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Abstract: A novel method proposed in the production of Calophyllum inophyllum biodiesel has been investigated
experimentally. In this study, we report the results of biodiesel processing with electromagnetic induction
technology. The method used is to compare the results of Calophyllum inophyllum biodiesel processing between
conventional, microwave and electromagnetic induction. The degumming, transesterification, and esterification
process of the 3 methods are measured by stopwatch to obtain time comparison data. Characteristics of viscosity,
density, and Fatty Acid Metil Ester (FAME) were obtained from testing of a Gas Chromatography-mass
Spectrometry (GCMS) at the Integrated Research and Testing Laboratory, Gadjah Mada University,
Yogyakarta. The results show that the biodiesel produced by this method satisfies the biodiesel standards and
their characteristics are better than the biodiesel produced by conventional and microwave methods. The
electromagnetic induction method also offers a fast and easy route to produce biodiesel with the advantage of
increasing the reaction rate and improving the separation process compared to other methods. This advanced
technology has the potential to significantly increase biodiesel production with considerable potential to reduce
production time and costs.
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1. Introduction

In the past two decades, the energy crisis has encouraged the development of alternative energy
by seeking renewable energy resources. Alternative energy sources such as biodiesel have been
developed to replace diesel or fuel oil. Generally, biodiesel is a liquid fuel processed from different
sources such as palm oil [1-4], soybean oil [5-10], jatropha [11-18], cottonseed oil [19-25], soursop seed
oil [26], recycled cooking oils [27-29], animal fats [30-34], and other potential triacylglycerol-containing
feed-stocks [35]. Vegetable oils are also known as triglycerides have a chemical structure composed of
98% triglycerides, and the remainder is diglycerides [36]. Biodiesel is treated with a mixture of fatty
acid methyl esters with methanol or ethanol [37, 38].



One of the potential biodiesel plants is Calophyllum inophyllum or Nyamplung in Indonesia
language. The benefits of Calophyllum inophyllum as biofuel are seeds that have a higher yield than other
crops (jatropha 40-60%, palm kernel 46-54%, and Calophyllum inophyllum (40-74%), and it does not
compete with food interests [39]. In addition, the productivity of Calophyllum inophyllum seeds of 20
tons/ha/year is higher than jatropha (5 tons/ha/year), and palm (6 ton/ha/year) [40]. Calophyllum
inophyllum has a very high oil of 75% with an unsaturated fatty acid content of about 71% [41]. It is
processed or pressed in the form of yellow-green oil, similar to olive oil, aromatic and tasteless. It
usually produces fruit twice a year to 100 kg with the oil content of about 18 kg [42]. Calophyllum
inophyllum has a higher viscosity, but the capillary ability is lower than kerosene. Calophyllum
inophyllum oil yields in the process are forged or pressed between 40-70% of the dry seed mass [43], and
the degumming process is 62.80 - 65.89% [44].

Generally, biodiesel is processed by thermal or heating system. Biodiesel processing with
conventional heating systems is the most widely used method. The conventional biodiesel processes
are based on the use of high-power heating and magnetic stirring. Biodiesel processing begins with dry
seed pressing into Crude Calophyllum Oil (CCO). Through the degumming process obtained Refined
Crude Calophyllum Oil (RCCO), followed by esterification process. The next transesterification process
is producing Crude Biodiesel and, finally, biodiesel is obtained through washing and drying.

Due to the existence of several stages in the processing of biodiesel causing high cost of biodiesel
production, so that the implementation of the production process is operationally inefficient. Such as,
a degumming process is heated at a temperature of 80°C for 30 minutes, until there is sediment. The
next step is esterification process for 1-2 hours at temperature 60° C and transesterification process for
1 hour at temperature 300-65° C. In [45] describes, conventional biodiesel production is generally done
at high temperatures with external heat sources. The heat transfer is less effective because it occurs with
conduction and convection system. In addition, conventional heating such as hotplate takes a long time
and high power. However, although, [46] has improved it by using a homogenizer system for
transesterification reactions, they were only able to reduce the reaction time by half from 60 minutes.

To address the challenge of high production cost, many efforts have been made on optimizing the
biodiesel production process. One of them is microwave technology as an alternative method with
several advantages such as quality issues [47, 48], energy efficient [49], and impact on the environment
[50, 51]. The other is a more even warming that comes from the material and it is not transferred from
the outside. The heating may also be selective, depending on the dielectric properties of the material.
Moreover, microwaves can propagate through the liquid by the process of heating more effectively on
the production of biodiesel and the time is shorter [52-55].

Regarding the processing biodiesel, we have proposed a new method of electromagnetic induction
heating. Induction heating technology has been widely applied to the manufacture of induction cookers
and is able to provide faster heat than the microwave. The induction heater (IH), an alternating
electrical current from the power unit flows through a coil made of copper. This current will cause an
electromagnetic field of varying magnitude. This field will generate an electric current on the metal
material inside it. This electric current is known eddy current generates heat which can be used to heat
and melt the metal.

2. Basic Principle

The IH is the process of heating objects that are electrically carried out (normally metal) with electromagnetic
induction, where eddy currents are produced in the metal and resistance leads to metal Joule heating. The basic
theory of electromagnetic induction, however, is similar to a transformer. The transformer works because of the
phenomenon of electromagnetic induction, when there is a current flowing in a closed circuit it will produce
various electromagnetic fields. As with transformers, electromagnetic fields (in primary coils) that affect
secondary coils produce induced radiation and AC current flows if the secondary coil is a closed circuit. The IH
consist of three primary elements: electromagnetic induction, skin effects, and heat transfer [56]. Figure 1 shows
the basic principle of induction heating, contain of inductive heating coils and current, to illustrate
electromagnetic induction and skin effects. Figure 1(a) indicates the simple structure of a transformer, where the
secondary current is in direct proportion to the main current in accordance with the turn ratio.



When the secondary coil is turned on for a moment and is short-circuited, there is a major heat loss that
occurs suitable to increase in the secondary current (load current). This is shown in Figure 1 (b). The amount of
current in the secondary coil (1) is determined from the magnitude of the current on the primary coil (I1) and the
ratio of the windings between the primary and secondary coils (N1/N»). In this figure, when the secondary coil
we replace with 1 wire (N2 = 1) and made into a closed circuit, we will get a large coherent ratio value of the
primary and secondary coils and will cause a large secondary current (12).

This will also be followed by a substantial increase in heat due to increase in the load. The concept of
induction heaters where energy is supplied from the same source of a combined number of primary and secondary
losses is shown in Figure 1 (c). In this figure, the primary inductive windings have many turns, while the secondary
windings are only one and are short-circuited. In IH design, it takes the maximum heat energy generated by the
secondary windings, where the gap of the inductive heating coil is designed as small as possible and secondary is
made with low resistance and high-permeability. Nonferrous metals weaken energy efficiency because of their
high resistance and low permeability.
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Figure 1. Basic induction: (a) equivalent circuit of transformer; (b) secondary of a short circuit; (c)
concept of induction heating.

2.1 Electromagnetic Induction

The output of IH flow alternating current (AC) to supply an electric coil (induction coil). The
induction coil is a source of heat that induces an electric current to a work-piece or the metal section
to be heated. In addition, the induction coil as a heat source has no contact with the work-piece, and
heat only occurs in the local area, especially the zone inside the coil. This occurs because the presence
of AC in the induction coil has an invisible electromagnetic force field (flux) around it. When the work-
piece is placed inside the induction coil, the force lines concentrate in the air gap between the coil and
the work-piece. The induction coil functions as the major transformer with the work-piece to be
heated into a secondary transformer. As a result, the force field in the induction coil causes the same
and opposite electric current in the work-piece. After that, the work-piece heats up due to the current
flow resistance of the electric current induced. The level of heating of the work-piece is affected by the



induction current frequency, induction current intensity, material specific heat, material magnetic
permeability, and material resistance to current flow.

Based on Figure 1, when the AC current enters the coil, the magnetic field is formed around
the coil, according to Ampere Law can be calculated as in equation (1):
JHdi=Ni=f (1)
@ = uHA
This formula state, when object that are inserted into a magnetic field will cause changes in the velocity
of magnetic motion.

The density of the magnetic field decreases when the object reaches close to the center of the
surface. In Faraday’s Law states, the electric current produced on the surface of a conductive object
has an inverse relationship with the current in an inductive circuit as in Equation (2).

a1 _ do
dt ~ dt
()

Then, Equation (3) describes electrical energy caused by induced currents and eddy currents changed
into heat energy.

Where,
R = Resistance is determined by resistivity (p) and permeability () of conductive objects
i = Current is determined by the magnetic of field intensity.
E = Induction voltage
P =Power

2.2 Eddy Current

Induction heating arises when an electric current or eddy current is induced into the work-piece under
conditions of poor electrical conductors. To produce the induction heating to be efficient and practical, the
specific relationship between the frequency of an electromagnetic field that produces an eddy current, and the
properties of a work-piece, must be satisfied. The basis of induction heating is eddy currents are produced outside
the work-piece or commonly called “skin effect” heating. The level of induction heating depends on the high
frequency of electric current, electrical resistance, and relative magnetic permeability of the work-piece.

