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Abstract. This literature review focuses on the potential of land and aquatic plants to improve acoustic comfort in
indoor environments as a substitute for synthetic materials. Plant-based acoustic materials could be used to improve
acoustic parameters for environments like offices and educational buildings, where acoustic comfort is crucial for con-
centration, productivity, and overall well-being. High reverberation time in these settings can cause stress, reduce cog-
nitive performance, and increase general discomfort. Terrestrial and aquatic plant-based have drawn a lot of interest
as materials that are sustainable solution to this problem. This review examines the potential of both land-grown plant
fibres (e.g., kapok, hemp, flax) and aquatic biomass (reeds, cattails, algae) for sound absorption applications. Compared
to terrestrial plant fibres, aquatic biomass has the advantage of reducing eutrophication ecological risk in water bod-
ies. Various properties that affect the sound-absorbing capabilities of the materials are discussed. Overall, using plant-
based and aquatic biomass fibres for sustainable acoustic materials provides environmental benefits, but highlights the
need for design strategies to maximize their application in buildings.
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1. Introduction

People spend an average of 90% of their time in enclosed
buildings, which increases their exposure to indoor en-
vironmental conditions (Klepeis et al., 2001; Kristiansen
et al., 2011). As a result, the quality of indoor environ-
ments’ acoustic conditions plays a crucial role in daily
comfort, health, and performance.

Long reverberation times can degrade the ability of a
listener to discriminate useful sounds (e.g., target voices)
in everyday life environments. These effects are particu-
larly critical in school settings, where both teaching and
learning activities rely heavily on effective speech com-
munication. Detrimental effects are especially strong in
those environments, as they negatively affect speaking,
listening and cognitive capability (Liu et al., 2023; Yahya
et al., 2019).

A good acoustic environment is also important in
offices. The Stress Research Institute and the Depart-
ment of Psychology, Stockholm University, found that
environments with improved sound quality were benefi-
cial for work performance and general health. Improved
sound quality in offices causes less cognitive stress and
less disturbance (Beldam, 2019; Seddigh et al., 2015).

These research findings emphasize the effect of room
acoustic properties on studying, teaching and office work
quality and demonstrate that investing in room acoustic
comfort improvement can result in measurable benefits
across education, healthcare, and other environments,
even when improved beyond mere regulatory compli-
ance.

To improve room acoustic comfort, sound absorbing
materials are used. However, these sound absorbing ma-
terials are predominantly manufactured using synthetic
materials (Bonga et al., 2024). Production of these syn-
thetic materials is environmentally unsustainable, as they
are not biodegradable and generate substantial emissions
of carbon dioxide. As a result, increasing attention has
been directed toward the development of green acous-
tic absorber materials based on natural plant-based fi-
bres, given that they are biodegradable and have a lower
environmental impact throughout the manufacturing
process (Yahya et al., 2019). Most commonly, regular
land-grown plant-based fibres are used to produce sus-
tainable absorbers. However, water body eutrophication,
caused by extensive nitrogen and phosphorus influx in
water bodies, is becoming an increasingly severe global
problem. This increased flow of nutrients increases the
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growth of macrophytes (such as reeds and cattails) and
also increases algae growth in water bodies (Dubey &
Dutta, 2019; Khan & Mohammad, 2014). Such biomass
can be manufactured into sustainable sound-absorbing
materials, simultaneously contributing to acoustic mate-
rial development and to the mitigation of eutrophication-
related environmental impacts. The aim of this article is
to review the current applications of plant-based fibres
across various industries, with particular emphasis on
their use in acoustic materials and their sound absorp-
tion performance, to identify existing knowledge gaps
in the use of these fibres, and to suggest optimisation
approaches for these under-investigated fibres in future
studies.

2. A review of plant-based fibre current
applications and their sound absorption
capabilities

Some natural fibres such as bamboo fibre, luffa fibre,
date palm fibre, fique fibre, coir fibre, kenaf, hemp and
cane fibre have poor spinnability and can’t be used in
textiles, so they were extensively researched for potential
in acoustic absorption applications (Tang & Yan, 2017).

