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Summary

ROADAIR is a model for calculation of air pollution from road traffic. The
model can be utilized for road networks containing street canyons and highways
(“open roads”). Larger crossroads/intersections can also be treated in a
simplified way. Calculations of emissions of CO, CO; and NO, (NO+NO,) are
performed. The emission factors for CO and NO, (g/km) are dependent on
vehicle class, speed and road gradient. The fuel consumption, used to estimate
CO,-emissions, is dependent on vehicle class and speed. Concentrations of CO,
NO, and PM,,' are also calculated. The model focus on the components for
which there exists air quality criteria and which are often exceeded as a result
of emissions from traffic, and components which contribute to a large fraction
of the total emissions in Norway.

This report presents all the Appendices referred to in Programme Documentation
Report (NILU TR 21/96).

The first few Appendices describe the emission factors both for CO and NO, for
the years 1989, 1993, 1998, 2003 and 2008.

The background material utilized when estimating emission factors for the five
years are presented in tables. The corresponding graphical output and linear
interpolation for the years in-between is also shown. The numbers are given both
for gasoline and diesel vehicles.

The remaining Appendices describe:

e Conversion of emission factors for CO and NO, for heavy duty vehicles (g/kg
fuel to g/km).

¢ Distribution of traffic work for vehicles of different age distribution, depending
on the rate of renewal.

e Development of exhaust emission regulations, and the resulting effects on
emissions.

e Effect of cold start on emissions of CO and NO, for light duty gasoline- and
diesel vehicles.

¢ Fuel consumption for the year 1993, 1998, 2003, 2008
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Appendix A:

Emission factors for CO and NO, based on
measurements from AB Svensk Bilproving
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NOx A10-cars | Bo Persson - driving pattern
Acc./Ret. (m/s2)

\ -0.60 0.00 0.60
10.00 0.40 1.00 2.80 1.42
20.00 0.15 0.70 2.80 1.34
30.00 0.10 0.60 3.00 1.37
40.00 0.10 0.60 3.40 1.24
50.00 0.15 0.80 410 1.08
60.00 0.18 1.00 5.40 1.39

NO, A10-cars

1.45

1.35 - S /X\\ /

1.30 : \ /

1.25 — N /

1.20 = \\ /

1.15 = \ /

110 — V)

1.05—111111111111 \ 50 L ] L L

10.00 20.00 30.00 40.00 50.00 60.00
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CO Diesel L1 | (Bo Persson)
Acc./Ret. (m/s2)
\' -0.60 0.00 0.60
10.00 1.60 2.30 4.20 2.73
20.00 0.75 2.30 2.40 1.89
30.00 0.50 1.20 1.50 1.11
40.00 0.40 0.90 1.10 0.78
50.00 0.30 0.70 1.00 0.60
60.00 0.25 0.60 1.00 0.53
NOx Diesel L1
Acc/Ret. (m/s2)
Vv -0.60 0.00 0.60
10.00 0.70 1.40 2.30 1.54
20.00 0.12 1.15 1.40 0.95
30.00 0.08 0.85 1.10 0.72
40.00 0.08 0.70 1.00 0.67
50.00 0.10 0.60 1.10 0.49
60.00 0.12 0.50 1.20 0.47
CO Diesel L1
3.00 =3
2.50 ;\\
2.00 \\
1.50 \
1.00 —J i
3 \
0.50 ) B N B e e e e e e e R e o,
10.00 20.00 30.00 40.00 50.00 60.00
NOx Diesel L1
2.00 ]
1.50 :\
1.00 3 —
E \"
0.50
0,00—IIII | o e T (L T T T 1T
10.00 20.00 30.00 40.00 - 50.00 60.00




CO TA 4 tonnes l Bo Persson 11
Acc./Ret. (m/s2)
\) -0.60 0.00 0.60
10.00 6.30 4.00 4.56
20.00 3.10 2.20 1.86
30.00 1.80 1.50 1.16
40.00 1.10 1.30 0.77
50.00 0.70 1.50 0.56
60.00 0.60 2.30 0.64
NOx TA 4 tonnes Bo Persson
Acc./Ret. (m/s2)
\') -0.60 0.00 0.60
10.00 8.00 15.00 8.67
20.00 4.00 7.00 3.98
30.00 3.00 5.00 2.89
40.00 2.00 5.00 217
50.00 2.00 6.00 1.88
60.00 2.00 8.00 2.20
CO TA 4 tonnes
5.00 3
-
4.00 = \
Bk~ \
2.00 3 e
1.00 —
0.00-IIIIIIII o i L T L
10.00 20.00 30.00 40.00 50.00 60.00
NO, TA 4 tonnes
10.00 =3
8.00 ;\\
6.00
4.00 =
200 ; .\_ e
0,00-IIII T T 7T T T 177 T T T 7T T T T T
10.00 20.00 30.00 40.00 50.00 60.00 NILTTR 2206
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I Bo Persson

CO TA 8 tonnes
Acc.J/Ret. (m/s2)
Vv -0.60 0.00 0.60
10.00 14.40 13.00 11.55
20.00 9.00 9.50 6.58
30.00 5.00 5.50 3.74
40.00 3.00 4.80 2.47
50.00 3.00 4.20 2.05
60.00 2.80 6.00 2.25
NOx TA 8 tonnes Bo Persson
AccJ/Ret. (m/s2)
\' -0.60 0.00 0.60
10.00 11.00 42.00 18.12
20.00 6.00 38.00 16.42
30.00 8.00 29.00 13.66
40.00 8.00 25.00 10.13
50.00 8.00 22.00 7.20
60.00 9.00 17.00 6.86
CO TA 8 tonnes
12.00 _\
10.00 = \
8.00 = \
6.00 3 \\
4.00 |
2.00.-1!!! T T T T T T e
10.00 20.00 30.00 40.00 50.00 60.00
NO, TA 8 tonnes
20.00 —
1500 \\
10.00 —
- 5.00 i s ) it L ) L O TR B ) e
10.00 20.00 30.00 40.00 50.00 60.00
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CO TA 15 tonnes [ Bo Persson 13
Acc./Ret. (m/s2)
\") -0.60 0.00 0.60
10.00 22.00 10.00 14.78
20.00 10.00 3.50 4.63
30.00 6.00 3.00 3.12
40.00 4.00 2.50 2.17
50.00 3.00 6.00 2.34
60.00 2.00 9.00 2.36
NOx TA 15 tonnes Bo Persson
Acc./Ret. (m/s2)
\') -0.60 0.00 0.60
10.00 18.00 100.00 38.72
20.00 15.00 60.00 T/
30.00 12.00 46.00 21.44
40.00 10.00 40.00 15.20
50.00 12.00 35.00 11.12
60.00 12.00 30.00 10.32
CO TA 15 tonnes
15.00 ]
10.00 —]
S0 =
0.00 L L UL R UL R LS UL
10.00 20.00 30.00 40.00 50.00 60.00
NO, TA 15 tonnes
40.00 :\
§5.00 5 \
30.00 3 AN
25.00 =5 \\
3 N
15.00 2 e
10.00-1'!!1 ) 8 S | T T 1T T
10.00 20.00 30.00 40.00 50.00 60.00
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14 CO TA 30 tonnes | Bo Persson
AccJ/Ret. (m/s2)
\") -0.60 0.00 0.60
10.00 18.00 6.00 11.46
20.00 9.00 5.00 4.87
30.00 5.00 16.00 V&)
40.00 3.00 16.00 5.72
50.00 2.50 12.00 3.07
60.00 1.50 10.00 2.29
NOx TA 30 tonnes Bo Persson
AccJ/Ret. (m/s2)
\") -0.60 0.00 0.60
10.00 32.00 88.00 42.80
20.00 20.00 66.00 31.68
30.00 14.00 42.00 20.58
40.00 13.00 40.00 16.28
50.00 13.00 35.00 11.58
60.00 14.00 30.00 11.24
CO TA 30 tonnes
12.00 .4\
10.00 = \
TN T~
6.00 3 \\pZg \
4.00 = <
2.00-1111 L ) L (L (L L |
10.00 20.00 30.00 40.00 50.00 60.00
NO, TA 30 tonnes
50.00
40.00 :\\
30.00 — 2
20.00 — .~y
10.00-1111 T T T TN LS B Ll
10.00 20.00 30.00 40.00 50.00 60.00
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Appendix B:

Emission factors (g/km) from NOXCO,
CORINAIR and National Emission Model (NU)
for CO.

Light gasoline cars without catalyst,

1989 vehicle park
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rCORINAIR: Gasoline < 2.5 tonnes Without aging
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Total emission factor for gasoline personal cars without catalyst for
National Emission Model (NU) and NOXCO

Vv NU NOXCO CORINAIR
10.00 51.40 60.14
20.00 30.80 30.70
30.00 26.69 23.30 23.44
40.00 14.70 16.34
50.00 12.20 12.96
60.00 12.92 11.00 10.59
70.00 9.80 8.24
80.00 12.21 9.20 7.59

NILU TR 22/96
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Appendix C:

Emission factors (g/km) from NOXCO,
CORINAIR and National Emission Model (NU)
for CO
1989-vehicle park
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SUMMARY NU 10/30 2.015
DL1
NU CORINAIR NOXCO
0
10 52.50
20
30 26.06 23.627
40
50
60 12.67 10.717
70
80 11.93 7.667
DL1 2.43
NU CORINAIR NOXCO
0
10 1.70 9.36
20 4.72
30 0.70 0.978 3.60
40 2.23
50 1.76
60 0.58 0.675 1:54
70 1.40
80 0.47 0.570 1.32
DL2 2.41
NU CORINAIR NOXCO
0
10 2.70 9.36
20 4.72
30 1.12 2.242 3.60
40 2.23
50 1.76
60 0.78 0.897 1.51
70 1.40
80 0.56 0.673 1.32
DL3 2.38
NU CORINAIR NOXCO
0
10 3.20 9.36
20 472
30 1.35 2.242 3.60
40 2.23
50 1.76
60 0.90 0.897 1.51
70 1.40
80 0.67 0.673 1.32
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DHLL 1.52
NU CORINAIR NOXCO

0
10 14.20 5.10
20 3.90
30 9.33 12.092 3.30
40 2.14
50 1.51
60 4.47 5.721 1.40
70 1.38
80 3.74 5.721 1.37
DHLM 2.30
NU CORINAIR NOXCO

0
10 24.10 9.11
20 5.54
30 10.49 13.525 3.96
40 3.88
50 3.68
60 5.34 6.913 3.25
70 3.13
80 4.24 6.913 3.05
DHLH 1.59
NU CORINAIR NOXCO