Eddy Current is the induction of alternating electric current in a conductive material by an alternating
magnetic field (generated by alternating electric current). The induced current inside the modified material causes
a change in the value of the induced current through the material. The eddy current principle is based on Faraday's
law which states that when a conductor is cut out the force lines of the magnetic field or electromotive force
(EMF) will be induced into the conductor. The amount of EMF depends: (1) size, strength, and magnetic field
density; (2) the speed at which the magnetic force lines are cut; (3) quality of conductors. Because eddy current
is the current of electric current in the conductor, it will produce magnetic field too. Lenz's law states that
the magnetic field of the induced current has a direction opposite to the cause of the induced current.



The magnetic field of eddy current is in opposite direction to the magnetic field of the coil as shown in
Figure 2.
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Figure 2. Direction of magnetic field eddy current opposing to the direction of magnetic field of the coil.

3. Topology of IH
3.1 Power System of IH

Nowadays, IH is heating technology has been developed in industrial, domestic and medical
applications. The advantages are efficiency factor, fast heating, safety, cleanliness and accurate control
[57]. Since the discovery of semiconductor technology, the second major revolution of IH technology is
developed. The use of high-power semiconductor devices and high frequency power supply
application has made great progress. Among them are silicon-controlled rectifiers (SCR), and gate turn-
of thyristor which have been widely used to implement very reliable power converters. Then, the
expansion of high frequency power electronics for IH needs such as metal-oxide-semiconductor field
effects (MOSFETs) and bipolar junction transistors (BJT), allows higher efficiency power converter
designs. Further progress in semiconductor technology is the discovery of an isolated-gate bipolar
transistor (IGBT) that can improve the performance of IH design. IGBT has a low resistance and
requires a very small power supply with a frequency of up to 100 kHz, but a frequency of round 400
kHz is difficult to achieve. On the contrary, SIT has defects such as high conduction loss compared to
IGBT, complicated fabrication processes, high costs and limited application. Therefore, switching with
very high frequencies can be achieved using MOSFETs.

With regard to power systems, a new soft-switched converter circuit has been developed that
integrates the advantages of conventional PWM converters and resonance converters. This soft-
switched converter has a switching waveform that is identical to a conventional PWM converter, except
that the edges rise and fall from the waveform 'smoothed’ without a temporary surge. In contrast to
resonant converters, new soft-switched converters usually use resonance in a controlled manner. In this
case, efficient energy conversion at high-frequency switching is absolutely necessary by manipulating
the voltage or current when switching to zero. The concept is to combine the resonant tank in the
converter to create an oscillation voltage (generally sinusoidal) and/or the current waveform so that the
zero voltage switching (ZVS) or zero current switching (ZVS) conditions can be made for the power
switch. The ZVS principle refers to the elimination the turn-on switching loss having the voltage of the
switching circuit set to zero just before the circuit is turned “on”. On the contrary, ZVS avoids turn-off
switching loss by allowing no current to pass through the circuit right before turning it “off”. The
voltage or current given to the switching circuit can be made zero using resonance generated by the L-
C resonance circuit. This is the topology “resonant converter”. Resonance is allowed to occur just before
and during the turn-on process and turn-off so as to produce ZVS and ZCS conditions. In addition,
they seem to behave like conventional PWM converters.



3.2 Half-Bridge Resonance Inverter

In terms of the number of switching devices, the inverter topology normally used in IH is a single
switch [58], full bridge circuit [59], and half bridge circuit [60], [61] resonance inverter. In this paper,
power system with a half bridge resonance series inverter circuit has been applied. In [60], explaining
the advantages of half bridge resonance series inverters is stable switching, low cost, and a
streamlined design. Figure 3 shows the power operating system a half-bridge-resonant inverter. This
system consists of AC power supply, main electrical circuit, control unit, input current detection
circuit, resonance current detection circuit, and gate operation circuit. All procedures are needed to
design and test the system shown in the block diagram. The system for IH, however, does not need
large capacitors to produce DC flatter, because the major goal of this system is to generate heat energy.
In contrast, a rough DC form helps increase the system's power factor.

AC power (220V/60Hz) passes through the rectifier diode to be transmitted to the capacitor (C).
The capacitor in the available power system is too small in capacity to act leveling work, which leads
to the action of an increased current at 120 Hz, which is not the right level for DC operation. The system
for IH, however, does not need large capacitors to produce DC flatter, because the major purpose of
this system is to generate heat energy. In contrast, a rough DC form helps increase the system's power
factor. Based on this circuit, the leveling capacitor functions as a filter that prevents high-frequency
currents from flowing into the inverter and entering the input part. Later, the input current becomes
the average current of the inverter and the flow of ripple to the leveling capacitor.
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Figure 3. Half-bridge series resonant inverter.
4. Experimental Set-up

4.1 Testing of Calophyllum Inophyllum Oil

Calophyllum inophyllum oil used in this study was obtained from Kebumen, East Java Province
(Indonesia). This type of crude oil is an inedible oil, which belongs to the Guttiferae family, usually
called to as “Nyamplung” oil in Indonesia. Nyamplung trees usually grow along coastal area and
adjacent lowlands forests, having no incubation in yielding, and seeds can be obtained throughout the
year. Figure 4 shows the crude oil of Calophyllum inophyllum. Table 1 shows the characteristics of
Calophyllum inophyllum crude-oil based on the Gas Chromatography-mass Spectrometry, (GCMS)
testing at the Integrated Research and Testing Laboratory, Gadjah Mada University, Yogyakarta.



Figure 4. Calophyllum inophyllum crude oil.

Table 1. Composition of Calophyllum inophyllum crude oil

Fatty Acid Mass content (%)
Palmitic acid 13.92
Stearic acid 13.12

Oleic acid 69.11
Linoleic acid 3.85

Based on the Table 1, it can be seen that there are many variations in the content of palmitic, oleic,
linoleic, and stearic and acid among the oils studied. This crude oil shows the content of saturated fatty
acids including stearic acid (13.12%) and palmitic (13.92%). In contrast, high unsaturated fatty acids,
representing 72.96% mainly consisted of oleic acid (69.11%) and linoleic (3.85%).

4.2 Biodiesel Processing

A schematic of the process for producing biodiesel is shown in Figure 5. First of all, biodiesel
processing starts from the degumming process using 3 heating methods at 80°C. The goal is to separate
crude oil from gum its. The hotplates (conventional), microwaves, and electromagnetic induction
heating are used in processing as a comparison. A total of 200 ml of crude oil was mixed with H250O4
catalyst with a ratio of 1:20. The duration of the degumming process depends on the heating method
until the color changes to light brown.

The next step, the esterification process is carried out by heating to a temperature of 65° C. A
catalyst mixture of H2504 catalyst with 2% mass of oil dissolved into methanol until it is completely
mixed. According to [62], the molar ratio and dosage of catalyst are one of the most important factors
in the yield of biodiesel production, whereas the humidity is one of the lowest factors. In this process,
the ratio of oil molar methanol used is 1:6 assuming that crude oil consists of all triglycerides with a
density of 0.944 grams/ml and a molecular weight of 704.2 grams/mol. After that, 5 grams of oil samples
were tested to determine free fatty acid content below 2%. If the FFA is still high or above 2%, the
esterification process is repeated 2 times until the FFA actually becomes low below 2%.

After that, the transesterification process is a chemical reaction involving triglycerides and alcohol
in the presence of a catalyst to form esters and glycerol. The transesterification process of Nyamplung
oil was obtained at a ratio of 6:1, KOH 1% catalyst with a temperature of 65°C. The time period of the
transesterification process depends on the heating method used. It usually can be seen in oil color
changes and the glycerol is formed. Finally, glycerol is formed must be separated from biodiesel, then
washed and dried.
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Figure. 5 Schematic of biodiesel process.

4.3 Induction Heating Irradiation

In this study, an electromagnetic induction heater has been used in the processing of Calophyllum
inophyllum biodiesel. The equipment specifications have been detailed in Table 2. The schematic
diagram of the experimental set up is given in Figure 6. The electromagnetic induction heat radiation
induced by the metal mounted inside the coil is absorbed by the sample oil, which may lead to the
appearance of warming in the sample. Heating with induced magnetic field radiation is faster and
evenly distributed along the metal mounted inside the coil, it does not transfer heat from the outside.
The duration of induction given to metals affects the rise in temperature/heat of the metal which affects
the passage of the transesterification reaction. The greater the temperature given, the transesterification
reaction runs faster and will result in more biodiesel conversion.

