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Abstract— Energy and related services are the backbone of 

growth and development of any country. The present scenario 

indicates use of non-renewable sources namely coal, petrol, 

diesel, nuclear fuel, natural gas, etc. for the production of 

energy. Fossil fuels are limited in amount and are major cause 

for pollution and emission of green house gases (GHG). As a 

consequence people are forced to look for other sources of 

getting fuel. Additional reason for this has been steadily 

boosting the prices of crude oil. As we all know Biodiesel has 

gained much attention in recent years due to its eco-friendly 

nature, non-toxic characteristics, biodegradability and lower 

net carbon cycle compared to conventional diesel fuels). In 

this paper, the author analyzes the possibility of obtaining 

biodiesel from algae and the feasibility of such a method of 

producing biodiesel. Properties of algal biodiesel are 

discussed in the given paper also a comparison of 

conventional fuel and algal biodiesel is given.  Advantages of 

using algae for production of biofuel are described as well as 

opportunities for further development of technology for 

getting biodiesel from algae. Algae are very resistant and can 

grow virtually anywhere in the desert, in salt and fresh water 

and even in the waste water. Algae can reproduce quickly; 

they use CO2 for photosynthesis and less water than other 

crops. Bio fuel from algae is biodegradable and contains no 

sulphur and it is not toxic. Sewage water algae are having 

calorific value around 15000kJ/kg which is comparable with 

the Indian coal used for power production. 
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I. INTRODUCTION 

Now a day's demand  for  energy has  grown,  and  is  expected  

to  continue  growing, drastically.  This  demand  has  been 

met  largely  by  fossil  fuels such as  coal,  oil, and  natural 

gas  which  impending  their  depletion.  The  combustion of  

fossil  fuels  produces  large  amounts  of  air  pollutants which 

accumulate  in  the  atmosphere. A carbon dioxide (CO2) 

emission from the transport sector is contributing a major 

portion to the environmental pollution and global warming 

[2].So production of fuels from alternate sources will be 

needed in the future decades [3].In this scenario, biodiesel is 

the best alternative fuel due to its non-toxic nature [4]. Using 

plant oil for biodiesel production is not only controversial but 

also requires substantial quantity of land [5]. Therefore, a 

micro alga is an alternate appropriate raw material for 

biodiesel production 6-7]. It is an excellent renewable and 

safe alternative fuel with environment friendly nature [9]. 

Biodiesel production from renewable sources can also boost 

farming and fuel production industries [8]. Microalgae 

contribute  around  40  to  50  percent  of  the  oxygen  in  the 

atmosphere  and  simultaneously  consume  nitrogen, 

phosphate  and  carbon  dioxide  to  grow  photo 

autotrophically  which  makes  algae  attractive  for carbon  

dioxide  mitigation  and  reduction  of  pollution[10]. The 

nutrients for the cultivation of microalgae can be obtained 

from  liquid  effluent  wastewater;  therefore,  besides 

providing  its  growth  environment,  there is  the  potential 

possibility  of  waste effluents  treatment[11].  Microalgae  are  

capable  of  producing  30 times  as  much  oil  per  unit Of 

land area compared to terrestrial oilseeds [12]. 

 Biofuel  from  microalgae  has gained  considerable  

attention  due  to  the  fact  that  they can  be  converted  into  

several  different  types  of renewable  biofuels  such  as  green  

diesel,  jet  fuel, methane  biogas,  ethanol,  and butanol[12-

13]. The biodiesel  produced  from  algal  oil  has  physical  

and chemical  properties  similar  to  diesel  from petroleum. 

Spirogyra is the most common green algae. It produces lipids, 

carbohydrate and proteins that can be utilized for the 

production of biodiesel, or bioethanol (Meng et al., 2009). 

Table 1 depicts generation of biofuels [23-25]; 

Biofuel 

Generation 
Include 

First 
Grains and sugar to ethanol, 

Vegetable oil to biodiesel 

Second 

Lignocellulose to alcohols, 

Lignocellulose to green diesel, 

Vegetable oils to green diesel 

Third 

Biomass to Hydrogen, 

Algal  to hydrogen, 

Algal Oil/Biodiesel 

Fourth 
Biofuel  from high solar efficiency 

cultivations 

II. TECHNOLOGIES FOR ALGAE CULTIVATION 

Algae can be cultivated in two ways—in open pond system 

and closed system.  

A. Open Systems 

Open systems are technically less demanding than the closed 

system because there is possibility of contamination with 

other species of algae, which lead to no optimal production. 

