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Alternative fuels, like a mix of pyrolyzed plastic waste and gasoline, have made us less 
dependent on nonrenewable petroleum. Since HDPE has a low density, it is perfect for 
producing more oil at temperatures as low as 400oCelsius. It has a density of around 
0.94 g/cm3, whereas gasoline is between 0.60 g/cm3 and 0.78 g/cm3. This study 
compared a blend of C10 and C20 gasoline at engine speeds of 1500, 2000, and 2500 
rpm to C0 gasoline. Results indicated that as speed increased, exhaust gas emissions 
such as HC and CO levels in pure gasoline (C0) dropped, whereas levels in the 
combination increased. This demonstrates that a mixture of gasoline and HDPE 
damages the environment. 
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1. Introduction 
 

Alternative fuels refer to a mixture of pure fuel and other substances in certain ratios. They are 
used to reduce overreliance on regular fuel. Plastic is an example of a fuel mixer with many 
advantages compared to other materials. Since plastic wastes are not biodegradable, they cause 
environmental problems, especially in major cities. Environmental experts and scientists from various 
disciplines have conducted studies and taken various actions to curb this problem. 

Most plastic wastes exist in different classes of polymers, including high-density polyethylene 
(HDPE), low-density polyethylene (LDPE), polyvinyl chloride (PVC), polypropylene (PP), polystyrene 
(PS) and polyethylene terephthalate (PET) [1]. These are high molecular weight organic polymers 
containing other substances. They are synthetic and commonly derived from petrochemicals [2]. 

Plastic waste can be used as an alternative fuel mixture. However, this involves several processes, 
including treating the waste with biodegradable plastic, burning waste, and pyrolysis. These 
processes break down of material at high temperatures with limited air to create a product in the 
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form of gas and liquid and a heating pad as solids that remain in the reactor. The product is plastic 
waste oil as an alternative fuel, and biomass energy [3,4]. 

Chemically, HDPE (High-Density Polyethylene) plastic has a low density, and producing it yields 
more oil at a low temperature of 400oC. Furthermore, it has a high density of approximately > 0.94 
g/cm3, equivalent to a gasoline density of 0.60-0.78 g/cm3. Since the HDPE plastic and gasoline have 
almost the same characteristics, pyrolysis from HDPE plastic waste can be mixed [5,6]. 

The use of plastic waste oil needs knowledge in the type of emission produced to ensure that it 
does not negatively influence human survival. Emission values exceeding the permissible threshold 
are very harmful to the environment. Hazardous gas emissions from the combustion process are 
hydrocarbon (HC) and carbon monoxide (CO) gas [7,8]. A part from harming human health, increased 
vehicle volume, and air pollution influence natural conditions or global warming. Research on 
emission levels from plastic waste oil has not been widely conducted. This determines HDPE's effect 
as a mixture with gasoline fuel on the level of exhaust gas emissions. Experiments were performed 
under conditions C0 (100% pure premium), C10 (a mixture of 90% gasoline and 10% plastic oil), and 
C20 (a mixture of 80% gasoline and 20% plastic oil) with engine speeds of 1500, 2000 and 2500 rpm, 
by measuring carbon monoxide (CO) and hydro carbon (HC). Plastic waste was processed by pyrolysis 
to produce HDPE oil mixed with the gasoline to be used as fuel in research [9,10]. 
 
2. Materials and Method 
 

In this research, we had already conducted some steps using the materials on the methods. 
Plastics were used for executing the process mixed with the gasoline. Most plastic wastes exist in 
different classes of polymers, including high-density polyethylene (HDPE), low-density polyethylene 
(LDPE), polyvinyl chloride (PVC), polypropylene (PP), polystyrene (PS), and polyethylene 
terephthalate (PET). 
 
