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What is VERT ?

1. VERT =
Verification of Emission Reduction Technologies

2. VERT Is a Diesel Particle Filter Testing,
Certification and Quality Control System

3. VERT Is a Trade Mark
for Particle Filters of Best Available Technology

4. VERT Is a non-profit Association (based in CH)
of Filter Manufacturers, Engine Builders and
Associates — 24 members



Concept of VERT-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 of each Combination Filter + Engine not required
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reduces PM, PN

and If catalysed CO, HC, PAH
operated with FBC also NO2
and with SCR-coating even NO2
but can also be a Chemical Reactor ?
with extremely long residence time
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Step 1
VERT Certification
= Type Approval

VERT
Suitability Test

Field inspection

VFT 1
Filter Test 1
Stationary ISO 8178
+Transient +Regeneration

Field inspection
Smoke, noise, backpressure
AKPF-Data base

Limit value >97% (20-300 nm) www.akpf.org
I [
VSET
Secondary Emissions Test copP
ISO 8178 Conformity of Production
no toxic

reaction products

VFT 2
Field Test
>2000 op. hr.
Ap <200 mbar

Iuc
In Use Compliance

VFT 3
Verification Test
Similar to VFT 1

no aging permitted

v

BAFU/SUVA
Filterlist Approved Traps
www.bafu.admin.ch

<3% >5%
Confirmation Rejected

3-5%
Improvement needed




i oo Gy
Swiss Standard INB ... sN 277208

E I = e o = R

(Techn.Norm) I S

How to measure
an d C h ar aCter i Ze Internal Combustion Engines — Exhaust Gas After-traatment — Pariicle Fiiter Systems —

Testing Method

N an O p art i C I e Vermrennungsmotoren — Abgasnachbehandiung — PartikafiRersysiame —

Prifverfahren

FI Itratl O n SyStemS for Matewrs 3 combustion — Postraliement des gaz dechappement — Systames de filires &

panicules — Mahode de t2st

CombUStion Engines Moton a combusiione — Post-irattiamento del gas di scarco — Sisleml dl il

artipanicolats — Metoso dl Collausd

Fiod arse hir' 5 i i i’ Seframls dink Pl Bofike [ ofnitis << EE, 205 4 | Wit Sy
Firee il el ol flre n Mode e ek Tl g,

Ef Sk i Sibsartie b el 98 b compliencs U el flonel <ol RECHN 208 Pos-tneite e ded Sar ohicap-
e gl "

arremd g ool i ba
[ CdEwr eeired ) Disrbodioo Nelswrorurmsr, 4 o ridsss
M Hemmgpet SH TG4 en
LA Soemreiache
————— YoTrar-versinigung

Aroms Dafwrn Ferplisums 5 e e
Morrers oe magen 50 T -840 #inim-Tan Chmss s i (0




fuel

|6, coms s Test Setup
{1 ED:‘:—{J}—@—Q}—
Liebherr D 934 S A6

cooling waler _ é 100 5 3

s Trom main ="
* watar supply

@ inbereaaler —-._‘-\\
bz L 1‘"“ — .-'—'-.1\\ + +

brake -4
[ | Schenck 0 b8
WA 600 800 1000 1200 1400 1600 1800 2000 2200

engine Liebharr O %34 5 Ab engine speed [rpm]

N T —/ Fow

6

D
”

N
|

load [%0]

50 7}{

G.ll

-— y ;]

i Basch smoke

particle trap, minidiluter ot
catalytic converter I'l."|19 MHEASELINET

ar neither

Iy, P !1'.-. P

-—

GO, HCkm, HCg,
MO, MO, T, Oy

: sllencer —= [ _J— ventllation
: S *

|..', Hr

partial dilution opacimetry
SMART
EmF‘LEH ........
filler alement for diluticn air LAnA, 2
gravimetric or ELPI CPC|( | PAS
coulametric analysis SMPS Manahdat




Change from unspecified PM to solid

Particle number PN and size
In Switzerland 10 years before EU-PMP

Mass
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A Evapo- Dilution only Size Number

ration Ratio solids
> 100
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Extreme Transients « free acceleration »
with DC-signal, with / without DPF
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Main requirements of
VERT filter test