A greenhouse gas emission is much less by more than 4 times 

[16]. Process of simultaneous production of biodiesel and 

biogas gets high yield of algae about 16 MJ/kg.  

B. A Closed System 

Photobioreactors are used as closed systems. Compared to 

open pond photobioreactor closed systems have 13 times 

better yield, and collecting is a cheaper because the 

concentration of biomass is 30 times higher [14]. The 

efficiency depends on the light intensity and the time that 

passes between the illuminations [1].  

III. COLLECTION OF MICROALGAE TECHNOLOGY 

One of the major problems is algae collection because algae 

are mixed with water. The first step is to separate the biomass. 

There are several ways in which the collection of microalgae 

is performed:  

1) Filtration; 

2) Centrifugation; 

3) Flotation; 

4) Flocculation. 
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IV. TECHNOLOGIES OF OIL SEPARATION FROM BIOMASS 

Processing steps include dismantling and drying of the algae 

and extraction. Drying the biomass after it has been harvested 

is a vital process step, partially because it carries a large 

fraction of the cost of processing algae [18]. Efforts to reduce 

costs and simplify the processing of algal biomass into 

biofuels have led to the study of the direct conversion of dry 

or even wet algal biomass into biodiesel. Studies have shown 

that algae lipids can be transesterificated at the production site 

by adding a reagent to the dry algal biomass. Getting oil from 

algae is not simply because the internal pressure in the 

microalgae can be up to 20 bars. Structure, cell walls and 

membranes are as strong as reinforced concrete. To select the 

appropriate method must be taken into account cost, ease and 

speed of the oil separation [17]. Extraction of materials from 

the dried biomass can either be done mechanically, 

chemically, or through some combination of the two. 

Mechanical methods of extraction are chosen in most cases 

to avoid contamination of products that might occur through 

chemical extraction. Most effective physical method to open 

microalgae cells is to use a mill. The mill has chipped glass 

and steel or ceramic beads of approximately 0.5 millimetres 

in diameter, which mixes motorized shaft which carries 

several discs. Another physical method is using presses. 

There are several performances of presses, for example, 

screw, cylindrical, depending on the type of algae. The 

amount of oil that is collected from algae cells depends on the 

pressure that is used, the time allowed for oil extraction at the 

maximum pressure and temperature or oil viscosity. Extract 

oil from microalgae using a solvent, hexane gas, efficiency is 

up to 70%. The disadvantage is that the solvent must be 

distilled prior to use, and can contaminate oil. Therefore 

avoid its use. The aforementioned problem is solved by using 

biodiesel produced as a solvent. This avoids the need for 

distillation, and biodiesel can be contained in the oil while it 

undergoes the process of transesterification. This production 

saves energy and solves the problem of pollution of biodiesel. 

Cavitation is a method that uses difference of pressure to 

achieve cavitation collisions. Collisions cause waves leading 

to rupture cell algae membranes. There are two types of 

cavitation: ultrasonic cavitation and hydrodynamic 

cavitation. Method of cavitation was found to be the best 

method for the separation of oil from biomass. Most 

effectively breaks algae cell membranes, and are not used 

solvents which reduce costs. Hydrodynamic cavitation is 

better, safer and uses less energy than ultrasonic cavitation 

and can handle greater amounts of biomass at a time [19]. 

V. BIODIESEL 

The basis of natural oil derived from microalgae is in TAG 

(Tri-Acyl-glycols) form, which is a real form of oil for 

biodiesel production. In the production of biodiesel, oil is 

converted into methyl esters of fatty acids and this process is 

called transesterification or alcoholysis. It takes about 45 kg 

of oil (algae may contain in their total mass, about 55% of oil) 

to react with 4.5 kg of a short chain alcohol methanol or 

ethanol, and the presence of catalyst to produce 45 kg of 

biodiesel. One kg of glycerine remains as a by-product of the 

process of creating biodiesel, which can be used to produce 

soap or similar products. In the vast majority of commercial 

processes methanol is used. Theoretically, methanol 

transesterification process can be carried out without any 

catalyst, provided that the reaction temperature and pressure 

are high enough. Advantages of the process without catalyst 

is obtained high purity esters and glycerol as a by-product, 

but significant disadvantages are low efficiency of process, 

long and much harsher reaction conditions. Alkaline catalysts 

are commonly used for the production of biodiesel. The 

advantages are that they allow mild reaction conditions with 

a high degree of conversion, and also the relatively short 

residence time. The main disadvantage is the sensitivity to 

free fatty acids and susceptibility to saponification reaction. 

