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Summary 

In the framework on the Netherlands in-service testing program for heavy-duty 
vehicles of the Ministry of Infrastructure and Water management TNO has 
conducted three on-road emission tests with PEMS on a N3 Euro VI Step-C truck 
conform Regulation EU No. 582/2011 [1] as amended by EU No. 2016/1718 [2], to 
verify that the vehicle meets the requirements concerning the applicable heavy duty 
vehicle in-service conformity emission regulations. 

 
• For the three valid tests the 90% cumulative exhaust emissions conformity 

factors for NOx, THC and CO are below the maximum allowed value of 1.5. 
 

• The 90% cumulative NOx conformity factors for test 1,2 and 3, determined 
according the work based method are 0.50, 0.33 and 0.32, and on average 
0.38. 
 

• The 90% cumulative NOx conformity factors for test 1,2 and 3, determined 
according the CO2 based method are 0.52, 0.33 and 0.33, and on average 
0.39. 

 

Considering the demonstrated validity of the measurements, the results of the 

measurements are interpreted as plausible. During testing, no anomalies were 

encountered. The CF results show that for both work- and CO2 based window 

methods the limit of 1.5 was not exceeded for components NOx, CO and THC(with 

application of the emission limits set for PI engines according  to (EU) 

No.133/2014[3]).  

 

The CF for PN has not yet been determined. This means the CF for PN are purely 

indicative and do not account for pass/fail. Notable is the strong decline in CF for 

PN during the course of the test program. It is unknown if a regeneration of the 

particulate filter took place before the start of the first test.   
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1 Introduction 

1.1 Background 

The Ministry of Infrastructure and Water management has contracted TNO to 

conduct the in-service emissions testing programme for heavy duty vehicles. In this 

programme TNO tests on an annual basis a selection of vehicles of which the data 

is used to:  
− Determine the emissions factors for heavy commercial vehicles 

− Determine trends over the different EU standards and steps:  

− Are the vehicles getting sufficiently cleaner each generation/step in the real 

world? 

− Use the data and insights in Brussels in discussions about the improvement 

of the test procedures 

− Screen the in-service conformity 

− Assess new/alternative technologies  

− Provide information to stakeholders. To help make purchase decisions for 

cleaner and more fuel efficient transport 

  

In the framework of this programme in 2017 TNO has tested two articulated trucks 

that are running on LNG to determine the level of criteria pollutants and to 

determine the tank-to-wheel greenhouse gas emissions. Because the test sample 

of vehicles was small due to the fact that only few types of vehicles running on LNG 

were offered on the market it was then recommended to test additional vehicles 

when they would arrive on the market. Since September, 2018 Volvo Trucks offers 

a tractor with a dual fuel engine running on LNG as the main fuel.  

 

A number of PEMS tests have been performed on one truck. The test programme 

contained in-service conformity tests according the applicable PEMS test 

requirement for testing the in-service conformity as well as additional tests that were 

focussed on typical representative driving conditions. The results of the in-service 

tests performed over the applicable N3  test cycle are discussed in this report. An 

overview of the results of all tests are presented and discussed in TNO report 

R10193[7].  

1.2 Goal 

Euro VI certified Heavy duty engines need to fulfil requirements with regard to the 

in-service conformity. Those requirements are laid down in EC Regulation (EU) No. 

582/2011 [1] and amendments and prescribe PEMS tests to be performed under 

specified conditions to check the in-service conformity of the regulated gaseous 

emissions NOx, CO and THC. In addition PN was measured as requested by the 

Ministry of Infrastructure and Water management as it is not regulated yet. The goal 

of the series of PEMS tests that were performed in the test programme in 

accordance with the requirements of the EC regulation was to check the in-service 

conformity of the subject, a Volvo FH420 with a dual fuel engine.   
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1.3 Assignor 

The emissions tests were performed at the request of the Dutch Ministry of 

infrastructure and Water management. 

