 1 1 1 
6A Solid Waste Disposal on Land CH4  3.67 2.65 74.67 1 1 1 
4D1 Direct soil emissions N2O  2.80 2.44 77.12 1 1 1 
1B2a Oil (incl. oil refineries, gasoline dist CO2  2.25 2.40 79.52 1 1 1 
1B2c Venting and Flaring CO2  3.01 2.38 81.90 1 1 1 
1A3a Civil Aviation CO2  1.36 1.72 83.62 1 1 1 
2C3 Aluminium Production PFCs 6.77 1.60 85.22 1 1 1 
2A1 Cement Production CO2  1.30 1.32 86.54 1 1 1 
1A3e Other (snow scooters, boats, motorized e CO2  1.09 1.26 87.80 1 1 1 
2B1 Ammonia Production CO2  1.00 0.90 88.70 1 1 1 
1A1 Energy Industries, Oil CO2  0.47 0.81 89.51 1 1 1 
4D3 Indirect emissions N2O  0.84 0.75 90.26 1 1 1 
2F Consumption of Halocarbons and Sulphur Hexafluoride HFCs 0.00 0.73 90.99 1 . 1 
1A2 Manufacturing Industries and Construction, Coal/coke CO2  0.93 0.70 91.69 1 1 1 
1B2a Oil (incl. oil refineries, gasoline dist CH4  0.33 0.64 92.32 1 . 1 
2C1 Iron and Steel Production CO2  0.40 0.62 92.95 1 . 1 
1B2c Venting and Flaring CH4  0.31 0.61 93.56 1 . 1 
4B Manure Management CH4  0.60 0.56 94.12 1 1 1 
1A5b Military - Mobile CO2  0.79 0.52 94.64 1 1 1 
2D2 Food and Drink CO2  0.13 0.42 95.06 1 . 1 
4D2 Animal production N2O  0.45 0.41 95.47 1 1 . 
2C4 SF6 Used in Aluminium and Magnesium Foundries SF6  4.31 0.37 95.84 1 1 . 
  CO2  0.41 0.23 97.22 1 1 . 
  CO2  0.80 0.18 97.83 1 1 . 
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Appendix F 

Economic sectors in the Norwegian emission model 
The classification is almost identical to that used in the National Accounts. To make the standard sectors more 
appropriate for emission calculation a few changes have been made, e.g. "Private households" is defined as a 
sector. The classification is aggregated from the Norwegian Standard Industrial Classification, SIC2002 
(Statistics Norway 2003). The SIC is identical to the European NACE (rev. 1.1) classification up to the four-digit 
level. A national level has been introduced at the five-digit level.  
 
All sector numbers in the model have six digits. The first two digits refer to the main sectors of the economy: 
23 = private sector, 24 = central government, 25 = local government, 33 = private households, and 66 = foreign 
activity. For clarity, the two first digits are only included for the first sector listed in each main sector in the 
table below.  
 
The last four digits are approximate SIC codes. The first two of these always correspond to SIC at the two-digit 
level. (Exceptions: sectors 235000 and 236500 are aggregates of several SIC divisions). For around two thirds 
of the sectors, all non-zero digits correspond to SIC. The detailed relationship is shown in the following table, 
where the sectors are listed with the corresponding SIC codes. 
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Sector 
number  SIC code Sector name 

    

Agriculture and forestry 
230100  01.1-3 Agriculture 
 0140  01.4-5 Services related to agriculture and forestry 
 0200  02 Forestry and logging 
    
Fishing    
 0510  05.01 Fishing 
 0520  05.02 Operation of fish farms 
    

Energy sectors 
 1000  10.1-2 Coal mining 
 1110  11.1 Extraction of crude petroleum and natural gas 
 1200  12 Mining of uranium and thorium ores 
 2320  23.2 part Manufacture of refined petroleum products 
 2330  23.3 Processing of nuclear fuel 
 2340  11.1 Gas terminal 
 4010  40.110 Production of electricity 
 4020  40.120 Distribution of electricity 
 4030  40.2 Manufacture and distribution of gas 
 4040  40.3 Steam and hot water supply 
    

Mining/manufacturing 
 1120  11.2 Oil drilling  
 1300  13 Mining of metal ores 
 1400  14, 10.3 Other mining and quarrying 
 1510  15.1 Production, processing and preserving of meat and meat products 
 1520  15.2 Processing and preserving of fish and fish products 
 1530  15.3 Processing and preserving of fruit and vegetables 
 1540  15.4 Manufacture of vegetable and animal oils and fats 
 1550  15.5 Manufacture of dairy products 
 1560  15.6 Manufacture of grain mill products, starches and starch products 
 1570  15.7 Manufacture of prepared animal feeds 
 1580  15.8 Manufacture of other food products 
 1590  15.9 Manufacture of beverages 
 1600  16 Manufacture of tobacco products 
 1700  17 Manufacture of textiles and textile products 

Mining/manufacturing (cont.)  
 1810  18.1 Manufacture of leather clothes 
 1820  18.2 Manufacture of other wearing apparel and accessories 
 1830  18.3 Dressing and dyeing of fur, manufacture of articles of fur 
 1910  19.1-2 Tanning and dressing of leather, manufacture of luggage, handbags, saddlery and harness 
 1930  19.3 Manufacture of footwear 
 2010  20.1 Sawmilling and planing of wood, impregnation of wood 
 2020  20.2 Manufacture of particle board, fibre board and other panels and boards 
 2030  20.3 Manufacture of builders' carpentry and joinery 
 2040  20.4-5 Manufacture of other products of wood 
 2110  21.11 Manufacture of pulp 
 2120  21.12 Manufacture of paper and paperboard 
 2130  21.2 Manufacture of articles of paper and paperboard 
 2210  22.1 Publishing 
 2220  22.2 Printing and service activities related to printing 
 2230  22.3 Reproduction of recorded media 
 2310  23.1 Manufacture of coke oven products 
 2322  23.2 part Manufacture of asphalt 
 2411  24.11 Manufacture of industrial gases 
 2412  24.12-13 Manufacture of dyes and pigments and other inorganic basic chemicals 
 2415  24.15, 24.2 Manufacture of fertilisers, nitrogen compounds and pesticides 
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Sector 
number  SIC code Sector name 

 2416  24.14, 24.16-17 Manufacture of plastics and synthetic rubber in primary forms, manufacture of other organic basic 
chemicals 

