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Abstract — Research on the development of renewable
biofuel has garnered more public curiosity as a result of
worries about the exhaustion of fossil fuels and global
pollution. The extraction method is a key capability in the
manufacture of biofuels, both concerning energy use and
brand equity. The latest events about the separation process
used to produce biofuels are covered in this paper.
Biodegradable matter, such as waste oils and edible, inedible,
microbiological, and quasi wastes, are used to create
biodiesel. According to this research, the best feedstocks are
waste oils with rising oil content, such as waste vegetable oil,
waste palm oil, and waste algal oil. To choose the best
feedstock for the production of bioethanol, it is required to
compare biodiesel production and parametric analysis
rigorously. We aim to provide a succinct, current, but
thorough analysis of the numerous separation processes used
or researched inside the manufacture of biofuels, as well as
their. guiding principles, benefits, or drawbacks, along with
recent instance examples. For oil extraction, it is advised to
adopt-cutting-edge, cost-free-methods like supercritical and
transesterification.

Keywords: Renewable Energy, Potential Feedstocks, Oil
Extraction Technologies. Biodiesel Synthesis, Feasibility
Study

I. INTRODUCTION

More than 88% of the main energy consumed worldwide
presently comes from fossil fuels [1], even though fresh,
inexpensive fossil fuel sources are no longer accessible and
scientists have warned that the present sources may soon run
out of fuel [2]. Furthermore, the release of greenhouse gases
like CO2 as a result of the burning of fossil fuels is a major
worry. As a result, the creation of renewable energy sources
and the reduction of carbon dioxide emissions from fossil
fuels have gained significant attention on a global scale [3].
The energy that is obtained from biomass and natural
phenomena like the sun, winds, as well as other forms of
power, make up the majority of the world's existing
renewable power. The latter two make up the two biggest
renewable energy sources, and although they have the
primary benefit of being completely free, they also come with
the major drawback of being variable and intermittent. After
coal and oil, biomasses rank as the world's third-largest
source of energy [4]. With varying levels of success, a variety
of technical approaches for converting biomass into biofuel
have indeed been explored, are now being researched, and are
currently being put into use. Biomasses can be transformed
into fuels via biological (such as anaerobic digestion, and
fermentation), Physico-chemical (such as transesterification,
and extraction), and thermochemical (such as gasification,
and liquefaction) methods. Oil and gas can specifically be
produced by thermochemical methods [5,6], whereas

biochemical operations result in products like bioethanol.
These transformation procedures have been thoroughly
explained in numerous papers. The current study aimed to
describe recent studies on extraction techniques, categorize
these techniques, and explore their potential use in producing
biofuels in connection to the feedstocks used for the various
biofuel-generating strategies. Interestingly, despite the
abundance of information on this subject, the categorization
of the extracting techniques employed in the manufacture of
biofuel is challenging. As a result, this evaluation is arranged
and structured around the major issue of "categorization of
known separation processes." Specifically, there is a
thorough overview of extraction research on the new
generation of algal biofuels. The benefits and drawbacks of
popular fuel sources for the manufacture of sustainability
biofuel are highlighted in this study. Nevertheless, the
analysis emphasizes the world's leading oil technology
options are now accessible.  Extract to enable the
implementation of petroleum for ecological biodiesel
generation from non-edibles to choose the best feedstock for
producing biodiesel, it is required to closely compare the
output of biodiesel and parametric analysis. This should aid
in directing future studies to employ more affordable and
environmentally friendly supplies for biodiesel synthesis as
there have been no feed stocks depending on price and
availability combined with oil extraction and biodiesel
production processes.

Il. OIL EXTRACTION PROCESSES

The most crucial phase in the production of biodiesel is oil
extraction. To recover the oil from the plant, physical,
chemical, or enzymatic treatments are used. The two main
outputs are cakes from previously used plants and petroleum
products. This stage's cake output is not used for further
treatment. Based on application, price, economy, and
environmental risks, the most advanced oil separation
techniques now in use are thoroughly addressed.

A. Mechanical Extraction

Hand ram press or motor screw pressing are both utilized in
the mechanical extraction of oil. While hand presses might
yield an efficacy of 60-65%, engine-driven screws can
extract 68-80% of the oil. Filtering or degassing is employed
to extract residual oil following mechanical means. The
difficulty of employing mechanical pressing is that it is the
sole use of particular seeds [28]. This was before techniques,
meanwhile, improved extraction of oil presses, uses, res
89%389% five in a single pass and 91% effectiveness during a
double pass [12].

