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Abstract 

In this work, Biodiesel was produced from waste cooking oil (WCO) obtained from Mr. Biggs.  Since 

WCO usually comes with a high content of FFA and thus requires an additional acid pre-treatment process to 

convert the FFA to ester. Two steps (esterification and transesterification) approach was employed to convert the 

WCO to biodiesel. In the first step, six experimental run was carried out until the % FFA was constant. 

Meanwhile, the second step required five experimental runs, and the average WCO biodiesel yield (95.06 % 

w/w) was computed at the following variable conditions, 0.55% KOH, 5:1 Methanol/oil molar ratio, 60 
o
C 

reaction temperature and 30 min reaction time. Meanwhile, the produced WCO biodiesel possess some fuel 

properties which satisfied both ASTME D6751 and EN 1424 standards. The fatty acid profiles of both the WCO 

and WCO biodiesel revealed that both profiles contained unsaturated fatty acids. Hence, it can be concluded that 

WCO is a potential raw material for biodiesel production which are biodegradable, economical, environmental 

friendly and always available. 

Keywords: Waste cooking oil (WCO), esterification, transesterification, biodiesel, fatty acids profile, 

physicochemical analysis. 

 

1. Introduction 

Fossil fuels are non-renewable sources of energy which generate pollutants claimed to be responsible 

for global warming, climatic change and incurable diseases. The search for an alternative fuel which promises a 

harmonious correlation with the sustainable development , provide enough energy with impetus to get the engine 

running, environmental friendly, biodegradable,  readily available, energy conservation and management . 

Legitimate concerns have also been raised about the possible effect of using vegetable oils for fuel on food price 

(Trostle, 2008). Capacity development may lead to a decrease in availability of land for food crops along with 

the overall adverse effect on climate change (Knothe, 2001; Fargione et al., 2008).   

The huge demand for diesel fuel dwarfs the available supply of vegetable oils. The global production of 

sunflower, peanut, maize, linseed, sorrel seed, rapeseed, soybean, cottonseed, palm kernel, coconut, Beniseed 

and olive oil as the top vegetable oils in 2006 was about 125,600,000 metric tonnes (FAOSTAT, 2009). In 

contrast, the total consumption of diesel fuel by transportation industries in the same year was about 639,000,000 

metric tonnes (ESD, 2009). Thus, even if all of the vegetable oils produced in the world in 2006 were converted 

to biodiesel, this would fill only 18% of the total demand in the same year for the transportation industries alone. 

It is necessary that feedstock production be increased dramatically if biodiesel is to have any real impact on the 

energy problem. The issue of alternative feedstock production has been reviewed recently from several different 

viewpoints (Canakci and Sanli, 2008; Liyama et al., 2008; Moser, 2009; Durrette et al., 2008; Pinzi et al., 2009; 

Betiku and Adepoju, 2012a; Betiku et al., 2012b). The present paper aims to aid in selection of alternative 

feedstock for biodiesel production.  

 Vehicles’ being operated with biodiesel from waste or used cooking oils is an ideal that makes sense. 

Utilization of Waste cooking oil (WCO) is 65% less expensive than the neat vegetable oil, depending on the 

source and availability, and would also mitigate a waste stream. WCO constitute major waste generated in hotel 

and other public eateries. This can be recycling for human consumption. Biodiesel produced using WCO had a 

better rate of returning than a process which used virgin oil, although all of the processes in their papers had 

negative rate of return. What kept the WCO from being more profitable was a higher capital cost involve in use 

of acid pretreatment  in converting the high FFA content to low FFA content (esterify) before biodiesel 

production. Nevertheless, the challenges for the full utilization of WCO seem to be purely logistical, operational 

and economical. Taking into consideration of all conditions, the use of WCO is easily achieved.  

 In light of this, the main objective of this work is to produce biodiesel from WCO (Mr. Biggs); 

meanwhile, the characterization of biodiesel produced was also carried out to determine the quality of biodiesel 

produced. 
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2. Materials and Methods 

2.1 Materials 

WCO oil used for this work was collected from Mr. Biggs in Ibadan, Oyo State, Nigeria. The semi-

colloidal oil was preheated in a reactor, cooled and then filtered to remove the unwanted impurities. All 

chemicals used were all of analytical grade. 

