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1 1996

IPCC

TABLE 1-52
DeFauLT Emission FacToRrs AND FUEL CONSUMPTION FOR AIRCRAFT
(LTO Emission FacToRs ARE GIVEN ON A PER AIRCRAFT Basis)

Domestic
Fuel Emission Factors
C ti
onsumplionl - co, | cH @ | n0®) | no, co |nmvoc(@)| so,l)
LTO
average fleet 850 2680 0.3 0.1 10.2 81 26 0.8
(kg/LTO)
LTO
old fleet 1000 3150 0.4 01 9.0 17 3.7 1.0
(kg/LTO)
Cruise
(kglt of fuel) 3150 1] 0.1 11 0.7 1.0
International
Fuel Emission Factors
C ti
onsumpliont - co, | ch,@ | no® | nNoO, co | nNmvoc() | 5o,
LTO
average fleet 2500 7900 1.5 0.2 4 50 15 25
(kg/LTO)
LTO
Y 2400 7560 7 0.2 216 101 66 24
(kg/LTO)
Cruise
(kglt of fuel) 3150 0 0.1 17 5 27 1.0

Mote: The emission factors were calculated as weighted averages for a number of typical aircraft. For domestic traffic, the
average fleet is represented by Airbus A320, Boeing 727, Boeing 737--400 and Mc Donald Douglas DC9 and MDB0 aircraft.
The old fleet is represented by Boeing B737 and McDonald Douglas DC9.  For international traffic, the average fleet is|
represented by Airbus A300, Boeing B767, B747 and McDonald Douglas DC10, whilst the old fleet is represented by the
Boeing B707, Boeing B747 and McDonald Douglas DCE. The data for LTO are shown in Table 1-50. Cruise data were taken

from Wuebbles et al. {1993). The emission factors for cruise are considered as the best available default factors to date.

(a) For CH4 and NMVOC it is assumed that the emission factors for LTO cycles be 10% and 90% of total VOC, respectively)

{Olivier, 1991). Studies indicate that during cruise no methane is emitted (Wiesen et al., 1994).

(b) Estimates based on Tier 1 default values.

(e) Sulphur content of the fuel is assumed to be 0.05% for both LTO and cruise activities.

1996 |

PCC

1.98
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2 1990 2003 kgCH4/LTO
1990 1991 1992 1993 1994 1995 1996
0.3 0.3 0.3 0.3 0.3 0.3 0.3
1997 1998 1999 2000 2001 2002 2003
0.3 0.3 0.3 0.3 0.3 0.3 0.3
3 1990 2003 kgCH4/KI
1990 1991 1992 1993 1994 1995 1996
0 0 0 0 0 0 0
1997 1998 1999 2000 2001 2002 2003
0 0 0 0 0 0 0
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4
IPCC
1996
CH
LTO
LTO
LTO LTO
1.09KI/LTO 1996 IPCC LTO
c
5 1990 2003 LTO
1990 1991 1993 1994 1995 1996
430,654 | 447,489 | 459,677 | 467,648 | 501,181 | 532,279 | 546,451
1997 1998 2000 2001 2002 2003
567,729 | 591,819 | 605943 | 667,559 | 673322 | 689,224 | 702,650
6 1990 2003 ki
1990 1991 1993 1994 1995 1996
2,330,514 | 2,530,228 | 2,700,968 | 2,874,373 | 3,060,327 | 3,223,547 | 3,177,847
1997 1998 2000 2001 2002 2003
3,473,496 | 3,611,439 | 3,557,771 | 3,537,205 | 3,557,477 | 3,621,876 | 3,655,081
d
7
2 15
2004
1990 2003
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e
8 1990 2003 GgCH,
1990 1991 1992 1993 1994 1995 1996
0.13 0.13 0.14 0.14 0.15 0.16 0.16
1997 1998 1999 2000 2001 2002 2003
0.17 0.18 0.18 0.20 0.20 0.21 0.21
a
1
1996 IPCC
GPG(2000) CHa
9
CHs N,0

The CO2 emission factors should be within a range of 5%, as they are dependent only on the carbon
content of the fuel and fraction oxidised. The uncertainty of the CH4 emission factor may be as a high
as a factor of 2. The uncertainty of the N20 emission factor may be of several orders of magnitude (i.e.
a factor of 10, 100 or more).

