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Abstract

This review paper highlights the production of biodiesel from different plant based feedstocks via the transesterification
process. Biodiesel is a renewable, non-toxic, environment-friendly and an economically feasible option to tackle the
depleting fossil fuels and its negative environmental impact. Biodiesel in general possess higher kinematic viscosity and
density than conventional diesel. However, because of food security concerns, the use of edible oil in biodiesel
production is criticized globally. Non-edible plant oils, waste cooking oils, and edible oil industry byproducts are
suggested as effective biodiesel feedstocks because nonedible feedstock does not compete with food from human
consumption. High-potential second-generation feedstock for biodiesel production uses waist cooking oil, acid oil, and
animal tallow. Non edible crops in India as a feedstock for biodiesel production are yellow oleander oil (Cascabela
thevetia), Pongamia (Pongamia pinnata), Jatropha curcas, Mahua (Madhuca longifolia), Candlenut (Aleurites
moluccanus), Rubber (Hevea brasiliensis), Soapnut (Sapindus mukorossi), Jojoba (Simmondsia chinensis), Tobacco
(Nicotiana tabacum), Neem (Azadirachta indica), Karanja (Millettia pinnata), Castor (Ricinus communis), Polanga
(Calophyllum inophyllum L), Cotton (Gossypium), Kusum (Carthamus tinctorius), Yellow oleander (Cascabela thevetia),
Sea mango (Cerbera odollam), Tung (Vernicia fordii), and Bottle tree (Brachychiton rupestris). Biodiesel is a sustainable
liquid bio-energy resource that might be used to replace diesel fuel. Despite having numerous advantages over
conventional diesel, the biodiesel industry is still struggling in India because of various reasons and challenges like
availability, high feedstock pricing, operational hurdles, and supply-chain management challenges.
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1. Introduction

Biodiesel is an alcoholic ester of various fatty acids, also known as FAME (Fatty Acid Methyl Esters) [1-151]. The
biodiesel is the one of the fuel used in the CI engine. Biodiesel is synthesized from plant oil, agro-waste derived materials,
lipids of microalgae, animal fat, and sewage sludge via the transesterification process [1-151]. Biodiesel is one of the
current renewable and environment friendly energy sources capable of meeting energy demands [1-150]. Biodiesel is
renewable, non-toxic, environment-friendly and an economically feasible options to tackle the depleting fossil fuels and
its negative environmental impact [1-151]. In addition to being biodegradable, biodiesel emits fewer greenhouse gases
than fossil diesel[1-151]. Moreover, biodiesel has high combustion efficiency and a reduced ignition delay time [1-60].
It can be used directly or blended with fossil diesel with minimal engine modification [1-151]. Due to these qualities,
biodiesel has attracted the attention of the global scientific community, and numerous researchers are pursuing its
development [20-60]. Biodiesel is promoted because of having low carbon contents compared to fossil fuels, thus
reducing the emission of greenhouse gasses from automobiles [1-40-151]. High-potential second-generation feedstock
for biodiesel production uses cooking oil, acid oil, and animal tallow. However, traditional fuel resources are depleting
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and fossil fuel produce more emission to the environment, which leads to harmful effects to the living organisms and
affect the environment feasibility[1-151].

According to the literature survey on biofuels, the feedstocks used to produce biodiesel are, soybean oil (30%), rapeseed
0il (25%), palm oil (18%), other plant seed oils (11%), waste cooking oil (WCOs) (10%), and fats (6%)[1-150]. However,
because of food security concerns, the use of edible oil in biodiesel production is criticized globally. Non-edible plant
oils, waste cooking oils, and edible oil industry byproducts are suggested as effective biodiesel feedstocks because
nonedible feedstock does not compete with food from human consumption [1-151]. The biodiesel production from
wildly growing nonedible feedstocks or waste cooking oil will be the least cost [1-40]. However, nowadays, the major
feedstocks of biodiesel are edible oils and this has created food vs fuel debate. Therefore, the future prospect is to use
non-edible oils, animal fats, waste oils and algae as feedstock for biodiesel [1-60]. Several nonedible plant oils, such as
castor oil, jatropha oil, mahua oil, neem plant oil, pongamia oil, and yellow oleander oil, are currently used as feedstocks
for biodiesel production [1-151]. Thus, the characteristics of biodiesel depend on the feedstock properties. Animal fats,
coconut oil, palm oil, neem seed oil, tea seed oil, orange peel oil, papaya and watermelon seed oil, safflower oil, kapok
seed oil (Ceiba pentandra; Malvaceae ), mango seed oil, soapberry seed oil, grape seed oil, rubber seed oil, Karanja seed
oil, flax seed oil, Silybum marianum L. seed oil, African pear (Dacryodes edulis) seed-oil, pequi seed oil, pumpkin seed oil,
Allanblackia floribunda seed oil, soybean oils, sunflower oil, canola oil, flax seed oil, Moringa oleifera, rapeseed oil,
Camelina seed oil, Dodonaea viscosa oil, Prosopis julifera seed oil, rice bran oil, Pineapple (Anands comosus) leaves,
safflower oil, waste cooking oil, spent coffee grounds, soapberry seed oil, Madhuca indica oil, hemp seed oil, mustard oil,
peanut oil, Cucumis melo var. agrestis seed oil, Brassica nigra, Hura crepitans seed oil, Hibiscus sabdariffa seed oil,
Phoenix dactylifera, cotton seed oil, castor oil, jatropha oil, microalgal lipids, juliflora oil, spent frying oils, pongamia
plant oil, Sisymbrium irio oil, sewage sludge, soybean, Helianthus annus, waste cooking oils (WCOs), and yellow oleander
are currently utilized as feedstocks for biodiesel [1-151].

There are different methods available for the preparation of the biodiesel. Among them, transesterification is one the
easiest and best method to extract the biodiesel [1-19]. The shift from homogenous catalysts to heterogeneous catalysts
for biodiesel production is the major break through in reducing the product cost [19, 20]. The catalytic efficacy and
reusability are the properties which make the heterogeneous catalysts desirable in terms of product quality and cost
[1-19]. According to the study conducted by Tata Energy Research Institute (TERI) in 2023[21-22], biodiesel production
in India is currently under production with non-edible oilseeds, used cooking oil (UCO), animal tallow, acid oil, algal
feedstock, etc [21-22]. The majority share is through non-edible sources, followed by UCOs and animal tallows [21-22].
Despite having numerous advantages over conventional diesel, the biodiesel industry is still struggling in India because
of various reasons and challenges like availability and high feedstock pricing, operational hurdles, supply-chain
management challenges [21-151].

Biodiesel production cost is higher as compared to conventional petroleum-based diesel fuel [1- 20]. Therefore,
increments of biodiesel content in biodiesel-diesel fuel blends will result in rising fuel production costs[1- 40].
Furthermore, biodiesel content in biodiesel-diesel fuel increases, the overall calorific value per volume shall reduce due
to biodiesels possessing lower calorific value (CV) than petroleum-based diesel[1-40]. This will lead to increased fuel
consumption as more fuel will be consumed in order to produce the same amount of energy as conventional petroleum-
based diesel[1-20]. Furthermore, fuel consumption could also increase as biodiesel possess higher viscosity which could
lead to poor fuel pumping and spray behaviour [20-151]. Selection of non-expensive feedstock and the extraction and
preparation of oil for biodiesel production is a crucial step due to its relevance on the overall technology [20-150]. There
are three main conventional oil extraction methods: mechanical, chemical/solvent and enzymatic extraction methods
[1- 22]. There are also some newly developed oil extraction methods that can be used separately or in combination with
the conventional ones, to overcome some disadvantages of the conventional oil extraction methods [20-40].

Biodiesel in general possess higher kinematic viscosity and density than conventional diesel [1-22]. These factors affect
fuel droplets atomization and entrainment when injected into the combustion chamber [1-22]. However, in a modern
diesel engine equipped with a common rail fuel injection system, it is argued that the effects of the aforementioned
properties were rather insignificant [1-40]. This is because, high pressure fuel injection introduced by the common rail
fuel injection system enables improved fuel droplets atomization and evaporation, therefore enhancing combustion
process [1-22]. Nonetheless, biodiesel emit higher nitrogen oxides (NOx) emissions when taking into account longer
ignition delays caused by higher peak combustion temperatures as the result of higher oxygen content in biodiesel [1-
22]. Furthermore, due to lower Calorific value (CV) of biodiesel, fuel consumption is considerably higher compared to
conventional diesel [1-40]. Several research have documented higher fuel consumption when using various biodiesel
blends in common rail injection diesel engines. In order to reduce NOx emissions and improve fuel consumption of
biodiesel and biodiesel-diesel blends, there is a need to reduce in-cylinder temperatures and improve combustion
efficiency[1-22]. One strategy to achieve this is by using Water-in-diesel (W/D) emulsion fuel [1-40]. The effects of W/D

111



International Journal of Biological and Pharmaceutical Sciences Archive, 2023, 06(02), 110-133

has been studied for many years and has shown promising improvements in terms of engine performance and exhaust
emissions [1-40]. This can be attributed to micro-explosion of micro-sized water droplets dispersed in diesel oil [1-40].
But the problem is that water and oil could not be mixed naturally, synthesis of Water-in-diesel (W/D) emulsions
required the use of a chemical additive known as surfactant or emulsifier to suspend the water particles in the diesel oil
for a sustained period of time [1-40]. This review paper presents, compare and discusses different potential biofuel
feedstocks, and proposed a future prospective for the sustainability of biodiesel production and utilization.

2. Biodiesel Production in India

India is one of the fastest growing economies in the world and energy security is critical for its socio-economic
development [21, 22, 41]. India relies heavily on crude oil imports, and this trend will continue due to the rapid growth
of its economy and over crowded population [21, 22, 41, 151]. India is the fourth-largest petroleum consumer in the
world after China, the United States, and Russia [21, 22, 41]. The petroleum products consumption in India has increased
about 38.2% from the past decade, resulting in a substantial expenditure on oil imports [21, 22, 41-150]. Indian Oil Corp
and Reliance Industries have bought Venezuelan oil in the past. India is the world's third biggest oil importer and
consumer and ships over 80% of its oil needs from overseas and wants to cut its crude import bill. Venezuela has one
of the largest oil reserves and production from it at a large scale will have a dampening effect on global oil prices. India
has a huge amount of on-road diesel consumption, and for success of the blending programme the availability of
biodiesel becomes crucial [21-22]. According to TERI's estimates (TERI, 2021, 2023), overall energy demand from the
transport sector may increase more than four-folds; between 2016 and 2050 [21, 22, 41, 151]. India aims to reduce its
carbon footprint by 30-35% till 2030 [21, 22, 41]. In recent years, India has been the fastest- growing sector in terms
of end-use and is already set for a huge expansion of transport infrastructure in every mode [21, 22, 41]. According to
the TERI report [21, 22, 41], India’s oil demand, as per Stated Policies Scenarios (STEPS), will rise by almost 4 million
barrels per day (mb/d) to reach 8.7mb/d by the year 2040 [21, 22, 41]. As the domestic oil resources in India are limited,
India imports large quantities of crude oil (the second largest importer) to meet the energy demands [21, 22, 41]. The
country’s dependence on imported oil is around 75% (IEA, 2021) and costs a massive foreign exchange investment [21,
22, 41]. Therefore, as a part of the Indian energy basket, biofuels have a strategic role to play [21, 22, 41].

