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"Abatement of PM and NO2 pollution in Berlin: 
The low emission zone and other measures "

Can Copenhagen learn anything from Germany/Berlin?

 why a low emission zone (LEZ) ?

 effect on traffic flows & vehicle fleet

 real impact on emission & air pollution

 problems, pros & cons

 scope for additional local action

 résumé
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Berlin
���� a few facts

� low commuter numbers & car density
� economic stagnation/slow growth due

to severe structural changes after fall 
of the wall

� per capita income 30% below Hamburg

� problems with migration and social
segregation

� ageing population, but slower process
than elsewhere as Berlin attracts
young people

� about 150.000 students

� dominance of service sector , media, 
eductation, IT, government

� lot of small & medium businesses
� no heavy industries
� largest district heating network in 

Europe
� flat orography

����

����
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Low emission zone

Automatic monitoring site in residential areas and at the cities’ periphery

Automatic monitoring site in busy roads at the kerb side

monitoring site with miniaturised monitoring device s for traffic related pollutants in busy roads

Berlin
���� struggling with NO2 compliance

Annual NO 2 – levels 2011 
limit value for
nitrogen dioxide (NO 2)
40 µg/m³ annual mean
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low emission zone
>1 Mio. inh.., 100 km²

low emission zone
>1 Mio. inh.., 100 km²

low emission zone
>1 Mio. inh.., 100 km²

low emission zone
>1 Mio. inh.., 100 km²

•• 450 km road sections with 450 km road sections with 
exceedancesexceedances

•• 190.000 affected residents190.000 affected residents

24h limit value
annual mean  LV

needneed forfor actionaction
�������� particulateparticulate matter matter concentrationsconcentrations (PM10)(PM10)

modelledmodelled particleparticle levelslevels in in basebase yearyear 20022002
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Source analysis    
���� schematic of PM distribution
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SourceSource analysis Berlin
���� sectoralsectoral origin of origin of kerbsidekerbside particle levels (PM10)particle levels (PM10)
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regional 

background 

12%

other 2%
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combustion 
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other traffic
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Source analysis Berlin
���� origin of kerbside NO2
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■■ roadroad traffic predominant traffic predominant urban polluter in Berlinurban polluter in Berlin
■■ largelarge --scale nonscale non --attainmentattainment of PM10 & NO2 in central main roadsof PM10 & NO2 in central main roads
■■ locallocal scalescale traffic restrictions merely shift problem in other roads 
■■ previous measures previous measures insufficientinsufficient

� modernisation of municipal & other captive fleets 
� funding scheme for CNG-vehicles
� shift to clean transport modes by traffic planning

Core measure: cleaning up the vehicle fleet
� LEZ: selective traffic ban for most polluting vehicles

� large-scale: not only in single roads but covering the
whole (potential) non-attainment area

� durable: not only on days in excess of 24h-limit value
� transition period (> 2 ½ years) prior to the start

� ensures proportionality
� no general exemptions for residents and commercial traffic
� some individual temporal exemptions possible

needneed forfor transporttransport measuresmeasures in 2002in 2002
�������� reasonsreasons forfor Low Emission ZoneLow Emission Zone
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■ Stage 1: since 1.1.2008
� Diesel vehicles: at least Euro 2

� or Euro 1 & retrofit

� Gasoline vehicles: at least Euro1

� 7% of vehicle fleet affected

■ Stage 2: since 1.1.2010
Diesel: Particle emission Euro 4:
� cars: Euro 3 + particle filter or better

� goods vehicles: also retrofit of 
Euro 1-3 towards Euro 4 Particle

� 10% of the vehicle fleet affected
� >80% could be upgraded by filter

retrofit

Area: 
about 88 km²
(Berlin total area:  892 km²) 

Inhabitants: 

about 1 Million

(Berlin total: 3,4 Mio)

BerlinBerlin ‘‘ss Low Emission Zone Low Emission Zone 
�������� vehiclevehicle emissionemission citeriaciteria

