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ABSTRACT  

Transesterification is one of the methods for biodiesel production in which oil or fat is reacted with alcohol, such 
as methanol or ethanol, in the presence of a catalyst to form alkyl ester and glycerol. The cost of biodiesel production is 
mainly affected by the system used and cost of feedstock. Currently, waste oil or fat is used in the production of biodiesel 
as 70 to 90% of the production cost is attributed to raw materials. Alternatively, overall cost of production can also be 
reduced by optimizing the efficiency of catalyst used. Therefore, this review paper is aimed to give an overview on the 
recent trends of catalyzed transesterification and the advantages and disadvantages of heterogeneous acid/base, 
homogeneous acid/base, and enzymatic transesterification. Heterogeneous base catalyst is commonly used because of its 
reusability, easier to separate from product, higher reaction rate, lower cost, and require less energy as compared to acid-
catalyzed transesterification. However, heterogeneous base catalyst still suffers with the limitations of diffusion, possibility 
of saponification to occur, sensitive to FFA content and produce more wastewater. With intense research focus and 
development, an ideal catalyst can indeed be develop for optimum production of biodiesel that economically feasible and 
environmentally benign for a better future. 
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INTRODUCTION  

The dwindling reserve of conventional energy 
resources and their associated environmental problems 
have increased the awareness to seek for alternative 
renewable and sustainable resources for fuel production. 
The production of biofuel is now escalating as a 
replacement of fossil fuel.  

Biodiesel has become beguiling nowadays for its 
environmental benefits and it seems an apposite alternative 
fuels for future. It is made from renewable biological 
sources such as vegetable oils and animal fats. It is 
biodegradable and nontoxic, has low emission profiles and 
also environmentally beneficial [1]. The name of Biodiesel 
was introduced in the United States in 1992 by the 
National Soy diesel Development Board (presently 
National bio Diesel Board) which has pioneered the 
commercialization of biodiesel in United States [2]. 

Biodiesel is registered with the US 
Environmental Protection Agency as a pure fuel or as a 
fuel additive and is a legal fuel for commerce. Biodiesel is 
an alternative fuel which can be used in neat form or 
blended with petroleum diesel for use in compression 
ignition (diesel) engines. The specification for biodiesel is 
approved by the American Standards for Testing and 
Materials (ASTM) under code 6751 [3]. 
 
BIODIESEL PRODUCTION  

Imperative efforts have been made to develop 
vegetable oil derivatives that have the properties and 
performance of hydrocarbons-based diesel fuel, 
thereabouts. Singh & Singh (2010) mentioned that 
substitutes of triglycerides for diesel fuel are often 
associated with the problem of high viscosity, low vitality 
and polyunsaturated characters. The problem of high 

viscosity of vegetable oils has been approached in several 
ways such as preheating the oils, blending or dilution with 
other fuels, transesterification and thermal 
cracking/pyrolysis [4]. 

Demirbas (2009) agreed that transesterification 
method is the most viable process adopted known so far 
for the lowering of viscosity. Transesterification is defined 
as the reaction of a fat or oil with an alcohol in the 
presence of catalyst to form esters and glycerol. The 
byproduct, which is glycerol, has also commercial value. 
The physical characteristics of fatty acid methyl/ethyl ester 
are very close to those of petro-diesel fuel and the process 
is relatively simple. 
 
CATALYST 

In general, there are three categories of catalysts 
used for biodiesel production known as alkalis, acids and 
enzymes [5]–[7]. As compare to enzyme catalysts, alkali 
and acid catalysts are more commonly used in biodiesel 
production [1]. They were then categorized into 
homogeneous and heterogeneous catalysts. However, 
enzyme catalysts have become more attractive recently 
since it can avoid soap formation and the purification 
process is simple to accomplish. Nonetheless, Leung et al. 
(2010) stated that they are not commercially used because 
of the longer reaction times and higher cost. To reduce the 
cost, some researchers developed new biocatalysts in 
recent years. An advantage is that no purification is 
necessary for using these biocatalysts [8]–[10].  
 
Homogeneous base-catalyzed transesterification 

Homogeneous alkaline catalysts are more 
preferable and commonly used since transesterification 
reaction using its acid counterpart has slower rate [11]. 
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The most common basic catalysts are potassium hydroxide 
(KOH), potassium methoxide (KOCH3), sodium 
hydroxide (NaOH), sodium methoxide (NaOCH3), and 
sodium ethoxide (NaOCH2CH3) [12] [13], [14]. These 
catalysts are commonly used because of several 
advantages such as able to catalyze reaction at low 
reaction temperature and atmospheric pressure, high 
conversion in shorter time, and economically available 
[12]. Sodium methoxide (NaOCH3) and potassium 
methoxide (KOCH3) are better catalyst than sodium 
hydroxide (NaOH) and potassium hydroxide (KOH) due 
to the ability to dissociate into CH3O- and Na+ and CH3O- 
and K+ respectively when comparing on biodiesel yield 
[14].  Alkaline catalyst is more commonly used in 
commercial biodiesel production because it do not form 
water during transesterification reaction [15]. 

NaOH and KOH are the most common 
homogeneous base catalyst in biodiesel production. Table 
1 listed reports that used NaOH and KOH in their works. 
The highest biodiesel yield produced by Calophyllum 
inophyllum was reported by Silitonga et al. (2014) with 
98.53% by using 1 wt% KOH and 9:1 methanol to oil 
ratio. Silva, Camargo, and Ferreira (2011) reported 95% of 
biodiesel yield from soybean oil by using NaOH with 1.3 
wt% catalyst loading and ethanol to oil ratio of 9:1. 
 
