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ABSTRACT:

This research examines the emissions characteristics of Compression Ignition (CI) engines utilizing a blend of diesel fitel
and pyrolysis oil derived from discarded high-density polvethvlene (HDPE) and coconut shells. The emissions firom the
ClI engine, encompassing hvdrocarbons (HC), carbon dioxide (CO2), carbon monoxide (CO) and nitrogen oxides (NOx),
were systematically analysed utilising an RS232 exhaust gas analyser in conjunction with a smoke meter. The findings
pertaining to the engine performance under loading conditions of 30%, 60% and 90% were derived from the utilization
of a fuel mixture comprising pvrolvsis oil blend in the ratios of HDPE oil, coconut shell oil and diesel, specifically 5:5:90,
5:10:85, 10:5:85 and 10:10:80. The emissions profile exhibited variability contingent upon the pvrolvsis blending ratios
emploved. The CI engine operating with a fitel blend of 5:10:85 demonstrated a reduction in NOx and HC emissions.
Concurrently, the emissions of CO and CO2 were decreased with the 10:5:85 and 5:5:90 blends, respectively, when
compared to 100% Diesel fitel. The optimal fitel blend comprising a ratio of 5:5.:90, integrated with nano-additives, aims
to mitigate emission behaviour associated with the automotive industry.
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environment, meaning without oxygen. Breakdown of
1. Introduction waste materials such as plastics and biomass comprising
food waste and agricultural residues results into valuable
products through controlled breakdown. The most evident
product from the breaking of plastics and biomass is bio-
oil. The bio-oil in question has tremendous potential as a
feasible alternative fuel for CI engines, which form the
backbone of the operation of the transportation sector.
Realisation of this potential is, however dependent upon
its blending with conventional diesel fuel in appropriate
proportions. However, for the transformation mentioned
above to take place it is necessary that the bio-oil be first
mixed with diesel fuel [6-7].

High-density polyethylene (HDPE) is especially
noted for its durability, cost-effectiveness and flexibility,
making it a popular material of choice in most industries
such as construction, packaging and consumer goods.
However, the resistance to biodegradation indicates a
threat of high intensity to the environment [8-9]. There is
a need for environmentally benign recycling technologies
to be developed as more waste consists of plastic. The
liquefaction process undertaken by bio-oil by way of
pyrolysis can transform this waste stream into a resource.
It is one of the notable alternatives for converting this

To combat the increasingly worsening global crisis of
plastic pollution and the soon to be encountered
challenges of dwindling fossil fuel reserves, there exists
an imperative for innovations that are not only new but
also immediate. Annually almost 350 million tonnes of
plastic waste flood into terrestrial and marine ecosystems,
resulting in severe disruptions to the previously finely
tuned balance between the biotic and abiotic elements of
the environment [1-2]. This material falls in the category
of plastic waste. Fossil fuels have been accumulated over
thousands of years and the supply is finite therefore their
depletion is bound to occur in a short time if the
consumption rate is not reduced. The threat has been
identified since it was noticed that the consumption rates
have not declined [3-4]. Considering the dangerous nature
of the problem, it is crucial to hasten the shift to
environmentally friendly alternatives. Pyrolysis presents
itself as a significant contender in such a momentous task
[5]. Pyrolysis is the thermo-chemical degradation of
organic material that is brought about by heat application.
This is because the process takes place in an anoxic
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waste stream. The process of bio-oil liquefaction has a
great opportunity to surpass the available mechanical and
chemical recycling methods, which are mostly partial
solutions to the complex problem of waste management.
Mechanical recycling and chemical recycling are two
different approaches in the wide context of recycling
technologies [10]. Coconut shells are an agricultural by-
product that is readily available in substantial quantities.
Hence, this can be a good opportunity for it as a reliable
feedstock for the production of bio-oil [11]. Coconut
shells are found to be easily available and renewable as
well, giving the whole thing a very attractive option [12].
The integration of coconut shell biomass into the
pyrolysis process would potentially enhance both the
overall efficiency of the fuel production cycle and the
environmental sustainability of the procedure [13].
Although there are promising routes of using waste
plastics and biomass for the generation of bio-oil as a fuel
for transportation, it is critical to be cognizant of the
environment impact that surrounds the production and
usage of bio-oil. Bio-oil is a form of biofuel which is
generated by the treatment of waste plastics [15]. For
instance, emission profiling for the production of blends
that include bio-oil and diesel should, for example be
entirely examined on an element-wise threat to the
environmental integrity.

