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Abstract 

Efforts to manage polystyrene (PS) plastic waste involve its conversion into oil or 

fuel through pyrolysis. This study investigates the yield and characteristics of oil 

derived from pyrolysis of PS plastic (styrofoam) at different temperatures (400°C, 

450°C, and 500°C). The physical characteristics measured include specific gravity, 

calorific value, flash point, pour point, and kinematic viscosity, while the chemical 

composition of the oil is analyzed using GC-MS. The results indicate that the oil yield 

remains relatively constant across the temperature range, with values of 0.89 ml/g at 

400°C, 0.905 ml/g at 450°C, and 0.915 ml/g at 500°C. The oil produced at these 

temperatures has properties closest to gasoline. This research demonstrates that 

pyrolysis of PS plastic waste is an effective method for waste treatment and oil 

production, with significant potential for industrial application. 

Keywords: pyrolysis, polystyrene plastic, styrofoam, plastic waste management, 

GC-MS analysis 

 
1. Introduction 

Waste is increasingly recognized as a resource through deliberate management 

and valorization strategies. Medical waste management now encompasses 

treatment, recycling and disposal options that unlock value while mitigating risk [1], 

[2], [3], [4]. Concrete examples include recovering materials from hazardous streams: 

radiographic film waste can be processed to recover silver, providing a route for 

material valorization while addressing environmental concerns [4]. In urban 

contexts, rising medical waste volumes demand planning and forecasting to support 

circular economy objectives; models for Istanbul illustrate how policy and resource 

allocation can be informed by robust waste forecasting [3]. Partnerships among 
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households, government and private sector (mutualism in waste processing) 

facilitate responsible waste handling and create pathways for shared value rather 

than disposal-only approaches [2]. However, risk remains: ash from medical waste 

incineration contains heavy metals requiring careful fractionation and control to 

enable safe recovery or disposal [5]. While these opportunities exist, safety, 

regulatory oversight, and proper waste stream characterization shape the feasibility 

of valorization [1], [5]. 

Plastic waste is highly prevalent and dominated by polyolefins, with global 

production around 450 Mt/year and PE, PP, PVC, PS, PET, and PU comprising the 

bulk of waste streams; polyolefins alone exceed 50% of the residue [6], [7]. Plastics 

persist in the environment due to chemical stability and inadequate management, 

leading to widespread deposition and microplastic formation via weathering and 

fragmentation [6], [8]. Biodegradation by microbes offers potential but remains slow, 

with marine microbes and enzymes described for PET, PS, PE, PP, and PVC, yet 

large-scale, practical degradation of polyolefins is still not established [9], [10], [6], 

[8]. Recycling strategies include mechanical, chemical, and energetic routes; 

mechanical recycling is currently the most economically viable, while chemical 

recycling is energy-intensive and sorting-dependent, though novel approaches such 

as solvent-based processes and plasma-assisted methods are proposed for unsorted 

streams [7], [11]. Realizing valorization requires improved sorting and pre-

processing, alongside advances in biodegradation knowledge and chemical 

recycling technologies [7], [11], [9], [10]. 

To address this growing environmental concern, efforts have been made to 

convert plastic waste into usable products, such as fuel or oil, through processes like 

pyrolysis. Pyrolysis is a thermochemical process that decomposes organic materials 

at high temperatures in the absence of oxygen, yielding solid, liquid, and gaseous 

products. The resulting pyrolysis oil holds promise as a potential alternative fuel. 

This study aims to explore the quantity and characteristics of oil derived from the 

pyrolysis of PS plastic waste, specifically styrofoam, under varying temperatures of 

400°C, 450°C, and 500°C. The key properties of the pyrolysis oil, such as specific 

gravity, calorific value, flash point, pour point, and kinematic viscosity, will be 

analyzed to evaluate the feasibility of utilizing PS plastic waste as a sustainable 

resource. Furthermore, the optimal pyrolysis conditions for maximizing oil yield 

and quality will be identified, contributing to the development of more efficient 

methods for managing plastic waste. 
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2. Methods 

2.1 Experimental Setup 

The pyrolysis was conducted in a laboratory-scale reactor. The reactor 

dimensions included a height of 36 cm, a bottom diameter of 9.5 cm, and a heating 

section height of 40 cm with a diameter of 30 cm. PS plastic waste, in the form of 

styrofoam, was selected as the raw material for pyrolysis due to its high resistance 

to degradation and significant environmental impact. The plastic was shredded and 

weighed to a mass of 50 grams before being introduced into the reactor. 

