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Figure 2: Nissan Bluebird Sylphy (G11-model). 

 

Figure 3: LPG-tank of a converted Nissan Bluebird Sylphy (G11-model). 

 

4.2.1.1 Test programme: duty-cycles, fuels and ambient conditions 

The following table 4 presents combinations of vehicle, fuel, duty-cycle and ambient tem-
perature for tests performed in Japan. 

Table 4: combinations of vehicle, fuel, duty-cycle and ambient temperature for tests per-
formed in Japan. 

Vehicle Fuel 

Test Cycle 

11 
mode, 
cold 

10.15 
mode, 

hot 

JC08, 
cold 

JC08, 
hot 

Nissan Bluebird Sylphy Gasoline �O �O �O �O 

Nissan Bluebird Sylphy Li-LPG LPG �O �O �O �O 

All testing is conducted in ambient temperature of +23°C. 
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4.2.2 Test set-up and equipment 

No data was supplied of the sampling and analysis of the tests performed in Japan. Howev-
er, it is safe to assume that both the methodology and apparatus conformed to present Jap-
anese specifications for type approval testing. The tests were performed at National Traffic 
Safety and Environment Laboratory (NTSEL), performing all kinds of type approval testing for 
cars and other vehicles. Figure 4 is from a test cell related to these tests.  

 

Figure 4: Exhaust emissions test cell at National Traffic Safety and Environment Laboratory 
(NTSEL), Japan. 

 

4.2.3 Fuel information 

Table 5 presents some information of the fuels used in the tests in Japan. 

Table 5: Information of the fuels used in the tests in Japan. 

Analysis 
Parameters 

petrol 
E0 

  LPG 
Carbon Fuel Fraction (%-wt) 87.0   n/a 
Hydrogen Fuel Fraction (%-wt) n/a   n/a 
Net Heating Value (MJ/kg) 42.340   43.830 
Research Octane Number 90   100 
Density (kg/m3 @ 15oC) 0.7481   0.562 
Vapour pressure (MPa) 0.0595   0.570 
Distillation properties (°C)   Composition, mol-%   

T10 52.5 C2H6, C2H4 0.2 
T50 92.0 C3H8 25.0 
T90 141.5 n-C4H10 51.7 

    i-C4H10 22.6 
    C6 & heavier 0.5 
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Figure 5: 2013 GMC Sierra 1500 Hybrid. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: 2013 GMC Sierra 2500 HD and 2013 GMC Sierra 2500 Bi-Fuel. 

 

Figure 7: 2013 GMC Sierra 2500 FFV. 

 

4.3.2 Test programme: duty-cycles, fuels and ambient conditions 

The following table 7 presents combinations of vehicle, fuel, duty-cycle and ambient tem-
perature for tests performed in Canada. 
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Table 7: Combinations of vehicle, fuel, duty-cycle and ambient temperature for tests per-
formed in Canada. 

Vehicle 
 

Test Cycle 

FTP  HWFCT US06 NEDC JC08 

Ambient  +23 °C -7°C -18°C  +23 °C  +23 °C  +23 °C -7°C  +23 °C 

Fuel         

Sierra 2500  
HD 

Diesel �O �O �O �O �O �O �O �O 

B20 CME �O     �O �O       
B20  

HDRD 
�O �O   �O �O 

      
B100 
HDRD 

�O �O   �O �O 
      

Sierra 2500 
BiFuel 

E0 �O     �O �O       

CNG �O     �O �O       

Sierra 2500 
FFV 

E0 �O �O  �O �O    

E85 �O �O  �O �O    

Sierra 1500 
Hybrid 

E0 �O �O   �O �O �O   �O 

E10 �O �O   �O �O �O     

   �O���A���š���•�š�������•�����]�v���‰���Œ�(�}�Œ�u�����U���Á�]�š�Z���u�]�v�]�u�µ�u���}�(���š�Á�}���~�î�•�U�����v�����µ�‰���š�}���•�]�Æ���~�ò�•���Œ�µ�v�• 
Note: Regulated emissions were collected on all tests 
Unregulated emissions were only collected on specific tests 
Fuel info: CME = canola methyl ester (comparable to FAME), B20 = 20% blend 

HDRD = renewable diesel 1, B20 = 20% blend in diesel, B100 = neat fuel  
Note RD = HDRD (hydrogenation-derived renewable diesel)  

 

4.3.3 Test set-up and equipment 

The vehicles were tested on a 122 cm diameter single roll electric dynamometer that is ca-
pable of simulating both road load power (RLP) and inertia weight (IW) of light- and medium-
duty vehicles.  The RLP is the power required to maintain a given constant vehicle speed on 
a level road without any wind. The dynamometer simulates the power required to overcome 
the rolling resistance, mechanical parasitic losses, and aerodynamic forces on the vehicle.  
The chassis dynamometer testing meets the requirements of Title 40 of the Code of Federal 
Regulations (CFR) 86 Subpart C specifically 86.208-94.  

The total exhaust stream produced by the vehicles was collected and diluted using a con-
stant volume sampling (CVS) system.. The dilution air was conditioned by removal of particu-
late matter using HEPA filtration. The total volume of raw exhaust was transferred from the 
truck exhaust to the CVS through a flexible stainless steel pipe. The raw exhaust was then 
diluted with HEPA filtered ambient air and the mixture was drawn through a dilution tunnel 
and critical flow venturi (CFV). During the exhaust emissions tests, continuously proportioned 
samples of the dilute exhaust mixture and the dilution air were collected and stored in 
Kynar® sample bags for analysis while continuous sampling was also undertaken through 
heated pump, filter and sample line systems for NOx and THC. From separate probes in the 
dilution tunnel, samples bags were collected for the per-phase analysis of N2O as well as 
CH4 along with filters for PM.  

Table 8 presents details related to the sampling and analysis of the tests performed in Cana-
da. 





 

 

RESEARCH REPORT VTT-R-00892-16 

18 (104) 
  

 

Table 9a: Information of the fuels used in the tests in Canada. 

