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Abstract: Unmanaged waste can cause environmental pollution, as well as hygiene and
health problems. Sitimulyo Piyungan Bantul at the coordinates of −7.86409, 110.42888
was established in 1994 and is the final waste repository area in Yogyakarta, and it is
now completely closed; consequently, causing joblessness in the surrounding community.
There are activities that can be undertaken to recycle waste such as managing rubbish.
Waste can be divided into four categories scrapping, composting, and producing maggot
food. However, unmanaged and useful waste, namely, inorganic and hazardous waste,
remains a big problem. This research work aims to solve the problem by re-engineering
and making an initial simulation using computational fluid dynamics of an incinerator to
complete unmanaged inorganic and hazardous rubbish. The incinerator was produced to
process non-organic solid and medical waste, which should be combusted at temperatures
higher than 800 ◦C to reduce combustible rubbish that can no longer be recycled, and
toxic chemicals, to kill bacteria and viruses. The main incinerator frame is made of an iron
elbow. Construction of the incinerator is divided into the chamber, recirculation zone, and
chimneys. The wall of the incinerator machine is made of refractory stone and insulators. To
measure and control the temperature, thermocouples and a thermocontrol are placed at the
inner wall of the incinerator machine. The function of the incinerator machine was tested,
and it ran normally. Initial operation of an incinerator for solid hazardous waste such
as infusion bottles, pets, glass bottles, pampers, and expired medicines was undertaken.
The performance showed that the achieved temperature was 705 ◦C during the process
of the operation, and all of the hazardous waste became ash and the recycled material
became a paving block that is economically worthwhile. Hence, the incinerator can be
operated as a household industrial tool for a solid medical waste processing apparatus. An
initial computational study of the incinerator was also carried out briefly using the student
version of commercial software.

Keywords: incinerator; construction; chamber; recirculation; hazardous and inorganic
waste

1. Introduction
Hazardous waste is all waste generated from hospital activities in solid, liquid, paste,

or gas form that can contain infectious pathogenic microorganisms, toxic chemicals, and
some are radioactive. Hospital waste tends to be infectious and toxic chemicals that can
affect human health and worsen environmental sustainability if not managed properly.
Solid hospital waste, better known as hospital waste, is something that is not used, not liked,
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or something that must be disposed of that generally comes from activities carried out by
humans, and is generally solid [1,2]. Solid hospital waste is all hospital waste in solid form
due to hospital activities, and consists of solid medical and non-medical waste (Decree of the
Minister of Health of the Republic of Indonesia No. 1204/MENKES/SK/X/2004) [3]. The
incineration process is one alternative method of waste processing that is used effectively.
This system has advantages including being able to produce heat energy and requiring
a short degradation time compared to composting, landfill, and open dumping systems.
The incineration process can reduce the volume of waste by up to 90% while composting,
landfill, and open dumping can only reduce the volume by 40%. Incineration according
to [4–7] is a solid waste processing process by burning at a temperature of more than 800 ◦C
to reduce combustible waste that can no longer be recycled, and kill bacteria, viruses, and
toxic chemicals. This process is carried out in a tool called an incinerator. One of the
advantages that continue to be developed in the latest technology for incinerators is that
waste can be destroyed quickly and in a controlled manner, and it does not require a large
area. Research conducted by [8] made this cylindrical incinerator using refractory bricks for
the walls of the combustion chamber. For combustion, this incinerator uses three gas-fueled
burners. Research by [9] conducted an evaluation of the processing of B3 solid waste from
combustion at Dr. Soetomo Hospital, Surabaya. The incinerator used for combustion is
the Rotary Kiln type. In one day, the incinerator at Dr. Soetomo Hospital can burn medical
waste four times. The average combustion temperature is 900 ◦C. The current constraint on
the use of incinerator technology is that it still requires a lot of combustion energy from
fuel oil or gas, so that the operational costs of the incinerator are high and the price of the
incinerator is relatively very expensive. Ref. [10] conducted a study by analyzing the solid
waste processing of the Kudus Regency Regional Hospital. This suboptimal combustion
is likely caused by the short residence time of medical solid waste in the incinerator and
the temperature required to destroy the medical solid waste is not too high. To overcome
this, incinerator machine technology was developed that is expected to overcome these
problems for energy-efficient medical solid waste processing. Therefore, an incinerator was
made without a burner as the main burner, which will save combustion energy so that
operational costs are low, making the cost of the incinerator relatively cheap. Making this
incinerator is also simpler compared to making a burner system incinerator.

