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Project Overview 

Our master’s project title is ‘’Performance Testing of Castor Biodiesel with Additive in 

Diesel Engine’’ which will burst a new way in the production and usage of biodiesel with 

additives in order to minimize the amount of exhaust emission. The main focus of the 

project is in the reduction of NOx on biodiesel blend from castor seed oil and diesel fuel. 

The driving force for large-scale use of biodiesel has been the need to reduce the harmful 

emissions that result from the burning of petroleum oil as well as our dependence on 

diminishing reserves of petroleum oil. The project has five parts. The first part deals with 

the background of the study, statement of the problem, objectives, scope and significance 

of the study. In part two related literature was reviewed. The third part deals with the 

laboratory work of the biodiesel production and blend formation. In addition to this 

performance test of the biodiesel was also performed. In this part oil from none edible 

plant feedstock has been obtained using oil extraction from castor seeds and blended with 

diesel fuel. The preliminary tests like the acid value, density and viscosity have been done 

to ascertain the quality of the oil. Transesterification was done using methanol and 

potassium hydroxide as a catalyst. The optimum conditions for transesterification were 

investigated. The engine test parameters was investigated; brake specific fuel 

consumption, thermal efficiency, brake horse power and exhaust temperature was 

compared to commercial diesel. In part four discussions about the previous part were 

done and at last conclusion and recommendation was done on the overall project work. 

The engine brake power, brake torque and brake specific fuel consumption (BSFC) were 

measured, and compared with that of the same engine working with petroleum diesel, B20 

with and without additives. Performance of the engine was generally better with B20 with 

additives by 11% improvement than that of B20 blend without additives.

Keywords: Castor Seed, Castor seed Oil, Biodiesel, Transesterification, and Blend
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1. INTRODUCTION

1.1. Background

In today’s competitive business environment transportation plays a great role. When 

transportation is taken as issue different types of transportation system is taken in to 

consideration. Amongst the transportation system dry land transportation takes most of the 

role play in this transportation sector. Different types of vehicle categories that use different 

types of fuels are in use nowadays. Among the types of fuels used today diesel fuel has 

greater percentage and most of vehicles from light duty to heavy duty are those which use 

this diesel fuel. Diesel fuels that are used for engine is produced from fossil fuel. As century 

passes this fossil fuel will be ended and the power source for engines becomes one of the 

global troubles. 

Due to this scarce resource used for the vehicle as energy source, it should be a global issue 

to find other sources of energy for vehicles. One of the promising sources of vehicle fuel 

energy is bio degradable fuel. This is because bio fuel is one of the renewable sources of 

energy.  In addition to this bio fuels are considered to be carbon–neutral. Its utilization can 

contribute to the carbon dioxide emissions reduction. 

Nowadays biodiesel has received a great deal of attention because of the advantages 

associated with its biodegradability and its classification as a resource for renewable energy 

[1]. This biodiesel is composed of fatty acid methyl esters (FAME) and is synthesized

usually via vegetable oils (triacylglycerols) transesterification with low-molecular-weight 

alcohols. The currently the use of biodiesel around the world are mostly based on a 

biodiesel–diesel blend. In addition to this use of additives in the biodiesel- diesel blend 

enhance performance of an engine and minimize exhaust emission. And it is believed that 

the additive is the most visible option to introduce the biodiesel as complete alternative fuel 

for mineral diesel [2]. 

The availability and sustainability of biodiesel feedstocks will be the crucial determinants in 

the popularization of biodiesel. From different literatures it has been found that feedstock 

alone represents 75%-80% of the overall biodiesel production cost. Therefore, selecting the 

high oil yield feedstock is vital to ensure low production cost of biodiesel [3]. Biodiesel (a 

mixture of mono-alkyl esters of saturated and unsaturated long-chain fatty acids) generally 

has a higher cloud and pour point (CP and PP), density, and kinematic viscosity as well as 

the acid value compared to diesel. The cold flow properties (CP and PP) are used to 
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characterize the cold flow operability of a fuel because the pour point of a fuel affects the 

utility of the fuel, especially in cold climate conditions [4].

Among the parameters of fuel used in the engine, density is important for various diesel 

engine performance aspects. The use of fuel with a high kinematic viscosity can lead to 

undesired consequences, such as poor fuel atomization during spraying, engine deposits, 

wear on fuel pump elements and injectors, and additional energy required to pump the fuel 

[5]. 

The fuel energy content has a direct influence on the engine power output. The biodiesel 

energy content is less than that of mineral diesel, therefore using of additive mostly influence 

the energy continent of the Castor Oil Methyl Ester fuel [6].

The development of biodiesel is a recent and at its initial stage in Ethiopia. Ethiopia has 

ample potential and opportunities for the production and utilization of biodiesel from castor 

oil, palm oil, and neem instead of petroleum. However, the country has not yet benefited 

from those biodiesel feedstocks because of educated human power and economical 

constraints. Among the potential biofuels, Castor bean is a non-edible biodiesel feedstock to

substitute the consumption of fossil fuel. In addition, it is widely available and has no any 

other commercial purpose, has high oil content and yields per hector, grows in marginal land 

and has a resistance for variable climatic and soil conditions [7]. 

A result of transesterification experiments of castor oil with methanol has shown that the 

castor biodiesel has very interesting properties of fuel which is suitable to be used in diesel 

engine with additive. Biodiesel is currently undergoing a phase of attractive research by 

several universities and organizations [8].

1.2. Statement of the Problem

One of the major reasons hindering the use of biodiesel is its filter plugging temperature, 

which is higher than that of diesel. Cloud point (CP) and pour point (PP) temperatures have 

been shown to be well correlated with filter plugging point, which primarily determines the 

operability of a diesel engine in cold weather. Many biodiesel cold flow additives are 

available in the market that claims to reduce pour point. The additives in general worked 

better for ethyl esters than for methyl esters. 

Today in the world, there is a growing increase in biofuels consumption, mainly ethanol and 

biodiesel as well as their blends with diesel that reduce the cost impact of biofuels while 
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retaining some advantages of it. This increase is due to several factors like decreasing the 

dependence on imported petroleum; providing a market for the excess production of 

vegetable oils and animal fats; using renewable and biodegradable fuels; reducing global 

warming due to its closed carbon cycle by CO2 recycling; increasing lubricity and reducing 

substantially the exhaust emissions of carbon monoxide, unburned hydrocarbons and 

particulate emissions from diesel engines. However, there are major drawbacks in the use of 

biofuels blends as NOx tends to be higher, the intervals of engine fuel filters replacement is 

reduced and degradation by chronic exposure of varnish deposits in fuel tanks and fuel lines, 

paint, concrete, and paving occurs as some materials are incompatible. Here, fuel additives 

become indispensable (crucial) tools not only to decrease these drawbacks but also to 

produce specified products that meet international and regional standards like EN 14214, 

ASTM D 6751, and DIN EN 14214, allowing the fuels trade to take place. Additives 

improve ignition and combustion efficiency, stabilize fuel mixtures, protect the engine from 

abrasion and wax deposition and reduce pollutant emissions, among other features. 

1.3. Objectives

1.3.1. General Objective

To test the performance of castor biodiesel with additives in pre heated diesel engine after

burning of the fuel & reduce NOx.  

1.3.2. Specific Objectives

 To develop efficient methods for conversion (transesterification) of the castor oil into

biodiesel (methyl esters). 

 To prepare blends of biodiesel with commercial diesel and determine the biodiesel 

properties.

 To prepare the additives which reduce the NOx

 To perform engine testing of the castor seed oil biodiesel with additives in diesel 

engine.
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1.4. Significance of the study

The project indicates how and why the alternative fuel is used instead of using pure diesel 

fuel & show how to reduce NOx which is produced in the presence of pre heating process.

