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ABSTRACT: Noise pollution is a major envi-
ronmental and public health issue in urban
areas, leading to the extensive use of acoustic
barriers in transportation and infrastructure
projects. Traditionally, these barriers have relied
on synthetic materials with high acoustic effi-
ciency but considerable environmental impact.
This study presents a systematic review of 65
scientific publications published between 2015
and 2024, examining the acoustic performance,
environmental impact, durability, and technical
feasibility of materials used in acoustic barriers.
The review compares conventional synthetic
materials with natural, recycled, and hybrid
alternatives, using indicators such as noise atten-
uation metrics, sound absorption coefficients, and
life cycle assessment results. The findings show
that natural and recycled materials can achieve
competitive acoustic performance in specif-
ic frequency ranges and application contexts,
particularly in wurban and moderate-noise
environments, while offering clear sustainabil-
ity advantages. However, limitations persist in
low-frequency attenuation, long-term durability,
and large-scale implementation under real oper-
ating conditions. Hybrid materials emerge as a
promising compromise between acoustic efficien-
cy and environmental performance, although cost
and technological barriers currently restrict wide-
spread adoption. The study underscores the need
for long-term field validation, standardized eval-
uation methods, and cost-effective production

processes to support the integration of sustain-
able acoustic barriers in urban infrastructure.

KEYWORDS: sustainable acoustic barriers, sound
absorption, recycled materials, environmental impact,
comparative analysis, civil engineering

I. INTRODUCTION

Noise pollution has become an increasingly
complex environmental problem in urban and
industrial settings and is considered by the World
Health Organization (WHO) to be the second most
significant environmental risk to human health,
affecting more than 30 % of the global popula-
tion [1]. This phenomenon, primarily driven by
vehicular traffic and industrial activity, has direct
consequences for public health, including an
increased incidence of cardiovascular diseases,
sleep disturbances, and cognitive deficits [2].
Despite the recognized importance of addressing
noise pollution, effective mitigation remains a
challenge, particularly in areas with elevated
noise levels that require sustainable and techni-
cally effective solutions.

Acoustic barriers—structures designed to
minimize noise propagation—are among the
most widely used strategies for controlling envi-
ronmental noise. Traditionally manufactured
from materials such as concrete, metal, and
polycarbonate, these barriers exhibit significant
limitations associated with their environmental
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impact during production and their reduced
effectiveness in low- and mid-frequency ranges,
particularly in dense urban environments [3],
[4]). In response to these limitations, the scien-
tific community has increasingly focused on the
development of alternative materials capable of
providing comparable or superior acoustic perfor-
mance while reducing without the environmental
impacts associated with conventional materials.

Over the past decade, alternative materials
such as coconut fiber, straw, and various recycled
composites have emerged as promising options,
demonstrating not only favorable acoustic prop-
erties but also a reduced environmental footprint.
For example, [5] and [6] reported that hybrid
composites and natural fibers can achieve high
noise reduction coefficients (NRC values of up to
0.8) along with effective sound attenuation perfor-
mance. Similarly, other recycled materials, such as
straw-cement composites, have shown reduced
environmental impact together with satisfactory
noise attenuation performance [7], [8]). However,
much of the existing literature has focused
on isolated material evaluations conducted
under controlled laboratory conditions, leaving
important questions unanswered regarding the
real-world performance of these materials in
urban infrastructure contexts, their long-term
durability, and their practical applicability.

Despite these advances, significant gaps
remain in the literature in terms of direct compar-
isons of acoustic and environmental performance
of different material types (natural, recycled,
synthetic, and hybrid). To date, no systematic
review has integrated the methodologies used
to evaluate the acoustic efficiency, sustainability,
and durability of noise barriers in real-world
urban scenarios. The diversity and heterogeneity
of previous studies make it difficult to establish
reliable technical standards to guide material
selection in sustainable infrastructure projects
[9], [10].

