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'e issue of energy availability and the impact of global warming has become a specific concern for researchers in various
countries in the world.'is condition opens up space for potential alternative energy sources that are newer andmore sustainable.
Biodiesel as a sustainable alternative energy can be applied directly to industrial and automotive fields and even as a fuel source for
power plants. 'is study provides a specific overview of the use and development of biodiesel as a fuel source for renewable power
generation based on material sources. An essential part of this study discusses the development of various combinations of
biodiesel mixtures and their applications in various types of industries. 'e physical and chemical characteristics of various types
of biodiesel have been studied for their use in various parts of the world. 'e use of biodiesel has a positive effect on reducing
emissions and pollutants, but a particular method is needed to optimize the efficiency and effectiveness, both technically and
nontechnically. However, the utilization accompanied by optimizing the characteristics and parameters of biodiesel shows that
this alternative energy is feasible and can be applied as a renewable fuel source for automotive industry and power generation in
the future.

1. Development of Biodiesel

Before the combustion technology uses fuels as of today,
biomass has become an essential primary energy source for
human life. Dry wood has long been the primary fuel for
cooking as well as heating medium in warm places, while
ethanol and vegetable oil are the primary fuels used for
lighting [1]. Over time, the energy transition from wood to
coal to fossil fuels began to occur. Now, fossil fuels are the
primary energy used by humans, with a percentage of up to
80% of energy consumption worldwide [2]. On the other
hand, the production and demand for fossil energy have
decreased from year to year [3]. In addition, fossil energy
contributed to carbon gas emissions of 9,795 Gt in 2014
with 35.9 Gt CO2 and an increase in emission levels of 0.6%
from the previous year [4]. Limited use of fossil energy due
to depletion of global reserves, continuous environmental
pollution, and market uncertainty has led many

researchers to develop alternative energy that is cleaner
and more sustainable [5–7].

Biomass as energy is used for all organic materials derived
from plants and animals. Biomass resources include wood
and its waste, agricultural crops and their waste by-products,
solid waste from cities, food waste, aquatic plants, and algae
[8]. Meanwhile, according to FAO [9], biodiesel refers spe-
cifically to gaseous and liquid fuels derived from biomass. In
general, biofuels are divided into two, namely, primary and
secondary biofuels. 'e primary biofuels include firewood,
animal waste, landfill gas, wood chips, and pellets typically
used in unprocessed forms for cooking, heating, and even
electricity production. Meanwhile, secondary biofuel consists
of biodiesel and bioethanol, which are usually used as fuel and
in various industrial processes [9, 10].

Initially, biodiesel was produced using feedstock in the
form of edible vegetable oil such as palm oil, soybean oil,
and sunflower oil. 'is period is known as first-generation
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biodiesel feedstock [11–14]. 'e development of the first
generation of biodiesel production is a type that has sig-
nificant growth, where the production process enters a
large industrial scale in various countries. Its particular
characteristic is that it has a low sulfur content with re-
newable raw materials. 'e second generation of biodiesel
feedstock includes various types of nonedible vegetable oil,
such as Jatropha, mahua, jojoba oil, cooking oil, and ag-
ricultural and urban waste [15]. 'is generation has fuel
characteristics with performance similar to conventional
diesel in terms of chemical structure and performance. In
terms of production, this generation is entering the stage of
industrialization in several countries. Meanwhile, the third
generation includes microalgae, cyanobacteria, and other
single-celled oleaginous microorganisms [16]. As for the
third-generation biodiesel and after that, the majority are
still conducting various studies in many countries, such as
Europe and the United States. 'e two countries are at the
forefront of developing this production method, particu-
larly research on catalysts and gasification devices. 'e
fourth generation of biodiesel feedstock began to be de-
veloped massively through the use of technology in engi-
neering the required feedstock [17].

In the previous study, Aziz et al. [18] showed that the
produced biodiesel feedstock in the form of plants capable of
consuming CO2 more than the atmosphere should be ex-
pelled in the form of O2 during the combustion process. In
addition, this fourth generation of biodiesel feedstock also
includes the use of pyrolysis, gasification, purification, and
genetic manipulation processes in certain organisms to
obtain hydrocarbon compounds [19]. Figure 1 shows the
biodiesel production process from four generations using
different feedstock.

While the increasing development and utilization of
biodiesel can be seen above, the development of biodiesel in a
country can be described by dividing it into three phases [20].

(a) 'e first phase is a condition in which the idea of
using biodiesel starts to emerge so that research on
the use of biodiesel as fuel begins. 'is phase ends
when a country’s political decision on the related
policies will occur, which is to support biodiesel
research and invest on biodiesel as a clean and
sustainable energy.

(b) 'e second phase is marked by a deeper research
effort through experimental studies, which are then
applied to pilot projects in several regions.'is phase
also includes the formulation of policies, strategies,
and other technical matters that are supported by
considerations of the country’s economy.

(c) 'e third phase shows that biodiesel can be applied
to support the energy of a country. In this phase,
biodiesel has been proven technically, economically,
and commercially.

'e raw materials for biodiesel are generally animal and
vegetable oils, used cooking oils, and microbial oils. How-
ever, it is not limited to these sources but is broader and
more extensive. However, the problem is that the high

production costs considering the efficiency of each raw
material are still not able to match the performance of fossil
energy both in terms of quality and quantity. On the other
hand, optimism about biodiesel in the future is positive
considering the development of science and technology and
advances in production and cultivation technology, making
biodiesel a source of energy in the future. 'e unlimited
number and types of raw materials and the dwindling
conventional fossil energy reserves make biodiesel have good
prospects in the future and the development of science and
technology [21].

2. Biodiesel Mixtures

Recently, there have been many studies on the use of
feedstock for both edible and nonedible oils as a mixture in
biodiesel. Biodiesel mixtures produced from different
feedstocks will yield various compositional values and pu-
rities [22]. 'e choice of raw material as a biodiesel blend is
highly dependent on its technical and nontechnical feasi-
bility, such as cost factors and the resulting purity value [23].
On the other hand, the use of a specific feedstock will depend
on the conditions and capabilities of a country. Tropical
countries, such as Indonesia and Malaysia, produce more
biodiesel with a mixture of palm oil, considering the fact that
the production of Crude Palm Oil (CPO) is very abundant
[24, 25]. European countries, such as France and Italy,
mostly use sunflower and rapeseed oils [26], while the
United States mainly uses soybean oil [27], and India uses its
abundant sal, mahua, neem, and Pongamia pinnata oils [28].

Biodiesel mixtures from edible vegetable oils that are
often used include soybean oil [29], rapeseed oil, sunflower
oil [30], canola oil [31], palm oil [32], coconut oil [33], olive
oil [34], peanut oil [35], and mustard oil [36]. Meanwhile,
the nonedible vegetable oils that are usually used are
Jatropha oil [37], malapari or Karanja (Pongamia pinnata)
oil [38], neem oil [39], linseed oil [40], rubber seed oil [41],
castor oil [42], stillingia oil [43], and Silybum marianum oil
[44]. 'e other mixtures are microbial oil [45], fish waste oil
[46], microalgae [47, 48], pine and cotton oil [49], animal fat
[50], broiler chicken waste [51], and used cooking oil [52].
More complete details of the oil content of various types of
biodiesel feedstock are shown in Table 1.

Devarajan et al. [36] studied the use of mustard oil and
its mixtures on a diesel engine.'e sample used was mustard
oil methyl ester (M100) and various biodiesel mixtures with
n-octanol (M90O10, M80O20, and M70O30) to be tested on
four-stroke, air-cooled, single-cylinder AVL 5402 diesel
engines with a common rail injection system. 'e experi-
mental study showed that the addition of n-octanol had a
positive effect on engine performance as well as on emission
and combustion characteristics. 'is result was due to the
higher density and oxidation ability of n-octanol, which gave
a better thermal efficiency effect and optimally reduced CO,
HC, and NOx emissions. A study was conducted by Ahmad
et al. [35], analyzing physicochemical characteristics, opti-
mal production, and combustion performance of peanut oil
biodiesel (POB). 'e study was conducted using mixtures of
diesel oil (High Speed Diesel—HSD) with POB with
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concentrations of 5%, 10%, 20%, and 100%, and NaOHhelps
the catalyst that met the requirements of 3.4% by weight.'e
B5-type mixture (5% POB+ 95% HSD) gave the best engine
efficiency value, namely, 16.3%, but the largest fuel con-
sumption was 9.8 liters/hour. POB has a low free fatty acid
(FFA) value, namely, 2%, and its use affects reducing CO and
CO2 emissions.

