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TABLE 1-47
EsTimAaTED Emission FacTtors For US Non-RoaD MogiLE SOURCES
UNCONTROLLED EMISSIONS
NO, ch, | nwvoc | co | w0 co,
Ocean-Going Ships
glkg fuel 87 MAY NAY 1.9 0.08 1212
g/hdl 21 MAY AN 0.046 0.002 776
Boats
glkg fuel 67.5 0.23 49 212 0.08 3188
g/} 1.8 0.005 0.1 0.50 3.002 75.0
Locornotives
alkg fuel 74.3 .25 5.5 26.1 0,08 1188
g/ 1.8 0.008 013 0.61 0.002 75.0
Farm Equipment
glkg fuel 53.5 0.45 96 254 0.08 3188
g/} 1.5 001t 0.23 0.60 0.002 75.0
Construction and Industrial Equipment
glkg fuel 50.2 0.18 39 16.3 0.08 3188
g/ 1.2 0.004 0.09 0.38 0.002 5.0
Jet and Turboprop Aircraft
glkg fuel 12.5 0.087 0.78 5.2 MAY 11449
o/l 0.24 D018 012 NAY 12.8
Gasoline (Piston) Aircraft
glkg fuel 3.52 264 24 1034 0.04 3172
g/} 0.08 0.06 0.54 24 0.0009 721
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/km 0.012
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2 10
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2-1- 5

TABLE 1-28
EsTimATED EmissiON FACTORS FOR US LIGHT-DUTY GASOLINE TRUCKS.
EMISSIONS

Season NO, | CHy | mNmvoc | co | N0 | COp

Low-Emission Vehicle Technology;{a} Assumed Fuel Economy: 6.0 kmillitre (16.7 4100 km)
Spring/Fall 0.31-0.40 0.02-0.04 0.30-0.50 3.57-6.03 -
Summer 0.29-0.38 0.02-0.03 0.31-0.50 2.87-5.11
Winter 0.37-0.47 0.03-0.05 0.34-0.62 6.02-9.33 - -
Average (glkm) 0.32-0.41 0.02-0.04 0.31-0.53 4.01-6.62 0.058 396
Average (g/kg fuel) 2.50-3.23 0.18-0.29 2.43-4.13 31.30-51.1 0.450 3723
Average (g/MJ) 0.057-0.073 | 0.004-0.007 0.055-0.094 0.711-1.175 0.010 72.098

Three-Way Catalyst Controi;(a) Assumed Fuel Economy: 6.0 km/litre (16.7 1/100 km)
Spring/Fall 0.49-0.59 0.02-0.04 0.47-0.69 4.45-7.08 -
Summer 0.47-0.56 0.02-0.03 0.66-0.87 3.64-6.05
Winter 0.57-0.69 0.04-0.05 0.47-0.77 7.68-11.22 - -
Average (g/km) 0.50-0.61 0.03-0.04 0.62-0.76 5.06-7.86 0.236 396
Average (g/kg fuel) 4.04-4.86 210, 4.14-6.06 40.46-62.87 1.880 317231
Average (g/MJ) 0.092-0.111 | 0.005-0.007 | 0.094-0.138 | 0.920-1.429 0.043 72.098
Early Three-Vifay Catalyst:la} Assumed Fuel Economy: 4.8 km/litre (20.8 /100 km)
Spring/Fall 0.63-0.76 0.05-0.07 0.74-1.04 65.49-9.97 - -
Summer 0.60-0.73 0.05-0.07 1.34-1.65 5.97-9.52
Winter 0.76-0.93 0.08-0.10 0.76-1.19 9.58-13.54 - -
Average (g/km) 0.65-0.80 0.06-0.08 0.90-1.23 7.13-10.75 0.227 396
Average (g/kg fuel) 5.23-6.36 0.47-0.63 7.16-9.82 56.96-85.86 1.810 3172.31
Average {(g/MJ) 0.119-0.144 | 0.011-0.014 | 0.163-0.223 1.294-1.951 0.041 72.098
Oxidation Catalyst; Assumed Fuel Economy: 4.8 km/litre (20.8 11100 km)
Spring/Fall 1.15-1.28 0.07-0.09 1.48-2.31 9.56-18.76 - -
Summer 0.77-0.86 0.09-0.11 2.70-3.85 13.72-27.86
Winter 1.34-1.50 0.10-0.12 1.30-2.30 13.47-26.33 - -
Average (g/km) 1.10-1.23 0.08-0.10 1.74-2.69 11.58-22.93 0.097 498
Average (glkg fuel) 7.03-7.84 0.52-0.66 11.08-17.16 | 73.77-146.07 0.620 3172.31
Average (g/MJ) 0.160-0.178 | 0.012-0.015 | 0.252-0.390 1.677-3.320 0.014 72.098
Non-Catalyst; Assumed Fuel Economy: 4.0 km/litre (25.0 /100 km)
Spring/Fall 1.62-1.68 0.12-0.14 3.09-3.55 18.41-27.08
Summer 1.28-1.32 0.13-0.15 5.80-6.39 23.76-35.80
Winter 1.67-1.72 0.15-0.17 2.29-2.83 23.08-34.24 - g
Average (glkm) 1.55-1.60 0.13-0.15 3.57-4.08 20.92-31.05 0.023 601
Average (glkg fuel) 8.17-8.45 0.69-0.80 18.85-21.55 |[110.41-163.90 0.120 3172.31
Average (g/MIJ) 0.186-0.192 | 0.016-0.018 0.428-0.490 2.509-3.725 0.003 72.098
Uncontrolled; Assumed Fuel Economy: 4.1 km/litre (24.4 1/100 km)