2.2 Experimental procedure  

2.2.1 Acid catalyzed   

 The purified oil was dark brown in colour. AOAC, 1990 method was used to determine the acid value. 

The acid value of the oil was evaluated to be 8.52 mg KOH/g oil (%FFA = 4.26 %). The specification for base 

catalyst transesterification is less than 1.50. Therefore, the oil was first esterified (step 1) with acid catalyst (con. 

H2SO4). This is done by adding 1:10 of concentrated acid to methanol ratio to preheated oil in the reactor. The 

magnetic stirrer was inserted and the whole set up was heated at 60 
0
C on hot plate until the two products 

separated completely. The esterified biodiesel was tapped out, and the acid value was determined. This process 

was repeated five more times until the constant acid value (1.84 mg KOH/g oil) was obtained. The %FFA was 

calculated (% FFA = 1.84/2 = 0.92). This product was then used for the alkalis transesterification stage (step 2). 

Table 1 shows the esterified process by the variable parameters reaction time, concentration of acid (H2SO4) and 

methanol/oil molar ratio used with the acid value and FFAs computed. 

Table 1. Acid catalyzed esterification-Esterified process 

 

Variables Values  

H2SO4 conc. (% v/v) 2 2 2 2 2 2 

Methanol/oil molar ratio 3 4 5 5 6 6 

Reaction time (min) 30 40 50 60 65 70 

Acid values of the esterified oil (mg KOH/ g 

oil) 

4.43 3.24 1.85 1.84 1.84 1.84 

% FFA of the esterified oil 2.22 1.62 1.43 0.92 0.92 0.92 

 

2.2.2 Alkalis catalyzed step- Transesterification step 

Alkalis transesterification step was carried out according to the method cited by Tiwari et al., 2007 and 

Adepoju et al., 2013.  The reaction was carried out with methanol/oil molar ratio of 5:1, with 0.55% KOH added 

as an alkaline base catalyst. The amount of KOH (5.5 g/l of WCO) was reached based on the amount needed to 

neutralize the unreacted acids (1.84 mg KOH/g oil) in this stage. The reaction was carried out at 60 
o
C for 30 

min in a reactor. At the completion of the reaction, the product was transferred to a separating funnel for glycerol 

and biodiesel separation for 24 h. Glycerol was tapped off and the left over was washed with ionized water to 

remove residual catalyst, glycerol, methanol and soap present. The washed biodiesel was further dried over 

heated calcium chloride (CaCl2) powder to remove the residual ionized water. The WCO biodiesel yield was 

determined gravimetrically as described in Eq.1. The experiment was carried out four more time and the average 

yield of the WCO biodiesel was evaluated as in Eq. 2. (Table 2.)     

   

 

 
2.3 Physicochemical analysis of the WCO oil and WCO biodiesel 

The evaluation of physicochemical and other properties of the WCO oil and WCO biodiesel was 

determined by AOAC, 1990 method, iodine value was determined by Wijs method. Meanwhile, the quality of 

WCO biodiesel is very important for the performance and it emission reduction characteristics in diesel engine.  

Thus, the WCO biodiesel produced was subjected to chromatography analysis to determine the fatty acids 

profile.  
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3. Results and Discussion 

3.1 WCO biodiesel characterization 

3.1.1 Acid catalyzed esterification (pre-treatment) 

Since WCO usually comes with a high content of FFA and thus requires an additional acid pre-

treatment process to convert the FFA to ester, WCO obtained from Mr. Biggs tends to have properties that could 

influence the repeatability of the tests, the pre-treatment step was repeated five times until the obtained acid 

value remain constant, % FFA was computed (Table 1). The results showed that the acid value of 1.84 mg 

KOH/g oil (%FFA = 0.92) at variables conditions of 2.00 (% v/v) H2SO4 concentrated, methanol/oil molar ratio 

of 6 and reaction time, 65 min were found suitable for propagation into second step (alkalis transesterification 

process).   

 

3.1.2 Alkalis catalyzed transesterification process 

Table 2 shows the five experiments carried out. The percentage yield of WCO biodiesel obtained was 

remarkable. The average percentage yield of WCO biodiesel obtained during the alkalis catalyzed 

transesterification process after five repeated experiment was 95.06% (w/w) at the following variable conditions, 

0.55% KOH, 5:1 Methanol/oil molar ratio, 60 
o
C reaction temperature and 30 min reaction time.  

