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ABSTRACT

Biodiesel has gained a lot of attention recently as a clean alternative to traditional diesel. However, the scar-
city of feedstock is the primary reason for concern regarding its manufacturing cost. Due to the substantial
expense of raw materials compared to fossil fuels, the cost of biodiesel produced via transesterification from
virgin vegetable oil is greater. Waste Cooking Oil (WCO) has been utilized as a feedstock recently in an effort
to reduce the price of biodiesel. NaOH is typically utilized as an alkaline catalyst due to its cheaper cost and
faster pace of reaction. After producing biofuels and characterizing them, performance was assessed by blend-
ing them with diesel. Extensive studies of fuel analysis were conducted on a range of mixtures starting from
BS5 to B30 with a 5% change in blend of bio-fuel to diesel. From the study, it was found that the B30 blend
has the maximum deviation of properties when compared to diesel fuel. The kinematic viscosity of theee B30
fuel was 47% higher than the diesel. The diesel has a 3.5% higher calorific value compared to B30, which will
affect the specific fuel consumption of the engine. The flashpoint of the B30 blend was 24% higher than the
diesel, which leads to easy fuel transport. The density of both diesel and B30 blends exhibits very little change
of about 0.7%. Comparing the blend with diesel, it was observed that the characteristics of blends up to B20
are much closer to diesel fuel. Beyond B20, the properties deviated rapidly, which will affect the performance
and the emission characteristics of the engine.
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in mitigating global warming and promoting re-
sponsible energy (Pugh et al., 2011).

Numerous factors, including temperature,
catalyst type, chemical selection, and reaction
time. are critically considered in biofuel produc-
tion. Optimizing these conditions maximizes
biofuel output while minimizing environmental
impact, contributing to a more sustainable energy
future (Puri et al., 2012). However, the transition
to renewable energy sources is imperative due to

INTRODUCTION

The utilization of biomass resources for bio-
fuel production has gained global attention due to
climate change concerns and rising oil prices. Re-
searchers are increasingly focusing on renewable
technologies to address these challenges (Aran-
siola et al., 2012; Hinduja et al., 2024). Biofu-
els, derived from biomass, present a sustainable

alternative to traditional fuels, being non-toxic.
biodegradable, and economically feasible, there-
by helping to reduce the reliance on fossil fuels.
Their abundance further supports environmental
sustainability and energy security. As a sustain-
able energy source, biofuels play a crucial role
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the negative effects of fossil fuel consumption on
both people and the environment, exacerbated by
industrialization, population growth, as well as
technological advancements(Malik et al., 2024)
Promoting biofuels also requires ensuring raw
material availability, sustainable manufacturing,
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and effective marketing strategies, as different
countries possess varying resources and policy
frameworks (Cadenas and Cabezudo, 1998).

As easily accessible crude oil reserves dwindle
and energy consumption increases, a severe ener-
gy shortage looms on the horizon. Current trends
indicate that fossil fuels alone will not meet global
energy demands in the near future (Dhawane ef
al., 2018). Diesel fuel, commonly used in trans-
portation, burns incompletely, releasing various
pollutants. While diesel engines emit less carbon
monoxide than gasoline engines, they produce
higher levels of nitrogen oxides and aldehydes,
which can irritate the respiratory system. Diesel
exhaust particles (DEPs) significantly contribute
to air pollution in urban areas, with submicron
soot particles mediating several adverse health
effects(Long and Carlsten, 2022). The depletion
of petroleum reserves and growing environmen-
tal awareness have led to an increased focus on
renewable energy sources. Among these, vege-
table-based oils are key candidates for biodiesel
production, serving as a renewable substitute for
diesel fuel (Benny et al., 2024; Lin and Wu, 2022;
Ulgen et al., 2025). Biodiesel can be used alone
or blended with petroleum-derived diesel. It is
biodegradable, non-toxic, and renewable, offer-
ing significant advantages over traditional diesel
fuels, including a higher cetane number and lower
emissions of carbon monoxide, hydrocarbons, and
particulates (Graboski and McCormick, 1998).

