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Abstract  

The production of biodiesel from waste cooking oil represents an alternative energy 

means of producing liquid fuels from biomass. On the other hand it reduces the harm full 

air pollutants and when waste cooking oil (WCO) is recycled, several gallons of waste oil 

can be diverted from landfills and municipal sewage pipes. A solid base nanocatalyst of 

calcium oxide is synthesized by thermal-decomposition method using calcium nitrate 

tetrahydrate (Ca(NO3)2.4H2O) as precursor, sodium hydroxide (NaOH) aqueous solution 

as a precipitant, and ethylene glycol as medium. The synthesized white crystal CaO is 

characterized by using X-Ray diffraction and Scanning Electron Microscope (SEM) 

techniques. The results showed that the mean size of nano-CaO is about 27.3 nm with a 

morphology of irregular shape and porous in structure. The results of these study 

indicates that the conversion of WCO to biodiesel using CaO as heterogeneous catalyst 

provided a maximum conversion of 96%, at optimized experimental conditions. The 

optimum yield was obtained when the oil to methanol molar ratio was 1:8, the reaction 

time was 90 minute, the temperature was 50 to 55 oC and the catalyst mass was 1% in 

relation to the oil mass used in the transesterification reaction. The Biodiesel viscosity, 

specific gravity, total acidity, ash content, sulfur content, water and sediment were 

according to the ASTM D6571 standard for biodiesel. The results of this study showed a 

high performance, hence the proposed simple and effective method of production could 

be used as an innovative way to produce biodiesel. 
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CHAPTER ONE 

1. Introduction  

Accessibility of energy sources and climate change are the two biggest challenges that 

mankind face this century. Human civilization predominantly depends on the utilization of 

energy. Energy plays a big role in socio-economic development by raising the standard of 

living. Energy is a basic requirement for the economic development of every country. 

Every sector of the economy, including the agriculture, industry, transport, commercial 

and domestic sectors require energy.  

Fuel from fossil sources such as petroleum, coal and natural gases have been the main 

sources of energy throughout the world for a long time. The fast growing population, the 

increasing prosperity and the demand for fuel that has developed as a consequence has led 

to a rapid rise in the need for energy.  The majority of the world energy needs, about 81.1% 

is supplied through petrochemical sources such as; coal and natural gas. Nuclear, hydro, 

biofuel and others account only 18.9% [1].   

The high energy demand in the industrialized world as well as in the domestic sector had 

caused environmental pollution problems due to their widespread use of fossil fuels. Fossil 

fuel combustion has several public health risks and environmental problems which 

extends to universal and potentially irreversible consequences on global warming. As a 

result, the concerns about environmental impacts have increased and trigged the 

examination of alternative energy sources.   



2 
 

Typical forms of renewable energy include wind power, hydropower, solar energy, 

biomass and biofuels. The contribution of all these resources is important because of the 

economic and environmental reasons, and biodiesel could be one of the contributors. 

The energy system in Ethiopia is characterized by the predominance of biomass fuels 

(traditional woody biomass) accounting for 91.5% in the energy balance. Modern energy 

sources, mainly petroleum and electricity, account for 7.4% and 1.1%, respectively [2]. 

The demand for fuel will increases in parallel with the increase of population and 

industrialization. As net importer of petroleum, Ethiopia is highly vulnerable to price and 

supply problems of oil in the world market. It is therefore the government’s priority 

agenda for alternative fuels that partially substitute imported petroleum [2]. In order to 

ensure the country’s continuous development program and the national fuel security, it is 

important to increase fuel utilization and substitution the demand by locally produced 

fuels like biodiesel. The Ethiopian biofuel development and utilization strategy is targeted 

to supply fuels from locally produced biofuel and it is to ensure the production of biofuel 

without affecting food self-sufficiency, import substitution and improve balance of 

payment [3].  

Biodiesel is an alternative diesel fuel derived from vegetable oils or animal fats. It is 

produced from the triglycerides conversion in the oils such as those obtained from palm 

oil, soybean, rapeseed, sunflower and castor oil, in methyl or ethyl esters by different 

types of catalysts and processes [4]. The term “waste cooking oil” refers to edible oil 

which has been used for food frying and which is no longer viable for its intended use. 

The production of biodiesel from waste vegetable oil offers economic and environmental 

benefits by energy supply and waste management. 
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Ethiopia uses about 86% of imported edible palm oil for cooking oil [5]. In this study the 

sample used was waste cooking palm oil for the production of biodiesel. The method used 

was transesterification process which is a chemical process by which triglyceride oils 

contained in vegetable oils, animal fats, or recycled greases, forming fatty acid alkyl esters 

(biodiesel) and glycerol using an alcohol (like methanol) and  strong acid, base or metal 

oxides as a catalyst.  

Heterogeneous make use of catalyst has been relatively recent area of research in the 

production of biodiesel. The need for development of heterogeneous catalysts has risen 

due to the fact that homogeneous catalysts used for biodiesel production pose some 

limitations. These drawbacks include; washing of products with water to remove catalyst 

from the products which results in waste water generation and loss of biodiesel as a result 

of washing, the use of intensive biodiesel separation protocol, the corrosive nature of the 

catalysts and impossibility of catalyst reuse [6]. Heterogeneous catalysts have also the 

advantages of easy separation from the product, reusability and eco-friendly. 

In this study heterogeneous nano calcium oxide crystal is synthesized as a catalyst. 

Moreover it is used for the production and optimization of biodiesel yield at laboratory 

scale. Calcium oxide nanoparticle has a higher basicity, non-corrosive, can be synthesized 

with a lower price, lower solubility and easier to handle than homogenous catalysts [7]. 

These advantages together with its being safe to the ecosystem made it an interesting 

choice for a catalyst. 
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1.1 Environmental impacts of waste cooking oil 

Waste cooking oil causes severe environmental problems, a liter of oil poured into a water 

course can pollute up to 1000 tanks of 500 liters [4]. It’s feasible to demonstrate the 

contamination with the dumping of these oils to the main water sources. The dumping of 

the oil also causes problems in the pipes drain obstructing them and creating odors and 

increasing the cost of wastewater treatment [8]. For this reason, biodiesel feed-stocks and 

processing technologies has been necessary to create a way to recover this oil and reuse it. 

Also due to the wear and tear resulting in sewer pipes may cause overflows of the system, 

generate diseases that can cause mild stomach cramps, to diseases potentially fatal, such as 

cholera infectious hepatitis and gastroenteritis, due to the sewage contains water which 

can transport bacteria, viruses, parasites, intestinal worms and molds [9]. The dangerous 

odors generate impact negatively on health is forms hydrogen sulfide (H2S), which can 

cause irritation of the respiratory tract, skin infections, headaches and eye irritation. Waste 

cooking oil has been proposed by many as the best source of oil to produce biodiesel [8].  

The convenience and irresponsibility of dumping waste cooking oil down the drain may 

result in blockage to plumbing, which can end up in local waterways. Waste cooking oil 

disposal of in to water bodies increases the level of organic pollutants in the water. Since 

these organic pollutants are biodegradable, aerobic degradation processes start. This 

degradation process consumes oxygen dissolved in the water, resulting in a reduction of 

the oxygen level in the water. This in turn leads to lower water quality endangering fish 

stocks, and in extreme cases to turbid, oxygen-poor and sometimes even septic water 

bodies [10]. 



5 
 

1.2 Statement of the problem  

Energy is the back bone of economic development, the demand for energy increases as the 

economy increases. The more demand for energy, the higher for the need of renewable 

energy sources than the non-renewable energy sources, due to environmental pollution 

cases. Biodiesel production from WCO is environmentally friendly for it recycles waste 

cooking oil and gives renewable energy with lower pollution [10]. It substitutes some 

amount of petrochemical oil import and also lowers the cost of waste management. 

Biodiesel production from waste cooking oil offers for a triple problem solution: 

economic, environmental and waste management.   

The biofuel development in Ethiopia is mainly by growing energy crops (mainly 

sugarcane from molasses of sugar factories and Jatropha). There are over 50 developers 

registered for the cultivation of energy crops for biodiesel production, of which 14 of them 

have started operations. Energy crop cultivation requires large area that can be used for 

husbandry. So far, over 300,000 ha of land have already been allocated for investors. Over 

80% of these developments are happening in arable lands, forest lands and woodlands [2]. 

There is no biodiesel production from WCOs from household, restaurants and hotels in 

Ethiopia. The WCOs are discharged to the sewerage, rivers and landfills. Even though, 

biodiesel is environmental friendly, it is not widely used because of its high production 

cost, which effectively is the major obstacle in the commercialization of biodiesel, in 

comparison to petroleum-based biodiesel fuel. It is the feedstock’s cost which is above 80% 

of the overall cost structure of biodiesel production [11]. Using WCO for biodiesel 

production can solve the problem of high production cost. The production of biodiesel in 

Ethiopia which mainly is from jatropha oil is by using homogenous catalyst. The use of 
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homogenous catalyst for biodiesel production has some limitations. These drawbacks 

include; washing of products with water to remove catalyst from the products which 

results in waste water generation and loss of biodiesel as a result of washing, the use of 

intensive biodiesel separation protocol, the corrosive nature of the catalysts, impossibility 

of catalyst to reuse.  

Heterogeneous catalysts being solid, have the advantages of easy separation from the 

product, reusability and eco-friendly. The synthesis and use of heterogeneous catalyst, 

optimization of transesterification reaction parameters for biodiesel production from WCO 

to increase the yield and improve the cost and efficiency of production. Using WCOs 

supplies a green fuel that can reduce energy problems, can be a business making idea for 

start-up MSEs and is a waste management, so it can enhance sustainability and 

environmental responsibility. 
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1.3 Objectives of the study  

1.3.1 General objectives  

The main objective of this study is: 

To enhance the production of biodiesel from waste cooking oil by using heterogeneous 

nanocatalyst of CaO by optimizing the transesterification reaction parameters relevant for 

household energy use. 

1.3.2 Specific objectives  

 To characterize the physicochemical properties of waste cooking oil.   

 To synthesis an active heterogeneous metal oxide nanocatalysts of calcium oxide 

(CaO) using chemical methods of sol-gel and thermal decomposition. 

 To characterize the synthesized nanocatalysts using advanced characterizing 

techniques such as Scanning Electron Microscope (SEM) and X-Ray Diffraction 

(XRD). 

 To produce biodiesel from waste cooking oil by transesterification process and 

optimize the transesterification reaction parameters such as the catalyst, oil to 

methanol ratio, reaction time and temperature for higher yield at laboratory scale.  

 To characterize the physicochemical properties of the produced biodiesel to insure 

that they meet the international standards of ASTM D6751 
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1.4 Significance of the Study 

More than half a millions of litters of waste cooking oil is generated from the hotels, 

restaurants and cafeterias in Addis Ababa per year [12]. The amount of waste cooking oil 

which is illegally dumped into rivers, released to the sewages, which then finally end up in 

land-fill sites is alarming. Therefore, it makes commercial and environmental sense to re-

use this oil for making biodiesel. This paper has great significance in terms of assuring the 

production of an alternative form of energy from waste cooking oil. There are several 

reasons for the significance of this study and biodiesel production, for instance; 

 Vegetable oil is commonly available everywhere and there at every home and most 

households dump the waste oil rather than utilizing that. Making biodiesel from 

waste vegetable oil is one of the most productive ways to utilize waste vegetable oil. 

 Day by day fuel is getting expensive and inflation is getting higher and higher across 

every country and across the world. Everyone has started looking for cheap 

substitutes for everything in the world. Making biodiesel from waste vegetable oil is 

an upcoming way of preserving energy and meeting our own requirements without 

depending on anyone. 

 Biodiesel is a product of great interest for its environmental characteristics. It is 

biodegradable and renewable. It has the advantages of dramatically reduced sulfate 

and hydrocarbon emissions and reduces particulate matter. It is nontoxic and does 

not damage water quality. It runs a diesel engine just as petroleum-based diesel 

would [13]. 

 Ethiopia is working to increase job opportunities by establishing micro and small 

enterprises, which in turn supports the economy of the country. Although the 
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strategy focuses more on manufacturing sector, the majority of MSEs are on the 

service sector [14]. Biodiesel production which is a manufacturing sector and can be 

implemented at small scale and can be a business idea for micro and small 

enterprises. The study will also be used as a reference material for who are interested 

to produce biodiesel from waste cooking oil. 
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CHAPTER TWO 

2. Literature review  

2.1 Bioenergy 

Bioenergy is renewable energy made available from materials derived from biological 

sources. Biomass is any organic material which has stored sunlight in the form of 

chemical energy. The world energy council defines bioenergy to include traditional 

biomass like forestry and agricultural residue, modern biomass and biofuels. It represents 

the transformation of organic matter into a source of energy, whether it is collected from 

natural surroundings or specially grown for the purpose [15].  Biomass is largely 

composed of carbohydrates and lignin, produced from CO2 and water by photosynthesis, 

thereby capturing solar energy in living plants. This energy in biomass can be harvested 

and stored for subsequent release. As a fuel bioenergy include wood, wood waste, straw, 

manure, sugarcane, and many other by-products from a variety of agricultural processes. 

