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Abstract  

The efficient and economic utilization of natural renewable and waste materials of various industries 

and biomass having non-homogeneous composition is a new dimension of research for biodiesel pro-

duction. A combination of these renewable, waste materials and traditional heterogeneous catalyst 

can also be looked after for the possible solution of heterogeneous catalytic transesterification. This 

review discusses industrially derived and naturally occurring materials containing calcium, sodium, 

potassium etc, which were found instrumental for biodiesel production. About 60 research articles and 

patents have been reviewed and the findings are analysed in this article for developing industrial 

scale heterogeneous catalytic pilot plant facilities for biodiesel production. © 2015 BCREC UNDIP. All 

rights reserved. 
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Review Article 

1. Introduction  

In recent years catalysis research for bio-

diesel production was gaining growing atten-

tion due to rapid expansion of biofuels market 

all over the world. Catalysts employed in bio-

diesel production can be divided into three 

categories based upon the chemical characteris-

tics, namely acidic, alkali and enzymatic cata-

lyst. Enzymatic catalysts are instrumental in 

restricting soap formation and product refining 

process is easier to complete. However, the cost 

and longer reaction time restricts the use of en-

zymatic catalyst for commercial purposes [1-

12]. 

The catalyst can also be divided into two 

broad categories depending upon their physical 

properties during the course of reaction. If the 

catalyst remains in the same phase (i.e. misci-

ble) with the reactants, it is called the homoge-

neous catalytic transesterification reaction. On 

the other hand, if the catalyst remains in dif-

ferent phase to that of the reactants 

(immiscible), it is called the heterogeneous 

catalytic transesterification [10-13]. The gen-

eral classification of the catalyst is as shown in 

Figure 1. 
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2. Homogenous Catalyst  

Homogenous catalyst is mixed with a sol-

vent to use in a reaction system. Effectiveness 

of homogeneous catalyst is more for low FFA 

containing oils for transesterification reaction 

than for high FFA containing oils that facilitate 

soap formation in the former. Sulfuric Acid, 

phosphoric acid, organic sulfonic acid and hy-

drochloric acids are mostly used as acid ho-

mogenous catalysts. Sodium hydroxide, potas-

sium hydroxide and their alkoxides are com-

monly employed alkali homogeneous catalyst. 

Acid catalyst is less effective for transesterifica-

tion reaction than alkali catalysis. Demerits of 

homogeneous catalysis include separation of 

catalyst from the reaction mixture, excess use 

of water for washing the ester phase and corro-

sive nature of the catalyst demanding corrosion 

free reactors [2, 13]. 

 

3. Heterogeneous Catalyst  

Heterogeneous catalyst is employed to ad-

dress issues of homogeneous catalyst. Hetero-

geneous catalyst is also referred as surface 

catalyst as reaction occurs on the catalyst sur-

face. Transesterification reaction if occurring in 

the presence of heterogeneous catalyst, the re-

actants diffuse through the reaction mixture 

and adsorb onto the catalyst surface [14]. 

Heterogeneous solid catalyst is more eco-

nomical than homogeneous liquid catalyst be-

cause these can be reused several times and ad-

ditionally both transesterification and esterifi-

cation can be carried out side by side. Heteroge-

neous catalyst is required less in quantity as 

compared to homogeneous catalyst, as for pro-

duction of 100 tonnes of biodiesel, 10 tones of 

sodium hydroxide may be required; while only 

5.7 tonnes of solid supported MgO is sufficient 

for production of 100,000 tonnes of biodiesel 

[15]. 

Demerit of heterogeneous catalyst is pres-

ence of three different phases in the reaction 

system as catalyst solid, oil-liquid and alcohol 

after heating vapor which decrease diffusion at 

high temperatures and long reaction times to 

overcome diffusion problems owing to the for-
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Figure 1. Classification of catalysts 

 



 

mation of three phases of the reactants [16]. 

A number of solid acids have been investi-

gated for transesterification reaction. But chal-

lenge still lies in stability of acid sites and con-

trol of surface properties so that oily com-

pounds diffuse towards acid sites. This phe-

nomenon helps in leaving polar compounds 

(glycerol and water, etc.) from the catalyst basic 

structure. Solid acid catalyst has various acidic 

sites with different concentration of Brönsted 

or Lewis-acidity as compared to the homoge-

nous acid catalysts [17, 18]. 