Investigations based on diesel mixes involving
pyrolysis oil made from HDPE or coconut shells observed
negative impacts attributed to high consumption of such
feedstocks [16]. Hoang et al [17] reported that a B10 blend
containing 10% biodiesel blends containing rubber seed
oil diesel, has superior combustion performance
compared to that of higher blends (B20, B30). Major
contributing factors to increased emissions of HC and CO
into the atmosphere upon combustion in reactivity-
controlled compression ignition (CI) engines include the
availability of oxygen and latent heat of evaporation from
alcohol-based fuels. This might be due to complex
interactions between various contributing factors. To
ensure the proper commercialization of bio-oil as a fuel
for transportation, mix ratios should be optimized along
with pyrolysis processes. This is to reduce the volume of
emission produced. At the same time, it has to be made
sure that there is a decrease in the volume of emissions
generated [18]. Research into bio-oils as viable and
environmentally friendly alternative fuel needs to be on-
going, where technological innovations would be
advanced in order to be realized by encouraging
collaboration among the researchers, the policymakers
and the industry. It is only through this process that the
potential of bio-oils can be comprehensively actualised.
Each of these elements constitutes a fundamental
component that is requisite for the present investigation.

2. Materials and methods

Non-biodegradable waste plastics that comprise HDPE
are used as feedstock for the extraction of bio-oil in the
pyrolysis process. Before the bio-oil is extracted, the
collected HDPE waste undergoes a washing process in
running water, which facilitates the removal of sand and
dust particles found in the waste material. The drying of
washed plastics is done in an electric oven at 50°C for 10
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minutes. Dried plastics are shredded into pieces that are
3-5 mm in size through the process of shearing. Fig. 1
shows the pyrolysis process. The pyrolysis equipment
hopper introduced shredded waste plastics, which then
proceeded to a sealed vessel reactor. The PID controller
combined with the reactor controlled and monitored the
temperature in the reactor system. For the most part, the
temperature inside the reactor system was maintained at
300°C to initiate HDPE decomposition. Subsequently,
under anaerobic conditions, the temperature of the reactor
is elevated from 300 °C to 500 °C, a process that serves to
restrict combustion while promoting thermal degradation.

In the course of heating, the pressure within the
system is sustained at levels below atmospheric pressure,
1 bar, thereby mitigating the occurrence of superfluous
thermal reactions. The temperature is raised to 550°C
within the reactor to achieve thorough dehydration of
HDPE for 3 hours. The temperature within the reactor
system is measured using an R-type thermocouple placed
at the reactor wall [19]. Coconut shell is also used as
feedstock for bio-oil extraction, as it contains organic
composition, biodegradability and rich availability in the
natural environment. The harvested coconut shells are
washed by running water to remove sand dust and husk
from the shells, which are then sun-dried and ground. The
ground shells are further crushed to have a particle size of
3 to 5 mm using a ball milling apparatus. The same
pyrolysis apparatus is used for the extraction of bio-oil at
a temperature range of 400°C to 500°C. Fig 2 shows the
extracted bio-oils and diesel. The blending of HDPE and
coconut shell bio-oil with diesel occurs in various
percentages by volume as 5:5:90, 5:10:85, 10:5:85 and
10:10:80. Fig. 3 shows the test engine setup. The
experimental investigation was conducted utilizing a
Kirloskar 240 PE engine, characterized by an injection
pressure of 250 bar and an injection timing set at 23
degrees before top dead centre TDC. Table 1 provides the
specifications for the test engine. Fig. 4 shows a schematic
of the experimental set up.

Fig. 1: Pyrolysis setup
N

Rain Dre

Fig. 2: HDPE bio-oil, diesel and coconut shell bio-oil
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Fig. 2: Test engine setup
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Fig. 4: Schematic of experimental set up

Table 1: Specifications of Kirloskar 240 PE test engine

Specification Value
Number of cylinders 1
Engine weight (Dry) 108 kg

Number of strokes 4
Cooling system Water cooled
Rated speed 1500 rpm
Compression ratio 17.5:1
Stroke length 110 mm
Bore diameter 87.5 mm
Pressure range 0-350 bar

3. Results and discussion

In order to assess the efficiency and effectiveness of a
single-cylinder engine, its performance has to be judged.
The important measures of performance include brake
power (BP), brake thermal efficiency (BTE), brake
specific fuel consumption (BSFC) and emissions. All
these are very strongly dependent on operating parameters
like fuel injection timing, air-fuel ratio (AFR) and engine
speed. BTE quantifies the amount of work obtained from
a combustion engine per unit of fuel consumed in its
operation. Fig. 5 shows that the variation of BTE against
BP. AFR alone accounts for 9.6% of the variability of BP.
Results affirm that HSC5D90 has improved performance.
More the proportion of diesel that is added, better the
performance in terms of BTE. Higher proportions of
coconut shell oil produce the worst performance, as in the
case of HSC10D85. That is because coconut shell oil will
increase the viscosity and decrease the volatility, which
adversely affects the combustion. HI0C5D85 experiences
a slight loss in performance because of the lesser cetane
number and combustion instability. From Fig. 6, it can be
observed that BSFC is maximized for H5C10D85 in most