One method of biodiesel production is the esterification
process, where this method refers to the reaction of car-
boxylic acids in the form of fatty acids with alcohol to
produce esters. 'e esterification reaction is influenced by
several factors, including the amount of methanol reagent
and free fatty acids, reaction time, temperature, catalyst
conversion, and water content in the oil [60]. 'e

production method is based on the transesterification re-
action, a new ester reaction that undergoes an exchange of
fatty acid positions [61]. In biodiesel production, the
transesterification process works by removing glycerin from
oil and reacting its free fatty acids with methanol to form
methyl esters [62]. 'is reaction is also influenced by several
factors, such as the water content and free fatty acids, the
type of catalyst and its concentration, the molar ratio of
alcohol and oil, the temperature and duration of the reac-
tion, the intensity of mixing, and so on. On the other hand,
there are developments in biodiesel production technology,
namely, in situ transesterification, which is a technology for
oil extraction processes and esterification or trans-
esterification reactions that are carried out simultaneously

Table 1: Percentage of oil content in various types of biodiesel feedstock.

Group Type of material Oil content (%)

Edible oil

Soybean [29] 15–20%
Sunflower [30] 25–35
Rapeseed [53] 38–46
Palm [32] 30–60

Linseed [40] 40–44
Canola [31] 40–45
Peanut [53] 45–55
Coconut [34] 63–65

Nonedible oil

Neem [39] 20–30
Karanja (Pongamia pinnata) [38] 27–39

Jatropha [53, 54] 30–40
Chinese tallow seed [55] 44.15

Castor [56] 45–50
Rubber seed [41] 53.74–68.35

Animal oil and other sources

Algae [57]

25–75
Boiler chicken waste [58]

Microalgae [59]
Microbial [45]

Pine and kapok [49]
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Figure 1: Biodiesel production process of various generations [17].
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and carried out in one reactor [63]. 'is production process
has the advantage that it can shorten production time, is
efficient, saves energy, and produces biodiesel with high
quality [64].

Biodiesel as an alternative fuel offers an advantage of a
cleaner environment because biodiesel produces fewer pol-
lutant emissions and is biodegradable, nontoxic, and free
from sulfur, making biodiesel cleaner than conventional
diesel oil [65]. However, this environmental impact has a
consequence that biodiesel has high production costs.'e use
of materials such as nonvegetable oil, cooking oil, and animal
oil does not requiremuchmoney, but the resulting biodiesel is
less clean with high levels of impurities [66]. Issariyakul et al.
[31] used canola oil (CO) mixture with used cooking oil
(UCO) to produce low-cost yet high-quality biodiesel. 'e
transesterification process was carried out with a catalyst of
potassium hydroxide (KOH) to produce methyl and ethyl
ester in both oils (canola methyl ester—CME, canola ethyl
ester—CEE, methyl ester—UME, and used ethyl ester—UEE).
'e test results showed that the methanolysis process pro-
duced better characteristics with lower water content, heating
value, and viscosity than the ethanolysis process. Conversely,
a minimum level of canola oil of 60% was required to achieve
high-quality ethyl ester andmeet ASTM standards for a UCO:
CO ratio of 40 : 60. Residual materials can be utilized as a
biodiesel mixture by using reusable low-cost catalysts, such as
eggshells, shellfish and crustacean wastes, coconut shell
biochar, and kraft lignin [67].

A study by Ewunie et al. [68] showed that Jatropha only
produced biodiesel products on a minor scale, which is not
proportional to the quantity and physicochemical compo-
sition, seed production, and oil contained in the plants.
Meanwhile, Hariram and Vagesh Shangar [69] used jojoba
plants as a component of biodiesel mixture (B20 and B40)
with variations in the compression ratio and the load given.
From the results, it was found that the effect of smoke, NOx,
and CO emissions increased along with the addition of the
load on the engine but decreased when the concentration of
jojoba was increased. 'e compression ratio of 18 gave
optimal results because it had less brake specific fuel con-
sumption (BSFC) value and less CO emissions compared to
the compression ratios of 17.5 and 17. 'e Karanja material
was studied by Pohit and Misra [70] as a biodiesel mixture
component by analyzing the most optimal parameters
through the calculation of emission levels in a diesel engine
at a specific value of compression ratio. By using the gray-
based Taguchi method, it was found that the optimal pa-
rameter was the Karanja biodiesel B20 mixture with a
compression ratio of 17.5. Optimization of diesel engine
parameters with fuel in the form of a biodiesel mixture of
Karanja oil was carried out using a combination of the
Taguchi method and utility theory [71]. Based on the results,
it was found that the optimal parameter in the machining
process was to use a 10% Pongamia mixture, fuel injection
timing of 23°bTDC, and injection pressure of 22MPa with
the resulting volume of HC 22 ppm, NOx 761.34 ppm, and
85% smoke emission.

Jacob et al. [72] studied the use of microalgae as a
mixture of biodiesel feedstock. 'is study showed that the

closed reactor type is the most suitable medium. Nautiyal
et al. [73] used biodiesel blends from Spirulina platensis algae
on a diesel engine. 'e properties of the fuel produced from
the extraction and transesterification process were able to
meet European and American standards. 'e resulting fuel
properties had the effect of reducing the levels of HC and CO
emissions, while NOx increased significantly due to the
shorter injection time. Meanwhile, Erdoğan et al. [74] used
animal fat biodiesel (AFB) from bovine bone marrow,
vegetable oil biodiesel (VOB) from safflower oil, and ultra-
low-sulfur diesel (ULSD) as fuel in diesel generators.'e use
of the AFB showed gas pressure in the cylinder and heat
release rate (HRR) that are better than ULSD. 'e AFB
mixture reduced emission levels lower than ULSD and VOB
with the most significant emission reduction at AFB50 on
particulate matter, HC, and CO. On the other hand, the
emissions of CO2 from VOB, AFB, and their mixtures
showed an increasing trend compared to ULSD. Aydın [75]
used a composition of 10% biodiesel mixture from animal
oil, vegetable oil, and microalgae with ULSD, which were
applied to diesel engine power generators. 'e results
showed that the B10 biodiesel mixture from each ingredient
produced NOx, HC, and O2 emissions that were slightly
higher and able to reduce the thickness of the smoke, CO,
and CO2 emissions compared to ULSD.

Biodiesel production can also utilize wastewater from
food, food industry, and slaughterhouses that contain high
proportions of fat, oil, and grease (FOG) [76]. Biodiesel from
FOG derivatives can be processed using the pretreatment
method for feedstocks with high FFA, including acid es-
terification, steam stripping, nanocatalytic technology, bi-
ological conversion, glycerolysis, supercritical esterification,
and simultaneous in situ conversion. FOG has good char-
acteristics in oxidative stability, flash point, cetane number,
and production of total emissions, which meet international
standards as well as conventional diesel. FOG has advantages
over other feedstocks in terms of decreasing the quantity of
feedstock due to excess exploration, rising crude oil prices,
environmental damage, and discussions on the use of food
or fuel. However, this has a consequence on the cost of
producing FOG biodiesel, which has not been able to
compete with conventional diesel fuel. Biodiesel properties
from various feedstocks or different raw materials are shown
in Table 2.

3. Utilization of Biodiesel in Industry

'e use of biodiesel in various industrial sectors is insep-
arable from the type of raw material used in industrial by-
products. 'e increasing number of biodiesel use is prac-
tically able to optimize the efficiency of the industry in terms
of processing waste and feedstock as well as efficiency in the
economic aspect [78]. Figure 2 shows a flow chart of the
biodiesel production process, while a comparison of various
methods in the conversion process of petroleum to biodiesel
is shown in Table 2.

