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Abstract

This study analyzes the performance of the diesel engine in terms of power, torque, specific
fuel consumption, and thermal efficiency using diesel and pyrolysis oil. The waste plastic oil
(WPO) used in this research was produced through a pyrolysis process using raw materials
from Low-density Polyethylene (LDPE) mixed with diesel fuel in volume ratios WPOI10,
WPO20, WPO30, WPO40, and WPO50. In addition, a performance test was carried out on the
single-cylinder diesel engine test bench. The results showed that performing the diesel engine
with the addition of WPO increased the average power and torque by 5% and 3%, thereby
producing a higher heating value. Furthermore, the concentration of WPO also reduces the
level of specific fuel consumption to be more efficient, with a decrease in thermal efficiency. In
conclusion, plastic waste pyrolysis oil is a promising alternative fuel applicable to a diesel
engine.

Keywords: Pyrolisis, Waste plastic oil; Engine performance; Thermal efficiency; Specific fuel
consumption

Abstrak

Penelitian ini menganalisis performansi mesin diesel yang meliputi daya, torsi, konsumsi bahan bakar
spesifik, dan efisiensi thermal dengan bahan bakar minyak diesel dengan minyak hasil pirolisis sampah
plastik. Limbah plastik minyak (WPO) diproduksi melalui proses pirolisis menggunakan bahan baku
dari plastik Low-density Polyethylene (LDPE) dan dicampur dengan minyak diesel dengan
perbandingan volume WPO10, WPO20, WPO30, WPO40, dan WPO50. Uji kinerja dilakukan pada
test bench mesin diesel satu silinder. Hasil penelitian menunjukkan bahwa performansi mesin diesel
dengan penambahan WPO meningkat dengan daya rata-rata 5% dan torsi 3%, untuk nilai kalor
semakin tinggi. Konsentrasi WPO juga akan menurunkan tingkat konsumsi bahan bakar spesifik
menjadi lebih efisien, namun akan terjadi penurunan efisiensi termal. Hasil ini menyatakan bahwa
minyak pirolisis limbah plastik merupakan bahan bakar alternatif yang menjanjikan untuk diaplikasikan
pada mesin diesel.

Kata-kata kunci: Pirolisis, Limbah minyak plastik; Performa mesin; Efisiensi termal; Konsumsi bahan
bakar spesifik

1. Introduction compressors, and power plants has tremendously

The significant increase in the use of diesel
engines for diverse light and heavy purposes such
as transporting agricultural tractors, air

increased in communities. Furthermore the
advantages of using a diesel engine in various
sectors are relatively due to its high fuel efficiency,
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durability, and cost-effectiveness [1],[2]. In some
countries, the ratio of the use of a diesel engine to
gasoline is approximately 7: 1 [3]. Therefore, the
need for diesel fuel is significant, thereby making
it necessary to seek alternative means.

The need for fuel energy tends to increase
globally due to the current limited supply of fossil
fuel [4]. Furthermore, fossil fuel's high possibility
to explode also makes it necessary to seek
alternative fuels for the internal combustion
engine (ICE). Therefore, studies on specific
compression ignition (CI) engines need to be
carried out to continuously determine an
alternative fuel suitable for many applications [2].
According to recent studies, one of the smart ways
to fully use waste to meet the increasing energy
demands is converting plastic waste into valuable
plastic base material from petroleum, which has a
high calorific value [5],[6].

The potential for plastic waste as an alternative
energy source is abundant. Futhermre plastics
play a significant role in the construction,
healthcare, electronics, and
packaging fields [7]. Its use in various sectors of

automotive,

life ultimately increases the amount of waste.
Over the past three decades, plastic production in
significant economies has faced explosive growth,
reaching an average of 129 million tonnes per year
[8]. In 2018, global plastic production reached 360
million which
compared to the 279 million tons obtained in 2011
[9],[10]. This is a significant problem in society due
to its ability to cause environmental pollution. The
process of turning plastic into fuel for vehicles and

tons, significantly increased

industry is considered environmentally friendly
[11],[12].

This technology also uses a gasification
system, one of which is the pyrolysis method.
Plastic waste is burned under a vacuum in a
closed vessel where the gas formed is condensed
into fuel oil [5]. Cracking plastic waste is usually
carried out at high temperatures ranging from 400
to 700 °C without oxygen [13], for 3 to 4 hours, and
produces 75% liquid hydrocarbon [14]. The
derived liquid fraction comprises various Cs - Cis
hydrocarbons in abundan [15], with a high
concentration  of
compounds [16], identical to diesel fuel and
gasoline. During the pyrolysis process, the plastic
oil produced was predominantly diesel, 72% fuel
oil, 17% kerosene, and 11% gasoline [17]. The

alkanes and aromatic

plastic pyrolysis process is useful and feasible as
an alternative approach to recycling raw materials
for plastic waste [18].

