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Abstract: Heating induction is a new environmentally friendly, energy-saving technology that offers
a more effective performance than other common heaters. The energy-use efficiency of an inductor
circuit is greater than 80 percent, while a biomass tank and tungsten coil have 70 percent and
51.8 percent efficiency, respectively. This method also produces more heat than any other forms
of heating using gas or coal. The induction heating method has attracted significant interest and
has seen application worldwide. Based on this important source of heating, we have designed and
developed a large induction-heating machine with high energy to heat up a tank directly. The aim
is to degrade organic waste as much as possible and convert it into an effective fertilizer by adding
mesophilic microorganisms; the fertilizer transforming process takes no more than 24 h. The tank
featured in our design has a 100-cm radius and is 155 in length; this is very large. The aim of this
process is to reduce the amount of organic waste and thereby provide environmental benefits. To this
end, we have designed a large, high-energy induction-heating machine (approximately 9.6 kilowatt)
and used two machines in order to appropriately heat the tank for a large amount of organic-waste
degradation. This research can be effectively applied to many heating methods in industry.
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Organic fertilizer or compost is obtained from the biochemical decomposition of

Produce Fertilizer. Energies 2023, 16, organic matter. It includes aerobic microorganisms or fertilizers composed of various
2123. hitps://doi.org/10.3390/ organic materials derived from the remains of plants and animals. These materials are
en16052123 obtained through various processes such as chopping, crushing, fermentation, sifting,
adding microorganisms or allowing the pile to decompose into fertilizer. At present,
the amount of waste in Thailand is increasing steadily. As of 2017, Thailand generated

Source for Organic Waste Digesters to
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Kosmadalds 27.8 million tons of waste or 74,130 tons of waste per day; the average amount of waste
Received: 6 January 2023 was 1.14 kg per person per day. Organic waste accounts for 64% of total waste, and it is
Revised: 17 February 2023 more difficult to dispose of than dry waste. Moreover, due to the ever-increasing amount
Accepted: 19 February 2023 of waste, the speed of organic waste disposal is not sufficient. It is necessary to eliminate
Published: 22 February 2023 unsuitable methods of disposal such as dumping on the ground, dumping into the sea,

burning in an incinerator, or landfill, and replace these methods with composting, making
outdoor fertilizer, or producing various products such as biogas, bio-fermented water, etc.
- Improper waste disposal can negatively affect the health of individuals and communities
and cause toxic environmental conditions [1]. The introduction of contaminated waste
water into the soil results in the deterioration of soil quality, meaning it cannot be reused
for agricultural purposes. It is also dangerous because this type of waste can produce
methane gas that is combustible and takes a long time to decompose [2]. Disposing of this
Attribution (CC BY) license (https://  VaSte is labor intensive, and the cost of disposal is also high. Most of the organic waste in
creativecommons.org/licenses,/by/ need of disposal comprises 60 percent vegetable, 30 percent fruit, and 10 percent animal
10/). parts, which have a high moisture content and are highly perishable. If this waste is left for
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more than a day, it generates unpleasant odors. The technology generally used to produce
organic fertilizer with traditional static composting (TSC) [3] takes 24 days. While studying
the rapid production of organic fertilizer, researchers discovered several methods which
can be used to dispose of organic matter and turn it into high-quality organic fertilizer
within 96 h; this is known as dynamic high-temperature aerobic fermentation (DHAF).
When using this method, fermentation occurs at 60 °C [4]. Similarly, research on the
utilization of solar energy in sewage sludge composting has investigated how to utilize
solar energy to treat fermented sludge water and transform it into organic fertilizer. This
process requires a temperature of 55 °C [5]. Another study on short-duration hydrothermal
fermentation of food waste investigated the preparation of soil conditioner for amending
organic matter-impoverished arable soils. The authors of this study determined how to
dispose of the organic matter in food waste and improve its quality for cultivation using
short-duration hydrothermal fermentation (SHF), which employs a temperature of 70 °C
for 18 h to heat the waste [6]. Therefore, researchers must invent technology capable of
degrading organic matter more quickly, and thereby reduce the time required for waste
disposal. Induction heating is a recently developed technology that not only preserves
energy and has environmental benefits but also has superior performance compared with
older heating methods and a high heating efficiency.