GPG(2000)
2
CH, 200
3
b
1
12
GPG(2000) GPG(2000)
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12

10

The uncertainty in the reporting will be strongly influenced by the accuracy of the data collected
on domestic aviation separately from international aviation. With complete survey data, the
uncertainty may be very low (less than 5%) while for estimates or incomplete surveys the
uncertainties may become large, perhaps a factor of two for the domestic share.

GPG(2000)

10
U=4yUg,>+U,’
U
Uer
Ua
11
kgCH4/L
TO % LTO/ % GgCHa4 %
0.3 200 702,650 10 0.21 200
GPG(2000)
1996 IPCC
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&

1A3a CH/
CH4 uNon
1996 IPCC
CH,
CO; CO; €< 7z 2003
12
TaBLE 1-47
EsTimaTED Emission FAcToRs For US Non-RoAD MOBILE SOURCES
UNCONTROLLED EMISSIONS
NO,, CHy MNMVOC co N3O CO;
Ocean-Geing Ships
glkg fuel a7 MNAWY NAV 1.9 0.08 3212
g/M] 21 MNAVY MNAV 0.046 0.002 71.6
Boats
glkg fuel 67.5 0.23 49 21.3 0.08 3188
g/M] 1.6 0.005 on 0.50 0.002 750
Locornotives
glkg fuel 743 0.25 55 26.1 0.08 3188
g/MI 1.8 0.006 013 0.61 Q.002 750
Farm Equipment
glkg fuel 635 0.45 9.6 25.4 0.08 3188
g/M] 1.5 0.011 0.23 0.60 0.002 75.0
Construction and Industrial Equipment
glkg fuel 50.2 018 39 16.3 0.08 3188
alM) 1.2 0.004 0.09 0.38 0.002 75.0
Jet and Turboprop Aircraft
glkg fuel 125 0.087 0.78 5.2 NAV 3149
g/M] 0.29 0.002 0.018 012 MNAV 72.8
Gasoline (Piston) Aircraft
glkg fuel 352 2.64 24 1034 0.04 n7z
g/MI 0.08 0.06 0.54 24 0.0009 721
1996 IPCC 1.81
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a
CH,
b
=<
c
E=EFxA
E CH,
gCH,4
EF MJ 9
CH,
A MJ
d
a
1MJ g CH,
b
GPG(2000)
1996 IPCC
CH, 0.06 /MJ
c
13 1990 2003 CH, gCH./MJ
1990 1991 1992 1993 1994 1995 1996
0.06 0.06 0.06 0.06 0.06 0.06 0.06
1997 1998 1999 2000 2001 2002 2003
0.06 0.06 0.06 0.06 0.06 0.06 0.06
d
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14
IPCC
1996
CH
15 1990 2003 MJ
1990 1991 1992 1993 1994 1995 1996
178,548,009 | 287,514,072 | 196,786,964 | 189,638,363 | 179,583,554 | 201,396,810 | 208,144,555
1997 1998 1999 2000 2001 2002 2003
412,380,762 | 158,004,132 | 146,913,778 | 140,913,690 | 240,378,310 | 399,304,760 | 541,237,420
16
2 15
2004
1990 2003
17 1990 2003 CH, GgCH,
1990 1991 1992 1993 1994 1995 1996
0.011 0.017 0.012 0.011 0.011 0.012 0.012
1997 1998 1999 2000 2001 2002 2003
0.025 0.009 0.009 0.008 0.014 0.024 0.032