Homogeneous acid-catalyzed transesterification 

Waste oils contain free fatty acids which cannot 
be converted to biodiesel using an alkaline catalyst. These 
FFAs will produce soap that inhibit the separation of the 
ester, glycerin, and wash water when react with an alkaline 
catalyst [5]. Hence, liquid acid-catalyzed 
transesterification is proposed in order to overcome lots of 
conundrum caused by liquid base catalysts. Sulfuric acid, 
sulfonic acid, hydrochloric acid, organic sulfonic acid, and 
ferric sulphate are most commonly acids used as catalysts 
in transesterification [14]. In the production of biodiesel, 
hydrochloric acid and sulfuric acid are favoured as catalyst 
[12].  Despite of its insensitivity to FFA in the feedstock 
and can catalyzes esterification and transesterification 
simultaneously, acid catalyst has been less popular in 
transesterification reaction because it has relatively slower 
reaction rate [16, 17, 18]. Thus, alcohol to oil molar ratio 
is the main factor influencing the reaction. Addition of 
excess alcohol can speeds up the reaction and favours the 
formation biodiesel product. The steps involve during 
acid-catalyzed transesterification are initial protonation of 
the acid to give an oxonium ion followed by the oxonium 
ion and an alcohol undergo exchange reaction to give the 
intermediate which later loses a proton to become an ester 
[14]. 

In a study of acid-catalyzed transesterification of 
sunflower oil using HCl as listed in Table 1, Sagiroglu et 
al. (2011) reported 95.2% of biodiesel yield with 100˚C 
reaction temperature and 1.85 wt% catalyst loading. Cao 
et al. (2013) used H2SO4 in the acid-catalyzed 
transesterification with 0.5 wt% catalyst loading reported 
92.5% biodiesel yield from Chlorella pyrenoidosa. 

Heterogeneous base-catalyzed transesterification 
Numbers of research have been conducted on 

heterogeneous catalysts to overcome the problems caused 
by homogeneous catalyst in biodiesel production. Most of 
the heterogeneous catalysts developed for production of 
biodiesel are either alkaline oxide or alkaline earth metal 
oxide supported over large surface area (Helwani, et al., 
2009). Heterogeneous basic catalysts are more active than 
heterogeneous acid catalyst, similar to their homogeneous 
counterparts [17]. In addition, solid alkaline catalysts, for 
instance, calcium oxide (CaO) provide many advantages  
such as higher activity, long catalyst life times, and could 
run in moderate reaction condition [18]. Nonetheless, CaO 
as catalyst can also slow down the reaction rate of 
biodiesel production [19]. Notwithstanding, reaction of 
CaO with glycerol can leach out calcium diglyceroxide 
during transesterification which result in necessity of an 
extra purification step such as ion exchange resin to 
remove the soluble content in the biodiesel (Gryglewicz, 
1999; Kouzu et al., 2008; Kouzu et al., 2009). Table 1 lists 
some of the reaction conditions for various types of 
heterogeneous base catalysts in transesterification of lipid. 
The highest biodiesel yield was reported by Nakatani et al. 
(2009) with 96.5% obtained from soybean oil by using 
oyster shells as catalyst. The transesterification was done 
in 65˚C using methanol as alcohol with ratio of 6:1 and 25 
wt% catalysts loading for 5 hours reaction. Viriya-empikul 
et al. (2012) and Wei et al. (2009) both reported 
transesterification by using eggshells as catalyst which is 
the closest comparison to this study. Viriya-empikul et al. 
(2012) obtained 94.1% biodiesel yield from palm olein oil 
when the transesterification was done in 60˚C for 2 hours 
with methanol to oil ratio of 15:1 and 10 wt% catalysts 
loading. Whilst Wei et al. (2009) reported 95% biodiesel 
yield on soybean oil. The reaction was conducted in 65˚C 
for 3 hours and the methanol to oil ratio was 9:1 with 3 
wt% catalysts loading. 

Most of the literature reported on heterogeneous 
base catalyst used lower reaction temperature (<65˚C). As 
a matter of fact, temperature above 70˚C will resulted in 
lower yield as methanol evaporates at 65˚C [22]. 
Furthermore, base-catalyzed transesterification was proved 
to have higher reaction rate as compared to acid-catalyzed 
transesterification which need more vigorous reaction 
condition including higher temperature during 
transesterification [12]. 
 
Heterogeneous acid-catalyzed transesterification 

Despite of the effectiveness of homogeneous acid 
catalyst, it can lead to absolute contamination problems 
which require good separation and product purification 
processes [11]. This will be resulted in higher production 
cost. It is believed that heterogeneous acid catalysts have 
the potential as alternative to homogeneous acid catalysts. 
Some of advantages of heterogeneous acid catalyst are 
insensitive to FFA content, can simultaneously conduct 
esterification and transesterification, eliminate the washing 
step of biodiesel, simpler separation process of catalyst 
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from product, regenerating and reusing the catalyst is 
possible and also reduce the corrosion problems [12], [23], 
[16], [24], [25]. In addition, solid acid catalysts are 
preferred over liquid acid catalysts due the fact that they 
contain a multiple sites with different strength of Bronsted 
or Lewis acidity [14], [26]. Bronsted acid catalysts have 
the advantage of promoting simultaneous esterification 
and transesterification with the use of cheaper feedstock 
containing high concentration of free fatty acids [27]. A 
Lewis acid site is more active as compared to Bronsted but 
is at risk to poisoning from water and/or free fatty acids. 
Generally said, the low activity of acid catalysts relative to 
the counterpart basic ones is due to different reaction 
mechanism. However, efforts to utilizing heterogeneous 
acid catalyst for transesterification of triglycerides are 
limited due to daunting point of view for its low reaction 
rates and possible adverse side reaction [26]. 
Consequently, the mechanisms and factors influence the 
reactivity of the solid acid catalysts have not fully 
understood. 