Energy from biomass can be used in its original form as fuel or be refined to different 

kinds of solid, gaseous or liquid biofuels.  Bioenergy accounts for approximately 12% of 

global energy production [1]. The use of bioenergy ranges from traditional energy in rural 

populations to the use of liquid biofuels in the transport sector. Different products suit 

different situations and objectives. The choice of product may be affected by the quantity 

and cost of biomass type’s available, location of fuels and users, type and value of energy 

services required, or other co-products. It may also look at the carbon and energy balance 

of the process, the political support, the financial performance or the social impact. In each 

case a different combination of factors may be considered highest priority. 
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2.2 Biodiesel 

Biodiesel is a diesel like fuel derived from vegetable oil or other renewable sources. The 

ASTM (American Society for Testing and Materials Standard) describes the biodiesel as 

esters monoalkyl of fatty acids of long chain that are produced from vegetable oil, animal 

fat or waste cooking oil in a chemical reaction known as transesterification. Biodiesel 

consists of a mixture of fatty acid methyl esters (FAMEs) [16]. Technically, biodiesel is a 

fatty acid methyl ester. It can be made from soy, palm or canola oil, waste cooking oil, 

even animal fats. The plant oils usually contain free fatty acids, phospholipids, sterols, 

water, odorants and other impurities. Because of these, the oil cannot be used as fuel 

directly [17]. To overcome these problems the oil requires slight chemical modification 

mainly transesterification, pyrolysis and emulsification. Among these, the 

transesterification is the key and foremost important step to produce the cleaner and 

environmentally safe fuel from vegetable oils. 

Biodiesel is the monoalkyl esters of long chain fatty acids used for compression ignition 

engine. Biodiesel, which is considered as a possible substitute of conventional diesel fuel 

is commonly, composed of fatty acid methyl esters that can be prepared from triglycerides 

in vegetable oils with alcohol (usually methanol but occasionally ethanol) in the presence 

of a catalyst through a process called transesterification. The resulting biodiesel is quite 

similar to conventional diesel fuel in its main characteristics [18].  
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2.2.1 Advantages and environmental benefits of biodiesel 

Concerns for the environment become indispensable especially, with the increasing 

emissions of toxic chemicals from various industries. Waste cooking oil (WCO) is one of 

the environmental pollutants in different areas around the world. Thus consuming it in the 

biodiesel production is one of the economical solutions to preserve the environment. The 

major benefits and advantages of biodiesel are; 

I. Environmental Benefits 

One of the major advantage of using biodiesel as an alternative fuel is reducing air 

contaminants (SOx, CO, particulate matter and volatile organic compounds) emitted from 

the use of petroleum diesel.  Biodiesels degrade more rapidly than petroleum diesel fuel. It 

also offer a very promising alternative to diesel oil, since they are renewable and have 

similar properties with petroleum diesel [19].   

Biodiesel burns cleaner than petroleum diesel. It reduces the emission of harmful air 

pollutants, in particular asthma-causing soot. When waste cooking oil is recycled several 

gallons of waste grease can be diverted from landfills and municipal sewage pipes, 

improving the quality of both air and water [10].  

 II. Energy Security Benefits 

With agricultural commodity prices approaching record lows, and petroleum prices 

approaching record highs, it is clear that more can be done to utilize domestic surpluses of 

vegetable oils while enhancing our energy security. Because biodiesel can be 

manufactured using simple production methods, and used with conventional equipment, it 

can provide substantial opportunity for immediately addressing our energy security issues. 
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III. Economic Benefits 

Waste cooking oil, which is otherwise wasted, is one of the most economical choices to 

produce biodiesel. Since one of the major concerns on biodiesel production is the price of 

feedstock. Biodiesel from waste cooking oil (WCO) can reduce the cost of biodiesel 

production since the feedstock costs constitutes approximately 70 - 95% of the overall cost 

of biodiesel production [20]. Utilization of waste cooking oil significantly enhances the 

economic viability of biodiesel production. Table 2.1 shows the major benefits of biofuels. 

Table 2. 1 Summary of major benefits of biofuels 

The table 2.1 below summarizes the major benefits of biofuels with respect to 

environmental impacts, energy security and economic impact; (source; [21]) 

Impact 

components 

 

Benefits 

Environmental 

impacts 

- Reduction of greenhouse gasses, for it is Carbon neutral (because 

the carbon in biodiesel is originally removed from the air) 

- Reduction of air pollution (for it has lower emission) 

- Easily biodegradable 

- Recycles waste 

Energy security 

- Can be produced domestically distributed 

- Can be used directly in a diesel engine without modification 

- Reducing use of fossil fuels 

- Reducing the dependency on imported petroleum 

- Renewable 

- Fuel diversity 

Economic 

impacts 

- Sustainability 

- Increased job opportunity 

- Increased income 
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2.2.2 Challenges of biodiesel fuels 

Although biodiesel has gained much scientific attention in recent years, it is not without 

some few disadvantages. One of the problems encountered when using biodiesel is the 

increase in nitrogen oxides emissions which can result in the formation of smog and acid 

rain. In addition when biodiesel is compared to petro-diesel it has a lower energy output. 

In order to produce the same amount of energy, more biodiesel is required than petro-

diesel. Also, the use of valuable cropland to grow biodiesel crops could result to a rise in 

the cost of food and furthermore leads to food scarcity [22]. 

2.3 Recent trends and applications of biodiesel 

Energy is indispensable for mankind and society since it maintains standard of living and 

support the main development of technology and economic growth. With the problem of 

increasing population and for better quality of life, the world’s energy consumption grows 

rapidly over the past decades. At present, the world’s primary energy includes coal, 

petroleum, fossil oil, natural gas, nuclear energy, and renewable energy. As shown in 

Figure 2.1, the world energy consumption grew by 49.5% in 2014, the strongest increase 

since 1973 and petro-oil still maintains to be the most dominant energy consumption in 

the world (39.9 % of the global total in 2014) [1]. 
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As we can see from Figure 2.1 (a) the world primary energy consumption in 1971 to 2014, 

the world energy consumption has increased by 49.5% in 2014, and petroleum oil is the 

most dominant.  

 

 

                         

 

       

 

 

 

 

 

 

 

Figure 2. 1 The world primary energy consumption from 1971 to 2014 in Mtoe million 

tons of oil equivalent (Source [1])    

(a) 

 

(c) 
(b) 



16 
 

Figure  (b) and (c) compares the world primary energy consumption which has increased 

from 4661 Mtoe to 9425 Mtoe, oil percentage has decreased but the quantity has 

increased.           

On the other hand, increased use of fossil fuel in various areas leads to increased 

environmental concerns, since it emits lots of toxic pollutants, such as sulphur dioxide 

(SO2), carbon monoxide (CO), hydrocarbons (HC), oxides of nitrogen (NOx), particulate 

matter etc. Therefore, with consideration of the depletion of fossil fuels and increasing 

environmental degradation, it needs to develop and promote alternative energy sources, 

which are renewable and cleaner than conventional fossil fuel. 

In recent years, the development of the biodiesel industry is rapid and there is a huge 

demand for biodiesel in the renewable fuel market. According to the International Energy 

Agency’s (IEA) report on global biofuel production as shown in Figure 2.2, global biofuel 

production has increased tenfold from 2005 to 2015 [23]. 

 

Figure 2. 2 The world biofuel production from 2005 to 2015 in Mtoe-Million tones oil 

equivalent (source [23]). 
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Biodiesel can be used with some precautions in diesel engines in many sectors including 

on-road vehicles, off-road mobile equipment (Agricultural and construction equipment’s) 

stationary equipment (Electricity generators), furnaces and for household cooking 

activities. The engine performance fuelled with biodiesel is crucial for the application of 

biodiesel. The mainly involved problems may include corrosion, material degradation, 

injector coking, filter plugging and piston ring sticking, engine deposits etc [24]. 

More than 92% of the Ethiopian population still depends on traditional energy sources 

such as firewood, charcoal, animal dung and plant residues for cooking activities [2]. As a 

consequence, associated environmental problems such as deforestation and soil erosion 

coupled with social and economic impacts on households have contributed to the 

country’s overall poor development performance. Cognizant of the severe nature of this 

challenge, the Ethiopian government has been working to improve access to modern 

energy services such as electricity in most of the big cities and rural towns all over the 

country. However, though considerable changes have been observed in utilizing this 

improved access of electricity supply, the use of biodiesel for household cooking activities 

can contribute in tackling the use of traditional energy sources and the overall poor 

development performance.  

2.4 Biodiesel feedstock’s 

In 2004, accessible crude oil resources were estimated to be about 171.1 billion tons [16]. 

By extrapolating from the 2016 consumption of about 13.69 million tons (97.87 million 

barrels) of crude oil per day [25]. It can be estimated that the entire resources will only 

suffice for a short time. Furthermore, the massive emissions of greenhouse gasses caused 

by the combustion of fossil resources are causing an irreversible change to the global 
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climate. Consequently, to decrease our dependence on crude oil and slow down the 

increasing destruction of the environment, a sustainable and competitive alternative based 

on renewable and abundant feedstock, like biomass or any other regenerative source is 

needed. Biodiesel can be produced from any material that contains fatty acids, be they 

linked to other molecules or present as free fatty acids. Thus, various vegetable fats and 

oils, animal fats, waste greases, and edible oil processing wastes can be used as feed 

stocks for biodiesel production [20]. The choice of feedstock is based on such variables as 

local availability, cost, government support and preference as a fuel. For the primary 

feedstock is a vegetable oil or animal fat, biodiesel is generally considered to be renewable. 

This is due to the carbon in the oil or fat originated mostly from carbon dioxide in the air. 

Biodiesel is considered to contribute much less to global warming than fossil fuels [9].  

Edible fatty oils derived from rapeseed, soybean, palm, sunflower and other oils, are 

currently being used for the commercial production of biodiesel. However, biodiesel from 

edible oils is controversial. Some non-governmental organizations and social movements 

pinpoint the making of biofuels from edible raw materials as the main cause of increased 

global food market prices. Another claim against the use of biofuels is the possible 

depletion of ecological resources owing to intensive agricultural practices used in crop 

cultivation. Several studies have identified the price of feedstock oils as one of the most 

significant factors affecting the economic viability of biodiesel manufacture [26]. 

Approximately 70 – 95% of the total biodiesel production cost arises from the cost of the 

raw material [26]. The price of feedstock is therefore a key factor in producing 

competitively priced biodiesel. 
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Alternative feedstock’s, generally from non-edible origin, including waste vegetable oils 

and fats, non-food crops, biomass and other technologies, have been developed in an 

attempt to overcome the major shortcomings of first generation biodiesel. Biofuels are 

commonly addressed according to their current or future availability as first, second or 

third generation biofuels [27]. Second and third generation biofuels are also called 

“advanced” biofuels. It is believed that the advanced biofuels biodiesel could solve 

previous problems, supplying fuel in a sustainable and reasonably priced way. Although 

several advances have been made in the last few years, the majority of second generation 

biodiesel processing technologies are not yet available on a fully commercial scale, but it 

is expected to enter the market in the coming years [27].  

2.4.1 Feedstock’s for first generation biodiesel 

First-generation biofuels are commercially produced using conventional technology. The 

basic feedstock’s are seeds, grains, or whole plants from crops such as corn, sugar cane, 

rapeseed, wheat, sunflower seeds or palm oil [28]. These plants were originally selected as 

food and most are still mainly used to feed people. The most common first-generation 

biofuels are bioethanol (currently, over 80% of liquid biofuels production by energy 

content), followed by biodiesel, vegetable oil and biogas. Some plant oils, like soybean 

and palm oils, have a highly fluctuating price and in some years their use can be shifted 

from making biodiesel to the food market, owing to high international prices [28]. 

2.4.2 Feedstock’s for second generation biodiesel 

Second-generation biofuels can be produced from a variety of non-food sources. These 

include waste biomass, the stalks of wheat, corn stover, wood, and special energy or 

biomass crops (e.g. Miscanthus). Second-generation biofuels use biomass to liquid 
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technology, by thermo chemical conversion (mainly to produce biodiesel) or fermentation 

(e.g. to produce cellulosic ethanol). 

 

I. Non-edible vegetable oil 

Non-edible plant oils could potentially produce biodiesel. The demand for edible oils as 

food and their resulting high price prevents their use as fuel. The production of biodiesel 

from non-edible oilseed crops has been extensively investigated in recent years. Non-

edible oleaginous crops used in biodiesel production, including bahapilu, castor, cotton 

seed, cuphea, jatropha curcas, karanja seed, linseed, mahua, nagchampa, neem, rubber 

seed and tonka bean.  