���� LEZ in force or planned in 56 German 
towns with differing ambition levels
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source UBA
http://gis.uba.de/website/umweltzonen/start.htm

in force or planned in more than 
50 German towns 
(Sept 2012)

cities/zones with air quality plans

Low emission zones �������� GermanyGermany

planned LEZ

LEZ requiring red sticker

LEZ requiring yellow sticker

LEZ requiring green sticker
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■ Diesel Passenger cars:
� 14.000 PC (7%) with red sticker ���� can barely be retrofitted to

� 60.000 PC (30%) with yellow sticker ���� can be retrofitted to

■ commercial Diesel vehicles:
� 10.000 LDV/HDV (12%) with red sticker ���� can be partly retrofitted to

� 25.000 LDV/HDV (30%) with yellow sticker ���� can be retrofitted to

4
S - UM 43
4

S - UM 43

4
S - UM 43
4

S - UM 43

2
S - UM 43
2

S - UM 43

2
S - UM 43
2

S - UM 43

4
S - UM 43
4

S - UM 433
-S- UM 43
3

-
3

-S- UM 43S- UM 43

3
-S- UM 43
3

-
3

-S- UM 43S- UM 43

affectedaffectedaffectedaffected vehiclesvehiclesvehiclesvehicles in total:in total:in total:in total: ca. 124.000ca. 124.000ca. 124.000ca. 124.000
bybybyby 2011:2011:2011:2011: moremoremoremore 60.ooo Diesel 60.ooo Diesel 60.ooo Diesel 60.ooo Diesel vehiclesvehiclesvehiclesvehicles retrofittedretrofittedretrofittedretrofitted withwithwithwith DPFDPFDPFDPF

25%25%25%25% DieselDieselDieselDiesel PC &PC &PC &PC & 20%20%20%20% LGV/HGVLGV/HGVLGV/HGVLGV/HGV!!!!

Berlin ‘s Low Emission Zone stage 2
���� affected vehicles end of 2009
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1.1. impactimpact onon traffictraffic flowsflows ??
� has road traffic decreased within the LEZ? 
� has road traffic been re-routed to areas outside the LEZ?
� has road traffic been avoided?

�� monitoringmonitoring of of traffictraffic flowsflows

2.2. effecteffect on on thethe vehiclevehicle fleetfleet compositioncomposition ??
� change in the characteristic of the registered vehicle fl eet?
� change in the real fleet on the roads in & outside the LEZ ?

�� evaluationevaluation of of vehiclevehicle registrationregistration datadata basebase

�� monitoringmonitoring of real of real vehiclevehicle fleetfleet

3.3. impactimpact on on thethe pollutionpollution emissionsemissions fromfrom roadroad traffictraffic ??
�� calculationcalculation of of thethe exhaustexhaust emissionsemissions

�� comparisioncomparision withwith defaultdefault fleetfleet and and situationsituation before/afterbefore/after LEZLEZ

4.4. impactimpact on on thethe airair qualityquality ? ? 
�� evaluationevaluation of of thethe routineroutine airair qualityquality monitoringmonitoring datadata : PM10, PM2.5, NO, NO2, NOx: PM10, PM2.5, NO, NO2, NOx
�� evaluationevaluation of extra AQ of extra AQ measurementsmeasurements : : PMPM--speciesspecies (EC, OC, sec. PM, passive (EC, OC, sec. PM, passive samplerssamplers ) ) 

�� dispersiondispersion modellingmodelling withwith LEZLEZ--relatedrelated emissionemission reductionreduction

LEZ – real impact analysis
�������� questionsquestions & & approachapproach
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trend in traffic volumes 2002-2010 in Berlin

2002 = 100%

-14%

Berlin LEZ – impact analysis
���� traffic volumes

within LEZ outside LEZ

Conclusion: No traffic re-routing or traffic calming due to  LEZ, because
• general decrease of traffic volumes over many years
• significant reduction between 2007 und 2008 mainly outs ide the LEZ