Not many works were reported on heterogeneous 
acid catalyst as compared to heterogeneous base catalyst. 
Types of solid acid catalysts that were commonly used in 
esterification and transesterification reaction works 
include tungsten oxides, sulphonated zirconia (SZ), 
sulphonated saccharides, Nafionl resins, and 
organosulphoric functionalized mesoporous silicas [28]. 
Some of the reaction conditions using heterogeneous acid 
catalyzed transesterification are listed in Table 1. Muthu et 
al. (2010) reported 95% biodiesel yield from Neem oil by 
using sulphated zirconia as solid acid catalyst and 
methanol to oil ratio of 9:1. Comparing to Shu et al. 
(2010), biodiesel yield from waste vegetable oil was 
reported 94.8% by using carbon-based solid acid as 
catalyst and methanol for alcohol. Brucato et al. (2010) 
used titanium-doped amorphous zirconia as heterogeneous 
acid catalyst and obtained 65% biodiesel yield from 
rapeseed with higher methanol to oil ratio (40:1). 
 
Enzyme (Biocatalyst) catalyzed transesterification 

Enzymatic transesterification has drawn 
researcher’s attention due to the downstream processing 
problem posed by chemical transesterification. Huge 
amount of wastewater generation and difficulty in glycerol 
recovery are some of the problems that eventually increase 
the overall production cost of biodiesel and being not 
environmental benign. In contrast, enzyme catalysis 
occurs without the generation of by-products, easy 
recovery product, mild reaction condition, insensitive to 
high FFA oil and catalyst can be reuse [23]. Thus, enzyme 
catalyzed biodiesel production has proven to have high 
potential to be an eco-friendly process and a promising 
alternative to the chemical process. However, enzyme 
catalyzed biodiesel production has some limitations 
especially when implemented in industrial scale because 
of high cost of enzyme, slow reaction rate and enzyme 
deactivation [29].  

Lipase is often used in enzymatic catalyzed 
transesterification. Table-1 listed some of works reported 
on lipase as biocatalyst in transesterification of biodiesel. 
Simões et al. (2015) reported the highest yield of biodiesel 
by using babassu oil with 96.0%. The transesterification 
reaction was done by immobilized lipase on SiO2. Lipase 
can also be immobilized on crystalline PVA as reported by 
Bergamasco et al. (2013). Bergamasco et al. (2013) 
reported 66.3% of biodiesel by using soybean oil and 
ethanol as alcohol with ratio 6:1. In comparison, work 
done by Chen et al. (2011) used methanol with the ratio to 
oil of 4:1 reported higher biodiesel yield compared to 
Bergamasco et al. (2013) with 83.31% FAME by using 
also soybean oil. 
 
Waste-derived heterogeneous catalyst 

The use of heterogeneous catalyst is promising to 
reduce the present high production cost of biodiesel 
making it competitive with petro-diesel fuels. Therefore, 
research is being directed towards the development of 
environmental friendly and cost-effective heterogeneous 
catalyst for biodiesel production. In order to make the 
biodiesel production more sustainable, the utilization of 
waste heterogeneous catalysts has become recent interest.  

The alkaline earth metal oxides such as MgO, 
CaO, and SrO have the high activity for using in the 
typical process which at low temperature and under 
atmospheric pressure condition. Among the alkaline earth 
metal oxides, CaO is close on the environmental material. 
Generally, Ca(NO3)2, CaCO3, or Ca(OH)2 is the raw 
material to produce CaO catalysts (Cho et al., 2009). As 
alternative way to synthesize CaO catalyst, there are 
several natural calcium sources from wastes, such as 
eggshell, mollusk shell, and bone. Not only eliminating a 
waste management cost, but also the catalysts with high 
cost effectiveness can be simultaneously achieved for 
biodiesel industry. 

The shells of oysters and chicken eggs have been 
evaluated as effective catalysts to convert vegetable oil to 
methyl ester [31]. Nakatani et al. (2009) showed that by 
using 25 wt% of thermally activated (at 700˚C) oyster 
shell at 6:1 methanol:oil molar ratio, the yield of biodiesel 
production is over 70% and purity of 98.4% was achieved 
in a 5h reaction time. The conversion at a moderate 6:1 
(methanol:oil) ratio was achievable at the expense of a 
higher catalyst and longer reaction time. Soybean oil was 
transesterified with 3 wt% of calcined egg shell at 1000˚C 
to obtain over 95% yield in 3h reaction time with the 
conditions of 9:1 methanol:oil molar ratio and a 65˚C 
reaction temperature [33]. In addition, Wei et al. (2009) 
found that the waste catalyst is capable of being reused up 
to 13 times without much loss in the activity.  

High active, reusable solid catalyst was obtained 
by calcining eggshell. Calcined eggshell exhibited high 
activity towards the transesterification of vegetable oil 
with methanol to produce biodiesel. The method of 
reusing eggshell waste to prepare catalyst could recycle 
the waste, minimizing contaminants, reducing the cost of 
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catalyst, and making the catalyst environmental friendly. 
In fact, this high efficient and low-cost eggshell catalyst 
could make the process of biodiesel production economic 
and fully ecologically friendly. The ecologically friendly 
and economic process could effectively reduce the 
processing cost of biodiesel, making it competitive with 
petroleum diesel [33]. Low-cost catalyst could be used in a 
large-scale industrial process of biodiesel, making the 
process cheap and ecologically benign. In addition to 
biodiesel production, such environmentally benign 
eggshell-derived catalysts should find application in a 
wide range of other base-catalyzed important organic 
reactions. 