High filter efficiency 97 %:

nighest space velocity,

nighest temperature,

clean,loaded,regenerated and during regeneration
new and aged,

all particle sizes 20-500 nm

No secondary emissions

Durability of filter quality

Regeneration of the filter



Measurement
must be by
Number

and Size

to show that
Filtration
Effectiveness
IS > 99 %
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Filtration Mechanisms

Brown'sche Bewegungslinie
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Filtration Risk in the Middle Size Range
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The most sensitive size
range of the Lungs
IS the most intensive
emission range of the
Engines

and the weakest size range
of Filtration

The Lung is an open door
for engine emitted ultrafine
particles in this size range
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Particle Emission
of ICE

Diesel
Sootpeak: 80 nm; 10°
Ashpeak: 10 nm; 10/

Petrol
Sootpeak: 40 nm; 10°
Ashpeak: 10 nm; 107

Soot and Ash Peaks

dN / dlogDp, [cm-3]

dN / dlogD,, [cm-3]
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Filtration [%] =f (Time, Soot-Loading)
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Secondary Emissions
Toxics generated in the Filter/Catalyst system

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

NO,, Dioxins/Furans, PAH, Nitro-PAH etc.

Sulfuric acid aerosols

Metal oxide (Ash) particles, mineral fibers etc.
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NO->NO,
Conversion due to
PMG Catalysis

but non-PMG-
catalysts and FBC
can avoid this
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Formation of Dioxins in a Filter
System using Cu-FBC
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Durability Test (Field test) 2000 hrs

S W

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

Do 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.

Followed by a full filter test on bench VFT3
no aging or deterioration permitted



Filter Regeneration

During filter operation, the filter fills with filtered
soot which must be removed

Soot is carbon, 1.e. can be burnt in the filter

This so called ,regeneration™ of the filter is very
Important for a good functioning

- Filter regeneration is carefully tested in the
VERT filter test

Emission during Regeneration is measured
online and limited



Regeneration Test

Find Balance Point and Regeneration Gradient

Torque M

Backpressure
of the trap Ap

Loading phase
- constant load

A
- exhaust temp. T, < TRegeneration P
At
- Torque M
— Exhaust backpressure Ap
Ap [ [
AM
AM
AM
AM = 5% of Myay BY Npenn
At=10" At=10" At=10 time t



Electronic Control of the Filter-System

must be certified also
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VERT—certified DPF Systems

for different targets and applications

(I
JlfE G
L




Filtration - 65 DPF VERT-tested

average 98.4 %; 25 % > 99.8 %
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VERT- Reports e
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VERT
Filter List

65 Certifications
First Publication 1998
Published on VERT-homepage

Updated whenever modified
Responsible:
VERT-Scientific Committee

Language: English only

VERT" Filter List

VERT certified *
Particle Filter Systems

Issued March 2010


http://www.vert-certified.eu/

VERT 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

Columbia-Bogota

DEEP — Canada

London LEZ — UK

Denmark LEZ

Tehran — IRAN

Australia

Mexico

China
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VERT-Certificate

1.VERT-testing
successfully completed
2.Application per System
duly signed - directed to
VERT coordination office
3.Examination by VERT
Scientific Committee -
ananimity required
4. Stamp “Valid” VERT-CEO
5. Filter listed
6. Certificate to manufacturer

I Ne B416/06.15
P

‘ i l ! Particle-Fil.er System: HC HT
|

A dreas C.R. Maya~

i

03 Nov. Zﬂw

VERT® Certlfncate

roduct EHC

Fitter Module Glass fiber f1 eC2
Regenerztion Dig| po al as industrial waste
P

Elgctr.Filter Control k pressure manomeater

{ gor e
Manufaciurer EHC Technik ab ; et - J

Ogércesvager Ba
5-43330 Partille

: We herewith apply ta be listed in the VERT® filter-li wnd we accept rulas and condmons
i as heing published on the VERTE filter-fist,

! Manufacluler Date | Signature

................................................