2.1 Plastic Technology 
 

Industrial plastics are more homogeneous and environmentally friendly, making them useful for 
down-cycling into lower-grade plastic products. Municipal plastics are more heterogeneous, 
containing foreign substances. Approximately 10.675.1 wt% of Municipal waste contains plastics 
[11,12]. Its waste mainly includes low-density polyethylene (LDPE), high-density polyethylene 
(HDPE), polyethylene terephthalate (PET), polypropylene (PP), polystyrene (PS), and poly (vinyl 
chloride) (PVC). About 50-70% of the total plastic waste is packaging materials from polyethylene, 
polypropylene, polystyrene, and polyvinyl chloride [9]. Averagely, polyethylene makes up the 
greatest fraction of all plastic wastes (69%), and it comprises 63% of the total packaging waste [9,11]. 

Polyethylene (PE, low and high density) and polypropylene (PP) are the most widely used plastics 
[13]. HDPE is recyclable and can be discovered in plastic bottles, storage boxes, pipes and cable 
insulations, and many other applications. LDPE can manufacture computer parts, toys, soft bottles, 
wrappers, back sheets for diapers, and several additional applications. In the packaging industry, all 
three polymers, PP, PS, and PE, are widely use [5,6]. A copolymer of ethylene and propylene is 
frequently utilized as a rubber and in computers [5]. Poly (vinyl chloride) (PVC) is another popular 
plastic suitable in many applications, such as plumbing pipes, electrical cable insulation, tubing, 
automobile seat covers, and rubber replacement. Poly (ethylene terephthalate) (PET) is a common 
polymer with many applications, including films, fibers, food containers, and beverage bottles [14]. 
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2.2 Pyrolysis 
 

This is the degradation of a material at high temperatures without oxygen by the thermochemical 
process. In plastic material, temperature between 300-500°C is required to form a gas condensed 
and distilled, producing oil and pulp in the form of char [15]. 

Studies related to fuel production from plastic HDPE and LDPE have been widely conducted. 
Plastic pyrolysis oil increases the efficiency of 100 cc motors by 15-20% compared to gasoline. The 
HDPE and LDPE oils have the same densities as gasoline and fuel, respectively. The pyrolysis process 
at low temperatures requires a catalyst for efficient combustion [16]. The pyrolysis process had been 
conducted, as illustrated in Figure 1. 
 

 

 
1. Pyrolysis reactor 6. Cooling water output 
2. Thermometer 7. Condenser 
3. Manometer 8. Cooling water input 
4. Safety valve 9. Container 
5. Faucet valve  

Fig. 1. Pyrolysis apparatus of plastic HDPE 

 
2.3 Gasoline Fuels 
 

This is a clear, yellowish distilled fuel oil. The yellow color is due to the presence of additional dye. 
This fuel is widely used in internal combustion engines (ICE), especially for spark engines. The fuel 
quality has many effects on the combustion process. Therefore, the power generated is at maximum. 
A good fuel reduces knocking due to high pressure and temperature in the combustion chamber. 
These characteristics are called octane numbers in fuel. 

The research was conducted using a mixture of plastic waste oil with fuels C0 (100% pure 
premium), C10 (a mixture of 90% gasoline and 10% plastic oil), and C20 (a mixture of 80% gasoline 
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and 20% plastic oil). It was performed on 125 cc motorcycle vehicles based on the specifications in 
Table 1, with engine speed variations of 1500, 2000 and 2500 rpm. 
 

Table 1 
Engine specification 
Variables  Dimension 

Engine type 4 stroke SOHC 
Diameter x stroke 52.4 mm x 57.9 mm 
Cylinder volume 125 cc 
Maximum Power 9.3 PS/7500 rpm 
Maximum Torque 1.03 kgf.m/400 rpm 
Compression comparation  9.0 : 1 
Clutch type Automatic, centrifugal 
Lubrication System Wet 
Cooling System Air Cooling System  
Fuel system Carburetor 
Transmission Type Rotary, 4 speed 
Ignition system DC - CDI 
Working Engine temperature 70oC – 80oC. 
Engine type 4 stroke SOHC 

 
3. Result and Discussion 
 

This research uses High-Density PolyEthylene (HDPE) plastic oil processed by pyrolysis as a 
gasoline fuel mixture. This was meant to produce HDPE oil that is mixed with gasoline fuel [17]. The 
plastic waste oil from the process is tested in a laboratory with the results shown in Table 2. 
 