1.4 Method of testing 

To check the in-service conformity, three tests has been performed     
with a Portable Emissions Measurement System (PEMS) on a vehicle that was 
made available by a transport company. The vehicle has Vehicle Identification 
Number YV2RZ70A3JA829953. This vehicle is an N3 Euro VI Step-C vehicle with a 
dual fuel engine running on LNG-Diesel with an odometer reading of 19.990 km at 
intake of the vehicle. The tested vehicle is shown in Figure 1. 
 
The tests have been performed conform Regulation (EU) No. 582/2011 [1] as 
amended by EU No. 2016/1718 [2] to verify that the vehicle meets the requirements 
concerning heavy duty vehicle ISC emission regulations. The emission test has 
been performed under the ISO 17025 accreditation of TNO Power Trains. 
 
The engine is classified as a 1A Dual fuel engine, which means the average Gas 
Energy Ratio(GER) is not lower than 90% and does not idle using exclusively diesel 
and has no diesel mode. According to (EU) No.133/2014[3] the emission limits set 
for PI engines in annex I to regulation (EC) No. 595/2009[4] are applied. 
 

 

 

 

 

Figure 1  The test subject, a Volvo FH420 tractor with a Euro VI step C certified ‘1A’ dual fuel 

engine with LNG as the main fuel. 
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2 Test Setup 

2.1 Test vehicle 

The vehicle identification and engine certification label is shown in Figure 2 and 3. 

Locally available LNG and EN590 market fuel was used during the tests. Detailed 

information about the fuel and exhaust parameters can be found in Appendices B.4, 

C.4 and D.4.    

 

Figure 2  Vehicle identification of the tested vehicle. 

 

 

Figure 3 Engine certification label. 
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2.1.1 Vehicle information 

 

Table 1 lists the relevant information on the test vehicle. 
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Table 2 and Table 3 list the relevant information on the engine and aftertreatment 

system respectively. 

 

The vehicle received a regular scheduled software update at the local dealer daily 

before the test programme. Information about the software and calibration 

identification on the engine and aftertreatment can be found in Table 4. It is 

unknown whether an DPF regeneration has taken place prior to testing. 

Table 1 General information. 

Model  Volvo FH420 

Vehicle owner Peter Appel Transport B.V. 

License plate no.  77-BLB-4 

EEC Type approval  595/2009*2016/1718C 

Date of registration  04-07-2018 

Odometer reading at intake 
vehicle 

19990 km 

Maximum technically 
permissible laden mass 

21000 kg 

Gross Train Weight (GTW)1 46440 kg 

Registered mass running order 
truck 

8131 kg 

Registered mass running order 
trailer 

7400 kg 

Loading capacity combination 34489 kg 

Payload combination (53%) 16389 kg 

Combination weight during test 31920 kg 

Axle configuration  4 x 2 

VIN (chassis number)  YV2RZ70A3JA829953 

Wheelbase  3.8 m 

Vehicle class  N3 

Gearbox make + type Volvo Sweden - AT2612F 

Number of forward gears  12 

Tyre make and type rear axle  Continental Hybrid HD3 

Tyre size  315 / 70 / R22,5 

Tyre test pressure  8.5 bar 

Fuel tank capacity Diesel 195 l 

Fuel tank capacity LNG 205 kg 

AdBlue tank capacity  64 l 

 

  

                                                      
1 The maximum GTW  is limited due to the maximum axle loads of the combination as described in 

TNO report R10193[7]. 
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Table 2 Engine information. 

Engine type  G13C420 (LNG engine) 

Fuel injection system  Combined Diesel/Gas Injector 

Engine serial number 805066 

Number of cylinders  6 

Displacement  12.777 l 

Euro Class  Euro VI 

Turbo  Yes 

Intercooler  Yes 

EGR  Yes (Uncooled) 

Table 3 Aftertreatment information. 

Aftertreatment system 
(downstream) 

Diesel Oxidation Catalyst (DOC) 

Diesel Particulate Filter (DPF) 

Selective Catalytic Reduction (SCR) 

Ammonia Slip Catalyst (ASC) 

Consumable reagent  AdBlue 

 

Table 4 Software versions and identifications. 

