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1. Introduction

Plastic waste is a serious environmental problem world-
wide, with increasing volumes and detrimental impacts 
on ecosystems. Conventional plastic management such as 
landfilling and burning is ineffective and causes air and soil 
pollution. As global plastic production increases, which now 
exceeds 450 million tons per year, millions of tons of plastic 
end up in the ocean, destroying wildlife and their habitats. 
Almost half of plastic production consists of polyolefins such 
as HDPE, LDPE and PP which have the potential to pollute 
the environment if not managed properly.

Plastic is a type of material that is often found in everyday 
life, and can be processed into alternative fuel through pyroly-
sis. The pyrolysis process can convert plastic waste into three 
fractions called liquid (which may have fuel properties) [1–3], 
solid (charcoal with a carbon structure and potentially used 
as an adsorbent or catalytic support) [4–6], and gas (with 
a high concentration of heat value equivalent to natural 

gas ~44 Mj/kg) at temperatures above 300 °C through ther-
mal decomposition of the polymer structure [7]. The pyrolysis 
results are strongly influenced by several parameters such as 
raw material variability, temperature, residence time, thermal 
decomposition mechanisms and higher heating rates [8]. 
The technique commonly used in managing plastic waste is 
the pyrolysis technique. The temperature is maintained at 
around 540–830 °C [9]. Extraction of pure polypropylene 
from plastic waste containing various types of polymers can 
be done using the pyrolysis method because it does not require 
pure plastic [10]. Although some studies have revealed that fu-
els from plastic waste pyrolysis can reduce certain emissions, 
details about their impact on the broader emissions spectrum 
and long-term engine performance are lacking. Additionally, 
variability in the quality of the fuel produced from the pyrol-
ysis process depends on the type of plastic being processed, 
resulting in the need for further standardization and testing.

New research is urgently needed to address this knowl-
edge gap, with a focus on optimizing pyrolysis processes and 
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Energy, especially from fossil fuels, is essential for 
everyday life, while plastic waste is an increasing envi-
ronmental threat. Plastic waste disposal methods such 
as landfilling and burning cause pollution. Therefore, a 
process is needed that converts plastic waste into fuel. 
The object of the study is the engine performance. The 
problem to be solved is the relationship between the use 
of a mixture of fossil fuels and pyrolysis fuel on the per-
formance of internal combustion engines.

This research uses a systematic data collection pro-
cess to obtain accurate and reliable results. The nec-
essary equipment, including a dynamometer and gas 
analyzer, was prepared, and the engine was warmed up 
to a stable operating temperature of 80 °C. The motor-
bike is then positioned on the dynamometer with the 
rear tires aligned and the front tires secured to pre-
vent movement. Data collection was carried out at 
engine speeds of 2000, 3000, 4000, 5000, and 6000 rpm, 
using three fuel mixtures: 10 % plastic pyrolysis fuel 
with 90 % RON 90, 20 % plastic pyrolysis fuel with 
80 % 90 RON, and 30 % plastic pyrolysis fuel with 
70 % RON 90. Each test was repeated three times, with 
the output power measured using a dynamometer and 
exhaust emissions (CO and HC levels) recorded using 
a gas analyzer. The test results show that the opti-
mal fuel mixture to produce maximum engine power 
is a PE-RON 90 mixture with a ratio of 20:80, pro-
viding the best performance at medium to high engine 
speeds (3000–6000 rpm) with low CO emissions. The 
highest power output (1.05) occurs at 4000 rpm, while 
the PE-RON 90 30:70 alloy produces the best power 
performance at 6000 rpm (0.78 % CO). Additionally, 
the pyrolysis fuel blend significantly reduces CO and 
HC emissions, with the PE-RON 90 30:70 blend show-
ing the lowest CO (0.78 % at 6000 rpm) and consistent-
ly reducing HC emissions across the rpm range
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fuel formulation to improve consistency and performance. 
Further studies should also explore the adaptation of exist-
ing engine technologies and the development of new technol-
ogies that can more efficiently use pyrolysis fuel.