This study is grounded in the premise that,
although natural and recycled materials often
exhibit lower performance at low frequencies
when compared with advanced synthetic mate-
rials, they offer substantial advantages in terms
of sustainability, cost, and long-term feasibility.
The main objective of this study is to conduct a

systematic review comparing the acoustic and
environmental performance of materials used in
noise barriers, addressing existing gaps through
the analysis of key methodologies for assessing
acoustic efficiency (NRC and noise reduction),
environmental impact (LCA), structural durability,
and technical evaluation criteria.

Finally, this research proposes an analytical
regulatory and environmental framework that
may guide informed material selection, contrib-
uting to the development of more sustainable
urban infrastructure that is effective in noise
mitigation.

II. METHODOLOGY

This study employs a systematic review of
the literature on sustainable acoustic barriers,
focusing on peer-reviewed publications in English
and Spanish retrieved from databases such as
Scopus, Web of Science, and Google Scholar.
The search included key terms such as “acoustic
wall,” “sustainable sound insulation,” “absorbing
material,” “natural fiber for sound insulation,”
and “recyclable acoustic panel,” and was limited
to studies published between 2015 and 2024, a
period reflecting the growing interest in archi-
tectural solutions that integrate sustainability,
acoustic performance, and structural feasibility.

The selection criteria included experimental
studies, case studies, and reviews that analyzing
natural, recycled, hybrid, and synthetic mate-
rials used in acoustic barriers, with evaluations
of parameters such as sound absorption (NRC),
sound level reduction (dB), sustainability assessed
through life cycle analysis (LCA), and material or
structural durability. Excluded from consider-
ation were documents not specifically addressing
acoustic barriers, those focused solely on regu-
lation or design without quantitative analysis,
studies based exclusively on simulations without
experimental validation, publications in other
languages other than English or Spanish, and
works those without full-text access.

From an initial total of 896 identified records,
245 were removed due to duplication. Of the
remaining 651 records, 142 articles were selected
for title and abstract screening and subsequent
full-text assessment, resulting in the inclusion
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Fig. 1: Classification of materials used in acoustic barriers according to their origin: natural (plant- and
animal-based), recycled, synthetic, and hybrid. Specific examples for each category are shown.

of 65 studies in the systematic review and the
exclusion of 77 that did not meet the established
criteria. The selected studies were organized
according to material type (natural, recycled,
synthetic, hybrid), evaluation method (laboratory
tests, field trials and simulation-supported anal-
yses), analyzed acoustic variables (NRC and sound
level reduction in dB), and environmental and
technical impacts in urban settings.

III. RESULTS

A. Materials used in acoustic barriers

Various materials used in noise barriers were
identified and analyzed in terms of their noise
reduction performance, application context, and
ecological impact.

In the reviewed literature, the informa-
tion is organized according to the origin of the
materials, distinguishing among natural fibers,
recycled materials, synthetic products, and
hybrid composites, which allows a systematic
comparison of their acoustic and environmental
behavior. In particular, the studies emphasize the
acoustic performance of plant- and animal-based
fibers, carbon- and polymer-based materials, and
composite solutions combining organic and recy-
cled components.

To ensure comparability among the different
investigations, the analysis considers common

acoustic parameters reported in the literature,
mainly the sound absorption coefficient and the
Noise Reduction Coefficient (NRC), evaluated over
standardized frequency bands typically ranging
from 125 Hz to 4000 Hz, which are representative
of traffic and urban noise spectra. When available,
sound levels are interpreted using equivalent
continuous sound pressure levels expressed in
dB(A), which account for the human auditory
response. For the purpose of interpretation, low
acoustic performance is associated with NRC
values below 0.30, medium performance between
0.30 and 0.60, and high performance above 0.60,
providing a reference scale for comparing mate-
rials reported in different studies.

Historically, the most widely used materials
for sound absorption include glass wool, mineral
wool, and synthetic polymers [11]. However,
these materials present significant environmental
limitations, as they are not biodegradable and
generate pollution at the end of their life cycle
[12]. In addition, energy-intensive manufacturing
processes contribute to a high carbon footprint
[7], and the use of certain toxic compounds in
their production has been banned in some coun-
tries [13]. Accordingly, while synthetic materials
continue to predominate due to their high acoustic
efficiency, an increasing number of studies report
the use of natural and recycled materials. Figure 1
presents the classification of acoustic barriers
according to the material type considered in the
reviewed studies.
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Fig. 2. Conventional aluminum noise barrier (elevated railway application) [3].

