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ABSTRACT

Fuels obtained from waste in seeking of sustainable and environmentally friendly fuel are promising for
internal combustion engines. In this study, an environmental pollution cost analysis was performed for a
diesel engine fueled with blends of pyrolytic oil - biogas - neat diesel fuel. Five different test fuels were
studied. Neat diesel fuel (DF), the fuel mixture prepared by blending 10% pyrolytic oil to 90% neat diesel
fuel by volume (DF90P10). While the DFO0P10 fuel was supplied to the engine from the injector, the
experiments were carried out with different fuel combinations created by delivering gaseous biogas at
constant flow rates of 1, 3 and 5 L/min from the intake manifold (DF90P10B1, DF90P10B3,
DF90P10B5). The experiments were carried out in a single-cylinder, air-cooled, direct injection diesel
engine, with a constant engine speed of 3000 rpm and four different engine loads ranging from 0.25 to
1 kW, with prepared fuel blends. Fuel consumption, exhaust emissions, exhaust and engine block temper-
atures were measured to make environmental pollution cost analysis. In these tests, it was found that the
DF90P10B1 test fuel performs better results as compared to those of neat diesel fuel which is reference
fuel and other test fuels in terms of environmental pollution cost analysis. Pyrolytic oil - biogas - diesel
fuel mixtures in variable ratios, can be used as an alternative fuel instead of neat diesel in diesel engines
without any engine modifications.

© 2020 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

1. Introduction

Increasing world population and rapid industrialization are
growing the modern economy and causing more energy demand
[1]. Depletion of non-renewable fuel sources, increase in the
energy prices and endless exhaust emission pollution caused by
internal combustion engines make researchers to be more inter-
ested in sustainable and environmentally friendly renewable
energy sources. Alternative fuels are being explored to reduce the
harmful effects of fuels and their derivatives, which are the basic
energy sources required for production [2-14]. As an environmen-
tal problem; responsible for greenhouse gas emission and solid
waste disposal (end-of-life tires) problems is the rapid growth in
the number of vehicles powered by fossil fuels in parallel with
the population increase [15]. Wastes made up of used tires, when
exposed to sunlight and rainwater due to their non-degradable
polymer structure naturally, cause significant environmental
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problems worldwide by leaking chemicals into the soil and air
[16-18]. Recycling of waste tires by cutting or shredding them
and making new products such as liquid tanks, mats, road floors,
playground covers, sports fields is the best method in terms of eco-
nomic and environmental results [ 19]. Another recycling method is
to obtain coal, gas and valuable oil products as a result of pyrolysis
of waste tires. These valuable oils are successfully used in engines
due to their light fuel-like fuel properties [20]. Pyrolysis has
become important due to its suitability for use in compression
ignition (CI) engines to evaluate different wastes as an alternative
fuel and to facilitate waste management [21]. As a result, pyrolysis
is the best way to recycle waste tires [22].