II. Waste cooking oil 

Waste cooking oils offer significant potential as low-cost raw materials for biodiesel 

production. The price of waste cooking oil is cheaper than new vegetable oils, thus it has 

the potential to reduce the total manufacturing cost of biodiesel significantly [16]. Large 

amounts of waste cooking oil are illegally dumped into rivers and landfills causing 

environmental pollution. So recycling is a key to reducing environmental contamination. 

Several parameters can influence conversion of waste cooking oils into biodiesel, 

including heating conditions, FFA composition and water content. 

III. Animal fats 

An important group of feedstocks for second generation biodiesel production consists of 

fats derived from animals. Animal fats used to produce biodiesel include tallow and 

chicken fat. Despite drawbacks such as poor cold properties and high viscosity, animal fat 

methyl ester has several advantages, including its high cetane number, non- corrosive 
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nature, clean alternative and renewable properties [21]. Animal fats tend to be low in FFA 

and water, but availability is limited. 

2.4.3 Feedstocks for advanced biodiesel production 

Third-generation biofuel includes algae fuel, also called oilgae, is a biofuel from algae and 

addressed as a third-generation biofuel [28]. Algae are feedstocks from aquatic cultivation 

for production of triglycerides (from algal oil) to produce biodiesel. Other third -

generation biofuels include alcohols like bio-propanol or bio-butanol, which due to lack of 

production experience are usually not considered to be relevant as fuels on the market 

before 2050, though increased investment could accelerate their development [28]. The 

same feedstocks as for first-generation ethanol can be used, but using more sophisticated 

technology. Propanol can be derived from chemical processing such as dehydration 

followed by hydrogenation. As a transport fuel, butanol has properties closer to gasoline 

than bioethanol. 

Microorganisms like microalgae which are simple organisms that are mainly aquatic and 

microscopic, moulds like filamentous fungi and yeast are advanced feedstock’s for 

biodiesel production [29].    

2.5 Waste cooking oil 

Waste cooking oil refers to the used vegetable oil obtained from fried food, which need 

large amounts of oil for it requires the full immersion of food in the cooker. Repeated 

frying for preparation of food makes the edible vegetable oil no longer suitable for 

consumption due to high free fatty acid (FFA) content [30]. Waste oil has many disposal 

problems like water and soil pollution, human health concern and disturbance to the 
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aquatic ecosystem [9], so rather than disposing it and harming the environment, it can be 

used as an effective and cost efficient feedstock for biodiesel production as it is readily 

available [20]. 

Vegetable oil contains saturated hydrocarbons (triglycerides) which consist of glycerol 

and esters of fatty acids. Waste cooking oil (WCO) is a by-product from hotels, fast food 

restaurants and by-product of an operating vegetable oil refinery. For serving better 

quality food, they usually dispose this waste cooking oil without any treatment [30]. In 

some places, WCO from restaurants were re-used by on street fast food sellers to fry the 

food, this waste oil is termed as second-used cooking oil, can also be utilized by 

converting to biodiesel. Using waste cooking oil reduces the need for biodiesel-producing 

crops and the competition with food. 

2.5.1 Physiochemical properties of WCO 

Waste cooking oil is normally black and has different properties from those of refined and 

crude vegetable oils. The chemical and physical properties of WCO are different from 

those of fresh oil since there are some changes due to chemical reactions - such as 

hydrolysis, oxidation, polymerization, and material transfer between food and vegetable 

oil occur during the frying process [31]. The typical chemical and physical characteristics 

of WCO and unused palm cooking oil for properties like density, kinematic viscosity, 

saponification value, acid value and Iodine value are shown in the table 2.2  
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Table 2. 2 The main properties of WCO    (Source; [21]) 

Property Unused WCO 

Acid value (mg KOH/gm) 0.30 4.03 

Calorific value (J/gm) --- 396.58 

Physical state (at 400C) Liquid Liquid 

Density (at 400C in  gm /cm3
) 0.898 0.901 

Kinematic viscosity (at 400C  

in  mm2/s) 
39.994 44.956 

Saponification value 

(mgKOH/g) 
194.00 177.97 

Peroxide value (meq/kg) < 10 10 

Free fatty acid content 0.150 2.015 

Iodine number in (gI2/100gm) 78 123 

  

The properties of WCO can be changed depending on the frying conditions, such as 

temperature and cooking time. Indeed a vegetable oil subjected to thermal stress during 

frying can completely vary its chemical and physical property. The cooking process 

causes the vegetable oil triglyceride to break-down to form, diglycerides, monoglycerides, 

and free fatty acids.                                                 

2.5.2 Frying process 

The WCO is generated from the fried food, which need large amounts of oil that requires 

the full immersion of food. When food is fried in heated oil, the moisture forms steam, 

which evaporates with a bubbling action and gradually subsides as the foods are fried. 
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Water, steam, and oxygen initiate the chemical reactions in the frying oil and food [32]. 

During frying process, oil is continuously or repeatedly subjected to high temperature 

greater than 180 oC in the presence of air and moisture. When the oil is heated to these 

temperature in the presence of oxygen (air), the oil undergoes thermal, physical and 

chemical degradation by reaction. The amount of degradation increases with the duration 

of heating at high temperatures. The toxicity of these degraded products presents a serious 

health concern. Some of these substances have been found to be carcinogens [10]. There 

are three essential degradation reactions occurs under frying process. The first is, 

hydrolysis causing from the moisture content of fried food. This reaction produces free 

fatty acids (FFA), mono- and diglycerides [32]. The next is oxidation causing from the 

contact with oxygen. Reaction products are oxidized monomeric, dimeric and oligomeric 

triglycerides and volatile materials such as aldehydes and ketones [33]. The other is 

polymerization causing from these two reactions and high temperatures. This reaction 

produces dimeric and polymeric triglycerides with ring structure [34].  

Because of these degradation reactions mentioned above, a number of physical and chemical 

changes occur in frying oils including increase in viscosity, density, FFA content, total polar 

material (TPM), polymerized triglycerides, and decrease in smoke point, the number of double 

bonds, etc [35]. If the frying process is continued, these materials will undergo further 

degradation and finally the oil will not be appropriate for frying. The frying oil has to be 

discarded.  

Since all degradation products are of polar character, TPM content of frying oil is a good 

indicator of its degradation level. Thus, in many countries, TPM content of frying oil has been 

legally accepted as the limit value to decide discard it or not. For example, in Turkey, Belgium, 



25 
 

France, Germany and other countries TPM content of frying oil must not exceed the top level 

of 25% [36].  

2.6 Basics of biodiesel production 

It is generally known that vegetable oils and animal fats were investigated as diesel fuels 

well before the energy crises of the 1970s and early 1980s sparked renewed interest in 

alternative fuels. It is also known that Rudolf Diesel (1858–1913), the inventor of the 

engine that bears his name, had some interest in these fuels. The first record of the use of 

vegetable oils as liquid fuels in internal combustion engines is from 1900 when Rudolf 

Diesel used peanut oil [37]. However because of its low cost and easy availability, 

petroleum became the dominant energy source and petroleum diesel was then developed 

as the primary fuel for diesel engines. Nonetheless, petroleum and its derivatives fuels 

have periodically been through short supply and due to their environmental problems, the 

search for alternative energy sources has emerged. 

Biodiesel is produced from vegetable oils or animal fats and an alcohol, through a 

transesterification reaction. This chemical reaction converts an ester (vegetable oil or 

animal fat) into a mixture of esters of the fatty acids that makes up the oil (or fat). 

Vegetable oil is a triglyceride. A triglyceride molecule consists of three fatty acid 

molecules bound to a glycerin molecule. The process of transesterification breaks off the 

glycerin and attaches each fatty acid to an alcohol molecule. The first step involves 

breaking the ester-glycerin bonds. A catalyst is needed for this step; either sodium 

hydroxide (NaOH) or potassium hydroxide (KOH) or other basic nano-catalysts, all of 

which are also known as lye. When this reaction is carried out in the presence of alcohol, 
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each of the freed fatty acids bonds with an alcohol molecule and a biodiesel is produced 

[38]. The simplified form of its chemical reaction is presented below in figure 2.3;  

 

 

 

 

 

 

 

Figure 2. 3 The general schematic representation of transesterification reaction 

 (Source; [39])  

Where R1, R2, R3 are long-chain hydrocarbons, sometimes called fatty acid chains. 

Normally, there are five main types of chains in vegetable oils and animal oils: palmitic, 

stearic, oleic, linoleic, and linolenic. When the triglyceride is converted stepwise to 

diglyceride, monoglyceride, and finally to glycerol, 1 mol of fatty ester is liberated at each 

step [39].  

Biodiesel derived from waste cooking oil is arguably the greenest liquid fuel available, 

because the primary ingredient is a post-consumer waste product. The production of 

biodiesel generally has the following process steps; 

 i. Mixing of alcohol and catalyst 

The alcohol used for biodiesel production must be mixed with the catalyst before adding 

the oil. This typical process is mainly done by mixing the catalysts (commonly potassium 

hydroxide, sodium hydroxide and heterogeneous catalysts of metal oxides) with common 

alcohols (methanol and ethanol) in the mixer. The mixture is stirred until the catalyst is 
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completely dissolved in the alcohol.  The alcohol-to-oil volume ratio is a key variable of 

the transesterification process. The stoichiometric ratio requires 1 mol of oil to react with 

3 mol of alcohol, to obtain 3 mol of fatty acids methyl esters (FAME) and 1 mol of 

glycerol [31].  However, since the reaction is reversible, excess alcohol as a reactant will 

shift the equilibrium to the right side of the equation, increasing the amount of products. 

 ii. Chemical reaction 

The alcohol and catalyst mixture is then charged into a closed reaction vessel and the oil is 

added. The reaction system is totally closed to the atmosphere to prevent the loss of 

alcohol, since it easily vaporizable. The reaction mixture is kept just near the boiling point 

of the alcohol to speed up the reaction. Excess alcohol is normally used to ensure total 

conversion of the oil to its esters as there is no problem of recovering of the alcohol for 

later use after recycling. The chemical reaction takes place when the oil is mixed with the 

alcohol–catalyst mixtures. This requires certain conditions of time, temperature and 

stirring. Since alcohols and oils do not mix at room temperature, the chemical reaction is 

usually carried out at a higher temperature and under continuous stirring, to increase the 

mass transfer between the phases. 

 iii. Separation 

After the reaction is completed, there exists glycerol and biodiesel formation. Both have a 

significant amount of the excess alcohol that was used in the reaction which is in need of 

being recovered. The glycerol phase is much denser than biodiesel phase, making 

biodiesel to be floated. The two products can be separated by gravity using separating 

funnel. The glycerol is drawn off at the bottom of the funnel. In some cases, a centrifuge is 

used to separate the two materials faster by screening both phases. 
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 iv. Alcohol removal 

After the glycerol and biodiesel phases have been separated, the excess alcohol in each 

phase is removed commonly with a flash evaporation process or by distillation. But 

currently extractive distillation can instead be used to fasten the process and to be more 

economical.  

2.7 Catalysts 

A catalyst is the key to chemical transformation. The catalyst for biodiesel production falls 

into three categories, namely homogeneous catalyst, heterogeneous catalyst and enzyme 

catalyst. 

2.7.1 Homogeneous catalyst 

Homogeneous catalysis is a chemical term which describes a catalysis reaction where the 

catalyst is in the same phase as the reactant. The homogeneous catalyst for biodiesel 

process is divided into two categories, which are the acid and the base catalysts. 

a) Homogeneous acid catalyst 

The most common acid catalysts being used in biodiesel production are sulphuric acid, 

phosphoric acid, hydrochloric acid or organic sulfonic acid. The most popular acid 

catalyst is sulphuric acid [24].  

The main challenge faced by researchers when low grade feedstock was used is high 

concentration of FFA and water which inhabits transesterification [40]. Nevertheless, an 

acid catalyst is believed to be more tolerant to water content and a high FFA level 

compared to a base catalyst. A high temperature and a high concentration of sulphuric acid 

as catalyst could also burn some of the oil which will cause a low yield of biodiesel 

product [41]. 
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b) Homogeneous base catalyst 

If the catalyst used in the reaction remains in the same phase to that of the reactants during 

transesterification, it is homogeneous catalytic transesterification. The most common base 

catalysts are potassium hydroxide, potassium methoxide, sodium hydroxide and sodium 

methoxide [31]. A homogeneous base catalyst was also preferred over a homogeneous 

acid catalyst because it gave a higher reaction rate, is less corrosive and required a shorter 

reaction time. However, these base homogeneous catalysts have some drawbacks. 

Biodiesel produced from a homogeneous catalyzed reaction must be neutralized with 

water and thus this contributes to the generation of waste water [6].  

