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ABSTRACT 

Biodiesel is a fuel extracted from Natural Sources such as vegetable oils using 

Transesterification. The process of transesterification involves the reaction of a 

fat or oil with an alcohol to produce esters and glycerol. Transesterification is the 

easiest and most cost-effective process to produce biodiesel. Since biodiesel is 

made from a natural source it is renewable. Biodiesel energy is not as efficient 

as diesel. Biodiesel releases more gases such as CO, HC, and NOX, which are 

harmful to the environment. In this study, the biodiesel is extracted from a waste 

cooking oil such that the efficiency of the Biodiesel increases and the emission 

of harmful gases decreases. The properties of biodiesel such as Calorific value, 

Viscosity, and Density will be investigated and the performance of biodiesel by 

testing Brake thermal energy and Specific Fuel Consumption will also be 

investigated. Bioethanol is added because it has a higher-octane number and 

decreases the density. Four samples are prepared and mixed with diesel, 

bioethanol, and 2-Ethylhexyl as catalysts in different proportions. This project 

shall investigate the biodiesel mixture's properties, efficiency, and emission. 
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CHAPTER - 1 

INTRODUCTION 

Biodiesel from renewable resources is one of the most attractive alternative 

fuels, present it’s been producing because of its low emissions and its desired 

chemical features, such as being non-toxic, sustainable, and having high-quality 

engine performance. Any conventional diesel engine may run on biodiesel fuel. 

Biodiesel base materials are plant-based lipids, such as corn oil, coconut oil, 

palm oil, olive oil, soybean oil, grape seed oil, and canola oil, or animal-based 

lipids, such as butter, ghee, and fish oil. These lipids are transesterified to make 

biodiesel. But edible oil cost increases 2-3 times of waste cooking oil and there 

is huge criticism from nongovernmental organizations (NGOs) for using edible 

oils as fuels because millions of people are suffering from hunger. If Waste 

Cooking Oil is recycled and used as cooking oil it causes cancer because of the 

toxic contents produced when the oil is oxidized. Waste Cooking Oil leads to 

water pollution and blockage in drainage systems which leads to extra work. So 

If Waste Cooking Oil is collected from homes and restaurants using a special 

bin it helps the environment from pollution, the collected Waste Cooking Oil will 

be used to make Biodiesel. Waste Cooking Oil collected can also prepare soaps 

and additives for lubricating oil using glycerine, a by-product of biodiesel 

production. Waste Cooking Oil requires several pre-treatment steps to eliminate 

solid impurities and reduce Free Fatty Acids and water contents. From the 

transesterification process, the fuel will be extracted. Before doing the 

transesterification process Free Fatty Acid test has to be taken. If the Free Fatty 

Acid value is less than or equal to 2, then it is a transesterification process. If 

not, we must take it into the Esterification process to reduce the Free Fatty Acid 

content (mg KOH/g) to a value less than or equal to 2. However, the 

transesterification is dependent on the molar ratio of alcohol and the weight 

basis of KOH that we use as the catalyst, Widely used catalysts are acids and 

bases. (Arachchige et al., 2021) (Yaakob et al., 2013) (Zhang et al., 2003b) 

Waste oil generated in food processing industries is directly transferred to 

biodiesel production units. In some cases, the same sector utilizes its waste oil 
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Fig:1.1: Waste cooking oil 

to produce biodiesel and uses biodiesel to run its plant machinery. Waste oils 

produced from fast food stores or restaurants are collected by local collecting 

agents. The use of cooking oil over and over for frying operations increases the 

viscosity, acidity, specific heat, and unpleasant smell. Foodstuff’s water mixes 

with oil during the frying process at high temperatures. This water in oil caused 

hydrolysis of triglycerides and forms more FFAs. To perform further biodiesel 

production steps, these amounts should be lowered to desired values. 