0
10 17.20 14.40
20 11.52
30 10.81 9.00
40 7.02
50 5.67
60 6.65 5.40
70 5.31
80 3.90 5.20
DHB 2.30
NU CORINAIR NOXCO

0
10 20.70 9.11
20 5.54
30 8.99 12.994 3.96
40 3.88
50 3.68
60 3.21 6.233 3.25
70 3.13
80 6.233 3.05




ks

Appendix D:

Emission factors (g/km) from NOXCO,
CORINAIR and National Emission Model for NO..
Light gasoline vehicles without catalyst
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Appendix E:

Emission factors (g/km) from NOXCO,
CORINAIR and National Emission Model for NO.,.
1989-vehicle park
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Appendix F:

Emission factors (g/km) for CO from National
Emission Model (NU) for the years 1993, 1998,
2003 and 2008. Emission curves for
ROADAIR 3.11
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i

CO 1993

10 20 30 40 50 60 70 80
BL1 37.2 26.8 18.5 13.0 10.4 8.9 8.5 8.2
DL1 2.3 1.3 0.9 0.8 0.7 0.6 0.5 0.5
DL2 2.7 1.5 1.1 1.0 0.9 0.8 0.7 0.6
DL3 3.3 2.0 1.4 ill.2) 1.0 0.9 0.8 0.7
DHLL 13.0 10.3 8.6 7.0 54 41 3.5 3.4
DHLM 20.2 141 9.8 7.4 6.0 5.0 4.4 4.0
DHLH 159 11.6 10.0 8.7 7.3 6.2 48 3.6
DHB 19.3 12.6 8.4 5.7 4.2 3.0 2.0 1.5
CO 1998
BL1 23.1 15.0 115 8.5 6.5 5:5 5.3 5.1
DLA1 2.2 1.3 0.9 0.8 0.7 0.6 0.5 0.4
DL2 2.8 17 1.2 1.0 0.8 0.8 0.7 0.6
DL3 3.3 119 1.4 1:2 1.0 0.9 0.8 0.7
DHLL 8.2 6.8 54 4.3 3.2 2.6 2.4 2.2
DHLM 17.3 12.0 745 5.3 4.4 3.8 3.5 3.0
DHLH 11.2 8.6 7.0 6.0 5.2 4.4 3.4 2.8
DHB 15.1 9.8 6.1 4.6 3.2 2.4 2.0 1.6
CO 2003
BL1 11.0 7.1 55 4.1 3.1 2.6 2.5 2.4
DL1 2.1 1.3 0.9 0.7 0.6 0.5 0.5 0.4
DL2 2.7 1.6 L 0.9 0.8 0.7 0.6 0.5
DL3 3.2 149 1.3 1.1 0.9 0.8 0.7 0.6
DHLL 5.8 47 3.7 2.8 2.2 1.8 1.6 115
DHLM 12.0 7.5 5.2 3.8 3.0 2.6 2.3 2.1
DHLH 7.1 5.5 4.5 3.8 3.2 2.8 2.3 1.8
DHB 9.8 6.5 4.3 3.0 2.2 1.7 1.2 1.0
CO 2008
BL1 1.9 13 1.0 0.8 0.7 0.6 0.6 0.5
DLA1 2.0 1.2 0.8 0.6 0.5 0.5 0.4 0.4
DL2 2.6 127 1.1 0.8 0.7 0.6 0.6 0.5
DL3 3.1 1:9 1.3 1.0 0.9 0.7 0.6 0.6
DHLL 4.8 4.0 3.2 2.5 1.8 1.5 1.4 1.3
DHLM 117 7.6 551 3.8 3.0 2.5 2.2 2.0
DHLH 6.7 5.3 4.2 3.4 3.0 2.6 2.3 1.7
DHB 9.9 6.4 4.3 3.2 2.4 1.7 1.2 0.9
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CO1993.xls
Summary NU
BL1 DL1 DL2
10 37.200000 10 2.300000 10 2.700000
30 18.485470 30 0.946875 30 1.143564
60 8.901556 60 0.586088 60 0.792293
80 8.243684 80 0.465826 80 0.568627
DL3 DHLL DHLM
10 3.300000 10 13.000000 10 22.700000
30 1.373539 30 8.572385 30 9.847975
60 0.907280 60 4.103569 60 5.005612
80 0.680460 80 3.412125 80 3.972708
DHLH DHB
10 15.900000 10 19.300000
30 10.037263 30 8.416721
60 6.174713 60 3.022494
80 3.580497
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C0O1998.xIs
Summary NU
BL1 DL1 DL2
10 23.100000 10 2.210000 10 2.800000
30 11.477522 30 0.917520 30 1.158460
60 5.510727 60 0.555518 60 0.758575
80 5.097316 80 0.434850 80 0.559097
DL3 DHLL DHLM
10 3.300000 10 8.200000 10 17.300000
30 1.398206 30 5.404766 30 7.518045
60 0.878448 60 2.575858 60 3.776451
80 0.658836 80 2.222358 80 2.997183
DHLH DHB
10 11.200000 10 15.100000
30 7.042722 30 6.547705
60 4.359796 60 2.447548
80 2.755561 80
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C02003.xls
Summary NU
BL1 DL DL2
10 11.000000 10 2.120000 10 2.700000
30 5.465125 30 0.873798 30 1.111897
60 2.625983 60 0.515606 60 0.681326
80 2.420482 80 0.396209 80 0.518640
DL3 DHLL DHLM
10 3.200000 10 5.800000 10 12.000000
30 1.349200 30 3.782246 30 5.205207
60 0.799977 60 1.794853 60 2.586234
80 0.599983 80 1.543838 80 2.052567
DHLH DHB
10 7.130000 10 9.800000
30 4.483421 30 4.280955
60 2.794253 60 1.662076
80 1.792746

NILU TR 22/96




C02003.xls
BLI DL
30 30
25 25
20 20
15 15
i 10
5 05
g : { 5 00 - ! % : —
0 20 40 80 0 20 40 60 80
DL2 DL3
ST 301
25} 25
201 201
15 15 1
101 10
os1 os
00+ = : : g5 L—t=t ; E e
0 20 40 80 0 20 40 60 80

NILU TR 22/96



78

C02003.xls
DHLL DHLM
16T 16
P y
12 2
105; 10
51 0
6 ‘r 6
o1 4
21 2
0 I t t } { 0 + + } |
0 20 40 60 80 0 20 40 80
DHLH DHB
16 16
14 14
2 12
10 10
8 8
6 6
4 4
2 g
0 +——+— t i i 0+ f t !
0 20 40 60 80 0 20 40 80

NILU TR 22/96




79

29sv9¢€°0 1652840 9/99€8°0 ILOL
982900 09S16%°0 9€'0 92€080°0 $04829°0 90 €1L2EL°0 6€LLE0°} 92’0 68L7¢C} 149%%:4 Y66 1>
80€210°0 206S6£°0 0£0 0L$9100 eveLes 0 ov'o 8148200 6¥8226°0 040 cLi'e 688¥ve Y661
0902100 £9.06€°0 0g'0 1809100 8104250 ov'o Lv1820°0 1841160 040 980't geLeee G661
6595100 L16GBE0 o£'0 8480200 SS5Y15°0 o]:4l0] LES9E0'0 2L9006°0 040 850 662022 9661
2189100 62.08E°0 0£0 91¥2200 8€9L05°0 oo 1226€0°0 £19€888°0 0L0 vy 166902 L1661
8269100 €925L8°0 0g0 0452200 LGE00S5°0 ov'o 86v6€£0°0 S19548°0 0L0 LIS £86261 8661
LE¥8LO0 0Sv69€°0 0£0 8¥5v¥20°0 109264°0 ovo 656200 1502980 0L0 €86 840841 6661
€2y8L00 €42€9€°0 0£0 §9S5v20°0 Y9EYBP'0 [0} 0] 8862¥0°0 L£9.¢8°0 040 2.0'S 6€2291 0002
108100 0014SE°0 0g0 610v20°0 YELILY'O oy'o £€02v0°0 YE2EER'0 040 St0'S 334143 1002
68.220°0 9690S€°0 0€0 S8E0EQ0 G6SL9%°0 (o) 0] ¥L1€500 162818°0 040 86v'9 066621 2002
£€2220'0 S60VPE 0 0g0 S$¥9620°0 €6.8S¥'0 [0} 40] 848150°0 188208'0 040 19v°g €90€1 1 £002
€44220°0 EVELEE0 oe'o £9£0€£0°0 L646¥Y°0 oro 9E1ESO0 €ELLBLO 0.0 1S4°9 15256 002
0pL£20°0 0€20€€°0 0E'0 £SG91€0°0 LOEOYY 0 ov'o 26€£550°0 8£S0LL°0 040 681°L 145°773 S002
0655200 y1822E0 0£0 (S48 450 R0] 6L00EY'0 oy'o 0146500 €€62SL°0 040 SE6'L 62148 9002
16€820°0 6¥8ELE0 oE’0 £98.£0°0 99¥81¥°0 [0} 0] 0929900 SLESELD 040 8v0'6 L165€ 1002
296.200 919¥0£°0 0£0 6¥29€0°0 SSI90V'0 oro 01£¥90°0 2LLOLLO 0.0 8v0'6 €811 8002
(peyybiam)b (Buibe)b (siseq)b  (pewybiem)b (6uibe)b (siseq)b  [(pawybram)b (Buibe)b (siseq)b

