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A B S T R A C T

The automotive industries are consistently working towards the advancement of lightweight components to 
enhance fuel efficiency. Thermoplastic matrix composites have been found to provide several notable benefits, 
including potential weight reduction, recyclability, specific strength, corrosion resistance, cost-efficiency, and 
design versatility. The variety of material forms and combinations in fibre-reinforced thermoplastic polymers has 
expanded, opening new possibilities for their use in the automotive sector and beyond. Natural fibres, due to 
their biodegradability, widespread availability in nature, and cost-effectiveness, offer an opportunity to broaden 
the range of materials used while reducing reliance on petroleum-based products. Moreover, various modifi
cations are employed to enhance the properties of natural fibres, making them more competitive with synthetic 
fibres for these applications. This review provides a thorough bibliometric and technical overview of the use of 
natural fibres as reinforcement fibres in the thermoplastic composites. A particular focus is placed on plant fibres 
and their potential applications as composite reinforcement for automotive applications, especially exterior 
components. The review also provides an overview of the properties of commonly available thermoplastic 
matrices and the various composite fabrication techniques. This information can assist in making informed 
decisions when selecting the most suitable material and process for specific product development. Furthermore, 
this review examines the mechanical properties of natural fibre reinforced thermoplastic composites and sheds 
light on the important challenges that must be addressed.

1. Introduction

Currently, natural fibre polymer composites (NFPCs) have been used 
as a material for automotive exterior components. A few examples are 

brake pad, door panel, and car spoiler. Manufacturers use natural fibres 
like kenaf, hemp, flax, jute, and sisal reinforced with polymer composite 
to reinforce exterior automotive parts due to factors like decreased 
weight, cost, and carbon dioxide emissions, less dependency on foreign 
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oil supplies, recyclable nature, and additional benefit theof being 
“green” or environmentally friendly [1–3]. The utilization of natural 
fibre has become pivotal for the development of sustainable automotive 
applications. The major automotive industries have successfully used 
natural fibre polymer composites for different automobile parts, which 
mainly describe the crashworthiness of the interiors and exteriors [4]. 
For example, Lau et al. [5] examined the applications of natural 
fibre-reinforced composites in automotive structural applications. 
Various properties of natural fibre-reinforced composites are discussed, 
including fibre–matrix adhesion, fibre mechanical properties, moisture, 
impact and fatigue [6]. A number of automotive companies have 
increasingly used polymer composites reinforced with natural fillers, 
especially in the internal parts of the car, such as door panels, trim parts 
in dashboards, parcel shelves, etc. [7,8].

The side mirror is a pertinent case study for exterior components, as 
it exemplifies key design challenges such as achieving aerodynamic 
shapes to reduce drag force and mitigating wind noise. These challenges 
are universal across exterior parts and have spurred significant research 
into material solutions that offer improved acoustic and mechanical 
performance. For example, Hariprasad et al. [9] investigated acoustic 
characterization of polypropylene composites reinforced by natural fi
bres for automotive applications. The result has shown that an increase 
in thickness is not effective at higher acoustic absorption frequencies. 
This drive for performance and sustainability is leading the automotive 
industry to extend the use of natural fibre composites from established 
interior applications into more demanding exterior parts, such as 
bumper beams, trunk panels, roof covers, and side mirrors, in addition to 
interior components like door panels, parcel shelves, and instrument 
panel supports. This shift is driven by the excellent mechanical prop
erties, relatively low cost, low density, and recyclability offered by 
natural fibre based composites [10].

Commonly manufactured from plastics or aluminium for light
weighting, components like side mirrors represent a significant oppor
tunity for material substitution with natural fibre composites. Research 
indicates that the properties of commercial side mirrors can be compa
rable to those of hybrid natural fibre-reinforced composites. However, 
due to the poor characteristics of natural fibre like wettability, incon
sistent properties and lower heat resistance, natural fibre is not being 
seen as the main option for these components. Although there are a few 
solutions to improve the natural characteristics of the natural fibre like 
fibre treatment, stacking sequences and hybridization, the major con
cerns of the manufacturers are the cost for the solutions. Hence, man
ufacturers will still use commercial plastic and aluminium as the 
material for exterior components of cars. However, there are lots of 
researchers who have tried to determine the hybrid natural fibre rein
forced composite, which had the potential to replace the commercial 
materials with lower costs [11,12]. For example, Ramasubbu et al. [13] 
studied the mechanical properties of hybrid natural fibre reinforced 
polymer composite of automotive components. It is shown that hybrid 
composite has better mechanical properties than sisal fibre composite 
and kenaf fibre composite, which is suitable for light weight automotive 
applications. The applications of NFPCs are growing rapidly in 
numerous engineering fields. The different kinds of natural fibres rein
forced polymer composite have received a great importance in different 
automotive applications by many automotive companies such as 
German auto companies (BMW, Audi Group, Ford, Opel, Volkswagen, 
Daimler Chrysler, and Mercedes), Proton company (Malaysian national 
carmaker), and Cambridge industry (an auto industry in USA). Besides 
the auto industry, the applications of natural fibre composites have also 
been found in building and construction industry, sports, aerospace, and 
others, for example, panels, window frame, decking, and bicycle frame 
[14].

This review paper is organized into two primary segments to sys
tematically explore this field. First, a bibliometric analysis maps the 
evolving research landscape of natural fibre reinforced thermoplastic 
composites for automotive applications, identifying key trends, leading 

contributors, and emerging focus areas. Subsequently, a detailed tech
nical review examines the fundamental properties of natural fibres, 
advanced modification techniques to enhance their performance, and 
the characteristics of suitable thermoplastic matrices. This leads to a 
focused discussion on manufacturing processes and the mechanical 
performance of these composites, evaluating their potential to meet the 
high demands of exterior automotive components, with this potential 
demonstrated through specific case studies on spoilers, brake pads, and 
side mirrors.

2. Scientometric analysis methodology

One of the most extensive databases for indexing citations in aca
demic and scientific research is the Web of Science (WoS). It includes 
more than 20,000 excellent journals from a variety of fields, such as the 
humanities, social sciences, engineering, and natural sciences. The cre
ation of WoS has greatly made it easier for academics to analyse research 
trends at three different scales: micro (individual researchers), meso 
(institutions and journals), and macro (disciplinary scope) [15]. The 
systematic indexing of papers published in journals recognized by WoS 
allows academics to efficiently follow the development of concepts 
across various institutions, time periods, regions, and topic areas [16]. 
An advanced search query spanning the years 2000–2025 was carried 
out on March 7, 2025, inside the WoS database using the search string: 
TS = “((fiber OR fibre) reinforced thermoplastic* composite*))” AND 
“(automotive)”. To guarantee that all versions of phrases with the same 
root were found in the search results, asterisks were added to specified 
keywords. Out of the 839 items this search produced, only 704 relevant 
publications, including journal articles, conference proceedings, and 
book chapters that were chosen for further examination in this investi
gation. The inclusion criteria were restricted to studies that explicitly 
examined natural fibre-reinforced thermoplastic composites within 
automotive applications. Publications focusing solely on synthetic fibres 
such as glass, carbon, or aramid were excluded, as were papers unrelated 
to thermoplastic matrices or vehicle components. This careful filtering 
ensured that only publications aligned with the scope of natural 
fibre-based thermoplastic composites for automotive applications were 
analysed in this investigation.

3. Result and discussion on scientometric analysis

The publication and citation patterns for studies on natural fibre 
reinforced thermoplastic composites for the automotive industry 
throughout time are shown in Fig. 1. Since the early 2000s, the number 

Fig. 1. Annual number of studies on natural fibre reinforced thermoplastic 
composites in the automotive sector from 2000 to 2025.
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of publications has gradually increased, indicating a rise in interest in 
this topic. The research output was initially rather modest, with less than 
20 papers per year. Nonetheless, the number of published research 
increased significantly after 2010, suggesting that the subject received 
more attention from the scientific community. This rise could be 
explained by the automobile industry’s increased focus on sustainable 
materials as researchers looked toward greener substitutes for tradi
tional composites [17].

The publishing tendency became even more noticeable after 2015, as 
the number of papers generated steadily increased. The number of ar
ticles published peaked in 2024, surpassing 70 in a single year. This 
implies that the sector has accelerated significantly, maybe because of 
material science breakthroughs and the growing use of natural fibre 
composites in automotive applications. However, the quantity of articles 
noticeably declines in 2025. This decrease is probably due to incomplete 
data rather than a reduction in interest in the topic, since new papers 
may not have been completely indexed in databases yet.

A similar rising trajectory is shown in the citation trend, which in
dicates the growing importance of this field of study. Citations were 
initially few, but as the number of publications increased, more scholars 
started citing prior studies. The consistent increase in citations implies 
that early research in this field became well-known and aided in the 
advancement of natural fibre-reinforced composites science. Citations 
peak around 2024, when they exceed 3500, which might be a sign of the 
release of extremely significant research or thorough review articles that 
consolidate the body of knowledge. Nevertheless, 2025 sees a notable 
drop in citations, which is to be anticipated given the delayed accu
mulation of citations for freshly published works. Citation counts seem 
to have decreased in recent years since it usually takes time for recently 
released research to be referenced.

Overall, research on natural fibre reinforced thermoplastic compos
ites for automobiles seems to have accelerated significantly during the 
previous 20 years, based on trends in publication and citation. Sus
tainable composite materials are becoming more and more important in 
the automobile sector, as shown by the rising number of publications 
and citations. The most recent years have shown a brief reduction; 
however, this is probably due to missing data rather than a drop in 
research effort. The optimization of composite qualities for improved 
performance may be the focus of future research in this area, high
lighting the contribution of materials derived from natural fibres to the 
achievement of global sustainability objectives.

