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ABSTRACT 

   Compression ignition engines cause negative effects on human health and global 

warming as a result of exhaust gas emissions that pollute the environment, in addition 

to the high cost of diesel fuel, which runs out one day, so attention must be paid to 

alternative fuels, especially for compression ignition engines. In this study, an 

alternative fuel was prepared in the laboratory from vegetable oils, which is 

biodiesel, through the process of transesterification between vegetable oil and 

methanyl alcohol at a molar ratio of 7:1. Then the biodiesel was washed and dried. 

After that, the physical and chemical properties (viscosity, density, cetane number, 

flash point and  calorific value )  of biodiesel and comparing them with standard 

values for biodiesel. In this study, engine performance parameters were studied: 

brake power, brake thermal efficiency, brake specific fuel consumption, and 

volumetric efficiency. Regarding exhaust emissions, they were hydrocarbon, carbon 

monoxide, carbon dioxide,  nitrogen oxide ,and  exhaust gas temperature. were tested 

the biodiesel mixtures that were used (B0, B10, B20 , B30, and B40), had 

inconsistent engine speeds (1100, 1400, 1700, and 2000) rpm and torques (0, 2.5, 5, 

7.5, 10)  N.m, Brake power decreased by (0.023, 0.0187, 0.0195, and 0.018) kW, 

respectively, compared to fossil diesel fuel. Brake thermal efficiency decreased by 

(0.0975%, 1.667%, 1.057%, and 1.56%), respectively, while there was an increase 

in Brake specific fuel consumption by (0.0655, 0.073, 0.0945, and 0.0522) kg/kWh, 

volumetric efficiency decreased by (1.767%, 2.767%, 2.17%, and 2.015%), 

respectively, compared to fossil diesel. Regarding exhaust emissions, carbon 

monoxide decreased by (0.028%, 0.022%, 0.020%, and 0.027%) vol., respectively, 

compared to fossil diesel, while carbon dioxide increased and hydrocarbon 

decreased, while nitrogen oxide increased, as did an increase in temperature  exhaust 

gases compared to fossil diesel. 
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CHAPTER ONE 

 INTRODUCTION 

Introduction 

   The world is witnessing a phase of decreasing and declining unsustainable energy and, at the 

same time the demand for energy is increasing as a result of the increase in population growth. It 

is likely that there will be an increase in energy requirements by only 2% for transportation each 

year, in addition to the increase in energy demand in the field of industry and agriculture  [1]. 

Therefore, it is estimated that energy requirements in 2030 will be 80% higher than those in 2010, 

and this will lead to an increase in greenhouse gas emissions  [2]. Among the popular renewable 

energy alternatives (hydrogen, natural gas, syngas and biofuels), the latter is the most renewable, 

sustainable, efficient, environmentally friendly and ready-to-use alternative to internal combustion 

engines without modifications to engine designs  [3]. Biofuels are liquid fuels made from vegetable 

oils and waste products such as agricultural crops, municipal waste, and animal fats. Biodiesel is a 

sustainable and renewable alternative biofuel that can be used alone or blended with petroleum 

diesel fuel in proportions for conventional engines without any further modification  [4]. Inventor 

Dr. Rudolph Diesel in 1900 used the first diesel engine and powered it with peanut oil  [5, 6]. 

However, direct use of vegetable oils in diesel engines has been problematic due to their unsuitable 

physical properties such as high viscosity of oils, low pour point, higher flash point, higher 

molecular weight of triacylglycerols resulting in incomplete combustion due to low volatility, and 

polymerization of unsaturated fatty acids, and the formation of carbon deposits  [7]. To overcome 

these problems, several physical and chemical modifications, such as pyrolysis, micro-

emulsification, dilution, and cross-esterification, of vegetable oils have been examined [8].  

      

1.1 Traditional fuel 

   Climate change and global warming result from the combustion residues of conventional fuels in 

internal combustion engines, as well as the rise in crude oil prices and limited energy reserves that 

run out one day,  prompted researchers to study improving fuel efficiency, reducing emissions, and 

maintaining a clean and pure environment as shown in figure 1.1. Therefore, researchers and 

academics are interested in finding an alternative fuel that replaces traditional fuel, and from 

renewable sources that are ineffective and have less emissions and pollution to the environment. 

Among the proposed alternative fuels for internal combustion and compression ignition engines is 

biodiesel. 
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Figure 1.1 Fossil fuel use and projections (black dots represent actual production) [9]. 

  

1.2 Diesel Engine 

   The diesel engine was invented by Rudolf Diesel in Germany in  1890. Fuel combustion begins 

when fuel is introduced into the cylinder at the end of the compression stroke. The air is compressed 

by a compression ratio during the compression cycle, heating the gas above the autoignition 

temperature of the fuel. In the high temperature air, a quantity of diesel fuel is pumped in and 

ignited. Before combustion occurs and just after ignition, there is a short ignition delay followed 

by a sudden and rapid rise in cylinder pressure known as the pre-mixed combustion phase.  

1.3 Performances of engines 

 The quality of the fuel used and its consumption have a significant impact on engine performance 

[10,11]. There are several factors and attributes that influence the amount of fuel a diesel engine 

uses, the most important of which are density, viscosity, interfacial tension and the fuel's heating 

value [12,13]. The control systems regulate how much fuel is injected, as a larger mass of fuel is 

pumped when the density of the fuel increases until it is the same required volume [14, 15]. 

1.4 Biodiesel as an alternative fuel 

   According to the American Society for Testing and Materials (ASTM), biodiesel is defined as 

monoalkyl esters derived from feedstocks that were vegetable oils or animal fats[16]. This is done 

through a chemical reaction called esterification, in which vegetable oils or animal fats are mixed 

with an alcohol and a catalyst [17]. It results in biodiesel and another substance, glycerin. Biodiesel 

can be used and mixed in certain proportions with regular diesel in internal combustion engines 

without any change in its design   [18]. There are many raw materials for the production of biodiesel, 
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as the raw materials from which biodiesel is produced can be divided into different categories, such 

as edible and inedible oils, waste oils, animal fats and algae fats, as shown in figures 1.2. 

 

 

 

 

 

 

 

 

 

Figure 1.2 various vegetable oils used in the manufacturing of biodiesel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 Different biodiesel feedstocks.       

The increased consumption of natural energy sources as a result of the increasing population 

growth and civilizational development  prompted many researchers to find alternative fuels such 

       Vegetable oils used for biodiesel production 

Edible oils 

Sunflower, mustard, olive etc. 

Non-edible oils 

Jatropha, karanj etc. 

 

Used cooking oils 
Used oil of sunflower, mustard etc. 
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Third 

generation 
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such as 

Fish oil, 

algae, waste 
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chicken fat, 
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etc. 

Fourth 

generation 
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includes 

photobiological 

solar, synthetic 

cell, and 

electrobiofuels 

First 

generation 

Edible oils such 

as sunflower, 
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palm, 

groundnut, 

soybean, 

coconut, 

peanut, corn, 

canola, etc. 

Second 

generation 

Non-edible oils 

such as 

jatropha, karanja, 

castor, mahua, 

tobacco, rubber, 

polanga, yellow 

oleander, etc. 
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as biodiesel, because the fuel sources currently used from fossil fuels will run out one day, in 

addition, it pollutes the environment and harms human health. 

   Biodiesel is a biodegradable, non-toxic, low-emissions fuel that is a clean, sustainable alternative 

energy source. Therefore, biodiesel has become more popular in recent years as a useful alternative 

to fossil diesel that may run out in the future  [19, 20]. The United States of America is one of the 

largest producers of biodiesel, with production in 2021 reaching (8.33 billion liters), followed by 

Indonesia (7.9 billion liters), and third in Brazil (6.9 billion liters) [21, 22] as shown in Figure 1.4.    

  

 

Figure. 1.4  Some countries' biodiesel production output in 2021[21]. 

 

  Biodiesel has the following advantages compared to diesel fuel : 

1) Biodiesel is a sustainable and renewable fuel. It can be used in diesel engines without any change 

in its design. It can be mixed with regular diesel in certain proportions or used in pure form. 

2) It extends the life of the engine because it has a high lubrication potential, and the engine 

operation can be better. 

3) It improves the combustion process because it contains an amount of oxygen up to 11%, reduces 

exhaust emissions, and there are no sulfur emissions, because it does not contain sulfur. 

4) Lower dangerous in storage because the flammability is less compared to normal diesel, as the 

temperature of the ignition point is greater than 130 ºC, while in normal diesel it is from 60 to 80 

ºC . 

As for the most important disadvantages that it has compared to regular diesel: 

1) High viscosity and density. 
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2) The calorific value is lower. 

1.5 production biodiesel 

   For internal combustion engines in which diesel fuel is used, common esters are starting to be 

referred to as biodiesel. Biodiesel is prepared from vegetable oils or animal fats in which 

triglycerides react with alcohol in the presence of a catalyst to form an ester and glycerol. Figure 

1.5 shows the transesterification process  [23]. 

     If they are made from methanol, esters of various vegetable oils are known as biodiesel or (fatty 

acid methyl ester), but if they are produced using ethanol in this case the process is slower and with 

low efficiency, but the last product can be considered biofuel  [24, 25] . 

 

 

 

 

  Figure. 1.5 Transesterification process [26]. 

  

1.6 Biodiesel Standards 

   Biodiesel must comply with to strict regulatory restrictions in order to meet the output 

requirements of a diesel engine. ASTM D6751 was developed by the American Society for Testing 

and Materials (ASTM) International to outline different test procedures to be used in estimating 

certain parameters for biodiesel blends. Biodiesel producers must meet specified standards in order 

to market their biodiesel on an industrial scale. 

 



Chapter One                                                                                        Introduction 

7 
 

 

Table 1.1. ASTM D6751 and EN 14214 standards for biodiesel fuel  [27, 29] 

Property Unit Test-Method ASTM D6751 

Limit 

Test-Method EN 14214 

Limit 

Kinematic viscosity at 

40 ◦C 

mm2/s ASTM-D445 1.9–6.0 EN-ISO3104 3.5–5.0 

Density at 15 ◦C kg/m3 ASTM-D1298 880 EN-ISO 

3675/12185 

860–900 

Flash point oC ASTMD93 Min. 130 ENISO3679 Min. 120 

Pour point oC ASTMD97 -15 to 16  - 

Cloud point oC ASTMD2500 -3 to 12  - 

Lower heating value MJ/kg  39.3-39.8  35 min. 

Acid value mg KOH/g  0.5 max.  0.5 max. 

Copper corrosion strip -  3 max  - 

Water content vol.%  0.05 max.  500a max. 

Sulfur content (S 15 

grade) 

ppm  15 max.  - 

Cetane number - ASTM D613 46 - 70 EN-ISO5165 51 

 

1.7 Problem statement 

   Emissions of internal combustion engines have increased the problem of environmental pollution 

in the world, with the rate of pollution reaching 118.6 million metric tons every five years. This 

environmental pollution causes many health problems, such as difficulty breathing, asthma, lung 

diseases, cancer and heart diseases. Also, the currently used fossil fuel is non-renewable and non-

sustainable, and it must run out one day. This study provides an overview of the alternative fuel, 

which is biodiesel, and its use as an alternative fuel for internal combustion engines that operate 

by compression and mixing it with regular diesel in certain proportions without changing the engine 

design.  
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1.8 Objectives  

1- The objective  of the research is to prepare an alternative fuel in a simple way, with low effort 

and  cost. 

 2-Using vegetable oil, which is available and relatively inexpensive, can be used directly or after 

using it in cooking. 

3. Use KOH as a more effective catalyst. 

4- Biodiesel can be used in diesel engines or blended with diesel fuel under different conditions of 

loads and engine speed without any change in engine design. Encouraging the preparation of 

biodiesel from leftover cooking oils (disposing of waste to preserve the environment) and using it 

as an alternative to diesel fuel to reduce pollution. 

 

1.9  Thesis Outline 

   This master's thesis is divided into five chapters: 

1- The first chapter (chapter one) includes an introduction to fossil fuels, alternative fuels, 

biodiesel, and biodiesel specifications. 

2- The second chapter (chapter two) includes previous literature that dealt with the use of biodiesel, 

its preparation methods, and its impact on engine performance and engine emissions. 