Analysis 
Parameters 

Method B0 
B20  
CME 

B20 
HDRD 

B100 
HDRD 

E0 E10 CNG 

Carbon Fuel 
Fraction, %-wt 

ASTM 
D5291 

0.876 0.855 0.870 0.846 0.846 0.824 0.722 

Hydrogen Fuel 
Fraction, %-wt  

0.132 0.129 0.135 0.151 0.134 0.134 
 

Oxygen Fuel 
Fraction, %-wt  

0.000 0.022 0.000 0.002 0.000 0.033 0.000 

Net Heating  
Value MJ/kg 

ASTM 
D4809 

42.8 41.7 43.0 37.2 42.9 41.7 47.8 

NET Heating  
Value MJ/l  

36.6 35.9 36.11 29.0 31.9 31.1 26.0 

Specific Gravity 
(kg/L, 60/60oF) 

ASTM 
D4052 

0.856 0.861 0.841 0.781 0.7445 
 

0.545 

Density 
(kg/m3 @ 15oC)  

855.2 860.7 840.3 780.6 745.0 748.0 
 

Total Sulphur 
(ppm) 

ASTM 
D5453 

13 12 6.5 <1 37 32 
 

Cloud Point, 
max (oC) 

ASTM 
D5773 

-14.3 -11.9 -13.8 -11.6 n/a n/a 
 

Cetane  
Number 

ASTM 
D613 

42.6 44.3 48.9 74.1 n/a n/a 
 

Note: E0 = Tier II EEE Certification Fuel, E10 = Tier II EEE splash blended with ethanol 

 

Table 9b: Information of the high-concentration ethanol fuels used in the tests in Canada. 

Fuel Property Unit Method 
E85 

(summer) 
Test @ +23 °C 

E75 
(winter) 

Test @ -7 °C 
Ethanol volume % ASTM D5501 82 73 
DVPE kPa ASTM D5191 45 78 

Net heat of 
combustion 

MJ/kg ASTM D4809 29 30 

Density kg/m3 ASTM D4502 781 782 
Research 

Octane Number 
 ASTM D2699 107 107 

Carbon mass % ASTM D2591 55.8 57.0 
Hydrogen mass % ASTM D2591 13.0 13.0 
Oxygen mass % ASTM D5291 28.8** 28**  
Sulphur mg/kg ASTM D5453 6.2 8.5 

Distillation IBP °C 

ASTM D86 

40.6 53 
T-10 °C 71.7 73.2 
T-50 °C 77.5 77.7 
T-90 °C 78.4 78.8 

aromatics volume % 
ASTM D1319 

5.5 <5 
olefins volume % 0.6 0.4 

saturates volume % 13 16.0 
*Environment Canada In-house IR     
**CAN/CGSB-3.0 No.14.3     
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4.5 Experimental work - Sweden 

4.5.1 Vehicles and fuels/powerplants 

Table 13 presents some data of the vehicles tested in Sweden. The electric version was from 
a limited experimental fleet by Volvo. 

Table 13: Vehicles tested in Sweden. 

Manufacturer and Make Volvo C30 2.0F Volvo C30 DRIVe Volvo C30 Electric 
Fuel E85/E75* diesel electricity 

Engine 2.0 L otto cycle (SI) 1.6 L diesel (CI) Fully electrified power 
train Horsepower (hp / kW @ 

rpm): 
145/107@6000 109/80@3600 111 hp 

Torque (lb-ft / Nm @ rpm): 136/185@4500 177/240@1750-2500 n/a 
Emission Standard Euro 5 Euro 5 Euro 5 

Emission Control System TWC DOC and DPF                
(regenerated prior to 

testing) 

n/a 
Transmission M5 M6   

Auxiliary heating n/a 
Diesel-burning  
auxiliary heater 

E85-burning  
auxiliary heater 

Test Conditions 
Starting Odometer (km) n/a n/a n/a 

Test Weight (kg) 1360 20111360 1700 

   RLHP @ 50 mph    n/a n/a n/a 

 
*E75 fuel was used at -7 °C tests 

 
Information in RED was added later on by VTT from various non-original 
sources 

4.5.2 Test programme: duty-cycles, fuels and ambient conditions 

The following Table 14 presents combinations of vehicle, fuel, duty-cycle and ambient tem-
perature for tests performed in Sweden. 

Table 14: Combinations of vehicle, fuel, duty-cycle and ambient temperature for tests per-
formed in Sweden. 

  
Test Cycle 

NEDC NEDC ART 
URB 

ART 
URB 

ART 
URB 

ART 
RUR 

ART 
MWY 

CADC CADC 
Ambient temperature +23 °C -7 °C +23 °C +23 °C +23 °C +23 °C +23 °C +23 °C -7 °C 

Start type cold cold cold hot hot hot hot cold cold 
Vehicle Fuel                   

SI E85/E75* �O�U�O �O�U�O �O�U�O �O�U�O �O�U�O �O�U�O �O�U�O     
CI diesel �O�U�O �O�U�O �O�U�O �O�U�O �O�U�O �O�U�O �O�U�O     
EV electricity �O�U�O             �O�U�O �O�U�O 

Use of Auxiliaries all off all off in use in use in use in use in use in use in use 

 NB: each case was tested twice ART URB =Artemis Urban Driving Cycle 

 *E75 fuel was used at -7 °C tests ART RUR =Artemis Rural Driving Cycle 

  ART MWY =Artemis Motorway Driving Cycle 

  CADC =Combined Artemis Driving Cycle (Urban, Rural, Motorway) 
in use =head lights on and air conditioning set at 

+20 °C. Diesel-burning auxiliary heater in 
automatic mode 

NEDC =New European Driving Cycle, i.e. current EU Type Approv-
al cycle 
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Table 15b: Methods and hardware for electric vehicle testing performed in Sweden. 
 

For the electric vehicle: 
  

Energy consumption  
measurements 

The charge energy delivered from the mains supply to the electric 
vehicle was 
measured with an ABB T6824 active electric energy meter. 

Specifications 

Voltage: 230 V AC (-23% to +20%) 
Reference current: 10 A 
Max current: 80 A 
Start current: 25 mA 
Accuracy of measurement: Class B (Cl 1, ±1%) 
Temperature range: -40 to +55 °C 

 

4.5.4 Fuel information 

Table 16 presents some basic information of the fuels used in the tests in Sweden. 

 

Table 16: Information of the fuels used in the tests in Sweden. 

Analysis 
Parameters 

diesel E85 E75 

Density (kg/m3 @ 15oC) 834 784 872 

Lower heating value (MJ/kg) 42.9 29.4 30.2 

RON n/a > 95.1 > 95 

CFR 53.3 n/a n/a 

FAME (vol-%) 4.9 n/a n/a 
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4.6 Experimental work - Finland 

4.6.1 Vehicles and fuels/powerplants 

Table 17 presents some data of the vehicles tested in Finland. The electric version of the 
Passat was an experimental vehicle converted from a VW Passat Variant by a Finnish com-
pany (Finnish Electric Vehicle Technologies, a.k.a. European Batteries) using commonly 
available industrial components. Main powertrain components were sources from Zytek (UK).  

 

Table 17: Vehicles tested in Finland. 

