
Enhancement of the environmental bio-economy by investigating a 
sustainable cerbera odollam biodiesel at a low heat rejection engine

Environ Res Tec, Vol. 6, Issue. 4, pp. 308–316, December 2023

Environmental Research and Technology
https://ert.yildiz.edu.tr - https://dergipark.org.tr/tr/pub/ert

DOI: https://doi.org/10.35208/ert.1341951

Research Article

Anbazhagan RAMANUJAM* , Naveenchandran PANCHACHARAM

Department of Automobile Engineering, Bharath Institute of Higher Education and Research, Chennai, India

*Corresponding author.
*E-mail address: anbazhaganbiher@gmail.com

ARTICLE INFO

Article history
Received: 12 August 2023
Revised: 09 September 2023
Accepted: 16 September 2023

Key words:
Biodiesel; Bio economy; Diesel 
engine; Cerbera odollam seed; 
Nano coating; Low heat rejection 
engine

ABSTRACT

It is essential to maintain the environment by preserving the ecological balance of the area 
and keeping an eye on emission regulations. It's common knowledge that fossil fuels are the 
backbone of the transportation industry. Over time, the atmospheric concentrations of carbon 
and nitrogen oxides have risen dramatically due to human activities, particularly the burning 
of fossil fuels at excessive rates. Long-term sustainability may be attainable with the imple-
mentation of a bio-based, circular economy. Fears of a future fuel shortage and the negative 
effects on the environment spurred researchers to search for more sustainable energy sources. 
Renewability, reduced emissions, biodegradability, and better lubricating characteristics are 
just some of the reasons why biodiesel is becoming increasingly popular as a viable alternative 
to petroleum diesel. In this research paper, biodiesel extracted from cerbera odollam seeds was 
tested for its performance and emission characteristics on a low-heat rejection diesel engine 
with its piston coated with nano coating. The results were compared with those of a standard 
diesel engine, BCO25 at coated piston engine enhances break thermal efficiency by over 5.5%, 
consumes less fuel by 6.4%, reduces CO by 5.9%–10.7%, and reduces UBHC by 4% to 8.5%.

Cite this article as: Ramanujam A, Panchacharam N. Enhancement of the environmental 
bio-economy by investigating a sustainable cerbera odollam biodiesel at a low heat rejection 
engine. Environ Res Tec 2023;6(4)308–316.

INTRODUCTION

The preservation of the regional ecological balance and 
the implementation of vigilant emission controls are con-
sidered to be of utmost importance in ensuring environ-
mental protection. The successful transition to a circular 
bio-economy can be achieved through the incorporation 
of global inclusiveness in the establishment of an organi-
zational framework. This framework would be responsi-
ble for facilitating knowledge sharing, establishing global 
testing standards, evaluating the demand and supply of 
bio-based products, and providing support for research 
and development in biotechnology with the aim of com-
mercialization [1].

The global bio-economy summit provides a definition of 
bio economy as the utilization of biological resources, 
implementation of new biological processes, and adher-
ence to sustainable principles to facilitate the creation 
and provision of goods and services across many eco-
nomic sectors, all of which are founded on knowledge. 
This concept elucidates that the bio economy is founded 
upon two fundamental pillars: resource efficiency and 
the substitution of fossil fuel-derived feedstock, as well 
as advancements in the field of biotechnology. There-
fore, the bio economy enhances the worth of biomass 
resources, and an examination of the economic advan-
tages of a specific resources [2, 3].
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At now, the majority of biodiesel production in the com-
mercial sector mostly relies on edible oils, notably soybean 
oil, rapeseed oil, and palm oil, as the primary feedstock for 
the synthesis of fatty acid methyl esters. Hence, biodiesel is 
engaged in a competition for scarce land resources with the 
food business, as both sectors rely on the cultivation of the 
same oil crops. Consequently, the current practice involves 
allocating arable land for the cultivation of fuel crops rath-
er than for food production. Consequently, the increased 
cost of edible oil will result in a higher price for biodiesel, 
rendering its production economically impractical when 
compared to petroleum-based diesel fuel. To address this 
challenge, numerous scholars have initiated investigations 
into more cost-effective and non-consumable oils as poten-
tial substitutes for biodiesel production feedstock [4, 5].

