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 1 Introduction 

1.1 Purpose 

In 2017, 2 Euro VI LNG vehicles were tested. One of these vehicles was an Iveco 
vehicle. In response to the results, further investigation was conducted. 
 
A series of seven (7) on-road emission tests were performed on a truck with Vehicle 
Identification Number WJMM1VRH60C356363. This vehicle is an Euro VI LNG 
vehicle from the category N3, with a mileage of 182.000 km. This vehicle is the 
same vehicle as was used to perform the testing as described in report TNO 2017 
R11336 [1].  
 

The focus of this investigation was on improving emissions in urban operation. The 

test campaign was started with a new dataset compared to the status of the vehicle 

in 2017. 

 

The test setup involved the following steps, in chronological order: 

 

• Evaluate the result with the new dataset using 2 different test routes. One of 

these routes was identical to the route used in 2017. The other route has a 

slightly different share of urban operation 

• Evaluate the effect of driving style 

• Evaluate the effect of payload (10 and 100% payload have been evaluated) 

• Evaluate the effect of a 2nd new dataset. This dataset was implemented by 

Iveco Turin. 

1.2 Assignor 

The emission tests were performed at the request of Rolande B.V. 

Rolande B.V. 

Postbus 61 

4286 ZH Almkerk 

The Netherlands 

1.3 Method of testing 

The emission tests have been performed using a Portable Emission Measurement 

System (hereinafter ‘PEMS’). The method of testing was according to the 

procedures described in Regulation EU No. 582/2011 [2] as last amended by EU 

136/2014 [3] , yet was not intended to serve as a in-service conformity test.   
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 2 Test Setup 

2.1 Description of the test vehicle 

The test have been performed on the vehicle as shown in Figure 1. 

 

Figure 1  The test vehicle 
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 2.2 Vehicle specification 

2.2.1 Vehicle information 

 

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

relevant information on the engine and aftertreatment system respectively. 

Table 1 General information 

Model  Iveco Stralis NP400 

Vehicle owner Cornelissen Transport B.V. 

License plate no.  28-BHX-4 

Date of registration  16-12-2016 

Odometer reading at intake 
vehicle 

182363 km 

Gross Vehicle Weight (GVW)  19800 kg 

Registered mass runningorder  7760 kg 

Loading capacity  12040 kg 

Axle configuration  4 x 2 

VIN (chassis number)  WJMM1VRH60C356363 

Wheelbase  3.79 m 

Vehicle class  N3 

Gearbox make + type ZF-AS Tronic 12AS1931TD 

Number of forward gears  12 

Tyre make and type rear axle  Pirelli TR:01 

Tyre size  315 / 70 / R22,5 

Tyre test pressure  8.5 bar 

Fuel tank capacity  2x598 l 

Table 2 Engine information 

Engine type  F2CFE601E-J002 

Fuel injection system  Multi-point port injection 

Engine serial number 000137165 

Number of cylinders  6 

Displacement  8.710 l 

Euro Class  Euro VI 

Turbo  Yes 

Intercooler  Yes 

EGR  No 

Table 3 Aftertreatment information 

Aftertreatment system 
(downstream) 

Three-Way-Catalytic converter 
(TWC) 
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 2.2.2 Vehicle payload 

 
The vehicle has been tested with payloads of 10, 55 and 100% 
 

The load percentage of 55% results in a mass of the ballast load of 15862 kg. 

Therefore a combined test mass of 7760 kg (running order mass truck) + 7400 kg 

(running order mass trailer) + 15862 kg (loading mass) = 31022 kg (total test mass) 

has been used. The same approach has been used for the 10% payload, resulting 

in a total mass of 18044 kg. The 100% payload test has been performed with the 

maximum allowed mass of the total combination of 44000 kg. 

 

The results of the total combination mass measurements can be found in Appendix 

J. 
 
An artificial payload is used to load the combination to the desired payloads. The 
load consisted of concrete blocks, a container filled with water, sand bags and the 
measurement equipment. The payload of 55% is shown in Figure 2.  
 

