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DPF- Success-Story
- toclean the air

g From a'small retrofit pilot fleet
| with P Vehiclesiin Switzerland 1995
gJ;m 225 million DRE2Vehicles 2017
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6’000 more next month *"°
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London had replaced the
electric tram by Diesel a0
buses 6 month before

The famous medical doctor

Sir Percival Pott found 1775
that soot is the reason for -
carcinoms in chimney sweeps
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The Lung are an open door for toxics
to enter our body since we cannot stop breathing
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Repiratory volume/day:
10 —20 m3
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" Source: Nature Video / Dr. J. Schiltknecht
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Translocation into blood circulation

IS only possible for solid particles <500 nm
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After a 15 years epidemiology study with 15°000

persons in 6 US-cities this man identified 1993 the

Yearly

Correlation coefficient: 0.979

This 1s PM2.5 In Tehran
but which of these substances
IS the most toxic ?




what makes an Air Contaminant

toxic ?

Toxicity -Parameters Gases Sulfates | Mineral | Solid

Nitrates | Dust | Nano-

Particles

invasive (mobility) & ® © ®
penetrate membranes ? 1 <0.1 1
Insoluble © © ® ®
Solids 0.01 1 1
persistant © © ® ®
collected and stored ? 0.01 1 1
carcinogen ® © © ®
mutagene, genotoxic ? 0.01 0.01 1




Histological Research

of lungs compartments from 50 yeary old autopsies

Electron microscopic analyses revealed the dominance of retained soot and a surfeit of other parti-
cle types. A variety of metal-bearing particle types were found in all compartments, but P'b, Zn,
and Snfn types appeared the least biopersistent. The results support the acute toxicologic impor-
tance of ultrafine carbonaccous and metal PM. Key words: 1952 London smog, autopsy, lung

Figure 2. BE micrograph of section of airway Figure 3. High-magnification field emission scanning

aggregate from case 2 revealing abundant submi- . .

Couat i Snorarni: (bt paiicles electrop micrograph of airway aggregate from case
2 showing ultrafine PM structure.

Environmental Health Perspectives = wolume 117 | numeer 9 | July 2003



Particles emitted by combustion engines
are solid and smaller than 500 nm (0.5 ym)
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Particles coated by PAH
and decorated by metal oxides




Teheran BC concentration

averaged for 2017
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BC at Setad-Station
In December 2017

—Average of 2 days HDDV restriction (17-18 December)

— Average of 2 adjacent working days (12-13 December)
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Particle Emission
by all combustionz«

=

engines

_ z

Diesel ©

Sootpeak: 80 nm; 10°

Ashpeak: 10 nm; 10/

Petrol -

Sootpeak: 40 nm; 10° £

Ashpeak: 10 nm; 10/ (9;
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Soot and Ash Peaks
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IARC-WHO 1988 / 2012

International Agency for Reseach on Cancer
Word Health Organization

Diesel Exhaust Carcinogen Class 3/ 1



The Lancet-Commission on pollution & health
published a very large meta study Oct 2017

GBD study best WHO best 45 1 all pollution
estimate (95% Cl)  estimate (95% Cl) - — Air
40 —— Water
Air (total) 65(57-73) 65(5-47-4) — ol
Household air 2.9(2.2-36) 43 (37-4-8) 35+ —— Occupational
42 37-48) 30(37-48) £ 30 _
=
Ambient ozone 03(01-0.4) : Z . s
Water (total) 18(14-22) 0.8(07-1.0) ] a8 . _
Unsafe sanitation 0.8 (0-7-0-9) 0.3 (0-1-0-4) _% '
Unsafe source 1.3(1.0-1-4) 0.5(0-2-0-7) 45
Occupational 0-8 (0-8-0-9) 0-4 (0-3-0-4) N
Carcinogens 05 (0.5-0.5) 01 (0-1-0-1)
04(0.3-04) 02(02-03)
Soil, heavy metals, and 0-5(0-2-0-8) 0.7 (0-2-0-8)
chemicals
Lead 05 (0.2-0-8) 07 (0.2-0.8)
Total 9.0 84
Age at death (years)
Note that the totals for air pollution, water pollution, and all pollution are less
than the arithmetic sum of the individual risk factors within each of these
categories because these have overlapping contributions—eqg, household air
pollution also contributes to ambient air pollution and vice versa.
Table 1: Global estimated deaths (millions) due to pollution risk factors
from the Global Burden of Disease study (GBD; 2015)* versus WHO data
(20125