 Engine Control Module Aftertreatment Control Module 

Software version 23338537 23385413 

Software ID 23154053 23154361 

Calibration ID 23154058 23154435 

2.1.2 Test fuel 

Before and during the tests the vehicle was fuelled with market fuel LNG at gas 

station ‘Truckstop 8’ in Eindhoven. See Annex A for detailed information on the 

LNG composition. 
  



 8/25 

 

 

 

 

TNO PUBLIC 

TNO PUBLIC |  TNO report | TNO 2019 R10014  

 

2.1.3 Vehicle payload 

 
According to Annex 2, paragraph 4.1 of EU No. 2016/1718 [2], the vehicle payload 
shall be 10 – 100% of the maximum payload (in absence of statistics to 
demonstrate a representative payload for the vehicle). In order to be able to 
compare results with previously measured LNG trucks as mentioned in TNO report 
R10193[7], the specific load percentage results in 53%. 
 

The specified load percentage of 53% results in a mass of the ballast load of 16389 

kg. Therefore a combined test mass of 8131 kg (running order mass truck) + 7400 

kg (running order mass trailer) + 16389 kg (loading mass) = 31920 kg (total test 

mass). Prior to testing, the total combination mass was measured as shown in 

Appendix G. 
 
An artificial payload is used to load the combination to 53% payload ( = 16389 kg). 
The load consisted of concrete blocks, a container filled with water and the 
measurement equipment. The payload is shown in Figure 4.  
 

 

Figure 4 The vehicle payload inside of the trailer. 

  



 9/25 

 

 

 

 

TNO PUBLIC 

TNO PUBLIC |  TNO report | TNO 2019 R10014  

 

2.2 Equipment used 

2.2.1 Gaseous emissions 

 
The analyser that was used for measuring the gaseous emissions is the OBS-ONE-
GS12 (PEMS) with serial number 63JNMN52. For its specifications see Table 5. 
Detailed information about the checks performed for the calibration of the gaseous 
analysers can be found in Appendix G.  
 
The PEMS analyser installed in the vehicle is shown in Figure 5.  

Table 5 OBS-ONE-GS12 specifications. 

Gaseous 
component 

Analyser  Range Accuracy 
 

THC Flame Ionization 
Detector (FID)  

0 – 10000 ppmC Within ±0.3% of full scale or 2.0% 
of readings (whichever is larger) 

CO Non-Dispersive 
Infrared (NDIR) 

0 – 10 % Within ±0.3% of full scale or 2.0% 
of readings (whichever is larger) 

CO2 Non-Dispersive 
Infrared (NDIR) 

0 – 20 % Within ±0.3% of full scale or 2.0% 
of readings (whichever is larger) 

NO Chemi-
Luminescence 
(CLD) 

0 – 3000 ppm Within ±0.3% of full scale or 2.0% 
of readings (whichever is larger) 

NOx Chemi-
Luminescence 
(CLD) 

0 – 3000 ppm 
 

Within ±0.3% of full scale or 2.0% 
of readings (whichever is larger) 

 

  

Figure 5 The PEMS analyser mounted in the cabin of the truck.  
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2.2.2 Exhaust flow meter 

 

The exhaust mass flow, pressure and temperature are measured with a Pitot Flow 

Meter Unit (PF) and flow tube as shown in Figure 6, for its specifications see Table 

6. Detailed information about the calibration of the pitot flow module and tube can 

be found in Appendix E. 

Table 6 Horiba Pitot Flow Meter specifications. 

