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Cold start emissions of passenger cars with gasoline and diesel engines  

in Real Driving Emissions tests 
 

Modernization of passenger cars and constant development of existing legislation lead to a reduction of exhaust emissions from these 

vehicles. In accordance with package 3 of the RDE test procedure, the European Commission has extended testing methods by including 

exhaust emissions during a cold start. The article compares the research results on the impact of ambient temperature during the cold 

start of spark-ignition and compression-ignition engines in road emission tests. The tests were carried out in line with the requirements 

of the RDE test procedure for passenger cars meeting the Euro 6d-Temp emissions standard. The obtained results were analyzed, i.e. 

there were compared the engine and vehicle operation parameters and the values of road exhaust emissions, during the cold start of 

gasoline and diesel engines at the ambient temperature of approximately 25oC. The summary presents the share of cold start phase of  

a passenger car (at the ambient temperature of around 25oC) for each exhaust emission compound in the urban part of the test, and in 

the entire RDE test, depending on the engine type used. 
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1. Introduction 
 Despite constant changes in legislation, road transport is 

still considered the most important source of hydrocarbons, 

carbon monoxide, carbon dioxide, nitrogen oxides, and 

particulate matter emissions. These compounds cause not 

only the deterioration of air quality but also the human 

health condition. This effect is particularly visible in many 

urban areas. It has led legislators to adopt more stringent 

pollutant emission standards for the automotive sector 

worldwide [17]. For example, by 2021 the limits on carbon 

dioxide emissions will have been reduced to 95 g/km. Un-

fortunately, the growing number of passenger cars moving 

within the European Union is becoming a real issue. That is 

the reason to develop better key emission control strategies. 

 The analysis of the cold start emissions level is particu-

larly important because it is perceptible mainly in urban 

areas where it is the immediate vicinity of people. In recent 

years, many publications about the impact of ambient tem-

perature on exhaust emissions during a cold start have been 

published. The impact of low ambient temperatures on 

pollutant emissions in lab tests has been described in detail. 

Already in 2011, the authors of the article [1] noticed the 

problem of cold start at low ambient temperatures. The 

objects of their research were both gasoline and diesel en-

gines meeting the Euro 4 and Euro 5 emission standards in 

the NEDC test (at ambient temperatures of 24°C and –7°C). 

They pointed out that if the oil and coolant temperatures are 

equal or close to ambient temperature, starting up an en-

gine, with no apparent increase in pollutant emissions and 

increased fuel consumption, may be more difficult to obtain 

(especially at low ambient temperatures). The authors of the 

article [16] came to the same conclusions but for the next 

generation of emission standards, i.e. Euro 6. The authors 

of article [14] determined the impact of various ambient 

temperatures (–7°C and 23°C) on the emission results of 

vehicles equipped with compression and spark ignition 

engines. The aim of the test was to verify the results ac-

cording to Euro 6 standards and check if the exhaust emis-

sions in WLTC test increase during the cold season in com-

parison to higher ambient temperatures. The authors fo-

cused on determining the effect of an ambient temperature 

on exhaust emissions in the entire WLTC test, and not only 

during the cold start period. The research results indicated 

that the tested vehicles (at the ambient temperature of 23°C) 

were in line with type approval of Euro 6 vehicles (still 

using NEDC), with the exception of NOx emissions from 

diesel vehicles that were 2.3–6 times higher than Euro 6 

standards. Lowering the ambient temperature to –7°C 

caused a significant increase in exhaust emissions from the 

tested vehicles. The largest differences in the CO and THC 

emission values were observed for the spark-ignition engine 

at two different ambient temperatures. The authors of this 

article noticed the need to develop a new and independent 

procedure allowing verification of the emissions level at 

low ambient temperatures.  

 It is worth noticing that approval tests carried out in 

laboratory conditions (on a chassis dynamometer) are not 

sufficient. They have been introduced as a complementary 

exhaust emissions testing in real traffic conditions [10, 13]. 

