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Abstract: Waste cooking oil (WCO) refers to edible oil that has previously been used for frying 

and cooking purposes. If disposed unscientifically, the used cooking oil cannot only be a health 

hazard but also pose a potential threat to the environment. Unique properties of biodiesel, such as 

an appreciable reduction in renewability, greenhouse gas emissions, non-sulfur emissions, non-

particulate matter pollutants, low toxicity, and biodegradability, make it the best replacement for 

petrodiesel. 

The aim of the present study, titled "A preliminary study on biodiesel production using waste 

cooking oil as the feedstock,” was to produce biodiesel from a sample of waste cooking oil on a 

laboratory scale using transesterification, a catalyzed chemical reaction involving oil and alcohol 

to yield fatty acid alkali esters and glycerol. The influence of catalyst and free fatty acids on the 

yield of biodiesel produced was also considered. The characterization of the produced product was 

conducted using Fourier transform infrared spectroscopy. Some of the crucial parameters of 

biodiesel, such as (density, calorific value, acid value, iodine value, and % ash content)   were also 

analyzed. 

The results of this study depict that waste cooking oil can be effectively used as a feedstock for 

biodiesel production, as the crude product yield obtained was above 90%. The use of waste cooking 

oil (WCO) as the feedstock for biodiesel production plays a significant role in waste resource reuse 

and renewable energy production. Thus, converting waste cooking oil to biodiesel, a substitute for 

petrodiesel, helps to meet rising energy demand without harming the environment by reducing 

reliance on fossil fuels.  

 Key Word: WCO ; transesterification; petrodiesel; FAME; Biodiesel. 

I.INTRODUCTION 

Waste cooking oil (WCO) is generated when edible vegetable oil is used for frying purposes. WCO can be produced in 

huge quantities from many different sources, which include domestic, commercial, and industrial ones. The widely used 

vegetable oils for frying purposes in Kerala are generally olive, sunflower, and coconut oil. The disposal of WCO can be 

problematic when disposed incorrectly. The ideal solution would be to use it for industrial purposes, i.e., to reproduce it into 

biodiesel.Fuels generated from biological feedstock’s are termed "biofuels." Insufficient quantities or unreasonable prices of 

petroleum fuels deeply concern us, whereas renewable energy is a promising alternative solution because it is clean and 

environmentally safe.In India, the biodiesel industry is promising and growing at a rapid rate. Biodiesel has lower emissions of 

pollutants when compared to petroleum diesel. It is biodegradable, renewable in nature, and contributes to sustainability as it has 

no sulfur or aromatics, contains 10–11% oxygen by weight, contributes much less to global warming, and has a greater flash 

point compared to petro-diesel. The chemical and physical properties of biodiesel vary depending on the feedstock used, and it 

is chemically a mixture of methyl/ethyl esters and long-chain fatty acids. Biodiesel can be produced directly by the 

transesterification reaction of raw materials with a low content of FFA. This leads to the conversion of raw materials into 

biodiesel and glycerol in the presence of alcohol and a base or acidic catalyst. Biodiesel returns about 90% more energy than the 

energy that is utilized to produce it. Since feedstock costs constitute approximately 70–95% of the overall cost of biodiesel 

production, using waste cooking oil as biodiesel feedstock reduces the cost of biodiesel production.WCO is a low-cost feedstock 

that requires simple processing to make biodiesel. Transesterification is the most commonly used method for biodiesel 

production, as it reduces the viscosity of the oil. Several variables, such as moisture and FFA contents, temperature, type of 

catalyst, the molar ratio of alcohol to oil, the degree of refinement of the oil, agitation speed, et cetera, can affect the 

transesterification reaction. 

 

II.MATERIAL AND METHODS 

Sampling: In this experiment, the waste cooking oil samples were obtained from their potential sources such as restaurants, 

hotels and cafeterias. The waste cooking oil samples were collected from nearby restaurants and hotels and also from the ladies 

hostel of Calicut University, Kerala. 

Simple random sampling was applied for the collection of waste cooking oil and samples did not constitute a 

homogeneous group as waste cooking oils originated from different types of refined oils were used for frying foods. Even though 

the oil collected was a mixture of sunflower oil, coconut oil and palm oil, almost 50% of the assessed samples consisted of waste 

sunflower oil. Waste cooking oil was collected from both vegetarian and non-vegetarian restaurants to increase the heterogeneity 

of samples. The blending of samples was preferred to obtain the characteristic traits of all in a single sample. The sample of oil 
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was assumed to be represented as the sample was collected from the oil stored for 2-3 weeks from several batches of waste oil.  

 

Experimental Set-Up: A magnetic stirrer with a hotplate was used, as continuous stirring and constant temperature were 

required throughout the processes of biodiesel production from waste cooking oil. A condenser was employed to condense steam 

produced during the procedure. A round bottom flask of 250ml is used to carry the mixture during the stirring process. An oil 

bath was provided to provide a steady and even source of heat which is important for thermodynamic and kinematic reactions. 

