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ABSTRACT 

Biodiesel is an alternative fuel to mineral diesel. It is produced from abundant and easily 

available renewable resources of animal fats and vegetable oil. However, the cost of oil 

feedstock is the major obstacle towards production and commercialization of biodiesel. In 

this study, an economical and environmental friendly heterogeneous catalyst derived from 

Tamarindus indica fruit shells (TIFSs) was prepared by calcination method, and it was used 

in transesterification of Parinari curatellifolia seeds oil (PCSO) to produce biodiesel. The 

seeds were characterized by having high oil content 36.2%, which makes the feedstock a 

reasonable candidate for biodiesl production. 

The catalyst was prepared by calcination of TIFSs at 800 °C in muffle furnace for 3 hours to 

obtain Tamarindus indica fruit shells ash (TIFSA), a heterogeneous catalyst. Various 

techniques were used to analyze physicochemical properties of TIFSA. The catalyst exhibits 

high basic strength (pH>9.7), with the mesoporous structure  of pore diameter d = 3.2 nm, 

high specific area 378.2 m2/g, pore volume of 0.203 cm3/g and CaO crystals as a major 

active phase of the catalyst. The calcinated catalyst TIFSA was tested in the production of 

biodiesel through transesterification process using PCSO to obtain Parinari curatellifolia 

methyl ester (PCUME). During production, the best operating parameters were 5% wt. 

catalyst loading, 2 hours reaction time and 9:1 methanol to oil molar ratio with the maximum 

yield of 96.2%. In addition, the catalyst was easily separated and reused again four more 

times with biodiesel yield above 74%. 

Furthermore, the produced biodiesel was analyzed by Gas Chromatography-Mass 

Spectrometry (GC-MS) and composed mainly of unsaturated acids 63.6% and saturated acid 

36.39%. Also, fuel properties of produced PCUME were investigated as per ASTM methods 

and compared to ASTM D6751 standard limits and mineral diesel. Most of the determined 

fuel properties were observed to be in good agreement with the global standards. Therefore, 

Parinari curatellifolia seeds oil and Tamarindus indica fruit shell are ideal feedstock for low-

cost biodiesel and catalyst production respectively. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Energy is among of the basic want for social and economic growth and development. As 

development increases, the energy demand also increases resulting to energy crisis. The 

sustainable solution is required to address these issues of the energy crisis. For more than a 

century, petro fuel has been used as a main source of energy to run internal combustion 

engines for transportation, electric power generation and household uses (cooking and 

lighting). But these fuels have limited supply (Vedharaj et al., 2014), expensive, and their 

combustion by - products are toxic resulting to health effect. Nevertheless, their by-products 

are major sources of greenhouse gases emission which results to global warming and 

environmental pollution. For this reason, looking to other reasonable alternative renewable 

sources of energy which are sustainable, economically reasonable and environmentally 

benign is inevitable. 

Biodiesel is a potential substitute fuel to mineral diesel. It is among the bio-fuels derived 

from various biomass sources using different technologies such as pyrolysis, gasification, 

fermentation and transesterification reaction. Transesterification is a process whereby a 

number of moles of triglyceride molecule of complex free fatty acid, reacts with moles of 

alcohol in the using the catalyst and at given temperature to form a methyl/ethyl ester 

(biodiesel) and glycerol (Demirbas, 2005; Chen et al., 2013). Biodiesel is a mixture of mono-

alkyl esters of long chain fatty acids resulting from renewable lipid feedstock of animal fats 

or plant oil through transesterification process (Kafuku and Mbarawa, 2010; Burton, 2008). 

Biodiesel fuel produced through transesterification process is biodegradable, non-toxic and 

its carbon emission has not exceeded carbon cycle, hence it can be recycled in the 

photosynthesis process. Also, it is characterized by having good fuel properties such as good 

lubricity, less exhaust emission, sulfur free, and has high flash point (>100 °C) make fuel safe 

for handling and storage. Also, the fuel can be produced from renewable, abundant, easily 

available and affordable feedstock that will make its production cheaper, hence reduces the 

dependence on imported fossil fuels (Kivevele and Mbarawa, 2010). Apart from good fuel 

properties, it also exhibits some drawbacks such as slightly lower calorific value, low cetane 
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number, poor cold flow properties (pour and cloud  point) and less oxidation stability caused 

by feedstock properties (Encinar et al., 2002; Ramadhas et al., 2005). 

Generally, cost of production of biodiesel depends on oil feedstock, type and amount of 

catalyst used and the technology used in the same. But more than 70% of its production cost 

depends on oil feedstock and catalyst to be used (Leung et al., 2006 ; Dehkhoda et al.,  2013; 

Zhang et al., 2014). According to Sanli; Gui and Lee (2008), more than 95% of biodiesel 

production is accomplished by using food grade edible oils, for example, sunflower oil, palm 

oil, soybean oil and rapeseed oil using homogeneous catalysts. The extensive use of refined 

oils for biodiesel production results into food insecurity and price competition. Also uses of 

homogeneous catalysts result into high production costs caused by use of high amount of 

water during washing, number of purification steps, high wastewater management and the 

catalyst is not reusable after reaction. These factors contribute to rise the costs of producing 

biodiesel and become a major obstacle towards commercialization processes. Therefore, it is 

inevitable to look for cheaper oil feedstock and low cost catalyst so as to reduce the cost of 

producing biodiesel. 

