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Abstract

The coronavirus disease (COVID-19) has badly impacted many sectors, particularly medical waste
generation in healthcare facilities. The increasing amount of medical waste poses a serious threat to
health and environmental sustainability. Pyrolysis as a superior thermochemical technology is an
effective solution for treating both B3 medical waste and non-B3 medical waste. The waste used in this
study has good characteristics, as indicated by the low water and high fixed carbon content. The
pyrolysis process yields products with economic value, such as solid, liquid, and gas products.
Therefore, this study aims to determine the levels of products that can be produced from B3 and non-
B3 medical waste. The results showed that rubber bands produce the highest proportion of liquid
products at 44%, the highest solid products were obtained from LDPE plastic waste with a proportion
of 65%, while the highest gas product was produced by mask waste at 45%. Based on the results, waste
with high product yields can be used as an alternative energy source, such as gasoline, LPG, briquettes,
and battery-based materials.
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Abstrak
Virus corona (COVID-19) memberikan dampak buruk bagi banyak sektor, terutama pada timbulan
sampah medis di fasilitas pelayanan kesehatan. Meningkatnya jumlah limbah medis merupakan
ancaman serius bagi kesehatan dan kelestarian lingkungan. Pirolisis sebagai teknologi termokimia
yang unggul merupakan solusi efektif untuk pengolahan limbah medis baik limbah medis B3 maupun
limbah medis non-B3. Sampah yang digunakan dalam penelitian ini memiliki karakter sampah yang
baik. Hal ini ditunjukkan dengan kadar air yang rendah dan kadar karbon tetap yang tinggi. Tujuan
dari penelitian ini adalah untuk mengetahui kadar produk yang dapat dihasilkan dari limbah medis B3
dan limbah medis non-B3. Hasil penelitian diketahui karet gelang menghasilkan proporsi produk cair
tertinggi sebesar 44%, sedangkan produk padat tertinggi diperoleh dari limbah plastik LDPE dengan
proporsi 65% dan produk gas tertinggi diperoleh dari limbah masker dengan proporsi 45%. Limbah
dengan hasil produk yang tinggi memiliki potensi untuk dimanfaatkan sebagai sumber energi alternatif
seperti bensin, gas Ipg, briket dan bahan dasar baterai.

Kata kunci: energi alternatif; limbah medis; pirolisis; teknologi termal
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1. Introduction

Coronavirus disease 2019 (COVID-
19) is a deadly virus whose existence was
first reported in Indonesia in March 2020.
Subsequently, census information on the
number of people who have contracted and
recovered from the disease has been
integrated into statistical data
comprehensively by various credible public
or private institutions to increase public
awareness. Similar information related to
the census of medical waste, which is also
important must be given more attention by
the community. This will reduce the
increasing impacts of medical waste
generation. Previous data on medical waste
showed an increase in the capital city of
DKI Jakarta from March 2020 to July 2021,
with a total of seven to ten thousand tons.
This includes masks, gloves, bandages,
tissues, plastic, paper, syringes, personal
protective equipment (PPE), and patient
food waste [1]. The World Health
Organization [2] stated that medical waste
is a hazardous material containing
radioactive, toxic, or infectious substances.
Medical waste management should be
performed using safe and environmentally
friendly methods [3].

Several management practices related
to technology, such as chemical
disinfection, sanitary landfill, incineration,
and pyrolysis, have emerged in various
developed and developing countries [4,5].
Indonesia, as a developed country, prefers
incineration which has the advantages of
reducing the capacity and quantity of waste
significantly and sterilizing them as a whole
[6]. However, organic wastes such as
polychlorinated  dibenzo-p-dioxins  and
dibenzofurans  (PCDD/Fs), polycyclic
aromatic hydrocarbons (PAHS), inorganic
emissions, as well as ash containing toxic
metals are generated during waste

incineration. They cause secondary
pollution to the environment, which
threatens human health [7,8].

