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Abstract

Composite materials have emerged as key components in the quest for sustainability, providing a means
to decrease environmental impact while improving performance in several applications. Some of the
major benefits of using composites are durability, cut down regular repairs and replacements, preserve
natural resources, reduce waste generation, and carbon footprint related to manufacturing processes.
Due to renewability of natural fibers, the use of composites boosts sustainability and minimizes the
environmental impact as compared to synthetic fibers. This study explores the production, qualities,
and uses of sustainable composite materials, with a focus on bio-based, recycled, and natural fiber-
reinforced composites. Key production procedures and problems are discussed, as well as the
environmental ramifications of employing these materials. It focuses on the mechanical characteristics,
life cycle assessment, and end-of-life disposal issues of sustainable composites. Applications in
construction, automotive, aerospace, renewable energy, etc. are investigated, demonstrating the
adaptability and potential use of these materials. The future prospects of research and development are
reviewed and discussed, with an emphasis on increasing recycling technologies and material
performance. The study emphasizes the significance of sustainable composite materials in meeting
environmental goals and promoting innovation in material science. It also stated research attempts to
give a solid grip on the existing situation and future possibilities for sustainable composites.

Keywords: Sustainability, bio-based composites, recycled composites, sustainable composites,
environmental impact, LCA, green materials, composite manufacturing

INTRODUCTION

The term “sustainability” ensures that current requirements are addressed without jeopardizing future
generation’s capacity to satisfy their own, including environmental conservation, economic prosperity,
and social impartiality. Environmental sustainability focuses on lowering resource usage, minimizing
waste, and safeguarding natural environments. Sustainable methods provide for the protection of
biodiversity, mitigation of climate change impacts, and health of ecosystems that are vital to life on
Earth. Implementing sustainable practices permits society to lower its carbon footprint and pollution,
ensuring cleaner air, safe drinking water, and productive soil [1]. Economic development boosts the
optimal use of resources to maintain long-term
economic growth and solidity. It involves building
systems that are resistant to environmental and
social jolts, boosting innovation, and promoting
sustainable initiatives. Economic sustainability
refers to setting up a balance between economic
growth and resource conservation for future
generations [2]. Therefore, sustainable composite
materials might have far-reaching economic
repercussions for many industries, altering
production processes, product lifecycles, and
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market dynamics. Some of the key economic
implications of adopting sustainable composite
materials across different industries are stated in
Table 1. However, social sustainability endeavours
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to improve the quality of life for all people by promoting growth and ensuring equitable prospects. It
emphasizes the significance of social responsibility and ethical behaviour in handling challenges such
as poverty, education, health, human rights, etc. [3]. Objectively sustainability encourages equality and
societal justice, which encourages the development of unified, flexible communities capable of long-
term fulfilment.

Composite Materials for Sustainability

Composite materials are well known for their useful combination of different components to build
superior qualities of products and play a key role in enhancing sustainability. These structures are made
from numerous components, naturally, a matrix and reinforcement, which work together to enhance
their mechanical as well as physical characteristics. Therefore, composite’s relevance in sustainability
is becoming more widely recognized in industrial sectors, such as aerospace, automotive, construction,
and energy sectors [4]. Composite materials consist of a matrix and a reinforcing phase, with the matrix
holding the fibers together, protecting them from natural degradation/deterioration. The combination
produces lightweight robust materials that are corrosion-resistant and can resist high pressures, making
them suitable for various challenging applications [5]. Overall, composite materials contribute to
sustainability through resource and energy efficiency, durability, and longevity.

Advances in Sustainable Composites

To date natural fibers including hemp, flax, jute etc., are being used in composites, providing
renewable and biodegradable alternatives to synthetic fibers [6]. Bio-composites reduce the dependency
on petroleum-based products and lower the total environmental impact. Developments in composite
material recycling methods permit for the recovery and reuse of fibers and resins, which increases the
material’s sustainability. Sustainable composite materials are more important in industries like wind
energy, where enormous composite structures like turbine blades are required for sustainable end-of-
life solutions [7]. The main objective of continuing research and development in sustainable composites
are improving material physical characteristics, enhancing the use of renewable resources, improving
recycling techniques, and boosting lifetime analysis [8]. Therefore, the purpose of this study was to
analyze and synthesize available knowledge on the development, application, and benefits of composite
materials in terms of sustainability. The study also aimed to highlight innovations in composite
materials that contribute sustainability concerning environmental, economic, and social developments,
addressing production problems and potential solutions.

