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Health Impact Worldwide  Priority for PN
newest numbers by WHO 2012, Max Planck and Harvard 2015
ALRI:   acute lower respiratory illness

IHD:     ischaemic heart desease 

CEV:    cerebrovascular desease 

COPD: obstructive pulmonary desease

LC:     : lung cancer 

10’000 killed per day - 20’000 by 2050 ( 30 per day in Tehran)

PN NOx



New awareness of black carbon’s 

role

Global Warming 

by BC-Particles

Source: Nature Geoscience, April 2008

Higher in atmosphere





Science Daily, United Nations Environment Program Nov 2008

BC on snow
decreases
albedo, 
turning to 
water..
further
lowering
albedo

Journal of  Geophysics Res.2007



Ambient Aerosol Number/Size – Distribution   

City (Zürich) and Coutry (Zürcher Oberland)
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Bukowiecki et al., Atmospheric Environment, 2002
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2001



Engine Emissions not avoidable  

Soot Particles

Ash Particles 

Liquid Droplets

Gases:

CO, HC, NOx

PAH, Nitro-PAH

and many trace 

substances



Why is formation of Nitric Oxides unavoidable  

• Air contains 70% N2

• Combustion of Fuel with Air 

produces much NO, some NO2

and a little N2O 

• Zeldovich showed that this

accellerates > 1200°C 

The Challenge

• Improving combustion increases

temperatures - Carnot

• Modern engines emit higher NOx

than older ones



Why is Formation of UFP unavoidable  

• Source 1 is the fuel injection

inhomogeneity forming soot

• Source 2 is lubrication oil metal

compounds

• Source 3 is friction metals, 

vaporized and renucleated

Primary particles have a diameter of 

20 nm – they agglomerate very fast 

and we measure about 1-10 Mio P/cc 

with old and with new engines in the

tail pipe



Formation of additional Toxics like PAH, 

Nitro-PAH, CO, SOx and trace 

substances is also unavoidable 

• Exhaust gas contains thousands of different 

chemical substances, provides high temperature, 

air excess and long residence time so the exhaust 

system can produce many substance 

• And we have to find the toxic substances and 

technical solutions to eliminate them   



Daimler Benz Euro V – EEV (SCR, no DPF)
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Engine Combustion Development 

was so far not able to eliminate

Particle Emissions

PM has been reduced

but PN was not changed, 

particles are smaller

 more toxicity

NOx has been reduced

but NO2 increased

 more toxicity



The good News: we have a Toolbox of 

very efficient Exhaust Gas Cleaning 

Devices by Aftertreatment 

• DOC Diesel Oxidation Catalyst

• SCR Selective Catalytic Reaction

• LNT Lean NOx Trap  

• DPF Diesel Particle Filter 

They shall be discussed now with respect to our

priority target to eliminate solid ultrafine particles

under the local application conditions of Tehran



DOC 
Reduction CO, HC 

Production

NO NO2  

SO2 O3

No Effect on Particles
(M.Maricq)

http://www.flickr.com/photos/kalt/251697872/


SCR 
reduces NO and NO2

but no effect on particles

nor CO, HC, PAH 

and needs elevated exhaust 
temperature

http://www.flickr.com/photos/kalt/251697872/


Two conditions for operating SCR

 Ultralow Sulfur Fuel < 10 ppm

 Exhaust Temperature > 250 °C



Sulfur - Reactions due to Pt-Catalysis
 

2 SO2 + O2  2 SO3 

SO3 + H2O  H2SO4 

with Catalyst 

Sulfuric Acid is generated 

a terrible problem for the environment 

and for the engine as well



Exhaust Temp.in different Test Cycles
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Comparison of Reduction Efficiencies

in Dynamic Cycles



Conclusion Daimler

SCR is not reducing PN 

DPF reaches reduction of 

100-1000



DPF 
reduces PM, PN

and if catalysed  CO, HC, PAH

and with SCR-coating even NO2

but can be a Chemical Reactor  

with long residence time

 

http://www.flickr.com/photos/kalt/251697872/


Conclusion on European Level                   

EU CO-Decision (Art.12, Rec.15 - 2008)

• In order to achieve these environmental objectives it is

appropriate to indicate that particle number limits are

likely to reflect the highest level of performance with

Particle filters using best available technology

• .. the commission shall introduce particle number based

limit values at a level appropriate to the technologies

actually being used.

 Iran follows EU and adopts the same philosophy in 2014



Classic Wall Flow Filter                 
(since 1982)

-

 



1979

GM

 

1982

Corning 

1984

BBC-Daimler

Filter for Diesel-Exhaust since 1982
now over 90 Mio DPF successful on the road



1993 the NEAT-Tunnel – big step
Occupational Hygiene Requirement

«Reduction of solid submicron particles to < 100 µg/m3

within three years» by 97 % - by dilution ?

4 tubes longest 57 km; total 152 km 



Improvement of Air Quality in Swiss Tunneling



Filtration - 65 DPF VERT tested
25 % > 99.8 % within size range 20-300 nm

 



The weakest size range  

of the Lungs

is the strongest emission 

range of the Engines

and the weakest size 

range of Filters

The Lung is an open 

door for  engine emitted 

particles
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Best Available Technology BAT

is only provided 

by Filtration 

Filtration achieves 99.99 %

on every engine within

certification conditions

99.99 % means 

0,001 mg/kWh



Swiss Statistics for imported construction machines with 

DPF 

99 % efficiency 

99.9 % efficiency 

99.99 % efficiency 

99.999 % efficiency 



PAH are also very effectively reduced 

in most filter systems

Conversion of carcinogenic PAHs 
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Monetary Health Benefit

DPF-Application on a Heavy Duty Truck 

HDV+FFF

PM-Emission  (Euro III / 3) 0.1 g/kWh

Mileage 1000 hrs/yr

Average Performance [kW] 100

PM Emission  [kg/year] 10

Overall vehicle life [year] 15

Emission [kg/vehicle life] 150

Filter type wall flow

Filter efficiency [%] 99.9

Health Cost  [€/kg PM10] 460

Total prevented soot [kg/life] 150

Health Benefit [€] 69’000



Experience

20 years 

> 50’000 Retrofits in Switzerland

> 500’000 Retrofits worldwide

> 50 million DPF OE first fit   



Conclusions 

• The Potential of Particle Emission Control by DPF 

Aftertreatment is a revolution, several orders of 

magnitude reduction – a must for public health
•

• Introduction is possible for OEM and also by retrofit 

with vehicles of the existing dirty fleet

• Fuel quality in Iran is no hindrance for introducing 

BAT-DPF immediately

• SCR-deNOx has lower priority and will be introduced 

as soon as low sulfur Diesel will be available
•

• Introduction of these technologies requires a new 

concept of inspection & maintenance 
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