Table 2. Equipment specification

No.  Name Specification
1. Dc Voltage 30 Volts




2. Power Input 200 watts
3. Current Output 1.2 Amps
4. Temperature 0-1000° C (adjustable)

Vibrations in molecules induced by induction heat radiation will produce a uniform heat on the
molecule, where the resulting induction heat penetrates the molecule and excites the molecules evenly,
not just the surface. Induced heating radiation can speed up the reaction by vibrating the reactant
molecule quickly. The longer the radiation time is given to the transesterification reaction the heat
generated by the reactant molecule's vibration will be greater until reaching its optimum state. The
transesterification time at 60° C has been controlled automatically by a microcontroller. Output data
such as temperature, current, power, and voltage are displayed and stored on a laptop.
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Figure 6. Schematic diagram of electromagnetic induction irradiation.

Eddy currents have the most dominant role in induction heating process. The heat generated on
the material depends on the amount of eddy current induced by the inductor winding. When the
winding is fed by alternating current, a magnetic field will occur around the conductor wire. The
magnetic field varies according to the current flowing in the coil. According to [63], if there is
conductive material around the changing magnetic field, then the conductive material will flow a
current called eddy current. The Eddy Current principle is based on Faraday's law which states that
when a conductor is cut out the force lines of the magnetic field or electromotive force (EMF) will be
inducted into the conductor. The amount of EMF depends on (1) size, strength, and magnetic field
density; (2) the speed at which the magnetic force lines are cut; (3) quality of conductors.

5. Result
5.1 Characteristics of IH Irradiation

One method of heating to allow the reaction to run faster is to perform a transesterification reaction
using electromagnetic induction heat radiation. The electromagnetic IH radiation induced by the metal
mounted inside the coil is absorbed by the sample, which may lead to the appearance of warming in
the sample. Heating with induced magnetic field radiation is faster and evenly distributed along the
metal mounted inside the coil, rather than transferring heat from the outside. The duration of induction
given to metals affects the rise in temperature / heat of the metal which affects the passage of the
transesterification reaction. The greater the temperature given, the transesterification reaction runs
faster and will result in more biodiesel conversion.
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Vibrations in molecules induced by IH radiation will produce a uniform heat on the molecule,
where the resulting induction heat penetrates the molecule and excites the molecules evenly, not just
the surface. Induced heating radiation can speed up the reaction by vibrating the reactant molecule
quickly. The longer the radiation time is given to the transesterification reaction; the heat generated by
the reactant molecule's vibration will be greater, so that at any given time the transesterification reaction
will reach its optimum state. Eddy current has the most dominant role in the induction heating process.
The heat generated in the material depends on the amount of eddy current induced by the inductor
winding. When the windings are energized by alternating current, a magnetic field will occur around
the conductor wire. Magnetic fields vary according to the current flowing in the coil.

Technically, the induction heater has the following characteristics: able to release heat in a relatively
short time. This is because the energy density is high. With induction, it is possible to reach very high
temperatures. Heating can be done at a specific location and the system can be made to work
automatically. Induction heating, in general, has high energy efficiency, but it depends on the
characteristics of the heated material. Heating losses can be minimized. According to [64], several
factors determine the number of eddy currents in the metal, including: (1) the magnetic field that
induces metal; (2) metal materials used to generate heat. The smaller the resistance of the metal type,
the better it is to be the object of heat of the metal; (3) metal surface area, the more surface area of the
metal the more eddy currents will be on the metal surface; and (4) the greater the frequency, the greater
the frequency the more the magnetic field is generated. In addition, there are several advantages of
using induction heater, including: heat is generated directly inside the barrel wall; heat can be applied
uniformly across the barrel; cold element operation, so it has no time limit; fast start up time; and
energy-efficient
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Figure 7. A Comparison of the time of biodiesel production between conventional, microwave, and induction
electromagnetic (a) degumming; (b) esterification; (c) transesterification.

Figure 7 shows a comparison of the results of testing of biodiesel manufacturing processes between
conventional, microwave and electromagnetic induction. It is can be seen that electromagnetic
induction technology is a great opportunity in the production process in the future. Compared to other
methods, the proposed new method has a very short time at every stage of the production process such
as degumming (3 minute), esterification (20 minute, and transesterification (1.2 minute).

5.2 Analysis Free Fatty Acid (FFA)

5.2.1 Esterification Process
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Esterification is the process of reacting free fatty acids into esters with short chain alcohols
(methanol or ethanol) to produce metal fatty acid esters (FAME) and water. In this study sulfuric acid
catalyst (H2504) was used for esterification reactions. The esterification process with an acid catalyst
is needed if vegetable oil contains FFA above 2%. If oil with a high FFA level (> 2%) is directly
transesterified with an alkaline catalyst, then the FFA will react with the catalyst to form soap. The
formation of large amounts of soap can inhibit the separation of glycerol from methyl esters and result
in the formation of emulsions during the washing process. Esterification is used as a preliminary
process to convert FFA to methyl ester so that it reduces the levels of FFA in vegetable oils and then is
transesterified with a base catalyst to convert triglycerides to methyl esters.

Esterification is the conversion stage from FFA to esters. Esther reacts fatty oils with alcohol. To
encourage the reaction to proceed to perfect conversion at low temperatures (for example, at most
120°C), the methanol reactant must be added in very excessive amounts (usually greater than 10 times
the stoikhometric ratio) and the product water following the reaction must be removed from the
reaction phase, namely the oil phase. The 1:20 molar ratios between oil and methanol was used in this
study. Heat treatment is carried out at an average temperature of 65°C with a period of time depending
on the characteristics of the heating method used. The esterification process is carried out twice, because
in the first esterification process obtained FFA content which is still high above 2%. Table 3 shows the
comparison of FFA values from the esterification results for the three heating methods used.

Table 3. Comparison of FFA values from esterification results between the three heating methods
with a molar ratio of 1:20 (2% b/b) and sulfuric acid catalyst

Esterification
Temperature Time
Method FFA (I) FFA (II)
(Degree) (Minute)

(%) (%)
Hot Plate 60 90 10,6 2.58
Microwave 60 75 2.468 1.267
Induction Electromagnetic 60 15 5,8 0.7

5.2.2 Transesterification Process

This stage is the main stage in this study, where triglycerides which are the main components
of oil are converted into biodiesel and glycerol. This process was carried out using a 1% b/b KOH
catalyst with a 1:6 molar ratio of oil-methanol. By using the same method as in the esterification
process, the heating is carried out at a temperature of 65°C. According to [65] the optimal
temperature in the transesterification process uses a KOH catalyst which is 65°C. Comparative data
from the results of the transesterification of the three heating methods are shown in Table 4. Figure
8 and 9 shows the transesterification process using electromagnetic induction, respectively. Here,
clearly biodiesel production using electromagnetic induction has a higher FAME value than
conventional and microwave

Table 4. A comparison of transesterification process of nyamplung oil with KOH catalyst 2%
(b/b), with molar ratio 1:6
Temperature Time Power FFA FAME

Method
(Degree) (Minute) (Watts) (%) (%)

Hot Plate 61 10 600 0.56 35,1




13

Microwave 60 10 40 0.58 40.51

Induction Electromagnetic 60 0.43 130 0.5 65.96

Figure 8. The esterification process using electromagnetic induction

Figure 9. FAME: (a). esterification (b) biodiesel.

5.3 Analysis of Energy Use

Based on the measurement results, the amount of power used by all heating methods is the
multiplication of voltage and output current. Energy consumption is calculated between the time
multiplier and the output power. Based on Table 5, it can be seen that electromagnetic induction
method using energy more efficient compared to conventional and microwave method, that is, 0.056
kWh. The amount of energy obtained is based on the multiplication of the overall time of the
degumming, esterification and transesterification steps by the amount of heating equipment power.
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Table 5. Comparison of energy consumption for Calophyllum inophyllum oil (200 ml)

Energy comsumption (kWh) Total Energy
Methods - P P
Degumming Esterification  Transesterification (kWh)
Hotplate 0.3 0.9 0.1 1.3
Microwave 0.02 0.15 0.02 0.19
Electromagnetic Induction 0.007 0.046 0.003 0.056

5.4 Testing of Viscosity and Density

The viscosity of biodiesel has an important role in the fuel injection process. According to [66],
very small viscosity can cause leaks in the fuel injection pump. Conversely, too high viscosity will
produce large droplets of fuel and have high momentum and collide with the cylinder wall, but the
injection pump cannot fog properly. Density is related to the value of heat and energy produced by a
diesel engine. Low density will produce high calorific value and vice versa. Density is one parameter
that shows the success of the transesterification reaction. Fulfillment of density parameters indicates
that the biodiesel purification process is successful. The lack of biodiesel due to impurity can produce
high density values. Table 6 shows the comparison of laboratory testing densities, and viscosity values
for each test sample. The test results showed that the biodiesel viscosity obtained was lower than the
others, namely 5.54 Cst. This value meets the requirements of the Indonesian National Standard (SNI)
in the fuel injection process between 2.3-6.0 Cst.

