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Trends of Swiss road traffic (From gasoline to diesel and back)

Exhaust legislation and real-world performance (Appearance and reality)

No diesel without filter, no diesel without deNOx-system (The future is dePN)

The best deNOx-system on Europa’s roads (Honor to whom honor is due)

Efficiency, risks and side effects of deNOx-technologies

(Read the package insert)
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From 3% diesel pc in 1990 to 40% in 2016: diesel on the rise, alternative <1%!

Driving distance per vehicle class (million km/y)

Mio. vehkmpa. Erom 1 to 1.5 million trips around the globe per year
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From 3% diesel pc in 1990 to 40% in 2016: diesel on the rise, alternative <1%!

Driving distance per vehicle class (million km/y)
Not much low carbon fuels (CH4 & H2) or e-mobility in sight
Mio. vehkmpa. Erom 1 to 1.5 million trips around the globe per year
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From 3% diesel pc in 1990 to 40% in 2016: diesel on the rise, alternative <1%!

Driving distance per vehicle class (million km/y)

Not much low carbon fuels (CH4 & H2) or e-mobility in sight
Mio.vehkmp.a. From 1 to 1.5 million trips around the globe per year
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From 3% diesel pc in 1990 to 40% in 2016: diesel on the rise, alternative <1%!

Driving distance per vehicle class (million km/y)

Mio.vehkmp.a. 13 y to replace 9 out of 10 vehicles with TWC
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From 3% diesel pc in 1990 to 40% in 2016: diesel on the rise, alternative <1%!

Driving distance per vehicle class (million km/y)
Again 13 years?

Mio.vehkmp.a. 13 y to replace 9 out of 10 vehicles with TWC
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From 3% diesel pc in 1990 to 40% in 2016: diesel on the rise, alternative <1%!

Driving distance per vehicle class (million km/y)
Again 13 years?

Mio.vehkmp.a. 13 y to replace 9 out of 10 vehicles with TWC
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Since 1995 NOx limits in CH and Europe are based on EDC!

==) Before 1995 CH and US

14 -
- NOx limit technology independent
1.2 (0.65 g/km both for diesel & gasoline)
- transient cycle (FTP75)
’
mm) After 1995 Europe favored diesel
0.8
£ Euro-4 - Higher NOX limits for diesel
(@)
0. - Static cycle (EDC)
0 - PN limit in 2009 (Euro-5)
' (6x10e11 #/km, ca. 1 Billion #/km)
02 More diesel cars in Europe’s cities
. - Increased NO2 emissions

1985 1990 1995 2000 2005 2010 2015 2020 - Increase of PN emissions



Transient urban driving with cold start and stop-&-go

The US FTP-75, valid also in CH until 1995
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Real-world driving cycle, realistic driving pattern

Consequence: Converter technologies are tested under road-like conditions



Low engine load, fewer load changes, moderate acceleration, even without cold start

The EDC, valid in CH from 1995
5 seconds

180 at 120 km/h !
NEDC
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The outcome of a bureaucrat?
Consequence: Converter technologies are tested at low loads, quasi-stationary



The WLTC, from 2017 on
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There’s hope, that 40 years after the FTP-75 Europa is getting a transient cycle too!

Lots of transients, with cold start, motorway and some stop-&-go
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For example with an FT-IR at the curbside

- Remote Sensing

- Emissions of individual vehicles

- NO, CO, HC, CO2

- 15 years, 500’000 vehicles

- Licence plate recognition

- Technology assignment

- Detection of high emitters

- Field inspection and control

Gian-Marco Alt, Michael Goétsch, Valentin Delb, AWEL, Zlrich
Chen & Borken-Kleefeld Atm. Env. 2014, 88, 157-164
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NOx-emissions followed the prescribed limits (from 11 to <1 g/kg in 20 y)

NOx-emissions of gasoline cars
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DeNOx-technologies of gasoline vehicles (TWCs) are active, also on roads



NOx-emissions followed the prescribed limits (from 11 to <1 g/kg in 20 y)

NOx-emissions of gasoline cars
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NOx-emissions of diesel PC and LDV even got worse (from 10 in 1990 to 20 g/kg in 2000)

NOx-emissions of diesel-vehicles
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DeNOx-technologies for diesel vehicles were introduced too late and are inefficient



NOx-emissions of diesel PC and LDV even got worse (from 10 in 1990 to 20 g/kg in 2000)

NOx-emissions of diesel-vehicles
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Appearance and reality are far apart! Diesel NOx 10x higher than gasoline vehicles

NOx-emissions of gasoline- & diesel-vehicles
The NOx-problem of diesel-PCs & LDVs is 20 years old —that’s the scandal
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- Non-specific regulations (V|rtual molecules, NO2 or NO does matter')
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Consequence: Spread out of diesel- PWS & LDVS W|th hlgh NO and NO2 emissions
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Should we rely on diesel englnes’? A;

More specifically: Do we really need dlesel engines for PCs and LDVs in our C|t|es’? E
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With respect to NO, NO2 & PN, CH would have been better off W|thout these diesels!
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- Poor test cycle for homologatlon (low engine loads, few transients)
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Diesel engines move the world

