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Abstract:  

Growing concern regarding energy resources and the environment has increased interest in the study of alternative sources of 

energy. To meet increasing energy requirements, there has been growing interest in alternative fuels like biodiesel to provid e a 

suitable diesel oil substitute for internal combustion engines. Biodiesel has been increasingly used in diesel engines as a neat or 

partial substitute of diesel within the past years. Vegetable oils are a suitable alternative of diesel in compression ignition (CI) 

engines. The use of vegetable oils in a CI engine results in low CO, HC and smoke opacity emissions compared to a conventional 

diesel fuel. Biodiesel, a clean and renewable fuel, has recently been considered as the best substitute for diesel because it can be 

used in any CI engine without any modification in the engine. Chemically, biod iesel is a mixture of methyl esters with long chain 

fatty acids and is typically made from non-toxic, biodiesel resources such as vegetable oils (Jatropha, Karanja, Thumba, Mahua 

etc.), animal fats or even waste cooking oils . Biodiesel processing is required to refine the vegetable oil feedstock and convert it  

into biodiesel, so as to meet the desired CI engines fuel specifications. Vegetable o il or biodiesel have potential to be considered as 

an appropriate alternate fuel and possess the properties similar to that of the diesel. Moreover, review of the literature revealed that 

with the use of edible vegetable oil, methyl esters as fuel in diesel engines, harmful exhaust emissions, like CO2, HC, SOx, smoke 

and CO are reduced as compared to diesel engine. Area, production, importance, by-products utilization, characterization  and 

properties of edible oilseeds (groundnut, sesame, rapeseed and mustard, sunflower, safflower and Niger) are considered for 

presenting this review. 
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INTRODUCTION: The petroleum fossil fuel is a God gift to 

the mankind. It p lays a vital ro le in industrial development as 

well as development in transportation, agriculture sector, 

power sector and to meet many other basic human needs. But 

now a days the population is more and the demand for the 

energy is also more, bur these resources are limited. Therefore 

the researchers are looking for alternative resources or fuels to 

fulfil the needs. Another serious problem associated with the 

use of petroleum fuel is  the increase in pollutant emissions. 

For instance, tons of the diesel is burnt in big cities daily  

which leads to increase in CO2, HC, NOX, SOX and many 

other harmful gasses. These polluted gasses are badly 

affecting the respiratory system, the nervous system and the 

lungs of human body and also producing several skin diseases. 

These gases also damage the health of animals and affect the 

plants and trees. Acid rain is also due to these pollutant 

emissions. So the need to search alternative fuels is 

inescapable. Biodiesel can be one of the best alternatives. It is 

made from the oils of various types of oilseed crops like 

sunflower, Niger, palm, cottonseed, rapeseed, soybean and 

peanut etc. The use of biodiesel is almost as old as diesel 

engine itself. Rudolf Diesel invented his engine in 1882 and 

introduced the first diesel engine intended to run on vegetable 

oil. In1900, he ran the engine on peanut oil for several hours 

successfully. In 1912, he predicted that in future the vegetable 

oil will be a fuel like d iesel oil. The duel fuel engines 

remained in use for long time. In 1940, huge reservoirs of 

petroleum were found, its extraction and refinement was easy 

and cheaper. In 1970s, the monopoly of some nations and 

political circumstances developed a new situation, which 

forced the engineers and researchers to have an alternative and 

eco friendly fuel. Since then there has been a renewed interest 

in using vegetable oils in  diesel engines for various reasons 

including political considerations, environmental concerns and 

economic aspects. Vegetable oils have already been directly 

used in CI engines as they have high Cetane number and 

calorific value very close to diesel.  The vegetable seed oil is 

filtered and treated chemically to reduce the viscosity and to 

improve the combustion and flow properties. Then it can be 

used as pure vegetable oil (B100) or by mixing it with diesel 

in any other proportions. The results obtained by using a blend 

of diesel and vegetable oil, in an engine with a ratio of 80:20 

(B20) were found to be the best. The biodiesel has a number 

of advantages over the diesel. It is a renewable, non-toxic and 

biodegradable. Since the biodiesel fuel (vegetable oils  

processed with methanol or ethanol) is a renewable fuel, so it  

is non-toxic and does not increase the level of CO2 at all in the 

atmosphere at global level. The exhaust emission of the fuel 

absolutely does not have SOX and considerably less amount of 

NOX are produced. Biodiesel can be produced from different 

seeds like sunflower oil, cotton oil, rapeseed oil, soyabean oil, 

palm oil, niger seed oil methyl esters etc.. 

