JIMESE

Journal of Innovation Materials, Energy, and Sustainable Engineering
JIMESE 2(2) 154-163 Social and Sustainable Future

ISSN 3048-2380 § MORALITY BEFORE KNOWLEDGE

Institute for Advanced Science,

The potential of cassava peel as acoustic panel material: A
sustainable innovation in green engineering

Sharfina Djati Pramesti?, Silfia Mona Aryanil*

1 Department Interior Design, Faculty Fine Arts and Design, Universitas Sebelas Maret, Surakarta,
57126, Indonesia.

*Correspondence: silfia.aryani@uns.ac.id

Received Date: December 11, 2024 Revised Date: January 10, 2025 Accepted Date: January 31, 2025

ABSTRACT

Background: Natural waste is one of the materials that has the potential to become acoustic material because
it has a porous texture and meets the requirements of suitable sound-absorbing materials. Utilizing natural
waste as acoustic material can reduce cassava peel waste, especially in cassava peel processing industries, both
from factories and home industries. Methods: This research is conducted to determine the potential of cassava
peel waste as a natural material that can be utilized to create acoustic materials made from natural substances.
In this study, cassava peel waste was tested as a sound-absorbing acoustic material using the impedance tube
method. The sample was made by mixing finely ground cassava peel waste and PVAc (Poly-vinyl-acetate) white
glue, then molding the mixture into circular molds with a diameter of 10 cm and thicknesses of 3.5 cm and 4 cm,
respectively. Findings: The results indicate that the sample with a thickness of 3.5 cm has an absorption
coefficient of 0.45 at a frequency of 500 Hz, while the 4 cm thick sample has an absorption coefficient of 0.32 at
600 Hz. Both samples show that cassava peel waste is a viable soundproofing material with absorption
coefficients above 0.3, making it an effective, eco-friendly acoustic panel material. Conclusion: Cassava peel
waste demonstrates good potential as an acoustic material, with promising sound absorption properties,
making it an environmentally friendly and accessible alternative to conventional soundproofing materials.
Novelty/Originality of this Study: This study introduces cassava peel waste as a sustainable and accessible
material for acoustic applications, offering an innovative solution to both waste reduction and soundproofing.
The research highlights the potential of using locally available natural waste, specifically cassava peel, in the
creation of eco-friendly acoustic panels, which is a novel approach not widely explored in the acoustic material
industry.
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1. Introduction

Cassava is one of the food ingredients that contains carbohydrates and is consumed by
many people in Indonesia, which is one of the agrarian countries. According to Husen et al.
(2015), Indonesia has approximately 134.58 million hectares of land designated for
agricultural use. From the entire land, it is divided into several types of agricultural land
according to the land ecosystem. There are 7.38 million hectares of wetland food, 7.36
million hectares of dryland food, 0.15 million hectares of highland vegetables, 1.47 million
hectares of peatland horticulture, 16.35 million hectares of dryland, 0.93 million hectares
of peat swamp land, and 0.93 million hectares of pastureland. Cassava is a plant that can be
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well-grown in both dryland and peatland (Abubakar et al., 2021), which means there is a
considerable amount of land potential for cassava cultivation as one of the food
commodities. The plants that can grow in this land are not many, including long beans,
cassava, corn, soybeans, rice, and others.

Cassava production is one of the abundant food commodities in Indonesia. In 2019,
cassava production in Indonesia reached 27 million tons (Rozi et al., 2023). Meanwhile, in
2022, Indonesia produced 23 million tons of cassava, followed by Nigeria with 57 million
tons, Thailand with 30 million tons, and Brazil with 23 million tons (Ardyani et al.,, 2022).
Meanwhile, cassava is more widely cultivated in Central Java, especially in the Gunungkidul
region of Yogyakarta. Farmers tend to plant more local varieties than superior ones, which
still have great potential to be processed into food products.