After the accomplishment and implementation of the project, it is expected to have the basic 

significances:

 Reduce the net emissions of greenhouse gases.

 It promotes the castor oil biodiesel by pre heating mechanism even if the viscosity of

the Castor Oil Methyl Ester is high. 

 Limit amount of high-octane additives.

 Biodiesel reduces the country’s dependence on imported oil, lowering the trade 

deficit, and ensuring a dependable source of fuel.

 Farmers see an increased demand for production of castor seed grain which helps to 

produce biodiesel and stabilize expected fuel prices.

 The quantity of the environment pollution gases will be reduced. 

 Blends of biodiesel reduce carbon monoxide better than any reformulated diesel 

fuel. 

1.5. Scope of the Project

This project included only testing of biodiesel produced from castor seed and diesel blends 

with diethyl ether additive. Exhaustive performance testing to see the detailed effect of the 

blends has not included in this project due to time constraint. Testing for the compatibility 

of the blends with hardware of the engine had included. 

1.6. Limitation of the study

The result of this project is more fruit full if it had included many tests of diesel – biodiesel 

blend and addition of additives with many different ratios.  However, due to time constraints, 

lack of experience and testing equipment limitation, we have been forced to limit the project 

only to comparison of the performance of biodiesel blend B20 with additive, B20 without 

additives and pure diesel fuel in four stroke diesel engines. 
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2.0. REVIEW OF LITERATURE

2.1. Introduction

In today’s competitive business environment transportation plays a great role. When 

transportation is taken as issue different types of transportation system is taken in to 

consideration. Amongst the transportation system dry land transportation takes most of the 

role play in this transportation sector. Different types of vehicle categories that use different 

types of fuels are in use nowadays. Among the types of fuels used today diesel fuel has 

greater percentage and most of vehicles from light duty to heavy duty are those which use 

this diesel fuel. Diesel fuels that are used for engine is produced from fossil fuel. As century 

passes this fossil fuel will be ended and the power source for engines becomes one of the 

global troubles [1]. 

Due to this scarce resource used for the vehicle as energy source, it should be a global issue 

to find other sources of energy for vehicles. One of the promising sources of vehicle fuel 

energy is bio degradable fuel. This is because bio fuel is one of the renewable sources of 

energy.  In addition to this bio fuels are considered to be carbon–neutral.  Its utilization can 

contribute to the carbon dioxide emissions reduction. Even if biodiesel has environmentally 

friendly character it has low energy content than that of diesel fuel which directly influences 

the engine power. The blending of biodiesel with additive that have less energy continent 

usually causes the energy content of the fuel to decrease depending on the additive energy 

continent and portion [9]. 

2.2. Characteristics of castor seed oil and extraction methods 

2.2.1. Toxicity of Castor seed and usage of castor oil

The seeds of Castorcurcas contain the highly poisonous toxalbumincurcin, a lectin dimer. It 

also contains carcinogenic phorbol. But this is being the fact at some places the seeds of 

carcass are sometimes eaten after roasting. Even if roasting reduces toxicity it is a skin 

irritant, and ingesting as few as three untreated seeds can be fatal to humans [10]. 

The castor plant that is generally cultivated for the purpose of extracting castor oil is 

Castorcurcas. The seeds are the primary source from which the oil is extracted. The major 

goal of castor cultivation, therefore, is performed for the sake of extracting castor oil.                                      

Analysis of Castorcurcas seed shows the following chemical compositions; Moisture: 

6.20%; Protein: 18.00% , Fat: 38.00%,      Carbohydrates: 17.00% ,      Fiber: 15.50%,  Ash: 

5.30% [10].                                                                                                                                                                                                                                        
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The oil content of castor seed is 25-30% in the seed. The oil contains 21% saturated fatty 

acids and 79% unsaturated fatty acids. The oil from the castor seed has very high 

saponification value and being extensively used for making soap in some countries. The 

castor seed oil is mainly used as fuel in place of, or along with kerosene stoves.  Castor seed 

oil can be upgraded to higher grade fuel by transesterification process. It is significant to 

point out that, the non-edible vegetable oil of Castorcurcas has the requisite potential 

providing a promising and commercially viable alternative to diesel oil since it has  desirable 

physical, chemical and performance characteristics comparable to diesel. Cars could be run 

with castorcurcas blend without requiring much change in design [10].          

2.2.2. Variations in the Yield of Castor Oil

It is often considered that a more effective extraction technique would yield greater 

quantities of oil. This is partly inaccurate, since an effective extraction method would only 

yield the optimum quantity and not more than that. The optimum oil content in castor plants 

varies between species and genetic variants. Climatic and soil conditions generally affect the 

yield of the oil as well.  However, improper processing techniques such as prolonged 

exposure of the harvested seeds to direct sunlight can impair the oil yield considerably. The 

maximum oil content that has been reported in Castorseed has been close to 47%. However, 

the accepted average is 40% [10].  

2.2.3. Methods and Devices for Castor Oil Extraction

Castor seed oil can be extracted in many different ways. One of the methods is oil presses. 

This method has been used for the purpose of oil extraction as simple mechanical devices 

either powered or manually driven. Among the different oil presses that are used for castor 

oil extraction, the most commonly used presses include the Bielenberg ram press. The 

Bielenberg ram press involves the traditional press method to extract oil and prepares oil 

cakes as well as soaps. It is a simple device that yields around 3 liters of oil per 12 kg of seed 

input [11]. 

The other type of oil extraction method is by use of oil expellers. The most commonly used 

ones are the Sayari oil expeller and the Komet Expeller. The Sayari expeller is a diesel-

operated oil extraction device [11].

As technology improves more and more things change. Methods like ultrasonication have 

been discovered to be effective in increasing the percentage of castor oil that can be 
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extracted using chemical methods like aqueous enzymatic treatment. The optimum yield for 

such methods has been discovered to be around 74%. Castor oil extraction methods are still 

being researched. The goal of such research is to discover methods to extract a greater 

percentage of castor oil from the seeds than the current procedures allow [11].  

2.3. General Overview of Biodiesel

Biodiesel is type of fuel which comprised of mono-alkyl esters of long chain fatty acids that 

are derived from vegetable oils, animal fats, and mixtures, and is produced by 

transesterification. It is also known as the product of the reaction of alcohol, such as 

methanol or ethanol with oil or fats. Biodiesel is a substitute of fossil fuel which is used for 

diesel engine. Biodiesel is biodegradable and deemed to be less toxic than petroleum diesel. 

Biodiesel a Fatty Acid Methyl Esters (FAME) is esterified oil produced from a variety of 

sources such as waste cooking oil, tallow, palm oil and canola oil. Biodiesel has slightly 

lower energy content than conventional diesel although this is not significant when operating 

vehicles on biodiesel blends. Blending biodiesel with diesel fuel offers improved lubricity 

and reduced emissions. Most diesel engine manufacturers warrant their engines for use with 

biodiesel blends up to 5% with conventional diesel (B5) as long as the resultant blend meets 

the diesel standard [11].

Biodiesel blends of up to B100 are currently used in fleet operations. Blends of biodiesel 

above B20 usually require engine modification and the fleet operator assumes legal 

responsibility for the impact of the use of the blend on the engine. Concerns about biodiesel 

raised by engine manufacturers in the World Wide Fuels Charter include; (a) biodiesel may 

be less stable, so precautions should be taken to prevent problems from fuel oxidation, (b) 

biodiesel requires special care at low temperatures to avoid viscosity problems and 

consequent risks of corrosion gum residue build-up may be higher than with conventional 

diesel and biodiesel produced from different feed stocks can have significantly different fuel 

quality characteristics including cold flow properties, density and oxidation stability [12].