Manufacturer  
and Model 

Volkswagen Passat Variant 

Model Year 2011 2011 2011 2011 2011 2011 2008 

Curb weight (kg) 1507 1582 1505 1618 1557 1647  n/a 

Fuel petrol petrol diesel diesel FFV CNG electricity 

Engine type  
(cm3) 

1.4 TSI 
(1390) 

2.0 TSI 
(1984) 

1.6 TDI 
(1598) 

2.0 TDI 
(1968) 

1.4 TSI  
MultiFuel 

(1390) 

1.4 TSI Eco-
Fuel 

(1390) 
n/a 

Power (kW @ 
rpm): 

90@5000 155@5300 77@4400 125@4200 118@5800 110@5500 n/a 

Torque  
(Nm @ rpm): 

200 @ 
1500-4000 

280 @ 
1700-5200 

250 @ 
1500-2500 

350 @ 
1750-2500 

240 @ 
1750-4500 

220 @ 
1500-4000 

n/a 

Compression Ratio 10:1 9.6:1 16.5:1 16:1 10:1 10:1 n/a 

Emission Standard Euro 5 Euro 5 Euro 5 Euro 5 Euro 5 Euro 5 n/a 
Emission Control 

System 
TWC TWC DOC + DPF DOC + DPF TWC TWC n/a 

Transmission 
DSG7  

(autom.) 
DSG6  

(autom.) 
M6  

DSG6  
(autom.) 

DSG7  
(autom.) 

DSG7  
(autom.) 

M5 

EV specific 

  

 Zytek 
Motor Power  
(kW@rpm)  

Torque (Nm) 

70@2200 
300 Nm 

                                Test Conditions & Set-up 
Starting Odometer 

(km) 
34399 11199 6042 2888 3833 13237  10490 

Test Weight (kg) 
(inertia setting) 

1532 1626 1572 1673 1615 1672  1780 

 

4.6.2 Test programme: duty-cycles, fuels and ambient conditions 

The following table 18 presents combinations of vehicle, fuel, duty-cycle and ambient tem-
perature for tests performed in Finland. 
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Table 18: Combinations of vehicle, fuel, duty-cycle and ambient temperature for tests per-
formed in Finland. 

Vehicle 

  
Test Cycle 

NEDC ART URBAN ART RURAL ROAD ART MOTORWAY 

Ambient 
°C 

+23  +5  -7  +23  +5  -7  +23  +5  -7  +23  +5  -7  

Fuel CS CS CS CS CS CS WS WS WS WS WS WS 

1.4 TSI 
95 E10 �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O       

E95RE �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O       

2.0 TSI 
95 E10 �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

E95RE �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

1.6 TDI 
EN590(B7) �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

HVO �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

2.0 TDI 
EN590(B7) �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

HVO �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

1.4 TSI FFV 
95 E10 �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

RE85 �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

1.4 TSI 
CNG 

95 E10 �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O �O�U�O �O �O�U�O 

CNG �O�U�O   �O�U�O �O�U�O   �O�U�O �O�U�O   �O�U�O �O�U�O   �O�U�O 

BEV electricity �O   �O �O   �O �O   �O �O   �O 

NB:  CS = cold (engine) start; WS = warm (engine) start 
�O�U�O���A�����µ�‰�o�]�����š�������š���•�š�U���O���A���•�]�v�P�o�����š���•�š���Œ�µ�v���}�v�o�Ç 
In NEDC no auxiliaries in use (as in standard protocol) 

In ART cycles headlight and radio on, blower at 50% and target temperature  
+ 20 °C, but no A/C. 

 

4.6.3 Test set-up and equipment 

Table 19 presents data of the sampling and analysis of the tests performed in Finland. 
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Table 19: Sampling and analysis methods used for regulated pollutants and methods & 
hardware for electric vehicle testing performed in Finland. 

Compound Analysis Method Sample Collection 
Carbon Monoxide 

(CO) 
Non-Dispersive Infrared 

Detection (NDIR) 
TedlarTM bag 

Carbon Dioxide 
(CO2) 

Non-Dispersive Infrared 
Detection (NDIR) 

TedlarTM Bag 

Oxides of Nitrogen 
(NOx) 

Heated Chemiluminescence 
Detection (CLD) 

TedlarTM bag 

Total Hydrocarbons 
(THC) 

Heated Flame Ionization 
Detection (FID) 

TedlarTM bag 

Particulate Matter 
(PM) 

Gravimetric Procedure 47 mm Filters (Pallflex) 

Methane  
(CH4) 

FTIR 
continuous,  

from diluted sample 

Nitrogen Oxide,  
Nitrogen Dioxide (NO, NO2) 

FTIR 
continuous,  

from diluted sample 

Nitrous Oxide 
(N2O) 

FTIR 
continuous,  

from diluted sample 

Fuel Consumption 
(FC) 

Calculated based on Industry Standard Carbon Balance 

 

Figures 9 and 10 depict the test cell at VTT, Espoo, Finland. The cell has humidity and ambi-
ent temperature control from +30 down to -25 °C. It is large enough to be used to 
soak/precondition up to three cars simultaneously.  

 

 

Figure 9: Emissions and fuel consumption test facility with a single-roller (1.0 m) 2WD dyna-
mometer at VTT, Finland. 
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Figure 10: Test cell at VTT is large enough to be used to soak/precondition and test up to 
three cars simultaneously during a single 8-hour working day. 

 

4.6.4 Fuels  

Table 20 presents some information of the fuels used in the tests in Finland. 

Table 20: Information of the fuels used in the tests in Finland. 

Analysis 
Parameters 

Method 95E10 E95RE 
EN590 
(B7) 

HVO RE85 CNG 

Density (kg/m3 @ 15 oC) ENISO12185 746.3 747.0 844.9 779.6 784.9 
 

Vapour pressure (kPa) EN13016-1 83.2 81.4 
  

50.7 
 

Ethanol (vol-%) EN1601 9.29 9.59 
  

85.7 
 

Oxygen (vol-%) EN1601 3.48 3.55 
  

30.29 
 

Total oxygenates (vol-%) ENISO22854 9.78 9.62 
  

88.47 
 

Net Heating Value MJ/kg ASTMD240 41.647 41.728 
  

28.940 50.0 
Net Heating Value MJ/l ASTMD240 31.081 31.171 

  
22.715 

 
Net Heating Value MJ/kg ASTMD4809 

  
42.388 43.932 

  
Net Heating Value MJ/l ASTMD4809 

  
35.814 34.249 

  
Carbon Fuel Fraction, %-wt ASTM D5291 83.2 

 
85.9 84.4 

  
Hydrogen Fuel Fraction, %-wt ASTM D5291 13.2 13.10 13.2 14.9 13.2 

 
RON ENISO5164 96.4 n/a 

  
n/a 

 
MON ENISO5163 85.0 n/a 

  
n/a 

 
Cetane Number ASTM D6890 

   
81.7 

  
Total Sulfur (mg/kg) ENISO20846 n/a 2.5 8.7 < 1 

  
Cloud Point max (oC) NM473 

  
-5 -23 

  
CFPP (oC) EN116 

  
-20 -21 

  
Alternative Methods:  

NM249 NM291 NM40 
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4.7 Experimental work - USA 

4.7.1 Vehicles and fuels/powerplants 

The following Table 21 presents combinations of vehicle, fuel, duty-cycle and ambient tem-
perature for tests performed in United States.  