The research on exhaust emissions from transport vehicles 

in conditions of real operation reflect the actual ecological 

performance of vehicles [7–9]. Their results showed an 

increased emission of some exhaust components and par-

ticulates in comparison to tests carried out in laboratory 

conditions [12, 15]. The authors of the publication [11] 

determined the impact of two different ambient tempera-

tures (8°C and 25°C) during the cold start of a spark-

ignition engine in emission road tests. They defined the 

share of the cold start phases for different ambient tempera-

tures in the entire RDE test, but also in the urban part of the 

RDE test. The share of the cold start in the urban part of 

RDE test is the highest at the temperature of 8°C. The val-

ues are as follows: CO2 (11.6%) and 3.4% (the entire RDE 

test), CO (26%), NOx (10.6%), PM (22.7%). The share of 

the cold start at the temperature of 25°C in the urban part of 
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the RDE test is as follows: CO2 (9.8%), CO (10.6%), NOx 

(12.3%), PM (18.4%). 

 This article is an extension of the publication [11]. The 

aim of this article is to compare the share of a cold start 

phase of a passenger car (at one ambient temperature – 

around 25°C) for each exhaust emission compound in the 

urban part of the test, and in the entire RDE test, depending 

on the engine type used (gasoline or diesel). 

2. Requirements of RDE tests 
The RDE test needs to meet a lot of requirements which 

have listed in Fig. 1. The test is divided into three sections: 

urban, rural and motorway conditions. The test drive is 

carried out continuously. The rural drive section can be 

interrupted by short periods of urban driving if urban areas 

are on the route. Driving on the motorway can interrupt 

short driving periods in urban or rural areas. The duration 

of the test is within the acceptable range, i.e. from 90 

minutes to 120 minutes. 

 

 

Fig. 1. The RDE test requirements [2–5] 

 

 Package 3 of the RDE test procedure have introduced 

among others the inclusion of cold start period emissions in 

the whole RDE test. Cold start is the period from the first 

start of combustion engine until the point when the combus-

tion engine has run cumulative for 5 min. The cold start 

period ends once the coolant temperature has reached 70°C 

for the first time but no later than after 5 min from initial 

engine start [6]. The requirements for cold start are listed in 

Fig. 2. 

 

 

Fig. 2. Cold start requirements [6] 

3. Research methodology 
The study consisted of the pollutant emissions compari-

son and describing the relations between test results at the 

ambient temperature of 25°C. Before the road test, the 

vehicles were conditioned at ambient temperature for 24 

hours. Accordingly, the engine oil and engine coolant tem-

peratures corresponded to ambient temperature, so the re-

quirement of a cold engine start (taking into account the 

appropriate ambient temperature) was met. 

Research objects 

During the tests, there were used passenger cars of the 

same brand with the curb weight of approximately 1450 kg 

and Euro 6d-Temp emissions standard (vehicles approved 

in accordance with the WLTP procedure). The first one was 

equipped with a gasoline engine and the second one with  

a diesel engine. Both engines were turbocharged. The en-

gine displacement was 1.6 dm
3
,
 
the maximum power was 

130 kW and 125 kW respectively, and the maximum torque 

was 300 Nm and 350 Nm respectively. In the case of the 

gasoline engine, the exhaust aftertreatment system was  

a three-way catalytic converter with a particulate filter, and 

in the case of the diesel engine, there were an oxidation 

reactor, a selective catalytic reduction system and a particu-

late filter. The choice of such research objects was dictated 

by the fulfillment of requirements relating to RDE tests.  

Research apparatus 

Emission measurements were carried out in real driving 

conditions; this approach requires the installation of the gas 

sampling apparatus on the vehicle in such a way that en-

sures its normal operation. Therefore, a gas sampling sys-

tem was prepared, which together with the system measur-

ing the flow rate of the exhaust gas also performed partial 

sampling of the flue gas for the analyzers to enable making 

the measurement (Figure 3 shows the wiring schematic of 

the measuring equipment).  

 

a) 

 
b) 

 

Fig. 3. Diagram of the measurement system used for testing (a) and mobile 

exhaust gas analyzer with marked flue gas flow (b) for the measurement of 

gaseous compounds and particulates; T – ambient temperature, H – air  

 humidity 

Total test duration: 90–120 min

Start/end test elevation difference: ≤ 100 m
*Mtime – motorway time

Requirements Urban Rural Motorway

Vehicle speed 0–60 km/h 60–90 km/h 90–145 km/h

Distance share 29–44% 23–43% 23–43%

Min distance 16 km 16 km 16 km

Average speed

Total stop time

15–40 km/h

6–30%

–

–

–

–

Individual stop time ≤ 300 s – –

V > 100 km/h

V >145 km/h

–

–

–

– < 3% mtime*

≥ 5 min

REQUIREMENTS FOR COLD START

Max vehicle speed ≤ 60 km/h

Average vehicle speed (including stops) 15–40 km/h

Total stop time < 90 s

Idling after ignition 15 s

Idling after vehicle conditioning for cold start 

testing driven for at least 30 min followed by soak 

duration in the range of 6 to 56 hours
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Research route 

