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COMPARATIVE ASSESSMENT OF CO,; EMISSIONS AND FUEL CONSUMPTION
IN A STATIONARY TEST OF THE PASSENGER CAR
RUNNING ON VARIOUS FUELS

Introduction

The main goal of the development of the trans-
port sector is to reduce the emission of pollutants to
the environment, including CO,, which is particu-
larly important due to global warming. CO, emis-
sions are directly related to fuel consumption. In
addition, CO, emissions are also related to the type
of fuel used in transport [1].

The hydrocarbon fuels used differ in many pa-
rameters related to CO, emission. The fuel consump-
tion of a car engine is influenced by a very large
group of factors [2], which include: fuel calorific
value, efficiency of the engine and drive system, car
weight, speed, acceleration, road gradient, transmis-
sion ratio, temperature, atmospheric pressure, hu-
midity air, etc. These issues are the subject of many
studies [3-9].

Analysis of the previous research

Efforts are being made to reduce CO, emissions
and fuel consumption by improving the design of
cars and engines to reduce energy consumption in
road traffic, including by recovering some of the
energy of lagging traffic in hybrid and electric

drives. CO; reduction can also be achieved by using
alternative fuels [10-13], hydrogen being the most
preferred. Despite many years of research on the use
of hydrogen to drive vehicles, this technology is
very rarely used. The main problem limiting the use
of hydrogen in cars is its production and distribution.

It should be expected that if there is an increase
in hydrogen production and its distribution stations
in the coming years, it will not be associated with
the possibility of refueling the currently used cars
equipped with internal combustion engines, which
would be adapted to work by this kind of fuel. Hy-
drogen technology will be mainly associated with
fuel cells. Therefore, to reduce CO, emissions from
cars with internal combustion engines, the use of
renewable and gaseous fuels such as LPG [3; 14]
and natural gas should be developed.

Research methodology

The analysis was carried out for a passenger car,
the basic technical data of which are presented in the
Table 1. Based on the technical data of the car, road
traffic energy consumption was calculated in the
NEDC stationary test.
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The value of energy consumption of traffic for
individual sections of the test cycle was calculated
on the basis of the equation:

where ER; — the energy demand of the car move-

ment for the i-th test section [J]; F, — resistance

oi

force in the car motion for the i-th test section [N];

ER =F,s; [’] ] [J] () s, — distance of the i-th test section [m].
Table 1
Basic technical data of the analyzed car
Data Unit Value
Vehicle weight kg 1590 (for LPG — 1630, for CNG — 1670)
Vehicle reference area — A m’ 2.17
Air drag coefficient — ¢, — 0.3
Rolling resistance coefficient — f; — 0.015
Rotational mass factor — & - 1.03
Efficiency of the transmission system 1y, - 0.9

The value of the resistance force to motion was
calculated from the equation:

E)i:Ei+F;)i+Fp[[J] (2)

where F,, — car rolling resistance force for the i-th

test section [N]; F, — car air resistance force for

the i-th test section [N]; F,, — car inertia force for

the i-th test section [N].
The values of the individual resistance forces
were calculated from the equations (3), (4) and (5):

The values of the average total efficiency of the
engine fueled with diesel fuel and gasoline were
determined on the basis of the results of CO, emis-
sions and fuel consumption of vehicle tests on a
chassis dynamometer [3; 15]. The calculations were
made on the basis of the equation:

ER,
Gpal J Wpal,knun
where n, ;— average overall engine efficiency in
phase j (UDC, EUDC) and in the entire NEDC test,

Ny, (6)

