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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, CO2 and NOx (NO+NO2) are 
performed. The emission factors for CO and NOx (g/km) are dependent on 
vehicle class, speed and road gradient. The fuel consumption, used to estimate 
CO2-emissions, is dependent on vehicle class and speed. Concentrations of CO, 
NO2 and PM1/ 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 NOx 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: 

• Conversion of emission factors for CO and NOx 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. 

• Development of exhaust errussion regulations, and the resulting effects on 
emissions. 

• Effect of cold start on emissions of CO and NOx for light duty gasoline- and 
diesel vehicles. 

• Fuel consumption for the year 1993, 1998, 2003, 2008 
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NOx A10-cars Bo Persson - driving pattern 
AccJRet. (m/s2) 

V -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 4.10 1.08 

60.00 0.18 1.00 5.40 1.39 

J NOx A 10-cars j 

1.10 -t----1----,1---+--~~--~ 

10.00 20.00 30.00 40.00 50.00 60.00 
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10 CO Diesel L1 (Bo Persson) 
AccJRet. (m/s2) 

V -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 L 1 
AccJRet. (m/s2) 

V -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 0.57 

50.00 0.10 0.60 1.10 0.49 

60.00 0.12 0.50 1.20 0.47 

I CO Diesel L1 I 

NILU TR 22/96 

3.00 --r----,---r---~----.-----, 

1.50 -r-----1~-..--+-----+----+-----I 

1.00 -+-----i---r=-.._,.--+---4----1 

0. 50 -=i..""T"-O-.--.-i..,...,. ......... -l-_.,...._.......J_,,_.,...:::::::f=~~ 
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I NOx Diesel L 1 
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0.00 
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CO TA 4 tonnes Bo Persson 

AccJRet. (m/s2) 

V -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 
AccJRet. (m/s2) 

V -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 2.17 

50.00 2.00 6.00 1.88 

60.00 2.00 8.00 2.20 
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I CO TA 4 tonnes I 
5.00 -,-----,----r----,---~----, 

4.00 ---,.~--1----t----+----+------I 

3.00 ---,.-~--t----t----+----+------1 

2.00 --+---"111----+----+----+------1 

i.oo T-7--,--9==::::t:=~ 

10.00 20.00 30.00 40.00 50.00 60.00 

I NOx TA 4 tonnes I 

10.00 --------------....--------. 
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2.00 -:.+---+--+-..::::::~-----~-~ 
0. 00 _.,. ,...,........+-.-- ~i--.- --.- ~ 

10.00 20.00 30.00 40.00 50.00 60.00 NILU TR 22/96 



12 CO TA 8 tonnes Bo Persson 
AccJRet. (m/s2) 

V -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 
AccJRet. (m/s2) 

V -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 

I CO TA 8 tonnes I 

10.00 -+~--+---+----lf----.f------1 

8.00 --,.--r-t---1---1----+---~ 

4.00 ~---+---""oil::-----lf----+-----1 

10.00 20.00 30.00 40.00 50.00 60.00 

I NOx TA 8 tonnes I 
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20.00 --,-----.------.---.----...------. 

10.00 -1----+-----f----:ll....,..--+---~ 
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CO TA 15 tonnes Bo Persson 

AccJRet. (m/s2) 

V -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 
AccJRet. (m/s2) 

V -0.60 0.00 0.60 
10.00 18.00 100.00 38.72 

20.00 15.00 60.00 27.75 

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 
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j CO TA 15 tonnes I 
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14 CO TA 30 tonnes Bo Persson 
AccJRet. (m/s2) 

V -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 7.73 

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 
AccJRet. (m/s2) 

V -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 

I CO TA 30 tonnes I 

12.00 --r----.---r----...----..-----, 

10.00 --t-----------------~ 
8.00 --t---'r--t---1----+----+---~ 
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jNox TA 30 tonnes I 
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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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CORINAIR: 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 

V NU NOXCO CORINAIR 
10.00 
20.00 
30.00 26.69 

40.00 

50.00 
60.00 12.92 

70.00 
80.00 12.21 

51.40 60.14 

30.80 30.70 

23.30 23.44 
14.70 16.34 

12.20 12.96 

11.00 10.59 

9.80 8.24 

9.20 7.59 
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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 
DL 1 

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 1.51 
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 4.72 
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 
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Appendix D: 

