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ABSTRACT 

This study explores the potential of agricultural waste-based composites, specifically sugarcane bagasse, as 

sustainable sound-absorbing materials. The research investigates the impact of partial perforations on the 

Sound Absorption Coefficient (SAC) of bagasse-based panels, with perforation diameters of 1, 2, and 3 mm 

and depths of 25%, 50%, 75%. Acoustic performance was evaluated using an impedance tube across the 

frequency range of 200–1600 Hz. The results reveal that panels with 1 mm diameter perforations and 75% 

depth exhibited the highest SAC, reaching up 0.98 at 1500–1600 Hz. These findings underscore the 

potential of perforation geometry as a key factor in enhancing the acoustic efficiency of bio-composite 

materials. This study highlights the viability of optimizing perforation designs to develop sustainable, high-

performance sound absorbers, offering an eco-friendly alternative to conventional acoustic materials. The 

outcomes contribute to advancing circular economy practices by utilizing agricultural waste for noise 

mitigation in urban environments. 

Keywords-sustainable composites; sound absorption; agricultural waste; sound absorption coefficient; 

perforated bio-composites 

I. INTRODUCTION 

Environmental noise pollution is a significant and growing 
global challenge, with particularly severe consequences for 
urban and developing areas. According to the World Health 
Organization (WHO), noise pollution is one of the most 
pressing environmental risks, second only to air pollution, and 
it is responsible for a range of adverse health effects, including 

stress, sleep disturbances, cardiovascular diseases, and mental 
health issues [1]. In cities and densely populated regions, where 
industrial activity, transportation, and other anthropogenic 
factors are prevalent, the detrimental effects of noise on human 
health are exacerbated. Research has confirmed the urgency of 
addressing noise as a critical environmental hazard, given its 
increasing impact on public health [2]. The health implications 
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of noise pollution are wide-ranging, and the need for effective 
noise control measures has never been more critical. 

Long-term exposure to elevated noise levels has been 
associated with various cardiovascular disorders, including 
hypertension, heart attacks, and even premature mortality. 
Furthermore, noise pollution has a direct effect on cognitive 
development and performance in children and adults, 
impacting learning, memory, and overall productivity [1]. 
Given the ubiquity of noise in modern life, finding sustainable 
solutions to mitigate its impact has become an essential part of 
urban planning and public health policies. 

Traditional materials used for sound absorption, such as 
synthetic foams and mineral wool, have been effective in 
controlling noise, but they come with significant environmental 
and health drawbacks. These materials are typically derived 
from petrochemical-based sources, making them non-
biodegradable and contributing to environmental degradation 
when disposed of at the end of their life cycle. The production 
of synthetic sound absorbers also generates substantial 
emissions and contributes to the depletion of natural resources, 
raising concerns about their sustainability. As a result, there is 
an increasing need for alternative, environmentally friendly 
sound-absorbing materials that can address both the acoustic 
and environmental challenges posed by traditional materials. 

There has been growing interest in the use of natural fiber-
based composites as sustainable alternatives for sound 
absorption. Materials derived from agricultural waste, such as 
sugarcane bagasse, have shown promise in this regard. These 
materials offer the potential for comparable acoustic 
performance to conventional synthetic absorbers while being 
biodegradable and less harmful to the environment [3-5]. The 
use of agricultural by-products for the development of bio-
based composites aligns with the global push toward 
sustainability and circular economy practices, wherein waste 
materials are reused to create valuable resources. Moreover, 
sugarcane bagasse, a widely available agricultural by-product, 
can replace synthetic materials in various applications, 
reducing dependence on finite resources and supporting 
sustainable development [3]. 

The morphology of plant-based composites plays a crucial 
role in determining their acoustic performance. The porosity 
and alignment of fibers within the composite material are 
factors that influence its ability to absorb sound [6, 7]. 
Increased porosity allows sound waves to penetrate the material 
more easily, where they are then dissipated as heat through 
viscous interactions. Furthermore, optimizing fiber alignment 
can enhance the material's ability to dissipate sound energy, 
improving its overall acoustic properties. Techniques, such as 
additive manufacturing, have enabled the precise control of 
fiber alignment and porosity, allowing for the creation of 
complex geometries that further enhance the acoustic 
performance of these materials [8, 9]. 

