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ABSTRACT
Ecological issues and fossil fuel depletion have boosted research in field of sustainable bioenergy
development. For biofuel production, oil extraction is key factor related to energy consumption as
well as product value. This review focuses on recent advances and prospects in oil extraction
techniques used in biofuel production. Major traditional oil extraction practices involve
conventional solvent extraction and modern techniques from plants include supercritical fluid
extraction, physical supported solvent extraction and novel techniques for oil extraction. This
comparative study addresses conventional and modern oil extraction techniques from plants based
feedstock for biofuel synthesis. This concise and systematic review covers advancement of
extraction methods related to feedstock used in manufacturing various generations of targeted
fuel.
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INTRODUCTION
Primarily, world’s energy demands are still served by fossil fuels that account for >88% of chief
energy consumption ( Agarwal et al., 2018). These current non-renewable energy sources will be
no longer available and forewarnings about probable depletion of such cheap petroleum based
fuels have been issued ( Sipra et al., 2018). Additionally, various greenhouse gases such as CO2
emissions due to fossil fuel combustion are posing serious environmental issues. Hence, the

reduction of greenhouse gas affluences from fossils and production of potentially sustainable and
renewable sources has become hot issue and essential topics across the globe ( Pradhan et al.,2018).
The primary sources of energy that is derived from natural phenomena such as wind, water and
solar energy ( Manouchehrinejad et al., 2018). Biomass is another primary source of energy after
coal and oil therefore various technological possibilities for conversion of biomass into biofuel
have been studied and implemented practically. Generally, biomass is converted into fuel via
biological, thermochemical and physico-chemical approaches. Biological methodologies such as
anaerobic digestion and fermentation yield various products such as bioethanol, biogas and
biodiesel. The thermochemical methods include liquefaction and gasification for production of oil
and gas, respectively. However, physicochemical such as extraction, esterification and
transesterification also involve extraction that permits to recover required constituent or
elimination of unwanted components from directed feedstock ( Guo et al., 2016).
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Figure 1. Schematic plan of renewable energy alternatives

Current review is structured around classification of traditional and modern oil extraction
techniques and their application on first, second and third generation feedstock for biofuel
synthesis.

Basically, in physiochemical process for bioenergy synthesis, extraction usually involves midway
phase. Figure 1. As upstream procedures should be done before extraction for example cultivation
of feedstock and drying process. However, once extraction have been performed then afterwards
downstream procedures are performed that involve refining of extracts via fractional distillation,
esterification and transesterification. Extraction is done via three basic ways physical, mechanical
and chemical approaches ( Khan and Hann, 1983). In biofuel production, all three approaches are
used but latter two are frequently applied. Various solvents are used for extraction of fueling
substances such as hydrocarbons and lipids . Based on specific components and type of biomass,
solvent selection from variety of available solvents. Extraction conditions and extraction solvents
(selectivity and efficiency) are affected by physical and chemical properties for example polarity
( Kanda et al., 2013). Additionally, environmental concerns and economic issues in selection of
solvent and application of solvent extraction must be considered. Few demonstrative extractable
first, second and third generation feed stocks for production of biofuel are given in table 1. Biofuel
products such as biodiesel and jet fuels’ precursors are obtained via extraction process. Wood
biomass extracts are used to make bioalcohol. However, bio-solid fuel is obtained after water
removal and purification of biomass through extraction technologies.
Table 1. Extractable constituents from representative feedstock for synthesis of different
generations of biofuel.
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Classification of extraction techniques
Generally, extraction techniques are classified as mechanical, chemical and physical methods used
for synthesis of biofuel. Mechanical extraction is done without using any chemical along with
different advantages for example low equipment price and directly useable crude oil. Particularly,
the use of expellers or presses are used for mechanical oil extraction from oleaginous material.
Contrariwise, such methods are used rarely for synthesis of other two generations of biofuel. In
extraction process, physical techniques involve microwaving, heating homogenizing and
sonication whereas chemical method primarily involves use of various solvent for extraction from
targeted feedstock that comprises of use of soxhlet extractor, classical liquid-liquid extraction and
conventional bligh-dyer method. Unlike mechanical methods, application of chemical and
physical methods is done at a time and physical methods are generally applied for solvent
extraction. Hence, in this review for comprehensive assessment of chemical and physical methods
have been categorized as conventional solvent extraction (CSE), supercritical fluid extraction
(SFE), Physical supported solvent extraction (PSSE). Additionally, new methods of oil extraction
have been classified as novel techniques (Li et al., 2019).
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Figure 2.Extraction methods for different generations of biofuels along with targeted constituents.