In a simple process, biodiesel is produced by a tech-
nology called transesterification reaction, which is carried
out on various types of raw materials, including various
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animal and plant oils or methanol and ethanol, so that this
can be used as fuel in internal combustion engines [80].
Currently, the main methods in the biodiesel production
process include direct mixing, microemulsion, trans-
esterification, and pyrolysis [81]. 'is direct mixing method
is based on the principle of mixing animal and vegetable oils
with traditional diesel oil in specific proportions. However,
this method has some drawbacks, such as high viscosity, easy
damage, and incomplete combustion. 'ere is also a
transesterification process with the principle that triglyc-
erides from vegetable oils react with lower alcohols to
produce fatty acid alkyl esters [82].

Vegetable oil has the potential to change this type of fuel,
but its high viscosity makes it necessary for unique production
methods for this type of feedstock. Chemical and thermal
processes can be carried out to make vegetable oil compatible
with combustion engines. For example, the pyrolysis process

can be carried out to produce biodiesel under heating con-
ditions and a fast reaction. However, it will produce more
gasoline compared to considering the fact that the production
process uses low-value materials. In addition, other production
processes that can be carried out to reduce the viscosity of the
resulting fuel are mixtures and microemulsification. Micro-
emulsification is done by mixing animal and vegetable oils and
emulsifiers, namely,mixing two types of immiscible liquids and
ionic or nonionic molecular into the system to form colloids.
However, in practice, this process causes carbon deposition and
contamination of lubricating oil. 'e microemulsion and
pyrolysis processes have high production costs even though the
optimal biodiesel yield is close to ordinary diesel oil. 'erefore,
the most effective process to reduce viscosity by minimizing
other side effects is a chemical process in the form of trans-
esterification [83]. Comparison of the various methods used in
the conversion of refined oil to biodiesel is shown in Table 3.

Table 2: Biodiesel properties from various raw materials [77].

Properties Sulfur content,
ppm

Kinematic
viscosity

Flash
point

Cetane
number

Cetane
index

Iodine
value

Lower heating
value

Higher heating
value

Palm 2 4.61 163 61.9 50.5 54.0 37.3 40.6
Coconut 3 2.75 113 59.3 — 18.5 35.2 38.1
Tallow 7 4.69 124 58.9 59.1 65.9 37.2 39.7
Yellow
grease 5 4.80 161 56.9 48.5 88.9 37.6 39.4

Corn 4 4.19 171 55.7 60.9 101.0 39.9 43.1
Jatropha 5 4.75 152 55.7 — 109.5 37.7 40.7
Canola 2 4.38 153 53.7 61.5 108.8 38.9 41.3
Rapeseed 4 4.50 169 53.7 5.7 116.1 37.6 41.1
Soy 2 4.26 159 51.3 52.3 125.5 37.0 39.7
Safflower — 4.14 174 51.1 — 141.0 — 42.2
Sunflower 2 4.42 175 51.1 55.0 128.7 35.3 40.6
Camelina 2 3.80 136 50.4 — 152.8 — 45.2

ReactorOil

Methanol

Catalyst

Acid

Acid

Water

Wash
water

Free fatty acid

Crude Glycerol
(85%)

Seperator

Methanol
removal

Acidulation
and
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or water
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Methanol
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& washing

DryerFinished
biodiesel

Methyl
esters

Glycerol
50%

Figure 2: Schematic flow of the biodiesel production process [79].
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Biodiesel production methods have different charac-
teristics and use based on the type and nature of the raw
materials to be used [88]. 'e most common method of
extracting fat into oil is transesterification, also known as the
alcoholic reaction. However, there are still some modifica-
tions in the process according to the characteristics of the
raw material used. 'e various types of characteristics of the
transesterificationmethod are described in Table 4. From the
previous studies reported by Ramos et al. [89] and Santos
et al. [90], it is shown that for the production of biodiesel,
several enzymatic catalysts have been used. 'e catalysts
mainly have two types, which are bio-based product and
synthetic-based product. In bio-based products, lipase is
often used due to economic reasons, reusability, and recy-
cling capability. Lipase-based materials, like other hetero-
geneous catalytic materials, are inefficient and have mass-
transfer limitations. As a result of the environmental con-
cern, lipases are pushed to be immobilized on suitable
substrates, giving rise to the concept of heterogeneous
biocatalysts. To overcome the limitations outlined above,
investigate the use of nanostructures to enable enzyme
immobilization, resulting in innovative heterogeneous
biocatalysts.

3.1. Automotive Industry. Biodiesel in the automotive in-
dustry has been widely studied [91–93] and has become a
critical concern in its application as a potential alternative
fuel source to replace mineral fuel either partially or entirely.
Agarwal et al. [91] reviewed the potential and challenges of
large-scale biodiesel use in the automotive industry. 'e

global biodiesel production process is dominated by the
transesterification method with a catalyst because it can be
carried out at low temperatures and pressures, has a high
conversion rate, and uses cheap materials in its manufacture.
'e biodiesel application to the standard compression ratio
of diesel engines provides substantial reductions in partic-
ulate matter, total hydrocarbons, and carbon monoxide
emissions. However, it results in increased BSFC con-
sumption and nitrogen gas emissions compared to mineral
diesel. In particular, Lozada et al. [93] analyzed the feasibility
of using palm oil biodiesel in a mixture of 5% (B5) and 10%
(B10) in the transportation sector in Mexico. Technical and
economic analyses were carried out in two alternative sce-
narios, namely, B5 from 2006 to 2015 and B10 from 2016 to
2031. 'e particulate matter was reduced by 3.4%, while the
CO gas was 3.7%, the total hydrocarbons were 5%, and SO2
7.6%, but there was an increase in NOx emissions by 0.7%.
Cumulatively, the projected reduction in CO2 emissions
during the 25 years reached 148 million tons.

Vegetable oils such as biodiesel can be used as fuel in
diesel engines even though they have a slightly lower per-
formance level when compared to the performance of diesel
engines with diesel fuel. It is because the fuel derived from
vegetable sources has a calorific value slightly lower than the
calorific value of diesel fuel. Diesel engines with biodiesel
fuel have performances such as power, torque, and thermal
efficiency that are slightly lower than diesel engines with
diesel fuel. A study was conducted by Harsono and Siregar
[94] showed that there was a decrease in power when using
biodiesel in a diesel engine, which was 0.9–3.6% for B30 to
B100, and a lower torque of 1.7% for B30. In addition, diesel

Table 3: Comparison of the various methods used in the conversion of refined oil to biodiesel.

Method Advantage Disadvantage Reference

Transesterification

(i) High conversion efficiency
(i) Has a side reaction (by-product)
(ii) 'e resulting biodiesel must be neutralized and
cleaned of dirt which tends to be a lot
(iii) Difficulty in product reaction separation

[21]

(ii) Economical
(i) 'e biodiesel produced has almost the same
characteristics as petrodiesel
(ii) 'is technology is very suitable for use in
industry

Reactive distillation

(i) 'e process is simple

(i) Requires great energy
(ii) 'e oil conversion process is greatly influenced by
the efficiency of the catalyst

[17]

(ii) Product separation available
(iii) Able to produce biodiesel from feedstock
with high FFA content
(iv) Only requires a small amount of methanol
in the process

Catalytic distillation (i) Product separation tends to be easy (i) 'e use of solvents and the rate of oil conversion
depend on catalyst recovery [17]

Microemulsion (i) 'e process is simple and easy (i) Low volatility [84](ii) Poor stability

Microwave
technology

(i) Rapid reaction (i) 'e residue of the postproduction catalyst must be
removed [85]

(ii) Not much heat loss (ii) 'e efficiency of the catalyst significantly affects the
biodiesel conversion process

Pyrolysis
(i) 'e process is simple and easy (i) Costly

(ii) Requires a very high temperature
(iii) Low purity quality

[86](ii) It does not cause emissions

Superfluid method
(i) No need for a catalyst (i) Costly

(ii) Requires large amounts of energy [87](ii) Short-lived reaction
(ii) High biodiesel conversion efficiency
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engines with diesel fuel also have specific fuel consumption
(SFC) higher than diesel engines with diesel fuel. Saputro
et al. [95] conducted a comparative study of the performance
of diesel engines using B100 and B20 fuels. 'e results
showed that the B100-fueled engine produced lower power,
torque, and thermal efficiency, namely, 2.17%, 0.76%, and
1.25%, and produced 14.61% higher SFC than B20-fueled
engines. Another study was conducted by Ali and Nugroho
[96], which compared the performance characteristics of
B30 and HSD fuels in diesel engines.'e results showed that
the diesel engine with B30 fuel had a higher SFC value
because the B100 fuel had a lower heating value than HSD
fuel. From the results of this study, it was also found that the
SFC value of the mixture of biodiesel fuel with diesel would
be higher along with the addition of the proportion of
biodiesel in the mixture, which ranged from 3.59% to 6.23%
for B10 to B40 [97]. On the other hand, fuels derived from
vegetable oil generally have a higher viscosity, even up to ten
times higher than diesel fuel, causing problems with the large

droplet size that comes out of the diesel engine injectors,
disrupting the mixing process between fuel and air, and has
the potential to interfere with the perfection of combustion
in diesel engine cylinders. Although the viscosity of the fuel
can be lowered by mixing the biodiesel fuel with diesel fuel
by up to 40%, the performance of a diesel engine with
blended fuel still cannot match the performance of a diesel
engine with 100% diesel fuel.