Figure 1 shows the image of experimental set-up. 

 
Figure 1: Experimental setup 

Procedure: There are mainly three operations: 

● Pre-treatment  

● Transesterification  

● Purification (washing and drying) 

● Storage 

 

Pre-Treatment of Waste Cooking Oil: Samples were subjected to some pre-treatment processes for the effective production 

of biodiesel.  

 

Preparation of waste cooking oil: The WCO (waste cooking oil) samples collected were allowed to stand for about 1 week for 

the impurities to get settled down and the liquid portion was decanted. The remaining dirt and suspended materials, charred food, 

and other non-oil materials were eliminated by filtering the decanted waste oil through a clean double layer of muslin cloth. This 

process of filtering was repeated several times until no more residues were obtained in the muslin cloth. The filtered waste 

cooking oil was then kept in a laboratory oven at 120°C for one hour to remove the water content present in it. 

 

Acid value and % free fatty acid : The acid value of the waste cooking oil was determined to estimate the free fatty acid content 

and give an idea of how much catalyst and methanol would be needed to push the process chemical towards methyl ester 

production.  

Acid-base titration technique was used for the determination of acid value. KOH was used as a standard alkali solution. 

The free fatty acid of oil was calculated as per cent by mass of oleic/ palmitic acid, which was obtained by dividing the acid 

value by 2. 

A standard oxalic acid solution of 0.1 N was prepared. KOH solution was prepared by making up 0.561 g of KOH in 

100 ml distilled water. The normality of the KOH solution was determined by titrating 0.1N oxalic acid against the KOH solution 

using phenolphthalein as an indicator. The endpoint of permanent appearance of pink colour was noted and the normality was 

calculated using the formula, 

 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝐾𝑂𝐻 =
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑜𝑥𝑎𝑙𝑖𝑐 𝑎𝑐𝑖𝑑 ∗ 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑜𝑥𝑎𝑙𝑖𝑐 𝑎𝑐𝑖𝑑

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐾𝑂𝐻 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 

 Into a clean conical flask, about 1 g of sample was introduced. 20 ml of isopropyl alcohol was added and this was 

shaken well until it was completely dissolved. A few drops of phenolphthalein indicator were added and this was titrated against 

the KOH solution and the end point of permanent appearance of pink colour was observed and the value was noted. The acid 

value was calculated using the formula, 

 

𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒 =  
𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝐾𝑂𝐻 ∗ 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐾𝑂𝐻 ∗ 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐾𝑂𝐻

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑎𝑘𝑒𝑛
 

The acid value was used to calculate the free fatty acid content in the sample. Free fatty acid was calculated by dividing 

the acid value by 2. 

𝐹𝑟𝑒𝑒 𝐹𝑎𝑡𝑡𝑦 𝐴𝑐𝑖𝑑 =
𝑎𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒

2
 

Esterification process: Esterification is the acid-catalyzed process in biodiesel production and is used to reduce free fatty acid, 

if free fatty acid obtained via calculations is more than 2%. Hydrochloric acid (HCl) of 95 – 98% was used in the esterification 

process. 

A fixed amount of water-free waste cooking oil, dried at 120°C for one hour, was weighed and taken in a round bottom 

flask. 1:6 molar methanol concerning oil and 6 weight % concentrated hydrochloric acid to oil were added to it. In this 

experiment, the hydrochloric acid was first mixed with methanol before adding it to the sample. After adding the methanol and 

hydrochloric acid into the waste cooking oil sample, the agitator speed was used to mix the solvents until they became murky. 

The flask was equipped with a water condenser and kept in an oil bath at 65° C and stirred for 1-2 hours at 700 rpm using a 

magnetic stirrer. A higher temperature or a faster stirring rate may push the acidic esterification equation to convert free fatty 
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acid to methyl ester. After completion of the reaction, the mixture was poured into a separating funnel and allowed to settle for 

few hours. Two distinct layers were formed. The upper methanol-water fraction was removed using a separating funnel and the 

lower oil layer was washed thoroughly with distilled water 4-5 times to remove the excess acid. Then the oil was dried in a 

laboratory oven for removing water. The acid value of the bottom phase containing the pretreated waste frying oil (triglycerides) 

was measured before reacting with sodium hydroxide in the next step (transesterification). If needed the process was repeated to 

reduce the free fatty acid content of the sample. 

 

Transesterification Reaction: The pretreated waste cooking oil under optimum and non-optimum conditions of the free fatty 

acid were used in this step to produce biodiesel using sodium hydroxide as a base catalyst. A fixed amount of preheated oil from 

the previous step was taken in a round bottom flask. The adequate amount of catalyst was quickly weighed, protecting it as much 

as possible from atmospheric moisture and carbon dioxide.  0.5 weight % NaOH to oil is weighed and added into 1:9 molar (for 

oil) methanol taken in a beaker and was vigorously stirred in a safety hood until completely dissolved. In this study, sodium 

hydroxide pellets were used. This alcohol (sodium methoxide) solution is added to the oil sample. After adding the sodium 

methoxide solution into the sample, the agitator speed was used to mix the solvents until they became murky.  

