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History of VERT

What stands VERT for?

= VERT = Verification of Emission Reduction Technologies

= VERT=
= Diesel particle filter testing procedure
= Certification of exhaust after treatment systems
= Quality control system

= VERT is a Trade Mark
for Particle Filters of Best Available Technology

= VERT is a global acting non-profit Association of filter manufacturers, engine
builders and associates based in Switzerland
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History of VERT

Soot particles a double risk because of:

= Very small <100 nm S
= High surface > 100 m?/g 2
= Transporting toxics persistent in organism
= Carcinogenic

= Black color | global warming effect

= Long life toxic aerosol
(weeks to month)

B - Defined by WHO 1988 as

probably carcinogenic

= Since 2012 as evidenced
carcinogenic 918183 15k
(class 1 like asbestos)

WHO = World Health Organization
Protection mark acc. ISO 16016 4
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History of VERT

The roots are the NEAT New Transalpine Railways Program:

= One of the biggest tunneling project in Europe ZURICH HB
o

=  Maximum admissible workplace concentration of o S S,
100 ug/m? diesel soot due to the carcinogenic Hirzel-Eisenbahntunnel

= Diesel particulate filter obligation to reach this value
= With finalizing the planning 1993 - start of VERT e T

Axentunnel

Meubaustrecke Gotthard-Sid \
Rivieratunnel

Umfahrung Bellinzona I

Ceneri-Basistunnal
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History of VERT

Improvement of air quality in Swiss tunneling

SUVA: Tunnel-Luftqualitat 1998-2004

TC (760 pg/m3)

TC

Background MAK-Limit

bafore 1998 1998-2000 2001

SUVA = Swiss Safty and Health Organization
Protection mark acc. ISO 16016
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VERT testing of diesel particulate filters
Concept of VERT-Filter Testing

* In-depth testing of exhaust gas filter structures for nanoscale filtration
(Physical Properties)

* In-depth testing chemical phenomena in exhaust gas filter structures
« Testing a complete DPF system

« Type approval of one filter per filter family

« Endurance testing on typical vehicle application

« Testing is worst case oriented

« Best Available Technology is the moving target

‘ Testing the Combination Filter + Engine not required

Protection mark acc. ISO 16016 7
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VERT testing of diesel particulate filters
VERT-Requirements (total 21)

= Filtration efficiency > 97% for solid particles 20-500 nm
= Reduction of all toxic components

= No secondary toxic compounds

= Back pressure < 200 mbar

= Safe and complete regeneration

= No negative impact on noise

= No additional risks (heat radiation, visibility,...)

= Filter life = engine life

= Effects on fuel economy <2 %

‘ VERT testing is recognized worldwide by

BAFU, SUVA, ASTRA, BAV — Switzerland | AUVA, Wien, Tirol — Austria | BG Bau, UBA, TRGS 554 —Germany | CARB, MSHA, NY City — USA |
VROM - Netherlands | Alto Adige — Italy | Santiago de Chile | DEEP — Canada | London LEZ — UK | Denmark LEZ | Beijing —China
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VERT testing of diesel particulate filters

Suitability Test leld inspection

5 - VFT 1 SR .
7 Il Esiling e S oecton
Stati ISO 8178 ' ’
acc. to SN277206 +Trat:sligr:1?:ryRegeneration AKPF'Ditaf 2R
Certification and Limit value >97% (20-300 nm) www.akpt.org
Quality Control VSET
: Secondary Emissions Test CoP
S| nce 1998 1SO 8178 Conformity of Production

no toxic
reaction products

VFT 2
Field Test Iuc
>2000 op. hr. In Use Compliance
Ap <200 mbar

VFT 3
Verification Test
Similar to VFT 1

no aging permitted

Confirmation Rejected
BAFU/SUVA

Filterlist Approved Traps
www.bafu.admin.ch

Improvement needed
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VERT testing of diesel particulate filters

Measurement must be by number and size

Liebherr D914 T, 2000 min-1/ full load
1.0E+6 Octimax (20 ppm Fe + 5 ppm Sr)

without

= DPF System has to show that i
filtration efficiency is > 99 % |
between regeneration

stand. fuel

3]

stand. fuel

/ s particle trap

Octimax

E
o
o
c
2
a=
©
o
5
c
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o

ambient air

1.0E+0
10
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VERT testing of diesel particulate filters

Secondary Emissions

= VERT approved DPF systems do not release secondary emissions in
relevant amounts, e.g.