2. Literature Study
A study that tested the incinerator’s operating capability to reduce clinical waste

was conducted at the Haji General Hospital in Surabaya [11]. This study showed that the
incinerator’s capability to reduce waste reached 85% for 3–4 h. The incinerator’s capability
based on process time and mass weight follows first-order reaction kinetics and optimum k
(reaction rate) = 1.0132 with 5 kg mass and minimum k = 0.6839 at 30 kg mass [12]. A study
evaluated solid medical waste processing at the Gatot Soebroto Army Central Hospital.
Similar solid waste processing of the Kudus Regency Regional Hospital in the introduction,
the incinerator used at the Gatot Soebroto Army Hospital has a burning capacity of 5 m3

with a Controlled Air Incinerator type equipped with pollution control in the form of a wet
chamber and Hazard Particle Preventer. A study analyzed the solid waste processing of
Kudus District Hospital. This suboptimal combustion is likely caused by the short residence
time of the medical solid waste in the incinerator, and the temperature required to destroy
the medical solid waste is not that high as state on brick wall experiment previously. A
study analyzed B3 waste processing at PT Toyota Motor Manufacturing Indonesia. The B3
waste management system used an incinerator, and the DRE value produced was 80.59%,
which still does not meet the quality standards of the Kep-03/Bapedal/09/1995 regula-
tion [13], which is 99.99%. The non-optimal temperature causes incomplete combustion, so
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that the DRE efficiency is less than 99%. This is due to the less-than-optimal use of the incin-
erator [14]. A study designed a prototype of a radioactive waste incinerator furnace. The
manufacture of this furnace uses bricks consisting of a mixture of refractory cement, stone
sand, and building cement. The ratio is 1:1:1, which is then mixed with water and molded.
For combustion, this furnace uses three burner units that use oil fuel [7]. A study evaluated
the function of the incinerator in destroying B3 waste at the TNI Hospital in Surabaya.
After conducting direct research for 14 consecutive days, it was found that the average
B3 waste generation was 89.98 kg/day with an average waste density of 166.67 kg/m3.
The removal rate from waste combustion with an incinerator at the TNI Hospital was
82.63% [15]. A study analyzed the use of incinerators in waste processing in the city of
Merauke. Final waste disposal using incinerator technology was found to be useful in
the city of Merauke to overcome the constraints of the conventional methods currently
used [16]. A study designed a municipal waste power generator (PLTSa) incinerator type as
an alternative electricity solution for the city of Medan. Penetration of PLTS in the medium-
voltage distribution system, also known as Distributed Generation based on Renewable
Energy Sources, can improve voltage drop and loss, as well as improve the voltage stability
index, in addition to helping add new electrical power to the 20 kV primary distribution
network. From the various creations, it can be concluded that the incinerators that were
made are still not optimal and require a lot of energy for combustion, so the operational
costs of the incinerator are very high. The research being conducted now is to make a solid
medical waste incinerator without a burner as the main burner. The technique for making
this incinerator is simpler compared to the burner system incinerator, so that effective
performance can be obtained, along with energy efficiency and low operational costs, and
its manufacture is cheap.

3. Methodology
The method of making an incinerator is explained in the flow diagram shown in

Figure 1 below.
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Figure 1. Flow chart diagram of research. Figure 1. Flow chart diagram of research.

3.1. Tools and Materials

The tools used to make this medical solid waste incinerator machine include a grinder,
electric welding, electric drill, roller ruler, hammer, and compressor. The materials used to
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make this medical solid waste incinerator machine include 50 mm × 50 mm × 5 mm angle
iron, 3 mm steel plate, ø 175 mm pipe, refractory stone, Fire Retardant Cement, soil and
sand, glass wool, paint, thermocouple, thermocontrol, anemometer, and materials in the
form of solid medical waste and rubbish.

3.2. Experiment Procedure

The trial of this incinerator was carried out by burning medical solid waste, namely,
infusion bottles, syringes, glass bottles, baby diapers, and expired medicines, with existing
operational standards. The burning duration is approximately 25 min or until it produces
perfect ash. During the burning process, observations and recordings of the temperature
were carried out using thermocouples and temperature control using thermocontrol. Op-
erational trials were conducted on an incinerator that had been designed, as shown in
Figure 2 below.
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Figure 2. Incinerator design.