At present, various heating methods are used to achieve dehumidification, and thus
dispose of organic waste, including heating using biomass, furnace heat, or coil heating.
All of these methods consume energy, which pollutes the environment. This research
presents one of the most popular and highly efficient heating methods in terms of energy
consumption. Induction heating [7,8] uses electrical energy, which is clean and environ-
mentally friendly. The heat source is an induction circuit, which provides the following
advantages. Firstly, it can be directly powered by electricity; at present, electrical energy can
be obtained easily compared with heating a biomass furnace, which requires fuel sources
such as rice husks, corn, or wood [9]. These fuels are expensive and hard to find. Secondly,
this method does not release emissions into the environment compared with incinerators,
which require fuel for combustion and emit pollutants, smoke, and soot into the envi-
ronment, often at industrial scales. Thirdly, the power source from the induction heating
circuit can also be directly applied to the electronic automatic control system to control
and measure various parameters in the process. This reduces the use of human resources
when considering the energy, efficiency, and advantages. Additionally, the efficiency of
an induction power source is greater than 80 percent, with a biomass furnace being about
70 percent efficient [10,11]. In comparison, a tungsten coil can also be powered directly
from electricity with an efficiency of about 51.8 percent. Thus, the induction heating circuit
is still a more efficient power source [12]. In addition, the use of gas or coal for heating is
not as common as using an induction circuit power source [13,14] because the power source
from an inductive circuit can be directly powered by electricity and can be developed in
conjunction with the electrical system and solar systems, among others.

Consequently, among the common forms of organic waste disposal we have described
so far, heat energy is a necessary factor and is very important for the disposal of organic
waste. The technology needed for the production of organic fertilizers generally uses
the landfill method and microbial fermentation for outdoor fertilization. This takes about
1-2 months, allows organic waste to be disposed of quickly and reduces the production time
of organic fertilizers, offering the best results. Another system, Taiwan heating technology,
uses an infrared heating process using tungsten coils which have a temperature of about
85-95 °C, combined with methods to grind various materials together in a tank; however,
this method is expensive and is therefore unsuitable. Based on all of the above, we focus on
a method for disposing of organic waste within 24 h by designing a suitable composting
process. We use material without grinding and implement the induction coil heating
principle using AC electricity, which has the highest heating efficiency, as mentioned above.
The principle is that heat will pass through the coil. The magnetic field is generated directly
in the steel tank. An induced emf is generated and creates an eddy current. This generates
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thermal energy in the steel body. [15-17]. This drying system requires a separate heating
unit for each of the four drying tanks to enable the heat to dissipate in the tank as efficiently
as possible. Drying is important, as it reduces the humidity of the organic waste and
eliminates certain microorganisms and pathogens from organic waste via heating [18].
Previously, induction heaters were small and emitted unpleasant odors. In the design of
our organic waste disposal machine, induction coil heating is used to directly heat large
oven drums and to convert organic waste into bio-based feedstock. It has a low humidity of
about 30 percent [19] used for the production of high-quality organic fertilizers and isolates
a specific group of microorganisms that are resistant to moderate heat (mesophilic bacteria).
Once selected, these microorganisms are produced as an inoculant. After the organic
material is digested by heating the bioreactor for about 20 h at a temperature of about
85-95 °C [20,21], the temperature in the tank decreases to below 40 °C. The mesophilic
bacteria that can decompose natural organic substances, reaction bacteria, and molds
are then added. In particular, this helps to digest plant and animal components that are
resistant to decomposition, such as cellulose, hemicellulose, lignin, and chitin [22,23]. After
adding microorganisms, we start the motor and spin the stirrer without heating for about
40-60 min. After that, we place the material in a fertilizer sack and wait about 2—-6 weeks
until the composting process is complete. We then analyzed the fertilizer quality and
physical properties such as moisture, pH value (pH), and electrical conductivity, and tested
it on vegetables [24]. This completed the process of decomposing and disposing of organic
waste in approximately 24 h.