PF serial number PG7RUL35 

Flow tube serial number 150502F 

Flow tube diameter 4 inch (F-tube) 

Flow measurement range 0 – 30 m³/min 

Flow measurement accuracy  Within ±0.5 % of full scale or ±2.0 % of 

readings (whichever is larger) 

Exhaust temperature measurement 

range 

0-800°C 

Exhaust temperature accuracy  Within ±2.0 % of full scale 

Exhaust pressure measurement 

range 

70-115 kPa (abs) 

Exhaust pressure accuracy  Within ±2.0 % of full scale 

EFM Cable Exhaust H/L Tube and Thermocouple 

Cable 

 

 

Figure 6 The flow tube connected to the exhaust of the truck.  
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2.2.3 Particle Number Measurement 
 
At the request of the Dutch Ministry of infrastructure and Water management, 
Particle Number (hereinafter PN) has been measured during the campaign using a 
PN-PEMS module. Table 7 shows its specifications. Detailed information about the 
checks performed for the calibration of the particle counter can be found in 
Appendix E. 
 
Table 7 OBS-ONE-PN specifications 

Detectable 
particle 

Limited to 1 µm by inlet cyclone 

Detection 
efficiency 

<60% at 23 nm 
>60% at 50 nm 

Particle 
concentration 

Single particle counting (nominal 100:1 dilution) 
1 000 : 50 000 000 particle/cm³  

Condensing liquid 99.5% isopropyl alcohol 

Catalytic stripper Efficiency >99.9% of 30 nm 

Particle 
concentration 
accuracy 

±15% compared to the standard 

Environmental 
operating 
conditions 

Temperature -10 – 40 °C 
Pressure 86 – 106 kPa 

Sample interval 2 Hz 

 

2.2.4 Other equipment 

 

Table 8 lists the remaining equipment that was used to operate the measurement 

system. 

Table 8 Other equipment. 

System software 1.3.6 

Horiba Post 
Processing 
software version 

2.12.0 

Power supply Honda 20i EAAJ-1820185 

Power terminal 24V Power supply  

Power cable 
Power Cable BATT24V to DC3 + DC4 to DC3 
extension cable 

GPS sensor U-Blox ANN-MS-1-005 GPS Antenna 

Weather station Temp and RH sensor Horiba 61361448 

Protocol adapter Kvaser Leaf Light v2 73-30130-00685-0 

Heated line Single Heated Line 191°C 

System battery 2x 12V 170 Ah 1000 A (EN) 

Silverscan 
software version 

6.22.36.28520 

Silverscan CAN 
interface 

Kvaser Leaf Light v2 018504 
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2.3 Test route 

A test route was selected that meets the following requirements for a N3 category 

vehicle: 
  

1. Target time share of urban, rural and motorway operation : 20, 25 and 55% 

(±5%) respectively;  

2. A total cycle work between 4-7 times reference work (World Harmonized 

Transient Cycle work) or a total CO2 mass between 4-7 times reference 

CO2 mass (World Harmonized Transient Cycle CO2 mass);  

3. The assessment of trip composition shall start after the engine coolant 

temperature has reached 343 K (70°C) for the first time or after the coolant 

temperature is stabilized within ±2 K over a period of 5 minutes whichever 

comes first but no later than 15 minutes. 

 

All tests started with a cold engine(engine coolant temperature below 303 K(30°C)) 

as required in point 2.6.1. of EU No. 2016/1718 [2] . For more details see 

Appendices B.1, C.1 and D.1. 

The route that was driven is shown in figure 7. To determine the start of the rural 

and motorway parts, the first acceleration method has been used. This means that 

the first acceleration above 55km/h indicates the beginning of the rural part, and the 

first acceleration above 75km/h indicates the start of the rural part. 
 

 

Figure 7 The test route.  
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2.4 OBD error check 

An OBD error check was performed by TNO prior to the first PEMS test. No active 

emission related error codes were found in the vehicle during the whole 

measurement programme.  

 

Software:   Silver Scan-Tool 6.22.36.28250 

Adapter:  Kvaser Leaf Light v2 73-30130-00685-0 
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2.5 Test procedure 

The figure below shows the daily test procedure in a flowchart: 

 

 

 

2.6 Data processing 

HoribaPP (Post Processing) version 2.12.0 has been used as data processing tool. 

The detailed test results for test 1, 2 and 3 can be found in Appendices B, C, and D 

respectively. The main results are discussed in the next section.  
 