In real sense, many researches in producing biodiesel by using non-edible, waste oil and 

lignocellulosic as viable feedstock have been done (Adewale et al., 2015). The refined 

feedstock are less expensive and with no conflicts with food stuffs, but they are challenged by 

having very high amount of FFA (greater than 2%), density, greater amount of saturated fatty 

acids, land competition and technological challenges (Tang et al., 2018). Currently, more 

researches are on exploring unutilized cheap oil feedstock sources such as Parinari 

curatellifolia seed oil (PCSO). According to (Benhura et al. (2012), Parinari curatellifolia 

commonly known as Mbula tree is a tropical evergreen seedling tree, with pulp and seeds 

used as food during food deficiency especially on drought season. Their seeds kernel have 

reported to contain high oil content of about 38.5% (Bazongo et al., 2014). The oil is less 

commonly used as food stuffs, hence possible feedstock for production of biodiesel. The 

feedstock has not yet been reported to be used as feedstock in producing biodiesel in the open 

literature. 

Apart from oil feedstock, further research is on how to overcome drawbacks caused by 

homogeneous catalysts towards biodiesel production and its commercialization. To overcome 

the drawbacks of homogeneous catalyst during biodiesel production, heterogeneous catalysts 

are mostly preferred. The catalysts are easy to separate, reused, it can work with low-quality 
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oils feedstock, does not require much washing stage during biodiesel production, hence less 

expenses in sanitary water treatment and most of all it can be manufactured from cheap 

renewable agricultural wastes biomass. Biomass in nature has the variable composition of 

inorganic constituents such as C, O, N, H, Ca, Si, K, Mg, S, Al, P, Fe, Cl, Mn, Ti, Na, and 

other small trace elements and are easily converted to their metal oxides when burned 

(Jenkins et al., 1998; Vassilev et al., 2013). Also, biomass with large amount of carbonate 

can be converted easily into their metal oxide through thermal treatment (calcination process) 

(Maneerung et al., 2015; Tang et al., 2018). 

In recent days, CaO has drawn attentions to be used as heterogeneous catalyst in biodiesel 

production. Calcium oxide is highly active earth metal oxide, easily available from several 

natural calcium sources of wastes and organic materials which are renewable such as egg 

shells, sea shells and Tamarindus indica fruit shells (TIFSs). TIFSs have enough amount of 

CaCO3 (11.1%) (Borges and Diaz, 2012; Stadelman, 2000; Wadekar et al., 2006), hence it 

can be considered as a possible solid basic heterogeneous catalyst precursor. 

TIFSs are among agricultural wastes from juice processing industry naturally rich in calcium 

compounds (Sivasankar et al., 2012; Meher et al., 2014). It has resulted from Tamarind tree 

plant which belongs to the dicotyledonous family: Caesalpiniaceae, indigenous to tropical 

Africa. TIFSs wastes are abundant and cheap made up with CaCO3 11.1% by weight 

(Wadekar et al., 2006). Furthermore, various elements such as K (13.08), Ca (36.6), Mn 

(12.1), Mg (10.4), Na (8.90), Zn (7.0), Fe (4.5) and Cu (2.10) mg/100g of dry matter are 

present as reported by Ajayi et al. (2006). TIFSs like any other biomass wastes with high 

amounts of alkaline earth metals, when burned to ashes are ready to form metal oxides to be 

used as basic solid heterogeneous catalyst for transesterification process (Zabeti et al.,  2009). 

Therefore, the aim of this research is to produce and characterize biodiesel from Parinari 

curatellifolia seeds as a possible alternative fuel feedstock in biodiesel production using solid 

basic (alkaline) heterogeneous catalysts calcinated from waste Tamarindus indica (ukwaju) 

fruit shells, a waste agricultural biomass. 
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1.2 Problem statement 

Biodiesel made from animal fats and vegetable oil through transesterification process is 

regarded as an ideal alternative fuel to mineral diesel. Biodiesel is renewable source, bio - 

degradable, non-toxic, emits less exhaust gas, and is environmentally friendly addressing 

drawbacks emanating from fossil fuels (Tshizanga et al., 2017). In most cases, biodiesel 

made from edible and refine vegetable oil through transesterification process are not 

economically feasible since they increases price of both edible oil and biodiesel itself. During 

transesterification, homogeneous catalyst such as NaOH and KOH or heterogeneous catalyst 

such as CaO catalyst is needed to accomplish the process. Most of these catalysts are 

expensive and originating from non-renewable sources, with complicated preparation and 

purification steps. 

Furthermore, homogeneous catalysts are not reused; they are susceptible to soap formation, 

need high amount of washing water and purification steps resulting to high cost of 

wastewater management. On the other hand, most heterogeneous catalysts are delivered from 

non-renewable sources such as calcite rocks that need various preparatory stages and high 

energy consumption (temperature) during their production. Thus, the use of these catalysts 

contributes to increasing costs of biodiesel production and hinders the commercialization 

processes. Currently, more researches focus on finding feasible oil feedstock and cheap 

catalyst to minimize the cost of biodiesel production towards its commercialization. 

Therefore, researching for cheap oil feedstock like unutilized seed oils together with using the 

agricultural biomass wastes as a cheap source of solid basic heterogeneous catalysts for 

production biodiesel inevitable. 