2.7.2 Heterogeneous nano catalyst 

Heterogeneous catalysis is a chemical term which describes a catalysis reaction where the 

catalyst is in a different phase to the reactants. The heterogeneous catalytic 

transesterification is included under the term ‘Green Technology’ for the reasons that; the 

catalyst can be separated from the post-reaction mixture via physical methods, such as 

filtration and centrifugation hence, the catalyst can be recycled [42]. There is no or very 

little waste water produced during the process, and separation of the biodiesel from the 

glycerol is much easier [7, 31].  Moreover, the concentration of metals or other elements 

arising from the catalyst in the obtained biodiesel, or glycerol, could be notably reduced 

when heterogeneous catalysts are utilized [42]. The popularity of heterogeneous catalysts 

nowadays is due to the limitations caused by homogeneous catalysts. In using 

homogeneous catalysts a lot of energy, water, and time are consumed; moreover these 

catalysts cannot be reused. In contrast, heterogeneous solid base catalysts being insoluble, 

are separated simply by filtration and can be reused many times [31]. The conventional 
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homogeneous catalyst is recommended to be replaced by environmentally friendly 

heterogeneous catalyst as this type of catalyst simplify the production and purification 

processes, reduced the amount of wastewater and cut off the number of process 

equipment. Commonly used solid base catalysts are alkaline earth metal oxides, zeolites, 

KNO3 loaded on Al2O3, KNO3/Al2O3, BaO, SrO, CaO and MgO [31]. Calcium oxide 

(CaO) is one of the well-researched heterogeneous catalysts as it has a higher basicity, 

lower price, non-corrosive, lower solubility and easier to handle than homogenous base 

catalysts. These advantages together with it being safe to the ecosystem made it an 

interesting choice in the catalysts research [7]. Similar to homogeneous catalysts, the 

heterogeneous catalyst is also divided into two categories, i.e. the solid base and the solid 

acid catalyst. 

a) Heterogeneous acid catalyst 

The heterogeneous acid catalyst became one of the most potential solid catalysts for 

transesterification reactions [41]. An ideal solid acid catalyst should have high stability, 

numerous strong acid sites, large pores, a hydrophobic surface and a low cost [43]. By 

having a suitable solid acid catalyst, it can be easily integrated into a continuous flow 

system, simplify the product separation and purification as well as reduce waste 

generation. Unlike to basic catalysts, solid acid present lower activity in 

transesterification. However high temperatures operations balance out this lack of activity. 

In addition high free fatty acids feedstock content does not facilitate efficiency for 

biodiesel production with the use of acid catalysts [44]. 
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b) Heterogeneous base catalyst 

Detailed investigation of different types of base heterogeneous catalysts such as rare earth 

metal oxides, various base metal compounds supported on alumina or zeolite, hydroxides, 

alkoxides, hydrotalcites and ion exchange resin have been carried out by several 

researchers. Solid base catalysts are reported to have high catalytic activities but low 

stability [45]. Heterogeneous base catalysts are classified into single metal oxide, mixed 

metal oxide, supported alkali/alkaline earth metal, zeolites, hydrotalcites and ion exchange 

resins. 

Single metal oxides are one of the potential choices for base catalysed transesterification 

particularly in biodiesel production. Calcium oxide (CaO), magnesium oxide (MgO) and 

strontium oxide (SrO) are among the popular alkali earth metal and are widely used 

nowadays [45]. Among all the alkaline single metal oxide catalysts, calcium-derived 

oxides are claimed to be the most promising catalysts in biodiesel transesterification 

because they are cheap, easily available, have a long catalyst lifetime and are less toxic 

[15]. 

2.7.3 Enzyme catalyst 

The transesterification of vegetable oils or animal fats is also possible by using enzyme 

catalysts or biocatalysts. The enzyme catalyst has been discovered to be a potential 

catalyst for biodiesel production. The enzyme catalyst shows good thermal stability, good 

separation of products, is capable of being regenerated and reused and has good tolerance 

towards the high level of FFA in the feedstock [31]. Enzyme catalyst is preferred because, 

during their use, soap is not formed; therefore there is no problem of purification, 

washing, and neutralization. Another advantage of using enzymatic catalysts is that the 
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reactions can be carried under at mild conditions. However, the main drawback is their 

longer reaction time and the cost of these biocatalysts, since they were found to be more 

expensive than most of the heterogeneous catalysts. Most of the enzyme catalysts were 

prepared via immobilization techniques, where the cell biocatalyst was immobilized 

within biomass support particles. This is the main advantage of this catalyst since the 

immobilization can be achieved spontaneously during batch cultivation and no 

purification is needed. Table 2.3 shows the compression of heterogeneous and 

homogenous catalysts. 

According to table 2.3, the catalyst with low environmental impact, no soap formation, 

low methanol to oil ratio, easy catalyst separation and high safety level is the alternative of 

heterogeneous catalysts, using calcium oxide. Although the yield is lower using calcium 

oxide in the transesterification reaction, this occurs if the size of the CaO particles are 

large. If nano size catalysts are used the yield becomes higher, so it has better advantage to 

use this type of catalyst for the biodiesel production. 
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Table 2. 3 Comparison of heterogeneous and homogenous catalysts (Source; [46]) 

No Selection Parameters 

Comparison alternatives 

Homogenous 

Catalysts 

Heterogeneous 

Catalysts 

1 Catalyst NaOH CaO 

2 Alcohol Methanol Methanol 

3 Catalyst separation Low High  

4 By-products formation 
Glycerol, 

Soap 
     Glycerol 

5 Environmental impact High Low 

6 Cost Economic Economic 

7 Availability Medium Low 

8 Catalyst concentration (%w/w) Low Medium 

9 Molar ratio alcohol/oil Medium  Low 

10 Temperature (°C) Low High 

11 Yield High Low 

12 Reaction time (hours) Low Low 

13 Safety level Low High 

 

2.8 Nano-scale materials 

Nano-scale materials are the materials which are made through nano-technological 

principles and procedures. A nanometer is typically one-billionth of a meter (10-9 of a 

meter). Nanotechnology related with the production and the reactions of nanoparticles 

and their compounds. It is concerned with the unique properties associated with 

assemblies of atoms or molecules on a scale between that of the individual building 
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blocks and the bulk material from 1 to 100 nanometer [47]. Likewise, there can be one 

dimensional, two dimensional and three dimensional on the basis of their dimensions lying 

within the nanometer range. At this level, quantum effects can be significant, and also new 

ways of carrying out chemical reactions become possible [48]. 

Nanoparticles of metals have special interest with respect to energy requirements. They 

have been employed as nanocatalysts, nanoclusters and nanostructured amorphous alloys, 

metals and metal oxides to improve the efficiency of energy yielding chemical reactions. 

The use of a green method based on heterogeneous nano catalysts is a new trend in the 

preparation of biodiesel. Biodiesel synthesis using solid nano catalysts instead of 

homogeneous ones could potentially lead to cheaper production costs by enabling reuse of 

the catalyst. Nanoparticles of a material shows different properties compared to larger 

particles of the same material. Forces of attraction between surfaces can appear to be weak 

on a larger scale, but on a nanoscale they are strong. The reason for this is the surface area 

to volume ratio in nanoparticles is very large. Atoms on the surface of a material are often 

more reactive than those in the center, so a larger surface area means the material is more 

reactive and has greater catalytic activity. 

 Figure 2.4 shows this idea. The cube on the left has the same volume as the smaller cubes 

added together on the right. However, the total surface area is much larger for the smaller 

cubes.  
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Figure 2. 4 Nanoparticles surface area to volume ratio of larger and smaler size objects 

2.9 The reaction kinetics of heterogeneous transesterification  

Heterogeneous catalysis transforms the liquid-liquid vegetable oil transesterification 

reaction in into solid-liquid-liquid three-phase reaction. In heterogeneous catalyzed 

biodiesel production reactions, the diffusion of the reacting species in bulk liquid phase, 

intra-particle diffusions in pore sites and surface reactions determine the overall rate of the 

reaction. To increase the effectiveness of a solid catalyst for biodiesel production reaction, 

small particles sizes are required. However, when fine catalysts particles are used, removal 

of the spent catalyst from the reaction mixture becomes difficult. Hence, the reaction 

kinetics is complicated by diffusion, adsorptions and desorption of the reacting species 

and products considering the reaction steps shown below: 
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i. Diffusion of the reactant molecules from bulk liquid phase to the external surface of 

the solid catalyst  

ii. Diffusion of the reactants molecules from the surface of the solid catalyst into the 

pore network for porous catalysts.  

iii. Chemisorptions of the reactants on the catalytic active sites  

iv. Reactions of the chemisorbed reactant molecules to form activated complex  

v. Decomposition of the activated complex to form products adsorbed on the catalytic 

active sites  

vi. Desorption of the reaction products from the interior catalyst active sites to the 

external surface.  

vii. Diffusion of the reaction products from the catalyst pores to the bulk liquid phase.  

The rate determining steps commonly reported for heterogeneously catalysed 

transesterification are surface reactions and methanol adsorption. A solid catalyst that 

leached substantially into the reaction media cannot be considered heterogeneous as the 

reaction mechanism of such catalysts followed kinetic mechanisms similar to that of 

homogeneous transesterification. 
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2.10 Biodiesel properties and standards  

Quality standards are prerequisites for the commercial use of any fuel product. They serve 

as guide lines for the production process, guarantee customers of high quality fuel and 

provide authorities with approved tools for the assessment of safety risks and 

environmental pollution [49]. Thus tests need to be done on biodiesel to ensure that it 

meets and maintains a consistently high level of quality in line with industry standards. 

The quality of biodiesel can be influenced by a number of factors: the quality of the 

feedstock; the fatty acid composition of the parent vegetable oil or animal fat; the 

production process and the other materials used in this process; the postproduction 

parameters; and the handling and storage. 

The main criterion of biodiesel quality is the inclusion of its physical and chemical 

properties into the requirements of the adequate standard. Quality standards for biodiesel 

are continuously updated, due to the evolution of compression ignition engines, 

everstricter emission standards, re-evaluation of the eligibility of feedstocks used for the 

production of biodiesel, etc. The standards for regulating the quality of biodiesel on the 

market are based on a variety of factors which vary from region to region, including 

characteristics of the existing diesel fuel standards, the predominance of the types of diesel 

engines most common in the region, the emissions regulations governing those engines, 

the development stage and the climatic properties of the region/country where it is 

produced and/or used, and the purpose and motivation for the use of biodiesel [49]. Table 

2.4 lists the most important biodiesel quality standards. 
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Table 2. 4 List of biodiesel quality standards 

(Source; [49]) 

 

Country 
 

Specifications 
 

Title 

EU EN 14213 

Heating fuels - Fatty acid methyl esters (FAME) - 

Requirements and test methods 

EU EN 14213 

EN 14214 Automotive fuels - Fatty acid methyl esters 

(FAME) for diesel engines - Requirements and test 

methods 

U.S. ASTM D6751 

ASTM D6751 - 11a Standard Specification for Biodiesel 

Fuel Blend Stock (B100) for Middle Distillate Fuels 

Australia  Fuel Standard (Biodiesel) Determination 2003 

Brazil ANP 42 

Brazilian Biodiesel Standard (Agência Nacional do 

Petróleo) 

India IS 15607 

Bio-diesel (B 100) blend stock for diesel fuel  

Specification 

Japan JASO M360 

Automotive fuel - Fatty acid methyl ester (FAME) as 

blend stock 

South 

Africa 
SANS 1935 Automotive biodiesel fuel 
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 The table 2.5 below lists the standard ASTM D6751 of United States for biodiesel 

standards and properties [49]. 

Table 2. 5 Biodiesel standard ASTM D6751 of United States 

Property Test Method 
Limits 

Units min Max 

Calcium & Magnesium, combined EN 14538 - 5 ppm (µg/g) 

Flash point (closed cup) D 93 93 - oC 

Alcohol Control (one to be met): 

1. Methanol content 

 

EN 14110 

 

- 

 

0.2 

 

% (m/m) 

2. Flash Point D93 130 - oC 

Water and Sediments D 2709 - 0.05 % (v/v) 

Kinematic Viscosity, at 40 oC D 445 1.9 6.0 mm2/sec. 

Sulfated Ash D 874 - 0.02 % (m/m) 

Sulfur: S 15 Grade 

            S 500 Grade 

D 5453 

D 5453 

- 

- 

0.0015 

0.050 

% (m/m) 

% (m/m) 

Copper Strip Corrosion D 130 - 3 No. 

Cetane D 613 47 - - 

Cloud Point D 2500 report oC 

Carbon Residue, 100% sample D 4530 - 0.05 % (m/m) 

Acid Number D 664 - 0.05 mg KOH/g 

Free Glycerin D 6584 - 0.020 % (m/m) 

Total Glycerin D 6584 - 0.240 % (m/m) 

Phosphorus Content D 4951 - 0.001 % (m/m) 

Distillation-Atmospheric equivalent 

temperature 90% recovery 
D 1160 - 360 oC 

Sodium/Potassium, combined EN 14538 - 5 ppm (µg/g) 

Oxidation Stability EN 15751 - 3 hours 

Cold Soak Filtration For use in 

temperatures below – 12 oC 

D 7501 

D 7501 
- 

360 

200 

Seconds 

Seconds 
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The properties of biodiesel can be grouped by multiple criteria. The most important are 

those that influence the processes taking place in the engine ignition qualities, ease of 

starting, formation and burning of the fuel-air mixture, exhaust gas formation, quality and 

the heating value, cold weather properties (cloud point, pour point and cold filter plugging 

point), transport and depositing (oxidative and hydrolytic stability, flash point, induction 

period, microbial contamination, filterability limit temperature, etc.), wear of engine parts 

(lubricity, cleaning effect, viscosity, compatibility with materials used to manufacture the 

fuel system, etc.) [32]. 