Table 4. Comparison of testing of viscosity and density values

Calophyllum inophyllum Oil Biodiesel
. Electromag  ASTM ASTM EN C1
Properties . . s
Hotplate =~ Microwave netic D6751 PS 121 14214 Biodie SNI
Induction (USA) sel

Density (20°C) 0.883 0.885 0.882 0.87-09  0.7328 No 0.877 0,850 - 0,890
(g/ml) specific
Kinematic
viscosity, 40°C 6.353 5.9847 5.54 1.9-6.0 1.9-6.0 3.5-5.0  5.6872 2.3-6.0
(mm?/s)

4.5 Analysis of FTIR (Fourier Transform Infrared)

The purpose of FTIR testing is to prove that what is produced in the transesterification process is
methyl ester by knowing the functional groups formed. Biodiesel produced from this study was
analyzed using FTIR instruments to prove and ensure that the results of this study have a functional
group of methyl ester which is the main functional group of biodiesels. The presence of esters, can be
seen from the typical absorption of C = O and C - O groups. Figure 10 shows the testing of FTIR of
nyamplung oil.

Based on the spectrum data produced, the reaction has a typical group of methyl esters. Typical
absorption bands of long chain fatty acids include stretch C-O vibrations in the frequency region
around 1170.09; 1195.87, and 1244.09 (No. 3-5); the strain absorption band C-H alkane at the frequency
2854.65 (No. 11); and methyl groups on the frequency of 2924.09 (No.12). The C = O stretch absorption
band is detected at the frequency 1743.65 (No.10) which is very clearly seen as a strong band in the mid-
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spectrum area. The stretch vibration absorption band C = C at wavelength 1641.42 shows that the
biodiesel component contains a double bond. Thus, the functional groups contained in nyamplung seed
oil biodiesel analyzed by FTIR include methyl groups, ester groups and carbonyl groups.
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Figure 10. FTIR charts of nyamplung methyl esters

5.2 Discussion

Generally, the biodiesel production process is used by a heating device such as a hot plate or
heating coil. With the development of high technology, the microwave radiation method in making
biodiesel is a smart choice compared to conventional systems. An alternative heating system
"microwave irradiation" has been used in transesterification reactions in recent years. Microwaves are
electromagnetic radiation that represents non-ionizing radiation that affects molecular motions such as
ion migration or dipole rotation but does not change the molecular structure [67, 68].

According to [49], the advantage of using a microwave in biodiesel processing is that
transesterification is accelerated efficiently in a short reaction time. In addition, a drastic reduction in
the number of byproducts is obtained, a short separation time is obtained and a high yield of a very
pure product is achieved in a short time [69]. Compared to conventional systems, production costs are
also reduced and fewer by-products occur. Therefore, microwave heating is very favorably compared
to conventional methods, where heating time very slow and inefficient because the transfer of energy
to the sample depends on the convection current and the thermal conductivity of the reaction mixture.
However, a shorter heating reaction has been achieved through electromagnetic induction than
microwave technology.
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Experimentally, we have reported a comparison of 3 methods in the production process of
Calophyllum inophyllum biodiesel. In the transesterification process, electromagnetic induction needs
only 1.15 minutes, compared with both microwave and conventional methods for 10 minutes. Likewise,
other stages such as degumming and esterification, such as Figure 7a, 7b, and 7c show a significant time
difference between the three methods. Some characteristics of the electromagnetic induction method
show better progress than others, such as the time is shorter, energy saving, the quality of FAME,
viscosity, and yield is higher. Therefore, the findings of this method have promising expectations for
biodiesel production.

6. Conclusions

This study has used a new method to process biodiesel at each stage. The esterification reaction is only
used for 20 minutes, even for the transesterification reaction to be shorter. Compared to heating
hotplates and microwaves, the reaction time is significantly reduced. As a result, the overall energy use
from the biodiesel production stage is also more economist and efficient. The optimal condition for this
experiment were an oil-to methanol molar ratio of 1:6, 2% (b/b) KOH catalyst, a reaction temperature
of 65°C, reaction time of only 1.2 minutes, and FAME of 65.96%. Electromagnetic induction can shorten
reaction time effectively. The proposed method is very competitive compared to the two commonly
used methods. Faster heating has been enhanced by electromagnetic induction compared to the
microwave is considered the preferred method due to several advantages such as low energy
consumption, a substantial reduction in reaction time and solvent requirements, enhanced selectivity,
and better conversion with fewer byproducts.
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2. Major Revisions Tgl 26 Desember 2018
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Hakim <lukman.chemist@ub.ac.id>, Sudirman Syam <sudirman s@stafundana.acid>, Energies Editorial Office
=energies@mdpl.com=

Dear Dr. Kurniati,
Thank you for submitting the following manuscrpt to Enemgies:

Manuscript ID: energies-413847

Type of manuscript: Article

Title: A Nowel Process Production of Calophvilum Inophylium Biodiesel with
Electromagnetic Induction

Authors: Sri Kurniati, Sudjite Soeparman, Sudaminto Setyo Youwono, Luliman
Hakim, Sudirman Syam *

Received: 9 December 2018

E-mails: sr kurniati{@st af.und ana.ac.id, sudjitos pni@yahoo com,
seywrwon o204 {@yahoo.com, lukman, chemist@ub.ac.id, sudimman_s{@staf.undana ac.id
Submitted to section;: Sustainable Energy,
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Biomass Processing for Biofuels, Bioenergy and Chemicals
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It has been reviewad by experts in the field and we reguest that you make

major revisions before it is processed further. Please find your manuscrpt

and the review reports at the following link:

hitp /s usy.mdpd. com/user manu schpte/resubmit’é1d 148890a2ad Bea T05e0 2050 06660 1d

Your co-authors can also view this link if they have an acoount in our
submission system using the e-mail address in this message.

Please revise the manuscript according to the reviewers' comments and upload
the revised file within 10 days (due date 05 January 2018). Use the version
of your manuscript found at the abowe link for your revisions, as the

editorial office may have made formatting changes to your criginal
submigsion. Any revisions should be cleary highlighted, for example using
the "Track Changes” functicn in Micresoft Word, so that changes are easily
visible to the editors and reviewers. Please provide a cover letter to

axplain pointby-point the details of the revisions in the manuscript and

your responses to the reviewers' comments. Please include in your rebuttal if
you found it impossible to address certain comments. The revised version will
be inspected by the editors and reviewers.

If the reviewers have suggested that your manuscript should undergo extensive
Englizh editing, please address this dunng revision. We suggest that you

have your manuscript checked by a native English speaking colleague or use a
profassional English editing service. Alternatively, MDPI provides an English
editing service checking grammar, spelling, punctuation and some improvement
of style where necessary for an additional charge {extensive re-wnting is

not included), see details at http:/dwww.mdpi.comfauthors/english.

Do not hesitate to contact us if you hawe any guestions regarding the
revision of your manuscript or if you need more time. We look forward to
hearing from you soon.
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Kind regards,

Ms. Ana Djakonov

Mssistant editor, MOPI

Energies

http J/hwww.mdpi.comfjournal/enengies

Veljka Dugosevica 54,11060 Belgrade, Serbia
waww . mdpi.com

Disclaimer: MDPI recognizes the importance of data privacy and

protection. We treat personal data in line with the General Data

Protection Regulation {GDPR) and with what the community expects of us. The
information contained in this message is confidential and intended solely for
the use of the individual or entity to whom they are addressed. If you have
received this message in arror, pleasa notify me and delete this message from
your system. You may not copy this message in its entirety or in part, or
disclose its contents to anyone.

Email Unneraitas Nusa Cendana {Undana) - [Enangea] Manuscnpt ID: energesdt 3847 - Major Revigons

Sudirman S <sudirman_s@staf.undana.ac.id>
Kepada: Ana Djakonov <djakonovil mdpl .com=>

26 Desember 2018 16.54
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<gssyuwono2004@yahoo . com>, Lukman Hakim <lukman . chemisti@ub.ac.id>, Energies Editorial Office

<@naergies@mdpi.com>
Thank you for your information.
In the next few days, | will revise my manuscript in accordance with
the reviewer's comments.
Best regards,
Sn Kurniati
Pada tanggal Rab, 26 Des 2018 pukul 18.34 Ana Djakonov
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3. Manustrict Revision

a. Response to Reviewer 1 Comments

Point 1: The conclusions should be amplified and improved to clarify the results obtained in this
work.

Response 1: Conclusions have been revised

Point 2: The key results should be stated in a more quantitative way.

Response 2: Some test results data have been revised and added in table form

Point 3: In Figures 4, 8 and 9, the authors of the manuscript must improve the quality of images.
Response 3: This image has been upgraded

Point 4: It would be very interesting that the authors of the manuscript cite some recent papers in
the introduction like the year 2016, 2017 and 2018.

Response 4: : Some references have been added

Point 5: References. Standards and regulatory specifications used in the present study should appear
in the references.

Response 5: Yes, it has been checked and corrected in accordance with this journal format

Point 6: The English style requires improvements. The authors must be sure that there are no
grammatical errors and that the manuscript is perfectly written in English.