221

cases, which means that a higher the coconut shell oil
percentage corresponds to higher energy consumption,
which relates to its enhanced viscosity and lowered
calorific content, hence burning efficiency. In contrast,
higher diesel concentration blends have lower BSFC
values and therefore improve the fuel economy.
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Fig. 6: BSFC vs. Load

Ethanol-gasoline blends reduce CO and UHC
emissions but generally increase CO; levels.
Improvements in BTE and BSFC can be realized through
the optimization of blends. However, the challenge of
increasing NOx emissions persists, highlighting the
necessity for further research to achieve a balance
between emission control and engine performance [20].
From Fig. 7, it can be observed that HIOC5D85 has the
lowest HC emissions at all tested load conditions [15].
This is because the energy content in the blend is
relatively low, which results in controlled combustion and
reduced unburnt HC. H5C10D85 blend has higher HC
emission. This can be ascribed to incomplete combustion
that is associated with high coconut shell oil content.
HS5C3D90 blend, characterized by high diesel content,
exhibited moderate HC emissions. Fig. 8 shows the CO
emissions for three different fuel blends at different
engine loads of 30%, 60% and 90%. CO emission
decreases with an increase in engine loading. Reasonable
explanations of the observed effect are enhanced
completeness of combustion with higher operating
temperatures and pressures. Significantly, the HSC5D90
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blend remains the least CO emitted under every load,
giving an impression of this combination of derived
pyrolysis elements plus coconut shell oil together with
diesel helping to better exhaust. In contrast, the
HI10C5D85 blend shows the highest levels of CO
emissions, indicating that an increase in the proportion of
pyrolysis oil, without a associated increase in coconut
shell oil, may adversely affect the combustion efficiency.
The H5C10D85 blend shows CO emissions that are
intermediate when compared to the other two blends.
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Fig. 8: CO emissions vs. Load

Fig. 9 shows the percentage of CO2 emissions for
three different engine loads, 30%, 60% and 90% of three
fuel blends. There exists a trend that is easily identifiable
with increased CO2 emissions parallel to an increase in
engine load in all the blends of fuel as expected in the
operations of conventional combustion engines that
consume more fuel when subjected to higher power
production [21]. However, a comparison of the different
blends revealed that H5C5D90 showed the least levels of
CO2 emissions at all states of loads, signifying better
combustion. In contrast HIOC5D85 exhibits the highest
levels of CO2 emissions which may suggest a reduction
in combustion efficiency and as a result an increased fuel
consumption for equivalent power output. H5C10D85
exhibits intermediate concentrations of CO2. The results
reflect the possible fact that the ratio of the amount of
pyrolysis oil to coconut shell oil in the fuel mixture has a
direct impact on its effects on CO2 emissions and it is
already established that a mixture composed of 5%
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quantities of pyrolysis oil and coconut shell oil produces
the best improvement of combustion efficiency.

Fig. 10 shows the concentration of NOx emissions,
quantified in parts per million (ppm), for three different
fuel blends H5C5D90, H10C5D85 and H5C10D85, at
three engine loads of 30%, 60% and 90%. The trend of
increasing NOx with rising engine load can be clearly
seen in all fuel blends. This is attributed to the increased
combustion temperatures and pressures that occur with
higher loads which facilitate the formation of NOx
compounds. However, the relative emissions of NOx vary
between the wvarious fuel blends. It is particularly
remarkable that under 60% and 90% load, H5C5D90
showed the most NOx though earlier considerations
pointed to less bad news of CO and CO2 emissions. The
above is indicative of potential compromise, i.e., when it
reduces CO and CO2 emissions well while failing to make
things worse somehow NOx get easier to come about. As
expected, HIOC5D85 and HS5C10D85 result in lower
emissions of NOx compared to the H5C5D90. This
indicates that both changes in composition of the blends,
either with an increase of coconut shell oil input or
improvement in pyrolysis oil that does not reflect an
increase of coconut shell oil should significantly impact
production of NOx. An open cup apparatus is used to find
flash and fire points of H5C10D85 blended fuel. The
evaluation process followed by ASTM D93 standard. The
findings reveal that the optimum flash and fire point
temperatures were 40°C and 52°C, respectively.
Similarly, HI0C5D85 and H5C5D90 results showed 43°C
& 54°C, 44°C & 56°C respectively.
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Fig. 11 illustrates the effect of fuel blends on CI
engine under varied loading conditions. The CI engine
functioned with diesel fuel without oil blends showed
2.78 kW on a 30% load and progressively improved by
4.71% and 6.11% on increased loading conditions of 60%
and 90%, respectively. Generally, the BP gradually
increases with increasing load. The CI engine with 5%
HDPE oil blended diesel fuel exposed better BP
performance than the diesel operated engine. The
enhancement of BP is due to the higher energy content
with an enriched HDPE oil/diesel mixture. The blend with
5% HDPE oil found maximum BP compared to the other
blends tested. Moreover the pyrolysis oil blends with
diesel fuel offered better CI engine performance with an
improved BP of 13%.
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Fig. 11: BP under varying load conditions