Conventional Solvent Extraction
Traditional technique i.e. CSE has been often used extraction method for times and various reports
have mentioned it. A prominent technique known as chemical solvent extraction is practiced
conventionally in several fields such as pharmaceutical industry and food and such techniques
have been verified. For conventional solvent extraction methods, solvents with high solubility and
high selectivity are used at room temperature and ambient temperature in order to obtain desired
composition. Some classical and conventional extraction methods include Bligh Dyer method and
soxhlet apparatus that are being used frequently for oil extraction from solid feedstock Soxhlet
extractor was invented by Franz Von Soxhlet and it is used for components that are less soluble
and impurities are insoluble in solvent (methanol, chloroform and n-hexane) Figure 3 shows
electric oil expeller used conventionally for mechanical oil extraction whereas soxhlet apparatus
for chemical oil extraction.
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Figure 3(a) Mechanical oil extractor (b) Soxhlet Apparatus

Merits of this procedure include prevention of solvent saturation with extracted material and
analytes get eradicated from extracting liquid. Repeated procedure is performed that’s why sample
with fresh portion remain in contact with solvent and boiling point of solvent is selected as
temperature of the system. It is highly adapted even with many shortcomings like sample dilution
with huge amount of solvent and requires many hours and days. A blend of solvents is utilized in
Bligh-Dyer method and possibility is still there to alter this combination depending on polarity of
fats within targeted material ( Kou and Mitra (2003). For biofuel production, different organic
solvents have been reported. The principle of Conventional Solvent Extraction in field of biofuel
production is that organic solvent in contact with biomass, the component to be extracted
solubilizes into organic solvent due to solubility of biomass in organic solvent. Hence, an
appropriate solvent with high solubility and biocompatibility for targeted constituents is preferred.
Nevertheless, demerits of conventional solvent extraction include use of organic solvents that are
environmentally hazardous and dangerous for health. Furthermore, pretreatment is necessary in
Conventional Solvent Extraction (CSE) for the extraction of available constituents and this
pretreatment increases the total cost of process

Modern techniques
Physical supported solvent extraction

Sonication and microwave methods are most frequently used in physical methods along with
conventional methods. Microwaves, electromagnetic radiations with 0.3-300GHz frequency, are
applied in order to disrupt plant cells at small scale However, sonication has been studied for many
years with to disrupt plant cells along with oil extraction. The cavitation of ultrasonic waves is
more robust as well as intense at 18-50 kHz frequency (much lower) and medium conditions, for
instance, temperature along with viscosity affect the sonication efficiency ( Vinatoru, 2001).
Physical supported solvent extraction (PSSE) is meant for integration of pretreatment practice into
conventional solvent extraction. Due to pre-treatment before biofuel synthesis, use of physical
supported solvent extraction (PSSE) is reliant on type of biomass. For instance, microwaves
destroy the biomass owe to generation of high frequency waves via sock induction. Hence, it has
been recently designated as efficient method for oil containing plant cell disruptions( Pragya et al.,
2013).. Moreover, it has been used for disruption of cell membrane and cell wall of microbial cells
through cavitation extensively.
Supercritical Fluid Extraction
SFE is oil extraction methodology that developed in 1980s. Owe to high selectivity this method
has unique advantage. Supercritical Fluid Extraction involves utilization of fluid as extracting
solvent in supercritical stage. The thermal and physical properties of this fluid are between gas and
pure liquid. Water and carbon dioxide are utmost frequently used supercritical fluids. This method
has several merits such as extraction of lipids (non-polar constituents) from biomass( Akalm et al.,
2017). However, demerits of recently used supercritical fluid extraction methods include safety
issues and high operational expenses. For example supercritical CO2 has operating pressure and
temperature above 7.39 MPa and 304.25 K respectively. Therefore, for reduction of expenses,
recent studies have been done for use of sub critical or near critical solvents such as water.
Novel Techniques
Few techniques that do not fall in formerly demarcated categories have been stated as novel
techniques in this review. Such as:
•

Multiple ionic liquids have been evaluated to check their ability in aqueous media for
extraction of branched hydrocarbons. ( Simoni, 2010).

•

Ozonation is another oil extraction method for production of saturated hydrocarbons from
algae (Kamaroddin,2016).

•

Microalgal oil can be extracted via solvents having switchable hydrophilicity ( Boyd,
2012).

