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Abstract

Biodiesel is one of the renewable energy (RE) sources that has received much interest due to its promising properties.
Recently, the use of coconut oil as biodiesel has caught the attention of many researchers. As a result, this paper presents a
comprehensive overview of the current catalysts used to produce coconut oil biodiesel via the transesterification method.
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1 Introduction

Worldwide primary energy demand has been growing
by 1.6% on an annual basis, and its escalation is bound
to increase through the next decade. Most of the primary
energy used at this present time is comprised of crude oil
(35%), coal (29%), and natural gas (24%), all generated
from fossil fuel resources. Meanwhile, renewable energy
(RE) and nuclear resources contribute about 5% and 7% of
global energy consumption, respectively [1, 2]. The continu-
ous increment in energy demand due to global industrializa-
tion and modernization has led to a non-RE crisis. The use
of non-RE sources is deleterious to the environment. Upon
burning, fossil fuels emit particles that pollute the air, water,
and land, which have been linked to the devastating effects
of climate change, global warming, and even worse, the
emergence of incurable diseases. Developing countries have
begun to realise the importance of biofuels such as alcohol,
vegetable oil, biomass, biogas, and synthetic fuels. There-
fore, biodiesel has piqued the interest of many researchers as
a potential substitute for petroleum-based fossil fuel.

Biodiesel offers multiple advantages, including high flash
point, high cetane number, high lubricity, lower carbon mon-
oxide emission profile, and most importantly, it is biodegrad-
able [3]. Notably, biodiesel has a significantly higher flash
point than that of petroleum diesel or gasoline, thus con-
tributing to the exceptional safety properties offered by bio-
diesel. It is also nontoxic, eco-friendlier than fossil fuels, and
contains no sulphur. Besides, biodiesel is an affordable, good
lubricant with comparable quality to diesel fuel, hence its
potential to be an alternative lubricant in compression igni-
tion engines [4]. Biodiesel can be produced from renewable
biological sources such as vegetable oils and fats. Therefore,
it is a potential RE source and a carbon-neutral alternative
to petroleum fuels, as depicted in numerous reviews [2,
4-6]. Vegetable oil-based fuel emits fewer harmful gases
(e.g., sulphur oxide, carbon dioxide, carbon monoxide, and
unburned hydrocarbons) into the environment when com-
pared to petroleum-based diesel fuels [7, 8].

Due to current industrial levels of demand, edible oils
with food value, such as corn, soybean, coconut, and palm,
have been placed under huge pressure [9]. Vegetable fats
and oils (edible and non-edible) and animal fat feedstock
contain monoglycerides (MGs), diglycerides (DGs), and
triglycerides (TGs), which are long-chain fatty acid groups
attached via ester linkages to a glycerol backbone. These
three chemicals have similar physicochemical properties
to petrol and diesel, but are unsuitable for direct injection
engines due to the combustion residue of the oil. However,
this problem may be addressed by modifying both feedstocks
via transesterification reactions to form alkyl esters, which
refers to biodiesel. The triglycerides derived from vegetable
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oils or animal fats are combined with short-chain alcohols
such as methanol, ethanol, and propanol in order to obtain
alkyl esters or biodiesel via transesterification reaction with
glycerol as the by-product [10, 11].

Coconut oil can be extracted from the meat or kernel of a
matured coconut and is a type of edible oil. Coconut oil can
be used for biodiesel production due to its availability and
lower free fatty acid (FFA) content when compared to non-
edible oils. Besides, coconut biodiesel has better lubricity
and a similar flash point to that of diesel fuel [4]. Typically,
coconut contains 10%—15% of extractable oil content, with
a fatty acid methyl ester (FAME) composition of C8 to C12
[5]. According to Nakpong and Wootthikanokkhan [12],
in order to produce biodiesel via a two-step process, coco-
nut oil with 12.8% FFA content can be used as feedstock.
First, through acid-catalyzed esterification, the FFA content
of coconut oil is reduced to 0.6%. Second, with the use of
methanol and the presence of an alkaline catalyst, triglycer-
ide is transesterified to produce methyl esters and glycerol
as by-products. The coconut biodiesel viscosity is similar to
that of Thai petroleum diesel. The other measured proper-
ties of coconut biodiesel also meet Thai biodiesel (B100)
specifications.

Conventionally, biodiesel is synthesized using homoge-
neous catalysts, such as NaOH [13], KOH [14], and H,SO,
[15], to yield high conversion values. . However, there are
several disadvantages to homogeneous catalysts, such as fail-
ure to reuse the catalyst, as well as high production of poten-
tially hazardous and corrosive waste and effluents. There-
fore, solid heterogeneous catalysts are used as an alternative
to traditional homogenous catalysts. Heterogeneous catalysts
offer numerous advantages that can minimise environmental
damage and enhance the efficacy of the biodiesel process.
The solid catalysts can easily be detached from the reaction
medium and are reusable several times without deterioration
[16]. Besides, solid catalysts can reduce the volume of wash
water and organic solvent required to purify the biodiesel,
thus saving on the cost of biodiesel production.