The round bottom flask containing the mixture was equipped with a water condenser and was kept in an oil bath at 65° 

C and stirred for 1 to 3 hours at 700rpm. The reaction mixture was transferred to a separatory funnel. The products of the reaction 

were allowed to settle for 24 to 48 hours. The reaction products settled into two distinct layers. The lower dark-coloured layer 

was discarded and the upper light-coloured layer (the top phase), was separated from the bottom phase using separatory funnel 

and thenpoured into another flask. This was then washed with distilled water for 4-5 times to remove excess alkali and alcohol. 

Before purification processes, crude product yield was determined using the formula, 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑦𝑖𝑒𝑙𝑑 (%) =
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 (𝑔)

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑠𝑒𝑑 (𝑔)
∗ 100 

 
Purification: The purification process was done mainly by washing and drying processes. 

 Washing: Once the product was separated, it was purified by washing gently with distilled water to remove all the residual 

water-soluble by-products, catalysts and soaps. The washing process was done using both distilled water and hot distilled 

water of temperature 65°C. Even though in some processes this step is unnecessary, washing is highly preferred to obtain the 

product with minimal impurity levels and maximum quality.  

In a clean separatory funnel, excess water was added to the product at each step of washing. The separatory funnel was 

shaken gently for 2 minutes and the mixture was allowed to settle for 15 minutes to form distinct layers of product and water. 

The water was separated and removed as waste from the bottom phase. The process was repeated a minimum of three times until 

the water remains clear. This indicates the product has become reasonably clean. Then this purified biodiesel was decanted and 

filtered through several layers of tissue paper. 

 

 Drying 

Drying the washed product is important for removing the water content present in it. Anhydrous sodium sulphate was 

used for the drying purpose. The separated product was transferred to a clean conical flask and an excess quantity of powder 

anhydrous sodium sulphate was added to it. This was gently agitated for five minutes using a glass rod and was then allowed to 

settle for half an hour. The content was then filtered through many layers of tissue paper to remove anhydrous sodium sulphate 

settled in the bottom of the conical flask. 

The product yield was calculated after the purification process. 

 

Storage: After washing and drying over the anhydrous sodium sulphate (Na2SO4), the final product was obtained as a clear, 

yellow-red-brown liquid. The obtained products were stored in air-tight dark glass bottles and were stored in the cold conditions.  

 

Analysis of Parameters: 

1. Fourier-transform infrared spectroscopy (FT-IR) : The final product was subjected to Fourier-transform infrared (FT-

IR, Agilent Technologies MODEL: Cary 620; Cary 660) spectroscopy analysis. The product’s FT-IR analysis was executed 

and the analysis report was compared with that of biodiesel for identifying similarities in peaks. The FT-IR graph was 

obtained using origin software.  

2. Density: The density of the product obtained was measured according to standard test method for density of crude petroleum 

and liquid petroleum products using hydrometer.  

3. Calorific value: The calorific value of the product was analyzed according to IS: 1448 [P: 6]: 1984 standards using digital 

bomb calorimeter.  

4. Iodine value: The iodine value was calculated using wijs reagent. A mixture of cyclohexane and acetic acid was used as 

solvents. Potassium iodide was also used and standard sodium thiosulfate solution was used as the titrant with starch as the 

indicator. The readings of the sample and blank were taken. The iodine value was calculated using the formula, 

 

𝐼𝑜𝑑𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =  
(𝐵 − 𝑆) ∗ 𝑁 ∗ 12.69

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 

Where, B is the reading of blank titration;  S is the reading of sample titration; N is the normality of sodium 

thiosulfate 



"A Preliminary Study On Biodiesel Production Using Waste Cooking Oil As The Feedstock” 

85 | P a g e  

 

5. Acid value:The acid value of the product was found using the titration method. For this, the product was treated with the 

solvent Isopropyl alcohol and phenolphthalein was used as an indicator. This was titrated against KOH and an endpoint of 

permanent pink colour was observed. The acid value was calculated using the formula: 

 

𝐴𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝐾𝑂𝐻 ∗ 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐾𝑂𝐻 ∗ 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐾𝑂𝐻

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑎𝑘𝑒𝑛
 

6. % Ash content : Ash content was calculated according to ASTM D482–IP 4 of Institute of Petroleum standards. A muffle 

furnace was used for the estimation of ash content.The product sample was taken in a pre-weighed quartz crucible and placed 

inside a muffle furnace (preheated). The crucible was taken out after half an hour when the biodiesel burnt completely to 

ash. The crucible was weighed again when its temperature got dropped to room temperature. The ash content was calculated 

using the formula: 

 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙 (%) =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 −  𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙
∗ 100 

 

III. RESULT AND DISCUSSION 

In the present study, biodiesel is produced from waste cooking oil through transesterification process and the results of 

the processes and some of its major properties are discussed here.  