NN NN NN 11a

08=A 09=A 0E=A (%) uomaiges | yibus| up 00y seah ‘Bey
06¥1ES0 S088E9°0 LYL5S6°0 IWLOL
60SP1v°0 gleivee €52 6£EYCY 0 0808IE'E 65°¢C 8106280 L2ve8y'9 90'S 68L7C1 [0} 74:1%4 661>
6¥9¥00°0 LBEGYL'O clo €25800°0 9/8€.2°0 fAAl] 9£0500°0 9€8191°0 €10 SLi'E 14£881 661
99S¥00'0 1264Y1°0 2o 0.4£800°0 0021L2°0 220 9¥6¥00°0 $52081°0 €10 980°€ 020641 <664
2p6500°0 9EYIV L0 4% £€680L0°0 99$892°0 fAA] LEYS00'0 6£98S1°0 €L0 850’y 19¥691 9661
96€£900°0 [0} 4234 4W0] 21’0 G2LLLOO 6€5592°0 220 6269000 0169510 €10 18 A4 622651 1661
8S¥300°0 8SLEVL'O e o 6€8110°0 96v¥292'0 [4A] 9669000 880SS1°0 €10 LISV 6¥v¥8YL 8661
S$#0.00°0 69€LYL0 2o 9162100 LL16S2°0 220 2£9.00°0 0SIESLO €10 €86t €869€1 6661
€40200°0 SLY6EL0 21’0 8962100 G04SS2°0 220 €99.00°0 860151°0 €10 2L0'S 8421243 0002
0¥6900°0 695.€1°0 210 £€2.2100 0Leeseo 220 816000 €E06¥1°0 €10 S¥0'S vegett 1002
1188000 66SSEL0 210 ¥S19L0°0 8658v2°0 22’0 9¥S600°0 6689%1°0 €10 86v°9 £6666 2002
0£9800°0 Y9SEEL'0 21’0 228sL0'0 898¥v2°0 [4AY] 69€600°0 S69vv1°0 €10 19v'9 15698 £002
988000 06¥LELD 2o €42910°0 5904420 220 9196000 ra 744 %0] €ro (VAL GS9€EL $002
G62600°0 20€621°0 210 LY0L1L00 €50L€2°0 220 0400100 LL00V1°0 €10 681°L 12965 5002
1200100 126921°0 (4% Y9$810°0 0042€2°0 220 0160100 S0S.LE1°0 €10 SE6°L JAvia4q4 9002
vaw:o.o [SeTAZAN0] 2o 2190200 £18422°0 T4 082100 L19v€1°0 €10 8¥0'6 L1eL2 4002
9860100 844X AN cLo L¥1020°0 092220 220 2061100 6ESIEL0 eL’o 8¥0'6 9046 8002
(paybiam)b (Buibe)b (siseq)b  |(peyybiem)b (Buibe)b (siseq)b  [(pewybiem)b (Buibe)b (siseq)b

NN NN NN 178

08=A 09=A 0E=A (%) spomotyes | wbus| 1p 00y seak Bay

SIX'800¢00

NILU TR 22/96



80

SLY0SS0 L6EEELO 0v290€’+ V101
6€2004°0 908€82°0 850 SL0EEL 0 0LS0v0'L LL°0 2995020 $51809'1L 6L°1 6821 00£042 661>
0628100 1644850 S0 18€$20°0 £L99€8L°0 090 60L¥10°0 YeLIEY | oLt CiL'E LLPSE2 Y661
626100 8060850 SY'0 S06£20°0 SYSvLL0 090 L28€Y0°0 8666111 04t 980°¢ sLie22 S661
£82€20°0 816€45°0 St'o 6¥0L€0°0 225940 090 269500 L16200°L oLt 850t jeT4: 18 ¥4 966+
2108200 9€¥995°0 SP'0 69€EE00 8925540 090 opL190°0 L2I¥8E’ L oLt aiv'y 9£0661 1661
9616200 €£6S8S5°0 Sy'0 Y6SEE00 BELYYLO 090 0654900 2SES9t’ | oLt LISy 195581 8661
LIvL20°0 6910550 Sy'0 9G59€£0°0 6SSEELO 090 6104900 LS8¥PE°L oL’ €86t 6eciit 6661
esvL20°0 0624¥S°0 S¥'0 2099€0°0 02L12L°0 090 0148070 €sigee’t oL’ 2L0°'S 1G09G}4 0002
6689200 95€2€5°0 Sy'0 £08S€0°0 80860L°0 09°0 9995900 SLELOE' L oLt Sv0'S 08L0v1 1002
£66€€0°0 021£25°0 Sv0 $2ESYO0 £6¥.69°0 09'0 S60£80°0 2818L2°} oLt 86%'9 Le66vet 2002
GBLEE00 28SELS°0 Sv'0 9¥2rvY00 LLLY890 090 8L1L180°0 pevsse’ L oLt 19v'9 889801 €002
£10¥€0°0 098€£0S°0 S$°0 LSESYO0 €I8LL9°0 090 yP1LEB00 LS91€2°} oLt 1SL°9 89026 Y002
¥8¥S€0°0 209e6v°0 S$°0 CLELYOO 9£1859°0 090 6€2980°0 285902°L oL’ 681, €ESPL 5002
2828£0°0 €LY28Y 0 Sy'0 £¥0150°0 L62EYY 0 090 8.5€60°0 8LE6LI'L oLt SE6°'L 605SS 9002
£252¥0°0 S.669t°0 S¥'0 8699500 $£9929°0 090 9v6€04°0 6288v1°| oL't 8v0'6 14843 1002
8LELYO0 859950 Sv'0 1605500 8188090 090 0001040 9229411 oL’ 8v0'6 28ELl 8002
(pewybram)b (buibe)b (siseq)b  {(payybiem)b (Buibe)b (siseq)b  |(pawybram)b (Buibe)b (stseq)b
NN NN NN €10
08=A 09=A 0E=A (%) promorjjes ). yibuey up o0y ek Bay
S68Y8Y°0 9509490 0451L0°L IvLOL
$89480°0 1812990 640 €64541°0 LEPS06°0 190 L60LLL0 9/8LEE° L 660 68L°C) 00€0L2 v661>
8529400 S¥v22s 0 ovo 22€020°0 950€$9'0 0S50 08S9€0°0 LOSSLL' L 060 2it'e LLPS€E2 661
2£6510°0 €9€9150 ovo 1266100 YS90 0s'0 8S8SE0°0 L1819 060 980'¢ sLLe22 G661
00,0200 0S1015°0 oo 2485200 289.€9°0 0S°0 ¥£59Y0°0 9EBLYL'L 060 8S0'v 9z8iie 9661
£€£2220°0 66¥€050 ov'o 1622200 €2£629°0 0S0 $20050°0 2L82EL'L 060 v’y 9E066 1 1661
96£220°0 26v961°0 ov'o 5664200 §19029°0 050 26£050°0 90LLEL' Y 060 LIS'Y 195581 8661
0LE920°0 6€068%°0 ov'o €9Y0€0°0 6624190 0S'0 £E8Y¥50°0 8CE00L" ) 060 £86'% 6224t 6661
10200 LYLi8Y 0 ov'o 20S0£0°0 EEYL09°0 0S50 £06¥50°0 085280'1 060 2.0'S 1S09S1 0002
1£8€20°0 902eLP'0 oy'o 6£8620°0 1051650 0S'0 01LLES00 ELLP90°1 060 SP0'S 08.0%1 1002
9120£0°0 S66v9Y'0 oo 0L4L€0°0 ¥p2185°0 0S50 1864900 6€29Y0°| 060 86v'9 L66¥21 2002
8616200 815950 ov'0 2489€0°0 1990L5'0 050 69€990°0 S91/20°L 060 19¥'9 889801 €002
¥€20€0°0 G810 ov'o £6LLE0°0 ¥$86SS°0 050 2208900 022400°} 060 162'9 89026 002
LWWSLE0'0 L5/8EY°0 or'o 12Y6€£0°0 9¥¥8YS0 0S50 8960.L0°0 $02.86°0 060 681°L £ESYL 5002
620v£0°0 598820 ov'o 9€S2v0'0 1809€S°0 0S0 $959.0°0 964960 060 GE6'L 60SSS 9002
1864LE0°0 9SLLIY0 ovo 8Y2LY00 S61225°0 0s'0 408800 1S66€6°0 060 8v0'6 )48 1002
L2L9€0°0 616500 ov'o 606500 86€L05°0 0S50 1£9280°0 LIEEL6O 060 80’6 4215748 8002
(pe1ybitem)b (Buibe)b (siseq)b  |{pewybiam)b (Buibe)b (siseq)b  [{peiybiam)b (Buibe)b (siseq)b
NN NN NN 2a
08=A 09=A 0€=A (%) spomaryes | yibusy 1p ooy Jeah ‘Bay

S|X'800200

NILU TR 22/96



81

LELSE6'L 629v15°¢ 166680'S V0L
9£98€£2°0 y199v5°S y9'e 18900€°0 vEL886'9 6S'Y L18165°0 €095S.°EL £0'6 [40] 54 00020t 661>
65£610°0 SLL6v22 oS’ 26E¥20°0 219882 68°1 8556¥0°0 Y2YesL's ¥8'€ 0980 00Sv8E V661
5226100 geoove e oS’ 982$20'0 2evees’e 68°1 YvEEY00 YOYveEL'S 8¢ 0980 00S6.€ G661
686€£20°0 220822 oS’ 9220£0°0 ivio18¢ 68'1 LIYI90°0 Y0S60L'S v8'E 9.0'L 00Sv.€ 9661
$88€20°0 §esozee 0S'} Y600€0°0 298.6L°2 681 E¥1190°0 PYSY89°S y8°E 9.0’} 00S69€ 1661
612£20°0 siL0122 0S't 196620°0 LL558L°2 68t $.8090°0 $8S659'S v8'€ 9.0'L 00S¥9¢€ 8661
192860°0 £25584°¢ oS’ 808E2L'0 8SLESL'C 68°t LYS1S20 8E6Y6S'S ¥8'€ 96v ¥ 0SS1S€E 6664
82v¥960°0 89.pp1°C 0S5’} 00S121°0 0¥20L°2 681 968920 S0906V'S v8'€E g6y’ v 0590¢e€ 0002
965600 €100t 2 0S5’} 16161170 9501592 68t 99ieve 0 2.298E°S v8'E 96y ¥ 0S.60€ 1002
8018¥1°0 E€EYIS0C s’ 9199810 SOL165°2 68°L 9516L€°0 29¥Y92°S +8'E 202°L 0Se582 2002
SP26L1°0 00€S66' | 0S°L 885220 8L0¥15°2 681 2988510 896.0}'S v8°€ £86'8 000¥52 €002
1922020 519026°} 0S'1L 211920 SL661Y'2 681 LES0€5°0 PLL916'Y v8°€ 0601 004512 002
8S€0€2°0 8/£2€8°L 05’} 1520620 96.80€'2 681 9126850 988069 v v8'€ 2.5¢h 0Sv0LL 5002
8SG1L6L°0 LbLE25°)L 0S’L €9ELY20 VI661L6°)L 68°1 L8E06Y°0 8LL006°E 8¢ 2L5C) JAYAS 9002
189902°0 8yvera’l 0S°1L 9910920 $89690°2 681 1658250 999402'v 8'E 2L5°C) 0S0€L 1002
evsy6lL 0 €8vLYS 0s'} €215v¢°0 8286V6°| 68} 82086%'0 GGS196'E v8'E [IARAS 0seve 8002
(poiybram)b (Buibe)b (siseq)b | (pawybiem)b (Buibe)b (siseq)b  |(pewybram)b (Buibe)b (siseq)b

