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Edgar Sokolovskij, Jonas MatijoSius

Upon emergence of the first internal combustion engines, they started developing and
gaining popularity so rapidly, that today we cannot even imagine living without them. However,
along with the continuous technologic and industrial development, negative aspects also appeared.
Environmental pollution is rapidly and continuously increasing throughout the world, and natural
resources are depleting fast, which led to the need to start searching for alternative energy sources,
which could prevent or at least delay the impending crisis.

R. Diesel, the inventor of the diesel engine, himself tried to use pure oil as fuel in his engine.
However, it turned out that peanut oil used at that time was too viscous and was no longer suitable
for rapidly developing engines. Austrian scientist M. Mitelbach resolved this problem in the eighth
decade. He came up with the idea to inter-esterify oil and methanol, adapting it for standard
engines. The first biodiesel plant was built soon afterwards, but more intense production
of biodiesel started only in the next decade.

All innovations bring winds of change. Biodiesel is a new type of fuel for internal
combustion engines, thus its impact on the vehicle and engine characteristics is worth examining.

The aim of the research is to examine the impact which biodiesel has on the performance
of internal combustion engines considering economic and environmental characteristics.

The used biodiesel may either be blended with mineral diesel in different portions or pure.
Pure biodiesel is an excellent solvent, therefore all the particles that come in contact therewith must
be resistant to it. Thus replacement of certain elements of systems of fuel filling or the supply
of fuel to the engine may be required in vehicles of older generation. The body of the vehicle
requires particular protection, because biodiesel may damage paint. Being a good solvent, biodiesel
dissolves sediment accumulated in the fuel tank and fuel supply system, which may lead
to clogging fuel filter immediately after having started to use biodiesel. Replacing it with a new
filter will help solving such problems. Countries where temperature falls to — 20° in the winter time
usually switch to mineral diesel or diesel partially blended with fatty acid methyl esters (FAME).
In such a case, the filter is once again likely to clog when switching to biodiesel.

Some biodiesel gets to engine oil through piston rings. Mineral diesel evaporates quickly,
while the temperature of biodiesel evaporation is high and thus dilutes the oil. However, lubrication
properties of biodiesel itself are good enough and at least partially compensate changed properties
of engine oil. The comparison of mineral diesel and biodiesel reveals that the calorific value of
biodiesel is by about a tenth lower. On the other hand, cetane number of biodiesel is higher,
contains oxygen, thus it burns better in the engine. Consumption of biodiesel is expected to stay
below 10% compared to mineral diesel; moreover, a lower price of biofuel should completely cover
this difference. A diesel engine has been observed in certain cases to use almost the same amounts
of biofuel and mineral diesel.
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Fig. 1. Fuel consumption in diesel engine in AUDI 80 TDi

When using the blend (consisting of 30 % of biodiesel and 70 % of mineral diesel), fuel
consumption remains unchanged compared to pure mineral diesel. When using pure diesel, fuel
consumption increase by 2,2-7,6 % depending on the load. Biodiesel blends with mineral diesel
improve fuel lubricity.

From the environmental perspective, rapid disintegration of biodiesel under neutral
conditions in the natural environment is considered a positive property of biodiesel (fatty acid
methyl esters (FAME)). Only the fuels, at least 90 % of which disintegrate within 21 days, are
considered to be biofuels, and it has been determined that up to 98 % of pure FAME and only up to
60 % of mineral diesel disintegrate within 21 days.

Different methods for determining biodegradability are applied in the US. One of them is
the measurement of CO, emitted by microorganisms. CO, emissions are proportional to the amount
of carbon used by microorganisms. When measuring CO, emissions, the relative amount (of
theoretical amount) of accumulated CO, in case of FAME accounted for 70-89 % in 28 days, while
in case of mineral diesel it was a mere 18 %. This allows attributing FAME to easily disintegrating
compounds. The rate of biodegradability of FAME blends with mineral diesel is proportionate to
FAME content in the blend.

Gas emissions into the environment in operation of AUDI 80 TDi engine were examined
using the following fuels:

- fuel A —100 % mineral diesel;

- fuel B — 75 % (by volume) of mineral diesel and 25 % of FAME;

- fuel C —50 % (by volume) of mineral diesel and 50 % of FAME;

- fuel D —25 % (by volume) of mineral diesel and 75 % of FAME;

- fuel E — 100 % FAME.
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Fig. 2. Relative NO, content in exhausts depending on the fuel type

The summarising test results, considering the impact of the used fuel on the environment,
were received calculating relative NO, and CO emissions, when mineral diesel emissions are
equated to 100 %. The relative NO, content (in percent) in exhausts working with different fuels is
presented in Figure 2, while relative CO content (in percent) in exhausts is presented in Figure 3.

