
Federal Department of the Environment, Transport,

Energy and Communications DETEC

Federal Office for the Environment FOEN

Air Pollution Control and Chemicals Division

REMOVES
Remote Monitoring of Onroad Vehicle Emissions 

in Switzerland 

Research project of the Swiss Federal Roads 

Office

Harald Jenk

ERMES plenary meeting 28 November 2023



• Empa, Automotive Powertrains Technologies Laboratory, 8600 

Dübendorf: Justin Plogmann, Panayotis Dimopoulos 

Eggenschwiler Dr. sc. techn.

• InNET Monitoring AG, 6460 Altdorf: Mario Betschart 

• Abgasprüfstelle (AFHB) und Motorenlabor, 2560 Nidau: Prof. 

Danilo Engelmann, Pierre Comte 

• ICCT Europe D- 10623 Berlin: Yoann Bernard, Kaylin Lee, Uwe 

Tietge, Peter Mock 

• JBK, AT-1030 Wien: Dr. Jens Borken Kleefeld.

2REMOVES • Remote Monitoring of Onroad Vehicle Emissions in Switzerland – Harald Jenk Federal Office for the Environment FOEN

Authors



• Evaluating whether the RES measurement provides a 

sound basis for determining high emitters.

• Comparing the two RES measurement concepts (HEAT and 

OPUS)

• Verifying the stability of RES measurement results and 

correlation to the RDE (Real Drive Emissions) measurement 

procedure using PEMS (Portable Emission Measurement 

System)

• Determining the percentage of vehicles (subdivided into the 

individual vehicle types) with significantly excessive emissions.

• Evaluating whether robust NOx threshold values from the RES 

process can be defined as a basis for any further regulatory 

development.

• Evaluating a network of measurement locations.
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Objectives
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WP1 Determination of measuring sites 
and measurements along roads
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WP2 Comparing RES and 
SEMSZ/PEMS on a test track



• 230’000 measurements from

the road site

• 60% were valid and could 

be assigned to vehicles

• 6’000 measurements from

the test track
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WP3 Analysis of the collected data



The goal is to understand

• the fundamental, physical processes and the resulting requirements, 

but also the limits for the measurement

• the distribution of exhaust gas components and their local and 

temporal concentration available to an RES system for measurement

• the influence of various vehicle-specific and environment-relevant 

parameters on the measurement result. 
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WP4 numerical simulation of the 
distribution of exhaust components in 
the vehicle wake flow



+ EDAR (HEAT) and RSD5000 (OPUS) showed comparable NOx 

values for passenger cars and light delivery vans

8REMOVES • Remote Monitoring of Onroad Vehicle Emissions in Switzerland – Harald Jenk Federal Office for the Environment FOEN

Main results (I)



− Location has an influence on the results

The lower NOX emissions from the RSD 5500 measurements can be partly 

explained by the higher VSP characteristic of Zurich passenger cars
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Main results (II)



− Good correlation between RSD500 and SEMS possible but 

perfect conditions on the test track are necessary
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Main results (III)



− Good correlation between EDAR and SEMS possible but 

perfect conditions on the test track are necessary
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Main results (IV)



• For all the various driving and ambient conditions, a 

concentration peak of the exhaust gas forms less than 0.5 m 

downstream from the vehicle

• The exhaust gas cloud dilutes fast in the near wake flow of the 

vehicle, which means that no significant amount of exhaust gas 

is measurable 3 m downstream of the vehicle. High 

measurement frequency needed

• no significant increase in concentration was detected in the 

exhaust cloud of the rear vehicle due to the emissions of the 

first vehicle
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Main results (V)



• The first vehicle can have a big influence on the exhaust 

distribution of the second vehicle, where the core exhaust cloud 

is much more concentrated
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Main results (VI)



+ Both instruments can be used as a selection tool for detecting 

suspiciously high emitting vehicles, but conditions for measurement 

site and meteo are demanding

+ Threshold values for “high emitters” (manipulated or defect exhaust 

treatment systems) can be defined for vehicles Euro VI and Euro 

6dtemp and younger based on RDE requirements. A value of three 

times the RDE confirmation factor is recommended. A threshold for 

heavy duty vehicles of 3.5g NOx/kWh would result in that almost 5% of 

the measured Euro VI vehicles would be identified as «high emitters» . 

For light duty vehicles a threshold value of 300mg NOx/km would result 

in identifying 5% of Euro 6 Diesels and less than 5% of Euro 6 gasoline 

vehicles as «high emitters» in Switzerland
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Main results (VII)



− In Switzerland it is difficult to find locations that allow the installation of 

the devices easily, that have access to electricity, enough traffic but not 

too much traffic and that ensure that the engine runs on load

− The rather unstable  weather conditions in Switzerland (rain and wind) 

are a problem

− The data of both systems had to be reprocessed

− In order to avoid false positive results and to survey the proper 

functioning it is recommended to measure with two devices 

− A certification procedure for the systems would be needed if the 

systems should be used as official control systems (like speed control)
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Main results (VIII)



https://www.mobilityplatform.ch/de/research-
data-shop/product/1740
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