Prepare PEMS

•Warm up PEMS equipment

•Change heated filters and fill isopropyl cartridge for PN measurement

•Check piping and wiring

•Check OBD for malfunctions with OBD Silver scan-tool

Calibrate 
PEMS

•Key switch on

•Calibrate PEMS with zero (Synthetic air) and span gas (for specifications see 
Appendix E)

Run test

•Start sampling

•Start engine

•Run Test route (starting with warm-up route)

End of test

•Stop sampling 

•Zero + span driftcheck

•Export PEMS data

Data 
evaluation

•Use HoribaPP (Calculation tool for cycle results by Horiba)

•Check results

•Fuel, oil and Adblue sample taken and stored at TNO



 15/25 

 

 

 

 

TNO PUBLIC 

TNO PUBLIC |  TNO report | TNO 2019 R10014  

 

3 Results summary 

3.1 Checks and conditions 

Several data checks were performed in order to minimise measurement errors. 

Sections 3.1.1 to 3.1.3 show the result of these checks for analyser drift, odometer 

and test conditions respectively. In addition, a consistency check on the fuel flow 

was performed as described in section 3.1.4 including the brake-specific fuel 

consumption (hereinafter BSFC) of all three tests. The requirements regarding trip 

composition and trip characteristics are shown in section 3.1.5 and 3.1.6. Finally, in 

section 3.1.7, the full-load curve is used to determine if the measured torque values 

correlate with the full-load curve provided by the manufacturer. 

3.1.1 Drift check 

 

The analysers were calibrated prior to testing and checked for zero and span during 

periodic checks and after the test completed. During post-processing, the analyser 

drift was determined. If the difference between the pre and post-test results is equal 

to or greater than 2 % as determined during the drift check, the test shall be voided 

or the measured concentrations shall be corrected for drift. All drift values were 

below 2% of full-scale after the data were evaluated so no  drift correction was 

applied.   

 

The results of the drift checks are shown in Figure 8 to Figure 10.  

 

 

Figure 8 Drift check test #1. 

 

 

 

Figure 9 Drift check test #2. 
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Figure 10 Drift check test #3.  

3.1.2 Odometer distance check 

 

The odometer reading was recorded before and after each test. The travelled 

distance is compared to GPS and OBD data from the PEMS in Table 9. The results 

show that the vehicle odometer corresponds well to the calculated OBD distance.  

   

Table 9  Odometer distance check against GPS data. 

Test # 
Odometer 

start 

Odometer 

end 

Odometer 

distance 

OBD 

distance 

GPS 

distance 

 km km km km km 

1 20095 20273 178 177.4 178.6 

22 20286 20477 191 190.5 191.8 

3 21218 21395 177 175.9 177.0 

3.1.3 Test conditions 

 
The PEMS cycles with the test-vehicle were measured under the conditions as 

shown in Table 10. The conditions encountered are valid for ISC testing as set by 

EU No. 582/2011[1]. 

Table 10 Test conditions PEMS tests. 

Test 

# 
Date 

Test 

definition 
Cycle Payload Traffic 

Ambient 

temp. 
Weather 

1 
12-10-

2018 

PEMS 

test 
N3 53% Regular 24°C Sunny 

2 
27-08-

2018 

PEMS 

test 
N3 53% Regular 24°C Cloudy 

3 
30-08-

2018 

PEMS 

test 
N3 53% Regular 16°C Cloudy 

 

For more detailed test conditions see Appendices B.1, C.1 and C.1.  
  

                                                      
2 The Urban duration for test 2 was 4 minutes longer than test 1. As the motorway duration ratio for 

test 1 was on the lower limit(50,5%), the decision was made to extend the Motorway part to avoid 

a failure on trip composition. 
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3.1.4 Fuel consistency check 

 

The fuel consistency check was performed by TNO as shown in Figure 11. The 

consistency of the data was verified using a correlation between the measured fuel 

flow from the ECU and the fuel flow calculated from exhaust mass flow measured 

by the EFM and gaseous exhaust components that include carbon according to EU 

No. 2016/1718 [2].  