Despite the possibility of exaggerated price hikes in biodies-
el and edible oils, the ongoing discourse about the alloca-
tion of feedstock production for either food or fuel persists. 
The practice of converting cooking oil into biodiesel has re-
cently attracted attention and criticism from environmental 
advocates. The proliferation of edible oil crop plantations, 
necessary for the large-scale production of biodiesel, is as-
sociated with deforestation and ecological degradation [6, 
7]. The production of biodiesel from vegetable oil intro-
duces a conundrum in balancing the demands of energy 
consumption and nutritional requirements. The current 
situation is characterized by a scarcity of available land, 
which has led to a competition between the production of 
biodiesel from edible oil and other land-intensive activities. 
The aforementioned phenomenon is currently observed in 
various regions across the globe, wherein extensive areas of 
land are being utilized for the cultivation of oil crops as a 
direct response to the increasing need for the production 
of biodiesel. The utilization of biodiesel derived from edi-
ble oils as a substitute for petroleum diesel oil possesses the 
capacity to deplete the global reserves of edible oils over an 
extended period of time [8, 9].

Researchers worldwide have conducted numerous studies to 
explore sustainable and renewable feed stock for the man-
ufacture of biodiesel, aiming to address this discouraging 
issue. Second-generation biofuels encompass the utilization 
of waste oil to produce biodiesel. The feedstock utilized in 
second-generation biofuel production comprises non-edi-
ble plant sources, including jatropha, rubber seed, jojoba, 
tobacco seed, cerbera odollam, neem, candlenut, mahua, 
karanja, and yellow oleander. In the manufacturing of bio-
diesel, animal fats such as chicken fat, swine lard, and cattle 
tallow can also be utilized. In recent years, there has been a 
growing interest in utilizing waste edible oils, such as used 
cooking oils, as viable for the creation of biodiesel [10–12].

To effectively address sustainability challenges, it is impera-
tive to establish a bioeconomy that is truly sustainable, rath-
er than simply a bioeconomy. The present state of the bio-
economy continues to heavily depend on non-renewable 
energy sources and fossil-derived raw materials, such as ni-
trogen fertilizers, organic chemicals, and polymers, which 
are primarily derived from petroleum oil and gas. The 

establishment of a sustainable bioeconomy encompasses 
more than simply replacing non-renewable fossil resources 
with renewable alternatives. It necessitates the implementa-
tion of sustainable practices in the production of biomass 
feedstock, the conversion of biomass, and the development 
of sustainable bio-based products [13, 14].

The implementation of a circular economy that is based on 
bio-resources has the potential to contribute significantly 
to the attainment of sustainable development in the long 
run. This paper outlines five ecological principles that gov-
ern the utilization of biomass within a circular bioecono-
my. The principles encompassed in this framework involve 
the conservation and rehabilitation of ecosystems, the 
avoidance of unnecessary products and the minimization 
of waste for essential items, the prioritization of biomass 
resources for basic human needs, the utilization and re-
cycling of by-products from ecosystems, and the adoption 
of renewable energy sources with a focus on reducing en-
ergy consumption. The implementation of these concepts 
necessitates a comprehensive overhaul of our economic 
framework, encompassing policy reforms, technological 
advancements, organizational restructuring, shifts in social 
conduct, and market dynamics [15, 16].