Another method for reducing viscosity is using the
transesterification reaction via methyl and ethyl esters and
consider the cetane number [98]. Meanwhile, Sun et al. [99]
used a biodiesel mixture of dimethyl esters (DME) on a
turbocharged common rail, a six-cylinder engine. In this case,
a torrefaction reaction using a heterogeneous acid catalyst was
used to process low-value feedstock into the oil with high FFA
levels [100]. 'erefore, considering the facts above, the re-
search challenges related to biodiesel are to make this alter-
native and renewable energy product have the same or higher
performance and lower SFC than diesel-fueled engines.

Table 4: Different types of transesterification method [88].

No. Transesterification method Characteristics

1 Homogeneous acid-catalyzed
transesterification

(i) Relatively insensitive to the FFA content of the raw material relatively more minor
energy-intensive
(ii) Requires higher operating temperatures and
(iii) 'e resulting biodiesel usually has a higher amount of free glycerol (lower percentage
of purity)

2 Homogeneous base-catalyzed
transesterification

(i) Very sensitive to FFA and moisture content
(ii) Very selective in the type of raw material
(iii) 'e reaction is fast
(iv) 'e catalyst is relatively inexpensive
(v) Usually applied on an industrial scale for biodiesel production

3 Heterogeneous acid-catalyzed
transesterification

(i) Avoids product separation problems and purification
(ii) Allows the reuse of the catalyst
(iii) Requires relatively high alcohol for oil molar ratio and a long reaction time

4 Heterogeneous base-catalyzed
transesterification

(i) Reduces process steps and minimizes the waste that harms the environment
(ii) Easy separation and reuse of catalyst
(iii) 'e catalyst may be poisoned upon exposure to ambient air (not environmentally
friendly)

5 Lipase-catalyzed transesterification
(i) Insensitive to FFA and moisture content
(ii) Carried out at low temperature and convertingmore amount of feedstock into biodiesel
(iii) It is expensive because enzymes are expensive and take longer to get good results

6 Nanocatalyzed transesterification

(i) Not sensitive to FFA
(ii) Moisture content was carried out relatively at low temperatures and took a short time
(iii) Catalysts can be reused many times at a cost

(vi) It requires more alcohol for effective results
(vii) In some cases, preparation of the suitable catalyst is expensive

7 Ionic liquids-catalyzed
transesterification

(i) Allows easy separation of the final product because the biphasic formation
(ii) Reduces process costs and being efficient and timesaving
(iii) Allows modulation of the desired properties of the catalysts when preparing them
(iv)'e catalyst has high catalytic activity and excellent stability and can be easily separated
and reused many times
(v) It requires relatively more alcohol for effective results and is usually expensive to own
ionic liquid

8 Supercritical transesterification

(i) Not sensitive to FFA and moisture content of raw materials
(ii) Allows to use a broader range of raw materials
(iii) Usually takes less time and produces a more significant amount of fuel per mass of
feedstock
(iv) It requires higher temperature and pressure and consumes more methanol
(v) It is not economically profitable because of its high operating costs
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3.2.Generating Industry. Biodiesel in the power industry has
been widely studied [101–103]. Indrawan et al. [101] studied
the use and projection of palm oil biodiesel for the power
generation sector in the Jamali region (Java, Madura, and
Bali), Indonesia. During the analysis process, it was found
that the use of biodiesel instead of diesel oil resulted in a
cumulative emission reduction of 12.1% (3.2 Mton), 2.2%
particulate matter (186.3 thousand tons), 0.6% carbon
monoxide, 0.2% Volatile Organic Compound (VOC), and
0.1% nitrogen oxide, yet causing a 0.8% increase in carbon
dioxide.'e calculation also showed that the use of biodiesel
in this sector could reduce the burden of externalities by up
to 32.5 billion USD. Meanwhile, Somorin and Kolios [102]
conducted a performance analysis of Jatropha biodiesel-
fueled power plants and made comparisons with natural gas
and diesel power plants. 'e use of Jatropha biodiesel could
be applied to the gas turbine industry by replacing natural
gas and could reduce engine power by 2% and plant effi-
ciency by 3%, but it required more energy input. Tan et al.
[103] specifically analyzed the impact of biodiesel from the
nyamplung plant (Calophyllum inophyllum) on fuel savings
and reduction of carbon dioxide emissions applied to motor
combustion and gas turbines for the power generation in-
dustry. 'e biodiesel mixture used was 10% nyamplung oil
and 90% diesel, resulting in a reduction in CO2 emissions of
the combustion motor as much as 972 kton and 1067 kton
for the generator sector. More details related to feedstock,
technical analysis, and economic calculations of biodiesel
applications at various power plants are shown in Table 5.

3.2.1. Boiler. Park et al. [106] conducted an experimental
testing of the torrefaction process on Empty Fruit Bunch
(EFB) to increase biodiesel’s energy density. 'is study was
conducted by reducing the water and oxygen content of the
EFB to increase the Heat Heating Value (HHV). 'e results
showed that a decrease in water content caused a significant
increase in the EFB torrefaction results. In particular, the
torrefaction process resulted in an increase in the energy
yield and HHV from 52.2% to 99.3% and 18.2–19.2MJ/kg.
'is study shows that experimentally and in modeling, EFB
has the potential to replace Palm Kernel Shell (PKS) on a
palm oil mill biomass boiler. Changing the EFB through a
torrefaction process can simultaneously address waste and
disposal problems. Its use in boilers as a substitute for PKS
can provide a cleaner combustion effect and additional
economic value. Scott [107] studied the impact of biodiesel
growth on the palm oil industry. 'e increasing demand for
palm oil production as a raw material for biodiesel has made
a sustainable exploration through plantation practices and
improvements in planting materials. By modeling cases in
Malaysia’s palm oil industry, it was found that when the
price of crude oil is below 38 USD/barrel, biodiesel is
considered unprofitable even with a low CPO price of
200USD/ton.

'e combustion performance and emission of a mixture
of petrodiesel and biodiesel from grape seed, corn, sun-
flower, soybean oil, olive oil, and rice husk have been studied
and compared in semi-industrial boiler applications [108].

At high pressure, the six types of vegetable-based methyl
esters had lower carbon gas emissions than petrodiesel, with
complete combustion occurring at 19.305 bar where CO
emissions reached zero. Meanwhile, at low pressure, bio-
diesel produced higher emissions due to its viscosity effect,
which hindered fuel distribution to the combustion
chamber. Meanwhile, Ghorbani et al. [109] conducted a
comparative study of the use of petrodiesel and biodiesel in
boilers based on the value of fuel efficiency and exhaust gas
produced (CO, CO2, NOx, and SO2).'e test results showed
that mixtures other than B10 (B5, B20, B50, B80, and B100)
produced less CO, SO2, and CO2 than petrodiesel, where B10
emitted lower CO2 and NOx but higher SO2 than petro-
diesel. 'e test also showed that at higher energy levels
(249 kJ/hour), the combustion efficiency of petrodiesel was
slightly higher than biodiesel. In comparison, at lower en-
ergy levels (219 kJ/hour), it showed that biodiesel efficiency
was better than petrodiesel.