 

Figure 2 The vehicle payload of 55% 
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 2.2.3 Fuel specifications  

 

For the performed tests the vehicle was fuelled at Rolande B.V. Veghel with LNG. 

The specifications of the LNG fuel batch at the time of refuelling were provided by 

Rolande B.V. as shown in Figure 3. 

 

 

Figure 3 LNG fuel specifications provided by Rolande B.V. 
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 2.3 Equipment used 

2.3.1 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 4. 
Detailed information about the checks performed for the calibration of the gaseous 
analysers can be found in Appendix I.  
 
The PEMS analyser installed in the vehicle is shown in Figure 4.  

Table 4 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 (NIDR) 

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

CO2 Non-Dispersive 
Infrared (NIDR) 

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

NO Chemi-
Luminescence 
Detection (CLD) 

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

NOx Chemi-
Luminescence 
Detection (CLD) 

0 – 3000 ppm 
 

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

 
 

 

Figure 4 The PEMS analyser mounted in the truck   
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 2.3.2 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 5; for specifications see Table 5. 

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

found in Appendix A. An additional NOx sensor was installed by Iveco downstream 

of the TWC, connected to their Telemaco system. 

Table 5 Horiba Pitot Flow Meter specifications 

PF serial number PG7RUL35 

Flow tube serial number 170219GH 

Flow tube diameter 5 inch (G-tube) 

Flow measurement range 0 – 45 m³/min 

Flow measurement accuracy  Within ±2.0 % of full scale 

Exhaust temperature measurement 

range 

0-800°C 

Exhaust temperature accuracy  Within ±0.5 % of full scale or ±2.0 % of 

readings (whichever is larger) 

Exhaust pressure measurement 

range 

70-115 kPa (abs) 

Exhaust pressure accuracy  Within ±0.5 % of full scale or ±2.0 % of 

readings (whichever is larger) 

EFM Cable Exhaust H/L Tube and Thermocouple 

Cable 

 

 

 

Figure 5 The flow tube connected to the exhaust 
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 2.3.3 Other equipment 

 

Table 6 lists the remaining equipment that was used to operate the measurement 

system. 

Table 6 Other equipment 

System 
software 

1.2.9 

DIAdem 
software 

2.11.1  

Power supply Gen set: 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 

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) 

Silver Scan-Tool 
software 
version 

6.22.36.28520 

Silverscan CAN 
interface 

Kvaser Leaf Light v2 018504 
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 2.4 Test route 

Two different test routes were used in this test campaign:.  

 

Route 1 fulfills the trip composition requirements based on vehicle speed as shown 

in Table 7. 

Table 7 Trip composition as stated in EU 582/2011[2] 

Type Speed range Time share  

Urban 0-50 km/h 20 ±5% 

Rural 50-75 km/h 25 ±5% 

Motorway > 75 km/h 55 ±5% 

 

Route 2 corresponds with the N3 route as was used in report TNO 2017 R11336 

[1]. Compared to route 1,  route 2 has a different urban part and the same rural and 

motorway part. 

Even though this route was used in unchanged form, changes in road and traffic 

circumstances have led to a different vehicle speed profile such that the trip 

composition could not be reproduced. As a result of this, the trip composition as 

specified in Regulation EU No. 582/2011 [2] could not be met during this testing 

series. 

 
The test sequence is shown in Table 8 and the corresponding routes that were 

driven are shown in the figures on the next page. The location of the periodic check 

of the PEMS analysers is pointed out on the map in Figure 6 and Figure 7. 

Test 1 has been started with a warm engine. Test 2 to 7 were started with a cold 

engine. A coolant temperature of > 70°C was used as criterion for a warm engine. 

The periodic check of route 1 has been performed while driving, before entering the 

motorway. For route 2 this has been performed at a standstill with the vehicle idling. 

Table 8 Test sequence 

Test # Test start Route Payload 

1 Warm 1 55% 

2 Cold 2 55% 

3 Cold 2 55% 

4 Cold 2 55% 

5 Cold 2 10% 

6 Cold 2 100% 

7 Cold 2 55% 
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Figure 6 Test route 1 

 

Figure 7 Test route 2 
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 2.5 OBD error check 

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

active error codes were found in the vehicle. 