NN NN NN WIHA

08=A 09=A 0E=A (%) pomoiges ). Wbusj up 20y seak ‘Bay
85€882°1 800105t LoveLL'e i0ol
2EEL8L0 6SLYSEY se'e 8.v¥912°0 LBSIEQ'S L8°E 0822s¥°0 vPECISOL 608 40} 4 0510€2 661>
€024 100 vL610€° L 20t 0L0ELO'0 0L681S°} 644 8292200 Lyo9ize 25 0980 0s9zie v661
9vLiL100 yveES62 | co'tL Y00€40°0 SE21is°} 61°1 1864200 192002°E 2se 0980 059402 S661
L98ELO'0 vi882°L 2oL 2249100 00SE0S L 611 9y2ren’0 188€8}'E 252 9.0'}L 089202 9661
06.,E£10°0 802821 20’1 8809400 G9/S6v° 1 641 690v€£0°0 L0SL94'E (424 9.0} 059461 1661
61LE10°0 YSySLe L eo't S00910°0 oeo8sy’L 617} £68€€£0°0 L2LiSL'E 2S¢ 9L0°L 059261 8661
6989500 648¥92°1 co't LPEIS0°0 2c69SLY' L 6171 66v0¥1°0 S66v2L'E 2s’e 96’y SL9v81 6661
9129500 6S€0S2 | 20t §85590°0 €5/8SY°1 641 9888€4°0 £21680°C 2se 96Y'y GeLeLL 0002

4mwmmmo.o (0453 XA 20’} $28v90°0 EI8LYY L 641 €L42LE4°0 162€S0'E (44 96t v SL/29} 1002

S84.80°0 1988121 c0'} 91$201°0 Logey' L 611 0889120 8i€LL0'E 2se 202'L SL66%1 2002
€ESL0L°0 12046171 20’} SSv¥s2h0 G2S96€° | 641 6995920 9YELS6'C t4x4 £86'8 00See} €002
£€82921°0 SEE0LL ) 20} OEELYLO L6ESOE’ L 611 ¥6611€°0 JAS 4N 4 es'e 06404 SLEEL) $002
99IEYL0 oL8sel’} 2co'} £20491°0 11982€°} 617} Y0LESE O QEseLge es’e 2iszel 00968 G002
8688E1°0 98011 2o’ 8%0291°0 800682 | 61} 09LEVE0 $9962L°¢ 2se 24521 000t9 9002
LEQYEL'O 8160.0°} 20°L 6904510 Sov6ve L 611 L192E€°0 86.5v9°¢C 25¢e 2.5°21 00v8¢ 2002
€9€0€1°0 €L69€0° L 2oL 1602510 208602°L 614 $L022€°0 €E€6195°2 2se 2L5°2L 00821 8002
(powybram)b (Buibe)b (s1seq)b  |(petybiam)b (Buibe)b (siseq)b  j{pewybiem)b (Buibe)b (stseq)b

NN NN NN 1Ha

08=A 09=A 0€=A (%) snomaryes | Yibue; up 20y Jeak Bay

$IX'800200

NILU TR 22/96



82

264869} gpyssee v WILOL
6SL¥61°0 GL192SY SL2 08yI¥5°0 019585°¢CH S9'L 20Ey 000.6% 661>
o¥vL100 0549202 T 62SEYO0 89/8S0'S 4% 0980 00084 664
LIELLOO 008110°¢ S2H 802Ev0°0 €Sv120°'S cL'E 0980 00889y G661
9€v1200 0562661 se'l $0S€S0°0 [ X014 7484 el'e 9.0} 00cLSy 9661
1611200 0020.6°4 se'h $682S0°0 619L16°Y clL'e 9.0°L oocery L1661
0480200 00E0v6' L T Al 160250°0 6862v8'v 4% 9.0t 00101244 8661
L6¥580°0 G291L06°L se'L [6,0) 5 ¥ Ao} gSravL'y cL'e 96’y 000L0¥ 6664
9E¥E80°0 0085581 T 1528020 LL02€E9'Y cL'e 96Vt 00828 0002
SS0180°0 G28eos’ s2'L CLe2020 15866 Y 2L'e 96ty 002ove 1002
2185210 0042vL'} A 8 8.2€1E°0 B6LLE6VEY cL'e coe’L 002€0e 2002
60S0SL°0 SZ¥SL9°L s2') 1495280 198181 ZL'e £86'8 008192 £002
€G42L1°0 000109t Gc't €61 LEYV'D 960966°t cL'e 0620t 000912 002
Y9v161°0 000€2S't A S68.LLY°0 80¥L08'E 4485 2L5°21 000891 S002
6591810 000SHY'L Al S 02vESY' 0 024909t clL'E 2L57¢h 000021 9002
€S81L1°0 00049€° ST S¥682Y'0 FANAS 2 cLe [AARAY 00024 2002
LY0291°0 000682°1 se'l 69¢¥0V°0 yveLLge cl'e cLS¢h 000v2 8002
(buibe)b (siseq)b  |(pewybiam)b (buibe)b (siseq)b  [(pewybiam)b (buibe)b (siseq)b
NN NN NN gHa
08=A 09=A 0e=A (%) omoryes | yibue| up 00y Jeah ‘Bay
€E6V69°| g11619%¢ 058s8L'y Wi0oL
1890€2°0 L2L19E°S 25t 9200LE°0 S15009'8 S9'S 29€109°0 89PLL6°EL 81’6 20e'y 00020V v661>
¢EL9100 E€i8bL8'} Se't 644200 [4V4:74: 24 c6’l c6v6€0°0 LPS68S Y 90'E 0980 005v8¢€ V661
2909100 889998 T cL9%20'0 [ANAA ) R4 c6') 12E£6€0°0 1S969S v 90¢ 0980 00S6.E S661
1666100 £968S8°| se't 9040€0°0 [ATA " A c6'lL LE68Y0'0 L9L6VS Y 90'e 9.0°} 00S¥yLE 9661
€066100 8et0S8’ L oA Y 1450€£0°0 cleevs’e 26’1 €248¥0°0 1/862S ¥ 90t 9L0'1 00569¢ L1661
9186100 gieevs’ se't LEYOEO'O 26.6¢28'C 26t 60S8¥0°0 186605 ¥ 90'¢ 9L0'L 00Sv9E 8661
881800 692128'} se'L vLL521°0 69v.6L°2 [4:¢ 250020 99v8Sh'y 90'E 96 0SS1SE 6661
LS€080°0 90€L8L°} ge't gereel 0 20esYvL'2 26t Y1L961°0 92eSLEY 90 96v'y 0590€e 0002
0£88.0°0 YPEESL | G2t £80121L°0 9€1€69°2 26t 926261°0 g81e6e'v 90'¢ 96y’ 05460¢€ 1002
€2vE2L0 Y69€1LL | T8 856810 y£eeege 26'tL ov120£0 221561y 90'E c0e'L 05es82 2002
1LE6V1°0 064299'1 T} £€v622°0 ¥86€5S5°2 6L 6G9S9€°0 cLy0L0'Y 90t £86'8 000vS2 £002
1042410 £15009°| Se't 892592°0 18E8SY'2 26’4 2LL22¥ 0 SS0816°E 90°¢ 06401 004Ste 002
G36161°0 1869257} TN 858v62°0 [A42°1 4504 26’ 0£669Y°0 0S08EL'E 90t cLSeh 0Sv0LL S002
1€9651°0 ¥8.692°1 T} Y615¥2°0 68£056° L 26t LL106E0 cEY80L'E 90'¢c 245721 SL12) 9002
29024170 90489¢°} se'L S6ev9e'0 [23rAe]rd 26t 1egieyo £650SE'C 90t ciset 0S0EL 1002
8112910 6956821 T AN yL06¥2°0 8.L086'1 26t 99896€°0 ¥989S1°€ 90t 2.S72C) 0seve 8002
(peiybiam)b (Buibe)b (stseq)b  [(paiybrem)b (6uibe)b (s1seq)b  |(pewybiem)b (Buibe)b (stseq)b
NN NN NN HIHG
08=A 09=A 0E=A (%) spomanyes yibua| up 00y JeeA ‘Bay

SIX'800¢00

NILU TR 22/96



83

C0O2008.xIs
Summary NU
BL1 DL1 DL2
10 1.920000 10 2.020000 10 2.600000
30 0.955747 30 0.836676 30 1.071570
60 0.638805 60 0.482591 60 0.616056
80 0.531490 80 0.364562 80 0.484885
DL3 DHLL DHLM
10 3.100000 10 4.800000 10 11.700000
30 1.306240 30 3.172461 30 5.089997
60 0.733391 60 1.501008 60 2.514629
80 0.550475 80 1.288358 80 1.995737
DHLH DHB
10 6.700000 10 9.900000
30 4.185850 30 4.295546
60 2.619116 60 1.698792
80 1.694933
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CO2008.xls
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DHLL DHLM
10 10
9 9
8 8
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DHLH DHB
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0+ } 1 0+ t t t t {
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Appendix G:
Emission factors (g/km) for NO, from National

Emission Model (NU) for the years 1993, 1998,
2003 og 2008. Emission curves for ROADAIR 3.11
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NO, 1993
10 20 30 40 50 60 70 80

BL1 171 162 | 163 | 1.78 | 188 | 218 | 232 | 248
DL1 1o | o082 | By | am | oA 0.71 067 | 060
DL2 148 | 149 103 | 100 | 096 | 0.91 086 | 075
DL3 1.63 138 | 114 | 105 | 1.03 103 | 095 | 086
DHLL | 13.66 | 10.75 | 8.81 725 | 645 | 627 | 635 | 659
DHLM | 2220 | 17.10 | 1477 | 1425 | 13.75 | 13.09 | 1250 | 11.48
DHLH | 24.00 | 1875 | 16.02 | 1550 | 1525 | 15.16 | 14.50 | 12.46
DHB 26.96 | 22.00 | 1860 | 1550 | 13550 | 11.65 | 1025 | 9.25
NO, 1998

BL1 B R R 108 || = T.81 148 | 158 | 1.68
DL1 1.01 084 | 072 | 069 | 0.71 070 | 066 | 0.60
DL2 1.38 1.11 100 | 096 | 092 | o028 | o082 | 075
DL3 159 | 128 | 4.14 107 | 104 | 1.00 | 092 | 086
DHLL | 1160 | 910 | 748 | 640 | 575 | 528 | 540 | 576
DHLM | 1510 | 1125 | 1006 | 970 | 930 | 886 | 855 | 7.98
DHLH | 17.06 | 1285 | 11.38 | 1075 | 1065 | 1056 | 9.75 | 8.61
DHB 2232 | 17.30 | 14.98 | 13.00 | 1125 | 9.51 7.80 | 6.25
NO, 2003

