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ARTICLE INFO The article presents a comparison of exhaust emission results obtaineddadtests using the latest legisl
tive proposals relating to passenger cars. The results were analyzed with referencectassizal method
(considering all measurement data) and the measurement window averaging method, also referred t
literature as the EMROAD method. In this approach, measurement windows are defined (based on
dioxide emission data from the WL Test), and the corresponding-omad emissions are determined for ti
RDE test. The study included Euro 6c vehicles equippedyagthlineengines andlieselengines. Thgasoline
engines featured direct fuel injection, while tHiesel vehicle was equjped with a particulate filter and
a selective catalytic reduction system to reduce nitrogen oxide emidsi@msroad tests, the correction factor
depended on the applied technical solutions. For dimgiection gasoline engines in the Euro 6 class, the val
remained below 1. A characteristic feature was that the correction factors were higher in theparbahthe
test and lower for the entire RDE cycle. A different pattern was observed for diesel vehiclesad tests, the
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1. Introduction - based on chassis dynamometer tg&t$ where exhaust
The need to determine reabrld vehicle emissions emissions are determined undedefined driving cycle.
arose from Horts to reduce the gap between laboratory test In accordance with standards and regulatory &am
results and those obtained under actual driving conditions works, it is also possible to determine the roadsemi

[2, 33]. Numerous scientific studies indicate that laboratory sions of a given exhaust component [g/km; g/test]
procedures, particularly type approval tests, are not the based on omoad testg23i26], where the concerar
most reliable solution for ssessing emissions and fuel tions of gaseous componenés well as the mass and
consumptior[22]. Laboratory results are often significantly = number ofparticlesare determined. When the exhaust

lower compared to those measured during-vweald veh- flow rate is taken into account, the road emissions of
cle operatior21]. Portable emission measurement systems these components can also be calculated.
are already widely available, and their use will sden The emission values of exhaust gases from vehicles

come a legal requirement in the EBA]. However, many (mopeds [15, 31]fractors [28, or rail machinery 12]),
open issues remain regarding the correlation between reg¢termined on the basis of the methods presented above,
world emissions and those determined in laboratory ieoncdannot be directly compared. The procedures andicond
tions. In addition, despite recent legislative changes, sevetiains under which the tests are carried out differ, which
legal and technicalspects of RDE testing still remain, atresults in a lack of standardisation among these methods. In
least to some extent, unresolj&ql. this article, it is assumed that exhaust gas emission and fuel
These factors guide research and development towashsumption measurements will be conducted both on
the design of lowemission vehicles, the use of alternativea chassis dynamometer and using a mobile system for
fuels[10, 29] the introduction of new and more enviro measuring exhaust gases, PEMS (Portable Emissios-Mea
mentally fiendly engine types, as well as the improvemenirement System). Such a system eeatihe measurement
of the efficiency of existing engines. Consequently,semiof all engine and vehicle operating parameters. Tordete
sion tests involving gravimetric particle measurementsnine load values (torque) and engine speed, vehicle speed,
particle number counting, the determination of carbom-dio fuel flow rate, and coolant temperature, data from thé-veh
ide mass, the assessment of fuelstonption, andtheelra ¢l eds contr ol uni t are wused.
uation of the effectiveness of emission control systems hasla@ be provided by the control unit and read and recorded
become more important than ever from both an industriey PEMStype systems. It should be noted that exhaust
and scientific perspective. Advanced methods of emissigras emission results obtained duringroad tests rejr
measurement can provide valuable insights into tlee prsent real values for a given type of vehicle and reflect
cesse®f pollutant formation and transport originating fromspecific roadconditions [30]. Such conditions make it