Thermochemical conversion  has
many advantages over traditional waste
incineration methods, which are mainly
related to increased air pollution, generation
of value-added products, and energy [5].
Another advantage is that the operation uses
a temperature which can be adjusted as
needed, thereby potentially reducing the risk
of alkaline volatilization [9]. One of the
thermochemical conversions which utilize
the instability of organic components in
medical waste is the pyrolysis method [10].
This method uses raw materials that are
heated at high temperatures under low
oxygen conditions and produces synthetic
gas (syngas), which is then condensed and
converted into pyrolysis oil. The liquid
product has properties that are very close to
commercial transportation fuels which can
be improved and modified to become an
alternative energy source [11].

Previous studies have assessed the
pyrolysis concept as the most appropriate
method for treating medical waste because
it is considered safe and environmentally
friendly [5,8,12]. Medical waste generated
by health services consists of 15% B3
medical waste which comprises hazardous
and toxic materials, while the remaining
85% is considered non-B3 [13]. Non-
hazardous medical waste resembles
domestic/household materials, such as
garden waste, food scraps, paper, plastic,
cloth and rubber. Meanwhile, B3 medical
waste such as medical masks and gloves
arising from hospital medical activities, are
pathogenic and infectious in nature [13].
Based on the explanation above, this study
aims to perform pyrolysis of B3 and non-B3
medical waste to determine the levels of
products in the form of liquid, solid, and gas
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products. The results are expected to be
used as an innovation in handling B3 and
non-B3 medical waste in Indonesia.

2. Research Methods
2.1 Tools and materials

The raw materials were obtained from
the nearest canteen and pharmacy around
the Universitas Muhammadiyah Riau,
between May and July 2022. They consist
of B3 and non-B3 medical waste. B3
medical waste includes masks and gloves,
while non-B3 includes rubber bands, LDPE
plastic, HVS paper, cotton cloth, garden and
food waste. The sample weight was
determined by keeping half of the reactor
volume (500 mL) which was then weighed.
The proportion of each waste was placed in
the reactor, as shown in Figure 1.
Furthermore, the food waste in this study
was dried beforehand at a temperature of 90
°C to get the maximum bio-oil and reduce
the water content [14]. The next step is the
enumeration process. The collected waste
was chopped to a size of 5 mm to maximize
waste in the heating furnace and accelerate
thermochemical reactions [15].
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Figure 1. The proportion of medical waste

The laboratory-scale  pyrolysis
equipment  consisting of  several
components was used as shown in Figure 2.
The chopped medical waste was placed into
the neck flask reactor 3 (1) which has a
volume of 1000 mL. The heating furnace
(2) is a horizontal  frequency

electromagnetic heating device with an
inner diameter of 106 mm, a height of 61
mm, and is equipped with a temperature
controller (30-450 °C). Nitrogen (3) was
fitted with a hose and regulator to adjust the
nitrogen flow rate, while the condenser (4)
used was a Liebig-type with a length of
approximately 60 cm that utilizes the flow
rate of tap water as a cooling source.
Meanwhile, the liquid product container (5)
used was a glass two-neck flask with a
volume of 500 mL.

=0
-
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(1). Reactor (2). Electromagnetic heating furnace
(3). Nitrogen (4). Condenser (5). Liquid product
container

Figure 2. Pyrolysis equipment schematic

2.1.1 Characteristics of Medical Waste

A feasibility test for B3 and non-B3
medical waste is an important step before
performing the pyrolysis process. The
characteristics of medical waste were
determined using the proximate test based
on ASTM D 1762-84 standardization. The
proximate test was used to determine the
content contained in B3 and non-B3
medical waste. This includes water, ash (fly
ash), volatile, and fixed carbon [16].

