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Abstract 

Biofuels like biodiesel and bioethanol are the latest technologies to meet the rising energy demand and 
to replace depleting petroleum supplies. Biodiesel, which is made from vegetable oils, can be used to 
replace diesel fuel. Vegetable oils are a sustainable energy resource with a similar energy content to 
diesel fuel. In the proposed process, the main product from the reaction is biodiesel, whereas the by-
products consist of glycerol and fertilizer. Biodiesel is mainly used in automotive diesel engines for 
various reasons, such as having a greater oxygen content, a higher cetane number, a higher viscosity, a 
lower aromatic content, and very little sulfur. These properties are essential in engine performance, 
combustion, and emissions. This review provides a comprehensive analysis of recent literature on 
biodiesel production methods from waste cooking oil, where the methods are grouped systematically 
and assessed. A decision table on process selection is provided to screen the most suitable technology 
for biodiesel production from waste cooking oil. The properties and application of potential products 
and by-products are also discussed. Finally, the case study of supplying biodiesel for B5 fuel in Brunei 
Darussalam is also provided. 
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INTRODUCTION  

Due to the shortage of traditional fossil fuels, rising emissions of combustion-
generated pollutants, and rising prices, biomass sources will become increasingly 
appealing (Şensöz et al., 2000). On the other hand, biomass usage has the features of 
being interesting as both biomass and carbon-neutral source (Dowaki et al., 2007). 
Biofuels such as biodiesel and bioethanol are at the forefront of alternative 
technologies to fulfill growing energy demand and replace dwindling petroleum 
sources. 

Biodiesel, derived from vegetable oils, can be used to substitute diesel fuel. 
Biodiesel comprises methyl esters of long-chain fatty acids such as lauric, palmitic, 
stearic, and oleic acids, among others. The most common biodiesel sources are 
soybean, rapeseed, and palm oils. Other biodiesel sources include almond, barley, 
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camelina (Camelina sativa), coconut, copra, cumaru (Dipteryx odorata), Cynara 
cardunculus, fish oil, groundnut, Jatropha curcas, karanja (Pongamia glabra), laurel, 
Lesquerella fendler (Pinto et al., 2005), and wheat. B100, or "neat" fuel, is called when the 
biodiesel is 100 percent pure. A biodiesel blend is a mixture of pure biodiesel and 
petrodiesel. BXX is the abbreviation for biodiesel blends. The XX represents the 
percentage of biodiesel in the mix (i.e., a B80 blend is 80 percent biodiesel and 20 
percent petrodiesel).  

Biodiesel is the best candidate fuel for diesel engines. Furthermore, biodiesel has 
a lot of potential for compression-ignition engines. Biodiesel may be characterized as 
a domestic, sustainable diesel engine fuel that meets ASTM D 6751 criteria. Biodiesel 
offers some possible benefits when used as an extender for combustion in the engine, 
including lowered exhaust emissions (Dunn, 2001).  

Vegetable oils are a sustainable energy resource. They have lately gained 
popularity due to their environmental benefits and because they are created from 
renewable resources with a similar energy content to diesel fuel. Since the 
commencement of diesel engines, the idea of utilizing vegetable oils as a fuel has been 
recognized. However, the viscosity of vegetable oil is too high to be used as a direct 
replacement fuel oil in most current diesel engines. Vegetable oils can be made more 
viscous in a variety of methods. The four procedures used to tackle difficulties with 
high fuel viscosity are dilution, micro emulsification, pyrolysis, and 
transesterification, all will be discussed in this paper. Transesterification is one of the 
most frequent processes used in biodiesel to lower oil viscosity.  

Transesterification is the chemical process of converting oil into its equivalent 
fatty ester (Bala, 2005). The interaction of a fat or oil triglyceride with alcohol to create 
esters and glycerol is known as transesterification (alcoholysis). The transesterification 
of triglycerides is shown in Figure 1. To boost the reaction rate and yield, a catalyst is 
frequently used. Since the reaction is reversible, excess alcohol shifts the equilibrium 
to the product side. 

 

Figure 1. Transesterification of triglycerides. 

Although, the production of biodiesel from renewable resources is vastly 
growing. However, there are some challenges faced during the manufacturing of 
biodiesel. The profitability of biodiesel production is questionable in terms of its high 
cost of raw materials, inadequate supply of feedstocks, environmental impacts, the 
product’s viscosity, and high emission of nitrogen oxides. As an example of the raw 
materials, oil palm is extensively used to produce biodiesel in certain countries across 
Asia, such as Malaysia and Indonesia. The profitability of the produced biodiesel is 
caused by the high cost of the feedstocks, which are far from the value of normal Petro 
diesel.  

A study analyzed the cost of the feedstocks for both biodiesel and Petro diesel 
from 2015-2020; the market price for palm oil ranges from USD 430-USD 778 per ton, 
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while for crude oil, the range of the cost is USD 73.3-USD 623 per ton. Moreover, it can 
pose an issue concerning the availability of the feedstocks. To grow oil crops, specific 
conditions and locations are required to get the best and ample supplies, including 
relative humidity, rainfall regime, etc. The effects of first and second-generation 
biodiesel on land utilization and frequent deforestation are concerning. It may lead to 
increased carbon dioxide emission due to carbon sequestration’s value of the oil crops 
being far lower than the forest (Syafiuddin et al., 2020). 

Furthermore, considering the high viscosity of biodiesel, when compared with 
pure petrodiesel, it is said to generate much lower energy which could highly affect 
the productivity of vehicle engines. It exerts detrimental impacts such as high 
corrosion of copper-strip, cold-start problems, and difficulty pumping fuel (Yusuf et 
al., 2011). The increase in the high viscosity of biodiesel also poses an increased 
emission of nitrogen oxide (NOx). However, high viscosity is not the only factor 
contributing to this nitrogen oxide emission from its high density, low cetane number, 
and other conditions (Syafiuddin et al., 2020). 

Petroleum, coal, and natural gas contribute significantly to the world's energy 
supply (Yaqoob, Teoh, Goraya, et al., 2021). These resources, however, are depleting 
daily (Yaqoob, Teoh, Jamil, et al., 2021), and if countries continue to rely on them 
without diversifying their sources, they will shortly run out of fossil fuel reserves 
(Demirbas, 2005). The depletion of nonrenewable fossil fuels will impact future 
generations (Martins et al., 2019). These sources constantly release greenhouse gas 
(GHG) which causes climate change, such as global warming (Norman et al., 2006).  

The developed countries are actively considering lowering emissions of GHG, 
and they have already met their goals (Al-Juboori et al., 2020). However, the rate of 
emissions reduction would decline beyond 2020. It has posed a problem as it is more 
difficult to reach their other targets, such as lowering the domestic emissions by 40 
percent by the year 2030 compared to the emissions level in the 1990s. As a result, all 
parts of the world should take this seriously to protect the environment and save 
human lives (European Environment Agency., 2018). Due to global warming, 
researchers are looking for ways to produce suitable alternative fuels to petroleum oil.  

The alternative fuel should be technically practical, environmentally friendly, 
economically competitive, and easily accessible. Hence, biodiesel is becoming an 
alternative fuel to diesel oils which can be produced from waste cooking oil (WCO) to 
reduce raw material costs (Lakshmi S. et al., 2019). When cooking oil is used for frying, 
it undergoes oxidation, polymerization, and hydrolysis reactions. These reactions 
reduce the nutritional value of the cooking oil, form polar compounds and decompose 
some products such as polymeric triglycerides (Karakaya & Şimşek, 2011; Sánchez-
Gimeno et al., 2008). Waste of this resource can result in various disposal issues, 
including the degradation of soil quality, water pollution, economic loss and most 
importantly, it can also threaten human health (N. Banerjee et al., 2014). 

Additionally, it is a typical practice in developing countries to dispose of WCO 
in commercial water bodies or home drainage systems. Toxic compounds transported 
underwater eventually reach human bodies and cause significant health problems. 
Furthermore, it also causes eutrophication, which occurs when an oil coating forms 
on the water’s surface, disrupting the water's oxygen supply and leading fishes or 
other marine animals to suffocate (El-Fadel & Khoury, 2001).   

Chemically, WCO-based biodiesel refers to the lower alkyl ester of long-chain 
fatty acids (Meher et al., 2006). Its chemistry is determined by temperature, agitation 
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rate, the duration and pressure of the reaction, the catalyst used, the types of alcohol 
used, alcohol to oil ratio, moisture content, and the concentration of free fatty acid in 
raw oil (A. Banerjee & Chakraborty, 2009).  To study the performance of the biodiesel 
on an engine, a diesel engine test was conducted utilizing WCO-based biodiesel fuel. 
The results showed increased specific fuel consumption and a loss in thermal 
efficiency for biodiesel blends when 20% WCO-based biodiesel is added by volume 
(Lakshmi S. et al., 2019; Shahid et al., 2012). When used in diesel engines, vegetable 
oils create operational and durability issues. These issues are related to the vegetable 
oils’ high viscosity and low volatility. Transesterification successfully decreased 
vegetable oil viscosity while also solving operational and durability issues (Abed et 
al., 2018).   

In recent years, multiple countries have been implementing laws and regulations 
on the use of biodiesel in their countries as part of their strategies to reduce GHG 
emissions. Brazil has implemented strategies concerning biodiesel. In 2005, Brazil 
introduced the Programme for the Production and Use of Biodiesel. The program has 
the vision to achieve an increase in domestic production and the use of biodiesel while 
lowering the socio-economic inequality between and within regions. In addition, this 
program also introduces biofuels in the Brazilian energy matrix, which has a 
minimum requirement for blending and lowers the tax on biodiesel production. The 
law also stated that at the beginning of January 2005, a 2% of biodiesel (B2) must be 
blended throughout Brazil. The number had raised to 5% (B5) in January 2013 (Hajjari 
et al., 2017). In 2017, the legislation required diesel fuel to include 8% biodiesel (B8) 
(Hajjari et al., 2017).  

Another example of a country that implemented strategies concerning biodiesel 
is China. In November 2015, China’s State Council published the 13th Five-Year Plan 
for Economic and Social Development from 2016 to 2020. The plan mainly 
concentrated on energy consumption reduction, environmental protection, and 
renewable and biomass energy utilization. The State Council also issued ‘The Energy 
Development Strategy Action Plan (2016-2020)’, which intended to curb yearly energy 
use and set a target of 15% non-fossil fuel-based energy usage in the country by 2020. 
Biofuels are seen as an essential component of this strategy (Worledge, 2019). Over the 
first six months of the year 2021, China’s biodiesel imports nearly doubled to 55,000 
tonnes, most of which arrived in May and June as palm oil-based grades. The imports 
were mainly from Malaysia and Indonesia (Parmar, 2021).  

There are various conversion methods to produce biodiesel. One of the methods 
to convert WCO into biodiesel is through micro-emulsion. Micro-emulsion is a 
technique for combining and dispersing two or more immiscible liquids into 
homogeneous systems with the help of surfactants and cosurfactants (Leng et al., 
2018). The three components of the fluid formed during the process are the oil phase, 
aqueous phase, and surfactant. The micro-emulsion process improves biodiesel's 
spray characteristics while increasing its cetane number. The problem of high 
biodiesel viscosity can be solved using a solvent like methanol or ethanol during 
micro-emulsion (Yusuf et al., 2011). However, using micro-emulsified diesel in diesel 
engines has some drawbacks, including nozzle failure, incomplete combustion, and 
the formation of carbon deposits (Koh & Mohd. Ghazi, 2011).  

Aside from microemulsion techniques, an alternative method to generate 
biodiesel is through the pyrolysis process. Generally, pyrolysis involves heating the 
biomass to a specific temperature ranging from 400-500°C without oxygen via a 
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thermochemical process, along with undergoing hydrotreating and hydrocracking to 
acquire the properties of biodiesel for transportation fuel (Hsu, 2012). The pyrolysis 
process is beneficial for its simple, efficient conversion and easy functioning (Wei et 
al., 2020). However, the disadvantages are more apparent in its low-quality 
production, including high acidity, low stability at high temperature, and low heating 
value of biodiesel. There was a reduction in the application for this process as it lacks 
assets (X. Hu & Gholizadeh, 2019).   

From analyzing the two process techniques mentioned, it is evident that, 
generally, the techniques are unsuitable and feasible to produce biodiesel from WCO 
as they pose significant problems with its production quality. In that sense, 
implementing other process techniques, such as transesterification, is more beneficial 
as it is widely and commonly implemented to produce better fuel quality.  

In contrast to diesel, biodiesel is a source of renewable energy that will not 
deplete over time. It is less polluting than diesel as it hinders the production of sulfur, 
smoke, hydrocarbons, and carbon dioxide. Instead, it produces less carbon monoxide 
and zero particulate matter (Mishra & Goswami, 2017). When fossil fuels are burned, 
GHGs are released into the atmosphere, raising the temperature and causing global 
warming. Nearly one million species could become extinct, and hundreds of millions 
of people could lose their lives if the average global temperature increases by more 
than 2℃ (Ahmad et al., 2011). Various countries are converting to using a demand-
driven product, biodiesel, as a prevention action towards the calamity of the climate. 
In addition, biodiesel can reduce the reliance on expensive oil products imported and 
supplied from other countries as it can be manufactured locally using domestic raw 
materials.  

Moreover, biodiesel as an alternative fuel from Petro diesel constitutes an 
improvement in its economic impacts. As reported by various studies, countries such 
as Japan (Yang et al., 2016) and Brazil (Miranda et al., 2018) have implemented 
biodiesel usage and showed positive economic impacts due to the selected feedstock 
of WCO. Valente et al. (Valente et al., 2011) reported a significant cost reduction of 60-
70 percent of biodiesel when WCO is used. As biodiesel is relatively cleaner than 
petroleum-based diesel, it gradually improves air quality, significantly reducing air 
pollution in the future and posing positive environmental effects. 

Specifically, for WCO production, land utilization is not needed as it is 
commonly collected for domestic and commercial use. The two have no conflict 
regarding their energy and food security (Awogbemi et al., 2021). Undoubtedly, 
biodiesel is a much safer alternative than commercial diesel fuel due to its 
flammability compared to its difference in flashpoint values. Additionally, this 
biodegradable fuel is characterized by its high-octane number, low viscosity, and high 
lubricity, which without requiring any modifications, it can be employed in 
conventional compression-ignition engines (Rabie et al., 2019). From the practicality 
of biodiesel production, it can be shown great interest in manufacturing WCO to 
produce biodiesel. 

The demand for fossil fuels, such as diesel, rapidly increases as the world's 
population grows. It is because fossil fuels are the primary source of energy generation 
(Shafiee & Topal, 2009). With the growing concern about climate emergencies and the 
depletion of global crude oil, which could lead to decreased diesel production, there 
has been a rising demand for alternative renewable energy sources. Biodiesel, a high-
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potential alternative to conventional diesel fuel, has been considered a vital substitute 
(Xu et al., 2016).  

To strive to tackle the occurrence of the climate crisis, the International Energy 
Agency (Net Zero by 2050, n.d.) has established a policy concerning reaching Net-Zero 
by 2050. The carbon dioxide emission will be lowered to zero percent by 2050 to 
complement the declining usage of fossil fuels and to become more dependent on low-
emission fuels, inclusive of the utilization of biofuels. The commencement of the 
respective policy provides the determination to manufacture better and highly 
sustainable products, such as biodiesel. Consequently, biodiesel has been known for 
its relatively faster biodegradability, high sustainability, and non-toxicity 
characteristics. Moreover, it has a higher cetane number, improving the ignition 
quality even when blended with petroleum diesel (Bhatia, 2014; Roberts & Patterson, 
2014; Sharmeen et al., 2019).  Besides, due to its higher oxygen content, it was reported 
that biodiesel blending significantly reduced carbon monoxide and hydrocarbon 
emissions compared to diesel fuel (Abedin et al., 2016).  

Biodiesel has been of great interest to researchers. According to the electronic 
database (ScienceDirect), the number of publications on biodiesel-related studies has 
constantly increased for the past decade (2010-2021), as shown in Figure 2. The 
publications mainly range from the various types of synthesis processes, the 
challenges encountered, the exploration of potential feedstocks, and the current and 
future developments of the global biodiesel industry.  

