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Vehicle PM emissions - exhaust

Emission databases (HbEfa, COPERT, ..) 
rely on laboratory test bench measurements 
focus so far on the exhaust pipe emissions



substantial part of the emissions comes from 
non-exhaust:

need for field studies to estimate the emissions 
at:  road tunnel, street canyon, highway, etc. 
using: NOx / C as tracer or ‘inverse’ modelling

Vehicle PM emissions - non-exhaust



Particle sources

primary emissions
– exhaust emissions
– tyre wear
– road wear
– brake wear
– clutches
– ...

re-suspension of 
road dust and other 
deposited primary 
emissions

vehicle type
– diesel // gasoline
– brake type

tyre type
– summer //  winter
– studded tyres

road surface type / 
condition
– sanding

– salting

weather conditions
– rain, snow, ice

Influencing factors
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HCAB - PM2.5 all data 09/2003 - 2004

y = 0.0394x + 0.4386
R2 = 0.611
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Jagtvej - PM10 all data 2002-2004

y = 0.079x + 0.0897
R2 = 0.4937
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HCAB PM10 all data 04/2002 - 2004

y = 0.0958x + 3.8242
R2 = 0.2789
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Road sensor at HCAB

Does road surface conditions explain the higher 
PM10 values?





SurfWater vs PM/NOx ratio - daily averages

y = -3E-05x + 0.0827
R2 = 0.0124
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Rain vs PM/NOx ratio - daily averages

y = -0.0269x + 0.0846
R2 = 0.0123
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Rain vs PM/NOx ratio - daily averages

y = -0.094x + 0.1548
R2 = 0.0304
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SurfWater vs PM/NOx ratio - daily averages

y = -0.0001x + 0.1459
R2 = 0.0431
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Rain vs PM/NOx ratio - daily averages

y = 0.0053x + 0.0435
R2 = 0.0025

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

d 
PM

 /d
 N

O
x

HcPM25

SurfWater vs PM/NOx ratio - daily averages

y = -2E-05x + 0.0456
R2 = 0.0337
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The Swedish Model: description 

)(** int
, dustedfe erwref
PMfq

suspensionre
f =−

suspensionre
f

direct
f

tot
f eee −+=

Processes Emissionsfactor(mg/vkm)
Exhaust pipe 20
Tyre and brake wear 10
Road wear 10
Re-suspension (dry conditions) 100-1000

Winter 

Summer )(* , dustefe summerref
PMfq

suspensionre
f =−

fq    is the source strength for re-suspension which is related to the
moister amount of the dust on the street surface
d   is the amount of dust on the street

)(, dustref
PMfe  is a reference emission factor



PM10 Hornsgatan
year 2000 
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r=0.77

Comparison of measured and modelled concentrations of PM10 (µg/m3) .

The Swedish Model



Swedish Model for Jagtvej

0 10 20 30 40
PM10street-PM10roof (µg/m3)

0

10

20

30

40

P
M

10
 m

od
el

 (µ
g/

m
3 )

Number of data points=344
Average measured=7.4
Average modelled=7.1
r=0.84

0 10 20 30 40
PM10street-PM10roof (µg/m3)

0

10

20

30

40

P
M

10
 m

od
el

 (µ
g/

m
3 )

Number of data points=344
Average measured=7.5
Average modelled=6.6
r=0.80

Comparison of measured and modelled daily mean local 
concentrations of PM10 at Jagtvej 2003. Model results are 
based on measured local concentrations of NOx.