Therefore, the aim of this study is to produce and characterize biodiesel from Parinari 

curatellifolia seed oil using solid base heterogeneous catalyst derived from Tamarindus 

indica fruits shells (agricultural waste) as low-cost for transesterification process. Parinari. 

curatellifolia seeds kernel contain high oil content and it is less commonly used as foodstuff 

may be used as feasible feedstock for biodiesel production. Also, T. indica fruit shells rich in 

potential metal elements and abundant agricultural biomass waste can be used as cheap 

source of heterogeneous catalyst.  
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1.3 Problem justification 

The use of waste material and less commonly used feedstock in the biodiesel production 

draws great attention towards its commercialization process. Cost of feedstock, type and 

amount of catalyst have a major role in defining the competitiveness of biodiesel produced. 

Use of edible foodstuff in biodiesel production increases both food prices and cost of 

biodiesel production. Waste and less commonly used foodstuffs are economically feasible 

toward the commercialization of biodiesel. Furthermore, most of the chemicals used in the 

production of catalysts are typically expensive and hazardous to both human and 

environment. Use of readily available renewable organic wastes as alternative source, helps 

to minimize the production cost of the catalyst as well as biodiesel and are environmentally 

benign. Therefore, the use of agricultural wastes TIFSs and less commonly used PCSO make 

biodiesel produced economically feasible and reasonable. 

1.4 Objectives  

1.4.1 General objective 

The main objective of this study is to produce and characterize biodiesel from Parinari 

curatellifolia seeds oil via transesterification process by using low-cost solid base 

heterogeneous catalyst derived from Tamarindus indica fruits shells, an agricultural waste 

biomass. 

1.4.2 Specific objectives 

The specific objectives meet the required goals for this study are as follows: 

(i) To characterize Parinari curatellifolia seeds oil. 

(ii) To characterize calcinated TIFSA a solid base heterogeneous catalyst derived 

from TIFSs an agricultural waste. 

(iii) To produce and characterize biodiesel from P. curatellifolia seeds oil. 
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2.2.3 Physical chemical properties of parinari oil 

The physical and chemical properties of parinari oil are the measure of the measure of 

biodiesel to be produced. It includes oil and water content, density, iodine value, 

saponification value, acid value and free fatty acid composition. 

(i) Iodine value 

The total unsaturated property of the oil is measured by iodine value. It is the amount of 

iodine expressed in grams that will react with 100g of the oil to the double bonds (Knothe, 

2005). Unsaturation behavior of the oil is determined by the number of double bonds that 

exist in that compound. A good example is linoleic acid with 18 carbon atom (C18) is 

unsaturated methyl ester with 2 double bonds. The amount of iodine used during titration also 

determines the unsaturated level of fatty acid in a fat and is an indicator of oxidation stability 

of oil (AOAC, 1993). 

(ii) Acid value 

The amount of free fatty acids in the oil of fats is determined by the acid value (AV). It is that 

mass in milligrams of KOH needed to neutralize the organic acids present in 1 g of fats and 

oil. It is among basic parameters in describing the fats and oils (AOAC, 1993). Generally, the 

high acidic value in the oil promotes soap formation. Feedstock with high acid value reacts 

immediately with the alkali catalyst to form soap. For this matter, two steps 

transesterification process esterification and transesterification are needed (Ribeiro et al., 

2011). 

(iii) Saponification value 

Another essential property of the oil is saponification value. It is the amount of KOH or 

NaOH in milligrams used to saponify 1 g of fats or oil at a given condition (AOAC, 1997). It 

measures the presence of free and esterified acids present in fats and fatty acids 

(Abdulrahman, 2016). This property indicates the ability of the oil or fats to make soap.  
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(iv) Free fatty acids 

Free fatty acids composition is the key determinant of physicochemical properties of 

produced biodiesel. It includes density, acid value, kinetic value, iodine value etc. These 

properties are influenced by the structure of compound such as number of single bonds which 

determines the saturation level, the number of double bonds which determines the 

unsaturation level and carbon chain length i.e its atom distribution in the compound. The 

carbon chain length used for the biodiesel production varies depending on the feedstock 

source (Rashid et al., 2008; Sanli, 2008). Table 1 shows the structure, the number of carbon 

atoms and double bonds present in the major fatty acid compounds exist in most of common 

triglycerides molecules. Also, the FFAs are the important factor that determines the amount 

of catalyst, type of catalyst to be used and storage stability of biodiesel (Gui et al., 2008). The 

higher the acidity value of the oil, the higher is the amount of the catalyst consumption and 

easy for more soap formation during the transesterification process. This leads to a low 

conversion rate and yield in transesterification (Issariyakul and Dalai, 2014). Oils with higher 

FFA (>2%) need two-step processes esterification and transesterification, and acid catalysts 

are more recommended to be used during the process. 