 

Figure 2. The number of publications on biodiesel-related studies from 2010-2021 on 
ScienceDirect. 

The biodiesel industry has been continuously growing with its rising demand. 
According to the International Energy Agency, global biodiesel and Hydrotreated 
Vegetable Oil (HVO) production reached 48 billion liters globally in 2019, and it is 
anticipated to increase by 30 percent to 63 billion liters over 2023-2025 (IEA, 2020). 
Though, the high cost of edible feedstock has been a significant concern of biodiesel 
(Mohiddin et al., 2021). Therefore, a rise in exploration for non-edible, sustainable 
feedstock is seen to reduce food-energy competition.  

Due to the lack of recycling companies dealing with WCO currently, most of the 
WCO in Brunei Darussalam is improperly disposed of. It could pose risks to the 
environment and human health. An estimation provided by Zhang et al. (H. Zhang et 
al., 2012) showed that approximately 40-60 percent of WCO in China illegally flowed 
back to dining tables, posing health hazards to consumers. Moreover, over 60 percent 
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of WCO is improperly handled in Europe, causing water drainage clogs, and 
increasing wastewater treatment costs and energy consumption (Bhuiya et al., 2016). 
Additionally, fat, oil, and grease (FOG) are also responsible for sewer blockages in 
many countries such as Malaysia (70 percent), the United States (50 percent), and the 
United Kingdom (50 percent). Approximately USD 25 billion is associated with 
removing these sewer blockages in the US annually (Zhao et al., 2021). WCO-based 
biodiesel is an outcome of the problem mentioned above. The conversion of WCO into 
biodiesel is a multiple-advantage solution that can enhance energy security, promote 
a circular economy, minimize waste and environmental pollution, and safeguard food 
safety (Zhao et al., 2021). Therefore, this study is conducted to assess biodiesel 
production potential based on WCO in Brunei Darussalam and the specifications 
required for the synthesis process. 

PROPERTIES OF POTENTIAL PRODUCTS AND BY-PRODUCTS OF WASTE 

COOKING OIL TRANSESTERIFICATION  

Biodiesel 

Biodiesel is a liquid biofuel made from vegetable oils or animal fats and an 
alcohol that can be used alone or combined with diesel oil in diesel engines (Fukuda 
et al., 2001; Knothe et al., 1997; Van Gerpen et al., 2004b, 2004a). In contrast to 
traditional diesel derived from petroleum, the prefix bio indicates renewable and 
biological nature, while diesel fuel refers to its use in diesel engines.  Biodiesel can be 
obtained from the transesterification process. Transesterification converts 
triglycerides in oils such as soybean, palm oil, rapeseed, castor, and sunflower oil into 
methyl or ethyl esters. Each triglyceride molecule's three chains of fatty acids react 
with an alcohol in the presence of a catalyst to produce ethyl or methyl esters, as 
shown in Figure 3 (F et al., 2011). Biodiesel is defined by ASTM (American Society for 
Testing and Materials) International as a blend of long-chain mono alkyl esters 
derived from renewable fatty acids for use in diesel engines. "Bx '' is the percentage of 
biodiesel in a blend with diesel fuel, where "x" is the percentage of biodiesel in the 
blend. "B5", for example, denotes a blend of 5% biodiesel and 95% diesel fuel; B100, 
on the other hand, denotes pure biodiesel. 

Biodiesel typically has long-chain carbon molecules containing hydrogen atoms, 
with an ester functional group (-COOR) at the end of the long chain (Ruhul et al., 
2015). Biodiesel with 17 or 16 carbons and ester groups is depicted below. There is a 
difference between the structure of biodiesel and petrol diesel in terms of the presence 
of the ester group (The Chemistry of Biodiesel | Biodiesel Project | Goshen College, n.d.). 
Aside from that, both of them have a relatively similar chemical structure. 

 

 

Figure 3. The molecular structure of biodiesel (top) and petroleum diesel (bottom) 

As biodiesel is an attractive alternative energy source for diesel, it has similar 
combustion properties and even an improved class of its physical properties. Biodiesel 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 224 

 

produces a higher flash point, ultra-low sulfur content, higher cetane number, 
enhanced lubricity, and low carbon footprint, and it is highly biodegradable (Ismail & 
Ali, 2015). The biofuel specification must follow the registered requirement for fuel by 
the Environmental Protection Agency (EPA). In addition, satisfying the specification 
authorized in the European Standard (EN 14214) along with the American Society for 
Testing and Materials (ASTM D6751) (Jariah et al., 2021), both are compared in Table 
1. 

Table 1. The comparison between two different standards, adapted from 
(Rajamohan et al., 2017). 

Properties Units EN 14214  ASTM D6751  

Flashpoint  oC Min 130  Min 101  
Cetane number  - Min 47  Min 51  
Density at 15oC  kg/m3  880 860 - 900 
Kinematic viscosity @ 40oC  mm2/s  1.9 - 6.0  3.5 - 5.0  
Acid number  mg.KOH/g  Max 0.5  Max 0.5  

Cold filter plugging point  oC  Max +5    

Oxidation stability  h   Min 3h 
Carbon residue  %m/m Max 0.05  Max 0.3  
Copper corrosion  - Max no. 3  Max no.1  
Sulfated ash content  %mass Max 0.002 Max 0.02  
Water and sediment  - 0.005 vol%  500 mg/kg  
Free glycerol  %mass  Max 0.02  Max 0.02  
Total glycerol %mass 0.24 0.25 
Phosphorus  %mass Max 0.001 Max 0.001  

Total contamination  mg/kg 24 24 

Glycerol 

Glycerol, also known as propane-1,2,3-triol, has a stable chemical structure with 
three hydroxyl groups, and it is known as a multi-functional organic molecule having 
hydrophilic and hydrophobic properties (Rodrigues et al., 2017). Its physical 
properties are summarized in Table 2. Due to its thermal stability, it requires high 
energy availability to break the bond and form other compounds. With a mass yield 
of 10%, the glycerol obtained as a byproduct from biodiesel synthesis is known as 
crude glycerol, which contains methanol, free fatty acids (FFA), or fatty methyl esters 
from the transesterification process (H. W. Tan et al., 2013). Despite its low cost, 
glycerol purification is an expensive process, especially for small and medium-sized 
businesses; as a result, researchers have looked at new ways to incorporate crude 
glycerol into numerous industries, maybe with a straightforward purification phase. 
Due to the low price of crude glycerol, there is a potential for crude glycerol to be used 
in biorefineries that produce high-value-added products. Glycerol has over 1500 end 
products. The oversupply of unprocessed glycerol may allow novel applications of 
this feedstock to compensate for the cost difference between biodiesel and fossil diesel 
while lowering the energy needs for biodiesel production. In 2012, global crude 
glycerol output was over 4 mtons (Okoye & Hameed, 2016). In 2020, the global 
glycerol market will be worth roughly 2.52 USD, with biodiesel as the primary 
feedstock (He et al., 2017). Crude glycerol can be refined into value-added goods, such 
as cosmetics and pharmaceuticals, via distillation. 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 225 

 

Glycerol is made up of three carbon (C) atoms, eight hydrogens (H) atoms, and 
three oxygen (O) atoms (Hernandez & Garcia, n.d.). As seen in Figure 3, the glycerol 
molecule is composed of a three-carbon chain with three hydroxyl groups (OH) 
connected to each (Glycerol Formula - Structure , Formula , Information, Molecular Weight 
of Glycerol., n.d.). The molecule has free rotation around all bonds as every carbon 
atom is in an sp3 configuration (John, 2021). 

Generally, pure glycerol is in the liquid phase, portraying a colorless or pale-
yellow liquid and odorless. Though it is soluble in both water and alcohol medium, it 
is insoluble in ether, chloroform, and in oils of volatile state. The stability of glycerol 
depends on the compounds it reacts with, where it is not compatible with lead oxide, 
perchloric acid, nitrobenzene, acetic anhydride, peroxides, chlorine, strong acids, and 
bases (Cormier, 1991).  

Table 2. The physical properties of glycerol. 

Properties Values 

Molecular weight 92.09 g/mol 
Density 1.25 g/mL at 25oC 

Storage temperature Store 5oC to 30oC 
Form Viscous liquid 
Color Colorless or pale yellow (APHA color) 

Melting point 17.8oC 
Boiling point 290oC 

Solubility Soluble in water 
Water solubility >500 g/L at 20oC 

Stability Stable. 

Fertilisers (Tripotassium phosphate, K3PO4) 

Tripotassium phosphate, also known as tribasic potassium phosphate (Potassium 
Phosphate Tribasic Reagentgrade, =98 7778-53-2, n.d.), is a colorless crystal, usually in the 
form of white powder. Its other physical properties are summarized in Table 3. It is 
water-soluble but insoluble in alcohol. When mixed with water, the solution is 
alkaline, has a pH value of 11.8, is corrosive, and has a high moisture absorption rate 
(TongVo Chemicals Limited, 2008). Tripotassium phosphate can be used as a food 
additive, an emulsifier, a foaming agent, and a whipping agent. When mixed with 
fatty acids, it has the potential to be an antibacterial agent in chicken processing. 
Tripotassium phosphate is commonly used to create N, P2O5, and K2O fertilizer 
compounds (TongVo Chemicals Limited, 2008). 

Table 3. The physical properties of fertilizers. 

Properties Values 

Molecular weight 212.27 g/mol 
Density 2.564 g/mL at 25oC 

Storage temperature Room temperature 
Form Solid 
Color White 

Melting point 1340oC 
Solubility Soluble in water, clear, colorless 

Water solubility 50.8 g/100mL 
Stability Stable 
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Potassium phosphate is formed by combining three potassium K+ cations and 
one phosphate PO43- anion. The phosphate ion, PO43- is composed of one phosphorus 
atom (P) and four oxygen atoms (O), with phosphorus having an oxidation state of +5 
and oxygen having a valence of -2 (Potassium Phosphate (K3PO4), n.d.). The crystal 
structure of K3PO4 appears to be composed of layers and blocks. The blocks are made 
up of octahedrally coordinated K(2) and tetrahedrally coordinated P atoms, with 
eight-coordinate K(1) atoms layer in between (Voronin et al., 2006). 

The production of tripotassium phosphate from the potassium hydroxide and 
phosphoric acid of 3:1 stoichiometric ratio is in solid-state. It is white, has no odor, and 
tends to become liquid. In terms of its solubility, it is highly soluble in water, whether 
in hot or cold conditions—however, lower solubility rate in cold water and low 
solubility in ethanol medium. The aqueous solution of the product shows to be in an 
alkali state, and it is highly insoluble in alcohol. Moreover, even though it is stable, it 
is said to be a strong oxidizing agent (Potassium Phosphate Tribasic | 7778-53-2, n.d.). 
The summary of the chemical properties of biodiesel, glycerol, and fertilizer is 
provided in Table 4. 

Table 4. Summary of the chemical properties of the potential products. 

Products Biodiesel (B2-B20) Glycerol, C3H8O3 Fertilizer, K3PO4 

Toxicity (to human) Acute toxicity when 
inhaled; unharmful 
for dermal and oral 

Very low oral toxicity 
in nature;  

TDLo (oral): 1428 
mg/kg 

ADI 0 to 70 mg/kg 
(generally safe, 

acute toxicity, oral 
and dermal) 

Flammability  
Flashpoint, Fl. P 

Autoignition 
temperature, AP 

Explosion limit (vol% 
in air), EL: LEL-UEL 

N/A; 
Fl. P: 52-82℃ 

AP: 611℃ 
EL: 0.3-10.0 

Flammable; 
Fl. P: 176℃ (open cup)/ 

160℃ (closed cup) 
AP: 393℃ 

EL: 2.6-11.3 

Non-flammable; 
Fl. P: N/A 
AP: N/A 
EL: N/A 

 

The heat of 
formation, ΔfH0 
(298.15K, 1 atm, 

kJ/mol) 

N/A  -669.6 (l) 
-577.9 (g) 

 

-1988 (s) 

The heat of 
combustion, ΔcH0 
(298.15K, 1 atm, 

kJ/mol) 

N/A -1654.3 (g) N/A 

Chemical stability Stable under normal 
ambient conditions; 
incompatible with 
strong oxidizing 

and reducing agents 
and heat 

Stable; incompatible 
with strong oxidizers, 

heat, and chemicals 
(H2O2, KMnO4, K2O2, 

NaH, AgClO4 etc.) 

Stable under normal 
conditions; 

incompatible with 
strong oxidizing 
agents, heat, and 

moisture 
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Products Biodiesel (B2-B20) Glycerol, C3H8O3 Fertilizer, K3PO4 

Reactivity with other 
chemicals 

Not chemically 
reactive 

Reacts with acetic acid, 
K2O2, Na2O2, HCl, 
C2H4O, HClO4, PI3, 

(HNO3+HF) and 
(HClO4+PbO) 

Explosive with KClO3 
Energetic reaction with 

NaOH 
Reacts violently with 
CrO3, PbO, KMnO4, 

K2O2, NaH, AgClO4 etc 

N/A 

pH N/A Weakly acidic or 
neutral to litmus 

11.5~12.3 (1% 
aqueous solution); 
strong inorganic 

base 

References (Safety Data Sheet: 

No. 2 Biodiesel Blend, 

2018) 

(ICSC 0624 - 

GLYCEROL, n.d.; NIST, 

n.d.; PubChem, n.d.; 

Quispe et al., 2013) 

(Dionisio et al., 

2018; Potassium 

Phosphate, n.d.; 

Potassium Phosphate 

Tribasic | 7778-53-2, 

n.d.; Thermo Fisher 

Scientific, 2012) 

Note:  ADI - Acceptable Daily Intake, TDLo - Toxic Dose Low 

APPLICATION AND USE OF WASTE COOKING OIL CONVERSION 

PRODUCTS IN THE INDUSTRY 

Biodiesel 

Fuel in Automotive Diesel Engines 

More and increasingly individuals fear that petroleum supplies can be depleted 
as the constraints of oil reservoirs become more apparent and the peak of world oil 
output approaches (Rajaeifar et al., 2016). Transportation accounted for 50% of world 
oil output as early as 2010. CO2 emissions from the transportation sector account for 
more than 20% of global emissions, with road vehicle emissions accounting for more 
than 70% (“Policies to Reduce Fuel Consumption, Air Pollution, and Carbon 
Emissions from Vehicles in G20 Nations,” n.d.). These significant causes have resulted 
in dwindling oil sources and a rising greenhouse effect. Biodiesel has steadily gained 
traction as a viable alternative to petroleum fuel, leading to increasing interest and 
study. Without any modifications to the engine, biodiesel is often utilized in vehicle 
engines in either plain or mixed form (Man et al., 2016; Özener et al., 2014). Biodiesel 
uses a variety of feedstocks, unlike standard fossil fuels. Raw vegetable oil (palm oil, 
corn oil, etc.), animal fat (tallow, lard, etc.), non-edible oil (algae oil, jatropha oil, etc.), 
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and waste vegetable oil may all be utilized as biodiesel raw materials under present 
conditions (Aghbashlo & Demirbas, 2016). To form monoalkyl esters, WCO must 
undergo transesterification reactions with alcohols using acidic or alkaline catalysts 
(Knothe & Razon, 2017). The biodiesel's viscosity will be substantially lowered 
following transesterification, making it easier to use as fuel in the engine (How et al., 
2014).  