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

Light gasoline vehicles without catalyst 

NILU TR 22/96 





35 

0 .0 CX) C\I CX) Lt) O> CX) O> 0 .0 CX) C\I CX) Lt) O> CX) O> 0 
0 0.. C') <D C') ,q "! CX) 0 C') 0.. C') <D C') Lt) <D CX) 0 C') 

X .0 C\i C\i C\i C\I C\I C\i C') C') .0 C\i C\i C\i C\i C\i C\i C') C') z 0 z 

~ 

0.. C') ,... ,... ,... C') <D ;;; <D 
0 C\I C\I C\I C\I C\I C\I C') 
_Q 0 0 0 0 0 0 0 0 

...:i -0 
Q) 
(/) 
0 
0 

~ 

'<t C\I I'- '<t C\I C\I C') <D 0 '<t '<t '<t <D 0 Lt) C') C') Lt) 
0 "! r--: Cl"? ,... ~ Lt) I'- 0 0 ,... C') Lt) CX) 0 C') <D Cl"? I() ,... ,... ,... C\i C\I C\i C\i C') I() C\i C\i C\i C\i C') C') C') C') ..., ,... ,... 
w w 
0 0 
w w 

.-4 

C') C\I I'- '<t C\I C\I '<t CX) Lt) C') C\I '<t O> <D Lt) CX) '<t '<t 
0 ..i: ,q r--: Cl"? ,... C') Lt) CX) 0 ,... C') ,q CX) ,... '<t CX) C\I 
I() ,... ,... ,... ,... C\I C\i C\i C\i I() C\i C\i C\I C\i C') C') C') ,<i = ,... ,... 
w w 
0 0 
w w 

- 
~ c.!) 

~ 
"iii 
C 
Q) C\I CX) <D 0 0 Lt) I'- Lt) O> C\I 0 <D I'- 0 I'- CX) C\I 0 
.0 0 "! "! "! ,q ~ r: O> <D 0 I'- <D ,q ..i: ,... CC! ,q r: X I() 0 0 I() C\i C\i C\i 0 ,... ,... ,... ,... ,... ,... C\I C\I ,... ,... ,... 
C ~ ,... ,... 

w w ~ 0 0 
w w - ti >, <ii 

<ii 
~ u 

:5 
0 
.s::. Cl 

1-- ] C ·a, ,... CX) O> 0 O> CX) <D '<t 0 Cl ,... 0 I'- C\I <D CX) O> O> I'- 
(J) t1l ~ ,q r--: ~ ,... C') Lt) I'- O> C ~ I'- ~ '<t I'- 0 C') <D O> 
Q) :5 

,... ,... C\I C\i C\i C\i C\i C\i ·c, C\i C') C') C') ,<i ,<i ,<i ,<i 
~ :§ 0 t1l 0 0 I() I() 

.s::. -E ,... -E ,... 
Q) 
> ·;: w ·;: w - Q) (J) (J) 

.!: Q) Q) 

0 C C 
C C 

(J) .9 .9 u t1l 
Cl Il'! Il'! ~ N (\J 

....._ ::::, V V 
"Cl Q) Q) w CX) O> 0 O> CX) <D '<t 0 w 0 I'- C\I <D CX) O> O> I'- :E .5 0 ,q r--: 0 ,... C') Lt) I'- O> .5 0 I'- 0 '<t I'- 0 C') <D O> g 0 w ,... ,... C\i C\i C\i C\i C\i C\i 0 w C\i C') C') C') ,<i ,<i ,<i ,<i 

~ (J) w (J) w E t1l a: t1l a: 
0 (!J a.. (!J a.. ... - å: å: ....._ (J) 
C ~ > 0 0 0 0 0 0 0 0 ~ > 0 0 0 0 0 0 0 0 
0 z ~ 0 0 ~ 0 0 0 0 z 0 0 0 0 0 0 0 0 

< 
·oo a: 0 0 0 0 0 0 0 0 a: 0 0 0 0 0 0 0 0 
(J) ,... C\I C') '<t Lt) <D I'- CX) ,... C\I C') '<t Lt) <D I'- CX) .E 0 0 
w (.) (.) 