 2430  24.3 Manufacture of paints and varnishes, printing ink and mastics 
 2440  24.4 Manufacture of basic pharmaceutical products and pharmaceutical preparations 
 2450  24.5 Manufacture of soap and detergents and toilet preparations 
 2460  24.6 Manufacture of other chemical products 
 2470  24.7 Manufacture of man-made fibres 
 2500  25 Manufacture of rubber and plastic products 
 2610  26.1 Manufacture of glass and glass products 
 2620  26.2-3 Manufacture of ceramic goods 
 2640  26.4,6-8 Manufacture of other mineral products 
 2650  26.5 Manufacture of cement, lime and plaster 
 2710  27.1-3 except 27.35 Manufacture of basic iron and steel 
 2720  27.35 Manufacture of ferro-alloys 
 2730  27.42 Aluminium production 
 2740  27.4 except 27.42 Other non-ferrous metal production 
 2750  27.5 Casting of metals 
 2810  28.1-5 Manufacture of fabricated metal products, except machinery and equipment 
 2860  28.6 Manufacture of cutlery, tools and general hardware 
 2870  28.7 Manufacture of other metal products 
 2910  29.1-2 Manufacture of general purpose machinery 
 2930  29.3-5 Manufacture of special purpose machinery 
 2960  29.6 Manufacture of weapons and ammunition 
 2970  29.7 Manufacture of domestic appliances 
 3000  30 Manufacture of office machinery and computers 
 3110  31.1-2 Manufacture of electric motors, generators and transformers, manufacture of electricity 

distribution and control apparatus 
 3130  31.3 Manufacture of insulated wire and cable 
 3140  31.4-6 Manufacture of other electrical apparatus and equipment 
 3210  32.1-2 Manufacture of electronic components and television and radio transmitters 
 3230  32.3 Manufacture of television and radio receivers, sound or video recording apparatus 
 3310  33.1-3 Manufacture of medical and precision instruments 
 3340  33.4-5 Manufacture of optical instruments, photographic equipment, watches and clocks 
 3400  34 Manufacture of motor vehicles and parts and accessories for motor vehicles 
 3510  35.1 except 35.114 Building and repair of ships and boats 
 3520  35.114 Building and repair of oil platforms 

Mining/manufacturing (cont.)  
 3530  35.2 Manufacture and repair of railway and tramway locomotives and rolling stock 
 3540  35.3 Manufacture and repair of aircraft and spacecraft 
 3550  35.4-5 Manufacture of other transport equipment 
 3610  36.1 Manufacture of furniture 
 3620  36.2 Manufacture of jewellery and related articles 
 3630  36.3-6 Other manufacturing 
 3710  37.1 Recycling of metal waste and scrap 
 3720  37.2 Recycling of non-metal waste and scrap 
    

Water supply 
 4100  41 Collection, purification and distribution of water 
    

Construction 
 4500  45 Construction 
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Sector 
number  SIC code Sector name 

    

Wholesale and retail trade/hotels and restaurants 
 5000  50-52 Wholesale and retail trade, repair of motor vehicles and personal and household goods 
 5500  55 Hotels and restaurants 
    

Transport etc. 
 6010  60.1 Transport via railways 
 6020  60.21 Tramway and suburban transport, other scheduled passenger land transport 
 6030  60.22 Taxi operation 
 6040  60.23-24 Other land passenger transport, freight transport by road 
 6080  60.3 Transport via pipelines 
 6110  61.101 Ocean transport 
 6130  61.103-109, 61.2 Inland and coastal water transport 
 6202  62 part Domestic air transport 
 6203  62 part International air transport 
 6300  63 Supporting and auxiliary transport activities 
 6400  64 Post, telecommunications 
    

Financing, insurance, real estate and business services 
 6500  65-67 Financial intermediation, insurance 
 7000  70 Real estate activities 
 7100  71 Renting of machinery and equipment 
 7200  72 Computer and related activities 
 7300  73 Research and development 
 7400  74 Other business activities 
 8000  80 Education 
 8500  85 Health and social work 
 9000  90 Sewage and refuse disposal, sanitation and similar activities 
 9100  91 Activities of membership organisations 
 9200  92 Recreational, cultural and sporting activities 
 9300  93 Other service activities 
 9500  95 Private households with employed persons 
    

Central government 
246300  63 Supporting and auxiliary transport activities 
 7300  73 Research and development 
 7400  74 Other business activities 
 7510  75.1, 75.21, 23, 24, 75.3 Public administration 
 7520  75.22 Defence 
 8000  80 Education 
 8500  85 Health and social work 
 9200  92 Other service activities 

Local government 
257510  75.1, 75.25 Public administration 
 8000  80 Education 
 8500  85 Health and social work 
 9000  90 Sewage and refuse disposal, sanitation and similar activities 
 9200  92, 93.03 Other service activities 
    

Private households 
330000  n.a. Private household 
    
Foreign activities in Norway 
660000  n.a. Foreign activities in Norway 
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Appendix G 

Source classifications used in the Norwegian emission inventory 
Table G1. Source classifications used in the national emission inventory 
Stationary combustion 
Oil and gas extraction   
 Natural gas  
 Flaring  
 Diesel combustion  
 Gas terminals  
Manufacturing and mining   
 Refining  
 Manufacture of pulp and paper  
 Manufacture of mineral products  
 Manufacture of chemicals  
 Manufacture of metals  
 Other manufacturing  
Other industries   
Dwellings   
Incineration of waste and landfill gas   
Process emissions 
Oil and gas extraction   
 Venting, leaks, etc.  
 Oil loading at sea  
 Oil loading, on shore  
 Gas terminals  
Manufacturing and mining   
 Refining  
 Manufacture of pulp and paper  
 Manufacture of chemicals  
 Manufacture of mineral products  
 Manufacture of metals  
  Iron, steel and ferroalloys 
  Aluminium 
  Other metals 
 Other manufacturing  
Petrol distribution   
Agriculture   
Landfill gas   
Solvents   
Road dust   
Other process emissions   
Mobile combustion 
Road traffic   
 Petrol engines  
  Passenger cars 
  Other light vehicles 
  Heavy vehicles 
 Diesel engines  
  Passenger cars 
  Other light vehicles 
  Heavy vehicles 
 Motorcycles, mopeds  
  Motorcycles 
  Mopeds 
Snow scooters   
Small boats   
Motorized equipment   
Railways   
Air traffic   
 Domestic < 1000 m  
 Domestic > 1000 m  
Shipping   
 Coastal traffic, etc.  
 Fishing vessels  
 Mobile oil rigs, etc.  
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Table G2. UNFCCC/CRF and EMEP/NFR source sector categories 
CRF  NFR  
    
1A1a Public Electricity and Heat Production 1A1a Public Electricity and Heat Production 
1A1b Petroleum Refining 1A1b Petroleum refining 
1A1c Manufacture of Solid Fuels and Other Energy 1A1c Manufacture of Solid Fuels and Other Energy 

