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NPTI
New Periodic Emission Inspection

International VERT-Project

High Priority and Urgency

A.Mayer
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We have reached

Orders of Magnitude of Emission 

Reduction for Public Health

by Emission Control Technology 

but we risk to lose Emission Stability

due to serious flaws in legislation and 

manipulation of soft-and hardware

 only one solution: NPTI



Modern Diesel Drivetrains are Different 

Classic Diesel Engines until Euro 5/V generate and control

emissions by combustion. Trade-off NOx/PM and/or NOx/Be was 

needed to reach the limits. Emission deterioration by aging, wear was 

very limited (20-50%); the Diesel was known to be very stable with

respect to emission and fuel consumption

For new Diesel Engine Systems Combustion and Emission Control 

are decoupled. The engine is optimized for power and economy; 

Emission reduction takes place by catalytic emission control DPF, 

DOC, SCR etc. 

Emission Control by DPF, DOC, SCR reduce raw emission by 2-3 

orders of magnitude and we have now 100 millions vehicles on 

the road. But  these systems are more sensitive to aging, poisoning, 

manipulation, failures  can increase emission 100-fold and more.   

Raw Emission is increased in favour of power and fuel economy

relying on emission control capabilities. 

Should raw emission also be controlled? 



Emission Control            

by aftertreatment is 

indispensable

- very efficient > 99%

- but no plug and play 

- depend on operation profile

- risk of wear, aging and 

poisoning, pollution

- risk of tampering and 

manipulation 

- potential of intentional 

deterioration by defeat div.

 Control is required 



Filtration - 74 DPF VERT tested
25 % > 99.8 % within size range 20-300 nm

 



Risks of DPF Application 

• Filters can store and release toxic solid substances

• Particles can penetrate in lung critical size range

• Filtration can break down during regeneration

• Filters can generate toxic secondary emissions

• Filters can desorb and release toxic volatiles 

• Manipulation and even de-Installation is observed

 Legislation does not take care of this

 Filter for vehicle engines must be certified to avoid

these risks - a simple overall PN-limit is not enough



Potential of NOx-Reduction

• SCR can reduce NOx by > 98%                                    

(Genset HUG ETH 1996: 99.8 %) – 2 orders of magnitude –

at NH3 slip limit – much more than combustion measures; 

whithout any negative effect on power or fuel economy -

if exhaust temperature is above 230 °C

What can we do in addition below 230°C ?

• Thermomanagement 

• EGR with cleaned gas

• Water mixed into intake air

• TC-cooling to very low temperatures

• Engine tuning to low Nox

• Cool combustion



Risks of DeNOx by SCR 

Engine manufacturers use this high DeNOx capability

and tune the engine to much higher raw NOx-Emissions

 NOx increase: 2-3 times, 

 Fuel consumption  reduction 6-8% with Euro VI

DeNOx-technology is easy to manipulate by electronic 

emission strategies and tampering

If the SCR fails by aging, poisoning, lack of Adblue etc. or

by intentional tampering  NOx jumps up to raw emission

levels higher than ever. And very strong formation of 

secondary toxics like NH3, NO2, N2O can not be excluded.

 These systems require control on several levels –

self control by manufacturers is not sufficient



Potential of the Oxidation Catalyst DOC  

• DOC converts gaseous HC, CO by 99%

• DOC also converts engine-out NO to NO2

- needed for the DPF regeneration and

- needed for the fast SRC-reaction

- NO2-slip is very toxic

• DOC also converts SO2 SO3 which a problem

in most megacities in China, Asia and Latin

America



Don‘t underestimate Risks of DOC

If the DOC gets aged, poisened, contaminated, 

dismantled, destroyed or the coating is at a lower

limit for cost reasons

• HC and CO increase

• The DPF regeneration fails

• The SCR function fails – NOx goes sky-high
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TNO-Reports 2015/2016 on effects and 

malfunctions of DeNOx and DPF G.Kadijk et al.



