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Abstract 

Plastic pollution has become a major global environmental issue, affecting land, water, and living 

organisms. This review summarizes current research on how waste plastics enter the environment, how 

they move and break down, and the effects they create in ecosystems and on human health. Special 

attention is given to the growing problem of microplastics, which continue to accumulate in soil, 

freshwater bodies, and oceans. The review also discusses recent progress in converting waste plastics 

into usable oil through processes such as pyrolysis, catalytic cracking, and hydrothermal liquefaction. 

These methods show strong potential for recovering energy from plastic waste, producing oils that can 

be refined into fuel. However, challenges remain, including inconsistent oil quality, high energy 

demand, and the need for improved process control. Each conversion method has specific advantages 

and limitations, and further research is needed to make them more efficient and environmentally 

friendly. Another key focus of this review is the use of waste plastic oil (WPO) as an alternative fuel for 

diesel engines. Studies show that blending WPO with diesel can provide acceptable engine 

performance, especially at low blend ratios. Combustion characteristics such as ignition delay and fuel 

atomization influence how these blends behave inside the engine. While WPO blends can reduce certain 

emissions like particulate matter and carbon monoxide, they may increase nitrogen and sulfur oxides 

due to fuel composition. Engine modifications and emission-control technologies are therefore 

important to ensure cleaner operation. Overall, this review highlights both the opportunities and the 

challenges associated with converting plastic waste into fuel. Continued research is essential to 

improve conversion technologies, enhance fuel stability, reduce emissions, and support the development 

of waste plastic oil as a reliable and sustainable alternative energy source. 
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INTRODUCTION 

The widespread use of plastics, combined with 

poor waste management practices, has triggered a 

severe global plastic pollution crisis. Plastics are 

valued for their durability and resistance to 

degradation, yet these very properties cause them to 

persist in the environment for extended periods, 

often hundreds of years, resulting in serious 

ecological and health problems. This literature 

review consolidates recent research to highlight the 

environmental consequences of plastic waste. 

Plastic waste is generated from multiple sectors, 

including household activities, industrial processes, 

agriculture, and maritime industries. Among these, 

single-use plastics, packaging materials, and 

microplastics have been identified by researchers as 
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the most significant contributors to environmental pollution. Due to their slow degradation, plastics 

break down gradually into tiny fragments known as microplastics. These particles have become 

omnipresent, found even in remote ecosystems such as the Arctic regions and the deep ocean. 

 
The ecological repercussions of plastic waste are considerable, impacting marine, freshwater, and 

terrestrial environments alike. Plastics not only cause physical harm to wildlife through ingestion and 
entanglement but also disrupt natural habitats and disturb ecological balance by interfering with food 
chains. Additionally, the potential effects of plastic pollution on human health have increasingly come 
under scrutiny. Recent findings indicate that microplastics have infiltrated the human food chain, raising 
significant concerns regarding their long-term implications for human health. Combating plastic 
pollution demands integrated strategies encompassing policy interventions, technological innovations, 
and enhanced public awareness. In regions lacking robust waste management systems, practices like 
illegal dumping and open burning of plastics are widespread. Such methods pose severe risks to both 
environmental quality and public health. Consequently, governments and international bodies are 
recognizing the critical need for comprehensive policies aimed at reducing plastic waste and promoting 
sustainable disposal methods. 
 

Technological advancements offer promising solutions to mitigate the environmental impacts 
associated with plastic waste disposal. Several methods have emerged for converting waste plastics into 
usable oil products, notably pyrolysis, catalytic cracking, and hydrothermal liquefaction (HTL). Each 
technology carries distinct strengths and limitations. Pyrolysis involves decomposing plastics thermally 
in the absence of oxygen, yielding products such as liquid oil, gases, and char. Catalytic cracking 
employs catalysts to reduce the temperature necessary for plastic decomposition, thereby improving oil 
quality. Hydrothermal liquefaction converts plastics into oil by using water under high pressure and 
elevated temperatures. Different plastic types, including polyethylene (PE), polypropylene (PP), 
polystyrene (PS), and polyethylene terephthalate (PET), exhibit unique properties influencing their 
conversion efficiency into oil. Key operational parameters – such as temperature control, heating rates, 
and residence times – significantly impact both the conversion efficiency and the quality of the resulting 
oil. Economic feasibility for converting plastic waste to oil also depends on factors such as feedstock 
availability, operational efficiency, and market demand for the resulting fuel. 
 