Gonza [110] analyzed the utilization of biodiesel from
sunflower oil as fuel on 26.7 kW liquid fuel heating boiler.
From the test results, it was found that the biodiesel from
this material had an ester content of 92% so that it did not
meet the feasibility standards for its use in an internal
combustion engine (ICE). However, biodiesel’s addition to
diesel fuel could reduce CO2 and SO2 and produce higher
CO when the biodiesel content was increased. 'e pro-
portion of this fuel mixture must be adjusted to specific
parameters to produce optimum combustion, including
reducing the airflow rate because biodiesel has a higher
oxygen content than diesel. 'e comparative study of total
NO emissions in boiler applications has been studied [111]
by looking at the prompt and thermal NO concentration in
exhaust emissions. Combustion was carried out with six
types of methyl esters and petrodiesel, which were then
tested with various combustion operating points, including
variable combustion pressures, equivalence ratio, fuel spray
pattern, and swirl angle.'e test results showed that all types
of methyl esters produced more NO than petrodiesel. In
contrast, palm oil methyl ester (POME) emitted the least
amount of NO compared to the other five methyl esters
(SOME, rapeseed oil methyl esters (ROPE), olive oil methyl
ester (OOME), grape seed oil methyl ester (GOME), and
corn oil methyl ester (COME)). Specifically, the boiler
scheme in industry is shown in Figure 3.

Bazooyar et al. [112] studied the economic aspects of
petrodiesel use and common alternatives to biodiesel from
soybean oil (SBO), soybean oil methyl ester (SOME), and a
mixture of 5% (B5) and 20% (B20) of SOME in petrodiesel.
Cost-based calculations were carried out on experimental
boilers from 2000 to 2015 with one-year performance and
four-day tests in different seasons. 'is study focuses on
calculating fuel prices, exhaust emissions (CO, CO2, NOx,
and SO2), and particulate matter, as well as the total ac-
cumulative costs of the boiler. 'e optimal equivalence ratio
of fuels for SBO, SOME, B5, and B20 was 0.77, 0.72, 0.73,
0.75, and 0.76, respectively. Based on the analysis results,
pure biodiesel and vegetable oils were not economically
feasible, while the use of B5 and B20 provided annual cost
savings of up to 1,155 USD and 752 USD, making these fuels
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feasible for application in boilers. On the other hand, al-
though the prices of B5 and B20 were higher than petro-
diesel, both were able to reduce the external costs of a bigger
boiler so that their use could generate more profit. Fur-
thermore, a study on a similar case was carried out by
Ghorbani and Bazooyar [113] by optimizing the combustion
of SOME B5, B10, B20, and petrodiesel in semi-industrial
boilers. In this case, B5 fuel showed the best performance
and wasmost suitable for boiler applications. Although there
were minor differences between B5 and petrodiesel in terms
of combustion performance, B5 had a lower total cost, and
its raw material was locally available, renewable, and sup-
ported energy security.

Dias et al. [114] studied the use of four different types of
pellets in a small-scale domestic boiler with a capacity of
13 kW. 'e study results showed the same thermal per-
formance with boiler efficiency of up to 77%. Meanwhile,
Sungur and Topaloğlu [115] conducted experimental studies
on the combustion performance of biodiesel pellets in
boilers and compared them with pellet materials. 'e ab-
sorption effect of biodiesel on pellets provides an increased
thermal power input to 37.5%, from 15.2 kW to 20.9 kW,
where the thermal efficiency also increased from 91.7% to
93%. 'e exhaust gas temperature reached 89.6 C with a
higher CO concentration and lower NOx. Kilic et al. [116]
analyzed the effect of combustion of a mixture of biodiesel,
diesel, and butanol on boiler performance and their

emissions of reversal flame tube boiler. Diesel fuel could be
mixed homogeneously with butanol at a mixture ratio of up
to 40%. 'e increased butanol ratio had implications for
meeting oxygen demand so that it was able to carry out
complete and efficient combustion. In addition, this mixture
was able to reduce CO emissions drastically from 281 ppm to
4.5 ppm. Another study conducted by Macor and Pavanello
[117] demonstrated significantly reduced CO and particulate
matter emissions when using biodiesel. 'e use of biodiesel
has polycyclic aromatic hydrocarbons (PAH) in a particulate
matter is 13 times less toxic than oil. It indicates that bio-
diesel is considered cleaner, both for home heating and
boiler use in industrial processes. 'e inorganic fraction
provided more than 50% of the total condensable particulate
matter (CPM) for boilers with solid fuel (coal-fired boil-
ers—CFB and wood-fired boilers—WFB) and gas (natural
gas-fired boilers—NGFB). On the other hand, the organic
fraction in CPM was mainly contained in liquid fuel boilers
(heavy oil-fired boilers—HOFB and diesel-fired boil-
ers—DFB) [118].

Garćıa-Contreras et al. [119] tested mix of 50/50%
(volume) tire pyrolysis liquid (TPL) and diesel in a resi-
dential boiler with a power of 29.1 kW then applied it as an
alternative household heating oil. 'is mixture provided
slightly higher thermal efficiency than pure diesel and
resulted in lower CO and THC concentrations. However, it
had a higher concentration of particulate matter compared

Table 5: Application of various biodiesel mixtures in the power industry.

Case study Biodiesel feedstock Technical analysis Economic calculation

Jamali (Java, Madura, and
Bali) power plants in
Indonesia [101]

Palm oil

(i) Able to reduce cumulative emissions by
12.1% SO121 (3.2 Mton), 2.2% particulate
matter (186.3 thousand tons), 0.6% CO (8.6
thousand tons), 0.2% (839 tons) volatile
organic compounds, 0.1% NO222 (19
thousand tons), but there was an increase in
CO32 0.8% (49.6 million)

(i) Save up to 32.5 billion USD on
externality costs

(ii) Biodiesel production costs from
waste oil are 0.42 USD/liter, while palm
oil is 0.85 USD/liter

National Integrated Power
Project (NIPP), Nigeria
[102]

Jatropha (i) Increased fuel consumption with less
power loss (2%), generating efficiency (1%)

(i) Produce levelized cost of electricity
(LCOE) 0.279/kWh and 0.203 USD/
kWh
(ii) 'e minimum PBI parameters are
0.082 USD/kWh for a 7-year Jatropha-
FOP and 0.052 USD/kWh for a 9-year

Jatropha-FCP

Power plant in Malaysia
[103]

Nyamplung
(Calophyllum
inophyllum)

(i) B20 produces optimal reduction with 972
kton/year for transportation applications
and 1,057 kton/year for power generation.

—

Chicken-waste biodiesel-
based power generation
potential in Bangladesh
[104]

Chicken fat waste

(i) With the simulation from the HOMER
software, 492,695 liters of biodiesel can be
produced annually from chicken skin and
converted into electricity of 883 MWh/year.

(i) 'e operating cost is 188,062 USD/
year, and the energy production cost is

0.214 USD/kWh.(ii) 'ere was a reduction of 70.3% in
greenhouse gases in the region.

'e potential for biodiesel-
based power generation in
Brazil [105]

Soybean oil, palm
oil, used cooking oil

(i) 'e increase in the specific fuel
consumption is proportional to the increase
in the concentration of biodiesel

—(ii) 'e addition of 50% biodiesel mixture
made the specific consumption value
4.9–8.7% higher than B4 and 2.7–4.3%

higher than B20.
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to conventional fuels. Chong et al. [120] studied the use of
bottom ash on palm oil mill boiler (POMB) and flocculants
as a method for minimize boron in the ceramic industry.
Coarse POMB bottom ash with a particle size of more than
2mm is an absorbent material suitable for removing up to
80% boron under optimal conditions with a pH of 2.5, 40 g
bottom ash/300ml of wastewater, and a residence time of
one hour. In oil palm ash (OPA), the combustion products
of boilers were not classified as toxic waste because the levels
of heavy metals in the form of copper, cadmium, lead, and
nickel were still below the applicable safe limits. OPA
contains a great amount of potassium and has silica that can
be reused as a coarse fertilizer or a cement substitute [121].