2. Materials and Methods

In this section, we discuss the design of the induction heating circuit used for dry-
ing to reduce the moisture in organic waste and eliminate germs and certain harmful
microorganisms. Quality organic fertilizers can also be obtained by adding certain groups
of microorganisms. The method described here is suitable for use in the production of
organic fertilizers and the disposal of perishable organic waste, and thereby reduces vari-
ous pollution problems. It is also environmentally friendly. This organic waste method is
suitable for experimental use and real-life applications.

2.1. Thermal Induction Circuit Design
A diagram depicting the design of a thermal induction circuit can be found in Figure 1.

220 Vac

Voltage :cgu]ator Tranjfprmcr ¢ Full Wa\t Rectifier
Circuit (5 Vic) (12 Vac) (311 Vo)
l |
Full V\(/]a;/silie)diﬁer T:ner Ma:\elic
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Figure 1. Block diagram of the thermal induction circuit.

A high-frequency electric current is used during induction to generate a magnetic field
and also create heat in a large oven. The working principle shown in Figure 2 represents
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an overview of the induction heating circuit which includes a 220 V AC power supply
with a frequency of 50 Hz. This is distributed to the 3 parts of the operation as follows:
the first part is fed to the rectifier circuit, which converts the AC voltage to DC power
311 Vpc. Next, a large capacitor is used to smooth out the DC power supply and supply
the 1200 V, 100 A IGBT, which acts as a switch to convert DC voltage to AC voltage. A
high frequency of 32 A (8.88 kHz) is achieved, which drives the inductor load with a value
of approximately 223.5 uH and a resistor value of 3.78 (), and thus heats the steel tank
surface [25]. The system is driven by the IC gate driver circuit. In the second part,a 12 V
power supply is used, and the controller manages the circuit frequency. The controller uses
a microcontroller to control the signal of the driver circuit and uses the power supply size
to control the operation of the 5 V solid-state relay.

-
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\
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i - :; : 1

Figure 2. Heat induction machine system.

The circuit in Figure 3 is a pulse generator circuit. We use this signal to control the
on-off switch of the IGBT; this process can be divided into 3 parts. Part A is used to generate
a 5 V pulse signal using a microcontroller board to generate a signal. This is also the part
that controls the various systems of the circuit. Part B consists of integrated circuits (IC
gate drivers) which command the IGBT to work as a complete switch without causing
loss, and one device contains two built-in drivers to drive the pulse signal out to 12 V. Part
C is a pulse transformer (isolated) which acts between the pulse generator circuit and is
controlled with an IGBT electronic switch.
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Figure 3. The three different frequency generator circuits of the system.

A pulse generator circuit generates a pulse waveform or a square waveform. The
magnitude and frequency of the resulting waveform can be determined according to the
design of the pulse waveform, which can be used to control the operation of digital circuits.
The pulse signal is a repeating signal that changes from logic level 0 to logic 1 and from logic
level 1 to logic level 0. This cycle repeats continuously. The signal consists of the amplitude,
rising edge and falling edge, pulse width, and based line. This pulse generator circuit uses
a microcontroller CYS8CKTT-059 PSoC 5LP Prototyping Kit (from Cypress Semiconductor
Corporation, San Jose, CA, USA) to generate a 5 V pulse signal from all 4 pins. This circuit
uses power from a 5 V voltage regulator circuit, as shown in Figure 4.
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Figure 4. Pulse signal generator circuit.
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5V

The design of the gate driver circuit (gate driver) is an important part of the circuit
which is responsible for linking the pulse signal generated by the microcontroller (PSoC)
with the power electronic switch (IGBT). The microcontroller generates a 5 V pulse signal
and sends it to the IC gate drivers UCC21520DW. The 4A/6A, 5.7 kVrms isolated dual-
channel gate driver is a device with two drivers. The output is 6 A, and the input is a pulse
signal. It has a 5 V power supply. This circuit receives power supply to the output side
from two sets of 12 V voltage regulator circuits and produces a 12 V frequency and pulse
signals for both drivers. This circuit is designed to have two sets of IC gate drivers as signal
generators on both the upper and lower parts, as shown in Figure 5.
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Figure 5. The circuit driving the current to the electronic switching.

