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Introduction 

The search for alternative fuels to replace petroleum 

derived fuels is currently a highly studied topic. Biofuels such 

as biodiesel and bioethanol are considered an appropriate 

alternative to traditional fuels. These petroleum derived fuels 

are not a long-term energy source. Indeed, oil reserves can be 

depleted by 2054 [1]. Biofuels have become one of the major 

solutions to the problems of sustainable development, energy 

security and the reduction of greenhouse gas emissions [2]. 

Biodiesel has properties very similar to those of fossil diesel, 

but with emissions of sulfur, carbon dioxide (CO2) and much 

smaller particles [3]. The use of vegetable oils as alternative 

fuels has been around for a long time but has been set aside 

due to the availability of petroleum products that appears to 

be cheaper. Biodiesel is now recognized as an alternative 

because it has several advantages over conventional diesel 

[4]. It is safe, renewable and non-toxic (about 98% 

biodegradable in just a few weeks). It contains fewer sulfur 

compounds and has a high flash point (130°C). It is almost 

neutral with respect to carbon dioxide emissions and emits 

80% less hydrocarbons and 50% fewer particles. It has a 

positive social impact, by reinforcing rural revitalization [5]. 

It is the only alternative fuel currently available with a 

generally positive energy balance, producing up to 3.2 units 

of energy for every unit of fossil energy consumed during its 

life cycle, compared with just 0.83 unit for fossil diesel [6]. 

Biodiesel does not contain any petroleum products, but can be  

mixed with conventional diesel. A mixture of petroleum 

(80%) and biodiesel (20%) (known as B20) can be used in 

unmodified diesel engines.  

Biodiesel can also be used in its pure form (B100), but this 

requires minor engine modifications to avoid   maintenance 

problems. With the inevitable depletion of non-renewable 

resources of fossil fuels and because of its favorable 

environmental characteristics, biodiesel promises to be the 

fuel of tomorrow. Nevertheless, there are many barriers to 

effective biodiesel production on an industrial scale. This 

review describes biodiesel production processes 

(transesterification), the most important variables that 

influence this reaction, and the advantages and disadvantages 

of transesterification processes. 

Transesterification processes  

Biodiesel synthesis by transesterification of oil can be 

carried out by various methods. Indeed, the reaction is 

feasible in the presence of a homogeneous catalyst, a 

heterogeneous catalyst but also in the presence of an 

enzymatic catalyst. Finally, it has been shown that the use of 

supercritical alcohols made it possible to dispense with these 

catalysts. The summary of the principle of use of the different 

transesterification processes is as follows (Figures 1, 2 and   

3) [7].   

Specificities of the main transesterification methods 

Transesterification is a chemical reaction that consists of 

replacing the alcohol groups of an ester with other types of 

alcohol. Animal fat and vegetable oils consist mainly of 

triglycerides. 

A triglyceride molecule is formed by the combination of 

a glycerin molecule with three molecules of long carboxylic 

acids chain called fatty acids.  
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ABSTRACT 

Energy demand is increasing while fossil fuels, the main source of energy, threaten their 

depletion and consequently their market value increases. In addition to this crisis, climate 

change and air pollution caused by the combustion emissions of fossil fuels pose 

problems of increased greenhouse effect. Due to the environmental problems caused by 

the use of fossil fuels, attention has been paid to the production of biodiesel as an 

alternative to petrodiesel. Biodiesel is an environmentally friendly alternative diesel fuel 

made from renewable resources made from vegetable oils and animal fats. It is a 

renewable energy source that seems to be an ideal solution for global energy needs. The 

current method of biodiesel production is the transesterification of the inedible oil with 

an alcohol (methanol or ethanol) in the presence of a catalyst or not. The 

transesterification reaction is very sensitive to the parameters and oil nature such as the 

acid composition and the free fatty acid content. Other variables include reaction such as 

temperature, ratio of alcohol to vegetable oil, catalyst, and intensity of mixing, purity of 

reagents. The development of biofuels creates new agricultural sectors and could offer 

new niche markets for farmers in exploitable areas.  This study aims to make a 

comparative study transesterification processes for biodiesel production.                                                                                   
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Figure 1. Transesterification process in basic medium. 
 