3 x more death by pollution than from AIDS, tuberculosis and malaria combined

15 x more than from all wars -in lran 1 death in four

Financial Losses due to pollution are estimated 6 trillion US$ 17



But we have a perfect Solution:
highly efficient Filters are available
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Switzerland startet with Tunneling 1993
,VERT-Filter for each Diesel”




VERT-Certificate

- Filtration > 98%

- for solid particles 20-500 nm
- N0 secondary emission

- complete detoxification

- reliability

- endurance tests > 2000 hrs
- benefit/cost > 10

- guarantee 2 years

- electronic control

VERT®-Certificate

No ’ B1SACA. 05 ]
Product HIS
Paricie-Filer System: SMEC.CRTY
' i Moduw JS Skotar metal Mt
i upstioan DOC
Hogensron NOy from axkion catn o 0orwems
| Erwstr Fitar Corert SECUNVIANG,  B110%018
Marsdncturar |, %5 Vabrsouginchivk GmbM & Co KG
U kil 12
D ~ 58705 Mendon

Wo herowith apply 10 be listed in the VERT® Mier-ist and acoept he rules and condbons

Manutactures Date Snature

o
HIS Fahrzeugtechnik GmbH & Co KG March 03 2010 /%"/f i
Klaus Scheawe

Conitied by the VERT® Scienie Commitioe

Ancheas G Mayer = 0 Prof, Or, Jan Crarwinghl Jocques Lemaire




VERT—certiflied DPF Systems

for different targets and applications

Hydrolysis DeNox-Kat NO3-Kat
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Filtration - 65 DPF VERT tested

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

203a+24d4 lliedid
o4g4 liisdid

294 NP

‘puels 13 INr

1eod Nr

044 008u|

Jauing 189D SssnH
‘pue)S Jauing SsnH
‘aoe|dey sshH
‘PuUelS ‘|3 SshH
14D SrH

1Ng4 dojusalg
"1eo) dojussig
1eo)d 1vO

0494 913

JesH ‘|13 913
‘puels |3 preyjebug
ZXda pieyjebuz
LXda pleyjebuz
1o 094 XONIN3
'ssed Dg4 XONINIT
140 XONIN3

‘aoe|day 1B)IunN-SO3
.|

N Jeqiun-so3
| .
puElS ‘13 1EXIUN-SO

10 X3aNIA
‘oe|day zihaQ
Jauing 44 zInaQ

- ‘aoe|day 104

B ‘1esH 137100
24941040

0g4 bislgbeng
‘uing 180 eawo)
10]S ]e9@H E|2WOD
"Jeo ) jowneg
Jauing H1V
JOJIBINUIAIY

Je0) xasuwlly
094 xeswly

=
o
o
o
N
—
5 &
zZ
nw
o o
S S
v w
HE

100
99
98
97
96
95
94 4
93

T
%



TC (760 pg/m3)

TC
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bafore 1998 1998-2000 2001 2002 2003 2004

Improvement of Air Quality in Swiss Tunneling
‘no Diesel without filter” since 1997



Retrofit of Construction and Public Transport

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

Inspiration & Transpiration

Success need a Vision and Persistance

Y 2000: failure rate too high, 15 manufacturer deverified

. 2000 hrs endurance introduced

Year Fuel Sulfur Retrofit Retro- Failures VERT
ppm total Fitters % p.a. Certified

1988 2’000 100 2 >10 -

1992 2’000 350 2 >10 -

1995 500 500 >10 N

1998 500 900 10

2000 350 2500 8

2002 50 4900 3

2003 50 6500 2

2005 10 11°500 21 2 30

2007 10 17500 26 2 50

2010 10 25000 30 <2 71

2012 10 35000 30 <2 75

2015 10 46°000 32 <2 80

2020 10 ‘000 35 <1 85




Proof of Success: PN and BC reduced by

60% at a very busy motorway in Switzerland
although traffic increased by 30 %
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Portable Particle Counting
Instruments are available

lon Trap Voltage

Charging current measurement
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EU adopts VERT Criteria in 2006
for Euro 6 - EU Co-Decision (Art.12, Rec.15 )

appropriate to indicate that(article number limits)are

likely-to-reflect the highest levela mance 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.



