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ABSTRACT 


The worry on the risk of conventional diesel fuel's depletion in the next few years 

has bring arises in the interest of biodiesel utilization. In addition, it is proved that 

biodiesel is capable of cleaner combustion compared to conventional diesel, mainly 

due to its oxygen contents. Biodiesel is an oxygenated diesel fuel made from 

vegetable oils or animal fats by conversion of the triglyceride fats to esters via 

transesterification. Unlike biodiesel, usage of energy from fossil fuel leads to many 

problems related to environment due to their emission characteristics. Biodiesel is 

the solution of the problem, as they are basically biodegradable, non-toxic and a form 

of renewable energy. Unfortunately, most notable negative side of biodiesel is 

increased nitrogen oxides emission. In this project, transesterification was used, with 

potassium hydroxide as catalyst to convert three different types of cooking oil which 

are palm oil, canola oil and coconut oil into biodiesel. These pure biodiesels were 

then blended with conventional diesel and tested using diesel engine. Main scope of 

this project is to analyze the carbon monoxide and nitrogen oxide emissions. 

Observation on the results of flue gas analyzer testing shows that carbon monoxide is 

reduced but nitrogen oxides are increased with biodiesel usage. 
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ABSTRAK 


Kebimbangan akan risiko kekurangan bahan api diesel konvensional dalam beberapa 

tahun akan datang telah membawa timbul dalam kepentingan penggunaan biodiesel. 

Oi sam ping itu, terbukti bahawa biodiesel mampu terbakar lebih bersih berbanding 

dengan diesel konvensional , terutamanya disebabkan oleh kandungan oksigen. 

Biodiesel adalah bahan api diesel oksigen diperbuat daripada minyak sayuran atau 

lemak haiwan dengan penukaran lemak trigliserida menjadi ester melalui 

transesterifikasi . Tidak seperti biodiesel, penggunaan tenaga daripada bahan api fosil 

membawa kepada banyak masalah yang berkaitan dengan alam sekitar kerana ciri

ciri pelepasan mereka. Biodiesel adalah penyelesaian masalah ini , kerana mereka 

pada dasamya terbiodegradasi , tidak beracun dan satu bentuk tenaga boleh 

diperbaharui . Malangnya, sampingan negatif yang paling ketara daripada biodiesel 

meningkat pelepasan oksida nitrogen. Oalam projek ini, transesterifikasi telah 

digunakan, dengan kalium hidroksida sebagai pemangkin untuk menukar tiga jenis 

minyak masak iaitu minyak sawit, minyak canola dan minyak kelapa kepada 

biodiesel. Biodiesels tulen kemudiannya dicampur dengan diesel konvensional dan 

diuji menggunakan enjin diesel. Skop utama projek ini adalah untuk menganalisis 

karbon monoksida dan nitrogen oksida pelepasan. Pemerhatian ke atas keputusan 

ujian serombong penganalisis gas menunjukkan bahawa karbon monoksida 

dikurangkan tetapi oks ida nitrogen meningkat dengan penggunaan biodiesel. 
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CHAPTER! 


INTRODUCTION 


1.1 Background of study 

Strict attention to rules and procedures regarding the emissions standards and 

concern over the exhaustion of petroleum based fuels has bring arises in the interest 

ofbiodiesel utilization. In addition, it is proved that biodiesel is capable of producing 

reduced carbon monoxide, hydrocarbons and particulate matter levels compared to 

conventional diesel. This is mainly due to the oxygen contents in the biodiesel [I]. 

Net emissions of carbon dioxide are also reduced in biodiesel usage because sources 

of biodiesel which are mainly plants such as palm, soybean or coconut consume 

carbon dioxide during their lifetimes. 

With all these positive aspects, there are also the negative sides of biodiesel 

usage. The main disadvantage is the lower heating value ofbiodiesel, approximately 

7-12% lower compared to that of conventional diesel. Apart from that, studies show 

that Nitrogen Oxide (NOx) emissions are higher in biodiesel. Thus, for the purpose of 

studying the characteristics of biodiesel, many. experimental and numerical studies 

had been done. 

Results based on all those studies were validated through comparison of the 

experimental results by pure conventional diesel and different portion of mixed 

biodiesel with conventional diesel. GeneraUy, increase mixing ratio of biodiesel 

resulting in decreasing ignition delay [2]. It was proved through both numerical and 

experimental results. Besides, experiments show that Carbon Oxide and 

Hydrocarbon emission decreased with increasing mixing ratio of biodiesel. At the 

same time, these experiments also determine the effect of biodiesel mixing ratio on 
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engine performances, mainly on fuel consumption, ignition timing and accumulated 

heat releases. 