Table 2. Alkalis catalyzed transesterification process 

Experiments KOH (%) Methanol/oil 

molar ratio 

Reaction temp. 

(
o
C) 

Reaction time 

(min) 

WCO biodiesel 

yield % (w/w) 

1 0.55 5:1 60 30 95.75 

2 0.55 5: 1 60 30 94.45 

3 0.55 5:1 60 30 95.05 

4 0.55 5:1 60 30 95.10 

5 0.55 5: 1 60 30 94.95 

Average yield of WCO biodiesel = 95.06% (w/w) 

 

3.2 Physicochemical analysis and other properties of WCO and WCO biodiesel 

3.2.1 Physical properties of the WCO and WCO biodiesel 

In order to evaluate the quality of the crude WCO and WCO biodiesel, the content and compositions of 

the oil and biodiesel was subjected to physicochemical analysis, the results obtained are shown in Table 3.  At 

room temperature, the WCO was dark brown in colour and the WCO biodiesel was brownish in outlook. 

Observation on refractive index showed that the refractive index increased but the moisture content decreased 

after conversion of WCO to biodiesel, indicating a good shelf life characteristic of oil (Adepoju et al., 2013). The 

specific gravity (density of substance relative to the density of water) of WCO was determined as 0.91 which 

was reduced to 0.83 after conversion. The specific gravity for most vegetable oil are reported to be in a range 

between 0.874 - 8.2312  (Eze, 2012). The viscosity (resistance of a liquid to shear forces and flow) was 

determined to be 7.48 mm
2
/s and  

2.56 mm
2
/s, respectively. The higher value obtained for the WCO shows the oil could be used as lubricant in 

engine parts in the tropics if left overnight as solidification temperature of the oil is below 10 
o
C at any season 

(Oyekunle et al., 2007).  

 

3.2.2  Chemical properties of the WCO and WCO biodiesel  

Contained also in Table 3 are the results of chemical properties of WCO and WCO biodiesel. The high 

acid value of the WCO showed that it is non-edible oil which improves it suitability for biodiesel production. 

The acid value is expected to range from 0.00 - 3.00 mg KOH/g material, before it can find application in 

industries but the value is high for oil under study. That was why acid value was made fit by subjecting the 

WCO to two steps processes and this may also improve its quality for industrial purposes (Adepoju et al., 2013). 

A high Saponification value was obtained for both WCO and biodiesel, suggesting high concentration of 

triglycerides. The iodine value of the WCO was high (145.60 g of I2/100 g of oil), which signified the oil 

contained a substantial level of unsaturation and could be used to quantify the amount of double bonds present in 

the oil which reflects the susceptibility of oil to oxidation before conversion to biodiesel (Adepoju et al., 2013). 
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Peroxide value measures the content of hydro-peroxides in the oil and its low value indicates high resistance to 

oxidation. The value obtained for the WCO and biodiesel in this work were well within the limit stipulated for 

vegetable oils and biodiesel. This shows that the oil is not rancid and considered stable (Ajayi et al., 2002; 

Adepoju et al., 2013).  The HHV determined for the WCO was 40.20 MJ/kg, this is within the range earlier 

reported for most vegetable oils (37.47 – 40.62 MJ/kg) by Demirbas, (1998). The rapid increases in the HHV 

noticed in conversion of WCO to biodiesel proved that the oil is not only good for biodiesel production, but can 

be suitably used as fuel in I.C. engine. 

 

Table 3.  Properties of WCO and WCO biodiesel as compared with biodiesel specification 

Parameters WCO  WCO biodiesel ASTM D6751 EN 14214 

Physical properties     

Colour Dark brown Brownish - - 

Moisture  content % 0.045 0.0104 0.05 max 0.02 

Specific gravity  0.91 0.83 0.86-0.90 0.85 

Viscosity (mm
2
/s) at 40

o
C 7.48 2.56 1.9-6.0 3.5-5.0 

Chemical properties     

Iodine value(g I2/100g ) 145.90  116.00 - 120 max 

Acid value(mg KOH/g oil) 8.52 3.86 < 0.80 0.5 max 

%FFA (as oleic acid) 4.27 1.93 - - 

Saponification value (Mg 

KOH/g oil) 