A switching power supply is applied to high-frequency power electronic equipment
which is electrically isolated through a high-frequency transformer. Four transformers act
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as isolation circuits to isolate the grounding to each IGBT, as shown in Figure 6, to ensure
convenience and safety. This also has the advantage of negative bias which prevents the
interference of the IGBT drive gate and thereby prevents an explosion. In the IGBT winding
of the pulse transformer A, there is a 1-to-1 transformer with a cycle number of 12:45 using
ferrite cores. It then uses Zener diodes to control the voltage. The circuit operates from the
12 V pulse of the IC gate driver, which is input through the transformer, and then receives
the output signal from the Zener diode. It receives +12 V and —12 V signals so that it can
stop the conductive current to achieve control. The IGBTs can be turned on and off. There
are two groups of IGBTs in the circuit that can share the workload and reduce losses.
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10k
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Out H

Figure 6. The pulse signal generator circuit.

When the circuits in each part are combined, a pulse generator circuit uses this signal
to control the on—off switch of the high-frequency IGBT again. This circuit receives a 24 V
pulse signal as +12 V input and —12 V 2 output, as shown in Figure 7.

2.2. Temperature Analysis against Moisture and Thermal Energy of Organic Waste

In this research, the moisture from the organic waste was removed, reducing the
humidity to 35 percent, via heating at about 85-95 °C. Then, the power, heat, and electrical
energy of the system were calculated to analyze the inductor assembly. The heat was
applied to the fermentation tank (the bioreactor). This designed fermentation tank can
contain up to 500 kg of organic waste with an initial moisture content of about 65-75 percent,
which is then reduced to 40 percent. The remaining final weight of raw materials was
approximately 230 kg, as determined using Equation (1):

Wy = 1- M
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where Wy is the final weight (kg), W; is the initial weight (kg), M is the initial humidity
(percent), and My is the final moisture content after dehumidification (percent).

Teroid
Transformer 10K

. I3 ZERTO D
LLlL
TTT ous

in . out
' lGND
1 5 12Vac () 30k A70uF| T 3N 22
2 PSOC 51 10pF 51
3| [50
n o | SR
5 s :@ 10pF 51 <
5| 47 J 2 InF 0.22uF L L 1uF
7] 46 :@ 0 It T T
8] 45 [Swite _’__117 IcLazze o 22
21 [44 J_ BNZ [
19§ [43 10uF [1uF | 0.22uF | 3 = T J_
a1 [42. L InF == 1uF
: ; | T Tul ™ o
RE] {40 - LM7812
14 39 10pF: 51 in [ |out .
- = Teroi
15 38 GND T er 10K outC
16 [37. LoF 5 12 H 45 1k ‘ -
P 5 12Vac 30k== 470uF = 30k
17 36 -‘_ 1000uF I J_“m_
18 35 !
2 s - TTTow b
9] 34 SuF SuF
20 3 = Teroid
20] 10k
= Transformer
21 32 10uF [1uF[ 0.22uF ™ H Out E
- ¢ SR 5 1k
» 31 474nF 5uF_SuF; LS
23| [30 Ll
24 [29 T T Out_F
2 8
Cypress_52Pins - LM7812
7 - [27. in out
GND
LM7805 r l
in[ out 12Vac () * 30k a70ur | = 30K 22
uT]
' lGVD T
30k
9Vac 470uF] == 304
@ ‘* "" 1000uF] «
<t
J 22 InF uvzz\m% % 1uF
— - 1t
— LI 22
1CL3232C [~ -
Moy F
22 L = 1uF
T F.zzur 22
LM7812
in out
Teroid
GND Transformer 10K out G
12 H 45 9k ‘ -
12Vac 30k== 470uF = 30k
T et IIT..