Several initiatives have been introduced to increase indigenous production of biofuels, as part of the Indian
government’s aggressive plan of 20% ethanol in petrol by 2025-26 and 5% biodiesel in diesel by 2030 [21, 22, 41-150].
The country is still trying to develop a consistent supply chain for used cooking oil (UCO) [21, 22, 41]. Indian oil
marketing companies (OMCs) failed to support biodiesel production in the informal sectors and demand continues to
be inadequate [21, 22, 41]. Furthermore, a lack of feedstock supplies has prohibited market development [21, 22, 41].
According to TERI report, India’s biodiesel production lacks sufficient production and supply from Oil Marketing
Companies (OMCs) to build commercial sales. Hence, it is mostly consumed by locally dispersed groups to generate
power [21, 22,41, 151].

In India, the key drivers for sustainable and commercial production of biofuels are feedstock availability and production
cost [21, 22, 41]. The implementation of India’s biofuel blending program will be effective only if all stakeholders work
together [21, 22, 41]. India is a very diverse country with immense potential for oil seeds cultivation [21, 22, 41]. Due
to modernization and its dynamic economic growth, India’s energy demand will continue to have a robust increase [21,
22,41]. The number of vehicles on the road is increasing day-by-day, leading to an increase in fuel consumption [21, 22,
41]. Hydrocarbon fuel combustion contributes to the generation of carbon-based particles in the exhaust and pollutes
the environment [21, 22, 41]. Compared to renewable biofuels, non-renewable fuels emit more hydrocarbons, nitrogen
oxides, sulphur oxides, and carbon monoxide [21, 22, 41]. Increasing attention has been paid to renewable fuels to
reduce pollution (by completing the carbon cycle) and reduce petroleum imports [1-21, 22, 41]. Considering the
growing demand for fossil fuel and the rapidly growing motor vehicle fleet in India, the Government of India, New Delhi
had set a target to reduce 10% oil imports by 2022 [21, 22, 41]. Currently, India has a limited variety of alternative fuel
options for diesel vehicles and is in the initial stages of electrification [21, 22, 41]. The use of hydrogen fuel cells, battery
operated vehicles, are in the commercialization phase; especially in medium and heavy-duty bus segments [21, 22, 41].
Atthe same time, the issue remains with availability and reliability of the prime energy source [21, 22, 41]. In this regard,
biodiesel is the most prominent source and one of the relatively cleaner options in medium/heavy-duty vehicles: SUVs,
taxis, buses, etc[1-21, 22- 45, 151].

In India, biodiesel is produced primarily from nonedible vegetable oil, acid oils, animal tallow, and palm stearin oil [1-
45]. Domestically available used cooking oil (UCO) has been identified as a potential raw material for biodiesel
production in the National Policy on Biofuels, 2018 [21, 22, 41]. The waste cooking oil can be collected in bulk from
consumers such as restaurants, hotels, etc., for conversion into biodiesel [21, 22, 41]. Biodiesel in its pure form is termed
B100, or neat biodiesel and can also be blended with conventional diesel as B56 and B20 [1-45]. Biodiesel production
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in the India is currently happening with non-edible oilseeds, used cooking oil (UCO), animal tallow, acid oil, algal
feedstock, etc [21, 22, 41]. The majority share is through non-edible sources, followed by UCOs and animal tallows [21,
22,41,151].

Non-edible sources are some of the country’s most promising sources of biodiesel production. National Policy on
Biofuels, 2018 also promotes using non-edible sources like jatropha, karanja, mahua, etc., because of their growth
potential, wasteland availability, yield, among other reasons [21, 22, 41-151]. Non edible crops in India as a feedstock
for biodiesel production are Jatropha curcas, Mahua (Madhuca longifolia), Candlenut (Aleurites moluccanus), Rubber
(Hevea brasiliensis), Soapnut (Sapindus mukorossi), Jojoba (Simmondsia chinensis), Tobacco (Nicotiana tabacum), Neem
(Azadirachta indica), Karanja (Millettia pinnata), Castor (Ricinus communis), Polanga (Calophyllum inophyllum L), Cotton
(Gossypium), Kusum (Carthamus tinctorius), Yellow oleander (Cascabela thevetia), Sea mango (Cerbera odollam), Tung
(Vernicia fordii), and Bottle tree (Brachychiton rupestris) [21, 22-45-149]. Major challenges and barriers with the non-
edible source are its current unavailability, improper cultivation, regularization, high polyunsaturated fatty acids, and
low unsaturated fatty acid content, etc [21, 22-45]. However, this could be taken care of technological advancements
[21, 22, 41]. Therefore, biodiesel significantly reduces the tailpipe emissions of carbon monoxide, unburned
hydrocarbons, and other particulate matter, compared to conventional diesel and supports the environment [1-21, 22-
45]. A major component of acid rain, sulphur dioxide and sulphates are virtually eliminated with biodiesel [1-21, 22-
45].

High-potential second-generation feedstock for biodiesel production uses cooking oil, acid oil, and animal tallow[1-21,
22-45]. A high conversion and yield percent from raw material to biodiesel, cheap rates, and availability are some of the
positives points for these feedstocks [1-21, 22-45]. The major barriers include the poor collection mechanism, disrupted
supply-chain network, proper regulation mechanism, etc[1-21, 22-45]. Used cooking oil has been a potential feedstock
in India because of its availability and high procurement[1-21, 22-45]. According to MOP&NG, India uses approximately
27 billion litres of cooking oil annually, of which about 1.4 billion litres of used oil could be collected from bulk users
(restaurants, railways, etc.) to generate about 1.1 billion litres of biodiesel[1-21, 22-45]. Though the potential is very
high, the supply-chain network, proper regulations in line, and other policy loopholes make achieving the target difficult
[1-21, 22-45]. According to the study report of TERI (2021, 2023), and FSSAI, Government of India, estimated that the
country generates around 2.7 million tonnes of UCO annually, about 60% of which renters the food chain, posing a
serious threat to people’s health[1-21, 22-45]. To make this used oil industry regularized and prevent UCO from re-
entering the food chain, FSSAI took the initiative to form RUCO (Repurposed Used Cooking Oil), which also has several
biodiesel manufacturers registered with them to facilitate the flow of UCO from the industry to the manufacturers[1-
21, 22-45]. However, the industry still struggles with very low collection and supply chain management because of a
lack of aggregators in tier 2 and 3 cities, smaller private collectors, diversion to the soap industries, etc [1-21, 22-45].
Animal tallow is yet another potential feedstock available in India for biodiesel production [1-21, 22-45]. The
unorganized tallow industry makes it much more difficult. The scope of animal tallow is higher in north India, but with
limited suppliers it becomes much more difficult to regularize this sector[1-21, 22-45].

There are few challenges associated with using biodiesel as fuel; 1) Due to its lower calorific value, the fuel consumption
becomes higher. 2)NOx emissions are slightly higher than conventional diesel. 3)Biodiesel has a higher freezing point
in comparison with diesel. 4) Biodiesel used in its pure form for a longer period of time can cause corrosion; especially
if used without any coating, etc [1-21, 22-45]. As potential long-term solution, synthetics such as methanol to dimethyl
ethers blended with diesel or a green diesel are recommended [1-21, 22-60]. Green diesel is made from the same
feedstock as biodiesel (primarily animal fats and vegetable oils), but the production process differs considerably.
Moreover, green diesel has the same chemical properties as regular diesel, so no engine modifications are necessary
nor is necessary to change the existing infrastructure to distribute petroleum-based diesel [1-21, 22-60].

3. Biodiesel: Transesterification Reaction

Biodiesel is a sustainable liquid bio-energy resource that might be used to replace diesel fuel [1-151]. It has the potential
to reduce pollutant emissions and may be used without modification in compression ignition engines [1-150]. As an
alternative fuel, biodiesel possesses qualities that are comparable to diesel fuel [1-150]. Transesterification is the
process of turning large, branching triglycerides into smaller, straight-chain methyl esters in the presence of a solvent,
employing an alkali, acid, or enzyme as a catalyst [1-151]. Transesterification is the conversion of a carboxylic acid ester
into a different carboxylic acid ester [1-151]. When an ester placed in a large excess of an alcohol along with presence
of either an acid or a base, there can be an exchange of alkoxy groups. The large excess of alcohol is used to drive the
reaction forward. The most common method of transesterification is the reaction of the ester with an alcohol in the
presence of an acid catalyst. Conversion of one ester into another ester via exchange of -OR groups is
called transesterification. The transesterification process aids in the reduction of oil viscosity [1-45]. In the presence of
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homogeneous catalysts such as sodium hydroxide (NaOH), potassium hydroxide (KOH), and sulphuric acid, the method
works effectively [1-151]. Methanol and ethanol are the most often used solvents, with methanol being favored due to
their inexpensive cost and physical and chemical properties [1-150]. They efficiently break down sodium hydroxide in
these alcohols and react swiftly with triglycerides [1-150]. Transesterification requires a 3:1 stoichiometric molar ratio
of alcohol to triglycerides [1-45]. To push the equilibrium to a maximum ester yield, the ratio must be greater in reality
[1-151].

Biodiesel can be produced by conventional transesterification method, i.e. homogeneous, heterogeneous, and enzyme
or advanced technology processes (microwave, ultrasound, or plasma assisted process) [150, 151]. Conventional
transesterification processes are time-consuming and costly [1-60]. New methods, such as non-thermal plasma
technology, reduce the reaction time and temperature [1-151]. Therefore, research studies aims to evaluate the use of
a combined plasma jet-hydrodynamic reactor for transesterification [1-60]. The plasma jet used in this research
comprised a ceramic tube with a central high-voltage electrode and a ring outer electrode, into which argon gas was fed
[1-151]. Plasma technology in the field of chemical reactions is developing quite rapidly in addition to existing
conventional technologies [150]. There is a significant difference between heating with plasma technology and heating
with conventional technology[150]. In conventional heating, the required reaction temperature is quite high, whereas
in plasma heating, the required temperature is quite low but can produce high energy electrons with a temperature of
about 10* K [151]. Therefore, it is able to excite the components in the reactants. This is much different from
conventional heating which has low energy in breaking bonds in the reactants [1-151]. Heating with plasma can
significantly reduce the activation energy so that the reaction time can take place faster[150]. Plasma-assisted
technology has several advantages compared with a conventional method, such as: shorter reaction time, no soap
product, no glycerol product, and higher biodiesel yield [1-151].