exhaust gases. possible to estimate the environmental performance of the
The determination of exhaust gas emissions from angsted vehicles and their engines during typical operation
vehicle can be carried out using several methods (eg. temperature [1]).
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2. Literature review than the standardhg permissible Euro 5 nitrogen oxide
Exhaust gas emission standards are establishednto cemission value is 0.18 g/km).
trol the pollutants emitted by vehicles worldwide. In most In onroad studies, significant particulate emissions
regions, limits on carbon dioxide emissions have also bebave been observed, particularly in the range of nariepart
set, as they are directly related to fuel consumptBff). [ cles from combustion engines powered also by alternative
Exhaust gas values are measured under laboratony-corftlels (eg. natural &) [L9]. The authors highlighted the
tions (for passenger cars on aasbis dynamometer) in high mileage of vehicles powered by alternative fuels,
a defined typeapproval tes{14]. This part of the vehicle which consequently results in up to an eightfold increase in
certification process de-t eartioulaeaynber emissiofisefar vehiales witha mileaga of p e r
manceo and is identical f @ouncjod,00(kmnscemparedda thogeanithsiteageToh e dr i
cycle is designed to r epr79808kn The ardcle furthersenfirmed, dasedon BRE r o ¢
conditions, and the uniform testing procedure for allivehtests under different traffic intensity conditions, thativeh
cles allows direct comparison of exhaust gas regdlts cles fueled with compressed natural gas emit higher
However, increasing emphasis is now placed osroal amounts of nitrogen oxides compared to vehicles equipped
testing (already reflected in proposed European Union-regwith gasolineengires
lations), referred to as RE which is carried out using With regard to the accuracy of measurements dugng r
mobile measurement equipment of the PEMS {gpe alworld driving, the final result depends on the operating
The latest studies on exhaust gas emissions from vehonditions of the vehicle and the engine (including vehicle
cles under realorld driving conditions, conducted usingspeed, road surface, driver characteristics and driving style,
mobile measurement systems, reflect the actual emviroas well as otherfactors determining traffic conditions).
mental peformance of vehicle$5]. The primary focus is These conditions are unpredictable and can significantly
on the potential use of such tests for powertrain calibratioaffect the outcome of exhaust gas emission measurements.
in order to reduce exhaust gas emissions not only during theta presented in publicationg B5] indicate that the most
certification test but also across the entire operating rangdluential factors on the measuredhexist gas emissions
of engines. The authorsf publication [L6] indicated that are: the thermal state of the vehicle (engine), the average
future onroad testing, currently simulated in variows r driving speed and dynamics, and the road gradient
search procedures, may lead to increasembad emissions ~ The impact of road conditions on exhaust gas emission
of nitrogen oxides from vehicles. To mitigate this, theyesults was the main subject tife article [20], in which
proposed essential modifications in vehicle teoinunit  sport utility vehicles (SUVs) with botlgasolineand diesel
software, noting that these changes are likely to be effectieggines were tested under varying road gradients. Uihe a
only for vehicles equipped withasolineengines. Vehicles thors attempted to estimate the change imoal exhaust
with diesel engines[11], on the other hand, will require gas emission values of individual components as a function
additional financial investments in improving the effeetiv of road slope angle. They demongtghthat a 10% change
ness ofexhaust aftertreatment by applying new methods fdn road gradient caused a twofold change irr@ad ems-
reducing nitrogen oxide concentrations sions for vehicles withgasoline engines and a 1-fald
Similar conclusions were reached by the authorthef change for vehicles withieselengines
article [L3], in which road exhaust gas emissions under real The review of the current state of research highlights
driving conditions were compared using PEMWPe ara-  both the limitations of laoratorybased procedures and the
lyzers and the COPERT prograrh7]. It was found that, importance of ofroad testing supported by mobile raea
within the speed range of 2020 km/h, calculations pe urement systems. It also demonstrates the significantinfl
formed with the COPERT program were approximatelgnce of vehicle technology, driving conditions, and road
10% higher for parameters such as fuel consumption agtadients on the measured values of exhaust gasienmss
onroad hydrocarbon emissions. In t@st, with respect to Against this background, the aim of the present article is to
onrroad nitrogen oxide emissions, the values obtained froe@mpare the results of enad exhaust gas emission tests
the COPERT program were underestimated by abdkt 30 for passenger cars with the latest legislative proposals. The
Comparative studies of exhaust gas emissions fram Eanalysis includes both the classical method, which accounts
ro 5 class vehicles, carried out in a laboratory on a chasfs all measurement data, and the measurement window
dynamometer §] using various driving cycles, also o averaging method (EMROAD). This approach makes it
firmed the results described earlier. The authors appli@@ssible to assess the environmental performance of Euro 6
tests in which the characteristics of speed variation tefleaehicles with different powertrain technologies and to-pr
ed real driving conditions. It was found that, for vehicleyide guidance for further reduction of setied exhaust
with gasolineengineson-road carbon monoxide emissionscomponents in real driving conditions.
did not exceed 1 g/km (the permissible Euro 5 limit is als
1 g/km). Onroad hydrocarbon emissions did not exceeg' Researchmethodology
10% of the limit value (0.1 g/km), while enoad nitrogen 3.1.Researchobjects
oxide emissions corresponded to approximately 20%he The objects of the study were passenger cars, thre cha
limit value (0.06 g/km). The authors indicated, howevermcteristics of whose powertrains are presented in Table 1.
that vehicles equipped witlkliesel engines significantly The vehicles were equipped witasolineand diesel en-
exceeded the permissible nitrogen oxide emission limitsgines, all meeting the Euro 6 emission standard. Despite
the values obtained were approximately four times higheifferences in engine displacement and type, a common
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feature was their comparable curb weight. The aim of the