The potential influence of biofuels on heat and electricity 
applications is expected to be substantial in the foreseeable 
future. Despite notable progress in diesel engine technolo-
gy, the thermal efficiency of a traditional diesel-fueled en-
gine continues to fall short of 35%. The primary cause of 
this phenomenon can be traced to the dissipation of heat 
from the engine. For several years, there has been a nota-
ble emphasis on the adoption of low heat rejection (LHR) 
engine technology as a strategy to mitigate heat dissipation 
from engines [17, 18]. In the study conducted by [19] the 
NOx emission saw a notable rise during engine running as 
a result of the synergistic effects of oxygenated biodiesel and 
ceramic coating applied to the piston crown. The findings 
indicate that the utilization of a 15% Exhaust Gas Recircu-
lation system with a Thermal Barrier Coating (TBC) Piston 
in a normal diesel engine fuelled by Rape seed biodiesel 
leads to a reduction of 3.5% in brake thermal efficiency. Ad-
ditionally, there is an observed rise of 2.8% in hydrocarbon 
emissions, 4% in carbon monoxide emissions, 2% in smoke 
emissions, and 6.2% in nitrogen oxide emissions.

The experiment employed free fatty acid methyl ester bio-
diesel from discarded frying oil. Biodiesel fuel works in diesel 
engines without modification since its qualities are compa-
rable to diesel fuel. Thermal barrier coating is yttrium-sta-
bilized zirconia. Experimentally, B20 was the best biodies-
el-diesel blend since it possessed diesel-like qualities and 
reduced emissions. This study used a greaves diesel engine 
with and without heat barrier coating. In the diesel engine 
without thermal barrier coating, all biodiesel blends had low-
er braking power and higher brake specific fuel consumption 
than diesel fuel across the load range. All biodiesel mixes 
emit lower HC, CO, and greater CO2 and NOx than diesel 
[20, 21]. Various types of coatings, such as yttrium-stabilized 
zirconia, magnesium-stabilized zirconia, and gadolinium zir-
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conate, were employed in the experimental procedure involv-
ing the utilization of soup nut biodiesel. The performance of 
biodiesel in terms of engine fuel consumption and emission 
efficiency was evaluated on a coated engine [22].

Diethyl ether (DEE) on the performance and emissions of 
a thermal-barrier-coated (TBC) engine running on papaw) 
and eucalyptus oil mixes. The DEE-adapted CPME30Eu70 
mix had 32.2% BTE, while diesel had 31.8%, 1.2% more 
than at normal operation. Compared to a non-coated CP-
ME30Eu70 engine, DEE lowered BSEC and BSFC by 8.9 
and 7.2%, respectively. DEE-CPME30Eu70 reduced nitro-
gen oxide emissions. After DEE addition, CPME30Eu70's 
carbon monoxide and hydrocarbon emissions were 0.195% 
vol. and 38 ppm, 13.3 and 5.1% lower than with a compres-
sion ignition engine. DEE enhanced CPME30Eu70's atom-
ization and spray. The CPME30Eu70-powered engine also 
improved performance and emissions [23, 24]. Ceramic 
TBCs insulate the base material and safeguard the source at 
high temperatures. This study examines 500-micron-thick 
yttrium-stabilized zirconia (YSZ). Plasma-sprayed bond 
coat. Diesel and mahua biodiesel are tested in a diesel en-
gine under varied loads. This study shows brake thermal 
efficiency increases with BSFC decrease. The LHR engine 
emits more NOx but less HC and CO [25].

The main aim of this study is to assess the viability of em-
ploying biodiesel derived from Cerbera odollam oil (BCO) 
as a potential alternative energy source for boiler and indus-
trial fuel applications. In order to address the issues pertain-
ing to the performance and emissions of biodiesel-derived 
crude oil (BCO) in a diesel engine, the implementation of 
a thermal barrier coating on the piston head is considered 
to be of great significance. In this study, the utilization of a 
zirconia nano-coated piston is examined in the context of 
a single-cylinder diesel engine as low hear rejection (LHR) 
engine. The primary objectives of this investigation are to 
assess the benefits of utilizing the zirconia nano-coated 
piston in terms of reducing exhaust pollution, enhancing 
engine performance, and improving fuel consumption effi-
ciency. In this experiment, the biodiesel derived from Cer-
bera odollam oil was blended with diesel at volume ratios 
of 25% and 50%. The performance and exhaust emission 
characteristics of these blends were assessed using the nor-
mal and LHR pistons testes at diesel engine.