Several fabrication techniques are commonly employed in 
the development of bio-composite acoustic panels. Hand lay-up 
and compression molding are two such methods that affect the 
performance of the material by influencing fiber distribution 
and matrix connectivity. Hand lay-up is a relatively simple and 

adaptable method that allows for uniform fiber distribution and 
effective resin impregnation [10]. This technique has been 
shown to result in superior control over the material's structure, 
ensuring that the desired acoustic properties are achieved. In 
contrast, compression molding, while more complex, typically 
yields stronger mechanical properties due to better fiber 
alignment and increased density [11]. The choice of fabrication 
method is crucial in determining the acoustic properties of bio-
composite panels, as uniform fiber distribution and proper resin 
impregnation are essential for optimizing sound absorption. 

The geometric configuration of the material, including 
perforation size and panel shape, also plays a critical role in 
enhancing acoustic performance. Perforated panels have been 
found to improve sound absorption by allowing sound waves to 
enter the material more effectively and dissipate energy 
through air friction and viscous damping [12]. The size and 
distribution of perforations in the panel affect its performance 
at different frequencies. For example, panels with small 
perforations are more effective at absorbing high-frequency 
sounds, while larger perforations are better suited for low-
frequency noise. The arrangement of perforations within the 
panel can also influence its overall acoustic behavior, with 
certain patterns optimizing absorption across a broad range of 
frequencies. 

This study aims to investigate the effect of partial 
perforations on the sound absorption characteristics of 
sugarcane bagasse-based composites. While the use of 
perforations in porous materials to enhance acoustic 
performance is well-established, the specific impact of 
perforation patterns on the properties of natural fiber 
composites, especially those derived from agricultural waste, 
remains underexplored [13, 14]. By focusing on the 
microstructural complexities of sugarcane bagasse composites, 
the present study seeks to provide an understanding of how 
varying perforation designs can optimize the acoustic 
performance of these sustainable materials. 

In addition to improving the sound absorption performance, 
the reuse of agricultural waste, such as sugarcane bagasse, 
aligns with the principles of the circular economy. Agricultural 
waste, often discarded or burned, can be transformed into 
valuable materials that contribute to both environmental 
sustainability and economic development [15, 16]. This 
approach not only reduces waste but also minimizes the 
environmental impact of traditional noise-control materials, 
thereby contributing to the broader goal of sustainable material 
development [17]. 

The potential applications of bio-based sound absorbers in 
urban planning, construction, and noise mitigation are vast. The 
incorporation of natural fiber-based panels, such as those made 
from sugarcane bagasse, into building designs can help manage 
noise pollution, improve the quality of urban living, and 
contribute to energy efficiency [4, 18]. These materials are not 
only effective in controlling noise but also provide economic 
benefits by reducing energy consumption through enhanced 
thermal insulation properties. Moreover, the adoption of 
sustainable acoustic materials supports public health by 
mitigating the negative effects of noise-related stress and 
annoyance [19].  
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This research introduces partial perforations directly into a 
porous, bagasse-based bio-composite instead of using a rigid 
perforated facing above an air cavity. It systematically 
decouples the roles of hole diameter and partial depth through a 
factorial design methodology. This 'in-material' perforation 
strategy for agricultural-waste panels is relatively 
underexplored in comparison to Micro-Perforated Panel (MPP) 
facings and traditional Helmholtz-type designs. This study 
quantified the effects of millimetric apertures on flow 
resistivity pathways and high-frequency dissipation in a 
biodegradable composite. However, it has not addressed 
practical considerations for scale-up, including repeatable 
drilling and punching, durability in terms of moisture and fire 
behavior, and benchmarking against conventional foams and 
mineral wool. 

II. MATERIALS AND METHODS 

For this study, sugarcane bagasse, an abundant agricultural 
by-product from the sugar industry, was selected as the primary 
raw material for the sound-absorbing composite panels. The 
bagasse was sourced from Arasoe Sugarcane Plant, Bone, 
South Sulawesi, Indonesia. Bagasse is rich in cellulose, 
hemicellulose, and lignin, which makes it a suitable candidate 
for use in bio-composites (Figure 1). The fibers were first 
subjected to a chemical treatment to remove impurities and to 
improve fiber-matrix bonding. A 5% sodium hydroxide 
(NaOH) solution was used for the alkali treatment, a well-
established method for enhancing the surface properties of 
lignocellulosic fibers. NaOH treatment has been reported to 
increase fiber surface roughness and improve the interface 
between the fibers and the resin matrix [20, 21]. Following 
treatment, the fibers were dried at ambient temperature for 8 h 
to remove excess moisture before being used in the composite 
preparation. 

