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Goals of the NPTI working group:

e Establish Engine operation for
measurement

* Measurement procedure

 Requirements for instruments

* Limit value

e Calibration
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Main purpose: make sure that particle filter
is existent and working properly

‘ as simple as possible, no precise measurement

Has to be less stringent than type approval test
Reliably detect real high polluters
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A study by Kadijk et al. (2016) shows a good correlation between
results from a test cycle and a simple measurement at low idle
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Diesel engines in Switzerland, Data from B.Gloor, AWEL
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Diagramm2



blue: % cars

red: % emissions



<	 105cm-3	1 -2.5x105cm-3	2.5 - 5 x105cm-3	5 - 10x105cm-3	>	106cm-3	70.642201834862391	8.8685015290519882	1.834862385321101	3.3639143730886847	15.290519877675839	<	 105cm-3	1 -2.5x105cm-3	2.5 - 5 x105cm-3	5 - 10x105cm-3	>	106cm-3	2.44	1.4061538461538463	3.5938461538461537	5.0471794871794886	94.952820512820509	concentration ranges





Rel. Fraction cars,  contribution to particle  emissions [%]









Tabelle1

				delta		0.39		0.25

						concentration		Number of veh.		cum Anzahl		rel. Anz.Fahrzeuge		cum Emissionen		mittlEmissionen		cum em normiert

