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> 50‘000 NRMM  
retrofitted with

VERT certified DPF 



Swiss Guideline 2002

“Air Pollution Control 
at Construction Sites”

with:

2002 opacity emission check every 24 months, 

2012 option fort PN

2016:

PN at high idle

limit value 250‘000 P/cc

METAS certified instruments



Initial VERT Field Control since 1996
Opacity. Black Carbon, Gases

Dr. J. Czerwinski, AFHB

Dr. A. Mayer, TTM



Lessons learned: 
VERT Endurance Test VFT2: 2000 hrs

most important part of VERT DPF certification

• Information, education & motivation of personnel

• Datalogging (onboard electronic control)

• Periodic inspection & maintenance by workshops

• Responsibilities: user, retrofitter, manufacturer of engine

• Switch from Opacity (PM) to PN 10-500 nm for sensitivity. 
simplicity and reliability first NanoMet-Instrument  
developed by ME with two sensors: DC and 



Swiss metrological contributions to the
development of portable PN measuring devices:

• Matter Engineering – NanoMet consisting of PAS-and DC-sensors + 
rotating disc minidiluter ( Dr.U.Matter, Dr.M.Kasper) – roll out Hanover
Messe 1998, also used in Mexico, Chile and Canadian Mines

• Institute for Sensors and Signals FHNW further development of DC 
sensors,  PN personal monitoring ( Prof.Dr.H.Burtscher )

• NANEOS – Partector portable particle detector (Prof.Dr.M.Fierz )

• FHNW PN sensor for construction machines, certified by METAS 2020
(https://www.fhnw.ch/en/about-fhnw/schools/school-of-engineering/institutes/research-projects/periodic-
technical-inspection-for-diesel-soot-emissions)

 Worldwide Dissemination of Nanoparticle Metrology by the ETH 
Conference on Combustion Generated Nanoparticles, first ETH-NPC 1997 

https://www.fhnw.ch/en/about-fhnw/schools/school-of-engineering/institutes/research-projects/periodic-technical-inspection-for-diesel-soot-emissions




Considerations of most important

conditions and characteristics :

Limitations of Opacimeters

For PN analyzers:
Selection of PN metrics [for quick tests #/cc]
Range for size & number
Efficiency
Error limits
Time constant

VAMV … Swiss Ordinance about Exhaust Gas Measuring Instruments
for IC_Engines

OAPC … Swiss Ordinance for Air Protection Control





Fleet Control by PN and Opacity

107 Construction Machines (B 485 2017) 

Repartition between retrofit and OEM DPFs

70
37

Retrofit OEM



Measuring instruments

Parameter Measuring method Type Manufactor SN

Atmospheric pressure Pressure cell HM30 Thommen AG A 041118

Humidity and temperature Capacitiv sensor A1 Rotronic 18761 042

Particulate number
Condensation Particle Counter (CPC) 

+ thermoconditioning + dilution + 
catalytic stripper

NPET 3795 TSI
3795-150507*

3795-152401**

Particulate number Condensation Particle Counter (CPC) P-Trak 8525*** TSI 8525-02090007

Opacity Absorption Dismoke 4000 AVL BO 7071

P-Trak
NPET 3795 Dismoke 4000
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87

56 56 56 56 56

Samples of each measurement types



No Correlation Opacity / PN 

R² = 0.2062
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Comparison PN NPET@high idle          
versus Opacity@free acceleration

Depending on immatriculation year ?
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Comparison PN NPET@high idle          
versus Opacity@free acceleration

Depending on operation hours ?

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

02000400060008000100001200014000

P
N

 [
#
/c

m
3
]

operating hours [h]

0.00

0.20

0.40

0.60

0.80

1.00

1.20

o
p

a
c
it

y
 k

 [
m

-1
]

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1990 1995 2000 2005 2010 2015 2020

o
p

a
c
it

y
 k

 [
m

-1
]

P
N

 [
#
/c

m
3
]

construction year

NPET limit 250'000 [#/cm3] opacity limit 0.24 [m-1]



Comparison NPET@high idle          
Opacity@free acceleration

Depending on engine power ?
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Failures do not depend on engine power, operation time, immatriculation year nor brand

These failures are random, missing maintenance or manipulation - only detectable by 100% PTI



Failure rate detection
with different methods
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Swiss Summary promoting PN PTI 

• The 25 years experiences of DPF retrofit and VERT field testing 1996

• Development and promoting of portable PN measuring devices 1998

• Swiss Guideline “Air Pollution Control at Construction Sites”        2002

• 1st legal certification of a PN analyzer for field application 2014

• Demonstration of the feasibility of PN PTI                                      2015

• Average failure rate 20% in the NRMM fleet 2016

How to eliminate these high polluters: annual PTI by PN idle
is indispensable combined with preventive maintenance



By common efforts: legislation, R&D, testing, market

control & PTI significant improvements of occupational

health protection are possible.