 

In absence of a Diesel- and LNG fuel flow signal, a diesel equivalent signal is 

broadcasted by the ECU. A linear regression was performed for the measured and 

calculated fuel rate values which resulted in a regression coefficient R2 > 0.9.  

 
 

 

Figure 11 Correlation of ECU fuel rate to calculated fuel rate for test 1 

The fuel consistency check result is valid for test 1, 2 and 3. The results are shown 

in Table 11 and in Appendices B.8, C.8 and D.8. 

Table 11 Linear regression fuel rate correlation. 

Test # Slope  Intercept Regression 

 m b R2 

1 0.93 0.28 0.96 

2 0.94 0.34 0.96 

3 0.90 0.26 0.96 

 
 

In addition to this fuel consistency check, the brake-specific fuel consumption was 

calculated by dividing the total fuel consumption (in grams) by the total cycle work 

(kWh). The result for the calculation from OBD and emission data are shown in 

Table 12. 
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Table 12  Brake specific fuel consumption. 

Test # BSFC from OBD BSFC from emissions 

 g/kWh g/kWh 

1 199.4 199.5 

2 200.2 206.2 

3 199.3 190.9 

3.1.5 Trip composition 

 

All trips meet the required trip composition requirements as set by EU No. 

2016/1718[2] as seen in Table 13 to Table 15. The trip characteristics are shown in 

Table 16. The vehicle speed trace for the three tests is shown in Figure 12. 

Table 13 Test compositions PEMS test #1. 

Test # 1   Urban Rural Motorway 

Average speed  km/h 27.8 60.6 79.4 

Distance km 19.5 41.9 113.0 

Duration h:min:s 0:42:05 0:41:30 1:25:21 

Duration ratio % 24.9 24.6 50.5 

Target % 20 25 55 

Valid/invalid  Valid Valid Valid 

Table 14 Test compositions PEMS test #2. 

Test # 2  Urban Rural Motorway 

Average speed  km/h 24.4 60.9 77.7 

Distance km 18.0 41.9 127.7 

Duration h:min:s 0:44:16 0:41:15 1:38:36 

Duration ratio % 24.0 22.4 53.6 

Target % 20 25 55 

Valid/invalid  Valid Valid Valid 

Table 15 Test compositions PEMS test #3. 

Test # 3  Urban Rural Motorway 

Average speed  km/h 25.6 59.6 80.6 

Distance km 17.5 41.9 113.0 

Duration h:min:s 0:40:53 0:42:11 1:24:05 

Duration ratio % 24.5 25.2 50.3 

Target % 20 25 55 

Valid/invalid  Valid Valid Valid 

Table 16 Trip characteristics all tests. 

Test 

# 

Accelerating 

time ratio 

Decelerating 

time ratio 

Cruising time 

ratio 
Stop time ratio 

 % % % % 

1 14.0 9.8 72.0 4.2 

2 12.0 8.5 73.1 6.4 

3 12.9 9.7 72.1 5.4 
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Figure 12 Vehicle speed trace for all tests. 

3.1.6 Full load curve check 

 

The torque data provided by the ECU was compared to the full load curve provided 

by Volvo. The first test is shown in Figure 13. The result of all tests can be found in 

Appendices B.10, C.10 and D.10. The red curve displays the provided full-load 

curve from Volvo, the blue dots are the measured ECU torque points during the 

test. The figure shows that the measured engine load is slightly higher in 

comparison with the full-load curve. According to ECE R49 revision 6 Amendment 1 

[5] a correction is not necessary as the maximum ECU torque signal is within 7% of 

the provided full load curve. 
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Figure 13 Full load curve check. 
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3.2 Emission results 

The results of the emissions measurements and subsequent data processing are 

described in sections 3.2.1. to 3.2.3. 

3.2.1 Brake specific emission 

 

Table 17 shows the total cumulative gaseous and particulate emissions divided by 

the total cycle work. For the calculation of cycle work, all negative engine torque 

values are set to zero.  