: 'c ified by the VERT™Scientific Commitee

A M o Tk

Prof. Dr. Jan Czanwinski Jadues Lamaire

T | ¢




Step 2 VERT® Acceptance Test

VERT® Filter List

VERT certified ®
Particle Filter Systems
for Combustion Engines

Octobér2010

VERT® Acceptance Test Report for PFS

Particle filter ]

(Brand] [

Number
Ty
S e B — VERT
Conformity rumber (VET te ey Certification Num? /E
Serlrunber - B316/09.11

Opacity K-Value [1/m] during

‘Noise [0BA] i near-held 45-/0.5 m
At engine RPM [1min]

Filter back-pressure fmbar]
AL RPM [1/min] and load %]
=

Jype
Sound Level Meter
Manufacturer
[Tipe
Test-Date and Responsibilities
Jetdse VERT® Label ~
T"“ L A— Induviduel running |
VERT bl pnog et number 22'351 \
Retrofitter stamp
ot/ St ofthe PFS retofter Cuslomer Data
Operafor stamp remain confidential
01! Sanatureofthe opersto > not on database
o Ep—

+ T the PFS remont 0 the a copy of g
-ﬁ;mhmmmlmm.
«  Forregisiration In the VERT database. sumit i decument io TTM (3.2 maver GOewin.of) or Tax +41 56 495 64 15

|~




VERT

AcceptanceTest

Identical to BAFU/ASTRA
(see Technische Anleitung
except for the

Individual VERT-Number
to use with each retrofit,
and send to VERT-
coordination office for
databank input

Customer Data remain
confidential

VERT® Acceptance Test Report for PFS

Particle filter
Manu‘fautllu |Brand)

'ﬁﬁm{ E.9. part number] i VERT

BN l,'\ Certification Number
[ Fifting Date . B316/09.11
Data logger
L Lye
Additive dosage system

Type
Vehicle | Machine

Category (construction machine, bus, car ..}
Manufachurer

Type
Manufachwing year
Chassis number

Engine
Manufachurer
T
-ﬂ?:daNmngyear
Rated power [KiW]
Operating hours or km drven fill PES fiting
Measurements without PFS
Opacity K-value [1/m] during free accelerabon
Noise [dBA] in near-field 45%0.5 m
At engine RPM [1/min
Measurements with PFS
Opacity K-Value [1/m] during free acceleration
Noise [dBA] in near-field 45%0.5 m
e RPM [1/min]

ype B
Test-Date and Responsibilities o
Tesidsie e VERT® Label
CEMEr - -
Induviduel running
VERT" label ber
e AN number 22’351
Retrofitter stamp
gnsure of fhe PP retofiter Customer Data
Operator stamp 5 =
Datel Signatu i@ eperator remain confidential

- not on database

«  To updaie the PFS refroftt In the venicle registration, 2 copy of this form showk be submitted with the original vehicle
registration certficate fo e pertnent venicke licensing autforty.
+  Forregistration In the VERT database, submit this document to TTM [0 maverfoewin gl or fax +41 56 455 64 15



Road Permit with VERT® Quality




Step 3: VERT® Label

VERT® Filter Llst
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Step 4: VERT® Data Base
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Step 5 VERT® Reporting

-

VERT® Filter List
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Step 6 VERT® IUC-Review by 1&M

- VERT® Filter List

/' VERT certiied® \
/ Particle Filter Systems
[ for Combustion EWes \
‘ N

Application for VERT- Contact VERT Coondinalion Office:

WERT Fillration:Test
ace. 1o SNR 277 205
Shorteamings? 4 Yos

VSET required?

