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1. SUMMARY 
 
The Deutsche Umwelthilfe (DUH Environmental Action Germany) charged the exhaust gas 

emissions laboratory of the University of Applied Sciences in Bern with investigating the NOx 

emissions of a passenger car – a Smart fortwo coupe cdi (EURO 5b) – on the roller test bench. The 

measurement results show that, at operating temperature, the vehicle emits significantly more NOx 

emissions than in the cold state. Although the particle number emissions were not the focus of this 

investigation, they were measured, too. In any operating condition, the built-in diesel particulate 

filter caused significantly lower emissions than the limit applied to this vehicle. 

The results are summarised and shown in Figure 7 and Table 2, page 7. 
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2. TEST VEHICLE 

 
The most important technical parameters of the vehicle tested are listed in the table below. The 
vehicle is fitted with a diesel engine and has, among other things, an oxidising catalytic converter, a 
nitrogen oxide storage catalyst, a particle filter and an exhaust gas recirculation system as exhaust 
aftertreatment systems. 

 

 

Fig.1: Smart fortwo coupe cdi on the roller test bench at the exhaust emission control lab 
 

Model/year Smart fortwo coupe cdi / 2013 

Engine type 660951 

Number of cylinders 3 / series 

Cubic capacity 799 cm
3
 

Performance 40 kW @ 3800 min
-1

 

Torque 130 Nm @ 2250 min
-1

 

Fuel/injection Diesel / DI (CR) 

Charging Yes 

Kerb weight 845 kg 

Gross vehicle weight 1050 kg 

Drive Rear-wheel drive 

Gearbox 5-speed semi-automatic transmission 

First registration/mileage 12.07.2013 / 27,071 km  

Emission standard complied with EURO 5b 

Exhaust aftertreatment systems DOC, DPF, AGR 

VIN WME4513011K661185 

  

Table 1: Technical data of the test vehicle 
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3. MEASUREMENT TECHNOLOGY 

 
3.1. Roller test bench 

 

• Type: Schenck 500 GS60 

• Roller diameter: 502 mm 

• Driver control system: Tornado, Version 3.3 

• CVS dilution system: Horiba 9500T with roots blower 

• Ambient conditions of test hall: Control for intake and dilution air 

   Temperature: 20 - 30° C 

   Humidity: 5.5 - 12.2 g/kg  

 

For all measurements carried out on the above-mentioned vehicle, the roller test bench was 

adjusted in accordance with the type approval details. 

 
3.2. Measurement instruments for limited exhaust emissions 

 
The following devices meet the technical requirements of ECE Regulation No.83. They are suitable 

for measuring vehicle exhaust emissions in Switzerland and the European Union. 

 

• Gaseous exhaust components measured:  Horiba MEXA 9400H  

CO, CO2… infrared spectroscopy (NDIR) 

HC...  flame ionization detector for total HC (FID) 

CH4...  flame ionization detector only for HC4 (FID) 

NO/NOx... chemiluminescence analyser (CLA) 

 
The dilution ratio in the CVS system is variable and can be checked by means of CO2 analysers. 

 
 
4. TEST METHOD 
 
The chronological order of the various experimental tests is listed in Table 2. 

 
The tests were carried out on the roller test bench of the AFHB by its staff there. 

 

A total of 7 cycles were driven with the Smart fortwo coupe cdi, 4 of them NEDC cycles. The NEDC 

measurements differed mainly in the vehicle condition (cold or warm) and, in the last cycle, by an 

offset of 10 km/h. 
 
Although the measurements focused on nitrogen oxide emissions, the particle number was 
nevertheless also measured during the tests. 
 
During the tests, no OBD diagnostic device was connected to the vehicle. 

 

In order to condition the vehicle, the second part of the NEDC cycle (EUDC) was driven three times 

the day before the first exhaust gas measurement. During the tests, the following conditions were 

changed: 

 

 Engine condition cold/warm: 

Measurements were performed with the engine in cold and warm states. 
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Table 2 shows all the driving cycles performed in chronological order.  