Table 2 
Laboratory test results of HDPE plastic oil 
No Test Type Unit Test Result 

1 Research Octane Number (RON)  72.1 
2 Motor Octane Number (MON)  55.4 
3 (RON+MON)/2  63.8 
4 Flashpoint (oC) 36 

 
Based on laboratory test data, HDPE plastic oil has an octane number of 63.8, while gasoline fuel 

oil has an 88. The plastic oil has a heat value of 45,594 J/g, and a flashpoint of 36°C, while gasoline 
has a -43°C. The mixing of HDPE and gasoline petrol fuel is performed with the following composition 
as shown in Figure 2. 
 

 
Fig. 2. Pure HDPE plastic oil, Pure Premium gasoline, 
C10 Mixture, C20 Mixture 
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3.1 C10 Mixture (90% Gasoline and 10% HDPE Plastic Oil) 
 

The mixture of gasoline fuel and HDPE plastic oil is 90% and 10% with a volume of 450 ml gasoline 
and 50 ml plastic oil, respectively. The laboratory results are shown in Table 3. In the C10 mixture 
variation, the octane value increased by 85.4 from the HDPE plastic waste oil mixture of 63.8. 
Flashpoint on this variation is 34°C decreased from the mixture of HDPE plastic waste oil and 36°C 
gasoline. 
 

 Table 3 
 Laboratory test results of C10 fuel (90% gasoline and 10% plastic waste oil) 
No Test Type Unit Test Result 

1 Research Octane Number (RON)  89.1 
2 Motor Octane Number (MON)  81.7 
3 (RON+MON)/2  85.4 
4 Flashpoint (oC) 34 

 
3.2 C20 Mixture (80% Gasoline and 20% HDPE Plastic Oil) 
 

A mixture of gasoline fuel and HDPE plastic oil is a percentage of 80% and 20%, respectively, with 
a volume of 400 ml gasoline and 100 ml plastic oil. The laboratory results are shown in Table 4. 
 

Table 4 
Laboratory test results of C20 fuel (80% gasoline and 20% HDPE plastic oil) 
No Test Type Unit Test Result 

1 Research Octane Number (RON)  83.5 
2 Motor Octane Number (MON)  89.5 
3 (RON+MON)/2  86.5 
4 Flashpoint  (°C) 35.5 

 
According to Figure 3 and Table 5, in pure gasoline premium type (C0), the exhaust gas emission 

level decreases according to the engine speed. However, it is different from the fuel mixtures (C10, 
C20), which undergo an increase in CO levels at an engine speed of 1500-2500 rpm. 

More details can be seen in the graph below. 
 

 
Fig. 3. A graph illustrating the CO gas emission levels on the 
variations in C0, C10, C20 fuel mixtures 
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Table 5 
CO Exhaust Gas Emissions from C0, C10, C20 fuel mixtures 
Speed (Rpm) Trial CO levels (%) 

Pure Gasoline 
(Premium) 

A Mixture of Pure Gasoline 
(Premium) 

C0 C10 C20 

1500 1 3.914 0.175 0.193 
2 3.136 0.123 0.192 
Average 3.525 0.149 0.1925 

2000 1 2.162 0.277 0.286 
2 2.203 0.183 0.266 
Average 2.1825 0.23 0.276 

2500 1 1.699 0.232 0.273 
2 1.673 0.212 0.319 
Average 1.686 0.222 0.296 

 
Figure 4 and Table 6 shown that in all variations of the fuel mixture (C0, C10, C20), the level of HC 

exhaust gas emissions decreases based on the engine speed. An increase in engine speed reduces 
the level of HC gas emissions at a stationary rotation [18,19]. In this case, the engine rotation speed 
is 1500-2500 rpm. More details can be seen in the graph below. 
 