Table 1. Key Economic Implications of Adopting Sustainable Composite Materials Across Different
Industries.

S.N. Industry Economic implications

1 Automotive - Lower material costs over time due to recyclability.
- Lighter materials lead to reduced fuel consumption.
- Fascinate environmentally conscious consumers.

2 Construction - Reduce maintenance costs.
- Improve insulation properties to lower energy bills.

3 Aerospace - Enhanced fuel efficiency and lower operational costs.
- Increased R&D spending on new composite technologies.
- Early adoption can lead to market leadership.

4 Consumer Goods | - Initial investment in new materials may be high.
- Can decrease reliance on traditional materials.

5 Electronics - Reduces e-waste and associated disposal costs.
- Improved flexibility can lead to longer product lifespans.

6 Textiles - New segments for sustainable fashion attract consumers.
- Initial higher costs may decrease with scale and innovation.
- Meeting sustainability standards can avoid penalties.
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TYPES OF SUSTAINABLE COMPOSITE MATERIALS
Mainly three types of composite materials are available such as bio-based, recycled, and natural fiber-
reinforced composites, and are discussed subsequently.

Bio-Based Composites

The bio-based composites are prepared of natural fibers and polymers produced from bio-based
natural sources. These composites are more popular because of their environmental benefits, such as
degradability and low carbon footprint, making them a more sustainable option than standard
composites. These composites are often made from bio-based fibers like flax, hemp, jute, or bamboo,
as well as bio-based polymers like polylactic acid (PLA) or polyhydroxyalkanoates (PHA) [8]. These
fibers offer reinforcement, improving the mechanical properties of the composites, while the polymers
act as a matrix to hold the fibers together. These materials are produced using a variety of manufacturing
processes, including as injection moulding, extrusion, compression moulding etc. The benefits of bio-
based composites are low density, high specific strength, and stiffness [9]. and are resistant to corrosion
and excellent thermal and acoustic insulation qualities. The above qualities make them perfect and
sustainable for a variety of applications, such as automobile components, construction materials,
packaging, consumer items etc. The primary advantage of bio-based composites is their positive
environmental effect i.e., they are biodegradable and recyclable, reducing their impact on landfills and
the surrounding environment. Moreover, bio-based composites often consume less energy and produce
less greenhouse gas (GHG) emissions than conventional ones [10]. Bio-based composites have several
limitations such as fiber characteristics, moisture absorption, and durability [11]. Research work is
underway to solve these difficulties and to improve the performance and dependability of bio-based
composites. However, recent research is focusing on enhancing manufacturing processes, developing
novel bio-based polymers, and increasing applications in other public sectors.

Recycled Composites

Composite materials help to promote sustainability by reducing waste generation, saving natural
resources, and reducing detrimental environmental effects. These composite wastes are processed using
recycling e.g., pyrolysis. Recycled composite materials are used in several industries, e.g., construction,
aerospace, automotive, automotive etc., and provide significant benefits such as cost savings, waste
minimisation, and environmental management [12]. Although, with several problems such as holding
material characteristics and confirming quality consistency, constant investigation, and improvement
aim to progress in recycling methods and increase the usage of recycled composite materials in various
industrial sectors [13].

Natural Fiber-Reinforced Composites

Natural fiber-reinforced composites are materials made up of mixing natural fibers with a matrix
material, usually polymers, to manufacture a composite with better mechanical features [14]. These
fibers, originating from plants (e.g., flax, hemp) and animals (e.g., wool, silk), have various benefits,
including low density, biodegradability, and renewable properties. The composites have high
mechanical qualities, making them appropriate for use in a variety of sectors, including automotive,
construction, and packaging. Natural fiber-reinforced composites are environmentally beneficial and
may minimize dependency on non-renewable resources, therefore their manufacture corresponds with
sustainability goals [15]. However, difficulties such as fiber-matrix compatibility and moisture
absorption must be addressed to achieve peak performance.

MANUFACTURING TECHNIQUES
Processing Methods

Composite manufacturing uses a variety of processing processes to create composite materials with
desired qualities. Table 2 shows the most important approaches employed for manufaturing.

Challenges in Manufacturing Sustainable Composites

Manufacturing sustainable composites involves some obstacles that the industry must overcome in
order to promote environmental responsibility and minimize reliance on non-renewable resources.
Table 3 shows some of the significant problems in manufacturing of sustainable composites.
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Table 2. Process Methods for Composite Materials Manufacturing.