Acoustic barriers are engineering structures
installed along transportation infrastructures
such as highways and railways to mitigate the
propagation of traffic noise toward surrounding
urban areas. Their performance depends not only
on the acoustic properties of the materials used,
but also on geometric factors such as height, loca-
tion, and surrounding morphology. Conventional
barriers are commonly manufactured using
metals, concrete, polymers, or composite panels,
which offer effective noise attenuation but may
present environmental and spatial limitations in
dense urban contexts.

The practical implementation of acoustic
barriers in complex urban geometries presents
significant design challenges. Figure 2 illustrates
a typical application of an aluminum barrier on an
elevated railway line, this configuration provides a
measurable reduction of 5-12 dB.

However, due to height limits (2.2-5.1 m), its
effectiveness decreases near high-rise buildings,
reducing its performance in densely populated
urban areas or close to tall structures, with nega-
tive impacts [3]. These systems are effective for
noise attenuation, but since they must adapt to
local topography and spatial limitations, there are
challenges to their application in certain environ-
ments, which calls for consideration of alternative
solutions.

Fig. 3. Coconut fiber in wooden wall [14].

Within the reviewed studies, natural materials
emerge as viable alternatives for acoustic barriers,
as they combine effective noise attenuation with
reduced environmental impact. Among these
materials, coconut fiber stands out as a partic-
ularly promising option. As shown in Figure 3,
coconut fiber-based materials have been applied
to enhance acoustic performance in contexts
where both sustainability and noise mitigation
are key considerations [14]. These materials
have demonstrated particular effectiveness in
absorbing low- and mid-frequency sound, making
them suitable for applications where reduction
of railway traffic noise is critical. Moreover, as a
renewable resource, coconut fiber reinforces its
potential as an environmentally favorable alterna-
tive to conventional synthetic materials.
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Fig. 4.

The use of coconut fiber has been associated
not only with enhanced acoustic performance
but also with improved economic and sustain-
ability indicators. Several studies report that
coconut fiber, particularly when combined with
other natural materials, enhances the effective-
ness of sound barriers, resulting in greater noise
attenuation compared to conventional synthetic
solutions. For instance, laboratory tests have
demonstrated that acoustic barrier walls incor-
poration coconut fibers achieve higher levels of
noise reduction than commonly used synthetic
products such as polyurethane and polyethylene
panels [12].

Coconut fibers can be effectively combined
with other materials to form composite acoustic
panels with improved performance, as shown
in Figure 4 [12]. These composite panels, which
incorporate natural fiber waste such as cotton,
coconut, and sugarcane, are reinforced with epoxy
resin to enhance acoustic performance. The sound
absorption coefficient increases with the fiber
content, with coconut fiber exhibiting the highest
absorption values among the materials analyzed.
At 1600 Hz, the absorption coefficient ranges
from 0.081 to 0.183, depending on the type and
content of fibers used.

In contrast to natural fibers, carbon fibers
demonstrate excellent thermal stability, with-
standing temperatures of up to 300 °C. Although
their sound absorption capacity is moderate,
carbon fibers provide strong noise-damping
performance, making them more suitable for
use as acoustic barriers than as sound-absorbing

Coconut

Sugarcane

Shows the microscopic details of cotton, coconut, and sugarcane fibers [12].

materials. Experimental tests indicate that
composite materials incorporating carbon fibers
achieve higher levels of noise reduction than
conventional synthetic products. By comparison,
earth and concrete barriers used on Spanish high-
ways typically achieve attenuation levels ranging
from 6.53 to 7.79 dB(A). However, continuous
maintenance is required to prevent performance
degradation over time [4]. Nevertheless, despite
the continued dominance of synthetic mate-
rials due to their high acoustic efficiency, their
environmental limitations have contributed
to the growing interest in natural and recycled
alternatives.