The chemical recycling method is to convert polymers 
into small molecular compounds through chemical processes 
such as pyrolysis or gasification and then rearrange them to 
form new materials [11]. Fuel from pyrolysis of plastic waste 
is considered to have the potential to reduce dependence on 
fossil fuels and make sustainable use of plastic waste [12]. In 
use, the fuel mixture resulting from pyrolysis of plastic waste 
can affect engine performance, especially the power pro-
duced by internal combustion engines. Based on test results 
on certain engines, the fuel mixture resulting from pyrolysis 
of plastic waste with a certain percentage can increase or 
decrease the engine’s combustion power, depending on the 
characteristics of the pyrolysis fuel, such as calorific value 
and viscosity [13].

Therefore, research regarding the development of power 
analysis and exhaust emissions in a mixture of RON 90 fuel 
with fuel resulting from the pyrolysis of plastic waste in in-
ternal combustion engines is relevant.

2. Literature review and problem statement

Along with increasing attention to environmental prob-
lems and the need for alternative energy, research on plastic 
pyrolysis to produce alternative fuels has been carried out 
by many researchers. The pyrolysis process converts plastic 
waste into liquid fuel that can potentially be used in inter-
nal combustion engines. Plastic waste undergoes a pyrolysis 
process using a catalyst [14]. The use of pyrolysis to convert 
plastic into liquid oil. So, the volume of plastic waste is re-
duced and the liquid oil produced has a higher calorific value 
than fossil fuels. However, it has not been utilized optimally 
in replacing fossil fuels.

The catalyst can be a mixture of zeolite, clay, alumina 
and silicate in various ratios [15, 16]. The focus is on the 
influence of catalysts and their supports, catalyst synthesis 
methods on hydrogen production yields, and the impact 
of several important reaction parameters such as pyrolysis 
temperature, catalytic temperature, catalyst to plastic, and 
steam to plastic. So, it is necessary to test the quality of the 
pyrolysis fuel.

There are three types of pyrolytic reactions differentiat-
ed based on processing time and biomass temperature: slow 
pyrolysis, fast pyrolysis and flash pyrolysis [17]. Developed 
a simulation of the co-pyrolysis of xylan, a type of hemicellu-
lose, and high-density polyethylene (PE). Using a hybrid ki-
netic equilibrium approach and correctly predicting the py-
rolysis yield. Simulations were run at different temperatures 
(500–700 °C) and PE mixing proportions (10–90 wt %) and 
the results were compared with experimental data. So there 
needs to be further research regarding the combination of 
fuels for three types of pyrolytic reactions.

Plastic waste that has a high hydrogen content could be 
another option. Currently, the method that dominates the use 
of plastic waste raw materials is mechanical recycling [18]. 
However, it is difficult to sort large amounts of plastic waste 
with different qualities and compositions, and the resulting 
products are of lower quality than products made from genu-
ine materials [19]. Pyrolysis liquid fuel is produced via ther-
mal pyrolysis using a simple pilot scale small batch pyrolysis 

reactor in the absence of air and without any catalyst [20]. 
Converts cross-linked polyethylene (PE) foam into a porous 
carbon material. This process is made possible through sulfon-
ation-based cross-linking, which enables efficient conversion 
of PE to carbon precursors, while maintaining the high poros-
ity features of the foam precursors.

Pyrolysis recycling technology was chosen due to its 
superior effectiveness in addressing plastic pollution and 
increasing the ecological footprint of the process while 
mitigating emissions despite its limitations [21]. Combining 
methanol synthesis and pyrolysis plants maximizes circu-
larity with an increase in fuel production of up to 44 %. In 
addition, careful consideration has been given to the pro-
cessing of crude pyrolysis oil, with a focus on four potential 
pathways for its utilization, all aimed at maximizing the val-
ue and sustainability of pyrolysis oil in the broader context 
of waste to resource conversion [22].

However, there has not been a single study conducted that 
discusses the use of a mixture of fossil fuels and pyrolysis fuel. 
Therefore, it is necessary to conduct research on the relation-
ship between the use of a mixture of fossil fuels and pyrolysis 
fuel on the performance of internal combustion engines.

3. The aim and objectives of the study

This research aims to obtain engine performance using a 
pyrolysis fuel mixture with RON 90 with pyrolysis fuel varia-
tions of 10 %, 20 % and 30 % in the internal combustion engine.

To achieve this aim, the following objectives are achieved:
– conduct experiments mixing pyrolysis fuel with RON 90 

with various percentages to produce maximum engine power;
– conduct experiments mixing pyrolysis fuel with 

RON 90 with varying percentages to produce minimal CO 
and HC exhaust emissions.

