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Abstract: Petroleum is a non-renewable source of fuel. Its combustion produces Carbon, Nitrogen and Sulfur oxides which is a major cause of
acid rain and green house effect resulting into global warming. Focusing on these problems a renewable source of biodiesel production is an
important requirement as an alternative source of petroleum. Recent research has been focused on biofuel as an alternative source of petroleum fuel
because bio-fuel is environment friendly and economical source of fuel. People have extensively studied biodiesel production from food and vegetable
oil by transesterification reaction. But these sources of biodiesel production can’t be used due to the scarcity and drought situation in India. Microalgae
are rich source of fatty acids so they are the best source for biodiesel production. In this review, we have discussed the current status of different
system of algae cultivation and different methods for biodiesel production.
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1. Introduction

Energy is a global economy for development. Petroleum is the primary source of fuel energy, which is a non-renewable source of fuel and
probable to be exhausted in near future. Petroleum consists of hydrocarbon and some other compounds (nitrogen, sulfur and aromatic compounds). The
main product of combustion of petroleum fuel is carbon dioxide and other by products such as nitrogen dioxide, nitrogen oxide, carbon monoxide, sulfur
dioxide. Carbon dioxide absorbs heat and increases the atmospheric temperature thus contributes to greenhouse effect, which is the ultimate cause of
global warming. Sulfur dioxide reacts with water in atmosphere and form sulfuric acid which is resulting to acidic rain (Chmielewski, 1999; Innocent et
al., 2013; Dowell et al., 2017). To concern about the depletion of petroleum source and their adverse effects on environment, we need to find out a
renewable biodiesel source as an alternative of petroleum fuel.

In recent years, biodiesel has been focused for a new source of fuel production from microalgae. Biodiesel production from microalgae is a
renewable source of fuel and is a good alternative for petroleum fuel (Oliveira and Silva, 2013; Blinova et al., 2015). Biodiesel contains fatty acid
esters which combustion doesn’t produce sulfur and other aromatics compounds like petroleum fuel, thus biodiesel is environment friendly as
well as economically reasonable source of fuel. Initially, biodiesel was produced by transesterification reaction from vegetable oil or animal fat
(Belarbi et al., 2000; Okoye et al., 2016; Kianimanesh et al., 2017). But these sources of biodiesel production cannot be used for the purpose due to the
scarcity and drought situation in India (Shalini Rajvanshi and Mahendra Pal Sharma, 2012).

Microalgae are the good renewable source and is extensively using for biodiesel production in industries. Because, microalgae are rich in fatty
acids thus they are the best source for biodiesel production (Oliveira and Silva, 2013; Lenka Blinova et al., 2015). Microalgae have a diverse
range of habitat as well. They can survive in diverse environment such as sea water, fresh water and saline water (Rindi, 2007; Lee et al., 2014).
Algae can grow in non potable and saline water sources that are not suitable for cooking, drinking and crop production, thus it is beneficial to use
waste water for produce biodiesel. Most of the algal species are photoautotroph. Photoautotrophic algae convert solar energy into chemical
energy through photosynthesis. They utilize inorganic carbon (such as carbon dioxide) for their food source thus helps in reduction of
atmospheric carbon dioxide. Whereas, some algal species are photoheterotroph, they utilize organic carbon (such as sugar) as their food source
(Liang et al., 2009; Tse-ShihLin and Jane-YiiWu, 2014).

1.1 Current status of biodiesel production from microalgae

In order to concern about the current situation of global warming, exhaustion of non- renewable energy source for biofuel production and
increased air pollution due to the combustion of biofuel; extensive research has been going on both internationally as well as nationally in the
area of biofuel production.

Biodiesel production is much explored at the international level as compared to India. Internationally various researcher groups are working on
production of biofuel from microalgae (Al-lwayzy et al. 2014; Chen et al. 2018; EI-Shimi et al. 2013; Hong-Seop 2017; Hu et al. 2008; Li et al.
2008; Liam Brennan and Philip Owende, 2010; Park et al. 2011; Xu et al. 2006; Halim et al. 2011; Koberg et al. 2011; Milano et al. 2016;
Johnson and Wen 2009; Patil et al. 2008; Saddam and Yusaf, 2013; Schenk et al, 2008 Zheng et al. 2012) in large scale to produce biodiesel
production and to fulfill the increased demand of sustainable renewable energy source.