196.40 182.32 - - 

Peroxide value 3.04  2.48  - - 

Other properties     

Cloud point 
o
C - 9.00 6 12 max 

Flash point 
o
C - 114.00 100 min >120 

Pour point 
o
C - -13.00 - 15 - 

HHV (MJ/kg) 34.08  36.15 - - 

Cetane number 41.26 50.14 47 min 51 min 

 

3.2.3 Other properties of the WCO and WCO biodiesel  

Additional fuel properties such as cetane number and higher heating value (HHV) of the WCO and 

WCO biodiesel were determined (Table 3). Cetane number (a measure of the fuel’s ignition delay and 

combustion quality) of the WCO biodiesel showed that it has high fuel potential. The HHV of WCO and WCO 

biodiesel was determined to be 34.08 and 36.15 MJ/kg, respectively.  

 

 3.3  Fatty acid profile of the WCO and WCO biodiesel  

Gas chromatography analysis of fatty acids present in both WCO and WCO biodiesel are shown in 

Table 4. The results indicated that the WCO is highly unsaturated. The dominant fatty acids are linoleic 

(52.68%), oleic (22.62%), palmitic (17.34%), stearic (4.21%), linolenic acid (2.60%) and others (0.55%). Also, 

the dominant fatty acids found in WCO biodiesel indicated the presence of unsaturation in the diesel also. The 

dominant fatty acids are linoleic (59.87%), oleic (19.58%), palmitic (17.80%), stearic (1.86%), linolenic acid 

(0.85%) and others (0.04%) This indicates that fatty acid composition will play a dominant role in establishing 

the cetane number (Knothe, 2005; Bamgboye and Hansen, 2008). 
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Table 4: Fatty acids compositions of the WCO and WCO biodiesel produced 

Parameters                         Compositions % 

 WCO                                              WCO biodiesel 

Palmitic acid (C16:0) 17.34 17.80 

Stearic acids (C18:0) 4.21 1.86 

Oleic acids (C18:1) 22.62 19.58 

Linoleic acids (C18:2) 52.68 59.87 

Linolenic acid (C18:3) 2.60 0.85 

Other 0.55 0.04 

Total 100  100 

 

4. Conclusion 

The results revealed that the average WCO biodiesel yield of 95.06 % w/w was obtained at the 

following variable conditions, 0.55% KOH, 5:1 Methanol/oil molar ratio, 60 
o
C reaction temperature and 30 min 

reaction time. The produced WCO biodiesel have some fuel properties which satisfied both ASTME D6751 and 

EN 1424 standards. The fatty acid profiles of both the WCO and WCO biodiesel revealed that both are highly 

unsaturated acids. In conclusion, WCO obtained from Mr. Biggs, is a potential raw material for biodiesel 

production which are biodegradable, economical, environmental friendly and always available. 

 

Acknowledgment 

The effort of Chemical Engineering Students, Agric. & Biosystem Engineering Students (SWEP 

2013/1014) of Landmark University, Omu-Aran, Kwara State, is extremely appreciated. 

 

Reference 

Adepoju, T. F. Ojediran, J. O. and Okunola A. A.  (2013). An Optimization Approach to Oil Extraction from 

Chrysophyllum albidium Oilseeds and Its Quality Characterization. International Journal of Innovative Research 

and Studies, Vol. 2(10), 56-71. 

 

Ajayi, I.A.  Dawodu, F.A. Adebowale, K.O. and  R.A. Oderinde. (2002). “Chemical composition of Pentaclethra 

macrophylla seed and seed oil grown in Nigeria”, Riv. Ital. Sostanze Grasse, Vol. 74, pp. 183-185.  

 

AOAC - Official methods of analyses of the Association of Official Analytical Chemists (1990). 15th Ed., 

Washington DC, USA, Association of Official Analytical Chemists. 

 

Bamgboye A.I. and A.C. Hansen, (2008). “Prediction of Cetane number of Biodiesel fuel from the fatty acid 

methylester (FAME) composition”, IAPPP, Vol. (22), 21-29. 

 

Betiku, E. and Adepoju, T.F. (2012a). Methanolysis optimization of sesame (Sesamum    indicum) oil to biodiesel 

and fuel quality characterization. International Journal of Energy and Environmental Engineering (IJEEE). Vol. 