3- The third chapter (Chapter Three) includes the materials that were used in the experiment (the 

practical part) in addition to the measuring devices. 

4- The fourth chapter (chapter four) presents a discussion of the results obtained from the 

preparation of biodiesel from sunflower oil and its effect on engine performance parameters and 

exhaust gas emissions. 

5- The fifth chapter (chapter five) deals with the conclusions drawn from the pilot study and some 

recommendations for future work. 
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CHAPTER TWO 
 

LITERATURE REVIEW 

2.1 Introduction 

   Environmental concerns and declining petroleum supplies have prompted researchers to work 

on developing alternative fuels. Excessive use of fossil fuels depletes reserves and also increases 

air pollution [30, 32]. These issues raise attention to the optimal use of existing supplies and the 

shift to environmentally acceptable alternative fuel  [33] . One way to do this is to use biodiesel fuel 

along with pure diesel in CI engines. Biodiesel fuel is an option to reduce dependence on diesel 

fuel derived from fossil petroleum, as well as reduce emissions of exhaust gases and other 

pollutants produced by diesel engines [34 -  38]. This chapter presents a review of studies conducted 

on the use of biodiesel as an alternative fuel in internal combustion engines powered by regular 

diesel as the subject of the current thesis.  

2.2 Using biodiesel in internal combustion engines 

   Due to their many physical and chemical similarities to diesel, methyl esters are frequently 

referred to as "biodiesel." Diesel and biodiesel can be combined in any ratio to be utilized in internal 

combustion engines. Biodiesel's high flash point in comparison to fossil fuel is its biggest drawback 

[39, 40]. When compared to fossil diesel fuels, biodiesel helps reduce exhaust emissions [41]. 
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2.3 Transesterification 

   Conversion transesterification, also called alcohol hydrolysis, is the most practical method for 

manufacturing biodiesel, which chemically mimics fossil diesel fuel. Oils and fats (triglycerides) 

can be converted into alkyl esters using this process. Therefore, this substance is a fuel with 

characteristics similar to fossil diesel fuel [42   -  44]. In transesterification, alcohol is reacted with 

fatty acids in vegetable or animal oils to convert them into methyl ester. Triglycerides are converted 

to diglycerides that react with the alcohol Methanol or ethanol to monoglycerides. Monoglycerides 

in turn proceed to the final step to give the methyl esters and glycerol [25, 45, 46]. 

  The way that alcohol is used differs depending on the physical state in which it enters the process. 

Recent developments have demonstrated the capability and promise of employing the alcohols in 

the supercritical form to transesterify oils and make biodiesel. The alcohols used in the 

transesterification process are primarily methanol or ethanol. Previously, the alcohols used in the 

reaction were always in a liquid state. Methanol is the most common choice due to the fact that it 

is cheaper [47 , 48] . 

   In the separation process, the glycerol layer is separated from the biodiesel layer by the difference 

of densities by a separation funnel. This process occurs naturally when using methanol or ethanol 

in the presence of a base catalyst, so the glycerol layer is down and the biodiesel up [49, 50] . 

   Afterward, the biodiesel is washed with water at a temperature of 70 ºC to get rid of the excess 

methanol from the reaction and this process is repeated several times until obtaining clean water. 

Then the biodiesel is dried by heating it to 110 ºC for a full hour to get rid of the moisture resulting 

from the washing process [51–56] . 

2.4 Fuel Properties 

   The engine is directly affected by fuel properties such as density and kinematic viscosity. The 

researchers tested the viscosity of the biodiesel fuel by using viscosity measuring devices, as well 

as for the fuel density, the fuel viscosity was measured at a temperature of 40 ºC, and as for the 

fuel density, the measurement was taken at a temperature of 15 ºC. Then the researchers tested the 

calorific values of the biodiesel fuel using calorimeters. The same applies to the other 

characteristics of the fuel, such as the cetane indicator and the flash point [57–59]. Table 2.1 shows 

standard properties of biodiesel. 
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Table 2.1 Standard values for biodiesel EN-14214 [26, 60, 61] . 

Properties  Standard values for  

biodiesel EN-14214  

Flash point  ≥120 ºC  

Dynamic viscosity  3.5−5 mm2/s  

Cetane number  >51  

Density  0.86−0.90 g/ml  

 

2.5 Engine performance 

   Diesel engine performance parameters such as fuel consumption, thermal efficiency and other 

engine performance parameters are affected by fuel properties. Among the most important 

characteristics are density, viscosity, calorific value, cetane number, and flash point. Increasing the 

fuel density causes a larger mass to be pumped to reach the required volume of fuel  [62, 63] . 

2.5.1 Brake Power 

   Sundar K. and R. Udayakumar [64]  conduct a study  of a single-cylinder, four-stroke diesel 

engine. The average brake power obtained for B0, B20 (MECSO) and B20 (MERBO) was 2.9 kW, 

2.44 kW and 2.42 kW, respectively. The combination of MECSO and MERBO produces lower 

brake forces at 15.86% and 16.55% when compared to the diesel brake power. The brake power of 

biodiesel decreases due to the lower calorific value and higher viscosity and density compared to 

fossil diesel. 

M M Zamberi et al.  [65]   conducted practical experiments on a single-cylinder diesel engine with 

unmodified direct injection with variable payload and variable engine speed. He used biodiesel 

mixtures that he prepared from Jatropha oil in proportions of B10 and B20. The reason is due to 

the characteristics of biodiesel, which has a low calorific value. 

Pali Rosha et al.  [66] conducted practical experiments for a single-cylinder diesel engine, variable 

compression ratio, using biodiesel mixtures at a ratio of B20, the results indicated that the brake 

engine power is reduced compared to the normal diesel, and the reason is due to the characteristics 

of biodiesel, which has a low calorific value, high viscosity and density. 

2.5.2 Brake Thermal Efficiency 

   Abdulrahman Shakir Mahmood et al. [67]   showed that break thermal efficiency decreases for 

biodiesel mixtures compared to pure diesel. The percentages of decrease recorded for biodiesel 

mixtures by 5, 10, 15 and 20 are 2%, 4.2%, 5.6% and 3.8% on respectively. The test was conducted 

on a single-cylinder, four-stroke, direct injection diesel engine. The reason for the decrease is due 

to the low calorific value of biodiesel. 
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Sarah Oluwabunmi Bitire and Tien-Chien Jen [52]   showed in a study of a  single-cylinder diesel 

engine, four-stroke, direct injection, showed that the biodiesel mixtures B0, B5, B10 and B20 had 

break thermal efficiency of 33.1%, 30.0%, 31.1%, and 32.0% respectively. The reason for the low 

calorific efficiency is the low calorific value of biodiesel. 

Ali Alahmer et al.   [68]  an experimental study of a  single-cylinder, four-stroke, direct injection, 

air-cooled diesel engine, the test results indicated a decrease in the brake thermal efficiency of the 

biodiesel blends produced from palm oil, sunflower oil, and corn oil in comparison with fossil 

diesel, and the reason for the decrease is due to the characteristics of biodiesel such as viscosity 

and density, high and low calorific values. 

Sai Bharadwaj et al.  [69] an experimental study of a single-cylinder, four-stroke, water-cooled 

diesel engine, results were reported for brake thermal efficiency 34%, 33%, 24% and 36% for 

blends B10, B20, B30 and conventional diesel. Compared to fossil diesel, the reason for the 

decrease is due to the characteristics of biodiesel such as viscosity, high density, low calorific value 

and volatility of mixtures which cause poor combustion properties and poor solubility. 

C. Adhikesavan et al.  [70] an experimental study of a single-cylinder, stationary, direct injection, 

air-cooled diesel engine, they conducted experiments on biodiesel fuel prepared from fresh 

sunflower oil and palm oil, as well as from sunflower oil waste and palm oil waste, the results 

indicated a lower brake thermal efficiency of biodiesel compared to with regular diesel, the reason 

is that regular diesel has a higher calorific value and lower viscosity compared to biodiesel. 

2.5.3 Brake Specific Fuel Consumption (BSFC) 

   Md. Nurun Nabi et al.  [71]  an experimental study of a single-cylinder, four-stroke, direct 

injection, air-cooled diesel engine, they conducted experiments for biodiesel fuel. The results 

indicated that the brake specific fuel consumption of biodiesel is higher compared to normal diesel, 

and the reason is that the calorific value of biodiesel is lower compared to conventional diesel. 

Bukke Devaraj Naik et al.  [72] an experimental study of a single-cylinder, four-stroke, water-

cooled diesel engine, they conducted experiments on biodiesel fuel. The results indicate that the 

brake specific fuel consumption of biodiesel is higher compared to normal diesel, and the reason 

is that the calorific value of biodiesel is lower compared to conventional diesel. 

V. Vinodkumar et al.  [73]  They conducted a biodiesel fuel test for a single-cylinder water-cooled 

diesel engine, direct injection, and the recorded results indicate that the brake specific fuel 

consumption is increased for biodiesel due to its lower calorific value compared to normal diesel. 

Zülfü Tosun and Hüseyin Aydin. [74]  They conducted a test of biodiesel fuel for a four-cylinder 

water-cooled diesel engine, direct injection, the recorded results indicate that the brake specific 

fuel consumption is increased when biodiesel due to the low calorific value and high viscosity 

possessed by biodiesel compared to regular diesel. 
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Sundar K. and R. Udayakumar.  [64]  They conducted a test of biodiesel fuel for a single-cylinder, 

four-stroke diesel engine. The recorded results indicate that the brake specific fuel consumption 

increases when biodiesel due to the low calorific value and high viscosity possessed by biodiesel 

compared to regular diesel. 

Loubna Hadhoum et al.   [75] biodiesel fuel test was conducted for a single-cylinder, four-stroke, 

direct injection, air-cooled diesel engine. The recorded results indicate that the brake specific fuel 

consumption is increased for biodiesel due to the low calorific value and high viscosity possessed 

by biodiesel compared to regular diesel. 

2.5.4 Volumetric efficiency 

    Pankaj Shrivastava et al.   [20]  A test was conducted for biodiesel fuel for a single-cylinder, 

four-stroke diesel engine. The recorded results indicate that the volumetric efficiency is lower for 

biodiesel due to the properties possessed by biodiesel compared to regular diesel. 

Ömer Cihan [76] A test was conducted for biodiesel fuel for a single-cylinder, four-stroke, direct 

injection, air-cooled diesel engine. The recorded results indicate that the volumetric efficiency is 

lower for biodiesel due to the properties possessed by biodiesel compared to regular diesel. 

Suleyman Simsek  [77] A biodiesel fuel test was conducted for a diesel engine at constant speed 

3000 rpm, naturally aspirated, air-cooled, single cylinder, four-stroke, direct injection. Lower 

volumetric efficiency was observed when using biodiesel blends compared to pure diesel. The 

reason may be due to the characteristics of Biodiesel. 
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2.6 Exhaust emissions 

2.6.1 Hydrocarbon (HC) Emission 

   Abdulrahman Shakir Mahmood et al.   [67] A test was conducted for biodiesel fuel for a diesel 

engine, single cylinder, four-stroke, direct injection, variable compression ratio. The recorded 

results indicate a decrease in hydrocarbon emissions (HC). The reason is due to the occurrence of 

complete combustion as a result of the high temperature inside the combustion chamber, as well as 

the presence of the oxygen in biodiesel helps complete combustion. Hydrocarbon emissions for 

B5, B10, B15 and B20 blends decreased by 4.5, 11.8, 20 and 26%, respectively, compared to diesel 

fuel. 

K Mohan et al.  [78] A test was conducted for biodiesel fuel for a diesel engine, single-cylinder, 

four stroke, direct injection. A decrease in hydrocarbon emissions (HC) was observed. The reason 

is that complete combustion occurs as a result of the high temperature inside the combustion 

chamber, and the presence of oxygen in biodiesel helps complete combustion. 

Betty Ariani and Dedy Wahyudi  [30] A test was conducted for biodiesel fuel for a diesel engine, 

four-stroke, direct injection. A decrease in hydrocarbon (HC) emissions was noted. The reason is 

that complete combustion occurs as a result of the high temperature inside the combustion chamber, 

as well as the presence of oxygen in biodiesel helps in complete combustion. 