2.2 Procedure

The first step before the pyrolysis
process is to ensure that all equipment sets
are properly installed. Chopped B3 and
non-B3 medical waste were put in the
reactor which was placed into a heating
furnace with the temperature set at 400 °C.
The pyrolysis time starts counting after the

CHEESA, 5(2), pp 101-110, 2022 | 103



Tri Nur Rezeki, Abrar Ridwan®, Wahyu Meka, Yulia Fitri, Rain Agri Mahendra, Munawir Hamzah, Laras Sita

Widara, Azzalya Putri Athala

Analysis of Pyrolytic Product Distribution for B3 and Non-B3 Medical Waste Pyrolysis

heating temperature is set and turned on.
Furthermore, nitrogen was added to help
push the syngas out through the condenser
pipe at a flow rate of 0.5 L/min. Nitrogen
also has the function of minimizing the
presence of air in pyrolysis equipment.
Airtight conditions can help the pyrolysis
process break down complex hydrocarbon
compounds into smaller molecules [5].

The cooling system uses two stages,
the first is a source of water that flows into
the condenser, while the second is a mixture
of ice and salt, which is placed under the
liquid product collector. Liquid components
were separated from volatile products by
condensation and collected in specific
devices, the solid product was obtained
from the pyrolysis residue, while non-
condensable gas flowed through the exhaust
hose. Furthermore, the process continued
until the temperature reached 400 °C. The
pyrolysis time and equipment were stopped
when no more syngas and liquid were
produced. These steps were carried out for
all samples of B3 and non-B3 medical
waste.

The products obtained from the
pyrolysis process were mainly solid
(charcoal), liquid (oil) and gas. The
percentage of each product produced was
calculated using equations 1, 2, and 3.

The liquid product was collected in an
oil reservoir under the condenser, and the
percentage yield was calculated using
equation 1.

Liquid mass

%Liquid =

Initial mass

The solid product (charcoal) is the
combustion residue produced through the
pyrolysis process and collects in the reactor.
The percentage can be calculated using
equation 2.

Charcoal mass

%Charcoal = X100%

..... @)

Gas is the result of a pyrolysis process
that cannot be condensed. The gas product
from each raw material can be calculated
using equation 3.

Initial mass

%Gas = 100 — %Liquid — %Charcoal ...... 3)

Table I. Proximate Test Results

Water Volatile Ash Fixed Carbon
Waste Content Content Content (%)
(%) (%) (%)

Mask 2.24 63.85 15.38 18.52
Gloves 2.31 68.08 13.37 16.22
Garden Waste 6.95 64.11 24.15 477
Leftovers 26.95 70.06 2.51 0.47
HV'S Paper 3.02 65.54 19.20 12.23
Cotton Cloth 10.01 80.40 5.09 14,51
Rubber Band 1.20 60.26 18.97 20.76
LDPE Plastic 5.38 89.62 4.32 0.66

3. Results and Discussion
3.1 Characteristic Test Results

The results obtained for the water,
ash, volatile, and fixed carbon test for B3
and non-B3 medical waste are shown in
Table 1. B3 medical waste including gloves
and masks had an average water content of

2.27%, while non-hazardous medical waste
such as garden and food waste, paper,
rubber, cloth, as well as LDPE plastic had
an average water content of 8.91%. High
water content is an unwanted substance
during the pyrolysis process. This is
because it can increase the need for heat and
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slow down the process. The B3 and non-B3
medical waste had a water content below
10% meaning that they have the potential to
be processed by the pyrolysis method based
on Silva et al. [17].

B3 medical waste had an average ash
content of 14.37%, while that of non-B3 was
12.37%. Ash content is an impurity for the
product obtained during pyrolysis and it has
non-flammable properties. Therefore, high
content will reduce the performance of the
pyrolysis tool. The samples used in this
study had an ash content below 15% which
implies that the waste will have production
effectiveness when processed by the
pyrolysis method [17].

Volatile contents are substances that
easily evaporate and they determine the
burning ability of fuel [18]. Gloves and

masks have an average volatile content of
65.96%, while that of garden and food
waste, paper, rubber, cloth, as well as LDPE
plastic was 71.66%. The sample used in this
study had a volatile content below 76%
indicating that they have good potential to
be processed by pyrolysis, according to Liu
etal. [19].