These catalysts have very high commercial 
prospects, especially in biodiesel industries, as they can be 
equipped at nominal cost from the waste materials 
reducing the biodiesel production cost and making it 
competitive with petroleum diesel. Sanjay (2013) 
mentioned that easy availability, biodegradability and 
environmental acceptability are three factors in favor of 
the catalysts as their large scale use will cause no disposal 
problem as of the fact they are reusable for several 
reaction cycles. These catalysts are considered as green-
catalyst which is derived from renewable biomasses and 
the biodiesel production is also a promising green 
technology. 

 
Table-1. Comparisons of reactions conditions for various types of catalysts. 

 

Catalyst 

Reaction conditions 

Biodiesel yield Remarks Reference Temp, 
˚C 

Type of 
alcohol 

(alcohol to 
oil molar 

ratio) 

Catalyst 
loading, 

wt % 

Reaction 
time, h 

Mixing, 
rpm 

Homogeneous base catalyst 

Sodium 
hydroxide 
(NaOH) 

40 Ethanol (9:1) 1.3 1.33 - Soybean oil, 95% 
Batch 
reactor 

[35] 

Sodium 
hydroxide 
(NaOH) 

55 
Methanol 

(3:1) 
0.5 2 250 

Waste soybean 
cooking oil, 68.5% 

Shake flask [36] 

Sodium 
hydroxide 
(NaOH) 

60 
Methanol 
(475:1) 

0.1 1 - Rapeseed, 88.8% Soxhlet [37] 

Potassium  
hydroxide 

(KOH) 
60 

Methanol 
(4:1) 

0.1 1 550 
Pongamia pinnata 

seeds, 98.5% 
- [38] 

Potassium  
hydroxide 

(KOH) 
50 

Methanol 
(6:1) 

0.075 5 800 Jatropha seed, 87% 

Three-
necked 
round 

bottom flask 
equipped 

with reflux 
system 

[39] 

Potassium  
hydroxide 

(KOH) 
55 

Methanol 
(9:1) 

1 1 - 
Calophyllum 
inophyllum, 

98.53% 
- [40] 

Sodium 
methoxide 
(NaOCH3) 

50 
Methanol 

(6:1) 
0.75 0.5 - 

Sesamum indicum 
L. seed oil, 87.8% 

Batch 
reactor 

[41] 

Heterogeneous base catalyst 

Bone 60 
Methanol 

(20:1) 
18 4 600 

Rapeseed oil, 96% 
Peanut oil, 94% 

Batch 
reactor 

[29] 

Rice Husk 65 
Methanol 

(24:1) 
4 3 300 Soybean oil, 99.5% Shake flask [42] 

Snail shells 60 
Methanol 
(6.03:1) 

2 7 - 
Waste frying oil, 

99.58% 
- [43] 

- Eggshells 
- Snail shells 

60 
Methanol 

(15:1) 
10 2 - 

Palm olein oil, 
94.1% 

Palm olein oil, 
- [44] 
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- Venus shells 93.2% 
Palm olein oil, 

92.3% 

Vegetable oil 
asphalt 

220 
Methanol 
(16.8:1) 

0.2 4.5 - 
Vegetable oil, 

94.8% 
- [45] 

Oyster shells 65 
Methanol 

(6:1) 
25 5 - Soybean oil, 96.5% 

Magnetic 
stirrer 

[32] 

Eggshells 65 
Methanol 

(9:1) 
3 3 - Soybean oil, 95% - [46] 

Homogeneous acid catalyst 

Hydrochloric 
acid (HCl) 

100 Methanol 1.85 1 - 
Sunflower oil, 

95.2% 
- [47] 

Sulfuric acid 
(H2SO4) 

120 
Methanol 

(40:1) 
0.5 3 - 

Chlorella 
pyrenoidosa, 

92.5% 
- [48] 

Sulfuric acid 
(H2SO4) 

50 
Methanol 

(6:1) 
3 1 - 

Vegetable oil by 
product, >90% 

Reflux 
condenser 

reactor 
[49] 

Heterogeneous acid catalyst 

Titanium-doped 
amorphous 

zirconia 
245 

Methanol 
(40:1) 

11 - - Rapeseed oil, 65% - [50] 

Sulfated 
zirconia 

65 
Methanol 

(9:1) 
1 2 - Neem oil, 95% - [51] 

Carbon-based 
solid acid 
catalyst 

220 
Methanol 
(16.8:1) 

0.2 4.5 - 
Waste vegetable 

oil, 94.8% 
- [45] 

Enzyme catalyst 

Lipase 52.1 
Methanol 

(4:1) 
- - - 

Soybean oil, 
83.31% 

Continuous 
packed bed 

reactor 
[52] 

Immobilized 
lipase on SiO2 

50 
Ethanol 
(12:1) 

- 11 - Babassu oil, 96.0% 
Continuous 
packed bed 

reactor 
[53] 

Immobilized 
lipase on 

crystalline PVA 
37 Ethanol (6:1) 4 72 - Soybean oil, 66.3% - [54] 

 
ADVANTAGES AND DISADVANTAGES OF 
HOMOGENEOUS AND HETEROGENEOUS 
CATALYST 

The advantages and disadvantages of 
homogeneous and heterogeneous catalyst are discussed in 
Table-2. In general, there are three types of catalyzed 
transesterification namely alkali-catalyzed, acid-catalyzed, 
and enzymatic transesterification. Enzyme catalysts are 
more attractive recently for its simpler purification process 
and it can avoid saponification. However, the drawbacks 
are high in cost and longer reaction time required. 

