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1. SUMMARY

The control of real driving emissions (RDE) by means of portable emission measuring systems (PEMS) is
generally an accepted way to reduce further the air pollution of traffic.

In several research activities with different PEMS open questions resulted concerning the methodology of
testing and of evaluation.

Additionally, there are questions about RDE from different types of vehicles, or on different routes with varying
operating conditions, with different testing apparatus and with the use of recent evaluation method.

The project ResRDE(2) considers these objectives in 5 working packages (WP).

This 3 report presents the results of the WP2 — RDE legislation package 4 — information about the new
amendments and comparisons of results evaluated according to the previous and to the new evaluation
procedures.

After the performed evaluation of PEMS-RDE-results with three methods, it can be stated that the results
obtained with the RDE evaluation package are very similar to the integral average results.

For the Diesel vehicle equipped with DPF the PN-values are very low and the evaluation methods are not
relevant for PN.

2. OBJECTIVES OF RESRDE(2)

According to the project proposal from March 2019, the objectives of the working packages are:

WP1.: Emission factors from non-driving situations with different vehicles.

Part 1: Analysis of present data

From the present data of RDE obtained with different vehicles, the specific situations of emissions
like cold start, warm-up and stop&go, have to be found, analyzed and compared with the average
cycle emissions.

Part 2: Reproduction of non-driving situations

It was proposed to investigate two gasoline and two Diesel passenger cars. The tests are performed
in idling cold/warm, during the warm-up phase and in stop&go operation with a different portion of
idling. The tests are performed on chassis dynamometer with measuring systems: CVS and PEMS
(including HCrip and PN).

After cold start, there are different options of operating profile to influence the warm-up phase. It is
proposed to use two extreme variants: idling and high load (like highway). The cold start would be
at 20-25°C. Other options of the cold start temperature are to be discussed.

To simulate the different portion of idling in stop&go operation, specific cycles have been created in
order to repeat the same trials with all vehicles. Testing of stop&go operation will be carried out with
warm engine.

WP2: RDE legislation package 4.

From January 2019, new amendments to the RDE-legislation were issued with new requirements
of evaluation of results. It is necessary to deepen the new regulation, to perform the new evaluation
procedure and to compare it with the previous one.

WP3: Extended RDE conditions — examples and comparisons of RDE for: winter/summer driving,
mild/aggressive driving and altitude.

WP3(a): RDE — winter/summer — examples on two vehicles (passenger cars: Diesel, gasoline).

WP3(b): RDE with mild/aggressive driving behavior - examples on two vehicles (Diesel, gasoline).
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WP3(c): RDE in “normal» legally valid circle compared with a high-altitude circle — examples on two vehicles
(Diesel, gasoline).

WP4: Further comparisons of PN PEMS and GasPEMS: Horiba <> NM3 (CPC & NGK) examples on two
vehicles (Diesel, gasoline), as well as the comparisons of data from HDV Euro VI (WVU).

The vehicles are tested with warm start on chassis dynamometer and on-road. Compared are:
stationary CPC (PMP), PN PEMS Horiba, NM3 and NGK and gaseous components GasPEMS. The
comparisons of results from the previous tests HDV Euro VI (WVU) are included.

WP5: RDE results on different RDE routes.

The same vehicle is measured on the test circuits of other associated institutes (EMPA, TCS, TFZ).
2.1. Research topics of present report
This 3" report presents the results of WP2, which consists of two parts:

Part 1 — Short description of most important innovations of the RDE4 package.
Part 2 — Comparisons of RDE results obtained on two vehicles (Gasoline, Euro 5 and Diesel, Euro 6) and
evaluated with both methods: RDE3 (previous method) and RDE4 (actual method).

3. INNOVATIONS OF THE RDE PACKAGE 4 (RDE4)

The RDE packages 1,2 & 3 are applied for the certification of new types of vehicles since September 2017.
The 4 RDE package applies for certification since January 2019. The most important innovations and
amendments of RDE4 vs. RDE3 concern:

« Specifications and calibration of PEMS components and signals, [1] App.2.

« Verification of overall trip dynamics with MAW (moving average windows), [1] App.5 and with RPA (relative
positive acceleration), [1] App.7a.

« Determination of the cumulative positive elevation gain of a PEMS trip, [1] App.7b.

« Calculation of final RDE emissions, [1] App.6.

« Data exchange and reporting requirements, [1] App.8.

e Provisions for in-service-conformity (ISC), [1] Article 9.

