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Abstract--- The diminishing petroleum reservoirs, concern 

for environment and increasing prices of crude oil have led 

to many researches, scientist and academies to quest for 

renewable source of energy. Among many renewable 

sources of energy biodiesel is one such alternative. In a 

developing country like India where production of edible 

oils is less and cost is more hence it is not economically 

feasible to produce biodiesel from edible oil. Therefore 

biodiesel preparation from non-edible oil will be an 

alternative. Hence in our present study we have prepared 

biodiesel from neem oil which is non-edible oil.  Since acid 

value of neem oil was more than 1% i.e. 10.92 mg of 

KOH/gm of oil, the production of biodiesel were carried out 

in two stages. In first stage esterification process was carried 

out and the optimum combinations of parameters were 

found to be 1:9 Oil to Methanol Molar ratio, 3% v/v H2SO4 

acid catalyst and 10 minutes reaction time. In the second 

stage process treated oil were converted to Neem oil methyl 

ester. The optimum combination for second stage 

transterification process were found to be 1:9 Oil to 

Methanol Molar ratio, 0.75 (w/w) KOH as based catalyst 

and 10 minute reaction time. The second stage process gives 

an average yield of 91.7%. The fuel calorific value of neem 

oil methyl ester (biodiesel) was found to be comparable to 

those of petro diesel. 

Keywords: Biodiesel, Esterification, Free fatty acid, Neem 

oil, Transterification & Oscillatory Baffled Reactor. 

I. INTRODUCTION 

With the petroleum prices skyrocketing and crude reserves 

waning, there is an urgent need for an alternative renewable 

energy source [1]. 

There are various renewable sources of energy like solar 

energy, wind energy, geothermal energy, tidal energy, ocean 

thermal energy, hydropower and biomass, tried and used by 

different nations to minimize the use of fossils fuels. The 

energy conversion methods for these sources are also very 

costly. The sources like solar, wind and tidal energy are not 

continuously available and have problem for energy storage. 

The geothermal and ocean thermal energies are having 

disadvantage due to which their application has reduced. 

Among the renewable source of energy vegetable oil methyl 

esters (biodiesel) is an alternative to petroleum diesel [2][3].  

Mostly, biodiesel is prepared from first generation fuel i.e. 

edible oils like Soyabean, rapeseed, sunflower, etc in many 

parts of the world [2].First generation fuel can offer some 

CO2 benefits and can help to improve domestic energy 

security. The main disadvantage of first generation biofuel is 

the food versus fuel debate, one of the reasons for rising 

food prices is due to the increase in the production of these 

fuels [4]. A country like India where there is a huge gap 

between the demand and supply of edible oil it is not 

economically liable to produce biodiesel from edible oil. 

Also the biodiesel prepared from such oil will be more 

costly compared to petroleum products like petrol and 

diesel. As this vegetable oil have very minor uses under 

Indian conditions only such plants can be considered for 

biodiesel, which produce non-edible oil in appreciable 

quantity and can be grown in large scale on non-cropped 

marginal lands and wastelands [5].  

The production of biofuel from the third generation fuel i.e. 

Biodiesel produced from microalgae is being investigated as 

an alternative to vegetable oil. On the other hand the 

disadvantages of this process is the low biomass 

concentration in the microalgae culture due to limited light 

penetration, which in combination with small size of algal 

cell make harvesting of algal biomass relatively costly. The 

higher capital cost and intensive care required for cultivation 

and farming of micro algal compared to conventional 

agricultural farm is another factor that impedes the 

commercial implementation of biodiesel from microalgae 

strategy [6].The mass production of micro algal oil faces a 

number of technical hurdles that render the development of 

algal industry economically. It is also very difficult to 

develop cost effective technologies that would permit 

efficient biomass harvesting and oil extraction and oil 

extraction [7].  

The second generation fuel i.e. the fuel produced from non-

edible oil can be an appropriate alternative for the petroleum 

products. The production of Second generation biofuel is 

non- commercial at this time, although pilot and 

demonstration facilities are being developed. So it is 

anticipated that these second generation biofuel could 

significantly reduce CO2 production, do not compete with 

food crops and some types can offer better engine 

performance. When commercialized, the cost of second 

generation biofuel has the potential to be more comparable 

with standard petrol, diesel and would be most cost effective 

route to renewable, low carbon energy for road transport [4]. 