Industries 
1A2a Iron and Steel 1A2a Iron and Steel 
1A2b Non-Ferrous Metals 1A2b Non-ferrous Metals 
1A2c Chemicals 1A2c Chemicals 
1A2d Pulp, Paper and Print 1A2d Pulp, Paper and Print 
1A2e Food Processing, Beverages and Tobacco 1A2e Food Processing, Beverages and Tobacco 
1A2f Other (oil drilling, construction, all other manufacturing 

industries) 
1A2f Other  

1A3a Civil Aviation   
  1A3aii(i) Civil Aviation (Domestic, LTO) 
  1A3aii(ii) Civil Aviation (Domestic, Cruise) 
1A3b Road Transportation   
  1A3bi R.T., Passenger cars 
  1A3bii R.T., Light duty vehicles 
  1A3biii R.T., Heavy duty vehicles 
  1A3biv R.T., Mopeds & Motorcycles 
  1A3bvi R.T., Automobile tyre and brake wear 
  1A3bvii R.T., Automobile road abrasion 
1A3c Railways 1A3c Railways 
1A3d Navigation 1A3dii National Navigation 
1A3e Other (snow scooters, boats, motorized equipment)   
  1A3ei Pipeline compressors 
  1A3eii Other mobile sources and machinery 
1A4a Commercial/Institutional 1A4a Commercial / Institutional 
1A4b Residential   
  1A4bi Residential plants 
  1A4bii Household and gardening (mobile) 
1A4c Agriculture/Forestry/Fishing   
  1A4ci Stationary 
  1A4cii Off-road Vehicles and Other Machinery 
  1A4ciii National Fishing 
1A5a Military - Stationary 1A5a Other, Stationary (including Military) 
1A5b Military - Mobile 1A5b Other, Mobile (Including military) 
1B1a Coal Mining 1B1a Coal Mining and Handling 
1B1b Solid Fuel Transformation 1B1b Solid fuel transformation 
1B2aiii Transport 1B2ai Exploration Production, Transport 
1B2aiv Refining/storage 1B2aiv Refining / Storage 
1B2av Distribution of oil products 1B2av Distribution of oil products 
1B2b Natural Gas 1B2b Natural gas 
  1B2c Venting and flaring 
1B2c1iii Venting combined   
1B2c2i Flaring oil   
1B2c2ii Flaring gas   
2A1 Cement Production 2A1 Cement Production 
2A2 Lime Production 2A2 Lime Production 
2A3 Limestone and Dolomite Use 2A3 Limestone and Dolomite Use 
  2A7 Other including Non Fuel Mining & Construction  
2A7.1 Leca   
2A7.2 Rock wool   
2A7.41 Ore   
2B1 Ammonia Production 2B1 Ammonia Production 
2B2 Nitric Acid Production 2B2 Nitric Acid Production 
  2B4 Carbide Production 
2B4.1 Silicon carbide   
2B4.2 Calcium carbide   
  2B5 Other  
2B5.1 Methanol   
2B5.2 Titanium dioxide   
2B5.3 Sulphuric acid   
2B5.4 Plastic   
2B5.5 Explosives   
  2C Metal Production 
2C1 Iron and Steel Production   
2C2 Ferroalloys Production   
2C3 Aluminium Production   
2C5.11 Magnesium   
2C5.12 Nickel   
2C5.13 Zinc   
2C5.2 Anodes   
2D1 Pulp and Paper 2D1 Pulp and Paper 
2D2 Food and Drink 2D2 Food and Drink 
2G Other (mines)   
3A Paint Application 3A Paint Application 
3B Degreasing and Dry Cleaning 3B Degreasing and Dry Cleaning 
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3C Chemical Products, Manufacture and Processing 3C Chemical Products, Manufacture and Processing 

3D Other 3D Other, including products containing HMs and POPs  
4A1.1 Dairy cattle   
4A1.2 Non-dairy cattle   
4A3 Sheep   
4A4 Goats   
4A6 Horses   
4A8 Swine   
4A9 Poultry   
4A10.1 Ostrich   
4A10.2 Deer   
4A10.3 Reindeer   
4A10.4 Fur-bearing animals   
  4B Manure management 
4B1.1 Dairy cattle 4B1a Dairy cattle 
4B1.2 Non-dairy cattle 4B1b Non-dairy cattle 
4B3 Sheep 4B3 Sheep 
4B4 Goats 4B4 Goats 
4B6 Horses 4B6 Horses 
4B8 Swine 4B8 Swine 
4B9  Poultry 4B9 Poultry 
4B10 Anaerobic   
4B11 Liquid Systems   
4B12 Solid Storage and Dry Lot   
4B13 Other 4B13 Other 
4D1 Direct soil emissions 4D1 Direct soil emissions 
4D2 Animal production   
4D3 Indirect emissions   
  4F Field burning of agricultural wastes 
4F1 Cereals   
4G Other 4G Other 
5A Changes in forest and woody biomass   
5D CO2 emissions and removals from soil   
5E Other   
6A Solid Waste Disposal on Land 6A Solid Waste Disposal on Land 
6B Wastewater Handling 6B Wastewater Handling 
6C Waste Incineration 6C Waste Incineration 
6D Other 6D Other Waste 
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Appendix H 

Methane emissions from enteric fermentation in  
Norwegian’s cattle and sheep population.  
Method description 
 
By Harald Volden and Silje K. Nes, Department of Animal and Aquacultural 
Sciences, Norwegian University of Life Sciences. 
 

Introduction 
An important end product from the ruminal fermentation is methane (CH4), and it 
is well known that the ruminants are important contributors to global warming 
through CH4 production. The Norwegian calculation of CH4 emission from 
livestock has been based on the Tier 1 method proposed by the Intergovernmental 
Panel on Climate Change (IPCC). However, the amount of CH4 produced from 
enteric fermentation is dependent on several factors, like animal species, 
production level, quantity and quality of feed ingested and environmental 
conditions. Therefore, IPCC (IPCC, 2001) has recommended to using more 
advanced methods when estimating CH4 gas emission, which take into 
consideration the influencing factors described above. According to IPCC (IPCC, 
2001) the method for estimating CH4 emission from enteric fermentation requires 
three basic items: 
• No. 1 The livestock population must be divided into animal subgroups, which 

describe animal type and production level. 
• No 2. Estimate the emission factors for each subgroup in terms of kilograms of 

CH4 per animal per year.  
• No 3. Multiply the subgroup emission factors by the subgroup populations to 

estimate subgroup emission, and sum across the subgroups to estimate total 
emission. 

 
Earlier the Tier 1 method, which is a simplified approach based on default emission 
factors from the literature, has been used. However, according to IPCC (IPCC, 
2001) the Tier 2 approach should be used if livestock enteric fermentation 
represents a large proportion of the country’s total emissions or important animal 
subgroups data is available for more correct estimation CH4 emission. In Norway 
detailed information of the cattle production is available from the Cow recording 
System (TINE BA), which gives information of dairy cow production level and 
feeding. The system also gives information on beef production which includes age 
at slaughter, carcass weight, and average daily gain. This information will give 
additional country-specific information and can be used to develop sophisticated 
models that better incorporate information of diet composition, feed quality and 
animal production level and intensity.  
 
The objective of this manuscript is to describe the methods used to estimate the 
CH4 emissions from enteric fermentation in Norwegian’s cattle and sheep 
production. 

General emission factor development and animal subgroups 
In all animal subgroups the following basic equation are used to calculate the CH4 
emission factor: 
 
EF = (GE · Ym · 365 days/yr) / 55.65 MJ/kg CH4 
 
Where:  
EF = emission factor, kg CH4/head/yr 
GE = gross energy intake, MJ/head/day 
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Ym = CH4 conversion rate, which is the fraction of gross energy in feed converted 
to CH4. 
  
