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ABSTRACT 

Currently, most of the biodiesel is produced from the edible/refined type oil using methanol and 

alkaline catalyst. However, large amount of non-edible type oils and fats are available in our 

country. In this study, crude neem oil is used as alternative fuel for biodiesel production. The 

difficulty with alkaline transesterification of these oils has contained large amounts of free fatty 

acids (FFA). These free fatty acids quickly react with the alkaline catalyst to produce soaps that 

inhibit the separation of the ester and glycerin. 

A two-step transesterification process is developed to convert the high FFA oils to its mono-esters. 

Using 100 ml of oil, the optimum combination of parameters for pretreatment were found to be 0.45 

v/v methanol-oil-ratio, 0.5% v/v H2SO4 acid catalyst, 50˚C and 45 min reaction time. After 

pretreatment of neem oil, transesterification reaction was carried out with 4.5:1 methanol-to-oil 

molar ratio, 1% KOH as alkaline catalyst, 75 min reaction time and 50˚C reaction temperature to 

produce the fatty acid methyl ester. This two step process gave maximum average yield of 70±2%. 

Key Words: Optimization; Taguchi Method; Analysis of Variance (ANOVA) Method; Neem Oil 

Methyl Ester (Biodiesel)   
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1. INTRODUCTION: 

The use of alternative fuels instead of 

conventional fossil fuels is becoming 

increasingly significant due to decreasing 

petroleum reserves and increasing greenhouse 

gases, all of which lead to global warming, 

ozone depletion and political and health 

concerns (Fukuda et al., 2001). Plant oils have 

been used as alternative fuels for many years, 

since they are renewable and readily available. 

However, these oils cannot be used directly as 

fuel sources in diesel engines due to: (a) high 

viscosity which leads to poor fuel atomization 

during the injection process, (b) low volatility 

and (c) polymerization which results in deposit 

formation, incompletion combustion and poor 

emissions (Ma and Hanna, 1999; Meher et al., 

2006). To overcome these disadvantages, oils 

can be converted into fatty acid methyl esters 

(FAME) which are also known as biodiesel. 

Biodiesel is an alternative fuel that is non-toxic, 

completely biodegradable and renewable and 

can be adapted easily without any modification 

to diesel engines. 

Several processes have been developed for 

biodiesel production, such as pyrolysis, micro 

emulsification and transesterification. The 

chemical change of the products from the 

reactants caused by the thermal energy in the 

presence of air or nitrogen sparging is called a 

pyrolytic process. These products are similar to 

the petroleum-derived fuel. However, during the 

pyrolysis process, the removal of oxygen leads 

to reduce the environmental benefits (Ma and 

Hanna, 1999). The problem of the high viscosity 

of the substrates has been investigated using 

microemulsions with solvents (methanol, 

ethanol and 1-butanol) to meet the international 

standards of petroleum-derived fuels. However, 

an increase of lubricating oil viscosity, irregular 

injector needle sticking, incomplete combustion 

and heavy carbon deposits were reported in the 

laboratory screening endurance test. Therefore, 

transesterification process plays a vital role, in 

order to overcome these disadvantages. 

The process of displacing alcohol from an ester 

to form another ester is called 

transesterification. Transesterification is the 

most simple and efficient method to produce 

biodiesel by using acids, alkalis, or enzymes as 

catalysts. Triglycerides with high free fatty acid 

and water contents are not essential for a 

biodiesel conversion process using an acid 

catalyst. However, the reaction rates are slower 

than those of the alkali catalytic process 

(Freedman et al., 1986). The alkali-catalysis 

transesterification process has been widely used 

in the biodiesel industry, because it gives a high 

yield of conversion of fatty acid methyl esters 

from triglycerides at low temperatures and 

pressures in a relatively short reaction time of 4-

10 hours. However, it has several drawbacks 

including product separation, soap formation 

and negative environmental impacts such as 

greenhouse gas, CO, hydrocarbons, NOx and 

particles in exhaust emissions (Nielsen et al., 

2008). 

Neem is a tree in the family „maliaceae‟ which 

grows various parts in Bangladesh. It‟s 

scientific name „Azadirachtaindica‟. The 

evergreen tree is large, reaching 12 to 18 meters 

in height with a girth of up to 1.8 to 2.4 meters. 