 
Fig. 4. A graph illustrating the HC gas emission levels on the 
variations in C0, C10, C20 fuel mixtures 

 
Table 6 
The results of HC exhaust gas emissions from C0, C10, C20 fuel mixtures 
Speed (Rpm) Trial HC levels (ppm) 

Pure Gasoline 
(Premium) 

A mixture of gasoline and HDPE 
plastic oils 

C0 C10 C20 

1500 1 700 2864 3766 
2 507 2997 3965 
Average 603.5 2930.5 3865.5 

2000 1 171 2558 3244 
2 243 2910 2231 
Average 207 2734 2737.5 

2500 1 259 2239 3569 
2 207 1964 2064 
Average 233 2101.5 2816.5 

 
According to Table 7, there are differences in the octane numbers in HDPE plastic oils and 

mixtures C10 and C20. The higher the percentage of used plastic oil, the lower of the octane number. 
The low octane value has an impact on knocking. A collision between an explosion of fuel mixture 
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(before a flame) and the fuel ignited by the spark plug, causing a sound, is known as knocking. 
Furthermore, there is a flashpoint variable. This is the lowest temperature at which the oil vapor or 
fuel in the mixture with the air ignites when subjected to a flame test (ignition) under certain 
conditions. The high flashpoint on fuel affects the resistance to ignition. The higher of the proportion 
from used plastic oil, the higher of the flashpoint. 
 

Table 7 
Analysis of plastic waste oil characteristics and mixture variations 
No Variations Octane Number 

(RON) 
Flashpoint 
(°C) 

1 HDPE Plastic Waste Oil 72.1 36 
2 C10 89.1 34 
3 C20 83.5 35.5 

 
Based on the results of exhaust gas emissions in Table 8, the highest levels of exhaust emissions 

in a row are in the specimen with a mixture of 20% plastic waste oil compared to a mixture of other 
percentages. For 20% fuel, exhaust gas emissions are lowest compared to 10% pure or unmixed fuel. 
This is due to detonation where the fuel burns without any ignition. It is caused by high temperature 
in the space, exceeding the flashpoint and the fuel crust sticking to the cylinder wall. The attached 
crusts burn during the work cycle of the vehicle, causing the knocking. 
 

Table 8 
Analysis of HC and CO exhaust emission levels 
No Variations 1500 rpm 2000 rpm 2500 rpm 

HC (ppm) CO (%) HC (ppm) CO (%) HC (ppm) CO (%) 

1 C0 603.5 3.525 207 2.1825 233 1.686 
2 C10 2930.5 0.149 2734 0.23 2101.5 0.222 
3 C20 3865.5 0.1925 2737.5 0.276 2816.5 0.296 

 
The high heat generated in the fuel after combustion increases the combustion chamber 

temperature. Furthermore, this affects the temperature of the air entering the cylinder. The higher 
of the air temperature, the denser of the molecules. The air molecules density increases the amount 
of air drawn by the piston into the combustion chamber, making the mixture to become lean 
condition. This reduces HC gas emission levels. A lean condition causes the length of fire to burn the 
fuel mixture with air, increasing the combustion rate than the piston speed. However, it does not 
apply to CO in fuel mixture with plastic oil. 

At an engine speed of 1500 rpm, the HC gas emission in each research has the highest level than 
2000 and 2500 rpm. This is because the throttle valve is fully closed, and therefore the air entering 
the combustion chamber due to piston suction is less than the fuel. 
 