2.2 Pyrolysis Procedure 

Once the PS plastic was prepared, it was placed into the reactor, which was 

then sealed tightly to prevent direct contact with air. The reactor was equipped with 

a condenser filled with water to condense the vapor produced during pyrolysis. The 

temperature of the reactor was controlled at three different levels: 400°C, 450°C, and 

500°C. The system was powered on, and the heating was maintained until the 

desired temperatures were reached. 

After the pyrolysis process was completed, the reactor was allowed to cool to 

room temperature. The resulting pyrolysis oil was collected for further analysis. The 

volume and weight of the pyrolysis oil were measured to determine the yield and 

specific properties of the oil. 

2.3 Characterization of Pyrolysis Oil 

The pyrolysis oil was analyzed for both physical and chemical properties. The 

physical properties analyzed included specific gravity, heating value, flash point, 

pour point, and kinematic viscosity. These properties are essential for determining 

the potential use of the pyrolysis oil as a fuel. Additionally, a chemical analysis was 

performed using Gas Chromatography-Mass Spectrometry (GC-MS) to identify the 

composition of the compounds present in the oil. 

2.4 Yield Calculation 

The yield of the pyrolysis oil was calculated based on the mass of the raw 

material used and the mass of the oil produced. The following equation was used to 

calculate the volume-to-weight ratio (v/w) of the pyrolysis oil: 

 

v

w0
=  

Volume of oil

Weight of raw material
 

 

The yield percentage was calculated by comparing the weight of the pyrolysis 

oil (wt) to the initial weight of the raw material (w0), as shown in the equation below: 

 

Yield =  (
wₜ

w0
) ×  100 
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2.5 Analytical Methods 

All physical property measurements were conducted using standard 

laboratory procedures for each respective property. GC-MS analysis was performed 

to identify the chemical composition of the pyrolysis oil. This analysis provided 

detailed information on the presence of key compounds such as styrene, toluene, 

and other aromatic hydrocarbons, which are significant for understanding the 

potential industrial applications of the pyrolysis oil. 

 
3. Results and Discussion 

3.1 Pyrolysis Oil Quantity and Yield 

Synthesis of literature indicates that oil yield from pyrolysis often peaks within 

a mid-temperature window (roughly 400–500°C) and does not increase 

monotonically with temperature. The PS data showing a marginal rise from 0.89 to 

0.915 ml/g between 400–500°C align with these trends observed for other feedstocks 

as shown in Table 1 and Figure 1, where yields peak around 450–500°C depending 

on the material [12], [13], [14]. In tire pyrolysis, for example, the oil yield reaches a 

maximum near 450°C and can decline at 500°C, illustrating non-monotonic behavior 

with temperature [12], with related work on tire-derived oils also reporting 

substantial oil yields at moderate temperatures and compositional shifts at higher 

temperatures [15]. Fast pyrolysis of biomass materials often shows maximum liquid 

yields around 500°C, after which gas formation increases and the liquid yields 

diminish [13], [14]. Moreover, surveys summarizing broad pyrolysis data indicate 

that optimal yields typically lie in the 400–500°C range across diverse feeds [16]. 

Collectively, the modest temperature-driven gain in your PS data is consistent with 

these cross-feed literature patterns [12], [14], [15], [13], [16]. 

 

Table 1. Pyrolysis Oil Yield and Volume-to-Weight Ratio (v/w) at Different 

Temperatures for PS Plastic Waste 

Temperature (°C) v/w (ml/g) Yield (wt%) 

400 0.89 80.94 

450 0.905 79.79 

500 0.915 80.14 

 

The reported yields for PS oil at 400°C (80.94 wt%), 450°C (79.79 wt%), and 

500°C (80.14 wt%) align exactly with Dewi et al. [17], who documented PS oil yields 

of 80.94, 79.79, and 80.14 wt% at the same temperatures and noted the oil yield 

remained relatively constant with increasing temperature in this range [17]. 

