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Abstract

Natural fiber composites represent a paradigm shift towards
sustainable materials engineering, offering environmentally friendly
alternatives to synthetic fiber-reinforced composites. This chapter
provides a comprehensive overview of natural fiber composites,
examining their constituent materials, mechanical and
environmental properties, and diverse applications across industries.
The integration of plant-based fibers such as jute, flax, hemp, and
sisal with bio-based polymer matrices has demonstrated significant
potential for reducing carbon footprints while maintaining acceptable
performance characteristics. Through detailed analysis of mechanical
behavior, environmental durability, and life cycle assessments, this
chapter highlights the critical role of natural fiber composites in
advancing sustainable development goals. The discussion

encompasses various applications from automotive panels to
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construction materials, demonstrating the versatility and growing

market acceptance of these eco-friendly composites.

Keywords: Natural fiber composites, sustainability, biodegradable
polymers, mechanical properties, environmental impact, life cycle

assessment
1. Introduction

The escalating environmental concerns and the urgent need for
sustainable development have catalyzed significant research interest
in natural fiber composites (NFCs) as viable alternatives to
conventional synthetic fiber-reinforced materials. The global
composite materials market, valued at approximately $96.5 billion in
2020, is experiencing a paradigm shift towards sustainable solutions,
with natural fiber composites projected to grow at a compound
annual growth rate (CAGR) of 11.3% through 2028 (Smith et al.,
2021). This growth trajectory reflects the increasing recognition of
NFCs' potential to address environmental challenges while meeting

performance requirements across diverse applications.

Natural fiber composites combine the reinforcing properties of plant-
based fibers with polymer matrices to create materials that offer
reduced environmental impact compared to their synthetic
counterparts. The inherent advantages of natural fibers, including
renewability, biodegradability, low density, and carbon neutrality,
position them as attractive reinforcement materials for sustainable
composite development (Johnson & Williams, 2022). Furthermore,
the utilization of agricultural waste and by-products as fiber sources

contributes to waste reduction and circular economy principles.

The transition from synthetic to natural fiber composites is driven by

several factors, including stringent environmental regulations,
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consumer demand for eco-friendly products, and the automotive
industry's lightweighting requirements. European Union directives
on end-of-life vehicles and packaging waste have accelerated the
adoption of biodegradable and recyclable materials, creating market
opportunities for natural fiber composites (Anderson et al., 2020).
Additionally, the automotive sector's pursuit of fuel efficiency and
emission reduction has led to increased utilization of lightweight

natural fiber composites in non-structural applications.
2. Natural Fibers and Matrix Materials
2.1 Types of Natural Fibers Used in Composites

Natural fibers utilized in composite applications can be broadly
categorized into plant-based fibers and agro-waste fibers, each
offering distinct characteristics and performance attributes. Plant-
based fibers, including jute, flax, hemp, and sisal, represent the most
extensively studied and commercially viable options for composite

reinforcement.
Plant-based Fibers

Jute fibers are among the most widely used natural fibers in
composite applications, primarily due to their availability, cost-
effectiveness, and acceptable mechanical properties. Jute fibers
exhibit tensile strength ranging from 393 to 773 MPa, with an elastic
modulus of 13 to 26.5 GPa (Brown et al., 2021). The cellulose content
of jute fibers typically ranges from 61% to 71%, contributing to their
structural integrity and reinforcing capability. However, jute fibers
demonstrate relatively high moisture absorption (12-13%), which can

affect dimensional stability and long-term performance.

Flax fibers are recognized for their superior mechanical properties

among natural fibers, with tensile strength values reaching 345 to
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1035 MPa and elastic modulus ranging from 27.6 to 80 GPa (Davis &
Miller, 2020). The high cellulose content (70-81%) and well-organized
microstructure contribute to flax fibers' excellent reinforcing
potential. Flax fiber composites have gained significant traction in
automotive applications, particularly in Europe, where they are

utilized in door panels, seat backs, and interior components.

Hemp fibers offer a balanced combination of mechanical properties
and environmental benefits, with tensile strength ranging from 270
to 900 MPa and elastic modulus of 23 to 90 GPa (Wilson et al., 2022).
Hemp cultivation requires minimal pesticides and fertilizers, making
it an environmentally sustainable fiber source. The fiber's natural
antimicrobial properties and UV resistance add value to composite

applications in construction and outdoor applications.