 

Software:   Silver Scan-Tool 6.22.36.28250 

Adapter:  Kvaser Leaf Light v2 73-30130-00685-0 

2.6 Test Procedure 

The figure below shows the daily test procedure in a flowchart: For test 2 to 7 the 

step ‘Vehicle warm up’ was omitted. 

 

 
 

Prepare 
PEMS

•Warm up

•Change heated filter

•Check piping and wiring

•Check OBD for malfunctions with OBD Silver scan-tool (only at first test if no 
warnings lights during program) 

Vehicle 
warm up

•Run warm-up route

•Coolant temperature < 70°C -> run warm-up route again

•Coolant temperature > 70°C -> go to next step

Calibrate 
PEMS

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

Run test

•Start Sampling (Phase 1)

•Start engine

•Run Test route

Periodic 
Check

•Stop sampling

•Zero + span check

•Start sampling

•Continue test route (Phase 2)

End of test

•Stop sampling

•Zero + Span check

•Export PEMS data

Data 
evaluation

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

•Check results
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 3 Test results 

3.1 Checks and conditions 

Data checks were performed. Chapter 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. 

The requirements regarding trip composition are shown in section 3.1.5 followed by 

a full load curve check in section 3.1.6. 

3.1.1 Drift check 

 

The analysers were calibrated prior to testing and checked for drift during the 

periodic check. After the test, the analyser drift was determined. Drift correction was 

applied for all the test and fulfilled the criteria as stated in EU 582/2011[2]. The 

results of the drift checks are shown in Appendix A to G, section 4. 

3.1.2 Odometer distance check 

 

At the start of the test and after testing, the odometer reading was noted. The 

travelled distance is compared to GPS data from PEMS in Table 9.  Lower GPS 

mileage can be caused by loss of GPS connection in tunnels, travelled distance 

during the drift check and odometer accuracy. 

Table 9  Odometer distance check against GPS data 

Test  

number 

Odometer 

start 

Odometer 

end 

Test 

distance 
GPS data 

 km km km km 

1 182379 182572 193 187.5 

2 182644 182846 202 199.1 

3 182858 183060 202 198.8 

4 183071 183272 201 198.7 

5 183360 183560 200 198.7 

6 183586 183788 202 198.7 

7 183818 184019 201 198.4 

  



 

 

 TNO report | TNO 2018 R11448  15 / 28  

 

3.1.3 Test conditions 

 
The PEMS cycles with the test-vehicle were measured under the conditions 
regarding traffic, driving style and weather as shown in Table 10 and Table 11. For 
test 7 a new dataset was used. 

Table 10 Test conditions PEMS tests overview 1/2 

Test  

number 
Date Test start Route Payload 

Dataset 

1 26-06-2018 Warm 1 55% 1 

2 27-06-2018 Cold 2 55% 1 

3 28-06-2018 Cold 2 55% 1 

4 04-07-2018 Cold 2 55% 1 

5 16-07-2018 Cold 2 10% 1 

6 18-07-2018 Cold 2 100% 1 

7 01-08-2018 Cold 2 55% 2 

Table 11  Test conditions PEMS test overview 2/2 

Test 

number 
Traffic Driving style Ambient temperature Weather 

1 Normal Normal 19 °C Sunny 

2 Busy urban Normal 26 °C Sunny 

3 

Busy urban, hold up at 

rural, traffic jam at 
motorway 

Normal 19 °C Sunny 

4 Normal Anticipating  25 °C Sunny 

5 Traffic jam at motorway Normal 29 °C Sunny 

6 Minor hold up at urban Normal 25 °C Sunny 

7 Normal Normal 27 °C Sunny 
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3.1.4 Fuel Consistency check 

 

The fuel consistency check was performed by TNO as seen in Figure 8. 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 gas concentrations according to 582/2011[2]. A linear regression 

was performed for the measured and calculated fuel rate values which resulted in a 

regression coefficient > 0.9. The fuel consistency check result is valid for all tests 

and can be found in Appendix A to G, section 3.  