Therefore, this paper looked into the potential of coconut
oil as a biodiesel feedstock as part of the RE source to lower
the current dependence on conventional fossil fuel sources.
This paper reviews the recent catalysis methods for biodiesel
production using transesterification and highlights several
recommendations for future research in biodiesel production.

2 Transesterification Method

In general, biodiesel is produced via the transesterification
process, where the oil or fat obtained from specific sources
is reacted with alcohol in the presence of a catalyst to form
esters (biodiesel) and glycerol. The by-product of the trans-
esterification reaction is glycerol. Once treated and subjected
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The removal of TAG to form three molecules of fatty acid alkyl ester and one molecule of glycerol is shown in Equation 2.

R R
Oﬂ 0 R
R HOR' O Hor' —% . OH
OK O%R HOR!
o 0] 0 OH OH
R : oH OH
0 R OR DAG R__OR' . OH
TAG T T MAG R -OR Glycerol
0 0 T
Fatty acid Fatty acid Fa'g/ acid
alkyl ester alkyl ester alkyl ester (2)
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Transesterification is a crucial process for producing bio-
diesel, as it can improve some properties of the oil, such as
viscosity, cetane number, flash point, and other character-
istics, to a level nearer to that of conventional fossil-based
diesel oil [15, 16]. Methanol and ethanol are the common
alcohols used in transesterification due to their availabil-
ity, low cost, as well as short carbonic chains and polarity,
making them chemically and physically advantageous. Other
alcohols that are less commonly used include 1-propanol,
1-butanol, and amyl alcohol [18].

The parameters of the transesterification reaction are
essential to optimising biodiesel production. The param-
eters with the most effect on biodiesel yield are reaction
temperature, catalyst type and amount, alcohol-to-oil molar
ratio, and reaction time. The yield of biodiesel is calculated
using Eq. 3 below.

weight of biodiesel (FAME)
weight of oil used

%Biodiesel yield = x 100%

3)
A catalyst improves the reaction rate and the biodiesel
yield. Catalysts can be alkaline, acidic, or enzymatic. Usu-
ally, an alkaline catalyst is preferred and has been applied
commercially because it induces a faster reaction rate when
compared to an acidic catalyst. Besides, it is also preferred
for oil with a lower FFA content [18]. Hence, this paper
describes the transesterification of coconut biodiesel using
different catalysed reactions applied in various studies.

2.1 Chemical Catalyzed Reaction

The chemical-catalysed reaction works in the presence of
alcohol and a catalyst to chemically breakdown triglycer-
ide molecules into oil. The chemical-catalysed reaction is
divided into two categories: homogeneous (alkali or acid)
and heterogeneous (solid acid or solid alkali). Generally,
homogeneous catalysis is more important on an industrial
scale because it is more active and demands less time for
transesterification, while heterogeneous catalysis is more
useful for oil containing higher FFA content [19]. Homoge-
neous catalysts require purification steps as well as extensive
biodiesel and glycerol conditioning to separate the catalysts
[20]. The transesterification process for biodiesel production
favours heterogeneous catalysts instead of homogeneous cat-
alysts. Heterogeneous catalysts cause easy separation from
the reaction medium due to their immiscibility with both
the reaction products [21]. This process can produce high-
quality biodiesel and glycerol that are easily separable, thus
preventing the costly refining process and reducing the draw-
backs of transesterification for biodiesel production [22].
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2.1.1 Homogeneous Catalysis Reaction

Homogenous catalysts are widely accepted, with almost
all biodiesel production using homogenous base catalysts
due to their fast reaction rate, high catalytic activity, moder-
ate operating conditions, and ready availability. Homoge-
neous alkaline catalysts, such as NaOH, KOH, CH;ONa,
and CH;OK, are suitable for virgin oil containing less FFA
content because high FFA content can lead to saponifica-
tion (soap formation) and complex separation, while acidic
catalysts (e.g., HCI, H,SO,, and H,PO,) are commonly used
for high-FFA-content oil, such as waste cooking oil (WCO)
[19]. The acid catalyst in moderate-FFA-content oil might
negatively affect the production of biodiesel if water in the
reaction mixture is above a certain threshold value [23, 24].
In comparison, the acidic catalyst requires a longer time
and a higher temperature to complete the transesterification
reaction when compared to an alkaline catalyst. Alkaline
catalysts are preferred over acid catalysts since the former
induces faster transesterification at lower temperatures and
pressures, apart from incurring lower capital and operating
costs for the biodiesel plant [18].