Table 2.Test route characteristics

study was to determine the relationship betweemoad | Test Vehicle A Vehicle B Relative
exhaust gas emissiongspecific compounds for botpas- | conditions (gasoline (diesel difference
line anddieselengines separately engine) engine) %O
Total time[s] 5349 5209 2.65
Table 1.Technical characteristics of the engines and vehicles used in thepaximum 1479 1333 1136
study speed [km/h]
Parameter |  Gasoline ] Diesel Average speed 3373 3451 i2.28
Engine [km/h]
Number and arrangement of 4, inline 4, inline Distance [km] 5011 49.93 043
cylinders Share of vehicle operating conditions
Engine displacemeifitm3] 1984 1968 V=0 [%] 3471 3302 4.99
Emission standard Euro 6 Euro 6 V = const [%] 9.24 9.58 13.61
Maximum engine power 169/47006200 135/4000 a >0 [%)] 2951 3020 12.31
[kW] at [rpm]
Maximum engine torque 350/15004400 380/17503000
[Nm] at [rpni
Fuel supply TSI Common Rail
Drive
Drive type front-wheel front-wheel
drive drive
Gearbox type and number o  automatic, 6 automatic, 6
gears
Weight
Curb weightkg] | 1349 | 1354
Performance
Top speed [km/h] 250 230
Acceleration 0100 km/h [s] 6.4 7.1 a) s 150
Fuel consumption f"ﬁ% olog 0 6 [
Combined cycle fuel ao 6.4 42 el. gasoline (I
sumpt i onknfdmj VF . E
CcO emi ssi ons 139 109 | 0
3.2.Research equipment | 1 25
Exhaust gas emission measurements were carried out 0
under real driving conditions, in accordance with thehmet v>0.a>0 30%
odology presented, among others, in studies [1, 18, 20]. V = const o §
This approach requirethe installation of an exhaustrsa V>0.2<0 2o
H H H B V=0, sto 35%
pling system on the veh|_cle in a manner that allowed }ts "0 10000 20000 30000 40000 2000050000
normal operation. For this purpose, an exhaust sampling S[m]
line was constructed, which, when connected to the exha e 150
flow measurement system, formed a complete exhaus Ecology: Euro 6 iR
sampling setup for the measurement analyzers. — IR 100 €
For the measurement of harmful compound coneentr S
tions in exhaust gases, a Semtech DS mobile analyzer from 50
Sensors Inc. was used. It enabled the measurementrof har %
ful components suchas CO, NO and @iahal dataAd d 0
were supplied to the central unit of the analyzer directly — Y>%*7° a0
from the vehicleds onboard di e 51°"“‘i®ng
a GPS location signal. Information presented in pablic 1’;2:3 a0
=y, 33%

tions concerning the use of mobile exhaust analyzars co 0
bined with dataecorded from onboard diagnostic systems

confirms the .V.a“dlty Of. .assess!ng exhaust _gas emISSIOEl%. 2. Characteristics of the test drive: vehicle wifhsolineengine (a)
under real driving conditions using the described measur anddieselengine (b)

ment configuration.

10000 20000 30000 40000 50000 60000

S [m]

3.3 Research route The test route was selected to cover diverse driving

On-road emission measurements were carried out undg@nditions, taking into account different topographies:
real taffic conditions (detailed characteristicsTable 2). urban, rural, and highway, in order to assess their impact on