 
 

 
 

Fig:1.2: Transesterification process 
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Several pre-treatment methods can be used for WCO like steam and 

sedimentation, injection of steam, neutralization, vacuum filtration, ion exchange 

resin method, film vacuum evaporation, and glycerin with catalyst reaction 

(Kulkarni and Dalai, 2006). These processes reduce the viscosity, water, and 

FFA contents of oil. Pre-treatment of WCO also removes the solid impurities that 

are added during cooking and handling operation (Yaakob et al., 2013). The 

high amount of water content can remove by heating at 100 ◦C (Li et al., 2014). 
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CHAPTER – 2 

LITERATURE SURVEY 

(Suresh et al., 2018) Researchers have reviewed and promulgated on the use 

of waste cooking oil, and their esters for the purpose of blending/complete 

substitution for standard diesel fuel. This biodiesel can be used as an alternative 

to diesel in the VCR engine without any modification. Switching over to VCR 

engine gives good performance, a lesser emission of harmful gasses such as 

HC, CO, CO2, and NOx at all loads and provides better combustion rate. It was 

clearly shown that VCR engine offers the potential to increases the combustion 

efficiency and reduces the ignition delay under varying loads and provide higher 

compression ratios. From all the above re-views, it was found that VCR engine 

has better control at peak cylinder pressure and it results in the reduction of fuel 

consumption. Using biodiesel in the VCR engine also has other advantages 

such as it reduces the power consumption, noises and so forth. 

(Channappagoudra et al., 2020) For biodiesel and ethanol additive added 

blends in a diesel engine, the BTE increased with increased blend ratio of 

ethanol in diesel up to 6%. However, BTE, cylinder pressure and HRR are 

decreased and BSFC is increased beyond 6%ethanol addition in the B20 as 

they have lower calorific value and ignition delay hence more time will take to 

burn in the premixed combustion cause poor combustion. HC emission is 

increased with increased ethanol concentration in B20 because ethanol cooling 

effect tends to incomplete combustion hence there will be lack of auto-ignition 

temperature for unburned gases in the combustion chamber. For higher ethanol 

concentrations the CO emission is increased it could be due to more latent heat 

evaporation and lesser time for better mixing of air-fuel and results in poor 

combustion. Rapid burning of vapourized ethanol and subsequent charge leads 

reduced cylinder temperature which causes the poor oxidation of CO to CO2 

hence increases the CO. The addition of ethanol into biodiesel has shown the 

slightly higher HC, CO emission with improved BTE, BSFC, NOx and CO2 than 

sole B20. Among all three (3%, 6% and 9%) ethanol additive ratios E6% (6%) 

ethanol additive exhibits slightly better BTE, BSFC, and cylinder pressure. 
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(Arachchige et al., 2021) If we reused more than one-time fried waste cooking 

oil, it could become a carcinogen enzyme. Any chemical, radionuclide, or 

radiation that promotes carcinogenesis, or the production of cancer, is referred 

to as a carcinogen Biodiesel is named as a renewable and alternative fuel for 

diesel engines. If this FFA value is less than or equal to 2, conduct the 

transesterification process directly. If not, we must take it into the Esterification 

process to reduce the FFA content (mg KOH/g) to a value less than or equal to 

2. Transesterification is commonly used to reduce the viscosity during the 

production of biodiesel. Widely used catalysts are acids and bases. However, 

the transesterification is dependent on the molar ratio of alcohol and the weight 

basis of KOH that we use as the catalyst 

(Singh et al., 2021) WCO belongs to the 3rd generation of biodiesel. 

Approximately 30% of per capita edible oil consumption is generated as waste. 

