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Abstract: 

In the current energy source of fossil fuel, renewable energy sources such as biodiesel, bioethanol, biomethane, and biomass from 

wastes or hydrogen have become the subjects of great interest. These fuels contribute to the reduction of dependence on fossil 

fuels. In addition, energy sources such as these could partially replace the use of those fuels which are responsible for 

environmental pollution and may be scarce in the future. For these reasons they are known as “alternative fuels”. The present  

study was intended to consider aspects related to the production of biodiesel from Neem oil and investigating its fuel properties. 

The seeds of Neem contain 30-40% oil. Th is report deals with biodiesel obtained from Neem o il which are mono alkyl esters 

produced using ‘Transesterification’ process. The optimum conditions to achieve maximum yield of bio d iesel were investigated 

at different temperatures and with different molar ratio of Neem oil and methanol. Biodiesel can make a major contribution in  the 

future if it meets the few percent of petroleum and diesel. It can provide improved fuel properties lower emission of unburned 

hydrocarbons, carbon monoxide but higher level of oxides of nitrogen. The main objective of our project is to improve the 

performance of engine using biodiesel from neem o il.  
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I. INTRODUCTION 

 

Biodiesel is a form of diesel fuel manufactured from vegetable 

oils, animal fats, neem oil or recycled restaurant greases. It is 

safe, biodegradable, and produces less air pollutants than 

petroleum-based diesel. Biodiesel can be used in its pure form 

(B100) or b lended with petroleum d iesel. Common blends 

include B2 (2% biodiesel), B5, and B20. Most vehicle 

manufacturers approve blends up to B5, and some approve 

blends up to B20. Check with your owner’s manual or vehicle 

manufacturer to determine the right blend for your vehicle, 

since using the wrong blend could damage your engine and/or 

void the manufacturer's warranty. 

 

1.1 Production of biodiesel around the world 

 

In 2007, biodiesel production capacity was growing rapidly, 

with an average annual growth rate from 2002-06 of over 40%. 

For the year 2006, the latest for which actual production 

figures could be obtained; total world biodiesel production was 

about 5-6 million tonnes, with 4.9 million tonnes processed in 

Europe (of which 2.7 million tonnes was from Germany) and 

most of the rest from the USA. In 2008 production in Europe 

alone had risen to 7.8 million tonnes. In July 2009, a duty was 

added to American imported biodiesel in the European Union 

in order to balance the competit ion from European, especially  

German producers. The capacity for 2008 in Europe totalled  

16 million tonnes. This compares with a total demand for 

diesel in the US and Europe of approximately 490 million 

tonnes (147 billion gallons). Total world production of 

vegetable oil for all purposes in 2005/06 was about 110 million 

tonnes, with about 34 million tonnes each of palm oil and 

soybean oil. US biodiesel production in 2011 brought the 

industry to a new milestone. Under the EPA Renewable Fuel 

Standard, targets have been implemented for the biodiesel 

production plants in order to monitor and document production 

levels in comparison to total demand. According to the year-

end data released by the EPA, biodiesel production in 2011 

reached more than 1 b illion gallons. This production number 

far exceeded the 800 million gallon target set by the EPA. The 

projected production for 2020 is nearly 12 billion gallons.  

 

II. PREPARATION OF NEEM S EEDS  

 

2.1 Cleaning of Neem Seeds 

 

The first step in obtaining oil from neem for Bio-d iesel is to 

remove the seed-coat and husk in a process referred to as De-

hulling. In developing countries, hard objects are used to crack 

the shells are popular. 

 

 
Neem seeds                Neem Kernel   Neem Kernel after drying 

 

Figure.1.Cleaning of neem seed 

 

Once the nuts are cracked, the oil-bearing seeds are cleaned 

and dried. Seed cleaning involves the removal of the seed coat 

and the separation of the chaff. Seed dry ing can be done by 

placing the seeds under the sun or by heating carefully on the 

fire for a short while. Once this is done, the next step is to 

begin the crucial extraction process. 
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2.2 Method of Neem oil Extraction  

 