4, Biodiesel Production: Case studies

4.1. Sisymbrium irio L seed oil

Biodiesel is one of the current renewable and green energy sources capable of meeting the future energy demand [1-
150]. In one of the study, nonedible seed oil of Sisymbrium irio L. (Brassicaceae family) was used to produce biodiesel
via a transesterification chemical reaction over a homemade TiO2 catalyst [1]. Sisymbrium irio L. is widely available in
Saudi Arabia, Iraq, America, Australia, South Africa, China, India and Japan [1]. According to this study, at 1:16 oil to
methanol ratio, maximum 93% biodiesel yield was obtained over 20 mg catalyst concentration at 60° C for 60 min of
reaction time [1]. According to this study, homemade TiOz nanoparticles are prepared by the hydrolysis of titanium
isopropoxide precursor into Ti(OH)4 and further dehydration of Ti(OH)4 into TiOz [1].

The produced biodiesel has 3.72 mm2/ s kinetic viscosity (at 40°C), 0.874 kg/L density, — 4.3 °C cloud point and - 9.6°C
pour point and 41.62 M]/kg high heating value[1]. The quantitative and qualitative analysis was performed by FT-IR,
GC-MS, and NMR spectroscopy [1]. GC-MS study confirmed 16 different types of fatty acids of methyl esters [1]. Further
this study also confirmed that all these parameters fall within the specified range of ASTM D6751 test limit [1-60]. It
has 0.42 mg KOH/mg/Kg acid value, 106 °C flash point, 0.034 water content, which are below the specified limit of ASTM
D6751[1]. The low water content of biodiesel is an attractive feature in the mean of corrosion resistance [1-60]. The
unsaturation degree of biodiesel is reflected by the iodine value [1]. The iodine value and oxidative stability are found
at 131 and 3.15 h, respectively, which is above than ASTM D6751 test limit [1]. Due to the presence of more oxygen than
conventional diesel, it has a lower calorific value (28,197 k]/kg) [1-150]. The relatively lower cetane number (42) of
biodiesel can be overcome by the addition of nitric acid and iso-cotyl [1]. This study confirmed that the physicochemical
properties of Sisymbrium irio biodiesel (SIB) is an eco-friendly fuel and a competitive source for the commercial
production of biodiesel [1-149]. The large-scale production of Sisymbrium irio L. for biodiesel feedstock is cost-effective
[1]. Furthermore, the Sisymbrium irio biodiesel (SIB) is engine friendly and has good fuel efficacy [1-151].

4.2. Palm (Elaeis guineensis) seed oil

Malaysia is one of the leading exporters of palm oil and is able to produce its own palm oil biodiesel [43, 44]. Palm (Elaeis
guineensis) belongs to family Arecaceae, cultivated as a source of oil. Palm oil, obtained from the fruits, is used in
making soaps, cosmetics, candles, biofuels, and lubricating greases and in processing tinplate and coating iron plates
[43, 44]. Palm kernel oil, from the seeds, is used in manufacturing such edible products as margarine, ice cream,
chocolate confections, cookies, and bread, as well as many pharmaceuticals [43, 44]. However, as the European Union
(EU) is becoming increasingly hostile towards palm oil imports, Malaysia utilized palm oil based biodiesel commodity
in the domestic market [43, 44]. However, due to the oxygen-rich nature of biodiesel, its utilization suffers from
increased nitrogen oxides (NOx) emission compared to conventional diesel [43]. One of the study attempted and
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investigated implementation of a real-time non-surfactant emulsion fuel supply system (RTES) which produces water-
in-diesel emulsion as fuel without surfactants [43, 44]. NOx reducing capability of water-in-diesel produced by RTES
has been well documented [43-149]. Therefore, in this study, 30% biodiesel-diesel (B30) was used as the base fuel
while B30-derived emulsions consisting of 10 wt%, 15 wt% and 20 wt% water content were supplied into a 100 kVA,
5.9-L common rail turbocharged diesel engine electric generator [43, 44]. Fuel consumption and exhaust emissions
were measured and compared with commercially available Malaysian low grade diesel fuel (D2M) [43]. Evidence
suggested that emulsified B30 biodiesel-diesel produced by RTES was able to increase brake thermal efficiency (BTE)
up to a maximum of 36% and reduced brake specific fuel consumption (BSFC) up to 8.70% [43]. Furthermore, B30
biodiesel-diesel emulsions produced significantly less NOx, carbon monoxide and smoke at high engine load [43, 44].
This study concluded that B30 biodiesel-diesel emulsions can be readily utilized in current diesel engines without
compromising on performance and emissions [43, 44-151].

4.3. Indian soapberry (Sapindus mukorossi)

Indian soapberry (Sapindus mukorossi) is the one of the source for biodiesel production among the world [19-151]. The
soapnut tree, which belongs to the family Sapindaceae, is one of the most economically important trees found in tropical
and subtropical climates from Japan to India in Asia [19, 54]. Soapnut is known for its fruit, which contains triterpenoid
saponins (10.1%) in the pericarp [19, 54]. Saponin is a natural detergent for washing the body, hair, and cloths, and it
is used as natural detergent [19, 54]. Sapindus mukorossi, also known as Indian soapberry tree, is a deciduous perennial
plant in the soapberry tree family, Sapindaceae [19, 54]. Sapindus mukorossi is native to western coastal India and
southern China where it can be found growing in poor soil conditions and high altitudes [19, 54]. Sapindus mukorossi
seed oil is commonly used as a source for biodiesel fuel [19, 54-150]. Its phytochemical composition is similar to the
extracted oil from Sapindus trifoliatus seeds, which exhibit beneficial effects for skin wound healing [19, 54]. Since S.
mukorossi seed shows no cyanogenic property, it could be a potential candidate for the treatment of skin wounds [19,
54].

One of the recent study investigated the diesel, biodiesel of soapberry seed and their 10% to 30% volume of blends
(10BDSS, 20BDSS and 30BDSS) with diesel used in the CRDI engine [19]. The blends descriptions are: 10BDSS (10%
BDSS +90% diesel), 20BDSS (20% BDSS + 80% diesel), and 30BDSS (30% BDSS + 70% diesel) [19]. This work highlights
the identification of the better performance results based biodiesel of soapberry seed blend with diesel, which have
lesser emission results [19-149]. The blending of the biodiesel of soapberry seed (10% to 30%) produced from the
transesterification process used CRDI engine at different load condition has been studied [19-149]. This study
confirmed that blending of the biodiesel of soapberry seed usage in the CRDI engine is possible at different loads [19].
The percentage of biodiesel increase created the significant influence on the experimental results in combustion,
performance and emission [19]. Diesel have maximum brake thermal efficiency (30.10%) than other blends [19]. The
30% biodiesel of soapberry seed (30BDSS) used blend have lowest peak cylinder pressure, lowest heat release rate in
combustion than diesel [19]. Further this study reported that the 30% biodiesel of soapberry seed (30BDSS) used blend
have lowest HC, CO and smoke emissions but NOx emission increased [19]. The 30BDSS blend created uppermost NOx
emissions than other fuels[19-149]. 30BDSS have 27.82% of BTE, 1348 ppm of NOx emission, 78.93 bar of peak
pressure, 61.15 ]J/deg of HRR with lesser CO (0.81%), HC (11 ppm) and smoke opacity (15.38%) emissions [19].

According to this study, soapberry seeds purchased in Chennai and dried in sunshine for 10 days[19]. The oil extracted
by the tradition oil extraction such as cold press method. 72 kg of seed produced 32 lit of oil [19]. This raw oil was used
to produce biodiesel by the transesterification process with methanol and KOH as a catalyst in the container with
magnetic stirrer for 3 h with 65°C of operating temperature [19]. Then the 80% of biodiesel (BDSS—Biodiesel of
Soapberry Seed) yield separated from glycerine after one day of cooling [19]. This oil is 10-30% with 10% of
incrementally blended with diesel by volume for this investigation with CRDI engine [19]. 10BDSS is blend of 10%BDSS
and 90% of diesel, 20BDSS is blend of 20%BDSS and 80% of diesel, and 30BDSS is blend of 30%BDSS and 70% of diesel
were used in the experiment [19-151].

4.4. Industrial Cannabis sativa (Hemp)

The burning of fossil fuel is responsible for the current climate change, leading to the greenhouse gas emissions [1-151].
Furthermore, developing alternative renewable fuels improves energy security and decreases vulnerability of fuel
supply [89-113, 151]. This is due to the fact that fossil fuel, a finite resource, is depleting at a rapid rate with increasing
demand [89-151]. Biodiesel is a renewable energy alternative to fossil fuels that is composed of a group of long chain
fatty acids called mono-alkyl esters [89-151]. It is a highly efficient diesel replacement that is produced by a process
called transesterification, a chemical reaction between vegetable or animal fat and alcohol in the presence of a catalyst
to produce biodiesel [1-113]. Unlike diesel produced from petroleum, it contains very low level of sulphur, which
produces sulphur oxide (SOx) emissions when burned, a major precursor to acid rain [89-151].
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Industrial hemp, a variant of the Cannabis Sativa plant (Cannabis Sativa Linn), is an important industrial and nutritional
crop [65-113]. Hemp seed oil can be used to produce biodiesel though the process of transesterification [65-113]. Oil
from hemp seeds presents a viable feedstock option for biodiesel production [89-113, 151]. Another important
advantage is that biodiesel requires no modifications to the diesel engine[1-113-151]. Hemp biodiesel presents a carbon
neutral replacement to diesel fuel [89-113]. The carbon dioxide emissions released to the atmosphere when burning
biodiesel is reabsorbed through photosynthesis [89-113].