The research route was designated in accordance with 

the RDE requirements and divided into 3 parts: urban, rural 

and motorway (Fig. 4). The lengths and shares of individual 

parts were in line with the requirements specified in EU 

standards EU 2016/427 [3] and EU 2016/646 [4]. The test 

distance was about 90 km, and the average velocity during 

the test was around 45 km/h. The test was repeated twice 

for two vehicles with different type of engine (gasoline and 

diesel). 

 

 

Fig. 4. Velocity of individual test drives 

4. The analysis of recorded parameters 
Operating parameters of an engine (a vehicle) 

The first stage of the study was to check the validity of 

performing road tests, which are specified in the Regula-

tions [3, 4, 6], mainly concerning the length of individual 

road test phases and shares in the entire test, the test dura-

tion, the share of stops in the urban part, and driving dy-

namics in particular parts of the RDE test. All parameters 

were verified by appropriate procedures and no deviations 

from the required values were found (Tab. 1). For a reliable 

comparison, there was also carried out an analysis regard-

ing the similarity of test drives. 

Therefore, the characteristics of the individual driving 

stages duration in the velocity–acceleration co-ordinates for 

vehicles equipped with a spark-ignition engine and a com-

pression-ignition engine were made. This comparison 

shows (Fig. 5) that there is a large similarity of test drives.  

 
a) 

 
b) 

 

Fig. 5. The characteristics of vehicle operating time share in the velocity–

acceleration co-ordinates for gasoline engine (a) and diesel engine (b)

 
Table 1. Validation of trip characteristics in accordance with EU RDE requirements  

Trip characteristics Gasoline Diesel Requirement Valid? 

Urban distance [km] 29.9 30.5 > 16 OK 

Rural distance [km] 28.1 27.9 > 16 OK 

Motorway distance [km] 29.9 32.6 > 16 OK 

Total trip distance [km] 87.9 91.0 > 48 OK 

Urban distance share [%] 34.1 33.5 29–44 OK 

Rural distance share [%] 31.9 30.7 33 ±10 OK 

Motorway distance share [%] 34.0 35.8 33 ±10 OK 

Urban average speed [km/h] 27.6 27.6 15–40 OK 

Urban stop time [%] 19.8 19.1 6–30 OK 

Motorway speed above 100 km/h [min] 13.4 16.0 > 5 OK 

Motorway speed max [km/h] 127.2 123.8 < 160 OK 

Motorway speed above 145 km/h [%] 0.0 0.0 < 3 OK 

Total trip duration [min] 104.7 106.6 90–120 OK 

Cold start requirements 

Cooling temperature [oC] 67.0 59.0 < 70 OK 

Max vehicle speed [km/h] 41.9 46.7 < 60 OK 

Stop time [s] 36 37 < 90 OK 

Idling after ignition [s] 8 6 < 15 OK 

Overall trip dynamics 

Urban 95th percentile V∙a+ [m2/s3] 12.9 12.3 < 18.198 / < 18.228 OK 

Rural 95th percentile V∙a+ [m2/s3] 13.8 17.2 < 24.166 / < 24.361 OK 

Motorway 95th percentile V∙a+ [m2/s3] 15.4 14.7 < 27.194 / < 27.304 OK 

Urban RPA [m/s2] 0.14 0.15 > 0.131 / > 0.131 OK 

Rural RPA [m/s2] 0.070 0.073 > 0.061 / > 0.059 OK 

Motorway RPA [m/s2] 0.070 0.048 > 0.025 / > 0.025 OK 
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The possibility of comparing the results of exhaust 

emissions in road tests is valid only in the case of test 

drives similarity. Road tests are characterized by high 

uniqueness of road conditions, despite meeting the formal 

requirements presented above. The definition of test per-

formance correctness, described by relative positive accel-

eration or the product of vehicle velocity and positive ac-

celeration, may not be sufficient to confirm the comparabil-

ity of results obtained in road tests. 