The seeds have 40% oil which has high 

potential for the production of biodiesel. It has a 

higher molecular weight, viscosity, density, and 

flash point than diesel fuel. Neem oil is 

generally light to dark brown, bitter and has a 
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strong odor that is said to combine the odors of 

peanut and garlic [M.A. Fazal et al., 2011]. 

 Neem comprises mainly of triglycerides and 

large amounts of triterpenoid compounds. It 

contains four significant saturated fatty acids, of 

which two are palmitic acid and two are stearic 

acid. It also contains polyunsaturated fatty acids 

such as oleic acid and linoleic acids [Muthu et 

al., 2010] 

2. Taguchi Method to Optimize the 

Process Parameters:                                

Taguchi method is based on performing 

evaluation or experiments to test the sensitivity 

of a set of response variables to a set of control 

parameters (or independent variables) by 

considering experiments in “orthogonal array” 

with an aim to attain the optimum setting of the 

control parameters. Orthogonal arrays provide a 

best set of well balanced (minimum) 

experiments. Table2 (a) Shows eighteen 

standard orthogonal arrays along with the 

number of columns at different levels for these 

arrays. An array name indicates the number of 

rows and columns it has, and also the number of 

levels in each of the columns. For example array 

L4 (23) has four rows and three “2 level” 

columns. Similarly the array L18 (2137) has 18 

rows; one “2 level” column; and seven “3 level” 

columns. Thus, there are eight columns in the 

array L18. The number of rows of an orthogonal 

array represents the requisite number of 

experiments. The number of rows must be at 

least equal to the degrees of the freedom 

associated with the factors i.e. the control 

variables. In general, the number of degrees of 

freedom associated with a factor (control 

variable) is equal to the number of levels for 

that factor minus one. For example, a case study 

has one factor (A) with “2 levels” (A), and five 

factors (B, C, D, E, F) each with “3 level”. 

Table 2(b) depicts the degrees of freedom 

calculated for this case. The number of columns 

of an array represents the maximum number of 

factors that can be studied using that array. 

          Table 2(a) Standard orthogonal arrays  

Orthog

onal 

array 

Num

ber 

of 

rows 

Max

imu

m 

num

ber 

of 

facto

rs 

Maximum number of 

columns at these levels 

 

 

 

 

2 3 4 5 

 

 

 

L4 4 3 3 - - - 
 

L8 8 7 7 - - - 
 

L9 9 4 - 4 - - 
 

L12 12 11 11 - - - 
 

 

L16 16 15 15 - - - 
 

L16
’
 16 5 - - 5 - 

 

L18 18 8 1 7 - - 
 

L25 25 6 - - - 6 
 

L27 27 13 - 13 - - 

 

 

L32 32 31 31 - - - 
 

L32
’
 32 10 1 - 9 - 

 

L36 36 23 11 12 - - 
 

L36
’
 36 16 3 13 - - 

 

L50 50 12 1 - - 11 
 

L54 54 26 1 25 - - 
 

L64 64 63 63 - - - 
 

L64
’
 64 21 - - 21 - 

 

L81 81 40 - 40 - -  
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The signal to noise ratios (S/N), which are log 

functions of desired output, serve as the 

objective functions for optimization, help in 

data analysis and the prediction of the optimum 

results. The Taguchi method treats the 

optimization problems in two categories: static 

problems and dynamic problems. For simplicity, 

the detailed explanation of only the static 

problems is given in the following text. Next, 

the complete procedure followed to optimize a 

typical process using Taguchi method is 

explained with an example. 

Table 2(b) The degrees of freedom for one 

factor (A) in “2 levels” and five factors (B, C, 

D, E, F ) in “3 levels” 

Factors 
Degrees of 

freedom 

Overall mean 1 

A 2-1 = 1 

B, C, D, E, F  5 × (3-1) = 10  

Total  12 

Static problems  

Generally, a process to be optimized has several 

control factors (process parameters) which 

directly decide the target or desired value of the 

output. The optimization then involves 

determining the best levels of the control factor 

so that the output is at the target value. Such a 

problem is called as a "STATIC PROBLEM". 

This can be best explained using a P-Diagram 

(Figure 2(a)) which is shown below ("P" stands 

for Process or Product). The noise is shown to 

be present in the process but should have no 

effect on the output. This is the primary aim of 

the Taguchi experiments - to minimize the 

variations in output even though noise is present 

in the process. The process is then said to have 

become ROBUST. 

