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Abstract— These days, many used cooking oils from 

restaurants were re-used by street sellers to fry their food. 

Those waste oils commonly just throw away. Whereas waste 

oils which have not any treatment first, will pollute the 

environment. One of the ways to treat the waste oil is by 

converting to biodiesel. Biofuels intended to replace the fuel 

from petroleum. They are a sustainable alternative to fossil 

fuels because they are renewable and less toxic to the 

environment. This work aims, firstly, to eliminate one of the 

major pollutants olive residue and waste vegetable oils such 

residues have become a double necessity; ecological and 

economic, transforming them into value-added, namely 

biodiesel. And, secondly, to contribute to sustainable 

development by offering a renewable energy source meeting 

the energy issues of the day as the mastery of greenhouse 

gas emissions and preservation of non-renewable fossil 

resources. The use of reclaimed vegetable oil from 

restaurants, for use as a fuel for road vehicles, has received a 

lot of attention in recent years. Used vegetable oils contain 

solids and free fatty acids due to oil breakdown during the 

frying process. The synthesis of biodiesel by 

transesterification of vegetable oils was carried out in this 

study. Two varieties of oils are used in this work, the first 

type is the waste oils used in frying and the second are 

olive-pomace oils. Waste oil residue becomes harmful to the 

environment. To remedy this, recovery becomes a necessity. 

In this experiment we determine some physicochemical 

properties of the oils used and biodiesel obtained. At the end 

of this study, a comparison of our results with the Algerian 

standard showed that biodiesel has properties of diesel and 

biodiesel addition improves cetane number and some other 

parameters. 
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I. INTRODUCTION 

Biodiesel production is the process of producing 

the biofuel, biodiesel, through the chemical 

reactions transesterification and esterification. This 

involves vegetable or animal fats and oils being reacted with 

short-chain alcohols (typically methanol or ethanol). The 

alcohols used should be of low molecular weight, ethanol 

being one of the most used for its low cost. However, 

greater conversions into biodiesel can be reached using 

methanol. Although the transesterification reaction can be 

catalysed by either acids or bases the most common means 

of production is base-catalysed transesterification. This path 

has lower reaction times and catalyst cost than those posed 

by acid catalysis. However, alkaline catalysis has the 

disadvantage of its high sensitivity to both water and 

free fatty acids present in the oils. World energy 

consumption doubled between 1971 and 2001 and the world 

energy demand will increase 53% by the year 2030. The 

second reason is that fossil-fuel resources are non-

renewable, and they will be exhausted within 40–60 years if 

the consumption pace remains. Finally, the price instability 

of fossil fuel crude oil is considered as a serious threat to 

countries with limited financial and economic. Several 

alternatives of energy sources such as wind, solar, hydro, 

nuclear, biofuel and biodiesel are already used and elevating 

progress is still in concern. Biodiesel is an alternative fuel 

for diesel engines which is defined as a fuel comprised of 

mono alkyl ester of long chain fatty acids produced by 

chemically reacting a vegetable oil or animal fat with an 

alcohol such as methanol. It is a non-toxic, biodegradable, 

relatively less inflammable fuel compared to the normal 

diesel. Biodiesel is also essentially free of sulfur and 

aromatics that produces lower exhaust emissions than 

normal diesel Many techniques and different carriers have 

been employed for immobilization of lipases to produce 

biodiesel. Common immobilization techniques include 

physical adsorption and covalent bonding onto a solid 

support. Lipases have been successfully immobilized on 

many different types of supports, such as Nylon-6 cellulose 

fabric and wool fibres. Also several oils such as soybean, 

palm, kernel, grease and tallow have been used for biodiesel 

production with enzymatic transesterification using primary 

or secondary alcohols Chemically, biodiesel is the mixture 

of fatty acid alkyl esters(FAAEs), most often methyl or 

ethyl esters (FAMEs and FAEEs, respectively) obtained by 

the alcoholysis of triacylglycerols (TAGs) from vegetable 

oil and animal fats, or more precisely alcoholysis, with an 

alcohol (methanol or ethanol). In the reversible and 

consecutive alcoholysis reaction, one mole of acylglycerols 

reacts with one mole of alcohol and one mole of ester is 

formed at every step in the absence or presence of a catalyst. 

The cost and environmental impact of biodiesel production 

processes is discussed by a few researchers.  

However, the methods of biodiesel production, the 

impact of reaction conditions on the overall process rate and 

the ester yield as well as the optimization, kinetics and 

improvement of biodiesel production from non-edible oils 

have not yet attracted the attention they deserve. Two 

varieties of oils are used in this work, the first type is the 

waste oils used in frying and the second are olive-pomace 

oils. Waste oil residue becomes harmful to the environment. 

To remedy this, recovery becomes a necessity.  

II. MATERIAL & METHOD 

In the present study the unrefined olive pomace oil is used. 

