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Abstract
Search for an alternative to the fossil fuels continuously grows; microalgae have emerged as a promising renewable feedstock for
biodiesel. Many species contain high concentration of lipids and require simple cultivation methods than traditional crops for the
production of biofuels. Microalgae have the ability to produce number of biofuels such as bioethanol, biodiesel, bio-hydrogen, etc.
Production of biofuels from microalgae is considered as a potential process to meet the demand of future energy as microalgae can be
cultivated year by year. But biofuels such as biodiesel production from microalgae comprised of several steps which includes various
methods of harvesting and lipid extraction. This review provides an overview of production of biodiesel from microalgae, factors

affecting the growth of algal biomass, various harvesting methods utilized for microalgae and lipid extraction methods for the
production of biodiesel.
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Introduction
Energy is the most important component of our life and it mainly comes from the renewable and non-renewable sources. The
major portion of non-renewable energy comes from fossil fuels such as petrol, diesel and gas. These fossil fuels are produced
by the process of millions of years. But due to uncontrolled utilization of these fossil fuels, a threat of their depletion is
growing day by day. Also burning of this fossil fuel causes several problems such as high carbon dioxide emission to
environment as well as green-house effect. Due to such problems there is a requirement an alternative renewable source of
energy. Biofuels is renewable sources of energy which include solar, hydro, wind, bio-energy, etc. [1,2]. Bioenergy is a type
of energy which has huge potential as it comes from the biomass which is available in a huge amount as well as it can be
regenerated year by year. Biomasses which are utilized for energy production are termed as feedstock of biofuels and there
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are several generations of biofuels. First generation biofuels include bioethanol which is derived from sugar based crops such
as maize, sugarcane, etc. But sugarcane and maize were itself food crops so their use as a fuel was highly criticized. This led
us to generate second generation biofuels such as bio-ethanol from ligno-cellulosic feed stock and biodiesel from non-edible
oil based crops such as Jatropha. Still there are lot of complications with second generation biofuels such as long-time
degradation of cellulosic material in case of ligno-cellulosic fuels and huge requirement of land for Jatropha [3]. These
critical situations forced us to move to third generation biofuels i.e. biofuels from microalgae FIG. 1.

FIG. 1. Generation of biofuels.
Microalgae have been found most suitable among all possible potential feedstocks [4]. Algae are photosynthetic, prokaryotic
or eukaryotic and micro or macro-organisms. Prokaryotic algae include Cyanobacteria (blue green algae) while eukaryotic
algae include green algae and diatoms [5,6]. Algae have been classified in four different groups i.e. Bacillariophyceae
(Diatoms), Chlorophyceae (green algae), Cyanophyceae (blue green algae) and Chrysophyceae (golden algae). There are 1,
00, 000 known species of Bacillariophyceae and mainly found in ocean, fresh and brackish water. Chyrsolaminarin and TAG
are the storage material of these algae. Green algae are found in fresh water and there are approximately 8, 000 species of
green algae. Starch and TAGs are the main storage material in green algae. Blue green algae are very diverse in their habitat.
There are around 2000 species in this group. They are similar to green algae as they also have storage material like starch and
TAGs. Golden algae are mainly fresh water algae having carbohydrate and TAGs as storage material. This is the smallest
group of microalgae as they have approximately 1000 species. Some of algae are very much utilized for health food, feed and
pharmaceuticals. Due to this feature of such algae, biofuels production can be clubbed with the production of such other
commercial products. This can make the process economically more viable. For example, Chlorella sp. have been cultivated
as alternative and unconventional protein sources [7], also contains proteins, carotenoids, lipids, immuno-stimulator,
polysaccharides, vitamins, antioxidants and minerals [8], antimicrobial effects etc. [9]. The residue that remains after the
production of biodiesel can be utilized for the production of other biofuels, fertilizers, animal feed etc. [10]. Algae can also be
utilized for the production of other high value products simultaneously with the production of biofuels which again make the
production process cost effective [5,6]. Production and downstream process of biofuels incurred huge cost [11]. Cost of
biodiesel production depends upon factors like feedstock, plant capacity and location of the plant, plant design and
equipment. Biodiesel production from the rapeseed or soya oil increases the production cost due to the expensive feedstock.
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Utilization of non-edible feedstock like jatropha oil reduces feedstock cost. Economic analysis of biodiesel production from
Jatropha revealed that production of cost of jatropha ethyl ester to be 0.40 € per litre [12] whereas 0.57 € per litre in case of
palm oil is 0.57 € per litre [13]. Utilization of non-edible oil for production of biodiesel reduces the production cost it has
major drawbacks such as Jatropha plant takes 2-3 years to grow and produce seeds which prevent the industry to flourish.
Due to these problems microalgae have various advantages over other terrestrial crops make them an interesting perspective
for the future FIG. 2 to 5.