V.S Vijay and J. Gonsalves  [58] A test of biodiesel fuel for a four-stroke, water-cooled diesel 

engine showed an increase in hydrocarbon (HC) emissions at low temperature, but decreases with 

increasing fuel temperature. For example, biodiesel preheated to 100°C and 175°C, hydrocarbon 

emission (HC) is slightly higher than that of standard diesel, but at 250°C it decreases by 25.5%, 

10.9% for load 67%, and 100%, respectively. This result is mainly due to improved atomization 

and formation of a homogeneous mixture at higher temperatures of the preheated fuel. 

Abhishek Sharma et al.  [79]A test was conducted for biodiesel fuel for a single-cylinder, four-

stroke, water-cooled diesel engine. The results indicate a decrease in hydrocarbon (HC) emissions. 

The reason for the decrease is due to the complete combustion of biodiesel containing oxygen. 

Sai Bharadwaj A.V.S.L et al.  [69] A biodiesel fuel test was conducted for a single-cylinder, four-

stroke, water-cooled diesel engine. The results indicate a decrease in hydrocarbon (HC) emissions, 

due to the presence of more oxygen molecules.and low carbon and hydrogen content in the 

biodiesel mixture compared to diesel fuel, which in turn leads to a complete combustion process 

that leads to low emissions of hydrocarbons. 

Luqman Razzaq et al.  [18] A test was conducted for biodiesel fuel for a single-cylinder, water-

cooled diesel engine. The results indicate a decrease in hydrocarbon (HC) emissions. The reason 

for the decrease is due to the presence of a percentage of oxygen in the biodiesel, which in turn 

improves the combustion process and makes combustion complete. The lowest values were 

recorded for hydrocarbon emissions for B10, B20 and B30: 0.065, 0.062 and 0.06 g/kWh, 

respectively, at 2100 rpm. Over full speed The main reason behind this significant reduction in 
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hydrocarbon emissions is the higher oxygen content in biodiesel fuel which makes combustion 

more complete. 

2.6.2 Nitrogen oxide (NOx) Emission 

   Sundar K et al.   [64]  A biodiesel fuel test was conducted for a diesel engine, single-cylinder, 

four-stroke, constant speed 1500 rpm, and variable compression ratio, the results indicate an 

increase in nitrogen oxide (NOx) emissions. The cause of the increase is due to the presence of a 

small percentage of nitrogen in the oils. Also, higher combustion temperatures inside the cylinder 

lead to an increase in nitrogen oxide emissions. 

Fatih Aksoy et al.  [80] A test was conducted for biodiesel fuel for a single-cylinder diesel engine, 

direct injection, natural aspiration, the results indicate an increase in nitrogen oxide emissions 

(NOx) for biodiesel mixtures B30. It makes the combustion complete, and thus the combustion 

temperature inside the cylinder increases, which increases nitrogen oxides (NOx) emissions. 

Safaa El-Din H. Etaiw et al.  [81] A test was conducted for biodiesel fuel for a diesel engine, 

single-cylinder, water-cooled, 11 KW. The results indicate an increase in nitrogen oxide (NOx) 

emissions for biodiesel mixtures compared to pure diesel. The reason for the increase in nitrogen 

oxide (NOx) emissions can be explained by providing the conditions for the formation of NOX, 

which is the presence of a quantity of oxygen in biodiesel. 

C. Adhikesavan et al.  [70]  A test was conducted for biodiesel fuel for diesel engine, single-

cylinder, air-cooled, direct injection, stationary engine. Nitrogen oxides (NOx) emissions indicate 

the availability of conditions for the formation of (NOX), which is the presence of an amount of 

oxygen in biodiesel, which in turn will make the combustion complete and thus increase the 

combustion temperature inside the combustion chamber. Also, injection timing and injection 

pressure have an effect on increasing NOx emissions.  

Santhanakrishnan Radhakrishnan et al.   [82]  They conducted a test of biodiesel fuel for a diesel 

engine, single-cylinder, four-stroke, air-cooled, constant speed 1300 rpm, the results indicated an 

increase in nitrogen oxide emissions (NOx) for biodiesel blends produced from palm oil compared 

to pure diesel, The reason for the high nitrogen oxide emissions is due to the characteristics 

possessed by biodiesel and the amount of oxygen it contains. 

Bukke Devaraj Naik et al.  [72] They conducted a test of biodiesel fuel for a single-cylinder, four-

stroke, water-cooled diesel engine, the results indicated an increase in nitrogen oxide (NOx) 

emissions for biodiesel mixtures produced from cooking waste sunflower oil compared to pure 

diesel, due to the higher emissions Nitrogen oxide refers to the characteristics possessed by 

biodiesel and its containment of an amount of oxygen, as the formation of nitrogen oxides emission 

depends on the temperature, reaction time, and the oxygen content of the fuel. 

José Antonio Velez Godiño et al.  [83]  They conducted a biodiesel fuel test for a diesel engine, 

single-cylinder, four-stroke, air-cooled, direct injection, naturally aspirated, the results indicated 

an increase in nitrogen oxide (NOx) emissions for biodiesel mixtures compared to pure diesel, due 
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to the increase in nitrogen oxide emissions Nitrogen refers to the characteristics of biodiesel such 

as high temperature due to the unbranched molecules in its composition, as well as advances in the 

timing of fuel injection, as well as the characteristics of biodiesel affect the composition of the 

mixture. 

2.6.3 Carbon Monoxide (CO) Emission 

   P. V. Elumalai et al.  [84] They conducted a biodiesel fuel test for a diesel engine, constant speed 

at 1500 rpm, four-stroke, water-cooled, the results indicated a decrease in carbon monoxide (CO) 

emissions for the biodiesel blends produced from palm oil, where the CO2 decreased from PND100 

and PND20, PND20AB, and PND20AN by 7.14%, 25.02%, 35.71%, and 28.57% compared to 

D100%, respectively. The lowest carbon dioxide emission was detected in PND20AB, about 

35.71%. PND20AB was observed to have a higher internal oxygen content than the other fuels 

tested which enhances the oxidation reaction which results in complete combustion. 

Selvakumar Ramalingam and N.V. Mahalakshmi.  [85] They conducted a test of biodiesel fuel 

for a diesel engine, constant speed at 1500 rpm, direct injection, four-stroke, air-cooled, and the 

results indicated a decrease in carbon monoxide emissions (CO) for the biodiesel mixture compared 

to pure diesel. The reason for the decrease is due to the presence of a large amount of oxygen in 

biodiesel, which helps to make the combustion process complete, as a higher content of oxygen in 

biodiesel reacts with carbon monoxide (CO) and promotes the formation of CO2 with advances in 

injection timing. CO emissions can also be further reduced with an increased ignition delay, which 

in turn allows full utilization of the oxygen. The increased air-fuel mixing enhances combustion, 

resulting in lower CO emissions than a clean diesel in operating conditions. 

Prabhu Appavu et al.   [86]  They conducted a test of biodiesel fuel for a diesel engine, direct 

injection, single cylinder, four stroke, water-cooled, naturally aspirated, there was a decrease in 

carbon dioxide emissions CO by 25% compared to pure diesel, the reason for this decrease is due 

to the presence of an amount of oxygen in the biodiesel . 

M Zamberi et al.   [65]  tested a direct-injection, single-cylinder, four-stroke, naturally aspirated 

diesel engine, and there was a reduction in carbon monoxide (CO) emissions when using biodiesel 

and mixing it with diesel, especially at high engine speeds, but CO emissions decreased carbon 

oxide at high engine speeds, this can be attributed to low air-fuel equivalence, low combustion 

temperature, and poor atomization due to density, viscosity, and flash point at low speed. As the 

engine speed increased, a higher ratio of air to fuel was introduced, and the cylinder temperature 

and pressure during combustion also increased, ensuring relatively better combustion and thus 

lower CO emissions. 

Ali Alahmer et al. [68]  They conducted a test of biodiesel fuel for a diesel engine, direct injection, 

single cylinder, four stroke, variable load, and constant speed at 1800 rpm, there was a decrease in 

carbon monoxide (CO) emissions when using biodiesel produced from palm oil, corn oil and 

sunflower oil And mixing it with diesel, the reason is that there is more oxygen in biodiesel fuel, 

which promotes complete combustion, an increase in the cetane number of biodiesel fuel, which 
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leads to a decrease in the possibility of developing fuel-rich regions, which are generally associated 

with CO emissions, when using biodiesel, this may explain advanced combustion and injection. 

2.7.4 Carbon Dioxide (CO2)Emission 

   Arnab Roy et al. [87]  They conducted a test of biodiesel fuel for a diesel engine, direct injection, 

single cylinder, four stroke, constant speed at 1500 rpm, water cooled. There was an increase in 

carbon dioxide emissions (CO2) when using biodiesel, the increase reached 20% compared to with 

pure diesel, the reason is that there is more oxygen in the biodiesel, which promotes complete 

combustion and thus increases the amount of CO2 emissions. 

Addisu Frinjo Emma et al.  [62]  They conducted a biodiesel test of a diesel engine, compression 

ignition, direct injection, single cylinder, four stroke, vertical, rated speed at 1500 rpm, rated power 

5.2 kW, water cooled. There was a high CO2 emissions at the use of biodiesel, because biodiesel 

formulas contain more oxygen than regular diesel. CO2 emissions increase with mixture ratio and 

engine loading conditions. The CO2 emission at full load increases by 0.27% 0.84%, 1.15%, 1.52%, 

1.97% and 3.58% for B10, B20, B30, B40, B50 and B80, respectively, compared to pure diesel. 

This may be due to an increase in the oxygen concentration inside the combustion chamber and 

complete combustion, where CO is oxidized to CO2  where CO is inversely proportional to CO2 

under all loading conditions and mixing ratios. 

Rahim Karami et al. [88] They conducted a biodiesel fuel test for a diesel engine, compression 

ignition, four-cylinder, indirect injection, four-stroke, vertical, naturally aspirated, liquid-cooled. 

The reason is due to the characteristics of biodiesel such as high density, where density is the mass 

per unit volume. If the fuel has a high density, this means that a much larger mass enters the cylinder 

with the same volume, because the new generation of diesel injectors that supply fuel to the 

combustion chamber for power generation regulate the amount of fuel by volume, not by mass. 

More fuel entering the engine cylinder means more emissions. The increase in CO2 emissions 

values using biodiesel can be explained by this reason. 

2.7.5 Exhaust Gas Temperature 

   Belachew Cekene Tesfai et al. [89]  They conducted a test of biodiesel fuel for a diesel engine, 

compression ignition, four cylinders, direct injection, four stroke, compression ratio 18.3, the 

results indicated a rise in exhaust gas temperatures compared to pure diesel, the reason for the 

increase was due to the presence of an oxygen ratio of 10.5% in molecule, which facilitates the 

total combustion of fuel within the cylinder of a CI engine. Hence the temperature in the cylinder 

rises and thus there is a corresponding increase in the temperature of the exhaust gases. 

M.S.Gad and Mohamed A.Ismail  [26]  They conducted a biodiesel test for diesel engine, pressure 

ignition, single-cylinder, four-stroke, air-cooled, direct injection, the results indicated a rise in 

exhaust gas temperatures compared to pure diesel, due to the properties possessed by biodiesel, 

and problems of decay and evaporation. 
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Ömer Cihan  [76]  A test was conducted for biodiesel fuel for a diesel engine, pressure ignition, 

one cylinder, four strokes, air-cooled, the results indicated an increase in exhaust gas temperatures 

for biodiesel mixtures B5, B10 and B20 compared to pure diesel, the reason for the increase is due 

to the presence of a quantity of oxygen in the biodiesel. 

L. Anantha Raman et al. [90]  They tested biodiesel for diesel engine, pressure ignition, single-

cylinder, four-stroke, water-cooled, direct injection, the results indicated a rise in exhaust gas 

temperatures for biodiesel mixtures, the EGT for B25, B50, B75 and B100 is 6.5, 10.3, 14.8 and 

17.6% higher than the elegant diesel fuel, respectively. This is due to the availability of oxygen 

content in biodiesel which promotes the combustion process resulting in overheating of the exhaust 

gas.   