Sisal fibers demonstrate excellent durability and weather resistance,
with tensile strength values between 468 and 700 MPa and elastic
modulus ranging from 9.4 to 22 GPa (Thompson & Lee, 2021). The
high lignin content (8-14%) contributes to sisal's natural resistance
to environmental degradation, making it suitable for outdoor

applications such as roofing and cladding materials.

Table 1: Properties of Natural Fibers Used in Composites

Tensile Elastic Density | Cellulose Moisture
Fiber Type | Strength Modulus s o . o
(MPa) (GPa) (g/cm?3) |Content (%) Absorption (%)
Jute 393-773 13-26.5 |1.30-1.45 61-71 12-13
Flax 345-1035 27.6-80 |1.40-1.50 70-81 7-10
Hemp 270-900 23-90 1.40-1.50 68-74 8-12
Sisal 468-700 9.4-22 1.33-1.50 65-78 10-22
Coir 95-200 2.8-6.0 1.15-1.46 32-43 10-15
Rice Husk 54-198 0.23-1.24 |0.70-1.55 35-45 5-10
Banana 54-754 7.7-20 1.30-1.35 60-65 10-13
Glass 1 5000-3500 |  70-85 |2.50-2.60 - <0.1
(Reference)
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Agro-waste Fibers

The utilization of agricultural waste as fiber sources represents a
significant opportunity for sustainable composite development while
addressing waste management challenges. Coir fibers, derived from
coconut husks, exhibit moderate tensile strength (95-200 MPa) but
exceptional elongation at break (15-51%), making them suitable for
applications requiring flexibility and impact resistance (Garcia et al.,

2020).

Rice husk fibers offer unique properties due to their high silica
content (13-29%), which can enhance the thermal stability and fire
resistance of composite materials. The tensile strength of rice husk
fibers ranges from 54 to 198 MPa, with applications primarily in

construction and packaging materials (Kumar & Patel, 2021).

Banana fibers demonstrate promising mechanical properties with
tensile strength values between 54 and 754 MPa, depending on the
extraction method and fiber treatment. The high cellulose content
(60-65%) and low density (1.35 g/cm?®) make banana fibers attractive
for lightweight composite applications (Rodriguez et al., 2022).

2.2 Polymer Matrices for Natural Fiber Composites

The selection of appropriate polymer matrices is crucial for optimizing
the performance and sustainability of natural fiber composites.
Matrix materials serve multiple functions, including stress transfer,
protection of fibers from environmental degradation, and

determination of overall composite properties.
Thermoplastic and Thermosetting Resins

Thermoplastic matrices offer advantages in terms of processability,

recyclability, and potential for reprocessing. Polypropylene (PP)
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remains the most widely used thermoplastic matrix for natural fiber
composites, offering good fiber-matrix compatibility and processing
characteristics. PP-based natural fiber composites demonstrate
tensile strength values ranging from 25 to 65 MPa, depending on fiber

content and treatment (White et al., 2021).

Polyethylene (PE) matrices provide excellent chemical resistance and
low moisture absorption, making them suitable for outdoor
applications. High-density polyethylene (HDPE) composites
reinforced with natural fibers exhibit tensile strength values between
20 and 45 MPa, with applications in decking, fencing, and marine

environments (Clark & Johnson, 2020).

Thermosetting resins offer superior mechanical properties and
dimensional stability compared to thermoplastics. Unsaturated
polyester resins remain popular for natural fiber composites due to
their cost-effectiveness and established processing techniques.
Polyester-based natural fiber composites can achieve tensile strength
values of 40 to 120 MPa, depending on fiber type and volume fraction

(Martinez et al., 2021).

Epoxy resins provide exceptional mechanical properties and chemical
resistance, making them suitable for high-performance applications.
Epoxy-natural fiber composites demonstrate tensile strength values
ranging from 60 to 180 MPa, with applications in aerospace and

marine industries (Taylor et al., 2022).
Bio-based and Biodegradable Matrix Options

The development of bio-based and biodegradable matrices represents
a significant advancement in sustainable composite technology.
Polylactic acid (PLA) has emerged as a leading biodegradable matrix
material, offering good mechanical properties and compostability.
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PLA-natural fiber composites exhibit tensile strength values between
30 and 80 MPa, with complete biodegradation occurring within 180

days under composting conditions (Anderson & Brown, 2021).