Comparison of the vehicle operating conditions can be 

made on the basis of two-dimensional characteristics of 

vehicle operation. For this purpose, the relevant shares 

of vehicle operating time are compared on the two-

dimensional characteristics. In this way, two data columns 

are obtained that will be used to determine the regression 

equation (y = ax + b). The determination coefficient (R
2
) is 

a measure on the basis of which the test drives can be com-

pared. The compared data is similar if the straight-line 

coefficient is close to 1 (assuming that the value of constant 

term is equal to 0). Such comparison is presented in Fig. 6, 

where the entire RDE test, urban, rural and motorway sec-

tions of RDE test are collated (for the vehicle with spark-

ignition engine and the compression-ignition engine). The 

obtained values of the determination coefficient are close to 

the value of 1, which means high compatibility between the 

obtained operating conditions of both vehicles in RDE tests. 

However, the most important was to check the correct-

ness of the cold start parameters and initial conditions of 

the road test start (these parameters are discussed in the 

introduction). For this reason, the vehicle velocity analysis 

during the cold start period (Fig. 7) has been made. It is 

required to start driving after a maximum of 15 seconds 

from starting the engine. This condition was met in both 

cases and at the same time a similar character of the vehicle 

velocity changes is observed in the first 300 s of the RDE 

(slightly higher values of the average vehicle velocity were 

recorded for the vehicle equipped with a diesel engine). 

The comparison of the coolant temperature in both cases 

also shows that the requirements of the RDE test procedure 

have been met, as it did not exceed 70
o
C. During the gaso-

line engine tests, 300 s from the engine start, the coolant 

temperature was 67
o
C, and for the vehicle fitted with the 

diesel engine the temperature was only 62
o
C. The initial 

temperature difference between the engine coolant in both 

type of engines was at the value of 1
o
C, and after 300 s 

(since the engine was started) it increased to 5
o
C (Fig. 8). 

A similar character of changes was also observed during 

the analysis of exhaust temperature, measured at the end of 

the vehicle exhaust system (Fig. 9). The difference occur-

ring for the measurement time (t = 0) of around 3
o
C is 

compensated already after 20 s, where the exhaust tempera-

ture is about 20
o
C. The further course of exhaust tempera-

ture changes (up to t = 200 s) is very similar to each other 

(exhaust temperature around 40
o
C) and the occurring dif-

ferences in this period are very small (±5
o
C). However, the 

last 100 s of the period are different – for the gasoline en-

gine the exhaust temperature rises to 47
o
C, and for the die-

sel engine it decreases to 36
o
C. 

 

 

 

 

Fig. 6. Comparison of the test drives compliance (vehicles with gasoline 

engine and diesel engine) with the use of linear correlation of vehicle  

 operating time share in each velocity and acceleration compartment  
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Fig. 7. The vehicles velocity during the phase of the engine cold start  

 

 

Fig. 8. The coolant temperature during the cold start phase of the gasoline 

and diesel engines  

 

 

Fig. 9. The exhaust temperature during the cold start phase of the gasoline 

and diesel engines 

 

The presented analysis of selected engine operating pa-

rameters allowed to find the similarity of engine operation 

conditions (and vehicles), and the element differentiating 

both measurements is the type of engine used in tests. On 

this basis, it was reasonable to take further actions that will 

answer the question about differences in concentration and 

emission of exhaust compounds in the initial period of 

vehicle operation (equipped with a different type of com-

bustion engine). 

Ecological parameters 

The recorded course of exhaust concentration changes 

in the first period (t = 0–300 s) of the cold start phase for 

gasoline and diesel engines are presented below. 

The analysis of carbon dioxide concentration (Fig. 10) 

shows that during the cold start and warming the engine, 

the average concentration of this compound was about 

twice smaller for the compression-ignition engine (7.6%) 

compared to the spark-ignition engine (14.3%). Slight fluc-

tuations from the value set for the spark-ignition engine 

were the result of a change in the vehicle velocity – changes 

in the dynamic motion conditions. However, the average 

value of this parameter is not affected by the ambient tem-

perature at which the cold engine started. For the compres-

sion-ignition engine, the course of changes in the carbon 

dioxide concentration was in the range of 4% to 12%, and 

resulted mainly from the change of the instantaneous en-

gine load. 