4. Conclusion

This paper examines the characteristics of emissions
produced by a CI engine fuelled by blends of oil from
pyrolysis that are derived from waste HDPE and coconut
shells with diesel. Optimum blend as 10% HDPE oil, 5%
coconut shell oil and 85% diesel (10:5:85) was reported
to have a decreased NOx and HC emissions in all the
tested loading conditions such as 30%, 60% and 90%.
Blend of 5:10:85 emitted lower CO levels, while the
5:5:90 blend emitted lower CO2 levels. This indicates that
certain blending ratios can be used to optimize emissions
profiles. Increased performance of CI engines with blends
of higher fractions of diesel is noted; for higher diesel
fractions the increase in BP and efficiency are observed
clearly. Increase in coconut shell oil proportions resulted
negatively affecting the combustion as its viscosity affects
combustion adversely.

REFERENCES:

[1] S. Gowthaman and K Thangavel. 2022 Performance
emission and combustion characteristics of a diesel engine
fuelled with diesel/coconut shell oil blend, Fuel, 322.
https://doi.org/10.1016/j.fuel.2022.124293.

M. Firat, M. Okcu, Y. Varo and S. Altun. 2024.
Comparative analysis of combustion and emission
characteristics in RCCI engines using alcohol fuels with
different carbon numbers, Environ. Sci. & Pollution Res.,
31(59), 67035-67050. https://doi.org/10.1007/s11356-
024-35739-9.

[2]

223

[3]

(4]

[3]

(6]

[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

B. Samantaray, S. Mohapatra, B. Pradhan, B.C. Behera,
R.R. Mishra and H. Thatoi,. 2024. Utilization of cotton
stalk waste for sustainable iso-propanol production via
hydrolysis and  co-culture  fermentation, Inf
Biodeterioration & Biodegradation, 195, https://doi.org/
10.1016/j.ibiod.2024.105908.

P. Singh, D. Balasubramanian, I.P. Venugopal and V.V.
Thiyagi. 2024. A comprehensive review on the
applicability of hydrogen and natural gas as gaseous fuel
for dual fuel engine operation, Energy Sources Part A:
Recovery, Utilization & Environ. Effects, 46, 1559-1587.
https://doi.org/10.1080/15567036.2023.2298004.

AV.SL.S Bharadwaj, N. Subramaniapillai, M.S.B.K
Mohamed and A. Narayanan. 2021. Effect of rubber seed
oil biodiesel on engine performance and emission
analysis, Fuel, 296. https://doi.org/10.1016/j.fuel.2021.
120708.

J. Aguado and D.P. Serrano. 1999. Feedstock recycling of
plastic wastes, Royal Society of Chemistry. https://doi.org/
10.1039/9781847550804.

AT. Hoang, P. Mumgesan, P.V. Elumalai, D.
Balasubramanian, S. Parida, C.P. Jayabal, M. Nachippan,
M.A. Kalam, T.H. Truong and D.N. Cao. 2023.Strategic
combination of waste plastic/tire pyrolysis oil with bio
diesel for natural gas-enriched HCCI engine:
Experimental analysis and machine learning model,
Energy, 280. https://doi.org/10.1016/j.energy.2023.
128233.

O. Awogbemi and D.V.V. Kallon. 2023. Achieving
affordable and clean energy through conversion of waste

plastic to liquid fuel, J Energy Inst, 106.
https://doi.org/10.1016/j.joei.2022.101154.
D. Balasubramanian, T. Wongwuttanasatian, IP.