The main funding agencies that have financed research on natural 
fibre reinforced thermoplastic composites for automotive are included 
in Table 1, together with information on the number and length of 
funded projects. With 38 projects funded between 2013 and 2025, the 
National Natural Science Foundation of China is the largest provider. 
This substantial financial support is in line with the growing research 
output reflected in the publication trend, especially after 2013, when 
there was a noticeable increase in the number of papers. A strong na
tional emphasis on sustainable materials for automotive applications is 
shown by China’s substantial expenditure in this area [18]. Another 
important source of financing for research is the European Union, which 
supports 26 projects, and the German Research Foundation, which 
supports 27. The effect of the German Research Foundation, which has 

been supporting since 2011, is seen in the steady rise in research pro
duction during that time. The European Union’s assistance, which runs 
from 2013 to 2024, is also consistent with the current surge in publi
cations and citations. The formation of important research teams and 
partnerships that have advanced the area was probably made possible 
by the financing from these organizations. The German Federal Ministry 
of Education and Research has shown its strong commitment to the 
advancement of natural fibre-reinforced thermoplastic composites by 
funding 16 projects between 2011 and 2024. Research has also been 
supported by the Natural Sciences and Engineering Research Council of 
Canada, but via fewer funded projects (11) between 2014 and 2025. 
Even though there were fewer projects awarded, the financial support 
shows that there is still interest in creating environmentally friendly 
composite materials. A definite association is shown when this financing 
data is contrasted with the trends in publications and citations. Research 
funding has increased in tandem with the rise in publications and cita
tions, particularly after 2011. Financial assistance from these organi
zations has been crucial in advancing research in this field, as seen by 
the largest funding contributions coinciding with the peak in publica
tions and citations seen around 2023. Additionally, funding for this 
sector is expected to remain until 2025, which might maintain or even 
boost research output in the years to come. Citation patterns demon
strate that the robust financial support has not only enhanced the 
quantity of research but also their effect. It is anticipated that future 
advancements and uses of sustainable composite materials in the auto
motive sector will be fuelled by sustained investment in this area.

3.1. Journal analysis

The top five most prolific journals in the area of natural fibre- 
reinforced thermoplastic composites for automotive applications be
tween 2000 and 2025 are thoroughly examined in Table 2. Since it 
identifies the most significant sources advancing composite materials, 
this data is essential for researchers hoping to publish in high-impact 
journals. These journals were chosen based on their impact factor, 
research category, and overall proportion of articles, indicating their 
function in sharing important discoveries in this niche field.

A prominent source for interdisciplinary engineering research, 
especially in composite materials, Composites Part B: Engineering 

Table 1 
Top funding agencies for natural fibre reinforced thermoplastic composites in 
automotive research.

Funding agencies Year No. of funded 
project

National Natural Science Foundation of China 2013–2025 38
German Research Foundation 2011–2023 27
European Union 2013–2024 26
Federal Ministry of Education Research 2011–2024 16
Natural Sciences and Engineering Research 

Council of Canada
2014–2025 11

Table 2 
Top five productive journals on natural fiber reinforced thermoplastic com
posites in automotive in 2000–2025.

Journal Impact 
Factor

Category Total 
percentage 
(%)

Total 
cumulative 
percentage 
(%)

Polymer 
composites

4.8 Materials Science 
Composites (Q2/ 
10/35)

6.325 6.325

Polymer Science 
(Q1/17/95)

Polymers 4.7 Polymer Science 
(Q1/19/95)

4.654 10.979

Composites part 
B engineering

12.7 Engineering, 
Multidisciplinary 
(Q1/1/181)

4.296 15.275

Materials science, 
Composites (Q1/2/ 
35)

Journal of 
thermoplastic 
composite 
materials

3.6 Materials science, 
Composites (Q2/ 
13/35)

3.222 18.497

Composite 
structures

6.3 Materials science, 
Composites (Q1/8/ 
35)

2.745 21.242

Mechanics (Q1/9/ 
170)
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stands out among the listed journals with the greatest impact factor 
(12.7). The fact that polymer composites and polymers are available 
further emphasizes how crucial polymer science is to the creation of 
thermoplastic composites reinforced with natural fibres. These journals 
are ranked highly in the scientific community because they are in the Q1 
and Q2 quartiles. Composites Part B: Engineering is ranked at Q1/1/ 
181, which indicates that it is one of the best engineering and materials 
science journals. Polymer science, materials science, composites, and 
mechanics are the main study areas addressed in these publications, 
demonstrating the field’s interdisciplinary character. To improve their 
appropriateness for automotive applications, the incorporation of nat
ural fibres into thermoplastic composites necessitates a thorough 
investigation of the material’s mechanical performance, thermal sta
bility, and manufacturing methods. The presence of publications in 
materials science and polymer science on this list indicates that the main 
goals of this field’s research are to improve mechanical characteristics, 
optimize fibre-matrix interactions, and create high-performance, envi
ronmentally friendly composites. Their respective contributions to the 
discipline are shown by the overall proportion of articles across various 
journals. Composites Part B: Engineering comes in at 4.296 %, Polymers 
at 4.654 %, and Polymer Composites at 6.325 %. A considerable amount 
of research on natural fibre-reinforced thermoplastic composites for 
automotive applications is published in these five journals, as seen by 
the cumulative proportion of 21.242 %. This directs researchers to the 
most appropriate publication platforms by highlighting the concentra
tion of significant findings in a small number of excellent journals. The 
importance of materials science and polymer engineering in developing 
sustainable composite materials for automotive applications is high
lighted by this research. Natural fibre-reinforced thermoplastics are 
becoming more popular as businesses seek lightweight, environmentally 
responsible substitutes for traditional composites because of their ad
vantageous mechanical qualities, affordability, and renewability. The 
growing significance of this field of study is shown by the strong impact 
factors and Q1 rankings of a number of the journals in this table, which 
make them perfect venues for sharing fresh research on composite 
performance, processing advancements, and sustainability approaches.

3.2. Contribution and collaboration between countries

The contributions and partnerships made by nations worldwide in 
the area of natural fibre-reinforced thermoplastic composites for auto
motive applications between 2000 and 2025 are highlighted in Table 3
and Fig. 2. While the collaboration network offers insights into the 
interconnection of research activities across various countries, the 
number of total publications for each country shows the amount of in
terest and commitment in this field of study.

In this category, Germany leads with 154 publications. Extensive 
research on lightweight, high-performance composite materials has 
been fuelled by the nation’s robust automotive sector, which is repre
sented by firms like BMW, Mercedes-Benz, and Volkswagen [19]. The 
size of Germany’s node on the map in Fig. 2 emphasizes how crucial it is 
to international cooperation, particularly with France, Italy, 
Switzerland, and Spain. These collaborations probably focus on 
industrial-scale composite manufacturing, thermoplastic resin 

compatibility, and fibre treatment techniques to ensure that natural 
fibre-reinforced thermoplastic composites meet the demanding re
quirements of automotive applications. The German study falls into the 
following areas: Materials Science, Composite Engineering, Polymer 
Science, and Sustainable Materials study. Collaborations with France 
and England, among other European countries, indicate a determined 
attempt to create thermoplastic composites that are strong and biode
gradable, which will support the circular economy initiatives and 
environmental goals of the EU [20]. It is worth noting that funding and 
publication output are not always directly proportional. For example, 
although the NSFC funded the largest number of projects (38), Germany 
leads in publication count with 154 papers. This discrepancy reflects the 
maturity of Germany’s research ecosystem, strong automotive sector, 
and well-established international collaborations that have enabled 
more rapid translation of research into publications. By contrast, China’s 
significant funding is relatively recent and reflects an accelerating tra
jectory in natural fibre composite research, which is expected to further 
expand its publication output in the coming years.

With 100 papers, the USA comes in second, indicating that this field 
has robust research. The substantial node size and wide-ranging con
nections to several nations, such as China, Japan, and Germany, indicate 
active involvement in global collaboration initiatives. In order to scale 
up for automotive applications, the USA focuses on high-performance 
polymer composites, hybrid composite structures, and automated 
composite production processes. Natural fibre-reinforced thermoplastic 
composites are now a competitive alternative to traditional synthetic 
composites thanks to funding from the National Science Foundation for 
research into biodegradable thermoplastics, improved fibre modifica
tions, and nanocomposite reinforcement. Links with Japan and Canada 
imply common research in fibre-matrix interactions and mechanical 
property improvement, while collaborations with China point to 
possible cooperative efforts in manufacturing scalability and green car 
materials.

France is a key player in sustainable material advances, especially in 
the processing of natural fibres and bio-based thermoplastic matrices, as 
shown by its 61 publications. Fig. 2 illustrates the close ties between 
France and Germany, Switzerland, and Italy, which are a result of 
research projects spearheaded by the European Union. Sustainable 
Materials, Polymer Science, and Circular Economy Research are the 
primary research areas linked to France. These fields help create envi
ronmentally acceptable thermoplastic composites reinforced with nat
ural fibres that have optimal mechanical and thermal qualities.

Government policies that promote environmentally friendly pro
duction and lightweight materials for electric vehicles (EVs) have helped 
China rapidly expand its research in natural fibre reinforced thermo
plastic composites, leading to 61 publications to date. Fig. 2 illustrates 
China’s tight linkages to Germany, the US, and other Asian countries like 
as Japan and Singapore, highlighting global partnerships in composite 
processing, low-cost fibre treatments, and the integration of automotive 
components. China is a key player in the introduction of natural fibre 
reinforced thermoplastic composites into a wide range of automotive 
applications because of its high-volume production capability and focus 
on scalable manufacturing techniques. The Made in China 2025 pro
gram has supported research on biodegradable polymer composites, 
hybrid fibre-reinforced structures, and energy-efficient manufacturing 
techniques. Relationships with the United States suggest knowledge 
exchange in high-performance composite modelling and simulation, 
while partnerships with Germany indicate collaborative efforts in in
dustrial applications and advanced composite testing.

With 48 articles, India is a new hub for research on thermoplastic 
composites reinforced with natural fibres, especially by using its wealth 
of natural fibre resources including kenaf, jute, and coir. The map in 
Fig. 2 illustrates India’s close ties to Canada, the United States, and 
Germany, suggesting an increase in international cooperation. Research 
in India is concentrated on low-cost, high-performance thermoplastic 
composites reinforced with natural fibres, with an emphasis on 

Table 3 
Top countries focus on natural fibre reinforced ther
moplastic composites in automotive sector in 
2000–2025.