On the other point, alkali and acid catalysts are 
more commonly used in transesterification because of 
their availability. Alkali and acid catalysts consist of 
homogeneous and heterogeneous types. Sodium hydroxide 
and potassium hydroxide are two most popular 
homogeneous base catalysts used in transesterification due 
to low cost and widely available [37-42]. Alkali-catalyzed 

transesterification is considered as economical because the 
process can be carried out in low temperature and pressure 
environment with high yield. On the other hand, 
heterogeneous alkali catalysts are preferable for easier 
separation process. Nonetheless, acid catalysts are used 
because they can avoid saponification and their 
performance is insensitive to FFA content [11]. 
Homogeneous acid catalysts that are commonly used 
include hydrochloric acid and sulphuric acid [49-51]. Even 
though homogeneous acid catalysts transesterification is 
effective, it leads to serious contamination problems which 
require good separation and purification process of the 
product. To overcome the limitation, heterogeneous acid 
catalyst is used. The appropriate heterogeneous catalysts 
can be applied in the transesterification system to simplify 
the product separation and purification consequently 
reducing waste generation. 
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Table-2. Advantages and disadvantages of different types of catalyst used in transesterification. 
 

Type of catalyst Advantages Disadvantages 

Homogeneous base catalyst - Do not form water during 
transesterification reaction [14] 

- 4000 times faster reaction rate than acid-
catalyzed transesterification [12], [14] 
- Two-step alkaline-catalyzed 

transesterification from used vegetable oil 
is an economic method for biodiesel 

production [13] 
- Reaction can occur at mild reaction 

condition and thus less energy required 
[12], [14] 

- NaOH and KOH are economically feasible 
and widely available [12] 

- Sensitive to FFA content in the oil [12] 
- Saponification can occur if the FFA 

content in the oil is more than 2 wt.% [12] 
- Saponification will decrease the biodiesel 

yield and cause problem during product 
purification [12], [14] 

- Produce more wastewater from purification 
[55] 

 

Heterogeneous base catalyst - Reusable [47] 
- Easy to separate from product [47] 

- Relatively faster reaction rate than acid-
catalyzed transesterification [12] 

- Reaction can occur at mild reaction 
condition and relatively lower energy [12] 

- Long catalyst life times [14] 

- Poisoning of the catalyst when exposed to 
ambient air [12] 

- Sensitive to FFA content in the oil due to its 
basicity property [12] 

- Saponification can occur if the FFA content 
in the oil is more than 2 wt.% [12] 

- Saponification will decrease the biodiesel 
yield and cause problem during product 

purification [12], [14] 
- Higher molar ratio of alcohol to oil [55] 

- Produce more wastewater from purification 
[55] 

- Diffusion limitation [55] 
 

Homogeneous acid catalyst - Insensitive to FFA and water content in the 
oil [11] 

- Preferred-method if low-grade oil is used 
[12] 

- Esterification and transesterification occur 
simultaneously [12] 

- Saponification can be avoided [55] 
- Produce high yield of biodiesel [14] 

- Low reaction rate [12], [14], [55] 
- Can lead to equipment corrosion [12], [55] 
- Harder separation of catalyst from product 

[12] 

Heterogeneous acid catalyst - Insensitive to FFA and water content in the 
oil [11] 

- Preferred-method if low-grade oil is used 
[12] 

- Esterification and transesterification occur 
simultaneously [12] 

- Easy separation of catalyst from product 
[12] 

- High possibility to reuse and regenerate the 
catalyst [12], [13] 

- Recyclable [55] 

- Low reaction rates [12], [14], [55] 
- Unfavourable side reaction 

- Higher cost [55] 
- High reaction conditions and longer 

reaction times [14], [55] 
- More energy requirement [12] 

- Leaching of catalyst active sites may result 
to product contamination [12] 

Enzyme catalyst - Prevent saponification [55] 
- Only simple purification step is required 

[23], [55] 
- Environmental friendly and nonpolluting 

[14] 

- Very slow reaction rate [12] 
- High cost [12], [55] 

- Sensitive to alcohol, typically methanol that 
can deactivate the enzyme [29] 

- Inactivation and denaturation of enzyme 
can lead to decreasing yield of biodiesel 

[16], [55] 

 
CONCLUSIONS 

Biodiesel is a non-toxic, renewable, 
biodegradable, and more environmental friendly fuel 
which appears to be an alternative fuel to petro-diesel 

counterpart [12], [56]. Biodiesel has become increasingly 
attractive for its environmental benefits and the fact that it 
is made from renewable sources. Currently, esterification 
and transesterification is the most commonly applied 
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method to synthesize biodiesel [12], [56]. Edible and non-
edible vegetable oils or animal fats are generally used in 
transesterification to react with alcohols in the presence of 
catalyst. However, the prices of these oils and fats are high 
which make the overall production cost increased. As an 
alternative, many studies were done to develop low cost 
catalysts to reduce the production cost. Several catalysts 
such as homogeneous/heterogeneous acid catalysts, 
homogeneous/heterogeneous base catalysts and 
biocatalysts (enzymes) have been studied and applied in 
the synthesis of biodiesel. Base-catalyzed 
transesterification is commonly used in commercial 
production because of high FAME yield in short reaction 
time and the reaction can be done in mild conditions as 
compared to acid-catalyzed transesterification [12], [14], 
[56]. It was reported that acid-catalyzed transesterification 
needs higher alcohol to oil molar ratios despite of it is the 
preferable method when low-grade oil is used [12]. 

Transesterification using heterogeneous base 
catalysts are found to be cost effective because of its 
reusability, widely available, easy to separate from product 
and longer life time [12], [14], [47]. However, the use of 
solid alkaline catalysts needs to be thoroughly explored 
and developed to reduce saponification and overcome the 
diffusion limitations consequently produce better yield. 