The test route included urbanighway, and rural sections the €xhaust gas emission values of gaseous components.
(Figures 1 and 2) and was performed for vehicles with Onroad studies are charadied by an inherent nen
different powertrain configurationsgésoline and diesel Fépeatability, which should be regarded not as a limitation
engines). Each test was repehtbree times; the partial but as a source of valuable information. In the analysis of
results presented are given as examples, while the fifgihaust gas emissions, the objective was not to perform

results represent the average of all measurements obtainé Precise comparison of individual vehiclésit ratherto
select measures that are objective and independent of test
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variability. Therefore, nomepeatability should be cowmlsi centrations of this compound were recorded (only during
ered an essential attribute of studies conducted under remfiine braking). During the tests, the carbon dioxidesemi
operating conditions. sion rate did not exceed 7000 mgisgbiway conditions),
while the average value was approximatdl000 mg/s.
Larger fluctuations were observed in the middle phase of
4.1. Gasolineengine vehicle the test undenighwaydriving conditions

During the tests of the vehicle withgasolineengine,
measurements were taken of CO,NO and COa-
tions in the exhaust gases, as well as engine speed and |

4. Measurement results

which were recorded from t syste
The figures present the tétraces of the recorded harmful |§
compounds. The carbon monoxide concentration along t
analyzed section of the route was mostly below 0.059
which consequently resulted in a carbon monoxidesemi
sion rate not exceeding a few mg/s (Fig. 3
o LR
[Center 52 38047.16 85178 )]
Fig. 5. coO concentr at i gasolineenginer ded d!

vehicle (visualized along the test route

The recorded variationsriengine speed and load are
presented in Fig. 6, where the largest operating range of the
engine corresponds to medium loads and medium rotational
speeds. The concentration profiles of exhaust constituents

AR e & (S A obtained during the tests made it possible totiflerela-
Google 2162010 booge fece e ! : seeed] tionships that characterize t
Fig. 3. CO conentration recorded during tests for thasolineengine dynamic properties on eXhaUS_t emissions, taking icto a

vehicle (visualized along the test route) count the results from the entire measurement route. The

dynamic properties of the engine were considered indirectly

The concentration of the next gaseous component by dividing the till range of engine speed and load under
trogen oxide§ remained at a very similar level throughouteal driving conditions to generate concentration maps of
the entire test. The concentration valueithin the range selected exhaust constituents. These data were tigen pr
up to 100 ppm, were the result of exhaust aftertreatmesnted on engine characteristics plotted in the coordinates
devices applied to reduce this compound. The nitrogé} engine speed and load
oxides emission rate did not exceed 1 mg/s for most of the
test (Fig. 4). The observed variability of the results reflected '
normal engine operation, while the recorded increases in
emission rate occurred during acceleration dnghway
driving conditions, where the emission rate significantly 80
exceeded the previously reported values.

100

60

Load [%]

40

20

0 500 1000 1500 2000 2500 3000
Engine speed [rpm]

Fig. 6. Engineoperating conditions in engine spékmhd coordinates
(gasolineenging

[Center 52.38047,16.86178 )"}

The recorded emission rates of exhaust constituents,
Fig. 4. NQ concentration recorded during te$ts the gasolineengine whgn related to englne speed and !Oad’ allowed the Identﬂf
vehicle (visualized along the test route cation of characteristic dependencies for the tested engine,
which ae defined by the following values
The carbon dioxide concentration presented in Fig. 5 the maximum emission rate of carbon monoxide (Fig.
reached a maximum of 13%. This is the peak valueecorr 7@) is approximately 20 mg/s and occurs at an engine
sponding to an aifuel equivalence ratio equal to one. For speed of around 2800 rpm and a load in the rangeiof 40
values of theequivalence ratio greater than one, lowen-co ~ 50%
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- the maximum emission rate of nitrogen oxides (Fig. 719).2. Dieselengine vehicle
is approximately 70 mg/s and occurs at an engine speed Figure 8 presents the recorded variations in engine
of 2200 rpm and a load in the range of 80% speed and load, with the largest operating area corréspon
- the maximum particle number emission rate (Fig. 7dng to medium loads and medium rotational speeds. Based
reaches approximately 18 0 ™11, occurring at an 0n the recorded concentration profiles of exhaust constit

engine speed in the range of 120800 rpm and a lah  €nts, it was possible to developat@nships describing the