10
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CH4

200

10

18
gCH4/MJ % MY/ % GQCH, %
0.06 200 | 541,237,420 10 0.032 200
GPG(2000)
1996 IPCC

11



1A3a N20

() 1A3a N,O

15 3.9
17

N,O

N,O

b
GPG(2000) LTO
land and take off Tier 2a
14 LTO
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LTO

LTO
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ngzo
EF LTO
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d
a
LTO
N,O
1K kg
b
GPG(2000)
1996 IPCC
1996 IPCC 0.1k 1t
0.1k /tx=< 0.78
c
19 1990 2003 kgN,O/LTO
1990 1991 1992 1993 1994 1995 1996
0.1 0.1 0.1 0.1 0.1 0.1 0.1
1997 1998 1999 2000 2001 2002 2003
0.1 0.1 0.1 0.1 0.1 0.1 0.1
20 1990 2003 kgN,O/KI
1990 1991 1992 1993 1994 1995 1996
0.078 0.078 0.078 0.078 0.078 0.078 0.078
1997 1998 1999 2000 2001 2002 2003
0.078 0.078 0.078 0.078 0.078 0.078 0.078
21
IPCC
1996
N,O

13

kg

N.O
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TABLE 1-52
DerFAuLT Emission FAcTORS AND FUEL CONSUMPTION FOR AIRCRAFT
(LTO Emission FACcTORS ARE GIVEN ON A PER AIRCRAFT Basis)

Domestic
Fuel Emission Factors
Consumption CO; CH, (@) | n,0lb) NO, co [ nmvoc(al| so,l)
LTO
average fleet 850 2680 0.3 0.1 10.2 B 2.6 0.8
{kg/lLTO)
LTO
old flest 1000 3150 0.4 0.1 9.0 17 37 1.0
{(kg/LTO)
Cruise
(kaglt of fuel) 3150 0 0.1 n 7 0.7 1.0
International
Fuel Emission Factors
Consumption CO; CH, (@) | n,0(b) NO, co | nmvoc(@ | so,l)
LTO
average fleet 2500 7900 1.5 0.2 M 50 15 25
(kg/lLTO)
LTO
old flest 2400 7560 7 0.2 236 101 66 2.4
(kg/LTO)
Cruise
(kglt of fuel) 3150 0 0.1 17 5 2.7 1.0

(b) Estimates based on Tier 1 default values.
() Sulphur content of the fuel is assumed to be (L05% for both LTO and cruise activities.

Mote: The emission factors were calculated as weighted averages for a number of typical aircraft. For domestic traffic, the
average fleet is represented by Airbus A320, Boeing 727, Boeing 737--400 and Mc Donald Douglas DC9 and MD&0 aircraft.
The old fleet is represented by Boeing B737 and McDonald Douglas DC9. For international traffic, the average fleet is)
represented by Airbus A300, Boeing B767, B747 and McDonald Douglas DC10, whilst the old fleet is represented by the
Boeing B707, Boeing B747 and McDeonald Douglas DC8. The data for LTO are shown in Table 1-50. Cruise data were taken
from Wuebbles ot al, (1993). The emission factors for cruise are considered as the best available default factors to date.

(a) For CHy and NMVOC it is assumed that the emission factors for LTO cycles be 10% and 90% of total VOC, respectively)
(Olivier, 1991). Studies indicate that during cruise no methane is emitted (Wiesen et al., 1994).

1996

IPCC

1.98
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23 1990 2003 LTO
1990 1991 1992 1993 1994 1995 1996
430,654 447,489 459,677 467,648 501,181 532,279 546,451
1997 1998 1999 2000 2001 2002 2003
567,729 591,819 605,943 667,559 673,322 689,224 702,650
24 1990 2003 ki
1990 1991 1992 1993 1994 1995 1996
2,330,514 | 2,530,228 | 2,700,968 | 2,874,373 | 3,060,327 | 3,223,547 | 3,177,847
1997 1998 1999 2000 2001 2002 2003
3,473,496 | 3,611,439 | 3,557,771 | 3,537,205 | 3,557,477 | 3,621,876 | 3,655,081
25
2 15
2004
1990 2003
26 1990 2003 N,O Gg N0
1990 1991 1992 1993 1994 1995 1996
0.22 0.24 0.26 0.27 0.29 0.30 0.30
1997 1998 1999 2000 2001 2002 2003
0.33 0.34 0.34 0.34 0.34 0.35 0.36