4. Materials and methods

The object of the study is the engine performance. The 
main hypothesis of this research is that mixing fuel oil de-
rived from plastic waste via pyrolysis with RON 90 gasoline 
can provide optimal engine performance while reducing 
harmful exhaust emissions such as CO and HC.

This research assumes that fuel produced from pyrolysis 
of plastic waste can be mixed with RON 90 gasoline for use 
in internal combustion engines, and that variations in the 
fuel mixture ratio will affect engine performance and exhaust 
emissions. In addition, it is assumed that this fuel mixture 
can produce optimal power at certain engine speeds while 
significantly reducing carbon monoxide (CO) and hydro-
carbon (HC) emissions compared to conventional fuel. To 
support this assumption, the research also assumes that the 
data collection method using a dynamometer and gas analyzer 
will provide accurate and reliable results, with standardized 
test conditions, such as a stable engine operating tempera-
ture (80 °C) and test repeatability to reduce data variability.

In this study there were several variations of plastic fuel 
mixtures-RON 90 (10:90), (20:80), (30:70). The RON 90 
fuel used is Pertalite fuel. The fuel is mixed in the motorbike 
fuel tank according to the specifications in Table 1. Testing 
the power produced uses a dynotest tool, while testing ex-
haust emissions uses a gas analyzer. Tests were carried out at 
2000, 3000, 4000, 5000 and 6000 rpm.
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Table 1

Motorcycle specifications

Engine type 4-stroke SOHC engine

Diameter×stroke 57.3 mm×57.9 mm

Volume cylinder 150 cm3

Fuel system PGM_FI

Fuel Gasoline

Maximum power 9.3 kW/8500 rpm

Compression comparison 10.6:1

The PGM-FI (Programmed Fuel Injection) fuel system is 
an advanced technology that regulates fuel spray very precisely 
based on engine operating conditions, which allows more effi-
cient use of fuel and reduces emissions. The maximum power 
produced by this engine is 9.3 kW at 8500 rpm. It is repre-
senting a relatively high-power output, which is sufficient for 
motorcycle use in most riding conditions, from light to medium.

The experimental setup of power and exhaust emissions 
testing, as seen in the Fig. 1 was designed to evaluate the 
performance of a motorcycle engine fueled by a mixture of 
plastic waste pyrolysis oil and RON 90. The motorcycle 
was placed on a dynamometer to measure engine power. at 
various engine speeds (RPM), while exhaust emissions are 
analyzed using a gas analyzer which is connected directly 
to the exhaust system. Data collected from both devices is 
displayed on the monitor for further observation and anal-
ysis. This setup ensures accurate and representative engine 
testing under realistic operating conditions, Fig. 1.

In Fig. 1, experimental setup depicts the experimental 
setup used to test the performance and exhaust emissions of 
a motorcycle engine fueled by a mixture of plastic pyrolysis 
oil and RON 90. In this setup, the motorcycle is positioned 
on a dynamometer, a tool used to measure the engine. power 
and performance at various engine speeds (rpm). Mean-
while, a gas analyzer is connected to the exhaust system to 
analyze emission content, such as carbon monoxide (CO), 
hydrocarbons (HC) and other gases. The data collected 
from the dynamometer and gas analyzer is displayed on the 
monitor for further analysis. This setup is designed to simu-
late real-world motorcycle operating conditions and provide 
accurate data regarding the performance and exhaust emis-
sions of the tested fuel mixture.

The data collection process in this research was carried 
out systematically to ensure accurate and reliable results. 
The initial step taken is to prepare all the necessary equip-
ment, including a dynamometer, gas analyzer and other 
supporting equipment. Once the equipment is ready, the 