Alkaline metal alkoxides (NaOCH3 and KOCH3) are
better catalysts when compared to hydroxides (NaOH and
KOH) because the former does not generate water during the
reaction. When water is generated, the hydrolysis reaction is
enhanced to form FFA, thus increasing the acid value [19,
25]. Upon mixing NaOH with methanol, a small amount of
water will be produced; this hydrolysis reaction will affect
the biodiesel yield [19]. Ester saponification may occur
when water is formed under alkaline conditions. Moreover,
an alkali catalyst is sensitive to FFAs as it can react with the
FFA to produce soap and water. Therefore, to make the base
catalyst system commercially viable, dehydrated oil with
less than 2 wt% FFA, anhydrous alcohol, and a catalyst are
necessary for the transesterification process [26]. Further-
more, when the catalyst (NaOH) concentration reaches 1.5
wt%, the biodiesel yield reaches an optimal value. However,
as the catalyst concentration is increased further, the yield
decreases due to the formation of soap.

Equation 4 presents the mechanism for base-catalyzed
reaction transesterification. The alkoxide ion attacks the car-
bonyl carbon of the triglyceride molecule to form a tetrahe-
dral intermediate that will react with alcohol to regenerate
the alkoxide ion. The last step refers to the rearrangement of
a tetrahedral intermediate to form an alkyl ester and a diglyc-
eride. Even a small amount of water being generated during
the transesterification process may result in soap formation
and lower ester yields [25].
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The homogeneous acid catalyst is not as popular as the
homogeneous base catalyst. However, the former still holds
an important advantage over the latter, i.e., the FFA content
in oil neither affects the transesterification process nor pro-
duces soap and water. It can catalyse both esterification and
transesterification processes simultaneously, thus allowing
the ability to directly produce biodiesel from low-cost lipid
feedstock with high FFA content [19]. However, it is crucial
to maintain the water content in biodiesel below 0.5 wt%.
This is because water can surround protons (H+) and form
water-rich methanol proton complexes, that are less hydro-
phobic than methanol. The presence of these complexes may

4)

cause difficulties for the catalytic species (H+) in approach-
ing hydrophobic triglyceride molecules [25].

As for the mechanism in the acid-catalysed transesteri-
fication reaction, as shown in Equation 5, protonation of
the carbonyl group molecule leads to carbocation. Next,
the alcohol attack will generate a tetrahedral intermediate.
The glycerol backbone is removed from the intermediate to
regenerate the catalyst, resulting in ester production [25].
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2.1.2 Heterogeneous Catalyst Reaction

The heterogeneous catalyst reaction is classified by its Bron-
sted or Lewis acidity, the number of active sites, and the
structural characteristics of the support. The stronger the
basicity of the catalyst, the greater the presence of active sites
and the catalyst performs better. The heterogeneous catalyst
can bring out grafting and entrapment of the active molecule
on the surface and inside the pores of a solid support, such as
silica, alumina, and ceria [2]. In heterogeneous transesterifi-
cation, alkali metal oxide [27], mixed metal oxide [28], and
alkali metal compounds supported on polymer [29] have been
used to produce biodiesel from coconut oil.

The heterogeneous catalyst generates a higher yield, as it
does not form soap or fatty acids. It also has a manageable
design because it dismisses purification and separation steps.
Besides, it contains no salt contaminants, has high glycerin
purity with low water content [30]; and can be reused. Hetero-
geneous basic catalysts that are commonly used in the transes-
terification reaction are CaO-La,0; [5], Ca-Al hydrocalumite
[18], CaO [19, 24], BaO [23], Li-CaO [25], CaO-ZnO [26],
CaO/Al,05[31], calcium/chitosan spheres [32], natural cal-
cium [33], and MgO [34]. Of these, CaO shows exceptional
catalyst properties under mild reaction conditions, along with
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a longer lifetime at a low cost [35]. Some natural sources, such
as quail eggshell waste, are also viewed as potential catalytic
precursors for biodiesel production due to their low cost and
highly efficient active phase in the transesterification reaction
after being subjected to thermal treatment to form the CaO
phase. The catalyst of CaO/PVA [29], zirconium tungstate
[36] and activated carbon [37] can be reused up to 3 times
and still produce a yield of above 80%. Another study tested
the reusability of a zeolite catalyst and reported a maximum
biodiesel yield that exceeded 75% after 5 runs [38].