4. Conclusions 
 

This research involved producing gasoline of C0, C10, and C20 fuel mixes with engine speed 
variations of 1500, 2000, and 2500 rpm. The results show a decrease in the HC and CO exhaust gas 
emission levels at pure gasoline (C0), with an increase in the engine speed. Also, the HDPE mixture 
(C10, C20) experienced a decrease in HC levels and an increase in CO in the engine speed. This shows 
that HDPE mixed fuel is environmentally less friendly compared to pure premium. 
 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 103, Issue 2 (2023) 197-204 

204 
 

References 
[1] Panda, Achyut K., Raghubansh K. Singh, and D. K. Mishra. "Thermolysis of waste plastics to liquid fuel: A suitable 

method for plastic waste management and manufacture of value added products-A world prospective." Renewable 
and Sustainable Energy Reviews 14, no. 1 (2010): 233-248. https://doi.org/10.1016/j.rser.2009.07.005  

[2] Rajamani, D., and E. Balasubramanian. "Effects of heat energy on morphology and properties of selective inhibition 
sintered high density polyethylene." Journal of Mechanical Engineering and Sciences 13, no. 1 (2019): 4403-4414. 
https://doi.org/10.15282/jmes.13.1.2019.05.0375  

[3] Naryanto, Rizqi Fitri, Hiroshi Enomoto, Noburu Hieda, Yoshikazu Teraoka, Chuntima Chunti, and Reiji Noda. "The 
influence of wood pellet feedstock water content on tar component in biomass system using downdraft gasifier." 
Journal of the Japan Institute of Energy 98, no. 5 (2019): 115-118. https://doi.org/10.3775/jie.98.115  

[4] Naryanto, Rizqi Fitri, Hiroshi Enomoto, Anh Vo Cong, Kazuki Fukadu, Zheng Zong, Mera Kartika Delimayanti, 
Chuntima Chunti, and Reiji Noda. "The effect of moisture content on the tar characteristic of wood pellet feedstock 
in a downdraft gasifier." Applied Sciences 10, no. 8 (2020): 2760. https://doi.org/10.3390/app10082760  

[5] Miskolczi, Norbert, Laszlo Bartha, Gy Deak, and Bela Jover. "Thermal degradation of municipal plastic waste for 
production of fuel-like hydrocarbons." Polymer Degradation and Stability 86, no. 2 (2004): 357-366. 
https://doi.org/10.1016/j.polymdegradstab.2004.04.025  

[6] Miskolczi, N., L. Bartha, and Gy Deák. "Thermal degradation of polyethylene and polystyrene from the packaging 
industry over different catalysts into fuel-like feed stocks." Polymer Degradation and Stability 91, no. 3 (2006): 517-
526. https://doi.org/10.1016/j.polymdegradstab.2005.01.056  

[7] Naryanto, R. F., H. Enomoto, V. C. Anh, K. Fukadu, S. Iwai, and R. Noda. "Investigation of producer gas biomass 
gasification on reciprocated internal combustion engine." In IOP Conference Series: Earth and Environmental 
Science, vol. 460, no. 1, p. 012016. IOP Publishing, 2020. https://doi.org/10.1088/1755-1315/460/1/012016  

[8] Damayanti, A., R. Musfiroh, and N. Andayani. "The Effect of Tapioca Flour Adhesives to the Biopellet Characteristics 
of Rice Husk Waste as Renewable Energy." In IOP Conference Series: Earth and Environmental Science, vol. 700, no. 
1, p. 012028. IOP Publishing, 2021. https://doi.org/10.1088/1755-1315/700/1/012028  

[9] Scott, D. S., S. R. Czernik, J. Piskorz, and D. St AG Radlein. "Fast pyrolysis of plastic wastes." Energy & Fuels 4, no. 4 
(1990): 407-411. https://doi.org/10.1021/ef00022a013  

[10] Lubis, Hamzah. "Renewable energy of rice husk for reducing fossil energy in Indonesia." Journal of Advanced 
Research in Applied Sciences and Engineering Technology 11, no. 1 (2018): 17-22. 