Meanwhile, fixed carbon is the
remaining amount left after the volatile and
ash content test. It is an important
component of waste because high fixed
carbon indicates the potential to be used as
an energy source [18]. Gloves and masks
have an average fixed carbon value of
17.37%, while that of garden and food
waste, paper, rubber, cloth as well as LDPE
plastic was 8.91%. The higher the fixed
carbon content produced, the higher the
potential for the waste to be used as an
energy source.

70,00%

60,00%

50,00%

40,00%

30,00%
20,00%

10,00%

0,00%

Garden Hvs Paper Rubber

Waste Band

LDPE
Plastic

Cotton Mask Gloves Leftovers

Cloth

M Liquid yield M Solid yield M Gas yield

Figure 3. Percentage of pyrolysis products

3.2 Pyrolysis Product Results

The pyrolysis process produces liquid,
solid, and gas products as shown in Figure
3. Based on the results, gloves produced
liquid, solid, and gas products at 400 °C with
a trial time of 90 minutes. The liquid product
has a thick texture caused by the aromatic
compounds contained in the glove. The

highest product obtained was 43% solid,
30% liquid, and 25% gas. A glove (medical
glove) is a plastic polymer of the nitrile
rubber type. Therefore, the identified
medical plastics can be recycled into fuel
energy because they are thermoplastic
polymers with a high oil content [20].
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The mask produced wax, solid, and
gas with a trial time of 110 minutes, while
the highest product was 55% solid and 45%
gas. This waste is made of polypropylene
containing paraffin [21] which causes the
liquid product to freeze and form wax. The
pyrolysis of disposable face mask waste at
low temperatures ranging from 350-450 °C
will produce wax and light liquid products,
while at high temperatures between 450-600
°C, gas and liquid products will be obtained
[22]. In this study, masks pyrolyzed at 400
°C did not produce liquid products due to the
low temperature.

The residues produced liquid, solid,
and gas products with an experimental time
of 75 minutes. The highest product from
food waste was 45% solid, 40% liquid, and
5% gas. A similar result was found in a
study conducted by Amrullah et al. [23] who
obtained a solid product of 57% and a liquid
of 41% at a temperature range of 400 °C.
This is because the high water content in the
food waste caused the heating in the reactor
flask to slow down, leading to an increase in
solid products.

Garden waste produced liquid, solid,
and gas products with an experimental time
of 60 minutes. Based on the results, the
highest product was 44% solid, 15% liquid
and 41% gas. A similar result was also
obtained from the pyrolysis of leaf and twig
waste by Novita et al. [24] namely 35%
solid, 30% liquid and 35% gas product at a
temperature range of 400 °C. Furthermore,
the content of lignin, cellulose and water in
garden waste causes gas and solid products
to increase [25]. According to Shen et al.
[26], the liquid product can be increased
[26]by reducing the particle size to 0.3-1.3
mm. This size is smaller than the size used
in this study, which is 5 mm.

HVS paper was found to contain
liquid, solid, and gas products with a trial

time of 60 minutes. The highest product was
64% solid, 14% liquid, and 22% gas. Paper
is made from cellulose which is found in
wood. The high cellulose content causes an
increase in solid pyrolysis products [27].
The liquid product can be increased by
reducing the particle size, according to a
review by Guedes et al. [28].

Furthermore, cotton fabrics produced
liquid, solid, and gas with a trial time of 30
minutes. The product obtained included
30% liquid, 27% solid, and 43% gas. A
similar result was also obtained in the
pyrolysis of cotton fabric by Ma et al. [29]
which produced a liquid product of 24% in
the temperature range of 400-500 °C. Cotton
fabric is a textile product made from cotton
fiber. It has the property of absorbing water
(hygroscopic) and heat resistance. The
temperature setting of 400 °C in the
pyrolysis process is considered capable of
degrading cotton fabric waste into liquid
products.