Dogan et al. [23] prepared different test fuel mixtures by mixing
the fuel obtained from tires (TDF) and diesel fuel in different volu-
metric ratios and tested these fuels in a diesel engine and exam-
ined the engine performance and emission values. As a result,
they reported that with the increase of TDF content in fuel,
unburned hydrocarbon (HC) and carbon monoxide (CO) emission
values decreased, nitrogen oxide (NO) emissions increased, and
addition of TDF to diesel fuel had no significant effect on engine
performance values. Sharma et al. [24] in their experimental study,
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examined the combustion, performance, and emission characteris-
tics of the engine by using the mixture of tire pyrolysis oil (TPO)
and Jatropha Methyl Ester (JME) as fuel in a one cylinder 4 stroke
air cooled DI diesel engine. They reported that the engine combus-
tion and emission behavior of the fuel with a mixture ratio of more
than 20% TPO deviates, and there is a decrease of efficiency in the
of 30%, 40% and 50% TPO blended fuels at full load. They stated that
smoke emissions and CO, HC at full load are lower than diesel, and
Nitric oxide emission at full load is approximately 24% higher for
JME TPO20 compared to diesel. Hariharan et al. [25] used TPO as
the main fuel and Diethyl ether (DEE) as the ignition enhancer aux-
iliary fuel in a one cylinder 4 stroke diesel engine and compared
the performance, emission and combustion characteristics of the
engine with diesel fuel (DF). The suction line was given DEE at
three different (65, 130, 170 g/s) flow rates and consequently, they
stated that with 170 g/s DEE, TPO fuel has lower emissions and bet-
ter performance. They reported that at full load, TPO-DEE fuel NOy
emissions decreased by 5%, and HC, CO and smoke emissions were
2%, 4.5% and 38% higher respectively compared to DF fuel. Frigo
et al. [26] mixed 20% and 40% waste tire oils (TPO20 and TPO40)
in diesel fuel and carried out tests on the diesel engine. They com-
pared the performance and emission values of the engine using
diesel fuel together with the fuel mixes they prepared, and as a
result, they reported that there was no significant difference in
engine performance and emission values when using TPO20, but
there was a deterioration in the combustion characteristics of the
engine when using TP0O40. Wang et al. [27] mixed the tire pyrolysis
oil (TPO) they obtained, with neat diesel fuel and tested them for
fuel consumption, cylinder pressure, engine power and SO, emis-
sions in a DI diesel engine. As a result, they stated that increasing
the tire pyrolysis oil fraction leads to poorer engine performance
and higher sulfur dioxide (SO,) emission. Kumaravel et al. [28]
reported that TPO mixtures (TF5, TF10, TF25, TE35) can be used
in engines without any modification. CO, HC, SO, and smoke emis-
sions values were higher than diesel in high ratio (TF50, TF75,
TF100) TPO-mixed fuel use. As a result, they stated that the oil
obtained as a result of pyrolysis process from waste tires can be
used as an alternative fuel in diesel engines after some processes
(aromatic compounds and viscosity reduction). Baskovic et al.
[29] reveal that using pure TPO in a turbocharged and intercooled
diesel engine without using any auxiliary can provide more opti-
mization of thermodynamic parameters by operating in a wide
range. Singha et al. [30] subjected different plastic wastes to
non-catalytic pyrolysis process at 450 °C to analyze the physical
properties of the obtained product to obtain pyrolytic oil (PPO)
similar to petroleum fuels. The obtained PPO has been mixed with
diesel fuel in five different proportions (10, 20, 30, 40, 50%) and the
performance characteristics of a diesel engine have been tested
and as a result, they reported that the thermic efficiency increases
when the PPO ratio in the mixture is increased; and specific fuel
consumption decreases when the load is increased. They stated
that PPO contains more Oxygenated compounds and as a result,
it helps to decrease the emission values caused by combustion.
Karagoz et al. [31] mixed TPO with pure diesel in volumes of 10%
(TPO10 D90), 30% (TPO30 D70) and 50% (TPO50 D50) and tested
with a one-cylinder, 4 stroke, naturally aspirated, compression-
ignition diesel engine. As a result, they stated that the highest
energy efficiency for all loads is with TPO10 D90 fuel. TPO diesel
fuel mixture performance is better thermoeconomically and TPO-
diesel blends are more suitable for sustainability. They also
reported that TPO-diesel fuel mixtures can be used as a fuel addi-
tive in a CI Diesel engine without any modification.

In the literature, it was found that although the variables such
as performance, combustion, vibration, noise and exhaust emis-
sions caused by the use of waste tires from internal combustion
engines were examined, there was no study on economical assess-
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ment of the environmental effects of carbon dioxide (CO;) emis-
sions. In this study, the environmental effects of carbon dioxide
emissions resulting from the use of diesel/pyrolytic oil/biogas fuel
blends in a diesel engine, at a constant crankshaft speed
(3000 rpm), with different engine loads (0.25, 0.5, 0.75 and
1 kW) were examined economically, and environmental pollution
cost analyses were carried out.

