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This research study investigates the effects of using waste plastic oil on engine
performance, combustion characteristics, emissions and long-term operation for
unmodified single cylinder diesel engines using fuel derived from plastic waste. The
study focuses on comparing the basic physical and chemical properties of the fuel,
engine performance, combustion characteristics and exhaust emissions of waste plastic
oil that has been converted to energy through the pyrolysis process without fractional
distillation. The research examines the physical and chemical properties of blended
waste plastic oil, high-density polyethylene (HDPE) bottle cap plastic and polyethylene
terephthalate (PET) bottle plastic. An unmodified 4-stroke single cylinder diesel engine
was tested at a constant engine speed of 1,500 revolutions per minute under varying
engine load conditions. Long-term operation tests of 200 working hours are also
conducted to study the effects of wear on various engine components.

From the test results of the waste plastic oil's fuel properties, it was found that
the significant fundamental physical and chemical properties of waste plastic oil are
inferior to commercially available diesel fuel in several aspects, such as cetane index,
kinematic viscosity, density, and heating value. The engine performance tests revealed
that the brake specific fuel consumption (BSFC) of waste plastic oil is higher than that
of diesel fuel under all load conditions, and the brake thermal efficiency (BTE) is lower
when compared to diesel fuel.

Due to the combustion characteristics of waste plastic oil from the pyrolysis
process being different from diesel fuel, resulting from their distinct chemical
compositions, this research study examines the combustion properties and effects of
using waste plastic oil as fuel in variable compression ratio engines. From the test
results with variable compression ratio engines at a constant speed of 1,500 rpm and

load levels of 25%, 50%, and 75% of maximum power, and at compression ratios of



16:1, 17:1 and 18:1 it was found that increasing the compression ratio improved the
performance of engines using diesel fuel and blended oil. Moreover, increasing the
compression ratio could also reduce the ignition delay of the fuel. When considering
the maximum cylinder pressure and maximum heat release rate of waste plastic oil, it
was observed that the polyethylene terephthalate (PET) bottle plastic oil had a
considerably longer ignition delay. However, in waste plastic oil produced from high-
density polyethylene (HDPE) bottle cap plastic, it was found that the combustion
characteristics of the waste plastic oil from bottle caps are similar to those of diesel
fuel without engine modification. Furthermore, this research also investigated the
effects of using polyethylene terephthalate (PET) bottle waste plastic oil blended with
diesel fuel at ratios of 10%, 20%, 30%, and 50% on engine performance. It was found
that the mixed fuel increase the BSFC and BTE, which can be attributed to the physical
and chemical properties of the fuel directly affecting combustion. The results of
exhaust emission measurements showed that waste plastic oil has higher amounts of
nitrogen oxides (NOx), hydrocarbons (HC), and carbon monoxide (CO) than diesel fuel.
However, it was found that using engines with higher compression ratios increase brake
thermal efficiency and reduces the ignition delay, which directly contributes to
improved brake thermal efficiency and emissions.

The different sources of plastic waste directly affect the chemical composition
of the oil. In cases where there is no control over the source of plastic waste used for
fuel production, a fractional distillation process is necessary to control the chemical
composition of the fuel oil obtained from the plastic waste, ensuring its basic
properties are similar to diesel fuel. Using high-density polyethylene or polyethylene
terephthalate waste plastic oil in unmodified engines is not economically viable due
to the cost factors of waste plastic. Meanwhile, using unrefined waste plastic oil blends
in engines in the long term has been found to cause various problems, such as
increased wear and tear of engine components and affecting the properties of the
engine lubricant oil. This may lead to engine damage if the components of the engine

or the quality of the waste plastic oil are not appropriately improved.
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