Response 6: Several sentences and paraphrases have been revised

Point 7: The authors must be sure that the bibliographical references, figures and tables are in
accordance with the format of the journal.

Response 8: Yes, it has been checked and corrected in accordance with this journal format

Point 8: It would be very interesting that the authors of the manuscript include more bibliographical
references and, specially, references from the journal itself.

Response 8: Some references from Energies have been added [ref. 26, 46, 67 and 70]

b. Response to Reviewer 1 Comments

The authors of the current manuscript describes a novel process production of Calophyllum 3
inophyllum biodiesel with electromagnetic induction This paper presents a work that is of interest to
the reading audience of Energies, also this work could be a significant step forward for the field of
research. The paper may be recommended for publication as it meets most of requirements to such
type of articles; however, the conclusions have to be extended, and the authors of the manuscript
must improve the quality of Figures 11, 12, 13 and 14

Response :

Conclusions and Figures 11, 12, 13, and 14 have been revised

c. Response to Reviewer 3 Comments

Point 1: The description of the basic principles and topology of induction heating (Section 2) must be
included as Supporting Information.

Response 1: I have added chapter 2.3 (Operation Fundamental of IH) to support information about
the description of basic principles and topology of induction heating (Section 2)

Point 2: Figure 5 shows a schematic process for producing biodiesel consisting in three steps:
degumming, esterification and transesterification. However, there is not information about the pre-
treatment of feedstocks before each process. For instance, details about the degumming process, like
the 0il:H2SO4 ratio (molar or weight?), are not clear, since in the text appears 1:20 (0il:H2SO4?) and
30:1 in the schematic diagram. Is H2SO4 neutralized after the degumming and esterification
processes? Is water formed in the esterification process removed before transesterification? Moreover,
in the text (p. 12, 1. 346), it is affirmed that an oil: methanol molar ratio of 1:20 is used in the present
study, but on page 7 (1. 247) a molar ratio of 1:6 is indicated
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Response 2:
- Figure 5 (becomes Figure 6) has been revised, the degumming process uses H2PO4 (5% v/v)
instead of H2SO4
- This paraphrase is wrong (A-tetal-ef200-ml-erude-ot-was-mixed-with H2SO4-eatalyst-with-a
ratto-of1:20-) and this paraphrase was replaced by: A degumming process carried out using
phosphoric acid (H2PO4) as much as 5% (v/v) of 400 ml Calophyllum-inophyllum oil, then it
was heated to 80°C.
- Added Table 1 which provides information about the pre-treatment of feedstocks before each
process
- This statement was omitted: In-this-process;theratio-of ol melar methanel-used-is-withratie

o 1th dencitof 0 944 o ma/m
W a—d v—O+- 214

5
ata " a 1 O fa' 1
O o1+ 51y

...--..,.-.- D4-2-eram 0..

- Additional explanation about the esterification process:

Briefly, the first catalyst is dissolved in methanol and added 5 grams of Calophyllum-
inophyllum oil is put in a 100 ml beaker. The mixture of methanol and catalyst H2SO4
was put into Erlenmeyer and stirred with a magnetic stirrer for 5 minutes. The beaker
glass is filled with a mixture of methanol, Calophyllum-inophyllum oil, H2SO4, and it
is heated using 3 heating methods by keeping the temperature up to 60°C. After
esterification, testing is carried out to determine the content of FFA. If the FFA is still
high or in above 2%, the esterification process is repeated for 2 times until the FFA
becomes precisely low (below 2%). After that methanol, and the product is separated
using a 100 mL separatory funnel for the purification stage. The product is washed with
hot distilled water (> 80°C) to remove the remaining acid in the product, continuing
until the washing water shows pH~7.

Point 3: Data displayed in Figure 7 compare the three heating processes (hotplate, microwave and
electromagnetic induction), using time units in the y-axis, but the targets to be attained in the
degumming, esterification and transesterification processes must be included.

Response 3: The target to be achieved in the degumming, esterification and transesterification
process has been described in section 5.2

Point: 4. The esterification process is repeated twice to reach FFA values lower than 2% (mg KOH/g
as acid value?), but it is not clear whether the heating process is carried out twice or new reactants
(H2S04 and methanol) are added. Please clarify.

Response 4: The esterification process is carried out twice. On esterification I the FFA value is above
2%. Then the second esterification process is carried out to reduce the FFA value below 2%. Before
esterification II was carried out, the old methanol was first discarded or separated from the oil produced
by esterification 1. Furthermore, mixing the new molar ratio (20: 1) was made like the esterification
process I and then reheated to 60°C. The treatment of time used in the esterification process of the three
heating methods has been summarized in Table 3.

Point :5. [s a fraction of methanol removed before the transesterification process? A different
oil:methanol molar ratio is used for transesterification (1:6 versus 1:20).

Response 5:

- Yes, before all the transesterification process is carried out all the methanol content is eliminated.
The following is the explanation: After the esterification process is complete, the oil color changes
will appear to be clear yellow with reduced FFA content in Calophyllum-inophyllum oil. Then the
remaining oil and methanol are separated gravitatively, and washed with 70°C warm water, then
separated by oil and water using a separating funnel as shown in the figure below. Then the oil is
heated on an electric stove with a temperature of 1000C which aims to remove the remaining water
contained in the oil. The results of the esterification process will show colour differences from
reddish yellow to unclear yellow.
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- The esterification process uses a ratio of 20: 1
- The transesterification process uses a ratio of 6: 1

Point :6. The analysis of energy use only takes into account the time of application of the three
different heating systems to calculate the amount of power utilized, by nothing is said about the cost
of instruments and equipment, and their corresponding amortization.

Response 6: In this study, I only calculate the energy usage of the three-equipment used without
calculating the price of the tool used. However, a brief explanation of equipment costs is explained in
section 5.2. In this case, the current, voltage, and time are measured at each stage (degumming,
esterification and transesterification) and summing the overall power used by the formula: W=V x [ x
t (in watt-hours, wh). The aim is to compare the use of electrical energy among the three-heating method
equipment in an effort to reduce the production costs of biodiesel processing.

Point :7. The evolution of the FAME yield with the time must be included in order to show the
kinetic of the transesterification process by using electromagnetic induction. It is expected that
biodiesel properties given in Table 6 correspond to a biodiesel sample obtained with a FAME content
higher than 96.5% (EN 14103).
Response 7: Already described in Table 4
Point :8. FTIR spectroscopy is not conclusive about the effectiveness of the transesterification
process for biodiesel production from vegetable oils, since the FTIR spectra of triglycerydes (esters of
fatty acids with glycerol) present in this feedstock also exhibit the absorption bands of C=0 and C-O
groups, and methyl groups are also observed as terminal groups in fatty acids chains. HPLC or GC
must be used, among other techniques, for the characterization of FAMESs present in biodiesel.
Response 8: Section 5.6 about FTIR analysis was replaced by GC-MS analysis
Point 9. Table 1 can be removed because all the information shown in this Table is cited in the text.
Otherwise, data concerning saponification value, iodine number, water content, acid value, density,
among others, could be included.
Response 9:
- Yes, | agree that table 1 can be deleted because all information displayed in this table is
quoted in the text.
- This statement has been revised: Fable1-shows-the-characteristies-of Calophyium

2 e no A
Cl 0O O 5 gat Cl 0

(The characteristics of Calophyllum iophyllum crude-oil have been tested usingGas
Chromatography-mass Spectrometry (GCMS) at the Integrated Research and Testing
Laboratory, Gadjah Mada University, Yogyakarta)
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- This statement has been revised : TFable-1 presents-many-variationsin-the-otl-content-of
palmitie;-eleie; linoleicand stearic-and-acid-amongthe-studied-etls—(Based on this test the

contents of palmitic, oleic, linoleic, and stearic and acid were obtained from the oil studied.)

Point 10. English must be revised in depth because there are several typos and wrong sentences. For
instance: (Title) A Novel Production Process instead of A Novel Process Production; (p. 1, 1. 40)
vegetable oils are mainly composed of triglycerides (98%) and a small proportion of diglycerides, since
vegetable oils are not known as triglycerides; (p. 1, 1. 41-42) Biodiesel is not treated with a mixture of
fatty acid methyl esters with methanol and ethanol, but that biodiesel is a mixture of fatty acid alkyl
esters obtained by treating triglycerides with methanol or ethanol; (p.11, 1. 334) fatty acid methyl esters
instead of metal fatty acid esters.