The use of WCO reduces the cost of biodiesel production and reduces the load 

on waste disposal plants. WCO can be collected from food processing 

industries, restaurants, and houses. This collected WCO has high water and 

FFA contents. In order to reduce these values, pre - treatment of oil is required 

before biodiesel production. Oleic acid (45.15%) and linoleic acid (39.74%) are 

the main fatty acids content of WCO. Two -step transesterification is the most 

suitable method for industrial -scale biodiesel production with high biodiesel 

yield and low cost. Yield of biodiesel produced from transesterification reaction 

is highly influenced by the reaction parameters in order of; catalyst type 

>catalyst concentration >alcohol to oil molar ratio >reaction pressure and 

temperature >time of reaction. The physico chemical properties of WCO 

biodiesel are comparable with conventional diesel fuel. An increase in BSFC 

and decrease in BTE and BP are observed when WCO biodiesel is used in CI 

engines. Poor atomization of fuel in-side the combustion chamber and lower 

heating value of fuel are the reasons behind these variations. With the increase 

in the percentage of pure WCO biodiesel in the biodiesel diesel blend, BTE 

decreases, and BSFC increases. CO, HC, PM, and smoke emissions are 

significantly reduced with the use of WCO biodiesel in CI engines. 
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(Sahar et al., 2018) The FFAs of WCO were esterified using mineral acid 

pretreatment. Among the different mineral acids, H2SO4was found to be 

promising for the efficient esterification of FFAs with 88% conversion efficiency. 

The acid-pretreated WCO was subjected to base catalyzed transesterification 

to produce biodiesel. 94% FAME yield was achieved with 1:3 methanol to oil 

ratio, 1% catalyst dose and 60 °C reaction temperature. The quality of biodiesel 

was evaluated through various physicochemical properties and compared with 

ASTM standards for biodiesel. Oleic acid, linoleic acid, palmitic acid and stearic 

acid were the main components of bio-diesel produced. Results revealed that 

acid pretreatment followed by base catalyzed reaction of WCO is viable process 

for biodiesel production as well as utilization of waste oil to lessen the energy 

crises and environmental pollution issues. 
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3.1 AIM 

CHAPTER – 3 

AIM AND SCOPE 

The aim is to extract biodiesel from a waste cooking oil such that the efficiency 

of the Biodiesel increases and the emission of harmful gases decreases. 

 

3.2 SCOPE 

Biodiesel releases more gases such as CO, HC, and NOX, which are harmful 

to the environment. In this study, the biodiesel is extracted from a waste cooking 

oil such that the efficiency of the Biodiesel increases and the emission of harmful 

gases decreases. 
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4.1 METHODOLOGY 

CHAPTER – 4 

 
 
 
 
 

 
 

 

Fig:4.1: Biofuel extraction process 
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4.2 TRANSESTERIFICATION 

Viscosity, free fatty acid content, density, water content, etc factors should be 

checked before using biofuel in the engine because if the water content is high 

then the engine will get corrosion and high viscosity will affect the injection 

system and combustion chamber because of gum formation. The high acidity of 

fuel also reduces the life of the engine (de Araújo et al., 2013). To avoid these 

failures several approaches should be used to produce biodiesel from waste 

cooking oils. Biodiesel of waste cooking oil will extract from used cooking oil by 

the Transesterification Process to reduce the viscosity of waste cooking oil. In 

the transesterification process, waste cooking oil will react with ethanol alcohol. 

In this process, a catalyst should be used because it will improve the reaction 

rate and yield, as a catalyst Sodium Hydroxide (NaOH) or Potassium Hydroxide 

(KOH) is used to increase reaction speed, increase product weight and increase 

the yield of the final product. In this process, one mole of triglyceride reacts with 

three moles of alcohol to produce three moles of mono-alkyl ester and one mole 

of glycerol. Transesterification is the process by which fats or vegetable oils are 

transformed into FAME and glycerol at a specific temperature while being in the 

presence of a specific quantity of alcohol and catalyst. The process is also known as 

alcoholysis. Transesterification is commonly used to reduce the viscosity during the 

production of biodiesel. If this FFA value is less than or equal to 2, conduct the 

transesterification process directly. If not, we must take it into the Esterification process 

to reduce the FFA content (mg KOH/g) to a value less than or equal to 2. For the 

production of biodiesel, the transesterification reaction is used using fats or 

waste/vegetable oils. It is preferred to use a lot of alcohol to increase biodiesel 

production. The choice of catalysts is crucial since the reaction will result in greater 

soap formation if an appropriate catalyst with a defined amount is not employed. 