engine is heated to a stable working temperature of 80 °C 
to ensure consistent operating conditions. The motorcycle 
is then carefully positioned onto the dynamometer, with the 
rear tire aligned exactly in the center roll position. The front 
wheel was securely locked to prevent movement during the 
test, while the motorcycle was further stabilized by strap-
ping the front tire and securing the sides to maintain an 
upright position throughout the process. Data collection was 
carried out three times for each engine speed setting of 2000, 
3000, 4000, 5000 and 6000 rpm. Tests were carried out us-
ing three variations of fuel mixture, namely a combination 
of 10 % plastic pyrolysis fuel and 90 % RON 90, 20 % plastic 
pyrolysis fuel and 80 % RON 90 and 30 % plastic pyrolysis 
fuel and 70 % RON 90. In each test, the power output is mea-
sured and recorded using a dynamometer. At the same time, 
exhaust emissions, especially carbon monoxide (CO) and 
hydrocarbon (HC) levels, are measured and recorded using 
a gas analyzer. This multi-step procedure ensures compre-
hensive data collection on engine performance and emissions 
characteristics for each fuel blend, thereby providing a solid 
foundation for further analysis and interpretation.

5. Results of research power and emission of plastic 
waste pyrolysis-derived fuel blends in internal 

combustion engines

5. 1. Power test
Fig. 2 shows a comparison of power output at various 

engine speeds for motorcycles with different fuel mixture con-
figurations. The blends are represented by the 
labels PP-RON 90 and PE-RON 90 in three 
different ratios: 10:90, 20:80, and 30:70. This 
analysis aims to evaluate the effect of changes 
in fuel component proportions on motorcycle 
engine performance at various speeds, from 
2000 to 6000 rpm. This comparison is crit-
ical to identifying the optimal fuel formula-
tion that provides maximum power.

Fig. 2 indicates that at 2000 rpm, 
the 10:90 PP-RON 90 mixture provides 
the most power (0.19 Hp) and the 30:70 
PE-RON 90 mixture the least (0.04 Hp). 
The 10:90 PP-RON 90 produces 0.54 Hp 
at 3000 rpm, while the 30:70 PE-RON 90 

produces 0.26 Hp. The PE-RON 90 10:90 blend produced 
1.33 Hp at 4000 rpm, beating other PP blends, whereas 
the 20:80 blend produced 0.65 Hp. Power increases dramat-
ically above 5000 rpm, with the 10:90 PP-RON 90 blend 
producing the most (3.68 Hp), followed by the 10:90 PE-
RON 90 blend for 3.45 Hp and the 30:70 PE-RON 90 blend 
for 2.24 Hp. The 10:90 PP-RON 90 blend produces the most 
power (9.49 Hp) at 6000 rpm, while the 30:70 blend for PP 
and PE fuel produces the least (8.97 Hp). Mixtures with 
10 % plastic pyrolysis oil produced the most power across 
engine speeds, indicating better combustion efficiency than 
mixtures with 20 % or 30 % plastic oil, which are affected 
by viscosity and atomization. PP-RON 90 performs better 
at high engine speeds (5000–6000 rpm), while PE-RON 90 
plastic fuel blend performs somewhat better at low to medi-
um speeds (2000–4000 rpm). This graph shows that 10:90 is 
the most efficient in all conditions.

See Fig. 3 for the ideal PP plastic waste-PE ratio for mo-
tor power production: 20–80 % Ron 90.

Fig. 1. Experimental setup
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Fig. 3 shows that engine power increases exponentially 
with engine speed, for which the initial constant value of 
0.03820 indicates almost no power at low engine speeds and 
the exponent 1.11781 indicates a faster power increase at 
higher engine speeds. At R2=0.9943, this equation fits the 
data well, explaining 99.43 % of engine speed-power vari-
ability. The graph illustrates that both PP 20–80 % Ron 90 
and PE 20–80 % Ron 90 plastic waste pyrolysis fuel blends 
perform similarly at low to medium engine speeds. High 
engine speeds (over 4000 rpm) boost engine power exponen-
tially, with the PP mixture producing somewhat more power 
than the PE mixture. 

While for the pyrolysis mixture made from PE plas-
tic – RON 90, it shows an exponential relationship between 
variables x and y with the equation y=0.0366e1.069x and the 
coefficient of determination value R2=0.9885 shows that 
98.85 % of the variance in variable y can be explained by 
changes in the fuel mixture variable resulting from pyrolysis 
with RON 90. 