2. Material method

2.1. Engine experiment

Test fuel mixed with diesel fuel in this study can be given as a
good example to waste energy form. Because the test fuels used
in the study are pyrolytic fuel obtained from the waste vehicle tire
and biogas that can be obtained from organic wastes by various
methods. The first test fuel is neat diesel (DF). The other fuel which
is formatted for this study is DFO0P10 consisting of 90% pure diesel
and 10% pyrolytic oil by volume. While this prepared fuel was sup-
plied to the engine from the injector, the biogas was fed from the
intake manifold of the engine at a flow rate of 1, 3 and 5 L/min.
So, three new fuel mixtures were formed. These fuel combinations
created were named DF90P10B1, DFO0P10B3, DF90P10B5, respec-
tively. Biogas flow rate of 1, 3 and 5 L/min was kept constant at all
engine loads [33], and consumption of D90P10 test fuel varied
according to engine load. The basic properties of the main test fuels
are given in Table 1. The test fuels were obtained from commercial
oil suppliers. The biogas used is in the form of a pressurized tube
with 65% methane (CH,) content and was supplied from a com-
mercial enterprise [32].

DF90P10 fuel was mixed by volume. The amount of fuel con-
sumed by the engine was determined using a stopwatch and a pre-
cision balance. Biogas is added to the intake air by making a special
connection to the intake manifold. The amount of the biogas sent
to the engine was determined using a mass meter (Newflow).
The biogas flow rate was controlled by a valve added to the gas fuel
line. The technical features of the test engine are presented in
Table 2. A one cylinder, 4 stroke, naturally aspirated, air cooled
diesel-generator set was used in the experiments.

CO, emission amounts were determined with an exhaust gas
analyzer (Bilsa brand MOD 2210) connected to the exhaust outlet.
The exhaust analyzer is capable of measuring CO, emissions in the
range of 0-20 % with 0.001% accuracy. The scheme of the experi-
ment set is given in Fig. 1.

2.2. Methodology

Environmental pollution cost analysis, which is an environmen-
tal economy model, is the economic and environmental costing of
carbon dioxide. In this costing process, emitted carbon dioxide
ratios are determined first, and then environmental pollution cost
is found by using the carbon dioxide cost (0.0327 $/kg) calculated
in previous studies [34,35]. (SEP¢) formula is used for specific Envi-
ronmental Pollution cost calculation [34].

SEPC (/kWh) = CCOzeCOZ (1)

Table 1
Basic characteristics of main test fuels.
Property Diesel Pyrolytic fuel Biogas
Test fuel density (@15 °C, kg/m?) 8354 904 1.16
Test fuel viscosity (cSt,@40 °C) 293 5.04 -
Lower heating value (kJ/kg) 45975 40940 32500
Fuel component %100 %100 %65CH,
%35C0,
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Table 2
Technical features of the test engine.

Brand and model Katana-KM178F

General features DI diesel engine, Naturally-aspirated,

Air-cooled.
Cylinder number 1
Power (kW @3000 rpm) 4
Displacement (cm?) 296
Compression ratio 18:1
Bore x stroke (cm) 7.8%6.2

Injection nozzle 0.22 x 4 holes x 160°
Nozzle opening pressure (bar) 205

where, Ccq; is the cost of carbon dioxide emission, eco; is the emis-
sion of CO, emitted by the engine. The calculation of Total cost of
pollution (TEP¢) ($), which is the CO, cost emitted by an diesel
engine during its working life, can be expressed as [36];

TEP. ($) = sz (eC()zPNt) (2)

where, t is the total service life of the engine (20 years), N is annual
working hours (8000 h/y), P: is the crankshaft output power.