Figure 2. Bio diesel production by acid 

Transesterification. 
 

Figure 3. Enzyme Transesterification process. 

The resulting products of this reaction are glycerin and 

fatty acid esters. Indeed, there are various transesterification 

processes for the production of biodiesel. But its various 

processes differ in the nature of the catalyst. 

Transesterification by homogeneous catalysis involves 

contacting the oil and the alcohol with a catalyst in the 

alcohol phase. The catalyst may be alkaline, acidic or 

enzymatic. The most common synthesis process at present is 

the homogeneous alkaline catalysis method, with sodium 

hydroxide, potassium hydroxide or sodium methanoate. This 

choice is linked, among other things, to economic reasons. 

With regard to heterogeneous catalysis, it is an alternative to 

the homogeneous catalysis of transesterification. The catalyst 

may be acidic or basic as in the homogeneous catalysis case.  

The real utility of heterogeneous catalysis lies in 

reducing the costs of neutralization at the reactor outlet. 

Indeed, the catalyst being solid, it does not have to be 

separated in a dedicated step, limiting polluted effluents 

leaving the process. The solid catalyst is often considered to 

be easily recoverable and reusable. On the other hand, these 

catalysts are less effective than homogeneous catalysts. 

Heterogeneous catalysis introduces among other things the 

problem of limitations by the transfer of matter. The triphasic 

nature of the problem, consisting of the alcohol phase, the oil 

phase and the catalytic solid phase, is also a brake on 

conversion and yield [8, 9]. The two preferred methods for 

the industrial production of biodiesel from oils are base-

catalyzed transesterification and acids. For against, biodiesel 

production catalyzed by an acid has received less attention 

because it is 400 times slower than the production using an 

alkali catalyst. Nevertheless, conversion of oils to acid-

catalyzed biodiesel is less sensitive to free fatty acids in the 

oil than the alkali-catalyzed process. In the conventional 

homogeneous process, removal of these catalysts is very 

difficult therefore conventional homogeneous catalysts 

should be replaced by environmentally friendly 

heterogeneous catalysts. The replacement of homogeneous 

catalysts with heterogeneous catalysts would have various 

advantages such as the ease of separating the catalyst from 

the reaction mixture, the purification of the product and the 

reduction of environmental pollutants [10, 11, 12, 13]. The 

resulting biodiesel must meet the ASTM standard. Ethyl 

esters and methyl esters have almost the same heat content 

[14]. The acidic catalysts commonly developed generally 

require more stringent temperature and pressure conditions 

than those required by homogeneous catalysts. In the same 

way, the molar ratios between alcohol and oil must be higher 

in order to reach the thermodynamic balance and to override 

the introduced limitations [15]. In return, they are less 

polluting and reduce production costs [8]. The basic catalysts 

used are generally metal oxides. They are more active than 

acid catalysts and require a shorter reaction time. Calcium 

oxide (CaO) in particular can be used, mainly because it does 

not require particularly severe conditions to be effective [8]. 

Studies have been conducted showing that it is possible to use 

calcium oxide from the calcination of calcium carbonates 

from eggshells or shells, making the process even more 

environmentally friendly [16, 17, 18]. Besides the processes 

by homogeneous and heterogeneous catalysis, there are two 

synthetic routes and less common still in development 

namely: syntheses with supercritical alcohol and syntheses by 

enzymatic catalysis. In fact, the transesterification with 

supercritical methanol makes it possible to modify the 

conventionally biphasic oil/alcohol system into a monophasic 

system. Indeed, the supercritical state of methanol decreases 

its dielectric constant, leading to the formation of a single 

phase [19]. The reaction is then extremely fast, and does not 

require catalyst addition, facilitating the separation steps. 

