
International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249-8958 (Online), Volume-9 Issue-2, December, 2019 

718 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: E6942068519/2019©BEIESP 
DOI: 10.35940/ijeat.E6942.129219 
Journal Website: www.ijeat.org 

  
Abstract: The high energy demand in domestic sector coupled 

with pollution brought by extensive exploitation of conventional 
fuels in an industrialized world makes it mandatory to boost 
renewable energy sources having lesser environmental impact 
than non-renewable ones. In this regard bio-diesel can be 
considered as a more reliable resource of energy that can be used 
readily in the existing engines. Biodiesel is formed by 
transesterification reaction of alcohol and triglycerides under a 
catalyst.  In this paper, Bio-diesel is produced from karanja 
(pongamia pinnata) oil in sono reactor at varied methanol-oil 
ratios and varied catalyst ratios. Yield was found at different 
molar ratios of methanol:oil (6:1; 4.5:1; 3:1), different KOH 
concentrations (2.0 wt %; 1.5 wt %; 1.0 wt %) and different times 
(15 min; 30 min; 45 min; 60 min). The biodiesel thus obtained 
conformed to ASTM D6751 standards. The optimum conditions 
of maximum yield are determined at 50o C temperature, 45 min 
reaction time, 4.5:1 methanol:oil ratio and 1.5% of KOH. The 
results obtained are well in accord with the literature. Also 
ultrasonic vibration used for production of biodiesel proves to be 
promising technique. The biodiesel thus produced is analyzed 
using various tests to obtain its properties. Further optimization 
techniques namely Artificial Neural Network and Fuzzy Logic 
have been applied for modeling the reaction and finding the 
optimum yield at different conditions. The yield predicted by 
using ANN and Fuzzy logic was compared with the experimental 
yield. The ANN and Fuzzy can precisely calculate as per the 
experimental data with R2 = 0.998 and R2 = 0.995, respectively.   
 

Index Terms: ANN; Biodiesel; Fuzzy logic; Karanja; 
Transesterification.  

I. INTRODUCTION 

A.  Transesterification Reaction for Producing Biodiesel 
With the growing energy demands and increased dependence 
on the conventional sources and increased fear for their 
depletion brought up the urge for a better alternative which 
would actually replace the existing conventional fuels, that is 
petrol and diesel. Our society and economy are greatly 
dependent on the fuels. Biodiesel is the product obtained 
from the trans-esterification of the oils in presence of catalyst 
and alcohol which produces monoalkylesters along with 
glycerol. The monoalkylesters is called as biodiesel. 
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Biodiesel thus obtained can be used directly as B100 or as 
blends (B20 which is the 20% of the biodiesel and 80% of the 
diesel). Using edible oils for making biodiesel is not realistic 
due to huge gap in supply and demand of those oils in 
different countries across the world. Under these conditions, 
non-edible oils have to be used to produce biodiesel. These 
are obtained in substantial amount and can also be developed 
significantly on semi-arid and waste lands in different parts 
of the world. Non-edible crops such as jojoba, karanja, 
mahua, and jatropa have 30% - 35% or more oil content in 
their nuts fruits or seeds [1] – [5]. Transesterification, also 
known as alcoholysis is the dislocation of alcohol from the 
ester by using alternative alcohol in a method which is 
analogous to hydrolysis, excepting for that in 
transesterification, there is alcohol in place of water. This 
process is extensively used to decrease the high viscosity of 
the triglycerides. Biodiesel can directly be used in the engines 
with no or slight modification of the engine. This is the most 
important feature of the fuel which makes it more important 
compared to other renewable sources where they cannot be 
actually be used in the existing techniques.The 
transesterification reaction is shown below [6] – [10]. 
Oil + 3 MeOH    Catalyst    3 Biodiesel + Glycerol 
 
B.  Optimization Techniques 
These are specific methods which can be used to determine 
efficient solution to any problem or design for any process. 
This is a major quantitative tool used in the industry for 
decision making. A wide variety of problems related to 
design, analysis, construction and operation of chemical 
plants can be resolved by using optimization techniques [11] 
– [15]. The process of transesterification produces biodiesel 
using oil and alcohol in presence of catalyst. The 
optimization techniques have been applied for operating 
parameters like alcohol-oil ratio, catalyst concentration and 
time for predicting the yield of biodiesel. 
 