As there are abundance of forest and tree-borne non-edible 

oils to use the esters of these non-edible oils as the 

alternative fuels for diesel engine. The use of biomass as a 

source of production of biodiesel as a fuel production is 

investigated, in terms of its productivity, practicality, and 

innovative potential to create a cost competitive, 

environmentally friendly, and renewable source of liquid 

fuel. 

The various non-edible oil which can be used for the 

preparation of biodiesel are Jatropha oil(J. cruces), karanja 

oil(P. pinnate), Beef tallow oil, used frying oil, other waste 

oil and fats, Pongamia pinnate oil, Kokum oil, Mahua oil 

(M. indica), Simarouba oil, willed apricot oil , Jojoba oil 
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,Tobacco seed (N. tabacum L.), Rice bran, Mahua Rubber 

plant (H. brasiliensis), Castor, linseed, and Microalgae , 

Kusum oil, Neem(Azadirachta indica), Simarouba 

(Simarouba indica), Pangram (Pongamia pinnate) and Sal 

oil. But the use of this oils as a feed stock for production of 

biodiesel may varies as per there availability in different 

parts of the world [8,9] 

There are four different ways in which oils and fats can be 

converted into biodiesel namely Dilution, Pyrolysis, micro-

emulsions and transterification. Among them 

transterification is the most common method. 

Transterification is the process to catalyzed (KOH/NAOH) 

chemical reaction involving oil/fat (triglyceride) and an 

alcohol (methanol/ethanol) to yield fatty acid alkyl esters 

(i.e. biodiesel) and glycerol. The main factors affecting 

transesterification are the amount of alcohol and catalyst; 

reaction temperature, pressure and time; the contents of free 

fatty acid (FFAs) and water in oils. Conversion is 

complicated if oil contains large amounts of FFA (41% 

w/w) that will form soap with alkaline catalyst. The soap 

can prevent separation of the biodiesel from the glycerin 

fraction [8]. 

II. FEED STOCK 

Biodiesel can be prepared by use of Neem oil (Azadirachta 

indica) as a feed stock. Neem tree is an evergreen tree 

growing in almost every state of India. It is a multipurpose 

tree native to Indian subcontinent and South-East Asian 

countries and it is cultivated all over India. It grows in drier 

areas and in all kinds of soil. It contains several thousands of 

chemicals which are terpenoids in nature. A mature neem 

tree produces 30-50 kg fruit every year. It has a productive 

life span of 150 to 200 years [10][11]. Billions of Neem 

seeds are wasted in India, because of the lack of a proper 

collection method. If the seeds fallen on the ground are 

collected, and oil is extracted by village level traditional 

expellers, a few million tons will be made available for 

lighting lamps in rural areas. Considering a conservative 

level of oil content of only 30%, the annual neem oil 

production in India could be to the tune of 30,000 tons.  

Fatty 

Acid 
Systemic Name Formula 

Structur

e 
Wt% 

Palmitic Hexadecanoic C16H32O2 16:0 
16 – 

33% 

Linoleic 
cis-9,cis-

12Octadecadienoic 
C18H32O2 18:2 

6 -

16% 

Oleic cis-9-Octadecenoic C18H34O2 18:1 
25- 

54% 

Steric Octadecanoic C18H36O2 18:0 
9- 24 

% 

Arachid

ic 
Eicosanoic C20H40O2 20:0 - 

Table 1: Properties: The average fatty acid composition of 

Neem oil [11][12] 

It has high oil content of 39.7 to 60% [7].Neem oil is 

derived from crushing the neem seed and by using 

mechanical expellers [10]. Fatty acid profile of Neem oil is 

given in Table no 1. 