Plant fibres have a porous and hollow lumen struc-
ture, which greatly contribute to their sound absorption
capabilities. The presence of pores allows sound waves
to dissipate energy as they pass through the material, ef-
fectively reducing noise levels (Sambandamoorthy et al.,
2020). Plant fibres can be classified depending on the
part of the plant that was used to produce the fibres. The
most common classes are seed, bast, wood and straw
(Karaduman, 2023; Mohanty et al., 2005).

2.1. Seed fibres

Plant seed fibres are being utilised to create biodegrad-
able packaging materials, which are essential in reducing
plastic waste (Yildiz & Oztekin, 2024). Blending poplar
seed hair fibres with PET in needle-punched nonwovens
significantly improves oil absorption and dye removal,
demonstrating their potential as sustainable high-per-
formance textile materials and for wastewater treatment
(Usta et al., 2024). These fibres show how natural materi-
als can serve as sustainable substitutes for synthetic ones
across a wide range of applications.

Kapok, poplar, and cotton are the main seed fibres
utilised in acoustic applications. These fibres are light-
weight and highly porous. Because of its natural hollow
structure, kapok fibre has excellent acoustical damping
performance, making it effective for sound absorption
and noise reduction in various acoustic materials (Xiang
et al., 2013; Liu et al., 2020).

All three seed fibres show low sound absorption at
lower frequencies (up to 1000 Hz). Kapok and poplar
seed fibres exhibit a rapid increase in sound absorption at
frequencies above 1000 Hz, being significantly superior

to cotton at frequencies up to 3150 Hz. At frequencies
above 3150 Hz, the sound absorption coeflicient (o) of
kapok and poplar fibres remains around 0.8, while cotton
shows superior sound absorption at very high frequen-
cies (5000-6000 Hz), where o approaches near-perfect
absorption of 1.0 (Liu et al., 2020). However, the average
sound absorption coeflicient of cotton fibres across all
frequencies remains the lowest of these seed fibres.

2.2. Bast fibres

Bast fibres are part of the plant that are extracted from
the outer stem layer. Bast fibres mechanically support
the phloem (Guerriero et al., 2017; Summerscales et al.,
2010). Crops like hemp, flax and kenaf are main sources
for bast fibres (see Figure 1) that are used in many indus-
tries, contributing to a sustainable economy, for instance,
clothing textiles, industrial textiles, paper materials and
biocomposites in structural applications (Deyholos &
Potter, 2013; Saleem et al., 2020; Yu et al., 2019).

Figure 1. Commonly used bast fibers: a) hemp plant;
b) hemp fibre; ¢) flax plant; d) flax fibre

Hemp is a sustainable material that grows rapidly
and produces high biomass yields (up to 12 tonnes of
dry raw material per hectare). Hemp growth suppresses
weeds, so it requires no herbicides or insecticides. Hemp
fibres can serve as ideal alternatives to synthetic materi-
als like glass fibre (Arnaud & Gourlay, 2011; Gumanova
et al,, 2022; Yang et al., 2020). Strazdas and Janu$evicius
(2024) demonstrated that all types of hemp fibres exhib-
it excellent sound absorption performance at medium
(600-2000 Hz) and high (2500-5000 Hz) frequencies,
with sound absorption coeflicients reaching up to 0.99
(Strazdas & JanuSevicius, 2024). Gumanova et al. (2022)
observed similar results.

Flax fibre is obtained from the plant Linum usi-
tatissimum, which has traditionally been used in tex-
tiles for the production of durable linen fabrics (Baley
et al., 2018). Flax fibre is also increasingly used as an
environmentally friendly reinforcing material in polymer
composites. These composites are applied in various in-
dustries, including the automotive, aerospace, marine,
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and construction sectors, because of their high specific
strength and stiffness (Das et al., 2022).

