


Proposal for a “round robin” (RR-10) for PMP compliant systems modified to measure sub23 nm particles starting from approximately 10 nm.

Background
Since 2013 the UNECE PMP IWG has been investigating particle emissions from different engine technologies to quantify the sub-23 nm fraction of particles not detected by the existing legislative particle counting methodology. 
The data collected so far shows that the uncounted sub-23 nm fraction is significant for certain engine technologies, especially in case of positive ignition vehicles with direct injection. The existing particle counting methodology appears still able to discriminate high emitters not complying with the particle number standard as the above 23nm fraction dominates the measurement.	Comment by Autor: This statement does not consider the introduction of GPF due to RDE-requirements and its effect.
Also, to my knowledge there are no investigations of EURO6-DPF vehicles that support this statement.
Nevertheless, the PMP IWG will continue to monitor new technologies coming to the market to assess whether the situation in terms of particle emissions will change and whether a reduction of the 50% 23 nm cut-offcounting limit size will become necessary. 	Comment by Autor: This should be the first step of an investigation.
Does the introduction of EURO 6 RDE DPF and GPF change the tailpipe-out size distribution in a way that the sub-23nm is necessary?
The expectation would be that GPF and DPF work as “diffusion mesh” so the emission of smaller particulates should be minimized.
But to investigate this, a RR as proposed is not necessary.
This monitoring task requires however the use of a non-standard measurement methodology to detect and count the particles currently not covered by the existing legislative procedure. 
JRC reported that existing systems for particle number measurement complying with the PMP requirements laid down in Reg. 83 can be adapted to measure from approximately 10 nm with minor (hardware and software) modifications. 
Although no major issue has been reported by the JRC, the repeatability/reproducibility as well as the accuracy (losses) of PMP compliant systems modified to measure particle from approximately 10 nm has not been thoroughly assessed so far.
In respect to this and in order to reduce the uncertainty of the sub-23 nm particle fraction measurement, it is considered useful to carry out an assessment of the repeatability and reproducibility of the existing PMP methodology modified by reducing the cut-off 50% counting limit size to approximately 10 nm.
Scope 
Development of a sub23nm (cut-off50% counting limit size: approximately 10 nm) particle number measurement procedure based on the existing PMP methodology conveniently adapted.	Comment by Autor: From my point of view, it is not possible to address all issues within one single round-robin.
To separate the effect there should be vehicles with and without (for reference) particulate filters be measured with 23n and 10nm equipment for several times to achieve statistical relevant results.
Main purpose: Monitoring particle emissions of new engine/after-treatment technologies.
Assessment of the repeatability/reproducibility of the proposed particle counting methodology by means of a “round robin”.

Specific objectives	Comment by Autor: The effort to achieve just a few of so many goals is huge. 
In theory, several iterations are required to investigate multiple vehicles/technologies.
Perhaps even dedicated driving cycles would be necessary to force the generation of smaller size distributions. Also influences of hot/cold could have significant effect.
Not to forget the expenses for shipment, setup and data analysis for such a large project (>2 particle counter).
1. Identify the modifications to the existing measurement equipment
This will be assessed using the instruments that will be provided for the RR-10 (i.e. necessary modifications of existing systems (not optimized) will be reported).
Expected Result: The main objective is to identify the modifications to the equipment/procedure needed to measure from 10 nm and to determine whether existing systems can (or cannot) be adjusted during an annual maintenance with a relatively low cost.	Comment by Autor: Concern: Only two variations (one from AVL, one from Horiba) will be tested. There are no tests that aim to show the differences of these modifications.
What about other equipment manufacturers? It is not the purpose of PMP to help single manufacturers with product development
2. Assess the need of a catalytic stripper (CS)
JRC reported that for most common application the CS was not necessary and Particle Number (PN) emissions >10 nm could be measured correctly using the Evaporation Tube (ET) with a high dilution. This was not true for some cases (e.g. 2-stroke motorcycle / scooter engines) and has to be further confirmed at other labs and by testing different engine technologies. Depending on the differences between CS and ET systems conclusions will be drawn.	Comment by Autor: This is only possible if the RR would include manufacturer of such “particle sources”. At the moment, they are not participating at PMP, are they?
Expected result: Assess the need for the mandatory use of a CS 	Comment by Autor: As the reference instruments have different set-ups (e.g. rotary dilution vs. mass flow controlling) … How could differences clearly be identified to relate to the CS alone?
How could be defined that the difference exists / exists not solely at the type of the golden vehicle?
Or perhaps the testing conditions? Cold/Hot could make a difference…
What if the vehicle does not generate „enough“ sub-23nm particles to produce any good results, meaning the vehicle is not suitable?
Note: One open point is to define whether a sulfur trap for the CS is needed or not. This could be partly addressed by circulating the two CS technologies.
3. Evaluate sub23nm fraction of modern engines
JRC measured >50 engines (35 light duty vehicles) and most of them were Euro 5 or 6. The measured fraction was on the order of 40% over a cycle (no sub-23 nm particle loss correction). Nevertheless there is a need to conduct tests with the latest technologies that are coming into the market. The participants of the RR-10 will have access to such technologies. Current technologies have been assessed and show there is no urgent need to revise the cut-off size. It is important to keep this under review as new technologies arrive to the market.	Comment by Autor: JRC could continue to observe newest technology vehicles without RR. New “RDE”-vehicles should define the basis of the decision if a RR is helpful or not. At the moment ACEA-members do not have capacities for “fancy testing”. All types of vehicles must be (re-)type approved until 9/2018.
Expected result: The fraction (percentage) of sub-23 nm particles from latest engines will be reported.	Comment by Autor: This is not necessarily the case. If the reference 23nm-system is changing the d50 will also change. It is a known fact that PN-counters are varying especially around 23nm and below. Even the differences between two systems of two different manufacturers are in the same range as the expected differences.
4. Evaluate measurement differences/uncertainties. Confirm the specification of the modified systems
JRC evaluated the measurement uncertainty of a 10nm system and found that is only slightly affected when measuring current technologies that produce particles with Geometric Mean Diameter (GMDs) >50 nm. It showed however that if the loss requirements below 23 nm are not well defined and systems with different losses are compared, then differences of 100% can be found when measuring size distributions that have GMDs around 10-20 nm. 
JRC will measure the penetration curves of the modified 10 nm systems (or the instrument manufacturers will supply this info). Conclusions about the PCRF definition and the loss requirements will be drawn upon the measurement uncertainty during the RR-10 and the specifications of the modified 10nm systems. Horizon2020 results with (probably) better systems will also be discussed (if available until then).