 

 

Fig. 1.  Bagasse from Arasoe Sugarcane Plant, Bone, South Sulawesi, 

Indonesia. 

The composite panels were fabricated deploying the hand 
lay-up technique, a widely employed method for 
manufacturing bio-based composites, due to its simplicity and 
versatility [10]. In this study, the bagasse fibers were mixed 
with a polyester resin at a weight ratio of 60:40, which is 
considered optimal for balancing the mechanical strength and 
acoustic performance in bio-composites [11]. The polyester 

resin utilized was unsaturated, with a specific gravity of 1.215 
g/cm³, and a 1% catalyst was added to initiate the curing 
process. 

The fibers and resin were thoroughly mixed to ensure 
uniform distribution of the fibers throughout the matrix. After 
mixing, the composite material was poured into cylindrical 
molds with a diameter of 100 mm and a thickness of 30 mm, 
which is the standard size for acoustic testing in impedance 
tubes [22]. The molds were coated with a non-stick substance 
to facilitate the removal of the cured samples. The composites 
were then allowed to cure at room temperature for 24 h, after 
which they were demolded and prepared for further processing 
(Figure 2). 

 

 

Fig. 2.  Bagasse composite and sample preparation. 

 

Fig. 3.  Partial perforation design on samples. 

After curing, the composite panels were carefully removed 
from the molds. To enhance their acoustic performance, partial 
perforations were introduced to the panels using an electric 
drill. The perforation sizes were varied, with diameters of 1 
mm, 2 mm, and 3 mm, and depths set at 25%, 50%, and 75% of 
the panel thickness (Figure 3). The perforation patterns (Figure 
4) were designed to disrupt the normal reflection of sound 
waves and enhance sound absorption by introducing additional 
paths for sound energy dissipation [12, 13]. The perforations 
were made using a drill template to ensure consistent and 
precise hole placement across all samples. The final 
dimensions of the prepared samples were 100 mm in diameter 
and 30 mm in thickness, with the perforations evenly 
distributed across the surface. These samples were then 
subjected to acoustic testing (Figure 5). 
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Fig. 4.  Perforation template. 

 

Fig. 5.  Partial perforated bagasse composite samples. 

The sound absorption properties of the composite panels 
were evaluated using the two-microphone impedance tube 
method, in accordance with ASTM E1050-98 standards [24]. 
This method is commonly employed to assess the SAC of 
small-sized materials, yielding dependable results within the 
frequency range of 200 Hz to 1600 Hz [25]. Frequencies were 
selected based on the utilization of the Brüel & Kjaer 4206 type 
impedance tube employed in this study. The 100 mm tube of 
the Brüel & Kjær Type 4206 system is designed for accurate 
plane-wave, normal-incidence measurements up to 1.6 kHz. 
However, below approximately 200 Hz, the signal-to-noise and 
edge-leakage effects may become significant for 30 mm 
samples [24, 26]. The apparatus consisted of two ¼-inch 
condenser microphones (Type 4187), an amplifier (2716C), 
and the PULSE system for signal processing and data 
acquisition. 

The SAC was determined by measuring the incident and 
reflected sound waves as they interacted with the material. The 
samples were positioned inside the impedance tube, and the 
sound waves were generated by a loudspeaker placed at one 
end of the tube (Figure 6). The microphones recorded the 
sound pressure levels at two points, allowing the software to 
calculate the SAC at various frequencies. Each sample was 
tested three times to ensure the repeatability of the results. 

The acoustic data were statistically analyzed using Two-
Way Analysis of Variance (ANOVA) to evaluate the 
significance of the perforation diameter and depth in the SAC. 
This analysis was performed to determine if the main effects of 
perforation diameter and depth, as well as their interaction, 
significantly influenced the sound absorption performance. A 
significance level of p < 0.05 was considered for all statistical 
tests. The design was based on a 3x2 factorial arrangement, 
where three levels of perforation diameter (1 mm, 2 mm, 3 
mm) and three levels of perforation depth (25%, 50%, 75%) 
were considered (Table I). The ANOVA results were followed 
by post-hoc pairwise comparisons to further explore the 
differences between the groups when significant effects were 
found. All statistical analyses were performed using standard 
statistical software, and the results were presented as mean 
values with standard deviations to show the variability across 
the samples. 