Kenaf is a natural fibre obtained from Hibiscus can-
nabinus. Kenaf belongs to the Malvaceae family, which is
the same plant family as cotton (Lim et al., 2017). Kenaf
has been recognised as an essential fibre source for com-
posite material in various industrial applications because
its bast fibres are inexpensive, durable, recyclable, and
biodegradable (Saad & Kamal, 2012; Xue et al., 2007).

However, all three bast fibres show low sound ab-
sorption coeficcients in frequencies below 800 Hz, where
absorption coeflicients do not reach 0.5 (Ramam et al.,
2024).

2.3. Wood fibre

Wood fibre and other cellulose-based materials are uti-
lised to develop biodegradable packaging, aiming to re-
duce dependence on petroleum-based plastic packaging
(Mondal et al., 2025; Rashid et al., 2025). The fashion
industry is also increasingly exploring wood-based fibres
as sustainable alternatives; these fibres can be used alone
or blended with other materials to create innovative tex-
tiles (Wallius & Nayha, 2025).

Wood’s properties, especially its porosity, have an im-
portant role in sound absorption. Even though woods
with higher gas permeability and larger pore sizes (for
example, oak and hackberry) tend to perform better in
sound absorption at lower frequencies, study done by Kol-
ya and Kang (2025), proves that wood performs poorly
in sound absorption context, across all frequencies in the
250-6000 Hz range. In this frequency range sample do not
reach sound absorption coefficient above 0.5. However,
wood SAC in 250-500 Hz range greatly increases when air
gap is introduced, reaching up to 0.9 with 40 mm air gap
(it is also noticeable that air gap increases from 30 mm to
40 provides little to none improvement). Because of poor
sound absorption as a plain material, in acoustics wood
fibres are usually used in composites, for example to pro-
duce perforated acoustic panels (Dong et al., 2017).

2.4. A review of water plants’ and algae’s
current applications and their sound absorption
capabilities

Aquatic plants such as reeds (Phragmites australis) and
cattails (Typha spp.) and algae, which are promoted by
eutrophication, pose a threat to ecosystems due to their
excessively rapid spread. This invasion is particularly
harmful in lakes with threatened species and communi-
ties, as it results in the decline of many important aquatic
species (Foggi et al., 2011). This excessive biomass can be
utilised as natural fibres for the sustainable production
of acoustic materials. In addition to sustainable acoustic
materials, production plants also absorb excess nutrients
and pollutants from water, and removing them could im-
prove water quality and overall ecosystem health (Berry
et al., 2017).

2.5. Reeds and cattails

Reeds have been investigated as a potential alternative
fibre source for the paper industry. However, their high
extractive and silica content causes difficulties in the
manufacturing process (Wille et al., 2017). Reeds such
as Schoenoplectus californicus exhibit a high capacity to
absorb heavy metals, including copper, pesticides, and
excess nutrients from water, making them suitable for
the treatment of polluted, including eutrophicated, wa-
ters (Miglioranza et al., 2004; Murray Gulde et al., 2005).

There are currently limited studies investigating the
sound absorption properties of reeds and cattail, high-
lighting a gap in existing research. Traditional acoustic
absorbers for low frequencies typically require larger
volumes; however, recent studies indicate that reeds ex-
hibit significant sound absorption at frequencies below
1000 Hz while occupying very little space. This phenom-
enon remains poorly understood and has led to new in-
terests in understanding this acoustic behaviour, as other
natural fibres usually have great SAC only in medium to
high frequency (>800 Hz) (Asdrubali et al., 2015; Lepak
et al., 2018). Similarly,

Algae are rapidly growing aquatic organisms whose
biomass increases in eutrophicated water bodies, par-
ticularly due to the rising availability of nutrients. Algae
have commonly been perceived as an ecological issue
but their structural and mechanical properties can be
adapted for applications in acoustics.