Waste plastic oil (WPO), primarily produced through pyrolysis, involves heating plastic waste at high 
temperatures without oxygen. This thermal process breaks down lengthy polymer chains into smaller 
hydrocarbon molecules, forming liquid fuels comparable to traditional diesel. The physical properties 
of WPO, including density, calorific value, and viscosity, closely resemble those of conventional diesel, 
making it a viable alternative fuel. However, WPO often contains higher levels of sulfur and aromatic 
compounds, which can adversely affect engine performance and emission profiles. To mitigate these 
issues, WPO is typically blended with diesel fuel, improving combustion characteristics and reducing 
harmful emissions. Utilizing waste plastic oil in diesel engines can occur either by blending it with 
standard diesel or using it directly in modified engine setups. Common blend ratios of WPO and diesel 
generally range between 10% and 30%, adjusted based on specific engine designs, performance 
requirements, and emission goals. 
 
IMPACT OF WASTE PLASTICS ON THE ENVIRONMENT 

Large amounts of plastic waste come from homes, mainly from packaging and everyday disposable 
items. Studies show that these materials easily end up in landfills and natural areas when not properly 
managed [1]. Industries also add to the problem through leftover materials from manufacturing 
processes, while the agricultural sector contributes through plastic sheets, containers, and irrigation 
tools used in farming [2]. A major global concern is marine plastic pollution. Research estimates that 
millions of tons of plastic waste reach the oceans every year, carried by rivers and winds [3]. Ocean 
currents move this waste across long distances, creating large accumulation zones such as the Great 
Pacific Garbage Patch. Environmental factors such as sunlight, heat, and physical wear slowly break 
plastics into smaller particles, but complete degradation rarely occurs, resulting in long-lasting 
microplastics in the environment [4]. 
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Burning plastic waste is another major issue. Incineration releases harmful chemicals, including 

dioxins and furans, which are linked to breathing problems, cancer, and other health risks [5]. This 
process also produces high levels of carbon dioxide, adding to global warming. The ash left behind 

usually contains dangerous toxins, which must be handled carefully to avoid soil and water 
contamination. Studies warn that poor management of these residues can severely harm the environment 

[6]. Microplastics have been found in oceans, rivers, lakes, and soils. These tiny particles are easily 
eaten by fish, birds, and many other organisms, and can accumulate through food chains [7]. Marine 

life is especially affected; animals often swallow plastic pieces, leading to internal blockages, reduced 
feeding, or chemical exposure [8]. Plastic waste also causes entanglement, which can injure or kill 

marine species. In soils, plastics can disturb natural structure, reduce water-holding capacity, and 
negatively affect plant growth. Their presence in farming areas leads to long-term soil degradation [9]. 

Microplastics in freshwater ecosystems show similar risks for aquatic species and ecosystem functions. 

Coastal and wetland habitats also suffer as plastic waste reduces biodiversity and disrupts ecological 
balance [10, 11]. 

 
Humans are not free from these risks. Microplastics have been identified in seafood, suggesting 

potential health concerns for consumers [12]. While research is ongoing, possible impacts include 
inflammation, chemical toxicity, and hormone-related disorders. Plastics can also absorb harmful 

pollutants from the environment, which may be released into the body when ingested [13]. Many 
governments and researchers have explored policies for reducing plastic pollution. These include bans 

on single-use plastics, extended producer responsibility (EPR), recycling rewards, and the use of eco-
friendly materials [14]. Advances in recycling technologies and new materials are also crucial. 