 

PRODUCTION OF BIODIES EL: 

It is the process of producing the biofuel, biodiesel, through 

the chemical reactions transesterification. Th is involves 

vegetable or animal fats and oils being reacted with short-

chain alcohols (typically methanol or ethanol). The alcohols 

used should be of low molecular weight, ethanol being one of 

the most used for its low cost. However, greater conversions 

into biodiesel can be reached using methanol. Although the 

transesterification reaction can be catalyzed by either acids or 

bases the most common means of production is base-catalyzed 

transesterification. The production methods of biodiesel are; 

 Supercritical Process 

 Ultrasonic Reactor Method  
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 Lipase catalyzed Method 

Supercritical Process: 

An alternative, catalyst-free method for transesterification 

uses supercritical methanol at high temperatures and pressures 

in a continuous process. In the supercritical state, the oil and 

methanol are in  a single phase, and reaction occurs 

spontaneously and rapidly. The process can tolerate water in  

the feedstock, free fatty acids are converted to methyl esters 

instead of soap, so a wide variety of feedstocks can be used. 

Also the catalyst removal step is eliminated. High 

temperatures and pressures are required, but energy costs of 

production are similar or less than catalytic production routes. 

Ultrasonic Reactor Method: 

In the ultrasonic reactor method, the ultrasonic waves cause 

the reaction mixture to produce and collapse bubbles 

constantly. This cavitation simultaneously provides the mixing  

and heating required to carry out the transesterification 

process. Thus, using an ultrasonic reactor for biodiesel 

production drastically reduces the reaction time, reaction 

temperatures, and energy input. Hence the process of 

transesterification can run inline rather than using the time 

consuming batch processing. Industrial scale ultrasonic 

devices allow for the industrial scale processing of several 

thousand barrels per day. 

Lipase catalyzed Method: 

Large amounts of research have focused recently on the use of 

enzymes as a catalyst for the transesterification. Researchers 

have found that very good yields could be obtained from crude 

and used oils using lipases. The use of lipases makes the 

reaction less sensitive to high free fatty-acid content, which is 

a problem with the standard biodiesel process. One problem 

with the lipase reaction is that methanol cannot be used 

because it inactivates the lipase catalyst after one batch. 

However, if methyl acetate is used instead of methanol, the 

lipase is not in-act ivated and can be used for several batches, 

making the lipase system much more cost effective. 

A. Transesterification Reaction 

Transesterificat ion process is also called alcoholysis i.e the 

displacement of alcohol from an ester by another alcohol in a 

process similar to hydrolysis except that an alcohol is used 

instead of water. Th is has been widely used to reduce the 

viscosity of the trigylcerides. The transesterification process is 

represented as; 

 

If methanol is used in this process then it is called methanolysis. Methanolysis of triglycerides is represented as; 

 

B. Alkali-catalyzed Transesterification 

The process involved in biodiesel production from feedstock 

containing low level of free fatty acids (FFA). A lcohol, 

catalyst and oil are combined in a reactor and agitated for 

approximately one hour at 60
0
C. The glycerol is removed 

from the methyl esters due to the low solubility of glycerol 

in the esters. This separation generally occurs quickly and 

may be accomplished with either a setting tank or a 

centrifuge. Water may be added to the reaction mixture after 

the transesterification is complete to improve the separation 

of glycerol. 
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C. Acid catalyzed Pretreatment 

Special processes are required if the oil or fat contains 

significant amounts of FFAs. Used cooking oils typically 

contain 2-7% FFAs and animal fats contain 5-30% of FFAs. 

Some very low quality feedstocks, such as trap grease can 

approach 100% FFAs. When an alkali catalyst is added to 

these feedstocks, the free fatty acids react with the catalyst to 

form soap and water as shown in the reaction below; 

 

 

                                                    (Bio-diesel production process) 
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IMPORTANCE OF EDIBLE OIL: 

Groundnut: Groundnut is the World’s 4
th

 most important 

source of edible oil. The seeds contain high quality edible oil 

(50% approx.). Fatty acid composition of the oil are mostly 

oleic (52%-60%), linoelic (13%-27%), palmitic (6%-9%) 

and stearic (3%-6%) acids. 