Response 10: Ok, all of these sentences have been revised
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WHSm Y Ervol | Ui ves'sd S Moo G ancban o QUi - 8} ek iy F

M Gmail Sudinrman § <sudirman_s§hstat undana s id>
[Energies] Manuscript ID: energies-413947 - Manuscript Resubmitted
1 pesan
Submission Sysiem <asbmssiongmdpd com = SJdaraan 2019 20033

Ha ko K o egeim dplcom

¥opada Er Kurmiad <si_kuriadflista? undana scid>

Ceoc Budito Eospamman =suditosprifinyaho o come, Sud amninto Sa o Yowono < yumwon o200 yehooucorm'> | ILukrman
Higkim <lukm an chemisifiiub acid> | Sudirman Syam <sudimnan_sifiistat undare oo id>

DearDr Formsi

Thark: you wery madh for resubenifBng s modfed wersion of e Bollowing
A ST

‘ia rusaipl B enorgies-4 1304 F

Typa of maruscnpt Artsicls

THec & BMowl Srocess Producion of ©alopbrydum inopirsdum Blodessl with

Elescirorm agrelc inducion

Aurors: i Kurniad, Zudiio Sos parnan, Sudarmimo Safyo Ywono, Lukran

Hakim, Sadrrnan Syam ™

Recepred: 9 Decarnbar 2018

E-rnaiis- sn_kourmia njiisted unden a ac id. moditos prl) s hoo oo,

s waoreolE CRORR ek oL oo, Tukrman chermis i bosc id, sodinman i siad orclenac o d
Sub i ed to secto s Sustainshie Energy

P e w mcipl comnd oum alle nem eSS scto ne'sustainableen ey

Biomass Processing for Bofue ks, Bioenergy and Shemicaks

1 e wi i oo o alle merrg es Aapetia ] issueabio mass pimcea g

31 oy eanl . OO e LS CO PR T N IMR0 8l 1 S0 B0 AR o LR e e DlenSRRn o

£, member of e adRorial oBce will ba in touch with you soon regarding
progress of e marssscrpt

Wired resgarcs

D™

Emanges Ecdonal Ofice

o L, O] Sasad, Sl treriond
Ofion: 51 Aban-inlage 55, GH-0 47 Basel
Ted +41 61 653 7T M (oScs]

Fax =41 51 302 &3 18 {offica)]

Expnall enem lesdiiendp oorm

S e Pl o) oo e e b

=+ This s on sutorn afically gerena ted ermal =



29

5. Revised Version Received, Tgl 6 Januari 2019

vH2m Exreal] Lin bvarraffoe B sos Gt i (Urdswma - [E M i A1 7 - Flare b arsbon P arvadd
M Gmail Sudirman & <sudirman_ siiisiatundan s jd>
[Energies] Manuscript ID: energies-413947 - Revised Version Received
1 pesan
vy Chang <iwpchangdl) mdpl_com= 6 Jaruan 2019 0318

Sl Wer Ivpchangifimdpl_com

Mapadar Eri Xurniad <sikumiadffistaf urcanas scid>

G Sudito Sosparmman <sudi ahoocorm=, Sudarnirg Setn Yiwono < syuwon o200 vahoo come, Lukrman
Hakimn <lurman chemisiiiub acid>, rman Syarn <sudimman siisted undana acid>, Enemgies Edtonal Oifce

< ererge sl mdpl_com>
Dear O Kurmiad

Thark you wery mud for providing the resed wersion of your peper

Marsaipt i onongles-4 1747
Typa of mansoipt Ariche
Heo A Mo | Process Producton of Salop bylum ino piylom Biodesel with
Elecimmiagnedo inducion
fodhors: En Forniat, Sudito Sospaman. Sudarminto Setyo Yiwona, Lukrman
Hakim, Sudrrman Syam *
Recetast 9 Decamber 2018
Ernails: sr_Rurnis Sissad ondan ascid . suditos prdl ya hoa com,
EE SR ) i oo oo, ke chermisiiuboac sl sudirman shaf prelare me id
EJ.EJrrla:I hﬂﬂluhn'mrﬂa Erergy, e ol
e prww i oo ol ks e leads o B0 NS us el rabbe e ey
Blomass Processing for Bofuaks. Blosnergy and Chemicalk
b ptvew werncpl comjoum alls reng ks pecial issuesdiomass proossang
e poisumy_ rdpl commerimarus cnpisimeiew o 8 o 488 S0aa® oo T e e el

W' will conniue prooe ming your poper and will kesp o infiormed
EhiouR e SUDFES0N faLE.

¥ind regards,

Ms_ vy Chang
Mssatart Edikaor
E-rnall: by chargid) mdpi.com

MO E Brarch Mca, Baijng
Eramges Edtonal (Mica
Ekype: 958 044 13 had

E«Mail smem esfiimdpl com
e pivewrac meiplcomoum al'e nemies!



6. Minor Revisions, Tgl 14 Januari 2019

[ A5 | Erral| Uy by s M e s recbarea (U rcbi s |- | B v B e () mrsargim -0 600 7 - Mo Fland sdarm

H Gma il Budeman 5 <sudieman sibstatundanaacid>

[Energies] Manuscript 1D: energies-413347 - Minor Revisicns
1 pesan

Byna Do o < jakoono Wifl mdpl com> 14 Jaran 018 1721

Mepada Erl Kurmiad <sn_kumiatiisaf ondana. acid>

G- Sudifo So sparman <sudisspriiyahoa coms, Sudamin Se o Yowono <syuwon o2 yehos coms , Lukman
Hakim dukman chamisiiub acid> | Sudimian Syam csudirman_ sifistaf undana ac 14>, Enemles Edfonal Office

< oo gie Siff] mdplcom>
Do Or. Kurmial

Tharks you for submifang your manusaipt

Manusaipl B enenges-4 13347

Type of mansonpt fricls

THac A Mol Process: Producion of Calophylum inoplpiium Blodiesal with
Electomagnedo induciion

derhiorss Bn Kurniefil Swudiio Sospamen, Sudarmingo Sefyo Yovwo no, Luakrnan
Hakim. Budrmman Syam *

Recatedt 9 Decernbar 2018

Exrnalls: 56 kormie S asaf uncen s e id . sudgionprdl e hooocom,

BRIl oo oo, [ukrman ohem bizcid, sxdrman afisiafundans s id
:5::Irrha:l E:Ebnr: Sussainable Enargy. o A

% s et il o0y o il mei e S o me's m Salnable_ onengy

Sjomas Processing for Bofse ks, Bicsnengy and Chemicalks

i v rrcipl_corndoom alfe nemiesSpecialisscesbiomess prcessing

Ehas been reviewsd by experts in the Said and v regus st st you make

miror messionsbelom £ is prooessed further. Aease find your maruscript

iand fhe review repons af te Soliowing inic

e s Leny rrdpl connsar e s i pAS e Liben I 01 4880 el By 0 Ban e 8] TS

Your co-authors aan sso wiew his Ink i Ty have an ecoount in our
SUbmISSion KyShem using the smal sddreasin this rmessngs.

Fleass rewns the maruscnp; accoring o e rwevers’ comments and upload
the revised Sa wihin S days (dos date 19 Jaruary 3015). Use e wersion

of your ranuscript found &t e above link for your revisions, as the

edborial o fice My ha e mads formating chang es B your angnal
subrission. fuy nevisors should be clsady highiigh ied, Sor eosmpls sing

the "Track Changes™ fundion In Micmso® Wb, 5o that ey are easly
wigibie o he editors ond myviewers. Fleame provide @ shori cover lefer

e falirg vy change o for e benefit of the ediiors and meafewsre.

 fhe ez s henne sUggesied tiaf your manuscnpt shoold undergo exfen s
English ediing, plesse addness this during revision. We suggest tat you

e manuscrpd dedeed by 2 nafve ish speaking ool of LSs 3
pr\-n!uﬁl Engish sdiing 5&?1rnu MEF'EI_'; pu?ﬂdumlm
adfing serdce checking grammar, spaiing, punciuaion and some- Mmprvement
iof syho whem necessary for an od dlonal chargs {esteraka re-wnng s

noft imciuded), ses detals ot bEpc! s midpl comdauhorsdengish

Do mct ezt 80 oomtact us B yols Fervs oy Quesions rega ming e
resmion of your marsoipt or i pou need moe time. e look forvand fo
Tz anineg frorm o soon.