Fo=mgf (1+5-10’5v.2) - [N] (3) G,.,; — engine mass fuel consumption in phase ;
5 (UDC, EUDC) and the entire NEDC test [kg];
F,=0,047 4¢c, vi; [N] 4) W ... — lower calorific value of K™ fuel [kI/kg];
F,=mda, [N] ®) ER , — total energy demand of car movement in
where m — vehicle weight [kg]; f, — rolling phase j (UDC, EUDC) and for the entire NEDC test
resistance coefficient; g — gravitational accelera- [kJ], m,, — average efficiency of the car transmis-
. 2. . sion system.
t . — for the i-th test . .
ion [m/s]; v, average. speed for the 7 is Afterwards, estimated fuel consumption and CO,
segment [km/h]; 4 — vehicle reference area [m°];  emissions were calculated for alternative fuels, for
¢, — air drag coefficient; 6 — rotational mass which a constant value of average engine efficiency,
factor; @, — acceleration for the i-th test segment such as fueled by gasoline, was assumed. Bas1<? data
5 of the analyzed fuels accepted for the analysis are
[m/s7]. presented in the Table 2.
Table 2
Basic data of the analyzed fuels [16]
Data Fuel
Petrol Diesel Ethanol Methanol E85 CNG LPG
Density [kg/dm’] 0.74 0.84 0.7893 0.792 0.783 0.75 0.55
Lowe"[ll‘(‘fsf(‘;‘]g value 44000 | 43378 | 25510 17662 20430 | 48000 | 46000
Carbon mass share c, 0.85 0.86 0.522 0.375 0.57 0.75 0.82
CO, emissions
[Nm® CO,/kg of fuel] 1.59 1.61 0.98 0.70 1.06 1.40 1.54
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Results and discussion

Fig. 1 shows the cumulative energy consumption
values during the NEDC test. The percentage values
of energy consumption in motion for the tested car
are shown in Fig. 2. The results of calculations of
CO, emissions and fuel consumption are presented
as well as Fig. 3 and Fig. 4 in Table 3.

T000
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Fig. 1, 2 show that the energy consumption of
road traffic in the urban phase in the UDC test is
significantly lower than in the extra-urban phase
EUDC.

The absolute difference in energy consumption
by road traffic in the NEDC test phases was approx
2.300 kJ.
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Fig. 1. Cumulative energy demand for vehicle in NEDC test

Fig. 2. The share of energy consumption in traffic of the urban phase (UDC)
and the extra-urban phase (EUDC)

Table 3
CO, emission and fuel consumption values for a passenger car in the NEDC test using various fuels
Phase of Fuel
Parameter
test Petrol | Diesel Ethanol | Methanol E85 CNG LPG
CO, [g/km] 230.4 2104 243.9 253.1 229.6 183.2 205.1
Fuel consumption 8.83
UDC [dm?/100km] 9.90 7.87 16.02 23.06 14.00 [Nm?/100km] 12.28
Fuel consumption
[ke/100 km] 7.33 6.61 12.64 18.26 10.96 6.62 6.75
CO, [g/km] 171.5 129.8 181.6 188.4 170.9 143.4 161.3
EUDC | Fuel consumption 6.90
[dm*/100km] 7.37 4.85 11.92 17.16 10.42 [Nm*/100km] 9.66
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The end Table 3
Phase of Parameter Fuel
test Petrol Diesel Ethanol | Methanol ES85 CNG LPG
EUDC Fuel consumption
ke/100 km] 5.46 4.08 941 13.59 8.16 5.18 5.31
CO, [g/km] 190.9 161.0 202.1 209.6 190.2 160.1 179.8
Fuel consumption 7.71
NEDC [dm’/100km] 8.20 6.02 13.27 19.10 11.59 [Nm*/100km] 10.77
Fuel consumption
[ke/100 km] 6.07 5.06 10.47 15.13 9.08 5.78 5.92
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Fig. 3. CO, emissions for analyzed fuels by UDC, EUDC and NEDC test
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Fig. 4. Fuel consumption for analyzed fuels by UDC, EUDC and NEDC test

However, despite the lower energy consumption
in road traffic, the fuel consumption and CO, emis-
sions figures are higher for the UDC phase. This is
mainly due to the operation of the engine in the area
of lower efficiency, in the range of lower travel
speeds and loads.

