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Abstract: Biodiesel is now become the key source for renewable energy. Generally used feedstock for biodiesel production is edible oils as
they are easily available and their yield is also more. Certain factors are affecting on biodiesel production are production methodology, cost
and requirement of equipment, Properties of the raw material. Transesterification Process is mostly used for biodiesel production because it
is less costly and simplicity of equipment. Blending is used but it is in small scale only because it requires engine modification when used in
the large scale. Engine parameters like brake specific fuel consumption and brake thermal efficiency increases when blends are used.
Microemulsion and pyrolysis are also the methods used from many years but due to complexity in the processes they are avoided.
Microemulsion is thermodynamically stable process.
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1. INTRODUCTION

World oil reservoirs are now speedily decreasing due to their high use in industries or for human needs.
Therefore lots of research is going on to find the substitute fuels. Further now a day’s increase in oil prices and
pollution from vehicles has stimulated a lot of curiosity in exploring new choices. Due to exhaustion of these non-
renewable energy sources there is negative impact on the developing as well as on the developed countries also.
Pragmatic approach is to be the use of alternative fuel which must be technically feasible, available and meet
pollution standards. Biodiesel, a harmless fuel and sustainable, can be used without any large engine modifications
in the current diesel engines. [1]

Biodiesel is used in the CI engines along with the blends to reduce the pollutants and it also increase engine life
due to the lubricative properties and high combustion characteristics. Biodiesel is the mono alkali ester derived from
the animal fats or vegetable oils. Edible vegetable oil for biodiesel production may lead to a food shortage hence is
not sustainable alternative. [2]

In 2019, Indonesia ,United States and Brazil were the largest biodiesel production countries in the world, with a
total production of 7.9 , 6.5 and 5.9 billion L. respectively, followed by Germany (3.8 billion), France (3 billion),
Argentina (2.5 billion), and the India has only 0.2 billion litre’s. In Indonesia, the contribution of renewable energy
sources in the national energy mix in 2025 is targeted to be 25%, and bioenergy including biodiesel is expected to
contribute 5% to those energy needs. [3]
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Figurel. Leading biodiesel producers worldwide in 2019

2. CLASSIFICATION OF BIODIESEL

Mainly there are three major kinds of biodiesel on the basis of raw material used in the production of biodiesels
i.e. First-generation, Second-generation and Third-generation Biodiesels.
2.1 First-generation biodiesels

These are mainly manufactured from food crops such as wheat, beet, corn which contains high sugar and starch,
further it is fermented into bioethanol. But now a day’s they are produce from vegetable oil or animal fats using
standard technology. Common first-generation biofuels include biogas, biodiesel, vegetable oils, syngas,
bioalcohols, solid biofuels.[4-5]

2.2 Second-generation biodiesels

These are produced from supportable or non-food feedstocks such as as cellulosic biofuels and waste biomass
(stalks of wheat and corn, and wood), waste cooking oils.[2] Examples of Second-generation biodiesels are
biohydrogen, biomethanol, Dimethylformamide, Bio-Dimethylester, Fischer-Tropsch diesel, biohydrogen diesel,
mixed alcohols and wood diesel.[6-7]

2.3 Third-generation biodiesels

These are mostly produced from extracting oil of algae hence known as “algae fuel” or “oilage”. Algae has high
growth rate and gives better production of fats. They gives almost 10 to 15 high yield than the second generation
biodiesels.[8]

By using higher technology in the production Fourth generation biodiesels are formed.