As shown in Figure 5, panels made from recy-
cled materials such as straw-cement composites,
also demonstrate high acoustic efficiency. These
materials not only meet established acoustic
performance requirements but also contribute to
sustainability by reducing the demand for virgin
natural resources. Rice husk composite (RHC)
achieves a noise reduction index of 5-6 dB, while
the treated wood composite (TWC) reaches values
of 8-9 dB and performs effectively within the
target frequency range (315-3150 Hz). In partic-
ular, rice husk-based materials have been used to
manufacture acoustic panels with strong perfor-
mance at the tested frequencies, exhibiting noise
attenuation levels comparable to conventional
materials such as concrete or metal [8].

In addition, studies such as Amarilla et al.
(2021) report that construction and demolition
waste (CDW) blocks achieve noise reductions of
11-14 dB, demonstrating that recycled materials
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Fig. 5.
(c) Recycled rubber [8].

can be competitive in urban environments. By
comparison, as shown in Figure 6, displays finished
composite panels incorporating cotton, coconut,
and sugarcane fibers, illustrating the scalable
product form that can be deployed in construc-
tion, this panels fiber exhibit high sound
absorption, largely due to their porous structure
and their ability to dissipate sound waves. As a
result, these materials have been implemented in
various urban applications, including the protec-
tion of residential areas adjacent to high-traffic
roads. For example, [12] report that coconut fiber
reinforced with epoxy resin achieves absorption
coefficients of 0.183 at mid frequencies (1600 Hz).
In addition, as illustrated in Figure 7, crucially,
shows the standardized laboratory samples made
from similar natural fiber composites, [10] show
that composites incorporating natural fibers such
as ramie and flax outperform synthetics materials
at high frequencies, with absorption coefficients
exceeding 0.6 above 800 Hz.

Hybrid materials combining natural and
synthetic fibers have also demonstrated prom-
ising performance in the reviewed studies. These
materials offer a balanced combination of prop-
erties that enhance both acoustic efficiency and
sustainability. Combinations of materials such as
cotton, sugarcane, and coconut have been shown
to improve acoustic performance while providing
a more environmentally favorable alternative to
traditional synthetic panels.

By contrast, synthetic panels remain relevant
due to their durability and sound absorption effi-
ciency. These materials offer advantages such
as resistance to extreme environmental condi-
tions and high performance at low frequencies;

Shows the materials used in the composites. (a) Rice husk. (b) Treated wood.

: .'._...
Composite Composite  composite
Fig. 6. Composite panels with cotton, sugarcane,

and coconut [12].

however, their ecological footprints and produc-
tion costs are often higher than those of natural
and recycled alternatives. Nevertheless, their
versatility and reliable performance across a wide
range of conditions make them particularly suit-
able for projects in which long-term durability and
consistent acoustic efficiency are essential.

B. Acoustic Performance and Sustainability in Noise
Barriers

Natural materials such as wool and coconut
fibers have shown favorable results in terms of
noise reduction, particularly within mid- and
high-frequency ranges. These materials are
primarily applied in urban infrastructure and in
acoustic panels for transportation and construc-
tion projects, where acoustic efficiency is a critical
requirement. Their overall acoustic performance
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Fig. 7. Acoustic samples of composites with natural fibers [10].

is generally high (NRC coefficient of 0.7 to 0.8),
however, their effectiveness tends to decrease
at low frequencies, where sound attenuation
remains a challenge. Coconut fiber, in particular,
has a low carbon footprint and is a renewable
resource, making it suitable for sustainable proj-
ects; however, limitations related to durability and
acoustic effectiveness at low frequencies have been
reported. These trends are illustrated in Figure 8.

