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Abstract— The continuous increasing demand for energy 

and diminishing tendency of petroleum resources has led to 

the search for alternative renewable and sustainable fuel. 

Biodiesel seems to be a solution for future and being viewed 

as a substitute of Diesel. The vegetable oil, fats, grease are 

source of feedstock for the production of biodiesel. Out of 

four methods viz. dilution, micro emulsion, thermal 

cracking and Transesterification, the last one is used to 

produce biodiesel and reduce viscosity. Biodiesel is more 

suitable for use as an engine fuel rather than straight 

vegetable oils for a number of reasons; the more notably is 

its low viscosity. The aim of the paper at hand is towards the 

production of biodiesel from vegetable oils viz. Karanja, 

Jatropha by Transesterification process. Fuels were 

manufactured by direct blending 5% of biodiesels, namely, 

Karanja and Jatropha and Rice Bran vegetable oil using 

Magnetic stirrer. The physical properties of the fuels were 

also found out. Later, these fuels were run in Compression 

Ignition engines to test and compare the performance and 

pollution characteristics of fuels. 
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I. INTRODUCTION 

Energy is the prime input for evolution of all branches of 

modern economics. During the past decades worldwide 

petroleum consumption has permanently increase due to the 

growth of human population and industrialisation which has 

cause depleting fossil fuel reserves and increasing petroleum 

prices. With all the factors like depleting fossil fuel reserve, 

increasing petroleum price, concern for atmospheric 

pollution and increasing oil imports the point of necessity of 

an alternative fuel source has come close. The research of 

alternative fuel started with the direct use of vegetable oil in 

compression ignition engines, however their use was 

restricted due to high viscosity which results in poor 

atomisation of fuel, incomplete combustion, carbon deposit 

on injector, and on valve seat resulting in engine fouling. 

The best way to use vegetable oil is to convert it into 

biodiesel or by direct blending it with Diesel. [2] Biodiesel 

is one alternative derived from the vegetable oil and hence is 

a renewable fuel compared to gasoline and Diesel which are 

non renewable fuel. The non-renewable fuel emits pollutants 

like oxides of nitrogen, oxides of sulphur,   carbon dioxide, 

carbon monoxide, lead and hydrocarbons etc., during its 

processing and use. A renewable fuel such as biodiesel 

which is less pollutant is the need of the day. Biodiesel 

referred to as mono alkyl esters are derived from vegetable 

oil and animal fats and alcohol of lower molecular weight in 

the presence of catalyst. The commercially most successful 

method for producing biodiesel is Transesterification 

process. 

II. TRANSESTERIFICATION PROCESS-INTRODUCTION 

Out of the four available methods for producing biodiesel, 

Transesterification is a process in which the fatty acid or oil 

is reacted with alcohol in the presence of catalyst to form 

ester and glycerol. The biodiesel obtained through this 

process has lower viscosity, lower emissions, higher cetane 

number and higher combustion efficiency and the 

disadvantage of this method is the disposal of the waste 

water and the glycerol. 

III. BIODIESEL PRODUCTION 

A. Fuel Source 

The primary source for producing biodiesel is non-edible 

vegetable oil which is extracted from the seed of their trees. 

Three types of oil were taken namely: Jatropha, Karanja 

and Rice Bran. 

B. Apparatus and Procedure 

Fig. 1 shows the requirements for setup of transesterification 

plant; flask, stirrer, condenser, heating source and separating 

funnel. 

 

Fig.1:Transesterification Plant-ITM University. 

The procedure followed to manufacture biodiesel from 

vegetable oils is as follows: 

 The vegetable oil is heated to 100ºC to remove 

moisture. It was then allowed to cool to 60ºC.  

 Almost 20-25% by vol. alcohol was mixed with the 

oil. The alcohol used here was Methanol.  

 Catalyst quantity ranges from 0.5-1% by vol. of 

vegetable oil. KOH was used as catalyst.  

 The reaction temperature was maintained at 60°C 

using a thermostat.  

 The mixture was stirred in between 500-550 RPM.  

 This was kept for 1.5 hours.  

 This mixture was then put in the separating funnel 

and was allowed to separate and settle. 

 After 8 hours biodiesel was on the top and brown 

glycerol at the bottom.  

 The biodiesel was water washed and stored in a 

container.  
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TABLE I shows the quantity of oil, alcohol, catalyst used in 

each case and the quantity of biodiesel produced and yield 

percentage acquired after the Transesterification process 

carried on each vegetable oil.   

 
Table I: Experimental Values For Each Oil/Biodiesel 

 

 
Fig.2:Karanja Biodiesel. 

 

Fig.3:Jatropha Biodiesel. 