Chemical recycling and biodegradable plastics show strong potential for improving waste management 
and reducing environmental harm [15]. Public awareness and community participation are equally 

important for successful recycling and waste-reduction programs [16]. Throughout their entire 
lifecycle—production, use, and disposal—plastics consume a lot of energy and generate substantial 

greenhouse gas emissions. Studies estimate that the plastic industry contributes around 3.8% of global 
emissions, making it a notable factor in climate change [17]. International agreements, such as the Basel 

Convention’s Plastic Waste Amendments, aim to control and manage plastic waste more responsibly 
across borders [18]. Many countries have also introduced laws promoting recycling, reducing single-

use items, and investing in waste-to-energy options. Emerging solutions like chemical recycling and 

biodegradable materials are seen as promising pathways for the future. Controlled waste-to-energy 
processes can help reduce landfill use, but they must be closely monitored to prevent toxic emissions 

and other environmental impacts [19, 20]. 
 

CONVERSION OF WASTE PLASTIC IN TO OIL 

Pyrolysis is one of the most widely studied methods for converting waste plastics into useful oil. In 

this process, plastic materials are heated between 300°C and 700°C without oxygen, which breaks the 
long polymer chains into smaller hydrocarbon molecules. Researchers note that the efficiency of 

pyrolysis depends on several factors, including temperature, heating rate, and the type of plastic used 
as raw material [21]. The oil produced is a mixture of many hydrocarbons and shares similarities with 

crude oil. Earlier studies have shown that this oil can be refined further into useful fuels such as petrol, 
diesel, and kerosene [22]. However, the quality of the oil depends strongly on the type of feedstock and 

the operating conditions. Some studies point out that pyrolysis oil may contain impurities and therefore 
needs additional purification before it can be used as fuel. Pyrolysis usually provides conversion rates 

between 50% and 80%, making it an efficient option for plastic-to-fuel conversion [23]. Compared to 
burning plastics, pyrolysis produces fewer toxic emissions, making it a relatively safer technology. Still, 

the high energy demand and potential greenhouse gas emissions remain concerns for large-scale 

applications. 

 

Catalytic cracking is another promising technique. This method generally works at 350°C–500°C, 

using catalysts such as zeolites, alumina, and silica to break down the polymers more effectively [24]. 

The use of catalysts improves both the quality and the amount of oil produced, especially increasing the 
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yield of lighter hydrocarbons that are more suitable for fuel use. Research shows that catalytic cracking 

produces oils with lower sulfur levels and higher heating values compared to normal pyrolysis [25]. 

Studies also report that catalytic cracking offers better conversion efficiency and produces higher-

quality fuel than conventional pyrolysis [26]. It generates fewer unwanted by-products like char and 

heavy oil fractions. However, environmental concerns do exist; some catalysts may be difficult to reuse 

or may require special handling due to toxicity. 

 

Hydrothermal liquefaction (HTL) is another advanced method for converting plastic waste into oil. 

This technique uses water at temperatures of 250°C–370°C and high pressures up to 25 MPa. Under 
these conditions, water acts both as a solvent and as an active medium that helps break down plastic 

polymers [27]. The oil obtained through HTL usually has fewer impurities, greater stability, and high 
energy content. It can also be upgraded into transportation fuels [28]. One of the major advantages of 

HTL is that it produces very small amounts of gas and solid residues, which reduces environmental 
concerns and makes waste handling easier. Researchers highlight that HTL offers high conversion 

efficiency while generating fewer by-products [29]. Using water as the main solvent also eliminates the 
need for organic solvents, lowering environmental risks. However, HTL requires high pressure and 

significant energy input, which can limit its large-scale application. Overcoming these operational 
challenges is important to make HTL more practical for widespread use. 