Country Total publication

Germany 154
USA 100
France 61
China 61
India 48
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improving thermoplastic resin, optimizing mechanical performance, 
and modifying the fibre surface. Sustainable composite development has 
been financed by government-backed programs like the National Bio
plastics Mission and Make in India, which are in line with the worldwide 
trend toward environmentally friendly automotive materials.

To advance natural fibre reinforced thermoplastic composites into 
commercial automobile applications, Germany, the United States, 
France, China, and India must work closely together. Fiber treatment 
methods, the choice of thermoplastic matrix, and composite processing 
technologies have advanced significantly as a result of collaborative 
research projects, knowledge-sharing programs, and industry alliances. 
In vehicle design, these global initiatives guarantee that natural fibre 
reinforced thermoplastic composites will continue to develop as a high- 
performance, environmentally friendly substitute for traditional syn
thetic composites.

3.3. Keywords

A network of keywords pertaining to natural fibre reinforced ther
moplastic composites in automotive applications is shown in Fig. 3, 
which highlights the interrelated research subjects in this area. It is 

made up of many color-coded clusters, each of which represents a 
separate concentration area. The connecting lines show the co- 
occurrence correlations between various study areas, while the node 
sizes show the prevalence of terms.

The fact that the red cluster is focused on the term “behavior” sug
gests that a significant amount of study is concentrated on the me
chanical and thermal performance of thermoplastic composites 
reinforced with natural fibre. Researchers are examining the effects of 
fibre reinforcement on the structural characteristics of thermoplastic 
matrices under various operational and environmental circumstances, 
as indicated by keywords like “fiber,” “thermoplastic composites,” and 
“design temperature.” Heat resistance, degradation, and processing 
conditions are crucial factors in the creation of composite materials, as 
shown by the existence of “thermal properties.” This cluster is mostly 
related to mechanical engineering, materials science, and polymer 
physics, with the goal of improving the performance, longevity, and 
effectiveness of thermoplastic composites reinforced with natural fibres 
for use in automobiles.

The green cluster is centered on “composites,” emphasizing research 
on polymer selection, fibre orientation, and material formulation. Ac
cording to terms like “polypropylene,” “thermoplastics,” and “model,” 
scientists are enhancing fibre-matrix interactions to boost the mechan
ical and structural soundness of thermoplastic composites reinforced 
with natural fibres. The fact that “orientation” is present highlights even 
more how fibre alignment affects tensile strength, stiffness, and impact 
resistance—all of which are vital characteristics for automotive appli
cations. Natural fibre reinforced thermoplastic composites may be 
lightweight and structurally strong enough to satisfy industrial stan
dards thanks to this study area, which is especially pertinent to com
posite engineering, polymer processing, and advanced manufacturing.

The blue cluster, which is focused on “biocomposites,” emphasizes 
the rising need for ecologically friendly and sustainable composite ma
terials. Keywords like “natural fibers,” “tensile,” and “glass” are used, 
indicating a significant focus on contrasting natural fibres with synthetic 
reinforcements like glass fibres. The relationship between “bio
composites” and “thermal properties” suggests that studies are being 
conducted to examine the performance of bio-based reinforcements in a 
range of thermal environments, which is essential to their feasibility in 
automobile parts. This cluster supports the worldwide movement to 
increase the use of renewable resources in composite production and 
decrease dependency on synthetic polymers by aligning sustainability 

Fig. 2. International collaboration among the top countries (minimum number 20 document per country, excluding the isolated node).

Fig. 3. Network of keywords pertaining to natural fibre reinforced thermo
plastic composites in automotive applications (minimum number of occur
rences: 20, 25 out of 928 keywords meet the threshold).
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science, green chemistry, and eco-friendly materials research.
Research on natural fibre reinforced thermoplastic composites is a 

multidisciplinary field, as seen by the interactions among these groups. 
It is suggested that fibre-matrix compatibility and structural design have 
a major role in composite performance due to the close relationships 
between the red cluster (mechanical behavior) and the green cluster 
(material optimization). The blue cluster (biocomposites and sustain
ability), on the other hand, is connected to both the red and green 
clusters. This indicates that more research is being done on creating bio- 
based composites without sacrificing durability or mechanical strength. 
Research into hybrid composites, which blend natural and manmade 
materials to strike a balance between sustainability and high- 
performance applications, is further shown by the connections be
tween “biocomposites,” “polypropylene,” and “thermal properties.”

In summary, the VOSviewer visualization in Fig. 3 highlights the 
complex research environment surrounding natural fibre reinforced 
thermoplastic composites in automotive applications, highlighting the 
interaction of environmental sustainability, material optimization, and 
mechanical performance. The connections among the clusters show that 
interdisciplinary research is necessary to create next-generation natural 
fibre reinforced thermoplastic composites that satisfy ecological and 
performance standards. This research should integrate knowledge from 
materials science, polymer engineering, mechanical testing, and envi
ronmental sustainability. It is anticipated that future developments in 
this area would further refine bio-based materials, better processing 
methods, and expand the general use of thermoplastic composites 
reinforced with natural fibres in the automotive sector.

4. Natural fibre

The two main categories of fibres are natural and synthetic fibres. All 
types of fibres that come from either plants or animals are considered 
natural fibres. They are strong, flexible materials with a high aspect 
ratio. Natural fibre is a mixture of hollow cellulose fibres that have been 
gathered by lignin acting as a binder in a hemicellulose matrix. 
Currently, numerous investigations on the reinforcing of natural fibres 
using bio-based polymers and synthetic-based polymers have been car
ried out [21–23]. Natural fibres are readily available from natural 
sources, are a renewable resource, and have several benefits [24]. For 
example, they give composite materials a high specific stiffness and 
strength, have a favourable fibre aspect ratio, and are biodegradable 

[25]. There are numerous sources for natural fibres. These sources can 
come from minerals, plants, and animals. Cotton, flax, hemp, bamboo, 
sisal, and jute are examples of typical plant-based natural fibres. They 
primarily consist of cellulose. It is worth noting that research extends 
beyond these common fibres to explore other promising natural re
sources with unique structures. For instance, fibres from Luffa cylindrica 
(sponge gourd) have been investigated for their distinct porous network, 
which offers potential for applications in sound absorption and pack
aging, as detailed in a dedicated review on luffa fibre composites [26]. 
Popular fibres like wool, silk, angora, and mohair come from animals. 
Fig. 4 displays the classification of natural fibres used to fabricate 
composite laminates.

Natural fibre can also be described as an accumulation of cells having 
a small diameter relative to their length. Although there are many 
fibrous materials in nature, particularly cellulosic ones like cotton, 
wood, grains, and straw, very few of them can be exploited to make 
textiles or for other industrial uses. A fibre’s suitability for commercial 
usage is influenced by a variety of factors, including its length, strength, 
pliability, elasticity, resistance to abrasion, absorbency, and other sur
face characteristics. Most textile fibres are thin, flexible, and rather 
robust. They are elastic in that when under tension, they will stretch, 
and when the tension is released, they will partially or entirely return to 
their original length.

Natural fibres are in high demand across the automotive, construc
tion, electrical, and electronic industries which makes them fiercely 
competitive. However, the building and automobile industries are the 
biggest consumers of natural fibre composites. In the automotive in
dustry, it has taken the place of glass fibres as reinforcement and has 
become a highly appealing alternative [28]. Growing environmental 
concerns have led to ongoing research into natural fibres and their 
composites as replacements for synthetic fibres in engineering materials, 
giving rise to a preference for natural fibre [29]. Compared to glass fibre, 
natural fibre production can reduce costs by 10–30 % and its composites 
can further help lower noise levels in cars [29]. Additionally, natural 
fibre can reduce weight by nearly 30 % compared to synthetic fibre [30].

4.1. Structure of natural fibre

Natural fibre typically contains between 60 and 80 percent cellulose, 
between 5 and 20 percent lignin or (pectin), and up to 20 percent 
moisture [6]. Fig. 5 illustrates the primary chemical components of 

Fig. 4. Type of natural fibres retrieved from Ref. [27].
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natural plant fibres, which are cellulose, hemicellulose, and lignin. In 
natural fibre, the hemicellulose serves as a reconciler between the cel
lulose and the lignin [31]. The lignin serves as a water reservoir for the 
fibre, defends it from biological attack, and stiffens the stem to with
stand the effects of gravity and wind. The prolonged chain conformation 
of the 30- to 100-cellulose molecules in the microfibril attests to the 
fibre’s mechanical strength [32].

The general characteristics of natural fibres are a function of their 
composition, as detailed in Table 4. Specifically, a high cellulose content 
(e.g., cotton at 95 %) correlates with superior tensile strength, whereas a 
high hemicellulose content (e.g., bamboo at 30 %) improves thermal 
characteristics, biodegradability, and moisture absorption capabilities 
[34].

4.2. Benefits of natural fibre

It is essential to have a thorough understanding of the characteristics 
of natural fibres to increase their performance and broaden their ap
plications in the creation of composite materials. The chemical proper
ties, physical characteristics such as fibre size, degree of defect, strength, 
and structure and mechanical properties all affect how well these fibres 
work.

Natural fibre has an endless supply because it is made from renew
able resources. The amount of carbon dioxide absorbed by the plant 
during its growth phase and the amount emitted when it decomposes are 
equal. Natural fibres are therefore carbon neutral which is no carbon 
emission. It takes in the same volume of carbon dioxide that they do 
[35]. When compared to the manufacturing of natural fibre, the 
manufacture of synthetic fibre produces extraordinarily high gas 
pollutant emissions [36]. Natural fibres have several benefits, which 
makes as a popular choice in various industrial applications. Natural 
fibres are derived from renewable resources, such as plants and animals. 
This makes them a sustainable choice, as they can be produced without 

depleting finite resources and are biodegradable, reducing environ
mental impact. Unlike synthetic fibres, natural fibres decompose easily, 
reducing the burden of non-biodegradable waste in landfills and oceans 
[37]. Natural fibres, like cotton and linen, allow air to circulate through 
the fabric, making them comfortable to wear in hot and humid condi
tions. They help wick moisture away from the body, keeping the wearer 
cool and dry. Some natural fibres, like wool, are incredibly durable and 
can last for many years with proper care. They are resistant to wear and 
tear, making them a good investment in the long run.