1.2 History of Biodiesel 

The process to obtain fuel from a fat is not a new process. It was as early as 

1853, when scientists E. Duffy and J. Patrick conducted the first transesterification of 

a vegetable oil, many years before the first diesel engine became fully functional. 

Transesterification is the process of using an alcohol, such as ethanol or methanol, in 

the presence of a catalyst like sodium hydroxide or potassium hydroxide, to 

chemically break the molecule of the raw renewable oil into methyl or ethyl esters of 

the renewable oil with glycerol as a by-product. 

Initially, the first vehicle biodiesel-powered was Rudolf Diesel's pnme 

model, a single 10 feet iron cylinder with a flywheel at its base, that ran with this fuel 

for the first time in Augsburg, Germany on August 10, 1893. Then he demonstrated 

his engine-powered by peanut oil, called a biofuel, receiving the "Grand Prix" at the 

World Fair in Paris, France in 1900. Diesel believed that the utilization of a biomass 

fuel was the future of his engine, as he stated in his 1912 speech saying "the use of 

vegetable oils for engine fuels may seem insignificant today, but such oils may 

become, in the course of time, as important as petroleum and the coal-tar products of 

the present time." 

However during the 1920's, diesel engine manufacturers decided to alter their 

engines utilizing the lower viscosity of the fossil fuel, best known as petrodiesel, 

rather than such biomass vegetable oil fuel. All petroleum industries were able to 

make inroads in fuel markets because their fuel·was much, much cheaper to produce 

than the biomass alternatives, ignoring that years ahead it would bring high pollution 

costs. 

Things change over the last few years, as the increasing global concern due to 

air pollution caused by the usage of conventional diesel fuel and also the fact that the 

sources are depleted over time. Biodiesel has once again gained attention. 
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1.3 Energy Source Depletion 

Fossil fuel is a kind of non-renewable energy and judging by the way it is 

being extracted nowadays; surely it will be gone in the near future. The fact that 

increasing population of the world, which consequently increasing the demand of 

energy usage also did not do any help at all. It will just boost the depletion of fossil 

fuel in earth crust. 

Thus, for this reason, it is crucial for us to start using any alternative energy 

sources possible. As for that, biodiesel will be the best as it originated from 

renewable natural sources such as plants and animal fats. This situation is not the 

same for fossil fuel because for fossil fuel, if we want it more in quantity, we need to 

extract more which will not bring any good to the nature. Meanwhile in the case of 

biodiesel, if we need them in greater quantity, we have the option of increasing crop 

production which does not harm the nature significantly. 

1.4 	 Environmental Issues 

Usage of energy from fossil fuel leads to many problems related to 

environment due to their emission characteristics. Diesel engines fuelled with 

conventional diesel are non-arguably release various kind of harmful gasses into the 

air which may cause degradation of environment. Those gasses include Sulphur 

Dioxide, Carbon Monoxide, Carbon Dioxide, Hydrocarbon and some other harmful 

gasses. 

Biodiesel is the solution of the problem, as they are basically biodegradable, 

non-toxic and a form of renewable energy. In term of emission characteristics, 

comparison between biodiesel and diesel are as follow; 

I. 	 The ozone (smog) forming potential of biodiesel hydrocarbons is less than 

diesel fuel. 

• 	 The ozone forming potential of the biodiesel emissions is 50 percent 

less than that measured for diesel fuel. 
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II. Sulphur emissions are essentially eliminated with pure biodiesel. 

• The exhaust emissions of sulphur oxides and sulphates (major 

components of acid rain) from biodiesel are essentially eliminated 

compared to diesel. 

III. Criteria pollutants are reduced with biodiesel use. 

• Tests show the use of biodiesel in diesel engines results in substantial 

reductions of unburned hydrocarbons, carbon monoxide, and 

particulate matter. Emissions of nitrogen oxides stay the same or are 

slightly increased. 

IV. Carbon Monoxide 

• Generally the exhaust emissions of carbon monoxide (a pOIsonous 

gas) from biodiesel are on average 48 percent lower than carbon 

monoxide emissions from diesel. 

V. Particulate Matter 

• Breathing particulate has been shown to be a human health hazard. 