SMHIs PM emission model, adapted for 
Danish conditions

Constant emission factor of 129 mg/(veh km)



‚German‘ method for PM10 non-exhaust 
emission factors (Düring et al., 2004)

Verkehrssituation
Tempolimit 

[km/h]

Anteil 
Konstant
fahrt [%]

Stand
anteil 
[%] PM10-Auf/Ab [mg/km]

PKW inkl. LNF SV 
AB>120 - 22 200
AB_120 120 22 200
AB_100 100 22 200
AB_80 80 22 200
AB_60 60 22 200

AB_StGo - 22 200
AO1 100 60 1 22 200
AO2 100 53 1 22 200
AO3 100 28 1 22 200

IO_HVS>50 60 46 1 22 200
Tunnel AB_100 100 10 200
Tunnel AB_80 80 10 200
Tunnel AB_60 60 10 200

Tunnel IO_HVS>50 60 46 1 10 200
HVS1 50 46 1 22 200
HVS2 50 52 1 30 300
HVS3 50 44 7 40 380
LSA1 50 44 7 40 380
HVS4 50 37 14 50 450
LSA2 50 32 20 60 600
LSA3 50 28 26 90 800

IO_Kern 50 23 33 90 800
IO_NS_dicht 50 32 5 90 800

Recommended 
emission factors 

for good road 
condition

• High relevance of 
HDV (ca. factor 10)

• Strong dependence on 
traffic situation 
(acceleration/deceleration)

• No significant effect of 
traffic speed limit



‚Danish‘ method for PM10 non-exhaust 
emission factors (Berkowicz et al., 2005)

ospm.dmu.dk 

exhaust part adopted 
from the UK-TLR 
method

non-exhaust part 
adopted from EMEP 
CORINAIR Emission 
Inventory Guidebook



Comparing the different models
Table 1: Simplified version of the proposed German PM10 emission factors for non exhaust emissions (last two
columns) in dependence on the traffic situation. Values for a fleet mix with 4% heavy duty traffic and exhaust
emissions according to (UBA , 2004) are given. For comparison the emission factors are given for specific streets
applying the Danish and Swedish methods.

non exhaust
emission factor*

 [mg/km veh]

Method/
Traffic situation

average
Speed

[km/h]

Share of
constant

speed
driving[%]

exhaust
emiss. factor
(fleet-mix)

[mg/km veh]

non-exhaust
emission factor

(fleet-mix)
[mg/km veh] cars / vans trucks

German method:
motorways or outside cities 60-130 22 200
tunnel 60-100 10 200
city main road (HVS1)** 56 46 19 29 22 200
city main road (HVS2)** 44 52 20 41 30 300
city main road (HVS3)** 34 44 22 54 40 380
city main road (HVS4)** 28 37 26 66 50 450
city traffic lights (LSA2)** 24 32 28 82 60 600
city slow traffic (IO_Kern)** 17 23 32 118 90 800

Danish method for JGTV 45 57 57 50 / 70 230
Swedish method for HORG 40 37 205***

* Values for good quality of the road surface, flat terrain and conditions of rain as usual in Germany.
** Speed limit = 50 km/h; ***annual average for the year 2000



Comparing the different models

PM emission factors in mg / (veh km)
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Comparing the different models

Receptor analysis 
for Stockholm
C. Johansson et al. 2005

Receptor analysis 
for Copenhagen
P. Wåhlin et al. 2004

PM emission factors in mg / (veh km)
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Conclusions
all modells / measurements show consistently large part of 
PM emissions from non-exhaust (50%-85%)
measures relying on reducing the exhaust part of the 
vehicle emissions can have a very limited effect on 
ambient PM levels
The Swedish model is able to reproduce the observed 
strong seasonal variation of non-exhaust emissions.
less pronounced annual variation for Danish and German 
conditions might allow the application of simpler methods 
based on constant emission factors

Road wetnes does not show very high correlation with 
PM/NOx ratios



Open Questions

Influence of driving speed / driving pattern?
– German data show higher emissions for lower speeds and 

more „Stop and Go“.

Influence of rain?

Influence of bad road surface conditions?
– German model gives a high additive term for „bad“

conditions.

What is the difference between 
JGTV and HCAB ??



Motivation

EU PM10 limit value
has been exceeded
e.g. Munich
discussion about effective
reduction measures:
– road pricing?
– diesel particle filter?
– environmental zones?
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PM10 Hornsgatan
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Outlook / Open questions

apply the detailed Swedish model for DE / DK

influence of road material and road quality ??
influence of traffic speed and slope of the road ??
influence of rain ??
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Thanks for your attention!