Rubber bands were found to contain
liquid, solid, and gas products with an
experimental time of 108 minutes. The
highest product was 44% liquid, followed
by 21% solid and 35% gas. Rubber bands
have the highest proportion of liquid
products because they contain 80% pure
rubber, 3% protein, and 2% fatty acids.
Moreover, Aragaw and Mokenenen [20]
stated that rubber-based waste contains high
oil.

LDPE plastic produced wax, solid,
and gas products with a trial time of 130
minutes. Based on the results, the highest
product was 65% solid and 30% gas. The
TPA (Terephthalic Acid) content and the
high calorific value of plastic waste cause
the combustion process to occur faster and
produce more wax. Furthermore, the TPA is
sublime and molecules from its isomer
which are burned into gas will experience
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freezing in the reactor flask and condenser,
eventually forming a solid wax [30].
Another factor that caused the formation of
wax solids is the low-temperature setting
[22] which greatly affects the products
obtained from plastic waste [31]. The results
of liquid products in this study are shown in
Figure 4.

22 3SR A% 5
Figure 4. Pyrolysis liquid product

3.3 Potential Energy

Products obtained from the pyrolysis
process offer many opportunities to be
exploited. According to Czajczynska et al.
[14], the liquid product from the pyrolysis
of paper biomass, cotton cloth, as well as
garden and food waste consists mostly of
acids, sugars, alcohols, ketones, aldehydes,
phenols, furans, and other mixed oxygen
compounds. Meanwhile, glove and rubber
band waste contains isoprene, toluene,
xylene, trimethylbenzene, and limonene.
The liquid product has the potential to be
used as an alternative fuel because it has a
high calorific content and value. Surono and
Ismanto [32] determined the calorific value
of liquid products produced from the
pyrolysis of PET, PP, and PE plastic waste.
The result showed that PP-type plastic has a
high heating value of 46.5 Mj/kg. This

calorific value is equivalent to those of
premium gasoline with a value of 44.0
Mj/kg.

According to Czajczynska et al. [14],
gas products from HVS paper biomass
waste, cotton cloth, as well as garden and
food waste consist of CO, CO2, and light
hydrocarbons. Meanwhile, products from
rubber band waste, LDPE plastic, gloves,
and masks contain CO, ethane, propane,
paraffin, olefin, and carbon. The gas
product produced in this study has an
average of 30.75% and is considered to
have great potential as an alternative gas
fuel to replace LPG, in line with
Klinghoffer and Castaldi [33].

The pyrolysis process is usually
maximized to obtain liquid and gas, while
solid products or charcoal are produced
from the rest of the combustion process.
Besides, the solid products contain a matrix
rich in activated carbon content [34] and are
widely used as solid fuel briquettes[35] or
as a base material for batteries [36].

4. Conclusion

The pyrolysis process in this study
produced liquid, solid, and gas products
using the same temperature of 400 °C. The
highest liquid product was obtained from
non-B3 rubber band medical waste with a
yield of 44%. Furthermore, liquid products
were not obtained from LDPE plastic and
masks because the content in the waste does
not match the temperature applied, hence,
only solid wax was produced. The highest
solid product was obtained from LDPE
plastic waste, with a yield of 65%, while the
lowest was produced from rubber band
waste with a yield of 21%. Moreover, the
highest gas product was obtained from
mask waste, with a proportion of 45% while
the lowest was produced from food waste,
with a yield of 18%.
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Products from the pyrolysis process
offer many opportunities to be used as
alternative energy sources. Based on the
percentage yields obtained, the liquid
product with the greatest potential to be
converted into gasoline is the rubber band
waste with a yield of 44%. The gas products
with the best potential to be converted into
fuel was obtained from masks with a
percentage of 45%. Finally, LDPE plastic
waste with a yield of 65% has the greatest
potential to be converted into solid fuel
briquettes and battery base materials.