Kirdr
s Ana Dyskonon

Fetgan drvoa i g o b o v e i i <81 5 o (S s oo s vl g rrrathied st reed -5 20 P O 0 0 6 ol = - AR IR DN e A2



31

7. Accepted for Publication, 17 Januari 2019

i PAlir ] Erroa | e vearsd 51 Pouoos Sandbana (bincka roa - [Endeg e e ) 0 srseg o450 04 7 - A ogeteed e Pulbdbseien

M Gmail Sudinman § <sudioman_s@statundana acid>

[Energies] Manuscript ID: energies-413947 - Accepted for Publication

2 peton

Bna (Djalion now <o jakoroaEl modpl. oo 1T Jaruad 20198 1958
Balas Keo A Djakonow <djakonowiirm dp_oom =, Energbos: Edito fal OFioe <a nesmies i mdol_oom>

Kepada: Er Kurmiat <si_kumiadfl s undara scid>

Cec Sudko S0 cpaman <suditos ahoocom=, Sudaminio Saho Yowono = syuwon o004 yahoo corm> . Lukman
Hakim =lubran chemistiun aoid>, man Syarm “sudiman sdistaf ondana ac id>, Ensngles Edtonal Offca

= gnerghe sifirdpl. core, fna Djakonoy <djphkoncifimdpl com>
Dear Or, Burmai

‘Wit @ e s B0 I e o St he o Bowang paper b been oficialy
accepied forpubdcafion

Marnussaipt B enemies-4 1354 F

Typa of maruscnpt Article

THer A ¥ ok Process: Prodocton of Calophyium inophyium Blodessl wh
Eleciomagnedc inducion

fusthiors: S0 Xurnial, Sudiio Soopaman. Sudarmingo Satyo Yiowono, Lukman

Hakim, Sadrman Syam *

Recewred 9 Decernbar 2018

E-rmalis- s narmis 5 stad undon e ec. id, s djSesprlyabon cam,
EEpIwWonoZ D04 yahon com. lukrman chemisifub sc id, sudirmen s fa urdens s d
Euhmifed to sectorn Sustainehie Energy,

I e P cml:mdhm&m&echrﬂtmama Ty

Blomass Processing for Sofue oenergy and Chemicals

I poitiewe v il _ciorny cam alle nerm) ies s pecial_issLssbio mass. processing

I pos ey il cm’l.lsa"rmcnpb.‘mulm e R L S P e e P e e

e will mow make the firal preparaon s for publicaton. then retarm the
3 ISR | B0 o Sor o @ ppeoraal

‘e aka iria you %0 confribufe %o Encyciopedta {Waps - Mencyciopsda_pob),
& scholany plagiorm pm dding acour=te information about Tie latest researdy
resuls. You can adap? parts of your paperto provids valuable ederence
irforrnation for ofers in e Seld

¥ind regands,

s e (Dyakono

fssiarn ook or, MO

Emcmies

It iwearae rcipl_corn)) com skl neg ios

Velka Dugosedica B4, 11950 Balgrada, Sarbia
v Pndin oo

Dnclaimar MO M eoognizes. he importancs of data privecy and

profecion Wa oot porsoral data in lims vith e Goneral Data

Erotection Regulation (GIPE] and with what the commun fy expects of us. The
information comaired In s message is confdental and imtendad solely for
e use of the individ ual or en @y fo whom theyan addessed. B you hae
recahiad this messags in ermor, pleess nolify me and delats fismessage fom

your systern. You maynot copy s messags in it engrety or in part, or
disciosa lis contents to aryone

Budisnan 3 <sudmnan_siistsd un dena ac id> 1F Jaamn 27019 2005
Kapadar fina Ojakonoy <djalonosiiim ool com >, Energies Editorial Ofice <enemges{iirdpl_oom >

tetgma drrma B g cog b et vty i o) VB o o (PSRt s i et oo Mg Tl st i -5 A N R0 200 S0 1S AP R AR e e R A H D G G G 12



32

8. Manuscript Resubmitted, 17 Januari 2019

BRREEE, S48 P Emad Urniveesias Huss Geretena (mders | - Enarpes] Manescgt 0 snegpes—20 347 - Memuscns! Fasubsiies

[Energies] Manuscript ID: energies-413947 - Manuscript Resubmitted
1 pesaan

Bubsmission Systom <submissonEimdpl oome 1¥ Januan 2049 1306

Baias Ke: enengiesfimdplcom

Hakim <ukman chemistfiub.ac.d>, Sidiman Syam <sudiman_sistad undana.acid>

Dear D Horndat,

Thank you wery mudh for nesubeniting the modfied version of the following
marsscnpt

Tithe: A Howel Process Prodacson of Calopiyhan Inophylurm Biodissel with
Elscimmagneic induction

dustrerss Srl Murniati, Sudite Soeparman, Sudarmenin Setye Yoo, Lokman

Haiim, Sudimman Syam *

faosived: B December 208

E-maiis: =1_uniatiistal undana ac id, sudiinspnd) yahoo.com,

SR onoA0d i yanoo oom, hstman chemisifut acd, sudrman_si#staf incana ac id
Submitied o secbon: Sustanabie Enengy,

Fp s\ W o Domjoumal ener jies s poions/ sustananiepeeey

Biomass Processing for Biofuels, Boenergy and Chemicals

rrapLwew Mo comijoumalienergissispecal | ssURshinmass_peooessng

i sy e comius RN TN ST e e i 50 ] 4EER0a 2 a0l ca M Ge e S0esG G

A resmivesr of e exiioriad offioe will be in touch with you soon regarding
progress of the mansscnpl.

¥ind regards,
MIOP

=

Editoral {fice

, CH-40C10 Basel, Swirerand
Office: 52 Alban-Anlage 56, CH-2052 Basel
Tel. +41 01 583 7T 34 [ofica)
Fox +&1 B1 202 59 18 [oMon)
E-mai: ensgiesimdp.oom
it mdod comijourmatienergissd

== This 5 an sfomatically pensraied smail =



33

9. APC Invoice, 17 Januari 2019

WRATE 552 Pl Email Urevmredes Wuss Sercans (Usdera) - [Energies| Maruenisl (0 srsegee-43546 T - 400 roce

[Energies] Manuscript ID: energies-413947 - APC Invoice
2 |persan

MDP Billing <békngdimdpd oo 17 Januan 20499 21.08
Baias Ke: bil com
Hepada: sademan f.undana 2 id

G En Murniati <sri_surnisi@istad undana.ac if>, Ana Diakonoy <d jakonoyiimdol coms, Biling Dpt <bilingfimdpl.com=,
Energies Edioral Office <srergiesfimdpl.oom=

Dear Or. Syam,

Please find attached the imwoce for your recentty accepied paper. Foliow

s fink 10 adjus! $w cumency, change B address, or add comments, @5

MRS LAY

i sy, ol comAmonmansonpb B 10 148 880 ZerBca TDSe 0 2e A0 afb E D mywoion 154493,

For immediate payment by credil card, wiss hitps: (ipayment mopl com/ 354493

1 youn waoild liks fo usa @ dfferen] method of payment, oick hene:
n e Mo comi aboutipoyment. Please incude the invoice 1D
{enengies-41394T) as redarence in any Fansaction

APT invoice amoun s THI0.00 CHF
Barascrpt 1D energies-4 13547
o man Articie
Tithe: A Wowvel Process Production of Calopiyilomn inophySum Biodiesed with
Induction

Electromagneto

futhors: 5 Kumniatl, Sudjiio Soeparman, Sudamminio Setyo Yoo, Lukman

Halom, Sudimman Syam *

Received: 5 December 2018

E-mais: wi_krmiat i sl undana ac i, sudiinspai@yahoo. oom,
ssyuraeno D04 vahoo com, man chermistfuboac. i, sodeman_ s sial uncana ac id
Eubmilied fo sachon: Sustsnable Enengy,

e el com/oumalieneres'sactora/sustainabie eneegy

Siomass Processing for Bioluels, Soenergy and Chemicals

ey mand comljoumabienergiesispecal_issues/hiomass_processing

‘e will pubish your acoepted paper in open aocess format immediaie ' gpon
receipd of Fe article processing oharge (AFC) and completion of the edsting
[POOESs.

 you encounter any prodiems revising te invoice o cannol access the lnk,
please comact mwnicesErmOpL com

Thank you very much for your support of open acoess: publishing.

¥ind regarnds,
ijpicsandra Cuculovic

MOP|

Finanoal Management

£t Alban-Anlage &5

4057 Baesd, Swilzedand

Tel. +44 01 653 77 36; Fam +41 61 302 2% 18

E-mail Acoourling: Blingdpmdpi com
g ew mces ooy

Disdamer: The information and fies contained n Tis message ae
confidential and mended solely for the use of S individual of ety o
whom they ane addressed. f you have recefved this message in ermor, please:
noffy me and deete fhis message from pour sysiem. fow may nod copy this
mEssage in B endrety of in part, o disclose s contents 10 anyone.