Heavy duty vehicles
>90 % diesel




Heavy duty vehicles Passenger cars and
>90 % diesel Light duty vehicles
EU: ~42 % diesel
CH: ~40 % diesel
US: ~3 % diesel
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>90 % diesel Light duty vehicles
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Ships
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Diesel engines move the world

Heavy duty vehicles
>90 % diesel

Passenger cars and
Light duty vehicles
EU: ~42 % diesel
CH: ~40 % diesel
US: ~3 % diesel
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Ships
>95 0 diesel

Locomotives
EU: ~55 % Diesel



engine exhaust causes cancer in
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Problem 1: Genotoxicity
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Adverse health effects of diesel exhaust
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Problem 3: Reactive nitrogen compounds




more than 50 VERT-tested DPFs are on the market (ready to be used).
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Mayer et al. MTZ, 2009, 70, 72-79
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Appearance and reality are far apart! Another 15 years to wait?

NOx-emissions of diesel-vehicles

The NOx-problem of diesel-PCs & LDVs is 20 years old —that’s the scandal
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Chen & Borken-Kleefeld Atm. Env. 2014, 88, 157-164



Appearance and reality are far apart! Another 15 years to wait?

NOx-emissions of diesel-vehicles

The NOx-problem of diesel-PCs & LDVs is 20 years old —that’s the scandal
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Currently the most efficient deNOx system for diesel engines



If a DPF is considered as a chemical reactor, a combined dePN is a factory!
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If we need the diesel, we need highly efficient deNOx and filters!




If a DPF is considered as a chemical reactor, a combined dePN is a factory!
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|f we can not deliver deNOXx temnologles that are active
In real world, ?fesel vehlclﬁs will not be tolerated In our
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even though they are equipped with highly efficient filter

If we need the diesel, we need highly efficient deNOx and filters!



VERT should proceed and recommend the use of high quality dePN systems?

Requirements for VERT approved systems

Approved dePN systems should:

- lower genotoxic compounds (a.m.a.p.)

- reduce PM- & PN-emissions (>98%)

- reduce NO and NO, emissions (not defined yet)
- have low risks of secondary emisgions

- not increase metal emissions (e.gf catalysts)

we need >90%

@ Empa

Materials Science and Technology

Suitability
test

Field
Inspection

VFT 1
VERT Filter Test 1

Stationary 1SO 8178
+ transient
+ regeneration

100% periodic
field inspection

Smoke puff during free

acceleration
Opacity < 10%

VSET
VERT Secondary
Emissions Test
ISO 8178
Approx. 200 substances

VFT2
Controlled Field Test
> 2,000 op.hr.
With data-logging

VFT3
Verification test
similar to VFT1,

after field test

I

Filter List
Approved trap

systems

41
Retained in the Filter List,

if failure rate < 3%

Rejected if >5%
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@ Empa

Materials Science and Technology

A combined effort with many important contributions

VERT team: Andreas Mayer, TTM, Niederrohrdorf
Jan Czerwinski, Sandro Napoli, Tobias Neubert, Thomas Hilfiker, Samuel Burki,

Jean-Luc Petermann, Yan Zimmerli, Hervé Nauroy Uni. Appl. Sci., Biel.
Markus Kasper, Adrian Hess, Thomas Mosimann, Matter Aerosols, Wohlen
Hans Jaeckle, Urs Debrunner, Oliver Schumm, Intertek Caleb Brett, Schlleren

Empa colleagues: Brigitte Buchmann, Thomas Buhrer,mmmene
Urs Gfeller, Maria Guecheva, Peter Graf, Roland Graf, EMr R 2gul

Adrian chhser Markus Zennegg Kerstin Zeyer

Governement: Philipp Hallauer, Giovanni D’Urbano, Felix Reutp ' ax
Martin Schiess, Swiss Fed. Office for Environment, Bern . o
Thomas Gasser, Heinz Berger, Gerhard Stucki, Swiss Federal Road Offl% .

Filter- & catalyst manufacturers: >50 diesel particle filters, 4 deNOx!Sys‘%m

SCHWELZ. CHEMISCHE GESELLECHAFT 506
SOCIETE SINSSE DE CHIMIE S5C
SWIS5S CHEMNCAL SOCIETY 5L




Visionare Entscheide vor 20 Jahren!

" _Bau der Eisenbahn-Alpentransversa
- Alpenschutzinitiative, 20.2.94

e 2 Rohren a 57 km, 153 km Si
-Kosten Uber 20Milliarden SFr
> Bauzeiugp 1993-2016
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7 m3 Abgas (3 Minuten eines Euro-3 Motors (6.1 L, 105 kW)

Kein Diesel ohne Filter!




About 7 m3 of exhaust (3 min operating time of a 3.0 Liter Euro-3 engine (100 kW)

Materials Science and Technology



What are reactive nitrogen compounds?




Some suggestions

- test new technologies in advance (by independent bodies)
- develop specific regulations for NO, NO,, NH;, HNCO

- protection from toxic secondary pollutants
- iIncentives for efficient converter technologies (best available technology)

- avoid stupid legislation (e.g. ppm based NH, emission limit)
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