 

 

Fig. 6.  SAC measurement: (a) equipment scheme, (b) sample on the tube, 

(c) measurement process. 

TABLE I.  FACTORIAL DESIGN MATRIX 32 

Factor Symbol Units 
Levels 

-1 0 1 

Perforation diameter X1 mm 1 2 3 

Perforation depth X2 % 25 50 75 

 

III. RESULTS 

A. Sound Absorption Coefficient of the Composite Samples 

The SAC of the sugarcane bagasse-based composite panels 
was evaluated across the frequency range of 200 Hz to 1600 
Hz. The results revealed that the SAC values of the composite 
panels varied significantly depending on the perforation 
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diameter and depth. As shown in Table II, the SAC values for 
the untreated composite (flat) ranged from 0.03 to 0.44 across 
the tested frequencies. In contrast, the perforated panels 
demonstrated a marked improvement in SAC, with values 
ranging from 0.05 to 0.98, depending on the perforation 
parameters. 

In general, samples with a perforation diameter of 1 mm 
and a perforation depth of 75% achieved the highest SAC 

values, with a peak of 0.98 at frequencies between 1500 Hz and 
1600 Hz, as displayed in Figure 7(a). This indicates that small 
perforations (1 mm) with deep perforation (75%) significantly 
enhance the sound absorption performance, especially at high 
frequencies. Similar trends were observed for panels with 2 
mm and 3 mm perforations, although the SAC values for the 3 
mm perforations were lower, particularly at the lower 
frequencies, as illustrated in Figures 7(b) and 7(c). 

 

Fig. 7.  The SAC: (a) different perforation with 1 mm diameter, (b) different perforation with 2 mm diameter, (c) different perforation with 3 mm diameter, (d) 

different diameter with 25% perforation, (e) different diameter with 50% perforation, (f) different diameter with 75% perforation. 
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TABLE II.  THE SAC 

Frequency 

(Hz) 

SAC (α) 

Flat 
1 mm 2 mm 3 mm 

25% 50% 75% 25% 50% 75% 25% 50% 75% 

D0P0 D1P25 D1P50 D1P75 D2P25 D2P50 D2P75 D3P25 D3P50 D3P75 

200 0.03 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.03 0.03 

300 0.04 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06 0.06 

400 0.06 0.09 0.09 0.09 0.10 0.10 0.09 0.08 0.08 0.08 

500 0.09 0.12 0.12 0.12 0.13 0.14 0.12 0.10 0.10 0.10 

600 0.12 0.17 0.16 0.15 0.17 0.19 0.17 0.13 0.13 0.12 

700 0.16 0.23 0.22 0.20 0.23 0.27 0.23 0.18 0.18 0.17 

800 0.22 0.31 0.30 0.26 0.32 0.38 0.31 0.23 0.24 0.22 

900 0.32 0.42 0.41 0.35 0.43 0.51 0.42 0.31 0.31 0.29 

1000 0.44 0.55 0.53 0.45 0.54 0.64 0.54 0.39 0.40 0.37 

1100 0.54 0.68 0.68 0.58 0.67 0.76 0.68 0.50 0.51 0.48 

1200 0.63 0.80 0.81 0.72 0.80 0.85 0.79 0.62 0.63 0.58 

1300 0.83 0.88 0.91 0.84 0.90 0.91 0.88 0.74 0.74 0.69 

1400 0.93 0.92 0.95 0.94 0.96 0.93 0.92 0.84 0.84 0.80 

1500 0.92 0.93 0.95 0.98 0.97 0.92 0.93 0.92 0.91 0.88 

1600 0.92 0.93 0.93 0.98 0.95 0.91 0.93 0.95 0.94 0.94 

 

B. Effect of Perforation Diameter on SAC 

The results indicate that the perforation diameter plays a 
significant role in enhancing the acoustic performance of the 
composite panels. Panels with a perforation diameter of 1 mm 
exhibited the highest SAC, especially at mid to high 
frequencies (1000 Hz to 1600 Hz). Figures 7(b) and 7(c) show 
that as the perforation diameter increased to 2 mm and 3 mm, 
the SAC values decreased, particularly at lower frequencies. 