Research done by Astrauskas et al. (2023) has con-
firmed that dried algae could be used as an efficient
material for sound absorption applications. In study dif-
ferent types of algae (red, brown, and green) and their
mixtures were tested for their sound absorption prop-
erties. The sound absorption coefficient varied with
varying density of the measured algae samples (from 50
to 150 kg/m?* with 25 kg/m? increments). With higher
density samples performing better in frequencies be-
low 1000 Hz. Most tested algae samples of higher den-
sity (>100 kg/m?) resulted in good sound absorption
(o0 > 0.5) in 315-1000 Hz frequency range, which is not
usually observed in plant-based fibers. The highest ab-
sorption observed in a mixture of brown and red algae
at a density of 100 kg/m®. The peak sound absorption
coeflicient reached 0.98 at 1000 Hz for a mixture of green
and red algae at a density of 75 kg/m”>. Even though there
are not many studies on the measurement of the sound
absorption coefficient (SAC) for algae, current research
suggests that algae perform better at lower frequencies
compared to plant-based fibres, making them a promis-
ing area of research for sound absorption applications.

Furthermore, binders utilized for algae-based acous-
tic panels are not thoroughly explored. Studies carried
out to assess the effect of the binders on the manufactur-
ing processes and the durability of the panels are lim-
ited. Further studies are required to evaluate algae-based
sound absorbing materials manufacturing processes,
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binder selection, and long-term durability, including fire
and humidity resistance and biodegradation. Summary
of currently most widely used plant-based fibres class-

es and their sound absorption potential is provided in
Table 1.

Table 1. Plant-based fibre type and sound absorption
potential

Fibre

Sound absorption potential
class

Low sound absorption (o < 0.5) in frequencies
below 1000 Hz, high sound absorption (o > 0.5)
in frequencies above 1000 Hz (except for
cotton, which perform poorly up to 2000 Hz);
in frequencies above 4000 Hz cotton performs
the best, achieving up to 1.0 sound absorption
coefficient

Low SAC (a < 0.5) in frequencies below 800 Hz;
Bast excellent SAC (ot up to 0.99) in frequencies above
2000 Hz

Low SAC (a < 0.5) in all 250-6000 Hz frequency
range; usually used as a layer in composite
perforated acoustic panels with air gap - air gap
increases SAC up to 0.9 (depending on wood
type)

Reed Knowledge gap; good SAC in frequencies below
and 1000 Hz, unlike most natural fibers, but this
cattails | behavior is not well understood

Seed

Wood

Knowledge gap; good SAC (a > 0.5) in
315-1000 Hz frequency range for samples of
>100 kg/m? density; high SAC (o > 0.75) in
1000-5000 Hz frequency range

Algae

Reeds and cattails exhibit promising sound absorp-
tion below 1000 Hz, unlike most natural fibers, but their
behavior is not well understood, highlighting a clear
knowledge gap. Algae demonstrate good sound absorp-
tion in 315-1000 Hz frequency range and high sound
absorption in 1000-5000 Hz frequency range. SAC range
shift is related to sample density, especially in lower fre-
quencies. However, research on reeds, cattails and espe-
cially on algae properties, manufacturing, and long-term
durability is still limited.

3. Engineering solutions for water plants and
algae fibres sound absorption optimization

The acoustic performance of fibrous and porous materials
can be assessed using various methods. The sound absorp-
tion coeflicient is commonly measured using three main
testing methods: the reverberation chamber method and
the impedance tube method. Using a standing wave (also
referred to as impedance) tube to characterise the materi-
als and calculate the sound absorption coefficient is one of
the most popular methods (International Organization for
Standardization, 1996, 1998; Liu et al., 2025).

The main fibrous materials parameters that influ-
ence the acoustic absorption coefficient are porosity,

thickness, and pore size (Tang & Yan, 2017). To increase
the sound absorption of materials, these parameters can
be modified using physical methods, such as changing
their density and product thickness, as well as multi-
layering materials and introducing perforation.

3.1. The role of material thickness, density and air
flow resistivity

Sample thickness. Generally, sound absorption coef-
ficient increases as material thickness increases. This
relationship is more distinct for mid frequencies (800-
2500 Hz) than for high frequencies. This is because
thicker materials can better dampen the longer wave-
lengths of lower frequencies (Fu et al., 2020; Su et al,,
2011).