By reaction of TAG and simple alcohol we get alkyl ester 

known as biodiesel. Biodiesel acts as regular diesel, but has 

lower emissions. Biodiesel has several advantages that are 

relevant to the environment, and it is high biodegradability 

and lower emission of toxic gases and carcinogens [12]. It 

also has a favourable impact on the operation of the diesel 

engine. Biodiesel burns more efficiently and produces less 

soot and sludge. Biodiesel has excellent lubrication properties 

due to small amounts of glycerine. 

 

VI. COST BENEFIT ANALYSIS 

The cost for producing one litre of oil can range from US$ 

0.43 to 24.60 depending on the study, making it difficult to 

forecast prices in the near future [20]. According to Davis 

analyzes the current prices of biodiesel from algae is not 

competitive in the market currently the production of 

biodiesel from algae is under development and technological 

improvement [14].  Biofuel derived from algae absolutely 

nothing changes, after production it can be readily used in 

diesel engines. If technological progress in production of 

biodiesel from algae continue, it is possible that cost of 

biodiesel in the near future compete with conventional diesel. 

With the production of many products in algae cultivation, 

technical efficiency can arise in the joint production of two or 

more products. If the cost of producing two products by one 

firm is less than the cost of producing the same two products 

by two firms, the production process exhibits economies of 

scope. 

VII. ADVANTAGES OF PRODUCING BIOFUEL FROM ALGAE  

Contrasting to other sources of feedstock for producing 

biofuels, algae-based biofuels have several advantages. These 

advantages comprise; 
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1) Capability of producing oil during all year long, 

therefore the oil productivity of microalgae is greater 

compared to the most efficient crops. 

2) Oil yields are much higher than those of other sources, 

such as soy or coconut. Hectares of algae in theory can 

give up to 100,000 gallons of biofuel per year. 

3) Possessing a fast growing potential and several species 

have 20 to 50% of oil content by weight of dry biomass 

[21] 

4) Production of microalgae biomass can fix carbon dioxide 

[21]. 

5) Nutrients for its cultivation can be obtained from sewage; 

therefore, there is a possibility to assist the municipal 

wastewater treatment. 

6) Growing algae do not require the use of herbicides or 

pesticides [22]. 

7) The resulting biofuel is completely biodegradable and do 

not contain harmful substances such as sulphur. 

8) Algal biomass can also be used for the production of 

animal feed, bioethanol or methane [1].  

Following table show a comparison of biofuel and fossil fuel; 

Biofuel Fossil fuel 

Produced from living 

matter 

Naturally occurring fuel 

formed form geological 

process 

Obtained from renewable 

sources 

Obtained from non-

renewable sources 

Provides low amount of 

energy per unit biomass 

Provides high amount of 

energy per unit mass 

Causes less pollution than 

fossil fuel 
Main cause of air pollution 

Emit less amount of 

unfavourable gases when 

burnt 

Emit high amount of 

unfavourable gases when 

burnt 

Can be produced by safer 

methods 

Can be produced b unsafe 

method like drilling and 

milling 

VIII. CONCLUSION 

The quality of biodiesel was assessed by measuring its 

properties such as flash point, viscosity, density, fire point 

and cloud point. The higher flash point of biodiesel as 

compared to petro diesel makes it safer. The viscosity of 

produced biodiesel is higher than the petro diesel; however, 

further modification can be done to reduce it to an acceptable 

range. However, it is still in the range of biodiesel standards 

(Srivastava et al., 2000). Furthermore the higher cetane 

number of biodiesel make at an excellent alternative fuel. The 

other properties of biodiesel are also very close to petro 

diesel. Table 2.Comparison of the physical properties of 

produced biodiesel with different types of diesels; 

Properties 

Petro Diesel 

(Lapuerter 

al. 2008) 

Standard 

Biodiesel 

(Lapuerter 

Al. 2008) 

Produced 

Biodiesel 

Density(kg/m3) 861 870.3 876.2 

Kinematic 

viscosity 

(mm2/s) 

1.3-4.1 4-6 4.9 

Flash point (OC) 60-80 100-170 140 

Fire point (0C) 68-82 120-180 160 

Cloud point 

(0C) 
-15-5 -3-12 5 

[24] 

 % moisture content in algae is very nearer to the Indian 

coal used for power production in the thermal power 

plants.  

 Calorific value and fixed carbons in the algae samples 

are less than the coal. 

 % ash content and % volatile matters in algae sample is 

found more than that of coal. 
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