Sesame: Sesamum indicum, commonly known as sesame, is 

the fast growing crop whose oilseed can be utilized for the 

production of biodiesel by transesterificat ion process. Its 

seeds contain 50% to 52% of o il. Fatty acid compositions of 

the oil are mostly oleic (32.8%-54%), lino leic (39.2%-59%), 

palmit ic (8.2%-10.8%) and stearic (3.4%-6%) acids. 

Sunflower: The viscosity of crude sunflower o il is more 

higher, about 15 t imes greater than of diesel oil. However it 

comes very close to diesel, when it is transesterfied. Fatty 

acid composition of the oil contains mostly oleic (44%), 

linoleic (10.7%), palmitic (38.6%) and stearic (4.6%) acids.  

Safflower: Safflower seeds normally contains 35 to 45 wt% 

of oil, which has a very low FFA content (0.2wt%). 

Primarily it consist of linoleic acid (76wt%), fo llowed by 

oleic (14.2wt%), palmitic (6.9wt%) and stearic (2.1wt%) 

acids. 

Niger: Niger contains 85% poly unsaturated fatty acid 

mostly comprise of linoleic and oleic acid. Hence it is a good 

edible oil. It contains 37 to 43% oil. Niger seed oil contains 

linoleic acid as the primary fatty acid (75% -80%), palmit ic 

and stearic acids (7%-8%) and oleic acid (5-8%). 

 

CHARACTERIZATION: 

Vegetable oil or biodiesel provides engine performance 

almost same or comparable to that of conventional diesel 

fuels. The following are the important characteristics 

required to substitute diesel fuel in Compression Ignition 

engines. 

Ignition Quality: Sat isfactory diesel combustion demands 

self-ignit ion of the fuel as it  is sprayed near TDC into the hot 

swirling compressed cylinder gas. Long ignition delay is not 

acceptable as it leads to knock. Satisfactory fuels must have 

acetane number between 40 and 60. 

 

Viscosity: Fuel viscosity plays an important role in the 

combustion of fuel used. Too low v iscosity can lead to 

excessive internal pump leakage whereas system pressure 

reaches an unacceptable level and will affect in jection during 

the spray atomization. The effect of viscosity is critical at 

low speed or light load conditions 

 

Heating value: The heating value/calorific value of the fuel 

should be high enough for proper combustion. This helps to 

reduce the quality of fuel handled and maximizes the 

equipment operating range. 

 

Temperature: Pour point and cloud point are important for 

cold weather operations of the C I engine. For satisfactory 

working, the values of both should be well below the 

freezing point of the oil used. Flash point is an important 

temperature from a safety point of view. This temperature 

should be as high as practically possible. Typical values of 

commercial vegetable oils fuel range between 50 and 110o 

C. Vegetable oil. diesel blend should not decrease the flash 

point temperature. 

 

Iodine value: The iodine value (IV) indicates the degree of 

unsaturation of the oil. It is defined as the number of grams 

of iodine absorbed by 100 grams of oil. The iodine value is 

an indicator of the degree of unsaturation, a great value of IV 

indicating oil prone to oxidation. The unsaturated character 

affects the stability of oils, and, as a result, leads to the 

appearance of degradation effects during storage. 

 

Acid value: The acid value (AV) is defined as the number o f 

milligrams of potassium hydroxide required to neutralize the 

free acids present in one gram of oil. The acid value is a 

measure of the free fatty acids content of the oil.  

EFFECT OF BIODIES EL ON ENGINE PERFORMANCE:  

   

Figure 1. Variation of brake thermal efficiency with load            Figure 2. Variation of specific fuel consumption in kg/kWh with              

                         Applied load  
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Properties of Vegetable Oil 

Vegetable 

Oil 

Kinemat ic 

viscosity at 

38
0
C (cST) 

Cetane 

No. 