..-4 M f"l ..., trl \0 r-- 00 0\ 0 ..-4 M f"l ..., trl \0 r-- 00 0\ 0 ..-4 M f"l ..., trl \0 
..-4 ..-4 ..-4 ..-4 ..-4 ..-4 ..-4 ..-4 ..-4 ..-4 M M M M M M M 

NILU TR 22/96 



36 

z 

~ 

0 (X) N (X) lO Ol (X) Ol 0 
0 "? ~ C') lO (0 (X) 0 C') 

X N N N N N N C') C') 

~ 0 z 

a: 0 N lO (X) C') .(X) '<t 0 <( C') Ul I'-: Ol N '<I: r--- 

~ z N N N N C') C') C') si 
a: 
0 
(.) 

> 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
ei ei ei ei ei ei ei ei ..., ~ N C') '<t lO (0 r--- (X) 

ui >- 
~ ~ (.) 

"5 
0 .c 

(0 r--- 0 0 
j 

~ r--- Cl) 
0 0 0 (X) ~ 0 a, 
3: (0 C') ai ~ ei u = ~ 

N '<t N 0 :c ~ a, ~ > 0 
ni 
C 
0 

'<t C') N 0 ~ 0 0 0 0 0 a, 0 - Ji Ji Ji Ji a. 
ø a, X 

~ 
~ ~ ~ ~ 

.!: 0 w w w w z ~ 0 0 0 0 0 
"<ii w w w w Cl) "O 

Cl! C 
C Cl Cl! 
a, ... a: .0 .E X <( 
0 ... 
C ~ £ z a: - .l!! 0 

C 0 
0 
"<ii 
Cl) .E 

~ 
a, 
Jg 
0 

"O I- 
C 
Cl! 

:::, E '<t '<t '<t '<t '<t C') C') C') C') C') N N 0 0 0 0 0 
z a, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

"O Ji Ji Ji Ji Ji Ji Ji Ji Ji J, J, J, Ji Ji Ji Ji Ji 
Cl _g 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Cl ai w w w w w w w w w w w w w w w w w 
C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ > Æ w w w w w w w w w w w w w w w w w 
0 
(.) 
(.) ~ ~ C') '<t '<t lO 0 '<t r--- ~ 0 r--- Ol 0 C') 0 r--- 0 Cl! ::i ;;; 
Cl) 0 lO ~ ~ '<I: ~ ~ Ol (X) C') lO r--- ~ '<t r--- N 0 
a, 3: ID N Il) si Il) cxi ~ ~ (0 (0 (0 Il) si C') N si si Il) ei u Cl) g 0 ~ ~ 0 
Cl) ~ 
Cl! u ~ 0 

a, 
.!: ~ 

~ 
N N io 0 (0 lO C') '<t ~ lO '<t (X) (0 (0 r--- st 0 Ol 0 ~ U) Ol r--- -;:::. io N (X) w lO N N Ol io Ol lO 0 r--- 

Cl) 0 "? N (X) (X) st st st 0 C') lO (0 ~ st Il) si Cl! ~ Il) si si ,-.: ei ei (0 (0 (0 Il) si C') N si si ~ Cl 

~ 
0 N Ol ~ ~ 

0) <ii Ol (X) r--- (0 lO st C') N ;;; 0 Ol (X) r--- (0 lO st C') 
(X) (X) (X) (X) (X) (X) (X) (X) (X) r--- r--- r--- r--- r--- r--- r--- a, a, V 

< a: >- 

t-- 00 0\ 0 ~ M ~ ...,. IO \C t-- 00 0\ 0 ~ M ~ ...,. IO \C t-- 00 0\ 0 ~ M 
M M M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ...,. ...,. ...,. ...,. ...,. ...,. ...,. ...,. ...,. ...,. IO IO IO 

NILU TR 22/96 



37 

.0 (X) N (X) lO 0) (X) 0) 0 .0 (X) N (X) lO 0) (X) 0) 0 

.0 C') ~ C') ~ ~ CC! 0 C') .0 ~ CD C') ~ ~ CC! ~ C') 
a. C\i N C\i N N N C') C') a. N C\i C\i N N N C') C') z 

:E 

,_:i 

. 
~ 

;g 0 0 0 ;g r-- CD CD 
CC! ~ r-- C') ,- ~ 

J-, ,- N C\i J-, C\i C') C') 

>-:, ,- ,- 

w w 
0 0 
w w 

- 
C') 0 0 0 C') C') C') r-- 
0 "': C') (X) 0 ~ ..,. ,- 
J-, ,- C\i C\i J-, N C') -<i = ,- ,- 

w w 
0 0 
w w 

~ 
N C!) 
-" 3: 
"<ii 
C 
Q) N 0 0 0 N r-- C') N 
.0 0 ~ N lO 0 lO lO 0 
X J-, C\i C\i J-, C\i C') -<i 0 ,- 
C ~ ,- ,- 