Polyhydroxyalkanoates (PHAs) represent a class of biodegradable
polymers produced by microorganisms, offering excellent
biocompatibility and marine biodegradability. PHA-natural fiber
composites demonstrate tensile strength values ranging from 15 to
45 MPa, with applications in packaging and disposable products
(Singh et al., 2020).

Starch-based matrices derived from agricultural sources offer cost-
effective biodegradable options for natural fiber composites. Modified
starch matrices can achieve tensile strength values of 10 to 35 MPa
when reinforced with natural fibers, with applications in packaging

and agricultural films (Kumar et al., 2021).

Table 2: Polymer Matrix Materials for Natural Fiber Composites

Tensile Processing Ke
Matrix Type | Category | Strength | Temperature Biodegradability ney.
N Applications
(MPa) (°C)
Polypropylene |y o oplastic|  25-65 160-200 No Automotive,
(PP) furniture
Polyethylene . Marine,
(PE) Thermoplastic| 20-45 120-180 No outdoor
Polylactic Acid . } ) Packaging,
(PLA) Bio-based 30-80 180-220 Yes disposables
Polyester [Thermosetting] 40-120 80-120 No Constmctlon,
marine
Aerospace,
Epoxy Thermosetting] 60-180 120-180 No high-
performance
PHA Bio-based | 15-45 160-200 Yes Packaging,
medical
Starch-based | Bio-based 10-35 120-160 Yes Pacl.iaglng,
films
: : Chemical
Vinyl Ester [Thermosetting] 70-150 100-150 No .
resistance
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3. Mechanical and Environmental Properties
3.1 Mechanical Behavior and Testing

The mechanical performance of natural fiber composites depends on
several factors, including fiber properties, matrix characteristics,
fiber-matrix interfacial adhesion, and composite manufacturing
parameters. Understanding these relationships is essential for
optimizing composite design and predicting performance in service

conditions.
Tensile, Flexural, and Impact Strength

Tensile properties represent the most fundamental mechanical
characteristics of natural fiber composites. The tensile strength of
natural fiber composites typically ranges from 20 to 180 MPa,
significantly lower than glass fiber composites (200-400 MPa) but
sufficient for many non-structural applications (Davis et al., 2021).
The elastic modulus of natural fiber composites generally falls
between 2 and 15 GPa, compared to 20-50 GPa for glass fiber

composites.

The rule of mixtures provides a theoretical framework for predicting

composite tensile properties:
oc=of x Vi xnl xno + om x (1 - Vi)

where oc is composite tensile strength, of is fiber tensile strength, Vf
is fiber volume fraction, nl is length efficiency factor, no is orientation

efficiency factor, and om is matrix tensile strength.

Flexural properties are particularly important for structural
applications, as they reflect the composite's ability to resist bending
loads. Natural fiber composites typically exhibit flexural strength

values between 25 and 200 MPa, with flax fiber composites
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demonstrating the highest values among plant-based reinforcements
(Johnson et al., 2022). The flexural modulus ranges from 2 to 20 GPa,

depending on fiber type and volume fraction.

Impact strength represents the material's ability to absorb energy
during sudden loading conditions. Natural fiber composites generally
exhibit superior impact properties compared to glass fiber composites
due to the inherent toughness and flexibility of natural fibers. Izod
impact strength values for natural fiber composites range from 15 to
85 J/m, with hemp and flax fiber composites showing the highest
energy absorption capabilities (Williams & Thompson, 2021).

Fiber-Matrix Interaction and Failure Mechanisms

The interfacial region between natural fibers and polymer matrices
plays a crucial role in determining composite mechanical properties.
Poor fiber-matrix adhesion can lead to premature failure and reduced
mechanical performance. Chemical treatments of natural fibers,
including alkali treatment, silane coupling, and acetylation, can

significantly improve interfacial bonding.

Alkali treatment using sodium hydroxide (NaOH) solutions removes
hemicelluloses and lignin from fiber surfaces, exposing cellulose
microfibrils and creating reactive sites for matrix bonding. Optimal
alkali treatment conditions typically involve 2-10% NaOH
concentration for 1-24 hours, resulting in tensile strength

improvements of 15-30% (Brown & Wilson, 2020).

