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Milestones and Keys
from 10 DPF pioneering prototypes

to 300 million DPF/GPF vehicles                              

in operation 

A.Mayer  - TTM, VERT

http://www.flickr.com/photos/22404075@N00/346897596/
http://www.flickr.com/photos/22404075@N00/346897596/


VERT was there before 1993

and may stay after 2018    

• 1984 BBC/ETH-DPF with DB tested successful in USA

 Corning-Degussa-DPF desaster,  2000 engines failed in USA 

• 1993 DPF the only solution for building NEAT

 1994 Filtertest at AFHB following the PN-standard

 1997 First ETH-Nanoparticle Conference

 1998 First VERT-Filterlist

 1999 Nanomet «the golden nstrument» at Hannover fair  

 2000 DPF mandatory in Swiss tunneling

 PSA FAP roll out  

• 2002 DPF mandatory in Swiss construction

• 2011 DPF mandatory for Euro 6 only possible due to PN-standard

• 2020 DPF offroad and GPF for DI-Petrol

• 2029 EV produce all PM10, ICE eliminate all PN < 500 nm

• 2038 Sun-Fuel CO2 neutral for ICE - EV becomes a niche application







VERT-Conformity Criteria 1998
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Filter for Diesel-Exhaust since 1982

Our first innovative depollution sytem



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 



Switzerland startet with Tunneling  1993

„VERT-Filter for each Diesel“

Oct. 5th 2017 / Toronto - MDEC 8



Improvement of Air Quality in Swiss 

Tunneling

“no Diesel without filter” since 1997



Aerosol Research

strange coincidence 
The most sensitive size range                

of the Lungs

is the most intensive emission range 

of the Engines

and the weakest size range of

Filtration 

Filter quality depends on particle size 

and space velocity and not on engine 

properties. 

Testing on mass-filtration is useless

Testing on one representative engine 

is sufficient  but scrutinize for 

Chemisty



Health Research .

On-line exhaust 

characterization

Biological test system

Triple-cell model, killer cells

Test vehicle Exhaust sampling



VERT–certified DPF Systems
for different targets and applications



Control by Step: Certification of Filtration
Filtration - 74 DPF Systems VERT tested

25 % > 99.8 % within size range 20-300 nm

 



Improvement by De-Toxification 
PAH are very effectively reduced in most filter systems

Conversion of carcinogenic PAHs 
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Retrofit of Construction and Public Transport 

in Switzerland until 1994-2016
and OE First Fit of HDV and LDV 90% in 2000-2017

> 90% > 90%

> 60% > 50%



And the Result: 

Cleaning the Air by DPF in Switzerland
Monitoring BC at the motorway crossing Härkingen
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Learning Curve in  Switzerland
Success need a Vision and Persistance                         

Inspiration & Transpiration

Y 2000: failure rate too high, 15 manufacturer deverified,                                                   

2000 hrs endurance introduced



Followers worldwide

• EUROPE:   540’000 (2001-2015)

• USA       :   120’000  

• ASIA      :   545’000  mainly Korea and Japan 



R² = 0.2062
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Correlation Opacity / Particle Number ? 



Portable Particle Counting 

instruments are available 



Detect Small Failures by Number Counting  
(M.Kasper ETH-NPC 2008)



What happened in Europe                            

and in the USA?

PM reduction – PN stagnation



EU adopts VERT Criteria in 2006 

EU Co-Decision (Art.12, Rec.15 )

• 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.

but introduces DPF only with Euro 6/VI 2011    





DPF-Installations in Europe

and GPF to come   

-

today > 125 million

vehicles with DPF



Regeneration chart Cross Section Outlet Surface
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Regeneration rate : 65.6 %
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Regeneration interrupted
 Pyrolysis, Soot Densification, Gaphitisation           

 Soot Combustion Temperature climbs up



Abteilung LuftDPF-Failures Switzerland
for different immatriculation years



Particle Emission 

by all combustion 

engines

Diesel
Sootpeak:   80 nm; 106 

Ashpeak:      10 nm; 107

Petrol

Sootpeak:   40 nm; 105

Ashpeak:    10 nm; 107
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Teheran

Bogotá

Beijing



Training 

• Much educational material available

3 books published    > 300 papers
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The Challenge

Combustion engines emit toxic air contaminants:

PN: solid ultrafine particles coated with PAH and metal oxides 

 < 500 nm penetrates alveoli, brain and placenta

 heart attacks, strokes, cancer, Alzheimer, Parkinson

 >4000 premature death in Switzerland 

 health cost > 1000 CHF per kg emitted PN 

NOx: toxic but no mortality at today’s traffic concentration 

CO: toxic but no mortality at today’s traffic concentration

HC: toxic but no mortality at today’s traffic concentration 

 focus on elimination of PN 

and lower limit values by factor 10



Conclusion

Diesel with VERT DPF are the cleanest cars

- best available technology –

and they clean the breathing air in cities    

from particles emitted by petrol engines 
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Thanks for your 

Attention

Es kommt drauf an, was hinten 

rauskommt
Helmut Kohl



any

Questions ?

dont hesitate 

to ask 

www.certification.eu