The reported literature in the last decades 

unveil that several researchers worked in base 

catalysis for the production of biodiesel. Cal-

cium carbonate rock was used as catalyst by 

Suppes et al. [19] for transesterification of 

vegetable oils and achieved conversion of 78% 

at 513 K and >95% at 533 K. Kim et al. [20] 

prepared a solid super base of Na/NaOH/-Al2O3 

which showed comparable catalytic activity like 

NaOH catalyst under the optimized reaction 

conditions.  

The reaction mechanism for alkali-catalyzed 

transesterification was formulated in three 

steps. The first step is the reaction of the base 

with the alcohol, producing an alkoxide and the 

protonated catalyst. The nucleophilic attack of 

the alkoxide at the carbonyl group of the 

triglyceride generates a tetrahedral intermedi-

ate, from which the alkyl ester and the corre-

sponding anion of the triglyceride are formed. 

The catalyst later deprotonates and reacts with 

the second molecule of alcohol and starts an-

other catalytic cycle. Diglycerides and 

monoglycerides are converted by the same 

mechanism to a mixture of alkyl esters and 

glycerol [21, 22]. 

Heterogeneous catalytic transesterification, 

on the other hand, completes in cycles due to 

the polarity arises in the catalyst having sub-

stantial amount of covalent characters. The 

catalytic functions varies from catalyst to cata-

lyst, as reported in several literatures [23, 13].  

Strontium oxide (SrO) has been regarded as a 

very effective one among the base heterogene-

ous catalyst for transesterification with about 

96% conversion of cooked oil to biodiesel under 

microwave radiation at 1% loading as reported 

in several literature [24,25]. Nevertheless, the 

monetary value of pure SrO is very high and 

reusability is another shortage of this stuff 

[26]. 

Unfortunately, the synthesis of highly active 

heterogeneous catalysts is complex, costly, and 

requires special skills to operate. Therefore, it 

is a great challenge to explore an ideal solid ba-

sic catalyst that is highly effective, low-cost, 

and ecologically friendly for the promising bio-

diesel production [27, 28]. 

To overcome all these issues, utilization of 

natural renewable and waste materials of vari-

ous industries having non-homogeneous compo-

sition as an economic catalyst has been a new 

trend for biodiesel production. A combination of 

these renewable, waste materials and tradi-

tional heterogeneous catalyst can also be 

looked after for the possible solution of hetero-

geneous catalytic transesterification. 

There are several natural calcium sources, 

such as: different kinds of ashes obtained from 

renewable precursors, shells,  and bones, etc., 

widely used as raw materials for catalyst syn-

thesis that could eliminate the wastes and si-

multaneously produces catalysts with high cost 

effectiveness. CaO catalyst derived from these 

waste materials could be a potential candidate 

for biodiesel production [29-31]. Similarly, 

plants derived Na2O, K2O or CaO could be very 

effective with silica support for transesterifica-

tion. Various kinds of ashes found instrumental 

in catalyzing transesterification reaction, such 

as: industrial waste fly ash, wood ash, aquatic 

plant waste ash, etc. 

 

3.1. Renewable Feedstock Based Fly Ash 

Ho et al., [32-33] reported that calcium oxide 

(CaO) could be potentially used as a support for 

palm oil mill fly ash to be implemented for 

transesterification reaction from crude palm oil 

(CPO). Optimum  conditions were found to be 

at 850 ˚C for 2 h with 45 wt.% loading of cal-

cined calcium carbonate (CaCO3) for catalyst 

preparation. It was determined that trans-

esterification conditions of 6 wt.% catalyst load-

ing, 12:1 methanol to oil molar ratio, 45 ˚C re-

action temperature, 3 h reaction time and 700 

rpm stirring speed resulted in biodiesel yield 

and FAME conversion of 79.76% and 97.09%, 

respectively. The developed catalyst could fea-

sibly be used up to three consecutive cycles af-

ter regeneration using methanol washing fol-

lowed by recalcination at 850 ˚C for 2 h. The 

CaCO3 converted to CaO at 770 ˚C and inter-

acted well with the ash support. The material 

obtained so was employed in the transesterifi-

cation of palm oil with methanol to yield bio-

diesel. The catalyst prepared by loading of 15 

wt% calcined CaCO3 at a fixed temperature of 

800 ˚C on fly ash exhibited a maximum oil con-

version of 94.48%.  