The mechanism of heterogeneous catalyst reaction
involves the Bronsted basic and Lewis basic activity centers,
where they can provide electrons (or accept protons) for (or
from) the reactants [39]. As for the solid-acid catalyst, it pro-
vides a positively-charged acid site for fatty acid content in
oil to get adsorbed, whereas the solid-base catalyst provides
a negatively-charged base site for methanol to be adsorbed
[40]. The heterogeneous base catalyst mechanism involves
the following: (1) physical adsorption of methanol to the
basic site of the catalyst; (2) reaction between fatty acid TAG
and methanol; (3) formation of methyl ester and side product
of glycerol; and (4) the re-availability of the basic site in the
catalyst [40]. Equations 6 and 7 display the mechanisms of
solid-acid and solid-base catalysts, respectively.
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Heterogeneous catalyst has several drawbacks, including
higher energy consumption, being costly [30], and slower
reaction rate [24]. It can also lead to mass transfer resistance
in the presence of three phases (oil/alcohol/catalyst) within
the reaction mixture.

2.2 Enzymatic Process

Enzyme, oil, and an acyl acceptor (usually an alcohol) are
the main components in the enzymatic process of producing
biodiesel. Enzymes, also known as lipase, can be extracted
from various sources, such as fungi, bacteria, and yeast. It
can catalyse a range of substrates, including FFA [41] and
can be performed at lower temperature (up to 323 K) [42].
Lipases are categorised as hydrolases since they carry the
hydrolysis of triglycerides in oil to glycerol and fatty acids,
in which case they are well defined as carboxylesterases
that catalyse both hydrolysis and synthesis of long-chain
acylglycerols [43]. Different lipases have different specific-
ity toward oil and alcohol. For example, the type and length
of fatty acid, as well as the presence of double bonds and

branching in triglycerides, should be considered in choosing
lipase [41]; while for alcohol, high or branched alcohol can
affect lipase [44].

The yield of biodiesel may be affected by the specific-
ity, efficiency, and immobilisation of lipase, the fatty acid
composition of the substrate, and the type of acyl acceptor
used. Free enzymes are more suitable for biodiesel produc-
tion as they are low-cost biocatalysts with high activity [41].
However, the use of immobilised lipase can be beneficial in
terms of stabilisation and reusability of lipase [45]. Lipases,
such as Candida rugosa lipase (CRL) [44, 46] and Candida
antarctica [44], have been used commercially in various
companies and industries. Methanol and ethanol are widely
used as acyl acceptors, and it is highly necessary to control
the molar ratio of oil in order to avoid enzyme deactivation
[41, 46]. In an enzymatic reaction, the FFA content in the
substrate can be lower or higher than 1%, thus providing an
advantage to the enzymatic process over chemical catalysis.

Enzymatic catalysed transesterification adheres to the
mechanism of Ping-Pong Bi-Bi with the following four
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Table 1 Comparison of fatty

AR . . Types of oil Palmitic acid Oleic acid (C18:1) Linoleic acid Ricinoleic
acids 1n. different edible oil and (C16:0) (C18:2) acid (C18:1
waste oil OH)

Waste cooking oil 8-20% 45-52% 13-39% -
[73, 74]

Waste coffee oil 32-41% 7-9% 34-46% -
[75, 76]

Waste food ~16% ~46% ~23% -
[77]

Jatropha oil ~14% ~ 44% 32-35% -
[78-80]

Castor oil 0.7-1.3% 2-6% 4-7% 84-94%
[81, 82]

Karanja oil ~11% ~51% ~16% -
[83, 84]

Table 2 Example of FAME conversion yield from waste cooking oil,
waste coffee and food waste

Waste sources Catalyst FAME con-  References
version (%)
Waste cooking oil ZnAl,O, <95.00 [85]
CaO 96.74 [86]
70.00 [87]
KOH 90.00 [87]
a-Fe,0;- Al,O5 86.78 [88]
Fe/Ba/Al,05 84.02 [89]
CaO/MgO 96.47 [90]
CaO/Al,04 30.91 [91]
Waste coffee NaOH 97.00 [92]
62.20 [93]
H,SO,-Si0, 92.00 [94]
H,SO, 16.75 [95]
Food waste KOH 93.23 [77]
H,SO, 33.20 [96]
97.40 [97]
100.00 [98]
H,S0,-Si0, 97.00 [94]
Novozyme-435 90.00 [98]

¥,
ks ki kz

steps: 1) the addition of nucleophilic (oxygen in the O-H
group in the enzyme) to form an enzyme-substrate complex;
2) proton transfer to the alkyl oxygen atom of a substrate
from the conjugate acid of the amine that forms the glyc-
erol moiety [47]. The initial substrate of TAG will be trans-
formed into DAG and MAG:.; 3) the oxygen atom from the
alcohol molecule will be added into the carbon atom of C=0
acyl enzyme intermediate to form the acylated enzyme-alco-
hol complex; and finally, 4) the elimination of the acylated
enzyme-alcohol complex and the transfer of proton from the
conjugated acid of amine to produce fatty acid alkyl ester.
Equation 8 expresses the mechanism of Ping-Pong Bi-Bi,
where A and B are substrates, E is an enzyme, P and Q
are products, EAc and EAcb are intermediate complexes
of enzyme and substrate, while EB is an inactive complex
enzyme-substrate B.