These findings are consistent with those in [23, 27], where 
it was reported that smaller perforations lead to better sound 
absorption at higher frequencies due to enhanced interaction 
between the sound waves and the material. Moreover, the 
results suggest that an optimal perforation diameter of 1 mm 
maximizes the absorption of sound waves, particularly at mid-
range frequencies, which is/are the most common range of 
environmental noise. 

C. Effect of Perforation Depth on SAC 

The depth of perforation also significantly influenced the 
SAC values. As shown in Figure 7, increasing the perforation 
depth from 25% to 75% improved the SAC across all 
perforation diameters. The 75% perforation depth yielded the 
highest SAC, particularly for 1 mm and 2 mm perforations. 
Panels with a perforation depth of 75% exhibited SAC values 
approaching 1.0 at frequencies between 1500 Hz and 1600 Hz, 
which indicates nearly perfect sound absorption at these 
frequencies, as shown in Figure 7(a). 

In comparison, Figure 7(d) demonstrates that panels with a 
perforation depth of 25% exhibited lower SAC values, 
particularly at lower frequencies. This observation supports the 
findings from [23, 28], where it was suggested that deeper 
perforations allow for better sound wave penetration into the 
material, thereby increasing the dissipation of sound energy 
through viscous damping and thermal conversion. 

D. SAC Comparison for Different Perforation Configurations 

The highest overall SAC was observed in the composite 
panel with 1 mm perforations and a 75% perforation depth, 
followed by 2 mm perforations with a 75% perforation depth. 

The samples with 3 mm perforations generally displayed lower 
SAC values across all frequencies, indicating that larger 
perforations may reduce the material’s ability to absorb sound 
effectively, particularly at lower frequencies. 

These results align with those in [29-31], where it was 
shown that aperture geometry must be optimized to trade off 
enhanced wave–material interaction against panel integrity and 
pore-network continuity [29]. Excessively large perforations 
may disrupt the internal pore structure, reducing the overall 
effectiveness of the material in absorbing sound [30, 31]. 

E. Frequency-Specific Performance 

The SAC performance at various frequencies showed that 
the composite panels with small perforations (1 mm and 2 mm) 
excelled in the mid to high-frequency range (1000 Hz-1600 
Hz). For instance, panels with 1 mm perforations and 75% 
depth achieved peak SAC values of 0.98 at 1500 Hz and 1600 
Hz, as Figure 7(a) depicts. However, Figure 7(d) shows that at 
low frequencies (200 Hz-600 Hz), the SAC was lower, with 
values ranging from 0.03 to 0.1, indicating less effective 
absorption at lower frequencies. 

This frequency-specific behavior is consistent with [32, 33], 
where it was reported that natural fiber composites and 
perforated panels typically perform better at higher frequencies, 
where the sound wave interaction with the material is more 
effective. To enhance low-frequency absorption, modifications 
such as increasing panel thickness or adjusting pore structures 
have been proposed [32, 34]. 

F. Interaction between Perforation Diameter and Depth 

Two-way ANOVA was performed to analyze the effect of 
perforation diameter and depth on the SAC. The results 
indicated that both the perforation diameter (p<0.01) and 
perforation depth (p<0.05) had a statistically significant effect 
on the SAC. The interaction between the perforation diameter 
and depth was found to be significant (p<0.05), suggesting that 
the optimal acoustic performance is achieved when both 
parameters are considered together. Post-hoc comparisons 
further revealed that panels with 1 mm perforations and 75% 
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depth significantly outperformed other configurations in terms 
of SAC at mid to high frequencies. 

In comparison, perforated bagasse panels of similar 
thickness (optimal case: 1 mm/75% depth) attained a SAC of 
approximately 0.98 at frequencies of 1.5–1.6 kHz, 
demonstrating competitiveness with commercial melamine 
(Basotect) foam (25 mm thickness). Basotect exhibits random 
incidence absorption coefficients of approximately 0.70 at 1 
kHz and 0.87 at 2 kHz, highlighting the distinction between 
random and normal incidence measurement techniques. The 
observed high frequency gains align with findings indicating 
that lignocellulosic composites exhibit efficient absorption 
above 1 kHz, attributed to their fine pore networks, when 
compared to other natural fiber systems [4, 13, 29, 33].  