The obtained data reveals that having replaced mineral diesel with pure FAME, higher NOy
amounts (about 13 %) are emitted into the environment, while the relative CO content in exhausts
when working with pure FAME decreases by 5,7 % compared to mineral diesel.

In summary of the presented results, it can be concluded that the assessment of relative NOy
and CO emissions revealed that FAME can be characterised as having better impact on the
environment. Compared to mineral diesel, FAME lags behind solely in terms of NO, emissions
into the environment with engine exhausts. This problem may be solved by respectively regulating
the engine, installing a catalytic converter in the exhaust system or using FAME and mineral diesel
blends. When using biodiesel, increased consumption should not exceed 10%. Moreover, a lower
price of fuel should completely outweigh this difference.
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Fig. 3. Relative CO content in exhausts depending on the fuel type

When using a blend (of 30 % of biodiesel and 70 % of mineral diesel), fuel consumption
remains unchanged compared to pure mineral diesel. When using pure biodiesel, fuel consumption
increases by 2,2-7,6 % depending on loads. Considering the above, biodiesel can be stated to be
alternative fuel, which can replace mineral diesel in the future.
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BIIJINB BIOIU3EJIIO (MEKK) HA POBOTY
JU3EJBHOT'O IBUT'YHA BHYTPIIIIHHOI'O 3TOPAHHS

CBiTOBE BHCHa)KEHHS 3amaciB HaTOBOI CHPOBMHU BHMArae IOIIyKYy HOBUX aybTepHATHB. OIHUM 3 TaKHX
€ BHpOOHUITBO Oioam3ento 3 Giomacy Ta HOro BUKOPHCTaHHS y YHCTOMY BHTJISII a00 y BUTIISIIL cymimied 3
MiHEepaIbHIM JN3EIBHAM MAIUBOM. Y poOOTi pO3TILIHYTO BIUIMB 010AM3€II0 Ha poOOTY AN3ENEHOrO IBUTyHA
BHYTPIIIHBOTO 3TOPaHHs, HOro €KOJOTiYHI Ta eKOHOMIYHI XapaKTePUCTHKH. Y CTaTTi TAKOXK MPOAHATi30BAHO
BUTpary nanusa Ta 3MiHy BHKuAIB NOy Ta CO 3a BUKOPHCTaHHS y IBHTYHI NAIUBHHUX CyMIIeH 3 pi3HHM
BmicToM Oiozuaento (MEXK).

KirouoBi cioBa: Giogusenb, MiHepanbHe au3elbHE MajMBO, BUTpara MajMBa, BiANpAIboBaHI Tra3u
JIBUTYHIB.
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BJIMSIHUE BUOAU3EJISA (MIKK) HA PABOTY
JU3EJBHOI'O IBUT'ATEJISI BHYTPEHHETO CTOPAHUSI

MupoBO€e HCTOIICHHE 3aI1acOB HETSHOrO ChIPbs TPEOyeT MOMCKa HOBBIX anbTepHaTuB. OHUM M3 TaKHX
SBJISICTCS IPOU3BOJICTBO OMOAM3ENS M3 GMOMACChl U €ro UCIIOIb30BaHUE B YHCTOM BHJIE MO0 B BUJIE CMecel ¢
MHHEPAIBHBIM JIU3ENIbHBIM TOINIMBOM. B pabore paccMoTpeHO BiMsHME OHoaM3eNs Ha paboTy AW3EIBHOrO
JIBUTATEJIS] BHYTPEHHETO CrOPaHHMS, €ro HKOJOTHYECKHEe M SKOHOMUUYECKHE XapaKTepUCTHKH. B crarbe Taxxe
MPOAHAIM3UPOBAHO PacXof TOIIMBa U u3MeHeHne BbiOpocoB NOy n CO npH HCHONBb30BaHUM B JIBUTATEIIS
TOIUTMBHBIX CMeceil ¢ pa3HbIM conepxanneM onoanserns (MOXK).

Kirouesble ciioBa: Ouoau3eltb, MUHEpaJIbHOE ANU3EIbHOE TOIUIMBO, PACXOJ TOIUINBA, OTPAOOTAHHBIE I'a3bl
JIBUTaTENeH.

ABSTRACT
Edgar Sokolovskij, Jonas Matijosius,
Vilnius Gediminas Technical University, edgar.sokolovskij@vgtu.lt; jonas.matijosius@vgtu.lt

BIODIESEL (FAME) IMPACT ON THE WORK OF DIESEL INTERNAL COMBUSTION ENGINE

The worldwide depletion of oil resources requires searching for new alternatives. One of the options is
producing biodiesel from biomass and using it pure or mixing it with mineral diesel. This article examined the
impact that biodiesel has on the work of diesel internal combustion engine, its environmental and economic
characteristics. The article also analyses fuel consumption and the change of NO, and CO exhausts when
supplying various fuel blends with biodiesel (FAME) to the engine.
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