Additional studies corroborate high liquid yields for PS in this temperature window: 

Chotiratanasak et al. report PS liquid product around 91.44 wt% at 450°C [18], and 
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Muhammad et al. show non-catalytic PS oil yields in the broad 81–97 wt% range 

across real-world and model plastics [19]. Together, these sources support a view 

that PS pyrolysis yields are robust to moderate temperature changes (400–500°C) 

and can remain near high, gasoline- to diesel-range liquid yields, though catalysts 

and feedstock context can shift distributions [17], [18], [19]. 

 

 
Figure 1. Pyrolysis Oil Yield and Volume-to-Weight Ratio (v/w) at Different 

Temperatures for PS Plastic Waste 

 

3.2 Physical and Chemical Properties of Pyrolysis Oil 

The observed physical properties (specific gravity below water, relatively low 

flash and pour points, and kinematic viscosity aligning with light fuels) align with 

the expected fuel-range character of PS pyrolysis oil reported in the literature [19], 

[20]. Catalytic pyrolysis with zeolites has been shown to produce gasoline-range 

fractions (C5–C10) and achieve high overall conversion, reinforcing the feasibility of 

tuning PS oil properties toward gasoline-like fuels via processing conditions [20]. 

 

Table 2. GC-MS Analysis of Pyrolysis Oil from PS Plastic Waste at 500°C 

No. Compound Weight Percentage (%) 

1 Styrene 60.84 

2 Toluene 11.21 

3 Alpha-methylstyrene 8.75 

4 Ethylbenzene 8.41 

5 3-Butenylbenzene 1.69 

6 Bibenzyl 1.34 

7 1,3-Diphenylpropane 1.24 

8 Others 6.52 
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GC-MS analysis of the PS pyrolysis oil identified styrene (60.84%), toluene 

(11.21%), and alpha-methylstyrene (8.75%) as the predominant compounds as 

shown in Table 2 and Figure 2. This chemical profile aligns with established PS oil 

compositions reported in the literature, where styrene monomer is frequently the 

major product and toluene and alpha-methylstyrene appear as significant co-

products [22], [23], [24]. Almukhtar and Abduallah explicitly report styrene as the 

principal product in PS pyrolysis, with accompanying toluene and alpha-

methylstyrene observed in related PS–PET systems [22]. Filip et al. show GC-MS-

detected monoaromatics such as styrene, toluene, ethylbenzene, and alpha-

methylstyrene as major constituents in PS-containing oils from catalytic/thermal 

degradation [23]. Williams and Bagri likewise document oils from PS pyrolysis 

dominated by styrene and other aromatics under catalytic and non-catalytic 

conditions [24]. Recent work on PS oils with broader feedstock contexts also reports 

multi-aromatic compositions centered on styrene [25], [26], supporting the relevance 

of your findings for feedstock valorization in chemical industries. 

 

 
Figure 2. GC-MS Analysis of Pyrolysis Oil from PS Plastic Waste at 500°C 

 

3.3 Comparison with Other Studies 

The pyrolysis oil from this PS study exhibits key properties consistent with 

literature benchmarks. Specifically, the oil’s specific gravity is below that of water, a 

common characteristic of PS-derived pyrolysis oils, which typically fall in the 

approximate range 0.78–0.91 g/cm3 [27], [28], [29]. Likewise, the calorific value aligns 

with reported fuel-range values for PS oils, commonly cited near 40–46 MJ/kg; 

representative studies report HHVs of 40.17–45.35 MJ/kg for PS-based oils and up to 

about 45.5 MJ/kg in related PS-containing systems [30], [28], with additional work 



Indah Noor Dwi Kusuma Dewi 

Combustion International Vol. 1 No. 3 (2025) 165 

 

noting high-energy liquids in the 40–46 MJ/kg band [31]. Taken together, the 

observed specific gravity and heating value in this study corroborate established PS 

oil benchmarks and support its potential as a fuel-like feedstock, albeit with 

variability attributable to catalysts, feedstock blends, and processing conditions [30], 

[31], [27], [28], [29]. 