1.1 Potential utilization of cassava peel waste (Manihot utilissima)

Manihot utilissima, commonly known as cassava, is a tuber from the Euphorbiaceae
family. Cassava can grow in areas with unpredictable climates such as in tropical countries
and is resistant to dry and infertile soil conditions (Ngongo et al., 2022). Abubakar et al.
(2021) explain that cassava can also grow in various types of soil, especially alluvial, latosol,
podsolic, and even peatlands, where other plants besides cassava rarely thrive and produce
well due to the extreme environment and unpredictable climate that affect air quality,
water, and soil conditions.

Cassava has a taproot with lateral roots that develop into tubers. The tuber has three
layers: the skin layer (epidermis), which is the outermost layer weighing 3% of the total
weight of the tuber; the cortex layer, which is the layer inside the outer skin weighing 11-
20% of the total weight of the tuber; and the flesh (parenchyma), which is the innermost
part weighing 85% of the total weight of the tuber (Reihan et al,, 2022). That is why cassava
is able to meet food security needs with good quality, quantity, and affordability for the
Indonesian people. One way to preserve it is by developing cassava products at the
household level as a home industry.

Cassava peels can be processed into several food products such as cassava flour,
cassava chips, boiled cassava, sautéed cassava peels, and even sweet dishes. However, in
addition to that, there are also many food products that only use the inner part of the
cassava (Dwirevyanti et al., 2021). The discarded cassava peels need to be processed
immediately because they contain water and quickly rot due to the growth of
microorganisms (Indriyati et al., 2022). Although it decomposes quickly, efforts are needed
to reduce waste because it contains cyanide compounds that, when decomposed, produce
hydrogen cyanide (HCN), which is harmful to nature and humans (Sari & Astili, 2018).

The abundance of cassava products in Indonesia also leads to an increase in
unprocessed cassava peel waste, which over time adds to the amount of waste in the
surrounding environment (Thuppahige et al,, 2023). The waste has great potential to
become a useful new product, such as acoustic panels (Lawanwadeekul et al., 2024). There
are many types of cassava products that are consumed and utilized, but a large amount of
waste is also produced. One of the most produced food wastes is cassava peels. Not many
people know how to manage cassava peel waste and turn it into functional products. More
people choose to just throw it away or use it as livestock feed, such as for cows, either for
their own farms or to sell to cattle farmers who need it.

1.2 Potential of cassava peel waste (Manihot utilissima) as acoustic panel material

Acoustic panels are products used as sound-absorbing materials to meet the needs of a
room. Acoustic panels are a factor that influences the success of sound management in a
room. There are several types of materials used as acoustic panels, namely acourete fiber
type made from fine polypropylene fiber weave, acourete board 230 made from polyester
fiber, and acourete broadsound treatment made from MDF (Medium Density Fiberboard)
polished with cloth. Acoustic panels can be processed from various raw materials that have
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acoustic properties. In general, acoustic panels are made from the finest quality wood, but
there are some alternative materials, such as natural fibers, fabric, carpet, foam, etc.

Rock wool and glass wool are acoustic panel materials that have been used for a long
time and have good sound absorption functions as acoustic panels because they have a
porous texture but are expensive (Priyoko, 2011). Quoted from the Mitra Jaya Makmur
Abadi (2023), rockwool is a type of insulation material made from mineral fibers
characterized by its density and resistance to pressure. Meanwhile, glass wool is also an
insulation material made from mineral fibers but is lighter, resulting in a lower thermal
insulation value compared to rockwool. The difficulty of the materials and the complexity
of the manufacturing process have prompted many acoustic observers to replace the
materials used for acoustic panels with more accessible options that still maintain good
acoustic quality, such as natural fibers.