 
FEED STOCKS AND PROCESS CONDITION 

Polystyrene (PS) usually produces a high number of aromatic hydrocarbons during the conversion 
process, which makes it useful for chemical production. However, studies show that the oil obtained 

from PS often contains several impurities and must be purified before use [30]. Polyethylene 
terephthalate (PET), because of its aromatic structure and high oxygen content, is more difficult to 

convert into good-quality oil. Research indicates that PET generally provides lower oil yields and 

requires more energy for proper conversion [31]. Higher temperatures help improve conversion 
efficiency and increase the production of lighter hydrocarbons. However, extremely high temperatures 

can also lead to unwanted by-products, including gases and char [32]. A slower heating rate with longer 
residence time allows better breakdown of the plastic polymers, which improves oil quality. Still, these 

parameters must be optimized carefully to avoid excessive degradation or char formation [33]. Waste 
plastics are cost-effective feedstocks, which adds to the economic advantages of the process. However, 

differences in plastic types and composition can cause variations in the quantity and quality of the oil 
produced. This inconsistency remains one of the major challenges when using mixed plastic waste [34]. 

 
UTILIZATION OF WASTE PLASTIC OIL (WPO) IN DIESEL ENGINE 

The way Waste Plastic Oil (WPO) blends are injected and atomized inside the engine plays a major 
role in determining combustion efficiency and emissions. Studies show that high-pressure fuel systems, 

such as Common Rail Direct Injection (CRDI), greatly improve atomization of WPO blends. Better 
atomization leads to improved air–fuel mixing and more complete combustion [35–37]. Combustion 

characteristics such as ignition delay and combustion duration are important for understanding how 
WPO blends behave in diesel engines. Research has reported that WPO–diesel blends often show a 

slightly longer ignition delay than pure diesel, mainly because WPO has a lower cetane number [38]. 

Even so, the combustion process remains stable, especially when minor adjustments are made to 
injection timing. Engine performance using WPO blends has been widely investigated. Studies indicate 

that lower blend ratios (up to 30%) can provide power output and brake thermal efficiency comparable 
to standard diesel [39–41]. Higher blend ratios, however, may cause a small drop in performance 

because of differences in fuel properties such as viscosity, volatility, and energy content. 
 

The effect of WPO on engine emissions is a key focus of ongoing research. Many studies show that 
WPO blends can reduce particulate matter (PM) and carbon monoxide (CO) emissions due to cleaner 

combustion. However, nitrogen oxides (NOx) and sulfur oxides (SOx) may increase because WPO 
usually contains more aromatics and sulfur than regular diesel [42]. To control these emissions, 

advanced after-treatment systems like Selective Catalytic Reduction (SCR) and Diesel Particulate 



 

International Journal of I.C. Engines and Gas Turbines 

Volume 11, Issue 2 

ISSN: 2582-290X 

 

© JournalsPub 2025. All Rights Reserved 15  
 

Filters (DPF) are recommended. Particulate matter – especially soot – remains a major concern in diesel 

engines. Research findings show that WPO blends generally help lower soot emissions because WPO 
has a higher hydrogen-to-carbon ratio, which promotes cleaner combustion [43]. Even so, the actual 

emission levels depend on the blend ratio, engine design, and operating conditions. Another important 
challenge is the high sulfur content often found in WPO. This can lead to increased SOx emissions, 

which is a serious problem in regions with strict emission norms. Studies emphasize the need for 
effective desulfurization methods and the use of emission-control technologies to manage sulfur 

emissions when using WPO-diesel blends [44]. 

 

CONCLUSION 

The reviewed literature clearly shows that plastic waste has a wide and serious impact on the 

environment. Even though researchers have gained a better understanding of how plastics are produced, 

how they spread, and how they affect ecosystems, many challenges still remain. Likewise, major 

progress has been made in converting waste plastics into oil, but several technical and environmental 

hurdles continue to limit large-scale implementation. Future research should focus on understanding 

the long-term effects of microplastics on both the environment and human health. It is also important 

to develop sustainable alternatives to traditional plastics and to design strong policies that promote 

waste reduction. More studies are needed to improve plastic-to-oil conversion technologies so they 

become more efficient, require less energy, and produce higher-quality oil. Developing cleaner, more 

efficient, and environmentally friendly catalysts should be a key research priority. Upcoming work 

should also aim to improve the consistency of Waste Plastic Oil (WPO), design engines and fuel systems 

that can operate smoothly with WPO blends, and create better emission-control technologies. These 

advancements will play a crucial role in making WPO a reliable and sustainable alternative fuel for the 

future. 
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