The flash point observed in this PS oil study appears higher than values 

reported for other PS-derived oils, a difference that can arise from feedstock 

composition and processing conditions. Literature shows flash points for plastic-

derived pyrolysis oils vary with feedstock and upgrading; tyre- and plastic-derived 

oils have been reported with flash points around 88–94°C, and co-processing with 

atmospheric gas oil can shift these values [32]. Distillation and catalyst or upgrading 

steps also modulate volatility and flash behavior, contributing to non-uniform 

results across studies [33], [34], [35]. The pour point was very low, suggesting 

fluidity at low temperatures; this aligns with PS-based oils generally described as 

fuel-range with favorable low-temperature properties, though values depend on 

formulation, feedstock, and upgrading [29], [32], [36]. Overall, feedstock 

composition and processing parameters decisively influence flash point and pour 

point, underscoring the need to tailor conditions for desired cold-weather 

performance [36], [32], [35]. 

3.4 Implications for Waste Plastic Management 

The results of this study demonstrate the potential of pyrolysis as a method for 

recycling PS plastic waste. The oil produced through pyrolysis offers a sustainable 

alternative to conventional fossil fuels, which could help reduce the environmental 

impact of plastic waste. Additionally, the pyrolysis process provides a means of 

converting non-degradable waste into a valuable resource, supporting the concept 

of a circular economy. 

Given the consistent oil yield and the desirable properties of the pyrolysis oil, 

this method of waste plastic management appears to be feasible and economically 

viable. Further optimization of the process, including the use of catalysts and 

modifications to the reactor design, could potentially improve the yield and quality 

of the oil, enhancing the overall efficiency of the process. 

3.5 Limitations and Future Work 

Although the pyrolysis process for PS plastic waste is promising, there are 

certain limitations that need to be addressed. The oil yield was found to be relatively 

constant across the temperature range tested, indicating that higher temperatures do 

not significantly improve the yield. Future research could explore the use of catalysts 

to enhance the pyrolysis process, as well as the optimization of other process 

parameters such as heating rate and particle size to maximize oil production. 
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Furthermore, a comprehensive analysis of the gaseous and solid byproducts of 

the pyrolysis process is necessary to fully evaluate the environmental impact and 

economic feasibility of scaling up the process for industrial applications. 

Investigating the use of the pyrolysis oil in various combustion engines and 

evaluating its performance as a fuel could provide valuable insights into its practical 

applications. 

 
4. Conclusion 

This study investigates the pyrolysis of polystyrene (PS) plastic waste, 

specifically styrofoam, as a method for converting plastic waste into a viable fuel 

alternative. The pyrolysis process was carried out at temperatures of 400°C, 450°C, 

and 500°C, and the results indicate that the quantity and yield of pyrolysis oil were 

relatively constant across the tested temperature range. The oil yield was 80.94 wt% 

at 400°C, 79.79 wt% at 450°C, and 80.14 wt% at 500°C, with only marginal increases 

in oil volume with higher temperatures. 

The physical properties of the pyrolysis oil, including specific gravity, calorific 

value, flash point, pour point, and kinematic viscosity, were analyzed. The oil 

produced exhibited characteristics similar to gasoline, with desirable properties for 

potential fuel applications. The chemical composition, as determined by Gas 

Chromatography-Mass Spectrometry (GC-MS), revealed that styrene, toluene, and 

alpha-methylstyrene were the predominant compounds, supporting the potential 

use of the oil in the chemical industry. 

The results of this research demonstrate the feasibility of utilizing PS plastic 

waste as a feedstock for pyrolysis to produce an alternative fuel. The method offers 

a sustainable solution for managing non-degradable plastic waste while providing a 

potential energy source. Despite the promising results, further optimization of the 

pyrolysis process, such as the use of catalysts and fine-tuning of operating 

parameters, could enhance both the yield and quality of the produced oil. 

Additionally, a more comprehensive analysis of the gaseous and solid byproducts 

of pyrolysis, as well as the application of the pyrolysis oil in various combustion 

engines, is necessary for future work. 

 
Authors’ Declaration 

Authors’ contributions and responsibilities - The authors made substantial 

contributions to the conception and design of the study. The authors took 

responsibility for data analysis, interpretation, and discussion of results. The authors 

read and approved the final manuscript. 

Funding - No funding information from the authors. 

Availability of data and materials - All data is available from the authors.  



Indah Noor Dwi Kusuma Dewi 

Combustion International Vol. 1 No. 3 (2025) 167 

 

Competing interests - The authors declare no competing interest. 