2.4. Biodiesel Standards

For the biodiesel to be used as fuel in diesel engines it should be produced and handled in 

such a way that the variations in its properties and its performance characteristics will be less 

than or equal to what the consumer is used with diesel fuel [13]. 
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For the standardized biodiesel a single, widely accepted standard for biodiesel is not 

available. Instead, the standard ASTM D6751 was developed for the United States, the CEN 

EN14214 Standard for the European Union (EU), and other regions also have established 

alternative standards [13].

2.5. Different ways how biodiesel can be used

Biodiesel has been approved by the US government to be used as a blend to petroleum diesel 

fuel in different concentrations. B5: is the blend of 5% biodiesel and 95% petroleum diesel.

And this blend is used in pumps. B6-B20: These labels found on fuel pumps denote a fuel 

blend of 6-20% biodiesel to 94-80% petroleum diesel [14].

Based on ASTM D975 standard nearly every manufacturer approves the use of up to 5% 

biodiesel (B5) when blended with diesel fuel that meets its appropriate specifications. In 

most cases many industries believe that blends up to 20% (B20) causes not harmful to 

engine performance. Most US automobile engine and fuel injection equipment companies 

strongly discourage the use of blends over 20%, mainly due to the possible impacts of higher 

blends on equipment and fuel systems that have not been carefully tested [15]. 

Blending biodiesel with petroleum diesel compensates for many cold flow problems through 

dilution. Blending without additives bring to cold flow properties associated with a particular 

methyl ester is the result of its feed stock. In blending to levels of up to 20% (B20) the use of 

additives becomes more practical and more effective. In the course of blending biodiesel

with diesel to warm up the biodiesel may be need needed. This is to ensure successful 

blending of the two fuels into a single mixture. The B100 biodiesel will let itself to easier 

mixing with diesel it is at temperatures of at least 25-30° F [15].

2.6. Properties of biodiesel

There are many properties of biodiesel that should be considered. One the property to be 

considered is cloud point. As far as cloud point is considered there are no minimum or 

maximum requirements for biodiesel to be reported. The Cloud Point is the most 

conservative temperature at which components begin to rush from the fuel that may cause 

operability issues. Cloud Point results will vary significantly depending upon the feedstock 

from which the methyl ester is made [15]. 

The parameter Cold Soak Filtration test is an industry agreed upon parameter but opposed to 

an ASTM specification. There may be many producers and marketers of biodiesel that do 
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not perform this procedure. However, there is a growing belief that this may be one of the 

best performance-based predictors of operability [15]. 

The acid number is a relative indicator of the acidic impurities, degradation and oxidation of 

the fuel. Free fatty acids arise in part through the hydrolysis of the feedstock fats and oils. 

Improper processing may also lead to higher values. These oxidative products are associated 

with fuel system deposits and corrosion. In addition to this property Free Glycerin value 

records the level of by-product glycerin that remains in B100. The Total Glycerin result 

measures the amounts of unconverted and partially converted fats and oils. Excessive levels 

of these components may lead to storage tank and fuel system filter plugging, along with 

engine fouling.

2.6.1. Combustion characteristics of biodiesel 

Cetane Number is one of the parameter which shows rough equivalent to Octane Rating of 

gasoline. This value provides a measure of the ignition characteristics of the fuel in 

compression ignition engines. As combustion character flash Point is used in shipping and 

safety regulations to define flammable and combustible materials. The Flash Point is also 

used to ensure the residual methanol left in the fuel after biodiesel processing will not 

negatively affect combustion and other fuel system components [15].  

2.7. Problems by using biodiesel fuel blends

There are some common problems that have been experienced when using biodiesel fuel 

includes which includes: Fuel line/filter clogging due, Degradation of the vessel’s rubber 

fuel lines and gaskets and voided engine warranties for use of biodiesel blends above what 

the manufacturer recommends [14].

Although biodiesel can be used in most diesel engines with no modifications to the engine 

system, it is highly recommended that checking the engine manufacturer before using it. 

Some problems have been associated with its use in the environment, and your engine 

manufacturer can give you further guidance as to what biodiesel blends are acceptable for 

use and how to mitigate potential problems [16]. 

2.8. Performance Parameter of Engine Operation Using Biodiesel

2.8.1. Engine Performance

Biodiesel is known for its lower power and torque. It could produces about 3-5% less engine 

power and torque due to its lower value energy when compared to diesel. It is expressed in 

terms of kWh/liter of fuel or as Brake specific fuel consumption (BSFC) in gm/kWh [13]. 
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2.8.2. Deposit and Clogging

Deposits and clogging problems are widely reported and are generally attributed to sub 

standard quality of biodiesel or due to its less oxidation stability and therefore engine wear is 

relatively more when run on biodiesel [13].

2.8.3. Pollution from engine exhaust

One of the advantages of biodiesel is its less air pollution due to its higher oxygen content 

and absence of “aromatic compounds” and sulphur. But the NOx tends to be slightly higher 

compared to biodiesel which can be minimized by proper engine timing [13]. 

2.8.4. Cold-weather performance

Diesel engines that are operated in cold weather experience the problems of clogging of the 

filters and choking of the injectors. The use of flow improving additives of biodiesel and 

kerosene has been proved effective in the operating range of climate temperatures B100 

tends to operate well at temperatures down to about 5°C. Additives reduce the range by 

about 5-80C [13].

2.9. Environmental benefits of biodiesel

The property of the biodiesel makes it a good alternative fuel to petroleum-based diesel oil. 

Biodiesel has many other environmental benefits, such as it is biodegradable, non-toxic, and 

has a low emission profile. Among the properties of biodiesel greenhouse effect is the one. 

Biodiesel on its one full life cycle basis for B100 with reductions in greenhouse gas 

emissions of 90% and B5 greenhouse emissions are 2 per cent lower than petroleum-derived 

diesel. In addition to this on a full life cycle basis B100 has significantly lower emissions of 

carbon monoxide (26–46%) and VOCs (22 –46%) compared to petroleum-derived diesel. B5 

has a reduction in carbon monoxide emissions of almost 12% and a reduction in VOCs of 5 

%. Particulate emissions from vehicles using B100 are reduced by 11–14% compared to 

petroleum-derived diesel. NOX emissions from B100 are 16–30% higher than from 

petroleum-derived diesel. B5 has around an 11% increase in NOX emissions [17].

2.10. Transesterification Reaction of biodiesel 

Transesterification is the chemical conversion of the oil into its corresponding fatty ester. It’s 

one of the most common methods used to reduce oil viscosity in the biodiesel industry. 

Catalysts are usually used to improve the reaction rate and yield. Because the reaction is 

reversible, excess alcohol is needed to be used to shift the equilibrium to the product side 

[18]. 
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2.10.1. Homogeneous base and acid catalyzed transesterification

This type of transesterification reaction commonly uses alkali catalysts such as NaOH, 

CH3ONa, CH3OK and KOH. In the transesterification method the catalyst is dissolved into 

methanol by vigorous stirring in a small reactor. The oil is transferred into a biodiesel reactor 

and then the catalyst mixture is pumped into the oil. A successful transesterification reaction 

produces two liquid phases: ester and crude glycerol. The alkaline-catalyzed 

transesterification process is not suitable to produce esters from unrefined oils. For the 

purpose of saponification prevention during the reaction, FFA and water content of the feed 

must be below 2 wt. % and 0.05 wt. %, respectively. [19]. 

2.10.2. Heterogeneous acid and base catalyzed transesterification

Homogeneous catalysts showed greater performance toward transesterification to obtain

biodiesel. Heterogeneous catalysts can be separated more easily from reaction products. 

Undesired saponification reactions can be avoided by using heterogeneous catalysts. They

can enable the transesterification of vegetable oils or animal fats with high contents of FFAs

[18]. 