III. APPARATUS AND EXPERIMENTAL SETUP 

A. Oscillatory Baffled Reactor 

Oscillatory baffled reactors (OBR reactors) are a novel type 

of reactor, consisting of tubes containing equally spaced 

orifice plate baffles. Oscillatory baffled reactors exploit the 

uniform and efficient vortex mixing that can be achieved 

when an oscillatory fluid motion interacts with orifice plate 

baffles in a tube. The Oscillatory baffled Reactor (OBR) 

shows a new relatively mixing device that is based upon 

superimposing periodic fluid oscillations within a 

cylindrical column containing equally spaced orifice baffles 

as shown in Figure no 1. The oscillatory baffled reactor is 

working on the mechanism of vortex interaction [12][13]. 

 
Fig. 1: Mechanism of mixing in an oscillatorbaffled column 

Many advantages have been characterized for oscillatory 

baffled Reactor such as:  

1. Enhanced heat and mass transfer. 

2. Efficient dispersion for immiscible fluids. 

3. Uniform particle suspension. 

4. Gas-in-liquid dispersions and multiphase mixing.  

Experiments were conducted in a laboratory- scale setup of 

Oscillatory Baffled Reactor. It consisting of tube containing 

equally spaced orifice plate baffles. An oscillatory motion is 

superimposed upon the net flow of the process fluid, 

creating flow patterns conducive to efficient heat and mass 

transfer, whilst maintaining plug flow. That’s why in 

oscillatory flow reactor the reaction time is less that is 10 

minutes at temperature in range of 20
0
C-25

0
C compared to 

batch reactor. Batch reactor takes minimum 1 hr and at 

temperature of about 50
0
C - 55

0
C for reaction under similar 

conditions [12].The Transesterification of various natural 

oils to form biodiesel is a long reaction, usually performed 

in batch process [13].  

B. EXPERIMENTAL PROCEDURE 

As the acid value of neem oil is more than 1 mg KOH/ gm 

of oil sample i.e. 10.92 mg KOH /gm of oil sample, the 

production of biodiesel will be in two stages. The first stage 

is the esterification process where the acid value is lowered. 

The second stage is the Transesterification process where 

the free fatty acid (FFA) is converted into methyl ester.  

1) Step – 1: Esterification  

 Esterification of Neem oil is done using sulphuric 

acid (1-5 vol %) as a catalyst under the operating parameters 

oil to alcohol molar ratio (1:6, 1:9, 1:12), reaction time (10 

min) and temperature (25
0
C - 30

0
C). Firstly 100 ml of neem 

oil is poured in the oscillatory baffled reactor. The mixture 

of concentrated sulphuric acid with methanol is added into 

the reactor and the oscillations are started. Oscillations are 

carried out for 10 minutes at room temperature. Then the 

mixture is transferred into a separating funnel where the oil 

gets settled in 6-8 hours. In the separating funnel two layers 

are formed and the layers are separated. The upper layer is 

treated oil which is analysis for its different properties like 

density, viscosity, acid value. Further the treated oil is used 

for transesterification process. 
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2) Step – 2: Transesterification 

  In transterification process treated oil is reacted 

with methanol in presence of base catalyst i.e. KOH (0.4 - 

1.0 wt %) by varying the oil–methanol molar ratio (1:6 – 

1:12). The mixture of KOH with methanol is added into the 

oscillatory baffled reactor along with the oil and oscillations 

are started. In the transesterification reaction the base 

catalyst converts the free fatty acid (FFA) to methyl ester 

which take place in two distinct layers i.e. glycerol and 

methyl ester. Upper layer is the methyl ester which is 

separated and its varies properties are analyzed like calorific 

value, acid value, viscosity, density.   

S.N

o 
Property 

Neem 

Oil 
NOME 

Diesel[14][15

][16] 

01 
Specific 

gravity 

0.9733 

gm/ml 

at 30oC 

0.85 gm/ml 

at 30 o C 
0.850 

02 
Kinematic 

viscosity 

36.17 

cSt at 

40oC 

6.08  cSt at 

40 o C 
2.60  

03 Acid value 

10.92 

mg of 

KOH/g

m of oil 

0.851 mg of 

KOH / gm 

of oil 

0.35mgKOH/

gm of sample 

04 Pour point 7oC 2 o C -20oC 

05 Cloud point 11oC 6 o C -15oC 

06 Flash point 

Above 

300 oC 

by 

Clevela

nd 

Open 

Cup 

Apparat

us 

124oC by 

Cleveland 

Open Cup 

Apparatus 

68oC 

07 Fire point 

Above 

325 oC 

by 

Clevela

nd 

Open 

Cup 

Apparat

us. 