Provided by a Tunisian olive oil company. The potassium 

hydroxide, methanol and sulfuric acid were used in our 

processes. Experimentally, we used a round bottom flask 

(reactor), a hot plate with a magnetic stirrer and a rotary 

evaporator to remove the hexane excess which remains in 

the unrefined pomace oil. Reaction conditions to produce 
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biodiesel were selected from previous kinetic studies Olive 

pomace oil transesterification was performed in a stirred 

tank reactor at 60 °C using a solution of 1.2% KOH and 

30% methanol equivalent to 8.6:1 (molar ratio), after 40 min 

of vigorous stirring. Reaction was then stopped and settled 

to decant. To remove the alcohol and catalyst residues from 

biodiesel, the ester phase was washed with the aid of 

distilled water. Olive pomace oil methyl ester B100 and its 

blends with diesel fuel, i.e. 20% biodiesel/80% diesel fuel 

(B20), 50% biodiesel/50% diesel fuel (B50) and 80% 

biodiesel/20% diesel fuel (B80) blends, were used to carry 

out performance tests in a diesel engine. Results were 

compared to those obtained by the use of straight diesel fuel 

in the same engine. 2.2. Biodiesel fuel properties For 

commercial applications in the compression-ignition 

engines, biodiesel should meet ASTM D6751 standard 

specification. The key properties of biodiesel were analysed 

as per standard methods described in ASTM D613 for 

cetane number, ASTM D93 for closed-cup flash point, 

ASTM D445 for kinematic viscosity, ASTM D1480 for 

relative density, ASTM D664 for acid number, ASTM 

D2500 for cloud point and ASTM D97 for pour point. 

III. RESULT & DISCUSSION 

A. A.C. Oliveira, C.S. Sebadelhe, M. F.Rosa, INETI – 

Renewable Energy Department Lisbon, Portugal 

In this work, raw materials from the olive oil industry, 

lampant olive and olive husk oils, were studied in order to 

evaluate their potential for biodiesel production. Both were 

characterised in terms of parameters that influence the 

transesterification reaction and also the quality of the final 

product. The high acid value of the lampant olive oil (7 mg 

KOH/g) and the olive husk oil (22 mg KOH/g) indicates that 

the traditional process of basic catalysis is not suitable for 

the transesterification of these raw materials. So, a first step 

of acidic catalysis was introduced to reduce the free fatty 

acid content to a level lower than 2 mg KOH/g. This process 

was optimised, using factorial design and response surface 

methodology, in terms of initial catalyst concentration, 

reaction time and temperature. A subsequent step of basic 

catalysis was then applied (methanol:oil molar ratio of 6:1, 

55ºC and 500rpm). The final products obtained from 

lampant olive and olive husk oils were purified and 

characterised according to the specifications of EN 14214. 

In both cases a good quality biodiesel was obtained. 

B. Ridha Banani, Manel Ayadi, Dorsaf ben hasine, Youssef 

Snoussi, Mounir Bezzarga and Manef Abderrabba. 

1) Effect of reaction temperature on the yield of biodiesel  

The results revealed that at 45°C, we obtained a relatively 

weak biodiesel yield (89%). For all combinations, biodiesel 

yield increased with an increasing temperature ranging from 

45°C to 60 °C, despite a reduction of 2% of yield was 

noticed at 50-55°C.  The highest temperature was 60°C 

because there was a risk that the methanol will be 

evaporated (the boiling point of methanol is 64°C). Also, to 

avoid the saponification reaction. The results indicated that 

50°C was sufficient to accomplish the transesterification 

process, when the volume ratio of methanol to oil was 

15:100ml (v/v), the mass ratio of potassium hydroxide 

(KOH) was 1g during 60min at stirring rate of 400rpm. The 

maximum biodiesel yield reached 100% ester content with 

0.31 mg KOH/g-oil at 50°C and 0.78 mg KOH/g-oil at 

60°C. But the properties of the biodiesel obtained at 60°C 

were not compatible with European norms biodiesel (max 

0.5 mg KOH/g-oil). Moreover, at 50°C the separation 

between the glycerol and biodiesel was clearly observable. 

However, at 60°C the biodiesel color went dark 

2) Effect of methanol/oil volume ratio on the biodiesel  

yield The amount of methanol to oil volume ratios used in 

the process was varied as follows; 10 ml, 12.5 ml, 15 ml and 

20:100 ml (v/v) methanol-to-oil. The experiments were 

carried using the following combinations: In each potassium 

hydroxide mass ratio, reaction time of 60 min, at 50 °C and 

stirring rate of 400rpm.  Results indicated that the biodiesel 

yield was affected by the combinations between the 

methanol volume and the potassium hydroxide mass.  With 

10 ml of methanol and 0.25g of potassium hydroxide, the 

tranesterification reaction did not occur and there was not a 

clear separation between the biodiesel and glycerol phases. 