Table 17 Test evaluation: Total cycle emissions. 

Test 

# 
CO CO2 THC NOx PN 

Cycle 

work 

WHTC 

reference 
work ratio 

 g/kWh g/kWh g/kWh g/kWh #/kWh kWh - 

1 2.479 543.8 0.303 0.155 5.515e+11 213.5 6.4 

2 2.720 564.4 0.301 0.115 3.234e+11 214.1 6.4 

3 2.445 519.0 0.351 0.177 1.815e+11 213.8 6.4 

 

For more detailed test results see appendix B.1, C.1 and D.1.  

3.2.2 Conformity Factors 

 

The CF (Conformity Factor) results for NOx emission, for both work- and CO2 

window based methods are shown in Table 16 and Table 19.  

 

Data was processed according to EU No.2016/1718 [2], which means that: 

 

− Data evaluation starts after the coolant temperature has reached 70°C for 

the first time or after the temperature has stabilised within ±2K over a 

period of 5 minutes whichever comes first but no later than 15 minutes. 

 

− Windows are marked valid when the average engine power exceeds the 

minimum power threshold of 20%. When the resulting share of valid 

windows is below 50%, the power threshold is lowered in steps of 1% (to a 

minimum of 15%) until the amount of valid windows exceeds 50%; 

 

− From the resulting valid windows, per emission component the 10th 
percentile of the windows with the highest calculated emissions are 
discarded;  

 

− The conformity factor is determined by dividing the resulting highest 

emission by the legislative limit for Positive Ignition(PI) engines, therefore 

the CH4 limit was used for THC.  

 

Table 17 and Table 19 show that the CF results for NOx, THC and CO for both the 

work and CO2 based window results are below the limit (CF 1.5) as demanded by 

EU No. 582/2011 [1].  
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The CF for PN has not yet been determined. This means the CF for PN as shown in 

Table 17 and Table 18 are purely indicative and does not account for pass/fail. 

Notable is the strong decline in CF for PN during the course of the test program. It 

is unknown if a regeneration of the particulate filter took place before the start of the 

first test.   

 

For detailed information about the reference parameters that were used during the 

data processing, see Appendices B.5, B.6, C.5, C.6, D.5 and D.6.  

Table 18 Test results: 90% cumulative percentile of the work-based exhaust emission 

conformity factors of the engine system tested. 

 Work based window 

Test # CO THC3 NOx PN4 
Valid 

windows 

Power 

threshold 

 CF CF CF CF % % 

1 0.57 0.65 0.50 2.33 93.5 20 

2 0.65 0.63 0.33 1.39 93.9 20 

3 0.77 0.77 0.32 0.53 91.2 20 

Table 19 Test results: 90% cumulative percentile of the CO2-based exhaust emission conformity 

factors of the engine system tested. 

 CO2 based window 

Test # CO THC3 NOx PN4 
Valid 

windows 

Power 

threshold 

 CF CF CF CF % % 

1 0.57 0.65 0.52 2.41 91.1 20 

2 0.64 0.61 0.33 1.30 93.3 20 

3 0.83 0.81 0.33 0.57 89.4 20 

 

For more detailed test results see appendices A.5 & 6, B.5 & 6 and C.5 & 6. 

3.2.3 TNO binning results 

 
TNO binning [6] has been performed on all tests. 
 
The brake specific results of the binning method match the results as described in 
3.2.1. since no data is discarded for the binning method. 
 
Test # 1 : See appendix B.11 & B.12 
Test # 2 : See appendix C.11 & C.12 
Test # 3 : See appendix D.11 & D.12 
 

The results of the binning method suggest that the highest NOx emissions per 

amount of CO2 can be found at relatively high engine loads (rural speed bins). 