C.  Artificial Neural Network 
Artificial Neural Network (ANN) is a nonlinear mapping 
structure, based on the role of human brain. It is a function 
approximator which transforms inputs into outputs to best of 
its ability. It is a potent tool used for the modeling, 
particularly while basic data correlation is unidentified. ANN 
identifies and learns connected patterns among input data sets 
and analogous objective values. Once trained, it is used to 
calculate effect of fresh independent input data. ANN has 
enormous capability in analytical modeling which means that 
all characters relating unidentified condition can be offered to  
trained ANN, and the prediction of system is assured.  
ANN also possesses the ability to generalize, predicting new 
outcomes from past trends [8], [13]. 
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     Developing an ANN Model    
ANN is assembled with stratums of elements, and therefore is 
termed as multilayer ANN (Fig. 1). A stratum of units 
consists of units, which accomplish analogous tasks. The first 
stratum of multilayer ANN contains input units called as 
independent variables in statistical nomenclature. The last 
stratum of multilayer ANN contains output units called as 
dependent or response variables in statistical literature. All 
additional units in ANN model consist of hidden layers and 
are called as hidden units. Two functions govern the behavior 
of unit in a specific stratum, which usually are similar for all 
units in entire ANN [8], [13] 
• the input function, and  
• the output/activation function.  

 

 
Fig. 1. ANN model 

D.  Fuzzy Logic 
This is a type of probabilistic logic dealing with a 
logic which is fairly accurate rather instead of being exact or 
fixed. Fuzzy logic variables can also have a truth value which 
lies between 0 and 1, compared to the traditional binary sets 
(where the variables can take false or true values). Fuzzy 
logic can also be stretched to tackle the notion of fractional 
truth, where truth value can diverge amid entirely true and 
completely false. Fuzzy set theory shows enormous potential 
for efficient solving of the improbability in a problem [13]. 

II.  EXPERIMENTATION 

A.  Materials  

• Karanja oil 
  The feed material used for the production of biodiesel is 
Karanja oil. Karanja plants can be grown in semi-arid lands 
of the South Asian peninsula [14], [15].  For the present 
study,  karanja oil has been obtained from the Adilabad 
district in Andhra Pradesh state of India [16] – [18].  
Fatty acid structure of Karanja oil is as follows: Palmitic acid:  
30.6 % ; Stearic acid: 10.5 %; Oleic acid: 53.6  %; Linoleic 
acid: 1.5  %; Eicosanoic acid: 2.2 %; Docosanoic acid:  1.6 
%. 
• Methanol 
Methanol is favored above other alcohols because of less cost 
and lower boiling point [16]. 
 
• Potassium Hydroxide 
To increase  transesterification reaction, alkali catalyst is 
utmost used because it influences the end more rapidly than 
the acid catalyst [17]. KOH is the general catalyst used during 

alkaline transesterification [18] – [20]. In addition to that 
soap development is furthermore fewer with KOH in contrast 
to NaOH [21], [22]. 
 
B.         Experimental Set-up 
The experimental setup (Fig. 2) contains sonochemical 
reactor, RB flask, and reflux condenser alongwith distillation 
equipment for the reclamation of methanol. Furthermore, 
filter paper, thermometer, funnel, beakers, conical flasks, SG 
bottle are needed for the experiments.  
 