 

Table 21: Vehicles tested in U.S. 

Manufacturer and Make Hyundai Sonata 
Hyundai Sonata 

Hybrid 
Ford Fusion 

Ford Fusion 
Hybrid 

Model Year 2013 2011 2012 2010 
Fuel Gasoline Gasoline Gasoline Gasoline 

Engine 2.4 L I4 
2.4 L I4 (Atkinson-

cycle) 
3.0 L V6 

2.5L (Atkinson 
cycle) 

Horsepower (hp@rpm): 198 @ 6300 166 @  240 @ 6550 156 @ 
Torque (lb-ft @ rpm): 184 @ 4250 154 @  223 @ 4300 136 @ 
Compression Ratio 11.3:1 n/a 10.3:1 n/a 
Emission Standard U.S. Tier II US Tier II US Tier II US Tier II 

Emission Control System ? ? ? ? 
Transmission A6 A6 Auto Auto 

Hybrid system specs         
Battery Capacity (Ah) n/a 1.4 kWh n/a  n/a 
System Voltage (V) n/a 270 n/a 275 

Motor Power (kW @ rpm) n/a 30 n/a 78 
Test Conditions 

Test Weight (lbs/kg) 3500/1588 3750/1701 3744/1698 4000/1814 
  data retrieved by VTT from non-original sources 

 

Figures 11 to 14 depict test vehicles photographed during each respective test session at the 
Advanced Powertrain Research Facility of Argonne National Laboratory (ANL), near Chica-
go, IL. 

 

 

Figure 11: 2013 Hyundai Sonata during a test session at ANL. 
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Figure 12: 2013 Hyundai Sonata Hybrid during a test session at ANL. 

 

 

Figure 13: 2012 Ford Fusion during a test session at ANL. 

 

 

Figure14: 2010 Ford Fusion Hybrid during a test session at ANL. 

 

4.7.2 Test programme: duty-cycles, fuels and ambient conditions 

The following table 22 presents combinations of vehicle, fuel, duty-cycle and ambient tem-
perature for tests performed in U.S. 
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ever, stated in the documentation, which alternative was used to produce the data delivered 
to be used in this study.) 

Furthermore, the above-mentioned document states that APRF has full line of instruments 
capable of determining exhaust emissions from CARB/EPA SULEV (super-ultra-low emis-
sion vehicles) according to the U.S. EPA (Tier 2) emissions standards. However, no emis-
sions data was released with the files submitted.  

4.7.4 Fuel information 

Table 23 presents some information of the fuels used in the tests in the U.S. 

 

Table 23: Information of the fuels used in the tests in USA.  

Analysis 
Parameters 

Type of fuel: gasoline 

Trade name (reference)   Tier II EEE HF437 
Batch #     Batch #1 Batch #2 Batch #3 
Carbon Fuel Fraction, %-wt 0.8631 0.8618 n/a 
Hydrogen Fuel Fraction, %-wt n/a n/a n/a 
Oxygen Fuel Fraction, %-wt n/a n/a n/a 
Net Heating Value MJ/kg 42.81 42.67 42.34 
Net Heating Value MJ/l 31.72 31.70 31.41 
Density (kg/m3 @ 15oC) 741 743 742 
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Figure 24: Energy consumption of the four GMC trucks tested in Canada.  

 

 

Figure 25: CO2 emissions from the three GMC trucks tested in Canada.  
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Figure 26: CO emissions from the three GMC trucks tested in Canada.  

 

 

Figure 27: HC emissions from the four GMC trucks tested in Canada.  

 
On the other hand for CO and HC emissions (Figures 26 and 27) the hybrid was clearly the 
worst case, with only some minor exceptions (CO for gasoline version in US06/hot).  
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Figure 28: NOx emissions from the four GMC trucks tested in Canada.  

 

Figure 29: CH4 emissions from the four GMC trucks tested in Canada.  

Quite surprisingly, NOx emissions (Figure 28) were extremely high for the diesel-fuelled vari-
ant, especially in hot-started US06-cycle, even if the vehicle was equipped with an SCR-
system that should reduce emissions effectively. Somewhat unexpected also were the re-
sults for CH4 (Figure 29), as these were also very high for the diesel-powered option. 
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Figure 31: Fuel consumption of the CI-engine powered truck tested in Canada with different 
fuels at normal ambient temperature (+23 °C), as well as two lower ambients (-7 and -18°C). 

 

Figure 32: Fuel consumption of the three SI-engine powered trucks tested in Canada with 
various fuels at different ambient temperatures. 
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Figure 33: Energy consumption of the CI-engine powered truck tested in Canada with differ-
ent fuels at normal ambient temperature (+23 °C), as well as two lower ambients (-7 and -
18°C). 

Volumetric fuel consumption showed some response to the switch of fuel. In the CI-engine 
version (Figure 31), about 8 % increase was recorded for the neat biodiesels (B100 xx), but 
this was mostly due to the 9 % drop in density (see Table 9 for fuel specs), compared to the 
regular mineral oil diesel. About the same response was seen both in cold start and hot start 
cycles, and even tests in tests at -7 °C. Furthermore, lowering of the ambient temperature 
increased volumetric fuel use by 13% (-7 °C) and 18% (-18 °C), when using neat mineral oil 
diesel. 
Furthermore, considering the SI-engines, volumetric fuel consumption (Figure 32) increased 
in the hybrid version by some 8 %, when E10 gasoline was used instead of the non-alcohol 
(E0) grade, even if the densities of both fuels were very close to each other, and the net 
heating value of the E10 blend was only 2 % lower than the non-alcohol grade (see Table 8). 
The same order of increase was seen due to the lowering of the ambient temperature from 
+23 to -7 °C. 