[11] Zhou, Chuanbin, Wenjun Fang, Wanying Xu, Aixin Cao, and Rusong Wang. "Characteristics and the recovery 
potential of plastic wastes obtained from landfill mining." Journal of Cleaner Production 80 (2014): 80-86. 
https://doi.org/10.1016/j.jclepro.2014.05.083  

[12] Buekens, A. G., and H. Huang. "Catalytic plastics cracking for recovery of gasoline-range hydrocarbons from 
municipal plastic wastes." Resources, Conservation and Recycling 23, no. 3 (1998): 163-181. 
https://doi.org/10.1016/S0921-3449(98)00025-1  

[13] Harding, K. G., J. S. Dennis, Harro Von Blottnitz, and S. T. L. Harrison. "Environmental analysis of plastic production 
processes: Comparing petroleum-based polypropylene and polyethylene with biologically-based poly-β-
hydroxybutyric acid using life cycle analysis." Journal of Biotechnology 130, no. 1 (2007): 57-66. 
https://doi.org/10.1016/j.jbiotec.2007.02.012  

[14] Begley, Timothy H., and Henry C. Hollifield. "High-performance liquid chromatographic determination of migrating 
poly (ethylene terephthalate) oligomers in corn oil." Journal of Agricultural and Food Chemistry 38, no. 1 (1990): 
145-148. https://doi.org/10.1021/jf00091a031  

[15] Patni, Neha, Pallav Shah, Shruti Agarwal, and Piyush Singhal. "Alternate Strategies for Conversion of Waste Plastic 
to Fuels." ISRN Renewable Energy (2013). https://doi.org/10.1155/2013/902053  

[16] Yadav, Raj Kumar, and Yogesh Kumar Tembhurne. "Waste plastic fuel used in petrol engine." Technology 7, no. 1 
(2016): 01-04. 

[17] Srinivasan, Naresh, Mohanraj Rajamanickam, Mythili Gnanamangai Balasubramaniyan, and Philip Robinson 
Jayachandran. "Conversion of plastic wastes to alternative fuel using G2F system." International Research Journal 
of Multidisciplinary Technovation 1, no. 6 (2019): 692-700. https://doi.org/10.34256/irjmtcon98  

[18] Yong, Jiunn Boon, Lian See Tan, and Jully Tan. "Comparative life cycle assessment of biomass-based and coal-based 
activated carbon production." Progress in Energy and Environment 20 (2022): 1-15. 
https://doi.org/10.37934/progee.20.1.115  

[19] Veza, Ibham, Mohd Farid Muhamad Said, Djati Wibowo Djamari, Mohd Azman Abas, Zulkarnain Abdul Latiff, and 
Mohd Rozi Mohd Perang. "Future Direction of Microalgae Biodiesel in Indonesia." Journal of Advanced Research in 
Applied Sciences and Engineering Technology 25, no. 1 (2021): 1-6. https://doi.org/10.37934/araset.25.1.16  

https://doi.org/10.1016/j.rser.2009.07.005
https://doi.org/10.15282/jmes.13.1.2019.05.0375
https://doi.org/10.3775/jie.98.115
https://doi.org/10.3390/app10082760
https://doi.org/10.1016/j.polymdegradstab.2004.04.025
https://doi.org/10.1016/j.polymdegradstab.2005.01.056
https://doi.org/10.1088/1755-1315/460/1/012016
https://doi.org/10.1088/1755-1315/700/1/012028
https://doi.org/10.1021/ef00022a013
https://doi.org/10.1016/j.jclepro.2014.05.083
https://doi.org/10.1016/S0921-3449(98)00025-1
https://doi.org/10.1016/j.jbiotec.2007.02.012
https://doi.org/10.1021/jf00091a031
https://doi.org/10.1155/2013/902053
https://doi.org/10.34256/irjmtcon98
https://doi.org/10.37934/progee.20.1.115
https://doi.org/10.37934/araset.25.1.16