Boey et al. [34] reported that empty fruit 

bunch based boiler ash (BA)  is a possible cata-

lyst for biodiesel production from palm olein. 

Optimum reaction conditions were found to be 
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3 wt.% catalyst, 15:1 methanol: oil molar ratio, 

reaction temperature of 60 ˚C and reaction time 

of 30 min for 90% methyl esters.  The BA was 

prepared for transesterification by drying in 

oven at 105 ± 2 ˚C to constant weight. 

 

3.2. Ashes from Pure Biomass Resources 

Chouhan and Sarma [35] utilized L. Per-

pusilla Torrey ashes obtained from combustion 

which was further calcined at 550±5 ˚C before 

use as catalyst for transesterification of refined 

Jatropha curcas L. oil (JCO) with methanol. 

The catalyst was found to be rich in potassium 

(11.3%) in addition to other non-metal and me-

tallic contents. Optimum reaction parameters 

for biodiesel production was found 65±5 ˚C in 5 

h at 1:9 M ratio of oil to alcohol with 5% of the 

ash as catalyst for 89.43% conversion. Reus-

ability of the catalyst was found up to 3 times 

but there is a reduction of efficacy by about 

25% for 3rd consecutive batch reaction.  

Sharma et al. [36] utilized wood ash, which 

is a highly alkaline material as catalyst for 

transesterification reaction in pure and further 

activated with K2CO3 and CaCO3 by double car-

bonate solid state reaction to yield activated 

wood ash catalysts (AWC). The wood ash was 

calcined in a temperature range of 500-1200 ˚C 

to produce calcined wood ash catalysts (CWC). 

Transesterification of JCO with the help of 

CWC and AWC resulted in FAME range of 97-

99%. At reaction conditions of oil: methanol ra-

tio (1:12 molar ratio) mixture to maintain cata-

lytic activity at 40 ˚C for 15 min. To the above 

stirred solution, desired quantity of vegetable 

oil was added and the reaction temperature 

was set at 65 ˚C for the experiment. 

Yaakob et al. [37] transesterified JCO, in 

the presence of ash generated from Palm empty 

fruit bunch (EFB). KOH was impregnated on 

EFB to achieve a potassium level of 20 wt.%. 

Optimum reaction conditions were found to be 

for EFB-catalyzed reaction, i.e. temperature of 

65 ˚C, oil/methanol ratio of 15, 90 min, 20 wt.% 

EFB ash catalyst and the KOH-EFB-catalyzed 

reactions 65 ˚C, oil/methanol ratio of 15, reac-

tion time of 45 min, and 15 wt.% of KOH doped  

ash, a yield of more than 98% was achieved 

with both the catalyst. 

Chen et al. [38] utilized calcined egg shell as 

catalyst and rise husk (RHA) as its support. It 

was employed to transesterify palm oil into bio-

diesel catalytically. Catalytic activity of 30% 

RHA800-800 was found best among the catalyst 

prepared. Reaction conditions of reaction time 

of 4 h, methanol to oil molar ratio 9:1, and cata-

lyst loading of 7 wt.%, the biodiesel yield could 

reach 91.5%.Catalyst can be reused 8 times  

and it was instrumental in getting 80% bio-

diesel yield. 

Vadery et al. [39] reported catalyst coconut 

husk derived by mean of controlled heating. 

The main active component over the catalyst 

was found to be potassium. It was  found that 

temperature of 45 ˚C, with the catalyst pre-

pared by the calcination at 350 ˚C of coconut 

husk yield of biodiesel was found to be more 

than 97% within 30 min of reaction time. 

Kumar et al. [40] utilized, ash obtained from 

a typical thermal power plant operated using a 

solid biomass mixture as fuel, called Biomass-

Based Thermal Power Plant Fly Ash (BBTPFS) 

as catalyst for transesterification of Jatropha 

curcas oil (JCO) having a high percentage of 

free fatty acids (FFA). It was observed that at a 

temperature of 225 ˚C and an internal vapor 

pressure of 3.2 MPa in a batch reactor with 5% 

catalyst loading, 1:9 molar ratio of oil to alcohol 

and 3 h reaction time, the optimum yield of bio-

diesel obtained was 93.9%.  