In the studies done with bagasse fibres (see Figure 2),
the sound absorption coefficient was found to be sig-
nificantly better with higher-thickness material. A maxi-
mum sound absorption coefficient of 0.75 is found for
the 30 mm thickness sample. The most significant differ-
ence is observed in medium frequencies (800-2500 Hz);
the sound absorption coefficient of the 30 mm thickness
sample compared to the 10 mm thickness sample peaked
at 2500 Hz, where it is 2.4 times higher (Malawade &
Jadhav, 2019). This means thickness has significant im-
portance in improving material sound absorption.

E 0.7 —8—10mm | .
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Figure 2. Sound absorption coefficient of different thickness
of bagasse fibres (source: Malawade & Jadhav, 2019)

Similar trends are observed with kapok, hemp, co-
conut fibre and other plant-based fibres (Jang, 2023; Lyu
et al., 2021; Strazdas & JanuSevicius, 2024; Zulkifli et al.,
2010).

Sample density. Similarly, to sample thickness, in-
creasing the density of natural fibre samples improves
their sound absorption (Rusli et al., 2019; Sekar et al.,
2021). However, unlike the effect of thickness, where the
absorption coeflicient improves at lower frequencies, for
the increasing bulk density, the improvement is obvious
from the low to high frequency range (Lim et al., 2017).
This is caused by the increased resistance to airflow and
the enhanced interaction between sound waves and the
material structure (Su et al., 2011). The greater the den-
sity, the greater the energy lost caused by the improve-
ment of the complexity of the sound path (tortuosity) in
the absorbing material (Lim et al., 2017).
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Even though increasing sample density increases
sound absorption, a reversed trend is expected when the
fibres are too densely packed . In the case of kenaf fibres
(see Figure 3), it can be observed that the absorption
performance started to drop after 1.75 kHz for samples
with a bulk density of 160 kg/m?, which means that this
density is optimal for the highest SAC.
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=50.7 kg/m®
=585 kg/m®
*p =818 kgim®
=140.8 kg/m®
= 150.8 kg/m®
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Absorption coefficient, o
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Frequency [Hz]

Figure 3. Absorption coefficient of kenaf fibre with identical
thicknesses of 30 mm and varying bulk densities (source: Lim
et al., 2017)

Similar trend is also highlighted in studies where
sound absorption coeflicients of oil palm empty fruit
bunch fibres samples with different densities at a fixed
thickness of 10 mm were measured (see Figure 4). As
density increases, sound absorption improves, reaching
its peak performance at 468 kg/m’. However, excessively
high densities (702 and 818 kg/m?) limit sound absorp-
tion to below 0.5 across all frequencies. Similarly, the
low-density sample (117 kg/m?) also shows poor sound
absorption.

116.9 kgim®
= = =2338kgim®
0.8 || m— 350.8 kgim®
VOO 467 7 kgim®
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0.6} = = =701.5 kgim®
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Frequency [Hz]

Figure 4. Sound absorption coefficient of 10 mm thickness oil
palm empty fruit bunch fibres samples with different densities
(source: Or et al., 2016)

Flow resistivity is an important parameter in deter-
mining the sound absorption properties of acoustic pan-
els. It measures the resistance to airflow through a po-
rous material and directly influences the material’s ability
to absorb sound (Rodriguez et al., 2022).

A density that is too high can reduce the porosity
of a sample and significantly increase its flow resistiv-
ity. This makes it difficult for sound waves to pen-
etrate a material, reducing its absorption performance
(Istana et al., 2023).

For water plants and algae fibres, because of their
porous structure and low natural density, both density
and thickness are important parameters for optimising
material sound absorption. Adjusting the produced
material’s bulk density to an optimal level is essential:
too low a density could result in insufficient tortu-
osity and poor energy dissipation across the sample,
while too dense fibres reduce airflow and acoustic
performance. Similarly, increasing material thickness
enhances airflow resistivity and energy dissipation, in
this way improving absorption at mid and lower fre-
quencies. To achieve the most efficient acoustic per-
formance from water plants and algae, both optimal
sample density and thickness must be carefully con-
sidered in the design stage.