The formula (TEP.c) ($), which is the Life cycle based total cost
of pollution calculation, is used to calculate the cost of CO, and fuel
emitted during the working life of the diesel engine [37].

TEPic ($) = Cco,[(€co, PNt) + (Mycgeice) + (QperNt)] 3)

where, myc is the mass of engine (86 kg), e\cg is the emission rate of
internal combustion engine material (considered to be 3.012 (kCO5/
kg) [33]), Qr is the heat energy of fuel (k]J/h), and e is emission from
the production process of the fuel.

For the pyrolytic oil -diesel-biogas mixture fuel, the emission
caused by the fuel production process; pyrolytic oil in the pyrolytic
oil - diesel - biogas blend, clean diesel and biogas mass fractions
were calculated as [34]:

_ tiper pr + Mperp + Mger g
TMp + Mp + Mg

er (4)
where, ef is the emission from the production process of the fuel
and was calculated as;

— 0.083 kgC0,/M] for pure diesel

— 0.082 kgC0,/M] for pyrolytic oil

— 0.032 kgC0,/M] for biogas [30,31].

The Life Cycle Specific Environmental Pollution Cost calculation
(SEP;c) is made by [34];

A _ i, w—
2 p—

1- €O, Exhaust analyzer 4-  Engine loading set
2-  Test fuel 5-  Precision scale
3- Timekeeper 6- Mass flow meter
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SEP;¢ (/kWh} =T (5)
The formula (£) is used to calculate the total CO, emission
parameter [36];

£ Mo (6)
WTIE[
where, mco3 is the Mass flow rate of carbon dioxide (kg/s), is the net
work output of the test engine (K]).
Formula (PP) is used to calculate the total payback period of the
test engine system [36];
PP — 4.3(.PEC + QM) 7)
N(WetCq + Qgy)
where, PEC is the cost of equipment purchased ($), OM is the oper-
ation and maintenance cost ($), ¢ is the cost of electricity ($/kWh),
and ¢y is the fuel price ($/kWh).
(EPP) (year) formula is used for environmental payback period
calculation [36];
EPP = —.TEP (8)
anetce!
(EPPLC) formula is used for environmental payback period cal-
culation based on life cycle [36];

TEP,¢
anetcei
Test fuel costs used are given in the Table 3. The test engine cost
1100 $. The unit price for electricity was = 0.1212 $/kWh [38].
Maintenance and operation cost of the engine used in the

experiments has been accepted as 1.092% of the purchase cost of
the equipment [39].

EPP = 9)

3. Results and discussion

In this study, environmental pollution cost analysis was per-
formed wusing diesel, DF90P10, DFS0P10B1, DF90P10B3,
DF90P10B5 fuel and fuel blends in an experimental engine setup
under the loads of 0.25, 0.5, 0.75 and 1 kW. The one cylinder, nat-
urally aspirated, 4 stroke, internal combustion CI diesel engine
used in the experimental setup was run at constant speed of
3000 L/min.

In the experiments, CO, emissions and effective power results
of the test engine for pyrolytic oil - diesel biogas mixed fuels were
calculated and given in Table 4.

7- Flow adjuster 10- Data logger
8- Biogas 11-  Oscilloscope
9-  Data collection unit 12-  Thermocouples

Fig. 1. The scheme of the experimental set.
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Table 3

Test fuels costs.
Fuel Load (kW) Cost ($/k])
Diesel - 2,060 *10~°
DF90P10 - 1.976 *1072
DF90P10B1 025 2.379*10°°
DF90P10B1 0.50 2277 *10°°
DF90P10B1 0.75 2.220 *10°°
DF90P10B1 1 2.172 *10~°
DF90P10B3 025 3.217 *10°°
DF90P10B3 0.50 2.969 *107°
DF90P10B3 0.75 2.776 *10°
DF90P10B3 1 2.622 *10°°
DF90P10B5 025 4211 *10°°
DF90P10B5 0.50 3.766 *10°
DF90P10B5 0.75 3.375*10°°
DF90P10B5 1 3.116 *107°