Acoustic materials are divided into sound-absorbing materials, sound-dampening
materials, and sound-blocking materials (Tao et al., 2021). Meanwhile, sound-dampening
methods are divided into sound-absorbing materials, sound insulation materials, and
vibration-dampening materials (Rosyidah & Tim Support Acourete, 2023). Sound-
absorbing materials tend to have more fibers and pores that can serve as pathways to
absorb and convert sound energy into heat. Sound insulation materials focus more on
preventing sound from inside a room from being heard outside or vice versa. Meanwhile,
vibration-damping materials are based on the characteristics of sound that can propagate
to the building structure, causing vibrations, thus requiring viscoelastic damping materials
(fluid but elastic).

A material falls into the category of good sound absorbers if it has a coefficient value
greater than or equal to 0.3 (Nurbaiti et al., 2022). Soundproofing materials can include
epoxy, plastic, and glue that can stop sound through the insulating properties of these
materials. On the other hand, barrier materials have denser properties Wong et al. (2021)
explain that the performance of acoustic materials in sound absorption is related to the
density and size of the panels. The thicker and larger the surface area of the panel, the lower
the frequency of sound from the noise source that can be absorbed. It was also found that
low frequencies are more effectively absorbed by thicker panels. At the same time, higher
frequencies are more effective when thinner panels are used. This is because thinner panels
are considered more capable of absorbing higher frequencies, while thicker panels have
larger cavities, resulting in lower frequency absorption.

One common spatial issue is the problem of acoustics and noise control in that space.
Therefore, the acoustic system needs to be considered when designing a building, especially
buildings with activities that often produce sound, such as music studios, cinemas, and
auditoriums. Music with long notes takes longer to sustain compared to music with short,
slow notes. The recommended reverberation time at 500 Hz is 1.4 seconds with light music
activity Ola (2023). In addition to playing musical instruments, the music studio also
functions as a recording studio with a sound comfort standard of 25 to 30 decibels without
activity and around 84 dB when playing music Huwaida & Nugrahaini (2022).

Besides the recording studio, the classroom also considers acoustic functionality.
Artayani & Kasim (2017) revealed that noise in the classroom can reduce students’
concentration levels and conversely, the lower the noise level in the classroom, the higher
the students' learning concentration levels. Based on ANSI-SI2.60, the environmental noise
level in classrooms should not exceed 35 dBA and 55 dBC, and the reverberation time
should not exceed 0.6 seconds. Kemp et al. in 2013 studied the average frequency of
classroom spaces and found that the average frequency of classroom spaces ranged
between 500 Hz and 4000 Hz, with writing and drawing activities having the lowest
frequency and play sessions having the highest frequency. The noisier the classroom, the
more negatively the sound affects many students and teachers who are engaged in teaching
and learning activities in that room. A comfortable classroom environment can also increase
interest in learning and enable the production of high-quality teaching and learning.

Acoustic problems can be controlled by using acoustic panels in building design.
Researchers have stated that natural fibers have very promising potential and qualify as
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good acoustic materials, such as corn husks, sugarcane, bamboo, cassava fibers, and tea
waste (Munifatuzzahroh et al., 2021). In previous research, Kartikasari et al. (2022) studied
cassava peel waste using four samples with different ratios between glue and cassava peel
composition, namely 1:3, 1:4, 1:5, and 1:6. The most efficient absorption value was obtained
in the sample with a 1:6 ratio. Dari & Elvaswer (2021) studied cassava pomace using the
tube method with sample thicknesses of 2 mm, 4 mm, 6 mm, 8 mm, and 10 mm. The highest
sound absorption coefficient value was obtained from the 10 mm thick sample. (Sari, 2009)
conducted experiments on cassava pomace using the two-microphone impedance tube
method with sample thicknesses of 10 mm, 20 mm, and 24 mm. The research shows that
increasing the sample thickness affects the decrease in the absorption coefficient value. This
research hopes to prove the potential of cassava peel waste as an acoustic panel material to
absorb sound, which is related to environmental issues stemming from cassava peel waste
and noise pollution problems. The aim of this study is to test the absorption coefficient of
cassava peel as an acoustic panel material and the frequency range that can be absorbed
from samples measuring 3.5 cm and 4 cm with a diameter of 10 cm. In addition to natural
fibers, there is also research on acoustic absorption using samples of used sandals and used
masks. Ingga et al. (2024) studied used sandals using the two-microphone impedance tube
method, finding that samples with a thickness of 7 mm could absorb sound with an average
frequency of 200 Hz to 1600 Hz. Febriyanti et al. (2024) studied used masks with the same
thickness but different densities using the two-microphone impedance tube method,
resulting in data that samples with lower density were able to absorb more sound.