For calculation of the final RDE emissions (App. 6) an evaluation factor (RFk) is applied in function of the CO2
ratio (r« = COzroe / CO2 witc). This is represented in Fig. 1 and in annex Al, [2] as well.

The CO: ratio r« can be considered as “engine load factor”. If the engine, for certain reasons, converts
considerably more energy in RDE than in WLTC the application of a “reduction factor RF«” for the resulting
RDE emissions takes place. For the electrified vehicles with “off-vehicle charging OVC”, the operation
with/without ICE (i.e. purely electric operation) is considered (see annex Al-2).

A further important measure includes cold start / warm-up data in the evaluation.

For NOx, the conformity factor (CF) is 1.43 from January 2020 (previously 1.5). [Remember: NTE pollutant =
CPFpoiutant X Euro 6 limit valuel].

For reporting (App. 8) strict rules are prescribed and the manufacturers of PEMS equipment offer an
appropriate protocol. Examples see: annex A2 — Horiba report for RDE3 and annex A3 — Horiba report for
RDEA4.

The institutions, which perform the tests and/or grant the type approval (OEM, GTAA) are obliged to provide
data for the public information on internet.
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Great importance was attached to the in-service-conformity (ISC) testing and reporting (article 9). The
responsibility for ISC is shifted to granting type approval authorities (GTAA’s), external specialized laboratories
or technical services. Some additional information about ISC and fuel consumption indication is given in
annex A4, [3].

Further useful links about PEMS/RDE [4-7] are given in the references in the chapter 9.

4, TESTING MATERIAL, MEANS AND METHODS
4.1 Test vehicles, fuels and lubricants

The results from two vehicles V1 (Gasoline Euro 5) and V2 (Diesel Euro 6) were used for the exemplary
evaluations according to the packages RDE3 and RDEA4.

The most important data of these vehicles are listed in the tablel.

Name Type Model Fuel EATS Displ. Power Odometer
- - Year - - - ccm kw km
V1 LDV PC 2012 Gasoline Euro 5a 3wC 1.596 132 36'637
V2 LDV PC 2017 Diesel Euro6b DPF+SCR 1.968 110 31208

Table 1: Data of the vehicles used for the comparison tests.

All vehicles were operated with the Swiss market fuels and with the lubricating oils, which actually were present
in each vehicle.

4.2 Test methods and instrumentation

4.2.1. Chassis dynamometer and standard test equipment

. roller dynamometer:
. roller diameter:
. driver conductor system:

AFHB GSA 200
502 mm
Tornado, version 3.3

Control Sistem R03-700 with roots blower
automatic for intake- and dilution air
temperature: 20 + 30°C

humidity: 5.5-12.2. g/kg

+  CVS dilution system:
+  air conditioning in the hall

4.2.2. Test equipment for regulated exhaust gas emissions
(data not used in present report)

This equipment fulfils the requirements of the Swiss and European exhaust gas legislation.

. regulated gaseous components:
exhaust gas measuring system Horiba MEXA-7100

CO, COs... infrared analysers (IR)

HCFID... flame ionisation detector for total hydrocarbons
CH4FID... flame ionisation detector with catalyst for only CH4
NO/NOx... chemiluminescence analyser (CLA)

The dilution ratio DF in the CVS-dilution tunnel is variable and can be controlled by means of the COz-analysis.
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4.2.3. PEMS

Most important data of the used Horiba GasPEMS are given in the table 2.

Gas PEMS

Honn
D S INE

-

Instruments

Horiba PEMS
OBS-ONE

Exhaust concentrations

COz2, CO, NOx, NO2

Measurement principle

heated NDIR*, CLD,

Electrical power

heated line
Engine parameters OBD
Vehicle speed & position GPS
Exhaust flow EFM
Ambient parameters p, T,H
> 300 W

(> 800 W with FID and PN)

Dimensions

500 x 500 x 500 mm
+ Pitot tube
+ heated line
+ batteries

* OBS one: H,0 is monitored to compensate the H,O interference on CO and CO, sample cell heated to 60°C.

Table 2: Data of the applied GasPEMS

4.2.4. PN PEMS

For measurements of nanoparticles, a portable system named Horiba OBS-ONE-PN PEMS working on CPC-

principle was used. For further information of the manufacturer, see annex A5.

4.3 Test procedures

The vehicles were tested on a chassis dynamometer in a WLTC cycle. The driving resistances were set for a

horizontal road, according to the legal directive.

The RDE part of testing was performed on the road in real driving conditions. An example of a road trip for

RDE is given in annexes A2-3 and A3-3.