The development of biodiesel as a die-
sel substitute has garnered significant interest.
Due to its positive environmental impacts, bio-
diesel derived from renewable biomass, includ-
ing plant and animal fats, has gained popularity
(Demirbas, 2003). The properties of biodiesel
are similar to that of diesel, which does not need

any modifications in the engine, as presented in
Table 1 (Demirbas, 2009). Used cooking oils,
categorized as first and second used cooking
oils, are particularly promising. First-used cook-
ing oil, generated by fast-food establishments,
is the waste from fresh vegetable oil, while sec-
ond used cooking oil is sourced from food ven-
dors and is often discarded without treatment
(Kawentar and Budiman, 2013). Converting this
leftover oil into biodiesel offers both ecological
and economic benefits, as used cooking oil is a
cheaper raw material that reduces waste disposal
costs (Demirbas, 2003) Recent studies indicate
that utilizing used cooking oil can cut biodiesel
production costs by nearly half (Escobar et al.,
2009). With an estimated 15 million tons of used
cooking oil disposed of annually worldwide, ex-
ploring this low-cost raw material could signifi-
cantly help in meeting the global biodiesel de-
mand (Das et al., 2024; Lee et al., 2014).

Economic aspects

One potential growth booster that could help
inresolving a nation’s economic issues and reduc-
ing its reliance on fossil fuel is biodiesel (Avinash
and Murugesan, 2017). The elimination of pover-
ty, the advancement of agriculture, the generation
of renewable energy, economic expansion, envi-
ronmental preservation, as well as reduction of
greenhouse gas emissions are all associated with
biofuel (Hasan et al., 2023; Sakthimurugan et al.,
2025). Improving the technology productivity to
boost yield, lower capital investment costs, and
lowering raw material costs can all help to reduce
the cost of producing biodiesel (Gebremariam and
Marchetti, 2018). The primary expense of pro-
ducing biodiesel is oil feedstock, which makes up

Table 1. Properties of biodiesel and diesel (Demirbas, 2009)

Fuel properties Biodiesel Diesel
Density at 15 °C/cm?® 0.8834 0.8340
Viscosity at 40 °C, mm?/s 4.47 2.83
Sulphur content, % <0.005 0.034
Carbon content, % 76.1 86.2
Hydrogen, % 11.8 13.8
Oxygen, % 121 -
Flash point, °C 178 62
Cetane number 56 47
Net calories value, kJ/kg 37,243 42,588
Cloud point 270-285 258-278

201



Journal of Ecological Engineering 2025, 26(10), 200-210

70% of the overall cost. Therefore, using WCO as
feedstock can greatly reduce the production cost
furthermore, it lowers the cost of waste treatment
(Hirkude et al., 2018).

The current biodiesel price in India varies de-
pending on the blend, but more or less it is avail-
able between a price range around Rs60-70 per
litre. On the other hand, the price of petroleum
diesel is around Rs 89-92 per litre. Since waste
cooking oil is used as raw material, methanol as
alcohol and sodium hydroxide as catalyst, the
overall cost of biodiesel is cheaper compared to
traditional diesel. By 2033, the biodiesel market
in India is projected to grow to a value of approxi-
mately US$ 0.69 billion. Nevertheless, it was val-
ued at US$ 0.37 billion in 2024, and CAGR is
anticipated to be approximately 7.05% from 2025
to 2033 due to the growing use of sustainable
fuels, government programs for renewable en-
ergy, and a growing emphasis on lowering carbon
emissions in industrial and transportation sector.
Techno-Economic Analysis experiments indicat-
ed that while biohydrogen (US$9-33/kg) showed
a higher minimum selling price, bioethanol and
biobutanol were competitive with their current
market values (Patel ef al., 2025).

The objective of this work was to achieve
the transesterification reaction in waste cooking
oil (WCO) to produce biofuels and its perfor-
mance as in engine when blended with diesel in
various combinations.