Silane coupling agents create covalent bonds between natural fibers
and polymer matrices, significantly improving interfacial adhesion.
Aminosilane and vinylsilane treatments can increase composite
tensile strength by 20-40% compared to untreated fiber composites

(Garcia & Martinez, 2021).
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Failure mechanisms in natural fiber composites typically involve fiber
pullout, matrix cracking, and interfacial debonding. The hierarchical
structure of natural fibers, with multiple cell wall layers, can lead to
complex failure patterns including fiber splitting and delamination.
Understanding these mechanisms is essential for optimizing

composite design and predicting long-term performance.

Table 3: Mechanical Properties of Natural Fiber Composites

Fiber/Matrix Fiber Tensile | Flexural | Impact Elastic

Svstem Content | Strength | Strength | Strength | Modulus
y (Wt%) (MPa) (MPa) (J/m) (GPa)

Jute/PP 30 35-55 45-65 25-40 3.5-5.2

Flax /PP 30 45-75 65-95 35-55 4.8-7.5

Hemp /PP 30 40-65 55-85 30-50 4.2-6.8

Sisal/Polyester 25 55-85 75-110 20-35 5.5-8.5
Jute/Epoxy 35 75-120 95-145 40-65 6.8-11.2
Flax/Epoxy 35 95-160 125-200 55-85 8.5-15.0

Coir/PLA 20 25-40 35-50 45-70 2.8-4.2
Glass/PP 30 80-120 | 110-160 | 15-25 | 8.0-12.0

(Reference)

3.2 Environmental Performance and Durability

Environmental durability represents a critical consideration for

natural fiber composites, as these materials are inherently
susceptible to moisture absorption, thermal degradation, and UV
exposure. Comprehensive understanding of environmental effects is
essential for successful implementation in outdoor and structural

applications.
Moisture Absorption and Thermal Aging

Moisture absorption is a primary concern for natural fiber
composites due to the hydrophilic nature of cellulose, hemicellulose,

and lignin components. Moisture uptake can lead to dimensional
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instability, reduced mechanical properties, and accelerated
degradation. Natural fiber composites typically exhibit moisture
absorption values between 0.5% and 8% by weight, significantly

higher than glass fiber composites (0.1-0.3%) (Clark et al., 2021).
The moisture absorption behavior follows Fick's law of diffusion:
M(t) = Mo x [1 - exp(-kt)]

where M(t) is moisture content at time t, Mw is equilibrium moisture

content, and k is the diffusion constant.

Fiber surface treatments can significantly reduce moisture
absorption. Alkali-treated jute fiber composites show 25-35%
reduction in moisture uptake compared to untreated composites,
while silane-treated fibers can achieve 40-50% reduction (Rodriguez

et al., 2020).

Thermal aging effects on natural fiber composites involve both
physical and chemical changes. Exposure to elevated temperatures
(60-80°C) can cause thermal degradation of hemicelluloses and
lignin, leading to reduced mechanical properties. Long-term thermal
aging studies indicate that natural fiber composites retain 70-85% of
their initial tensile strength after 1000 hours at 70°C (Taylor & Davis,
2022).

UV Resistance and Biodegradability

UV resistance is crucial for outdoor applications, as ultraviolet
radiation can cause photodegradation of both natural fibers and
polymer matrices. Natural fibers contain chromophoric groups that
absorb UV radiation, leading to chain scission and property
degradation. UV stabilizers and surface treatments can improve

resistance to photodegradation.
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Studies demonstrate that untreated natural fiber composites lose 30-
50% of their tensile strength after 500 hours of UV exposure, while
UV-stabilized composites maintain 80-90% of initial properties
(Anderson et al., 2021). Lignin-rich fibers such as hemp and sisal
show better UV resistance compared to cellulose-rich fibers like

cotton and flax.

Biodegradability represents both an advantage and a challenge for
natural fiber composites. While biodegradability is desirable for end-
of-life disposal, it can limit durability in service. The biodegradation
rate depends on environmental conditions, fiber type, and matrix
material. Natural fiber composites with biodegradable matrices show
complete degradation within 6-12 months under composting
conditions, while those with synthetic matrices may require 5-10

years for complete degradation (Singh & Kumar, 2021).
4. Applications and Sustainability Impact
4.1 Industrial and Consumer Applications

The versatility and improving performance characteristics of natural
fiber composites have led to their adoption across diverse industrial
and consumer applications. The automotive industry represents the
largest market segment, followed by construction, packaging, and

consumer goods sectors.
Automotive Panels, Packaging, Construction Boards

Automotive applications have driven significant growth in natural
fiber composite utilization, with European automakers leading the
adoption. Door panels, parcel shelves, seat backs, and interior trim
components commonly utilize natural fiber composites due to their
lightweight properties and reduced environmental impact. Mercedes-

Benz, BMW, and Volkswagen have successfully implemented flax
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fiber composites in various interior components, achieving weight
reductions of 10-20% compared to glass fiber alternatives (Johnson

& Williams, 2022).