Biodiesel has a greater oxygen content, a higher cetane number, a higher 
viscosity, a lower aromatic content, and very little sulfur (Das et al., 2018). These 
unique qualities will impact engine performance, combustion, and emissions. 
Furthermore, biodiesel is non-toxic, non-harmful, and aids in reducing carbon 
emissions. Plants can partially recover carbon emissions from biodiesel generated 
from some crops, reducing greenhouse gas emissions (DeCicco et al., 2016). It's no 
secret that biodiesel reduces emissions more effectively than other fuels. Many studies 
have demonstrated that biodiesel-fueled diesel engines produce lower levels of 
controlled pollutants such as carbon monoxide (CO), hydrocarbon (HC), nitrogen 
oxide (NOx), and particulate matter (PM). Several other gases, including certain 
uncontrolled gases like volatile organic compounds (VOCs) and polycyclic aromatic 
hydrocarbons (PAHs), will be decreased in most circumstances (excluding NOx). 
There are also full-cycle risk analyses of biodiesel, which reveal that only a small 
quantity of hazardous gases are generated before the biodiesel feedstock is cultivated 
and manufactured (Curran, 2013; Milazzo & Spina, 2015). Although most VOC and 
PAH components are harmful and may affect the natural environment and organisms, 
research on these exhaust pollutants produced by biodiesel-fueled engines is currently 
restricted (Ballesteros et al., 2010; N. Hu et al., 2017). The influence of biodiesel on 
VOC and PAH emissions has to be summarized and supplemented further. 

The use of biodiesel in combustion will directly impact engine performance and 
indirectly impact engine noise and vibration, an essential component of in-vehicle 
comfort (Uludamar et al., 2016). Noise is the sound created by irregular vibrations, 
and it is a severe health hazard second only to air pollution. It may have negative 
consequences for various activities and create physical ailments such as neurological 
and cardiovascular disease (Theakston & Weltgesundheitsorganisation, 2011). As a 
result, competitive alternative fuels should fulfill both exhaust and noise pollution 
standards (Kirk‐Othmer Encyclopedia of Chemical Technology, 2000). Many studies have 
examined the noise and vibration of engines powered by various biodiesel, but a 
follow-up study is still needed. 

Although biodiesel has attributes comparable to diesel, the compatibility of the 
fuel and fuel system will directly impact the engine's regular functioning and 
longevity. Fuel injectors and oil pumps require lubricity, and it aids in reducing fuel 
system friction loss under high temperature, high pressure, and high-speed 
circumstances (Vriesema & Terlingen, 2013). The lubricity of the gasoline in fuel 
injectors promotes smooth movement of the plungers, tappets, and needle valves. 
Although most researchers claim that biodiesel has good lubricity, it also has oxidative 
deterioration and corrosion issues. Degradation of biodiesel can produce oxidation 
products such as acids, alcohols, aldehydes, and polymers, which can clog tiny holes 
in filters and nozzles and strain the fuel delivery system's corrosion resistance. It, 
however, indicates biodiesel's superior degradability. The precise impact of biodiesel 
compatibility on automobile engines is primarily based on laboratory testing, and 
real-world, long-term road tests are still sparse. 
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Glycerol 

Glycerol is employed in almost all industries. The most common application is 
in pharmaceuticals and oral care items such as toothpaste, mouthwash, and oral 
rinses. Its application in tobacco processing and urethane foams has been relatively 
consistent. However, its usage in foods is rapidly increasing. 

Foods 

Although it is found in mixed form in all vegetable and animal fats, glycerol as 
a nutrient is readily digested and harmless, and its metabolism positions it with carbs. 
Glycerol is a solvent in flavoring and coloring compounds; its viscosity gives the 
product body. When raisins with glycerol are blended with cereals, they stay soft. It's 
utilized as a solvent, a moistening agent, and a vehicle ingredient in syrups. Glycerol 
prevents sugar crystallization in sweets and icings. Glycerol is a lubricant in food 
processing and packing machines and a heat-transfer medium in direct contact with 
foods during fast freezing (Kirk‐Othmer Encyclopedia of Chemical Technology, 2000). 

Drugs and cosmetics 

Glycerol is a constituent in many tinctures and elixirs in medications and 
remedies, and glycerol of starch is used in jellies and ointments. It's used in cough 
medications, anaesthetics, and bacteriological culture medium and glycerol–phenol 
solutions for ear treatments. Its compounds (e.g., glyceryl guaiacolate) are employed 
in tranquillisers, and nitroglycerin is a vasodilator in coronary spasm. Glycerol is used 
in numerous cosmetic creams and lotions (qv) to maintain the skin smooth and restore 
moisture. It's commonly used in toothpaste to keep its smoothness, viscosity, and 
shine (Kirk‐Othmer Encyclopedia of Chemical Technology, 2000). 

Tobacco 

Glycerol is a key component of the casing solution sprayed on tobacco leaves 
before they are shredded and packed in the tobacco processing industry. It is applied 
at a rate of ca 2.0 wt percent of the tobacco, along with other flavoring agents, to 
prevent the leaves from becoming friable and thus crumbling during processing; by 
remaining in the tobacco, glycerol helps to retain moisture and thus prevents the 
tobacco from drying out, and influences the tobacco's burning rate. It's also utilized as 
a plasticizer in cigarette papers and in the production of chewing tobacco to enhance 
flavor and avoid dehydration (Kirk‐Othmer Encyclopedia of Chemical Technology, 2000). 

Fertilisers (Water-soluble sertilisers, WSF) 

There are many types of phosphate fertilizers, namely, K3PO4, KH2PO4 and 
KHPO4. K3PO4, a by-product, could be utilized as fertilizers instead of eliminating. 
One or more aspects of the present invention relate to improved water-soluble 
fertilizer ("WSF") compositions. More particularly, they relate to solid fertilizer 
compositions having rapid dissolution times and high water-solubility. The WSF 
compositions also provide stable, precipitate-free stock and feed solutions and 
excellent dry-storage characteristics. One or more aspects of the present invention also 
relate to methods of using improved WSF compositions (Vriesema & Terlingen, 2013). 

 Fertilizer compositions can be provided in many forms, including dry 
granulated or free-flowing compositions intended for dispersion or dissolution in an 
aqueous solution before delivery to plants or crops. Advantageous, dry fertilizer 
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compositions provide for quick release (high water-solubility) when the production 
of stock solution is desired. In other contexts, dry fertilizer compositions are 
advantageous when they provide for slow release (as by low water-solubility or by 
encapsulation), such as when the steady or controlled delivery of nutrients over time 
is desired (Vriesema & Terlingen, 2013). 

The invention provides, in one or more embodiments, a water-soluble, solid 
fertilizer composition comprising one or more acidic fertilizer components such as the 
acid urea phosphate, said acid being solid at ambient temperature, and one or more 
basic fertilizer components such as tripotassium phosphate (Vriesema & Terlingen, 
2013). 

METHOD OF PRODUCTION OF BIODIESEL FROM WCO 

Multiple existing production technologies and processes of biodiesel have been 
introduced throughout the years for the conversion of useful energy products. The 
production methods include supercritical, microwave-assisted, transesterification, 
and pyrolysis. This report highlights the esterification and transesterification process 
and presents further justification. Transesterification is the most commonly used 
method in biodiesel production. However, pretreatment is necessary for an optimal 
and feasible production process. It will be further discussed later.  

Transesterification Process 

In any plant that manufactures biodiesel, the transesterification reaction is 
considered the primary process of the whole production process (Kuen et al., 2010). It 
is very critical to regulate and maintain the transesterification reactor, as any deviation 
in the operating conditions might affect the production quality of biodiesel (Shi et al., 
2013). 

Transesterification is a catalyzed chemical process that combines vegetable oil 
and alcohol to produce fatty acid alkyl esters, that is, biodiesel and glycerol, as the by-
product (Y. Zhang et al., 2003). The equation below represents the typical 
transesterification reaction (Figure 4). 

 

Figure 4. Transesterification reaction of vegetable oil (triglyceride) and methanol to 

fatty acid methyl esters (biodiesel) and glycerol. 

Vegetable oil has a higher viscosity and lower volatility than diesel fuel. Due to 
these reasons, issues such as lubricating oil thickening, engine deposits, piston ring 
sticking, and injector coking are common when vegetable oil is utilized as fuel 
(Colucci et al., 2005). These problems can be lessened or eradicated by trans-
esterifying vegetable oil.   
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To optimize the production of biodiesel, it is recommended that refined 
vegetable oils should have a free fatty concentration of less than 0.5 percent, that is, an 
acid value of  < 1, and a water content of < 0.06 percent (van Kasteren & Nisworo, 
2007). The presence of water in vegetable oils has a more damaging impact than free 
fatty acids as it causes ester saponification to occur. Since crude oils, WCO, and animal 
fats typically contain free fatty acids and water; this makes them inefficient in 
becoming feedstock sources for biodiesel production. Most industries usually include 
a pre-treatment step before the transesterification reaction to lower the free fatty acid 
and water content. 

Esterification Process 

The esterification reaction is a chemical reaction between fatty acid and alcohol 
with an acid catalyst support (Vieira et al., 2013). The esterification reaction is 
considered as a substitute process for the production of biodiesel, where it is utilized 
as a pretreatment before transesterification to reduce the FFA content to a lower value, 
especially when the FFA value is greater than 2% and to prevent the production of 
saponification reaction (Aranda et al., 2008). Not limited to the only undesired 
formation of soap but also inclusive of yield loss and complex product separation in 
the later stages of biodiesel production as the soap acts as an emulsifier (Chai et al., 
2014).  

Raw materials of high fatty acids can be converted into high-yield biodiesel. 
Waste vegetable oils, coconut oil, cottonseed oil, chicken fat, pork fat, and residues 
from various industries are examples of these raw materials mentioned (Pisarello et 
al., 2010). Aside from other types of fatty acids used in the respective method, WCO 
as feedstock is attractive. Various articles reported on biodiesel production WCO due 
to its beneficial traits in terms of its cost and availability. WCO consists of various 
types of fatty acids and different compositions. Table 5 shows the composition of fatty 
acids in WCO following the EN 14103 standard (Bautista et al., 2009). The significant 
fatty acid in the WCO is usually oleic acid (Chai et al., 2014; Y. Zhang et al., 2003). 

Table 5. The composition of fatty acids in waste cooking oil, adapted from (Bautista 
et al., 2009). 

Fatty acid Formula Composition (%wt) 

Myristic C14:0 0.13 

Palmitic C16:0 8.8 

Stearic C18:0 4.2 

Oleic C18:1 45.15 
Linoleic C18:2 39.74 
Linolenic C18:3 0.2 
Arachidic C20:0 0.43 
Behenic C22:0 0.75 
Erucic C22:1 0.3 
Lignoceric C24:0 0.3 

Moreover, it is necessary to consider its operational conditions where it can 
greatly impact the esterification reaction. It includes the moisture in the material, its 
alcohol-to-oil ratio, temperature, contact time, type of catalyst and type of enzyme if 
any (Chongkhong et al., 2012). Furthermore, for both esterification and 
transesterification reactions, methanol is used explicitly for the alcohol medium as it 
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is widely used in both reactions. It is due to its cheap cost and favorable 
physicochemical properties (Al-Hasan, 2013). 

Pyrolysis Process 

The pyrolysis process, also known as thermal cracking, is a well-known 
thermochemical process to produce biochar (solid), bio-oil (liquid), and non-
condensable gas with an option of with or without catalyst (Rajalingam et al., 2016). 
This pyrolysis is highly crucial, especially from the perspective of utilizing vegetable 
oil as the feedstock of the process, as the direct use of vegetable oil as fuel is 
unachievable due to some of the oil’s undesired properties. It includes the absence of 
aromatics in vegetable oil when diesel fuel has between 15-37% (Bartlett et al., 1992). 
Besides that, this process utilizes high temperatures above 350⁰C and without air or 
oxygen. Hence, with the high temperature, the process uses raw materials such as 
biomass and vegetable oil and breaks down the respective complex structure of the 
hydrocarbons into a more straightforward structure for fuel transportation 
applications. 

 In the case of vegetable oil, the triglycerides must be broken down into more 
minor compounds because the average number of carbon atoms in the compound is 
57 (Mazur & Maier, 2016). For diesel/biodiesel for fuel, the required number of atoms 
usually are around 12 to 20 (Richards, n.d.). Furthermore, high temperature breaking 
bigger molecules into simpler molecules decreases the biodiesel's density and 
viscosity. Decreased density and viscosity are both advantageous and important 
alterations as the bio-oil produced by pyrolysis can be directly utilized in diesel 
engines without further adjustments or treatments. 

This pyrolysis process consists of simultaneous and successive reactions when 
heated organic material (Bartlett et al., 1992). In this process, organic components' 
solid decomposition and thermal decomposition occur at the starting range of 350–
550 °C and extend to 700–800 °C without air/oxygen (Jahirul et al., 2012). The long 
chains of organic compounds such as Carbon, Oxygen, and Hydrogen in the organic 
matter disintegrated into smaller molecules in different forms such as solid charcoal, 
gases, and condensable vapors (tars and oils) (Bartlett et al., 1992). The rate and extent 
of decomposition of each of these components depend on the process parameters such 
as reactor (pyrolysis) temperature; heating rate; pressure; reactor configuration; 
feedstock; etc. 

Depending on the operating condition, pyrolysis can be classified into three 
main categories: slow/conventional, fast, and Ultra-fast/flash pyrolysis (Basu, 2013). 
Slow pyrolysis is generally utilized to alter the solid material, thus limiting the amount 
of oil produced. This slow pyrolysis is the opposite of fast and ultra-fast pyrolysis, as 
the two processes prioritize the gas and oil produced as products. The main products, 
therefore, are mainly gases, char, and bio-oil (tar). 

Fast pyrolysis works on the principle of rapid thermal decomposition in an 
oxygen-free environment and with moderate and high-temperature conditions. It is 
the most common type of pyrolysis, with the significant product being bio-oil. One of 
these fast pyrolysis characteristics is an endothermic reaction, dry and more minor 
feedstock particles. The expected yield of products from this fast pyrolysis is thinner 
bio-oil, gases, and char (Meier et al., 2013).  

Ultra-fast pyrolysis uses thermal decomposition significantly faster than fast 
pyrolysis and utilizes a high-temperature rate. This pyrolysis mainly produces gases 
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and biochar. The temperature required for the process can exceed 10,000°C. The 
standard products yield from this flash pyrolysis are gases and bio-oil (Suib, 2013). 

The complexity of the reaction mechanisms of pyrolysis can be simplified in 
three main steps (Demirbas, 2004; Pourkarimi et al., 2019). 

(1) organic matter → Water + unreacted residue 
(2) Unreacted residue → (Volatile + Gases)1 + (Char)1 
(3) (Char)1 → (Volatile + Gases)2 + (Char)2 

  

The first stage is biomass decomposition, where few chemical changes occur in 
the organic matter that yields water and unreacted residue. The first chemical change 
is the internal rearrangement, such as moisture and volatiles loss. The second chemical 
change is breaking the bonds with the aid of temperature. The other chemical change 
that takes place is the appearance of free radicals due to the bond-breaking 
phenomenon that then yields a formation of carbonyl compounds, carboxyl 
compounds, carbon dioxide, and carbon monoxide. Charred unreacted residue, 
basically the remaining organic compound, is also produced in this first stage and will 
be brought into the second step of the pyrolysis process. 

In the second process, the unreacted residue, the primary product in the first 
step, will undergo secondary reactions such as cracking, dehydration, and 
polymerization. Thus, this converts the unreacted residue to components such as 
gases, tar, and secondary char. Increasing the temperature causes the long-chain 
molecules to decompose into smaller segments. Finally, the primary char will react 
differently in the final stage to produce secondary volatiles, gases, and secondary char. 

Supercritical Method 

Supercritical biodiesel production is an exciting alternative to catalytic 
transesterification. The strategy proposed by Saka and Dadan (2001), provides some 
distinct advantages over other techniques. One advantage is that biodiesel production 
through a supercritical method does not require a catalyst throughout the reaction. 
Moreover, it has a fast reaction rate of about a few minutes. It allows for triglyceride 
transesterification and FFA esterification to coincide. Hence, it improved production 
efficiency and fewer processing steps (more straightforward purification and 
separation) (Saka & Kusdiana, 2001). Furthermore, compared to other methods, 
supercritical methods can tolerate high FFA content and the presence of water, and 
the operations can be run continuously (Farobie & Matsumura, 2017). 