This equation assumes an emission factor for an entire year (365 days). In some 
circumstances the animal category may be defined for a shorter period or a period 
longer than one year and in this case the emission factor will be estimated for the 
specific period (e.g., lambs living for only 143 days and for beef cattle which are 
slaughtered after 540 days).  
 
The new methods of calculation require subdividing the cattle and sheep 
populations by animal type, physiological status (dry, lactating or pregnant) live 
weight and age, and Table H1 describe the animal categories used in the 
calculations.  
 
In dairy cows additional information from the Cow Recording System concerning 
annual milk production and proportion of concentrate in the diet are used. The Cow 
Recording System also supply information about slaughter age, slaughter weight 
and average daily weight gain (ADG) for growing cattle, which are utilized in the 
calculations for growing cattle.  

Table H1. Categories of cattle and sheep used in the Norwegian calculations of methane 
emission from enteric fermentation. Animal numbers from 2004 

Categories of cattle and sheep Number of animal by year 2004 
Dairy cows 315224 
Beef cows 51802 
Replacement heifers, < one year 156712 
Replacement heifers, > one year 174568 
Finisher heifers, < one year 3263 

Finisher heifers, > one year 18410 
Finisher bulls, < one year 13114 
Finisher bulls, > one year 106308 
Breeding sheep, > one year 878405 
Breeding sheep, < one year 387860 
Slaughter lamb, < one year. Jan- May 86554 
Slaughter lamb, < one year. Jun- Sept 1010461 
 
The number of animals in each category is based on the official register of 
production subsidies. The register covers 90-100 % of the animal populations.  
 
Calculation of methane emission from enteric fermentation in dairy cows and beef 
cows  
To develop equations to calculate CH4 emission from enteric fermentation in dairy 
cows the following set of equations were needed: 
1. In the estimation of CH4 emission we wanted to take into account the 

production level and diet composition. Therefore, we used 1.16 million 
observations from the Cow Recording System to develop standard lactation 
curves, which were used for calculation of standard feeding rations. The 
lactation curves were used to predict animal requirement for milk production 
through the whole lactation cycle. The lactation curve was estimated using a 
gamma distribution model as described by Wood et al. (1967). Length of the 
lactation period was standardised to 305 days, which gives a dry period of 60 
days. The lactation curves were estimated in 500 kg intervals from 4500 to 
9500 kg of milk (305 day lactation yields). 

2. To calculate feed energy value (gross energy, metabolizable energy and net 
energy content), animal energy requirement and energy supplementation the 
Dutch net energy lactation system (NEL) was used (Van Es, 1975). This 
system has been used as the official energy system in Norway since 1992. 
Standard feed rations at different lactation yields (500 kg intervals) were 
calculated using three different forage qualities representing low, medium and 
high energy content (5.7, 6.1 and 6.6 MJ NEL per kg dry matter, respectively). 
These qualities represent a normal range in forage qualities found in the 
Norwegian cattle production. Four different concentrate mixtures were used in 
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the diet formulation to complement the animal energy requirement at different 
production levels. The concentrate mixtures are representative of what is used 
in practical diet formulation in Norway. 

3. To estimate total feed intake and ration forage:concentrate ratio in the dry 
period and trough the lactation period a NDF (Neutral Detergent Fibre) intake 
system was used (Volden and Kjos, 2003). In the system, effect of daily milk 
yield and stage of lactation are taken into account when estimating the animal 
NDF intake capacity (g NDF per kg live weight). Daily feed intake is 
calculated from the following equation: 

 
 
 
 
 
Where:  
NDFIC = NDF intake capacity, g/kg body weight 
ARNEL =Animal energy requirement, NEL per day 
P = proportion of forage in the total ration 
NDFF = forage NDF content, g/kg DM 
NDFC = concentrate NDF content, g/kg DM 
NELF = forage NEL content, per kg DM 
NELC = concentrate NEL content, per kg DM 
 
The point where the animal NDF intake capacity and the animal requirement 
intersect there is a unique solution, which represent the maximum intake and where 
the animal requirement is met. Consequently this equation can be used to maximize 
forage intake and at the same time fulfill the animal requirement at a chosen 
production level. In the equation the lactation curve information is used to define 
the animal requirement at different stages of lactation and different 305 d lactation 
yields. Figure H1 presents an example of estimated feed intake trough the lactation 
cycle for a lactation yield of 7000 kg. The estimates are based on the medium 
forage quality. 

Figure H1. Example of estimated daily feed intake through the lactation cycle. Medium 
forage quality and a 305 d lactation yield of 7000 kg 
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4. In Norway grass silage is the dominating winter forage, approx. 40 % of the 
total fed ration calculated on energy basis, and the dairy cows are normally fed 
indoors for a period of six to eight months. Therefore, when estimating the CH4 
production from enteric fermentation we wanted to use equations are based on 
grass silage measurements, and that take into account the effect of diet 
composition on CH4 production. This is in accordance with the 
recommendations of IPCC (IPCC, 2001), which suggest to use a Tier 2 or a 
Tier 3 approach when estimation CH4 emissions. After evaluating the literature 
we decided to use two equations published by Mills et al. (2003) and 
Kirchgessner et al. (1995). In the Mills et al. (2003) equation the effect of feed 
intake and dietary ADF and starch content are taken into account when 
predicting daily CH4 production. The following non linear model is used: 

 
 Methane (MJ/d) = 45.98 - 45.98 · e(-(-0.0011 · starch/ADF+0.0045) ·ME)  

 
Where: 
 Starch = diet starch content, g/kg dry matter’ 
 ADF = diet ADF content, g/kg dry matter 
 ME = daily intake of metabolizable energy, MJ 
 
The advantage of this equation is that it takes into account that both the feed intake 
level (expressed as metabolizable energy) and the ratio between rumen easily 
degradable carbohydrates and fibre which has shown to affect CH4 production. 
Test of this equation has shown that it is robust and it covers both dry cows and 
cows at different production levels. The second equation we used was the one 
described by Kirchgessner et al. (1995). The advantage of this equation is that it 
covers a wide range of cattle production (growing cattle and lactating cattle) and 
that it includes information about diet composition. This equation also takes into 
account that CH4 production is affected by dietary crude fat content: 
 
 Methane (MJ/d) = (63+79 · CF + 10 · NFE + 26 · CP – 212 · CFat) · 55.65 
 
Where: 
 CF = crude fibre, kg/d 
 NFE = nitrogen free extracts, kg/d 
 CP = crude protein, kg/d 
 CFat = Crude fat, kg/d  
 
 In development of the CH4 emission equations we used average values of the 

two equations.  
 