Several studies have been carried out
regarding the properties and use of plastic oil as
fuel for engines. For instance, plastic oil's
physicochemical properties were found to be in
ASTM standards with a higher
viscosity and less carbon and sulfur residues
[19],[20]. Furthermore, the heating values ranging
from 41 to 46 M]/kg, with density of 0.7 to 0.9 kg/m
[17],[21]. The effect of using a mixture of pyrolysis
plastic oil on a diesel engine shows that at full-
load conditions, the pressure in the cylinder, rate,
and the heat becomes higher than the diesel [19].

The volumetric efficiency decreases with an

kinematic

increase in brake thermal and mechanical
efficiencies [22]. The effect of using a plastic oil
mixture to reduce the level of exhaust gas
emissions is lower [17], with a decrease in diesel
engines and emissions in the form of NOx, smoke,
carbon monoxide, and hydrocarbons [14]. Also,
the amount of smoke levels of liquid plastic fuel is
19.73% compared to diesel, at 29.67% [23].
Several preliminary studies have been
conducted to determine using waste plastic oil as
an alternative to a diesel engine. However, this
study analyzes engine performance, thermal
efficiency, and specific fuel consumption in single
cylinder direct injection diesel engines with

varying engine load used to determine the effect.

2. Materials and Method

The material used in this research is waste
plastic oil (WPO) with Low-density Polyethylene
(LDPE). WPO is mixed with diesel fuel in ratios of
WPO10 (10% WPO and 90% diesel), WPO20 (20%
WPO and 80% diesel), WPO30 (30% WPO and
70% diesel), WPO40 (40% WPO and 60% diesel),
and WPO50 (50% WPO and 50% diesel). The fuel
mixing results were determined by conducting a
property test covering calorific value and density.
Furthermore, an engine performance test was
carried out on a 1 cylinder diesel engine with a
capacity of 462 cc for all WPO blends to determine
the type of hydro brake.

The pyrolysis method comprising of preparing
plastic waste from the LDPE type, chopping,
washing, and drying was used to transform the
plastic waste into fuel, as shown in Figure 1. The
plastic material is put into the pyrolysis reactor at
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a temperature of 400 °C in a room without oxygen.
The gas emitted from the reactor is condensed and
used to turn plastic into oil. The uncondensed gas
is extracted with a small amount of char left in the
reactor.

The performance test scheme for a diesel
engine is carried out to determine the influence of
using WPO mixture on power, torque, thermal
efficiency, and specific engine fuel consumption,
as shown in Figure 2. The observations results of
force meter, fuel consumption time, property
testing of calorific value, and fuel density are used
to measure the diesel engine's power, torque, and
thermal efficiency. Table 1 shows the engine
specifications used in the research.

Figure 1. Plastic pyrolysis equipment schematic:
(1) Furnace; (2) Reactor; (3) Hopper; (4) Pipe); (5)
Condenser; (6) Oil can; and (7) Thermometer

1. Diesel engine; 2. Exhaust pipe; 3. Fuel valve; 4. Hydro-brake; 5. Measurement glass;
6. Load valve; 7. Engine switch; 8. Engine speed; 9. Temperature; and 10. Force-meter

Figure 2. Schematic model of the experimental setup: (a) Diesel engine test bench, and (b) Schematic model of
measurement

Table 1. Test engine specification

Parameter Specification

Engine type Diesel LC178F (D), 4 Strokes single-cylinder, direct injection
Displacement (L) 349 cc

Bore x stroke (mm) 78 x 73 mm

Compression ratio 21:1

Power max 4.5 kW at 3000 rpm

Cooling system Water cooling system

Lubricating system Forced system

Fuel supply temperature  18°+1 °C
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3. Result and Discussion

3.1. Physicochemical Characteristics

The property characteristics of WPO and diesel
fuel are shown in Table 2. Pyrolysis products from
LDPE plastics are a series of light and heavy
hydrocarbons from the lowest carbon atomic
number (Cs+-Cs) to the highest (> Cz) and diesel
fuel (Ci6-C20) [24]. The physicochemical properties
of WPO are identical to Diesel fuel oil because
both are made from crude oil.

3.2. Diesel Engine Performance Test

The comparison of the amount of engine
power and torque of each of the WPO10, WPO20,
WPO30, WPO40, WPO50, and diesel fuel uses are
shown in Figure 3 and Figure 4. Furthermore, a
graphical approach is used to analyze engine
power trends. At loads below 60%, pure diesel
fuel is still better than the mixing fuel. The test
shows that the mixing of WPO and diesel fuel
decreases in power from 0 to 60%, while at 80%,
the power increases by 5%. Meanwhile, at full
load, the diesel engine power uses fuel of 2.41 kW

with a mixture of 2.53 kW WPO at an engine speed
of 2035 rpm. This shows that engine power
increases with a rise in load due to the increasing
amount of fuel maintained at a constant speed.
High calorific value plays a significant role in
producing engine power [24].