Out H
SuF 5ulf

Figure 7. Schematic of how the set circuit generates and drives pulse signals.

Based on this calculation, the final weight Wy = 230 kg and the evaporated water
was 500-230 kg, which equals 270 kg. Then, we used the amount of evaporated water to
calculate the heat energy from Equation (2):

QTotar = mcAT + ml 2)
where Qr,, is the total heat energy (calories), m is the weight of evaporated water (g), and
C is the specific heat energy of water. (1 calorie per gram of Celsius), AT is the temperature
change from the normal temperature (Celsius), and [ is the latent heat of steam conversion
(540 calories per gram), which equals 1.647 x 10® calories or 16.47 x 107 J.

When calculating the power from the total dehumidification time (20 h), we use Equation (3):

P @)

The total power in 20 h is 6.863 kW. Our heating method draws heat directly from
the oven. Therefore, the heat energy is transferred to the storage tank. Consequently, the
heat energy in the storage tank is lost and accumulated before being transferred to the
organic waste again. In addition, the thickness of the baking pot is 10 mm, and the power
of each heater is about 9.6 kW. Two machines in total, with total power of 19.6 kW [26]

are sufficient to dry a large amount of waste in less time. We then determined the cost of
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running the heater for 20 h, which was about THB 1024, corresponding to THB 3.50 per unit
of electricity.

Assuming the baking drum has a diameter of 110 cm and a length of 155 cm, the
volume of water in the drum can be calculated as shown in Equation (4):

V = nr’h 4)

where V is the volume of the cylindrical tank (cubic centimetres), r is the diameter (cen-
timeters), and h is the rubber of the tank (centimeters).

The volume is equal to 1,479,014 cubic centimeters, and the drum can contain 3/4 of
the tank’s waste. The weight without the stirrer is approximately 1.1 tons. However, when
the stirrer is inside the tank, it can hold a weight of 400 kg, which is comparable to the
capacity of a far larger tank. Additionally, to create a bin capable of containing about 1 ton
of waste, we can increase the size by 150 cm in diameter and 250 cm in length [27]. When
calculating the volume without stirring blades, it is 4,417,867 cubic centimeters. When there
is a stirrer in the bin and 3/4 of the bin is loaded, the volume of waste that can be stored is
approximately 1,200,000 cubic centimeters or 1.2 tons.

3. Results and Discussion

We constructed a large-scale induction heating machine that directly heats the tank,
and used it in an experiment involving an oven. We analyzed the heat energy, temperature,
and time needed to heat the oven quickly. Thus, a number of copper coil winding turns
were designed. Initially, one set of copper wire was wound, and the apparatus was set as
shown in Figure 8 to monitor the Joule frequency of the wound copper wire. The capacitor
value used was appropriate for a maximum-efficiency heater [28-30].

Figure 8. Heat induction machine applied to large bioreactor.

After that, the temperature inside and outside the tank after 90 min was checked.
The internal temperature of the wound coil reached as high as 150 °C, and the outside
temperature near the coil was around 110 °C, as shown in Figure 9.
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(a)

Figure 9. (a) The temperature inside the tank in the copper wire area. (b) The temperature outside

the tank around the copper coil area.

After checking that the copper wire wrapped around the large tank, the induction
heating machine was used to heat the tank directly. We then wrapped four sets of copper
wire around the area to achieve the highest efficiency in direct heating to the tank, as shown
in Figure 10.

Figure 10. All four sets of copper wire wrapped around the bioreactor.