of 20Gi 30%. influence of the enginebs dy
emissions, considering the results from the entire measur
a) 100 5 T ment route. To account for engine dynamics indirectly, the
9 i ® full range of engine speed and load under real drivorg ¢
80 ditions was divided into intervals to generate concentration
70 {20 mgls maps of selected exhaust constituents. These data are
= 60 shown on the engine characteristics plotted in engine
g 50 speedload coordinates.
S w0
30 120
20
10 = 100
0 5
0 500 1000 1500 2000 2500 3000 80
Engine speed [rpm] -
100 =
b) " o, E 60
80 H . 40
70 30 mg/s
3 40 0
-~ 0 00 1500 2000 2500 3000
30 Engine speed [rpm]
20
I Fig. 8. Engine operating conditions in engine spésabl cwrdinates
_ j % ; (dieselengine)
° 0 500 1000 1500 2000 2500 3000 . i . i
Engine speed [rpm] Relating the emission rates of exhaust constituents to
C) bl = engine speed and load made it possible to determinecehara
9% ) i teristic patterns for the tested engine, which are defined by
80 | ‘ the following values
70 L21001B - the maximum emission rate oirbon monoxide (Fig.
= 60 9a) is approximately 70 mg/s and occurs at an engine
3% speed in the range of 150800 rpm and a load in the
= 40 range of 2040%
30 - the maximum emission rate of nitrogen oxides (Fig. 9b)
20 is approximately 120 mg/s and occurs at an engine
10 [— speedin the range of 200@500 rpm and a load in the
0 S : range of 6070%
0 500 1000 1500 2000 2500 3000 i i L. . .
Engine speed [rpm] - the maximum particle number emission rate (Fig. 9c) is
approxi mately 2.5L107 1/ s

Fig. 7. Emission rates of CO (a), N@), and PN (c) related to engine . .
operating parameters in vehicle spiemtteleration coordinates during speed in the range of 1500 rpm and a load in the

tests for thgyasolineengine vehicle range of 3050%.
The analysis ofhe dieselengine vehicle revealed 1o

The analysis of thgasolineengine vehicle confirmed siderably higher emission levels compared to dhsoline
generally low levels of CO and N@missions under real case, particularly for NOand particulate matter. The hig
driving conditions, with emission peaks observed mainigst CO and PN emission rates were observed at medium
during acceleration andiighway operation. The highest engine speeds and loads, while N@ached peakalues at
variability was recorded for COand PN, reflecting the higher loads and engine speeds. These results confirm the
influence of engine dynamics on emission characteristicstrong influence of engine operating conditions on-real
These results highlight the importance of considering boworld exhaust emissions and underline the challenges of
transient conditions and engine load when evaluating theeeting stringent emission limits fdieselengines.
realworld environmental performance gésolineengines.
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a) 100 o The onroad emission values for tlgasolineengineve-
“l @ hicle obtained during the test route are as follows:
i - onroad carbn monoxide emission: 216 mg/km

70 H 50 mg/s

- onroad nitogen oxides emission: 56 mg/km
- onroad particle numberems si on: 5. 8L10TT
- onroadcarbon dioxide emission: 117 g/km.

Compliance of ofroad emissions with the Euro 6 limit
values was observed for all analyzed constituents (Fig. 11):
- the emission inelx for carbon monoxide was 0.22
- the emission index for midgen oxides was 0.89

0 500 1000 1500 2000 2500 3000 - the emissin index for particle number was 0.68.
Engine speed [rpm]

6.0

100
b) o NO, a) 5.0
1 40 —
80 3.0 _é
70 [L50mgss o7l ] i el 1o 20 &
. L - 1.0
- 60 Euro 6{ 0o
= 50
K
S 40 7 100
30 §
ol (8]
20 =+
..‘ Pt L
10 i1 0 1000 2000 3000 4000 5000 6000
0 ke Is]
0 500 1000 1500 2000 2500 3000 " 50
Engine speed [rpm] b) m :
4.0
C) 100 = I %ﬂ 30 :O
ol @ P » N ! 20
80 i ¥ T RARCRD RS < 10
70 5-10'3.1/5 - K 7 : # Euroe{ 0o
= 60 e 20
E 50 > 2 15
o £
- 40 . ‘g 10
Z 5
30 - i
o A
20 0 1000 2000 3000 4000 5000 6000
10 o tls]
oLti¥ . 23 ~ ) I 5
0 500 1000 1500 2000 2500 3000 4
Engine speed [rpm] 3 T
il &
Fig. 9. Emission rates of CO (a), N(b), and PM (c) recorded for the | 2
dieselengine vehicle during tests Euro 6{ ¥ '
0
5. On-road emission factors of exhaust constituents 208414
in RDE tests g LoEH
i i i 31.0E+14
5.2.Gasoline engine vehicle * s0e13 %
Based on the previously obtained emission rate values  ooe:00 "
. . . 0 1000 2000 3000 4000 5000 6000
and the known distance traveled by the vehicle, instantan sl