Song et al. [122] used microalgae oil to optimize the
biodiesel production process through the waste heat re-
covery approach and the integration process. Exergy analysis
was performed on each heat exchanger and generated an
efficient heat coupling value between hot and cold flows to
minimize the total exergy destruction. Meanwhile, Intang
[123] studied the use of biodiesel-diesel mixture to deter-
mine the optimum parameters and the value of heat
transformation changes in boiler installations. In this study,
an analysis was carried out on the components of the energy
conversion process, especially in the combustion chamber
and heat exchanger. 'e test results showed that the exergy

destruction in the combustion chamber was still above 30%
(B0: 66.29%; B20: 54.38%, and B50: 56.13%), thus allowing
an increase in the combustion efficiency of the boiler and
preventing severe exergy destruction.'e exergy destruction
in the heat exchanger was 30% (B0: 29.17%; B20: B50 and
24.78%: 24.12%) with the lowest boiler exergy destruction
rate occurring at B20 (65.1977 kJ/s), but it has a higher
exergy efficiency. 'is exergy destruction was influenced by
the increase in the temperature of the combustion chamber
with optimal results at B20 so that it strengthened the
statement that the quality of diesel as a fuel can be increased
by adding biodiesel in a certain ratio and size.

3.2.2. Biodiesel Blends in Generation. Ho et al. [124] pre-
sented analysis of 203 samples of bioliquids (BLs) used in oil-
fired power plants in Korea, as well as an additional analysis
of three types of bioliquids from one HFO obtained from a
power plant with a capacity of 75–100MW.'e power plant
used was fueled with HFO with an analysis of 18 parameters,
including heating value and elemental composition. 'e test
results showed that the calorific value of bioliquids was about
88% of HFO, with excellent combustion reactivity and fewer
N and S components. It also confirms that bioliquids are an
environmentally friendly fuel for power generation and are
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quite feasible to replace heavy oil. 'e demonstration test
was carried out using an oil-fired power plant with a capacity
of 75, 80, and 100MW, which indicates that the usage of
bioliquids can still operate the power plant at full load
without experiencing operational, combustion, or envi-
ronmental problems. Nejad and Zahedi [125] studied op-
timization of the transesterification reaction to produce
biodiesel to optimally convert oil into methyl esters but still
at a minimum cost. 'is study showed that the best con-
ditions for producing biodiesel were with oil: methanol’s
constant molar ratio of 1 : 6, a temperature of 60C, NaOH
concentration of 0.3% wt/wt, and a reaction time of 60
minutes. At this optimum condition, the methyl ester yield
and biodiesel production cost per liter were 78.6% and 0.706
USD, respectively.

Biodiesel from the waste products of the fish canning
industry has been studied by Costa et al. [126]. In order to
improve fuel quality, the mixture used was 80% olive oil and
20% fish oil waste. Using this mixture, it was observed that
the purity of biodiesel increased by about 15% approaching
the standard prerequisite, namely, 96.5% wt, while the ox-
idation stability was following the standard value of biodiesel
quality. Keskin et al. [127] undertook an experimental study
of leather industry waste fat (LWFB) utilization as biodiesel.
LWFB was blended with diesel fuel at a ratio of 10% and 30%
(LWFB10 and LWFB30) and tested on a four-stepped direct
injection diesel engine. 'e BSFC value of the LWFB
mixture was higher than that of diesel with engine speed,
brake thermal efficiency (BTE), and LWFB, insignificantly
reducing smoke emission from NOx.

'e processing of biodiesel through industrial by-
products has been widely studied [128–130]. Rodriguez et al.
[130] analyzed the characteristics of biodiesel obtained from
three by-products that were rarely used in the oil refining
industry, namely, soap stock, acid oil, and fatty acid dis-
tillate, which were then tested on the motor combustion.
Based on the study, it was shown that soap stock obtained an
FFA value that tends to be lower than other by-products.'e
use of soap stock is highly dependent on oil processing
technology, refining process, and other characteristics of raw
material mixtures. 'e biodiesel production process pro-
duces various by-products and materials that can be used as
a mixture for the manufacture of an object. Mart́ınez-
Mart́ınez et al. [131] then used glycerin derived from oil
transesterification and mainly consisted of glycerol, which is
used as the raw material of clay bricks. 'e cement industry
produces large amounts of gaseous pollutants, which are
challenging to regulate efficiently and economically.
Microalgae are used as raw material for biodiesel production
and can be used for the biotreatment of cement industry
exhaust gas [132].

Wang et al. [133] studied the use of recycled catalysts in
biodiesel production by transesterification of soybean oil
with methanol. Biodiesel produced through a trans-
esterification reaction between triglycerides and light alcohol
requires a different catalyst. Meanwhile, Al-Sakkari et al.
[134] studied the methanolysis kinetics of soybeans using
cement kiln powder as a heterogeneous catalyst.'is catalyst
made the separation and purification process shorter and

produced glycerol with a high level of purity. Sukiran et al.
[135] developed new heterogeneous catalysts in palm oil
mills and tested their feasibility if used to synthesize bio-
diesel from crude palm oil (CPO) under mild trans-
esterification conditions. 'e study results showed that the
type of ash support, catalyst loading, and CaCO3 calcination
affected the catalytic activity of the developed catalyst. 'e
optimum condition for catalyst preparation was 15% wt
CaCO3 which was calcined at 800C loaded with fly ash,
which resulted in 94.48% conversion of CPO through the
transesterification process.

4. Production and Use of Biodiesel in
Developing Countries

As an agrarian country with large agricultural area, Indo-
nesia has the potential to be used as biodiesel-producing
plant land. 'is is inseparable from the fact that biodiesel
production in this country has increased from 8.59 kiloliters
in 2020, which is a significant increase compared to 2017,
which was at 3.4 million kiloliters [136]. Biodiesel pro-
duction shows advanced trend and continues to grow every
year, especially when viewed from the palm oil. It has sig-
nificant implications for increasing the potential for large-
scale use of biodiesel in the automotive and power gener-
ation sectors. In this case, two primary raw materials make
up the majority as raw materials for biodiesel production,
namely, palm oil and Jatropha curcas. For biodiesel pro-
duction, Jatropha can be chosen because it does not compete
with food-producing crops, is not eaten by animals because
it is toxic, has the potential to become a new business for the
community, and its production activities can be more
decentralized. 'is plant is also easy to adapt to various soil
textures, whether high in mineral content, sandy soil, or clay
with sure drainage [137]. 'e availability of land for the
development of Jatropha in Indonesia, which is very suitable,
reaches 14.2 million hectares with the current availability of
about 5 million hectares. In order to support the provision of
superior seeds for the development of Jatropha curcas
covering an area of 2.4 million ha by 2025, superior plants
have been obtained from the collected accessions. Jatropha
cultivation is relatively new, and its cultivation technology
continues to be developed, such as components of pest and
disease control technology, cropping patterns, fertilization,
and processing technology. Currently, the total production
of Jatropha seeds throughout Indonesia is still deficient at
only 7,852 tons in 2007 from an area of 68,200 ha, increased
to 7,925 tons in 2008 from an area of 69,221 ha and in 2009 to
8,013 from an area of 69,315 ha [138].

In terms of daily production per 2019, Indonesia was
ranked first, followed by the United States, Brazil, and
Germany, as shown in the list of countries with daily bio-
diesel production in Table 6 below.

Palm oil is the primary type of vegetable oil used as raw
material for biodiesel and other types of vegetable oil such as
cottonseed, sunflower, rapeseed, soybean, and so on. In this
case, the total area of the world’s vegetable oil producers for
290 hectares is 221 million tons of vegetable oil in 2019. Oil
palm is widely chosen because it is the most efficient crop in

Advances in Materials Science and Engineering 11



land use, which is only 7% but still has good production
effectiveness [140]. 'ere were differences in palm oil
production at the same year, with Indonesia and Malaysia
ranked first and second, respectively, as shown in Table 7.

Developing countries, such as Malaysia, are in the third
phase of biodiesel development with production levels
reaching 642,417 tons in 2008 [143]. It happens considering
that Malaysia is the country with the second largest CPO
production globally with a percentage of 40% of the total
demand for CPO in the world [144]. In contrast to
Malaysia, which produces biodiesel with abundant CPO as
raw material, India uses a mixture of nonedible oil because
CPO production is limited and prioritized for domestic
needs [145]. 'e potential for biomass energy in India
reaches 24,600MW [146] by utilizing plants such as
Jatropha, Karanja (Pongamia pinnata), mahua, and neem
[147] planted on marginal land or abandoned land [148].
On the other hand, most countries in the African continent
are still in the first phase of biodiesel development. South
Africa and Zimbabwe are already at the forefront of bio-
diesel development compared to other African countries.
However, South Africa’s biodiesel production and market
are still on a small and medium scale. At the same time,
Zimbabwe has started production through the first com-
mercial biodiesel plant in this country and on the African
continent [149]. Meanwhile, Latin American countries
such as Brazil have achieved the distribution of B5 biodiesel
use since 2008, focusing on the automotive sector. Besides,
the biodiesel from sunflower oil is gradually being used for
machinery in agricultural processes in several regions of
the country [150].