Biodiesel production from microalgae is not much explored in India. Biodiesel production is an urgent requirement in India due to the limiting
source of fuel. Different national organizations/institutes (Institute of Minerals and Materials Technology (IMMT), Bhubaneswar; Indian Institute
of Chemical Technology, Hyderabad; Center for Jatropha Promotion and Biodiesel, Churu, Rajasthan; Ipcowala Santram Institute of
Biotechnology & Emerging Sciences (ISIBES), Dharmaj-Anand, Gujarat; University of Madras, Chennai; Central Food Technological Research
Institute (CFTRI), Mysore; Vivekananda Institute of Algal Technology (VIAT), Chennai; Synthetic Biology & biofuel Group (ICGEB, New
Delhi) are currently working on microalgae cultivation and biodiesel production.

1.2 Microalgae using for biodiesel production:

Several microalgae are using to produce biodiesel such as Botryococcus braunii, Chlorella sps, Dunaliella, Spirogyra, Chlorococcum,
Crypthecodinium cohnii, Cylindrotheca sps, Isochrysis sps, Nitzschia sps, Schizochytrium sps, Nannochloropsis sps and Nannochloris etc
(Liandong Zhu, 2015). Microalgae are the best source of biodiesel production because, they are rich in lipids [such as palmitic acid (C16:0), oleic
acid (C18:1), linoleic acid (C18:2) and linolenic acids (C18:3)], grow rapidly, do not compete for food, easy cultivation, tendency to adapt in
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adverse conditions (Hannon et al., 2010; Sharma et al., 2012; Tse-ShihLin and Jane-YiiWu, 2014). Several studies have shown the lipid content
of different algal species, such as Botryococcus braunii (25— 80%), Chlorella (18-57%), Scenedesmum sps (16-55 %) and Spirogyra sp. (11-16
%), Dunaliella sps (6-25 %) and Chlorococcum (19-20 %) Euglena gracilis (14-20 %), Spirulina (4-16 %) (Chisti 2007; Khan et al., 2009; Mata
et al., 2010; Wu et al., 2012; Han et al., 2014; Zhang et al., 2014). Different species have differential composition of lipid, biodiesel production
highly depends on fatty acid content, length and branching of fatty acid chain and unsaturation of fatty acids (Sheehan J ; et al., 1998; Li Y et al.,
2008; Muhammad Aminul Islam et al., 2013).

Algae convert atmospheric CO2 into glucose and use the glucose to form triglycerides. These triglycerides can be converted into fatty acid
methyl esters (FAMES) by transesterification reaction, which is the main component of biodiesel (Hossain et al., 2008, Tse-ShihLin and Jane-
YiiWu, 2014; Jeon et al., 2017).

2.Process of biodiesel production from microalgae:

Multiple steps are involved in biodiesel production; Selection of microalgae, microalgae cultivation, harvesting of microalgae, extraction of
microalgal content, biodiesel production from extract and further purification (Bligh and Dyer, 1959; Halim et al., 2011 ; Kale A, 2012; Chen et
al., 2012; Gami et al., 2014; Chen et al., 2014).
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Figure 1: Represent flow chart of biodiesel production from algae.
2.1 Selection and cultivation of Microalgae:
Several parameters should keep in mind during algae selection such as water content, optimum salinity, nutrient requirement, optimum
temperature, CO2 requirement and climate conditions (Maxwell EL et al., 1985). For the selection of algae several strategies should be
considered (Muhammad Aminul Islam et al., 2013)-

Sunlight+ CO2

Microalgae

. High biomass in natural condition with minimal requirement of nutrients.
" Lipid content must be high.

" Resistant to adverse climate conditions.

" Easy in biomass collection.

2.1.1 Microalgae culture condition

Stock culture is developed from isolated algae colony by incubating into 10 ml (A1 medium) into 50 ml flask (Table -1). For large scale culture,
15 % v/v of stock culture further inoculated in to 300 ml (A1 medium) into 500 ml Erlenmeyer flask, same culture is used as seed culture. For
sterilization always autoclaved medium (autoclaved at 121 o C, 15 psi for 30 min) is used, pH 8-9, temperature is maintained at 30°C and
rotation speed is kept at 125 rpm. Flasks are kept at 12 h light/dark period of photoperiod. The culture is continuously aerated with CO2 supply
(Gami et al., 2014).