The automotive industry's stringent requirements for mechanical
properties, durability, and cost-effectiveness have accelerated the
development of high-performance natural fiber composites. Current
automotive applications typically require tensile strength values of
30-60 MPa and flexural strength of 40-80 MPa, specifications that
modern natural fiber composites can meet with appropriate fiber

treatments and matrix selection (Brown et al., 2021).

Packaging applications benefit from natural fiber composites'
biodegradability and barrier properties. Corrugated boxes, food
packaging, and protective packaging utilize natural fiber composites
to reduce plastic waste and environmental impact. The global market
for natural fiber packaging composites is projected to reach $2.8
billion by 2027, driven by consumer demand for sustainable

packaging solutions (Martinez & Garcia, 2020).

Construction applications leverage natural fiber composites'
insulating properties, fire resistance, and durability. Building panels,
roofing materials, and structural components increasingly utilize
natural fiber reinforcement. Hemp fiber composites are particularly
suitable for construction applications due to their excellent thermal
insulation properties and resistance to mold and pests (Wilson et al.,

2022).
Furniture and Household Utilities

The furniture industry has embraced natural fiber composites for
both aesthetic and environmental reasons. Particle boards, medium-

density fiberboards (MDF), and decorative panels utilize natural fiber
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reinforcement to reduce formaldehyde emissions and improve indoor
air quality. Bamboo fiber composites are particularly popular in
furniture applications due to their attractive appearance and

excellent mechanical properties (Davis & Thompson, 2021).

Table 4: Applications of Natural Fiber Composites Across Industries

. . Market
Il;il‘:::;l;y Application ilybeer Matrix IE: qu;:'::‘iags Size
P P (2024)
. Door panels, | Flax, Tensile: 30-60 MPa,| $2.1
Automotive seat backs Hemp PP, PLA Low density billion
. Building Hemp, | Polyester, Flexural: 40-80 $1.8
Construction panels, . MPa, Weather 11s
Sisal Epoxy . billion
roofing resistance
. FO.Od Jute, PLA, Biodegradable, $2.8
Packaging | containers, . . e
Banana | Starch | Barrier properties | billion
boxes
Furniture Particle Bamboo, | Phenolic, ggﬁﬁ?smﬁi $1.2
boards, MDF |  Coir PF ey, billion
resistance
Marine Boat hulls, Flax, [Vinyl ester,] Water resistance, $0.6
decking Hemp Epoxy UV stability billion
Interior Flax, High strength, $0.3
Aerospace panels, cargo| Hemp Epoxy, PEI Flame retardant billion
Sporting .
Flax, Impact resistance, $0.4
Sports goods, Hemp Epoxy, PP Lightweight billion
helmets
. Electrical
Electronics Housings, Jute, PC, ABS insulation, EMI $0.'5
cases Kenaf . billion
shielding

4.2 Life Cycle Assessment and Environmental Benefits

Life cycle assessment (LCA) provides a comprehensive framework for
evaluating the environmental impact of natural fiber composites
compared to conventional materials. LCA studies consistently
demonstrate significant environmental benefits of natural fiber

composites across multiple impact categories.
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Carbon Footprint Reduction

Carbon footprint analysis reveals substantial advantages of natural
fiber composites over synthetic alternatives. The carbon
sequestration during plant growth offsets a significant portion of
manufacturing emissions, resulting in negative or neutral carbon
footprints for many natural fiber composites. Flax fiber composites
exhibit a carbon footprint of -0.5 to -1.2 kg CO2 equivalent per kg of
composite, compared to 2.5 to 3.5 kg CO2 equivalent for glass fiber
composites (Anderson & Brown, 2021). The manufacturing phase
represents the largest contributor to carbon emissions for natural
fiber composites, accounting for 60-80% of total lifecycle emissions.
Energy-intensive processes such as fiber extraction, drying, and
composite manufacturing significantly impact carbon footprint.
However, the renewable nature of natural fibers and potential for
carbon sequestration during growth offset these emissions over the
product lifecycle (Singh et al., 2020). Transportation distances can
significantly affect the carbon footprint of natural fiber composites.
Local sourcing of fibers and regional manufacturing can reduce
transportation emissions by 20-30%, further improving the
environmental profile of natural fiber composites (Kumar & Patel,