2.10.3. Two-step acid - base catalyzed transesterification

This process involves a two-step process for the production of biodiesel from oils having 

high FFA. Initially, the acid catalyzed esterification reaction takes place to convert the FFAs 

present in the oil to esters. After the reduction of FFA, transesterification reaction was 

carried out, in which the pre-treated oil reacts with methanol using conventional base 

catalysts. This method of biodiesel production alleviates the draw backs of the esterification 

process requires longer time reaction to come to completion and transesterification problem 

of soap formation process [20].

2.10.4. Pre-treatment of acidic feed stocks

Many pretreatment methods have been proposed for reducing the high free fatty acid content 

of the oils, including steam distillation, extraction by alcohol, and esterification by acid 

catalysis. However steam distillation for reducing high free fatty acids requires a high 

temperature and has low efficiency. Because of the limited solubility of free fatty acids in 

alcohol, extraction by alcohol method needs a large amount of solvent and the process is 

complicated. Esterification by acid-catalysis makes the best use of the free fatty acids in the 

oil and transforms it into biodiesel. The catalysts used can be homogeneous acid-catalysts. 

An alternative approach to reduce the FFA is to use iodine as a catalyst to convert free fatty 

acids into biodiesel [21]. 
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There are three categories of catalysts used for biodiesel production: alkalis, acids, and 

enzymes. Enzyme catalysts have become more attractive recently since it can avoid soap 

formation and the purification process is simple. Compared with enzyme catalysts, the alkali 

and acid catalysts are more commonly used in biodiesel production. The alkali and acid 

catalysts include homogeneous and heterogeneous catalysts. Due to the low cost of raw 

materials, sodium hydroxide and potassium hydroxide are usually commercially used as 

alkali homogeneous catalysts. These materials are the most economic because the alkali-

catalyzed transesterification process is carried out under a low temperature and pressure 

environment, and the conversion rate is high with no intermediate steps [22]. 

2.10.5. Mixing and neutralization

The purpose of mixing methanol with the catalyst is to produce methoxide which reacts with 

the base oils. Most of the catalysts are in solid form and do not readily dissolve into 

methanol and needs to be stirred. Once the catalyst completely dissolves in the methanol, the 

methoxide is ready to be added to the oil. Once the methoxide is added into the oil, a 

neutralization reaction will immediately start. More catalyst is needed to be added to 

complete the reaction [19]. 

2.10.6. Transesterification and separation

When the catalyst and oil are mixed and agitated in a reaction vessel, a transesterification 

reaction will start. A stirred reactor is usually used as the reaction vessel for continuous 

alkali-catalyzed biodiesel production. If the free fatty acid level or water level is too high, it 

may cause problems downstream with the saponification and the separation of the glycerol 

by-product. Therefore, the amount of water and free fatty acids in the feedstock oil should be 

monitored during the reaction. Once the transesterification reaction is completed, two major 

products exist: esters and glycerol. The glycerol phase is much denser than the biodiesel 

phase and settles at the bottom of the reaction vessel. The reaction mixture is allowed to 

settle in the reaction vessel in order to allow the initial separation of biodiesel and glycerol, 

or the mixture is pumped into a settling vessel [19]. 

Both the biodiesel and glycerol are contaminated with an unreacted catalyst, alcohol, and oil 

during the transesterification step. Soap that may be generated during the process also 

contaminates the biodiesel and glycerol phase. It is suggested that although the glycerol 

phase tends to contain a higher percentage of contaminants than the biodiesel, a significant 
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amount of contaminants is present in the biodiesel. Therefore, crude biodiesel needs to be 

purified before use [19]. 

2.10.7. Refining crude glycerol

Even if the biodiesel is the desired product from the transesterification reactions, the refining 

of glycerol is also important due to its numerous applications in different industrial products 

such as moisturizers, soaps, cosmetics, medicines, and other glycerol products. It is one of 

the few products that has a good reactivity on sump oil, and is extremely effective for 

washing shearing shed floor, so it can be used as a heavy duty detergent and degreaser [23]. 

The unused alkali catalyst is usually neutralized by an acid. In more sophisticated operations, 

the glycerol is distilled to 99% or higher purity and sold in different markets. After the re-

neutralization step, the alcohol in the glycerol phase can be removed through a vacuum flash 

process. The alcohol vapor is condensed back into liquid and reused in the process [21].

2.10.8. Purification of crude biodiesel

The next step after separation from the glycerol phase is crude biodiesel. Biodiesel is could 

be mainly contaminated with residual catalyst, water, unreacted alcohol, free glycerol, and 

soaps that were generated during the transesterification reaction. So it the biodiesel goes to 

the neutralization step and then passes through an alcohol stripper before the washing step. 

In some cases, acid is added to crude biodiesel to neutralize any remaining catalyst and to 

split any soap. Soaps react with the acid to form water soluble salts and free fatty acids. 

Neutralization before the washing reduces the materials required for the washing step and 

minimizes the potential for emulsions being formed during the washing step. The purpose of 

this step is to wash out the remnants of the catalyst, soaps, salts, residual alcohol, and free 

glycerol from the crude biodiesel. Generally, three main approaches are adopted for 

purifying biodiesel: water washing, dry washing, and membrane extraction [24].

Water washing is one of the purifying biodiesel. In water washing since both glycerol and 

alcohol are highly soluble in water the method is very effective for removing both 

contaminants. It also can remove any residual sodium salts and soaps. Water washing starts 

from the usage of warm distilled water. Warm water prevents the precipitation of saturated 

fatty acid esters and retards the formation of emulsions with the use of a gentle washing 

action. After washing several times, the water phase becomes clear and the biodiesel and 
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water phases are separated by a separation funnel or centrifuge. The remaining water can be 

removed from the biodiesel by heating the biodiesel [25].

Dry washing is another method for purifying the biodiesel. In this method ion exchange resin 

or a magnesium silicate powder are used in order to remove impurities. These two dry 

washing methods can bring the free glycerol level down and is reasonably effective for 

removing soaps. Both process have the advantage of being waterless and thus eliminate 

many of the problems related with water [25]. 

2.11. Characterization of biodiesel fuels

The produced biodiesel should be analyzed using sophisticated analytical equipment to 

ensure whether it has met standard or not. Even though a few specifications have been set, 

the ASTM D6751 and EN14214 standards are the most commonly used standards in the 

characterization of the biodiesel. Some properties in the standard can reflect the properties of 

the chemical compounds that make up the biodiesel, and other properties provide an 

indication of the quality of the production process. Biodiesel standards identify the 

parameters that pure biodiesel must meet before being used as a pure fuel or being blended 

with distillate fuels [26].

The most important aspects of the biodiesel product are the completion of the reaction, the 

removal of the free glycerol, residual catalyst and alcohol, and the absence of free fatty acid. 

If the transesterification reaction is not complete then triglycerides, diglycerides, or 

monoglycerides may be left in the final product. Fuel with excessive free glycerol may plug 

the fuel filter sand cause combustion problems in the diesel engine. The ASTM standard 

requires the total glycerol to be <0.24% of the final biodiesel product [25].

Also EN 14214 standards is used to limit the amount of alcohol. Residual methanol of little

amount (1%) can lower the flashpoint of the final biodiesel product from 1700C to <400C. 

Specific value for the residual catalyst is limited by the specification on levels of sulfated ash

[27]. 

2.12. Storage of Biodiesel Product

Long time storage of biodiesel should be settled. Biodiesel is safe to store and the properties 

of biodiesel should conform to respective standards after it has been stored for a longtime. 

Factors to be considered in the storage of the biodiesel include exposure temperature, 

oxidative stability, fuel solvency, and material compatibility. The temperature of stored 
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biodiesel should be controlled so as to avoid the formation of crystals. The storage 

temperature of most pure biodiesel is generally kept between 7 and 100C [21]. 