3.2. Engineering solutions for further acoustic
potential improvement for water plants and algae
fibres

3.2.1. Air gap

Even though increased sample thickness and density in-
crease sound absorption and shift it to lower frequencies,
at lower frequencies SAC stays relatively low. To address
this problem, different thickness air gaps behind samples
can be introduced.

Introducing an air gap behind a sound-absorbing
material causes sound energy that passes through the
material without being absorbed or converted into
heat to encounter additional resistance in the air.
This additional energy reduction happens through
a mechanism known as the Helmholtz resonance ef-
fect. This effect can amplify certain sound frequen-
cies, causing them to oscillate with greater intensity.
As the sound energy reaches its peak, it is gradually
weakened by friction between the sound waves and air
particles, which converts the sound energy into heat
(Muhammad et al., 2012; Norton & Karczub, 2003;
Zhang et al., 2012).

Introducing an air gap not only increases SAC but
also reduces material costs by partially replacing fibrous
materials with air cavities (see Figure 5).

02 w— D =0mm, =40 mm
10 mm, t =30 mm
20 mm, t =20 mm
30 mm, t =10 mm

" " T T I J
goo 1000 2500 3000 3500 4000 4500

Frequency [Hz]

A L
1500 2000

Figure 5. Comparison of SAC of full fibre and fibre-air
samples with identical thickness of 40 mm
(source: Lim et al., 2017)
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By introducing an air gap in the absorber system, us-
age of kenaf fibres can be reduced by 25% while sustain-
ing a similar SAC as full fibre samples.

SAC improvements are consistently observed across
different studies; however, optimal air gap thickness
varies depending on the material type, thickness and
desired frequency for sound absorption (Mohammadi
et al., 2024; Mvubu et al., 2019). Moreover, increasing
the air gap above a certain thickness is unreasonable. For
thicker samples (>50 mm thickness), application of an
air gap resulted in minor or no improvement at all (Putra
et al,, 2018).

This makes air gaps a valuable design consideration
for developing effective water plants and algae fibre-
based acoustic materials.

3.2.2. Multi-layering

Creating composite materials from multiple layers com-
bines unique properties of different materials. Viscous,
thermal, and structural losses in multilayered material
expand sound absorption to a wider frequency range.

Combining coir and kenaf fibres, with kenaf in the
front layer, significantly improves SAC at higher frequen-
cies. In the study done by Kassim et al. (2023), a 2 mm
kapok plate was used with coir fibres to achieve a total
of 22 mm sample thickness by varying the layers” posi-
tion in the sample and the total thickness of coir fibres
Results are presented in Figure 6.
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500 1000 1500 2000 2500 3000 3500 4000 4500

Frequency (Hz)

Figure 6. Sound absorption performance of coir sample with
varied kapok positions (source: Kassim et al., 2023)

In this case kapok placed between coir layers expe-
riences sound energy twice — once when sound waves
are transmitted and once when they are reflected. This
mechanism enhances sound absorption, especially at
high frequencies (above 2000 Hz). In contrast, kapok
positioned in front of the coir layer absorbs more lower-
frequency sound (500-2000 Hz) due to the thicker con-
tinuous coir fibre layer.

Similar strategies can be applied to water plants and
algae fibres. By creating multilayer composites with dif-
ferent water plant or algae fibre thicknesses and densi-
ties, it is possible to maximise their acoustic potential.

3.2.3. Micro-perforated facing

Enhancing sound absorption in low frequencies requires
thick porous material. According to the A/4 rule (where
A is the wavelength of a sound at a specific frequency),
a porous absorber performs best when its thickness is
one-quarter of the sound wavelength (Cox & D’Antonio,
2016; Van Damme et al., 2024). For instance, at a fre-
quency of 250 Hz, for optimal performance an absorber
should be approximately 34.3 cm thick, which is both
economically and spatially unreasonable.