Suggestion
Future studies should pay more
attention to the characteristics of the waste

References

and the temperature to obtain maximum
bio-oil. Moreover, inappropriate particle
size will affect the production of pyrolysis
oil.

Acknowledgment

The authors are grateful to the
Education Fund Management Institution
through the Merdeka Learning Campus
Merdeka program for providing support
during this project. Moreover, the authors
are grateful to all parties who helped in the
writing process of this study, especially the
supervisor. Hopefully, this study can
provide benefits for all and sundry

[1]

2]
[3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

Rachmat, R., & Nadjib, M. (2022). Implementasi kebijakan pengelolaan limbah medis infeksius
pada era COVID-19. Journals of Ners Community, 13(4), 449-458. doi:
10.55129/jnerscommunity.v13i4.2088

WHO. (2018). Limbah perawatan kesehatan. World Health Organization. Retrieved September
24, 2022, from https://www.who.int/news-room/fact-sheets/detail/health-care-waste
Kriswibowo, A., Wahyuningtiyas, A., Wandira, N., & Prasetyo, K. (2021). Kerjasama
pemerintah dan swasta dalam pengelolaan limbah medis Covid - 19 di Kota Madiun. Public
Inspiration, 6(1), 8-18. doi: 10.22225/pi.6.1.2021.8-18

Ali, S. A, Parvin, F., Al-Ansari, N., Pham, Q. B., Ahmad, A., Raj, M. S., ... Thai, V. N. (2021).
Sanitary landfill site selection by integrating AHP and FTOPSIS with GIS : a case study of
memari municipality, India. Environmental Science and Pollution Research, 28, 7528-7550. doi:
10.1007/s11356-020-11004-7

Dharmaraj, S., Ashokkumar, V., Pandiyan, R., Halimatul Munawaroh, H. S., Chew, K. W., Chen,
W. H., & Ngamcharussrivichai, C. (2021). Pyrolysis: An effective technique for degradation of
COVID-19 medical wastes. Chemosphere, 275, 130092. doi:
10.1016/j.chemosphere.2021.130092

Purwanti, A. A. (2018). Pengelolaan limbah bahan berbahaya dan beracun rumah sakit di RSUD
Dr.Soetomo surabaya. Jurnal Kesehatan Lingkungan, 10, 291-298.

Sitompul, P. P. E. (2021). Menilik kebijakan pengolahan limbah B3 fasilitas pelayanan kesehatan
selama pandemi COVID-19 di Provinsi Jawa Barat. Dinamika Lingkungan Indonesia, 8(1), 73—
79. doi: 10.31258/d1i.8.1.p.73-79

Fang, S., Jiang, L., A, P. L., Bai, J., & Chang, C. (2020). Study on pyrolysis products
characteristics of medical waste and fractional condensation of the pyrolysis oil. Energy, 195,
116969. doi: 10.1016/j.energy.2020.116969

Matsakas, L., Gao, Q., Jansson, S., Rova, U., & Christakopoulos, P. (2017). Green conversion
of municipal solid wastes into fuels and chemicals. Electronic Journal of Biotechnology, 26, 69—
83. doi: 10.1016/j.ejbt.2017.01.004

Aini, N., Jamilatun, S., & Pitoyo, J. (2022). Pengaruh tipe biomasa pada produk pirolisis: a
review. Agroindustrial Technology journal, 06(01), 89-101. doi: 10.21111/atj.v6i1.7559
Wajdi, B., Safiruddin, Novianti, B. A., & Zahara, L. (2020). Pengolahan sampah plastik menjadi
Bahan bakar minyak ( BBM ) dengan metode pirolisis sebagai energi alternatif. Kappa Jurnal,

CHEESA, 5(2), pp 101-110, 2022 | 108



Tri Nur Rezeki, Abrar Ridwan®, Wahyu Meka, Yulia Fitri, Rain Agri Mahendra, Munawir Hamzah, Laras Sita
Widara, Azzalya Putri Athala

Analysis of Pyrolytic Product Distribution for B3 and Non-B3 Medical Waste Pyrolysis