When biodiesel should be stored for long period of time, stability of biodiesel is an 

important property. Poor stability can lead to an increased acid value and fuel viscosity and 

to the formation of gums and sediments. For this reason if the duration of storing biodiesel or 

biodiesel blends is more than 6 months, it should be treated with an additive [28].

2.13. Recent improvements in biodiesel fuel

In today’s technological condition pure biodiesel (RME) such as B100 cannot be used for 

passenger cars due to the problem of engine oil dilution. Another favorable modification that 

can be performed on fats and oils to be used as fuel additives is ozonization.  Ozonization of 

fats and oils is a known process. Furthermore the addition of ozonized oils affects the 

thermodynamics and kinetics of biodiesel crystal formation. [29]. 

The advanced automobile technology demands the necessity for further chemical 

modification of present day biodiesel (FAME) in order to withstand future demands. The 

drastic increase in the production of biodiesel in the past few years has changed the glycerol 

markets, and it also created a necessity to find value added outlets for the over-produced 

glycerol [29].

2.14. Physicochemical properties of biodiesel

The physical and chemical properties of biodiesel such as: viscosity, density, bulk modulus

of compressibility, sound velocity, cetane number, iodine value, surface tension, thermal

conductivity, chain length, heat capacity and fuel composition etc have a significant effect

on NOx emissions. Fuel viscosity has significant effect on NOx emissions. Nox formation is 

a function of viscosity and increase in NOx with increasing viscosity at low temperatures.

The kinematic viscosity of biodiesel is greater than that of diesel fuel and reduces fuel 

leakage during injection and leads to increased pressure as well as advanced injection timing. 

The advance in injection timing facilitates increased fuel mass injected which in turn results

in increased NOx emissions [30].

Blend of 60 vol % biodiesel and paraffinic solvent (Norpar-13) displays the same bulk

modulus of compressibility as a diesel fuel. So one method for straggling the “biodiesel NOx

effect” is to use highly paraffinic diesel fuels, such as F–T diesel as the diesel base stock. 

The higher cetane number of biodiesel implies shorter ignition delay which reduces the
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combustion temperature as well as residence time, consequently less NOx formation. It is 

suggested that high CN of biodiesel tend to increase peak pressure and temperature due to 

shortened ignition delay which leads to enhanced NOx formation [31]. 

2.15. Main Factors Affecting the Yield of Biodiesel

2.15.1. Alcohol quantity

Amongst the many of the factors that affect biodiesel yield molar mass ratio of alcohol to 

triglyceride. The ratio for transesterification reaction in most cases requires 3 mol of alcohol 

for 1 mol of triglyceride to produce 3 mol of fatty acid ester and 1mol of glycerol. In order to 

change oil completely to ester excess of alcohol is used in biodiesel production. The yield of 

biodiesel is increased when the alcohol to triglyceride ratio is raised beyond 3 and reaches a 

maximum. But further increasing the amount of the alcohol beyond the optimal ratio will not 

increase the yield rather it will increase cost for alcohol recovery. In most investigations is 

6:1, with the use of an alkali catalyst. When the percentage of free fatty acids in the oils or 

fats is high a molar ratio as high as 15:1 is needed when using acid-catalyzed 

transesterification [32]. 

2.15.2. Reaction time

It was also investigated that in the conversion process of oil to ester conversion rate of fatty 

acid esters increases with reaction time. At the starting time the reaction is slow due to the 

mixing and spreading of alcohol into the oil but as reaction time increase, the reaction 

proceeds very fast. The yield of the reaction reaches a maximum at a reaction time of less 

than 90 minute and then remains relatively constant with a further increase in the reaction 

time. In addition to this excess reaction time will lead to a reduction in the product yield due 

to the backward reaction of transesterification, resulting in a loss of esters and causing more 

fatty acids to form soaps [30].

2.15.3. Reaction temperature

Another factor of production yield of the biodiesel is temperature. It influences the reaction 

and yield of the biodiesel product. A higher reaction temperature can decrease the viscosities 

of oils and result in an increased reaction rate, and a shortened reaction time. When the 

reaction temperature increases beyond the optimal level, yield of the biodiesel product 

decreases because of saponification reaction of triglycerides. The reaction temperature must 

be less than the boiling point of alcohol in order to ensure that the alcohol will not leak out 

through vaporization [33]. 
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2.15.4. Catalyst

Catalysts play a great role in the product yield of biodiesel. The type of catalyst 

concentration affects the yield of the biodiesel product. The most commonly used catalyst 

for the reaction is sodium hydroxide [34]. However sodium methoxide was identified to be 

more effective than sodium hydroxide because upon mixing sodium hydroxide with 

methanol a small amount of water will be produced, which will affect the product yield 

because of the hydrolysis reaction. This is the reason why the catalyst should be added into 

the methanol first and then mixed with the oil [35].

An increase in the concentration of the catalyst increases the conversion of triglyceride and 

the yield of biodiesel increase. This is because an insufficient amount of catalysts result in an 

incomplete conversion of the triglycerides into the fatty acid esters. The yield of the 

biodiesel reaches an optimal value when the catalyst (NaOH) concentration reaches 1.5 wt. 

% and then decreases a little with a further increase in catalyst concentration. The reduction 

of the yield of the biodiesel is due to the addition of excessive alkali catalyst causing more 

triglycerides to react with the alkali catalyst and form more soap [31]. 

2.16. Reduction of the NOx emissions 

Diesel engines emissions are considered as one of the major sources of environmental air 

pollution. These pollutants cause impacts the ecological systems, lead to environmental 

problems, and carry carcinogenic components that significantly endanger the health of 

human beings. It is commonly accepted that clean combustion of diesel engines can be 

fulfilled only if engine development is coupled with diesel fuel additive introduction.

Additives are used to boost the combustion hence improves fuel economy at lower emission 

rates from the engine [36].

These NOx emissions include high-pressure injection, turbo charging, and exhaust after 

treatments or the use of fuel additives which is believed to be one of the most attractive 

solutions [17]. 

2.17. Use of different additives 

In the course of using biodiesel different types of additives such as metal-based, oxygenated 

fuel (diethyl ether, ethanol, and methanol), diesel–vegetable oil blends, antioxidant, cetane

number improver etc. are generally used to reduce the NOx emissions from biodiesel
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combustion product. By using ethanol into biodiesel as an additives reduces the NOx

emissions because of its having lower heating value [37]. 

The cetane number improver is used to reduce the biodiesel NOx emissions by decreasing

engine ignition delay and premixed combustion phase which implies to burn less fuel during

the premixed combustion phase. The maximum combustion temperature would be

decreased, which suppresses the NOx formation. Some effective cetane improvers such as

2- ethyl-hexyls nitrate (EHN), di-t-butyl peroxide (DTBP) are mostly used in biodiesel to

reduce the NOx emissions [37]. 

2.18. Types of Additives

2.18.1. Metal-Based Additives

Some metal-based additives are effective in lowering diesel emissions. They reduce diesel 

emissions by two ways. Firstly the metals react directly with carbon atoms thereby lowering 

the oxidation temperature. The additive is added as a metal-organic compound, and it is 

emitted in the particulate phase as oxide, on soot particles or forming new nanometer-sized 

particles by homogeneous nucleation of the additive [38].

2.18.2. Oxygenated Additives

Amongst the additives used in biodiesel or its blend, Diethyl ether (DEE) can be added to 

biodiesel fuels to suppress the NOx emission. DEE is an excellent ignition enhancer and has 

a low auto ignition temperature. It is an aid for cold starting and ignition improver for diesel 

water emulsion. As to the experiment done by Iranmanesh 5% of DEE with diesel blend was 

the most effective combination based on performance and emission characteristics [39]. 

The additive 15% DEE is found to be the optimum blend with Jatropha oil methyl ester 

(JOME) on the basis of performance and emission characteristics. However that of 20% of 

DEE addition was more beneficial in reducing NOx compared to other combination when 

using Pongamia biodiesel and diethyl ether as a fuel [40]. 