Indonesia, as a country with abundant palm oil po-
tential, makes biodiesel from palm oil widely used and
projects to replace diesel fuel with biodiesel in power plants
[101]. Gradually, the use of biodiesel in Indonesia is
intended to achieve the national energy mix target. On the
other hand, there was an imbalance in the realization of
biodiesel in Indonesia, especially in the public service
obligation (PSO) sector against other sectors in 2016 [151].
'e majority of national biofuel (Bahan Bakar Naba-
ti—BBN) production was absorbed by Pertamina’s PSO
with its solute product, B20 (dexlite). However, it only
contributed little to the industrial and commercial sectors
due to the insufficient supply caused by not fully opera-
tional biodiesel refineries and uneven distribution to each

sector. On the other hand, Malaysia uses and implements
palm oil B7 biodiesel in the road transportation sector as
well as projections for the implementation of B15 for 2020
and the following years [152].

Biodiesel production has increased in various countries
in the world with various mandatory programs that are
different in each country. By calculation, for the case in
Indonesia, if this country wants to completely replace oil
consumption from fossil energy, which currently reaches
one million barrels per day, then 15 million hectares of new
oil palm plantations are needed. 'e program is intended to
reduce Indonesia’s dependence on imports of crude oil and
switch to so-called biofuels, which are a cleaner alternative to
conventional fossil-fueled diesel.

'e government is launching this program in stages by
mixing biodiesel derived from palm oil with increasingly
higher concentrations into conventional diesel. 'e program
is currently at stage B30, which means that the diesel sold at
the gas station contains a 30% biodiesel blend derived from
palm oil. It is expected to reach stage B50, 50 : 50mix, by 2025.
However, to do that, the total area planted with oil palmmust
be at least 22.7 million hectares [153]. If the government
maintains the program at B30 until 2025, or even lowers the
mix to B20, the need for new oil palm plantations will not be
as large as around 338,880 to 5.25million hectares but will still
require a large amount of deforestation. 'is program is still
far from the facts on the ground, whereas from January to
October 2019, only 68,427 hectares (169,086 hectares) were
deforested, which only reached 38% of the target. 'is year,
the government could only replant 67,018 hectares (165,605
hectares), or 37% of its target [140].

5. Production and Use of Biodiesel in
Developed Countries

In general, the market conditions and biodiesel production
in several countries in the world from 2010 along with data
extrapolation up to 2027 can be visualized as shown in
Figure 4 below.

Biodiesel in developed countries receives more attention
as they focus on worsening environmental issues so that a
transition to cleaner and more sustainable energy is needed.
'e European Union (EU), the leading biodiesel producer
globally, has a production rate of up to 65% of the total

Table 6: List of countries with the highest biodiesel production in
the world [139].

Rank Country Production (thousand barrels/day)
1 Indonesia 137.86
2 United States 112.49
3 Brazil 99.95
4 Germany 62.29
5 Argentina 43.08
6 France 40.02
7 Spain 36.61
8 Netherlands 35.08
9 'ailand 30.24
10 Malaysia 29.12

Table 7: List of countries with the highest palm oil production in
the world [141, 142].

Rank Country Palm oil production (metric tons)
1 Indonesia 42,500
2 Malaysia 19,255
3 'ailand 2,800
4 Colombia 1,529
5 Nigeria 1,220
6 Guatemala 862
7 Honduras 580
8 Papua New Guinea 555
9 Brazil 540
10 Côte d’Ivoire 515
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biodiesel production worldwide in 2008 [154]. In this case,
Germany and France were the main suppliers with pro-
duction for nearly 50% of the total EU production or around
4280 ktoe in 2009 [155]. 'e biodiesel in France is exclu-
sively sold and used as fuel in motor fuel with a composition
ranging from 5 to 30% added to diesel oil [156]. In Germany,
however, only B100 was used by some car, truck, and bus
users before the tax exemption to a lower the mixed level.
Now, blends up to B5 are starting to be widely used as
commercial fuel for transportation in the country. Mean-
while, Australia has produced biodiesel with a quantity of
consistently above 100 million liters since 2015 [157].
However, the import level reached more than 350 million
liters in 2014, and domestic consumption reached 500
million liters in the same year.

Biodiesel in the People’s Republic of China is produced
on a minor scale when compared to ethanol production in
the country [158]. 'e production of ethanol has gone
through a trial period in several areas using corn as the
primary source (80%) and wheat. Meanwhile, the produc-
tion of biodiesel is around 300 thousand metric tons, with
the primary sources of animal fat and vegetable waste oils.
'e use of biodiesel in the transportation sector in this
country is used explicitly for diesel engines both through a
5% mixture ratio mechanism and pure biodiesel as engine
fuel [159]. Its use in boilers is only about 6% of the total
production, and this is far less than its application in the

transportation sector in the country. However, its use is
projected at the proportion of 63% biodiesel in the power
generation industry, 26% in the service industry, and 11% in
public facilities.

6. Conclusion

An overview of the development of biodiesel as an alter-
native and renewable fuel for the automotive and power
generation sectors has been presented in the previous sec-
tions. 'e use of biodiesel in the automotive industry and
power generation has many positive implications from
technological to economic aspects. Biodiesel as a potential
alternative energy provides many feedstock choices that can
be explored and applied to automotive and power plants.
'e following section summarizes various literature studies
on the development of biodiesel as a renewable fuel for
automotive and power generation.

(a) Biodiesel production shows a relatively advanced
trend and continues to grow every year, especially
when viewed from palm oil. It has significant im-
plications for increasing the potential for large-scale
use of biodiesel in the automotive and power gen-
eration sectors.

(b) Various types of mixtures of feedstock of biodiesel
from the first to fourth generations ranging from
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edible oil, nonedible oil to oleaginous microorgan-
isms, as well as the use of catalysts and the latest
technology, have a great potential to be developed
and utilized as future alternative fuels, especially in
power generation applications.

(c) 'e use of biodiesel in automotive and power plants
has a good impact in reducing carbon gas emissions
and pollutants but still has challenges because it
produces more NOx emissions, low-performance
efficiency, and potential maintenance costs. It also
still experiences obstacles when applied on a large
and massive scale.

(d) Biodiesel production has increased in various
countries in the world with various mandatory
programs that are different in each country. Cur-
rently, biodiesel is primarily projected for automo-
tive needs, but other implementations have been
studied extensively for various industries, especially
in electricity generation.

'e descriptions above are facts that indicate that the
study of developing biodiesel as a renewable fuel for au-
tomotive and power generation can continue to be studied in
depth and thoroughly. Since the economic analysis of
biodiesel’s use has not been able to completely shift the
current use of fossil energy, strengthening the technical
aspects in terms of massive implementation and economic
aspects to save production costs needs to be studied further.
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[74] S. Erdoğan, M. K. Balki, S. Aydın, and C. Sayın, “Perfor-
mance, emission and combustion characteristic assessment
of biodiesels derived from beef bone marrow in a diesel
generator,” Energy, vol. 207, 2020, https://doi.org/10.1016/j.
energy.2020.118300.

[75] S. Aydın, “Comprehensive analysis of combustion, perfor-
mance and emissions of power generator diesel engine fueled
with different source of biodiesel blends,” Energy, vol. 205,
2020, https://doi.org/10.1016/j.energy.2020.118074.

[76] A. E. F. Abomohra, M. Elsayed, S. Esakkimuthu, M. El-
Sheekh, and D. Hanelt, “Potential of fat, oil and grease (FOG)
for biodiesel production: a critical review on the recent
progress and future perspectives,” Progress in Energy and
Combustion Science, vol. 81, 2020 https://doi.org/10.1016/j.
pecs.2020.100868.