BL1 0.61 056 | 058 | 063 | 069 | 078 | 082 | 088
DL1 ooy | o7y | 02| O 070 | 068 | 065 | 060
DL2 188 106 | 096 | 087 | 085 | 084 | 080 | 074
DL3 1.53 116 | 107 | 103 | 099 | 096 | 0091 0.80
DHLL 843 | 680 | 544 | 450 | 390 | 382 | 385 | 4.21
DHLM 995 | 740 | 663 | 630 | 600 | 58 | 580 | 532
DHLH | 1150 | 870 | 767 | 720 | 715 | 705 | 650 | 573
DHB 1593 | 1260 | 1069 | 915 | 785 | 682 | 580 | 500
NO, 2008

BL1 019 | 0.18 | o018 | 019 | o0.21 024 | 024 | 025
DL1 0.98 | 0.81 0.71 067 | 066 | 065 | 064 | 059
DL2 1.28 104 | 092 | 089 | 082 | o081 078 | 0.74
DL3 1.48 114 | 103 | o098 | 096 | 092 | 088 | 085
DHLL 704 | 562 | 454 | 370 | 325 | 318 | 335 | 354
DHLM 779 | 600 | 520 | 482 | 468 | 456 | 435 | 4.19
DHLH 914 | 680 | 609 | 580 | 570 | 556 | 420 | 451
DHB 13.08 | 1060 | 878 | 755 | 660 | 562 | 470 | 3.80
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NOX2003.xls
Summary NU
BL1 DL1 DL2
10 0.610000 10 0.990000 10 1.330000
30 0.580814 30 0.716384 30 0.956300
60 0.778075 60 0.675694 60 0.841952
80 0.878706 80 0.596987 80 0.743257
DL3 DHLL DHLM
10 1.530000 10 8.430000 10 9.950000
30 1.070647 30 5.435138 30 6.630852
60 0.956300 60 3.818396 60 5.829130
80 0.857604 80 4.210240 80 5.315123
DHLH DHB
10 11.500000 10 15.930000
30 7.667516 30 10.687144
60 7.045197 60 6.815575
80 5.725460 80
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NOX2008.xls
Summary NU
BL1 DL1 DL2
10 0.190000 10 0.980000 10 1.280000
30 0.184400 30 0.708170 30 0.921298
60 0.244774 60 0.654394 60 0.807964
80 0.249771 80 0.590142 80 0.736675
DL3 DHLL DHLM
10 1.480000 10 7.040000 10 7.790000
30 1.034633 30 4.535612 30 5.196461
60 0.921298 60 3.179963 60 4.559660
80 0.850010 80 3.542363 80 4.193975
DHLH DHB
10 9.140000 10 13.080000
30 6.093525 30 8.781409
60 5.563669 60 5.617156
80 4.510287 80
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NOX2008.xls
BLI DL1
1 1
0.9 0.9
0.8 0.8
0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4
0.3 0.3
0.2 \_,/_* 0.2
0.1 0.1
) t + t t | 0+ } + } } {
0 20 40 60 80 0 20 40 60 80
DL2 DL3
1,6 16 1
1.4 1 141
1.2 1 12 §
1+ 1 ::
0.8 + 0.8 1
0.6 1 0.6 1
i 1
0.4 T 0.4 1
I Ji
02 = 0.2 +
T 1
0 } t t } { 0 } t t } {
0 20 40 60 80 0O 20 40 60 80
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NOX2008.xls
DHLL DHLM
10 10
9 9
8 8
7 7
6 6
5 5]
4 4
3 3
2 2
1 1
o +—H——F+—+——+——+— 0+ bt ——
¢} 20 40 60 80 0 20 40 60 80
DHLH DHB
10 15 +
9 14 +
13 +
8 12 4
111
7 als
10 +
6 9+
8_..
5 U4
7_._
4 6 +
5__
3 a1
2 3j_
1 o
1__
0+ + } ; i } } — 0 } t } + t j
0 20 40 60 80 0 20 40 60 80
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Appendix H:

Calculation of emission factors for CO and NO, for
heavy duty vehicles (g/kg fuel to g/km)
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In CORINAIR the emission factors for heavy duty vehicles are only given in g/kg
fuel after January 1st 1986, and not specified for different driving patterns. The
emission factors have to be transposed to g/emission/kg fuel consumption. Fuel
consumption is an average between Urban, Rural and Highway utilized before
January Ist 1986. These values are perhaps to high.

In NU all the emission factors for heavy duty vehicles are given in g/kg fuel,

together with fuel consumption in kg/km. These have to be given as g
emission/km driven.
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Appendix I:

Distribution of traffic work for vehicles of different
age distribution, depending on the rate of renewal
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In NU the distribution of traffic work for all vehicle classes are given for the year
1991. We are going to estimate the emission factors for 1993, 1998, 2003 and
2008. The traffic distribution for these years will depend on the rate of renewal in
the years to come. It is assumed that the traffic work for DL1, DL2, DL3 and BL1
has equal distribution to BL1, and that the traffic work for the remaining classes is
equal to DHLM.
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Appendix J:

Development of exhaust emission regulations, and
the resulting effects on emissions
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The following is a description to the development of the exhaust demands.

The first quantitative emission demands were presented in 1972, and referred to
CO and HC. From 1972 to 1988 many of ECEs emission demands were
introduced also in Norway, although not necessary at the same time as in ECE.
ECE is a FN-organisation - Economic Commission for Europe. EFs emission
directives have mostly been comparable to the emission demands given by ECE.

From 1988 and onward the following has happened:

Light duty vehicles.

January 1st 1989 the US LDV (Light Duty Vehicles) 1983-demands were
introduced for light duty gasoline cars. In order for the cars to accomplish these
demands, catalysts had to be introduced to the gasoline cars.

October 1st 1990 the US LDV 1983-demands were introduced to the rest of the
gasoline cars (light duty trucks and light kombinerte cars). The US LDV 1987-
demands were introduced to light diesel cars. This resulted for the first time to the
introduction of a demand for particle emissions. The only difference between the
US LDV 1983 and 1987-demands are that the latter contains the demand to
particle emissions (see Table 1). Generally, the emission demand to particles does
only relate to diesel cars.

Table 2 show today’s demands in EU. The demands in Table 1 and table 2 are not
comparable because the driving pattern is different. However, it is agreed that they
represent approximately the same emission level. Table 3 presents the demands
that will be introduced in EF, and in the countries that are part of E@S, from
1996/1997. (This means that these demands will apply to typegodkjente vehicles
after October Ist 1996 which are registered after October 1st 1997). This is the
first time different demands are given for diesel and gasoline cars in respect to
gaseous components. In ROADAIR 3.11 it is assumed that the emission reduction
will be proportional to the reduction as a result of the new demands. The resulting
uncertainty is larger for NO, than for CO. Because the demand is enforceable both
to HC and NO, together, the car producers can choose to mainly reduce emissions
of HC. It is expected that it is only minor adjustments and improvements of
today’s technology that is necessary to get below the EF-demands from
1996/1997.

Table 1:  Present Norwegian demands for emissions from light duty vehicles
(US LDV 1987, FTP-driving pattern).

Component CcO HC NO, Highway NOy Particles
Emissions (g./km) 2.1 0.25 0.62 0.76 0.124
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Table 2:  Present EF-demands for emissions from light duty vehicles (Dir.
91/441/E@S, “Euro new-driving pattern).

Component CO HC+ NOy Particles
Emissions (g./km) 3.16 1.13 0.18

Table 3:  EFs emission demands for light duty vehicles from 1996/1997
(COM(92)572, Driving pattern “Euro-new”).

Vehicle class CO g/km) HC+NOx (g/km) Particles (g/km)
Gasoline 2.2 0.5 -

Diesel IDI" 1.0 0.7 0.08
Diesel DI? 1.0 0.9 0.10

1) Indirect injection
2) Direct injection

An additional emission reduction from year 2000 is proposed. A total revision of
the procedure concerning emission exhaust testing may be introduced (i.e.
changing the driving patterns). We do not know anything yet about the new
proposed emission demands and have therefor not been able to include such in
this version of the ROADAIR-model. Hence, the model does not account for any
emission reduction between today and year 2008. The average emission factor for
the entire vehicle park decreases, however, because old non-catalyst cars are
replaced with new catalyst cars.

Trucks.

October 1st 1991 it was decided to introduce the US LDT (Light Duty Trucks)
1990-demands for all L2-vehicles (gross weight > 3.5 tonnes, Nyttelast > 760 kg).
The introduction of the new demands were, however, postponed to October Ist
1992 based on klager. The demands are presented in Table 4. October 1st 1994 a
new set of demands for trucks were introduced in EF based on a different driving
pattern (“Euro-new) (see table 5). We have so far not been able to estimate the
effect of the new demands. They are therefor not included in the model.

Table 4: US LDT 1990-demands. FTP 1975 driving pattern

Component CcO HC NOx Highway NOx Particles
Emissions (g./km) 6.2 0.5 ill 1.4 0.162

NILU TR 22/96



133

Table 5:  EF-demands (g/km) for trucks from 1993/1994 (COM(92)64. Driving

pattern: “Euro-new”).

Reference weight CO g/km) HC+NO, (g/km) Particles (g/km)

< 1250 kg 3.16 1518 0.18

1250-1700 kg 5 1.6 0.22

> 1700 kg 8 2 0.29
Heavy duty vehicles.

From October 1st 1993 EFs so called Euro I demands were to be introduced for
heavy duty vehicles (gross weight > 3.5 tonnes) (see table 6). These are the same
as US HDV (Heavy Duty Vehicles) 1991-demands. From October 1st 1996 EF
shall, and hence also Norway, introduce the so-called Euro II-demands presented
in table 15. We assume that from January 1st year 2000 Euro IlI-demands will be
introduced, although this is more uncertain. The Euro III-demand for NO, is
expected to be 5 g/kWh.

Table 6:  The Euro I-demands for heavy duty vehicles (g/kWh) EF-directive
91/542, A-demand.

Component CcO HC NOy Particles
Emissions (g./km) 4.9 1.23 9.0 0.4

Table 7:  The Euro IlI-demands for heavy duty vehicles (g/kWh), EF-directive
91/542, B-demand.

Component 16]0) HC NOy Particles
Emissions {g./km) 4.0 1.1 7.0 0.185

The percentage reduction in the level of demand is not necessarily equal to the
percentage emission reduction. The effect of new demands is dependent on how
today’s emission technology is compared to the demands today. Example:
demands were introduced which made catalysts necessary. If a catalyst car was
equipped with catalyst the emissions were way below the level of demand.