To address this problem and enhance absorption at
lower frequencies, researchers have focused on the utili-
sation of micro-perforated panels (MPP).

MPP consists of a solid plate that has a number of
sub-millimetre-diameter holes drilled into it. The mech-
anism by which the MPP absorbs sound depends mainly
upon the transmission of sound waves through these
small holes - sound travels through these openings, re-
sulting in viscous losses that convert sounds to heat.

In MPP resonant frequency and broadband frequen-
cy absorption can be regulated by hole diameter, perfo-
ration percentage, and absorber thickness behind MPPs
(Hashemi et al., 2022).

Hole diameter mostly affects low-frequency sound
absorption. Larger hole diameters tend to enhance ab-
sorption at lower frequencies because larger holes allow
more sound waves to interact with the panel’s internal
structure, leading to better absorption in this frequency
range (Tang & Cheng, 2025). Distance between holes
also have to be considered. When the distance between
holes is less than twice their diameter, interactions be-
tween neighbouring holes modify the flow field and
shear region and influence absorption performance.
Adjusting the distance-to-diameter ratio can therefore
optimise sound absorption (Tayong et al., 2011).

Increasing the perforating rate causes the panel’s
resonance to shift toward higher frequencies (see Fig-
ure 7). On the contrary, if the perforation ratio is de-
creased, the resonance shifts to the lower frequency
range. It is important to note that the perforation ratio
has an impact on the bandwidth rather than the ampli-
tude (JavadSheikhMozafari, 2024).

0 200 400 600 800 1000 1200 1400 1600 1800 2000

6% perforation ~— 8% perforation

= 10% perforation 159 perforation

~——20% perforation Porous+No airlayer+No MPP

Figure 7. The influence of the MPP perforation
ratio on the overall performance of the composite
(source: JavadSheikhMozafari, 2024)
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The MPP layer contributes acoustic mass reactance,
which counteracts the acoustic stiffness reactance of the
porous material placed in front of a rigid backing at
the frequency of peak sound absorption. Increasing the
perforation ratio reduces the total acoustic mass of the
sample and raises the resonant frequency at which the
maximum sound absorption occurs. To achieve a desired
peak absorption frequency, the perforation ratio of the
MPP layer or the thickness of the porous material must
be appropriately adjusted in order with backing porous
materials (Liu et al., 2017).

If MPP wall thickness is increased, sound absorption
at middle-high frequency bands continues to increase,
but the high-frequency band starts to decrease (Fu et al.,
2020).
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Figure 8. Perforated plate thickness effect on bagasse fibres
sound absorption (source: Beheshti et al., 2021)

Beheshti et al. (2021) found that as the thickness of
the MPP increases, the SAC increases at low frequen-
cies. However, the use of thick micro-perforated panels
backed by a porous absorbent layer is not recommended
for controlling sounds with a frequencies higher than
3000 Hz (see Figure 8).

4. Discussion and implementation challenges

4.1. Discussion

Density greatly influences SAC. As excessive compac-
tion reduces porosity and restricts sound penetration,
decreasing absorption, it is especially relevant for water
plants and algae fibres, whose low natural density re-
quires careful adjustment to maximise energy dissipation
without over-compacting the material.

The introduction of air gaps to improve sound ab-
sorption is especially advantageous for water plants and
algae, as it improves low-frequency absorption and re-
duces biomass consumption. This is important since
these fibres are extracted as waste of eutrophication, the
biomass amount can be limited in some cases.

Multilayer setups show how important structural
design is in frequency-dependent absorption. Perfor-
mance depends on how the layers are arranged, not just

on the materials used. For water plants and algae fibres,
mixing layers with different densities, thicknesses, or
species can improve broadband absorption by using
complementary loss mechanisms.

Using very thick porous material does not have
optimal performance at lower frequencies. To address
this, adopting composite panels with reduced porous
layer thickness, along with the implementation of an
MPP layer and air layer, proved to be a more efficient
solution. This strategy not only enhanced performance
but also minimised costs and spatial requirements
(Hashemi et al., 2022).