Sarma et al. [41] utilized Musa balbisiana 

Colla underground stem (MBCUS) ash cata-

lyst, in a high pressure–high temperature (HT) 

reactor to transesterify high FFA containing 

JCO. The catalyst was instrumental and effec-

tive during transesterification under HT (275 

˚C) and internal pressure (4.2 MPa) and 98.0 % 

fatty acid methyl ester (FAME) could be ob-

tained from JCO with an initial acid value (AV) 

18.4 mg KOH/g. There was a drastic reduction 

of FFA (AV 3.4 mg KOH/g) in the FAME ob-

tained.  

 

3.3. Waste Bones 

Chakraborty et al. [42] investigated waste 

Rohu fish (Labeo rohita) bone ashes for trans-

esterification reaction as high-performance, re-

usable, low-cost heterogeneous catalyst for syn-

thesis of biodiesel from soybean oil. It was re-

ported that main constitute of fish, i.e. HAP 

(hydroxyapatite [Ca₁₀(PO₄)₆(OH)₂]), converts 

into β-tri-calcium phosphate when calcined 

above 900 °C for 2 h. Optimal reaction condi-

tions were reported as methanol/oil molar ratio 

of 6.27:1, calcination temperature of 997.42 °C 

and catalyst concentration of 1.01 wt.% of oil 

for 97.73% of biodiesel yield. The reusability of 

the catalyst shows that it could be reemployed 

up to six times. 

Obadiah et al. [43] implemented waste ani-

mal bones as a cost effective catalyst for the 

transesterification of palm oil. Calcination of 

catalyst was done at various temperatures to 

convert calcium phosphate in the bones to hy-
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droxyapatite and 800 °C was found to give the 

best yield of biodiesel. Highest yield of FAME 

(96.78%) was obtained at 20 wt.% of catalyst, 

1:18 oil to methanol molar ratio, 200 rpm of 

stirring of reactants and at a temperature of 

65 °C, in 4 h.  

Farooq et al. [44] investigated waste chicken 

bones as catalyst for biodiesel production with 

waste cooking oil. The experimental results 

suggested catalyst calcined at 900 ˚C showed 

good catalytic activity in the transesterification 

of WCO, providing maximum biodiesel yield of 

89.33% at 5.0 g of catalyst loading, 15:1 metha-

nol to oil molar ratio at temperature of 65 ˚C in 

reaction. The catalyst can be reused up-to four 

times. 

 

3.4. Waste Shells 

Boro et al. [45, 46] used mustered oil for bio-

diesel production with the help of a solid oxide 

catalyst derived from Turbonilla striatula 

waste shells. The shells were calcined at differ-

ent temperatures for 4 h. Formation of solid ox-

ide, i.e. CaO, was confirmed at calcination tem-

perature of 800 °C. The effect of the molar ratio 

of methanol to oil, the reaction temperature, 

catalyst calcinations temperature and catalyst 

amount used for transesterification were stud-

ied to optimize the reaction conditions. Bio-

diesel yield of 93.3% was achieved when trans-

esterification was carried out at 65±5 °C by em-

ploying 3 wt.% catalyst and 9:1 methanol to oil 

molar ratio. Further the catalyst was modified 

doping it with varying the amount of Ba (0.5 to 

1.5 wt %). Ba doped CaO was used as heteroge-

neous catalyst in the transesterification of 

waste cooking oil (WCO). The catalyst lost a bit 

active site so as the basicity for reuse. The opti-

mum reaction condition obtained for achieving 

maximum conversion >98% were 6:1 methanol 

to oil molar ratio, 3 h of reaction time, 1.0 wt% 

catalyst amount and 65 ˚C reaction time. 

Empikul et al. [47] reported the solid oxide 

catalysts derived from the industrial waste 

shells of egg, golden apple snail, and meretrix 

venus and were used as catalyst for trans-

esterification of palm olein oils. The waste ma-

terials calcined in air in optimum conditions 

(temperature of 800 ˚C, time of 2-4 h), trans-

formed calcium species in the shells into active 

CaO catalysts. All catalysts derived from egg 

and mollusk shells at 800 ˚C provided high ac-

tivity (>90% fatty acid methyl ester (FAME) in 

2 h). These abundant wastes showed good po-

tential to be used as biodiesel production cata-

lysts. 