Another group of fuel additives is oxygenated compounds. Some oxygenate compounds 

used are ethanol,2,21-23 acetoacetic esters and dicarboxylic acid esters,24 ethylene glycol 

monoacetate,25 2-hydroxy-ethyl esters,26 diethylene glycol dimethyl ether, sorbitan 

monooleate and polyoxyethylene sorbitan monooleate,27 dibutyl maleate and tripropylene 

glycol monomethyl ether,28 ethanol and dimethyl ether,20 dimethyl ether (DME), dimethyl 
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carbonate (DMC) and dimethoxy methane,3 1-octylamino-3 octyloxy-2-propanol and N-

octyl nitramine,21 dimethoxy propane and dimethoxy ethane,29 biodiesel,22,30,31 and a 

mixture of methanol and ethanol [40].

Oxygenated additives have been considered for reducing the ignition temperature of 

particulates. However, the reduction of particulate emissions through the introduction of 

oxygenated compounds depends on the molecular structure and oxygen content of the fuel 

and also depends on the local oxygen concentration in the fuel plume. The composition of 

diesel and the use of additives directly affect properties such as density, viscosity, volatility, 

behavior at low temperatures, and the cetane number [41]. 

DME is a potential ultraclean diesel fuel. It burns without producing the smoke associated 

with diesel combustion. However, DME has a low viscosity compared to diesel fuel and has 

insufficient lubricity to prevent excessive wear in fuel injection systems. A better strategy in 

order to obtain cleaner-burning fuels with satisfactory properties is the use of diesel-DME 

blends. DMC is usually used as an oxygenated additive to improve combustion and reduce 

emissions of diesel engines [42].

Dimethyl carbonate presents good blend fuel properties and reduces smoke almost linearly 

with its concentration. The addition of 10% dimethyl carbonate in the fuel promotes a smoke 

reduction of 35-50%, and also apparent reductions of hydrocarbons and carbon monoxide 

densities were attained with a slight increase in NOx emissions [43]. 
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3. MATERIALS AND METHODS

3.1. Materials

The materials used in the process of transesterification are mentioned in the table 3.1. 

Laboratory materials and equipments that are used in the lab work are mentioned in the table 

3.2. And the equipments and machines used in the engine testing are mentioned in the table 

3.3.  

Table 3.1. Materials used in the laboratory for transesterification process

Table 3.2. Materials used in the laboratory for characterization

Table 3.3. Materials used in the automotive work shop for performance testing

No Item

1 Diesel engine

2 Chassis Dynamometer 

3 Blended fuel

4 Diesel fuel

5 Additive diethyl ether

No. Item 

1 Caster bean oil

2 Flask of different sizes

3 Heater with magnetic stirrer

4 Digital Balance

5 Thermometer 

6 KOH 

7 Methanol 

8 Decanter

No
Item

1 PH tester

2 Automatic viscometer

3 UV tester

4 Flask

5 Digital balance
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3.2. Extraction of Castor seed oil

Castor bean was purchased from local market. The castor oil was extracted by mechanical 

pressing (in the Bedada Edible oil production and sale plc). After the extraction of castor oil, 

the debris was settled, oil was filtered.   

Figure 3.1. Castor bean seed crushing operation

3.3. Production of biodiesel (transesterification)

Most researchers have found that transesterification is the most effective way to reduce the 

viscosity of vegetable oils to be used in the diesel engine blended with diesel fuel. 

Transesterification of the biodiesel was conducted in chemistry laboratory of Adama Science 

and Technology University. The crude oil sample was tried for transesterification and by 

taking 100ml of the oil with twenty five percent of methanol and two and half grams of 

potassium hydroxide.

The process, transesterification, is used to produce the biodiesel. By the process, ester reacts 

with alcohol to form another ester and another alcohol. The catalyst for this reaction can be 

KOH or NaOH. In our project work we have used KOH for transesterification because of its 

availability. In the transesterification process three moles methanol react with one mole 

triglyceride and produces mixture of fatty esters and glycerin. 

As shown in the reaction equation (eq. 1), three moles of methanol react with one mole of

triglyceride. In practice, most producers use at least 100% excess methanol to force the 

reaction equilibrium towards a complete conversion of the oil to biodiesel. It can become 
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unavailable for the reaction without agitation since the catalyst tends to concentrate in the 

glycerin. 

The reactions are given below:

                         Soap + Hydrochloric Acid → Fatty acid + Salt ………………..  (eq. 1)

                         Fatty acid + NaOH   → COME ester + Soap + Water ………….….(eq. 2)

After the biodiesel is separated from the glycerol, it contains 3% to 6% methanol and usually 

some soap. If the soap level is low enough (300 to 500 ppm), the methanol can be removed 

by vaporization and this methanol will usually be dry enough to directly recycle back to the 

reaction. After the methanol has been removed, the biodiesel needs to be washed to remove 

residual free glycerin, methanol, soaps, and catalyst. This is most frequently done using 

liquid-liquid extraction by mixing water with the biodiesel and gently agitating them to 

promote the transfer of the contaminants to the water without creating an emulsion that 

might be difficult to break. 

The washing process is usually done multiple times until the wash water no longer picks up 

soap. Although the gray water from later washes can be used as the supply water for the 

earlier wash steps, the total amount of water will typically be one to two times the volume 

flow rate of the biodiesel. 

Figure.3.2 Crude Castor oil

After washing, the biodiesel is frequently cloudy due to small water droplets suspended in 

the fuel. While these droplets will eventually settle out, it is much faster to use a flash 

evaporator to remove the residual water from the fuel.
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The glycerin that is separated from the biodiesel will contain a substantial amount of 

methanol, most of the catalyst, soaps that have been formed during the reaction and many of 

the polar contaminants that were originally present in the oil. These contaminants contribute 

to a dark brown or black color for the glycerin in spite of it being clear when present as a 

pure compound. The raw glycerin has very little value and must be upgrade to raise its purity 

before it can be sold. The usual practice is to add strong hydrochloric acid to the glycerin to 

neutralize the catalyst and split the soap.

The soaps split into free fatty acids (FFAs) and salt, as shown in the reaction equation. The 

FFAs are not soluble in the glycerin and can be separated with a centrifuge. The methanol 

can be removed by vaporization leaving a crude glycerol that is 80% to 90% pure. The fatty 

acids are not soluble in the glycerin and can be separated with a centrifuge. These high free 

fatty acid oils present special challenges when used for biodiesel production. When an alkali 

catalyst is added to these feed stocks, the free fatty acid reacts with the catalyst to form soap 

and water as shown in the above reaction. This reaction makes the catalyst unavailable for 

catalyzing the reaction and if enough soap is produced, it can inhibit the separation of the 

methyl esters and glycerin.

When oils and fats with high free fatty acids are to be used for biodiesel production, an acid 

catalyst such as sulfuric acid can be used to transesterify the free fatty acids to methyl esters 

as shown in the reaction below

                Fatty acid + Methanol   →   Methyl ester + Water ……………. (eq. 3)

                                                    H2SO4

Then, the Methanol with the FFAs converted to methyl esters, a conventional alkali-

catalyzed process can be used to transesterify the triglycerides in the feedstock.  While acids 

can be used to catalyze the transesterification reaction, the reaction is very slow at 50 to 

600C reaction temperature the two-step approach of acid-catalyzed esterification followed by 

base-catalyzed transesterification gives a complete reaction at moderate temperatures. 

A problem with this approach is that the water produced by the esterification reaction should 

be removed before the base-catalyzed process begins so that soap formation is not excessive. 