•

Solvents like Dimethyl ether with liquefied gases have been used for extraction from wet
biomass and dewatering of biofuel simultaneously( Li et al.,2014).
Extraction techniques based on feedstock

Extractable components of different feedstocks for synthesis of various generations of biofuel are
mentioned in Table 1
Extraction techniques for feedstock of first generation biofuel
Animal fats and arable food crops are feedstock for production of first generation biofuel as such
crops and animals are source of sugar, starch, fats and oil that derives bioenergy synthesis
reactions. Sugar cane, corn, wheat and oily crops are most common sources for two chief classes
of first generation biofuel i.e. biodiesel and bioethanol. Particularly biodiesel, defined as fatty acid
methyl esters, is synthesized via transesterification of triglycerides derived from oils of feedstock
plants. Conventional solvent extraction and mechanical methods are collectively applied for
extracting oil effortlessly from food crops for first generation biofuel. The application of specific
method for oil extraction for synthesis of first generation biofuel depends on mechanical
techniques as extraction of oil from plant seeds (account for large portion of first generation
biofuel) is usually done via mechanical pressers as shown in Figure 2. ( Oyinloda et al., 2004).
Therefore, first generation biofuels are considered to exhibit environment as well as economical
limitations and consequently fewer researches have been carried out in development of mechanical
oil extraction First generation biofuel is no more an innovative research subject matter due to its
competition with world’s food supply creating food security issues ( Garcia, 2017; Koizumi,
2015).
Extraction techniques for feedstock of second generation biofuel
Fuel, which is manufactured from different kinds of biomass that is not only obtained from edible
but also non-edible feedstock. Industrial, agricultural, civil residues and wastes as well as
lignocellulosic biomass offer comparatively more difficulty in extraction of desired fueling

substances. Particularly, production of desired fuel is especially challenging via merely extraction
techniques from wood lignocellulosic biomass. Consequently, techniques to extract bio-oil stated
in research articles recently are alternate to those performed for residues from industries, civil
agricultural lands. As second generation feedstock, the utilization of extractable woody plants oil
has been reported for biodiesel fuel contrary to first generation feedstock (predominantly arable
crops) ( Branco et al., 2019) . Figure 2 shows procedures for extracting oil from sources of second
generation biofuel that miscellaneous products are manufactured. Certain mechanical techniques
have been performed for second generation feedstock as oil content is not as much of first and
third generation biomass due to poor oil’s recovery rate in case if just mechanical method used.
Fish oil based biofuel has been derived from waste of fish processing plant and subsequently oil
was recovered via soxhlet extraction (Conventional Solvent Extraction) and carbon dioxide
(supercritical fluid extraction) ( Jayasinghe and Hawboldt, 2013). Various chemicals specifically
organic solvents have been recognized as agents of oil extraction for synthesizing the 2nd
generation biofuel, as shown in Table 2.
Table 2 Representative organic solvents for second generation biofuels

Organic Solvent

Feedstock

Constituents
extracted

n-hexane
dichloromethane

Yield

References

20.4 wt.%
Rubber seed

Bio crude Oil

16 wt.%

Acetone

18 wt.%

Hexane

6.28 µg mg-1 FW
Tobacco

Hydrocarbons

Petroleum ether

5.69 µg mg-1 FW

Chloroform

6.20 µg mg-1 FW

(Roschat,
2017).

( Mortimer et
al., 2012)

Wt. weight.FW, fresh weight.
Case studies between extractable components and polarity mediated by three commonly used
aprotic or non-polar solvents; petroleum ether, chloroform, n-hexane have been used as solvents

in order to extract various hydrocarbons and overall 5.6, 6.2 and 6.2 µgmg-1FW (fresh weight)
hydrocarbon yield was obtained, respectively, from Nicotiana glauca (Mortimer et al.,2012)
Whereas, extraction of oil of Hevea brasiliensis (Rubber seed) was done by mixing with solvents
(polar or non-polar); dichloromethane, acetone or hexane for optimum time of 30 minutes at 25℃
and extraction yield of total crude oil 16%, 18 wt.%, 20.4%, respectively ( Roschat, 2017).
.Usually, extraction solvent is selected by following premise “Like dissolves like”. Difference in
polarity of solvent used determines composition of biofuel from same feedstock. As a Physical
supported solvent extraction method, ultrasonic associated extraction has been done for biofuel
(liquid) synthesis from seeds of Jatropha curcus. This technique is effective in potential reduction
of recalcitrance of cellulose, hemicellulose and lignin i.e. lignocellulosic mass and enhances their
aptness as bioethanol feedstock ( Shuhairi et al., 2015).