 

 

 

 

 

Fig. 10. The change of exhaust gases concentration during 300 s from the 

cold start for gasoline and diesel engines: carbon dioxide, carbon mono- 

 xide, nitrogen oxides, and particles number  
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The course of changes in the carbon monoxide concen-

tration is different in nature. The characteristic instantane-

ous increase in the concentration during the cold start phase 

of gasoline engine reaches the value of about 30,000 ppm, 

however it drops very quickly to 50 ppm. This reduction 

occurs in the value of about 50 s. Then there is a change in 

concentration in the range of 100–1000 ppm caused mainly 

by the change of the engine load. In the case of diesel en-

gine cold start, the values of carbon monoxide concentra-

tion are much lower. The first increase of this compound 

after engine start is around the value of 1000 ppm, and then 

the concentration oscillates about the value of 100 ppm. 

Therefore, the carbon monoxide emission intensity should 

increase significantly in the first period of the gasoline 

engine cold start phase in comparison to the diesel engine. 

The concentration of nitrogen oxides is different from 

the analysis of the previous compound. For the gasoline 

engine cold start phase, an increased concentration of nitro-

gen oxides (up to 100–150 ppm) is observed only in the 

initial phase (within the first 50 s after starting the engine). 

In the 50
th

 second of the RDE test, the value of nitrogen 

oxides concentration for the gasoline engine is 10 times 

lower than for diesel engine. After time of 100 s, the con-

centration of nitrogen oxides is 100-fold lower for gasoline 

engine in comparison to diesel engine. For the diesel en-

gine, the concentration of NOx was remained at the level of 

100–1000 ppm throughout the whole period considered, 

while for the gasoline engine it did not exceed 10 ppm. 

Regarding the particles number, there were observed 

higher values for the gasoline cold start (1.0∙10
4
 1/cm

3
–

1.0∙10
5
 1/cm

3
) in comparison to the diesel engine 

(1.0∙10
2 
 1/cm

3
–1.0∙10

5
 1/cm

3
). The average value of the 

particulate matter concentration for the gasoline engine in 

the considered period of 300 s was 5.9∙10
5
 1/cm

3
, and for 

the diesel engine 3.4∙10
4
 1/cm

3
. After about 230 s from the 

cold start, the number concentration of particles in both 

cases stabilized at 1·10
4
 1/cm

3
. 

Analysis of test results regarding the engine cold start 

phase 

Taking into account the exhaust mass flow rate, a quan-

titative evaluation of the exhaust emissions was made in the 

period of 300 s from the starting of the gasoline and diesel 

engines (Fig. 11). In the case of carbon dioxide mass, it is 

higher by 2 times (after 300 s from engine start) for the 

gasoline engine than for the diesel engine. When the meas-

urement was related to the gasoline engine, the carbon 

dioxide mass was 677 g, for the diesel engine the mass was 

equal to 312 g.  

The carbon monoxide mass during the 300 s period of 

the gasoline engine cold start was 3.45 g, and for the diesel 

engine it was 23 times lower and amounted to 0.14 g. The 

nitrogen oxides mass was more than 16 times higher when 

the diesel engine started (1.103 g) than when started the 

gasoline engine (0.034 g). The smallest difference in the 

measurement of exhaust compounds for two different en-

gines occurred when comparing the number of particles. In 

this case, it was found that after the engine operating time 

from the cold start phase of 300 s, the larger number of 

particles was emitted by a vehicle equipped with a diesel 

engine (2.2∙10
8
), for the gasoline engine the value of parti-

cles number was 1.4∙10
8
. 

 

 

 

 

 

Fig. 11. The mass of carbon dioxide, carbon monoxide, nitrogen oxides 

and the number of particles in the cold start period of 300 s for gasoline  

 and diesel engines 

 

The presented data were used to determine the road 

emissions (converting the mass per unit of the road) during 

the cold start phase (lasting 300 s) and the entire urban 

phase. 

When comparing the results of the exhaust emissions to 

a vehicle equipped with a gasoline engine, it follows that 

(Fig. 12): 
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• carbon dioxide road emissions in the cold start phase 

(304 g/km) is higher by 51% than in the entire urban 

phase of the RDE test (202 g/km), 

• carbon monoxide road emissions in the cold start phase 

(155 mg/km) is higher by 64% than in the entire urban 

phase of the RDE test (65 mg/km), 

• nitrogen oxides road emission in the cold start phase 

(20.5 mg/km) is higher by 89% than in the entire urban 

phase of the RDE test (10.9 mg/km), 

• the number of particles in the cold start phase (1.5·10
10

 

1/km) is higher by 182% than in the entire urban phase 

of the RDE test (5.2·10
9
 1/km). 