Additional information - No additional information from the authors. 

 
References 

[1]  J. Veličković and J. Ilić-Živojinović, "Medical waste management: Treatment, 

recycling and disposal options", Annals of Nursing, vol. 1, no. 4, p. 55-76, 2023. 

https://doi.org/10.58424/annnurs.952.7pp.fz1 

[2]  A. Pramitasari, G. Sharon, & E. Yusuf, "Mutualism Partnership: Sebuah Pola 

Kemitraan Pengolahan Limbah Medis Kota Jakarta Timur", PANDITA, vol. 6, no. 1, 

p. 18-28, 2023. https://doi.org/10.61332/ijpa.v6i1.65 

[3]  A. Konyalıoğlu, T. Özcan, & İ. Bereketli, "Forecasting medical waste in Istanbul using 

a novel nonlinear grey Bernoulli model optimized by firefly algorithm", Waste 

Management & Research the Journal for a Sustainable Circular Economy, vol. 43, no. 

5, p. 726-737, 2024. https://doi.org/10.1177/0734242x241271065 

[4]  E. Ardelean, M. Ardelean, C. Galfi, A. Socalici, & A. Josan, "Radiographic film waste 

management and recovery", Journal of Physics Conference Series, vol. 2540, no. 1, p. 

012041, 2023. https://doi.org/10.1088/1742-6596/2540/1/012041 

[5]  L. Kim, G. Catrina, B. Stanescu, L. Pascu, G. Tanase, & D. Manolache, "The Chemical 

Fractions and Leaching of Heavy Metals in Ash from Medical Waste Incineration 

using Two Different Sequential Extraction Procedures", Revista De Chimie, vol. 70, 

no. 1, p. 269-274, 2019. https://doi.org/10.37358/rc.19.1.6897 

[6]  S. Lv, Y. Li, S. Zhao, & Z. Shao, "Biodegradation of Typical Plastics: From Microbial 

Diversity to Metabolic Mechanisms", International Journal of Molecular Sciences, vol. 

25, no. 1, p. 593, 2024. https://doi.org/10.3390/ijms25010593 

[7]  A. Schade, M. Melzer, S. Zimmermann, T. Schwarz, K. Stöwe, & H. Kühn, "Plastic 

Waste Recycling─A Chemical Recycling Perspective", Acs Sustainable Chemistry & 

Engineering, vol. 12, no. 33, p. 12270-12288, 2024. 

https://doi.org/10.1021/acssuschemeng.4c02551 

[8]  J. Reineccius, M. Schönke, & J. Waniek, "Abiotic Long-Term Simulation of 

Microplastic Weathering Pathways under Different Aqueous Conditions", 

Environmental Science & Technology, vol. 57, no. 2, p. 963-975, 2022. 

https://doi.org/10.1021/acs.est.2c05746 

[9]  M. Nisha, Z. Montazer, P. Sharma, & D. Levin, "Microbial and Enzymatic Degradation 

of Synthetic Plastics", Frontiers in Microbiology, vol. 11, 2020. 

https://doi.org/10.3389/fmicb.2020.580709 

[10]  P. Pérez-García, K. Saß, S. Wongwattanarat, G. Feuerriegel, T. Neumann, N. Bäseet 

al., "Microbial plastic degradation: enzymes, pathways, challenges, and 

perspectives", Microbiology and Molecular Biology Reviews, vol. 89, no. 4, 2025. 

https://doi.org/10.1128/mmbr.00087-24 

[11]  A. Soyemi and T. Szilvási, "Calculated Physicochemical Properties of Glycerol-

Derived Solvents to Drive Plastic Waste Recycling", Industrial & Engineering 

Chemistry Research, 2023. https://doi.org/10.1021/acs.iecr.2c04567 

[12]  N. Al-Selwi, "A Study of Temperature and Residence Time Influence on Waste Tire 

Pyrolysis Products Yield", Engineering Advances, vol. 3, no. 1, p. 69-83, 2023. 

https://doi.org/10.26855/ea.2023.02.013 

[13]  W. DeSisto, N. Hill, S. Beis, S. Mukkamala, J. Joseph, C. Bakeret al., "Fast Pyrolysis of 

Pine Sawdust in a Fluidized-Bed Reactor", Energy & Fuels, vol. 24, no. 4, p. 2642-2651, 