3. FEEDSTOCK FOR BIODIESEL PRODUCTION

3.1 Edible oils for biodiesel production:

Almost 95% of biodiesel is produced from edible vegetable oils. Commonly used of these oils are palm oil,
soybean oil, coconut oil, rapeseed oil and sunflower oil due to their high availability.[2,9-10]

Edible oil for biodiesel production may lead to a food cricis hence is not sustainable alternative. To overcome
this limitation the non-edible oil feedstock’s are used for the production of biodiesel.
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Figure 2. Edible Oils Such as a)Palm Tree, b)Coconut Tree, c)Soybean Seeds , d)Sunflower for
Biodiesel Production

3.2 Non-edible oils for biodiesel production:

These oils include polanga (Calophyllum oil), jatropha, karanja, jojoba, rice bran oil, mahua oil,. neem, linseed,
microalgae, tobacco, waste cooking oil, animal fats, activated sludge lipid and rubber seed oils, and are also used for
biodiesel production.[1,11-12]

Figure 3. Non-Edible Oil Feedstock such as a) Mahua, b) Karanja, c) Polanga, d) Neem, e)
Jatropa, f) Rubber For biodiesel Production

3.3 Animal Fats for Biodiesel Production:

Different animal fats, as Beef tallow, pork lard, yellow grease, waste salmon, melon bug, sorghum bug, chicken
fat and by-products from fihi oil were used for biodiesel production.[13]

4. BIODIESEL PRODUCTION METHODS

4.1 Direct use or Blending:

A. Rajalingam , et.al, The animal fat and vegetable oil used as a fuel in direct injection engines because they
possesses good heating value and it may give a good amount of power. But in direct injection engines it has some
problems, to overcome that modification is required. To eliminate this type of costly problems the alternative fuel
sources are directly blended with conventional fossil fuels. Due to this blending technique there is reduce in the fuel
consumption and is also improves fuel quality. The bio oil and diesel blends will be in different ratio like 10:1, 10:2,
10:3, etc.[1,2]

Cl engines do not require any modifications, for blends of up to 30% biodiesel blended in diesel fuel. NOx,
smoke, and Particulate matter emissions lowered, the improvement of Hydrocarbons and CO emissions depends on
the type of fuel blend and on the engine operating parameters. Engine parameters like brake specific fuel
consumption and brake thermal efficiency increases when blends are used.[14-15]
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4.2 Micro-emulsion:

Thermodynamically stable, isotropic liquid mixtures of oil, water and surfactant (compounds that lower the
surface tension of a liquid, the interfacial tension between two liquids) is known as Microemulsion. [16] By the use
of this process problems in the atomization properties of oil, viscosity of oil get solved. alcohol increases the
volatile property of oil and reduces the smoke. Cetane number will also improved by the alkyl nitrate.
microemulsion process used to get a good spry property when injected into the engine by nozzle. However if the
microemulsified diesel is used the problems like incomplete combustion, carbon deposit and nozzle failure may
arrive in the diesel engine. [1, 2, 17]

Waste cooking oil is treated with fatty acid by esterification and then mixture is mixed with ethanol and butan-2-
ol which further gives the Microemulsion based biofuel. [18]

Waste Cooking Oil

Fattv Acid esterification
A 4

Pretreated Waste cooking oil

Mixing with Butan-2-ol
& ethanol

w

Microemulsion Based Biofiel

Figure 4. Micro-emulsion technique [18]

Micro-emulsions are generally transparent and they are thermodynamically stable under certain conditions.
According to Winsor , there are four types of micro-emulsion based on phases exists.

42.1  Oil-in- water Micro-emulsion or Winsor 1: Qil-in-water micro-emulsion in which a portion of oil is solubilized by
surfactant. And microemulsion is in equilibrium with excess oil phase. [19-22]

422  Water-in-oil Micro-emulsion or Winsor I1: water-in-oil micro-emulsion in which a portion of water is solubilized
by surfactant and microemulsion is in equilibrium with excess water phase. [19-22]

423  Bi-continuous Micro-emulsion or Winsor 111 : Both oil and water are solubilized by surfactant and is often
assumed to be bi-continuous because it is in equilibrium with excess oil and water. [19-22]

4.2.4  Single phase homogeneous mixture or Winsor 1V : In single phase homogeneous mixture, water and surfactants
are homogenously mixed. [19-22]

