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Abstract- Plastics have woven their way into our daily lives and now pose a tremendous threat to the environment. Over a 100 
million tonnes of plastics are produced annually worldwide, and the used products have become a common feature at 
overflowing bins and landfills. Though work has been done to make futuristic biodegradable plastics, there have not been 
many conclusive steps towards cleaning up the existing problem. Here, the process of converting waste plastic into value 
added fuels is explained as a viable solution for recycling of plastics. Thus two universal problems such as problems of waste 
plastic and problems of fuel shortage are being tackled simultaneously. In this study, plastic wastes (low density polyethylene) 
were used for the pyrolysis to get fuel oil that has the same physical properties as the fuels like petrol, diesel etc. Pyrolysis runs 
without oxygen and in high temperature of about 300°C which is why a reactor was fabricated to provide the required 
temperature for the reaction. The waste plastics are subjected to depolymerisation, pyrolysis, thermal cracking and distillation 
to obtain different value added fuels such as petrol, kerosene, and diesel, lube oil etc. Converting waste plastics into fuel hold 
great promise for both the environmental and economic scenarios. Thus, the process of converting plastics to fuel has now 
turned the problems into an opportunity to make wealth from waste. 
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I. INTRODUCTION 
 
Economic growth and changing consumption and 
production patterns are resulting into rapid increase in 
generation of waste plastics in the world. Due to the 
increase in generation, waste plastics are becoming a 
major stream in solid waste. After food waste and 
paper waste, plastic waste is the major constitute of 
municipal and industrial waste in cities. Even the 
cities with low economic growth have started 
producing more plastic waste due to plastic 
packaging, plastic shopping bags, PET bottles and 
other goods/appliances which uses plastic as the major 
component. This increase has turned into a major 
challenge for local authorities, responsible for solid 
waste management and sanitation. Due to lack of 
integrated solid waste management, most of the 
plastic waste is neither collected properly nor disposed 
of in appropriate manner to avoid its negative impacts 
on environment and public health and waste plastics 
are causing littering and chocking of sewerage system. 
On the other hand, plastic waste recycling can provide 
an opportunity to collect and dispose of plastic waste 
in the most environmental friendly way and it can be 
converted into a resource.  
In most of the situations, plastic waste recycling could 
also be economically viable, as it generates resources, 
which are in high demand. In general, the conversion 
of waste plastic into fuel requires feed stocks which are 
non-hazardous and combustible.  
 
 

In particular each type of waste plastic conversion 
method has its own suitable feedstock. The 
composition of the plastics used as feedstock may be 
very different and some plastic articles might contain 
undesirable substances (e.g. additives such as 
flame-retardants containing bromine and antimony 
compounds or plastics containing nitrogen, halogens, 
sulphur or any other hazardous substances) which 
pose potential risks to humans and to the environment. 
 
I.I Fuel Demand 
The present rate of economic growth is unsustainable 
without saving of fossil energy like crude oil, natural 
gas or coal. International Energy Outlook 2010 
reports the world consumption of liquid and petroleum 
products grows from 86.1 million barrels per day in 
2007 to 92.1 million barrels per day in 2020 and 110.6 
million barrels per day in 2035 and natural gas 
consumption increases from 108 trillion cubic feet in 
2007 to 156 trillion cubic feet in 2035.  
 
This way, the oil and gas reserve available can meet 
only 43 and 167 years further. Thus mankind has to 
rely on the alternate/renewable energy sources like 
biomass, hydropower, geothermal energy, wind 
energy, solar energy, nuclear energy, etc. Waste 
plastic to liquid fuel is also an alternate energy source 
path, which can contribute to depletion of fossil fuel as 
in this process liquid. Fuel with similar properties as 
that of petrol fuels is obtained. 
 
I.II Classification of Plastics 
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Broadly, classification of plastics includes 
high-density polyethylene, low-density polyethylene, 
polypropylene and polystyrene. Also, plastics are 
classified by their chemical structure of the polymer's 
backbone and side chains. Some important groups in 
these classifications are 
the acrylics, polyesters, silicones, polyurethanes, 
and halogenated plastics. Plastics can also be 
classified by the chemical process used in their 
synthesis, such as condensation, polyaddition, 
and cross-linking. 
 
Low-density polyethylene (LDPE) is used for its 
toughness, flexibility, and relative transparency. 
LDPE is used to make bottles that require extra 
flexibility. To take advantage of its strength and 
toughness, it is used to produce grocery bags and 
garbage bags, squeezable bottles, shrink wrap, stretch 
films, and coating for milk cartons. It can also be 
found in toys, container lids, and packaging.  
 
Polypropylene (PP) is known for its high melting 
point, which makes it ideal for holding hot liquids that 
cool in the bottles (for example, ketchup and syrup). It 
can be manufactured to be flexible or rigid. PP is used 
to make containers for yogurt, margarine, takeout 
meals, and deli foods. It is also use for medicine 
bottles, bottle caps, and some household items. 
 