15
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a
1
1996 IPCC
GPG(2000) N,O
100
27
CHs N,0

The CO2 emission factors should be within a range of 5%, as they are dependent only on the carbon
content of the fuel and fraction oxidised. The uncertainty of the CH4 emission factor may be as a high
as a factor of 2. The uncertainty of the N20 emission factor may be of several orders of magnitude (i.e.
a factor of 10, 100 or more).

GPG(2000)
2
N,O 10,000
3
1996 IPCC N,O 0.03 0.6kg/LTO

16
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TaABLE 1-50
ExampLES OF AIRCRAFT TYPES AND Emission FAcTors FOR LTO CycLEs
As WELL As FUEL ConsUMPTION PER AIRCRAFT TYPE
Emission factors Fuel
(kg/LTO) consumption
(kg/lLTO)

Aircraft type(a) €O, CH, ()| N,0()  NOy co |[nNmvoc(e) so,(d)
A300 5470 1.0 0.2 21.21 34.4 9.3 1.7 1730
A0 4900 0.4 0.2 227 19.6 3.4 1.5 1550
A320 2560 0.04 0.1 1.0 5.3 0.4 0.8 810
BAC1-1 2150 6.8 0.1 4.9 67.8 61.6 0.7 680
BAe 146 1800 0.16 0.1 4.2 11.2 1.2 0.6 570
B107" 5880 9.8 0.2 10.8 92.4 87.8 1.9 1860
B727 4455 0.3 0.1 12.6 9.1 3.0 1.4 1410
B727° 3980 0.7 0.1 9.2 24.5 6.3 1.3 1260
B737-200 2905 0.2 01 8.0 6.2 2.0 0.9 920
B737° 2750 0.5 0.1 6.7 16.0 4.0 0.9 870
B737-400 2625 0.08 0.1 8.2 12.2 0.6 0.8 830
B747-200 10680 36 0.3 53.2 91.0 320 34 3380
B747° 10145 4.8 0.3 49.2 115 43.6 32 3210
B147-400 10710 1.2 0.3 56.5 45.0 10.8 3.4 3390
B157 4110 0.1 0.1 21.6 10.6 0.8 1.3 1300
B167 5405 0.4 0.2 26.7 20.3 3.2 1.7 1710
Caravelle” 2655 0.5 0.1 3.2 16.3 4.1 0.8 840
DC8 5890 5.8 0.2 14.8 65.2 52.2 1.9 1860
DC9 2780 0.8 0.1 1.2 1.3 7.4 0.9 880
DC10 T460 2.1 0.2 41.0 59.3 19.2 2.4 2360
F28 2115 5.5 0.1 53 54.8 49.3 0.7 670
F100 2340 0.2 01 5.7 13.0 1.2 0.7 740
Lo 8025 .3 0.3 29.7 112 65.4 2.5 2540
SAAB 340 945 1.4(E) 0.03(E) 0.3(E) 22.1(E) 12.7(E) 0.3(E) 300(E)
Tupolev 154 6920 8.3 0.2 14.0 116.81 75.9 2.2 2190
Concorde 20290 109 0.6 35.2 385 96 6.4 6420
GAjet 2150 0.1 0.1 5.6 8.5 1.2 0.7 680
Source: ICAO (1995).
(a) Except where indicated, values are for world fleet weighted LTO fuel and emissions performance. The average age of aircraft in
service is 10-20 years old. Values for aircraft types marked with a * are specific to older types with poorer emissions performance.
Aircraft can be equipped with different engines.
(b} Assuming 10% of total VOU emissions in LTO cycles are methane emission (Olivier, 1997).
(c) Estimates based on Tier 1 default values.
(d) The sulphur content of the fuel is assumed to be 0.05%.
(E) indicates that the figure is based on estimations.