Hitmac el poocta: ook e 11 Vil fl P oa S A ik ail FRIAATEN B AR NS Animplrra g LA TR IRE ... 12




34

10.Payment for Manuscript, 18 Januari 2019

SN0 540 P Email Lnversrtas Mosa Carcars (Usdtera ] - Payrme of sneegsn 415287
Paymant of energies 413947
1 pesan
Sudirman & <sudirman_sistal.undana ac id=- 18 danuan A9 1042
Fenada: bitingSmdpl com

| haree seni prool of payment for my mamsorpt wish ensgies 10 murmbes 2736547

2019011810311
s 18 E.jpa

2050118 _ 103058 jpg
407w




35

11.Final Prooffreading Before Publication , 19 Januari 2019

DLy &5 il Empd Unresies, Mo Cendana (Usdees)| - [Energes| Marusenpd 0 snanges-2 73087 - Finel Frocimecdeg Bafors Putbesl

[Energies] Manuscript ID: energies-413347 - Final Proofreading Before
Publication

1 peescan

Kathy Wang <kathy. cpi.com= 19 Jammn 2079 09,15

Baias Ke: Ana Diakonov wononifimdpl com>, Enemgies Eckiorial Office cenenpesi@mdpl com>
Kepada: Sn Kumiab <sn_rniatdiistad undana ac_id=

Co: Sudfiio Soeparman <sud|bospnifyainoo coms, Sudarminio Setyo Yusono <ssywrsoncdDidfivanoo.com=, Liskman

Hakim <iukman chemistfisb acid>, Sudiman Syam <sudiman_sifstad undana ac id>, Energies Ediortal Office

<energesfimdol com=, Ana Diakonoy <dlakonowifmdpi com=
Daar O Kurndat,
‘i¥e invile you i proofread yoor manuscript prior o putdication:

Marpsorpt ID: enempies- 412547
of ranuscipt Arficke
: A& Mowel Process Producacn of Calopiwyilom Inophylium Biodese| with
induction
Authors: S Kurniatl, Sudio Soeparman, Sudaminic Setyo Yuwono, Lokman
Habkirr:, Sudimsan *
Receved: 5 December 2008
E-mails: & leniatiflistad undana ac . sudiiossndiivahon. com,
syrwoniod D0 iyainog .oom, Alaman :hn-mm:{ﬂul: e i, sudmman s sial uncana ac id
Euierstied 8o section: Sustanabie Enengy,
Intiprfevsvw, Mo comy Lum'.-i:n:r t:-s-‘s Scns s nane B
Biomass Processing gy ared Chemicals
I e i :um'_humau:rﬂgm*pu:m_lumsfhnnuu_pmmsng

Flease mad te jollowing insfructons caneduly belone procireading:

1} Dowrtioad e manusorpd from: e fink proviced at the end of s message
ard upload the final proofed version at the same link within 24 hodrs (1

waorking day}. If you experence any dificafies, please contact the Energies:
Estoral 1

2} Piearse use Mioosoll Wond's bull-in track changes funcon fo highiight

@y changes you maie, or send & comprehen sie st of changes n 3 separale
document. Bole that Tis s the: "last chance” o make iexual dranges o the
marascrpt. Some shyis and jormatsng changes. may hase been mads by e
produciion team, pleass do not rever] thess changes.

3} Al authors must agres io e final version. Check caretully that authors'
narnes and affliations ars correct, and $hat funding sowrces e comecty
acknowledped. incomect author names or affilations are picked up by
indeors] dalabases, such as the Web of Science or PubMed, and can be
difficaelt o corest

After procfreading, final peodoction wil be camisd ol Nobe ihat changes.

fio the position of higures and tables may oocwr during the fnal steps. Once
a paper has been published onkne we sl not acospl any oormechons o
WMMMMWM.WF maide laler will be published
separaiely via @ Corection or Addendam. e resense the right i chaege 20
CHF per Correction o the awihors”’ names: or affiiatiors afer 3 paper has
sz pubbished ondire,

Please doanioad the final version of your paper ior proalreading hera:
i sy madpe com usen manasorpls procl S el B 01 L8Fa dad Boa Ml helle M0=GGE M

and upload here:

ey Tred i e P o e A i ail PR AR T 1 S v el e g 1A




36

12.Payment Confirmation Energies, 25 Januari 2019

BRAEE 555 4 Emmd Lermcwiles Huoes Conctana (Unrass | - Enerpes)] Basus pft O snergas-$ 12847 - Paymen! Cordenelan sosrges-31

[Energies] Manuscript ID: enargies-413947 - Payment Confirmation enargies-
413947
1 peescim

WOP! Bllking <biknggiimd pi oo 5 Januan 209 1721

Baias Ke: bilingSmdpi.com
Kepada: sudrman_si#sial undana o id

G & Furniall <sr_kurniatifsiad undana.ao >, Sudjtc Sceparman ssudjftcspnifyanon . oo, Sudarminic: Seso
Yimworo = sayuswonc0 i Eyvahoo. come, umHmmmmm%b.x A=, Sudrman

<pudrman_sistal undana acid>, Ana Opkonoy <djakanowiil mdpl.com rgl:lp-tcu.llnmn:lpl.-:nrm- Enerpies
Editorial Office <enempgiesiiimdp .oom =

Dmar D Syam,

mmhrwwﬂmmwmm find belrs the:
AP paymeent confirmaiion for the follmeing article-

Einctrical Engineerng
Ji. Mzuangan H Ma. 52 Kupang

B5111 Hupang
indonesia

For your ooreenience, | attach the payment confirmaton as POF
Flease ieal tree bo contact me in case of quesions:

Eind reganss,
Alpisardra

Ll

Manapgemen
£t Alban-hniage &5
47 Basel, Saitzerdand
Ted. +41 B1 583 77 35; Fam 41 61302 B2 18
E-mail Aopounding: bd kngif mdpi ocom

oW, i, oo

Dedaimer: The information and les con@ned n Sis message ane
confidential and intended solety for the: use of The ndvidual or eniry D
whaom they are addressed. Hf you have recefeed this message in enor, please
nofy me and delete Tis message from your system. You may not copy this
mEssage in B endirefy of inpart, of dischose s confends i aryone.

- ;T.pt_lmh_-w-um pot



37

13.Paper has been published, 25 January 2019

RELIE 55 PW Erail Unfvarsdas Hus Cerdans {Undena ] - [Essrges) Sermscrpt £ merpes—$ D047, dor 10 355000 12050260 Feper &
H Gmail Sudirman 5 <sudimman_sfstal urdana.ac.id>
[Enargies] Manuscript ID: energies-413947; doi: 10.3330/en12030383. Paper has
been published.
1 pesan
snorglesfmdploom <energesi@mdol com= 25 danuan 213 21.38

Balas Ka: enengiesimdpl oom:
Fepada: =ri_om wndana.ac i, sudiiosprdilyahoo. oom, ssyuwoooHE Eyahoo.com luleman.chemistfiuh ac i,
suchrman_sifiistal.

Go: bifingfimdni oom. websksEimopi com, energesggmdn.cam, djakonowBimdp com
Dear Authors

e are pleased to nform you that your article A Moved Prooess for
Produciion of Calophyilum nophyilum Biodess with

induction” has been published in Energes as part of fhe Special issue
Biomass Frocessing for Bigluels, Boenergy and Chemicals and is available
arling:

Abstract Wi wiw i comy | FSE- 105301 5338

POF Vesmioer Friip:irases rredn cores 19406 T 0720 203383 ipd!r

The meta data of your aricle, the manuscript files and a publcason

cerificafes are geailabie here (Failable o suthos after

P sy s MMEWFHMFFE'IEHH_IHIWE1n14-55?:lﬂ:|d-ll:n7|]!||:ﬂl"ﬂﬂtﬁﬁﬂfd
Epecial lssue:

i e, mdte comdjoumalieneriesspecall ssueshiomans proDesTing

Pisaze take a moment o check Thal everything & comedt. You can eply io
Fis emall i there & a probkesm. Mote thaf af This slage we will ol aocepd
further changes bo #e manuscrip fext

To encourage open soentiic dscussons and increase the wisibiity of
pubiished articies, MOS! recently impismenied inlBractive comimaning
funchionalfies on al article webpages {side bar on the right]. We encourags
your o foraard the arsichs link &0 your colieaguees: and peers. You can alsos

on our Twitler channed hitps:Maitier com/MOPDpenAcosss), please provide
e doi reember of e manuscrip? and a ledt of up 1o 117 chamcters with
spaces $0 poclaimediafiimopd com. Please note ot our serdoe Sciabors net
will avlomaticafly noafy authors cied in your andiche.

e would be happy o keep ywou updaied aboud new Esue eeases of Energes.
Piease enler your e-mal address in the bax at

i e, mdoe CINTU O UMl eneny isstoc-aen | in meosivwe nocations.

After ssue reiease. 3 version of your paper inoiuding the issue oover will

I arvailabls fo downioad friom the arscle arehact page.

To crder high quality repnnis. of your article in gquanttes of 28- 1000,
Wiz hbtp e micipd oo TREE- 107 10 20 3R repnints

"W support the mullidsopinary prepent plasiorm /Prepeeis!, which
permanendy archives full feot dooumends and datasets of waorking papers
afl mnjert arezs. Posting on the platiomr is entirely free-of charge, and
fall delais can be viewed at hfp. W propeinls .

Wi are dedicated o providing an oulstanding publshing senice, and we
i o B0 complete pur author safsfacton H“ﬁu
T AT BT VY TTION IOty CoeTh e B e e anuat el survey contains 15 sharl

gueshions and wil oniy lake a couple of minutes: I compleie.

Thank you for choosing Energies o putish your work. we look forwaed 1
recerding furthes contributiaons fom your research group n e fuiure

e Vel grrople oo el u S Pon S E L rirpllamar sl Sosrnibhte el P56 10 ST S T0T T Tibemplemag FRAAT A20EHSS .. 12