MATERIALS AND METHOD

Oil collection and preparation

The used WCO was collected from the Karna-
taka, Mysuru. Five litres of canes were distribut-
ed to local stores and street vendors, encouraging
them to collect leftover waste oil after their daily
use. This simple yet impactful strategy not only
provided a convenient means for waste oil dis-
posal but also engaged individuals in sustainable
practices. The waste cooking oil was procured

Filtering

———)

Collection

Transesterification

without any cost. The 70% of total production
cost of biodiesel is from raw material, collecting
the waste oil at zero cost was economically ad-
vantageous. Once filled, the canes were collected
from each establishment, ensuring a systematic
approach to waste oil collection across the city.
The collected oil, a mixture of vegetable and non-
vegetable fried items with suspended solids, were
filtered using strainers and muslin cloth. This cru-
cial step removes impurities, enhancing the qual-
ity of the oil for potential reuse or recycling. The
filtered waste oil was then stored in larger con-
tainers, awaiting further processing or disposal.
By involving local businesses and residents in the
collection and management of WCO, the initia-
tive promoted a sense of ownership and responsi-
bility towards environmental conservation.

Transesterification process

The first step in turning 5 litres of WCO into
biofuel is to make a catalyst by dissolving 50
grams of sodium hydroxide in 1 litre of metha-
nol. To improve the receptivity of oil, it was
heated at 60 °C using a magnetic stirrer. Slow-
ly sodium methoxide was added to the oil and
continue stirring (Figure 1). Transesterification
process takes one and a half hours to complete
by forming two layers, that is methyl ester bio-
fuel and glycerine (Figure 2). Glycerine forms a
bottom layer and methyl ester a top layer when
the mixture settles after the reaction. Glycerine
is removed by the decantation process, where
biofuel is transferred into another container.
Biofuel was washed with distilled water at 55 °C
to remove excess sodium hydroxide, methanol
or any water-soluble contaminants and continue
the same for three to four times. Lastly, the bio-
fuel was given a final heat treatment to remove
any remaining moisture at 90 °C, guaranteeing
its purity and fuel efficiency. From 5 litres of
WCO, around 4 litres of biofuel were obtained
via the transesterification method, which is
80% biofuel yield.

Glycerol * Biofuel

s

Separation

Figure 1. Transesterification process
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Figure 2. Transesterification reaction

RESULTS AND DISCUSSION

The individual properties of the fuel blend
was determined according to ASTM standards.

Oil parameters

The oil is subjected to parameter checking, as
presented in Table 2. They are the peroxide value,
iodine value, saponification value, acid value.

Biofuel analysis

The biofuel (B100) produced from WCO is
checked for the fuel analysis with parameter like
gross calorific value, viscosity, water content,
density, sulphur content, fire point, flash point, ash
content and the values are presented in the Table 3.

Higher heating value (HHV) and gross calo-
rific value (GCV) are equivalent. Higher heating
value (HHU) is used for fluid fuels, and GCV is
used for solid fuels. It alludes to the warmth of
combustion, which occurs when all combustion
products reach the temperature of the reactants
and condense into water vapour. Since heating
value permits the energy content to be combus-
tible, it might be an especially notable feature
of diesel engines. Warming value is expressed
as net and net calorific value, determined by
the degree of water display within the debili-
tated state. In the case that the water display is

Table 2. WCO parameters

SI. no. Test name Result
1 Density 0.84 g/ml
2 PH 9.14
3 Colour Brownish yellow
4 Acid value 1.683 mg KOH/g
5 Saponification value 378.8 mg OH/g
6 lodine value 25.413 wijs
7 Peroxide value 10 meqg/1000 g

dynamic, warming value is GCV. The warming
value is referred to as NCV if the water is vis-
ible as vapour. From this Gross Calorific Value
of biofuel is 10201 kcal/kg. The interior friction
or flow resistance of oil is measured by its vis-
cosity. Oil may flow more easily when its tem-
perature rises because its viscosity drops with
warmth. The most significant characteristic of
biodiesel is its viscosity, which has an impact
on how fuel injection machinery functions, es-
pecially at low levels of temperature. when the
fluidity of the fuel is impacted by an increase in
viscosity. High viscosity causes the fuel spray
to be less evenly atomized, which in turn causes
the fuel injectors to operate less precisely. Fol-
lowing the transesterification process, the vis-
cosity values of waste oil methyl esters drasti-
cally drop. Ordinarily, the viscosity of methyl
ester was irrelevantly above that of routine die-
sel combustible at 40 °C. At 40 °C, the viscos-
ity of the biodiesel is 4.25 CST and at 100 °C
the viscosity is 1.5 CST(Sivaramakrishnan and
Ravikumar, 2011).

