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ABSTRACT 

The rapid increase in the price hike of crude oil, decrease in the supply of conventional diesel 

fuel, greater recognition of the environmental consequences of fossil fuels has drawn more and more for 

the search of alternative renewable energy sources. The alternative source should have the same physical, 

chemical and thermodynamical properties of the conventional fossil fuel. Also the source should be 

cheaply available, economically competitive and it must be safe to the environment. In recent years, fatty 

acid methyl esters derived from vegetable oil, commonly known as biodiesel, have gained importance as 

alternate fuel for diesel engines. For the production of biodiesel, the plant and animal sources are found to 

be an efficient source. But, the country like India, we are depending upon other countries for the 

vegetable oil sources even for our domestic purposes. Hence it is not feasible for us to produce biodiesel 

from edible vegetable oil sources. With the growing scarcity of freshwater and reducing land area for 

cultivation of oil crops and also to save the cultivable land for food crops, microalgae may be the 

potential and economical source of biodiesel because of its high yield and non-requirement of farmland or 

fresh water. 
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Introduction 

The depleting reserves of fossil fuel, 

with increasing demand for diesel and 

uncertainty in its availability, the rapid 

increase in the price hike of crude oil, 

worsening environment, global warming, 

and the environmental consequences of 

fossil fuels is considered to be the important 

trigger for many initiatives to search for the 

alternative source of energy, which can 

supplement or replace fossil fuels. There is 

an increasing interest in alternative energy 

sources since the major part of all energy 

consumed worldwide comes from 

petroleum, charcoal and natural gas. These 

sources are limited, and will be exhausted in 

the near future (Encinar et al.,1999). 

Historically, many biomass and agricultural 

derived materials have been suggested as 

alternative energy sources and the use of 

alternative fuel presents a promising 

potential (Mushrush et al., 2001), being a 

market that grows rapidly. This is due to its 

great contribution to the environment and to 

its role as a strategical source of renewable 

energy in substitution to diesel oil and other 

petroleum-based fuels. Renewable energy is 

the energy produced from any renewable 

source that can be maintained in a constant 

supply over time. The alternative renewable 

source fuel should have the same physical, 

chemical and thermodynamical properties of 

the conventional fossil fuel. Also the source 

should be cheaply available, economically 

competitive and it must be safe to the 

environment.  Among this, the Biofuels 

offer the promise of numerous benefits 

related to energy security, economics, and 

the environment as an alternative fossil fuel. 

Among the biofuels, in view of the 

escalating fuel crisis and environmental 

degradation, biodiesel is one of the sources 

for replacement of petro-diesel, thereby 

reducing country’s dependence on importing 

crude petroleum from overseas country. 

Crude petroleum resources are finite and 

therefore search for alternative fuel is 

continuing all over the world.  

In recent years, fatty acid methyl 

esters derived from vegetable oil, commonly 

known as biodiesel, have gained importance 

as alternate fuel for diesel engines. Biodiesel 
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is one of the most efficient renewable 

energy sources for diesel engines. Biodiesel 

blends can be used in diesel engines without 

any major modification. Due to closed 

carbon cycle, biodiesel does not contribute 

to global warming. An analysis of the life 

cycle of biodiesel shows that overall CO2 

emissions are reduced by 78% compared 

with petroleum-based diesel fuel (Abhishek 

et al, 2009). The advantage of this bio-fuel 

over the conventional diesel fuel includes 

high cetane numbers, low smoke and 

particulates, low carbon monoxide and 

hydrocarbon emissions, it is biodegradable 

and non-toxic (Encinar et al 2007).  

For the production of biodiesel, the 

plant and animal sources are recommended 

as an efficient source.  The raw material 

being exploited commercially by the 

biodiesel countries constitute the edible fatty 

oils derived from rapeseed, soybean, palm, 

sunflower, coconut, linseed, etc. Use of such 

edible oil to produce biodiesel in India is not 

practical in view of a big gap in demand and 

supply of such oils in the country. Increased 

pressure to augment production of edible oil 

to meet the demand has also put limitation 

on the application of these oils for 

production of biodiesel. Under Indian 

environmental and economic conditions, 

only those plants can be considered for 

biodiesel, which produce non-edible oil in 

appreciable quantity and can be grown in 

large scale on non-cropped marginal lands 

and wastelands. (Amit et al, 2010; Ma and 

Hanna, 1999). With the growing scarcity of 

freshwater and reducing land area for 

cultivation of oil crops and also to save the 

cultivable land for food crops, microalgae 

may be the potential and economical source 

of biodiesel because of its high yield and 

non-requirement of farmland or fresh water. 

In European countries, plant oils and 

wasting oil were used to produce biodiesel. 

The plant oil materials require energy and 

acreage for sufficient production of oilseed 

crops. Likewise, animal fat oils need to feed 

these animals. (Antolin  et al,2002). The 

economic aspect of biodiesel production has 

been restricted by the cost of oil raw 

materials. If plant oil was used for biodiesel 

production, the cost of source has account to 
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70–80% of the whole production cost (Miao 

and Wu, 2006). Therefore, taking into 

account of these factors, ways are explored 

to have a cheap oil sources. In this view, 

microorganisms are considered for the 

production of oils and fats as an alternative 

to agricultural and animal sources. There is a 

possibility of utilizing algal oils as a 

biodiesel feedstock. Algae sources offer the 

promise of much higher oil production per 

acre (Kent, 2009). Various species of 

microalgae have been shown to contain high 

percentages of lipids and fatty acids that are 

suitable for biodiesel production. 