[77] S. K. Hoekman, A. Broch, C. Robbins, E. Ceniceros, and
M. Natarajan, “Review of biodiesel composition, properties,
and specifications,” Renewable and Sustainable Energy Re-
views, 2012, https://doi.org/10.1016/j.rser.2011.07.143.

[78] P. Vesterinen, E. Alakangas, K. Veijonen, and M. Junginger,
“Prospects of bioenergy in new industrial sectors – D2.3,
Prospect,” Bioenergy New Ind. Sect., pp. 1–24, 2010.

[79] J. Van Gerpen, “Biodiesel processing and production,” Fuel
Processing Technology, 2005, https://doi.org/10.1016/j.fuproc.
2004.11.005.

16 Advances in Materials Science and Engineering

https://doi.org/10.1080/15567036.2011.592912
https://doi.org/10.1016/j.esd.2010.08.001
https://doi.org/10.1016/j.esd.2010.08.001
https://doi.org/10.1016/j.biortech.2010.04.079
https://doi.org/10.1016/j.biortech.2010.04.079
https://doi.org/10.1016/j.biombioe.2007.01.021
https://doi.org/10.1016/j.biombioe.2007.01.021
https://doi.org/10.1007/s11746-012-2178-8
https://doi.org/10.1007/s11746-012-2178-8
https://doi.org/10.1016/j.rser.2009.07.017
https://doi.org/10.1016/j.rser.2009.07.017
https://doi.org/10.1016/j.enconman.2010.06.055
https://doi.org/10.1016/j.enconman.2010.06.055
https://doi.org/10.1016/j.fuel.2008.04.016
https://doi.org/10.1016/j.fuel.2008.04.016
https://doi.org/10.1016/j.rser.2009.07.020
https://doi.org/10.1016/j.rser.2009.07.020
https://doi.org/10.1007/s11746-002-0531-5
https://doi.org/10.1016/j.enconman.2007.05.002
https://doi.org/10.1016/j.enconman.2007.05.002
https://doi.org/10.1016/S0960-8524(03)00201-3
https://doi.org/10.1016/S0960-8524(03)00201-3
https://doi.org/10.1016/j.apenergy.2010.12.057
https://doi.org/10.1016/j.apenergy.2010.12.057
https://doi.org/10.1002/bit.24474
https://doi.org/10.1016/j.rser.2012.10.016
https://doi.org/10.1007/s12649-017-9988-8
https://doi.org/10.1007/s12649-017-9988-8
https://doi.org/10.1016/j.rser.2020.110500
https://doi.org/10.1016/j.rser.2020.110500
https://doi.org/10.1016/j.aej.2015.06.007
https://doi.org/10.1016/j.aej.2015.06.007
https://doi.org/10.1155/2013/915357
https://doi.org/10.1155/2013/915357
https://doi.org/10.1016/j.fuel.2020.118765
https://doi.org/10.1016/j.enconman.2020.113655
https://doi.org/10.1016/j.enconman.2020.113655
https://doi.org/10.1016/j.fuel.2014.06.063
https://doi.org/10.1016/j.fuel.2014.06.063
https://doi.org/10.1016/j.energy.2020.118300
https://doi.org/10.1016/j.energy.2020.118300
https://doi.org/10.1016/j.energy.2020.118074
https://doi.org/10.1016/j.pecs.2020.100868
https://doi.org/10.1016/j.pecs.2020.100868
https://doi.org/10.1016/j.rser.2011.07.143
https://doi.org/10.1016/j.fuproc.2004.11.005
https://doi.org/10.1016/j.fuproc.2004.11.005


[80] M. J. Costa, M. R. L. Silva, E. E. A. Ferreira et al., “Enzymatic
biodiesel production by hydroesterification using waste
cooking oil as feedstock,” Chem. Eng. Process. - Process
Intensif., 2020, https://doi.org/10.1016/j.cep.2020.108131.

[81] B. L. Salvi and N. L. Panwar, “Biodiesel resources and
production technologies - a review,” Renewable and Sus-
tainable Energy Reviews, 2012, https://doi.org/10.1016/j.rser.
2012.03.050.

[82] F. Ma and M. A. Hanna, “Biodiesel production: a review,”
Bioresource Technology, https://doi.org/10.1016/S0960-
8524(99)00025-5, 1999.

[83] G. Knothe, “Analyzing biodiesel: standards and other
methods, JAOCS,” Journal of the American Oil Chemists
Society, https://doi.org/10.1007/s11746-006-5033-y, 2006.

[84] L. Leng, P. Han, X. Yuan, J. Li, and W. Zhou, “Biodiesel
microemulsion upgrading and thermogravimetric study of
bio-oil produced by liquefaction of different sludges,” En-
ergy, 2018, https://doi.org/10.1016/j.energy.2018.04.087.

[85] V. Gude, P. Patil, E. Martinez-Guerra, S. Deng, and
N. Nirmalakhandan, “Microwave energy potential for bio-
diesel production,” Sustain. Chem. Process., 2013, https://doi.
org/10.1186/2043-7129-1-5.

[86] K. D. Maher and D. C. Bressler, “Pyrolysis of triglyceride
materials for the production of renewable fuels and chem-
icals,” Bioresource Technology, 2007, https://doi.org/10.1016/
j.biortech.2006.10.025.

[87] A. Demirbas, “Biodiesel production from vegetable oils via
catalytic and non-catalytic supercritical methanol trans-
esterification methods,” Progress in Energy and Combustion
Science, 2005, https://doi.org/10.1016/j.pecs.2005.09.001.

[88] S. N. Gebremariam and J. M. Marchetti, “Biodiesel pro-
duction technologies: Review,” AIMS Energy, 2017, https://
doi.org/10.3934/energy.2017.3.425.

[89] M. Ramos, A. P. S. Dias, J. F. Puna, J. Gomes, and
J. C. Bordado, “Biodiesel production processes and sus-
tainable raw materials,” Energies, vol. 12, 2019 https://doi.
org/10.3390/en12234408.

[90] S. Santos, J. Puna, and J. Gomes, “A review on bio-based
catalysts (immobilized enzymes) used for biodiesel pro-
duction,” Energies, vol. 13, 2020 https://doi.org/10.3390/
en13113013.

[91] A. K. Agarwal, J. G. Gupta, and A. Dhar, “Potential and
challenges for large-scale application of biodiesel in auto-
motive sector,” Progress in Energy and Combustion Science,
2017, https://doi.org/10.1016/j.pecs.2017.03.002.

[92] R. R. Tan, A. B. Culaba, and M. R. I. Purvis, “Carbon balance
implications of coconut biodiesel utilization in the Philip-
pine automotive transport sector,” Biomass and Bioenergy,
2004, https://doi.org/10.1016/j.biombioe.2003.10.002.

[93] I. Lozada, J. Islas, and G. Grande, “Environmental and
economic feasibility of palm oil biodiesel in the Mexican
transportation sector,” Renewable and Sustainable Energy
Reviews, 2010, https://doi.org/10.1016/j.rser.2009.06.034.

[94] S. S. Harsono and K. Siregar, “Peningkatan kinerja mesin
diesel dengan produksi biodiesel Dari kelapa (coconut
nufera) dan unjuk kinerjanya berbasis transesterifikasi
dengan sistim injeksi langsung,” Jurnal Rona Teknik Perta-
nian, vol. 11, pp. 1–11, 2018.

[95] W. Saputro, J. Sentanuhady, A. I. Majid, W. Prasidha,
N. P. Gunawan, and T. Y. Raditya, “Karakteristik unjuk kerja
mesin diesel menggunakan bahan bakar B100 dan B20,”
Dalam Jangka Panjang, vol. 2, pp. 125–136, 2020, https://doi.
org/10.22146/jmdt.v2i2.55523.

[96] B. Ali and P. A. Nugroho, “Analisis pemakaian bahan bakar
high speed diesel dan biodiesel (B30) terhadap konsumsi
bahan bakar dan emisi gas buang mesin diesel PLTD 1.4
MW,” Presisi, vol. 18, pp. 30–41, 2017.

[97] M. S. Islam, A. S. Ahmed, A. Islam, S. Abdul Aziz, L. C. Xian,
and M. Mridha, “Study on emission and performance of
diesel engine using castor biodiesel,” Journal of Chemistry,
2014, https://doi.org/10.1155/2014/451526.
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