The use of WLTC data in the RDE4 evaluation protocol can be found in annex A3-6 for the CO2 characteristic
curve and for the MAW normality check of the trip. In annexes A3-10 & A3-11, the CO»-values from WLTC and

the RF-factor are recorded.
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5 RESULTS

Comparisons of RDE results obtained from two vehicles — V1 (Gasoline, Euro 5) and V2 (Diesel, Euro 6) — are
represented in Fig. 2 for the urban part and in Fig. 3 for the entire route. The PEMS-results are evaluated
according to three methods: integral average, RDE3 and RDEA4.

For V1, there are two repetitions with quite a different CO-emission level. Nevertheless, the average NOx- and
PN-levels are similar in the urban part (Fig. 2). The second repetition with lower CO has in the entire route
(Fig. 3) slightly higher NOx and PN. The reasons for these emission differences can be the phases of driving
with a cooler TWC, due to lower driving energy in the repetition #2. The different evaluation methods show
that the emission results obtained with RDE4 are very close to the integral average results, while the results
from RDE3 deviate more from the average level.

The vehicle V2 is equipped with DPF and the PN-emissions are not visible in the represented scale. In this

case, the evaluation method makes no difference for PN. For the other components: CO & NOx of the vehicle
V2 can be remarked that the evaluation method of RDE4 yields similar results as the integral average method.

6 CONCLUSIONS
After the performed evaluation of PEMS-RDE-results with three methods, it can be stated that the results
obtained with the RDE evaluation package are very similar to the integral average results.

For the Diesel vehicle equipped with DPF the PN-values are very low and the evaluation methods are not
relevant for PN.

7 LISTE OF FIGURES
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AFHB Abgasprufstelle FH Biel, CH
AGR Abgasrickfiihrung

CF conformity factor

CLD Chemiluminescence Detector
CPC condensation particles counter
CvVs Constant Volume Sampler

DC diffusion charging

DI Direct Injection

DOC Diesel Oxidation Catalyst

DPF Diesel Particle Filter

EAER equivalent all-electric range
EATS exhaust aftertreatment system
ECU Engine Control Unit

EFM Exhaust Flow Meter

EU European Union

FCHV fuel cell hybrid vehicle

FCV fuel cell vehicle

FID Flame lonization Detector
FOEN Federal Office of Environment, CH
GPF Gasoline patrticulate filter

GPS Global Positioning System
GTAA Granting Type Approval Authority
HD Heavy Duty (utility vehicle)
HDV Heavy Duty Vehicles

HEV Hybrid Electric Vehicle

HV hybrid vehicle

ICE Internal Combustion Engine
ISC in-service-conformity

LD Light Duty (passenger car)
LDV Light Duty Vehicles

MAW Moving Average Window
NCEM NTK Compact Emissions Meter
NDIR Non-Dispersive Infrared

NM3 NanoMet3

NOVC not off-vehicle charging

NTE Not-to-exceed

OBD On Board Diagnosis

OBS Horiba on board system

OEM original equipment manufacturer
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oveC off-vehicle charging

PC passenger car

PEMS Portable Emissions Measurement System
PEV pure electric vehicle

PFI port fuel injection

PMP Particle Measuring Program of ECE GRPE
PN Particle Number

R2 coefficient of determination

RDE Real Driving Emissions

ResRDE research of RDE

RPA Relative Positive Acceleration

SCR Selective Catalytic Reduction

TP tailpipe

TPA Tailpipe Attachment

TWC Three-way catalyst

\% vehicle

WHTC World Heavy-Duty Transient Cycle

WLTC World Light-Duty Transient Cycle

WP working package

WWH-OBD Worldwide Harmonized On-Board Diagnostics
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On-Road Measurements

RDE Results Evaluation Factors (RFy) vs. CO, Ratio (ry)
Before and After January 2020
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On-Road Measurements

Comparison of Integral, RDE3 (MAW) & RDE4 Values
RDE - Urban Part
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On-Road Measurements

Comparison of Integral, RDE3 (MAW) & RDE4 Values
RDE - Total Route

V1 (Gasoline, Euro 5), V2 (Diesel, Euro 6)
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the final RDE emissions results

(NOVC-HEV: not off-vehicle charging hybrid electric vehicle)

RDE4 New Appendix G — Calculation of
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RDE4 New Appendix G — Calculation of

the final RDE emissions results

(OVC-HEV: off-vehicle charging hybrid electric vehicle)
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ICCT information about ISC and fuel metering