MATERIAL AND METHODS

The Apocynaceae family includes the tree that is commonly 
known as the cerbera odollam. The seed of this noxious, 
fibrous-kernelled fruit contains a substantial quantity of oil. 
The fruit itself is deadly. Due to the fact that cerbera odollam 
contains oil that is inedible, this fruit could be considered 
for use as a source of non-edible feedstock in the manufac-
turing of biodiesel [26]. The height of these evergreen trees 
may range from 6 to 15 meters; have dark green, spiraling 
leaves; and egg-shaped fruits, which are 5 to 10 centimeters 
in length. The spirals of glossy dark green leaves have an 
ovoid form. The blooms have a pleasant aroma and have a 

white, five-lobed tubular corolla that is between 1.2 and 2.0 
inches in diameter, with a pink or red throat.

Cerberin, a powerful cardiac glycoside, may be found in 
both the leaves and the fruits, making them very toxic. 
Extraction of glycosides from the seeds has anti-heart fail-
ure activity. There are few cases when the trunk bark or 
leaves are used as a purgative, however this is only done 
with extreme care due to its high toxicity. Cerbera odol-
lam, known locally as cerbera odollam, is one of the few 
oil-producing plants. Cerbera odollam thrives in coastal 
salt swamps and creeks in south India and along river-
banks in southern and central Sri Lanka, Vietnam, Myan-
mar, Malaysia. Cambodia, and Madagascar. Malaysian 
roadside decorative trees are numerous. The plant's tox-
icity dominated. The plant's oil can be utilized as biodies-
el feedstock because decantation can remove the toxin 
(cerberin). The poison only harms when digested [4, 11]. 
The oil content derived from the seeds of Cerbera odol-
lam amounts to 54%. The predominant fatty acid found 
in cerbera odollam oil is oleic acid, accounting for 48.1% 
of the content. This is followed by palmitic acid at 30.3%, 
linoleic acid at 17.8%, and stearic acid at 3.8% [27].

The findings pertaining to the characteristics of cerbera 
odollam methyl esters indicate that the viscosity exhibited 
a value of around 3.15 mm2/s, the density was measured at 
847.9 kg/m3, the flash point was determined to be 214 °C, 
the acid value was found to be 0.4 mg KOH/g, the oxidation 
stability was observed to be 6.35 hours, the FAME content 
accounted for 97.77% w/w, and the heating value was cal-
culated to be 40.49 MJ/kg. Upon conducting an analysis of 
these qualities, it has been determined that there exists a 
significant potential for the manufacture of biodiesel from 
this particular seed [11]. Table 1 displays the Properties of 
Base Diesel and Biodiesel of Cerbera odollam oil.

The thermal barrier coating (TBC) system reduces sub-
strate material heat load and improves thermal efficiency. 
The TBC system can insulate the piston crown by coating 
diesel engine pistons. The piston heat load could be reduced 
by heat lost through the piston. The piston substrate can re-
sist lower temperatures than the covering, which is ceram-
ic-based and strong. Coating also reduces fuel consumption 
and pollution [19, 28]. The classic double-layer structure 
thermal barrier coating has a ceramic topcoat and a me-
tallic bond coat. Due to its modest expansion coefficient, 
the bond coat substance, an intermetallic alloy, helps the ce-

Table 1. Properties of base diesel and biodiesel of cerbera 
odollam oil

Properties of fuel	 Units	 Diesel	 Biodiesel of cerbera  
			   odollam oil

Calorific value	 MJ/kg	 45.5	 38.5

Density	 kg/m3	 832	 847.9

Kinematics viscosity	 mm²/s	 2.82	 3.15

Cetane number	 -	 55	 51

Flash point	 oC	 64	 121
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ramic topcoat and substrate adhere. Internal stress between 
the ceramic covering and substrate is reduced by high-tem-
perature oxidation resistance. The ceramic topcoat may ef-
fectively isolate heat in the combustion chamber because it 
has a lower thermal conductivity than the substrate. Thus, 
the piston substrate's temperature drops, improving piston 
reliability. The chamber's thermal efficiency increases as its 
temperature rises [29].