SN. | Processing method Elucidation Source
1 Hand layup It is a manual procedure that involves inserting reinforcing components [16]
into a mold and adding resin by hand.
2 Automated fiber This technology uses robotics to precisely put continuous fibers on a [17]
placement (AFP) mold.
3 Open molding Itis a process in which reinforcing materials are put in an open mold and [18]
resin is applied to create a composite.
4 Resin infusion This procedure involves infusing resin into a dry fiber under vacuum, [19]
ensuring that the fibers are thoroughly impregnated.
5 Compression It uses heat and pressure to consolidate composite materials in a mold [20]
molding cavity, most often for thermosetting composites.
6 Filament winding To construct composite structures, continuous fibers are wound around [21]
a revolving mandrel, and resin is applied.
* These approaches provide versatility in manufacture of composites for extensive applications.
Table 3. Key Challenges in Manufacturing of Sustainable Composites.
SN. Challenges Elucidation Source
1. Lack of comprehensive There is a gap in evaluating bio-composites in terms of complete [8]
assessment required criteria for a variety of industrial applications.
2. Technical problems with | Manufacturing composites from natural fibres such as kenaf [22]
natural fiber presents technological obstacles.
3. Sustainable Developing sustainable production processes for composites is [23]
manufacturing methods difficult, although progress is being made.
4. Supply chain Ensuring sustainability across the composites sector supply chain [24]
sustainability presents difficulties, such as energy savings and waste reduction.
5. Management of Composite waste management is becoming a more pressing issue as [12]
composite waste worldwide demand for items built from these materials rises.
6. Adapting to climate The composites sector is facing hurdles in adjusting to climate [25]
crisis and regulatory crisis concerns and regulatory shifts.
changes

*To adopt more sustainable composite manufacturing techniques, industry players must work together, innovate
technologically, and get regulatory assistance.

PROPERTIES AND PERFORMANCE

Composite materials have various advantages, including more strength and stiffness, low weight,
long life, and resistance to erosion and corrosion. The characteristics may be modified during the
production process to meet specific application requirements.

Mechanical Properties

Sustainable composites offer diverse mechanical properties suitable for various industrial and
consumer applications, aligning with environmental sustainability goals and offering a viable
alternative. Table 4 displays several key mechanical characteristics of composite materials.

Environmental Impact Assessments (EIA)

Life Cycle Assessment (LCA) is a widely used method for assessing the environmental impact of
composite materials, encompassing their entire life cycle from extraction to disposal. Table 5 highlights
some of the key aspects of EIA studies of composite materials. According to studies, the environmental
effect of composite materials varies greatly depending on the exact materials and production procedures
utilized. Some specific case studies related to LCA to evaluate the sustainability of bio-based and
recycled composites in various industries are mentioned in Table 6. Composite material’s
environmental effects may be considerably reduced by recycling and reuse.

© STM Journals 2025. All Rights Reserved S25



Journal of Polymer & Composites

Volume 13, Special Issue 2

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print)

Table 4. Mechanical Properties of Sustainable Composite Materials [8].

SN. Property

Elucidation

1 Strength

Sustainable composites have excellent strength-to-load ratios, making them ideal
for a variety of applications requiring strength.

2 Toughness

These composites frequently have high toughness, allowing them to survive
impact and deformation without splitting readily.

3 Durability

Sustainable composites are highly durable, assuring endurance and resistance to
deterioration, making them ideal for long-term usage.

4 Dimensional stability

They have exceptional stability, and they can retain their shape and size even
under dynamic circumstances, which is critical for constant performance.

5 Biodegradability

Many sustainable composites are biodegradable, which means they degrade
spontaneously over time, minimizing environmental impact and increasing eco-
friendliness.

6 Eco-friendliness

These composites are frequently created from renewable resources or recycled
materials, which adds to their environmental friendliness and reduces reliance on
non-renewable resources.

Table 5. Various Aspects of EIA Studies of Composite Materials.

S N. Attribute Elucidation Source

1 Life cycle assessment Assess the environmental effect of composites across their whole life [26]
(LCA) cycle, from raw material extraction to disposal.

2 Environmental impact Models are designed to analyze the effect of composites, taking into [26]
model development account issues such as embedded environmental impact.