Table 1: Common fatty acids in triglycerides molecules  

Fatty acid Carbon atom: 
double bond        Structure 

Myristic 14:0 CH3(CH2)12COOH 

Palmitic 16:0 CH3(CH2)14COOH 

Stearic 18:0 CH3(CH2)16COOH 

Oleic 18:1 CH3(CH2)7CH=CH(CH2)7COOH 

Linoleic 18:2 CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH 

Linolenic 18:3 CH3CH2CH=CHCH2CH=CHCH2CH=CH(CH2)7COOH 

Arachidic 20:0 CH3(CH2)18COOH 

Behenic 22:0 CH3(CH2)20COOH 

Erucic 22:1 CH3(CH2)7CH=CH(CH2)11COOH 

Source: Sanli, (2008) and Fernandes et al., (2015) 
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2.2.4 Alcohol 

Alcohol is another necessary feedstock in biodiesel production. The role of alcohol in 

transesterification reaction is to move the reaction equilibrium towards the product side (Guo 

et al., 2010). When it is used in excess, it usually guarantees the complete conversion and 

minimizes the reaction time (Tang et al., 2013; Issariyakul et al., 2014). But too much 

alcohol affects reaction by increasing polarity of the reaction mixture. Also it will cause 

reverse reaction between methyl ester and glycerol caused by higher solubility of the glycerol 

back to ester phase. This will result in the reduction of ester yield (Issariyakul and Dalai, 

2014). Various types of alcohols have been used in biodiesel production. This includes 

methanol, ethanol, butanol, amyl alcohol etc (Abdullah et al., 2017). But their type can affect 

the reaction performance caused by carbon chain when used in transesterification (Issariyakul 

et al., 2014). In most cases, during transesterification, methanol has mostly been used 

because is cheaper, can easily dissolve in the reaction medium and it has a short carbon chain 

that allows it to react quickly (Abdullah et al., 2017). 

Generally, transesterification reaction is a stoichiometric reaction that uses a mole of 

triglyceride in a three moles of alcohol (1:3) to obtain a mole of glycerol and three moles 

methyl esters (biodiesel) (Scheme 1). The amount of molar ratios to be used will depend on 

the physicochemical properties of the feedstock, type of catalyst and technology to be used. 

Wei et al. (2009), managed to produce FAME of 95% yield from soybean oil over calcinated 

eggshell ash (CaO) as a catalyst using 1:9 oil to methanol molar ratios using3 h reaction time 

and 65 °C reaction temperature. Another researcher, Tang et al. (2013), produced a FAME of 

99.5% yield from soybean oil over modified CaO using 1:15 oil to methanol molar ratio, 65 

°C reaction temperature and 3 h reaction time of which it was much higher compared to 

35.4% yield obtained when commercial CaO was used at the same reaction conditions. 

2.2.5 Biodiesel production techniques 

Biodiesel production efficiency always depends on the production technique used. In most 

cases, chemical and biological techniques are the two major production techniques currently 

used in production of biodiesel using animal fats and vegetable oils. Chemical production 

technique is the application of catalyst during conversion of triglycerides to biodiesel while 

biological production technique is the application of enzymes mainly lipase for conversion of 

triglyceride to methyl ester. In recent days, non-catalytic techniques and supercritical 
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During the transesterification process, methanol or ethanol are the most often used, but 

methanol is mostly used because of its physical and chemical advantages (Ribeiro et al., 

2011). It can react with triglycerides quickly (Musa, 2016), it is inexpensive and reactive, 

with no complex organic compounds (Berrios and Skelton, 2008). In order for the process to 

occur some parameters have a big influence on its occurrence. Those parameters are type and 

amount of catalyst, oil to methanol molar ratio, reaction temperature, reaction time, free fatty 

acid composition and water content (Meher et al., 2006). For the catalysts, whether acidic or 

basic are preferred to be used in the process but alkaline catalysts are mostly used with the 

fact that they are less corrosive in nature, they are faster than acid catalyst and are more 

environmentally benign. 

2.4 Factors influencing the transesterification process in biodiesel production 

In order for transesterification reaction to occur, various factors such as reaction temperature, 

reaction time, type of catalyst (homogeneous or heterogeneous, acid or base), methanol-to-oil 

molar ratio, water content, and FFA composition are to be considered. These parameters play 

a big role in the quality and percentage yield of the biodiesel. 

2.4.1 Influence of reaction temperature 

Temperature is a very essential parameter for biodiesel yield to occur during 

transesterification (Kotwal et al., 2009). Different temperatures can be used in relation to the 

type of oil and alcohol used (Meher et al., 2006; Babajide et al., 2010). For normal 

transesterification process, evaporation of alcohol must be prevented by keeping reaction 

temperature less than the boiling point of alcohol (Tariq et al., 2012). Also, during biodiesel 

production, an increase in reaction temperature increases the rate of conversion of FFA to 

methyl esters (Shu et al., 2010; Babajide et al., 2010). But, the exposure of oil in the 

excessive higher temperature leads to the formation of abnormal polymeric compounds 

caused by the degradation of unsaturated fatty acid and triglycerides compounds (Obadiah et 

al., 2012). Also, Brito et al. (2007) reported that, as temperature increases, the viscosity also 

decreases. Rashid et al. (2008) studied the effect of reaction temperatures at 35, 50 and 65 °C 

using rapeseeds oil and KOH as a catalyst while methanol to oil molar ratio was 6:1. On their 

experiment, observed the yield to be 63.5, 65.0 and 68.0% respectively. They concluded that 

higher temperatures promote saponification of triglycerides before completion of alcoholysis 

when the base catalyst is used. 
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2.4.2 Influence of reaction time 

According to Wei et al. (2009), the reaction time is the determinant of the methyl ester yield 

in a reaction. The rate of conversion depends on how long the reaction takes place (Li et al., 

2018). Time of reaction is the main cause for adsorption of reactant and desorption of 

products and it depends on the catalyst activity. Algoufi et al. (2017) reported that, the 

reaction time is required to enhance the mass transfer towards the product and it is influenced 

by active sites of the catalyst. Any process that reaches the maximum yield conversion at a 

shorter period of time, is considered as economically feasible (Lin et al., 2009). According to 

Leung et al. (2010), any excess reaction has its impacts of reducing product yield caused by 

backward reaction during transesterification. This was caused by more fatty acids form soap 

hence loss of ester yield. 

