
 

 
 

Test report 
 

Emission measurement on one (1) passenger 

cars of M1 type diesel, Euro 5 ï with two (2) 

type of diesel fuel (MK1 and MK3) 

 

 

 

A report for the Swedish Transport Administration 

 
2012-04-15 
Report no. 127058 
 
 
 

 

 

 

 

 

 

 



 

 
 

Content  

Project information (in Swedish) ......................................................................................................... 4 

Abbreviations, acronyms and glossary.............................................................................................. 5 

1. The assigment ............................................................................................................................... 6 

Scope of work .................................................................................................................................... 6 

Test sites ............................................................................................................................................ 6 

Dynomometer settings ..................................................................................................................... 7 

Fuel used ........................................................................................................................................... 7 

Type approval values ....................................................................................................................... 7 

Vehicle ................................................................................................................................................ 8 

Un-regulated emissions ................................................................................................................... 9 

Driving Cycles ................................................................................................................................... 9 

2*UDC............................................................................................................................................. 9 

Artemis ......................................................................................................................................... 10 

Test sequence ............................................................................................................................. 11 

2. Results .......................................................................................................................................... 12 

CH4 .................................................................................................................................................... 13 

CO ..................................................................................................................................................... 14 

CO2 .................................................................................................................................................... 15 

Fuel consumption ........................................................................................................................... 16 

NOX ................................................................................................................................................... 17 

Particle mass (PM) ......................................................................................................................... 18 

Particle number (PN) ...................................................................................................................... 19 

Un-regulated results ï PAH .......................................................................................................... 20 

Un-regulated results ï Alkenes and alkanes .............................................................................. 22 

Conclusions ..................................................................................................................................... 24 

3. Driving cycles (graphs) .............................................................................................................. 25 

Artemis ............................................................................................................................................. 25 

UDC .................................................................................................................................................. 26 

4. Fuel specifications ...................................................................................................................... 27 

5. References................................................................................................................................... 29 

6. Appendix 1 ï result table regulated emission ........................................................................ 30 

7. Appendix 2 ï test protocols regulated emission .................................................................... 31 

8. Appendix 3 ï unregulated emissions ....................................................................................... 33 



 

 
 

9. Appendix 4 ï photos from the tests in Essen ......................................................................... 34 

 

 

ABSTRACT 

In this study tests on chassis dynamometer with two types of fuels have been carried 

out on a Euro 5 diesel passenger car. The objective of the work was to investigate if 

there is any difference in emission levels by using Swedish MK1 diesel or  MK3 (EN 

590 ï 2009) diesel.  All tests were carried out during March 2012 at TUV NORDôs 

emission laboratory in Essen, Germany. Beside regulated emissions also several 

unregulated components were measured in this study.  

The main conclusions of these tests are: 

- For regulated emissions there are no significant differences in emissions 

between MK1 and MK3 

- At cold ambient temperatures the emission of CO and HC show higher values 

for MK3 compared with MK1 (but the differences are small) 

- The emission of CO2 (is about 1.3 % higher for MK3 compared with MK1. This 

is however fully explained by comparing the carbon content per MJ. MK3 has 

about 1.5 % higher carbon content per MJ than MK1. 

- The fuel consumption is about 1.0 % lower per km for MK3 compared with 

MK1. This is explained by comparing the energy content per liter (the 

difference is about 2 %) 

- The conclusion based on these tests are that it is not any significant 

differences in PAH emissions from MK1 and MK3. It is not possible to 

compare these results with older tests based on older test vehicles (without 

DPF etc).   

-  

In parallel to this study (within this program) a literature study has also been carried 

out (Ecotraffic report 127059). The main objective was to find studies including both 

MK1 and MK3. Off road, heavy duty and light duty vehicles were included in this 

study. 
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Abbreviations, acronyms and glossary 
 

CVS 
Constant Volume Sampler/Sampling, a dilution device used for 
dilution of engine/vehicle exhaust for emission measurements.  