Hemp seed oil has a clear advantage over palm seed oil as a source of biodiesel fuel. Hemp can also be used as alternative
to biodiesel production from palm oil [65-113, 151]. Hemp based biofuels present a viable, low emission replacement
for petroleum-based fuels [89-149]. Biodiesel from hemp seed oil exhibits superior fuel quality with the exception of
the kinetic viscosity and oxidation stability parameters, which can be improved with the introduction of chemical
additives [89-113]. Hemp remains a “niche” crop in the food supply chain, which makes it prohibitively expensive a
primary feedstock in biodiesel production [65-113, 151]. The quality of biodiesel depends on a range of characteristics
such as heat value, specific gravity, flash point, sulphur content, viscosity, cloud point, pour point, oxidization stability,
etc [89-113]. ASTM standard in the USA and Canada and EN 14214 in the EU defines minimum and maximum limits for
these parameters[1-113]. As biodiesel use has become more widespread, engine manufacturers have expressed
concerns with regards to biodiesels higher viscosity which could result in higher fuel injection pressure atlow operating
temperatures [89-113, 151]. However, biodiesel fuels have demonstrated temperature dependent behaviour similar to
that of common diesel fuels[1-113]. Sulphur content is an important parameter as burning fuels containing higher
sulphur content releases sulphur oxide compounds which are major pollutants and a leading cause of acid rain [1-113].
Biofuels in general have negligible sulphur content. Oxidation stability is an important indicator of long-term storage
capability of the tested fuel [1-113-151].

Hemp is a cleaner fuel than soybean and rapeseed biodiesel fuels [89-113]. This is demonstrated by a significantly lower
sulphur content [89-113]. It is also a safer fuel for handling, storage and transport due to its higher flash point [1-113].
However hemp biodiesel performs poorly when it comes to its kinematic viscosity which is slightly higher than the
European EN 14214 max of 5 mm2/s but still lower the American ASTM D6751 maximum of 6mm2/s [1-113].
Furthermore, hemp biodiesel as well as other biodiesel exhibit poor oxidation stability compared to common diesel
varieties and below the 6 and 8 hours specified by the ASTM D6751 and EN 14214 respectively [89-113]. These
parameters can easily be improved with the chemical additives to satisfy testing specifications [89-113]. Antioxidants
are often used to inhibit biodiesel oxidative degradation and increase the shelf life of the fuel [89-113]. Also, the higher
viscosity of biodiesels can be improved by either blending it with petro-diesel or less saturated FAME, as well as the use
of some additives [89-113, 151].

Biodiesel can be blended with petroleum diesel at different percentages [89-113-151]. The “B” factor is universally used
to designate the percentage of biodiesel in the mix[1-113]. The most common of these blends are B100, B20, B5 and B2
which contain 20%, 5% and 2% respectively [89-113, 151]. Fuels are blended for various reasons such as environmental
compliance [89-113]. B20 biodiesel blend is one of the most common blended fuels [89-151]. It is popular because it
represents a good balance of improved performance, lower emissions, materials compatibility, cost and its ability to act
as a solvent [89-149]. In the United States, most biodiesel users can purchase B20 biodiesel blends from the normal fuel
distributors [89-113]. Additionally, biodiesel blends of 20% or lower do not require any modification to the diesel
engine [89-151]. Biodiesel can also be used without blending (B100), however, certain modifications to the engine are
required to avoid maintenance and performance issues [89-151].

B100 (Pure Biodiesel) contains 8% less energy content than its petroleum counterpart. Nevertheless, it can be used on
some engines built after 1994 with biodiesel compatibility [1-113, 151]. On the other hand, biodiesel fuels exhibit
superior engine cleaning effect since they act as solvents and can be used to clean the deposits accumulated in the engine
due to petrol diesel use [89-151]. Hemp performs well in biodiesel blends [89-113, 151]. In one comparative study, it
was found that hemp B20 blend provides better thermal efficiency, lower specific fuel consumption, reduced CO and
€Oz emissions in comparison to pure diesel and Jatropha B20 blends [89-151]. However, the hemp blend has a higher
NOx emission in the study [89-151].

Industrial hemp has only a trace amount of THC, and its seeds are currently consumed in a variety of food products [65-
113]. The perception and legal status of hemp need to be challenged to produce a positive influence in hemp related
industries [65-113]. This remains the largest obstacle for a large scale hemp production [651-13]. However, in more
recent years, many nations started revoking their ban on industrial hemp production, recognizing its great potential
[65-113]. However, as the momentum to legalize hemp production is on the rise, the barriers could go up in flames [65-
113]. Legal and perception challenges remain a major challenge in the way of wide-scale hemp biodiesel production
[65-113]. Another major hurdle to spread biodiesel use is the required modification to the diesel engine when

116



International Journal of Biological and Pharmaceutical Sciences Archive, 2023, 06(02), 110-133

modifications manufacturers standards etc [89-113-151]. However, this is changing as the most recent diesel engines
are made to be biodiesel compatible [1-113, 151]. There are also some technical and incentive barriers that contribute
to hemp biodiesel production and biodiesel in general [89-113, 151]. One of these technical barrier is that higher blend
rating requires engine modification to avoid performance and maintenance issues [89-113, 151].

Hemp oil has a great potential to be used as a primary feedstock, or in combination with other types of oil, in the
production of biodiesel fuel [89-113]. It has not yet been produced on a commercial scale despite numerous studies
indicating its advantages [65-113]. Hemp seeds present a viable feedstock option for biodiesel production [89-113].
Hemp biodiesel yield was calculated at 207 gallons/ha [89-113, 151]. This is higher than the yield of biodiesel from
rapeseed and soybeans oils but lower than that of palm oil [89-113, 151]. Hemp biodiesel exhibit poor kinematic
viscosity and oxidation stability [89-113, 151]. However, this can easily be improved with the use of additives [89-113,
151]. Hemp biodiesel performs well in biodiesel blends [89-113]. Hemp biodiesel provides substantial environmental
benefits [89-113,151]. The amount of emission reduction corresponds roughly to the biodiesel blend rating of the fuel
[89-113]. Hemp biodiesel may be used an alternative to the highly controversial biodiesel produced from palm oil [89-
113, 151]. Hemp faces many perception and legal challenges that prevent wide-scale production of hemp seed oil [89-
113, 151]. Legalization and increased production of hemp oil may improve the cost of producing hemp oil and
subsequently hemp biodiesel [89-113, 151].

4.5. Industrial Cannabis sativa (Hemp)

Hemp seed oil is chosen as a feedstock for biodiesel production, methanol and KOH were used in
the biodiesel production [89-113, 151]. The chemical and physical properties of hemp oil biodiesel are measured to
investigate the engine emission and performance characteristics of diesel engine [89-113, 151]. The results of this study
confirmed that B20 blend performance is best among other fuels tested [89-113, 151]. Besides, the Brake Specific Fuel
consumption (BSFC) at full load (0.3 kg/kW h) for B20 is slightly lesser than diesel fuel (0.32 kg/kW h) [89-113]. This
indicates that the lower diesel/hemp seed oil biodiesel blends will increase the performance as well as decrease the fuel
consumption [89-113, 151]. Considering, the emissions from exhaust exhibited that Carbon Monoxide (CO),
Hydrocarbon (HC) and Nitrox oxide (NOx) were lowered for all hemp seed oil biodiesel/diesel blends [89-113].
However, smoke emission increased slightly than diesel [89-113, 151]. In general, the results of this study concluded
that hemp oil biodiesel is a best alternative as well as good substitute fuel to diesel[89-113]. The cannabis seed oil
contains carbohydrates (20-30%), protein (20-25%), fibre (10-15%), and minerals such as calcium (Ca), magnesium
(Mg), potassium (K), sulphur (S), phosphorus (P), iron (Fe), and zinc (Zn) [89-113, 151]. A research study evaluated
that the cannabis B20 blend provides lower fuel consumption, improved thermal efficiency, and lower CO and CO2
discharge than pure diesel and jatropha B20 blends. However, it has higher NOx emission efficiency, which is unsuitable
for the environment [89-113, 151].

4.6. Industrial Cannabis sativa (Hemp)

Recent concerns regarding climate change and rising energy costs have dramatically increased interest in using
alternative energies, especially biomass energy which is carbon neutral [1-151]. Hemp is among the fastest growing
plants with unique fibre characteristics. Seven clones (KU03, KU18, KU27, KU45, KU49, RPF1, and RPF2) of four-month-
old hemp (Cannabis sativa) were used in this work [96,151]. Physical properties, volatile content, fixed carbon, ash
content, calorific value, chemical composition, ash composition, and metal element of the samples were investigated
[96-113]. The results revealed that hemp stalk had desirable fuel characteristics with high volatile substance, high
heating value, low ash content, very low nitrogen content, and non detectable sulphur [96]. Selecting well-adapted
clones and appropriate technology which can convert the hemp stalks to suitable bioenergy forms are important aspects
of bioresource management [96-113, 151]. Based on research finding of this study, some selected hemp clone biomass
possessed excellent characteristics and great potential to be used as raw material for bioenergy production [96, 151].

The global cannabis (Cannabis sativa) market was 17.7 billion in 2019 and is expected to reach up to 40.6 billion by
2024 [96-113, 151]. On the other hand, greenhouse gas emissions and the rising demand for petroleum-based fuels
pose a severe threat to the environment and the circular economy[1-113, 151]. Cannabis biomass can be used as a
feedstock to produce various biofuels and biochemicals [65-113, 151]. Various research groups have reported
production of ethanol 9.2-20.2 g/L, hydrogen 13.5 mmol/L, lipids 53.3%, biogas 12%, and biochar 34.6% from Cannabis
biomass [89-96]. Biodiesel can be primarily produced from hemp seed oil [89-113, 151]. Hemp seed comprises 25%-
35% oil high in fatty acids [65-96]. The oil is usually used in foods. However, the composition makes it promising for
biodiesel [65-96]. Biofuels from hemp seed oil exhibit superior fuel quality because of low sulphur content and high
flash point [89-113]. However, hemp biodiesel performs poorly regarding its kinematic viscosity and poor oxidation
stability, which can be resolved by introducing chemical additives like antioxidants [96, 151].
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4.7. Industrial Cannabis sativa (Hemp)

Hemp is a short-rotation crop with a high yield [95-97, 151]. It can produce up to 20 tons/hectare of dry biomass per
cropping season under favourable conditions [95-97]. Due to its rapid growth and production, it is one of the most
effective CO2 biomass converters [95-97, 151]. Hemp is an excellent carbon capturer which can absorb more CO2 per
hectare than most agricultural commodity crops and perhaps even woods. Hemp can absorb up to 22 tons of CO2 per
hectare [95-97, 151].