= NO2, Dioxins/Furans, PAH, Nitro-PAH etc.
= Sulfuric acid aerosols

= Metal oxide (Ash) particles, mineral fibers etc.

Protection mark acc. ISO 16016 11
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Durabillity testing and check of field capability

Durability Test (Field test)

= VERT approved DPF systems must undergo a field test of at least 2000
operating hours

= To be done in a typical application of the specific DPF system (i.e. stationary
or mobile application resp.)

= With periodic tests of filter performance, back pressure, regeneration,
control and alert systems, mechanical construction etc.

BURE Y

Protection mark acc. ISO 16016 12
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Durability testing and check of field capability
VERT-Certificate

i /e
(VE |
o e \ S
2. Application per System duly signed - directed to a0
VERT coordination office VERT®-Certificate

— L]

1. VERT-testing successfully completed

3.Examination by VERT Scientific Committee -
unanimity required

4. Stamp “Valid” VERT-CEO
5. Filter listed

6. Certificate to manufacturer

The report of the manufacturer is confidential

Protection mark acc. ISO 16016 13
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Recommended procedure for a retrofit program

Pre retrofit phase | Information needed

= Operation cycle (temperature log) ST %::5';3‘:’;’2"-‘;5;!:2‘,;‘?3:.'::‘?1,““
= Raw emission: CO, HC, CO2, 02, NOx, '

Opacity QTN tegrones
= Fuel and lubrication oil properties

= Fuel and lubrication oil consumption
= Typical daily work schedule :
= Vibration level at silencer location
= [nstallation space (photos and silencer '
= drawings)

= Engine specs, age, mileage. Last

Type-ofusages

Vehicle-manufacturer (“brand”)-and-vehicle-type=
- Sistation” -

D
1 ion range: inside and/or
I I lal n enan Ce P E leed dnver One-day-offeachweek) =
Operationtime-total-per- da h 8hrs/day=

Expected-operationtime-fornext-6-month-[hrs]-= | 1200-hrs=
o o —

= [Fact sheet for all vehicles
during the test phase

Protection mark acc. ISO 16016 15
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Recommended procedure for a retrofit program

multifunctional system is used in the VERT
Retrofit programs

ControlBox incl. Data Logger
PanelBox

! Remote Module

Protection mark acc. ISO 16016 16
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Recommended procedure for a retrofit program

Compiled analysis and statistical results

— Preszure [mhar] — Temperature 1 [°C]

[ Pressure [mbar] [ Temp.1[°C] | Temp.2['C] | RPM[RPM] |
| 508 [ my | - -]

[ 10 ] - ]
10.71 3374 [ - [ -]
RN N R
S5thpercentie | 200 [ s [ - [ - ]

Max. value
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Recommended procedure for a retrofit program

Prepare a pilot phase -]

= Agree on filter specifications

= Select from certified filter systems only
= Look for similar cases in data bases

= Think about cost optimization

= Merge DPF technologies with vehicles

= [Install, measure and sign acceptance
protocol

= Decide about fuel, lubricant and maintenance
= Plan periodic checks

Protection mark acc. ISO 16016 18
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Recommended procedure for a retrofit program

Start commercial retrofit program - !

= In Depth Filter Certification (worst case oriented)
= Electronic Filter Control onboard

= Stepwise build-up

= Public Support

= Periodic Checks and Sanctions

= Financing by Incentives or strict laws

= Subsidies will not work

Protection mark acc. ISO 16016 19
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Recommended procedure for a retrofit program

Key success factors -~

= Use only BAT Filter Quality
= Electronic Filter Control OBC

= EXxperienced consultancy for selection and
Installation

= Implement a database for the applications
= Periodic control and emission document

= Sanctions

= Financing by tender incentives

= Three stage responsibility: J:’T‘!WW:" | .
= Government = filter manufacturer =» operator L ' \;;-»

Protection mark acc. ISO 16016 20
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Examples of global successful retrofit programs

Examples of global successful retrofit programs

= Use only BAT Filter Quality
= Electronic Filter Control OBC

= EXxperienced consultancy for selection and
Installation

= Implement a database for the applications

= Periodic control and emission document

= Sanctions

= Financing by tender incentives

= Three stage responsibility:

= Government =» filter manufacturer =» operator

Protection mark acc. ISO 16016 21
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Examples of global successful Retrofit programs

Germany
= Phase | 1990/92
= Test: 1,500 trucks and buses _
= Phase Il from 1996 on
= 20,000 city buses

= Regulation for in-house constructions according TRGS 554, VERT
Recognized

= Phase lll bonus malus system for trucks — Incentives due to the maut
“maut= road tax”

= Phase IV 2008

= Low Emission Zones: Berlin y Munich starts to reduce BC (soot) by 60 %
diesel driven cars without filters can not enter

‘ total apr. 80,000 retrofits

Protection mark acc. ISO 16016 22



VERT Standards and Procedures for Retrofit to reduce Diesel Engine Emissions 2 g Vel Srnnss!