Venugopal and A. Rajarajan. 2022. Exploration of
combustion behaviour in a compression ignition engine
fuelled with low viscous Pimpinella anisum and waste
cooking oil biodiesel blends, J. Cleaner Prod., 331.
https://doi.org/10.1016/j.jelepro.2021.129999.

T.T. Bui, D. Balasubramanian, A.T. Hoang, O. Konur,
D.C. Nguyen and V.N. Tran. 2022. Characteristics of PM
and soot emissions of internal combustion engines running
on biomass-derived DMF biofuel, Energy Sources, Part
A: Recovery, Utilisation & Environ. Effects, 44(4), 8335-
8356. https://doi.org/10.1080/15567036.2020.1869868.

PR. Bhoi and M.H. Rahman. 2022. Hydrocarbons
recovery through catalytic pyrolysis of compostable and
recyclable waste plastics using a novel desktop staged
reactor, Environmental Tech. & Innovation, 27.
https://doi.org/10.1016/j.eti.2022.102453.

ASSM. Sitaramamurty, S. Sivaprakasam and P.V.
Elumalai. 2025. Thermal and environmental optimization
of PCCI engine fueled with lemon seed biodiesel and dual
gaseous fuels, Case Studies in Thermal Engg., 76.
https://doi.org/10.1016/j.csite.2025.107199.

P.V. Elumalai. 2025. Graphene oxide nanoparticle
blended tamanu methyl ester as a promising alternative
fuel for unmodified compression ignition engine, Int. Res.
J. Multidisciplinary Technovation, 7(1). https://doi.org/
10.54392/irjmt25111.

J. Escalante, W.H. Chen, M. Tabatabaei, A.T. Hoang, E.E.
Kwon, KY.A. Lin and A. Saravanakumar. 2022.
Pyrolysis of lignocellulosic, algal, plastic and other
biomass wastes for biofuel production and circular
bioeconomy: A review of thermogravimetric analysis
(TGA) approach, Renewable & Sustainable Energy
Reviews, 169. https://doi.org/10.1016/j.rser.2022.112914.



[15]

[16]

[17]

[18]

Karthigairajan et al. 2026. Int. J. Vehicle Structures & Systems, 18(2), 219-224

F. Faisal, M.G. Rasul, A.A. Chowdhury, M.I Jahirul and
M.A. Hazrat. 2023. Performance and emission
characteristics of a CI engine with post-treated plastic
pyrolysis oil and diesel blend, Energy Reports, 9, 87-92.
https://doi.org/10.1016/j.egyr.2023.09.142.

N. Gultekin, H.E. Gulcan and M. Ciniviz. 2024.
Investigation of the effects of hydrogen energy ratio and
valve lift amount on performance and emissions in a
hydrogen-diesel dual-fuel compression ignition engine,
Int. J. Hydrogen Energy, 49, 352-366. https://doi.org/10.
1016/j.ijhydene.2023.07.294.

A.T. Hoang, A. Pandey, F.JM.D. Oses, W.H. Chen, Z.
Said, K.H. Ng, U. Agbulut, W. Taretko, A.I. Olc and X.P.
Nguyen. 2023. Technological solutions for boosting
hydrogen role in decarbonization strategies and net-zero
goals of world shipping: Challenges and perspectives,
Renewable & Sustainable Energy Reviews, 188.
https://doi.org/10.1016/j.rser.2023.113790.

S. Kumar, R. Prakash, S. Murugan and R.K. Singh. 2013.
Performance and emission analysis of blends of waste
plastic oil obtained by catalytic pyrolysis of waste HDPE
with diesel in a CI engine, Energy Conversion &
Management, 74, 323-331. hittps://doi.org/10.1016/j.en
conman.2013.05.028.

224

[19]

[20]

[21]

J. Jayakar, N. Gunasekar and P.V. Elumalai. 2025.
Combustion and emission analysis of hydrogen-
microalgae biodiesel dual-fuel CI engine with cold EGR,
J. Thermal Analysis & Calorimetry, 150, 19299-19327.
https://doi.org/10.1007/510973-025-14879-1.

J. Datta and P. Kopczynska. 2016. From polymer waste to
potential main industrial products: Actual state of
recycling and recovering, Critical Rev. in Environ. Sci. &
Tech., 46(10), 905-946. https:/doi.org/10.1080/106433
89.2016.1180227.

J. Devaraj, Y. Robinson and P. Ganapathi. 2015.
Experimental investigation of performance, emission and
combustion characteristics of waste plastic pyrolysis oil
blended with diethyl ether used as fuel for diesel engine,
Energy, 85, 304-309. https://doi.org/10.1016/j.energy.
2015.03.075.