4.8. Industrial Cannabis sativa (Hemp)

Hemp stalks do not contain sulphur which is a definite advantage over fossil fuels[95-97]. The existence of sulphur in
fuels is undesirable due to sulphur dioxide gas release during combustion[1-97]. Sulphur dioxide gas can react with
water to form sulphuric acid clouds, a critical component of the planets global atmospheric sulphur cycle and
contributes to global warming [1-151]. Hemp has the potential to be a sustainable renewable resource for bioenergy,
reducing the dependency on fossil fuels, which harm the environment due to polluting the air and environment during
their production and use, causing the depletion of the ozone level, one of the leading causes of climatic changes and
global warming and minimizing the emissions of greenhouse gases [89-150]. Hemp stalks showed desirable fuel
characteristics with other bioenergy feedstocks, such as high heating value, low ash content, high volatile substance,
very low nitrogen content, and do not contain sulphur [89-113-151]. It appears that hemp stalks would have good
potential as bioenergy. However, selecting well-adapted clones and appropriate technology which can improve the fuel
properties of hemp stalks are needed [95-97, 151].

4.9. Industrial Cannabis sativa (Hemp)

Cannabis sativa Linn, known as industrial hemp, was utilized for biodiesel production [89-113, 151]. Oil from hemp seed
was converted to biodiesel through base-catalyzed transesterification [89-113]. The conversion is greater than 99.5%
while the product yield is 97% [89-113, 151]. Several ASTM tests for biodiesel quality were implemented on the
biodiesel product, including acid number, sulphur content, flash point, kinematic viscosity, and free and total glycerin
content[1-87, 89-113, 151]. In addition, the biodiesel has a low cloud point and kinematic viscosity (3.48 mm2/s) [89-
113, 151]. This may be attributed to the high content of poly-unsaturated fatty acid of hemp seed oil and its unique 3:1
ratio of linoleic to a-linolenic acid [89-113, 151].

4.10. Papaya and watermelon seed oil

Asokan et al.,, 2018 [114] reported biodiesel from papaya and watermelon seed oil by trans-esterification process using
methanol and KOH as catalyst [114]. A new biodiesel i.e. WP is produced which is a mixture of papaya seed oil based
biodiesel and watermelon seed oil biodiesel in a 1:1 ratio is prepared [114]. The blends (B0, B20, B30, B40, and B100)
of WP with diesel, watermelon 100% and papaya 100% are used for further testing [114]. The performance, combustion
and emission test were conducted on single cylinder 4-stroke diesel engine using different blends of these biodiesels
and the results showed that B20 is superior blend among other biodiesel blends [114]. Further, the performance and
combustion characteristics of B20 is very close to diesel while the emission characteristics of B20 is better than that of
diesel as the emission of CO, HC and smoke is 27.27%, 23.8%, 8.3% less for B20 than diesel respectively [114-149]. Thus
this study concluded that B20 is the most suitable blend of WP for substitute of diesel which will reduce diesel
consumption by 20% [114-151].

4.11. Prosopis juliflra seed 0il

Another investigation by Asokan et al,, (2019) [115] on biodiesel produced from Prosopis juliflora seeds using the 2-
stage acid transesterification process followed by alkali transesterification process producing 80% yield of Juliflra Oil
Methyl Ester has been reported [115]. Experiments were conducted on single cylinder diesel engine using
juliflora biodiesel and its diesel blends [115]. The experimental results of fuel blends (B20, B30, B40, and B100) were
compared with those from diesel (D100) [115]. The results indicated the performance and combustion characteristics
of B20 as almost in line with those of diesel fuel trend [115]. Brake Specific Fuel Consumption (BSFC) for blends B20
and B30 (0.27kg/KWh) at full load was closer to diesel (0.26 kg/KWh) [115]. The BTE for Prosopis juliflora biodiesel
B100is 31.11% and it was closer to diesel (32.05%) at full load [115-149]. However, the emission characteristics of CO,
HC and smoke for biodiesel and its blends were smaller or equal compared to diesel throughout the experiment [115].
At full load, the NOx for biodiesel B100 was 1832 ppm which was a little higher than diesel fuel (1821 ppm) [115-149].
This has led to the conclusion of B20 being the most suitable blend of other blends and it is substitute of diesel which
will reduce diesel consumption by 20% [115-151].
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4.12. Jatropha curcas seed oil

Jatropha curcas is a genus of around 175 succulent shrubs and trees in the Euphorbiaceae family (some of which are
deciduous, such as Jatropha curcas L.) [9, 12, 16, 25,116, 117,118]. It is a drought-tolerant perennial that thrives in poor
or marginal soil and produces a large amount of oil per hectare [9, 12, 16, 25,116, 117,118]. It is easy to grow, has a fast
growth rate, and can generate seeds for up to 50 years [9, 12, 16, 25,116, 117,118]. Jatropha curcas has been developed
as a unique and promising tropical plant for augmenting renewable energy sources due to its various benefits [9, 12,
16, 25, 116, 117,118]. It is deserving of being recognized as the only competitor in terms of concrete and intangible
environmental advantages [9, 12, 16, 25,116, 117,118]. Jatropha curcas is a low-cost biodiesel feedstock with good fuel
properties and more oil than other species. It is a non-edible oilseed feedstock [9, 12, 16, 25, 116, 117, 118]. Jatropha
curcas emits fewer pollutants than diesel and may be used in diesel engines with equivalent performance [9, 12, 16, 25,
116, 117,118]. Jatropha curcas also makes a substantial contribution to the betterment of rural life. The plant may also
provide up to 40% oil yield per seed based on weight [9, 12, 16, 25, 116, 117,118]. The use of Jatropha curcas as a
biodiesel feedstock has exploded in popularity in recent years [9, 12, 16, 25,116, 117,118]. Itis a tropical plant that may
be grown as a commercial crop or as a hedge to protect fields from grazing animals and prevent erosion in low to high
rainfall areas [9, 12, 16, 25,116,117,118]. The properties and performance of biodiesel made from Jatropha curcas were
examined and reported [9, 12, 16, 25, 116, 117,118]. In terms of raw resources, Jatropha curcas based biodiesel does
not compete with human food because of the existence of certain harmful components, non-edible plant oils are not
acceptable for human consumption, according to tests conducted around the world and findings available in the
literature [9, 12, 16, 25,116, 117,118].

Jatropha curcas plants, unlike other food plants, do not need rich soil. These plants are widely accessible in
underdeveloped nations, and they are particularly cost effective when compared to edible plant oils [9, 12, 16, 25, 116,
117,118-150]. When utilized in an internal combustion engine, Jatropha-based biodiesel produces less pollution[9, 12,
16, 25,116, 117,118]. The engine performance of Jatropha biodiesel is equivalent to that of petroleum-based diesel [9,
12,16, 25,116, 117,118-150]. Good economic performance and necessary public policies are essential components in
achieving commercial Jatropha curcas based biodiesel manufacturing success [9, 12, 16, 25, 116, 117,118]. However,
Jatropha biodiesel is made through a simple triglyceride and fatty oil transesterification process that is aided by alkaline
or acidic catalytic agents [9, 12, 16, 25, 116, 117,118-151]. The latter has a number of drawbacks; researchers have
looked for enzymes that are less harmful to the environment [9, 12, 16, 25, 116, 117,118]. Because fossil fuel (coal, oil,
and gas) reserves are fast depleting, it is predicted that Jatropha-based biodiesel will be a viable long-term alternative
[9, 12, 16, 25, 116, 117,118-150]. These fossil fuel resources are limited, if they are used over an extended period of
time, global resources will ultimately run out [9, 12, 16, 25, 116, 117,118]. To summarize, the Jatropha is differentiated
by the many ecological, energy, and economic advantages connected with its commercial usage, and increased use of
this plant is helpful to the environment and food production [9, 12, 16, 25,116, 117,118-151].

4.13. Dodonaea (Dodonaea viscosa Jacq.) seed oil

Traditional energy supplies such as natural gas, coal, and petroleum currently meet the increasing global energy
demand, but these resources are rapidly decreasing and are at the point of extinction[1-150]. The primary sources of
electricity are petroleum-based fuels such as oil, coal, and natural gas[1-151]. However, as humanity reliance on fossil
fuels has grown, the rate of asset exhaustion and the threat of global warming have also increased [1-151]. As a result,
alternative fuels must be developed to reduce fossil fuel consumption, while also reducing greenhouse gas emissions
[1-150]. In this circumstance, biomass derivative fuels, which are renewable, sustainable, and environmentally benign,
may be a superior option[1-151]. Biodiesel plays a key role in reducing greenhouse gas emissions in the transportation
sector[1-151].

Dodonaea (Dodonaea viscosa Jacq.) belongs to the family Sapindaceae [119]. It is an evergreen shrub or small tree that
grows throughout the tropics and subtropics of the world from the coast to an altitude of more than 2000 m. It is an
Australian native, but it can also be found in India, Pakistan, New Zealand, Mexico, Florida, Africa, the Virginia Islands,
Arizona, and South America[119]. The therapeutic benefits of Dodonaea are well-known. The locals utilize its leaves,
blossoms, and roots to treat a number of ailments, including skin infections, fever, pain, swelling, diarrhea, toothache,
and headache [119]. In India, it is used as a wood fuel source, and the seeds are used as a fish poison [119]. According
to the literature survey the seeds contain 20.23% fixed oil, [119]. However, due to their poisonous nature, they are not
used for cooking or other purposes[119]. Dodonaea oil has been proposed for biodiesel production[119]. According to
Bukhari et., (2022) [119], Dodonaea oil was studied as a potential biodiesel source [119]. Dodonaea (Dodonaea viscosa
Jacq.) is an evergreen shrubby plant that thrives in tropical and subtropical conditions [119]. The plant produces high-
grade biodiesel in terms of both quantity and quality despite its naturally high fat content [119]. In the
transesterification followed by esterification reaction, varied ratios of oil to methanol, constant temperature (60°),
reaction duration (1h), and different catalyst concentrations (0.25-0.75% (w/w) were utilized [1-119, 151]. A
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maximum biodiesel yield of 90% was achieved [119]. For fuel characteristic analysis, the prepared biodiesel was
specified and compared to ASTM criteria [119]. The chemical composition was verified using analytical techniques such
as FT-IR and NMR spectroscopy[119]. As a result of the foregoing, Dodonaea is considered as a possible bioenergy
source, particularly in the transport sector [119].

Bukhari et., (2022) [119] reported the biodiesel made from Dodonaea crude oil using the alkaline transesterification
mechanism[119]. For the transesterification procedure, a 250-mL conical flask, a multiple heating magnetic stirrer, and
a thermometer were used [119]. On a hot plate, the filtered oil was heated to 120°C to remove any moisture and then
cooled to 60°C [119]. KOH was dissolved in methanol and stirred for 30-35 min to produce methoxide [119]. At 60° C,
methoxide was added to the oil and swirled for 60 min [119]. The mixture was allowed to settle for 8-10 hrs or overnight
at room temperature after an hour [119]. Three lyres were discovered in the end. In the base of crude biodiesel, a
gelatinous material known as glycerin was produced in the shape of tiny spots floating on the surface [119]. The lyres
were isolated using simple handling devices. The crude biodiesel was rinsed in warm water to remove the
contaminants[119]. The method was performed two to three times to remove all the contaminants. Anhydrous sodium
sulphate was added after washing to remove any leftover moisture[119]. The biodiesel was distilled after purifying it
and rotated at 55° C for 1 h to remove any extra methanol [119].