However, with these developments in plant-based
fibre acoustic properties there are still several areas
of uncertainty. The unexplained low frequency sound
absorption behaviour of the reeds may be due to the
presence of resonant vibrational modes in there struc-
ture or anisotropic pore networks that are present in
most submerged plants. The role of binder, sensitiv-
ity to moisture and the mechanical stability and long-
term durability is not well studied for materials based
on algae. This limits direct comparison with existing
synthetic absorbers.

4.2. Implementation challenges

Plant fibres absorb moisture, which can cause them to
break down and perform worse over time (Das et al,,
2025). Also, there is often poor interfacial adhesion be-
tween hydrophilic plant fibres and hydrophobic poly-
mers used in composites. This incompatibility can lead
to weak bonding and reduced overall performance of
the acoustic panels (Ndazi et al., 2006).

Plant fibres generally have lower mechanical pro-
perties compared to synthetic fibres. This includes
lower tensile strength and impact resistance (Akter
et al., 2023). Furthermore, the variability in fibre qu-
ality and mechanical properties also poses a challenge
for consistent performance (Akter et al., 2023; Pater
et al., 2025).

Seasonal and environmental factors can cause signi-
ficant fluctuations in the biomass of algae and aquatic
plants. This variability might lead to inconsistent per-
formance in sound absorption (Yoshioka et al., 2025).

Algae and aquatic plants break down over time,
which can release different volatile organic sulphur
compounds like hydrogen sulphide, dimethyl sulphide,
and dimethyl trisulphide. These compounds can cause
the unpleasant odour in the room (Shuyun et al., 2016;
Wang et al., 2023). Decomposition can also weaken the
structure and sound performance of the panels, increa-
sing the need for regular maintenance or replacement.

These challenges could potentially be mitigated by
incorporating suitable binders, which may enhance
mechanical stability, moisture resistance, and overall
durability of plant-based and aquatic fibre acoustic
materials.
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5. Conclusions

1. Plant-based materials can be implemented as ef-
fective sustainable sound absorbers. For example seed,
bast, and wood fibres exhibit good sound absorption,
especially at higher frequencie. These fibres have the
potential of replacing synthetic materials in acoustics ap-
plications. But niches of aquatic plants and algae have
not been thoroughly studied yet to require further in-
vestigation.

2. Non-acoustic parameters (thickness, density, po-
rosity) of plant-based fibres significantly affect the sound
absorption coeflicient. Optimal design of these param-
eters in water plants and algae based acoustic materials
could be essential improvement for sound absorption,
especially for algae fibres which exibit low natural den-
sity.

3. Engineering strategies such as introducing air gaps,
multi-layering, and using micro-perforated panels can
significantly enhance sound absorption, particularly at
low frequencies, while reducing material usage and pro-
duction costs. These approaches are especially promis-
ing for underexplored biomasses like reeds, cattails, and
algae. Reeds and cattails already exhibit good absorption
below 1000 Hz, and incorporating them into layered or
micro-perforated composite panels with air gaps could
further improve their acoustic performance and consist-
ency. Similarly, algae, which show high absorption across
both 315-1000 Hz and 1000-5000 Hz for higher-density
samples, could benefit from engineering designs that op-
timize panel thickness, layering, or perforation patterns,
enabling more efficient use of biomass while tailoring
absorption to specific frequency ranges.

4. Plant-based and aquatic fibres face usage limita-
tions, including moisture sensitivity, decomposition,
variable mechanical properties that depend on growth
processes. Poor adhesion with polymers, and seasonal
biomass fluctuations can also affect the durability and
consistency of acoustic materials production and per-
formance. However, these challenges could potentially
be mitigated by incorporating suitable binders. More re-
search is needed to make better the use of aquatic plant
and algae fibre acoustic materials, in particular to im-
prove production process, assess long-term durability
and develop the acoustical potential of sound absorption
phenomena connected with reeds.
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