Extraction with ram press and expeller are referred to as cold 

pressing extraction. Expellers are the most popular oil 

extraction Engines. They are designed into small output 

devices that can cater for small scale extraction. Oil seed ram 

press is simply a piston inside a cage. With the seeds placed 

inside the cage, the piston can compress the seeds and force 

out the oil. Somet imes the operating force of the ram can be 

from a manual pump lift. Biodiesel is a mono- alkyl ester 

produced through Trans-desertification processes. It is 

obtained from the Transesterification of vegetable oil or animal 

fats. Transesterification reaction is the transformat ion of an 

ester, a triglyceride (vegetable oil) into another ester in the 

presence of acid or base as a catalyst. In the production of 

biodiesel, the products are mixtures of fatty esters (biodiesel) 

and glycerol. Following steps describe cleaning of neem seeds, 

extraction of neem o il and production of biodiesel.          

 

III. METHODOLOGY FOR EXTRACTING BIODIES EL  

 

1. Determination of free fatty acid.  

2. Acid pre-treatment. 

3. Transesterificat ion. 

4. Washing and heating. 

 

 3.1Free Fatty Acid 

 

Neem seed oil has been used in the production of biodiesel but 

with a two step free fatty acid content reduction. This study 

looks at the effect of various methanol quantities on acid 

concentration on reduction of free fatty acid Content in neem 

seed oil having acid value of 29.87mgKOH/g and optimizat ion 

of methanol and acid concentration during its pre-treatment for 

making biodiesel. With reaction and separation time of 1hr, 

temperature of 600c, variation of the two parameters 

significantly affected the acid value, with methanol being most 

effective. Using 100ml o f the oil, the optimum combination for 

reducing the free fatty acid level of neem seed oil to less than 

0.5% after pre-treatment was 0.58:1 methanol-to-oil ratio, 

0.75% v/v sulphuric acid to-oil volume, at set conditions. After 

pre-treatment of neem seed oil, trans-esterification react ion 

was carried out with 20% methanol-to-oil volume and 1% w/v 

NaOH as an alkaline catalyst to produce the fatty acid methyl 

ester. Physicochemical analysis was carried out to ascertain its 

biodiesel status which conformed to ASTM specification, i.e. 

Acid value of 0.42mgKOH/g,Viscosity of 3.58cst at 30
ᵒ
C, 

Density of 0.8732 with an ester conversion of 98%.   

 

(i) Procedure to Calculate FFA (Free Fatty Acid)  

 

Before moving to the production of bio diesel first we have to 

calculate its FFA (Free Fatty Acid) value. The free fatty acid 

ratio is an important quality characteristic. The lower it is, the 

better the storage and shelf life of the respective oil or fat will 

be. Crude pressed oils usually have a ratio of 0.1 or 3%, 

refined oils 0.01 to 0.1%. Free fatty acid (FFA) content of a 

small sample of o il Should be calculated and the result should 

be used to determine the amount in the total volume of oil 

intended to make the Biodiesel. The p rocess is mimicry of 

acid-base-titration neutralization reaction in elementary  

chemistry except that the base is titrated against the oil, instead 

of an acid against the base. The implication is that, the Burette 

will contain the base, while the oil will be in the conical flask.  

 

(ii) Formula to calculate the amount of free fatty acid in oil  

 

Before calculating the amount of FFA in the oil, we should 

write down the equation of the reaction. You should also know 

that the general formulae for a fatty acid chain are represented 

as RCOOH. Where R is an alky l group.  

 

Hence,  

RCOOH (aq) + KOH (aq) → RCOOK (aq) + H2O                      

(L) 

 

Formula for FFA calculation  

 

% FFA (as oleic) = Titre x N x 28.55/ (Weight of sample)  

 

Where N = molarities of base 

 

(iii) Extraction of Free Fatty Acid 

 

Biodiesel production from vegetable oil depend on several 

basic variables such as catalyst-to-oil ratio, alcohol-to-oil ratio, 

catalyst type, alcohol type, reaction time, ag itation rate, 

reaction temperature, FFA and water content of oils. Th is 

experiment looks at the effects of various methanol and 

sulphuric acid concentrations on acid value in neem seed oil 

during etherification, indicating the most effective 

combinations at a fixed reaction time of 1hr, temperature of 

600c, ag itation rate of 150rpm and separation time of 1hr. The 

esterified oil was subjected to trans-etherification process to 

ascertain the yield of it methyl ester. 