Moisture content is the most important pa-
rameter in the fuel characterization. Rusting can
occur when biodiesel fuels contain water. Water
is also an essential component for the develop-
ment of microorganisms. The gasoline must have
a clean look, be devoid of any water, and silt.
These things are typically signs of improper han-
dling procedures. Water and silt can clog gasoline
filters or reduce their lifespan, which can starve
engines of fuel. Furthermore, water can encour-
age microbial development and drive corrosion
(Barua, 2011; Rocha-Meneses et al., 2023). It
was discovered that the material in this experi-
ment had no water, its value was < 0.1. In the
context of specifications such as IS 1448 Part 40
for biodiesel, it means that the parameter being
measured (in this case, water content) is expected
to be below 0.1%. It could be any value smaller
than 0.1%, including 0%. The water was removed
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Table 3. Biofuel analysis for B100 before the blending with diesel

Test name Unit Result
Gross calorific value kcal/kg 38000
Viscosity at 40 °C Cst 4.25
Viscosity at 100 °C Cst 1.59

Water content % <041
Density at 31 °C glcc 0.8602
Sulphur content % 0.16

Fire point °C 163
Flash point °C 179
Ash content % 0.001

using a rotating evaporator. For water and sedi-
ment, the ASTM standard limit was 0.05% by
sample volume (Chhetri et al., 2008).

Sulphur has an influence on the environment,
human health, and performance, the sulphur level
of biodiesel is crucial. Elevated sulphur emis-
sions damage ecosystems and human health by
causing air pollution and acid rain. Biodiesel
lessens these harmful effects by reducing sulphur
concentration, which complies with emission
standards and encourages cleaner combustion.
Reduced sulphur levels also protect catalytic con-
verters and engine parts, guaranteeing effective
engine operation and extending equipment life.
According to Indian standard, the sulphur content
should be within 15 ppm. In the testing of biofuel
in lab method determined percentage was 0.16%.
The lowest temperature at which biodiesel fuel
will begin to fire (flash) when an ignition source
is applied is known as the fuel flash point tem-
perature. Flash point varies in opposition to the
volatility of the fuel. For the safe handling and
storage of diesel fuel, minimum flash point tem-
peratures are necessary. The lowest temperature
at which the sample may burn for five seconds is
known as the fire point. When evaluating the fire
hazard (the temperature at which fuel can release
flammable vapour), these two factors are crucial
(Lin and Wu, 2022). The standard value of flash
point was in between 100—170 °C.The obtained
biofuel flash point value was 163 °C. The stan-
dard fire point value is 100-190 °C. The obtained
result was 179 °C. These values are a satisfactory
result for biofuel. The residue that remains after
burning biodiesel is referred to as the ash con-
tent of the fuel. Inorganic compounds including
metals, salts, and other non-combustible materi-
als make up the majority of this waste. An exces-
sive amount of ash can be harmful, since it can
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develop engine deposits and perhaps harm engine
parts. Because of this, the ash content limitations
are usually included in biodiesel regulations in
order to guarantee the fuel quality and engine
compatibility. Depending on the biodiesel stan-
dard or specification being followed, there may
be variations in the precise ash content limit. For
example, the commonly used ASTM D6751 stan-
dard for biodiesel in the US calls for a maximum
ash level of 0.01% by weight. The obtained result
was 0.001% which is a safe and satisfactory result
(Tarigan et al., 2023).