Microalgae have much faster growth-rates 

compared to terrestrial crops and vegetable 

oil crops (Shay, 1993). 

Microalgae 

Microalgae are prokaryotic or 

eukaryotic photosynthetic microorganisms 

that can grow rapidly and live in harsh 

conditions due to their unicellular or simple 

multicellular structure. Microalgae are 

present in all existing earth ecosystems, not 

just aquatic but also terrestrial, representing 

a big variety of species living in a wide 

range of environmental conditions (Li et. al., 

2008). Many microalgae are exceedingly 

rich in oil, which can be converted to 

biodiesel using existing technology. The oil 

content of different microalgae is given in 

the table 1. 

Table1: Oil content of microalgae 
 

 

   Source: (Chisti 2007). 

 

Composition of microalgal oil 

 Oil content of some microalgae 

exceeds 80% of the dry weight of algal 

biomass (Banerijee et al., 2002). It is 

reported that algae produced more oil in 

stressed or unfavourable condition in 

Microalga 

 

Oil content 

(% dry  wt) 

Botryococcus braunii 25–75 

Chlorella sp. 28–32 

Crypthecodinium cohnii 20 

Cylindrotheca sp. 16–37 

Dunaliella primolecta 23 

Isochrysis sp. 25–33 

Monallanthus salina >20 

Nannochloris sp. 20–35 

Nannochloropsis sp. 31–68 

Neochloris oleoabundans 35–54 

Nitzschia sp. 45–47 

Phaeodactylum tricornutum 20–30 

Schizochytrium sp. 50–77 

Tetraselmis suecica 15–23 
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comparison to optimal growth condition. 

Fatty acids include medium-chain (C10–

C14), long-chain (C16–C18) and very long 

chain (C20) species and fatty acid 

derivatives. But under unfavourable 

environmental or stress conditions, many 

algae alter their lipid biosynthetic 

composition. Fatty acid compositions of 

microalgal oil are given in the table 2. 

Table 2: Fatty acid composition of microalgal oil 

Fatty acid Chain 

length 

Oil composition 

(w/total lipid) 

Palmitic acid 16:0 12–1 

Palmitoleic acid 16:1 55–7 

Stearic acid 18:0 1–2 

Oleic acid 18:1 58–60 

Linoleic acid 18:2 4–20 

Linolenic acid 18:3 14–30 

Source: (Meng et al. 2009) 

 Biodiesel production 

Biodiesel is a mixture of fatty acid 

alkyl esters obtained by transesterification of 

vegetable oils or animal fats. These lipid 

feedstocks are composed by 90–98% 

(weight) of triglycerides and small amounts 

of mono and diglycerides, free fatty acids 

(1–5%), and residual amounts of 

phospholipids, phosphatides, carotenes, 

tocopherols, sulphur compounds, and traces 

of water [Bozbas, 2008]. Transesterification 

is a multiple step reaction, including three 

reversible steps in series, where triglycerides 

are converted to diglycerides, then 

diglycerides are converted to 

monoglycerides, and monoglycerides are 

then converted to esters (biodiesel) and 

glycerol (by-product). The overall 

transesterification reaction is described in 

Fig. 1 where the radicals R1, R2, R3 

represent long chain hydrocarbons, known 

as fatty acids. 

 

      Fig1: Transesterification of triglycerides 

In transesterification reaction, a short 

chain alcohols are used as reagents in the 

presence of a catalyst in the molar ratio of 

6:1 is generally used to complete the 

reaction accurately. A homogeneous or 

heterogeneous, acid or basic catalyst can be 
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used to enhance the transesterification 

reaction rate but for some processes using 

supercritical fluids it is necessary to use as 

catalyst. The available ways of biodiesel 

production includes alkali catalytic, acid 

catalytic, bio catalytic, heterogeneous 

catalytic and supercritical methanol 

transesterification (Aninidita et al 2010). 

Properties of the prepared biodiesel 

Table 3: Properties of the prepared biodiesel. 

Property Unit Specification Test 

method 

Ester content % 

(m/m) 

96.5 min 

98.8 

EN 

14103  

Density (at 15 

° C) 

kg/m3 860–900 

884 

ASTM 

D941 

Viscosity (at 

40 ° C) 

mm2/s 3.5–5.0 

4.2 

ASTM 

D445 

Cetane number - 47 min 61 ASTM 

D6890 

Cloud point C - ASTM 

D2500 

Pour point C - ASTM 

D97 

Cold filter 

plugging point 

C - EN 116 

Monoglyceride 

content 

% 

(m/m) 

0.80 max 

0.20 

EN 

14105 

Diglyceride 

content 

% 

(m/m) 

0.20 max 

0.01 

EN 

14105 

Triglyceride 

content 

% 

(m/m) 

0.20 max EN 

14105 

 

The prepared biodiesel was found to 

comply with the key physical and chemical 

properties of biodiesel, as tabulated in Table 

3. These are the essential physical and 

chemical properties for the biodiesel. Any 

change in these properties greatly affects the 

spray characteristics of engine.   

 

Conclusions 

The solution for energy crisis, price 

hike and environmental pollution due to 

fossil fuels are only through the usage of 

renewable biofuels. Current efforts and 

business investment are driving attention 

and marketing efforts on the promises of 

producing algal biodiesel and superior 

production systems because of their high 

FFA.  
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