Conclusion : No traffic re-routing or traffic calming due to LEZ, because
• general decrease of traffic volumes over many years
• significant reduction between 2007 und 2008 mainly outside the LEZ

low emission zone
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change of the vehicle fleet composition on the road  
(from number plate recognition)

decreasedecreasedecreasedecrease: cat.1 (no : cat.1 (no : cat.1 (no : cat.1 (no stickerstickerstickersticker) ) ) ) bybybyby 70707070----90 %; 90 %; 90 %; 90 %; Cat 2 (red)Cat 2 (red)Cat 2 (red)Cat 2 (red) bybybyby 50505050----80 %80 %80 %80 %
increaseincreaseincreaseincrease: : : : categorycategorycategorycategory 4444 ((((greengreengreengreen) ) ) ) bybybyby factorfactorfactorfactor 1,5 to 31,5 to 31,5 to 31,5 to 3

Berlin LEZ – impact analysis 
����vehicle fleet composition
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LEZ LEZ impactimpact : : changechange of of NOxNOx emissionsemissions
basedbased on on fleetfleet compositioncomposition at Frankfurter Allee at Frankfurter Allee ((newnew emissionemission factorfactor datadata basebase HBEFaHBEFa 3.1)3.1)

Berlin LEZ – impact analysis
���� NOx emissions

emissions extrapolated to the entire main road network based on the fleet composition at Frankfurter Allee (with DPF-retrofit, only warm 
emissions, no cold start impact)
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LEZ LEZ impactimpact : : changechange of of particleparticle exhaustexhaust emissionsemissions
basedbased on on fleetfleet compositioncomposition at Frankfurter Allee at Frankfurter Allee ((newnew emissionemission factorfactor datadata basebase HBEFaHBEFa 3.1)3.1)

Berlin LEZ – real impact analysis
���� particle tailpipe (diesel soot) emissions

emissions extrapolated to the entire main road network based on the fleet composition at Frankfurter Allee (with DPF-retrofit, only warm 
emissions, no cold start impact) 
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 traffic related* total carbon particle concentrati on in Berlin 
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-56%

BerlinBerlin LEZ LEZ –– impactimpact analysisanalysis
�������� total total carboncarbon concentrationconcentration

traffic related * black ¥ carbon particle concentration in Berlin

* local BC increment at traffic sites, adjusted to traffic volumes trend relative to 2007 before LEZ c ame into force
¥ elemental carbon (EC) particles plus other deposit ed organic compounds (OC)
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* related to PM2,5-levels in a busy main road in Berlin‘s city centre in 2007 before the LEZ

can be controlled
by LEZ *
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decrease* resulting from the reduction of traffic emissi ons caused
by the LEZ ���� 7 % or ca. 2 µg/m³ less PM10
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BerlinBerlin LEZ LEZ –– impactimpact analysisanalysis
�������� reductionreduction of of particulateparticulate matter (PM10) matter (PM10) concentrationconcentration
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LEZ Ruhr Area
���� impact analysis 2009

Low emission zones in the Ruhr Area
� in force since 10/2008 with
� area 230 km ²
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LEZ Ruhr Area impact analysis 2009
���� Change in particulate matter (PM10) 

Source: Bruckmann et al, 2011
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Impact of LEZ Ruhr ( ∆∆∆∆ 2007 – 2009) corrected by reference stations

PM10: averages:  

 - 2,4 µg/m³  (annual 
means) 

- 16 days  > 50 µg/m³ 

based on traffic stations 
outside LEZ 

 - 2,1 µg/m³ (annual 
means) 

- 16 days > 50 µg/m³ 

based on background 
levels outside LEZ 

 individual stations:  

 range from -8 µg/m³ to +1 µg/m³ (annual means) 
 

Source: Bruckmann et al, 2011 NO2 reduction due to LEZ smaller

LEZ Ruhr Area impact analysis 2009
���� Change in particulate matter (PM10) 
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■ no visible shift of traffic into surrounding areas
■ significant change in the vehicle fleet composition :

� a lot more clean vehicles (Euro 4 and better):
� cars 73% instead of 44%, lorries 50% instead of 17-23%

� many vehicles retrofitted with Diesel particle filters
■ decrease of traffic emissions on top of trend :

� exhaust particles: - 60%; NOx: - 20%
■ benefit for the air quality

���� 5-10% reduction of total PM10/2.5 & NO2,
���� traffic related decrease of black carbon ~50%
���� ~10 less excess days > 50 µg/m³ PM10

