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Objectives

« 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
iIndividual 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.

REMOVES * Remote Monitoring of Onroad Vehicle Emissions in Switzerland — Harald Jenk Federal Office for the Environment FOEN 3



WP1 Determination of measuring sites
and measurements along roads
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Tab. 1 Ubersicht der Einsétze je Messgerét und Standort in der Messperiode von KW17 bis KW 24
im Jahr 2021

Kalenderwoche KW 17 2021 KW 82021 KW1B2021 |KW202021 [KW212021 |[KW222021 |KW232021 KW 24 2026
Messwoche 1 2 3 4 5 6 7 2

Messgerét

OPUS RSD5500#1
OPUS RSD 5500 #2
EDAR 1

EDAR2

SED: Standort Sedel

DIR: Standort Dierikon

SUR: Standort Sursee

MUZ: Standort Lugano-Muzzano

VAU: Standort Vauffelin (Teststrecke)

SOA: Standort Soazza (Parallelmessungen)

KNU: Standort Knuttwil (High-Emitter Kampagne)

SVZ: Standort Schwerverkehrszentrum Erstfeld (Fokus Lastwagen)
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U WP2 Comparing RES and
SEMSZ/PEMS on atest track

Abb. 34 MAN TGM 15.290 @, MAN TGA 18.540 @ und Mercedes-Benz Vito @ Abb. 35 Renault Mégane @ und Volvo V40 D3 &,
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¥  WP3 Analysis of the collected data

EDAR R5D5500

« 230’000 measurements from

the road site II
« 60% were valid and could L RN ___In l_
be assigned to vehicles
« 6’000 measurements from I -I
ihe test frack ___. 5 5o T T s T s s

Abgasnornm Abgasnarm

kranstorf [l Diecer [l Benzin Elektrizitat [l sonstive [l Unbekannt

Abb. 55 Fiottenzusammensetzung auf der Grundlage der Feldmessungen des EDAR-Sys-
tems (links) und des RSD 5500-Systems (rechts).
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WP4 numerical simulation of the
distribution of exhaust components in
the vehicle wake flow
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Abb. 94 Abgaswolke bei y = -0,6 m (oben) und z = 0,3 m (unten) fir ein Fahrzeug mit
dem Abgasendrohr auf der linken Seite, horizontal ausgerichtet, Fahrgeschwindigkeit 50
km/h.

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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¥  Main results (I)

+ EDAR (HEAT) and RSD5000 (OPUS) showed comparable NOx
values for passenger cars and light delivery vans
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@  Main results (1)

— Location has an influence on the results
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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 (ll)

g NOx / kg Kraftstoff

Good correlation between RSD500 and SEMS possible but
perfect conditions on the test track are necessary
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Abb. 49 Verteilung der instantanen Emissionskonzentrationen fir den Euro 5§ Pw (Volvo OPUS #1 - 20. Mai 2021
V40) zwischen SEMS und den OPUS RSD 5500-Messgeréaten #1 und #2 an den beiden w0 ¢
Messtagen. Zur Erinnerung: Von den Messfahrten am 20. Mai liegen nur Messwerte vom Qopus_1

Gerét #1 vor, weil Gerat #2 ausgefallen war.

o fv=-001ms1273
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SEMS [ NOx [ by Kradtstof]

Abb. 51 Korrelationsplot der instantanen NO.-Emission fir den Euro 5-Pw (Volvo V40)
zwischen SEMS und den OPUS RSD 5500-Messgerdten #1 und #2 an den beiden Mess-
tagen. Zur Erinnerung: Von den Messfahrten am 20. Mal liegen nur Messwerte vom Gerat
#1 vor, well Gerat #2 ausgefallen war. In den Grafiken sind auch die jeweiligen Korrelati-
onsgeraden mit ihren Formeln und der R*-Giite ausgewiesen.
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O

Main results (1V)

— Good correlation between EDAR and SEMS possible but
perfect conditions on the test track are necessary

EDAR #1 ve SEMS +2 . — 25. Mal 2021 EDAR #2 va SEMS +2 5. — 25 Mal 2021 EDAR #1 va. SEMS -2 5. — 25 Mal 20 EDAR #2 vo. SEMS -2 5. — 25. Mal 2021

W SEMS NOx ™ RS NOx W SEMS NOx ™ RS MOx

o ELWAN §1
H RS NO B RS NOZ B RS MO B RS NO2 ye Dl + 1564 ] =
[
60 -
50 - 4 -
i TR A H
] o g A * 1
a0 g e e . = g
< ams ")
g 2 E ¥ g
£ 0 £ R ET] " o & £
3 l ! T e P 7
oo & ag® = "
= 0 . Bt T -
= W N .
= 10 s N
)
o * == -
SDME |g 0w [ by Rrshood] Sl g WO ) g et ]
10
EDAR #1 wa. SEMS 0 — 26. Mal 2021 EDAR #2 vs. SEMS 0 — 26. Mal 2021
EDAR #1 vs. SEMS 0 — 26. Mal 2021 EDAR #2 vs. SEMS 0 — 26. Mal 2021 i i §
O LDAN §1
WSEMS NOx ™ RS NOx W SEMS NOx ™ RS NOx
B RS NO B RS NO2 B RS MO RS NO2 o
@
50 ] o . 1
50 § < §
2 o - 7
- 40 . [ el .
s i A g
= 30 23 N o =
= g 0 -
£ 20 Y A 2
= ':-.-‘w F o iy
= e & oy
=10 . o '5 : -
a = i SDAE | g il | ey i -|.:l.--l : >.'-1> i Filts | g, Krdiaim ]
10 Abb. 54 Komelstionsplot der insfantansn NO-Emissionen filr den Eure V-Saftelzug (WAN
TGA) zwischen den SEMS- und den EDAR-Messgergten #1 und #2 an beiden Messtsgpen.
Abb. 53 Verteilung der instantanen Emissionskonzentrationsen fir den Euc V-Sattelzug In den Grafiken sind such die jeweiligan Komelshionsgeraden mif firen Formeln und dar
(MAN TGA) zwischen SEMS und den EDAR-Messgersten an den baiden Messfagen.
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¥  Main results (V)

 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 (VI)

« 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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Abb. 113 Zwei Fahrzeuge die im Abstand von 10 m mit einer Geschwindigkeit von 50 km/h
fahren, Y, = 0,309 am Abgasendrohr. Die Schadstoffverteilung ist in der z = 0,3 m Ebene
(oben) und y = -0,6 m Ebene (unten) dargestellt.
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¥  Main results (VII)

+ 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 (VIII)

— 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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Reference source

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