Methanol has a critical temperature of 239.2 °C and a pressure of 8.09 MPa 
(Farobie & Matsumura, 2017). When methanol reaches its critical temperature and 
pressure, its mass density changes significantly, affecting its solubility and mass-
transfer properties (Farobie & Matsumura, 2017). Due to a rise in methanol density 
and a drop in its dielectric constant, triglyceride and methanol form a single phase in 
supercritical methanol (Saka & Kusdiana, 2001). Additionally, the polarity of 
methanol decreases as density rises due to the presence of hydrogen bonding. As a 
result, in supercritical circumstances, the nonpolar triglyceride dissolves better in 
methanol, forming a homogenous phase. According to Glisic and Skala (2010), 
triglyceride solubility rises when the temperature and pressure increase. 

Glisic and Orlovic (2012) investigated the phase behavior of triglyceride 
methanolysis in subcritical and supercritical circumstances. The distribution of 
methanol, triglyceride, biodiesel, and glycerol during methanolysis was shown to 
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vary depending on temperature and pressure. They split the phase transition into 
three regimes (Glisic & Orlovic, 2012). Below 170 °C and 1.5 MPa, the first regime 
occurs. The second regime corresponds to phase change at subcritical temperatures 
and pressures (170-220 °C and 1.55.0 MPa), whereas the third regime occurs near the 
critical point. 

Kusdiana and Saka (2004a) were the first to suggest a chemical mechanism 
between triglycerides and methanol under supercritical circumstances. Methanol 
clusters attack the carbon atom of the carbonyl group in triglycerides when they break 
into free monomers at high temperatures and pressures. As a result, an intermediate 
is formed via the transfer of a methoxide moiety, as illustrated in Figure 5. The 
intermediate is then rearranged to form more stable molecules, such as biodiesel and 
diglyceride. Diglyceride combines with another methanol molecule to generate 
biodiesel and monoglyceride similarly. Biodiesel and glycerol are produced when 
monoglycerides and methanol combine. 

 

Figure 5. The proposed reaction mechanism between triglyceride and methanol 
under supercritical conditions (adapted from (Kusdiana & Saka, 2004a)). 

The necessity for high oil-to-alcohol molar ratios and heightened temperature 
and pressure are some of the drawbacks of supercritical biodiesel synthesis. 
Cosolvents and catalysts have been presented as solutions to these issues. Figure 6 
illustrates a two-step method developed by Kusdiana and Saka (2004b). The 
triglycerides are first digested in subcritical water to create FFA and glycerol, followed 
by supercritical esterification of FFA in lower oil-to-methanol molar ratios. Due to the 
softer operating temperatures (270°C, 7 MPa) compared to one-step biodiesel 
synthesis (350°C, 2050 MPa) and a significantly enhanced oil-to-methanol molar ratio, 
two-step processing significantly decreases energy usage. 

A co-solvent has been proposed to make the conditions for supercritical biodiesel 
production in methanol less severe. Adding a co-solvent can increase the reciprocal 
solubility of triglycerides and methanol. As a result, biodiesel may be generated in a 
more temperate environment. Propane, carbon dioxide, ethane, n-butane, n-hexane, 
n-heptane, and tetrahydrofuran (THF) have all been explored as co-solvents. Cao et 
al. (2005) found that reducing the propane-to-methanol molar ratio to 0.1 could 
decrease the reaction temperature to 280 °C from 350 °C, resulting in full biodiesel 
conversion. Also, CO2 inclusion as a co-solvent enhanced the biodiesel throughput in 
the methanolysis of canola oil, according to Imahara et al. (2009). However, the yield 
declined when the molar ratio was increased over 0.1 CO2/ methanol. Furthermore, 
Trentin et al. (2011) used a microtube reactor to study the influence of CO2 injection 
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on biodiesel output under supercritical conditions. They discovered that a CO2-to-
substrate mass ratio of 0.2:1 was ideal. Tan et al. (2010) found that n-heptane 
substantially influenced palm oil conversion to biodiesel in supercritical methanol 
when the n-heptane-to-oil molar ratio was 0.2. Muppaneni et al. (2012) investigated n-
hexane as a co-solvent and found that an n-hexane-to-oil volume ratio of 0.2 was ideal 
for biodiesel output. 

Catalysts have also been suggested to boost biodiesel production under 
supercritical circumstances. Demirbas (2007) explored the effect of adding calcium 
oxide (CaO) to sunflower oil as a feedstock in biodiesel output. With the addition of 
CaO, he found that the biodiesel output increased. Furthermore, with an oil-to-
methanol molar ratio of 1:41 and the addition of 3 wt percent CaO, the maximum 
biodiesel output was seen within 6 minutes at 525 K. SrO, CaO, ZnO, TiO2, and ZrO2 
were used as metal oxide catalysts on biodiesel synthesis in supercritical methanol 
(Yoo et al., 2010). They demonstrated a yield of about 95% by adding 1 wt% of ZrO2 
at 250 °C and a 1:40 oil-to-methanol molar ratio within a 10-minute reaction period. 
Most heterogeneous catalysts, on the other hand, are unstable in supercritical 
conditions. Only a few heterogeneous catalysts, such as zinc aluminate and zirconia-
supported metal oxide catalysts, are stable under these circumstances (Kim et al., 2012; 
Pugnet et al., 2010). The use of trace amounts of homogeneous catalysts at subcritical 
settings was also investigated due to the unfavorable stability of heterogeneous 
catalysts (Liu et al., 2017). 

 

Figure 6. Two-step processing for supercritical biodiesel production (Farobie & 
Matsumura, 2017). 

Microwave-assisted process 

Microwave heating is one of the heating methods used to manufacture biodiesel 
from WCO. Microwave irradiation consists of electromagnetic rays ranging from 0.01 
to 1 m wavelengths and frequencies varying from 0.3 to 300 GHz (Khan et al., 2021). 
The frequency of microwave irradiation is greater than that of radio waves but 
considerably lower than that of x-rays (Orchard et al., 2007). 

There is a difference in the heating mechanism between a conventional and a 
microwave. The heating mechanism in a microwave is far more complex than others. 
An experiment to determine the difference between the two heating mechanisms was 
conducted. The solvent temperature was rapidly increased and cooled under 
microwave irradiation compared to conventional heating, in which an oil bath was 
utilized. Moreover, the thermal behavior of the same experiment was observed as 
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well. It can be seen that the temperature was increased simultaneously and evenly 
throughout the total solvent, while it is not the case for conventional heating (Gude et 
al., 2013). 

The microwave-assisted method conserves more energy (Lin & Chen, 2017) 
compared to transesterification via conventional heating. The microwave process uses 
23 times less energy than conventional methods (Talebian-Kiakalaieh et al., 2013). It 
tremendously cuts the overall cost of producing biodiesel.  

Production of biodiesel via microwave irradiation-assisted enables rapid 
optimization of transesterification processes and boosts the product yield (Varol et al., 
2021, p. 3). The optimal microwave power is 750W when WCO is used as feedstock in 
a lab-scale setup (Chen et al., 2012). Since microwave energy is directly transferred to 
the reactants, the microwave-assisted approach reduces the time to produce biodiesel 
with high conversion (Qu et al., 2021). It was reported by Khan et al. (2021) that in the 
usage of heterogeneous catalyzed microwave-assisted transesterification, there is a 
significant decrease in the reaction time, which simultaneously improves the catalytic 
activity by greater than 90% compared with conventional heating.  

The microwave technique can increase the production of higher-quality 
biodiesel (Rokni et al., 2022). The advantages of producing biodiesel by microwave 
heating include a reduced oil-to-methanol ratio, reduced by-product output, and 
simplicity of operation (Sathyamurthy et al., 2021). Though it exhibits some benefits, 
its limitations in applying microwave irradiation exist. The occurrence of enzyme 
deactivation is possible due to exposure to microwave radiation during the process, 
which decreases its catalytic activity (Kapilan et al., 2014). In addition, one of the 
primary disadvantages of using microwave processes on a wide scale in the industry 
is that the high microwave output or power may harm organic molecules, such as 
triglycerides (Saifuddin & Hua, 2004). 

Some scientific reports have been published on various methods for biodiesel 
production by converting WCO as the primary raw material. The summary of those 
methods, including the decision consideration for process selection, is provided in 
Table 6. 

Table 6. Decision table for process routes selection for waste cooking oil conversion 
into biodiesel and other by-products 

Types of transesterifications Advantages Disadvantages References  

Catalytic transesterification (in 

general)  

 Presence of a catalyst 

increases the reaction rate, 

hence the yield of the 

reaction. 

 Relatively time-consuming 

 Require separation of oil, 

alcohol, catalyst, and 

saponified impurities mixture 

from biodiesel 

(Baskar et al., 

2019) 

Chemical catalytic 

transesterification 
General  

 Reaction conditions can be 

well controlled 

 Large-scale production 

 Cheap production cost 

 The methanol produced in 

the process can be recycled 

 High conversion of the 

production  

 Reaction temperature is 

relatively high  

 Complex reaction process 

 The later disposal process is 

complex 

 Higher energy consumption 

 Needs an installation for 

methanol recycling 

(Quader & 

Ahmed, 

2017) 
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Types of transesterifications Advantages Disadvantages References  

 The wastewater pollutes the 

environment 

Homo- 

geneous 

catalyst 

-  Soap formation during the 

process 

 Expensive catalyst removal 

after the process 

 Great yield loss due to washing 

step  

(Thangarasu 

& Anand, 

2019) 

Hetero- 

geneous 

catalyst 

 Can be used to convert 

feedstock with high FFA 

 Easier and cheaper 

separation process 

 Easy purification 

 Recoverable and reusable 

 Fewer hazards 

 Non-corrosive 

 Environmentally friendly 

 Less disposal problem 

 Good catalytic activity 

 Long life span 

 Neutralisation process not 

required 

- 

(Athar & 

Zaidi, 2020; 

Thangarasu 

& Anand, 

2019) 

Homo- 

geneous 

acid 

catalyst 

 Able to catalyze 

esterification and 

transesterification 

simultaneously 

 Insensitive to FFA and 

water  

 Presence of water content in 

feedstock may affect the 

transesterification process 

(Buchori et 

al., 2016; 

Nasreen et 

al., 2018) 

Hetero- 

geneous 

acid 

catalyst 

 Insensitive to FFAs 

 Suitable for low-grade 

feedstocks with high FFA 

content 

 Able to catalyze 

esterification and 

transesterification 

simultaneously 

 Easier purification, the 

washing step can be 

eliminated 

 Easy separation of catalyst 

from reaction products 

 High biodiesel yield 

 High reusability of the 

catalyst 

 Non-corrosive 

 Environmentally friendly  

 Low catalytic activity  

 Usually requires high reaction 

temperature (>350C) 

 Long reaction time (8-20h) 

 Leaching of active components 

of catalyst, hence the need of 

purification step 

 Generates waste solvent, hence 

increasing production cost and 

decreasing catalyst activity 

(Buchori et 

al., 2016, p.; 

Faruque et 

al., 2020; Sani 

et al., 2013) 

Hetero- 

geneous 

 Insensitive to FFAs and 

water in WCO 

 Lower catalytic activity in 

some catalyst 

(Faruque et 

al., 2020; 
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Types of transesterifications Advantages Disadvantages References  

solid acid 

catalyst 

 Suitable for low-grade 

feedstocks with high FFA 

content 

 Able to catalyze 

esterification and 

transesterification 

simultaneously 

 Less or no saponification  

 (Acid) pretreatment process 

not required 

 Easy separation of catalyst 

from reaction products 

 High biodiesel yield 

 Easier purification of the 

product 

 High catalytic activity 

 Highly stable catalyst 

performance 

 Less contaminant; 

environmentally friendly 

 Consists of numerous acid 

sites with different 

strengths of Bronsted or 

Lewis acidity 

 Promising yield could be 

obtained at the relatively 

low reaction temperature, 

hence lower energy 

consumption 

 High reusability and 

regeneration of the catalyst 

 Attain the necessary 

specifications of ASTM 

standards in biodiesel 

production 

 Less susceptible to leaching 

 Less cost 

 High selectivity (for catalyst 

selection) 

 Requires elevated reaction 

temperature and prolonged 

time to attain the highest 

conversion rates due to lower 

catalytic activity 

 Slow reaction 

 Complex procedures in the 

development of some catalyst 

 Poor thermal or hydrothermal 

stability 

 Difficult to calculate the 

number of the active site and to 

determine reaction rates 

 Less prone to catalyst 

deactivation 

Mansir et al., 

2017; Peng et 

al., 2008; Sani 

et al., 2013) 

Homo- 

geneous 

base 

catalyst 

 Fast reaction (10min to 2h) 

 Mild reaction temperature 

(25-70℃) and atmospheric 

pressure 

 High biodiesel yield than 

the acidic catalyst 

 High conversion in short 

reaction time 

 High availability and cheap 

 Faster reaction than 

homogeneous acidic 

catalyst (~4000 times faster) 

 High energy consumption 

 High sensitivity to feedstock 

purity 

 No water content in the 

feedstock 

 Needs high-quality feedstock 

to avoid undesired reactions 

such as hydrolysis and 

saponification 

 Pretreatment required for 

FFA/water containing 

feedstocks  

(Buchori et 

al., 2016; Kuo 

et al., 2015; 

Ling et al., 

2019; López 

et al., 2005; 

Sani et al., 

2013) 
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Types of transesterifications Advantages Disadvantages References  

 Less corrosive than the 

homogenous acid catalyst  

 It is more reactive 

compared to the acidic 

catalyst 

 There is no water formation 

in the transesterification 

process  

 Sodium hydroxide (NaOH) 

and potassium hydroxide 

(KOH) are easily obtainable 

and economically feasible 

 Only suitable for pure 

vegetable oil feedstock without 

extensive pretreatment process 

 Occurrence of saponification 

and emulsions with feedstock 

containing FFA and water 

 Difficult, and expensive 

separation and purification and 

low yield 

 Not cost-effective 

 The catalyst cannot be 

recovered 

Hetero- 

geneous 

base 

catalyst 

 The catalyst is reusable and 

recyclable 

 Separation process from the 

product is easier 

 The life span of the catalyst 

is long 

 The reaction happened at 

mild reaction which 

eventually minimizes the 

energy utilization 

 Occurrence of the 

saponification process 

 Hence difficult post-production 

separation 

 Low catalytic activity 

 The catalyst is poisonous 

during exposure to ambient air  

 The transesterification process 

will require more molar ratio of 

methanol to oil  

(Faruque et 

al., 2020; 

Ling et al., 

2019) 

Hetero- 

geneous 

bi- 

functional 

(solid) 

catalyst  

 

(Relativel

y new) 

 Able to catalyze 

esterification and 

transesterification 

simultaneously 

 Consists of both active acid 

and base sites, so would not 

be affected by water content 

in feedstock as well as those 

produced during biodiesel 

production 

 Lower production cost 

 Can be modified to achieve 

required catalyst 

characteristics 

- 

(Faruque et 

al., 2020) 

Acid-base 

two-step 

catalyzed 

 Can be applied to any 

feedstock oils, including 

high FFA containing oil 

 Can be a transesterification-

transesterification (T1+T2) 

process or an esterification-

transesterification (E+T) 

process depending on the 

FFA content in the 

feedstock 

 Does not lead to 

saponification 

- 

(Thoai et al., 

2019) 
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Types of transesterifications Advantages Disadvantages References  

Base- acid 

two-step 

catalyzed 

  Saponification of FFA with 

alkali leading to lower yield 

and difficult post-production 

separation 

(Mathimani 

et al., 2015) 

Enzymatic- 

catalyzed 

transesterification  

(biocatalyst) 

General  

 Moderate reaction condition 

 Small amount of methanol 

is required in the reaction 

 Environmentally friendly 

 Cost-effective  

 Neutral pH, so less 

saponification 

 Limitation of enzyme in the 

conversion of short-chain of 

fatty acids 

 Chemicals that exist in the 

process of production are 

poisonous to enzyme 

 Usually use lipases - expensive, 

low yield, slower than the 

chemical catalyst  

 Slow reaction & low 

productivity 

(Clifford, 

2020; 

Faruque et 

al., 2020; 

Manirafasha 

et al., 2020; 

Quader & 

Ahmed, 

2017) 

Using 

lipase 

 Able to catalyze 

esterification and 

transesterification 

simultaneously 

 No complex operation is 

needed  

 Environmentally friendly  

 Lower energy input 

 Does not cause undesirable 

side reactions such as 

saponification of free fatty 

acid. 