 

  Figure 2(a) P-Diagram for static problems. 

 

Signal to Noise (S/N) Ratio: 

There are three forms of signal to noise (S/N) 

ratio that are of common interest for 

optimization of static problems. 

[1] Smaller-the-better  

This is expressed as 

  n = −10 Log10 [mean of sum of squares of 

measured data] 

This is usually the chosen S/N ratio for all the 

undesirable characteristics like “defects” for 

which the ideal value is zero. When an ideal 

value is finite and its maximum or minimum 

value is defined (like the maximum purity is 

100% or the maximum temperature is 92 K or 

the minimum time for making a telephone 

connection is 1 sec) then the difference between 

the measured data and the ideal value is 

expected to be as small as possible. Thus, the 

generic form of S/N ratio becomes, 

n = −10 Log10 [mean of sum of squares of 

{measured – ideal}] 

[2] Larger-the-better 

This is expressed as 
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n = −10 Log10 [mean of sum of squares of 

reciprocal of measured data] 

This is often converted to smaller-the-better by 

taking the reciprocal of the measured data and 

next, taking the S/N ratio as in the smaller-the-

better case. 

[3] Nominal-the-best 

This is expressed as 

       𝑛 = −10𝐿𝑜𝑔10 [
𝑠𝑞𝑢𝑎𝑟𝑒  𝑜𝑓  𝑚𝑒𝑎𝑛

𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒
] 

This case arises when a specified value is the 

most desired, meaning that neither a smaller nor 

a larger value is desired. 

Application of Taguchi Method: 

Determine the effect of four process parameters: 

Reaction temp (A), Catalyst Concentration (wt 

%) (B), Molar ratio (Methanol/Oil) (C) and 

Reaction time (D) on the yield of Neem Oil 

Methyl Ester (NOME). Also estimate the 

optimum setting of the above process 

parameters for maximum yield. Table 2(c) 

depicts the factors and their levels. 

Table2(c) Factors and their levels 

Factor 

                                            

Levels 

1 2 3 

A Reaction Temp 

(⁰C) 

50 55 60 

B Catalyst 

Concentration 

(wt %) 

1.0 1.25 1.50 

C Molar Ratio 

(Methanol/Oil) 

4.5 6.0 7.5 

D Reaction 

Time(min) 

55 65 75 

2.1. Selection of the design matrix and 

performing the experiments  

The present experiment is associated with four 

factors with each at three levels. Table 2(a) 

indicates that the best suitable orthogonal array 

is L9. Table 2(d) shows the design matrix for 

L9. Next conduct all the nine experiments and 

observe % yield of neem oil methyl ester 

(NOME). The summary statistic, ηi, for an 

experiment, i, is given by 

                        𝑛𝑖 = −10𝐿𝑜𝑔
10 

𝐶𝑖 

where Ci refers to mean squared deviation for 

experiment i and the mean square refers to the 

average of the squares of the nine observations 

in the experiment i. Table 2(d) also depicts the 

observed value of ηi for all the nine 

experiments. This summary statistic ηi is called 

the signal to noise (S/N) ratio. 

Table 2(d) L
9 
array matrix experiment table. 

 

 

Expt 

No  

 

                    

                               Column 

number and factor assigned  

 

1 2 3 4  

Obser

vation

,    η 

(%)  

 

Reacti

on 

Temp 

(⁰C) 

Cata

lyst 

Con

cent

ratio

n 

(wt 

%) 

Molar 

Ratio 

(Meth

anol/

Oil) 

Rea

ctio

n 

Ti

me 

(mi

n) 

(A) (B) ( C ) ( D) 

1 1 1 1 1 37.14 
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2 1 2 2 2 36.85 

3 1 3 3 3 36.81 

4 2 1 2 3 36.68 

5 2 2 3 1 36.22 

6 2 3 1 2 36.42 

7 3 1 3 2 35.71 

8 3 2 1 3 35.83 

9 3 3 2 1 35.55 

 

Table2 (e) Yield of Neem Oil Methyl Ester 

and S/N ratio (η)  

 

 

Exp

. No  

 

                                     

       % Yield of Neem Oil 

Methyl Ester(NOME)  

 

 

 

S/N 

ratio 

(η)  

 

 

Samp

le 1 

 

Sam

ple 2 

 

 

Samp

le 3 

 