II. LITERATURE SURVEY 
 
In order to have a proper background study on 
technologies available for conversion of waste plastics 
to fuel, literature survey is carried out to know its 
various applied method throughout the globe, they are 
summarized below. The study was conducted by 
Tiwari et al. (2009) on catalytic cracking process in 
which waste plastic is melted and cracked in the 
absence of oxygen and at very high temperature, the 
resulting gases were cooled by condensation and 
resulting crude oil was recovered. From this crude oil 
various products petrol, diesel and kerosene etc. can be 
obtained by distillation. This process mainly consists 
of four units (1) reacting vessel or reaction chamber 
(2) condensation unit (3) receiving unit (4) distillation 
unit. The study was carried out by Nikolett Borsodiet 
et al. (2011) on Pyrolysis of clear and contaminated 
waste plastics in a tubular reactor, applying 500°C 
temperature. Y-zeolite catalyst was applied to reduce 
the contaminant level in the products and the effect of 
pre-treatment of raw materials was also studied. 
Thermal degradation of contaminated plastic wastes 
resulted in higher yields of volatile products than the 
Pyrolysis of pre-treated or original raw material. The 
study was carried out by Deshpande et al. (2012) on 
thermal degradation of waste plastic into fuel range 
hydrocarbon i.e. petrol, diesel and kerosene etc. 
Thermal cracking is a process in which waste plastic 

were melted and cracked in the absence of oxygen and 
at very high temperature, the resulting gases were 
cooled by condensation and resulting crude oil was 
recovered. From this crude oil various products petrol, 
diesel and kerosene etc. can be obtained by distillation. 
The study was conducted by Moinuddin 2012 
reviewed on thermal cracking and fractional 
distillation process conducted with single types of 
HDPE waste plastic to get jet grade fuel production. 
This process can convert all HDPE waste plastic to 
different grade fuels and specially jet grade fuel. After 
reviewing these various literatures, we can see that 
different forms of Pyrolysis processes have been 
employed for the conversion of plastic wastes to 
efficient fuels and also successfully tested as well. 
 
III. METHODOLOGY 
 
III.I Pyrolysis 
Pyrolysis is generally defined as the controlled heating 
of a material in the absence of oxygen. In plastics 
Pyrolysis, the macromolecular structures of polymers 
are broken down into smaller molecules or oligomers 
and sometimes monomer units. Further degradation of 
these subsequent molecules depends on a number of 
different conditions including (and not limited to) 
temperature, residence time, presence of catalysts and 
other process conditions. The Pyrolysis reaction can 
be carried out with or without the presence of catalyst. 
Accordingly, the reaction will be thermal and catalytic 
Pyrolysis. Since majority of plastic used are 
polyolefin, so extensive research has been done on this 
polymer which is summarized as below. 
 
III.II Thermal Pyrolysis of Polyolefin 
The non-catalytic or thermal Pyrolysis of polyolefin is 
a high energy, endothermic process requiring 
temperatures of at least 350–500 °C. In some studies, 
high temperature as 700–900 °C is essential in 
achieving decent product yields. The extent and the 
nature of these reactions depend both on the reaction 
temperature and also on the residence of the products 
in the reaction zone, an aspect that is primarily 
affected by the reactor design. In addition, reactor 
design also plays a fundamental role, as it has to 
overcome problems related to the low thermal 
conductivity and high viscosity of the molten 
polymers. Several types of reactors have been reported 
in the literature, the most frequent being fluidized bed 
reactors, batch reactors and screw kiln reactors. 
 
Characteristics of thermal degradation of heavy 
hydrocarbons can be described with the following 
points; 

 High production of C1s and C2s in the gas 
product. 

 Olefins are less branched. 
 Some olefins made at high temperature. 
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 Gasoline selectivity is poor; i.e. oil products 
are a wide distribution of molecular weight. 

 Gas and coke products are high. 
 Reactions are slow compared with catalytic 

reactions. 
 
Thermal Pyrolysis of both virgin and waste plastics as 
well as other hydro-carbonaceous sources has been 
studied extensively in the past. A good number of 
these thermal cracking studies are on polyethylene, 
polypropylene and polystyrene. On the other hand, 
only a few have worked on the thermal decomposition 
of other common plastics such as polyvinylchloride, 
poly methyl methacrylate, polyurethane and 
polyethylene terephthalate. Generally, thermal 
cracking results in liquids with low octane value and 
higher residue contents at moderate temperatures, 
thus an inefficient process for producing gasoline 
range fuels. The gaseous products obtained by thermal 
Pyrolysis are not suitable for use as fuel products, 
requiring further refining to be upgraded to useable 
fuel products. A few researchers have sought to 
improve thermal Pyrolysis of waste polyolefin without 
employing the use of catalysts; however these changes 
either yielded insignificant improvements or added 
another level of complexity and costs to the system. 
 
III.III Catalytic Cracking of Polyolefins 
 
Addition of catalyst enhances the conversion and fuel 
quality. As compared to the purely thermal Pyrolysis, 
the addition of catalyst in polyolefin Pyrolysis 

 Significantly lowers Pyrolysis temperatures 
and time. A significant reduction in the 
degradation temperature and reaction time 
under catalytic conditions results in an 
increase in the conversion rates for a wide 
range of polymers at much lower 
temperatures than with thermal Pyrolysis. 