Indeed, under supercritical conditions, methanol itself 

becomes acidic, catalyzing the reaction [20]. The temperature 

must be high, as well as the pressure. In addition, the molar 

ratio between methanol and oil is also very high. The use of 

supercritical alcohols is possible with other alcohols, such as 

ethanol, propanol, butanol or even octanol [21]. In addition, 

enzymatic catalysis synthesis is still a flourishing and 

promising field. The main advantages of this method of 

synthesis are a simple separation of the products, a small 

quantity of process water, 
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 As regards the enzymatic catalysts, they are used in 

immobilized form (for example by adsorption on a resin or 

membrane) in order to maintain their catalytic activity and 

not to contaminate the final product, in which one could see 

the development of an enzymatic activity after the synthesis 

[23]. In addition, with enzymatic catalyzed reactions, further 

treatment of the wastewater is not necessary. The enzyme 

often used in the production of biodiesel is lipase. Indeed, 

there are two main problems regarding the effective use of 

lipase in the production of biodiesel. First, lipases are 

unstable in short chain alcohols. To avoid this problem, the 

amount of alcohol used must be below the solubility limit, so 

that it is not present as a separate phase. Staged addition of 

alcohol has been proposed to maintain the amount below the 

critical concentration. The use of an organic solvent has also 

been proposed as a means of increasing the alcohol 

concentration. Table 1 compares the various methods of 

transesterification. 

In addition, enzymes, unlike basic and acidic catalysts, 

are not pollutants[27]. However, enzymatic transesterification 

also has some disadvantages (Tables 3). Due to the ability of 

methanol to denature the catalyst, the enzymatic 

transesterification process requires the presence of a co-

solvent such as t-butanol or n-hexane [28, 29]. The presence 

of these solvents increases the solubility of the methanol in 

the reaction medium, thus decreasing the denaturation of the 

enzyme. However, the use of these solvents makes the 

process more expensive. Nevertheless, certain denaturation-

resistant enzymes, such as those produced by Candida 

antarctica can be used in the presence of methanol alone. 

During the transesterification of rapeseed oil in the presence 

of methanol and in the absence of co-solvent, lipase produced 

from Candida antarctica yielded methyl esters of 91% (m / 

m) [27, 30]. Another solution to avoid co-solvents is the use 

of long alkyl chain acceptors such as 1-butanol, 2-butanol, 

isobutanol or propanol [30]. The solubility of long alcohols 

chain such as propanol and butanol  

in oils (hydrophobic substrates) is higher than those of short 

alcohols chain such as methanol or ethanol. Yields of alkyl 

esters close to 100% (w / w) can be obtained in the presence 

of long-chain alcohols and in the absence of co-solvents [30], 

but these alkyl acceptors are more expensive. Various studies 

were conducted for transesterification with different catalysts, 

alcohols and molar ratios at different temperatures. The 

summary of these studies is shown in Table 2. 

According to Arzamendi et al. [42], the 

transesterification of sunflower oil in the presence of 

methanol (MeOH) and potassium carbonate (K2CO3) 

provides a yield of alkyl esters that can reach 100%. During 

this reaction, the amount of soap varies depending on the oil 

free fatty acid content, the type of catalyst and the reaction 

temperature [7]. For example, sodium hydroxide tends to 

induce a higher soap formation than that obtained with 

potassium hydroxide (KOH). Thus, if the oil has a free fatty 

acid content greater than 0.5 mg KOH / g-oil, it must be 

pretreated before basic transesterification in order to remove 

free fatty acids and thus avoid the formation of soap [57]. The 

soap formed during basic transesterification consumes the 

catalyst and prevents the separation of alkyl esters and 

glycerol [57, 58]. 

Thus, during basic transesterification, if the oil used is 

rich in free fatty acids, a step of oil deacidification is required 

either by using of alcohols [59] or by liquid-liquid extraction 

of free fatty acids [60]. However, this treatment increases the 

production costs of biodiesel. After the basic 

transesterification reaction, it is necessary to cool the reaction 

mixture to separate the glycerol from the biodiesel. The 

transesterification of waste oil in the presence of methanol 

and sodium hydroxide (NaOH) for a reaction time of 0.5 h 

gives a yield of methyl esters of 85% (w/ w) [32]. Even if the 

stoichiometric alcohol: triglyceride molar ratio is 3: 1, the 

basic transesterification reaction uses an excess of alcohol 

and the alcohol molar ratio to oil can vary between 5: 1 to 30: 

1 [61, 62]. 