4(9). ISSN 2251-6832 

 

Betiku, E., T. F. Adepoju and Solomon, B.O. (2012b). Statistical Approach to Alcoholysis Optimization of 

Sorrel (Hibiscus sabdariffa) Seed Oil to Biodiesel and Emission Assessment of Its Blends, Ife Journal of 

technology, Vol. 2(2), pp. 20-24 

 

Canakci, M., Sanli, H. (2008). Biodiesel production from various feedstocks and their effects on the fuel 

properties. Journal of Industrial Microbiology and Biotechnology, 35:431–441. 

 

Demirbas, A. (1998). “Fuel properties and calculation of higher heating values of vegetable oils”, Fuel, Vol. (7).  

pp. 1117-1120. 

 

Energy Statistics Database (ESA) [database on the Internet]. Gas diesel. United Nations Statistics Division; 2009 

[cited December 2013]. Available from: URL: 

http://data.un.org/Data.aspx?d=EDATA&f=cmID%3aDL%3btrID%3a122 

 



Chemical and Process Engineering Research                                                                                                                                    www.iiste.org 

ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) 

Vol.21, 2014 

 

85 

Eze, O. S. (2012).  “Physico-chemical properties of oil from some selected underutilized oil seeds available for 

Biodiesel preparation”, AJB, Vol. (11) pp. 10003-10007.  

 

Fargione, J., Hill, J., Tilman, D., Polasky, S., Hawthorne, P. (2008). Land clearing and the biofuel carbon debt. 

Science, 319:1235-1238. 

 

FAOSTAT [database on the Internet]. Crops processed. Food and Agriculture Organization (United Nations). 

2009 (cited 5 January 2014) Available from: URL: http://faostat. 

fao.org/site/636/DesktopDefault.aspx?PageID=636#ancor 

 

Iiyama, K., Jin, Z., Katsumata, K. S. (2008). BDF production from seed oil of trees and bushes. Nihon Enerugi 

Gakkaishi/Journal of the Japan Institute of Energy, 87:438–447. 

 

Knothe, G. (2001). Historical perspectives on vegetable oil-based fuels. INFORM – International News on Fats, 

Oils and Related Materials, 12:1103. 

 

Knothe, G. (2005). “Dependence of Biodiesel fuel properties on the structure of fatty acid alkyl Esters,” Fuel 

Process Technol., Vol. 86, pp. 1059–1070. 

 

Moser, B. R. (2009). Biodiesel production, properties, and feedstocks. In Vitro Cellular and Developmental 

Biology – Plant, 45:229–266. 

 

Oyekunle, J.A.O., Omole, A.A. and Akinnifasi, J.O. (2007). “Physical properties of oils extracted from Nigerian 

Non conventional oilseeds”, J Appl Scienc., Vol. (7), pp. 835-840 

 

Pinzi, S., Garcia, I. L., Lopez-Gimenez, F. J., Luque De Castro, M. D., Dorado, G., Dorado, M. P. (2009). The 

ideal vegetable oil-based biodiesel composition: a review of social, economical and technical implications. 

Energy and Fuels, 23:2325–2341. 

 

Trostle, R. (2008) Global agricultural supply and demand: factors contributing to the recent increase in food 

commodity prices. United States Department of Agriculture, Economic Research Service Report No. WRS-

0801. 

 



The IISTE is a pioneer in the Open-Access hosting service and academic event 

management.  The aim of the firm is Accelerating Global Knowledge Sharing. 

 

More information about the firm can be found on the homepage:  

http://www.iiste.org 

 

CALL FOR JOURNAL PAPERS 

There are more than 30 peer-reviewed academic journals hosted under the hosting 

platform.   

Prospective authors of journals can find the submission instruction on the 

following page: http://www.iiste.org/journals/  All the journals articles are available 

online to the readers all over the world without financial, legal, or technical barriers 

other than those inseparable from gaining access to the internet itself.  Paper version 

of the journals is also available upon request of readers and authors.  

 

MORE RESOURCES 

Book publication information: http://www.iiste.org/book/ 

Recent conferences:  http://www.iiste.org/conference/ 

IISTE Knowledge Sharing Partners 

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 

Archives Harvester, Bielefeld Academic Search Engine, Elektronische 

Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 

Library , NewJour, Google Scholar 

 

 

http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