IV. DISCUSSION 

The results of this study demonstrate a significant 
enhancement in the SAC of the sugarcane bagasse-based 
composite panels with the introduction of partial perforations. 
The samples with perforations, particularly those with a 1 mm 
diameter and 75% perforation depth, exhibited SAC values 
reaching 0.98 at frequencies between 1500 Hz and 1600 Hz, 
which is indicative of near-perfect sound absorption (Figure 
7(a)). These findings support those in [23, 28], where it was 
shown that perforated panels can improve sound absorption by 
providing additional pathways for sound energy dissipation 
through viscous damping and thermal conversion. 

The optimal perforation depth of 75% was found to 
significantly improve SAC, especially at mid and high 
frequencies (1000 Hz–1600 Hz), consistent with research 
suggesting that deeper perforations allow for better sound wave 
penetration and energy dissipation within porous materials [12, 
22]. In comparison, the non-perforated (flat) samples 
demonstrated considerably lower SAC values, ranging from 
0.03 to 0.44, especially at low to mid frequency. This aligns 
with the general trend that non-perforated materials are less 
effective at absorbing sound compared to their perforated 
counterparts [31]. Therefore, the introduction of perforations, 
particularly with the optimal diameter and depth, clearly 
enhances the acoustic performance of bagasse-based 
composites, confirming the potential of partial perforation 
designs to optimize sound absorption. 

The enhanced SAC observed in the perforated composites 
can be attributed to the mechanisms of absorption in porous 
materials, which involve viscous losses, thermal conduction, 
and inertial effects [35]. When sound waves interact with the 
perforated surface, they generate a shear force between the air 
molecules and the fiber structure, leading to energy dissipation 
through friction and conversion of sound energy into heat. This 
phenomenon, known as viscous damping, is particularly 
effective at higher frequencies, where the sound wave's shorter 
wavelength allows for more efficient interaction with the 
material [32]. 

Moreover, the increased porosity from the perforations 
facilitates better air movement within the material, enhancing 
the efficiency of the viscous damping mechanism [32]. The 
interaction between the sound waves and the porous network in 
the composite leads to greater attenuation of sound energy, thus 

improving the material's ability to absorb sound. These findings 
are consistent with those in [6, 7], which highlight the crucial 
role of porosity, pore distribution, and fiber alignment in 
optimizing sound absorption performance. 

The results of this study indicate that the perforation 
diameter plays a significant role in the sound absorption 
properties of the composites. The 1 mm perforations 
consistently outperformed the 2 mm and 3 mm perforations in 
terms of SAC, especially at mid to high frequencies (Figure 
7(a)). This can be explained by the relationship between the 
perforation size and pore interconnectivity. Smaller 
perforations, such as those with a diameter of 1 mm, enhance 
the interaction between the sound waves and the material by 
increasing the connectivity of the internal pores, thus 
promoting greater energy dissipation [23]. 

As the perforation diameter increased to 2 mm and 3 mm, 
the SAC decreased, particularly at lower frequencies, as the 
larger perforations reduced the effectiveness of sound wave 
penetration into the material. This observation is in line with 
[30, 31], where it is stated that too large perforations may 
reduce the material's ability to trap sound waves, resulting in 
diminished acoustic performance. Therefore, optimizing the 
perforation size is crucial in achieving high SAC values, 
particularly at mid and high frequencies. 

A key finding in this study is the frequency-specific 
performance of the sugarcane bagasse composites. As shown in 
the results, the composites performed well at mid to high 
frequencies, with peak SAC values of 0.98 at 1500 Hz and 
1600 Hz for samples with 1 mm perforations and 75% depth 
(Figure 7(a)). However, at lower frequencies (200 Hz–600 Hz), 
the SAC was significantly lower, ranging from 0.03 to 0.1. 
This is consistent with [32, 33, 36], where it was noted that 
natural fiber composites generally exhibit better sound 
absorption at higher frequencies due to their smaller pore 
structures and more efficient interaction with sound waves. 