To enhance thermal efficiency in diesel engines and miti-
gate heat loss during combustion, the integration of piston 
heat insulation has been implemented. The significance of 
ceramic insulation techniques is increasing as the global 
community seeks more effective methods to comply with 
emission standards and conserve fuel resources. Ceramics 
has excellent insulating properties due to their inert nature. 
In this context, it is worth mentioning that yttrium-stabi-
lized zirconia and alumina are widely utilized as materials 
for thermal barrier coatings [22, 25].

The process of plasma spraying involves the utilization of 
metal powder as its primary input material. Coating materi-
als, often in the form of powders, are delivered into a plasma 
jet, whereby their particles undergo a process of melting and 
subsequent propulsion towards the target surface for the 
purpose of coating. The initial step in the deposition process 
involves the application of a 200-micron thick bond layer, 
composed of alumina, zirconia, and nickel, onto the alu-
minium alloy base grain of the piston. The term "bond coat" 
refers to the initial coating of paint that is applied. A ther-
mal shield was fabricated with a bond coating comprising of 
alumina, zirconia, and nickel. The application of the bond 
layer was facilitated by the utilization of plasma spraying 
technique. Bond coatings have the potential to enhance the 
adhesion of oxide coatings to various surfaces. The adhesion 
between the coating and the substrate is a crucial factor in 
the fabrication of a thermal shield. Subsequently, a layer of 
zirconia with a thickness of 250 micrometres is applied onto 
the surface of the piston. The discrete particles of powder 
possess an approximate diameter of 50 micrometres. The 
objects are driven at high velocities of the flame, undergoing 
instantaneous melting and subsequent solidification.

Experimental Details
The necessity of employing a two-step procedure for the 
synthesis of biodiesel from Cerbera odollam oil can be at-
tributed to its elevated free fatty acid concentration. The acid 
esterification process was conducted using a molar ratio of 
10:1 of methyl alcohol to oil for a duration of 120 minutes. 
Sulphuric acid, with a concentration of 2%, was employed 
as the acid catalyst. The speed of the magnetic stirrer was 
maintained at a constant rate of 500 rpm to mitigate limita-
tions on mass transfer. The objective of this technique was 
to decrease the acid value of the input oil. After the acid-es-
terification procedure, a settling period of four hours was 
provided for the reaction mixture. The cerbera odollam oil 
that had been esterified was subsequently subjected to the 
transesterification procedure. Alkali homogeneous catalysts, 
such as NaOH and KOH, offer several advantages compared 

to other catalysts. These benefits include the ability to con-
duct the process at atmospheric pressure, with a very short 
reaction time of 30–90 minutes, at low temperatures ranging 
from 40–60 °C. Additionally, the use of alkali homogeneous 
catalysts is cost-effective and leads to high conversion rates. 
Upon completion of the procedure, the emergence of two 
distinct layers becomes apparent. The uppermost stratum 
consisted of biodiesel, whereas glycerol occupied the lower-
most stratum. The glycerol that accumulated at the bottom 
was extracted, while the biodiesel was afterwards subjected 
to a purification washing operation, so concluding the trans-
esterification process and yielding pure biodiesel.

An experimental investigation was conducted to evaluate 
the performance of a diesel fuel blend consisting of Cer-
bera odollam oil in a single-cylinder, direct-injection, con-
stant-speed engine equipped with a piston coated with a 
nano material. Figure 1 illustrates the experimental setup. 
The eddy current dynamometer was utilized to impose a 
spectrum of loads on the engine, spanning from zero to one 
hundred percent. The engine power output of 4.4 kW is uti-
lized to its maximum capacity, exerting a force of 1.1 kW on 
each testing mixture. The adjustment of engine loads can be 
achieved through hand manipulation with an eddy current 
dynamometer. In this experimental study, the measure-
ment of airflow was conducted utilizing a calibrated bu-
rette, whereas the measurement of fuel flow was carried out 
using a calibrated aperture situated on an air drum. Table 2 
describes the instruments and its details used for the inves-
tigation. The researchers also made note of the amount of 
diesel and biodiesel blends used in the studies of fuel flow. 
Through the utilization of AVL software, a diverse range of 
measurements and outcomes were obtained during the op-
eration of the test rig.