3 Integration of durability | Durability-based service-life predictions are combined with EIA to [27]
and impact assess natural fiber-reinforced composite materials.

4 Evaluation of Polymers are assessed for their environmental impact, taking into [28]
sustainable polymers consideration of factors such as energy consumption and economic

balance.

LCA approach Used to evaluate the environmental consequences of bio-composites [29]
Resource depletion and | It compares resource depletion and global warming potential for [30]
global warming composites made from recycled plastics.

*These attributes insights into the EIA of sustainable composites by showing the methodology and variables used to assess

their sustainability.

Table 6. Case Studies of LCA to Evaluate the Sustainability of Bio-based and Recycled Composites in

Various Industries.

SN. Industry Case study Materials evaluated Outcomes Source
1 Agriculture LCA of PLA and other bio- Significant reduction in soil [31]
biodegradable based polymers pollution compared to
mulch films traditional plastics
2 Aerospace LCA of bio-based Bio-epoxy resins, Can reduce weight and [26]
composites natural fibers environmental impact in
aircraft.
3 Textile LCA of recycled Recycled PET vs. Recycled PET significantly [32]
polyester virgin PET lowers greenhouse gas
emissions
4 Construction | LCA of bio-based Wood fibers, Lower carbon footprint and [33]
insulation materials | cellulose, and energy consumption than
mycelium conventional insulations
5 Automotive | LCA ofnatural fiber | Hemp and flax fibers, Reduced environmental [34]
composites polypropylene impact compared to glass fiber
composites.
6 Packaging LCA of PLA (Polylactic acid) | Biodegradable options showed [35]
biodegradable and starch-based reduced impacts in waste
plastics management
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APPLICATIONS OF SUSTAINABLE COMPOSITES

Sustainable composites, manufactured from renewable and biodegradable materials, offer a viable
alternative to standard composites in several applications. They have substantial influence in several
important fields, including construction, automotive, aerospace, and renewable energy.

Construction
Table 7 showcases the various applications of sustainable composites in the construction industry,
highlighting their durability, strength, eco-friendliness etc.

Automotive
Sustainable composites are gaining popularity in automobile applications, enhancing environmental
sustainability and performance and in certain cases reduces fuel consumption. Table 8 provides a

comprehensive overview of their uses and relevant references/sources.

Table 7. Applications of Composite Materials in Construction Sector.

SN. Usage Elucidation Source
1 Structural elements Sustainable composites are used to build structural parts including [36]
beams, columns, and panels because they have good strength-to-
weight ratios and are resistant to corrosion.
2 Insulation materials Composites are utilized as insulation materials in buildings to [37]
improve energy efficiency and reduce heat transfer, resulting in
greater thermal performance and lower energy consumption.
3 Cladding systems Sustainable composites are used as cladding materials on building [38]
exteriors, offering weather resistance, durability, and aesthetic
appeal while lowering maintenance and lifespan costs.
4 Roofing materials Employed in roofing applications due to their lightweight nature, [39]
durability, and weather resistance, which provide long-term
protection while also contributing to building sustainability.
5 Sustainable wood- Wood-plastic composites (WPCs) made from sustainable materials [40]
plastic composites are used in landscaping and transportation due to their unique mix of
wood-like looks and plastic's durability and minimal maintenance
requirements.
Table 8. Applications of Composite Materials in Automotive Sector.
SN. Usage Elucidation Source
1. Vehicle components | Sustainable composites are utilized to make a variety of vehicle [41]
components, including body panels, interior trim, and structural parts,
because of their lightweight and corrosion resistance.
2 Electric and hybrid Sustainable composites are essential in electric and hybrid cars for [42]
vehicles battery enclosures, chassis components, and lightweight body
constructions, helping to improve energy and fuel efficiency.
3 Bio-composite Bio-composites made from renewable materials are used in [43]
materials automotive applications for lightweight characteristics, acoustic
insulation, and emissions reduction in components such as door
panels and dashboard trims.
4 Structural Sustainable composites give strength and stiffness to automotive [44]
reinforcements structures such as chassis and suspension systems, improving vehicle
performance and occupant safety.
5 Noise and vibration | Composites with superior acoustic characteristics are used in [45]
reduction automotive applications to minimize noise and vibration, hence
increasing overall comfort and driving experience.
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Aerospace

Composite materials have been used in aircraft applications e.g., engine blades, brackets, interiors,
nacelles, propellers/rotors, single aisle wings, wide-body wings, and so on thereby lessening fuel
consumption. Table 9 lists the numerous uses of sustainable composites in the aerospace industry, along

with brief explanations and relevant sources.