 Narrows and provides better control over the 
hydrocarbon products distribution in 

 Increases the gaseous product yields. Under 
similar temperatures and reaction times, a 
much higher gaseous product yield is 
observed in the presence of a catalyst for 
polyethylene. 

 
IV. LAB SCALE EXPERIMENTAL SETUP 
 
IV.I Condenser 
It cools the entire heated vapour coming out of the 
reactor. It has an inlet and an outlet for cold water to 
run through its outer area. This is used for cooling of 
the vapour. The gaseous hydrocarbons at a 
temperature of about 350°C are condensed to about 30 
– 35°C. 
 

IV.II Reactor 
It is a stainless steel tube of length 300mm, internal 
diameter 225mm, outer diameter 230mm sealed at one 
end and an outlet tube at the other end. The reactor is 
placed under the LPG burner for external heating with 
the raw material inside. The reactor is made with the 
following: stainless steel, mild steel and clay for 
lagging. The reactor is heated to a temperature of 
about 450°C and more. 
 
IV.III Process Description 

 
(a) 

 
Thermal cracking process without catalyst was used in 
converting waste plastic into liquid fuel. Two types of 
waste plastic are selected for this particular 
experiment. By weight 50% of each Low density 
polyethylene and polypropylene was selected for the 
experiment. Both waste plastic are solid hard form. 
Collected waste plastic was cleaned using liquid soap 
and water. During waste plastics 

 
(b) 

Fig.1 a) Photograph of Experimental setup, b) Schematic 
diagram of Experimental setup. 

are cleaned is cerates waste water. This waste water is 
purified for reuse using waste water treatment process. 
Washed waste plastics are cut into 3-5 cm size to fit 
into the reactor conservatively. For experimental 
purpose we used 600gm sample 300gm of PP and 
300gm of LDPE. A vertical steel reactor used for 
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thermal cracking and temperature used ranges from 
100° C to 400° C . The experiment is carried out under 
a closed air system with no vacuum process applied 
during this thermal cracking process. We used low 
density and polypropylene plastics in a batch process 
system because conversion temperatures for these 
plastics are relatively low. Heat is applied from 100°C 
at start to begin melting the waste plastics, the melted 
waste plastic turn into liquid slurry form when 
temperature is increased gradually. When temperature 
is increased to 270° C liquid slurry turns into vapour 
and the vapour then passes through a condenser unit. 
At the end we collect liquid fuel. Between 100º C and 
250º C around 20 -30% of the fuel is collected and 
then when raised to 325º C the next 40% is collected 
and finally when held at 400º C the yield is fully 
completed. During the thermal cracking process 
plastic portions are not broken down immediately 
because plastics have short chain hydrocarbon to long 
chain hydrocarbon. 1st stage of heat applied breaks 
down only the short chain hydrocarbon. When 
temperature profile is increased the plastic 
carbon-carbon bond breakdown slowly. As the 
temperature is increased the long chains are 
breakdown step by step. During in this thermal 
cracking process some light gas such as methane, 
ethane, propane and butane are produced. These 
compounds are not able to condense because they have 
negative boiling point. These light gases could be 
alkane or alkene group and it can also contain CO or 
CO2 emissions. Light gas production percentage is 
about 6%. This gas portion analysis is under 
consideration. The method which is considered for 
treating the light gas is an alkali wash system (see 
figure 1). After experiment is concluded some solid 
black residue is collected from the reactor. This solid 
black residue percentage is about 4%.Liquid fuel yield 
percentage is 90%. To purify the liquid fuel a 
purification system to remove water portion and ash or 
fuel sediment is used. Liquid fuel density is 0.75 g /ml. 
 
V. RESULTS 

 
V.I Physical Analysis 
Physical: viscous liquid with yellowish colour with an 
obnoxious odour. Flammability: highly flammable 
and burned completely without any left-over residue. 
 
V.II Rheological Properties Analysis 

 
Sl. No. Properties Value 

1 Density 702.5 kg/m3 

2 Viscosity 5.27 m. poise 

3 Flash Point 22  
4 Fire Point 29  
5 . Calorific Value 43796.02 KJ/kg 

 

CONCLUSION 
 
Plastics present a major threat to today's society and 
environment. Over 14 million tons of plastics are 
dumped into the oceans annually, killing about 
1,000,000 species of oceanic life. Though mankind 
has awoken to this threat and responded with 
developments in creating degradable bio-plastics, 
there is still no conclusive effort done to repair the 
damage already caused. In this regard, the catalytic 
Pyrolysis studied here presents an efficient, clean and 
very effective means of removing the debris that we 
have left behind over the last several decades. By 
converting plastics to fuel, we solve two issues, one of 
the large plastic seas, and the other of the fuel 
shortage. This dual benefit, though will exist only as 
long as the waste plastics last, but will surely provide a 
strong platform for us to build on a sustainable, clean 
and green future. By taking into account the financial 
benefits of such a project, it would be a great boon to 
our economy. So, from the studies conducted we can 
conclude that the properties of the fuel obtained from 
plastics are similar to that of petrol and further studies 
on this field can yield better results. 
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