2.10.1 Cetane number 

Cetane number is a measure of the ignition quality of the fuel and influences white smoke 

and combustion roughness. The cetane number requirements depend on engine design, 

size, nature of speed and load variations, and on starting and atmospheric conditions [32].  

Diesel fuels are required to have a cetane number higher than 40 and most refineries 

produce diesel with cetane numbers between 40 and 45 [49].  

2.10.2 Flash point 

The flashpoint of a fuel is the temperature at which the vapor above the fuel becomes 

flammable. Petroleum-based diesels have flashpoints of 50 ºC to 80 ºC which makes them 

intrinsically safe. Biodiesel has a flashpoint of over 93 ºC which means that the fire hazard 

associated with transportation, storage and usage of biodiesel is much less than with other 

commonly used fuels [50]. So biodiesel falls under the non-hazardous category. 

2.10.3 Viscosity 

Plants and waste oils have higher viscosities compared to diesel fuel; transesterification of 

these oils reduces the viscosity to a large extent in converting to biodiesels [51]. Viscosity 
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measurement is a basic parameter reflecting the extent of the reaction, since it is directly 

related with the fatty acid methyl ester (FAME) content of the transesterified product and 

is one of the specifications to comply with when producing biodiesel. It is as an indicator 

to measure the effectiveness and completeness of the ester conversion process.  

2.10.4 Acid value 

The acid value (AV), also called neutralization number or acid number is the mass of 

potassium hydroxide (KOH) in milligrams that is required to neutralize the acidic 

constituents in one gram of sample [33]. The acid number is used to determine the level of 

free fatty acids or processing acids that may be present in biodiesel. Biodiesel with a high 

acid number has been shown to increase fueling system deposits and may increase the 

likelihood for corrosion. 

2.10.5 Cloud point 

Cloud point is of importance in that it defines the temperature at which a cloud or haze of 

crystals appears in the fuel under prescribed test conditions which generally relates to the 

temperature at which crystals begin to precipitate from the fuel in use. Biodiesel generally 

has a higher cloud point than petroleum based diesel fuel. The cloud point of biodiesel and 

its impact on the cold flow properties of the resulting blend should be monitored by the 

user to ensure trouble-free operation in cold climates. 

2.10.6 Sulphur content 

High sulphur contents in fuels have been associated with negative health effects and an 

increased service frequency on vehicles. Biodiesel is essentially seen as almost sulphur 

free when made from vegetable oil [52]. Biodiesel made from waste vegetable oil (WCO) 

might contain traces of sulphur and would have to be tested to fall into regulatory limits.  
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2.10.7 Water and sediments content 

Water content is a purity indicator a biodiesel. Biodiesel which are produced by 

homogenous catalyst should be dried after water washing to get the water specification 

below 500ppm (0.050%) [49]. Even when biodiesel is dried properly by the producer, 

water can accumulate during storage and transportation. 

The moisture accumulated in biodiesel leads to the increase of free fatty acid 

concentration, which can corrode metal parts of the engine’s fuel system. Biodiesel is 

much more hygroscopic (it attracts water) than diesel oil. The biodiesel absorbs water 

during storage when the temperature is higher and the water absorbed is precipitated at 

lower temperatures. Water in biodiesel facilitates microbial growth and the formation of 

sediments [49].          

2.10.8 Heat of combustion 

The heating value, also known as the heat of combustion, of biodiesel depends on the oil 

source. On a mass basis fossil diesel has a higher heating value; about 13% higher than 

that of biodiesel, but due to the higher density of biodiesel, the disadvantage of biodiesel is 

only about 8% lower on a volumetric basis [22]. This means that for the same injection 

volumes, engines burning biodiesel have slightly lower power and torque. An increase of 

the injection volumes leads to a slightly higher specific fuel consumption when using 

biodiesel. If biodiesel is blended into fossil at 5% or 10%, the properties of the fossil 

diesel would not be affected to a noticeable extent. It is only the ‘lubricity’ property of the 

biodiesel that has an effect even if used in very low blends [53]. 
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2.11 Transesterification reaction  

Transesterification, also called alcoholysis, is a chemical reaction of an oil or fat with an 

alcohol in the presence of a catalyst to form esters and glycerol. The transesterification 

reaction is used to break down the chemical structure of the triglycerides in oil via the 

exchange of the alkyl groups between an ester and an alcohol with the alcohol being used 

as a reactant. It involves a sequence of three consecutive reversible reactions where 

triglycerides (TGs) are converted to diglycerides (DGs) and then DGs are converted to 

monoglycerides (MGs) followed by the conversion of MGs to glycerol. In each step an 

ester is produced and thus three ester molecules are produced from one molecule of TG 

[31]. Among the alcohols that can be used in the transesterification reaction are methanol, 

ethanol, propanol, butanol and amyl alcohol. Methanol and ethanol are used most 

frequently. However methanol is preferred because of its low cost. Equation 2.1 shows the 

transesterification reaction of TGs with alcohol. A catalyst is usually used to improve the 

reaction rate and yield. Because the reaction is reversible, excess alcohol is used to shift 

the equilibrium to the product side. It also produces glycerol as a byproduct which has 

some commercial value.  

1 Oil (Triglyceride) + 3 Alcohol (Methanol) = 3 biodiesel (Methyl Ester) + Glycerol … 

Equation 2. 1Transesterification reaction of TGs with alcohol [31] 

2.12 Variables that affect transesterification reaction 

There are important parameters that influence biodiesel production process. These are 

molar ratio of oil to alcohol oil, amount and catalyst type, reaction time, reaction 

temperature, stirring rate, presence of free fatty acids and the presence of water [54]. In 

order to obtain the maximum yield of biodiesel, these parameters must be optimized. 
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2.12.1 Molar ratio of oil to alcohol  

One of the main factors affecting the yield of biodiesel is the molar ratio of alcohol to 

triglyceride [54]. Theoretically, the ratio for transesterification reaction requires 3 mol of 

alcohol for 1 mol of triglyceride to produce 3 mol of fatty acid ester and 1 mol of glycerol 

[31]. An excess amount of alcohol is used in biodiesel production to ensure that the oils or 

fats will be completely converted to esters and a higher alcohol triglyceride ratio can result 

in a greater ester conversion in a shorter time. The yield of biodiesel is increased when the 

alcohol triglyceride ratio is raised beyond 3 and reaches a maximum. Further increasing 

the alcohol amount beyond the optimal ratio will not increase the yield but will increase 

cost for alcohol recovery [55]. In addition, the molar ratio is associated with the type of 

catalyst used and the molar ratio of triglycerides to alcohol in most investigations is 1:6, 

with the use of an alkali catalysts [31, 55].  

2.12.2 Stirring rate  

Oils and alcohols are not totally miscible, thus reaction can only occur in the interfacial 

region between the liquids and transesterification reaction is a moderately slow process; 

for this reason dynamic mixing is required to increase the area of contact between the two 

immiscible phases. Alcoholysis process can be enhanced by the stirring intensity of the 

reactor.  

Mass transfer of biodiesel from the oil phase towards the alcohol-oil interface might be a 

vital step that limits rate of alcoholysis reaction because the reaction is heterogeneous 

mixture. Reduced mass transfer between two phases in the initial phase of the reaction 

results in a sluggish reaction rate, the reaction being mass transfer controlled. Fast stirring 
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accelerates transesterification reaction; therefore, variations in mixing strength are 

expected to change the kinetics of the transesterification reaction. 

2.12.3 Free fatty acid and moisture content 

The free fatty acid and moisture content are the key parameters for determining the 

viability of vegetable oils to be used in transesterification process. Presence of moisture 

content in the oil increases the amount of free fatty acids. To carry out the 

transesterification by using homogenous catalyst to completion, less than 3% free fatty 

acid content in oils is needed. This problem of high free fatty acid could be solved by 

using heterogeneous alkaline catalyst [54]. Higher the acidity of the oil, smaller is the 

conversion efficiency. Free fatty acids react with the basic catalyst added for the reaction 

and give rise to soap, as a result of which, one part of the catalyst is neutralized and is 

therefore no longer viable for transesterification reaction.  

The presence of water at high temperature results hydrolysis of triglycerides to diglyceride 

and form a free fatty acid. Water can cause soap formation and frothing. The resulting 

soaps can induce an increase in viscosity, formation of gels and foams, and make the 

separation of glycerol difficult. Water has a more negative effect than the presence of 

FFA, and hence the feedstock should be water-free. It was shown that even a small 

amount of water (0.1%) in the transesterification reaction will decrease the ester 

conversion from vegetable oil. The presence of water and FFA in raw materials resulted in 

soap formation and a decrease in yield of the alkyl ester, consumed catalyst and reduced 

the effectiveness of the catalyst. 
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To reduce the formation of soap as side reaction the oil as raw material should meet 

certain specifications when base catalyzed alcoholysis is used. Triglycerides ought to have 

lower acid value and all material should be substantially water free. 

2.12.4 Catalyst concentration 

The presence of a catalyst such as calcium oxide (CaO) accelerate the methyl ester 

conversion from vegetable oil, even if only a small amount of catalyst (0.3% of the oil) 

was added. The transesterification step accelerates with the increase in CaO content from 

0.3 to 3%. However, further enhancement of CaO content to 5% produced little increase in 

the yield of methyl ester [31].  

2.12.5 Reaction time 

The conversion rate increases with reaction time. For base-catalyzed transesterification, 

the yield of biodiesel reaches a maximum at a reaction time of about 120 min or less. 

Acid-catalyzed transesterification requires an even longer reaction time than the base-

catalyzed reaction because base catalysts usually exhibit a higher reactivity than acid 

catalysts. Excess reaction time will lead to a reduction in the product yield due to the 

backward reaction of transesterification, resulting in the product yield as well as causing 

more fatty acids to form soaps [31]. 

2.12.6 Temperature  

Temperature clearly influences the reaction and yield of the biodiesel product. A higher 

reaction temperature can decrease the viscosities of oils and result in an increased reaction 

rate, and a shortened reaction time [31]. The reaction temperature must be less than the 

boiling point of alcohol in order to ensure that the alcohol will not leak out through 

vaporization (the boiling point of methanol is 60 - 70 oC at atmospheric pressure).  
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2.13 Biodiesel for household energy use 

It is an alarming fact that more than 92% of the Ethiopian population still depend on 

traditional energy sources such as firewood, charcoal, animal dung and plant residues for 

cooking activities [2]. As a consequence, associated environmental problems such as 

deforestation and soil erosion coupled with social and economic impacts on households 

have contributed to the country’s overall poor development performance. Cognizant of the 

severe nature of this challenge, the Ethiopian government has been working to improve 

access to modern energy services such as electricity in most of the big cities and rural 

towns all over the country. However, though considerable changes have been observed in 

utilizing this improved access of electricity supply mainly for lighting, this has not been 

the case for cooking activities. Yet, in most urban areas, it is common to see households 

cooking with firewood and charcoal despite the availability of alternative cooking fuels 

such as electricity. 

Most of the food that humans consume is cooked primarily to free it from contamination, 

for easy digestion and/or to make it more appealing for consumption. Using traditional 

energy sources not only cause deforestation, it also wastes energy.  For example, not less 

than 80% of the heat energy produced while cooking with firewood on a traditional three-

stone fire stove is wasted and contrarily, for kerosene and liquefied petroleum gas, the 

cooking energy efficiency improves by twice [56]. Reliance on inefficient solid biomass 

energy use negatively affects public and environmental health due to exposure to indoor 

air pollution and contributing to climate change. 

In addition to the use of biodiesel for vehicles and other engines it can also be an 

alternative energy source for cooking activities using stoves. Cooking stove in general is 
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classified in two main categories, vapor jet burner and wick burner stoves. In Ethiopia, the 

most well-known liquid cooking fuel is kerosene by using wick stoves. Mostly in the rural 

areas of Ethiopia conventional fuels like fire wood, charcoal and petroleum products are 

used for domestic purposes. For stoves, the conventional fuels in most rural areas are 

charcoal and petroleum. By introducing alternatives like plant oils such as, biodiesel for 

cooking, the use of conventional fuels could be strongly reduced. Potential users of the 

biodiesel are those persons who currently buy their fuel (kerosene). Wick stove is one of 

the option for use of liquid fuels and it is also easily available in Ethiopia as well as 

accepted by the community. In Ethiopia the presence of kerosene wick stove is decades 

old. Kerosene wick-type stoves are suitable for the use with the biodiesel directly. Use of 

biodiesel for household energy source like for cooking can improve indoor air quality too. 
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CHAPTER THREE 

3. Materials and Methods 

Biodiesel is usually produced by transesterification or esterification reaction using 

homogenous basic or acidic catalysts such as NaOH, KOH, H2SO4, HCl etc. These 

traditional homogeneous catalysts possess advantages including high activity (complete 

conversion) and mild reaction conditions (from 40 to 65°C and atmospheric pressure) [57]. 