		2.2		2.375		2.37E+02		9		9		2.752293578		2.13E+03		2.37E+02		8.E-04				1.3

		2.59		2.625		4.22E+02		9		18		5.504587156		5.93E+03		3.29E+02		2.E-03				1.3

		2.98		2.875		7.50E+02		8		26		7.9510703364		1.19E+04		4.59E+02		5.E-03				1.2

		3.37		3.125		1.33E+03		23		49		14.9847094801		4.26E+04		8.69E+02		2.E-02				3.3

		3.76		3.375		2.37E+03		32		81		24.7706422018		1.18E+05		1.46E+03		5.E-02				4.6

		4.15		3.625		4.22E+03		54		135		41.2844036697		3.46E+05		2.56E+03		1.E-01				7.7

		4.54		3.875		7.50E+03		30		165		50.4587155963		5.71E+05		3.46E+03		2.E-01				4.25

		4.93		4.125		1.33E+04		34		199		60.8562691131		1.02E+06		5.15E+03		4.E-01				4.9

		5.32		4.375		2.37E+04		14		213		65.1376146789		1.36E+06		6.37E+03		5.E-01				2

		5.71		4.625		4.22E+04		6		219		66.9724770642		1.61E+06		7.35E+03		6.E-01				0.8

		6.1		4.875		7.50E+04		12		231		70.6422018349		2.51E+06		1.09E+04		1.E+00				1.7

		6.49		5.125		1.33E+05		15		246		75.2293577982		4.51E+06		1.83E+04		2.E+00				2.12

		6.88		5.375		2.37E+05		14		260		79.5107033639		7.83E+06		3.01E+04		3.E+00				2

		7.27		5.625		4.22E+05		6		266		81.3455657492		1.04E+07		3.89E+04		4.E+00				0.9

		7.66		5.875		7.50E+05		11		277		84.7094801223		1.86E+07		6.72E+04		7.E+00				1.6

		8.05		6.125		1.33E+06		6		283		86.5443425076		2.66E+07		9.40E+04		1.E+01				0.9

		8.44		6.375		2.37E+06		12		295		90.2140672783		5.51E+07		1.87E+05		2.E+01				1.7

		8.83		6.625		4.22E+06		15		310		94.8012232416		1.18E+08		3.82E+05		5.E+01				2.2

		9.22		6.875		7.50E+06		15		325		99.3883792049		2.31E+08		7.10E+05		9.E+01				2.2

		9.61		7.125		1.33E+07		2		327		100		2.57E+08		7.87E+05		1.E+02				0.3

		10		7.375		2.37E+07

								327

				good		bad				gut				alle

		2003		0.0		3.0		3.0		0				0.2

		2004		3.0		0.0		3.0		0.2				0.2

		2005		18.7		2.0		20.0		1.3				1.4

		2006		27.3		25.0		53.0		1.9				3.7

		2007		33.8		17.0		51.0		2.35				3.52

		2008		31.7		25.0		56.0		2.2				3.9

		2009		33.1		17.0		50.0		2.3				3.45

		2010		36.0		12.0		48.0		2.5				3.3

		2011		165.5		24.0		189.0		11.5				13.15

		2012		77.0		10.0		87.0		5.35				6.05

		2013		53.2		5.0		58.0		3.7				4.05

		2014		20.1		1.0		21.0		1.4				1.45

		2015		45.3		2.0		47.0		3.15				3.25

		2016		20.1		0.0		20.0		1.4				1.4

		2017		40.3		0.0		40.0		2.8				2.8

		Grössenklassen

				Anz. Veh.		re. Veh %		av.em		av em rel

		< 105cm-3		231		70.6422018349		1.90E+04		2.44E+00		2.44		< 105cm-3

		1 -2.5x105cm-3		260		8.8685015291		3.00E+04		3.85E+00		1.41E+00		1 -2.5x105cm-3

		2.5 - 5 x105cm-3		266		1.8348623853		3.90E+04		5.00E+00		3.59E+00		2.5 - 5 x105cm-3

		5 - 10x105cm-3		277		3.3639143731		6.74E+04		8.64E+00		5.05E+00		5 - 10x105cm-3

		>106cm-3		327		15.2905198777		7.80E+05		1.00E+02		9.50E+01		>106cm-3



		I		< 105cm-3		70.64		2.44E+00

		II		1 -2.5x105 cm-3		8.87		3.85E+00

		II		2.5 - 5 x105 cm-3		1.83		5.00E+00

		iV		5 - 10x105 cm-3		3.36		8.64E+00

		V		>106 cm-3		15.29		1.00E+02



237.13737056616563	421.69650342858256	749.89420933245651	1333.5214321633246	2371.3737056616569	4216.9650342858258	7498.9420933245601	13335.214321633259	23713.737056616574	42169.650342858236	74989.420933245681	133352.14321633251	237137.37056616598	421696.5034285828	749894.20933245635	1333521.4321633265	2371373.7056616582	4216965.0342858257	7498942.0933245718	13335214.321633279	9	9	8	23	32	54	30	34	14	6	12	15	14	6	11	6	12	15	15	2	concentration [cm-3]





number of vehicles







2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	0.01	3	18.705035971223023	27.338129496402878	33.812949640287769	31.654676258992808	33.093525179856108	35.97122302158273	165.46762589928056	76.978417266187051	53.237410071942442	20.14388489208633	45.323741007194243	20.14388489208633	40.28776978417266	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	3	0	2	25	17	25	17	12.02877697841727	24	10.021582733812949	5	1	2	0	0	year of first registration





number of cars







cum em normiert	2.7522935779816518	5.5045871559633035	7.951070336391437	14.984709480122325	24.770642201834864	41.284403669724774	50.458715596330272	60.85626911314985	65.137614678899084	66.972477064220186	70.642201834862391	75.22935779816514	79.510703363914374	81.345565749235476	84.709480122324152	86.544342507645254	90.214067278287459	94.801223241590222	99.388379204892956	100	8.2890909822105657E-4	2.3029410803814929E-3	4.6329328347057283E-3	1.6545139876247086E-2	4.6017463368551323E-2	0.1344593822981775	0.22183407308533626	0.3979275684820347	0.52686898376086588	0.6251377825715615	0.97463654572019687	1.7515196136468076	3.0409337664351197	4.0236217545420772	7.2273604167379002	10.334892688444345	21.387013998058439	45.954213700732375	89.641559094311845	100	rel. number of cars [%]





cumulative cotribution to emissions [%]







blue: % cars

red: % emissions



<	 105cm-3	1 -2.5x105cm-3	2.5 - 5 x105cm-3	5 - 10x105cm-3	>	106cm-3	70.642201834862391	8.8685015290519882	1.834862385321101	3.3639143730886847	15.290519877675839	<	 105cm-3	1 -2.5x105cm-3	2.5 - 5 x105cm-3	5 - 10x105cm-3	>	106cm-3	2.44	1.4061538461538463	3.5938461538461537	5.0471794871794886	94.952820512820509	concentration ranges