~ w w 
0 0 
w w 

r.:i 

~ 
0 0 0 

~ 
CD (X) ,- 

~ lO ~ N N ,- 
,- C\i N C') -<i -<i 

Q 0 0 
J-, J-, 
,- ,- 

w w 

u 

w 0 0 0 w CD (X) (X) 

0 ~ lO io 0 "l N N 
w ,- C\i C\i w C') -<i -<i 

~ w w 
(( (( 

Cl 
Q. Q. 

C ·c, 
0 0 0 

Cl > 0 0 0 0 0 0 co > 0 0 0 0 0 C 0 0 

:5 0 0 0 0 0 0 0 0 ·c, 0 0 0 0 0 0 0 0 
ei ei ei ei ei ei ei ei co ei ei ei ei ei ei ei ei 

< 0 ,- N C') ..,. lO CD r-- (X) ,- N C') ..,. lO CD r-- (X) 

£ £ :::> 3 :::> 3 z z 

I"") ...,. lO IC r-- 00 0\ 0 .-4 N I"") ~ lO IC r-- 00 0\ 0 .-4 N I"") ...,. lO IC r-- 00 
lO lO lO lO lO lO lO IC IC IC IC IC IC IC IC IC r-- r-- r-- r-- r-- r-- r-- r-- r-- 

NILU TR 22196 



38 

z 

:; 

,_:i 

~ 

~ 

,-.c 

a: 0 C\l li) CX) (') CX) v 0 <( (') ~ r--- 0) C\l v r--- 
C\i C\l C\i C\i C') C') C') -<i 

::c: C 
z 

ai a: 
1il 0 () a. 
0) 
C 0 (') r--- ~ 0) v v v v - ·5 () ~ li) (') ~ li) r--- 0) ~ 

·c C\i oi C\i C\i C\i C\i C') 
0 "O X C\l 

N ~ 0 -"' 3: .2 z 
·v; "O 

(]) 
C t, (]) > 0 0 0 0 0 0 0 0 .0 ~ 0 0 0 0 0 0 0 0 
X 0 ei ei ei ei ei ei ei ei 0 
C ~ () ~ C\l (') v li) <O r--- CX) 

- 

~ 

0 CX) C\l CX) li) 0) CX) 0) 0 
() "'.! ~ (') li) ~ CX) 0 "'.! 
X C\l C\l C\i C\i C\l C\i C') (') 

Q 0 z 

::::, li) li) CX) 

z ~ li) ~ 
u C\l C') (') 

> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ei ei ei ei ei ei ei ei 

,:::Q ~ C\l (') v li) <O r--- CX) 

-< 

0'\ 0 .-4 N ~ .., 1/) \C r--- 00 0'\ 0 .-4 N ~ .., 1/) \C r--- 00 0'\ 0 .-4 N ~ .., 
r--- 00 00 00 00 00 00 00 00 00 00 0'\ 0'\ 0'\ 0'\ 0'\ 0'\ 0'\ 0'\ 0'\ 0'\ 0 0 0 0 0 .-4 .-4 .-4 .-4 .-4 

NILU TR 22/96 



39 

z 

~ 

,_;i 

::ad 

..., 

~ 

= 
- 
N c.!) 
.!<: 
S: 
·;;; 
C 
Q) 
.0 
X 
0 
C ~ 
- 

r.:l 

Q 

u 

=:: 

< 

Ir) 1,0 r-- 00 0\ 0 .... N ff") ,:f' Ir) 1,0 r-- 00 0\ 0 .... N ff") ~ Ir) 1,0 ~ 00 0\ 0 0 0 0 0 0 .... .... .... .... .... .... .... .... .... .... N N N N N N N N ff") .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 

NJLU TR 22/96 



40 

z 
er 

0 0 ~ z (.) 0 a: 
:::> ~ ~ 0 z z z (.) 

[TI I I 

..J 

8 
0 
Q'.) 