Bukhari et,, (2022) [119], experimental study reported that a number of transesterification processes were carried out
with the changing oil-to-methanol molar ratios, different kinds of catalyst concentrations, reaction time, and
temperature to determine the best conditions for the maximum conversion of oil to biodiesel [119]. The process of the
transesterification reaction was carried out in a 1/2 litre three-necked round-bottom flask equipped with a sampling
outlet, reflux condenser, thermometer, and magnetic stirrer [119]. Approximately, 250 ml dodonaea filtered oil was
heated. The temperature was maintained up to 120° C for 1 h [119]. The moisture and degraded mono, di-glyceride
were removed from the acylglycerole [119]. The transesterification reaction of dodonaea oil was carried out with
various oil molar ratios and catalyst concentrations (w/w) [119]. The temperature (60°C), reaction time (2 h), and
stirring velocity (600 rpm) were kept constant for the reactions [119]. The resultant product after the complete reaction
was allowed to cool down at room temperature[119]. The upper phase contained a thin spot of soap and the middle
part biodiesel, while the base phase contained a gelatinous mass of glycerin, and the mixture was separated by simple
decantation [119].

In the end, the mixture was separated into two layers: the upper layer contain dodonaea crude biodiesel having an
excess amount of methanol [119]. The crude biodiesel was purified by residual methanol distillation at 65°C for 60 min
by a moderate rotary evaporator[119]. The remaining catalyst together with other inorganic impurities formed soap,
and some catalyst was removed by consecutive washing steps with distilled water by adding three to four drops of weak
acid (CH3COOH) to neutralize the remaining catalyst [119]. The extra water molecule was removed with the help of
anhydrous sodium sulfate (NazS04) followed by filtration [119].

According to the current study by Bukhari et., (2022) [119] on Dodonaea plant oil, this plant provides a promising and
innovative source for biodiesel manufacturing [119]. On the basis of this study, the biodiesel output was reported to be
90% [119]. A 1:6 M oil-to-alcohol ratio, a temperature of 600°C, a reaction period of 70 min, and a concentration of
0.25% potassium hydroxide catalyst was used [119]. The fuel characteristics of the Dodonaea plant biodiesel were
analyzed and compared to the American Society for Testing and Materials standards [119-150]. Dodonaea plant oil is
nonedible and a promising source for biodiesel production, based on the fuel qualities and physico-chemical analyses
outlined previously [119-151].

4.14. Cucumis melo var. agrestis, small gourd or musk melon seed oil

Cucumis melo var. agrestis, small gourd or musk melon, is an annual or perennial herbaceous climbing vine that belongs
to the family Cucurbitaceae and is found all over the old-world tropics [120]. This study examined the potentiality of
non-edible seed oil (Cucumis melo var. agrestis) content 29.1%, FFA 0.64 (mg KOH/g) for biodiesel production via
nanocatalyst [120]. The catalyst was characterized using X-ray diffraction spectroscopy (XRD), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX)
[120]. The maximum biodiesel yield (93%) was attained under optimized conditions, i.e., 9:1 methanol to oil molar ratio,
2 wt% catalyst (Mg0O) at 60°C [120]. The synthesized biodiesel yield was optimized through response surface
technology via Box Behnken design (BBD) [120]. Biodiesel was characterized by advanced analytical techniques,
including gas chromatography and mass spectroscopy, FTIR, and nuclear magnetic resonance (NMR) [120-150]. Fuel
properties of synthesized biodiesel, including density (0.800 kg/L), K. viscosity @ 40°C (4.23 cSt), cloud point -12°C,
pour point =7°C, sulphur content (0.0001%), flash point (73.5°C), total acid no (0.167 mg KOH/g) were found in lines
with international standard of American Society of Testing Materials (ASTM) [120-150]. Cucumis melo var. agrestic seed
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oil and nano MgO catalyst appeared as economical, sustainable, and feasible candidates to overcome global energy
glitches and environmental issues[120]. This study findings involving unpalatable seed oil will be a promising step
toward non-food biomass biorefinery [120].

Biodiesel or fatty acids methyl esters (FAMEs) are produced via transesterification of fats and oils (triglycerides) using
methanol in the presence of suitable catalysts like homogeneous catalysts such as acids and bases (H2504, HCI, KOH, and
NaOH), heterogeneous catalyst such as bases (Alkali metals, and Alkaline earth metal-based catalyst, mixed metal-based,
transition metal-based, Hydrotalcite-based, waste-based catalysts), acids (Cation exchange resins, heteropolyacid
derivatives, sulfated oxide based and sulphonic acid-based catalysts), acid/base catalyst (Zirconia, and zeolite-based),
biocatalysts like enzymes, and nano-catalysts (CaO/CuFe204, MgO/MgAl:04, and Cs/Al/Fe304) [1-151]. In general,
biodiesel is produced at the industrial level via homogeneous catalysts[1-150]. However, such catalysts offer higher
yields yet are coupled with several demerits (difficulty of neutralization, excessive methanol requirement, washing and
drying for removal of glycerol and catalyst leading to wastage of water and rise in product cost) [120-151]. In contrast,
green heterogeneous catalysts are attaining considerable attention for their potential competency in overcoming the
shortcomings of homogeneous catalysts in biodiesel synthesis [1-150]. Heterogeneous nano-catalysts have gained
popularity among researchers for the efficient conversion of oils to biodiesel owing to their high conversion rate,
catalytic efficiency, good rigidity, large surface area, and great resistance to saponification [120-151].

Nanoparticles are pseudo-spherical and <100 nm in diameter, involved in enhancing reaction rate by lowering the
activation energy of reactants so that they can be readily converted into products [120-151]. Various nano-catalysts
have been experienced to synthesize biodiesel, such as K20/c-Al203 KF/C-Alz203, Fe304 amorphous alumina, Cs-Ca/SiOz-
TiO2, and potassium bitartrate with zirconia [120-151]. In addition, nano-catalysts are recoverable, green, i.e.,
environment-friendly, non-corrosive, and no post-treatment washing is required [120-151]. Alkali-based catalysts offer
relatively higher conversion efficiency than acid catalysts among heterogeneous solid catalysts [120-151]. Because they
have a large surface area (compared to bulky substances), stable rigor, pronounced confrontation to saponification, and
high catalytic efficiency. Hence, they are considered more active catalysts during transesterification reactions [120-
151].

4.15. Phoenix dactylifera (date palm) seed oil

Biodiesel is considered to be more friendly to the environment than petroleum-based fuels, cheaper and capable for
producing greener energy which contributed positively in boosting bioeconomy[1- 151]. Because the main barrier to
biodiesel consumption is its high price, there are numerous complications to making it effective and affordable [1-151].
To address such situations, researchers are focusing on the discovery and identification of novel non-edible oil-rich
species that could serve as an efficient feedstock for biodiesel production [121-122]. Compared with fossil-derived fuels,
the biodiesel generated from biomass is more biodegradable, recyclable and sustainable, and offers a high energy
performance [121-151]. Its immediate usage as engine or generator fuel without additional processing has been
demonstrated, indicating that this forms a promising source of fuel [1-150]. Different techniques, including pyrolysis,
micro-emulsion, transesterification and dilution can be used to make biodiesel [1- 121-151]. Biodiesel is fatty acid
methyl ester (FAME) that is commonly produced by transesterification process of different source of biomass such as
animal fat, vegetable oil as jatropha oil, sunflower oil, cottonseed oil, soybean oil, palm oil, peanut oil, rapeseed oil and
corn oil, and waste products such as waste cooking oil with alcohol in the presence of a catalyst[1-151]. The feasibility
of a number of readily available non-comestible feedstocks has been shown in relation to biodiesel synthesis; examples
include animal fat, rubber seed, palm kernel shell, date pit oil and jatropha oil, amongst others [1-121-151].

The Phoenix dactylifera (date palm) is the main tree grown in Saudi Arabia [121]. Date seeds are part of the waste
produced by numerous industries that process dates [121]. Direct or indirect methods can be used to gather enormous
quantities of date seeds from homes, date processing facilities, and businesses [121]. A new non-edible feedstock
utilized from date seed oil was analyzed for the synthesis of eco-friendly biodiesel using newly novel hydroxyapatite
heterogeneous catalysts, obtaining from waste camel bones prepared from dried camel bone followed calcination under
different temperature [121-151]. This catalyst was characterized by X-ray diffraction (XRD), Brunauer-Emmett-Teller
(BET) and transmission electron microscopy (TEM) [121]. Results showed that hydroxyapatite catalyst pore size
reduced with increasing the calcination temperature [121]. Optimizied biodiesel yield (89 wt%) was achieved through
the process of transesterification with optimum reaction conditions of 4 wt % catalyst, oil to ethanol molar ratio of 1:7
and temperature 75°C for 3 h reaction time [121]. The production of FAME was confirmed by using gas
chromatography-mass spectroscopy (GC-MS) [121-151]. Fuel properties of fatty acid ethyl ester complied with ASTM
D 6751 which indicated that it would be an appropriate alternative form of fuel [121]. As a result, using biodiesel made
from waste and untamed resources to develop and implement a more sustainable and environmentally friendly energy
strategy is commendable [121]. The acceptance and implementation of the green energy method may result in
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favourable environmental effects, which in turn may lead to better societal and economic growth for biodiesel industry
atalarger scale [121-151].

4.16. Six Non-edible Plant Sources

Biodiesel produced from non-edible plant sources is cost-effective, biodegradable, environment friendly, and
compatible with petro-diesel, but new sources and extraction processes still need to be discovered [1-151]. One of the
study conducted by Khan et al., (2021) [122] explored the fuel properties of seeds from six non-edible plant sources,
including Sapindus mukorossi (Soapnut, SP), Vernicia fordii (Tung, TO), Ricinus communis (Castor, CA), Toona
sinensis (Juss. TS), Ailanthus altissima (Heaven tree, AA), and Linum usitatissimum L. (Lin seed, LS) from China [122].
The optimum extraction conditions were obtained by optimizing the most important variables (reaction temperature,
ratio of alcohol to vegetable oil, catalyst, mixing intensity, and purity of reactants) that influence the transesterification
reaction of the biodiesel [122]. All six plants contained high seed oil content (SOC; % w/v) with the highest in the TO-
54.4% followed by SP-51%, CA-48%, LS-45%, AA-38%, and TS-35%, respectively, and all expressed satisfactory
physico-chemical properties as per international standards of ASTM D6751 and EN14214 [122]. The experimental data
provided a scientific basis for growing these plants in unproductive agricultural lands as an alternative energy sources
for biodiesel production either stand alone or blended with petro-diesel [122-151].