 

Test 

No. 
Date Mode 

Mile-

age 
Cycle Motor Conditioning 

CO 

mg/km 

NOx 

mg/km 

CO2 

g/km 

DUH50 16.02.16 2WD 27126 NEDC warm 3 x EUDC 19 298 90 

DUH52 16.02.16 2WD 27177 NEDC warm 
5 min., 80 km/h, 

4th gear 
7 286 89 

DUH53 16.02.16 2WD 27189 WLTC warm - 9 458 102 

DUH55 16.02.16 2WD 27211 Cycle 2b warm - - - - 

DUH57 17.02.16 2WD 27303 CADC(130) warm 
5 min., 80 km/h, 

4th gear 
7 589 116 

DUH58 18.02.16 2WD 27375 NEDC cold 3 x EUDC 119 142 92 

DUH59 18.02.16 2WD 27386 NEDC+10km/h warm - 7 322 92 

Limit values of Euro 5 Diesel (NEDC, cold start with conditioned vehicle) 500 180 - 

Table 2:  Chronological listing of all the cycles performed as well as the results of the NEDC, 
CADC and WLTC cycles (raw results without deterioration factor) 

 
The NOx emissions resulting from the NEDC, WLTP and CADC cycles performed at operating 
temperature exceed the EURO 5 limit of 180 mg/km. When the vehicle is tested according to the 
EU regulations, i.e. in a cold state, then it meets the EURO 5 limit values. 
 
The highest measured particle number emissions of 1.8 x 1010 particles per kilometre, emitted 
during the cold NEDC cycle, are markedly lower than the EURO 5 limit of 6.0 x 1011 particles per 
kilometre. 
 
Figure 7 shows that the measurements that start with a warm motor display largely higher NOx 
emissions than those with a cold engine. 
 
 
6. CONCLUSION 
 

The measurements performed demonstrate the following trend: 
 

 When the tested vehicle is tested according to the EU regulations, i.e. in the cold operating 
state, it complies with the NOx limit value, 

 At operating temperature, the NOx emissions are considerably higher than in the cold state, 

 During or after the tests, the vehicle reported no OBD errors via the warning lamp (MIL) 

 Further measurements of vehicles of the same type are required to confirm this behaviour. 
 
 
7. DOCUMENTATION 

The original data are archived at the Laboratories for IC-Engines and Exhaust Emission control at 
the University of Applied Science Biel and represent confidential material. 
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8. LIST OF FIGURES 

Figure 8 : Chronological list of the measurement series 

Figures   9 – 15  : Measurements  

 

 
9. APPENDIX 

Appendix 1 : AFHB opinion regarding the responsibility for informing the public with the aid 

of our reports. 

 

 
10. ABBREVIATIONS 

AFHB Laboratories for IC-Engines and Exhaust Emission Control at the University of 
 Applied Sciences Biel, CH 

AGR Exhaust gas recirculation 

CADC Common Artemis Driving Cycles 

CLD Chemiluminescence detector 

CVS Constant volume sampling: dilution tunnel for regulated emission measurement 

DF Dilution factor 

DI Direct injection 

DOC Diesel oxidation catalyst  

DPF Diesel particle filter 

EU European Union 

EUDC Extra Urban Driving Cycle 

FID Flame ionization detector 

MIL Malfunction indication lamp 

NDIR  Non-dispersive infrared 

NEDC New European Driving Cycle 

NEFZ Neuer Europäischer Fahrzyklus 

OBD  On-board diagnosis 

VIN Vehicle identification number 

WLTC Worldwide harmonized Light duty Test Cycle 

2WD 2-wheel drive 
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DUH50 16.02.2016 2WD NEDC warm 3 x EUDC 27126

DUH52 16.02.2016 2WD NEDC warm
5 min., 80 km/h, 

4th gear
27177

DUH53 16.02.2016 2WD WLTC warm - 27189

DUH55 16.02.2016 2WD cycle 2b warm - 27227

DUH57 17.02.2016 2WD CADC warm
5 min., 80 km/h, 

4th gear
27303

DUH58 18.02.2016 2WD NEDC kalt 3 x EUDC 27375

DUH59 18.02.2016 2WD NEDC warm - 27386

NEDC: New European Driving Cycle

EUDC: Extra-Urban Driving Cycle of the NEDC

CADC(130): Common Artemis Driving Cycle (motorway max. speed: 130 km/h)

WLTC: World-harmonized Light vehicles Test Cycle

B450_Fig08_DUH_Smart-fortwo-cdi_Uebersicht_Messungen DUH

Chronological list of measurements

NOx - emissions on chassis dynamometer
Smart fortwo coupe cdi, Euro 5b

test nr. date
chassis

dyno mode
cycle

engine

state
conditioning km
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Measurement: DUH50, NEDC warm 
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Measurement: DUH52, NEDC warm 
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Measurement: DUH53, WLTC warm 
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Measurement: DUH57, CADC warm 
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Measurement: DUH58, NEDC cold 
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Measurement: DUH59, NEDC warm 
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