Hu et al. [48] reported catalyst derived from 

waste freshwater mussel shell (FMS) which 

was prepared by a calcination-impregnation-

activation method. The catalyst prepared so 

was applied in transesterification of Chinese 

tallow oil. The optimal calcination and activity 

temperature are 900 ˚C and 600 ˚C, respec-

tively. When the reaction is carried out at 70 ˚C 

with a methanol/oil molar ratio of 12:1, a cata-

lyst concentration of 5% and a reaction time of 

1.5 h, the FMS-catalyst is active for 7 reaction 

cycles, with the biodiesel yield above 90%.  

Suryaputra et al. [49] reported the waste 

Capiz shell as raw material for catalyst produc-

tion for biodiesel preparation. During calcina-

tion process, the calcium carbonate content in 

the waste capiz shell was converted to CaO. 

This calcium oxide was used as catalyst for 

transesterification reaction between palm oil 

and methanol to produce biodiesel. The bio-

diesel preparation was conducted under the fol-

lowing conditions: the mole ratio between 

methanol and palm oil was 8:1, stirring speed 

was 700 rpm, and reaction temperature was 60 

˚C for 4, 5, and 6 h reaction time. The amount 

of catalyst was varied at 1, 2, 3, 4, and 5 wt %. 

The maximum yield of biodiesel was 93±2.2%, 

obtained at 6 h of reaction time and 3 wt % of 

amount of catalyst. In order to examine the re-

usability of catalyst developed from waste of 

capiz (Amusium cristatum) shell, three trans-

esterification reaction cycles were also per-

formed. 

Niju et al. [50] reported that a laboratory 

scale continuous flow jacketed reactive distilla-

tion (RD) unit was developed to evaluate the 

performance of calcium oxide (CaO) derived 

from egg shells as a heterogeneous catalyst for 

transesterification of waste frying oil. The ef-

fects of reactant flow rate, methanol to oil ratio 

and catalyst bed height on methyl ester conver-

sion were investigated. All the experimental in-

vestigations were carried out at atmospheric 

pressure and the reboiler temperature was 

maintained at 65˚C throughout the process. 

The results indicated that the system reached 

the steady state at 7 h. Egg shell based CaO 

showed high catalytic activity in a continuous 

flow jacketed reactive distillation system and a 

maximum methyl ester conversion of 93.48% 

was obtained at a reactant flow rate of 0.2 ml 

min-1, methanol to oil ratio of 4:1 and catalyst 

bed height of 150 mm. 

Xie et al. [51] reported a novel high perform-

ance solid biodiesel catalyst derived from biont 

shell has been prepared by a tri-step procedure: 

incomplete carbonization-KF impregnation–

activation. The effects of carbonization tem-

perature, concentration of KF solution and acti-

vation temperature on the activity of the cata-
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lyst were investigated. The activity of the biont 

shell catalyst was evaluated by transesterifica-

tion of rapeseed oil with methanol and the 

mechanism of catalytic activity is discussed. 

The results indicate that the transesterification 

yield of rapeseed oil to biodiesel reaches 97.5% 

with 3 hours reaction and 3 wt.% catalyst dos-

age (based on rapeseed oil mass). The activity 

of the catalyst for the transesterification came 

from the active sites formed by reaction of in-

completely carbonized biont shell with KF in 

the procedure of synthesis catalyst. The matrix 

of the biont catalyst is weakly polar in nature, 

favoring transesterification of rapeseed oil to 

biodiesel and hindering the reverse glycerolysis 

reaction. Therefore, the biont catalyst dis-

played a higher catalytic activity compared 

with conventional solid base catalysts tested for 

biodiesel production. 

Konwar et al. [52, 53] discussed oil-cake 

waste (OCW) and carbonized de-oiled seed 

waste cake (DOWC) derived catalysts for bio-

diesel production. OCW catalyst sulfonated car-

bon materials were utilized as catalysts for pre-

treatment of acid oils. The DOCW catalyst re-

ported to be utilized to convert free fatty acids 

(FFA) present in acid oils into corresponding 

methyl esters within 6-8 h at 80 ◦C, thus reduc-

ing the FFA content to desirable levels below 2 

wt%. Furthermore, the DOWC catalyst showed 

excellent activity in two reactions of interest in 

biomass conversion: cellulose saccharification 

(glucose yield 35-53%) and fatty acid esterifica-

tion (conversion up to 97%). 