4.17. Grape seed oil

With increases in fuel prices worldwide and concerns for environmental pollution, the need for alternative sources of
energy is becoming urgent [1-151]. In this study, the potential of grape seed oil for biodiesel as an alternative fuel was
evaluated [123]. Refined grape seed oil was bought in liquid form and then subjected to an alkali-catalyzed
transesterification process for biodiesel production [123]. The physicochemical properties of the resulting biodiesel
namely, viscosity, cetane number, and heating value were investigated [123]. The biodiesel was blended with a
conventional diesel in various proportions and combusted in a four-cylinder, four-stroke compression ignition (diesel)
engine under two loading conditions [123, 124]. Experimental results revealed that the blend ratio of B70 (70% GS
biodiesel and 30% conventional diesel) gave the best overall engine performance in terms of maximum power,
minimum emissions, and fuel consumption [123]. Furthermore, a novel neural network technique called extreme
learning machine was adopted to investigate the optimal blend ratio using the dataset obtained from the experimental
results[123, 124]. The results also indicated that the best choice of biodiesel blend ratio is approximately B73.67
(73.67% GS biodiesel and 26.33% conventional diesel) [123]. This study confirmed that grape seed oil could serve as a
reliable source of production of quality biodiesel fuels, which could be used as an alternative to conventional diesel fuels
[123].

Owing to the performance of biodiesel produced from grape seed oil when tested using a four-cylinder, four-stroke
compression ignition (diesel)-engine-powered vehicle, grape seed oil has been demonstrated to be a good potential
biodiesel [123-151]. The properties of the biodiesel and its blends with conventional diesel were investigated and tested
on a diesel vehicle [123]. The experimental results showed that, among the various biodiesel blends tested, B70 (70%
GS-30% DI) has the lowest NOx emissions and medium levels of other emissions, and if horsepower, fuel economy, and
emissions are considered with some weights, B70 remains the best choice [123-151]. Furthermore, the results obtained
from this study also confirmed that the blend ratio B73.67 (73.67% GS-26.33 DI) has the best performance[123].
Therefore, the biodiesel from grape seed oil holds great potential, and can substitute for conventional diesel both in
pure biodiesel form and in blends as fuel for diesel vehicles [123-151].

4.18. Jatropha curcas and Neem seed oil

This study investigated the production of biodiesel from non edible oil seeds of Jatropha curcas and neem [9, 12, 16, 25,
116,117,118, 123, 124]. This is with a view to compare which of the oils when used for biodiesel production is more
environment friendly and cheaper [25, 123, 124]. The optimum reaction time for transesterification of Jatropha curcas
oil to biodiesel was recorded to be 3h while that of neem oil to biodiesel was 2h [9, 12, 16, 25, 116,117,118, 123, 124].
This reduces the operating cost of neem biodiesel [ 25,116, 123, 124]. Fatty acid methyl esters (FAME) yield of 86.61%
with a viscosity of 5.64 cSt was obtained for Jatropha biodiesel using the established operating conditions [9, 12, 16, 25,
116,117,118, 123, 124]. This viscosity was used as an index for maximum conversion of biodiesel (BD) for neem oil [25,
123, 124]. The viscosity obtained for neem oil biodiesel was 5.51cSt [9, 12, 16, 25, 116, 117,118, 123, 124-150].
According to this study, an attempt to increase the reaction time does not give any significant difference in the viscosity
[25]. Experimental investigations of the different blends of biodiesel from the two oils were tested on an internal
combustion engine [9, 12, 16, 25, 116, 117,118, 123, 124-151]. The emissions of different blends showed that neem
biodiesel has lower emissions of CO and NOX than Jatropha biodiesel, but CO emissions of Jatropha biodiesel are lower
than that of diesel fuel [9, 12, 16, 25, 116, 117,118, 123, 124]. The NOX value of petrol diesel is higher than B10- B50
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and B10 - B80 of Jatropha and neem biodiesel respectively [9, 12, 16, 25, 116,117,118, 123, 124-151]. However, NOX
values of B60 - B100 and B90-B100 of Jatropha and neem biodiesel are in the range of 5.27 - 10.74% and 1.39- 11.93%
higher than petrol diesel respectively [9, 12, 16, 25,116, 117,118, 123, 124]. The physical properties of both biodiesel
met the ASTM standard of D-6751 [ 9, 12, 25,116, 123, 124-151].

4.19. Microalgae (Chlorella vulgaris) and Castor seed oil

The diminishing reserves and environmental consequences of the fossil fuel-based petrodiesel necessitated the
exploration of an alternative fuel with better quality and minimum environmental impacts [1-151]. This study explored
the optimization of biodiesel production from non-food, locally available mixed feedstocks as an effective, a sustainable
approach to solve the insufficiency and high costs of single oil feedstock [1-125].The selection of suitable oil feedstocks
and optimization of process variables are the prime issues for cost-effective industrial scale production of biodiesel
from mixed feedstocks toward the industrial scale production of biodiesel [125-151]. This study optimized the process
variables for the alkaline transesterication of mixed castor seed and microalgae oils and the yield of biodiesel was
estimated [125]. Oils were extracted from dried microalgae (Chlorella vulgaris) biomass and castor seed kernel using
methanol [125]. The oils were purified, characterized, mixed in a 1 :1 ratio, and converted to biodiesel [125]. The
transesterication experiments designed according to the central composite design (CCD) were used to optimize the
yield of biodiesel through the response surface methodology (RSM) [125]. Experimental results were analyzed by
response surface regression to produce a model for predicting biodiesel yield [125-151]. Model significance, fitness, the
effect of significant variables, and interactions between the variables on the yield of biodiesel were studied through the
analysis of variance (ANOVA) [125]. The optimization of transesterication process variables revealed that the catalyst
concentration of 1.23% (w/w), ethanol to mixed oil ratio of 5.94 :1 (v/v), and reaction temperature of 51.0°C were the
optimum conditions to achieve an optimum biodiesel yield of 92.88% [125-151]. Validation experiments conducted
under the optimum conditions resulted in the biodiesel yield of 92.36%, which is very close to the model predicted
value[125]. Various standard methods were used to characterize the biodiesel produced under optimum conditions,
and it was found compatible with ASTM 751 and EN14214 biodiesel standards [125-151].

4.20. Mango (Magnifera indica) seed oil

Feedstock costs accounts for the larger percentage of biodiesel production cost. The use of less expensive feedstock and
optimization of the process variables that affect the yield presents the opportunity of significantly reduction of this
cost[1-151]. One of the study investigated the effect of temperature and catalyst concentration on the transesterification
of Mango (Magnifera indica) seed oil with methanol using potassium hydroxide as catalyst [126]. The biodiesel
produced was characterized to ascertain its suitability for use as fuel [126-151]. Results obtained showed that increase
in temperature results in corresponding increase in the biodiesel yield [126-151]. A yield of 83% wt was obtained at an
optimum temperature of 60° C [126]. A similar trend was observed on the effect of catalyst concentration, with the
optimum being 80 % wt at 1% w/v[126]. Analysis of the biodiesel produced showed consistency with the threshold
standard values quoted by ASTM and EN for biodiesel and fossil diesel [126-150]. This signifies that the biodiesel
produced from mango seed oil is of good quality and can be used to consolidate the fossil based diesel [126-151].

4.21. Rubber (Hevea brasiliensis) seed oil

Rubber (Hevea brasiliensis) is economically cultivated for the production of latex as a source of natural rubber for the
production of various rubber products in use globally, while the seeds are underutilized [127]. However, the oil from
the seed is the second most valuable product after the latex [127]. The cultivation of rubber tree to generate latex for
natural rubber production, and the utilization of its seeds to produce non-edible oil for biodiesel production will boost
the economy of most African countries that are poverty-ridden [127-151]. Studies have shown that rubber seed contains
35- 45 % oil, which portrays a better competitor to other non-edible oil bearing plants in biodiesel production [127].
According to this study, non-edible vegetable oils from underutilized Nigerian NIG800 clonal rubber seeds were
extracted from 0.5 mm Kkernel particle size using n-hexane as solvent to obtain a yield of 43 wt.% over an extraction
time of 1 h [127]. The rubber seed oil was characterized for fatty acids by using gas chromatography-mass spectrometry
(GC-MS), and for structural properties by Fourier transform-infrared (FT-IR) and nuclear magnetic resonance (NMR)
analyses [127]. The optimum conditions obtained using RSM were: reaction time (60 min), methanol/oil ratio (0.20
vol/vol), and catalyst loading (2.5 g) with biodiesel yield of 83.11% which was validated experimentally as
83.06+0.013% [127]. Whereas, those obtained via ANN were reaction time (56.7 min), methanol/oil ratio (0.21 vol/vol),
and catalyst loading (2.2 g) with a biodiesel yield of 85.07%, which was validated experimentally as 85.03+0.013%
[127]. The characterized biodiesel complied with ASTM D 6751 and EN 14214 biodiesel standards was used in modern
diesel test engine without technical modifications [1-127-151]. This biodiesel has a lower energy content compared
with conventional diesel fuel, in all the cases of blends considered, the optimal engine speed for higher performance
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and lower emissions was observed at 2500 rpm [127-151]. Therefore, this study confirmed that, the B20 blend of rubber
seed oil has best engine performance with a lower emission profile, and was closely followed by B50 blend [127-151].

4.22. Tea seeds oil (TSO)

Biodiesel seems to be one of the feasible alternative fuel with all the requisite characteristics for partial or total
substitution of diesel fuel [1-150]. In this regard, one of this study reported the feasibility of producing biodiesel from
Tea seeds oil (TSO) [128-150]. Tea, being a major plantation crop of Assam, its seeds are abundantly available in the
region [128]. The transesterification of tea seed oil with methanol was done in the presence of potassium hydroxide
(KOH) as a catalyst and the resulting tea seed biodiesel (TSB) was characterized by H NMR and FTIR analysis [128-
151]. The biodiesel produced was also tested for its fuel properties, diesel engine performance and emission
characteristics as well as its rheological behaviour [128]. The fuel properties of TSB met both ASTM D6751 and EN
14214 biodiesel standard and were found comparable to biodiesel from other non-edible oil containing feedstocks [128-
150]. The rheological behaviour of TSB and its blends with petro diesel exhibit near Newtonian behaviour [128]. The
engine performance and emission characteristics showed that TSB can be used in diesel engine without any engine
modification [1-151].