 Low reaction temperature 

 Give high purity product 

(esters) 

 Reusable immobilized 

enzyme  

 Complicated recovery, 

purification, and 

immobilization processes for 

industrial application  

 High cost  

 High reaction time  

 Inactivation of lipase enzyme 

caused by methanol and 

glycerol 

(Faruque et 

al., 2020; 

Gebremaria

m et al., 

2017) 

Notes for the catalyzed process: 

 When FFA<1mg of KOH/g of oil - better conversion efficiency of homogeneously catalyzed 

transesterification  

 When FFA>1mg of KOH/g of oil - two-step transesterification process required 

 Studies report heterogeneous and enzymatic catalysts are best for conversion of TG into 

methyl esters  

 Examples of catalysts: 

 Homogeneous alkali: NaOH 

 Homogeneous acid: H2SO4 

 Heterogeneous alkali: CaO 

 Heterogeneous acid: Fe2(SO4)3 

 Two-step transesterification methods: NaOH+H2SO4 or H2SO4+NaOH 

 Solid acid: sulfonated saccharides, tungsten oxides, sulfated zirconia (SZ), and National 

resins 

 Presence of free fatty acids and water causes saponification, consumes catalyst, and reduces 

catalyst effectiveness. Hence, water content should be kept below 0.06% 

(Demirbas, 

2009; 

Thangarasu 

& Anand, 

2019) 
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Types of transesterifications Advantages Disadvantages References  

Non-catalytic 

transesterification 

General  

 Easier purification of 

biodiesel 

 No catalyst required hence 

prevents soap 

formation/saponification 

 Easy to be controlled 

 Environmentally friendly 

 Safe and faster overall 

reaction  

 High temp and pressure in 

reaction condition leading to 

high equipment/production 

cost and waste 

(Baskar et al., 

2019; Quader 

& Ahmed, 

2017; 

Thangarasu 

& Anand, 

2019) 

Biox 

process  

 Able to handle feed with 

high FFA 

 Short reaction time 

 Can be carried out under 

ambient temperature and 

pressure 

 Co-solvent must be completely 

removed due to its hazardous 

and toxicity natures (creates an 

economical barrier) 
 

Supercriti

cal trans- 

esterificati

on 

 No catalyst required 

 Washing step is not 

required  

 Short reaction time 

 Environmentally friendly 

 Pre-treatment of impurities 

in the feedstock because it 

does not affect the reaction 

strongly   

 Easy to be controlled 

 Insensitive to both water 

and FFA; FFA in WCO is 

transesterified 

simultaneously 

 Tolerates water and free 

fatty acids in the system, 

and the soap formation that 

is common in the traditional 

process is eliminated 

 Simpler purification and 

less energy-intensive 

 High-cost apparatus 

 High operation temperature 

(250-400 ℃) 

 High operation pressure (40-45 

MPa), therefore not feasible in 

the large scale industry  

 High molar ratio of alcohol to 

oil (more than 40:1) or very 

high methanol consumption 

 Wastes energy 

(Buchori et 

al., 2016; 

Demirbas, 

2008, 2009; 

Farm Energy, 

2019; Mofijur 

et al., 2021; 

Quader & 

Ahmed, 

2017) 

Microwave-assisted 

transesterification 

 

 

 In the conventional 

transesterification process, 

heating of material takes 

place by conduction. 

Whereas microwaves heat 

by means of thermal 

radiation and it is a very 

efficient mode of heat 

transfer. 

 Microwave energy is 

delivered directly to the 

reacting molecules which 

undergo a chemical 

 Biodiesel produced by this 

process has reduced 

performance due to 

comparative high viscosity. 

 Smoke opacity, HC, and CO 

emissions increase. 
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Types of transesterifications Advantages Disadvantages References  

reaction. (lower reaction 

time needed) 

Ultrasonically assisted 

transesterification 

 

 

 Less amount of catalyst  

 Lower molar ratio of oil to 

methanol (1:6) 

 Faster reaction 

 Lower reaction temperature 

 Higher biodiesel yield 

 Increase mass transfer 

 

Extra info:  

 Lower frequency is more 

efficient than high 

frequency 

 Enzyme catalyzed 

transesterification is 

enhanced with ultrasonic 

radiation. 

 Produces high pressure 

 

 

Plasma-electro catalysis 

transesterification (without 

catalyst)  

 Very short reaction time 

 Does not require a catalyst 

 No saponification 

 Difficult to control the reaction 

mechanism due to the action of 

high energetic electrons 

 Difficult to control the bond 

that will be excited or ionized 

 Difficult to prevent continuing 

reactions due to the action of 

high energetic electrons 

(Buchori et 

al., 2016) 

Nanocatalysts 

transesterification 

 Relatively short reaction 

time  

 Catalyst can be reused 

many times  

 Catalyst has a high surface 

area, less amount of catalyst 

required  

 More alcohol is required than 

other processes for an effective 

yield  

 High cost preparing 

appropriate catalyst (some 

cases)  

(Mofijur et 

al., 2021) 

Ionic liquid transesterification  

 High catalytic performance 

 Easy and safe to handle 

 Steady reusability 

 Lack of complete 

characterization of physical 

parameters (this research topic 

is relatively new). 

(Panchal et 

al., 2020) 

In-situ transesterification  

 One step for integrated 

lipid extraction and 

transesterification of lipids 

to biodiesel 

 No need for hazardous 

chemical extraction solvent, 

such as hexane 

 Reduced processing time 

 Production and recovery of 

FAME can be done within 

90 minutes 

 Longer sonication times 

(Inefficient) 

 More losses of methanol and 

biodiesel 

 Overheating of the reaction 

mixture 

(Farag & 

Elmoraghy, 

2014) 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 243 

 

Based on the table above, the group has decided to use a homogeneous base-
catalyzed transesterification process for the WCO-based biodiesel production, with 
potassium hydroxide (KOH) selected as the main catalyst due to its high availability 
and economic feasibility. The WCO in Brunei Darussalam typically has a high FFA 
content (more than 2 wt%), which can lead to saponification when catalyzed by the 
alkali. Therefore, the WCO will first undergo an acid-catalyzed pretreatment process 
to lower the FFA level. Here, the FFA-water-insensitive acid catalyst will esterify the 
FFAs into desired fatty acid methyl esters (FAME) and water before entering the 
alkali-catalyzed transesterification process. 

REACTOR SELECTION  

Batch reactors and continuous reactors are the two types of reactors available. 
Batch reactors are enormous stirred tanks that can accommodate the whole inventory 
of a batch cycle. Batch reactors can sometimes be run in a semi-batch mode, where one 
chemical is charged to the vessel and a second chemical is slowly added. Continuous 
reactors are smaller than batch reactors and process the product continuously. 
Continuous reactors can be constructed as pipelines with or without baffles or as a 
sequence of linked stages. The benefits of continuous reactors are discussed below 
(Changcheng, 2019). 

The concentration of reactants determines the rate of many chemical reactions. 
Due to their greater heat transfer capacity, continuous reactors can often handle 
significantly larger reactant concentrations. Plug flow reactors provide the added 
benefit of a superior concentration profile due to the larger separation between 
reactants and products (Changcheng, 2019). 

Continuous reactors' tiny size allows for higher mixing speeds (Changcheng, 
2019). Changing the run time of a continuous reactor can change the output. 
Manufacturers will have more operational freedom due to this (Changcheng, 2019). 
Continuous flow processing methods evolved as a result of technological 
improvements as well as the inherent constraints and limits of batch reactors. The 
latter thoroughly investigates variables like time, temperature, order, and reactant 
type. If more product is required, bigger vessels are used, resulting in inefficiencies 
due to process optimization problems and vessel/process scaling. Reduced yields and 
higher costs are all consequences of inefficiency (Anderson, 2021). 

Continuous flow reactors have come a long way in development and use, 
especially for small-scale chemical synthesis. In many situations, the financial benefits 
exceed the practical hurdles, and the technique is gaining traction in pharmaceutical 
drug development. Regarding safety, quality control, and throughput, continuous 
flow techniques may benefit batch reactor processing (Anderson, 2021).  

PRODUCTION FEASIBILITY IN BRUNEI DARUSSALAM 

This section provides a quick justification of the feasibility of the WCO-to-
biodiesel plant will be feasible to be applied in Brunei Darussalam. With several 
countries that have successfully implemented biodiesel, this review also provides 
good insight into the possibility of implementing biodiesel in Brunei Darussalam. The 
most common and main application of biodiesel throughout different countries is fuel 
in the automotive industry as a diesel oil replacement in the mixture of 5% biodiesel 
and 95% diesel. Hence, the application of biodiesel as fuel is also plausible in Brunei 
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as fuel for all of its road transport runs on petrol or diesel. This report highlights the 
implementation of biodiesel in Brunei for most existing cars.  

In 2020, out of Brunei’s average production of 110-kilo barrels per day of oil 
(Brunei Darussalam Department of Statistics, 2021, p. 20), 33-kilo barrels per day is 
estimated to be for local usability, by which 689 metric tonnes out of the total is diesel 
for various applications (Brunei Darussalam Department of Statistics, 2021, p. 20). 
Since 18% of the total diesel consumption is consumed by vehicles (ERIA & BNERI, 
2020), this yields 124 tonnes per day or 45,260 tonnes per year of diesel consumed in 
2020. To produce biodiesel from WCO, Brunei Darussalam can rely on edible oils for 
domestic food and beverage consumption. Brunei imported edible oils >BND 21.1 
million in 2020 (Brunei Darussalam Department of Economic Planning and Statistics, 
2020) from in forms of palm oil (as the main ingredient) from Indonesia and Malaysia 
and rapeseed and soybean oils as secondary ingredients (Wong, 2019).  

Assuming 90% of the WCO is recycled annually within Brunei Darussalam and 
a conversion rate of 75% in the reaction, it would yield 8499 tonnes or 8,499,000 kg of 
biodiesel. Furthermore, since the estimation was aimed at B5 blend (5% biodiesel, 95% 
petroleum diesel), it is expected to yield 169,980 tonnes B5 blend biodiesel annually. 
The amount of diesel consumed by automobiles is about 45,260 tonnes per year. It 
shows great potential in replacing diesel with biodiesel for automotive fuel in Brunei, 
as the supply tripled the demand. This WCO to biodiesel process can be extremely 
valuable and feasible for application in Brunei to reduce the amount of disposal of 
WCO and simultaneously implement reliance on biodiesel for vehicles. 

Production - B5 blend biodiesel 

Some considerations to approximate the estimated annual cost of diesel supplied 
locally to prepare B5 blend biodiesel have been presented below: 
 Actual cost of diesel to consumers: 0.31/L 
 Agreed cost of diesel supply: 0.18/L  
 Estimated amount of diesel required: 164,106,705L 
 Total cost of diesel supply: BND$29,539,207 

Table 7. Estimated annual revenue for the WCO to biodiesel production. 

Type of product Quantity (L) Unit Price (BND/L) Amount (BND) 

WCO 11,516,260 0.2 2,303,252 

B5 biodiesel 
production 

172,743,900* 

a. 1.15 without 
government 

subsidy** 
b. 0.50 with 
government 
subsidy***  

198,655,485 

Glycerol 8,000,000 2.2  17,600,000   

Fertilizers 110,000 3 536,800 

    Total 219,095,537 
*Assuming a minimum of 75% conversion of WCO to biodiesel. The actual conversion is estimated to 

be in the range of 90-95%. 

** vs $0.81/L diesel without government subsidy 

*** vs $0.31/L diesel with government subsidy 
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Table 7 summarizes the assumptions and estimation of the annual revenue for 
biodiesel production from MDPI. The producers would be subjected to pay BND 0.20 
per litre of WCO. Through a rough estimation, the possible amount of WCO recycled 
would be 11,516,260 litres and a total revenue of BND 2,303,252. 

Production of glycerol 

Glycerol is a by-product of the WVO-to-biodiesel production process. This can 
be utilized as an additional profitable product of the company which can be sold to a 
local pharmaceutical company for multipurpose uses such as raw materials for 
cosmetics and medicines. The expected production of glycerol in the process is 
8,000,000 litres per year. Furthermore, through brief research on the potential market 
value of glycerol, this subchapter will take BND 2.2 per litre of glycerol as a selling 
price. This yields a total annual sale of BND 17,600,000 of glycerol. 

Production - K3PO4 fertilisers 

In addition to glycerol, a solid fertilizer, K3PO4, is another by-product of the 
WCO-to-biodiesel production process. It can also be utilized as another product. The 
expected production of K3PO4 in the process is 178,000 kilograms per year. 
Furthermore, through brief research on the potential market value of local fertilizers, 
this subchapter will take BND 3 per kilogram of K3PO4 as a selling price. It yields a 
total annual sale of BND 536,800 K3PO4 fertilizers. 

CONCLUSION AND RECOMMENDATIONS 

Production of biodiesel from WCO is plausible to be implemented in Brunei 
Darussalam. It is because petrol and diesel are primarily used as fuel for 
transportation and Brunei has been relying on edible oils for domestic purposes. It 
was roughly estimated that Brunei has an annual consumption of 12,591 tonnes of 
vegetable oil. Assuming a 75% conversion of WCO to produce the B5 blend biodiesel 
would result in 169,980 tonnes annually. This volume exceeds the current demand for 
petroleum diesel by a factor of three. With the total amount of diesel consumed in the 
country, biodiesel can replace petro-diesel. Glycerol and fertilizer by-products can 
also be sold locally.  

Author Contributions 
Conceptualization, MRB; writing—original draft preparation, MFA, AMBAM, FKNH, HHT, 

MHWMH and WYS; writing—review and editing, MRB. All authors have read and agreed to 

the published version of the manuscript. 

Funding 
This research received no external funding.  

Conflict of interests 
The authors declare no conflict of interest. 

REFERENCES 

Abed, K. A., El Morsi, A. K., Sayed, M. M., Shaib, A. A. E., & Gad, M. S. (2018). Effect 
of waste cooking-oil biodiesel on performance and exhaust emissions of a 
diesel engine. Egyptian Journal of Petroleum, 27(4), 985–989. 
https://doi.org/10.1016/j.ejpe.2018.02.008 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 246 

 

Abedin, M. J., Kalam, M. A., Masjuki, H. H., Mohd Sabri, M. F., Rahman, S. M. A., 
Sanjid, A., & Rizwanul Fattah, I. M. (2016). Production of biodiesel from a non-
edible source and study of its combustion, and emission characteristics: A 
comparative study with B5. Renewable Energy, 88, 20–29. 
https://doi.org/10.1016/j.renene.2015.11.027 

Aghbashlo, M., & Demirbas, A. (2016). Biodiesel: Hopes and dreads. Biofuel Research 
Journal, 3(2), 379–379. https://doi.org/10.18331/BRJ2016.3.2.2 

Ahmad, A. L., Yasin, N. H. M., Derek, C. J. C., & Lim, J. K. (2011). Microalgae as a 
sustainable energy source for biodiesel production: A review. Renewable and 
Sustainable Energy Reviews, 15(1), 584–593. 
https://doi.org/10.1016/j.rser.2010.09.018 

Al-Hasan, M. I. (2013). Biodiesel production from waste frying oil and its application 
to a diesel engine. Transport, 28(3), Article 3. 
https://doi.org/10.3846/16484142.2013.830644 

Al-Juboori, O., Sher, F., Hazafa, A., Khan, M. K., & Chen, G. Z. (2020). The effect of 
variable operating parameters for hydrocarbon fuel formation from CO2 by 
molten salts electrolysis. Journal of CO2 Utilization, 40, 101193. 
https://doi.org/10.1016/j.jcou.2020.101193 

Anderson, D. (2021, August). Pros and Cons of Continuous Flow versus Batch Processing 
Systems. https://www.labx.com/resources/pros-and-cons-of-continuous-
flow-versus-batch-processing-systems/170 

Aranda, D. A. G., Santos, R. T. P., Tapanes, N. C. O., Ramos, A. L. D., & Antunes, O. 
A. C. (2008). Acid-Catalyzed Homogeneous Esterification Reaction for 
Biodiesel Production from Palm Fatty Acids. Catalysis Letters, 122(1), 20–25. 
https://doi.org/10.1007/s10562-007-9318-z 

Athar, M., & Zaidi, S. (2020). A review of the feedstocks, catalysts, and intensification 
techniques for sustainable biodiesel production. Journal of Environmental 
Chemical Engineering, 8(6), 104523. https://doi.org/10.1016/j.jece.2020.104523 

Awogbemi, O., Kallon, D. V. V., Onuh, E. I., & Aigbodion, V. S. (2021). An Overview 
of the Classification, Production and Utilization of Biofuels for Internal 
Combustion Engine Applications. Energies, 14(18), Article 18. 
https://doi.org/10.3390/en14185687 

Bala, B. K. (2005). Studies on Biodiesels from Transformation of Vegetable Oils for 
Diesel Engines. Energy, Education, Science and Technology, 15(1/2), 1–43. 

