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Abstract— With the depletion of fossil fuels and thus increase in the dependence on foreign imports, it has become a 
necessity to search for an alternative energy source in our country. Hence our focus is on finding a suitable alternative for 
petroleum products. But finding an alternative which is as efficient as petroleum is an uphill task. With various alternatives 
available, we have decided to carry out our experimentation using Mahua Biofuel due to its merits when compared to others. 
A two stage extraction process was carried out to obtain biofuel from the tri-glyceride, followed by separation and removal 
of catalyst to obtain pure biofuel. Various blends were prepared, oil properties were determined. Those blends having 
desirable properties were tested on 4-stroke diesel engine for its performance. Emission tests were carried out.  
 
 
I. INTRODUCTION  
 
Biofuels are liquid or gaseous fuels primarily 
produced from organic matter, and can be used to 
replace fossil fuels. There are various kinds of 
sources such as fruits, vegetables, bio-wastes plants 
etc. from which biofuel can be obtained. Mahua oil is 
one such viable source to extract biofuel. Mahua oil 
has many advantages over other sources. It can be 
grown in uncultivated lands, extraction is fairly easy, 
abundant and economical. There is a series of steps to 
be carried out in order to obtain biofuel. Initially the 
free fatty acid test is conducted to determine the acid 
content in the raw oil. Based on which we determine 
whether the extraction requires a single or double 
stage process. In a two stage process the first step is 
called Esterification, wherein we significantly 
decrease the possibility of saponification using 
sulphuric acid(acid catalyst) and methanol. The 
second step is called transesterification in which a 
base catalyst is used to obtain biofuel and glycerol. 
The obtained product is transferred to a separating 
funnel to separate biofuel and glycerol. To remove 
sodium hydroxide present in the biofuel, a washing 
process is carried out. Any traces of moisture present 
in the fuel are removed by heating the fuel. The 
obtained fuel must be kept in an air-tight container to 
prevent oxidation. Various blends with commercial 
diesel are prepared and is stored for a considerable 
time to check for any solidification. In order to 
compare these blends with regular diesel, their fluid 
properties like viscosity, density, flash and fire point 
are determined and compared. Once the properties are 
found out, those blends with desirable properties are 
further used for performance analysis of diesel 
engine. In performance analysis we determine Brake 
power, indicated power, BSFC, ISFC, total heat 
input, brake thermal efficiency, mechanical 
efficiency, indicated thermal efficiency. After 
analyzing the performance emission test will be 
carried out to check for HSU %.  
 

II. METHDOLOGY  
 
The following steps are followed-  
1. Literature survey  
2. Procurement of raw oil  
3. FFA analysis  
4. Esterification and Transesterification  
5. Separation, Washing, Boiling  
6. Engine testing for various blends  
7. Performance analysis  
8. Emission analysis  
 
III. FREE FATTY ACID TEST  
 
FFA test is used to determine the acid content in the 
triglyceride. It indicates the acid content based on 
which we decide whether to carry out single or two 
stage extraction processes. In this test 0.1 N NaOH is 
titrated against a mixture of 200ml isopropyl alcohol 
and raw oil using phenolphthalein as indicator. After 
titration the FFA value was found to be 7.703 %. 
From this we conclude that we need to carry out two 
stage process as the limit for single stage process is 
6%.  
 
IV. ESTERIFICATION 
 

 
 
1 Liter of mahua oil was taken in 2000ml 3necked 
flat bottom flask, it was stirred constantly upto 100oC 
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to remove moisture content. The amount of H2SO4 
added was 1% by volume of methanol and 200ml of 
methanol was added. This mixture was added to the 
heated oil and was allowed to flux for 2hrs. FFA test 
for this sample was carried out. FFA was reduced to 
2.53%.  
 
V. TRANSESTERIFICATION  
 
To the above obtained mixture 5.53gms of NaOH and 
200ml of methanol mixture is added at a constant 
temperature of 65oC. Heating is continued for 
2hours. Thus biofuel is obtained.  
 
VI. SEPARATION, WASHING, BOILING  
 

 Seperation: This stage involves separation of 
biofuel and glycerol. The mixture obtained after 
transesterification is transferred to separating funnel 
and it is left for 20 hours.  

 
 

 Washing: The biofuel obtained after separation 
contains NaOH and moisture. NaOH is removed in 
this stage by continuously circulating luke warm 
water until pale yellow colour is visible.  

 
 

 Boiling: The remaining moisture is removed by 
heating at a temperature above 100oC.  

 
 

 Yield: The yield from 1 litre of raw oil after 
extraction was 800ml.  

 
 
VII. PREPARATION OF BLENDS  
 
We prepare different blend ratios of biofuel and 
diesel because if 100% biofuel is used then there are 
chances that the injectors might get clogged and 
carbon deposits will be comparatively more. Variety 
of blends has been prepared and will be tested for its 
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properties and those blends with desirable properties 
are selected for performance analysis.  
In our lab we have prepared B10, B15, B20, B30. The 
properties have been enlisted below. 
 

 
 
VIII. EXPERIMENTAL SETUP  
 
To conduct performance analysis the engine used was 
Kirloskar water cooled diesel engine 

 
 

 NUMBER OF STROKES: 4  
 COMPRESSION RATIO: 16.5:1  
 BORE * STROKE LENGTH: 85mm * 110mm  
 RATED POWER: 5 HP @ 1600 RPM  
 TYPE OF COOLING: Water cooled  

 
The procedure adapted for carrying out performance 
test is explained below.  
 
 Fill the fuel tank and check the lubrication 

system.  
 Remove all the loads in the engine.  
 Start the engine by cranking and open the 

exhaust valve and there by closing it once the 
flywheel picks up the speed.  

 Allow the engine to attain an optimal speed.  
 Allow the cooling water flow to circulate 

through engine and regulate the water flow by 
rotameter.  

 Allowing the cooling water to circulate through 
calorimeter and regulate the water flow by 
rotameter.  

 Apply load from spring balance of 
dynamometer and note down the net load and 
brake drum and tabulate.  

 Put tank valve in burette and note down the time 
taken for 20cc of fuel consumed by the engine.  

 Note down the rpm, exhaust gas temperature for 
various loads and blends.  

 
IX. PERFORMANCE ANALYSIS 
 

 
 
The following graphs depicts comparisons between 
various parameters against BP: 
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X. EXHAUST GAS ANALYSIS  
 
Exhaust gas analysis was carried out on TATA 
SUMO GOLD which is 3.0 CR4 engine having 
displacement 2956cc, in-line 4 cylinder 4 stroke 
diesel engine. 

 
 
The car was made to run on different biodiesel blends 
prepared earlier. The exhaust gases for each cases are 
analyzed using vehicle emission kit and the 
respective results are follows: 

 

 

 

 

 
 
CONCLUSION  
 
It was found that the emission of harmful gases was 
lowest in case of B20 compared to that of other 
blends and diesel. The emission of harmful gases was 
high in case of diesel. Thus from these results we can 
conclude that B20 blend can be a viable alternative 
for diesel as the mean HSU% was very low and the 
efficiency was almost comparable with commercial 
diesel.  
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