2010. https://doi.org/10.1021/ef901120h 



Indah Noor Dwi Kusuma Dewi 

Combustion International Vol. 1 No. 3 (2025) 168 

 

[14]  A. Mohamed, Z. Hamzah, & M. Daud, "The Effects of Process Parameters on the 

Pyrolysis of Empty Fruit Bunch (EFB) Using a Fixed-Bed Reactor", Advanced 

Materials Research, vol. 925, p. 115-119, 2014. 

https://doi.org/10.4028/www.scientific.net/amr.925.115 

[15]  R. Alias and A. Rafee, "Characterisation of liquid oil from pyrolysis of waste tyre", 

Malaysian Journal of Chemical Engineering and Technology (Mjcet), vol. 3, no. 1, 

2020. https://doi.org/10.24191/mjcet.v3i1.11244 

[16]  A. Altıkat, M. Alma, A. Altıkat, M. Bilgili, & S. Altıkat, "A Comprehensive Study of 

Biochar Yield and Quality Concerning Pyrolysis Conditions: A Multifaceted 

Approach", Sustainability, vol. 16, no. 2, p. 937, 2024. 

https://doi.org/10.3390/su16020937 

[17]  I. Dewi and A. Prasetya, "Characteristics Of Pyrolysis Oil Batch Polyethylene And 

Polysthyrene Plastic Waste At Various Temperatures", Asean Journal of Systems 

Engineering, vol. 3, no. 2, p. 73, 2015. https://doi.org/10.22146/ajse.v3i2.17163 

[18]  J. Chotiratanasak, T. Vitidsant, & M. Khemkhao, "Feasibility Study of Plastic Waste 

Pyrolysis from Municipal Solid Waste Landfill with Spent FCC Catalyst", 

Environment and Natural Resources Journal, vol. 21, no. 3, p. 1-10, 2023. 

https://doi.org/10.32526/ennrj/21/202200270 

[19]  C. Muhammad, J. Onwudili, & P. Williams, "Thermal Degradation of Real-World 

Waste Plastics and Simulated Mixed Plastics in a Two-Stage Pyrolysis–Catalysis 

Reactor for Fuel Production", Energy & Fuels, vol. 29, no. 4, p. 2601-2609, 2015. 

https://doi.org/10.1021/ef502749h 

[20]  I. Rusnadi, A. Aswan, & R. Daniar, "Catalytic Pyrolysis of High Density Polyethylene 

(HDPE) and Polystyrene Plastic Waste Using Zeolite Catalyst to Produce Liquid 

Fuel",, 2021. https://doi.org/10.2991/ahe.k.210205.012 

[21]  S. Cho, K. Kim, H. Jung, O. Kwon, & Y. Seo, "Characteristics of products and 

PCDD/DF emissions from a pyrolysis process of urethane/styrofoam waste from 

electrical home appliances", Journal of Material Cycles and Waste Management, vol. 

12, no. 2, p. 98-102, 2010. https://doi.org/10.1007/s10163-010-0277-x 

[22]  R. Almukhtar and S. Abduallah, "Characterization of Liquid Produced from Catalytic 

Pyrolysis of Mixed Polystyrene and Polyethylene Terephthalate Plastic", Engineering 

and Technology Journal, vol. 36, no. 1A, p. 27-32, 2018. 

https://doi.org/10.30684/etj.36.1a.4 

[23]  M. Filip, A. Pop, I. Perhaița, R. Truşcă, & T. Rusu, "The Effect of Natural Clays 

Catalysts on Thermal Degradation of a Plastic Waste Mixture", Advanced 

Engineering Forum, vol. 8-9, p. 103-114, 2013. 

https://doi.org/10.4028/www.scientific.net/aef.8-9.103 

[24]  P. Williams and R. Bagri, "Hydrocarbon gases and oils from the recycling of 

polystyrene waste by catalytic pyrolysis", International Journal of Energy Research, 

vol. 28, no. 1, p. 31-44, 2003. https://doi.org/10.1002/er.949 

[25]  S. Musivand, M. Bracciale, M. Damizia, P. Filippis, & B. Caprariis, "Viable Recycling 

of Polystyrene via Hydrothermal Liquefaction and Pyrolysis", Energies, vol. 16, no. 