CH4 Methane 

CO Carbon monoxide 

CO2 Carbon dioxide 

DOC Diesel Oxidation Catalyst 

EGR Exhaust Gas Recirculation 

FAME Fatty Acid Methyl Esters 

FC Fuel Consumption 

NEDC New European Driving Cycle  

NOX Nitrogen oxides (NO + NO2) 

NO Nitrogen oxide 

NO2 Nitrogen dioxide 

PM Particulate Matter 

PMP 
Particulate Measurement Programme (the EU programme for 
developing new measurement methods for particle mass and 
number) 

PN Particle number 

RME Rasped Methyl Ester  

MK1 Swedish Environmental Class 1 Diesel 

MK3 European diesel (EN590) 

PAH Poly Aromatic Hydrocarbons 

DPF Diesel Particle Filter 

  

  

  

  

  

  

  

  

  

  

  



 

 
 

1. The assigment 

Scope of work 

Ecotraffic shall on behalf of Trafikverket carry out emission tests on one diesel fuelled 

passenger car of M1 type, Euro 5 by using two types of fuels, MK1 and MK3 (EN590 

2009). Both regulated and unregulated components shall be measured. 

Result shall be reported as modal results for exhaust components NMHC, CH4, CO, 

CO2, BF, NOX, NO2 and PN.  

Used driving cycles shall be:  

- 2*UDC at + 22°C 

- Artemis (hot) 

- 2*UDC at ï 7°C 

The study shall be reported as a technical test report and the modal results shall be 

reported is such formatting so they can be used for calculation of emission factors. 

Test sites  

All tests have been carried out at TUV NORD in Essen. All tests were performed 

during March 2012. 

 Test Cell  

Climatisation -20°C - +35°C 

WEISS 

Chassis Dynamometer MAHA ECDM 48L 4x4 

Control Unit MAHA 

CVS-Unit MAHA-CVS 

Analytical System for gaseous emissions (CO, CO2, 

THC, NMHC, NO, NOX) 
MAHA-AMA D1 

Particle Collector MAHA-PTS 

Particle Balance for particle mass SARTORIUS SE2-F 

Particle Counter MAHA 



 

 
 

Dynomometer settings 

 

Identical values as in the type approval tests have been used  

 Roller Street 

F0 N 61 115 

F1 [N/(km/h)] 0,0517 0,370 

F2 [N/(km/h)2] 0,0312 0,031 

Inertia kg 1 590 1590 

 

Fuel used 

In this study, two fuels have been used, MK1 and EN 590. The fuel specifications are 

described in chapter 4. 

 

Type approval values 

Deterioration factors are included in the values below. 

 

CO 

mg/km 

THC 

mg/km 

NMHC 

mg/km 

NOX 

mg/km 

THC+NOX 

mg/km 

PM 

mg/km 

PN 

#/km 

386,3 -- -- 158,3 207,9 0,41 0,01*10
11 

CO2 

Urban 

g/km 

CO2 

Extra Urban 

g/km 

CO2 

Combined 

g/km 

FC 

Urban 

liter/ 100 km 

FC 

Extra Urban 

liter/100 km 

FC 

Combined 

liter/100 km 

 

160 113 129 6,1 4,3 4,9  



 

 
 

Vehicle 

One diesel cars of euro 5 class have been used in this study. The car was a 

Germany car (German registration plate). 

 

 

 

  

Manufacture Volkswagen, VW 

Model GOLF VI, (1K) 

Chassi no WVWZZZ1KZBP169860 

Gear Box MT5 

Wheel/Tires 205/55 R16 

Engine displacement 1,6l (CAYD) 

Power 77 kW  

Odometer 27 169 km 

Emission class EURO 5 

Year model 2011 

Type of exhaust gas 

Technology 

DPF, (no additive used for 

regeneration) 

EGR 

DOC 



 

 
 

 