Heidelberg

Examples of global successful Retrofit programs

London, UK & I I Z

= EST: Energy Saving Trust : 30 Mio £ yearly since 2000 z I I §
= DPF-retrofits financially supported up to 75 %

= London Transport started large scale retrofit 2000

= New concessions only under condition: DPF

= 2004: ca 6,000 retrofits — 2005: all 8,500 busses in London

= 2007 London Low Emission Zone 3 phases - total > 100,000
= 2011 DPF for Construction Machines in London cross rail

‘ en total apr. 35,000 retrofits

Protection mark acc. ISO 16016 23
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Examples of global successful Retrofit programs

* * k K K *
USA ook ko
******

= EST: Energy Saving Trust : 30 Mio £ yearly since 2000 -
« 1998: DPF for construction machines in Boston “big dig”

« 2002: DPF for Diesels in all metal mines

« 2002: California Risk Reduction Plan, on-road and non-road

« 2005: New York and New Jersey

« Many activities in cities and counties under local law

« Large funds for school buses and transit buses

- EPA2007: all new HDV with DPF

‘ en total apr. 55‘000 Retrofits

Protection mark acc. ISO 16016 24
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Examples of global successful Retrofit programs

NEQEHERLES

= 2006/7 Low Emission Zones in all major cities, starting _

with onroad HDV,
= offroad vehicles following 2008
= pased on VERT
Today > 12,000 Retrofits (+ 25,000 pDPF)
Italy
= 2005 DPF for LDV in Sudtirol

= 2006/7 DPF for Construction Machines in public construction , 2007 Low
Emission Zones in Lombardia and Emilia

= 2008 New ,Decreto” for retrofit of HDV
= Retrofits in the Milan and Turino area
= en total apr. 15,000 retrofits

Protection mark acc. ISO 16016 25



VERT Standards and Procedures for Retrofit to reduce Diesel Engine Emissions 2 g Vel Srnnss!

Heidelberg

Examples of global successful Retrofit programs

South Korea

= Retrofit activity starting 2004 busses and trucks in Seoul
= 2008 intensified
= Apr. 140,000 Retrofits

Chile
= 2005 retrofit Eurol+2 buses in Santiago — small scale

= 2008 retrofit Euro 3 buses - large scale -3500 vehicles
= 2013 continuation in Santiago and other cities
= Apr. 3,000 retrofits

Protection mark acc. ISO 16016 26
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Examples of global successful Retrofit programs

China *

retrofit activity starting 2004 bus and truck in Seoul

2006 retrofit for the Olympics (8,000 buses)

2008 retrofit guide

Swiss cooperation with Beljing, Nanging and Xiamen 2010
other cities start LEZ (Nanging, ...)

VERT recognized

2,000 bus retrofits for 2014 in Nanjing announced

Protection mark acc. ISO 16016 27
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Examples of global successful Retrofit programs

Bogota, Columbia

= Just started — S < 30 ppm

Pilot Fleet 18 buses

300 buses spring 2014

10.000 buses mid 2014-mid 2015

10 year plan for retrofit of all HDV

Protection mark acc. ISO 16016 28
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Examples of global successful Retrofit programs

Tehran, Iran

= Just started — sulfur 50 - 8000 ppm

Pilot Fleet 10 buses

1000 buses 2014/2015
2000 buses 2015/2016
4000 buses 2016/2017

Protection mark acc. ISO 16016 29
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Summary

= Retrofit can reduce carcinogenic particles from diesel exhaust with an
efficiency of > 97%

= Best avallable retrofit technology should be used always
= The technology is world wide available

= By taking the right steps retrofit is successful

= An intelligent finance plan has to be put in place

= There is a lot of experience out in the market with retrofit of busses and
chance to learn from experience in the past

‘ No Diesel without a filter

Protection mark acc. ISO 16016 30
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Summary

Thank you for your attention

You will find a lot of information on the website
www.vert-dpf.eu

Protection mark acc. ISO 16016 31
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www.vert-dpf.eu