Homogeneous alkali catalysts have good catalytic activity with some disadvantages such 

as requirement of large quantity of water, high cost of production and environmental 

problem from liquid waste. To solve this problem, heterogeneous alkali catalysts is used 

because heterogeneous catalysts provides many advantages such as easy to separate from 

liquid product, non-corrosive, good catalytic activity and selectivity, longer catalyst life, 

recyclable and effective [58].  

In this study waste cooking oil was selected as the fatty acid resource for biodiesel. The 

use of waste cooking oil as biodiesel feedstock reduces the cost of biodiesel production. 

As large amounts of waste cooking oils are illegally dumped into rivers and landfills, 

causing environmental pollution, the use of waste cooking oil to produce biodiesel as 

petrodiesel substitute offers significant advantages because of the reduction in 

environmental pollution. This section describes the chemicals, reactors, laboratory 

equipment and other accessories used in the experiments. 

3.1 Materials 

Waste cooking palm oil was obtained from café and restaurants in Addis Ababa which has 

been used for food frying. The chemicals used were all analytical grade. The methanol 
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used was 99.8% pure; the sodium hydroxide (NaOH), Ethylene glycol and Calcium nitrate 

tetrahydrate (Ca(NO3)2.4H2O) were all of analytical grade. MiniFlex 600 XRD and 

Scanning electron microscope JSM-IT300 LV made in Japan, which is an energy 

dispersive X-ray spectroscope which are high-tech scientific instruments were used for 

characterization of the catalyst. Magnetic stirrer with hot plate of controlled temperature 

and controlled stirring rotation in revolution per minute (PPM), round bottom flasks, 

beakers, measuring cylinder, separating funnel, burette, stands, measuring flask, muffle 

furnace, ovens, hydrometer, thermometers, thermostat water bath and others were used. 

3.2 Waste cooking oil sample preparation and properties  

The waste cooking oil was settled for 4 - 6 days and filtered by sieves of hole size 100 nm 

to remove any suspended food particles and inorganic residues, and heated to about 110 

ºC for water removal. 

 

 

 

 

 

 

 

 

 

Figure 3. 1 Filtered and cleaned waste cooking oil at 40 ºC 

Figure 3.1 (a) is raw palm oil at 40 ºC  and (b) which is dark in color is filtered and cleaned 

WCO at 40 ºC . 

  

(a) 
(b) 
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3.2.1 Physiochemical properties of the WCO  

The chemical and physical properties of WCO is different from those of fresh oil since 

some changes due to chemical reactions - such as hydrolysis, oxidation, polymerization, 

and material transfer between food and vegetable oil occur during the frying process. The 

methods to characterize some of the chemical and physical property of the collected 

sample are stated below. 

3.2.1.1 Density 

To know the density of the sample of WCO, the sample was kept in thermostat water bath 

until it reaches an equilibrium temperature of 40 ºC. Then the sample was filled into 

graduated cylinder (100 ml) and Hydrometer was used to measure the specific gravity of 

the oil at 40 ºC specified. Hence, the density of the oil is determined using the specific 

gravity. Specific gravity is the density of the sample divided by the density of water. 

The hydrometer was dipped into the sample and allowed to float and reading was taken 

below the meniscus level. The specific gravity of the WCO was measured and the density 

of oil was gained as follows; 

Density of oil =    (Specific Gravity of oil) X (Density of water) …………. Equation 3. 1  

Substituting 1000 kg/m3 which is the density of water and the measured value of the 

specific gravity of oil in equation 3.1 gives the density of WCO.  

3.2.1.2 Ash content 

Ash content of the WCO was determined using a muffle furnace. A 20 g of oil will be added 

in a burning cup. Then, the sample was placed in a muffle furnace. Adjusting the furnace at a 

temperature of 500 ºC for 1 hour and after burning, weighing the residue sample gives the ash 

content. 



52 
 

3.2.1.3 Acid value determination 

Acid value (AV) is the mass of potassium hydroxide in milligrams that is required to 

neutralize 1 gram of vegetable oil or fat. The acid value of the oil samples were 

determined by titration method. According to ASTM D 664 and EN 14104, the acid value 

is expressed in milligrams (mg) potassium hydroxide (KOH) required to neutralize 1 g of 

a sample. In order to determine the percent of FFA in the oil, a process called titration is 

used. A mass of 10 g of filtered waste cooking oil was put in a glass flask and dissolved in 

50 mL of the solvent mixture. The oil sample was titrated, with shaking, with the KOH 

solution (in a 25 mL burette graduated in 0.1 mL) to the end point of the indicator (5 drops 

of indicator-phenolphthalein), making sure the pink color persisting for at least 10 s.  

The acid value is calculated by the formula:   

                Acid Value = 
𝑉   𝑋  𝑁  X  56.1 

𝑚
   …………………………Equation 3. 2  

Where,  

V = Volume of KOH used in mL  

N = Normality of KOH  

m = mass in gram of the oil sample and the calculated acid value was 3.08 mg KOH/gm    

3.2.1.4 Free fatty acid value determination 

The free fatty acid value of the oil sample was obtained from the acid values of the oil 

sample as follows: 

           % Free Fatty Acid = 
𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒 

2
 ………….......………………Equation 3. 3 

FFA constituent is percentage of FFA (% FFA) in vegetable oil or fat. Free fatty acid 

contained in raw materials has significant influence on alkali catalyzed transesterification 

process. Mainly when homogenous catalyst is used for transesterification of WCO, and if 
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the free fatty acid constituent is higher than 3%, soap will appear during the biodiesel 

production process, which makes it difficult for washing and separating products. 

3.2.1.5 Iodine value 

The iodine value or iodine number was introduced in biodiesel quality standards for 

evaluating their stability to oxidation. The iodine value is a measurement of total 

unsaturation of fatty acids measured in gram (g) iodine/100g of biodiesel sample, when 

formally adding iodine to the double bonds. Biodiesel with high iodine value easily 

oxidized when in contact with air. The iodine value highly depends on the nature and ester 

composition of the feedstock’s used in biodiesel production. 

3.2.1.6 Viscosity 

Viscosity is the measure of fluid’s resistance to flow. The dynamic viscosity of the sample 

was determined by the instrument DV-E Viscometer. The principle of operation of the 

DV-E Viscometer is to rotate a spindle (which is immersed in the test sample) through a 

calibrated spring. The DV-E Viscometer employs an optical signal pick-up inside the 

instrument to detect the torque value of the calibrated spring. This optical signal pick-up is 

recorded per revolution of the spindle. The display reports the average value for both 

torque (%) and viscosity in centipoise or milliPascal seconds (cP or mPa.s).  

The sample was kept in the water thermostat bath until it reaches the equilibrium 

temperature of 40 ºC. After maintaining the equilibrium temperature, the DV-E 

Viscometer tip was inserted to the sample and the reading was taken from the controller. 

Moreover, the kinematic viscosity is then equal to the ratio of dynamic viscosity to density 

of the oil. 
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               Ν = 
μ

ρ
  ……………………………………………………………Equation 3. 4 

Where;  N = kinematic viscosity in mm2/s 

              μ = dynamic viscosity in mPa.sec and ρ = density in kg/m3 

Inserting the value of 920 kg/m3 for the density of WCO at 40 ºC, and the value of 

dynamic viscosity of oil in equation 3.4 gives kinematic viscosity of The WCO at 40 ºC. 

3.3 Experimental setup for biodiesel production 

The reaction was carried out in a 300 ml flask placed in a beaker of controlled hot water 

with thermometer and controlled hot plate for monitoring reaction temperatures, as shown 

in Figure 3.2 then the temperature of the water in the beaker was heated and controlled at 

the required temperature. A 100 ml of WCO which is heated to a temperature of 40 oC 

was placed in the reactor and heated to a temperature required through the hot water bath 

in a beaker. This was followed by adding the desired amount of pre-heated methanol 

mixed with the required amount of CaO catalyst into the reactor and has been stirred 

vigorously at 1500 rpm using the magnetic stirrer. The temperature, the amount of the 

catalyst, the oil to methanol ratio and the time of reaction was varied for each experiment 

to identify the condition at which higher yield was obtained. Figure 3.2 shows the 

experimental setup of the biodiesel production. 
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Figure 3. 2 The experimental setup for biodiesel production 

 

For the preparation of CaO catalyst, a measured amount of calcium nitrate tetrahydrate 

(Ca(NO3)2.4H2O)  is mixed with ethylene glycol in a flask. Aqueous solution of sodium 

hydroxide (NaOH) is added to the mixture, drop by drop using a burette while stirring the 

solution with a magnetic stirrer at room temperature.  

Figure 3.3 shows the experimental setup of the synthesis of nano material catalyst. 



56 
 

 

Figure 3. 3 The experimental setup for nano catalyst synthesis 

 

 

 

 

 

 

 

 

 

 



57 
 

 The Figure 3.4 shows the full process flow chart of biodiesel production using CaO nano-

catalyst transesterification reaction.  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 4 Biodiesel production process flow chart 

Glycerol 

layer 

Catalyst 

preparation 

 

Transesterification 
Waste 

cooking oil 

Heterogeneous 

catalyst 

 

Methanol 

Biodiesel 

layer 

Catalyst 

layer  

Glycerol  Removal of excess 

methanol 

Catalyst  

Biodiesel 

(FAME) 

- Yield evaluation 

- Analysis of the 

optimum parameter 

- Characterization of the 

biodiesel 

 

Mixing 

Pretreatment 



58 
 

3.4 Experimental test combinations for optimization 

The parameters to be investigated and optimized were effect of oil to methanol molar ratio, 

effect of catalyst dosage, reaction time and temperature. 

Transesterification reaction was carried out in a reactor with magnetic stirring. First, the 

catalyst was dispersed in methanol by magnetic stirring. The mixture was heated to the 

desired temperature and 100 ml of WCO with the desired temperature was added to the 

reactor. After the reaction, the mixture was transferred into a separating funnel and 

allowed to stand overnight and three phases were formed. The upper phase was biodiesel, 

the middle phase was glycerol, and the lower phase was solid catalyst. The glycerol and 

the solid catalyst was collected out at the bottom of the separator funnel leaving the 

biodiesel on the top. The separated biodiesel phase was heated to 80 ºC to remove 

unreacted methanol. The produced biodiesel yield was determined using the equation 3.5 

below. 

 Biodiesel yield (%) =  
Volume of produced biodiesel

Volume of used WCO
 X 100 ………Equation 3. 5  

 

It is a key to make a design from which the most appropriate values for each of the design 

factors can be established. The effects of five different parameters, i.e. the amount of 

catalyst, methanol to oil ratio, temperature and time on biodiesel were investigated by 

keeping mixing intensity constant at 1,500rpm. The optimum values of the parameters 

were identified by varying one the selected parameter variable, while keeping the other 

parameters constant at their possible optimum value. For the optimization of the first 

parameter (the amount of the catalyst) it was varied, and the other parameters were kept 

constant to a selected value by considering the chemical reaction property of 
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transesterification process. Since when temperature increases reaction rate also increases 

in transesterification reaction, and considering the boiling point of methanol, the 

temperature was set at a moderate value of 50 oC and the time of reaction at 90 minute for 

transesterification reaction requires longer time. An oil to methanol molar ratio of 1:8 

which is above the stoichiometric ratio was selected for the reaction was not to be 

inhabited by less amount of methanol. Excess amount of methanol leads the reaction 

equilibrium towards the forward direction and helps to ensure that the oil will be 

completely converted to ester. The selected possible combination of the parameters to 

identify the optimum value of biodiesel yield was as shown in table 3.1. 
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Table 3. 1 Experimental test combinations of all the runs 

Run 
Amount of 

catalyst 

Methanol to oil 

ratio 

Temperature 

(ºC) 

Time 

(mint.) 

The identified 

optimum value 

1 0.5%  

 

 

1 ː 8 

 

 

 

50 

 

 

 

90 

 

 

Cov  

(Catalyst 

optimum value) 

2 1% 

3 2% 

4 3% 

5 4% 

6 5% 

7  

 

 

Cov 

1 ː 4  

 

 

50 

 

 

 

90 

 

 

Mov 

(Methanol 

optimum value) 

8 1 ː 5 

9 1 ː 6 

10 1 ː 7 

11 1 ː 8 

12 1 ː 9 

13 1 ː 10 

14  

 

 

 

        Cov 

 

 

 

 

Mov 

30  

 

 

 

90 

 

 

 

 

            Tov 

(Temperature 

optimum value) 

15 40 

16 45 

17 50 

18 55 

19 60 

20 65 

21 70 

22  

 

      Cov 

 

 

Mov 

 

 

50 

30  

           

          tov 

(Time optimum 

value) 

23 50 

24 70 

25 90 

26 110 

27 130 
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CHAPTER FOUR  

4. Results and discussion               

4.1 Experimental results of the physiochemical properties of the WCO  

Since some changes due to chemical reactions, such as hydrolysis, oxidation, 

polymerization and material transfer between food and vegetable oil occur during the 

frying process. Physiochemical properties of WCO is different from those of fresh oil. The 

Density was determined using hydrometer and the specific gravity of the WCO was 

measured to be 0.920. Substituting 1000 kg/m3 which is the for density of water and 0.920 

for specific gravity of oil in equation 3.1 gives 920 kg/m3 which is the density of WCO. 