Table 4

CO, emission values of experiment set engine. (ecop: CO, emission values (kg/kWh).)
Test Fuel Load (kW)

0.25 0.50 0.75 1.0

DF 2.6441 1.5422 1.1271 1.0695
DF90P10 2.6688 1.4867 1.1208 0.9543
DF90P108B1 2.6400 1.4793 1.0994 0.9435
DF90P10B3 3.6907 1.9914 1.4347 1.1490
DF90P10B5 4.4037 2.3292 1.6544 1.3065

As the experimental engine load increased, it was observed that
the emitted CO, emissions decreased. The highest ecq; value was
observed in DF90P10B5 fuel blend as 4.4037 (kg/kWh) under
0.25 kW load, while the lowest eco, value was in the DFOOP10B1
fuel blend as 0.9435 (kg/kWh) under 1.00 kW load. The highest
ecoz values for all loads were measured using the DFO0P10B5 fuel
blend, while the lowest eco; values for all loads were measured
using the DFO0P10B1.

The SEP¢, TEP¢, SEP ¢ and TEP; ¢ values of experiment engine for
pyrolytic oil - diesel - biogas fuel blends are given in Table 5.

The lowest SEP: value for all loads was obtained to be
0.0309 $/kWh under 1.00 kW load with DF90P10B1 fuel blend,
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while the highest SEP¢ value was 0.1440 $/kWh with DF90P10B5
fuel mixture under 0.25 kKW load. The lowest and the highest SEP.
values under 0.25, 0.5, 0.75, 1 KW loads were observed in fuel
blends DF90P10B1 and DF90P10B5 respectively.

The lowest TEP: value for all loads was observed with
DF90P10B1 blend as $ 3753.34 and the highest TEP; value as $
7430.10 with the DF90P10B5 fuel blend. TEP. values of fuel blends
are observed as DF90P10B1 < DF90P10 < Diesel < DF90P10B3 < D
F90P10B5 for 0.50 kW and 0.75 kW loads; DF90P10B1 < Diesel <
DFS0P10 < DF90P10B3 < DF90P10B5 for 0.25 kW load; and
DF90P10B1 < DF90P10 < Diesel < DF90P10B3 < DF90P10B5 for
1.00 kW load. The lowest TEP¢ values for all loads were observed
in the DF9OP10B1 fuel mixture.

The lowest SEP;c value for all loads was obtained as 0.1065 $/
kWh under 1.00 kW with the DF90P10B1 fuel blend, while the
highest SEP,¢ value was 0.3061 $/kWh with the DFO0P10B5 fuel
blend. The lowest TEP,¢ value for all loads was $10272.67 under
0.25 kW load with the DF90P10B1 fuel blend, while the highest
TEP;¢ value was recorded as $21454.93 under 1.00 kW load with
Diesel fuel.

The SEP,c and TEP,c values were calculated as
DF90P10B1 < Diesel < DF90P10 < DF90P10B3 < DF90P10B5 under
0.25 kW and 0.75 kW loads; DFO0P10 < DF90P10B1 < Diesel < D
F90P10B3 < DF90P10B5 under 0.50 kW load and DF90P10B1 < D
FO0P10 < DF90P10B3 < DF90P10B5 < Diesel under 1 kW load.
SEPc < SEP,c and TEP¢ < TEP. ¢ were observed for all loads. The £,
PP, EPP and EPP, values of the experiment set engine give in
Table 6.

According to the results of the experiment, the lowest £ value
for all cases was obtained as 2.6207 £ x10* (kg/k]) under
1.00 kW load, with the DF90P10B1 blend; and the highest £ value
was obtained as 12.2325 £ x10™ (kg/k]) under 0.25 kW load, with
the DFO0P10B5 blend. DFOOP10B1 has the lowest values under
0.25, 0.5, 0.75, 1 kW loads, while DF90P10B5 blend has the highest
values under all loads.