> Partikelfilter bei >Einsatzvon W ssesion
Baumaschinen Partikelfiltersystemen in Bussen

«Damit die Luft 2um Atmen bleibt»
«So that the air is good for breathing~
ti respirabile:

Empfehiungen fir Nachrisrung und Batrieb

=i Elimination
EE of Engine Generated

: Nanoparticles
Problems and Solutions
With 385 llustrations and 33 tables 3 TIPPS ZU AUSWAHL,
EINBAU, BETRIEB,

UNTERHALT UND
STORUNGSBEHE-
BUNG

“n-,u~“
oty
[

| safety is possible.

ngines used underground

Landmaschine“
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Backup
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VERT testing of diesel particulate filters

Initial filter testing

fuel tank [

Liebherr D 934 S A6

conling waber
= from main

b pa * watar supply

800 1000

1200 1400 1600 1800

engine speed [rpm]

. P= 13, P2
=

o [n
1‘-—f‘_
minidiluter Boseh smoke

2000 2200

fillesr &4
parlicle trap,

! /'i‘
4 : <o
. MDqg Measurement . . AR | | gy &
catalytic converter ; CO, HCpp, HCe, ; P . Q
or neither MO, MO, C05, Oy ¥=1
+ [ _J—== ventilation
I by, P 3 : |
partial dilution 3 . H
tunmel B opacimetry \ B
SMART . i ‘ C= =N \
SAMPLER v \\\q \ Sl
filler alement far dilution i [OC] N = s
gravimetric or ELPI [FAS] e
coulometric analysls SMPS ManoMal
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VERT testing of diesel particulate filters

Particle Number Testing

exhaust pipe
Dilution
Tunnel

evaparator
NANOMET

Protection mark acc. ISO 16016 35
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VERT testing of diesel particulate filters

Measuring the right values — removing droplets from aerosol sample

Source: Matter engineering

exhaust with sample withnano- .+ only solid
nano-droplets droplets ./ particles left

= Combination of diluter and heater is used to eliminate droplet
from the aerosol

Protection mark acc. ISO 16016 36
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VERT testing of diesel particulate filters

NO,/NOx ratio increase

__Pt-Coating A

_PtCoating B

= Platinum coated filters
use NO, for the regeneration
process

= The diesel particulate filters A\
(most passive systems) | '.
are tested against NO, wio BPF i _
increase of ”

= The value for newly certified O 4 :
systems is ) Base-Metal |

" Coating G
7 __Base-Metal

.~ _Coating H + Fe-FBC

A NO,/NOX < 20%

300 400
T5 (before DPF) [°C]

With Pt-coating and FBC at 10 ppm S
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Durabillity testing and check of field capability

Emission measurement in the field

= VERT-Filters have an exhaust gas access port upstream of the DPF
= Emission measurement upstream and downstream filter is possible in situ

zum Opazimeter

Protection mark acc. ISO 16016 38
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History of VERT

Dose/Effect by PM2.5
or Soot ?

|

Organics Mineral Dust
g ~

unknown ~. Soot

20% / 6 pg/lcm3

Sulfates Nitrates

Mortallty [%
Mortallty [%

ol

PM 2.5 [pglmS]
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History of VERT

Today’s VERT certified DPF Systems

Passive

Coating

Airmeex
Baumot
DINEX
ECS-Unikat

Airmeex
. Bersy

Comela
:Daugbjerg
: DCL EMINOX

. EMINOX Engelhard
. ETB GAT
: Greentop Greentop
. HJS HJS

Regeneration
Active

Burner El. Heating

ArvinMeritor DCL Comela
ATH ECS-Unikat :
Deutz Engelhard
Hug ETB
Huss Huss
JM

Inteco JM

Pirelli

Throttling

Baumdller
DCL
Deutz
EHC
Endeavour
Huss
TSH

Protection mark acc. ISO 16016

Replacable

65 DPF systems verified
from 31 manufactureres

40



VERT Standards and Procedures for Retrofit to reduce Diesel Engine Emissions 2 g Vel Srnnss!

History of VERT

Today's VERT certified DPF Systems

Regeneration

Passive Active

Diesel Katalyt. Electric
Burner Burner Heating

v

Exchange

Coating Dispose

Throttling |FBC Active

E'GVA
rAln™
N .
.

Heidelberg

65 DPF systems verified
from 31 manufactureres

out of 8 countries

Published in the VERT
Filter list

www.VERT-certified.eu

Protection mark acc. ISO 16016
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