When analyzing the values of CO, emissions for
the considered fuels, it can be concluded that the
most advantageous fuel is CNG, for which CO,

© Jaworski A., Boichenko S., Madziel M., Pavliukh L., 2020

emissions were the lowest. For the entire test, CO,
emissions with CNG fueling were very similar to
those for diesel fuel. LPG is also a preferred fuel for
spark ignition engines, for which the CO, emission
factor for the entire test is approx. 180 g/km and is
approx. 6 % lower than for gasoline. Feeding with
renewable fuels: ethanol, methanol and E85 mixture
is associated with higher CO, emission from the
vehicle engine.
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This is mainly due to the lower calorific value of
these fuels in relation to gasoline. However, it
should be borne in mind that the results for these
fuels were obtained assuming the same engine effi-
ciency value as for gasoline fueling. In practice, it is
possible to obtain higher engine efficiency in rela-
tion to fueling with petrol. In addition, one should
also take into account the absorption of CO, by
plants that are a substrate for the production of re-
newable fuels, which reduces CO, emissions to the
environment in the total balance.

Conclusions

Based on the research, the following conclusions
can be made:

e (O, emission and fuel consumption in the sta-
tionary NEDC test are higher for the UDC phase,
which is characterized by lower energy demand to
motion in relation to the EUDC phase. It is related to
the lower overall efficiency of the car engine in
terms of city driving.

e The best hydrocarbon fuel for CO, reduction
from the internal combustion engines is natural gas
(CNG). CO; emission, assuming the same engine
efficiency as when fueled with petrol, is lower in
relation to fueling with petrol by approx. 16 % for
the analyzed car.

e The use of ethanol and methanol is associated
with higher fuel consumption and higher CO, emis-
sions from the vehicle. In the case of producing
these fuels from plant biomass, the total CO, emis-
sions are lower due to the assimilation of CO, during
their growth.

e The use of LPG is also a fuel more favorable
from gasoline in terms of CO, emissions. In the case
of fueling with this fuel, the estimated CO, emission
was lower than in the case of fueling with petrol by
approx 6 %.
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SBopcbkuii A., Boituenko C., Maazin M., [Masarox JI.
MNOPIBHAJIBHA OIIIHKA BUKUAIB CO, 1 BUTPATHU ITAJINBA IIPU CTAHIOHAPHOMY
BUITIPOBYBAHHI JIETKOBOI'O ABTOMOBLJISI ITPAIIOIOYOI'O HA PIBHUX ITAJIMBAX

Bcemyn. OchosHoro memoio po36umKy mpaHcnOpmHO20 CeKMOpY € 3MEeHUIeHHs 8UKUOI8 3a0pYOHIOIOYUX DeYOBUH
HaskonuuHe cepeoosuuye, sxmodarouu CO,, wo ocobnuso eaxcaugo uepes enobanvte nomenuinna. Buxuou CO, be3no-
cepeodHbo nos’sasami 3i cnodcusanHam naausa. Kpim moeo, euxuou CO, makodsc nog’a3aui 3 6U00M naiusd, uwjo 8UKOpU-
cmosyemvca  mpaucnopmom. Ilocmanoexka npoénemu. 3ycunna cnpamogyromvca Ha 3meHuieHHs sukudie CO, ma
CROJICUBAHHIL NATIBHOZ0 WIAXOM 800CKOHALEHHSI KOHCMPYKYIT aemomobinie ma 08UeyHi6 Oiist 3MEHULEHHS CRONCUBAHHS
enepail 8 00POINCHLOMY PYCL, 8 MOMY YUCIT WISXOM GIOHOGNICHHS YACMUHU eHepeii 8i0Cmanio2o pyxy Ha IOpuoHux ma
enexmponpugoOHux asmomobinsnx. 3uuscenus CO, MaKodic MONCHA 00CASMU, BUKOPUCOBYIOYU ATbIMEPHAMUBHI 6UOU
nanuea, NpUYoOMy 800eHb € Halbinbw nepcnekmugnum. Memooonozia 0ocnioxcennsn. Ananiz npo8oouscs sl 1e2K060-
20 agmomobina. Ha ocnosi mexuiunux danux asmomooins ¢ cmayionapnomy mecmi NEDC 6yno po3paxoeano cnoicu-
6anHs enepeii 6 0opodicHbomy pyci. Pezynomamu ma 062080penus. Y cmammi npedcmasieHuti NOPIGHAIbHUL AHAL3
cnooicuganns naauea ma suxuodie CO; 015 1e2K08020 A8MOMODOINIA 3 OBUSYHOM BHYMPIUHBO20 320PAHHA, W0 NPAYIOE HA
MpaouyitiHux ma anvmepHamuenux suodax naiuea. Ananiz pospobnenuti 3a mecmom NEDC. Ha ocnosi pospaxosanoco
ONOPY PYXy Ma eHepeOCNONCUBAHHSA PYXY, A MAKOXC 0I5l (DAKMUYHUX pe3)Ibimamie unpodysamnb, NPOGeOeHUX Ha OUHA-
Momempi waci agmomobina, uwo npayroe Ha 6eH3uHi ma OuerbHoOMY naausi, oyau eusHaveni npudausmi snavenna KK/
osuzyna. Ilomim 6ynu nposederi pospaxynxu euxudie CO, ma cnoscusannsa nanusa o0aa nacmynnozo: CIIT, 3pidocenuii
eas, emanon, memanon ma E85. Bucnosku. Sk suniusac 3 pe3ynomamis 00CaioNCeH s, NPOBEOEHO20 OJisi OKpeMux a3z
UDC ma EUDC, cnoacusanns nanuea ma suxuou CO, ne 6 KOACHOMY UNAOKY NPAMO NPONOPYILHI eHep2OCnONCUBAH-
HIO pyxy asmomoobinsa. Hatikpawum eyenesooneeum namusom 0isi 3uudicerus euxkudie CO, y 0sueyHax eHympiuHb02o
3eopsinua € npupoonuil eas (CIIT). Buxuou CO,, npu maxomy sc KK dsueyna, sk i npu 3anpagyi OeH3UHOM, HUICHL
yuM npu 3anpasyi 6eH3uHom npubauzno Ha 16 % ons ananizoeanoco asmomooiis.