5. 2. Gas emission test 
Fig. 3 shows that carbon monoxide (CO) emission levels 

in percentage (%) from motorbikes at various engine speeds 
measured in rotations per minute (rpm), ranging from 2000 
to 6000 rpm. Data are presented for various fuel blends 
labeled PP-Ron 90 and PE-Ron 90 in three different ratios: 
10:90, 20:80, and 30:70. This analysis is to assess the effect 
of fuel mixture proportions on CO emission levels at various 

levels of engine operational speed. Understanding how fuel 
composition affects CO emissions is crucial in efforts to op-
timize motorbike performance.

Fig. 4 shows that at rpm 2000, performance was relative-
ly similar across all blends, with the PE-RON 90 10:90 blend 
achieving the highest value (0.96) and the PE-RON 90 
30:70 blend recording the lowest value (0.86). At 3000 rpm, 
the 20:80 PE-RON 90 blend showed the best results (0.92), 
while the 30:70 PP-RON 90 and PE-RON 90 blends had 
similar performance at 0.88, indicating increased perfor-
mance with the content of higher plastic oil in PP Blend. At 
4000 rpm, greater variations were observed, with the PE-
RON 90 20:80 mixture producing the highest value (1.05) 
and the PP-RON 90 20:80 mixture showing the lowest 
value (0.77). The PE mix clearly outperforms the PP mix 
at this speed, especially at a ratio of 20:80. At rpm 5000, 
the PE-RON 90 20:80 mixture again leads with a value 
of 0.88, while the PE-RON 90 30:70 and PP-RON 90 mix-
tures follow with values of 0.84 and 0.80 respectively. The 
20:80 PP-RON 90 blend remained the least effective at 0.69. 
At 6000 rpm, the highest value was recorded for the 30:70 
PE-RON 90 blend (0.78), which indicated better perfor-
mance from a higher proportion of plastic oil at high engine 
speeds, while the 10:90 PP-RON 90 blend showed the lowest 
value (0.48). Overall, PE blends consistently outperform 
PP blends, particularly at medium to high engine speeds, 
with the PE-RON 90 20:80 blend emerging as the most ef-
fective at most speeds, balancing performance and emissions. 
At maximum speed, a higher plastic oil content (30:70) 
provides better performance, especially with PE blends, un-
derlining the importance of optimizing the fuel mixture ratio 
and pyrolysis oil type for efficient engine operation. 

Whereas from the regression equation obtained the op-
timal ratio value in the mixture of 30 %:70 %, both plastic 
waste from PP or PE (Fig. 5).

The optimal mixture ratio for plastic pyrolysis fuels 
made from PP and PE combined with RON 90 is 30 %:70 %. 
For the PP-RON 90 plastic fuel mixture, the equation 
Y=−0.0157x2−0.0137x+0.976 was derived. This equation in-
dicates a decreasing effect on CO gas emissions as fuel mix-
ture percentage increases quadratically. It means that higher 
fuel mixture ratios significantly impact CO emissions. The 
−0.0137x term represents a weaker negative linear effect, while 
the constant 0.976 reflects the baseline CO emissions for pure 
fuel without any pyrolysis plastic waste. The equation effective-

Fig. 2. The relationship between engine speed and engine 
power in pyrolysis fuel mixtures. PP and PE plastic types 

with RON 90
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ly predicts changes in emissions as the fuel composition varies. 
An R2 value of 0.9838 indicates the model is highly accurate, 
explaining 98.38 % of the variability in observed data.

Similarly, for the PE-based pyrolysis material, the equa-
tion Y=−0.0043x2−0.0483x+1.038 was obtained, with an 
R2 value of 0.9839. This quadratic relationship suggests 
turning points or complex factors such as carbon deposits or 
high-temperature chemical reactions influencing emissions 
at higher mixture ratios. The coefficients indicate that while 
the quadratic effect dominates, the linear term contributes 
to changes in CO emissions. The constant 1.038 represents 
CO emissions from pure RON 90 fuel. With 98.39 % of data 
variability explained by the model, it provides excellent 
predictive accuracy for how PE fuel mixtures affect emis-
sions. Both models highlight that emissions depend on the 
type and percentage of pyrolysis plastic waste mixed with 
RON 90 fuel, with quadratic effects playing a crucial role.

Fig. 6 shows the concentration of hydrocarbons (HC) in 
parts per million (ppm) emitted by motorbikes at various 
engine speeds, from 2000 to 6000 rpm. HC concentrations 
were measured for various fuel blends characterized as 
PP-Ron 90 and PE-Ron 90 in three different ratios: 10:90, 
20:80, and 30:70. This analysis is important for identifying 
how various fuel mixture ratios affect hydrocarbon emis-
sions, which are critical indicators of engine combustion 
efficiency and their impact on air pollution.