Spring/Fall 1.84 0.12-0.14 6.87-7.24 29.92-40.29
Summer 1.56 0.11-0.12 11.07-11.41 29.91-40.29
Winter 2.18 0.16-0.17 5.31-5.77 33.17-44.09 - -
Average (g/km) 1.85 0.13-0.14 7.53-7.92 30.73-41.24 0.024 579
Average (glkg fuel) 10.16 0.71-0.79 41.26-43.37 |168.36-225.95 0.130 372.31
Average (g/Ml) 0.231 0.016-0.018 (.938-0.986 3.826-5.135 0.003 72.098

{a) Recent measurement results (De Soete, 1993, Ballantyne, et al., 1994) have shown that N3O emissions from aged
catalysts, e.g., tested after driving 15 000 - 25 000 km, are substantially higher than from new catalyst-equipped cars. Tests on
comparable models show aged catalysts emitting from roughly 30% more to almost 5 times the rate of new equipment. As
indicated in Box 5, Environment Canada has used a value almost 5 times as high for aged catalysts in its national inventory
calculations.
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9.159 5.381 3.654 2.682 2.060 Al 7, 1.526

mgCH4/t/km

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h  12.5km/h 20km/h 32.5km/h 50km/h 70km/h

6.841 3.845 2.475 1.705 1.211 0.935 0.788

.010

.009

.008

.007

.006

.005

.004

.003

.002

.001

.000

2-1- 26

mgCH4/t/km 25 5

t o

\

\

A\

\A

\

x\

A,

* 4
0 10 20 30 0 50 60 70 80
kn/h)
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/ 5 12 CH,
2-1-28
20km/h
2-1-29
2-1- 27
1989
mgCH4/t/km 5 12
18
16
L]
14
12
10
s L
\ o
6 °
TN
2 a~ 4 b v
Lt e 8 4; 5
0 10 20 30 40 50 0 80
km/
20.992 -0.02951
N 119
2 0.390
0.625
1994
mgCH4/t/km 5 12
|
L
Y .
\e .
o )
° o 4
o e
T
0 10 20 30 40 50 70 80
km/
13.959 0.38727
N 37
> 0.545
0.738
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2-1- 20

mgCH4/t/km

3 5km/h 5 10km/h 10 15km/h 15 25km/h25 40km/h 40 60km/h 60km/h

57

4km/h 7.5km/h  12.5km/h  20km/h 32.5km/h___ 50km/h 70km/h
5.218 2.769 1.650 1.020 0.616 0.390 0.270
mgCH4/t/km
3 5km/h 5 10km/h 10 15km/h 15 25km/h25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h 12.5km/h 20km/h 32.5km/h 50km/h 70km/h
3.877 2.248 1.504 1.085 0.817 0.666 0.587
2-1- 28
maCHA4//km 5 12
.006
——
.005 4 —— —
.004
.003
.002
00t S
m
1000 , , , , , ! )
10 20 30 40 50 60 70 80




2-1-30

2-1- 29

1989
mgCH4/km H 112
70
°
! 3
g
50 60 70 80
km/
119.345 0.11069
N 139
2 0.638
0.799
1994
mgCH4/km H 112
50
45 l\ °
°
40 \ PR
35 ?
30 5\
25
W
o e o,
15 T O
10 > o |r o o
' \l\fh ° s 8 °
. R S ——
° )
0 10 20 30 40 50 60 70 80
km/
1% 973 -0 351&
N 102
2 0.786
0.886
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2-1-31



2-1- 21

mgCH4/km

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h  12.5km/h 20km/h 32.5km/h 50km/h 70km/h

29.947 16.023 9.658 6.078 3.783 2.498 1.816

mgCH4/km

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h  12.5km/h 20km/h 32.5km/h 50km/h 70km/h

.030

.025

.020

.015

.010

.005

.000

33.392 17.645 10.446 6.397 3.802 2.348 1.577
2-1- 30
maCH4/t/km 12
.040
——
.035 -
—

\
\
)

10 20 30 0 50 60 70 80
km/h)
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20 80
11