Mean 

1 70.8 73.9 71.3 72.0 37.14 

2 65.2 70.4 74.1 69.9 36.85 

3 68.9 70.2 68.8 69.3 36.81 

4 66.6 69.2 69.1 68.3 36.68 

5 61.8 68.5 64.4 64.9 36.22 

6 65.8 67.9 65.2 66.3 36.42 

7 58.2 63.5 61.9 61.2 35.71 

8 57.3 66.6 63.0 62.3 35.83 

9 58.2 61.4 60.4 60.0 35.55 

   
Mean 66.0 36.35 

 

According to the analysis for the case of larger 

the better the mean squared deviations (MSD) 

of each experiment were evaluated using the 

following equation 

                     𝑀𝑆𝐷 =
1

𝑛
  (

1

𝑦𝑖
)2𝑛

𝑖=1  

Where n is the number of repetitions of each 

experiment and yi the yield of Neem Oil methyl 

ester.  

Then the S/N ratio was evaluated using the 

equation 

              S/N ratio = -10 Log (MSD) 

The effect of parameter level is defined as the 

deviation it causes from the overall mean. 

Hence as a first step , calculating the overall 

mean value of S/N ratio for the experimental 

region defined by the factor levels in Table 2(f). 

2.2. Calculation of factor effects  

The effect of a factor level is defined as the 

deviation it causes from the overall mean. 

Hence as a first step, calculate the overall mean 

value of η for the experimental region defined 

by the factor levels in Table 2(d) as 

                                      

  𝑚 =
1

9
 𝑛𝑖  

9
𝑖=1 =

1

9
 𝑛1 +  𝑛2 + 𝑛3 + ⋯ + 𝑛9  = 36.35 

The effect of the temperature at level A1 (at 

experiments 1, 2 and 3) is calculated as the 

difference of the average S/N ratio for these 

experiments (mA1) and the overall mean. The 

same is given as  

The effect of temperature at level 

𝐴1 = 𝑚𝐴1 − 𝑚 =
1

3
 𝑛1 +  𝑛2 +  𝑛3   − 𝑚 
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Similarly,   

The effect of temperature at level 

𝐴2 = 𝑚𝐴2 − 𝑚 =
1

3
 𝑛4 +  𝑛5 +  𝑛6   − 𝑚 

The effect of temperature at level 

𝐴3 = 𝑚𝐴3 − 𝑚 =
1

3
 𝑛7 +  𝑛8 +  𝑛9   − 𝑚 

Using the S/N ratio data available in Table 2(d). 

The average of each level of the four factors is 

calculated and listed in Table 2(f). These 

average values are shown in Figure 2(b) they are 

separate effect of each factor and are commonly 

called main effects. 

 

Table 2(f) Average η for different factor 

levels 

                       Factor                                             

Levels 

1 2 3 

A Reaction Temp 

(⁰C) 

36.93* 36.44 35.69 

B Catalyst 

Concentration 

(wt %) 

36.51* 36.30 36.26 

C Molar 

ratio(Methanol/

Oil) 

36.46* 36.36 36.24 

D Reaction 

Time(min) 

36.30 36.32 36.44* 

 

 

    Figure 2(b) Plots of factor effects 

2.3. Selecting optimum factor levels  

Our goal in this experiment is to maximize the 

yield of Fatty Acid Methyl Ester (FAME). Since 

–log depicts a monotonic decreasing function, 

we have to maximize η. Hence the optimum 

level for a factor is the level that gives the 

highest value of η in the experimental region. 

From Figure 2(b) and the Table 2(f), it is 

observed that the optimum settings of reaction 

temp, catalyst concentration (wt %), molar ratio 

(methanol/oil) and reaction time are A1, B1, C1 

and D3. Hence we can conclude that the setting 

A1B1C1D3 can give the highest η for Neem Oil 

Methyl Ester. 

2.4. Developing the additive model for factor 

effects  

The relation between η and the process 

parameters A, B, C and D can be approximated 

adequately by the following additive model: 

   𝑛 𝐴𝑖 +  𝐵𝑗 + 𝐶𝑘 + 𝐷𝑙 = 𝑚 +  𝑎𝑖  + 𝑏𝑗 +  𝑐𝑘 + 𝑑𝑙 +

 𝑒 

Where the term m refers to the overall mean 

(that is the mean of η for the experimental 

region). The terms ai, bj, ck and dl refer to the 

deviations from μ caused by the setting Ai, Bj, 

Ck, and Dl of factors A, B, C and D, 

respectively. The term e stands for the error. In 

additive model the cross- product terms 
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involving two or more factors are not allowed. 