 

(iv)  Estimation of FFA Value of Oil 

 

Acid value indicates the proportion of free fatty acid present in 

oil or fat and may be defined as the number of millig rams of 

caustic potash required to neutralize the acid in  1 gm of the 

sample. The normal acid value for most samples lies within 0.5 

any titrable acid other than a fatty acid present in the sample, it  

will be an error. A high acid value indicates a state oil or fat 

stored under improper conditions. 

 

(v) Standardization of KOH 

                     

Take 20 ml of 0.1 n  oxalic acid solutions in a 250 ml conical 

flask. Add 2 drops of phenolphthalein indicator to this 

solution. Titrate this solution against KOH take in the burette. 

The appearance of pink colour indicates the end point. From 

the volume of KOH solution in burette find the normality of 

KOH. 

 

3.2 Acid pre-treatment 

 

100ml of Neem seed oil was introduce in the reactor flask and 

heated to 600c while stirring, this was repeated severally while 

keeping the oil volume constant and changing the variables. 

Step One; 0.50, 0.75, 1.00,1.25 and 1.50%v/v of sulphuric 

acid-to-oil volume and 45ml,50ml,55ml, 58ml, 60ml, 63ml, 

65ml and 70ml of methanol was mixed with concentrated 

sulphuric acid in each of the experiment to obtain the optimum 

Combination where the FFA value is lowest. Step two, 

0.75%v/v of sulphuric acid volume -to-oil and 58ml of 

methanol in 100ml of oil representing 0.58:1 methanol- to-oil 

ratio was used in the etherification process to obtain the 

optimum combination.  
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In this study, sulphuric acid was mixed with the oil and allow 

stirring for 5min  before adding methanol, the reaction time was 

kept at 1hr in all the experiments. The stirrer was stopped 

when the reaction time was complete and the esterified oil 

transferred into a separating funnel, which is allow to stand for 

1hr, the methanol-water layer was Formed at the top which 

was subsequently removed before analyzing the FFA value. 

We found that 0.75% of sulphuric acid -to-oil volume is best 

for producing biodiesel and also we increasing time taken for 

this process in order to reducing viscosity of oil.  

 

 
 

Figure.2.Seperating funnel apparatus  

 

3.3 Transesterification of neem oil  

 

Transesterificat ion is the reaction of a fat or oil with an alcohol 

to form esters and glycerol. Alcohol combines with the 

triglycerides to form glycerol and esters. A catalyst is usually 

used to improve the reaction rate and yield. Since the reaction 

is reversible, excess alcohol is required to shift the Equilibrium 

to the product side. Among the alcohols that can be used in the 

Transesterificat ion process are methanol, ethanol, propanol, 

butanol and amyl alcohol. A lkali-catalyzed Transesterificat ion 

much faster than acid-catalyzed Transesterificat ion and is most 

often used commercially. R1, R2, R3 and R’ represent various 

alky l groups. The process of Transesterification brings about 

drastic change in viscosity of vegetable oil. The biodiesel thus 

produced by this process is totally miscible with mineral diesel 

in any proportion. 

 

 
 

3.3.1 Procedure for Transesterification 

 

Measure 1L of neem crude oil using measuring cylinder and 

pour it in three mouth flask. Three mouth flasks should be 

provided with cooling system to circulate Methanol. Heat 

crude oil using electric heater it up 75° and stir it continuously 

using Magnetic stirrer. Prepare a solution of 300ml of 

methanol and 10 gm of NaOH crystals. When temperature of 

three mouth flask reaches 75°, slowly add above prepared 

solution to the flask. Continue heating till one and half hour 

make sure that temperature remains Constant.  Pour the content 

of flask into separation funnel and keep it for at least 6 hours 

and Remove the glycerin from the separating  funnel. 

 

 
Figure.3.Seperation of ester and glycerin 

 

 3.4 Water Wash 

 

The purpose of a water wash is to remove un-reacted alcohol, 

catalyst, or glycerin in the biodiesel Un-reacted alcohol 

decreases the flashpoint of biodiesel. Biodiesel with 0.2% 

alcohol does not meet ASTM fuel Standards. Water wash 

reduces alcohol levels below 0.2%. Water wash will also 

remove any soap in the biodiesel.  

