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Comparison of exhaust emission from Euro 3 and Euré motor vehicles fueled
with petrol and LPG based on real driving conditiors

Constantly increasing requirements regarding eroisdimits for harmful exhaust components force elehinanufacturers to im-
prove the construction of vehicle engines as wekxhaust gas cleaning systems. In addition tofinations in the field of technology
of motor vehicles themselves, it is also importargtudy the impact of alternatives to petrol oesdil fuels. One of the most popular
fossil fuel is liquid petroleum gas. In the papée results of comparative studies on the emissfdmarmful exhaust components of
vehicles meeting the Euro 3 and Euro 6 standardénfield of petrol and LPG fuel use are presentegiission measurement was
performed using a portable emission measuremem¢ray§om Horiba OBS-2200 under real traffic cormtis. The presented results
show the differences between the tested vehictetharfuels used.
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1. Introduction

In recent years, due to the constantly growing irequ
ments regarding the emission policy, which musirie¢ by
car manufacturers, there has been a dynamic deweldp
of the construction of internal combustion engiasswell
as catalytic systems [3]. The main legislative ofijes of
the European Union concern the reduction of harraful

the tested vehicle, while the measuring sensoits avitow
meter are connected to the outlet pipe [12]. THemest gas
pipe must be heated to 190°C to avoid condensatfon
hydrocarbons. In addition, ambient temperature famdi-
dity sensors, as well as a GPS transmitter, areexted to
the system [3]. In order to get a full picture lo¢ impact of
the engine operation on the generated emissiorQB2!

fects on the surrounding environment, both on humanterface [5, 13, 14] can be connected to the EClthe

health and climate change. The automotive sectdhds
main source of a different variety of air pollutsneg hy-
drocarbons, nitrogen oxides, carbon monoxide, Qdetie
matter as well as greenhouse gases, which incluchaply

carbon dioxide [2, 4-6, 8].

One of the alternative renewable fuels that haveeto
emissions of toxic compounds is LPG. LPG is acquas
a naturally occurring product of the natural gasastion
process or as an automatic result of the oil ne§jrproduc-
tion process. LPG meets all four key objectivestsethe
EU in its guidelines for trans-European energy ioeks
[7]. LPG is petroleum derived colourless gas, cstissof
propane or butane or from mixtures of both. In gday
usage different mixtures are used depending oulitmatic
nature of every region [11]. This gas is also cbimrézed
by a low price, which makes its popularity grows aas
alternative to petrol and diesel.

The aim of the study was to determine the emisgadn
ue of harmful exhaust components (COHC, NQ, CO)
for vehicles meeting the Euro 3 and Euro 6 starlerdhe

scope of petrol and LPG fueling. The emission measu
ment was made by using a portable emission measatem

system for the selected route, which included theam
rural and motorway part.

2. The methodology of the study
The road selected for testing, including the urlvaral

and motorway part, is shown in Fig. 1. The routes wa

40 km long, while the rides were made in June 2018.

The PEMS Horiba OBS-2200 system was used to

measure road emissions, the specifications of wiaigh
presented in Table 1. PEMS can be installed irbtia¢ of

vehicle. The RDE test was started by comparing the mea-
surement from the PEMS system with the AMA i60istat
nary exhaust gas analysis system. Initial test® warried

out on a chassis dynamometer built in a climatenties on

a passenger car. The test results showed thatetiffes in

the emission values of pollutants measured usiadPtEMS
and AMAI60 systems, were within the permissible idev
tions. Therefore, further measurements of emissiomeal
traffic conditions can be considered as correct.