The above equation is utilized in predicting the 

S/N ratio at optimum factor levels. 

2.5. Analysis of Variance (ANOVA)  

Different factors affect the yield of NOME to a 

different degree. The relative magnitude of the 

factor effects are listed in Table 2(f). A better 

feel for the relative effect of the different factors 

is obtained by the decomposition of variance, 

which is commonly called as analysis of 

variance (ANOVA). This is obtained first by 

computing the sum of squares. 

 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 =  𝑛𝑖
2 9

𝑖=1 =

 (37.14)2 + (36.85)2 + ⋯… . . + (35.55)2  =

11898.80          

  

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝐷𝑢𝑒 𝑡𝑜 𝑀𝑒𝑎𝑛

=  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝.   𝑋  𝑚2

= 9 𝑋 (36.35)2 = 11891.90 

 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠(𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 

 9 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠) =   𝑛𝑖  –𝑚 2

9

𝑖=1

= 2.54 

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑓𝑎𝑐𝑡𝑜𝑟 𝐴

=   𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐴1 

×   𝑚𝐴1 –𝑚 2 

+    𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐴2 

×   𝑚𝐴2 –𝑚 2 

+    𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐴3 

×   𝑚𝐴3 –𝑚 2 

=  3 ×  36.93 − 36.35 2 

+   3 ×  36.44 − 36.35 2 

+   3 ×  35.69 − 36.35 2 = 2.34 

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑓𝑎𝑐𝑡𝑜𝑟 𝐵 =

  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐵1 ×

 𝑚𝐵1 –𝑚2+ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 

𝑙𝑒𝑣𝑒𝑙 𝐵2× 𝑚𝐵2 –𝑚2+ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐵3× 𝑚𝐵3 –

𝑚2=3×36.51−36.352+ 3×36.30−36.352+ 

 3 ×  36.26 − 36.35 2 = 0.11  

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑓𝑎𝑐𝑡𝑜𝑟 𝐶 =

  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐶1 ×

 𝑚𝐶1 –𝑚2+ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 

𝑙𝑒𝑣𝑒𝑙 𝐶2× 𝑚𝐶2 –𝑚2+ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐶3× 𝑚𝐶3 –

𝑚2=3×36.46−36.352+ 3×36.36−36.352+ 

 3 ×  36.24 − 36.35 2 = 0.07  

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑓𝑎𝑐𝑡𝑜𝑟 𝐷 =

  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐷1 ×

 𝑚𝐷1 –𝑚2+ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 

𝑙𝑒𝑣𝑒𝑙 𝐷2× 𝑚𝐷2 –𝑚2+ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑎𝑡 𝑙𝑒𝑣𝑒𝑙 𝐷3× 𝑚𝐷3 –

𝑚2=3×36.30−36.352+ 3×36.32−36.352+ 

 3 ×  36.44 − 36.35 2 = 0.03  

So the sum of squares due to factor A, B, C and 

D computed as 2.34, 0.11, 0.07 and 0.03, 
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respectively. Now all these sum of squares are 

tabulated in Table 2(g) this is called as the 

ANOVA table. 

 

Table 2(g) ANOVA table for η (S/N Ratio) 
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0.10 0.025   

 

In the present study, the degrees of freedom for 

the error will be zero. Hence an approximate 

estimate of the error sum of squares is obtained 

by pooling the sum of squares corresponding to 

the factors having the lowest mean square. The 

parameters C and D are used to estimate the 

error sum of squares. They account for four 

degrees of freedom and their sum of squares is 

0.10. Referring to the sum of squares in table, 

the parameter A makes the largest contribution 

92.12% to the total sum of squares. The factors 

B, C and D make 4.33 %, 2.76% and 0.79% 

each. The larger the contribution of a particular 

parameter to the total sum of squares, the larger 

the ability is of that factor to influence S/N ratio. 

Moreover, the larger F-value, the larger will be 

the factor effect in comparison to the error mean 

square. 

 

Degrees of freedom 

The degrees of freedom associated with the 

grand total sum of squares are equal to the 

number of rows in the design matrix.  

 The degree of freedom associated with the sum 

of squares due to mean is one.  

The degrees of freedom associated with the total 

sum of squares will be equal to the number of 

rows in the design matrix minus one.  