The information from the four points described above were used to calculate daily 
total feed intake, GE intake, ME intake and Ym. Daily feed intake was calculated in 
14 d intervals for the different 305 d milk yields and the three different forage 
qualities. From this data set we developed two multiple regression equations, 
which were used to calculate average daily GE intake, across stage of lactation, at 
different 305 d lactation yields and different concentrate proportion in the diet. The 
reason why we used this approach is that both these variables are available from 
the Cow Recording System. In the statistical analysis a Proc Mixed procedure was 
used with stage of lactation as a repeated measurement. GE was predicted from the 
following equation: 
 
GE = 150.8 + 0.0205 · Milk305 + 0.3651· Concentrate_prop 
 
Where: 
 GE = gross energy intake, MJ/day 
 Milk305 = 305 d lactation yield,  
 Concentrate_proportion = proportion of concentrate in the total diet. 
Calculated on net energy basis. 
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The extent to which feed energy is converted to CH4 depends on several feeding 
and animal factors. From the dataset described above it is directly or indirectly 
possible to take into account several of these factors. The following equation was 
developed to predict Ym for dairy cows: 
 
Ym = 10.0 – 0.0002807 · Milk305 – 0.02304 · Concentrate_prop 
 
Where: 
 Ym = methane conversion rate, % 
 Milk305 = 305 d lactation yield,  
 Concentrate_proportion = proportion of concentrate in the total diet. 
Calculated on net energy basis. 
 
From this equation it can be seen that the proportion of GE converted to CH4 
decrease with increased milk yield and the proportion of concentrate in the diet. 
Table H2 present examples of GE and Ym at different production levels and 
different proportions of concentrate in the diet.  

Table H2. Daily intakes of gross energy (GE) and methane conversion rate (Ym) at different 
milk yields (305 d yield) and concentrate proportions in the diet 

Milk yield, 305 d Concentrate proportion, % GE, MJ/d1 Ym, % 
5000 20 261 8.1 
5000 50 272 7.4 
7000 20 302 7.6 
7000 50 313 6.9 
9000 20 342 7.0 
9000 50 354 6.3 
1Feeding in the non lactating period included. 
 
The Ym values presented in Table H2 are higher than the standard value suggested 
in IPCC Tier 2 (IPCC 2001), which is 6.5% for dairy cows. The discrepancies can 
probably be explained by differences in diet composition, which has a high 
proportion of forage in Norway, and the relative moderate milk yield compared to 
other western European countries and North America. Another reason can be 
differences in the scientific basis for prediction of CH4 from enteric fermentation.  
 
The same approach was used when predicting CH4 production from beef cows. 
However, variable milk yield was not used. The lactation yield was fixed to 2500 
kg and the concentrate proportion to 15%.  

Calculation of methane emission from enteric fermentation in growing 
and finishing cattle 
In the Norwegian Cow recording System growing and slaughter information is 
available for different categories of growing and finishing cattle. Approximately 90% 
of the growing cattle are attended to the recording system. Information about age at 
slaughter, carcass weight and ADG are available. When developing equations for 
predicting CH4 emission in growing cattle we wanted to utilize this information. 
Therefore, the same approach as for dairy cows was used, including development of 
standard feed rations, which used the same forage qualities as for the dairy cows. 
Beef production in Norway comes mainly from one breed (Norwegian Red Cattle), 
which is described as an early-maturing breed. The feed rations used in practise 
contain an high proportion forage, with grass silage as the dominating forage, even 
during the finishing period. The carcasses required by the Norwegian market are 
normally heavy and average weight is approximately 300 kg.  
 
To develop equations to calculate CH4 emission from enteric fermentation in 
growing cattle the following set of basic equations were needed: 
1. To describe changes in live weight and ADG over time a Gompertz growth 

equation based on Norwegian slaughter data was used (F. Walland, personal 
communication). From the Gompertz equation (Figure H2) it is possible to 
estimate animal live weight (LW) and ADG. This information are further used 
to calculate animal energy requirement for maintenance and growth.  
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Figure H2. Gompertz growth function for prediction of live weight change and daily weight 
gain 
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Animal energy requirement was estimated based on an adjusted version of the 
Dutch Net energy lactation system (Van Es, 1975). The following equation was 
used to predict daily total energy requirement (NE MJ/d) for early-maturing bulls 
and heifers (Berg and Matre, 2001): 
 
NE = 0.2926 · LW0,75 + 0,020 · LW + 17.3 · ADG – 6.57 
 
Where: 
 NE = net energy requirement for maintenance and growth 
 LW = live weight, kg 
 ADG = average daily weight gain, kg 
 
2. To calculate feed energy value and energy supplementation the same system 

as for dairy cows, the Dutch net energy lactation system (NEL), was used 
(Van Es, 1975). Standard feed rations at different carcass weights and 
slaughter ages were calculated using the three different forage qualities. The 
French fill unit system (INRA, 1989) was used to estimate feed intake. Tests 
of this system have shown good agreements to what have been observed in 
Norwegian growing cattle experiments (J. Berg, personal communication). 
Animal feed intake capacity (IC) is dependent on LWt and age at maturing. In 
Norway, the forage is fed ad libitum, since a maximum forage intake is 
generally sought, and then the minimum allowance of concentrate necessary 
to meet energy requirement related to the production goal provided. 
Therefore, the same approach as for dairy cows was used to formulate feed 
rations: 

 
 
 
 

 
Where:  
 IC = animal intake, intake capacity, kg per day 
 ARNEL =Animal energy requirement, NEL per day 
 P = proportion of forage in the total ration 
 FVF = forage fill value, g/kg DM 
 FVC = concentrate fill vallue, g/kg DM 
 NELF = forage NEL content, per kg DM 
 NELC = concentrate NEL content, per kg DM 

Intake = =  
IC

(P)FVF + (1-P)FVC
 ARNEL 

(P)NELF + (1-P)NELC
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In this formula information from the growth curve (Figure H1) is used to define the 
animal energy requirement at different age, LW and ADG. The growth curve is 
also used to predict IC from the relationship between age and LW. Standard rations 
were calculated for slaughter ages of 14, 18 and 22 months. Within slaughter age 
three different carcass weights were used; 290, 320 and 350 kg. This data matrix is 
a representative variation of what is observed in practise in Norway. Feed rations 
were calculated in 30 day intervals from day 150 to slaughter. 
 
3. Since the most commonly used feeding strategy for growing cattle is to 

maximise the forage intake and that grass silage is the dominating forage in 
beef production the same equations as used for dairy cows was used to predict 
CH4 production. These equations are expected to be robust because different 
production levels (Mills et al., 2003) and animal categories (Kirchgessner et 
al.,1995). 

 
Based on the standard feed rations, daily intake of GE, ME and Ym were predicted. 
From the dataset a multiple regression analysis were accomplish to develop 
equations that predict GE and Ym from animal characteristics available from the 
Cow Recording System. The analysis showed that it was necessary to develop two 
set of equations, one for the period when animals are younger than one year and 
one from one year to slaughter. The following equations were developed to predict 
average daily intake of GE: 
 
From day 150 to 365 days of age: 
 GE = 102.2 + 0.3849 · CAW – 6.25 · SLA 
 
From 366 days to slaughter: 
 GE = 118.5 + 0.375 · CAW – 4.05 · SLA 
 
Where: 
 GE = gross energy, MJ/d 
 CAW = carcass weight, kg 
 SLA = months at slaughter 
 
Equations to estimate Ym: 
From day 150 to 365 days of age: 
 Ym = 9.79 - 0.0187 · CAW + 0.3155 · SLA 
 
From 366 days to slaughter: 
 Ym = 9.64 - 0.0045 · CAW + 0.074 · SLA 
 
Where: 
 Ym = methane conversion rate, % 
 CAW = slaughter weight, kg 
 SLA = months at slaughter 
 
Table H3 present examples of daily GE intake and Ym at different age at slaughter 
and carcass weights.  