By contrast, recycled materials such as straw-ce-
ment composites and recycled tire-based systems
exhibit high sound absorption performance, with
reported NRC values exceeding 0.9 in some cases.
These materials have been applied primarily in high-
ways and industrial sites in countries such as India,
Colombia, and Spain, where high noise exposure
and material availability favor their use. The use
of recycled materials not only reduces the demand
for virgin natural resources but also contributes to
circular economy principles. However, while their
sound absorption performance is competitive,
these materials may require additional processing
to ensure long-term durability and resistance to
extreme weather conditions.

Synthetic materials such as 3D-printed
foams and hybrid foams have demonstrated high
acoustic efficiency across a wide frequency range,
as demonstrated in applications for road infra-
structure or elevated railway lines. These materials
exhibit very high sound absorption performance,
with NRC values of up to 0.99; however, their high
environmental impact and elevated production
costs represent significant drawbacks. They are
therefore suitable for scenarios requiring precise
acoustic performance and enhanced durability,
such as industrial environments or high-traffic

Comparison of Noise Reduction Coefficient (NRC) for Different
Sound-Absorbing Materials
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areas; nevertheless, they are not the most ecolog-
ical or cost-effective options.

Finally, hybrid materials combining natural
and synthetic fibers are emerging as a viable
option, with reported NRC values of up to 0.94 in
certain applications. These materials integrate the
high acoustic efficiency characteristic of synthetic
materials with the improved sustainability associ-
ated with natural fibers. However, higher costs and
the complexity of their manufacturing processes
may limit their widespread adoption.

Figure 9 indicates that Inorganic Polymeric
Foams (IPF) exhibit the highest acoustic perfor-
mance among the materials analyzed, achieving
approximately 100 dB, significantly outperforming
other material categories. This exceptional sound
attenuation makes them particularly suitable for
applications in areas with high noise exposure, such
as industrial zones, high-traffic roads, and airport
runways, where effective noise control is critical.
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Fiber composite materials also demonstrate
high levels of noise attenuation, around 80 dB,
making them suitable for use in urban infrastruc-
ture and industrial environments. These materials
are particularly suitable for applications in which
sound absorption plays a key role in improving
acoustic quality, such as in commercial buildings
or residential areas located near major highways.

Hybrid foams provide intermediate levels of
acoustic performance, approximately 2 dB, posi-
tioning them between high-performance synthetic
materials and natural or recycled alternatives.
Although they do not reach the performance levels of
high-end synthetic materials, they represent a viable
alternative for projects that seek to balance sustain-
ability and acoustic performance, such as green
infrastructure or urban development initiatives.

Finally, microperforated panels (~14 dB) and
earth berms (~10 dB) exhibit moderate levels of
noise attenuation. These materials are suitable
for agricultural projects or areas with lower traffic
intensity, where overall noise levels are relatively
low. Despite their limited noise attenuation
capacity, they represent a cost-effective and easily
deployable option in areas with less demanding
acoustic control requirements.

C. Noise Reduction of Acoustic Barriers

Table 1 compares different types of acoustic
barriers used in various parts of the world,
detailing the materials employed, reported noise
mitigation performance (expressed in decibels),
and the types of infrastructure in which they have
been applied.

Figure 10 indicates that acoustic barriers
based on construction and demolition waste
(CDW) are among the most expensive options
reported, with costs reaching up to USD 1,150
per unit, depending on the configuraton [2]. This
type of barrier is primarily used in urban road
infrastructure environments, where structural
and regulatory requirements are particularly
tringent. Despite being based on recycled mate-
rial, its relatively high cost can be attributed to
the additional processing, pressing, and technical
adaptation steps required to meet structural and
regulatory standards.

Metallic Barriers
Concrete Barriers

Earth Berms

Hybrid Foams
Microperforated Panels
Fibrous Composites.

IPF Foams

Type of Barrier

Nanocellulose Foams
Biodegradable Panels
Recycled Concrete Barriers

Vegetal Barriers

Noise Reduction (dB)

Fig. 9. Efficiency of different types of acoustic
barriers.