Different kinds of catalysts, including acid, base, enzyme, and nanocatalysts, can be 

utilized in this reaction. Al-kali acid and base catalysts can be homogeneous or 

heterogeneous. The third generation of biodiesel includes WCO. Approximately 30% of 

the edible oil consumed by each person is wasted. The yield of biodiesel produced from 

transesterification reaction is highly influenced by the reaction parameters in order of; 

catalyst type >catalyst concentration >alcohol to oil molar ratio >reaction pressure and 

temperature >time of reaction. The physicochemical properties of WCO biodiesel are 
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comparable with conventional diesel. The most effective technology for industrial-scale 

biodiesel synthesis with a high biodiesel output and low cost is two-step 

transesterification. The most effective technology for industrial-scale biodiesel 

synthesis with a high biodiesel output and low cost is two-step transesterification. (Singh 

et al., 2021), (Arachchige et al., 2021), (Abed et al., 2019). 
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CHAPTER – 5 

RESULT AND DISCUSSION 

 
The transesterification process has been completed by using Waste Cooking 

Oil, before processing into the transesterification process Free Fatty Acid 

content should be checked. 

 
 

Fig:5.1: 1lt of waste cooking oil from sathyabama cafeteria 

The Free Fatty Acid procedure is to take 5gm of waste cooking oil, 25ml of 

Isopropyl alcohol, and 4 drops of 0.1 normality NaOH. It should be heated to 60 

degrees temperature and allowed the room temperature. 

 

Fig:5.2: Isopropyl alcohol for FFA 
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After allowing it at room temperature add 2 drops of phenolphthalein indicator 

and keep stirring, pink color appearance will appear at the endpoint. 

 
 

Fig:5.3: Free Fatty Acid endpoint 

Once FFA content reading shows 2%< then it is the Transesterification 

process. 

For the Transesterification process take 1lt of WCO heated at 60 deg 

temperature and add methoxide in the ratio of 1:3 

 
 

Fig:5.4: Methanol 

1lt of WCO, 182 ml of methanol, and 5gm of NaOH are the apparatus required 

for the Transesterification process. 
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Fig:5.5: Checking the weight of NaOH 

1lt of oil will be placed on the hot plate with a stirrer magnetic palate will be 

placed inside the oil for the stirring process and the thermometer will also be 

placed to know the temperature of the oil. The temperature should be 60 

degrees. The stirrer is used to circulate the temperature of the oil. 

 
 

 

Fig:5.6: WCO is heating 

After the temperature reached 60 degrees add the catalyst. After adding the 

catalyst condenser equipment will be fixed to maintain the oil temperature 

stable at 60 degrees. 
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Fig:5.7: Biofuel with glycerol 

When it reached 60 degrees temperature we added methoxide maintain it at 

60 degrees and allow the time for 90 minutes. Transferring to the separating 

funnel 2 layers will form. 

 

Fig:5.8: Crude glycerol 

The top layer is crude biofuel and the bottom layer is crude glycerol. The Crude 

glycerol will be separated and it is the byproduct it can be used in many products 

such as toothpaste, mouthwashes, shaving cream, and soaps 
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Fig:5.9: Biofuel 

The extraction of Biofuel from Waste cooking oil has been extracted with the 

transesterification process. 
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CHAPTER – 6 

SUMMARY AND CONCLUSION 

Waste Cooking Oil was filtered to remove food residues and other suspended 

matters to complete the filtration process. Then it was heated at a high 

temperature to remove the soluble impurities and moisture. The acid number of 

the Waste Cooking Oil should be measured to get the Free Fatty Acid value. We 

aimed to reduce the FFA value of WCO to a value of less than or equal to 2%. 

The transesterification process has been completed and further processes are 

to be carried out like property check of the biofuel. 
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