4.74 / 2.5 5 4.19 / 5

12 6.84 / 12/ 10.08 /

x ( )x 55kg/
2-1-22
2-1- 22

3 5km/h 5 10km/h 10 1%m/h 15 25%m/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h 12.5km/h 20km/h 32.5km/h 50km/h 70km/h
0.03% 0.25% 1.18% 9.80% 33.16% 34.79% 20.79%

60




11 / 0.012x 10°kg/km
12
2-1- 23
3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h  60km/h
4km/h - 7.5km/h 12.5km/h 20km/h 32.5km/h 50km/h 70km/h
/km 0.1019  0.0551  0.0338  0.0217  0.0140  0.0097 0.0074
0.03% 0.25% 1.18% 9.80% 33.16%  34.79%  20.79%
/km 0.012
10 1990 98
2 10 11
2 10
2-1- 24 2 10
2 3 4 5 6 7 9 10
/km 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.012
10
11
10
2-1 22 23
3-1 32 33
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HC

11

11 10

11 3

25

10 12

21 25

2.1.1 /
2.1.1 /
2.1.1 /
2.1.1 /
2.1.2
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2.1.6 /

D

HC 3)

2-1-32

HC

2-1- 31

( CH4/km)

0.045 pee==mccccsccccccnscsnssenss s e s e e s n st amnnnn

0.040 po =t - - . . " " L . e

O e

0.030 f*""e=seecccccccceccccesnssemcssa e e e s e aEntaa e (HC 1% )

0.025 pr-======mmccceccccecccccmccceccccessccemsssecssecesceeem===an =+=—96 IPCC

0.015 [:0.013ua.0.0131w40.013am 1) 0132 =0-013a 2 10.0132w:0.013um 1 _g13== 0.012" = D" 01o"
[ — 0. Y

A A A b 4
= Sy = —l
0.010 Fo0mfto===0n0kln = )= §10== =(m@F2= = =)= " ==="======ssmsccsssctaccma=asn
0.005 fem=emccccccccscccscccccccsccccscsscacanannaanannanamansaanmmnnsn
0.000 1 1 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11
HC 6
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10

22 23
32 33
40 41




.10

4)

CH4

2.5

65

km

1) 2)
5 5 12

CH4

3)

6)

12



10 90

2.5 5 2.91 / 5 12 5.48 /

2-1-25

2-1- 25

11
6.18 7/
12 / 13.41 /

4km/h 7.5km/h  12.5km/h 20km/h

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h

32.5km/h 50km/h 70km/h

0.02% 0.20% 0.97% 26.78%

25.86% 27.07% 19.10%

11 /

12

66

0.014x 10°kg/km



2-1- 26

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h 12.5km/h 20km/h 32.5km/h 50km/h 70km/h
/km 0.0998 0.0541 0.0331 0.0214 0.0138 0.0096 0.0074
0.02% 0.20% 0.97% 26.78% 25.86% 27.07% 19.10%
/km 0.014
10 1990 98
2 10 11
2 10
2-1- 27
2 3 4 5 6 7 8 9 10
/km 0.017 0.016 0.016 0.016 0.016 0.016 0.016 0.014 0.014
10
11
10
2-1 22 23
3-1 32 33
11 3
11 10
11 3
25
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HC

10 12

21 25
2.1.1 /
2.1.1 /
2.1.1 /
2.1.1 /
2.1.2 /
2.1.6 /

1) 2)
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HC 3)

2-1-33
HC
2-1- 32
( CH4/km) y
0.045 [=====sse=mecescc-cesscssessssssecssssseasssesessessseseeaa--
0.040 —o—

0.040 ==+ + + - + - } = - k- -
0.035 |=="c=sscmcccsecececsceccetaset ettt et s sas st
O e  ELLLE T (Hc 1% )
0.025 f====mmsemeceecc-cescccsesscessecssscseasssasessessseseeaa-- —+—096 IPCC
e R LR L EEEE L EEEEE

0.017  0.016 0.06 0.016 0.016 0.016 0.016

o——_ o o o °
0.015 f=====secmcccccnmnann e e mssmsssssssss. ... e 0'014...0-0.1-4.

y— /N o e A
0,010 Fa0nB12e o Q3. 0013, L 0013, L 0003, L e
0.005 f=====msemeceeccccescccsesscessacssscseasscasessessseseeaa--
0.000 . . . . . . . . . )

2 3 4 5 6 7 8 9 10 1
HC 6
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11

CH4

2.5

12

2.5

71

km

12

1.7

2.5

CH4

1.7



2-1-28

2-1- 28

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h  12_5km/h 20km/h 32.5km/h 50km/h 70km/h

0.03% 0.23% 1.11% 23.24%  29.85%  31.16%  14.38%
11 / 0.0085x 1073kg/km
12
2-1- 29
3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h  60km/h
4km/h  7.5km/h 12.5km/h 20km/h 32.5km/h  50km/h  70km/h
/K 0.0211  0.0144  0.0113  0.0096  0.0085  0.0079  0.0075
0.03% 0.23% 1.11% 23.24%  29.85%  31.16%  14.38%
/K 0.0085
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10 1990 98