FIG. 2. Overview of production of biodiesel from microalgae.
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FIG. 3. Factors affecting the growth of algal biomass [4].

FIG. 4. Advantages of microalgal feedstocks for biofuel production.
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Experimental Methods
Harvesting methods
Harvesting of biomass is basically the separation of biomass from the culture medium. 20%-30% expenditure was recorded
due to harvesting process [4,14] but in some cases, it was increased up to 50% [15] and up to 90% [16]. The challenges of
harvesting include the small size of the microalgae cells [17], similarity in the density of the algae cells and the medium [18],
formation of stable suspensions due to presence of negative charge on the surface of algae cell [19,20] requirement of
frequent harvesting of biomass due to high growth rate [21]. To cope-up these challenges, several different methods have
been tested for the harvesting of algae biomass [17,22,23].

Sedimentation: Sedimentation is the process in which the liquid or solid particles are separated from the liquid medium
(with different density) with the help of gravitational force [21]. It has been found that a common round shaped alga,
Chlorella has achieved a settlement velocity of 0.1 m/day in fresh water. But there was reported a huge difference in the
settlement rate [18] as it depends on factors such as type of microalgae [24], light intensity [25], nutrient deficiency and age
of cell [26]. Therefore, harvesting of algae biomass is not widely done by sedimentation. The recovery of harvesting was also
low i.e. 60%-65% of biomass [4,23].

Flocculation: Flocculation is the aggregation of micro algae cells by the use of flocculating agents. It increases the rate of
sedimentation [4]. Flocculation is considered as most reliable but expansive [27] method. Flocculation has been divided in to
two types i.e. auto-flocculation and induced flocculation. Due to various environmental factors such as stress, changes in
nitrogen, pH and dissolved oxygen [28], the cells of microalgae get flocculated. But it is a slow and unreliable process.
Flocculation may be induced chemically, biologically or physically. The flocculants should be less expensive, non-toxic,
highly effective in low concentration [17], derived from non-fossil fuel, sustainable and renewable source. Chemical
flocculants may be organic or inorganic. Inorganic flocculants include lime, ferric chloride, ferric sulfate and aluminum
chloride (alum). In case of Chlorella and Scenedesmus, alum has been found more effective flocculent [17]. 1 g/l
concentration of inorganic flocculent was found appropriate by [29]. These inorganic flocculent can be toxic which can
damage algal biomass [17,29]. But the cost of these inorganic flocculent is less in comparison to organic one. So, some new
inorganic flocculent must be tested which don’t have any adverse effect [21]. Organic flocculants such as cationic polyelectrolytes (CPE) provides 35 times higher results at the concentration of 2 mg/l-25 mg/l. Chitosan is renewable organic
flocculants derived from crustacean shells and used for treating food industry wastewater [30]. It is a non-toxic in nature, but
its dosage is very high at the range of 20 mg/l-150 mg/l [30,17]. Starch and modified starch are another category of flocculent
that is utilized for harvesting of micro algae [31]. These modified starches can be utilized more effectively than both
inorganic and synthetic organic flocculants, but they are costly [32]. Microorganism such as bacteria can be utilized as
flocculent [33] and also reported in case of Chlorella [17] and Pleurochrysis carterae but they need a good amount of carbon
source to grow which made this process less cost effective. Therefore, there is no single or universal flocculent that can be
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utilized for the harvesting of all type of microalgae although flocculation is a potential method of harvesting as the input of
energy is very less [21].

Flotation: Flotation is commercially done by introducing the air bubbles in the culture. Flotation may be classified [33] as
dissolved air flotation, electrolytic flotation and dispersed air flotation. Sparger is used for the preparation of bubbles at gas
pressure of 3 atmospheres [34]. The range of size of bubbles is 10 to 100 micrometers [19]. But high energy is required for
small bubble production which is large in comparison to centrifugation that made this process less economic [31].