Yang et al. [54] studied an eco-friendly 

shrimp shell catalyst for biodiesel production. 

Catalyst was prepared with incomplete car-

bonization of shrimp shell, loading KF on the 

resultant, and activation at a desired tempera-

ture. The catalytic activity was verified by the 

transesterification of rapeseed oil with metha-

nol. The results indicated that the optimum 

preparation conditions were carbonization at 

450 °C, loading KF of 25 wt %, and activation 

at 250 °C. The conversion reached 89.1% using 

the shrimp shell catalyst when the reaction 

was carried out at 65 °C with a catalyst 

amount 2.5 wt %, a methanol/rapeseed oil mo-

lar ratio 9:1, and a reaction time of 3 h. 

Shang et al. [55] used a peanut shell-derived 

solid acid of amorphous carbon bearing SO3H, 

COOH, and phenolic OH groups has been pre-

pared by a one-step process. The effects of 

preparation conditions on the activity of the 

solid acid were investigated. The catalysts were 

characterized by scanning electron microscopy, 

X-ray diffraction, Fourier transform infrared 

spectroscopy, and thermogravimetric analysis. 

This catalyst showed high activity in the esteri-

fication of oleic acid with methanol. Under the 

optimal reaction conditions, a biodiesel yield of 

98% could be obtained. Additionally, after six 

repeated uses, more than 95% yield of biodiesel 

was obtained, which indicated that the catalyst 

has a highly operational stability. 

Recently available patents on the renewable 

waste material based catalysts have been tabu-

lated as shown in Table 1.  

 

4. Concluding Remarks, Recommenda-

tions and Future Work  

In general, waste material based heteroge-

neous catalysts were reported to be very effec-

tive for transesterification  due to the presence 

of active basic functionalities in their composi-

tion. Very recently, researcher were also inter-

ested to modify and regenerate such catalyst 

using acidic functional groups upon the active 

carbon site of such materials [60]. However, the 

catalytic efficacy of  most of the catalysts re-

ported in literature are based upon lab-scale 

experimental facilities. While, only few have 

been conducted in the bench-scale facilities, 

and very few reached at the pilot-scale level. 

Thus, appropriate research thrust leading to 

pilot-scale development with such catalysts 

should be emphasized so as to practically dem-

onstrate and evaluate the economics of these 

technologies. The catalyst leaching may be fur-

ther reduced with the use of appropriate bind-

ing materials with the catalyst. The versatile 

composition of the catalysts may also enable its 

study for hydro processing, decarboxylation or 

No. Waste Material Inventors Patent No. 

1 Rice Hull Ash Turkay et al. [56] US 20060269464 A1 

2 Fresh Natural Seashell Sarin et al. [57] WO 2010113011 A2 

3 Egg Shells Sarin et al. [57] WO 2010113011 A2 

4 Swill-Cooked Dirty Oil Liu et al. [58] CN 101985104 B 

5 Egg Shells+Red Mud Fang et al. [59] CN 103396842 A 

Table 1. Some of the important patents of renewable precursor based heterogeneous catalyst applied 

for transesterification and purification of product 
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hydrogenation of vegetable oil for the produc-

tion of green fuels and chemicals. 

The use of these biodiesel in CI engine as 

B100 or of blended form with petroleum diesel 

for short and long duration study is recom-

mended for future course of work. As a future 

recommendation the crude glycerol can be used 

as diesel addition. Glycerol can also be used in 

food industry, pharmaceutical industry, and 

personal care applications, etc. after treatment 

and purification. 

 

5. Conclusion 

In general waste material derived catalysts, 

such as: industrial waste fly ash, wood ash, 

aquatic plant waste ash, waste bones of ani-

mals (aquatic and terrestrial) and fish, waste 

shells, rice hull ash and egg shell, etc., were-

found in several literature and patents which 

are widely used for transesterification of vege-

table oil. These materials have active catalytic 

sites in their composition. Some of the catalysts 

were having modified active acidic sites in the 

decomposed carbon structure, having solid acid 

functionalities and character that directly 

helps in the transesterification of vegetable oil 

under long term treatment. Meanwhile, others 

were having active alkali, alkaline earth and 

non-transitional metal oxides in silica support 

that facilitate transesterification reactions at 

relatively higher temperature and pressure as 

compared to homogeneous catalyst. 
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