Ballesteros, R., Hernández, J. J., & Lyons, L. L. (2010). An experimental study of the 
influence of biofuel origin on particle-associated PAH emissions. Atmospheric 
Environment, 44(7), 930–938. https://doi.org/10.1016/j.atmosenv.2009.11.042 

Banerjee, A., & Chakraborty, R. (2009). Parametric sensitivity in transesterification of 
waste cooking oil for biodiesel production—A review. Resources, Conservation 
and Recycling, 53(9), 490–497. https://doi.org/10.1016/j.resconrec.2009.04.003 

Banerjee, N., Ramakrishnan, R., & Jash, T. (2014). Biodiesel Production from Used 
Vegetable Oil Collected from Shops Selling Fritters in Kolkata. Energy Procedia, 
54, 161–165. https://doi.org/10.1016/j.egypro.2014.07.259 

Bartlett, C. J. S., Betts, W. E., Booth, M., Giavazzi, F., Guttmann, H., Heinze, P., Mayers, 
& Hutcheson, R. C. (1992). Diesel fuel aromatic content and its relationship with 
emissions from diesel engines (92/54; p. 44). Concawe. 

Baskar, G., Kalavathy, G., Aiswarya, R., & Abarnaebenezer Selvakumari, I. (2019). 7—
Advances in bio-oil extraction from nonedible oil seeds and algal biomass. In 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 247 

 

K. Azad (Ed.), Advances in Eco-Fuels for a Sustainable Environment (pp. 187–210). 
Woodhead Publishing. https://doi.org/10.1016/B978-0-08-102728-8.00007-3 

Basu, P. (2013). Biomass Gasification, Pyrolysis and Torrefaction: Practical Design and 
Theory (Second). Academic Press. https://doi.org/10.1016/C2011-0-07564-6 

Bautista, L. F., Vicente, G., Rodríguez, R., & Pacheco, M. (2009). Optimisation of FAME 
production from waste cooking oil for biodiesel use. Biomass and Bioenergy, 
33(5), 862–872. https://doi.org/10.1016/j.biombioe.2009.01.009 

Bhatia, S. C. (2014). 22—Biodiesel. In S. C. Bhatia (Ed.), Advanced Renewable Energy 
Systems (pp. 573–626). Woodhead Publishing India. 
https://doi.org/10.1016/B978-1-78242-269-3.50022-X 

Bhuiya, M. M. K., Rasul, M. G., Khan, M. M. K., Ashwath, N., & Azad, A. K. (2016). 
Prospects of 2nd generation biodiesel as a sustainable fuel—Part: 1 selection of 
feedstocks, oil extraction techniques and conversion technologies. Renewable 
and Sustainable Energy Reviews, 55, 1109–1128. 
https://doi.org/10.1016/j.rser.2015.04.163 

Brunei Darussalam Department of Economic Planning and Statistics. (2020). Brunei 
Darussalam International Merchandise Trade Statistics December and Annual 2020. 

Brunei Darussalam Department of Statistics. (2021). Brunei Darussalam Key Indicators 
2020. Perpustakaan Dewan Bahasa dan Pustaka Brunei. 

Buchori, L., Istadi, I., & Purwanto, P. (2016). Advanced Chemical Reactor Technologies 
for Biodiesel Production from Vegetable Oils—A Review. Bulletin of Chemical 
Reaction Engineering & Catalysis, 11(3), 406–430. 
https://doi.org/10.9767/bcrec.11.3.490.406-430 

Cao, W., Han, H., & Zhang, J. (2005). Preparation of biodiesel from soybean oil using 
supercritical methanol and co-solvent. Fuel, 84(4), 347–351. 
https://doi.org/10.1016/j.fuel.2004.10.001 

Chai, M., Tu, Q., Lu, M., & Yang, Y. J. (2014). Esterification pretreatment of free fatty 
acid in biodiesel production, from laboratory to industry. Fuel Processing 
Technology, 125, 106–113. https://doi.org/10.1016/j.fuproc.2014.03.025 

Changcheng. (2019, July 22). What is the difference between Batch Reactor and Continuous 
Reactor? https://greatwall-online.com/news/shownews.php?lang=en&id=63 

Chen, K.-S., Lin, Y.-C., Hsu, K.-H., & Wang, H.-K. (2012). Improving biodiesel yields 
from waste cooking oil by using sodium methoxide and a microwave heating 
system. Energy, 38(1), 151–156. https://doi.org/10.1016/j.energy.2011.12.020 

Chongkhong, S., Kanjaikaew, U., & Tongurai, C. (2012, May 14). A Review of FFA 
Esterification for Biodiesel Production. The 10th International PSU Engineering 
Conference. 

Clifford, C. B. (2020). 9.2 The Reaction of Biodiesel: Transesterification | EGEE 439: 
Alternative Fuels from Biomass Sources. PennState College of Earth and Mineral 
Sciences. https://www.e-education.psu.edu/egee439/node/684 

Colucci, J. A., Borrero, E. E., & Alape, F. (2005). Biodiesel from an alkaline 
transesterification reaction of soybean oil using ultrasonic mixing. Journal of the 
American Oil Chemists’ Society, 82(7), 525–530. https://doi.org/10.1007/s11746-
005-1104-3 

Cormier, J. F. (1991). Removal of TBDMS protecting groups from carbohydrates using 
catalytic transfer hydrogenation. Tetrahedron Letters, 32(2), 187–188. 
https://doi.org/10.1016/0040-4039(91)80850-6 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 248 

 

Curran, M. (2013). Assessing Environmental Impacts of Biofuels Using Lifecycle-
Based Approaches. Management of Environmental Quality An International 
Journal, 24(1), 34–52. https://doi.org/10.1108/14777831311291122 

Das, M., Sarkar, M., Datta, A., & Santra, A. K. (2018). An experimental study on the 
combustion, performance and emission characteristics of a diesel engine 
fuelled with diesel-castor oil biodiesel blends. Renewable Energy, 119, 174–184. 
https://doi.org/10.1016/j.renene.2017.12.014 

DeCicco, J. M., Liu, D. Y., Heo, J., Krishnan, R., Kurthen, A., & Wang, L. (2016). Carbon 
balance effects of U.S. biofuel production and use. Climatic Change, 138(3), 667–
680. https://doi.org/10.1007/s10584-016-1764-4 

Demirbas, A. (2004). Effects of temperature and particle size on bio-char yield from 
pyrolysis of agricultural residues. Journal of Analytical and Applied Pyrolysis, 
72(2), 243–248. https://doi.org/10.1016/j.jaap.2004.07.003 

Demirbas, A. (2005). Biodiesel production from vegetable oils via catalytic and non-
catalytic supercritical methanol transesterification methods. Progress in Energy 
and Combustion Science, 31(5–6), 466–487. 
https://doi.org/10.1016/j.pecs.2005.09.001 

Demirbas, A. (2007). Biodiesel from sunflower oil in supercritical methanol with 
calcium oxide. Energy Conversion and Management, 48(3), 937–941. 
https://doi.org/10.1016/j.enconman.2006.08.004 

Demirbas, A. (Ed.). (2008). Introduction. In Biodiesel: A Realistic Fuel Alternative for 
Diesel Engines (pp. 1–37). Springer. https://doi.org/10.1007/978-1-84628-995-
8_1 

Demirbas, A. (2009). Biodiesel from waste cooking oil via base-catalytic and 
supercritical methanol transesterification. Energy Conversion and Management, 
50(4), 923–927. https://doi.org/10.1016/j.enconman.2008.12.023 

Dionisio, K. L., Phillips, K., Price, P. S., Grulke, C. M., Williams, A., Biryol, D., Hong, 
T., & Isaacs, K. K. (2018). The Chemical and Products Database, a resource for 
exposure-relevant data on chemicals in consumer products. Scientific Data, 5(1), 
Article 1. https://doi.org/10.1038/sdata.2018.125 

Dowaki, K., Ohta, T., Kasahara, Y., Kameyama, M., Sakawaki, K., & Mori, S. (2007). 
An economic and energy analysis on bio-hydrogen fuel using a gasification 
process. Renewable Energy, 32(1), 80–94. 
https://doi.org/10.1016/j.renene.2005.12.010 

Dunn, R. O. (2001). ALTERNATIVE JET FUELS FROM VEGETABLE OILS. 
Transactions of the ASAE, 44(6), 1751–1757. https://doi.org/10.13031/2013.6988 

El-Fadel, M., & Khoury, R. (2001). Strategies for vehicle waste-oil management: A case 
study. Resources, Conservation and Recycling, 33(2), 75–91. 
https://doi.org/10.1016/S0921-3449(01)00058-1 

ERIA, & BNERI. (2020). Brunei Darussalam Energy Consumption Survey: Residential and 
Commercial and Public Sectors (ERIA Research Project Report 2019 3; p. 73). 

European Environment Agency. (2018). Trends and projections in Europe 2018: Tracking 
progress towards Europe’s climate and energy targets. Publications Office of the 
European Union. https://data.europa.eu/doi/10.2800/931891 

F, C. A. G., Guerrero-Romero, A., & Sierra, F. E. (2011). Biodiesel Production from 
Waste Cooking Oil. In Biodiesel—Feedstocks and Processing Technologies. 
IntechOpen. https://doi.org/10.5772/25313 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 249 

 

Farag, I., & Elmoraghy, M. (2014). In-situ Transesterification of Chlorella vulgaris 
towards Bio-Jet Fuel Production. International Journal of Engineering and 
Technical Research (IJETR), 2(11), 8–15. 

Farm Energy. (2019, April 3). Reactors for Biodiesel Production – Farm Energy. 
https://farm-energy.extension.org/reactors-for-biodiesel-production/ 

Farobie, O., & Matsumura, Y. (2017). State of the art of biodiesel production under 
supercritical conditions. Progress in Energy and Combustion Science, 63, 173–203. 
https://doi.org/10.1016/j.pecs.2017.08.001 

Faruque, M. O., Razzak, S. A., & Hossain, M. M. (2020). Application of Heterogeneous 
Catalysts for Biodiesel Production from Microalgal Oil—A Review. Catalysts, 
10(9), Article 9. https://doi.org/10.3390/catal10091025 

Fukuda, H., Kondo, A., & Noda, H. (2001). Biodiesel fuel production by 
transesterification of oils. Journal of Bioscience and Bioengineering, 92(5), 405–416. 
https://doi.org/10.1263/jbb.92.405 

Gebremariam, S. N., Marchetti, J. M., Gebremariam, S. N., & Marchetti, J. M. (2017). 
Biodiesel production technologies: Review. AIMS Energy, 5(3), 425–457. 
https://doi.org/10.3934/energy.2017.3.425 

Glisic, S. B., & Orlovic, A. M. (2012). Modelling of non-catalytic biodiesel synthesis 
under sub and supercritical conditions: The influence of phase distribution. The 
Journal of Supercritical Fluids, 65, 61–70. 
https://doi.org/10.1016/j.supflu.2012.02.025 

Glišić, S. B., & Skala, D. U. (2010). Phase transition at subcritical and supercritical 
conditions of triglycerides methanolysis. The Journal of Supercritical Fluids, 54(1), 
71–80. https://doi.org/10.1016/j.supflu.2010.03.005 

Glycerol Formula—Structure , Formula , Information, molecular weight of Glycerol. (n.d.). 
BYJUS. Retrieved February 5, 2022, from 
https://byjus.com/chemistry/glycerol-formula/ 

Gude, V. G., Patil, P., Martinez-Guerra, E., Deng, S., & Nirmalakhandan, N. (2013). 
Microwave energy potential for biodiesel production. Sustainable Chemical 
Processes, 1(5), 1–31. https://doi.org/10.1186/2043-7129-1-5 

Hajjari, M., Tabatabaei, M., Aghbashlo, M., & Ghanavati, H. (2017). A review on the 
prospects of sustainable biodiesel production: A global scenario with an 
emphasis on waste-oil biodiesel utilization. Renewable and Sustainable Energy 
Reviews, 72, 445–464. https://doi.org/10.1016/j.rser.2017.01.034 

He, Q. (Sophia), McNutt, J., & Yang, J. (2017). Utilization of the residual glycerol from 
biodiesel production for renewable energy generation. Renewable and 
Sustainable Energy Reviews, 71(C), 63–76. 
https://doi.org/10.1016/J.RSER.2016.12.110 

Hernandez, J., & Garcia, N. (n.d.). Glycerol Molecule Structure & Formula | Glycerol 
Molar Mass & Polarity—Video & Lesson Transcript. Study.Com. Retrieved 
February 5, 2022, from https://study.com/learn/lesson/glycerol-molecule-
structure-formula.html 

How, H. G., Masjuki, H. H., Kalam, M. A., & Teoh, Y. H. (2014). An investigation of 
the engine performance, emissions and combustion characteristics of coconut 
biodiesel in a high-pressure common-rail diesel engine. Energy, 69, 749–759. 
https://doi.org/10.1016/j.energy.2014.03.070 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 250 

 

Hsu, D. D. (2012). Life cycle assessment of gasoline and diesel produced via fast 
pyrolysis and hydroprocessing—ScienceDirect. Biomass and Bioenergy, 45, 41–
47. https://doi.org/10.1016/j.biombioe.2012.05.019 

Hu, N., Tan, J., Wang, X., Zhang, X., & Yu, P. (2017). Volatile organic compound 
emissions from an engine fueled with an ethanol-biodiesel-diesel blend. Journal 
of the Energy Institute, 90(1), 101–109. https://doi.org/10.1016/j.joei.2015.10.003 

Hu, X., & Gholizadeh, M. (2019). Biomass pyrolysis: A review of the process 
development and challenges from initial researches up to the 
commercialisation stage. Journal of Energy Chemistry, 39, 109–143. 
https://doi.org/10.1016/j.jechem.2019.01.024 

ICSC 0624—GLYCEROL. (n.d.). Retrieved February 5, 2022, from 
https://www.ilo.org/dyn/icsc/showcard.display?p_version=2&p_card_id=
0624 

IEA. (2020, November). Renewables 2020 – Analysis. IEA. 
https://www.iea.org/reports/renewables-2020 

Imahara, H., Xin, J., & Saka, S. (2009). Effect of CO2/N2 addition to supercritical 
methanol on reactivities and fuel qualities in biodiesel production. Fuel, 88(7), 
1329–1332. https://doi.org/10.1016/j.fuel.2009.01.002 

Ismail, S. A. A., & Ali, R. F. M. (2015). Physico-chemical properties of biodiesel 
manufactured from waste frying oil using domestic adsorbents. Science and 
Technology of Advanced Materials, 16(3), 034602. https://doi.org/10.1088/1468-
6996/16/3/034602 

Jahirul, M. I., Rasul, M. G., Chowdhury, A. A., & Ashwath, N. (2012). Biofuels 
Production through Biomass Pyrolysis—A Technological Review. Energies, 
5(12), Article 12. https://doi.org/10.3390/en5124952 

Jariah, N. F., Hassan, M. A., Taufiq-Yap, Y. H., & Roslan, A. M. (2021). Technological 
Advancement for Efficiency Enhancement of Biodiesel and Residual Glycerol 
Refining: A Mini Review. Processes, 9(7), Article 7. 
https://doi.org/10.3390/pr9071198 

John, A. P. (2021, September 22). Glycerol Formula: Introduction, Structure, and 
Properties. Embibe Exams. https://www.embibe.com/exams/glycerol-
formula/ 

Kapilan, N., Bayko, D., & Baykov, A. (2014). Review on new methods used for the 
production of biodiesel. Pet Coal, 56(1), 62–73. 