2.4.3 Influence of FFA 

The free fatty acid in oil determines the applicability of fats or oil in the transesterification 

process, also it predicts the yield during the reaction (Guo et al., 2010). High FFAs are prone 

to soap formation, high catalyst consumption, reduces efficiency of the catalyst, increases the 

reactant viscosity and reduces yield. If FFA concentration in the feedstock is higher than 1%, 

alkaline homogeneous catalysts are unfavorable to use in the transesterification because they 

are easy to form soap. Rather, acid catalysts or heterogeneous catalysts are preferred. 

2.4.4 Influence water content 

The water content in the feedstock has a significant effect on the biodiesel yield when the 

transesterification process is employed for biodiesel production. Guo et al. (2010) in their 

study, learnt the influence of water content in a feedstock by synthesizing biodiesel from 

soybean oils with different water contents using sodium silicate as the catalyst. At low water 

content, high yields of biodiesel were observed, and at higher water content the yield was 

clearly decreased. The high amount of water in the oil causes hydration to occur by producing 

OH- that causes soap to occur. 

2.4.5 Influence of methanol to oil molar ratio 

Alcohol to oil molar ratio plays an important role in the conversion of triglycerides to methyl 

or ethyl esters. Generally, during conversion by transesterification using stoichiometric ratio, 
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three moles of alcohol is required per one mole of triglyceride to form products methyl esters 

and glycerol. Any excess of methanol will increase the rate of transesterification reaction for 

catalyzed reaction (Kim et al., 2004; Guo et al., 2010; Issariyakul et al., 2014). 

Obadiah et al. (2012) used calcinated waste animal bones to produce biodiesel from palm oil 

while varying oil to methanol molar ratio from 1:1 to 1:18. On their study experience the 

significant increase of methyl ester yield as oil to methanol molar ratio increases. At the high 

amount of methanol to oil molar ratio, it was observed to promote the formation of methoxy 

species on the surface of CaO. This tends to shift the equilibrium toward product direction 

and increase the rate of conversion to 96.78%. No more yields were observed when methanol 

to molar ratio exceeds 1:18. 

Rashid et al. (2008) studied the influence of methanol to oil molar ratio of 3:1 to 21:1 in the 

production using NaOH catalyst on rapeseed oil. In their observation, they found that as 

molar ratio increased from 3:1 to 6:1 the methyl ester also increased from 57 to 96.0% and at 

lower molar ratios, the reaction was incomplete. Furthermore, they observe more time to 

allow decantation by gravity during separation of biodiesel and glycerol takes more time. 

Other researchers, Lim et al. (2009) in their study came up with an observation that, the 

interference of the glycerol separation was caused by the amount of glycerol largely dissolve 

in excessive methanol and subsequently inhibit the reaction of methanol to the reactants and 

catalyst. Also, Guo et al. (2010) confirmed that, at higher content of oil to methanol molar 

ratio, stable emulsions would be formed, that lead to complex separation and cleansing of 

biodiesel. 

2.4.6 Influence of catalyst loading 

The biodiesel yield depends mostly on the catalyst loading whereby increasing amount of 

catalyst results in increasing the number of active sites (Omar and Amin, 2011). An excessive 

amount of catalyst results in an increase of viscosity of the mixture resulting in poor mixture 

formation (Kim et al., 2004; Obadiah et al., 2012). Various types of the catalyst at different 

amount using different types of feedstock have been used in biodiesel production. Catalysts 

mainly used in biodiesel production are of three types: homogeneous, heterogeneous and 

biocatalyst (enzymes) catalyst differs according to their physical presence in the reaction. 
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2.5 Catalysts in the transesterification reaction 

The catalyst is an essential raw material for biodiesel production. It plays a big role in 

increasing the reaction rate and yield during the transesterification process. Correct selection 

of type and amount of catalyst to use is governed by number of factors: (a) The type and 

quality of feedstock (FFA and water content), (b) The operation conditions (oil to alcohol 

molar ratio, reaction temperature, agitation rate, and pressure applied), (c) Catalytic activity 

(chemical nature and texture), (d) Cost of implication (availability and environmentally 

benign) (Chouhan et al., 2011). For cheap and economically feasible biodiesel production, 

developing new and active cheap catalysts for effective transesterification of various kinds of 

oil feedstock is inevitable (Atadashi et al., 2013). Generally, three types of catalysts can be 

used in the transesterification processes: homogeneous, heterogeneous and enzymic 

(biocatalyst) catalysts. Its chemical nature allows the catalyst to be classified into alkali or 

acid. 

2.5.1 Homogeneous catalyst acidic and basic 

Homogeneous catalyst refers to the type of catalyst acting in the same phase as the reaction 

mixture (oil). They are the most used catalyst in the production of biodiesel through 

transesterification process. The most frequently used homogeneous catalysts are NaOH, 

KOH, CH3OK, and CH3ONa which are alkaline catalysts while homogeneous acidic catalysts 

include H2SO4, HCl, H3PO4 (Ribeiro et al., 2011; Thanh et al., 2012). These catalysts are 

simple to use, easily soluble in methanol, require less reaction time with high yields during 

biodiesel production. Apart from that, the catalyst shows great disadvantages in 

transesterification processes of high production costs due to high washing and purification 

steps, sensitive to the high water content in feedstock leading to soap formation, high 

wastewater management, difficult to separate from the reaction mixture and not reusable. 