As natural fibres are non-abrasive compared to screws and other 
metallic elements, they aid to prevent tool wear and machine damage 
that are frequently caused by non-organic fillers, allowing for a higher 
volume of natural fibres in the polymer matrix. Additionally, neither 
skin irritation nor injury are caused by the processing. They are also 
lighter in weight than synthetic fibres as a result [38]. Natural fibres are 
known for their softness and comfort against the skin. Fabrics like cotton 
and silk are gentle and non-irritating, making them suitable for sensitive 
skin. The cultivation and processing of natural fibres generally have a 
lower environmental impact compared to the production of synthetic 
fibres, which often involves chemical-intensive processes [39]. 
Compared to glass fibre composites, the use of natural fibres can reduce 
component weight by approximately 20–30 %, contributing to improved 
fuel efficiency and lower energy consumption during vehicle operation 
[40]. From a cost perspective, natural fibre composites have demon
strated potential savings up to 30 % depending on fibre type and pro
cessing route [41]. Furthermore, life cycle assessment (LCA) studies 
indicate that natural fibre production results in significantly lower CO2 
emissions compared to synthetic fibres, supporting their adoption as 
eco-friendly alternatives for sustainable automotive design. Table 5
shows the mechanical properties of natural fibres and synthetic fibres.

5. Drawback of natural fibre

Although natural fibres are being considered as a possible replace
ment for synthetic fibres, they have some drawbacks, including a lack of 
technological advancements in the manufacturing of raw materials, a 
lack of improved equipment for processing natural fibres, which lowers 
efficiency and rate of production, and high variability in their me
chanical properties (e.g., tensile strength, modulus) due to factors such 
as plant source, growing conditions, and extraction methods [42]. This 
inconsistency, along with the incompatibility of the functional groups on 
the surfaces of natural fibres and the hydrophobic resin systems 
currently in use for various end-uses [43,44]. At temperatures between 
170 and 200 ◦C, natural fibres can start to deteriorate [45]. This severe 
thermal constraint significantly limits processing options; it creates a 
narrow processing window for many matrices and prohibits the use of 
higher-melting-point polymers like polypropylene (PP) or polyamide 
(PA) without risking severe fibre degradation. As a result, using natural 

Fig. 5. Structure of natural fibre retrieved from Ref. [33].

Table 4 
Chemical composition of natural fibre retrieved from Ref. [34].

Fibres Cellulose (%) Hemicellulose (%) Lignin (%) Waxes (%)

Bamboo 26–43 30 28 –
Banana 64 20 5 –
Cotton 95 2 1 0.4
Flax 70–73 18–20 2 6
Jute 71 14 13 2
Hemp 70 22 6 2
Coir 31–42 10.0–20 40–46 4
Oil Palm 65 – 29 –
Pineapple 80 – 12.8 –
Kenaf 45–57 8.0–13 21.5 0.8
Sisal 73 14 11 2
Ramie 68–76 13–15 1 6
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fibres as reinforcement in some thermoplastic matrices with high 
melting temperatures has drawbacks. Many variables, including the 
absence of consistency in processing and surface treatments, influence 
the variability in their mechanical properties.

The disadvantages of using and applying natural fibres have been 
described as being their low wettability and susceptibility to moisture 
absorption [24,46]. Moisture makes it possible for the final product’s 
dimensions to vary, which weakens the interfacial bond between the 
fibre and the matrix [47]. Restricted access caused by geographic bar
riers between countries where natural fibres are grown and countries 
where they are used as reinforcement in composites production, such as 
North America, the UK, France, Germany, and Spain, is an often over
looked but significant barrier to the widespread use of natural fibres in 
composites applications. Poor fibre orientation and aspect ratio, as those 
observed in natural fibre, result in a composite material with subpar 
mechanical properties [48].

During manufacture, natural fibres are frequently twisted, which 
results in poor resin impregnation and consequently poor mechanical 
properties [48]. The mechanical characteristics of the resultant com
posites have been observed to be decreased by the presence of vacancy 
in natural fibres as the void content increases with increased rein
forcement [49].

6. Key solution to enhance the properties of natural fibre

6.1. Fibre modifications

6.1.1. Chemical treatments
Hydrophobic polymers are fundamentally incompatible with 

strongly polarized cellulose fibres. It is frequently possible to achieve 
compatibility between two incompatible materials by adding a third 
material that has qualities halfway between the other two. In materials, 
there are numerous coupling mechanisms. The primary chemical 
bonding hypothesis does not appear to be sufficient on its own, neces
sitating the consideration of other ideas, such as the shape of the 
interface, acid-base reactions at the interface, surface energy, and wet
ting phenomena.

Challabi et al. [50] state that natural fibres, such as pineapple leaf 
fibres, possess superior strength and mechanical properties compared to 
other natural fibres. This makes them suitable for reinforcement in 
polymer composites [51]. The main drawbacks of natural fibres in 
composites are their poor compatibility with the matrix and relatively 
high moisture absorption. Consequently, chemical treatments are being 
thought of to improve the surface properties of the fibre [52,53]. Many 
research types have indicated that natural fibre treatments would pro
mote higher attributes, especially in terms of mechanical, thermal, and 
water barrier properties. The treated fibres have a clean surface without 
impurities such as ash, wax and pectin, which allows us to see this 
improvement.

When used to strengthen polymer matrix such as thermoplastic, 
alkaline treatment, also known as mercerization, is one of the most used 
chemical processes for natural fibres. The breaking of hydrogen bonds in 

the network structure caused by alkaline treatment is a significant 
alteration that raises surface roughness. This process depolymerizes 
cellulose, exposes the short length crystallites, and eliminates some of 
the lignin, wax, and oils covering the exterior surface of the fibre cell 
wall [54]. The ionization of the hydroxyl group to the alkoxide is pro
moted by the addition of aqueous sodium hydroxide (NaOH) to natural 
fibre [55].

In the context of exterior automotive applications, where compo
nents are frequently subjected to rain, UV exposure, and temperature 
fluctuations, fibre modifications play a crucial role in enhancing envi
ronmental durability. Treatments such as alkaline, silane, or acetylation 
reduce hydrophilic hydroxyl groups and remove surface impurities, 
thereby lowering moisture absorption and improving dimensional sta
bility under wet or humid conditions [56,57]. At the same time, 
improved fibre–matrix adhesion minimizes microvoid formation, which 
reduces pathways for water penetration and delays UV-induced ageing 
[58]. Moreover, silane coupling agents and similar treatments 
strengthen the fibre–matrix interface, enabling better stress transfer and 
slowing the onset of thermal degradation at elevated temperatures [59]. 
Collectively, these modifications mitigate the natural vulnerabilities of 
fibres, moisture sensitivity and limited thermal resistance and thus 
enhance the long-term reliability of natural fibre-reinforced thermo
plastic composites for exterior automotive components.

Chemical compound silane has the formula SiH4. Glass fibres are 
coupled to a polymer matrix using silanes, which stabilizes the com
posite material. The amount of cellulose hydroxyl groups at the fibre- 
matrix interface may be decreased by silane coupling agents [60]. The 
hydrolysable alkoxy group causes the production of silanols when there 
is moisture present. When the silanol and fibre hydroxyl groups 
combine, a stable covalent connection is created with the cell wall and is 
chemisorbed onto the fibre surface [55]. Because of the covalent inter
action between the matrix and the fibre, the hydrocarbon chains pro
vided by the application of silane prevent the fibre from expanding by 
forming a crosslinked network.

The process of adding an acetyl functional group (CH3COO-) to an 
organic molecule is known as acetylation. Cellulosic fibres are plasti
cized via the esterification process known as acetylation of natural fi
bres. Before the lignocellulosic material is utilized to make fibre, acetic 
acid (CH3COOH), a chemical byproduct, must be removed from it. The 
cell wall’s polymer hydroxyl groups are replaced chemically with acetyl 
groups by acetic anhydride (CH3–C(=O)–O–C(=O)–CH3), changing the 
characteristics of these polymers to make them hydrophobic [61]. 
Natural fibres’ tendency to absorb moisture can be lessened by acety
lation, which also improves the dimensional stability of composite ma
terials. For use in fibre-reinforced composites, acetylation was utilized to 
treat the fibre’s surface [62,63].

6.1.2. Physical treatments
Although physical processes like stretching, calendaring, thermos- 

treatment, and the creation of hybrid yarns do not alter the chemical 
makeup of the fibres, they do alter the fibre’s structural and surface 
characteristics, which has an impact on the mechanical attachment to 

Table 5 
Mechanical properties of natural fibres as compared to conventional reinforcing fibre retrieved from Ref. [27].

Fibre Density (g/cm3) Elongation (%) Young Modulus (GPa) Tensile Strength (MPa)

Cotton 1.5–1.6 3.0–10.0 5.0–12.5 287–597
Jute 1.3–1.46 1.5–1.8 10.0–30.0 393–800
Hemp 1.48 1.6 70 550–900
Ramie 1.5 2.0–3.8 44–128 220–938
Flax 1.4–1.5 1.2–3.2 27.6–80 345–1500
E-glass 2.5 2.5–3.0 70 2000–3500
S-glass 2.5 2.8 86 4570
Sisal 1.33–1.5 2.0–14 9.0–38.0 400–700
Kenaf 1.45 1.6 53 215.4
Coir 1.2 15.0–30.0 4.0–6.0 175–220
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polymers [64].
Physical methods for modifying fibre surface include electric 

discharge, such as corona and cold plasma treatment. One of the more 
intriguing methods for surface oxidation activation is corona treatment. 
It is a procedure that modifies the cellulose fibre’s surface energy and, in 
the case of wood, increases the number of aldehyde groups. Cold plasma 
treatment, which introduces surface crosslinking while surface energy 
can increase or decrease, and reactive free radicals and groups can be 
produced, can produce a variety of surface modifications depending on 
the type and nature of the gases used [65]. For “non-active” polymer 
substrates like polystyrene, polyethylene, polypropylene, etc., electric 
discharge methods are known to be very effective. They are used 
effectively to modify cellulose fibres, reduce the melt viscosity of 
cellulose-polyethylene composites, and enhance the mechanical prop
erties of cellulose-polypropylene composites [62,66].