2 10 11
2 10
2-1- 30 2 10
2
3 4 5 6 7 8 9 10
/kn | 0.0094  0.0096  0.0097  0.0097  0.0097  0.009  0.0094  0.0090  0.0087

10

11

10
2-1 22 23
3-1 32 33

11 3
11 10
11 3
’ ’ 2

25

10 12

21 25
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HC

2.1.1

2.1.1

2.1.1

2.1.1

2.1.2

2.1.6

HC

D

2-1-34

HC
74

3)

2)



0.045

2-1- 33

CH4/km)

0.040

0.0094 0.0096 0.0097 0.0097 0.0097 0.0096

0.0094  0.0090 0.0087, _Q.0Q85

0.0028 , 0.0028 , 0.0028 , 0.0028 , 0.0027 | ) ) ) )

(HC

—t=—096

1%

IPCC

)

2 3 4 5 6 7 8 9 10 11

HC 6
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.12

CH4

2.5

12

2.5

77

km

N

CH4

12

1.7

2.5

1.7



2-1-31

2-1- 31
3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h  60km/h
4km/h 7.5km/h  12.5km/h  20km/h  32.5km/h  50km/h 70km/h
0.03% 0.24% 1.13% 15.33% 30.68% 32.12% 20.48%
11 / 0.011x 107%g/km

12

78



2-1- 32

3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h 12.5km/h 20km/h 32.5km/h 50km/h 70km/h
/km 0.0869 0.0471 0.0289 0.0187 0.0121 0.0084 0.0065
0.03% 0.24% 1.13% 15.33% 30.68% 32.12% 20.48%
/km 0.011
10 1990 98
2 10 11
2 10
2-1- 33 2 10
2 3 4 5 6 7 8 9 10
/kn | 0.014 0.015 0.014 0.013 0.014 0.014 0.014 0.011 0.011
10
11
10
2-1 22 23
3-1 32 33
11 3
11 10
11 3
25
10 12
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HC

21 25

2.1.1

2.1.1

2.1.1

2.1.1

2.1.2

2.1.6

HC

D

80

3)

2)




2-1-35

HC

2-1- 34

CH4/km)

0.040

L n L L L N . N . N

0_.014 0.01_4_ ..0.014__0.013,,0-014 _0;01:1 0.014

0.011 0.011 0.011

0.010 0.010 0.011 0.011 0.011

——

——

(HC 1%

96 IPCC

)
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(N20) |

N20

10 15

10
N20

11

83



11 / 0.029x 10*kg/km
0.0073 N20/ Three-Way Catalyst(USA Tierl)
0.0073 / x 0.0041868 /kcalx (8,400kcal/ x 0.95)
+ 8.3km/ 0.029x 107kg/km
2-2-1
(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015
11 10
11
12
10 1990 098
2 10
2-2- 2 10 1990 98
z2 3 4 6 7 8 10
(km/ ) 9.0 8.9 8.7 8.6 8.4 8.4 8.3 8.3
(107%kg/km) 0.027 0.027 0.028 0.028 0.029 0.029 0.029 0.029
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10

11
10
4-1 40 41
2.1.1 /
2.1.1 /

10 15
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NOXx
NOX
NOx

2-2-1
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4)

2-2-1

mgN20/km
40

1978

35

30

25

20

15

10

5

0

NOx

1) 2)
3)

CH4)
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11

N20

/ km
N20

/

11 /
0.0073 N20/

0.0073 / x 0.0041868 /kcalx

88

0.047x 10°kg/km

Three-Way Catalyst(USA Tierl)

(8,400kcal/ x 0.95)



+ 5.2km/

2-2- 3
(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015
11 10
11
12
10 1990 98
2 10
2-2- 4 2 10
2
3 4 5 6 7 8 9 10
(km/ ) 5.5 5.7 5.6 5.4 5.0 5.3 5.0 5.2 5.2
(107%kg/km) 0.044 0.043 0.044 0.045 0.049 0.046 0.049 0.047 0.047
10
11
10
4-1 40 41
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2.2.1 /

2.2.1 /
2.1.1 /
2.1.1 /
2.2.1 /
/ 2.5
/ 21

0.0035 /km

90



/ /km
A /
y
/km
Y
/km
4 7.5 12.5 20
32.5 50 70km/h
EF + X x 2
EF g/t/km
km/h
2-2-3
2-2-5
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2-2- 3

mgN20/t/km 1995
°
%
\8 )
° N
] o
o L] o
2 o —
/ °
°
3
(]
10 20 30 40 50 60 70 80
km/
0,54541 -0,01477 x 0,00015 __x 2 1.04006
N 21
2 0.400
0.633
2-2-5

maN20/t/km

3 5km/h 5 10km/h 10 15km/h15 25km/h25 40km/h40 60km/h 60km/h
4km/h 7.5km/h  12.5km/h _ 20km/h 32.5km/h 50km/h 70km/h