■ LEZ is most effective single measure, if
� based on ambitious emission criteria ����

� covering a larger area 
� introduced not too late ���� ~2010-12
� exemptions are limited
� Diesel passenger cars & light goods vehicles are in cluded

4
S - UM 43
4

S - UM 43

LEZ LEZ –– impactimpact analysisanalysis
�������� rréésumsum éé
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Impact of different measures
���� emission reduction

23

PM10-Emission in 2005: 3 854 t/a NOx-Emission in 2005: 20 292 t/a

Fight congestion

More gas vehicles

Speed limit 30 km/h

Filter retrofit buses

Improving public

transport & cycling

low emission zone
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only small scale effect: up 30% 
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only small scale effect: up 30% 
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only small scale effect: up 15% reduction

of local traffic contribution

only small scale effect: up 30% reduction

of local traffic contribution
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LEZ in Germany ���� pros & cons
� Objective: 

�more cleaner vehicles on the roads
�modal shift or traffic calming not intended

� this is a matter of transport planning & traffic ma nagement

� Disadvantages :
	 benefit fades away with increasing share of vehicles with DPF, Euro 5/ 6
	 limited technical means for NOx control retrofit : less benefit for NO2
	 financial burden for owners of high emitting vehicles

� in particular for small business
	 in Germany: virtually every car owner has to buy 

a sticker to facilitate enforcement
	 administrative effort, e.g. for granting single exemptions

� Advantages :
☺ aims specifically at the most polluting vehicles
☺ rewards vehicle owners who invested in clean vehicles
☺ reduces the emission of the whole vehicle fleet in & around the LEZ ����

decrease in all streets ���� decrease of urban background concentrations ����
decreasing urban population exposure

☺ proven decrease of most toxic fine particle components and of NO2

Umwelt
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limit value 

���� with Berlin-specific 
vehicle fleet 
composition of 2009

�� >50 km>50 km of main road sections in of main road sections in nonnon --attainment attainment 
with more than with more than 5o.ooo 5o.ooo people living therepeople living there

New air quality plan 2011 -17
���� simulated NO2 - pollution 2009
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limit value 

measures taken into account:

• low emission zone

• master plan transport 1.0

• BAT emission control in  
station aaaary sources 

• EU-wide implementation of  
existing environment 
regulations

�� >>12 km12 km of main road sections in nonof main road sections in non --attainmentattainment
with more with more 1o.ooo1o.ooo people living therepeople living there

New air quality plan 2011 -17
���� simulated NO2 - pollution trend scenario 2015
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■ Regional-, urban- and landscape planning
■ Traffic on road, rail and inland waterways

�Cleaner vehicle technology and fuels
�Traffic management, incl speed limits
�Avoiding & shifting traffic to more sustainable transport modes
�Transport infrastructure improvement

■ Domestic heating
■ Off road machinery
■ Industry und commerce
■ Measures not pursued

� no tightening/extending of the LEZ, but termination of excemptions
� no road pricing/ city toll /congestion charge

� lacking legal ground
� might generate traffic or push it in city areas without road pricing

New air quality plan 2011 -17
���� Stipulated type of measures
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■ Promotion of retrofit with particle filters/catalysts
� with SCR/EGR to control NOx emissions of 

Heavy Goods vehicles and busses
assumption for impact analysis:
�50% efficiency in urban traffic mode
�50-80% retrofit quota of Euro IV HGV

� with particle filter in Euro 4 vehicles
assumption for impact analysis :
�50-80% retrofit quota of the Euro 4 vehicles, 

without a filter

� with particle filter in passenger cruise vessels
assumption for impact analysis :
�10-20% reduction of 

total ship emissions

New air quality plan 2011 -17
���� Action bundle vehicle technology 2015
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■ Termination of all exemptions from the LEZ traffic ban
� assumption for impact analysis until 2015: 

�replacement of all Diesel-vehicles with Euro 3 without DPF and 
worse by Euro 6 vehicles