IN-SERVICE CONFORMITY TESTING

As part of the amendment, a minimum number of in-service conformity (ISC) checks!® of vehicles was
introduced to be performed by the granting type approval authority. Today, ISC checks are entirely in the hands
of car manufacturers, and they are only carried out for air pollutant emissions, not for CO2. Part of this
responsibility will now shift to the respective type-approval authorities, which will perform WLTP and RDE tests
(the latter only for NOx and particulate number emissions), in addition to the WLTP tests carried out by
manufacturers. The granting type approval authority must gather all relevant information on possible emission
non-compliances relevant for deciding which ISC families to check in a particular year. The number of
compulsory annual ISC checks level is set to 5% of PEMS families or a minimum of two families per
manufacturer. This is significantly lower than the 20% that stakeholders, such as environmental NGOs, were
originally asking for.1” In addition to the granting type approval authorities, ISC checks can be performed by
other type approval authorities, or commissioned by any third party, provided that an accredited laboratory or
designated technical service carries out the testing on their behalf. All parties shall report the results in an
electronic platform to coordinate in-service conformity testing.

The ISC procedure is based on a sequential sampling method. A sample of vehicles pulled from the same
vehicle family are tested consecutively until a “pass” or “fail” decision is reached. The revised ISC requirements
aim to strike a balance between tighter requirements for passing an ISC check and limiting the testing burden.
As a result, the maximum number of vehicles to decide whether an ISC check is passed is reduced from 20 to
10 vehicles of a vehicle family. At the same time, the thresholds for failing an ISC check are lowered. For
instance, a vehicle family for which 50% of the vehicles are likely to fail the test, under the current system,
would still have a more than 75% probability to pass the ISC check. Under the new system, with the same
percentage of vehicles failing the test, the probability to pass the ISC would only be slightly above 50%
(Figure 3).

6 In comparison to ISC checks, the scope of market surveillance testing—as introduced by the revised type approval framework
directive, is wider, including not only emissions but also safety testing, making use not only of laboratory and PEMS testing but also
remote sensing as well as on-board measurements. Market surveillance checks can also serve as a pre-screening of vehicle models
that will then be selected for more in-depth ISC testing.

17 Transport & Environment, “Letter to TCMV members: European Commission’s proposal regarding the RDE 4th package & WLTP
2nd act,” April 2018. Retrieved from
https://www.transportenvironment.org/sites/te/files/publications/2018 04 TE letter TCMV_members vote for RDE 4 and WLTP

2.pdf



https://www.transportenvironment.org/sites/te/files/publications/2018_04_TE_letter_TCMV_members_vote_for_RDE_4_and_WLTP_%092.pdf
https://www.transportenvironment.org/sites/te/files/publications/2018_04_TE_letter_TCMV_members_vote_for_RDE_4_and_WLTP_%092.pdf
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CHANGES TO THE MOTOR VEHICLE TYPE-APPROVAL SYSTEM IN THE EUROPEAN UNION

From December 31st 2018
up to 20 vehicles tested

From January 1st 2020
up to 10 vehicles tested

From January 1st 2019
up to 10 vehicles tested
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Figure 3. Comparison of the outcome of new statistical procedures. The probability to pass the ISC check is reduced when vehicles
have a significant chance to fail the WTLP or RDE test. Evaporative and low temperature tests have a shorter sampling plan and are

only voluntary.

FUEL CONSUMPTION METERS

From January 2020 onwards for new vehicle types, and one year later for all new vehicles, manufacturers
have to determine on-board the instantaneous as well as the lifetime fuel consumption of each vehicle—the
so-called fuel consumption meter. In addition, the electric energy consumption for plug-in electric vehicles will
have to be recorded, however only for the lifetime of the vehicle, not the instantaneous consumption. The
accuracy of the data recorded will have to be within +5%, i.e. if tested in a WLTP test, the fuel consumption
meter reading shall not deviate more than 5% from the vehicle’s fuel consumption determined by the laboratory
equipment. While vehicle manufacturers are widely applying fuel consumption meters for internal data
collection purposes already today, in the future all interested parties will be able to access the recorded data
via the on-board diagnostics (OBD) interface of the vehicle. How the fuel consumption meter readings of
individual vehicles will be systematically collected, aggregated and analyzed by the European Commission will
be addressed in future regulations.
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Real Driving Measurements

PN-PEMS Flow Schematics
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Real Driving Measurements

PN-PEMS Flow Schematics
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