C. Fuel Preparation  

These biodiesels cannot be tested directly in the engines.  

Using them directly leads to adverse effects associated with 

the engines. These include: 

 Carbon deposits.  

 Oil ring sticking.  

 Thickening or gelling of the lubricating oil as a 

result of contamination by vegetable oils. 

 Lubricating problems. 

Hence, biodiesels are blended with petroleum Diesel and 

then run on the engines. In the project, 5% each of Karanja 

(K5), Jatropha (J5) biodiesels and Rice Bran vegetable oil 

(RBO5) was blended with Diesel individually. The blending 

process was carried out using a Magnetic Stirrer and time 

duration was 120 minutes. All the three fuels were prepared 

in equal quantities for testing. 

IV. TESTING 

A. Fuel Testing-Property Analysis 

The properties of all the fuels were found out using the 

following devices: 

 Electronic Balance for density. 

 Redwood Viscometer for viscosity,  

 Bomb Calorimeter for calorific value, 

The properties are listed in TABLE II. 

Table II: Properties of Fuels 

B. Engine Testing 

The fuels were tested on the single cylinder, multi-fuel, 661 

cc, Variable Compression Ratio, made by Kirloskar, in the 

IC Engine laboratory, ITM University. The graphs were 

generated using ICEngineSoft 8.0. The smoke was analysed 

using smoke meter, manufactured by AVL. 

TABLE III shows the specifications of engine on which the 

experiment was performed.   

TABLE III 

ENGINE SPECIFICATIONS 

 
 

 

 

 

Fuel 

Type 

Density 

(Kg/m
3
) 

Viscosity 

(cSt.) 

Calorific 

Value 

(MJ/kg) 

Diesel 790.25 2.58 44.755 

K100 857.96 5.49 36.102 

K5 807.15 3.34 42.448 

J100 872.66 4.92 41.820 

J5 813.47 3.12 43.512 

RBO100 916.32 39.9 42.278 

RBO5 839.67 4.85 40.984 
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Fig .4: Kirloskar Engine Test Rig and AVL Smoke Meter. 

V. RESULTS AND OBSERVATION 

All the graphs and results generated from ICEngineSoft 8.0 

software were used and analyzed critically to produce more 

standard tools for performance comparison between the 

various fuels. 

A. Performance Analysis 

The performance was analysed by plotting a graph for brake 

specific fuel consumption (BSFC) and brake specific energy 

consumption (BSEC) with brake power.  

Fig. 5 shows the variation of brake specific fuel 

consumption vs. brake power for Jatropha and Karanja 

biodiesel and Rice Bran oil with pure petroleum Diesel. 

 

Fig.5:Graph between Brake Power and Brake Specific Fuel 

Consumption. 

Fig. 6 shows the variation of brake specific energy 

consumption vs. brake power for Jatropha and Karanja 

biodiesel and Rice Bran oil with pure petroleum Diesel. 

 
Fig.6:Graph between Brake Power and Brake Specific 

Energy Consumption. 

This is a better way for comparing performance of 

different fuels on the same engine which takes account for 

the difference in calorific value and density. It is observed 

that BSFC and BSEC of all the fuel decreases with increase 

in brake power. 

  The difference between the value of BSEC of 

biodiesel blend (5%), Rice Bran blend (5%) and diesel is 

marginal. But Jatropha (5%) has the minimum value 

throughout the range because in the test it was burned the 

least, with density and calorific value very much similar to 

Diesel making it most efficient fuel in the test. 

B. Smoke Analysis-Opacity & Absorption Coefficient 

Opacity detects and measures the amount of light blocked in 

smoke emitted by Diesel engines. The smoke meter readout 

displays the smoke density giving a measure of the 

efficiency of combustion. 

 
Fig.7:Graph between Load and Opacity % 

  Absorption coefficient determines how far into a 

material light of a particular wavelength can penetrate 

before it is absorbed. In a material with a low absorption 

coefficient, light is only poorly absorbed, and if the material 

is thin enough, it will appear transparent to that wavelength.  

 
Fig.8:Graph between Load and Absorption Coefficient 

The number of smoke particles at lower load for 

biodiesel and Rice Bran blend was more than pure Diesel 

because of higher viscosity which leads to poor atomisation 

of fuel. But at higher loads the amount of smoke particles of 

biodiesel and Rice Bran blend are much lower than that of 

pure Diesel because of higher cetane number of biodiesel 

than pure Diesel. 
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VI. CONCLUSION 

It can be concluded that use of 5% blend of Jatropha, 

Karanja biodiesel and Rice Bran oil with petroleum Diesel 

can be used without any change in the present engine design 

as performance is similar to petroleum Diesel, with 

significant reduction in pollution level at higher loads. 
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