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

4(1), 100-112. doi: 10.29408/kpj.v4i1.2156

Qin, L., Han, J., Zhao, B., Chen, W., & Xing, F. (2018). The kinetics of typical medical waste
pyrolysis based on gaseous evolution behaviour in a micro-fluidised bed reactor. Waste
Management and Research, 36(11), 1073-1082. doi: 10.1177/0734242X18790357

WHO. (2018). Health-care waste. WHO. Retrieved August 17, 2022, from
https://www.who.int/news-room/fact-sheets/detail/health-care-waste

Czajczynska, D., Anguilano, L., Ghazal, H., Krzyzynska, R., Reynolds, A. J., Spencer, N., &
Jouhara, H. (2017). Potential of pyrolysis processes in the waste management sector. Thermal
Science and Engineering Progress. doi: 10.1016/j.tsep.2017.06.003

Syamsiro, M., Hadiyanto, A. N., & Mufrodi, Z. (2016). Rancang bangun mesin pencacah plastik
sebagai bahan baku mesin pirolisis skala komunal. Jurnal Mekanika dan Sistem Termal (JMST),
1(2), 43-48.

Gao, N., Sipra, A. T., & Quan, C. (2020). Thermogravimetric analysis and pyrolysis product
characterization of municipal solid waste using sludge fl y ash as additive. Fuel, 281, 118572.
doi: 10.1016/j.fuel.2020.118572

Silva, J. D. O. da, Santos, D. E. L., Abud, A. K. de S., & Oliveira, A. M. de. (2020).
Characterization of acerola (Malpighia emarginata) industrial waste as raw material for
thermochemical processes. Waste Management, 107, 143-149. doi:
10.1016/j.wasman.2020.03.037

Sukarta, 1. N., Sastrawidana, I. D. K., Putu, N., & Ayuni, S. (2018). Proximate analysis and
calorific value of pellets in biosolid combined with wood waste biomass. Journal of Ecological
Engineering, 19(3), 185-190. doi: 10.12911/22998993/86153

Liu, X., Chen, M., & Wei, Y. (2015). Kinetics based on two-stage scheme for co-combustion of
herbaceous biomass and bituminous coal. Fuel, 143, 577-585. doi: 10.1016/j.fuel.2014.11.085
Aragaw, T. A., & Mekonnen, B. A. (2021). Current plastics pollution threats due to COVID-19
and its possible mitigation techniques: a waste-to-energy conversion via Pyrolysis.
Environmental Systems Research, 10, 1-11. doi: 10.1186/s40068-020-00217-x

Sari, G. L. (2018). Kajian potensi pemanfaatan sampah plastik menjadi bahan bakar cair. Al-Ard:
Jurnal Teknik Lingkungan, 3(1), 6-13. doi: 10.29080/alard.v3i1.255

Qureshi, M. S., Oasmaa, A., Pihkola, H., Deviatkin, 1., Tenhunen, A., Mannila, J., ... Laine-
Ylijoki, J. (2020). Pyrolysis of plastic waste: Opportunities and challenges. Journal of Analytical
and Applied Pyrolysis, 152(February), 1048. doi: 10.1016/j.jaap.2020.104804

Amrullah, A., Ristianingsih, Y., Mursadin, A., & Abdi, C. (2015). Studi eksperimental bio oil
berbahan baku limbah sisa makanan dengan variasi temperatur pirolisis. Proceeding Seminar
Nasional Tahunan Teknik Mesin XIV, (Snttm Xiv), 7-14.