 

 

Figure 8 Correlation of ECU Fuel rate to calculated fuel rate test 1 

3.1.5 Trip composition 

 

The categories in the tables below are based on the first acceleration by use of first 

acceleration method1: 

 

Urban  - Starts at the beginning of the test including cold start if applicable 

Rural   - Starts after the first acceleration above 55 km/h 

Motorway - Starts after the first acceleration above 75 km/h 

 
The trip compositions of the tests are shown in Table 12 to Table 14. The 
characteristics during the tests expressed as time share can be seen in Table 15. 

 

                                                      
1 Which differs from the EU 582/2011 [2] approach 
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Table 12 Trip composition Urban including cold start if applicable 

Test  

number 

Urban 

Distance  

[km] 

Duration 

[hours] 

Average speed 

[km/h] 

1 9.5 0:18:10 31.4 

2 16.8 0:46:32 21.7 

3 16.7 0:50:15 19.9 

4 16.8 0:44:55 22.4 

5 16.8 0:40:42 24.8 

6 16.8 0:49:37 20.3 

7 16.5 0:40:58 24.2 

Table 13 Trip composition Rural 

Test  

number 

Rural 

Distance  

[km] 

Duration 

[hours] 

Average speed 

[km/h] 

1 45.1 0:47:36 56.8 

2 49.5 0:54:36 54.4 

3 49.3 0:53:49 55.0 

4 49.1 0:53:44 54.8 

5 48.9 0:51:04 57.5 

6 49.3 0:53:48 55.0 

7 49.1 0:51:28 57.2 

 

Table 14 Trip composition Motorway 

Test 

number 

Motorway 

Distance  

[km] 

Duration 

[hours] 

Average speed 

[km/h] 

1 132.8 1:38:55 80.6 

2 132.8 1:41:05 78.8 

3 132.8 1:45:52 75.3 

4 132.8 1:40:06 79.6 

5 133.0 1:47:08 74.5 

6 132.6 1:40:50 78.9 

7 132.8 1:40:29 79.3 
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  Table 15 Trip characteristics including cold start 

Test 

number 

Accelerating  

Time share 

Decelerating  

Time share 

Cruising  

Time share 

Stop  

Time share 

[%] [%] [%] [%] 

1 11.7 7.6 78.9 1.8 

2 15.3 10.4 68.9 5.4 

3 15.0 10.7 66.4 7.9 

4 14.5 8.9 71.9 4.7 

5 14.3 12.0 68.2 5.6 

6 15.3 9.4 68.0 7.2 

7 14.4 9.8 71.4 4.5 

3.1.6 Full load curve check 

 

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

It was found that the engine load as indicated by the engine ECU matched the full-

load curve well for all tests. See Appendix A to G, section 5. 
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 3.2 Emission Results 

The results of the emission measurements are described in section 3.2.1 and 3.2.2. 

3.2.1 Gaseous emissions 

 

Table 16 shows the total cumulative gaseous emissions divided by the total cycle 

work excluding the cold start period. A coolant temperature of > 70°C was used as 

criterion for a warm engine. 

Table 16 Test evaluation: Total cycle gaseous emissions excluding cold start 

Test 

number 
Date CO CO2 THC NOx 

  g/kWh g/kWh g/kWh g/kWh 

1 26-06-2018 0.951 560.7 0.040 0.320 

2 27-06-2018 0.794 566.2 0.033 0.461 

3 28-06-2018 0.802 566.8 0.033 0.519 

4 04-07-2018 0.679 550.1 0.027 0.321 

5 16-07-2018 0.764 577.4 0.033 0.464 

6 18-07-2018 1.049 546.8 0.052 0.368 

7 01-08-2018 1.161 559.0 0.048 0.133 

 

Table 17 shows the total cumulative gaseous emissions, of the tests performed with 

a cold start, divided by the total cycle work including the cold start period. Test 1 

has been performed with a warm start and is therefore not included in the table. 