Contrastingly, supercritical fluid

extraction (SFE) method when applied to lignocellulosic biomass, reflected as appropriate for it;
due to high resolvability of this technique and researches related to SFE for biofuel from
lignocellulosic biomass were done via methanol or ethanol. Remarkably, second generation
biofuel are affected considerably by extraction parameters during the use of supercritical fluid
extraction, for instance, time, temperature, solvent/biomass ratio and operating pressure during
extraction procedure. Furthermore, a highly cost effective and eco-friendly novel technique by use
of gas (liquefied) performed in normal reaction conditions i.e. temperature and pressure, stated in
various research reports related to crude fuel of biological origin, gained from industrial waste as
well as crop biomass ( Sakuragi, 2016).

Extraction techniques for feedstock of third generation biofuel
Microalgae are considered as main source for third generation biofuel hence termed as algae
biofuel that has been appeared not only as potentially renewable alternative source for biofuel
synthesis but also highly feasible feedstock that overcomes the shortcomings of feedstocks of other
two generations of biofuels. Several diverse types of renewable biofuels include hydrocarbons,
biohydrogen and biodiesel are being synthesized from algae. There are several merits for
manufacturing fuel based on algal origin because biodiesel yield is fifteen to three hundred times
more than conventional crops on area basis ( Schenk, 2008). Additionally, algal harvesting cycle

is short with high growth rate and no high featured agricultural lands are needed for production of
algal biomass ( Dragone (2010). Due to these assured merits, algal biofuels have received great
attention globally. In contrast to terrestrial oily plants, oil expellers and presses cannot aid in
mechanical extraction of algal oil due to intricate cell membrane, small cell size and rigid/thick
cell wall (Ru an, 2006) . Therefore, different alternate oil extraction methods are under
consideration to get fueling substances effectively from pro-treated or fresh algae because algal
biofuel is still in progress. Biofuels synthesized from algae via extraction procedure principally
comprise bio-jet fuel and biodiesel, with such production depends on diverse components
biosynthesized by different microalgal species. Figure 2 shows various extraction techniques for
third generation feedstock; these are conventional solvent extraction, supercritical fluid extraction,
Sonication, microwaving and liquefied gas that extract components like hydrocarbons for biojet
fuel and lipids (saturated and unsaturated) for biodiesel synthesis (Balasubaramanian et al., 2013;
Byreddy et al., 2015).
Table 3. Oil extraction techniques for biofuel production from algae (Third generation
biofuel).
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Conclusion
This review discusses currently published articles in biofuel production concerning research on
extraction process and is envisioned to overcome deficiency produced due to want of relevant
published articles. For clarification of emerging and multiple existing techniques primarily utilized
chemical and physical methods categorized as CSE,SFE,PSSE and novel techniques. Ideally, SFE
retain merits as compared to PSSE and traditional CSE such as organic solvent is excluded
therefore along with high extraction speed, the risk of storage is also reduced. Nevertheless,
supercritical fluid extraction technique is still used in pharmaceutical and food industries. At this
stage this method has technical bottleneck in field of biofuel production owing to insufficient cost.
REFERENCES

Adeoti IA, Hawboldt K. (2014) A review of lipid extraction from fish processing by-product for
use as a biofuel. Biomass and Bioenergy. 63: p. 330-340
Agarwal A, Rana M, Park JH ( 2018). Advancement in technologies for the depolymerization
of lignin. Fuel Process Technol. 181: p. 115-132.
. Akalın M K, Tekin K, Karagöz S. (2017). Supercritical fluid extraction of biofuels from biomass.
Environ Chem Lett. 15(1): 29-41.

Balasubramanian R K, Doan TTY, Obbard JP. (2013). Factors affecting cellular lipid extraction
from marine microalgae. Chem Eng J. 215: 929-936.
Bjornsson W et al. (2012). Pilot-scale supercritical carbon dioxide extractions for the recovery of
triacylglycerols from microalgae: a practical tool for algal biofuels research. J appl phycol.
24(3): 547-555.

Boyd A R et al (2012). Switchable hydrophilicity solvents for lipid extraction from microalgae
for biofuel production. Bioresour Technol. 118: 628-632.

Branco R H, L S Serafim LS, Xavier AM. (2019). Second generation bioethanol production: on
the use of pulp and paper industry wastes as feedstock. Fermentation. 5(1): p. 4.
Byreddy A R et al. (2015). Comparison of cell disruption methods for improving lipid extraction
from thraustochytrid strains. Mar drugs. 13(8): 5111-5127

Dragone G et al. (2010). Third generation biofuels from microalgae in Current Research,
Technology and Education Topics in Applied Microbiology and Microbial Biotechnology,
Mendez-Vilas A (ed.), Formatex, 1355-1366

Földesi B et al. ( 2011). Development of discrete element simulation method of vegetable oil
press. Period Polytech Mech Eng. 55(2):. 67-72.