138oC by 

Cleveland 

Open Cup 

Apparatus 

72oC 

08 

Gross 

Calorific 

value 

(testing at 

Anacon 

Laboratories 

Pvt ltd) 

- 
9474.89 

kcal/kg 

10031.04 

kcal/kg 

09 

Fuel 

composition 

by Gas 

chromatogra

phy 

testing(Testi

ng at 

Anacon 

Laboratories 

Pvt ltd) 

Palmitic 

Acid 

Linoleic 

Acid 

Oleic 

Acid 

Steric 

Acid 

Arachid

ic Acid 

1.)Tetradeca

noic Acid 

Methyl Ester 

2.) Palmitic 

Acid Methyl 

Ester 

Range 

C15-C20 

Table 2: Comparison of Various Properties Of Nome, 

Biodiesel & Diesel 

 

The Neem oil methyl ester was analyzed for its different 

properties at laboratory & found suitable alternative for 

diesel. The Table no 2 shown below compares the various 

properties of Neem oil, NOME & Diesel. 

IV. RESULT AND DISCUSSION 

A. FIRST STAGE 

The various result obtain at first stage are as follows, 

1) EFFECT ON VISCOSITY OF TREATED OIL AGAINST 

MOLAR RATIO WITH RESPECT TO CATALYST 

CONCENTRATION 

 
Fig. 2: Effect of Mole Ratio on Viscosity of Treated oil 

The figure shows the relation between viscosity with molar 

ratio. As the mole ratio increases along with catalyst 

concentration H2SO4 (Vol %) the Viscosity ( CST ) of 

treated oil in the first stage get reduced. 

2) EFFECT ON VISCOSITY OF TREATED OIL AGAINST 

CATALYST CONCENTRATION WITH RESPECT TO 

MOLAR RATIO . 

 
Fig. 3: Effect of Catalyst concentration on Viscosity of 

Treated oil 

The figure shows the relation between catalyst con. With 

viscosity.  As the mole ratio increases along with catalyst 

concentration H2SO4(Vol %) the viscosity (cSt) of Treated 

oil in the first stage get reduced. 

B.  SECOND STAGE  

1) EFFECT ON VISCOSITY OF BIODIESEL AGAINST 

MOLAR RATIOWITH RESPECT TO CATALYST 

CONCENTRATION.  

The figure shows the relation between viscosity with 

catalyst concentration. As the mole ratio increases along 

with catalyst concentration KOH (Wt %) the Viscosity(cSt)   
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of Biodiesel in the second stage get lowered. 

2) EFFECT ON VISCOSITY OF BIODIESEL AGAINST 

REACTION TIME WITH RESPECT TO MOLAR RATIO 

The figure shows the relation between viscosities with 

reaction time. As the reaction time (minute) increases along 

with Molar ratio the Viscosity (cSt) of Biodiesel in the 

second stage get reduced. 

V. CONCLUSIONS 

 
Fig. 4: Composition of NOME using Gas chromatography. 

For any fuel the most important property is its calorific 

value. Among all biodiesel prepared from different feed 

stock, the calorific value of Neem oil methyl ester 

(Biodiesel) is 9474.89 kcal/kg which is nearest to petro 

diesel i.e. 10031.04 kcal/kg. Conversion to continuous 

processing should improve the economics of the process, as 

the improved mixing should generate a better product 

(rendering the downstream separation processes easier), at 

lower residence time (reduction in reactor volume). These 

improvements can decrease the price of biodiesel, making it 

a more realistic competitor to petro-diesel. The above graph 

shows the methyl ester composition in test sample. 

So the biodiesel prepared from Neem oil is better than any 

other non-edible oil. 
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