This can be done by settling or centrifuging the methanol-water-acid layer that separates 

after the esterification has reached equilibrium. The additional equipment required for the 

acid-catalyzed pretreatment raises the processing cost, but this approach allows the use of 

feed stocks containing up to 100% FFA. 
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Finally after drying the found methyl ester is converted to the required biodiesel. 

3.4. Transesterification phase

3.4.1. Procedures for preparation of catalyst and transesterification process and
           heating of crude oil

 At first two (2gms) of potassium hydroxides pellets were measured. Twenty five 

milliliter of methanol was measured (25ml) in a graduated cylinder. The potassium 

hydroxide pellets are dissolved in methanol. The crude oil (150ml) was heated to 600C

to 700C in oil bath by hot plate and catalyst was added while stirring by the magnetic 

stir. The catalyst and the oil were stirred for 40 to 45 minutes until a clear solution was 

observed. But the expected clear solution was not observed. So the other trail was 

done. 

 At second trial two point five (2.5gms) of potassium hydroxides pellets were 

measured. Twenty five milliliter of methanol was measured (25ml) in a graduated 

cylinder. The potassium hydroxide pellets are dissolved in methanol. The crude oil 

(100ml) was heated to 600C to 700C in oil bath by hot plate and catalyst was added 

while stirring by the magnetic stir. The catalyst and the oil were stirred for 40 to 45 

minutes until a clear solution was observed. But the expected clear solution was not 

observed. So the other trail was done. 

 At third trial three (3gms) of potassium hydroxides pellets were measured. Twenty 

milliliter of methanol was measured (20ml) in a graduated cylinder. The potassium 

hydroxide pellets are dissolved in methanol. The crude oil (100ml) was heated to 600C

to 700C in oil bath by hot plate and catalyst was added while stirring by the magnetic 

stir. The catalyst and the oil were stirred for 40 to 45 minutes until a clear solution was 

observed. But the expected clear solution was not observed. So the other trail was 

done. 
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Figure 3.3. Heating of crude oil

Triglyceride + Methanol                                    Methyl ester + Glycerin
   (Castor seed oil)          potassium hydroxide     (biodiesel)

3.4.2. Decantation of biodiesel 

 After the castor oil is heated up to 650C the solution of ethanol and KOH is added 

with oil while stirring. 

 Glycerine started to separate and started settling at the bottoms.
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Figure 3.4. Glycerin settled at the bottom

 After a clear solution was observed, heating of the biodiesel was stopped

 The oil was poured into a decanter and the glycerine was separated after 24 hrs

 By opening the decanters valve, the glycerine was separated and collected into a 

glass

 The wasted oil with glycerine was collected by a pipette

 In such procedure the biodiesel was collected. 

3.4.3. Washing the biodiesel

After the glycerol was collected from the decanter the biodiesel was washed by the water 

which heated up to 50°C. The washing process was done as follows. 

 Water was heated at 50
°
C

 One third by volume of the water was taken and filled to a spray gun after heating 

 The biodiesel was filled in a decanter and hung on stand

 By using the spray gun, the water was sprayed to the oil slowly
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Figure 3.5. Water washing of the biodiesel

 The oil was left for 30 minutes hang on a decanter

 The water and soap settled at the bottom and was separated by opening the valve of 

the decanter

3.4.4. Drying of the biodiesel 

 The biodiesel was collected and heated on the heater for an hour at a temperature 

of 1000c up to 1200C to evaporate the residual water left during washing process. 

Figure 3.6. Heating biodiesel in a heater

 Finally, pure biodiesel was collected 
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Figure 3.7.  Heating after washing process 

3.5. Blending of the biodiesel with diesel fuel and adding of additive 

In the blending process of the biodiesel with diesel fuel 780ml of diesel was mixed with 

200ml of castor biodiesel and 20 milliliter of diethyl ether was added on it as an additive. 

The mixture was allowed to settle for about 2 hours for miscibility and consistency. 

For the purpose of testing five different types of blends were prepared as shown below:

Table 3.4. Blending ratio of test fuels with biodiesel and additive 

Fuel type Petro diesel Castor biodiesel Additive di-

ethyl ether 

Total 

B0 1000ml - - 1000ml

B20 800ml 200ml - 1000ml

B20 8000ml 200ml 20ml 1020ml

3.6. Characterization of biodiesel 

The produced biodiesel has been characterized for many of the characteristics of its diesel 

property. These are mentioned as follows:

3.6.1. Test for UV test 

The biodiesel was tested for its range to be in the biodiesel in the chemistry laboratory by 

ultra violet spectrometer. From the test the biodiesel is found in the range of the biodiesel. 

The standard for biodiesel is 220 to 240 wavelengths. The tested biodiesel fuel has the pick 
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reading of 230 wave length. So it is within the biodiesel range as it is shown in the picture 

below. 

Figure 3.8. The UV test of the biodiesel 

3.6.2. The PH value of the biodiesel

The PH value of the biodiesel was measured in the chemical engineering laboratory by using 

PH testing machine. The PH value of the biodiesel was found to be 8.68. 

Figure 3.9. The PH value of the biodiesel

3.6.3. Density of the biodiesel 

The density of the biodiesel is measured in such a way that by measuring the volume of 

48ml of biodiesel its mass and it becomes 43 gram. So from the calculation of mass 

divided by volume the density has been determined. 

Density = mass ÷ volume:
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=ߩ ݉ ÷ :ݒ

=ߩ      43݃÷ 48݈݉
=ߩ 0.8958 /݈݃݉

Figure 3.10. Measurement of density

3.6.4. Viscosity of the biodiesel 

The viscosity of the biodiesel is measured in the material engineering laboratory by using 

rotary viscometer. In the process of viscosity measurement stirring time was 5 seconds in 

which the machine is automatic viscosity measuring tool. The measuring time was 20 

seconds. And the viscosity of the biodiesel becomes 91 centi poise as it is shown bellow.

F

Figure 11. The viscometer set up

Table 3.5. ASTM Standard and the biodiesel characterization 
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Test items Unit ASTM standard Character of Biodiesel 
when compared to 
standard 

UV test Mn 220-240mn 230 mn 
PH value St 6.3-8.8st 8.76
Density g/ml 0.957-0.96 0.897g/ml
Viscosity Centi poise -- 91 centi poise
Flash point 0C -- 83
Cloud point 0C +5 +5
Acidic value mg KOH/gm 0.5 0.24

3.7. Experimental setup for measuring engine performance testing 

The main objective of the test was to observe the variation in the performance of engine with 

varying proportion of biodiesel as blend with addition of 2% of additive which was diethyl 

ether. The test was conducted using engine testing with dynamometer available in the 

automotive shop of the automotive and vehicle engineering department. The specification of 

the test engine is given in the table below.  

Table 3.6. Test engine specification

Engine model Toyota pickup, LN 106L – PRMRS

Engine type 3L

Engine capacity 2779cc

Fuel system Diesel

No. of cylinder 4

Frame Number LN106 – 0136567

Color Trim GVM (KG)

Maximum speed 160km/h
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4. RESULTS AND DISCUSSION

4.1. About castor seed Oil Extraction

The extraction of the oil is done by local food oil mills (named as: Bedada Food oil 

production and sale house) that is located in Adama town Kebele 13 in a special place called 

Amede near east Shoa zone agriculture office.   It has been possible to extract 6 liters of oil 

from 20 kg of castor seed which was purchased from Amhara zone Bahirdar town. The 

percentage yield of oil from the castor seed which was purchased from local market was 

30%.  

4.2. Yield of biodiesel and other products  

The biodiesel was produced by transesterification reaction process using methanol alcohol 

and KOH catalyst. In the production of this biodiesel about 156ml of glycerol was produced 

in the process of decantation from the transesterified crude oil of 500ml. After the biodiesel 

was washed by warm distilled water about 500C six times about 175ml of soap was gained

from 500ml of biodiesel.  