1996

IPCC
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29

The uncertainty in the reporting will be strongly influenced by the accuracy of the data collected
on domestic aviation separately from international aviation. With complete survey data, the
uncertainty may be very low (less than 5%) while for estimates or incomplete surveys the
uncertainties may become large, perhaps a factor of two for the domestic share.

GPG(2000)

10
U=U,’+U,’
U
Uer
Ua
30
kgN,O/LT
5 - LTO/ - GgN,O s
( 0.1 10,000 702,650 10 0.075 10,000
kgN,O/kl % Kl/ o GgN,0 %
( 0.078 10,000 3,655,081 10 0.285 10,000
GPG(2000)
1996 IPCC

18
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&) 1A3a N0
N,O ““NO*”
1996 IPCC
N,O
CO, CO, e 7z 2003
31
TaABLE 1-47

EsTIMATED Emission FACTORS For US Non-RoAD MOBILE SOURCES

UNCONTROLLED EMISSIONS

NO,, CHy NMVOC co N3O CO;
Ocean-Geing Ships
alkg fuel 87 NAV NAV 1.9 0.08 3212
alM) 2.1 NAV NAV 0.046 0.002 116
Boats
glkg fuel 67.5 0.23 49 21.3 0.08 3188
alMJ 1.6 0.005 on 0.50 0.002 5.0

Locornotives

alkg fuel 743 0.25 55 26.1 0.08 3188

g/M] 1.8 0.006 0.13 0.61 0.002 75.0
Farm Equipment

alkg fuel 635 0.45 9.6 25.4 0.08 3188

a/M) 1.5 0011 0.23 0.60 0.002 75.0

Construction and Industrial Equipment
alkg fuel 50.2 0.18 39 16.3 0.08 3188
alM) 1.2 0.004 0.09 0.38 0.002 75.0

Jet and Turboprop Aircraft
alkg fuel 12.5 0.087 0.78 5.2 MNAV 3149
alM) 0.29 0.002 0.018 012 MNAY 728

Gasoline (Piston) Aircraft
alkg fuel 3.52 2.64 24 1034 0.04 3172
g/MI 0.08 0.06 0.54 24 0.0009 721

1996 IPCC 181
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a
N,O
b
x<
C
E=EFxA
E N.O
gNZO
EF MJ
N,O
A MJ
d
a
1MJ
b
GPG(2000)
1996 IPCC
N.O 0.0009 /MJ
C
32 1990 2003 N.O gN,O/MJ
1990 1991 1992 1993 1994 1995 1996
0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
1997 1998 1999 2000 2001 2002 2003
0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
d

20

N.O
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33
IPCC
1996
N,O
34 1990 2003 MJ
1990 1991 1992 1993 1994 1995 1996
178,548,009 | 287,514,072 | 196,786,964 | 189,638,363 | 179,583,554 | 201,396,810 | 208,144,555
1997 1998 1999 2000 2001 2002 2003
412,380,762 | 158,004,132 | 146,913,778 | 140,913,690 | 240,378,310 | 399,304,760 | 541,237,420
35
2 15
2004
1990 2003
36 1990 2003 N,O GgN;0O
1990 1991 1992 1993 1994 1995 1996
0.00016 0.00026 0.00018 0.00017 0.00016 0.00018 0.00019
1997 1998 1999 2000 2001 2002 2003
0.00037 0.00014 0.00013 0.00013 0.00022 0.00036 0.00049

21
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10,000
10
U=yUg,’+U,’
U
Uer
Ua
37
gN,O/MJ ” MJ/ ” GgN,0 %
0.0009 10,000 541,237,420 10 0.00049 10,000
GPG(2000)
1996 IPCC
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