B
k3 ( k4

EB ™ E+A o EA =

k.2

A\Bk_s K4
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EAc - EACB —=— E+Q
-3 -4

(8)
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The transesterification process is mostly carried out
below the boiling point of alcohol to avoid alcohol evapora-
tion. The transesterification process is commonly conducted
at 30-60 °C, which is below the boiling point of alcohol (in
most cases, methanol and ethanol are used as their boiling
points are 65 °C and 78 °C, respectively) and the range refers
to the optimum temperature range for most lipases [43]. The
reaction time of the enzymatic process is generally longer
than that of the chemical catalysed process. The enzymatic

reaction usually depends on the reaction temperature, reac-
tant, and catalyst concentration.

Some studies applied the ultrasonic-assisted enzymatic
method because it can offer a high methyl ester yield in a
shorter time at a lower reaction temperature simply with
a low amount of methanol and catalysts [48—50]. This is
because the ultrasonic-assisted method can maximise the
interfacial surface area between the immiscible reactants
at a lower energy input in comparison to the conventional

Table 3 Summary

ficati . Sources Conditions Performance References
transc-:.ste.rl cation condmoqs (biodiesel yield)
and biodiesel performance in
homogeneous catalyzed reaction Coconut waste oil T: 64 °C 64% [5]
t:3h
Catalyst concentration: Swt% of KOH
Coconut oil T: 60 °C 98.4% [12]
t: 60 min
Methanol to oil molar ratio: 0.4 v/v
Catalyst (KOH) conc. of 1.5 w/v of oil
Coconut waste oil T: 65 °C 97% [32]
t:3h
Methanol to oil molar ratio: 10:1
Catalyst concentration: 2 wt% of KOH
Co-solvent: 15% of n-hexane
Coconut waste oil T: 62 °C 88.5% [33]
Catalyst concentration: 2wt% of KOH
Mixing: 700 rpm
Oil from copra part ~ T: 60 °C 96.7% [35]
Methanol to oil molar ratio: 60:1
Co-solvent (THF):methanol volume ratio: 0.4:1
H,SO, catalyst (fixed 15 mL)
Oil from copra part  T: 55 °C 96% [99]
t: 60 min
methanol to oil molar ratio: 6:1
Catalyst (NaOH) conc. of 1% w/w of oil
Table 4 Summary transesterification conditions and biodiesel performance in heterogeneous catalyzed reaction
Source Conditions Performances References
(biodiesel yield)
Coconut oil Microwave power: 600 W 33.84% [27]
t: 3 min
Catalyst concentration: 2.5 wt% CaO
Methanol to oil ratio: 9:1
Coconut cooking oil T: 60 °C [28]
t:2h
methanol to oil ratio: 6:1
Catalyst: 97%
15 wt% white marlstone (MW) calcinated at 1000 °C for 1.5 h
Catalyst: 94%
15 wt% red marlstone (MR) calcinated at 900 °C for 3 h
Coconut waste oil ~ T: 61 °C 95% [29]

Methanol to oil ratio: 12:1
Catalyst concentration: 2.29 wt% CaO/PVA
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Table 5 Summary transesterification conditions and biodiesel performance in enzymatic catalyzed reaction

Source Conditions Performance References
(biodiesel yield)

Coconut oil Catalyst: Novozyme 435 80.5% [100]
T: 60 °C
Enzyme concentration:7 wt%
Ethanol to oil: 10:1

Coconut oil Catalyst: Novozyme 435 74% (High molecular weight [101]
T: 65 °C butyl ester (HMWBE))
Enzyme concentration: 5.8 wt% 24% (Low molecular weight
Biobutanol to oil: 6.2:1 butyl ester (LMWBE)

Coconut oil T:40 °C Catalyst: candida rugosa(LCR) 62.55% [102]
Time: 4 h Catalyst: porcine pancreas (LPP) 59.72%

Ethanol to oil: 4:1

stirred rectors that can improve the mass transfer between
immiscible reactants [48].

The enzymatic method, however, has several drawbacks,
including a slower reaction rate, enzyme inhibition, and a
high enzyme cost [43, 44]. Overall, the enzymatic method is
not widely used as the chemical catalysed method, but still
has the potential to become the most promising method to
generate biodiesel, where the good enzyme reaction should
be designed to gain an optimum amount of biodiesel yield,
apart from reducing the cost of production [43].