When we calculate energy consumption from the fuels use by using the net volumetric en-
ergy contents of the various fuels, we see (in Figure 33) that the energy use was some 14 to 
15% lower with the B100x biodiesels, compared to mineral oil only grade. The same applies 
to all cycles used, and even in tests at -7 °C. On the other hand, lowering the ambient tem-
perature increased energy consumption, when using straight mineral oil diesel fuel by 13% 
(at -7 °C) and by 17% (at -18 °C), in accordance with the increase measured in volumetric 
fuel use (Figure 31). Considering the SI-engines (Figure 34), an increase in energy con-
sumption was inevitable from the increased volumetric fuel use. 

Regarding CO2 emissions, using blends of biodiesel resulted in lower tailpipe (TTW) emis-
sions of CO2 emissions compared to regular mineral oil diesel (Figure 35). This was some 2 
to 3 % for the 20% blends and some 5 % for the neat biodiesels. However, lowering of the 
ambient temperature increased the CO2 tailpipe (TTW) emissions on mineral-oil only diesel 
fuel (Figure 35). The same was true for the neat biodiesels (B100). The average increase 
was some 13 % at -7 °C and 15 % at -18 °C (mineral-oil diesel only) over the FTP cycle. 
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Figure 34: Energy consumption of the three SI-engine powered trucks tested in Canada with 
various fuels at different ambient temperatures. 

 

Figure 35: CO2 emissions from the CI-engine powered truck tested in Canada with different 
fuels at normal ambient temperature (+23 °C), as well as two lower ambients (-7 and -18°C). 
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Figure 36: CO2 emissions from the three SI-engine powered trucks tested in Canada with 
various fuels and at different ambient temperatures. 

 

 
Figure 37: CO emissions from the CI-engine powered truck tested in Canada with different 
fuels at normal ambient temperature (+23 °C), as well as two lower ambients (-7 and -18°C).  
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Figure 38: CO emissions from the three SI-engine powered trucks tested in Canada with var-
ious fuels and at different ambient temperatures. 

 

Much stronger impact was recorded for NEDC, where the increase was almost 30 % at -7 °C 
compared to normal ambient (mineral-oil diesel only). This is most probably due to the great-
er relative influence of the cold-start portion in this duty cycle compared to FTP. 

Of the SI-engine vehicles (Figure 36) the hybrid version emitted some 40 % less CO2 over a 
cold-start FTP cycle, and some 60 % less over a hot-start US06 cycle, but some 20 % more 
over a HWFET cycle. However, this appears to be some kind of anomaly, as it is not con-
sistent with the fuel consumption results that showed net positive difference for the hybrid 
version in all cases.  

Furthermore, in the hybrid version, using 10% ethanol containing E10 gasoline resulted in 
slight increase in CO2 emissions in the cold-started FTP cycle, but marginal degrease with 
the hot-start cycles (HWFET and US06). Subsequently, the lower ambient temperature (-7 
°C vs. 23 °C) increased CO2 emissions by 9 % when using regular non-ethanol gasoline 
(E0), but with E10 fuel the increase was only 3 %.  

When considering CO emissions from the CI-engine powered version (Figure 37), we see at 
first that there was a striking difference between the cold-started and hot-started cycles. Fur-
thermore, lowering the ambient temperature resulted in an increase in emissions, especially 
at the lowest temperature (-18 °C). While this was true for normal mineral-oil only diesel fuel, 
all cases using various blends of biodiesel, resulted in slightly lower CO at the lower ambient 
temperature (-7 °C vs. 23 °C). Also, all blends of biodiesel gave lower CO than the regular, 
mineral-oil only diesel grade. 
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Figure 39: HC emissions from the CI-engine powered truck tested in Canada with different 
fuels at normal ambient temperature (+23 °C), as well as two lower ambients (-7 and -18°C).  

 

Figure 40: HC emissions from the three SI-engine powered trucks tested in Canada with var-
ious fuels and at different ambient temperatures. 
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Figure 41: NOx emissions from the CI-engine powered truck tested in Canada with different 
fuels at normal ambient temperature (+23 °C) at normal ambient temperature (+23 °C), as 
well as two lower ambients (-7 and -18°C).  

.  

 

Figure 42: NOx emissions from the three SI-engine powered trucks tested in Canada with 
different fuels and at different ambient temperatures. 
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Figure 43: TPM emissions from the CI-engine powered truck tested in Canada with different 
fuels at normal ambient temperature (+23 °C) at normal ambient temperature (+23 °C), as 
well as two lower ambients (-7 and -18°C).  

 

Figure 44: TPM emissions from the three SI-engine powered trucks tested in Canada with 
different fuels and at different ambient temperatures. 
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Figure 45: CH4 emissions from the CI-engine powered truck tested in Canada with normal 
diesel fuel and different biodiesel blends at different ambient temperatures. 

 
Figure 46: CH4 emissions from the three SI-engine powered trucks tested in Canada with 
gasoline (E0, E10) and with CNG at different ambient temperatures. 
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Figure 47: N2O emissions from the CI-engine powered truck tested in Canada with normal 
diesel fuel and different biodiesel blends at different ambient temperatures. 

 
 

Figure 48: N2O emissions from the SI-engine powered trucks tested in Canada with gasoline 
(E0, E10) and with CNG at different ambient temperatures. 
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Figure 50: Energy consumption of the cars tested in China.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 51: CO2 emissions (calculated) for the cars tested in China. 
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Figure 52: CO emissions for the cars tested in China. 

 

 

Figure 53: HC emissions for the cars tested in China. 
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Figure 54: NOx emissions for the cars tested in China. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55: HCHO emissions for the cars tested in China. (Only one platform was tested). 
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Figure 56: Benzene emissions for the cars tested in China. (Only one platform was tested). 

 

 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 57: Toluene emissions for the cars tested in China. (Only one platform was tested). 

On the contrary, CNG gave the highest total HC emissions (Figure 53), but supposedly, most 
of that emission was methane (CH4) that was not reported separately. Both E10 and M15 
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Figure 59: Energy consumption of the three cars tested in Sweden. 

 

 

Figure 60: CO2 emissions from the three cars tested in Sweden. 
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Figure 61: CO emissions from the three cars tested in Sweden. 

 

Figure 62: THC emissions from the three cars tested in Sweden. 

 

Considering the CO2 emissions (Figure 60), we can see that the high-concentration ethanol 
version emitted about 1.3 to 1.7 times more CO2 than the diesel-fuelled version. Obviously, 
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the ambient temperature had the same influence as with fuel consumption: lowering the am-
bient temperature from +23 °C to -7 °C resulted in +3% for E85/E75, and +20% for diesel. 