The level of demand is also defined according to a standard driving pattern, and
not according to real driving patterns.

For CO Euro I and II will not cause any problems with today’s vehicle
technology. The Co emissions from heavy duty cars are also not important
compared to the emissions from light duty gasoline cars. For Euro Il we do not
know the CO-demand yet, and therefor there is assumed no reduction.
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Technological institute presents the following estimate for the effect of Euro I - III
for emissions of NO, from heavy duty vehicles:

e Eurol = 27% reduction
e Euroll = 24% reduction
o EuroIll = 31% reduction

These values are utilized in ROADAIR 3.11.
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Appendix K:

Effect of cold start on emissions of CO and NO, for
light duty gasoline- and diesel vehicles
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Appendix L:

Fuel consumption for the year 1993, 1998, 2003,
2008
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Fuel consumption 1993

)Y 10 20 30 40 50 60 70 80

BL1 1.74 1.42 1Al 0.94 0.78 0.67 0.67 0.67
DL1 1.09 0.84 g 0.60 0.54 0.51 0.51 0.51
DL2 1.42 1.12 0.92 0.80 0.70 0.66 0.66 0.66
DL3 1.64 1.26 1.06 0.92 0.85 0.76 0.76 0.76
DHLL 3.14 2.87 2.67 2.45 2.30 2.18 2.10 2.07
DHLM 4.60 4.23 4.05 3.80 3.50 3.44 3.20 3.08
DHLH 4.21 4.20 419 4.18 4.10 4.05 370 3.19
DHB 5.63 5.22 4.93 4.35 3.65 3.09 2.20 1.25
Fuel consumption 1998

BL1 1.58 1.29 1.03 0.85 0.71 0.61 0.61 0.61
DL1 1.07 0.82 0.69 0.59 0.53 0.50 0.50 0.50
DL2 1.39 1.10 0.90 0.78 0.68 0.65 0.65 0.65
DL3 1.61 1.24 1.04 0.90 0.83 0.74 0.74 0.74
DHLL 3.09 2.82 2.62 2.41 2.26 2.14 2.06 2.03
DHLM 4.53 4.16 3.98 3.74 3.44 3.38 3.15 3.03
DHLH 4.14 4.13 412 4.11 4.03 3.98 3.64 3.14
DHB 5.54 5.14 4.85 4.28 3.59 3.04 2.16 1.23
Fuel consumption 2003

BLA1 1.48 1.21 0.96 0.80 0.66 0.57 0.57 0.57
DLA1 1.05 0.81 0.68 0.58 0.52 0.49 0.49 0.49
DL2 1.37 1.08 0.89 0.77 0.67 0.64 0.64 0.64
DL3 1.59 1.22 1.02 0.89 0.82 0.73 0.73 0.73
DHLL 3.04 2.78 2.58 2.37 2.23 2511 2.03 2.00
DHLM 4.46 4.10 3.92 3.68 3.39 3:33 3.10 2.98
DHLH 4.08 4.07 4.06 4.05 3.97 3.92 3.58 3.09
DHB 5.46 5.06 4.78 4.21 3.54 2.99 2.13 1.21
Fuel consumption 2008

BL1 1.40 1.15 0.91 0.76 0.63 0.54 0.54 0.54
DL1 1.04 0.80 0.67 0.57 0.51 0.48 0.48 0.48
DL2 1.35 1.06 0.87 0.76 0.66 0.63 0.63 0.63
DL3 1.56 1.20 1.01 0.87 0.81 0.72 0.72 0.72
DHLL 2.99 2.74 2.54 2.33 219 2.08 2.00 1.97
DHLM 4.39 4.03 3.86 3.62 3.34 3.28 3.05 2.94
DHLH 4.02 4.01 4.00 3.99 3.91 3.86 3153 3.04
DHB 5.37 4.98 4.70 4.15 3.48 2.95 2.10 1.19

NILU TR 22/96



144

£64£05°0 £62L09°0 0160LL°0 V101
1E6ELS0°0 950PiS0 0050 |E6€LS0°0 950v1S0 0050 |0S61£0°0 8496140 00L0 |i66'6 498 %14 2iiige 6L>

YELELO0 ¥v2eiso 00S0 -|¥EL6L00 ¥v22iso 0050 4849200 rA A YAVA() 000 |Sse€L'E ' 688Y'vE 688¥vC 6L
£96020°0 9€941S°0 00G°0 |£96020°0 9€91L1G0 0050 [8YE620°0 1629120 00L0 |L60¢ 9zglTee 9g.2¢e2 08
0205200 S10L150 0050 0205200 SLOLESO 0050 |820SE0O LeySiL 0 0020 [968F% 662022 662022 18
L291€0°0 0Se0LS0 00S°0 |4291€0°0 0Se0LS0 0050 |8L2¥¥00 06¥¥1L°0 0020 |L649 1669°02 L66902 28
€L¥2E0°0 6496050 0050 |e4p2E0°0 6¥9605°0 0050 |29¥Sv00 60SELL O 0040 |2ie9 £862°6} £86261 €8
LIESEDO ¥06805°0 00S°0 |LIESE0°0 ¥0680S°0 0050 |{vvp6H0°0 S9¥21L0 00L0 |Ov6'9 8L08°LI 8/08L1 +8
E¥LES0°0 2418050 00S'0 |EVLES00 2118050 0050 |0¥2SL0°0 LSELLLO 0040 L4504 6£2291 6£2291 g8
2¢06SS0°0 12€40G6°0 0050 |206SS0°0 12€40S5°0 0080 |£928L0°0 6¥20LL 0 0020 |6L0°}1 LEPOPL 84148 98
1920400 00$9050 00S'0 |1940¥0°0 0059050 0050 [9904S0°0 66060L°0 00£0 {8¥08 666°¢CH 0666¢1 L8
286€£20°0 £6950S°0 0050 |286€£20°0 £59505°0 00S'0 |SLSEE0°0 y1620L°0 0040 [EVLY £90€° LI €90€L | 88
1866100 88/$05°0 0050 |/866L0°0 88050 0050 1862200 £0490L°0 0040 |6S6°E 16456 1G/S6 68
016€20°0 9/8€0G°0 0050 |016€E20°0 9/8€0S°0 0050 [PLYEEOO 92¥S0L°0 0040 |SvLdy YISL L 148774 06
0S0LL0°0 9882060 0050 |0SOLLO'O 9882050 0050 |0L¥SLOO L¥0¥0L°0 0040 |i642 62LL°S 62LLS L6
€0ELED0 9241050 0050 |£0ELEDO 9LL10S°0 0050 |¥28EVY00 984200 00L0 |8€2C9 LIGSE 1LGSE 26
622LE00 2650050 0050 |6221E0°0 2650050 0050 |02Le¥0°0 62800L°0 0040 |[8€29 8L} LE8LE €6
(peyiblem)b  (Buibe)b (siseq)b {(pawibiam)b  (Buibe)b (siseq)b |(pauyibiem)b  (Buibe)b (siseq)b

NN NN NN (%) Hiom 11a

08=A 09=A 0E=A -oyesl  (00004) 1prooy yibus) up 00y Jeah Bey
6852990 6854990 veLIEL L Iviol
S¥86.0°0 $5986.°0 0S.0 |S¥86.L0°0 ¥59864°0 0SL°0 |OvivELO 6ELILVE L 092'L |./666 veoie oveate 6L>
S£8920°0 62Y¥8LL O 0890 |S£8920°0 62¥8LL°0 0890 {E8ESYO0 ogevict oSty |seL'e L.£8°8) 1/£881 6L
85€£620°0 0289140 089'0 |8SE620°0 0259120 0890 |6V9640°0 [ATA R rAL 0St'L  |460F 2c06°LL 0206.4 08
9869€£0°0 0LSYLL0 0890 |986¥€£0°0 048P1LL0 089°'0 |B916S0°0 Y9802 L 0SLL  |968'% Lov6 91 199691 18
¥SLPP0°0 €8vei L0 0890 {PSLPP00 €8Y2LL 0 0890 |[249¥20°0 veE6Y02 | 0SL'L  |4649 6226'S1 622651 28
L52SP0°0 820120 0890 |4S2S+0°0 ¥8201L°0 0890 |/£5940°0 S12102°} 0SL'L  |2iE9 S147:84" [S24°14" €8
LEL6Y0'0 SY6.0L°0 0890 LELEYOO SY6.0L°0 089'0 |680€80°0 6G2.61°1 oSt |op6'9 £869°Cl £869€| +8
9€6990°0 9¥82€9°0 0190 |9£6990°0 9v82€9°0 0L9'0 (Z12SkL0 G2E680°1 0S0O'L 445014 L8y 2L Ly8veL g8
L8Y690°0 0190€9°0 0190 [|48¥690°0 0190€9°0 0190 |6096L1°0 LL¥S80°L 0S0'L  |6LO°LE VA TN ! y292it 98
950500 6628290 0L9'0 |¥9S0S0°0 6628290 0190 |9£0480°0 86¥180°} 050+ |8¥0'8 £666°6 £6666 .8
9896200 2165290 0190 |989620°0 2165290 0190 |6601LS0°0 06€LL0°L 0S0'L |evldy 1569°8 16698 88
9044200 6£8809°0 0090 |90t¥20°0 6€£8809°0 0090 |ZL10¢0°0 LELPLIOTL 000+ |6S6'E SGoE’L GG9cL 68
1188200 SS1£09°0 0090 1188200 S§51209°0 0090 |8L08Y0°0 G26L101 000V  |SPLY 1296°S £2968S 06
LOEELO0 62£S09°0 0090 LOEELO'0 62€£509°0 0090 |(89t2200 188800 | 000°L (L6172 LOvY'Y L0V 16
SE9.€0°0 8/2£09°0 009'0 |SE9.E0°0 842£09°0 0090 |S2/290°0 €9¥500° L 000'L |8€29 LIELT JAS XA 26
86¥.E0°0 £60109°0 0090 |86¥.€0°0 £60109°0 0090 |L6¥290°0 128100} 000+ |8€2'9 9016°0 9046 €6
(peyibilem)b  (6uibe)b (siseq)b [(pewyibiam)b  (Buibe)b (siseq)b |(pauiblem)b  (Buibe)b (si1seq)b