 

Pre-treatment of waste cooking oil: The pretreatment processes on waste cooking oil modify it into a better feedstock for the 

production of biodiesel. 

 

 Acid value and % free fatty acids (FFA): The acid value is used to determine the number of milligrams of KOH necessary 

to neutralize all acids in one g of sample. 

 

SI No Wt.of Sample taken 

in g 

Normality of KOH (N) Acid Value (mg KOH/g) % Free acid content 

(acid Value/2) 

Test 1 1 0.0562 4.432 2.216 

Test 2 1 0.0562 4.458 2.229 

Average   4.445 2.2225 

Table 1: Acid value and % free fatty acid content of collected waste cooking oil 

 
Table 1 shows the average acid value and % free fatty acid content of the WCO determined via the titration method. 

The average acid value was found to be 4.445mgKOH/g.  The free fatty acid percentage was calculated from the obtained acid 

value and was found to be 2.2225%.  

Studies have shown that the maximum limit acid value for efficient transesterification, without a significant decrease 

in the methyl ester yield, is 2 mg KOH/g. One of the major factors that affect the product yield is its free fatty acid content. With 

FFA less than 2%, the process can directly enter the transesterification process and while FFA is more than 2% it needs to start 

from the esterification process to reduce FFA. The acid value of the waste cooking oil was determined to estimate the free fatty 

acid content and give an idea of how much catalyst and methanol would be needed to push the reaction chemical towards methyl 

ester production. 

WCO, which contains a minimal amount of water and FFAs, only can provide effective alkaline transesterification. 

This is because every molecule of water and FFA will destroy a molecule of catalyst and also can form an emulsion of soaps. 

The formation of soap emulsions hinders transesterification and glycerol separation from biodiesel. Since the value obtained in 

this study, was higher than the desired free fatty acid percentage, an acid-catalyzed esterification process was required to reduce 

the FFA content of the waste cooking oil. 

 

Esterification of WCO: Esterification is a major process in biodiesel production. This process reduces free fatty acid content if 

FFA content of WCO is more than 2%. Most of the free fatty acids from the WCO can be eliminated by an acid-catalyzed 

homogenous esterification process conducted before the base-catalyzed transesterification process. 

In this experiment, the acid-catalyzed esterification process was carried out at 65°C reaction temperature, one hour of 

reaction time, with 6 weight % hydrochloric acid with respect to oil and 1:6 molar ratio of methanol with respect to oil. 

 

SI No Wt. of Sample 

taken in g 

Normality of KOH 

(N) 

Acid Value  

(mg KOH/g) 

% Free acid content  

(acid Value/2) 

Test 1 1 0.0562 1.658 0.829 

Test 2 1 0.0562 1.635 0.817 

Average   1.646 0.823 

Table 2: Acid value and % free fatty acid content of WCO after esterification process 
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Table 2 shows the acid value and FFA content of the aqueous lower portion of the separated mixture after esterification. 

The analysis results show a substantial decrease in acid value and thereby free fatty acid content of the waste cooking oil after 

the process of esterification. Figure 2 shows the phase separation after esterification process.  

The following equation describes the reaction when FFA react with alcohol under acid catalysis, producing ester and water.  

𝑅1 − 𝐶𝑂𝑂𝐻 + 𝑅2 − 𝑂𝐻𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡 ↔  𝑅1 − 𝐶𝑂𝑂 − 𝑅2  + 𝐻2𝑂 

              Liquid acids, such as sulfuric acid and hydrochloric acid, are usually used as acid catalysts in the esterification 

process.  When the efficiency of esterification is relatively low, residual FFA produces soaps due to the alkali catalysis, making 

the separation of biodiesel and alcohol difficult, and simultaneously decreasing the final yield of biodiesel. The conversion of 

FFAs is defined as the change of acid value before and after the reaction of the oil for the acid value of the initial oil. (Ding et 

al.,2012). 

The acid value of the collected WCO stored at room temperature increased over time and so double esterification was 

required after a few months of collection to reduce the acid value before the transesterification process. Moreover, this reaction 

is slower than the base-catalyzed transesterification reaction. 

 

 
Figure 2: phase separation after esterification process 

 

Transesterification process: Transesterification can be acid-mediated or alkali mediated. In this experiment, the alkali catalyzed 

esterification process was carried out at 65°C reaction temperature, one hour of reaction time, with 0.5 weight % sodium 

hydroxide with respect to oil and 1:9 molar methanol with respect to oil. Two distinct layers were formed when the mixture, 

after the reaction was allowed to settle under the force of gravity. During the transesterification process, the reaction mixture 

changed its colour to a turbid dark brick red within the first few minutes, and then the colour change was observed as a clear 

transparent red-brown colour. The first colour change might be due to saponification as a result of the remaining FFA content of 

the WCO sample. Eventually, dark colour could be observed at the bottom of the container due to the formation of emulsified 

free glycerol. 