When the copper wire is wound around a total of four groups of cans, the inductor
value of each coil should be as similar as possible: about 190. A mini-Henry was used for
all four heaters. This machine covers the tank with heat-resistant fibers to retain heat and
prevent heat from entering from the outside, as shown in Figure 11.
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Figure 11. Four sets of wire-wrapped heating bins ready to be used for heating and decomposing
organic waste.

After the four induction heating machines were built, four sets of copper coils were
applied by adjusting the Joule frequency of each machine, and the coils were configured
to draw the maximum current. A large power supply of 1000 V/30 A was used to supply
power to the machine to adjust the Joule frequency and determine the current required. We
adjusted the voltage up to various values to check the operation and current resistance of
the induction heating machine. (See Table 1 to see the frequencies used). The load current
drawn by each appliance to which the heater is connected is shown in Figure 12.

Table 1. Changes in the current when the voltage of the induction heating apparatus is increased
when using 4 induction heating apparatuses.

The Current the Load Pulls When the Voltage Value Increases (A)

Induction  Inductor Resistor Frequencyk
Heating (uH) Q) (kHz) 30 150 250 310 320 340
1 160 39 8.569 4.36 14.96 25.78 34.80 36.38 39.62
2 195 3.6 8.965 442 15.20 25.82 34.22 35.42 38.66
3 190 34 8.906 424 15.30 25.98 34.10 35.64 38.66
4 197.6 35 8.645 4.24 15.26 26.26 34.90 36.32 39.46

We measured the signals of each heater to see if the frequency and signal image were
distorted, as shown in the graph in Figure 13.

Table 1 shows the current values of all four induction heating devices when increasing
the pressure according to the values in the table. The table also shows the frequency used
along with the values for the inductance (uH) and resistance ((2) used to encapsulate the
tank of all four machines.
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Figure 12. A heater with a total of 4 sets of bioreactors applied simultaneously with a set of

copper wire.
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Figure 13. Signals of heaters applied to the bioreactor at a frequency of 8.892 kHz.

When turning on the four heaters and the wound copper coils around the tank at
different times to measure the value of the current drawn by the load, the temperature of
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the coil and the temperature inside the tank, the values of each coil region were observed
to be similar. These values are summarized in Table 2.

Table 2. Thermal measurements were performed using an infrared camera of the heat generated in
the body over time and the current value that the load is drawn to.

Heating Time (Minutes)

5
15
30
45
60
90

The Loaded Current Coil Temperature (°C) Temperature Inside the Tank
Required (A) at the Coil Area (°C)
32 37 70
27 60 92
25 65 115
23 68 125
22 75 147
22 75 150

After heating the tank for about 45 min, the current began to stabilize. At this point, it
was around 23 A, and the temperature inside the tank at the coil-specific area was about
125 °C. It took about 90 min for heat transfer inside the tank to result in a temperature of
about 130 °C throughout the tank.

The researchers then designed another experiment using only two heaters since using
all four machines would make transportation and installation more difficult, as well as
increase the electricity use. Therefore, a heating method using four machines is not suitable
at this time.

Thus, we focused on a design using two induction heating machines with four sets of
copper wires to obtain sufficient heat. We ensured that this would be suitable for the size
of the bioreactor by designing a new coil which removes half of all the existing coils. Then,
we connected copper sets 1 and 2 and 3 and 4 in series, as shown in Figure 14. This resulted
in two sets of inductance wires, each with the same inductance, so there was no need to
adjust the capacitor value; it could be used with both heaters to increase the efficiency of
the heat energy in the tank [31,32].

L4 L3 L2 L1

B LI G IR Lo B L

Figure 14. The experimental set-up with all 4 sets of coils connected in 2 sets for 2 heaters.

Once the design with two sets of copper wire was in place, the two heat inductors
were fitted to a large baking hull, as shown in Figure 15, and we adjusted the appropriate
Joule frequency for this new wire unit to allow the maximum current to be drawn.
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Figure 15. Both heat inductors are used to heat the bioreactor.