4.3 Transesterification Process

Transesterification or alcoholysis is the method in which non-edible oil is allowed to chemically react with
alcohol with the help of catalysts. It is commonly used because of its simplicity and low cost .[17]

The catalysts used in this process are acidic , basic or enzymatic catalysts. reactions are often catalyzed by the
addition of a base and acid. Bases can catalyze the reaction by removing a proton from the alcohol, thus making it
more reactive, while acids can catalyze the reaction by donating a proton to the carbonyl group, thus making it more
reactive. Common catalysts for transesterification include sodium hydroxide, potassium hydroxide, and sodium
methoxide.[12,23-24]

Alcohol is treated with vegetable oil in the presence of catalyst in transesterification process, commonly, ethyl or
methyl alcohol is used to produce ethyl or methyl esters. When the reaction is completed, two distinct layers of
liquids i.e., ethyl or methyl ester and glycerine appears and they separate out. The glycerine is refined and disposed
of for next use. The crude biodiesel is refined and alcohol is separated from it is reused in the further cycle.
transesterification of oils (triglycerides) with alcohol gives biodiesel i.e. fatty acid methyl ester (FAME) as the main
product and glycerol is the by-product. triglyceride is converted into diglyceride, monoglyceride, and lastly,
glycerol is converted. transesterification reaction depemds on methanol/oil molar ratio, catalyst concentration,
reaction temperature and reaction time are checked for high biodiesel conversion and quality.[25]
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Figure 5. Basic Transesterification Process[12]

Generally, there are two types of Transesterification Process,

431  Base catalyst transesterification process: In this stage of process potassium Hydroxide (KOH), sodium hydroxide
(NaOH) and sodium methoxide are used as a catalyst. It is a reaction base catalyst between alcohol and
0il.[17,26]

432  Acid catalyst transesterification process: In this stage phosphoric acid or sulphuric acid is used as a catalyst. The
product obtained from acid catalyst is use to produce biodiesel through base case catalyst transesterification
process.[26]

4.4 Thermal cracking (pyrolysis)

Thermal decomposition of biomass occurring in the absence of oxygen is known as pyrolysis. Pyrolysis
technology has the potential to produce bio-fuel with high fuel-to-feed ratios. Therefore, pyrolysis is an effective
method in converting biomass into bio-fuel during recent years. In pyrolysis Method organic matter is very complex
and consists of simultaneous and successive reactions when organic material -is heated in a non-reactive
environment. In this process; thermal decomposition of organic components in biomass starts at 250 °C—450 °C and
goes up to 700 °C-800 °C in the absence of oxygen [27]

Pyrolysis method has following Advantages:-
e Itis Renewable fuel for boiler, engine, turbine, power generation and industrial processes;
Low cost;
Utilisation of second generation feed-stocks and waste materials;
Storability and transportability of liquid fuels;
High energy density compared to atmospheric biomass gasification fuel gases;

Oil Fat by using catalyst undergoes the thermal cracking Process and after vaporization of liquid . condensate is
formed and it is the biodiesel.[1,2,27]Catalysts used in this process are zeolites , alumina and redmud.[1,2] The
reaction time for pyrolysis process is around 3 to 6 hours.[28]

Pyrolysis product distribution depends on reaction parameters like temperature, heating rate, reactant particle
size and starting biomass.[29]
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Figure 6. Pyrolysis Method [27]

5. CONCLUSION

Biodiesel is now become the key source for renewable energy. Generally used feedstock for biodiesel production

is edible and non-edible oils. they are easily available and their yield is also more. Certain factors are affecting on
biodiesel production are production methodology, cost and requirement of equipment, Properties of the raw
material. Transesterification Process is mostly used for biodiesel production because it is less costly and simplicity
of equipment. The highest yield of single feedstock biodiesel from palm oil achieved 90.87%. Blending is also used
but it is in small scale only because it requires engine modification when used in the large scale. Microemulsion and
pyrolysis are also the methods used from many years but due to complexity in the processes they are avoided.
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