Heating 

Value 

(MJ/Kg) 

Cloud 

Point 

( 
0
C ) 

Pour Point  

( 
0
C ) 

Flash Point 

( 
0
C ) 

Density 

 

Diesel 3.06 50 43.8 - -16 76 0.855 

Corn  34.9 37.6 39.5 -1.1 -40.0 277 0.9095 

Cottonseed 33.5 41.8 39.5 1.7 -15.0 234 0.9148 

Crambe 53.6 44.6 40.5 10.0 -12.2 274 0.9048 

Linseed 27.2 34.6 39.3 1.7 -15.0 241 0.9236 

Peanut 39.6 41.8 39.8 12.8 -6.7 271 0.9026 

Rapeseed 37.0 37.6 39.7 -3.9 -31.7 246 0.9115 

Safflower 31.3 41.3 39.5 18.3 -6.7 260 0.9144 

Sesame 35.5 40.2 39.3 -3.9 -9.4 260 0.9133 

Soyabean 32.6 37.9 39.6 -3.9 -12.2 254 0.9138 

Sunflower 33.9 37.1 39.6 7.2 -15.0 274 0.9161 

Palm 39.6 42.0 - 31.0 - 267 0.9180 

 

EFFECT OF BIODIES EL ON EMISS ION S HOWN BY GRAPH:          

           

Figure 3. Mean reduction in Total Hydro Carbon (THC) emissions              Figure 4. Mean reduction in CO emissions as the 

biodiesel content increases               as the biodiesel content increases. 

 

       

Figure 5. Mean reduction in NOx emissions as the biodiesel            Figure 6. Mean reduction in particu late matter (PM) emissions 

as the biodiesel content increases.       content increases. 

US E OF BIODIES EL IN CI ENGINES  

Biodiesel is a safe, non-toxic, biodegradable and renewable 

fuel that can be easily used in unmodified diesel engine, and 

a variety of other applications. The viscosity of waste 

vegetable oil is very high to be directly used as diesel fuel 

substitute. The high flash point (>1300C) of biodiesel makes 

possible its easy storage and transportation. It should be 

noted that the flash point of petroleum diesel fuel is 640C. 

 

Advantages of using vegetable oils as IC Engine fuels are: 

 

roduce less smoke and particles. 
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Have h igher cetane number.  

oxide and hydrocarbon 

emissions. 

-toxic. 

uid fuels from renewable sources. 

 

-diesel in CI engines 

 

  Biodiesel can be used in existing CI engines without any 

modifications to be made. 

 Biodiesel is made entirely from vegetable sources; it does 

not contain any sulphur, aromat ic hydrocarbons, metals or 

crude oil residues.  

 Biodiesel is an oxygenated fuel; emissions of carbon 

monoxide and soot tend to be reduced compared to 

conventional diesel fuel.  

 Unlike fossil fuels, the use of biodiesel does not contribute 

to global warming as CO2 emitted is once again absorbed by 

the plants grown for vegetable oil/biodiesel production. Thus 

CO2 balance is maintained.  

 The Occupational Safety and Health Admin istration 

classify biodiesel as a non-flammable liquid.  

 The use of biodiesel can extend the life of d iesel engines 

because it is more lubricat ing than petroleum diesel fuel.  

 Biodiesel is produced from renewable vegetable 

oils/animal fats and hence improves fuel or energy security 

and economy independence.  

 

Disadvantages of using vegetable oils as fuels are: 

. 

 are not economically feasible yet. 

processing technology. 

CONCLUS ION 

Biodiesel is oxygenated ester compounds produced from a 

variety sources of feedstock such as vegetable oils, an imal 

fats, or waste cooking oils. Biodiesel is widely use as a part 

substitute for fossil diesel in the present day due to its 

comparable properties to those of fossil diesel. The use of 

biodiesel blends in diesel engines has affected engine 

performance as well as combustion characteristics, i.e . 

ignition delay, inject ion timing, peak pressure, heat release 

rate, and so on. This results in different composition and 

amounts of both engine exhaust gaseous and non-gaseous 

emissions. The combustion of biodiesel in diesel engines  has 

normally improved the most regulated emissions except 

nitrogen oxides emissions. However, there are techniques to 

mitigate this problem, e.g. exhaust gas recirculation and  

exhaust gas-assisted fuel reforming. One of the main serious 

problems in diesel engines is smoke emissions especially 

particulate mass which can be dramatically reduced by the 

use of biodiesel. Summarily, with the advent of advanced 

engine control technology, it is prospective in using 

biodiesel as an alternative not only combusted in internal 

combustion engines but also used in other automotive 

applications. 
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