ous emission indicatorsCF (Conformity Factor),were
determined. They are defined as the ratio of theoaa Fig- 10. Emission index of CO (), N@), and PN (c) instantaneous
emission of a given constituera the corresponding en and cumulative values during the test for glasolineengine vehicle
road emission limit specified by the standaf@F =
bRDE/bnorn'D-
The following values were obtained for the respective
exhaust constituents
- the emission index value for carbon monoxide (Fig.
10a) does not exceed 1, with tfieal vaue being less

0.89 0.97
0.68
than 0.2
- the initial emission index value for nitrogen oxides (Fig. o8 022
10b) exceeds 2, whiléa¢ final value is also around 1 oo N
- the instantaneous emission index value for particle ' co NOX PN co2

numb.er (Flg. 1OC) exceeds 1, whereas the final Valll—"?g. 11. Emission index determined during-road tests for thgasoline
remains belowi. engine vehicle

2.0

15
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The data analysis shows that theroad emission va gine. No exeedances were recorded with respect to the
ues obtained under real operating conditions do not excedro 6 limit values. The indices were as follows (Fig.: 13)
the permissible limits for vehicles witfasolineengires - carbon monoxide emission index: 0.41
5.2. Dieselengine vehicle - nitrogen oxides emission index; 0.82

For the individual exhaust constituents, the following Particle number emission index: 0.60
values were obtained:
- the emission index value for carbon monoxide (Fig. 12a)
does not exceed 1, with the final value being less than 0.5
- the instantaneous emission indgalue for nitrogen
oxides (Fig. 12b) exceeds 1, while the final value is also
around 1
- the emission index value for particle number (Fig. 12c¢)
does not exceed 1 in the first part of the test.

a) T T ¥

CFeo 1]

Fig. 13. Onroad emissions of exhaust gas constituents determined during
tests for thalieselengine vehicle

m
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6. On-road exhaust emission indices in RDE tesis
measurement window averaging
The first stage in determining anad emission values
accordingto the RDE testing procedure is the verification
2000 of the test validity. The following data were taken into
ts] account for thgasolineengine
7 - test distance, which must be at least 48 km (divided into
three parts of 16 km each); in the conducted test,lthe o
tained values were 16.58, 11.54, and 23.18 km, giving
a total distance of 51.30 km (one value does meet
the test requirement)
test duration, which must range from 90 to 120 minutes;
in the staly, the duration was 90 minutes
- test duration during whicthée engine is not warmed up
{ — to its normal operating temperature; in the study, the
b 000 2000 e o sooe eooo value obtainedvas 5 minutes (requirement met)
el - share of individual phases of the test in the totalsemi
c) sion test: urban driving must account foii 29% of the
total test time(value obtained: 32.33%), rural driving
must account for 2313% (value obtained: 22.49%),
highway driving must account for 233% (value b-
tained: 45.18%); all obtained values meet the test r
quiremets (differences are very small)
- average speed in urbaniving must be between 15 and
40 km/h; in the study, the value obtained was 14.69
km/h (requiremet meti very small difference)
- share of driving at speeds exceeding 145 km/h on the
highway section; in the study, this speed was not e
Fig. 12. Emission index of CO (a), N@b), and PN (c) instantaneous ceeded (requirementet)
and cumulative values during the test for dieselengine vehicle - duration of driving at speeds above 100 km/h during the
highwaysection must be at least 5 minutes; in the study,
The onroad emission values determined for tliesel the value obtained v820.5 minutes (requirement met)
engine vehicle during the test route are as follows - share of stop time in the urban part must range from 6%
- onroad carbon monoxide emission: 204 mg/km to 30%; in the study, thealue obtained was 28.7%efr
- onroad nitrogen oxides emission: 66 mg/km quirement met)
- onroad particle number e mi slftide differer®e bgtweer thef start @énét end of the test
- onroad carbon dioxide emission: 148 g/km must be less than 100 m; in the study, the redmt o
The emission indices determined for thiesel engine tained was 7.1 m (requirement met).
vehicle show a similar pattern to those of tasolineen- With all test requirements fulfilled, it was considered
justified to perform a comparison of emissions determined
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