Table 1. Comparison of various transesterification processes [24, 25, 26]. 
Process 

Caracteristic 

Basic 

transesterification  

Acid 

transesterification  

Enzymatic 

Transesterification  

Supercritical 

Transestérification  

Yield alkyls 

esters  

high (> 94%) high (> 94%) high (> 90%) high (> 95%) 

Reaction 

Temperature 

Moderate (50 – 

70°C) 

High (60 – 120) °C Low (30 – 60°C) High (200 at 280 °C) 

Ratio alcohol: 

oil  

Excess Alcohol, 

molar ratio (6 – 12 : 

1) 

High excess Alcohol, 

molar ratio (10 – 166 

: 1) 

Excess Alcohol, 

stoichiometrically 

ratio (3 – 4 : 1) 

High, 

 Molar ratio (methanol 

: brute oil) (40 : 1) 

Reaction time Fat (average to 4 h) Short (average to 12 

h) 

Short (average to 28 

h) 

Very short, fast 

(average to 7 à  15 

min) 

Catalyst Cheaper, 

low quantity 

 (1% w / w average) 

Cheaper; low 

Low quantity 

(1% w / w 

average) 

Expensive, moderate 

quantity (8% w / w 

average), deactivated 

because of the 

alcohol 

Without catalyst 

Energy 

consumption 

High, the product 

requires washing 

with hot water 

High, high reaction 

temperature 

Moderate  Low, high reaction 

temperature 

Product 

recovery 

Difficult, several 

purification steps 

Easy; the product 

does not require 

washing 

Easy, the product 

does not require 

washing 

biodiesel purification 

and glycerol recovery 

are much easier 

Environmental 

impacts 

Using high quantity 

of water to wash 

The process is 

corrosive; the acid 

catalyst is polluting 

Ecological, no step 

washing with 

necessary 

Using high quantity of 

water to wash 
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Table 2. Comparison of the different processes of transesterification. 
Basic Catalyst Oil / alcohol Molar ratio 

alcohol: Oil 

Operating 

condition 

Yield in alkyl 

esters 

(% m/m) 

References 

Transesterification in basic medium 

Sodium hydroxide (NaOH) Tournesol oil/ Methanol 6 :1 60°C ; 2h 97 [31]  

Frying oil/Methanol 7.5 : 1 70°C; 30 min 85 [32]  

Frying oil / Méthanol 6 : 1 65°C; 1.5 h 77 [33]  

Madhuaca 

Indica Oil/Methanol 

6 : 1 60°C; 2h 92 [34]  

Potassium hydroxide (KOH) Frying oil / Methanol 6 : 1 65°C; 2 h 94 [33]  

Pongamia 

Pinnata oil/Methanol 

10:1 60°C; 1h 30min -92 [35]  

Karanja oil/Methanol 06:01 65°C; 2h 98 [36]  

Colza oil/Methanol 06:01 65°C; 2h 96 [31]  

Potassium fluoride on europium 

oxide (KF/Eu2O) 

Colza oil / Methanol 12:01 65°C; 1h 92 [37]  

Potassium fluoride on aluminum 

oxide (KF/Al2O3) 

Palm oil/Methanol 12:01 65°C; 3h 90 [38]  

Calcium ethoxide (Ca(OCH2CH3)) Soybean oil / Ethanol 12:01 75°C; 3h 92 [39]  

Potassium iodide on oxide 

d'aluminium (KI/Al2O3) 

Soybean oil/ Methanol 15:01 65°C; 8h 96 [40]  

Potassium fluoride on zinc oxide 

(KF/ZnO) 

Palm oil / Methanol 11,4 : 1 65°C; 9,7h 89 [41]  

Potassium carbonate (K2CO3) Tournesol oil / Methanol 12:01 50°C; 7.5h 100 [42]  

Sodium carbonate (NaCO3) Tournesol oil/ Methanol 12:01 50°C; 7.5h 92 [42]  