EU 6b GDI

EURO &b

Diesel Production (millions annually)
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DPF-Installations in Europe

and GPF to come
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Gasoline Filters Forecast (million units annually)

//

Y2019

- = = ] .J///
DPF Production (millions annually) .
14 -
12 - I
10 - I I I I I
m M
8 .
. O
O

4 4

2 _ H H

0 '_I||_|l|_| H H ’-| T T T T ! !

S & & & & & & & g g ¢z
0O DPF LDV @ DPF HDV




DPF Retrofit worldwide

« EUROPE: 540’000 (2001-2015)
« USA . 120’000
« ASIA : 545’000 mainly Korea and Japan

Y2001-Y2005 Y2006-Y2010 Y2011-Y2015 Y2016-Y2020 Total
Bus | Truck NR Bus | Truck NR Bus | Truck NR Bus | Truck NR x 1000
Switzerland 3 1 7 2 1 11 3 2 16 - 1 8 55
Germany 20 25 50 5 50 40 190
Italy 10 20 15 45
France 7 3 2 10 22
G.Britian 9 11 12 10 1 5 48
EU-Rest 15 15 15 45
EU Indoor 50 75 75 50 250
USA 20 10 12 22 2 20 28 7 10 20 10 161
Latin Amer. 3 1 10 40 10 64
Iran 8 35 2 45
Israel 4 5 2 11
Korea 10 20 20 130 20 80 20 70 370
Japan 30 30 30 30 30 30 - - 1807
China 4 4 15 10 1 50 30 50 1647
Asia-Rest 15 15 15 25 70
Sum 139 72 57 149 249 88 141 210 100 127 201 187
Total 268 486 451 515
Total 1205 (Europe: 541) 1720

Table 2: Retrofits worldwide (x 1000)



Success for Clean Air in all LEZ
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Improvement of Air Quality in Swiss Tunneling

“no Diesel without filter" since 1997
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Iran Is well on the learning curve

« HD-Diesel-Vehicles: 9’500 !
with DPF growing fast
» and starting Retrofit of buses In 8 cities

We will clean the air from carcinogenic
engine emitted nanoparticles
within 10 years



> Partikelfilter bei

Technology Transfer

Much educational material available

DPF Systems for High Sulfur Fuels

A 3 )
Andreas Mayer N 1
and 81 Co-Authors SAE 2011-01-0605 &‘ -~ e E

A Mayer, J.Mooney
Elimination TTM. Switzerland, LLC, USA
of Engine Generated J. Czerwinski, P.Bonsack

Nanoparticles AFHB. Switzerland

Problems and Solutions

L. Karvonen
With 385 iliustrations and 33 tables EMPA, Switzerland TIPPS ZU AUSWAHL,
EINBAU, BETRIEB,
— UNTERHALT UND
_ Liu Xian STORUNGSBEHE-
VEMC Beijing BUNG

> Einsatz von

Checklist

Particulate filters for diesel
engines used underground



SUMMARY

« Worldwide > 9 million death per year by pollution

* Mortality by Air Pollution is 95% by EC-Particles

* Main source of EC particles are vehicle engines
LDV & HDV / Diesel & Petrol / on-road & off-road

» EC-particle emissions eliminated by DPF/GPF
 DPF/GPF are applicable for in-use vehicles and OE
 EU enforces DPF/GPF for all new vehicles

> 100 million DPF/GPF guarantee reliability

IRAN has already an excellent policy

and will succeed to clean the air within 10 years
36



Exhaust End Pipe stays clean !
onroad > 85000 km offroad > 1000 h