Summary so far

• The Potential of Emission Control by Aftertreatment is

a revolution, several orders of magnitude reduction of 

toxic air contaminant TAC – a must for public health

• But the introduction of this technology provides new

technical challenges

• and requires a different approach of legisation and 

control on all levels



Mistake 1
The legal and monetary value                                                          

of engine emissions is not defined 

Mistake 2
Responsibility is not defined 

Polluter pays principle not respected

Mistake 3 
Different Metrics 

for tailpipe and street canyon 

Mistake 4 
Independent Control by Autorities 

is delegated to OBD 

Basic Flaws or even                          

Conceptional Mistakes of Legislation



but we have

the Tools available

developed for

Emission Control of Retrofit

under Swiss BAFU-responibility



Field Control History

1994 Start VERT: DPF for tunneling

1996 Development of VERT-Field Control Instrument NanoMet

Double Sensor: Corona DC and UV-PAS by H.Chr.Siegmann et al 

1999 NanoMet at Hannover Fair 

2000 PMP starts with NanoMet = Golden Instrument M.Kasper

2000 METAS instrument guideline for gaseous substances in field

2002 Guideline DPF for construction sites in Switzerland «BauRLL» 

PTI on site required, opacity by workshops – A.Stettler et al. BAFU   

2004 Dilution and Heating for volatile particle elimination – M.Kasper

2007 PN for DPF-construction control - B.Gloor, AWEL 

2012 METAS instrument guideline for PN-measurement – J.Schlatter

2014 TSI NPET presented at VERT-Forum

2015 Public fleet tests (400 vehicles) in Santiago with NPET- A.Reinoso

2015 BAFU regulation to replace opacity by PN – S.Krähenbühl

2016 VERT-NPTI proposal for DPF, DOC and SCR



2000 Swiss Ordinance for Field Control                    

of gaseous emissions of Diesel engines 



2012/14 New Swiss Ordinance for Field Control 

based on solid PN counting instruments 



Laser Light Scattering Photometry LLSP

• EU TEDDIE program evaluated measurement procedure for PTI with DPF cars

• PTB-program in Germany, cooperation with Switzerland and Finland

• NTSEL-program in Japan
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 Opacity meter does not have enough sensitivity for detecting damage with DPF

 OBD-sensors were even less sensitive than the opacity meter

 Laser light scattering photometry (LLSP) have enough sensitivity                           

but are size dependent with the 5th to the 6th power – thereby blind for UFP 

Light 

source

Incoming 

ray of light

Particl

es

Detecto

r



Condensation Nucleus Counter – by TSI

NPET 



Diffusion Charging by Matter/TESTO

NanoMet3 and PEPA 



Measurement Roadside Santiago with NPET 
Opacity and PN at exhaust exit 

during free acceleration, high idle and low idle

2015 - 400 vehicles 



PN-Test at Low idle confirmed by TNO

22



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



DOC might be covered by soot                            

or poisoned or destroyed or aged                                 

or just not adequately coated 



DOC light off test during Load Step 
needs chassis dyno or torque converter stall - 20 sec
AFHB – J.Czerwinski

.

T7: before DPF; T8: after DPF; Dp7: before DPF
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SCR Load Step
permits diagnosis of 

catalysis and dosing 

strategy flaws

during loadstep           

by measuring                         

NO/NO2 and NH3
AFHB – J.Czerwinski



Summary
very efficient and cost effective                                          

100% periodic control in-use is feasable 

• PN-Test at low idle for DPF

• Load-Step 100°C auf 300°C at average RPM

- CO-Conversion > 80%  DOC OK

- NOx-Conversion > 70% + NH3 < 20 ppm  SCR OK

This Test ist much more than just Pass/Fail

It supplies quantiative diagnostic information for the

functionality of each emission control component and the

engine as well and permits preventive repair and maintenance.

Condition is that OBD permits the test  Legislation



NPTI – Concept

Partners:

- METAS + PTB

- BAFU + ASTRA

- TNO + Dutch Ministeries

- UBA + Senat Berlin 

- EU-JRC

- AFHB

- ETH

- VERT

- TSI, TESTO, MAHA 
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NPTI

Working 

Group

First Meeting

23.11.16

Biel / AFHB
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NPTI

Working 

Group

Second Meeting

7.2.2017

Kloten/VERT
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NPTI

Working 

Group

Third Meeting

29.3.2017

Heidelberg/VERT

I would like to confirm our Third NPTI Meeting 

As announced this meeting will take place in Heidelberg,  

in the Heidelberger Druck Building, close to the main station

on March 29. 2017, starting 10:00 am 

Tentative agenda 
• Presentation of the NL-TNO-test program 

on PN-PTI of DPF / G.Kadijk 

• Presentation of the AFHB-test program on step test for SCR 

and DOC-PTI / J.Czerwinski 

• Proposals for new instrument concepts and prototypes

TSI and TESTO

• Proposal for a step test dyno / MAHA invited 

• Instrument evaluation and certification by NMI / P.Kok, 

• NPTI procedure evaluation byt JRC / R.Suarez-Bertoa 

• White Book

• Next program steps

• Next meeting at NMI 



NPTI

Working 

Group

Forth Meeting

TBD

Dordrecht / NMI
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Result of PUA-Hearing ? Sept. 2016, Berlin
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Summary

• NPTI concept is on the table for discussion

- not only limit value for pass/fail

- but quantitative test on function of DPF, DOC and SCR

• Appropriate Instruments are available

• Test-Procedure < 10 min on workshop level feasable

• Available Instruments might be too expensive 

new protoypes required  TSI, TESTO 

instrument validation and specification (offered by NMI)

• Chassis dyno for Load-Step procedure  MAHA 

Procedure validation (offered by EU-JRC)

• Implementation Policies not discussed yet  UBA