Estimated Cost (USD)
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Urban Ecological Infrastructure
Hybrid Foams
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Recycled Concrete
3DPLA
Bagasse + recycled foam
Palm Fibers
Barriers
Metals/concrete
Rock Wool + plastics
Recycled
Coconut Fiber

Expanded Cork Panels
CDW Residues

o

200 400 600 800 1000 1200 1200 1400

Fig. 10. Comparison of materials based on the
investment required for acoustic barriers..

At first glance, it may appear counterintuitive
that a waste-based material is among the most
expensive options. However, the cost depends not
only on the origin of the raw input but also on
the conversion processes required to meet struc-
tural and acoustic performance requirements.
First, CDW must be carefully classified and sepa-
rated, as not all waste fractions are suitable for
reuse. These materials must then undergo tech-
nical processes such as crushing, stabilization, or
agglomeration with resins in order to form struc-
turally sound and durable volumes or panels. In
addition, their application requires laboratory
testing to verify both their sound insulation
capacity and structural performance, implying
additional investment in certification and quality
assessment procedures.
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Moreover, the weight and geometry of these
materials require complex logistical arrangements
during transport and installation, which further
increase their relative cost. Furthermore, many
CDW-based solutions remain at the experimental
or pilot-project stage, meaning that their produc-
tion is not yet fully standardized or implemented
at an industrial scale. This lack of standardization
contributes to higher costs, a pattern commonly
observed in emerging construction technologies.

Other materials also exhibit relatively high
costs, including expanded cork panels used in
sustainable buildings in Portugal, aluminum
applied in railway systems in Singapore, and
coconut-based components. All of these solu-
tions exceed USD 250 per unit of measurement,

depending on configuration and application,
reflecting a trend toward technically robust but
more specialized solutions.

By contrast, cheaper and more environmen-
tally friendly alternatives, such as palm fiber,
rice husk nanoparticles, or biodegradable poly-
mers like polylactic acid (PLA), have generally
been tested only on a limited basis. This is partly
because these materials tend to exhibit lower
structural resistance to adverse conditions such
as weather exposure or vandalism, which limits
their suitability for use in public spaces. In addi-
tion, there is a degree of uncertainty and limited
technical familiarity among designers and regu-
latory authorities regarding their long-term
performance.
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Nanofibers (CNF) [9].

Finally, countries in which more expensive
acoustic barrier materials are reported—such
as Spain, Portugal, Singapore, or Brazil—tend to
operate within regulatory frameworks character-
ized by stricter technical requirements and higher
investment capacity. These conditions support
prioritization criteria related to durability, struc-
tural performance, and technical standardization,
which helps explain the preference for higher-cost
acoustic barrier solutions.

D. Criteria for the Implementation of Acoustic Barriers

Recent advances in the design of acoustic
barriers reflect the need to balance technical effi-
ciency, sustainability, and economic feasibility, as
summarized in Table 2. In the context of noise
mitigation, studies such as [15] report that peri-
odic structures incorporated into Helmholtz
resonant cavities can achieve noise attenuation of
up to 16 dB at specific frequency ranges (400-890
Hz). However, their effectiveness depends on
factors such as barrier height and spatial configu-
ration, and their action is limited to partial noise
attenuation rather than complete noise elimina-
tion, as summarized in Table 2. With respect to
materials [9], as illustrated in Figure 11, show that
nanocellulose-based composites and hydrophobic
particle systems can achieve high sound absorp-
tion when used in hybrid foam configurations,
while maintaining a relatively low environmental
impact. By contrast, conventional synthetic mate-
rials continue to generate waste streams that are
difficult to recycle.

This observation is consistent with the advan-
tages of recycled variants, such as end-of-life tire
(ELT)-based systems, listed in Table 2, despite
their shorter lifespan. In terms of costs, Table 2
indicates that innovative designs, such as the
system developed by [16], require substantial
initial investment; however, optimized mainte-
nance strategies —such as the use of digital filters
based on Gauss-Legendre quadrature—can signifi-
cantly reduce operating costs. Finally, design
flexibility enables the integration of micro-per-
forated panels or vegetation-based systems [15]);
however, their implementation in dense urban
environments remains a challenging, as indi-
cated in Table 2. Taken together, these findings
emphasize the need to adapt acoustic solutions
to specific contextual conditions and to prioritize
sustainable materials and multifunctional struc-
tural designs.