Mercerization, a physical technique for altering cellulose fibre that 
has been extensively used to cotton products, is another option. Cellu
lose fibres are subjected to the alkaline process known as mercerization, 
which depends on the type and concentration of the alkaline solution, its 
temperature, the length of time it is exposed to the alkali, the material’s 
tensile strength, and any additives. However, it is also feasible to utilize 
mercerization on natural fibres, and under ideal circumstances, this 
guarantees an improvement in the tensile qualities and absorption traits.

More recently, advanced deposition techniques like nanospraying 
have emerged as effective physical treatment methods. For instance, 
coating fibres with nanocellulose via this method significantly enhances 
interfacial adhesion. This enhancement is attributed to the large surface 
area exposed by the nanocellulose coating, the formation of a rigid and 
stiff network interconnected by hydrogen bonds, and an increase in the 
overall stiffness of the reinforcement [67].

6.2. Fibre designs in composites

6.2.1. Stacking sequences of natural fibres
Different stacking sequences have an impact on the mechanical 

properties of hybrid composites [12,68,69]. The quantity, thickness, and 
weight of each layer all affect the composites’ fibre composition. Indi
vidually, synthetic fibres are stronger than natural fibres because hybrid 
composites are made of both natural and synthetic fibres. The me
chanical properties of hybrid composites are greatly influenced by the 
fibre type used [70,71]. The mechanical capabilities of the hybrid 
composites increased when additional synthetic fibres were added to the 
composite configurations.

An exemplary case is the stacking sequence involving Kevlar and 
kenaf. It is demonstrated by research that stacks of Kevlar only have the 
highest tensile strength, measured at 309.85 MPa. In contrast, stacks of 
kenaf only have the lowest tensile strength, measured at 67.55 MPa, due 
to the low strain compatibility of the fibres. However, the combination 
of kenaf and Kevlar in several stackings shows an increase in tensile 
strength and modulus strength [72]. Moreover, Sujon et al. [73] con
ducted the experimental investigation of the mechanical and water ab
sorption properties on fibre stacking sequence and orientation of 
jute/carbon polymer hybrid composites [73]. Experimental results 
revealed that fibre orientation and stacking sequence of the fibre layers 
have a significant influence on the mechanical properties of the com
posite materials. Furthermore, Selver et al. [74] investigated the impact 
and post-impact behaviour of glass and glass/natural fibre hybrid 
composites with various stacking sequences. It was also observed that 
natural and hybrid composites absorbed more energy than that of glass 
composites between 20 and 40 J [74].

6.2.2. Hybridisation with synthetic fibre
Hybridization is one way to improve their mechanical performance 

and expand their applications. Research on natural fibre-reinforced 
hybrid composites with one or more forms of natural or synthetic rein
forcement is becoming more popular [75]. The primary factors 

governing the mechanical properties of hybrid composites are the 
vol/wt ratio of the fibres, the stacking order of the fibre layers, the type 
of fibres, and the impact of environmental factors [76–79]. The resulting 
combination may lead to either a synergistic enhancement or a reduc
tion in properties, depending on the compatibility and arrangement of 
the fibres. Typically, hybrid fibres can be configured in one of three main 
ways: (1) interlayer, (2) yarn-by-yarn, and (3) fibre-by-fibre, as illus
trated in Fig. 6.

Hybrid composites combine two or more fibres within a polymer 
matrix. The primary goal of hybridization is to create a synergistic blend 
of mechanical properties, such as stiffness, ductility, and strength, that 
cannot be achieved with single fibre reinforced composites. As a result of 
these enhanced properties and their inherent advantages, which include 
low cost, a high strength to weight ratio, and simple manufacturability, 
hybrid composites have a wide range of uses in engineering [81]. 
Notably, a natural fibre reinforced hybrid composite can achieve 
strength and stiffness properties that are competitive with glass fibre 
reinforced composites [30].

Fig. 7 shows a variety of samples of stacking order of laminates using 
PLA film, woven kenaf (WK) and woven polyester (WP) done by Das 
et al. [82]. It is to determine the effect of stacking sequence and fibre 
content on mechanical and morphological properties of woven kenaf/
polyester fibre reinforced polylactic acid (PLA) hybrid laminated com
posites. The PLA film, polyester fabric, and woven kenaf were cut into 
200 mm × 200 mm pieces based on the mould size.

Figs. 8 and 9 depict the tensile strength and elongation at break 
produced by all the specimens. S4 and S8 produce significantly higher 
tensile strength than the rest. S8 has the highest because it uses mainly 
the woven polyester as for the stacking sequences while S4 uses one 
layer of kenaf woven for stacking sequences. S7 also produce high ten
sile strength at 60 MPa mainly only using woven kenaf. This finding 
substantiates the capability of natural fibres to achieve high tensile 
strength. Consequently, it is evident that the hybridization of natural 
fibres with other composite fibres can yield superior mechanical results.

From research, the woven kenaf/Kevlar hybrid laminated compos
ites had improved the impact properties of the composites by up to 46 % 
[72]. The tensile property of hybrid composites showed an increment 
with the increment content of synthetic fibres (woven Kevlar) in the 
composite composition. Moreover, the result from the previous works 
has shown that laminated composites with synthetic fibre at the outer
most layer exhibited higher tensile and flexural properties than when 
positioned in the interior layers [82].

These results revealed that the type of fibres, fibre content, and 
stacking sequences would influence the mechanical properties of the 
hybrid laminated composites. Besides that, the stacking sequence of 
woven jute/glass fabric reinforced polyester hybrid composites 
increased the flexural and interlaminar shear strength by 6.7 % and 21.2 
%, respectively [84].

Another example of hybridization is between glass fibre and kenaf 
fibre. From past research, pure kenaf mat/polymer composite showed 
the lowest tensile strength and modulus, which were 35.8 MPa and 3.6 
GPa, respectively [75]. However, after hybridization with glass and 
carbon fibre, the result from the experiment show it has the highest 
tensile strength and modulus (225 MPa and 21.5 GPa) compared to 
kenaf mat/glass/polymer composite, which had 203 MPa and 13.5 GPa 
tensile strength and modulus, respectively [75].

7. Thermoplastic matrix

Thermoplastic polymers have gained popularity as matrix materials 
for fibre-reinforced composites due to several advantages over thermo
setting resins. Their ability to soften and be reshaped when heated offers 
excellent reprocessability, impact resistance, and environmental dura
bility [85]. Moreover, their notable fracture toughness and shorter 
processing times make them well-suited for applications requiring rapid 
production and recyclability. While polymers are primarily categorized 
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into thermosets and thermoplastics, other matrix materials such as 
biopolymers and elastomers are also utilized in composite 
manufacturing, each offering distinct properties and processing char
acteristics [86,87]. The classification of various thermosets and ther
moplastics is displayed in Fig. 10.

Thermoplastics can be softened and melted upon heating, enabling 
faster manufacturing compared to thermoset materials. They exhibit 
superior ductility and impact resistance and can be joined through 

various welding techniques. Thermoplastic matrices offer key advan
tages in processability and recyclability [89]. Unlike thermosets, which 
harden permanently, thermoplastics can be remoulded and reprocessed 
using heat. This not only simplifies manufacturing techniques like in
jection moulding, compression moulding, and thermoforming, but also 
supports material recovery and reuse at end-of-life. Table 6 summarises 
the common characteristics of each type of matrix.

The properties of thermoplastic matrix composites depend 

Fig. 6. Hybrid fibre configurations: (a) interlayer; (b) yarn-by-yarn; and (c) fibre by-fibre (Adapted with copyright permission from Swolf et al. [80]).

Fig. 7. Example of hybridization retrieved from Das et al. [82].

Fig. 8. Tensile strength against stacking sequences retrieved from Ref. [83]. Fig. 9. Elongation against stacking sequences retrieved from Ref. [83].
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significantly on the choice of matrix and fibre reinforcements, with 
natural fibres often preferred for their cost-effectiveness. In general, the 
volume of the matrix inside the composite depends on how the fibres are 
arranged and affect the matrix’s volume fraction rate. However, 
regarding the fabrication features, the maximum volume fraction of fi
bres ranges from 50 % to 65 % [91]. One of the essential mechanical 
characteristics limiting the use of engineering materials is tensile 
strength. Many efforts have been undertaken in recent years to combine 
the mechanical properties of composite materials to reduce fabrication 
costs, eliminate internal flaws, and increase lifetime service.

In the automotive sector, short, randomly oriented fibres are 
commonly employed; however, this may affect the composite’s isotropy. 
The incorporation of fibres and fillers into thermoplastic matrices en
hances mechanical strength, improves thermal stability, and reduces 
mould shrinkage, making these composites ideal for a broad range of 
automotive applications. The combination of high mechanical perfor
mance and recyclability positions these composites as a sustainable 
alternative to traditional materials, addressing increasing environ
mental demands.

8. Manufacturing techniques

The fabrication of natural fibre reinforced thermoplastic polymer 

composites involves diverse methods such as film stacking and 
compression moulding, each with specific processing parameters that 
strongly influence the mechanical performance. Processing pressure 
plays a vital role in achieving optimal fibre-matrix adhesion while 
minimising issues like fibre relaxation and shrinkage. Similarly, 
compaction temperature is critical; higher temperatures generally 
improve the flexural modulus, although excessive heat can degrade 
mechanical properties if not carefully controlled. The mechanical and 
thermal performance of thermoplastic PPCs is influenced by factors 
including the polymer’s molecular weight, morphology, and the fabri
cation technique employed. As noted by Qiao et al. [92], thermal sta
bility is particularly important for applications involving elevated 
temperatures, with processing methods directly affecting the final 
properties, as summarised in Table 7. Moving beyond these methods, 
Thermoplastic Resin Transfer Moulding (T-RTM or TP-RTM) has 
emerged as a technique that offers enhanced control over these critical 
parameters. This process is an adaptation of the conventional Resin 
Transfer Moulding (RTM) technique, originally conceived for thermo
setting matrices, but instead utilizes low-viscosity reactive thermo
plastic systems [84]. In TP-RTM, a mixture of monomers and/or 
oligomers, combined with a catalyst and often an activator, is injected 
into a closed mould containing a dry reinforcement preform. The key 
differentiator is that the polymerization reaction occurs in situ within 
the mould, forming the high-molecular-weight thermoplastic matrix and 
resulting in the final composite part in a single-step synthesis [85]. This 
technique allows for the use of various reinforcements, including thick 
fibres and 3D structures, and enables the production of large, complex 
geometry parts with good fibre impregnation, controlled fibre volume 
fraction, and a reduced number of voids [85].