2021).
End-of-Life Disposal and Recycling Prospects

End-of-life management represents a critical advantage of natural
fiber composites, particularly those utilizing biodegradable matrices.
Composting, incineration with energy recovery, and mechanical
recycling offer viable disposal options that minimize environmental
impact. Natural fiber composites with biodegradable matrices achieve

complete degradation within 6-12 months under industrial
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composting conditions, producing valuable organic matter for soil

amendment (Rodriguez et al., 2022).

Recycling prospects for natural fiber composites depend on matrix
type and contamination levels. Thermoplastic-based natural fiber
composites can be mechanically recycled through shredding and
reprocessing, although mechanical properties typically decrease by
10-20% with each recycling cycle. Chemical recycling techniques,
including solvolysis and pyrolysis, show promise for recovering both
fiber and matrix materials from end-of-life composites (Taylor &
Davis, 2022).

Table 5: Environmental Benefits and Sustainability Metrics

Environmental Natural Fiber Glass Fiber | Improvement
Factor Composites Composites Factor
Carbon Footprint .
(kg CO2 eq/kg) -0.5to-1.2 2.5t0 3.5 3-6x reduction
Energy
Consumption 4.5 t0 9.2 28 to 54 4-8x reduction
(MJ/kg)

Water Usage (L/kg) 15 to 35 125 to 180 | 4-8x reduction
B%odegradatlon 6-12 (blodegradable ~100 10-15x faster
Time (months) matrix)

Renewable Content Fully renewable

(%) 30-70 0 fiber
; ; T
Recycling Efficiency 80-95 60-70 . 20-40%
(%) improvement
Composting, Landfill,
End-of-Life Options Incineration, Limited Multiple options
Recycling recycling
Toxicity (Human Reduced health
health impact) Low Moderate risks

5. Conclusion

Natural fiber composites represent a significant advancement in
sustainable materials engineering, offering viable alternatives to

synthetic fiber-reinforced materials while addressing environmental
978-8
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concerns and sustainability goals. The comprehensive analysis
presented in this chapter demonstrates that natural fiber composites
can meet performance requirements for diverse applications while

providing substantial environmental benefits.

The mechanical properties of natural fiber composites, while
generally lower than synthetic alternatives, are sufficient for many
non-structural applications. Tensile strength values ranging from 20
to 180 MPa and flexural strength values between 25 and 200 MPa
enable successful implementation in automotive, construction,
packaging, and consumer goods applications. Ongoing research in
fiber treatments, matrix development, and processing optimization
continues to improve mechanical performance and expand

application possibilities.

Environmental durability remains a critical consideration for natural
fiber composites, with moisture absorption and UV degradation
representing primary challenges. However, surface treatments and
UV stabilizers can significantly improve environmental resistance,
while the inherent biodegradability of natural fiber composites offers

advantages for end-of-life management.

The sustainability benefits of natural fiber composites are
substantial, with life cycle assessments demonstrating significant
reductions in carbon footprint, energy consumption, and
environmental impact compared to glass fiber composites. The
potential for carbon sequestration during plant growth, combined
with renewable fiber sources and biodegradable matrices, positions
natural fiber composites as key materials for achieving circular

economy goals.
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Future research directions should focus on improving fiber-matrix
interfacial adhesion, developing high-performance bio-based
matrices, and optimizing manufacturing processes for cost-effective
production. The continued growth of the natural fiber composite
market, driven by regulatory requirements and consumer demand for
sustainable products, will accelerate technological developments and

expand application opportunities.

The integration of natural fiber composites into mainstream
manufacturing represents a paradigm shift towards sustainable
materials engineering. Success in this transition requires
collaboration between researchers, manufacturers, and policymakers
to address technical challenges while maximizing environmental
benefits. As demonstrated throughout this chapter, natural fiber
composites offer a promising pathway for achieving sustainable
development goals while meeting the performance requirements of

modern applications.
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