When contemplating the CO emissions (Figure 61), we immediately notice the high emis-
sions measured for the high-concentration ethanol fuel (E75) in cold-start NEDC test done at 
low ambient temperature (-7 °C). The temperature effect is very strong, as these emissions 
are more than 11 times higher than what was measured for E85 at normal ambient tempera-
ture. With the diesel option, the emissions were only a fraction of these, and the low tem-
perature multiplication factor was only 2.3. Cold-start ARTEMIS Urban test seemed to pro-
duce also quite notable emissions, much higher than in NEDC, with both fuel options. With 
E85 fuel, some CO was emitted also in hot-started ARTEMIS cycles. 

Regarding total hydrocarbons (HC, Figure 62), the overall pattern was quite similar to CO, 
but at +23 °C, the multiplication factors between diesel and ethanol were different, from 5.4 
(NEDC) to 25 (ARTEMIS Urban), and 4.5 (ARTEMIS Rural). However, the ambient tempera-
ture had even stronger impact on THC than on CO, as E75 fuel in the cold-start NEDC cycle 
test produced over 17 times higher THC emissions than E85 at +23 °C. Cold start at low am-
bient temperature is certainly an issue regarding the use of high-concentration ethanol fuels. 

What comes to the emissions of nitrogen oxides (NOx, Figure 63), the set-up was totally re-
versed. With ethanol fuel the emissions were much lower than with diesel fuel. In tests at +23 
°C, the emissions with ethanol fuel were only about 1/3 (NEDC) or even less, 23% (ART Ur-
ban, cold) and 5 to 6 % in hot-started ARTEMIS duty-cycles. Furthermore, the influence of 
low ambient temperature was almost non-existent for the ethanol fuels, but with the diesel 
fuelled version, NOx emissions rose by about 5 times, with lowering of the ambient tempera-
ture from +23 °C to -7 °C. 

 

Figure 63: NOx emissions from the three cars tested in Sweden. 
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Figure 64: NO2 emissions from the three cars tested in Sweden. 

If we focus on NO2 portion of the total emissions of nitrogen oxides (Figure 64), we can see 
that the graph is almost a copy of the NOx graph, but with lower numerical values. This 
means that overall both technologies had roughly the same share of NO2 of the total NOx 
emissions. However, these shares were quite high, between 23 to 45% (39% overall) for 
ethanol, and between 32% to 60% for the diesel. 

 

Figure 65: TPM emissions from the three cars tested in Sweden. 
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Figure 68: Energy consumption of the cars tested in Finland.   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 69: CO2 emissions from the cars tested in Finland. 

The fuel use results in CO2 emissions, depending on the specific carbon contents of the fuel. 
Results are plotted in Figure 69, and overall, the emissions appear to be higher in both cold-
started cycles, when compared to the respective results from tests with warm engine start, 
which is only natural, as cold-start always induces higher fuel consumption. The highest val-
ues from all tested cases were recorded for the larger-displacement SI engine, irrespectively 
of the duty-cycle. The second-highest was the larger-displacement CI engine, but in many 
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high rate, the emissions were probably less harmful than the same level of emissions from 
SI-engines running on petrol. 

Figure 71: HC emissions from the cars tested in Finland. 

 

Figure 72: NOx emissions from the cars tested in Finland. 

Probably the most conflicting emission in this exercise was NOx, depicted in Figure 72. By 
far the highest rates were measured for the two CI-engines, and the lowest for the SI-
engines. In cold-started cycles all SI engines irrespectively of the fuel option, emitted less 
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Figure 74: N2O emissions from the cars tested in Finland. 

 

 

Figure 75: TPM emissions from selected cars tested in Finland. 

 
Regarding total particulate matter (TPM), depicted in Figure 75, the DPFs in the CI-engines 
kept particulate mass emission very low, and the highest recorded emissions were attributed 
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to the smaller-displacement SI-engine. However, no other SI-engine versions were meas-
ured due to restriction in instrument availability. Anyhow, the emissions for the SI-engine 
were in NEDC test about 50 % of the limit value applicable to CI engines (5 mg/km). In the 
cold-start ARTEMIS Urban cycle, this SI engine recorded over 11 mg/km emissions that can 
be considered high, as the diesels with DPF recorded levels that were 1/10th to 1/20th. How-
ever, in current legislation direct-injection SI engines (SIDI) are subjected to only particulate 
number standard (PN#), and not PM. At the time of this exercise, such measurement was not 
possible at VTT, though. 

Of the non-regulated pollutants reported, Figure 76 depicts the emissions for ammonia 
(NH3). As we can clearly see, both CI engines emitted only close-to-detection levels of am-
monia, but the SI engines showed emissions up to over 50 mg/km. In two of the four tested 
cases the larger-displacement SI engine seemed to have the highest emission rates, while 
the smaller displacement version emitted around 50 to 70 % of that level. Of the alternative-
fuelled versions, the CNG-fuelled SI engine showed usually somewhat higher rates, record-
ing the highest-of-all value in both NEDC and ARTEMIS Rural cycles. The E85-fuelled coun-
terpart matched the CNG-version in ARTEMIS Urban, where their emission rates were equal. 

The last non-regulated pollutant that was included in the Finnish dataset was methane 
(CH4), and Figure 77 depicts these emission rates. The E85-fuelled SI-engine recorded the 
highest emissions in both cold-started cycles (NEDC, ARTEMIS Urban), and the smaller-
displacement SI running on petrol was the next, while its larger-displacement sibling had 
some 25 to 30 % lower emissions. The SI-CNG case showed some emissions also in the 
cold-started cycles, but negligible rates in hot-started tests. 

The emission rates of methane were in all cases almost at the detection limit for both CI-
engines running on diesel. This is quite in contrast to the levels of CH4 measured and report-
ed by Canada (Figure 45), where the rates were more than 20 mg/km. However, we must 
bear in mind that in case of the Canada exercise, a gas chromatograph (GC) was used for 
the analysis, whereas in the Finnish exercise, a FTIR analyser was used instead.  

 

 
Figure 76: NH3 emissions from the cars tested in Finland. 
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Figure 78: Fuel consumption for the 1.4 TSI (SI-engine) car tested in Finland with regular and 
�³�E�L�R�J�D�V�R�O�L�Q�H�´�����D�W�������������������D�Q�G��-7 °C ambient temperature; NEDC and ARTEMIS cycles. 

 

 

Figure 79: Fuel consumption for the 2.0 TSI (SI-engine) car tested in Finland with regular and 
�³�E�L�R�J�D�V�R�O�L�Q�H�´�����D�W�������������������D�Q�G��-7 °C ambient temperature; NEDC and ARTEMIS cycles. 
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Figure 80: Fuel consumption for the 1.6 TDI (CI-engine) car tested in Finland with regular 
EN590 diesel and fully paraffinic fuel (HVO), at +23, +5 and -7 °C ambient temperature; 
NEDC and ARTEMIS cycles. 