■ Promotion of purchase of Euro 6 vehicles
� assumption for impact analysis until 2015: 

�additional substitution of 20% of Diesel Euro 3 vehicles
with DPF by Euro 6 vehicles

■ Promotion electro mobility
� assumption for impact analysis until 2015 :

�1.2% of total vehicle mileage by
electric vehicles, 
without any NOx und diesel soot emissionen, 
but with emissions from resuspension and abrasion

New air quality plan 2011 -17
���� Action bundle vehicle technology 2015
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traffic management measures
���� potential impact on air quality

■ shift modal split from motor traffic to clean transport modes
� Berlin‘s planning objective: 

-10% less motor traffic in 10-15 years 
results in up to -10% NO2, 3-4% less of total PM10

■ optimizing traffic flows (progressive signal systems) :
� impact difficult to quantify

���� local effect, traffic signal coordination works only
in one direction, potentially negative effects on c ross-roads
� conflict with acceleration of bus/tram
� risk that gained road capacities will attract more traffic
� small net gain in pollution control

■ truck ban: 
� example HEAVEN project: up to 20% less NO2, -7% PM

���� only local effect in single roads, 
merely shift to other roads, no net reduction

■ speed limit 30km/h whole day:
� example Schildhornstraße Berlin: 10 % less NO 2, -6% PM

if traffic light coordination with 30 km/h works well
speed limit is enforced

���� also less noise and traffic accidents

☺ noise ~0.5dB(A)

☺ Noise ~2 dB(A)

☺ noise ~1 dB(A)

☺ Noise ~2 dB(A)
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Speed limit 30 km/h : impact on air quality
Studies conducted in Berlin:
■ speed limit test Beusselstraße within the „HEAVEN“ project 2002

• average speed: - 5 km/h (from 41 km/h) without speed m eters, 
-10 km/h with regular speed control & enforcement 

• total air pollution levels PM10 and NO2: - 3 % 

� noise: - 2 dB(A) day, -1,2 dB(A) night (mesured level s!)
■ durable speed limit Schildhornstraße

• average speed: 33 km/h (smooth, steady traffic flow, permanent speed control & 
enforcement)

• NO2:   local traffic contribution:  - 15% ; total concent rations: -8 % 
• PM10: local traffic contribution: - 30 % ; total conce ntrations: - 6 % 
• EC:   local traffic contribution:  -19 % ; total conc entrations: -10 % 

■ test of recommended 30 kmph Leipziger Straße (IQMobil ity 2007)
• average speed: - 4 km/h (down to 25 km/h) (no enforce ment)
• NO2-emission: - 4 %
• exhaust particle emissions:       - 3 % 
• no measurable change in pollution concentrations
• largest impact from frequent congestion (road capacity exh austed)
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New air quality plan Berlin
���� impact of various measures on the air quality
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Berlin AQ management  Berlin AQ management  
�������� rréésumsum éé

■ efficiency of previous measures
� visible PM (black carbon) and NO2 reduction due to LEZ

� inclusion of passenger cars has a significant impact
� controls the most toxic PM component

� LEZ benefit more than transport planning & traffic management achieved

■ Focus on new measures
� Faster introduction of Euro 6 vehicles & alternative engine concepts
� Exploit (limited) potential of optimizing traffic flows
� clean up off road machinery & local shipping
� further shift towards cleaner transport modes, like cycling & PT

■ remaining problems
� long-range transport of fine particle pollution

� missing national strategy

� ultimate NO2 compliance difficult by 2015
� bad performance of Euro 5 vehicles under urban driving conditions
� missing national strategy
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Thanks
for

listening !

For more information on 
� Berlin‘s LEZ see www.berlin.de/umweltzone (also in EN & FR)
� LEZ in Germany see http://www.umweltbundesamt.de/umweltzonen/index.htm

� LEZ-cities in Europe visit www.lowemissionzones.eu, 
the website of the European Network of LEZ-cities (LEEZE N) 

� Berlin‘s Noise Action Plan see
http://www.berlin.de/sen/umwelt/laerm/laermminderun gsplanung/download/laermaktionsplan/noise-reduction plan_berlin.pdf