VERT Sscondary Emission Test
ace.to SNR 277 205
if catalylic Procssses are i plemarted

VERT Endurance Test

2000 Operation Hours

Real Warld Fieid Gonditions

VERT Inspedticns al Start, Middle, Erd

VERT Final Test
with Candidate System returned
atter suscesstul VFT2

Contact VERT Svientiic Comiitee
VERI-Cerlicale issued by VERT CE
VERT Listing published on VERT Horenage

COP + UG VERT Field Controls

Annual VER™ Manufacturer Audit
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To check IUC In Use Compliance
requires measurement in-use
roadside, workshop, inspection

for all emission control functions

Filtration
Catalysis
Backpressure
Noise attenuation etc

Must be fast and at low cost
should immediately recommend
preventive maintenance



New Swiss Regulation for PN-Roadside
Measurement Instruments

» Fast, handheld, accurate PN-measurement for
- Fleet Maintenance and Control
- Roadside Measurement
- Official periodic emission check (TUV)

» Verify filter efficiency after cleaning
» Find small defects to repair
» Establish criteria for filter exchange
» Detect engine malfunctions



New Swiss Ordinance for Field control
2012 defines rules for solid PN
counting instruments

Ordinance of the FDJP

on Exhaust Gas Analysers

(VAMY)

Amendment of 22nd august 2012

The Federal Department of Justice and Police

hereby decrees:
B Measurement requirements
1 Measurement range
1.1 The measurement range for the nanoparticle number concentration 1s at least

between 5 x 10* em™ and 5 x 10° cm™.

1.2 In case of measured values outside the measurement range, the measuring
mstrument must indicate whether the measured value lies below or above the
measurement range. If no categorisation is possible, then no value should be
displayed.

1.3 The particle number concentration of each measurement must be indicated at
the ambient conditions.



Requirements of Swiss Ordinance
size cut-off and particle counting efficiency

METAS = Swiss office for measurment
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Instruments for roadside DPF control

Target of Availability Dynamics  Measured Sensitivity Cross Cost
measurement  in the parameters Size range sensitivity
market by
Total Mass AVL no Mass EC 1 mg/kWh Volatiles 45000 $
MSS Conden-
sation
Mass in size Impactor no Mass per size 0.1 mg/kWh 60°000 $
classes Dekati ELPI class > 60 nm
Opacity Many yes K [1/m] 30 mg/kWh NO2 8000 $
instruments prop.mass prop D3
430 mm
light length

Dispersion AVL 10 Hz no correlation 1 mg/kWh ? light 15000 $ ?
of laser light MAHA with number,

size, surface or  prop D°

mass



Condensation Nucleus Counter CNC
by TSI NPET

To Flowmeter and Pump
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Diffusion Charging by TESTO
NanoMet3 and PEPA




Diffusion Charging by NANEOS

PARTECTOR

Charger lon Trap Faraday Cage
connected to
Electrometer

Partector




Measurement Protocol Roadside
Opacity and PN at exhaust exit
during free acceleration, high idle and low idle
all within 1 minute
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Measurement PN up-and downstream DPF
for filter efficiency and engine status

The filter masks the engine. Measurement upstream and downstream is
needed to get information about engine raw emission and filter efficiency

Rauchmessung vor Filter .‘
bei freier Beschleungung

Ty

t— —

L

LU




Filtration Efficiencies measured by PN
of 9 buses of Transiantiago city bus fleet
after 4-6 years of operation

Modelo Empresa medicion 1 |medicion 2|{medicion 3 |promedio filRESULTADO|RESULTADO|Prom. Max RPM
B7R REDBUS 1,23E+06 1,61E+06 1,46E+06 1,33E+06|fallo 39,82%

B7R REDBUS 2,68E+06 2,55E+06 2,37E+06 2,21E+06|fallo

LO915 REDBUS 7,52E+01 6,99E+01 5,60E+01 1,00E+03 |paso 99,88% 1,00E+03
LO915 REDBUS 1,63E+06 1,55E+06 1,59E+06 8,20E+05|fallo

0O500U REDBUS 8,67E+05 8,91E+05 9,10E+05 1,13E+06 (fallo 73,02% 1,06E+06
0500U REDBUS 4,51E+06 4,56E+06 4,36E+06 4,17E+06|fallo

0500U VULE 6,74E+04 6,62E+04 7,52E+04 7,49E+04 |paso 98,04% 1,00E+03
0500U VULE 3,94E+06 3,86E+06 3,72E+06 3,83E+06|fallo