3 Alternative of Biodiesel Feedstock

The feedstock of biodiesel can be obtained from various
sources, particularly from three generations: 1st generation
(food crops, i.e., corn, wheat, palm oil, soybean oil, and
sunflower oil); 2nd generation (energy crops and waste,
i.e., miscanthus, jatropha, food waste, and municipal solid
waste); and 3rd generation (microalgae). To date, biodiesel
production mostly uses edible oils as the feedstock, such
as soybean oil in the US and Argentina, rapeseed oil in the
European Union countries, as well as palm oil in tropical
countries such as Malaysia, Indonesia, Nigeria, and Colum-
bia [51]. The high demand and cost of edible oil for various
purposes have led to the promotion of alternative feedstocks,
including non-edible oil and waste oil. For example, jat-
ropha, castorbean, and karanja oils are used in India and Bra-
zil, whereas WCO is used in Japan to produce biodiesel [51].

The high amount of waste generated due to the rapid
increase in the world population and industrial development
has caused a range of socio-economic issues and environ-
mental problems [52]. The consumption of waste materials
is highly advantageous for biodiesel production since there
are existing financial or environmental costs associated with
their disposal, as these may be alleviated or negated by their
diversion to a valuable product like biodiesel.
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Different types of oil contain different major fatty acid
contents. Table 1 presents the comparison of fatty acids
between non-edible oil and waste oil. These oils contain
mainly long-chain fatty acids (palmitic acid and oleic acid)
and unsaturated fatty acids (i.e., linoleic acid). Typically,
biodiesel from vegetable oil sources consists of FAME with
a number of carbon atoms ranging from 14 to 22, as well as
various levels of unsaturation that give the biodiesel variable
thermo-physical properties [53].

The WCO and waste frying oil (WFO) have been con-
sidered as alternative biodiesel feedstock since they provide
non-competitive biodiesel (with food) in a sustainable and
reasonably-priced manner, as well as utilisation of non-edi-
ble oil [54]. In the US, about 18 billion litres of biodiesel
can be produced from WCO and fat, with McDonald's fast
food restaurants being one of the largest sources [51]. How-
ever, the main challenge of using WCO is that the high FFA
can result in some undesirable side reactions, thus requir-
ing some pre-treatment steps using acid catalyst prior to the
transesterification process [54, 55].

Coffee waste and food waste can also be used for bio-
diesel production. Generally, coffee beans are one of the
largest agricultural products in the world, with about 7.2
billion tonnes of coffee being produced annually [56]. On
an average, 15% of oil can be extracted from spent coffee
grounds that can be used for biodiesel production through
transesterification process [56]. Food wasted by a person
per year accumulates to about 65 kg, whereby 25% of the
wasted foods are vegetables, 24% are cereals, and 12% are
fruits [57]. As for biodiesel production, the lipid extraction
process from food waste must be executed first before the
transesterification process. Table 2 shows some examples
of FAME conversion from prior studies using waste sources
and various types of catalysts. Notably, some studies proved
excellent biodiesel conversions with up to 90% biodiesel
yield using waste feedstock.
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Table 6 Policy target of

. . Year Renewable energy installation capacity (MW) Share in electricity
1nsta11§d Capacu)./ of renewable generation capacity
power in Malaysia [67] N X .
Biomass  Biogas  Small- Solar PV Solid waste ~ Total
hydropower
2015 330 100 290 55 200 975 6%
2020 800 240 490 175 360 2065 10%
2030 1340 410 490 854 390 3484 13%
2050 1340 410 490 8874 430 11,544  34%
Table 7 . Policy tar'get of Year Renewable energy installation capacity (MW)
electricity generation from
renewable energy in Malaysia Biomass Biogas Small-hydro-  Solar PV Solid waste Total
power
2015 2024 613 1450 61 1223 5374
2020 4906 1472 2450 194 2208 11,229
2030 8217 2514 2450 1019 2392 16,592
2050 8271 2514 2450 13,540 2637 29,358

The electricity generation values are in the SQ form [67]

3.1 Overview of Coconut Oil as the Biodiesel
Feedstock

Unlike other waste and non-edible oils, coconut oil is mainly
composed of saturated fatty acids (SFA) and medium-chain
fatty acids (MCFAs), such as caproic acid (C6:0), caprylic
acid (C8:0), capric acid (C10:0), and the highest fatty acid
content of lauric acid (C12:0) (~ 50-55% of the fatty acids
present) [58—61]. The coconut oil waste in coconut milk
manufacturing contained 40.55% of lauric acid, 17.43% of
myristic acid, 15.14% of palmitic acid, and 11.73% of oleic
acid [62].