Expected result: The measurement uncertainty will be reported based on the RR-10 and it will be related to the technical specifications of the systems that will circulate. The need of better systems (or not) will be discussed.	Comment by Autor: Which measurement uncertainty? The one of the sub23nm system or the differences between the local systems? Within the RR the relevant counting device and the particle source are not changing? 
What is the point of the RR if a golden PMP23nm, a Golden 10nm and a Golden vehicle are sent to different labs. The only thing changing is the chassis dyno and operator.	Comment by Autor: Without knowing the characteristics of the aerosol, this will perhaps not be sufficient. Differences in counting efficiency cannot be attributed to a cause.
5. Calibration procedures of sub23nm protocol. Recommend a technology-independent, traceable calibration standard (if measurement technology has to be adapted).
This is partly investigated in the RR-CPC. When the material is decided the calibration procedures have to be re-checked to ensure that there are no open issues (this includes volatile removal efficiency requirements and PCRF definition). Note though that such systems are already calibrated for the aviation sector, thus no major issues are expected.	Comment by Autor: There is no information about this issue in the general description. As significantly longer lines are used for aviation, the expectation of ACEA would be that there could be major issues.
In fact, the definition of a calibration procedure etc. must be the first step. Otherwise no sustainable results will be created or two different manufacturer-calibrations would be compared.
Expected result: The key changes of the calibration procedures will be reported.

6. NEW: Check measurement uncertainty of existing PMP-23nm systems.
During the PEMS-PN Inter-Laboratory Correlation Exercise (ILCE) it was found that current PMP-23nm systems can have differences of ±40% from their mean value. The RR-10 should also address this topic: Will the differences of the PMP23 systems be ±40% or less? Possible reasons of such differences will be evaluated in more detail.
Expected result: The measurement uncertainty of the PMP-23 systems will be reported and compared with the 10nm systems.	Comment by Autor: This is only true, if the systems are working stable and reliable. Perhaps this could be an option for a second step. From the issues above, it is questionable to achieve reasonable results.
By comparing two prototype 10nm systems no conclusion can be drawn about measurement uncertainty.
Note: Adding a 10 nm CPC to the PMP-23 systems of the labs (when possible) will give a possible uncertainty of future PMP-10 systems (this includes calibration uncertainties, drifts plus the uncertainty of the method that will be assessed by the same system at different labs)	Comment by Autor: This has to be explained in more detail, as it is unclear to the reader.

7. NEW: Check differences between tailpipe and CVS
During the PN-PEMS evaluation it was found that the ‘location’ can have an effect on the emission results due to the particle dynamics. This has to be re-checked for both PMP-23 and 10 nm systems.
Expected result: The uncertainty of the ‘location’ will be quantified, especially for 10 nm systems.	Comment by Autor: This is questionable, unless the term ‘location’ is not defined clearly. It depends e.g. on distance from source, temperature (heating), flowrate etc.



Suggested protocol 1 (basic, not covering point 7):
PMP23 lab at CVS (extra 10nm CPC could also circulate; labs to confirm possibility to connect it to their PMP systems)	Comment by Autor: This means the local PMP23 is a reference device. Therefore the systematic differences to the 10nm CPC cannot be determined clearly.
This means that resulting conclusions could be biased.
If a golden vehicle is used, virtually only the reference will change. If no golden vehicle is used there are too many variables. So what is the point?
The investigation should be divided into several parts.
Even more… The investigation of current fastly revolving vehicle technology should be considered.
SPCS10 (Horiba) at CVS (CS without sulfur trap) (can a second CPC be connected?)
APC10+23 (AVL) at CVS (CS with sulfur trap)	Comment by Autor: What about MAHA-AIP? Their device is very much optimized concerning internal length of lines. It should also be possible to adapt easily?
Advantage: Simpler and comparison of two systems at CVS (better determination of uncertainties)
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Suggested protocol 2(Complete, covering new PEMS objectives):
PMP23 lab at CVS (extra 10nm CPC could also circulate; labs to confirm possibility to connect it to their PMP systems)
SPCS10 (Horiba) at CVS (CS without sulfur trap) (can a second CPC be connected?)
APC10+23 (AVL) at CVS (CS with sulfur trap)
PMP23 (Testo) at tailpipe with extra CS10 (Catalytic Instruments and 10nm CPC) 

Advantage: Investigation of tailpipe – CVS differences
Disadvantage: Complexity
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Other open issues
Golden vehicle missing
Participating labs to be defined. Support during testing necessary because there are many instruments. Golden engineer will be required
First correlation tests at JRC
Ideally PCRF data from instrument manufacturers and not at JRC
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