Table 17 Test evaluation: Total cycle gaseous emissions including cold start 

Test 

number 
Date CO CO2 THC NOx 

  g/kWh g/kWh g/kWh g/kWh 

1 26-06-2018 n/a n/a n/a n/a 

2 27-06-2018 0.947 571.7 0.087 0.502 

3 28-06-2018 0.966 571.7 0.096 0.555 

4 04-07-2018 0.821 556.1 0.091 0.376 

5 16-07-2018 0.996 583.4 0.114 0.525 

6 18-07-2018 1.196 550.7 0.099 0.401 

7 01-08-2018 1.312 561.3 0.102 0.134 

 

The NO, NO₂ and NOx test results were divided in the three trip categories. 

The emission results are expressed in grams per kilometre for each test. This has 

been done for the emission results excluding the cold start period in Table 18 and 

Figure 9. The emission results including the cold start period can be found in Table 

19 and Figure 10.  

 

NO and NO₂ mass   - Measured mass on street level 

NO mass NO₂ equivalent - Calculated NO₂ mass when all NO is converted to NO₂ 
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 Table 18 Test emissions [g/km] excluding cold start including drift correction 

Trip 

category 

Test Emissions 

[g/km] 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Urban 

NO mass 1.469 2.097 2.166 0.963 1.489 1.182 0.135 

NO mass (NO₂ eq) 2.252 3.215 3.321 1.477 2.283 1.813 0.207 

NOx mass 2.307 3.233 3.302 1.472 2.283 1.717 0.191 

NO2 mass 0.055 0.018 0.000 0.000 0.000 0.000 0.000 

Rural 

NO mass 0.301 0.445 0.587 0.354 0.338 0.602 0.136 

NO mass (NO₂ eq) 0.461 0.682 0.900 0.542 0.518 0.923 0.208 

NOx mass 0.471 0.685 0.894 0.525 0.523 0.858 0.194 

NO₂ mass 0.009 0.002 0.000 0.000 0.005 0.000 0.000 

Motorway 

NO mass 0.144 0.161 0.174 0.142 0.154 0.182 0.094 

NO mass (NO₂ eq) 0.221 0.246 0.267 0.217 0.236 0.280 0.144 

NOx mass 0.222 0.239 0.265 0.209 0.237 0.272 0.143 

NO₂ mass 0.001 0.000 0.000 0.000 0.001 0.000 0.000 

 

 
 

Figure 9 NO₂ and NO (NO₂ eq.) [g/km] excluding cold start 
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 Table 19 Test emissions [g/km] including cold start including drift correction 

Trip 

category 

Test Emissions 

 [g/km] 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Urban 

NO mass n/a 2.206 2.230 1.341 1.727 1.435 0.153 

NO mass (NO₂ eq) n/a 3.382 3.420 2.056 2.648 2.200 0.235 

NOx mass n/a 3.402 3.415 2.067 2.653 2.139 0.221 

NO₂ mass n/a 0.020 0.000 0.011 0.005 0.000 0.000 

Rural 

NO mass n/a 0.445 0.587 0.354 0.338 0.602 0.136 

NO mass (NO₂ eq) n/a 0.682 0.900 0.542 0.518 0.923 0.208 

NOx mass n/a 0.685 0.894 0.525 0.523 0.858 0.194 

NO₂ mass n/a 0.002 0.000 0.000 0.005 0.000 0.000 

Motorway 

NO mass n/a 0.160 0.174 0.142 0.154 0.182 0.094 

NO mass (NO₂ eq) n/a 0.246 0.267 0.217 0.236 0.280 0.144 

NOx mass n/a 0.239 0.265 0.209 0.237 0.272 0.143 

NO₂ mass n/a 0.000 0.000 0.000 0.001 0.000 0.000 

 
  
 

 

Figure 10 NO₂ and NO (NO₂ eq.) [g/km] including cold start 
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 3.2.2 Calculated conformity factors 

 

The CF (Conformity Factor) results for CO, THC and NOx emissions, for both work- 

and CO2 window based methods are shown in Table 21 and Table 22.  

Only test 1 can be considered as valid test because it fulfils the trip composition 

requirements as stated in EU 582/2011 [2]. The results from test 2 to 7 should be 

considered as indicative only. 