9. Mechanical properties

Natural fibre-reinforced polymer composites offer numerous me
chanical advantages, making them promising materials for a variety of 
engineering applications. These composites are characterised by high 
specific strength, low density, renewability, good stiffness, and flexi
bility. Additionally, they are biodegradable, cost-effective, widely 
available, and exhibit low energy consumption during processing as well 
as minimal abrasiveness [93–95]. As many natural fibres are derived 
from agricultural waste, particularly in Malaysia and other Asian 
countries, their use contributes to environmental sustainability [53,96]. 
Table 8 summarises recent studies focusing on the mechanical perfor
mance in particularly tensile, flexural, and impact properties of chemi
cally treated natural fibre-reinforced polymer composites.

Polylactic acid (PLA), a biodegradable thermoplastic, has garnered 
considerable interest due to its potential to replace conventional 
petroleum-based polymers such as polypropylene (PP). Unlike PP, PLA 
allows for the development of fully biodegradable composites without 
the need for chemical modifications. While PP has been extensively used 
as a matrix in abaca fibre-reinforced composites, PLA has also been 
explored for the same purpose, although studies on PLA/LAF composites 

Fig. 10. Type of thermoplastics and thermosets materials [88].

Table 6 
Common properties of thermoplastic and thermoset resins [90].

Matrix type Polymer Tensile strength 
(MPa)

Tensile modulus 
(GPa)

Flexural strength 
(MPa)

Flexural modulus 
(GPa)

Young’s modulus 
(GPa)

Impact (J/ 
m)

Elongation 
(%)

Thermoplastic PP 26–41.4 0.95–1.78 55.2 0.83–1.73 0.3–1.7 20–267 15–700
HDPE 14.5–38 0.41–1.49 13.8–48.3 0.41–1.38 0.6–1.1 20–1068 12–800
PEEK 70–103.5 3.1–3.8 110–110.4 2.8–3.9 3.7 120 50
ABS 40 2.2 97 2.1 2.59 138 90–130
PPS 65.6–901 2.6–3.9 96–151 3.4–4.1 3.90 10.7–133 1.1–6.0
PEI 103.5–104.9 3.0 144.9–151.8 3.0–3.5 – 53.4–133 6–60

Thermoset Polyester 20–105 2.1–3.5 53.8–265 0.36–16 1–16 0.3 0–0.45 0.5–3.3
Vinyl 
ester

73–85 3.0–3.5 125–150 3.5 2.7 0.16 5.0–6.0

Epoxies 55–130 2.7–4.1 80 1.5 2.4 0.18 4.5
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remain relatively limited.
Jaszkiewicz et al. [103] compared PLA and PP composites reinforced 

with lignocellulosic abaca, man-made cellulose, and glass fibres at 30 wt 
% fibre content. They found that PLA-based composites demonstrated 
superior tensile strength, but inferior impact strength compared to their 
PP counterparts, regardless of fibre type. Overall, abaca fibre composites 
exhibited lower mechanical performance than those reinforced with 
man-made cellulose or glass fibres. In a similar investigation, Bledzki 
et al. [99] evaluated PLA and PP composites reinforced with abaca fibre. 
Their findings confirmed that PLA-based composites generally out
performed PP-based ones. Specifically, the incorporation of 30 wt% 
abaca fibre into PLA increased tensile and flexural strengths by 17.46 % 
and 13.76 %, respectively. The impact strength of abaca fibre/PLA 
composites was also notably higher about 140.91 % greater which than 
that of neat PLA.

Further studies by Oladejo and Omoniyi [101]. assessed the me
chanical performance of recycled polyethylene terephthalate (rPET) 
composites reinforced with Anogeissus leiocarpus sawdust. Different 
weight ratios of sawdust to rPET were examined, ranging from 1:1 to 
1:5. The highest values for modulus of rupture (3.86 MPa), modulus of 
elasticity (642 MPa), and impact strength (42.33 J/m2) were achieved at 
the 1:5 ratio. In contrast, the lowest values as such 1.81 MPa (modulus of 
resilience), 201 MPa (modulus of elasticity), and 14.11 J/m2 (impact 
strength) that were observed at the 1:1 ratio.

Yu et al. [97] explored the mechanical behaviour of injection-molded 
polypropylene composites reinforced with lignocellulosic wood fibres at 
various loadings and compared them to conventional PP/talc compos
ites used in automotive applications. Results showed that the highest 
tensile and bending strengths were attained at 30 wt% wood fibre 
content as displayed in Fig. 11. Notably, PP/wood fibre composites 

Table 7 
Key characteristics, limitations, and the extent of processing parameter research across various fabrication techniques for thermoplastic composites [92].

Fabrication Method Main Features Drawbacks Parameters Investigation

Film stacking without filament winding • Popularity
• Ease of fabrication

• Vf is sensitive to matrix film thickness • Many studies on temperature, pressure, 
time, and cooling rate

Film stacking after filament winding • Popularity
• Mostly used for unidirectional 

composites

• Vf is sensitive to matrix film thickness • Many studies on temperature, pressure, 
time, and cooling rate

Hot pressing after powder impregnation • Relatively less used • Vf is sensitive to impregnation time and 
powder size

• Few studies on temperature, impregnation 
time, and reprocessing

Hot pressing after solution impregnation • Relatively less used
• Good impregnation due to low 

matrix viscosity

• Additional chemicals
• Removal of chemical after impregnation

• Few studies on temperature
• Less studies on others

Hot pressing after matrix melts 
impregnation (infusion)

• Relatively less used • Impregnations extend and Vf depend on 
matrix viscosity and flow

• Few studies on temperature
• Less studies on others

Injection moulding of matrix with or 
without hot pressing

• Often used for composites
• Suitable for complex and large 

composite structures

• Requires advanced injection machine
• Complicated process
• More processing parameters

• Some studies on injection temperature, 
speed, and time

Fibers intermingling with hot pressing • Relatively less used
• Better distribution of matrix around 

fibres

• Vf depends on intermingled polymer 
fibres as matrix

• Lack of studies on different processing 
parameters

Hot compaction using polymer fabrics 
only

• Popularity
• One type of polymer used (better for 

recycling)
• High Vf

• Better fibre/matrix bonding

• Vf is sensitive to compaction temperature • Many studies on temperature, pressure, 
time, and cooling rate

Hot compaction using composite films 
with matrices and fabrics

• Popularity
• Commercialization
• Better for recycling
• High Vf

• Better fibre/matrix bonding

• Vf is sensitive to compaction temperature
• Potential of worse bonding between 

composite films

• Many studies on compacted temperature, 
pressure, time, and cooling rate

Additive manufacturing via fused 
deposition method

• Relatively new
• Design flexibility
• Energy saving
• Complex structures

• Time consuming
• Void fraction

• Very limited data on printing parameters due 
to extremely less studies

Table 8 
Mechanical properties of various natural fibre reinforced thermoplastic composites.

Fibre 
loading (%)

Natural Fibre Matrix Fabrication Process Flexural Tensile Impact (a) 
Ref.

Strength 
(MPa)

Modulus 
(GPa)

Strength 
(MPa)

Modulus 
(GPa)

Strength (f) 
(kJ/m2)(g) 

30 % Wood Polypropylene Pelletizing and injection 
moulding

3.25 32 2.6 58 2.8 [97]

50 % Abaca Polypropylene Injection moulding 82 – 76 – 4.6 [98]
30 % Abaca Polylactic acid Injection moulding 124 7.89 74 8.03 5.3 [99]
30 % Talc Polypropylene Pelletizing and injection 

moulding
3.6 25 3.3 49 2.9 [97]

30 % Jackfruit wood 
sawdust

ABS Extruding and injection 
moulding

1.36 27.95 2.14 48.53 50.62 [100]

25 % Anogeissus 
leiocarpus 
sawdust

rPET Extruding and injection 
moulding

– – 0.482 2.89 2.82 [101]

12.5 % Kenaf PET Hybrid with glass fibre with 12.5 
% using compression moulding

13 1.4 – – – [102]
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exhibited comparable mechanical properties to PP/talc composites, 
supporting the viability of natural alternatives in automotive 
components.

Phung et al. [100] investigated acrylonitrile butadiene styrene (ABS) 
composites reinforced with jackfruit wood sawdust in loadings ranging 
from 0 to 30 wt%. Young’s modulus improved by 19 % with an increase 
in sawdust loading up to 25 wt% but showed a sharp decline beyond this 
point. Similarly, flexural modulus remained relatively unchanged be
tween 10 and 25 wt% but dropped significantly with 30 wt% loading. 
Flexural strength decreased by 67 % as sawdust content rose from 0 to 
30 wt%, and elongation declined by 70 %. Tensile strength showed 
variable trends, while impact strength decreased by 15 % between 0 and 
20 wt% loading, then slightly increased by 2.3 % up to 30 wt%. From 
morphological surface analysis as shown in Fig. 12, they revealed that 
increased sawdust content led to microcracks and rough fracture sur
faces due to stress concentrations and weak interfacial bonding. How
ever, the incorporation of maleic anhydride polyethylene (MAPE) as a 
compatibilizer improved interfacial adhesion through hydrogen 
bonding and interaction with the ABS matrix.