1.121 1.011 0.924 0.833 0.737 0.690 0.753
11
4.74 /
x ( ) x 55kg/
2-2-6

92



3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 4Ckm/h 40 60km/h 60km/h
4km/h 7.5km/h  12.%m/h  20km/h  32.%m/h  50km/h 70km/h
( /t/kny | 0-00112  0.00101  0.00092 ~ 0.00083  0.00074 ~ 0.00069  0.00075
/ 4.74
/kn 0.0053 0.0048 0.0044 0.0039 0.0035 0.0033 0.0036
0.03% 0.25% 1.18% 9.80% 33.16% 34.79% 20.79%
/km 0.0035
2.2.1 /
NOx
2.2.1 /
3.5km/
1
NOX 3)
4)
2-2-4

93

0.0043 /km

2)

11



0.05

0.04

0.03

0.02

0.01

0.00

2-2- 4

N20/km)

femssssmsssamsssansssannssanassanassanassanassanassnmnss () 047

0.0044 0.0043 0.0043 0.0043 0.0044 0.0043 0.0044 0.0043 0.0043 0.0043
== g 4—f—p & & & -
L.0.0036 ,_0.0036 ..0.0035 1_0.0035.4-0.0035.4_0.0035.4_0.0035..0.0035.4.0.0035. 00035 ,

2 3 4 5 6 7 8 9 10 11

CH4)

94




km
N20

11 /
km

0.0073 N20/

0.0073 7/ x 0.0041868 /kcalx

+ 11.1km/
95

N20

0.022x 10°%kg

Three-Way Catalyst(USA Tierl)

(8,400kcal/ x 0.95)



2-2- 7

(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015
11 10
11
12
10 1990 98
2 10
2-2- 8 10 1990 98
2
3 4 5 6 7 8 9 10
(km/ ) 12.9 12.5 12.2 12.0 11.8 11.7 11.5 11.2 11.1
(10%kg/km) 0.019 0.020 0.020 0.020 0.021 0.021 0.021 0.022 0.022
10
11
10
4-1 40 41
2.2.1 /
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NOX

4)

2.2.1

2.1.1

2.1.1

2.2.1

2.2.1

2.2.1

NOX

D

97

CH4)

3)

2)



/ km
N20
/
11 /
0.0073 N20/
0.0073 / x 0.0041868 /kcal x
+ 6.2km/ 0.039x 10°kg km

98

N20

0.039x 107

Three-Way Catalyst(USA Tierl)

(8,400kcal/ x 0.95)



(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015
11 10
12
10 1990 98
2 10
2-2- 10 10 1990 98
2
3 4 5 6 7 8 9 10
(km/ ) 6.2 6.3 6.3 6.2 6.2 5.9 5.8 6.1 6.2
(10%kg/km) 0.039 0.039 0.039 0.039 0.039 0.041 0.042 0.040 0.039
10
11
10
4-1 40 41
2.2.1 /
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2.2.1 /

2.1.1 /
2.1.1 /
2.2.1 /
2.2.1 /
NOx
NOX
NOx
NOx  N20
2-2-5

2-2- 5 NOx N20

1995
2.5
2.0 8 ~
y = 4.391x o
R = 0.6281 ° e
1.5 < °
N20 ® e
mg/km) o°
o
1.0
/
...
0.5
0_0 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5
X /km

100



2.5

2.5
2-2-6
2-2- 6
G20/ /K 1995
1.6
149+ 0.62
1.4

\ r2 0.42
1.2 0.65
1.0 L4

) L]
- \ %9

—t
0.6 °
..

0.4
0.2
0.0

0 2 4 6 8 10 12 14

km/

EF +

EF g/ /km
km/
11 /

11

101

11



4)

5.2

0.045

0.040

0.025

0.020

0.015

0.010

NOX

N20/km)

4.74 /

D

2-2-7

0.0020  0.0020

0.0020 0.0020 0.0020 ~ 0.0020 0.0020

3)

CH4)

102

10

2)



/ km
N20
/
11 /
km
0.0073 N20/
0.0073 / x 0.0041868 /kcalx

+ 9.0km/
103

N20

0.027x 10°kg

Three-Way Catalyst(USA Tierl)

(8,400kcal/ x 0.95)



2-2- 11

(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015

11 10
11
12
10 1990 98
2 10
2-2- 12 10 1990 98
2
3 4 5 6 7 8 9 10

(km/ ) 9.0 9.1 8.6 8.5 8.4 8.5 8.4 8.4 9.0
(10%kg/km) 0.027 0.027 0.028 0.029 0.029 0.029 0.029 0.029 0.027

10

11
10
4-1 40 41
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2.2.1 /

2.2.1 /
2.1.1 /
2.1.1 /
2.2.1 /
2.2.1 /
NOxX
2.2.1 /
/
11
11 9.0 / 1.36 /
X (1
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4)