Fig. 6 shows that performance trends across differ-
ent rpm levels for various fuel mixtures. At 2000 rpm, 

performance values are similar, with the highest recorded 
in the PE-RON 90 10:90 mixture (157) and the lowest in 
the PP and PE 30:70 mixtures (150). This indicates that 
at low engine speeds, lower plastic oil content mixtures 
perform slightly better, with PE-based blends outperform-
ing PP-based ones. At 3000 rpm, variations become more 
apparent, with the PE-RON 90 30:70 blend achieving the 
highest performance (143) and the 10:90 PP-RON 90 blend 
the lowest (110). This suggests that higher plastic oil con-
tent enhances efficiency at medium speeds. At 4000 rpm, 
differences widen further, with the PE-RON 90 30:70 blend 
leading (132) and the 10:90 PP-RON 90 blend lagging (98), 
reinforcing the superior performance of PE-based mixtures 
at higher oil contents. At 5000 rpm, the PE-RON 90 30:70 
mixture remains the best performer (117), followed by the 
PP 30:70 mixture (103), while the PP 10:90 mixture re-
cords the lowest value (92). Similarly, at 6000 rpm, the PE-
RON 90 30:70 blend achieves the highest performance (89), 
and the PP 10:90 mixture the lowest (68). Overall, PE-
based mixtures, particularly in the 30:70 ratio, excel at high-
er speeds, while lower oil content (10:90) favors low-speed 
performance. This analysis highlights the need to optimize 
fuel ratios, with PE 30:70 blends being the most efficient for 
high-speed performance.

6. Discussion of results research power and emission of 
plastic waste pyrolysis-derived fuel blends in internal 

combustion engines

Fig. 2 shows that plastic fuel mixtures with RON 90 
impact engine power, with higher plastic content leading to 
reduced power. This is due to the lower viscosity of polypro-
pylene (PP) compared to polyethylene (PE). PP has a vis-
cosity of 0.66–0.78 cP, while PE is at 1.95 cP. Higher viscos-
ity makes fuel thicker and harder to flow, which negatively 
affects atomization, resulting in incomplete combustion and 
reduced power. Furthermore, the higher flash point of plastic 
fuel, compared to RON 90, causes delayed combustion and 
low combustion pressure, further reducing engine power. 

Fig. 3 shows that the exponential increase in engine pow-
er with engine speed can be explained by fuel combustion 
efficiency. At low speeds, combustion is less efficient, result-
ing in lower power. However, at higher speeds, combustion 
becomes faster and more efficient, increasing power expo-
nentially. For PE pyrolysis mixture RON 90, with the equa-
tion y=0.0366e^1.069x and R2=0.9885, the power increases 
more efficiently. The difference in power at high speeds, 
where the PP blend produces slightly more power than PE, 
can be explained by the higher carbon content of PP.

At low speeds (2000 rpm), the 10 % PP mixture produces 
the highest power due to better atomization and volatility, 
enhancing combustion efficiency. The 30 % PE mixture, with 
higher viscosity, shows the lowest power output. At medium 
engine speeds (3000 rpm), the 10 % PP mixture still produces 
the highest power, benefiting from PP’s higher fuel volatility 
and better combustion at elevated speeds. At high engine 
speeds (4000–6000 rpm), the 10 % PP mixture continues 
to outperform others, with the highest power at 6000 rpm 
reaching 9.49 Hp. Conversely, mixtures with higher PE con-
tent show reduced performance due to increased viscosity 
hindering atomization and combustion efficiency. This is 
different from the research results regarding the potential 
of plastic pyrolysis oil-diesel blends in diesel engines, where 

Fig. 5. Plastic fuel mixture ratio (PP and PE) – RON 90 
optimal (30 %:70 %)
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the maximum power is 1.92 kW at 2500 rpm in a mixture of 
5 % pyrolysis-diesel fuel. Which uses high density polyeth-
ylene (HDPE) plastic material [23]can be used to prepare 
fuel as an alternative fuel. The batch pyrolysis reactor was 
fabricated to produce plastic pyrolysis oil (PPO. This makes 
it possible to use fuel resulting from pyrolysis from plastic 
waste, as an alternative fuel for motorized vehicles.