Sodium phosphate (Na3PO4) Tournesol oil/ Methanol 12:01 50°C; 9h 90 [42]  

Calcium oxide (CaO) Tournesol oil / Methanol 12:01 50°C; 11.5h 97 [42]  

Potassium nitrate (KNO3) Soybean oil / Methanol 15:01 60°C; 7h 87 [40]  

Transesterification in acid medium 

Sulfuric acid (H2SO4) Soybean oil / Methanol 9 : 1 100°C; 12h 98 [43]  

atropha oil / Methanol 166 : 1 60°C; 24h 99 [44]  

Oil of Chlorella 

Pyrenoidosa/ Methanol 

164 : 1 110°C; 2h 95 [45]  

Used oils / Methanol 16 : 1 95°C; 10h 93 [46]  

S-ZrO2 Soybean oil / Methanol 20 : 1 120°C; 1h 98 [47]  

ZnO Oil of Pongamia 

Pinnata/ Methanol 

10 : 1 120°C; 24h 83 [35]  

Transesterification in enzymatic medium 

Novozim 435 

(C. antarctica) 

incubated 

Soybean oil / Methanol; 

Methyl acetate 

3 :1 30°C ; 3,5h ; 150 

rpm 

97 [48, 49, 50, 

51]  

Palm oil / Methanol 4 :1 45°C ; 24h 87 [52]  

Olive oil / Methanol 8 :1 60°C ; 100 rpm ; 

32h 

93 [53]  

Novozym et lipozyme TLIM (T. 

lanuginosa) 

Colza oil of / Methanol 4 :1 35°C ; 130 rpm ; 

12h 

95 [11]  

Oil of tournesol/ Methanol 24 :1 20MPa ; 40°C ; 30 

s 

99 [54]  

Novozym 388 

immobilized (A. oryzae) 

Oil of Colza/ Methanol 4 : 1 pH=6; 40°C; 24h 85 [55]  

Candida sp. 

99–125 

Rice oil / Methanol 4 : 1 40°C; 170 rpm; 

12h 

87 [56]  

Rhizopus oryzae 

(ROL) et Candida 

rugosa  (CRL) 

Soybean oil / Methanol 1,5 : 1 130 bar 

(supercritical); 

45°C; 250 rpm; 3h 

99 [11]  

Generally, the reaction temperature and the yield of alkyl 

esters during basic transesterification is high (generally above 

90%) (Table 2). 

The acidity and free fatty acid composition of fat has led 

researchers to use acid catalysts. In 1986, Freedman et al. 

[63] studied the transesterification of soybean oil with 

methanol using 1% by weight concentrated sulfuric acid. 

They found that at 65°C and a molar ratio of 30: 1 methanol 

to oil, it took 69 hours to obtain more than 90% oil 

conversion of the methyl esters. Canakci et al. [64] 

investigated the effects of the molar ratio of alcohol to 

soybean oil, reaction temperature, catalyst quantity and 

reaction time on conversion to esters by acid-catalyzed 

transesterification. They found that increased ester 

conversions could be obtained at higher molar ratios between 

alcohol and oil, increased reaction temperatures, increased 

sulfuric acid concentrations, and longer reaction times.  

In 2006, Wang et al. [46] studied the acid 

transesterification of  waste oils in the presence of methanol 

and sulfuric acid (H2SO4). This study enabled them to find a 

yield of 93% (w/w) methyl esters (temperature of 95°C, 

reaction time of 10 h and alcohol to oil molar ratio of 16: 1). 

On the other hand, during the acid transesterification of 

Chlorella pyrenoidosa in the presence of methanol and 

sulfuric acid (H2SO4), 95% (w/w) of the oil is transformed
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into biodiesel (at 90 ° C, during 2 hours and alcohol: oil 