Novita, S. A., Santosa, S., Nofialdi, N., Andasuryani, A., & Fudholi, A. (2021). Parameter
operasional pirolisis biomassa. Agroteknika, 4(1), 53-67. doi: 10.32530/agroteknika.v4il1.105
Ridhuan, K., lIrawan, D., & Inthifawzi, R. (2019). Proses pembakaran pirolisis dengan jenis
biomassa dan karakteristik asap cair yang dihasilkan. Turbo, 8(1), 69-78. Retrieved from
http://ojs.ummetro.ac.id/indeks.php/turbo

Shen, J., Wang, X. S., Garcia-Perez, M., Mourant, D., Rhodes, M. J., & Li, C. Z. (2009). Effects
of particle size on the fast pyrolysis of oil mallee woody biomass. Fuel, 88(10), 1810-1817. doi:
10.1016/j.fuel.2009.05.001

Awad, M., Moustafa-farag, M., Wei, L., Huang, Q., & Liu, Z. (2020). Effect of garden waste
biochar on the bioavailability of heavy metals and growth of brassica juncea ( L .) in a multi-
contaminated soil. Arabian Journal of Geosciences, 13, 1-12. doi: 10.1007/s12517-020-05376-
w

Guedes, R. E., Luna, A. S., & Torres, A. R. (2018). Operating parameters for bio-oil production
in biomass pyrolysis: A review. Journal of Analytical and Applied Pyrolysis. Elsevier B.V. doi:
10.1016/j.jaap.2017.11.019

Ma, W., Rajput, G., Pan, M., Lin, F., Zhong, L., & Chen, G. (2019). Pyrolysis of typical msw
components by Py-GC / MS and TG-FTIR. Fuel, 251(April), 693-708. doi:
10.1016/j.fuel.2019.04.069

Savira, F. L., & Hendriyanto, O. (2018). Pirolisis sampah plastik sebagai bahan bakar alternatif
dengan penambahan sampah ranting. Jurnal Envirotek, 9(2). doi: 10.33005/envirotek.v9i2.966

CHEESA, 5(2), pp 101-110, 2022 | 109



Tri Nur Rezeki, Abrar Ridwan®, Wahyu Meka, Yulia Fitri, Rain Agri Mahendra, Munawir Hamzah, Laras Sita
Widara, Azzalya Putri Athala

Analysis of Pyrolytic Product Distribution for B3 and Non-B3 Medical Waste Pyrolysis

[31]

[32]

[33]

[34]

[35]

[36]

Kurniawan, E., & Nasrun. (2017). Karakterisasi bahan bakar dari sampah plastik jenis high
density polyethelene (HDPE) dan low density polyethelene (LDPE). Jurnal Teknologi Kimia
Unimal, 3(2), 41-52.

Surono, U. B., & Ismanto. (2016). Pengolahan sampah plastik jenis PP, PET dan PE menjadi
bahan bakar minyak dan karakteristiknya. Jurnal Mekanika dan Sistem Termal, 1(1), 32-37.
Retrieved from http://e-journal.janabadra.ac.id/index.php/JIMST%O0AOriginal

Klinghoffer, N. B., & Castaldi, M. J. (2013). Gasification and pyrolysis of municipal solid waste
(MSW). Waste to Energy Conversion Technology. doi: 10.1533/9780857096364.2.146

Riandis, J. A., Setyawati, A. R., Sanjaya, A. S. (2021). Pengolahan Sampah Plastik Dengan
Metode Pirolisis menjad Bahan Bakar Minyak. Jurnal Chemugry, 5(1), 8-14. doi:
10.30872/cmg.v5i1.4755

Yanti, R. N., Ratnaningsih, A. T., & Ikhsani, H. (2022). Pembbuatan bio-briket dari produk
pirolisis biochar cangkang kelapa sawit sebagai sumber energi alternatif. Jurnal Illmiah
Pertanian, 19(1), 11-18. doi: 10.31849/jip.v19i1.7815

Nanda, S., Dalai, A. K., Berruti, F., & Kozinski, J. A. (2016). Biochar as an exceptional
bioresource for energy, agronomy, carbon sequestration, Activated Carbon and pecialty
Materials. Waste and Biomass Valorization, 7, 201-235. doi: 10.1007/s12649-015-9459-z

CHEESA, 5(2), pp 101-110, 2022 | 110