García M et al. (2017). Antioxidants for biodiesel: Additives prepared from extracted fractions of
bio-oil. Fuel Process Technol. 156: p. 407-414.

Guo W et al. (2016). Simulation study of thermochemical process from biomass to higher
alcohols. Energy and Fuels 30(11): 9440-9450.
Jayasinghe P, Hawboldt

K. (2013). Biofuels from fish processing plant effluents–waste

characterization and oil extraction and quality. Sustain Energy Technol Assessments. 4:
36-44.

Kamaroddin M F et al (2016). In-situ disinfection and a new downstream processing scheme from
algal harvesting to lipid extraction using ozone-rich microbubbles for biofuel production.
Algal Res. 17: 217-226.
Khan LM, Hanna M. ( 1983 ). Expression of oil from oilseeds—a review. J Agri Eng Res. 28(6):
495-503.

Kanda H, Li P, Yoshimura T, Okada S. ( 2013). Wet extraction of hydrocarbons from
Botryococcus braunii by dimethyl ether as compared with dry extraction by hexane. Fuel.
105: 535-539.

Koizumi T. (2015). Biofuels and food security. Renewable and Sustainable Energy Rev. 52: 829841.
Kou D, Mitra S. (2003). Extraction of semivolatile organic compounds from solid matrices.
Chemical analysis-new york-interscience then john wiley- p. 139-182.

Li P, Kanda H, Makino H. (2014). Simultaneous production of bio-solid fuel and bio-crude from
vegetabal biomass using liquefied dimethyl ether. Fuel. 116: 370-376.

Li P, Sakuragi K, Makino H. (2019). Extraction techniques in sustainable biofuel production: A
concise review. Fuel Process Technol. 193: 295-303.
Li Y et al. (2014). A comparative study: the impact of different lipid extraction methods on
current microalgal lipid research. Microb cell factories. 13(1): 1-9

Lohman E J et al. (2013). An efficient and scalable extraction and quantification method for algal
derived biofuel. J microbiol methods. 94(3): 235-244.

Lovejoy KS et al. (2013). Evaluation of ionic liquids on phototrophic microbes and their use in
biofuel extraction and isolation. J appl phycol. 25(4): 973-981.
Manouchehrinejad M, Van Giesen I , Mani S. ( 2018) Grindability of torrefied wood chips
and wood pellets. Fuel Process Technol. 182: 45-55.
Mortimer CL, Bramley PM, Fraser PD. ( 2012). The identification and rapid extraction of
hydrocarbons from Nicotiana glauca: a potential advanced renewable biofuel source.
Phytochem Letters. 5(3): 455-458.

Oyinlola A, Ojo A, Adekoya L. (2004). Development of a laboratory model screw press for
peanut oil expression. J food eng. 64(2): 221-227.
Pradhan P, Mahajani SM, A. Arora A (2018). Production and utilization of fuel pellets from
biomass: A review. Fuel Process Technol. 181: 215-232.

Pragya N, Pandey KK, Sahoo P. (2013). A review on harvesting, oil extraction and biofuels
production technologies from microalgae. Renewable and Sustainable Energy Rev. 24:
159-171.
Roschat W et al. (2017). Rubber seed oil as potential non-edible feedstock for biodiesel
production using heterogeneous catalyst in Thailand. Renew Energy. 101: 937-944

Ru'an C et al. (2006). Kinetics of leaching flavonoids from pueraria lobata with ethanol. Chinese
J Chem Eng. 14(3): 402-406.

Sakuragi K et al. (2016). Recovery of bio-oil from industrial food waste by liquefied dimethyl
ether for biodiesel production. Energies. 9(2): 106-109.

Schenk P M et al. (2008). Second generation biofuels: high-efficiency microalgae for biodiesel
production. Bioenergy research. 1(1):. 20-43

Shuhairi N, Zahari M, Ismail S. (2015). Lignocellulosic-based Jatropha seed pre-treatment using
ultrasonic reactive extraction for liquid biofuel production. Chem Eng Trans. 45: 15731578.
Simoni L D et al (2010). Extraction of biofuels and biofeedstocks from aqueous solutions using
ionic liquids. Comput chemi engineer. 34(9): 1406-1412.

Sipra AT, Gao N, H. Sarwar H. ( 2018 ). Municipal solid waste (MSW) pyrolysis for bio-fuel
production: A review of effects of MSW components and catalysts. Fuel proces technol.
175: 131-147.

Vinatoru M. ( 2001). An overview of the ultrasonically assisted extraction of bioactive principles
from herbs. Ultras sonochemistry. 8(3): 303-313.