Despite the varying fatty acid profiles, coconut oil bio-
diesel has demonstrated physicochemical properties that are
comparable with standards and other sources of biodiesel.
The coconut o0il biodiesel has a low viscosity and acid value
when compared to the American Society for Testing and
Materials (ASTM) standard, thus preventing operational
issues and corrosion [63]. Coconut oil biodiesel also has
cloud point and pour points within the ASTM standard and
a high flash point [59]; indicating that the biodiesel is indeed
suitable to be used across cold and hot regions. Biodiesel
production using waste coconut oil has several properties
that are in the range of the biodiesel standards (ASTM
D6751-07 and EN 14214) and some of the properties (i.e.
density, acid value, viscosity, and cloud point) are compara-
ble to biodiesel produced from palm oil and virgin coconut
biodiesel [32, 64].

Recently, a study assessed the production of biodiesel
from coconut waste using sulfuric acid as the homogene-
ous catalyst to observe the properties, the performance, and
the addition value of the coconut waste biodiesel [65]. The
B10, B20, and B25 of blending coconut oil biodiesel with
diesel were compared with mineral diesel. Apparently, B25
biodiesel may be used and standardised due to its higher
volumetric efficiency at a large range of loads when com-
pared to diesel, besides being almost equivalent to diesel in
terms of brake power performance.

Next, Zareh et al. [31] assessed the use of coconut, castor,
and WCO to produce biodiesel by using potassium hydrox-
ide as the homogeneous catalyst. The part of the coconut
waste used was copra (dried meat of coconut), with the oil
content ranging from 65 to 72%. The characteristic results
showed that the coconut oil properties did fall within the
range of the ASTM standard and the coconut biodiesel had
the lowest particulate matter content, NO, percentage, as
well as CO and CO, emissions when compared to castor and
WCO biodiesels and diesel.

Tables 3, 4, 5 depict previous studies that looked into the
coconut oil conversion into biodiesel using homogeneous,
heterogeneous, and enzyme catalysts, respectively. Several
studies reported excellent conversion with up to 90% bio-
diesel yield from coconut oil as a source. Hence, the use of
coconut oil, especially its waste, is encouraged for biodiesel
production.
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4 Environmental Impact on Energy Policy
and Usage in Malaysia

Generally, all energy sources have an impact on the envi-
ronment, including energy from non-RE and RE sources.
However, energy from non-renewable sources, such as fossil
fuels, coal, and natural gas, is more harmful to the envi-
ronment than energy from renewable sources, because the
former emits more CO,, nitrous oxide, methane, and other
harmful gases and particles upon combustion. In Malaysia,
the dependency on fossil fuels as the main source of electric-
ity generation is high as the country is rich in fossil fuels.
The excessive demand for fossil fuels has led to climate
change and global warming, along with an alarming deple-
tion of fossil fuels faster than they are replenished. In 2001,
the government of Malaysia initiated a cleaner alternative
solution, which is RE. However, the RE only managed to
raise 1-2% of the total energy mix even after more than a
decade, despite the initiation of several RE relevant pro-
grammes [66].

In 2011, 35% of industrial, 32% of transportation, 19%
of commercial, 12% of residential, and 2% of agriculture
were the end-use sectors of energy consumed by Malaysians,
whereby the total of this energy consumed reached 62.7
Mtoe [67]. Electricity is the major energy form consumed
in the end-use sectors, which accounted for about 45.6% of
the total end-use energy usage. Besides, after deducting the
transportation sector from the end-use, this share of electric-
ity would increase to 67.1%.

Based on a two-decade duration, the final rate of annual
growth of energy consumption in Malaysia stood at 6%, with
13 million tonnes of energy being used in 1990, whereas
41 million tonnes in 2010, with 9% and 6% annual growth
rates for the same period for electricity generation and gross
domestic product (GDP), respectively [68]. According to
Suruhanjaya Tenaga, Malaysia is one of the Asian countries
with the highest energy usage and magnitude of energy per
capita [68].

The Malaysian government has highlighted energy gener-
ation, supply, and usage as part of the national energy policy
[69]. In the early 1980s, the Four-Fuel Diversification Policy
was introduced to generate electricity from four main energy
resources: natural gas, coal, hydropower, and oil/distillate.
After the government identified RE sources, the Five-Fuel
Diversification Policy was introduced in 2001, with RE set
as the fifth energy source in the energy generation mix [66,
69]. Based on the 2001-2005 mandated policy, RE was
set to contribute 5% of the electricity generated by 2010.
However, only 1.8% was achieved in that period. Since the
take-up of RE in Malaysia was rather slow when compared
to other countries, the Malaysian government launched the
National Renewable Energy Policy in 2011 [67].
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Tables 6 and 7 show the policy targets for RE instal-
lation capacity and RE electricity generation in Malaysia
[67]. Other policies that have affected energy and power in
Malaysia are the National Biofuel Policy of 2006 and the
National Green Technology Policy of 2009. Both policies
have targets to reduce the dependency on fossil fuel reserves.
More importantly, the National Biofuel Policy emphasises
producing a biodiesel fuel blend of 5% processed palm oil
and 95% petroleum diesel. The National Green Technology
Policy was introduced, underlining energy, environmental,
economic, and social requirements with the overall objec-
tive of motivating Malaysians to continuously enjoy a high
quality of life in a better environment.