Mixing pure diesel fuel and WPO affects
engine torque. Figure 4 shows the relationship
between engine torque and load. The engine
torque increases with a rise in load from zero to
full. This occurs due to the augmentation of
mechanical torque losses.

The mixture of WPO with pure diesel fuel
increased engine torque, especially at the loading
above 50%. While the largest torque of 12.34 Nm
is generated in WPO10 compared to 11.30 Nm in
pure diesel. The engine torque of all WPO blends
competes with pure diesel fuel due to the lack of
enormous differences between the torque values.
The mean torque shown on the curve is slightly
higher than pure diesel fuel, which is 3% only. The
primary reason for this increase in torque is
because the heating value of WPO is slightly
higher than pure diesel.

Table 2. Properties of diesel fuel and WPO

: . Fuel Type

Properties Unit Diesel fuel WPO
Caloric value M]J/kg 45.10 45.77
Density g/ml 0.8254 0.7611
Viscosity Cinematic mm?/s 3.785 0.967
Flash Point °C <17 <11
Specific gravity 0.8531 0.791
Cetane index 48 51
Sulfur content % 0.046 0.032
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3.3. BSFc Test

Brake specific fuel consumption (BSFc) is the
ratio between the engine's mass of fuel and the
power generated during a certain time. The BSFc
value is dependent on the power generated by the
engine, while the specific fuel consumption is an
indicator of the effects used to produce power.
The smaller the specific fuel consumption, the
more efficient the engine. Figure 5 shows the
specific fuel consumption levels of various types
of WPO-diesel fuel blends.

Physiochemical properties of fuels, such as
density, kinematic viscosity, and calorific value,
affect the brake specific fuel capacity (BSFc).
Figure 5 shows that BSFc is higher than diesel fuel
at no-load and low-load conditions with a value of
0.1667 kg/kWh, while the average for all WPO
mixtures is 0.1314 kg/kWh. The increase in BSFc at
low loads is due to the rise in the concentration of
aromatic hydrocarbons, which increases viscosity.
This results in an imprecise air-fuel mixture (AFR)
ratio, especially during poor mix operation. A
steady increase in load decreases the BSFc value
in both diesel fuel and all WPO blends. At full load
operation, the addition of the WPO shows an
increasingly economical level of fuel consumption
with an average of 0.0137 kg/kWh, which is 15%
lower than diesel fuel. At higher loads, all fuels
show a lower BSFc [25].

3.4. Thermal Efficiency Test

The calculations results for thermal brake
efficiency (BTE) at all loads using diesel fuel and
WPO is shown in Figure 6. The figure indicates
that at no-load conditions, BTE for diesel is 0.28%,
while WPO10, WPO20, WPO40, and WPO50 are
0.21%, 0.24%, 0.19%, , and 0.17%, respectively. At
low loads, atomization of the PO mixed fuel
particles is difficult, therefore, the thermal brake
efficiency is lower. Higher BTE was observed
under part and full-load conditions, with an
increase in PO concentration, which is for better
preparation of the air-fuel mixture at higher loads.
An increase in load leads to a rise in all fuel
mixtures and a trend of thermal brake efficiency.

At full load operation, diesel fuel is proven to
produce the highest BTE compared to WPO
blends by 34.38% while WPO10, WPO20, WPO30,
WPO40 and WPO50 are 33.77%, 31.46%, 32.24%,
32.35%, and 32.55%. This is in line with the
research carried out by Ventakasen et al. [19],

which stated that the higher the cylinder
temperature produced by PO mixtures, the
greater the heating value and heat loss to the
surroundings during Also, an
enormous amount of heat energy is used to

combustion.

destroy aliphatic and aromatic hydrocarbons in
the WPO concentration [26].
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4. Conclusion

This experimental investigation was carried
analyze understand  the
physicochemical characteristics of fuel and the
diesel engine performance at zero to full load in
The physiochemical
characteristics of waste plastic oil are identical to

out to and

seven categories.
those of diesel fuel and higher for caloric and
cetane number. On average, the WPO-diesel fuel
ratio shows an increase in engine power and
torque by 5% and 3%. WPO reduces the level of
fuel consumption (BSFc) by 15% at full load,
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although diesel is more economical. An increase
in engine load leads to a rise in thermal brake
efficiency. At zero load, diesel fuel produces better
thermal efficiency, while at full load, WPO shows
an increase in thermal efficiency. Therefore, WPO
is suitable as an alternative fuel in diesel engines
with continued research to improve its quality,
both in terms of the process and the addition of
additives.
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