B. Steam Distillation

Oils may be extracted from trees with fragrant chemicals that
are thermal using the elimination method known as steam
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distillation [13]. Plants containing oil are placed into the setup
and subjected to steam without using the maceration process.
“Figure 1” shows how the steam flows through the loaded
stream. Equipment for carrying out steam distillation After
the vapors are eliminated, both crude oil and vapor produced
by the steam distillation system may be removed [14].
Depending on the type of plant matter and the challenge of
collecting oil at ambient temperature, this process may also
be used with pressure variation [14]. Because the working
temperature doesn't exceed 1000C, the method offers the
benefit of reduced thermal degradation. However, this
method is constrained in that the raw materials needed for the
extraction must be dispersed equally for maximum oil
recovery. The fact that cold feed is charged presents a unique
problem concerning this operation. The wetting process
continues as long as the total feed charged temperature is
above the temperature at which water is being fed. Whenever
lower market value items are created, this method
necessitates a greater capital expenditure, and the investment
costs may not fully recoup for several years.
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Fig. 1: Apparatus for performing steam distillation [42].

C. Solvent Extraction

Extraction of solvent is used in many of the chemical
industries for extraction of various oil, impurities or even
solvent mixture. There is various extraction method which are
further discussed below in detail.

1) Soxhlet Extraction

“Figure 2” represents Franz von Soxhlet [16] created a lab
equipment called a Soxhlet extraction in 1879 to separate an
element from the mixture. To extract more of the desired
substance, the procedure only needs a minimal quantity of
solvent. Through the use of a matrix suspension in the
refluxing solvent, it encourages solid and liquid to recover the
required chemicals from the solid matrix. “Figure 2” shows
an oil recovery Soxhlet system. The condensing of the
solvent's vapors as they pass through the distillation arm
keeps the solid matrices in an area that constantly receives the
solvent. This fluid is removed from the cavity by a siphon that
moves back into the distillation after reaching a
predetermined value. The distillation arm causes the solvent's
vapors to condense, keeping the solid matrix in a region that
constantly receives the solvent. The water is removed from
the cavity by a siphon that moves back into the distillation
chamber once it reaches a particular value. Caffeine oil was
extracted from wasted coffee leaves that were removed from
a pressured bean-to-cup coffee machine using a Soxhlet

device [17]. To test the effectiveness of the solvents yielding
the highest oil removal efficiency, oil was extracted using n-
hexane. The maximum vyield, 15.28% in 30 minutes, was
from hexane.
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Fig. 2: Soxhlet apparatus for oil recovery [43]

Soxhlet extraction provides several advantages,
including the ability to reuse nearly identical solvents up to
the point of saturation with both the analyte. Unless a defining
element does have a significant amount of solvent that is not
recycled, it may still be used to remove the oil using new
samples, but the solvent extraction technique has several
drawbacks, such as the longer processing time (a few hours
or days). The system's temperature increase over an extended
period leads the distillation flask's construction material to
thermally degrade. Because of the potential pollution issues
brought on by the use of hazardous and combustible solvents,
the technique is not environmentally friendly. Furthermore,
the technique may be applied to retrieve extremely small and
highly split substances [18].
2) Chemical Leaching
This refers to the procedure for recovering an element that
used a solvent from such a solid feed. The size of a particle,
the kind of liquid utilized, the temperature, and the system's
mixing speed are only a few variables that impact the
chemical leaching process. To enable the interface area
between the feedstock and the solvent, small particle sizes are
utilized. Reduced solvent viscosity is necessary to encourage
free flow. Temperatures are a key factor in determining how
quickly oil is extracted since rising temperatures make oil
more soluble. The pace of mixing is another component that
affects the process because it accelerates the rate of diffusion,
which improves the material transfer from the particle's
surface.
3) Enzymatic QOil Extraction
A practical method for recovering oil is enzymatic oil
extraction. The technique makes use of the proper enzymes
to extract oil from seeds. Although the technique is showing
promise, there are still barriers to its widespread use,
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including greater enzyme costs, longer incubation times, and
the requirement for de-emulsification during downstream

processing [19]. Utilizing methods like perfusion
chromatography and  ion-exchange  chromatography
facilitates downstream processes while immobilizing

enzymes reduces enzyme losses and total cost [20].
Nevertheless, steric hindrance brought on by the
immobilization of enzymes results in a decrease in response
times. In addition to the combustibility or volatility of n-
hexane, the use of solvents like it also causes an increase in
water depletion and the emission of volatile organic
pollutants [41]. This demands the employment of an
alternative extraction method, such as an aqueous enzymatic
oil system which was before using ultrasound [12].

