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Abstract—   The primary objective of this project was to study the effect of Groundnut Oil based Biodiesel on a CI engine operating at a 
constant speed under a range of loads. Biodiesel is being considered nowadays as an alternative to Petro-diesel, with advantages in favor 
of Biodiesel being it’s lowered emissions and performance comparable to diesel. This experiment was done by synthesizing 
Biodiesel from Groundnut oil and mixing it in different ratios with diesel to run a Single Cylinder Field Marshall Diesel engine 
and thereby obtaining the different performance and emission characteristics for the Biodiesel. 

Index Terms— Biodiesel, Biofuel , Groundnut Oil, Trans-esterification, Diesel Emission test ,NOx emissions, Specific Fuel Consumption, 
HC emissions, CO and CO2  emissions. 

——————————      —————————— 

1    INTRODUCTION                                    
he current scenario in the world is depletion of fossil 
reserves owing to the extended use of petroleum based 

fuels. Petroleum based fuels have been the driving force of 
the World’s energy source and their gradually depleting 
amount threatens their capacity to meet the energy 
requirements [1]. In developing countries of the world such 
as India where the Petroleum fuels impact highly the 
economy via its dependence for transportation of all goods 
and services, an alternate means of fuel/energy is the need 
of the hour. Hence the researches into alternate fuels such 
as Biodiesels that can substitute diesel fuel are being 
researched extensively [2]. A large number of studies have 
also been undergone into the Biodiesels using different oils 
such as Coconut Oil [3], Nerium oil [4], Cottonseed oil [5], 
Jatropa oil [6], Linseed oil [7], Palm oil [8], etc and a 
comparatively low cost option that utilises the waste/used 
cooking oil. These Biodiesels come with their own 
advantages and disadvantages. The biggest drawback 
towards large scale development of Biodiesel as an 
alternative fuel is the large production cost associated with 
it. An alternative is to use waste cooking oil for producing 
Biodiesel [9]. This could be a cost effective solution to 
Biodiesel production, but it is not without it’s own 
drawbacks such as reduced quality of Biodiesel, problem of 
filtration before making Biodiesel, etc. 

Biodiesels by definition are the fuels that are derived 
from vegetable oils or animal fat through a process known 
as transesterification. Biodiesels generally tend to have 
better Performance and Emission parameters compared to 
diesel fuels. The obtained Biodiesel is used as fuel by 
mixing it appropriate ratios (depending on the properties of 
obtained Biodiesel) with petroleum-derived diesel, partially 
due to the operational problems that occur when it is 
directly used as fuel (This is also the case with vegetable 
oils which prevent them from being directly used as fuel). 
In the production process the influence of factors such as 

environment conditions, reactants and reaction parameters, 
catalysts, etc, [10] on the Biodiesel production is critical. 
Even after production the Biodiesel is, by virtue of its 
physical properties, similar to oil from which it is produced 
and so its freezing point remains close to that of oil used. 
This leads to problems during storage and use in cold 
weather or low temperature conditions. There is also a need 
to apply special coating to engine parts of conventional CI 
engines using Biodiesel as substitute for diesel because 
properties of Biodiesel whereby they may clog/ otherwise 
adversely affect the engine parts. Nevertheless, Biodiesel is 
being researched as a viable alternative to Diesel as a 
cleaner and more efficient fuel. 

2   BIODIESEL PRODUCTION 
Groundnut oil that was commercially available was used as 
the base oil preparing Biodiesel. The first step in the process 
of making Biodiesel is Trans-esterifiction.Trans-
esterification is a chemical reaction in which vegetable oils 
and animal fats are reacted with alcohol in the presence of a 
catalyst. The equation is as given below 
             O 
             ║ 
CH2O−C−R                                                                                     
│           O                                                       O          CH2OH  
│           ║                         OH-                      ║           │ 
CH−O−C−R  + CH3OH 3CH3O−C−R +   CH−OH 
│           O                         Catalyst                            │ 
│           ║          Alcohol                    Esters             CH2OH          
CH2O−C−R                                                                    
  Glyceride                                                                 Glycerol 
 
Transesterification equation 

T 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 7, July-2014                                                                                                      111 
ISSN 2229-5518   

IJSER © 2014 
http://www.ijser.org 

 
The products of reaction are Esters and Glycerol. These 

Esters form the Biodiesel. In this experiment, first the 1000 
mL of Oil was heated upto 650C and then allowed to cool 
down. During this time the mixture of 200mL Methanol 
(alcohol) and 3.5g NaOH (Sodium Hydroxide) catalyst was 
prepared and the product was Sodium Methoxide. This 
Sodium Methoxide was added to the Oil and continuously 
stirred. At the end of reaction time, mixture was given a 
standing time to allow for layer separation by gravity. The 
mixture was allowed to stand for upto 48 hours. The layers 
separate into Biodiesel at top and Glycerol at bottom. 

The Biodiesel that was separated was washed with an 
equal amount of warm water to remove the excess 
methanol and other impurities in the Biodiesel. The 
Methanol gets dissolved in water and is drained and the 
remaining content was the Biodiesel that can be used for 
experiment. 

3   EXPERIMENTAL SETUP 
The experiment was carried out in a Single Cylinder Field 
Marshall CI Engine operating at a constant speed of 1000 
rpm. The engine was not given a protective coating so as to 
also explore the feasibility of it’s commercial application. 
Hence the tests were done for mixtures upto 50 percentage 
ratio of Biodiesel to Diesel only as any more could lead to 
clogging of the engine parts. The Specification of the engine 
is given in Table 1. The setup was arranged as given in Fig 
1.  