 
Fig. 2. Biodiesel production set-up 

 
C.  Experimental Procedure 
KOH is dissolved in methanol, which is further mixed with 
karanja oil by vigorous stirring. The reaction mixture is 
dynamically excited up to a temperature of 50 deg. Celsius, 
for diverse time periods (15 minutes to 60 minutes). Once the 
reaction is over, mixture is slowly cooled. The product 
acquired is a consistent mixture of biodiesel along with 
glycerol. The product mixture is separated using separating 
funnel to remove glycerol. Biodiesel is collected and the 
yield is calculated. The process is reiterated for diverse 
reaction times, catalyst percentages and alcohol-oil ratios. An 
assessment of significant properties of the Karanja oil and the 
biodiesel from Karanja oil is provided in Table I.   
• Yield = wt of biodiesel obtained after reaction / wt. of oil 
used for reaction. 

 
Table-I: Comparison of the properties of Karanja oil and 

biodiesel from Karanja oil 
Property KO-BD KO 

Density (at 30 ºC), kg/m
3
  830 880 

Viscosity (at 40 ºC), stokes 0.038 0.306 

Flash Point, ºC  140  212 

Fire Point, ºC  148 222 

Pour Point, ºC  -6 -3 

http://www.ijeat.org/
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Cloud point, ºC -3 3 

Cetane Number  49 38 

Iodine Number, g/100g  48 98 

Acid value, mg KOH/g  0.25 6 

 
D.       Operating Parameters 
Experiments were performed at different temperatures (40 – 
60 ºC). The yield was found to be maximum at 50 ºC which is 
taken as the optimum temperature. The experiments were 
performed at the following operating parameters: Pressure in 
reactor (1atm),  Methanol-oil molar ratio (6:1, 4.5:1, 3:1), 
Catalyst concentration (2%, 1.5%, 1% wt), Reaction time (15 
min; 30 min; 45 min; 60 min).  

III.  ANN MODEL BUILDING 

A multilayer feed-forward neural network educated by back 
propagation algorithm is centered on controlled procedure, 
i.e., the network builds a model grounded on cases of data 
with identified output [23] – [28].   (Fig. 3)   
For training the ANN, which is a MLP Feed forward network 
with 2 hidden layers, we have used the following datasets 
obtained from 35 experiments. The hidden layers can be 
increased to improve accuracy. The numbers of epochs are 
taken as 50, to increase the accuracy further. 
 
X = [1:6:15; 1:4.5:15; 1:3:15; 1.5:6:15; 1.5:4.5:15; 1.5:3:15; 
2:6:15; 2:4.5:15; 2:3:15;  1:6:30; 1:4.5:30; 1:3:30; 1.5:6:30; 
1.5:4.5:30; 1.5:3:30;  2:6:30; 2:4.5:30; 2:3:30;  1:6:45; 
1:4.5:45; 1:3:45; 1.5:6:45; 1.5:4.5:45;  1.5:3:45; 2:6:45; 
2:4.5:45; 2:3:45;  1:6:60; 1:4.5:60;  1:3:60; 1.5:6:60; 
1.5:4.5:60; 1.5:3:60; 2:6:60; 2:4.5:60 ] 
 
Y = [65.9  76  52.88  68.63  78.94  57.28  67.8   77.7   55.57   
70.01   80.75  56.18  72.9  83.87   60.87   72.05   82.56   59.04   
82.37   95   66.10   85.79   98.67   71.61   84.76   97.13   69.46   
80.4   95   67.3  83.5   98.66   72   81.7   96.8   ] 
 
• Here X denotes set of input values. Therefore each set 
contains 3 values which denote Catalyst concentration (%), 
Ratio (MeOH:Oil) and Time (hours) respectively. 
(corresponding  to Optimal Temperature) 
• And Y denotes set of output values or the yield of biodiesel 
(gms) corresponding to the given input values. 

 
Fig. 3. ANN Flow sheet 

A.  Training of the model 

The ANN has been trained with the following 35 
experimental data sets.  
Average error = 0.6 %; R2 = 0.998  
Where, C = catalyst concentration (wt %) 

R = MeOH:Oil ratio 
T = time (hours)  
 

B. Validation of the trained model 
The trained ANN model has been validated with the input 
data set C, R, T as 2, 3, 60 and output dataset as 70.8. The 
ANN model gave the output as 70.85. The dataset for 
validation has been deliberately chosen to be well outside the 
experimental range for training so that it can accommodate 
datasets for various ranges of experimentation. The ANN 
yield has been compared with the experimental yield and the 
error is reported (Fig. 4, Fig. 5).  
 