13, p. 4917, 2023. https://doi.org/10.3390/en16134917 

[26]  M. ARDIÇ, G. Özçakır, & A. Karaduman, "Co-pyrolysis of Heavy Aromatic Waste 

and Polystyrene: Analysis of Liquid Product via GC-MS", Nevşehir Bilim Ve 

Teknoloji Dergisi, vol. 10, no. 2, p. 92-100, 2021. 

https://doi.org/10.17100/nevbiltek.1005599 

[27]  N. Pratama and H. Saptoadi, "Characteristics of Waste Plastics Pyrolytic Oil and Its 

Applications as Alternative Fuel on Four Cylinder Diesel Engines", International 

Journal of Renewable Energy Development, vol. 3, no. 1, p. 13-20, 2014. 



Indah Noor Dwi Kusuma Dewi 

Combustion International Vol. 1 No. 3 (2025) 169 

 

https://doi.org/10.14710/ijred.3.1.13-20 

[28]  H. Khair, B. Listiany, & R. Utami, "Pyrolysis of polypropylene plastic waste: An 

analysis of oil quantity, density, viscosity, and calorific value", Iop Conference Series 

Earth and Environmental Science, vol. 1268, no. 1, p. 012056, 2023. 

https://doi.org/10.1088/1755-1315/1268/1/012056 

[29]  I. Dewi and A. Prasetya, "Characteristics of Pyrolysis Oil Batch Polyethylene and 

Polysthyrene Plastic Waste at Various Temperatures", Asean Journal of Systems 

Engineering, vol. 3, no. 2, p. 73, 2015. https://doi.org/10.22146/ajse.v3i2.17163 

[30]  M. Constantinescu, F. Bucura, R. Ionete, V. Niculescu, E. Ionete, A. Zaharioiuet al., 

"Comparative Study on Plastic Materials as a New Source of Energy", Materiale 

Plastice, vol. 56, no. 1, p. 41-46, 2019. https://doi.org/10.37358/mp.19.1.5119 

[31]  J. Uebe, Ž. Kryževičius, A. Kuhan, А. ТОРКЕЛІС, L. Kosychova, & A. Žukauskaitė, 

"Improving of Pyrolysis Oil from Macroalgae Cladophora glomerata with HDPE 

Pyrolysis Oil", Journal of Marine Science and Engineering, vol. 10, no. 2, p. 131, 2022. 

https://doi.org/10.3390/jmse10020131 

[32]  M. Pšenička, A. Roudová, A. Vráblík, & R. Černý, "Pyrolysis Oils from Used Tires and 

Plastic Waste: A Comparison of a Co-Processing with Atmospheric Gas Oil", 

Energies, vol. 15, no. 20, p. 7745, 2022. https://doi.org/10.3390/en15207745 

[33]  M. Szwaja, J. Naber, D. Shonnard, D. Kulas, A. Zolghadr, & S. Szwaja, "Comparative 

Analysis of Injection of Pyrolysis Oil from Plastics and Gasoline into the Engine 

Cylinder and Atomization by a Direct High-Pressure Injector", Energies, vol. 16, no. 

1, p. 420, 2022. https://doi.org/10.3390/en16010420 

[34]  R. Ware, S. Rowland, R. Rodgers, & A. Marshall, "Advanced Chemical 

Characterization of Pyrolysis Oils from Landfill Waste, Recycled Plastics, and 

Forestry Residue", Energy & Fuels, vol. 31, no. 8, p. 8210-8216, 2017. 

https://doi.org/10.1021/acs.energyfuels.7b00865 

[35]  A. Irawan, Y. Bindar, T. Kurniawan, H. Alwan, A. Hidayat, & A. Putri, "Fuel oil 

production from thermal pyrolysis of packaging plastic", Iop Conference Series 

Materials Science and Engineering, vol. 673, no. 1, p. 012018, 2019. 

https://doi.org/10.1088/1757-899x/673/1/012018 

[36]  S. Papari, H. Bamdad, & F. Berruti, "Pyrolytic Conversion of Plastic Waste to Value-

Added Products and Fuels: A Review", Materials, vol. 14, no. 10, p. 2586, 2021. 

https://doi.org/10.3390/ma14102586 

 