Development of enzyme catalysts is necessary to 
have a more environmental friendly process and fulfil the 
environmental needs.  The process has potential to 
produce high quality product which can compete with 
petro-diesel fuel [14]. The concern of global warming 
inaugurated the demand of biodiesel over petro-diesel fuel. 
It is foreseeable that biodiesel usage would develop at a 
fast pace and thus trigger the need to find more 
sophisticated methods with both economical and 
environmental friendly to produce biodiesel. 
 
REFERENCES 
 
[1] F. Ma and M. A. Hanna, “Biodiesel production : a 

review,” vol. 70, pp. 1-15, 1999. 

[2] S. P. Singh and D. Singh, “Biodiesel production 
through the use of different sources and 
characterization of oils and their esters as the 
substitute of diesel: A review,” Renew. Sustain. 
Energy Rev., vol. 14, no. 1, pp. 200–216, January 
2010. 

[3] US Environmental Protection Agency and American 
Standards, “Biodiesel Definition and Benefits,” Tri-
State Biodiesel, pp. 2-3. 

[4] K. Pramanik, “Properties and use of jatropha curcas 
oil and diesel fuel blends in compression ignition 
engine,” vol. 1, pp. 239–248, 2002. 

[5] M. Canakci and J. Van Gerpen, “Biodiesel Production 
via Acid Catalysis,” Trans Am Soc Agric Eng, vol. 
42, pp. 1203–1210, 1999. 

[6] L. Nelson, T. Foglia, and W. Marmer, “Lipase-
catalyzed production of biodiesel,” J. Am. Oil. Chem. 
Soc., vol. 73, pp. 1191–1195, 1996. 

[7] Y. Shimada, Y. Watanabe, T. Samukawa, A. 
Sugihara, H. Noda, H. Fukuda, and Y. Tominaga, 
“Conversion of vegetable oil to biodiesel using 
immobilized Candida antarctica lipase,” J. Am. Oil 
Chem. Soc., vol. 76, no. 7, pp. 789–793, July 1999. 

[8] H. Fukuda, A. Kondo, and H. Noda, “Biodiesel fuel 
production by transesterification of oils,” J Biosci 
Bioeng, vol. 92, pp. 405–16, 2001. 

[9] M. Kaieda, T. Samukawa, T. Matsumoto, K. Ban, A. 
Kondo, and Y. Shimada, “Biodiesel fuel production 
from plant oil catalyzed by Rhizopus oryzae lipase in 
a water-containing system without an organic 
solvent,” J Biosci Bioeng, vol. 88, pp. 627–31, 1999. 

[10] T. Matsumoto, S. Takahashi, M. Kaieda, M. Ueda, A. 
Tanaka, H. Fukuda, and A. Kondo, “Yeast whole-cell 
biocatalyst constructed by intracellular 
overproduction of Rhizopus oryzae lipase is 
applicable to biodiesel fuel production,” Appl. 
Microbiol. Biotechnol., vol. 57, no. 4, pp. 515–520, 
November 2001. 

[11] E. Lotero, Y. Liu, D. E. Lopez, K. Suwannakarn, D. a. 
Bruce, and J. G. Goodwin, “Synthesis of Biodiesel via 
Acid Catalysis,” Ind. Eng. Chem. Res., vol. 44, no. 
14, pp. 5353–5363, July 2005. 

[12] M. K. Lam, K. T. Lee, and A. R. Mohamed, 
“Homogeneous, heterogeneous and enzymatic 
catalysis for transesterification of high free fatty acid 
oil (waste cooking oil) to biodiesel: a review.” 
Biotechnol. Adv., vol. 28, no. 4, pp. 500–18, 2010. 

[13] K. Narasimharao, A. Lee, and K. Wilson, “Catalysts 
in Production of Biodiesel: A Review,” J. Biobased 
Mater. Bioenergy, vol. 1, no. 3, pp. 1-12, December 
2007. 

[14] I. M. Atadashi, M. K. Aroua, a. R. Abdul Aziz, and N. 
M. N. Sulaiman, “The effects of catalysts in biodiesel 
production: A review,” J. Ind. Eng. Chem., vol. 19, 
no. 1, pp. 14-26, January 2013. 



                               VOL. 11, NO. 1, JANUARY 2016                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        446 

[15] Y. C. Sharma and B. Singh, “Development of 
biodiesel from karanja, a tree found in rural India,” 
Fuel, vol. 67, pp. 1740–1742, 2008. 

[16] Z. Helwani, M. R. Othman, N. Aziz, W. J. N. 
Fernando, and J. Kim, “Technologies for production 
of biodiesel focusing on green catalytic techniques: A 
review,” Fuel Process. Technol., vol. 90, no. 12, pp. 
1502–1514, Dec. 2009. 

[17] G. Arzamendi, I. Campoa, E. Arguinarena, M. 
Sanchez, M. Montes, and L. M. Gandia, “Synthesis of 
biodiesel with heterogeneous NaOH/alumina 
catalysts: comparison with homogeneous NaOH,” 
Chem. Eng. J., vol. 134, pp. 123-130, 2007. 

[18] M. Kouzu, T. Kasuno, M. Tajika, Y. Sugimoto, S. 
Yamanaka, and J. Hidaka, “Calcium oxide as a solid 
base catalyst for transesterification of soybean oil and 
its application to biodiesel production,” Fuel, vol. 87, 
no. 12, pp. 2798–2806, Sep. 2008. 

[19] T. L. Chew and S. Bhatia, “Catalytic processes 
towards the production of biofuels in a palm oil and 
oil palm biomass-based biorefinery,” Bioresour. 
Technol., vol. 99, no. 17, pp. 7911–7922, 2008. 