We measured the signal and adjusted the frequencies of the two heat inductors, as
shown in Figure 16, so that they could draw the maximum current which would be suitable
for practical use.

T 0 DNOR S

(a) (b)

Figure 16. (a) The frequency signal of the heater set 1 at a frequency of 8.892 kHz. (b) The frequency
signal of the second set of heaters at a frequency of 8.804 kHz.
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Table 3 shows the current values of both induction heating devices when adjusting the
pressure higher according to the table. It also shows the frequency used, along with the
values for the inductor (uH) and resistor ((2) used to encapsulate the tank of both machines.

Table 3. Shows the change in current when the voltage of the induction heating apparatus is increased
in the set up with 2 induction heating apparatuses.

Induction Inductor  Resistor  Frequency The Current the Load Pulls When the Voltage Value Increases (A)
Heating (uH) (@) (kHz) 30 150 250 310 320 340
1 207.4 3.672 8.892 4.64 13.16 20.92 33.84 34.18 36.52
2 218.8 3.549 8.804 4.82 16.24 28.38 35.32 37.98 39.52

In the experiment with both heaters, it can be seen that the value for the inductor was
about 218 uH, that for the resistor was about 3.6 (), and the ideal frequency for pulling
the maximum current was 8.892 kHz. Two machines at 320 V could achieve a total of
about 34 A.

Table 4 after applying power to heat the tank for 30 min, the temperature inside the
tank and around the coil reached about 100 °C; the current began at about 24 A. Once
the power had been applied for about 90 min, the tank temperature reached 115 °C. This
process is suitable for practical use because it does not take long to heat the tank using
only two machines, and the temperature of the oven can be used to dry organic waste to
accelerate decomposition.

Table 4. We measured the average heating value of each coil formed on the housing over time and
checked the current consumed by the load when using the heater. The apparatus consisted of two
machines and four copper wire units.

Temperature Inside

Heat¥ng Time The Loaded Current Coil Temperature (°C) the Tank at the Coil
(Minutes) Pulls to Use (A) o
Area (°C)
5 35 37 60
15 27 65 82
30 25 80 95
45 24 85 115
60 24 95 126
90 24 95 128

In our research, two of the induction heaters were used to heat organic waste, which
included dried leaves, grass straw, cow dung, and infected chicken carcasses weighing 175,
250, 350, and 500 kg, respectively. We heated the waste for 20 h. At the beginning of the
process, the temperature of the materials was 30 °C and they had a 70% moisture level. We
demonstrated that the first 8 h of heating could increase the temperature of the waste from
30 to 95°C. This was maintained up to 20 h. Finally, the temperature of the waste remained
constant between 85 and 95 °C as shown in Figure 17.

To ensure the reliability of the experimental results, the experiments were repeated to
analyze whether the results followed similar trends for accuracy and precision. The test
involved mixing organic waste in quantities of 175, 250, 350, and 500 kg. Each quantity was
tested five times to observe the temperature, moisture, and weight changes after 20 h of
heating, shown in Table 5.
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Figure 17. (a) The total of the waste weighted into the bioreactor. (b) After 20 h of heating, the
temperature of the material was 90 °C.

Table 5. Resulting temperature, moisture, and weight after heating for 20 h.

Starting P ; Test Time
. arameter
Weight (kg) 1 2 3 4 5 Average

Temperature (°C) 92 93 92 91 92 92

175 Moisture (%) 30 28 30 32 30 30
Weight (kg) 75 72 73 76 74 74

Temperature (°C) 89 88 90 90 89 89

250 Moisture (%) 32 34 31 31 32 32
Weight (kg) 116 118 113 112 114 115

Temperature (°C) 90 90 93 92 90 91

350 Moisture (%) 34 35 32 33 36 34
Weight (kg) 163 163 160 162 164 162

Temperature (°C) 88 86 87 85 89 87

500 Moisture (%) 33 36 35 38 33 35
Weight (kg) 227 232 229 233 227 230

After conducting the test five times, we plotted the average temperature and moisture
values obtained from the table, as shown in Figure 18.