Tamrakar et al. [102] examined hybrid polyethylene terephthalate 
(PET) composites reinforced with kenaf and glass fibres for underbody 
shield applications. The composites included all-glass (25 wt%), 
all-kenaf (25 wt%), and hybrid formulations (12.5 wt% of each fibre 
type), bonded with Acrodur® resin. Mechanical testing was conducted 
under dry and saturated conditions at ambient (23 ◦C) and elevated 
temperatures (70 ◦C). In dry conditions, hybrid composites with kenaf 
fibre showed higher flexural modulus and strength than the all-glass 
composite. After water saturation, although the mechanical properties 
of natural fibre composites were reduced, they remained comparable to 
those of saturated all-glass composites. Exposure to 70 ◦C significantly 
deteriorated performance, with modulus values decreasing by approxi
mately 55 % in natural fibre-reinforced systems. However, freeze-thaw 
cycles and extended freezing did not affect performance. Interestingly, 
after re-drying, all composites showed improved flexural strength, 
attributed to increased crosslinking within the Acrodur matrix. Addi
tional testing confirmed that kenaf fibres could effectively replace glass 
fibres without compromising acoustic or structural performance. While 
this review has focused on experimental characterisation, the predictive 
modelling of these properties through numerical techniques like Finite 
Element Analysis (FEA) presents a significant opportunity to reduce 
developmental time and reliance on empirical methods [104].

10. Development and advances of natural fibre composites in 
automotive manufacturing

Recently, interest in natural fibre-based composites has increased. 
Biodegradability, low cost, superior thermal properties, low density, 
comparable specific mechanical properties, recyclability, high tough
ness, lower energy consumption, non-irritation to the skin, reduced tool 

wear, and carbon dioxide sequestration are benefits of natural fibres 
over conventional reinforcement [10]. This means that natural-based 
composites can be used as a substitution for the material in automo
tive manufacturing. In addition, the effective utilization of raw natural 
fibres as indispensable component in polymers for developing novel 
low-cost eco-friendly composites with properties such as acceptable 
specific strength, low density, high toughness, good thermal properties, 
and biodegradability is one of the most rapidly emerging fields of 
research in polymer engineering and science. In fact, raw natural 
fibre–reinforced composites are the subject of numerous scientific and 
research projects, as well as many commercial programs. Keeping in 
mind the immense advantages of raw natural fibres, in the present 
article they concisely review raw natural fibre/polymer matrix com
posites with particular focus on their mechanical properties [105,106].

Researchers and manufacturers have been actively exploring 
different types of natural fibres to determine their suitability for specific 
automotive applications. Factors like strength, stiffness, density, and 
availability play a crucial role in selecting the right natural fibre for a 
particular use. Researchers have been developing hybrid composites 
that combine natural fibres with other reinforcing materials like glass 
fibres or carbon fibres. This approach can enhance the overall perfor
mance and tailor the properties of the composite to meet specific auto
motive requirements [107].

A study examines the structural design and assessment of a vehicle 
bonnet constructed from bio-composite material derived from flax plant 
fibres. The impact test results demonstrate the appropriateness of these 
fibres for bonnet fabrication. Moreover, these fibres yield lightweight 
components and enhanced compression characteristics. Mechanical in
vestigations were conducted on specimens exposed to different moisture 
conditions throughout seven natural fibres (jute, coir, kenaf, flax, abaca, 
sisal, hemp). The results derived from these fibres indicate significant 
promises for automotive applications. The analysis reveals that the 
alkalization of fibres might compromise fibre strength and lead to 
inferior mechanical qualities [108].

A previous study was conducted by Lee et al. [109] produced long 
kenaf fibre/polylactic acid composites via a carding and punching 
technique, subsequently employing hot compression moulding. The 
application of the coupling agent markedly enhanced the adhesion of 
the fibre matrix. Consequently, an enhancement in flexural strength was 
noted. The 50 wt% kenaf fibre composites exhibited a flexural strength 
of 70 MPa. Meanwhile study by Bernard et al. [110] investigated the 
processing parameters that contribute to the improvement of mechani
cal properties in kenaf fibre reinforced polypropylene composites. The 
composites were produced through a compression moulding technique, 
employing various operating temperatures and barrel speeds. Remark
able mechanical properties were observed for the composites produced 
at a temperature of 230 ◦C and a barrel speed of 16 Hz. Hence, the 
advancement of natural fibre composite materials should emphasize 
insights, selective assembly, and interchangeability. While natural fibre 

Fig. 11. (a) Tensile and (b) bending strength of PP/lignocellulosic wood and PP/talc composites [97].
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composites are still in the developmental phase, future efforts should 
focus on standardization through experimental methodologies, careful 
selection of fibres and matrices, and enhancing the reusability of these 
composites.

The development of car parts using natural fibre-reinforced com
posites has been accepted by the automotive sectors, including Cam
bridge Industry in the USA, Proton Company in Malaysia, and German 
automakers [111]. However, the extensive use of natural fibre in auto
mobile interiors has been constrained by the high mechanical perfor
mance requirements placed on external vehicle components like bumper 
beams. Against all obstacles, German automakers are working to make 
sure that every part of the car is made of recyclable or biodegradable 
materials. Natural fibre composites have been used in the construction 
of automotive interior and exterior components with the dual purpose of 
reducing vehicle weight and enhancing the manufacturing process’ 
sustainability. The inexpensive cost of materials, sustainability, and low 
density relative to glass fibre are the main benefits of employing natural 
fibres in composites [112]. Moreover, natural fibre composites have 
been used in automotive interiors to reduce noise, vibration, and 
harshness levels. They provide acoustic insulation and a comfortable 
cabin environment for passengers [28].

A previous study by Manimaran et al. [113] investigates the fibre 
that is generated from the bark of the Azadirachta indica plant and carry 
out an analysis of its physical and chemical properties. Based on the 
findings, it can be concluded that these fibres are an excellent choice for 
composite materials, particularly for use in the automotive technology 
sector. The composite material is reasonably safe, stable, and light
weight, according to the findings of a structural analysis that was per
formed on an automotive hood that was made from natural flax fibre 
using commercial analytical software [114]. Kim et al. utilize pineapple 
and cassava flour fortified with poly lactic acid (PLA) and polybutylene 
succinate (PBS) to investigate volatile organic compound emissions. The 
outcomes are juxtaposed with polypropylene and polyethylene poly
mers. The findings indicate a substantial decrease in odour emissions 
with pineapple, cassava/PLA, and PBS-based composites, making this 
characteristic highly appropriate for the design of car interior 
components.

Natural fibre polymer composites are finding more sophisticated 
uses in the field of automobile engineering. The most alluring nano
material for high-performance applications is nanocellulose, which may 
be separated from natural fibre due to the growing need for sophisti
cated materials with customized physical and mechanical qualities. 

Vehicles that are lighter in weight will use less fuel, which will cut 
carbon dioxide emissions. Brazilian automakers Ford, General Motors, 
Volkswagen, and Honda have already started using natural fibre bio
composites in their automobile seats, dashboard coverings, and trunk 
lids. In the Ford flex quarter trim panel, cover line assembly, and storage 
bin, 20 % of wheat straw natural fibre reinforced polypropylene (PP) 
polymer matrix is shown in Fig. 13. Despite these advancements, chal
lenges remain, such as ensuring consistent quality, addressing moisture 
sensitivity, and reducing costs associated with natural fibre composites. 
However, with ongoing research and development, natural fibre com
posites are likely to play an increasingly significant role in the auto
motive industry’s journey toward sustainability and reduced 
environmental impact [3].

Biocomposites must have desirable features such as high-quality 
performance, durability and reliability standards like those in common 
petroleum plastics used, particularly in automotive applications, to 
replace glass fibre reinforced plastic and grow into other commercial 
uses. Demands for lightweight car parts and good end-of-life disposal 
practices have unintentionally created a pathway for lowering fuel 
consumption and, consequently, greenhouse gas emissions. In addition, 
these natural fibre reinforced polymer matrix materials are anticipated 
to be used by major automakers in Europe, Korea, the United States, 
Japan, and Brazil to improve weight reduction, processing effectiveness, 
and mechanical qualities. The automotive sector uses a variety of nat
ural fibre reinforced polymer composites, as shown in Table 9.

11. Current usage of natural fibre reinforced polymer 
composites in exterior body applications

As the foundation of the automotive industry, car parts have assumed 
an increasingly significant role. The automobile industry in general will 
become more competitive thanks to the auto parts sector. The selection 
of materials for these components is therefore critical, influencing 
vehicle performance, weight, and cost. The development of adjacent 
product industries, such as a number of the steel, instrument, plastic, 
and glass industries, can be aided by the auto components industry’s 
high permeability with other industries. Auto parts make up around 50 
% of the value chain in the global automobile sector [116]. With the 
global procurement of automobile businesses, the auto parts sector, 
which is the most significant component of the automobile industry 
chain and is at the top of the chain, has seen an increase in competition 
[116]. To provide a clear overview of the various automotive parts and 

Fig. 12. SEM analysis of impact fracture surfaces of (a) ABS, (b) 10 wt% sawdust/ABS, (c) 15 wt% sawdust/ABS, (d) 20 wt% sawdust/ABS, (e) 25 wt% sawdust/ABS, 
and (f) 30 wt% sawdust/ABS composites at 2000 × magnification [100].
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their function, Table 10 below depicts a summary view on automotive 
components.

As mentioned in the introduction, the material for the automotive 
part is currently shifting from metal to plastic composite due to the 
properties of the material being much better in terms of performance. As 
seen in Fig. 14, the percentage of plastics in vehicles has steadily 
increased from 1970 to 2020, while the use of metals has correspond
ingly decreased. This trend underscores the industry’s move towards the 
materials like NFPCs to meet fuel efficiency and environmental goals.

The selection of materials for automotive exterior parts is governed 
by a range of critical criteria, including durability, ease of manufacture, 
and thermal, chemical, and mechanical resistance [117]. While auto
mobiles are made from a variety of substances, aluminium, polymers, 
and carbon fibre composites are among the primary materials used for 
these components. For instance, the exterior parts made of composites 
are prized for being lighter, safer, and more fuel-efficient. A composite 
material, typically consisting of high-performance fibres like carbon or 
glass embedded in a polymer matrix, offers properties superior to its 
individual constituents [117]. The stiffness and strength of carbon fibre 
composites are on par with or better than steel. They also don’t corrode 

or rust like steel or aluminium, and by making vehicles lighter, they 
might greatly improve fuel efficiency [118]. The body of the car may 
weigh less if aluminium were used. Recent research has revealed that 

Fig. 13. Car part made from natural fibre [112].

Table 9 
The application of NFPC in the automotive industry [115].