Karakaya, S., & Şimşek, Ş. (2011). Changes in Total Polar Compounds, Peroxide Value, 
Total Phenols and Antioxidant Activity of Various Oils Used in Deep Fat 
Frying. Journal of the American Oil Chemists’ Society, 88(9), 1361–1366. 
https://doi.org/10.1007/s11746-011-1788-x 

Khan, H. M., Iqbal, T., Mujtaba, M. A., Soudagar, M. E. M., Veza, I., & Fattah, I. M. R. 
(2021). Microwave Assisted Biodiesel Production Using Heterogeneous 
Catalysts. Energies 2021, 14(23), Article 23. 
https://doi.org/10.3390/en14238135 

Kim, M., DiMaggio, C., Salley, S. O., & Simon Ng, K. Y. (2012). A new generation of 
zirconia supported metal oxide catalysts for converting low grade renewable 
feedstocks to biodiesel. Bioresource Technology, 118, 37–42. 
https://doi.org/10.1016/j.biortech.2012.04.035 

Kirk‐Othmer Encyclopedia of Chemical Technology. (2000). John Wiley & Sons, Inc. 
https://doi.org/10.1002/0471238961 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 251 

 

Knothe, G., Dunn, R. O., & Bagby, M. O. (1997). Biodiesel: The Use of Vegetable Oils 
and Their Derivatives as Alternative Diesel Fuels. In ACS Symposium Series 
(ACS Publications) (Vol. 666, pp. 172–208). 
https://pubs.acs.org/doi/abs/10.1021/bk-1997-0666.ch010 

Knothe, G., & Razon, L. F. (2017). Biodiesel fuels. Progress in Energy and Combustion 
Science, 58, 36–59. https://doi.org/10.1016/j.pecs.2016.08.001 

Koh, M. Y., & Mohd. Ghazi, T. I. (2011). A review of biodiesel production from 
Jatropha curcas L. oil. Renewable and Sustainable Energy Reviews, 15(5), 2240–
2251. https://doi.org/10.1016/j.rser.2011.02.013 

Kuen, H. Y., Mjalli, F. S., & Koon, Y. H. (2010). Recursive Least Squares-Based 
Adaptive Control of a Biodiesel Transesterification Reactor. Industrial & 
Engineering Chemistry Research, 49(22), 11434–11442. 
https://doi.org/10.1021/ie901899t 

Kuo, G., Goodwin, J., & Pathak, S. (2015). Acid catalyzed transesterification. Journal of 
Chemical and Pharmaceutical Research, 7(3), 1780–1786. 

Kusdiana, D., & Saka, S. (2004a). Effects of water on biodiesel fuel production by 
supercritical methanol treatment. Bioresource Technology, 91(3), 289–295. 
https://doi.org/10.1016/s0960-8524(03)00201-3 

Kusdiana, D., & Saka, S. (2004b). Two-step preparation for catalyst-free biodiesel fuel 
production: Hydrolysis and methyl esterification. Applied Biochemistry and 
Biotechnology, 113–116(1–3), 781–791. https://doi.org/10.1385/abab:115:1-
3:0781 

Lakshmi S., V., Aparna, A. M., & Baskaran, R. (2019). Production of Biodiesel from 
Waste Cooking Oil. 2019 Fifth International Conference on Science Technology 
Engineering and Mathematics (ICONSTEM), 1, 270–274. 
https://doi.org/10.1109/ICONSTEM.2019.8918857 

Leng, L., Han, P., Yuan, X., Li, J., & Zhou, W. (2018). Biodiesel microemulsion 
upgrading and thermogravimetric study of bio-oil produced by liquefaction of 
different sludges. Energy, 153(C), 1061–1072. 
https://doi.org/10.1016/j.energy.2018.04.087 

Lin, J.-J., & Chen, Y.-W. (2017). Production of biodiesel by transesterification of 
Jatropha oil with microwave heating. Journal of the Taiwan Institute of Chemical 
Engineers, 75, 43–50. https://doi.org/10.1016/j.jtice.2017.03.034 

Ling, J. S. J., Tan, Y. H., Mubarak, N. M., Kansedo, J., Saptoro, A., & Nolasco-Hipolito, 
C. (2019). A review of heterogeneous calcium oxide based catalyst from waste 
for biodiesel synthesis. SN Applied Sciences, 1(8). 
https://doi.org/10.1007/s42452-019-0843-3 

Liu, J., Nan, Y., & Tavlarides, L. L. (2017). Continuous production of ethanol-based 
biodiesel under subcritical conditions employing trace amount of 
homogeneous catalysts. Fuel, 193, 187–196. 
https://doi.org/10.1016/j.fuel.2016.12.058 

López, D. E., Goodwin, J. G., Bruce, D. A., & Lotero, E. (2005). Transesterification of 
triacetin with methanol on solid acid and base catalysts. Applied Catalysis A, 
General, 295(2), 97–105. https://doi.org/10.1016/j.apcata.2005.07.055 

Man, X. J., Cheung, C. S., Ning, Z., Wei, L., & Huang, Z. H. (2016). Influence of engine 
load and speed on regulated and unregulated emissions of a diesel engine 
fueled with diesel fuel blended with waste cooking oil biodiesel. Fuel, 180, 41–
49. https://doi.org/10.1016/j.fuel.2016.04.007 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 252 

 

Manirafasha, E., Jiao, K., Zeng, X., Xu, Y., Tang, X., Sun, Y., Lin, L., Murwanashyaka, 
T., Ndikubwimana, T., Jing, K., & Lu, Y. (2020). Chapter 8—Processing of 
Microalgae to Biofuels. In A. Yousuf (Ed.), Microalgae Cultivation for Biofuels 
Production (pp. 111–128). Academic Press. https://doi.org/10.1016/B978-0-12-
817536-1.00008-4 

Mansir, N., Taufiq-Yap, Y. H., Rashid, U., & Lokman, I. M. (2017). Investigation of 
heterogeneous solid acid catalyst performance on low grade feedstocks for 
biodiesel production: A review. Energy Conversion and Management, 141, 171–
182. https://doi.org/10.1016/j.enconman.2016.07.037 

Martins, F., Felgueiras, C., Smitkova, M., & Caetano, N. (2019). Analysis of Fossil Fuel 
Energy Consumption and Environmental Impacts in European Countries. 
Energies, 12(6), Article 6. https://doi.org/10.3390/en12060964 

Mathimani, T., Uma, L., & Prabaharan, D. (2015). Homogeneous acid catalysed 
transesterification of marine microalga Chlorella sp. BDUG 91771 lipid – An 
efficient biodiesel yield and its characterization. Renewable Energy, 81(C), 523–
533. 

Mazur, A., & Maier, J. A. M. (2016). Magnesium. In B. Caballero, P. M. Finglas, & F. 
Toldrá (Eds.), Encyclopedia of Food and Health (pp. 587–592). Academic Press. 
https://doi.org/10.1016/B978-0-12-384947-2.00434-7 

Meher, L. C., Vidya Sagar, D., & Naik, S. N. (2006). Technical aspects of biodiesel 
production by transesterification—A review. Renewable and Sustainable Energy 
Reviews, 10(3), 248–268. https://doi.org/10.1016/j.rser.2004.09.002 

Meier, D., van de Beld, B., Bridgwater, A. V., Elliott, D. C., Oasmaa, A., & Preto, F. 
(2013). State-of-the-art of fast pyrolysis in IEA bioenergy member countries. 
Renewable and Sustainable Energy Reviews, 20, 619–641. 
https://doi.org/10.1016/j.rser.2012.11.061 

Milazzo, M. F., & Spina, F. (2015). The use of the risk assessment in the life cycle 
assessment framework: Human health impacts of a soy-biodiesel production. 
Management of Environmental Quality: An International Journal, 26(3), 389–406. 
https://doi.org/10.1108/MEQ-03-2014-0045 

Miranda, A. C., da Silva Filho, S. C., Tambourgi, E. B., CurveloSantana, J. C., Vanalle, 
R. M., & Guerhardt, F. (2018). Analysis of the costs and logistics of biodiesel 
production from used cooking oil in the metropolitan region of Campinas 
(Brazil). Renewable and Sustainable Energy Reviews, 88, 373–379. 
https://doi.org/10.1016/j.rser.2018.02.028 

Mishra, V. K., & Goswami, R. (2017). A review of production, properties and 
advantages of biodiesel. Biofuels, 9(2), 273–289. 
https://doi.org/10.1080/17597269.2017.1336350 

Mofijur, M., Siddiki, Sk. Y. A., Shuvho, Md. B. A., Djavanroodi, F., Fattah, I. M. R., 
Ong, H. C., Chowdhury, M. A., & Mahlia, T. M. I. (2021). Effect of nanocatalysts 
on the transesterification reaction of first, second and third generation biodiesel 
sources- A mini-review. Chemosphere, 270, 128642. 
https://doi.org/10.1016/j.chemosphere.2020.128642 

Mohiddin, M. N. B., Tan, Y. H., Seow, Y. X., Kansedo, J., Mubarak, N. M., Abdullah, 
M. O., Chan, Y. S., & Khalid, M. (2021). Evaluation on feedstock, technologies, 
catalyst and reactor for sustainable biodiesel production: A review. Journal of 
Industrial and Engineering Chemistry, 98, 60–81. 
https://doi.org/10.1016/j.jiec.2021.03.036 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 253 

 

Muppaneni, T., Reddy, H. K., Patil, P. D., Dailey, P., Aday, C., & Deng, S. (2012). 
Ethanolysis of camelina oil under supercritical condition with hexane as a co-
solvent. Applied Energy, 94, 84–88. 
https://doi.org/10.1016/j.apenergy.2012.01.023 

Nasreen, S., Nafees, M., Qureshi, L., Asad, M. S., Sadiq, A., & Ali, S. D. (2018). Review 
of Catalytic Transesterification Methods for Biodiesel Production. In Biofuels—
State of Development. https://doi.org/10.5772/intechopen.75534 

Net Zero by 2050: A Roadmap for the Global Energy Sector - Event. (n.d.). IEA. Retrieved 
November 17, 2021, from https://www.iea.org/events/net-zero-by-2050-a-
roadmap-for-the-global-energy-system 

NIST. (n.d.). Glycerin. Retrieved February 5, 2022, from 
https://webbook.nist.gov/cgi/cbook.cgi?ID=C56815&Mask=2#Thermo-
Condensed 

Norman, J., MacLean, H. L., & Kennedy, C. A. (2006). Comparing High and Low 
Residential Density: Life-Cycle Analysis of Energy Use and Greenhouse Gas 
Emissions | Journal of Urban Planning and Development | Vol 132, No 1. 
Journal of Urban Planning and Development, 132(1), 10–21. 

Okoye, P. U., & Hameed, B. H. (2016). Review on recent progress in catalytic 
carboxylation and acetylation of glycerol as a byproduct of biodiesel 
production. Renewable and Sustainable Energy Reviews, 53, 558–574. 
https://doi.org/10.1016/j.rser.2015.08.064 

Orchard, B., Denis, J., & Cousins, J. (2007). Developments in biofuel processing 
technologies. World Pumps, 2007(487), 24–28. https://doi.org/10.1016/S0262-
1762(07)70151-7 

Özener, O., Yüksek, L., Ergenç, A. T., & Özkan, M. (2014). Effects of soybean biodiesel 
on a DI diesel engine performance, emission and combustion characteristics. 
Fuel, 115, 875–883. https://doi.org/10.1016/j.fuel.2012.10.081 

Panchal, B., Chang, T., Qin, S., Sun, Y., Wang, J., & Bian, K. (2020). Optimization of 
soybean oil transesterification using an ionic liquid and methanol for biodiesel 
synthesis. Energy Reports, 6(7), 20–27. 
https://doi.org/10.1016/j.egyr.2019.11.028 

Parmar, A. (2021, July 23). China’s UCO, biodiesel exports keep rising | Argus Media. 
https://www.argusmedia.com/en/news/2237080-chinas-uco-biodiesel-
exports-keep-rising 

Peng, B.-X., Shu, Q., Wang, J.-F., Wang, G.-R., Wang, D.-Z., & Han, M.-H. (2008). 
Biodiesel production from waste oil feedstocks by solid acid catalysis. Process 
Safety and Environmental Protection, 86(6), 441–447. 
https://doi.org/10.1016/j.psep.2008.05.003 

Pinto, A. C., Guarieiro, L. L. N., Rezende, M. J. C., Ribeiro, N. M., Torres, E. A., Lopes, 
W. A., Pereira, P. A. de P., & Andrade, J. B. de. (2005). Biodiesel: An overview. 
Journal of the Brazilian Chemical Society, 16, 1313–1330. 
https://doi.org/10.1590/S0103-50532005000800003 

Pisarello, M. L., Costa, B., Mendow, G., & Querini, C. (2010). Esterification with 
ethanol to produce biodiesel from high acidity raw materials: Kinetic studies 
and analysis of secondary reactions. Fuel Processing Technology, 91(9), 1005–
1014. https://doi.org/10.1016/j.fuproc.2010.03.001 

Policies to reduce fuel consumption, air pollution, and carbon emissions from vehicles 
in G20 nations. (n.d.). International Council on Clean Transportation. Retrieved 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 254 

 

February 6, 2022, from https://theicct.org/publication/policies-to-reduce-
fuel-consumption-air-pollution-and-carbon-emissions-from-vehicles-in-g20-
nations/ 

Potassium phosphate. (n.d.). Retrieved February 5, 2022, from 
http://chemister.ru/Database/properties-en.php?dbid=1&id=527 

Potassium phosphate (K3PO4): Structure, properties, uses - science - 2022. (n.d.). 
Warbletoncouncil. Retrieved February 5, 2022, from 
https://warbletoncouncil.org/fosfato-de-potasio-13711 

Potassium phosphate tribasic | 7778-53-2. (n.d.). Retrieved February 5, 2022, from 
https://www.chemicalbook.com/ChemicalProductProperty_EN_CB7206120.
htm 

Potassium phosphate tribasic reagentgrade, =98 7778-53-2. (n.d.). Retrieved February 5, 
2022, from http://www.sigmaaldrich.com/ 

Pourkarimi, S., Hallajisani, A., Alizadehdakhel, A., & Nouralishahi, A. (2019). Biofuel 
production through micro- and macroalgae pyrolysis – A review of pyrolysis 
methods and process parameters. Journal of Analytical and Applied Pyrolysis, 142, 
104599. https://doi.org/10.1016/j.jaap.2019.04.015 

PubChem. (n.d.). Glycerol. Retrieved February 6, 2022, from 
https://pubchem.ncbi.nlm.nih.gov/compound/753 

Pugnet, V., Maury, S., Coupard, V., Dandeu, A., Quoineaud, A.-A., Bonneau, J.-L., & 
Tichit, D. (2010). Stability, activity and selectivity study of a zinc aluminate 
heterogeneous catalyst for the transesterification of vegetable oil in batch 
reactor. Applied Catalysis A: General, 374(1–2), 71–78. 
https://doi.org/10.1016/j.apcata.2009.11.028 

Qu, S., Chen, C., Guo, M., Jiang, W., Lu, J., Yi, W., & Ding, J. (2021). Microwave-
assisted in-situ transesterification of Spirulina platensis to biodiesel using 
PEG/MgO/ZSM-5 magnetic catalyst. Journal of Cleaner Production, 311, 127490. 
https://doi.org/10.1016/j.jclepro.2021.127490 

Quader, M. A., & Ahmed, S. (2017). Chapter Four—Bioenergy With Carbon Capture 
and Storage (BECCS): Future Prospects of Carbon-Negative Technologies. In 
M. G. Rasul, A. kalam Azad, & S. C. Sharma (Eds.), Clean Energy for Sustainable 
Development (pp. 91–140). Academic Press. https://doi.org/10.1016/B978-0-
12-805423-9.00004-1 

Quispe, C. A. G., Coronado, C. J. R., & Carvalho Jr., J. A. (2013). Glycerol: Production, 
consumption, prices, characterization and new trends in combustion. Renewable 
and Sustainable Energy Reviews, 27, 475–493. 
https://doi.org/10.1016/j.rser.2013.06.017 

Rabie, A. M., Shaban, M., Abukhadra, M. R., Hosny, R., Ahmed, S. A., & Negm, N. A. 
(2019). Diatomite supported by CaO/MgO nanocomposite as heterogeneous 
catalyst for biodiesel production from waste cooking oil. Journal of Molecular 
Liquids, 279, 224–231. https://doi.org/10.1016/j.molliq.2019.01.096 

Rajaeifar, M. A., Akram, A., Ghobadian, B., Rafiee, S., Heijungs, R., & Tabatabaei, M. 
(2016). Environmental impact assessment of olive pomace oil biodiesel 
production and consumption: A comparative lifecycle assessment. Energy, 
106(C), 87–102. 