2. Methods
2.1 Samples making

This research uses the two-microphone impedance tube method and has been proven
to measure the magnitude of sound frequencies that can be absorbed by the sample and can
produce absorption coefficient values in graphical form. Research that uses this method
includes the study by Rezita & Rasyid (2019) which tested cassava pulp as an acoustic
material, Sari (2009) who also researched cassava pulp as an acoustic material, and Dari &
Elvaswer (2021) who studied corn husk fibers as an acoustic material. In this research, it is
divided into 2 stages.

The preparation of cassava peel samples involves several stages. We will start by
preparing the tools and materials to make the sample. To make two samples, 1 kg of cassava
peel, PVAc (Poly-vinyl-acetate) white glue, a grinder, a ruler, cardboard cut into circles with
a diameter of 10 cm, a digital kitchen scale, a cutting board, a knife, cotton cloth, a bowl, a
stirring spoon, and water are needed. First, the cassava skin is washed until it is free from
dirt. The cleaned cassava peels are cut into small pieces to facilitate the grinding process.
Prepare a grinding machine and enough water to submerge the cassava peels to achieve a
finer texture.

The finely ground result is then squeezed with a loosely woven cloth like cotton until
the moisture content decreases and it feels not too wet and looks dense. The finely squeezed
cassava skin is then dried at room temperature. Dried cassava peels are then mixed with
white PVAc (Poly-vinyl-acetate) glue in a 3:1 ratio. Two samples were made with different
thicknesses, 3.5 cm and 4 cm. The samples to be studied were molded into circular shapes
using round molds made from cardboard, which were measured into circular shapes with a
diameter of 10 cm, then dried until there were no white spots from the white PVAc (Poly-
vinyl-acetate) glue, and continued to be dried under morning sunlight until they were not
too wet and sticky for about 6 hours. Next, the samples were further dried at room
temperature until completely dry and the white PVAc (Poly-vinyl-acetate) glue appeared
transparent.
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Fig. 1. Preparation of cassava peel samples: a) cleaning cassava; b) crushing cassava skin; c)
pressing cassava skin; d) weighing cassava skin; e) mixing cassava skin with PVac white glue; f)
mixing cassava skin with PVac white glue

2.2 Sound absorption coefficient test

The samples were tested in the acoustic laboratory of the Faculty of Mathematics and
Natural Sciences, Sebelas Maret University Surakarta, using a two-microphone impedance
tube, producing a graph that shows the absorption coefficient values of the cassava peel
samples. To test it, an impedance tube type 4206, a B&K 4187 microphone, and a laptop are
needed. First, the impedance tube type 4206 is turned on and connected to the B&K 4187
microphone. To test the sample sound, the sample is placed into the impedance tube type
4206, and the B&K 4187 microphone will function as the sound source facing the sample.
The impedance tube type 4206 is also connected to the laptop to transmit frequency data
and absorption values in the form of graphs and tables. Data analysis in this study uses two
samples of cassava peel with different thicknesses and compares the absorption coefficient
values of each sample.