 

Figure 81: Fuel consumption for the 2.0 TDI (CI-engine) car tested in Finland with regular 
EN590 diesel and fully paraffinic fuel (HVO), at +23, +5 and -7 °C ambient temperature; 
NEDC and ARTEMIS cycles. 
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Figure 82: Fuel consumption for the 1.4 TSI FFV (SI-engine) car tested in Finland with regu-
�O�D�U���D�Q�G���³�E�L�R�J�D�V�R�O�L�Q�H�´�����D�W�������������������D�Q�G��-7 °C ambient temperature; NEDC and ARTEMIS cy-
cles. 

 

Figure 83: Fuel consumption for the 1.4 TSI CNG (SI-engine) car tested in Finland with regu-
lar gasoline and CNG at +23, +5 and -7 °C ambient temperature; NEDC and ARTEMIS cy-
cles. 
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Figure 85: Energy consumption for the 2.0 TSI (SI-engine) car tested in Finland with regular 
�D�Q�G���³�E�L�R�J�D�V�R�O�L�Q�H�´�����D�W�������������������D�Q�G��-7 °C ambient temperature; NEDC and ARTEMIS cycles. 

 

 

Figure 86: Energy consumption for the 1.6 TDI (CI-engine) car tested in Finland with regular 
EN590 diesel and fully paraffinic fuel (HVO), at +23, +5 and -7 °C ambient temperature; 
NEDC and ARTEMIS cycles. 
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Figure 87: Energy consumption for the 2.0 TDI (CI-engine) car tested in Finland with regular 
EN590 diesel and fully paraffinic fuel (HVO), at +23, +5 and -7 °C ambient temperature; 
NEDC and ARTEMIS cycles. 

 

Figure 88: Energy consumption for the 1.4 TSI FFV (SI-engine) car tested in Finland with 
regular gasoline and with E85, at +23, +5 and -7 °C ambient temperature; NEDC and AR-
TEMIS cycles. 
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Figure 89: Energy consumption for the 1.4 TSI CNG (SI-engine) car tested in Finland with 
regular gasoline and CNG at +23, +5 and -7 °C ambient temperature; NEDC and ARTEMIS 
cycles. 

 

Figure 90: NOx emissions from the 1.4 TSI (SI-engine) car tested in Finland with regular and 
�³�E�L�R�J�D�V�R�O�L�Q�H�´�����D�W�������������������D�Q�G��-7 °C ambient temperature; NEDC and ARTEMIS cycles. 
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Furthermore, the ambient temperature as well as fuel switch (from regular EN 590(B7) to 
HVO-type) was quite similar, especially in the cold-started cycles. Due to the lowering of the 
test temperature, emissions of NOx increased up to fourfold in both engines over NEDC cy-
cle, but regarding ART Urban, the multiplication was only some +40 to +80 %. In the hot-
started cycles the effect was even smaller. However, already at +5°C, the emissions over the 
cold-started cycles were highly elevated, so the temperature effect was strongly non-linear. 

 

Figure 94: NOx emissions from the 1.4 TSI FFV (SI-engine) car tested in Finland with regular 
gasoline and with E85, at +23, +5 and -7 °C ambient temperature; NEDC and ARTEMIS cy-
cles. 

The use of HVO-type fuel with high cetane number reduced NOx-emissions overall by about 
4 to 9 %, less in the smaller version, more in the larger-displacement version. The effect was 
stronger in the hot-started cycles than in the cold-started ones, and somewhat dependent on 
ambient temperature, as the reductions were larger in the normal ambient temperature tests 
than in the low-temperature tests. 
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Figure 96: Fuel consumption of the two platforms of cars tested in U.S.  

 

Figure 97: Energy consumption of the two platforms of cars tested in U.S. 

Considering the fact that only one single fuel (gasoline) was used in all tested vehicles, in 
relative terms there is no difference between fuel consumption and energy use. Therefore, 
both are commented together. 
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In tables for absolute values, the lowest and the highest numerical value (or values) are high-
lighted with green and purple to help to identify the range of results. Furthermore, in the ta-
bles with relative values, the values that were lower than the reference case have a reading 
below 1, and those that were higher than the reference value, have a value more than 1. The 
extent of the deviation is also colour coded, so cases that are below the reference are shad-
ed in green, and the larger the deviation is, the darker is the green. And the other way round: 
those higher-than-reference values are shaded in red, and when the deviation is 10 or more, 
the cell has the darkest red colour.  

When assessing the figures, one should keep in mind that FTP, JC08, NEDC and ARTEMIS 
Urban are run with a cold start, the other ARTEMIS road cycles are with hot engine start.  

 

Table 25: Summary of the CO emissions for different test cases. 

 
Table 26: CO emissions for different test cases, relative (SI/E10/medium/NEDC=1) 

 

platform cycle fuel engine FTP JC-08 NEDC ART Urb ART Rural ART Mwy

small 1.4-1.6 440

medium 2.0 468 610

large >2.0 516 956 1583

small 1.4-1.6 622 1567 210

medium 2.0 374 682 485 496

large >2.0 526 1431

small 1.4-1.6 240 602 205 133

medium 2.0 373 1642 153 214

large 6 582

LPG medium 2.0 143

small 1.4 471 249 253 145

medium 1.6-2.0 167

small 1.6 222 441 8 3

medium 2.0 108 54 3 5

small 1.6 122 135 8 4

medium 2.0 29 26 5 5

SI gasoline (E0) large >2.0 573

CI diesel (B0) large >2.0 228 318 1100

E85

Carbon Monoxide (CO, mg/km)

large

CNG/CBG

gasoline (E0)

medium

SI

gasoline E10

CI

diesel (B5, B7)

HVO

Duty Cycle

platform cycle fuel engine FTP JC-08 NEDC ART Urb ART Rural ART Mwy

small 1.4-1.6 1.2

medium 2.0 1.3 1.6

large >2.0 1.4 2.6 4.2

small 1.4-1.6 1.7 4.2 0.6

medium 2.0 1.0 1.8 1.3 1.3

large >2.0 1.4 3.8

small 1.4-1.6 0.6 1.6 0.5 0.4

medium 2.0 1.0 4.4 0.4 0.6

large 6 1.6

LPG medium 2.0 0.4

small 1.4 1.3 0.7 0.7 0.4

medium 1.6-2.0 0.4

small 1.6 0.6 1.2 0.02 0.01

medium 2.0 0.3 0.1 0.01 0.01

small 1.6 0.3 0.4 0.02 0.01

medium 2.0 0.1 0.1 0.01 0.01

SI gasoline (E0) large >2.0 1.5

CI diesel (B0) large >2.0 0.6 0.8 2.9

E85

Duty CycleCarbon Monoxide (CO, mg/km)

large

CNG/CBG

gasoline (E0)

medium

SI

gasoline E10

CI

diesel (B5, B7)

HVO
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Regarding CO, large gasoline-fuelled SI engines are susceptible to high emissions, especial-
ly in cold-started cycles. Had we taken into this table also results from low ambient tempera-
tures, the figures would have been much higher, at worst almost 10 times to these values. 
On the other hand, diesel engines can show extremely low CO values, below 10 mg/km, in 
hot-start road cycles.  
 