2.7 Summary For Tranesterfication Process 

No.S No.R Researcher name Vegetable 

oil type 

Transesterification 

reaction conditions 

Results 

1 [82] S.Radhakrishnan et 

al. 

Palm. Oil. 

 

• MeOH and oil have a 

6:1 molar ratio. 

• .KOH. : 0.3 wt%  

•60 ºC reaction 

temperature 

• Time reaction:45 min  

• 340 rpm 

•Density : 0.8550 g.ml1-. 

•Calorific value (MJ.kg1-). 

41.32. 

•60- Cetane index 

•4.5 cSt for kinematic 

viscosity 

• 172 oC, the flash point 

2 [91] Arwa Sandouqa et 

al. 

Olive Oil. • MeOH:oil molar ratio 

is 6:1. 

• 7.5 wt% NaOH 

•Reaction temperature: 

90 ºC  

• Time reaction:40 min  

• 200 rpm 

• Density 0.8764 (g/cm3) 

•Kinematicm viscosity 7.5 

mm2/sec 

 

3 [46] S.T. Keera et al. Castor Oil. •9:1 molar ratio of 

MeOH to oil 

• KOH. : 1 wt% 

•Temperature of 

reaction: 60 oC 

• Reaction time: 30 to 

120 minutes 

• 400 rpm 

• Biodiesel:95 wt%  

• 0.9461 g/cm3 density 

• MJ/kg of calories: 38.34 

• 43.7 Cetane Number 

• 15.4 cSt for kinematic 

viscosity 

• 194 oC flash point 

4 [92] Yuvarajan 

Devarajan et al.  

 

Waste 

cooking oil 

• Oil :0. 5L  

• Methanol:0.25L 

• NaOH :2.5g  

•Time reaction: 45 

min. 

 

• 0.8829 g/ml density  

• 38.108 MJ/kg calorific 

value 

• Cetane No. 52 

• 4.3 kinematic viscosity 

5 [74] ZülfüTosun  and 

Hüseyin Aydin 

Safflower 

Oil. 

• 5:1 molar ratio of 

MeOH to oil 

• KOH. : 3 wt %  

 

•Density gr/cm3  (API)    

0.891  
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•Temperature of 

reaction: 55 oC 

•Reaction time: 60 

minutes 

• 1500 rpm 

• Calorific value (MJ/kg) 

38.108  

• Amount of sulfur %   

0.01  

•Kinematic viscosity mm 2 

/s  

4.9388  

 

6 [93] Ines Simbi et al. sunflower 

oil 

• MeOH,oil 12:1 molar 

ratio 

• CaO/Al2O3:2.5 wt%  

• Reaction temperature 

60 ºC  

• Time reaction :5 h  

• 1300 rpm 

•98.23 wt% biodiesel 

 

•Density gr/cm3  (API)    

0.8811  

• 38.108 MJ/kg calorific 

value 

•Kinematic viscosity : 5.33 

mm2/s 

• Flash point 170 ºC  

7 [32] Ankur Nalgundwar 

et al.  

 

Jatropha oil • Oil :1L  

• Methano:250 ml l  

• NaOH: 5g  

• Time reaction :90 

minutes  

• Reaction temperature 

60 °C  

 

• 0.8649 g/ml density 

•39.847 MJ/kg calorific 

value 

•5.48 cSt kinematic 

viscosity 

 

8 [94] S.A. Abo El-Enin et 

al. 

rapeseed oil • MeOH:100ml  

• KOH:50 ml 

•Reaction 

temperature:60 ºC  

• Time reaction :60 min  

• 1800 rpm 

•90 wt% biodiesel 

• Density 0.9461 g/cm3 

• Cetane Number 53.7  

• Specific gravity 0.8848 

• Kinematic viscosity 15.4 

cSt 

• Flash point: 169 ºC 

9 [64] Sundar K. and 

Udayakumar  

 

cottonseed 

oil 

• Oil :1L  

• Methanol : 250 ml.  

• 13 g. NaOH.  

• 1 hour at 600 rpm. 

• 60 °C reaction 

temperature 

• 0.89 g/ml density. 

•39.49 MJ/kg calorific 

value 

• Cetane Number 54.0  

•5.8 cSt kinematic 

viscosity 

10 [95] Shurooq T. Al-

Humairi et al. 

algae •MeOH,oil 100:1 

molar  

• KOH: 0.5 M  

•Reaction temperature: 

60 ºC  

• Time reaction :30 min  

• 13300 rpm 

• 97 wt% biodiesel 
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  It is noted from the above table that the best type of vegetable oil used in the preparation of 

biodiesel was leftover cooking oil since it is inexpensive and does not endanger food security. 

 

2.8 Engine Performance Summary 

 

No.S No.R Researcher name Engine description Engine Performance Parameters Ruesults 

1 [96] Mandeep Singh 

and Sarbjot Singh 

Sandhu 

four cylinder, four 

stroke, intercooled 

turbocharged CI 

engine. 

• As the biodiesel ratio in the blend grows, 

BTE decreases. 

• Biodiesel has a higher BSFC than diesel fuel. 

2 [73] V. Vinodkumar and  

A. Karthikeyan  

One cylinder,  Injection 

type direct injection, 

Water-cooled.   

• Due to its larger calorific value and lower 

kinematic viscosity and density, diesel fuel 

has a higher BTE than the other studied fuels. 

• Low BSFC compared to diesel fuel and other 

studied fuels. 

3 [97] S.Imtenan et al. 4- DI diesel engine 

with stroke, One 

cylinder, Radiator 

cooling.   

   

• Compared to diesel fuel, biodiesel had higher 

brake specific fuel consumption and lower 

brake thermal efficiency. as well as lower 

engine brake power. 

4 [87] Arnab Roy et al. four-stroke, one-

cylinder, multifuel 

(computerized), water-

cooled research engine 

configureuration. 

• When 5% water is added to the B20CJ 

mixture. It increases BTE by an estimated 

14% when compared to the main fuel, diesel. 

• The BSFC values for the fuel mixture 

(B20C5JW) are about 16.7% higher than pure 

diesel fuel. 

5 [26] M.S. Gada and 

Mohamed A. 

Ismail 

One-cylinder, four-

stroke, Air cooled, 

DEUTZ F1L511. 

• Cylinder peak pressures for kerosene and 

biodiesel blends are reduced by 2.5% and 

1.5%, respectively, when compared to diesel 

oil for K5 and K10. 

• Thermal efficiency has been improved by 

adding more gasoline or kerosene here to mix. 

Thermal efficiency when utilizing diesel fuel 

with full load. 
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6 [98] Mukund Kumar et 

al. 

Kirloskar/AV.1, Multi 

fue, CI engine with one 

cylinder, four strokes, 

and cooling water.  

• (Brake thermal efficiency) for basic diesel 

operation increased from 25.02% to 32.15% 

for hydrogen peroxide and biodiesel 

procedure. 

• At greater FIPs, cylinder pressure and rate of 

heat release (HRR) were also found to be 

higher. 

7 [74] Zülfü Tosun and 

Hüseyin Aydin 

NWK22 diesel 

generator, 4 cylinders, 

4 strokes, direct 

injection, and cooling 

by water. 

• In spite of having a lower heating value than 

diesel fuel due to increased combustion 

efficiency, the engine can transform 

biodiesel's chemical energy into mechanical 

energy with the same efficiency as diesel fuel. 

• Biodiesel has a higher brake specific fuel 

consumption than diesel fuel. This is due to 

biodiesel fuel has less thermal value than 

diesel fuel. BSFC is affected by fuel quantity, 

density, viscosity, and heating value. 

8 [99] Rajendra Kukana 

and Om Prakash 

Jakhar 

Water-cooled, One-

cylinder four-stroke 

normally breath direct-

injection diesel engine. 

• W50A50 biodiesel's BSFE was comparable 

to that of WCO, while W75A25 biodiesel had 

a higher BSFE than WCO biodiesel. 

• The concentration of BTHE in biodiesel 

W50A50DB20 (34.09%) and W75A25DB20 

(37.25%) is higher than in diesel (33.76%). 

9 [71] Md. Nurun Nabi et 

al. 

Water  cooled,  4-stroke, 

only one diesel Natural 

aspiration-direct 

injection engine. 

• The binary and ternary mixes have lesser 

torque, brake power, and mean effective 

pressure than the source diesel fuel. The 

decline is driven by the combinations' low 

energy content and blending inaccuracies. 

• The binary and ternary blends' brake thermal 

efficiency was approximately comparable to 

that of reference diesel, however the brake 

specific fuel consumption for the same blends 

was greater due to decreased calorific value. 

10 [78] K Mohan et al. 

 

 

Diesel engine by one 

cylinder, 4 strokes, 

fixed speed, and water 

cooling. 

• Because of fuel properties such as low 

density, low viscosity, and high calorific 

value, Brake thermal efficiency and 

mechanical efficiency increased by 15%. In 
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comparison to ordinary diesel, the volatility of 

the biodiesel blend (SFC) gradually decreases. 

Palm grass oil particles burn and evaporate 

faster than diesel, resulting in lower specific 

fuel consumption (SFC). 

 

 

 

 

2.9 Engine Exhaust Emission Summary 

 

No. No.R Researche

r name 

Engine 

description 

CO CO2 HC NOx EGT Smoke 

opacity 

1 [73] V. 

Vinodkum

ar and  A. 

Karthikeya

n  

One cylinder,  

Injection type 

direct 

injection, 

Water-cooled.   

increased increased increased decreased decreased decreased 

2 [97] S.Imtenan 

et al. 

4- Stroke DI 

diesel engine, 

One cylinder, 

Radiator 

cooling.   

  

decreased    --- increased decreased    ---    --- 

3 [87] Arnab Roy 

et al. 

One-cylinder, 

four-stroke, 

multifuel 

(computerized

), water-

cooled 

research 

engine 

configureurati

on. 

decreased increased decreased decreased decreased    --- 

4 [98] Mukund 

Kumar et 

al. 

Kirloskar/AV.

1, Multi fue, 

CI engine with 

one cylinder, 

four strokes, 

and cooling 

water.  

increased   --- decreased decreased   ---  increased 
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5 [74] Zülfü 

Tosun and 

Hüseyin 

Aydin 

NWK22 

diesel 

generator, 4-

cylinder, four 

- stroke, 

liquid-cooled, 

and direct 

injection. 

decreased decreased increased increased    ---    --- 

6 [99] Rajendra 

Kukana 

and Om 

Prakash 

Jakhar 

Diesel engine,  

direct-

injection,  

one-cylinder, 

4-stroke, 

liquid-cooled, 

and normally 

inhaled. 

increased increased increased increased increased    --- 

7 [71] Md. Nurun 

Nabi et al. 

Natural 

aspiration, 

diesel engine,  

direct 

injection,  4-

stroke, one-

cylinder, and  

liquid-cooled. 

   --- increased    --- increased    ---    --- 

8 [100] Phyo Wai 

et al. 

Isuzu 4JJ1 

TC, four-

stroke, and 

four cylinder,    

   ---    increased    --- increased decreased decreased 

9 [40] Mahmoud 

K. Ashour 

and Ahmed 

E. 

Elwardany. 

diesel engine, 

four-cylinder, 

HATZ-1B30-

2, Electrical.  

decreased    ---    --- decreased    ---    --- 

10 [101] Erkan 

Öztürk  

DI-diesel 

engine, natural 

aspirated, air 

cooled. 

decreased decreased decreased decreased increased decreased 

11 [75] Loubna 

Hadhoum 

et al. 

One cylinder, 

naturally 

aspirated, 

four-Stroke, 

compression 

Ignition, 

air-cooled, 

direct 

injection. 

increased    --- decreased decreased    ---    --- 

12 [102] M.S. Gad 

and 

DEUTZ 

F1L511, 

single 

increased    --- decreased  increased increased decreased 
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Mohamed 

A. Ismail 

cylinder, air-

cooled, four 

stroke. 

13 [72] Bukke 

Devaraj 

Naik et al. 

CI engine,      

single 

cylinder, four-

stroke, water-

cooled. 

decreased   --- --- decreased --- decreased 

14 [88] Rahim 

Karami et 

al. 