 

The reference work and CO2 mass are calculated from the cold and hot WHTC 

results as reported in the type approval certificate [4], with the respective weighing 

factors of 14% and 86%: 

 

Reference work    - 27.165 kWh 

Reference CO2 mass - 16224 grams  

 

Data was processed according to EU 582/2011 [2], which means that: 

 

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

after 20 minutes of testing, whichever condition is met first. 

 

 Windows are marked valid when the average engine power exceeds the 

minimum power requirement 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 10% 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 as seen in 

Table 20. No CH4 analyser was used during testing, therefore the CH4 limit 

was used for THC. 

Table 20 Euro VI Emission Limits according to EU 582/2011 [2] 

 CO THC NMHC CH4 NOx 

mg/kWh mg/kWh mg/kWh mg/kWh mg/kWh 

WHTC (PI) 4000  160 500 460 
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 Table 21 Test evaluation: CF Work based window results at 90% according to regulation 

requirements 

Work based window 

Test 

number 
CO THC NOx 

Valid 

window 
Threshold 

 CF CF CF % % 

1 0.39 0.18 0.93 100 20 

2 0.27 0.09 1.21 93.9 20 

3 0.28 0.08 1.57 94.4 20 

4 0.26 0.07 0.93 95.4 20 

5 0.25 0.07 1.02 76.3 20 

6 0.42 0.27 1.19 93.8 20 

7 0.43 0.16 0.40 94.8 20 

Table 22 Test evaluation: CF CO2 based window results at 90% according to regulation 

requirements 

CO2 based window 

Test 

number 
CO THC NOx 

Valid 

window 

Threshold 

 CF CF CF % % 

1 0.41 0.19 1.01 100 20 

2 0.28 0.09 1.26 92.9 20 

3 0.30 0.09 1.61 93.5 20 

4 0.28 0.07 0.97 94.4 20 

5 0.27 0.07 1.04 67.3 20 

6 0.49 0.31 1.25 93.6 20 

7 0.46 0.18 0.43 94.9 20 

 

For more detailed test results see Appendix A to G, section 1 and 2. 
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 4 Summary 

Several tests have been performed with different routes, driving styles and traffic 

conditions. Eventually a new dataset was used for the last test. 

 

The conditions of the tests are summarized in Table 23. 

Table 23 Test conditions 

Test 

number 
Route 

Payload 
Traffic Driving style 

Dataset 

1 1 55% Normal Normal 1 

2 2 55% Busy urban Normal 1 

3 2 55% 
Busy Urban & Hold up at rural &  

traffic jam at motorway 
Normal 

1 

4 2 55% Normal Anticipating  1 

5 2 10% Traffic jam at motorway Normal 1 

6 2 100% Minor hold up at urban Normal 1 

7 2 55% Normal Normal 2 

 

Findings 

 

Repeating the test cycle as was used in TNO 2017 R11336 [1] resulted in similar 

NOx emissions as were reported in TNO 2017 R11336 [1]. 

Variation of traffic conditions and driving style and changing to a new dataset has 

shown that the NOx emissions, as seen in Figure 9, are affected by traffic 

conditions, driving style and used dataset. The effects described below were mainly 

observed in the urban part of the tests. 
 

• Test 2 and 4 used the same routes. Test 4 was performed with a more 

conservative driving style in less dense traffic conditions. This resulted in an 

approximate reduction of 50% in NOx emissions, compared to the initial 

results. 

• Test 4 was performed using a more conservative driving style compared to 

test 1, but has comparable traffic conditions. The comparison of the results 

for these two tests indicates that a conservative driving style has a reducing 

effect on NOx emissions. 

• Test 7 was performed with a normal driving style but a new dataset by 

Iveco. A significant reduction of NOx emissions was observed, specifically 

for the urban part, of approximately 90% compared to the initial results of 

this test campaign. 

 

General 

 

• The share of NO₂ on street level in the NOx emissions is very low for all 

tests. 

• Test were performed with respective payloads of 10, 55 and 100%. No 

clear effect of the payload on the NOx emissions are observed. This finding 

is based on tests with dataset 1 only. 