Rajalingam, A., S P, J., Kumar, A., & Khan, M. A. (2016). Production methods of 
biodiesel. Journal of Chemical and Pharmaceutical Research, 8(3), 170–173. 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 255 

 

Rajamohan, S., Kasimani, R., Ramakrishnan, P., & Shameer, P. M. (2017). A review on 
the properties, performance and emission aspects of the third generation 
biodiesels. Renewable and Sustainable Energy Reviews, 82, 2970–2992. 
https://doi.org/10.1016/j.rser.2017.10.037 

Richards, P. (n.d.). Automotive Fuels Reference Book, Third Edition (Third). SAE 
International. Retrieved February 6, 2022, from 
https://www.sae.org/publications/books/content/r-297/ 

Roberts, L. G., & Patterson, T. J. (2014). Biofuels. In P. Wexler (Ed.), Encyclopedia of 
Toxicology (Third Edition) (pp. 469–475). Academic Press. 
https://doi.org/10.1016/B978-0-12-386454-3.01054-X 

Rodrigues, A., Bordado, J. C., & Santos, R. G. dos. (2017). Upgrading the Glycerol from 
Biodiesel Production as a Source of Energy Carriers and Chemicals—A 
Technological Review for Three Chemical Pathways. Energies, 10(11), Article 
11. https://doi.org/10.3390/en10111817 

Rokni, K., Mostafaei, M., Dehghani Soufi, M., & Kahrizi, D. (2022). Microwave-
assisted intensification of transesterification reaction for biodiesel production 
from camelina oil: Optimization by Box-Behnken Design. Bioresource Technology 
Reports, 17, 100928. https://doi.org/10.1016/j.biteb.2021.100928 

Ruhul, A. M., Kalam, M. A., Masjuki, H. H., Fattah, I. M. R., Reham, S. S., & Rashed, 
M. M. (2015). State of the art of biodiesel production processes: A review of the 
heterogeneous catalyst. RSC Advances, 5(122), 101023–101044. 
https://doi.org/10.1039/C5RA09862A 

Safety Data Sheet: No. 2 Biodiesel Blend. (2018). Phillips 66 Company. 
https://www.marcnelsonoil.com/wp-content/uploads/2019/04/2-Bio-
Diesel-Blend-P66-SDS.pdf 

Saifuddin, N. M., & Hua, C. (2004). Production of ethyl ester (biodiesel) from used 
frying oil: Optimization of transesterification process using microwave 
irradiation. Malaysian J Chem, 6(1), 77–82. 

Saka, S., & Kusdiana, D. (2001). Biodiesel fuel from rapeseed oil as prepared in 
supercritical methanol. Fuel, 80(2), 225–231. https://doi.org/10.1016/S0016-
2361(00)00083-1 

Sánchez-Gimeno, A. C., Negueruela, A. I., Benito, M., Vercet, A., & Oria, R. (2008). 
Some physical changes in Bajo Aragón extra virgin olive oil during the frying 
process. Food Chemistry, 110(3), 654–658. 
https://doi.org/10.1016/j.foodchem.2008.02.057 

Sani, Y. M., Daud, W. M. A. W., & Abdul Aziz, A. R. (2013). Solid acid-catalyzed 
biodiesel production from microalgal oil—The dual advantage. Journal of 
Environmental Chemical Engineering, 1(3), 113–121. 
https://doi.org/10.1016/j.jece.2013.04.006 

Sathyamurthy, R., Sekhar, S. C., & PhD, M. V. (2021). Prediction of Biodiesel Production 
from Sardine Fish Oil Methyl Ester Using Microwave Assisted Transesterification 
Method Using Response Surface Methodology (SAE Technical Paper 2021-01–1202). 
SAE International. https://doi.org/10.4271/2021-01-1202 

Şensöz, S., Angın, D., & Yorgun, S. (2000). Influence of particle size on the pyrolysis of 
rapeseed (Brassica napus L.): Fuel properties of bio-oil. Biomass and Bioenergy, 
19(4), 271–279. https://doi.org/10.1016/S0961-9534(00)00041-6 

Shafiee, S., & Topal, E. (2009). When will fossil fuel reserves be diminished? Energy 
Policy, 37(1), 181–189. https://doi.org/10.1016/j.enpol.2008.08.016 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 256 

 

Shahid, E. M., Jamal, Y., Shah, A. N., Rumzan, N., & Munsha, M. (2012). EFFECT OF 
USED COOKING OIL METHYL ESTER ON COMPRESSION IGNITION 
ENGINE. Journal of Quality and Technology Management, VIII(II), 91–104. 

Sharmeen, S., Rahman, Md. S., Islam, Md. M., Islam, Md. S., Shahruzzaman, Md., 
Mallik, A. K., Haque, P., & Rahman, M. M. (2019). 11—Application of 
polysaccharides in enzyme immobilization. In S. Maiti & S. Jana (Eds.), 
Functional Polysaccharides for Biomedical Applications (pp. 357–395). Woodhead 
Publishing. https://doi.org/10.1016/B978-0-08-102555-0.00011-X 

Shi, H., Wang, D., Yuan, D., & Wang, T. (2013). Two-Layer Predictive Control of a 
Continuous Biodiesel Transesterification Reactor. Journal of Applied 
Mathematics, 2013, e587841. https://doi.org/10.1155/2013/587841 

Suib, S. L. (Ed.). (2013). New and Future Developments in Catalysis: Catalytic Biomass 
Conversion. Elsevier. 
https://www.sciencedirect.com/science/article/pii/B9780444538789000187 

Syafiuddin, A., Chong, J. H., Yuniarto, A., & Hadibarata, T. (2020). The current 
scenario and challenges of biodiesel production in Asian countries: A review. 
Bioresource Technology Reports, 12, 100608. 
https://doi.org/10.1016/j.biteb.2020.100608 

Talebian-Kiakalaieh, A., Amin, N. A. S., & Mazaheri, H. (2013). A review on novel 
processes of biodiesel production from waste cooking oil. Applied Energy, 104, 
683–710. https://doi.org/10.1016/j.apenergy.2012.11.061 

Tan, H. W., Abdul Aziz, A. R., & Aroua, M. K. (2013). Glycerol production and its 
applications as a raw material: A review. Renewable and Sustainable Energy 
Reviews, 27, 118–127. https://doi.org/10.1016/j.rser.2013.06.035 

Tan, K. T., Gui, M. M., Lee, K. T., & Mohamed, A. R. (2010). An optimized study of 
methanol and ethanol in supercritical alcohol technology for biodiesel 
production. Selected Papers from the 9th International Symposium on Supercritical 
Fluids (ISSF 2009) - New Trends in Supercritical Fluids: Energy, Materials, 
Processing, Arcachon, France, May 18-20, 2009, 53(1–3), 82–87. 
https://doi.org/10.1016/j.supflu.2009.12.017 

Thangarasu, V., & Anand, R. (2019). Chapter 17—Comparative evaluation of 
corrosion behavior of Aegle Marmelos Correa diesel, biodiesel, and their 
blends on aluminum and mild steel metals. In A. K. Azad & M. Rasul (Eds.), 
Advanced Biofuels: Applications, Technologies and Environmental Sustainability (pp. 
443–471). Woodhead Publishing. https://doi.org/10.1016/B978-0-08-102791-
2.00017-9 

The Chemistry of Biodiesel | Biodiesel Project | Goshen College. (n.d.). Retrieved February 
5, 2022, from 
https://www.goshen.edu/academics/chemistry/biodiesel/chemistry-of/ 

Theakston, F., & Weltgesundheitsorganisation (Eds.). (2011). Burden of disease from 
environmental noise: Quantification of healthy life years lost in Europe. World Health 
Organization, Regional Office for Europe. www.euro.who.int 

Thermo Fisher Scientific. (2012). Safety Data Sheet. 
https://www.fishersci.com/msds?productName=P289500 

Thoai, D. N., Tongurai, C., Prasertsit, K., & Kumar, A. (2019). Review on biodiesel 
production by two-step catalytic conversion. Biocatalysis and Agricultural 
Biotechnology, 18, 101023. https://doi.org/10.1016/j.bcab.2019.101023 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 257 

 

TongVo Chemicals Limited. (2008). Tripotassium phosphate. 
http://www.tongvo.cn/products/potassium-phosphate.html 

Trentin, C. M., Lima, A. P., Alkimim, I. P., Silva, C. da, Castilhos, F. de, Mazutti, M. 
A., & Oliveira, J. V. (2011). Continuous catalyst-free production of fatty acid 
ethyl esters from soybean oil in microtube reactor using supercritical carbon 
dioxide as co-solvent. The Journal of Supercritical Fluids, 56(3), 283–291. 
https://doi.org/10.1016/j.supflu.2010.10.037 

Uludamar, E., Tosun, E., & Aydın, K. (2016). Experimental and regression analysis of 
noise and vibration of a compression ignition engine fuelled with various 
biodiesels. Fuel, 177, 326–333. https://doi.org/10.1016/j.fuel.2016.03.028 

Valente, O. S., Pasa, V. M. D., Belchior, C. R. P., & Sodré, J. R. (2011). Physical–chemical 
properties of waste cooking oil biodiesel and castor oil biodiesel blends. Fuel, 
90(4), 1700–1702. https://doi.org/10.1016/j.fuel.2010.10.045 

Van Gerpen, J., Shanks, B., Pruszko, R., Clements, D., & Knothe, G. (2004a). Biodiesel 
Analytical Methods: August 2002--January 2004 (NREL/SR-510-36240). National 
Renewable Energy Lab., Golden, CO (US). https://doi.org/10.2172/15008800 

Van Gerpen, J., Shanks, B., Pruszko, R., Clements, D., & Knothe, G. (2004b). Biodiesel 
Production Technology: August 2002--January 2004 (NREL/SR-510-36244). 
National Renewable Energy Lab., Golden, CO (US). 
https://doi.org/10.2172/15008801 

van Kasteren, J. M. N., & Nisworo, A. P. (2007). A process model to estimate the cost 
of industrial scale biodiesel production from waste cooking oil by supercritical 
transesterification. Resources, Conservation and Recycling, 50(4), 442–458. 
https://doi.org/10.1016/j.resconrec.2006.07.005 

Varol, P. M., Çakan, A., Kiren, B., & Ayas, N. (2021). Microwave-assisted catalytic 
transesterification of soybean oil using KOH/γ-Al2O3. Biomass Conversion and 
Biorefinery. https://doi.org/10.1007/s13399-020-01253-4 

Vieira, S. S., Magriotis, Z. M., Santos, N. A. V., Saczk, A. A., Hori, C. E., & Arroyo, P. 
A. (2013). Biodiesel production by free fatty acid esterification using 
Lanthanum (La3+) and HZSM-5 based catalysts. Bioresource Technology, 133, 
248–255. https://doi.org/10.1016/j.biortech.2013.01.107 

Voronin, V. I., Ponosov, Y. S., Berger, I. F., Proskurnina, N. V., Zubkov, V. G., 
Tyutyunnik, A. P., Bushmeleva, S. N., Balagurov, A. M., Sheptyakov, D. V., 
Burmakin, E. I., Shekhtman, G. S., & Vovkotrub, E. G. (2006). Crystal structure 
of the low-temperature form of K3PO4. Inorganic Materials, 42(8), 908–913. 
https://doi.org/10.1134/S0020168506080206 

Vriesema, H. H., & Terlingen, J. G. A. (2013). Fast dissolving water-soluble fertilizer 
formulations and methods and uses thereof (United States Patent US8419820B2). 
https://patents.google.com/patent/US8419820B2/en 

Wei, R., Li, H., Chen, Y., Hu, T., 龙红明 H., Li, J., & Xu, C. (2020). Environmental Issues 

Related to Bioenergy. In Reference Module in Earth Systems and Environmental 
Sciences. https://doi.org/10.1016/B978-0-12-819727-1.00011-X 

Wong, A. (2019, April 10). Brunei margarine and edible oils to reduce imports, boost 
local F&B industry. Biz Brunei. https://www.bizbrunei.com/2019/04/brunei-
margarine-and-edible-oils-to-reduce-imports-boost-local-fb-industry-western-
food-packaging/ 



Abdullah et al. A Review on Sustainable Approach for Production ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2023 Vol. 7, No. 2 | 258 

 

Worledge, T. (2019, August 8). China to miss E10 ethanol target “by wide margin”: USDA. 
https://www.agricensus.com/Article/China-to-miss-E10-ethanol-target-by-
wide-margin-USDA-7869.html 

Xu, Y.-J., Li, G.-X., & Sun, Z.-Y. (2016). Development of biodiesel industry in China: 
Upon the terms of production and consumption. Renewable and Sustainable 
Energy Reviews, 54, 318–330. https://doi.org/10.1016/j.rser.2015.10.035 

Yang, J., Fujiwara, T., & Geng, Q. (2016). Life cycle assessment of biodiesel fuel 
production from waste cooking oil in Okayama City. Journal of Material Cycles 
and Waste Management, 19(4), 1457–1467. https://doi.org/10.1007/s10163-016-
0540-x 

Yaqoob, H., Teoh, Y. H., Goraya, T. S., Sher, F., Jamil, M. A., Rashid, T., & Yar, K. A. 
(2021). Energy evaluation and environmental impact assessment of 
transportation fuels in Pakistan. Case Studies in Chemical and Environmental 
Engineering, 3, 100081. https://doi.org/10.1016/j.cscee.2021.100081 

Yaqoob, H., Teoh, Y. H., Jamil, M. A., & Gulzar, M. (2021). Potential of tire pyrolysis 
oil as an alternate fuel for diesel engines: A review. Journal of the Energy Institute, 
96, 205–221. https://doi.org/10.1016/j.joei.2021.03.002 

Yoo, S. J., Lee, H.-S., Veriansyah, B., Kim, J., Kim, J.-D., & Lee, Y.-W. (2010). Synthesis 
of biodiesel from rapeseed oil using supercritical methanol with metal oxide 
catalysts. Bioresource Technology, 101(22), 8686–8689. 
https://doi.org/10.1016/j.biortech.2010.06.073 

Yusuf, N. N. A. N., Kamarudin, S. K., & Yaakub, Z. (2011). Overview on the current 
trends in biodiesel production. Energy Conversion and Management, 52(7), 2741–
2751. https://doi.org/10.1016/j.enconman.2010.12.004 

Zhang, H., Wang, Q., & Mortimer, S. R. (2012). Waste cooking oil as an energy 
resource: Review of Chinese policies. Renewable and Sustainable Energy Reviews, 
16(7), 5225–5231. https://doi.org/10.1016/j.rser.2012.05.008 

Zhang, Y., Dubé, M. A., McLean, D. D., & Kates, M. (2003). Biodiesel production from 
waste cooking oil: 1. Process design and technological assessment. Bioresource 
Technology, 89(1), 1–16. https://doi.org/10.1016/S0960-8524(03)00040-3 

Zhao, Y., Wang, C., Zhang, L., Chang, Y., & Hao, Y. (2021). Converting waste cooking 
oil to biodiesel in China: Environmental impacts and economic feasibility. 
Renewable and Sustainable Energy Reviews, 140, 110661. 
https://doi.org/10.1016/j.rser.2020.110661 

 