Diesel engine, 

four cylinder, 

four cycle, 

liquid-cooled. 

decreased increased decreased increased --- --- 

15 [103] K Mohan 

et al. 

The IC 

engine, 4-

stroke, Single-

cylinder diesel 

engine. 

decreased increased increased decreased --- --- 
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CHAPTER THREE 

EXPERIMENTAL WORK 

EXPERIMENTAL WORK 3 EXPERIMENTAL WORK  

3.1 Introduction 

  
This chapter describes the experimental equipment and measuring techniques used to assess 

the impact of adding various types of renewable fuels to a compression-ignition engine on 

performance and released pollutants in comparison to diesel. The TD-202 small engine test set is 

an instrumented engine test set for testing small single-cylinder engines such as lawn mowers, 

cultivators, pumps, and generators. The test kit includes a strong hydraulic dynamometer with 

simple operation to load the engine. This dynamometer is efficient since engine power is dissipated 

into the water that runs through it, eliminating the need for massive electrical supply or load 

resistors.  

3.2 Biodiesel Production 

3.2.1 Materials and methods  

3.2.1.1 Materials 

   Sunflower oil was purchased from the market in a plastic container with a capacity of 1000 ml 

and heated to a temperature of 80 °C to remove any impurities that may be present. Several 

companies manufacture oil of different origins. Methanol was purchased from the good 

laboratories' offices in a glass container with a capacity of 2500 ml and a purity of 99.8% Belgian 

origin. The catalyst was purchased from the medical laboratories. Table 3.1 shows the materials 

used and the country of origin, and Figure 3.1 shows a picture of the materials used in the research. 

 

Table 3.1 The materials used and the country of manufacture in the preparation of biodiesel 

 

NO. Product Origin 

1 Sunflower oil 1 liter bottle Turkey 

2 Methanol alcohol with a purity of 99.5% and a boiling point of 

64.5 - 65.5 °C. 

Belgium 

3 Sodium Hydroxide (NaOH) and Potassium Hydroxide (KOH) India 
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Figure 3.1 Materials used in the preparation of biodiesel 

 

3.2.1.2 Instruments and tools 

       The following devices and tools were used in the preparation process: 

1- Magnetic stirrer. 

2- Baker. 

3- Separation funnel. 

4- Thermometer. 

5- Sensitive scale (Max = 500 g         d= 0.001 g). 

6- Electric heater. 

7- Digital Tachometer. 

8- Protective and safety equipment (gloves and a face mask). 

Figure 3.2 shows preparation tools and equipment. 
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Figure 3.2 shows preparation tools and equipment 

 

3.2.1.3 Transesterification experiments  

   Conversion reactions were carried out in batches and for each batch, 100 g of sunflower oil is 

placed in a flask and placed on a magnetic stirrer. The temperature is set to the desired value 

through the thermometer and the temperature switch in the magnetic stirrer, a quantity of 

methanol 12.5 g is mixed with an amount of 1 g sodium hydroxide catalyst  [2, 45  ,103]. Mix the 

methanol with the catalyst well until all the catalyst is completely dissolved and the methoxide 

mixture is formed. The mixture is added to the beaker containing sunflower oil while 

maintaining a constant temperature and continuous stirring at 700 revolutions per minute and 

for an appropriate period of time not exceeding 120 minutes [27,  62]. Following the conclusion 

of the reaction, the mixture is moved to a separation funnel and allowed to settle for a suitable 

amount of time, up to 24 hours, to form two separated layers with distinct densities. Biodiesel 

is formed in the upper layer, while glycerin, which is heavier in density than biodiesel, forms in 

the bottom. After separating the biodiesel, it is washed with distilled water for three washes, and 

then the biodiesel is heated to a temperature of 110 °C for half an hour to get rid of the catalyst 

and alcohol residues. . Figure (2, 3) shows the transesterification process.  
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Figure 3.3 The steps in the preparing of biodiesel 

 

  

Figure 3.4 Transesterification process 

  

Vegetable oil 

Transesterification 

 

Crude glycerin Crude biodiesel 

Refining 

 

Glycerin Biodiesel 

Refining 

Catalyst Alcohol 

Soap Industry 
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3. 2.1.4. Physical properties  

   The physical properties of biodiesel prepared from sunflower oil and regular diesel were 

investigated at the Diwaniyah Refinery and Petroleum Products Distribution Company in 

Diwaniyah, Iraq. Table  3.2 shows the physical properties of diesel fuel and their comparison with 

the physical properties of biodiesel according to ASTM standards, which are frequently referred to 

in the literature. One of the most important of these characteristics is the kinematic viscosity 

characteristic that must be taken into account to maintain engine performance. The cetane number 

directly affects the quality and type of combustion, and the quality of fuel ignition is measured 

through it. Calorific value is a characteristic that has an impact on thermal efficiency and 

combustion properties. The flash point characteristic must be taken into account when evaluating 

the flammability of a fuel. Fuel density has an impact on engine performance and combustion 

quality. Pour point is the lowest temperature the diesel reaches in the flow, after which the fuel 

stops flowing and begins to freeze. Ash content is the remnants of non-combustible inorganic 

materials that remain after fuel combustion in air at a specified high temperature. 

 Table 3.2 shows the physical properties of biodiesel and diesel  

 

 

NO. Properties of fuel 

 

Unit Diesel Biodiesel Standard 

Method 

1 Density-@15°C 

 

Kg/m³ 

 

830 
 

892 

 

ASTMD-4052 

 

2 Flash-point 

 

°C 

 

68  
 

175 ASTMD-93(A) 

 

3 Pour-point 

 

°C 

 

(-)16 
 

(-)3 
 

ASTMD-97 

 

4 Cetane-index 

 

- 53.4 
 

51.1 
 

ASTMD-4739 

 

5 Calorific-value 

 

MJ/kg 

 

45.836  
 

24.123 Calculated 

 

6 Viscosity @40°C 

 

Pa.s 

 

0.002241 
 

0.00482 
 

ASTMD-445 

 

 

 

3.3 Experimental setup 

  The "experimental test" was influenced by three kinds of variables (surroundings, input, and 

output), as illustrated in figure 3.5.  input variables include engine load, engine speed, and biodiesel 

ratio. The output variables or responses are brake thermal efficiency, volumetric efficiency, 

specific fuel consumption, air-fuel ratio, and exhaust temperature. Furthermore, we can consider 

CO, CO2, HC, and NOx as output variables or responses to exhaust emissions. Ambient 
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temperature and pressure, as well as diesel and biodiesel requirements, are examples of 

environmental variables. 

 

Figure 3.5 the control, environment, and reaction variable engine 

   The device is fully compatible with TecQuipment's Versatile Data Acquisition System (VDAS), 

available separately as shown in Figure 3-6. The use of  VDAS enables accurate real-time data 

capture, monitoring, display and calculation of all relevant parameters on a PC making tests fast 

and reliable. 

Diesel engine

Environment variables

1-Atmospheric temperature.

2-Atmospheric pressure.

3-The characteristics of diesel fuel.

Response variables

1-Performance(ղv ,ղth, BSFC).

2-Exuast emission 
(CO,CO2,HC,NOX,O2).

Control variable

1-Biodiesel mixing ratio.

2-Engine speed.

3-Load.
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1. Engine chassis   2. Exhaust gas analyzer   3. Exhaust gas analyzing probe   4. Test engine   5. 

Load cell   6. Dynamometer   7. Tachometer   8. Data acquisition   9. Fuel burette   10. Fuel tank   

 

Figure 3.6 Schematic diagram of the components of experimental rig. 

 

 3.3.1 Engine Specification 

  The biodiesel test was carried out in the internal combustion laboratory at the Engineering 

Technical College / Najaf. Figure 3.7 shows a computerized and variable data logging system with 

sensors and instruments along with a diesel engine and eddy booster for performance and emissions 

testing. Biodiesel/diesel blends and their comparison to diesel. 
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Figure 3.7. depicts the experiment's real design.  

 

3.3.2 Test Engine Description 

The TD202 is made from a small cooled by air single-cylinder diesel motor with: 

• Overhead valves - one for inlet, one for exhaust 

• Direct fuel injection 

• Pressurized oil lubrication 

• Recoil starter 

   The engine includes a governor that prevents the engine exceeding its optimum speed. The 

governor is a device inside the engine, linked to the fuel injection system. When the engine speed 

increases to a certain level, the governor forces the fuel injection system to reduce the amount of 

fuel that enters the cylinder. This regulates the maximum speed and engine power. 

The engine is lubricated by ordinary engine oil, stored in a small sump at the base of the engine 

body. The oil is pressurised and forced around the engine, to lubricate its moving parts and 

bearings. The oil passes through a fine mesh oil filter that helps to clean the oil. 

The engine is based on the standard cross-flow design, so that the fuel/air mixture enters from one 

side of the cylinder head and is forced out as exhaust to the opposite side of the cylinder head. 

Fuel tank 

Exhuast gas analyzer 

 Test 

engine  

Engine chasis 

dynmo

meter 

computer 

Fuel burette 
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Forced air-cooling is provided by the fins around the engine flywheel. As the flywheel turns, the 

fins force air around the cylinder by means of simple ducting. 

The engine is started by a starter handle and cord, wrapped around a pulley on the flywheel. The 

pulley includes a clutch to disengage the cord and pulley when the engine starts. This arrangement 

is called a 'recoil starter'. The engine includes a speed control (often called a 'rack'). The rack 

directly adjusts the amount of fuel that can enter the cylinder. If the rack is moved to the minimum 

position, no fuel is injected to the cylinder and the engine stops. Alternatively, an engine stop button 

is provided. This button stops the fuel injection system. 

  

3.3.3 Technical details 

 
 Table 3.3 Test rig specification  

 

Parameters                                             Details     

Dimensions                                        Width 4 cm Height 4.5 cm 

                                      Depth 3.50 cm 

Net weight 

Engine Type  

35 kg 

 4-Stroke, Single Cylinder, Direct 

injection, Stationary engine, Air-

cooled  

Fuel type  Diesel  

Fuel tank  Caramel/light brown-painted steel 

with vent and filter cap  

The maximum possible power 3.1 kW at 3000 rev.min-1  

Maximum Torque 15 N.m 

Bore  0.69 cm  

Stroke/crank radius  62 mm/31 min  

Connected rod length  1.04  cm  

Engine capacity  232 cm3  

Compression ratio  22:1  

Oil type  Multigrade SAE 5 W-40  

Oil capacity  2.6 Litre  

 

 

3.3.4 The Hydraulic Dynamometer 

Hydraulic dynamometer supplied as default to the testbed is a trunnion installed Hydraulic 

Dynamometer which applies load depending to the water flow rate and amount of water in its 

casing. An accurate needle valve regulates the flow rate and level. The torque is monitored by 
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means of an electronic load cell built into the side of the dynamometer. The dynamometer rotational 

speed is measured electronically by means of an optical sensor. 

The hydraulic dynamometer is a simple but efficient way to load a test engine. It is made 

up of two shells with radial ribs on the inside. A shaft that travels through the dynamometer is 

linked to a rotor with radial ribs on both sides. To allow the casing to act to a strain gauged load 

cell, the dynamometer is positioned in self-aligning bearings. Water enters the dynamometer 

through an adjustable needle valve at the top and exits through a drain at the bottom. A vent allows 

extra air and water to escape. 

The ribs on the casing and rotor force the water to churn while the engine turns the shaft. 

The load cell measures the resistive torque as a result of this. Adjusting the water flow rate changes 

the amount of resistance, as does the height of the water in the casing. The constant flow of water 

through the dynamometer dissipates the heat generated by the churning of the water. The needle 

valve is used to control the dynamometer indirectly (an open-loop system). Despite the fact that 

the load control is an open-loop system, the speed can be maintained at around 100 rev/min. 

A flowmeter was added to control the load of the engine (flowing water to the 

dynamometer), as it shown in figure 3.8 

 

 

 

 

Figure 3.8 The flowmeter regulates the amount of water pumped into the dynameter. 
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3.3.5 Instrument Frame 

   The TD202 small engine test set's instrument modules are installed on the instrument frame. To 

power the Instrument Modules, the frame contains a single IEC type power inlet and many IEC 

type outlets. To prevent vibration transmission from the engine to the measuring devices, the 

instrumentation and test bed are maintained separate. 