The use of relatively intense mixing, at least at the beginning of the reaction is required to incorporate the sparingly 

soluble alcohol into the oil phase. Thus stirring the reaction mixture plays a major role in biodiesel production. 

The transesterification method has been often employed to minimize the high viscosity of triglycerides. A catalyst usage 

improves the reaction rate and yield. The process of transesterification is a reversible reaction where one mole of triglyceride 

reacts with three moles of alcohol and produces three moles of mono-alkyl ester and one mole of glycerol. The following equation 

depicts the chemical reaction which occurs during transesterification reaction:  

 
   

 

 

Transesterification is a sequence of three consecutive reversible responses, wherein triglycerides are converted to 

diglycerides, diglycerides to monoglycerides, and then monoglycerides are converted to glycerol. In the presence of a catalyst, 

transesterification of triglycerides and methanol results in the production of methyl ester and glycerol. In many related studies, 

authors have stated that in the presence of excess alcohol, the forward reaction is first order, and the reverse reaction is the 

second-order reaction. 

 Separations of biodiesel and glycerin: After transesterification was accomplished, the reaction mixtures were allowed to 

settle and cool down for 24-48 hours. While (Abdullah et al.,2013) observed a clear and complete phase separation in 8 hours, 

(Kebede.,2011) reported a clear and distinct phase separation in 24 hours. 

Even though the crude biodiesel was slightly cloudy, the phase separation of crude biodiesel and glycerol phases was 

seen clearly within a few minutes after the mixture was cooled down. As the mixing of the reaction mixture continues for the 

entire reaction, the glycerol can be dispersed in very fine droplets throughout the mixture and so it requires from an hour to 

Glycerol 
Alkyl ester (biodiesel) 

Triglyceride Alcohol 



"A Preliminary Study On Biodiesel Production Using Waste Cooking Oil As The Feedstock” 

87 | P a g e  

 

several hours for the droplets to merge into a distinct glycerol phase. The clear separation could be observed after 12-24 hours 

of settling. The upper layer formed was the crude biodiesel or fatty acid methyl ester (FAME) layer and the lower portion formed 

was of the by-product glycerol. Since the settling time was enough for good phase separation, crude biodiesel was separated 

from the glycerol phase effectively. Figure 3 depicts the phase separation after transesterification process.  

(Kebede, 2011) stated that the separation process is based on the fact that fatty acid methyl esters and glycerol are 

sparingly mutually soluble, and that there is a significant difference in density between the ester and glycerol phases. The 

presence of methanol in one or both phases affects the solubility of ester in glycerol and glycerol in ester. The density of WCO 

fatty acid methyl esters is about 0.8884 g/mL, while that of the glycerol phase is about 1.05 g/mL, or more.Factors like the 

amount of methanol, water, and catalyst in the glycerol affect the density of glycerol. Thus, simple gravity separation techniques 

can be used for separation of the two phases formed. Figure 4 shows the image of separating both phases. 

 

                                  
      Figure 3: phase separation after Transesterification                                            Figure 4: separating both phase 

 

 Methyl ester yield: The product yield considering either crude or purified esters is defined as the mass percentage of the 

final product relative to the initial mass of WCO introduced into the transesterification. It is known that the more acidic the 

feedstock is, the lower yield that could be obtained by base transesterification because of the more pronounced deactivation 

of the catalyst and soap formation by the FFAs in the feedstock (Kebede, 2011). 

 

experiment no: wt. of sample 

taken in g 

Wt. of Crude 

BD (g) 

% yield of 

Crude BD 

Wt. of Purified 

BD(g) 

% yield of 

purified BD 

1 25 22.80 91.2 19.29 77.16 

2 25 23.45 93.8 20.10 80.4 

3 25 22.94 91.76 19.89 79.56 

Average   92.2533  79.04 

Table 3: % biodiesel yield obtained after transesterification reaction 

 

As depicted in the table 3, the average crude biodiesel yield obtained through the transesterification process was 92.25% 

by weight. Since the acid value and free fatty acid content of the WCO were reduced by acid-catalyzed esterification, a crucial 

yield loss was not observed. However, variations in yield were observed in the same batch which might be due to the variations 

in reaction conditions that affect the biodiesel yield. In regard to this study, it is possible to prepare methyl ester of acceptable 

quality and quantity from WCO with a transesterification process when low levels of water and free fatty acids are present in the 

oil. Kebede.,(2011), in his study obtained an average crude biodiesel yield of 93% by weight. 

Even though the transesterification of WCO gave higher yields of biodiesel, after washing and purification the average 

yield was reduced to 79.04%. The low yield after washing could be due to various reasons. This could be a consequence of 

limitations in the washing design which could have caused excessive loss of methyl ester during washing or could be due to the 

presence of a high concentration of water-soluble impurities in the crude biodiesel. Sometimes, the slight solubility of methyl 

ester in water could also result in lesser yield after the purification process. 
 