According to the calculations, it was observed that there was a
decrease in the PP values when the loads increased for each fuel
type. While PP values order is DF90P10B5 < DF90P10B3 < DF90
P10B1 < Diesel < DF90P10 under 0.25, 0.5, 0.75, 1 kW loads, the
order is DFO0P10B5 < DFS0P10B3 < Diesel < DF90P10B1 < DF90

Table 5
The SEPc, TEP, SEP;c, and TEP,¢ values of experiment set engine.
Test Fuel Load (kW) SEPc ($/kWh) TEP. ($) SEP;c ($/kWh) TEP,c ($)
DF 0.25 0.0865 3759.25 0.2483 10794.91
DF 0.50 0.0504 4385.13 0.1519 13208.18
DF 0.75 0.0369 4807.41 0.1176 15336.09
DF 1 0.0350 6082.18 0.1234 21454.93
DF90P10 0.25 0.0873 3794.31 0.2523 10969.62
DF9oPr10 0.50 0.0486 4227.50 0.1479 12861.63
DF9oP10 0.75 0.0367 4780.66 0.1187 15488.58
DF9oP10 1 0.0312 5427.19 0.1071 18621.04
DF90P10B1 0.25 0.0863 3753.34 0.2363 10272.67
DF90P10B1 0.50 0.0484 4206.33 0.1481 12878.41
DF90P10B1 0.75 0.0359 4688.98 0.1175 15328.81
DF90P10B1 1 0.0309 5365.43 0.1065 18526.53
DF90P10B3 0.25 0.1207 524722 0.2787 12115.64
DF90P10B3 0.50 0.0651 5662.50 0.1614 14033.57
DF90P10B3 0.75 0.0469 6119.16 0.1251 16318.69
DF90P10B3 1 0.0376 6534.08 0.1092 18991.10
DF90P10B5 0.25 0.1440 6260.90 0.3061 13308.54
DF90P10B5 0.50 0.0762 662291 0.1727 15021.67
DF90P10B5 0.75 0.0541 7056.17 0.1332 17369.64
DF90P10B5 1 0.0427 7430.10 0.1136 19753.07

SEP¢: Specific environmental pollution cost ($/kWh).

TEP¢: Total environmental pollution cost ($).

SEP,¢: Life cycle specific environmental pollution cost (§/kWh).
TEP,c: Total environmental pollution cost based on life cycle ($).
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Table 6
The £, PP, EPP and EPPyc values of the experiment set engine.
Test Fuel Load (kW) £ x 107 (kg/kJ) PP (year) EPP (year) EPPy (year)
DF 0.25 7.3448 1.6316 14.2684 40.9725
DF 0.50 4.2838 1.2348 8.3220 25.0661
DF 0.75 3.1309 0.9996 6.0822 19.4029
DF 1 2.9708 0.6945 5.7713 20.3582
DF90P10 0.25 74133 1.6629 14.4015 41.6356
DF90P10 0.50 4.1298 1.3027 8.0228 24,4084
DF90P10 0.75 3.1135 1.0196 6.0484 19.5958
DF90P10 1 2.6509 0.8161 5.1498 17.6692
DF90P10B1 0.25 7.3332 1.3788 14.2459 39.9903
DF90P10B1 0.50 4.1091 1.0623 7.9826 24.4402
DF90P10B1 0.75 3.0538 0.873 5.9324 19.3937
DF90P10B1 1 2.6207 0.7191 5.0912 17.5795
DF90P10B3 0.25 10.2520 0.8465 19.9160 45.9854
DF90P10B3 0.50 5.5317 0.7541 10.7461 26.6325
DF90P10B3 0.75 3.9852 0.6660 7.7418 20.6461
DF90P10B3 1 3.1916 0.5835 6.2001 18.0203
DF90P10B5 0.25 12.2325 0.5650 23.7635 50.5131
DF90P10B5 0.50 6.4699 0.5406 12.5687 28.5076
DF90P10B5 0.75 4.5954 0.5042 8.9273 21.9757
DF90P10B5 1 3.6292 0.4656 7.0503 18.7434

£ x 107: Total carbon dioxide emission parameter (kg/kJ).