3.3.6 Instrument Modules 

3.3.6.1 Torque and Speed Display - DTS2 

   The torque measured on the dynamometer and the speed computed from the optical sensor pulses 

are displayed in this module (with time). The product of speed and torque is used to compute power 

show figure 3.9. 

 

 

Figure 3.9 torque sensor (load cells). 

 

3.3.6.2 Engine Inlet Air and Exhaust Display - DPT1 

   The ambient (barometric) pressure and temperature, as well as the pressure inside the airbox, are 

displayed in this module. The airbox orifice dimensions, as indicated in figure. (3.10), and the 

pressure differential between the ambient and inside the airbox are used to compute the engine inlet 

airflow (Ap). 
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Figure 3.10 Airbox orifice with pressure port 

3.3.6.3 Versatile Data Acquisition System – VDAS 

   The VDAS apparatus from TecQuipment can be used with the Small Engine Test Set and its 

Instrument Modules. The VDAS equipment consists of two parts (hardware and software) that 

enable the user to: 

• Reduce errors 

• Save experiment time 

• Record the test results on a suitable computer 

• Automatically calculate important values 

• Produce high-quality graphs and results, as well as the ability to export data to a spreadsheet 

software for further graphing and analysis. The VDAS software and hardware are shown in Figure 

3.11. 
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Figure 3.11 A VDAS program. 

 

3.3.6.4 Volumetric Fuel Gauge - AVF1 

   The volumetric fuel gauge is the AVF1 which is a manually driven fuel pipette that must be used 

in conjunction with a proper timer or stopwatch see Figure 3.12. 
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Figure 3.12 Volumetric fuel meter. 

 

3.4 Gas Analyzer Unit 

   As demonstrated in figure. 3.13, the Techno test (MOD 488) exhaust gas analyzer is acceptable 

for petrol engines. It measures, displays, and prints carbon monoxide (CO), carbon dioxide (CO2), 

unburned hydrocarbons (HC), and nitrogen oxides (NOx) concentrations. The air/fuel ratio, which 

is an essential term of reference in engine tuning, is automatically determined based on these 

parameters. It can also be used to determine engine speed by counting the number of spark plug 

pulses and monitoring the temperature with a thermocouple probe. The range of measurement and 

resolution are listed in the table 3.4. 

Table 3.4 Range of measurement and resolution for exhaust gas analyses. 

 

Parameter  From  To  Resolution  

CO  0  9.99% vol.  0.01%  

CO2  0  19.9% vol.  0.1%  

HC  0  9999 ppm  10 ppm  

NOX  0  2000 ppm  10 ppm  
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Figure. 3.13 Techno test of a gas analysis equipment (MOD 488). 

3.5 Brake power  

   Brake power is the rate at which work is done; it expresses the engine's power generation, which 

is measured by a machine that applies an outside load to the engine and then absorbs the power 

that the engine produces. This measurement device can be mechanical, hydraulic, or electrical [24]. 

The following mathematical equation can be used to determine engine power. 

    

B.P= 2 πτ ɴ     ………………………… 3-1                                          

Where:  

   B.P: Engine power   

     τ : Engine torque 

    ɴ : Engine revolutions per minute   
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3.6 Torque of the engine 

   Torque is a measure of the work done by the crank per unit of rotation (radians). Flattening the 

torque-velocity curve is a major objective in modern car engine design to achieve high torque at 

both high and low speeds.In general, compression ignition engines have more torque than spark 

ignition engines. Engine torque can be calculated from the following mathematical equation.  

 

τ = B.P / (2 π ɴ)       ………………………… 3-2                                          

Where:  

   B.P: Engine power   

    ɴ: Engine revolutions per minute      

                                   

3.7 Brake-Specific Fuel Consumption (BSFC) 

   Specific fuel consumption is a measurement used to compare how effectively the chemical 

energy stored in fuel is converted into work done by the engine. There are two types of fuel 

consumption standards: brake and indicated. The brake specific fuel consumption (BSFC) is the 

fuel flow rate divided by the brake capacity and is determined by standard test measurements such 

as fuel flow rate, torque, and speed. The indicated specific fuel consumption (ISFC) is the ratio of 

the fuel mass injected during the cycle to work the cylinder and is used in mathematical simulations 

to compare engine performance without accounting for engine friction. The following 

mathematical equation can be used to calculate brake-specific fuel consumption (BSFC). 

 

BSFC = ṁf/B.P   ………………………3-3 

 

Where:  

   B.P: Engine power   

     ṁf: Mass fuelflow rate  
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3.8 Brake Thermal Efficiency (BTE) 

   One of the most important engine performance parameters is the brake thermal efficiency, which 

is denoted by the symbol (BTE) and can be defined as the actual percentage of brake power 

obtained from the amount of energy supplied to the engine and by the engine itself. Biodiesel and 

oil blends have a higher specific fuel consumption than regular diesel fuel. The lower caloric value 

is the reason for the higher consumption of specific fuel. The following mathematical equation can 

be used to calculate brake thermal efficiency (BTE).  

    

ƞ = B.P/(ṁf qc)    ………………………… 3-4  

                     

Where:  

   B.P: Engine power   

   qc : Heat of combustion 

   ṁf: Mass fuelflow rate 
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Chapter Four 

Results and Discussion 

4.1 Introduction 

   This chapter presents and discusses the experimental study on the use of an alternative fuel 

(biodiesel produced from sunflower oil) to diesel fuel on the performance and emissions of a 

compression ignition engine. Experimental analysis of engine performance on diesel and biodiesel 

blends, validation and comparison of experimental studies are presented. 

4.2 Transesterification Results 

   The trans-esterification process yielded 92% and the remainder is glycerol and losses. These 

losses represent the remaining catalyst, the unreacted alcohol, and what was removed from the 

emulsion during the wash. These are the results of many experiments, as these experiments showed 

that the cost of one liter of biodiesel is less than the cost of one liter of fossil diesel, as its raw 

materials are abundant in the market. The mixture was left for 24 hours until it separated into two 

layers, the top layer of biodiesel and the bottom layer of glycerol. The two materials of different 

densities can be separated by a separating funnel. The biodiesel process after separation is done by 

decanting water at 70 °C to get rid of methanol and catalyst. This process is repeated as many times 

as needed. The biodiesel was dried by heating it at 110 °C for 25 minutes. 

 

Table 4-1 materials, amounts and reaction conditions 

No. Oil         

/ g 

Oil     

/mole 

Oil         

/ml 

Methanol     

/ g 

Methanol   

/ ml 

Methanol      

/mole 

Catalyst 

concentrations% 

Catalyst  

/g 

Reaction 

Time /m 

Temperature 

/c 

Yield  
/ %  

1 100 0.1 104.07 12.5 15.776 0.3944 0.8 0.8 60 45 74 

2 100 0.1 104.07 12.5 15.776 0.3944 0.8 0.8 60 50 77 

3 100 0.1 104.07 12.5 15.776 0.3944 0.8 0.8 60 55 80 

4 100 0.1 104.07 12.5 15.776 0.3944 0.8 0.8 60 60 88 

5 100 0.1 104.07 12.5 15.776 0.3944 0.9 0.9 90 65 91 

6 100 0.1 104.07 12.5 15.776 0.3944 0.9 0.9 90 65 89 

7 100 0.1 104.07 12.5 15.776 0.3944 1.2 1.2 90 65 90 

8 100 0.1 104.07 12.5 15.776 0.3944 1 1 90 65 92 

9 100 0.1 104.07 12.5 15.776 0.3944 1 1 90 65 91 

10 100 0.1 104.07 12.5 15.776 0.3944 1 1 90 65 92 

 

 

 

 

 

 



Chapter Four                                                             Results and Discussion 

47 
 

 

4.3 Physical properties 

   After biodiesel is produced from sunflower oil, the physical properties of biodiesel are measured 

and compared to diesel fuel, in addition to the American Society for Testing and Materials (ASTM) 

standards that are frequently mentioned in literature review. Tests are performed to ensure the 

product is biodiesel. The properties of diesel and biodiesel were previously mentioned in Chapter 

Three. 

4.4 Reproducibility of results 

   In order to verify the reliability of the results of the experiment conducted, the diesel engine was 

subjected to the same series of tests three times while operating in diesel mode and biodiesel mode 

as shown in figure 4.1. It was determined to take the average of the data received, and any abnormal 

values were discarded. There is a discrepancy in the results of the tests, and the reasons for this 

discrepancy are the errors made by the measuring devices themselves, the differences in the 

surrounding environment, and the errors made by the people who conduct the tests. 

 

 

Figure 4.1 Exhaust gas temperature with engine torque 

4.5 Comparative study 

   To demonstrate the comparison between the experimental results, a comparison was made 

between the results of  Noor Ali | Duraid F. Maki [1]  for a single-cylinder, four-stroke engine with 

direct injection at a speed of 1500 RPM, a variable compression ratio, and biodiesel mixtures 

prepared from waste cooking oils (B0, B10, B20, B30), and the results obtained from the present 

work at 1400 rpm and torque (0-10 N.m). The result of the engine used was a single-cylinder, air-
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cooled, direct-injected four-stroke CI engine used to test diesel and diesel/biodiesel blends. Figure 

4.2 shows a working comparison of exhaust gas temperatures. Which can prove good trend 

compatibility. 

 

Figure 4.2 shows a working comparison of exhaust gas temperatures. 

 

4.6 Experimental Results 

   On the engine test stand, several tests are carried out to understand more about engine 

performance and emissions. That is, it conditions under which the tests are conducted: Variation 

of engine speed and engine load as well as fuel mixtures used diesel and biodiesel. This section 

compares and discusses these results. 

 

4.7 Effect of Biodiesel Addition on Engine Performance Characteristics 

4.7.1 Brake Power 

   Engine brake power rises relatively at high engine torque. The reason for this increase is the 

increase in complete combustion during high load due to the increase in combustion temperature. 

Figure 4.3 A. shows Brake power of B10, B20, B30, and B40, fuel blends at 1100 rpm decreased 

by 0.011 kW, 0.017 kW, 0.022 kW, and 0.042 kW, respectively, compared to diesel fuel, which 

amounted to 562 kW, based on engine torque. Figure 4.3 B. shows Brake power of B10, B20, B30, 

and B40 fuel blends at 1400 rpm decreased by 0.012 kW, 0.016 kW, 0.023 kW,  and 0.024 kW, 

respectively, compared to diesel fuel, which amounted to 731 kW,  based on engine torque. Figure 

4.3  C. shows Brake power of B10, B20, B30, and B40 fuel blends at 1700 rpm decreased by 0.013 
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kW, 0.016 kW, 0.025 kW, and 0.024 kW, respectively compared to diesel fuel, which amounted 

to 882 kW, based on engine loads. Figure  4.3 E. shows brake power of B10, B20, B30, and B40 

fuel blends at 2000 rpm decreased by 0.010 kW, 0.018 kW, 0.021 kW, and 0.023 kW, respectively, 

compared to diesel fuel, which amounted to 1038kW,  based on engine torque. 

 

 

 

 

 

Apart from that, at different loads, pure diesel controlled the output brake power. The viscosity and 

density of fuels play a key role in the atomization process and can slow down the fuel-air mixing 

rate, resulting in poor fuel combustion and reduced brake power. 

 

 

 

                                         

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 brake power diagram according to  engine torque (a) 1100 rpm, (b) 1400 rpm, (c) 1700 

rpm, (d) 2000 rpm . 
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4.7.2 Brake Thermal Efficiency (BTHE) 

   Fuel quality, cetane rating, fuel optimization, fuel evaporation rate, combustion chamber design, 

injection timing, compression ratio, and compression all have an impact on diesel engine 

combustion. The rate of emissions from combustion can be slowed down and the amount of fuel 

used can be lowered by optimizing these elements, which will also improve combustion. 

Combustion efficiency and cetane number are two important parameters that influence the output 

and emissions of diesel engines. At maximum engine rpm, the brake's peak thermal efficiency is 

always obtained. Based on engine torque, figure 4.4 displays the brake thermal efficiency map for 

a diesel and biodiesel fuel blend. 