Alkaline catalysts are restricted to low FFA while acidic catalyst takes more time to convert 

triglycerides to methyl esters (Sanli, 2008; Jimenez-lopez et al., 2011; Endalew et al., 2011; 

Borges et al., 2012; Thanh et al., 2012; Tang et al., 2018). These drawbacks motivated 

intense research and use of heterogeneous catalysts in the transesterification process. 

2.5.2 Heterogeneous catalysts 

In recent years, there is great concern on using heterogeneous catalysts to replaced 

homogenous catalysts due to their great advantage in transesterification reactions (Abdullah 
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et al., 2017). Basically, heterogeneous catalysts are the ones that act in different states from 

the reaction mixture, and for biodiesel production is in the solid phase. The catalysts are 

insensitive to high FFA, they do not dissolve or not consumed in the reaction mixture, easily 

to separate from reaction mixture, handle with less washing steps, with low cost, reused, less 

toxicity, high catalytic activity, longer life catalyst and are environmentally friendly. Also, it 

can be derived from both renewable and non-renewable resources which are naturally 

abundant (Helwani et al., 2009; Ngamcharussrivichai et al., 2010; Naik et al., 2010; 

Abdullah et al., 2017). The effectiveness of the heterogeneous catalyst in catalytic conversion 

depends on the activity of the solid catalyst used (Lee et al., 2009). Generally, heterogeneous 

catalysts can be classified as acid or base. 

(i) Heterogeneous acidic catalysts 

Heterogeneous acid catalysts have got much attention against homogeneous catalyst due to 

their sensitivity to high FFA feedstock, easy to separate from a reaction mixture and their 

stability of not losing catalytic activity when used in number cycles (Lee et al., 2014; Shu et 

al., 2010). These catalysts are characterized by having lower catalytic activity, required 

higher reaction temperatures (~200 °C), and higher reaction times hence increasing the 

biodiesel production cost (Christopher et al., 2014; Issariyakul et al., 2014). Good thing on 

acid catalysts is the ability to simultaneously esterify and transesterification oil with FFA 

greater than 2%. It can work in the feedstock with a high water content of more than 20% 

without deactivation and show better yield results but likely to cause corrosion of equipment 

due to acidity property (Endalew et al., 2011; Chouhan et al., 2011). The most known 

catalysts of this type are sulfated zirconia (SZ), sulfonated saccharides, sulfonic acid group 

and sulfonic acid modified mesoporous silica (Jimenez-lopez et al., 2011; Guo et al., 2011; 

Rachmat et al., 2017; Issariyakul et al., 2014) 

(ii) Heterogeneous basic catalysts 

In improving transesterification process of triglycerides, various types of heterogeneous basic 

catalytic materials such as metal oxides, metallic salt, and supported base catalyst have been 

used. Heterogeneous base-catalysts are of higher reaction rates in transesterification greater 

yield as compared to the acid-catalysts (Christopher et al., 2014). According to Lee et al. 

(2009), there are six categories of heterogeneous catalyst namely: mixed metal oxides, single 

metal oxides, supported alkaline metals, alkaline earth metals, hydrotalcites and organic base 
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solids. Among these, alkaline earth metal oxides are the most frequently used catalysts in the 

transesterification process for biodiesel production. 

In many cases, metal oxides such as CaO, K2O, MgO, and MnO are among good examples of 

solid base catalysts abundant in nature and widely used to produce biodiesel (Viriya-empikul 

et al., 2010; Zabeti et al., 2009). Calicium oxide is the most used and can be derived from 

calcite (CaCO3) and dolomite (CaMg(CO3)2), natural earth occurrences rocks, animal bones, 

seashells and agricultural wastes (Algoufi et al., 2017). For example, Ngamcharussrivichai et 

al. (2010) calcinate CaO from calcite and dolomite rocks at a temperature of 800 °C with 

burning time of 2 h and use as a catalyst (6% wt.) with methanol to oil molar ratio (30:1) and 

3 h reaction time while reaction temperature kept at 60 °C in transesterification of palm oil. 

The FAME of 98% was yielded while catalyst reused for the next seven runs. 

Nevertheless, the high price of commercial catalyst, multi-steps on preparation procedure of 

catalyst from non-renewable sources and environmental issues, raise a concern of looking for 

greener and cheaper catalyst from renewable sources to replace conventional catalysts 

(Abdullah et al., 2017). Most of the utilized catalysts have been derived from abundantly 

discarded materials which are rich in calcium carbonate for example shells, bones, and 

agricultural biomass wastes. Among many other advantages; the catalysts are simple and safe 

to handle and store, abundantly available, cheap, comes from renewable sources and are 

environmentally benign (Smith et al., 2013). The number of materials rich with CaCO3 was 

mentioned to be a good precursor for the organic catalyst which includes: waste seashells, 

eggshells, waste fish scale, animal bones and some of the plant biomass (Viriya-empikul et 

al., 2010; Wei et al., 2009; Chakraborty et al., 2010; Correia et al., 2017; Chakraborty et al., 

2011; Smith et al., 2013). 