[20] S. Gryglewicz, “Rapeseed oil methyl esters 
preparation using heterogeneous catalysts,” Bioresour. 
Technol., vol. 70, no. 2, pp. 249–253, 1999. 

[21] M. Kouzu, S. Yamanaka, J. Hidaka, and M. 
Tsunomori, “Heterogeneous catalysis of calcium 
oxide used for transesterification of soybean oil with 
refluxing methanol,” Appl. Catal. A Gen., vol. 355, 
no. 1–2, pp. 94–99, Feb. 2009. 

[22] S. S. Jagadale and L. M. Jugulkar, “Review of 
Various Reaction Parameters and Other Factors 
Affecting on Production of Chicken Fat Based 
Biodiesel,” Int. J. Mod. Eng. Res., vol. 2, no. 2, pp. 
407–411, 2012. 

[23] M. G. Kulkarni and A. K. Dalai, “Waste Cooking Oil 
s An Economical Source for Biodiesel : A Review,” 
Ind Eng Chem Res, vol. 45, pp. 2901–2913, 2006. 

[24] D. E. López, J. G. Goodwin, D. a. Bruce, and E. 
Lotero, “Transesterification of triacetin with methanol 
on solid acid and base catalysts,” Appl. Catal. A Gen., 
vol. 295, no. 2, pp. 97-105, Nov. 2005. 

[25] M. Di Serio, R. Tesser, L. Pengmei, and E. 
Santacesaria, “Heterogeneous Catalysts for Biodiesel 

Production,” Energy and Fuels, vol. 22, no. 1, pp. 
207-217, Jan. 2008. 

[26] Z. Helwani, M. R. Othman, N. Aziz, J. Kim, and W. J. 
N. Fernando, “Solid heterogeneous catalysts for 
transesterification of triglycerides with methanol: A 
review,” Appl. Catal. A Gen., vol. 363, no. 1-2, pp. 1-
10, Jul. 2009. 

[27] E. Santacesaria, G. M. Vicente, M. Di Serio, and R. 
Tesser, “Main technologies in biodiesel production: 
State of the art and future challenges,” Catal. Today, 
vol. 195, no. 1, pp. 2-13, Nov. 2012. 

[28] S. G. Chopade, K. S. Kulkarni, A. D. Kulkarni, and N. 
S. Topare, “Solid heterogeneous catalysts for 
production of biodiesel from trans-esterification of 
triglycerides with methanol : a review,” Acta Chim. 
Pharm. Indica, vol. 2, no. 1, pp. 8–14, 2012. 

[29] A. Bajaj, P. Lohan, P. N. Jha, and R. Mehrotra, 
“Biodiesel production through lipase catalyzed 
transesterification: An overview,” J. Mol. Catal. B 
Enzym. vol. 62, no. 1, pp. 9-14, Jan. 2010. 

[30] Y. B. Cho, G. Seo, and D. R. Chang, 
“Transesterification of tributyrin with methanol over 
calcium oxide catalysts prepared from various 
precursors,” Fuel Process Technol, vol. 90, pp. 1252-
1258, 2009. 

[31] P. L. Boey, G. P. Maniam, and S. A. Hamid, 
“Performance of calcium oxide as a heterogeneous 
catalyst in biodiesel production: A review,” Chem. 
Eng. J., vol. 168, no. 1, pp. 15–22, Mar. 2011. 

[32] N. Nakatani, H. Takamori, K. Takeda, and H. 
Sakugawa, “Transesterification of soybean oil using 
combusted oyster shell waste as a catalyst.” 
Bioresour. Technol., vol. 100, no. 3, pp. 1510–3, Feb. 
2009. 

[33] Z. Wei, C. Xu, and B. Li, “Application of waste 
eggshell as low-cost solid catalyst for biodiesel 
production.” Bioresour. Technol., vol. 100, no. 11, pp. 
2883–5, Jun. 2009. 

[34] B. Sanjay, “Heterogeneous Catalyst derived from 
Natural Resources for Biodiesel Production : A 
Review,” Res. J. Chem. Sci., vol. 3, no. 6, pp. 95–101, 
2013. 

[35] G. F. Silva, F. L. Camargo, and A. L. O. Ferreira, 
“Application of response surface methodology for 



                               VOL. 11, NO. 1, JANUARY 2016                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        447 

optimization of biodiesel production by 
transesterification of soybean oil with ethanol,” Fuel 
Process. Technol., vol. 92, no. 3, pp. 407–413, 2011. 

[36] a. B. M. S. Hossain and M. a. Mazen, “Effects of 
catalyst types and concentrations on biodiesel 
production from waste soybean oil biomass as 
renewable energy and environmental recycling 
process,” Aust. J. Crop Sci., vol. 4, no. 7, pp. 550-
555, 2010. 

[37] R. Zakaria and A. P. Harvey, “Direct production of 
biodiesel from rapeseed by reactive extraction/in situ 
transesterification,” Fuel Process. Technol., vol. 102, 
no. 2012, pp. 53–60, Oct. 2012. 

[38] J. Porwal, D. Bangwal, M. O. Garg, S. Kaul, a. P. 
Harvey, J. G. M. Lee, F. H. Kasim, and E. J. Eterigho, 
“Reactive-extraction of pongamia seeds for biodiesel 
production,” J. Sci. Ind. Res. (India)., vol. 71, no. 12, 
pp. 822–828, 2012. 

[39] I. Amalia Kartika, M. Yani, D. Ariono, P. Evon, and 
L. Rigal, “Biodiesel production from jatropha seeds: 
Solvent extraction and in situ transesterification in a 
single step,” Fuel, vol. 106, pp. 111–117, Apr. 2013. 