Biodiesel of Cerbera odollam oil (BCO), was blended with 
diesel at different ratios of 25% and 50% on a volume basis 
as BCO25 and BCO50. Further, the biodiesel tested at low 
heat rejection engine (LHR) for the same blend as BCO25@
LHR and BCO50@LHR. This paper examines the diesel en-
gine performance and emission characteristics of biodiesel 
blends at uncoated piston and coated piston.

Figure 1. Experimental setup.
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RESULTS AND DISCUSSION

Figure 2 displays the brake thermal efficiency (BTE) fluc-
tuation across the engine power for the cerbera odollam 
blends. BCO25@LHR performed more than 5.5% increase 
in Break thermal efficiency due to LHR engine's in-cylinder 
temperatures, combustion efficiency, and ignition timing 
are all enhanced by the increased vaporization and air-fuel 
atomization. Also, BCO25@LHR over performed the same 
fuel by 2 to 6.6% more at break thermal efficiency. In ad-
dition to boosting power generation for constrained diesel 
volume and brake thermal performance, the nano coating 
also reduces the reject rate in the combustion chamber. 
The increase in load resulted in a corresponding growth in 
the brake thermal efficiency due to reduced energy losses. 
BCO25 and BCO50 have less thermal efficiency by 1.8% and 
5.9% compared to base diesel. Furthermore, it was observed 
that when the blend ratio increased, there was a correspond-
ing decrease in brake thermal efficiency. When biodiesel is 
used with diesel, it results in an increase in viscosity and a 
decrease in volatility. The occurrence of incomplete com-
bustion and poor brake thermal efficiency may be attributed 
to the inadequate spray pattern, resulting in the uneven dis-
persion of fuel within the combustion chamber. In addition, 
the low calorific value of cerbera odollam biodiesel played a 
role in the decrease of brake thermal efficiency [4, 27].

Several factors significantly affect the Specific Fuel Con-
sumption (SFC), which includes the fuel's density, heating 
value, viscosity and cetane value. The LHR coating on the 
combustion components reduces the ignition delay time, the 
engine uses less fuel consumption than a standard diesel en-
gine. BCO25@LHR consumed less fuel by 6.4% compared to 
base diesel fuel and 3.5% than the same blend at non coated 
engine. The higher viscosity and density of BCO50 produce 
poor atomization, leading to a rise in SFC about 6%. In re-
sponse to varying engine loads, different fuel samples exhibit 
varying patterns of specific fuel consumption, as seen in Fig-
ure 3. The SFC decreases noticeably at mid-range of engine 
power, and then decreases further as the load increases. Be-
cause of an increase in engine power under higher loads and a 
corresponding decrease in heat dissipation ratios, we observe 
this phenomenon. Diesel's higher calorific value and lower 
density result in a lower specific fuel consumption. Because 
biodiesel has a lower calorific value than conventional diesel, 
blending it increased the blends' fuel consumption [11, 29].

Figure 4 illustrates the range of carbon monoxide (CO) 
emissions observed across several fuel samples in relation 
to engine load. CO emissions of the fuel samples exhib-
it an upward trend until reaching maximum load, with 
a decline until 2.2kW of engine power. The utilization of 

Figure 2. Study of brake thermal efficiency with BCO.

Figure 3. Study of fuel consumption with BCO.