0.035

D

NOX 3)

2-2-8

2-2- 8

N20/km)

0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011

[} 0 7 0 I 0 7 0 1 1
1 1 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11
CH4)

106

2)



N20
/ km
N20
/
11 / 0.023x 103
/km
0.0073 N20/ Three-Way Catalyst(USA Tierl)

0.0073 / x 0.0041868 /kcalx (8,400kcal/ x 0.95)
+ 10.7km/ 0.023x 10*kg/km

107



2-2- 13

(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015
11 10
11
12
10 1990 98
2 10
2-2- 14 10 1990 98
2
3 4 6 7 8 9 10
(km/ ) 11.7 11.4 11.1 11.0 11.0 10.9 10.7 10.8 10.7
(10%kg/km) 0.021 0.021 0.022 0.022 0.022 0.022 0.023 0.023 0.023
10
11
10
4-1 40 41
2.2.1 /
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2.2.1 /

2.1.1 /

2.1.1 /

2.2.1 /

2.2.1 /
NOX

2.2.1 /

2.2.3 /

CH4)
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11
/km

N20

N20

N
'

[N
~

km

0.0073 N20/

110

0.038x 10

Three-Way Catalyst(USA Tierl)



0.0073 7/ x 0.0041868 /kcalx

@,

400kcal/ x 0.95)

+ 6.4km/
2-2- 15

(gN20/kg fuel) (gN20/MJ)
Low-Emission Vehicle(low sulphur fuel) 0.200 0.0045
Three-Way Catalyst (USA Tierl) 1996 0.320 0.0073
Early Three-Way Catalyst(USA Tier0) 1983 0.540 0.0120
Oxidation Catalyst 1978 0.270 0.0061
Non-Catalyst Control 1973 0.062 0.0014
Uncontrolled 1964 0.065 0.0015

11 10
11
12
10 1990 98
2 10
2-2- 16 10 1990 98
2
3 4 5 6 7 8 9 10

(km/ ) 6.3 6.0 6.1 6.0 6.1 5.8 6.0 6.1 6.4
(10%kg/km) 0.039 0.041 0.040 0.041 0.040 0.042 0.041 0.040 0.038

10

11
10
4-1 40 41
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TABLE 1-30
EsTIMATED EMISSION FACTORS FOR US DIESEL PASSENGER CARS
EMISSIONS
Season MNOy CHa NMVOC cO NzO COz
Advanced Control; Assumed Fuel Economy: 10.0 kmilitre (10 11100 km)
Spring/Fall 0.42 0.01 0.17 0.56 - -
Summer 0.42 0.01 017 0.56 -
Winter 0.44 0. 0.19 0.58
Average (g/km) 0.43 0.01 017 0.56 0.007 237
Average (g/kg fuel) 5.68 0.06 2.32 7.54 0.09 31723
Average (g/MJ) 0.129 0.001 0.053 0.171 0.002 72.098
Moderate Control; Assumed Fuel Economy: 9.6 kmillitre (10.4 11100 km)
Spring/Fall 0.54 0.01 017 0.56
Summer 0.54 0.01 0.17 0.62 -
Winter 0.54 0.01 0.17 0.56 - -
Average (g/km) 0.54 0.01 0.17 0.58 0.01 248
Average (g/kg fuel) 6.88 0.08 217 1.35 0.13 3172.31
Average (g/MJ) 0.156 0.002 0.049 0.167 0.003 72.098
Uncontrolled; Assumed Fuel Economy: 7.5 km/litre (13.3 1/100 km)
Spring/Fall 0.67 0.01 0.24 0.61 -
Summer 0.67 0.01 0.24 0..61
Winter 0.67 0.01 0.24 0.61
Average (g/km) 0.67 0.0 0.24 0,.61 0.014 319
Average (g/kg fuel) 6.62 012 2.39 6.04 0.14 3172.31
Average (g/MJ) 0.150 0.003 0.054 0.137 0.003 72.098
2.2.1 /
2.1.2 /
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2.1.1 /

2.1.1 /
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0.0034g/km
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/km
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EF +