Generally, there are three main ways of transforming biomass into a solid base catalyst 

purposely for biodiesel production: (a) Thermal treatment (calcination method), is the way in 

which biomass can be directly transformed into catalyst by direct burning to form metal oxide 

example CaCO3 to CaO, (b) Using impregnation method to support materials such as silica 

into reactive metals, (c) Using activated carbon materials to attach basic active compounds of 

alkaline and metal hydroxides (Tang et al., 2018). 

In most cases, calcination processes are simple and popular in use. Birla et al. (2012) 

calcinated snail shells at 900 °C for 3.5 h and got very effective heterogeneous CaO catalyst. 
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(ukwaju) tree-type plant that belongs to the dicotyledonous family: Caesalpiniaceae, 

indigenous to tropical Africa. The pulp is edible used to make food, sauces, curries and juices 

and other commercial drinks leaving shells with no value (Meher et al., 2014). The fruit shell 

wastes are abundant with CaCO3 (11.1%) by weight (Wadekar et al., 2006). Other elements 

such as K (13.0%), Mn (12.1%), Mg (10.4%), Na (8.90%), Zn (7.0%), Fe (4.5%) and Cu 

(2.10%) mg/kg are present as reported by Ajayi et al. (2006). TIFSs like any other plant 

biomass have high amount of alkaline earth metal compounds. When burned to ashes they are 

ready to form metal oxides, a heterogeneous catalysts and can be used in biodiesel production 

(Zabeti et al., 2009). Good examples of catalysts derived from agricultural wastes and used 

for transesterification are: Amos et al. (2016) used cocoa pods and rice husks calcinated at 

600 °C as catalysts for the transesterification of Parinari polyandra seeds oil resulting in a 

better biodiesel yield of 98.61% and 88.85% respectively. Sulaiman et al. (2017) used 

calcinated coconut waste and eggshells at 900 °C as the catalyst in palm oil resulting in a 

yield of 81%. Another researcher Andherson (2018), produced biodiesel from waste cooking 

oil (WCO) using two agricultural wastes K2CO3 from cocoa pods and CaO from waste 

chicken eggshells and compared their yields with their counterpart commercial catalyst. The 

catalysts were calcinated at 900 °C and achieved a yield of 73.33% and 81.43% compared to 

66.67% and 83.59% of commercial catalysts respectively. Also, Li et al. (2018) used green 

biomass ash from old camphor tree burned in the air and then supported with K2CO3 to form 

a solid base heterogeneous catalyst. They evaluated its performance on biodiesel production 

from soybeans oil with a yield of 92.27%. 

Furthermore, Osakwe et al. (2018) investigated the use of Kolanut pod husk ash burned at 

600 °C as a catalyst in Thevetia peruviana (yellow oleander) seeds oil resulting to a yield of 

84.50%. Also, Kouzu et al. (2008) examined the use of banana trunk (Musa balbisiana Colla) 

ash as heterogeneous solid base catalyst in producing biodiesel from Thevetia peruviana with 

a yield of 96% obtained. Tang et al. (2018) concluded that biomass waste utilization can be 

used to produce catalysts of low cost with the good catalytic performance of more than 80% 

biodiesel. Apart from biodiesel production, the process will decrease the problem of waste 

materials and the issue of their disposal as produced from agricultural industries and other 

various human activities. Also, the use of this method is of various advantages such as 

producing a high and efficient bio-based heterogeneous catalyst of low cost, non-toxic, 

biodegradable, non-corrosive and both method and catalyst are of more environmentally 

friendlily. 
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(iii) Zeolite catalysts 

In recent studies, zeolite has gained a great concern on using it as a heterogeneous catalyst for 

biodiesel production (Kozhevnikov, 2007; Suppes et al., 2004; Sharma et al., 2011). Zeolites 

catalyst are characterized by having acidic or basic nature depends on metal attached to it, 

high thermal stability, less toxicity, non-corrosive, reused and environmentally friendly but 

are much expensive and needs higher temperature during reaction for transesterification (Shu 

et al., 2010; Sharma et al., 2011). 

2.5.3 Enzymic catalysts 

In recent years, enzymatic reactions using lipase for biodiesel production have attracted 

growing attention. An enzyme like any other catalyst can be used in transesterification 

reaction and has been considered the most effective method for biodiesel production. Various 

Enzymes (lipases) catalysts such as Candida Antartica (Royon et al., 2007), Candida rugosa 

(Linko et al., 1998), Pseudomonas cepacia (Shah et al., 2007), immobilized lipase (Lipozyme 

RMIM) (Vieira et al., 2006) Pseudomonas spp. (Ming et al., 1999) or Rhizomucarmiehei 

(Ming et al., 1999) have been used. Enzymatic catalysts possess both homogeneous and 

heterogeneous catalysts properties. Enzymic catalysts have various advantages over chemical 

catalysts: they have easy product recovery, environmentally friendly properties, high 

selectivity, and a low oil to alcohol molar ratio (Zhao et al., 2013). It tolerates on oil having a 

high amount of water and FFA and facilitating easy purification of biodiesel and glycerol 

(Zhao et al., 2013; Tang et al., 2018). Enzyme catalysts have their drawbacks such as: being 

expensive, easily deactivated and require long reaction time. These major drawbacks limit the 

industrial application of enzymes in the biodiesel production (Helwani et al., 2009; Zhao et 

al., 2013). 