Filtration: At a very large scale, filtration gives satisfactory results [17]. The filters used in the filtration process have a
range and can be classified according to pore size as macro filtration (>10 µm), micro filtration (0.1-10 µm), ultra-filtration
(0.02-0.2 µm), reverse osmosis (is less economic than centrifugation at commercial scale [17]. Ultra-filtration is used for
fragile cells and microalgae can’t be processed with it as the operating and maintenance costs are very high [4,17]. Filter
press is also a good method of filtration. Filter presses has several advantages such as simple design, flexibility and capability
to handle a wide range of slurries and equipment is relatively cheap. But the labor costs can be high [35,36]. Rotary vacuum
filters with simple filter design are utilized for filtration of large micro algae but are not effective for smaller species [35,36].
It has also been concluded by two extensive reviews [17,37] that filtration is good for large cells of algae but not very
effective for cells with diameter of less than 10 micrometers.

Centrifugation: In centrifugation, gravity is replaced as the force driving separation at a much greater rate. Almost all types
of micro algae can be separated reliably and without difficulty by centrifugation [31]. Disc stacking centrifuges are the most
common industrial centrifuge and are widely used in commercial plants for high value algal products and in algal biofuels
pilot plants [17]. They are ideally suited for separating particle of the size (3 to 30 micrometer) and concentration (0.02%0.05%) of the algal cells in a growth medium. They can separate solid/liquid, liquid/liquid or liquid/solid on a continuous
basis. Disc stacking centrifuges generally have high energy consumption [37].

Lipid extraction methods
Two types of lipids i.e. polar and non-polar lipids have been present in algae. Phospholipids and glycolipid are major polar
lipids while non-polar lipids include mono, di and tri-acylglycerides and carotenoids [15]. A detailed comparative study has
been done by [38] on Tetraselmis sp. (Strain M8) by using different types of lipid extraction methods. They have performed
their work in two approaches.

In first approach, Soxhlet extraction has been performed using single solvent Hexane (52 ml) and mixture of Hexane and
ethanol (39 ml+13 ml) and further fatty acid analysis was done with GC-MS.

In second approach, different methods such as Bligh and Dyer method (Chloroform: Methanol) [39], Cequier-Sanchez
method (Dichloromethane: Methanol) [40], Schlechtriem method (Propan-2-ol: Hexane) [41], Direct Saponification
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(Ethanol: KOH) [42] and super Critical CO2 [43] were tested. In terms of lipid yield, the order of extraction efficiency on
Tetraselmis sp. was found as Dichloromethane: Methanol>Propan-2-ol: Hexane>Chloroform: Methanol>ScCO2>Ethanol:
KOH. But this result differs in different algae [44,45] due to the differences in size and in particular cell wall composition.

Extraction of lipid from microalgae is dependent on the method by which the micro algae cell is disrupted and the type of
solvent of mixture of solvent is [38].

Results and Discussion
After extracting the lipid from microalgae, it is necessary to characterize the lipid so that the further conversion of lipid into
oil may be done accordingly. Various parameters of lipid are being characterized. Density (mass per unit volume) is
measured by density meter via ASTM D4052. Specific gravity is the ratio of density of a substance with the reference and it
is measured by density meter via ASTM D4052. API Density also measured by density meter via ASTM D4052. Viscosity
refers to a fluid’s resistance at a given temperature. The kinematic viscosity is the ratio of the dynamic viscosity (μ) to the
density of the fluid and measured by Kinematic viscometer via ASTM D 446-12. Acid value is number of mg of KOH
required to neutralize one gram of oil or fat and measured via AOCS Cd 3d-63. Free Fatty acid content (% FFA) value
reflects the age and quality of oil and calculated via acid value. Iodine number measures the unsaturation of the lipid and
constant for a particular lipid. It is measured via AOCS Cd 1-25. Saponification number is the amount of alkali (mg) required
to saponify 1 g of oil and it reflects the fatty acid chain length and measured via AOCS Cd 3-25. Ester value is calculated via
saponification value. Percentage of glycerol is determined from ester value.

Different method of lipid extraction process differs in their energy consumption, safety, efficiency and other parameters that
need to be considered when selecting the best extraction method for a particular system [46-50].

FIG. 5. Various methods used for lipid extraction.
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Conclusion
Microalgae have the ability for the production of biofuels because they are able to capture and convert the CO2 into algal
biomass by photosynthesis at much higher rates than other crops which are utilized responsible for conventional biofuels
production. Biodiesel produce from the microalgae can potentially solve the problem based on current petroleum-based
transportation fuels. Production of biofuels from microalgae involves various steps. Each step includes several methods. The
present review discusses the role of microalgae on the biodiesel production and utilization of various methods for the
harvesting of algal biomass. Further it also discussed the lipid extraction methods used for algal biomass.
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