 Figure 4.4 a. shows that The thermal efficiency of B10, B20, B30, and B40 fuel blends at 1100 

rpm decreased by values of 0.48%, 0.89%, 1.19%, and 1.34%, respectively, compared to diesel 

fuel, which amounted to 17 %, Figure 4.4 b. shows that The thermal efficiency of  B10, B20, B30, 

and B40 fuel blends at 1400 rpm decreased by values of 0.86%, 1.51%, 2.11%, and 2.19%, 

respectively compared to diesel fuel, which amounted to 23.8%. Figure 4.4 c. shows that The 

thermal efficiency of B10, B20, B30, and B40 fuel blends at 1700 rpm decreased by values of 

0.23%, 0.91%, 1.37%, and 1.72%,  respectively, compared to diesel fuel, which amounted to 27%. 

Figure 4.4 d. shows that The thermal efficiency of B10, B20, B30, and B40 fuel blends at 2000 

rpm decreased by values of 0.23%, 0.92 %, 2.31%, and 2.78%, respectively, compared to diesel 

fuel, which amounted to 28.8 %. 

In truth, biodiesel has a lower calorific value than diesel fuel; nonetheless, biodiesel promotes better 

combustion due to its greater cetane number and oxygen content. Furthermore, when the masses 

pumped are compared, biodiesel fuel is injected in a bigger mass from a fuel pump with the same 

volumetric capacity and has a higher viscosity. 
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Figure 4.4 brake thermal efficiency diagram according to engine torque (a) 1100 rpm, (b) 1400 

rpm, (c) 1700 rpm, (d) 2000 rpm 
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4.7.3 Brake Specific Fuel Consumption 

   Figure 4.5 a shows the specific fuel consumption chart for biodiesel and diesel fuel blends 

depending on engine torque. When comparing B10, B20, B30, and B40 fuel blends at 1100 rpm, 

specific fuel consumption increased by 0.032 kg/kWh, 0.041 kg/kWh, 0.068 kg/kWh, and 0.121 

kg/kWh, respectively compared to diesel fuel, which amounted to 0.24 kg/kWh based on engine 

torque.   Figure 4.5 b. shows Brake Specific Fuel Consumption of B10, B20, B30, and B40 fuel 

blends at 1400 rpm increased by 0.011 kg/kWh, 0.060 kg/kWh, 0.089 kg/kWh, and 0.132 kg/kWh, 

respectively compared to diesel fuel, which amounted to 0.31 kg/kWh based on engine torque. 

Figure 4.5 c. shows Brake Specific Fuel Consumption of B10, B20, B30, and B40 blends at 1700 

rpm increased by 0.11 kg/kWh, 0.065 kg/kWh, 0.093 kg/kWh, and 0.11 kg/kWh, respectively 

compared to diesel fuel, which amounted to 0.42 kg/kWh based on engine torque. Figure  4.5 d. 

shows Brake Specific Fuel Consumption of B10, B20, B30, and B40 fuel blends at 2000 rpm 

increased by 0.021 kg/kWh, 0.029 kg/kWh, 0.046 kg/kWh, and 0.113 kg/kWh, respectively 

compared to diesel fuel, which amounted to 0.33 kg/kWh based on engine torque. 

The fuel consumption factor is affected by the viscosity, density, and lower calorific value of the 

injected fuel. Since biodiesel has a lower calorific value than diesel fuel, more fuel is pumped from 

the fuel pump to achieve the same power output as diesel fuel, increasing specific fuel 

consumption. The high viscosity makes the air-fuel mixture uneven, which leads to poor 

combustion of the fuel. The high density leads to a larger amount of fuel entering the combustion 

chamber for the same volume, thus consuming more fuel. 
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Figure 4-5 specific fuel consumption  diagram according to engine torque (a) 1100 rpm, (b) 1400 

rpm, (c) 1700 rpm, (d) 2000 rpm. 
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4.7.4 Volumetric efficiency 

   A compressor cylinder's volumetric efficiency refers to how well it compresses the gas. It is the 

proportion of gas supplied to piston displacement that has been adjusted for suction temperature 

and pressure. Re-expansion has by far the greatest impact on volumetric performance. The inlet 

temperature and pressure of the engine have a direct impact on volumetric performance. Figure 4.6 

depicts the differences in volumetric efficiency for several tested fuels under varied loading 

scenarios. Studied fuels all had similar input conditions and showed negligible volumetric 

efficiency losses when compared to diesel. 

   Figure 4.6 a. shows volumetric efficiency of B10, B20, B30, and B40 fuel blends at 1100 rpm 

decreased by 0.78%, 1.19 %, 1.97 %, and 3.13 %, respectively compared to diesel fuel, which 

amounted to  %  82.9  based on engine torque. Figure 4.6 b. shows Volumetric efficiency of B10, 

B20, B30, and B40 fuel blends at 1400 rpm decreased by 0.74 %, 1.38 %, 2.98 %, and 5.97 %, 

respectively compared to diesel fuel, which amounted to   %82.15  based on engine torque. Figure 

4.6 c shows Volumetric efficiency of  B10, B20, B30, and B40 fuel blends at 1700 rpm decreased 

by 0.71 %, 1.35 %, 2.88 %, and 3.74 %, respectively compared to diesel fuel, which amounted 

to   %79.81  based on engine torque , figure 4.6 d. shows Volumetric efficiency of B10, B20, B30, 

and B40 fuel blends at 2000 rpm decreased by 0.78 %, 1.33 %, 2.43 %, and 3.52 %, respectively 

compared to diesel fuel, which amounted to  %77.49  based on engine torque. 
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Figure 4.6 volumetric efficiency  diagram according to engine torque (a) 1100 rpm, (b) 1400 rpm, 

(c) 1700 rpm, (d) 2000 rpm. 
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4.8 Effects of Biodiesel Addition on Engine Emission Characteristics 

   This section discusses the impact of adding biodiesel to diesel fuel on the emission levels of 

exhaust gas components. The study includes the measurement of exhaust elements such as Carbon 

monoxide (CO), Carbon dioxide (CO2), Hydrocarbon (HC), Nitrogen oxides (NOX) and Exhaust 

Gas Temperature (EGT). 

4.8.1 Carbon monoxide (CO) 

   Carbon monoxide (CO) consists of the union of one oxygen atom with one carbon atom, and it 

is a gas that is harmful to human health because it is a toxic gas. It also contributes to the 

development of conditions and factors that pose a threat to the environment. Therefore, exhaust 

emissions must be reduced. 

Figure 4.7 depicts the difference in CO emissions as a function of engine load. Figure 4.5 a. CO 

emissions based on the engine torque, for B10, B20, B30, and B40 fuel blends at 1100 rpm the CO 

emissions decreased by 0.016 %vol, 0.025 %vol, 0.031 % vol and 0.043 % vol, respectively 

compared to diesel fuel, which amounted to 0.11  %vol based on engine torque. Figure  4.7 b. 

shows CO emissions based on the engine torque, for B10, B20, B30, and B40 fuel blends at 1400 

rpm the CO emissions decreased by 0.011 %vol., 0.021 %vol, 0.026 %vol, and 0.032 % vol, 

respectively compared to diesel fuel, which amounted to 0.121  %vol based on engine torque. 

Figure 4.7 c. shows CO emissions based on the engine torque, for B10, B20, B30, and B40 fuel 

blends at 1700 rpm the CO emissions decreased by 0.004 %vol., 0.015 %vol, 0.028 % vol, and 

0.036 % vol, respectively compared to diesel fuel, which amounted to 0.125  %vol based on engine 

torque. Figure  4.7 d. shows CO emissions Based on the engine torque, for B10, B20, B30, and 

B40 fuel blends at 2000 rpm the CO emissions decreased by 0.013 %vol., 0.02 %vol, 0.032 %vol, 

and 0.043 % vol, respectively compared to diesel fuel, which amounted to 0.13  %vol based on 

engine torque. 

   There was a decrease in the formation of carbon monoxide (CO) when using biodiesel mixtures. 

The possible reason is the presence of an amount of oxygen in the biodiesel, in addition to the high 

number of cetane compared to fossil diesel, which makes the combustion process complete. 
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Figure 4.7 Carbon monoxide (CO) chart based on engine torque. (a) 1100 rpm, (b)1400 rpm, (c) 

21700 rpm, (d)2000 rpm . 
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4.8.2 Carbon dioxide (CO2) 

   The principal component of exhaust gas is carbon dioxide (CO2). Emissions of carbon dioxide, a 

hazardous gas that endangers the environment. Figure 4.8 shows the difference in carbon dioxide 

emissions as a function of engine torque and fuel blend. Figure  4.8 a. shows the CO2 emissions 

B10, B20, B30, and B40 fuel blends at 1100 rpm increased by an average of 0.20 % vol., 0.36 % 

vol., 0.9 %vol., and 0.70 %vol. respectively compared to diesel fuel, which amounted to 0.90  %vol 

based on engine torque. Figure 4.8 b. shows the CO2 emissions of B10, B20, B30, and B40 fuel 

blends at 1400 rpm increased by an average of 0.17 % vol., 0.33 % vol., 0.53 %vol., and 0.65 %vol. 

respectively compared to diesel fuel, which amounted to 0.93  %vol based on engine torque. Figure 

4.8 c. shows the CO2 emissions of B10, B20, B30, and B40 fuel blends at 1700 rpm increased by 

an average of 0.22 % vol., 0.26 % vol., 0.52 %vol., and 0.66 %vol. respectively compared to diesel 

fuel, which amounted to 0.99  %vol based on engine torque. Figure 4.8 d. shows the CO2 emissions 

of B10, B20, B30, and B40 fuel blends at 2000 rpm increased by an average of 0.14 % vol., 0.21 % 

vol., 0.36 %vol.,and 0.39 %vol. respectively compared to diesel fuel, which amounted to 

1.12  %vol based on engine torque.  

   There was an increase in the formation of carbon dioxide CO2 when using biodiesel mixtures, 

and the possible reason is the presence of a quantity of oxygen in the biodiesel, in addition to the 

high number of cetane compared to fossil diesel, which makes the combustion process complete. 

Plants can use carbon dioxide emissions from renewable fuels to keep carbon dioxide levels in the 

atmosphere stable. 
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Figure 4.8 Graph of Carbon Dioxide (CO2) According to Engine Torque a) 1100 rpm, b) 1400 

rpm, c) 1700 rpm, d) 2000 rpm. 
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4.8.3 Hydrocarbon (HC) 

   As a result of incomplete combustion, some of the fuel fed to the engine is discharged as 

hydrocarbon (HC) emissions. Fuel absorption and emission, flame quenching and fuel evaporation, 

and fuel deposition in engine deposits are all variables that contribute to HC emissions. As can be 

seen from graph Figure  4.9, hydrocarbon emissions (HC) are lower compared to fossil diesel when 

using biodiesel mixtures. The differences in the amount of hydrocarbon emissions from biodiesel 

and fossil diesel depend on engine torque, shown in Figure  4.9 a. B10, B20, B30, and B40 blends 

at 1100 rpm have produced lower HC emissions in average by 0.99 ppm, 3 ppm, 5 ppm, and 5.9 

ppm, respectively compared to diesel fuel, which amounted to 121 ppm based on engine torque. 

Figure 4.9 b. B10, B20, B30, and B40 blends at 1400 rpm have produced lower HC emissions on 

average by 2 ppm, 4 ppm, 7, and 13 ppm, respectively compared to diesel fuel, which amounted to 

109 ppm based on engine torque. Figure  4.9 c. B10, B20, B30, and B40 blends at 1700 rpm have 

produced lower HC emissions on average by 2 ppm, 5 ppm, 7 ppm, and 9 ppm, respectively 

compared to diesel fuel, which amounted to 95 ppm based on engine torque. Figure  4.9 d. B10, 

B20, B30, and B40 blends at 2000 rpm have produced lower HC emissions on average by 2 ppm, 

4 ppm, 5 ppm, and 7 ppm, respectively compared to diesel fuel, which amounted to 86 ppm based 

on engine torque.  