By 2030, reducing greenhouse gas (GHG) emissions
intensity of GDP by 45% was designed in Malaysia. In 2014,
the GHG intensity level rose by 27%, or equivalent to 317.63
metric tonnes (MT) of CO, and 50.48 MT of net emissions,
in comparison to those in 2005 [70]. Finally, the government
targets achieving 20% of the RE mix by 2025. Hence, the RE
capacity penetration target must be aggressively pursued by
introducing government-provided incentives and establish-
ing proper alignment in terms of government policies and
implementation.

The geographic location of Malaysia, with a total land-
mass of 329,845 km?, offers advantages for maximising
renewable resources [71]. Hydroelectric, municipal waste,
biomass, solar, and biogas are the renewable resources avail-
able in Malaysia. The Ministry of Energy, Green Technol-
ogy, and Water highlighted that biomass and solar energy
have the most potential as renewable resources [71]. Malay-
sia has active agriculture activities, so palm oil residue,
wood residue, coconut waste, and rice husks can be easily
obtained for biomass sources. Besides, the climatic condi-
tions in Malaysia encourage the use of solar energy. About
168 million tonnes of biomass were produced in Malaysia,
with an approximate deployment of 17% when compared to
other technologies. Moreover, biomass can generate up to
2400 MW of energy [70].

Coconut is also one of the agricultural products cultivated
in Malaysia. As one of the oldest agro-based industries,
coconut has been the fourth most important industrial crop
in Malaysia after oil palm, rubber, and paddy based on total
planted area [72]. Most of the coconut parts are beneficial
for multiple purposes, such as coconut milk, derived from
squeezed coconut meat, in which the latter would turn into
waste. The waste of coconut meat has been mostly used as
animal feed and fertilizer. Regardless of the usage of coco-
nut waste, the amount of waste produced is still excessive,
whether it comes from a factory, grocery store, restaurant,
or home. About 3960 MT of coconut waste is generated in
Malaysia on a yearly basis [5]. Apart from being used as
animal feed and fertiliser, coconut waste is normally left to
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decay in the field. The waste of coconuts should be reduced
by making them a useful resource for end products.

5 Conclusion and Future Recommendations

Biodiesel is an excellent alternative fuel that is more envi-
ronmentally friendly when compared to the diesel fuel used
nowadays. Biodiesel lowers pollution and reduces GHG
emissions into the atmosphere. The use of coconut waste as
a source of biodiesel will reduce the country's demand for
fossil fuel and aid the country in addressing the rising issue
of energy deficit. Moreover, it helps in the containment of
abundant coconut waste in Malaysia. Producing biodiesel
using coconut waste benefits waste management companies.
This is because the coconut pulp can be recovered and used
to reduce the amount of waste disposal, save space in land-
fills, and conserve natural resources.

As prescribed, by using a heterogeneous or acid homoge-
neous catalyst, the biodiesel production using coconut waste
may provide a higher FAME yield. For further studies, the
microbial technology method may be deployed to produce
biodiesel from coconut oil to observe the efficacy of this
method, the transesterification reaction of coconut oil, and
the FAME yield, as these aspects are still untapped.

Some studies have used various coconut parts (e.g.,
coconut waste, coconut oil, and coconut cooking oil) as
the source of biodiesel. However, in general, the biodiesel
price will be determined based on the price of the sources;
a high source price leads to a high biodiesel price. The high
demand for the sources will also lead to a high price for the
feedstock. The use of coconut cooking oil should be pre-
vented as it might lead to high demand while coconut waste
is more viable to be converted into something valuable, such
as biodiesel. Besides, the use of biodiesel can help to reduce
the alarming rate of pollution that is affecting both the envi-
ronment and the use of fossil fuels.

More studies are sought to look into the production of
biodiesel from coconut waste in order to achieve the Five-
Fuel Diversification Policy, as well as other policies and
planning that have targeted the increase of RE in energy
usage. Such technologies are at their infancy stage in
Malaysia, especially biodiesel. Hence, more research pro-
jects should be carried out to make biodiesel commercially
available in the future. High investment values are required
for Malaysia as RE denotes new energy sources, thus incen-
tives from the government are important at the early stage
of development. In conclusion, biodiesel generated from
coconut o0il can be an environmentally friendly alternative
to diesel derived from fossil fuels.
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