4) Supercritical Fluid Extraction

Supercritical fluids are often used to extract metal cations and
oils. Due to its low critical temperature and pressure, carbon
dioxide is most frequently used for the supercritical oil
extraction process. Additionally, CO2 is non-toxic, non-
flammable, and easily accessible in a very pure form at a
reasonable price. It is significantly simpler to eliminate it
from the extract [21]. The use of CO2 for the extraction of
non-polar analytes is restricted by its non-polar character
[22]. Depending on the type of the recovered analytes, co-
solvents like methanol or ethanol are advised to be added
during extraction process. CO2 is used as the supercritical
solvent in this process. Fadel and co [23] discovered that
extracts containing analytes produced utilizing supercritical
fluids have stronger anti-oxidation activity, better returns, and
lower viscosities than extracts retrieved utilizing alternative
methods. Because the working conditions may modify the
properties of the supercritical fluid, this approach enables the
adjustable extraction of the desired molecule. Pure
supercritical CO2 at high pressures may be used to extract
polyphenols, and then, by adding ethanol as a co-solvent,
unsaturated fatty acids can be recovered [24]. Because the
process of extracting relies on the phenomenon of diffusion,
which concludes that large diffusivities under supercharged
circumstances enhance the efficiency of extraction, the
procedure is quicker. Unfortunately, the use of supercritical
fluid extraction is constrained by the requirement for high
pressures when compared to other traditional methods.

5) Microwave-Assisted Extraction

“Figure 3” micro-assisted extraction was used to extract
containing analytes produced utilizing supercritical fluids
that have stronger anti-oxidation efficacy, better returns, and
fewer viscosities than extracts retrieved utilizing alternative
methods. Because the working conditions may modify the
properties of the supercritical fluid, this approach enables the
adjustable extraction of the desired molecule. Pure
supercritical CO2 at extreme pressures may be used to extract
polyphenols, and then, by introducing ethanol as a co-solvent,
unsaturated fatty acids can be recovered [24]. Because the
process of extracting relies on the phenomenon of diffusion,
which concludes that large diffusivities under supercharged
circumstances enhance the efficiency of extraction, the
procedure is quicker. Unfortunately, the use of supercritical
fluid extraction is constrained by the requirement for extreme
pressures when compared. This eliminates CO2 emission
[26] and uses just a small portion of the energy needed for
traditional heating [27]. Nevertheless, the nature of the

solvent or the target chemicals affects the extraction
procedure utilizing microwave heating.
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Fig. 3: Micro-wave Assisted Extraction [44]

6) Ultrasound-Assisted Extraction

This is one of the most promising methods for extracting oil.
“Figure 4” is to treat the oil feedstock obtained from planted
trees to ultrasonic vibrations, it must first be dissolved in
either a polar (such as water) or non-polar (such as alcohol)
chemical [29]. The range of sound waves that an ultrasonic
source emits, from 18 kHz to 100 MHz, creates ultrasound
waves. The acoustic pressure (Pa), which is created when
ultrasonic irradiation is applied to the liquid's bulk, adds up
to the hydrostatic pressure (Ph) of the substance. It is
important to explain how acoustic and hydrostatic pressure
relates since they have a significant impact on the generated
frequency of ultrasonic irradiation. When it comes to
ultrasonic waves, the intensity decline and penetration have
an inverse relationship. Acoustic energy is converted into
thermal energy as a result of the penetration of the sound
waves into the medium and the resulting molecular
movements. When a fluid is compressed, it heats up in such
locations, but when it is rarefied, it cools down. The primary
source of the shock wave that causes molecules to vibrate
away from their average position is ultrasound production in
the fluid solution.
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Fig. 4: Ultrasound-Assisted Extraction [45]
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The intermolecular gap competes for the critical
distance (denoted by R) as a result of the medium's
considerable negative pressure (Pc), which encourages the
formation of cavitation bubbles when the liquid's
intermolecular organization is disrupted. Since a degrading
bubble takes less time than acoustic waves do to travel, Pm
maintains a stable state during the bubble collapse showing
the radius of the generated hollow. The density of the medium
and acoustic pressure has a big impact on how quickly
extraction happens. gives guidance on how to pick the best
medium to increase the extraction rate. This method provides
better efficiency, a faster rate of extraction, and fewer capital
investment requirements. However, the structure of the
chemicals present in the oil may be harmed by the application
of ultrasonic waves.