The changes in road emissions of individual exhaust 

compounds during the cold start phase of the diesel engine 

in relation to the whole part of the urban phase of RDE test 

are as follows (Fig. 13): 

• carbon dioxide road emissions is higher by 70% (341 

g/km and 200 g/km respectively), 

• carbon monoxide road emissions is lower by 12% (119 

mg/km and 135 mg/km respectively), 

• nitrogen oxides road emission is higher by 7% (42.3 

mg/km and 39.5 mg/km respectively), 

• number of particles is higher by 82% (5.1·10
11

 1/km and 

2.8·10
11

 1/km respectively). 

 

    

Fig. 12. Road emissions of carbon dioxide, carbon monoxide, nitrogen oxides and particles number during cold start of gasoline engine 

 

    

Fig. 13. Road emissions of carbon dioxide, carbon monoxide, nitrogen oxides and particles number during cold start of diesel engine 

 
Comparing the cold start phase for different engine 

types in the urban part of the RDE test and in the entire 

RDE test it was found that: 

• for gasoline engine (Fig. 14): 

‒ the share of carbon dioxide emissions during the 

cold start (300 s) in relation to the urban part of the 

RDE test is 9.8%, and in the relation to the entire 

RDE test it decreases to 3.4%, 

‒ the share of carbon monoxide emissions during the 

cold start (300 s) in relation to the urban part of RDE 

test is 10.65%, and in the relation to the entire RDE 

test it decreases to 4.63%, 

‒ the share of nitrogen oxides emission during the cold 

start (300 s) in relation to the urban part of RDE test 

is 12.26%, and in the relation to the entire RDE test 

it decreases to 3.42%, 

‒ the share of particles number emissions during the 

cold start (300 s) in relation to the urban part of RDE 

test is 18.37%, and in the relation to the entire RDE 

test it decreases to 0.05%, 

• for diesel engine (Fig. 15): 

‒ the share of carbon dioxide emissions during the 

cold start (300 s) in relation to the urban part of RDE 

test is 11.17%, and in the relation to the entire RDE 

test it decreases to 3.98%, 

‒ the share of carbon monoxide emissions during the 

cold start (300 s) in relation to the urban part of RDE 

test is 5.57%, and in the relation to the entire RDE 

test it increases to 8.19%, 
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‒ the share of nitrogen oxides emission during the cold 

start (300 s) in relation to the urban part of RDE test 

is 7.02%, and in the relation to the entire RDE test it 

decreases to 2.95%, 

‒ the share of particles number emissions during the 

cold start (300 s) in relation to the urban part of RDE 

test is 11.94%, and in the relation to the entire RDE 

test it decreases to 4.55% 

 

 

Fig. 14. The share of emissions exhaust compounds during the cold start (300 s) in relation to the urban part of RDE test and the entire RDE test for 

gasoline engine 

 

 

Fig. 15. The share of emissions exhaust compounds during the cold start (300 s) in relation to the urban part of RDE test and the entire RDE test for diesel 

engine 

 

Summary 

Package 3 extended the RDE test procedure by intro-

ducing the inclusion of cold start period emissions in the 

whole value of exhaust emissions. It resulted in an increase 

of road exhaust emissions. This is mainly due to the warm-

ing of exhaust aftertreatment system, and at the same time 

to the pressure to reduce the exhaust emissions as much as 

possible in the first period after the cold start. 

In the RDE test during cold start phase (300 s period 

considered) the vehicle with a diesel engine in relation to 

the gasoline engine is characterized by: 

‒ 2 times lower mass of carbon dioxide (and thus fuel 

consumption), 

‒ 23 times lower mass of carbon monoxide, 

‒ 16 times higher mass of nitrogen oxides, 

‒ 2 times higher number of particles. 

 

Nomenclature 

a acceleration 

a+ positive acceleration 

b road exhaust emissions value 

CF conformity factor 

EOBD European on-board diagnostic 

EU European Union 

Euro emission standard 

GPS global positioning system 

PEMS portable emission measurement system  

PN particle number 

RDE real driving emissions 

RPA relative positive acceleration 

S distance 

u share 

WLTC worldwide harmonized light vehicles test cycle 

V velocity 
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