Un-regulated emissions 

PAH analysis was performed by the research group of Roger Westerholm at the 

department of Analytical Chemistry at Stockholm University. Extraction of the 

collected PUF and filter samples was conducted using pressurized fluid extraction on 

an ASE 200 accelerated solvent extraction system (Dionex Corporation, Sunnyvale, 

CA, USA). The filters were extracted using a method recently validated for PAH 

analysis with diesel particulate matter standard reference materials from the US 

National Institute of Standards and Technology (NIST) [Masala et al., 2011; Sadiktsis 

et al., 2012]. Extractions of five consecutive 30 min static extraction cycles were 

performed with a mixture of toluene and methanol (9:1; v/v) at elevated temperature 

and pressure (200 °C and 3000 psi). The PUF samples were extracted with acetone 

at 110 °C and 500 psi using two extraction cycles of 5 min. The extracts were 

evaporated to 0.5 ml and subjected to clean-up using silica solid phase extraction as 

described in detail elsewhere [Bergvall and Westerholm, 2006]. The analysis of PAHs 

was performed using a hyphenated High Performance Liquid Chromatography- Gas 

Chromatography/Mass Spectrometry (HPLC-GC/MS) system, previously described in 

detail [Christensen et al., 2005]. Detailed description on the method parameters used 

is available elsewhere [Sadiktsis et al., 2012]. [Ref 1 ï 4] 

Aldeydes, ketones and alkenes were analyzed by IVL in Göteborg. Samples were 

collected in adsorption pipes and in canisters. During analyzing of samples, air is 

pumped through an electrically cooled, sorbent packed, focusing trap. After sampling 

the trap is heated and the analyses are transported into a gas chromatograph (GC) 

with two separate column lines and two separate flame-ionisation detectors (FID). 

The  analyze method is fully described in reference, Potter, A.(2005). Analysis 

Method for Ozone Precursor Volatile Organic Compounds, IVL Rapport U1121. 

 

Driving Cycles 

See also chapter 3 for more details. 

2*UDC 

In this study, the first part of European driving cycle (NEDC) is used. This part also 

known as UDC (Urban Driving Cycle) is a cycle that is commensurate with a typical 

run in a typical European town. The cycle consists of four identical parts with a total 

length of 13 minutes. Maximum speed is 50 km / h. The UDC was repeated 2 times, 

i.e. 8 repetitions, totaling 26 minutes. Before starting the vehicle should take the 

ambient temperature and the start will be preceded by 40 seconds idle 



 

 
 

Artemis 

Artemis is a driving cycle that is supposed to be more reality-like than the NEDC. In 

these tests Artemis was started with a ñwarm engineò. In practice this means that the 

catalyst has reached operating temperature already at the start. Compared to the 

UDC driving cycle - Artemis has higher load, faster acceleration and higher top 

speeds. The cycle consists of three parts, urban (about 15 minutes, 4.5 km), rural 

(about 18 min, 17 km) and highway (about 18 min, 29 km). 



 

 
 

Test sequence 

The tests were carried out in the order described in the table below. Marked with 

underline = also unregulated components. Rest is only regulated components. 

Test no. Driving Cycle  

 Fuel = MK1 

1 UDC + UDC + 22 C 

2 Artemis (hot start)*  

3 UDC + UDC -7 C 

4 UDC + UDC + 22 C 

5 Artemis (hot start)*  

6 UDC + UDC -7 C 

 Fuel = MK3 (also change oil and filter) 

7 UDC + UDC + 22 C 

8 Artemis (hot start)*  

9 UDC + UDC -7 C 

10 UDC + UDC + 22 C 

11 Artemis (hot start)*  

12 UDC + UDC -7 C 

 No car ï only air from dilution tunnel  

13 Zero / Blank test Performed after MK1-tests (between 

no 6 and 7) 

 

*Artemis: Un-regulated emissions were sampled from the urban part of the Artemis 

cycle. Regulated components were divided in all three parts, urban, rural and 

highway. 



 

 
 

 

2. Results 

Below results from the measurements are showed and short comments are given. 