The biofuel produced by cooking oil is com-
pared with the standard works to understand its
merits (Table 4). On the basis of their respective
Gross Calorific Values (GCV), which are 10079
Kcal/kg, 38000 Kcal/kg and 10201 Kcal/kg, re-
spectively, Azadirchta excelsa Oil Methyl Ester
(AOME), Tabebuia rosea methyl ester (TOME)
and Waste Cooking Oil Methyl Ester (WCOME)
exhibit a more similar value, because biodiesel
has a higher oxygen concentration than diesel, it
has a lower caloric value. While the lowest viscos-
ity of Azadirchta excelsa seed oil makes it easier
to utilize in engines and fuel systems, the recent
research on WCO methyl esters value also reveals
a closer resemblance to other fuels (Lhawang et
al., 2021). Azadirchta excelsa Oil Methyl Ester
and WCO Methyl Ester have comparable densi-
ties, which suggests comparable mass per unit
volume. Among the oils, WCO has the lowest sul-
fur level, meaning it would cause less emissions
and corrosion. The highest flash point is found in
WCO, which is beneficial for storage and transit
safety. When compared to Tabebuia rosea seed
oil, WCO has the low ash concentration, indicat-
ing cleaner combustion (Sirigeri ef al., 2022).
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Table 4. Comparison between present study with Tabebuia rosea methyl ester and Azadirchta excelsa methyl ester

(Lhawang et al., 2021; Sirigeri et al., 2022)

Sl. no. Properties TOME AOME Present study (WCOME)
1 Gross calorific value 10079 kcal/kg 10540 kcal/kg 38000 kcal/kg
2 Viscosity at 40 °C 3.99 Cst 3.465 Cst 4.25 Cst
3 Density - 0.8635 g/cc 0.8602 g/cc
4 Sulphur content 1.20% 1.66% 0.16%
5 Flash point °C 170 °C 156 °C 179 °C
6 Ash content 0.02% - 0.001%

Biodiesel analysis

Biofuel was blended with diesel in various
proportions on basis of volume. The characteriza-
tion of these blends was done and tabulated.

Figure 3 shows comparison of kinematic vis-
cosity for various fuel blends, the least value of
kinematic viscosity is observed in diesel and as
the percentage of biofuel increase, the kinematic
viscosity also increased. The kinematic viscosity
of B100 fuel is very high when compared with
rest of the blends. The kinematic viscosity of B20
and B30 fuel are 40% and 47% higher than that
of the diesel. The blend B5 has 25% higher kine-
matic viscosity compare to the diesel.

The comparison of calorific value for vari-
ous fuel blends is shown in Figure 4, The maxi-
mum calorific value was observed in diesel, and
as the amount of biofuel increased, the calorific
value decreased. The B100 fuel has a low calo-
rific value when compared to other blends. The
B20 and B30 fuel have a lower calorific value
than diesel, by 2.3% and 3.5%, respectively.
The B5 blend has a 0.7% lower calorific value
than the diesel.

Figure 5 compares the flash and fire points
of several fuel blends; diesel has the lowest flash
and fire point, and as the amount of biofuel in-
creases, the flash and fire point increase slightly.

Table 5. Characterization results for various fuel blends

In comparison to other mixes, B100 fuel has a
very high flash and fire point. The blend B5 has
the same flash and fire point as the diesel.

Figure 6 shows the density of several fuel
mixes; diesel has the lowest density, and as the
percentage of biofuel increases, the density ris-
es significantly. In compared to other mixtures,
B100 fuel is quite dense. The blend B5 has rough-
ly the same density as diesel.

Biodiesel blends were prepared using cook-
ing oil biofuel with the diesel at various propor-
tionate and the results are presented in Table 5.
The B20 biodiesel blend has a kinematic viscos-
ity of approximately 3.96 mm?s, greater than
conventional diesel (2.83 mm?/s) but lower than
B100 (6.23 mm?/s). Because of its modest viscos-
ity, which improves atomization and injection,
B20 can be used with conventional diesel engines
without requiring major modifications. Although
it has a little lower calorific value (41.5 MJ/kg)
than diesel (42.588 MJ/kg), it nevertheless has a
high energy density(Azad et al., 2015). B20 has
a higher flash point (69 °C) than diesel (62 °C),
which increases handling and storage safety. The
density of B20, roughly 840 kg/m? allows it to
burn and inject fuel similarly to diesel while re-
quiring fewer modifications to engines. All things
considered, B20 is a sensible, cleaner fuel choice