• Including or excluding the cold-start phase was found to have a limited 

effect on the NOx emissions in urban operation. 



 

 

 TNO report | TNO 2018 R11448  25 / 28  

 • The driver gave positive feedback after driving with dataset number two 

(test 7). He observed a smoother behavior during deceleration (down 

shifting). 

 

• Result specific for dataset 2: 

 Reduction of NOx emissions was observed for urban and rural operation 

in test 7. The observed reduction is highest over this test when driving is 

more dynamical, as occurs in typical urban driving/traffic. For urban, 

rural and motorway operation, respectively 93%, 66% and 5% reduction 

was found compared to the 2017 results reported in report TNO 2017 

R11336 [1].  

 For NOx, the conformity factor for a single PEMS test with dataset 2 is 

0.4, which is below the applicable limit of 1.5. 

 

 

Figure 11, Comparison on NOx, ISC testing 2017 vs dataset 2 

 

• Comparison with diesel trucks: 

 

When comparing the dataset 2 (test 7) results to the average  EURO VI diesel 

vehicles from the testing programme as mentioned in rapport TNO 2017 R11336 [1] 

it is observed that the NOx emissions in [g/km] are lower than those of the average 

diesel. 
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For urban, rural and motorway operation, respectively 84%, 20% and 4% reduction 

was found compared to the 2017 average EURO VI diesel results reported in report 

TNO 2017 R11336 [1]. 

 

The results presented for dataset 2 (Test 7) show lower NOx emissions. It should 

be noted that these conclusions and findings are based on a single PEMS test with 

this updated dataset. Iveco has informed TNO that a homologation procedure has 

been started. This, after homologation, opens up the possibility to adapt already 

running vehicles to the new calibration. 
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A Test 1 

A.1 CO2-based report 
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A.2 Work-based report 
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A.3 Fuel rate correlation 
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A.4 Drift check results 

 
 

A.5 Full load curve 
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B Test 2 

B.1 CO2-based report 
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B.2 Work-based report 
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B.3 Fuel rate correlation 
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B.4 Drift check results 

 
 
B.5 Full load curve 
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C Test 3 

C.1 CO2-based report 
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C.2 Work-based report 
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C.3 Fuel rate correlation 
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C.4 Drift check results 

 
 

C.5 Full load curve 
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D Test 4 

D.1 CO2-based report 
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D.2 Work-based report 
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D.3 Fuel rate correlation 
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D.4 Drift check results 

 
 

D.5 Full load curve 
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E Test 5 

E.1 CO2-based report 
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E.2 Work-based report 
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E.3 Fuel rate correlation 
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E.4 Drift check results 

 
 

E.5 Full load curve 
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F Test 6 

F.1 CO2-based report 
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F.2 Work-based report 
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F.3 Fuel rate correlation 
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F.4 Drift check results 

 
 

F.5 Full load curve 
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G Test 7 

G.1 CO2-based report 
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G.2 Work-based report 
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G.3 Fuel rate correlation 
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G.4 Drift check results 

 
 

G.5 Full load curve 
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H Calibration reports OBS One 

H.1 Pitot flow module PG7RUL35 
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H.2 Pitot flow tube 170219GH 
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H.3 Checks performed on the different analysers 

H.3.1 CO Linearize check 
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H.3.2 CO2 Linearize check 
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H.3.3 NO Linearize check 
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H.3.4 NOx Linearize check 
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H.3.5 NOx Converter efficiency check 
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H.3.6 THC Linearize check 
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H.3.7 THC Hang-up check 
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H.3.8 V-leak check (Span Gas) 
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I Details of the gases used 

I.1 Span gas 
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I.2 Hydrogen/helium 

 
  



Appendix I | 52/57 

 

 

 

 

TNO PUBLIC  

TNO report | TNO 2018 R10885 

I.3 Synthetic air 
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J Vehicle mass receipt 

J.1 55% payload 

Test 1 to 4 
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J.2 10% payload 

Test 5 
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J.3 100% payload 

Test 6 
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J.4 55% payload 

Test 7 

 
 