After 20 h of heating, the waste’s weight reduced to 74, 115, 162, and 230 kg for each of
the four materials, respectively, and 35% moisture. A four-hour cooling time was required
to reduce the temperature to 40 °C before mesophilic microorganism spores were added in
order to turn it into a quality organic fertilizer, as shown in Figure 19. In brief, this process
of disposing of organic waste and infected waste can create quality organic fertilizer within
24 h using the heat from a powerful induction heater.

Based on the above, we can obtain energy sources for induction heating with a high
efficiency of more than 80% compared with other energy sources such as biomass furnaces
or gas applications. Including the use of heating coils that use the same electrical energy
but using induction heat will achieve the highest efficiency in heating.

Based on the results in Table 6, it was found that induction heating is the most cost
effective form of heating compared with other heating methods, due to the efficiency and
the value of using this type of heat.
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Figure 18. (a) Changes in the temperature of the material with time. (b) Graph showing the relation-
ship of moisture with time.

Figure 19. After drying, we let the material cool down and then transferred it to fertilizer bags.
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Table 6. Comparison of heating efficiency for different types of heating.

Types of Heating Heating Efficiency (%) Advantages/Disadvantages

Highest efficiency and uses electricity to

Induction heati > D
nduction heating 80 heat, which is easy to source, and cheap.

High efficiency, but the materials used,
Biomass furnaces 70 such as rice husks or corn husks, are rare
and expensive.

Uses the same amount of electricity as
induction heating. However, the heating

Tungsten coil 518 efficiency is lower, and the cost of
tungsten coils is relatively high.
Gas 50 The heating efficiency is not high, and the

cost is expensive.

Easy to find but difficult to control the
Coal 32 quantity. It also has the lowest
heating efficiency.

In these experiments, we demonstrated that 100-500 kg of organic waste can be put
into the machine per cycle. The organic waste can be mixed or separated; this does not
affect the heating. It always maintains a heating efficiency >80%; the heating efficiency
is not affected by the amount of organic waste due to the efficiency of the induction
heat generator.

4. Conclusions

At present, there are many forms of thermal energy which are very useful in the
treatment of organic wastes, such as biomass burning, tungsten coil heating, solar heating,
and infrared heating, which are expensive and require high power consumption. These
also pollute the environment, so this study proposes a heater design. The baking pan
is induced by a large magnetic field and subsequently heated. The system can be used
to decompose and treat organic wastes and transform them into high-quality organic
fertilizers. The efficiency of this induction heating method is 80% higher than other heating
methods. It is also a clean, environmentally friendly, and cost-saving form of energy due
to its direct use of electricity as energy. Therefore, compared with other forms of heating,
it is the most valuable. First, we designed and manufactured a —12 V to +12 V pulse
generator circuit to drive an IGBT switch with a frequency of 8.88 kHz. Next, the copper
coil wound around the water tank was designed for use in the heater, as described in
Experiment 2. In this study, two induction heaters were used. Each of the heaters produced
30 A and 32 A of current. Using two copper wires, the inductor reached 207.4 uH and
218.8 uH at frequencies of 8.892 kHz and 8.804 kHz, respectively, heating the whole tank
to about 120 °C in about 90 min. We created an induction heater to heat a large baking
pot, and it was applied to the decomposition of organic waste, dead chicken residues,
fresh residues, fruit and vegetable residues, straw, oil skin, crushed sugar cane, soot and
duck dung. These were put in the oven for decomposition; then, the heater and mixing
system were turned on for 20 h, which gradually increased the temperature of the garbage.
The moisture level of the garbage gradually dropped to 30-40%; we then waited for the
material temperature to cool. At a temperature of 40 °C, we added microorganisms to aid
with decomposition. Then, we transferred the mixture into fertilizer bags and waited for
about 2 weeks. Shortly afterwards, high-quality organic fertilizer was obtained from the
decomposition of organic waste.
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