[40] A. S. Silitonga, H. Chyuan, T. M. I. Mahlia, H. H. 
Masjuki, and W. T. Chong, “Biodiesel conversion 
from high FFA crude jatropha curcas, calophyllum 
inophyllum and ceiba pentandra oil,” Energy 
Procedia, vol. 61, pp. 480-483, 2014. 

[41] F. a. Dawodu, O. O. Ayodele, and T. Bolanle-Ojo, 
“Biodiesel production from Sesamum indicum L. seed 
oil: An optimization study,” Egypt. J. Pet., vol. 23, no. 
2, pp. 191–199, 2014. 

[42] K.-T. Chen, J.-X. Wang, Y.-M. Dai, P.-H. Wang, C.-
Y. Liou, C.-W. Nien, J.-S. Wu and C.-C. Chen, “Rice 
husk ash as a catalyst precursor for biodiesel 
production,” J. Taiwan Inst. Chem. Eng., vol. 44, no. 
4, pp. 622–629, Jul. 2013. 

[43] A. Birla, B. Singh, S. N. Upadhyay, and Y. C. 
Sharma, “Kinetics studies of synthesis of biodiesel 
from waste frying oil using a heterogeneous catalyst 
derived from snail shell.,” Bioresour. Technol., vol. 
106, no. 2012, pp. 95–100, Mar. 2012. 

[44] N. Viriya-empikul, P. Krasae, W. Nualpaeng, B. 
Yoosuk, and K. Faungnawakij, “Biodiesel production 

over Ca-based solid catalysts derived from industrial 
wastes,” Fuel, vol. 92, no. 1, pp. 239–244, Feb. 2012. 

[45] Q. Shu, J. Gao, Z. Nawaz, Y. Liao, D. Wang, and J. 
Wang, “Synthesis of biodiesel from waste vegetable 
oil with large amounts of free fatty acids using a 
carbon-based solid acid catalyst,” Appl. Energy, vol. 
87, no. 8, pp. 2589–2596, Aug. 2010. 

[46] Z. Wei, C. Xu, and B. Li, “Application of waste 
eggshell as low-cost solid catalyst for biodiesel 
production,” Bioresour. Technol., vol. 100, pp. 2883–
2885, 2009. 

[47] A. Sagiroglu, I. Selen, M. Ozcan, H. Paluzar, and N. 
Toprakkiran, “Comparison of biodiesel productivities 
of different vegetable oils by acidic catalysis,” Chem. 
Ind. Chem. Eng. Q., vol. 17, no. 1, pp. 53–58, 2011. 

[48] H. Cao, Z. Zhang, X. Wu, and X. Miao, “Direct 
biodiesel production from wet microalgae biomass of 
chlorella pyrenoidosa through in situ 
transesterification,” Biomed Res. Int., vol. 2013, pp. 
1–6, 2013. 

[49] a. Javidialesaadi and S. Raeissi, “Biodiesel Production 
from High Free Fatty Acid-Content Oils: 
Experimental Investigation of the Pretreatment Step,” 
APCBEE Procedia, vol. 5, pp. 474–478, 2013. 

[50] a. Brucato, a. Busciglio, F. Di Stefano, F. Grisafi, G. 
Micale, and F. Scargiali, “High temperature solid-
catalized transesterification for biodiesel production,” 
Chem. Eng. Trans., vol. 19, pp. 31–36, 2010. 

[51] H. Muthu, V. S. Selvabala, T. K. Varathachary, D. K. 
Selvaraj, J. Nandagopal, and S. Subramanian, 
“Synthesis of biodiesel from neem oil using sulfated 
zirconia via transesterification,” Brazilian J. Chem. 
Eng., vol. 27, no. 4, pp. 601–608, 2010. 

[52] H.-C. Chen, H.-Y. Ju, T.-T. Wu, Y.-C. Liu, C.-C. Lee, 
C. Chang, Y.-L. Chung and C.-J. Shieh, “Continuous 
production of lipase-catalyzed biodiesel in a packed-
bed reactor: optimization and enzyme reuse study.,” J. 
Biomed. Biotechnol., vol. 2011, pp. 1–6, Jan. 2011. 

[53] A. S. Simões, L. Ramos, L. Freitas, J. C. Santos, G. 
M. Zanin, and H. F. De Castro, “Performance of an 
enzymatic packed bed reactor running on babassu oil 
to yield fatty ethyl esters ( FAEE ) in a solvent-free 
system,” Biofuel Res. J., vol. 6, no. 2015, pp. 242–
247, 2015. 



                               VOL. 11, NO. 1, JANUARY 2016                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        448 

[54] J. Bergamasco, M. V. de Araujo, A. de Vasconcellos, 
R. a. Luizon Filho, R. R. Hatanaka, M. V. Giotto, D. a 
G. Aranda, and J. G. Nery, “Enzymatic 
transesterification of soybean oil with ethanol using 
lipases immobilized on highly crystalline PVA 
microspheres,” Biomass and Bioenergy, vol. 59, no. 
2013, pp. 218–233, 2013. 

[55] D. Y. C. Leung, X. Wu, and M. K. H. Leung, “A 
review on biodiesel production using catalyzed 
transesterification,” Appl. Energy, vol. 87, no. 4, pp. 
1083-1095, Apr. 2010. 

[56] L. T. Thanh, K. Okitsu, L. Van Boi, and Y. Maeda, 
“Catalytic Technologies for Biodiesel Fuel Production 
and Utilization of Glycerol: A Review,” Catalysts, 
vol. 2, no. 1, pp. 191-222, 2012.  

 