EF g/km
km/h
11
2-2-18
2-2- 11
1994
mgN20/km
25
L]
20 —_—
15 \
10 \
5 \c\\.\
N ® +—
0
10 20 30 40 50 60 70 80
km/
34,139 2.23699
No21
?0.981
0.990
2-2- 18
mgN20/km
3 5km/h 5 10km/h 10 15km/h 15 25km/h25 40km/h 40 60km/h 60km/h
4km/h 7.5km/h 12.5km/h 20km/h 32.5km/h 50km/h 70km/h
10.772 6.789 4.968 3.944 3.287 2.920 2.725
2-2-19 0.0034g/km
2-2- 19
3 5km/h 5 10km/h 10 15km/h 15 25km/h 25 40km/h 40 60km/h  60km/h
4km/h 7.5km/h 12_5km/h 20km/h 32.5kn/h 50km/h 70km/h
/km 0.0108 0.0068 0.0050 0.0039 0.0033 0.0029 0.0027
0.02% 0.19% 0.87% 36.87% 25.11% 26.28% 10.66%
/km 0.0034
2.2.1 /
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TABLE 1-32
EsTiMATED Emission FACTORS FOR US Heavy DuTy DIESEL VEHICLES
EMISSIONS
Season NOy CHa NMYOC co N2O COy
Advranced Control; Assumed Fuel Economy: 2.4 kmi/litre (41.7 1/100 km)
Spring/Fall 352 0.04 0.86 4.36 - -
Summer 3.52 0.04 (.86 4.36 - -
Winter 3.52 0.04 0.86 4.36 - -
Average (g/km) 3.52 0.04 0.86 4.36 0.025 987
Average (g/kg fuel) 11.32 0.14 2.78 14.01 0.08 3723
Average (g/MJ) 0.257 0.003 0.063 0.318 0.002 72.098
Moderate Control; Assumed Fuel Economy: 2.4 kmilitre (41.7 /100 km)
Spring/Fall 7.96 0.05 1.13 5.01 - -
Summer 7.96 0.05 1.13 5.01
Winter 7.96 0.05 1.13 5.01
Average (g/km) 7.96 0.05 113 5.01 0.025 1011
Average (g/kg fuel) 24,96 0.16 3.55 15.71 0.08 3723
Average (g/MJ) 0.567 0.004 0.081 0.357 0.002 72.098
Uncontroiled; Assumed Fuel Economy: 2.2 kmilitre (45.5 /100 km)

Spring/Fall 10.30 0.06 1.63 4.85
Summer 10.30 0.06 1.63 4.85
Winter 10.30 0.06 1.63 4.85 - -
Average (glkm) 10,30 0.06 1.63 4.85 0.031 1097
Average (g/kg fuel) 29,79 0.18 4.70 14.03 0.09 317231
Average (g/MJ) 0.677 0.004 0.107 0.319 0.002 72.098

2.2.1 /

2.1.2 /

2.1.1 /
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TABLE 1-49
EsTiMATED Emission FACTORS FOR
Eurorean Non-RoaD MOBILE SOURCES AND MACHINERY

PART 1: DIESEL ENGINES

EMISSIONS
NO, | CH,® [ NMvOC® | CoO | N CcO,
Diesel Engines
glkg | g/MI | a/kg | g/M) | gfkg | g/MJ| gikg | g/MI | g/kg | /MJ | g/kg | g/MI |
Agriculture 50 1.2 | 017 | 0.004 1.3 017 | 16 | 037 | 1.3 | 0.03 | 3140 | 73
Forestry 50} 1.2 | 017 | 0.004 6.5 015 ] 15 | 035 | 1.3 | 0.03 | 3140 | 73
Industry 49 1.1 | 017 | 0.004 1.1 016 | 16 | 037 | 1.3 | 0.03 | 3140 | 73
Household 48 1.1 | 0.7 L 000 10 023 ] 23 | 0453 | 1.2 | 003 | 3140 | 73
Railways 40 0.9 | 018 0.004 4.7 0.11 11 025 | 1.2 | 0.03 | 3140 | 73
Inland waterways 42 1.0 | 0.8 TOIH 4.7 0.11 11 0251 1.3 | 003 | 3140 73
PART 2: GASOLINE ENGINES
EMISSIONS
NO, | CH® | NMVOC® [  CO | N,O CO,
Gasoline 4-stroke
g'kg | g/M} | g/kg | g/M) | glkg | g/M) | glkg | g/M) | g/kg | g/MI | glkg | g/MI
Agriculture 16 .17 37 0.08 74 1.7 | 1500 33 0.07 |0.002 | 3200 71
Forestry - - - - - - - - - - 32001 N
Industry 9.6 0.21 2.2 0.05 43 1.0 | 1200 27 0.08 |0.002 | 3200 71
Household 8.0 0.18 5.5 012 110 25 | 2200 79 0.07 10.002 | 3200 71
Railways - - - - - - - - - - - -
Inland waterways 9.7 (.22 1.7 0.04 34 | 076 | 1000 22 0.08 |0.002 | 3200 71
Gasoline 2-stroke
glkg | g/M} | glkg | g/MI | g/kg | g/M) | gfkg | g/MJ | glkg | g/MI | glkg | g/MJ
Agriculture 1.7 0.04 | 62 | 014 | 620 14 1100 | 25 | 0.02 |0.0004] 3200 | 71
Forestry 1.6 | 0.04 1.7 | 017 | 760 17 11400 ] 31 0.02 |0.0004] 3200 | M
Industry 2.1 005 | 60 | 0,13 | 600 13 | 1100 ] 31 0.02 |0.0004] 3200 | T
Household 1.8 | 0.04 8.1 018 | 810 18 | 1600 | 36 | 0.02 |0.0004] 3200 | 71
Railways - - - - - - - - - - - Ikl
Inland waterways 2.7 0.06 51 0.11 | 500 11 890 20 | 0.02 |0.0004] 3200 | T

{a) Including diurnal, soak and running losses.