Fig, 1. Map with the selected stretch of road test
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Table. 1. Selected technical parameters of the PHbt®a OBS-2200
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readings
14 T T T T — 140
Vehicles used for road emission tests are showfign i | motorway | rural | urban

2. The vehicle fulfilling the Euro 3 standard isachcterized
by a 1991 crhengine, it has manual transmissions, an MPI 1o}
power system and a TWC catalytic system, whiletdcke
meeting the Euro 6 standard has an 1149amgine, while
the other described parameters are the same gsdte-
cessor, both vehicles are fueled with petrol as asLPG.
On the day of testing, the Euro 3 car had a mileafge
260,000 km, while the Euro 6 was 42,000 km. 2
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Fig, 5. Emission intensity of GQor Euro 6 petrol fuelled vehicle
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Fig. 2. Cars used for road tests with installed PE&)$uro 3, b) Euro 6

3. The road tests results

All 4 tests lasted for a similar time and amounted
around 2500 s, only the travel time for a Euro Ricle
fueled with gasoline in the charts is 3000 s, beeafor
illustrative purposes, emissions during cold-staotle were
not excluded. The graphs of specific distance dorisat ‘ht
the end of the work for all tested harmful exhazsnhpo- 1000 1500 2000 2500
nents are already for the engine warmed up. Fi§.sBews time [s]
the emission intensity of GQor the tested vehicles fueled
with petrol and LPG.

cOo2 [gls]

Velocity [km/h]

Fig, 6. Emission intensity of GQor Euro 6 LPG fuelled vehicle

COMBUSTION ENGINES, 2019, 178(3) 107



Comparison of exhaust emission from Euro 3 and Bummtor vehicles fueled with petrol and LPG basedeal driving conditions

Based on Fig. 3-6, it is visible that:
- in relation to Fig. 3, which also has data regaydime
cold-start (first 250 s), it can be noticed that BQ
emission intensity and its increase as a resute®en-
gine's operating temperature is not so significarh-
pared to other exhaust components, e.g. THG, NO
- the highest C@®emission intensity occurs while vehicle
speed increase and sudden acceleration,
- the highest C® emission intensity values for all re-
searched cases are for the motorway section, ghris-i
lated to high speeds on such sections of roads,
- CO; emissions intensity for tested LPG-powered vehi- Fig, 9. Emission of THC for Euro 6 petrol fuelleghicle
cles are lower compared to petrol: for Euro 3 vehic
approx. 15%, and for Euro 6 approx. 18%.
Figures 7-10 show the emission of THC for both vehi
cles tested, fueled with LPG and petrol. As in pihevious
case, the graph for a petrol-powered Euro 3 velatde
contains data on the engine's heating phase. Basdde
THC emission graphs, it can be observed that:
- the largest part of THC emissions is related tocibld-
start of the engine and it accounts for about 66%h®
total emissions for the whole ride,
- for the Euro 3 vehicle fueled with LPG, the highest
increase in THC emissions occurs for the urban, part
while the subsequent parts are characterized lijia s Fig, 10. Emission of THC for Euro 6 LPG fuelled ict
larly steady upward trend in emissions, o _ _ _
- for the Euro 6 vehicle fueled both by petrol anda,P ~ Graphs of NQ emissions intensity as a function of ac-
the largest increase in THC emissions occurs fer tif€leration and velocity are presented in Fig. 11-14
motorway part and it is the majority of the emissio
generated during the travel along the test route,
- THC emission for both the Euro 6 and Euro 3 vekicle
is lower for LPG than for petrol.

Fig, 11. Correlation between N@mission intensity and velocity and
acceleration of Euro 3 petrol fuelled vehicle

Fig, 7. Emission of THC for Euro 3 petrol fuelleghicle
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Fig, 8. Emission of THC for Euro 3 LPG fuelled velki Fig, 12. Correlation between N@mission intensity and velocity and

acceleration of Euro 3 LPG fuelled vehicle
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Fig, 13. Correlation between N@mission intensity and velocity and

acceleration of Euro 6 petrol fuelled vehicle Fig, 15. Specific distance emission of £fOr selected parts of road tests

Fig, 14. Correlation between N@mission intensity and velocity and
acceleration of Euro 6 LPG fuelled vehicle Fig, 16. Specific distance emission of CO for seldgarts of road tests
(red line is emission limit)