2.6 Catalyst reusability 

One of the advantages of heterogeneous over the homogeneous catalyst is its being easy to 

separate from mixture and reusability. The texture and its physical properties made 

heterogeneous catalyst to be easily separated from reaction mixture just by filtration or 

centrifugation, washed, dried and reused for several runs without deactivation. But reusability 

depends on the active site on the catalyst and texture structure. The catalyst activity always 

depends on its surface area, base strength, surface morphology, chemical composition and 

base site concentration which depends on the preparation method (Kiss et al., 2006). 
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Catalysts reusability has a great potential industrial application in reducing the costs of 

biodiesel production (Jegannathan et al., 2008; Wei et al., 2009). The ability of the catalyst to 

be reused several times depends on the preparation technique and their chemical properties. 

Various studies have been conducted on catalyst reusability. For example, Wei et al. (2009) 

studied the reusability of the eggshells derived catalyst calcinated at 800 °C. The catalyst was 

reused 13 times without loss of the catalyst activity property. Hu et al. (2011) reported the 

use of a catalyst (CaO) derived from freshwater mussel for 12 cycles with 80% yield from 

tallow oil. Correia et al. (2017) studied the reuse of quail eggshells calcinated at 900 °C with 

three cycles on transesterification of sunflower oil with slightly loose in catalyst activity. 

They concluded that the deactivation was probably attributed to washing and sample handling 

between each cycle. Chakraborty et al. (2010) also studied the reusability of waste fish scale 

derived heterogeneous catalyst calcinated at 900 °C on soybean oil. The developed catalyst 

was chemically stable and was used consecutively for six experimental runs without 

remarkable deactivation. 

Generally, heterogeneous catalysts are recovered easily from the reaction mixture and reused 

in the transesterification reaction. But these catalysts experience the deactivation caused by 

structure change due to the presence of CO2 and water in the reactor (Wei et al., 2009; 

Endalew et al., 2011). Also, the stability and reuse of solid catalysts have an important role in 

determining the economic application for biodiesel production on a large industrial scale 

(Correia et al., 2017). 

2.7 Biodiesel purification and yield estimate 

Biodiesel and glycerol are the products resulted from mixture of oil/fats; alcohol and catalyst 

reacted in the same reactor at a given time, temperature and agitation speed. Production of 

biodiesel using homogeneous catalyst results into a product of homogeneous mixture while 

that uses heterogeneous catalyst resulted into heterogeneous mixture. The heterogeneous 

mixture needs more separation of catalyst using filters to separate catalyst from mixture and 

remain with homogeneous solution. The separation of biodiesel and glycerol from the 

product solution is made by gravity settling and/or by centrifugation. After removal of 

glycerol, the remaining methyl ester may consist of traces of alcohol, glycerol, catalyst 

(metals), tri, di and mono-glycerides and water elements (Garcia et al., 2015). These traces of 

impurities must be removed in order to attain the quality biodiesel that meets specifications 

that will not harm the engine by poor performance, contaminants and emissions during 
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burning. To remove these traces of impurities two types of washing techniques as wet and dry 

washing have been employed. 

2.7.1 Wet washing technique 

Wet washing technique is the most widely used method using warm water to remove 

impurities from the product. According to Atadashi et al. (2011), wet washing techniques 

involve washing biodiesel using deionized water (Ali and Isis, 2013; Grubb, 1948), acid and 

water (Garcia et al., 2015; Grubb, 1948) or using of organic solvents (Grubb, 1948; Ma et al., 

1998). The technique is simple to use and of low cost since water is abundant, furthermore, 

biodiesel is insoluble in water. But the method is prone to allow soap and free fatty acid 

formation resulting in reducing yield and also it generate large amount of waste water (Garcia 

et al., 2015); Manique et al., 2011). Garcia et al. (2015) successfully purify their biodiesel 

using acidified hot water (HCl 1N-1:4) at 85 °C followed by neutralizing it with distilled 

water at 85 °C. The pure biodiesel was dried in oven at 105 °C for 1 h to remove water 

content. Also, MgSO4 or Na2SO4 can be used as an absorbent to remove water content from 

the washed biodiesel (Akhtar et al., 2017). 

2.7.2 Dry washing technique 

Dry washing technique uses adsorbents in purifying biodiesel. Various adsorbents such as 

silicates (megasol), ionic exchange resin, cellulosic materials, activated carbons, activated 

clays, etc have been developed and used to purify biodiesel. These adsorbents consist of both 

acidic and basic adsorption sites where polar compounds such as methanol, glycerides (tri, di 

or mono), glycerol, metals and soap are absorbed remaining with pure biodiesel. The 

technique is characterized by being waterless, with lower purification time (10-20 min) and 

of low reaction temperature 65 °C but expensive (Atadashi et al., 2011) 

2.7.3 Product yield estimation 

Purification of biodiesel helps to know the amount of biodiesel produced in a given reaction. 

During transesterification process the product yield is purified to enable finding the actual 

percent purity of biodiesel produced. According to Vicente et al. (2007), various methods 

have been used such as: (a) Analytical method where gas chromatogram is used to estimate 

percentage yield. (b) Statistical method use to analyze various variables involved in biodiesel 

production. Such methods include Response Surface Methodology (RSM), Artificial Neural 












































































