Furthermore, the viscosity of the final product was close to 

the viscosity of the pomace oil. It might be due to the 

deficiency of the methanol to ensure from the normal 

progress of the transesterification reaction. Fig.3. shows that 

as the methanol to oil volume ratio was increased from 10 to 

20 ml, as the biodiesel yield increased from 83 to 89% at 

0.25g; from 81 to 95% at 0.5g and from 85 to 96% at 0.75g 

of potassium hydroxide, but it was still lower than the 

biodiesel obtained when the potassium hydroxide mass was 

fixed at 1g. 1g of potassium hydroxide was sufficient to 

make biodiesel yield enhanced from 88% to 100% while the 

methanol to oil volume ratio was increased from 10 to 

15:100ml (v/v). This yield decreased slightly when the 

methanol to oil volume ratio was above than 15:100 ml. It 

was concluded that the excess of methanol did not improve 

the methyl ester content. The experiments indicated that 15 

ml of methanol was sufficient to reach 100 % of methyl 

ester.  However, 10 ml of methanol with 0.25g of potassium 

hydroxide was insufficient for the accomplishment of the 

transesterification reaction.  

C. Nader Ghaffari Khaligh, Sharifah Bee Abd Hamid, and 

Taraneh Mihankhah 

 In a typical reaction nano tube TiO2, waste cooking or 

frying olive oil, and methanol were placed in the stainless 

steel reactor and an inert atmosphere. The resulting mixture 

was then continuously stirred and heated to 100, 120 or 150 

°C. The reaction time ranged between 1-4 h and was begun 

as soon as the thermocouple registered the desired reaction 

temperature. The highest conversion, 91.2 %, was obtained 

at 120 ºC and 4 h of reaction time. This demonstrates that 

nano tube TiO2 can serve as an effective catalyst for 

biodiesel synthesis. The biodiesel conversion was quantified 

using 1H NMR. Samples from biodiesel, placed in CDCl3 

(Sigma-Aldrich 99.8 atom % D) and then analyzed in a 

Bruker Avance 400 MHz. Composition of FAME mixture 

was estimated using an Agilent GC-Mass-6890 instrument. 

The 1H NMR provides a spectrum of chemical shifts 

belonging to the protons present in the sample. Two peaks 

were used to quantify the reaction progress, the peak 

belonging to the α- methylene protons adjacent to carbonyl 

group (-CH2- COOCH3) in triglycerides and the methoxy 

group ( -COOCH3) in FAMEs at 2.30 and 3.66 ppm, 

respectively [15]. The conversion can be calculated by 
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determining the area of the peaks generated by these 

protons. Initially the reaction takes place slowly with low 

conversions due to the strong mass transfer limitations [16]. 

When the reaction time reached approximately 2.0 hours, 

the reaction rate and conversion incremented quickly [17]. 

The four FAMEs were identified in the biodiesel from waste 

olive oil and methyl oleate is the major FAME (68.46 wt.%) 

followed by methyl linoleate (15.71 wt.%) and methyl 

palmitate (13.96 wt.%). Methyl stearate is present as minor 

constituent (1.77 wt.%). The reusability of the nano tube 

TiO2 was exemplified by production of biodiesel from 

waste olive oil in presence of recycled catalyst. Biodiesel 

was obtained in 90% and 88% conversion after three runs 

within 4 h (monitored by GC-MS) which clearly 

demonstrates the practical recyclability of this catalyst. 

IV. CONCLUSION 

It was found that the unrefined olive pomace oil could be 

considered as potential and an economical source for the 

biodiesel production. The physicochemical properties of the 

biodiesel derived from the refined and unrefined olive 

pomace oil are similar and compatible to those indicated in 

the European norms biodiesel. The refined olive pomace oil 

with low acid value was firstly used to determine the 

optimum combination of methanol to oil volume ratio, 

potassium hydroxide mass ratio, reaction temperature and 

reaction time to accomplish the transesterification reaction. 

The effects of these parameters on the biodiesel yield were 

studied. The optimum condition which gave 100% of 

biodiesel yield was obtained with the following 

combination, 15:100 ml (v/v) methanol: oil, 1g of potassium 

hydroxide, at 50°C, during 60min and a stirring rate of 400 

rpm. The same optimum combination was applied to the 

treated unrefined olive pomace oil (after esterification 

reaction). The transesterification reaction of the unrefined 

olive pomace oil did not occur that is due could be a result 

to the high content of free fatty acid. The treatment process 

of the unrefined olive pomace oil was required to reduce the 

acid value and to avoid the soap formation. We begun by 

studying, the effects of the dosage sulfuric acid and the 

methanol to oil volume ratio on the acid value. It has been 

observed that the free fatty acid content in the unrefined 

olive pomace oil was influenced by the sulfuric acid but for 

a specific volume of methanol. The pretreatment step 

reduced the percentage of FFA from 22% to 2.08% in 

1.25% of sulfuric acid and 65 ml of methanol The to oil 

volume ratio. It was observed that beyond 1.25% of sulfuric 

acid, the color of the pretreated oil turned dark. 

transesterification reaction of the pretreated unrefined olive 

pomace oil with 2% of FFA gave 99% of methyl ester 

(biodiesel). The results revealed that, the two steps process 

improved the biodiesel yield produced from raw materials 

which is relatively cheap. To sum up, valorization of the 

unrefined olive pomace oil as a source of renewable energy 

has two main advantages: one environmental connected to 

the pollution contest and human health, and the other one 

industrial, in relation with the cost of the production of the 

biodiesel which will be reduced. 
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