KntoyoBi cnoBa: nerkosui aBTomobinb; TpaauLinHi BUAM nanvea; anbTepHaTuBHI nanuea; sukugn CO,.

Jaworski A., Boichenko S., Madziel M., Pavliukh L.
COMPARATIVE ASSESSMENT OF CO, EMISSIONS AND FUEL CONSUMPTION IN A STA-
TIONARY TEST OF THE PASSENGER CAR RUNNING ON VARIOUS FUELS

Introduction. The main goal of the development of the transport sector is to reduce the emission of pollutants to the
environment, including CO,, which is particularly important due to global warming. CO; emissions are directly related
to fuel consumption. In addition, CO, emissions are also related to the type of fuel used in transport. Problem state-
ment. Efforts are being made to reduce CO, emissions and fuel consumption by improving the design of cars and en-
gines to reduce energy consumption in road traffic, including by recovering some of the energy of lagging traffic in
hybrid and electric drives. CO, reduction can also be achieved by using alternative fuels, hydrogen being the most
preferred. Research methodology. The analysis was carried out for a passenger car. Based on the technical data of the
car, road traffic energy consumption was calculated in the NEDC stationary test. Results and discussion. The article
presents a comparative analysis of fuel consumption and CO, emissions for the passenger car with an internal combus-
tion engine powered by traditional and alternative fuels. The analysis was developed on the NEDC test. On the basis of
the calculated resistance to motion and energy consumption of motion, as well as for the actual results of tests carried
out on the chassis dynamometer of a car powered by gasoline and diesel fuel, approximate values of the engine effi-
ciency were determined. Then, calculations of CO; emissions and fuel consumption were carried out for the following:
CNG, LPG, ethanol, methanol and E85. Conclusions.As it results from the research carried out for individual UDC
and EUDC phases, fuel consumption and CO, emission are not in each case directly proportional to the energy con-
sumption of the car movement.The best hydrocarbon fuel for CO; reduction from the internal combustion engines is
natural gas (CNG). CO, emission, assuming the same engine efficiency as when fueled with petrol, is lower in relation
to fueling with petrol by approx. 16% for the analyzed car.