Based on the NQemission intensity graphs shown in
Figs 11-14, it can be seen, that:

- the largest NQemission intensity for petrol fueled Euro 3
vehicle occurs in the low speed range and tempyprari
during acceleration of speeds higher than 80 km/h,
while for LPG higher NQemissions intensity occur for
speeds higher than 50 km/h during acceleratiorhef t
vehicle,

- for the Euro 6 vehicle, the NGemission intensity for
petrol shows only temporary higher values at speéds
around 50 km/h, while in the range of other speads/
celerations it is relatively low; for LPG, higherQy
emission intensity values occur in a wider range of
speed and acceleration of the vehicle.

Figs 15-18 presents specific distance emission for
harmful emission components. The results for, NGD and
THC were compiled to emission limits valid for avem
vehicle emission standard.

Fig, 17. Specific distance emission of Nfor selected parts of road tests
(red line is emission limit)
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Fig, 18. Specific distance emission of THC for stdd parts of road tests
(red line is emission limit)

Analyzing the data contained in Fig. 15-18, it dan
noted that:
for all trips the highest CQOemission values occurred
for the motorway section, this is related to thghlest
fuel consumption by the tested vehicles at higkedpe

curred for CO in the area of passage through themo
way section, the remaining parts of the route gratis
fic distance emissions emitted on them are relgtive
low,

exceeding the Euro standard limits for Na&zcurred for
the Euro 6 vehicle in the following parts of thettefor
petrol — urban, motorway, and for LPG — urban,

values for the Euro 3 vehicle in the petrol ranee;
ceeding the limits for this road test takes placthe ur-
ban and motorway part.

4. Conclusions

The results of comparative emission tests for vehic
complying with the Euro 3 and Euro 6 standardslédeby
petrol and LPG presented in the work indicate:

exceeding the Euro 3 and Euro 6 standards limits o

THC specific distance emission reaches the highelrsaq[

lower CQ specific distance emissions for the Euro 6
vehicle compared to Euro 3 for all road parts,fetrol

for the urban part by approx. 25%, rural for approx
22%, motorway approx. 26%, and for LPG for part of
the city about 47%, rural about 20% and motorway
about 42%,

much lower CO specific distance emission of theoEur
vehicle in relation to Euro 3, mainly in the aspaftino-
torway section, which is approximately 4 times denal
for petrol, and 2 times for LPG,

lower NQ, specific distance emission for the Euro 6
vehicle compared to Euro 3, mainly in the aspecuef
ral and motorway parts for LPG fueling,

several times lower THC specific distance emis$ion
both petrol and LPG, for Euro 6 vehicle in relatimn
Euro 3.

In most cases, the parts of the test within one p
vehicle show the advantage of LPG in relation twgben
terms of emission of harmful exhaust components.

The presented comparative results of the testeitlesh
are indicative and cannot be taken unequivocabypath
vehicles have different mass as well as the usi@ dnit
and the catalytic system. Valuable results can Hmset
within one vehicle in the range of comparison dfrqeto
LPG.

Certainly, the emission data provided depends afso
the driver's driving style and prevailing traffiorditions,
which may lead to certain limitations and inaccigscbut
it is important to conduct this type of researchaaese it is
crucial to know the amount of emission taking plac¢he
real driving. In fact, every road test is uniquéie¥e data
are valuable especially in the aspect of learnibgutthe
al road emissions, as well as provide the pdigiluf
er use for the development of various typesmoission
models of fumes pollution [1, 9, 10].

Based on the emission results it can be said, theat
LPG represents a good fuel alternative for petnal there-
fore it must be taken into consideration in theurfat of
large-scale personal transport.

Nomenclature

LPG liquefied petroleum gas
CO, carbon dioxide
THC total hydrocarbon

CO carbon monoxide
RDE real driving emission
PEMS portable emission measurement system

NO, nitrogen oxides MPI  multi point injection
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