Table H3. Estimated average daily intake of gross energy (GE) and methane conversion rate 
Ym (%) at different slaughter age and carcass weights 

  Period: 150 – 365 d  Period: 366 d - slaughter 

Months at 
slaughter 

Carcass 
weight 

GE, MJ/d Ym, %  GE, MJ/d Ym, % 

14 290 126 8.8  191 9.4 
14 350 149 7.7  193 9.1 
22 290 76 11.3  138 10.0 
22 350 99 10.2  161 9.7 
The Ym values presented in Table H3 are higher than those presented as standard values in IPCC Tier 2 (IPCC 2001), 
which are 3% for feedlot cattle (90% or more concentrates in the diet) and 6,5% for other cattle. The discrepancies can 
probably be explained by differences in diet composition and the scientific basis for prediction of CH4 from enteric 
fermentation.  
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Methane emissions from Norwegian’s cattle population calculated from the 
developed equations are presented in Table H4. To be able to compare our values 
to what has been suggested by IPCC, CH4 emission per animal has been is 
standardised to kg/head/year. In prediction of total CH4 emission from enteric 
fermentation data has been corrected for animal lifetime. Our emission factors (kg 
CH4/head/yr) for dairy cows and beef cows are comparable to what is presented by 
IPCC (IPCC, 2001) for Western European cows. Our estimate is 10% higher, 
which are mainly due to differences in dry matter intake and the Ym factor. The 
latter can be explained by a high proportion of forage in the diet and scientific basis 
for the equations used to predict CH4 production. The same effect is found for 
growing cattle, which in IPCC (IPCC, 2001) is suggested to be 57 kg CH4/head/yr. 
Our average value, across all growing cattle categories, is 64 kg CH4/head/yr, 
which is 11% higher than the IPCC value suggested for Western European 
countries (IPCC, 2001).  

Table H4. Methane emissions from enteric fermentation in Norwegian’s cattle and sheep, as 
determined by emission factors taken from European literature (cattle) and IPCC 
Tier 2 guidelines for 2006 (sheep). Animal predictions from year 2004 

  Methane, t per year 

Categories of cattle and sheep GE 
intake, 

MJ/d

Methane 
lost, % of 

gross 
energy 
intake

Methane, 
kg per 

head per 
year12 

1990 2000 2004

Dairy cows1 297 7.3 143 46194 40236 37605
Beef cows2 208 9.0 122 1971 6932 6312
Replacement heifers3 68 11.1 49 7999 8340 7611
Finisher heifers, < one year4 93 10.3 63 92 163 133
Finisher heifers, > one year5 74 11.1 67 742 982 997
Finisher bulls, < one year6 104 9.8 67 335 617 543
Finisher bulls, > one year7 114 10.1 76 10265 9716 9559
Breeding sheep, < one year8 51 4.5 15 3317 4212 2876
Breeding sheep, > one year9 40 6.5 17 13688 15127 14976
Slaughter lamb, < one year. Jan- May10 51 4.5 15 389 387 467
Slaughter lamb, < one year. Jun- Sept11 49 4.5 14 3142 3120 3768

1dairy cows: milk yield of 6469 kg per year 
2Beef cows: milk yield of 2500 kg per year 
3Replacement heifers: 27 months of at calving 
4Finisher heifers < one year: 7.8 months at slaughter 
5Finisher heifers > one year: 23.2 months at slaughter 
6Finisher bulls, < one year: 19.8 months at slaughter 
8Breeding sheep, < one year: 
9Breeding sheep, > one year: 
10Slaughter lamb, < one year. Jan- May: 4.8 moths at slaughter 
11Slaughter lamb, < one year. Jun- Sept: 11 moths at slaughter 
12Methane in kg per head per year was calculated as follows: ((GE intake, MJ/d x methane lost as % of GE/100)/55.65 
MJ/kg)*365, where 55.65 is the energy content (MJ) of 1 kg of methane.  

Calculation of methane emission from enteric fermentation in sheep 
In Norway sheep are used for meat- and not for milk production. No information 
system as the Cow Recording System is available for sheep. Information is 
restricted to number of sheep younger and alder 1 year, the number of slaughtered 
sheep younger and alder 1 year, and how many sheep younger than 1year that are 
slaughtered each month throughout the year. Prediction of methane emission from 
sheep is therefore based on the Tier 2 method described by IPCC (IPCC, 2001). In 
Norway most ewes lamb in the period march to may. There is a big demand for 
lamb meat around Christmas, and therefore, the major part of the lambs is 
slaughtered in the period October to December. Lambs that don’t fulfil the 
minimum levels for weight will be fed and slaughtered the next year together with 
ewe lambs that are not pregnant. On this basis the sheep population has been 
divided in four categories: 1) lambs under 1 year of age slaughtered in the period 
from June 1st to December 31st, 2) lambs under 1 year of age slaughtered in the 
period from January 1st to may 31st, 3) breeding sheep under 1 year of age and 4) 
breeding sheep over 1 year. Slaughtered lambs younger than 1 one year are divided 
in two groups because lambs that live longer then December will have an increased 
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energy requirement for maintenance, activity and growth. To be able to divide the 
number of slaughtered lambs younger than 1 year in the two groups, the portion of 
slaughtered lambs for each are calculated. This calculation are based on available 
information of the number of slaughtered lambs younger than 1 year, and the 
number of lambs slaughtered each month, for two subsequent years. The number of 
lambs slaughtered in the period from June 1st to December 31st, and in the period 
from January 1st to may 31st, are added up for each year and the portion according 
to total number for each period and year were calculated, and an average number of 
the same period from the two subsequent years where used. The average portion of 
lambs slaughtered in June – December were found to be 0.921 and the portion 
slaughtered in January – May were 0.0789.  
 