 %Glycerol obtained 
After phase separation, a dark brown-coloured lower phase was observed with a higher density than that of methyl 

esters. This by-product of transesterification during biodiesel production is glycerol. Table 6, shows the amount by weight and 

% glycerol produced after the transesterification process. 

 

Experiment 

no: 

weight of sample in g weight of glycerol obtained 

in g 

% of glycerol produced 

1 25 5.776 23.1 

2 25 6.12 24.48 

3 25 5.916 23.664 

Average  5.9373 23.748 

Table 4: percentage of by product glycerol produced after transesterification 
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From the table 4 the average weight of glycerol produced in grams was found to be 5.9373g for 25g of sample and the 

percentage of glycerol produced in the experiment was 23.748% by weight. The by-product glycerol produced can be used as a 

raw material in other industries. Thus, formation of waste after transesterification can be reduced. 

 

 Transesterification at optimum and non-optimum FFA content 
The waste cooking oil under optimum (after esterification pretreatment) and non-optimum (without esterification 

pretreatment) conditions of the FFA were subjected to transesterification process for producing biodiesel using sodium hydroxide 

as a base catalyst. 

 

Oil used for transesterification FFA content % biodiesel yield 

Oil before esterification high soap formation 

Oil after esterification low >90% 

Table 5: Transesterification at optimum and non-optimum FFA content 

 

Table 5 shows the influence of the FFA content of WCO on methyl ester yield. When the oil with high FFA content 

(oil which has not undergone esterification) was subjected to the transesterification process, no biodiesel yield could be obtained 

as the whole sample was turned in soap whereas when the oil with low FFA content (oil which has undergone esterification) was 

subjected to a transesterification process, significant biodiesel yield of greater than 90% could be obtained. This clearly shows 

that the reduction of FFA content in a sample before transesterification reaction is crucial for obtaining better biodiesel both in 

quality and quantity. Figure 5 represents the soap formed when transesterification was conducted at non-optimum FFA. 

 

 
Figure 5: soap formation at non optimum FFA content 

 

 Effect of catalyst in transesterification 

Transesterification was carried out at various catalyst concentrations for studying observable effects of catalyst 

concentration in transesterification reaction. This study was conducted using 0.1%, 0.5%, 0.9% and 1.3% of sodium hydroxide 

catalyst concentration. 

 

% catalyst concentration % biodiesel yield 

0.1 0 

0.5 92.2 

0.9 50 

1.3 soap formation 
Table 6: showing % of catalyst concentration and respective % biodiesel yield 

 

From the table 6, it is clear that with 0.1 % of catalyst concentration, no observable reaction occurred as there was no 

separated layer of methyl ester and glycerol. With the catalyst concentration of 0.5% and 0.9%, methyl ester yields were 

approximately 92.2% and 50% respectively. When the catalyst concentration was further increased to 1.3%, a complete soap 

formation was observed. It was noticed that the ester yield decreased with the increase in sodium hydroxide concentration above 

a limit. Soap formation above a concentration of 1.3% considerably affected the total biodiesel yield. An increase in soap 

formation made the ester dissolve into the glycerol layer. The figure 6 shows the graphical representation of the effect of catalyst 

concentration in transesterification reaction. 
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Figure 6: graphical representation of effect of catalyst concentration in % biodiesel yield 

 

This study shows that even though, the use of Sodium Hydroxide (NaOH) as the catalyst can increase the reaction 

speed, product weight and yield of the final product, after a certain concentration it adversely affects the fatty acid methyl ester 

yield. 

 

Purification process 
The purification process is used to remove the impurities that remain in the crude biodiesel. This is a crucial process as 

the degree of purity affects the quality of the final product. The untreated raw biodiesel contains contaminants and impurities, 

such as free glycerol, soap, free fatty acid, methanol, catalysts, metals and glycerides. The prevailing unreacted methanol in 

biodiesel has safety risks and can corrode engine components and the residual catalyst NaOH can damage engine components. 

The presence of soap in biodiesel can reduce fuel lubricity and cause injector coking and other deposits. Purification is done 

through washing and drying of obtained FAME. 

The top layer of FAME was subjected to washing and drying to obtain purified biodiesel. 

 

Washing: In this study, washing was conducted with both hot (65°C) and normal room temperature distilled water. 

 

Temperature of distilled 

water used 

Reduction in final yield no: of washes required to 

purify 

Level of purity 

65°C high 3 High 

Room temperature comparatively low 6 comparatively low 

Table 8: washing process with hot and room temperature distilled water 

 

Table 8 shows that washing with warm water produced a better level of purification in a few washes when compared to 

washing with distilled water at room temperature. However, the % of final purified biodiesel yield by weight was reduced when 

washed with hot water which might be due to the greater removal of impurities from the crude biodiesel. While washing, as the 

water was being mixed through, it quickly turned a milky white in colour. As the washing process continued, the water became 

clearer. The wash water became completely clean after an average of 4 washes. Figure 7 represents the washing process. 