The exhaust emissions of particulate matter from biodiesel are about 

47 percent lower than overall particulate matter emissions from diesel. 

VI. Hydrocarbons 

• The exhaust emissions of total hydrocarbons (a contributing factor in 

the localized formation of smog and ozone) are on average 67 percent 

lower for biodiesel than diesel fuel. 

VII. Nitrogen Oxides 

• NOx emissions from biodiesel increase or decrease depending on the 

engine family and testing procedures. Nox emissions (a contributing 

factor in the localized fonnation of smog and ozone) from pure 

(100%) biodiesel increase on 'average by 10 percent. However, 

biodiesel's lack of sulphur allows the use of No x control technologies 

that cannot be used with conventional diesel. Additionally, some 

companies have successfully developed additives to reduce Nox 

emissions in biodiesel blends, such as Diethyl ether [3]. 

VIII . Biodiesel reduces the health risks associated with petroleum diesel. 

• Biodiesel emissions show decreased levels of polycyclic aromatic 

hydrocarbons (PAH) and nitrated polycyclic aromatic hydrocarbons 
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(nPAH), which have been identified as potential cancer causmg 

compounds. In Health Effects testing, P AH compounds were reduced 

by 75 to 85 percent, with the exception ofbenzo(a)anthracene, which 

was reduced by roughly 50 percent. Targeted nP AH compounds were 

also reduced dramatically with biodiesel, with 2-nitrofluorene and 1

nitropyrene reduced by 90 percent, and the rest of the nPAH 

compounds reduced to only trace levels. 

1.5 Diesel Engine 

Diesel engine was first invented by Rudolf Diesel, who was born in 1858 into 

a family of German expatriates. Rudolf Diesel was educated at Munich Polytechnic. 

After graduation, he was employed as a refrigerator engineer, but his true love lay in 

engine design. The early diesel engines had complex injection systems and were 

designed to run on many different fuels, from kerosene to coal dust. The first diesel 

engine and the modern diesel engine nowadays are shown in the Figure 1.1 and 

Figure 1.2 below respectively. After some time, Rudolf Diesel realized that vegetable 

oil is better for diesel engine due to their high energy content. However shortly after 

his death in 1913, petroleum became widely available and thus diesel fuel was used 

for diesel engine. 

Figure 1.1: First Diesel Engine Figure 1.2: Modern Diesel Engine 
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Generally, a diesel engine or also known as Combustion Ignition engine is an 

internal combustion engine that uses the heat of compression to initiate ignition and 

bum the fuel that was injected into the combustion chamber. Unlike gasoline engine, 

diesel engine does not need spark plug to help start the ignition of air-fuel mixture. 

Due to high compression ratio, diesel engine is considered as the engine with 

the highest thermal efficiency among any standard internal or external combustion 

engine. For instance, diesel engines are commonly used for applications where 

overall weight of engine is relatively unimportant, and torque is crucial for example 

in ships or heavy vehicles. Compared to gasoline engine with equal volume of 

combustion chamber, diesel engine has higher torque. 

1.6 Working Principle of Diesel Engine 

In diesel engines, only air is changed in the cylinder through inlet valve. In 

compression stroke when both valves are closed the air is compressed and due to 

this, its temperature rises. Before the piston reaches Top Dead Centre, diesel oil is 

injected in the combustion chamber in fine atomized form. When this atomized spray 

comes in contact with hot compressed air, the ignition takes place. In diesel engines, 

spark plugs for igniting the fuel are not provided. The fuel which is in atomized form 

gets ignited due to the high temperature of compressed air. That is why it is known as 

compression ignition engine. The general step by step of working principle for diesel 

engine are described follow; 

I. Induction stroke 

When the piston moves from Top Dead Centre (TDC) to Bottom Dead Centre 

(BDC), the inlet opens and due to the downward movement of piston, a partial 

vacuum is created in the cylinder above the piston. Due to this partial vacuum, air 

is sucked in. At the end of stroke, the inlet valve closes. 

II. Compression stroke 

When the piston starts moving from BDC to TDC, the air which has been trapped 

in the cylinder starts getting compressed. When the piston reaches near TDC, the 

trapped air gets so compressed that its temperature reaches bet~een 500°C to 
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650°C. This higher increase in temperature is because of higher compression 

ratio. In this stroke, both valves remain closed. 