Prediction of methane emission from sheep is based on the intake of GE and the 
fraction of GE converted to CH4 (the CH4 conversion rate, Ym). The intake of GE is 
estimated from the net energy requirement and concersion factors from net energy 
to GE. According to IPCC (IPCC, 2001) the Ym for sheep over one year is 6.5 % 
and 4.5 % for sheep under one year.  
The following equation was used to predict GE: 
 
GE = [(NEm + NEa + NEl + NEp)/NEMef] + [(NEg + NEwool)/NEGef]/ (DE/100),  
  
Where: 
GE = gross energy, MJ/day 
NEm = net energy for maintenance, MJ/day 
Nem = Cfi · (bodyweight)0, 75 

NEa = net energy for activity, MJ/day 
Nea = Ca · bodyweight 
NEl = net energy for unknown lactation, MJ/day  
 NEl = ((5 · Wgwean) / 365 days) · EVmilk 
NEp = net energy for pregnancy, MJ/day 
 NEp = Cpregnancy · NEm 
NEg = net energy for growth, MJ/day 
 NEg = {WGlamb · [a + 0.5b (BWi + BWf)]}/ (365 days/year) 
NEwool = net energy for one year of wool production, MJ/day 
 NEwool = (EVwool · yearly wool production, kg/year)/ (365 days/year) 
 
 NEMef = the ratio of net energy available in a diet for maintenance 
to digestible energy consumed 
NEGef = the ratio of net energy available for growth in a diet to digestible energy 
consumed 
DE = digestible energy in present of gross energy 
 
Net energy for maintenance is calculated as metabolic bodyweight (bodyweight0, 

75) multiplied with a coefficient (Cfi) varying with age and sex. Cfi provided by 
IPCC (IPCC, 2001) is 0.217 for ewes over one year and 0.2496 for intact males 
over one year. For sheep under one year it is 0.236 for ewes and 0.2714 for intact 
male lambs. It is not possible to divide the number of sheep by sex, and therefore 
an average value of 0.2333 for sheep over one year and 0.2537 for sheep under one 
year has been used. Net energy for activity is calculated as bodyweight multiplied 
by a coefficient (Ca) corresponding to the animal’s feeding situation. According to 
IPCC (IPCC, 2001) Ca for housed ewes is 0.009, sheep grazing on flat pasture 
0.0107, sheep grazing on hilly pasture 0.024, and for lambs kept indoor 0.0067. 
The feeding situation varies during the year, and therefore an average of the first 
three values (0.0146) has been used for sheep over one year, and an average of the 
three last values (0.0138) has been used for sheep under one year. Calculation of 
net energy for lactation is based on the formula for unknown lactation, because 
sheep in Norway are used for meat production. This formula includes average daily 
gain for each lamb in the period from birth to weaning, (WGwean), in kg. Weaning 
was set at seven weeks of age, which is taken as the time when the lambs are 
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dependent on milk for half their energy requirement, and WGwean was set to 21.5 
kg. The energy required for producing 1 kg of milk (EVmilk) is 4.6 MJ /kg. Net 
energy for lactation is calculated for breeding sheep over one year, and for two 
lambs for each ewe. Net energy for pregnancy is calculated from a coefficient for 
pregnancy, (Cpregnancy), multiplied with net energy for maintenance. According to 
IPCC (IPCC, 2001) Cpregnancy is 0.077 for one lamb, 0.126 for two lambs and 0.15 
for more than two lambs. When the GE intake is calculated an average of the first 
two values (0.1015) is used for breeding sheep under one year, and an average of 
all three values (0.1177) is used for breeding sheep over one year. The formula 
used for calculating net energy for growth include bodyweight at the time of 
weaning (BWi), bodyweight at one year of age or at the time of slaughtering (BWf), 
average daily gain in the period from weaning to on year of age or slaughtering 
(WGlamb), and the given factors a and b. This formula was tried out, but the 
outcome was not in accordance with expected theoretical numbers, and therefore, 
another method was used to estimate the net energy requirement for growth. This 
method is based on average daily gain from birth to slaughtering and a net energy 
requirement of 17.3 MJ per kg gain was used. Average daily gain was calculated 
on the assumptions that weight at birth was 4.5 kg (Nedkvitne, 1989). Net energy 
for growth is calculated for both slaughtered and breeding sheep younger than 1 
year. The need for net energy for wool production is calculated as the amount of 
wool produced during a year multiplied with the net energy content of 1 kg wool 
(EVwool), which is 24 MJ/kg (IPCC, 2001). The quantity of wool produced was set 
to 1.9 kg for sheep under one year and 4.1 kg for sheep over one year. 
 
From the estimated net energy requirement, daily GE intake is calculated based on 
conversion factors from net energy to GE. Conversion ratios was derived from the 
Dutch net energy system (Van Es, 1975), where values of 65, 81 and 43 % were 
used as average conversion rates from net energy to metabolizable energy, from 
metabolizable energy to digestible energy and from digestible energy to GE, 
respectively.  
 
For slaughtered lamb under one year, the requirements for net energy (MJ/day), 
NEm, NEa, NEg, and NEwool, where added up and converted into GE as described 
above. For these two animal sub-categories, June – December and January – May, 
the CH4 emission was calculated for the living period, since the lamb live shorter 
than one year. When calculating methane emission from lambs it is, according to 
IPCC (2001), assumed that lambs do not emit methane until half of their energy 
requirement is covered from milk, and this phase has been set to 7 weeks of age. 
Therefore, when calculating methane emission from lambs younger than one year, 
daily emission is multiplied with the age at slaughter subtracted the 7 weeks. For 
breeding sheep under one year the requirements for net energy (MJ/day), NEm, 
NEa, NEg, and NEwool, where multiplied by 365 days, and net energy for pregnancy 
in MJ/day where multiplied by 150 days. Then the total requirement for net energy, 
MJ/year, was divided by 365 to get the energy requirement in MJ/day, and then 
converted GE. For breeding sheep over one year calculation of total net energy 
requirement was done in the same way as for breeding sheep under one year. For 
this category of sheep net energy for unknown lactation (IPCC, 2001) was used and 
this was done by multiplying daily requirement by 96 days, and then divided by 
365 days.  
 
In Table H4 daily GE intake and CH4 production for the different sub-categories of 
sheep is presented. The CH4 emission values, expressed as kg CH4/head /year, are 
higher than IPCC Tier 1 values. It is likely that the IPCC Tier 1 CH4 emission 
factors for sheep under Norwegian feeding practices and management strategies are 
set too low.  
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Appendix I 

QA/QC performed for GHG emissions from  
industrial plants included in the national GHG 
inventory  
Introduction 
This appendix presents the methodology for the performance of QA/QC on time 
series from 1990 to 2004 of greenhouse gas (GHG) emissions from the largest 
industrial plants in Norway.  
 
The work was carried out by Section for climate and energy at the Norwegian 
Pollution Control Authority in the period from February to April 2006. The 
following sectors of industry were covered: Cement production, mineral fertilizers, 
carbide industry, production of ferroalloys, production of primary aluminium, 
anode manufacture, production of iron and steel, nickel production, pulp and paper 
manufacture, oil refineries, gas terminals, lime production, other mineral 
production, methanol production, plastics, other chemical industry and production 
of magnesium.  
 
The goal of this work was to establish final time series of greenhouse gas emissions 
from 1990 to 2004 for these sectors. The main documentation from this work is 
contained in Excel spread sheets giving the resulting time series for each plant 
included in this revision, and in a documentation report " QA/QC performed for 
GHG emissions from industrial plants included in the national GHG inventory", 
which is under preparation and will be published by the Norwegian Pollution 
Control Authority in 2006.  

Method for establishing and verifying data series of emissions 
The following work procedure was established to verify data series: 
1. For each plant; a first time series of emission data as well as activity data were 

established with basis on existing sources of data (see section on data sources).  
2. The first time series of emission data and activity data were presented in both a 

table format as well as a graphic presentation. See Figure I1 and Figure I2 for 
examples.  