 
Fig. 4. Comparison of the biodiesel yield obtained for 

experiment and ANN 

 
Fig. 5. Error of predicted yield by ANN w.r.t. to the 

experimental yield 

IV.  FUZZY LOGIC 

A.  Fuzzification 

By using the experimental data, each variable is ranged 
between their limits and represented by the membership 
functions (Table II). We have therefore selected triangular 
membership function and designed the variables.  
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Table - II: Membership functions & their range 

 

B.  Rule Base 

Rule base includes developing rules forming the basis of the 
experimental values. There are 35 experimental values for 
which 35 rules are created taking the basis of membership 
functions and their ranges (Table III). There are 9 input 
membership function (3 for each variable) and 3 output 
membership functions. So rules were made using ‘and’ 

operator as follows. Using the rules, a fuzzy model was 
prepared in simulink as shown below. The program is run for 
different input values similar to that in ANN. 

Table-III: Fuzzy Rule Base 

 
C.  Inference 

Inference refers to predicting the output corresponding to an 
unknown input from a known relationship between input and 
output variables created previously as fuzzy rule base. 
 
D.  Defuzzification 

Defuzzification is the process of producing a quantifiable 
result from aggregate fuzzy output obtained from inferred 
values of fuzzy outputs corresponding to given fuzzy rules, 
and aggregating them. Here we have used Centre of Gravity 
method for defuzzification. 
E. Validation of the model 

The Fuzzy has been trained with the following 35 
experimental data sets.  
Average error = 1.37 %; R2 = 0.995 
Where, C = catalyst concentration (%) 

R = MeOH:Oil ratio 
T = time(hours) 

Fuzzy result = weight of biodiesel(gms) 
Both experimental values and Fuzzy result indicate weight of 
biodiesel obtained in different experiments. The Fuzzy yield 
has been compared with the experimental yield and the error 
is reported (Fig. 6, Fig. 7). 

 

Fig. 6. Comparison of the biodiesel yield obtained for 
experiment and Fuzzy 

 
Fig. 7. Error of predicted yield by Fuzzy w.r.t. to the 

experimental yield 

V. RESULTS & DISCUSSIONS 

The overall comparison of ANN and Fuzzy yield with the 
experimental yield has been shown in Fig. 8 and Table IV. 
The average error for Fuzzy logic and ANN are 1.37 % and 
0.6 % respectively. ANN (R2 = 0.998) was somewhat 
superior than Fuzzy (R2 = 0.995) in data fit and assessment 
abilities.  
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Author-1 Pho 

to 

For the optimum experimental condition of C:R:T at 
[1.5:4.5:45] the experimental yield was highest at 98.67 %. 
The yield predicted by ANN and Fuzzy are 99.4 % and 99.6 
% respectively, which are in good concurrence with the 
experimental yield within the range of experimental errors. 
These results can also be extended to other alcohols (and 
bases of different strength) and temperature ranges (or other 
reaction conditions).  

 

 

Fig. 8. Overall plot of the biodiesel yield obtained for 
Experiment, Fuzzy and ANN  

 
Table-IV: Overall Results for Fuzzy logic and ANN 

S.No Parameter Fuzzy logic ANN 

1 Average Error 1.37 % 0.6 % 

2 R2 0.995 0.998 

3 Yield at C:R:T of 

[1.5:4.5:45] 

99.6 % 99.4 % 

VI. CONCLUSION 

The produced biodiesel conformed to ASTM D6751 
standards. The ANN and Fuzzy can precisely calculate the 
experimental data with R2 = 0.998 and R2 = 0.995, 
respectively.  ANN was found to give more accurate 
prediction. Hence ANN can be used for predicting the 
optimized yields in transesterification reaction.   
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