 

(i) Water Wash Procedure  

 

After the glycerin settles to the bottom of the container, 

measure the pH of biodiesel layer. PH of unwashed biodiesel 

should be close to 9. Drain the glycerin from the container. 

Using a shower head/lawn sprinkler, slowly sprinkle water into 

the biodiesel Container until there is an equal amount of water 

& biodiesel. Using acetic or tannic acid in a ratio of 10 ml acid  

to 1 L of water can increase the effectiveness of the Wash.             

There are two schools of thought on agitation. One says agitate 

the biodiesel & water gently for 5 minutes. The other says 

avoid agitation at all costs. Agitating the biodiesel seems to 

significantly decrease the final yield. The solution will appear 

as a yellowish or whitish, milky mixture.  Allow water to settle 

out the biodiesel. This will take several days. Once the mixture 

has settled, the biodiesel will be floating on top of the water. 

There may be a cloudy middle layer. Drain the water off 

(ground or wastewater drain). Drain the cloudy layer in to 

another container, it will eventually settle into biodiesel and 

water. Measure the pH of biodiesel; it should be close to 

7.Biodiesel can be washed multiple times to purify the fuel.  

 

IV. CHEMICAL COMPOSITION FOR EXTRACTING 

BIODIES EL 

 

1. Free fatty acid composition. 

2. Transesterificat ion composition.  

3. Water wash composition. 

 

 4.1 Free fatty acid composition 

  Neem o il               : 100 ml 

  Methanol               : 30 ml 

  Sulphuric acid        : 0.85 ml 

  Temperature           : 60 ᵒC 

  Heating with stirrer : 1 hour 

 

 4.2 Transesterification composition 

  Free fatty oil         : 100 ml  

  Methanol               : 30 ml 

  Sodium hydroxide : 0.5 g  

  Temperature          : 60 ᵒC 

  Heating with stirrer: 45 min  
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4.3 Water wash composition 

 Neem ester  : 100ml 

 Water   :100 ml 

 Acidic acid   : 0.3 ml 

 Temperature                  : 75 ᵒC 

 Heating with stirrer            :45 min  

   

V.  REDWOOD VIS COMETER  

 

A viscometer is an instrument used to measure the viscosity of 

a flu id. For liquids with viscosities which vary with flow 

conditions, an instrument called a rheometer is used. 

Viscometers only measure less than one flow condition. In 

general, either the fluid remains stationary and an object moves 

through it, or the object is stationary and the fluid Moves past 

it. The drag caused by relative motion of the flu id and a 

surface is a measure of the viscosity. The flow conditions must 

have a sufficiently s mall value of Reynolds number for there to 

be laminar flow. At 20.00 degrees Celsius the viscosity of 

water is 1.002 mPa·s and its kinematic viscosity (ratio of 

viscosity to density) is 1.0038 mm2/s. These values are used 

for calib rating certain types of viscometer. Viscosity is the 

property of fluid. It is defined as “The internal resistance 

offered by the fluid to the movement of one layer of fluid over 

an adjacent layer. It is due to the Cohesion between the 

molecules of the fluid. The fluids which obey the Newton law 

of Viscosity are called as Newtonian fluid. The dynamic 

viscosity of fluid is defined as the shear required producing 

unit rate of angular deformation.  

 
Figure.4.Redwood viscometer apparatus  

 

VI. IC ENGINE 

 

A machine or device which derives heat from the combustion 

of fuel and converts part of this energy into mechanical work is 

called a heat engine. 

 

6.1 IC ENGINE TES TING 

          

At a design and development stage an engineer would design 

an engine with certain aims in his mind. The aims may include 

the variables like indicated power, brake power, brake specific 

fuel consumption, exhaust emissions, cooling of engine, 

maintenance free operation etc. The other task of the 

development engineer is to reduce the cost and improve power 

output and reliability of an engine. In trying to achieve these 

goals he has to try various design concepts. After the design 

the parts of the engine are manufactured for the dimensions 

and surface finish and may be with certain tolerances. In order 

verify the designed and developed engine one has to go for 

testing and performance evaluation of the engines.                  

Thus, in general, a development engineer will have to conduct 

a wide variety of engine tests starting from simple fuel and air-

flow measurements to taking of complicated injector needle lift  

diagrams, swirl patterns and photographs of the burning 

process in the combustion chamber. The nature and the type of 

the tests to be conducted depend upon various factors, some of 

which are: the degree of development of the particular design, 

the accuracy required, the funds available, and the nature of the 

manufacturing Company and its design strategy. In this 

chapter, only certain basic tests and Measurements will be 

considered. 