molar ratio of 165: 1) [56]. The acid transesterification 

requires a higher alcohol excess than that used during the 

reaction in basic medium, alcohol molar ratios: oil of the 

basic transesterification and acid ranging between 5: 1 and 

30: 1 (basic) and between 9: 1 and 166: 1 (acid) (Tables 1 and 

2) The kinetics of acid-catalyzed transesterification with 

butanol was also studied [63]. Studies on the acid-catalyzed 

system have been very limited, and no commercial biodiesel 

plant has been described as using the acid-catalyzed process, 

despite its relatively slow reaction rate. The acid-catalyzed 

derivative has advantages in terms of its independence from 

free fatty acid content and the subsequent absence of a 

pretreatment step. These advantages favor the use of the acid 

catalyzed process when spent cooking oil is used as the raw 

material, which usually has free fatty acid contents of greater 

than 2% by weight [48, 64, 65]. This process is particularly 

suitable for raw materials such as unrefined or spent cooking 

oils that are rich in free fatty acids. This process does not 

require pretreatment of the oil with alkali to reduce its free 

fatty acid content. However, this transesterification process 

has drawbacks. It is very slow and requires a very high molar 

ratio methanol-oil (Table 3). Adding a large proportion of 

acid would burn the oil, reducing the overall biodiesel yield 

[66]. Another disadvantage of the acidic process is the 

temperature (generally between 60 and 120 ° C), higher than 

that required during basic transesterification (about 65 ° C) 

(Table 3). In acid transesterification, large part of alcohol are 

needed to use the lowest possible temperatures. For example, 

the transesterification temperature of jatropha oil in the 

presence of sulfuric acid (H2SO4) is low (60 ° C), but the 

excess alcohol is high (molar ratio alcohol: oil of 166: 1) [67]. 

Similarly, during the acidic transesterification of 

soybean, the molar ratio of alcohol to oil is low (9: 1), but the 

temperature is high (100 ° C). [43]. This process is rarely 

used in industry since acids such as sulfuric acid (the most 

used) are corrosive [68]. The different limits encountered 

when using transesterification processes in homogeneous and 

heterogeneous catalysis, gave rise to another type of catalyst 

such as enzymatic catalysis. Indeed, the enzymatic production 

of biodiesel has been the subject of extensive discussions in 

the literature. Shimada et al. [69] reported that biodiesel 

production increased with increasing methanol concentration 

to an oil-to-methanol ratio of 3: 1, and then decreased when 

the methanol concentration was further increased. The same 

observation was also made by Noureddini et al. [70] although 

the ratio is higher (7.5: 1). In general, it is widely accepted 

that the methanol completely dissolved in the substrate 

mixture must not inactivate lipases [11, 71, 69]. Proteins are 

generally unstable in short alcohols chain such as methanol 

and ethanol. Therefore, the lipases are inactivated by contact 

with insoluble methanol, which exists as drops in the oil.  To 

avoid this problem, the amount of methanol used must be less 

than its solubility limits in the oil. To achieve this goal, a 

gradual addition of methanol to maintain the quantity less 

than its solubility has been proposed [11, 69]. In addition, the 

use of organic solvent to dissolve methanol has also been 

suggested. However, this is not recommended as it requires 

the addition of a solvent recovery unit. Also, methyl acetate 

has been proposed to replace alcohols as an acyl acceptor for 

the production of biodiesel from soybean oil using Novozym 

435 [51]. Methyl acetate has been shown to have no negative 

effect on enzymatic activity after use. However, when the 

methanol was used at an appropriate concentration, its 

reaction rate remained much faster. Moreover, the use of 

alcohol in the supercritical phase for the conversion of oils 

into fatty acid esters comes to solve the disadvantages 

observed in other methods of transesterification. But the main 

disadvantage of this method of synthesis comes from the 

drastic operating conditions (temperatures of 300-350°C., 

pressures greater than 200 bars), the sizes of the necessary 

installations as well as their costs, putting a brake on the 

industrial use of the synthèse avec alcool supercritique [72, 

73[. The method is however adaptable with co-solvents such 

as carbon dioxide (CO2) or hexane and a catalyst, which 

makes it possible to reduce temperature conditions and molar 

ratios [74]. Supercritical transesterification is very fast and 

gives pure products without resorting to the separation of 

catalyst or soap, this reaction is sensitive to neither water nor 

free fatty acids which spares the pretreatment step.  