Table 2. Details of test instrumentation

Measurement	 Range	 Accuracy	 Instrument

Load	 –	 +0.1 kg to −0.1 kg	 Load cell

Speed	 0–10000 rpm	 ±10 rpm	 Digital tachometer

Fuel quantity	 0–50 cm3	 ±0.1 cm3	 Burette measurement

Carbon monoxide	 0 to 20000 ppm	 ±10 ppm	 AVL exhaust gas analyser, NDIR technique

Hydro carbon	 0 to 15%	 ±0.03%	 AVL exhaust gas analyser, NDIR technique

Nitrogen oxides	 0 to 5000 ppm	 ±10 ppm	 AVL exhaust gas analyser, NDIR technique

Smoke	 0–100%	 ±1 %	 AVL smoke meter
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low loads in engines results in the maintenance of low gas 
temperatures, hence causing incomplete combustion in 
the gas phase and subsequently leading to elevated levels 
of carbon monoxide emissions [30]. An elevated tempera-
ture of the gas within the cylinder at load leads to a higher 
rate of CO oxidation, resulting in reduced emissions of 
CO. BCO25 blends performed better at different engine 
loads, with 6 to 10% reduced CO emissions compared to 
diesel fuel. At BCO25@LHR blends, CO reduced by 5.9% 
to 10.7% with respect to all loads compared with base fuel. 
The rationale behind this phenomenon lies in the fact that 
biodiesel fuels exhibit a greater oxygen content in com-
parison to conventional diesel fuel. As a result, the oxida-
tion process is enhanced, leading to a reduction in carbon 
monoxide emissions [9, 31].

Figure 5 illustrates a between the emissions of unburned 
hydrocarbon (UBHC) and the rise in load across all fuel 
types. The primary factors contributing to hydrocarbon 
emissions are inadequate fuel-air mixing, suppression of the 
oxidation process, and an elevated carbon-to-oxygen ratio. 
The occurrence of this phenomenon can be attributed to 
the existence of fuel-rich mixes and a deficiency of oxygen 
necessary for combustion under increased loads. Moreover, 
the likelihood of incomplete combustion in an engine in-
creases when additional fuel is introduced to the system [4, 
32]. These conditions arise as a result of increased engine 
loads, leading to a corresponding increase in hydrocarbon 
emissions. The findings of the study indicate that the utili-
zation of mixed fuels resulted in a reduction of hydrocar-
bon emissions in comparison to the emissions generated by 
pure diesel fuel. BCO25 blends performed better at differ-
ent engine loads, with 5 to 8.5% reduced UBHC emissions 
compared to diesel fuel. At BCO25@LHR blends, UBHC 
reduced by 4% to 8.5% with respect to all loads compared 
with base fuel. The acceleration of soot oxidation at high 
temperatures is attributed to the elevated oxygen level with-
in the combustion chamber [33].

The emissions of nitrogen oxides exhibit an upward trend 
when the operating condition transitions from no load to full 
load. An observable phenomenon is that an increase in load 
leads to a corresponding increase in combustion tempera-
ture, which subsequently results in elevated levels of nitro-
gen oxide emissions. The primary generation of NOx occurs 
within engines due to the increased heat generated during the 
power stroke. The primary by products generated during the 
internal combustion process within the cylinder are nitrogen 
oxides, resulting from the chemical reaction between nitro-
gen and oxygen [22, 25]. In contrast to diesel fuel, biodiesel 
exhibits a higher propensity for nitrogen oxide emissions due 
to its increased oxygen content. Figure 6 illustrates the levels 
of nitrogen oxide emissions resulting from the combustion 
of diesel and biodiesel mixtures. BCO25, BCO50 recorded 
with an increase of 4.6% and 8.8% than the diesel. Whereas at 
LHR, same blends recorded more than 6% and 18% than the 
base diesel due to higher combustion temperature. The use 

Figure 4. Study of carbon monoxide emissions with BCO.
Figure 5. Study of unburned hydrocarbon emissions with BCO.