 The degrees of freedom associated with the 

factor will be equal to the number of levels 

minus one.  
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 The degrees of freedom for the error will be 

equal to the degrees of freedom for the total sum 

of squares minus the sum of the degrees of 

freedom for the various factors.  

In the present experiment, the degrees of 

freedom for the error will be zero. Hence an 

approximate estimate of the error sum of 

squares is obtained by pooling the sum of 

squares corresponding to the factors having the 

lowest mean square. As a rule of thumb, the 

sum of squares corresponding to the bottom half 

of the factors (as defined by lower mean square) 

are used to estimate the error sum of squares. In 

the present experiment, the factors C and D are 

used to estimate the error sum of squares. 

Together they account for four degrees of 

freedom and their sum of squares is 0.10. 

2.6. Interpretation of ANOVA table 

The major inferences from the ANOVA table 

are given in this section. Referring to the sum of 

squares in Table 2(g) the factor A makes the 

largest contribution to the total sum of squares 

[(2.34/2.54) x 100 = 92.12%]. The factor B 

makes the next largest contribution (4.33%) to 

the total sum of squares, whereas the factors C 

and D make only 2.76% and 0.79% contribution 

respectively. The larger the contribution of a 

particular factor to the total sum of squares, the 

larger the ability is of that factor to influence η. 

Moreover, the larger the F-value, the larger will 

be the factor effect in comparison to the error 

mean square or the error variance. 

2.7. Prediction of η under optimum conditions 

In the present experiment, the identified 

optimum condition or the optimum level of 

factors is A1B1C1D3. The value of η under the 

optimum condition is predicted using the 

additive model as 

 

𝑛𝑜𝑝𝑡  = 𝑚 +  𝑚𝐴1 − 𝑚 +  𝑚𝐵1 − 𝑚 

+   𝑚𝐶1 − 𝑚 +   𝑚𝐷3 − 𝑚 +  𝑒

= 36.35 +  36.93 − 36.35  

+   36.51 − 36.35  

+   36.46 − 36.35  

+   36.44 − 36.35  +  0 =  37.29 
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Table 2(h) Main effects plot of the control 

parameters 

 

 

 

Fig. 2(c) Main effects plot of the control 

parameters 

 

2.8 CONCLUSION: 

Result of the Proposed Optimized 

Experimental Condition                                                                                                     
The optimum conditions to achieve effective 

performance for the production of neem oil  

 

 

 

 

methyl ester and the contributions of each 

parameter to the S/N ratio under the optimal 

conditions are shown in Table 2(i) 

Table 2(i) Optimum conditions for settling 

the control parameters and their 

contributions:  

Parameters Level 

Level Cont

ributi

on 

descrip

tion  

A 

Reaction 

Temperatur

e 

1 50°C 0.58 

B 

Catalyst 

Concentrati

on 

1 
1.0 wt 

% 
0.16 

C 

Methanol to 

Oil Molar 

Ratio 

1 4.5:1 0.11 

D 
Reaction 

Time 
3 75 min 0.09 

Reaction Temp 

(⁰C) 
50 55 60 

 

Catalyst 

Concentration 

(Wt %) 

1 1.25 1.50 

S/N ratio (η) 36.93 36.44 35.69 S/N ratio (η) 36.51 36.30 36.26 

  

Molar Ratio 

(Methanol/Oil) 
4.5 6.0 7.5 

Reaction 

Time(min) 
55 65 75 

S/N ratio (η) 36.46 36.36 36.24 S/N ratio (η) 36.30 36.32 36.44 
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Total contribution from all parameters                                                

0.94  

                   

Current grand average of performance                                                

36.35                                                                

 

Expected result under optimum conditions                                         

37.29  

     

 

The calculated S/N ratio corresponding to nine 

set of experiments given in Table 2(d). The 

average S/N ratios of parameter at each level for 

neem oil methyl ester are shown in Table 2(f). 

Also the main effect plot for S/N ratio is shown 

in Fig 2(c). The average S/N ratio for maximum 

percentage yield of neem oil methyl ester is 

obtained at level 1 (Reaction Temperature 

50⁰C), level 2 (Catalyst conc. 1.0%by wt), level 

3 (Methanol to oil molar ratio 4.5:1) and level 4 

(reaction time 75min). i.e., the optimum 

parameter setting for high percentage yield of 

neem oil methyl ester is A1B1C1D3. The results 

of ANOVA for S/N ratios are given in Table 

2(g). The percentage of yield of neem oil methyl 

ester has been significantly improved using 

Taguchi Method. 