 
Fig  1 The Experimental Setup 

The prepared Biodiesel was mixed with pure diesel in 
the various ratios required for conducting the experiment. 
These are usually expressed as percentage (%) of total 
volume. For example; B10 denotes that the % concentration 
of Biodiesel in the mixture is 10% and the rest 90% is diesel. 
Like this different ratios such as B10, B30, and B50 were 
prepared. Each time the density of fuel was noted and the 
flash points were determined. 

 
 
 
 

Table 1. Engine Specifications 

Engine Model Field Marshall 

Cylinders Single 

Engine Parameter Value 

Rated Power 10HP/7.35 kW 

Rated Torque 1.17 Nm 

Speed 1000 rpm 

Bore 114.3mm 

Stroke 139.7mm 

Drum Radius 102mm 

4   PERFORMANCE TESTS 
The performance tests were conducted for the different fuel 
blends and the different performance parameters were 
obtained and corresponding graphs were plotted. The 
results obtained were comparable to studies done for the 
same [4], [5], [7], [11], [12]. 

4.1 Specific Fuel Consumption or SFC (in kg/kWh) 
The graph between Specific Fuel Consumption and 

Brake Power is plotted as shown in Fig. 2. The different 
blends of Biodiesel seem to show lower SFC for a 
corresponding value of Brake Power than for Pure Diesel. 
This means that Biodiesel use less fuel to produce same 
amount of Brake Power. Furthermore, the SFC decreases as 
the concentration of Biodiesel increases. Thus we can say 
that `Higher the Biodiesel Concentration, Lower the SFC`. 

 
Fig  2 Plot of Specific Fuel Consumption vs. Brake Power 
for Different Biodiesel Blends. 
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4.2 Exhaust Temperature (in 0C) 
The graph between Exhaust Temperature and Load is 

plotted as shown in Fig. 3. It was found that the Exhaust 
Temperature of the engine decreased as the Biodiesel 
concentration increased. Comparing with diesel the blends 
seem to have higher temperature than diesel at lower loads 
and lesser temperature at/ near full load conditions and was 
in line with many papers conducted for this parameter. 

Fig 3 Plot of Exhaust Temperature vs. Engine Load for 
Different Biodiesel Blends. 

5   EMISSION TESTS 
These were done in tandem with Performance Tests for the 
engine under test. Emission Characteristics were measured 
using a 5-gas analyzer (for measuring NOx, CO, CO2, and 
HC) and a Smoke Meter. The corresponding graphs were 
plotted to compare the emission characteristics for each 
blend of Biodiesel. As with the performance characteristics 
the results obtained were comparable to studies done for 
the same [4], [5], [7], [11], [15]. 

5.1 NOx Characteristics 
NOx occurs when the temperature rises in the cylinder 

causing formation of NO. There are many factors that affect 
the formation of NOx inside the combustion chamber 
[14].The obtained NOx Characteristics are as shown in Fig.4. 
It was found that compared to diesel the Biodiesel blends 
have lower values and this decrease is more when Biodiesel 
concentration is increased. Higher NOx can be attributed to 
lower exhaust temperature of blends that could have 
reduced the rate of formation of NOx. 

 

 
Fig  4 Plot of NOx emission vs. Engine Load for Biodiesel 
Blends. 

5.2 HC Characteristics 
The HC emissions of the engine under test were as 

shown in Fig. 5. There was found to be not much change in 
HC characteristics as in general the HC emissions are 
almost negligible in case of Diesel Engines. 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
Fig 5 Plot of HC emission vs. Engine Load for Biodiesel 
Blends 

5.3 CO & CO2 Characteristics 
The CO & CO2 graphs were as plotted in Fig. 6 and Fig. 

7. Though the CO emission for diesel itself is very low, the 
emission for Biodiesel blends was found to be even 
significantly lower than that. The CO2 emissions on the 
other hand were an entirely different matter. Though 
emissions for Biodiesel blends were lower than diesel the 
variation was not significant except at part loads and the 
variation again shrunk at Full load. Also the emissions 
increase with increase in Biodiesel concentrations.  
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Fig.6 Plot of CO emission vs. Engine Load for Biodiesel 
Blends 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
Fig.7Plot of CO2 emission vs. Engine Load for Biodiesel 
Blends 

5.4 Smoke Characteristics 
Smoke characteristics are as shown in Fig.8. Smoke has 

an inverse relation with NOx and hence when NOx is less, 
smoke emissions become more. At the initial state smoke of 
Biodiesel blends is high, but still less than Diesel. This 
smoke can be attributed as startup smoke. At higher loads, 
smoke emissions increase as NOx increases, but also the 
increase in Biodiesel concentration increases the smoke 
emissions. This could be due to increased CO2 

concentrations in the exhaust. 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.8 Plot of Smoke emission vs. Engine Load for Biodiesel 
Blends 

CONCLUSION 
1) This experiment gave a Biodiesel that had lowered 

NOx emission compared to diesel for the engine 
under test. 

2) Increasing Biodiesel concentration seems to reduce 
the NOx emissions as well as fuel consumption but 
increases smoke emissions. 

3) At full loads higher Biodiesel concentrations result 
in higher CO2 emissions. Same seems to be the 
case for HC. 

4) Possible applications for this Biodiesel can be low 
power engine such as the one under test for this 
experiment, but further study is needed with more 
ratios to reach a conclusive proof of best blend. 
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