ASTM Fuel type
Sl. No. Property
standard | piesel | B5 B10 | B15 | B20 | B25 | B30 | B100
1 | Kinematic viscosity at 40 °C - 283 | 352 | 368 | 381 | 396 | 402 | 418 | 6.23
(mm?/s)
2 Calorific value (MJ/kg) ASTMD4809 | 425 | 42.2 42 419 | 415 | 412 | 41 38
3 Flash point (°C) ASTMD93 62 63 64 66 70 73 77 179
4 Fire point (°C) ASTMD93 72 72 74 75 77 85 92 193
5 Density (kg/m?) ASTMD1298 | 830 | 832 | 835 | 835 | 840 | 840 | 840 | 895
6 Free Fatty Acid (%) - - - - - - - 0.285
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that strikes a balance between efficiency and en-
vironmental advantages (Alp et al.,2017; Suraka-
si et al.,2023).

EMISSION STUDIES

In the last ten years, biofuels such as blended
gasoline and biodiesel, have started to find a role
in the energy economy, because lowering CO,
emissions is necessary for a sustainable trans-
portation future (Ashikhmin et al., 2024; Nanaki,
2009). In comparison to diesel fuel, the use of
biodiesel results in higher brake specific fuel
consumption and reduced smoke opacity (up to
60%). It was discovered that the B5 and B100
fuels had CO emissions that were 9% and 32%
lower, respectively, than the diesel fuel (Buyuk-
kaya, 2010). Under varying engine operating
conditions of loads and speeds, the impact of bio-
diesel blends on gaseous emissions and particu-
late matter was examined. For all gasoline tests,
the best decrease was obtained during medium
engine load and speed settings, as opposed to
low and high loads and speeds. The overall PM
concentration was lowered by the increased rate
of soot particle oxidation during the combustion
cycle caused by burning B100, B50, and B20
(Arvesen et al., 2021).

When compared to other biofuels, Hy-
drotreated Vegetable Oil (HVO) is shown to have
higher CN and better stability. Its capacity to
lower emissions without sacrificing efficiency is
what makes it a “renewable diesel”, and HVO is

more cost-effective fuel. In terms of fuel usage,
HVOBS and HVOBI10 are determined to be com-
parable to diesel fuel. All of the fuel combinations
have been found to have reduced emissions by
around 4-5% in CO,, 10-15% in NO_, and 25—
45% in smoke (Rayapureddy et al., 2022). Fuel
consumption increased by 4% when palm oil fuel
was used at a 20% mixing ratio (Damian et al.,
2025). Additionally, a 3% increase in volumetric
efficiency was observed and compared to die-
sel fuel, it shows the highest value (Saleh et al.,
2024). In contrast to pure diesel, numerical stud-
ies show that all biodiesel mixes increase specific
fuel consumption and mechanical efficiency un-
der full load conditions while decreasing BTE,
exhaust gas temperature, and indicated thermal
efficiency (Kumar et al., 2024).

CONCLUSIONS

This study has demonstrated that turning
used cooking oil into biodiesel provides a work-
able and efficient way to recycle a material that
is frequently thrown away. It also emphasizes
the advantages for the environment of using bio-
diesel to cut down on pollution and greenhouse
gas emissions. From an economic perspective,
the study highlights the possible cost reductions
and employment prospects linked to the utiliza-
tion of leftover cooking oil for the manufacture
of biodiesel. Going forward, more research and
development in this area can improve product
quality, streamline manufacturing processes, and
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encourage the general use of biodiesel as a sus-
tainable energy source. In general, the creation of
biodiesel from WCO serves as a concrete illustra-
tion of how creative resource management tech-
niques may support the development of a more
sustainable and greener future. The biofuel analy-
sis test conforms that biodiesel generated were
successful in all terms through biofuel analysis
test. Gross calorific value, viscosity, water con-
tent, sulphur content, ash, flash and fire point were
identified. biodiesel characterisation study, mul-
tiple blends B5, B10, B15, B20, B25, B30, and
B100 were tested. It was evident from the data
that the B20 mix performed the best. This implies
that using B20 to increase engine efficiency and
lower emissions is a viable and sustainable option
and at the same time the emission are expected to
be lower than the conventional fuel by 4-5%. The
biofuel generated from WCO were able to utilize
as a substitute combustible.
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