From the process of making incinerators, medical solid waste incinerators are obtained
with the following specifications:

a. Dimension: 1815 mm × 1200 mm × 1550 mm.
b. Main frame: Elbow still (50 mm × 50 mm × 5 mm.
c. Main frame burner: 1400 mm × 1200 × 1600 mm.
d. Flue circulation room: 357 mm × 1200 mm × 1600 mm.
e. Ash room: 1400 mm × 1200 × 150 mm.
f. Chamber wall: Refractory stone.
g. Casing of incinerator: Iron plate 3 mm thick.
h. Chimney: 300 mm height 25 mm.
i. System: Without burner.
j. Thermocouple: Type K (0~+1000 ◦C).

4. Result and Discussion
4.1. Result of Construction Process

The initial process of making an incinerator is carried out with several appropriate
considerations. The area of the waste combustion chamber and the smoke combustion
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chamber must be compared correctly when making the chamber so that it produces maxi-
mum engine work. The results of the initial construction process are shown in Figure 3.
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The insulator in an incinerator has a vital role. This insulator uses glass wool as shown
on Figure 4. The provisions of an insulator serve as a retainer for the hot room temperature
so that it does not conduct directly outside the room through the incinerator casing; if there
is a conduction, the casing made of iron plate will bend due to expansion due to heat from
the waste combustion chamber.
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Figure 4. Insulator assembly.

The making of the casing on all sides was performed previously and then installed on
all sides of the part. The casing of this incinerator uses a 2.8 mm thick iron plate material.
The casing functions to protect the insulator and chamber walls from the outside air and as
a chamber retainer so that it is not easily damaged. In making this incinerator door, the
inner door is given an insulator in the form of casting using castable, which has the function
of retaining temperature like the glass wool found on the chamber walls. The chimney is
the most important part of the incinerator to drain air out of the chamber. This incinerator
is made using a pipe with a diameter of 160 mm, a thickness of 4 mm, and a height of
2290 mm. Putty is applied on the end side of the incinerator and the welding connection
part to smooth the connection results. Paint is applied to the casing, door, and chimney of
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the incinerator. This painting aims to protect the material from corrosion and improve its
appearance. Maintenance of the tool components can be undertaken routinely by the user
or operator every time the tool is used. Inspection can be undertaken before and after the
tool is operated, so it can be identified if there is damage. Checking the chamber wall is
conducted to check the physical condition of the bricks after a long period of operation.
Frequent maintenance involves cleaning dirt from the remains of burning medical solid
waste after operating the incinerator machine. From the results of the temperature test as
Figure 5, this tool can reach a temperature of 998 ◦C and can be operated to process solid
medical waste burned into ash except for waste made of plastic, needles, and glass.
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Temperature measurement in the combustion chamber and recirculation area as well
as at the chimney was undertaken using a thermocouple. Meanwhile, an anemometer
was used to measure the ambient air velocity, and the air velocity entering the combustion
chamber of the equipment used, as shown in Figure 6.
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4.2. Experimental Data and Discussion

The results of the measurements of the incinerator performance that were made from
the beginning obtained various types of information, especially measuring the temperature
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at various measurement points and air speed and the percentage of waste combustion
residue showed at Table 1.

Table 1. Incinerator temperature and air speed measurement data.

Temperature Air Velocity

Combustion
Chamber

Recirculation
Zone Chimney Surrounding Air Incoming Air

506.1 ◦C 302.2 ◦C 145.0 ◦C

2.64 km/h 1.66 km/h
563.0 ◦C 319.0 ◦C 260.0 ◦C
628.1 ◦C 339.5 ◦C 287.6 ◦C
637.1 ◦C 458.8 ◦C 309.4 ◦C
705.3 ◦C 598.4 ◦C 358.4 ◦C

Production Capability: The expected combustion rate efficiency temperature is around
500 ◦C–1000 ◦C. The expected waste-burning capacity is 750 kg per day. Meanwhile, over
ten days of operation, the incinerator is capable of processing 7000 kg of waste with 250 kg
of ash (residue).

Residue and its use: From the results of laboratory tests as Table 2, paving with
residue that meets the National Standard Industry (SNI) specifications with a mixture of
30% and 50% residue can be used as a substitute for sand.

Table 2. Job Mix Design for Residue bricks or paving block.