The ash content of the WCO was determined using a muffle furnace. Bunning a 20 g of WCO 

in a muffle furnace at a temperature of 500 ºC for 1 hour and the residue sample was weighted 

and the ash content was 0.021. The other physiochemical properties of the WCO were 

investigated as stated in chapter three of this study document. 

 Table 3.2 shows the summary of values of the physiochemical properties of the waste 

cooking oil. 

 

 

 

 

 

 

 

 



62 
 

Table 3. 2 Physiochemical properties of the sample waste cooking oil 

Physiochemical Properties Values 

Physical state at 40oC Liquid 

Color Dark oily 

Density at 40oC  (in Kg/m3) 920 

Ash content 0.021 

Acid value (mg KOH/gm   ) 3.08 

FFA content (Wt % of oil) 1.54 

Iodine value (g I2/100g) 84 

Dynamic Viscosity at 40oC in mpa.sec   58.31 

Kinematic Viscosity at 40oC  in mm2/s   63.38 

         

4.2 Synthesis of nanocatalyst  

Calcium Oxide - CaO is an important inorganic material, which can be used as catalyst for 

biodiesel production. The CaO nano catalyst was prepared as the procedure of Zhen-Xing 

Tang and David Claveau [59]. In order to make use of CaO, nano-CaO can be prepared by 

thermal decomposition method using Ca(NO3)2.4H2O (Calcium nitrate tetrahydrate) as 

precursor, NaOH aqueous solution as precipitant, and ethylene glycol as medium. 

Clearly, to prepare CaO nanocatalysts 12.50 ml of NaOH (2.10g) is added to a mixture of 

25 ml of ethylene glycol and 11.81g of Ca(NO3)2
.4H2O and the solution was stirred 

vigorously at room temperature for 10 min. In order to get uniform size nanoparticles, 

after it being stirred for 10 min, the gel solution was kept for about 5 h at static state. Then 

it was washed using deionized and distilled water. After that, it was dried under drying 
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oven. The prepared CaO nanoparticles were calcinated at 500 °C for 1.5 hr. Finally, 

different sizes of CaO nano-particles was obtained through this calcination [59].     

Figure 4.1 (a) show when aqueous sodium hydroxide is added to the mixture of calcium 

nitrate tetrahydrate with ethylene glycol. 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

Figure 4. 1 Stirring of the mixture and washing of the sol-gel 

The figure 4.1 (b) shows the settled sol-gel after it has been washed by distilled and 

deionized water. 

 

   

Magnetic stirrer 

Stirring of the mixture of 

Ca(NO3)2.4H2O and 

ethylene glycol  
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The figures 4.2 of (a) shows the dried gel in oven and figure (b) is the result after 

calcination at 500 oC.   

 

 

 

 

 

 

Figure 4. 2 The dried gel and the result after calcination 
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4.3 Characterization of the synthesized CaO catalyst  

4.3.1 X-Ray Diffraction (XRD) 

The synthesized nanoparticles sample was characterized using MiniFlex 600 X-ray 

diffraction (XRD) for the determination of crystallite size from diffraction peak 

characteristics. An XRD analysis was conducted on a diffractometer with Ni filtered 

CuKα radiation at λ = 0.154 nm in the range of 2θ = 15 - 70o. The XRD pattern of CaO 

nanoparticle was shown in Figure 4.3. 

 

Figure 4. 3 Results of XRD pattern of the synthesized CaO nano-catalyst 

It can be seen that the powder has high crystallinity and sharp spectra. The sharp peaks of 

the sample of nano CaO particles is; at 2-theta (2θ) of, 32.25o, 37.41o, 43.03o, 53.92o and 

64.2o. The crystallite size diameter(D) in nanometer of the CaO nanoparticle has been 

calculated by the Debye Scherrer equation (D = Kλ/β cos θ), where β, FWHM (full-width 



66 
 

at half-maximum or half-width) is in radian and θ is the position of the maximum 

diffraction peak (the Bragg angle). K is the constant shape factor, which takes a value of 

about 0.94, and λ is the X-ray wavelength which is 1.5406 Å for Cu Kα. 

Table 4. 1 Results of XRD pattern at the peak values 

Two theta  

values 
K - constant 

β – beta 

FWHM 

λ - X-ray 

wavelength 

Intensity D - (size) 

32.25o 0.94 0.32 o 0.1540598nm 384.3 27.02nm 

37.41o 0.94 0.32 o 0.1540598nm 1000 27.37nm 

53.92o 0.94 0.32 o 0.1540598nm 496.8 29.14nm 

64.2o 0.94 0.32 o 0.1540598nm 123.7 30.62nm 

67.39o 0.94 0.32 o 0.1540598nm 95.6 31.21nm 

 

Scherrer equation is used to calculate the size of CaO crystal for each peak and two theta 

value: 

          D =  
Kλ

β cos θ
    …………………..……Equation 4. 1 (Scherrer’s equation) 

 

The sizes distribution was presented in Figure 4.4, the sizes distribution was narrow. 

Nano-CaO size was between 27.02 nm and 30.62 nm. Which means that the mean crystal 

size of the CaO is 27.37 nm, the distribution was consistent with XRD result. 
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Figure 4. 4 The sizes distribution of CaO nano-particles 

4.3.2 Scanning Electron Microscopy (SEM) results 

The Scanning Electron Microscopy (SEM) analysis was performed to confirm the 

morphology of the catalyst using SEM. Micrographs were recorded at 5 μm, 10 μm and 50 

μm magnifications. Figure 4.5 shows the SEM image of the CaO catalyst. According to 

the SEM images, the prepared CaO catalyst typically comprises irregular shape of 

particles, porous in structure and possesses active sites. In other words, there were various 

sizes and shapes of particles, which indicate that the catalyst has bigger surface area for 

reaction. 
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Figures (a), (b) and (c) shows the SEM image of the catalyst at 50 µm, 10 µm and 5 µm 

magnification respectively. 

 

 

 

 

 

  

 

 

 

                     

 

Figure 4. 5 Scanning electron microscope image of the prepared CaO catalyst 

 

4.4 Transesterification process 

The tests of transesterification of waste cooking oil with methanol in the presence of 

heterogeneous catalyst of calcium oxide were carried in a reactor with overall volume of 

300 ml flask and a hot plate equipped with a controlled magnetic stirrer and temperature. 

Waste cooking oil was preheated to the required reaction temperature before methanol and 

the catalyst was added into the reaction beaker. The calculated amount of methanol ratio 

  

 

(a) (b) 

(c) 
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was poured into the reactor. Then the CaO catalyst was added with the ratio of 0.5 to 5 wt % 

with respect to mass of the oil, and then the formed reaction mixture was mixed for 10 

minutes. Then the waste cooking oil (100 ml) was added and temperature of the mixture 

was set from 30 to 65 °C as desired. Transesterification proceeded under continuous 

stirring of the reaction mixture for a desired duration. 

The reaction was carried out at atmospheric pressure with stirring speed of 1500 rpm with 

the desired reaction temperature and other parameters. Thermometer was attached to retort 

stand and to the beaker as a water bath to monitor the reaction temperature respectively. 

Transesterification process under continuous stirring of the reaction mixture  

 

 

 

 

 

 

 

 

Figure 4. 6 Experimental operation system and transesterification process 

 

After the completion of the reaction, the mixture was transferred into a separating funnel 

and allowed to stand overnight. Three phases were formed due to the solid catalyst and the 

glycerol are denser than biodiesel. 

 

 

Thermometer 

Hot water bath 

Reactor flask 

Hot plate with a stirrer 

Stirring rate and 

temperature controller 



70 
 

 

            

 

 

 

 

 

 

 

 

 

Figure 4. 7 The mixture in a separating funnel after completion of the reaction 

 

4.5 Separation of the biodiesel 

After the reaction is completed, the solution was poured in to separating funnel. The 

separate layers of glycerol and methyl ester can be easily distinguished after a while. But 

for proper separation it is kept standing for an overnight. After one night stand, the layers 

of glycerol and crude biodiesel become very prominent. Glycerol being dense is at the 

bottom and biodiesel is on the top. The knob of the separating funnel is opened to collect 

the glycerol in a beaker. The produced biodiesel sample was dissolved completely in 

methanol, this confirmed that the transesterification reaction was completed [7].    

 

 

Biodiesel 

Glycerol 

Catalyst 
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Separation of biodiesel and glycerol through separating funnel 

 

               

Figure 4. 8 Separation of biodiesel and glycerol through separating funnel 

4.6 Purification of the biodiesel 

The separated biodiesel was heated above the boiling point of methanol (64.7 oC) to 

remove excess unreacted methanol. Moreover very few suspended solid catalysts are 

removed by settling it for two to three days. Figure 4.9 is a purified biodiesel produced 

from the WCO. 
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Figure 4. 9 Purified biodiesel produced from WCO 

4.7 Optimization of the reaction parameters 

4.7.1 Optimization of the catalysts 

Catalyst concentration plays an important role in optimizing the yield of transesterification 

reaction. In this research the influence of catalyst amount on the conversion of biodiesel 

was investigated. Varying the amount of the percentage mass of the catalyst from 0.5% to 

5% with the mass of WCO and keeping constant the reaction temperature at 50 oC, 

reaction time at 90 minute and oil to methanol ratio at 1:8 have given the result as shown 

in figure 4.10. From this figure, it can be seen that biodiesel yield increases with the 

increase of catalyst concentration from 0.5%w/w to 1% w/w and then the yield was 

slightly decreased with, further increase of catalyst concentration. The optimal catalyst 

concentration was determined to be 1%w/w of catalyst with a biodiesel yield of 96%. The 

excess catalyst has slightly reduced the biodiesel yield due to soap formation in the 



73 
 

presence of high amount of catalyst [60]. Further, this excess amount of catalyst increases 

the viscosity of reactants which also results in lowering the biodiesel yield. 

               

Figure 4. 10 Influence of the amount of CaO Catalyst (%) on biodiesel yield (%) 

4.7.2 Optimization of oil to methanol molar ratio 

The influence of the variable oil to methanol molar ratio on the yield of biodiesel was 

studied for the ratios 1 : 4, 1 : 5, 1 : 6, 1 : 7, 1 : 8, 1 : 9 and 1 : 10. The stoichiometric molar 

ratio of triglyceride to methanol in the transesterification reaction is 1 : 3. So, 1 : 4 was 

taken as the starting value for oil to methanol ratio. Oil to methanol ratio has been varied 

from 1 : 4 to 1 : 10 by keeping constant the reaction temperature at 50 oC, reaction time at 

90 minute and a keeping the 1% optimum value of the catalyst amount with the mass of 

the WCO and the percentage change in yield has been observed.  

Calculation of the amount of methanol alcohol required for the reaction 

 Density of methanol (pme) = 0.7918gms/cc 

 Molecular Weight of methanol (Mme) = 32.04 grms  
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 Mean molecular weight of waste palm oil WCO (Moil) = 864.5 grms 

 The volume of the oil be Voil , then; 

The volume of methanol required (Vme) =  
Mass of Methanol  

Density of methanol ( 𝜌𝑚𝑒 )
 …Equation 4. 2  

But mass of methanol is given by = (No. of moles of methanol)  *  (Mme)  

If the methanol to oil ratio is K : 1 then; 

No. of moles of methanol =  (No. of moles of the oil) * (K) and, 

No. of moles of the oil = 
𝐕𝐎𝐢𝐥

𝐌𝐨𝐢𝐥
   so; No. of moles of methanol =  𝐊

𝐕𝐎𝐢𝐥

𝐌𝐨𝐢𝐥
  

Therefor the volume of the methanol required is; 

  Vme  =  
KVOil ∗ Mme

Moil  ∗ ρme
 ……………………….……………………..Equation 4. 3 

Table 4. 2 Calculated methanol to oil ratio values  

Oil to Methanol 

ratio 

Volume of the waste 

cooking oil 

Volume of 

methanol required 

1 : 4 100 ml 18.760 ml 

1 : 5 100 ml 23.410 ml 

1 : 6 100 ml 28.148 ml 

1 : 7 100 ml 32.767 ml 

1 : 8 100 ml 37.530 ml 

1 : 9 100 ml 42.129 ml 

1 : 10 100 ml 46.910 ml 

1 : 12 100 ml 56.300 ml 

                                               Methanol to oil ratio values  

The experimental results were illustrated in figure 4.11 indicating that the molar ratio of 

oil to methanol has a significant impact on the biodiesel yield. The biodiesel yield was 
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increased with the molar ratio increase from 1 : 4 to 1 : 8. The optimal oil to methanol 

molar ratio was determined to be 1 : 8 with a biodiesel yield of 96%. The excess amount 

of methanol is necessary because it can increase the rate of methanolysis. The excess 

amount of methanol promoted the formation of methoxy species on the CaO surface, 

leading to a shift in the equilibrium towards forward direction, thus increasing the rate of 

biodiesel conversion [31]. The yield was slightly reduced when the molar ratio of oil to 

methanol was higher than 1 : 8.  

