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INTRODUCTION

Both Real Driving Emission (RDE) and laboratory (WLTP, performed on a chassis dynamometer)
procedures for quantifying particle emissions by number (particle number, PN) are mandated by current
automotive exhaust emissions regulations. While the processes of PN emission measurement share
similarities, notable differences exist between RDE and WLTP. The former has prescribed boundary
conditions, but the characteristics and conditions during each RDE test can vary significantly —and thus it
is inherently less repeatable than the latter. In contrast, the WLTP is a highly repeatable procedure in
force in the EU since 2017, with narrow limitations in terms of temperature range, driving conditions, and
other factors.

A comprehensive Light-Duty (LD) campaign, as part of the EU-funded PAREMPI project, was undertaken
to investigate emissions of raw gaseous compounds, as well as particle emissions by mass (particle mass,
PM), number (particle number,PN) and the simulation of atmospheric ageing of particles and aerosols
from vehicles. This study outlines the 10-nm Particle Number (PN10) and 23-nm Particle Number (PN23)
emission results obtained during custom RDE test cycle. Tests were executed both on road and in the
laboratory conditions.

METHODS

Most regulated vehicle test procedures require adherence to specific standardized processes, such as a
prescribed order of various driving modes or auxiliary usage during the tests. The methodology presented
here was intentionally designed to deviate from these boundary requirements and includes additional
components. Initial steps involved establishing the test cycle requirements, followed by selecting a
reference vehicle (V3, consistent across all campaign cars) to execute the initial run. Subsequently, the
test route underwent analysis, considering various output data, including ambient conditions, On-Board
Diagnostics (OBD) parameters, driving style, traffic intensity, slope characterization, and, notably, speed
characteristics, along with the frequency of stop events.

Upon approval, the test cycle, named ‘RDEsim’ (with ‘sim’ denoting simulation on the chassis
dynamometer), was duplicated and integrated into the emission system at BOSMAL's chassis



dynamometer laboratory no. 2. Finally, six vehicles (see Table 1) underwent testing using the chassis
dynamometer facility, traversing the identical 72-minute RDEsim cycle and subsequently replicating the
same RDE cycle on the road.

Table 1: Cars used for this study with fuel and propulsion type, Euro emission class

Car number Fuel type Specificity Euro emission class
\"2! Gasoline PHEV 6d

V2 Diesel PHEV 6d

V3 Gasoline 6d

V4 Diesel 6d

V5 Gasoline no GPF 5

Vo6 Diesel no DPF 4

PHEV = Plug-in hybrid electric vehicle / GPF = gasoline particulate filter / DPF = diesel particulate filter

RESULTS

The investigation encompasses PN10 and PN23 emission data, OBD parameter readings, ambient
conditions, and various other factors, for both RDE and chassis dyno tests. The analysis results will explain
similarities or differences between the same route executed in real road conditions and a simulated dyno
cycle. We will attempt to explain whether PN10 and PN23 results can be compared and if the methodology
conducted in this manner deserves attention in future campaigns.
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Figure 1: Speed and PN emission chart for the PHEV V1, the upper chart is PEMS RDE test with PN10 measurement while the
lower chart is RDEsim test with regulated PN23 measurement.

CONCLUSIONS

This study focuses on the comparison of PN emission testing methodology and the obtained results in real
driving conditions on the road and in the chassis dyno laboratory. Preliminary results reveal similarities
between RDE tests conducted on the road and those simulated in the laboratory. However, certain
distinctions have been identified, necessitating in-depth analysis and individual explanation.



ACKNOWLEDGEMENTS

This work was supported by the European Union’s Horizon Europe research and innovation programme
under grant agreement No 101096133 (PAREMPI: Particle emission prevention and impact: from real-
world emissions of traffic to secondary PM of urban air).

REFERENCES

1. Woodburn, J., Bielaczyc, P., and Giechaskiel, B., "A Technical Overview of Particulate Exhaust
Emissions in the Post-RDE Era," SAE Technical Paper 2022-01-1021, 2022, https://doi.org/10.4271/2022-
01-1021.

2. Lahde, T., Giechaskiel, B., Martini, G., Woodburn, J., Bielaczyc, P., Schreiber, D., Huber, M.,
Dimopoulos Eggenschwiler, P., Fittavolini, C., Florio, S., et al. Reproducibility of the 10-nm Solid Particle
Number Methodology for Light-Duty Vehicles Exhaust Measurements. Atmosphere 2022, 13, 872.
https://doi.org/10.3390/atmos13060872.

3. Woodburn, J., Bielaczyc, P., Merkisz, J., Pielecha, J., Laboratory and on-road characterization of
exhaust emissions from plug-in hybrid vehicles at multiple battery states of charge conditions,
December 2023 ,Transport Problems 18(4):99-112, https://doi.org/10.20858/tp.2023.18.4.08.

4. Bielaczyc, P. ,Merkisz, J. , Pielecha, J. & Woodburn, J. RDE-Compliant PEMS Testing of a Gasoline Euro
6d-TEMP Passenger Car at Two Ambient Temperatures with a Focus on the Cold Start Effect. SAE
Technical Paper Series. 2020, https://doi.org/10.4271/2020-01-0379

5. Bielaczyc, P, Klimkiewicz, D, Woodburn, J, Szczotka, A. Exhaust emission testing methods — BOSMAL’s
legislative and development emission testing laboratories. Combustion Engines. 2019,178(3):88-98.
https://doi.org/10.19206/CE-2019-316.