D. Oil Refining

Free fatty acids, phosphatides, and colorants are among the
undesirable components that are removed during oil refining.
These elements have an impact on the oil's storage qualities
as well as subsequent processing procedures. The
physicochemical properties of oil and the makeup of the
feedstock also have an impact on how well oil is refined. To
get rid of the phosphatides, degumming is done in the first
step of purification. Because phosphatides give the oil a
muddy look and encourage the creation of H20, they must be
removed [29]. The two methods used to remove phosphatides
are acid and water degumming. Acidic components are
vigorously dissolved in oil during acid degumming to
eliminate the phosphatides that are not soluble. It is possible
to get rid of the dissolved phosphatides by degumming the
water. Water is added to the oil during water degumming at
temperatures between 60 to 9000C, and the water and oil
phases are subsequently separated using centrifugation [32,
31]. The process of de-acidification follows oil refining. It is
the phase that matters the most for food source oils since it
doesn't entail the creation of free fatty acids with rancid tastes
(FFA). For first-generation feedstocks, such components do
not need to be removed. However, because of their direct
impact on the synthesis of biodiesel and the storage properties
of the fuel, it is recommended that these components be
removed. De-acidification is a phenomenon that involves unit
processes including distillation, the removal of colors and
smells using solvents like propane, ethanol, furfural, and
alkali neutralization. Bleaching is a method used to eliminate
colorants. This stage involves bleaching, and ingredients
including activated carbon, bleaching earth, and silica gel are
utilized. Aldehyde and ketone-based odorous chemicals are
removed by deodorization. The final phase in the refining
process, dehydration, uses low-pressure distillation to
eliminate moisture content [31].

I11. BIODIESEL SYNTHESIS PROCESSES

A. Direct Blending

Direct blending involves mixing a specific amount of petro-
diesel with crude oil as a fuel, although this has drawbacks
because of factors including greater viscosity, acid value,
FFA level, and gum formation [33].

B. Microemulsions

The oil is combined with the proper emulsifying agents, such
as alcohol, during the microemulsion process. Methanol,
ethanol, propanol, and butane are indeed the alcohols that are
most frequently employed to create an emulsification. Some
primary drawbacks of utilizing micro-emulsions include
incorrect combustion and carbon buildup in the engine [34].

C. Catalytic Cracking

By the use of a catalyst, non-edible oils or animal fats are
broken down, resulting in compounds with combustion
properties resembling those of petroleum diesel. Increased
levels of sulfur, moisture, and sediments are present in the
pyrolyzed material, but insufferable clinker and carbon
residues are absent [35, 36].

D. Trans-esterification

To produce biodiesel, a process known as trans-esterification
requires reacting oil feedstock with short-chain alcohol, most
frequently methanol, in the presence of a catalytic medium.
The most often utilized solvent for the production of biodiesel
is methanol. The synthesis of biodiesel using ethanol has been
proposed by certain researchers [37, 38]. NaOH and KOH
catalysts are widely utilized because of their lower cost and
simpler availability. The FFA level of the oil determines
whether a homogeneous or heterogeneous catalyst should be
used to proceed with the reaction. Gas and liquid
chromatography is typically used to analyze alkyl esters and
assess the yield [39].

IV. CONCLUSION

This review was prepared to address the vacuum left by the
absence of recent review papers analyzing recently released
scholarly articles about the research of extraction procedures
used in the manufacturing of biofuels. To describe the many
extraction methods that is both current and upcoming.
However, it is still challenging to scale up the currently used
oil extraction processes since 90% of the solid material must
still be dried before being processed using traditional
extraction techniques. The ability of the potential extraction
approach to minimize the usage of pretreatment procedures
as a means of reducing the overall energy demand in biofuel
production should thus be dependent on the ability of the
potential extraction technique. To maximize oil extraction
output, which is now the major issue due to its reduced value;
new oil extraction methods are also highlighted. Mechanical
extraction, solvent extraction, supercritical technology,
microwave, and ultrasound-assisted oil extraction are some
of the current cutting-edge extraction techniques. These oil
extraction techniques are examined and rated according to
their scope of use and cost. Conclusion: of all the available
technologies,  supercritical and  microwave-assisted
technologies are the best suitable because of their high oil
recovery efficiency, cheaper cost, and lack of environmental
sustainability. The oil to alcohol ratio, water and FFA
quantity, reaction temperature, pressure, and agitation speed
all affect how quickly the transesterification process occurs.
Temperature, the ratio of oil to alcohol, the amount of water
and FFA present, the rate of agitation, and the reaction
duration are the crucial transesterification reaction factors
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that this study emphasizes. The performance of the reaction
is impacted by the rise in temperature and molar ratios. As a
result, more thorough research is needed to investigate waste
oil feedstocks that can create high-quality biodiesel at a low
cost. According to this, scientists have already researched
edible and inedible oils for biodiesel. To comprehend the
impact of each parameter on biodiesel yield, the kinetics of
the trans-esterification reaction must be explored. This will
make it easier to comprehend how pressure and temperature
affect biodiesel yield for use in multiple applications. In
addition, various characteristics must be taken into account to
handle the technological challenges as the attributes of
biodiesel are closely related to chemical composition.
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