Ingradients Al medium
K2HPO4 (g/1) 1.0
KH2PO4 (g/l) 1.0

FeSO4 (mg/l) 5.0
Thiamine HCI (ug/l) 10.0

NH4 CI (g/l)/ Urea (g/l) 0.1
Glucose (g/l) 12

Tablel: Represent ingredients for algae culture media.
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2.1.2 Systems for Algae cultivation:

Algae can be cultivated in both open system as well as closed system. Open pond cultivation is cheaper, low coast, easy maintenance and
handling compared to closed chamber or closed photo bioreactors. Open pond could be of two types; Natural open ponds and artificial open
ponds. Artificial open ponds are maintained by paddle wheel, rotating arm and pumps for the proper agitation. Open ponds are cost effective but
not effective for higher biomass production due to the lack in sustainability of light and dark cycle. Along with that contamination by other algal
species is also a major drawback of open ponds; these contaminations may affect biomass production (P.M. Schenk et al., 2008; I. Rawat et al.,
2011; A. Piasecka et al., 2014; L. Zhu, 2015). For the higher biomass production, open ponds should be covered to prevent the contamination and
water loss. Open ponds are made maximum with 30 cm depth to reach proper sunlight that is suitable for maximum biomass production (G.
Dragone et al., 2010).

On other hand photobioreactors are the close chambered reactors, they catalyze photobiological reaction in the presence of sun light. These
bioreactors are used to produce large biomass in a controlled manner (Mata et al., 2010; Chisti Y, 2007). Bioreactores are costly as compared to
open pond system but they are beneficial for bulk biomass production, required small land area for microalgae culturing and help to prevent
contamination with other microalgae, thus preferred for culturing the monospecies of algae (L. Brennan and P. Owende, 2010; A. Demirba and
M.F. Demirbas, 2011). Based on their shape, photobioreactors are of different types (P.M. Schenk et al., 2008).

2.1.2.a Tubular photobioreactor:

Tubular bioreactors are made up of glass or transparent plastic tubes with only 0.1 m in diameter. These tubes may be arranged in horizontal or
vertical manner. Transparency and very thin tubes are preferred to enhance the accessibility of sunlight for photobiologcal reaction (L. Brennan
and P. Owende, 2010). Tubular photoreactors are arranged in a fence like manner to increase the surface area for maximum growth of
microalgae. These fence like glass tubes are arranged towards north and south direction to avoid the direct penetration of sunlight (P.M. Schenk
et al., 2008). These transparent tubes are connected with a reservoir and a degassing chamber. Reservoir are used to circulate culture medium into
glass tubes and then returned back. Whereas, degassing chamber is used to remove oxygen produced during photosynthesis (M. Hannon et al.,
2010).

2.1.2.b Flate plate photobioreactor:

Flate plate photobioreactors are made up of very thin, transparent material arranged in flate plates. Thickning and the flate plate structure are
very critical for the maximum reach of sunlight and to increase the surface area (Y.K. Lee, 2001). Flate plate photoreactors are highly preferred
due to higher photosynthesis and low oxygen dissolution during cultivation (L. Brennan and P. Owende, 2010).

2.1.2.c Column photobioreactor:

Column bioreactors are arranged vertically in which gases are passes from bottom to top through column. The gas bubbles helps to circulate the
culture within reactor. Column photobioreactors are highly efficient for mass production of microalgae. Column photobioreactors are easy in
handling as well as highly used for biomass production at high controlled conditions, but these reactors are more costly (J. Merchuk et al., 2007;
N. Chavada, 2012).

2.1.2.d Hybrid system: Hybrid system is a combination of both open pond and close system for biomass production. Open pond are good to
produce high biomass but more prone to contamination by other microalgal species, where as close system is specific for the growth of one
species to produce biomass but highly expensive technique. To keep in hybrid system was developed to produce the high biomass from single
species culture in a low cost effective manner but require a trained operator. In this system closed photobioreactors are used prior to avoid
contamination by other algal species. Then the large inoculum is transferred into the open ponds and allows to producing large biomass (P.M.
Schenk et al., 2008; V.O. Adesanya et al., 2014).

2.2 Methods of algal cultivation:

There are three types of culturing methods are using now a days; Batch culture, continuous culture and semi continuous culture (R.A. Andersen,
2005; H.C. Lim and H.S. Shin, 2013).

2.2.1 Batch cultivation: Batch culture is carried out in a close photoreactor system. In this method, temperature, Oxygen and pH remained
constant to avoid their effects on biomass production. So, batch cultivation is performed under controlled conditions. In batch culture the
materials such as microalgae, nutrients media and water are provided only once at the initial of the process of biomass production but the
nutrients are consuming up continuously during the process which is the limitation of batch culture of biomass production from microalgae.