 

 

 

                                                      
3 The window based THC emissions are divided by the limit for CH4 set for PI(positive ignition) 

engines according to (EU) No.133/2014[3]. 
4 CF for PN is not regulated. Window based PN is divided by WHTC CI limit from Annex I of EC 

595/2009  



 23/25 

 

 

 

 

TNO PUBLIC 

TNO PUBLIC |  TNO report | TNO 2019 R10014  

 

4 Conclusion 

Three on-road emission tests were performed with PEMS on a N3 Euro VI Step-C 
truck conform Regulation (EU) No. 582/2011 [1] as amended by (EU) No. 
2016/1718 [2] to verify that the vehicle meets the requirements concerning heavy 
duty vehicle in-service conformity emission regulations.  

 
• For the three valid tests the 90% cumulative exhaust emissions conformity 

factors for NOx, THC and CO are below the maximum allowed value of 1.5. 
 

• The 90% cumulative NOx conformity factors for test 1,2 and 3, determined 
according the work based method are 0.50, 0.33 and 0.32, and on average 
0.38. 
 

• The 90% cumulative NOx conformity factors for test 1,2 and 3, determined 
according the CO2 based method are 0.52, 0.33 and 0.33, and on average 
0.39. 

 
Considering the demonstrated validity of the measurements, the results of the 
measurements are interpreted as plausible. During testing, no anomalies were 
encountered. The CF results show that for both work- and CO2 based window 
methods the limit of 1.5 was not exceeded for components NOx, CO and THC(with 
application of the emission limits set for PI engines according  to (EU) 
No.133/2014[3]).  
 

The CF for PN has not yet been determined. This means the CF for PN are purely 

indicative and do not account for pass/fail. Notable is the strong decline in CF for 

PN during the course of the test program. It is unknown if a regeneration of the 

particulate filter took place before the start of the first test.   
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A Test fuel 
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B Test # 1 

 

B.1 Emission report  
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B.2 CO2-based report 
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B.3 Work-based report 
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B.4 Parameter emission report 
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B.5 Parameter CO2-based report 
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B.6 Parameter work-based report 
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B.7 Driving report 
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B.8 Fuel rate correlation 
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B.9 Ambient pressure validation 
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B.10 Torque curve correlation 
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B.11 Binning graph 
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B.12 Binning results 
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C Test # 2 

C.1 Emission report 
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C.2 CO2-based report 
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C.3 Work-based report 
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C.4 Parameter emission report 
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C.5 Parameter CO2-based report 
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C.6 Parameter work-based report 
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C.7 Driving report 
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C.8 Fuel rate correlation 
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C.9 Ambient pressure validation 
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C.10 Torque curve correlation 
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C.11 Binning graph 
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C.12 Binning results 
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D Test # 3 

D.1 Emission report 
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D.2 CO2-based report 
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D.3 Work-based report 

   



Appendix D | 31/70 

 

 

 

TNO PUBLIC 

TNO PUBLIC |  TNO report | TNO 2019 R10014 | Final  

 
D.4 Parameter emission report 
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D.5 Parameter CO2-based report 
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D.6 Parameter work-based report 

  



Appendix D | 34/70 

 

 

 

TNO PUBLIC 

TNO PUBLIC |  TNO report | TNO 2019 R10014 | Final  

 
D.7 Driving report 
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D.8 Fuel rate correlation 
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D.9 Ambient pressure validation 
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D.10 Torque curve correlation 
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D.11 Binning graph 
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D.12 Binning results 
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E Calibration reports OBS One 

E.1 Pitot flow module PG7RUL35 
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E.2 Pitot flow tube 150502F 
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E.3 Checks performed on the different analysers 

E.3.1 CO Linearize check 
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E.3.2 CO2 Linearize check 
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E.3.3 NO Linearize check 
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E.3.4 NOx Linearize check 
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E.3.5 NOx Converter efficiency check 
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E.3.6 THC Linearize check 
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E.3.7 THC Hang-up check 
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E.3.8 V-leak check (Span Gas) 
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E.4 Checks performed on PN analyser 
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F Details of the gases used 

F.1 Span gas 
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F.2 Hydrogen/helium 
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F.3 Synthetic air 
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G Vehicle mass receipt  

 

 

 
 
 