Renewable Energy

The use of composites in renewable energy generation has increased dramatically over the years.
Their physical properties allow for design flexibility and good durability, which are ideal for cost
savings. Using composite materials in the electric power sector boosts performance and efficiency.
Table 10 shows the numerous uses of sustainable composites in the renewable energy industry, along

with brief explanations and relevant sources.

Table 9. Applications of Composite Materials in Aerospace Sector.

equipment

used to fabricate biofuel production equipment.

SN. Usage Elucidation Source
1 Aircraft structures Sustainable composites are widely utilized in construction of [9]
aircraft structures, such as fuselages, wings, and empennages, due
to their lightweight and high strength qualities.
2 Interior components Composites are used to make aircraft interior components like [46]
cabin panels, overhead bins, and seating frames because they are
durable, lightweight, and provide design flexibility.
3 Engine components Composites are used in the fabrication of engine components like [47]
fan blades, nacelles, and shrouds, helping to improve fuel
efficiency and performance.
4 Aerospace interiors Used in aerospace interiors for a range of applications, including [48]
flooring, walls, and lavatory components, to provide lightweight
solutions while improving passenger comfort.
5 Environmental Focused on sustainability, which is promoting the usage of eco- [12]
sustainability friendly composite materials to decrease environmental impact and
increase overall sustainability.
6 Recyclable materials Research is continuing to produce recyclable thermoplastic [12]
composites for aerospace applications, intending to improve end-
of-life recyclability and reduce waste output.
Table 10. Applications of Composite Materials in Renewable Energy Sector.
SN. Usage Elucidation Source
1 Wind turbine blades Due to their light weight, durability, and corrosion resistance, they [49]
are widely employed in the production of wind turbine blades.
2 Solar panel components | Play an important part in the manufacture of various solar panel [50]
components, such as frames and supports, by providing
lightweight and weather-resistant solutions.
3 Hydroelectric turbine Used in the manufacture of hydroelectric turbine components due [51]
components to its corrosion resistance, strength, and longevity.
4 Biomass energy Because of their resilience to chemicals and environmental [52]
equipment variables, they may be used to manufacture biomass energy
production equipment.
5 Geothermal energy They are used in geothermal energy systems because of their [53]
systems resistance to high temperatures, corrosion, and mechanical stress.
6 Wave energy converters | Used in the design of wave energy converters, which provide [54]
lightweight and robust methods for harvesting wave power.
7 Energy storage systems | Find uses in energy storage systems because of their lightweight [23]
and durable qualities, which contribute to the efficiency of
renewable energy sources.
8 Tidal energy Used in the infrastructure of tidal energy projects to provide [55]
infrastructure corrosion resistance and structural integrity in hostile maritime
conditions.
9 Biofuel production Because of their resilience to corrosion and chemicals, they are [56]

© STM Journals 2025. All Rights Reserved

S28




Use of Composite Materials for Sustainability Kumar and Rout

CHALLENGES, EMERGING TECHNOLOGIES AND FUTURE DIRECTIONS

Despite their benefits, composites pose several obstacles and constraints in engineering design. One
of the most significant obstacles is the complexity and cost of composite manufacture and processing,
which sometimes need specialized equipment, methods, and manpower. Table 11 summarises some of
the primary problems connected with sustainable composite materials.

Emerging Technologies in Composite Recycling

To address some challenges in composite recycling techniques concerning quality consistency and
waste management certain emerging technologies have evolved such as solvolysis, controlled pyrolysis,
cryogenic grinding, hybrid recycling approaches, quality monitoring systems with automated sorting
etc. and are discussed below.

Solvolysis

It is an advanced chemical recycling method that breaks down composites into their original
monomers, recovering high-quality fibers and resins [66] while preserving material quality and reduce
landfill waste [67].

Controlled pyrolysis
A new pyrolysis technology optimizes temperature and processing time, preserving fibre integrity
and ensuring consistent quality in recycled output [68], effectively manage end-of-life composites [69].

Cryogenic grinding
It is a low-temperature mechanical recycling technique that separates fibers from matrices, resulting

in cleaner, higher-quality, and cost-effective recycled materials [70].

Table 11. Challenges Associated with Composite Materials.