Fig. 4 shows that higher plastic fuel content leads to 
increased CO emissions. This is because plastic fuels burn 
more slowly due to their high flame temperature, result-
ing in incomplete combustion and higher CO concentra-
tions. At low engine speeds, incomplete combustion occurs 
due to insufficient air supply, causing high CO emissions. 
At 2000 rpm, the PE-RON 90 10:90 mixture performs 
slightly better, suggesting PE’s smoother combustion prop-
erties at lower speeds. At 3000 rpm, the PE-RON 90 20:80 
mixture shows the best performance, benefiting from lower 
viscosity and better combustion efficiency. At higher rpms, 
PE mixtures again outperform PP mixtures, with PE’s sta-
ble structure improving fuel atomization and combustion 
efficiency. At 6000 rpm, the PE-RON 90 30:70 mixture 
provides the best performance, showing that higher PE con-
tent optimizes combustion at high speeds by improving fuel 
viscosity and atomization. 

Fig. 5 shows that A mixture of PP and PE plastic pyroly-
sis fuel with RON 90 significantly influences CO emissions, 
with an optimal ratio of 30 %:70 %. For PP-RON 90, where 
increasing the proportion of plastic fuel increases CO emis-
sions, especially at high ratios. R2=0.9838 indicates this 
model explains 98.38 % of the data variation.

In contrast, the PE-RON 90 blend has the same R2=0.9839. 
The negative quadratic and linear effects are smaller than PP, 
but the initial CO emissions are higher (1.038). The quadratic 
relationship in both mixtures reflects complex factors, such as 
the formation of carbon deposits or chemical reactions, which 
are significant at high ratios. Both models are very accurate in 
predicting CO emissions.

Fig. 6 reveals that higher plastic fuel content also in-
creases HC emissions. This is due to the slow combustion 
and incomplete burning of plastic fuels, leading to higher 
HC concentrations. At low rpm, poor mixing of air and fuel 
increases HC emissions, as some hydrocarbons fail to react 
fully with air due to insufficient air supply.

The study’s limitations include using a 150 cm3 engine 
with RON 90 fuel (Pertalite). Future research can focus on 
improving combustion efficiency and reducing harmful emis-
sions by combining pyrolysis plastic waste-derived fuels with 
conventional fuels. This approach could enhance internal com-
bustion engine performance, provide more sustainable energy 
alternatives, and help reduce environmental impact. The find-
ings could have significant implications for engine technology, 
environmental policies, and automotive waste management.

The weakness of this research lies in the limited scope of 
testing carried out. This research does not include a variety 
of motorbikes with different engine volumes and compres-
sion levels, so it is not able to evaluate fuel performance on 
various types of engines. In addition, this research has not 
tested different fuel mixtures, so their effects on efficiency 
and emissions cannot be analyzed thoroughly. Furthermore, 

in-depth laboratory tests on the physical and chemical char-
acteristics of pyrolysis fuel have not been carried out, which 
means that technical data to support the development of 
alternative fuels that are more environmentally friendly and 
applicable are still limited.

7 Conclusions

1. The research results show that the optimal fuel mixture 
ratio to produce maximum engine power is a PE-RON 90 
mixture with a ratio of 20:80. At medium to high engine 
speeds (3000–6000 rpm), this mixture consistently provides 
the best performance, with relatively low CO emission values 
and high power. At 4000 rpm, the PE-RON 90 20:80 blend 
delivers the highest power rating of 1.05, while at 6000 rpm, 
the PE-RON 90 30:70 blend provides the best power perfor-
mance with a 0.78 for CO emissions. Overall, the PE-RON 90 
20:80 blend emerged as the most efficient fuel ratio in pro-
ducing high power, striking a balance between engine perfor-
mance and emission reduction.

2. The pyrolysis fuel mixture can affect exhaust emis-
sions, especially carbon monoxide (CO) and hydrocar-
bons (HC). At high engine speeds, the PE-RON 90 30:70 
blend showed significant reductions in CO and HC emis-
sions, with the lowest CO value recorded at 0.78 at 6000 rpm 
and lower HC emissions throughout the rpm range.
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