The reduced SAC at lower frequencies can be attributed to 
the longer wavelength of low-frequency sound waves, which 
are less likely to interact effectively with the smaller pores of 
the material. This is a common limitation observed in many 
bio-based composites, including those made from sugarcane 
bagasse [34]. To enhance low-frequency absorption, 
modifications, such as increasing panel thickness or optimizing 
pore structure, were proposed in [32, 37]. Future research may 
explore these modifications to further improve the acoustic 
performance of these materials. 

Another significant observation from the results is the 
impact of the perforation size on the effective surface area 
available for sound absorption. While larger perforations allow 
for greater airflow through the material, they may also reduce 
the internal pore connectivity, leading to lower SAC values. 
For example, the 3 mm perforations exhibited the lowest SAC 
values, particularly at lower frequencies, as larger holes 
disrupted the material’s ability to trap and dissipate sound 
energy [38, 39]. 

This observation supports the findings of [23, 31], where it 
was stated that small to medium-sized perforations are more 
effective in improving sound absorption by enhancing energy 
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loss mechanisms such as viscous damping and thermal 
conduction. Excessively large perforations can lead to a loss of 
structural integrity, making the material less effective in 
absorbing sound, particularly at lower frequencies. 

While this study provides valuable insights into the acoustic 
performance of sugarcane bagasse-based composites with 
partial perforations, there are several limitations that need to be 
addressed in future research. First, the study focused on a 
narrow frequency range (200 Hz–1600 Hz), which may not 
fully capture the material’s performance across a broader 
spectrum of sound frequencies. To improve the generalizability 
of the results, future studies should extend the frequency range 
to include lower frequencies, where significant sound 
absorption often occurs [40]. Second, while the perforation 
diameter and depth were found to significantly affect the SAC, 
other factors, such as panel thickness, porosity ratio, and fiber 
orientation, also influence the material’s acoustic performance. 
Further research should explore the combined effects of these 
factors and investigate the optimal configurations for 
enhancing sound absorption at both low and high frequencies. 

Finally, the environmental and economic benefits of using 
sugarcane bagasse as a raw material for sound absorbers should 
be assessed through Lifecycle Analysis (LCA) to quantify the 
environmental impact of these materials compared to 
conventional synthetic sound absorbers. This will help validate 
their sustainability and feasibility for large-scale applications in 
noise control [41, 42]. 

V. CONCLUSION 

This study investigates the acoustic performance of 
sugarcane bagasse-based composite panels with partial 
perforations, focusing on the effects of the perforation diameter 
and depth on sound absorption. The results demonstrate that 
perforation significantly enhances the Sound Absorption 
Coefficient (SAC) of these bio-composite panels, especially at 
mid and high frequencies. The composite panel with 1 mm 
perforations and a 75% perforation depth achieved the highest 
SAC, nearing 0.98 at 1500 Hz and 1600 Hz, showcasing the 
potential of optimizing perforation patterns to improve acoustic 
performance. 

The analysis of the perforation diameter revealed that 
smaller perforations (1 mm) provided better sound absorption 
than larger perforations (2 mm and 3 mm), particularly at 
higher frequencies. Additionally, the increased perforation 
depth was found to improve SAC, with deeper perforations 
allowing for more effective sound wave penetration into the 
material, leading to better energy dissipation. 

However, the study also identified that perforations larger 
than 2 mm could reduce the material’s overall acoustic 
performance, particularly at lower frequencies. This highlights 
the importance of balancing perforation size to optimize both 
structural integrity and sound absorption performance. 

The current perforation strategy enhances absorption in the 
mid to high frequency range; however, it is less effective for 
frequencies below approximately 600 Hz in 30 mm panels. 
Future research will focus on enhancing low frequency 
response through the use of thicker panels, graded or dual layer 

media, and hybridization with micro perforated overlays or 
shallow air cavities. These strategies have demonstrated the 
ability to shift resonance toward lower frequency bands. In 
addition to acoustics, assessing durability and compliance—
specifically moisture uptake, friability, and fire behavior—
along with process scalability, such as Computer Numerical 
Control (CNC) or die punching for consistent partial depth 
perforations, is noteworthy. A life cycle and techno-economic 
assessment will evaluate bagasse panels in comparison to 
polyurethane and mineral wool solutions. 
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