2.2.2 Continuous cultivation: Like batch culture continuous culture is also carried out in close photoreactors. In continuous culture the nutrient
medium added after a particular time interval for the constant growth of microalgae. Continuous culturing is effective for biomass production but
the culture may get contaminated so this methods is not generally preferred for commercial purpose (P.A. Hoskisson and G. Hobbs, 2005; T.
Egli, 2015).

2.2.3 Semi-continuous cultivation: Semi-continuous cultivation of microalgae is more preferred compared to batch or continuous cultivation.
In this system culture is removed after reaching to saturation phase and again refill in a large inoculums of previous culture. The higher amount
of inoculum ensures the single species culture for biomass production but there the chances of contamination by other microalgae. This culturing
system is preferable for growing multiple cycles to produce large biomass of microalgae (T. Egli, 2015; C.D.C. Reichert et al., 2006).

2.2.4 Harvesting of microalgae: Several harvesting techniques are available for algal biomass; chemical-coagulation and flocculation,
sedimentation, centrifugation, electro-coagulation, flotation and filtration (C.Y. Chen et al., 2011; S.O. Gultom and B. Hu, 2013). The harvesting
methods are selected on the basis of density and size of microalgae since, algae are highly rich in water content so after collecting, biomass is
preceded for thickening to reduce the water content. The thickening of slurry of biomass is done by filtration and centrifugation techniques. (C.Y.
Chen et al., 2011).

2.2.4.a Chemical coagulation and flocculation: In this process some chemicals are used to aggregate the algal biomass which will cause
flocculation. If the biomass is high, the algal cells could flocculate themselves by cellular interactions. Algae cells are negatively charged so they
repels to each other to maintain the cell suspension. The coagulants could be organic or inorganic such as ferric, aluminum or chitosan. Cationic
coagulants are used to aggregate the algal biomass such as ferric or aluminum, whereas the anionic coagulants are not used due to the repulsion
of negatively charged algae and coagulants. A cationic coagulant interacts and neutralizes the charge of algae cell which leads to the aggregation
of algal cells (C.Y. Chen etal., 2011; D. Vandamme, 2013).
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2.2.4.b Sedimentation: Sedimentation process is very common to separate algal species from culture media. The rate of sedimentation is
depends on the density and the size of algal species. Algae with higher density and large cellular size sediment first compared to low density and
small size algal cells. Sedimentation method is used to enhance the harvesting (J. Hanotu et al., 2002; C.Y. Chen et al., 2011).

2.2.4.c Centrifugation: The separation of algae based on the centrifugal force generated by centrifuge. Centrifuge is very effective method for
algae harvesting. By centrifugation approximately 95% of biomass can be isolated but it cannot be used on large scale and it is a high cost
process (G. Shelef et al., 1984; T.M. Mata et al., 2010).

2.2.4.d Electrocoagulation: Electrocoagulation is costly process as compared to chemical coagulation of algae. In electrocoagulation electrode
has to be sacrificed during the coagulation of algae. In electrocoagulation, microalgae migrate and coagulate on anode which neutralize the
negative charge of algae which promote the coagulation (E. Poelman et al., 1997; G. Azarian et al,. 2007)

2.2.4.e Flotation: Flotation is process without the use of any chemical microalgae adheres with each other with the help of air bubbles.
Depends on the bubbles size, flotation has been classified into two classes; dissolved air flotation and dispersed air flotation. In dissolved air
flotation small size of air bubbles are generated and the flotation of algae depends on the air solubility in water. Some flocculants and can be used
to enhanced the flotation on the surface of water. Whereas in dispersed air flotation there is continuous air bubbles are generated (J.H. Shah et al.,
2014; J. Hanotu et al., 2012).

2.2.4.f Filtration: Filtration is used to isolate large sizes microalgae through filtration membranes. These membranes are replaced on regular
basis so it is high cost process. The efficiency of filtration depends on the type of membrane, different types of algaeand the size of algae (T.M.
Mata et al., 2010; J.K. Pittman et al., 2011; M. Al Hattab et al., 2015).