Even though there are disadvantages, only traditional water wash was found to have purified biodiesel, direct from 

glycerol separation, to the requirements of the European Standard for Biodiesel. 

If the water is mixed too excessively with the oil, it will create a mayonnaise-like emulsion and will take quite some 

time to settle out. Although water is generally not soluble in biodiesel, biodiesel still has some affinity to water and a small 

amount will remain in the fuel unless it is removed. Thus methyl esters loss happens due to retention of ester in the water phase 

(Kebede. 2011). 

 

Drying: In this study, obtained biodiesel was dried using anhydrous sodium sulphate. They absorb water particles and get 

modified into larger clumps. These crystals are then extracted by filtration or decantation after standing for a short time. The 

remaining water and some other impurities were removed from the crude biodiesel by this method. Figure 8 depicts the filtration 

of biodiesel after drying. 

 

Storage: The clean yellow-red-brown coloured biodiesel obtained after the drying and filtration process was stored in cold 

conditions in air-tight dark containers. (Christensen & McCormick, 2014), studied the longer-term storage stability of biodiesel 

and blends in experiments simulating up to one year for 100% biodiesel (B100) and three years for blends. Figure 9 represents 

purified biodiesel. 

 

 

Analysis of Biodiesel 
The obtained biodiesel was subjected to various tests and analyses to study its characteristics. Along with the parameters 

0

20

40

60

80

100

0 0.2 0.4 0.6 0.8 1

%
 b

io
d
ie

se
l 

y
ie

ld

% catalyst concentration

EFFECT OF CATALYST CONCENTRATION

% biodiesel yield



"A Preliminary Study On Biodiesel Production Using Waste Cooking Oil As The Feedstock” 

90 | P a g e  

 

such as density, calorific value, iodine value, acid value and ash content, the FT-IR analysis of the biodiesel was also conducted. 

 

1. Fourier-transform infrared spectroscopy (FT-IR): Several studies investigate the composition of biodiesel using FTIR. 

Since the only structural change is the removal of glycerin and substitution of methanol in the hydrocarbon chain, the FTIR 

spectra of methyl esters are largely similar to those of triglyceride oils. 

Rabelo et al., (2015), reveal that the peak for typical esters, which is the stretching band of C = O, is in the range of 

1800 cm-1 to 1700 cm-1. Based on Fig 10, the peak for C = O that reflected ester was observed in the range of 1800 cm-1 to 1700 

cm-1 which existed at the peak 1745.9 cm-1.  Kamaronzaman et al.,(2020) observed this peak at 1745.27cm-1 and the study 

concluded the presence of the ester group with the presence of peaks  1117.65 cm-1 and 1030.06 cm-1. A similar peak of 1117.2 

cm-1 was observed in this study. One of the significant methyl peaks O-CH3 of 1170.16cm-1, according to the study of 

Kamaronzaman et al.,(2020) was observed in this study as 1170.3cm-1.Apart from that, the values of absorption peaks of biodiesel 

are normally found at 3008.91cm-1, 2925.76 cm-1, 2855.00 cm-1, 1743.54 cm-1 , 1461.48 cm-1 , 1360.75cm-1, 1171.41 cm-1 and 

722.75cm-1 (Kamaronzaman et al.,2020). The absorption peaks observed in this study are 2924.4cm-1, 2856.8cm-1, 1745.9cm-1, 

1464cm-1, 1372.4cm-1, 1170.3cm-1 and 721.1cm-1. Most of the values of peak that exist in this current study are similar to the 

major biodiesel peaks mentioned by Kamaronzaman et al.,(2020). 

 

 
Figure 7:  Graph showing the FTIR of biodiesel obtained from waste cooking oil 

 

2. Density: To examine whether the biodiesel produced met the specifications of the standard EN 14214, a sample of biodiesel 

was submitted for a density test using a hydrometer. The results obtained showed that the biodiesel produced in this study 

had a density of 0.89gcm-3. The standard for biodiesel states that the fuel should have a density between 0.860gcm-3 and 

0.900gcm-3. The acquired result falls in the range, specified according to the standard EN 14214, 2004. This shows that the 

biodiesel produced from WCO has met the standards of biodiesel. The density of biodiesel is used to predict the homogeneity 

of biodiesel. This property is important mainly in airless combustion systems as it affects the efficiency of the atomization 

of the fuel. (Banani et al., 2015) obtained a density value of 0.87 gcm-3 for biodiesel produced from WCO while (Saydut et 

al., 2010) obtained a density value of 0.88gcm-3. 

 

1. Calorific value: Calorific value can be defined as the measure of the heat energy content of the fuel. It is the 

number of heat units liberated by a unit mass of a sample when burned with oxygen in an enclosure of constant 

volume. The examined biodiesel produced from waste cooking oil in the study showed a calorific value of 7758 kcal/kg. 