4.3. Characterization of the biodiesel 

After the production of the biodiesel four tests of the biodiesel characterization was done in 

chemistry, chemical and mechanical engineering laboratories by those people who work in 

their respective workshops. 

4.3.1. Test check of the biodiesel

Those chemistry people have helped us in the testing of the biodiesel for the biodiesel to be 

in the biodiesel range. According to the measurement done by the UV SIV tester and the 

biodiesel was found in the biodiesel range which was 230 pick reading, the standard being 

220-240 wavelengths. 

4.3.2. PH value test of the biodiesel

The PH value test was done in the chemical engineering department laboratory by the 

chemical engineering people. The PH value was measured by the PH tester and it was found 

to be 8.67. 
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4.3.3. Density test 

The density of the biodiesel was measured in such a way that by measuring the weight of 

48ml of biodiesel which became 43g. By calculating the density by using the formula 

density = mass ÷ volume. And it was found to be 0.8958g/ml. 

4.3.4. Measurement of viscosity of the biodiesel

The measurement of viscosity was done in material engineering department. Peoples who 

works in the material engineering was willing to help us on measuring the viscosity of the 

biodiesel. Viscosity was measured by automatic viscometer. The measurement was found to 

be 91 centi poise. The stirring time for the measurement was 5 seconds while the measuring 

time was 20 seconds. 

4.4. Engine Performance Test of the blends of the biodiesel with additive diethyl 

ether of 2%

The Performance test was done on 3L Toyota engine which was found in the department of 

Mechanical and Vehicle Engineering of Adama Science and Technology University. The test 

results are shown below in tables and graphs.

Due to high viscosity and the favorable property of the fuel, the torque recorded by B0 was

the lowest of all the test fuels. 

 Measured data for performance characteristics of diesel fuel and biodiesel B20 

Measured data of wheel power of diesel fuel and biodiesel fuel performance during 

experimentation and the graphic representation is indicated below.   
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Table 4.1. Wheel power (Pw) of diesel and biodiesel

Figure 4.1. Comparison of wheel power of diesel and biodiesel

As it is seen from the above figure the wheel power of the diesel fuel shows better wheel 

power than biodiesel. 

0

10

20

30

40

50

60

0 50 100 150 200

w
he

el
 p

ow
er

 in
 k

w

Speed in km/h

1st Dl

1st  Bdl

2nd  Dl

2nd    Bdl

3rd  Dl

3rd  Bdl

4th  Dl

4th  Bdl

5th  Dl

5th  Bdl

S
pe

ed
 

Power at different Gears 

1st Dl 1st  Bdl 2nd  Dl 2nd   Bdl 3rd  Dl 3rd  Bdl 4th  Dl 4th  Bdl 5th  Dl 5th  Bdl

15 6 8

30 15.50 17.5

45 18.92 20.98 21.89 22.98 27.78 29.50

60 21.89 23.70 25.80 27.50 29.90 30.97 32.23 34.25

75 27.06 28.95 32.23 34.20 37.4 38.90

90 37.4 38.90 42.57 44.40

105 42.57 44.60 47.74 48.65

120 46.74 48.90 50.90 51.98

135 52.91 53.80

160 53.80 55.70



35

Measured data of wheel power of diesel fuel and biodiesel fuel performance during 

experimentation and the graphic representation is indicated below.   

Table 4.2. Traction force when diesel fuel and biodiesel

               

Figure 4.2. Performance curve of tractive force of diesel Fuel and biodiesel

As we can see it from the performance curve on figure 4.3 and 4.4 the performance of diesel 

fuel is better than that of biodiesel fuel. So the biodiesel blend needs more modification to 

initiate better performance than diesel fuel. 
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Measured data of wheel power of diesel fuel and biodiesel fuel performance during 

experimentation and the graphic representation is indicated below.   

Table 4.3. Wheel torque when diesel fuel and biodiesel used respectively   

   

Figure 4.3. Performance curve of wheel torque of diesel Fuel and biodiesel respectively
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As it is seen from the figure diesel fuel as sown better performance than biodiesel in most of 

the engine operation, but at 4th gear it as sown slightly better performance up to 50km/h 

speed of the vehicle. 

Measured data of wheel power of diesel fuel and biodiesel fuel performance during 

experimentation and the graphic representation is indicated below.   

Table 4.4. Brake torque when diesel fuel and biodiesel respectively

    

Figure 4.4. Performance curve of diesel biodiesel brake torque  

As it is seen from the figure the brake torque of diesel has better performance than that of 

biodiesel fuel. 
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Measured data of wheel power of diesel fuel and biodiesel fuel performance during 

experimentation and the graphic representation is indicated below.   

Table 4.5. Brake power when diesel fuel and biodiesel are used respectively

   Figure 4.5. Performance curve of diesel Fuel and biodiesel brake power    respectively                                       

As it is seen from the figure the brake power of diesel much better than that of biodiesel fuel. 
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Measured data of wheel power of diesel fuel and biodiesel fuel performance during 

experimentation and the graphic representation is indicated below.   

Table 4.6. BSFC when diesel and biodiesel fuels are used respectively       

Figure 4.6. Performance curve of diesel Fuel and biodiesel BSFC respectively                                                 

As it is seen from the figures 4.6 the BSFC in better when diesel fuel was used than the of 

biodiesel fuel.  
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5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusions

In the oil extraction process the better to extract oil from castor seed is to use mechanical 

pressing than chemical and other extraction methods. This is because it is cheaper than the 

other methods. 

In the blending process as the amount of diethyl ether as an additive increase in B20, the 

performance of the fuel increases. But using more additive could affect the viscosity of the 

fuel and in turn it could affect the lubrication property of the fuel on which the life of the 

fuel injection pump depends on.

In our project work transesterification reaction was carried using the castor seed oil. The 

quantity of potassium hydroxide catalyst for optimal biodiesel yield was 25gm per liter of 

methanol at reaction time of 45 minutes, reaction temperature of 600C to 650C and volume 

ratio of oil to methanol as 4:1.

Based on the experimental results, the following conclusions are drawn. The brake power of 

B20 is found to be higher. The higher power after the additions of diethyl ether to castor 

biodiesel is due to its oxygen content and effect on lowering the viscosity of the blend, 

which lead to an improvement in the combustion process. 

5.2. Recommendations

This study has made us to confirm that castor seed oil can be used as a source to obtain 

biodiesel, which could offer more opportunities for generation of rural employment and 

increasing income. However, further research and development on additional fuel property 

blending conditions, engine performance and emission tests, technology and economic

analysis are necessary. 

The   performance test is done on a Toyota engine which is found in the department of 

Mechanical and Vehicle Engineering.

The byproduct of castor biodiesel could be used for different purposes. The cake as fire 

wood for the society and also as feedstock for biogas digester. The glycerin could be used as 

raw material for cosmetic and pharmaceutical industry. Therefore biodiesel industries shall 

use the byproducts in order to compensate the biodiesel price. In addition to this the glycerol 

and soap can produce much money from cosmetics and cleaning producing industries.   
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5.3. Educational Implication

The objective of this project is to show how biodiesel can be produced from castor seed and 

usage of biodiesel-diethyl ether and diesel blends in diesel engine. 

 Increase National incomes by reducing fuel importing amount

 Give job opportunity to many people by participating biodiesel production.

 Increase the capacity of small Industry, heavy Industry & machines which works 

by fuel

 Increases the country research scope.

From the above important advantages it requires working with TVET institution on either 

short term training or long term training. The institution should support the company or 

small enterprises by providing training for the workers to fill the skill gap, production, and 

safety, wisely using of resource, technical advancement and follow up. These indicate TVET 

institution needs to provide improved curriculum for coming generation based on labor 

market especially on Biodiesel production and blending technology, and testing their 

performance in engine. 
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APPENDIX

Formulas used in the project process 
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