NN NN NN 1149

(%) diom 1eshk
08=A 09=A 0E=A -oel | (ooo0t) 4p2oy  yibus| up 0oy JeeA Bey

sx'e6qioifu

NILU TR 22/96



145

1p219L°0 Lb2L9L 0 LE2590°L “IVLOL
800200 €L20LL°0 0620 (8002200 €420LL°0 0620  [418201°0 286801  0SO'L  |L66°6 £0°22 00€0.2 6.>
198200 0992920 0520 |p29820°0 0997940 0SL0 |vPi0v00 v2/vl0L  0S0'L  [sELE LLYSE LLYSER 64
LIPLEDO £8£99.°0 0620 [LZ1v1€070 €82992°0 0S2°0 |v86E¥0°0 96¥£L0°L  0S0'L  |L60°% GL.£22 GLLETZ 08
66¥2£0°0 /8859270 0620 |e6v2£070 2885920 0S.0 |66+250°0 2vezL0L 0SO'L  |968'F 9281°12 928112 18
YOPL0°0 826920 0520 |vovivo0 826920 0520 [598990°0 6680L0°L  0S0'} |/6L'9 QL0661 9£066+ 28
V98400 LL6£9L°0 0SL'0 |p298v0°0 L16£9L°0 0520 |¥¥i8300 y8P690'L  0S0'L 2489 1955°81 195581 €8
$6250°0 2v829L°0 0520 [1¥6250°0 2v829L°0 0520 [Z11¥20°0 6/6/90'L  0S0°'L |ove'9 YAV 62211 v8
$95080°0 $02192°0 0520 [595080°0 $0£19.°0 0520 [L16L2110 G8E990°'L  0S0'L 44504 1509°GL 50951 S8
908£80°0 6550920 0620 [908€80°0 655092°0 0SL0 [e2eLLto 28990t 0S0'L 61041 8L0°%1 08L0v1 98
2411900 ¥.£652°0 0620 {214190°0 ¥.£66L°0 0S40 |LSSS80°0 ¥2Ie90’ Lt 0SO'L  [8v0'8 L66v°21 166%21 8
8565£0°0 2518520 0520 |8S6S£0°0 25185270 0520 [1¥£050°0 2190t 0SO'L  |epLy 8898°01 889801 88
6966200 S06952°0 0S.0 |696620°0 5069520 0520 [9S6140°0 199650t 080} [6S6°E 8902°6 89026 68
$S8SE0°0 0655520 0620 |¥585€0°0 06555270 0520 [961050°0 928.50°L  0SO'L  |SvLY £ESP'L £ESPL 06
1259100 £91¥52°0 0S40 [1289100 €91¥GL0 0620 |661£20°0 828S50'L  0SO'L  |/6L2 60SS°S 60SSS 16
86900 1952520 0SL°0 [8¥69t0°0 1952520 062'0 {28900 G8SESO'L  0S0'}  [8€2'9 oviv'e v ive 26
L¥89¥0°0 $S80S2°0 0S2°0 [1¥89Y0°0 $S80GL°0 0S40 84559070 S6LISO'L  0SO'L  |8e29 z8el’L Z8ELL £6
(pewyiblom)b  (Buibe)b (siseq)b [(pauibiom)b  (Buibe)b (s1seq)b [(pewiBiem)b  (Buibe)b {siseq)b

NN NN NN (%) som £1a

08=A 09=A 0E=A -oyerl  (00001) 1p-ooy Wibus| Jp ooy Jeak Boy
Zv.659°0 216590 8696260 VLOL
029900 0462990 0$9°0 {0¥£990°0 0252990 0590 [9eves0'0 L6SYE6'0  0L6'0  [L66'6 £0'22 00€£0.2 6>
158¥20°0 90£599°0 0590 [158¥20°0 90€£599°0 0S9°0 |26LPE0O 82v1E6'0 0160 |SELE LIYSER LLYSER 6L
822,200 SYS¥99°0 0590 [8zesz00 SYS¥99°0 059'0 [6148€0°0 $980€6'0 0160 [L60% SL/8°22 §LL£22 08
66¥260°0 69.£99°0 0s9°0 |e6t2€00 692£99°0 059'0 |66vSt0°0 9/26260 0160 |968'% 9281°12 928112 18
£8010°0 1£6299°0 0590 |esolvo0 LE6299°0 0590 [916250°0 ZLI8260  OL60 |L6L9 9€06°6} 9£0661 28
¥812v0°0 190299°0 0S9°0 {b812¥00 1902990 0S9°0 8506500 988926'0  OL6'0 {289 1955°81 195581 £8
Z885¥0°0 011990 059°0 |2885¥0°0 0ELL99°0 0590 [sezre00 2865260 0160 |ov69 6221°LL 622411 8
£28690°0 £71099°0 059°0 |€28690°0 £v1099°0 069°0 |25L460°0 L0Zv26'0  0L60 [LL5°01 LS09°G1 150951 68
2€92.0°0 1516590 0590 |2€92.0°0 1516590 0S9°0 [s89104°0 L182260 0160 |[610°LL 8L0'b1 08.0¥1 98
962500 ¥21859°0 0590 |¥96250°0 ¥21859°0 0590 |[6¥L¥200 ¥/€126'0  OL6'0 [840'8 L66¥ 2L 16621 /8
£911€0°0 6902590 0590 [e9L1€00 S90/59°0 0590 |629€¥0°0 1686160 0160 |evLv 8898°0} 889801 88
£46520°0 865590 0590 |£46S520°0 865590 0S9°0 |29€9€0°0 8/£8160 0160 |656°C 8902°6 89026 68
$L01€0°0 SY8¥S9°0 0S9°0 [bL0LEOO SY8¥S9°0 059°0 [e0SeEr00 €8/9160  0L60 |SPL¥ €ESYL £ESPL 06
29eY10°0 809€£59°0 0S9°0 |29ev10°0 809€£59°0 0s9'0 (90102070 1506160 0160 [L6L2 605S°S 60555 L6
8890100 6122590 059'0 |8890%0°0 6422590 0S9°0 |€96950°0 L0IEL6'0  OL6'0 {8E2'9 avibe v IvE 26
9650400 020590 0590 9650400 020590 0590 [+€8950°0 9801160 0160 |8€2'9 z8el’L 28ELL €6
{(peutblam)b  (Buibe)b (siseq)b [(pauibiam)b  (Buibe)b (siseq)b |(pawyiblem)b  (Buibe)b (siseq)b

NN NN NN (%) i0m 2a

08=A 09=A 0€=A -oery  (00004) 4p ooy ybue| up 00y 1esh “Bay

S|X'€60.0jAU

NILU TR 22/96



146

665180°€ £649EY°E eLIESOY ; vi0ol
L8LL8E0 EELEELE 2l0’e  |2e69et 0 801605t €LE°E |8SLE0S0 GELSEL'Y 9.6'c 99421 2oy 00020 64>
Y£8SE£0°0 198.21°¢€ 2i0e  |VELOYOO S02E0S'E €LE8°€ [LOELYOO 12/82vY 9.6'c  |9vtLL Sb'8e 00S8E 6.
LSS9€0°0 GGE9ZL'E 2i0e  |Ev60¥00 81G105°E €£.6°¢ |SS28¥0°0 68,92tV 9.6'€  |691°L S6°LE 0056.€ 08
9690t0°0 6vevel e 2L0E . |08SSY00 LE866V'E €L8°€ |61LES0°0 108v2t v 9.6 |20€'} Sh'LE 00SvLe 18
9SE9Y0°0 EVeEEZL e 2loe | |816150°0 Sy186v'E €LEC |061190°0 €Lgeet v 9.6'c  |v8Y'L S6'9€ 00669€ 28
L190%0°0 legleL'e 2l0e  |¥BYSPOO 8GY96v°€E €. [909€S0°0 1A (0 TA N 4 9.6'€  |10OE'L SH'9e 00S¥9¢ €8
068044°0 LEBLLL'E cioe L6EL6L0 68026%'€ €LE'E [STASSTAAY LL9SLLY 9/.6'€ L8Y'S GSL'GE 0GSLse 8
GL0.12'0 erolLte 2il0e  |veleye o 6€0S8Y'€ €.LE'E |6£5982°0 19€L0V'Y 9.6'C |9.6'9 590°€e 0590¢ee S8
LI8EL20 9vESOL'E 20’ [S2990€0 886.LLV'E ELE€ [BEVIOEQ LS0660°t 9.6'c  |8i8'8 S.6°0¢€ 0S.60€ 98
£8020€°0 L66.60°E 2L0E |6628EE0 LS5/69v°E €8¢ 160.86E0 9GE680°'Y 9.6'€ |0SL'6 GES'82 0S€S82 L8
1204520 $SS880°E 2L0e (9264820 L8LESY'E €LE'C |IPEBEE 0 2689.0'v 9/6'c |peE'8 1 4°T4 000v52 88
695S81°0 8104L0°€E 2L0E  |8£8L02°0 0929vv'E €L |1S6¥¥2 0 99190y 9.6'c  |IE0'9 VA b 004512 68
£28552°0 68€££90°C 2lo'e 125982°0 S660EY'E £.8°€ 989.€€°0 €L9€P0'Y 9.6°€ LGE'8 SO Li 0SY0LL 06
18E90L°0 SHLSL0'E clo'e LyLI6LL0 1092L€°€ €LE°C €erori’o vv.1086'€ 9/.6'¢€ 825 G112} [S7ARAN 16
92499¢€°0 LSOYEO'E cLoe YEL0LY O LELBEE'E €LE°E 6L0¥8v°0 8¥6+00°tv 9.6°¢€ 1802t {0} 54 0S0€L 26
€S6¥9E°0 €8E61L0°E cLoe 0Siv6e0 ££6092°t [T A ovLL9Y°0 018498'€C GS8'E 480721 SEY'C 0seve £6
(peuiblom)b  (Buibe)b (stseq)b |(pauiblam)b  (Buibe)b (siseq)b {{(pewibiam)b  (Buibe)b (siseq)b