IV. DISCUSSION OF RESULTS

This study provides an integrative overview of
materials used in acoustic barriers, with particular
emphasis on acoustic performance, durability,
and structural resistance. The results are consis-
tent with previous findings supporting the
effectiveness of natural and recycled materials in
enhancing acoustic performance, in line with [8],
who report favorable results for rice husk cement,
while noting that its performance depends on
structural configuration. However, despite their
potential, these materials exhibit limitations in



Sustainable Materials for Acoustic Barriers in Urban Infrastructure / E. Tirado, H. Delgado

TABLE II

COMPARATIVE TABLE OF ADVANTAGES AND DISADVANTAGES OF ACOUSTIC BARRIERS

Category

Advantages

Disadvantages

Noise reduction

-They mitigate noise impact in urban and
industrial areas.

-They improve quality of life by reducing noise
pollution.

-They enable compliance with environmen-
tal regulations on noise levels.

- Effectiveness depends on the material, height,
and location.

-They do not completely eliminate noise; they only
attenuate it.

-Some barriers may cause sound reflection in-
stead of absorption.

Materials used

-Wide range of options: natural, recycled,
synthetic, and hybrid materials.

-Biodegradable and recycled materials
reduce environmental impact.

-Advanced polymers and hybrid foams
provide high acoustic absorption.

-Synthetic materials have a high environmental
impact.

-Some recycled materials exhibit lower durability.

-Natural materials may degrade over time if not
properly treated.

Costs and eco-
nomic feasibility

-Low-cost options exist, such as earth
berms and recycled-material barriers.

-Different materials can be combined to
optimize cost and efficiency.

-Long-term cost reduction through the use
of sustainable materials.

-The initial investment can be high for advanced
barriers and innovative designs.

-Some barriers require constant maintenance,
increasing operational costs.

-Advanced materials can have high production
costs.

Durability and
maintenance

-Materials such as concrete and polymers
offer high mechanical resistance.

-Some recycled barriers, such as those
made from ELT (end-of-life tires), show
good mechanical stability.

-Hybrid designs combine structural resis-
tance with acoustic absorption.

-Metal barriers require frequent maintenance to
prevent

-Barriers made from biodegradable materials may
deteriorate due to moisture.

-Some structures may lose efficiency over time.

Environmental
impact

-Natural and recycled material barriers
reduce the carbon footprint.

-Innovative designs optimize material use
without compromising sustainability.

-The use of recycled materials promotes the
circular economy and reduces waste.

-Synthetic materials such as plastics and poly-
mers generate waste that is difficult to recycle.

-The production of concrete and metals has high
CO, emissions.

-Some recycled solutions require additional pro-
cesses that may generate secondary pollution.

Design flexibility

-They can be designed with different
heights, inclinations, and shapes to opti-
mize performance.

-They can be integrated with vegetation to
improve aesthetics and acoustic absorp-
tion.

-Portable and adaptable solutions can be
developed for different environments.

-Some barriers require large areas to be effective.

-Implementation in densely urbanized areas can
be challenging.

-Certain configurations may alter the urban land-
scape.

low frequency noise attenuation, which is critical
for industrial applications and high-traffic envi-
ronments. This observation is consistent with the
findings of [15], who report similar low-frequency
constraints in periodic structural systems.

A key gap identified in the literature is that
many studies, including those reviewed here, focus

on controlled laboratory conditions without vali-
dation under real-world or long-term operational
conditions. As noted by [9], hybrid materials—
despite their low environmental impact—lack
comprehensive studies based on real-world appli-
cations, representing a methodological limitation
that hinders their broader practical adoption. This
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lack of data on durability and real-world behavior
under extreme environmental conditions intro-
duces uncertainty and limits the robustness of
current knowledge.