LL 

w 

C 

0 ~ 
0 ~ 

0 0 0 0 0 0 0 0 0 0 0 0 N 0 co <D 'st N 0 co <D 'st N 0 
..j ..j (") (") (") (") (") C\i C\i C\i C\i C\i 

~~~romorNMv~~~romorNMv~~~romo 
OOOOOrrrrrrrrrrNNNNNNNNNNM 
rrrrrrrrrrrrrrrrrrrrrrrrrr 

NILU TR 22/96 



41 

Appendix E: 

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

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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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 1.2 1.0 0.9 0.8 0.7 
DHLL 13.0 10.3 8.6 7.0 5.4 4.1 3.5 3.4 
DHLM 20.2 14.1 9.8 7.4 6.0 5.0 4.4 4.0 
DHLH 15.9 11.6 10.0 8.7 7.3 6.2 4.8 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 11.5 8.5 6.5 5.5 5.3 5.1 
DL1 2.2 1.3 0.9 0.8 0.7 0.6 0.5 0.4 
DL2 2.8 1.7 1.2 1.0 0.8 0.8 0.7 0.6 
DL3 3.3 1.9 1.4 1.2 1.0 0.9 0.8 0.7 
DHLL 8.2 6.8 5.4 4.3 3.2 2.6 2.4 2.2 
DHLM 17.3 12.0 7.5 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 
CO2003 
BL1 11.0 7.1 5.5 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 1.1 0.9 0.8 0.7 0.6 0.5 
DL3 3.2 1.9 1.3 1.1 0.9 0.8 0.7 0.6 
DHLL 5.8 4.7 3.7 2.8 2.2 1.8 1.6 1.5 
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 
CO2008 
BL1 1.9 1.3 1.0 0.8 0.7 0.6 0.6 0.5 
DL1 2.0 1.2 0.8 0.6 0.5 0.5 0.4 0.4 
DL2 2.6 1.7 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 11.7 7.6 5.1 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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C01993.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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C01998.xls 

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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CO2003.xls 

Summary NU 
BL1 DL1 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 
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CO2003.xls 

BL 1 DL 1 
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CO2008.xls 

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 0.484895 

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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Appendix G: 

Emission factors (g/km) for NOX from National 
Emission Model (NU) for the years 1993, 1998, 

2003 og 2008. Emission curves for ROADAIR 3.11 
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NOY 1993 
10 20 30 40 50 60 70 80 

BL1 1.71 1.62 1.63 1.75 1.93 2.18 2.32 2.48 
DL1 1.00 0.82 0.72 0.70 0.71 0.71 0.67 0.60 
DL2 1.43 1.11 1.03 1.00 0.96 0.91 0.86 0.75 
DL3 1.63 1.38 1.14 1.05 1.03 1.03 0.95 0.86 
DHLL 13.66 10.75 8.81 7.25 6.45 6.27 6.35 6.59 
DHLM 22.20 17.10 14.77 14.25 13.75 13.09 12.50 11.48 
DHLH 24.00 18.75 16.02 15.50 15.25 15.16 14.50 12.46 
DHB 26.96 22.00 18.60 15.50 13.50 11.65 10.25 9.25 
NOY 1998 
BL1 1.16 1.10 1.11 1.19 1.31 1.48 1.58 1.68 
DL1 1.01 0.84 0.72 0.69 0.71 0.70 0.66 0.60 
DL2 1.38 1.11 1.00 0.96 0.92 0.28 0.82 0.75 
DL3 1.59 1.23 1.11 1.07 1.04 1.00 0.92 0.86 
DHLL 11.60 9.10 7.48 6.40 5.75 5.28 5.40 5.76 
DHLM 15.10 11.25 10.06 9.70 9.30 8.86 8.55 7.98 
DHLH 17.06 12.85 11.38 10.75 10.65 10.56 9.75 8.61 
DHB 22.32 17.30 14.98 13.00 11.25 9.51 7.80 6.25 
NOr 2003 
BL1 0.61 0.56 0.58 0.63 0.69 0.78 0.82 0.88 
DL1 0.99 0.77 0.72 0.71 0.70 0.68 0.65 0.60 
DL2 1.33 1.06 0.96 0.87 0.85 0.84 0.80 0.74 
DL3 1.53 1.16 1.07 1.03 0.99 0.96 0.91 0.80 
DHLL 8.43 6.80 5.44 4.50 3.90 3.82 3.85 4.21 
DHLM 9.95 7.40 6.63 6.30 6.00 5.83 5.80 5.32 
DHLH 11.50 8.70 7.67 7.20 7.15 7.05 6.50 5.73 
DHB 15.93 12.60 10.69 9.15 7.85 6.82 5.80 5.00 
NOr 2008 
BL1 0.19 0.18 0.18 0.19 0.21 0.24 0.24 0.25 
DL1 0.98 0.81 0.71 0.67 0.66 0.65 0.64 0.59 
DL2 1.28 1.04 0.92 0.89 0.82 0.81 0.78 0.74 
DL3 1.48 1.14 1.03 0.98 0.96 0.92 0.88 0.85 
DHLL 7.04 5.62 4.54 3.70 3.25 3.18 3.35 3.54 
DHLM 7.79 6.00 5.20 4.82 4.68 4.56 4.35 4.19 
DHLH 9.14 6.80 6.09 5.80 5.70 5.56 4.20 4.51 
DHB 13.08 10.60 8.78 7.55 6.60 5.62 4.70 3.80 
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NOX1998.xls 

Summary NU 
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30 1.106138 30 0.724005 30 0.997936 
60 1.483205 60 0.700095 60 0.882649 
80 1.683868 80 0.603337 80 0.749363 
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10 1.590000 10 11.600000 10 15.100000 