 

 Formulae used 

 

(i) Fuel consumption (mf) 

mf  =  10*10
-6

* oil / tfkg/s 

Where, 

tf – time taken fo r 10cc o f fuel consumption in sec 

  – density of oil in kg/m
3
 

 

(ii) Input power (P) 

                   P = mf * CV 

 Where, 

                     CV – Calorific Value in kJ/kg 

 

(iii) Brake power (BP) 

  P = 2 NT/60000 kW 

    Where, 

                      N- Engine speed (rpm) 

                      T=mgR (N-m) 

                      R=D+d/2 (mm) 

   Where, 

                      D – diameter of d rum  

                      d – diameter of rope 

 

(iv) Frictional power (FP) 

                    From the graph 

 

(v) Indicated power (IP) 

                     IP = Brake power + Frict ion power 

 

(vi) Mechanical efficiency ( mech) 

   mech = BP / IP *100 

 

(vii) Indicated thermal efficiency ( ind) 

                 ind = IP /  mf *CV 

 

(viii) Brake thermal efficiency ( brake) 

                     brake = BP/  mf * CV 

 

(ix) Specific fuel consumption (S FC)  

                    SFC = mf /BP * 3600 

 

(x) Actual volume of air taken (Va) 

                     Va = Cd *Ao *√2gha 

  Where, 

Cd =Coefficient  of discharge 

AO= Area of orifice  

Ao=π/4 *do
2
 

AO= π/4 *do
2 

do = diameter of orifice 

ha = Manometric head of air 

ha  =  ρw hw / ρa 
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ρw  - density of water (1000 kg/m
3
) 

ρa  - density of air (1.162 kg/m
3
) 

 

(xi) Theoritical volume (Vt)        

Vt  = K π D
2
 L N n/(60 *4) 

         Where, 

                          K = No of cylinders 

                           N = Speed of the engine 

                             n = 1 for two stroke and 2 for four stroke 

 

(xii) Volumetric efficiency ( vol)  
   vol =  Va/vt 

 

(xiii) Fuel air ratio (F/A) 

  F/A = mf/ma  

Where, 

mf =fuel consumption  in kg/s 

ma=mass flow rate of air in kg/s  

ma= ρa Va  

 

 Engine specification 

 

Table: 1.Engine specification 

 
 

VII. TABULATION FOR RES ULTS OF VARIOUS  

PROPERTIES   

 

        Table: 2.Viscosity test 

                         

 
 

Table: 3. Density test 

 

 
Table: 4. Flash and fire point test 

 

 

VIII. COMPARISON OF PERFORMANCE TES T 

RES ULTS  

 

 
Graph: 1. BP vs Brake thermal efficiency 

 
Graph: 2.Load vs Brake thermal efficiency 

 

IX. COMPARISON OF EMISS ION TEST RES ULTS  

 

 
Graph: 3. Load vs Amount of NOX 

 

 
Graph: 4. Load vs Amount of HC 
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X. EXPERIMENTAL S ETUP 

 

 
Figure:5. Experimental setup for making Bio diesel 

 
Figure: 6.  Experimental setup of seperating funnel 

 

 
Figure.7.  Bio diesel after Transesterification 

 

XI. CONCLUS ION 

 

Finally we conclude that emission level using Bio diesel on IC 

Engine reduced while blending it with diesel of B10 and B20. 

 The amount of NOX emission content present in the 

exhaust is less than diesel for B10 and B20 Blends 

which is 4.85% and 13.2% respectively. 

 The percentage of CO emission content present in the 

exhaust is less than diesel for B10 and B20 Blends 

which is 17.33% and 23% respectively. 

 The percentage of CO2 emission content present in the 

exhaust is less than diesel for B10 and B20 Blends 

which is 13.42% and 16.21% respectively. 

 The performance of B10 Blend is slightly less than 

diesel were obtained for Mechanical efficiency, Brake 

thermal efficiency and Indicated thermal efficiency. 

 Thus the alternate fuel for diesel were obtained thereby 

fossile fuel consumption also reduced.  
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