The Taguchi method, which uses a set of 

orthogonal arrays for performing the fewest 

experiments, was employed to design 

experimental trials, with an ANOVA performed 

to more systematically analyze the relative 

importance of each experimental parameter on 

the production of neem oil methyl ester.  

The reaction temperature, catalyst concentration 

and methanol to oil molar ratio were found to be 

significant parameters affecting the production 

of neem oil methyl ester. The contribution of the 

reaction temperature on the production process 

was larger than that of any other parameter. The 

yield of neem oil methyl ester obtained with the 

optimal experimental parameters was greater 

than that obtained from experiment no.1, which 

gave the highest yield from the experimental 

trials, and the theoretically expected value.  

The experiments conducted under the optimized 

conditions showed a meaningful enhanced 

process performance. The Taguchi method 

provided a systematic and efficient 

mathematical approach to evaluate and optimize 

the process for the production of neem oil 

methyl ester, using only a few well-defined ex-

perimental sets for the optimization of the 

parameters. 

 

     Cost Analysis: 

 

Sl.No.     Component  Cost (Rs.) 

1 
Sodium Hydroxide 

(Catalyst) 
23/kg 

2 
Potassium hydroxide 

(Catalyst) 
36/kg 

3 Neem oil (Feedstock ) 150/ litre 

4 Methanol (Alcohol) 35/ litre 

5 
Glycerin (By product of 

Biodiesel) 
75/ litre 

 

Sl. No. Component  Cost (Rs.) 

1 Neem Oil – 100 ml 15 

2 

Two  step 

transesterification Cost  

-   65 ml           (45 ml + 

20 ml ) of Methanol 

2.275 
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[4.5 Methanol/Oil 

Molar Ratio ] 

3 Catalyst KOH 1.0 gm 0.036 

4 
Recovery ( Glycerin 50 

ml ) 
3.75 

5 
Total Cost ( 1 + 2 + 3 – 

4 ) 

17.311 – 

3.75 

= 13.561 

 

Biodiesel production from 1 litre Neem 

Oil=0.70 Litre 

So Cost of Biodiesel per litre = [(13.561 

/100)*1000] / 0.70 = 193.73 Rs. 

The cost of the biodiesel production can be 

minimized as possible to recover the used 

methanol. Recycling of methanol again and 

again in mass production and commercial use, 

the cost must be come to the lowest amount. 

Also the by-product such as glycerin and soap 

play an important role to minimize the cost. 

3. INFERENCE 

              From all the experimentation 

performed above, it can be clearly observed that 

Neem Oil Methyl Ester (NOME) can be 

obtained by two step transesterification process 

only as the FFA content of neem oil is large. By 

using single step transesterification, the yield 

will be very less and in some case NOME 

cannot be obtained. 

Taking together all these results, the optimized 

biodiesel yield of 74.30% was produced at 

reaction time of 75 min, catalyst amount of 0.50 

g, temperature of 50°C, and methanol/oil molar 

ratio of 4.5.  

ANOVA analysis showed that the temperature 

had the highest effect on the biodiesel yield 

followed by catalyst amount, methanol to oil 

molar ratio and reaction time 

The result of this work showed that the 

maximum yields were obtained at lowest factor 

values. This will definitely have economic 

advantage on neem oil biodiesel production as 

low energy cost, low catalyst amount, low 

methanol/oil molar ratio, and low temperature 

are able to produce high biodiesel yield. 

This was in agreement with the works of Awolu 

and Layokun, Meher et al., Jeong et al.  and 

Marchetti and Errazu. 

4. RECOMMENDATIONS. 

In the optimization of parameters, KOH catalyst 

has been used with different concentration 

(1.0%, 1.25% and 1.5%) with the other 

parameters like methanol to oil molar ratio, 

reaction temperature and reaction time. 

So, we can further do the optimization by using 

different catalyst types (NaOH, KOH and 

NaOCH₃), catalyst concentration, reaction 

temperature and methanol to oil ratio with three 

levels. 

So Four Parameters and Three Level 

No of experiment required = 3*3*3*3 =81. 

But by using Taguchi Method of optimization 

No of experiment required = 9 only. 
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