On the first test for MK1 at -7 C it was a regeneration of the diesel particle filter (DPF) 

during that cycle. Marked with 1_MK1_UDC_1_-7 

This explains increase in exhaust emission in that driving cycle.  

 

 

There are no significant differences in HC emissions by using MK1 or MK3 as fuel. At 

ï 7 it seems that the emissions are higher for MK3. However the difference showed 

is small and the absolute levels are low. 



 

 
 

CH4 

 

The emissions of methane are low for both type of fuels and the levels are low 

(except for MK1 at ï 7 due to the filter regeneration). Methane is considered a 

relatively potent greenhouse gas, about 25 CO2 equivalents, but otherwise as a 

harmless component.  

 



 

 
 

CO 

 

There are no significant differences in CO emissions by using MK1 or MK3 as fuel. At 

ï 7 it seems that the emissions are higher for EN 590. However the difference 

showed is small and the absolute levels are low. See also THC.



 

 
 

CO2 

 

There are no differences in CO2-emissions between the two fuels that not may be 

explained by the differences in carbon content in the fuels. By study the values in 

detail the the emission of CO2 is about 1.3 % higher for MK3 compared with MK1. 

This is however fully explained by comparing the carbon content per MJ. MK3 has 

about 1.5 % higher carbon content per MJ than MK1. 

The relatively high emission for MK1 at ï 7 is due to filter regeneration.



 

 
 

Fuel consumption 

 

Fuel consumption can use the same reasoning as for CO2. The contribution of CO2 in 

the calculation of fuel consumption is quite dominant. The fuel consumption is about 

1.0 % lower per km for MK3 compared with MK1. This is explained by comparing the 

energy content per liter (the difference is about 2 %) 

 



 

 
 

NOX 

 

There are no differences in NOX-emission between the two fuels. The levels are 

relatively high except for the first UDC cycles. After the first UDC ï NOX values 

increases from about 0.18 g/km to 0.6 g/km. This is not fully understood but this is 

however an issue outside this study.



 

 
 

Particle mass (PM) 

 

PM was measured by collecting particles on filter paper. These are very low weights 

(in absolute terms). This allows the measurement uncertainty is relatively large, so 

large that it is difficult to draw relevant conclusions from filter weight. A general 

conclusion is that there are very low PM emissions and that it is not any differences 

due to the use of fuel MK1 or MK3. 

The relatively high emission for MK1 at ï 7 is due to filter regeneration. After the 

regeneration (1_MK1_UDC_2_-7) the particle mass emission increases. This 

phenomena due to that a clean filter has lower filtration capacity (a soot layer is 

necessary for full function) than a not regenerated filter.



 

 
 

Particle number (PN) 

 

Measurement of particles number according to the PMP is associated with many 

uncertainties. The vehicle is equipped with particulate filter (DPF). When this type of 

filter is running and has a layer of soot in it so is the filtration rate is very high. It is 

however possible to draw the conclusion that the emissions of particle number is very 

low and that the filter work well. To draw conclusions other than it is associated with 

considerable uncertainty. 

The relatively high emission for MK1 at ï 7 is due to filter regeneration. See alos 

similar discussion as for the PM-emissions above. 



 

 
 

 

Un-regulated results ï PAH 

PAH emissions were measured as gas phase and particle phase emissions 

(condensate on particles). In appendix, all results are presented as result tables. 

Below, results from gas phase are presented. In total, 18 PAH components were 

measured. 12 of these were close to or under detection limits for both MK1 and MK3. 

The values are low (nano grams) and it is not possible to find any significant 

differences between the two fuel used.  

 

 

For PM phase, see figure on next page, the emission values are lower compared with 

the gas phase. This results due to the effective diesel particle filter used on the test 

vehicle.  

The conclusion based on these tests are that it is not any significant differences in 

PAH emissions from MK1 or MK3. It is not possible to compare these results with 

older tests based on older test vehicles (without DPF etc).   






