Further increase in oil-to-methanol ratio after optimal ratio of 1 : 8 leads to a reduction of 

the biodiesel yield. This is due to excessive methanol beyond the optimal point which does 

not promote the reaction [31]. The glycerol which is a by-product of the reaction would 

largely dissolve in the excessive methanol and subsequently inhibit the reaction of 

methanol to reactants and catalyst, thus interfering with the separation of glycerol, which 

in turn lowers the conversion by shifting the equilibrium in the reverse direction. 
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Figure 4. 11 Influence of oil to methanol molar ratio on biodiesel yield (%) 

4.7.3 Optimization of reaction temperature 

Varying the reaction temperature from 30 oC to 70 oC and keeping the methanol to oil 

ratio and the amount of the catalysts constant on their optimum value (1 : 8 and 1%) has 

given the result as shown in figure 4.12. This shows the biodiesel yield from 

transesterification of waste cooking oil at different reaction temperature from 30 to 70 ºC.   

The biodiesel yield increases with the reaction temperature until an optimal point of 50 to 

55 ºC with a biodiesel yield of 96%. Beyond this, the yield was decreased abruptly to 74% 

at 70 ºC. Since the reaction mixture constitutes a three-phase system (oil-methanol-

catalyst), the thermal energy was sufficiently needed to overcome the diffusion resistance 

between different phases. However, the high temperatures are not preferred. As the 
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temperature increases and reaches the boiling point of methanol, the methanol will quickly 

vaporize and form a large number of bubbles, which inhibits the reaction on the two-phase 

interface and thus decreases the biodiesel yield.              

  

Figure 4. 12 Influence of reaction temperature (oC) on biodiesel yield 

 

4.7.4 Optimization of reaction time 

Varying the reaction time from 30 to 130 minutes and keeping the methanol to oil ratio, 

the amount of the catalysts and the temperature constant on their optimum value has given 

the result as shown in figure 4.13. This shows the biodiesel yield for the transesterification 

of waste cooking oil in different reaction time from 30 to 130 minutes. In the initial stages 

of the transesterification reaction, production of biodiesel was rapid until the reaction has 
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reached equilibrium. Beyond the optimal point, the reaction starts to reverse in backward 

direction towards reactants. Therefore too long reaction time reduces the biodiesel yield. 

Hence it is important to identify the optimum reaction time for the transesterification 

reaction. In this case, the optimum reaction time was 90 minites with a biodiesel yield of 

96%. 

 

Figure 4. 13 Influence of reaction time (minute) on biodiesel yield 

Figure 4.14 shows the experimental result of the effects of all the reaction parameters of 

transesterification reaction. 
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Figure 4. 14 Influences of the reaction parameters on the biodiesel yield (%)   

From the experimental results the maximum yield was 96.0 % (w/w), therefore it was 

concluded that the maximum amount of biodiesel yield was gained at 1% (w/w) of 

catalyst, 1:8 molar ratio of oil to methanol ratio, 50
o
C to 55

o
C temperature and 90 minute 

reaction time.  

A summary of experimental transesterification of vegetable oil by different researchers is 

presented in table 4.3 emphasizing the operating conditions, at which the experimental 

works were performed, used alcohol/oil molar ratio, catalyst amount, some other reaction 

conditions and obtained fatty acid methyl esters yield.
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Table 4. 3 Different researchers related work results 

Catalyst used 
Type of vegetable 

oils 

Reaction condition  

Yield 

(%) 

Reference 

Temp. (oC) 

Oil to 

Methanol  

ratio 

Catalyst 

amount, 

wt.% 

Reaction 

Time (min.) 
RPM 

KOH (Homogenous 

catalyst) 

Mixed WCO 60 oC 1 : 6 1% 90 min. 500 99% [49] 

KOH (Homogenous 

catalyst) 

Sunflower waste 

cooking oil 

40 oC 1 : 6 1% 120 min. 350 99% [61] 

CaO (Heterogeneous 

catalyst) 
Soybean oil 50 oC 1 : 6 3% 75 min. 1000 95% [55] 

KOH (Homogenous 

catalyst) 

Mixed WCO 30 – 50 oC 

1 : 7 to   

1 : 8 

0.75% 80 - 90 min. 

With a stirrer 

comprising 

of a turbine 

80 – 

90% 

[62] 

CaO Jatrapha Curcas oil 60  oC 1 : 5.5 1.5% 70 min. 

With 

magnetic 

stirrer 

100% [7] 

CaO Unused Soybean oil 65  oC 1 : 12 8% 6hr - 96% [58] 

CaO 
Waste palm 

cooking oil 

50 – 55 oC 1 : 8 1% 90min. 1500 96% 

The 

present 

work 
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According to [49]  and [61] have given a high yield of 99% with homogenous catalyst of KOH. 

However, the use of heterogeneous rather than homogenous catalysts for biodiesel production 

provides a more environmentally benign process to produce biodiesel. Easy recovery of the 

heterogeneous catalysts from the products and ability to be reused further increase their benefits 

for transesterification application over homogenous catalysts which are difficult to separate from 

the product and not reuse.  

According to the [55] 95% of yield has been obtained which is very close to this study. But it has 

a limitation for it has used raw soybean oil which can increase production cost and can have an 

impact on the agricultural markets and food price. According to the [7] a complete conversion of 

Jatropha curcas oil to biodiesel was obtained. Using WCO may have more environmental and 

economic advantage than using Jatropha curcas oil for it recycles waste. Jatropha curcas crop 

cultivation may requires large area that can be used for husbandry.  

According to the [58] the optimum yield was 96% with an optimum conditions of 8 wt% catalyst 

loading, 65 °C temperature, 1 : 12 oil to methanol ratio and a 6h reaction time. The reaction time 

is too long and it has used more methanol and catalyst. Vigorous stirring of the reaction mixture 

may decrease the longer reaction time and the larger methanol and catalyst loadings. 

4.8 Characterization of the produced biodiesel  

The characteristics of the produced biodiesel was determined at Ethiopian Petroleum Supply 

Enterprise (EPSE). Different physical properties of the biodiesel including the kinematic 

viscosity, the density, the acid value, flash point, the cloud point, ash content, sulfur content, 

water and sediments were measured to ensure that they meet the international standards of 

ASTM D6751 and EPSE limits. Table 4.4 lists the results, and it can be seen from this table that 
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the properties of the biodiesel produced in this research has fulfill most of the restrictions of 

biodiesel standard in SSTM D6751 and the EPSE limits to be used in diesel engines. The 

produced biodiesel can also be used as a substitute for household energy for cooking. Chemical 

conversion of WCO into biodiesel resulted in significant reduction of the kinematic viscosity 

from 64.93 mm2/s for WCO to 5.22 mm2/s for biodiesel. This fact shows that biodiesel viscosity 

is well consistent with the required value in ASTM standard. Total acidity of biodiesel, which is 

a measure of free fatty acid content, also matched ASTM standards. The flash point (96 °C) 

which is the requirement of ASTM standard was higher than that of petroleum diesel which is 

86°C; hence transportation, storage and handling of this biodiesel are better than the 

conventional diesel in terms of safety. The cloud point was not in the ASTM standard limit, 

making this biodiesel less suitable for performance in cold conditions if used in pure form. 

However, biodiesel is frequently blended at different ratios with petroleum diesel to overcome 

these problems of higher cloud point. 

The produced biodiesel was characterized by determining: the flash point ASTM D93 by 

Pensky-Martens close up meter, cloud point (ASTM D2500), kinematic viscosity ASTM D445 – 

Kinematic viscosity, total acidity ASTM D-974, density at 15 °C and 20 °C ASTM D4052, water 

and sediments ASTM D 2709, ash content ASTM D482 and sulfur content D4294. 
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Table 4. 4 Characteristics of produced biodiesel, compared with standard values 

S.

N 
Property 

Test 

Method 

ASTM 

EPSE 

Diesel 

Limits 

ASTM D6751, 

limit for B100 

Test 

Result 

1 Density at 15 °C, g/ml D4052 Report - 0.8798 

2 Density at 20 °C, g/ml D4052 Report - 0.8763 

3 
Flash Point (PMCC-

FPT), °C 
D93 Min. 60 Min.93 96 

4 Cloud point. °C D2500 Max. + 5 Report + 9 

5 
Kinematic Viscosity at 

40°C mm2/sec 
D445 1.9 - 6.0 1.9 - 6.0 5.2 

6 
Water and sediments, % 

v/v 
D2709 Ma. 0.05 Max. 0.05 0.02 

7 
Total Acidity, mg KOH/g D974 - 

Max. 0.500 

(D664) 
0.497 

8 Ash content, mass% D482 Max. 0.01 
Max. 0.01 

(D874) 
Trace 

9 Sulfur content, Mass% D4294 Max.2 Max. 0.0500 0.0143 

 

The Biodiesel viscosity, specific gravity, water and sediment, total acidity, ash content and sulfur 

content were according to the ASTM D 6571 standard for biodiesel. Biodiesel from waste 

cooking oil could be used as a diesel fuel and for cleaner household energy source for cooking. 

In Ethiopia, the most well-known liquid cooking fuel is kerosene by using wick stoves. Potential 

users of the biodiesel are those persons who currently buy their fuel (kerosene). Wick stove is 

one of the option for use of liquid fuels and it is also easily available in Ethiopia as well as 

accepted by the community which is decades old. Since the transesterification reaction reduced 

the viscosity of the waste cooking oil is reduced by the transesterification reaction and the 
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ignition temperature (flash point) of the produced biodiesel is good, exact copy of kerosene 

wick-type stoves are suitable for the use with the biodiesel directly. The brightness/color of a 

flame for a given wick and a given setting was about the same as for kerosene. Figure 4.15 

shows when the produce biodiesel burns by a wick. 

 

 

  

 

 

 

 

 

 

Figure 4. 15 The produced biodiesel while burning using a wick 
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CHAPTER FIVE 

5. Conclusion and recommendation 

5.1. Conclusion 

Waste cooking oil has suitable characteristics for transesterification. The process produced 

biodiesel with properties similar to those of diesel. Consequently, the use of waste cooking oil is 

an effective way to reduce the cost of raw material for biodiesel production. Besides, it 

contributes environmental pollutions to reduce. It also contributes to reducing the social and 

economic impact of biodiesel in the agricultural markets and food price. Easy recovery of the 

heterogeneous catalysts from the products and the ability to be reusability further increase the 

benefits for transesterification application over homogenous catalysts which are difficult to 

separate from the product and not reused. 

The synthesized CaO is white crystal characterized by using X-Ray diffraction and Scanning 

Electron Microscope (SEM) techniques. The results showed that the mean size of nano-CaO is 

about 27.3 nm with a morphology of irregular shape in structure.   

Transesterification of WCO using CaO provided a maximum yield of 96%. Result showed that 

the optimal condition of biodiesel productions are 1 : 8 oil to methanol molar ratio, 1 wt. % CaO 

nanocatalyst from 50 °C to 55 °C reaction temperature and a 90 minute reaction time. The 

Biodiesel viscosity, specific gravity, water and sediment, total acidity, ash content and sulfur 

content were according to the ASTM D 6571 standard for biodiesel. Biodiesel from waste 

cooking oil could be used as a diesel fuel and for cleaner household energy source for cooking 

which was considered as renewable energy and environmental recycling process from waste oil 

after frying.  
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5.2 Recommendation 

Further studies for improvement of the nano-catalyst of CaO for higher catalytic activity towards 

vegetable oil transesterification would be useful for higher yield and shorter reaction time. The 

improvement of the catalyst can be by doping it with other metals or by increasing the 

irregularity and the number of porous on the nano particles. The catalytic activity of CaO nano-

catalyst decreases with time. It requires to be activated before using it for transesterification. 

Hence further studies should be carried out to formulate a more stable solid CaO catalyst. And 

also it would be good if more research work is performed on the effect of reusability of the 

catalyst.  

Further study to reduce the cost of heating and equipment for the production of biodiesel from 

WCO at room temperature with a higher yield would be more useful in reducing the overall 

operating cost of biodiesel production. The cloud point of the produced biodiesel is higher, it 

requires further study to ensure trouble-free operation in cold weather condition. Designing and 

manufacturing of a biodiesel producing simple machine for large-scale transesterification 

processes and introducing the idea for startup business enterprises would be great for multiple 

benefits. 
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