III. Power stroke 

At the end of compression stroke, diesel oil is sprayed in fine atomized form to 

the burning hot air which has attained temperature of approximately 500°C to 

650°C. Atomized fuel in hot air gets ignited in rapid explosion, causing gases t 

expands. As such, piston is forced down giving a power stroke. 

IV. Exhaust stroke 

In this stroke, the exhaust valve open and due to the movement of piston from 

BOC to TOC, the burnt gases are pushed out. Valve is fully open when piston 

starts moving down and enough time is given to allow air filling the cylinder 

completely. The exhaust valve opens before BOC in power stroke. This early 

opening is to reduce pressure on piston's top and also to give sufficient time for 

exhaust gases to find their way out. 
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1.7 Problem Statement 

Generally, emissions of diesel engine mainly consist of particulate matter, 

oxides of nitrogen, hydrocarbon, carbon monoxide and reactive oxygen species. In 

term of environmental, these gases do bring negative effects to the environment and 

it is desirable if any of them can be reduced optimally. Going deeper into the study of 

on this matter, it is found that the usage of biodiesel fuel and diesel fuel for diesel 

engine have different emissions properties and characteristics. Then, different degree 

of saturation and carbon chain lengths also seems to effect engine performance and 

emission characteristics. 

1.8 Project Objectives 

There are two objectives for this project: 

1. 	 Producing biodiesel based on palm oil, coconut oil and canola oil. 

2. 	 Analysis for effects of different degrees of saturation and carbon chain 

lengths on engine's emissions. 

1.9 Project Scope 

This paper covers researches on the existing biodiesel performance, 

combustion and emission in diesel engine. The main scope is to study the effects of 

different degrees of saturation and carbon chain lengths on engine's emissions of 

carbon monoxide and nitrogen oxide. 
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CHAPTER 2 


LITERA TURE REVIEW 


2.1 Fuel 

Generally fuels are any materials that store the potential energy in it, usually 

chemical energy. This potential energy could then be released and become a source 

of energy, for example heat energy for most cases. For the time being, the heat 

energy released by the fuels is converted into mechanical energy via engine, such as 

diesel engine. Basically fuel can be divided into three basic groups, which are solid 

fuel, liquid fuel and gaseous fuel. 

Solid fuel is any materials in the solid state, which can be used as a source of 

energy through combustion process. Examples of solid fuels are wood, charcoal, 

peat, corn and also wheat. The simplest example of utilization of solid fuels to 

harness energy by human is starting a fire using woods. It shows how the potential 

energy in solid fuel, woods can be converted into heat energy, which is through 

combustion. 

For liquid fuel, their common examples are gasoline, kerosene, diesel and 

biodiesel. Liquid fuels are combustible or energy-generating molecules that can be 

harnessed to create mechanical energy, usually producing kinetic energy. Unlike 

solid fuels, it is the fumes of the liquid fuels that are flammable instead of the fluid 

themselves. For now, liquid fuels mostly applied in transportation purpose. 

Meanwhile for gaseous fuels, gases are sources of potential heat 

energy or light energy that can be readily consumed to produce energy. Many 

gaseous fuels are composed of hydrocarbons, hydrogen, carbon monoxide or mixture 
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of these chemicals. The most common type of gaseous fuel in current use is natural 

gas. 

2.1.1 Diesel Fuel 

Diesel fuel is petroleum based fuel made of a blend of hydrocarbons. The 

components for making this fuel are refined out of crude oil; through a process called 

fractionate distillation. Different hydrocarbons of crude oil vaporize at different 

temperatures. Usually, diesel fuel is used to power many type of engines that require 

high torque, which is the application with heavy loads such as ships and heavy 

trucks. 

Diesel fuel is often used for similar purposes to those of gasoline but as a 

matter of fact, it bums differently, and so needs a different type of engine to work. 

While a gasoline and oxygen mixture is ignited in the engine cylinder by a spark 

from the spark plug, diesel fuel is ignited by compression. The piston in the engine 

travels up the cylinder, compressing the air. Then at the top of the stroke, atomized 

fuel is injected into the cylinder, and ignites in the heat created from the friction of 

this compression. 

Compared to gasoline, diesel fuel is heavier and less volatile, but it is more 

efficient. Basically, diesel fuel is heavier because of the higher carbon atoms number 

in its configuration. The higher the number of carbon atoms, the heavier the product. 

Due to this, diesel often solidifies when it gets cold, while gasoline is basically 

unaffected by colder temperatures. 

10 