Rel. Fraction cars,  contribution to particle  emissions [%]
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Busses in Chile
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From Reinoso, 2019
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The limits for PTI must be less stringent than for type
approval testing. This is fulfilled for a limit >10°cm-3
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Metric:

Number concentration (NC) well established (mainly because it
was the only for metric allowing reliable Measurement during
PMP) but not necessarily the best metric.

Other possible metrics:
LDSA: better reflects health effects, would allow a very simple and
robust DC-charging based sensor

EC/BC: used in occupational health, directly related to ambient air
concentrations. No simple commercial device available now, but
technology exists

For PTI all metrics are feasible, NC best stablished, LDSA and EC more potential for
robust low-cost instruments.
So far, all approaches based on NC
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Number concentration measurement requires definition of
size dependence

VERT suggestion:

counting rate:

23nm: 0.2-0.6

50nm: 0.6-1.3

80nm: 0.7-1.3

200nm: <2

Particles >200nm are irrelevant, no restrictions needed

* idling: ->high concentration of very small particles (also below 20nm) possible,
for measurement of number concentration the efficiency in this size range
therefore has to be well defined (also the particles, used for calibration).

 if LDSA or EC are used as metric, the weight of the sub 20 nm particles is very
small anyways, at least to my opinion in this case no specific requirements need
to be defined for lower size limit for applications like NPTI.
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Measurement duration:

Initial suggestion:
20sec measurement after stabilization phase, average value

and standard deviation determined,
for valid measurement: standard dev. <20%

VERT suggestion:
3 x 15 s sampling
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Limit Value:

* Values for really good filters < 5000 cm-3
* Type approval limit corresponds to about 100’000 cm3
* Essential to significantly reduce fleet emissions: <500’000 cm-3

Switzerland, off road: 250’000 cm-3
Netherlands 1’000’000 cm3
Germany 250’000 cm™3
VERT 50’000 cm3
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Requirements to dynamic range:

To decide, if limit is exceeded or not: 3x below and 3x above
limit value sufficient
(for values outside this range evident if below or above)

If limit 250’000 cm-3 this could be 5x10% - 10°cm-3

To get more information a wider range may be useful (at the
price of a more complicated instrument)

Netherlands: 5’000 = 5'000°’000 cm?3
PTB: 5’000 = 500’000 cm?3
VERT: 3’000 + 1’000°’000 cm*3
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Conditioning

low idling during measurement (-> A=8 -> no or only small dilution
needed to avoid nucleation)

If temperature always (in sampling line and sensor) >120°C no
nucleation will occur, in this case no dilution is required.
(This is for diesel engines only)

Requirement for instruments:
Tetracontane removal efficiency for 30nm particles: >95%
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Other requirements:

* Maintenance interval: 1 year

* electromagnetic compatibility class E2
* mechanical robustness: class M2

Environmental conditions:
Temperature: 10°Cto 40 °C
Pressure: 860 hPa to 1060hPa
Humidity: rh < 80%



nN\w

Fachhochschule Nordwestschweiz
Hochschule fur Technik

Final considerations:

Finding a solution is trying to find a compromise
between the very pragmatic approach: detect super
polluters as easily as possible

and one leading to more precise results at higher cost

unfortunately, different countries have different
solutions, harmonization very essential

Beside just distinguishing between go and no go PTI may
help to detect problems before they become severe.
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