NN NN NN (%) iom WIHQ

08=A 09=A 0E=A -oe1l  (00001) p-ooy yibue| up 00y Jeadh Bey
800v.L0°C leviglL'e 62¥699'¢ Iviol
026520 2E£ES60°C 802 [916692°0 /85812¢ 691L'c |L6862€°0 909414L2C 1692 (9912t SLo'ee 0S10€2 6.>
$¥96€20°0 8v/160°2 8v0'¢ |¥.1€£520°0 26Lviee 69L'c |[2LOLEDO 1969022 1592 [9vL'4 Goz'Le 059212 6L
Lyyv200 £2.060°2 8v0cC §88520°0 JASVAA ¥4 6942 LEILEDQ 2¥9S0.L2e 1592 69471 §9.2°02 059,02 08
S12.20°0 669680°C 8¥0'¢ (9188200 XA TAR A 6912 [022S€0°0 LIEYOLS 169'2  [20E’L 59202 059202 18
6660€0°0 §/9880°2C 8v0°2C £282€0°0 6eSLIC 2 691°¢ LLIOYO'0 26620L¢ 1992 YL G9.61 05961 28
8512200 159.80°¢ 8v¥0'¢C $6/820°0 vSpoLee 6912 SYLSE0'0 99910L2 1592 (S0} 8 S92°61 05926+ €8
SEEVLLO 8109802 8v0'Cc |LS0LCL0 G2/802°¢C 6912 |6S6.V1°0 2556692 1592 [18¥'S SL9v'81 SL9v81L v8
69€Sv1L°0 S/..£80°C 8v02 026€ES1L'0 0S€902'2C 6912 v21881L°0 05999692 1592 9.6'9 [STAASAN GcLEL) S8
LSESL0 2eSi80¢C 8Y0'2 [BEEVELD §/6€£02°2 691’2 [pesLeg O 8v.€69°C 1592 |[818°8 §1/2'94 SL/29} 98
2692020 1468L0°¢C 8v0'2 [SI9¥i20 6611022 691’2 |80€£292°0 GGE069°C 1692 [0SL6 SL66'V1 SL66V1 .8
86/2.1°0 9€£S540°2 8¥0'c |02628L°0 1291612 6912 (695€22°0 8865892 1592 [vee8 SEEL 00seel 88
£26v24'0 vivLL02 8v0'¢ [2L22EV 0 292€64°2 6912 [999191°0 590892 1592 (€09 SLEE'LL SLEELL 68
1152L1°0 S$5990°2 8v0'2 [82/28L°0 9018812 6912 |veeeee o 2SevL92 1692 [1s€'8 96'8 00968 06
122200 L0€190°C 8¥0'c {1669.0°0 $ese8Le 6912 |00LP60°0 995/99°¢ 159'2 1825t v'9 000¥9 L6
9158¥2°0 850950°¢ 8¥0'Cc |SELEAC O c00LLV2 6912 609120 182099°¢C 1592 180°CL v8'¢ 00v8e 26
288.v2°0 180502 802 288.v2°0 180502 8v0'2 80290€°0 6SEEESC 0€S'C 1802l 82| [0]0]:7A8 £6
(pewiblom)b  (Buibe)b  (siseq)b |(peuyibiem)b  (Buibe)b (siseq)b |(peyibiem)b  (Buibe)b (siseq)b

NN NN NN (%) >om aaizlel

08=A 09=A 0E=A -oeil  (00004) Iprooy Wwbuej ip ooy sead ‘Bay

SIX'€6QI0JAU

NILU TR 22/96



147

118060 S080£6'v V101
299¢8€'0 LYLI9LE ZLoe  |65¥519°0 $6/850G6 618y [991cl L6y 000.6% 6.>
LS19€0°0 $209S1E 2L0e  |158250°0 6£96¥0S  618F |opL'L. 8Ly 0008.p 6L
1/89€0°0 £526S1°E 2L0e  |¥66850°0 S02SY0'S 618V (6911 88'9Y 00889p 08
12049070 6GSL6V1°E 210e  [££9590°0 $196£0S 618V [20€'t 2Lsy 002.S¥ 18
G899+0°0 ZYssyLe 2L0E  |969V20°0 1982€0°S  6I8Y |v8pL AR 47 002ery 28
L¥80Y0°0 0000¥1 '€ 2L0E  |95€590°0 000¥20S  6L8% |LOE'L 8vey 008t2Y €8
204421°0 LE82EL'E 2i0e  |08LvL20 0€5210S 618V [18p'S L'ov 00040% ¥8
1962120 LEEVZLE 2I0E  |LEL8VE0 oveses'y 618V  [926'9 82°LE 0082.€ S8
929v.2°0 gIShLLE 20 |1OVeEY 0 622€86vy  618F (8188 20°vE 0020v€ 98
12520€°0 €LE€01°E 2L0E  |E218Y0 86£506'v  618F [0SL6 zeoe 002€0€ /8
2L2L520 $06060°C 2l |9€9Lib 0 avvSyey  618v |b2E8 8192 008192 88
6155810 801220 ZL0e  |026962°0 £/£€26'v  618'F [1E0D 91z 000912 68
1925520 1G9290°€ ZI0e  |81260%°0 1y2006'y  618F [1SE8 891 000891 06
1251010 £61840°E ZI0E  |E¥02LL0 80LL/8'Y 618V [|825°€ 4! 000021 L6
88999¢€°0 SELEE0°E ZLoe  |102985°0 9/6€58'v  618'% [/80721 ZL 00022 26
LY6+9E°0 112610°€ 2L0E  |L0£695°0 2L00LLY 669V [Z80°21 ve 000v2 £6
(Buibe)b (siseq)b [(pawibiem)b  (Buibe)b (siseq)b [(peyiblem)b  (Buibe)b (siseq)b
NN NN NN (%) om gHa
08=A 09=A 0€=A -oell  (00001) upody yibus| up 00y seeh ‘Bay
G92061°€ €LIESOY S/6061'Y V101
8296€£°0 85v852'€ £EL'E  |BSLEOSO SeLSEL Y 9/6'€  |S0¥8LS°0 090192% 960 (9912t zop 00020% 6.>
892.€0°0 9.6252'€ €EL'E  [LOELVO'O L1182}y 9/6'€ |S€L8Y0°0 Z68EST Y 960V |9vLL St'8e 00Sv8E 6L
6108€0°0 oSz e €E1'e  |SS28Y0°0 682921 ¥ 9/6'€  [L1L6V0°0 epglSey 960V  [691°L S6°LE 00S6./€ 08
$2E2H0°0 £P86Y2 € €EL'e  |612€£50°0 Log8peL Py 9/6'€  [/$E£S50°0 seL6v2y  960v l20EL S¥'LE 00SY.LE 18
0128400 1228v2'€ €EL'E  [06L190°0 £18221'y 9/6'€  |¥H0£90°0 pLivzy 960y |vepl S69€ 00S69€ 28
S£220°0 LLLOP2E €E1'E  [909€50°0 528021 9.6  [1£2550°0 6695v2v  960v [LoEt St'9E 00St9€ €8
9214110 $S92v2°€ €EL'E  [5L5522°0 119Gy 9/6'€  |L1¥2E2°0 veeovey 960y  [18p'S SSL'GE 0SSISE $8
8515220 £019g2°€ €EL'E  |6£5982°0 L9E€L0LY 9/6't |222562°0 €e8lEZy 960t  [9469 S90°EE 0590€€ S8
0/4¥82°0 095622°€ €EL'E  [8EVIOE0 150660'v 9/6'€ |[16€2.€0 L2e22v 960v 8188 S/6°0€ 05.60€ 98
SELPLED L16122'€ EEL'E  |60286€°0 956801 9/6'€  [26L014°0 9/2eley 960 |0SL'6 665'82 05£582 .8
09€.92°0 960212'¢ €EL'E  |IYEBEE0 2689.0°F 9/6'c  [S296¥E0 yevoOZy 960  |vees ¥'se 000vS2 88
266261°0 660002°€ eEL'E  |1S6YP20 $99190'y 9/6'c  |bL£252°0 Syiv8l’y  960F [LEO0'9 1512 004512 68
950992°0 $26581°€ EEL'E  [989.££70 £LOEYO' Y 9/6'C  |616LVE0 80299l  960F [ISE8 StOLL 0SY0LL 06
2£90L1L°0 PESEL'E gel'e  [egvovi o ¥.086°C 9/6'C  |6/9tVL°0 £/E10L'Y  960'P [825°€ YA TATAL 16
G6ELBE0 £1YSSLE £EL'E  |6L0V8Y°0 8Y6¥00't 9/6'c  |8¥L86Y°0 ole92ty  960% [z80721 S0e° L 050€. 26
£569€°0 £8£64L0°E ZL0e  [ov1L9Y0 01898°¢ SS8'E  |LE€96V°0 09€90L'y 960V |/80721 seb'e 0sebe £6
(peyibiam)b  (Buibe)b (siseq)b [(peuibiam)b  (Buibe)b (siseq)b [(peyibiem)b  (Buibe)b (siseq)b
NN NN NN (%) uom HIHA
08=A 09=A 08=A -oyei]  (0000t) p-ooy wbus| ip 0oy seek Bey

s|x'e6qi04Au

NILU TR 22/96



148

nyforb93.xls
Summary
BL1 DL1 DL2
10 1.740000 10 1.0900000 10 1.42000000
30 1.131184 30 0.7109105 30 0.92363848
60 0.667589 60  0.5077932 60 0.65974177
80 0.667589 80 0.5077932 80 0.65974177
DL3 DHLL DHLM
10 1.640000 10 10
30 1.065737 30 2.6694287 30 4.05311259
60 0.761241 60 2.1814269 60 3.43679278
80 0.761241 80 2.0740078 80 3.08159903
DHLH DHB
10 10
30 4.190975 30  4.9308050
60 4.053113 60  3.0908766
80 3.190265
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nyforb93.xls
BL1 DL1
3 2
1.8
o 1.6
14
2
1.2 :
1.5 1
0.8
! 0.6
0.5 o
0.2
0 0 t
40
DL3
2 2
1.8 1.8
1.6 1.6
1.4 1.4
12 1.2
1 1
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
t + t + t + { 0+ + t + t + t + {
20 40 60 80 0 20 40 60 80
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nyforb93.xls

DHLL DHLM
5} 10
4.5 9
4 8
3.5 i
3 6
2:5 )
2 4
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nyforb03.xls
Summary
BL1 bL1 DL2
10 0.610000 10 0.400000 10 1.420000
30 1.028625 30 0.702813 30 0.923056
60 0.613984 60 0.502009 60 0.659326
80 0.613984 80 0.502009 80 0.659326
DL3 DHLL DHLM
10 1.640000 10 0.400000 10
30 1.065065 30 2.570139 30 3.940082
60 0.760760 60 2.083140 60 3.326572
80 0.760760 80 2.069748 80 3.067551
DHLH DHB
10 10
30 4.171869 30 4.812991
60 3.940082 60 3.076444
80 3.081168
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nyforb08.xls
Summary
BL1 DL1 DL2
10 0.200000 10 0.350000 10 1.420000
30 1.003102 30 0.702263 30 0.922135
60 0.603655 60 0.501616 60 0.658668
80 0.603655 80 0.501616 80 0.658668
DL3 DHLL DHLM
10 1.630000 10 10
30 1.064001 30 2.561005 30 3.930304
60 0.760001 60  2.074060 60 3.316916
80 0.760001 80 2.069515 80 3.066939
DHLH DHB
10 10
30 4.171037 30 4.802512
60 3.930304 60  3.075544
80 3.071561
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nyforb08.xls
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