Table 3. Compares homogeneous, heterogeneous catalysis, supercritical alcohol use and basic enzyme catalysis in 

terms of advantages and disadvantages [7, 81]. 
Example of catalyst Advantages disadvantages 

Homogeneous 

Basic (NaOH, KOH) Low cost, speeds of 

High reaction, advantageous operating 

conditions, high activity. 

Incompatible with free fatty acids - formation of soaps, 

incompatible with water - formation of free fatty acids, 

polluted separation effects. 

Acid (H2SO4 concentrate) No soap formation, catalyzes the 

esterification of free fatty acids and the 

transesterification of glycerides 

simultaneously. 

Corrosion, polluted separation effects, low catalytic 

activity, high reaction temperature, long reaction time. 

Heterogeneous 

Basic (CaO, CaCo3, KOH-

Al2O3, Al2O3-KI, Zeolite 

ETS-10) 

Recyclable, non-corrosive, easy 

separation, better selectivity, long 

catalyst life cycle. 

Incompatible with free fatty acids -formation of soaps, 

incompatible with water-formation of free fatty acids, 

high molar ratio of alcohol / oil required, high 

temperature and high pressure, diffusional limitation, 

higher costs. 

Acid (ZnO-I2, ZrO2-SO4-2, 

Tio2-SO4-2,  solid catalysts 

based on carbon or 

carbohydrates) 

No soap formation, catalyzes the 

esterification of free fatty acids and the 

transesterification of glycerides 

simultaneously, recyclable. 

Low acid site concentration, low catalytic activity, 

diffusional limitations due to low microporosity, high 

cost. 

Supercritical 

Without catalyst Very low reaction time, no limitation to 

transfers due to uniqueness of phase, no 

catalyst to recycle. 

Drastic operating conditions (high temperature, high 

pressure, high molar ratios), high operating costs. 

Enzymatic 

Candida antartica, 

Pseudomonas fluorescens 

No parasitic reactions, easy separation, 

no pollutant. 

Risk of denaturation of the enzyme, very slow. 
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In addition this reaction can esterify free fatty acids [75, 

76, 77, 78]. During this reaction, a better conversion rate was 

noted when the temperature of the reaction was increased in 

the supercritical state and the methyl ester content increased 

with the molar ratio of the alcohol/oil [78, 77]. He et al. [77] 

conducted a supercritical transesterification reaction of 

soybean oil in the presence of methanol. They observed that 

from 310°C side reactions were triggered. In 2008, 

Permsuwan et al. [79] have tested the supercritical 

transesterification of palm oil at atmospheric pressure. They 

recorded a maximum oil conversion at 290°C after 5 hours, 

but the methyl ester content was 87%, which was far from the 

specification of the European standard EN 14214 [80]. They 

recorded at 250 ° C a 95% methyl esters but the conversion 

rate was 55% by weight. These different processes have 

advantages and disadvantages.Table 3 summarizes the 

advantages and disadvantages of the various 

transesterification processes with respect to the various 

catalysts used. 

Conclusion 

Biodiesel is a good alternative fuel for diesel engines 

because it is environmentally friendly and renewable. There 

are different methods of producing biodiesel, but the 

vegetable oil transesterification and fats is the method mostly 

used nowadays. Researchers are focusing more on producing 

biodiesel using edible oils, but their use for biodiesel 

production has contributed enormously to reducing its costs. 

It is an effective alternative with the potential to significantly 

improve the environment. Biodiesel is an excellent diesel 

alternative fuel and is probably the best solution to 

greenhouse gas and urban pollution problems. The major 

advantage of Biodiesel compared to other alternatives such as 

natural gas or electricity, is that it can be used without 

modification in various fuel-based applications especially in 

existing diesel engines. Governments should make full use of 

these biodiesel resources and ensure the international safety 

of diesel as a sustainable complement. The combustion 

characteristics of biodiesel are similar to those of diesel and 

the engine power of biodiesel is equivalent to that of diesel. 

In addition, the use of biodiesel in the diesel engine results in 

a drastic reduction in engine emissions. Therefore, based on 

this review, we concluded that biodiesel is a better renewable 

fuel for diesel. 
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