Table 27: Summary of the THC emissions for different test cases. 

 
 

Table 28: THC emissions for different test cases, relative (SI/E10/medium/NEDC=1) 

 
 
What comes to THC, the high-concentration ethanol fuel (E85) in SI engine gave the lowest 
figures in hot-start cycles, but diesel engines were also very close, all below 10 mg/km. In 
cold-start cycles the diesels were mostly better than E85 or gasoline. Highest reading was 

platform cycle fuel engine FTP JC-08 NEDC ART Urb ART Rural ART Mwy

small 1.4-1.6 31

medium 2.0 28 63

large >2.0 38 83 119

small 1.4-1.6 47 176 14

medium 2.0 39 150 10 15

large >2.0 39 107

small 1.4-1.6 47 112 3 2

medium 2.0 57 198 1 4

large 6 42

LPG medium 2.0 15

small 1.4 70 245 15 18

medium 1.6-2.0 49

small 1.6 22 51 5 2

medium 2.0 23 19 4 2

small 1.6 15 13 4 1

medium 2.0 12 20 4 1

SI gasoline (E0) large >2.0 30

CI diesel (B0) large >2.0 28 29 81

E85

Total Hydrocarbons (THC, mg/km) Duty Cycle

medium

SI

gasoline (E0)

gasoline E10

CI

diesel (B5, B7)

HVO

CNG/CBG

large

platform cycle fuel engine FTP JC-08 NEDC ART Urb ART Rural ART Mwy

small 1.4-1.6 0.8

medium 2.0 0.7 1.6

large >2.0 1.0 2.1 3.0

small 1.4-1.6 1.2 4.5 0.3

medium 2.0 1.0 3.8 0.2 0.2

large >2.0 1.0 2.7

small 1.4-1.6 1.2 2.9 0.1

medium 2.0 1.4 5.0 0.0 0.1

large 6 1.1

LPG medium 2.0 0.4

small 1.4 1.8 6.2 0.4 0.3

medium 1.6-2.0 1.3

small 1.6 0.6 1.3 0.1 0.03

medium 2.0 0.6 0.5 0.1 0.03

small 1.6 0.4 0.3 0.1 0.02

medium 2.0 0.3 0.5 0.1 0.02

SI gasoline (E0) large >2.0 0.8

CI diesel (B0) large >2.0 0.7 0.7 2.1

E85

Duty CycleTotal Hydrocarbons (THC, mg/km)

medium

SI

gasoline (E0)

gasoline E10

CI

diesel (B5, B7)

HVO

CNG/CBG

large
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recorded for CNG in cold-start ARTEMIS Urban cycle, but that might be due to high methane 
release in cold-start.  

Considering the emissions of all nitrogen oxides (NOx, Tables 29 and 30), the lowest result 
was for SI engine on LPG. However, gasoline SI engines were also below 10 mg/km, espe-
cially in hot-start tests. Clearly, diesel engines have high emission rates for NOx, and now 
high values are also recorded in hot-start tests. E85 and CNG are between these two. 

 

Table 29: Summary of the NOx emissions for different test cases. 

 
 

Table 30: NOx emissions for different test cases, relative (SI/E10/medium/NEDC=1) 

 
  

platform cycle fuel engine FTP JC-08 NEDC ART Urb ART Rural ART Mwy

small 1.4-1.6 13

medium 2.0 4 6

large >2.0 9 14 5

small 1.4-1.6 18 54 16

medium 2.0 18 90 8 8

large >2.0 12 4

small 1.4-1.6 18 112 100 60

medium 2.0 49 136 29 25

large 6 7

LPG medium 2.0 16

small 1.4 13 238 28 6

medium 1.6-2.0 58

small 1.6 169 1052 738 859

medium 2.0 169 999 738 617

small 1.6 168 1049 716 763

medium 2.0 163 913 640 501

SI gasoline (E0) large >2.0 8

CI diesel (B0) large >2.0 84 116 199

E85

Oxides of Nitrogen (NOx, mg/km) Duty Cycle

gasoline (E10)

CI

diesel (B5, B7)

HVO

CNG/CBG

medium

SI

gasoline (E0)

large

platform cycle fuel engine FTP JC-08 NEDC ART Urb ART Rural ART Mwy

small 1.4-1.6 0.7

medium 2.0 0.2 0.3

large >2.0 0.5 0.8 0.3

small 1.4-1.6 1.0 3.0 0.9

medium 2.0 1.0 5.0 0.4 0.5

large >2.0 0.7 0.2

small 1.4-1.6 1.0 6.3 5.6 3.4

medium 2.0 2.7 7.6 1.6 1.4

large 6 0.4

LPG medium 2.0 0.9

small 1.4 0.7 13.3 1.6 0.3

medium 1.6-2.0 3.2

small 1.6 9.5

medium 2.0 9.4 56 41 34

small 1.6 9.4 59 40 43

medium 2.0 9.1 51 36 28

SI gasoline (E0) large >2.0 0.5

CI diesel (B0) large >2.0 4.7 6.5 11

E85

Duty CycleOxides of Nitrogen (NOx, mg/km)

gasoline (E10)

CI

diesel (B5, B7)

HVO

CNG/CBG

medium

SI

gasoline (E0)

large
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Table 31: Summary of the NO2 emissions for different test cases. 

 

 

Table 32: NO2 emissions for different test cases, relative (SI/E10/medium/NEDC=1) 

 
 

If we look at the NO2 portion of the sum (Tables 31 and 32 ), which has direct negative im-
pact on local air quality, we see that in SI engines, either with gasoline or CNG, the values 
are very low, below 5 mg/km in all shown cases. E85 comes close, but again, diesel engines 
are emitting very high amounts of NO2, up to 300 mg/km and more, both in cold-start as well 
as hots-start tests.   
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