SN. Challenge Elucidation Source
1 Recycling and Difficult to recycle because of their complicated architectures and [57]
sustainability a lack of suitable recycling technologies. Composite recycling
processes are limited, resulting in lower-quality recycled material.
2 Landfill disposal A significant amount of composite waste still ends up in landfills, [58]
contributing to environmental pollution.
3 Durability and Durability and extended lifespan impede recycling and reuse, [12]
circularity undermining circular economy attempts.
4 Adoption of alternative | The industry's adoption of sustainable feedstock materials is [4]
feedstock minimal, limiting the production of eco-friendly composites.
5 Environmental impact Synthetic composites are produced with a high energy [59]
of production consumption and generate a lot of trash and byproducts.
6 Regulatory and market Existing regulatory frameworks and commercial needs do not [60]
barriers provide adequate support for widespread use of sustainable
composites.
7 Carbon footprint and To be genuinely successful, they must consider their carbon [61]
life-cycle impacts footprint as well as their full life cycle implications.
8 Moisture resistance and | Poor moisture resistance and fiber-matrix compatibility are [62]
fiber/matrix common difficulties with bio-composites.
compatibility
9 High cost The raw materials and fabrication processes for composites are [63]
expensive.
10 Technical problems in Damage occurs during production, particularly when natural fibers [64]
manufacturing are used.
11 Performance limitations | Composite materials can have transverse characteristics and are [65]
susceptible to microcracking, which can result in catastrophic
failures.
12 Market and adoption Composite materials are not widely adopted in many sectors due to [57]
barriers regulatory and market circumstances.
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Hybrid recycling

This method combines mechanical and chemical processes to enhance recovery, enabling reliable
component extraction from complex composite constructions [71]. thereby reducing waste through
precise material usage.

Quality monitoring systems with automated sorting

Here Al and machine learning are being used in real-time monitoring systems for recycling processes,
enhancing quality control, improving composite material identification [72]. leading to overall waste
reduction and promote sustainability.

Future Directions

Advancements in several important areas will certainly influence the future of composite materials.
Lightweighting is a key focus, seeking to minimize the weight of composite structures while
maintaining strength, notably in the automotive and aerospace sectors. The development of
nanocomposites and biomaterials promises to improve mechanical characteristics and sustainability.
Recycling methods, particularly solvolysis, are being developed to enhance composite material
degradation and recovery, therefore addressing environmental issues. Furthermore, composites are
rapidly being used in civil engineering, infrastructure, pipe, and tank building, demonstrating their
adaptability and durability. Continuous innovation in composite materials assures that they will play an
increasingly important role in a wide range of high-performance applications.

However, addressing the problems and future directions of sustainable composites requires
overcoming a variety of constraints while progressing towards more ecologically friendly and efficient
materials. To address these difficulties, businesses, academics, politicians, and consumers must work
together to speed the development and acceptance of sustainable composite materials.

Research and Development Prospects

Sustainable composites research investigates natural fibers such as abaca and bamboo as alternatives
to conventional materials, intending to solve environmental issues. Processing methods emphasize the
use of green composites derived from naturally accessible resources, hence contributing to the creation
of sustainable materials. Sophisticated simulations, such as machine learning (ML) assisted molecular
dynamics, offer information on material characteristics and performance. Also, there is an increasing
importance on absolutely green composites reinforced with natural fibers and recyclable/biodegradable
polymers to decrease environmental effects. These works pave the way for composite materials with
superior qualities and less negative impact, resulting in a sustainable future.

CONCLUSION

Comprehensive analysis on composite materials revealed that composite materials signify a feasible
path for achieving sustainability goals. These materials often combine natural fibers, resins, and other
environmentally components, making them perfect for long-term uses. However, issues in production
practices and end-of-life management remain, necessitating innovative solutions to improve their
sustainability. The use of natural fibers in construction sector demonstrates their ability to develop
sustainable alternatives owing to their availability and lightweight nature. Despite various obstacles,
green composites show great potential for a diversified application, providing a poise of environmental
advantages and structural integrity. However, upcoming research, must focus on developing
sophisticated production techniques and enhancing recycling systems to maximize composite material
sustainability. Cooperation among academics, industries, and governments is also required to
successfully solve these problems and encourage the broader use of composites. By controlling the
potential of composite materials and applying universal approaches, it can pave the path for a more
sustainable future in several industrial sectors.
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