3. Based on the table with compiled data and the graphic presentation, it was 
possible to identify: 
• Lack of emission data and activity data for any year or time series.  
• Possible errors in the reported data. Possible errors were typically identified 
if there were discrepancies between reported activity data (consumption of raw 
materials, production volumes etc) and emissions, or if there were large 
variations in the existing time series of emissions.  

4. The emission data where supplemented and/or corrected if possible by one or 
more of the following sources of information:  
• Supply of new data from the company  
• Supplementary data from SFT paper archives.  
• Verification of reported emission data by new calculations based on reported 
activity data.  
• Calculation of missing emissions (if sufficient activity data were present).  

5. A final time series of greenhouse gas emissions from 1990 to 2004 were 
established, and presented both as a tables and a figure. The origin of the data 
was documented by the use of colour codes.  

6. The differences between former and new time series of emissions were 
identified and documented.  

 
In the tables, colour codes were used to describe the source and type of the data. 
See Figure I1 as an example of a data table with the explanations of the colour 
codes. 
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Figure I1. Examples of presentation in data tables and the use of colour codes 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

CO2 process (1000 ton) 218,0 232,6 252,0 256,0 243,6 273,0 271,9 242,0 265,4 272,7 272,5 218,0 129,1 209,0 229,5
CH4 (ton) 79,5 69 72 77 74 84 84 80 88 86 87 74 52 69 76
N2O (ton) 26,5 26 27 29 27 31 31 30 33 32 33 28 20 28 31
Activity data -whitebook(1000 ton) 69,68 84,33 85,1 84,55 70,05
Activity data -Inkosys (1000 ton) 61 64 78,6 80,2 87,9 85,4 73,2 79,7 80,3 79,8 53,5 45,6 72,4  
 
Time Serie 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
total CO2 (1000 tons) 47 32 64 84 161 151 207 207 202 185 128 213 153 135 137
CO2 combustion (1000 tons) 38 23 55 75 152 143 199 198 193 177 119 205 145 127 127
CO2 process (1000 tons) 9 9 9 9 9 9 9 9 9 8 9 8 8 9 10
CH4 (ton) 2,0 2,2 2,5 0,9 7,4 7,0 9,8 9,9 9,6 8,7 5,8 10,1 7,1 6,0 6,2
N2O (ton) 0,40 0,42 0,43 0,63 1,33 1,33 1,83 1,83 1,80 1,60 1,10 1,90 1,4 1,1 1,2
Activity data white book (1000 tons) 12,2 60,5 55,4 37,2 64,1
Activity data Inkosys (1000 tons) 17,3 7,4 48,1 45,1 62,6 63,0 60,7 55,4 35,6 64,1 45,7 39,4 41,3  

 
Data from: Color 

code 
White book on GHG  
Inkosys database  
Former time serie reported to 
Statistics Norway  

 

New, calculations by SFT  
New, by intrapolation   
New, provided by company  
 
Figure I1 illustrates different data tables with indication of the data sources with 
colour codes.  
 
As the figure shows, there were six main sources of final data to the time series;  
the white book of climate gases (SINTEF and Det Norske Veritas 2004), the 
Inkosys database (described in section on data sources), new data calculated by 
SFT based on reported activity data, new data provided by company, and new data 
based on intrapolation between. Intrapolation was typically used as a method to 
establish data for the year 1991, if the emissions from 1990 and 1992 were given.  
 
The emission data and the activity data were presented in graphic presentation for a 
visual presentation.  
 
Figure I2 illustrates a presentation of the emissions and activity data from a pulp 
and paper plant.  

Figure I2. Example of graphic presentation 

 

0

50

100

150

200

250

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

total CO2 (1000 tons)
CO2 combustion (1000 tons)
CO2 process (1000 tons)
CH4 (ton)
N2O (ton)
Activity data white book (1000 tons)
Activity data Inkosys (1000 tons)

 

 



 

 

The Norwegian Emission Inventory 2008 Reports 2008/48

248 Statistisk sentralbyrå

Data sources 
Data from the annual company emission reports are stored in the SFT database 
INKOSYS. The database contains data from 1992, and holds emission and activity 
data from all companies reporting emissions to SFT. The Inkosys database holds 
reported emissions and activity data from Norwegian companies. The companies 
report the data according to a manual9. In SFT, the respective responsible officer in 
the State Pollution Control Authority undertakes a control of the data, before they 
are inserted in the database.  
 
The white book on climate gases from Norwegian process industry (SINTEF and 
Det Norske Veritas 2004) was initiated by the Federation of Norwegian Process 
industry (PIL), Norwegian Chemical Industrial Worker’s Union (NKIF) and 
Norwegian Oil- and Petrochemical Worker`s Union (NOPEF). The work was 
carried out by DNV and Sintef, who collected, compiled, controlled and verified all 
emissions of climate gasses from these industrial plants for the years 1990, 1998, 
1999, 2000 and 2001. The method of work as well as the main results are described 
in the reports from this project published by Federation of Norwegian Process 
Industry 2003. The main data files and verification tables from this work have been 
made available for Norwegian Pollution Control Authority. The white book 
includes data from 60 process industry plants.  
 
Since the emission data in this white book has gone through a thorough verification 
process, these emissions were assumed to be correct, unless any other information 
proved them incorrect. If several data sources reported different series of 
emissions, the data series from the white book were used. 
 
The white book on climate gases from Norwegian pulp and paper industry work 
was initiated by the Norwegian Pulp and Paper Association, and was carried out by 
DNV, Sintef and the Norwegian Association of Energy Users and Suppliers. They 
collected, compiled, controlled and verified all emissions of climate gasses from 
the relevant pulp and paper plants for the years 1990, 1998, 1999, 2000 and 2001. 
The method of work as well as the main results are described in the reports from 
this project published by Norwegian Pulp and Paper Association 2003. The main 
data files from this work have been made available for the Norwegian Pollution 
Control Authority.  
 
Since the emission data in this white book has gone through a thorough verification 
process, these emissions were assumed to be correct, unless any other information 
proved them incorrect. If several data sources reported different series of 
emissions, the data series from the white book were used.  
 
Other data sources also available for this work were: 
• Annual update of the climate gas inventories based on annual reports from 

Norwegian industry. Reported to Statistics Norway. 
• Yearly (paper) reports from industry of emission to air, water and soil 

(Egenrapportering).  
• Applications for CO2-permits for the Norwegian emissions trading scheme.  
 
Documentation of calculations and time series 
The main documentation from the work is contained in Excel spread sheets giving 
the resulting time series for each plant included in this revision. Each spread sheet 
includes emission data and activity data from the relevant data sources for each 
production plant. It includes the proposed time series for the relevant greenhouse 
gases, and states the sources for this information. Relevant information related to 
the QA/QC process for the specific site is noted as a comment or as a text box for 
each plant.  

                                                      
9 SFT (2004): Bedriftenes egenrapportering til forurensningsmyndighetene. Veiledning. Manual. 
Declaration of emissions. TA-1929/2004.  

The Inkosys Database  

The white book on climate 
gases from Norwegian 

process industry 

The white book on climate 
gases from Norwegian pulp 

and paper industry 

Other sources 
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