131



10

12 31
10

17

471 473

132




N20
N20
11 N,0 1.1/
0.03 /
0.03 /  x0.0041868  /kcalx (9,200kcal/  x0.95)
10 1990 98
10 1990 98 11

133



3-2

TABLE 1-49
EsTIMATED EmMIssION FACTORS FOR
Eurorean Non-RoaD MogiLE SOURCES AND MACHINERY

PART 1: DIESEL ENGINES

EMISSIONS
NO, | cH® | mNmvOC® | cO | NO | CO,

Diesel Engines

glkg | g/MI | g/kg | g/MJ) | glkg | g/MJ | gikg | g/MI | gfkg | g/MJ | g/kg | g/MI |
Agriculture 50 1.2 | 017 [0004 ] 73 | 047 16 | 037 ] 1.3 | 003 | 3140 | 73
Forestry 50 12 | 017 [0004 ] 65 | 015 15 | 035 ] 1.3 | 003 | 3140 | 73
Industry 49 11 | 017 [0004] 70 06| 16 | 037 ] 1.3 | 003 | 3140 | 73
Household 48 11 | 017 [ 0004 ] 10 | 023 23 | 053] 1.2 1003 ] 3140 | 73
Railways 40 09 | 018 Joood [ 47 Jo11 ] 11 o025 ]| 1.2)] 003 §3140] 73
Inland waterways 42 1.0 1018 | 0.004 [ 47 0.11 11 1025 | 1.3 T005] 3140 | 73

PaART 2: GASOLINE ENGINES

EmMissIONS
NO, | CH/® [NMvVvOC® [ CcO | NO | CO,

Gasoline 4-stroke

glkg | g/MJ | glkg | g/MJ | glkg | g/M) | glkg | g/MI | glkg | g/MI | glkg | g/MI

Agriculture 16 .17 37 0.08 74 1.7 | 1500 33 0.07 |0.002 | 3200 11
Forestry . . - - - - . - - . 32000 N
Industry 9.6 .21 2.2 (.05 43 1.0 [ 1200 27 0.08 |0.002 | 3200 71
Household 8.0 118 5.5 0.12 110 25 | 2200 79 0.07 |0.002 | 3200 11
Railways -

Inland waterways 9.7 {1.22 1.7 .04 34 1076 1000 22 | 008 Joo02| 3200 71

Gasoline 2-stroke

glkg | g/M} | alkg | g/Mi | a/kg | o/M) | gfkg | g/M} | glkg | g/Mi | glkg | g/MI

Agriculture 1.7 004 | 62 | 014 | 620 14 1100 | 25 | 0.02 |0.0004] 3200 | 71
Forestry 1.6 | 0.04 1.7 | 017 | 760 17 | 1400 31 0.02 |0.0004] 32001 N
Incustry 2.1 005 | 60 | 013 | 600 13 | 1100 ] 31 0.02 |0.0004] 3200 ] M
Household 1.8 | 0.04 8.1 018 | 810 18 | 1600 | 36 | 0.02 |0.0004] 3200 | 71
Railways - - - - - - - 1

Inland waterways 27 | 006 [ 51 | 011 ] 500 11 890 | 20 ] 0.02 J0.0004] 3200 | 71

{a) Including diurnal, soak and running losses.
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10 1990 98

10 1990 98 11
4-1
TABLE 1-48
DerauLT Marine Emission FACTORS
CHy MO NO, co NMVOC
Ocean-going Ships (diesel engines®)
afM] 0.007 0.002 1.8 0,18 0.052

* Mastly using heavy fuel oil

136




11
12 15
3. @
3-(1)-1
20
€9
€y
11 0.26
0.007 /
0.007 /  x 0.0041868  /kcalx (9,300kcal/  x 0.95)

137



11

0.007 7/

11

0.007 /

@

€y

x (0.0041868

¢y

@

x 0.0041868

0.27

/kcal x

0.27

/kcal x

138

0.007 7/

(9,600kcal/

0.007 7/

(9,800kcal/

x 0.95)

x 0.95)



[ N0 |

N20

N20

11 N O 0.073 /
0.002 /

0.002 / x 0.0041868 /kcal x (9,200kcal/ x 0.95)

10 1990 98

10 1990 98 11

139



4-2

TABLE 1-48
DerauLT Marine Emission FACTORS
CHy MN-O NO, co NMVOC
Ocean-going Ships (diesel engines®)
afM] 0.007 0.002 1.8 018 0.052
* Mastly using heavy fuel oil
CH4
11 NO 0.074 /
0.002 7/
0.002 / x 0.0041868 /kcal x (9,300kcal/ x 0.95)
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LHV = HHVx 0.95
LHV =HHVx 0.90
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