Country Manufacturer Model Application

France Peugeot 406 Front and rear door panels, seat 
backs, and parcel shelf

France Citroen C3 Picasso, C5 Parcel shelves, boot linings, 
door panels, interior door 
paneling, and mud guards

Germany Opel Vectra, Astra, 
Zafira

Door panels, pillar cover panel, 
head-liner panel, and 
instrumental panel

Germany Volkswagen Passat Variant, 
Golf, A4, Bora

Seat back, door panel, boot-lid 
finish panel, and boot liner

Germany Audi A2, A3, A4, 
A4Avant, A6, A8, 
Roadstar, Coupe

Boot liner, spare tire lining, 
side and back door panels, seat 
back, and hat rack

Germany Daimler A, C, E, and S class Pillar cover panel, door panels, 
car windshield/car dashboard, 
and business table

Germany BMW 3, 5, and 7 series 
and other Pilots

Seat back, headliner panel, 
boot lining, door panels, noise 
insulation panels, and molded 
foot well linings

Table 10 
Automotive component summary.

Automotive 
component

Description Example

The chassis The chassis of an automobile 
incorporates all the major 
assemblies consisting of an 
engine, components of 
transmission system such as 
clutch, gearbox, propeller 
shaft, axles, a control system 
such as brakes and steering, 
and suspension system of the 
vehicle.

monocoque chassis, ladder 
frame chassis, backbone 
chassis

The engine The engine is the source of 
motive power for an 
automobile. Obviously, it is a 
very important part of the 
automobile because in the 
absence of an engine, the 
automobile may not move at 
all, and its basic function of 
transporting passengers or 
goods would be defeated.

engine block, engine valve, 
crank shaft, water pump, 
piston, combustion chamber

The 
transmission 
system

The transmission system 
transmits power developed by 
the engine to the road wheels. 
The power available as output 
from the engine is in the form 
of rotation of the crankshaft.

clutch, gearbox, differential, 
axle

The interior The car interior is the inner 
components inside a vehicle 
that drivers and passengers 
feel when they sit inside a car. 
They are major safety features. 
They are also offering 
incentives for the right 
decision.

seat fabric, sun visor, assist 
grip, luggage trim, rear shelf, 
toolbox, box for underfloor 
storage, tonneau cover, 
dashboard silencer, hardwood 
floor, floor carpet, clutch 
pedal, brake pedal, gas pedal, 
parking or emergency brake 
speedometer, airbag, gear 
selector, vehicle audio system

The exterior The car exterior is the outer 
components outside a vehicle.

rear bumper, side mirror, 
wiper blade, front bumper, 
indicators, door, window glass, 
car spoiler
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switching from steel to aluminium can reduce the weight of the body in 
white by up to 50 % [117]. The use of aluminium may enable the vehicle 
to be lighter. The most noteworthy features are its light weight, high 
specific energy absorption, and exact strength. Aluminium is 
corrosion-resistant, but due to its low flexibility modulus, it cannot be 
used to replace steel parts. As a result, such components must be rede
signed to adopt the same mechanical strength. Furthermore, natural 
Fiber Polymer Composites (NFPCs) have gained significant attention in 
the automotive industry as an eco-friendly alternative to traditional 
materials for various components, which offers a range of advantages 
that make them suitable for automotive applications [119]. The 
following subsections will delve into the specific potential and current 
usage of NFPCs for key exterior components, namely car spoilers (Sec
tion 11.1), brake pads (11.2), and side mirrors (11.3). Table 11 sum
marises the material used for exterior parts in automotive.

11.1. Car spoiler

The outside bodywork system of an automobile includes automotive 
spoilers, which function to produce downforce for traction. Automobile 
spoilers are sometimes made to avoid air flow separation from causing 
drag, especially for cars with a high angle between the rear edge and the 
tail section Usually, materials like ABS, polyurethane, aluminium, car
bon fibre, and glass fibre are used to make spoilers. Due to its afford
ability, ABS is a frequently used material but has poor durability. 
However, while being more expensive, carbon fibre is preferred by 
manufacturers of high-performance vehicles because of its lightweight, 
high strength, and durability.

The usage of more environmentally friendly materials for the spoiler 
construction, like kenaf-based polymer composites, is one of the recently 
investigated designs. With the emergence of such natural fibre polymer 
composites, spoilers composed of glass fibre and carbon fibre composites 
will be lighter and less expensive than ABS spoilers. The recyclability of 
spoilers constructed of kenaf polymer composites will also be advanta
geous because it has a significant influence on the present standards for 
car design. Despite these benefits, there is still a need for kenaf polymer 
composites in the construction of vehicle spoilers. Currently, Mansor 

et al. [120] has developed car spoiler from kenaf fibre reinforced poly
mer composites based on concurrent engineering techniques as depict in 
Fig. 15.

11.2. Brake pad

A vehicle’s brakes are an essential part that let drivers slow down, 
stop, and maintain their speed while passing on a downhill route [121]. 
A crucial regulator of motion and vehicle safety are the brakes. Brake 
pads that do not function properly can cause accidents because they 
crash into a vehicle that stops suddenly. Finally, the vehicle crashes 
because it is uncontrollable. pass a car on a downhill road and collide 
with it or plunge into a ravine. This is because of the brake force’s ca
pacity, which is based on the properties of the brake pad material.

From Fig. 16, specimens D and E have lower wear than specimen A, 
B, C and commercial brake pad, so that they have higher wear resistance 
than others. As a result, increasing coconut fibre content has shown good 
wear resistance in braking. That is because by increasing the composi
tion coconut fibre contributed to increasing hardness value which has 
affected to decrease wear of brake [121]. Brake pads made of a natural 
composite material that excess content coconut fibre in them show quite 
similar test results with the commercial brake pads. Through suitable 
composition comparisons, the findings of this study demonstrate that 
coconut fibre and wood powder can be used for brake pads of vehicle.

11.3. Side mirror

Side mirrors are frequently attached to the outside of automobiles. 
The side mirror serves as a tool for seeing the car’s characteristics. The 
average frontal area of a pair of side mirrors is between 2 and 3 percent 
of the total frontal area [122]. The side mirror increases the vehicle’s 
drag when it is operating. Only when the speed exceeds 60 km/h does 
the side mirror add to the drag [122]. A side mirror is a mirror mounted 
on the outside of automobiles to aid the driver in seeing regions behind 
and to the sides of the vehicle, which are outside the driver’s field of 
vision. To accommodate drivers of different heights and seating posi
tions, the side mirror is fitted with manual or remote vertical and hor
izontal adjustment. Car side mirrors are located on the left and right side 
of the car. Side mirrors act as a “second eye,” enhancing the driver’s field 
of vision by reflecting the rear, side, and bottom of the vehicle. This 
enables the driver to see the rear directly and can help the driver see the 
surroundings and road conditions clearly. As a result, the driver may 
decide to act, particularly while cutting someone off or parking.

In general, natural fibre reinforced thermoplastic composites can be 
applied as new emerging material for side door mirror components. 
Fig. 17 shows the common components in a side mirror for cars. This is 
due to the combination of natural fibre with thermoplastic matrix can 
have great impact resistance and good structural integrity to resist the 
dynamic loads.

12. Conclusion

The focus of this study is the utilization of natural fibre reinforced 

Fig. 14. Change in vehicle composition from 1970 to 2020 retrieved 
from Ref. [109].

Table 11 
Summary for material used for exterior part.

Material Application Advantage Drawback

Aluminium body panel, side 
mirror, trunks, 
roofs, fenders, 
outer plates

light weight, 
corrosion resistant, 
recyclable, energy 
efficient, safer 
[118].

Heat intolerance

Composite 
and 
Plastic

rear bumper, 
wiper blade, 
front bumper, 
door panel

high strength-to- 
weight ratio, good 
rigidity, and strong 
chemical and 
corrosion resistance 
[117].

Expensive, some of 
them non-recyclable, 
difficult 
manufacturing 
process.

Fig. 15. Spoiler made from natural fibre [120].
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thermoplastic composites for the manufacturing of automotive compo
nents. Natural fibres possess favourable characteristics such as light
weight, affordability, low density, and widespread availability in the 
natural environment, rendering them highly suitable for integration into 
the automotive industry. Nevertheless, there are certain fundamental 
and technological challenges that need to be addressed to fully harness 
the potential of these fibres. There is still ongoing work towards estab
lishing standardized comprehensive design and process guidelines for 
reinforced thermoplastics, particularly in areas such as design, predic
tion of failure modes, and long-term effects like durability, creep and 
fatigue [124]. It would be beneficial to consider expanding the utiliza
tion of process models and related software to enhance process opti
mization and reduce the reliance on trial and error in manufacturing. 
However, overcoming these technical hurdles is only one part of the 
challenge. Scaling up production for complex exterior parts presents 
significant further obstacles, including ensuring a consistent supply of 
high-quality natural fibres, adapting high-volume manufacturing pro
cesses to prevent thermal degradation, and meeting the rigorous quality 
and performance standards required by automotive original equipment 
manufacturers (OEMs). For widespread automotive adoption, economic 
and environmental feasibility must be addressed in tandem. The cost of 
chemical treatments such as silane, and acetylation adds a processing 
step that can impact the final cost-competitiveness of NFPCs against 
glass-filled composites. Similarly, the end-of-life recyclability of these 
treated natural fibre composites remains an open question; the impact of 
surface modifications on the degradation and re-processability of the 
thermoplastic matrix requires thorough investigation. Furthermore, to 
fully embrace circular economy principles, future research should 

expand to investigate the use of waste generated during natural fibre 
processing (e.g., textile scraps, agricultural residue) as a reinforcement 
material, resulting in truly closed-loop sustainable composites for the 
automotive industry. Overcoming these hurdles is critical for tran
sitioning NFPCs from niche to high-volume applications and will 
directly contribute to the global sustainability goals of creating lighter, 
carbon-neutral, and fully recyclable vehicles. Through a combined 
bibliometric and technical review, this paper has evaluated the key 
properties and research landscape of natural fibre reinforced thermo
plastic composites, which present a promising alternative for obtaining 
lightweight and more environment-friendly materials for the automo
tive sector. This paper can assist researchers to achieve further technical 
solutions in the field of natural fibre reinforced thermoplastic compos
ites for automotive components.
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