   Biodiesel with a high cetane number may lower HC emissions. The oxygen concentration of 

biodiesel ensured adequate oxidation in the rich air-fuel combination zones, which is why HC 

emissions were reduced when biodiesel and its blends were employed. The greater compression 

ratio of diesel engines resulted in higher exhaust temperatures. As a result, it is probable that 

unburned hydrocarbons in the chamber were oxidized near the exhaust exit. 
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Figure 4.9 Graph of hydrocarbon emissions (HC) according to engine torque (a) 1100 rpm, (b) 

1400 rpm, (c) 1700 rpm, (d) 2000 rpm. 
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4.8.4 Nitrogen oxides (NOX) 

   The emission of nitric oxide, is a colorless, toxic gas that presents a serious risk to the 

environment. Nitrogen oxide (NOX) is a product of internal combustion engines; it is formed from 

nitrogen dioxide (NO2) and nitrogen monoxide (NO) in the exhaust, and its creation is affected by 

the burning temperature and the oxygen content of the air fed into the engine. Figure  4.10 depicts 

NOx shifts for diesel and biodiesel based on engine torque. Figure 4.10 (a). shows the NOx 

emissions of B10, B20, B30, and B40 fuels blends at 1100 rpm increased by an average of 56 ppm, 

96 ppm, 146 ppm, and 194 ppm, respectively compared to diesel fuel, which amounted to 904 ppm 

based on engine torque. Figure 4.10 (b). shows the NOx emissions of B10, B20, B30, and B40 fuels 

blends at 1400 rpm increased by an average of 33 ppm, 94 ppm, 134 ppm, and 167 ppm respectively 

compared to diesel fuel, which amounted to 893 ppm based on engine torque. Figure 4.10 (c). 

shows the NOx emissions of B10, B20, B30, and B40 fuels blends at 1700 rpm increased by an 

average of 48 ppm, 71 ppm, 201 ppm, and 234 ppm, respectively compared to diesel fuel, which 

amounted to 930 ppm based on engine torque. Figure 4.10 (d). shows the NOx emissions of B10, 

B20, B30, and B40 fuels blends at 2000 rpm increased by an average of 49 ppm, 135 ppm, 170 

ppm, and 200 ppm, respectively compared to diesel fuel, which amounted to 965 ppm based on 

engine torque.  

  The reason for the increase in nitrogen oxide emissions (NOX) can be explained by the availability 

of conditions for the formation of  NOX , which is the presence of an amount of oxygen in the 

biodiesel, which in turn will make combustion complete and thus increase the combustion 

temperature inside the combustion chamber, as well as the injection timing and injection pressure. 

They have an effect on increasing emissions of nitrogen oxides.  
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Figure 4.10 Plot of NOx according to engine torque. (a) 1100 rpm,(b) 1400 rpm, (c) 1700 rpm, 

(d) 2000 rpm. 
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4.8.5 Exhaust Gas Temperature (EGT) 

  The exhaust gas temperature indicates the efficiency of the combustion process. Figure  4.11 

shows how exhaust gas temperature (EGT) varies with engine torque for various blends. EGT 

increased as engine torque increased for all of the fuels tested. Diesel fuel has been discovered to 

have a greater EGT than other fuels. This will result in continual fuel combustion until the 

combustion process is finished, generating increasing amounts of heat.  

   Figure  4.11 (a) at 1100 rpm, EGT were recorded and at mid-load there was a rise in exhaust gas 

temperature of about 4°C, 7°C, 9°C, and 12°C, respectively for the mixtures, B10, B20, B30, and 

B40, compared to diesel fuel, which amounted to 185°C based on engine torque. Figure 4.11 (b) at 

1400 rpm, EGT were recorded and were higher by about 2°C, 4°C, 6°C, and 8°C, respectively for 

the mixtures, B10, B20, B30, and B40, compared to diesel fuel, which amounted to 198°C based 

on engine torque. Figure  4.11 (c) at 1700 rpm, EGT were recorded and were higher by about 3°C, 

8°C, 11°C, and 13°C, respectively for the mixtures, B10, B20, B30, and B40, compared to diesel 

fuel, which amounted to 208°C based on engine torque. Figure  4.11 (d) at 2000 rpm, EGT  were 

recorded and were higher by about 4°C, 7°C, 12°C, and 15°C, respectively for the mixtures, B10, 

B20, B30, and B40, compared to diesel fuel, which amounted to 216°C based on engine torque. 
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Figure 4.11 Plot of Exhaust Gas Temperature (EGT) according to engine torque. (a) 1100 

 rpm,(b) 1400 rpm, (c) 1700 rpm, (d) 2000 rpm. 
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4.9 The cost of biodiesel production compared to the cost of diesel production 

 The cost of producing one liter of biodiesel in Iraqi dinars, which includes the price of the raw 

material (unused sunflower oil), alcohol, and catalyst, is 1725 ID per liter, which is high compared 

to the price of fossil diesel fuel (400 ID per liter), according to the prices of the Iraqi Ministry of 

Oil, for the year 2023. While the prices of biodiesel fuel produced from sunflower oil after using it 

in cooking are slightly less expensive than the prices of diesel fuel, as the cost of one liter of 

biodiesel fuel is 225 ID, as shown in table 4-2. 

Table 4-2 The cost of producing biodiesel prepared from sunflower oil. 

NO. Material Needing quantity to synthesized 

one liter of biodiesel 

Iraqi Dinars/ liter of 

biodiesel 

 

1 unused sunflower oil 1liter 1500 

3 Sunflower oil after using it in 

cooking 

1liter 25 

4 Methanol 130 ml 

 

130 

5 KOH 

 

10 g 

 

70 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

   In this study, performance and emission characteristic of biodiesel fuel  with diesel were 

experimentally studied in a single-cylinder CI engine without any modifications at various engine 

speeds (1100 – 2000 rpm) with engine torque (0, 2.5, 5, 7.5, 10) N.m. The following conclusions 

of this study are drawn based on the results of the study: 

1. Biodiesel was prepared by esterification, potassium hydroxide was used as a catalyst with 

methanol instead of sodium hydroxide, which is used by the majority of researchers. The catalyst 

that was used was better than sodium hydroxide due to its rapid dissolution with methanol and 

obtaining an effective yield, in addition to its cheap price. A return of 92% was obtained. 

2. Engine power decreased when using biodiesel mixtures compared to regular diesel due to the 

properties of biodiesel, most notably the high density, high viscosity, and low calorific value 

compared to regular diesel fuel. 

3. The thermal efficiency of the engine with biodiesel mixtures decreased compared to regular 

diesel due to the high viscosity, high density, and low calorific value of biodiesel. 

4. The increase in specific fuel consumption due to the calorific value of regular diesel was higher 

than the calorific value of biodiesel by a difference of (3.713 MJ/kg). 

5. The volumetric efficiency of biodiesel blends decreased due to the properties that biodiesel 

possesses compared to fossil diesel. 

6. The increase in nitrogen oxide emissions was due to the presence of a small percentage of 

nitrogen in vegetable oils. The high combustion temperatures inside the cylinder also lead to an 

increase in nitrogen oxide emissions. 

7. Carbon monoxide emission decreased while carbon dioxide emission increased due to the 

presence of more oxygen in biodiesel, which promotes complete combustion. The higher cetane 

number of biodiesel also reduces the likelihood of developing fuel-rich zones, which are generally 
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associated with CO emissions, when using diesel fuel. Biochemically, this may explain the 

advanced combustion and injection. 

8. Hydrocarbon emissions decreased due to complete combustion as a result of the high 

temperature inside the combustion chamber, as well as the presence of oxygen in biodiesel, which 

helps in complete combustion. 

9. The temperature of the exhaust gases increased compared to fossil diesel. The reason for the 

increase is due to the presence of a percentage of oxygen in biodiesel, which facilitates the total 

combustion of fuel inside the CI engine cylinder, and then the temperature in the cylinder rises and 

thus there is a corresponding increase in the temperature of the exhaust gases. 

10. The experimental result conducted for biodiesel blend is acceptable and satisfactory in the 

diesel engine without any change in the engine design. 

11. Lack of optimal preparation of fuel mixtures in a good and ideal way is one of the reasons that 

affects the performance of engine parameters and exhaust emissions. 

12. The biodiesel that was prepared is considered a renewable energy, environmentally friendly, 

refreshing for rural areas and creating new job opportunities. It should be urged and encouraged, 

as biodiesel is considered the fuel of the future, an alternative to fossil diesel. 
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5.2 Recommendations for Future Work  

   The present work deals with the use of alternative fuel prepared from sunflower oil to reduce 

environmental pollution. However, there are several useful recommendations that can be followed 

in the future: 

1- Using potassium hydroxide as a catalyst or finding a better catalyst in the process of preparing 

biodiesel. 

2 - The percentage of free fatty acids must be less than 0.005 and the humidity must be less than 

0.001 in the vegetable oil used in the preparation process to avoid the primary treatment process. 

3 - Improving the physical and chemical properties of biodiesel by adding nanomaterials to make 

the properties more similar to those of fossil diesel. 

4 - Conducting an experimental analysis of a single-cylinder four-stroke (variable compression 

ratio) using biodiesel blends. 

5- Using the exhaust gas recycling method to reduce exhaust gas emissions. 

6 - Studying the effect of biodiesel on the air-to-fuel ratio.  
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 الخلاصة

تسبب محركات الاشعال بالضغط اثار سلبية على صحة الانسان والاحتباس الحراري نتيجة انبعاثات غازت     

لذلك يجب الاهتمام    ,ينفذ في يوما ماقد  ارتفاع تكلفة وقود الديزل والذي  الى  العادم التي تلوث البيئة، بالإضافة  

ه الدراسة تم تحضير وقود بديل مختبريا من  بانواع الوقود البديل. وخاصة لمحركات الاشعال بالضغط، في هذ 

بواسطة عملية الاسترة التبادلية بين الزيت النباتي وكحول الميثانل بنسبة   ديزل الحيويالزيوت النباتية وهو ال

بعد ذلك تم حساب الخواص الفيزيائية والكيميائية )  ,  ديزل الحيوي ثم يتم  غسل وتجفيف ال  7:1مولية قدرها  

والكثا الحراري(  اللزوجة  والمحتوى  الوميض  ونقطة  السيتاني  والرقم  الحيويفة  القيم    للديزل  مع  ومقارنتها 

و الكفاءة الحرارية القدرة المكبحية دراسة معلمات أداء المحرك هي    ا العمل . تم في هذ لديزل الحيويالقياسية ل

والكفاءة الحجمية, فيما يخص انبعاثات العادم هي الهايدروكاربون   مكبحيواستهلاك الوقود النوعي ال المكبحية

كانت نسب     ,وأول أوكسيد الكاربون وثاني أوكسيد الكاربون واوكسيد النيتروجين ودرجة حرارة غازات العادم

, 1700,  1400,  1100كانت سرعات المحرك غير ثابتة )  و(  B 40, و  B0  ,B10  ,B20  ,B30الخلط هي )  

)  دو  2000و   ثابت  دوران غير  وعزم  الدقيقة(  في  انخفضت    10,  7.5,  5,  2.5,  0رة  القدرة نيوتن.متر(, 

)    المكبحية و  0.0195,  0.0187,  0.023بمقدار  الديزل    0.018,  بوقود  مقارنة  التوالي  على  واط(  كيلو 

%( 1.56,% , و  1.057%,  1.667%,  0.0975بمقدار)    مكبحيةانخفضت الكفاءة الحرارية الوالاحفوري,  

,  0.0945,  0.073,   0.0655بمقدار )    مكبحيارتفاع في استهلاك الوقود النوعي ال  هناك  على التوالي, بينما كان

%, 2.767%,   1.767انخفضت الكفاءة الحجمية بمقدار )  وكيلو كغرام / كيلوواط . ساعة (,    0.0522  و  

انخفض اول   فقد   يخص انبعاثات العادم  فيماو%( على التوالي مقارنة بالديزل الاحفوري.  2.015%, و  2.17

  ( بمقدار  الكاربون  بالديزل     vol% (0.027%, 0.020%,  0.022%,  0.028أوكسيد  مقارنة  التوالي  على 

 وكذلك كانت   ازداد سيد الكاربون وانخفض الهيدروكاربون اما أوكسيد النتيروجين فقد  اكاد  ازداالاحفوري, بينما  

 . غازات العادم مقارنة بالديزل الاحفوريت حرارة زيادة في درجا هناك
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