A higher calorific value of fuel means it releases higher heat and consequently improves engine performance during 

combustion. Biofuel usually has a lower calorific value than diesel fuel because of its higher oxygen content 

(Thilakarathne et al., 2021). The calorific value is a fundamental property of fuels that are used for combustion in an 

engine because the power output is very much dependent on calorific value. Different calorific values are obtained for 

different biodiesel fuels. However, studies have shown that biodiesel fuel from different sources has a lower calorific 

value than diesel fuel. 

2. Iodine value: The iodine number is defined as a measure of the number of double bonds in a sample. It is an important 

factor for the determination of the unsaturation in fatty acids, which is only dependent on vegetable oil. The iodine value 

greatly influences fuel oxidation and the deposits formed in the injector of diesel engines. The iodine value specifies the 

amount of iodine in g that is consumed by 100 g of the biodiesel sample under the given conditions. The effect of 

polymerization is stronger with increasing iodine value of unsaturated fatty acids. According to EN 14214, 2004 methyl 

esters used as diesel fuel must have an iodine value of less than 120 gI2/100g of sample. The iodine value of the methyl 

esters obtained in this study is 139 gI2/100g. The iodine value obtained was greater than the limits suggested by EN 

14214, 2004 standard specifications. The determination of the iodine number by titration with a solution of sodium 

thiosulfate is described by the European standard EN 14111. It shows the unsaturation degree of the fuel. This property 

greatly influences fuel oxidation and the type of ageing products and deposits formed in diesel engine injectors. Iodine 

value (IV) is used to measure the extent of unsaturated fatty acid, which normally has a decreasing trend as the quality 

deterioration of edible oil increases. Unsaturated bonds undergo chemical reaction at high temperatures in a deep cooking 

process which increases the saturation degree of waste cooking oil, leading to a lower iodine number (Saydut et al., 

2010). 
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3. Acid value: The acid value is defined as the milligrams of KOH/NaOH required to neutralize the free acids in 1 g of 

sample. The mono-alkyl esters present in biodiesel are the predominant chemical species present in B100 biodiesel. The 

structure of mono-alkyl esters in biodiesel is made of long-chain fatty acids. The acid value determination is an important 

test to assess the quality of particular biodiesel. It can indicate the degree of hydrolysis of the methyl ester, a particularly 

important aspect when considering storage and transportation as large quantities of free fatty acids can cause corrosion 

in tanks (Kebede, 2011). The biodiesel obtained in this study showed an acid value of 0.3mgKOH/g. The acid value of 

biodiesel is within specification as it falls under the ASTM D 6751, 2009 limit for acid value (0.8 mg KOH/g). This 

shows the effectiveness of transesterification cleaning and drying processes. As the base catalyst used for 

transesterification will strip the available free fatty acids, for a base-catalyzed process, the acid value after production is 

usually low. The presence of a higher acid number could cause degradation of rubber parts in older engines resulting in 

filter clogging. 

4. % Ash content: Ash content is an indicator of the number of residual metals present in the fuel that was formed from 

the catalyst used in the production process of biodiesel. It is an important parameter of biodiesel. The maximum ASTM 

limit for ash content is 0.010 % by mass. When examined the obtained biodiesel ash content was less than the limit value. 

This low ash content is due to effective washing in the purification process. Ash is a result of abrasive solids, water or 

oil soluble metallic compounds like soaps. It can also be produced from extraneous solids such as dirt and rust, and 

unremoved catalysts.  

 

Property value obtained               standard 

Density 0.89 gcm-3 0.86 to 0.9 gcm-3 

Calorific value 7758 kcal/kg - 

Iodine value 139 g I2/100g 120 g I2/100g 

Acid value 0.3 mgKOH/g <0.5 mgKOH/g 

Ash content <0.01% max 0.01% 

Table 9: shows the summary of obtained values and their limit range. 

 

                                                             
Figure 7: washing of biodiesel    Figure 8: filtration of biodiesel after drying 

 

        
Figure 9: the purified biodiesel 

 

IV.CONCLUSION 

Waste cooking oil, which is otherwise a waste, is one of the most promising, effective, and cost-efficient feedstocks for 

the production of biodiesel. This study proves that WCO is an effective raw material for biodiesel production with more than 

90% product yield. Transesterification of WCO with a free fatty acid content of less than 2% and short-chain alcohols like 
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methanol in the presence of a potent catalyst results in biodiesel. The esterification process using an acid catalyst was equipped 

to reduce the acid value of WCO, which led to a substantial increase in the biodiesel production yield. Appropriate purification 

processes, such as washing and drying, also contributed to enhancing the purity level of the product. Fourier-transform infrared 

spectroscopy was used for the analysis of the produced biodiesel, and almost all the peaks obtained matched the peaks of the 

biodiesel. Other important parameters such as density, acid value, iodine value, % ash content, and calorific value were examined, 

and all the results were within the limits prescribed by various standards, except for the iodine value. The iodine value of the 

obtained biodiesel was higher than the limit value. Further research is required to develop biodiesel from waste cooking oil,  

which can completely substitute the diesel fuel obtained from fossil fuels, thus paving the way for a sustainable future. 
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