Keywords: passenger car; traditional fuels; alternative fuels; CO, emissions.
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CPABHUTEJIbBHASI OIIEHKA BBIBPOCOB CO,1 PACXOJA TOIIVIMBA ITPU CTAIIMOHAP-
HOM UCIIBITAHUMU JIETKOBOT'O ABTOMOBWJISI PABOTAIOIIETI'O HA PA3JIMYHOM
TOIIVIUBE

Begeoenue. Ocrogras yenv paszgumus mpaHcnopmHo20 CeKmopa - CHUUMb 8blOPOCHL 3A2PAZHAIOUUX BEUECE 8 OK-
pyorcarowyio cpedy, 8 mom uucie CO,, umo 0cobOeHHO 8aX*CHO 8 CB8A3U C 2lobanbHbiM nomennenuem. Boiopocer CO;
HAnpamyro céazamvl ¢ pacxodom monausa. Kpome mozo, evibpocer CO, makoice céA3aHbl ¢ MUNOM MONIUEA, UCHONb-
3yemozo Ha mpancnopme. Ilocmanoexa 3ad0auu. Ilpeonpunumaromea ycunus no coxpaweruio giopocog CO, u pacxo-
0a monausa 3a cuem YIyuuleHus KOHCMPYKYuy agmomoouneli u ogueameneil ¢ Yyeavio CHUXCeHUs nompeOaenus sHepaull
8 OOPOAHCHOM OBUNCEHUU, 8 MOM YUCTIe 3d CUem PeKynepayu Yacmu dHepeuu Omcmaiowe2o 08UNHCeHUs 8 CUOPUOHBIX U
anekmpuyeckux npugooax. Cruoicenue 6vibpocos CO, makoice modxcem Ovimb OOCMUSHYMO 30 CHem UCHONb308AHUSA
ANbMEPHAMUBHBIX U008 MONIUBA, HAUOOLEe NPeONnOUMUMENbHLIM U3 KOMOPLIX AGAsiemcsi 6000po0. Memoodonozusn
uccnedosanus. Ananuz npoeoouics 0Jisi 1eeko6o20 aemomoouns. Ha ocnosanuu mexnuyeckux OanHblx agmomoous 6
cmayuonaprom mecme NEDC 6vi10 paccuumano nompebnenue sHepeuu 0OPO*CHbIM Osudicenuem. Pesynvmamor u
obcyycoenue. B cmamee npedcmasnen cpagnumenvHulll ananuz pacxooa monauea u evlopocos CO, 01 1€2K08020
asmomobuns ¢ 0sueamenem GHYMpPEHHe20 C2OPAHUA HA MPAOUYUOHHOM U ANbMEPHAMUSHOM monause. AHaius 6vli
paspaboman na ocnoge mecma NEDC. Ha ocnosanuu pacuemnoco cOnpomugneHus O8UNCEHUI0 U IHepeo3ampam-
HOCIU OBUMCEHUS, 4 MAKHCE YAKMUYECKUX PE3VAbINAMO8 UCHbIMAHUL, NPOBEOEHHbIX HA OUHAMOMEMPUYECKOM CIeHOe
asmomobuis, pabomarwezo Ha beHsune U OUseIbHOM MONauge, bbliu onpeoeieHsbl npubausumenvhsle sHavenus KIIJ{
osueamena. 3amem Ovinu npogedenvl pacuemul 8uiopocos CO; u pacxoda monausa 01 Cl1eOVIOUUX KOMHOHEHMOS:
KIIT, CHT, smanon, memanon u E85. Bvteoowsl. Kax cnedyem uz ucciedosanuil, npoeeoeHuvix OJisi OMOeIbHbIX (a3
UDC u EUDC, pacxo0 monausa u viopocer CO; He 8 Kaxicoom ciyyae npsamo nponopyuoHaibibl ROMpeoieHuio dHep-
2uu npu 08udCeHUuU agmomoous. Jhyuwum yenee000poOHbIM MONIAUeoM Ot cHudiceHus: gvlopocos CO; 6 Osuecamensx
6HympenHe2o ceopanus sensemcs npupoousitl 2az (CIIT). Beiopocvr CO, npu maxom sice KIIJ osuecamens, kax u npu
3anpasxe OeH3UHOM, HUdICe, YeM npu 3anpasxke bensunom, npubn. na 16 % ona ananuzupyemozo aemomoous.

KnioueBble cnoBa: nerkoBoil aBToMOGUNb; TpaAUUMOHHbIE BUAOblI TONNMBA; anbTepHaTUBHbIE TONJIMBA; Bbl6pOCbI
COa.
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