Figure 6. Study of nitrogen oxides emissions with BCO.
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of bio diesel at low heat rejection engine has been found to 
raise the higher combustion temperature, accelerate the com-
bustion rate, and improve the heat transfer rate, resulting in a 
reduction in nitrogen oxides emissions [34].
The quick reaction between the hydrogen molecules in the 
liquid fuel and oxygen results in the production of smoke due 
to insufficient oxygen to facilitate the complete combustion 
of the remaining carbon. The qualitative interpretation of 
this phenomenon pertains to the concentration of particles 
within the exhaust stream that possess a diameter significant 
enough to cause scattering of incident light upon interaction. 
From Figure 7, BCO25, BCO50 recorded the smoke with an 
increase of 7.1% to 24.2% than the diesel. Whereas at LHR, 
same blends recorded more than 4% and 14% than the base 
diesel due to higher combustion temperature. It is conceiv-
able that increased loads may result in a greater number of 
fuel molecules actively engaging in oxidation reactions. 
Smoke is generated in the fuel-rich section of the cylinder 
due to the elevated temperature and pressure resulting from 
the lack of oxygen. The utilization of biodiesel fuel mixes re-
sulted in a significant reduction in smoke emissions [35]. The 
rationale behind this phenomenon is in the elevated oxygen 
level found in biodiesel blends, which consequently enhances 
the efficiency of oxidation and combustion processes. When 
the fuel injection pressure is raised, the fuel blends are better 
atomized, leading to cleaner burning and less smoke. Diesel 
mix products have bigger shattered droplet sizes due to the 
presence of LHR engine laminates, which reduces ignition 
centres and smoke by increasing cylinder temperature [36].

CONCLUSION

Bio economy is the study of the economic benefits of us-
ing a certain resource, which raises the value of biomass 
resources. This study evaluated the efficiency and emissions 
of diesel fuel made from Cerbera odollam seeds using a 
low-heat rejection diesel engine with a piston covered with 
Nano coating. The investigation compared the findings to 

those of a conventional diesel engine and analysed the most 
important characteristics, as discussed below.

•	 BCO25@LHR performed more than 5.5% increase in 
break thermal efficiency than the base diesel. Also, same 
blend at LHR over performed the same fuel by 2 to 6.6% 
more at thermal efficiency.

•	 BCO25@LHR consumed less fuel by 6.4% compared to 
base diesel fuel and 3.5% than the same blend at non coat-
ed engine. The higher viscosity and density of BCO50 pro-
duce poor atomization, leading to a rise in SFC about 6%.

•	 At varying engine loads, BCO25 blends outperformed 
diesel fuel while emitting 6-10% less CO. BCO25@LHR 
blends reduced CO by 5.9%-10.7% relative to base diesel 
across all loads.

•	 BCO25 blends performed better at different engine loads, 
with 5 to 8.5% reduced UBHC emissions compared to die-
sel fuel. At BCO25@LHR blends, UBHC reduced by 4% to 
8.5% with respect to all loads compared with base fuel.

•	 NOx was found to be higher in the BCO25 and BCO50 
than in the diesel, by 4.6% and 8.8%, respectively. However, 
the same blends showed increases of 6% and 18% over the 
standard diesel at LHR.

•	 The smoke was shown to increase the BCO25 and BCO50 
values by 7.1% to 24.2% compared to the diesel. On the 
other hand, greater combustion temperatures at LHR led to 
higher readings for the identical blends, exceeding the base 
diesel by between 4 and 14 percent.

This idea clarifies that the bio economy is built in large part 
on maximizing resource efficiency and substituting feed-
stock not produced from fossil fuels. The diversification of 
the energy portfolio has the potential to reduce dependence 
on fossil fuels, particularly for countries that have a high re-
liance on oil imports. They have the potential to facilitate the 
formation of new markets and job possibilities for farmers, 
rural communities, and biofuel enterprises. Furthermore, 
these technologies provide the capability to reduce energy 
costs and improve energy accessibility in geographically 
remote or socioeconomically weak regions. The biodiesel 
extracted from Cerbera odollam seeds’ performance and 
emission characteristics on a low-heat rejection diesel en-
gine were able to meet the needs to achieve the bio economy.
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