30 1.113223 30 7.483389 30 10.055379 

60 0.997936 60 5.276504 60 8.864785 

80 0.864650 80 5.756280 80 7.975417 

DHLH DHB 
10 17.060000 10 22.320000 

30 11.376877 30 14.982488 

60 10.557936 60 9.505370 

80 8.613242 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 
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NOX2008.xls 
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Appendix H: 

Calculation of emission factors for CO and NOX 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 ing/kg 
fuel after January Ist 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 1st 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 DLI, DL2, DL3 and BLI 
has equal distribution to BLI, 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 

NILU TR 22/96 





133 

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 Ist 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 EØS, from 
1996/1997. (This means that these demands will apply to typegodkjente vehicles 
after October 1st 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 NOx than for CO. Because the demand is enforceable both 
to HC and NOx 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 co HC NOx Highway NOx 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/EØS, "Euro new-driving pattern). 

Component co HC+ NOx 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 1011) 1.0 0.7 0.08 
Diesel D12l 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 1st 
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 co HC NOx Highway NOx Particles 

Emissions (g./km) 6.2 0.5 1.1 1.4 0.162 
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Table 5: EF-demands (glkm)for trucks from 1993/1994 (COM(92)64. Driving 
pattern: "Euro-new"). 

Reference weight CO g/km) HC+NOx (g/km) Particles (g/km) 
< 1250 kg 3.16 1.13 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 ill-demands will be 
introduced, although this is more uncertain. The Euro ID-demand for NOx is 
expected to be 5 g/kWh. 

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

Component co HC NOx Particles 

Emissions (g./km) 4.9 1.23 9.0 0.4 

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

Component co HC NOx Particles 

Emissions (g./km) 4.0 1.1 7.0 0.15 

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 III 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 - ill 
for emissions of NOx from heavy duty vehicles: 

• Euro I ⇒ 27% reduction 
• Euro II ⇒ 24% reduction 
• Euro ill ⇒ 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 NOx 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 
V 10 20 30 40 50 60 70 80 
BL1 1.74 1.42 1.13 0.94 0.78 0.67 0.67 0.67 
DL1 1.09 0.84 0.71 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 4.19 4.18 4.10 4.05 3.70 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 4.12 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 
BL1 1.48 1.21 0.96 0.80 0.66 0.57 0.57 0.57 
DL1 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 2.11 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 2.19 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 3.53 3.04 
DHB 5.37 4.98 4.70 4.15 3.48 2.95 2.10 1.19 
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Summary 
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nyforb98.xls 

Summary 
BL1 DL1 DL2 
10 1.120000 10 0.720000 10 1.420000 
30 1.067725 30 0.706433 30 0.923911 
60 0.631791 60 0.504595 60 0.659936 
80 0.631791 80 0.504595 80 0.659936 

DL3 DHLL DHLM 
10 1.650000 10 10 
30 1.066051 30 2.595416 30 3.965282 
60 0.761465 60 2.108328 60 3.351770 
80 0.761465 80 2.070123 80 3.067556 

DHLH DHB 
10 10 
30 4.171876 30 4.840752 
60 3.965282 60 3.078014 
80 3.106366 
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nyforb03.xls 

Summary 
BL1 DL1 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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Summary 
BL1 DL1 DL2 
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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 
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80 3.071561 
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