4.23. Hibiscus sabdariffa seed oil

Considerable interest is being focused on vegetable oils as fuel [1-151]. Due to their characteristics being close to diesel
and their renewable potential, studies recommend their use for agricultural applications [1-129]. Hibiscus sabdariffa
var. sabdariffa is widely studied for the nutritional properties of its calyces [129]. Although the seeds of this species are
known to be rich in fatty acids, their use is little known in Benin Republic[129]. By following standard methods, the fatty
acid profiles of oils extracted from the seeds of the two varieties (red phenotype, sabdariffa (HSS), and green phenotype,
altissima (HSA)) of H. sabdariffa L. were established [129]. A comparative study of their physicochemical properties
was also performed to highlight their potential use as fuel [129]. According to this study HSS seed oil is yellow while
HSA seed oil is dark green[129]. This study confirmed that for these two varieties, values obtained for the kinematic
viscosity (~4 mm2 /s), cetane number (~55), and density (0.87 g/cm3 ) are in accordance with the U.S. and European
standards [129]. However, it is observed that HSA oil is significantly more acidic (23.10 + 0.22 for HSS vs 18.20 * 0.40
mg KOH/g oil for HSS) with a higher peroxide value (HSA: 0.280 = 0.002 vs HSS: 0.140 + 0.001) [129]. The major fatty
acids are : palmitic (HSA: 27.09 vs HSS: 25.48%), oleic (HSA: 31.81 vs HSS: 35.21%), and linoleic (HSA: 31.43 vs HSS:
29.70%) acids[129]. This study confirmed that the fatty acid profiles of two oils calorific values (~39.45 M]/kg) are
lower than that of diesel but good oxidative stability and cold filter plugging [129]. The two oils could be used as fuel
oil, after their transesterification to improve their properties[129-151].

4.24. African pear (Dacryodes edulis) seed-oil

Viability of African pear (Dacryodes edulis) seed-oil as a potential feedstock for biodiesel was examined in this work
[130]. The yield of the extracted oil was 59% of the total seed [130]. Gas-chromatographic analysis of the oil extract
showed that the oil was predominantly constituted by mono-unsaturated fatty acid (oleic acid, 76%) while the total
percentage of its saturated fatty acids was 24% (palmitic acid, 6.1%; stearic acid, 7.5% and others, 10.4%) [130]. Pre-
treatment of the oil extract with 1% w/w H2S04 showed tremendous reduction in the free fatty acid from 12.33+0.05 to
0.10+0.02 mg KOH/g[130]. Biodiesel yield of the seed oil attained optimum yields at the methanol/oil molar ratio of
7:1, catalyst concentration of 1.00%, reaction temperature of 60°C, agitation speed of 850 rpm and effective contact
time of 120 min[130-150]. However, the yields of the biodiesel were higher at these experimental conditions with
homogeneous KOH catalyst than its NaOH counterpart [130-150]. Fuel properties such as smoke point, flash point, fire
point, viscosity and specific gravity exhibited by the biodiesel of African pear (Dacryodes edulis) were found comparable
with those of the petrol-diesel, and the values also fell within the acceptable limits of ASTM and EN standards [130-
151].

4.25. Algal Resources

One of the recent study focused on the optimization of the energy conversion process and the use of algal resources for
biodiesel production with ultrasound and microwave techniques for the first time in Oedogonium, Oscillatoria, Ulothrix,
Chlorella, Cladophora, and Spirogyra [131-151]. The fuel properties were investigated to optimize the efficiency of the
newly emerging algal energy feedstock [131]. This study indicated that the optimized microwave technique improved
the lipid extraction efficiency in Oedogonium, Oscillatoria, Ulothrix, Chlorella, Cladophora, and Spirogyra (38.5, 34, 55,
48, 40, and 33%, respectively) [131]. Moreover, the ultrasonic technique was also effective in extracting more lipids
from Oedogonium sp., Oscillatoria sp., Ulothrix sp., Chlorella, Cladophora sp., and Spirogyra sp (32, 21, 51, 40, and 36%,
respectively) than from controls, using an ultra-sonication power of 80 kHz with an 8-min extraction time [131]. The
fatty acid composition, especially the contents of C16:0 and C18:1, were also enhanced after the microwave and
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sonication pre-treatments in algal species [131]. Enhancement of the lipids extracted from algal species improved the
cetane number, high heating value, cold filter plugging point, and oxidative stability as compared to controls [131-150].
The results of this study confirmed that the conversion of biofuels from algae could be increased by the ultrasound and
microwave techniques, to develop an eco-green and sustainable environment [1-131].

4.26. Jatropha curcas seed oil

With the growing demand for vegetable oils, alternative non-edible feedstocks like Jatropha curcas seed oil have gained
interest for biodiesel production[1-151]. This study comprehensively evaluated the physicochemical properties and
biodiesel production potentiality of locally produced J. curcas seeds in Pakistan [9, 12, 16, 25, 116, 117,118, 123, 124-
131]. According to this study, two different approaches were applied: A chemical synthesis approach involving acidic
pretreatment and alkaline transesterification, and a biosynthetic approach using a lipase-producing strain of the
Bacillus subtilis Q5 strain [9, 12, 16, 25,116,117,118, 123, 124-131]. The microbial biosynthesized biodiesel was further
optimized using the Plackett-Burman design [9, 12, 16, 25,116, 117,118, 123, 124]. The physicochemical properties of
the J. curcas methyl esters were analyzed to assess their suitability as biodiesel fuel [9, 12, 16, 25, 116, 117,118, 123,
124]. Initially, the raw oil had a high free fatty acid content of 13.11%, which was significantly reduced to 1.2% using
sulphuric acid pre-treatment, keeping the oil to methanol molar ratio to be 1:12[9, 12, 16, 25, 116, 117,118, 123, 124-
131]. Afterward, alkaline transesterification of purified acid-pre-treated seed oil resulted in 96% biodiesel yield at an
oil to methanol molar ratio of 1:6, agitation of 600 revolutions per minute (RPM), temperature 60°C, and time 2h [9, 12,
16, 25, 116, 117,118, 123, 124-131]. Moreover, alkaline transesterification yielded ~98% biodiesel at the optimized
conditions: oil to methanol molar ratio 1:6, KOH 1%, time 90 min, and temperature 60°C [9, 12, 16, 25, 116, 117,118,
123, 124]. Similarly, the Bacillus subtilis Q5 strain yielded ~98% biodiesel at the optimized conditions: oil: methanol
ratio of 1:9, agitation 150 RPM, inoculum size 10%, temperature 37°C, and n-hexane 10% [9, 12, 16, 25, 116,117,118,
123, 124-131]. The fuel properties of J. curcas seed biodiesel are closely related to standard values specified by the
American Society for Testing and Materials (ASTM D6751-20a) indicating its potential as a viable biodiesel fuel source
[9,12, 16, 25,116,117,118, 123, 124-131].

4.27. Soapberry Seed oil

Due to the ongoing demand for alternative fuels for CI engines, biodiesel-based research has received support globally
[1-150]. In this study, soapberry seed oil via transesterifcation process produced biodiesel [1-132]. It is referred to as
BDSS (Biodiesel of Soapberry Seed) [132]. According to criteria, the oil qualities are recognized, hence, three different
blends and pure diesel were tested in CRDI (Common Rail Direct Injection) engines [132-149]. The blends descriptions
are: 10BDSS (10% BDSS+ 90% diesel), 20BDSS (20% BDSS+ 80% diesel), and 30BDSS (30% BDSS+ 70% diesel) [132].
The outcomes of the related tests for combustion, performance, and pollution were contrasted with those achieved
using 100% diesel fuel [132]. In this case, the mixing has resulted in worse braking thermal efficiency than diesel and
lower residual emissions with greater NOx emissions [132]. This study confirmed that the superior results were
obtained by 30BDSS, which had BTE of 27.82%, NOx emissions of 1348 ppm, peak pressure of 78.93 bar, heat release
rate (HRR) of 61.15 ]/ deg, emissions of CO (0.81%), HC (11 ppm), and smoke opacity of 15.38% [132].

4.28. Camelina or False flax [Camelina sativa (L.) seed oil

Camelina or false flax [Camelina sativa (L.) Crantz] is gaining attention throughout world for its ability to produce oil
suitable for many applications such as lubricants, fuel additives, jet fuel, and biodiesel [133-151]. Camelina is an oilseed
crop with favourable potential for biodiesel production and Camelina lines with improved oil yield and composition are
being generated [133]. Biodiesel from Camelina will lead to energy security, stronger economy and improvement
through bio-refineries producing biodiesel are on the way [133-151]. Genomic resources and genetic engineering
platforms are available for sustainable Camelina oil production [133]. Camelina is an important oil crop with a fast-
developing genetic platform for utilization in the production of designer lipids [133]. Camelina oil is used as a transport
fuel as it is or converted into biodiesel by alcoholysis reaction with/without the presence of catalysts [133]. The overall
process of biodiesel production from Camelina oil involves camelina cultivation, harvesting, seed processing to recover
the oil, and the meal. The transesterification of camelina oil in the presence of a catalyst produced biodiesel and glycerol
[133-151].The separation of crude biodiesel from glycerol, and crude biodiesel purification to obtain the final product
satisfying the quality standard specification [133-151].

5. Conclusion

Biodiesel is renewable, non-toxic, environment-friendly and an economically feasible options to tackle the depleting
fossil fuels and its negative environmental impact. In addition to being biodegradable, biodiesel emits fewer greenhouse
gases than fossil diesel. Biodiesel is promoted because of having low carbon contents compared to fossil fuels, thus
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reducing the emission of greenhouse gasses from automobiles. However, traditional fuel resources are depleting and
fossil fuel produce more emission to the environment, which leads to harmful effects to the living organisms and affect
the environment feasibility. However, because of food security concerns, the use of edible oil in biodiesel production is
criticized globally. Non-edible plant oils, waste cooking oils, and edible oil industry byproducts are suggested as effective
biodiesel feedstocks because nonedible feedstock does not compete with food from human consumption. Several
nonedible plant oils, such as castor oil, jatropha oil, mahua oil, neem plant oil, pongamia oil, and yellow oleander oil, are
currently used as feedstocks for biodiesel production. There are different methods available for the preparation of the
biodiesel. Among them, transesterification is one the easiest and best method to extract the biodiesel. In India, biodiesel
is produced primarily from nonedible vegetable oil, acid oils, animal tallow, and palm stearin oil. Despite having
numerous advantages over conventional diesel, the biodiesel industry is still struggling in India because of various
reasons and challenges like availability and high feedstock pricing, operational hurdles, and supply-chain management
challenges.
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