In Percentage In kg/Sample Sample Making Needs

No Cement Sand Residue Cement Sand Residue Cement Sand Residue

1 30% 60% 10% 0.9 1.8 0.3 0.5 0.9 0.2

2 30% 40% 30% 0.9 1.2 0.9 0.5 0.6 0.5

3 30% 20% 50% 0.9 0.6 1.5 0.5 0.3 0.8

1.4 1.8 1.4

In total

The following is noted from Tables 3–5: For sample 0%, the formwork size used is
15 × 15 cm. And for samples, 10%, 30%, and 50%, the formwork size used is 5 × 5 cm.

Table 3. Results of water absorption testing wet sample weight.

No JMD Sample 1 Sample 2 Sample 3

1 0% 2.175 2.275 2.240

2 10% 250.000 255.100 244.900

3 30% 237.000 234.900 235.100

4 50% 210.800 225.200 225.500

Table 4. Results of water absorption testing dry sample weight.

No JMD Sample 1 Sample 2 Sample 3

1 0% 2.120 2.220 2.180

2 10% 231.600 233.700 224.200

3 30% 212.400 205.500 210.000

4 50% 177.700 194.800 174.700
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Table 5. Results of percentage absorption capacity.

No JMD Sample 1 Sample 2 Sample 3 Average

1 0% 2.48% 2.220 2.180 2.61% OK

2 5% 7.94% 233.700 224.200 8.78% OK

3 10% 11.63% 205.500 210.000 12.63% OK

4 15% 18.63% 194.800 174.700 17.88% OK

Compression test results: It should be noted that compression test results shown on
Table 6 for the 0% sample, a formwork size of 15 × 15 cm was used. And for the 10%, 30%,
and 50% samples, a formwork size of 5 × 5 cm was used.

Table 6. Results of compressive strength of concrete bricks.

No JMD
Sample (MPa)

Average (MPa) Result
1 2 3

1 0% 36.4 25.7 21.4 27.83 Succeed

2 10% 1.8 2.7 4.10 2.90 Fail

3 30% 14.8 7.5 9.7 10.64 Succeed

4 50% 36.4 7.4 9.6 10.68 Succeed

4.3. Initial of Computational Study

In this computational research, for modeling using commercial software Solidwork
2020, the Solidwork model was saved in the igs extension so that it can be imported
into other media or software, and a similar simulation was carried out [17–19]. In this
simulation, the student version of the Ansys CFX 2021 R2 software was selected, while
from the Ansys software, we imported the igs fluid flow (CFX) extension file as part of the
computational fluid dynamics (CFD). The process stages through Ansys were to import the
geometry and then to do the meshing. The meshing model is a model discretization process
so that the solver can calculate the main variables in CFD. The meshing results are then
set to the boundary conditions to determine the boundaries of the inlet, outlet, and fluid
walls that will pass through the computational domain according to the characteristics and
processes desired in the simulation. In this initial simulation, we set the air fluid that will
flow into the computational domain to ensure the air flow process and the possibility of
modifying the path if there is still less than ideal air flow in the computational domain. The
model and meshing results are shown in Figure 7 below.

The simulation results are still preliminary, and the flowing fluid is only air. The
results involving the transfer of arrow energy will be studied in a separate discussion. The
simulation results also show a fairly prospective picture with recirculation flow inside
the combustion chamber. A vortex flow was revealed behind the incinerator. Further
investigation showed that results provide a direction for recommendations for further
studies in the area of heat and mass transfer challenges.
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5. Summary
Based on the results achieved from the entire process including the manufacture and

testing of the incinerator system without a burner, the following conclusions can be drawn:

a. The incinerator manufacturing process begins with making the frame and then
continues with making the chamber space by arranging refractory stones. The
insulator is installed on the chamber wall with glass wool and then covered with
a casing made of a 2.8 mm thick iron plate. The previously made chimney and
incinerator door are subsequently installed. The finishing is conducted by filling and
painting to prevent corrosion. The last step is to install the thermocouple temperature
measuring components and thermo control.

b. This incinerator is capable of processing solid medical waste into ash except for
needles, plastic, and glass with a temperature reaching 998 ◦C with a capacity of 5 kg
of waste and 8 kg of fuel infusion bottles, syringes, glass bottles, baby diapers, and
expired medicines.

c. The results of the incinerator recycle residue-produced paving blocks fulfill the
specifications of the SNI, and as the initial simulation changed, further study that
possibly involves mass and heat transfer is recommended.
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