The analysis also reveals a gap between the
technical potential of hybrid materials and their
commercial feasibility. High production costs
and technological barriers, as emphasized by
[17], represent significant obstacles to large-scale
adoption, thereby limiting the contribution of
these materials to urban noise mitigation and the
broader promotion of sustainable infrastructure.

Therefore, enhancing environmental perfor-
mance and reducing costs are critical challenges
that must be addressed for natural, recycled,
and hybrid materials to become viable alterna-
tives to traditional synthetic solutions, thereby
contributing to a lower ecological footprint and
improved urban quality of life [12], [10]. In partic-
ular, there is a need to develop technologies and
production processes that enhance the structural
performance of these materials under real-world
conditions while reducing costs, in order to
facilitate their integration into urban acoustic
infrastructures that must meet stringent tech-
nical, environmental, and economic standards.

By contrast, variations in acoustic performance
are observed in certain recycled materials, such
as recycled cardboard, which—despite achieving
limited noise reduction (approximately 7-8 dB)—
do not reach the performance levels required for
high-noise environments. This reduced effective-
ness is likely related to insufficient structural
rigidity and limited performance at low frequen-
cies, which are critical in industrial applications.
This observation highlights the need for further
analysis of material structure and specific physical
properties in order to optimize acoustic perfor-
mance across in different application contexts.

Finally, this study contributes to existing
knowledge by integrating acoustic, environ-
mental, and durability analyses, and suggests that
hybrid materials combining natural and synthetic
fibers represent a viable pathway for optimizing
acoustic  efficiency without compromising
durability. However, the adoption of emerging
innovations such as nanotechnology and addi-
tive manufacturing (3D printing) still requires
overcoming significant economic and technical

challenges in order to achieve a substantial impact
on urban infrastructure [17].

In summary, the discussion indicates that
although progress in sustainable acoustic
materials has been significant, important meth-
odological and technological gaps remain, along
with limitations related to environmental perfor-
mance and cost. Future research should therefore
focus on long-term testing, field validation, and
economic and technical optimization to enable
efficient and sustainable practical application.

V. CONCLUSION

The analysis conducted in this study on
acoustic barriers demonstrates that it is essen-
tial to select materials considering not only their
acoustic efficiency, but also their environmental
impact and economic feasibility, in accordance
with the established objectives. Natural materials,
such as coconut fiber and sheep wool, as well
as recycled materials, such as rice husk cement
and recycled plastics, were identified, achieving
significant noise reductions ranging from 5 to 14
dB [2],[2], [8] and NRC coefficients between 0.13
and 0.94 [12], [10], confirming their potential as
sustainable alternatives.

The initial hypothesis that these materials
could match or surpass synthetic materials in
acoustic efficiency and durability is partially
confirmed. Although competitive, they face
significant challenges related to durability and
resistance to adverse environmental factors,
which limit their practical and large-scale applica-
tion [1], [4].

The systematic review method applied was
validated for integrating acoustic, environmental,
and economic aspects, allowing the identification
of significant gaps in the literature, particularly
the lack of long-term evaluations under real-world
conditions, which reduces the robustness of the
available knowledge and confidence in its prac-
tical application.

Furthermore, synthetic materials such as
hybrid foams and advanced polymers, with
NRC coefficients close to 0.99 [5], exhibit high
acoustic performance; however, their high cost
and environmental footprint position them as less
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sustainable options. Hybrid materials combine
properties from both approaches, achieving an
NRC coefficient of approximately 0.94, but require
optimization of production processes to reduce
costs and facilitate their adoption [17].

The identified limitations, such as the lack
of real-world testing, insufficient durability, and
economic barriers, highlight the need for future
research focused on field validation, technology
optimization, and cost reduction, as well as on the
development of materials with improved low-fre-
quency performance and greater environmental
resistance.

Finally, this research reaffirms the importance
of continuing to develop sustainable acoustic
solutions through a multidisciplinary approach
that includes materials science, environmental
engineering, and circular economy principles.
The integration of natural and recycled materials
into acoustic barriers not only improves acoustic
efficiency but also significantly contributes to
the sustainability of urban infrastructure and is
essential for the future of cities.
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