i-‘i i

Fig. 2. Sample testing with the impédance ube method
3. Results and Discussion

The results of the study using a two-microphone impedance tube show that the
absorption coefficient values of both samples are above 0.3. The coefficient value peaks at
0.45 at a frequency of 500 Hz for the 3.5 cm thick sample. Below that, there is an absorption
coefficient value of 0.32 for the 4 cm thick sample at a frequency of 600 Hz. For the 3.5 cm
thick sample, the value decreases after reaching a coefficient of 0.45 at a frequency of 1000
Hz and then rises back to a coefficient of 0.45 at a frequency of 1600 Hz. Meanwhile, for the
4 cm thick sample, the coefficient decreases to 0.25 at a frequency of 900 Hz and then rises
back to 0.38 at a frequency of 1600 Hz, which means an increase of 0.06 from the previous
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frequency. The graph shows that thinner samples have higher absorption values and can
absorb lower sound frequencies.

This suggests that bamboo panels with a thickness of 3.5 cm are more effective in
dampening mid-frequency sound waves (Mohammadi et al., 2024). The greater absorption
observed at 500 Hz is particularly beneficial for environments where noise control is
critical, such as offices or residential interiors. The drop and subsequent rise in the
absorption coefficient indicate the panel’s resonance behavior across frequencies. These
findings can serve as a reference for optimizing panel thickness in future acoustic product
designs. Additionally, the performance across frequencies demonstrates the potential of
bamboo as a sustainable material for acoustic treatment. Further refinement in panel
structure could enhance its absorption performance in higher frequency ranges as well
(Bravo-Moncayo et al., 2024).
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Fig. 3. Graph of absorption coefficient values and frequency magnitude

In previous research by Dari & Elvaswer (2021), which used the same research
methods and sample preparation, the results from cassava pulp showed the highest
coefficient value in the 1 cm thick sample with a coefficient value of 0.98 at a frequency of
1500 Hz. The samples in this study have higher coefficient values but can absorb sound that
is not very low, particularly at a frequency of 1500 Hz. This is because thinner samples and
samples with greater thickness can absorb sound at lower frequencies (Amares etal., 2017).
From the graph, it can be concluded that cassava peels can be utilized as acoustic panel
materials with absorption functions. The thickness of the sample affects the sound
frequency, where the thicker the tested sample, the lower the sound frequency that can be
absorbed by the sample, with a difference of 0.5 cm. The graph obtained from the acoustic
test using a two-microphone impedance tube shows the absorption coefficient values of the
samples to be 0.45 and 0.32 for samples with thicknesses of 3.5 cm and 4 cm at 500 Hz and
600 Hz.

The sample with a thickness of 3.5 cm has an absorption coefficient value of 0.45 at a
frequency of 500 Hz, making it suitable for application in classrooms with a minimum
frequency of 500 Hz and music studio rooms with an average frequency of 500 Hz. The
wider the surface of the acoustic panel, the higher the likelihood of sound absorption.

In the sample testing, there were cracks, a reduction in thickness and surface area of
the sample by 0.5 cm, and cavities in the sample that hardened, which could affect the test
results. In the sample preparation process, the grinding stage using a grinding machine is
carried out in several parts, and the different grinding durations also allow the resulting
cassava peel to be uneven in size and density.
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4., Conclusions

Cassava peels can be said to absorb sound and are considered suitable soundproofing
materials because they have an absorption coefficient value above 0.3. The absorption value
of cassava peels is influenced by the thickness, surface width, and density of the cassava
peels, as well as the mixing materials used to create the sample. These physical
characteristics determine how effectively the material can trap and dissipate sound energy.
A more porous structure with irregular surfaces tends to improve absorption, especially at
mid to high frequencies. When combined with other natural fibers or binding agents, the
acoustic properties of cassava peel composites can be further enhanced. In experimental
settings, increasing the thickness of the panel often results in higher absorption values at
lower frequencies. This makes cassava peel-based panels promising for applications in
sustainable architecture and interior acoustic treatments. Their biodegradability and local
availability also contribute to their appeal as eco-friendly building materials.
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