PP: Total payback period of the test engine system (year).

EPP: Total environmental payback period (year).

EPP;c: Total environmental payback period based on life cycle (year).

P10 under 1.00 kW load. The highest PP values under all loads were
obtained with the DF90P10 fuel blend. The highest PP value was
obtained with the DF90P10 fuel blend as 1.6629 PP (year) under
0.25 kW load and the lowest PP value was obtained with the
DF90P10B5 fuel blend as 0.4656 PP (year) under the load of
1.00 kW.

According to the calculations, the lowest EPP values were
obtained with DF90P10B1 fuel blend under 0.25, 0.5, 0.75, 1 kW
loads. Considering all the loads, the highest EPP value under all
loads was obtained with the DF90P10B5 fuel blend under
0.25 kW load as 23.7635 EPP (year), and the lowest EPP value
was obtained as 5.0912 EPP (year) under 1.00 kW load with the
DF90P10B1 fuel blend.

According to the calculations, the EPP,c values are ordered as
DF90P10B1 < Diesel < DF90P10 < DF90P10B3 < DF90P10B5 under
loads of 0.25 KkW/[0.75 kW, while they ordered as
DF90P10 < DFO0P10B1 < Diesel < DFO0P10B3 < DFO0P10B5 under
load of 0.50 kW and DF90P10B1 < DF90P10 < DF90P10B3 < DF90
P10B5 < Diesel under 1.00 kW load. The lowest EPP; value was
obtained with DFSOP10B1 fuel blend as 17.5795 EPPLC (year)
under 1.00 kW load, while the highest EPP,¢c value was obtained
as 50,5131 EPPc (vear) with DF90P10B5 fuel blend under
0.25 kW load.

Tables 5 and 6 show that the pyrolytic oil-diesel blend and fuel
with low biogas content may have an advantage in terms of envi-
ronmental pollution cost analysis for all parameters compared to
neat diesel fuel and pyrolytic oil-diesel-biogas blends. This means
that the DF90P10B1 performs better in terms of environmental
pollution cost compared to neat diesel and other test fuels.

4. Conclusion

In this study, the environmental effects of carbon dioxide emis-
sions resulting from the use of diesel/pyrolytic oil/biogas fuel mix-
ture in a diesel engine, at a constant crankshaft speed (3000 rpm),
with different engine loads (0.25, 0.5, 0.75 and 1 kW) were exam-
ined economically, and environmental pollution cost analyses
were carried out. As a result of the measurements and calculations,
the following conclusions can be drawn;
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- According to the SEP, SEP; ¢, TEP: and TEP,¢ results, DFOOP10B1
fuel has lower values for all loads. Maximum values for Diesel
(DF) and all other fuel blends were obtained at 1 kW load.
According to these data, DFO0P10B1 fuel is a better option than
Diesel (DF) fuel according to SEP;, SEP,, TEP., TEP, analysis
results.

- According to the results obtained from the environmental pol-
lution cost analysis, pyrolytic fuel-diesel blends with low biogas
content performed better than pure diesel and pyrolytic fuel-
diesel blends with high biogas content.

- €O, emissions decrease as engine load increases. The maximum
CO, emission value was measured at 0.25 kW load with
DF90P10B5 fuel blend. The DF90P10B1 fuel gives the best
results in terms of CO, emissions compared to Diesel (DF) and
other fuel blends. Finally, it can be said that biogas-pyrolytic
fuel-diesel mixtures can be used as an alternative fuel instead
of neat diesel in diesel engines without a modification.
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