0500U VULE 1,25E+04 1,22E+04 1,37E+04 1,46E+04 | paso 99,29% 1,15E+05
0500V VULE 2,31E+06 2,26E+06 2,25E+06 2,05E+06|fallo

0500V VULE 2,50E+03 3,19E+03 3,48E+03 4,55E+03|paso 99,83% 1,18E+05
0500V VULE 2,58E+06 2,54E+06 2,39E+06 2,61E+06|fallo

O500UA METROPOLITANA 1,03E+05 1,08E+05 1,01E+05 1,07E+05 | paso 97,52% 2,76E+03
O500UA METROPOLITANA 3,91E+06 4,25E+06 4,25E+06 4,31E+06|fallo

0500U METROPOLITANA 5,73E+03 6,08E+03 5,71E+03 5,80E+03|paso 99,86% 4,40E+04
0500V METROPOLITANA 4,30E+06 4,23E+06 4,32E+06 4,19E+06|fallo

0500V METROPOLITANA 6,28E+03 5,96E+03 6,28E+03 7,28E+03|paso 99,85% 4,40E+04
0500V METROPOLITANA 4,97E+06 5,14E+06 5,06E+06 5,00E+06 |fallo
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Detect Small Faillures

(Kasper ETH 2008)

Anzahlkonzentration nach DPF [1/cm3]
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Repair Small Failures by
ceramic cement

W.Haldenwanger
Technische Keramik GmbH
Teplitzer Strasse 27

D-84478 Waldkraiburg

WH Feuerfestkitt Teil Aund B

www.haldenwanger.de




Conclusions for failure detection by
PN-Measurement

» PN emissions increase linearly with DPF damage ratio

» Opacity does not have enough sensitivity

» Laser Light Scattering LLSP has enough sensitivity to
detect the emission of large particles but is very
Insensitive for ultrafine particles

» PN measurement at low idle can detect even small DPF

damage, which can be repaired



Conclusions on PN-Measurement for |1&M

» Very accurate tool

» Easy to apply and handle even at low idle

» Measurement time < 1 minute

» Useful for maintenance and periodic control

» Equally useful for DPF and Engine failure detection

» Will replace opacity measurement and light scattering



Can we also check Catalysis in-use

DOC

SCT
?

Yes, we can



Why Check DOC Conversion ability?

CRT-Filter System
Johnson Matthey Patent 1988




Outlet

ight be covered by soot

Inlet

DOC m




If a DPF Is not properly regenerating,
the reason might be DOC aging,
pollution or poisoning

How to detect malfunction of the DOC
during maintenance ?

- Check catalytic conversion efficiency
-> use CO-conversion

-> during engine temperature ramp



DOC Light Off test set-up




DOC Light off test during load step
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DOC Light off test during cooling at idle
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Ramp Test shows hysteresis due to thermal inertia

500

n =1400 rpm, M =0...116...0 Nm
400 -

300
200 7r_-r7/ T8

\
100 +

500

engine torque [Nm]
temperature [°C]

400 -
300 H
200 -

CO [ppm]

100 A

: : : : T before DPF; Tg: after DPF:
0 400 800 1200 1600 2000 2400 2800
time [s]

100

80 -

20 A

Kco [%]

110 120 130 140 150 160 170 180 190 200
temperature T, [°C]



Summary and Conclusion

CO-conversion test during engine cooling at

idle after road operation

—> IS easy to perform and fast

-> confirms proper function of DOC

- detects malfunctions

- Supplies guantitative data to either clean or
replace the CRT-DOC

- Similar loadstep (ramp-) test for SCR to
check proper Adblue injection and catalyst
conversion stabllity



Inspection & Maintenance becomes very
iImportant for DPF (+SCR) retrofit and first fit

» Instruments are ready

- PN-Measurement at idle for DPF and Engine control
* Fleet Monitor with remote control
* DOC-conversion activity control

Reqgulations are needed
Periodic independent control iIs needed
Documentation is needed (onboard emission passport)

YV VY

A\



The scientific network

1997 first international ETH-NP-
workshop - 40 participants

Today ETH-NPC is the annual
event of UFP experts from
science to technology > 400

20" conference June 2016
13t to 16" — no participation fee




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