2.3 Lipid extraction from algae biomass

To proceed for lipid extraction, algal biomass should be dry and it should not contain high water content. For drying the algae biomass several
methods could be used; use of direct sunlight, use heat produced by fossil fuel or natural gas (M.K. Lam, K.T. Lee, 2012). After collection and
drying of algal biomass, it would be processed for lipid extraction. First of all the plasma membrane and cell wall should be ruptured for effective
lipid extraction. Cells are ruptured by homogenizer, sonication and freeze and though treatment. The lipids are extracted from sonicated/
homogenized algae slurry by some solvents and these solvents should be non toxic, non volatile and low cost (I. Rawat et al., 2011; D. Oz¢imen
et al., 2012; Y. Wang, 2013). The modified Bligh and Dyer method or by Hexane-Isopropanol Extraction method using Soxhlet Apparatus is
very effective for lipid extraction from algal biomass (Bligh and Dyer, 1959; Halim et al., 2011). The collected algae biomasses grind with
mortar and pestle. Grinded algae dried at 80°C for 20 minutes in oven. 10 g of dried algae is incubated with 30 ml of chloroform and methanol at
1:2 ratio for 1 hour at 65°C. After 1 hour, mixture is centrifuged at 3000 rpm for 5 minutes. This extraction process carried out three times. The
supernatant is separated and mixed with 10 ml chloroform and 20 ml of 1% sodium chloride solution to make the final concentration of 1:1:1
(chloroform/methanol/water). Then, the mixture allowed to settle down and transfer to the vial carefully and washed with 20 ml of 0.5 % NaCl
solution then dried at 60°C. The total content of lipid is calculated as percentage of dry weight of algae (Gami et al., 2014). Fatty acid content of
microalgae extract is identified using TLC.

There are several other methods are also available for the lipid extraction.

2.3.1 Enzymatic extraction: Enzymes are used in enzymatic extraction from algal biomass such as cellulases, hemicellulase and mannanase.
This method could be useful for wet algal biomass also. In a report, it has been shown that upto 90 % of lipid extracted using pretreatment of
cellulose and mannanase at 53°C and pH 4.4 (Y. Wang, 2013; K. Liang et al., 2012; A. Zuorro et al., 2016).

2.3.2 Chemical press extraction: This method is simpler than enzymatic extraction method. It is used to extract approximately 95 % of lipid
content. This technique required enzyme for cell wall degradation but not required high temperature like enzymatic extraction method. Lipids are
extracted by applying mechanical pressure on algal biomass mixed with non toxic or non volatile low cost enzymes (Y. Wang, 2013; A. Piasecka
etal., 2014).

2.3.3  Critical extraction method: This method required high temperature and pressure (50 °C at 22 to 25 MPa) to rupture algal cell wall for
lipid extraction. Liquefied Co2 is used as solvent and heated to reach critical stage for lipid extraction (G. Dragone et al., 2010; A. Demirbas,
M.F. Demirbas, 2011; A. Santana et al., 2012).

2.4 Biodiesel production from algal extract:

Lipid content extracted from algal biomass further proceeds for the biodiesel production. Transesterification is the major process of biodiesel
production. Apart from transesterification other methods are also available; biodiesel production by chemical catalysis and lipase catalysis.

2.4.1 Transesterification by alcohols:

Transesterification reaction is the most common procedure for biodiesel production. In transesterification, chloroform and methanol are used for
the conversion of lipids into fatty acid methyl esters (biodiesel). The amount of production of biodiesel is dependent on the lipid content of
different microalgae. In transesterification, algae extract is incubated with 1% phosphoric acid at 85°C for 1 hour at stirred condition to remove
the non lipid impurities.

CHy;— OCOR; Catalyst CIHz -oH R; €©0CH;
EH— OCOR; + 3 HOCH; «—2 CH —OH + R2 —€0O0CH;
CH— OCOR3 CH, —OH Rs —€00CH;
Triglyceride Methanol Glycerol Methyl esters (Biodiesel)

The algae extract is incubated with methanol (1:20) in the presence of catalyst (0.5 g KOH or NaOH per 10 ml of methanol) for 2-3 hours at
60°C, 300 rpm. After 2-3 hours of shaking, the mixture centrifuged at 6000 rpm to separate the product. After separation it is washed with pure
water until it gets clear and pass through dehydrator to obtained pure biodiesel (Hossain et al., 2008; Chen et al., 2012; Chen et al., 2014).

2.4.2 Transesterification by alkali or base catalysis:
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Acid or base catalysis required higher temperature as well as longer reaction time. Removal of alkaline catalyst needs to be removed after
completion to reaction. To address these problems, several modifications has been made such as using different types of catalyst, fast heating
using microwave and ultrasonic treatment (Alsalme et al., 2008; Cao et al., 2008; Refaat and El Sheltawy, 2008; Kalva et al., 2008).

2.4.3 Transesterification by lipase catalysis:

Lipases are considered as an biocatalysis for transesterification reaction with mild conditions. This method is not much used due to their high
cost and short life time. But now a day’s people are using immobilization technique, which enhance the stability and increase life time of
enzymes (Xiong and Wu, 2008).
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